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Dilt 

2 ET a Ay IBY (ae FS RFR: BRAG A eh ne ae A EY, ME HE 

A ck 8 7 xe IE is BEE Be 2 KAD a. MAE, (See Ee Sb fb Be TB 

Ski FITC EMF Aa, MPA IAP ee. Ati AS, —P EASY 

40%~90% IAEA ESE AE ETE RE EK ZA PA. | LA 

iidze + —PASRMACLAF RSE, HAE AGEL, ABA Eze “RARE”. a 

Ni EMA Lee sete DAI. AE. FTA Ae Pe TRIN. AK ALA 

Ae 5 BRAT TA Ay BR Bk ET eA SE EE PI PEE ARSE, IBA IBA Bb — 

PRR GS iE FETE ASE fin JE. MII BBS. AA TE. 

Je MARGE 3. RE Pb a eB a) IZA ER AE 1B nee FOS A EAB i 

Google 4x UA ire Ak a A Se Fein (SRE, Site Reliability Engineering ) . 

MbA, wh al sere CPR RRAT Aue? MWA, ee ial DEE A BE Oe Be SH Tg Th fas 

IAAP L. FEA _ LES Google SRE #A KA H [a] BK PR BIR ETA RE, 

LAR tele BH LER RS AITA. 

HX LE IPR bh: FG, tabi EAN — AA, SRE 5142) (engineer). SRE fi 

FA EBL ELAS A PEL Be FBR PAE AA. AT LEE ASC. AIT AR 

SRE Fay” sin fF Fe ABA HE fe] TE, HR A te BAT rh Be A EE ARSC ARP EL ES Bil AN 

AA By ALK o PUA OL P [ed PT HEE BEST PEE PO 3. A I fi, 

BAT VIE Ae AB A ET 1 FF Fe | el 

thyk SRE WUE EEF ME. Ben Treynor Sloss, Google fii at 7 x 24 1GZENY ALEX, 

SRE MPRA AAS, ‘EPR AT SEED AE FE Aah Beth Ae EASES: FEL 7 ABS 

Ly Ap A REA ce He, BRYA EEE. CA SEE"? FEMI, Ale SRE & 

1 LMM PREM RAK, ASMHMMAKGELERR—SSER ZEEMAN RE (Akin 

4A ULAR [Gla02] ). 
22 ARMMBEP, THU (reliability) SA KRARED £45 CHIE, RAR RDA He 

oy Ay Ta] ao EE (A CAR [Ocol2] PHL). 



EP HE Th TEASERS I. ISHED REA TLE, Lhe EEK AR PP AR EIS 7 Ft 

Baie, PVE, FE A BHAA CUR. (Az, SRE FPR EAC IEGE IERIE: 4 

PRGA “aay se” AE, SRE i Ae a De BA El A ABE AN El x 

A i TP | 

Bia, SRE WEE LVF ESHED HARRAH HAS List AAWAIKS (service). 

AN ee Wid 7H BRAY BARS. AIL A PA VERY E-mail Ak, wbx Google RH) 

I Web 381k. SRE IY “S” BeIFRATE MRE google.com MNiBZENKS , IIA SRE 

WN — 7 Pen ce EE AE See. GEA RITE, SRE AMR S Google WN 

PBK Te th AS, L4G Google Cloud Platform x*F RE EG, HHA 

TEASER HUA AM hte ASE, PAN Bigtable. 

Ha PR BRA Ex ALE SRE AYA SEE EER IZ. Ee TEI PE BIL 9 eR PR 

ITC, xe RIA He A ay PE. TRAE, ERE ASS SEP ET AA i 

READER BUREN “AGERE” XK — AAP. * TE Web ARS SH, 

Rt AR SS ete ra 2 AE I OE ES ic oe FET PY PE, Ae Ee IG AE pete ae Ee AE HD RE 

— APA SRE ASR WG Zs FEI TIS E P EAE 

HER SRE 1X74 ULAETE Google AH, M Web 4: WEAEMS, TABATA Aik 4 Bb oe 

fs ALBA AZALI & EL Se) AR Se HS SRE AH — eA: Be] 

Be fis PERE x BE Se re 2 er HR ee ee eh, tear ee ME ek Pe, Mfg BE 

RP UBER AAA. ASSAY, ARR EE Ye. Bei, 5K 

Bel ATA ST 2A a SP . TERCERA G Google Amba Abie Eli it te, Ben Vata 

eet AY LAE ARE, RS ABI SA Sb Pa a. DE EO HA 

ASSP S—#EX Google AMES" ASENITZE, FE Google A MBIASES IDM is ULAY 

FE VRRP AT, RE AT DALE AS 5 A 2B ie TP BR 5 SB AG BE SEH, FF BE 

a Su 

Ba. Fe “AG BARA Se. Payee EAR. Fe Ane, hb ee 

AN a Mb 28 “ey EAM ay ZF oe EBS AK A BIA BS SE PERRA VE, Se ER aE 

WLR AEE) IZ a], AED Aa PY, He Te a i 

FE ED AY AY EVE 7S Re. 1 SB A PERL, BR FE aA ES HE FT OER ERE 

(E26, Seta eT Za PEO EBAR DES. AE 4 a 428 P SRE 

3 KRNEZKEOWRHARAKH sb Fe AMY Web IRS 5 KBAMHABCAM RBS, RAL, VI 
REF BRASH MRAERBERMEWAR, Ao, AREY, AMNRACHFARSRXA LY 
RAMA ik T ORR, 

24 ARP, AMKSSAULA RAHA DevOps# 7 ED, ZRANAMRMARHPRANEBS, 2 

MAMNERKEMATEH, AN, AMAL MPHAANELALHR, AKMPALATS. 



BA RIAL LEAT AN BEG UM AU Doh PA PAB 74g we Ee ESBS, LS HICH LA Le OR DH. 

AEE ASE MY AD, ILA BB AT AE LS 3k PEN 2 ECS SRE ARBRE. 
FEA TTHEIFAMY SRE IAS AL, HATHA SAI ALAN. TRE He 
ri PY SPE pe RFD AEE AE A UA HE A OE, SR A EL All. CE 
HEF TESA AY Ay BP eT, AT BR TE A SJ ER AAR ETD BEEP BY SEE 
AY RENT, TERNS EERE, A SI TEE 

RUAN KE BA) SRE PRIA. MEA HE OER A FE ES 7 SRE We? 

Fa 1wer— [ Margaret Hamilton, MIT 4%, BS SMP PRAM MMAR OE. th 

MN EAA BUR SRE WORE. ° Fah CUMS : “PBC that MA J 

NBA, PLFE HE A AHS AT ee RRA BI HE HH.” 

fe Apollo 7 KASWEA HHI SE—, Margaret HAMM AIL Lauren —# KHZ al. 

7e. Margaret 14 #2 FUE A TL Eis FR LR I ee, A) A JL AA AT He 

we P See HMG LAY DSKY ft. MERE OP Bh att SRB Nk 

PA ik. Margaret FIZA niin a REM, RHE Lauren RIMM TF POl x PEP REET 

TE SRP REAM. GAP RPE CRT BE. PUI Re Se 

aa, MARA A Rie Re PPT BRR, TEN TCT AR aR aE RK ER, a 

ree JR ME PEN « ) 

Sele SRE WELK. Margaret AIA AE Ae S— Peo, ETE KT RB pn — 

THLE AAR AS RAE, WE AT TE Re frack Fee ih POL Fees. (AASB, 

NASA @FRRUA, OURAN AIREPEA J). FRA AES Es ik Ee. PE 

Margaret (4 EM KE IKE. WE EK a RE ia SRS, 

Bia: “FE Aire, tafe POL Fee.” (4S x BOO FE, (Re NASA Tf 

VARA Ayre (RAE SE, UA) Margaret Ae/ AA, JL ATA ARB A Sie bd back aoe Tet 

AIS ML WZ, Ae AAT ANS UA RA RY. ) 

JLKia, fE Apollo 8 KAHIT PH KRITFESIN. MT Jim Lovell, William Anders 

All Frank Borman = Adit —7 KAPUR KTP eA, Jim Lovell yp Hb fh £ POI 

Ferityy. BISNA, 4 RIE ERE SE, Ae CROMER A P.M AR OAM, 

“iF NASA AY—FriEALAR AS. KA ele], A A RAE A, BIR AE Re 

FR, =P AACE. Arse, “4ihr Margaret I Kft FH er tate 

$e) Fix PGI, FFA PEGE SB EERE RR TTI A I. CEA BRAY Td AN 

AAR: S lal, EES vw] AAR SR VET. 

5 ARAM FSI, WAN MARES YT “KH LFA” (Software Engineer) ix 14%. 

RS | xxxvii 



Margaret #283 birt : “JCEM — PEE ASST ES eZ AR. te A AEBALIE ASE 

BOMB LR.” FER ENLaba. Margaret 2 APE 2 MY Ec HE ER RIL E J 

BIER Apollo 8 WK REIL TEA, (HAE REIN KAT IPE, EME 

sobME TEA Hi. ARIA EAE, RASA OA ARE. BE FE EY DME 

MAES Cle. MAVERA, AOL DLA EE IO RHE. IH AE SRE oe EA 

BRAS! WA SRE WIKRE! 

OA PIA 

ABA WAPI HTK Hy, H Google SRE RRA RARER SH. ZF, 

XABLRA-KAWLKR, APYHA-SMTWA-PMARDUAMR, 

12 RA WT VRE CM MBRREKE PHAM RM, (RAPPFZIAT KH 

HIPLE, KT ARA TA HP RZ. ) 

RAT VAAL EAB, PRAM RM HS 2 eR RZISA, RHE 

4034 Google 4 # * i277 A, VAR SRE X40] AAR i Fa 5 SN “MR” 9 ( 

% Mi” 2 SRERKEHRA), RCFYRAMTVRFERS YE, APVRLD 

AVA FE JUS SB: EAE HS (RN SR), ERR (PMEBD) fo SHAK (F 

Veh), ASB DARECA BZ, HLECA SRER RUA RAH LEH F| HHL, 

ge, KBACA PA 3b https://g.co/SREBook, HY Bi { —“2A BRM, HERA 

EAN P FR AF DE GK WY FR 2B 

ARE AY ED fal) 24 
“PA ae AS 5 HE A SE YE: 

&t4& (Italic ) 

PRP ATS. URL. E-mail bok. SCR ROCHE ES. 

+ % +4 (Constant width) 

FAP ik A 7) Be REP RES, th AFT AA 2E SARIS. PRB BCH FE 
RRR. BRE RAY NS a A Ed, 

+ if yo. 4K (Constant width bold) 

pera tin 4 BE ft bY 1% EA a A SCAB 

+ 44K (Constant width italic) 

Be AAR HAY A EEE LA SC AS 

Xxxvili | Fee 



18 AR AEA HEA BOE AX 

1k Bl ts des — A A « 

1k lantern Ho BEE» 

HOCK BREIL, “<P RARBG, PRE SRIRAM RI, A 

3 3] FA Pop UES Bt hy ee 3 PA FAY BA 

(ARB 
AIC AA BL AY LAB http://g.co/SREBook FR. 

ASSET RN EA ATA BD. RRL. BT DCE URI BB Be CY FP EAS 5 BE EE os 

ARIZ. PRA BER A BO aR rE AT, GRABER SEK eH RAG. ila, MASH eb LER RAG Se 

5 hele Dia Sel; FARE O'Reilly BAAS TICE EMA CAG We EVE AT; SI 

FAAS 5 HP AY as BFC AS [al ZS AS ig BF BT; RES RE As BA ARP DB PA EP 7 he OC 

HEM Fe BE FY 

Bet VUE A Ze E HAD. THAD ee. VE. KPA ISBN. fil 

gu, “Site Reliability Engineering, edited by Betsy Beyer, Chris Jones, Jennifer Petoff, and 

Niall Richard Murphy (O’Reilly). Copyright 2016 Google, Inc., 978-1-491-92912-4.” 

AR i fr 7B PA RS PIE AS eo BD FE A ERE AT ABR TBI A RANT 

permissions@oreilly.com 



Safari Books Online 

- Safari Books Online (www.safaribooksonline.com) 7—- tka th 

a> Uae CACE Me aie acer eee nt he ee 
AR AP MY SOR tS VERS 

PLR AT. BPI A. ae PL A GS A te ABH Safari Books Online 

VERHIE. Walaa. 2] RUE VIZ EEE 

Safari Books Online AjZH24. BRLAIAI AGEL TA ZA ETT 

LT ele FT EAA 7 5 eT 8 SR BH EHR ES SEI AL AT Te AS i AY 

fg. EHR GL O’Reilly Media, Prentice Hall Professional, Addison-Wesley 

Professional, Microsoft Press, Sams, Que, Peachpit Press, Focal Press, Cisco Press, John 

Wiley & Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe Press, FT 

Press, Apress, Manning, New Riders, McGraw-Hill, Jones & Bartlett, Course Technology, 

PAB FRB HHA HE. MUAH TAREE Safari Books Online WU(E EB, ERR. 

ON AERA RAT 
ROM AS BNO DEY RUE CEN il Lek ao PHB ee 

Fe LE]: 

O’Reilly Media, Inc. 

1005 Gravenstein Highway North 

Sebastopol, CA 95472 

Hp ER] 

Aas rh Pa. PE ELD Pa A 2 “5 ee eR AE OC AE 807 3 (100035) 

PLS AERA iy (AEE) A BRZS a] 

O’Reilly Wa—-A BRAS RM, Peal AR REISS TAA, BLT 

SIZE. ARPANSA RAE. ASSAY na Habis 

http:/bit.ly/site-reliability-engineering 

x a Dilk 



REF ASSAY PELE AUER APE Va]. Hf Ae 3S HL EB ESE 

bookquestions@oreilly.com 

RF BUNA BA. TRAE. ADONIS, TBS b BATTS a http://www.oreilly. 

COM > 

fE. Facebook [4&2] Fe (i) : http://facebook.com/oreilly 

4£. Twitter Lee Fe]: Attp://twitter.com/oreillymedia 

4 YouTube WAR : http://www.youtube.com/oreillymedia 

Bil 
ASS Ge SEE EA TALE AR EAI A RB DASA FT BU PF AEE EE 

fe re He FAR RS A UTMELAY be tit : Alex Matey. Dermot Duffy. JC van Winkel. John T. 

Ben Lutch 4] Ben Treynor Sloss 7245-457 Google AHBAU TE BAS ; Hh ek STENT 

BUMS a) BE IS AEA URS AA BY AE AS 5 BABY Se BEEF 

BEE aI BCU Rik Farrow, ;login: Wamast, (th 'S BA -H~&(hae ARATE, 7E USENIX 

EWR A TASS EB aD AZ 

FE HABE WA CASTE. Bed ee BUR BC Py RE Tt. PTE 

Le PRADA 

= 3 #: Abe Rahey. Ben Treynor Sloss. Brian Stoler. Dave O’Connor. David Besbris. 

Jill Alvidrez. Mike Curtis. Nancy Chang. Tammy Capistrant. Tom Limoncelli 

a5  : Cody Smith. George Sadlier. Laurence Berland. Marc Alvidrez. Patrick 

Stahlberg. Peter Duff. Pim van Pelt. Ryan Anderson, Sabrina Farmer. Seth Hettich 

“4 6 EX: Mike Curtis. Jamie Wilkinson. Seth Hettich 

4S 8 #: David Schnur. JT Goldstone. Marc Alvidrez. Marcus Lara-Reinhold. Noah 

Maxwell, Peter Dinges. Sumitran Raghunathan, Yutong Cho 

as 9 ®t : Ryan Anderson 

“5 10 % : Jules Anderson, Max Luebbe, Mikel Mcdaniel, Raul Vera. Seth Hettich 

11%: Andrew Stribblehill, Richard Woodbury 



a4 12 &: Charles Stephen Gunn. John Hedditch, Peter Nuttall. Rob Ewaschuk, Sam 

Greenfield 

a 13 H: Jelena Oertel. Kripa Krishnan, Sergio Salvi. Tim Craig 

a8 14 @: Amy Zhou, Carla Geisser. Grainne Sheerin., Hildo Biersma. Jelena Oertel,. 

Perry Lorier. Rune Kristian Viken 

“#15 #2: Dan Wu. Heather Sherman, Jared Brick. Mike Louer, Stépan Davidovié,. 

Tim Craig 

a 16 @ : Andrew Stribblehill, Richard Woodbury 

a 17 # : Isaac Clerencia. Marc Alvidrez 

a8 18 & : Ulric Longyear 

#8 19 % : Debashish Chatterjee. Perry Lorier 

a 20 BFS 21 F : Adam Fletcher. Christoph Pfisterer. Luka’ Jezek. Manjot Pahwa. 

Micha Riser. Noah Fiedel. Pavel Herrmann, Pawet Zuzelski. Perry Lorier., Ralf 

Wildenhues, Tudor-Ioan Salomie. Witold Baryluk 

a8 22 & : Mike Curtis. Ryan Anderson 

“4 23 # : Ananth Shrinivas. Mike Burrows 

a 24 #& : Ben Fried. Derek Jackson. Gabe Krabbe. Laura Nolan. Seth Hettich 

ay 25 #=: Abdulrahman Salem. Alex Perry. Arnar Mar Hrafnkelsson, Dieter Pearcey. 

Dylan Curley, Eivind Eklund, Eric Veach. Graham Poulter. Ingvar Mattsson, John 

Looney. Ken Grant. Michelle Duffy. Mike Hochberg. Will Robinson 

3 26  : Corey Vickrey. Dan Ardelean, Disney Luangsisongkham. Gordon Prioreschi, 

Kristina Bennett. Liang Lin. Michael Kelly. Sergey Ivanyuk 

4 27 #: Vivek Rau 

4 28 % : Melissa Binde. Perry Lorier. Preston Yoshioka 

= 29 #% : Ben Lutch,. Carla Geisser. Dzevad Trumic, John Turek. Matt Brown 

a 30 & : Charles Stephen Gunn, Chris Heiser. Max Luebbe. Sam Greenfield 



ss 31 Ht: Alex Kehlenbeck, Jeromy Carriere. Joel Becker. Sowmya Vijayaraghavan, 

Trevor Mattson-Hamilton 

= 32 #: Seth Hettich 

4 33%: Adrian Hilton, Brad Kratochvil, Charles Ballowe. Dan Sheridan, Eddie 

Kennedy. Erik Gross. Gus Hartmann, Jackson Stone. Jeff Stevenson. John Li, Kevin 

Greer, Matt Toia. Michael Haynie. Mike Doherty, Peter Dahl. Ron Heiby 

BAD PS ae a eA i , AAAS eee T RS et. EAP ft — 3, 

BS TWRMA, TERT RMB AWS SRL, Beak EM eB TAB 

Abe Hassan. Adam Rogoyski, Alex Hidalgo. Amaya Booker. Andrew Fikes. Andrew 

Hurst. Ariel Goh, Ashleigh Rentz. Ayman Hourieh, Barclay Osborn, Ben Appleton, 

Ben Love. Ben Winslow. Bernhard Beck, Bill Duane. Bill Patry. Blair Zajac. Bob 

Gruber. Brian Gustafson. Bruce Murphy. Buck Clay. Cedric Cellier. Chiho Saito. 

Chris Carlon, Christopher Hahn, Chris Kennelly. Chris Taylor. Ciara Kamahele- 

Sanfratello. Colin Phipps. Colm Buckley. Craig Paterson. Daniel Eisenbud. Daniel V. 

Klein, Daniel Spoonhower. Dan Watson. Dave Phillips. David Hixson, Dina Betser. 

Doron Meyer. Dmitry Fedoruk,. Eric Grosse, Eric Schrock. Filip Zyzniewski. Francis 

Tang. Gary Arneson, Georgina Wilcox. Gretta Bartels. Gustavo Franco. Harald 

Wagener, Healfdene Goguen. Hugo Santos. Hyrum Wright. Ian Gulliver, Jakub 

Turski. James Chivers. James O’ Kane. James Youngman. Jan Monsch, Jason Parker- 

Burlingham. Jason Petsod. Jeffry McNeil. Jeff Dean. Jeff Peck. Jennifer Mace. Jerry 

Cen. Jess Frame. John Brady. John Gunderman, John Kochmar, John Tobin, Jordyn 

Buchanan. Joseph Bironas, Julio Merino, Julius Plenz. Kate Ward. Kathy Polizzi, 

Katrina Sostek. Kenn Hamm, Kirk Russell, Kripa Krishnan, Larry Greenfield. Lea 

Oliveira, Luca Cittadini. Lucas Pereira. Magnus Ringman, Mahesh Palekar. Marco 

Paganini. Mario Bonilla, Mathew Mills. Mathew Monroe, Matt D. Brown, Matt Proud. 

Max Saltonstall. Michal Jaszczyk. Mihai Bivol. Misha Brukman, Olivier Oansaldi, 

Patrick Bernier. Pierre Palatin. Rob Shanley. Robert van Gent. Rory Ward, Rui Zhang- 

Shen, Salim Virji. Sanjay Ghemawat. Sarah Coty, Sean Dorward, Sean Quinlan, Sean 

Sechrest. Shari Trumbo-McHenry. Shawn Morrissey. Shun-Tak Leung. Stan Jedrus, 

Stefano Lattarini. Steven Schirripa. Tanya Reilly. Terry Bolt. Tim Chaplin, Toby 

Weingartner. Tom Black. Udi Meiri. Victor Terron. Vlad Grama. Wes Hertlein. and 

Zoltan Egyed. 



FAT AE Hy BS ab BE HH ao He FAIR BE Be tt : Andrew Fong. Bjorn Rabenstein, Charles 

Border. David Blank-Edelman, Frossie Economou. James Meickle, Josh Ryder. Mark 

Burgess. Russ Allbery. 

Fe Tal Sp aS Cian Synnott, ASN IAA ke id. te EAS 5 KB AT IF S Google, 

{A at TASS AS AR EZ Hn]. Ae Margaret Hamilton, Ua TUE ERS SIA 

SRA RS. SP, Be RR SU Shylaja Nukala, Evy ab ARPES Ea Det AS 

WARDS, MTS ZED BT BOHRA 

AS 5B) St BT ich Ais oe BLA PA 

Betsy Beyer: RRVHSKAY PAL (FRAT ASEME), RTC RR ELLY EK. LAR Riba, 

Wh iP Bh Be ak Be CIR HE. le, DRAB SY SRE, Ste 

EL tai 

Chris Jones: i Michelle, #hPHik seh A we eix— AOL, Fe) the ate AEH eB 

Web REISE RED (ScSe0R ). Tal EY a etx HEE Se A Ag BRE REA 

Jennifer Petoff : eUNFKIN SK Scott, BUN th EFS PEASY EI IAA KEE, 

Be te Cab SASS ST HE “VD ESR” FEE 70 ER > PIE De 

Niall Murphy : UH Léan. Oisin Fil Fiachra, Jip fet ix Ese OT FRI LEA PA 

A 2, RE. J Dermot, JX th HE PEN APSA ALS 



Bl BaD a 

oa 

ik— bar A SRE BARA Tete He F —PERETE PEST ZA, LAR SRE F585 (RSENS AEE 

BE AS [rl » 

4 1: Ben Treynor Sloss, Google iG4EA KW mi Rak, SRE MRNAS, Aix 

HAGE GE TT fibst SRE WUE, HR PF SRE ERE SALE EEE A al 

4 2: ¥ Google AEs" puEvEtT FIT28. AE LITA Google 2H Et AIG FEE Pe AEE 

AW. AAS fe ao He BY AL AR BS A A 2 wd FE EH :-_ 



a> Be1S 

ath 

{E#%: Benjamin Treynor Sloss! 

448: Betsy Beyer 

AE HE ALIS A 

——SRE 6% 

RRA. TLE AR SEP AG i re TCE A EIS ATA. BBA, BERE AHH 1a 

AE —7* Hit AR KD SE? 

AR BE Awe sxt 
we A St BE hy (sysadmin) isk AMR ALA SL. ce TILA — AREY i MHS US 

1 HE Fe CE BL iy Hoe FB BR IY Be EZ PE BE, EEE ALIKE. 

275 a FH AE BE EE Ft AE PE Pe EA PIS, AOR BULB 

TAYE OR. BAA AEE ERR AR, APPR S.J Pte AT LSP. FASE AY 

BE RAR EG RAL A RRS. PE EA ES AE, ROT a Se 

Wt. ASS HRA CVE SRT RP Be, MORTAR : FP 

Ke (Dev) FlisAki (Ops). 

1X AP AY A EE eo HT ZS BR UL, ESE TT IA) BY Joe SS BT ES 

Ao HH LAAMRMWADW AIRE. FAD. MARS LA WR ASE 

12 1 Google VP, Google SRE 446A. 



SBT RAB BL SCT TICE AR IF SSA BY) — 7 Hh A BS RA ALB ALBA 
NY AR SCAR ERE, WEG ET WS 

(Hoe, RDA Ate OPAL) BAH PH BI Dev/Ops 42> BS IY ABA Bee FLEE Ce a 

A Try BATA STG TT EIR 

1. BEER, APRA MT DSA) AS BE BAA Bay ORAL Nb BE AR EE 

PPAR HN. MAAS AEN, eT A, BBR KZ) 

FEAL GARRET BUSAN. FETE 

2. TEAR AR. WE Ae AIBA AU AR SI AE AT BA JN SP) Pr rR YT) $e GAS TS HD Zs 

Fy Ewe (ee MATER RES. MAT ESRI, HA PE Ae BA Aili fe 

HIB Fate, PANE SG AEA Ait bare, CePA pth RAT Tal. 

AS ALBAORE sits FEY AY Sr ee EE oe BE AS Tra], A phy HERS SEO HR 7 AY fc Be EP fh 

Gy RENE ANB eT he LA A A TR KEAN LA RRR, Ba 

EMT RAS eB tx 577 Td EY 2 BC BT BAN YAN NB, BEB ae LP BT JZ iil 

Miah Sie TM. RAI Ee A LB, (EY Ei) 

1@ Se AY WH Ae ALBA Alles AE ALBA 2 BY BB EE ERE BRAS. BITC AY SBE AT PE 

ko WEACHBT | ee REA ce BIH BES ERR EA HE. IS AR NDT | BORE Ze Bn 

fry RIE CE feet 1 TL BIE 3 Ve Se eA Bc Bist 0 HEA AB ay AE 7B Bit A a: HEA PS 2 ET BES BI 

[IA eRe AS, Mee, RAI Ae Ades SPE Ase 

Be T By Ba dat ta NY Be Eee HC rin Se BiB bit PA SBT JE El pas AAS It bk bib AA AP JY 

Bini Ue, WAHT VASE > “REIN Hh Ae ATHE. BATE AMBP”. eR ABT AR Be 

“— FAS 7R pe EAE EE LE SD, AN EES CE el Bey.” HP BT A 

ESE Ale], SPA ENB. FESS ARTIS, ZS A Sx DY Ihe 0 FA Se 

SI BUA ALR Roe AIF toto IS AEDA HS HS EL, FEE EE Ber il ee 

HED EM URE. A Dane AE. PAN: EBA Zs FN — AE RY 

Fei, BCMA LA pi 8 28 HY Bit AY AE Pe See, BERT AC ALA EE Bef fi EZ Bw 

SH AR A 3k ES — ih, RAL KP AEE, BE CY 

Hy OU ARBRE. lala rt A — EB. mE A ABA ck a Sk Z JAR RAKE OO 

FA Ro OE A TIS + IE Be ALA EER AAT AS FEE SE TAC RI DP SEE TTT TR Ay EK id 

ie He, AR eh Tt. RHE BME — FIN, he A S Seba AMR | Bee 

AAAS. Mit ie ER LE et HE 

AREER | 3 



=> Google HfEXZIE : SRE 
SRE ik Fp AE Google SiR A MRA Lik Gy a ARR. SRE AB ch el 

WE TREY, BUR EEE EP! FR SEIS 1 LAER AG Se A AA ERE 

SRE 9 Fe 22 RH 7E Google HIME? FSR ASSAF el: SRE Whee Lhe th L Fei 

Ee 7S ey is HEA BAER. 4 FRE 2003 4EINA Google WIE, FeAUTES RE TH 

SOT 7 Meee eZ BY “AE Ee”. KI, BCA EL AE DE AB SE 

Fate Le, ATOR APA, Fee A Cae) tA LV AA RAE XT. 

pet Set, “4AM 7 AMM CAKE AZ BIAS 1000 2AM SRE HIB, {Ax SRE AIBA 

PATS SPH A LVEF BEE AS REE I Bee AE 

SRE FAKE PAE BUR, tae SRE AIBA 4). FEZ SRE ABA FASE AS LE - 2R _FI . 

Bi —2E, AIBA 50%~60% te BREE PE REY, PARR DE, ao AE BB AE FE 8 TE Fa 

Google (fF LNA ire A. FOE, Eth 40%~50% Mile — LE FEAST E Google 

HE TRE TRE (ALAS 85%~99% FP BEAR IAHBE). TEL Ae Ie] ISD Ag — ce Be EE ft ae AR HE 

AW) Leh. Anika, UNIX ASA MAN A 1~3 ER bl24 Rie Google ix BA WZ 

AIPA ATE 

BRIE ZIP, SATAY SRE AIBA Bk 64 AB HE rs ERR. LL Fs PE i Fe PD 9 dT A 

SE ARAVIS AE In|. Google — Fi WJ TE 1x WR fee A AEA ht Z Ja fe SRE BAY 

2, (Ae BA BA hie A Be eT EE bE kat EA eee. SRE. HS 

FEL AAS A at Leh, SRE ABA 28 A EWS KB STE ea OCI PRR Td el BY 77 1 

Fa HEX Pp OK Fa HS Ay BE SSRE ABA, BARR ACH SRE BA Aa RES 

(a) $42 PE. PPE BREA APA EJB 

(b) Ar EWE IER ARE Ty PRR IE Be ERE AR SEL EAR BRE 

AIRE, SRE LBA an Fe ST ZEA AR APE Se LAB PAID. AE, AAS JER iL, 

SRE sta (EWA AED EY AEA DS SVE 5 CLA il HA AA So Ey FL A ABA os 5 HE 2 1X 

[6 > #© SRE fille) Piiekicit. Pet A ott CA ORI A TERME. 

SRE Ba AY ANC BEE POM READ RYE. WIR A RAEI. CHUM Ee, AEN 

Hs FUSS ANTI, ABA ta tsi Be ES ORS PE. (EStI Ops ABM A pdb AS 

Po NAS D7 ies By a Ae PET] A RR APA BC. FAP ORB TAG 

Be UE AS PBITALBA Xe OK HES ETT Te FE SET 



AY TS WEG IS — BR TTI HEI PRS AY A A IY Td eB, A Ht A La 

ioe CVE. Alle, Google A SRE ABA Aries ra 18 Seize HEL PE P74 
50% FY PRA. feStis He TREE: TAD. PRR ES. Beare LIRR 

TS SRE AB AE BA TA CE TEP ARS. RA eae A PE. KS EDR 

(ELH Ay ae asf. BrP Td HERS. SRE PABA ce Aa ral PFA AR I EL PEAR, 

FRATW RIESE. AABTASRMATOUA Flat, TAHARI. BKM 

A pret ye ASE I PICA tie t, ORE CHAE A Tie. “4, Ze 

SEbristt +, AR ALE ATS ok Fe EN Lee ALE SRE BIT 7! 

Google WHY EMLE, SRE AM BA 50% WHA EEER ZMK LEE. PARI 

Hee AU {HY BF RE A AB ee x AE? PE BA 2a JN DB He BE AL BA 9 PET] 

oy Bc. He SEX PEE. SRE LRSM HEFF RR PE EB AIM BI AS 8 A AE DAE. EL, 

4 FER BER AAA — Ee i WL is ETE SD a EA BT BRE. Bee A aE Be 

HBT JHA DZ SEI Sete BE Ce. Beeb, BATA EIA SRE ABA — er ET. 

fe. AA HE Eo) AE ae SRE HIBARY Cee it. BA HE Re th a Ze 8 ed 

Re 2s 47 BEA GEER. AEWA TE, Tal, it R RE  SRE AI A ee 

eZee, Mofo LE eA Be PD SG APR [oA AB SE 

WTA Google SRE #4 (Eis EKA ARAN AIRS LA. HH SRE (EVA 

Google ARWNL ET HH HE SHR. (Eee fthS, SRE {fea aA AR fF — 

Ae. GBT. FWA E MCI. SRTEWY, SRE Hibiety. Fe. edt —-T+} RRA 

Aras BEA pe i Bee Gj AS UR SEARED MISE PEI Aa. JAE SEIN AE 

BH EP ES BIA. ig. SRE PAYA BURR FESR Ee A 

12s AE ABA A ee AE, Be ee TE PT CRE A Gere ALA) SRE AIBA AE 

AIBA 2 TAA TCA Hada, EAS PT JIMA a a LSS 4 HI BS SG KA BS AED 

BiG oy, MORSE GEIS HEDIS GN et A. MEA A i & PALS HE A CL Fe 

Fe lah Hae 100 274+ CPU Mar 4st A EME? 

HAR SRE fee FLEA, (EE EE in]. Google mtn —F45 A TERY HE 

Bt Ae Atel FOE AiG SRE. ASG SRE BEAU EAC ABT JARS fe Se EE LT SEF 

dive, FH SRE SER Tal 4 & EE. Ty LAA ML oe A oe AEDT 

HH SRE BORE Bee. TILA e kon 7 AE! SRE HABANA Re IEA. (AS 

a BEA Be x RLS.) ea, SRE AB Stora, He SRE RAE A Ste 

re FY fe PE a ES BS a BER A YP SCE HET 

FA. Glan: FPS BER PF ES it Oe A EN eT He Be 

ARISE BELLI aa UE AC BT | LK 

Googleh MAZE: SRE | 5 



DevOps 42 SRE ? 

DevOps 3&4 4 14] & & 2008 FF RAAT RAN, Bik FAIA PSHM (2016 FH), 

KPABWHAKELHARMAEP. ANZAMGSEMARF HIT MARA 

5 mikitfeH Rit MASRA, ALBA ADMARALE, URAIAK 

PM TAL AFF EM/L SF. LH SMEHS SRENRMS SRPRLBAZEWHS. 

AAT VAG A DevOps & SRE HSH AY Sig, TUAS LS AA Rey, 

eZ ACA RHE. FAY, SRE & DevOps ##! 4 Google HARKER, BA 

BAe HI AT AR. 

SRE Frizit 
HART SREMM BAA OCM La. Mo the MURA CPA, (EPA 

SRE HM aba —-BEM NBD DG. —BOKUL, SRE ABR PLA oe: TA 

EAH, FER, RELL, MIL, ERM, Be, KAFFRBUBRESM 

X) 5-62. SRE PHAM EA Ail SBC Aa EM AT Se, ERE 

Axe S SRE cE RIPE Google Er" ASEM, HOWL SF SRE Ri Ay a EAS ST J. a 

HDT]. EECA PET A SCH. 1X HEE MAL HE AS HP BY gs SRE SBT PRE ES aE 

KANE AE TENCE BE 

Pm Lb Aa HA Google SRE WJLTMDAKL. 

ARIK FAKE ALE 
Exvbezibrrert, Google # SRE AB WMieae CFR HITE 50% LAA). SRE ABA i Apel 

ATHY TALE EE AAA L. FESEBRH, SRE SPA Hie He EE ae AL BA a BY Et TB, 

WIAA DENI TE, eE— EET IN PEE Tite pt & BY ies AE Hs GPS Mel FP BADE BAH 

RAE SE SLY Bug FUP AEA Lee WE Be BLA Soy Bl, REF E Ae BA  k 

IMA BIFC{E on-call AS AH IE Te] AR FHF A DE CEES MEH He A — EL Pe Bl is EA 

BA F328 AE LF As 0 PIKE 50% LAP AE FESR, cP Be SK as I eT 7S BEDE 

BUD RAB Bett. PH AA LPH. ALAA ESTAR. AAD me | 

ABA Tai TP PESK WT] 50% MERAY BEE, APS HE Ns] 5 Hw 1k PL Be HE 

SRE MbHig ae TENS —THMEMU AE + CEE 8~12 “PAY on-call SEIT Be ANDERS 

MEE. 7S HEMI RUE F on-call TFET ATE OSI Tel PREIS ASE PE, RRR SRE BILGE 

PAO SH eb. PRANKS. IFA BRB — OSH. A — UHL REE BY [a 
wt, ISA eS aE AR FT HE ELENA RAD, GAR T REUSE]. dn 



A/D PD CSAC YR, UE KZ RSS TS 

RIA PL I SMEARED, EUR HRERE ETT, IBA TREX A & on-call TBM AT 
HE hve We Belt Tal 

PAT ET in ECB AAS SE. TCVE AT A fil ERNE. a 

Ae ri Be A AS ER, SZ RS STE EK: AA A a PAE 

HUD tld] © SE A A ELTA PAVE: SECA E. BOB. RR back Fe, SEA HAS 

JETS), FRU LACH ARR 7 E. Google MY —-SMEMIE “OR AHA”, FUSE A 

Aine SE BLASS Ede, AN a a RES Se AE hE 

fe RES ARSS SLO ABT PRA WARE 
POE Se ABE TA SRE Zi) YA ek RA AIR AH BIE A EER. TEAL 
Bie ESE A TER A CO TAO BES PARE EE ZL. EEC, SCRE 
TET HEAL AL BEND . CE SRE BUELHf, BeA ERE TE MT BN LY TE AR 

“SH RT” RU IRE BS: LET ABA ELLA A 100% AT GE (PRK 

FAS 1 FAP PE ee TE a FD He EASE) © ORL. FETE A AAS x TZ 

HIB 100% alse. KA tteA PRL, 99.999% Fil 100% MY AT APE ALS AE KB 

Ay (TEU Se A). Wie BRS ah ZAIRE PAS CH PAA a. ache 

WiFi, PIZ6 HE PE RH AUT LAR E ), EE ARS A ROK A) RPE eK 99.999%. TLL, 

FE. 99.999% Fil 100% ZITA AY LX BFE AS AAR SCHORR TE be BK 

RHE A 100% Bl ELIF A BES FA Ps Eh SG I SC LE RE 

MUR 100% Ave — EWA HSE PE A t, IAB A ree? RIESE EPA aL 

xe PP dale. Bele Aik Mall, BAGEL PLA ie : 

© ZETA WUE ST tt, ARS Ay ee PERK BIT A Be IN A eS 

© RAK URS AY FY See A, Fe A EB EE? 

© HS FY Hy Spe FE ee AP Ze RM FY Ie A A BE FP? 

ZS eal YS GM PAS] Be PAST] 2 et ik 4+ BY A SEE A he. Bor, “SR PR” 

wee “1- Ay SePE AR”. BO R—THIRS AY AT EE A pce 99.99%, BAGH LRT Me 0.01%. 

XR Ge EAC PBT TA SRE ST J ATA Ee Pe AR ae 7 a eg LE a 

rai ED GU it FE (HL AF 

EU AT AT A em? HARA Ee Lee. "Rol. Be 

AERA BPA V2 EFA BP AR OK eK (EE LAR OE TRIM RRS J. IK 

AS SEAS RAR Zs URS OURAN, RAR RE Fi. 1% AB WIA aE be 

SREFASKe 6| «C7 



fi So EER AREF AGE A SE EH EE TRS OR PE 

Wet Shade “ERT” AS. BR Ee BA A SRE ABA Z IA) 8 44) 8 

SRE WBA NY Ate AE “ASST”, SRE AB AUP aA BA Ate —3c, ABE TER 

Past Mb 95 AROS BY re ME RAY TIS Fl) BE HE DOR RE LAR. ix Peo), BANK. 

TR SHEP RRB” AN Fre RSE, TE BT AS ES, PA 

BA aii at Dh (ESE el BEE 

UN FS FA Ze 
ime ASAE SRE BABA Us Pe AA a ae A AY PAPER — 7 EB LA im SCA TP 

We EL ee At BYE © pe TEE ib AD ATP SH Fhe EH ee ETE BE ae AY i PL, — 2 

rH SR ee ee EL eB et Dae (AAR Ae E-mail Ste. (Ae KPA HR RRSP EE A 

AS He BEAT. ad SIE 4 AD SOE EA ID ee 9 ts BER EAE AT DY SEM ABS J Ea 

ERT © InP RSA DAA OR AA te. Me AH ARS aa. D4 he 

ZETA PUT ERP ER EIN, Ara See en 

Pe SUA A RATE 

2 4k (alert ) 

en Aa WE Bll A FR AY Fg BE vB ERE. a re RE 28 EH [a] pa , 

BNC ey ee HE Oe BY A A AE AY in] ed 

I (ticket ) 

ER Aa Hee 5c ELV FL AT RE. TEE FPA BNET. ASE A AE A oh Se 

PEA HAUTE, (re MAR LAAT RE, SCD SBE TCM 

H.& (logging ) 

PITY A AGREE aM. (Axe FE ER i ROR, Wd PB 

ITE A. EAB ae EI YS A 8 SSE oh bale AE, BRERA Ha BE 

hy Fe SH ANB 
Hy se PEE MTTEF (29 ZR UCIT al) A MT TR (2 ye SS IM Ta) FP eR Bi ( BEL SCHR [Sch15]). 

PET 4 AIDA A Se AZ BITE Fe Le A Op. tae MTTR. 

FE (ABE A TER VE SA AB RE IT a). PAT KEW ASI EA ES AY 

Bebe RAE, HELE AE ALT MM ASE. SABA LITA 

I, Few RS “ABR A AAR” GOAN BEABLE, wich SCM SH Ae EA ide 

HE. “Tee (playbook)” ba ATLA MTTR BEIR 3 RRA EL. OLA REN LE 



WDA AT LAR AE Pa), AERA RSE “EE ALLS eA on-call 

LEIA AEE WIZE. BRR S ATEN “IME F A ICE RRR AY CT LAE, (HL 

we CE IPL Te As J AV oh Hs JY, es RE PI re ch ae Td RR 7 st 

PA Ace A HY BHR. TAE, Google SRE -# AMA LED WE “GARI? Ay He 
E, [alikraiat “Wheel of Misfortune” “@3gi A? A WrEEUI ABA BG 

2 aes 
SRE MY 28 4a Fa RBA. ACRE 70% FAY AE 7° SE i ey SBE Hote Pas es fa ft Ae SE 

FESR BRA EA A SESE MLA PULSE: 

© RAE 2 FH Lil « 

© DUR iri HE Fi eB [a] LAY AC AE 

0 Sahel, eG Te Hb ela eo. 

1X = FAT AA 0c Hb RAS BEA SRE Fildpe 2% FA aie OR IEP Ta BAS ARS BEA PE ae aet 

EA LL Sa HERR CE ite Z 9b, ERR EE A FE Se BA AEE AS EAD “SR” EAB 

LA Be Xt Kt BES VES? A STE PR G7 TZ Mo Pm, BEET AY aE Pe ET FB 

GE 

= KAMMA SMX 
hg SHU AL IT 2 A FOR RR — AS BEATTY 
AAPA BCL IEE AT EE (ATHE BU TAME A. (AL BRAT TSE LAT AL ONAL YE & PARA EAI 
VU ISLIP BER. SARL, A OUI ELAR PRPS (TTL 
(LES, VeRUTEL Lt), agSe A HE RR CREM SCAR. 
HES, AS SE Ab mL BARE DA). 

FS IMS ALA aR ne ea A: 

© SALA — 7 HE APES FL HST ai Ae UU A ARS PLU TY TH) 87 Te GE IY 

IY TA 

© BLU HE A i EAE BPRS TAY eR AED SC 

© AAT SBME UU ik, LAE ME WG Fe Soe Dik OE Ws, MY AE ORT TOK 

KB) ARS A eT Ay PER BLE A EEN, ARE PAI, SRE big ee at LIE A 

JPY, GL EAR A SRE PSS Ee TU DS AY at FE 

2 —+Google APRURERKRAHRIRA, ALS 23 FH “KER DAERR” —7F. 

SREFKIe 6| «CO 



ARS 
A IRWIED- (provisinging) 2248 8 BES A ANE A. FERN Ao, TDA 

PS AU Ac US 2 EAB AE Fs UR ee. TT LA ee FE ET AT, EAL Ay oe 

EAE TS EGTA © fd Ek ab AC AY a ee 2 SE A PR ES TE IT EE, MM EU 

PLUG PRD TAS AT RAS. SLA A 8 8 SE TI KE BE ET RAE, 

ise KW EEO AMARA (ACH. They. eee). TI IT — A 

WIR, Wir EB A ae PT LE ARS A. TA. BP oA a SA Be — “A 

HTL RE ER ERE, ABE) HEAT 

Sl 3K Ay THERE 
SOC ALT A PPE AL CEA PEM AS ASE. BL SRE ee HEA ATI BAT 
HL, DAE SRE tha22il mL Re LE (aA eR NUTT CE. BI) IRS TH 
iL PP MR TE AS HS Eb. AR OL ee — 
AP UR HA Ee BES, UBITTDSCHTE HUE ATR Gk ATA Aa RCH AR SHI RL WA 

SM AAS OE DAY EA te Oe HLA PUL ae SR os FE ieake Cite). aT Ae 

RARE BY oe UE ECS. SRE al i et eee A oR. GB ANC yA ee , 

Pea} SS HY VA cic ER A te FP SE FCS GH eh = 7 A 8 IE A A JE HE — PR BY 

het (Ae FFEA i). 

BK AE Fe BE — OR LTE Ha EFFI RE, ABER. MRF RRMA wie 

PEN. “4 BAMA ASAIN ee, 7S RAEN ASERA AIS IE DARA. HRA, 

ASU EIR CAEICAK S. SRE WA tee PTY HEIR A PE Ee 

WIA tt. SRE Fly” Wh Ae ABA oy SE lial Ws A OE TS AAS PERE. OMAR 4 20k 

Fy MAS ANGE FT RR 

INF 
Google SRE {U4 Sty WY BFP i 4 FRI AY ee FE SRA 7S BE KR FA 

FLEW “Ne — RE TRE, 1 A FR MU HR ea a oF DIY” HE, SRE BAA 

CAR kB ta. —e aC. -EBDAIER MA) hel 22 lA Sh Ab 

ASE TRE SOR SRE FAR, TBR AS BIE A > 

23 fH 3LHH “A: EPAD” —DAHwMTRHR ARH, 

10 | 41s fA 



eI 

Google ik: SRE 

VE: JC van Winkel 

4m te: Betsy Beyer 

Google BAR ty 5 Heth (ESR Ht A) IRS REA ELA AB Ta]. G3CHRIE Ay AT 

WAL, ARC LEAADI TE Google Bia bie FiS FA PLI SHER. lay, A 

Sr28 SFE ESS I HE EI He RB Mo 

fe (+ 
Google HAMA tt Un a BCE BEIT. ER HHUA a ete 

WIPE AE. TWAS. MASALA LAE (Zs UL sci [Barl3]). FU—AIHRS 

AEE LUD ABLE, 47 HED AT AL EE AS EE a. 1 HX 2 

ARH 2S FUR ENRS AEE, BOI TEAS ABSA LAP PAPE. 

Wy 38 fk $ B (machine ) 

ARZS ALR HEE (AGI et Re 7+ VM ESL ) 

# EAR #B (server ) 

EAE HT PEERS AE iE 

Wy $B HS BS Ey Dies Fp FE af EA I ERS Ae. Google IF PATRAS) IN WEHIRS aie 

ATT TIER ENRG A. BAN, Xf Google Kit, JFAFECE—-7T> AAW OPER ai 1S 17 EK 

£1 KRDMWE, Google RHP SHRM A RAA—M, RWA PISA, Ploy dE PST He 
Ad Bl AY IU AP AS I ES EO RE oe, RATA TR ALE RIA BE PS AR BO 

11 

<8 | 



VAIS ASE, AE RI — A ee AA SE TT A a ERA) Borg. 

FATE UAB Google BAKE ARS air 5 PBEM aie DC a7 4 ROE BH BEE AN TSP 2 LA AY 

AER LEW AL, REAR SS At AD IR SS ai es AA, EAHA. {Hoe xt Google 

KUL, FPARERERE . AARC o> WER Bl At A fi eae ea PA BE Zk SAT TH 

Pel 2-1 F228 f —7 SLAY Google Bia HUD AI a Fh4a 4 : 

© 2) 10 GIWFUIRA as 2b wk [7s L4e (Rack) 

e RANE —PHLAZE (Row) 

© HPS HENLABZH ok 7+ #e (Cluster ) 

© KL, —P4k4e PS (Datacenter) WAS PR 

© ZT ACSW ACHE DAA fF —7+ KR (Campus ) 

Cluster 

' | Cluster 

machines 

2-1: Google DINK AGHA 

457 BOE HUD A Py BRS as TB hs Se EWE AAA WR a. A SRS Ine, FRAN 

FULAG Google 4 Hl Wy 2eeAHLEA Clos REAR (BW SCHR [Clos53]) ERE El 

Jt [7S AB TT BRAY MELA AC RAL, eS CHR Lo Se ai  . e S CHRLAY 4 PRY 

Jupiter (B= \ xcHiK [Sin15]). 7E Google RAW —T BELA, Jupiter FJ AGE FE 1.3 Pb/s 

HIS SLAF TE 

Google WAHEH UDA: Hae IA PM B4 (Zs CHK [Jail3]) ZEReEORAY. B4 ae 

AEF SDN WIZREAR CEH OpenFlow Fxt bi) PEAY. ATLAS UP aR te BE 

hg TE HE TENS HY LAA sh aS Ee BR a EE Be A OP ae BE ( Bs AL SHR [Kum 15]) . 

12 | #22 Google +i8: SREWA 



ED EARS SH At Be aK 
Ay D7 SATB al Ee eh. Bed IE Be ESRB ASE I UE TELA BB 
re BAN TAA A BET RR A — Dil BET. A) 7 EH LHS WE EA, eR tH 
PB 48 ISLA at ARR ret FE ATA), 7S PA ERE FP ZS He A LF BER SS 
PE, ZT IL PAE. 4K HER FEL, Google HANI ERE RCREIM , 3 HE Bes eh AT 
RA OED So BLA, ACRE AE BeBe 5 SC Brn SA PR. IL Be 
AK PE A A ee OTL fe AIL I AS AB ak He Ah Bm EH Bit Fak BH HE bed DAS SP TAA Si 
a AE HF de he PB PD He BH it 

G2 ye ARS 
Borg, QUAI 2-2 raN, me a AREER EAS (BSL SCHR [Ver15]). E45 Apache 

Mesos 2K(U, *? Borg Sit (EEE i PH LS A AE LE 

lien pete te | 
( Paxos ) 

cee cee ew ww we we we we we ww ww ww ww we i we = = 

2-2: Borg HF#SLARRYVHELS 

Borg Hae tpA Pe eA “{EB” (job). wate Axe CPR IS TT KEIR a, Bee << 16 | 

cette (EH, Pile MapReduce (ZB sci [Dea04]). ATES LAL TRS PE 

(task) AK (AIEEE RIL PIAL). Ae A her Ua etd A 

KB BAGOL B.—- RAIE AS HET AE EP SRE iat at he. Borg Jaa) -4ME IYI fie, 

ERNE —* KH BERS at. IF ABUT AAI Fe Ao). Borg lalibl2s Ai 

£2 ALBA DT AY M Borg 4H F—*K, Kubernetes, FRA SIKH MEERA, Google a) 2 F 2014 +, 

it RA http://kubernetes.io 4 Xk [Burl6]. A KF Borg 4 Apache Mesos HHRMA 2, TRA 

Sak [Ver15]. 

SEMEBRSRBHNRREEKY | 13 



ia 

Wit ex Hee fl, WARMER, HAA IA, FFA RAE, AIRS 

TES) — BEAR SS ae BE 

Kl AES 36 fill WL as FEV — ot — YT ET SR AR LAAT ASE fal FE IP ek Pa 

DRT RET AAES RB. AS ARR Sa, BI HR. ES 

Borg BAR MES WNT, ERABTARMIIES KID BLT AERTS, 1X 

NAG ZA Borg BARR AR (BNS). 4S SE AEB SES KI, 

FA BNS #4 PRE, BNS At Taek TH PRP RAR AY IP Hk Alvin FEAT ERR 

26 flan, —7* BNS HhhE Ay REE IA PET ETE OS /bns/< RAED >/< APS >/< EF 

4>/< KPZ >, 1X7 BNS HERA eT IP Bede : 347 © 

Borg fi HEALS EVR DHL EES 2 TEES iis EE BC Ee EA. 

EU (Plan: 3CPU Bb, 2GB AGE). ASKMEN. Borg LARA TES 

SE fil BE 4p BEAD Te] RS as LAGE ES OBER 25 19 FS. [RIB Borg ih 

FEDER as HI (failure domain) J&PE. flan, Borg RAMA MESWAMR 

fil ABest FEE PILAR _E . AAR, BLAS LARS we Ay ES FES BE UE 

WARES ECU FR EP ACE, Borg BAMA T KE, FFA We. 

FARA, PBA AT HE AHS BBE AP el — 7 ke AE Ja — Ei OED SE BB 

¥F fis 
EF KPA BT EA Fl FA AS Sh fg — HS SCE, TAL BTL SE A A A SET 

HERETE TEA AKA ETE FEB BAPTA Mit SY Sc EF fe LE I) ST fk A KE Ti 

AAU IRN Lustre, LAK Hadoop MF AZ (HDFS) iL. 

EE FE fit ARE TA we lie) Fee GR SE RS. A 2-3 Bt, FF 

fit A St HA A Jes ee PIAL IM 

1. RRR HRA DNNRA te tk (D Ree wee Disk, {A Ae D HY VA Te] EY ft FW ee St A 

SSD). Dae—-TPXPEIRS at, JLRS AT EET REY BT BR oe Lk. PAT 

FEELS i Td BHT SEA tee BE EL AS ERA ee SSSR, AE F 

Fes AW EY TEE 

2. D WRAW E—E RR ZA Colossus, Colossus 97 [7S fie SES SET CF 

Aa. Colossus KER she HELGE SE ER EFS, Vb ic 3 4 ll 4 es 

She. Colossus 4 GFS WIACENRAS (Bs WL SCHR [Ghe03]). 

3. PEF Colossus Zt, AJL AAU Beta FEARS FT HEE 

14 | #22 Google is: SREWA 



a. Bigtable (2 UL 3ciik [Cha06]) #:—7+ NoSQL AcHaye. TERT LARb EE yA Be PB 

MACH. Bigtable —TPPA BOER. 2 tisk. AMF. FRA See 

Whee. “EAA Row Key, Column Key LAR IM Ta) B51. BR ge (A ER 

eae THeH). Bigtable Xt e “ie —3c” MESA HE HL ae HE 

b. Spanner (ZB UL 3K [Corl2]) BAILA EE SQL HAW RIE HEBER 

DR ASTE JE 0 

c. AY LAB HEAS, Wd Blobstore tL) FA. — Fee ACME 

5ER. 

Blobstore [ptt 

Bigtable | ‘Spanner | 

(ae J 

2-3: Google FigAR (ab) 

28 
Google FY Px 26 We fF ie 4 te FLA PL AR APE HAY. ANB OC AS, BATT BEA 2 

OpenFlow Pita fhe <4 (SDN). Fe lse A Me PEE HA ee EH a. Te ae FA 

MELE HEC RAPER AE CAA I) Pe tlle ERE IT. TAPE Tl ae Hy oct 

EDA 2 HEE ae EB Eo Bea AT AS SEY SE ETT ES CME PP Ed TOR 

MATT PAIR BAS 

a aE A BY A. RR Borg 244 MES Kl BC TE EP ll aS 

(Bandwidth Enforcer, BwE) fot Fh A Ao. Ob REA EY A A ie 

WER AAS. AIPA HUD EAU EER BT CARE EA nat CE oo Fi a PE BE OME HAE OR 9 Ot 

re [lel ( BL CHK [Kum 15]). 

SIP Wiese ARR SR | 15 



AEM HIST EA a STE EYES . ee HET PEI A ed ERA. A) SR a AX 

SEREMARS WER, Fei ar EA a E.R IB Hb SE 

PRAISE A BH Hh AR (GSLB) FE] bt HE LEE : 

e All Hab EE ir ale Bk ty ak yy DNS Tak (40 www.google.com Wher, Ae 

His ZS WLS 19 FR). 

e EA PARA Edt tr Hay ot, l4 YouTube Fl Google Maps. 

e (Eu REVAH (RPC) FATmue ty try fe (IR Zs WL 20 FE). 

49-7 RA YS eB EB SPE HS ARS HE PR, TT HE AYIA BNS HbdL, LLR 

43/7 BNS Hebkal AW Ase GH. Aarts QPS, ERK). GSLB AAW 

BEA Pie Be & i BI A i 

Hh ARAE 
Flt IL 8 47 EB UD PEL PE HR 

5} Fi sh ARS 
Chubby (#8 W 3c [Bur06]) RAR Het — 4 5 CE ABER API HERE Bi. 

Chubby "J LAMDER eh. PSNL eR BEY Bia. Chubby (iA Paxos him RED tik 

BME (AIRE Go 23 FE). 

Chubby v2 Sc HE Se files (Master-Election) wen RAE. flan, —PERS AS 

TA Se PIE TAI 47. (HAE RA SE AT LA bE OP, AY cE ct Chubby 

BET A ayes, WePR— 7 FM AE Bl. 

Chubby 1&6 4 4F BAB PEt — Bee ER AB HY SHE. Fila BNS ARS RE Chubby 43% 

BNS 455 IP Hast s HON KA. 

tis 5 SIAR 
Wee AEN IS AEP AN HY RAB. AE, FRE BH ety [4&4 Borgmon 

We tes Fel pe Bll (Aa HA BEL 10 FE). Borgmon HME He et Re BS te te ( Metric). 

1x HE Pe tebe FT LA Oe FH ae Sieh Ac ete, te OR HED i. SESE ALA PL AR Kh 

(Ata AE : 

e MEK In WET 

© MEERA MET HT HIT AS Ae Es BTR AS cE PF LEE RA a 1s 17 Ft EER 2 

16 | #22 Google £8: SREHA 



© BE OE a (SE FA ec BY Td AS OL. CS eT ll eR 2 

eK ek il 1 Tit 
Google HUES fe 2 (Fk Me HEE TO bas Se eh CHE EA Google AY REESE AML hte. FEA 

FU TRAG ee OR ST BRR, AEB SEAT LATA ARS CPU. 744 

(FURS a RATA BAY HTTP RS, sept“ BA, HEPES MIA. 

1 (8 FA 

PANY Google Ak Z HIABE Ae FEV (RPC) iif, PRA Stubby. Ui A we fi £ 

—AFPIRSEL, gRPC. "? AIM, —/ AUF AM BIA LAA RPC SEE, A 

RAD a ZeRT , HY LARA SD HO A & ESET RY. GSLB Xf RPC WY Hh eesy Hy 

AA BF SCF 

WRU, 7 EKVEIRS 43 MAIR VY BT 3% (frontend) 2c RPC tok, lal 4 4p — 

HE RPC RAEIANRS 2s KS 3% (backend). —-MOKRUL, Hinde PRA Ae ia (client), Jrvin 

WEAN vit (server ) . 

Protocol Buffer * $& Google RPC MI{G4ik& sk, WLS Ri‘ 24 Protobuf, '5 Apache Thrift 2 

{.. Protobuf #HEE XML 44 (ik BCH BEA ti 5 BH EK XML BBE) 3~10 fF 5 

FRANCA CP ACER BER 100 fe. FACE HH Af. 

HAI 
Google JERIEMMU ASCH, FRUNMB A A OMA ee E [EWR AGE (Bl 

ik [Morl2b]). 

ee f —2ESF IH AZ) (Android #1 Chrome 4), #4) Google #k fF TL Femi 47h (A [a] — 

As SERIE DS ETF Be (BE SCHR [Potl6]). eTrex FRY A ae Eva air ke EE : 

© WRT TPE Th TEN AZ PA 4S AE LES Te. ft pe 

Pcie ade, Td 8 — fp) eo iG (changelist, CL), Se ¢e{CHSPRIH, te 

Jit LARGE 2S 0 

e (ET A A GSA Bc oh th ie Se RRSP TE 

TERESA REE, SPEER Th 1 17 EB HED I Sh VERS at REIS TR. Google Fl 

3 As GAN http://gprpc.io. 
12 4 Protocol Buffer 2427S EP, BPS PUM AMAIA, R¥MHAHRTHRL 

https://developer.google.com/protocol-buffers/. 

PAM | 17 



BRB AE BY EA a ek FEAT AL tll cb BEA Ae AE TT AR 1K EEE ARI AS ABT] PY LR aE 4 

Wik. AE 7S CL PEREZ IY, PITA eS CL ELF BM Ia) $26 7 Mn] BY FP YOM TK AG SS 1ST IK 

ROA WU RHE MM Bl — 4 CL BA SETS ASCMIIE TS CE, MW IAHE BS SS lil he 28 

ei. A HED AER EER ALi: He — PAS, Meta. EL 

abe PAE GS 

i i ie —, a b+ EL VPA - —PhARSTARS 
Ay SE AE Hb tht HH — 7 IR SS A ZEA A PS te, CA ee enn ZE Google Er" HEH 

PBBA, FR ew BEE PRED ELEVA. KPA WE EEA E 

ELV AS SC RR FH FS SS 28 EY a] TB 

ET ARTADAMKBSD : 

© FtNb ERB ay (batch). BeMwBthow CMA, RAI SA 

Bigtable 1. iXUUES Ame — mR (MRA SNE eM RR, Abate Be 

FHEIT—K. ) 

© AREY Hii a (frontend), FALAREWMbHUA tak. ARS ate — AL 

itr), Al Ay Ae DR ye Fal AS a hs Be EF ECAR 

HS EE Bay By LAA] MapReduce HEAR 56M, =P BT BAY SE LAY alan P ATAR 

© Mapping BT Bt: BeREVEIM JG TATNO SALE UTA SCE. HEE ALAR MLA]. Be 
(ES ATLA ZEAE FT AU 

© Shuffle BTBE : REVERE L—Dr Bey: 19,0747 Mind Afi BESEUE A THEI 
© Reduce BREE: 4 b—WrBee HA 8 ile fie BEE Mia AE, Pee SRY AL id 
Sci PEALE 

Bola. Felretae— 7S ie] fir 225 A Bigtable 41, Row Key hAaeiX +4 ii]. 

FA Pig kK AAD BAe 
Kl 2-4 Was SP A PBR MB e ee. 25. FAP eA Ol OF 48 DF lel Attps:// 

shakespeare.google.com. Ay f 3k IP Hout, Picea Bik DNS ARB 4 (1). 1% 

DNS if -k ina & Bi Google HY DNS Ik% #. Google HJ DNS Hk ## Ais ok GSLB ASK. 

GSLB iit ait Maa, Dee EB IP Hd lel 4 AP 

18 | #28 Google +i: SREMA 



Application 
Frontend 

Users 
GFE | 

(Reverse Proxy) | 

Balancer [¢————> Application 1 
Backend |}} 

Google 
DNS f£ 

Server 

22-4: ABPiIARAME WE 

FAP ne as BRAS TP Hehe eB] HTTP ARS ae. XTRA AE (Google HiyntRA 2 

GFE) Hit2eek TCP EE, IFA IRIE E MOAR aE (2). GFE Mie ce 

HRS Ato Vm dR (AC SCE LTE Google Hk&, ti/4 Web Search, 

maps LA & AS fl AY) Shakespeare). GFE vx Sit) GSLB AZ. 3Kt—7> GSLB ACA. 

A ay A] HAR Shakespeare IR as Ht, MIR IK—7s RPC if2k (3). 

Shakespeare AiMmdIRS a OPEC aI I tak, REL — 7S AAA IAA Protobuf ick. 1x 

Ih} Shakespeare All vimIKA as ts OKA Savi IRF os ECA A. BIRDS 48 thas EKA 

GSLB Wh . RELA AAT AY Clee BO REY) Jai ar A BNS Hit (4). 

Shakespeare Ja vin IkF as bia tk Bigtable ARS #3 HR A AGH (5). 

HZ GER RS A> Protobuf 45s, ik lelZ4 Shakespeare Ja vinIk as. Javad ar 

Fe al 4 24 Shakespeare Him ae. Hiv as ee AHR IX PB AG aE HTML 

Ea 1k EE SE PES IR EI JL Ee. AA PRY IRE AE, PEA AR 

AAA 4 HEA AT. GSLB fie BAS BL ly a Se eC Hck. {ELE Google fies HEY 

WIR AO A BE eT TAA. CA RS ES OTE ER IH ith, ABE a BRA eT LCA Pte BE TE 

WEEMS . HIF Google MH] Seve as thie 4%, AMM 28 iit Vile] www.google.com 

Use UE AUT TA 5 He 7 EHF 

(E35 Fn BEY ZB 28 Ft 
(RH AWWA EE i AS, BRA RSS BS BY A a Db ORE «100 4a (100 QPS). ith 

phe FA Pade A aa bt as, BRA EEA BI 3470 QPS, A Sb ete, BF 
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DEE 35 MES RA. (Hat, HUT ILA, RMRARE BD RA 37 TRB, 

HL Ae N+2 BESK : 

© LEME, A-MES RAIA DA, RA 36 TRA GEIR 

© WR Ih — BEN AS a [APY BT], ABZ 5 Sh— MEF SK Pl th 5 Bl ee 

FUR 35 SEPT ARTO ARS . ANSE AY CATR RS eB. 

(Bee, et A Pit et PAD dt — 2 Ss A US Yt a FES EK AERA. AESE DN 1430 

QPS, Fase 290 QPS, BYNFNTEW 1400 QPS, WIN MPKAIELE 350 QPS. AH fe 

HOARSE AP, Bee EER oo SB ESS. PASM. RNAI. FER SEI, BAT 

Wee (EAA 4 PSP CIM AE SS), REC aR ERIKA +1. PE Ale. HK 

(326 PE CE inn fig OP HE EE FP BRR AS. TAA 4 Ae IT, GSLB 24a 

SEU A FP iat St a EG fie eT He A, AT A OE 20% FEE C.F REY 

HOTT, FEA ARE KI BEA aE, DA ae EFL AY SPE 

[| 4) Shakespeare Ja vin RS #3 ZET Bigtable IRS ita. Fe al eae EO eh 

BARBER. MLONE eran IRS ah 22 1 lel AES EIN Bigtable Aim MER la) a. Ay 

LA Bedi Eee Sh BED ABE SF Bigtable WRIA. 

All] Bigtable M42 He. Bell) LATA SIP AY : 

e 4 Bigtable IR th Walaa, Al LAA A RIASE EARS 

© (EA Kl Fy) CAAA ASHE Bigtable Jick Bx He Vi lel . 

mK Bigtable (MX te tkixnA—Bxcre tebe (eventual consistency), {Her PAA EIEN 

PZ» FEAT BRT OR he FF AN AE | 

RK P2A CRS ARIS, TEE POR INE THA eS. Pre aeese 

— FE UTE I ESE ICE 

ES ANVIL hk LAME SR OAT AOL TRA, RU RR, CAA EKRIR, B40 

Hel], AA ALE RAL AM, TRAB wik BM RiL, 

20 | #22 Google +*Hi#: SREWA 



oe ea 

1s S B78 

AHA tiie SRE A fi LP A ante Sa Lek. AK, DR eee 

(EHP ORE AY EAE 

ASB ie (G5 3B) Abe EAE. UK YY A IA fF SRE WA 

LE, UR ARISE SAR GX RED DAUR” ASB, HH OAM EG AU. EF BEAU 

LA Be Fl FA bit De TUG “FB R TREGEE Po PER IRS J EE 

Wk ite Af (SLO) ze SRE WY AIb—-PAEA BER SHE NLA HA — FF) 

BAA AMA WEI (SLA), PE RERE DITOR TIRE AR. 4 EIR AL SLO 45 

SLA KAFPA, TRAN SRE xe QUA DX 1k PS ASA, Tid IE EOE D7 FB PE Be Fos 

Wwceete be SSN. 

iABREMSt (toil) A SREMW-MBRIUE, PETAL 5 Be. RT SE MATCH. 

PENIS TE, EET PRR AAA KROME, tm Sh URS RID Kn aK 

Xf Google Rea FB FEM — TZ FUL, PE AAS Ae 1S EE AGEL A wy DAA EAN 

RAL AL EL TARAS HUE, TCA ee A BWR SS RAS, RAR AN ERS AAR AS. RAC DA 

PRAEP IRS TSR PE. SS 6 HAR SEHR AIA bs, LAR HE GAS SE LICR 

ine FE SEB « 

“7 EHR Google SRE viz A att Len AK. iX— MIAN Die S SRE LA ott 

Lh BEA Ay — 2G yD EH 

KBDA ARK BMA ALE. Ai, E68 FH, RINT, Ri Lee eAA 

oF Rea ae PEW — TE, AK SY cB A: HT 2 RI. PET IM A 

tH FY LA PR Be BR BEA EY BT RE FF 

Zi 



SCRE TRE (AU AIS AEB oY) I 7 e BEE E PRE a  X RPPE— LSS, 

OLA MEF LR ff. (HA ANE ai, BPR IAAP AT 2%, OR AR ASE ES 

Mii(t. C255 9 ee, AIEEE Sik Pel. 

Ht Google SRE Hix #} 
CARER A SBE P PETT TO ak FOUR Ee tA LZ EGA BI EB tx. 1 Make Push On 

Green a Reality (ZY ScimK [Klel14], AA 2014 47:10 A) A, Bea a SM A A 

REA BR TESS BR, 3k AT ARIK SRE i SES Ta AT LASS AR SCA By Se HE. 
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oS 

HA Fed I Bat 

JE: Marc Alvidrez 

yete- Kavita Guliani 

(Ke EU Google SRAWE-TAD ZHAN SENIRS. SUE, et—€lb a, 

Feder Tse VEX —GURA (AEM) RUb, SPAR THES AE A re EE! a HY 

BY SEVER HOR ASA ASE TL : eh a ea ee MED A TE FF Ac a FE TR PO i 26 AT 

2h FA RGR BE, J ER ee en PAS, eR Mk A AY A ee ET 

SHieW Bee. UEYb. Fa ie ATE EB — SIR FE eT Se VE A oa Se EZ a) AY 

Se ERA FA A ae EBL SEED BY SEZ EES, (5 A LAS oh Da Nt TIE FE 

Witte. fi ahoE. HLA LE—+ 4 99% BT SEPERATE LL Ae BE 2 EL 99.99% All 

99.999% MARS BY TE PENY X. BIA! 

FEF — A, SRE BE APR RK OT A es RH 1 ZTE AB is td AS 

(ij ERS CEI Tape AE ROR Be eT OEE PS BE a PB AR 

Sa. Mk A APERE » 

FC. 

Be x he 
ANH TEN AA BRS fee, ABC A eb ARCH PAILS. RT, ZA 

We Ben, TERE AML. AP Se PEME— APE FT A ASIP Dre Be PE A —— 8] Sr 

Ay BASE ay ALL 2 BT aE we ASM On 100 FP. eG EY BLAS EE FEE TA PN PSE BE 

WC 4 Ya SEARS 8 / ARR A RR 

WEBEL A TCR A BRAT AT AWE Fr Hh LY AA Bes IE ft HUT ZPD AE A PEER Fo 

23 

< 2% | 



SMBH ATLA All FA — HE 28 Te Hi ah BU, DAR tee HE — ee EF AE 

fRUE 

BL we AR | 

ZK AS SE 4S ZH RR. “4 IRA ZAG) i LB OE Wi HR A a int 2 UE HY FA SE BMT EE 

TMB BS HE AA ee Re YF A EB a EK AS, HE TEIN NE EMA SE i 

FAP er ARE Petr in HY LAF 

7 SRE HABA, Bed BRS AY PY SER A ee bE re at a ETA. TE 

DAU HEA 7S ERASE UA AY 2 HEF HET Google A BEMY AY He PERI RT ARS ic Bs AY I SSE 

Be 228 Fle BE. ERT AT AE AS / Wea pr. Pile, Search, Ads, Gmail 

Ma Photos bike bese (SRARVE) PUB? FRAY A pace > BA ae Apis aE 

PrP Ny 5 AUB PY OR PUN Hei GRA aE, (AA Se AIRS ee 

WA SEPE. Hite. Sie SPA AEA HRA 99.99% IY, FRAP TBM Ee ahi + A he, 

WAAL AS, AMIR BA A I Ae. Te PRE it H MC BE IRs Et AS AY IL 

Bo WAP bR iL, BE AA HE A lel ae UA BRAD PPR. ae ETA i oh 

WE AE Pe TA tie (EA dE rH REA AL TE 

Ee ARS AY x 
Google $x4h like wi a — + OW Ta RAL TCM A SURE. ibe erik 

Abs, Bally A ME DE GT A BW ARSE ABUL RB ee — Bele lal A A WEA A. EPA 

Fy SA Bor if est. PE IT As HY 0 CE Se A A) — 7 PEE Taos. A BE ne — PP 8 2 

RAIS. ARG Whe Al HEA AIRS EM el, LT A. fe. BHR RABE 

FLA APU AR 5 a ELA FS NR BTR. ARAM, ie HE 

BS a HA — HB oo 1B ee BP a Ay EK Ne ER ATI TY AR A EH 

PRE, FFA R ARB, BAT ME PEE BESTE H 2) IMF ALIX THRE 

MP KE BRS dH EL PEAY FE WS RPS AM Bar AK SS BE DD AF os ee Td LT] 

A Ay eee KO TPS LIL Tal ae FR FS TU TPE Oe rs BD), add i 8G ATS 

Hepes “9” ATM Be POR ASL, LE RUT HEA 99.9% 99.99% BK 99.999%. FS ALDI “9” 

ABXE NS —-7P th) 100% UI FAPENI Be HL LAER. MEER AGES. GX MRI ADE 
TA SUE HI TET A ECT EE (BSH AS5K 3-1). 

2QT3-1: FAY el eI oO) BNE 

AD FAPE = ASCE HIS TTI Al 7 ( ARSCIE IS TTI IA) + FRALEY Te] ) 
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(AIK AS, Be a A a 4 A ay ee AL Ta), ti a EP ak SP 

Ate. 48 Pit, —7 a) AEA tRA 99.99% WA Ste S TEE HMEBL 52.56 2h, HAT 

DUA BRIT AY AT APE A es PEGS OLB ae A. 

Pit, TE Google Ab, 2& PHT AY a) HH Mead to ab 70 SLI. Dy Be At ae BE AH BR 

TEMA ANIA) Ai SOURS © Google Jor Ae FH AY ii bis Bra was Boe (58 4 The 0 ES PR LE CE EAA IT fe. 

fay He 7 ET 4 oe ERS, AE PT LA Be Pie oC BA 

ebay “FEB” AY). Al, Be beh RR FRR TE SIRS ATE. Ach 3-2 (EBL Tix 

ASHE PY Fh ce PER af POR CEG, RAN AR HI ELS ) 

AW3-2: Sito alt 

BY APE = RBC / ELEY ta a 

Plan, —PRAR A PEA RA 99.99% WAS, —KES 2.5M Tink. ERAS 

F250 4 Fe RAN AAS AIT AY Ay AME A tp 

FE — 7 BASS LEP AN ee A BY Tg OR AB ee A SE | BE oD i oe 

ao Val A Bra PE Ae Yo a REC AA. PATER SO A Bei FRY $8 REO 

AR ET a Bes A We Dy 8 ce — POT Te LT To BE fi8 TF 

{8 FEL We AS SC 28 Fos a CT Sd ee a LIT) SE Ft PP os BE ES ee i FY 

ASP LH. RERAEMRA EM ASE (EER, HEMb EE. TARR. THR G LRRD RRF ) 

Ht TAOS HAY LE Hc A Ie SE, PR EA ETO ASAE AS EB 

He A ETE Bie eR 8 FAG A 3 HH A ASE. AE TA) PEAY J AS _ Et HER A 

AY ARG 

flan, 74th Bade Pea eh He Hee FRE Bit a a Ae YB PN A a A 

Bei ee, WET ce EAE oy ir ald ae (5 HE a Th ote Seb BH kc Dy AV BE SR 

FE SBR MBE, BA TRE TT — 7 AY Es, RSE Ea BAR IE A 

wee Ff IZ TT HY 

We, PIA AHIR i EAE EN APE Ae, AE BAO EERE TERR. TK 

(Gi eh SPR. PLR RD RE BEL. AN GE VY ld FE HE ER IK BI — Pe IY THE A 

Ko LET BS LES 4 

AB SS BD JXU Bir ZS 2 IBZ iy 

Au in] HE BUA A YD AL BS AZ RE? LE 7S TE SR a Ba ae Be Fe OR HE FA SEP WA AD AUB 2, 

FREWKBGABE | 25 
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PRE TUE Ae EL Pee AH HG AS? BOR SAY HE SEA. TE Google AM, Hit H% Ja ba 4 2, HE FE 

FEE PIA AD Z tH 28 

Ay SPE WAR A WY AL AEE, SRE BA Sein fat A SD. RE LL A tse 1 A 

WY AAA PT AS BLY Be A paso 3X HER Mh A pee Eb ze 2 nd I he HEAR A PEE AU AT Se PE A Ai 

TES BH, 1 BREE HC Urb ke EL OR A So TAD RR HS ETE HB Pn Hy 

BA, mel Tk ae RS A, TA RM i a ERO LA Ca, Fe A 

AGMA MANY HTTP eth JA) Fe PH. BAMA APT ETA Be RS ALE Bh HEH 

NARA RS HMMA BE 
BUNNY Be Wk ww AA PO PI BA, EIA LTA a. LER, 

Search, Google Maps fil Google Docs, ‘E{#t—-* #0 A CAP im Ze B. KEEP A 

Tit SHA RPA. Fe beer ne he. FECEP eA IBAI , BRP Ee BE eh Hh ah 

Wik PEIPORPIVENRS WY AT SEE BER. FEAST Ian BAO Pato A SecA TL 

Fe Vim 22 Fe TE ATG AS OI TOL PB Ke A A 

PEGT HRA Jair AF 22 BEIM, AUP ie SBA ALS. RP TAR 

ee eH Al AEA PETE A? 

© ANF] BS ASA WC AS At AS Va) EDM SS 9? 

© Bed | An fil (8s A A CAS AG AB BH EAM te EE IK TRH? 

© AMEE H(t RAIS Fa baits Be JE? 

Ay AT Bt 

MPA Google kB Ma, MRS APE A pea eR PEPER AE. EAR ix TAR 

FE Le waa EE © PE fee A — 28 | a 

© FA IRS ARF ett A? 

© UR ne ARK AR BIC A CRA A a Be WA)? 

© XE TAME , hee TNR? 

© WAH LATE, ASCE TE ORE te PEAR ACE Ri fil ? 

© AURA xe EP RA Be a ih re EY? 

filk Google Apps for Work, iX TARANEH AE EMR, LR A A My Ph 

Polk. HEM UL RSE Google PrH FE rhe tka KAYAKS (Silk Gmail. Calendar. 

Drive fll Docs) ikin Lvt(7 A CVE. B—Aih, —’+ Google Apps for Work IkAM# 

WE AN (LS lh] Google A, Heese BY ASHE (ELS LAE RR Ee. Pe 
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PMA , BATA GES Be EE PEM Sb EB AT APE A bey 99.9%. Telit, RMA AT 

rea AY AB AT PE El as EA Be ED RR BAT TAS ES BA YP PAS os Ab THE WX 

YouTube Wilt; 2aA A lal Bye. “4 Google Welly YouTube Ja, Fe(l Fe BE Ay i He 

AS EG 4A AT PE x. 2006 4A, YouTube LE-4IM AY Google HINGE FIRRE, FF 

ALi F—4-45 Google 4E% A lala MLE tr JA IT Be. DS 4IE YouTube CAA SF 

— 7M RH AIT i. THE SR CEA ae EAR Hea. AE, FRAT A) YouTube ie S 

— ANALG BATT ae ME is BEER BTL HE El tis, PY Ay ek ee BE HE BE 

Ax Bes AY) SS 
Heb PTE ER 5 BO PI A EG RL BAT RE FARA 
(i AIL US Til 1 225 22, BE AG SD SSE A AUR ie Be Rw AH 8 Se As 9 EH — 7S ZH 
RE? PAS A EOS HB BY FE 2 SP Ss PAB a Dd EO ET, EL RE EP lb 45 
WI RCMAAE AEA 

PB Wak 1 il Fb HY — te BAL A fi EY A SE PR EY Ee A RA BY x 

Bs WRAL 7 A FEB TA SB (BA is CST] BCH 

Fi — By Ube A FAP AL A aa Be Aa BOA Pa ic Bit SM OU PR a — 7 

ERMA PR, SRE ABAD AR a Rk Pell. Pin, FES AMP. aR BALA 

Bei HY AB: AY HES BODE ASI aE. Al, Ze OE, CEES AAAS JY 

BU PRIM, SEAR IRIAN EOS 

HF Google HE HEMI MIRA . AT HE, Be eT A Pe Se WAN He LR ST. LAE HT 

Ads Bil vin 9 28 tre XENI — BPRS 0 “Ee er AT De eh a A a. ACS A 

We AR PAIRS . Ak TPE AD EEE te EEDA, BUA 

(Et A EPRI. TEM. TPZ cB ae AT SEA. HEEL. ed THE ak EE ic Pr 

ATE TT AN PERLE TH]. i] Ane TM LEY Ie 

AX AR 
ee UR AS BE FE A posi, CAS a 11 A 7G A 3 

JF BA BR TE AIA A SL 3 PI ae, PR Ay SC UC He He a i PA SL FEY 

i — THURS Wie HT AE A piel, TA RIT Pe 

e fy klt Pili” AE BY APE FEB 4S “90” AB. Wem IMs 2b? 

© APU ASE Fe WB RY A GK Blix — FY MERE EE AS 2 
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Wy TABI ES EG A, TR IL SE RE ER, A a PY 

BAS SWC ae : 

ay APE A tr : 99.9% > 99.99% 

de HUY By AME : 0.09% 

ARS WA : 100 9 356 

Oct a) APE HOME : 100 97 3€7C = 0.0009 = 900 3270 

TEX ATO PRR BT Pete a — 7 “9” AAS ANB 900 Fe 7c, tae A PRAY He oe. MAE. 

AR CAS IE 900 Fer, ABA WEASEL TAT SE AA. 

4 Bed WACv: fal Pe PRE BT PEC ASR ARIS, PES EME KE Ap. KIM, BE 

AE ALIA AOS P YS EY se BR ER BT EES SR SK RI. ROR A eR PD EB 

Bet, ISALEARS 9 ie 2B IR ei ER i Ae A REY. HEIR EI A 28 eH Py Be 

Px See AR 4H PR ISP FU A i Zl ZePR RA (tba, TCP vs. UDP. IPv4 

vs. IPv6), {He FeAl UGE ISP AU TE sei 22 SEALE 0.01% FI 1% Ziel. 

AAR SS Fat 
Bae PDE. SG Ate dba UY Pe i a HR 5 BY Da ETH hr ee BE, 
Weta bra DS BERS. BLA BAT CE Dt Ye Dalia ARSE HE DI He OE FW) 

Google] HARMS IRE TRB. “4 Google K4i Web HARIKA, AkF 

A —-7S 4 Se BEE ee ER. Ad Words 24%) ERE RSMAS. BHR 

ZI — 7 SR BEER AE FA EE PP SA. KE EK AdWords RZ —* 

ANS FI A ir 

AdSense, JOP ih Ra JavaScript (tiSthA SIA CME Boca. Aa E 

ATA HEIR Ate. Xf AdSense ina, ERM A track eet A LE POC) a a 

Bf =F WAT. 7S RR ee AY ES A os R28 EY Fo YT Se ER RE. OR 

AdSense HJ) —Me AI LALE AdWords AY) Ar Be EP 

1X APE RS A UR HSE IB BE OR FC UE Bet ZEB SOUL HB — 2 a A Cla, EA 

ARS CURA BCA), HEM PRT AKA. RTA. FP EIR A BEY 

AdSense RA , (i t+ Fel THE 03 ai ak HF i Re Be) I eB DOR ARS TA 

FEA 152 Wt AR SS BY) XU Ba SAE 
Ae) SEALs AE HG An BE 2 A EVE 7 Ee AS Ve] Te Ro AR ASA DX ill 

28 | 3s ih 



A MN Tse Hi ELE AS AS TT AAT A 1 & AS TD GAR 

Fy A HE Bik 
Bigtable xe—-“P K BY 25 MA CBR OD Fi AB, PRT IM YA De WY A Be He 

EARS FA Pipe. PER He BE TE ER EY ES PBR SY AT EE. FCA ABA WIFE Bigtable 

VE) BS Bey TY HE ee EA (a, MapReduce). ix EPA TEE BE SEHE Ze: Bt iE FY 

SVE. TAPAS Ts LEY aU Ba Ae, RE A 4 A Ta 

HE AO [a] HOY YB aN ATG Ut EY Be ORR EY — AB Dg 1s i ae EP A it SB TE ELE. 

Sk baste OLA, 1 BES AM ie Wt A A EE he Er FA ee RTD BY SPE AR OP ae a AE 

Hn eA. Ay See a Te AR Te a A A ed oR, Be A a ira A Pot ct 

Bigtable ik PA FY A 

OC fis 2S 

(RHE RA 4st Bigtable Wine M CLARE) Aae, RE ASE A] LAr Ab BB ES 

CH OLAY AR. (SSG LE, CRA PS HEBA ooh Be C8 CE ce Se BAe ris TR Je WER EA) Ts 

ZA BT AY Ft BE PORE ze ARSC Ae te, EA RA SI kA AZ AE 

{trl , Bigtable ABM iZawe Mh Fe MARA « 

AK, WPA Ps. AACE AI «TRE FD PY a RE PS BR 

Dr A HAZ 

AK AR 

— Fil LEFF Ee CAS OC dt. AR UP a EE ee AE 2) AS FD A Ee HF ik 8 Tits Fa) ke BH 

Fe FEB BOL RH ACE LE GEC AIRS 

4E Bigtable WPF, Pe lel LAREN SEA: IRE RAR A ey Ze te SE. HIRED SE 

PR Ay BG Ee ae BE EWS BORA FY SEE RE URS TE 2 a FPR BA IR PE ae 7) FB A 

BE RY Ze in bi SEK, Bigtable AZM A ESIC RI. BOT, eel 

EPA US RE BOIR, PI Be. CESEBR, ey eH ee SEER Fy IR a Ea AS 

 10%~50%. HH Bigtable 4) (2M EBW AS, 1x AREAS LEER ri te 

SH SE aN i A 9 A YR HRS AACE Ee HA SAINT HE 
4 TE AMNESIA AAA Lok AE I AE A a A 
HY WEA) BREE SA TEL. DAR BR Dy ARG AST I LE J EA 8 ALLA 
NFER REMMI AHOIRS ACE. IAN, Google + HS RYE KAAL HSE HO BH i 
fe 7S ATI. BRS TBH Aieets ((8ldn, 7 RAE HSCALE SQL MABE. 

ARS HARARE | 29 
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[33 _> Spanner, BW 3cHK [corl2]), Hyweaete (Ae (He HE TE Oe ate) Hee 

— AS GTR BEAR. BY PE SER A A BY Be FF fi (BN, Bigtable AM MbEhk “JS 

Fait Ay” BASRA 3S Hi BESK NoSQL F¥ tif RZ)» 

AEE RA ne. BA AY LA (ae FP i) PS A PR A es A PRR © AY PA ae a ed 

ARS A & RPE Te BES Te RS ACE, RR Be. TURE. OU, 

Be Fe ANS Hite AE AY A « 

UF Bly Sig Se A 1 HE 

Ay THREE ESCH SY 2 AAS ae 2S DU AE EE 0 JU AS CC aes Fi 2k Hit, BA FR 

BPR KEBMIRS > Google MW AiG zE MBE. ROAD Hila AE BH 2 Hite ze: HA J Te) FC AD 

IBF yl UE FRAT I 2 RY AL 2 ZA HY « 

RYE ASN a LE ne Bi oe He be (Pa) A, eS FP ae Be HH TCP EGE ) 

HEI ECE, RHR ASTRA A ee. IRA Be ee HR 5 a AT LA 

BU Ty SAPS te avi A ANT FT Oe, Eee 2 HE A AR IS EI ZA. ANREP RIA 

BIA DY ARAM BIR ae, ABZ WER Bik PARTE AER I 

PATA ZAR DT SUA BA Bea A A A se Ht HAP OT SSE A TE BLE. BA EA 

235 Ph VE Bn fil aes FA CL RY DAU Bor rt Ske A a a Be PD A AR SCA HT SE PE 

(A BiRMawW AA 
VE#: Mark Roth 

424: Carmela Quinito 

ASS AO Fe PTV SSR ey AZ AE in EA EAA SRE 72H HE, cE AL Atte AT 

FEE AN TA AY FEAT A CUA ZRBC fe oe FE Ae SS 2a SC ae UT fi (ISD PE ad ek Ph OF 

REPS SLIN, ix) i TIS a eR ae TCS. Talley, SRE Wy arse ee ME iA Mk 

FWA TEE, ARK A SRE Zep ey AR AY HEM GLI © PS ALBA Zed 4 A RT BE 

— AG INU Ti A CE PD Sa ie Dey At oP i FE Ce BR hs A A Hi PAD Pe ie AY EME A] 

iti SRE WY REN AT SEVERE RE (DAR AE PPE HE AH SS SESH ) 

1X HE IK AR ETE BWR HT a ie Be A BT Fe SB 3D BE AS Tad YL 

Pe 9 As — 2 AY Fy Se ik Jy 

1 KRPH—+DAEMRAL MA -login: HXLEP (2015 FLA, 40H, 4H), 
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Be PE At a Ne ER 

AP PSE AEE AS te? AD, Bot ARE Beth oH — 7S We 55 7c FA 

WETAS , BAM an AE AAS A (ABS TTAB FY ERE ) » 

| 7X, 

ll, eA BMRB HESS Aa AMOR YY ic Bek HE, Be Bia, Ble Be He 

(ths FRAC ie Pik Sa. rie Foe Pel TR BT HESS ZS THEA 

JR 
TREAT Fl eA AE Yo BRAN TN AE & ZH Ta] CE ak 2 DAU 2 

4 v2 Ye MX, (Canary) 44 Be A lal Fe Ko)s 

TW TR Bit Fe Apa ED FC EGY Se Fle YE mee TE — 7 TE Si Be EE FT MTN, aK 

BRYA HS LR AS 22 EMIX, RRS SA, to Aan Ae KR? 

i i. LAG ABA EZ KB FRAPS ESHA ASO ANA E. AMAR BE 

UE WAI APE Bite Be ERY. fd Aye A Hs RU EUR FE DEY. KEE TRE 

HLA PV IBSETP A BUR. ANE ke — J i RE i TSE (SESE LE, Google SRE 

AEE 7 AAG Ae “Ais NE — AIS” ) 

AA BAMA Bl tak 2 LP A Re is Fes AT A AR a UA 9 TA) 

SUR EE HET BT A EEE 

ARMA ME WHE 
Hy TB POURRA EH OE BS DAE BE SR ed 82 MIE PRS ACE A (SLO) 9 
EMER UN (B78 4B). ARITA UE 7+ WFD, Se iL He ee HRS HE 
7p BE AA 7 BE Hh AE BEAE & “> ANH HEE. BME SRE SPA OPIERDT OBO eB 
if SHEER 

PEA TAY SE bas AM PF 

0 Pine BRE SL —-4 SLO, Ware TRS TEE AE ETT TE 8 1s TIP 

e Shs Ce ZkIet fal ae eek — 7 A = US BATS Te A 

© PS BENS FEAL BE ak 1 PE JE PPR AS HY DS BY SPE THE 

oF BE HY AY IE Fe ZEIT al eg FF SLO, tata bk, SER RAS YGF ee TE 

wt HY LA Be A BT IRAE 
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Gian, (LEMIRE AW SLO 4242 RE 99.999% WA iy KR. KPA, TAKS 

CESS EE EER LAE 0.001%. BR RES I) ed BFR TK AE EP HE F -0.0002 % HK 

bet, RAH 4 FS Fe HRA 20% AI ZE RE BR RTE 

FA 
SFR FOUND Ae SE A SE AEE HATE RA SRE Re REE LRT AAT EZ He BY 
PARE A 

Wp 7 i AE Fe 8 Hl Ld BR dT 2 THR BE ARR AR SUPT SLO, ht Al LARS TB 

WAS. BUA A Hh SLO RHR ES. IBZ RAR ES. TRI a EE AA SE 

MIRAE Be ya Be AES OE HE ARS EAE, DASE PE HE tr Bl fe TT 

Ai LEI BP A LIE / ERA ETS WA et Tas? HR, 4 SLO TEAL BCH IR 

URIS . REACT A. aka TALI BI] LE; he AS. 

PAYAN, ANASTASIA SRE Zeman ie 

SH, AAgt aT Da ct ee RS RR. “RIA IRS PEA A gt BT LAK 

THE SS AU Ber . RNA TUE REIS, PEA A EP SS HE oD BE OU Bh BN 

Ais EY) 338 RE. DY Ay ft AS Ee at SD Bo FS AT a 2 Sb PP 

BEAL BA TET BE TT Ey FAT Re Ph 2, FE AL A ll EL UB. ( 

PR, iXBEA SRE fE SLO 1K A BIN EA AL A LE Fe BY 22 Ao ) 

RUS DER FH Be BCH A Be AE HB BZ] EF SLO, “EAD? XK PEM SEE HLS 28 BH ee 

TAS BLD RZ Mt], Se ABE AS A BE aes EB oy A Be A ESS AES TAA Se SCF IK AP Ae ii 8 

FABER, LAL Ay A ABA SCS PRA IE ISAT 

All FA Ber ie Pe YA Tad EY ER 3 ll Ee APE A is, ha cE a Se HY oe PE AL 

BTR ET WA Ted ARAB Tid: 2 HTH HE» AAT A Ae PE IK SLO (Mita 8 Diet 

PRA) Ae Ge rey OTE 

v2 pmARA “bang / bang” 7%), V $1.74 BNL https://en.wikipedia.org/wiki/Bang—bang control, 
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AGE RA | 

° PPRAFHTERERZAF FLAK, MLEBAEYHRKRATEUREG. 

© 100% THACRRA—-P ELATED: PRARTREMLY, HE 

id RCRA YA PPS OTE MARS, AMES Meh BER 

ay tb FL Ree 48) BE Be , 

© BRM A SRE DHKRANZA ALMA, ARMADA. BRM 

FRAGT RRP IRELED, MNT AHMET KE FRY. TH, 

SAARTUASARTHME FRAME RA RK, 
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a> B45 

ik 5 ee tr 

VE: Chris Jones, John Wilkes, Niall Murphy, Cody Smith 

4g te: Betsy Beyer 

QUA ES SARA PAT AD BY EE FPL ANS Ee AE AE PER ee 

FE EWS AKT AS, PRB SESE ST. MBA, NEMS. eA 

API, Feil abate SE lle — PED A PRS ie As, FFAS DASARI PA Bt A he. 

FEIK PE EP, Bed es SE A — 2 EL ET eS A Be TR A BOR FE SL 

LEA meas (SLI). RAREAH (SLO), URIRARMSMW (SLA). R= 

A EFAS Be A PEE ae. RHETT PRA. De 4p NF EY 

POTTER. ARGERE PERS Fy ue I Feta A BFE ic be EI HB) SRE thy EE HR, [al EBT 

tA) SRE HB FIT a She IE ie LE Be Ea 

ASB S SRE HID CEFR PER. FpRuERE, UU Seta oT LORE AMEZR. FUN RH 

HY SCITZR NIE LEMS RS TEAR BABP TTC, ASE WLS 2 BEN “VDAC ER ERSS ”’ « 

i=! . 

As SS Kiz 

(iS RH WY REHOME SLA G/ML HOBOR, {HL SLI '5 SLO Mla ESE — RANGE 
Rb CE MLAO ME FORME, SLA ZACMENET Tet SVB, Google Mls ti FAIA 
HOLE HGR SEH TAINO, OCCT AEE TH 

5 tr 

SLI FAAS Wie 484K (indicator ) ANAS BY ER FS JO A — 7 Pe CTD 
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KB AY MAS ABA et RE 3 ——Nh BL AS TT REY Et i] ——fE Ay 7 Se BE SLI. Feb WL 
AY SLI aR eR (TPR ADEE TEE). ABLE (EPR) AE. joc ee 

BE cad) #9 ae LAE: ERE 7S JR I Tia] 7 Ed PA J i ie SR, TS OP YL 

AFL SBE 

ALA UL PB , SLI IAA TREE PAIRS Bit. (LARS I, BBE RE 

AP HEAR TH MELA SRI, Bee ACH LM, BUA REAR pk BE. PA, Ae BY WE 

BUG 2A ii xe be ELPA tbs, TELE TAB PE BR HAT AREF RE Pe HA 2 Sr FY BEG BH 

JAM (availability) A AX>—* SRE WALA SLI, FORARS AAI Ak. ia 

PIL HS PFA RR SCTE AY AD ER AEE I” RE. AIH RRA (yield). 

XY HE TF ARSE, 4 ATE (durability) ——BcqHne ss cc (RIM le] —th E— 4 

Bi pR. HP 100% WY “RT APE” EA AT ESR SLAY. (AE HEVE 100% BY AT A PEF at 

TEASE —74* Ape. eZ Ls Fe AO PB ROR Hak AT ARR RE. Plan, 99% AY APE HR 

BRA 2 4 9” ,99.999% PRA“ 5S 9”. A ail Google Bit FAR Z IF AY al AE HS oct “3.5 

A) —— 00 95°. a). 

=Bon 
SLO @/RA RS 8 te (Objective): IRAMWEE* SLIMAAMA, RH AMIEH. SLOW 

fc LEESLIS Atk, MHA PFRSSLISHNAER. Plan, MHL DIRK, 

1 el R RAR RE ve SR” AY, PLAFRIT AT LAE M4 SLO, BERR RRR 

HE WR J) 100ms. 

ete — 7 i SLO xed bk ii 2 Aga Fe. oS TAME ee RA PY BE CG FE TS 

Wf. PAT SP ABE ALY HTTP ick DE, RDA ACRE (QPS) Fitna HA Peer 

PAIGE HEEL HT IK Tan ie — SLO. 

{HAE BOTA AE Fa 2 EY AR EIR |) 100ms, WHIT A tel A eI Ka 

(CHRD BIR MEWS, Bae WISE AE WS ERA EE. (100ms (Ex AE a 

AE, (ae AOR DR ER SE Lek Ea, TAA Py DY ae bat — ee Be a 

(EB 5 RAE PME. LETRZSUL “Speed Matter”, 3cHk [Bru09] PALFEANITZA ). 

iH, “HER IBA AMAZE, ik Pi7+ SLI-—OQPS #l#E8 ——{R FJ FEE THA : QPS Ft 

ry A BHR The. ARS BIA TBO a PERE PP eB it LY 

SLO AYE PERIZ Fh AT LA AB BY Be PIR SS Die ee AD IY. REM BTA i ep IB ie a AR 

TEAS HU28— “IRSEKET”. MRAA—-TMN SLO, HPABARI A OM Be 

Bee — ARS PERE ND THU, BY fléice AY HEBD HEA ih ee Be tb ae TAY 5 2 Ay lr]. eA] 
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red HY HES SBT SEE HR IS AY ae BE 188 Sh —— FB Hh Ag RS ZS EK Bo Ti OEY 

( fii Chubby MY, ZL PY “ABR Chubby IRS TP RIALENL” . SbF LAE SS 

SBA E— HH PAUA RS kbs tie Ol Me SF fe, Min AA. 

EK Chubby ARS IT XI ASA 

/E%: Marc Alvidrez 

Chubby & Google ™—-* 4A ARMM F, ATRRBSOH DAAARBR, AER 

Chubby RAP, AK Chubby FF HAA DAARA HHP RR, MA lal ay 

42, AINAM, SRAEPKMAMARAFAAMWRFA HME, APRS HK 

ARS mq Z| SPSR AP. 12, WP AEH SHR Chubby FAKE LMYHMERM, 

VL EF HAMIL A AAA IULA SR Chubby MF KARA KE, Am HEH 

LZR RMT IL. Chubby SRMF MH HT EEK ERE YT -AHRABR, 

AX LILA HERE & Chubby S3RLFART AOR LRLE, REL 

MetAFR., 

BA] AIK BRAT MRA AR PIE > SRE (RGE SSR Chubby ARF FE 4% 3K 4 FH 

ZL SLO, PRAHA ARRFAERAK BAB HESLO,. €*HFR, eR 

ARABIA T APRA AS] SLOZF, SREAA SRH-KTBHKE, 

ALA AE AL, FAAP AA, AAT VAR RAR ABER Chubby SIRIRF RSH 

RH, BMA OARARE GRA AHA RRYRERB. ; 

PIM 
Ha, SLA RAMS MIX (Agreement): FHARSESHAP ZAP, Bae NAA 

WALI DIX THIEF AIA Bl Mae AIK BI SLO ZIG WAR. HEAR A Ae 5 7 a — 
1S ak BM Ti ack—— 1 BY HAE AA. EB SLO A SLA AY Bi A AE la] “RNR 
SLO WAAR, AMAR? ” WA RE UA. ABZ Be pe ee ae FETC 
= SLO, HAE SLA. * 

SRE PARES SLANBS, AASLAZSWSETAYWREERMKHW. (EE, 

SRE Mi KA BS HF Wye H fh SLA HAUSE TPE SR. ll, SREAB SHEAR 
SLI: (MG, HEE RK REE SLO JE (RE BENY, AMARA PAR 

Google aM ete AI SLA WY -7S RAS + Bea 4 A a EA ASE 8 BT TE. 

%1 APESLAHKBDHR, SREAZABUESLO,. eREAABRM “IRR SLA”, KRRZHRAR 
4) SLO, AEM “iR SLA” THAR —KiAROMHEED! 
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RHEE A Google WHRRIRS . (HERS A SAAS All. (HAE, BI anh, 

QUAL RAR A FY RR A a HE} Google HRA HE, [RIA ELS 

WA PRE. REICH Google IRA, Fil40 Google for Work, HA HAMANIIH I SLA. A 

He TRA AE GALA SLA, 22 SZ SLI5 SLO, Ft A ER RS A BM 

UCL TRA, KP ALIA LES BR LANE 

fain Te See A AY hy A 
BEA RTO Ze aN SAT ATE A Ho ERS AE EY, PBA EE AM 

(ARTA BBE FS pT NR Ae bi BEANE? 

BH) MRAM ABADI A 
BUA WBBM PERSE TATA EL SL 5 BARE PM RITES BRA 
ELLIE De WHC HE ATI. Hebakl & MA UEC SEAR RRUSET:. mE 
Hetrick Dw 2 BHO TEN RSET ZA. TBI. PUT EAE AC AERO HE ot 
FSF (We NOPE END HAL EVEL 

ULHRA. AR EAD ARSE SLI ATA IAZR ALL PULA KA. 

© AP TRL GIRA AR, PRIA Le MIR ARS AY BARA aes HS UD A) APE. aE 

IB AR A. PRAT L: ce ELE He OBR oR? BE RE SEI I ce & 2D? 

Be Veg Ae Ay LA ie eb FH 2 

© Fie RAI FRA: HR, TAPE AL. MAA: REALS 

PIE? Fee BAY ABER lal Bet? Bi ae  — Bere Tal A HE RE PR DTS 

EM 26 Fo 

© KREARK, PAB RAKE AS, ROR ARID Fre Alvin BI i HEIR 2 HR 

WYGG Ue: MEE TB bBe He? Bete MA Be ase B PIP TEL? (SE PE GAA ER ES 

BSS TEE Hh BEIT Be HI WEAR « ) 

© AHI ASCARI ORE: TEE. ne AT IK Mel SEPA Tel Se I PE AY BH 

Bee ety SE WAI BCH aD PT ERE» IE WAVE AE A St he ee — Betas. THe 

EE TEASA MBE. MDE ASA. POA Axe SRE APR ALOT » 

FR PRAT UN SE 
All FASE RES ASE, ETS AR ERS AS UE, A Borgmon (AABN 

10%) WH Prometheus. KAI ASEAP A GOP A. Silken Ae HTTP 500 Ale 
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PRAM EEG. Rita, ALAS LAIMA RA Pe BH CE, APU AT HESS Be Fe HE JN 

MRS asada. TA Payee a me eal. AN, SRE te EER As TR J ita 

HY ZEW wy RES Ee FH Ll JavaScript BASS Bc FA ay A ER ala. FE I 

JE re OU AT ZEB a PY FY BES A BE ee FP — 7S ERE Fe 

iL 
Ay YT (al CPE BH ET, 28 a es ELS J Ee Bo Lt Fe 1B ie Id 

HELE Tp HY LE a ESR re RELA, il ne ADRS te Bie, TEL {SE Fa PPL JE 

tig 32 TE SE BE ec TA EAE TIL. TARE BEBE AEM RIK, De RE BHA 

RIE? Jaret B] BESS ve ate (EL ON — ie ep RI EL. USES SEE BPD Nh BB 

200 ik, FEF Ali A) 0. AAR SFPD Mh BE 100 Pi RA AR PY HK 

te FEA), (Ene TE BIEN Oi eb Zine Ba TREAD. eH pe EIS Ay HE Aree TAR a AL, 

re SE te [7 NAN s MT REAR RAE RR AY , (Ae TR J eR RE AMAR AB 

KAD FABIA “aya”. hi Ae PESTER EL PH, ERT SRP MEIR SLI, Se48 1 

RARER, FRAY HT HEAR, AIRSET. fal BOP EY my BE Se Ha ate TK Fe WE a AE 

PAAR. Al 4-1 gett FT BIE: BPRS Lae AT LATE 50ms Soe, 1H 5% Wik ATE 

S20 fi! Eb ORb ae Se AY te 8 AR EG AS SS Ae LE (eR, AEE ARS AY TER Je HE _E- 

HEL SAARC (Al ae a Bb ARB ) 

mileneds 

owe eee 2 Be = 8 ee eee, he onan eWonitseath es east cnP bron Lee aeRO ANARENGLR po HE END Seinte se edn Pe NAR 

He 00 30 'EeOe TUR 170% 130 

Pa piikee 

Bees : Bee eye : 2 , eee | : ¥ eee . Hy H Ss Sate ee | en a 2 ore Bs a 2 Si OOS Des F 2 

Bee ahs 2 

4-1: BABY 50%, 85%. 95%, YI*VAISRIEIR, FSRBMVYMSSARPH. 

Bll FA 0H hs PY LAB DB AEA HR AE: fic, BAR 99% FI 99.9% 
SLY Try be Zeta UL. ii 50% WN ASDL F MTL (99% Fi ad inne H8 TED a BH 99% 
A BEL ATA ee SEA AR PE. MNT AR HEIR) 99% A 100ms FRNA, CEMA TEAR, 99% 
AY Te A EIB ABP 100ms ) Mel PEAY TD IA) As Be a BC ERA er A 15 BE Fe ag Ae HE 
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JaZ ln EN, RM RERUN SF Bock aol PE SLASHER laa. FPR as, JA 

ree AS, MAE —T i RRP Rs BW AS. Pr, See" SRE 

LIB RE R JE mhy Fh 99.9% WAST AABIE Hs AIDS, OS 50% bar a Ae the 

IEA AY « 

KF Hit eBR 
—#ADB, SRE RMAF DMB GPU DR, MARR, KA 

BLDC ARF IRA AA, EA A ICDA EG Ria MwA He. AATH 

HL ABW AA AGAR, hae DAR AE HY Pilko, tH RIK LAK 

+0, At RAN AEA 1000ms, WRT RAR HRB AH A], Ast, 

edness ‘EME ET He 4a ze Ha! 

AMPH MAAR ERAGE F HDA, —WM LRAT EE, RHR LYHA 

BAUM iE ABP HRIEM. Plo, RDP MARR —K, AB AAR 

SRAM ERE LA TE, ARAM ( Pl deh sb i RE B Gt 

HORA SAME). 

Fan AY tn HE 1 
UENCE LE EA ULI SLI, DURES REDCAR ATER AEN). FEL A RE RE 
SOBENE NIHR IS ATLL AEE BE FLU HI CLI SLI. 

e YUMA: #1 Ohi 

e (1H: REI AES 

© as : FE 10 Pb— kK 

© A MLE : WR PES AKA HTTP GET tppok 

© RHE SR AL : WPS SCIRUS ah ie Bl 

e Hee MEIR > WUE REI a ER AE 

Dy LGA MAS, TRAV TE UL NS Fa to hy aE BT FY SLT Bi, WA at (8 PS a: 

SLI € (aj 

= re Bere SERRA 
KIVA S GREW) APR DIMAS. mE ERER ITAA. A 

PUREE SE 4) Ze HEE AR RAE, EAE TEM. PAF EDS A 

Vel. Sig, AOR AT a AERA. eZ SLO IVE RAR APR. 
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[a> Blk, GAMER Hion. FRE RY Alps. ARO AMAB SERS El tons De Tl HES AS Tain 

A tnay z X | 
AT AWTS M, SLO Ne ELOY EA LE dota EL, DAR. Bild. 
BUTT AEE 

e 99% (761 ZERIT AERA) AY Get RPC HHAA ZE/)F 100ms AIT al ASE 

Be (ALFRED ai NRA ae ) « 

° 99% Ih) Get RPC Af 100ms ASE GX—-WS5L—W— BM, AzeFl AS SLI 

DPA ak 7 ee fa). 

AOR PETE Hh REG. Be Ate BT SLO Ags : 

e 90% IW Get RPC A 7E Ims Woe kk. 

e 99% It] Get RPC 42ZE 10ms WISER. 

© 99.9% It} Get RPC A ZE 100ms WZZK. 

AUR Bed Wad IY EE (Se ee) AR ERR SA (SEEMED), ABA 

HY BE Dy 1A) Te AP A CH 2 LI SLO El fx 

© 95% FF Ab eH FA Set RPC WVi8#E ls ZNSE. 

© 99% Ize Ast Set RPC , J@H RPC Hid) 1KB Ni ZE 10ms ZN SEK. 

Be SLO FEW #% 100% Wace HIE WA, thre AELSEAY > eb oR I A SS BAR at A 

GR RE, Fn — HE AR ey 2 Se eee etre 

Budget) ——*}3A HF] SLOMAAE—_UKKAUAAMHTE. Bees a 

se FE Uo SE Fe eo EWU. CHER BREE SERRE (REGAL JEN SLO FS 

SLO! ) 

iA El] SLO WEL BRN Ae AE Pil 38 TF BCA AR 9S EB BER le — “A Foo a eh ag: 

H (heal) SLO Abn Fe REN Ue Pe eT DRA, PEE AT DAE EK I) el HE 

ZHU EE THe 

SLO AA pH 8 BY DR 5 SR PE TE CD 3 ee EA BRA A” — 4), 

All FAI PS 7S YS FE AT CAF Sr I AS YY A 

Atnayis 
we PE A tr SLO Axe — “PAE ATE oD, Ay ae ab BP PUL HS ARE, SLI 
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FUSLO (68 SLA) MYREPEMB IAA WAVER. TRIER, AEN AE AT AE AT Dp PE Se ee 

Pea RPPE, DAE A ba. E28INbis] (time to market). BEFEADAPE, DLA CE eNO BR fil. 

SRE iQ ARE FRAT. PEGE BT ATE AA PEA ET, PT Ee 

bY. 

REV A IRA HOR awh A 
TARAS 8 US be AUBIN EE, HOEY BAe Abe 
AAG. WAS FAB BE KEE PERS, BEATIN SoHE ae 
Ky ESS 

RAF ia) & 

SLI Hak Fo ARH TL ESA HY HIE 28 HA ates SEY AA SEEN 2 10, TT EY 112 EEL 

5 ET 

HAIR BE OR AR St A LATE A FE AT EB CT PACER ok, kee “ake” a] eR 

BAW, (Hee PEN RE BSR. REA — PAR SEE AA, EL 

SoHE AB TCIM TAL AR ae Eh Ae, Te oh es AE LR Sk A ee Be, HE LE 

LiteScH (SEB AERP DHRC AY ) PRUE KES 

SLO 2&1) ab AF 

AA DUM EEE WAY SLO ei ate: AS RE. — ee BR a: — TF SLO fie Ay By HY: 

MOA BACHE ET SLO Absa UEFA, ABZ HY HEIX > SLO Bie AL 

SEA? PRI. AAT ATH ih ER PEABAE A SLO Zeid, FAP “WERE” LEME. 

REBRAE 

Pedr) HT LAGE Ar Mt Tl inc tS ARSE A Za RA SLO WY EM. WFR Ret AT LAL as 

AY Apr IP ae, RUC. EE FP Re till Ee — 7 PEN toa, PE SL Tn) ed EY Ti HSB 

7B 

SLO HULA ee A) —— th hs 18 A) ——SRE Fly in ABA a> PE EY HE BES 7G, TAL A 

SLO (0% FASS FRE. EI SLO AEXTIF AB A. BTA BAL ll. {Axe 

ASAT TED VBE SLO 2 Geis Fe, SEPARA HI HE Te BE AT HH BK AT RED — Pat 

FBGEN SLO, ide SLO ete, WA SB BOR RE. SLO 2 —-TiR EY 

ALAPF : Bes) (HA 

12 4oX SRE BAA BIL RK BMG SAT SLO, AR AiR * oo T RAR KES SRE WAY R44. 
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#2 rill FEY 
SLI fil SLO (£0 RSGSARN WAR AE 

1. Wet A Re ae AA SCAY SLI. 

2. ELS SLI FISLO, WR OER. 

3. WR TEETER VE, WR EET ARR Ei eT, UE A hr. 

4. rik LERRIE 

PRN, MRE 2 2, TR MEGRIE7E Lik, 7CRRTEINIR., SAIL A/D A SLO Ze 

Fal. 5 3 AMM at ave Ge CPU HEUER, lel SS 4 CPU KAM. KE 

ASLO WTR, BARR AE ce CCE MHTINT) FED Ao) FF 

SLO A) Wiz A Aw 
Wirt 4 SLO VRB AP MASA. JAP (DRA) 2h 7h ei fh 

(TAT CATA RO IRS We, DATE PEARS ce RE ee. lan, SES AAS 

BE FE Be — 7S HR A yp Dank, ay BE Soo SAE. AMIR, (EE BT EMR 

WAS. (EA, AREA BO) +H ERE AS. 

7y TULA a TE 9 TS, BA A ELA BLA 

Bk—-XYRSR 

OTA EAE ESA SLO, StOMe FA ARMIRAY SLO BY LA Re oh —22I ial Ae Mal pv [a] a. SLO 

She tH LX 4, HY EA FR EY EZR) ZB SR VEY Be), PAAR AS EA Be Ty LI EE 

BR UX PRA BAT AN SOT EE Be eM] 

KER SLO RBit B 

FA BRAN SS Fe HR SANE SLE SLO, I AEFE ARSC TR AERA . 1 FEST 

We HENS ESE HA. RRR AY Se be PERE SELL SLO HR AKS, HAP aes 

RTH AR HE EB Be. Be HY EA AF EY 2 A ak 2D x Pre BE HR. «(Google 

Chubby JIR4 2 FH it SAN EP RE Seve Fy FA.) EP TED. A DAS Bi} PE ROR BBR 

BNC BRR hill Ze Se TEAK HT PL AN 2s JE at PRY FB 

BH SE Fa Set A 5 PUI EF Ee RE PT EAB Be EE READ ee toe, EAC Re 

TR. BEAD, Bee ye. MRR DE. REA AE EI IC Bil 

AAR A Ss. Fe. hae SLA Eb hE 

i 3 Failure Injection (# JL AK [Benl2]) 4H *—-*ARE, HTVWAAKRA DA POH. 
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eI reieg 

PIM ESLER A AY bv A 
EL — ff} SLA Fe BMS BT AAS A ERR A RAR. SRE HK PUP MTE 

FA AE iP ae HE AST FEE SLA AY SLO iA PRAY HES FUN ERE RE. PES EPH SLO WY HMA] 

PGA SLA. Ree EN Pete mR ee RS. AA t oy. (ECAR 4 A ik 

Be TR AA A EIA BUY SLA sitithc PA ME 
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VES: Vivek Rau 

4m te: Betsy Beyer 

de RAG IE PI PERALTA, MGR IMMA —AP Bug. 

“ER” MRAASMAAED PHA E, 

—Carla Geisser, Google SRE 

SRE S270 & WIM lal 42 Be EAR I A EE SE. ALA ARIE oie EA HER 

BTR, Bede ix HAS el —— HF (toil). 

Et 3 AY FE SL 
BUSA MR BE “RRA SEB TVR” 2 ELAS FRE fa A Be ET] BARS DE Ae A ET Be 

i TEA A PK LER ce BA. A AR SE SER VE. TAIT, 

— HR DS RS Ree AS THEN), AN RVR BE: PERE AZ IF4A (overhead). inthe 

FP EH a it xe Ha IB ES Figs AE RS A ELPA SI CVE, LERAPA i. A AE ve BUDE 

fa. ELSE? DAR ee. ET Br a A RMA, i et 

AN EVES. PRT, Ay HF ts FS Fh I) he BE ER 8 BY A EI CE, (A 

EEN te ASE 

RTT A re A? HS EISEN SS POPPER, ESPEN. ATR PtH, AARP, 

£1 A148 FA Andy Grove & Intel & 4! #4 Objectives and Key Results 4 2. 
12 Google R LA AMRS—MA)YH AD LBAMLY SRA, AA “Snippets”. 
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RARAPHAN LE. mi, HSS RAPER AN. IFA EE AE 

4c PE, (Ae. FP SAB PSE 

F ah) be 

Poll Bn Fh 328 77 AAS AE ot EES 2 3 4p 7S AAS BY FRE LEE FAS 

BE BER, TELA ies 47 BIAS BP HE Be AE oh A ad Crt TEMAS ot oie BE zs MY Td ) 

IAG BLU Ay re AB 

ce Me ag) 

WRAP Re 3B OB, EE UH, BAN TEE SE. BR A A bie BS 

PLE SHAR PR IE CE AE — iit CE LE Vs] ead NC et OR — BRIT NY HER TD TE. ANE BLE 

Ty VA RK A aN ALYY 

AUR TE EBL BY AAALAC FF 8 7 He RE PS ESS, Ber atl HE a Hh EO 

JRA BR TSE SUES IN HR, OES AE MS. AR EW EE, BDA BK 

PEE LIX UES ART ee. 

BR RPE 

Fil te EAR TH SLE. ORES TE AE Ae WS oh AE ASEAN 2 Wb BSS te ES the 

BS BOA) AY HE zk we CE TE ABR PPE PE, TE As RAS DDE 

iA 4§ ABM 

WAR TE VR TE FEES Zt, IRB RAR AE, UE RT EE HS. AS 

XTMEB AAR HAR AOE CHE, ER eS. —2E SY EL gts 

dia ibs BA TCHS AOA IE AE EAT is PE BS Ay x BF 

HALF) Ree RK 

AWARE LE TR NIES SRA A AD. Gitte SO Be a SET AR, Abix 

THU HBT AE PSE 7S BE A AT TT IR SS TAB AY eh St Be 

SE, MAN SESE PE PE (Palen ord) ZOD ELE 

ANAT ZS RED OF = 
SRE W—*2IF A pace Rae aE SRE MYL PPI iel is 4e Te CBN ) AY Ee Ba RT 

13 AMAR MES SRAMF, AACESLMS HH” ONRRER ER, ERMA BLAMES 
ZGEAMLEZEMS BT, HARM SIF HRA RAH ER, Hote, RIFT HA KARR 
Rk BRS, ELAR SIMELZAS EMI YH LBS, ROR KR LALA TREN, 

JAS RRMARLEYN, RARER. CHUN RRREYHKRHA, AA AARPAEAN, 

SHR EM ARM RRE RAZA, RE MLPA LT AAI LL AHF 
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50%. SRE B7-4E 50% MUI ECE A Dad AY SE CH RA HE | FM 

WR DRE hes TPES PERE. BORIS, TR]E Lee dE — Ar AR BS 

SRE AFF 50% 1&4 A pce AA aR A LA He iil, MBAR MRM, DB Pit 

ve a HR BEATE A 100% FSEBE Tal. OZ BSE AT CNRS RY CE te SRE HAY E 

(Engineering). %f Lfe CVE REE SRE PILACENRS REP AY lel Bo a> A Bie, FP ALE 

Fp 2a EP Ae LA BA A PEL A A es AE EA SE SH “AY BT 

AAC, FART SRE WY, Fea oI ESCHER AY 50% ALM, ART IA TAS 

[Jue TSA TE. Fe LSA ik SRE 42H see HAE fa DBA Ae) ies ae 0 F 

HJ 2H AR SE DL I PAR 1G 

iS ITA 

do RAM BRA SRE HAM F LAH RH A 50%, MA sot] > HC Hy la] EI 

44-4 SRE ZAKS on-call HRAKE—ALHRAHM SF, —P RA SREAY 

x? 2A — FZ on-call 4e-— #4 on-call #9 LF. ( £ on-call 474] on-call Hap e, 

wmAULS 11%), Ast, A-PARAMBKEAMP, ERAPEZYAAAES 

#iEF on-call fo P HEF FARM, RSRARANMF HR) Ae— SREY 

THe Bt 18] 44 2/6, ARE 33%, RAAB, MAR DMM 2/8, Bp 25%, 

5wttHRwm—-K, KASREVHRELT, MENRKARHAP HALL (FPS 

ALF 70 KAVSE RK Sage He OR AE), HA ERAR AR on-call (F224), KF 

MHE NR RR FORE LH. PPE Google MKRPFREL HLM RR RRA 

MOY), 38RD GHEY @ TA 

Google SRREMN#FAWMSLn, MFUHAMSAAKANA 33%, FURNESS ay 

FORA A AR 50% GRIF. Am, RSPHEAA LEH POH RL: 

SRE Fi # HO] A 0% (HEA ARAM HAA on-call), MHMAZS Feu AHF _Lb 

ie JT 80% Het], SRA SRERS ACKAPIPEHMFH, LMPK SRA 

HAERAAKPLYMADRMS Le, AN DRAKE SRERAATABSHN 

TASES: 

a> {+204 AE 
Uf LE (Engineering) me —MUpr any. ASW be EE TE. EE FE AR 

WEA, SOPRA A BEAT APE Bee Le REE i oe  B HE A PE YY 
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44 BE Beth fie Ue lade, RRs See eee. TT eA WZ A BA AE HES 
SRE ZHZH fe Fete ae A DAC OL PREP ER ae Ee IRS 

HRY EA) SRE thay Aan PILZ. 

Be A AE 

AS ME MAG, CAR rr Se te PASE ei ASC RY Ce. Blk, BAS A SHE AAS , 

GG CA HEZE, Hay PEA A SEVEN ARS HAE, BNC CHE NE te FRG fae 

HA tE 

RR LAE 

ACEP ARS. (EOL AE AC, Bhat A — Back — oe He TE AE RRA CHE 7 VE 

KBSASICS. Plan, MP A. THOR. IRS BAC. BALE 

Fa SEN Zs BM A A PY Ge ASD TR SRA WET AE. ik 

LPAIAE Sas LS a) VE 

si 

EIBAEARS AHH eS PEN. ESF). 

LAE f 42 

ENSAEIRS A ABA RINGE LE. PIRNIBRE. A DAUR LE. AIA / AA, 

(ES ASME Wise VE. CVS. IAT PETA REST. CAR SEVIS 

TRAE MT EER, BETS SRE Bee B/D 50% AI TA Ee Ce. Ba 

AEE PE, HE ACAERPA IIS. FE 50% AIST TA) fete Bede ET CE EI EA AHL 

Sk, TERE IE a RE ACE IA BIA TP Ap. (Hee, HAH, AN TEIN TAA Le A 

(IRF 50% , Sea) ALBA ait ice Be AEs — 2 RFR Te eT HE. 

ne =| =| —, 
WiSESSERB—EAEG 

HBA ELLE APOIO, FRRIE RAS WOR. CAFES PEN ea — Bh 

LEASE HI. Fee HES of ARG Re ab Tg ee TRI: de BUSEY EE AER LAR 

HRD Wo, AES i THE we ix PS YE 

SENSE ESE, EAE ASE, (HERES A A TE, 7E SRE STP fA et, ae Bice 

SAE AS RES, RES re EA PRR CPE AB ARE EES E EA ce tT 

AKinpa. (HEARN BES, MAA S. MARR ES, Blbet e a 

fp, Arte. SRA SA, Aap Blatt GIS 
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BR MLA ie 

ARETE LAA EASE AZ, PRAHA RAE, RH. Google WiKA 

AS ei ASHE WEG TEA A, (AE ME 1A EE DER. PA BO IE A AY 

WEA PH. eA A atid 1 SE ALE A A RR 

te Gi ae 

E/T AOR] RELY SPR EA AN I], THe — EA TPR BE. A SR 

Bech oF A. REA AN 

AI», Wark TRESS EMTS Rt SRE ZAZA HE A A ee ASE. ALA 

3% a TRA 

FR 1S HARE SRE L445 SRE — #2 VEN A AREER SRE 42-74 BAL. 

WRAY A Bae ALBA cot EBS EG HSE. AR AA fe. ECR SF 

at RN 
Hse Ss ASABE PM. RNR SRE ABI AE ERE AS HH BH BLK 

PAREN Be Ai ZR EAR 

FF Al A 

AAR SRE wh PRR SE, WEAR Te] St BE BT) PAE SS, AT fe EG EF 

AS He AZ EH Be ELBA AR EL AY 1s ET ESE 2 SRE RARAA. HOA LA Head SRE 

FESCIAAENY LE, MERE DAFA 

AR at EAE 

BY SE as AS A BSc A St, PRUE BOAR AR BA AC HEAR ANP BHR ABA A 

SIA SARA ARISE, FCS ai re CE Bie i) BA A pe FY De VT He EL ft 7 he HE 

AMAA _L fF 

it RAG 

ABLE A FSA Le fe tt ASA ba, RRA SRE ME i es A Be Sh 

IX AB HDA TZ BANE 

IN Ze 
QA BN BD Fg: — Jel el A PAAR SE, ET ARSC PE He RS. BRAN 

wT AA EA De Be A BID KAR AES Fe CVE ES, Beate MEAT PRR 

AI, Mota dor Er SRE (EAM CAE. Lhe Blt, 2 PSE! 
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cB 6 

TAN ARH mie 

/E%: Rob Ewaschuk 

4ete: Betsy Beyer 

Google fy SRE IBA AE tase in Pe St AGRE AS 7 I A HEBEL AE Pll ine FE SEB 2 AS 

REE RE (WI eA TT CA Aa tk) Webel bhede feet ee, lel et 

VE SF RMA ho, KALLE AN HS, HAY EF 

+> 4 1 

Ai FE SM 
AEDT HERA. AR LRR AAAI. BIMEZE Google AM, AAAI AIBA thE 

EAI ARTE. LA PFE 2e Ka a FAA AR 

4s #8 (monitoring ) 

Wee. bE. YG, FR AL ARSE FSET ASE SEI Se (CBR. PARMAR AY Be ae AZ AY 

TRAY Bee FUR AY, Db BRIT, 2 FAR S a A FETS IBY Td SE 

@ & 448 (white-box monitoring ) 

(i fe ASN BR oe PEPER TRUE Te. ERA abr. Java meIDALGe HEY is, 

Pee, Beat TITAS Ba) HTTP fe WES rns 

2&2 48 (black-box monitoring ) 

iE LMR ERPS BIH Pty WL RAT ETT MP 

%i#eS HR GH (dashboard) 

$i ft EE AS IRS BD FR A — ARS A RB (EAE Web HY). Tbe ABBR BY 
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AEA te HE VERE (filter). VEfE THRE (selector) “@, (Hab be— EM Fae se JACK iw 

RAR Eh. TARE le EY ay CA ie os AA BA 4, 048 Ba PA 

Bos. te Bug WW. Al ayHY on-call CFE Aa ipeue wk tt AEP" A SE 

4k (alert ) 

A tax Bere HES AK nl ES ASEH ELA — Pa oe. SCA He EL FO SE 

E-mail Hh, Ree EMPHL. FAD, GPE MEPR RAE: TL, E-mail MEHR” 

Uk Bt (page). 

ARR |] 2 (root cause ) 

fam ot (ke Re) PASE PRIA. RE ROR IE Se, EP DA REI PP a] el 

AN FELA TRI PEN ARH. SE OL EAI BA & PR a a: A, A 

BT ARE A SDC REE Aas, BP ESA PB nade, LARP A Cc OS AE A AAS TS 

A. Be —-TAR Be Tella, FAT ee ERE . 

7.2 2A ALE (node/machine ) 

FAAS YS AR ae AT A ee: FRE BL. HULA AE AIS TT HSE PE 

FES PAR PE Lat LE A HEA SURG EH. HEIRS AERA on PRP 

© FAA KIRWRS : B40 Web HR 4 BO MAIER TENS A 

© NAKA, EMULE EE: ROAR NSB ee RTE OC EE RG BE 

AY ic ey PR ARSE EWE RE. (7/20 Puppet (Attps://puppetlabs.com/puppet/puppet- 

open-source) Fil Chef (https://www.chef.io/chef/) « 

423% (push ) 

KT FER ARH ETE 1 17 WE ae SC EY FE fe oH 

% ro AAS mie 
Wit—S ABA STRA, teen PIL. 

DM, KBAR H 

Boa Pe A AN Be, CARRE. ilar: ATER A Py Bie SY RE 

SSR TO Ago, AA MLR de | pe Fil az la] YE A 

{#14 Acme Bucket of Bytes 2.72 #44 Ajax DB 3.14 (Ab HWM AFAR AS ) UBD 

AS RE ER SET Aa. memcache MZ FF fir FRE GM I? a FH EL 

Jed DR EES 2 

21 AWARD “SIREN”, AARYRABSHKK EM, HBR? MR RETIRE. 
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th & 

ACHR Pa HH BB BEAT A AES) EL AR AT FRE ITZ HB, RE 

ANISRRA 

Wek S RG 

Hin 48 FP ET BT MY EA To Ag He 9S A — EH AS in) AL SL WL 4 “Se 
fths” (AULA IIa “4 Satin” — a TO EPAM ETH ) - 

ee BY Pe a) Te) AT ( Uh Ae RAF GA ) 

BCA AY to HES MS, Ae A Et BS id Ih Be HE? 

Fa oP TE 2 WH SD He EI AE BH AID TE A A Se IR A — 78 PE. {Ae Ea 

ASB SRTENY FE ive SRE PRATER LA, BATRA EI Te HET I PA 

ide The EA LA LE RSE TE. HE: Be Bist BY Eo a CAT Be HE A DB Pe AE Ff 

Zo SARACEN, RET AOR AE ER, Abe eB BIT AE 

FESR ACD, REL — ek Ta Ee HR HB Bik, RAR Se BB BY ABR Ua] a. Re CE BP TSE 

ASAE fs FLAS UE PE ET ee TTT ELA, AIAN AA “SEAR a RR A 

[re” RAC HH ER » 

Fe ok BEAR AND Pe HAL A CASE SAT Te). MHRA FA IEE CPE Tal Be, 1 BFR Ab Be 

FT RASA PE GRE © BRIA TIE ERS, ee ERY Ze nl FL TS AEH 

BEB re FE fh ATES A 4 ek SR Le A SIT, TA EA SIRO "ICM 

RSE TS A A CE BE BA te, A IY Ae FE al & EIT fe EE BSS EM PHL SE BE 

Mb. FAT ACRE RAS, ar Ae SE TRESS ES, PITTA RASA HE TR. ey OCA 

Tet AS Ate PE BA. FP LR ASIP AIK 

Xp HFS Aix Se BE iH 
Wid 7S SE ARE De FD ee AS pi ee — SE A Te 2 BSE A A SE) ak 

HeEMGOL P. tric. Wess. Ukas, ARR RYE TE, a iE 10~12 A 2A IY te 

Google SRE IBA PAY 1~2 A 4: FRET ee ED E.R 

Fe 308d FEY Ses 8 2 MV te TP, ee IY Ta) PE Ee A i 

7 SRE AIBA BDA Ue” A IY a tA eT ERA, 

fe SRE AIBAGHL HS Ze 7) HEE LE (al EEE A SW a eR IL” TUL ) 

— fri, Google #4 lal > (i FA fai 9 An peak Ny Mie A Se he A ei OO TE Saar. BK 

(VASE Gs EA “BEI” Fe —§$ PH] AK Pd ay RL Be a oh A PB Bie Jit TA) AY) A 5 
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i HL 8 — 7S Fc ils OE ER PRR SI EP ARSE BE EP A CHL 

WU be Fa EP ay, [ra] Fo BE Re ioe HE Me Pe LI TD ee SE SB A ES, {Ee A 

HEU Was Acie ED SE ft] Sc achs dR A Se at PT, Fe yt BY 

Pe A Feat 22 PENS SER EER, Haak AT AA it ARE. ELSE I RE BH L,Y HE 

TALS REAR AS ES (BCA BBE), FORESMAN. Al 

Fy 1 BEA AR SLED Bat be AS 23 448 te CTE TE 

Google SRE (Ext 42 AS HOMIK AAI AY AAI IE A & © BAMBARA PES A 

Ae Fe AE BOGE He AT, BZ, Be — 2 AH J eS TS | AMUN eH — 2 Da eB AY 

ME” EL OE AC HH TR OS AD Uh eA, RR ASE SB i fee PEE. Bilan Nt 

Fate BCT EH IN ASE. “MUR Uh TO REACRAS” (drained), MAA 

BER AR HEIR IN Bt” ee WE a TR I. HP Google Az fit i ig ny 

RGR REAR, RDG AIBA 28 FE Ih PS A SEP EP SS ARI MIS A 

AS Be Ft 18 Bi) Fy HE AN de ch Ay AN Se 28 Ves AE Se BAB Te] a ce ae ET EA ER 

Hoe TE— TAIN ASP . XR EGTS A St Be SHEA be, lal te se f —HeiA 

FIXME A PSI TTT © TE re ve ASEH ee AE — ae EA ce, AT BSR fe 

Tete TE AR A Da” i ER PAE BE tid PL, A HE we TA BA PEE fe] — 4 A 

BLS 

[ra RAS. Wes 28 Ae Soe fig BR EE Wi ATR ay. BC SS Zeek SY 2 he SE ft] SL fg A fe. PAE 

Te Th HY the Ps AA AMM Dy LAE HS ED BE He TY FR AE — AY PB PI oe 

WR SRA 
mds Ae EY AAR TA: AT AR PE che LAR ATT ZH chee 

“AZ ARE Hc Bie” BY AES (symptom): “AAA” Wi ftee TRA Calne Rae aD 

Al, FRA EAR VHA). Ae 6-1 HI F—- HERA, AR EAD PAYA 

5-1: MRSRANAGI 

ohh ae 
1E. 4638 l=] HTTP 500 ee x% 404 

so | 
BCH FANG PS HEH ABE 

[ea] 4g OR RE 7 PS: CPU ett HERP ERE A. SEAR ee oR HE LAE Po. 

ie: TARY WX] ZR Fe , 
Pa ARONA Acre eW GIF oh il CDN WZ ELE IP FILA 7 BA 
ALAA AVS AT A RE a A [i] SERENA AER ACL EA, POUERT A RUEA 

“RB” A SYED a a A SEE LB Er FY Uh 8 A SIT pe BE EY BEARS 
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Bei 5 9 eis 
Google KE HMA Rte, RGIS RADS , (HARTER BEM HE. RS 

SA an a i TA LD lle a Pe a A RA, Re POA EE AE —— dE 

FMS AEA ——$Tn el, BD BLE Bist” © a NU Se HT Fe TAN SE 

FM, MASA. MR sia HTTP PAS. AR ASA ay eM 

BID ep Be A A [ia] ed Be AB AS AT a te AY [ia] el 

VIER, ETB RASH, TURN E A —TARS HRA. Bilan, 

BUDGE PERE TH) el. BCT ERE ER TB re Bete SRE AM BINI—TF He. Mi, HPT 

SRE Kit, (TA BAY ee EE, BOE BEER FARE A. AE, Ae 

ye AILSA, AINE AIA, PRT oe A St te GEA aE 

“Kee AeA, Bee A BZA. kn Web IRS 48a eee CE Ape 

RUBE EY Tg ERI, BCT BE TA] YT EL Web IRA sais ox I Bll BY) Be eR ES BH 

PE CL RSME AE. UU, FETED) HH Ue HE DLE: Web HRS 5 ACHE REAR 

¥ as Z lA) A 2K [a] el 

Fe ee We 8 AT DAR UE A Sr A ESE TO IEE ACHE, FEL ee he HES AI A SS Be SR 

Et Yh TI, ERT ABLE YR A AE, (Ee BG Ae AE Tel, a a 

FANNY « 

4S RE tath 
WPS ASI 4 Sa etn Bile EWR. Uitte. FRR ATW ANE (saturation). MARTA 

FEMS a UL ASH 4 Mats, ABA REA mTeIK 4 7 

FER 

RAS SS BBE 4S i RS es BEV Tia] ELD MH OR AG Mc Te RAR BE. BAAN, AG 

Ay re Pic EE He BN ths ia] HL AY) TTP 500 GR eT EMER MR. the 

EVAR HEIRIMY, QR 500 Ne MERTEN, BA ER SP PEMZG A. TEE. 

“He” SPR BEE RR” BRS BORE! PALE, Wes EF ee Tel Sr SUE a ce TR BEY 

{ibe FE ASHE EA we cH EL OT He BE Ol Be tg A PT LE FT HY JE oY Web WA at 2K 

ih, Baa HAD TTP ip Re, Da ey REPRE ERAS Te ae 9 a) 

ATH). ERATE ASO iL, hb AT EAL 2S 1/0 RR, BIE ae 23 

Rita. ELL ELT FF fit FO I, PE ae PY FRE A BD 28 FH BC, DY IER EB 
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HB TR 

i RUGRATS AM (PAN HTTP 500), BAxtkaK We ( fil dn 

HTTP 200 HIS PEA SHIRA), RETRIAL SECA CRN, BIR BEE 

lal 4a 7E Is HH, FE meh 1s PAB WR). 4 SCAN SY Br Bg PRS FC 

EIA BI eMC OUT, BT AAI Ee fe. ROA EB i, BRR i oy Asp 2 Hi 

BOL. Wie AAR ARE: TE TY fi ot eel HTTP 500 tok Fee 

FEJIG AT AY TE Ae CYS Ts AR, EL Aa nd ag A HEH HE HO FE Ud PF AN AE 1 

Prt 3S AY 

Te A 

WS AA SBR” AE ASCP A Bile ASCP A OR I AS psy PEt. (LE 

AFSC AST. RIAA TE; EVO SRM ASH, BIA I/O). KBE, RS 

ABAEIASI 100% FF 28 ZHVERES I PB, 8 Bl tos tlh ARE 

CEDIA P , MOAIE ATLL F(t ws iC BR EO I: RS AL AT DIE 
MS AREA TRG LE: ATLA RMT 10% PATINA AE. BRB WL mh 4 HE Ab AER 
PAT THER AS EE ITE AI SOB, (da, “GER TE] 7S LIB” RSS BE “SG 
Fa] — 7 4 I: 0 2 a BB HAGE Rie” URS). ARE aU HF ERB — 7ST BAA AE 
WLS T. (A ALIEAIASCTR, ARIAS AOE ACARI BER. Bilan CPU Al 
FR, SR AE SOR CR, bee pi ATE Lt EDR. WEG 
$4 Im OAL ETH PBL. 99% NO AR AR EAR (LEME A> SVU Tl YE EBL PA, Gi. —- 2h) 
BT Ey 71 ALU LB 

Boia» Te AE Tal Ae ase SE WET I. Balan “ERO Ba 42S FE 4 SRD A SEB EE” 

QO Be Ee A ke 4 Pe ae ths. TEPER FR Ps HE Bc BIT eR ak OT 

AUREL, TREE AE WBC BEIT), HEMET HE, ARIS AY AE AS AE 

KAFKE Ih] a 
fe) EE PS AA SUI, RA AB LI) PR FE he (ES: MEAS, Ar 

3) CPU (EH, BEAN RIS. Jaa Bilt EY fe) a A 7: CPU 

AUB He EY A 8 By EVR AR, (AA Te) PRA Be A PE. AR ES Web Wk 

BEADNDER 1000 Af, ELIF AEIR A 100ms. BA 1% Wie al AEA HA 5s lal. *? 

ROR IA PRU LAIMA Hee HU, ABA SES aad AR WEAR AY 99% FY ARERR 

2 WR1IWHHRES 10SHFEHHE, LHSRARMARAMR ELEY UEN—F. RIERA 
BERYL, KS Bin RARE -F 4 ik MARR RK EA, 
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A” Hib vir EI I FP BC 

ae STE RR” BG EL “ER” — 7S ie fia Bp oe BE ot i oe ez WE GR 4) 2H tt 
(Ay EA Ae till VE BT A): WEIR A) 0~10ms Il MY) i eB HE A & ZD, 30~100ms ial, 
100~300ms ZA). RET PLE aE SL HS BS (5c 7S A By 3) REL 
WH ee UL Teg Ae a Fa FY ee AF 7 ZK 

Reta RA SGHeE 
FREY AN TAL Bad ALA AS Tei] AD As HE WE 7 Ee, AU: 

mi © We 1 AA CPU BY 

CPU l4(R LA. 

© hf 4S BEE LT Ta) F O9 ZITA Web IRA He UEL (4E RE BT FAS 99.9%), 49.4) 

pha UM 1 RB 2 PRED ee Ps OS BY REE HE 

e Xf A tal RA 99.9% WISER fe 1 ZC 2 Jy FS AE — ec He ZB Mia] 

HE EV BE ; 

AN AY HE SS BE BKK Jee HE WB ae re A EBS I TA) FY 

ITALENT PE Ee Fo I Fs AE PAD SeCPU Si ec fa E SPE 2 EIB 

{Ee 1k PA a LR TEHRAN ARR re 0 BOARD thi 8 A basi Be re ti EB 

{Hoe SNA ie Ze RA EIR, AT ail —2E AAR ll OP BTL EAI 7 A ER AR 

(il a0 : 

1. 4% 4p CPU Fill A842 Pid. 

2. 25% PLE AA, EXT PAY CPU Fill A248 t+ Re +1. 

3. ie Hee ae Li. 

1X FP Dy SAE Bear] AT EA RL Fe CPU Pah, fe Ante Be Ay He PP Es UNG ASE i 

PR Pe ea Rs BCH 

+ Qb * fait, BBA aL 
EZ A DT VE AY TA aa Ke AB Ds EY HE ST ae AE AY ae ABE 

Ay RE Pa: 

e Ala AZEIRBA, CERIN otek, FEF ARES lel FRET IRS 

© eM Ags HY HE HY Mc Bie Et A] 

© Ay 4a Bl ay BEY Jet Al Ag Set 8 ST TA 

LAP JLT 

fait, BEIGE | 55 



BAREIS A ILSEN. BRE hE AS. ASHES Ra TR, UE 

Pees HLA, ASR AT AME, SESE ME ERK 

AE, Beth iis A StI — 72 BEB OR BC. CER eT AE ee, AE Re I 

(> A: 

© AIS Sic FE i WR LS ibe Base YD FUL UN i ied fa] ELE, AT TUES, EAT Ay Se. 

© AREA TS FAM Bre Se a, LA BR A ie BR (SE4E SRE HABA RY 

ttl te — 1 2 Ee A A Bl] — Oe BU R$ EIB) 

© WARE BANS (Bnei a Be a FE a ee er AB fr SR te A 8 FY TE 

PY aH BR 

f. Google WAH, trent eeAL A, ML RAR SEG AS, (FATA 

Si AY) FA IS 17 He LEAFY. (SSK LE. , Google WEE AEE AS + HE IDC RIS TY. 

(Ae 18 ME ES RAH.) REE AS FEY SAR AR SEER ES 

KR (PIRNAS HERES, FAAEREAO VATA, Seay Ce TARE. HMMA, A 

Ala tr, Temes) ASB ASTRA. ADH ala. AC RE REA Be 

OE, TRERAR SUT OR, tan TA, RA ae A ee EPR (BSH, FI Web 

API CEE RCH . HEF — PY AREA A Ay AY fd BB HH ZK) 

46 1 1h SB SG RCS 
AS tin A PR EG HOR MA Google SRE J 7242 Fi HAW) Wes 5 SiR ith as. 

Ha PRIX TP Bell BA — ne BANE, {Ee 45 ADE AE Toot BEARD AY A RY FT TE 1K 

Pa Teal DY Ag BP is a) AIBA PE Te FY Te) TE: PREY 7 Td EAT 

4 AWS RR AAR SEH ITSM AE SL ET AB BR 

© ZUM fo HE MS tor WUE — 4 A BA NB. SAI. AERTE PEND. FP ALBIS Ze 

CLA BEAL ay eB? 4 

0 ee LAK AR? TEATRO HESS BO PRK RE, AYRE SE? 

© 16 Bike BOK i SA PEE Se BGM? pee EE ie Fe SZ a] tH 

fit eX AR MT EOL Fil RMA SAD A SCHED IR AS PF Be EY ES He ae 1 

UeTa 

3 KP BRITS 4 “RAT” BM, HAIR Applying Cardiac Alarm Management Techniques to Your On- 
Call ( <a@& [Hol14]). 

Z4 RRR (N+) HHAULAGHERPRREMKE MHL, AH, ELAR LH! AFL 
®t vet AIL https://en.wikipedia.org/wiki/N%2B1_ redundancy, 
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© WER. re BEATE RTE? Ae Or SE BT BARE. A TES 

KF EPRUEIT? ARTE A AR NE? ARTE CRA RI, 8 

Fe eG NT? 

0 EMA A Ath AWB AA SCH BE ce HR, ES eR A RE BEV? 

LAE rx Be [aed FESR eT TELS BS a ER LA ERR UES : 

© SCE ARI, Bear BNE Se RETR IE. ER A EEA Ra RAIL 

KR, RAMS SEB PORT” BO 

© ET AS BER ABM aot 2 LAER EN 

0 ET Ae BR lS Ae AE DO. MRE Rie th ae 

— AS TAL ELI OLR TE . AS Zs RRA LIE WM FE es EF 

© ET eh RAD AE KR TET TAI, AN A BI EH 

MixP ARE A, FAT AT LAGE PERE: RET Ba Bie LA, BAA 

FEA fh Ue AR SUID AE A TR ASR AS. A BE EW ER. Te 

JRA. Eb JEU” OR UL. ec Ah 8 AB ETE it BA ae A AE i A 

Ais Ze os ede HER in ta Ae 25t AY 1K AE FP 
CEBU ECE OBE, OPER Se SEVERE ARCELOR ALND. Sm 
RPMEATPERE Fl fat 28 WE. SUAEAU HEA AN HG UL. FY AE EBRD MAO REE HE RE 
2505 B/E HS A PSE 7S TPE ORAS AG TAD. CIR SEZ Bis 
GPSS AE eat ARAL = A BRU A 4, BZ eR wR LB 9 
att. 

SOP MCE A GI BELLI TE a HEB I Eh FE AE RAS 
RAE RRNOINE TA, ORLA Hh oni — eI PD AT MEAP. DAB Ak CE 
REMUREOSETT. Ch EDO ROL 

Bigtable SRE : ##kitZHRGl 
Google AV MBAS HE GH He HELE E TS SLO (Be UU 4 et), IFA PERE AAA DZAY SLO inne » 

{RE4ELA AT, Bigtable SLO AE AEF AE MECN 2 Pim AOE PERE GE AY. HH Bigtable 

AUER J TF HB BGR Be BA — 2G In] BPE REE AI “Ke” Sra iin) sep He AE 

5% LE HEALEY te oR BE PEA & {PF 

“4 PEE SLO Abnihitte, ABA RI E-mail Mth; ““{K- SLO Atal, Ales zh 
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We MTR. 1 Pa PER A fh AE Bt BOY. RARE REUSE ih & A TAL OK DBE: 

HIB 4E Se 7 RS IN TA ER AR, DE SHE BE AT A PA ee Ta, AY 

24 iy ZS Bt et BEE TE 2 Oe, AA KIBO RAB AAP. RS A ee 

FRELSEIEA RA. AAA A Be ith PE PER A A ee, Pe HE RAB IS A 

fale, BE El 4 7 RIA 

Ay RR ae, LIBRA SSB Be Ask: Ac. ZEB A PEF Bigtable VE HEH) Ia 

It, GBA A SLO Fl tx BRiik, Sl Se HEIR AY 75% ADEE A SLI. fale £ 

E-mail tk, AAS EK, —*+— ME al Er 

RMR ABM Thin Ze ln), He HE ZEIT SE Bigtable Willa, DAIRY 

Fg AAAS. AN aE AS FF Hh (4 — BERR EI) el. on-call Ce fi ey LAF AIE fit — 22 FF 

TH AS es BR BS Zk ERT VT «wpe 2R ML OT THR SH Ilr FY Dd A 8 TBA] DB 

OUCHRS » FEAR Te BE ERE HOR Je 

Gmail: AMAA. ARAYA Lin 
fe. Gmail IRA WH, MPRA ASTOR SHARE. BA 

“Workqueue”, %ARBR ME AAR 5H ES EN. Workqueue €f xt te ia {7 

Hyak eli SHEE, ARI A Gmail. {AAPA 8 BA He RE PR EE Bug — 

HY AAR. 

“4INS , Gmail Mn Ps ASE ESE ME HH Workqueue Ae F Hal A tH EHR. A Ee EAI 

1X PPA LR AES): Gmail AIL FTES. MEA MRE SAD ZILA. BARK 

(MARR ORE Gmail APY ae, (Eek PEAY RM cE SY PAA 

hy 7 WRVLIX MALE, Gmail SRE Pet 7 7+ SR PR EU WE BBS Re FP 
He PABA pik NT LUE AT FB UCPEVS : EAS OK EMEA HG 2 ALE ACB A 
FRU Wy FE BREN FE BY AE Di SES REMY ELK i PP HE 

PABA He HE Ix A oS ee A AY, 3 CR ABA A BR 20 A FEEL | —2ETATBA 

PADS SEO “hack” AKifi 7a OIE NY 1 SE Fo 3S Fe HY A), 5 Yb pk SN FELL SB 

ie “hack” A(t AEN ES ICR ICIR ER. AE EEA. ASIST ¢h 

PY FZ SS ee TCE END ARSE Ma So EP EL A AR A a EK at Fe Py 1s Bl EL PRE 

FA, FE cen TRIS Td WAZ. Ja AAR Sc FALE FC AB ET Us 4S [a] A HE 

FE ARE — 4 AT A SEAT, Se PEA ZS AS SS Zeek EF EY Md AB PAS EL. BAP 

HBT AAS BR REET 4 TPCT ae Bd A tts AS A fi AS AR HE 8 eb Pe PER ARH © KE 

{Fite 5 LARP VON Ale 
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sii 
ETHHY Gmail Ail Bigtable WHAT 3EIAL : RO SS TAPE ope. 28, adet 

Wi ae DERE ALY it GX 28 HY HORT ES ABA BS AEE SC SEAL, ESE HE 

AP PEAY AT FY PEAY BEAR 8] LAGE 28 SE PEATE TT. RETA a ER EAE OK 

Fe RRA, BEB A Se BE AAR A 7 Tn AT SPE 

ASA HB). Google HEMI & tk EE UETT A et BRN RSE (AB LAK on-call 

FEAL A AE AY tic Pie Bese Se LP, BET abc Bie mY HE Ea SB AS Ze SH ALC). PREF SR a A 

We A AWAIS AE A, Ae SEN ERE UL 

NZ 
GE RE EY hes PS Ae ASE A AE AR HS eS RA. Re ER TARE TR, PORT 

Jk A 28 J BCE ATE A AIA RE 4h 70. TAN HET HR om PE I BC AR He J 

ese ray. tim PS LA AE Ane PR EE ARSE (ANB) AY te ALE AVE HE Ss Be AT HE 

BAL ASA PRET. E-mail SR GME A AR, TA ER eT 

PTZ ABA Ma] PEE — 7 BS TD, Ee be as Tr LE Ss ek HY Sr TE UL 

KitRA, BT —P KN on-call FAA. EAB aE — Pe 2 AY Ph he Be PE AS EE 

TEE HEAR AEA a RETIRE, KAA BIN AHA oe, PRUE UTS 

ASN VA Sc HERR AY [LE fie Sarl» 



> 878 
Google HA antt AH mz 

/E%: Niall Murphy, John Looney, Michael Kacirek 

4m te: Betsy Beyer 

“PA” Zp, MRA A DFM « 

—Federico Garcia Lorca (1898-1936), HEF HA Fe Bl HE RK 

WT SRE MA, Aattxe—At Dei ae. (Ace E27. “PR, Ie BIE ANE 

Bc 8 7) FA EMRE AB APE: RES WEST A oC 8] BE CE Ee Ue el PY Tom] PB > A EL SE ft Pa] ea 

A, BARB ATER & Bel ie PARK EE A HE HE A oD he PE ER EA. (Ae Ee 

ee aren) ie re eae ee eee Ba Te BH 

FiDORA, ACHMED MARIE CATH SH. LR CA A A. Bee 

ASLAM, LAR SRE SA SILAAWA MED EL . 

Baia pie 
A BeNOR AD * 

a IE 3 
CER RIALS I Ib, AES IEEE RE RE ET ats DER 
UPS RL ALI ABE AAS EAA AAD ENS. SATA RY REE A i 

1 PARE CAR AH eg IAEA, TV FERS poi blak ‘4 4L%t Google SRE 4 Ht 
Mi” —H, Am, Hes, KE LS—-LHMRARH MAD fA 69 oz 4. 
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1B AE — Fa TI BEL RE, ALE BR 1 1 Yat BH & PR 

AS LAY Galle Be Fs SE a PP BR EE. ROR OE WE 

EFT BC be ES AEE He, Pil Aie ee Lie DNS HR As resolv.conf, (&%c DNS 

ARS ee WI XAT, AS RIDER VE. PA, RAR AR, CAPE RVI E SG Dy 

RES 2H ZA ASC PR PUTA A ABA FSG, FEA — 7S A a — RET REI, SN 

BY RETR UE OC 21S FA Tn] EE Jo ET: A LS AE RL a — FF A I REE BAAN BT 

IE AY AS — BE SS SE GH De Bit. BOP Yaa AN ay SE PE la a. Cea ye AY 

— Be HEH ph 4 ye Fl Hy. 2 RL Be? ——é Be SE SF EEO 

ee pee 

Hott Mk he HE BPE. IE Ae TASK, A EI ASE TEE a a 

ew. UA, BS aT AER AIRE A. ? CAG. BHUETT A SDE BEA 

FE BOA AC fmt» ATC He, RE TE ARIS AEE FBP A 30 HT BL  ) 

— ASF TRI RPO. TE, AEP A Se SE GE De F RE AE TR 

TRAE 6 OE LE HD Ve, ATT ARMIES . LEB A E A T F-S « 

(AL BIEN fie Be EAS VB A GE 4 AT BR PER ME) © DUR THES EI, OE HELE 

KREG EMA EMMIS TIES. Be HET T AE it a FEA a EIT ES 

HEob, —4- FG Dae ae APE HE Tas. th aT DAP BO ne Bae PA a Pt 7 A 

H, I PeA ACP Gel AE SD eo 

(ES RE IR 
FRA SCA SRR Se HY ie WL cB, BT TR ARES Ce SRE 4 A oh) 

(CASIMIR). BUR A abe we we kK ie tt. ABZ we AT ABR IR— 28 Fe WL ee AY 2 

(ES ihie] (MTTR). Bila, AP ay CAPER aE CES ESS itn te i FP K BE ALA 

FAP Ay Fa ig Be 4B De Wy Ta] AR PG Id ell eA ee ET CLA) Sad BB 

ZEA NYA ak DAT] AD J 5 7 ai AEE ir Ja] St — Yl ec I RL EE Nees 5 Be 

17 He. MOR UL, RR Se Bas AE FA BLY Pee ae he en SAY» ACE vee FP Vc ie BG 

RRA, PEPER Za EPO A oto, ST PRIR A SENY Ee ASE 

MAA, HITE AASB K. 

122 AWE AML ARYILAP RS LRG AME, LAPT AWE BALL P RRR 
Hh IP ILA FE, DET SP Rikhe g Lae MAA. 
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(THRE SIR 
fe AE AS A, SRE A CASE FAY YZ 0 REA ALA Rae HS AB HIE BRL a — FER J Pro 

PAT, Hc Bik ee es NG dat ak Val A RT BY Di FG BY EA BAIR A EL, BER 

ATA) a PES ote — “SO RE A StaR SIS 7” TREE A ELT I. (WSK. A 

IY El AC Ree YA ec 2 9 — SS Ti 0 2 EP TEL ok Tea be a 1k 7 EB 

7 LN.) Google HAKEN ALAS; HIRSH, RAR SES SRM 

SCHRMUAR A , RHENR AS E AGE Ales, AA ERA Z Hila A TERE Te er BL 

FET Att 6 

Ta A 
Boa, ait lel dt— 4244 ie PESTA EA EAE. BR KRACK TRGB 

MPA ot, (LARA PAA HE ATT RH Le aE 

By tt (RAG ce A te aS RTE TE. ASHER BiG ER DS KRE 

FT MES HAD. PX BRAD SW PRS, — APR oes TF 

FEMMES, fel A Ma en. Ac. Bae iA ie AWA A. 

TEES fe VE Ey BAER EASES 2 TA CY 

Joseph Bironas, fit Google Hab AE LAEEIN SRE, AD HRE : 

Ta “AR BATE AE AN AY A CY a Re PR SE, BA AR ee AG BEAR dE 

| SE RRA. WR BUTE AOR ik ST Ve, BRIBE EAR Et. AP 7k A 

| CARVER DLAs. ORE AP A ce TCT SRY Aa Se BE AY Matrix 

HER.” 

A ziWxt Google SRE HME 
PAD LE SC he BY 1x Ph it A ei AY SRE RULE, Google Efiin TA a(t. 

Tt A ott Ze Ba A Google FRA MIIL Heik : Google MP" th AURA Ee ERD 

Plt), rind BeAr 1am Fes Case Et Ti AT ft 2H 2 — PE ois EAS. ORE PIE AIR OK 

Ui, BP. Pea VE AN RY Se Ex AE Al a8 Et SKS BAK A SHCA ATT HE 

ScFF A SICH 5 — APU, BRB AE TE Google AMR, red (E55 2 BHAI, Google A 

HD SL AR AAS APA AY ris BE SEE PE ee PR IL 2H 2] IS Tt — 7 SLI API 

BO AE, EA Bete Fy eb AE es HEE eA 8 A A OL 

13) YMA XKCD YS : http://xkcd.com/1205/, 
4 AAT, http://blog.engineyard.com/2014/pets-vs-cattle 
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Google wi fy PY LAME x HET LAE. Google APbLE phy Rive A he tit API WASH SA 

CLIN API. Sx PRN SK ERE ER EK ES BE, To fbi Id EE A ESR, 

AV&RE AAP EAE API. Fee FARSI le AR A b(t HS is PL & Ah 

Pete, Gta Ee bbwET FA tA eA TT AR. ET Google BR IC UH (RASH Fisk 

(Ze WL CHK [Potl6]), JLF ATA SRE Heh ASEH Ue CAG ABE BB D-Day AA. KE 

We a BA Ea “EAE PRE ar in” SER IMAE S , Ay Beal a all 7 Ae ER AA 

“PR, JS Google fEJ0 48 b fatal TUS a) eA DL as er BEAL as, (HS Ba tO ie 22 — 2 AY 

AB iH» REEDS AR SC ee — “EAB oD le A. TIP Ae A AAA BE DD Be a th 

fe) PE — 7 EY AE A CAS. BOA HEE AS AS a Pea aa, FRAN 

A SKA, WheA Bobet beta. By —Bena SOY OLA Be KCL 

the RTE Google WYEHIA Hiatt pints FIZ A A A 6 ORL. FRA] 

esl HEM OL Pace Sea. ERIN “he” AAO DA Ee GAY 

Pre bk. BPW ART UOF BAF MD 77K OT TY Ee PE A] PB PEE TE ie A SEY 

Ba AY be A Se Bl 
TEISHET IL, NACI PORT — BR ta TR a al ht PC OR ER BS PE [IS 

fe KEE RBG SOLA Be Be PE PR Ta SEAS EER AK. EDU, TERK — 

WAR, Aabttce “sce eh”. tate RE eee PEEK EE 

TERA ZA AR, A CAS AB. PAE — TABLES BY BaF Ze 

° Ble PIKF. 

© SEPARA FEET SREP EBA B Bea Fe 

© Om EA ee FY HE 48 AUS LE EE 

© BERANE 

° (Sri aca Ek 

© RRR TE OLE iz 17 RY AC Ee: ROH SS AA BEC 

KPI BAAS ATLA CBR IR 

Google SRE Bailie bil 
fE Google Wi, LMA HRA, HERES. 

’Ritg, 7E Google SRE With, Pedr] BE Git vez AE HE MH A His, AN A PS ae HE a se 

WEN BPE a. EA RIE HELE Mla, FRIAR ERT BR 

fe HEk Zi REL, FALE BRIA ae a EE eR. (AM SRE fs. 
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FE Be A Be — HEM PSE PR Ee A EA. le. A nC ae Se Ae 

Anite PE ASHE an a, EASA BAUSCH : BR, HD THEE ARS 

WN EAI, SREM A its Ath SIC AAA rE AeEB IF AK. SRE fA A IIA TOK 

PR obit, Ie TEAY Bd ANT] (Bede PORE SS TET TYE ) « 

P72 (FAN TAA Puppet. Chef. cfengine, $¢ Perl #bteétt SA syttsc meee EAH 

Frid, EER BE PB ET A EAE RR KA lA]. Perl ASC NIA te 

HET POSIX RIM A, He kLEAS API Bi Lett S++ EA LEACIRYT Rit 

Hl. ° Thi Chef #l Puppet WISE HE F—2e “FFARBWA” MVHS, which ek HE Se AHR 

VELA REIRS MAAR R. KEWRPTHAM : PARRA SS 

BH RUE (ye HE, TE Ah e— 7 “Atha” I, MAAS. BES H 

— She Wiehe. lan, Be Ze ar Bee, 7 BAY aE HSC FE A A BSE J PE 

Hs TRA TMA, BT BDAESR IA h AS. PRIM, SUSAN tT Ay 8 : 

EEK A AY ESS AE Bes; PBL TE AE ice; See a (a PT ERIM 

(EA SBEA AN —-BUTRAS 5 LALA Te], BTA ad DC Ea Ee, TA A HES, 

Mae HEIR CER Aa), Rata) SAE ACY. We ILA Fae Ba A BE 0 ke Hh 

Fk HEZE TR, Tibor te AY ABS PEFR A i. fo Abe IE REY A tA 

ABA Sik FIL 

SRE (£4 Sy{taieA — A e A a, EAT  —2E tS 2 Ap ld FE 

WY eG CS AS SE AY a ee A, 99 YD BEM EAT LEE a FRY ee EGR AR 

Sia. Jaa teeta a EO. EA Pa. im, BeAr Sans 3g AR PE 

AG IPL ER At Ha ae ES Sy RA AY EE 

ADULTE RAW 
Hn PRT Aix 2 A NCR Be AEA. TRIN A be GAS the RACHA. fE—* 

BEAR AUT HL, Be AN ie SE FE A Ga ZO A eee. SPSL, WE TAaD GE 

WBS er 1 BEA AR SEBEL A — 7 CR DY HBS oe ARSE ERE, AN ee Ay TA 8 8 

Be OS Er FE AO He TEAR A TEL) ttt PV Ay ch EF BS AEH ESP Of CE 

Ail ies eG IBC eh 1 BEA AS FA Bl ASC AG Urb a OY AB SCA EL ERE. BAAS MM PB 

FRSA EE —— FSP TEP eb 

ix fe pk o—T SE EANA BI, Google WARM LAR AS A ott te AL lal al, A) Aix 28 

BAGEL REZ IPED NY , LAA SCE “CHE” (bit rot) AYaZi. Hata be 

%5 YR, KRADRELRSHH ARAM T TAA ES API 35 BRAM LARA KALA, Pltoth 

4A CLI, RAMA A AIH ASE KE, 
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“EAR ASR CHIN, LRA ARIE AZo. SR (LAA ott 

ARAL ARSE) A BE BER A NY SD HS SS FS BA AS BA RE FE MT 
FM. PP i EL A BA 3 —$ A FE AS BL —— FIR Hill ta: — ec Be oh ABUSE 4 — eM KB 

BIB. FER, BEPENY . (LEA A UTA , CAEP MEM Ft ATC EW BS 

AAD BC tot AY J VRS. SEARCHES BoE — 7 8: Bin GS OY RE AEB LS A 

Be BERIT A RE IR, BRET AIAN Be. A CREEL PERE : 

1) 2A BAM 

FD Bo Je EERE ES PZ MES 

2) SPeRH PH ABA LM AMAR 

SRE £ fh Bea EB ae PRET — Bc BR Ee BIA 

3) sp ep year 538 A LAK 

SRE 4 BCH6 2 5c FAS IE TET AE EF “Oc RS” AAS HH 

4) A SREP a ABA BNL 

Be tie 4 A CL A Ai BCBS FS JA A 

5) RE RET A WILY AK 

Beh PEE RE a) AE, FETC A EST LP SET Be Bie FS 

SRE DURFEE, STORES D tlie AMI AS. Mii, AYP opRe rece # a] 

WHE SELEY 

AEST, AEDS TARR E AR SU AEC LE hte, 5 Sb ot ee ll Vd AE AE PS 

MAIZE. TE Google ix Alliny BESE PAYS a HEARED. AE PRE 2 UR Ve EI I 8 

4¢-4.—Lean, %f Eve Chubby WRG ane, MED lA] Ay EM — + Bigtable 4 Pin 

Jie HY Dy HE IE RAY 38 BE #1 BEAR BE tn ig Be Be eB, TE TOL Peo el. 

AS BE BC eb kel — ae BZ J, OEE Pe AY eB a Sn) BE oh 5c ke, BABE KZ 

Hi, 74S AB BE ABR | hc ad EAE AS EY BEL + or A ae PT Ad Bt Pek fp A he 2 Io 

HCH 

PT LL Fe 0 18 FA a Se OE Ee EE AFG be SC He BIR BEE A. A AS SE TE CY Ae BI 

(al FIFA A ae DLT eK SSE SF SRE FA Pep eey ve Ss : adie A oy (tke SRE MAE 

date PALER 

Batwa) | 65 
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ita Cwm LE: AANA 
RG BEIM THILO, Google MY) fir" ih At Bee fi FT MySQL Stee. AAS 

Bete iw. YA as BEE ea ay SePE, 7 SRE TAIBA Soc 47 BE SE HE ale Hite. MA 2005 4F Fl] 2008 

ae, PRA A ict 2 BES AE CE AA PRR AS Poetry. flan, Fee 

24 Vt A tf Ball AS PR Ute FB AY Fo BL Ee RR > ode A ei PE A 

Mt. RMU AT BEA EAR 0. CAST Ft AUT I A iB oo A 

“AREENIR S” . SR, BG A EE ORAS, SRE HIB IF AA SP RA 

ASW KK : KE MySQL x£ F242] Google WEAF EAB Borg ZF. 

FAT VA 1 PP EAS ZS OR PA AE 2 ee MP: 

© PIRI EEDL / Bie RIA HAE : Borg RA MKRROIES. Kat HAH [Al 

ANTES 

° 24 MySQL KHIR 7E le] — BPEL : PIAA ae 0 oT LA Ee A SL 

ai 

2008 *A4F JR, Fed RE Borg LMA TTR. Aim ANE. wR S— 

AS ETAT ME. Borg WY —-* BOD ERTERE A ie BAI IES ALA A ot ea) : Borg A 

MIS ITAL » WAS oP 8 IK BT AR] — OC PR PEAY iS OY BH 2 BY all AS 

ire ABE SCA, STE SK PAM Ay BY FS 

“4EM , ESC Bi CBR Pe Pe ch FEE i BE 30~90 24, FPR ESR SE NLas Eis ft, [ait 

rh Be WE AAG FL Be itd HE BAN: J) aie BE EE A BY PL Bi 8 PET PETC 

PECTS. JX TSS, INL ASEH BCE KINA SS, ERA 

© Fo ich RHA REA A DIM Al, FP Be dee eh RP OP A 2 FA 99% BY 

ADFAPE, i PREG ae SG ba lh Hs SE MICAR & 

©) SL ER TG, a BCG SY LIT TA SE J) > 30s. PETE HRA A BRE AY 

iat Fe 1 Bll ix — A pase 4 PY EN « 

ee, Bea ME AY We PR ne A ET CP. SB i, Be A aE A oc Be 

ACE 

2009 4F, Jt SRE so SA yc be Ds a Ree. BRAD SDR” 6 DR Pe BT AE 

95% HYIPE TAI A A) 30s ASIRE Tal oc EP A AP SD Mey SQL Bc thi Je BC Bi IS BS UAC FE 

Pil ar Oe AY EZ, MySQL On Borg (MOB) e248 pk FUSE. BAT AST OLA att 

Ji LA RE SE 47 DCB PRE A Pe M.A AB Bie DS ES. HEP be adi ek A 

BY CUE 7 PRR AZ AY BAK 
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mR et A ote, Be RT EA 7 ta Jd Se hill Pe SY TE FSSA ERE MySQL Wie FY 

FA, (Be eR PE ACN eS, rE BP TBS SER cb BE 

HH MySQL FFA TA AY Fe ASAE EI MySQL 36 file EAS IRAE HE i EY MY, 1K 

BHC Ae OR a BAN BE HIE, ID BC i FEMI EET AT Be INTE AS. BR 

Hd, 5 ORR — EFS Bl] MoB EF ft Mb he HE ASR LE ELS. EASE] MoB Z Ja. 

PUMA A CEC IS ARES EE SOME Te] PRE 95%. RES hee ol Ae A SHE. 

FOPLA B AS ie tht 42 ES FP AS 2G FE Ac RS fk FE 

iX— PTA A ICA Ee ap be. eA Ar BE AY 2 DEM Ti 7 ZEEE a eH Eth bab: 

SPEDE AE BI: TTI TA. PRA oh Ete PE EMT Td Bae & 

mA, BREW Be ee MA ote OB BH EY hes 2B ASP 

SIE 95%. HAMPER, KINA KRHA eA CMS TPE A otc YT. Tel, 

TERE CURT LA OS BoE. TERE] MoB ERE RK SAR RR, Al Ae a 

FETA PEM Hae bie it > MySQL Kil, Mititer SREP SS. EAR, Bele” 

REI FL 60% AYRE TUR, HBA mE ot UR AL Be oe UR ABE 8 9 AE 

AFT Si ANS DEP EG. OT EA oh EHP Mb. OP 

— AS PEAR PSR AES AN ie Wt. FAs BEET ae A OD CIPY YE 1s BAP BE HE HY A A 

PARE: RADU MAARe CAS 
efi. SRP I AEBEHE SRE PABUUSE-AERG IL ABSENT A. SEI LSA STRICT 
SEE (SC L.A ES ob TL GT HSE A 
1. R/S ASP 78 6 RRA HES TL. 
yi — 7 RAIA BI AY RAS re AE AY AR AP: 

. 2 BRD KER AC FL Ua ALS A 

. BERL  o 36 PRA ANS EF IE FE 

. BREIL MARIS a WL 

. ACA —ZESEAIRS . Silk DNS FIA 4 (installer), Jac Chubby WKF. 

AEA ARS FULLER 

5. Be HAT ALE 

6. Am APIA ye OE. ESA BT LA ESR 

BW NO Fe 

4 DA OPERA RAY. BOREAS. RI DNS 240d ALI. (EF fe ATT 

Bt Ao SME LE SS DIE, Ae AaB HE TA RE IE. LPP IDL TC 
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HES Ait — BPA AES AS, BET ABA SEAS TR RM. SET ABE 

BC FC, Be ET A Pe HA th Se PRC a — 4S ASE BCE ERE CTE EY tc Pit 

fE—T EP, —“ EA BUS PB AY Bigtable S24 1A) Ay x6 a8 Jin A aie ic By SSF 12 4 ee 

BAS PII 17 (AaaL) eet. ABR, HER ptt Re ric en — BL as 

WS WETS A PE, KA WL ak EAN OC ET ERS 5 Al, AT LA ee ee GR Baia 

iX SEAN Bigtable Mpa yA PiahR F. RPAH AS SRI HD (A 

BOMBER ESN. A abttiZy abba any “24a” fa SAB) 

FLSIAY B BUC RTE Tn SE 28 FT. TEETER ae “A BR” HE SSH OR DTS 

BUA LY AURA ARE Cl HE FG a — FPR RK, Ela kK ESA A AS 

UR HERIE Be TRAM 

4@FA Prodtest @MWA— BH 
SE REO RIC Ke, we IIE ESTAR I AR. REIMER FUE. PABA 
(EER HELL LOHR LGR TREE MOB IA). AEA GES of Ha Ab RLU Be EH 
ATE HEGE SI TRUE, SCR SORE AT ARE LY PATER. CO 
ECSU, ARTERY REIT EEE OZ TTA 

Fu Ae i EEA. A Olle YEAH 2 We 55 shel] JAAS BEC i PRE Ig 

WAS EALA HY Bice D9, 47S HE ue hy AG BE AEE FY STREAK HE shell HAAS Tal iy 

{EH APRA TRA B.A DKA IA P it B  Pad aE te IE Re Ee fa], EE an: 

© EM AMA eM A ABA, FP AE WAC £2 

© Or IC LP aS HE ft CSS? 

© AB re A Ee AC PES DP Be Fo PY ? 

Prodtest (AEP dik) se Xx LETH] LM — TG Wi ARR SE. FRA DHT Python Src Ml it te 

BET ST Be, BEAL AT A RT SE bn IRA ETT CMM KEE CMA RI AR. IC. 

VP ETT HEAR I, UA BY be Bie AT DR RE I. LAL 7-1 Bras a 

AA 

Ae/ HIBALY Prodtest fuirit, ARATE Ae. ORE AT LAE ARTE HE IRS 

Fea FG INE MY LA LE Bea Be CTR AE TR ASI Ee XP BEE TL Fe ih 

HES TEER A Bl A AR ae ET SEA OE WA, RRA, AAR A 

RIP 3S SBA BR EA Be te Bite Bsc A) Bc ik Aaa CF SEE EPP TE 
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[ossaincwom rim} 
Sa 
DNSBL DNS : 

ee ee DNSHE REIL - | Eos 

eNsiece | 

DNSIRA EAA of DNS | 

DNSHHTRD 

>| DNSIRS At : 

7-1: DNSARS EY ProdTest, RNS — TMG BS wig Pil Zen—AMMix. 

Pg: 4 — 7 AIBA a Bl A 95 — 7 EA ee i 2 rt BE, a ee 74 Bug KP 

Ke Prodtest. ixWitk FAM aia LS RE. SRE feast b ay A sekb iAP PRUE. fh 

(VED a Hit 5 —— A re YY BIT Sa ee A RS ib EA] eR AEP 

Fe TAI Si A 28 BSS — oe HY LAE Be Pal] — 7 EY “AI A”, PIR aT EA 

ZETTERBERG EE 6 PAE BERIT 5 

EI HU. ICME, SRE RAMP HE RUBIES : 73 TAA, AS PTH 

4 EF] — FUE A ER IR AS © ba TE — JAA Et 1 2 

ee WE RR — Bi 
“JEP ESR — ELMO SS © BRANT EL AAS JL BA Si 5 EH JL GY she BA 
Ha PR BE Rak oo ir CE fol — “4 SEA) TE, EEE ERA TL TAA A EA 

fercMA+ Bug, eA Hell lak Rie A Fix Ae Bug HE AI HE RRR 

BATE, WA “Python Ic MRA SL ec” ZI) “Python FASS BRAC a” ie 

HOE FE We (5 BCA) SE ER AR 1 HE | el 

PA TCIM TR CL 2 BE A HH Bes AF STE SK FU BCA TE A STH nd IB 
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SS REF. AUR 7B Se BO EE, FP EA TA RR A Ai or BBE HS 

Ly (5 SL Vr] AL ne: a) HPL TDR EY oS Wd ABE SSE BY ae Se PRR a ALBA HT EA 1S Bh es 1 

MATA CUR “(EWA fi AS A FELD et SE PE i a SE. AE DNS TABATA Ik 

EAE PAL as BCH 2 ORT SETA AC, ee STE BE Bic tl 4241, DNS HBA RY mit 

AE 4D FIP LS VLAN IP RG LAE 

LIA 7-2 RaW mlit Ay il. ant TestDNSMonitoringConfigExists Aime, Felli 

FA FixDNSMonitoringCreateConfig, ix##AM—P Arte Hic Bete, SA Fa 

FY FRAC BL OC PE HES MASH Hill ASE. fe POR IL TestDNSMonitoringConfigExists jk 

th, Sia ay LAWE+ TestDNSMonitoringConfigPushed win. An MIRAM, HIS tT 

FixDNSMonitoringPushConfig. 40k —“MES FERIA RK, ACA iIx/ ME th Fe 

PAM, FASS IRvET. WMA PBS. 
———__--—— 

TestClusterExistsinMachineDatabase a 

FT TR TR ESTATES TSO SEER ERE EAE TE TTL EE PT pacar onmaaaanuccedd 

FixAddClusterToMachineDatabase 

TestDNSTeamHasBeenAssignedMachines. FixDNSTeamRequestMachines 

4 = | 

TestDNSMachinesAreOfSameSpec FISDNSMachinesHomogenize  —s- | 

TestDNSMachinesHaveDNSPackages FixDNSMachinesinstallDNSPackages | 

: TestDNSMonitoringConfigéxists FixDNSMonitoringCreateConfig 

TestDNSMonitoringConfigPushed : 
| 

4 

om meee. Semepmmmmameereses 4 

FixDNSMonitoringPushConfig | 

TestDNSMonitoringServiceStarted FixDNSMonitoringStartService 
| 

enn emmmmmmmmen TestDNSMonitoringNodlertsFiring i -FixFail 

TestDNSServiceReady 

7-2: DNS ARBeProdTest, AMF —TAMMMNSRRRESBI-MESEF. AMez 
Mit, Bie xt Mes SIEF 

AUS xe Aa, —/ 2A Rein ey LAR UE Bede we ES BS SSA A PL 2 ZL 

Replar TEBE EEE” RRB “RSS ASTER A) ACY 1% Wats”. TEI, 2c 

PSB FA CEA AY Sule 

PRT, SUIS OR A. ROMOT IAS Spe FE AE RBA; CEM. ESE. PRM TAY 

HEIRSIA TS “APA” PR, PEI. FAN ae ir SB 3 FeO REE, TL 
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AA” MI MUS LR — ie (ESE HY FEE He A BENE FAN BARS 

SMU AY tH a 
A DCR rH A Te] ABLE = 49 TE 

e fED., BUAEMIPE. 

e HR, Weta, PUTA PRS A 

e FRE. Fayre eG ba it Fe LE Al 

BIT aA. BO OE A an PRE: BE OR (PUR SS aE Ais HF ) EGR CAR 

Fs HAA TE AAT TA NY AS HY TA AF at Fe a Oo BC 2 oo eT Ae). SR ALAS ER CARS 

FAA a AE AA A ee IE A ES ES A tL) « 

AY TW SA LE AER, TRA ARS ABA tt “Se Le” BA ee 17 A od 

ft. eT IBA EA TBR Jo) ee ST Be, ETE Ra PATE S , DA Bik LET 

FMA SME. MMAR K YT A CBR Zl A bis Bh AEE |] — 7 Be lad HL A 55 Az Td , 

Sele Bost AT LACE ER IP TAA Ae EB. FRAT ine ee we HE SRA. A, LA 

Ke Beier ey A oh tit Fe! 

FE IX TAR ASR ATP EEK A. SUSAR ETE LAY: MPR. AC. BH HE TB, 

XP BCS MD FASE A Ee 1000 PHAR. Hee A NTE Bug Pr ReMAA A AN EE 

ree US ARs AE A SCH FSCPE PRE GRR TI AE ae eit 0) HE AIRES CBT 

PN AREAT AK AT HEF BCA YEW). PR if. OC REID BB Bere Te Z Jt A ZS HA IE 

A Ste tChS ACMA RIS PE, SI AETABA A  E 5 Er BE at  F  J4e T] 2 

HY (ee ES REDS ES ABE HS FRAGA: DNS AY IPA SSO OTA AC EI. TF 

fA ABA ese SA 4, AS AB ig SE Se EBT Be ho 

ict 74 ess AE AA SERS ABA EP AS Ft A ERAGE. FREE FT —-AAAE 

ZH ZA DAL : 

© Fee EES He IK LEY SEE ERY BM ree A oh a Ne H 1s AE APA LE 

HP at Jia ses AE NR APE RAS Bi it AY 

© ANGER Bie it A PCM AB ee A oh DE i PE HB IRA DO ALIN ABE 

Hy. 

© 4S i ty Ze PREPIIPY TA] Ze BOS AN Se ER A AG A ae LE aT HE HY IP 

Ke» Arve tal 0A ott. 

ge FY FAA) Bn i ak Ee SEE REE A SY. RTE RE. Pi BE Be ARE 

PERE: BAMUNANRBRLAR | 71 
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ESTER TA — BE AE "1s He VA el Be A SS ko 

Se Leelee — ek SERA. ANMEWAEY . (IRE DD Aint et — fc FER ZA PR 

il, “SAAB SEAN Ze 4a Ty AY ES (EGE I Se AE. IN, WPA or AK A tea 

(eH SSH. MAKEN SARA, KER, ALAA aL as AY root APRA 

FEISTT ABR ATS . ORR MARAE, Jove. RRA > Me CE AT SRE WY 

BEAN BA: BI) Fee ER. (AT Se ET VE SY REAR. FAI AN EAS A 4S RATE 

ACL 3ka), EARAEF RPC WAS Hae BR ERE EK sshd, MPRA Admin IkhAat, EG 

AAAS HRD TT BEA. EO, BRA AT A Sect eT ERR ee ME ERS As 

Admin Ik 48 (tfS4l Package B/HA(E Mi cl (RAS PE RFE, OE A BR ESE i 

ME ; WARP BA REE LI UIA SS ICE ETE AE. Admin Ik aide RPC ik 

i. SMB. UR APAA RPC MZ R, DAE DAI A IT RE. 

DAR SS A 15) BY Se BF 2 AE 
fe RRB RH, Admin Ik at KAIRS ABA LEE — bo, LTE ADL as 

BER Admin [kas (Ae AE ADRS at), ARTA RII Admin Ik as ( anidt 

AfbrkREt, Bea IRS Le). SRE MER CIE A oe Lae shell BIASES FRE LE 

HIREEY RPC HRS as San ERY ACL E. 

Jak, TEV AREY be iit FEY al FIRS ABA EP Zea, BRB PAR AD Td BY 8 

He] (SOA) RAGES TE Be laha NY IT + RS HA eG Oi oe EE Admin IRA ae, Mb 

BAR SUE ART RE Z Ja RY SE Ee / PB RPC. eet. ESA CRRA A Te] (APT) 

tet A oh) Lerten A obit, PR PAB] LAB Re 8 ER SR LAN. Ba — PTE A 

“We Ret”. A LAR SCH eT Hot EZRA Admin Ik a RI& RPC. 

Be UE BY ve IRE IR. HE GRD AE i te is BER. ER WE 

FABRA Bice, EA Be Wi Bo A Bc et EP TOL BSR RE AT Te 

QUA TI, SRA EES A CWE CE I ER: 

1. BRP A HA fi Eb PR TE (FC A ott). 

2. PRIFA ToS. ASPEN A ott. 

3. SaaS Hi HA A ott. 

4. AME, Aare A obtt. 

5. Wits AAT IAN ARAB 

EE PR 1 BP EE TEI He EY, 1H Borg AUS MEET FBS Ee A ob CiR AY 

— BETS Ko 
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Borg: CHMRitApymt 
BH AE BaP Dt A SD CY AS RETR. A Be MRT A eB EN A AE 

FG EBA AY SEE EE AA FY J St. ° TEMA SC “MySQL On Borg” (5 1 FP ahtRe 

ZA SUCH Fee, STE ERE MAB ANE AS RE LD Re SL A BE 

THAR ANE. SREP BEE Ae eS SR RO ET A EAC. ABA ZB 

FEI PT BE, AAR As Pe EE TP A a A AT HEA 

Google HY IE spe ) Sj Fett A 4 Far BY 7) 28 Dd 2 FS 7 STR Rs Sp ae Fe Se 

MIRAE OLHEIRS ato REI ae Bl 2B AY “SE” WLBT BES 3 “Dea” 

aE Hill SC fF AA PRE EEE EBLE. SB AA EE, A BO oi eH 

ber He tbe Sa. BARE PARE, Bree PTE, BP (STE 

ABR) ALAR GE AL BE. SUE TEBE — Ph SCP RR EPL a te AT. LA ee cr 

4 KM EE Lat ZL TEI CHE. LESTE SSH, FER E SC Bi 

Qn) PAA WL at. FEIN, WeRIAE “AAI AA Sc xl ABWLae, MEA BA 

SLE RT LAE A Be Re LY « 

ACW RIPaG S.A A oC LHR ial LAY Python MAS, PUTA PERE 

° Wk EE: RPMS Sty (Bilan, CEB ea BT Ad)» 

© PRESB EE MR Dr A138 17 EMLE DL ae | 

° AGA AM er: SSH WEAR —AeLat, IEMA ADE A. 

A ah thine BR AEH Bete RRR AL ae RAS. FFARAL SO Gow ite CA. he 

BAStASN BK, BELEN A ob PEW L as AY Ab aE ar a): SAL arn So , 

BRAK , SAA BSF ALE EERE Ja AZ 

(LIL UL, RPA BEAN, LEDER S. BRATS HRS WHE 
HURRAH. PAVE BE, FAL Borg (Ze WL3cHR [verl5]) iE Ts SAAD 
RRASHO EDL (OM / HEL Sy He, BIA — A SAOL ES Fa ee LRH CL. Borg Be 
Sy tty LA Bet Bs $F SL PT ed APL HH 
E(B) —7 AEE MPR TOR. SLB PELA BARRE > MEGA RMT BL BS “ie” 
Bist, Borg HEABLEBLR ADIL CESS. Gil Ce Fa] Cy BLAS Le ad IEP OE FAR le FP 
[egy 

He Sy Re eS (EERE. A ERE ARITA A GEAR DERE” $i 

6 AA CB PR He Fe fh LT RR AE BY BE 
7 VEA—-MRD. RERENKRF. 
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pe. 

(EAN 2 TEE OS EE . SLae TR AS A ed FETE, BTL ad 1 EP 

Xt SRE KVL, Leas Hy Hip RAE oi JA HO BE AS 8 i Be ETRE. A LY 

HLA MA AS, RH ALIA, BES. AR A Ee SRE AUPE TERIE. [elke Ben 

Treynor Sloss Mii > Webel aa (ee — TRE aI AT, BOA A ie 

27 UI SABA el, FER tA RAS. MAE AIA. Kw 

RSET 7 Ap. API. SB FSC ARH), LAD 2A SRA a Ai ORR AA Set ACE A AG A De Sit 

ey SH aK 

XR — 4 LEM: BATT AT AE AL Se Sy Se TE EH Sih Se VY 2 PBZ [A] RT oF 

APTS, A—- BOL as | BAT Ee SEF CPU BBA CPU 

Re bate: SPR, EET OE URE SK ce TE BEA i» (Penk MA RYE? 

MGX 7A FA HH Be, EBT a EE ROR Bir ASN — 4 TRAE ae ALA * ot” EJ —— 

AN EE, ARE SR BE Ee ABR TERE Eek PE HEL: AE Ea 

TIE LB De FAP EE. ARE — ES EA TE. PRT, 

AS HLS RAB EP EDL EA 2 EB aR, ae ANS RSIS TA. — AERP ELA BS 

Kiict 7 eI, EAE ARE, RSP SR ERD EBS EK 

HOE. KA, MAAS Aare AM LST, AP opie, BIA opie. BI EAC. 

— HE Ber AEA BE DD ce GAY 

AY 3e TE = ee ANAT BE 
SR, AT ASE cbr DI, Be Ree EH IAN ies VE ZI i 1a Be 2p 

He RR MER TE FETE TE BLS Et A oe A Wt ie olan, Bese’ * ake 

We. FF] —— 22 8 2 2 oR? BI ERS. BRE SABE A 

FAAS. ELBE REAR SS 8 TZ, BLA A ote Al at I Yo. AN RES, 

A tA Se Ula) IT. BEV BLA ACI ER FAAS 

FF 2 SEER, AINA SR PTE. AMAR ASE WIA” TT ZA BRR 

AY AS FE J LS He A Se “TELEWEST Wt oy. ix AMR ULE A SE A Ese IM HU 

BN, SA year t FP DER TE. BeBe A BRE MA HT EDT. FFL an Z Bl — 

Be ELA. AERA ce. BIT TA HERS, AB ARE A ES EE PD ERE 

Bae. AA EMT RECA J 

Google Zot Haye A Pen EIN, BA Pi “A att: PAA 

18 Ht 49 i 4A https://en.wikipedia.org/wiki/Air_ France Flight 447, 

29 Aten iit RA LAK [Bai83] Fe [Sar97]. 
10 RRR IY —-AREYLY KAP WEY “KRU DAERI” —FH. 
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Pre HE” AD FCA BE. (Hee LA Google WAI RA, CE SWASH A Sih EN 

AAS Fie FT EE AOP I. BAUR RT AK, EEE. (HED ARAN, 

ARRPAAES AEDAW ARIA AIRS eb. A SEPE A AAI DAE, JF ALA EME. 

SHLAA) ve 88 Be RPE BOB 

1M 
BEREAN Ze Bl Z Jaa, (RATES WAS EKA Google AYR BLZ AIA is SEE TT EE fi] A 

re TIE, ALL PPT RAL: ee RA HA re SA a. BP EY 

Poy Tel 4 Ge VEY Ta) “5 eA eZ A ee SE ito Te, AA TS ET Bes OE 

PRB AS AY AT SE ER HAS FC BY RE ZS PB Oo SE a SL AE, AL ee SIRT 7 SE 

0 SEB RIN ASR UL, BET BEIM INA BET Ace REND, (HE REY BS AF HE 

BE RS ARAN APBD: AREAS. SLA API, Be BRE Heol all Ve FASE 

At : RAAMRMA 

Google SATIN AA MAKER PS, BRAM MRR FS BH ARATE 

se (& “colo”) AAs, RH colo PMMA ZAAALKPOeA VN EEN, 

RAVEA AD LNMA RD RABWRG VERA POS el], Ay AS, 

ABA AR S PLR AR BRR ARIEL | LAD EAAPRHPAAMY, HEP H- 

DR AGA EMRE AMEANBEMSBRAR, MH-AREHARMESH 

TEMES RRA AMARA A “BRM” (diskerase ). 

ARAVART, RRR LRAPRIEAHAALABAKRLI PM, CRP BARRY 

ROEAKARK. MG, AMHR EE, VAKAAHAZAM, AREF, 

GERPRESBRARARRAWRY OMEMNAN, ROGER TAS 
HPBM AR (EHH) SH. REVNA, SWRAAHRREL, CRBBA “PT 

A”, LEAA AMLARILS# colo POM AMBRE LUTRBAART. 

LARA, HRY BA ARREST A110 CDN LAMAN MEA, RHMSA 

FLA AE A PET (ABET AOS). RING ATU AMA BOO 

EP SRIRFSARAP, FR EIDE HB-B RMAAA BHM ER 

Bo, HRN ee, HT RIHRSIMS, RYAN P ESA AM EY KR 

Mi — BBE!) HEF RR, MME HT KE AM Te] SRL AY colo MA 

Lge ; KERMA F RYH ILA] ARAB, ARN BL 

AUP RLS HSBARH, LiSKERAHM, URRENELAEAA RF. 
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> 88 & 
KLE 

VES: Dinah McNutt 

448: Betsy Beyer, Tim Harvey 

Be Ai Fe (Release Engineering) 24k(+ LFEA Mh —*+ Boot. RRR PR. fa, 

RABE TE RE Ae PRE (BSCR [McN14a]). 4a LDPE Ve AS OTR RAG BE 

EA. WREACRIB RS. ASILMELA. BEAR A BIER SHR RRA 

Sa). HATER RE RPS ES a: PAR. A ME. Ae, EB 

i apecr 

AR GEIRS FY Heiss ET HE RA EA. SRE FSS CRE — dt Hill 3c EA BE EL 

Ay LA. NACA 7 AE RE © PERE RRM A re AES. Ae “2H 

APA AE” (PELE. ERT A rE eG eT AY) oS Be Hi AE AY FE fi] BC AS AB PY Te 

ABAZ, MIDE RI ZA. SRE EWU CAS BS WD EP ACE 

KAI L Fee Google AMBAY— TAA TE. RAT Fe Sr i EA EBT THUR EL Fe (SWE ), 

LAB SRE ith aE MAR Hii RE EE BS A RF Ee A FF A SB JH 

A, PAERT oe BATT a PEA, RAM. FTL, eA WET HD EHV 

2c 7h Liz A A 
Google 2 —-T BIKA a], AA REA BD. BA le PE te Ee 

RENY BCH 0 PAA, MARR ABE Be He 48 BBE BY AE PN Be — Se i BE IA Ti) (A ah a Be 7 

BE), SEGRE Eth Aa at Bc 3c SE PPE (8 ( ZS CHR [Adal5]). Arbsp ix 4e 

TA ABoe HA Ai ET ic FARE CY 
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Be AGT Re it Fl Fe eT eS EER, RPE PT i. 
AT RAT. BON Be ES A ae ES RE PACH. AN, SAVER AEF. Bi 
PREGA PIAS SS AK. Ptah Be PT RE. WR BAN A ER 

Ou PetREIE WAVE, FFA BEY SCR EHH BD, ATLL FP BA ee FAA, 

TH Ay ies BEE BEIT TH) HT AS WR Ee EH A HOT) 

Google A{RS SRE Ham EMVKSMBe ee, PRPS TWO HIS. AT 

PREP AAG RE EBT EA, AA PETS SRE ARE, yes MRE 

FEBE BEA 5 A Be Ay BE BEC) IG AY TL V8 Sl] RE SH 

Ath Lee = 
BeAG TREY A EAE HB) 4 ASE SEAT ES RS Sj 

Ak Ss te 
AY SARTRE D TK BET ABA ES Ar AE. Be A REE eA, hill Ee FESR 

DAE LE an te BATA SEPT LY eT ERR AL 

JLT" am, Google FX HEUs LAIR ERATE BE BAN TT no TX Hee A Ay ee — 7 ALBA iB BT EA 

EBD BEAL ZI RAR BAT TAS. ee Re PT oo OB SE AS AS i BE TP 

fil, (RA SHA Be AA TY Boe TAA A TO ob. A RIN. Rae 

Foxe FEM A ote, CREVICE ALE In) elle AS ET FT 

1B Ki 
EA PRA (BAH Google aR WIR SALE) TEE A a. I Ay dk 

(AY Fl pace LE A ey WL Dy eb eee. BCA ed Yt OA So SS Be Tn AB a 8 

WAS Z Ve) A AE BE a> RS A ABE HU TA AAA op SE TTL. A PEAT BA eI AEE — 

PR Sea CEI AS AT FEI ERAS HEPES PARES ei. PE Ree AE TMA ARS 

A Ty ES Ze FE Ta) HAY. AAPA HA tO ae BY Ze 7” (Push On Green) 

Ae TY, Wie bh. a ae SE A AS (Zs SCHR [Kle14]) . 

Hela] 
fey dt A os ZR — BPE A AY SS PE | RAS TTR Pd ZED AD Te BL air Ee 2 PT] 

AS WEE ACHES HBAS Hey SE Vel] — 4 7 oh» ESR AE ATT A oY eA TS AA aah Be A 

WY (hermetic), UR A 'E MTA MyM Be Ze BEI = Dy FE Pe HE eh TELE RG 

£1 Google HEBRRAGBERFT-TERYHRGDCEP (AIL CAR [Potl6]). 
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A) SE ToL ie FH EAS AS eg St JA (aie) VD PD (SEF RAS PE CGS 77 RE) 

SVE Fee AL. ART TE SEZ PR 

“MERE aT EAT AEE PERE Bug, ie PTE ZT AA 

— FRR AE LEBEL ARI. Google 2/8 Z BTU UR RAGA, DNA HERR BEC OR AS) 

Jee IT HY Ae ABR APE Ie FP CAR eR Aa wt (cherry picking). WHEIAAD 

41h te We 8 ES EY Ee le] — TRS ZA. AK, WR BE LE AEE 

AS Sit A Ett cherry picking, (738A AA 4PM aeR A. MAA BIS A BTA Ba HE as 

AAS, GORE RT APR UES IE at HEY — Be: 

See Val oe AS AO i A 
SJB AAU TALS HALAL A AT LTH OR LE BAIL PASH EA TA ERE BR 
(TE EEO EAT A BLS: 

© LEW RAS co) ——§ a ok Ua (RS -B  Y SCE 

e HE Ake he TTA ATE 

© ANAT A ADI A 

© HEME A) Ma AR ete ae (A aE EAE Sk AR BE Fi AS Ay BG TE A EEE Tt OE ) 

UL Ra 26H) cherry picking tk. 

© Kh aE TAS 

© (eS Ol A iy 4 Sat i OE 

JLAP Bt TUR CAS BY BE i ai rig Se WE TT RMSE Ek Bed A SE Be AE it ce 56 ea 

NM. BUI Ate HAST RET AH Pee Ae. SICA PE 

A VAI. SRE BLA SREP i A Pe Ae), CE Be a BL Ta ea HY EA 

PRET EBS VAI 

FF SRS 
Google FR S—-TS ADK RA AB : Rapid. ZRRFIA— All Google WihtERAPYT 

HYD FRAY BAA AY, LA Be ay Ae THO: © PLZ ti SF Google ALBIS 2 (EE arr Jal $9] , 

LA Be Bell Te Mel A Rapid FFE Ae AA Se Be At YY 

ME 
Blaze’ tt Google WH LH, ERE HaaRIE A. 4 Google WieRtEN C++, 

%2 Blaze HA RIRAA Bazel, TRUASEEM “Bazel Faq”, Attp://bazel.io/fag.html. 
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Java, Python. Go LEAR JavaScript. CFE AFI JA Blaze Ze A he, BID et eay HH SESE 

(kn Jar SCE, [RIM ZA aE tae AA. “MET A REIN, Blaze 2A HEA 

Van Dene Se uie 

a Abs ( CMERISCHE. LA ROT AMUSE ) ce CTE Rapid WAAC CPEHT. SE So 

BARRA AI REFR fil ki— HERE A PR A FESS. ZS HH Rapid (41824 Blaze. PRA 

WE ral SC PE Al Sc EA — 7 ar ds EP SEI TA. ED RGR AS, AR RAFF 

IRE BA Tae AY EAA AE Se Ba aS aa OT IR 

5} SZ 
Fra AY ARG ABER UA HE 26 BI E> KE (mainline). Ai, AMOVMAMAA BEMED 

St LMT AEA © BAe a FE oP SCA SE PAS BSED SM BIT SCAN A ke 

BRAFFAED SX. Bug (E25 REED RX. FE cherry picking HARARE. KAP 

Fy Date ES — RE Zs FR STA SE t ESE FC). Fl HA Bay 3 

cherry picking WY 777, PY LAW RS Ae AAS PL A BC 

Wisk 
— AS FEMI SES EAE ET SU GES ZS TT CMT, RE BA aT a al 

Fe) Je EG PRAT A EG Deo ESE Si A ee SC et A os BUR A PR ROR RE HE 

Ay Be Ai EAS FAS Vea} SD SEE WSC (SE FA Se Jr I a a ae ED eR AE i ASR ET he TI BZ AB 

we BES: BY DARA EE 2 FY HA PE 2 te th ce i oh 1 Be I] SL J L28 « 

AEB AB LEH, FRA EA BAG SC TIS Te PCT, TEP Ap UTA AS Ba Se FX 

Wek. KOT RE, AARP Ree cherry picking, R773 A BE 

BARE ES SEARLE FRAG AS FA a A TE AP 3 EA PS TA SLE 

Ay MAEM AR SE. BRATS — a a I TA BO CET LF EAS ds fp — BE 

ARAMA. iALEMIA HT LAM Rapid bth baa. 

+] 
eect Midas Package Manager (MPM) A2tar REAP HLas +. MPM de F Blaze 

FUL WU Ht 7) EY EY ey Set 2 SR AO i EA dE MPM 2. 2 A IE ER (BN search/ 

shakespeare/frontend), WiaeR 2G RIMS AE, FF ALSACE 

MPM [alip} xc ##24- EPIRA LT HE. Rapid BAMA—TWE ID RE, EET 

BY LA AF PIR Ps 2 RE — Wl 
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FE TAILLE. MPM ft. PRIA MPM HERE KGL (aidev. 

canary = production). MRA THARE MAB Me E, PRES A IR 

We LBM. Bilan, m—-*+@sRiew canary, ZAVIW canary @ LMA RHE A A 

J. JaSea3# canary MAW AW AS A eA eT RA 

Rapid AZ 
Ke] 8-1 eax f Rapid AS PHI 22H fF. Rapid ze} Blueprint </F ACA. Blueprint 

(EE — PPA Google AfBAC HH a 5 H, FAR ae yt BA pe PT A os. BR LMM , 

Lim He ee BA a (Pil ans A fae A) AE 8 EY sd 8 ld) eT ee EE 

PAT MRUE DH TE 

Workflows ! 

—s 
Rapid Build Job 

‘ 
\ 
1 
1 
' 
' = 

External Services 

Rapid Service Source Repository | 

Build & Package | 
_ Services 

“Rapid client | 

Legend 

_J Rapid Components 

User Artifacts Deployment | 
Services [} External Services 

so 
8-1: faitheRapidey, RAN TSAARVNERAT. 

#7 Rapid WA AA—#e Lei, EM STRATE PIA ASE. TPE it A LA 2e PE 

BHR DT. AT LECT A a) ob LF. Rapid 4} VERA RA ISITE 

Borg AS LAE MR ae. VA Rapid (EH Google NYE SFk ani hte, Bet aT LA Tal ep eb 

BOLE RA TR 

SHAY EY Be ANT aCe TAO PEAT 

1. Rapid EFAS KIRA S CA A DMRS RSCTA) BET A KX 

2. Rapid Al} Blaze Fait ra ERIC PE. TTT A CMR, 1 PA Pack 

Pest i ee FP CET TAY» ad PEA A ES SEH WET. MAR Rapid LE iat 

IAT AUIS E HP oi AP Bie ras (IE AR BEE 
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3. A ee A a AT A FS 1 A GU TK, TE EAT UT. HY YR 

Wie TEAR SMA SEZ a, TEA GE Jao — All Borg (:4% « 

4. *— DASE RAA A Gide. Ab HE Le RAT LE a TA BAY 
IN ZEA TR EF 

Rapid J LA" EER fi 27 3¢ 45 cheery picking. 4:/7+ 4K cherry picking iff2e HI LA oe 4h 

FUL HE FIFE 2f6 

b= 
Rapid 24 i #2 AK BER PA ee. ET LAA HE Blueprint 3C¢F E LAH BM , 

All FAAP ES PUTT as (executor) SRA EEHY MPM 8 f Borg (£4. 

Fe MEA Sisyphus, SRE FFRN—PiG AY Ri A HEE, Rr BE AR BE 

F. —PKRAG (rollout) EH —-*+ RMSE AR TP 4 TEA oc. Sisyphus sept 

SHAS AP RA Python #, UXEERM AE. IN, EMA-TERA. WDA 

AE AE A till 7S Ae A BUT EA BPE Be Ti UE 

Ze He RE, Rapid 7E3E4 Sisyphus AR PCNME—T MN RA. Rapid Ae A 

CAE MPM tL AY build Ke, ASLAE RIE IT HE IK TR. Sisyphus AJ LAF Hix 

AY build Fas FER ARE FE HE ABS MPM Sic Ave i 

Sisyphus, "ASHP iRLA A RE. HLS ee AR Rate PAN, Bed yA. 

BI SE err A ARES . HAT EA PEL PSA, 7 42¢— 7 TEMAS 

BEAN VEY Fl tras LE ee Ute SR SS AY AUB AR SSE AS eo LEIP Be Se ae VE ID SEP 

FANT AY HE Be Ee, TI AE A A eZ Jie A eA ET 2 EPA A Vd FA 

PWR Ae, Bea aT ES 9G SET TE, FR fi co JE SE Br tbs SR Bl 4 FE BK 

WY BOR AE A Bc HNMR AL, BAT A EG AAD BILAN cE, A HK PE SE BA BT TE 

(A) Sb BH Ai 8. 28 EGET 

Ace ere 
Ac a Se RA I SRE ARBAVEN—T RM. BAO SRR, AC ET ER 

AM, (ARENT RE. A, RINNE A SSH SA 

Fa BE Tat ae a aes Aa ES Td AS Se He JR A BATT CBD Td JL Be Hi 8 PY Bk YOR eB SC 

Fp A im ES a A a st EE BEG Pe, TRE AY PCS 

a 
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fe Fl E> RRA ACR OA. XML Borg RSW THE (VARA Borg Zayy ds 

He FF). {A AY, TP A A SRE PATRI BE 7 SC EA SCE. KEE LK 

24 ot (CASPER Z ae SABIE fee TWAS LE. ROP RE, de nC HRY Be Ai 

Fick SC EE PPS AE Oc ae Se A DE FT © ER BE Spe OR RD OR ABE RE, [HL A 8 

SE ite OBE 2S AI IAS FSG Bos es FY CEN BI, TRA FE EZ eh A HIE IK 

Hee a 

HRRCHE AMA CHIT ACAA—SMPMOeY, HRASPALE CEA Rin, 

BO ABLE Ty BEA ABS CAE SCP SA R.A SC AE te A lS PE 

MPM #1 !2. PRIX PRI ERIE LA ERR, (HA a, MI a A 

AY, 

HR HAT aR MPM RBH ae. Hei al DORR AM yA BA a edt 

Hl AC SCE ie SE HE HH AS SR RR, Be wT A aE ASAT ARR KK 

APACE SCPE. BER WE RIDSCUPABRE BT LAI 42 ID OR BT a ES PY I AC OC 

Gilgen, SEAS PAREN EE A Sa ARENA aE A. lt 

MPM #1, — dE IDSCHE, —7P AUR OCHR, PILAR LET BUR ETD 

Hea Se ~P HAEIF SR first folio, (H2eFRi Vai AIX SIF KIA IZA bad quarto (31x 

Hoe ARE LYS), Ae cherry picking HAWOM EL, Hew AC 

OL, FESR. RRP SK AY Lame eA eet ee USC 

Pel ALLAAH MPM [WA Dh EE PEAS MPM Fh ize eee. much ado ix 7 FR% a 

Diy AA) EAB Be AY MPM #2, ie REE AC — “Ss 2 I SRA PR AS. ALA 

1% HE pp Se TEBE MPM fit 425 AB eB ee EE, JR Ae ig 1 LE 8 I 

KIRA AILS PERE RO, HATA AC EBA He eA CE 

PEISC PRIS TTI). TK PESC PE RTL TE Chubby. Bigtable &#% Google A CAFE Fis 

PGE EHC ARSE (BS NU SCH [Kem11]). 

KAZ» TEA Gy at A TED RAS BEC BOC HP IBY Ag EE, A APR FE FE SED RP 

AMF « 

INF 
HPRANTE DTN ze Google WA LFA TR, URAL SRE SERA EN 

bk, (ASC Scie He sc Ba FA ad ae Hd 
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ALL AXt Google 4A 
4 RIE TAL. AHA abbas, A AHS BOR I, FRED AN SRE SCAU 
RUA BEAT BA Be Aik BB WY AGAR IL DIS ZF 

KAP 2S el, ARVO AIBA Ae AIMAE FEL Ang BEL, SAS ET A Je Ain TL = nf PH 
CELE ISAS? I 1 AE FA AF Se AA PS YS A, nee TE SEB Ai EY Bd 8 J TES 

RED DAME T Ze Se NCE REG Fe A REY Fa ps LER A A? 

Google #4 TREY IF 2 A TALS A ne A Ay os Ty BE a ee A TE A i a i BAI 

Hie. A ae Sa Re A ee BT AT AE TH AOR TE BOR SCR (EB re HHI 

PE BOR AY SR TMD) PAIN. x FEBS Ys ASE CIE WEE SL. EA HE tae AE HY Bla 

NEG RR BOR Fe is 2 NI, BO re ig ER HT. FE aT ZA AB er 1 5c 1 — Ze 

[Al EX AY A BOR 

Fim ea LE | 
KA LAB re “Sa eg se”, AO AR SY AS AR ET A, aS 

ERE. 

IBA D7 1 TE FP AC iat Be FP RT aoe BO — eR WE ei Re Fo JS BER FA pe G2 SB Al 

EVA Re PY CAPER AS. LAG ASK HET a) 1K HE AR 

FFA DA. SRE FA Ai TFET SS Fe Ere EA | Be AR Te it ae BE FS PCS IP Be 

WY AE SPS ET TU). FE A AAAS i A ee aS FA, Ria RS Rat a”. PA 

BA Zi EAL TH 

57S AS 9 DE A Sg BE cee (ATI WE Ae Ai et A Be ti Fe — OR Ub Be TY 

“ER, HURAR— ES TESTA RIA EME TT HP Ate OE ot. PAE, 4 He i. Fe 

FESCERI , 2 BBB BE ET aE tr A ee, Doe FE A. 



SSlae 

KF HARLAN, HAASE RH, LMA MYR, 

¢ How Embracing Continuous Release Reduced Change Complexity (http://usenix. 

org/conference/ures 1 4west/summit-program/presentation/dickson), USENIX 

Release Engineering Summit West 2014, [Dic14] 

Maintaining Consistency in a Massively Parallel Environment (https://www. 

usenix.org/conference/ucms 1 3/summit-program/presentation/mcnutt), USENIX 

Configuration Management Summit 2013, [McN13] 

The 10 Commandments of Release Engineering (https://www.youtube.com/watch? 

v=RNMjYV_UsQS&), 2nd International Workshop on Release Engineering 2014, 

[McN14b] 

Distributing Software in a Massively Parallel Environment (https://www.usenix. 

org/conference/lisal 4/conference-program/presentation/mcnutt), LISA 2014, 

[McN 14c] 
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898 

fal 4 

ES: Max Luebbe 

ye te: Tim Harvey 

EER A HT KALA OB CAE Rh FF AY 

—C.A.R. Hoare, Turing Award lecture 

EASA i Ede AS AOA ae. | AAAS RIE RRA ARE. 4 

RBA IA TEES, GRAB SLATAY Bug. ROR ER Ee HEE BYE 2 A EAN AB, ae HEH fF 

WRTASIA Bug. MRA SHAPE, BARAT RAS. BRE, Px 

SRE #7 FE ASHI TEA ER Se aes “BATA VE ee 2 ak TE A SEY 20 TH VE A ek Ze HE 

eH.” 7 

Z — — [BR AA TEES Rate 
AUT BAS RTE PE APE tae Pee A LAY. Be CE tn — 7 AN AA Tee EY, 8 

Weir “PEAR PE SMS” = ——2 Fe 5 MCE Ail PCRS Be a — 7 I, et Ee A A 

itd Be ICTR ALA RA FE FE BY Se ig SE 6 BO ESS 6 CT PR SY TE 8 a FL 

BATE EE EER, AA EAR eR i BE PA SE BAP A 

WERKE BES RSE ASR UL, BUA Se 7 tea EPEAT HE ERE. SRE ii 

GRRE. KBR, KG Fe PE. TRI, SRE Fe Bei / tie Tea 

£1 MAR, LRAMA RIL, TRU TAR [Per99] Fe [Co000]. 
2 QB HAH AEA. Johan Anderson tie, 4 HAM Ale A SRE, 
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FRA RM RIG PEE RZ. SSE, SREMWMAIS ZH, APSE TREAT FAA i 

FP eT PE: PRR BY SAD vt Be AB ABE AEP A SEY 3 Ee fd SL GRE, —- BL LER 

FREI AIBCIE Fa DR ASIPY TA 2s BE >, AEP eae eH Ay fe PE a LEP AC A SE ASE IE 

ht BERLE LY SE 2 FA AR SEY HIE “SPE TE 

—_ = — Z 

Tike MEE 

SEY PA A lel, MFRS. “SR” She LIER IEMA! RTA 

ANSE AAC PENS FAG BRED Res Pe ae eRe eit ty, BTA Eh se a Re IL A 

tro Google CFE ii Robert Muth Miirt, “Spike lal, ti RL. BS AIA BE 

Da RAG APE.” AEP Ee ba SRE we KM ALA. 

Fred Brooks 7£/(hSW 4A No Silver Bullet WISH (BL sci [Bro95]) Hearn, He 

BESS 2M JOE AU Rb ed AR RE WZ ABE AS SC BE. A BEE AR EE 28 ET 

ABBE, AAEMGA A AM Ee SCP RR, meee ZR EMME A a EA, a diet Ce Ea 

FRI. (RN, Be —7 Web WRF a8 ii BE LOL RGK HE HE Web Ul TAI 4 3 4a Jee. (AE. 

QA BAVA Java aS AWK as, AK GC HGH ge AT ESS S| AR Yb i AR RE 

Ay f me/ MCE ARIE, SRE BAD : 

© MLA HINT SE SLA REPL AS ETL. BIE EL 
© AILS A TABRIE ERE EN MLSS th BR ARNG ABW RIE 

x ZETA IF RAY CS 
Ay eit AL, fe 28 ie EP A a 5 BY FH DT. ke BESS EDM 

Be tes BL Uk FR ae AIT fee FE AN 2 UL. BR AB SHEL HI. “WR BATA ea ae BE PR 

AE AID? ” “BEAN VATE JA ee Fae EE FRE: RE ORE A BE EET BE SS Ee 

2” “ATA ASIF REF?” ZEAE EE. USE Hill ASE ie 

ROHRIRA SD. BORAT ATER RAG ok PAE GL (OCS AE 4 Re REY ) AP 

BE EH Pn EIT eS A Ja FA rn Ft RT A PS, RS EI KES — PEEP REE, TE an 

Knight Capital Wigti28)b (2% “Order In the Matter of Knight Capital Americas LLC” , 

MHK [ secl3 ]). 

evn thi, “Regtl—~7s Web IRS 7 =< 24 AT FAIN, ZESERRRR REL, 4 — 7p TRIG AEA 

fH. SRE HES2 PRUE AY (REG a A YE EN ASR. lan, FAR 

SRE A DL As, Ze SMA AC AGH. HAE BUT HD HG RST 
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"A RAIT” (EASE 
ACHE ORI AAEIIGEIIKG” ELGAR Phe HA WEL ZF Td UY HE RS AS 02S HBR EL A td AS EA YY 
AA. BIR AS AOL LR RAE AS MTB. MA SRE FOL SE HEAD EHUB RR Go 
LATS BT te: ASNT TT ARSE AT AES A PROG AEE. Be TEL Ae 
BRAG, ULE AE MIR, Te ELIAS Rw a>, MG UL FRA ae EN IR IN A 
aekibt, ERR SENS ASE. BEM ZA GOL I PEE GREY RU RE MMB TB 
FFE CLAVE AMORA 

Bz /|\ API 

2: [el cf A. Antoine de Saint Exupery ‘SiH, “AVEDA AES INE SMT, Mme ATT 

ZH LAZSH RAIN ee, A HEA BSE SE.” (BUSCH [Sai39]) 1&7 RU TR) Pee A PE 

LPAI © API 3 EN DY ER 7 TY Po) 

5A AAAS. Be) APL ce er PLR AE A Se er PA ty PE eo FRAT) APT YA Be 

4 te BEN Ty 1 AZ BE, HE APT is Se, DAT a He FE Yt ST 

76 IK ME HE. TRENT, 7 Pe HU Eine | AER flee SEE To] LAL ATE 

EER neal, BBN AY MRR Se a TEE A Dit &! —TiR 

AES, AUR te) PAYS AP 3 i pee SRS TA] LR a PE I 

IR 
fe APL GAL ERIC PELASD , AF itt diel A Se Sn PE 28 EM ae Pa A AR 

SEMI Beth. KE ASSET Bay aE To Pi 2s I Be EY BE RT BIE — 7] Ds AB AY AR OK he 

TER BO. Begins. 72 dbl sc eZ il kee ad till Sc Sg BZ ETT RAR SE 

Fe ea] PY Sr rity FPS AN EY aR TE A A SE ok EE IY Td HES © AWARE EK ARIA 

SEH RL Bear HY EA Se ERIE A SEN Sy SE BTA FEI 

HAAR APT fete ny eet Hl BEA LASTS PME, Ee Rt PG As HE THE] APT AY 

ARE BT SZ WY. HES APT 7428 i TA GEL BE A EU AT TE OAR SE 

Peal ARES LA re LAU: a APT IRAE, BT LAICP IE ACA ARE EAT AR 

25 FIT ARIAS, LA Ee Ae RR EAE To TFT BIT AS © PES BERET ABE 

EP) 4: — Ty BES DM CHE AB ht BEE EPI PET. ES ASE Et 9 ZE AT LAA Ie] 

iti 25 Fe Be EB OR BK A, APT 1G UE HI SC EZ TA oe Es Fe BE 

FE Li STAT TAY Se Sa Be RLL : TE ae Aa. Sa PSH Le ICR) 
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REI) “KARR” ZEAE RSI SBR PACA “util” Be “mise” “HERD PETA AR 

FES FERS A SEB © CTT BRE AK A St re HAA EI, BE EE 

ARAA WAI. Rae ae AEH . 

ELAS HEAD [al REE FE BERS. Google 4) Protobuf!®? fy 74+ 4: 2 (EA ALE LE at 
Fe ll ekt — 7S [eal EME Te J Ud ATE A CHAK. 

Ac th A fa) AL 
fe) PPLE) Ae Fi ee ASSO Woe BEE SE AREY Be A Uae SEA 5 A Pe PP. — 8 AY Md 22 ET] 

et bi Rt — Fe AS EAE DH 2 MUA TIM Ae AG 100 PS ASABE AY FH 28 EN, RE HIE EE 

Bed Vike BEE BOA se I Te FS DRE PEPE OE aU] TAR SCPE RE. LAR EM re RE MALAY 

WU Be Ai ne TK SEI FEET A. Be ae PT LAE A et WEST ERA 2 i, (Ay gE 

EA SEP NY a2 ial AY CA Ve BES. AR A Tg RL ee 2 Od PE PSE. BAM 

Wel REV WER A. TS FG ERE EY Fe SEY ICS AB AK Re ETT FE 

NZ 
WE IE TTS «CARO AMEE PT RPE AOR AR OE. SRA LB an a AE 
PANE HL, BURA REE TI. AR. BOUL CEB SK BL BE 9 RIE 
GEA, Dh Atal A A WAL. BURR SA TEBE “AN” PUTA, AC AL CE DRA CL 
ETSI, DiSeab. BORSTAL PSESETE OLS, JF HL AT EGET MLR 
Lf. 

1% 3 Protocol Buffer, A 4R A “protobuf’, Z—ABS PH, FS PL. APF RARAH KENT 
BAKE, RS aH if AF https://developers.google.com/protocol-buffers/docs/ overview#a-bit-of-history 
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Fl BA 

AGRE 

A) FORGE, SRE WU ge ee isAE— TRS . AR HEAR ASA PAL. AA 

Poe Hes ADEA SA BAP). SRE PAAR EE RIBAS BT DIE iS 

AVIS BGS AR, SRE HTC PAPI LVE : FRAP A SE, BURA BE, UDB 

StfF, WAKE BOR UR ORES IE 2. IX — BoE EDT SRE EP KBD HAASE 

Ete Se BBL All x FE SRK 

Abraham Maslow Y4204% AMIAETR HERD AIR (BW ci [Mas43]). BF UE, Fe] 

BY LAR 7S ARH BY OE EE i A RE: REMBIE HS REP HEIRS . PUB GR : 

SRE FEW Pe TIARAS RAS, MA EARN BOK CS LM Se AE SBR AR RK, ZI — 

AA RAE AE St 

2013 4E4E FE 2014 4A4E#), Google SRE, Mikey Dickerson, ™! Init @HhilsnA—‘ A 

Fe CPZ EN NZ, Hae FR BH ARUE healthcare.gov KR LiGA Mla. AESAM KA 

fh Fs A HERE Google SRE ERT tEIRS A SEMEL, SBA Ue EA 

WE LP HK 

FAT FS Pad TO = AD Je a YE EAI PR Sk BEETS RAS i OR A et Be hed AK 

121 2014-2 K, Mikey % AF Google & * #—74 US Digital Service #81) 4) = # (hitps://www. whitehouse. 

gov/digital/united-states-digital-service), HERI] H—-KRH XA SRE HAG) AS] He SZ BB IT ARNT 
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BUEFE A 

Ua: 5 64 

WTR AeA 

Sia BZa [AUR DRT 

Wee yea 

Bill-1: ARB O PERRRH 

NA FES 
om. T= 

Bat SPAS. Be wie AE DE IRS ce Are TEE eM. KA Eber 

FREY i PAS AA EAN] Se GRIESE. (EAA I SIS SE A th, Bele EA 

ZA RA SF ERS nal. FESS 10 BEET IO AR BR ARSE ea 

hy Ae EE 
SRE FFAGEA S£ on-call (ARETE, on-call (AVENE RMN AIRS Ate — Pt. 

28 fii ZB SHCA BT — SRE fA AR AY 2) TA ARSON RHEL. ARRAN 

AY AFR Bl — By KE Ge ALBEE BE, SRE EAA IN ALR. FE 11 EE, LE 

ZH SPE BAT Ve Anite 1 on-call #e (Fis Heft TEN 

—HSRE RLS ASH FEM nal, SEMANAS? TE WIR TT SE — 2 ne SFE IF] 

rl — RENE SF, TT ASE AR A SEE IE. HERE. RRA Piatt 

SH Ta SE fla oe Fa [LY FE 5K Bd eB PY ie Pe Dn] a SR TS SEI AE A PV PR 

PUAIBA AB SAY TEL ac Uf Ag ic Hb ir ef SA ak a] eI HG Ha eS ABA BY 

EG 12 BE, Fe Gets SECT OR ER aS Gs ERS [LITE 

FERED BE, FP RA, IRS BOT Pe Te, SEF Po SEA TATE 
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TE 13 FEA 14 ee, BT PPV Skat aa et A BLS dae Be Aa 2 I EP YE FB 

VAS IRAE AS BT | EZ PBC RI) 

3 aS 25 FO [0] ea Re SD AT 
BUH Fl tre ele Meth, PRA ARTI. APRA MEAT MRS [al Be Ak AN PT Hh ts 4S [i] 

AEA A) el fal ELAR TCH. SESE Le ae SRE FSG Si is HEAD BR Pe KAY TL 

PPS RE EAMG Fk SE 

O15 He, Hk Cantatore “WHat”. “OSE A” PS ABocte, JA Ay te Bk — 

AeA SC SRE LE OBC BH Se Is LT ted CLA Be BE ie D5 ABATE HY HF ) 

16m, (Exx See EL, RA BA SARA, SRR AR. SREABE 

FAIR A SUR le REE SB. DETAIL SP A a FE 

Mix 
4 BAT | Fe BM 8 eH EU fia] pe AV ZL AE et ae Fe, Ph 2 aE A (nl ER AE i. 

whe palin, PRUE EE A Ap BAER BEY As Se HE BL Ee FY in] ea 6 A SEE 

LEWIS FAA ae FESR 

4S BAX! 
(E18 Be, Fe F— PAA LAR KER. SRE FFT Google Anh LA 

Auxon, Fay{Cuk (rh a ae LX 

eR Rl age. BAT NR BE ORE A BEY Th BY sO Hild BE 03 TE PH ERA Ae. TES 

19 ee, PMT CA ie AE eae AK IBGE AUDA. E20 HA 21 ge, Rel] 

EAN SBE BY I a TS FE TRB RS BY ae EA EE 

Boa, (655 22 Fe, PAIS FAM ABBE eM GRAS es a ey SE BCP” 

ER ETA 
Google SRE Bia) 2.5 2 —iiiae SRE —“E AUD AIMEE Be tt FUSE KF A SE.» 

1. #5 23 FH, FAME T Google FS ASW KALE “Sy ALIA” ABE (Paxos 

erie), GAIA ERY i SCEIN ES ASE. (EH 24 FE, Be A f SRE ce Mal eth 

Peis 2 — 7S Bt HY EI ES ASCH « 
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25 AHR Se AH ASML AE AS : Mae ie 4TH MapReduce feFy, BSE 

Bie ASE ATA AAR BY i OK A Td AY BT ay SE A BEAR 

TESS 26 Beh, BOER ANTIA S RH BEN BEE, Atel AER Z Bl FF ie AY BT LA 

BAD Hb AL BI K 

| + % 

Magiaaiil 

, 18 27, RAR TERA RES PE ES. BK 

siaetioaminn, sassedity tice a Unt poameiee: ionacyanere 
HENS FA PRS 

i) eee 
ANA CAA, AAMT (5 HA aR Te ee EM, tite. 2028 EA 

MEY] ) ASR ATA MERY. ROEM TIAA, EE BARE TRS AY BY SE PE i OE Ml 

fi — a ACM Vexcre (BUCK [Kril2]), FRIES Google Ae an {afaict 4 ZS BIA DCE 

(8h >] OR WTR ZS a] BY LEK A OE HE SIE i CEH 

FS PLA, AIS ABR HS CG a —- PE EA ye PE TY A BT. HA at SCH 

[HixlSa] PAU me OCR, BATRA PTE Wak 7 A at BLUSE AS — 2 i Bk a BRT 

LAS AR A HE 

mA, MCHK [Warl4] fink [ Google KI— FRAT MAA Ra KE. wee, BIE 

TEE AG EA Te ABI AY AN Dad TE RY Ee AA Pp ee. “ee EAT F 

PIS BEEP AYE fe, FT LAI er — Pix ATK 
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#10% 
ze FAY IB) eS SNS et TA RS 

VES: Jamie Wilkinson 

4m te: Kavita Guliani 

HLS AG LEAH, GSM RAR! 

—— SRE #% 

din a8 5 SUS AE 4S A SN Baa his Ae ie SS AE JER Js oh PR IS ee AT A Pek ERS 

AUR D AT EBAY. ARGS 3s AEA By fee Se i Pe CT HS A i OA BE DT, FB 

DORR eM Ob Tey RRY i Bice 1 wy A FR RS Jo i A ps RRB BS 

6#). 

NE — TAR Fine & A SRE 14k, AAR AIA rT YA ime ABE. SRE HR 

HT at PRE Google Ay" RENIISHE, KSC PETE AR SCAT AR ah Be AE HD TF 

ids 7 KAY AR SAS ee — SE AA PPE LE 

© KMART AEB EIS, ar LIPASE 

© Te SOAS Dy AE BER UAE FH TK 

Google WIR ARALED HH MAS (EEA ERK Web IRS at IF 

ua AP Te) ), SS SE Oy Be Ee A BU Ha ( ol) AES RX, Web fle % as FY Mel by 

ey Vel > Air PRI). 3 ETE ey BY Sly Be FE as TEA A By A) at Se Bi HE IS TR FB 80 AY I) ea 

tee 

Riz 1 FFA Pager, MRIS MARS ih FAILS], 
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LEA TIX BY He BE IASB UE. CELA EAL Dn] ea YS He Se EE SC DB Te 

MEIER EA, BATE TBE PE. BUM RA ce Sb BES Beth eI AE 

DF EI HE BEE HOT PT ACH AB SCT BB. KRY BEAD AA ERIS EA PEAR 

FE A EFA TCR DALE. THE IAA SLA. A ob ase Se i 

Ui o tS A SHE LE BEA BS J at os Je TEE te BS, TEL A AL A BY BE 

Ay LAB be BU SET AE 

Google With AR But 10 FWA. WSR EE (1 ASU es Ae [el Bt FE 

FLFR SS) PE ia A i RD eT A Te ES IY TA FJ] 

fa EVE A ee AS BEES .. Tal Ae PE I eel fe BR eS. ot 

FAIZ BR Be Ay a Ze PF BR A PR ET AAS 

Borgmon Hye i 
fe. Google WEF FLAS Borg (ZB YL ScHK [ver15]) 2003 FM Z2aAA, CRE! 

ia J — 7 IN ees AZ. Borgmon. 

Google 2 Yh Hy By [a] Fr Jl ds ta FA 256 

X—FZMiR TY Google AeA TY 10 F-BseLAaRwy twee, CREAM 

— 40:8 Google s+ ep tot 1% FE VE? 

Ut A, MI RAAMBAA ST -RAMMABAREMARKA OR RABK: 

Riemann, Heka, Bosun, Prometheus 48 7 i 4k 14 F 5 Borgmon &F AY lA] FF BH 

EIR EAR WY AR. Prometheus*' 5 Borgmon + PRA, HHA Stk ree # 

MPM THEA, ESUARFMUM STAHL ARARHRA PARAM. A 

DEHLI, RETM ARE, HREASABEH ERE, ~ a 

Borgmon (8 RR E ASR FIT A Ste ES CE fh ae A BE BiH oP BT BE 

WEATIR ER . TRIE ted ae. AAA. RAS AY cai WC ee ee AY BE. td AL AN aie BEAT BZ AB 

AY Pade REA Be RE AREY DL 2 Ee RAT ER ZA eS de (Be 6, A 

KX “AS” A “Ree” ATLL). 

We Se Tea] HG AY BB He Va) IPP FA AR ek GS LAA AE FR RLU FH fd PLY Bie PETA TA IBAA LAI 

Fy BU SEL BE AS Fb ni — EE — Hed Re. rR Ne AY Bia J SES YE, 8 A 

PE Ath Se RAL TPIT FR 

i 1 Prometheus <—~/ FF KAT 8) FF AEE, F¢ 4913 i AK WL http://prometheus.io. 
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AMET HEL FS 6 ThE SY fe] PE SE OR EAT VIE EE as HE 1s 1 EP MAS IR , 

Mit AY LA Ca Be es EMR AHA AL HG DD OE ER TR UE EA Ba aS Ee SHH HE YS 8 

FR SUH Val 

Ay ST RE HHUE TIE TE, Fe ete ill 22 — 7 eee ee. FIFA varz®? WY 

—YR HTTP isk, Behe Tee S|—P eet RY Aesth. Bilan, weal se ae 

Aq webserver WTA itetits, ALE an pare : 

% curl http://webserver:80/varz 

http requests 37 

errors total 12 

Borgmon tH A LAME ft Borgmon 36 fi] LSE fa, ? APLAR AT ay EAE rik — SA SS BB 

2 BY EA RS AR RPE AT RRL a taps. TRIS EE Fe SFT AY 

fa. ROR UL, AEA ERE REE 1 {7—F Borgmon Xfi], (E4z ERY (global) 

AN zs 7 HER Borgmon 2 fii], 7 

— HEEB SU BEE fs KADIR Eb BER AEA EB HET AR fe AY Borgmon %& fii 

(scraper), 1X28 PIA Tie. moe Se BM Ta 

hy FA EX AP BY BS FE 
/varz 3&7 HTTP #20 Ae A SOAS Hy KE Pa DF a le Pa A ss a EL, 

eT te 2 BE ET. Ba, SS FH Map tsk, IRE VA ee 4 BE tt _E 

Heh (label). (RN Pixs BI, Heax 1 25 4+ HTTP 200 ih, LA 12 4+ HTTP 

500 Mla] i . 

http responses map:code 200:25 404:0 500:12 

De Dn — 7 Ms 28 Fi os A ig BE TERS Be HP 47 RS HY 

ANMEAG ELS. RIK ACB CY SC AST A PE Aa Ui Pa de SE BD a Ue I DAL SP 

AIK, iXet SRE FUERA BT DR ULAR ERP ar. {Ape TRENT He eb ay AE DPE fie 

BL Bp. Pete C5 Borgmon xt the Pe Fa sly EA a es OR Aa BEA A) HE 

RAK oy (ARABS TO ne A Re em SE hs, ak CE TART, 

mec A LW PMEBTE Borgmon MMI PE). TERE, RPA SPA, 

142 Google E£HAA, PV varz HRA “var-zee”. 
i£3 Borgmon % #4} AiL~ Borgmon, ix 4e sheep —7##. 
iz 2 Global KH APFILARRHK P| HMI ZB, BM RATARMSFHEPRAASRK SY) (ZH) OF 

A EE—DRE (WE) PY, WRB HK, THALAHP ARE HH, 

WSR teHe || 95 



FRR A abREYe Borgmon MUU AD IE WARE, | * Mita A PERE Ewe oes Tk 7 a 

OO (AD 4 A) BD Se Se Se oe 25 UTS A 

Google Hak * MANA] LH PARAS —PHTIP RS, SARA ER 

be AL GE SARE T PARE OTM AH EMRERRYOR-ES, KAMABE 

AT VARIG IRN ES BHI eR, RH RBG AADEZHE. Go 

= 4 expvar 45 # E*° fo #9 ISON MBA AE T KWA49 API. 

Was He AR BUN SE 
wc, Borgmon Sk PIMVAC ACHE AC Se ZEUS A pile, A phic eT AES Bp 

HEART ARSS SCRE TI AI AS EE, LA BARS RIAA 

AY ABER ee ASA A EP EE, PCPs Ae A Pe 

Borgmon #2 !8 Ac BAe WO A, EMG /varz URI. BI ANS. CEREAL ZTE 

Borgmon fs A ol-A ee A ps CE EY ho EE A. E24 Borgmon [J 

Ac 2B cee tie ay Dake Se, Ed Borgmon ‘ize 4E Ia] — 7S Ie (al Be PU Borgmon My{z.E.. 

Borgmon [nliR} ih Ay ee pride SHEA SWE RE “A at”. LATER ALL PIL 

Ber OL : 

© Bbtntbhhse & kD hie pt A IP Alia A 

© Aare Gin. SOW a 

© A trce Am Se Be Be to A TOK 

© BUC AE AR TEL TAL AS 

XE A AE OAD Pe Ha os 5 FY A FE es a se he 8 FE AS BT RAS I ig “SFP 

{RABI — AE. varz (AAI SNMP (fai Pb) JER Ala]. SNMP Hi ZEix 

TPH eg Be Be fd PLY 1 ay DLR OR Bae CE EC Ate ad 2 FA US EY fee HEE HY VE ( BS OL 

SCHR [Mic03]). FFA HTTP pics te Wi 8 ER AIK PTT EES ERP AA (AE. 3K 

PZ ey es De BAT AX Ay A 7 TES WBS Wie ds A LA HY LI EH Wet ZR IRS 

4 ARFAESRE APM (A ABM, Google (RF RKRHAARAHRA SREKRSE) RA-+*+BHEKBRER 
Borgmon &¢ #4, #24] A Hike ARC F By He4P Borgmon 8H UH EF AFF 

5 MF MAA EAM A LALARARBABRKA, ldo, OpenLDAP *& Fl cn=Monitor RASA Biz &. 
MySQL {% Jf] SHOW VARIABLES #* 4-iC 4k 4K A, Apache 4& #] mod status #3k. 

1% 6 &X http://golang.org/pkg/expvar 

7 %2FHF)% Borg & AMAT ALK (BNS). 
8 UH 6 HFA MH TM Fe H MOR AIRS 
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fichit, Tle Borgmon ih IF A EA ESCHER A BOS Pe He Ss EES 

Bey 18) Fe 3 Sa AY fia 
— AS A SS a YF AR RAE HR OS ae SA 1 TT TE oD HH A & SE AY BI tt 

Borgmon #245 AW RBI A 1 St fie. TIS CP oe 1 Hh A Pe BH 

Borgmon 44 Bde REE TA ERR, EI RE OL, REA HR ABEL 

2b ee ue value) HURST TERE 7S FT IE ee, IAB RE BRA Time- 

series. |nllh}, 43:7 time-series #E4e HH —ZAME— A ta Afis & (name=value). 

gn 10-1 Prax, —7S time-series fH #e 2c hn _ LXE — 7 ER FE, CAT Y fh. 34 

FKATZA time-series JL Pn ZEIM , oC RB LAE ke & EEE 

“http_requests” 

host! host2 host3 host4 hosts °°" 

10-1: MAGARS 28 FUN Se Bl OV GS Ras SN eA Th 

TE SER SEL, eB FEE PT EDA TER, RAR ZA) time-series 

#7 KR (arena). time-series IKK tia. IAP be el Wet. ee Ba 

AZ HY BR. time-series Be i eee ai Gee (horizon). 2 

eH eRe este TEA EH ik SSA PEt eA. Me. Be 

Ail4z Jay) Borgmon "ft — fe Bi EFF HM 12 sila: sean Wet bree abi: en 

He BH Wee Borgmon, LATED. i 7 BS AE J 24 A fe. 

LAER 100 47 time-series, 47> time-series 43: ae Ar Bee a, fal RAE 12 7) Re 

Hit, (ae 17GB WF. 

Borgmon ACM BA RAIA STOP BACHE (TSDB). Borgmon "J LAitict & iy 

TSDB ZRH PAH. YA TSDB ASB SELL Borgmon WHEE, WK, (Ae 

Bare. 

329 12 oJ BPk NAP A Ay KF EAE RE A ART A AB A RE, WA RA AS eK. 

AY FPIIHEAN a =| «(97 



RE 5 lo] = 
IEMA) 10-2 Wave Roe tazs, time-series 2244 HAMM [A] AEN eR, RR ZA 

m)-& (vector). RZ PERA HAY la se FE, 1K LE In] tte 7 FF BE. time-series 77 CX. 

Te ee emcee AY LL 7 VL. BS Leh. PATA EHR 

7 BAAR UY, ZAHEER] Ay el] FY ag: 7 EL i a Fe Ue] eA. 4 oe 

Is, xbxE 10s, FASBAYELAOER Ta] Ze xe [dE AY 

oldest most recent | 

10-2: time-seriesmIo AE 

time-series HY 4 FRA te & 4S (labelset), ALA EHH A tat — Pn ( key=value ) 

WEA. Frappe et BP, Ha AE varz HU AR BE A 

(ESR, A HERR hpi A SEW (important) mE GKBR SHAH 

PAE, HEN RES EA ABS, BURA). FE time-series RHR. tr 

WH—** time-series HJ#p YA APT AL BULA RE : 

var 

FEZ Bt PK 

job 

ES PS ER EARS ait EI 

service 

TRS BOE SLIPPERS it RZ, PT AT ID PRR, A AT ET TA A BR 

ZR 

zone 

Google € LWT, TW IZA IAA Borgmon PEW. (RELL 

BE % PRUE) « 

4 REA RIE KS 7 SCHEIN BS KIA X, (variable expression) : 

{var=http_ requests, job=webserver, instance=host0:80,service=web, zone=us -west} 

“4 <t time-series JE(; A AIM, AE ER Ea RS. RAs TREES, 

IZ Ar Aa FF ix Pi SEG HW time-series Ab Zs Ok FE Ly HK , TB BR I) a (SB 
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MUATE—-PSEREP , ApkaeE —/MEB KB, ABA PAE a 1 PEER 

{var=http requests, job=webserver, service=web, zone=us -west} 

mia AA eT ale, See SEE AB PHY time-series Wien -7 B14: 

{var=http_requests, job=webserver, instance=host0:80,service=web, zone=us-west} 10 

{var=http requests, job=webserver, instance=host1:80,service=web, zone=us-west} 9 

{var=http requests, job=webserver, instance=host2:80,sService=web, zone=us-west} 11 

{var=http requests, job=webserver, instance=host3:80,sService=web, zone=us-west} 0 

{var=http requests, job=webserver, instance=host4:80,service=web, zone=us-west} 10 

Pe RURAL: 

eo Wes Ath 4K, 20 job Fil instance HIRE FLEA % AIK HOHE 

e He Ate het, woh pkiy Map 28 AY ab ter. 

¢ Borgmon Ad a Cee, SCH By LAs DA iin 

¢ Borgmon #4 Ill . 

[rj Re], ah ek Ze aS tee eK A Ja i PY ed BeBe, EAS a) — Be ty Ta) AY AY 42 ab time - 

series ct 

{var=http requests, job=webserver, service=web, zone=us -west}[10m] 

AA Vai lets 10 BHA, A AREY time-series. MIRAE BMS Pet 

br, WARMER IAA 10 EEL: 

{var=http requests, job=webserver, instance=host0:80, ...} 0123456789 10 

{var=http requests, job=webserver, instance=host1:80, ...} 01234456789 

{var=http requests, job=webserver, instance=host2:80, ...} 0123567899 11 

{var=http requests, job=webserver,instance=host3:80, ...} 90000000000 

{var=http requests, job=webserver, instance=host4:80, ...} 0123456789 10 

Borg AMS 
Borgmon MAIR Lit, AL—7 eT ane es. IRA EET. Mat AT ALL 

POE TR MEE Bh BHR HERD AY BUTE RIB OD AB 9x PY Si Be Oe ar TR AY 

10 PAT PASM, RASH service fe zonetee, KHRBRDLA A. 
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REAL Ch ES Bl — 7S dE ASO ETH EE PEEP. ALA 
ARE Ta ETL Ge EAR & AB Tea) A 8 os ETRY. A Be TO SN AY BR 

SCRA BED CHT EAA WAS fit OES ACA), PY HL ay BP a A A ROCA Ze IK HE 

Borgmon 4aifela a» BRA Borgmon PLM), HH fal PLAY CBT IR eeiK SCA ie. eK PERT 

PATE time-series (EAHA, Tht aYh—* time-series. KE MUMINY AER 

mK, ALA e Tal DORE ey ZEB time-series WA Baede (aE) EL, thal 

lel bt 7 FA EARS 74 ASAI EYY time-series (23H) 4E RE) bE. 

Borgmon AW] — eis iT E— FP ee eth , (Ase SEPT RU ET A EL IT 

PUA 5 FAS AE i EIA SR SG AR TA at KDR ET 1K AR RAL AY I 4 a Eo OR 

Borgmon AYie 7 sek EAT A ee AY CPU stveintée. AS ABR Aa AT PERE le) al 

Borgmon ibpett F— FATA BML cL Ee 8 FA 

Ei (aggregation), 2a i XMS A RD. WT eal Fe LR EE 

SHI AK AA AES time-series FAHH. wah Be, BAT BT A EE 8 HL (rate ) . 

(A: “EF TEE BHR AL HP ES ek PD ES CQPS) He Ba el Ar A SE BEY Ey 

it Bees" HAE ERA a? RE 

— tt etae (counter) WIAA we Lok, STAHL. EMULE DT 1 ee 

{EI em. ORAL ZB, Was (gauge) 28% ZE A Tal HUM PT EAT ES 

fel. Th ic a atl HY FOR fii BI Te eB Ae tee, Po NT ES Br lle ee FO 

ARS HIAKAS, BRA HRI Ae, ae A HT eR EE. UCR ES, BRAT 

BID) FAUT Bi a BSCS. PALA EP BSC ei LAY Jy 2S FE EAR Td BP TH) EK 
Eo MUA AR FA WU tat is HAY De HE I SZ UY BE 2S BEE EH BEE CA TL 

AEP, EP XT —S Web HRS ae, BAVA ZE Web HRS av iB [Fl Fir be [Al 2 Bet — ee Le AY 

ber EAR. AOR Ub. Bite St SK BAYA HTTP 200 lal So AYR aS ABR LA ot 

AY ig RID 8 ARETE ELSPA. BC Fe EE 

AAP =P aa : 

1. WAST ASE PIES HTTP [ale RAS, Hela ag Roe, EP 7 el a. 

11 wit tt H RCH Fe (sum of rates) MRA RAH EU (rate of sums), TU Gak te R LSI KH 
BA, RAMWRAMFRRN FU, 

12 BARvarz RFRABLAD, CHAPDESMRAHRH+RKS, Borgmon VRE RKTUW AWK 
Ml Fe JE AA Ab SL PAY SE HL, 

WizE3 SHRERZASTEMHR, TRAN AAA counter MHA MYRH, PARAARA, —EZE 
TRASH 
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2. TR ATAY “Piel” AURA, FEMS AL, EE RR 

TEAC AIT EA HEBR PARAS A 200 WTKR, AA AL TE AIF 

3. TP GRRE) STE AY Et De 8 EE Bil, FA EE oe Td A BR A AR A, 

ORTH — 7 BEL 

ty: —- 7S EGR YY 4a LH ABS KS A 7 time-series BE, PASM A iKSMMI eB Y 

SIeT HEN. BieMidada, Bel) al Daich & Pee friw LEE 

PAE TET A ta A AY Borgmon #U Wl] : 

rules <<< 

# FAREED SCAND ATR ae LACE 

{var=task:http requests: ratel0Qm, job=webserver} = 

rate({var=http_ requests, job=webserver}[10m]) ; 

# OAT PIRSA, FE RS 
# without sco ey a a 4% instance label MZAxsVA MBi—HER. 

{var=dc:http requests: ratel0m, job=webserver} = 

Sum without instance({var=task:http requests: ratel0m, job=webserver}) 

>>> 

rate() PA BctH Ate PEN Zeid ci Hh VE a A. a aL AS eR EADY I] « 

FAA 4 I, FRAT AT LA GB task:http_requests: rate1Om My Ze RE: EY 

{var=task:http requests: ratel0m, job=webserver, instance=host0: 80, +1 

{var=task:http requests: rate10m, job=webserver, instance=host2: 80, } 0 

{var=task:http requests: ratel10m, job=webserver, instance=host3:80, ...} 1. 

{var=task:http requests: ratel0m, job=webserver, instance=host4: 80, } 0 

{var=task:http requests: rate10m, job=webserver, instance=host5: 80, peed 

if? dc:http requests: ratelOm (WZ AE : 

{var=dc:http requests: ratel0m, job=webserver, service=web, zone=us-west} 4 

PSAs — a PR 5 HS — 2 AE ATA. 

instance #PREEARHEOBBKS. AAILACEPOCARRARR. MRKA 

&, Borgmon THEM AMI MBI. EA 

1 13 service 4 zone tk SARA BT. 

HizE4 HEMALKZASAR. 
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tik lB Be EH 7S I al @f FA (time window), tite ESCH 10m, [AIA 

FEAT IER VERT RAE REL, ANE EZRA. ORB Pb, tp a as 

Ya SPE. AN BEE TT AR os (Ae Dd IY HE OR TR EAE BA HS 

ABE TT TH ME WARE. TCE Ee. WEIL Ae TE CA Ta. PLA E35 

rf ae ye EH Fe TE LOm) 3X BALK AIC HE HEE BTL. 

(ERT BIE, Watts BRIA F Google tbl, AB) FAs aT RRP. 6-7 
ASH ZUR /S “2” ZRH, SP BU AIC, EAR, DA Be Ba NB 
RMOBRVE. TIX OIE, ZAC UA BREE “SGI HTTP HGRA 10 4F 
‘RAR S” Fl “RHE DAH HTTP ifs Ay 10 > Fy eK aR” 

BLE Bed a0 Ge 0 fe] bg GR SO A AE PT BR I SS TJ ESP 

CH fer Le Il Sz RS A Ts GR ALES, Mt Web Aka av AU RE RREE AT DORE MELE 

ABA VOIR litt Abs (SLO, BLS 4 ee). TEP eb TARA Wie A pk ik. TR 

FA A Le CA SLO fepnilaoi, Kee eH bel SLO te pRH ta UL 

rules <<< 

# 48 Code prerZaRE PK ALT RS 
{var=task:http_ responses: ratel0m, job=webserver} = 

rate by code({var=http_responses, job=webserver}[10m]) ; 

# t& Code pre ih ee — TART BIL RS 
{var=dc:http_ responses: ratel0m, job=webserver} = 

sum without instance({var=task:http_ responses: ratel0m, job=webserver}) ; 

# LAGE 200 (tAGHIERRIL RS 

{var=dc:http errors: ratel0m, job=webserver} = sum without code( 

{var=dc:http responses: rate10m, job=webserver, code=!/200/}; 

HDPE Rs PU A EL 

{var=dc:http errors:ratio ratel0m, job=webserver} = 

{var=dc:http errors: ratel10m, job=webserver} 

/ 

{var=dc:http_requests: ratel0m, job=webserver}; 

>>> 

FEA, ERP Ras S248 Google titthlm AN %. AREA “RED Bl 

HTTP fi 10 24h AR AEE Bl” 

HiE5 10m KikiA VA 10 DRAMA, VRAD RMT VILA RER SRR, FARABRRK 

WERK Mery ZEPUA EAMES ARAM , Arn fk RGR, 
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BAER aT LH AY AEA Pie RE: 

{var=task:http_ responses: ratel0m, job=webserver} 

{var=task: http responses: ratel10m, job=webserver , code=200, instance=host0:80, } 

{var=task:http_ responses: rate10m, job=webserver , code=500, instance=host0: 80, } 

{var=task:http responses: ratel0m, job=webserver , code=200, instance=host1:80, } 

{var=task:http responses: rate10m, job=webserver, code=500, instance=host1: 80, } 

{var=task:http responses: rate10m, job=webserver , code=200, instance=host2:80, ...} 

{var=task:http_ responses: rate10m, job=webserver, code=500, instance=host2: 80, } 

{var=task:http responses: ratel0m, job=webserver, code=200, instance=host3: 80, } 

{var=task:http responses: ratel0m, job=webserver, code=500, instance=host3:80, } 

{var=task:http responses: ratel0m, job=webserver, code=200, instance=host4: 80, } 

{var=task: http responses: rate10m, job=webserver, code=500, instance=host4: 80, } 

{var=dc:http responses: ratel10m, job=webserver} 

{var=dc:http responses: rate10m, job=webserver,code=200, ...} 3.4 

{var=dc:http responses: rate10m, job=webserver,code=500, ...} 0.6 

{var=dc:http responses: rate10m, jobwebserver, code=!/200/} 

{var=dc:http responses: rate10m, job=webserver,code=500, ...} 0.6 

{var=dc:http errors: ratel0m, job=webserver} 

{var=dc:http errors: ratel0m, job=webserver, ...} 0.6 

{var=dc:http errors:ratio rate10m, job=webserver} 

{var=dc:http errors:ratio ratel0m, job=webserver} 0.15 

1 FA ay A REL SE E des http errors: ratel0m ix AMV FE 200 

IRAE. HUPRASEVS AAS, {AE HT DLS BI] code REA YAK F 

TERA CATA, Borgmon AW ies GE BTM time-series, LAME ATA RF eK TE 

AAA. CES. Borgmon XHFlhilht Arig, BTR AR det beat Al ee 7 IR 

BL, CEVA HIE AA. an ee AE RE AA, EAT ei POR. SA 

Borgmon #UM AC CHE, PE AIRALEHIG (console) LAY —*+7*kKAA« 

1£ 14 service #7 zone #F§ SAKA MT . 
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k= 
#24 Borgmon thse nk —-ATR ALIS, SR RAE (true) BY (false). ANARERAR 

AK, BAP HERR. AE, RRMA RR (flap, RK WRK )- 

AK, eA TRA UU AH ee 7S eb Fe Selt Tal EL. A 4 eH REY Td beh ak “MELA 

Ihe, AA RK. MOR TL, eSB > I A ea, DA RAK — 

ORV USCS Se ar ZU Sth Fe EE 

PAA EAE TE 10 HAN SRS EEL 1% ATE be IR A ee DR sel 1 GX 

FELLA l/s, rate eB ar Abe LARD fir) HOTEY Ae fl A — a te 

rules <<< 

{var=dc:http errors:ratio ratel0m, job=webserver} > 0.01 

and by job, error 

{var=dc:http errors: ratel0m, job=webserver} > 1 

for 2m 

=> ErrorRatioTooHigh 

details 'webserver error ratio at [[trigger_ value] ]' 

labels {severity=page}; 

>>> 

RAI ZAM Pa A A 0.15, zee ik A 0.01. {Ae HT RA RK 

ae TRA kal l/s, SLAF A fi Ae ix AR TEL. — BA SR et 1, AAR TR 

AuEA SE (pending) KA, MARARR RH, ABM 27 Zia, FAME 

te EAI AS Le be, DEEP BR ea I A. ee AE 

BRP. TEMP, CLA AA FRA SR AL (trigger value) . ix#6 - PXte 

Borgmon Aik Alert RPC MIMS (ee HE 

Borgmon 14425] —7 42 JE ZAKS, Alertmanager (FR HIRSH ). FREI Th 

pede Alert RPC. tR°SVEA SEERA MARA (firing) INABA yee Alert RPC i Al 

Fe ME PRS oH EE RH He BI Hh Ee KB EF EP IRS 

Ac ee ea 

@ Ay Heft Fe fh AS PS EBT ee, FON HA EE Fy ME 

e 147+ Borgmon RRM S(E AGIA 

© A itn 2 Te EU BIA RE BR aS RE ATE Rt. 

QS 6 FEAT, 4S SRE ABA AB 23% ™ BT UU te IK 2G 4 A on-call Le lin. HH 

BAA AW TR RIK TAS. TTR — BR Ey Uo SB Be He eR SE 

(dashboard) JRAN(E FA. BE LFAHA Fh ME RM Bc Tt LIU BSL 4 EE 
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Hat Ae eA SP A BL il 
—“* Borgmon Al FT LAM Bp — PSE BARE BPR 7 5 ol ic 8 HF YE 

NIB FT AYES ARH BY eH SE ZEB Ye ET GT, (HAE SC BR EHP ESS a BPE BE a] BL 

AY, PRLS RA Beth PA A cB. Ae, Feit TE eR. JA 

+ Borgmon Z|s] 4.44 {444i time-series Bete, VET 2Z9 AMUSE NR Bch HEY CPU Fil 

Ze MAS. — “eR HE SA LEA TEBE SW) Borgmon, Hive tTtA wi 

ho EP ATE HUD Ae 47 —7 Borgmon, fini BMA ABH LD Fis tM tEs LB. 

(Google WA rege MA, FE fan ABA Ry ETT. TT PA A AT AR 

Pek EBC TE HL REI BN re Mg OU Be EA ec Bae [i] ed ) 

An] 10-3 Aras, FEARED Se, BE — A BH Ha Borgmon kl4> 4-4 

WE RAIL (—fe rh F% Borgmon fy RAM Ail CPU BRIS). AHH EB 

EZ MRAMM SRA. AWE D IE (global) HARK OATHAEARARE Jk 

AN te SE ASE. +OAREAN TE). Ev Borgmon FJ LARLUEM Pi Borgmon Kee 

WKN, XESS Jy Borgmon HLA BEER MAES SIEM time-series te A. REF 

3K, — REBUN AE IR. ALICE ER PHAR RHR IEE 
Ki 
sur Oo 

\ 
1 Inter-Borgmon i 
I | ; Valuestream bap 1: Global 

| Yep seeds oa _Borgmon 

7 
A Datacenter a - Datacenter 

i a i ie so. 

DC Scraping : DC Scraping 
Borgmon | Borgmon | 

Application | 
Tasks | | 

10-3: —TH=TREPERBSHBorgmon ME RAS 
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or A ds 
See ih io a 

A SC Uirt, Borgmon e—- TA AS. Hock Pe AIRS AA BR AS. Tal AY, 

Borgmon AA Ml] te HEF RS ABH hn SBCA 1 i AY ey DB A CH FB re AR 

Uk, TCE rE TAZA PEI, SES BAIT, EASE EEE PEEL. TCE TET 

SHRED A I hn DOT A at OL P ABI E 

(Hoe. FLERE IEA BE SE ae Re PS TR A SEN TARAS © SE OHI ETE. HAAS 

We IEA AE RAP RBI eT. Bilan: A ales Ae GB) A ec Bl AY ta 

RK, FFA AEA Bl HH DNS iichit SBS ARIE MI RR BE TERA os HATO 

fo AIRINGS. IelIT, teB RM Ae SPREAD BID Fa AB UL 

Google SRE HIBAah Fe AIH PRET Fe (prober) RG FIA ira. PRET BEE A 7 A ll 

HY A oie PRM Bl tee isk Ie). HERR ET ATL Ee nl fe Ee RH KIK Alert RPC, 

4, "J LA A Borgmon Wee CARR a. PREP REE ch BT Dp a lel RE he A BE Bro 

Planks A ATTP lal 4g ny HTML 4h. PRET Re eB I ARR EY EA) time- 

series #428 Borgmon fi }H. SRE HBAS ih 1 ER EF Fee Ed OR BEE 9 | 

BERIN, EAMES AAP LAME RET ps. PRET REP cc — PPS AE I Ta ke A 2 i 

time-series fl DAE fA 

[121 > PREP REP BE CL PR lyin» HL EA BR Ud i A RS J AR © a OT NS [i] 

TROL AUR M, Be AT EA Ae Be Je eB I] ea ALAR Dc eH EE I BAT HE Da] ED a 

Tr aK sty hy Ae BAY www. google.com Lk Toy (i 48 A II ASE Web WkA at. FEI PPR 

HOP, Bel el Ae 4 eS Bete A LT, ES www.google.com (KR Le, [aller 

HATA FEA HE 4 Jeg iy, PR ae ic HES ELS BH UD 

ACER RP 
Borgmon Ac fee A ee RCE A to PAZ. IR AE EA 

ALA ABIES Ala App. RY Lil Py RE ARR AB BE, AEA 

K BER ST Wate A St BC tC AE AY AE BE OR 

Borgmon Jal} Fete SA BIN HAR. Borgmon fe ft— FRAIL Lill, IRR 

él 8s HH 228 wy ae FP LIE, dE ey Et AE AY a 4 RE, BR cE 

AY Ay BEE 

“APR, AEA a aa Fe Se ASE A AB ME DA aE Oe 4 AR A BL Bug, Borgmon Ale Heft £ 

Ext Borgmon ALM AY Pc MAA VSWR CB. ich (EK HET, DR HEA KY 

106 | 108 BTN PIT ARIS 



time-series 2%, FR] ATLA WAtRaE Borgmon UWI AB AE IE MIN. AES" GES Ps 4a) SRE 

2H. (production monitoring team) 4EY'—- Beare ma A, EMA A ML Matt A 

FN Min, Pia —2F REI ANY Borgmon fyi]. Borgmon |Z (epee Hd FZ. Aad 

FT BEA 

fe Google Ath AH Borgmon wi ARIE, RBS. RE 

AS RAGE ie ET a Pa A Se A at tli ae 7 28 J a 

FIX 7S ED TEES Ps AE. PE A ad HTTP URS ae2R 0. AAR ieee. TR 

Fa oe FP vita FEE Be A RPC HER. (SR varz ROGER A BRL oe AAA, (hat 

Borgmon #4 Wl] 8 2 A RK 7 a SS OL MIKA. ) 

Hy ZR Ze TRG BSE 8 BE A ILS Bll YE A AS. 1K HEA He 

te — ASIA IL AR, TO A ORME eae RA RS DS RA. 

flan, —AWRA a eRe F—+S 42 BRET AAD API, Mb Pa Peete DATES SK ZAK 

tee RE UD A, ARB HA or (shard) AK, wea a EB ALK, [el 

MES AAAS PBC. — 7 Fe AT RT RRA ALLE Borgmon KAP, fH 

fee Wal isk PER 2A PETE PT LH Jee oR ECE YE, | 1x Boy 2H 2G — Bt ak A rs JE =X (share 

of fate) MUSE. PIMN—-TPESH MAR wee, APEMRS-TA 

Sete CAT HE ZS FA PE Be FY BC 3 PF rt TY SU) tt oe HP SH a es FR EY 

Ay EA Vel izs 4 ET] — 4 Be Paty atta Ba A 5 Tin] — 4S Dad 28 2a Td af Ti] 

IY FEW 

Wt A Borgmon FeLi, FE AT LAER ES ET XD : Borgmon 23247 A paits DT 

PSE PLB. or. DAB ARES ACE HD. 1x ERR BY DA Ae 27 ZA AL HT AY time- 

Series. 

A, pee reeT RSP ARS FA 

© be ALAA pid Ac Hae HE (Blan, HTTP WRASSE code thE 7E http_ 

responses 2 PAgid ) 

© tS pCR RI (SEPIA PRAUEES & ) 

© REN rida Ross BALA (BR zone tre ABHE UD, shard Hy 

BEAK Bee BA 77 2H BE. ) 

KEE EAR HE TG, — SERRA LATE A AIL A ll Eo AA. 
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TE ZIA 
Borgmon fill] iA Filta ee eA er TE CR A RRR. G8 A 

AY Br te 2 

1X FS HE Ba AE A EP A BE BT LA eh oe Fle es He SEF EM ZPD Ae. TES Ha 

1x HE FR MEH Ml ABE PP HRA time-series HA!, WE DPA. PAF LAZIH 

moa A CREAM, AECL A A 8 BBA 

41, LEAL Ps Ws 23 Ae 43 (BR a] AE 

Pa UE the P28 A SCY AE AP AS Sy HH BY HB eB A SE Be PE A SP EE BEI. KEE 

SRE LE Ait BELAY — TP RESK, SRE BAK fe TBS a — PE SE AD ES DPB Bl) EO BLA 

4 — 7 AE SAI Bl, BEA Google AMT. 4K Google A abAy Unt A St th 

TEFEN BT HE CAE AN FC HE 

2K Borgmon {j7z Google N#SB LA. (82 fE (a A Ab By LAA SE i a Se OE 

time-series JE f7 We te FU FR EN EES. Pormetheus. Riemann, Heka fil Bosun Ab FE 7 AF Bll +- 
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a4, = 

on-call4#>{B 

E#: Andrea Spadaccini *' 

4 te: Kavita Guliani 

on-call 4é {A xe 1 4 1 AEA A AIBA AY BE Se oe, IEE SS AY A pe PRPS AY BT SEE 

Ay APE. (Axe, on-call #e{e mill pti fe AE + A, RRA ETT 

HES 2A ARS EE BBA THOR AR HY A. ASEH Google SRE JiR HUF on-call 

Fe AE till BERT RA TEE. AER SR YET HS ee MI (ERS ES Ee, ED 

AE te EES BAY 

ST 2B 
ARS HAL BER AS ARAL LA ta Bs 5 SEAR YY on-call #O(A (ES » TE on-call (AIEEE 

(ADEA BAAR UE AY DARE IEY Mid 7 SR ek nal, ANE Ae TE EIN Tal, ee EAE PEM Te). E 

IT (pL, on-call (E45 —Ioe Sl IMS 4EUIKA (Ops) vETM. ERA toe tebe thi 

ris AEM ARS AER E Ho 1s # 

Google AMHR & EWR. Eben Search. Ads. Gmail @#bA Gl JAY SRE APA ti oct: 

REAL HT TEPER ER. Al SRE 225 pik ANY on-call {Hh LVF. SRE AIBA Flat aE 

HIB Fay ANE TE, SRE BASE fe oe Da Re OF BK yet Is AE [A] of x HE 

SARA) a, “4A BI — cE UI, th SG A Re EL OF Be HE AR 

Wy Sf se pax REL REE AER le IT, Google (FE 48H SRE HIRAI 4 HiT AAA 

oe REA ESE RAB A. FTA SRE (EE als EBS LAI Malar £ 50% WY 

1 KSC F HERA BAH M-A login: (2015 F10A, $400), $5 A). 
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BR. SRE #2>22 76 50% HYIP AWE? CREA EA, DERE Ac HH EY A od CA 

FACE BOK ERE HMI ETM 

on-call LAIMA —K 

EET BT on-call LEIMM EBLE, AABREAMORMAETA. 

(PAE ASCH iat. on-call TEV hy oe Mh BHA pe pe He BIL akc at IE TE Be AE NL 55 SE 

HC, LAR PPR MT AE I" SCH EE TO 

fe on-call Ih}, 1% Pei AR DA AT LA CE 7 PRR TE AA SEP AED, ELAS YY DY TA 

OH Az SRE ABA FUP sit Mh 5 ALBA SE Te) RE © RR OR FE fi 2 TL Ud Be FH 

NRA. SOIT IAIE A SR ARA RL, NET TA aE Ay 5 af. TE ABR Ml 55 aa PR 

xe 30 Hh. Aap Te Wie, HR RUDEFIL. Google f—-& 

AEH TGA TR Pe ee Ll, AT RR ie add al PP Td SS DIAS Pee CHE. 

fila. A ope Deel & APP SF). 

Me) 7 FSP (a a A EB ABE EEA Se. EERIE Pe fal ls eR — 7S A Md ee 

2 FA FU IL SS A 6 LE Fa: ZB EAB BEA BI] 99.99% Way FARE, BZ 47 ZS REIL A 13 3 Bh 

As ey FAIBY I) (ae A). KP BEACH PF on-call TL Fe ii 4 20 CE > Bh H]_E tig fy AE" 

Sie (WA DIHEUL, 13 2A). RRP ASI SLO BABES, ASZ dln by [a] Ay AE 

JL-P ay thy 

— ASW BRA, RUA ALA (ack), on-call CFE 4 20 FE WS Ke Et aE fir [a BE 

Ff AAR ale. BENG. on-call LFAIMAT LARA AIA, FTA (escalate) 

Tak ac i& 

TESA AOE" ASCAEEE, PAM ECA BEER D EE, NBT EY Ae Ai AT LAH on-call 1. 

fen CELERY A PE ae. RHEE SS SE th Bi EAR Ra EPR AH 

EAA Mb Ee 8 — ARG. JP io), HREM AWET. RR ARSE I 

ft SAK IGAEBS RAMTEC, waZs Was 29 te. 

{ZARA Tal aE on-call AF on-call AfA BE, ERI CATH MMEA AT. AY 

HIB ay BLA gill on-call Af AE on-call AWUHIBD, Ty acMbERe on-call AYse A Mel De STR 

E57 ABE, =E on-call AR ti tebHe yr As A aol. ifomll on-call A fi geAbFh 

FU ft TES Zak HY HE "ee Ae GO 

EIB, fll on-call e{H fill EFF AEDT. (BB PASE ER A ZS HE EE Bl 

on-call, FAR{ABE, Fe Ialsr dh CPE 
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on-call 40 {E til] RE AS ALAA fille ARS PP. BS A AK [Lim 14] "Ph 3e F on-call ME 

LEAN ZA 

on-call TE 
SRE IPAX} on-call CFA te OXY Seta CPD) AB AWA SEO. BAe 

tase) Lene on-call 8A LEGAL al. tee Wl ey Dah ch ee on-call ROLE RHE 

A AF CBE BR LE 

SRE PEFEH BEEBE on-call ME (FN TMH Jy CEI BA AEE BRE CE 7 REY AO 

Re PES 
Bel 1-47 SRV SRE AY “E” (Engineering), WAKE BIRT SES Ops ABR A lal 

ZAb. PRUA, Fe SRIA be SRE ABA 50% AYIA ZEEE LER EL. CRAM IA, 

AN tact 25% AIRE TA] FASE on-call, 35 4h 25% AIRE TAI Ae kh EEE ft is fe PE 

AIF 25% i& 7ST Te)_EBR, Bee ATE 7 =< 24 on-call #O(H till RE Mae 2 SRE Behe. 

(1 VK on-call HE FEE A Fen ( E on-call FUlgl on-call, 47 HUET A AA LE ) 

Wis AB BE BD 8 4 REN. (RUBE on-call (APER EE AJA, AAR IR 

ae ARR. MRA SRE, BAne > TMB RE 6%. PERE RTL 

fb 25% PIT) EBS. Hee) DRE Ae A Re PW A TE 

QR TSHRS AEN A BRBB EAI A, Bake RY“ HAD (single site), 

FM (i) RE HAA RE (LAS HEAP. (multi site). SHEEP ABLE PAL PRS : 

© eM els BC IBN EA YA EE A Fl ( Zs WSK [Dur05]). 4 HEIBA aT LAA” 

Hite, Hye if,” (Follow the sun) Fy #e {Et till (se A 4+ ALBA GRE St: 02 TALL BE 

ect PR ll— 7 BABA ZE on-call #e fA HIRE PAYA i cme, By Pe Pee ee > LR PAE 

NASB GGSWAR SRN “IVER A —ie4ilh DAB” —"7). 

(xt, SHAS Pia AG PEAS. be, ce HAA eA & HABA 

Bb. FASE PRA A, IG ASCH EE, DAR ET ARS IL J) 

ire TRE 
fei on-call {ELSIE LAL 6s , PAM TRIM Ls FE EO MT Tale BL x AT SRB TE 
Gain 5 WAR Ae (BSL SCHR [Lool0]). BEAM AAEM (incident) IHL, —-F 
BAA AS RRL — Se ASAI A A, REE EE Bed RIE Dt 
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PNR, PSO POR, MHL EE fe] — SE PASSE, LTR SEPARA Or. SEP AD BB, LA 

RRS, Bebo Phi. Ale, RAIA A, Be 12 H/T AU HCE Al ke & A 

RET AEP A SRE A SRR EIR TYE, FESPA i A AE BE AIR, 

(ARPETE 0 77a. BNR AE TALE LP RRC BS TR, BE A ASE PE >1, AB 
ZG Ob — SAE ST SB UR BHR 

AOR TEE A EE, ES BA SR I Sh, BZ BEA a RR LEE 

TEAR HRS PBI RRL, AAW AWAR SMA “eae Artk” —A, 

LL 30 BE). 

4M Fa ite 
wes OH J aie wee eet TPE al 2 YPHY on-call CEMA PAEAI AME. ARAB 

FAA TA Ar WEFT Ab. Google $i fee (Ma EM ae eb, [aE Pe — 2e FB REY ELE BAPE 

Ay EDR. 7X 7S BR SE Bas _E ee Ay BR HE TEA on-call ASAI EL Bi). eA ail) AY EI 

EA) S PRR ABA Bee ZS on-call, [AI WE St ge on-call HAA (Aa, fA A FF AA Ia 

AN, Ma pea xt BE (burnout ). 

ms <= 

aS ik 
TERA CATIA, SRE fps Ht Google eH NAPA. 7E on-call HAHA), SRE C 

Pe Se fe Hoe A ee ZS CA Rk, MC A SCTE IE Fe Se ws RAY A 

Beh ASE. SRE M7 AER la) a AY 5 75 VET TE Ab BE a cE TE A SS BEY 

PARSE OMT atta. TETRIS, —PS ASE IEE So) GERI) BeveP Po Rh 

Mb BH YR Z— (BW CHK [Kah11]) : 

° KM. Aalit. Ru irah. 

° PIPE. Gi. AVA HLUETT UA RIA DD 

Mb BAAS AR AR Stl] IY, AS AT SE sre EAP, A BESSA ER ER, 

Tbe SE Je] ae BUT et FE 

Ay S WAR on-call TRE Ay ACRE ESS RD SOE, Bed il SEMA on-call I 

TRAD TD WL AR GORD EE ABR Er a AG IY 2 HA] Fe BE ZS MP on-call LC FeV KK 

AAU J. fee REY A BEE. FR AL HE eB SRE (END FH In) ill Fe Lei, A 

52 Un] BES ARSE BY PE A EUR, is RAS PRR tar oR Se, Poll AN BS JO A A HE 

HY EWR BCs (CRH) MAX AM Are Borin, Eee Ae, Eta Zin] A SR EA TE 

Hm URIAHEN CVE, Boa Beet ANE (Bs UL SCHR [Chr09] ) . 
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FLAX PE DRE te RSE] EP , on-call CARINEETER ER RIPEN. RACES SE 
SEAVER TE, HERRERA DB “et REIRAN” BIW E. “et REWEAN” ZL ZE on-call 

IETS A BPE MES, AEGIS. “4 on-call TREY Hc BIAS JAAN SA 4 7S lal REF fe IP, 

AR AE HRA HT 3 ete eB ae HE DD Fe SE CNY ER, PAE BL RS 4 

CRAB VIE A ie BERS, Mite Ae EA BE, SEBEL SC HCH BE ZE 

FE J ek CKD Be A, EEL BRE Ae PARR HD] Uo Fs HES A ) 

Free K ire 1 AAMT. AE HET ERT AEE RE, rt AL 

HL — ABAD A a ET PB SC AY. TALE, FEDERER, on-call TFRMT TE 

Ai HY HE FPS at DS Te 7 Di Tt vk Ble Se ETE Te Pee EB FT 

PEARY» 2 ToT PEAS BR I OI oh PE JR I A At EGE, XPT RE OMED K 

FE D7 oh SE Seb SLT Be, pe ICRI OT SVE ak OPENS + CE HE Ae CE SC PPE LYS Ho Ae He A 

PR lead el, Fea) IY Ay 0 be 4 Ae LE A Fr A AY AB 

LE on-call SRE 4 (to 10) ay LAS . hE on-call IR AHWRA AR. HEN 

UA: 

© MT HY [al el Fre ZX 

© aT Ee SCA by ASE EA LR 

© Feta, MSA AM SCA (BS WLC [Loo10] Fil [All12]). 

Wit, SRE ISA A ST ASH INA RAAB SS 7 =x 24 on-call #{L, PLA SRE 

BA ric ae HY EA fe x ZED PEI BA EPS BB. SE JER DA ASH ft SS SE 

RFP A ALBA EPS a8 BS eS ee Pe [i] fe Se BE 

— AS Te FER PASE ae AR. BETA SLA SBA eI, Bee Zeek — Be rey a] a) AE 

VAS FETUS A HE REIT. IAB AAR AE SK by SANDEE RE. Google SRE 

EFA AY AE TESS 14 FEA HARI IE SL ARTSY fa] PR, x BE 

eT LAA BY on-call LC Fe Yih Fl FA ry HT FEY Oe Dae a la] ead ae Zk HR. OT IK VRE. Google 

Arb ar A EF P74 Web CA, WA SAMAR VE. bb ante Hes BEAD HR oe 4e Heit Fe 

RRO AS IAG Ee. RI AKYE TE, on-call CFE PLA SE Fee I] 

el, MANE TERR SIOZ EME, BC Ae II EPY BE TS SO A LE YR Ge NY le] 

Bela » TES ek SE PD BEE REMY, FEAR fe BEE Hh 5 A Ta, IS BE 07 ibe or RP ae IE Hh BEY 

Wd ATR Tite aE Hs FE Ve] PEAY [a]. SRE LBA 2 CE KAY Dy ek SE HE Zan 

Ba. PEAS TA Se Ae EIT Ta 2. MESH GABA TSE AT A, 9 

Jan BE VEE AY BT lad LT AE BE BE SETH. ALERT AE A TES, ERIE ARIZ, 

fe HE BN Bob tt A Ae e  A LE RAY AT BBE (Zs WL SCH [Loo10]). 

a Zem | 113 ¢ 



‘o> \— 7) ‘ 

et IG ZE RAI K 
Hui. Fee JHea ( SRE RS AGE 50% WIM Tal HEI HE VEL. BSA is we be Dat 

She THUS EY (HE ZE Z Ap WE ? 

IS 4E RAWA 
“ik Me OL ENE, SRE IBA Ale Bes Si ot FEE BE PE ed LA — 28 pe te. LS 

Pie EE DD aT A SE BT RAR A ALBA Uh Sn — 4 Af 22 SRE, HY ATLA 

AP BM TVA PABA Be RSE HAS (Bs WLS 30 BE) 

BRA UL Pies Daly Boe ak TBs ATE CA. RE BTA Bl pa ht a DA 

He (GAN: Bee <5, BECK ROIA TR ESE < 2-H). 

HRA MPE A SER PALA S SGAAE TDL ACA 4S ATI NY SLO El 
Bl. FE AHL SUE HT SORA END (FBC He 15 PY PEA). 
AA SPEED il BAO ORE IE BARS PALEY on-call T-ARUAIIAET* I). INE “ABORT” 2 
2s BTL HEE OLE, SLR HT BATHS 29 HE 

lS, Pet] on-call TC fe Yi We Bl WY Eb Oy Te] — es FBT EH Tk PE ABE | 

Ses ts OL A) ESS AS ERE. a bh ee Bg Ee RE. GH, 

Vil 7E bh BE SR ae SRI, SS eT SA ih es ACR, EP SEER IE BY LE 

ho WARE th EM A PE ARATE CH BSL, Red SE PE / 

ThE Pile 1s 1. RE. FET PIE EI, Re eT AE RR ae. Ne 

Jed Hb Ab BE He BE 

AHI, 1a OSA AD bITM Als Ht ae HY SRE fel. EERE AC ABA BY ef SFE 

Fp SBOE) Y Favze VE PRE, Ber EA PER. FERAL PD, SRE we Se AE A ABA i 

wi Sele] Ape, fee AEH DD Tahal » 

te Bomml ie f, SRE BA AT CAME PERE IE SCHRAET IRS © AAR AIF Ae ALBA $4 ot on-call 

FEEL, FE ASAE) SRE IBA Be ory tele ME A ps Ay th TEL I OL AE A) 

AAG AS_E SRE tha AT DAA Ae ABA SE Te 25. BES AEE DP BE. (re FESR UL PF 

Be AER Ae 290 1s AE sD BY HE ties BEC BE IS AR AR SOAR. BEB REIL EE Ta ee FE 

AMM UL SRE BA AS Pe i AR FE BIS AED. ie IAA ALE Ae ALBA Da, RE 

Ft DT ey EEG 30 SE Ae A, RAEI ie. SRE Ae Art lal Alta Ds 15 IF 

AAA SE Tal ASCs AE 7 ER, DE BT H SRE Sth viz 4 
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SRE Ally" in Wt Ae ABA Dp aL All, AB BAL. ORR ERAT 

DEW TP RAFI AESOP CAR SCT TPES ye Ee AE) AT EF RE SP it I DB 

ae, LEM AZ al tle 2 aM 

SFTE RY ex A ——i8 4 EF iE 
PRE — SAB AY ABE on-call (A Pte (Re I el. (HAE ASK ee. ae 

SRE on-call WHA RA RAT AWE? SRE ABS 4 AB tha PO BR. CR 

IT le] AER VEE" ARIS See Aa Dla, HAE DAGELAR Ala Aas. we HERS A 

ATE RURAL IA aT, APS Se BK 

Ay SE Gx PP La, PAPE Hl] SRE GABA AZ), PRUEBE TS Le a: PE EB DBS on- 

call —iK, HekfAK. RE RIDER UERIBA Be i AE BE PO BER EZ. “aries ZB” 

(UL 28) hee AA Dee ES MAMA). lal, Google i 4E sap — 

URAL BK 4 ZS a] HME AZ >] (DIRT), EP RTL VO TE ANSE br PERN De ME WE TZ (BS 

WL scHR [Kir12]). 

ING 
AT HPTIONY on-call (A HIRE, 4 Google SRE FAAB WH SEA, xe RB 

— AS a FEAR AIS AE TES. Ke ERR Google UAH LIL FEMA PE 

[ra] eid, EH SS te Se ibe A 7K. SRE ABA Sit ot 9 20 A ae ei & ATP 9 oT REA 4 

AY BAPE A ay Se PE 

HR PR AS CHE BIN BUS A 2 AT A BAZ IT (IL A BE on-call MRR, {ze 

BTS. 1 BLA TED LAN A at HHS AY on-call teste de HE SF — 4 a] SZ OE 

£2 SREF¢ PF RHKBIZMHKRAT A, ALAILS, 



[133 > 12% 
A LH ai ia HE 

JE: Chris Jones 

tT Ee, SLMS RAM RIOT LVMH ARM RARMA RR, Kik#AS 

RRA VY ASHE IE LVEF AT 

Brian Redman 

ARERR, RAEGARLRK RDF MFP, 

John Allspaw 

HBC Bis HE Ar ae 1s AE Sy A ST A SEY — SS BE HE «KC HE ad A A ce “9 EO. 

ARENA, APPEAR A 0 ii CI Ne APR JED GL | I Ape — 4 28 i BE A 

BREA AOR BL, tae — ARR i TA BIS, LSS RE “fel” SSE 7 Hc Be HE AE ce — (HF AR 

MERIT «1 RR MR RE ATi Sah 42 TE TEAS, BAT i Ba HE AE at Fe ee — 

SHLAA RAH, the — ST LA Pe EH 

Bt EA ie Fe AN EOC AE BE AE, ee LA Ak a BAB fp PT I ite SE PN 28 FF 

1. bid FAA ic Bik HE AE eh RE (AN ee EEE AS) 2. MPAA BY ARSE A, 

Te. SPR DA (ie Sea FA PE dag Be A Be tT Deb Bs ee ae, A Fee LI 

AP AWE FY ne TRACY. MARSA BIS TAY SMR TE TERR ill F SRE Xho A Sela) ew AY A SCPE 

AY ARGV Ta SA Ae SEE JB YD RUT ee AS AY BCR YY 

LE Be A — it eA PS AS AY BES Eo DIK St RAE HS AS A 1s a BT LAS FA ES 

Be Uitte Ee A te EA. RR ORE a ERE. eA EB OR 

1 BLP WH, RAMA KEHSTLF RA RRA I—-VARNARA IE. 
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FETE 
DERE_EVE, Bed OCB HEAT it Fe 2 SL Bie SS RB Be - HEB EB RE 7 Eh RPE A 

ZH — PEW EEE AR AUT I ASUS ATLA Ee A An, Bed ANTE 7 ak a SE A 

AB Be . WE rtin Eb ORE ae LEB cE FTIR AEBR 

An 12-1 ArAsAO PRAM RA, FT Ma A 2 le] FR EPS EE, Aa 
Wilts (telemetry) ? FIA BME CHRASA ATNIKA. FEA Re AS ee 

IFT ALT, LARA ee, Fe 4G ay REN EI. 

12-1: BRASH S Ties 

Re Pa, BAT ATLA HLA PP BPs ORB Bee Br PFE. AT ARE RAT Be ie GE <135 ] 
BY AR SAR ASEAN EE. ER SCRE OD SOPHIE GR. Bea. eT AY LAE 

BAIA “AIT” AS. WA AR SCUETT PENI, PRR ENS A. 

BAG SA BY ALE Bea) SEF a Se A SE BRAS, DA Be ate ke AA SETH] LAY PY ETAL. FA] ea 

PARP SRP AEE AP, ABA eS MUTA, ABR PARAS. iki, BEAT ARR 

Zu 1 fir et 3g (abel, Boba, FFAS athe. SR, FERREIRA AZ A, 

tH HY LAR Ee i Wits 1B 3k — 2 Ze Tin |) el 

Fe DL BY Bes Bt 

5S PR AA AY HE Seat AZ HR A HRP AR (triage), HERP HADL, £% 

WT Mt AARG T Mme, FRAAT APR LOB, RAMA) Se LK: 

i 2. 4 https://en.wikipedia.org/wiki/Hypothetico-deductive_model. 

23 Hilde, %1OFRAY, AAASHEBES, 



© KETBRY ARMA, RA BRAWLS T ARARAEWEAX, RAHCABRN 

A ie) _E i ig AY TA] 

© RR EACKARMR EEA. MA RAR AREHAR, ERRRRES 

Ay He Ml RAB AE 

o PMN PH 4e HART A (ldo RF TA AGE HE RM, 
ZRRATHRAL, PCRFRBREAS A MMR NAL), RABSERE 

ZA VARET HAAR A, AA-BREM—-K, MBATRAKAZ. 

© RARASY MAB MAMAH—HPM, ARAVA RSAKHHRER ANS, 

AA LH PMR AHT SAMAK AS RY, (bode RMR AK 

WUT, Aim RUA LA, TRARMAR Rak PIAL, ) 

KERB 1 RAR IA, SLRPMUP I ARMRTRB, ANT MARAAR 
BH ORABA, SERB Z AR, BRIE, RAHA MARL A oh LARA 

Fl—#UR BEY “UHM A, SHARAD, BHAHB,” *4 
HALLLZEHR, SHAOTRMAAMHR, ANMERAS ERG BHM 
E , 125 

BB, ANB, MXM (correlation) RFF ARKA (causation), *°—-#F 

RIL ILA, Plo Re PHI AAL AMA FRMEMAMAET ERO R—*>RAB 

Ba, Hede B, PRAKAAMBHRAERMREMAMAYRA, BZ 

WR, RY, MA ARBEMEY Koper, LRM KBR, Ered te 

ARBRE. RTBRY, RBS, EMR AFR p-—HLMALP RRA, *’ 

SD AE AR 11 ER AP RE RAE PMA REN AY, LT HRA aH 

jp] a2 B) fe1t BML ES, 

RG hedndben eee WRayiaL the eey Han cae aE 

iz 4 

1 5 

iE 6 

ae) 
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4 Theodore Woodward, SB2=MAZAKFRFA, 192240 FAH, TR hittps://en.wikipedia. 

org/wiki/Zebra_(medicine). (AFP ZSNHR, ARHABAPR-AMMTHSREERT. Plie, Aas 
TBAT RE RAR P, APRN BE HL aS ASE SE HT AE AY 
uF 4 #) 7) 2 FZ (Occam’s Razor), WF # I https://en.wikipedia.org/wiki/Occam%27s_razor. 12% '& & 
ZEHR, AAPTRARAASSMA, LHAAHNRAAAAKP HA -AWNKES EMA, 
HREM A, TTVAMERAAANMORA, MRRARPHRA-ERF UMP M, AIR T AY 
7] ML %, AIL https://en.wikipedia.org/wiki/Hickam%27s_dictum. 
% NR https://xked.com/552« 

file, AMIE LAE AH ZARB HAA SS kh 5 PHD &%) Fb eS & 2000 FF 2009 FSAHSE 

Lif F6S RAKE (1°=0.9416), & FHT AW http:/tylervigen.com/view_correlation?id=1099 

| 12S ARN Fk 



ra e 

Se 

ESB, Be HE Arh Be 4 A AN — ce FE RL PA SE OE. A EB HE 

AYES el NUE it AS, WRAP. 

ARE TRS 
BET AR Se Pie AB ee fe tee. EA PE, UE I SE “AA 

SURE”. AAR A Sie META, PME RATA, Waa. 

PUT UL, EET Ee ARB, FEET LR RASH, Plan Bug 

IAS. ARS APA AME A ce ee a) Web Wete fa Fay. lnllbh Al oh Berk 

AGB tt eth. MATA A Wahl te BE BRA aT Me ARG ES TA, xk 

HL AY LA BO RIL AR 

ft. Google, Ate Fileth Fit 7 Bug 26h WBA, 48 FA E-mail Al IM WB BR 

Fer RR AE ab oe CRE eT a) LAS A Vd RR SE. ERE SA. RBA 

BA 4B AS ie bas a EL LARGE RIL,» OPES SE iP SE RY EE REEL Bug, 

26 PE AR eR Tt LA Se REY HD SEH ELAS a LR A AR AY A BA a 

Hk, mA A AMBER Re (ZL 29 EE). 

ThE be MS Fe AR SS tH [el eT! 

AWE LR RIF on-call HMMs EP, MRALZ) T —74R SB. Shakespeare- 

BlackboxProbe_SearchFailure : *RY2& BAAR ALK S DHAWR “the forms 

of things unknown” LA SIERRR, REARAM AMS —+ Bug, AN aw 

HAT & BAR 2 AW URL 4 on-call FHM MARR, HFFA Bug KS 

Tir, Aas T |! 

rE {i 
SOCEM, fe PRA Re Fe fof OE Trad ell YY FH EK A A 

fe], APA Taya 2 oe eee RE Pe Cn a A I RS Se). A AY 

[rR Ze FAP ERIE AI ESR SS AY AS BT PP BS eT TE AA J BR Ty LP FG ESOT 

AAA, we WY PW] — 4S 4s SG a OL Bae PN (Bs WU 14 et), THe th) 

FAM [ia] UE AS es Ae LS 7 ea es EBS LT, TED, 

fig Be RE ae EUS iF 

18 YP VLILAR RA RIRS HARD Lak [Tat99], RT EES EY RS 



CE AYIA, RIS — BN BY HIB nee 7 BNE ae ic Be HE AE ae AS PR El [AR 

AACE RAY! ABE PM 

TE ANY A IK AE: RK TAIL RAKRZRA. Ka He HE eae, bea, HF 

FEL Pint fe AA Tia] el Ae Se dd FE ft ach ZEAE A CPE SRE, ak RE at TJ A EAE 2 Bal 

Bile], Beat A AA SENT HELE Dy ELA RAR a DEE AR ET PT HE RB BES © TE 

Pte (aa AUR AIT ee, NEE ARSE OE ee i EE fa B.S, PR ee fic I el 

PT 5 Z BT R FE ALD, PERNA AGS, Dr Sek 17 [A] AR DAD OTT EA 

EMR CT AMR HUES, ESR, KAT ES ERT RL RT (SB 

SCHK [Gaw09]). FHLLRUEFREA SS KAWLK aA Al, Bch ARBRE A MTS 

{Te FEE PP LAS : WR Bug ATES BK AI tk BETA, IRE A 

SESE LL A SARA 1 ER 

pt SRE Kit, Mw MABE RA, SARA. SATIS AAA ET a EAS A ee AR 

Ue EA MELA TRS 

‘ & 
BA HLA HAE RIE AAT ELEN TARAS, DME TREAD SEAL TR A ETE LE. 

fEPRARG UL. MPR ASidk SBCA He, BO 10M PPAR. KE 

Wee ta pave $< 2 [al ea EMIT aA. AEA A BEVE time-series Fl Ze xe PE ESE A SZ (F LE 

HULA eI, HTL LS eA Ae PE Ae PAR 

A tice OP —-PICH Z K. TE A EP ae ET REY fk AT PE STAR AS FI LAL 

fie LE SE BY Zl) RE 7S 2 EE REBUT A. EERE AL, ilk Dapper (BW sca [Sig10]) 

$e tt SAB AAI SM fos Bat CPE OLA A sk. (AE A Ta ns BEAR AA [a 

MERE ASA Bett (Zs WU sci [Sam14]). 

As 

KAA SRK ASE AA. HA SRA 1H Kt Hl CH TR 

$4, AAT A-LLART FED. 

AEP RIFF AUWRARERY, KEATWARASAP AEA, LAD 

PT VAGE UR AA Ee st 42 0 OLE af tot KLAR SBR, PLO EE LH 

EO nS HEAR AA KAT Ae | 

120 | 128 Axa Ree HES ER 



SRAERIZAH, BAAD EAMER, RERMSAHAZK), ATRAA RE 

WRAL, Pl4eA 1000 KAREITR—XK. 

RHE—-Y, MTRERAASAAP LHRH RIA BR XK RH. X 

LEAR , Plast y® Set RPC PARKA) F 1024 F HH, AH RBH Me] 2B 

it 10ms 49, AML Y rpc_handlerpy # doSomethingInteresting() % #44 

VEY, HEIURAARRH BRE, Rik, KBE. 

aes AIM ASR AEA TBA. LER, Google KEIR a LA — ARN im Pe WL EN 

BY LAMA re PCA) RPC REM A, . ROPER ATLA He SAP AR SS at TELE BLE DL 

avd fe» If AND AE Bel AS A SCA 

joke We IML Gas AAP AY RPC HRA AERA EE, BORER LL Beak ae GOB 
ZE RPC FF fElnpa. AN ASE Ws SAS AAC Ca. arte tt & 

WRG O. ld, Google Mf) Borgmon fk (BW 10), 

FAR LU SC ee aie, ELE IC EF LA ER RAE — 25 BU a A 

Ay A ie as oH 4 Bat 

Ba. VS) Rens SEA —PMAARRIN ARE Pia, DAE T fei 2 EM ts a As 

Bll Stata. 

| 
Vane be FS ARS 

¢ | Bug PO ZAI ARAA RR, PARMAR /api/search Rik J — 

A~ HTTP GET FF & : 

{ 
‘search text': ‘the forms of things unknown' 

} 

TRA ALJ Ay BAF S| —7S HTTP 200 2h, VR—4A JSON BRK, HALA : 

[{ 
"work": "A Midsummer Night's Dream", 

TCE POO 

"scene": 1, 

"Line": 2526, 

"Speaker": "Theseus" 

}] 

REAL PREEAADRPEM—Kh, AHK1IO PRA, KM—-FVURM ARR 

T, @RHRLAETA LY DPA, REHA, RAR RLAS HE SRMAM 
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A, AIRES AAR, PMI GARPPAMITRI FR, AURA SIE. 

ee Curl, Bea Rey KR. RET AAS: BITP 502 (Bad 

Gateway), WRATH AE&. A, ZR LST —+HTTP X, X-Request- 

Trace, LP BWMSRPARKRH ES HIS SHS, FARMER, TA esx & 

Ee s\ILF SRELYE EF 

iS 
MAST AI RA Sf. ee EP ORY A Bi AR Se CH BAY |) ell Hee He Jes AB YE Be PB. {ze 

1X FA — Ba FP Be AT A FE A TR OP tee EB 

fal LAN 4a BE 

FLARE OLB, SEAS AL CE AD AE SE. TE ae De 
We ARE a (LE BAIAS I, AEE IER, IF RARE 
Za). BRA THB AT Aaa ek RO A EL Ti ee, BA ee Ed a EY HR wo 
(PEA IEM LE. HOMMRAEMABIAS HT, PERE A IEM GRE B eM 
TRA — AP), EAE AARON. FORCE EE RL SR. MRA 
FAKE MK Gl, WAV RRKRA BRAD. HA SIMA ATLA PARA PO 
Be. IRAE Pop Sea A WT A AE Ais PER IE. 

lH) ead WE (Divide & Conquer) thre —4 EH A FAG RT SE. TE - TARAS, 

EE Atta Be SALE SET ESE Mo BRE TEI AT EM AR SEN id FP, RE 

ae — TATE, FBR SCR RIA © OREAU SMR AB i 1 BH A at KR. TERM ASEH 

Pe EA F,. PILI tae (bisection) HARAAM MS, WAU lala ATE 

Fy HES WEFT 

“ATA” “RB” A ALTA" 

FES SE RR, RSL ATE EDT SORE, FALSE BREN AL ORAL SED 
PRE. IRM ASA WIECEDT “HA”, PRR ASE “TTA” TEZE 
HERE, I RRNTUEULABMTE TUBE” ATLA BIOR TARR Tt tg. 

£10 ARS WUE, R404 “Five Whys” WIR, TAU CA [Ohn88]. 
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Xf [o) EN Se BY EAT 

BS : —7s Spanner & #F k MRT RYOMW, RPCHRBH, 

ACTA +: Spanner MF BHEFS KP 7CPU SHY, LAAMAP RKO, 

MBE : Spanner ARF BA CPU HFA T ML? hit RAF (profiling) Bee KE FE 

AGA SURF, SABE. 

PRE: RHE RAL PEAR DAW ERR? AA-AEWMAKAMHALEY, 

RAR: SSGHEMAAA, 4 HEA OH (backtracking), AXRGPFRAW 

ha. SERA RE2, KAFRERKRADH, AHR BAH HM SHAZAL 
x2. i 11 

Bla — MEL 
URPLARA EEE > BUNRL, IER LMU APLAR TL Me, BIA 
Sh SSB, a — 7 We CE Ee, PAR AR ES RE A AI Be 
FY TER EPL] AUR A). FP 

Wei APA SEPIA ES AE A De ES AS Te he EY 

Bro ik LRA Pig RNR ERE, ABI aT ASR A EB. 

Rt ARH A eee 5S AR SRVERE AT AE LE, BT RELEER AA. len, ZEMRS BY ees 

DUE, Pr el LAG Ae SEY BF ee 8 Rl de UB Hike AS EY a So EY Va] AZ AR EY Vd os i VE — ik , 

Au] 12-2 Aras. 

04 
SS 

2 03 
= 
S 
ee 

el kre Accepted SLO 0.1 

6:00 12:00 18:00 
ja 

12-2: HPREBRURASA sels elt RAT IG) 

£11 PCRE AH HRLEN AKAMH RT HE B15 KA], RE2 FT & hettps://github.com/google/re2 F %. 
£12 ak [AIS] PRA A-TAMRAMAPA REAM. 



id it F 4) 1] /api/search Ri&—PHRK (KLRASAM GH “AAGFLCLREMRF” 

MAT), FAMENBSRKGALP APR ARN HRS BS, TVLIL Rae a API 

AY sm BAe RIM ALF bh ML AAA LE: A AWKRARRA SKE IMF SB, 

ABZ BARA HARMS. LAR TM RAR P AIF BE, UDMA S, 

KEM Rie RAM IA, PLA Ee in RA 0 AS 48 AE 

Et XY VE Hb tT IS a 

He PR iil WA Head a PPE TE AR & Tel EAR AH, TE EFAS RSE AY BT TA 

AIST ASA AHH. Google SRE 424% SARA MER MTA. RS TCA AAT 

Fe TREE AAS (EE EAT) ABA A A SEZ MA) or TRE TS, LA gah 2b BIS 7H 

Min Fes 
AAS PAB BRAY FT ER AISI Ze, RE POR RIB IR AR BA A BE 4 

Vell. What 7 HEA PRA IRES. ATLA AA OPE PIAS Ri. AEGIS, 40 

RUA 7S BR RE HP ER os PH EZ. WA) A A 2 En] SS BY, AE 

FBT e FB EE SB. Wee MM t yA 2S AY FA 2 Ss Be HE EY ES 

LEA MRI. ict ping AH EIRS 4 TAMA ARI, (HE KRAFA AAS 

[143 > deepnsi. PHAGEACES. tA AUS. FFA IRE RE AAT. thea AH 

FAL SRL. 

FETT OWI, APRA I IE. GK ZEW A) BE AE I LAY ping MIR, Bete 

BLAS UMA, Coil ie A vat ie Set — 4 TE Ven RY ASE Fe Ae Yt Ae TK Pd Be BL 9 UR 

“Fi |r] el. ) 

© — EAM A BOR PE, He Te I, TR AB HE, Te 

IT ALA 25 Sb —- FB © FESE BR BUT HE. 1X EE BOWE. 

© Fc Mie A RETO: FR AR Ay BE Ae AE AY I aA, Teed 7 ET MT HA SEA 

Ft or HE | SACU Ta Dad 25 Ee AE, FE ar BR ne: ee BCE AY CSC PE Be Se BPC i 

HSE L a A] BE SE A PE 

© FET IK A HET AE AR PENSE A. FAH: BRK RAMU AY ER 70 UF SEE RE ee IP 

Vile], Pre pen TPE pL ping Beta A HER AM, 1 be A ARS a 

ping Bt eh] Exe DY 

© PT WIA AY HES eR UE. AS BA: Lk 7 ER A & CPU By REALE 

PEPER STR, th ay BE Ss Se Be Be a oe Ft la] pa WD ER Be OR IST ) 

PEAY, FEI 47 POPS PES oS oY RE ZS (8 SUE WT) eR eS, TL a 9 Ok 
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FRAMED BAH > Ae [aE 7 EO, AE AES Ea A? 

© REEMA TCE TS HH EMER He, FOE EDOPENS . SERIA ACHE Be 4 [a] LY EEE A 

MELA TE BLAS , IFLA OWT Be PR IE AS RE FR BE A BY EH 

FE VRE ABS: BA ie PR ELT SORAEMMIN, DER REITA. PIES ie 

Ab FH BE 4st ARAYA , RAPA CRY AT ALE EM ARE, EG Sy. 

WAVER SR EASE. PANE SERS IM STOUR. FRC AIRY Hh ik HE AE 

DT A 51D Jit BY MUTA RAS. fd BIS AT EK PARA AS PF 

qf Sy AY 22 28 SR 
/E%: Randall Bosetti 

4a te: Joan Wendt 

“CUA AL” fH — Se US AR BL, AR A. UK A IR 

STAY, RP AS. WARES MT PERS A dE tte ATK A ER RAIA A 

Zito 

AMARA MIZRKAR, MaRS, BHAA CM eC KR: Te fh 

WAL 2 AS FY A 2 FE a MEY oe ET] ed td aS. 7S ABA 28 i Td I Ay Sv RT TA 

Th Tal ay PEPE, PEE — 77 Ie a ee AA Rk BH Hh — 4G Id EE Me. 1 

[ra] ed a8 Fa ce AT FH Fe 

— Tink Ser A SAY a ETA KES He IA RAE EE A 

KA. Beth POT a a A ASC PEER. 1K EE Hi A HE OS 78 BE fh A ee te A 

Age A Beth ae Et — ih. AEP, EME Ae BA BY HE RE EAE Web WR ai 

Pl Ay Ea ed ot Ft ae iJ HE DBE 800 SFE RETR, ree SEY 8000 4. 4 R—Ut 

KEARSE PEM Web Ha ahh, FeAl) ay LAE te Fl FZ YS 2 ARP TA ae AA SAT 

fet TAT LARRY (a) BEND IE A EER DF 800 4 (b) BiGE 4 [) a LZ RRR POR REE 

7 (A 

we EE GU BG AS TC 1 Be tl A He Fd FD ee A i eB EY BH tT i Ba fl A 

PAA, RES ZB TAY Ie]. OO PEE MIR. SCREEN eB, WR EA 

A Se ert AB ik SF BATE eb De TY He ie TAG EY SIM A RS TEE 

AA ay Se. A IZ i a RO i AE PB 

£13 RAR HRAFAFLBTVCRGAKR HRA, AFG BHR AA. PNRM SE 
MH FAT HMA, MINTAT MAN FSHRR, RKHERATMHKAT PAL. 

%14 FRASE SH “HTH HAR” —F. 
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TAMARA BAB MMi, AKA LIER. Pla, PEneMIA LAA ie 

HE BMG ait WAM BFC Re ABT LAPSE. (RA Web WR at BLA HABA Apache 

Bench, 7S AMAA SRA . BIR — AUER AAR FY EE AS CE 

Ay Ty Bie SS He Re i PE A YE EE sd eae hs BRA ITPA 7 FP 

FAA AAR BIST TE SSD b, Beton eae slim. (AA Pe 

APRESS. A LEMIAS BUI A BAT REE BS RAN es EE LR 

AAANDBRA MTR MT WA RRMA. ABA A Boe oe Bi Ts AAS 

HAE Se Ch i. Be AV ER AE A BP BE AR a AY hd ET A Ett, A Ai 88 52 AS A AT BE PE 

ERE. ZS ti tA BH Sie lo A th A tk Ze, Wit 15 A EP TL 4 1 ER 

SRE CSW RASS AREAS KM, REAR AW ee erste 

PENI GE TT 

DER MARR — SUMAN ERE, ABARAT BER Mh AS. SRA Ai 

EER AI ee, FCA ie Be BT I AIS TF —- BRA. DAA PMG Ae RG WL 

FAD, ER Ay fa EAE Se BS ie “SE A EA A AS EAS FY BE CD, Be Ba ft 

(VEY) be FT 1 ne EP A, ER AR AS HH BH. ALARA A RUA 

RAK 2 A OTE 

ET ARMIBEDA ThA COA . FSAI Leos. Se PRATT 

ERE), Tima Ar RA aT A, RET TT RP IA ABE ATE. EE fal 

BA te BI FCA EP CAS. PEREDE POC PALA Re CR BE, A] AX fs SCE A] FE AE 

we tive, hay HE Ay Ea TE Ae BD I 1» 

Bon, AFR A Cit tt IME ASS LE th A eh ARRAS IR EP 

BRAK UL P, SUE A — AS AT HEA eT RI Al oe BP — 4. POA, BT AR SEE 

FEY IR i vee ea AR DR © PEE PANG PT PR aL ae BEL — 4 a ri PS LH ait Used FJ 

le RRMA 2 TRA POLS, ed 28 Fe JA HE 2 SLT BEA A 

° AURA. MANRASTARERMEASMARAG. “MO RKAR HE 

ESE ORI , THE UE. “EAT Uh PR ERAS PA ZS BIE 

© AF PRP SEMEN AMMHRAT EM, BANARAS TRA ALKA 

WPA, Bote AST, AEE Tahel. BN RA — BBE BEY Be iil 

AGM HERS — EE, [Ene ris BEAD AT HH — EY BAS 

115 KF HTM ARR] KA TAR [Meal08], KT FRA-KE RH AZMARRAEHRRNAAY 
Ay IRE, TRA LAK [Co004] Fe [Dek14]. 
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MR eR Wine TARA Se re LURID, EAR ae PR ree UAH 2 Ai0 [] ed 

AY, PUP ne MAY ES A. AIT IE ARR AEE SP OK. ES AE. A IN 

RAS ETRY! (SW eR Ae i, (Eek Bd Cel aA SY, ARS 

CAKE » ) 

Ul SP AT 
App Engine, *'° #: Google nit@-F GAN—Mb4. App Engine #:—* PaaS fh, FRE 

By LAA FA 7" in FA Google HY AE te 149 ie He aE A LARS. ATA Pee I 

— Plate. FPR aU W ES BI TASER. CPU (EAB Rie tHENW REAM 

ba TARE ETA REE AAR SEAS (CMS). ©" AMR PAE 

Bl SUE te (Ae Pe BC EAMES, TAI App BRAK PitmMk (2B 

LPS 12-3), PRO ATIAR AE XE AE App Engine Ik A ie KAY. 

2) 0 “” 

Queries /s PA - 2 } ais k Ui gess . wht ; Seam ie aa A a aie Og tetas “ A ih in ee | sais Pte a FIT cP tin ttf ee A panty. dat F “i 

af i 
r Sar WO acento ae ee, Ahr] 

iw) 

18:00 18:30 19:00 19:30 20:00 “20: 30 21x :00 24:30 22:00 22:30 23:00 23:30 

12-3: MARES VENA R, GNb-TRSEAIRE, BR RKSER. 

BUNA on, ARP EIB LT oP Bc, BN 12-4 At. Suclale, CPU 

Ile) (Zs OUP 12-5) AUURS WERE (ZS UL) 12-6) JEP PTH. RAH be AEE 

ARPS A ln) el, ee cee EAS IY Ta) J 

Latency (Logarithmic heatmap) 0 —p95 p99 p50 ~p95 Pp 

18:00 18:30 19:00 19:30 20:00 20:30 21:00 21:30 22:00 22:30 23: 00 23:30 

12-4: ARP RIRS, PRW50%, 95%, IWiGRKHCR (MKARM) , ANAADSS 

Mm SHBEN AIK THIET. 

1216 4.2 https://cloud.google.com/appengine » 

217 AA Roa Fe ACT REV), RT RA 
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CPU Usage | 

MCycle /s 

18:00 18:30 19:00 19:30 20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30 

Instances ~active ~ idle loading 

r fi 

i uel i ih Ae can eet i ER fp WW teed CAPRA Mule JA MH 
0 comes BS NCS tert Sian Notes as etal Bact BAL HPANS Pfs Sl Bataleon Laat Amr tla DY anni itaannsnirninl th tata anat 

18:00 48:30 18:0 19:30 20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30 

412-6: WHEPsThNKENS 

i AG Uk SAE ER EY PR ST Aa tt ED FE RI, ah AA SEC AY BC aE 

Pit. Bear Ay LARS SD HR ie A SER ESD : SRR App TE 20: 45 HelicBi] AME EL Vat Bt 

BY EA SRR RE or DE Me PH, TEL a: BRA TA Ay a it a SE EI 8 th 7 1 Fel BITE FH 7 

Po IRIEL PR AND TA DK App FE RHE ZS BH RAR EG A ERAT TIE Bt Did BOT a BZ 

KR. HB, App PEREIRA AE FERN, SIA App Weta, tie Ar ABE 

S7EDUT. App Engine IRS HUE NY (US Be oh AAC eo ERK Asc FRR, AR 

1% Padi ARS EI, BUTTS Eth App PP Gatr Ellen 2ets PF) ABE 

(tot. Rift, BA App HERE 

BATHS Ta FRAT F App Engine WF AMI, Life Bo Ae Mike Pie BI 7 Ak 

Fy HAMAR SP I APE IL. FF BS ABA te ACH FR BI EE fa BE PRIM. APIA 

SRE EFAIET AA BEE fit API AEE (merge join) FHS HARE, wma ite 

SEDATE EBAY HL 8 5 Tad. Aik App 1 AY Bea hee PES I — SK 

ae 51 HY LAIN IK PEA i), FRYE LORE. TEA DMR ES App. (Hee Belli Sed BA BS 

Fa VE TG Ze TA 5]. PRG UTE TP App AY TCR tee Fi Be BE Oe A 8E A 

ix, Fee FAA Hy HY TB: Dapper (ZB WL sci [Sig10]), ay DARReR 

HTTP Wak AAR. HABE. Be FLERE] App fQhGik BIRR, BETA 

Per Fe: TAHIR a RAY RPC. wiwix4efe eh, HERE BGAIRA MW RPC tik Pie 

ARB ES IMR SIRE, tech Aon FAAS ZS SI 

FEV Aral Re. BoP BEN Be BL PEE AS CE UY Dial, BANA A, FRAB eh BE A 
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fe tt, tod be. FEA ASCHER eI, Fe Bk Ae A ELA A. 

RTH AS S Be Wes BIA merge join FIZEIR LFF AA TAFH HK, HPI I SS S| 

PoHEIR LFAWIFRVCAL EA HIR . 

Ml OY iat AS OE OR Dg RE he A, AE > RPC HEB AER ENS 

(memcache), FALUEPR ZARA. EBL. BEEVPRINMIERTe, DUB RAC 
fee. Ri, CE App ec SEI AIH 7 RPC IM, 4 250ms WI IAl App Z£ tik 

FCC UNS. DEL App Engine ja fra A PEE (RES, SRE FIBER A ae ike 

FRAY, PEA Be AS Ae x BI I] App FEAIT A. TnleE. Dapper th REAR BD FR, AA 

‘EAE ER RPC tack, foxx Belt] App 7A RIK EE (AT RPC. 

ETA REIN EE. Ae TK, REA RE. AAP PPA 

Zar AFP LER, mE A Ae & IM Tal 7 HE FRB A Sx a. FAA 

bet App Weve, [Ree CPU Pt vie 7 ESE PEAY. EH i, App WER 

(REIT RSA E HE, AA ETL. RANMA AKEEA GBH. ADIL 

MM App KE, mB TA Dae Hh a ae ial we. 

FEIRIY , BIBER App re Yb SE I A TR Ee A I Se: VE 

AYA CAS. TE App HERR Za, RMB T App HAGIRG INS RAY. (Be 

AV3& 7 FS DM BE FIP AN EAA, TRIAL, Bed VAR RUA eR re PR {AE PT 

AVR FAR AR — PS OLE | App KU —P 55 Bile TRA RA aa. BR 

Fen 5 16 HE BOE FAR TEA TEP PRIA TK Bl AY AE Je SRS 8 CE AY BO 

i ALATEST, MPA i eT Td 28% Sc SCE i I] GP BK 

AFC HE UE AAI Ae AAR, TEE Tie LY Joc ASK 

App FAA TES Hn Sebi, FP BEE App MA BUTI Tal. fA RES BET 

RMA AN —TAA IE. ATER EAE ARISE hE. AT HEA 

SK FEE RZD BERS FOIA FF AFAR AY GU] Be EA PR. TRE ERE 

4 BLE EO EE EIA AEP 2 IER App FP EDA SE al Fe PIR BE BR SK 

BLE AN IE EAS a ET HL EL ee AR EY TR RR 28 BEE EE 

— Beas. [aR vB > App ARERR Ae AE EIT RAY Bug, #8 

7S BR ERG IY, 7B A EP a EO. TI RE ECT EH. TES 

FRR Za, 7B tte AE RT App Ae Adele, FOE te BEY mall 

218 RRBA—+ARAAN Bug LRHFKABRNL, RSNHRWRTA Ce Bug AKT. AN 
BAR, AAT ERE RO LALIP FH] BARA RAE, 

1419 44H (datastore) £7144] H—+K3) HLH] Amoesk tH, CA-YHKLYHRFARHRZRARH 

for MAAR, WRBOERKERY, RAND RZREHRAHZAMM, CRAKEREDENALF, 
JER Fo it RE AFAR ES. 
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FA iin 1 Fatt Fe TEP DI APE SLA PE. BETCHA A PF a i 

AED a BRS AE, HS EGY FP. RH Ee A AE fe] RPC ik. (BR 

Bug, MHER SOCAN 4 Ste Za, App PEHEHKAZ Bl SIE AE 

(5 POC Bes HE EE fj A 
ARS HE TAT CAR CPE ee. A HE AEA AE 

© FEM WEEE. FES LZ Aa EF ELE I ee Ps Fa Po A 2 AC A 

© AF PANY. ULES PEREZ Ee th ARSE 

PRUEIX EE TEA BEE TE ASA ee. Bilan: EA ME— te tric Bt A 2 fF 

PEIN ATA ALS RPC. Re-ASCHR MIR Fee IY LURE A A Gide SP vez RAR A 

Whe HY Be, TMG See Be AKA 

ACR LE AGERE, LAR SECS ZA SE EBA. PT. Eel 
PA Bei ei Head 2S AT DIRE BR MCB AEE. LAE LL BCH mE WE A 

AS 

Baler ve I He we PF cb HE AE ack Fe ee ta) LA) RA A, PB A BT A a 2h ET] 

el. AP ACB HEA I ASCH Be, i Aye ee is TAZ Se, READ PPR cE PRA RS AY 

Hix Pit Pk 3 EBT TH] (MTTR), ita PRAY FA te BE BE FA PE AS oe 
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$136 = 

$a FFM BY 

/E%: Corey Adam Baye 

yet: Diane Bates 

ARP PIGS, CREE TE 

NE TAA BK, WSEAS ZWEBER IO a ae: ER ek SO Il 

AATVSMAL TAILS AE BE RR Ee L. TE EOL Pt 4 ib Be 

PY AS Dt HY WET SK eZ aE AE I — Be Hh AY NN AR Ae Vine ts BE ZN a] BSE SR 

BEAR sche. TnI 22 — FERRARA. BER Bla — PAT AT DA BS, AT A 

er FLED ot UA OCH OT PS TROL, ME CRS Aa A HY HRY 

1S Reve SAM et SS AS, PASE Ab ch ee RP ELA, AS 

HA bebe SES Kb RG 

SAG 50 Oo EM (a) BAT GZ 

IC, ANDER TT! eA ETE AR A ee (EAD ANS 

Pa ZB FREE AAA TE AD IG PEAT LAY WZ 6 LE, BCA EY [a] el — Boe Ai Be 

FORA BR feb, AE RAL ASE EL Pla. me AEN TUL BHR ey AI A fe 

Ihieke £ (Google WAR RUE A AE RHE A B=). PTA RIR— A, BEER. 

Tea eat: WARE SAB WERK. AMIR, HBTS aly 

ASTIN A WERK. BWR VRAIZS Fi] LZ er EME ate (BSL 14 ee), aK 

or aan Ff Fee HR at Fe Ty SE 
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i) is SBC AY AX fe SL 
Google 28 7h E ay BETTE MED BEAL iy ek Mn PTs 2] (Bs WL SCHR [Kir12]). SRE WBA Aa 

Ae, PR ELT FUCK ETT TD LAGE ee E. KA Beil we, 1 AE RUSE AB HE 

FAT SWEAT, A pm MUIR Fe Se FI eH AA SAK AS ABBE IE TH CF BeAr Al FA 1k HEMT WS 8 Be 

Py iol — BE Fe SENT SS A A ERIS AR. HE FECT RIA Re ik AE Te. {Ae AT A 

BEAT VPI BS 3c FO SK Bas 2s ALA Ae RE 

Fie <7 AONE, TERRA, BAR BL TH RRS HCC 

ata) 
Bet AH BER Bl (CH Be ATA A a) Ti My SQL Se HEH — WRB Je WA elle a 

BR till D7 IAL DRAKE A A PE EI — 4 A FE HT — 4 A EAD BE Be POR AES 

[fay fv 

AM FE AE LILA ARG. ACHEMRSS IHR 2S Fa Py ABA SP RS FL BEG: bil] BEA BE 
Aw. LOMAS IIMB UBD a A. 

SRE BARU AE SEMA SBI, AreAa ANAC ih Fe MMI. Bell A Aaa ce el OK 

IZ DI IAIAL IT, {Eee Rk Db Be SHER Ee AKT. SRE WA EATE. toe AS, 

Yam FRE SF Bn fal ado tt FB eS DAYAL. FA PA a AA EA SE. eA 

Hb ESTE AS FUR AS LR FAL. SUI, FRAUKA LT ate BE Ie 

ETE EMITTER. HES TRIS AY [A al. 

TERME BARA — ITAL, Ar DTPA PR Ae BRS. I AP A ARS AB KE SIE 

FX RUM A ti AR ED BEE Jn AS DE AE Bt a TCE Je FP a ES — RE SST) FY 

wlll EF 7 Jd SO PE OU AL ld PR TE 1X FE AE VS BL EE SL SB Ke FA PB 

Jae TE PE Pe FP Be A IE AS BE PS BH ESM TRL SRBC OE Re BASE whee FE fh TA 

BU 41 A BE OL IE. 8 Vi [4] ) » 

Sea 

LS BF AD HE 
SE BYR Ue TEC HE ME ARS BEIT HELE ZS wa ABE GT TPA BATS OY BE BA 
A ew) PIM Be Tie, PATI ICH FTN 
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Ba HE PNA CU BUS — ct as) RAL RH © A HESS HEMT ALBA SR 

FA a Sb RT, BTA PAAR AS. ROUT HE 2 A Sa HEE TT AY 

PAE RET ARS ERASE FR 

AEC HE GP AO Dy AEST AMES ACT He) AALS PATI CHRD. BA 
HIE TALIS Be Uh eM: «TN RME ACT az TOPE APO IUGR. OR LE AR ALLE aL AS ZS 
Te 

FAS ASF BY HTT 

PATINA CEUE STZ AUETT FADE, DRA VARMA ABE, ICSE 
BATA RNY TEA. 

Be TE ae SF 7 ee ate» AL Aik at Ae LS 2 SS E.R A AUD 

1X Si at Be ASE BT LAR Et A SAR IR A Se SE SI eR A ES 

RA LA AE, SRE PEARSE CAI ie coe ME at Ae EL, RAS OK 7 ek SEB op 

A AAB LA SWFA 

cP RATA CEMA EHF SLA), BEAT RL HE LITE IE ICA, BCT ae 

PBC MIPT TS BEE TS To FRA E BE EA A TR — 2 EMAL RL Hl 

ALES SE tt si ES SS GDS iis HAY ZA ok SL 
TERIA RABE, Google ARB ACB OTE. KEENER HH Sg AR, TRIE SE fe 

FTE. Ay OBE eC SCE BCR SD SEB CHE, BA PETS eC BEC PZ A SIS AT A 

Min. {Ax HA Google Ak Ail ic ite A Be ANAS AR REE. AN RETCA R AL. A 

EPJEPY 1 ic Ft SC AE ie 8 AN Ee EF HTT SET 

Pete — TBS 

2A = 
LE SEAS 7 AE HR (anti-abuse) AUST ic ICE HE IK BTA IRS 

ay Lo XTRA Google Prt MH PNR MA AERA. ik PT A OC PE eh ae 

Bug, BGKZLEM SRG ABUEA SHURA (crash-loop). ALA Google Alibi & Fé ali 

FF AB EH Fe HE ABR . LA SB & AB YA Be HLS SMe by 

PEBBHRNZSSK | 133 
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= HM Ay 
JLEOA, aE PIT aA AE, FARR GCHE ES Sil by. —-#8 on-call Cen lal A Bt 

Ar A aE RH Slab, Pre fe aba ES II MER J (panic room). ix 

lal HAG Google AEP" ASE AEE. HLT ER MR Ae E, OR EA TA A 28 Tr] ed 

KE Six. 

FERC ECE ARABI 5S ar, Bho Be Ait ek 4 CY Te TH Be BL ZS] PAY PS Ta a 

{Are his EAE EOE RAR A Stlela. ALR A Ti PHB ERE AYA BCE, LA 

ER Z BUY TH) ed Tels. MEET, UR IE HTK AZ 

EB —TR AAG 10 Ha, on-call TUNE FRA TB by etka et EA Ras. fbi] 

FF Rea ZS SA eS A. Tt A TP A AY I AF on-call LC Fenix mk 

Sr feeb RA ER, MAAR OABA TST. (he, AHN S iE 

TFA Pe ED SS BY PY Bug Bee BRAY Ac ee, 7S eta ARERR A 

Sa ea 

tS FA eA 

LL PULT AEE RS Google APMARARNKE IS. 

nc. WAAR MALE Slale. (Axe By ikidae PH. FMEA Sit 

fPfE na: RBA em tk, ik on-call TREY MELA , SBC HE IE HAY A a 

aH fg LE ACR Se 

Pr] SL Be ss I ) Zea, AM ae OB Ge, A ee BSS A EP SEAS EBT. EK 

(Iba ASE (out-of-band, fA SA Bta be) PRUE SPER AREF LP. ae 

AS WANE RAPER» KK AA HEME FRAN, SRE Atta sere — HEE AT SEN. {ERAS 

4a Wilh ABSIT. Ae Ex et U0 Pee HA 

FES EE TMH AZ IP, Google A aS 77 LA AFL AB AY i la) D7 AR BAT TE 8 FEE 

ta, a PAF AC 75 5 Va] FVD EY fe aE 7 SET AE BEL 8 KEE TAT) 7 CE i HP BI) 

RAVEN, (Hae DRE i i Se, DAE EO AS ET. 

Google WARARHA AEE [Ib ERE, URC ASL FRR UL, BER fil 

FANT 20s alt Pe ira 2 Be WAC OS BEBE. CE RT Tite TAU il ATE OY a RE, 

ft ACHE TES AT LATE adit Z Bia HY Lb PBR 9S at tp. Marta Tad A OER AS PTF 
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BBcJet BEA TAS Tae TK PLS CATHIE A EU TR PRD) LA DA] yd Pe 
PY Re JIN Pea ae 7e ee EE SC I a I, IRAE Kit Ae BOR. IE ane, ik 

AY LEE RB Zee HES EH Rit, SE FB BL A e282 i Td ce HS Mt 

AR ENB STAM . RWB YS Ik Zs PR Oe I, KL SF BT RES EA 4 ERT TL, 

[ri] Eb 8 4p BEE AAR 

Fe TM AS 2 

CEZAR, SB a LT UL ESA i 7 eENE BIRYS (Canary) JAI 
1 A fk IZ Bug, ly CE ABC UU He ie SCE ea SE RR. i > FE 
Be im]. Uc fie Va), FEA BRU RE ERY, BGS MBCA OL BT — 
AOE Bike. YE ESRB EMME, RNEAACLMMIR Bia / 
PARRA BT MENT RE 

HA WRI xe. BETTS ART REP AE RE He a a AACE A HE FERR 2 1X 

CRAP ICN Be AE EBERT RC De te is STI RD NE a Bs ok AG 7), He Beet 

POR Se BET ES UT 

TE BBR, PS ASE IK ME Be ARS tS, RARE TP A ABR AM DY 

BUT PH. "BPH S on-call CReYMAY CF, TITLE CE oc Se BN Bs a YA) RE 

AME I 

Google Kae tH AWHILE. Be Abad Hy CEB Ve AS AN BY) ail EIS RR TK OE A tt 

VR AIFE FS © MALIK TRAY Be Pee HE RR MARR AS OB, BP TAY FEZ A IE FF SS BARA a 

Die PEF OM AY) PB SS BB 

Ben EBL as er HE NE EBA SIPEG FD. EASE APE AR 8 ek CE A 

147. HE IE AE A KES © (Be SPR IIT. A CY 8s APY BY HE ae 1B] TAY 

Pe PPO SA I eo) TEAR AS — 2 2 FF 

a 
fE— THA EMMA. MRE l— 7 SEE (EBB AY) Bea& SPIER 

RUNES TOBE TENDER SS 7S PERRIN, BIE A SP — TE it Be i 

Bug AERA A BE ALD A A BL As DO OEE ES (diskerase) AYBASIH, ik Bch 

BAA. ADAB AB 7 RN “Att: eA RRL” PB 
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HE WE BY 
te 7 PRR AA Za. on-call LFEIUCBI—T th, RR Ab Bete 

DEA HB PL as ABO PAR, BRR. CRAPO AS AS, LEN at LA RS Bl See 

FEARED A rH. ADF HRIE AAR. on-call CABITAAA ate Sil FHC Abe (drain). 

A] Aik BERL ae YB LZ wee i. Ay SE HERA, on-call CREA A Pie 

Slal SAC thE CPE HEX 

KAZI, SERA MBHEPUDABA HT FHRE. on-call CFVR Ra, BETA 

At LAAs ik, well avtE—-A AR. bie, i eibkae ate Seon Bott 

TA, Ak HALE aE PA oy 

ZE— AS/NZS Fe a eS Te SE RA) Re Tt Sa 8 Fh 

[ra] aL, TAL ee HHA TY tg ARIE A ES OIE He PY. RSP BORLA OR So 

OLE EMER EB FP aR TD: Bei A PED ZR EPIL PREG SE GEE FL TA Ten 

Pe BET RAB ee TEES HRT Tite» FEA BET RAED BH FP ak iE HE A) PK 

HAE. =a, ARULS CeIn. x Pa UD E.R LAR 

Se PR T 

FEARS LEC ee SAAT TEA FE AIBA.. SRE Beth SAA oh RRR 

HERE ITS. MTA ASR, Be oe TS BSI PA. = 

RA, KBR at AK OURS. Flare ALAN ABE TE BSA ee PPT ARE 

EF aoe 

(4S OF AST 

FERS EAU, Bele REE CHSC A te Bl 52 eR SS ETA. Ke AGES Se — FP 

Be te) {REE ) I Ba ZA AN) 8 Be HP EB AR AS Mi] 0 I SECT A a MK 

MY BHA. on-call TC Fe ih He Ws Aik He Pat Bat A) i Bes HST] KA HAD 

FEHB BTL, 1 EK AY Bite Hs BY LAD BE 4 eS Ge Bao TEL pe 2 Bd 2 a eS UL 

Pee ies Be 2 TS — lh I ti ih. A BORA Palle, on-call CREM 

rH LS SEY Ba 8 Tsk Be Ay HAT TP ape rei DEFER 

ABBE POD AY Pe ba ob BE eh Re TE if ris OA 5G Eo MPR BER, ANB] — 7S / IP SIT 

[Fl] PAY AGERE AY 7] 208 BCH FP SL HP BRA Be EAT BEE PE PR 

HRP PBA BI CERT ee A th Ps ASL Tt, [a on-call CFE ih aX Dy Hef xk He 

NERS « IX — OT ATT PP Ar 6c Re BE ie fe APB 
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J ek BCD BE fat Ee LEAS $e Bl YS — 7 BH BZ Jar RR A POR, EE TR LR 

(RAPP Fike. FES, ESA RITA AD Re, Boo TS 

LASALLE AUER. A AH SS ALBA ASS 5G WER, FET AP BY AEE Pa] 

Fe {TA AS a 

ATR BCA TE TOA ASO ERMA SRS AMA EO. 4A SILAS 

5 WRIG{T, RIVALING Bl S—-TS SAY. KALA RIL A HAT SZ. 

Tie: CEE AL as BCE (Google Machine Database ids fr" ASH AMLA IZ ) 

hiett SPS Ae, SBCHACEHE HAN as Ae Bl MEP BRDI. AAY 

IY eA RS a. NL as Beta eM ly ae, ae CRI Be Eat Ra HT 

ROK o 

IXHEDL AS AY HT Be ee LE Rei SY SEY. eS aE BE ec Re BEA 3c 

CEE HI (TFTP). Telit HY Se Fen ZS ie E (QoS). EGHLAIY BIOS AZ 

1 AA Hh Ee. EA ABE, BIOS BAREA PT PIEARA (halt), B 

ABA SPB JAE (reboot cycle) RAS. BIOS WIEBKE IASI ICN ee, 

Sey (teas (installer) Wise LFF. on-call CRAVE AR EDGES. [el 

ALA BA 4th CB PEE BR EEHUAL ae 

DL ais ee A SAK MIRA AD Eh FIL a WL at eI ERE © TE BOR 

PERE IF) aS BUAIRS ARETE EG LPNLa (worker) EIRIINSFTIGIT IAT ERIE. 1K 

AS Ve ed a] ET 2 Fan SCE EA ERI QoS ike, FEAT ii AAW LE 

BOA EGR AD NL as [22 5 tll PAA. A) MDH YE [A], on-call L Fe) h-+F lal 

HBA SOT AIP I, eA RR AA SCA Bl PAP APE HE KP EE 

PT AY (5) el BB IR FS 
in) Zee — EW, ASM CAB, MAAR A Hews BIN 7 OH [le 

Google “PBA He BEA — Ra. SIT AS Vda AST i RT SE EAE SD eT 

SER ME REREAD REA AE IBZ Me gh UL. RR RANA Si HERD, ABZ wit TE BE 

KAVA sR BD. FREI SAP, SOR ES FB, ABC ae 2 HH — DST 

(Fre SER. Be YUE FCB rhe ae ae A SK TTR PR. RATA, fh Be 1k PS EC AT 

Srite Sette 28, ESIC AT AK — a 

IFRR BNE, -HABSHPoaA Za, BS Oe Ze a5 Ss Sa ak e 

741 BIOS: ARN EM, ZIV AK (OS) mMRAMBA MURR, AH MASLRH. 
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wASY, MhEBEE 

AS BUR iD 
BA tt A beet SAY SF i ee ERE RE TD te A Eh AS AL BT 

fide, ERM R, ERS EW. HHBRVE, HMR A. WZ 

FRAN {Al HE EAN Be RS EE KH ARE AEP SIR. RAS BE 

AS ABBE DA HE A? BI OR Bll ATTA 

FES a Ra, WARE CA ASE re SEE SE EDD SO. PEE AS ME ACK 

FRR CAE LA Tal EA Bl fee CA Td Se. — PF AS, ATE 

RF HUE 9 ASA AY SARL 

fe HASAN, REARAT SERS]: RW: 
eA TAC EASA MIA . BAI AteE HER. RAM DIA SY Fla. (Bean 

HERR AT HDI SAEZ Db? (BC Rn is ie 2 BH EAE ARR KE Db? SORE BP 

RR PR TEA? MURA AA Ce TUR Web IRA #8 EAI? TRAE ANDER? PEEK 

FD VERT Be? APIA De eT UNS? PR REL RAAT TMS AR ANE PRY AR BESS BN AA] DH 

MS? QUA EAR TIE EE, REA I Zl soe EE METS 2 AA EO FLA A tC BU 

REUSED? 

RIE Min 
ATA, FEVERS Bere TSE A AA ARSE MY AB — Zl, RIE 

AAW THE, AR RR EN AS. REMAP a ai eet. ATR EA Ee, 

AN BM HGE (A A AL TTR BS «PR AE AT IK 4S RSE TE BN Ire AB, ZS] 

BY Vea] S42 CE ZS TIN ES RP AD LT SEED HE BBs ase EA ic Ye AL sp Hd HY Ta] Sb: — 

eof 2H ten Ps AE AN Ld PE 2 eH BB Be 2 

= 

ESV SS APA TRAY BST. BASRA SS eT UU fi A TA I], 7 FE a 

TRB, 7S CE SCPE fie. bh 7S a i Be Se HE eb BA 

APSR IRAE A MMe AT. HATE SEAT BE SLAC TG Hh A i By. eA a8 

WEE AAZ ABU Bie. BCL. ATG A eh a BIE SEE Sc Tia] SBD 

EBT HY USA BQ AE EY ca ab BL x PERE ioe SPOR; fe eek LES GH 
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feat a BF Ae BY BAS >) ei ti] SEE A CB IES. A Se Dd At PAY Ae BELA HE Ges FE 

SWC ACE o TRE BEND PR HE ob MT FIA ARSE. AEWA RE SPR SIE 

‘SUR Tae. TRIS CES Be EZ BE A AL, AA SES A 

Baa ATA ASEAN AC, BEV FUMBLE Ae Se AM at Re ABT ED. BR PR AS BE HP SS 

BilZ> rx Google pA , (EL pe ix MOL Fi SR Ze SCY BA AY LA De A EAS] EY 2 

ZA ASAE 



8148 

Roe Be 

—#: Andrew Stribblehill™' 

ye te: Kavita Guliani 

A BL ES Sa fk SI BCA BB ce $72 tll SF BC Mad PR Pk IS es EA Se MSEC EL AT AT 

BE ACA A A ek SCE Tea, WBA SS RAEI, — De abi hy SE 

AS EAT IDS TR FS Zeek SB Bt Fe 1d BR PY SH, ZA SMU AHT BS AF 

BB ASE Ay Die ea “EBC Re ey EL, pe Je Td et Te) — 7 SE, BEY Dk St ee BZ PY 

Ty a He o 

Cnt een AaSw 
(BR PREL(EAE Mary, 32 aIAY on-call CAE. SLCC JAA PAP, 28 SR TAI PR PL 
FE ABMIZS ASS. TRE DR ER CERES RHE  , PR ARS BS SR AS FE A PE (i FP 
kT. KM-AA. HOR TEP MME, FARE SIRS. LOG, BO 
Ae HM EDR ERLE 8 Sb — 7 Be LH La. BE BR, BE 5S ACHR, 

Her 3 NRE BML TaL. L Ma AE, BLE PAGE ART PF 
AHIR AEE, EM IFP RG TT. RYE AE RH Ea, EIS ABA 
PL BUEHRAS, WRAIK T 

(AR ARSNT 4 AREA. SPI abe kh so . UL Arete A es 7 el ET 

REE AE SER. Pre Pri ESE RB EL —TIRA 

1 KREHPMAAS AMPA login: (2015 +4, #4095, #24). 
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lel Ee AB SZ [a], PE Sek RP EY ECE DEA AERA IRS WE EE 

BA Josephine. Josephine 1-47 A tartkHbd! HLTA. A AE Ae ath 4 WeIPT lad 2s 3: 30, 

{Ere th 9 5 le] ROKR BASE LAIR. IRI Re] Sabrina Fil Robin IF 44 MY 

ARLA ARR a. “RN AEAR”, Hee. 

SLE — PS NYS rea 2a OR ERAT ALT, TEPER HR AP AVA A ifthe —— “lb 

BRERA TEE ER” o TIE, 2S ee) al A BE HE I] TT ZIT EE OS eA RH. 

ITA EBB IAS, “ATA IRE? RET AIR SB? PARE AIMS. PLP EAS 

PSPS CR Z tt. TE TE RTL PP. PRB AA I? I ABE, ZS IE 

ARTE BLA HAS & AT Re 8 er, FP AS ET eC — He HE DA 2 9 DEE, bean “4 

MBEK ” 

WWBA, RI ATRI RMA POLE ST. TEPRSEA AAT OP, HEAR PAA 

Josephine #4 Malcolm FJ [7+Hif. Malcom RRRIL—D, VeMER AT AT LARA 

CPU FAH a CAN h ERE SES CPU). thA fa RE the DARE, RRRE Hl 

RARE HILT ARS a RE PF, [eR STA TE ESCA AIL ba, x HEE RE 

HS, Bee PAC CHE. MASA TR naict I. 

wi RARE SRY 
ase, BEERS, A EMU Pie, ABE RR ea eS eT 

HOARE. MAM AREA SB SRK NE? Fax. AULA 

AY) fra] fa See RES SHAS. 

IF KIER A |) ea 
FeAl Va Ta) PAAR AR ED Ha IS ts RR Mary AAEM A. Aah TE Be Med Be I 4 AT ie 8 

FG, BEAM IRA ARAB SS Wo] — LA ay PE. FTE FETE Ae BUT RARER IE. Pa 

DAA AS A EY Ta) AA 9 AS AG Hf HE a ae I ft Be ie He TR BY] 

74) AS 8 
[aR EAS J], Mary #8 AS ie Aa It Tl Terr A A ele He Eth AGE TAL. Be A ae PY Ta] 

SECT A. WA EBT SE TOR, eA PE CE I leat, te ay AA 

Dad TA AU Cb BE LE) Ae Yn AM 5c A FC Pe PH ROK 
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Ais BK 
Malcolm IF (EH Fe Ec AC. (AE th A a a ft [a] 389$ EB Mary. J AHL, 

Mary 7 ecb HEBRAY EE it A. Malcolm MYERVEREIRA TRULEY 

Fe AS OLY TE ee Se 
ee ee ite Fe PA 5 FER AE A Sibi Ye AA A EB IEA LIC. Google 

AUS a Se i EH SAL EF Incident Commad System™? AY, iX BAR ALAISMT HE AN BE 

ERR 

REN RAS 
(EMAL EE, Ue GE COREE RE. HARARE, IER 
TE 0 (a A Be OY AS dB, Ly ALAS FAL TY Fl SCAB 
FHA. 

MATA BEDE AS T, AAT ha A iS AR. fh 

AT 1ST — BBD FED BS BEER ICA, AI AI BEA De 1 Hh BEE TE SE 

aE BF ee (BY Ra ZS a FAT I) hE. SET Ht AT 

DARED AR SZ PE Ce 56 25 Te] SORE, HA Te Se He lal Soe A aR an 

LA Bat ASE LAS wea SET ANY JA 

# HR4 (incident command ) 

SBC EAPS Ti oe AE He SEC EE. ft Ti oe ZA ES BABA, Pee pe 

MFC BA — HELE 3y B24 BA ARP ACE ot 5 SOE A Hat. WRAY 

ZETA, (el acti CE, Lk StS MPRA Ay A A ith RR lela, be ett A 

ia DIR. WRIA ae 

 F bb IP PA ( operational work ) 

BF ANDER ABA oe A TE SECS Tait A FE AOL. eet ABA BAT 

Fy LAY BH OR AER [lo SEF MD BATA ce TE — 0 Si AE —- BE IE MEE CY ALB 

A ZA (communication ) 

TA AZEA TR BADFRAIAI A RAR A TARR oe 6d $8 al SE Ab PEA BA 0 a A Se 

FDA Be a8 Je] SOY PE ad Jen (a EA EL SB ZS ) , TY 8 BE BE hy oe ES A A SY, 

PRUE SCTE WHE A EY AZ EP PE 

2 L$ pi AA http://www fema.gov/national-incident-management-system » 
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PLR) RGA (planning) 

PX iy oe A Hy ot Ay hb BEAT BA HE BES ER, TAP HERA PET fe, Plan 

Bug tk idx AS, ARAMA ME, AHEM AcHida. IAM Siotidat fe 

Ah FHL ed ee PGT AA SEE TAR ER VE, EME ARSE SEE Ji RE SUR 

#2 all FAL 
SZ Bl Se BCR MAA aD) eae A ee I th AT A SE TARA. ERS, 

AA — 4 “PERSE” (war room), ADEE AAI Ae BAHIA. FCA 

BY REE a SB 7E AAA eR la el, aot IRC ak E-mail KYESPAGEE 

Google RIL IRC XT 8 ASPB BESE Hi A 78 BY. IRC ASCE ASE, IRR ATLA A eA 

Whete Rida, SH re Wan ides Ee AB. BF SHE IRCHLBA, A 

AY AT DAE Ss i bP a a ele POR Sa ea or, AM A ida fe St ict Be 

RG AAT ATR. IRC ali te — ad Ti 2 BRAY ABA Val CPE BY BRET 

SLAY SS BIAS 
APS HEA BEI PERL EAR PS OCR. OCPYATLADL wiki WUE 
AAPL, (HEMT AEGE RS AAA. ABBZY Google HBA MH Google Docs, {ELE 
Google Docs BMH] Google Sites (GX (Be > FIFA Unie Ss 42 WIR He a eI 
AH AER. 

Behose C te tt fies aN TEE SP BCR ASOT «es SEI CAS BY HELE BEE GL, {Ha 0 HE 

AOS ARR [BE A HE ES 1K POCA So — EE, TI ep iT 1 Ae A ECS TB 

A Fhe ras TAPE. FES eg EAS I dhs Se 8 IX OC 

BA i 2S Fr AER oa 38 
RCH PEIN a i. SAE Sot A HR oe HE A B.S PEST Cee RI. KH 

FRACS SE BCE PE HA ot 20 FAG a SP — 7 LAT, BY ei ae A Be LT SS DORE A il 

ATL 22 (th. STA SECTS Soe A SSCL, Sa SCE ER Toe A 

1A 25 FY Ba ar YS ESE a HOR Sy oe SP. Te WA.” SB ie Hi oe A TE Fe Bl 

HfL] SEZ AS fe I i SOBER ie A 2 FE TE ZED BS CAA, WA iP BY 

BOE Bat K 
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s2s fo 4 — IRAE BE BS OF AY SS 
Pita A PF ait A A a ee A BC, LW AB SB AY eb BE A a TT EY 

Bese PARP, Mary IE CEM a OCR 9S = PRUE. PLE EAR EL seep ath — BE, 

Pre iE ABC PERE FE fa]. SRBC EU ERS Fo P.M BIE Re al 

ARB. BAZ, BOOMERS, ATSDR ASS 7M Stale. FA Ay |) el 

TEE ER AS fp RR, Baa al SFB Ach BE te i EES OR BRE ZS BEE 

Mary #% [— P Sabrina, “Pras 4 Boe fi AMS? ”, Sabrina a SRK, Freie 

Mary ##oRAY A plate. Mb MEAS eo HE, KZA SPE a AY 

— AS BEES Ze. Sabrina BIR BI MDS AE x SI EB, re MRS IA] Mary ii) 

fA) REY AR RE. “FP PP bie Se BI Se, FE Rete a ARAB HT 

BAUD.” Sabrina Hix ARATE Aida fe SSRI SBIR LCS HE 

4 of = 7S SHROR GIN, Sabrina MIRC Hua GS Fix ABR, IAN AIK SH 

TRAS BET BE. x 7S HL FB AE EAT ALE VP TRL SR BSA AE RE. SA TT 

ih ext H]AA. Sabrina [alias £7 ob eal fs Tee FF aa Bt — a Pa en. a Bi a XS 

i Mary Whe ors BRAM AR A fick (A Bix Josephine), #2) Mary MH An. 

Sabrina IK # JS Josephine. 

Josephine L2& ZJa, AF! Robin 2A BINAVEK. Sabrina f2H# Robin Fil Josephine, {th 

ACAD EEE (AT Mary 2624 HHA Ve, Te tte i en Mary tte PE 77 AY FE fat eR 

ff. Robin Fil Josephine wi at big SCI BCR IC, (TRA OS A AAT. 

BPE 5S AIM, Sabrina FF RAE POR GaP HERA, PALA ath At AY Ta] SA TR 

ZEB PREM a] P.M SSBC ULI. FES R45 OI RE 7 LM, 

LL ara A abies 28 BTL. Ze ORI, FeTTo 9D Dp oS 8 fe] A 

BARA) dtr FWA nt Ae Fz 

Mary 2 ALE BIZ al, Ac Bath Eh KK Pa ee ao — a YY Te] SE Ek AA A, 

fe Siebel, Tels ietik 6 2, CARA Aa. Mee abe SMe, 

FP a Au | — BEG PEAS, (81 KR [UE ARK AN ZS AE EB 

(TARY RTS) Ei th SS 
5o Ap RARE, BER E—7P  RR E, PAS ee COR, PELL El OAH 

25: LAS IZ Ja A AE itt Fey a. i 4 EDT SE or — 7 BA ‘et AK HE. ~ Google 
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IBA tice PLAS BES EBS P TT TEA — AR TR EE 3 ETE. RI EAB 

© re Te ELA SABO AB BY BE [a] pL? 

© 1K Be A IE CE eM 1? 

© TER Pair, Nea RATS 5B HER 

QUACK IY AS 28 8 GES, Bint Fe BEY BT SE PEE ER. TLV Z fi RT SS i th 

(TAY Git Re Fy FES EVE? MELE — ae SE He I) IIE, STAC PEE 

418 FAP BST DC, BTS ABAD lis eS SK Hie. A TAS SE RS BE 

HEARD EAE PAS oR, BA CE SER IIN , OE AT A 78 Se A) Ftc 

QUAL ORAZ El 2 ae WE TT De ME a ek tS] (PR TE) BSW HR [Kirl2]), Secvat eee 

FEV IZG ATE. Google 4 €b MZ A REN MEE AA pS). Lead 

Sh— AS Hh DC AY BAA BB eh BPD Te] ed, SEE Sb 2 AR SE RE Te BEA 

Hee 

RATA, we SAME a — PS ae AR, IPR tai, ARMIN, HK 

(TE WS BEAR BC ST Al CM TTR), [rE ve Ab BES ce SC A fe. FE 

fA XP ARS AY Se ESSE 2A ZA ALBA AB ZS AR LL GR LR AP BY 

3 Wits Se me ERE 

LISHED AB, SIR. FL ARR OR LD, 

Sees : Ate AF KRMR EA -—HASZ—-ARE. 

fatE : ADAEARF RAPA SA, PRERRELMN ALAA. 

RE: AFRABHTEPESACHAAP HARKS. wRAMGA CHR RA 

48 RA RIE ARUR TL, MAFRLF HEM, 

BSRBRAR : AAS HPA ML, SHAM LHR E RGR 

BAT, LRERZUAATHWMRLELZAALKRSHF HF. 

BI): PH Rae AAA, AZT mk aK. 

PUBS: EAGRRFRERBATAS? FRTUR-SRRAKR. BHAA 

Km RASAEP OHA. 



VES: John Lunney, Sue Lueder 

4m 48: Gary O'Connor 

FS) A LAI RIF DK 

Devin Carraway 

(EAI SRE, FMM ISHEK BA. BAR HAS. TAIT eT ET HS oT A HE 

AUPE UT ARSE» LAB ec eR 8 FD EU, ACE SE Ce MEE SE). FESR HEA 

FAT) SEE SR PE aa, TI EARS AS BIE RAS © WAR APPT EM REY SP 

erp] Zea, ABA Seow AT He OD Je 3 Hb HE RNR A EMR Tle, ABABA AR 

SEMA ANS AREAS I, SRBC Ry HE PS, ZR BHAT A AE We AY EL BE i, 

Ae Mel ee FA. TA, SU Mae SRE WY —-P YR TL. 

BY Jr eh Se BE es A re PE ATL HR Pe BS LCR [ALLL 2]) © ib i A 

— TRAE MBC Boe, LTR ASE Bere CY Mn), Ay Be RA A BOR AY Fa hth. CH AR 

ASV, VA Be Ba IK AS AK Ih) el BL EE © ASR SRE re 7 i Beg SB SY 

Prt, HES SGA ae CE SRB, DA Be Bere aa fel hs A — BPS AF J 2 VA EA — 

PE ZAI o 

Google HH RRA 
$5 a aE RANE A SRA Midas POR, FA AA ARR PE Ta] ed, Tel PY 

HOR BEM ce. WAR SG bits OCA Tr hte Ee AS AR LS JL 8 AZ Md fp BAER, PE RE Oe BL 
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PEAY [5] el AL DE) BS BS AR CR [R0004], XA AAAI. ASE by RAT 

JEW AA SCRE. a ESA AL ay EEF. Google AYE IBA EARLY DB EBSA AS 

fal A 77 SAT. CEE A 7 ES RE JS, BA i-8  — a . BEERE 

$5 BA PE. TEE TSA RIN REOAILA. (HERBS S PRAY 

oh Fe WS he SETA RE ABA — ee I Td A OD, Ee PR ER. SE a 

BET Ta PE, (HAE SEAS AY SS a RAED : 

@ FEF ny LEAD ae LEB Te) BMC HH Wit a BEA Fe BEA Bl] — 2 HE 

° FESR 

° on-call Cheyne 2A LITA Se (tA. DHA Pit S ). 

© [er] re fe Oe EY eB et — 2 Dill « 

e relalal (Hs a lalgle HA TAL, Stet A 2). 

TEE BRE BIE SCF SY i 2 HE Fe IR BY, RE a PS BS SG SR Hb SA AB eG 

BAA SBIR. FEI HEAR ZOD, FEAT SM SS BT AB) EA te ch Ss — fe 

SV Aan 22k 

f7ESREM MCT, RH BM HERS ODA”. ea Ba a ORE 

GULL Ek IKE EAR AS [et AN ee te a A AEA BA ED Be Bt Pet BY i 

By). — fe OT EAN OT AES Ji SE Bi A Be 5G SEP A Be A. HEA oS 

IA ea Pie SEAR). BRD ASHE ETRE” 48 ol ES IE Tat ot Ce A BE 

SABABK, ABZ ATR eS A RH RE St aU 

AEA MAR SC TBR A 28 Tk, FER PET, BRA AE a) FT BE SS ae Be A 

(iti. REET MU A ET” te KALA, Mint ASR te Se. Sata 

ign A SUPE. RESET eC ATT ZEA BT A ES Bol Fe Pats “FRR” Wf 

IY, Fe A Rear EET ite. le APL. RAI ANE “HERP? ZED A, (He aT 

DA ath ack oe 88 AA Se Ft Fe MA itn BE a ep BY fe CE Be EP PE KAS AR AR SEI, EE 

A” FUT 

4 TREC, BUA BETES a 2S CAT ANSE BO Re AE a aE 

—/M ER |p], —P Mi Google Vie EA EMPLA. — he SEAT AY ASE eae A 

DAZ, ta] HS oe aT HARE TBA, TA ASK he HH RS AULA ES BR EA 

PE PTS BF 

48 

“SUE SES SAAS. FMRATEEY, CRASH Aa. BAT 
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—RoOMER EMF) aA OAME T! AY, MRA SI— THRE, BRAC 

BF 

pF ARTA 

“ah He ES rie He Be AT AE PY EA ae ae HL ATR a ER RHE, A TR AS HE 

PPMARRICK, SKA. Afr es, ww te Bie, AORN on- 

call [Fes BU FRAY.” 

mf: Higa. RHR 

MWERTA MF E BAAN RRES, AAF ERAN BAR AW T fe 

RFRYRA, MFR RAPHRBRH ARTA RAN AMLALBR BH 

WLR AG. AHAMNAAREAARPANFRABR SE FE BA eT * 

ERS. SAH LA HM UM RIRIRED ILA F fe PAH SRA, Aig 

XY AK AS 28 OP BR VAM RHE (BIL TA [Boyl3]). 

MEM AIRES 
RE ATE, BS a eae Ree hob. Sea ee PE iat REY BE — 2 AB LF 

BAB bh Ve ALAA SE SE 

FMT A SE a 2S 3 4 Abe FA Google Docs SH), t& HH —-74*2 BIA ( BSL Bae D). 

ANE BARR FAWBEE TB, WER RFE EE PUB 

1. KWH 

(i tt 5 Vert Fe ey CARR AAS: Ok HES SG A 

2. ABA 

1 KAAS HY LA Be 5 EE HEE RT SE, AS ee eT Sb BA YS Zs 

3. Oh 4a Fe 

BIL TESCRS Pa A Pe, Bae | A BE fib A OR SE In EA 5S 3 RY. 

755 She ha Wael Ped a IES PP A Ae At Fe TES, BREA efi, el 

IY 4g A A — PE eR Fe OR PP fh SCS 5c Eo PEAR EG AN PLL 

© REN ME BH ce TF EE BU IER ERR I 

© ASEH aM DE TH ee Fe 

© ie EBC AR Ta el ae FE BTR A? 

SRS HC RIES MEIC RE Go  B, HE A BOI ROR FARE] a? 
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© ARS Mh PEt Bee Oe eee TOBA A BT 1? 

WIPER Za, ima Bae (EE EAA Ai. A AL EEA TEE EBT 

EDT Bel, Beet a LAA BIB Pl Zee Go BAND Fl ps ce Fe ee, 

181825 TA HEE LAE aR AS AY AIBA AUT J. Google txt te tal al Awe 274s "| A BA eR 

Pe, SE ea AA APN AB SCS AS CF Hk EY 

RE : HAN SR oaas Si a 

KREAGEHF ER RARRWRE, ATREARS AHS BMRG HS, AMR 

hEMF SARM, AIX HADEL, ANMBZESATRAANITHPHRA 

Foteve, WKERMKHBE, HLM, 

— BRAG HY BCBS ABT SCS AEH RD SEE ON SE, 1K i AS 2 OS 

Bl) ZZ ABA hE AA ORI. 7 MA ESE Se LAIR UE FAS AB AT DR 

He eB ANS > LAH SE 

RAB HW 
UR AE A BE ME, SER a SC BE A Ht PG. Google wht Ay 

BEER AY Eo) BS 5 PVE AE ER sR AS BT TA PB Sig ER SC. SR PR BY A i Da 8 

XE OSEAN RTA” BSE, (EE Re A ESR, BORA. A OS ee Sa 

REMI, SREARRHE AS Hi, mA : 

A ek FG 48 

i eh Je] RATE, AZ fea 71 eA Jo ee 4 1 AY Sig 2 

Google+ #4 3% 24") #0 

As \y2H SEE Te A 5 Ob BA SSR, De) eh 2 ae CES AS J A DE 

Ve sR. 

SD ea a ee 

TE ABA 23 if VE 2B Be ORD. AEX, MAB SAMAE SA (EE 

ER RW Fen) tela FF RCH te a Ra GS a, dR 

SEPP RAE, MAB ZEUS Bl, EAR Heya bE. a. FEMI Pe ze JL A Bi 

Pe LAE a a a 

1 KR http://www. google. com/policies/privacy/. 

12 WRIA F E228, Etsy RAT Morgue (http-//github.com/etsy/morgue) F\ Kw FE. 
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4 i 2 * (wheel of misfortune ) 

HU DWAR SRE TRE vn 28 if es ESBS eis ZI (RSS Lf 28 FEA “Bc bit 

Mh FHL Sy fy te] ” IT) CERES TR, BOT AG ZB Es SF J A ye FL, 

— FET Fe Ht HPI Ba SCR HEHE BI PA. 8, EP SRP it oe AH 

BTC, WAR 1 Oe Tit] AS 

CE S| A SE Jt AZ ALBIS IE ABS, dpe CY BEL 9 ARDEP OR Se A HH EEE © PR AS HS ATL 

4 WY te Oh x PE ER 

e Bes lADa eae. SEL AEN AKON ea. UE EMM iT 

fel. [eli a BY ie FLAS BS Sa AGH RF 

© APR A 8c -B SEE RAK. ACME ATA Hee BUA A PS, HT 

FETA BAY A it ASL 

© RMA wl Re Bi a As SHH. Larry Page (Google HAA 2—) ARR 

eB ZOE Zia! 

miei : GHRAIB S WA 

Google t!]44A Larry Page 4¢ Sergey Brain, 49 SAAR AN LARMABRPSA 

a) 4% TGIF KS, PTA Google FIRMA EAMRA VIKA A. 2014 F—-2K TGIF WU" 

EB RAHER” ALA, BAT SRE-HRWHCHEAH FRAGT, KSREDE 

TRARH-KLGFR, AAKLHY, BRANT FMMK, LAHTRTA 

fFehjKRARPMAFREKBIF ska ADH. AA SREZARAS OR, 

Knit HT AR KA By LAKAF HM, FRAKRFRRRLHKET 4H, LAL 

ALN AL & Bp) T AEF ARRY KS (Peer Bonus®’), MAMA Rik Feit A 

XE tt T TGIF MAM AAS 2, EP ALTE ABW AARA Google I) 4 

A. Ritz s+, Google NLA -APARBHRAB, RAHA PHRSKREYHS 

Je thE Fe ROME DE Heh RU, LE HILT FR RARF PIT Pf I—4*, A Google NB, 

RIF FG YS fo F MAE TT VA EAA CEO 2 142) BE 

miERK : WRATH ABAA SIE Rin 

f& Google, AMMA T-RARAMHAOSAARKE, AMARAAKA BAe 

BerMA, VUTMEE RARER E ASHP UNMLE, UR et, HK 

1% 3 Google Peer Bonus 7+!) Ai7#L4ZIPAR FAR-ZRE, VURAMNHAL WTA. 

24 HARK HLAMTRTIRLA 13%. 
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MAP BMA AA RAS LAIR LY? BEF RE RARSIATASRE(R 

PS) IV RMNYNADRAARAZRERRTMA DS? ZCHMSARTUATH RICHY 

SRE —4 ALAA A ROE A Fe i SE NL 

TERE LZ, BSH LAK A Google SC{EI— tha: Ze FE fal i a] HEY, 

bar Epes (PERSE SU in LA Za IRE, tha A MUI SE a Ze) « 

IADB AME 
Fea LA A eee, PPT A ar hat AS BS AP C1, Google HY St cb Ke , 

FAP es ee a. FRAT “Sra AR” 7/28 re TSB NT A” SEB TI — RE 

O7S 7) ZA DAZ Fi] ADA A I Sa SR tee : BES BOAT ee, JA ee 

Hotta ee, LAR A atc Ra EI EET EAD pr. PATHE SF Be FE SK ee HE 

2 AN aA eT |, #148 YouTube. Google Fiber. Gmail. Google Cloud. AdWords 

Google Maps =. iX2EM PAR Ala nee! AE A Stele A >] A pdt 7 a ZY 

(Ee 

ig AAI A BE Google AMIGA. IC RHE ANAT Ath RRA. ke 
T AAS Bene ee A He SF ARSE ESR AE, DT HE Ly TBE Hb 
BOER AIL Ra AE, Be ee EB I fe (SS LPR DD). BE 
HE BEA Vi Zs RL SH EF BE ERS TAY SEA THAN FA SHA SR BARAK HA SHY BR 
He, FUME AP HWE ft SINT ICT A 

WAEURRME | 151 
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> $316 & 

BPR rc i 

VE: Gabe Krabbe 

ate: Lisa Carey 

He ren AY fe PE RY ME — af fe a 7 1: Ve Ae SE — 7 EZR (baseline), [Ali A Wr ee be ck Be . 

Google {#}H Outalator——— ic be PRR TAR OX ESE. Outalator AAMC PE 

ARAMA, le sid. cA ABH Dae 

FR SVE HY AEDS AEE AY Ted OE RISE EE Be SUSE (Be WLS 15 Be ) 

Ay AY ticki he HE SRSA. (Ee ER oe PRR EPI. RA RCM TS 

ABY tic Pik A Zs WEFT SE Ja Ses. LA 7) AY SEES HE AN SK LS EAL Te PE 

A, BC i A Pe TRS EIR AACE IL. AT RE ETA 4B 

AY) AAR WEES LATS © TES Fei Bie BY St es AT Be Biel — 2B DA 4s Jey RAE 

WAFL, (AEE PAB Bis AN DG Zs UL EDT YS 

FAT 3 AY LAM x BE ell RA AP ee: “EK on-call POLE A AED TR EK BoE Bb”, F 

AS 7 ELA FT BRE EY FR SEAT AS] GS le EY EE Boll & 2”, “AS TAA EP BRAS HA, BB 

MAREN A Lik &” 

Escalator 

{E Google 1, SRE SEWN ATTIRE AOE. ESTOS eS Be 

£1 BHR, # Bigtable KERAMT RERASHLEAZ, CRAM EAAKKERK-LSZRH 
AB), M2, RIAA TVA HWS KP HE FR EME, AIHA AHA 

RET HART. 

TS2 



WA ey FEET HR EE BI Sel WS CE A IY TA) JAE A BI Md py , 3K ABE 

FRAT DAMM (escalation path) 44k @FtRA 5 bp —4 WC BA Ae. EE aA 

on-call CFE Vi Ft} 224 fill on-call CRN. KRABHA The Escalator, —JFMWiit A he 

Fes WIPES on-call MBLEWI ZEN CC BIAS. ix (Hi 74 Escalator HILAIER AS HAW 

(EE GRR, AaB AP ltt (ESI, ABE CE TB ASIN TTD. ) 

Outalator 

4. fill Escalator Zia, Ay SRP HE TEN A AG a Hite LOS AE. BeAr BE SF 7S EE 

yA BES Bh” WY 4a St—— Outalator . 

Outalator TIFHA PHA “BAI” (queue) WEIMAR A) MES I. AS 

vg Be PRA FI] AL « 16-1 wax Sf Outalator MII MA PANS TAZA as. eT 

fe ta A, FA SES SRE ABA 23 ao GE Id oT A H&S RS RAE 

O UTALATOR' Sie- Hit ? to see keyboard shortcuts. See help, and what could be better. agoogier | Settings | About | Feedback | Sign out 

‘ 
i Search e.g. has:bug tag:cause:human-error -summary:"global” 

Ue sinalae oir Tickets / Outages fefresh Combine/Create Outage Report Mode Statistics __Create Handoff Email_ <Newer Older > 
shakespeare Team, From Summary g Das 

> shakespeare (3), agoogler (7) prober ShakespeareBlackboxProbe_SearchFailure bug:94043 2015-07-24 41:32:59 PDT 

shakespeare, agoogler frontend TaskFiapping bug:90210 close 2015-07-22 13:15:09 PDT 

shakespeare, jrandom frontend ManyHttp500s 8675309 bug:89191 2015-07-22 04:19:44 PDT 

shakespeare, agoogler (2) storage AnnotationConsistencyTooEventual 2015-07-21 19:31:12 PDT 

shakespeare, jrandom ‘frontend HighSearchLatency causevalert-tuning bug:89109 action:silence 2015-07-20 03:35:43 PDT 

5 Outalations : 

16-1: Outalator BAA AS 

Outalator 47% Ji 4A OAR EE BCH eT SEZ ie pil. Ay a ee 

Outalator Ja] iy ty 2c FPR FF ie eh Fe PB PE ae. Outalator 8 CUP EEA el AS ts 

WA “MeN”, KAA we, SER Ile oA BK (bbe E-mail le Ae 

AS HAE AMMA CC FilZe). BRiA Outalator Ribas “Mee” ls, Hetil id aeab 

A BRK, DRT. PAIK HERE R.A AB ct) SE Hh A — ey 

FBCEY HS FBP RCA OME eB 

fe. Outalator 1, & “SFR MEAT LARA IE. Fe BS a A) AE HH Ta] — 7 ic ae CY , 

they CA PARA SE AS EK, BR A MBit, Bee RE eI Hy i Pe et 

We. ARE. A 16-2 Pras, BLE — a oad as Fe PC a PRR 

Nr “BERR” A “AT CHE” PA Le a7 FF 
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OUTALATOR' Se 

Summary: 
Team: 
Escalation Level: 

State: 
Parent Outage: 

Short Link: 
Escalator Link: 
Tags: 

frontend ManyHttp500s 
shakespeare 
j 

closed 
None 

Teams/Alert queues: 
doodle-serving 
shakespeare 

‘ bug:8919177) 

Hit ? to see keyboard shortcuts. See help, and what could be better. agoogler | Settings | About | Feedback | Sign out 

‘4 Back toticket list Ticket m23bca7d408000005 

_File as Bug 

; Declare Incident i 

hitp://o/e/m23bca7d408000005 
http://escalator/2575 1 17616058204165 

‘ 867530977 

Content: 
Condition ’ManyHttp5¢@s’ 

Job: 
Zone: 
Dashboard: 

_ Add Suggestions: | casey 4 impact? a | (actions 2 | service 7’ “4 oftect, p 

was triggered, 

shakespeare. frontend 
europe 
http: //console/shakespeare/frontend 

Playbook: htto://playbooks/shekespeare/ManyHttp5e0s_ frontend 

Similar Tickets 
frontend ManyHttp500s 

mobile, frontend ManyHtipsa0s 
frontend HighSearchLatency 

__frontend Many}itpS00s 

: Followups 
Time | 

201 §-07- 22 04: 20: 01 PDT agoogler 
fe 2015- 07-22 05:10:52 PDT _jrandom 

[ click to show the rest of the message | 

2015-08-10 22:56:56 PDT 
2015-08-10 22:56:05 PDT 
2015-07-20 03:36:00 PDT 
2015-07-17 00:33:06 PDT 

Frontend task dropping requests into the bit bucket, fixed by ¢1/8675309. 

= __,dfandom- pager iY 

Will file a bug to deploy new build to production. 

eam 
aecamas 1 

ee _,{elebot Shakespeare. move 16505551212 ee eee See 

Annotate 

—_— 

16-2: Outalator + WRN HAS 

gs 

#Jis fk A BY Outalator 

ARS RA AK APH SAR, kite Slack. HiPchat, # 2% Fl IRC ##AN BA 

ii #2 Dashboard Z@f, iH SHEA—AAW Outalator AAMHHLZ 

fTo> BE 

Fe LA BC, AY BE 

Ey AAC iS 22 $22 Jia tira UR Se 

(BH) 
, Pre tee7 

fit Be ERE PAN, PAG TH] ee BCT A ARS AS 

SCH MA ABA ABA WCB A CARS AER. TIENT, 3k xe 

LTS HE SiR at LA 

READ, AI We — A EDA, A ZA 

1fid Pe) PY fie Ae 2% LF AE TR Pat 21> [rl] — 

AR esis 4etob (NOC) bakes a CARB. [al 

Fe FS AS EPS ec Be UY a De] ES YG A EET TR AS 

AY WB Bist et IC AY Fle i ELEM SCE FEY, {Ee 

Hey 488 TE A HEI Ue Ht Me A PB BSA Be as Fe HS AY FG PETRY AY AE ACY TE Ae RE 

” Hx pe he & Nt a, “SR Z| 

154 | 16H GRENIER 
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AY th Ah tk BE, el] — 7B ee OA” EY HE Ee RE [in], LE RA 

SAREHE EAP HB TAR HES th, REO HS PE TE 

a 

MRE 
“PR, Arete th Bla a ee — ei. MEE He I ES RHE, PY tp TR AE 

AY the Se FU AC EB Ea. Outalator AYIE RX Dike, (Hee FA AY 

Tos SNL ill, CASO THe SESE ac Beta a. PREF AS KA CER, A TRAY “AA 

Wl”. AS (: ), RUA CHa Bae. Brie sche EMA Hea S — Ph aE 

an 2% 22 lel A ll, LA —- #8 Bote Mb BH. Outalator fH AEM ATA, ZE(LL “cause” 

All “action” #fF Am 42 la], (Leet TAM ABTA ce. Eee “cause: network” 

By feet HEA Rit eA ewe, AA PA By ee BE “cause:network:switch” il 

“cause:network:cable”. A LEAMA if (# FA “customer:123456” ix2eM re, Deriddt?> 

ws 

Tor Se tH BY LA ak RAT BK REE CLEAN “bug:76543” Keak fei ok Bug PRE A Sth — 7 E 

fe). Aefth— HE LA pe Ale AT, PAN “Bogus” Hh Ti OH Kp ic he lek SE. 

“4K, Ai eo SESS RIK (40 “cause:netwrrk”), lal A etre IA 

4A (“problem-went-away”). iixt 7 Wiehe Pepe Jl Ze ze TO PE the HE 

mE, LAE AH, BWA. EARL, tre ALHIDT AIBA RULES AA, ATLA ZE 

AN BEEN > Br OL PERS BR SA HE fa] a. PR RE BR RFE HR, (AE 

Fle 7+ Outalator Pig A AA EPR DHE 

4} AT | 
SRE “4FR ALL ALMANAC BRE. UG URE HU ECB BLAH. BRAT PT 
et “LUCHA AEA” Pei RE ACIDE. ELE UBD) OT ASEM. 
MYERS, DAB EY WE PAY Rela UA AB. ORBEA TA EN DY AE Se 
Ji i FEL PUT DET 28 AY A 

RWIS Bt LAG BR ARAL SR eo PR ES ADA A Ta], (Ee — i a 

Jil / 4g JL / ag: > PRE AY it Bist Bc a A ak: HB A te A. a Es ET 

BA / ARIS EA Be tele Al oF BAAS. KR TIE A EA oS Bi a A 

AIBA ac He He FULT SE Fe Be A I EAS JL SS "EZ PE AB TL 

(Apel ote BE EK SK”, BE “REA SR", ARATE XM 

BRAY WTA PAE ERB CM EZ sel, AN ee AT Be, td ee he BEET SL 

DBT 6 ARPA HG Uh, aL PR Ey SiG One Hit PG te Bi ie YP. EE Se AIA 
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i ARB AY Re ae PEPE ESS HRS AB. MPR, BE Eide A EE 

A7y A AR a 7 LAB: Ay Te) ALBA ARS A CE EM Se Be” 

Boge “WEIR er” CP MS AB fe HDA) 28 BEL [el ke SB Hs 3 HE eB 

EA VAT EAE TE A TT HOURS te Ae (SLO), RAKSHA POW he. wicte 

BIB We Ske Ea, ATA ASCP aed, Tale fe PEE A RR Se. EBAY 

Ae, BeAr cee BE AY il — Ee LIP Td, AS A ee RC ae Ha FEE HA 

FAVA ARR BE RES REIN RA EMER, THe 28 FP FA Ts “UA 2 fn et CE 

Hh Fel TE BR 6 FEPETAIBA WE HE cae 3 til et A ee LIL Ta, AGRE Sts Hak Pee IR) 

RAMOS 

Outalator "X}—2% SRE BAM AEE eR AB, RE. be ZEA 

“MEW” idaeta BABB PERS RIK ZA BF —7 on-call LFEIM (HAT LA CC He fh A Bn FE 

VBE) o GKPERT LARA Hae 728 VE. Outalator lait sc e}— Fh “FRA RSK”, OHA 

PENSAR ARS PEER (Atay ALBA te FALE — oe ) HERA. TES RSP, A “BE” 

PELE ABA EDIE RIF, DREHER Ear AL. 

AR PHU BY BY) HF Sh 
REUSE ALAR TR, BMT A AR Md tle ERG Sf int Bik eR A A ES EA a 

Br oH JE ATE aE BA Bi BY Ar A Be Bie A Be ARE ft ABA Hs 2 Te ES ts Ay 2 NB 

Wah. Al Bigtable 48 PRUE, MAAR Hc bis HE Bigtable Michie Be. if 

Bigtable $A ARBRP HE, MAF LAE -ARB HBT HER. Lhihe te Aes 

BIB ay OL, ay BE ZE IA) el cb Pl Fe fe HE AAP, BD Nee HEB. 

Ay ES AA EB ear, S HERE BCHY Escalator BAX : KHER IFHR AR APES, (HAE 

HE Hy ME GPR SS THLE Outalator P, FFA ADT me. PCO R eH. file, “ida 

AS” EA x th aiGidae “AP” hae “RPA FAC” (role-account) MIPEAA TH (18. 

FEI HAA, 1 AE PEI HE ME HG HE. RARER, in EVE GEE SC EA A (EI ) 

Fa Ih AS BF ae hae HE HE Ee Ee J OE FE I BT. Eee A oh Bl 7 42 AY i AS 

Br LT 4 2 FA) 

22 FHA, RR TREMP AM” THAR AMAA E A MMRERE IER, FF GRE, 
TREY PRM YM RY, REL REP RTE RM SLO RR 
BAY, AH, RPM MORES, MOM L RAMS ORR SRA SK, SA AURKEM 
Boma sx, 
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B17 

all tah OY Se tt 

/E%: Alex Perry, Max Luebbe 

4m 48: Diane Bates 

joRkERAEAREREAH, MARRS EH. 

SRE HY— Sie EWR oe wh nk: BEE HD BT AEP SY se. SRE ARS HRY 

1 Ae MU AAS 7 FALE ti RA LE! BG OR SS EY eg PT De SS A 

270 8) 8 EAI AOR AY A St A fe EK te Be AT A eM AD EE 8 RR 

Jae AT AAR FD 2 BTS PU AD Le Ee aE H.-P 

2 gy eee 

© ZEIX PRIME, BEAR GE AVE ACS. CLARY A ECE ETL URS BB 
fi, IX REDE EAR WI TT De LK GEST TRL. 

© PATEL FE ARMENIA CAS, GORE EES ASE ELA Gee 
PEE AMT 

WU, Az 7 FAG TIE BA 28 Et it Sp FY HE HS Si Sa EE Be? a CES AE 

i et A RRR Sor ARS SER A Pe PE. SEE MUTA A DA te BE A te A 

1 RERERE T tet AKAMA P RAGS RE, KES LAP RAAB ZY iE, ORE 
Mix, KFA LY RPA SRE ARAB A, HRT RAL A KS RY. RR RAR A 
BRE (MRAARAORAPHERAHARY RR), Fo—HAATA (AAUV SHAME 
TAY) — st Hi] OH), TR PRS a a He TA EA 3 4 SRE RAFAH (MRR th RAR 

AF), ERR AIE, 
2 A KAP Hw KR A http-//stackoverflow.com/questions/1909280/equivalence-class-testingvs-boundary-value- 

testing o 
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fee, LATE DD Bea A cht PE AR EAR AE HY FT a IEE 

WU RA BC ae EL LP TRH AR SEAY AT SEE BE. ARGS UT ZS te EF, BER 

BH EY AN AE PE FUR AA Se AY Se EA AY EE AB PAR FAY ACG To 8 ate EAT ALE EAN] 

Xt ASB Se, MPS HA Sl Se PEE ay eA Z PMA Be AE IY 

lal A fie Kat eo), ABZ TMA A St oY Se PE SS a TT SSA APR. IY, BA PZ 

PIES ABT co), eae thn 8 BCE Fe BA Be HY TD oe BAD Uh 8 BC th PL TK a he OC 

BY FR WES BT FRA BTR OY PT SP BE AAR SS Ee Pine BEL ao A CBS 

SCHR [Wo096]), Beth] AY LAH eh Pe aa PET BH ET HE AR SCT Ae RE TRC 

REESE BCH ta Se Sec eA a IY XM 

Mina Py ES WT ie] AA 

A Rit KAMARA AP MAAR—-RBiEWAARABLH, PRAMHM 

Aid FLEW T ARATE. 

—N AE RARULTVRMAAP HY Bug, PRM IRMA KR ( Hl tosk S 

ALM) Ae). FARA] (MTITR) AHSBARDANMAARARAR MAL 

NF 3 EAS Bug 49 AT 14]. 

— A KAA T VA re Rk —-4ASMTTRA 0% Bug. KALLE E-RAR 

BA AMARA AENF ARAL, FAM AMDT BIARLAL AM SZ] 4—-4> 

Bug. AA HRMATARAABEAT Bug HA, KEA Bug RARASH 

NEP RR (BRL Bug THRCAELRARKRGAMNGL), BTML ARP HA 

i4¢ @ MTTR A O 49 Bug SR BAM. (AIH O MTTR Bug 23, (RAR SAF 

39 A Me A] (MTBF) #AeK, 

Ma MAL, MTBFALHA, FRARTURRHLRHG AH, HERD 

SRAO® Bug. 4 Bug 4) RMLAM AL MME ES RARBG ER, | 

[185 > AMAA SCRE ASA A/S. BRE EVE TEA TAFE LE, DA Bt AN Te eR EE AE er J 

Br Be He Rik He PEN Sn . AK Google A MBUIR HY BE BA SCH [Whil2]. HEP 

PRAT — 19 EER IS Be HE MUTA SAS Bs EAS HEY 

Ay foe TI] 3 GA HK aX PM i A ZS 
RA MMI AE AS ad A AR FE SEMA AAR MK. FE SEMI ERE IE Bead Fe AAR UL 

FE BEAR ETE Be EH PS RPE EAS IEE. AE PUR EAE? Web Ak at Lvttt. JA 

HVE — TP ZEB EE AR SL VE AE IEA 
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fee Mit 
AUP 17-1 Bias, FRAC MUR  MTCMUA IEMA (unit test). HE ARIMA BE CE ATCA 
RZ Ub. 

17-1: eAMtnNsRey 

TMi 
BAM IA (unit test) Aa /). Be A AE MIRE SK. SEMI HR PE a AE — PV 

PE AIC, EERE, Bea 7 RIE PE 2 KEM A AGE Le AA EB 

fs ASME AEE. FTC MUTATE a — PPLE. FR EAE BRB ER SE FT BR 

Set ONT ABE. CMU ZA He BOE S| A MU IE BEE 

& Bx Mit 

HEE ok eb 97 A A WO TR EE 2 OE ZB Re RY Aa SE Te if ae ek Ek 2 EPs ft 

—4\ XK MIX (integration test) KAIBA AREMIE MALE. PRE A (dependency 

injection), Fil H2E(L Dagger” * iX FENN TA, Be TATA OU Hy Se ARRAY mock (illidteh 

FERAL SEE BRA (42 PE). FAA ME SF ES i LY 8 ad ak fe 

TEA HE AS (EE mock FH — PARAS AY BCH. TRIED RE BEET AARP 

143) 4 https://google.github.io/dagger/. 
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Fae Min 

ARMiIX (system test) 2 —-PEAMAN AS bist Mmin. SESE TA BE 

ke (Module) MAM RARE ASP (fil Rose et AE CMMI ENS at). Fe PAR LEI 

ae BE HEMI A Se HE. ASEM LEA PB LAHEY 

@ 34 M17 (smoke test ) 

Ten ZEB eS USE a fa EEE AS IN AST A. eae Be Tl PL — 

ASK. BWM AI th kee A ee mix, BRAM A ael, ALA Hh 

En oc yw i ATLA A ie ty 

HE AE Mix (performance test ) 

— AAA Al, ASEAN IE APE LAA SRP. OP A a ee EE A AR 

256 (MLE AB FZ AR OR LEE “4 AA SEP VE HE A Wa BZ PR FEF) ASTI. TAA a SEM] 

ey [el AE DE BE oe ay TE FEF FE AEE Ke, TARE FE SEE MTA TRE 

NAA A AEE PB ERAS RAP Za). Pile, SFR AT FE 

Biel A Bc 2S FP ae BE 32GB AE, MmLAn Riese 8GB. Bei Fe) FAY Me Ef iA] HA 10ms 

ap 50ms, bia ea £ 100ms. PERE MIR AT LACE UEGG IY Tal ES ASCHEHE RA PF 

Be, BCT TUBER AN ST i 

1) Ja Ml 7X (regression test ) 

Fa Ib — Fh Fa FEMUR A RUEZ AA Bug HAH. VA MMe a] DA ok Be A Ys te He jot 

HD, SE AR ich ker Re AY Bug JI. wirh x4! Bug ida A Kec Mlin ak 

AE MIR, HR CAG I Re dib ay PR UE te 07 AS Ze TA Td HF ft 0 St 28 2 Te Dad SA 

SHY Bug Saif I. 

(RSE cE. FET MUTA AA CAS. BPD TH) CAS ET Se ot WAS. TERRE Ao 

MAAR AS EEL. LT ATA Ee POR AR oe (PA AS Hi) EC 

Tt E73 — TARR LE, RR EE EIR a Be OR. TRIE Lr A BY 0 

ASL (dere mock), PRIS ITASCA MUA AT HE SS is BEAR I lh] —— JLo PBL) 

Ih} —— Bah tie BES IRs Oo PATEK PE MUTA AS, REE CB He 

FLAS HSE DSL SS, Tre] PSY 11 ba ey Bic) A TA 

& Mint 
A PMA — > 8 Be ZEAE EA NYS AB BE ELS At AN ES TT CE 

FREE. 1X AEM AAR i Ps FEAR & HT ar RA, (Bs WLS 6 EE), APA IP ee te RA 

ZeMiA. re widehie tt — 7 a] SEARS A SER bb ae BEY 
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SE AHS Mix 

(USES alee ce enone Wt 1] 09 MA Re FA AD (A aR 

[Narl2]), 4760 RT 2 PRR RA, BARE FP Kei HR BY, 

AR PAHELARPTEAMA ICAHN, CeHtPFeARKE, 

AT LAA KRT Mee, ANB eERAAPSABH, ELT REARS 

1) pK 0 AR RAGA HAY A, RAL ALA EP EFT, 1 AP 

Put) ZR A PRBS ARL, AN, RAR TAUREMARIELA Sl 

f£ AT Fa lA BVA, EASE IIR HE A AE PT — IR XA a AB Gl A 

FW IBRAK RK. 

AT HAR KARA AAPA AAS RAKHI, URE st wa 

fe RAR RRR. APHRPHHEFRKRMAATRAFAMA, lie, TH 

MATHARAAG CRP ORHRAMEARALH SES ARE OEREY 

He CA, RA MAT RRA SIAL, Te ou ace 

Z% Bug. 

AFA, ARM AMT UR AA RCH AMAR RRR, wWRMAMY, BR 

GM KY HC BMX (F—-PHS)) PRAM, PARAMARMTT FARR 

Fa MA, AAAS PRI FH. AAA RRR. 

Ace Wit 

fe. Gooslc ABB, Web AR MY RCH fa PRE TERE BEPC PEE. Eb ge PC CE 

A eae We ame ke ue a 

FE fel NBT XW RA re FRE. AeA a 22 EMA AR SEHD Zh 

IB4T o 

ic OU A ee Eb EE EB He 0 I CSC EE AIS TT © EEE A i I To aa ak FY Hn AS 

A Ht ASEM A phic As By LAS os Be VE AE lS SE bs LEA Ze & 1k 

1X BEB Fs A] PEP BC YO RE Ag oo Ah A PE a BDA ETC MELA. PAL Ay ie HE Dh 

St gees AGP WCAG EERE ED AD ome AR 

SE SE br FA is ae ch Bs eS A A, re ) 5 ANE ABET TEE. AIR 

BEAT VC BCA, WIS Ae He AE A A kA Ae BE A, FR ES FT ito 

4 HE aN Bee 8 FL 3 SG Bis SC PAN Ted Ee BE 4 SG WY a ie IY, dE Bc 

TEAR TS PAR. ZERO CH Be i — 4S AE i, Te PS Td SS A OE 
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REAP EL. “SMC RNS, PSP AOIPY (oe, WU AEA te ARE 

© Ba sUHh OA ERIC PE RM GE I IL 2 AE AH 30 RAS 

BX)» 

e ACE SCPEVE AST as (kn Bash) War FBR (BRR RT 

HUD as AEA ) « 

© ARDAFE TENT IS TIE TIA T AD (AE er Ua BE FZ 1S TI AE ) 

RA Mix 

ALS RA MRE RT AS, SRE te Se HU Me AA SCAU EERE. FEARS EAH, HLA 

FP) ZL AE a ak SE ts FP ELIT FPS BE DE EE EE We. fst FH 

KLE] Web IRA AI MERE A. He DMI HENS IAL P tele : 

© BRA RLIMSI(T ARLE. AS BCS OREM. 
© RES JH AL ED IRS DSR, SBT LIE BHR EM. 

2 eit 

Ge ve 8 NIX (Canary test) WALA TE LINO ALP MUIR SIE, “eee ee” — ial “OE 
WHY Ae” GORE ALD, FRAC FA RRM ELIE eA HA TARR 

BEE tT 1K ZZ EMMI, EIR tr FT RB — PTA a TA. a PRE 

TE EH]. AR Aa FE AT AS VBE [el HE, ARE SRS, FOR S as th 

RPE BATA. 4 WN Re Ta, eS ic eh A ERS BS BY AA eae 

DRS ERAS P. Fe “Ewe PS dk ll SCE (baking the binary)” 

RACE SAS Um 2a 

Se 22 HE MMIAGE AS A ce UT, fe PA oe FPS WS A As 

FAM IR AT LAWN TA TEAR ARE ETE UL PUR RRA AS, it ee 22 AE UT ME BY ee CE Bei 

Fo 3X APN ACRE RAS BT PE BOME LA THU AE PA SENSI ite Zo, a PH ee a 

A lade. AUC, UME AEA. ALAIN fe Ss ed ACHE Bug. 

Ay Stet PSUR AY az 22 EMMI SE, BADR ELE AS Ee (SERB 

la. WJaible 2a. Aa 4 ase) F.-Y Bug fod. FAT. 

AAI AAAZ Sy CU=RK (RE BTIR EIR AS, Ure RGR, WC, K AEA at 

Be 172% ( 5: AAR ec RI) RAEN Ta]. 

£4 —'W RIAA, ELPRVBAB 01% HAP REOMRAREAI, PRA 24 HIB K 10 
eat, SILPA, ERA KALLA RGHWALDP (POA 1% HAP REMRASES 
&, B=RA 10%, $BRKH 100%). 

5 KSBREARGL, IR 24 DAA A 1%~10% Biel az E26 B , K = 86400/(Ln 0.1/0.01) = 37523 4h, FP 10 
at 25 FF 
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AY SWE Rh AY Pe NC Mn), PS ng ee aes 8] AN va $28 Se YY [in fp BE YS BI) BT 

Ho CEMBA IP Raa Bl A oy (0 He 2 Wc EB HD 0S eS es 2 EA Td 28 ny FT FY BE Et 

IIA, ADB REPO AE HEROD ERR. Tike He ERE AT a BAL C 

WR R ARK. 

REX AETEBRLA K ATARI U, tA RR ER 

© U=1: JAP aR A re ih ef SEBO BEER RAY (CAS. 

e U=2: JA NV tack al HE SHEL ID BI AR IAI TES DB (GRR A] 
re AS ZU I Bes FMF DG | AF FL BL ) 

© U=3:: BHDLIUAI Shr ET BY oR ie eA CER Ala) AT AEB ) « 

KiB Bug fiat U=1 BHI : 1k #E Bug WH Sas SF Pa ee RPE TELE (Be Le 

FR [PerO7]). Beth ]— Me ay Aa et Ae a Ee YT Re TT 8 TY TL YH TR RE 

FEINAR OL. (Hex a ST Bug KUL, ERIS: fet Bug (EAB, fe 

Pa AL BU beg RR EMU IT EZ aE PA TR PE CEST IL i Se Te te A aL 

ATERMC ST. FERAL AE PY, HEB A Bug Ih, AM, Beis AEE Ay 

KER. 

A ta BAY Be A RS EN Be, FE BRERA IRB Bug Feat Bug WK Bid 

A EJIL fe Ae Ai ait ee: AS sie St 2 SX a ee JA DK 2 7 SRE a Ed PEK 

Eby Te] PA AS Ts Tia] AD fre ie, UT EL RE ae A OY © WB TEL 8 AS RIE AB APB DX. 4) D9 CL IE BE 

HS AAS Bug My He BE ae it a 7 A A te BEE a, EK i 

Wee AY LA SC Be AR Se 2X Fe BN A Ts] REL C, PRE PA TS pe RU BY A 

(1X SAmekf ee 1S). 

Bis — TMA MMA 
HB PR ESHA FPL RR Bia GET A SY, BS Wy a 2 TR SF BRE, SE Bs 

ESREABE TMA CAL Bel Za AAA. IY, ie TBA TE 

A oe AAT ee, LY ERA ES A a ee YT AJ BSE DY 

BEB Ay HELIN (1 re tA UL Mock HIRI ete AE 6 CIS SL PRBS te BY EE AY Be 

TORN MM Budi AS HK, RRA HK. FM PMB Pea e? 40 

ALA BU AR AS eA K AS, Eb eT a SK BE eB BAIR Bt SPEC UN AY IE AK ne — SLE 

AMERY EVE. Ai, Bear] ay CAR UU HS SE EA te 7) 0 Bd ie CMC ft FY TZ 

16 RINK ERAMR KKROMK” AMSRRR. LHR AT RA Attps-//en.wikipedia.org/wiki/Big_O_ 
notation o 
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ATEAZE MASA PA Ta) aE ae 

© fe HE Me EU RAD Pe a BE Re RE oo FER) Ae BY 17 ROR 

WRIA EAS AGE SR, WBA EM RHA AE REFER 2 re A FY AF BE 

TRPY) Ze 2702 te ae SE EE CTT pas HER fie EE ABT, SRE BETIE PE) 2? 

© En AEE BOM ARETE BEN, BOL ies A) EN? ZE BSR be 

Vb Bh Be FEY FRAG a FP DY OE AE SE BEN. TP Eh Be RAG Ls FT A 

{te Say 4 Fh eb ll BS PE TMK 

(191 > © WSHE API xe Hea AIBA re Be EEA? Aiea 2 Pe TE FB AY A] 

LEAR SE , AA EPA HER KR IRA, ERS RY (aT 

RE SCRER) APL Ee Pind FEA. 

Be AG BH ib. ED PB Bist RN a Th Be a x he SEH IT A. TERA HIE — ARM a PUTA YT LA 

FED EBay AY HA sel. ERAS. eee AT AIA EAS a. ifn ators A] ae 

SE 4 TA WU AE AK 

AEE SMR CHENIER ROE. AURA Bug Hf 

AE BSG SASH BAL, ak TS UR Ba a 1 EU] pe EZ CR AS 2 Uti AE 

WINES ef Bug, WR plte—t+—P iid, AK Sa AAA Boe AY Ll 

AAA I : 

ETS APM RR AE ED 35 SP — SS BEE Fe SE os — EBS AE A OS A its OUTS 

Be je I AE tilt es — ERAS CUR RS Pe mA AR PT DE RD RAS a — PO 

— Fixer AAR Za Bet AT LASS — BE ASE. ERE — UR RAG AE BB 

ETT — OPE. Be Ae te FOC Ho Se 5» EE AR SE AY LA SK EPP a Se Soe 28 1K Pe EA 

Re iti. BET PRE soe re AS AY FRAGA TE ie PIR ASAR AS ESE 4 SEE AA Se a Ag FCG 

PY REET, fa ide BP — SEES . DOSED BA Ta) el. PBA J I ET: 

© WAMPASIAAS ZI, LAPIN, (ESL EME. 

© AN LPEHIRAD SS A ABA ie Cen), DSI Ay EA Posh SEL 1x AE |] HL 

© EE TNT HL a HO A SEE A a J PA SEE TG DSL ML 

© ALBA Mi] hor SR ck Be AH BE DG 8 Se BI en], BEAR HS ASA ME (Palen, ACH 

FRR HELA Se (OCH HH ES Ze 4 de Th] SF ) 

Feel xe PEACE PEA i TE SRE AUR Ae GAY. (Ela bila — rk Bet EWA Abt 

We ABLE VE tii Ze Ae Fk EVER IK Ho BUR BER FRAG He SE BAS AB A AE AT SEI, FP 

7 HRARPDEMHL SHH, AMNAAKSF CA [Blal4], CH AAMU AM YA>VEF Mike Bland, 
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A HE IE ANGE ER 

FMR ASE, WI Bazel*, Ay Ai Wh Pe iWin pte ok FIER A OMANI ORE. bilan, 

Bazel LA APE A A MA). SRP ctr, Bazel JO Hire Eo A Fp 

SEROMA BAY o IPAM — Be ASE HT Ase He eT AL ES AS 0 CREAN i UR HE AS I FT 

AMIN, Hoe irieccibay. Paez. Mit Ae IR, Hep tk. 

ARS LA] AR By se Cy CN ZS ae Be EBS WL SR [Cral0]). PEA 4 TA ny 

BEE HER AE PRA MU, = RG NE AS re BE A AY RE Je A AS AD A BE 

LRESIA . GEA ae eS Ub: * Bed ih ie ES TA AN Re vr SEE A os LIBR 

BER. Axe AA aE ab aT ee ee. AREA EY ES NY WC A SY 

Fe GRE — BEE AE 7 {at FT ED BAS AS th 4 PR ted BET BE ey EI Ta J ak AT TS at BE 

KAM MIN 
ACAD TOMER, BUCA AE 8 SRE A dni RECHARGE Lk 
(FM RDLAB RE RE YEN 
/\ 7 ED SMTA AT BE A A AR 2 A fe | — REC EE, WWR ARE, eS INT He a AE ae FU 

As Hb BSE 6 AS HY Sa UU TA A E22 OR ie AE MT oP BIL EAT CS De UA at: HE 

GWU TA. 1 AB EL ed PE Se ak te EST GP ELE A EB OD © MARS PE TO 

TiS tri PENA WIR EE (UN, BA DBE eA Fy? PRES Be, 

WW AEN aa ARK ee el, RDS FMT SC 

RAI, HED A AMIN AY BE He IS. De PE eZ I eh RO ORE RB EE 

AAR. Wn ME ae EE AGE ede. BBA RET bec oh ab 

pe Ee EY ME J AA WE ty 2 DK Bas UT Sa is ad eh ae FEE Lie AS a 

Hi (branch point) WEAF ATE, ARE A te Ue BK FR SO A Be Ke Be BE AS By TE 

RR, MURA MWR, AT ERR aR he Ee PEE SS, WS Re HY 

AS 

i 8 &R https://github.com/google/bazel. 
19 ldo, AMAMKRBA-SRAAPIMAN A, RETA MBVUAMDERENMRE, GRO 

XA) HH API AH RI —4 future, WREAM HAA ARRBR, RAMTARGRA PE 

NHR, 2397 R *& future ELMAN RA SM, KAA APL Hs RAELAAA A, WIA 
LAR BHIRS BBR YS TOT HE AAA I 
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[194 > 

MUN A AE AA AY TA 
SRE fy CAE ESL, HLSW. SRE FRAN TAL ay RE SEL PRR : 

© MAHA ARIE A168 ND PERE EE BETTE 

© FA REE Ha bs PIAS A A ae, dE 7 tL 

© RISES HA A oy WL 8 Oo mal AS PY ch 

* ere CH. 

SRE LHAAM TER : 

© REE TL alle HA ak AS eb Tse Be ef Se a a AY Et API YEE 

© ry BAAR A Yer UE A AR Th date, HE TSE AS AN oh ec EM 

TXT fe Ber TE es AAR FP IP Ft 

Bt UY, KEMAH API RT RAR (MARAT RE ATR ) 

MK TAAL FR RARLERP EGR, AAAM, RRERTFATRTE 
SL ae yak HR AP HOH, RT APPR ARF HH. ANE T ERA AR 

UA MERE, CARN Fw R-BSIPMAM PT LAL Lat, THA 

APT UY ade la, KA ARI HAGE RIK AP KA PAL 

1 RA-AREHLAAZHRALHPRA—-BRPUR, AKGal ALA 

TRREE, FRAPSAKAGAARARYMRAEAEAMAP. 

2. GREEN LARKRA, RFCNELAZEHRERPUR, RAYMARHIA 

RKAB AG Wl RR AMER AKA Fa A. 

| 3. RASA RS FHF Ha ARR SALA ‘a 

A oye Te PE SIA 2 TAA EAR BEY oe i PEM 9 IRS Re AS BT . EF 

Hee TAA Me EA Ree. BAN Pk AE oh TA. 

© BOER 3. 

© Beit ZA By A at 

e TR TEPARAGG., DSR Eide CA. 

£10 APFRHHT SCRELAYPERAMMHASRAY, XR, SRE UF KF MRF HRELKMEA 
HWLA, LHXLAGKRERMRA, CRRXLALAASH REMAN, HFRLLABAYHR 
ARP EM, PVE BiH Res wié FARK IA, 
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Habe TAA ASSET RES : 

© EAM Sis BRE AB ee aA a eA. Zed UY APL. 

© Xf ab —*+ API APR BL, EAA AG Re By Pale JN LY 

WWI AT ARE EMR a. NRA EG ft ab oo PR PPE AE 7 Ay. FI Ae EE 8 ay YO isk a ae 

API eee MURS AR AE GE. Pla, BRE RIDER SI AEM PB , U5oR He 

HEE WIZE A. (Hae AE API NST A EMA Ae CLE RIE DNS 2245-7 Bil a 

TTL CAH). ALK. wR —PS Las EM runlevel RAE (tL, SALE DNS ARS 

ar OL EF HRM PERE DNS WRB ah. PAPA TRS as Ai BT LA DNS A 2 fF — Ee IT 

[A], {ELA A BZ TER ASA A BT BE IdM feeb ct 2 

BEER i HE he T Age BE Et MT SET A L.ED SM 

Fen Ann KE A SETA er ABE? Hee. ARSED 8 ont CA 1 ott A ae 

Dr UAV A te tu AJA, ABA ESE A LIK CAE AE A es oo). WRK LA 

FA) — AS abit habe AS ti A ED Blt et 7 HE CAN FE IR EER, ea BC 2 ae HE TCS a ae Be RA 

EAM, KEATS. RR AS SR MIN, AU Re AT HE 

— AS ERE PR SESS LT BAY 6 TELE 9 Ay YE AF See ES A Bali ri BAC AE Te PTT 

PAREN Ee, SNM A bitte LA Here AT A CLAM ASE, Bee ix 

PAS TAI EDIE BOT TS eR AE! Bilan, Ae SAE FT TA ay HE CE HEE BE BT AY Eb 

Weis SYA RESET ot UR. IelIRT, SE A ee tt a GS A BK Pall, ALIA BL 

Bil ar ik. ANI SIAR TIA ST a PB I Be A OR 

POE To RPA OR AT EFF A re lela, AE APT $e Pe APH BAL, lay RRA A 

ier eh Te Me eS WATT To 

Et XT  HEAY Mist 
WBE MEK SS TAO DIT A ITT 6 REA TE SHILA PSH 

© it} th—t al idaseRA (checkpoint state), —7 +4 lal FARA SEAS EPIRA. 

© AAT ie ASHE KAA PARK MEE LA, DASE AS. 

© XH WN RMAREOARELA, With Aa Re Ta. 

CER ULE, BENT aT AR HEA RELA — BD FM SS RR FETA RE CS 

4. wide. Anak. RAW eA. Pa ash) Work ee, ee HE TE MEK Ihin ll 

WEAK 8] HEIL ih CF. 

PBHE TE EE API 29> PEM EAMES CAME AE. TEP MAH 
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RAGS 1 BI AI — A PR AE AES IE 8 Tr A FY BEE eZ — BC (eventual consistent), ix 

AY HE MAE 4 eh AE ME PEAR. ZB PIR Abe be 7 IE EAE ee el EE 

bee lala. RAR TA A 9 BIB IZ, TE RAB ER, A] Ao 

— XE ET. HP SAE SH xe 2 Fa PE), 30 PEG UL Se a BE 

Ae, Ay SRR Saal, HY HE Te BEE x 2 MM TS ESE AY TB, DAE He 

eS SMM AI SEF 

Fl AAZeit = TA 

Ritts, wl 4o A FRM AG Lemon (AK UXA[Ana07]), A FMA A 

4k AS 4 Chaos Monkey *'' YR Jepsen*”, KR-LATUMELRAHMR, LRAK 

ANG RG BAF RL EMR, KASH ARH MABE, FP Rik we 

F fk RRA AY: 

© LE MATA ARARMAP, REA BMA ORAM PIR. A 

WAIL ABH ILRMMAKRER HAST ARG YT. 

© HW RGICRTV R-AK M IA, AA HRGRBRSZAM FBLA 

ARAL EB, PRASAD BT VE S GS CARL. (te RS 

ATV. 100% ERM, MAGAZERA 100% KT EAM. ) 

© AIA GAM LPR AAU ATU ERG PT Hg RIK, 

© AMR SEA ILAASLTAPAMPM AUB RHMRES, TWA AH ERS 

Bik Bug HHA AF SFR, 

XR EE BY aK 
AK Fe A EY ag — 7S YU aT AR BES ES Fg: — ee oh DS He EE FE oe A a ae ack FS ae a A BS 

AA IN WK Tg TE A OR REY FB ST PARE. FR a DE ido fh 

TAMIR SK bs ek ss, Tay A DATE SR RS OLR AEE. PAT. ER RE MM 

HY FER AB oh ASE 4 XT LE DS BY TY 

FILA, Be AA Ai Eb eT EE Be OBR AY FH Tet ee EE RR IB, Ra Eb LE OL Ss 

47 — rE BO MTA, VARESE SET. EET A aE TC FEA, (HEA 

Hoe LEB AT FAE © 1X BET se CE AS Tei] Re RE EO a a TA aM) SA EAT a a SR 

i211 4X https://github.com/Netflix/SimianArmy/wiki/Chaos-Monkey » 

12 4&4 https://github.com/aphyr/jepsen. 

£13 PPRAEMMARM EHO MARES TS LH, AMES MRA PRAY, £ 
REEF SHEA PREZ ARAE PACE, AZ A MATH eRKAGBwKER— 2 

ARE, 
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AY, Or Hy ae Ae A Bl — Za TRE ie CUE Ee) ELH A 

oe Le ISP WEFT (EE 

{Se FEL WU HER A al ae it) Re ifn AE ee AT TE 7 ere — OR MAT 1 FA — 7) 

bay FAG —§+ se A ln). TP PCR R AR Te, ABA ik BY LA 

TET IRIE AR AAS. HRA TER, REVI SR AY re fb 5 9 ARS ce A URE Z PY Ba Fe 

ln) ell, Mita BR IMA EA AS Se Ck ae HT Et Ad as 1 SY LAR Fp ES 

ie J) 

Wit By LE BF 1B) 

|AR AR HH, SRA CIMLA-DPRAH. BASHMALHARY 

ie AE LAD ER, EMR TM ALB DRLERSZHRERRY as OS 

a oy pase a. Ae Se Sw ty (= 

ESR MARSRABSAFAYNMADRRLEARKERA, ZHOMA RA 

ERM RK, CUZ A RA ARS MK, REMAKE L AM CARRAF 

SAK DABE Tab”, DRRSHABGESA “AKG LLA MTR”, 

— AS Il 7X 04 AE 7 EAT AoE AT TB] Be LAL ALE FP APS HR. MIA 

RAR ALA AH ZA TAA, GW LAE RAY T HE ER XKCD B85 AB AF 
io i 14 

(BeBe Ae TUM IEE — AF 21,000 7H) UTR AIRS LA AS, exe SHE. AS 

HUN ick TD AE BA hee BE OP EEE 8 Ji FR J PEA / WAS RUA ES 

EERE, WBA UE RT ABR A AT Ae AG AY. ROP ERY be cat Fe AY CAE it ie bo) Fe it 

OATES KAMA AE BOMMIN, Ey Ae MS AA SEND Be PE Aor Sor 38 I BC 

Fe ie Be SIAN HEE), DA SARE (he ek SE Bc CEE a Es Be A 

MM GLS ) » 

BER tt A BES BCH HUA LRT A EE A LL ak & 2 AR A 10 

Boob Ay 1 SAE AG, DBA a EAE AT. (Hae MA 100 MB BHAA 

fe 2ty, FP ay HELE TRS 

1X HL RRR a FRAT TY HE 8 Ee EGA BI 0.99 (TE WMAZS) WY 42,000 WRAL. (21,000 Sim iX, 

PEACH 1 VC). RERERTA : 

1% 14.0 4 http://xkcd.com/303/. 
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1 

0. 992 x 21000 

PAS ak HE Fh IM TK Ai BEL 99.9999% A REZE IE WT (5 RE ) 

2c th Bll 4 > iE 
He RB DAS SL SLR AE LEIBA RICH ERC FL A PR 3 CE aD JP 
Elie. FAVRENY, PONG A ME WEL AS AN ZS TV Pe RSE PEI EDS Ec 
PP WCET 7A Os PH, CO I i AE LETT, SCE AL CER AMY Bae 
LK PEGE. WIRE DL RAH ME IT 

TELE BEATE WSR. FEE aE TT BUT CIE, PR DT BTR ae 

PR MU IAA SEE Be RF OT UL PE RIA, ee Bos Be BY Fe PE A BCE PE I] 

ml. AEN RIA he IFA. TE Ops MoE, KARA — BH] RES SE 

ELATALWT—R. IM, KANO RDA SBA RAR PE. AAPA hk 

ASH till BE |B) 2 ee EH Vo 

ZE SRE BRAY PD, AEP SEAM TRA SEY oD FY HE He SP BE PO EA AA SE A — BX 

1X BY BESS a2 Mn AB Se EF 2 RG Lk AN BI A TE. (ne BI NS 

BCE MITA Gait, FA feb EAE BS AY ETE TARRY 

BARA LE — APSE AS CAA te. EAE TA SRE Wie. EBB HK 

WI 2 Fa) PAY AY EET ANE? TERN ROCA, Bea AA Be ise — PK ET eT HE 0 3 

SE — MMA AR 23 HH 1/10 AE AY Ie tt, WBA FEE ERS Z Ja ERA TB ER ES Hee ET BE 

A AN ie EME? ARH A, EME DUT BE at: DX a Be bE fe Dx take SE AB. A Rs SEE 

WN Wc EE Et ATS TERIA AUB « 

KAIF MINA 
AONUARI. PRP SHA Ae RE RAR AE TICE HE — TE AST B/D, BER 

BURP EH. FRSC > AY OU AB ae EA EP ORE A ae CAT Yo EAS i UA EE OS 

m> (ERA tame AvET A Ith. RAAB POC. Bete. A 

Pee AIAG Be HER AREA FI Ta] (MTBF) 42-46, A FES & 7b 

WWE. Fa Re A PE SAR SE. EA AEE Py LY i a Bs 

PCH. Pa. OC EBT AT SEVERE POOR LS A FE AT EE 

ASCH API A ABI FH, PAR ARLE AE REPELS a LEBEL oo Bd PE AT — OCT 
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PENA BON TATE. BEVEL OR, MB AAT? AP AI FA HR YS Dy ee ae HH ik Ag — 

PWRAS, Mita TAY eA te. BPR Te) REMI eX Se is 77 CET PEA FC Fax 

BH HG SK BRA SHAS ZS EE AE IE BS iT PR I a SA EE EU ZT Ag FP Td ig AS th, 

BF MWA. EA ee HEHE TA HAS, BCA) EAR fg a Be BLY Va] ed 5H Ds La] LA OT De, 

SA PAA AR ak Ua] eT AN A ee Ze LS TB SESS. Sei Je te J x PPL SA oe 

ATH ES A EE He A OCH 

WAR Ba EE 4 RE AS. RCS] (MTBF) faite PRE, AA 

FPA ES OWL Se He i BT] IAS 2 PRT, BAT EA Ae Fe BG Lx hig BBE Hh 

EFT WU. RAL ee BE TN BS SE VES HE, PITA AB AY LB ak Td AS He A LF EY 

FY Se PE ep BE BY ARG EAS BB eS BR ll CE FR SG OU TK BE ate BE e+) Ey Ta) aD 8 il 

EER. VA AAAS IR A AT EA Be Kk At DA es SEH RSG bos FF 4 BY De st 

fe. REE Be toe fg AY AEE a SR oo ate FE, A SK) Ps BO AB FE 

MAS SRE (Eck TART ACC, BUA TSA SCA ee CAE TSROL FR 

SARE), WEEE PEAY. ANAT AR De AT Se Ee ER RE THN Ze, ABA BIN Be es 

Sere ER RHE. RB (EADY) RAK. MP, horn 

BETH Ae AIBA EY) El pas re $8 till 7) a PEA I Bl tt AT SY Ae A 1S. SRE ABAM DAA Hs h— 

En Fe PETA, LAPS fee Bee PA SEA 9 Ze 

AY SALAS SY ae, EG SRE BA ABER PEER, AE PPR SE MD aE EAS bc MES Fe 

ft. Ay SiR BTC MME A pe, AEP BE AE We 7) AS Wc Tel. 4 — HK Te 

a SRE FLESH, SREMMAD CAYO EA SAMIR. AM, eRe 

PAMIRLA Fy SP Bite PAR Elie CLA eT Er ZE SiS LY Bug), ie AH (ae ees 

Bie (fe A Sete Hk SW Wr BU ER A EE. FEAST TAD “WA BU ie EF 

TA” —/p ides £ SRE TAA pe WA ae BE, 1k RT ee WAR SRE 

BY LA ee EK EE TY iS 

Fic SC EY Fe Cee Bl Ay i i BEL Pt — PS ER. RR ie A RE 

PIE SIA] (MTTR ) PREPCEBURA ACE. PATI, RA AC EY ETE AS es BEI BH! 

PRIRIEIR, DAT Se PERIL AR A 

© AR 7S LE SCPE FETE AEA SPRUE MTTR CBIR, (AEE A Se HH BF ell 

POSER fee A SS BE, BS Zk SC SC EY HE CS LE AR SA MTBF ib eK. ALA 

XE MIE SE SLA TRA FE RENY AS Be PE, PR) A) AN RIE I SUE i ne OT tb ab 

BY ist DORE 

215 AGS ist RW Amazon Mechanical Turk ix ## MAR SIE HAN, 

ARM | 171 

200 



© ACE CPE eck Lea EE Te PAN, RAR ST Ss EU Bc SC fF), 

1X FRE RAS AS DEL ep UD ZS PE A DAUD RAR RPI A SA AP 

Ve LE RR Be EE, BIS ZK AS SCE BY FE ZS AY Se ME OR ROY Si A 

HII « 

TE APD Bt SCPE Dg Se LE EC SC Ae LR ay ERE ZIM AE 

HD, Tea] ESPADA 5 Ge THU IK AR LE © BUR RR a as BS. ABT PRUE : 

© ET AC CPE A A A i at EE, AR AT LA 28 FE 

© FERA ZA. SCHED BE cats See AeA UI TAY 7X 

© fe — Pepe OL LA AR FY LA EM RE BZ BITS SCE Be Ato FE Po OL ll SS a? 

ny SePE, a Troe P TALE Lil (Bilan) A sbters—t> Bug thir, LATE 

Pe AE BEE 7 Se eb PL, Ta] 

pe SAL BI FO Mist oy 

MAMTA BRR—-ERM AM, VBA RA MIA, RMAF KE AIK MA 

RRAA LIER FETA RAK, BIBI ARLCRRAAPLCALANY SH. KR 

HAMNER AEG GRAB MA, HRPAMSEARA HM AKRHA, REE 

MRAM ZE (RRR) RIZHHRHSHY. RH, RAM MY FHMR 

AT VAR RRA KR (PARRA SMM) FUMRPMER, LBA, 

BiB PLA] T VAG b RLM AMG LE RR, VAR RRA A 
L 

Se AX 
FA PE eM UU TA Ae A EC PE BY Ate re a EZ 9b, EORTC SC SE tS UL AR 

Boo BO SCHR AIT (LAM DR FA REO a) AY BRET FE PEAT Ik Be CTE EY PE it OE i a BE 

MEPERY . MRPREPELS = (Python %) 28 @eFH RAD PRA Cee, ALA ete BE 7 FT tie 

ABI Tr, Tal IRY 28 ty PAD ae BL ill PY LA py et — 2 TE EY FR BE 

(5 FA Ae REE DE i Ft Ss AC SSC AE ne A ABE AS, A 1 A Dg SE i SS BTC HS GE EF 

FF Tre. P| Ay Ns — SCE Se Bs et BR. GARR PREP Tele EE fT 

SK Bs ESCH ERR CURA RE BE BOC EY eh Pe id 82 & 2 ED. IBIAS). ZEEE th 28 

PPI ZIP BAP DI RE Ie AR AY SCT HTL Zo CIEE Te) rE, DAR SEE 

UK AY LA CE A BRI TB] A 2 

AS Bic SCE ae FA RAT DEF CASTS CE, IS Za ag PP AS RE Hg BEA ES 

BW, EASA (an YAML) FI—-*24xt AK WMA Has (lan Python AY safe_ 

Load) ATLA AE AC SCPE MASE TIR RR RE HY YE BSD Br ae AT Ay i A 8 PE aR 
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Rete Hhig (iy EPR. fae, BL are Seb EC CPPS IR. de Ti] PALEY DFG ck 

28 ET AIST EBRAY. SMUD AE, PEC AB ak HT eH MEY 

(EN Protocol Buffer’ '° 1x BRAS KINA MLE FH HIE SC TSK, CEI ATL A oe ae 
res RAE ES Tell, Pa I HE GE HE Ps AF AIS THY ER 

SRE Wats if aS ASE LEA (AR AAS), A AS HT 

AS WE PEM A. ry Aa YE PU RI Be ACY TT Tt Ae ae. TEA A SEE 

BS SA EBERT. RE TT A Se ae IY, Re YT os LAT 2A 

a Hb CAAA EB eb, LAE A ft, fle De he et ie ME Zl Se A A OR IY el 

Pr Bis Bodo 8] Se PER OC Be Al Se CE TR BSE AT UI Se OL, PR te A SEE IN (aX 

4 APE TA A tore a) PY DG ae ee Ta) el. He a Ty REE AE A Bk 

BB BED AEPIEA AANA, (hres > ay LAA ee BO HE ead a Fe MB AY 

ZEA i, (ei — 7 A CEL AIA 5 REE EP EN UNIX BLAS AY 

/etc/passwd), [alASép xpi 4. 30 AE AY — i a PBC TAREE cat SDB AE SCPE Zea 

(ik Ss. AAg UIA ie RE, PAL as PED EE AIS 7, MAA OAS 

WA EIA ARH. (AE He EP A Se TB EA RA SD he SWS bs FF ZEN A ae Be 

mA (—-FIN) APS ee ZA BI, TR 8 a FR PN BL. KS TIPE 

AEFictk laa, Prk + LEA BIA AE Se GH NER A PH 

& IP EERET 
FE FU AL hl a Hd so ee EO eA Bc He ts oe ET A ee A AY Hee rf ea a IL Hl Ml ee EAS A 

Bin A FOURS Ase. A AA ee, BT a A as EY 

AU AS AUT we, TEL ee SG as AY fe Bor Pe ve SEIS AR TF UL 

CLD TE A Lg RITA LY, rtd CLR BR Der AE PY TAI FI PN AMS TE VE Ay St 

Hae PRE ER BOT AT AEE A RY BOK EE OR. IE ite oe WE 

Kay Ay BY Eb TE Pe TH, FAS BT EDTA PN a EB. HEE SAN P= AR 

© CRIMI EER TR 

© CRIMNIE MR. AT LAER TAR SBE 

© CRIME MIR. AAT LED e AE Hi 

Bed] PT LAREN RE Ay SE OMA A A IMT, DPI AT LAR VE A Pee PR EP 

1216 4&2 https://github.com/google/protobuf » 
217 RAEBHARGAH ALAR RALA, MRAALAUM FT ERIRRAYHRAMA, UVRANR 

SNR AR, AAA HLAYMARANABHRY, AAPL R AVS. 
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BY REM BS oR AR. TIS A eR EL ee A SLY, gk HEU i ig ok 8 B72 

Pet PK To (Ae ert AY EK LA PLGA 7S Ia] 

© KF MIA AT RE BIR ae LE — 7 Bl vit IRA ee FS A Ji ita A Fete ZI 

© PRET MUMIA A) BEE SE DIRS a LE TB BY & AP id WR AS a A — 7 ESR AE 

Vis ARIS er Z IH) 

© Hip ann Nie A ay PU Fts HR OS ait HES A BCA JS, EE Ae Ai Jed AN SS I 

AE, AR PONE eR EP TZ Be A UAE BY 

EER ET IAA LA AAMC, (EMR AM SRR AT AME? Ailvim API ( Hy eH Bit a8 ) 

Boe Je vin API (Fe AACE ME) FEMUR A SEA 2 Hi AEP EA BA. GRAF PRA RO IK 

PYAR ATT Z FEER BL, ARBAB) REY A IE fh LF 

He FF Se SE Bt LL Ri AS OF RA aie EY Vind Ye UA Hs ERAT. LA TIA RET 

FET IA ARS as A 4 RULER ET A. MRE ARE LAMB iR, MAR 

2 ZAE MN b. ATU. LA ET TF AY i A eB Be 

FRA A ERIKA. MR MRA KD, BHOLARARS HSIEH. RAN PK 

BBIEIZB RA © BAUR ETRE IL IRAS, EB FeAl A OR RRA TZ HEE 

FFA Se ot ABUT ALR 

FED" SER ELM A WSK TRS He BE RB, te SAY Ie tls UR 

1B I ep A. cP MAE FITC. PET He Ft AT 

(Be 3c 2: 4 ZEA IE AS PAS Tel is fo. BTA AS BT BESS BAR ASI IRA RR, SG 

Brn AS Fee EAE API. Boat, IAA Bee ERS TAS I, GEA 4D C4EIA 

WA ABET) ob A HEIE AS CVEAY API. Beet He WAR IX AE ER ET AD Al Ie] BUTEA PE TD BE 22 ake 

Kiba API. 

1A Ja tim hig AS 

2 SIL AA HGR 0 3% (fake backend ) 22 AE SER BL PA MEAP FL Ae A 
iAP VA] LY wy I GR A A A RAT HT OR A AGE A Ae A HA AAT 3 I 
fy Bi fo th IRA B 

APH EA RT RAT GAS A, AML, BaP eR 
AAT VA RB RA GRAB APRA RAR. MT UE AR 
i #1 Lh oA iT a AR BAR OP 

174 | S178 Mit sett 



AA 4 EAB A DS TK Fo HALA E 7 04 SOA RRA, IR APE VRE AT 

TURRARM RAM AMS, VAR MRC EA Dt, RELA, 

BANA ERA IK RA BBA BY AREA 0 SY MY A PAA 0 RAE HA A 

BA-AB, ANAM RAAB ALT AMBER, AARP MASH 

ATRAR, Z-AH, HHHTKRAVWMTUAA RSH AEH MAK PR LH 

RK, HSlRAP MMR, 

\Zz5 

UTA ve: Le Yn ee reas PY re PE Se A Ted FR EE i rs PB UAE A Ee — BR ET — eG 

RATED, MAE RRA AIT AY © BY OE Jet UO ik ais Be PY OH A AS ERY, EASE Pl 

TAZ ME FS VA HEAT RMA SC CE. FERRIC PA — Pee ZB, AERC, 

Tote Le a, TR PTT EA SK Bs AS EGE BIA EVE AIL A LAA 

af ob Ee RMS A ae Me te FR PE SA A A, A LA BD I Et SH EY 

HEV AY SEE 



SB 18 = 

SRESBI) PAY SK FL te Six 

VE: Dave Helstroom, Trisha Weir, Evan Leonard, Kurt Delimon 

yete: Kavita Guliani 

“PB LE SE A thi HH — 4 Google HI 4k (FT Fe Sk Be BORE, {HPT 7 AY HE hb EY aE — 1 RA 

Gmail XK Google HLA XM MHNA Rat im. AM AF) HEHE Ws ii (fe Bigtable KA 

Colossus << F EAU ZE ae te A AE Google HAE AWA AA BI Fe eR LPB SRW 

1K LEK Te KERR SEKI OSRE BBS IA. 

Google MYESPN SE, TEAR LORTL, we ARTA be ARAL et ASE Z—. SRE 

AISA EARS — FA, ik SRE TRH ARA BS BRR iS En] a. Bay 

TG AERP La HE A 1 FTA PRUE A SC EIB Nb TP BK FAK. (HE AATEC & FP 

BREW. AM xe HE MISC PEA EE RA AS, WAR A SC. IDA ECD AIRS oA AR 

Fe) [aE IF RIDGE. RMAROR UF, SRE FFA LAé— 56 KE PES. ifn 

Ax TREY ASA Db To FP RIK EE TAY SRE tai Se Eb a A PY ip ETT ih 

BS, Hill aE ASE 22 FBT I] 

ANT ASK Lei A Xt SRE (RES 
Google Ey" ASEH ZAR FEE SB RAAT AYA Google HO HK, KAARLA 

os Ty LALA PRR ie AP LITA. Google (Eek tt LEA MM KAAK, iba Ss 

SRE Aft#R LAA feb. 

SRE Wk rake (tL REAE HS AiG AA CAL : 

¢ SRE AAA STAN Google HEA AYE 7" NS ey EE TR EASE (EE SRE 
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Reh HT EA Be tr RS BL BE WS RS, BS CE DOE CEE, LAL 

fits J A Se Hite 0 A A A. Fp 

° SRE#AC CAN He AS PTA SRE fe US 8 HI BE EE LA ae CE EL 

© ix ee ALY Ae A fh SRE——9 DR A eR EAs 

FH Boe it AE FE LED 9 7S [a AT APR ToS FI TB AAS TA SAV AS A LL 

PALL AF A ALBA BEER VET IA TR. AB — ot UL A AD alpha hig AS AY [a] 

AR SRN LAE 

SERRA FABER A. ib SRE 43S) TRU IF REX Google AAE WA ER. 

MZB AAA TP LER SRE 24 2 AY kc a EE EIR SRE PAR AY A SY a ER PE 

SRE AAW TS Bebe, AD RDAPHE SIA PIRS A LE I. TE ORS 

Pits Be TUL P . ASE RE SRE ABA LA Ze HESS ae A The ft A te ER 

UMA eH IO OE. ite. (HARRI E fh A iS ARAB CI OC [oa] a. AEP OP 

LILA BB 1S EY DOR FF OT ZEEE HS BE. 

M Bob — Fa RE, 7S PRAY SRE, LAR ES SRE ZAZA, HLA MK He SRE ROK 

(FED A HA SR SR 

TENE EL Fe BE SRE AAR A tee FO RIT lal, Hate ie EE a ae 

PHENYL AFHLES . SAM HE Fe BP LAE on-call #6 Z ate tee iL PE ee 

BY CATED AN PP x (PL te eS A SEL Feeney L Fei te fk “A LEW 

FEE SRE CFM A ZIP, KEE ET eA ET LAA) SRE ZAZA 5S Ae EA 

(REA) CHEN Fel. SRE AB ee See we HEH ERE, WC CCH oe AS PF 

OIE lal SK A] LAE EBA ek. A SS RBLx TS Ate, Google — Hk Val 22 

2% SRE [AIBA lal AC A eS EL eZ AY AL 4 ASE LA Ten 

Auxon 367 : NAR SERRA lo) ee 
1X fs PA ee TP Auxon IY), xe SRE AIF A ta eI TO. 

fie Auxon Ae QUT BEER, DAB REAR DRI all, Bed 70K eb ee ee PR A 

Helo, ARR ATIEN (Google AMMAR MLA i RII) AA ZN. AK 

(EAS UR SS FUSE TBS aS 2 FE 

TEATS KN FTX 
HOLPEMCA HLL BS Tat (BEML SCHR (Hix 5a]), (LEAR AAT A RLF 
ATX HE : 
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(208 > 

LiKE KARAS KHM AM 

tee SR? RASRUMTAN BRE. UR EIN EATTAwEr a? 

© (EF Be A BY Bie EB OR LS 

© FM EE — Bex JL ESI LAF 

2. Hil UR RIA, SE Fe DB TT | 

FTEs Pa Bea RE RE Be FL ACR ie Re? ETE “WIRE” at * 2% 2D” 

ra? 

35H, HAMAR 
iSO AH LN? GULL RA A ARLE. PIT BR 
BER? 

4, REF ke Ht YI 

— Agi BDL (A By EEE Berle), BYE IRS RA AE IA EUR? Boal HE 

WE REE EH CPU. Matte ct iil EEA ZA IRS EA? 

XA A RV ce, A Ke — Pk ee AS AY OB > Bet TY Be sc iby ill FE 38 1, 

or Ub A A BESS HEI, WG Eee, AAEM as ER AT RAY 

TRAE, AAS ZiT) PPE BACK TAT. AEA, ASE RE a BI — 4 oe i Fate La] 

WA BEAEASIE I HE EVE Ft BAS 0 FE GEHTS te BS (8 Sse” EA — EK IE 

TEPER “TER” ABE, Fees, De “TGR”. 

AAT ME te 
FE SCH Ae BN Kal Be Ae PE Be AS OY SY OED EP 2s FP BSE 

BE APLAR AR / DI EC a fit 2 BEC, PLAN: 

AAR AT HEL FCs PRE adel, Matin aig Be BE AY OR EA DI PEAY HS sig A 

AMR er ESE, FA “aR” EI, Se Be oe DRY ie tb Fg 

Fe ot a AEA Le A SHEE 

AG PEBE AL RAISE PP vt Be TPR ES SBR FB AS, TT Se BCE UR ae 

HEAR CPA, PP vi ae is ETE. TM AE — Od. RRS Se BCE 

Alli 2 {L ) 

Ts . MANA eo) is Be TE CURA ET , DARA UG A. TA Hk 

KA a (Pa Reo WEB Ao BD EP Td HWS ALP SR AP AS) BE AS RS SE BORE AS TP SU HE 

AH HAG 0 AG HLS SS TPE AVY 9 Wk HE WS Bl i Se MAB SS HR IS Ae eI IU AS Fe PRE, Be ES BERS 
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BUSA MA, RAPS A PIA A ad SE SEL ae BL I AE 

RY, Bea ee Rae. BES ZB REE ee Cole ee EC ALES Tad TD Bas) 1S a EF atl 7 

7E JRE ENS 25 tae SU TB EY, ERIS a a SA PREV BRA Se 8 HC lS BE TT AS HR PE A LS 

MAM EA, BRAT i 

KYA ALBA, WC ee EY Bi te EA TU AS AG ik AC EY sell ae ee TE ER IL, Be AF EY 

Og Be PG Et IY OE DE A A AS A it AR FPP foe, SC a an EE a EY [A] el. AE IIR 

Dr | RAP vi FE SUE BS 7 TAD ED BE ORR it HM Hs 2 ETT a 2 ZEA TA Bat ES GUAR SF 

Py WBZ ZEAE Se OM EY 2 Val “oe Dit Tc A ai IY LE ORT AS RY PL AB 

TEACH BEA”. Boab FP Zs 2 PAF ADD “oe BE US Ta SIR tll ee Et) 

FARA, bo FRAT ANB 

Rei “Bl” AY etd tok 4S Se bn By FY SR WET AG Ate RR he. 

UA te aWAE (bin-pack) Be) HAM ot viel Fe IB fi 2 AR AI, DC eh Be BB 

PGE TEU 

XP eae RARER SSH. ke PA Ee Te, ak 

HAR MEAL. HU-f 2eh (spreadsheet) AHI FD Fe PEAY [al ell Ale ete & ie WA PR 

BE PREAH] (stale), OCR AIBA ERAN MEA. 1k He A Bll ez Th AIBA 

ANAS AW Tl CA, CAPRIS AR RE. AA ES Te AT A elt Cf 7c 

SAKE se PEACE & ) » 

AES WR AS FAS UL Sel a he BE FU te hg AR 5ST ET Oe AR AIT fe, ANF HE a IR 

Bary. wxefEHE4R (bin-packing) [a)gla:—~7+ NP-hard [A)jw, AWA ABET FLIER. 

BRB NE. FETE BE HT, BESIRS Sree CE A oe i ok ae fy Ae TE i EY, RES 
Y eee X A CPU. (HE AH ABE X* CPU, URAHGE Y BRPSEYW RAG 

26 CUR (Ea EA Peat Fe 

REND Ae, BSA REA ae A EE 9 BAY ek 

ZEN IX RERRAE HD GE, RATT ARE TS a DARE EH — PEA 

MAAR: STRAHA SM 
AAR GRR, Hy RLM RT AAR M0 

Google AMMAN AMA AMAR Six ERR ART SE AS SAL AZ. TH 

He bh, 3% AS STL EE AG AS EY HL AT DR SA (1 Ae PT) a PE 9 ze POR 

fet) PL UL — 7S BE oP DS Ts SE LH CEM SE HS & ob ee 2B 
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WAX HEANA © RNR OR. BEST BRET RS ADP ig ER, BOAT AT DABS 

BE BOX TT, DAE ERE Ho BC ED | 

FH Fick icone FF TR SG ag RAE AT PE A Ee Ep A 2 ) ZEE T 

tn 28 HAI EAB AS AT ae BATT Ae A A ie BER Be CE FE Lb BE 

ie HEN OLA EP EEA AT, TEER Te BY LAE AE SE TY A es, 

than SLO NYtRBR, AE ASCH RA), LAR NRA AE MARLEE. ht Ae Ht FF 

HR Jes HY CEU 

Fa Sh Hp bee, FAT REE Ho AR RS ak A i ORR ASK Bos BE eT ee, A Ae EE Se re 

Th Us WHE. ine ia HY A 2 a 2 BE IR EAS oR CREE EP EG PRE AS HE BRA) 6 

RRC, TR) ASCE AC A la] 9 AAG NP-hard Wits SARE. (Be RE BE AA HE 

FX Bl —- 28 CRY Jey il de DCH 

== TS eee le % 

RFRA SAM 
“EBA” ZENS i we A MT An (apis FEARS A — 7 a Ben. MEPS AY ot HG OR Bl FJ 

ME JER ALA Pe A a A i EEE ILS FAH. AS PAAN P : 

1. REX 50%*N CPU MRR, CMAARXK. YL ZP, AMF Foo HA. 

<ft—* BAMA R, (24, HHARNESEXAZAR, AN-TEARKE 

Ay SEER ? 

2. REZ50 CPU HRI, ZH BIR YYVYY PHERAYLRERY, AIRF Foote A. 

eM HI SBA wer: AE. th a  , (AE PRY AD SE x OT 

HaKURA, ATARI KAS HUE, URATAREB—tEF? 

3. RMB L Foo FARMS RAM ERIK, AN RS N42 TAH, 

DEAR S BAM VEPE A OBE, fa RT a ee a Foo 72 RABI 

Ui, FSET KT A Ja 

4. 441] ALBA Foo Vi 99.999% 4 GBF, 

1 rE AAT BE Se ge 4 A ee FS BT EY EY a Rt BO: BY SEPESS PB. 

Mn ARTA SS vere A A HE: HEL N+2 ets IE AE ee, BIE 

ERT CH OL, ASAE be PE AY 

PEA, BRAT TLE A at A eld ot A EAB PR BU EE? BA OL. Ap ERA HI 

MIA, Wks te thy “TA” AS, EAI BIAD Eh A. Google MY 24a 75 UF 

FATT, MBCA NR HS FEA BI SS AE SIN eR AT AY Eh eA re PE AB AY we PEA BE, Td 
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BYE aR AB BITRE a AS A eS A. Sh Rp Keak. SHER E iI ag ARS Al AE 

rn Bee] 55 PU AE SF 

FIA Fon es SSC SR 
FMR ES OE OM) BTR A. PRAIRIE. 

MRK A 

Google MINKA TE ie t7 IM ie BE RU & A ft PE HARA. KERMA WY A A SS 

MAGE MSE TARA Ye EPR. AE PRL, Hie ie TA ae A PT A AR Foo, 

REHEAT IRS Bar, Foo 822K Bar IRS “4A F 30ms WY WIZ8 EWR 7 ZA 

1X TH BERET RE Foo Fl Bar Whe a verte A BE, FE AY GE RM ae Fe 2 HF IK AK 

BR 24 A Ee Fel 

BARB Ne, IRSKMEREIN, AK LAPT. (RIS Bar 2K MIRA 

Baz, ~* KEW ARE RAS. FlQux, SES MAR EAS. RBBB 

Bar, Baz. Qux Kike (ES BRE Foo. AMINE A lal At 3) He ee tl] —TS+ At, (HAE 

Pine Al A lal 

TERE TS iE 

FEAT AR A BS HR oe Ji A LA a fle Ag — 4 Se Et PS tg AE oO HES OR BE HY FE 

fee YA 8 By ATT EH SC is AS ee TEL ee BCA V9 A as BEE AY Te A A ee HY 

Wott. Foo WMA HES DUR RIMS NSA Pier? Belle Bar URS te te 

4,1 Mb/s HIBHEUAIKIS N 7 Foo Wk WIA a? 

PERE banc RMI Aa IBAA Fo EAT le aT Oe DE YR RIT oe DE A 

FAL VFS Fy es Sea FF By NAIM A AAT wk ee 8 RR oe PE EF as 1 ES 

FER 
FES OUR AY bs AC AGS TD lh FC 7 EEN Tae, FEED A BT OL PWS EDR EY Ter ate BY LA 

BCHPETE ? 

HY AE Foo IRA AY N+2 TLAs RESELL Bar WRAY N+1 TCA EE, BE PS HE X AYE 

Wit A Baz Ik HY N+0 eR BE CREE BAUR UE Baz HRA Al ALA AE ) 

He FR VL EI ML Se see SHEL 1x YS TS op BEE. BBC EB ld 9 PR is BE 

FERED, (HARE ZAR, PICR Ay 8 i EB, HRA Ge A AE 

<i) 



FEF PAY RU ela Fe ABE Pt 1k HEE FCB AY LA ad Ft EA NB 

Auxon {at 

Auxon 2¢ Google FF RI THE TE AWE TA SLU TL. IalIbD, “Ete SRE Beth all 

Wt Be HIER EY — 7 aE Se BS EEF SRE ABA — 7) 2D Be FES 28 i 

P REIT Set Tal “SEA. Auxon 2 SRE Abe (LPI — Tse AA 

Auxon H aie eek AI ECR A, Ek A) Google JL7# HE 

MB JA Se BEE ae IZ 

Wr" im FARE EU, Auxon AWese se Te ALOIS ERA ie His pe ge FA. x 

Wee FF ey ee ead et — Aa SUT HR AY BER OR EIA, PAM: “FRA NRA ZH ERE A AZ N+2 

PCa ee” Be A MRS ak BS AEE mk at 5Oms”. Auxon ix 465 Bit 

FA Pic ag kat Ske API WSK , aa me a es PS HL a BT A 

(EFL BIR HAS PE. BERR RUE A ARE IC, ETE EU OB Ti OL PB AY EAE a 

Ay BL CL a tA ne] —— ie a AT ER EB TA 

sk. Auxon Wiel 1A AeA cue fe, FE ALAS — Aa ZA AY Be Dt eg SG te AT PE 

Diy ALTE 

18-1 FU SF Auxon AYE BZA te. 

. 

_ Per-Service Demand | 
Forecast Data digde Supply 

Intent Config | 
- Service dependencies | 
- Service constraints 
- Budget priorities i 

Performance Data Resource Pricing : 

(18-1: Auxonsy$= 24 

Re 4E AS A; (Performance Data) fax SEESIRA WALI RE DD. EP TE RE Y Hao X, 

eae ae ae SS 1 EE Bre PY DA RRS AY a Oe BEF AS Tea] Io PER AS 

UCR ce ale te RS BY, SHEE Mot SS MEE ate HE FY 

AAS ARS 99'E RIA MI HAE (Per-Service Demand Forecast Data) fini SEF MTARS Sak fil 
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WA. SHEAR SS ARTE EA Vite AR AV PIU Le EE DOT EE ex —— p> Ke Uk XS PIU QPS 

fa. AEP AMAR AE PE MU ER (PAIRS Colossus), ACLENRA Wg 

MARV T HEMI IR A 

KRY (Resource Supply) fete FAG aoe VR HT AME, AEP. ASHE GE SHEP TAL A ay 

FAR POPS ae Et. DAR PER IR TAR i, SEU ESA xe EDR upper bound, Brill TAK 

FAI A EE. FATA A pce, CENA Ee AL A ER AN Se 0 A oe ee bv FY 

(3 FA 

IRMA (Resource Pricing) Heft SAAN TOURIN KATE EAE DIL, POP A ir HY 

AS Hy HEAR He Pt CEB AD AY fic AHL CAS Fe RK TESE PERLE, PEST RAR 

eT EMA RUAN A , He TREN “A br” 

% Awe 242.2 (Intent Config) ih] Auxon MAZE TRAN ROKER. HEM 

SETA, AMIRA ZA ASE FA KAS A RR SS EL ft ZA EBS A 

REEL ZA ER A. ea Ah A AE 8 Se A FY A A PA SK 

Auxon & #74 2 4] * (Auxon Configuration Language Engine) Xb#E M7 Al Aid 1 aR 

BIE RS EAB Las tsk, Hate Auxon efit as Pte 22H Protocol buffer #% ZX. 

fAyISS , 14S 26 ER WE fy HE TE ERE. IK AE tte TE AZ I] EY 

f(a 5 plas A A KZ lal ck 7 eR 

Auxon 4% # (Auxon Solver) @#* LAW AMM. EATER Auxon fd 216 oI ESR 

48 19 Det ti HE SE SEL ER KS AA EE ae, BT 

UA lal bt izs 47 7E Google REANMULA GEBILT Abas _L dtr Hirai. BR PEPE A 

He PE A Ae eZ b, Auxon Ae finn EES KR. CPA EP, LAR 

UR TEA AB SE AY FBP o 

i DCH R| (Allocation Plan) #2 Auxon Rifas ary. “EHR FEAR fil A 

PE VEDI BZA TRS GRP TP RM A AE TE AY SLA ts. LAST BT 

Pes) Y A FF WB Se Da tek RR TC VO Fo TL Po Ad, RE aA EP aT 3 BB AL. 

BOA LDR BETES PE AE Be BTC TBE 

KAI : MINA 
Auxon 3x7 MALI PS SRE AMEE AR ETS Dy. HB BEL 
HP AOAC. AGREE FSET AR Hb et EH 
SREB HPAL EL BEC HEMLAS EAE TW 

fe Auxon WIT Rik, HItTIF ANY SRE AGRA SAE GEN ee ik. 1A IP 
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KAM ARE SZ Google IkSMW on-call A, lM AHA 5K AEM RAR GE 

FASB EP ETS. Wiehe ERR AE ATI 3¢ at, AT ABA A ae SAE EUR A > HA 

Berek HE TRA Beat We Pe SAT] EY, TVA 2s 4 5e Bl ZA]. ALBA 

AFA es Pe ee CAREER. eb Tr) eA SS — ZR A ARRAS A BE tt 

AMADA RA EAS, FR LAE rin FE SRE ABA RY FY fs EA BY SEE 

Ur {A 

AN BETE FRE TE FE AR RTT SE APE» Ie SF EO Td I Te 2 RATT 

DAZ ER He Be Ai AE AK 

fE {nl — 7 re Wh SE ARIK PET Re SH Ab 2s eB Bll — ee FE EY A EE, BE ee SEE AY Beth 

RAGE, BARMAN MRAKA Wize. Auxon ERA MIS TEMA, Bl 

JAVA BA XG eh 236 PE BML Sel [a] ell ok se A. A Be PE AS BR hl, ce EPP OD 

BE. CIR Ace BE. Ay SRR ABA PTL DR BAF a AE — 7 Hl 

{OHA Auxon fe ae (RZ Ay Be IRS aie). LO He ee (5 EE tj PL Js it Ee OK Mh 

PRP US GU Te AS 2. BPR PRIOR AF a FES TE [el — a OE (Ee AEE AIBA 

RTA Pt HY ize ee AS Sor A BE) SE AY Ie 

4 LE FE BCL EP ae A BAL PB RAP Be SBT We, BOAT Tas BEER RE LBA EAS IE RT 

AF Bue TOE, BEB S| A TAUPE. FESR Ae IN HR ae TY fe, AE SRC at 

eA Auxon ZH) ae He 7 SH. EAC as AS SL AY AB ee CR fd AN Se Md 

(BE Auxon ACE. HF, Ge A PER ER BAP AT EA PE nk 

Wc, FY ES HS ie 28 TR 8 JTL ORS AE a 

Auxon fj" tie Ae AR AS EY Te oP SE 7 a oe A AY ek EE 28 ALE 

KARTE, {A ne 1x HE AS AE PETE AS RK A TC EE. TE De AE 8 DA fee 1 

PEE Be TP ASK BLES ep ECA FBR. AEE, Auxon IA ATE — > A pce Fl 

Google AMBAYFE Hh A ott LLG A . A itn (5 or Ue ad WG Se Ae FEE PE ET (4) 

Acorn. Ee. PA. DMRS KDE). Tae. FERIA, 1 A ICT A SEIS 

RARE HA PENSE AB CEE. Auxon 2 WER Be 4 & AP oe 

FOE, Me RI PPA Lh RR EUR CTS EE RASA, Wt 

(Et AP SIAR SC TOE AER. APSR ICRI TSK, Ett Auxon RA PTA 

AY oie EA oo. AA EP AS EA Pe A ESE TO, Be HE 

— AE BE im Pe TAL 

Pra] PY FSG ANY 33 A A RE De TP OR Sele REE PAL ei EB EY TDP ig RR La] el 6 ASR RH 

are A PERER HE (AN CPU) ae (RZP Ay, 1A ae Bed rg BELA SE By SCOR EA [al ATL 
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fat [BE FA iy ie ET Eo BVP ee BT Be TE TE Za, FOR Ce 

AR EJ ADL aie PE BIE BS PEGE OK «JOR, IMR ART PRE Gy BET BY ESC, BAT Ba AH x 

DRE Hee 7 ELS ER Be A YE 

UAE SEN Auxon Sef HHP — PAC la) A, ASAE UL SRA RI “Be A TRIN”, 1k 

AEA TARE SRE Sei CREA. AEE EEE AIBC TL, ited ae Pe Fee HR BE eA 

ARE ANE. “eA i BAN we A Sail. A TREE Bet te EA et, DAE ASR Tt 

Fe ea MS AGAR DIRT, NE EAE DRAG DT SL. (Hae TINS, HSE CREDIT 

fe PEAY i ARR 7 8 — ELA SIE Se, AWA ecb ay Ada A SESE AG AE 

fest SPATE, PEER AE 
TE RNSE th ih FE, SRE WARMERS te eT OT A RA AR RI. SRE aff 

Til A We Zeca Aaa. MEREAIXT Google Er" ALE SEVEN GER. Bear et SRE AP LPR 

AY BEER SE BASE BT LA OAR ik HR. RO EAHA HE IA TO, Ta S| BES 

WARE, EP SA I 

AB BEAR AH AREAS AA DRE GF TIRE RH: BE 5 Se 2 2 oe ALY 

(ANE ABA Tel A BAH ABE BELA POLS 

© FPR ASC ITE) 77 ZR 

° FP HTP. 

© CR Fen Ae AY BE, Ly te BS SK 

fe FP AE, ESRI AP A RE A He et He a AE Se. EA A Ren 

BETS A EY Tal BAG Dy Ds a Ao] Mt SE 74s TA. ER RTA BP Ee oe EG Be HE 

WBA FL LAA a ZNb, a Ee EC he A EY. SRE PAY CPE ARIE J, 

RAR ES APR TT FEE AOR A AE, RAS AGRE, SRE HAMEED CIR So 

i372 Ae 

4— AS FE le] aK LS EA Re BY, BRAT i A Bs A Be 

FE RAP AI ZINA Ds (ae. Sar ih Beth Pie) RAE, Bee ee) AT an 

(MVP) AER SEA. 7 CRA aR SAKA. KR, MACE, RA DUK 

a(R RE. Telit, SOR — 7S Fe Ee A EAS, BT Ee A Dd 1 KB A 

I ASIAA. wieheb ESI. Fae AY. cha Re Ag AT HEE et A AY fp 

fe Auxon (iH, Beat aw eh oP Hae SO Ted dS As BO He POE. BA FR i: 

e EMAAR Ar in (GREE) ATTRA, AI EG base 1k Ah 7 i BR is BE 



FE SN OU Te OR PI er EE 

© fi Auxon MPH DOTY I. Tal PEM AC CPE A ee 8, FP EL HE He HK 

ANI ZAR SOAS I aE eb ee SL eh Pd A oF DR ee eA) 

FA Bild: bist ASL. TIRE, Auxon MY (CIE Be iat Fe AT ARR HE BOE EE 

Bese itil ET HY EER 

all Siew AR 

Auxon FY FF Be ABA SS WAI ie MRE EY RT SET HE A ATTA A. RA AAA BE 

“45 SABA AA A ae Ze. ADA CPP Raf. PA BURY Be CT 

FATER, (He CEA RAE BN DSS CR, Cee Six to LB 

SDF ANTE TRAST 

ARASH Auxon Ftd xe ADEE AA ea EBA. FA nk ZEA AS 4 A 

CFF AR TAD EA BT eB ie BEE Be — 2 ET Td A 7. UL EES 

<P THA RSAPE, Arik} —-2E ae ak IR THE a. HE ee tH CAAA 

Fe RDA BARNET Sb —** Google Hl EBaALA EM, ARES 7 

— Fe Ha Une FEA SS BAD AT TLL. RSE PN 7 HAR AY at ALAA D1 29 EL th EA 

i AJA Auxon. 

BARK 
PR SRE Ft RAE ERS THR A ABE (TPM) FIA He HE ADT Fein, 1H 

FE el — 7 8 BB BD AE SL EO a — 2 Re EB 2 >) NES TESA 

Seat Whe Bk — se Fe EY eB, DAR AT LA ar IATA. AOI eB bt 

Al 2s A — EE La ek, boa ae A fe ee —* shell 

WAVAS re AR. atid ATE A — et — a Te] a PE, Bed a A Be a Aol ok He Te 2 [| 

Fe ELE aE Hb FB AB 1x ST BLY (eA ZETA SEP eh, MRC CE. ECE iat Fe A 

BE FAG IX AE TABA Ti oe. Ja RAY Ay EA eS Py a 28 WD 

BAW, SRE AB Ea HEAR, SG DSS BY Zs Yb — 7 a eb ao ae AT A By Si 

INR, APBD HS HBA A AAP rit o 

Bie A BR EET IIT 

Ba EFF AE EP BE AAR AN PE” 2 FRB A FR EL PR 

BS PE He AB HE TE ALA. zz Auxon IN —-PREEBLS. BRPE ST “AN BT ME” SCP 

PRIA PAN EEEA SEA Auxon HESS in ae RE a Ee A TB 1 HE ET Auxon Ay 

TEEN J Ta] PY AT BA SF a ti EY RE A 8 J. FRAP ER SL A “AN 

MEAT A Rete. FEAR AT EASE AA”. ad ae aE ee PS A Fe ek el, BAT BR 
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fA SAAS ae A ic. Te ee as EE LER AN BE 8 

Bedi Vel iY 1 Ee aw A “100%” AARP. FEARS Ta PR AE REL aT 

PET SL ABE A ee A EE AS SG 

BAA 828 ax 
7E. SRE Wy iis a6 4% AL BA poke i SE 1 ek EA I, Be A eB ae WE HE A FE a A 

(generalist) FUMBLE AAA — TP PETA, AY AC CR eR CE, eR 

ila Ze BY Ae HE ERA A. PE OPS CIA By] ES 

HAP, RRS WW SA (specialist) BRYN LIFRAERBEN, EG 

TU felih TR eeb eo ala LE EF. RS ZS RL, SRE GBA fee Bit [A eT a 

mea, EBA S wilh). (EKA aI SREMMA RH TOAD R AE 

ete. FERRET Auxon WMS, Fel A Sti the aRN2s Google A ibis AE Ut 

3%, (operation research) Fs {t4> #7 (quantitate analysis) Sl]. RA SRB HIRATA, 

LE Auxon HABA Be id BRE HT RAS ee EY IB “1 

Pao A EAT, Auxon WIbRER ARS, BAW ER Sth 2 PE 

Se ABT Be HAs TER Ha) AY 28 aA, oY BE ed ed St AG PB ST] FR AE). EE THY 

BA oe ba HE aS CET SE a He FRB PT AA PS a. I OC HE 8 he Ay AT Be reas VE FE 

Zth) A An 

#7 LA ABA TE AIL TAL RAR LA Re AR. URL, ASMA ABA Se Fe 

o,f ACEI bk ta BEM 70 7 BR ee I Te OLB Ae REIL 

f SRE AM PiGARAELEMA 
re tt Ze — 7 fi Be Pe TL By A 7 ee Ee? xe — EY 

TE i fi S LAGAN ES RARER, MAN SE RGR BA CALE AT 

fe SH AE GAR He ERE). ATM Aria te ee A, Bl ary 

A> SRE MISS, CREA ASE mA HY Be hth, ee RR SE aS Tat eT LS 

— 7S TLL AS os PKG ES AE BH A pRB, RAR A DS AT A AY a 

DVB, Mata Ze A CORY BA A her LEAN Ee PRP. SLSR SHED DA Be DE BE 

BY DAA By ae Se FA ES A A ee LA eID, 7 Ay A LR AY 

Il A LAS AE FB BL FeV ASS PEE EU 

HAREIDL AEA GE MIWE? AIRS Pree Fe ET Pe A Re AULA al ET. 8 
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RE, (oil Rie Be ASK SALE AA, Be IP Beh Be a A CA EBT, FOR 

FALE ARIF AWA. FAA) Google SRE SHA A AE TAR S oA A ob dk TAA Y . 

SRE ESN RSA ABA Del FES TUR, I ET Google W—/hiibay 

HEEB. ER) A ABA SSE RA EF ted re TR SP A Aor, SRE SB 28 8 A HEE) 

re WS FAA ee A SRE LIBRA. 9b Te, ee a ER eh 2 aE a. ATR 

AES TA AREF a A. BT ECS EP Efe PES SR PAE EB MEL 

WAR-TRA AAKK. AAR, Mel were ee ATE AR Dt, (Ae Se AE 

BY SRI Se bs PR UE A CA SPE 

— 7S (8 FAYE IZA Bilt : Google SRE FFARMW—4*+ = Bnet E Re KR, Ae 

Fila ioe me AREA PEE AS ARS HY Google Cloud fi as5 ii at (Be WU SCHR 

[Eis16]). 

4 SRE AMDPEVERE LEAS : BBSFAN 
SRE ii ff E38 A AA, OE Se if A ne RE DEI BY FH 7 AE a SRE XY ae Jey Fl 

TREE IRS (VATE CLARE AA AAR A 13 Bi A EL EB Be a EUAN I)» 

1X HET Fe Vit ald A A TAR RY Fhe HE PR PE Be HE. TERA AS IRB GET 

KLAN LEA. HAP mb eM, thik Ae Pe RNA. 7th 

JG] SRE PARMA — 4 RTS. HT LAR aE Se SRE WEP PEAY ASE: EK 

CAS Tikit, AAG AP RRA TE? ” TPMAIPM, HEL ZhA ES 

ADE Tl Fe PE Be er, BR RA A, BEE Hs EIB i FP Be A 

SK 28 Yor HI 35 Hl 

SEN. Be PRAY SA FP Ae PNY id oe FAT EE Be SA BA © EB SA FP 2 POY 

AHEM WER R BE. Ky SRE (4G HEE S MES lel DROIT te, SCH LP 

REAR MT REAY, EA BEUL SCTE TA AY Es AR Al, EE Se PC TE TK 

fh Fe EE, ceo TRE IF Se it A A Se 5 PERL I] 4 al EIT al 4B Oe Bi 

SRE A abAY ee fF ABE Mb AP a. Ra A SA tee 28 BEES. TE 

A— A, FET GA AT HES 7 3 BIL A 9 Td Ee : 

© ER AAT LEY SEAR A AL, AIL ASH TH AF 2 

e AR AEA BR a AP EA (WL RAs). 

¢ M SRE wil arte SBMA aT, LAD ee A oe a BR EE A 

Sei, (EER En] —7 Sse, WEP IT AI SRE (oR SEAR EA SRE CE, mre ae 

KATE SRE (RAPHE AA. WTAE PO SER AR — 2 FE RE AS, SRE ¥Y BG 
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CaP TL. Al Aye ea CY la, the ae 

(XEN IX— A 
AUPE A SRE OBA WN HS ULES AME TE BRISA EAR, SZ Pas ETE LS AO ET 
BRS AG IE FIRS BARA NIB 

B— > BAN AVAR BIA A pee PEA IF, Be PAA ey nea. SRE >] tit F 

AAT AB RRA TE, PR er Ae la. AE, SK PPIF RSET [ SRE 

PRK 5S —2E USE SP RIPE TI. RNA SRE APA AR, RMT A Hy BLE 

AMMA 4 la). (Are. EAA HEE A, OPER (00S a] HE SI SK A, (Hea 

FA yt Fl ep ll SF 8k — I i EEE BTS ECE EAA SEE, Mt BOR & 

BLOF SALEM [A] IYER BE 

i, PAE SE TE SRE Put TRA KAIBA Abeta. Kile EAM 

HEHE BE aK PE FP eSB a ee AE ot Bk EP Be 0 tH HE BY) Ze ABA Ta SE EY A od 1 

BR, ER MAB AA BARE? CEA ABA HT, Jer TAN Bb HE 0 its Be ETAT], BEE 

HEEB. KR AE (te SE IE E&P HEE. TH AR ER. LA Pe 

Google JHE FR 284s 

4 32 FH HLS 1M — 7 HAS 

rE SAI Et PR A pA UR E.R ENE, 22S SRE IPA Fem 

HSK APA aE. SRE HRW HRC (SRL, MRE VEE BIER RB IM fe 

HE ETRE PE). SRE MiRB EL REI — Bee BE ee HR AS a” 

(too much overhead), Kae HE “IK FEAE A BI FTA” «(will never work). XP pix PRL , 

Bell le SE Bll HH HE BY SEY SE fl RK HET A Ani fay 48 Bh) SRE : 

© ZEKE HEUTE AMET oT SRE by Lk BR PF A 

© pe REA ES AT aK, 18 ee AE PL] EAE BR AT BA ES SCAR FP 5 

DEAE WE Ta ica 

“4 SRE Freel enix THE “Rtn” PE. mae “AEG” CPFIN, Per ig Ae PR 

Zaps it [Fs — IME 

TF Ae PAR 4 HE) 

SRE ARS EAE. (LAM P. SRE AIBA tebe Ay — 7S Pt A AE AL 208 Ft 9 

Hy Ze. A) SE ERE HE RA A, Bea SG Bs SE BE — th ABA 

XS ALBA ig BE SRE ABA iti > A — 28 99 8 FE AE. ABA HA EK HH 4 St A 28 BY FA 
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(9 HER fot il Peg 8? PRB ART SA he a 8 A kB 228 AN HE ISS AS 

ASABE FE Be ES 2 

JEL oA PHS a PS Oe SL FE 1k BEN EE PRE SG PR i IP BR ABA A 

#5 EE IAS Dy SX Se Vr ges — BH Ua Vea] Pad aed 2 Ve vrs 28 BOK iB EP hs A A 

EFER a Bid. ALAS EBY We PY BE Tig BE SI AOR Ti ee EA. ZEA PEER 

ide f Haws ix 28 A al HER AE. 

KA F ELIE 

4 RFF RBHESI— SRE AFAR AI, (LPP ORS ARE. Moral fa 

A D7 ae TE Fe BEY PMY Tal A 8 EE SEAL SS RE ie 22 1 TA Ur) AE Be FF 

Fy FLY Fox APLAR A PY , ee LH RR Ts SREY ts Bede PY Ae BL, 

HEIRS TTI TI — AS SEB ed J) ALE BA St 0 IE HY BE 

FRESE SL, FRESE BLK HE DD BE AY [al PY >] Bn fa] eA — 7 re A AB. FEHR AG 

EER Z Ja, —2EAIA CERES SF Mina cB LZ (push-on-green) ix##—TRH, LA 

ER Ah THE RAL IZ tit » 

ARE NE ARAB HE 

TEFE Be AE Wat Be, BEAT AT BE 7S AY aE 6 He A SR a — PELE 1. — EER HE 1x PPG 

FA Bee" in Ae ABA A OR BOR A, RH 

© A Cie ae : BNR TP ie DAE A, eM BEE HA? 

© WARY ROE IZ RIA, EM HEA KOA SRE EH CFM RBA. Ale 

BY FEPE ERAN, A Ee Ae BA RMSE? ce A vin Bl ira YS CUT 2 

BY LAK 75 Sh SRE GABA, Lb Ate AT 88e eS AE PS FP ER PET PRI Ht 

PRE Re ator al ae ERE, THERA EAE HR 

ea 

i (Fe A fE Google SRE AAA iA A Be & ime, RAS AIM EAA 

NSA HR Pee. IER Auxon fie 4 ARH A ee BL Rl [aa BBE, CRRA EAE Pp Rae 

oe 26 Us (i fe SRE 28 HF BY DAFA Gir A BA Ee ln] a, SRE SASH ER EFF AA RETA 

Fl ab v7 FY FAR AIS AE ABA OR tin ae A BBY. AIA) SRE ABA 28 FF AR OR TB CR 

ire Mae A ote CB, ETA RRA SRE ABA Ay ep RP AS A se Tia] LR PES 

fe. HA, SRE (EER EFF RIDA ET al]. HES SRE AZ, LAR SRE FAP 

PoE [al FR 
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S198 = 

Fa Di HBR 3S oY) Bh 5) ay 

EX: Piotr Lewandowski 

4a te: Sarah Chavis 

Google PHBL A DITHIAR, SPIRE, REA S BARF a8 [al AK 

FAKE THA. BNE RMA A BIE RAR AL, BT ABE Ak eT CE 

RIX ESL PAD Ee Wa 2 HEA BEE), BGA AS SS RA BP SS PL A Be Ba a? MF] EV 

PM > SAE AY AAS, RETA XS Be BCT — | MEY BH TD 

AS TESTE TY AURA HEY i —$ Google ze AA FEBS Pb Z lel a ee 6 

BES BR A HER Dt Bel De 20 fi FE — Pe A DE et A BY HN 

7a AY A AE PFE AS Be FER 8] el 
(Be tse, 1 HLM ae fe i —— ati — BE ie RAR a, FG ZC EY ik AS Be 

itt Oe FOE A ZR ER. AE AEE Google Wisk FUE? FEA. BER AENY 

— RCE EMR SCF — PEELE EA BR ll. BAN , HER Jee ae eh ESF a 1 AY HH 2 ETAL Se 

1X DR i F320 PB PAS Pe BT ER ER EBT OLB, ae Fe PR Se i Bi 

SM) EY Fk sc Tits es — AE ER 

FES SEH, Google HABLA FilHo aks at, HOI A Lex + Be A PE aK TK 

(RA AP ESB IAIN IR RF ILA PR. AP i IH MH (traffic load balancing) AZ 

FAK Oe ze Beta HE ae ZEAL at AB 7S CE 7S RORY. BR OU. ttt 

Pym Piha A + & Awe HER LL PBT AU HE IB BUR ae LE (AcE IY “Be 

Me” Fe ata MAIWE? JOS ie SRY A SI A SE, A ye FE pe I HE OF 
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SJL ALS : 

© BURR (FETE DAE FE Jame ) 

© fA a (WEE es Ta SE Ie IA ) 6 

© FA Pint et ABE 

PEFR ET YELA FPA A iS UL Pint ep e+ 7S fia] PE FR SS a fe AL 7 E:T OR 

FA OA SE (RR AD AR AR RES, PMT SR De Ube YS ee WEIR (latency). if 

XP a Ee eR ik, FAP 2 i a a BEE Be EI Ta], (ALA Te I is 2 

AEE WE VR, ir ak ae A eke Feet (throughput). Whigs A Piao 

Ala, ze RAVES ARE “Bet” ZY ALT SSH) A BER IF 

© PAS ba RSS Oe EEA. A BH Pd —— DPT A ee BE POY Ti] 

CRIT), PARA AR Se te IM CIZ ter Ae WE 

© Mm LGR HM SD — 2 EE 1 ne At AY HE —— 

AK Oe ee, Tea 2 eee — 2 Fe EY HE 

{He FEA SR I, FE PBC ALB, Bed 28 Feo Ee 2c |] — BE SP At a 

A H ave ACE Ta] — 7 A, ORDA POR DAE PB. A I EA “te fR” a BC 

FETESRIE TLC OE VRAD AAR, EE TRS a8 BELL es 

PRIX AS BP EA SAE a ON ee. FEBS, (RE AAS tae “ae ft” 

RIN AZEICA ZA : Ae aR Al HESS OL AUR BSE TA AAU, DARI BL 

HL HY 2 FES TR AS. BC HE HEE 36 SU HR SR AE HP — 7 HK, 

iE Oe ZR ASE. TAY, THEA ARSON BY fh, AEB ih 3S AR PE ie ASIEN 

Google (E47 Ex I_E (A i F9 fi EN OR RK AE a: PA PAH ess. 

AS BSH IP Te. Beak HE BET EAE TCP WY HTTP tk. XP ACIRAS (stateless ) 

WR (@E-- UDP IN DNS) Wt By fete T+ AA Tal, (hae BPP AB a xh 

PINIPEASC NAGI 

11 4 . 4fe— 

{fA DNS HTHRY Hh 
TEFL Pi IK ATTP ik Za, Zea ee caictl DNS AW IP Heh. RAIS 

— NS TY RLF ET 7 PE: DNS ARMM. RMN DNS Fl 

SHES 7S A Tae AAAA ie, FA TE EE 7S IP HOLE A. ie ay Se 

BRAG ROWE th] PLE ALA 3 SEL, (LE FEE & [ea 

BS 7S [aL es 1 PAL bi en 1 A OR IRS: ie ELE PEN, Hatake AR i 
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AB SS 51 OR AG AE AS FH Va EY RA A a. AU APE ek 7S fa] BH? PS ERAT A DE 
SRV idaeoR aH aE IP HEE CE AEE He , (HAL HTTP PI BYE GA SRV ids. 

Fab N08 CE Lae Pig ACTER “pelt” ek. BEAT AT A ek He HE 7 anycast 
DNS WF er HELE, itil DNS tip Ae Zs BS Sec A HB he + Dy BR PE ESE 
Tal. WR A eee AT OSE FH ibe YB ED He EAE WM DNS [el 4. SUE ABI PRE RE 

“Ft A ES BA 26 SAS AL AN DE KH BS SE ie 7ST HR Be, fe FR ie OE HR EE IK 
Jad 3S 5 EL es 1k PP ARR Te SS AE oe Be rhs BEEP — ES ARE DNS IRS, JF SEE 

— ST EP AK ee (pipeline) SRRTENL EMS WIE WIPE 

“VR, WAP MR LAT SE, ALA AEH DNS WDE AREER EN > RA Pb 

FERAL IN MKS at (authoritive nameserver) HIZKA. CEA BALMS BH lA 

A VAT at (recursive nameserver) fUEHIGA. vb AMET es (CRU Pik. fal 

ey 22 Fie Be HE — ce Fe EE EL Hl. EL DNS Bis) ASL CE A oe Ea = NE 

Hy HE BEE Mi 

e she oT IP Hed. 

© AWE HY El PK 

© AUN FF [A] el. 

Ave VAT Ke AT IP Hh bb se x EA), ALAR AS EU I AE Fk, if 

re VARA as A IP Hed. kee ae. Aix E DNS ARS ABE He ee UA fe 

Dr av A) IP bbb l—7 ae 77 SE. SY ER EE EA EDNSO Poi (Be UL 

SK [Conl5]), iAP Fes VA MPT at ARTE LR SAA PI PIE. PEI 

ARS at AT LAB lel —7> oh ae Ze OR Ee OEY IE. EPRI SPR ANE ESE. (at 

1 HE AY A CAE he KW DNS fie br 2 (4 OpenDNS Fil Google™!) CAFFRA SF . 

AN (BAL FH [el spe HE UP IIR Pe, AO AC I NRA ee PY ED ED ie BELL 

AT APR, VERA pb dp Zs 38 BE HDi. AED BES A EY Fe] ee HEL 

Wie A PAY A BE CE AS Ba Ps 1s 1 BH IRS ie CARS HA ES 2, EL Dd IY 

WR Ra AT RE TE BK ai Th Dx. A 2 KE. TA ISP WKS a aK D7 Td SY HE 

A AAT 4 BIT SCH PO DR ee ee DE, 2a 75 BB EG 8 SE YD 5 

1B 

Bic Jit 5 ee VASP ie — Bsc HAR te $3 WSC BY APY Ted EI CEL (TTL) Ae FF A ACI 1x LE In] 42 

IRAE SS ee CTH SE DNS Trl 3a A FE int ea Md BR I EE = Ey — 7S Td BY HES AIK HH — 

AFA, SOLIS AS A BATA FS Ns SK PR ae PL] 

121 4 https://groups.google.com/forum/#!topic/public-dns-announce/670xFjSLeUM » 
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© APTA, FF LARSEN OT He EB LE DNS fir a A PB, eRe AT 

LAE AGT ART ot A TD 2 M9 

© AEB HELE fh 4h CURA at A AS Pk ie a As, A Se 

[na] Se FEHB SE 

ETP ih Hb BE i 2p Ti ne Es EA. Ce ar ai Fe A IY. TEL PF 

Be VA BE EET AB a> FS Tp Oe Be OE Lie ETT OEE 

{Ae “mei” 7EDNS fhe ieset, Bee tame? RARNA Re 

“BUA Pedi”. {Ase (Jt Se ie AP i A ME) VB A th HY 2a PEK 

fe. DNS fit Bil (8 as The BEAR EC FEY Ba PU 2 BY HE OR LI DNS [el 3s Prati 

AT RTE, Hy Py fe as ch BE OR ae FEY Bc He Ha FU 26 iy ABAD FB REARS 

Ap UU LS Da) TE CE 22 SS Dad 2G i Bee FP GEE te ne RAN AE PR A BS. SAA, 

Google "J LAH DNS HR at FIFRA eo TS ASE (GSLB) MARR, Aa 

Ty fh ASE Te PR Fe AT a KOE. PA a AS AE HRA 

DNS lA) AHORA = la) EPR EAE. TA URS 4B TE E DT RE) SR 

ax We 4, DNS idea Se tady— PAR BRI BC (TTL). Kee A DNS FI IY 

AR LBA BZ FA PARE Be a 7 PR. OOS, FRR PPK FA BASE 

BLT ZO, FRAT SE TE 

FR ae Ae te AE, DNS (8k re we ial. eH TE. EE RE FZ 

WER SS. AA, BTM A BILE LE DNS Hl fk i Bey ee BY. FE 

itt RFC 1035 4 DNS HIS BR HL 512 AT (BLS [Moc87]). *? 

DNS MIAN Be Hil Sch EAS DNS [el 4g He El AR ei OS EDR, 3x7} EBA 

Hee LV FB RS os BEY « 

BE ELIE AS ait ia 1 ES yy lea. FATE BE LE DNS fi ee fy Za nn — BA TP Hee. 

* +e= \ 

Ti axsty #y - HEA IP 

HREHDL IP Sse (VIP ) ACES de CAL MAR REN IBUSG ETL ERY) Ce nha & ed. TEL. 
WHR. VIP URE PARSE. -YOULY IP Hhk. BUYS oR, BoRRSC SLATE 
LLAMA LIEG LSU REMI (LEME 7+ VIP TEIGHONLERACHE)  ICAUEAT AEP KE 
LEAMA ATA RTHRAEALRE, ERLE VERA Hh JM IE & OWL TAO 

2 REHR, KAMA DNS Mitr BAS SARIS BY TTL Mh, 
~23 GI, APATSAIPFIA, SMBS Z—* TCP iH, 
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TE SRE, Be HE SEN VIP SEE ay cE 7S BR Ay ZS Hi BY HG A (network load balancer) 

ZA E 1% Hy Be HS Hie a ee 2 BH, TI Ee Ree VIP AE PRS BS 

REE I vin HRS ae HT CAFE BORA TOR 

Sy BES HB ae FE ER Ir tit WR a AMRIT, AG PLR SE CY HE 

re He ALTRI) 7 re. AGE IE A a Bale A MIR SS a PRY LORD, 1S TT 

ign Aire PE Aer, Ag RRA RR EIA ICN Lat 2 (AE, AR 

TRAST Dp Dat AB EF, PALA ZEB — 7 Ti fe ae Ae FE as 2a (88 FN Te] 7 a ae IH BK 

a ics Ze AK BG RR TA 8 EES RC EFS. TAR Tie] — 7 EE A ABS 

[ri] 4 Je at HRA ae © ARS ATT SR ASE FA Be ed HV HG PS oy SSE LE — 7 ee hs WP 

(connection ID) (Ay HEE AYER te LAI 1  ) EEE RL FP OR 

Pan ae. ARIEL, LER RATE AT LAA A PB SAK : 

id(packet) mod N 

HI id () BAB, CORCMPAU HA. BE —/ SEBEL. N JET BLA 
Jet HR I 2 Be 

TOE HL 8 ais AS ARRAS TS. EPR BHR LLB Ele] — Ps a RH AE 

MT ONG? eA. SSE aN ait al a, EEN TI Zep A PAIN GZ Ape? 

ix FAN 2S SRA KK N-1, if] id(packet) mod N 2p f id(packet) mod N-1, AA LAA 

HU ae AB OR Ha a) Fb in IRS as RNR Sara as ZB) ANT AR AS, 1 LAP RR 

Aa tA EL A EE A SE PT Sy re BY ae EL FG AN a, POR LA TE Bc a 

I. 

SSW ze, WA — PE Se. DA ETE RET ER RA, HAS TE 

ABLES HH CBI a a PAE, ORAL BMS AT (consistent hashing) yk. 1997 “A 

$e tH AY — BPE i (BSL CHK [Kar97]) fia 1 — PRR, CET Ja uina AR A at 

BAS DN SCF AN SID CRRA MT AE 3 TC PY: TE Jean WE HCI, de De BE a> eT BL 

AILEY al. AB RE. BATE a EA fa EPR RL, (Ae TEASED 

EF HRA — BOPENA Fi BK, PARI END ELS) As FB ARS BorHIN ~( DDoS). 

HS Zs Val $8) BEC A Nin eid LH: BH A ee FE HE nT AGB AEE EB VP Jes i FY 

ME? AS AR TT Fe Ae ETT — OC BEAR (NAT). TE Aix BER BG ACEI FF AER ae — 

SEK, thitize ARETE — TEA TOR ASV DL ill. 

Fy I) 7S RR Ty SHEE RE HEIR ER (OST RI 2A) fa. Wiehe Ree 

Mts MAC HEEL, Sty iat TAREE EE AN Ser ea SF BJ BY HE 
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229 

Ui AA pe HOHE ES Servi MRA ae HY A Fe Be 1K I] 25 $1 BR ZA AIRF 

& (DSR). MRAP RB, MIRA (teu SB HTTP ite APE), DSR BJLA 

PA UR, RADU A iii o> FAP iit i 2 EE Th BY ia. SAF AN 2, DSR 

AN SEARTPIRAS « THE ET 2 Je Tee WET AB 9 HS SS BE KD AP cH SL ed: 

PA HIM L ae (tai re BA EY i fi as AUT a AY Je via NR Fo ae) LAT A TE BC EER Jes HH 

i. AUR ee BO AN, PALER HEA Sc PI PEAY EH AD a A oe Ide, Ane A BY Lak ib 

Td 2e¢E [ne] 74) FRB. IE RIARM ABA, Google 7E—Belt lala, TARA, A 

BFE SKATE 

PENTEL TEND VIP Hy ety ie HR Te SE (BEL CHK [Eis16]) SEPA MY aE LSS Ae (encapsulation ) 

Bask. ZR ARH CE th ah eR A YY 2 Re EI (GRE, BW cK 

[Han94]) Ete) 5 9p—7 IP , HE ARS as HE EA A pth. Jeri RA at 

FEM HI ZK OL, IP AGRE RGRGR, FREAD PRA BAY IP ett EM 2 He 

BYALA fi BM YY Bip a FU sata AS FEE hee 2 HK FE Te] — Th RA, AB lel Be AE 

FENN ay, EIS TAFE EA Tal A B_LE 

WE REP ORA INFRA A BATA a 2 ie oP AE pe HE EBA TEE. ANE 

Hae, Ete UL will we Hy HL Se ai CAS [as LRT. LSE RS i BE — 7 Fe EY a AS 

(IPV4+GRE, Fee 2 24 Fi), A SBR La a ee oc (MTU) Kv, 

it ee BE WE A EZ. ( Fragmentation ) . 

BO ELA BHAA Za. Bae) LACE BR ERE MTU OR BE St ie Fr AL AVY 2 AEE, 

{EL ee 1 MBS ie Se SF SEE HE BUR & Ag PGE BY fl de T_T a A ARR Ts FL —— 

LUE T BOD, Aa RB RE AB ae Br FE I in BY BT. Be FE 

te UDA BADE EVE & SC ELA 3 [a 
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20S 

De Pl A SBA AA 

/E%: Alejandro Forero Cuervo 

448: Sarah Chavis 

ASE IE T Bt Po AL ABE Th BS Se. BATT CE BH A ASR LAY Si BP ft 

GE. AS ERA ae SRA AR EP LRRD as HY DZ De Sal RNS JER Jes A) A 2 Ee TT Bie 

a (PRIA TRL. Be LE HE), LAB BE Be Hal EY BLS HBS EAS BT VE 78 TB 

ZA 

fei Bn 2A See RAGA SF Bia ob — ix 2B ik AT BE OK A BHU AS. keto 

HAST BTR, Boe A. LATOR MR Se A et Bits UD I Xb EE 

Bes JA ree HAN PA eee (GTP i a HE Bl EY Th A Hi AE HE Bo ate). TIDY, 

(VME Bt Pb HA AZ ba RA RA. ENR eH ET A. RAE 

WR av. LARERENY 7 CS IT ERS A lel DBR ait EPC. 7 Be) ER 

i fs A BD = 7 REE Re EIS TT CARER =, RA DL ote 

HES FEL 50% LA LARA Ae AA), eR AT HE HE 10,000 ERE ZH ok (AK 

REBORN). att bk — ibe HH 100~1,000 “4+ WE Fe 2A ke. Bet ix HE WE 

PERK ZAG EF (Maan. backend). FES, RM ZA P sat4£EF (client), 

Pili HE Ja wit EH EET. evi FEF TEE ORIEL, Le EBS Jes ie FE SNA, 

DBR TR 6 Ae ie Sia in Ya a A AY ze Ee FE TCP A UDP 2 EM ix « 

Fei AEFI ME. Google Bia ubAMiatt SARN. TEA ATMA RG. ix He 

WS FEA ABE EAS ETON BEN A edz e-PRO AER PR AB 

NFCA FE IX RA cE — Pa Ce, RE LA ES HT eT A TR 5 A 

I AAS el FE. SEE GS THE EE EA) SE PENA, TI HE < 232] 
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RY AEBLT Google Fei fe 4 4A AR A I HY 

ix LET LE Google BPA S Hib a LAA. Plan, KES Yb eS HTTP tf 

KABA HA Google Hilinitk% 4% (GFE) ZbFe - Google HY Jz In] ({CHLA Se. GFE fH Aix #6 

YS: LAS 19 FEMS ZR A A, ER AE PEE IRS ERED A aR. 1K 

Fe SHAE URL Pee DE AY i 3 EGE BE Ti OR AL ft AT A 8 ll AY 

Frum RA a. Ay f Mb Pali HE Te (5k LAY Tel py 2S FE Mel 4 28 GFE, FREE AARP vn Ta Eis ) 

1X EE Sep aia Nhe as AD ee EAR Tea] PY Sit Be ES hy SI a SR A ie HRS 5. ET Ar Hk 

RI CRS © ARIE Ee, ERE AS ERR. FAS HTTP tok Fy HES fh He 

FAY Jervis ORR, HLT HEE S SER AS PSEA 

FBG BOL 
ESR UL ES, SEP IRA RBA TAY Aha RA ates . FEEL — 7S Ie 

ca, etl Ale AEA FE 7k TAKE Il PE a AY CPU 

Fee ETE 1S BS BEAR Z Bi, Bed eT DARE ie EI PT. TERT 

20-1 FISHY Ta] —Ty Tal a AN PA A Tle. FELIS, PS BCH i a fh EE 

GLA ABE HUD 2.18 AP RB Ae BL AY HE SS BEE TE FH AK 

Es Per-task Load Distribution 

Capacity Limit 
(per task) 

| Time Time 

H20-1: AAR HY APIAR 

20-2 WAC IPAs ts UA A ee AS ee A I Oe Os BR ICI TER Zh, FES AY 

CPU 4bsh Fi RAS. 
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CPU Usage by Task at a Given Time 

BAD GOOD 
Q XN & SS aS v3 PP PG SF SP PS 
» Q . : =Z = = 

Time Time 

CPU used a CPU wasted 

20-2: CPUBRFARMRAN EDS 

Pet ESCH ES CPULi] ASE ES i HEREIN AI PTIAREN CPU Sti Bea, (BES 

On BITES. MA, feat bh. Bete FA REMY CPU Stiiitze Hb ES S 

fEH OWI CPU AiA. Wetzel, Fe VAFEAIR He CPULO] — CPU] WAI. FEKHL, IR 

gee Beds “RA” (Bee “AREA” BY. 

ERIK BP TOPE Ti BPD i HG SS BE A A PES A RE EH 

ARIS ARS FEI 1000 4 CPU, {AcE ZTCHELE SE br (ie Adel 700 4+ CPU. 

DA Fe mS LR a rfl #0 a Fal AG ES 

LE FAT Le EBS Ja vis FES TBE HPT TT OZ a. Tea I SE IVR 5] ——J¢ BE} ——£E 

Jarvis FEF ith HAFAN Bet RETR ASI FES 

SES A BMT AGE : HEE wl 
Be VS Be AT VY AEP vs FES SS ERR ae EES Ji vig FY TR AS 4 SES a TR Ta RI 

$2 RGEIM , ie Poti aia RS at eid Ae RAS, ARE RRR. MKS 

BU vin EB KL, 100 ce FBR ll, FEARS BO Pes Rl AP HIE WS 7 1 AY Ta] 

Ae (EIR PS BR TH HEE HS TOL BLP ASS fh a i eel 

the — PPAR FA fay LY Ty 2 PL ll <BR RE 7S ein FES ea SO, TRADER RA, 

Pe A EPIX 7h vin 5 DA rE Eo B28 SE At AY i 

a 1X Fh ti) BEL 7 SA HE PR bien FE 5 Ay SE AB i eas gel], Jardin TB 

HEE IADR til FUGA Z HRA So RR ZIRR, FESR TOL Pe Pie HE CE Jia ia ch A 

AAA BES: MER HI ALEK AAS ES =| §=—199 



[235 > 

EDN TROL Pat hi Be SKA BR BAN, ALPE evi NR AS ae MY EARP AR STR XE Be Ta 

Noe AR EL AS PRATT PS 28 YL BI eh PE SE, KAR He BB ei EH AD BA 

ILA AD, or Ae ite br AS AB BLS, EL Be AE eR RIF LW. AY PAG et a 

“PF 3X BBS eld OR PF BT ARE Se 3 A OL HE, TE HP AY IE ER Des BY AR Te] | Val] — MEE 

Fe re LST A BEBE TR AS, BE IA 

—P A] SERIA A FS ESSAI ATA: BAA AAAS 
I-78 PBA BIHAR, EAS SES AT HEL AEE BRAS 

eR 

Je vien EA DRTC MD), TE EMD HLT  R o 

4B 2634 4% 

Fr ina FE 5 EF TCM RAS. GX AT HEE AL ATES IEA kar ek, Bee A aia 

TEAR TER AS (BRD A Jai FE FETE AS IER AS PPE ET ig A ) 6 

Bi Fen AR AS 

Jaan FES TE ER ag A FEAT CRS te, 1 a AS Hf Se ee TE 2 IK TR 

MAE AS PRR WEA BRAS ASI. EAR RAS TBA A EAE Pi. {HE 

DEVS AA et IEE AE Pe? ZE Google HY RPC HeZe2c Al, AYER Pi (2A et 

wr TCP x48 A 4 Fig) the HA AIK UDP PERE RS AE. CE EB AS IR AS BT DLA eT 

PRB el 28 TA HY 4a 8 He CE — BI 7 RTT JAAN ——\ cide EnV Ft Zaks PF 

FOV EH Wb Fi APE TE SEY Be IBIS TR AS FY Fb Be LE CSE Fe LE ES 28 A. ST 

thank Fe 44 A £E Ay 23 26 TE CED PY be ea I] — 7 REL 6 BES AC a? Med He A I$ — 7 BRAY 

Sern ES FTA LES ERASERS EP TG oy, FDL ae Bc [el BAY FEDS HE JAAS OT 

FAP HA. ix Ee Re PRL BRETT : 

200 

i" 

ps 

{EF Fai tlk A Si IKE — “> SIGTERM ff SAIKIESF © 

Irv ina FE SE A BAS RAS. TP TRS Er Ag et AC IK TS EL th ig ed FES 

iit SIGTERM {34s Ab EERE HE AA RPC SESH AY API Zé RK. 

. FE An FE ein ZEA BS TR ASIST IE FEET A TR (Coke EME AR AS Za. (Hoe Eth 

A Fyn Sc FI ai UZ BW) 9 RARE 

Pad At be RE TA) 3 Ae KM Ae Pd, Sevan ES A TBR Tg A OT BER A 0 
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5. FERC EVITA, inka see AP aH, BEATE Sa EA SEE NA 

PE. TALE Tal be 1 Ok Be BA) 7 BEL, 8 BY Ta eT A 0 FY 

[A se. BERS ABEL AAS Te], —- ASCO UL Ee Ae Pt At RE, 108 Bl) 

150s AE A EE FF 

1K AS EW aE ig TE iit DE 4 RE BO A Re Ck Re (GC FD Jatin eck A BE 

NRA Week) RENE TE RNR Jin Fee eB APY LAGE SST AR IPL toe A SE ee, EY 

IM SHER GENES. — Baim TECH ERASE ah AT A Pi 

ll FA XN oF Ge BAR al 3 FEA 
EEE SZ Ss, GRRE ME RE AY — PB AEF SR aL Ee OE 
GSE Het IE 5 BE. 
PE IHT RPC ASEAN PUM AZ She RE EERE ERE R DETR. oe MEE 
EES PE RPO BREESE Re. TEARS, TEM, 
i) 2 PUL 1. Ib) — TG EAE EP PR EA EE, BOREAS IARI 
CU RA Ae DEG BL. CERO, ARSE EIR EEK, PRAM RPC 
SKEW ATLL A ieee A “ANTRER” RAS, 422A) UDP eDGE, dE TCP sk. 

PEAS MERZ A ie 22 OTT TARE — 2e Bose A EA CPU (pa re a Be i eB) OR ARTE. A 

PRIX /MAREPE YE bib, (Ha — BBcak & eee AT ES AR TL, PSR DE 

Me Finn ete BS evi EA . ke — AP ea vin FE FC a & Fp Pn EAR 

Weis AHF R 
FSR IGE PE ae Fe Ae ES Pe Pen Ee EE Ji ra BBC Sk —— F- 98 K yy ——F  PE 

TSE «BeAr a HF EF 20~100 Jeri Bee EA RAN, TEES AS CIE WA 

EA DE RMR ee. PRN, WAP AOLMY BEE — TAA FS Be 

0 Fin BCAA LE ein BC DRS. CEEOL PA en A AE A YD 

Feri FEA FY PEGE Be, LAG AEE Je vin FEM Ay Bl be AC 

0 FEN Pim ES 2 i ELBA EOL (tata th, BEAN Ae Pin 2s PEE ft FY 

Be Pita BITE BE TTR) © 1 Pye LEED ep Pt BS A BCS BE BCE Tr RY IPT ABE AIR 

FUL. EERE Pin ES PEC ft Pn ES BOR A. JB A PAR 

RIFE AAG CARN, EERE AS PS ETE AY 4 EB gL) © DS Ay 0 FID ZR 

Fil FAS F SAAR EEA) | (201 



PE TR SS SR HF Be 1K TA Ae Pita FESS AY Jed FE Bea Ve BE BEA FIN oP EAE 

A SEAS Se i EE Te oR ay A EY ain EH « 

AE FRANZ Jar Bea is BEE — PS GEOR FE MEP vita TEA EF ED ia itt PR 

IX FY REAR ARS. TER CE ie Se re OA FD FE ELS PES AK AP 

EAR AME To 

16 PE RE IY A rs vin EE op i 2 Ae Po, A i EPR, AR RE 

PEE aia ER 10%, ABZ MEAS AE AD is BE JE 7 Bd 10% PA ee IK PRK Ly 1K aT 

LA oy Mb EHS AES FEW, RAE A TY Bs FE «TBP RE a AB TEKH, “KK 

WAS oN” FRA ce ae Ae. le, “4 4S ed AS eT FD ere BU PY 

We PE— “PE a ita 4K EE J nn BLE FEIT, Zp Po TAY TCP ete (Tal iy ay 

FEB BEE FT FA BUI 36 A), HERO TAD A ASAE. TREE, “4-7 Pita 

Fe? BUI, “Ee a) RESET 5 tA AY Je via Se EF 

AGL Jor 1, [a] yb Ba PP i ee STE 7] ad a, GE Ges WE He A 

BN), Val Ze ACS: FA ES EAST PBI — A TARDE EE TP vi STE 

ES Sea vin EH SER oh I (PAO TT ARI) AIR eI EE CREE SRL). FEI 

iE Ro) AY, Dee ee Pim ES RS , PE, Ine aye) 

FRieFAE— : AVIA 
— 7S pe tl FEL AY) PS 6 FE TE ne LL een EE ta 7) Ze LE — oe, TR EE 

A ay RT / TRS TR AS A Ja vine BE ER SE. PEELE 7) SFT ae BAY 7B Fb Soh BE a 

FARMED RCL (ZEEE TRL PEPE oh ly), Ape EY BR al Pt EJ ir 

Bet. TEAR, SEEKS BK be Py Se PORE TE. ALA BE 

AN Ef » 

{E. Google sy ABI Zw, FETISH Tie PL FE ALTER OF TES BH 

Ta OL PAY Hay ee OL. AEGAN PE 

© 300 44% Pita 

© 300 avi 

© 30% WERK (FERS Poin VEFE 90 Suit) 

AU] 20-3 Pras, Beis RAY rin Fee RAE ES LY 63% (57 PEER, “EIU 90 

SETS ) fd TBC a A iain ee EY BULA 121% (109 PEE). TEKBRHL 

30% AIF RAZ 28 Ee BA EEE AES 2 BERIT EY HAD AG TLS (t 
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{HE EMA RTE A ( Ay Aa BELA 3 ) 

oo gmennratarecente 
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m
 

O
o
 

e
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v
 

ise] 
N
N
 

ad 

Naima $8 A\A30% HEHE Th TSP in, j=) 0 20-3: 

FES BET OL DP Hee HR BOA a vind A Be SF 

(Kit, HRA AAEM. 20-4 Hk fan BA DRA 

td be eH THY Ja FESS ORS LELAY 150% (45 Pie). 

% (BEA Pete 30 Satin) ATUL 10% 

(ELA 0% (15 44% ) 

300 TARA 28 lim SF SAN 10% HERA : 3007 SP tits. 

Q
 

el] 
o
O
 

2
)
 

>
 

t
+
 &20- 

RAD PARANA re. RNA AE EL ER ad i. SER 2 o> i HH aX 
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75% WF BK. REEL EEA BATA + > Fp RE AY BG EK A ti OL 

Pe 18 FAY 

FHRERSE_ - BEBE 
Google thi MLAC 75 BR HI MAR SR: WEEE, DA Pie Ee TIG Siw SE, OTF 

ZH MR RE AE Jin SC: 

def Subset(backends, client_id, subset size): 

subset count = len(backends) / subset size 

# OER Pim lar AS ee, BERET EE EB LEV Ul Be 

round = client_id / subset count 

random. seed (round) 

random. shuffle (backends ) 

# subset_id ft# SAAIINA Pom 
subset id = client_id % subset count 

start = subset _id * subset size 

return backends[start:start + subset size] 

BVA Pin tks MATE “RO” Hh, te —-#e i WAS subset_count *iE2kH & Pin, 

MM F'vig subset_count * iJF4, Irlikt subset_count ef 4EI TEC (LAL a a BC 

BRUM FAK) ). FRR, ET am eS Ro aA PALA Te 

Pinte (sea PSR Yb, RIM BY EAE Pe Bice S.A eS in eR PAC) 

Bilan, BAVA 12 awit [0, 11], FMP ER )A3, RINAHTHRHER. He 

4% PinitE (subset count = 12/3). MRA 10% PumtESs. ABA wR AE AT HE 

Poe A Pa : 

© Round 0:[0,6./35.55, boll, 9, 24,8, 10] 

© Round | Sal 4, 055, 6.00. °3,2.°7. 9. 4-1 

© ‘Round 2° 7803, 752.0, 4.09, 106,59, 0.01} 

1X AEE ERY OR BEA ee 5 PE ET A DG AE Pd eH BP i it 2 ME — — 4 9 

Pim CGR Tea BE, BY EE AE AE Pit 2) EE, ES evita FE AB 

BBA WEA 2 Ak 3 AE PES 

XP SAE AZ BAL HEE. AS UM Ae Pa RE SS RP 2 EE aa FE. x EE ie FE 

Fy AY ETAT IE AY ANS eT RAS Ca, Ay Jae ES TELE SS — 4 EB Bx Jia — 4 FE 
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FR EM). ANTHEA EIA AS Tal GAL ERP. WR AIL, BBA 4 

via OH EL DIY, CE CRESS RD YE TE PY a ad HF. AR HAS ag HE A 

FCA HB, aA AKA BO, Mim et ae es RES gin PE A ON 

ven CH EM Hc Bit, BSA EAN eT YY Sit BE SS Op A 2G SE th «(subset_size —N) 4Jain. CEE 

— BETTE SEA A Te] A BLE oe 2 18 i A BERT TK 

4 BATE BE TE ES Td A HA AREY, Ze] — BE HP Pe Pia 2 HE Te] —- 9d ee, 

{Ee 7 Ta) PE PA 2 Ps SS EI AN TR ZS. TR POR, GSE SB ll AeA 

AINA ESL, BN: 

e £48 [0] = HHP [0] Bl] HHI [2] 

e £42 [1] = HHP [3] BF) BHbyze [5] 

e £48 [2] = HHP [6] FB] BHM [8] 

e £48 [3] = HHP [9] 2B) HHpy ee [11] 

5 FEL Aa 7 EHH) DEE ERR UL POSH YT OU RE FE. RES EHS RA ES 
Ze PUES ARE, BeAr AT CABERE P e eS h Y EE E ORE PU Le, LE 
44> FAR NHEUL PE (4 % 4)). 

© AP ii [0], 2 Pa [4], vin [8] ate ye [0] 

e 2 Pim [1], Aim (5), evi [9] AeA ese [1] 

© 2 Pi (21, AP im [6], vin [10] Ak [2] 

© Aim [3], Pa (7), Mi [11] aoe [3] 

FR Ay CE AS Tee] BE AS Fe is SEAS TE HR I Pe (PR a AS Te] ) ta I] BE ee A, 

BARNA TAB, TE A EE SI SM Ao 4 Jeti EB BE EF) TE 

Beit, Pelee bia FR AAA. (Hekate Pee Sia Ira Ac Bl AY 4 

Pina BU AA Ae be & AEE 1 4 

nl 20-5 Pras, AIRY 300 4 2e Fin EE IEE 300 Savin A 10 4, FEI 

i: BZR SAE TS Fs FES avi AGE Bl [a] AE hee EF 

All FARA) F SBR ERA) «=| | 205 



TAX Di He BR 
PUERCO A AE FER Pia FES ve BOAT ORE eC AY Be BE a I EB. TDK 

A PBS BGA EM, Hh a in FES OR EE EY FRB ES a SEE 

2 ne 

) WRAY Jenn ris Ze ARAB Tt 

FAP ir TH © EB a) He Plt SS AY BE a RE ABO PR A A RPE 

inn rie Be SIT RE (Al FAB ad BEB a] 

BE AE #E ity ) » By BPE BE PT AEE LA, NE a ena TR AS GE (BAA, 

B49 HF AL HL AY ET ) ET eave RASH GE (Pil BH sie) BCH TA 

1) 4b 1a) FX = 

w
R
 
ae 
s
e
 

<
i
 

ies 
= 

c
a
e
 

i+ 
xX 

ae 
i
 

M
e
w
s
 dae Qi 
AK 

e
e
 

d
X
 

+4 
ie 

R
m
 

f
t
 

im 
Xa 

yy 

FEN 

35
 

1X Jes vain YE Jake Dy 22 fe FF EL AS EB AS TK 

FA Ta] PLAYS 4 cE) SG a Lh BE Fp 

{ee 

‘SAF 

R F 

AN Tepe TE ed EA, BEAR SIRS 9 CEE 

{A 

SURE Tay oe Me A] BESS BC ibe 1s TBE be tee (EK 

IAEA By BE fe Ba AS 

ANEW, PRECISE (round robin) JER AL, FF ALLEGE NL PE ce SE 

TRAY TY Hg SR AY RE RE FLA SI AHIR RSA. BANA AAR A 

{Bee FRAT A BE BM AS FD ERM A at AY Fe SE 

REAR AIREY, AE HRA Al See TBE (HAA 2 FEN CPU PVE. 

mA, PLFELA BULIG : 

DUE PUD ABBA AIS AS 5205 206 | 



© fx) 

© RADE AAS Il 
© WBNS ax WY 225+ 
© Fcids FA PERE A 8 

— AS Sie Te] PPD PC Te) iy BE ORG AR Ze UL A DJ EL i a PT a pe PT ABS SD Td PF 

BRI. FEB PERSE ESET aml, AS Tap Pn TR ES EES AP ULI, Ab 

FP RISA HI Pm FE tid. BUA 

tes Ke AD TE A AR I) 

(RAS AR A AY tet Ach BE is BEA oe TAY. FER CVE, RMR ERS MRS, 

OAS tye ren A tet Ae FA EL AS de REY ta RS BARE 1000 FE (EERE) AY CPU Ot. EIA 

He Sh BE AS FC 1H SSG PAY Ten Ok, BS Va SAS IS a SEE PB a Po, 7 I ILA 

FAXYZ We AM Bm A Fr a IS AE” EY des AY RE CAS ABR AER QAR TZ FM PBC RZD ) 

HH FY HE ASAE FE TF | 

Te — PTs Ae Mh BAS Fe FETE AR A Y AR SEP ETT Th BS Be TE i ME. TR ABA) Es 

Beal 7 ARAS He LAGE till ET a ae BUT A Pe et. Bile, FE RBA PT 

ASIA 44) WH, Te TOR A) “GK lel pele 100 BF (BED) FA XYZ WE 

FUCA EE” AL a, 2 PATE SC iC A GS ae AIR HEY 2 1 AN a BET Pita FS BY 

Bas, be EAP BELA SS. Pla, TAA BY EEA Pn > EV IP fe Mc BI 

SREB EE, Bee ETE MRIS . ZEIMEROL PB Be ira ROAR FA a Tl FE BCA EE 

FER AE (He E PEMA a) VB Se LA AB 

ALARA ESOL, iA Pes OTE 

Ay ST PRUEMRA A (LAR EMI OA SB) fap, ARGS 28 FY ICE We AS Be a Yt OR A FE 

100. 1,000 $22 10,000 FPF WH. PRI. 1x HS STR Ue BEE Se EB EE AN IB 3 IS HY 

Fra at (8 AR He cB LEG th ad BAS ET. PERL, BD BCR EIR 

BAe ETS. BAN, BANGS Java Jain EE ARE TAR YARE 15ms HY CPU FY Tal 

(Ee HELE SK AT LAA DARE 10s. te ins FES ABI SAS CPU AKC, RPE ATLA 

TERE SE RAFF TAREE, DAME IRHEIS. (EE 4 aa EE — PE KART, “ERY TA 

MA DS LF Bet lal. ie, Se RAS PIES BT ES eB A ER ld tA 

Bo ce LEM CF AE A) TEA REE OL PP (Seria a 8 ot UE Re 

[aN Bes AEA RAT A et BIE). SOUT RL 2s HPO Dt oe AF BORER. ETT 
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1) 3B AR SS aS BY 2S 
Ps Th — A Hh AE ED Vin) A: Ue] AHH EDT A 9S EA A 
SM BCE HUD AT HEA A Tell CPU PERENI PPL && BRL. TARR AD HR oR TERT A Tl DoE 
WR a RE Hh BA MA 

Kh FH iy SHR As AY 2 St ——1h AL 7 a SE oh Ta] JHE —— 4. Google ff KIM Ia] AY) — 7+ 

ml. PRY LOR iL, EAR CRU Be RT See (RR LI» JR SB CPU TU AAR 

CPU/ oH ARS ah 5 OR TT OF. (AE, FERRER, BRKT HK, HK 

VI FES Bae A SER RAE EHS EY WL at VERE BRE BH. Vea] ENS AE AS i JE Gee EET fe 

EAE EA. flan, 2CPU ADL WEEIRS as X (HeLa) lal 0.8 CPU WY FEAk 

Fax Y (RPLaS). MIA Ma, FER AME AR SE eT LAR PE PE Re TL at A SY Dad 

CPU fit. A SRK MES VG, Fe alae FPS EW CPU PA fiz (Google tt 

Hizc GCU). Fe GCU 244 CPU HEHE ER, IN AES— 7+ GCU 5 fin] CPU RAYA 

PE HERR 28 

FCI FA AY TE BE Al Fe 

Tia) PPL APS Vey AS MS Be A AY IE AE Ty BE Si ee —— Bh BE BH. Ja in FE FY PE 

HY FLA Ferd PY DI Se KARA, TCHS St a A HE 

PA BEC AY WL EY AC 12 Ta AY PE A 3 0B TAR 

ARG 

WPI as LCE Re (4A SEATCRIN, FECA tT) By ES th 

Me] 2 Be ERE EE. BRATS BE EDR oh BT EGA BI 20%. FE SHE BER FMT 

SHAN ses, PIRATE. TPES AH. AN, AR 7S i an FES 

XP AY MED Thies CP ee PE ee). TIA A epee Bi ee SS, HE 

& &3N GC (garbage collection) Borys. 

JEG EE 

“MES HUAI, EBD BA ES He EES OER AEP, BA 

Ml & Seine Java FG, AA ere ob ASE tay. Ay SARK Ma). HK 

A) HEWR SS a FI PEE, ETHAN SS a TC CRE ERAS TR AS. TID TLE ( fit 

RikME HATE) —Belbbll, ELBIPERE tA Ah. AEB BeAr EK AB Be EBT AMR & HK 

Fre (PNA, BEAT AS), PES AP OR AY PE HE |) LR 

BAAR ES Py BE fig AS HS AS FTE IRF Bb Ac Be BE IC 1 TR PE HE Tn], SZ ES EL 

RTD A IIL (oe ie BC Ha A ES BG A 
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Bx A) FC i] Fe BR 
FAAS SE A] — AAT RAL AP JR PARE SE 3 OR 
Sik, PECCERG BRR MC ALR NOES HEFT RSI. 

PUA, Bee — 4S 45 Pi AE A avin FE 00 Bi) 29, rtd A eS et TA OR BH A Pts: <2 

tO tl t2 3 t4 th t6 t7 t8 19 

2am PO tO OU A) 20 254 Os 20 rd 

BBA, FERDEGST a ACIY , Zp Pi eG A AD Jean Ul Be fe the > ER TE (12. 13. 15. £7, 

(8) FEMA. eR 12, BAM TERA R EK S : 

t0 tl t2 t3 t4 th t6 t7 t8 19 

Ze 2 tt Oe 68 et 

TBST AE BAS FEA 7 RROD, CEB —-AMARIRL, TREE ET 03. 05. 17 18. 
SUEBRRRAIIEA BIS S 4 Petia. MAGA TEA RE Z lal so, ABA A BWI 

FEAR AS AeA 

tO ti t2 t3 t4 th t6 t7 t8 19 

2) BNO Se ea Pl 

xi, Ay ee rim Be ER S10 A t6 ZOD TES. PAih, MARES t4 RAR I, 

ABA 4 BUR ASME “0 TRA”. ABA BTA RIK AT 14.0 

XE AY SEL SER RI PE, AEM ee CER oR Base DI ES LETT MIRA 

HX UE, BSA PM EAS EE GA TELE IRAE oe PASM EL RUT 1 Bees TE 

Fe — MELE HBR AY FES BER ey, RN RIS BY AIRE HR a EE a re AY TE EE 

(HEISE, BOA ER BT ihe PHC VA) SS OG AY Be Fe BA — es BAR “ES EAS 

EEE. EMT RE AFF RAK Isl 100% WER. DUR PETRIE BPR Tel Se ay EME AE HH MI; 

— AER LI 7S FRAN REE” AF ER LES bs MDB OR ETRE 0 Tak. Fe Pam ES tt 

TRABU ATH S HT Mtn i eS ES A SK REI BAPE RG x BP PK 

ZA He is (sinkhole effect). isHxe, ea) eA  t) P PR D s ——€§ 

ES UE CBI RE ATR OR. RE, ARSE in dEA RAS, TB < 245] 

RS HY SP aa Th BOE AE, TE RUE dE EC A AY HB AE 
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Bbc VR) FE Va AS HS A PAA 118 BE SE FY BB 

EKERYNRSHR—-RAG HES RR 

4 Ze is Ae A ie BE AE BOA 4 EC HIP Tad Sp ep tes BOSE PE AT A CY Ta RY Ll 3) 

mE ay 2 AIET Tal ES Basis 47. BilAN, AE Servi EF AAS 5 IP AS YA Pea) I Sc BB 

tak (ye 47 TE A PEE CPU IRS at i), (HAE KET RAY HEIR 

FU ES FEA — Be (TAA TES KB I el ABE ee SS) FE TBE, ee T/O 

THRE O CPU, dE MSAFE, UA 0 tet. Bed 4A is E28 x ERY Jes ta 2 38 

FREED ter ke , (EL pe Bc PVC Ved SHS 2S AY TA EH AB eV) AE TH BK 

EANEPROEKHRAOURWEP BREA DER OAR 
FAH PS A EAS TEBE BAR AS LIA 7 BRL = ee | CLEOPR. 

TE Ba, BAP) A BM AB FA Se Va) PC Ve SM A A RS ZS ee a NE FEF EE Boe PRA EA 

I CPU. Fea 5 Tay SLC TAI ECR AIR AE 

NAL if) HE HE 

FMA HS Vey Fe WG ae et HE BR ek FE A Ja a Fe PE, AES EO TY AT) RH A Be D 

WS Tey Ae HS YS SEB 

JASE Vid TS A BS EAR TB SS AE Pg APE EY BE ES RE “GED” (EL 

AR VGLARE ATT od EE Pm SAR BE A EE VA. FEE ET Ml BE Za (4 

TA Be BE is AE AY [ed ) Jeri 2S FE Td Be He HE 4 UL BS eR RS. EDGR. LA 

El aU ot UR AS (—OK UL, az CPU HEHHAR). Pomme te Fl a kK RA Bete, LAR 

HY Dv AY ok UE AF 8 BAS WE A JE Va, DA Pe eam TE 5 BE. SOUCY be oe es 

Wha FEAL, SPAS UR ie WOH? Mo 

FESR BE, ANSE TAR IRR AE HE aE, POR BRAIR Sipe 1 Pb AR Th BE AY AEH Pel 20-6 

MES SS Sev vin ESS FBR te PP i EH EU AE Ti AR SPT CPU 28 {tiger Fllibe 

{ER HAE ASPB KEIR I 
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a Ge el oe 

WLR 

/—%: Alejandro Forero Cuervo 

4m 48: Sarah Chavis 

RE Gey et Be, FE HY AE 7 BE eR. TLR COUR IY SW a & 
ED AM LI. ARAL RAR. HPT RAR —PMABOR, 
FE AE AS Ut HEH Ab BE et BAHL 

Rambo Bet) — 7S EAR SS EAR <I — 7S EER Tk BAS I wf — 
BO ALVAIWRGE. Gila : 

© PIN EES SCRY PE WEEE. DEES AE LR EAE. EARN PW 
(LTE SCRY AEH — bay HE PAG SE 

© EHH) AHW EE END. BREA TUB alg. TA EE RAK 

PR, CER ee aL, WARS BEE FY EE x PP BE Med Ae AB CHAE ANAK TEIK 

ROL PAAR PT EGR FB ERR ZINA TT ACE DT. PTE Sh 1x Py ae 

EIN Ti AE. tek CE BH A TA) a RE at ae. CE ES BH A AIS AE BY A OR A 

ok. Bilan, w3e—T BHA LDIS tT 100 Aa tES . Fer aE a a FES BT DAA BE 

500 QPS Fh tek, HSZa Si eH He EG HS AN SS Dd EE 450,000 QPS AYIA Fate BY ix 4+ BHR 

Hot. (Hse, FEA UBER I, OPAAU SRI AT RED AE ABI. TCH, PRE BS arb 

BG Di BES all A) pen AEE a FES ee AEs CET EAST OL PB ze Tel pe, FE BE 

[ey ie Td BAY Td SE, TI Ae PEN PEAS Be ee Hb Ab PG Ut SS LS BE BP TR 
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Val QPS fast 
Ax tri] FY tg okey BE SS EP EA Pe Ab ES SES PAE AY BAS BY FTE FS a REY A SS e- 

we, PAN AE ie CAG AA Te] (AP ARS AT AE Peg SL), BN See EE Fs AL 4 I A BS 

tle) ( ate AP A, ee He Rt ee FE) 

Google (£2 4E N22 93 A PE: FER QPS SRLS Ae ee, Be HE Fee HE lip AS Jeg PE 

CU AAC HE Ta CAD BEIT TREN od: BARNES be ae ir ig Se EY BEL ) — Re FP 

PC HE BE GLIX Ta on FE SE “IY Td BAN ee EE, LHe RE. 

EAS Dies ACEI, AP PEMIETE AT SS PRE (PAE SR AE YY Bit Hi AS SE PK BE Fp EE TR 

TARE HY or VA Wa >). x BEAST AR EY A ts, HE Te TT SK BL BSE AY Sig 2 ES AS ME 

FARE iy PRIME 

BAER Te See ELA 8) HA or da OR i ae Ae ee. HA, SEARS AY HE ESET BH 

Ate £500 CPU AKALITBA ALA GEER 2 Fe PER Oe EIA BT OD AY A 

Fe EE APA. BNA Tn AS” 2 MAA ia oR EE TUL P BTA 

FEA CPU IhT lal (Gx LSE 6 EB Ay Ia] CPU 38 EA PERE Ae oF el ) 

EKA TROL (SPR SA ISM OL). Bell Be BL tl Pe A CPU Bice fA ee UC 

SR WE SAS et ALA Ce Rat, JAAP 

© TEAS (GC) BL mI NY an FE Be EL PARRY Hs 70 ath PR PR 8 ke CPU 

MED (CEASE TEL, GC hyn). 

© Ahan Ase, EC fh tw BY ae Se aE, DASE a ae PE ok 

Use te tg LTE i A OL 

AR eh ee ay A HAE CPU CRURA TFTA, Bed TA CET OCU A REA BRE aS AR 

UR BA EEA 

26TH Pig SBR iil 
eh Be OT RM TAY 7S BY a EA (MDB 4 At HK (global overload) AVTHUL. (EH 

AR BPS ELBA ABE FU ttle TL or be EY ra He ATA a) Dd i Be A. A ii SE Fe ia 

RS Fhe ae Ay BS IS PH, RES eh MR ALAA KE ABN AE, A 

SE SG 2 At eel Bote LE SK bs ts Fo HP ESE OR (TD ae BSE eR & Ath 

BRE AIS ARB ARS ) 

“Arar BOL BEIT, BEARS EP REE Se” Ae PB Tel BP De ae AB id 2 BEI 

i REIL fla FA PU AS Zs Ee]. Ay PGA BIR PS AY, TW AS zs AE ABA Ae PA BA 

we SAPIRBER GB | 213 
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AS ey BEE 2) eV AE AS 2 EH a, HP i BY GE UR 

(ALAN, RUA — 7 vita ARS ZEA THE FEE TAN ik 10,000 4+ CPU( 474i ES TBH UL FE) 5 

TEM IAEA BR aE SP RAL 

e HBCEHRSS (Gmail) sc UP (HA 4,000 CPU ( 4 F>(H FA 4,000 74+ CPU). 

° AoWks (Calendar) VFA 4,000 CPU 

© HRS (Android) LYFE 3,000 CPU 

© Googlet+ LVF(EFH 2,000 CPU 

e FC fh AP CF A 500 CPU 

SEPIA, EUR HORE A TI ME 4) HEM 10000 CPU ZA, 
G3 Bas FT Ag FHP I AT RT A: a iG 28 IL 

FedT ei a WO A atin FE FSET aR A eg, AP ix 22 Bc te At a Val HE 

KAW MES. BARS. CA FAS PEM ER, (Hoe TAU Ze . 

FANE Fava FESS PS TRA RG BK — FEB ER — 7 BRE EK 

ey ct a SR TARE RY ER (OER CPU). ix BELT TSE LE A eK “A TTR 

NR BRERA PER SS ae ESE ME 1 AE EBLE A PI 2 ee i Bie AO A BE Ag: 

Te RY A TT B& 

Se Pies MU BY 13 eA Hl 
SRT A Pee OTR ACARI, Tein FESS Wi A RB a iy tok. IE — 4 “A Pat Nk” 

FRA ERR TATE Pi 1 EE ESD BB 1s AREY OED TES ARI. RE PIES 

AGATA ia. PRN, FA — SFT fal A FF AE AY Leg RAY EER SK Bs BUT A 1 AA 

REIN TE AEA Se (TA Ai LE RT RE ce TE FR DO, SR AE Bo AAR fad BFL ) 

BEE Heed ATLA RK i PH fs In] SS (PR SA RE BL 

HAY GEV BUA TE A Il Se AIRS . AEST UA RE AT ELL Ta mL. FEI APE P 

Ay AY HE TZ Sea vis FEAT 4 AS Oe a Fe 1 HB 2 |] Ja I A SE A a BOREAS 

Fe Fv HN YT Pa ETL a AY AE ee 7 in BES Pe Ped ST BE VY Tag oA PT HB 

Kiba Abe HP AAAS ER BCID, TE Pi FP TBR ld ee RR PR IE 

CAE BC tar ACA ie 6 BL Te 4 Dt Ae BC tee BE nd Des OR EL fe FE AS Hb Td FW, fl ANS EEE 

Bll WS Je « 

BoA EA RAD 6 EATER AOR SK EN A Pa Teo AHR, FES ep Pin beac 

1 %)4e, &IL Doorman (http://github.com/youtube/doorman) , 4&4 J — WARMED AR AEP 3% TAA, 
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ZA PA AAP Ae : 

i RAXS (requests ) 

Dor FA Jes OBS Be HS TT AC Bi ee AT tS A PA AA SZ EA AR ) 

ta R4EL AE (accepts ) 

Jr via FEF HZ Tg AR BC eo 

TES AU OL P,P EAB EY 2 Bat et ea FES JE RATE oR PRES BP MALL 

Taka) fA Pin HT AR Se Bek GH EL BI] requests = K * accepts, —Hidaebix7> 

Berl, A aim FPR A aint. BT ER SS (EAS He EL — ce HR te (HEE Pa PD ) 

HBR EAS SK 21-1 WERT : 

AT21-1: SPM BRCM 
requests—K x accepts fake (0, | 

requests+ 1 

4% Pm Fr aa teatro, requests Atak Il, mmAkAstkirl accepts. x limes 

AR AR A RAL, Ay AS Ht PY OR as ea BG eatin, TEL Te AY 

Fo PAS Phin Ze 18 te OR TGR BEDI CAPE Jenin $e 52 TR EE). BA is EE 

As Sb EFF i OZR 

BVA OM A i Bo Ute IS TES bs CR A, AT A Sp Bk EY Di RRS 

BNE AREY el Boho PJ & AB AS AT REE 50% MIMD EHS. eS TTA — HR 

Oe Benes Ae Pint eR Se AS HA BCE ee. TY SES A TEE AN EE AY fe 

HL, UL AN SoZ Mn HEI 

Hef BB HE Ah FH eg TE RE AY AB 2 be ACY ot UA eT LIN A SEAR UL, FRE 50% MY or de 

RRS ABA R GEE Ta FY. AA PART Se TR ta PEL: GH eh A ei Ae Pai 

SUEY accepts HMA K (BAN, 2) WERT MER : 

© EAR IZ FPF AEL SS (5 A ae DT ne YEE 

© LEMAR HESS I RAE EEA ABZ GEE 

FEB, Hee Pe ORI _EBRM request = 2 * accepts ii) request = 1.1 

* accepts, ISA RA AE 10 Savini kK ZR A 1 SAEZ. 

— OH ULE ERI K=2, sel OVE a FY BI LO a Se. We oe BY 

Janina GE Uk, Ee Se Pee TAS Bl AP en Pe RE. SR, Jin LEB 2 1 

Fed PT REZ Jet 5 Pr ag A ie BY GK 7S AS CY EID SC) 
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Fi —- AS Fj nes, FE Pa 5 Ta AY BE A a FPS es ALS RR Ae Pid 6 TEAM OUP 

2 Pe eam RASA tho B A AB, FEAR AR ie RAS HY AL RENE Be FESR Ut AS ADB re» 

Bet 
EL (criticality) AY —T ALA ACA ABR ALP LEB A fa. AEP AE 

wi HY ba AR ARZS Ow ic ALA PB 4 EPA — A, UA 7 te YH Se 

wx & & CRITICAL PLUS 

Aye SE OR TU RAY, FB ek HE AR Sa TE A A By OY [ae 

€2 CRITICAL 

He FES Fe ERA Tg oR EA. Fk EE Rh ek A ead, (ALA BT HE 

YA CRITICAL_PLUS APA" FE TEAR YALA A AY CRITICAL Fi] CRTICAL_ 

PLUS gs Fic 7 48 DY AD GE DEE 

¥ 4 #49 SHEDDABLE PLUS 

1x PE at ee AT As SA Re ES A PE. ee ee FES ACCRA RU. 1k HE 

licks TAL, Bee L/D Za 

¥ & Ff ) SHEDDABLE 

1X Ze at He A) BESS AS ih a FID ATL, RoE HT A. 

FAIL 4 BRP ET AGRA © BTS AB Te Re EP lal 4 OE A oy 

FE PASE BE AN Pi JRE TATA eg AS © TEL re FG DIVA VL ce ES DIT x PE AY Ae Ser rt DEL 

Fell 15 ee VE J ES ke RPC ASI AE. Ee FRA CA ESE at Be TAI & 8 

TPB, Dx PE ARSC Eb Be a PAE A PAR 

© ET PA AC AA BIN, Je ESS AGS FR TOR RFE BMF 7 BB AR (SE 

Bal, Ae abc ai A Ste AT APE Be PE a) Sill Be EY ) « 

© MR MEB AT MARE A RE BOR ASIN, (RTL SER Te AR ZS FE BRE A 

OE it AR SCL ART BET EER AD TB 

bt RAYE FC A, a OR HE TY PE SOR, Ha A ER RH Wit ee (QoS) fa AEA A 

KAY. PAN, “4 ASCE AA i AT Se Di a be] La RB Pt STD AS PD SR ER BP EIN, 3k 

BETS ae Ta AY HT SE PETE He OR (IR ARSE Pel BRAS, KEES OR eT A ib os), {2 

es 1X BE Teg AC AY SHE BPE (9 PR SE OR ARI 

Fei aly ok F RPC AS, VAR ewe Rea. MR ane SR A, FEA BE 
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eRe A ieek BAC 4340 fb awa. Tek BAC Ate A FA le) AY He EVE Je 

FEE 25 — Bet lA, Google AMIE AStAh wr Ah ePID HE, {HL 

el A REPE IRS IRA. REE AIZE RPC ABH A fee, Be Ae aT Ae ae ee 

fe SDS — Bee Ee ERE ERR A RA is OC I SFE ae Bee PT A EE 

WLIO CD RB es. AS EAT TA Pb BE RA 2 Pon FAT Es 

Th ee Bat AE im CUE AY HO Be Ee UE 6 a TE AT TP Bia NR SS ae Te. BRAT Hy 

DACRE A TE OL PED PARRA AED 7 a DE FC CL 

SRS wr A=: 

AipFAl ARES 

BA IWOE A et BR PEE FB 4) (utilization) SCHL. CES BHRULE . COURT 
22 (AHS Aa CPU MUWURERERE (FLAT CPU MEFHSEBRLIZSSAHERY CPU Brit). (HE ZE 
Hee PS , lela Sere A EAS. a OA ASA ESE. FRE SAAR HR ok 

fy EP ey ee (Ry BE PEEP OR ME we EPRI). 

Be Al 116 FA A st Fl 8 fig Sk EE FA CA Ak Ma SE tie A 

RULES BY), MAI SAA PRISE. TERRA A fas ee TERE “Si 

Mm, AEM — PP test S hh HH 1H (executor load average) EH. 

ZEB at MBIA. BASE SE A PERE TRE. FEI, “TREK” te AB AS 

IEfEe tT, MA OAM a eT. (LAIR TES Ze CPU NYZR Fe. Beara) A HA te ic PE 

37 GE (exponential decay) HAMA, SUK eel AEA ACI CPU 

BRIM FP RRB AG aOR. RARE, SEP PR ROP IBA AC REI ORIN, CBA, Ae 

ARB JEFF EE Be PENI AC CRIT Te). ee Be Oh BUA MLE TL, TA PO tr ah Be Ak AS 

EZR EE A BI pi © TELA Rk HT AR AB a EP (tu BEATS BD AD CR FEB ai 

PARE), iX2ETER HP a TB ABR 

BER RAGHA AG BE ASL (EL FEL LE SR HE SEA: A A TDA. PRAT RHC TI 
A Jes TLE SL ERE EAE SS. LA, BATA RES RTE FE 92 TU 
wi FE 59 PE FRE CLEAR IE 1 FE es 70 AS 
AAS ATLA YMA Me. IR ELC EEA (BASE AR) HbR 
bal AUTH TT AE ELE APO 

. 2 
Ah FH TAY FS iz 

LEH EH SE LL CAR Ib BCA ELT LEP BM oh BAL SE EEE 
“2 ELBE REEMA PORE. TELE, FRAT) BURP AT ABR 

Meet eee =| 217 
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BE PS PY KE HEF AREF TARAS 

QU AES BOE Ab Th BY it A SUE FEE HIST (CAR AE Ae RAS. FF ELSE IT 

Revie), KAMP ULNA A eS HB 

BE PS PM) SB De ain tb HHL FILRKAS 

1k AMO — Be ee FE BY AA SEY AB 5G Fe LH. A, AEA EH FY HE re UE PM BI 

SO PRRRA BORAT FEUER. (RA FT EA BC HUD aR SE ft AE 

HY LOBE TAR 

WARK AD A Jes in FES ABE Pt ORAS. TORAH, Th 1 — Bd Ef 328 2 Ter ae 

4 (PRN, WRAP RK aR). TELA. DPR EA BATA PK 

{PSE foot) Pa BNR TR. RR, BRAS CH AD hy BY Plt A SEK FP 

THR RE BALA B HE H UD. TERR UL P. Bale GPR Rie (AUSE TS Piet BY 

FA ES Jie sina CE 3 Sb — 7 KB  ), Eae BetN ECE BY LA SE a Be ek Pel. FEI 

Ui, HEIRS a ee BA aE I} ——— fib a JL 2 RTT ——3 ABR Le AT A 

Wh Bits Ht RMR FARE. HEITOR ATR ECHR XIN. thie, PAGER AE 

FE (AD REAR EY OR PREG IR RAS AE AD a FES FES in BRR 

ATUL R, ey “MES” AEP RA. SET Ae FE AR ig ae A ED Tl BY rs bs SF TT 

HY API 2 AR BE ICa He te 

BACT Je vin TE SS JA ee 2 RAR Fite bet APS AAT Te oR TST Re. DRE 

PR ne HAP A CPE. KEE OR A] LAr Zi Es Yb BY HE A 8 A ES EK. [a Se 

(op HLA tes Ae AUT tg A ES ET PRY EL ll | A RE & a AY i a SS 

25 SBN TES 

RTE (AT AY Be st 
SATE Pm E) “EB MR” PRIN, HERE GBA TR. BAER K 

He Jer Yim ES LBA Tg OU AL SD ae ET IK 

B—, BAIN Ca KAR SAKAI, PRIA 3 Ke. EPR ADR CARN 3 eK, 

RANA HAE Rl ea VA. RIN Bets. BRP aeRO AS ee FY 

(EA. FRIAR BY HE AC PSE, ENE PS Ba Po A] HE AB Pet BRAS 

, PAIK STARE PH SIAR). EPR Pi RE BIAS AMI LEB. — 

SAREE TEE BIER 10% AYIA Zs TK. KA Ae. BORA A Dao FE 

FAP IEBARAS, BSZ HER Bae AE AT BAY 

218 | B28 wwe 



FA Se be BOR (RT OL). BAB de — 7S Bc He HA TE FERS — BB SY 

Te. Mm A te AB RIE ae F.C HLA X FRE Ze Pan eH Md x 7S BH He A PREY 

wR. A PADD RAR BIA, RMB RARER IR, Bet 3X (He 

MaRS I 3 UR). BASRA Ee ER ll FS BI to Boe, 3 RRR 9 

Pe IRS W, Wire 4 IBAA ARH AS HE AMI fee. PAR To, ek NA IR Pi 

HAIER Hl] (10% HIALE DA), Sc Bs Be Te ae A SRP HI EK & Bh PB MH A eR 

AY 1.1 GF. REA UE RE 7 

BP AEE Pn Ea RIC HA EA A, KA ee ESB IKE 

TAINLA O (BF RE, FEC HEIAI D1, EBT eae A) 2 IT, depo IAPR Hills eB HE IR 

Bink. & Pima BK ATA. Se aime Stee RIT, “ERTL 

(se FA 4S EG A fe PE PE ft Jia tia FE Heh Pak A A AEE ANA EE se 

HAD tak ab KR CR EE fh Ji in FE Ht A HED Pel BOR AS). BDZ, Jain SAA 

lel “eta; TCA IA” AEHIR, Met EA “ES BRT. 

Al 21-1 eas SEAT DB ran UC BY AY Ta RY TAB AG. REBT EAR 

He— 7S ob AY (1000 A aR, AIR). AT A, ke i 

TABI Hill 82 ZAM F(R EE Ba BR sc ME — AY RR ill BT De oR BIA 3 Oc), TED Jes vin 8 t 

HESS 2 Mn 1X PE ADE 

ite Fe US BY, pete = srs 

1000 1000 1000 

180 

32 

oo ciel a 
OF 1.2 012 Gee 2 

pa TR 1% Waa 5% HY a Siig EAS 20% AMES IE 

AD PLA SZ FES IETETEY#A =| IETETEYA50% TEFEHROOM EVI 
| 10% Wit Ait Tit 

21-1: Apia kNiaKEDS 

Google MK AAR A a Fi Ae FP RR AA SEA BO, IRAE ARSE HE AAA CH. TE 

PPA PARRA TE OB A i bb dk I. RAR ESET ta 

FETE ENE EE TRIED AN A IIT, GR I] — 4 ea | TCA” GIR, LAGRE SG fith Be — 

AS KASEY BLASUR KE 

Qheeitargeiz | 219 

206 



PUIG A 21-2 PApaRY BI (Se bw EFTTA ARR ELE IK PARES). (RUBE 

Aili (DB Frontend) A AEX Freaerkas, fe2higick. fee le : 

© Jrimte 3 B SAR BIS HY SLU AIA Te oR 

° JR Smt ES B Wie Baha ei vim AC rH Mh PZ tes RIT ( PAN, ta ok 28 IK 3 WK), 

Ja vintES Big 2225 Jaina FE A a lel—74P “Rhee TCM IA” File, Beat AE 

Qe lal SE (ABR se FE TC He Be BE BD FY OUP EA eT FY PL 3) 0 

© James A ARH Ee By [al So WET BE 

Frontend 

Backend A 

Backend B | Baciend C 

DB Frontend | 

| DB Storage | 

H21-2: Kh 

ARE. BCT AIDE A ta Ae AM Ea in FES BD A ——fE EY 

Jab. WR RABE WE ST IK, Soe Ce HE AUGE KE Tig UL 

iE FRIS ALA Th Ek 
1 $e 8 NC He ne: oe See — 7 BE ES. ET AE FAT 1 (Dg se YY He OR 

Art BO Hak (kre QPS RR ARI — Pea), Am IZ ASS, Ean 

2 P'—- 74S KA EULA CPU FAITE MAS, BE BERR ee FEM ALE) 

MAB PH ALAM AT, (Ase TEAK AY RPC ABE PRS 1H KA) 

TEA Z BAT, FMI RPC pias 2 ARP Pa er a A. 4 HE EEE 

PAI — Be ay CA AIP Al ae, Ae Pe BOSE TCP ERE, FG) UDP PERERA. ASEH, iC Rh 

2200 | 8212 wwii 



45 AIT ACH Tp RR 8 IR AER ES Pe I eS Ua] Ls GE BRE es A Ag BE SK Ds PH TA BEL FY PRD 

wld EF AH Ved ys se Fee ZS Be CAN, KT BER AER RE Re has aS) Bet Ny AS Bal SSE A BO WE BE AT 

(ix HE 

Sh BAS Se ETE He Te oR ae Fa D4 CASEY) ae. AWS BI, BUI ch BE 

fF Ze FE PANY TA] PASE i HEV Fito A PE ATT AE 1k PE Be EE HE BY a WE Sig 

sir FD EAN 0 FEA 8 Ber HEL, EA ae mY EA i By Be x 2G fin] 

OTE CT 18 ES BT Pak Oh I TC, BEF ee EF 8 WE ES i,t 

ADDU aE aR BCE ) © TEI MMOL PRE OR es Oe BBE UD 

@ oH Till 2a Re Eb BEE FH te AC EE a eI EP i FES. ECB HE Ri 

He, [ea A DL SSG Be FE Pio Ps TEAR LEA BA Pati > Jeti” AB “AE 

Kh BE Ae ing > FECA BE FREE — Jim” « FERED . SAYA AE BH EE SS BMY 

FAA TMD EE REM IES SSeS, ne SERVE A (be z Rae IE Ab 

i LCRA vit) TH, FDR RHE SS SE 74 CR ZARA. Ab — 

ASAE FA RBS SCA ee 5 Be AT A pa Jia vir EP AC Bee, Dee] EN He a LY fo AY 

BEE (flan, (HES BT LAE ORY Seite Te BP ATE EAT th By  ) 

ING 
ASTER AS 20 BELT VE FRAT AA AS Tea BARE Be (AR ae HE GS DAE td 5 A ie I “19 TE 5 

FA PCa) SO ab OP CB CT PH. PR fi 1 EP Be Ba Cie TE ad TK PY 

TRASTEE DL. PRB tit PARAL ae, (Hee Kila bh, AE4E by Ae Bf — 

HEE P| HE 

PTA, BATU ARTETA AMES, Bib BEE SEN. HUE: — Sain te 

PAC A NRA — Ze FEE at ae. ANE DAD tt at OL Le ES . EAB A PRUENRS 

Wie. FPA Peer, Jemt es AA EE BOL PD aatit . 1x PE BER yy FE — EO 

Fal AN 4 ll ik ——# A) EAE PC at ae, EB 10. Bed AY A ee Se Ra Ae ELIA AA 

ZS ATEN OL, Toe TAF TZ, EL Soe Th BA AIR ME Be AE BY BIE 

1X FAA OG Bie OL ep ED Ta UL PERE TEU AMI, RA AR SCAB SS be AN HAR 

ABSA 22S. Bia CPE HEAR, (EG eA BOA pri tie (BOREAS Lest CPU 

{tT GC). KER EF. tHe OR AMR IE AES GAA SE OE RNR AN PRIX Pal ell, AES 

FASE lel (ans —P Jim —MES ) HEA Oh A SALE, tr AY BE 

Pritt DOES Fa St (ME HABA) FEW CB es Be A a ZC BK AR 

2 FS IG AI BR, (SE ASS LES 22 FE) 

vee | 22 



AN LAY BEF Be ne Ay eb 8 Jia vin 7 AFB EA LE ee eA eR. PRI. Xe MIRE bs _E 

ne 5 HY SEY TB A A. BT Se bs be ir EAE tig BY DS YE Ree SAR 

PRI TEA AY GW AA, SES BP ES EY bi ee. 2 PY EY HB SIS AY Siz 

Hr, iA Mh 4e5e CHEMDPR A ies, mn POE H th ate fh ier ok 

HDR Bell AR & TA A AR SDE i BY HB ae RP Ll), {He 3k He 9 HE 

By: BEET BY A Hh a LR A. TSR AR SEAN EY Tt BEL So AS EIT THI 

A EAR TE Google AHR A ASCH te Re (Efe AE AY, AT HE Tt A SEH 2 AC i FC AEE 
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22s 

SU SEE 1 Sha i 

VE: Mike Ulrich 

do Rig RIA RA, VARA EREK, 

—— Dan Sandler, Google # #1 42) 

AH AZAN BRE 138 oe — 8 RF BRE? 

—— Ade Oshineye, Google # &# # 2a Ip 

Ze cP ze FIER IAA (positive feedback) SHI AUT AHURA ibe. Ea 

Pit AY BE HH TES AR SEA — 7) o> OS Be Pe fd |e, aE ta St Be SEAL th PS oy tH Be Ba 

PSN, AEP ARS BI — 7 5 AL Pak cH Be, SRBC th Se Bo ig NF res. A rig a Bick BE 

Ke PRA ART RF — 7 a Pi 

AS SS fs (EA CHEB ELE ARH CW 2) PEA. ARAMA MH 

A A AR] 22-1 AAs. 

i 1 5% Wikipedia, “Positive feedback”, hAttps://en.wikipedia.org/wiki/Positive feedback. 
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Cluster A Cluster B Cluster C 

22-1: MCCS RiRAVNE MRSS 

1 Fe Bea EAR A A Mp Ee oe 
AP UELE BEIT GENS IE BLP SA DB BMGT PE Le AT 
We 

AR SS a5 i EK 
JH LE BME a He STA A EAL LTC & Bees BH MRE EZ EL Be TP 
Sy MBG, BEL. KE HEH FURS BL BCS | Be He SE 

(Ee Be HU via ARS 2s TEEPE A HAE ZE MDE 1000 OPS Wick, A] 22-2 Aras. 

H22-2: FE RHRABBARESHABZENAH 

224 | 2085 ATS Hae 



QR BSL Bche, kn 22-3 Pras, ATESEAE A WR EFF 1200 QPS. SehE A 

AY Ail ita NRA At ACAD PH KZ Bo, FP AS 0 EA Se Bi tt. RED, BCH 

eel. SER, SERE A OAD PEAY ip sec (RF ATA 1000 OPS. 

@ 22-3: RBH IMMlS, PARSER EA. 

1X Ft A Dy DE Tg RE DY PREM READ RSA SE. EE Ay Ee ee Pci. il 

thi, HEA SERED PED BHT ESS SAAR AS HEA HATH UML GB IEG a TOR RT 

FUSE, SE ABHE SE REA SG lsh ae. DA rt i OE SH sel Bi Pie. 1 PE SEE AE BL A AE AY 

RET REAR PR CHT ECE SD BPA TEE), VS Ay By Be 1 ee PLEA a HE A SHEL Ml De IE 

MIE TR. 

OF RFE IS 
Sk PEI RS ATL SSH. ARI, RARE LAE IR ES. GHENT AL HE 
SEWER SEH SLAOIEDL + CE TRAIT LTTE BRIS, WRG BR A OT EL RE 4 IE 
wit, 
If © 

FF FE BEB BY OE DE pe ZR EIS. AUER ah AAS TT LATER OL BT HE 2S sr Be AR ELAR 

BRIG, BEAM. TBH the A BEPE MTG EAE AeA WIR eee. ALY HE SBE PSS 

PETRA HYDE PB, DEERE SSE CE TR WE Ae BAB Bi BK 

AS Vea] FRE ES DAES ST ERAS as EA» |] PZ 

CPU ey 
AUR CPU BERANE LITA TR HBL, BOR BETAS TPR ABA. PB EA HE 
AIIM. Ath BLS. 

ZRREP EM RANMA MiRit bee | 225 



we EAE A (in-flight) RAL 

LA] yb a as BEBE UIT TA], Je] TBP ad Ae Ht 4 00 [a IP eb BE eA pe CE FP I) 

— RE Bee BT ESS FF RAE A BAITED ) o GX Se aU ih oR. LRAT. TR ER 

FeBe (CET aR PER RE Sl EP) OCU TE. AU RH ee TU CZ 

Da AY REIS HY ESS is HEL ze BT] ped ) 

APT K 

ORS SAL ES ED OE DEA, Bek EY BE AS PE Ag EAS, IR A ee SSR A Dt AR BA Sl] SE 

ERR AEDS Fb CBA BA tn Ae EBA —- Bett Te] ) , Te IY A Sil] 2s f8e HL BE TAF 

Ip HE DL AS Bet ia A “BA BE JN 

BAL EAE 

WAR — Bee ERED BT AC BH OR, BY EAR A tt ACTH CE A BBLS POY I] AY 2b 

BILGE Rea ok (Borg AACA THA AMAL AMS oe CAA, Mil RAE ) 

CPU Xt SA tH RFE 

WR a ALA AAT SDH] (watchdog) *? [GER KM BINRS a8 TCE UE TT VE. BRK 

HEARS Ao oe FH CPU SEU A WB I att. BORAT SL ill A a FE. (EL FF 

THOR BA SIFEBA , 1e 2E RR AC YS HR Me IT rte fle Ae BD) Bt) AL il] AB, aE 

RPC 28 Bt 

RA a ck Bley, EAE Pig RPC AYE AE, BRA A Pi Be PY EE EP Ti] 

OSS PBR ae OT TAR SK Bas WE TT AY cb a I Oe, i ES IR RPC, if 

pe BE hE AY eh aK 

CPU 2 aE FT 
CPU (i AGS , (ES ACIS > CPU Bb EVIL RBA, Wi ee CPU Bab 

ASH AP A ETM EER CPU Sb PEAY C28 

AF 

BG ise A AC Ate ma ET, Trad IY Sc BEV ig he 2c tae Fh ray 1 2S VA SE AN FH ici oR. Tel 

BELA Be RPC X32. AFP RES FT EE BCAN PP UCI ACZE 

AE FA iit 

ian, ALES ay HESS TAA RB ch OE WEBS hill rt RAS ak Ee PE AS DR CV M Be Ch), Bt 

2 RATA (watchdog) FW RVUA—A CHARM ARARI, KRPREABSELKBAZERGR 

Be TET LYE, YORI RRIEPT LYE, GRAAF RCAF, MEMARBPAT, Bide, 
RAPA LARA RK RiEAGMRFB, wRAAIMANARALARARLGARN SRAA TLR 

WEAK AT RAKES RAL, ARG RRARKRHMG, AFAPHAHHA, 
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eS A] Pe BESS fl Be ATT 

Java 2 RIK (GC) kA, Kin HK CPU ELF 

— AS YES TH Sse: FP CPU UZ, TARR AD FL PEE Ss, A EAS ESE, 

SE GC fit Fe eB se, SE CPU RUM Bm. RNR “SGC HET? 

We Te” 

te oy PARE 

HY AIAN Fe Dae 8] BE Se Se BC es Be FFT cir HS EER SCI Jeri 2 IE HE HY RPC, 

HY RES FBO a vin EH wb BK o 

204 

BREAN AE AY AE 2S SP BC De Bt BE EA AT Mo MARRS ee A I SE RE, KBE 

RFe HES ASAE. CeRlae PRE AE Hy RES ERE ID Be (Linux 

ANidERe ID Bre A BR ) « 

MPH IR FF 

SUE HEIR FF (file descriptor) 4\ eH) BES BTC Et re PZ eS DE rg SB ft Eh EU 

RZ [8] YA BR 

TEER, (RE CURES BS BOK tte EW A BM a] L——£§$_ EMR el ZA HH BL — Fa FI 

TR BEM Se AG FEAR A BAAS [a] ed, 1 SEE Li LE PA HE 

(BeBe kn P Lye 

1. Se Java Hinks ae GC BRIA VATE « 

2. feria CHAE IAL) Tat. Bibi HH GC [rn] ea ie CPU AVE - 

3. CPU FE Fis AE eB 

4. [eID BR Te RES & SBA A LES 

Ate DES. Tele ea FEE A EZ BC Ee Ba] P22 FEN FE Bic tt oa 

. BAG BOR MRR ASAE HE PE Be PB Arta Sic 8 BE 

| BEAR ATH AR PER ES AY Lit Ae Be AC TE Jiao SE 4 HE 

. un && CPU WR EA 

. CPU AE FBC RAGS AEE, Wr fill Be PE AB NO =e OOn SS) ON Se 

fe EiR ik PART Pe A cB RY Hy HE Be Aa Tt Tel fF 2 Dr ALAR GA Te TE Bina FU 

EP EA RA AMM Mikit bee | 227 



Srv ving FAS Tei] ABA ies HEED, PDT Jer ain Ti ee  T  in e FF eS BE 8 EAE FP DIME 

AR SS AS FT FA 
UR RES HT EBC IEARS at ator PAN, TK AENR A ae PT HESS HA TAN eit ot. 

FLAP IRA ae FP ek Bi ot, FAR ERS a A Oe AT BESS LF. Ain ie eT 

RATE CAP ZS Hy RUT 8 SER A HL, BABI RA oe A WEA HATTIE 

1X Hilt Ly se 228 HF ARE. AA) — ER ERS oh OR IEE. “ERR PACE A te a RY 

REKE, JLP or BIE ie patir 

AN, AOAAE TSHR ZTE 10,000 QPS WAKE PIE MARS. {HxeE4 11,000 QPS AVI Pe WEA 

EES, BRR TARE 9,000 QPS wh AHL ACHE RETA AAT ANB 19 AME 

Ae ANE ARAS 5 WA A A Bod BR PERS as BT OE ER pe. TE a KE 

WR ae Be DUR Ts ASE IIES GRE. ACES EAE He CERI lal At a) 

EF HE 7K Sot A RI Ta]. ZEB HL, QR 10% PES Fa BY OIE i Xb BB oR 

FS Za ie He i 3 20 EER BI: 1,000 QPS A HEHE A KE BE - 

READ, PERERA ae AY HE Oy EY BG OR he TA BEER AS. Mt Se BCT A fh 

A FAA BEAU AIR: AERA ae ATE IZE A ae AUIS TK AS BO TCS Sch BE EE He AE AML A 

RAE ARS ee ATT AREAL, BOR IAPR AS et AS BEER AS BEA 19 BE EI AP A 

Fy ese HACE A FL — Bd WA 25 SK Be beg Ae fd EA Ay ERR AS» Se BIC HS eb FE ips He A 

FARA ee 1G AR i 7 

ZS IME SP AE BY RE HS ea FP Sig BE) HE SS RF ae PT el Ul —— IL Ji in FE 

FTE SBD PBC SS ce A FD EAT Ae aK ter, WE A AE A a PERS HY 1 

A LTE. SAUER A AR 8 ERIC. 

b yop eh BH IE SK FAR SS 2s ot Rk 
PITH (HRESULT 

CL eeP be ts es 4) a eee Cee tee ese £e 
Hy TES Be, GX PRESEN. BRACE LES AE DAMIR, AS IU RHE LOD BREE 
VEER WA SPER RE AERO. ANETTA AS RE TRY “ETCH IYTAMR” A 

He i ME BGS R 

2 FAP Ie AR, fA EA IT GEA. TK ARR TRS A, 

AA LAS a A “Yate SE AE BRA” 

228 | #208 AEH Re 



Pant Cae ee 
EMR BE REBAR! EL LARUE AERA TAR AS. 4 IE SRE Ao BES 
PS PURPA ASR Arai Ay IMC UL ASE RT SPAR” A 

LE AAPM GE 4B 4 HR 

EAR FAP 8 PIR ll Lt — Be AS 3G EI EP Es ET REIL A BE 

BA IE — 4 28 AE TEE BE Bist. fe] EPL 2k 98 BIR tl] SEL AAR HY HE Se Op Bie — BS AS AY 

(Gt. RAR PTDL ARE Pi eR : 

© fe BIH ACH, bh Eb a ae AE A PEE 7 Bic ee PR hill (AIP Heb), Ae ARAN 

WE ARAMA Bede. MERC PEA Pie IZM 

© FEM BY Marl. FENRIS WEA a at BU EE RR. OP IANS BLA 

BARI, MESFET HEE ETA RAY (Be X QPS WAAR). Ba 

EA EEE (SSMU BORN GR, at RIM ORFER a. ANA se lal 

Arie, (Hae PRY FA 38 FAY AOR ) | 

© TERMED AD, HE BOY ABELL SBOP R SS ai RK 

BAT AS IL 

HELPS A eet LG YL BR ERE BS AE AY BEE 2 AS ae eld DY 1% PE dE EU TET 

DAWA E HT ESBS KY HEE. PAN, ANA ET SR REMI FE A ze 5,000 QPS, 

IRS BOLL AG? TAR HOWE HAE 19,000 QPS, FRA WN AEKL) 6 MERE 

ALA N+2 PEGS AT ENR 

ETT A ee A He ake fh EI A A BPE, (HE IP A ESE Ze E.R 

UX PS SE BAR TB oo SEA ec ID PRET, LEU YE AS EY. TY fy [a] 

rl. ZR a SE, MRAP, ADS He EP ZO a a AE ASE AT 

DAA Ti ie 32 ob ASS ae, CT EB Ib eh ae RHE, (A 4 HE AE te I ch ew BEY « 

Sl Bie 
Kioy “BEAR PERE” BYE RS at (EE — BA SL 7 2 Fe ts ee ET 

FEW BPD ACHES WEA BAI], 28 Ped HY SEZ BE Se PF et RADA IH HY, E47 SK Bas AOE 

ATUL PD. SABA SIFEUBSIN , WR act SFE AT AY Ta ok 

QR. Tg RR ak 98 LF. ps A Ac EIT ee TAL EE, SZ EBA ise Ay BE: [ead BD zs 7 A 2 eB 

Bete EY. ZEA SAC Te PA Ce Tete 8 eB Te ER ITT 

RA SBEAB SI, RM EEO ZS BA Fe FIBA J] ES Te] IY A 

3 ROP RMDAAR, LHRR-MR ORR, LH2E MEF FRM MR AA” PTD. 

BRIE SRE ARS Bite «=| «|—229 



ZEBA SI HP AEBA tf RA REDS FF Fe IY SEED Ft et. PLAN, MAR DA Kk BCE 10 47% 5 

rfid FAAS 286 Fe cb BE 4 Pep ORI AE 100ms. KWARA WILD PBR AS . AP be oR Bie BE 11s 

A BEAD PE Se Be, TOPS oT Tal ABA RE CETERA el Be 

KY 4S it te AE AS ATE IRS AR. BASIS BELEK) Eee ERE (A 50% BEE) ) 

4 AR OS Seb BR EE CER b dere BIA SI, PS AMA es aE. Gilg, Gmail ab fi fe 

FA FCB IER A ee FE EAB EN (ee eS TAP IC RS ae i DEER A “BS 

BYE” BUY ASE. BO TARE HF BE oh CE A ie HET Re Be. Te oe eb 

EY Tea) ABE Be PE Uae Be AS ALAC DN EEE SEA SI JE 

i ss HOF A HEBER 
EW (load shedding) LARK SIEM, “Lai —a HNL. A 
piece Se EIR BE SLA TEAS, HEAR EW, WET a, Bee SE Ht Baik 
eA BL. UL AL AA AURIS BE LE ALOR, ES the — Hee IP 

— Feb tes] AAD ie et PSE SK LT Ae A He CPU (oe Fe. AN SEF at Be BA IS BE SEAT AI UE 

Bri BA LS REA LEAN Te ta ZS WL i “BA. Ba, A CH GE Si Trl 

yb BRAY tg keel — ae BIND, FP a EL ee Eb iT i eK [|] HTTP 503 (AR 4 FT A)» 

Fa FPS AS ALF ER EAA (FIFO) BSR ke AZ (LIFO), DR fA 

Wy 42 £38 FE (CodDel) (BSc [Nic12]), Bear Je{DLHy Ty ch BE WE — AE Hh ae eb BE AS 

ANE 4 ER TG (BS UU SCHR [Maul5]). an RAE SIA PY Web 2 eis RPC HEB 

AAAS 10s, RATHI PCA nH, Cee SUA RIK TP 

tok : cite 4 — 7 RPC IP RECARAEHRL., AA EECARA S! mw RIBAIE 

lal f f@x6 RPC BULA MIM RIRA ARR, CVO. TAWA SN “ARE 

18 FOLEY TA)” 79. 

J ft, SE SE ASB ed Hi ad a BV Pa FY Do SOR AE PEE SRD ES. BO 

THREE ICRARY . FROCITCA ND BE. 1 HET IG BE FA BE I SE EER SR 

KAMA (graceful degradation) 4] (EUs WIE FE MH LWE—A IM NR ao HY LE ae 

TE REE Doe FA eH ee PY Dane ae Be AER Td a) Jt a I ke D> PD Td aN et ae YP 

SETTLE © PAR, 74 as EAL FY PEE BR PAT RR EEA FE BH 

i As ee FR Ss eB FF EE, BH ANS ae AT AR BAS IS Za CAEL BER ) 

AY FESSOR EAT RAEI 
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BANE TG Tice I SE A CHEERY, BE GLA PLS : 

© He AAS RAW 4S Fab TE Al at at DE a FOE EI ee PEt (an, CPU He, 

WEIR. BAIR. ABC. Ae AIRS PTA EAT ER, MEA TF il). 

© MRA EA BEDSKIM , TR ZED IT IT Z oh TE? cue 

© ie MUSE Me DL HE PER DAA ENR SS — Fe SLD a a ae ELE ME PSR BY EDR 

ADR, xB AY LAE PERE it es AR BE ER SL? 

“4 PP An ALPS SE HATE fe, RR -ELA PULS 

© HERES A 1A 28 is A Be ——$§$ 108 AB RS TU Ce ae 

BL SRE Z IPA BRS © TET PER ASEM IA IIL yt, TOCA TEA 22 EA 

MTHOL P 

° ice, FSAI AS AROSE GH REL) ZEN CER. AERA IST RK 

AS Ps DUHERER AN SE FE MS, ERR A EI PRS Ps AEB ee ABR, eb 

SUAS la) el AS PAE, EST re 2k PSY fe Bo HE. BAT a ah act ae eb a — 

AveBad HARA As ZU BE Ze He fil ee RN, PRUE PE SOD HE IE EF 

© Wad Ak A EWE A PR IER SS a LI HE 

© 5 AREY Gite HWE A HE PER Fe SAS Be A IE et Le] —— ack 2 ARIE ES 

PBC ERA as ASP HII SS EA EIST, PER REA RIE. Beith iz 

SEL — BRET A SA BRS, Bee re PRK Val 1 BSB 7 KR SE SCE 

fii LE 7 SR BPE FF fi Be (AN Chubby ) A, EPEC a8 A AT ALT ba ac 

BY A tre vias BS JE, EL ae Ds] PL 2s BSE A A SEY Ta PE Bo NAR SC EA 

[rfl , EAS A ee Fe BY AB SS Se BMA] ) 

Bint 
(3c Hib ae PA CASS Jan EY. ZA ALA. 1 TAAL ll A 1 BERIT TK 

Pra] EY BS ill 49: ET RA RPC Bee Ay 10. ANP ae Beth, KE Go ta 4G gRPC SEM: 

func exampleRpcCall(client pb.ExampleClient, request pb.Request) *pb.Response { 

// 4% RPC delhi A 5s 

opts := grpc.WithTimeout(5 * time.Second) 

// ABIX RPC 20% 

attempts := 20 

for attempts > 0 { 

conn, err := grpc.Dial(*serverAddr, opts...) 

if err != nil { 

BRIE SR EARS It || 28 



} 

// HER Slab, FI 

attempts - - 

continue 

} 
defer conn.Close() 

// BEA Pi, AE RPC 

client := pb.NewBackendClient (conn) 

response, err := client.MakeRequest(context.Background, request) 

Terr t= nit < 

// SosiPR ET abel, AA 

attempts - - 

continue 

return response 

grpclog.Fatalf( “ran out of attempts” ) 

Se WHE CA PAE Be: 

(Bee ea via IRA BE EY HK _E BE 10,000 QPS, fEHRIKT EMR Za. PURER 

RFR GZS TE es A AY AU Ti OK 

Alva RASA [el 2A 10,100 QPS JAF MakeRequest, (#7 Jmvmct a 100 QPS, Jaw 

BAH 1K EE FR HB AS Ha 

. #E 100 QPS WAM RATE MakeRequest HLL 1,000ms AAW Hin, HET 

KAY REA MH. (AAC RAS BOM LIER. aa ES EWE 10,200 

QPS ——200 QPS Hit KAA Act sk ig EW. 

HAN te fe 4: SE — POY 100 QPS, ERK SH — POA 200 QPS, eK SF 300 

QPS. RKB ADTRHEM KI, thE. Jee bavi tr A MEL _L eb 

KER 

ADA Fey aE Fy Atos TR ae A es Te aS A A 4F 

CPU Ih la] #—\_ Ja itt FE FY BESS ER HD FLAP eZ THE KS BATT 

DER a Gc Bl Ab aint ES E. we rin ex HES at aX. 

i THR Se, I PT, 4 A Be A tHE 

24 VASBRAHRA : BE—-PRUS, MRAM HARI ite SAREE, Bae PH RA 
Bri Le HS EL, 

Bll ANTHEA 



PARSON. TERRI PENI BHT rs. Bee BE Ee A AT EEE Ck BP OL 

iE MakeRequest fy if Ak 8 PELE ABET AB (An 9,000 QPS), UY F yea 
BILE TRNY AK, XML ER AT. 1 EE SE 

© RA Fea vir (EAC OE Wik DBE pe 1X YESS CT AC, AIS Zs Be CA Ta AR FT BE 

Wi 2R ZF Je vita RAF TEE BURAS HE 

© Sav ae ARE A tae IA KA ET “ARH ae” GE 

FI ABCD « 

QUAL EIR ER — “Ma OUR SG. A Sb BA, AK I i 2 EE 8 AER TR AE 

Aa, PAIK, Jaimite ce Ay 1k « 

eS PASE & IE B.A im EA RPC RUS. AE 

Pini tty JavaScript (0hS Is XmLHttpRequest JAA, FFA Mik, Mae AKA FAH 

Sela AP Ea PB AS BY. 

RISA SRA, eS A Pa EEA : 

© Kiba Ja aim RS mS AB Pe. Ae, AR SEE TT MIA AT A te Bt LT] a 

Pes] PY tf BEB BY LG BEE TR eh Js re ED a Hd BAR ER 

© EB FABGALICNY . Fe os SD ae RAO]. HY Be WL SCHR [Brol5] 4 He FASC 

#. Exponential Backoff and Jitter (Attp://www.awsarchitectureblog.com/2015/03/ 

backoff.html). dU BIKA EMAL D Th CE IA a AY, ABA ASE LA — A) 

Bebe (SES DZS ae) oe YE Se BCH Rap eI HL, xe 2 ape AY ES RT BK 

(BML SCHK [F1094]) . 

© AES RA IRB AN BER A TCR IK 

© AERA Tay BIR. BAN, REP WERE RE BRACE IK 60 He, BOAR 

AMES, WARE A Tai AR, MAN IE RISE 1AM TL 

FE Ae Seay 7) AY BR all FE FEC Ta ee OY a MF, A a UF CY I ae Se CH EE Ts OR AK 

BFE, MAN A BREE Baie ie 

© WAT MIA, eee Oe EEE Rl ET IA. 1K OE 

iE Ge Vea] IY ZEB PS Bld eS BY BOK BOs TB ERY — 7 tag HR BY BE Ze et Be es 

HA BY Fe AA ee ta ARR a Fe A ERE ERAS. Jeri. Dvir 

JavaScript BS RIK 3 MIA CATE 4 ek). IBAA Phe nl EA eT <274 | 

BEN 64 Ui (4°). CEBCHE A Ha Pick Bo LER ERIEY , oe ALI 2s HE [el « 

© FAHY AA Tel RAS, TE PRN A ERE EE Ee RK i Inf A iA, EY A 

TREE ER AIA FY ETAT IF © AN BE LE Be Pie FCG FE i TR ke AME BE De Bt HY Lig Ie 
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(malformed request) , ALA Pa Phi AD At DERM. MARA LEI, ik [al 

— AS PEAR, PERE Pin PEL th AT AA EY, BEB A EL 

TER ATUL PATE ME Oh ae SE Sh oe HT AL TS BAY oH RR SY Hd Ze] 

LAP i a ik A, (Aaéth ay BES oe 4 Pe, IM eA). FE ett 

Fe, RU AEA DE PERL. BEE ce. FEAL, Bee 

AmEIERBIRTA 2ARRKRA ES), BAREAMMIKRhK, BARE 

CTAR BIR A. 

is OK XE IR FOR ILE RY IB] 
“FES A ES RIK RPC AUS RARS AS, RSV REE IS i EI 2 RPC 

#AUIET IB] (deadline) XC S Bile ES IM al, CBR HH Seg AT DAYAR AY a ne" HR 

ers AV IE AT I) 

Bea BE ee. EI, BE SE A 9 LE 

HA GBH wee ry, LAA TYE HY Ta RAEI S BA, ES. 

#C LETPY TA Bc BE 5 AC TY HE SS Sa CHE SP De Js Be aS > HD TAR Dos BR Ur) el td 28¢ VE ok 

Wako PBL LEBY TA) ise ee ot KB FY BIE SS Se CHE HE Dee Te RPE MP SAY EPP TA 8 

By a Sete BT Pei AR EP PE PF Ha 

8 ot By LE Bt Ie] 

{he ze elie by se BAY 7S FY [in] ER PER os IE CEVA REX te ER Ah BS 2 2 

eee Pe IEP TAA ROR. REISE RE. ARS ASIA RE DK et OER TE A OM 

fE, lS CARR IAN RPCHRARXIN. 

fBeie—* RPC iptskeise me F 10s BUI, Hae Pie Bo ARS ae A EB BC 

SKB SM Bl Xe Re TB PIIY Tal GF SE 11s. GA, A Pim ASE Sika. TES RAUL. AR 

Fy os FL ARAN BX 7 aR ee AS A, TA AEC AE EE 0] SEL Pn 8 TE 

Sie aR, A MCL AZ 

QUAN ia KA et eS TT Be (Bilan, HA —- Al] RPC ALI VA eA Be). LAER 

sat AA TEBE UT Be FF 8 Bl Hoe A A PD TE, LAE BTC A) BAI, BHR — 7 RAR BR oP BP 

A SEAT bet AY Be. FOS Tavis WT AE GY Be A EST Be, AB Zs BY HE LE BE TT BF AZ HT A BS Bet 

Bre A ID A HE Fl) FT] PGP ORR 

#y IE At [8] Feiss 

I ACLE RIK RPC 2 HARA BSI A EIT TD, AS ALE CER SS BS OF BLE Tad (4 
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1s A SY fe AY 

BY EAA IEA Tel Pees WL, AEE TA) (EE IRS I CAN, nM 4h). A 

AD) A Vs AR fe EY ES RPC MAI APE ae Aa EAT. Plan, AER SS BS A HE PE 

FA 30s #QIEMT IE), SAR 4E Be 7s I eA oR, FR ACI RPC 24K a B, MAMA Rit 

BAY RPC KAA 23s WBUIEMT IA]. RORIRS at BPR ACE He 4s, Ff HBA] C AK SK 

MBIA CH RPCHAA 19s WAIEM I, CALE HE. FRAUD. CERES Ra AY 

ATL ra ARS a A AS Da) PEAY EY Ta] £9 28 Ll 

QURAN A EEL, ABA Pollo set al REL : 

1. Ike as A ARS 4 B AIK S—7 RPC, Hi 10s AEP Al. 

2. ARS 2 BEE ST 85 Pri A APA RK. IFA AAR 28 C RIK S—7 RPC. 

3. MN AARS ae BE FAIR RT ee OL ill, “EMA ue 2s PV IERY Ia, (Ee x AAR 

be EE ST ERS S ERY 20s BIER Il 

4. IRA 4 C 4E 5s aA RAEI FP BH 

QR ARS 2 BRA SBE eB Lil, WRB 4 C PIB eA HEAD a ik. lA) 2s 

WIE At fo. (AE LMR, IRS CAUWAGA 15s WRIA], Minas 

NbPHIA THR, (BAH PERRI, AAMAS 4 A BINRS 4 BARE ABH SF 

#i LEE Il 

Peal ES BATT BY BE ee 2 Fe 8 HH SAY EDP Td ga > — CAL SD), LARS a 2S 8 

EP ie) Ae FP vira Se B [] B Jia D BRIPY TA) 79 EAN 

UAB WS BH APA AINE TD Be BBR BRAT AL EA a YS 
SASL WARM EN RPC WER EE PLL. RIT, SEWACRIEIENT TNFR 5 TRE MCMV AL WL 
FW HY REA SPE A eA TER AERC Cl, CRATER. Sea BEEBE 
AHH SLINIEER 

ix HERE Bi, SELENR SS ai HT HE 7 2 Ze ETT Tel ch a RA A oR. PAB, AWARE 

AS WBA a CES BRE 7S Tg ACT ie BEA REA IR EIT HY TR AS BE Bt VE Ue PY Jd HE SR AS 

PER EEA IC, IBZ BT HEIRS ai PY IA I AIM ETE ACRE Z Ja An ti RAED Te if 

AN FE ERENT BRE TE MZ Jt ANAS 

RPC Heya (4x6 AT DA aE SCPE Te TL AIRES a RPC Be £ —7MR AY CEI TAL 

{HE JER ka ZAI) RPC AREER TAD, REPS (SEF a Be eke EP Td fe AT BE 

Zs BWIA RPC HPA TCTEARZEAL BE, DIAKSAREAR SS a8 OE Dl EL BI GBI 

BRIL aH ARS eit ee | «| 285 
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274 

Ta KEIR AY MED A (Bimodal) 

(Be OS Bl AY iG RH 48 FA 10 MEA AIK, BES IER A 100 + LEAF. 1K 

TENA Hil a NIRS A A ETE 1000 A ERREA He. CER UIRAS PD, BARA 4% ZI 1000QPS 

ia. 47S REIT 100ms FoR. KR A HMR as FETA 100 4 _L EB Fe lal 

VE (1000QPS * 0.1s). 

(Ex sc SES SE Se Be 5% AD TK rk et NR. CK A EE FEBigtable ET (77H A Ay 

FA, Se BOb oe EMO AR A BT A. RR, 5% Wi RE APIA REE. Mm RIA 

HY 95% (kENY 100ms. 

(HFA 100s PKIEMT Al, 5% MR ATYEE 5000 +28FE (SOQPS * 100 seconds), {HALA 

Hal S as IH AIkaAS a eRe. ZR E A. Bil HL BEE PH 19.6% Wie (1000 

Hy AZ Fe / (5000 + 95) 2k Fe CVE), ik Sere MK 80.4% MERLE 

ABE, AW 5% Wise Pein) CARE A Pea lala BT HE A ee), SE Bs LAB 

Ay HY bes RAB SE BY TZ 

Pla EAE BY LA Dy fe — FE [A] 

AWM IX 7 [YL AT BESS AR A ME. We i Bed i Pe PE ERI Be, RE Ae BL 

Hee UIE SY Fi SEB [A] ed. eA EDS FEY. AE US BE 

An ter » 

WAR FCS TE ACI bis RE WS FS ag Le] — SR 2 PED Td, Be AT AT 

LAE IX TA] el. PAR, MAA erm URS eee DT, 28 7 Zl [el — 4 FR 

we REY. AN re Se FKP ea vita RS BE TA FA. RAR RPC Jee SCPE RHA UC 

wet, ne RIAA 

EAS LETT TA ct Ft BE PE WB KE LP BC RG Fe A. PERI BE, Bee 

Fh aR A 2d Teg REPT, Ee BLE PDT) 1c 2 EP 2 Sa WR 1 = 

TBS AER S [nl 

(FH He BE EL 2 V2 1 A PE UY, I GE Pe BEL > is RR il tp oR Be 

Ba (FRAN PRR ARSE» ABee P Y Jea ving 22 cb PL EA AS Via ee PE BE PARP AE 

EN Be PT LAG ERR il —- 4 e Pim AE A 25% IZ, ELE 

FAN ei A Pt KE BT OP tee BE BE NPE 

PRK 

Na 

(=! nee VA GEL 

t= Fa BFS Ze TF 
ERE CEM A Ss) Fea “Ay BELL RS ERAS PAD PR AY ee Es — PAY J TA a EAE FOB 

S| —-7 BM 7 A SB: 
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Whe FY) AN 4G HLT AZ 

FERC BS Sa are. ne BEPE Vravata RS as EST EHR 

BATA ERR LAL, A Java 

JIT Aaiituthe, PURI, EAB AE WEIS AN BML Hill 

REY, A PENR DS tt STEPS A FCB Z BCE IR. BAA, HTAELE Google MIR Hit, 

KiB ba AB rE HAE HE EA, TR FRA it PTR AE. AER EIR ASIA 

PTE PP, AAR RIZEA tt PRE, (SREP, 100% AY if aR BAE 

HREM. FCAUIRS aT REE AZ A PR AS AEA fe. ea Dai ek Ze Je i FRE AR 

F Hil Mra Z (A) ERG PERK EGPE (hard/soft stickiness) ie IAF . 

WAAC T RS TEER 100% (RAR CBSE, AST TAL U AT REPEATER. Tel 

BY Dy 1 Ae I — ae A ORR a LN 2 AE: 

PSL TT EA SBOE ELA 

ERA FY SR BF 

Pal A 28S EY Se FF ee 28 AY 

RNR ZERAIF RA 

AEP Bia AY He xe AY 

a = 

QRET ARES RIBS. MACHR BE EM. RAVE 

VE ZR AE IA — 7S ERE ARS BS & HH Bl SOP YS HIRSH AeA, EEA memcache, HAs 

WER AG LE TAR as PSR, (AE A HEA SARE JA RPC FIA b HY HEIR [a] 

MUR EAE HT ARS 1 RT RI Me), HY ESE RL DJL BRS ING HH) — Bh & Bi 

e wtitAc# (overprovision) iZARH. X27 HEIR RR EAA RE Fee REN 

4 (EF EWS REI, ARGS a AT LA EE EB 105 28 cb BE POY Dit A AK. 

{Ee 1 FA a REI, LARA EA ES FE 28 EP BB oR Ga. IS AE A ba py 

AAT PE IMB FF ABT EDs» APR ES TS IN Be AF BE pe HEB RBAF 5, BED 

eet RAP ITA. A Ra RE. AEE RIA Rep eA Ste re VE 

BE. TEL re She Jee ANE ake aH ll (0H 

© (EF ah FA AY 2 Bhd Pa RE SF Be IE. URS ae TATE REA LE BORO, BC BRA 

25 AMM, KARMRFBEH—-KRDRAATRAP HRS, WRAEGRMAA, MLAMRAA 
AZHmR, ARMM BWiE PRR: RAAB TV IRR te (TMB PREIS 
{iF HER), PRARA BRM NE LAAT RIK, 

aMALEe | 237 



TROL PE ante ae tae ok. TaI AWE MIA, LAW ERS CEA A Set OUP 4H 

{Ae 

© YA RTE IIT BIN, eee I. AISA iat Et Se PN E, — LR AF 

Puke ok, EAT LASSIE & ia SO. WAR IT STE Db BE — ce Be BEA Te, ATR 

UE 2 FFG ET a PAAR AS the — A EA EP 

tras Vel A Se AK IZ] TS 
FERIA EAA BIS PBI ARS ae Ae vim AR A ae es. Jain ARS ae Ba 

AUF fit es LS © 7 FF fi AY ae SS 2 Ea TR Se A Ve ES Ff BY Te 

Hb FS SS TY AE SJ ira PB iT A So 

SRit, (Rica wns ae PAPA ESS es. Plan, “4A HR TCHEND PEE PBR 

Jr Vira WR Ae PY BESS REZ IA CE OR. APE RA 26 Boi fa A ES SECA, JAA 

wePILT : 

© kM aA BD AE Der vig A A ae PY BIE ASE AT] AF BY Be Et RS FC IK 

2 Fb aml RPC, UR ADHDR A aime. (bela A WET TS 

Jatin Byam A BIS SPR. Poe GA ST Jai BAY — 2 ESE ee ain A AY 

BPE tL AY A APT AD AY ES AES I) DH» 

© ANA AS Fr nl fea ee FP A ae ES BC (AGT AGL 

fhll CE. Bi BAAR iss IY ABR AR TER). 1 ABS ALL AE EKER EFI ee A ie LS 

418 8 UL» 

PAN, {Bebe — 7S PA SE Jes Sir A 4S FE IE PERF A 5 SP TE HB — 7 AN Ji 

vin» Ee Jeri FE JER Jas CH Sr Pe ee SE, LE TUT OU Pet bre CSS PN Jota» AMAR 

ES ASAE Tit BRAS, ABA ME SI UA CEE A] ES. 2G BSCR 

BE AS EP) BG, Ag eg OS a ERT PR A Ag BSE Jie barn TPE OS UN Se Fal FE 

© FRG 36 BGA SE, ARE TS ASE HE Se Ft EO 

TEFL PES bg RR ae 2S HP pe FTE VS aE Oe, (EEF Ur] Jee —— te 3 1 8 BL 

KE FR ABA Pid ETT IA MEL. PAR, RNR AS i ita ri BE AT i a eg TEL 

weit I aimteS . Jains (CAR oR 2a TE AN Jain. fd Ae Lo TB) Ee BE 4 BD at 

EAE WANS Jain EA be KEN TER 

IE Fo PO Bis AY FA 2c SR 
RETR A Sa 7" AE TE EB BY, Ag TY HE fh OR EO, AST SF HE 

HE AIL 2 2 PF 
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Jt FE BA ins 
FMEA ES A wait, We CNRS TAA. PERE HT HESS HT BI BIE TR (query of 

death, Af A WERE HATI RPC) ifisain, Beard eee lnhal, TUS HOWT Ss eibe, Bet 

RS Fe A SB. ABDI SEE CB, JL ES patie, MILE ee Bll 

FRA RED Las Lb) AS al HES BE TRS EA BATU ER 

EE SB HT 
BEA — A Bit WAS ch SE pit BC ESC PRY AY RE Et FE Ta) PY Se rf HE BB 

AY SBE Sk OL, AO SE Ee Ub aE Ae BE BTL ld YY EN fe A EB OY ST Be EE 

les (EL EPY TD FEE IS BE Bt. ART Leg Ae Bi ak AT BY A OR oh AS Vals CE AT) FY EB eT HE ze 

BF DE 

STAY 7h 
BTA — WE MISC EB OER RAY i Ae A) EE BC ACHE IERY Oe, OED 

FHL UBER tll AD Bc BS ev ves EY DS BS AR fla FA SEL A AY De SY BH Se CIE PY) QA 

TEA HE ME Bit Bc PY, Rar AAS ic EY BCE EA Be Ud PS a ae EP. DE ek HE eR SS Md 

Be Be Oe RE A TEL PF 

PRET AR SS BFS TZ SEEM AE Ph AR ie, RE BY LA BS RA ll oe AC 

BAEC 
LEAR ANG UL PF EBB AS ae PSE A AY IR SS BN, fd HE ec AS 

EFL, BM A aLE FT MT PS DES BAY 

Ht cH Rt RISD YAR ET 
WARNS AES SEARED AY, CME A ae ny RE Ss HAE hae ESE A. TREY, 

EAS HRA YS BE RC HLT ARE ANT FD Se ic RRS A eS, ake Ha Pte Seif Le Ae 

2 Fs Sh — A SE AEE TT (SE HE IF Teo 

ts PGE BY SE tv 

EEF Gig 8c GD oc od) Fat a BD 2 A Be a Mid ed EY ES BT i WR HS as Hi IP 3 

tt, OE Be ia RS FT ESS MM 5 Sb SC Te. TED, Bit vies FC ho AC BY IC 

AB HY REA BAR ES RE AS EB TRAY. HP 8 & Bc 17 
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AWIECAR, TKARSS Mb EH NY Bete eT REA eT: Bilan, SES HE AE i AR SER FT PR 

Fr BCAA, 7 Bi TY TAP EEE 

#3 TBR tl 

SOE TERR EASE ICU ESLER. CPU SE 7 HUBIYEIM ; LITHLE A A #8 CPU 
Pei. LIE LE CPU WEL AUIHBE LAV Bi. SRR IH CPU BEE ERPS RED 
2 22 iAP. 

Re Hib x EE 4 FA EWR TE 0 RY Ze eI De AIR FE KE FO RAY BT A PE 5c A 

RT SRE SES IT A, PLA AT HEREIN YA. BAN, AAR —TAB Jao S—* 

MapReduce (£4, fEiRA Lae LGA SRS CPU, ABA.SEN AJA CPU Sty AT HER 

PRYRD , SPBOCKES AY CPU TURAN. SRE DUI, DAR ER SS — AS BH ET 

Be FY ot Dak BLS ill HE, 

4 v7 ae 2 hye bs 

SE Ft PL Bes BY Ta 
MERE FE FRMUARS ZUM ZTE A CBR AS 2E TRE © KTS SF MAR HE 

SL EBC Base 5 Mn FD OU TK AS HK, 

PR DAZE RT AA HEAT WA, GH OT LP RS A AD OL ST ME IR ET BUR 

HAM TROL Pe 7 SWE AE BB RK 

Uist EY eRe, RRA Mit 
LAREN CS SACHA ULB IE ey ABSA A A Ee BE Said RL a 
Aa af ESI BY LIAB Ws Yo AS Dlg Ee ML A EN TRAE SS. BAR A 
Fa PA AE WS CESK AAHEDL BABY) on-call CABIN SU BLADE 

He FI UTA AAS LE BE ait. Ba EF, EE ae AT LA ke Bi oe 

He AA EE DE & po FER Tm AE, APT OLB Eb eT A AY BR 

le] eer De Be PRS Vd Bo AE as AS Pv 1 Me AIRE Sch BT oR RS. APE RAR TE 

we BCT UL PE aaa att. Bc ee Ik el A ee Be Te EAE Te A 2 eC EB TT RF 

PE TK BY LAF 2 — Bd Te oR RAE TET 

Fs JMU TAREE A as SAT LE, A ee A ee Ue A SC BEIT TE «EAE Ht BATT AT LA 

DADE RSE Fy Da VAM, Pee Eb AST OC hoe ER, BN ASEH A A SS Ze eH BR 

AZ FERN, RMF AY Oa AY ES Be A He TTY AE HE ASPB RA. TAYE, IR 
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FEU KI PN Bh iy se 

BUA 18 Py ZW — 4 LE Eh BZ. J AS BITE TRC AAR AS. 1K ANU AT FE AT 

ABA A Pl Law 

© RR AEE es SUK AR E PEA SERRE, ‘EE EE AEC A 

Pa ch iB pELe? 

© AUR BOL PULTARS as natit, TB EMER DA ELE AS ETE POR? 

ROA BE Vs FMR A ARASH SS » BO EAR FINRA » As AUR AS Py idk & 

TRAC ALR AS . Tay ee A ey BBC LP A Te TE PE, CHS ESE EL RE 

47 Bug tHELEOIT (K . 

inte, EP APE a TEA A Ta. PRA oy aR. BAS HE A SE A 

ASP IWR TALE 5c toe. {EGC Rey Pee Pe ed OH BLY spe ie EF 17 

QUARRY ASA te 4 act BR Ps hte, IBZ BT AS EE ABE Eb — ib oy HE Bt WE 

Fy ADL BCP IK CRE ATA Ae SUE Sat BT UP AR SEP 2 9 HE Ted. 1 P| 

real HY BE A HEAR AF He a A at Rea, LA SR ee AY A MN AT BE SS he THE BEL 

NAR, SA teal Hee BOA A ay LAY Tale. TA AE WU A SR at ENT fe — 2 Bead: 

WR AL ABS BAA a A Ra A, EA ET DR. PAB 

PILAR ASEM IN 

© PRR er Se eH PIES Bee, EG ZH TO at BN 

© PRA PRP SEE 2 

© Je ime AS ad AY Jain (A Soe ae ET S5= BA] 8 OT AR SAY a2 MF] ) 

Wiha Fs AY & Pa 
FARR ATI PU AUR Is (0. AO, BRA TARE Ze PH 

© HEM ENR TY Ta OL PB HERA 

© a FI Ey De Ey 1 FAB LCA tis ic A SE I 

© GAH Tb Se BC IER (Bala, SE OS SEE ET AT ESS Ta 2 

SES RA FP vit BAF ) » 

BUR FIRS AS, BEAT BE AC Hs EL ee dF AY pd FC. TE, BEG ee I] 

MRA 26 EDD ERA ot LOY « 

fea) PE Fy ae BE te HPN Ae PEPE YS Ae PE RAL ME TE], DA fa A 
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(AEDT. HUTA ABA Pe RO EA ARSENY. EA Be tte oe TE Be ae et Jes ire |) ei EY 

MUSE $2 TE a a 
DAZ AWIAAESS BEE Jain. CA WAR EAT Ay BD AS Se 2B BSE PEL At ELF 

PAN, BALSA i oima Tl PT gS BE EAE BE PE aim oe Prk Tel Is ig 82 58 

feta in (AN, axa) ABH ie (CAN, BRS MEM). tae al RES Sek Se HEE 

Ferra Mal ART, Meat ae AE oe 

FE AMAA SS BEE Jia ia DZD, ty OT AR Ie BS ea as AS Ld AS HD ie AUT Ze LIE 

Fe GE VE Je vin 79 PA BY HE SST Ter oe ETD TAL EAS AY a ira ee NC 2 UD vita 7 D1 Df FE 2A 

sclack. “OrURREIR, Beer WES KAT i 

1 s|7 a peas LE 

Ae RIE Shi AL Bee AY Iz Bl aR 
— ARS UM Bl ARS Ub se ie RL. BP EA 2S Ta] 9 SE OT 

Fit ic bit ee A cee REI ETL ( SEB LS 14 Be). 

frJFSY , 32 

ta AR 
WURRRAAE . TA LUBA TEL, HME SS BCE TREE PRM SE. PATA 
AWN LEME A T ROME CMR We. FSM INE RCRD AE AN EE 4 APE 

FIFE RweS SHES IL 
HOMERED PAG, MI Borg, UUIPERS ATES HO REMEREIE. fA) HL ENERO TES 
AY AEC MERS AE AE RTT PSE AMC APBES. GLA, AURAL EAE HE 
EAE VR TEE A HEB FP Ma TE, 9b EES TE Ea Pk iT J RS HAE SE 
IE IE ERS AE TH PT I (ER ERAS 

ERE TE AY Gee tee SE ee nd eR”) FR BI Ge Be ER 

AE WE [o] Set 1 APSA Tea”) ee PAE TRIER TE © ERE FE SY GR ian PO TE SR 

S50 FA. re A EA AS I i A TPT HD a ae Be Hs AS Ei BE 

GiiX MIG o 

Sa ARS as 
ARE IRS BE PSEA RAT, TCE, TT Rah Ar AR. hott 
DA Siy Be ATER ER 
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© Java IRA aeNhF GC Tee # 

@ AH TE AEN BEY tok Al Ay - E I Tel be AMIE EYRE AUR (aE 4E 4 AER FE). 

© WAL. 

WTR TE LANKA Z BE WE EE BL RD. BE RIX BEER VE AS SS fal PE ie i EB 

BI HN. ERP RE WS Aoe PE MIE FT Ix CS TP SEE SK ith. AMOR ARRAS Al ES) AO AE, 

ABR A EYE (SE BL eB Bis BEY EL , 

BFP ane — AR VE, eC BB tg CT FE fa a AR RI A SKF 

PR, BOA SBCA DMRS 8 MJ ii, PT aah BBS Be Sl 

TEACH : 

1. AER tee AT A ES) (AOS TIS ) 

2. FERRE Ek, BE IE Ae ER EE, ARE PRS AD 

FE AATDEPA EAB BLA ce Rie ae Bl 1% KF. 

3. FOU ACEI HUAI PE HRS BIE AE HE 

4. WHET OB ACE. 

S/S EI TLE HB SITE AOE ZEEE, RUPEES. 

WIR, OREAUER TES ea Oy Lael, OR PARSE, IAA Pee A 

Dri EA (MIA IA) FEMUR TE Pat to AAR AT EASE SP Be EE AN BE 

ice (GANT IER TERI UAE), BEC A HA AF Be 

Be BEEP Aes, 1k SM A LEDER J Ds] A ES TP AER LRH © BOAR FA AS 1K 

IE Bie YY a) ell 3c AE (A, I AR), GZ ie Bie FY HE TE Vit ee ke ll PREZ 

FF RE. ABE, FEE PRI ZB, AIC EE (ee ae FE) AR TAL ke 

EMMA AE. PRN, BNR — TRA AEA A MEA See ie. BAN Fe Bae ES 

BUT Axe IC BBY 

it PER ARZU 
xh ack He HE EADY al BR a Tee, Bee FEN SENS GHEE © TT HEM A LSE LE AA AN 

SCA, rtd AAA Ae LS ARPES ae ae AT LA, HP ALA HE 0 1X2 7 Te ter oR 
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TF BRAD SE 0 Sk 
SOON SEI, ELLIE BRIO BL. TRE TH. BILAN, 
UPR IY LT BAS Hl VOR LLL PE EDRF AT A EA HE RI 

ARRAS ints 
AURA SSRI TR, RUE CM SCRIPR). ATE EM MEM, Bett 
illic Fh FENABR 

wh E be Mh ae Ae AR SS AY I FH 

KAATFPHUME Hey wRAAARERT, MRNA RAAT FLOR AMR 

FREATRE-PDRROR ELA, MARK BH, LHP CHRERH, # 

WP MRABS. MSFSEHAAFMAYHEAMAHKULHMEBL PETS. 

FRR, —LESGPRABWART TEMA, EFRRASHE 

(production readiness review) #248 xk J —H#P AM, FRAKCAMA, liv, 

FRAAMRF MAT READ, HESRGH, MFRHBSABH, RAK 

FUDGE AF REG RH A, RAT RPCHAM, BHM RPCRALHRE 

KR (ide, ZAHRA AH), RARAMMBRVERUT EA, BRA LER 

ap 4a 7, SERIE RPE PMAMT, RERMBorge ARES, LHKE 

LVEF RSH ERY 

HKSAR A RF RA GEHRHRKRER THE, FHASRE KAIST RASH. 

AY WRIA, SREB LHR P SIT -HLRFRS, HRT H+ 

HORA RIES AEF RS, TAR, MOKA T EWP CHFLUE 

EIFS « 

4E FR, SREBPSY—-AFE RA, FORKS RAM H SH, MEME, 

BET VA AT VIG, Fe — AT AE FALE RASAREM. Blie, AMFWHK 

iF, GSLB ARMREST KR-LASHEAPIY REPS. A, SRE 

ARBAT Bate ype], FREFMRKETMAARARSIBK, CRN 

AFAR SIL KP AT, 

INF 
TAR BIN, AHEAR PL Ee a vet. —A— PARA eat Th, ARS Le 

FAP nD USER. Cer ER BEER 22 EE Se RAR ARR SS TA TOR ERE. FE PE ALS TE 
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VA Se neat ln Fe ASAT ABE, ae Fy AEE ee PIS AEN TA EY 

MAA Mids, SEPE VAS Ay BIR A FF oie BET DR BN OE CF 2 TR AS AY BCA Joe fd 2s LER 

FEA Fy EM. ETP ee IK. TA AR. A DARPA EER ait 

ba Mee FF A tre rs PERE Bear BE REIS: HEP BO AE A SOCCER TOL PRS PERE 

{A re A AY HE ZS He i AA BA L286 RE BED PE ZEAE, PME ME ZS 

#2 HE IT Bo 



#23 B 
BERRA: HADHAARR 
fe rey o) Set 

VE: Laura Nolan 

4 te: Tim Harvey 

— PARA dE Re AY HESS FEI TE tot. Boe HPS ft J TA i 2 8 HJ BAB AY BES HL cP 

Fl PRE ME BY HE ZS TA LE — 7 XA IL ie aS P 2%. SRE ie Beeb Op ie BE EME HL 

REARICME SS . FC Tl aE TIS, DA a Piet ES ME MI IPT AR SE 9 BE IE FA ISAT 2 1K EE Pe RY 

WG 8 iis i SEEMS AP AG ISAT 6 PSD LIX, eo FH IS 1 AR SURE DOR Ut ne EE Be al LAY , 

{Ee ZN Te RED" A SE — BCR AS ALA ER «PRR A Te a oY ee EE Be AS ELA SLY « 

— AIRS WE Re A) EAD SE FY SET LA PE Te] AE SE 

e Wh dERE A Hilre AAA EREHY IK A. (leader) ? 

© ASEH FS a) BEE TE Re? 

© eH#UAKE ABD HA TSE I? 

e Jide A aise Ob dE AtAZ) (holda lease) ? 

° Bia tin PA SES BET PA [Ae fT A? 

TERE TEA. ra AA ASO REI, Bea Ae Boy Fi SFE A Sa HR EE FH 

BOY AGRA. iPad TE ASE BEM TEAS PE Wa fs EP 2A eZ Tad 

ACTH IA BONY [A]. PAN, AP ASABE AY IL Pad Be YE SS AE SE PO BEC SC 

PFI. AES ar Ai EA TR AS. Bh SE SBA SL FE TA ES sae Ft ES Be AP HGS Se — BK 
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A BED ANT EP — PEA CS LP 2 Google Jit A Hi H AS RH — 7 JER Dek A BE 

A] 23-1 tHiZe ALE eae 0 fi Fl Fay A IE TH A SET HET SIR AS PRE BI 

Process A : 

ProcessE | ProcessB | 

| Process D ProcessC | 

LE 

23-1: AWA: — HEA M 

“AR ee SE NIA A= (leader election), KHER E RAR HAMS, BAe 

MR ASE AES EWE. ERPS al ach 2 ATE SER SEL. RIS AN I ait OE RIK 

[ABA HT REAR S Be stike, CETL PD . Rpae aC AE PSE a ME AB 3 WY a — BPE I] 

A, A AER AKAIKE TA] 

CAP 3#it 

CAP Hie (AU XA [FOx99] 4e [Brel2]) ik ST —-ADRPAAART HAAR 

VAFEDAER: 

© AND ALALABA-AN, 

© ANG RAT VL ig Fl BE. 
© TURE MAD EMM (AIT LAR [GiI02]). 

GRBs R GAH: WRAAD ALAM (HAMKLRIDPERM AM), PA 

EN AZREZAE-AARSERPRELAERPRKEG MAR, BATU BR RRP 

| KR, PRABREAND AM BER ABE. 

AA ZR SY x RGA BA (Ea IIT. Bice ea ER ES FP is, HE <287 

fe ic Bick, Di) 266 EL (A i EER TR SE) EL a dl Sey i SC TS Bas Bt As RG PI Do 

FA Anta SBR BPE AEG ATA. a PRL, RSS ee eA A APE, 1k 

Dx FA a A ie Be TCH Ta] EY ok — BCE 
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ASL FEM AER ET. EY A 7B PK (4 SEY ACID BH fie iB SC (JRE. CHES BM 

BY VE Rida APE), {He OR a & I o> Fi BH FF tit FPR He HE a DEA ATA ML RZ 

4y BASE——HE A ay FA. BRARAS. ERR — BCE (basically available. soft state. eventual 

consistency). *## BASE MW Bcte 4fig ay LA Zb BE BEE St Se He ACID AY Bete TE fi OK bt GAS 

Bry, bE BAHAR A HT RETR FEY EK BH SEAS 

KE BRE BASE ESCA AAB RIF & 42 ill (multimaster replication) #Liill, 7Eix 

Phe PS ERE BLASER ES ade Ep, il SPL CaP A Ae Ta LE “ERE 

AYE”) ARGH SE. OMT A RA RAB. Ai, eA BH PER HR 

AN 3) 03 [er] ed ( BSL SCHR [Lul5]), Wee 4 BY PR (PED AKASH KE HEY ) 

Be ey (BE UL SCR [Kin15]) AeA AYE}. 

[ra ENY , APSE Ae aR. EPP ML SCHR BASE MBC FF OK Be Thy FA Be ee REY KT, 

Jeff Shute (ZY scmik [Shul3]) WAsbbael, “SAA IE Be a A HE Be ARE AIP Tad 44 2 

— RA SE ARAL E So OH BE IL hill OR Dy OT se 2 — BCE PT BEET AY BC ATTA A TSE 

OR ULI ae — PTC i Pe Se GGL, BCH — BCP BY [ia] el 7 1 EBS JE DS Po” 

ARS UE A I a EE TE EA Be PY ee EE BER IC Ee CE eb PS BEBE 

PAN, (CARTS SN HU F285 AY EAE REE eA EAR IE A TOL PB  3CA 

AGL AE MY] SELES PEEP ERAS © PATE ete BET 1 AE 

(FARRAR BA : PHAABAVAM 
AY Ai KFA SE AL RAZ AR. MELAPE. UPS AVIA. 1s HEIR EE FR SEY LT ah a SS EC HE 

BEI RT ARSC AT AD Pr ice Dak MDE MEAL ATOR Ub A AB Ze A BE. LA AAR ax 4E 

Tee TER ASU, Fa RPE Aa SENT Ae REY © ae TE 2 oP 

Ui hier eI) ell AN — re FASE KB Tf ae: 

© WATE A Te. 

PHAR Wd, (eRAA BREF IS. 

© PAT ALA 19 Gc t te 

Bb hehe FARA ih AR SEH BLY De] LA Se Ba. TDP TS FRAT SEF HSA A a 8 

ay Att FE VAR PHU 1x PE [HL BCE 

i 1 Kyle Kingsburg 5 SR PH KDPRPAAKRELEAAYRLSE, PHRASTRARESPARAN SHH 
LAY AAA A, TAR https://aphyr.com/tags/jepsn. 
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SR] 1: Ao Ze a) a 
SEMR I AE — ICE HEIRS. FOURS AS PUL TE —PSCE. RHR A NL FF HE 
ARTABLAL (rack) EAS EASE WINY SC OFM SS AAAI AT GEE. EUR SEE HE 
HEL of TAG GR 5 SAB DAL Ya SCRE RD ES 8 ORCHID ( aT AEE ICT eZ 1) 

PELA SCPE IRS at A A A . ZRH eh as. aR ES 3c 

(EARS 2 TCE IK A Bl BD-RE, ER RIK—* STONITH ( 42k—#tE) A OES il 

FA] PPAR as» TAYE A SCPE SERA 2 PL tll 2 ML FE ak > HZ ( split-brain ) 

Ty BAG) fs BBS, (AE RR PRERMNAEM. KERIO EEA IE AEN - 

SRA, AIRE IRA RE AME? TEX Pee P. OCHEARS A UD EE 

In, FM it, Ele Rik STONITH tAS SRK. TI ACEI EMG A. (Hee. 

HP 2a Ie, SEP AS AY RE A RIK EIA PT OIF RS ae OT ES EI A 

EMDRAS, th BY HE FF IRD IY 2c 3 FUME] STONITH ft SARA F. KBAREM 

ii, BAR SSA THA. 

i FAY aE. FARE CE SER PAR LUE SL AEE. A AE 

He EL 4) fy ok eG SEE PRIS, ON RE ABELL ALD BRO TE SEL 

ZHl2: SZBALFMHREVR 
FETA FIRS WI Ai BI ARSENE a (shard) #A—-TER, ARH EA 

Sh— AS FSH UD AT SE Bl SES DEB a Seta Ae E SK PAY BE EE. RR ESE al CH LT) 

HE USE GET AEB. MAREK ITC AE BK CI ERE. DBA ERA A Chricd 

AA AFA, ReaD TT RA A TBE, DRE SE AL Ly se CEE 

RR Ty aE GT BE A feck, (EE So SHE APE. TAI. RASA 

SEES Cisse A WA CPE. SHED SKBR PR A TASCA RPE. REM TCE 

38) 475 FP (a) a EA eS a i is IPT IRA BE, EA PT AE AAT ATE RRS ft 

[ef . RRS We IRE. op ASR A Set FC IE ae EES BT. PEA 

Ret AY BELLS Aa TT Zs RF De 3 OR BCH TE ARR 

63: AMMAN) RAE 
BS RA — PELE LEMIRE SI BAR EID RES. IL A LAR HL SB 
IM (gossip) ALA SLAVIN ASE ERE. ARR — PL. BIS HEE 
LEDS. “YSERA HSL PC DLS, BUA AAP CR) 4 FA 
tH 7S SULLA. WI IBERESE SS A ILRI BRR fe, ATT ET Ly BE. HE Be TOBE 

RHR ARRAMA: DAKKRAMDARK | 249 
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AED — BA EEL Ne BA Ae ee 2 A SOE A I el HY 5 IP — 7 8 

BR, RA a HK A BE le) a Bic Js AAS Ay ad ASE A ad eS LT HA A ae 

48, Je ie. & Ar AZO L till, PT EY oo Ai BA UA , LAR 

{i — Faris BE CE SE Be HP HE Te] AE — BI SS ER ASI BL ill. FT Ag 1k HE I) el AB PY A 

FA 28a TESA TE WE TE BAY 2 Fi OSE AE OR RR, ERIK PE SEL OK 

ee Wi. CEM] — eI Ree Aa A (PAB, LAR BM) FESR BH ABS 

18 Bl) 6] he HE |] el « 

ay tpi eS wa LAER 
ay AFR AA] LAR EP. AEP BEARS, RMT EF AD HAR 

7% (asynchronous distributed consensus) 4-74 Af xe “REACH AERA PASS. (Ia 

POSIT RIN ASAI. FESRIM ASH, AST AVEC RYE US BY DA AR eT IAN 

WATR AIS IK « ) 

AY Ai FEA BY REAL ATR AS TRE (crash-fail) Wy (Ria SSAA AIREA 

er) Boe aalit Al eA (crash-recover) MW. AAIRIKEWREEAH, AAAMOR 

5k AR SAY [a] LAE IAT PEAY. HS A 28 ee a BS Ae BY 

i BPEL BY ERE ARES (Byzantine) AME A extinbal. Ab RAI TA e S 

ae idk Re Hee Bug RT A BS A IE TA A Tad eld, AT eA OR Tht eh BE 

AS ees. Trl IPy ts 7D 

POR AR GE. FEA BIRIBT TA] AN SRR SAP SK 2) Thi CSE A Indie TEM. IER Dijkstra MARR 
XM EE——F LP impossibility result ( BW SCHK [Fis85]) SABE, ZEA FARE ZK ARE FP 

1508 FE (A — Bh RAP AD Hi OSE AS BY A PR UE — 22 BE BIA BIE 

AES PR BRVEP , BOTHER UEZA Ae He HEE BEE AS, DR RE RE ERAS 

Ae BAY Ah CFE BEER & BOR LP ae AT AEA BRE TA AGA FETA. [RS RES AE 

ie Se NA GEL Sa Be ER. PE, FRA A OR IAA Se DERRY, WRAR A 

MAKEBIN fA-+-e (dueling proposers) [alg MIM TE—T ARIAS PRE RIERA 

PE, Tal PY Se tte ae A TC AR RE 

He A I ay Fi SRE TA [a] a AY RR SEE Lamport HY Paxos Pi (BW sci [Lam98]), {8 

EWA EY RE BRIX al, LER Raft (BW scHR [Ongl14]). Zab (BW SHR 

[Junl1]), EAR Mencius (2 'L SHR [Ma008]). Paxos Ath AS PSs KGET RE (ZS 

WL SCHR [Z0014]). ie #EA Ba RA EEF) EA Tal, Blan2a ES ERE ER 

IA A FA EEL al i SLE 
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Paxos = : mW 
Paxos m2 F4ESE (proposal) Fry THY, HERES AT HEA HE “ABBR (majority)” ve 

Fee, tLe REA MEA. MRE TRA BERS, BACHE. BEX 

ABT IY APIS, RORLERUE SABE BTA ERE A YI PE 

TEP ILIS —BT Be, HER (proposer) RIK—-PAHPISAMTEWH (acceptor). 

SEW MITES AE AE EPS SIRES OL PERK THER. HRSG UEM 

BCA FA SAO FPS RGSS. FESS UE — ES (HSM AA 

20 HWISE A PREPS, BMRA ASE WL 4 DIA BI Fe lS HE ) 

WARTERAM “KER Bea A El F NTR” lls, Et ay aah IK Pe 

AAAI GE2S (2. (commit message) #2 iRGEAIK PEER. 

fe HI Pe ME ERR TASCA laa. HE KER BSAA ETE 

fe AW BR RUE SF PA He SE TC He CA PIA, AAAS CRB BE 

REVDRG— PTT. SAUCE BOE TERI te, OTE HEA fie Lidae— + Bae 

(journal), ALA RECA YE HAZ Ja DPA REIT 

Paxos BH RUA ABZ FA, EA HES CB LE “ts A SE TR] ee — RE BA te SES AG 

PS Aye rl FMC AABN ATA ee “REAR” (quorum) (tite BAH “A FE 

1), fet —7 a AT REAR A TSCA, DAE A A RHO AVI. 1k 

AS BR Hill EK EB ad 2 AEA IS HF ABE.» 

SS IRA ASR AC 
DARE REE RIA. UR RRA > ET AT ALE 2s a — Es] $8 5 Te] — “MEL, 

IFES HE BR AF HER ATA THES FT. IE BERR Ai ER A St A ce BEE ri 

ASA, one Te Ta. AC ef. BAS. BOL TAK AAEM. IK EERE ARI A 

Se hs LIARS AE aD Hi SE ARIS A te BEA. ASE CTT Mn ig BE IK AE APE, LARK 

Fa GET AY SZ AS PE Vea] RD 3 ASE Be APY a AE AS Ted FS A Bok BE ORR BERD TA] NY 2 Ap BOE 

RE 

{ft & BHA ti Fy A SE TE ASCE FB AE EAE SL ARS I 7S Pn RE 

AY, fil40 ZooKeeper. Consul, LAR etcd. Zookeeper (Bl HK [Hunl0]) 7225 —73K 

F— FETT NV RE DERE AAS 0 RH I TP SES Ae Tb A 

(EAA EIR A SEK UL. Google MY) Chubby IRS ta 7R2R (LL. Chubby WF etait (2 

WLSCHR [Bur06]), wich sein ASE A— TRA a He KEL A 24277 SLL Fen Be 
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REVEL IAI DY RR, ATA EAE RSD ee ED ies A eR RS EB EY 

AS ( fal Anes TE AB ee AS , SB 2H oe PA Taye, VA Se Ab PE BE la] ed  ) 

Ay SEAS whl KASH 
—* Hi) ARAL (replicated state machine, RSM) zE—*HETES Pitt Fe FA Dd EF I 

fy lal EA —- ZH ER VEIN ASE. RSM 2-7 AA Fc SHE ZA PE, AT DR aE 

AB a Fie. ET NL A AA Aa aE CFR POR LEAN TEA ) 

TE RSM 4 S6_L EAT YER Ee ae at FE GOR BPAY. KE — PAE AA BES : 

BC (BBA [Agul0]. [Kir08]. [Sch90]) #BH22 fe fal] —+*+ 4A Wie PEW 

“bH] LARA RSM SRSA A i A. a AS HIRSH 

AN] 23-2 Pras, 42 WIR AHL AE RA ERK ERS LN TAR. HIRE OH 

i TT AER ERATED, RSM ABER PIP AUTRE. Ey 7) 28 He BY eS pe 

HERR HA EAMES TT. RSM a RESET K lal RAS. 74 Kirsch 

Al Amir (ZU SCHK [Kir08]) ASCH PHASE, WRIA eww (sliding-window 

protocol) 7E RSM Kin Zz lallel KAS ia 
— 

PUFRSMEY 

2 Mss RSMAREE 4 SUE TIRAS 

Aes AIR RRISERSMAME | 
re | 

serait | 
Eee BAIR | 

$23-2: AiR ANS mH ASMIKAR 

AY SE AY 2 ill SDE a Be St 
FY Se HY 4S ll Be FF fit ee IR ASL — ol Bc ft ES Ba 8 FEHB HE 

WAG. DE, PERE. AP BAD” J HED) FE AP eh AB ie BE RR EL Ath JR 

ASSES BODE TEA ARE . BE FEUA GE Bete TF fit AT LAR” BREE PAD Td — 

BCPELE SC IX TEAR KARE LORE SBE TED RPE. KET RATE a AY “ay 

ASE VA ARSC PE HE [a] ” TS HEAT AMT 

HET AWAY TE SED GSS SK LS SEA TF PH POR PY THe HG ee Gk TL BE BH EY 

[H]AA EO A NAR SEP aE A, ALE & ey BBL ae OR ETP Ted [ee] 2 2 AN FT BE AY 
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Spanner (ZY scm [Corl2]) wick éhobae Zell PAYA Wie PEER, lel ENY CE BEER pg 

Aub HOR FRE OG APR Ie 7 PL 

(8 FAS A a EH ch SCHL A] FA RAN A ie 
DAK RANI TS AERA AT SE DLE OP Tid 4 ll & PH I AF A 89 
HAA (leader) WET MITEL LNB. ME BR OREML <BB 
KLE RPE TE. 

XP EPR AY EARS OK AY Efe rey A, Bae BT ak — dk FE LB AE 

PEI. ASB ATCA — 7 fal LAB, Se ILD, RR FSU Ae aS BK 

PRUE TE RY lel RAK A ee 7 (BL 23-3) Wyre ek — 4 es AY ARS 

MA AR Le i ae Bt Pa DAE PE eae RE. xe Tk GFS (Ble 

ik [Ghe03])( LAE Colossus ft) LAM Bigtable #E(H Xt 4 tif (BS WL cH [Cha06]) APSA. 

PV MHKA 

23-3: (PAS mle EH IMAAS MENS IARA 

TEAK BPR AY DL EL, AN BS ll Bie ABE. JEU Nh TAR SCH KR BERR EE 

FLA FE WAIN 75 th BN ne AA SEY EB [a] a 

Sy Fa SAT Val FO GH AR SS 
Jee (barrier) (E27 7x0 Pe Aa, A CA PAP A het CE, BSE 
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PAE OT (Pla, EBIE TTP SS BY Bee Bo BEIM, RAR SR ETT ) (EAA De Pa 

SEB ad A EI EET BGT «PAU, MUS] 23-4 tz, MapReduce (2 

HL Sci [Dea04] ) HI EA (FH GEER OR WER ES Map [it Be L285 WC, FEE af Reduce [WT BeAY iT. 

BERR: SERRA 
OE EE ABE A DF Bie 

Map Br EEX ib Pithce Br Eek ik 

23-4: @MapReduceit AVS RRS Mia His 

BeBe Ay LA xa — 7S PR ad eo dE SL, (AE SA SRA SE LA BY] He SAY A 

Rimchade . Be AT LL — 7+ RSM ASEH. Zookeeper Hk LAS AL ix Hh RK: 

HW IHR [Hun 10] Fil [Zo01 4]. 

4i (lock) 4 BA>—MBRA ADVERB, FTLAFA RSM SEL. HE—-TOAKRASH, 

— EET EE ek FE a BR PE ee ACE TRAE SRR. a ANT ARR SL 

VERERER SER TE lA — TRA CHF. FESR, EA PT 2e4H2) (renewable Lease) iMm”Aze 

TC BRIM Tal Bice RA ERY, EE ad Re a toe rid SB BCR A. a A BE As 

SAL SARTO TER, (EE BRIE. 27 fi CE — 7h Rae bw (EA ER Ee A 2 

RE. RB BOA REP A A EY ER HE ED Fi SES RF 

AAA HADI A See 
BAZ] (queue) me — A LA Re, Ae Re SP LEER RIES 

Ae PABA PURE SCY A BE PY LAIR ES SES TPE AAR UL. Ri, ABEL ARE 

CA MIA ES MB ALDH. HP TA, ORS Aes A ( bE 

PEM RCAC RE) if Are AAPA ITH ES « RIAA I BESO 7S [aa 

HAAS AS BT, MES A SCAB ACHE TF. FI RSM AES ERBA SI BT OR fe Ber PE Be 7) 

Sif A 3 ES AR SE ETI A 

254 | 23 SEXBAS: NADPAARRES lt 



RFS HED MARS — PRE. Ee ET ASI ZS 57 AB TA oy eb Be BIA | <295 | 

EA, Ff AL Tal PEAY MM oR Xb Be HERE. SA TER ARSENE Ee AY. 

thm LAK EAL by - RAZ (publish-subscribe) "ASR ive, {AE FE A 

PTA HY A Stabe ae He Es ERR BRE. ~Chandra Fil Toueg ( 2 sci [Cha96]) MISC RLLE 

HAS Jit ED FR A ap pi SE AS J EI 

IX AMR AAG EAT IEF > ARI Be eK, SR EB IE A — 7 i BB a OR EA. 

ANA] 23-5 ras, ie APRESS Hy A eS EO a RO FA Sa HLL 

RAPT Bal - 2 PASI, SER ez AY BE SS BLT Dod es aE ead EV 1 Pi] PT Ab 

BE, (EIKO EI, BASIE TE 8 FF fA I ed eo LT Bed - a 

ASAT AAR RA Pi PSA, 1 TAR SL od AK BE 

SES IMA BI 
(7-H ) 

23-5: —TEFVUSINEADRAR, MAINA sel. 

BA SU FO, Ae SH is BEATE HAE AS th tt, HEE ERR Gk BARR 

DEAR MAPA). Witt, MRE ERAS PLR FI BREESE 

HH AR Stwe ities, PASS BCA StL AE Ale PRE 

= +} + ab B 
Sy Hy sk EVD A Ze AY TE BE [Oo] 
fie Bs SRA Aw Ay AAR EAM, FRE KE, PEAATRE BSH 

Ff AREER AB (BW SCHR [Boll1]). ix PEAS Ab BE RA —— Bg PR AEE 5) fi WR 

29 SEW LE eee, (HAL AR BOA BCA PERE. 2 Fp sJe IR YK ELS Google Kt 

4) A KHIR RRA MBE ale | | 255 



ARR, AscH [Anal3]. [Bur06]. [Corl2] #l [Shul3] BHESIM ASAE, ix AEA SEE 

SCBA EBA) Ap CIES E HS 3. BEYER Ee, Google Mihi HL RE TEx Hy Ae 1 

A PA My Bete EM AE AT A. tt AG MI Ae Sea i ae PS Hh DE A. KA BY 

Hae, FRCL IL 7S wall AS ERR ATE Fah en AS, sb Be SNPS AY FASE MK 

Se Hal AZ ALA WEDS, A iid — 20 BAIR AA SCPE HE 

HE EGR A SET PERE “Te” WI SRA AS BLS HK. AL SE EE a 

RP SARARAKWS TAT, UR APEREN A PAS BH. |? PLZ) 

THANKS Asa TAME AEB PAY, A HEIDE ROE Be, ax eH 

we A) SFP ise BEE Se BS oD Thi EAA AR SCAT TH BITE » 

ARB (workload) WHAM PAE Kia 28 oh, FASE ye oD AY eS PETTUS 

ARSENE BE. FERRIS, ASCH BOA BEIM PIL Tl AEB Sh 

@ Fete: FEI ELI , PEP A A BE ee LE Be 

° AKA: BE EERAW Sis KYLE. 

© sci ok My — BCU EK . 

© AURA Aaa, RAIA). 

MARI LARS He Zh, Plan : 

© Jay Bee. We) a Be? 

° KAMER Rh cl. A dE REN o> Fp te oe 20 fy ? 

© 1 ABE AEA DH EK AR AEA RR? 

{SEL A SAB S 6 AE HH FR ESHA AEE. TEP BE He Pr A Ti He a A 2 EER 

4. 20 23-6 Aras, SMD AS Tal HOPE ir RA Ze PR, PB BS Bee A A ETE 

RASH (RTT), PMEREAEPBAAIER XK. 

AY ABET 
SL HERE 
Ab ERE 

FY UES CK 

ie iin dE BE 

FY DU EGR BE ey 

823-6: VWRUSHSRLHSPimRit, PS HRN IRMAIRA. 

2 MAHESH A, HMM Paxos HARARE BAS, CRCAAUFABRS SRAWRSF. 
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SAxt Paxos : WAM ee 
i 3X, Paxos (Multi-Paxos) Hits [—* IR W4ARAA (strong leader) PEFLIVHES : 

BRIE A ily Ay ae AS OE (AK Ade, Ba AHEM, FEET. FEDS 

FA td SE OTB ES HE A Be aE Re IK — OA ai FT A RAR EIA BIE. 1 RAST A 

FEARS FEV Ch aba A, FE a Sa BEA eK AI Ee Ak 

| 23-7 JAN SSE PAGEL (Proposer) vET MINA —br Be Prepare/Promise i 

AWN, ABHIRAE. br Beha a a Dt ort — PALE (Numbered 

View), Wika —PUMAAA. FEHR aR Mis, BAAR 

READS, MU wb et hwy BB, KAA AA a PHEW BY fj Ba bh ea 

Accept i#.E,, -~AUCE SRE SAWN (EMA AC) Ja. PARE IA 

SHIR. 

Sh — WEL, FEW AK Prepare 

FI—T- 2 SBS 

TEL, Peas Aik Accept 

AB, BEA AIC RS, fel 
Iai Ee WAY (Eo 

Tea 

ae) 

PWC [ty] ZHAN ir ECA tt AB AC IK 
— Accepted HE ( BRIERE A 

PEW [Hl 48 —“+ Promise JHE: 
Bia AWA GAB, REN 

BA CG SHY THA, Jit Bier CP'S ) o 
PHASES RA ¢ ZERO AAT 555}—APromise 

23-7: BANSSrrPaxos ABR 

ZHAN EY 5 Sb — PE Re BT A CE EA Te 28 AL, RA I ea. He he ae HA 

CY ERS TERE LIGA IG A Se ie SEA ENT Te FBT MOS Gr BBP 

ERAN, Bea RES ea BP GER AL” PRL. FEAR PB 

TEA EHF DTT. BERR ATI He IT A Be. MU] 23-8 Pra, ie Al 

Dy te PAK eM HESS TCP WET FZ 
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Saray =p 

ERE AE Prepare HL, = YEREL ACK Accept 7A vtfel Hid, MAIR S 

— PHILS AIZe OL, (ERE RRQ AE — Accept, THA 
By e's , WERE Wal N— Fe3 FERAL, AA BAC a as. UE 
4*Promise 74. peFE3 HE PIRE AR F£2 [Fl hy S Promise YF 

i S—+} Prepare, H, XKBRAHEB A 

AEE. AY S| TAA PEI IDE BE 
Promise?H A WS 

x MA FT LA 
— EL TCPR Ae 
UZ: 

DERE3 AIK SMHS Prepare JHA, 

Pe fe2 [IN S Promise JAR. UIA 
WENZIA IS (aa HE ST REI ) . 

23-8: BSPaxosp WON “MARI” ZS 

Ft AS SR FA SET AR Se A 2 HP ee [el Le BE eS — 4 Nd ee ee 1 Ee 

(ike MAA), Hit Ri&EAS PMA, BAGH —PR BDL HI, Sa PERE 

AP BPE Ite DON 

HY AE FAA ABLE SOR UL, A A EAL ll BOF DAE. DA PE A AT fie 

RANT, GAP A BAAS IE Boe HE TE PRES EY A Js 8 RH oe IE 

BEY © RNAS PE Fe De AY or WU BA ae A UK AER. TR AAA, BAAR 

Ay ee A dk Fe ee KC pe ae AE Te). FEAR SEP S| ABEL AE Bt AE Bx 

few. Pilg Raft (ZU scHK [Ongl4]), RLA—TPAR WCE. RIAA Ae 

HLiill. 

DTK BS ERE 
WE ASM eR EES, EPR A ER EY Db tre 1k HE SEER TRL BE. EZ Til 

Bot AF TAY OCA ET Beta I ES A, He bh, RR ANE a BY se Ta oR a 

Be — BPE, BT A EAA EE 7 AS OR SEE. PE EP EE py FR LE 

EE Google HY Photon AS (ZW scwik [Anal3]). HKARSEA—P I E ER “EER” A 

Ja “We” BETEMEAT IRAE (ASI PSE SH). WERE SE ae}, (AE 

AACE Se BEER VE eR PT LA MAE ERP ASE GT. PRL Ay eS ILS ee AD VE AN 

we HERG (ZS UCR [Gup15]). i PPE ETE HAY 
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AY SPR RI BCH Ae eT. LS EAI REBT Z BIT A eS, LA PLA 

— MBL : 

© dk AiR IRE. 

© WK—THRUEA RBA BIAS Bete. FEE Rae aK A ERE ASE (A 

DAMA ARRMAA ). BUA AMER a AT De ee HR BE 

° TEA EFALZ) (quorum lease) Pri, (EIA MMP, MARIA MRT MO MEA 

ba Ha I — 7S PLZ), FA #2 PEE LA PRR TSR CHEE AS Hh RR EY AT BE 

IZA EIR PRA PA TEAR 

IRIEL 

SE EHLZI (qurom leases) (ZB) scHik [Morl4]) 2-7 Hr SEI A Ai EAE RE LIC 

FR, APRS FERRER TE HEIR FUSE ER EIN ee. IEMA CAR, AE 

Paxos Prix FUL 2 tiki, Et T ok — BOVE BRE (Hie Te ER ER RE 

WRB AE BT AA SEAR AS ) RE a TH ERE. BT ASE TEN 

SL AWERE. TERE ASH. PER VEANLE GIR VEE SS. PLA ER A UL AB A HR 

tll S ASCH WEAR FZ e HL Be 

TS EPA ZOE AN ET OT Bi A — EB oo Pet AR SEE IT aE A Bad Re Be BC AD, RL 

aA LPR TA Ye PA) GEL RD) © CED TG EZ BR. FE A Bo Be A BR 

PEARL Ail SE BSE EFL PY tA EO AAR PE fe — a AS AN, ABZ 

HD) Bx TEAL) a FN Bd PF AC i IE 

15 EAL ZO A et BERR EY AA Sie TES AA. Ode SB SE ED re OEP EE 

AY Sb FL Dx, SNC FP IE Ae PT 19 BY PPT APE 

Sh tHE FH SEA TE BE Ay PO 28 EIR 
SAX RNY S PERE TIN EEE, BLS IML) (RTT), 9b 
Je SSCS AER HCAEARMCOIEE TAL. BUDBE DORA EAT BET 

Poa 28 7: RY Ta OY AS Te] ee EA A A OR BC BIER. A FR An ek 

Wyte eh Pere, LTR IZE HSE Pe. CE Ho , PG aL as ZI AY 2 EE 

lal iA EBM. CEA. WANLASM TET PRUE 45ms, io AZZ BI PO Be 

Wi|Zez: 70ms. 

SCH 
AL 
If ra 

JEU Fe BEE Jey Bak) KF EE HE A Se A Sk A Ba 5 AREF, (BL 

Fl [Boll1]), 182 (Se Bete He ABE He ARSC WET ZR TE. PR, AA EVA A a 
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Bea AIS TE “Peuc” FRA, ORE AT RMR AA T&S Te] BP 

(RS SW ASE TCP/IP fe Adi fa Pi. TCP/IP rE i eENY , IRI EP eA cut 

Jet (FIFO) jee HE FoR CR BE (Ae TERK EH Bo ZB. ABT Be ETA TCP / 

IP ete, aia — ie a FE a i BEET = EF i. TCP/IP 2 PPL il HL PRR ll SE 

kero. ULAY TCP/IP #i O K/)4E 4~15KB Za. 

TCP/IP (As 1S is 2) [ea] eT SE AE A A ERO Ub AT BE Ay xe Fel: A Aye PEE RES BE 

EE AR REE, A AAA. (ae, SATE ASIA Ply AS 

AL. TRE A EE Lh Fe 5 Ze ee FS ATG Wt EAB RE I EE He. LA) TCP/ 

IP ie Be RE— Ee Ot. LCRA TE. ROTA KeepAlive Bctaiic at . tii Ear Fr. 

HA JLT ARIAS HY Bice FF fi ASE. LAB EAM Ae Pit RB, AP CAS Ae TCT RSL 

AS ARR TT Fre EA PEM CP, AI 23-9 tas. IAPR AB ABE Re 5 dE RA SE 7 FF 

AAW TCP/IP idk Fe. LABER AS Pini SFE BE 0 Tea] PY PR PE Ys a 288 a) re AT i 

LA BFE ASEH R AS e MI PEAY HF HT 

—--- FA AYTCP/IP HERE 
sasgeatt AEFRA AST CP/IP HERE 

23-9: (PANE WRI S P im ES Oe KITA TCP/IP EE AF HB 

TRI Paxos wih : MERETLL 
TRvk Paxos Pik (Fast Paxos, ZW MCHK [Lam06]) %& Paxos Hii —-7-@ ap, BEM IC 

Paxos YEE) MIZE HYPE RE (EFT bP a Fe Ps $e Vd ZL SE PT 

Kei& Propose WH, iA ie SER ZA BL Paxos Fil4E A Paxos BSP el — PUK A ERE RIK 

260 | #232 SIXBKA: FWADARHRREAS TH 



1 FEY SEB A HA 7S Eg BI) PT ET HE AE RZ Paxos PIL HHA 

TAU ACS BRIE : 

© WARE Pin Be Wat I — ELS 

© Whe Ma BNA AY A ft Be a I AE ALS 

HERE LKB, POR Paxos HS AGELA Paxos UNEtE. PRIILSIEAR— 
SORE: ANIL Fast Paxos ALKNVA PURER AY RTT (LR. ABER ii 24 AE EAB 
Be, IBZ BRATSCIE FEN HG US LAER BEE CHG Paxos BML) SORE 7-1 uk 
mals GY LEN IS, EO Re (44ulR Paxos). HHP KEENE, TE 
Ke HABAY (OTD Tl HEL, Gig BRL 2 1: 9 —-7 HR eu 7h ay Aa SE TELA PEN a MEME (BS 
WU SCHR [Jun07]), AUER 2H Paxos Pit FExx BL PF Bem LbZ8 oh Paxos tpi Sete. 

4B ASRS PBR EAE CA AR EAE, DESI A See te a LEA Pte 

FLERE Ate IS NE BR EEE. EA TE LP, PE CR SS 

HB BVIS PWC Wh, (Er aE EE MAE is PME 

fa EAI MA A tl 
beeing, 3 Paxos x Mi faf ai el aes — Pete HTK AE OR te es PERE. Zab 

(ZW scm [Junl1]) #l Raft (ZW scm [Ong14]) MVGER ET. “Eta et ve 

AS Krk TED LK AE BER Sie ri PEE «1S SE A LA WE — Ae ET ER ERC, | A silk Aaa 

ADA moa. (Het ELA PLT ale : 

FRAT IR AR AS NOR ERB TES Th ATA, GRP SER EHH SSL: AR Re 
(Ae Ps EI A HAL HE | 

© SUL AME REMI S) He IAHR OE MEMO (SUL ck [Ma008]), 124i 
AW Accept HAO CE MEMM STARA. mT MUL RE BETH A 
BTR BBE. BEAT ICE NB 

© AIR AUER AEE — 6 PERE NOBLES LEA SEMI TEM HEADS BI 
Mi 

JL ZEA A Se EVE BE BY 2F Ai EIR A SET ABR PS a ee A AE Re Ll 

BG Ph He HEAP HK A BE HL HH FE i 20g: sl AS —- 7 So AY A GS BS (aL 

HE ae OT 28 aS RE). EE WL Th AY EE LG Mencius ( B Ul SCHR [Mao08]) Fil 

Egalitarian Paxos (2:4 scHik [Mor] 2a0]). 
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CES BDZ, LEZ Pinoy 4 TEAS Tl AY eB Dk fon de WH oo Fa AE ST, 

HK Aaa EA Lill HY EAE Ae ie Pr LY 5B BAIR, DLA Sk A HD cP RTT FESS Eb 

A FP viii Bll BK LAY RTT Bet. 

Ht Ah 5B 
HEND FLW L HE, An GL “PRK Paxos Pit: PEREDLIO” “PTH ARE, ATLAS A 

Stele. AA AEBI ESE SSE call AS CE Se FE ft AT See ETB ie 109 PR oe FA) EK 

ASHY © ERMA. BAPTA AR A EARL Hh, Mita Ee & Pe AT LATE GE FT 2 1k 

AEC Sj TCP/IP NIT oh et ALAA Re dat Be LMS FS SS AF BL ll 20 EF 

Date 7 Se HE A — a Tg A 109 A ee FE A LS P86 BPS ERE. ae ESE AS 

Fe 8 SHAR AS WLP es BA EPL. EPRI PCA PEAT V6 tis BL Sc aK [Bol11] 

All [Sanl1]. 

BEF ih [al 
Ay S (SES Bat Wo a [el SER a 19 EB i EE BAZ BIR A, i ae SE oR ido 

BPA EEA. Bilan, 72 Paxos hich, SESW REA et — FE BPS 

ASHE, RAS AE FE ECR SAFE ANF A AR hat Mid eZ A Kid 

BEAR A. ADAIR Ce at al BES a Pe BE Mtn a aH NS BTL 

HE AE AB toe BS A TEBE EBV bch are FY EY TA ARR Pr AP ke Fr ES We aU 0 See Bo: TR 

AY, THe EARL. KBE 1 REI BCE PZ IA. 

i Paxos Ifa BiH cle fe A Be Im) “SE Ak Paxos: (Atel Ree” fa 

wes, (EIR AAR TET ATUL PD SEAR i ZEW BEA RAS CAS. FEE Be hie FE 

{hl — 4S 7K ZB A ZOE 7 EES BRE. TEBE A Paxos MEREN BER — BD — ip 

SPA, THER END PU EP TE PHIM AIK Acceptedif A Zit, ARH RIK 

Accept YF. 2Z ai] Aix & Accept ARI Ke Tha ay Accepted FE (Be Ul sci 

[Lam98]). 

1X RL RK a TEP FEVER ER WEIR, ALA POULT ERAE : 

° Ma — KMS ARE. 

© FFT REALS 

© BTA AN ME SRE (FT). 

© [ale 1A UA fe 8 © 

fi —7WEARHIE A Paxos DM TEREAL SHR MEH 5 EER UO IA + BER A DIE AN 
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UATE DEN Accept HAE MAH Accepted YB. CER, Hea 

UEREIIINGE TS A weet, JRA PARR Ik — Ke Accept WA. FA, (ema, Aa 

HE IE RAN IK PARLE, DA Bide A Bd BEE Fk 7 EE BS BRE ELE 

UA OY Tek EE — Oc) LS BRE TE 10ms Bee RL, ABATE VAR VEE SS BRS ll A) HE 

PEAY BH 100 HR 1 HEBER Be PS EID Vd ae A A, FP A a a 5 EL th Bee 

FRAT RET SERIE 

TERME SCAR, APA OPE AEE HP AR SL SL HIT AS WL RSM aS PR 1) 36 B 

Hat. LARA TOMER CIE RSE He Bite TF ti IE) SEAVER Fats BT LA RSM FY 48 

AAGwAA—T. FAT A aa FF AY LAE Jy Fe He Td Fe BE SAS Te) fi 38 EG AL 

(Zs WU SCHR [Boll1]), tit RR IR Sete PELE TAA RENIN is]. 1 PER Tak HY ok Bb eb BP 

ARIE, RSH A LAER SERIE 

TEBE TERA SOP. MAE EAE A ZIM te eb: Bt ae A He FT HY 

HS BRE ell BS BEE, Ee ST ed ATLAS AA, FAS 

BAM. A DG BE STHE PLATE A chs A (Bs SCHR [Bol11])« 

Fa Ih —7S BY BEA DCC RAE TEBE at HE BS EP FBR PEF BA — RE ( BSL CHR 

[Anal3]. [Bolllj, [Cha07]. [Junl1]. [Mao08] #1! [Morl2a]). ix Reet BEM SIH 

HMA wR HEE SRE LE, Minti AS. 

SHAH IRA RA BS 
ASV AB SEA AR SEY, ec HE ER CE Pe PE al AS YY BC ae A DF Be i. 

Ba AS AY Sy 
WK UL, FRASER WKAR Wiser he. tite bl, —Al 2f+1 mI ASZA AY 

JE UAZA FY DA TSIIBT AR SE f A Ha AS WUC fd AR es FAA a EE ELI, Hi ae BE 

FE AS 7 SE ill AS SIE eS ANA Tg OL, WTR Ze Bf AS OK RSS fA ASC (BS SCH 

[Cas99]) ). EF RTAR FE a RED FEMS Ti UC Bic 7] a AS Bt ee 3 AAD EP ald AS, 

WU AS FE AR 52 FE fe] — 7 AS FC). 3 IAS HY LAR Se 1 RASC. Bor ARSENY As AT FA 

Bf Te #1 EY Lb Sel) A AE ie akc (Bs WL SCHR [Ken 12]) 2 3 AeA EIA ARB TAFE 1 Pill AS 

AEP TARA TE (ik FB se Ee as ra AS FY LAR SS AR SEH AK ) 

WORE TART RUA UCT OL TE LET AE, BASE ASMA HT. fo FEVA 

ASIA HY a a AS SC, Toenail bh. Bee 5 PAS Tal 4, FP 
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re FY AIOE SELES TAS AN BT FA TU PRIS TT MWA S IAS HA 4 HEE HIS 

fy, WANE BEWE ST CE fel A PRE, TEE RNA MIA A 3 PHBE IS IT, ABA Be te 

BENT ANSE IM — A SC PAID EY YAS. 

AAR FER Aa St AY BAS AB CE ale), LAB Pe RE EEE, IBAA 

HHS LRU AMEA TP AERA. ABA PRIA AC A Ce 

Dil]. FETA P, A PT RESE TERE MMR Ec a IAS ELT KIN, ASE 

ey BL BY LAS ye as) A Ae. Re al ASS NB DZ, ESE Ae ey A ke a Ts 

FRE GC o {He Bt RAY FY ne PE Ak 3 FF FE $1 TAA TE 

TER MEND Bit FEE, ARSC BELG BE ee as SEALE 7 1k AP GR PE TA, BX 

Me Ee DEEL aK A. Sin, PASC EAD CA BOP Ee) a 

ASPB HSE. FE PEAY Ve 3c i fi tr CH SETA AR St AT LAR AE — Po AK AG. Te 2 

NAPE BH fH TED tit ia SRE IAS (Gk EE al AS FY Et > SE — Be TEA i) Bee 

FEA TREE IAS. AY PRUE AR SCH RE, IAS EET OAR Tel a, LATER 

inet 1 A 

BAK EFF ED ASE A AR SEBO — Bo, TELA AE AA SEP AR EA BSP 

Raft fii [—7P er BR ad HA A (Ss CHK [Ong14]), AEWA aA 

es FAY EZ led AAT eh. BNA 5S PKG Raft ABER FBRMA A WERE Z NE 

fait RE, SK A WERE OS ABER EDA A eB Se CHEW RZ, MMRERWK 

BRE APOE MAANRB, AGA TCE e Pee Ath UAS AY a Se PE 

FR SCPE HE A th aed Be PA ig Se AY al AS A LO ARS ARSE hap RAS BT LA J 

M1 FE SS 5G th aol REA Ha AS PP ER CO BE SK AE Fe PERE BEM] ) AR IAS 

ZIM AYPERE ZEEE IRA, IBZ ABC wal ASH TE fe] — 74> CAS Se a2 MI) PE HIE | PS) Ap WY RS a AS 

{Ls A BESS i PBL FE © ARGC HE WS AR SCY UC AL I Ji il AS BE, SZ ERY ASE 

PE HE HE FT HERS 

BAS ae — er LAS IT ig 3 8: BE AS eB BOAR MR PT 

WAS re 7 ial ART, OBZ ies 17 IAS AY GEO FT HER aE — RA SE PR, 2m 

AMUANIETT KAR. GR Photon (Zl scHiK [Anal3]), BASH ace, Feep 

PEAS a Fr A ABE FA SEU SS 2, «BCE HG ZS ES ATI ld ABS BC te HL SG 

Pres EPR E AM ARSC HY tall AS BC REG LE Ae AE TL BLA HA — dE : 

oat ny A PEND BER 
ee OE en ace 
© felt 
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e PERE 

© AS 

EIR BETS SCA SS Ble]: ES SAA DIA AD PEAR RCE Fl os 5 SEES 

SESS HEE TARP ERR VE 5 in SOEE ZA AH AEE AS. te AT A SPE AA TA Tal 

eal 7S AY) (ac 
FEF SEU SR EEE Pe PS Be i OR A EER LP A SAE 1. BELAY ARSE 

BCP a. 2. ARBCAVMEIR PEEK. FEMEPERIAS LIN, 237A (RS SZ Ae al el. 

— 43 FIR (failure domain) HAZ AEH FT abe al AH BY) A 2 W 

th LS Bebe LG 

© FEAL AE 

© Bata Pb A FA Ta] — 7 Be He Be ts 7 LA 

© Baa Pub PAI aT LAB (Tl 7 a 2 ic FEF 

© SSS SEE 2M — PE DD : 

© bE a] — 7 a ED I — 2 A, AY HIE Be Tie] — 7 EI PRS SF TU 

— Wore, GE RAS Z TA AEB eo, RAS IA 28 ET te , (EA ASHE 

A KS AY Fe CS JE HL. HES ATE A AER hh, DSS Ea PL Td 9 eS BR PE BE 

WAY SHH. 

Wf SE BY BOE FIT HEME AR SS BE, TE SIR AN PE FERRIER SEAR PIF 

Ted Sepp oll mae ae, RE IRA HEGR : flan, SEDI ASMA AEA S te ii ia 

fe A AUA A EAE, ARABIA BO eG. ALE TBR ETL TA OE HLA AL 2 

EBay, PEREIF AE ES. ALND BU SY ARSC AR > oe Be EE a2 dw] Path ak it 

Kh BBC ac AY FS DR te rea TF HL Ao 

AA RPIEST ABE, AS DT HN Fa Se HY AR SEY Hi Bi AD IE AE A. PALM, UREA A SCH It 

A Pia AB TEE Bebe BA Clan, ZAI TE BRAL) 4, a PR CE BRT EBL PA PS Bt — 1S a A 

BU Fe BE A I ASE 5: TEI 7 a Bie CH Be BE Ke TE PA, TE ABA Sandy 2/E I), 18. 

FIXED ee ANE? (RA TEA ETS. ALAA SENT A Pim a Ci CE. BABE 

Vt SPR OE © PPADS, AN ES A. Ale EA, Ae TP ot EM tt 

tH ABise A TE fa] [el Fle 

BATA EUAN fi IBY, TBR ROMER EG EEA» CE SE AS TES BET REP. FEVA 

AN MUA RAE AASB EW. Ai, “ADRS ean, RIAA SAT 

SYTHE WH eT Be EAE Lead Bick Te EBL TAY, Be AT Dt es 2 28 oe OD Ee. TAI 
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Fy AA A ibe Big SNe Be ANT i ae FC 15 SE: CAS Ep AR SAE BEA ABER IEA BE 

HAY Bug HES EW Oe PPL BE. METRY ASC AC eH A] HE SS ie KE 

feito fA CERF HEA DUT ERA AS. MT DEA 

4 Dee AS in BLAIR Be, 1 pe He BEY A SS ae id Es BAR OL Pe a A 

FAAS ZIAAY RTT ig / MON. FE) ZR, FCA ARI, BiH Mencius 

Ail Egalitarian Paxos "| fea EM PEREDLA, TH MA erik it A IA ES a AS 

EFT BR LE IM AD sea Be WE TT AK LH BR ERY 

Be MxM ARYS 
YEE TREN, BALE LOAM RAR. CH AB, al 
Ait EDA HORA ABA. PRTG, AIR! WY LI BASEL REECE FIO BE 
AY LH ot AS ASHE nH EEA. SIE HOA UG AS PE ITT TSK At 
LBs SARA Zs HM GUERENY BL. TE POP BSC SR a — A AS EE 
PTATUERENY AL. PATI. AUR SBR VET LOBAC HL TR CHLAI BERR PIE CES RAE LED) 
Je AS Fe AEE EE 

KARE ULNA ae, Il — PS RE SRB ee heal Be A St HS TY all AS BY BE Ze BE 

MRA SEV AY RAPE, «40 23-10 Pas. *t ZooKeeper Fil Chubby #it, —7A HULA Se 

FAS 4 AS, — ie hel Fee ZB 3 SRIABSH. BSARIDEATAIA, ete 

40% AATAA TAL PUR CF. SEH 6 PS RIASIND, th ado Beez 4 PIAS : tae 

AER 33% WAS A By ARS SEU RICE LE. 

my 

23-10: DABP— TKS NO — TEAIHBISIA 0] RES 3700 AGE] FANE 

RSTBAMED—TABP UPI RED AVABRUARIE: AERTS SAMs 
FROM PS OTE TRRARATISARaSlAT A. 
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FER IM TS 6 PS RUASID, Ebb CBR RY 7G a BE RE SHAN 5 RH, 

FP Aa i TE 5 RHE HU Bi ft 1 EVRA IAS, DBASE BH AY BE 5 AY DE 

FCB ZA HR BES a AS. RR 6 IAS te Re Blix 5S ACHE 4, BB 

Zi BT HD AY Be is SS Tea] EY ae TAFE ZB a 7S IAS Ts SS A, th ge AS 

OT 33%. 

WARE Pin TET EX, AS Zs EAA Se AS BE Ep PHT. PRT 

75 IE BLAS Ball AS BEB FLED BA ich ie eG JE LS BL tll, WA Be Fa BE MN i] Yeh LK 

feUt. BNA 23-11 Pras, MUR —T ASC ial He ie oR EU AS, AA PEE EX 

BMY — Oe Bi FT re BS PBC ie UE IAS ea ea UII IAS ee, DA HE, 

Be AX et OE BB. 1 he Bea ae FE HS A, Dee 4 PE BES [a] 

It a opie 

SE ot  A FEI AR SER 
Buje Pb AIS 17 eT SERA 
yma AS 

HA AGSTT YB UD Ib q 

ee FRA Se 

23-11: RAAMENSE-HESDNSHN AEA 

BA AT VERA SB a A SE A St HE I A AL HR He eV PEE. PRT TE Sil 

KAGHEBA EES ATO, TOE ee a ee KEL, A A WERE SR RISA 

BURNIE, TA ae Ath ail AS AS AY AB oe el H.R. ISAT Ed HE AR 

SEAZAZA BT HESS AHL, PRUE IA Aad Re (eB PZ Mal i AY flit RA EI. 31k 

REBT LARUE ADS HT BH OU A ee HE, one BT ABE TY AR SE 

PE HE » 

SEV A eB a (BEL) 23-11) A BID — PH AE EK A Pr 

HPC tH UAC Leia BT, ES Aa SESS Mm AB oh) CAD HB Bik. Ee Pichi. EEE 

EY). NPE 23-12 PAN, FER PAMELA SK ARB bi 1 RB 5 SP — PB 

Huby, Ac es hl, BASMAR—TPRHHUD. FEL, SR Pe 
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310 > 

HA Cs) Pa 2 dae tat 2S FE AK IA LE Hs ZA 5, WBA REA ANE I 

ay SERA SE =e 
HUES is Fp PAA AIA , 
eS Hh Si 

HK AGA A BI — TAR 
Ze Sa PU: HE Be 
7 AN KE 

823-12: SWMSH-HARAAHEANEBN, MARSHES RESAME IC. 

PRT, ix PP seth ay BE HP EA A ee aL ill ee eA 

© Pinna He TEMA APES UCIT, A BERG . ABA ME PEA A hin eR 

HESS AR Hk Mia 

© PRS THEA AAA TERE et ila AE T . MURR = PK 

Te AL PI SET Bete ob A EAN Las, IBA ik PB HE BL] IY, RSS 

AA Well 2A EP) DA 2 ic at AE) A) SME IK PM) eH, ALS A Za I IY 5B Bl DAs BY FB 

PE, LAS Blew HE 

© TK Ades i AT ESS PLIES TTI TAL WERE. SURE EBT re FRB HDR 

AGED, ABZ ARTY Ted zs 77 AY WE Fe RM) BE ZS FR AR HE 

(3028 AY 28 Bk 
4 Dee (E08 ie Bt SE DASA BASIL, 95 Sb) —7> A BE BY SE GH ir Ae 
SE HEARD Use. AS BRI 2 WE) APPR E YI RY m 

ABS ne FG IAS oP A FE I, Ee AAS ZIAD RTT FEAR. CES TA Se A Ta 

tit b (RNS a. MEE. A PERE). BRGY A De TAS TE Pa ITE CH Ot Td FE 

IN AR SRPERE. A AALAY K A BBCTE Tah (FETE SEA AR EO, 7 A PEE 

AZM) » 

SS fir LED Ay Ata PY BE ZS 2p 1 MBB et A — MED, TC a PK Bit SS aE AES CE 

UE HY te ae OP LEIP (oe 6 ANAS 7G ES CAE Se I A ON PB Be SE TS AAS SRE yo) Ap eal AS 
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ED WHEN, ASCH AWWA A Be KE WS AY BER, BPE PEERY BE BE EE PS CY BE 

BRR ETE. TE VE Mn fal, CE REAS DBE ERE AB SES EG DG EE UE ft Ue SEER EE 

PRI, RUA 23-13 Sta, A ORAS Hi EAs, Ae ae ALA ER 5 

AS alAS , RESCH 2 “IAS BCE PSG EU aba, 1 SCE PARTE 55 SP BF 

Ik ESD At AY AE AS CRUE SE Dt Fe FE AE Se NY Ba AS 5 td AS ae BEE REY Td ETH 

BRON ree Ba HY SE Rat Fe AT A ER SG Le) ZR RAY IAS SE. ARTE eA al AS ER PT EE 

(hae AUR Ben, RRNA PEELE PRE Tike 

23-13: AP SBN PAA A— TalAVE AEE 

ANA] 23-14 rAN, ARIAS AY BeBe A] HE os eB AR Se HER A ee: LAB ARSE Boe 5 EH 

HD BY ARRAY RTT eZ), Bho ON BY AR Ta eA RTT sel), ECE MMI Se pk Ay SER ON Bll SE Fl 

HDA RTT s2lle), tote be Z aA 50% FFE I. FEI ROL PD, PES ee YP aA AY 

Poy SPE Fa ALD] 2 GUE GS AS Se Se BM AR 

1X A OU ae: fal OE BY fp Blood Fe TE kb RTT SB AeA Te] AI eA — 4 BES FER 

DLP, ee Ay (bakit Fe oy eA. RO] 23-15 AN, 9 IAS HT ESS LEB A 3 AL, 

WAALS heel ee LA BA sek, fe TAA A ES Bok A Ate BATA. <8 

RR a PIAS BY EA ZR BB, AN SO ASE RE HE PE nd, | 

TALS AVA ATR AS , 9 AT LA ZS 5 1b BX 
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23-14: HR SBIAN MSS UA S MEI PRABRTT Ales 00 

23-15: FRA PEN I EO] DARA Ra) I PRBIA GI KRIS 

“PR, iety ES Bee al AS ee EAS. PE. FREER VE PT Le al AS RH 

SAFC H ARS. BAN) ay EA aed ok (8 A BE DFE ALR SE CAS 2 PEAY AS IS ER at A 

SP SFE AYE Fe Bt A A 

HY Sy Fp EAA AY HATE 
TERN LAR, rei CSE AE EBS Google K#H#AAWR LD (BL sc [Anal3]. 

[Bur06]. [Corl2] Fil [Shul3]). Fray EE Re Ay FEE Hb i Bae he WEE 4 Bc Bat 
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HEBR. abi Se id. ZU Ue ER. 2a ATE TA Sey HEE Dx aes See ISTE. PLFA 

PULA. 

ANAT PR RE, URASRR ORE (RATER ) 

ae Nee RE EIS 47, (EAI TOUR (WEP SS) 70 TE. 

IGA BS S| K 

GE BEAD FE AEH ke A HE ZR ND AN TBR ASH. SEAS A ak BY fe a TE Je ot WA Tal CE 

bt STR AS Ta EL, BO AA EL hal Be AR he RAS, Bat A Ab Tse BS 

TRAS, Seatiré SBT ZA A A A A 

REAR CRE GH aE 
FAW A Paxos WEN AGIA AM, i OTE. CRORE 
LAE, AM RRIA ETA MIG, AMAA A. 

ARKAA ERY RE 

SHLAA FA AD RR 2S HC ZR? Md EE SE ek 2 SHA A A ER ASEH EBE, PLAS 

SKA FB EAB CAS BL TE BE Eo FETS 1 FE Lae A A tS OK 

pric Hk A Fi NI AE oh, LAI FT BBE — “PS LEE ee tito. HSA A AR ERR 

Bas ER a A AE TE RGR EH (flapping), "TREE HT MAE aE. if 

PL Fa SAY BEER, BY HE TILA rk FE HE — “7 Bug. 

HIRED UWRKF 

ASUS ABE A a ASE EEDA. KBAR RA Pi ok 

WA ABRER EE A ATA SERIE. KP BCE LER SE EI PAB TA] ST BE. 

ARP HRA, URRKRPRELYNROAKE 

ik BEBE A] LAA os SH AR Se FB EE AIS TF 

Fok & Fe HER 

FR EK FEAL REL TRE 5) Th SSR IA St, TEL PEE PE AD DY 1 eA SB a i 2 

BE Sh 

AY SUE HE ESE AA SCPERE. LAR AP BIE HEA. Be eemTeLA PLAS 

© EL RTT WMC IAS Te FY HE IB 47 Ais 

© AAA lal oy ZA) SS BY A HE 

© Fee EAI a Ee eI IA. 

© At EPL FB 

WA AB HIRARARYI | 271 



INE 
AS BATRA ST oy A SRE VA Ta a ESL. PRES FB as SL i OLB a Ais SEA A SER 

VA Be 1k HE FONT yA PE HERES AUB 7 Jes AE BE 

AST BCR MEE SORT RR ERE. PDO ELITRA DTC. ar Ane A St ALA Dy FER De 

PORIETE RAR, RAMA ARR, (Aree TORY 2a mA, LAR ro | AY 3c 

FEMS (Ea AE EEA KA 0 a A ad BID, LA AOR ET ABE FE: 

HOA I DUI AS Bt HP 2B — PE, AB Za RA 1 EE ad Ti SUSE AR A Be BY AH HR |] 

wa EA, A Be A SE at RL itll itd Ay ee 2 TH SSE AL ill PY ee CY ed. SS IL BI Si 

KAA. I BEFE SORES. Beta) Ti COTM fee, — EA op SETA: FEA 

Fi RAE ASP AY — BC ET KES, BENT PY BEIGE IE 
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op 24 

THAD AE ES AR 

1E%: Stépan Davidovié*' 

sete: Kavita Guliani 

AE HHIA SF Google Pr KM 4 Hie EES ABE (Cron), RAZA Google A 

MDZ KZ BABA JASE ES HE ERS . AM —- 7 te AE HS . (AEB IB AEN 

ESA Peal SRE RRMARAA. Aix - RH, RMA PCED HAE 

{ES AS HAE na, LAR AT REA ART 

Cron, fEA—* 4 Hi WLAN UNIX TL, Beit A pace Ha FA Pe SCY EY iad ST Bi RJ 

SEIT ERRWIIES . PCM SED HT Cron MRD EARL Be 5 WL SET SK 

1 PRATER Py FA ee ete BE TE — FAA. EP VE, DRE iy 

BR DL ae tet BOA FEL A Bc Pet. Bed F —7ad HSK Cron KHL, ARSE TRY AL 

aplar bk, (eal AA — Ta OD EB a RAS (PIA, Borg, BL sc [Ver15]) 

AREA PS BUDE UD AUS AT KES « 

Cron 

FA CHET Cron HWA At se—— Lig, AR APTS Aca LD AY Se. 

THA 
Cron ASE LIC ASCE BE A RS ae ESI in TA TAS © Cron 

HT LAPT ARS PPE ESS, PAT Te Tel Be 8 AE 9S ALJ SO PE BH 7 Or ESS 3 ne AY ALY 

%1 AXYAACM Queve (2015-3, #1IZH, FIA) PRR. 
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PUTT Ate SE TAY “crontab” BELL, 1 PSS Fe A te PLAY Ji ee SCA, 

REBUT OR”. eI SEL ABB” ) © He Ay A ac ax ah a SE TS AR AY JB 

SL, PRN, “DUM FEA 30 7, AKA JA NASI IT” 

Cron ili fe MY SE SAE HA 7 eZ PZ, RRA Crond. crond 42-7 Aetsy 

frst Fe (daemon) , iat FE i ot MAK Cron FE: Ae SLU ZE , EB A EM Pe SPT A] A 

AY se 
SAT HEHENY fB EAC TR. Crom ARIS 4 L/S Is TANFL 

© Cron IRA MI Behe IIE GPL As. RURIX BPEL eH A Ee ft, Ap 

Z, Cron IRE FH AA PES aie. 1? ee aR A AE A TP 

We, KH Cron IRS iettE—Apla L, BAR ARATE Ib BEL 

a LIA VEER (Bilan, HEA SSH). KPa PAA A lal che, FE fA 

— AS Hic Bieta ED HB Bist FS AY BE 2 Mn EPS AR SY AT SE 

e “4 crond HSI ( te WREWL as HG). ETE BE DR TEIN AR ASE crontab Ad a 

(FA. Cron dtp AoESs ZA S EERES KS. 

e anacron 424i. anacron EAS RIS, Aine 7 ASLETE LAY lal 

ASHE IMAGE AT AY 2 TEL Ae eH BE BT ST WL HR St BE Ks IR EG 

FAHIWO FES REFN. ik APD RESIS tr EL Pek Bi AS LA EE ES OR UE 

AA. iA A A EY Cron FES Evie (7 AOI lal id ae CE Fc te 

HK SCALA 

Cron ESF St 
Cron (£4 Ax ADO FA RT JOE ES . {AEB R EZ OP RA VAR ME IE SMES AS 

AE. Bee BS. THRE ARR A SHAY Cron FEA AR] MD 2 2 Me BE RS AY BY PE BER 

#6 Cron (ES, PANERAI, AAEM. ARR ARE . BIB 
BAES ERAN. (EHH Cron (ES. GANAS SHEE 23% E-mail AES. HE 
AM Kiat SFU. 

LAR ho Ea Je. OM EEE SOR ULE I LE EN, (LC th 
WES VAAN. GA, HAE ICES P45 Ooh ak, ARE AT BS 
PR Bbc IAT. (ELE 7S A HUE cH EL ES HAAS EL 

%2 RERASHRAPAKEFS AFRAFAHAM. 
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Cron FEF Hix AS FEE LE GE DTV Aa SEI FT SEE GE BME: EERE Cron ie REMUIRS . FEE 

AA EA FA OU Ta cE ASE. ORL PERSE IC UPI B Beat to r) 

mAta UL PORE MES WPT. MAA aA AT HERES BUTT AY LG AE 

HinvLP, MARES ES RAAT, BLEEDS At AE KY AS. 

Cronf—_AWRaae, WA GFA) ee teiA a Cron fe : filkn, ES ESH 

AA Ay Dodiet Cron Ik eee RAMS Be ACES. tee) Oe ae A. EhOe 

Cron (EA RTRORH TE. TEES RA RTM OU. LEAT LEE IES RB 

ear. GAZAL, ZAP BIA PEED, SRIRA MiS tr ROL ke 

He (EN BEBE AT ERY. A, E Cron IRS IEE F “KR I ( fail-close)” , 

DA HEAR aE Se, A Se CH ll 2 AR) HE Je AL 

AMA Cron AZ 
PA EEE Py BBL ase AY a Bt py ose EP Bl) BE LISS Be BY iy oe es Se CA TA «Cron (£5 

SEPERATE EELS Cron FEKRLBUD me PF LPP Ea. TER AN Google HIME 

FAZEZA > BAIA ICT ED) RUD BALA DB A DX ll, HP EL fie EA LP 

ERI 

XT RAMI HEAVY Ae 

(Ee LS, Cron Rabiatte—Gela kk. KAMA SN SEE Cron amelees 

PLAY _E. 

4 Cron ARS iH 7E 2 Gy PEL as LX ay SEVER AT REE OE PERN. (ix BA EEL ie 

FHA 1000 GOFAL AHEAD A, ABA—wve 1/1000 HY AS BY FA iit Bast ot BY EE 

A Cron JRA AAT AA. RAPS HT AEA AY TW 

Ay Ste Ft Cron MY Hy sete, Bed 145 96 bak Re SD BDL as FP 2 BURA AB Bs fr — TRS 

(MAN Leh HF WARS AY CUR ER, DA ae TAU BI Ay. Boe AL EBA TES 

DRAG GRAS IZ cE UE) KE B Ma Se BL ae KIS TARA. TAIT 

Fe GIB Nb FE ELEY Bc Be [A] Lo GRE, BT MES SEF Id BH Pa 

fei REET « 

PR, 1k hit exe is SE — EI I. — A BD Lies SE — EI I AE AL, 

es CE ET ft RE a RIP IY ZL PRES Od RARE AG RNR SE Bl Ds SD — BL a 

cE, WARE — eI Te tt ee IE BU iT A WE FE 

Al Aidt tik Bl 5 Yb — Ge MeL Lt Re ESS BCE i EI A Lae LA ASRS 
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FA (BRABARA HEAP HE 2 ERA ) oT ES AA SEI) HB OD Be ak Re A) HE A a AR SET 

mE SCA ibe 7/ EL TA) Ta) BL AB Pak Bedi 2 — BEEP eS Bi HE A BE BJ BP Td a TS AY 

DOT AyD ORRRASHAR AS. BeAr] MT HE Ze fe A EAR ASAE TE 9 Ti KE ARE 

AN GES. CEMA JASvUIRT te, EL Hea eh 1A a) Ai CE AR SE a FF AL) BBE TE AR EE 

Perl he Pie AS TItES © (AE x PP HR TT SE FY HE TCT A BENT PE 2 fe RR PE 

Fits Be 5S ay BIST — MR, HA Cron RSE SRN RK 2h, Be PA oy BRAY HEIR 

HY REA ACSC. TEL. PETES. TEES EAI RIN ITA KEIR 

FY LAK BAIR AB SHY FT FTE Td 

Xt EKA 
PERL A Sill 8 A AS BPR AE, DUE BEE i AR PB 
PL. MPROLEAR (container) RGA MRT. (LOLS Le SAE SE 
ZR EOL, HE EY. A, We Cron Aaeeh SE AA PELL, 
crond Fite fbAYy Cron ES 24 #5 EVA BSH 

fa Cron AStih eB BE FDR ll, BOR ER a RE Fe a eB A a, DAE 

BaP HR MEAT ot UR Ba FEI, BAe RA EA, Ay Hy HE a Sh ad 

ZS FLAG RZ Mil pe — 4 Fak AL EAB 1 © AY SP EDX PMB eC, BAT aE a PE BIS AT ZB 

FUEL EFT EY ot ik —— 1 ee Cron RAAY, WEARS BiSitWEs. HT 

Cron (£4 ") 86 FA TBR AE ETE AES ES. RRR, LAP 

WEA IST te i Peis Se. EG A Be ido Cron (ES WAL Re. MTU — 

EES Ik. 

He ERE A al Fe SAIS TTA DL at 7 eS BEE ES Cron Motte SEN BE “Ba awh” AY Ae 

Pre eA. Cron FEA & PEPE A EEE FE Jo) IN We) HE te BE IK BT RPC, Alby 

FAN 2s BIE RPC HL, FL RPC ARAVA (PAN, BEI RPC MW WERE AS TE 

Bid Reh att F). Cron mc bee te Se wt fe Us i] Be Ub BE AIM ET OL 

TE DT Ve cB RESET ee, 7 BCH FA FE EL FE 7S Py BLO th xe 7S OE a IE AS ABE 

Cron IRA , “4A RUBE I M7 fal Ay dE ll 3c RB a 7 BE & Be RAN 

IRA IRS . HF Cron OREM AE MIRA HEL, AR TE CE Bc A a 8 BA) PS 2 Bast FY EY 

(oe (PA oy HEHE AR Se, AR i A Stich), MES IRS AEM IE ety. diet fe 

BT AD ALB o> eH Ina] EY es 1 & 2) Va JE ae AS, BA] ay RE Se 4S GE HE ci Bi ke 

#7* Cron MA HHA. 

+ Cron IRA Hib -& EA ERE AY Ay ese ATI. {ek Cron MB ERY Bets 

HAG ERT RED: AR aS ORE BY Bie FP ES oP RC AR SEE IB RMR, Te] PSE SE — 7 
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MCP. HRTE, BHM ES oR AEE Cron IRS MW -PD H . 

Google Cron ABA 43 WE 
AS ATS E BE RN AE 7 OY SE KAY AK Cron ABE 20 SE Ee [ia eed YH, Se 

JS Google WIZ) 47s Cron IRA MILA ES 

Ris Cron ESA KAS 
fu LAR, BETA F Cron (EFM AML. JE ALATA OB LE ARR 
ACRE BUR HSE. ALSENL, Be ASAE SHAE 20! MI AERTS RAIN 
SAE Be mS AV GEL BE ROE RE EH Cron (E59 

PRR ES HTK AS A A Pe i 

© hE Bie TF fit EP AT A REAR eB oy TH TEE 

© ASAE Tia —2e RDI) RAST 

4 Google ita Axk Cron (ES WE, AIEEE PET. EERE MURA A 

la I ea nea 

© AHA EAS, Bt GFS FI HDFS ah ff HOR AER ACHE Cola, BA 

RG EA ASST CAE), itn Bea Se eH Cron FES ARAM a EL i OR Bie TEA) 

Ho ZA SER TETE SD AK CPE AS LOSE A is. TnI ES Hey, Al Axe 48 3c 

(AR LEA ve Ay 1k IR AY 5 BREE TT LIE « 

© FE ANAR SS . La re AB EE Ae CIT Ze is HEE IE FAI CR Cron Pel) ARS by 

AA MD BRE. HIE Br AU A — bd CH Ec bie, Cron fk iy A HE ws FF ae 

Le —Belet il. (Bnei PER IE AN 22 ERR Fi Xe BEE, Cron JERE a 

(FBR FR AEP RL Ts ) 0 Ri, Cron IR iA Ay LAB Pie AR 

Weir, LIRA ES OAD HAP 

Paxos Ti AY 18 A 
IA Cron ARSE ME CST RIA, IISA Paxos 4 pei ARE ET IRA 

Se (BMA 23 BE). BATAAN SUC, FEE LAS Bee LT, ES 
sy Aik ABE AL AMT ND UE TIARAS BE 

An 24-1 Aras, 2r4izxt Cron ABMEN SP PARA IES. ARIAS EE 4 

DHE BRAS WORUAS, th AEME—— 7S TLL tah Cron FESS IBIA. FRE Paxos bhix 
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HAS Ah Fast Paxos (BL ik [Lam06]) Hixiytt, KEK A BIAS Cron JRAW 

MAGA. 

24-1: AfaapAwCronslA Zia NRaewe 

ae 

MUA ILA A AS tit I, Paxos /| ZHI) GE BR AE Se RR Lik Pel GH ALD ZA) 

HF CAA AIL Cron dtReh Tv TRAS. LAAT LAA ER sac 48 — BT LK A 

— BAIA A piesa 5 OK, ARG Cron IRA A aE SC BY a 8 ah EAE PS THY SUK A dk He 

FZ AMA AA TERY LE. BRAK Cron MRA AYA AREREAM Paxos Prin silA’ Ak re 

Kae — ts (Hae Cron ik A FE it 48 2 RJ te BE 6 IM — AR AP ERE. OA A EY 

WEAR EAR. (8 Bea AT LA 1B 8 tes Hh PR UE CE FT $e 52 A — 9 Bh a ae TY Td ALE 7 Bi ER 

SASF Paxos bhi la] Wie AR AS te WB 4E Cron fES CARI SF. 1% 

We Bo sie SEAS Pe HLA Te] 5 SG RK CT il) AS SP GE 5 FY Je AO TE 

MAAR EAB a AE 
IE ANAT CATA, Cron IRA (EA Paxos tpitay bc fA : SKA AEB. PMA 

4g FH Fy C4 A PRT 

MEARE 

SK Aidt Fe ae ME 74 Eo JA) Cron (ES WERE. AA A MERE A A Dd J 8 

HAIFA GE BAY te FLAY Crond SCHMAR WEIL. TAU RE as He HA Pile FY JB ot al Eee 

—“* Cron fEF YZ. WA AWERETE BP FES AY a I A) ZZ. i] — BR FE ERAS 

4 BIGS FiE JA SHIT AN IBY 0k AE A EG SEF aa J IK Cron (EF , [al LP RTA Wadley 

lel, ASL crond EL FE. PR, Suny crond RI, AM Lkbiitebla, Cron 

FEA WADA A HEAR E S , 1eHE A oh fe Le 2a [ei] A 2 Eft Pr td FA £8. 

i) Spe Cron (EGE DBA. CREO ohh ial (FE ps A pi 5 Ml 

(Eide Cron {£4 HY JA ad Ih Ay HESS PE GR AB Sa CE LE BEE ES A, EL 
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Qn ABLE ae Ay IS {TIRES ). BES 24-2 Aras, APR AGA FEF Paxos Mik EZ 

time 

Paxos 

Cluster 
scheduler 

| JB BVEK (cronjob='foo', time=1.1.1970 12:34, ...)F Paxos 

24-2: LMLAMASNConts SHTeEnSs 

Paxos i fal lal PEE (EN, GPE Cron FEA AY hs JASE FB Paxos 7 (haku fe 

EER ZAP AWET. Cron WR ie 2 AE EMER EB CAA SEA BETESIA A) 

HAUTE ee DR Ee TEA BRE © RNA EER Ee Se ETA. TERR AE ME BY J at 

Pe ahee i Ak he boc, ine A El A AS. “CBR RIT We. BASH A 

BIAS HT HESS WET Aa, AA EMA AEX MES CAR od — KK J 

Cron (£4 JAsit Fe ce DA ie Zea et Paxos pital adi ar A AS © SEER AY ze 

FT (Ride F Cron WR CE SE TY Tal A ETT AER VE. FPA OUD IKK IAB) 

fey BIE KD a re Hh ee BR, AR BCT HU ES 2d ARE BI AS 

FTA). PSC ee He BI An ff MOH AS AE EK SHR PE EP Ty a 

PIV EAGAN FA AB BS ABE. SIC PUR ARAKI, 12 

DERE Oil a7 AZ 1 ABH ESP Be ABE ZAI 28 A UK A A EK a OT 

BPE DBR ES 2 RMA WY HE. AAHRPP PE, IAA A Ad Re AT ES 

FV AY HLA Ad ead IEP GE 7 A HS HERE 

iE haa A 

jE 2 Hl AS AG EP PL UT Le A UE MR IED EA TE REAR AS, CM CEE SE PUI Be BID BE 
He. RAT HDIR ASCE MLE IIL A 8 IEF Paxos PHBUERBAY. RRS A SHG DBRE, 
PLP Be Us BEA HE SEU IEAT Crom CES AIS AE, 37S BEL ZH LE EAT HA HH OE 
Bk (HIE IEE Paxos pit KA) 

4 PEW BYES LAT “ea” IBY, Bi ee AS he ET wal ASANTE 

RAT JA SbIT TE). A ENR A Gel ABET) PRUE STA Cron (£4 (EET 
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ASAIN RAE — BUY» BOMB Ls ie it A BY AS 56 BAY 

MAGA Ade Re aie, Mat rT RAE TUR A AE OE (Bile, HP 2 a x I) el 

FCS MK Fe BAL HD a AAS +), AES EP WE AG Se EAT UA AER. 1A eS EE 

TA BELE— 5) BZ ASE RE AT LAE Ges ts SE 8 ke BEE SE - MES BT. — 7% 

SILK A Bese AE HOR. BPA IAS TE BOR ASH JA hick FE TR 6 1 a BE BT BE 2 BR AZ 28 

WD, i ae 22 Cron ASA BH ob HE MARS AY FE I] VE AEE KB AK — 7) AT 

AN Ve AAA PE IK BEBO PERC Ta UL 

FR BATEAM 
TERE CT HK AE RAH HD UE FA EZ TAL ES Jey Ve BE AT ELE & 
RPC Fi] Rec. BRAT Fe 296 1 ZA LH i IR TL 

BCR. MES ADT 

© aT Zi 
¢ 4 eat 

IX PAT Tae EBT A As i: Eo). BR A ET RPC, Ee 

VEZ HE AEX RPC eG OAR FYE? wee eid CART Za, (1h 

re AEH AR AIS Z AIA Ade Rei att: STU 

Ay S ews FUT RPC xe KD RIK, POOP A —-TEaOLE : 

© A the SE TE 6 8 et Sa RAY , ROD AR SCH ER VE le ae SE PEAT BY LAE 

wae el Jat HET ETT AER IE ) 

© WAL HE AWS ai oh AE Hey IPB AR SAR AS HE TCE SH EERE ce DA KD 

ik PY EAE PE RAI Pee A ETRE SE BL. (Ere SEES HY Bb — Pe 

FER ADD Mi RAR BCP oT PEA BC ABP IE HE Bs (7 — “7 Cron ASN ATE. MAA 

TE AHR ADA Pet UL, AT HES Se Beil SHE ES DT, Be ES 1 TT EES 

LEB PD HES Ie PEE 95 PS ACB op Sk a Be hts Cla Mesos) 2 Aix HE(ES fe le He 

AT NRA 5 (SE BAT] AY PAG ach 1k HE ER ESR AS. EES. BET Tt AY EPR FE 

A Re a Se PE |] D7 See He HAE — BEG Ae, FFA 2G TAY Cron IRA 

BIAS (2 PE aE BY RE See FE ca Ht Wad EE ae EAT EAT ERE). RNR HSK A aa AS ZEA 

Bat RP aa tbt . BAIA Aa AS Hy EA aE PT YES BRR EAE PARAS « 

ie EERE ne. BER TE Cron Ay BLE FA 4 APT J oh We Tad ME ps SE LE BBE 

280 | #248 DARARMESRR 



Bel aig SE EBT HP Vad JE a LES 4 oR LE AO ea yet a) Cah ee e fts BY 

Fu 77 pp idk Ma). CE ERIE, Cron ARS bi% HT LAA Deb se ec BERS, {EL 

EME A IMB ULE 

ESibaet, Be EAS Z lel a) eA I ee SS Loe HU ea IY Te). TPE, Beare Be 

Cron HRA 5 Betta Pb Val EE ae 28 BE USS ob AME — pri. BAN, (Bee A a 

PHI ATHY, {Are ITI ARIES . AEB IMA, (He CE a CY fA Id 2 BI) 

FeialAS Z nil, MAA WERE aatit So Tel BCP DD Be Lal a Te a a) ee we EGR, WR 

EWI TIES CAL So BIA A IAS TA ES TKS, RAIAIES B pikh F sé 

BURA, Te ARIAS IAES « BUR UU DI ewe EES A, AMAA 

fall AS 5g FT LAE Wt Se a x PE ES EE IE EE A), Poe RE, Tk OC 

Te UL AE 

FESR AI SE SL A, TRASAU AE ty HH — TP EE Bee AR AY AR CEE, SE Bb ne FER Des kD Sit 

SELAH Aree. FA. BUT eA TE fe ASE. Ge TA ASA AR Ui. 3K 

PL ae BY HE SE CE OL HL Jes AY JAM is AUD Gtr ae es SPY Px Bor HE FT ERE 

RAF TKES 
{EFA Paxos PhinseiA ReIEIR FARA Ie] A — Boy. Paxos HEA LE — Ree A 

a, TEREVORA 2 el ees. Paxos tim ix PHREE BER GD PA ale : 

0 AAP IMRAN, DADA ERIK. 
© WBE TEASE HT 

AS tS: Paxos AaB ZCI, BIA Tae A eR ASZE{T TRIM (snapshot). 

1X WR BRAT CA AS Bb ag EH Sd hi TD AR AS i SOK FF BHR AS. He HE 

— AS iF > WE BOAT AAR AS 2B 1 ie EI ESOS PS oP Be ae 1”, ABA TE 

1000 Wik Za. ATLA 7 ORT Beat Be A 1000” 2K AEAK 1000 Aiden. 

EAGER, BINRBEK ERR Za. PRR ce ee ERAS 

(@.3—WRERRIGG ER, BARA , BACKER SAMARAS. HH 

kz, ERA GMM Cron AA HEV RAGA Tal. 

AG Ait BE AT DS Ia SE: 

© yb is ay ANY a) 4h CFF fi 

© EASA iDEA BO 

Google CronKkAWW2U | 281 



325 

“BIKAR, BAR PSR ETT SE 

FAV Paxos WFAA LENRS WAS TIA Mee bo TERETE UL P. Bea = e AS 

iaty, thitxe A= oy Fae. TaD Bees i Rs RF EAS OL, PR fy 3k Hs 

AMR BE, le Ee Bl — “a AA Hh ESS RE YT LAA) = PL a Fl EDP HT] 

Al Ta ite HRT 

BAEK A ER ETE i OCF ASE. RAMU AERA, thie EAR) ih 

OY HUE AAR AS ER a 7 BY SEY Fe Br ERE ED TA CE ASL: FE SS eK 

48 EL ED PE BE Tel —— FA A BEY 7) 2 Ss 88 PE 5 LB SAL ek Trad YE Sic Bit ee 418 LY 

i AL An AR i Ted PRY 2 AE cB, FAIS A DMR Te, IMI RAE RK 

s\iiboy Aaa: ERIE AM ERR Za AEA. rf De ee AR He PC AY EPP TY 1] 

BAA PAE AY. “APR, RHE Rh oy HEAR Te AK A Be WAY ZI if A Te], 1245 Cron RBA | 

NBER ARR 

Be 0 FEAST AER, A Be od ai CE AR BE LEER AS ZIP, PUI) 

AD all AS AY EAM 5 SD 4 A TI AS Ek oe eee TA ER A KE ES ao) et 

Fe UAB TAS BL a FE ATR AS. PAE. RR AR SCH SE AS Ee, BT Val JE Bl 

Sh eo BNL ae (ake FT BRL aie Be Bie De SEAS) ORDA HS Fie EEK Whe A MIA 

SZ AA! Cron AF 
joe 7A Cron ASAE A He RE MELE A RTL. (SREY Cron BAHL 
ail, HES A AE LTE. TE. AIRSET SLR HE EE 
JB 47 Cron AS, ARMIN RTAEZ KWAY, FRR RY AE Be EAT BA 

FE BEDE AH KA) HK A Se AB AY [els PCEe (thundering herd). *ia FA 

Wad , Cron Ik al HESS re AH A FA ec S.A RE SE i 7S“: A FE” 

IY, ft av SS A AES TEP Ie 7. KSA EE Las Ebay 47, (Be 4 

(RNITES Brea FT MapReduce CfFPEREAII emt Hl 47 fo We 4th 30 + 

BA tag He Tea] EA ct ET] — 4 Be HU Rs TE EB VE? AD Rx Sale, BPE 

crontab #4 Eda hn SLES he. 

fe Mea crontab Heskh, FAP Rae. vib. AA A (RANA A). DR 

Kw VET ES PIS ATA Tal, Bae BEA “*” OR REEL. PER EAP I IS 

crontab Frid “00 * * *” (bRBEODOM, AAME—K, BPA. UREA 

HH — KMS IS). Fe Exe BI Tals “0”, BRAT AA UES, 

Cron Ae TAA Hee EPR I Ta. FAP DRESS BE ES SEE) (fl 
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M0. .23 ASE PDT), PAE AT Re BE EE SS 2 FS EY 2). 

RSA Fikt eka, Cron {ES RNAS ARACEAE RB. El 24-3 Sash e. 

BRAT IEA Google 25k Cron (£% Be. TA Seas £ Cron (ESA #6 PEN 

PAN, Fey SD PSE AE AY HEE Ith Gy MEE, TC Ae A) A) REE LEH ad BE CEE ET Tad J) 

IY HA HEE BC « 

Cron jobs launched 

24-3: SRCronx-SHSHNS 

i\Ne= 

Time 

Cron RA 42 UNIX ABTS AAKN— TEMS © REBT IULA  HKAR GILES. BH 

Ha AK Or A RS be DEE BI, HL ER EAR AR HRS Bor EE. Cron 

HAA. Google HPT Be thd S97 LEM AAR He Be ELA Be HARES WA he RZ _E 

HY 

BAIT VE SAAR ARAB PH SLBA AE. De dE F Google fee 7 Hii 

IASI. MRR BD ARE PR BORER BE. AME, ad ask Cron &# 

Zea Paxos i, —P ED AMAA HT RSA MK BE. Paxos HUN HEH, 

LARK. Zr AA Sa ES KR SC NY 27 BT BE FE Google HT LA #3 HH — TE fit AT Se 

HY Cron Ak. 



[327 > S25 = 

HEU FE ii 7K 2X 

VES: Dan Dennison 

pate: Tim Harvey 

ee ee arene le eee ABTS SARE IS Be 

Vint 7k 28 5 FR 28S TT ie ANF LEY Be ie 2 Ihe A FE Ta] [LTV FAIA ANT Ak, 

EASE ATE. AHEM See. SRT SEA. BOT RAHA A - Be 

HERR IA, HY CAFR EE RAD Ba i TE Jd SOE att 7k ee A 

PL7K AIST BTN AY EC TR 

24 HLA BHA EH su Ae ak ee A, ET SR me, PA Han TY BCH 

ARR TL, REP BRM Cron BSE JEG) ERY Did Ee as ill. PP RR BR AD 

A UE Fi.KA (data pipeline). Bate -THAKRCAMHES., Sb (coroutine, & 

LUSCH [Con63]).DTSS wife sce (Zs UL SCHR [Bul80]) #i UNIX ‘ral (Zs UL SciaR [McI86]). 

DA BUG RNS ETL Sik" ZR. (HAE BAK “OB” BR “AES EB EAD BET A 

FIEND PEE BY KR RR SR BEE” RT tA. 

fa) Bim7k ZIT ASE 

XPD HE IE 4 AG) PES NC Pt ee FF 252 VE HY 2 BR EY BR OT LA, ARE atk 

2%” (simple, one-phase pipeline ). 

121 Wikipedia: far, BAZ. toe, AN http-//en.wikipedia.org/wiki/Extract, transform, load. 

i 2 Wikipedia: K%4E, #& NW http://en.wikipedia.org/wiki/Big data. 
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FA PKR Bc te 15 AE OR AY Hah ee Be A Ach FR YY es AER RE, PR EB RRR 

— NS Be PP AG LE EA 5 ID 4 LA. 1 BRETT AA & AE LA 

JRE. ARERR AAS YE, {ALIX ERAT IEA ERR. 

Ba APE FEE PR A) S #8 7K (multiphase pipeline), [AA HEA PAY 

AY Re Pe tile — 7h SY BH A BEEZ 

AS BORE TIA Be PS RA Be Pe Be & 2 BRA TACK RARE (depth). Ale. —7S 7b “Be” 

BY dat 7k Be AT EAL — ee CRE 1), 7A PR TREK AT RE L+H, 

A eILA TE 

JEBAtS 7k eR TLE AX 

Jel] HA ME Git 7k Ze 4 ede Re Be eB ER, URHRAREBAPEEM, 

AAMT LE Bea Ee. OA. Fe ay Aa at CREE ek Ze OB EAS FB i FT A EL 

ZAI AS ee ek AS — BY TER ER tt KZ HH EA AE. 

FAS VERY Bc te ae 7K ZR AE SAA, Google BARE, HbbihaaS [ —-AVIRHEZE, Pil 

ail MapReduce (2°) cK [Dea04]) #1 Flume (2 UU ScHK [Chal0]) =. 

PRT, SRE iS 4b 2255 VEAY, JA VERY Bc iit 7k ee ETE A es DI. RAS 

RRA AZIM, feck ee Bee. STAT. a RAE, WR HB BU 

AAU Be a. AP KSA PERE A) HER tae. (Arete Be Se BRO Ee 

RYE Ati BURA FBS A PEAY [re BL kT) LS ES 1S TIN . CURE 

FED RAL EES ES BUS SEH ESF 

THER AARP IS AY 5) ee 
Mb BECK BEA — 7 eA A “4 AREF AE” «(embarrassingly parallel) Gis 

( Bs WLSCHK [Mol86]) BAW LER DBA — 47 BT Ae aE A A ER Las EA pth. 

Aa YESS (8 LE 2 SR is EB i ae SSE, ht AL PA A Tt ak RE is EY 

RAL AMER. ZA GISKEL. CES RE PR ee, See iy Teak a) ae 

Stes ab A, APES PORE ASR oc, RE BHR aK RAIS TT 

[el] aot 48 > SF bE ie KAY Ae PVE oo Rg EY YT] 

“BREAST VE SR” [nll A] AE ee HT ot DR ES TPE HP op BS Xe HE a ica 

BAY) © 7S Ta) eal tt BY FREE FP HEE SEIT BRE EEC BH Lb: SE BLAS PA EE Se BAY. BALA “HE 

Fe URE LK (ein AD BSH” 1k APS YE Fe 8 hE SE PE ST BY GD EK ZS 

FEME(T FT BeRs ib, fd “HEE” RESETS BHR HEARERS. EA AT HE 23 
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330_> 

Ke Hl Hi BE AS HE Te A ZY 5 GUY Ta) 5 5] Ay St SCARE AS aE ke BG BE A HP ABE at 7k BG PE HE 

Be ANI AT BRAY FE Bho 

HORI 7 [en ET eT Ce TE Me PS FASE ACT, ABZ tt AR EC ti hits AT SE oe ST 

AS 4 EY. Plan, “BRU” ee “A BAY” Eb RE ENY TE Ra ERE FT BEE FF 

MES Ath, HOMES BA, AA BT REE Ee ce EM OD A eB ES BEE 

PR itd Ay ES CK ISL PR Ae RAS ae. SrA LE Deas 22 eT EAT 

Fe APRA UGS TT ARENSIN Tal, CPU LAR AD RAS A AIR BE 

Sh Hp cK Pisa JB) BA Sa it 7K AY RS 
Nb FE K Be He A Ja] AE BiH itt 7k 2 TE Google f& AAEM) IZ. ALA Google MERE EE AR 

Fy ALR SEPT PRR EK ZR 5 Yh EV EL ll. FP JASE EH AS RIS 

int 7K ER ES ADEE, “EMT ZR EAR CD HE ES Fe hs 17, ERO ET) BE yD BE 

KEIRA BEA. REIMER Ee ARERR re A PRY, A Agia 7k 2 AE Ha SR TL TF 

Pl F AISARE MT HEE B.A, AT BRR AS. ae AL at FLAX, Borg ABE (Google 

SEE AY FE AAS, ZS UU CHK [Ver15]) RAD PETES FRR 28 aT FAL as Mb. (Ae, 1K RH 

ARE FER HY HESS HE ES JAR 

All FX BL hill aes 77 AY FE Hla Mth A FRC SA YI BR Hl, 3k EE AT BT a FE A Il 

(ANAM, TK PETE He HB HE KR AY TE Td A PY oe Ce EH ZI YY ERA PRIS iT. IRR FER 

UR. OTR. FACE PED RT PEA A RB. PT KA AER KR, SIA RENY 

‘ot Ua BOIE EG. He PR SE Be FP ak TE cb BE BE KA VE ep adh A, oe RR TES Es 1B 

FRAO IY fe, ee (EA BA Ea (SSL 24 EE) AMES AB REEDS HE 

(preemption) (WLSCHK [Ver15] I 2.577). FEXMRMDTER PT. wetr—-T Re at 

EAD Jel SO PE Bc Hk Witt 7k 2 SK Bas_Le ne TE ESAS 5 i cB DUB HAE — 7 1 

AT PERI AT RI AK BOK Ub, JL ESP A Js EY BE ee FT ASSAY. {Ae Bit 

TAT SIS Te, BEAT Z MA A ie IT TA RRS SA EIB RE, CORE Jl 

SOU PE Acti Ut 7K ZR AI Uy EIB Fp A PBR ee 7 Be LAR A ne > EE FEAT AY) Bs Jd 38 

FA Te MC ME BY Dr eB DAN BELL AE AT op BE |S Bs eC Va] eid ALP ASE FE Acs Bd PRE 

RMS AG Ro PRI, BTL FY HE ZS TEE AE Dd Ea A, A I Ss TI AR 

SOM ERAY ze. JEEDATTIN. 3 bee tr Hea HP eT Ss bee ee 

PLAST, NHS TT ATER TE I It ZS ek BOE PTE A BE PT 

TE A 25-1 Brae Pee APY Td 2 5 REE D8 Me FER Spe, RR PE 

REY 20 Ay BATE BCA FEDS My J EERE 40 BREA Pi Ay REA BT. AT RE 
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| > 

(a & 4 atk at S 

BB aU 
BAA 
AAT TB) 

1000 

1440 720 360 300 240 180 120 90 60 50 40 30 20 10 0 

JAA TIE Ba 

25-1: ARAME ADA AT a PRB al SSS OT 18) OW RAR 8) 

XP AR oe AE IST eB MKS Ae. Rin, A -TISN. a tik 

EA Sek HF oe Uk A oR A Se CR EE Eg OE ARE (to TERRA TY BRE, FPA ABA RS 

FES ot aR. BRC hes — Ph Fee. Ay TR PL. FECA id BE 

‘oe Da ANE PF Soe Ved EE oe ik 2 YT DX, EASE EE HD oy ED BRA CA 

bs $2: fe) BA TE iit 7k 2 AY (5) we 
Ay ASHE Ay FC Het MY VA 13 FT BY he KE, Eat TK Re Ji 1s 17 Fo 1 TY PEE Fa PY 

SEI Us Pe AIR Se, EAA, SKIN Pe A Ape EE SSE, LIRA Ae 

PAM APBD. FESR BAA, PRE AY the AY EES Tl Re A a Seti, MESS 

BUT A — PEGE © SNES EDIE PAM, BRAARITME. 

FEA PEIN iat 7k Be FF EE Te, AA EE Se — BST. Mm eM ti pnts 

Beith A— ELT. Jel SER Wat 7k BFF AN — a ABA i Ps HE FEE Ta) el, (Ee FAT AE SB 

BER BARAK 

PREF SLY 
TE ANT lr] ed AU he Pe [A] el ZIP, AA ASC HS LA SCC”, BAS 24 SEH DT 

eebik Pala. HS — TE BY JE EK AR UL, RE eT, AREAL TL ft 

Re aT BN AD). MMA —TURS LAKES CVE, Bee PRE Re RC ie. FPA EE 

IRATE BIAS, VHA SEAS TH WHS eth, HBT HARKS bad 

Bi, WEG AK al Be te HL ZS CH BL I] 
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(EI MOLE oe. BR A Ae, TEES RCI, ZIT ABCA LE 

FEA EA, HEAR WAVE a. WORSE Se, (oe Ie et a, Be 

AADAC, AE CISC AIMY foe AT BE 2S CK |] el. 

ATF Pit A TE BE Vr] eae BE RN eT at A BR TCE PRT FE A INT A 

22h ZS li] EL as IE EERE. 1 A Md ell 8 PE 

AN CRB.” AAR EBL, AAT be al el AT. HL 10,000 4+_L fF WE EAH bk 

Diane 7K 28s FE SY STE A RH ee CE BEAR 

FRR ERR TN 
ATMO BEAR PRB” AIBA RL. Oh SETA, BUTE SE 
BEL” (Moiré Load Pattern). lB LARP SM WE & UTR ARARES IATL, HL 
eG TL AL A, PB EA UAL RE RES HE PE HAR iC VL 2 ERIE AB 
SL, HAE Eh Le PEF PTFE BR BL ALD HBL T 

[332 > PEAR Hy Beek AE Tie 7k ASE SE Ae LE We. lan, PA 25-2 teidh F = 

7” MEK ee AREA. ZER 25-3, BOW RRBILABEARAUGH 

ER A TAM HEUE 1.2M WIT ERA on-call Fee RI 

apply count 

1.2M 

1.0M | 

800.0k | 

BH25-2: ASI BAIL HBD HIE RA gk iR Th 

0.0 
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apply count 

1.2M | 

1.0M 

800.0k 

600.0k | 

400.0k 

200.0k | 

0.0 

25-3: FRERWiRePNERARERD 

Google Workflow {87 
47S RE HED BE tk 28 Pe Sg BE 79 UT hE ET ARID DHEA IP BQ) 

2H BE ZG ET Jake Beth RATE rae. CRE Ml 95 ES Bl — a ae EU 7k HR 

ok. ANE, Use He ele Bad PASI TA. ST. BER ESE 

PAV BA ata is et WS ES Je EV) eI UY ee 28 hac EY I Ae. HE SE oR x PE Te RABE A 

AT EAS HY eer PR se SIE PERE. LEA SEB TTT Bete MF BH Tit AKER 

AOE ee 0A a SEVERED PLAS: SEES EH ik, ° TT eh Eke & 

>, Vili Ze ab CR. LAR TTL A EIB PE tie 

kL hic tek, Google 4F 2003 *FIFR S—-t4AH “Workflow” WAZ, (ite Ale EE 

25 By Heb FH Ay AY HE. Workflow (i ASIA A - 18 Be ( RWERE ) oo Fi A TREK ( BS 

WL scHR [Sha00]), LAR “esc AB” (system prevalence) iwitPEsr. EA x RENE BY 

SMB ARE 28 F PE BH ne. FRIST PT ASE ERB “DG fT” PT SCOR OR BE RHE 

£3 JeffDean HHH “MEKBDPARARMRALEER” Z—PSE RRR (ALLA [Dea7]). 
4 fFIXRARMH, KN http-//en.wikipedia.org/wiki/System_Prevalence. 
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Workflow #2 2/_m@A—#2 miles (MVC) ext 
MAS CER EE, Workflow FRU AED HRA SAA mitt Hy 

MVC BasthH lal — Pe. ES AO 25-4 Bas, CREE RE SERRE WH 

AE MIZA CE, IRAE. LAAs BRA To. FS 

aie Kat 
AR RLABAN IX AP View 
#llController 

— Controiler | 

25-4. APABILITPS RAMVCH TN 

Workflow KH Sik tisk, BEAY (Model) FA—-7#R RRA “EFES” Wdttefea. EtE 

F (EA VAR TK Ae SERS IT Ar IE ATR ASR ETE IAI FE Tea EB Vea] 2 HF — ELA 

Fa Rie ERA oe EE AE] (View) ae ADEE A ET tik FALE, ANT Al EER 

BP ET LAY ASR ASL EERE. PRE URE RI 4 PBB FT AR ELE EES 

{AEA SARI AP AY ASCPERE, EES UMW RAKE AA CEE, mA IE ei A FI 

fea CL Be th SS OR FETE 7S ie UL SCE a St at ih a ASE A PS Eee, EERE 

TCA TICK AH, HT LACEFE IN Tel eS. Peiilas (Controller) even, aT LAPMA dE 

[335 > KSEE AI SAT), Lem AK ARI SKIT SG. RASH, LAR Te JASE 

BE, YR AKAIN KA, HB re fe Balt Al Mitek -WAs tA. A 25-5 fsa Fix 

BS LP BRESK « 

5 DRPARRAN MVC HRAR—*A Smalltalk HRA MAM, RMA RBABU APRS 
WT 25 HA) (AIL TAK [Fow08] ). 

126 Wikipedia: MVC, # Xt http://en.wikipedia.org/wiki/Model%E2%80%93view%E2%80%93controller 
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hope 

Task Master | 
— (model) | 

Controller 
THEVA. (8 
BERS 

25-5: Google WorkflowAZXAAMVC Ex 

Workflow FAYHL{T BEX 
Be AY Aaah 4 EE ReWE— 2 Xa A EEE SS AL TRACK “OR BE BL RHE 
46S AEF AH EAL A BUT BeBe, PT OTE — De BH ETE RE. Pe, 
(1 8T CAZE FEA 7 BRA He HL Mapping. Shuffling, HEP. A HILA Be AIEEE 

SE 7S Wh Bea Hf FL APL PEE eR IR Ei EPR PERE HE & TSP 

Sel, eee RR Ay Dadi eh ae PEA Te] SE TE BUT AWE A BC UE 

Tet EEE Be Ber EA Pe oc, Te DAE PB. AT EL EE 

PUT, HLL AEA BEIT BAA. FEARS, Fe A LRA So He REPT ALE 

Abe A AL DUT TRAM HK (Be YE ae EK AKASH LAF)» 

Workflow JE att ebe 

Vt Be AN Tae ok BR Ey age — AIR EE “SEFES” DERRHAEA Aa. AA EWE Reh 

33 Dy ER TBA. SRT FRAT VS RE HEL AE RBS, Ry LEAS HOI A A BR 
4y i f —7ME— or BSS Et, Ta ES LE ce A — 44 JE -2. PE dE Pe 

pt ALYDORA LE, TELL FOUEDBZE El ATE A OE RICHER AS 

Dy TBE Gs ELLER UL BASS SE EY PE RE fe oc, A BEY 

EPR GOSS, 7 TEE RT FP a CE A a EE, J 

er BT Pea et ay DA ARs SA CE AT RE SC Ee 28 Tl FEE REI ie, SE WE 

REAM ENR, AAA AA Bob —* LPP IEE BLA. ERI AE 

1 PE — 3 IL BS. Pad Be CT a SL PE ER. DS teh 0 Pee Pe a 

Ay Fay W SCE. TRE, Bed aa AT Ae AE TE AE FO ae SAR ET SC AA ee ae se HE 

— AA, dae 7K ACR AS ict AE FA AE AE ET 
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[337 _> 

WR VA Aye HE PR Ae A, Workflow 2S ioe AES AME AS 

(ESS Bt CT , MA ES MAZE FAR, ABA APRIL Are TES. 

Het 7 AAS. Ta 7 ID. A PA ae 7k 2 i AOL EE Fe AD 

FETE ES 4, 7 LEME RED II A — RAY, PE ic 3c 

IEA ID. AOR A CHE ET Eu RE EI ee ET IBA PA PEE Re eR 

ARLZ), th 7cie GEC KAS. A, FERC CE a Za. A PE A AB SS ATTY 

BSCR Be, WRT RSs Ee ZB EE TEER TE SE I 

iX#, Workflow witett f= pebe > ACCP. FLD AME SCPE 4. [Ae . APA fee 

Rea aE ABI « 

Plan, BNA “EER” PASSE eae , Bb “EER” ie tr fell Pe Heh be 

ARS ZAHER TAZ FEE? BRET A FE ee a ld OOP Alig AH eB RPC RAG F 

Fa — ta RAY “SELES” EAD?) Bee LAY, MORSE TS A Be EE 2 EES Bal 

TNA, F 7 Si BF 8 ae Mi? 

Workflow rife Ae/MES ICR TRA S— ARS ee SH. FRE rs bE ARE “SE 

{EF o IRAE PY AMER TE ei A EER “SEF SS” ARE RK ERIRAS 

Fat ADR FS ita CEA AS BR VERT ABS Fs BET, CERES FEC EE SIP (HELA ER EE 

22 LAR, Workflow A iE Ware tt £ 4 PRBS : 

© AC SPA eA bebe, REBT OR PE RE i kt 5 A a — B. 

© AH CVEZR AR AY Zit FA 4 a Hg PLZ YE RE He 2 

e CPEWEREAY 4 HH SCPE a ae Ae Jey HE — rt A 

© 2 Pin AURA as SS LEBER ER ERIN (ERE “SELES” BAH. 

PeBiK BH, HREM te A DA PSR ie PR IY “FECES” i EEE Spanner (ZW ee 

[Corl2]) eat AT BABAK EE. PRitt Workflow ABH EPR He Ts LE FEA MES 

we TURIN. AN A ABA. OPE AY SRP PETE Workflow RAH FUE SHAKES DRA 

Se, (AL In YY AS EE 

fan, PERERA ZUR AE ES iB oy, BES PLZ ce aS BE IES 2 AU 

AS ELAR AP Be, FE 26 DB AGE AFI Aa. BBA EERE AB I A 

— 4S eS {THIS DER EW Bo. KEE TTA, RARER RK. 

te Bs Mb SS BY FE 
KB Mb BH it Ak Bet SELES AMAR PEP BRIT, LERIEZE RD). FOUR UL. ETE 
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BENE iPS, ke HEB AY UA EE BH ST A. PEM BBR ARSE TE 
Pe Hr OE GR TE BAR AS Bi ite 7k 2G 2 HE EA AS RE SLR AS «C/N Ui) HE 7 
WF ESE PEE TH MEGS BAP BY BE Tg ETRE ACE AH Jd OR BS TREK BR 3 ATLL 

Workflow all eh Fe 2c PEI 17 AY Ut AK ZR SE EM KM.“ EFES” Gels ABER 

f£ Spanner kL, FASE Ray A. A BR— SAREE VE A MIRE EH HERR. AS 

RREUR “EES” HAS ARH. FE “EIES” AS BIRSS Chubby (BNL 3c 

RK [bur06]) eS —PS EAA, TRA RTECE Spanner Hh. Bela. 24 Pa FP ea 

HI— 4S 4 PRA SER A iy A “FEES” 

[A] A) Spanner Ff 7S aE — 7 in eH CEASE, ERA ATHY Workflow ASE IH— Al “AE 

Fol” FUP PS PAS His TEA HE HUY Workflow ASKIZIHES. BHATE 

F PTCA LL HAR ZRT , AA ES 5A eA BIER Workflow AZT, THA tei 

“stage 1”, QUAI 25-6 Pras. BEAIER AR, FES TIAA MAE Workflow AS FH 

KR, BOK 25-6 PAY “stage n”. aR ICIAM A) Workflow AZ PRES SIA, A Hh 

Workflow AZHAM IE, ASIA PR Workflow AEE ATA, LAPEBESS HA TE WHPE. 

Global workflow 

_ Task Master 

Local workflow Local workflow 

(heartbeat) } 
Stagel | 

(heartbeat) | 

~-dowork / (ate) 

IE 

25-6: {PF3Workflow sta 4 G97) th LV AHS SUI AE 

Ay SB A be MES, 25-6 A 7 BF CPE AREA stage 1) AER 

AS bh Workflow AZt'Pigtr. ASHh Workflow Ash Zobel bee o. WR 

Ht “do work” IB PARE. 1k BFE IC PEA 4 MVC HP ell ar FE, Ti 

ot Ol Zt AUR ES SUA, lel Hot 7E ER Workflow A 4th BR — TEAR D DEES 

an FR BEES — Belt Malye A ET, bh 7S ei HY Workflow By FES Ax + A AY 
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FEA HR, DARPA SUE HIS TT, ASE TEAM BeBe eZ 

INF 
Je] JOYE BY) Bic He att 7k 2 aE A ELEY © THE A — 7S Bic He A EE nl] AS PE, BG 

4 APR mk ARR PERN, IBA RA eR JA PERN tb 7 kk, ine He A — 

Workflow MY Bch REN AZ 

Fed | Be Bh tis A otk — BCE FE AE ASE, WAR Workflow 1X4, FE aD Ti RTE ASE 

HL PE PERE AUD He PE AIK Fe af. GRRE PAA SHE A Jd SE ah He BE A eR 

FFA Ee — TAR Fi AY Se A fe ee HY AY AE AS 
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/—E%: Raymond Blum, Rhandeev Singh 

448: Betsy Beyer 

rane “Sdnsc@VE (data integrity)” ? 4M e—-TAA A CARRS, SEL) 

FA PAE 

Po A A Wt ae ae AE ve RHE RA TRIES SEM RAMS, LVF) Fee HM 

NE Ay 8b IR BW — IS ERE, [EK IE Me SY 

Glan, wee Ai LA—*+ Bug &2% Gmail — A bE AZ. FAP REV HAE 

LAER SS. BARBGIFRARIERR, MME A], Google (RP RAEN HE Tide 

STA ES BBE. ZS TTY FD fee EL SS eB ]. “4 Gmail HSER LR EN BC re ED 8 

EMAOI alctte, HBT AEE “HE a — cB”. Google EH oD A PH fa Ee 

Wega alle 

IBA, Ax Dla) VI Al ARE E TT AME? te 2011 4E Gmail SBR AAV ABEE ( B73 SCH 

[Hicl1]), 4KE ABA TS AHEAA TS! Ale, RM—-RUA °24 DI” ee EP et 

Google App MY — 7+ 4 ERIM [al] [5 {EL « 

la) FARUG2 HH ti FA Google Photos. Drive. 2fFfi#. BATES ih. AAR PAN 

HBL APE FE AS SS EE IX. IKELITE “ae NP Die Google MY 

Hs? ”, “Google. Amazon Aft AX Hl: eh P" ih DARE ZS "BORER. HD, 

fe RT Tal FO 2 Di fe St POR Ga AE PE. A, BS EE A eR SA AR 

MB. “RAC BRE PERO fe, ae BIN EA IRAR ASA PTA. AP 

MSE FF ee ERY 
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ae = sls" <3 

ATE oc EW) 5 EK 

“ Bia —TS ASN ay SE PESESRI, ASA “CESRITAl” CBP FAME) BY RE AHR ALE ACH 

5 EE he. PA, FA ay A CRS DY E-mail IRA ALI IA], (Ae fh 

1 ey Re ay Ae AEE I ll (PEA ARS RS) RAR OM EAB. Ain, KH 

Ag Sb PE ED EK LER He oe EE 5 ASE AT AP. 

QR AES ARH HI CE ZEIT Te] SLO #é 99.99%, ABA — ESE RAE SBL 1 A/T. 3X74+ SLO WY 

PELE Rie. A ARERR KS RAIA. Be WA 

{He (ee Feet et — 4 2GB WA PB He HE 99.99% I Bete sc EE SLO (REA 

200KB Swiss), AR EME SE. BET ICE, DEBI. KAD TA TRAY 

a] HK BL PRES cE BOOK ME — J 4 PES LOG, BPE ESS ER FCA MK 

PE, MOR PAAR. BU HAS, ES AR OS BA Bh oY ZEB POY) A 

REVESE OR. (EBC EK Z Ja Ae OR AA PT a oc EY 22 MEA LH! 

ex \ 
No it’s not, ifitisn’t up, then 

my data’s gone! how do you know? 
The service is up 

WBA, Ft ESC Acta sc VEE Mek — P Zia, Be IRE SR AA PVA 

HARA NBM, APPR PAA RR ERM, VRAD RE WY AE 

EX, 

BUTE, ABB HES Se PE ea ERK RNR IE ET CIE KR AN, IBZ 

WAH BOK Ub, RT ED CE BEIT Te Re Ke OE AR ET OL AE AY 

Be AEF Bo witines EPR UU RE 3 

(Ee Be CE Yb 7 ey EB, a: Oe BH A HS AB BE ZEA a Mn] A NR A, OA 

By eM. EB, RATE 30 HA KS lel. IBA ATCA EP ee RA ae, 4 

A Ay FARE 99.99%, 

(Hoe, bape, AY Fe a, i ye BY A Be a FE i a] AE as J A AY 

FAVE (5 AR xe 100% ( Beat TBH FRU 100%). 1&4 BI te 4 HB AS TPR BRS Ts BH 5c PE 

A Beas E ob PR AER aE 32 HE) 
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fe RS es AY Sai oo EA SR 
EAE RG A Be EAE FMA AT L&T HE AAS ME SAE AA Le FD 22 LY 
HHH CE IPL FLD BONA Te ME PEIN AS MADR AE AMEE RAE, APE SHENR NEE ME 
ESE ANY TRB DT EMBE A. CEI Zs & HY Ae NTL aL) EEE NA BAT SS NE ie 
aR. 

RB BAG LAGE OULD PF 5 SA SCRNEA A: CEZS IPL TE] WES Le Ser HE AIS A 

LA Prix 5 PI EAE SZ 

fa Be AY V8] 

Ye tL “al 2S (availability )” F340, (0 Ze AEE ARS BT FST EE 

FE GR 

WAS seh FP Be ov 7 FT 

BU 
FET ARS AF Bae, LA HERB AE FRIES RA RCE Be TK. 

4 Bp AR AL 

Fe HARA HES TE BAS DP, Ae BE EP IR SAY IE 

RS es 

eA A AY ESC LE FR. OR, AS RAB AAAS 2 SCR ll Ay 1 EF TH MH BR 

FA PPARs PAHS. Bes AE ERIM Tal A oe OE HES 

{BRS ZAR eA EEF ACID"! #0 BASE"? St apeH AA API EA abi ae eE _E 

5 PEERY. "BASE #HLE ACID Kiki, AE PPERI A isk — BE OR KE 

WA APE. BASE (With ee BS IL ee Za. CERI ei (Ay HE 

EDA HOA) HAS) “eee — Br”. 

Pane if, Fi PERS 4S if era ESE HP A AY 

4 6) AE 5 BI SG SOR IY, RASA RB ESS RE i AR — FDI 

API, MmA—C ERIN» 

z1 RPM. KK BFA, TAN https://en.wikipedia.org/wiki/ACID. MySQL, PostgreSQL + 
SQL Kb FRA RIAL MHF. 

22 KRALTA, KKRAFRA—-KH, TR https://en.wikipedia.org/wiki/Eventual consistency, Bigtable 

4a Megastore & BASE AAMPIF, “CMA RRA A “NoSQL”. 
143 AX ACID fe BASE HX Sitie, HR TAK [Gol14] Fe [Bail 3]. 
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(ian, HAS FA RB YE BT ESS Fl FS HE HD Re Efi API (BLOB) ‘*, 41 Blobstore, ix 

Hs Rae Ma PAP ES ERR. (RMENSR A(R KA HAI SD Ack BOE 

BER. Ay ST FE — BOVE TDS dE 7 4b RK : 

© ZL ARE RE). BUREN TC BH FF BE EIR BE. TEER AIR 

MASE SIRS F, ilense+ Paxos Hii) Megastore #, HJ ZB Yl scm [Bak11] 

All [Lam98]. 

© 1. FASE EE Ae Pee 0 2 8 — i oy Ce fs EAS Hh, DAE fe 9 |] dE il 

HR. Mito RRA ay LA ER 

e FE fh hy HARE By BESS Tl ee ct FFE Bigtable FP, (U(M cE A JA Rey IF 

KB} Bigtable HAA, MYA SEB Bigtable 7-47 Arkon ECVE LASS 

1X BP Zs ye Fe eS FES TI I BA EEE, ilk, ATA BHR ie Z 

lle “S| FASE E” (referential integrity), 40 Ei HiI--AAY Blobstore. Megastore LAK 

Be Pi 2 AF = AG ZAI BE. A SBR ERY CBRE, BEAR. BA 

Shae At BAR. SHARPE RATS, BaP PRA BAR 

he, eA Fe He ee ER BH Z AIK 

Ay YS MEST Ree oe ale, SMM BAA, ab AS. ST Sot eee A 

Fa PBT ER ASR ABE ST. RES “SS: GRE eat 

ve SPIKE ASE. 

RUE ZIP, BOA LK BR — 7 De Fe RS HF HY 2% OD ee ET YS oe BE 

PVA (ane aT Bl-FA AY Blobstore Fil Megastore), IBA BcHe FF fit & PZ lal FF 

FEY 4k 2 BLT AR SS EBT i SEG TCE SR. AN ERIK BI, 1 Pd 7? 

Park SY, or St ey dE IH RR 5 2 LE Megastore WINNA VET MLE, BK 

HJ Megastore NA45 A ValAl AY) ad hl A AE TOT LL, Bry AS RY dE HIT Be 5 42 JY 

Megastore AA wEAT TLE, RATE SEB PR FN BH 

FF ik CS AR ASE ARC ETE, BDA Il BCH ce EER A biG IE 2 A in] 

AR BAA i Ye? 

anata 
BOUL, BAAR OI BI” BARR. Ain. CORB Ay 
AOA, BALA AH SEMIN EB. BR UTTER UE : BA 
ASUS AE SE Ae CR HAT RUE BH 

4 K=3 #18 H%, Binary Large Object, TF # WV https://en.wikipedia.org/wiki/Binary_large_ object. 
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AZ, BIA PR AIPR A 48 a Dak Ae EAS, TAS ie RR SPA “2 oe” We? 

fire our backups Yes, they’re 2 | don’t think so. No idea, nobod 
working? running. > Never checked. Aan ey las ever asked. . 

ty SF ie EI li. hte A Ee a Be A 2 A a ti AT 

FAA te FH oo dE i A lal 

FPS Be BEIM Ae RTE, DE TK. IRE A RUBE. FEI EETA UL PAY 

BOGE UK ALS SS EIR EE ARN, BOT) ee EE A 28 Fh BH RAE 

Ee. 4 SKB At, Bee A Ry BEE RA. eH 

easels PRA AK OEY fe oT BE es BE JT al, AEA — 7 A 

PREFER HILARY 

RET AEA, 4 GOMER Mit AIRY We, BCH AS ZUM EL SR BY a Cad HER Pk AE | Be AP HEME TE HRA TE 

Ae Bk. AMAT. SERENA Fs ee Bic Td ed Tr eH HR, EB i a 

SSID FETE BX » 

HHA EEK SS Bre BT HEN BHR EL B48 HD EZ BU AE FEE AUB, IS 

Bay (REE) MABBDRRET— IK, Bete. Hee Ret al Ade i 

th PLZ Tal See Se a, SOE Be UTE FBC 

Alc, “cE PE IRI, EBERT TET Ml al oh SRA PI Ta, We eT ERS 

Di BOE 

Rit BIRR TB 
Zh BES] A T — Fa PSEA BARES 

© AYE A TUL 26 5s BY ALE 6 5h BE 2 OD AV ETT FE, HZ eR SL BL 

tit 1B — 7E ve IEA 

© AEN IRS BATTED ERLISTE OL PET. ABZ A Tel fi AS Ue PY BETIS SEAT ER 

(EBC 

© AR ATA HA eK AMIRS BEl ETY . WS Zs HE El BE 4 ARS 

fal AS Zl Ay REA AS ZA, SZ a EEG BH EE IP EAA BE 
ome 
sa bak 
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BAN, YW SREP RPE, BETAS HEE PS a es Bee He Bee API. 1k 26 API Y 

Hai AAA, GAA AEE. (AA lal He API MMP se, LAR see LAF 

PE : 

© Bi AS PEE AF 

© ASAI AIBC at AH » 

© RB PE SS / Be 2 — BPE 

© BUR ATE. tbo GURMEKE 

AP MUTT, SEAR RSE AD IE BI ZS MT TE BLY 8 Fe Dae ea EDU) EP BE 

ARA, RATHER IN. SSC ARA API fut Tce BS. 

AIA) API CE SCM 1 oe Fe ie CHE To MOAR Hee BE RA Al PC HE RK 

PAS Pra] pe, HUIS Zs FN) Ge ET LT DF A Pa A ZEEE KH | el 

(Rie BE Sc HEADA] AE ; Google SRE WA tr 
“CR bist te AE BCE 5c PE” ae SRE WY AR. KEP ARFI AH I], {Ae FEAT 

ae EE LAI, BP ite pe. SREA ML HK Bie. HEM AMIR, A 

FR AS ae Bes HEY ARSE AA EA HE LF. URI AE SS ACAI, PRR Ix AE A SEA 

Fel 25M. 

Rinse lterix, RADA A 
CH es EVRA CECA MAUL, BCH WHEE ASCP. MBCA Le aR BL as 
fh, —FBUBCA OE Ui IO, AR ZEEE WN, RASC aE hms. EE, 
SOREL 79 

LA—4 E-mail JIRA te GE A RK — J BY ca Be Bis Ay P| (Zs UCHR [Kinc09]). FEAR 

8 10 AAUITTALAL, JP Je Di) Bet, eC WE ERI ea FAT De et RB EP tt VS It FY 

PRE TR TT SEAR AR ETT MS VEY OD (ee Ate PD AT ABR eB Tel ft PA ES PE. IR AA 6 

BELA Be a BRAY 5 SES 

Pet, HMPESHUTA A dell So: IRS te BER et Ai ZB a ie, ESSAY SE AR AA 

BRL ASE F——ABK FEEL © ATURE BCH EEE RS BT 

A i OOP AB ICIS TRE WOR A Pe, BE EA ZB A It BT 

FR. BAMNCMIAMRS Wii 

(He, MARAT! (ERATE RKWRK Za, tee Rat FPS 
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Aca TAKE. BORER AE BISA EA ER, RAM Are, ix 

Piva CHU! 

(Hoe, SRD. APB BAK S, HER POI IA ceil, CAR 

IRB EX « 

164 BPA AUG > MOR PUPA BOR. DOOR BRB EE. ea PR BH YD 

Fy FA PE re ic IY 

Z(t —PREAG. MARSA 
ELT ARSE TT ee — TR. TE EY AAS BES. FEAT A ADA 2 48 1 VE 

Al ea ECB AE de 9 ——§ £8 ft he BAR SAI Td Ae SAN at OR EE AT BL ETL 

AYRE RD. Hae TL, FE 6a DB ASS Tit PRA CH BL SE Ls Ta, 

A— WCABHE REM. GBA MADE. BRIERE IR AT BE PERU SERRA Dt HABE. CRE 

AAS BEE OR REI. 1k Ao aCe. Be A EAB 28 Ot PY Ua] oe 

Pere NA HERA, {Halle Qi BO AY. ARS NB ATI. ee ABE 

METAR. BPP, RRBTA SRL, ADEE IAN. 

BEY PRE ATER EBS 28 9 ES R.A a EE BEBE ALE AS ae SE fia SL YY ) 

PRIZED AR BOD PF WET ES OD 0 Fi td SE RANE — FE ER A a EEA A PGT 

FRA BB HE AY AT PE BIAS 1K GR VA TKN 7 Boe, I ee Wh 1 GER Vd 6 HE Bhs SS OR He 

HEAT AHR > BE AEM PRB. Al, eI ee SR ABA ETT “Pe”. he BER 

© SB Hee A TAA Wy ose EL — A BH AT HVPE SLO. 

© AIBA ie See ETA. LA WIR I BE Ft 1K EE SLO. 

jem BSA SARA 
dn] 26-1 ras, ARS SARE A. BTL SE RA) 3 IAD 24 AG. Bed by 

EL Ht a EE EP) SE Bc 8 OR UP Be EEL ll. 1K 3 PA Far lle 

ARR [P| 

AE TCE Pe AZ A PB FE AE FA PL a ks JP. A Pe 

DFAREPERY Bug. 2 mie Bite HAS ead. Be Bi PP ae CY A Ae SC 

#4) it, 

ABH ERAAAUEN. ISOM Se. A PERE Re TE He A EDT ERY 

WM aE SP FB Te I Ma ER 

(- BOE Se EAI] AM: Google SREHWEt% (| 301 
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RAR 

Ay He Ry He A EE EY ( lA, 100 Jo A BH LE ERE HP EAHA 10 &). 

if A LER RBS EARUETT (Bilan, FEA PPEA 10 BAH, (AL RAE T — Jal 

If Ta} ) 

__ARVRAIER (6) 

_weren | senate (2) sete (2) 
_ NAVEL EBug | meee | 

mies | 

a] 

26-1: METBESHMEARA 

AL SEND eC Bi Pe ST Sel) os 2 ate: IT aX PEA A eS OL SE EPO Se RE AT AY DFA 

Bug APSE UR AY REACHES TE eA EA TOL BCE EHH 

Google RUC ELE 19 UATE Me AE set PEATE LEH, EH MLE 2 aT BH ey 
eH PAT BRAN E Bug eA SAS Elba. FES AME oe. Fe 

@ Bug HRA AL Pr Bo. EBB ZA RU EE Pe Bee CY BE MEA 

Alt, Google rac FAHY te Be OL til 12 AB xe FA yb Et hk 2S I ERT 

IA IX A EE HB HE 5 SY 28 i EAB EP Pi BR BAL, 

PEER UBIO Ae Be ats SEG Ee BH Pe ZB — AR EI TD 1K PR 

TKS Box tE Google Z 9b ern A “IY lH] ae Be 42 (point-in-time )” , 7. Google A HBB BRA “EM 

lH RAT” » 

HEM He BEI ANT TA) eS EZ. Dead HE A EE ate 1% 7 FP EA ACID 45 BASE 2R A 

ta Te fit, TA HEM eR ERI TA]. WER. PR MES BTR, DR RAS ARR 

Fi RABAT PIES PE, JLB ANY ETE ZE 

562 FL CAE Be TD at RP PK 4 Te ER a LE TARE Seti. RAS HA te a AB 

FRA I — PRY BY 48 BR HAE he fe ae BP ed RAS A BA, BR TR 

FARR API HD RE ATLA SCH: S PPB PB. TA ASHE “ERI? BT Ea ee Bug 

Pepe A BRINK Ay ENT YT LAR ETT PRR KA. PLA BAT AT EAL EFT ee “ER 

HR”, RR ER PY BCR IMT I]. fd oc Eh Oo PG st 48 OT BE FP ET ik, ATER 
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AFI TA]. ana HET AL ke % SE I SE FT Ti RAR, SR EE 

AEE AZT E API ZA, —e EAB API AeA RSE. AINE, c2e API 

BY He Ac thie BY IY Ta] Re a, EL A Ha 1 FE HE AD AB. ROS BE ay, 

HS Z wot ov 1 Val HY 6 PPE: 

2 TPO ta oe EAR BY AY Bl EZ A 
FEB Bt CE PECR BEML IIIT, 62 SEV ABI AL i] DUR fe TASER ERAT RAI. 

7 REM: Sa. HPBURAREAHSHOMRS il 

SATIS “SEG Aad” WONT. —~P ASR EER IE ee “BRA A EG a Od BE EL til] —— 

LiL! ~ SE ALTIR A, WE BRAS HVE (locality), PRP de ae 

BS. (enh SBE Ky sre SLICER. PA lS PRIA RHE 

tig 2 PATE RAZ Bi. PEMA Hoe LA ER RABE EI & ASL: 

ALS ek Pele, BAT a RE Se Be eS Se CSE SK, IRI Be ee Se HH ae 

EASE CEP 2 i AR OL Gil AT A AE — 8 FE ERB OY TY Bug $e eR 

, (Hse VR AAT ER ES De] TSS, CPLA LAC PL Bhai fee Bos ——Bie Ha #6 

Bud PA Bug ORY). AHESCHRAU FE fille, EAS SR A EIT SLX Bll 

Ee Bede Bh O-day Beak * CE A SER BSCE GE ER S$ HL. FEAL AHH 

PIAA E AY Bal AS, BOSH JAE SC Ee Tri] — 4 SC ER SE Se 48 Bd SCE HL SE BI HH [i] 

a Ae 

Att, Re Bl, SPEER BE: ECT X MCB . RSE TE X RR TES PEO 

PREC IAS 2 ED RTA ERTS Bia as A LAT BT eB ad: TERE eR ES Bug, 

AK BESS GAM EY ET ED. AIR TRENT. BRA Se EER FEE i 

RY BCE Tt HE A JE AR SSE EN AE ee FEE SE ORR eS RAY Jd 8 PEA SE to CEC AR Ae ER FE AY 

Bb Ta ET BH DR Et rice SEA EY TS, Ha a HI SIR. TEBE ES, HES 

BE By ME A hes BEL PD IY Ted till, PR FB te Je BRE Se ke CE HY A The BE 40 J BY 

IY IB], “SSC AUCH A St 8 OD 8) ET BELA NIPY 

FIX Toe, Sb iia — TRA CEI, BT BEER KR cal 40 a ABH If — 

AS SOLE AR SHY BERD J AY HEE BOLT VIA RE. MA ROR IL, Se re 

IP TAI AA Te], LA aie PB AT HE ris BE He BeBe NBL. HES Boe ERR Hah J ape Br HE A BH 

if 5) 4 https://en.wikipedia.org/wiki/Zero-day_(computing) 

126 ALLRRAR THM RGRAY LF IR A, AMBER HITE, ALTAR [Con96]. 
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Re ERATE, ANSE AY AE, TESCLE MC By ge PIX ANE BEN LEI 

Ra 

fi PF] tit Bin) PR AE] —— pa a DP a SE GE I 2 

BE DR YE] Se BE Bd PY FRE IR RS Be BLE SB ti JAE ES, Te AEE NR REY BER 

HY FRE hee Se — Be EE TA HAE TE SB CE Jr Te ye Pe SB eS Wd ELH] — Bec IPT 

THE. 4 AI VBCHRIMY , PAE He SS BU Bett LE 1 a IP OG AE PS FR ft 
= 

I AE 

Google SRE (Rie ade se ten + Fx 
wR A MRI Google WIKRE AAtZ ih HH lal ARBRE, SRE lal PEE Be FE fe] — PS Be RPL 

HA PY BE CE dpe A > AP TA) Sa a ed. CE Pr AREER EE FR ES ee Tg OP PR Be AL 

MBE SEEM, BERS HEUER. FAA ERS AGE Sy ERE 

24 Mase SEN SMA 
FRADE IR AVS (A ECR), BEATE (AERIAL AT DA DDB RPT A SR 
RAVE IM. PREPS WAST BR, TERT. SERDAR iy 
WHE Wy EIA, A 26-2 GAR THEA RT ERS RC HEUER, DAS 19 
RE TE 

JUD Maes Mates ee 
HHI Te 

FRAN BY OL, pan A 
BUA FE TRI TBR 

UP ATER LIFT PF a FEI 
Maite gate RAF EH 

FAD LPH bust NiL FHL Bug fe} ATW BA 
Hs AE BE SAL AT RL 

BH26-2: KTR ARM BRB HE BE 

G5 — REAR MI (soft deletion) (sare SE#E API FEPEN “HOUINBES” LAH). 3x PSR AY YY 

PR APE SE BG HP PRUE SK A ETT ER SP BC MH RY BE, AED Fo MY 09 He AL BU 

4]. PIER, bitte kh, PLERSWAR Am “AHR: PHM” ih. 

ie ER, AUR Ta Ay 4 LAE, IBA fe RHEL se PT BH SE A (LAE Be 

Hee SS EE AS oe Ze he FA IL ill ) 
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ss — Fe: ABR 
4 Ei IE AER UL EBY A A BE POT AE, AIL Hh ee AL AL A 
Bug Hb). Seif, BAIN BR BEME NY Bug AEH UL, Bk 4S Pte Sa bit — cnt vy Pa 
BR EAL ELE AA EIA Ze ACHE HEB A 

ffl — 7 fr Bist FP Be AE IVY 2 vt Bo 70 Ba eB Se PP DB 3 CARY th AS 

YEE Ses Hb 22 bP eM oe. TOPAZ I Ce, BET ce LA) AT DA 

PEC HH LOS, (Hae AE RTA BR I Me, We AIR TOE HS 77 HE BR 

EPJEBT 18 

MM GAL ll HY LAs BE DIZ SCRA AE Do IMAI SS A ON ER PD Be He 7 Zl PAI A 

CNR. ax Ree Sea nS Zp A A yD a ke LS SEY 

igo. Who. oe Hae. AP Sch, WR TEA HERE SE. ZEA PR OY 

FA ES ar Be ea ET aS CANS, Weed Be EAE A Sc PTE AY EB eZ 

BRAUSCHE. Google iE FA its mal TAL ABSC RL Ti PLA, UU Se TAP OG A 

Vy 7: TAR TER « 

BEAN) BY LAG PACH ae AS nS AR Se GE I, EL eee Ea Fc EL Hl. Bie, Gmail WY 

Hr A TOE A PRE 30 KZA GR 

Fi 5 — AS 5 LAO Be te De MN BR oe HII Ss De EY. FE oe, SRR A Pi 

SALA i SS Ek a i eM BS, FE Ie UG SR CS SD HEE TT AEA 

4 BeAr 1S Fe MAR AIG SBE Pye oi RR, TERA, shat dP SE I SE 

SL A BAIL tl EY ties CE AE iy A MT 

eK MH Rad RR a — BB Ae ie CUR, CESS BI al a SAY I 2k SP TD FY 

fe, TURAL TEARS BGR OL PB GES AY Bi He UA SG AY HG EB SC 

Ty FA EA) 4 fet 2 Te A fi MAS, EB ED AT ye 0 oA LH RPT TA ce: 15 

30. 45 Bat 60 K. fE Google W249 Hh, Aiba ik -s HF AH cE VE In] AL ABS LE 60 

RACE aa UE. AE, aR ER FEE 60 FRITH HT HEV Fy SZ 5B 2 

Google [ri] yt Ae BW dpe 7 He YY ec Hh HH Ba Sd 228 Ae PE SS AR A PRE a ST 

FS WH BS a FE es A. HG A AEF BE a a 2 HU A EH ine KR PIT Ue oa, HEA 

ZRH) MapReduce, #4 Hadoop {me7k2%). Fak, ZEKE Ie, pe RP HE WE EE A A 

FRA RAGHEB SEA IME) Seek PMR ee. AS ABT ae LEZ 

API HE He AL ELAS PMMA PR AS MS API, ler AR i HAE.” Rar Ae Hn Be ee 

27 SMRNAARAN, RS THRAA: RARMERAREA BZ LRE—FE API RE BMIKMRD He, 
AMY ZAR PARRA LF RMP HR KA RAH? MK Google H# tk RK, VA Blobstore A 

Google SRERB AE TEHENFR | 305 
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LA HERE 

Tel TH) ELBE PY Gmail 4% Google Drive MI MNBRIARERD AIH SPM GR RI, (Hoe ith 

API RAIS EAE? Mei ATMA ZA HEE Fy i PED 2 HB A CL all, Vd FY 

Ay LE BS ee BBR UEL el PFS ae A oy a Ae FE TAD BE ta Se oe SD DS IP BB RR E 

ie AI BH SIR Lo 

EL Ay se, AIRE Ae FT FES FE BRL hl, Bee ZA Ll. AT 

DR “UIBR” DO ese aia EOL i, ee fe A SOP (SG UCAAEL. BHR xe FA TE 

PEBA NMRA BEES HID). CEU se BFE Sn Ob EF Be eA aR BY Bits Ee Do 

FARE REA ADA, (ee Ha 2s ch AS Hee BE OR BL Jed BY TP A) JER Be IH BER A — LE 

A I SAR WS eS FD: Ee AR & A SPR ES BR SC PY BE AS 2S AR 

BES CE Re is SE PR Boe CH AD SBI TA AR SES 4 (i) AEE BAL BEE HY Fe FF ) 6 

» EA — SE 

© FA S47 el ORAL, (EA Pe RAYE eb Be 

© MMB R AL tile EL IF Ae a Ee RY Ee EB, AR aR EF 

© ETT FF RSS HE, TRIN till ne EP OT A ES et RE BE TE Be, ne 

ELT ODDIE Be BET HY REG TEP ES 

RGR REIT OR. AEE ah CUE EEE TD RE BZ UE TARAS. APE i 

FAI APSA HEIN, 1k ECS ate lel Ben a — 38 Bt, I PP EEL TT cae AT AY, Bx 

REP AS SEB, AY LAF OR A ARBRE 

Xf Google Kit, Wo Bidae THe Ae APE RE cE Bi A oe PEC RRA, (ae FER SL 

Riva Bot EBRD seh (RBM. AT REP Cae) aR AEF. ATES 

ETD Pica AHEN SOL, REINER EAI — SE BSB, BER Z HIP I SEAR AS BE A MIB 

if Are ME Bids PI — a itox. AS ebeixelgocte ie Be, Fe ae 

BERETS 5 / SRC MA BR Lil AT 5 8 hoe be 

SE: abjiviaiguccildlemdiei 
i) AUB SE EAC 22 a SS REG A, Ge EAS Ae BN TE 
WT BEI LSE ot “WME” SORSCHE, i to SEINE 

= 

© 

4 : Blobstore *% API RMS AR FREDWH, BIRUVMSDRAE (BARBAA), MPF RBM, VI 

BRUAMKMRHR, KRIEA, ASAFRP, MPAA ARB A PERAK MHF AN 
AIPM RS, BRLAIRS MRRP MH AAR, PRAMS, KM AAG I Bug 

Fo tR AM R23 RP se A OY WL 
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© EAB RHE Od Fad ek 7 1 « 

@ cl 4 ae 48 RAZ AL (restore point) MSIF. 

° SPN fe 

° AHWR I lal 

Fa) SBN LE + TE TREK EL PEW MRS 7D UBC. FEMA MBE , 

Pat 79 DORA A EE. TE Google W—* um lf. IAA Gmail HA fe 

SKI HUAN 8 1 A BE 

GEA AG AS In) el, ABET ae eh EB eA. Ie EAE. KAA E 

ARS FAP Boe FF fe RAAT RD, LAB PRS TE AEE. Ay SE HE 

IAP AD, Bell ris Be ZEA PS (ELIT Te] Be WET ee 4 >, TY CE SS CMY le] Bead 77 a 8 1 

FEV ZI, He Pit Be Se AT EPY TD 7 HE SE Fr Tas I OC Bs Pe SEY Te. 2 BY i BE 

AHL. Google i i AAA ARERR, (HE AREA “PRER” Fe LE — Be iy 

Nel ( ZED] —- 748 fe 3 CHB) 6° Td oh EG ttle ETT TL BP 2 BE FV] — 7 BLUE ) 

BU PL HY 2) 4H STF fit 0 TPE PRR AS FED ER EB A BR Pa Be 

48 bd 2 Fh STE — Belby | Jer OS 3 BIE fe ee fie. Mtn a EBAY 2% OS HT 

8 1 PIA AE BANE? i Oo RNS Ni a CR EIT A AS es Sh. {Ae Tl ey ay Be Be BY 

Yas heey (ERR kL 8 5 Bn Cc 

Google MWW24RUEK, OAR Bug te HII acta tl, hay RP ADAM Bug 

wid Be HY SS IY Al pe, A] Ak 4E Bug VEE SIA ZIGILT AA RRL. RRA eK 

a BAN Vite Be HE WS Pe AZ ATE 

(He. FET ET TE BE, PONSA A OA Be Be AY HE (8 FIA AIR ER a TC 

(EAL. SEMA ce, IAP Be Se A Tel ib od FY Bete FI As Te] APY A A) Ee ERY. ALA 

1X the SELIM ERE S48 TE. eB Pe ek IMR CT I AE Ry oe Pp i SE 

Aa “se J: AL” RR Be A SR toil by HA Ree Bug ie ak 

FBC Te ead, EA AE Pile 2 i Se BS ARK RE oe OR. PRT. BEATE ACS TH el] aS 

AY Za, RIM RE PRAY £8 0 RAE ELUNE? ~=Google AMA ARS HY £8 f Jal HE TF 30~90 

FZ MA. PEAS MH Ds i a LEP AT BCH EG ND ES, PE se A EY Pd BS FSET ARR 

Pim Ax PX IH 

28 “RR” A PHARMTAMRAIH-hAR, BAHUMA, te SQLAEEH—-TPRE. RARE HMR 
A “copy-on-write” AAEM, URDABAE, RBRARAARA HE: Z—-, CNSARKEFR 
thb pees, Po, MNF MIK ZAR, copy-on-write 475 AAA MR. 

Google SRER HAE TEBHENFR | 307 
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HELA LEP 24 BPZEL A AY POD ESCA | De a AS A AA UZ EH Re LI 

OD he Se OP Be OD oS — De ah th ne ADEE £8 fo 8 RR ies» FF LAT ARR RE PH KE 

#8 DY RFE LEG BX ES TE Mi ELS Se ED I ABE DBF fee Tin] he ee IE 8 FEAL BY 

ERA ARENT A AK Ba KE Bug, UR R ARN otek. Ht BAA 

Wi. BAER ARAR BUN, Be OR ZA, PeScI iA ELA Bh 

Bs Deh DAR BIR, ATR — Di BB PB A AB DR ETE ITB 

Fr ALOE OLDE 5S ATA SCPE ARSE. IEEE OD AD ET EBT I OR aD. re FR AIR 

Por (Se FA BY Bice 7-H BLA AA Se Teel he PEA RP, (Ee BEE. 1 TCE OR RAE 8 

BYERS BS A PE ER. TK BAIA 2% OH te BY A aR EEO HS 2 ss BP Td A 

Ree Bug, ABT AEE BBY £8 SS Te. AA TAS AY 2 Ais IPL La] — 

Rene — NK AL a 1 — Jed BP Jd Bk Ph a A] BE a BLY 

426 RAY Be all 2S 1 A Fe ties. Td EY Ha he Se Se he Fe its (AS iE 

1 pe HAE) RHE ME i ot AT A Be De SM BB, AY AT BB He A HL oP 

Mave Bug KIA A AE ARS BE A 

TEAS Vd YY Je BRAS Kt BO ree AR GE, A ee Sn 8G JR RY He AF BIE SG HE 

RRR LBA EF LA, Ja BRAY 48 ty Bete a PE AY SRR. (Ee BT LA GR 

FAIRY lel BEAR 

ah— Fe : SAL Gl 
CEBLAR HEALTH. ARS AEDES, ELAR UBLE ORE TA OI FR RIED WAL ZLB 
AW, BLATT RE CEMA RL RE, A RL A OSCE EL SY ke TR, Bt Re LRT Ae 
OSCE RY IB AHR te ECE EAT AED 

Piel Ar NC Te SES, AN BED EA SAB DAE fr A hill. PERK REA Te RY 

i 2 EBLE AS TA re BE A, EE SAAN SS TY Le TBE, PZ, 

BEE Po SCE HE APICAL Z LE, fila’ RAID. Reed-Solomon 24 ##f4, aa GFS 2 

AU YAS HALA EY 

RE PEILAR ARSC, ANREP APA A ARSE A Arak Ph AR SCY BY Se PE RE a ak As 

BRAS 2 LAY BC SE OR MT. TE Ae. BERR — SIR TL, FFA ARIES 

FAH AA AS 

£9 AKGFS KRW ZH 1s BT AKL LAK [Ghe03]. A X Reed-Solomon #44 ASF] 4 LF, TRL 
https://en. wikipedia. org/wiki/Reed-Solomon_error_correction« 
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1T vs. 1E : fe S SHEAR fa 
£t xt T BH (Terabytes) MWinPEAIF-Pe7E E RH] (Exabytes) JF AAE LES RE. ZEIL 

4 GB AARC Bete EVE Ree. ez Hl AVES yee Be TK AY BE FP Ee. (Ae AE ea 

AVE WEA SCTE SN a, TRH 28 Sy PRE, RE REIE AN A APES ME, 

BAR UL, PENTA He SEF BBL as U.S. a EG ee TL 

BY RED he Be A EB YF 2 Ld BR JL aU AS 

ETE, BRA LFA a REMY EMG BES 700 Petabytes WARM LACHE. REEL BA 7 BRARME 

I SATA 2.0 #21 (300MB/s FYHERE ). (1 re aid 7 — abd Pty SE 7 Be EAS BS HL 

ze 8046. IME ILA eR ill, OR Ae BF oT th Be I PE 

Al. AAI, FES EB) — 2S GE AeAb PIPL MAS. REO, FRAT AL AE 

oe tg BEA UL — PTE IY TB OR Ba SS ER, Fe EH Ee I fe 2 ce BD 

80 4ELL RTI S. SEMA UL, ie RMR SE ET TT 

Kh BE iy ee BO. ie HE EH ie A OY 7 se 2 aE a” tt Bo 

Be ie Beer et Z Jer, HTP Td Sip J TA 8 NY a. As Se ot BE 

4 SAW CA EDA AA TREAT LARC IF LEAT HY hill, LAER RK TR 

PR, BATA WETS ee eh FO ee A Le a Od i i BE A 

1X PRE AR AT EA ee BT i) a 8) 5 SE BE A BG AY Ae ae CE — 7 Be A. REA 

28 PENIS at 48 Od kB] LAA SE 80 RAY Be A coer FSS HEH So 

PR, be Scibek, RMN EK. Area. (ie ABET See 

PR Sin TFET HS at 8 Yo TEE SL — Do) BC a id SE MT EA, 1000 4S FASS PEE Fi GR 

N45 Bo FE — “SFA EAR GRAY FO) SS DBP Be AE AUD, Cb Se A GE Bi) AIF 

Te LAY BAS 

Fy Db — AS BAR SE tll ABE os EFS AD ERY Ve) AS ee D7 Ge AT RUA BD SE 

Fr WILE IN AEB FRAT IET. EA ES ATA Si oe 3 HAN IE is BEE 

Bert rh 2 Wt Be Pte He te, LAE : 

© EM BEAD I 

© RULE Ta ZAP 

© REGAN SIFT IES ZA EE A 

iid ich AO ay a Gia 2c, Wiad Hh ag FU] APE RE WE — RR ll eee, BATT eT RE 80 4 Hy Sb FE 

EY Ti) BEAR JL + Bic 2, ERE EI ATE CE 
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pe> FH: Sms 
“WE” BIE AAA RIL AD. ENALERTAS HE. EOUAEN Mae EA 

FIA Be He 9 5A BT ESS Be 4S HAP ILD . B e ET. CH BHR EB  e 

FEA BME. SIRE PEIY 26 FS ROT CED BH RG Ke CE AE FRE Bd a CH HY HE 

babel PRE. PR RUBIA HEE Fe, BHR ES RA SD . thik se 

BU BF AS DMA PER 

CE Ty BU Bra BE AY ABE, SE Fe Re its ts I SH PE PE BR 

fil an : 

© AeA te 7 ft Z TAA 5 Ae EE 

© BMI A LE 

e (AfKHS. 

© TCE BLY el AY Acta XE FS 

© SIMBA te AY AT ARE 

QURAN EE Be ED EB RAS BL, FE fe 7 AT IRS A BH IO 

FE AE 2s DBT P BAEAY 

— FRR UL, AB za tb GE a IP Be ae SS ae PE EI — 4 a As BEY FF fit API ( fl en 

Megastore), {Lait ae hy FH Fe Sth — BPE AY [ell 30 29 1X API (EF a Ai EAE 

ARR BE (PAH, Paxos, Wes 23 tt). FRA UV AMERE EY API WALLA PRB Dy FAY Be 

TEM To Porte FP Raa Bs Pt TA Do FB FB PS AR DA A BE Ft SEP 

A rie Stet BCS | BCPENY [ela , WT FR SS re CPE RE AD He PEAY [el . 

5 PR 57 Afi SE AE a BE ECHR To. TE AS LAS CT ST Hack. fit. Bug 

Ail—“eFG Mr. Bilan: BYE LRit, Paxos SMUG MBE a, A Ai ei 

rE AH a BC Be AY Td I FF EE WB ARSE CE. THe. FESR SAL, FLAS AY Ae aE 

BEE RT iy A REEDT SHE CAE t e ME D BHS 7S , PEE CE ASTI Paxos ELH (ZS 

WUSCHK [Cha07]). Paxos PriX At & CIM Tal AE RAM A? SSE SAY 

Py BEL as TH LAG Te cB IY Cay HEE PPI). FRASER eID TB), Be HE HE 

EAS BCE UDI, AY RES A ARE SAT A RE oD FRB Be Ve LA , IBA Se 

1X APACS PLE AS SCPE AY 2 Md GL RAI TIE EXT Paxos KAW (Google Hy 

28 Yer LE AY AAI ). IBZ RR eA BOPERY Bigtable “Sk BLK bit Ha HY (Google 

[367 > ZA RCE NY ) . ANE SC RM AREPDe. e E TDS ATL 100% Wize BCH AE 

TEAL > BRR CAT AH Ta TF MR ARSE SR, a a re BE Be Yr | 
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{BEI [rr] ed AS fp SESE AR A) MAR AH AS NC eM Re He SH Bed a 

KAS Te) PIL AES AS Teil 8 Od SE A TPE © EST, FR Ah BEG HEB AE — 7 AN a 

HEEB, FRE RASCH Es PD 2S Ah SY a BH DM 

Ti) STE AS Ser 

ALS ESF Py Le ae PE, EB CE ATS ie LZ a HO BE ERA AY BHR I, Be BK 

REA, Rie —RE WS (out-of-band) A AMES ASEM ACHE TEE A AA 

FZ BCH lA a 

KBD TOLD. BCH AC USE iat 7k ER OK SE BL AM — H Fil MapReduce {£¥ MH Hadoop tt 

Fo BPW ee, HEEB UH ETE TRA MD Za I. AED RE, BETA 

WK E EMA A BISER DT RPE ASI eB RAR SLA, BASRA A BE SE Ze ES 

Google $b} Lik a— BM OL ADA SOT BCS ae 0 

BHR PETE BC HIE BR — ES BTR BR or at TK Be PY BE ZS ESA BEE AER MY 5 Dh BE FP AC A RPE 

Rif, TE BCH BS Sm Fa TA Be A Re oe Uk PY LA EEA HY TAD PAY Bit tbs Me 5 FE SY EAE A 

Eh. Aw LEI TD ROD RAW Bug KIARA BitA Er ee. FTE 

SLAF CUM IROL, Bea Be Sor Uae Be AT A LEE PEE Bad Re Hk BK EA 

7&— 7S PRAY BL: Gmail HA — A Fl BCH BC Ser eee 5 BB ae AD ST 28 EAE BG 

for Wl Bl LS Bee 7c EE la) el. Gmail Fr a HY RE BT LAY BC — BPE [] LAD 

BLA AE 24 eb Z AY se tor Ul Bit BU AG Blok. REBT RC or aie FETE, 28 A BK 

Je ll YAW IAM Sc Hee te Gmail Fr RA AL BY ST el & RAE Gmail AE FF ik A 

HL 

tt SD AS He AB es LC BME LATE SG BL | 4 BSH FL VU DC? BA EE fe, 4ST EELS Ep PRS (8 ic a 

ZS Mit Be Ber 22 BEET UC RE OR YTD IE SS TES BC 1 UA LI A a 

ABA wt AT RBIs et AE A Ae a. Ee ZI ee SP i, Be 

{AAC Hr AB HE YF POR A Be PE A Bc te Tel 

ilk, Google Drive FY JAI PERSE SCPE AAS Drive SOURS I ZE— Be. AR BL, 

WE HELE Se HE BY HER AD Be HR th ae BER PEAY a. GIT AK Drive Pir FAA silt ie ie HY 

TRE YMAE Fe TE Be BHR — BCE, AAT TEE BRE CH He Se at BS Ay TE, A Ak BS BT 

Uo IRS BASAL Hil EG 2013 AE RAEN — Ue “ML, RA CR ISTE YAR” EER IM aL BS 

Be “Be AT EA Bots tel Ac hie it, J] — FOR EAS AD a” ERO. RE, BCH BC Yor a he 

mi J CREA, WE BE, WHET] OS Ae LZR TP. 

KPA PAS tir Sb es UU as AY AE AS BSG. Gmail tb FEE DRY 1B A iB > Bk OR XM FE: 
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BCH RMU TIS 17° {SE Ie 7S Vad ed A Fp BEY A A. Be at AS Ep HY ESS et ER ot Re E 

AT aSHY PRE, CWS ee OA A ay AL Mi i RE PB A) SRE x AP], Gmail fete 

SAME Bee: ae RRL Al), Tea] EP ee 30 ix PE BCI ae. CARRIE EE. TERE 

UR VE, BCA BAIR 60% Fee Ah Hee Sk BD (oe F238 Ves] ENDS. 2 BR AER Be Yor ee BE a 7 

Hil. PAK aboy Gmail trill ae PEK ISAT — OR HE RAR er at TA) 10~14 429 Fr 

BHR ASB IT ar 

Google 27Ffif (compute storage) 42 5 Yb—7 BH ae ee BPS BF . 4RP 

BEG A LAA GE RZ A Se BI. 23 ER RI AT EA ORE THE 

rtd 7S FA AEA TD TT BEY. HAR TE BH eS WL il ASE Te DC BCA BY A ETT 

Bi A 7 ASA LR ANT, PERE WB Ss 77 HY BCU a BOR >. Be a A RE et KS 

ATES BBC Ye is ZG IPE AY [ea ead tty EG tbs BE A Bee ait BT EAE Rs A, CE 

15 JE WE IB ARRAS AY BER 

BY Bi BE Sor ene AL AY WC hee BEAR AG TD 3 te CAE SO TL PT PE AS — BCT AY J TA YE ZE JL 

SH. JL/DI AULA ZAWYA. Aloe, Peak ae fe eer A A Ta] el TB Ae BEA. ERA 

A’ Google Ik424 on-call Lfevnsett FIRM TERM MALE. ARE tcinlea. file, 

Gmail #£ft4 on-call LFRUGMWA : 

© —A4il| Playbook 3C Ft FEAR Ai {if Dy MTSE PRS EM FRE 

e 2 BigQuery Wt iy _LA.. 

© RHR RARE. 

— A AS BLES Ht I) BE BC or FA St he Be PIC : 

© BUG ES NE 

emi. TRA A ee oe UL IM 

© Pik VBE 

° VADAHE ET TA. 

© EPS ye OTP 

© BC Yo ae A Se TE A A Bor APT 

KBB tess BRIE 1 HD 7) A EB AT BA AS ELS ae. PSEA Ek PY Ae SE eg Y 

Ee RIE BATES . Be SE AR A ine A. ATA, EA BR PE. RENT 

ARR ES BIW FE. PE, eR A te Ae PEL So BE — 4 th oe ez A & 4 7 oh BU E 

Ate HE Ee BCT BS oe EFS 6 LAA AI eH, Tt AE Pi SP BH CE Td" lh FF BC 2A Hig 

we AE RS yA Me, EAA AR HAT AS BT CE I RE Bo 

312 | 26m RETR: LS—R 



HA tR ELE URS eR AY YATE LE 
AIT HO FE Za IY ABE RD AE EE JP 3 UG IT 2A AS HEF BSB Tad GR 
JE HUT HT REL ELAR, Bean ESI PULTE RES PIS LESSOR. IRL, 
OSE Ti — 7 Ea, ATARI CL GERM. HALA Le 
BET ) 

AREAS, Be Dyk Ue a Ok SS Tg BEA CEL GH ae PRN 8 fo ie) fe ta FF 74 

AIR AS » TEVA EAT RAE ZH BSF A AE 

SUS HE WS FEEL AE es BEX PE BH ZH oe UY BB HAN, Ber De PY EA ME EZ IE 

(1: RMT The, Ea, Keak SLO. MA, Eshtrillix 22 

[re] SELL PAM : 

© FRET BC Te eS UI ETT MIN, FETA MUTATE AL IE Hs 1 AE ER EA — BBP 

0 SB tk it Fe Ti 5c Bay, A Bl A 18 BER 

Bl ie eZ Une Re FE el — A ab AT BE Tel, A Ee ei Ed ee AA BE LE 

AW Et HE ee BID SE se EC Da Jake aE 1 ae — RB RE PRET IN CE AR 9 RY 

RE lala. RNR MAE PSP. IB te EE BI Es AA IE WET 

BRE Za. AHEM BCH GK BT 

fn BAR LR EFL. OP BEAT AOR. BIS 2. BRAS HT IRR St Sth BI — EN 
BRAVIA. ORE SAMIR REZ KARE. EAT EN IE EF 
FAB. AE. AECL AEE. ABLE ARTE A Bb teak HEMI OR. IE FLARE ATA 
Pea iz. 

Bei SL UP HP ig Be A ate YA rE RR A: 

© APM OAC. IE BAAY—M—ib2e EH)? 

© Bel ae a AE OS BEL Ot WR A oc eh 5 A PE Re | TI A AL EH AS 

DY, FER, AR Bei a DBE ? 

© ES BEAL EEE LE BRAID TH] A ee? 

0 rE TEBE Pe Eien AS A? 

© Be Se eh Fee A ie TEE TCU He tl 7 a ASE ee 24 <7 BIT BY EF 

A eH TE fe IT? 

Google FIERA LWP AN E—T laa, ROP RAL SIR Tbe Ate BIN 

Wey seo AN BE Ee UR PE oR PE TL ie EE WE A BH ik 
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[361 _> 

be A Ib BBL, IBZ, Google (RA ARH SEM MAI in AT HEBER A AATE J 

FMC AS BT RES, AN SSE ly eh PR ie PE BT SE MM ye EK AE AA HE 

47 WIRE oh FRIES, AHEM TERE SS. HEINZ A Ae ib tee | 

FE Pll SP AT 
TERN CAT ASE, GH TR Be Te HET TC BT BA eS YE SL 2K ta eB 

Hitk 2 AS, LABOR CREND SE RE RE. fe PREMNATTEM TIER AA. FFP 

ARN Sy 3x 

Gmail——2011 2H: MGTape LRSAHE (BR) 

VEDA RAIS ANB TAKE ERI, EER ST ARR > SCE RRS MAE 

lal PT Fe Wie BA ABE A FU KVR ACHE EAE Google RMHEBKA wa eR 

BZ he Te Oo AS EE LEA KR. 

201142A278, BHA, RX 

Gmail AHP ARMA SAA, BA PRA S09. Be I a] LK 

ie TE PAR SER FARE P —— ik FCS HIE 22 & td LBA 2A Jk FJ Gmail RARER 

FAP Be. AMA Pete. BIE ASP EER Se BaP he, GAA AB AL, 

URARNICR, BER EM Gmail APY J. 

ikxe GTape, A Gmail eye tM —T eek ASU Eb eR — ee ye Fh 

BX EAP BH. bat, APTA BT ET MIA, MARE ARRAS Zz 

HUAI MUA LA. AE, FRAT ATA: 

© ARR TT GE SE Hs KB a> SE a Md EY Fa EY PY Te) 

© EIA PATTI Tal Z Ja LA i SS Et as ae SP 

© FE 4 iBal Fe UT 5c CI Tl ZB AT AR SE 99% FY ASHE 

1k FA HIE 0 SE BR Lp Ae — 4S PS ED) ES a zs Uf ae YT) AF Sea TT A RU A 

re EPP AT ERE, BOLLE. UR EMEA BEEN . AE TI RE a 

FE RIES , cE RA RIS. Google iat RRR ATIC “RARER RDI” FN “pee 

a SEP RD ER ate” He BAe ESR eT R.A RIE SR Baa 

“ Google HA Ff i FRE wt A et eat ee a DR RHR ( Bs WL Cia 

[Soll1]), Ae RMMIEH AK. KRUARA Google HAKENWI HEE FAITH ZS, ASA — 
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WET AB FIL RAIL? “428, Google MARA KEG. (Hat “RIES ABH” BAH 

BRS ABA, DEE TEI — 7S RY Bs Ps I 9 VE. EL Gmail ix Fp 

TEER AR SUN $8 EIA DAD Je TG. 

e bd} Gmail AMBIT AR OF ARSENY BBE 

© PSS aM ERE TEREST (Wea) AY 0-day ise ti Sk oh Me SCE AA 6 EY [i 

ASR BR EAE Py Se FE L— Gmail BAAAM LAKE ERM BH. (dE 

NMUKRERBHEAE , YLACAAREIE MIST T 

Gmail Bei te Sg el Be Pe Bl ie B ADI AAP ee Ke ABA ELA Be ee Aa at Be 1S 

FEAL Gmail JORMA AB he BE SP BY. kOe BH KS eh Peal ah 7 oe EI AR 

Ub Sel eae Val SE ERE FLAN 2) Ti SWEAT AY Be DT ERI AE 28 PE Hd ok: 

ANY HEREIN © Google FR iW ix FICHE AE I RPE FE BID EMS RA. Al, 

BAIA CEE MY AY PR ESE VA PE, TH LAC 2B LIC Ae 9 EW oe 

Tra] PPL Ue, a PR Be AT —— EDS RL 1k YE pe GE I ee ATR SEN, AS ic Bis UI SG Bas WE WX — Ao 

Google Music——2012 3A: —XBJMIRS ROME 
13 HELE VERSE 7S BEE ER RCE PA A A NY J 7 ME = CEO 
LAE He 5000 AL MENE, CA Sedntmt MEMBER HL (BEAR AE MIA) MIR SME Sr eh Be HL at? — 
iniiX EDS BE es Ce 7 IN U9 A 

201245 3A6H, SMX. FF 
Zc EN Ia) ei 

—/* Google Music FA iF EE Z Bit BCE iF FY ak th BL ETc HR ie F. Google Music HY 

FA PSC RBA ae a EYE BA, | 3 7S Vi) bd ke VIS Ay Tm HE AS A [i] ped PE 4 RY 

3 ATA, ropa Sy TRE Ae BL Tce HG CY ak CH HE tik > — 7 eb eT 

Tr TE CEFR EL. PAE Fae PHA ee. {HAE Google LEZ) ii xk 

CRIA, HHS ILA Ase. PAE He AR FE ASE ERK BT EE [nel 

4 BBE EE EA AER, ARIF AP I sk Be BE ART RP Re 

AL A AY Be Bite zk ee ATM PA. Google Music Mik ASN ett A te Z ie 

FS HY FEAL AUEEY Td A DH RE at EH 
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vf a BP 
Google WA RIG RIEU OR A Bt. 7E Google Music Ik, Abate ee 

eR CUE, DA BORE oc Ba es BE EE a Ze BY Ta ve Bl AN 7 a +P 

CMH. Biz Google Music (EFA tien, Beth RRR a TR, Ue Peay 

DH RAL tl ak Hose £. AE 2012 4A MET SMP. 7E2 AOA -K, Beret Boe Ml 

Bint 7K 2 FES ET SF —Rieit, MIN Bee AE aa, Pak CREE Sit 7k 28 FE 

F HY 6S Bt Be B47 —— BED ER T Y H 

PR if, FLA AE RR ES rE AY [a] eS? AREA A FA ee IA Se 

lal ba 4 PARSE Re ZA BE, LAR SRE AKA. Google Music MIF AAA SRE A 

AS NTA ST AS. Te 1 Be MR iat 2k ZR th oe eI ik DA lela ye Bal 

YR. 

fe pK, Falta ges SATEHUDAMIN A Da, BEBR MILA CF oc Bia a 

SRE AS AT AEN. IAAI Atta 7+ MapReduce (- FS PEA ARE, AE 

Sp BEA RATA R. 3A8 A, FEFATIRM SS. ABARAT A AAR Ss Rot 

WKBEES AMIR F 60 DAC, KZ 21 SR. Hk St aS 

WW Ae Peak fal tt HER MUIR, Seb AY [AeA SS Ea 

BE BS Ay [red hc He Be att 7k Ze 2 Ss 7 eet A, TE EAB YS TBR SLAB 

BRATZ RA ee A. SE Ak et BH A QR ER HECK a. MEN 

fie AT RAE. FA aR AEH Google Music "3? FAUT VEARE AE BBX Fa) RHE 

We! 

(ca) eid AY ER 

Efi Bug MAGE RS MWHTHA. Neve aA — AE IEW) Bug AUR, DE TSF 
Bug PoAE WOE Ae A. LAN SU VL, AE PH RA EE HC. IBA 

TRS A AP es Do BER BA a es FH TRE AR. TC BE PR ke A hl 
MIWA SAS eR. PEAS AE BAT CL aR IER. 7S 22 SRA! Gy EE — HB 
te (ES AW al. TE SER 

PR ts A ik SE OA A EIT Tal PT OR Be. EPC Ba PR ee fo) Ba LE, (AE AM Gmail 

Axle], Google Music HAF att KK, DBE Bd ee ee HS 42 zs TE ee FE BP 

Ae fi 2 hts $3 2 its PT A FF BOE Wei 0 Ay THE AG BE PR Ay Se 2 ED FL Pe BSH 

PABA Re we CE Wi PAR kU) we EP Tra] PY FE 4 7 oe he Oo Te TY PS BRE OCRAREIET ECT ) « 

£10 4X http-//en.wikipedia.org/wiki/Catch-22_ (logic). 
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Levi ay APL. Za dm ine E eA SRE By ce Bee Pe AL 5 WI IE Bee GGT Bt BHM SG 

FRAG, AT SE AR DV] el. FTP ARR UR ed AN BT, ES He ie Ah FT BR 

wetT. WIC, BHR 50 AR CHA eae PET AS. TL EEE HE DY SE ABA 

TE |e Pate eR a] 3: 8 APA 4: 34 WB Se SS eh A. 

ee 

[Kril2]). wena PAA FE DiRT TH) MIMI DE act A SEN AE Zs A ll, LN A il 

VE DOO Bete ee eT. Fae 7 I, BAA SP aA a a RL ee 

SCE A HEE THF 2 Od Fe EAE HY 4% id SCE a FTA OY SCE ULAR OU 

—— of Py 

3 hae 7. ABAD fi fo Ht oS — FE ik 5 aed Fe i SEF S000 Fb tek tis FAS 42 ae 

FFA Za Bete HU BARA A ie Be Ts Ek Sy Re PEP OR dh ea at 

pbakeuuhaebs ae Sistas (ue ceri: fed 

EU THD, LAB Bt AS A] BURT AY [| el 6 

EASE, OOFKELW AH HAA 436,223 FMEA. WR AAE th 

161,000 KRHEAH ZHMEARKS. RHEKRBAM ERE AK ithe. He 

AH FER IX 161,000 RICE DBE 

RY, By oc Dal Ae A Pa] LA A RB A Ee ea, SAR Ae ER UE Hs TAS LA A 

Google Music MR EWI ACta fia IRS te tt FRB, LARP Bra Mn GR iit zk Bem BR Seer 

RAVER. (AA Ze EAN AE, eS PE ERR IK AIBA REAR a Hex PA 

AAR A FETENY Bug. 

SHWRS. MHRA Sah Met Zia. Sak SE 3 A 8 HIE 

FFE aA ST © May aii CE See BS eR Be hte A LPB ea i eet 1.5 PB BCR Ae 

{RME, Mix Hema A A Ee BH at OE. Google A Ce milly tects £8 fo ERE TT 

AFG ETE IXAKNMREIES . ATL — FAHY Be So ot FE RD a7 ke 5,475 P/MEG~ 4M 

Be A fy BT A i, LA i ak = I Te]. A Fee et Pe HAR FT FE 

AB|ARSHIR. MMI — AEG LE, BeHBSE SRE Bfthesemk. 

7.39 AZ RIE, SRE APY 5,475 PREG RBA SASH. BaD ABI 

iT 44S it, 74H 5,337 Bee a eM eh eR i 8a. —-AWI BRE 

Ba ik eA SB 

z11 ARRP, BSERDHKABD SREAMHKAHAHE, AAKABD SRE PARA AEHREF 

RH, AAPBRKWEE SRE GER VIB, Mi EEPU RH WE PTV T MAH Z SRE 'R 45 

ERIS BARNA AR LALA (RIL TAR [Jon15]). 
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fe KARTE LIM, BORDER ALA 28 SILAS heer Be ti SOL aR edi 

PMA IK RA AY BC KE PELE TPR, CPP A TA SRR oD FRA 

AJL Bk ee ie Be Ee i AL. Fe SAY DiRT YEW, 1k BPP oe a 7 A EL 

eis PL) Pe UE SR PL at FA RA A RRS 0 SPAN, ee ee BE 

PLAT RE Fistt, FRAIL E TREES BMS A ATE Hit 

EPR Z fila DiRT W243, 1.5PB Wee Be Pe See LETT lal te 2K. BI 3 A 10 

H ee, 436,223 SPE RA 74% WI SCHEM 3,475 Fee EBB SF Bea 

ar fa ck Fe fie. Fe fh 1,862 See EB ie scat FMA ae, MEK 

it Rh ok 17 eee F. HFOCAMITEIA AeA, SAMARIA SPIT 

Ar AA. PEE aS EAP HE AS Ea RETA aS. RS I 

1,862 2h Ma 

#3 411 Ake, Bet 99.95% MRED CATE SHA CHP IL ae tee ie AY Ee [al 1, 

AEE A. PRR AA KB Ta Ae A. (EL AY HP AS ah Be a 2S 

TCM, AREER PIE BILD lA]. Google Music AIBA FF aA te ARH —/) fbr Evt tr Ate 

Ve SEE REA se Jia FR, TRY AN 9 50 Us 2 RE HR IK Pe BEE HE WE I 

lajIhE, Google Music 4E;" AWE ST, BPR GREER DAK, (BASE 

yee FE ALY AE") es]. —— 1, I] ved SCE Fe Bk AE IT a]. 7 3 

13 H, Bete Set RAL, TR 436,223 AICHE eT A Pel (UE 

STRANI, BATRA S 1.SPBINA PR. 7 ZA 5S OA FE Be ARE 

TRS. “MAMA KS aR Za. AAS a REE BO fH eZ PY 

161,000 ARTF RBH, AEB Ha TE ee fp WET Z HE A BR. REESE AD 

By Hil PALE CH EGY 5 et a RE) EI PL RCP AI EE RPE SCIPF IRR BK I 

{Hz 161,000 AHN —hithact HAP EA. Google Music HM AH S—4tR4, 

je Fee Pik HES EA FA A Google Music 2 Pimaceh A oye Ete 3 A 14 AAW 

SE. eS Ree ATTA), pe MAHER Se ESE RK 

fee OR AR UR [o) BA 

HZ, Google Music AA FRE] SBA ac He RK Ze AY Bug. A” S Rub fe REX 

A Bug, FRESE SR AY ee BHR SH AA SPR Eh FE 

Hi — TP TARE FARA AMMA KAR RL. EMR CA pe A RB 

BAY BAT Beak 77, BEST BRE A Te] BCH TF RH 
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AY SAE BCR VENR SS REE RK. EP abe TGF Te TLD AWLA Lk, KEARSE 
FAR BIE BAR ATED. 1X PY A BR VE Se a2 Mi BF, a SS i HE HR 9S FP ek 
IT HALO o 

AY SWE Fix PE laa, ZS Re Th SE BR Se dk 

BODE TE Mit © RNR Be Aa FF SD A ae oe HE Fe IO A AE ais JIB), oe TT AT AER A Bide ve 
fe [1 pe « 

PUAN, WATE PA TT Be ie Be th BU Fi Ba A, es TIP AB 3 SNIP. CRE IT Bey 

FAS eY LAAs BE al OA, A WU IT Be eh BE BY AE MEET Ht. THE BE Be 

TES, BET GT Bee SE ESI TA AE AR, A EP I Woe HEME IB, HET 

SALE PEA FE BI. I 

FERRARI es He HL BY HE FA Se Mig Bl] — 7) Fa ay Boca. AE a Bild at Be Hk 

iB ie WY Be He PY HE SS Se BIZ BT oe PY 2A) ok Ly se oe LL A —— oh 2 KB oy Bie 

th, ALKADA I ADL, EAR ER ER AE EAI. {EE RE RH 5 a, BER 

EBC tie SS CMH ERP | 

Google Music My SHEA BSiR AER ES BELLI BE TNL, JE ELIMA TBS BEB 
(ELSE 4 NR ERASE — Wy BEE Be NI Ta ROR RE, RRMA TBS PERE DRIER 
BEAK AS Google Music HYBAAL SIENA ALR U, AE, 5 S Ti BPH BE 4 a RE A 0H 
RHETT. MN RK ES BIL, G/M EL EE STP 
AWM RIE 

Zi IX UCR URE ZI, Google Music BK RTUEIT TZ ARER EES . WIRCTABR Tix 
ABREU AT AEME. Teli, PEG TE RRM AS, WERE 
TAT AE AG AS BUA ALAS ABBE, CABELL PY Be UL 27 TAS UAT SIE dE. 

SRE AY SAB ee ia oe TEL AY by 

RDFA HLS 
KABA AY. SL ARH IR SS HS POE RB TCHS TE ae EY Bug, AIA BUA A Ot 

AROCBLY CHF, WHR HR RI EEA He. BA Dade “Mate 

BIE”. “SRA” SFRRRPAC. GER, KMART OFA R EH 

%12 ARMYMNBRE, ZHRLEMPAREBAMEF RRS OREM RERS, AAMRREMA 
alk a RA, Am, LAR BHKERAESMBGAS SLD, M4EDB, oH yar POA 
Rik EHS, LHAHRSASALADE HMA, AAT RPM RF (P40 

10 42 FM BSH 95% Th), AF AIR SLM AF] Fee | FH 5 OL, 

SREMBAB SEE BELA | «(319 



SCTE ABD Bite MH Ba tat 7k Be!) 

(aft (Bik 
BA TMMNOIEA APL MATTIE HEE LE. ARMAS ZO, TARAS A, 
API Hb 46 CE HEMET. STEAL RE FEES Re BOE HD 
Bay. WBA APL IS CNA PIERRE. BEE, TEFEN AR BILE 
56M 

AE — AB 

AN 227885 (SEALY Fe SLE — ES FER Be his Be EY eH se CH Pe AS Pl) As 20 a ah 8 

PEND tH RRR DAE. FPA RAE AI AE. ER PEM ET MA), Ast 

FREI. PA, MARIS AS A Th oe BH Le nae Li A th LEY 0 ei HERO SF 

ABZ PF [ie] — 2 Zs HH BIA] a 

IWR Bi tel 
RA ERKAW ASS SB LHL Bug, LAREREIRM SZ. PREACHER eH [a] 

well FFE WS Se BY ie SAY BBR PE ee HE US AR ee Bl [| AE TE ANTE I AEH 

FT ORM AB FY HE RW. eR AY BH cA PE PA Bist Be — FE rs & J ——& PR Bs FF Be BI 

faim» HES FA a BRAY AS a EA YZ AY WCE Se 
Pm 

ERENWANE MH 

BAARARSGH, HREARMRELRS HG, MF, LERMRAMAT 
EH Ea), RA LA RMD LEZ HY AL Ao AE AA RF 1 RAE A, ldo F mak 
MOF : 

AY CHAI FHLUOLRF RRIF, PHAR RIB KR, ARFHHEZH, RAR 

LKECKEASZ EMA, AARRAMPFBMBRDRRAR, (22 HH Bigtable b 

BYRIAK, KAM VAR Re A — 4s MapReduce 44 4 1K #. ATK BAT MAI URE, 

PVA AIA RAIA SL RS] 

eR, AMR T A he RAM PHIL FRI, RAZ, AMM MER 

MA ARMRKLT, MRE A PRUE RARER, Att, AMFREH 

BALA A Lt] ROKR—$_ HARA TREN FE, MARRS AMIRERT. B 

BL, KATE RA Fo MA-ERESD SRAM RA. LEME A DIRT RI 

320 | 26m UE: KS—R 



ROYER EMR, VRE AII TA A SLOMRHH EAB PF O91 BMAD HP 

TR 

ING 
Bete Hl FE a PAE fe A iti UY ASE a Ze GRY E PPR SLA 

Google SRE RH f —-Fh-S Pc PEMA ZR it Fe AVE: WEB Ae St BT LA EIA TH Ye Fl AN AE 

Fe BCTe A Ae 7S ERE TA REY SP Be Be Aix TP A NR AY 2 ahah 

FEF A he, i AE A PB, BAT AE A SREB MC, AREA PR AF TE BCP” 

IX PE PAE 

AP OME TA AR, MM “FE AaB a ab el BE” BPE Aap ab — ve Se 

RPK. Wh Ay BT EEDA ARES HEU. BY te Bh Bed ae tha 7c AE Poe Peal Be HE 

as BE ta TAL PT Rt A 2 ae YT EAE Bed Fs SE ce A PT 

ety, DH] A REPRE eM EA 304 KE Ete Ea oe. 

“REEL CE N TAYE BAAN Be Se BH Ze, BA a SR. SABC BE he 

WU SK EMER Nea Ate A NEO. FE POR, FRAT AT ARS LS A TD 

Ft AL PRBS TB He BT FE 4 BIKA Za, AZ T_T th 

ab re ln L 

ie 86|) «(821 



“> $B 27 

O) Se tT oo AMR Th 

/E#%: Rhandeev Singh, Sebastian Kirsch, Vivek Rau 

4m te: Betsy Beyer 

Google HM ZRF A FAR RAD ATM LR RR Feik KF on Fe dH 9 

Hie, SRE EEDA YP SIE RAR RIERARAY & 4] 5b 7 2. 

At SRE C¥# ZT —-SENYH ARK Da, ATAAKYA AAA 

BE AX FR Je P| Fo & AF 

KAN) 20 BA ARP 4S “RARER, LIAM AKAR ERB EH FLEA, 

VA Bike HR LRA FHL, APIA ARKPRERKAASAHTEAHERIA, 

LEFT RE LE Google Ik Keyhole. iZkik% Mit4t Google Maps Lk 

Google Earth feft DR AIR. (EAI — KIA, Keyhole 2249: Pb in by JL 28 AR ia 

fe 2011 4B -E WE HE, SPR Ziel iat ae aR KB 25 (A He ME {E——teal F 4 RD 100 DH. 

ETT AE FUE at BR UKME ? 

EWEEK TS! 

JL4E RT, Google FINORAD (JE x42 bi TEU) A feHEM [— 726 we EY ban, 

ERDAS FE WEE ATER EAL ioe. FEAL ICU EE fo A PRR -E BEE AIT ER 

CZ Wie Ree REA, TOPPA Ae Ee COA tLe A i A, SK 

bs EW FARA Bete Ae i He AE). A — 7S EE “RS”. AA 

TLE VRS PRR AE MEE A RATER 

BPR PEAY — 4 Bal at ae PR PE IA. TEE YY ef ag JB PU fe Bo HE SH RE: 

322 



1. AaB IE A] (Google AHA AM nhs A been ch KE), 2. KE EE 

(eiviol), 3. BCA JT HUET ATE. 4. tat AAR TE CA ASS EE eC WE IK 7 BGA) 

WEAN SEG IL AIS 7), Fe Bit PA kh —§ 1x A DE Google MAS TIRS Has 

Google SRE AIPA A) Fixe ATK SARS FEA HI Be), WIRE EE Bek 4 Lo et 

FD So n2in. Hie 7 AA DAA ci a rt a, BA EE 8 

FREY JL RPE BFE K tt 4A “DSF RI” 6 SRE HA — 7 ERB “Be A 

Lfein? (LCE) fiqae Fail Be Ais HE HH LE a) el, Se ZEA Deed SIF Be 7) 24, ZT LE 

BA ITT vit BO — PT DY HIE RT BEE ZN) OR Ut Be — Sy Bk —$_ JL, HE BILE 

Bs Sire Al Se A et A ke — Zl, (SCA BAY Ae AVR A, ft EUR ZS) PY Be FF 8 

AEA ANTAL © PRR Be 7 PRIS PR BR ee HT EPL Ji TA) ee At AT 1 A i BE ER SS a in Be AE 

HAY hee Be Be Ahi Bl Pg: (SE Fe BY HE HE: 

Google 4 tie CAA Py UA Fe ey. Ee ae A AY EA —— J PEL 

Keble], AeA POR BD, Be Fe A SAR Be RE —— eA et A HE. FRR PE 

LRU, Google Al A] LA tic Bil a JA] 2 Ai 70 HR. 

1X PBS AS EE BER BAT SEE A ALE — 4 EY Be Ti TE «A PB A TP 

Zr) AN ie ZENA Be Ahi ee — Poe ATI, FEAL ZB EY Be i 2 APY Be ie 

So RELI vA ay HE Are LS BE — Pa eT WA A ald a fie BK 

Be Ke Fh 3k at Fe Hk PE AY Te PE 

22 th Va) FEI 
Google MW4k(_L Fein 4 at Fi th LA Ase Re. Tate aE ay SR. EL 

Fe, tte Deb lel Be Ai 28 Lo Fi AN ee BL 2 —— 3k 7 a i Ps Be Se 7) Ct bit 

IT HEHE, DA Bere At ti PE EFA he 

Google iit €a2— 7 SRE Abad BA i [a] AL BAR AB BY Rk HE ea. ABA PE <7] 

Fein Ais He Ten, 1 LG HE Ze At ih SRE ABA ZAye A A. TAA ti ota 5 | 

FRG RVETE A Google a4 WY AT 4EA. HTP HRI. FaREM. fo A PERE— veh. 

AS TAB AA ORR A A tp DFE (Launch Coordination Engineering, LCE), LCE 

HIB a et EB LAS 0a a WR Be Ai ee: 

e HR im AAT BIRKS. Wate’ EMIFL Google HY Hy Se PEAR MELA Ke ie FE BL, 

[ea] of ie AE ES EE DS he Th AY Se PE 

RAMIALEp | 323 



° (RARE EAS TAA ZAR A 

PRE Be Ap ir ie FE AY WEE, Be AR Fa et A Be ASA FY Tn] eel 

© AERA AMET PIA, REG K eAE KKSH”. 

e &tXt Google Mite KER AIA SURG I ER EVIE AH. F007 BAA A SC 

RUS UI GE Uk HE GRIF KX 

LCE ABA RY i BA EE TAR AE tits SOI A lead By Bede TAK (audit) CVF. Ais ay 

LEE CEB ih CS TRS eA Ze EFT A. RES ABA CEVA SRE HEN TOP 

BRAG ih, LCE SATA Fete S RS Wate BA EAE. AMR AA SRR AY 

SRE Xf¥, LCE HIB 23 LZ EK BEBE & TBI ST A. eA 7 BP hs Ph BY 

PEW 22 Fe ALE IM Beak 21S FP) SE PE RRS cE Ee TIE CSRE ABA SBOE Ta 

4). LCEAMA AE SrULA KARAM RE Be. fee EARS vETT SRE HK 

AIRY fee te HEA BD 

2c Fh toh Val LF AY A 
BEA Ae AG Val Teh AL BA ea Ae PB Re i AE ft A Ze SRE ZH eK. LCE IN Ee 

ABA GABA SRE AIBA AE HE Eat Sea 18 RY V4) a A SSE LCE fa S24 aX 

EPI TATBA 2 eh FE — aS ke — 4 SE Ti] EE os ed Eb as ie 2S 2 eb BL th 3 [a] ell, FLA A ft Re 

Vitec CEE SEE 1 AF AF 

SHAN AAG pal eA fe HE SUA POH 

SARAHB 

(EA) — 4 FOIE ES in 72H, Be Ai Va VEL Ge Be 0 ASR A BG BI ZS a] BP 

Bar oy. ERP AU PSP in BIA A SG RR & LDA BR RE Oe Aa AE LCE HABA de 2 a] eae 

Pr EFT PUVA SEE HIP 

JER AE AL A 

LCE Xf & 4p et Fe AE AAA, MERA AAT a & o> Ib 2 , 

SRE. WEACAIBA FU ih ALBA SH. 3 Be Seay GL PR SAR eA CRE OR he BE, KE 

Ags auth es ht 22 Dp ade 7\ AY JS Tea] BF DF AT BA SE Te] SE BK 

ELE 

VEAP FILED, LCE 7E SRE. Po dchPRR2A. PO dA RT is es BA CZ Il 

ACB SS PVA EA 

324 | S272 THT MNAMRAD 



HH LCE #é SRE WY —fb4>, LCE tojk ie Ay SEPE. MBA BIA Google KA 

TEM SEPE, ay REAR Op — Fh AY. 

ok: s oO 

1€ 17 A tT 
Google C28 Heart 10 4A NUIT) HS A i RE, CER BWP TBD eT GY De Hi TRE 
BAH — LEE 

5 FAA ZED FF Ae EB A 

BE 

He YS Be A BIR BE Hb et 6 fea] PLE EEE LER 

HE PE 

FEE. — BOE PA ER BEY 29 [] 

YT Ale 

ALAA TEARS A ai, HLT LA EAS AR Ai 

i& DPE 

WGA AS aL AA (fil ge ih Fe A EBS OTA UL AE), De aT Dae 

PAB KA AL (5/40 Chrome {ll bt 43 Fil Google Fiber Msi —”K_E2% ). 

IER ADEE, IRAE Ah eA. Bilan, ASE aOR IIT a ee <373 J 

BAN 56 3 PE ve Te EA. PEK HESS By HN ee ag EPPA TEA. Google KIM 

FA SUA PL ARAP Be IS Bll A AY 

fal He 

WR AEA ETE. AN BEA BTA IY 8) Be EB HE ZE 

ray Ll 

Ay 2 A LET SS ELT PR AG FE HEE 

TR EI FAB ERR 

PAB LAE 2 Th ae TSE TS CR ET Be ABT in). EPRI AE RA 

fe PE— FP Ra 1 (031 

224 MEW], REM 2s Seek HG HE eh PIE, Ber A NTE AS et AY it ze —— J Ee TE ain be 

MRD Z RED A RE FY HE LAN 5 Sb PP. IEE Pik, LCE Ya Fy 



2 ANT HE he ThE se FEBS SC tet EE 

2c th ki Fl Fe 
fan A eT A FR a MC, FR ELE & 7 HAE BT YZ Tl PRE — BPE A 5 EE oF LI Bl 

FLFR EC Mies KZ BUY He A ELAR EAR Z BY a AE AE ( Zs WLS HK [Gaw09]). TALREAY 

LCE (8 0 Ai tr ZEEE AM EE ARATE (Bs Wie E) BY LAF BY LCE 

Lene fh A Hite, FP LSS eT AA fe HR L,Y ee. 

Pee —2E BF. 

© Am: eet TA? 

— DBM : Sirs VARINA, FR ALQS HATRED. idiot Ue ie 2 Il 

ib! FES HATH 

° fama: ee ete A hia? 

— FAB : WRK Se. Wiel U ere SF He KSLA AN |) el. 

© ae : AMA EAA ERAT IA Pim? 

— DBM : CENGAGE A a a ee FAR A I SE 

WR » 

FEBS BE, BAT AT Ape HEP CBR a) el, ES BIA ECR. LCE i 

Ap Phe a PLA Talal, WRI cae EE PRE ZA. Ay PA AER. Ind J 

Be SS MB AY [ell thee BE 28 eh ZS a AIL EE. LCE iif LA Bi 

° Tr LA EEE i er. PRANTL PD . ABZ BU AY A oe Be I 

WEWA. 

© TTR LAUER AM. BltT, FRA LACE A RII Tal A 56 BX 

IX Hess BB Be es BEF AN DT Ha Bc A Hn aE ES OA ET FS ae 0 2K kes ETA) 

EMH HEA, ABA SOR) HESS OCS, ZA STENY RS BT AE HPT AY Sem A AA Sree aS 

Ely fo LCE SFP aeAE PA ter AE URS, MH LT) a SET TD AB Be. 9: — AF a AE 

BAS APE TUBE, BORA LEI A, EVAR Hoe A BH BR 

FE Tra] fe [| pe 

EDD BES FO fa 1. 
FER MBAAAH , REM AT REAR SE Sf EEE OT WL ES AEN A RR ie ith (PRR 

SARE). WARM EMBs, KEE TRE ae eT AE AE LA SHE A 

326 | #278 WHat mNAMRAD 



~~ Sea FA A a se ts SHA AY GRE Se Poe, Wem IE Ws YABR ro, EAA 

WNBA ZW) IA EE Sh Pe. VIL A BR x BEE MS hts ABE, Dee 

AJAY) Le J tt A So HE 

JL°P ATHY Google IBA ABs Gj — 753i FAAS Be A Ua, 1K ABE A A Hs He ll Ze AT A PE A 

AS BOS OR HE oD) a8 FG ma ic Ht VD aL 4 © LCE 23 tHe fe Eg EY SR Be Hite Ea He ES SP 

To 1K PE HE Ne HH AA ST SARI Al, BT AP TARA ae. PRE A 

Fe PETS TALI As AE PE oF LY ik On 5c its, LG BRR Sh BE A A, RS as BH HES HAE 

BWR AS Be Ai ES 6 IX ECL tll TAK ka 8 (eA a a ies RN, SEP BR AE 

BRN RmAE TAR tA ai “PUA AS X SAL RGB” 

H+ LCE Xf Google PrA Myr" an ab ARE BZ, ADE He tee RB Tf Ee AY Se 

FEA WE. TET KATE, He Se EB: REEDS Tet Ae Fp te CD DE 

BS , WRHEAC IRE Be HUT Tal , WP HE a] eal A Hh Ie AE RRS KR, BT 

HHL FA HG A HES RAR, Be FE MN HRS FE EE. LCE AIRS FIER 

Wm eA LAE. HAP ih TBA Fe AN ko BAM, LCE BT RE ZS ASE TH tL Oe SZ 8 

HABA — ke > 78 18 HC Hee Ty ae. TRIED A iS UL se SBA oD HE. «LCE [elie ey 

[ry ik Ale ZA He BER, PE AVA RP AURS fit A ZAR. FAP A SR RAY 

24K, LCE WRB PARE A WL SB ML 

2c 7h AR AY 7 a 
SASL UEA SES MANS AAT], a RAL TE AL UR MUIPLABR, LCE AY AEE BE OL 
iAH LE, RCL AVIA TU ae, EL IBT IN Re MARI AA De 
PRUE SERIE NYT, (LANA HEME. HBR ATRL 

flan, (ERAT Android ZAil, Google JL*F VA LAK ALB Ber" tn 47 A HE EL ae til 

Ie Pie OG oes BPR AT BY EAE HEE TRASHY JavaScript (iS (ER, Eee 

BRAS Gmail MkAW—* Bug, (ABH KKM A REN. Al, yoy 

Bh inn 5A) LCE i SEAS vite HLS Ae AE LA i A ASIAN A ce A, LA 

fe Oe Se AA. Zeke ORE, ERIE ET “AI” Se 

BAP” Be PEA SS, rt AS FE fa) SCR [a]. By wee RE A ALA 2 I) LCE 

ts Di SE ME ap BE Ae Be AG TAR, FLAS ne ht AD as Ae Be TA AS TR AT RP Be 

AR ibn A FAHY » 

HR— TAH wea IWR 
Hes BE BE AE AY Se A HH AAT TY ES Cy PRAT VED es HS 7) Be itd at HPT] 9 

ME—TRAMBINR | 327 



ARE, {HAE LCE HABA JAUME DRA AE. A RE I eA TE ZS a] ASS Me] 

Wyk HE A fs SEL HRS a] APRS OE MA et. FEE PLP, RIAA 

Google LCE #2 4% 9 Ze F fe — 48 EUR TTC 

FRAT RR 
Le Fe POR MM EP TT CI ae 2 A: 2 TE FD, HEL OR He 
ANE HENTAI A BIR AB RRB. Google HAIRS AMINES . “GAIA HE Ba 
RO RRRAL PE. (EB FRAO RELRLict Per (BS UL SCR [Hix Sa), es N 2 aT DI FER ORE 
i221 IS NRT eA FE AE HE 

7R Sp [o) Re : 

° NSA Si ate Bl ein. TSR AHIR ETT FEN? 

© te ete [al HEIR BRAY lg ke 2K A? 

FBI : 

e HSER Pick SA ig sk vt 77a 

© WUT ta ok A eo A/S LT HK AY HE So kX ra ind BS PS OK 

Se AX 
IRA ZA ATP ARS ABBE 1s FT ET ADA AS ARSE, HEARSAY Atal Er TAR ae 

AC PTIRA. Bem. 5 may tik, Aki DNS AC ete ph Sia. EA 

FD AY AE AS Ae SCH as APY a ES TK, A LC SE LALA Pk 

BEALE REL ZS vi] ASS A fe : 

© 25K 1. — TH DNS. 

© AR ACE TTD A BE 

© ANA Ac im Pe ASE 

BMX! 
Bt DHE a HS ZS LE BAZ) hr OR I eS, TELIA ABR. 1K PPR AY hy BK 

Uae Ai AY ES eal ERAS PA, ZA As 0 BT EA. ZS RRA PE ME 

FM, AXE Google Pani 2A TLE a Bete BE 1S LA EA Ae A eo PR AC A APY BRR il 

FE EP Tb Dx akc aN oe FE] ACTA Ay BP Se i EA ist AC ie Be i BT Ti aD 

328 | S278 DHEwt oT  mNAMRAD 



FS AS TU as EA ERB A ELE A PAN, MA TE BE SA HI EY Be OE 

Fs 100% AVIS iit, AZ Fea ae EAE 4 PS Ma S TU, ie SEH edie 1 a 2 4S 

TLASILA LE AN 23 52 BBE EE ae 8 BOL Za. BH <a77] 

FU A 2a ok Es ig Be AIS YE eo AY Te), a BEE WS He TH A HE SK ALI 

7B 3G |e] eel 

© ARR EA SRM. a. TE CRE Cae I RY HE oA Se? 

© BA Re PAZ Ji PY ae at PE & 2? 

0 EH CARB IAMMS ris EAI AD Ge OE VD 

HOC Bis He 
EL OT AH ETT Ae VE AY Hie Pie EK 5D TAY LA AIRS YY EE. CE Ae 57] BEI IK 

HB HY Beard Ay A tear A a SP LAB 4S ELE YS OCT AA HG A EAT ABB FD 

HM 72 Fl. PAAR Ae ee IE A AR Se PE Soh LB Bik? EB ie? Dd i ic Be? AU DY 

NCS a EEA. EG AEB AIRS Bed (DoS) WER? ARATE FE 

AE WBCPEE , LAIR 5 xe TF BE WS TEER HE PARSE LE? TAR CE a DIT HE Fo TSE ALL 

EAS Ay FEST? CEI TI HE Ae OE ec BY FA RP? 

7RS5e lo) ea 

© ABI HE TA Bebe? 

© ZW ve Bn fal Me ee ASC A By PER 2 

FBI : 

e Aiakic A BEM il, BRIER Sige eect lal ach te SET RER 

© MA MBME RARE, FEctate ol ay LS BOF aR E SF oT ia ok 

& PimtTA 
CEES EM With, (RD AE EAS HPT A BRM 4 Dy EE. MRA TOR ABE 4 
hy (adr ce EE) fa Be 01) bp R AY sak Zs FAY PY AG IE UR lB PS OG 
DAE FP PEE: 

1X7 Je WU 4 7 BR Ee Pn CE A AT OP BT BR PES foe Bl 

A, FBLA Pin APP JR SOE He ce el eB Zain, NCE A oh Mill EY BA 

TEI JLB ee Pi aE 4 A ABR AS YR SA ke EB EIR He RE 2 

HE—TRAMBAINR | 329 



379 > 

Kite BIT iA, Ski EAP RATA A Al ) 

7RSe lo) ee: 

© AMR E AIH T ADORE / Chan senk CRAKE) DBR ENA? 

Fp BI - 

© Wit Ae Pint CE LEE CZ Pea FB 4 TA EY 

© fRUEZE A ig PSL EM Fo 

mete Ate 
Google sei) _L Fei I Aandi BOR A htt 28s Witte. Pi. A attri he sé 

I, PETAR SS ANA ie Se A UT AY ate: EE TAS, ERR Bll 5 Ih — Be 

HA, DAE HY RS BOE A TRB HE BRA IS te oak Ob ate PAS Se CPR 

O46 ATE © 

1X HE Hell A AY ite PA TE eA ZAC AST. RE Pe 1 et AB 19 BY ENT AB LE eS 

AFSC, APPA EER tat PUR EA. iE SAS er AE ie 1 LE fal — 7 IBA ak 

BAAD AY LATE SA ek Ft Be HP 2b BY] ell 

7G |e] el 

0 MERE ARIST ae Gis SEALE FD BUT i? 

FOB : 

© RTA ts 2 UT it Fe CIC 

© ES Bl DP BHR UD HY a Ee SCPE. 

© RE RTE A Ac A he AS EY it Fe A 1. 

FF Ait tz 
Google EhRA PE til ASCH HEA, JUS ara HUE Be tat Fe AS Ae AS a tll Fe SR EE 

AR ZS te FESR BY AN ¢ AB al Se 4 BU lO AE AS Pe hl ASME. PAN, BEATA Bar AY 

Fh RA fe TE EBA S¢_E. (mainline) WEATHY , (Ese KAAS cb LEED Be Thi 2 SCE EAT AY. 

IX TG A Ft FED 5¢ ES PR AA A Bug BE 1a] A 

Google FI HA ASU HELI SS Bila BC CEE AS PS ll ASA AE 

ZA —_ WR EAE ne, LA Be FOS FE 1 i FP CE. PEELE SE BAI, 

330 | #278 DH mNAMRAD 



Ba LS A HE AS AEE Fa Se EB i CE A ES BE BE, TRU ee 
fers “MEW is eat LAB oe Hi BIZ 

FPR : 

© ET A TEAS A 3 EAS EB AS 8 HAASE 

© Ay tes BA WAS Cl EN BAG & 

SI eB A Bi 
AL WPL WARY Be Ait EE AI TEAS SS ZS) PE I LS oS WAU YS Bs AY FFE BT 

BA EAT Ae PEAT HE. PAN, AR RT OS TT EP RE, 

ASA a GEIS RBC. 5 =a he He RY LH Bitch. Bug. ASVEMEIR. KA 

[BOTAN TUBE BV ASD Jee ME ade, FS EE Se ay 8 Be a Dv ae Gea 9M] I] EF 

fE Google P* mm RAMI Eb, Ba Ae eA ee / TPES. BE ANG THETA ZR 

LA Be Be FF SAL tll HE 7 RPK HE |] el 

7ARSe [o] ew: 

© KKK AG RHE RA, Be. IRS. Be SEHR? 

© AAEM ATEVKTE RRM RIS 2 ATI aE eg Ea A 11 

© Bal a =r te He a ce Hae UIE ase ee, AREA? 

Zc FH tT 
FEKMA MRA SP, WDA HEME We A SE BA SEE. RGR HE WE LE, A) Pa BY Se AE 

IA OPE PRK Ae 7 LE AS 2 re REE SARI AQ A ed i SE LE Ml AAS LE HH A) 

BT THE, FETC EL EBT aD AT He is Be BDI AEE FEMME BFP BY LAT PEE ic 3 

HEE AS FE AS OR Bik — OE BR HES BIE PSE LL AAI SD AA, HY RB SE WEG — 

BARAT ER VE al Fe ca ht Se HA BY PCBS oe Bie Ut a AY LE BPE: 

Ty Se (EABT ke PR AD TAHA HEH TBR, PERT Oe ER. RN, AE 

BA Hy fi sig Ze EE Lae DPE ATI DES BE. (Hg Be CE EL EZ. TH 

ae Ts Re BAHT UY Fs bP To RRB A EE EP CD J He PF BEE Z Kb 

BR AQ HY ET eax BE FA Do Se AT BE a ee TH) Eh a ID — LAI A, “BS ERR PRY 

JLAW RAIA”. MAE WRIA RA TI TBE” 

eE—PSRPMBINR | 331 

380 



381 > 

IPB : 

© KiZNS Bn Hille — 7 KA A Eg: EK HV BBA A. 

© ELLA AB th Hg: 26 EE. FE HIE A 

—y == ~ WN A) Se 2c th A BS AFT KIC 
EMR BILE HMOMEE, Google ES EREGHAATOR TRAIT. IH 
ff HC Dy EVRA ACA LF De Se PRA BME PL I PRE EL AGM RA 
i, (LACES Ai Bie IBC A LTE BEI 

PRE POT EE Ze Fa 
AGE BNI OBE “Aine RELIES TN REL Wee)” . (Etat ea AL 
A REWOTERGEE. HEE AnD eM EAE BEM. REA ECR GENO TSR. CEN! 
AL WIRD, LE Google BIBRA ATA. Ay RESE HUM A Set ME OE 

Google WARE “WB ay” A — SE BAIN Ta) a EE AB AT (EFA. Google 

WER SAIN ARK, FER aT be Aa th ARH BT CAPER UB (fe Be 

tae B). 

AR CS SCE SLATE. JOPPA EY Google ARS HS Ee RPAR A AR RERETTIN, ZOE PEE 

Ha oF fii — EB A. THURS AT HE SS TES PB Po La Lae sere. Hf EL 

Fem eB A]. BNR A ROSS. AR WSs ESE PS BH UD TA Lae eee, FR 

TRUSTE, Ba RAEI SRA MSIRS a Lk. RATS — BY Bah i BR A “G22 Ee” —— 

1X AR tir aie 22 8B FE er a TS Eo AL a AREF PE ae 22 eR SR 

APT AY LA OLS FE fil Se FS RAY 2 AE: 

“422 2" WMDOEKA BIR Google AMA SK LAP —TRMDHS, WHA 

ACFE TA. Biya Be eT AE AY TD Aa A AB SS TT SD IY Fe Pe is — Beret Tal, PRUE 

WR 7A CB Se. RR EB TA A La), ARSEZS A oHTALIE 

Pe BER AR As AY BL BE BT AF ZS BE zs 77 CEE Google HL 4s LW KE. PRAY 

Android APP LAA AKA AG BK ET A R28 A. AS A EY 

FY 2 EG aes as 8 BED TA) BB) 100% 0 1K PAE YE Be AS LE Bt HAS SST AG TY J a Ge 

TES 4a. ABE Ae BE Ae in, BRAT EA Die FRE AS BT HAAS PY ESE HE SE BS A HZ MY, 

LA (oki SE FE Heb OS |] pa 

332 | 278 DHebeTt mNAMRAD 



Te AER 
Google 47 Z(H A A Ai AIA Z IN BE hb Fe EW A aE CB AY Fe HE BE 7ST PE 

Br IAL tll TOF Be ES Ti Belg OL PORE A SEA A A, FA 9 a Bb Td RK He ie — 

we PNY 8] Se PE Re re BRAGA © AE ELAS UT Hp SP HE Di) CT AREY, a BE AR 

Ap ELE AS FY Pe ESTP foe x PEL He EAE HS A 

GA, MEAN Eo AB ALL PER GE AI Beal 1 1 a BO po tt HES HE TT EY oD Ae 

Rete Tt PSE. ARENA i ZILA AY ee AE AS A AA a BAAN 

AY RE fir 2 Tal AL a ic) 

Bir. Alibre Bot Ane a ne NB ESE PoE. ata ach Ae Ai 7 

(a) PALEY Jat ey AA AT TT. BAAS ais eS A SE Td He ie AB SE DE 

Wy Sie ER ik Hee, #2 Google p*anINA SHEA KER. HAE HE IH A A 

V1 i ae Bi KA 0% ~100% AIA. 4 i GK ESI, TAHEZL ABS Ob TF 

AADAC, ABACK ABS AG LAI A i Be LCE FEE IG. EAC i is BABEL 

JLAN EK : 

e AVA Ra Seo), AT ILE Ba RS a. JP. eR, Bae HE 

Ha EA 

© KERR Ee aCRNIAP, iE 1%~10% ZA]. 

° ie DE AO. OR. RAE KB A RSH 8 E- 

© it PAL A OPO TAS EL ae, ANS Zn BI ALP 

e 7E7" H Bug RE, Bee hae ose Pay Data 2h Be a SEP IC 

0 Fae Te APES 

Google HID HEFF KES AEA BY AE AL, P 8 : 

© $2ZHM Hy me. 

© LASHER av im AY FEE ICY « 

a A FP aE OK ee Ta PI SRE FP Se HEE — TCR ASI HTTP BG at, 1B 77 CERI 

wih te Z a, HR RE#E Cookie VEIN, MA ETE LAY ACA TTP ifek / lS aE. 

SEAS ic BAL fill aT DA ar RE A RE ROR. TIE SG LEE AR A Ll 

( fyi] 411 Cookie “7 UME Z J SE VE ) 

Ai AR ASS ARS — Be Ht RE FF BR Hl Ag HE oe PAE, OE AN i AN BE 

SAL, PAOSCRE ID. SE det. TEE. RASS RAS HTTP i 

ekamsenAKe | 333 



De, tthe aL ak CB MG A He oe eB I ft RS ie LY PB OR MT SS AB HE BT HY IL 

Fr iZ AE 

DLT A wn is FAT 79 
Boe (a) PEL Pain Tne FN 4 ek BES SET IAD BA EL. aE 60s le] RIA Pi 

ZILE 600s [ri] AA — HY A Ae Pi ee LO ARRAY Si HEL eA Hn Fg EO J ped So | BI 

FAP fith Be 4 A), Cae A Pa AL sl fe BET AD EA 4 EL i RDP ak BTR AS RA A 

ARS Fae a, SEER AR SS PW. ANREP id A PER COR, ep Let a 

WARS a KEK HE, PEA ES I, BE TB Ae Pi LD 1 BER HE TR 

HSS, —- Serie SES tia Bie Ae PC ER. IP  EEE e RAt . PALAN, 

PER ii Dea Hy Lt IK, (Ha 4xx HTTP fie (ik — RK a Pie ll bs RA I] — 

REA PK ALAR o 

CEA Bee Th BAY A ol) eg AY Te] 2 PE oe ee EY, CIE RS 24 ERAS 25 FETT AY 

ARE), 1X AE ID — 4S ie LY te AT AA BIE. SET PAL APP FPR AY EVA Ay HL 2 

re P BOT Fi te, AA ace ay Re Eee, ANP Borel. PA. RRA ett 

Zi BURCH 2 AINA ROR ATE P BURG at, BEAM Lae Bo, ER A PY Td ve FE 

(RAR. ERE. BESS Pig AS LA — ERLE 

FC A — 2 Je 0 Peat Re te 2 LAL PE. el BZ a UL ABS ae Ps SER AP 

wig Bes SAR, SRBC, 1s ZJa IA, He PORE 2s. 48 . HEAR BLPENMIA . 

Fe AY bes UE EL BY BE SS ee CE EG BUTT tess 5 SS — ED A) SE AT EE, 

eS EIR a EP) (tite DA — 2 HOLE ) « 

ARS ats ira HE Hall Pa 7 A BE 7 TC REEL PH LAY APP Rib, 

1X APs ill PY HE RR ea en J SPE RS ee AA. IR PA CE KOE 

HY BES JH akc SR SE HE he Vd ESB, Fi) A A Te] A FT LS 

Pg BC Et SCE BT AF oF Se a el Ty IE Ot BY TRS CE 

ZH tee Bl AS Abs BN Fig 5 BRAT PY EAS 2 BAER I, Be in IY fe Bo HE Be A Bot ie AS tH BE BEE 

FL, JEM a A ig Be Eb OT BE I SE PET RA LI. OK ANA & A 

Ax Ve 9 2¢ 7 FP Te) PY Sa or ER SE, MMR SEE BZA HAS 

Led A ae De te 3 ET) a CL, HR ea A BRT A fis ESE ad 

(ESL AAS, FAC A th APP. RNA AIX Te. , WE BEAL IK PAE. Hill (E—TP TIA , 

FEA Al BA AY 1 #8 E 

334 | 278 THe MNAMRAD 



WATT A FOE) ik 
rh a OLE 7S ZR i a, AU EP AE BE ZA MA SE 

We Fe Ag Pb ee Baek AA te Fe LTA SS, SEL tbe A FR i EY [a]. PPL, a 

Pitt A. SbF Bor 

FEC NY BAH, AB Be BEAL CPU FA ae ETRY HER EAS (PA, TRACT B 

He PI Ba ta ae), — Fa CPU ft, Sbeittewta ee. (epee, A 

SE AY AB A AER 21> 8g A BR Bt I Bo RDO RG EA TO tr UB ab Se EE, fea 

FRAPS EA, Bilan CPURG. IITA, URE RHR E. ek 

EF, 445A —Belby al CPU FA te AG Ze VE Tl 2 AS Ml Jo PY Ta) 2k AS aR EE TE 

BAS — a, RBA Eat MZ BUA WEA PERERA. FEB Tal BLISS Pal EP Ul 

WET THs EF. ta BO as aoe PB (Ee AN ae Se ae cc Bi CR rt CI FY JE 

HU FEA aK RPC dai, me SE Lee). CER ob PWR es He Bl 

UL PEA TER SERS « 

XSL — 7 RAY aT A: SETS SS EM Ba ee Pe I ihe Va A Ef ae HE 

What FEZ Eb is ig CAS BE STAIRS EAE BORO, ACE a OREM IMS , ARH 

SHEE AA CPU Wie EI a VIA ie ea RBI, eR EA — PE 

IRA. Whe ITE Java JVM LAIR ARLE II SER AS AIM fe RR A “DE 

Fal Wc FE wee Tie”. LEA. ADL AL BY AY 1 EB SS cs 77 1 SS. HB 

AOE WATE, ELBIT or CPU I il ab ee AN Ee bo AA FF 

ANH AE, WERE ARETE SR EB A Hs ae Ea BE, Ay 

4 ee AY Se $8 REI ee ES PA BE MO HG BAT OR AIS EE 

LCE HJ2ckk 
4E Google HU ALIBIN AR, WAC AIBA HS Bek 7 Ee. RULER SE SLA. ee RE 

PBT ORT TS BDA, oy BI Gee ASS ET ATE. TERR MET OL P 

AE LRA iS a, OEE ER i EAT in al Fe 

Wy Sf wae b ix Fae SA AE, RIAA TEMAS, bho AA Fein °K 

As AB” RAE 7S 2H. EE Re Ai RAY wT Fe A RE TRAE I Ze , 

ALtGLA P—He + a: 

© TAIN eis ES FH ABT 125 ey 

© Af PEM A» 

LCENAR | 335 



© ki EWA. IEW a DNS. 

© REBUT AIZE Be EY UL a) a 

BAG TeV 2s Hy SEB BR AY Be A PR”, BTM A PR TT tt CE RA LKR 

JUL Bit ice SEE 4 AD bs AE Ut 

TE PHAR ZN, er Be Sle HAY a SE OR TS 28 PEAR ICR AR FE D_E Google Ambim A> 

Bi SI ASEM EFb, CB ae ASEM OT a Fe OK UO BOME. TnlIbY, SRE HBA 

TEAL RRR, RE AAA SRE ABUT, HBR ATE MCS). Google 4iht 

TERR PRGA AN PA FUP i Be Als RE SB TZ 

Ay OS cei PRL, SRE Ze 2004 4628 tf — Ap Ae SR LCE MK. BAM ha 

INGA BT ih A REN Act RE. TAPP I SRE FRASER Google #22 % 4h By Al AA. 

(RR ZEIR AY A Ses ih 

LCE tic With A 7 ERE RK , FFL ANS cB. FESS A HE EL] PY, 

AN Se ele BY EE ter th» LCE [rl Eby Si ae PR Be AN BS AG AL BA ABBE Tis 2 Hb eA i a 2 

REA AEM —-HEGEA, DAR Arar R AS AUB. TABATA] aR RE, RRR A “AE 

ry“ Lei” (production review ) 

LCE #239] EA) Vit 

hi 4 Google HA Mb AEs 74 2 Ze. LCE WAI Ze (ZUR EE) PUA HR HIS. 

fe =F EAST IBIAN, = 7S LCE Fe iia ot 8 Ae ol AeA EOP 350 RAH. TAMARA 4B 

RASA LRN, RORRRRIAA Google (EF =4F-E AI AIA Ae FUE 1500 ve. 

ERPS LCE $i 2 9] Ze EY BP Td ed AB ARR fa], EL gS Va) ed EV OR RPO DZ WY AF SE AIR AZ 

Ay S FES) BER PPS ARE, LCE ®t id LAReHE EE 6 SA EY ade fT He UI 

bia A Ap Bee AH, ERE Google 4A FSR — {ely TR AIBA, LCE Af db d $k fai 10 

PRB IA WY 7. LCE F¢—-28  Ai VAZR AAR fe Bo HEY Ae ai, EE Ae Fi CI) AY BT EE 

TER /). PRN, AE HE Be Ah As SETA WEIS, TRIN CTE 10% ZA, RA 

BEV Ar re RBar YY 2 aC BE Be A el — LE a ad PPS is A 7] Be aE PY EA Be Ait SE At a DU 

bor BAW ie Be EE A er AE. ARH 2008 ABM SEIT, 30% MI PERRET xe ERB Af 

Hitt, Google Ake te 7k AUT lie, Ae AG AY BRS ill AB AN Fe BE, i A, 

YouTube HYWcWy tH Google Pe SW, IFA APH EAT TE. RRR ee BRD 

Pe mmabae “SE ABER HA” , CRRA rie Ze 3S RE 2K air Oe I AE A. HL Ee A BEER 

Google [HIM JF aay dt ke Ba Hb, EAE S EPA RS BOE is. AAPA 

336 | #8278 Debtor miAMRAA 



ALTRI TCHS AS BAG A AS Ps ET 2 RE 

LCE 32 A472 BY Io] ea 
a YR LCE — #33 0-45 bE aH A ED Ee EE SC >, EL a HI FD ee NW. 2009 ARI, EF 

Google Ah 2 Ai) AT ARS HERE LAR AE. fd BE RAE RAIS it hn FO 

RoR AY ale, LCE th A REMRUE 

y REY Be 

4" i AA EH SOY Po Ee IY, FR SR A SB Bb, RC BER WET AB 

Bie. IAD HE EAs, Ae, Aa ek, 

By, IEAEAR AME. BP REI, RR ah A ZA TC, EE TE TR 

beth. etre APH, FP ERE AIA AR Pe BT AS) be eK a EA SRE 

GeV, eek BOK Be Wy AN DT He Ae Ai Se FZ MA 

AN ES MAIS ET : 

TEARS AAG Za UE TT IS EIN, 18 AEs 7 —— A TE A 2 PE IS AE TE OR LS 

ANT, RABAT AS AOR 8 illic B.A KS. RBA K ES, 

LA Be FT 2 PE BS UP RE ae ie & is ee, EE EBA Pe ot RE YY Ti] 

KD. SRE ATM et (2H A tect te biie AE TE) F ERR 50% (ZBL 5 HE). ARRFIS 

hE Hs FE PBR ELA Pt BEEZ A ET HRS AE PEM RD TI Be A 0 ee OR ZK HE 

Fe. 

FS Ail 152 Hit AY) PAL Be 

AR ER Jes Ak me Hit CRE ee ARS. Fe. Be) TE eA 

BRAMMER, TITHE Z LAUR ISA Bh ot ARE AK eth 0 A PER bx PE HY 

BE oA RET AR BIL 5c Hits Dy BIE I Be FEAT EE PBT HIE IT AHR WR Tye A i SS AS A I 

BAC CHE, Be OPT ET PUT CIE, tiie “WAKA. J oy”. eT Ta IY 

MER TT SEE HR HE ADU HER IS, PEE OE ne hte Pe Be As AE Di i HRA HE CR. BR 

AERA ATA A sc Hs 4 Pin ES BE Le. CET PE Ty RE EVI UY Ae ae SE ak AP TE 

ES CA AI MR Th oe A ES ED) 

APR 1x 2S [a GE EA a) RA, CA AW EH SF LCE MEME: Batee aR API 

FAURE SE (BNL 32 He), FARRER oH (e Mn, LAR Google Ey™ Aba HE EE PRE 

{LAN CA RZ A ORT HE MR 

LCEWAR | 337 



INF 
PRR DETR. Ph FU AE AR ZS a] HY ES WRAL LCE i PEND $8 Se ie» KE 

AIBA eh Air 2 ag AE BNC Pe Fie PA AE PGE 2S ALBA A PP ZS DR BE EE A ML 2 ZS Fe] ATA AD 

RAT EI MICA, TERE cP Rb AY Se PE, LCE tik A OME. 

LCE HABA Google ZETR UR UC FREE EN HT SE. ASTER ITZR SFR REA HY LCE 

fa fa fe 10 “BHR BAPE, Ae RT 28 Mtg ZR a FY SEL th 2 28 A 

338 | 27H Deity mNAMRAT 



B IV ob) 

rape 

As fi ic Ja BY — 2 Eel eh cts SBA AEB ELA Be ALBA Zz il De PE De. FEA] —7> SRE we in 

ABA AEML SABA. if SRE 463477 A 2B LEB eT EZ. 

Efi] 7S AB BEE AT WC SRE PABA IZA SLA EA SEB. SAL YEE. LOT 
(SF VRAL. ATARI SRE (Eg eRe a PAO. BRIER AT DCE 
Bh TAI) A EOS Jd IJ Ve & ELE dpe HE SC ATL CE SEW — CHEZ HAT. TRL AS 
4558 28 BEM PEAR 

(Efi 7B GIZA NY AMBRE, IAEA IRS AE RS TPES: PER BH 
SILO, EVE MEE EAC, AN RES TERE. LEGCRES EVR BED Ay CH EI 
Her WEEE SS A: SRE UATIEEAR. LEFT ILE 29 Be. 

QR 1x AS ABR pet A. SRE BIBS Mis Set aeRO ee hk. FTE 

30 PPE AnA SETAE 

E65 31 Fe, Fee F SRE ABA A lal fA 5 PS7bZH. Pe be. PEON 49a [al 

jel; An {n ZA ZA Ey AE AGERE AWM ; DAR SRE AMEN — ERT fl 

Ho. fe 32, Re fF SREIWAE CPE PIR : EPH SEah SPE (PRR), 

XP PEE Be A te A TRS OC BER. RATT VE TAZA PRR ZS, BUA PEK ok 

SAN He A Jeu BR PEPYS Bie A BEE —- 2 

Google SRE HEHAKAK 
Rt — EE a EN ASE AIRED. MS WLR ESE BIA IDA HL ASD 

Hr, ibe FRE ARS. FRE “SRE: ASE LPR” (SUL ci [Hix15b]) brie Fix 

339 



BL Fe 

fe. “SRE 488" (Zs WL cHiK [Jon15]) FB, Tbe Santas AH SRE, x xe2H et 

— EAA ERE. Google M4887 EE Work Rules! (B&W ScHik [Boc15]) "! S3c#e 

HA PRB, {HATES SRE AICEPORI HT. LEELA Google WRI 2045 KA, SRE fk 

ve AEE — Be AY 0 Yi BE a FR, OMELET A 89 A IK 

1 EHX Laszlo Bock, Google A7) R71 VP. 

340 



o 28 

Iz 55 SREDA on-call 
MidzomF PLAS. let 

RILS FAIRE AK SZ #719? 

YE: Andrew Widdowson 

yet Shylaja Nukala 

AY SRE C2StaHeSI 7, HER READ 
(Rix CATA SI SrA SRE Fei, fe PRR Ya PEI). Ae AY 

BUR SRA VIERA CBI Dt, ABT RIMAN SRE St Fp cP Re. Arad 

Peder UIT el ay DA fae ft A Rad A RAS TRIBE A A tie Be EI 8 AT 

BOTH SRE BAS AF fE——A) SERRE IE ISHS, BUNA aE on-call 

AB TRA BSCAIIST, Y! ATLC IT AS TROL, EAA A SOR TB. WA 

BY LATE AP RE RRR a ASA, MUM OR “OT Pie Ze EE RL ES 

5 on-call” ze DAS, ARG La. Bebe BELL PB lade - 

° FLAN on-call CFE) Mitel ews PE TF ce & AME 6 4f ZI on-call ? 

© Be TR ny HE Ee He AR oh TR Bats Sea, EE TT LE AH ae A? 

© AZARAE TE oh AA A] LAS eh AIBA A, EW AR HAC et Be? 

(EAA TL, TEP ARES ABA EERE VE. PTAA NS BUA A hd — 

WEF Ve AA Ted, RR AEP a) od thle TS EE BY 2 TALL, 

i — BT ER, thik A ACR kJ Pt SRE IBAA. #e 28-1 

£1 RLRABARAH ARERR LEM, 

341 



JH} £ Google SRE AA FRE EN ZERIT SK (LAB IVAN TERRE). KEES UIT Fe 

fz Google SRE Wh PPE VIER Fen — 4 te, ick), ARACHIS e 

FUR, LAB Pik HERA fee PA 

#28-1: SREB TRIE 

EeORIt — 
VEIt—7 LPR. AP WESE PENSE RE, 
DME BPR 
Be ah I Weal RR, FA Se Oe AS 
VA Se Se AAG li] HAS I 
BEDE AY BT RCI SE, AY EEE 
Jai A He BO 
Ole HES, (AIA RIL 
BFF SE Se A sh A TOR ES 
Ze PALBA PLA ffi C6 Bis 9 TZ SK PY, 
FY AEA AE AY Ta, ThA EI Pek 
BE TAAL HE I AR i EI Ig 
bere fr Clit AE LE ALAS YL] on-call, 
FUSE BRAC HLNY on-call TABU STHRAWE 
ibe AG SRE BF — aE a ELT Ht 
UF AE SB oy 
4 RB Ae RE 
ToL. iS By ALA Ze SR OR RGA RE A 
CLS Hh fir 

HRM BWMAX : | 

ict HAE LEA ve (A R/T 

AL) REF UII 

BER Metz RBA ER ELL. faae size, 

FH HR BUT it & WEFT IZ 

ec He AR, LIER ER 

EF IMA on-call Za, HW IBI ALA AS 

ZA IAMER 

FEB CRRA ee, le oh HE REE 

STAY HY AR 

{EF TI ATR AA MVR UO. RE 

Ae {tet ae AE on-call 

WA on-call VIA EAA. TESA A HY 

15 et Ot A 4s 4) WU ZA SRE BF. HE SRE Riz 

(it —#E 2S TT. 

ASTER EBA DI Ve TBAT CERT FE SRE REPEAL. kK YE LE I 

28-1 PET SRA 

ASK AIA S SRE GIB AT LRU Le Um A CY a ESE. TRI RES bl CAS 

ho MP mA MIRA SE, BT AT A de PE tea & BAILS oR BE 

1X ALA AT: 

eX HRA PPR TE, AHA. ABE TE. 

° Y HC eeitlal, MEA P. PMA SRE ith Ho AAAS I SRD tial 

iE Bi CY SE Et A a BB. BRAY SRE th I PAIR MSE AS oc BSH 

Reh] LARS AS. AAA Het Re AE el A. SEAR 

Feber) Cie, FFA eZedtty f —HESc BERET, SRE wRATLAB 5 WL] on-call Sf, 

Pea AY LAME LT SCS HP Ay oe ee BO ETE BP 

342 | #28: jiiki1=F:SREMMAon-call 



BY Te] 

WEIMER a 

= | 

= & 

TF HN 
i ee \ 

GUTS \ 

ar 

ea , eae | ee HY aa 
] : : x bas ma A 

af Pel 

28-1: SSFASREPOAon-callMir xB 

Dre] 186 _T 8 Re A — EE 

TEXAN on-call SRE MW LN-t+HBREM, Hike, PAvte yA 

ACES, ARE LAM PAL SRE BS on-call ZAMS ITT el A Ae J 

=fATeI “TA VE” EAA WUE Ra A). TENT Te HERS, 42 28 Pe BER 

Wr Brite AMES I, ails B¢EB 5 on-call 2 a DAKE. 

Deel geen 2 ee DH PCN PEN. Feb —2ei oy, MEE EL 

(SAU BA ECDPEN. BA 2ST ETE IN. PEI BE A Fe A al 

“EOHAKIMA, Leth abie keeles 4A Bo). 

Wy AEE UR Be Dt. HE UINTR BE iA 8 A: HEMT DBF aRe, AEM IZ 

fe SRE JERE on-call ZAVIFRA, mI DY EZRA, Tal ek SRE 

#% i Cw SW. 7E SRE EXC In on-call 2 pil, DIANE FEAR ATS 2] Re 

MANSRECABBET. REREAD | 343 



FSUEA : BMA, MARBAL 
TEMAS iy ORR DDRE, 7E SRE PIB eH, ap PEE"? pk PEES 

AA TET SRE ABA AB iL Ag — 4S SE ors ne FL BARE I EY Ds 1S De 21> A i] 

spre CFA AE, ZEEE VI Re te AA Le — he PE BIA Ee — TE 

{Fe LER AEN EE AE WD 

John 4) A] 42A ~ FooServer SRE AA, KA AAWME FMAM 42 TRS MS, 

Pljoe ELE, PRS, UR HMA HAHAHA SL. JohnARH 

P-K, HFAPHLEMS RRS Tw. AN, Ze John TUF KE 

NA BU SRE RA OBA T RANDLE YA RRR, VER. CHAT, 4 

ERAS ROBRFI, APRREACT”, PHM, “REM—LAFARi 

Six HTH, K-AMMARATHR, AARCAFRS ANS BAHL, 

Sh 9 RAZ, VARSBA ARR.” RHR —-RAERAAAT—A, “AMA BARS 

BAG KTH.” 

a 
N _— 

> Bi 

i NYA EAE” SS 2 A i AB BAA BIRO | RET SAE, BON PENY 

SRE AIBA Fix PRA I BCR OR SUI? BT. BRIGHT. STFA. 

>) TEAS AP PR SS ET et ie Je HE Mik PAR (Ee ELE. MRA IRA 

HE JIA _L Fe Jin AB 5c 8: EI PARE BR © RR EE il ee A 8] HE RE WS Hes Fe EE AN BY 

iIBHE CREM, (ASI BOR ELBE. EE UI Da sk Tl BT AB Be 1 A BAY AB ay LR 

MABRY LATE “SYARSRR” RARE. TAN re ee HE. RNR A ie A ag Be TB 

PLUS F, WARP DIESE IE eS SRE WA Giz. 

SRE ih BEATE FP lal el 

© FOL EE ABE TT A EE? 

© FEAL CE NIIE IE Anita 2 

© {PAI We ER BE AR A BE WB Ae: ZIM on-call ? 

PHY SRE Be bith He MA 5 DS ER, EE, Ue Se EL Fe 

BN AR Sey FH AA re Pe SC IB TAY SRE Whi, eee ee as ST eA A fa tT 

BLOB a PE ke a CO ae WA hin EE VY Pye 2 FH 3 BE), Ellie Re TEE AL 

Boe A AE PE SS PBT RE, BCE. PLA, RAIS EEF 

“VOTH AY 7 13. PEEL A ABT PE TE TPE CR, (A EIA SUC. Br Bett, 

{Ee EF Vl. 

£2 Z£APMSREMLAAE: KH aA, RHE, KPA. 
13 MAH SRE LYE: ARR, KHER, on-call HUF. 

344 | #28 iit FSREMMAo on-call 



ARE. BRAM Sy AH 
CEASA SAO PE, DIESE SRE GLARE IEARE SRLS. (EIR ASE 
PEAT UIPAD IEEE AL Beh SEM ATL MY LAY TE AACS. (ELE BA Oe BAT EPH BEBE YG 
ME AISI BR ME (IH 21 | ik : Hee HULA SBN, MIA MEAS ORI, 
TGF a UDI EA ALS SBE 

LFBEAE fe] — AG, BELA 7S FF SAB BE PRA BA AG EL sve 
HVE A aL. be TR SS BT MY oA. PA, RNR ALBA it EEE — 7S SEM, 

ELBE TA] RS Se. HEED PR Re MMe aE 4 7 HF I 

1) H#RAIWTRAARP HY 

B25 AA He UDI — HE SEA ES. Hill aS et ASE, FCB 

2) AY 3% ARS 

DMAFEPe avin, Aaidat., FPA SLO %&. 

3) PAIRS 

2B AF, Jena Hi IY AE « 

4) Bah ik te 

Jain, FEA. TR RR PS 

5) 34% 

DATA —2EGID , TTR Ae. SA ULTRA 

FE SEAM PRAIA CADRE A ite, tee EAE, WR 

PrEe VES Se) rete Se AIBA EEE Ke Thy ot Be AWE FT ES VII SRE PIVEN. Google 2A 

SRE HIB AI“ “on-call tr ee” RADA AVES UGE. TE as A Sl Be 

HY HE A b PTAR » 

i 3 4a ik BARS on ( Mixer ) 

HilYia : frontend server i Ae BUH 

oe EU FA AY Ja ing: Result Retrieval Server, ° Mixer 74-2 (EW HE 48 AE A 

Geolocation Server. Personalization Database © An alYe Mixer FHT 

SRE 4X: Sally W. Dave K. Jen P + WBA Jridim x Mixer HY “BERS HE”. LLM 

FARABIKA A : Jim T. results-team@ (thf BATA 

(Fl Ze ) 

IVER: BAR, MARAL =| 345 



12 RA RIA MRS SE ( Mixer) oo 
PIE EARL DSC SUPRA tte : 
ERB AIRS Bl : “PRET” BG © MRE HALA Th AER ED aH, 

© ZESTRIL ARS AL: “HEP GR” Ags Eby fe] An fay AS 2h 

AE PCP WE: Qnf{al 4a Mixer # hk As © AR BT HEIAHY Geolocation Database Hi 

* Mixer PERE Hr Aik, Rrt{nl fea 

TER. LORENA A ET RE. DARA Se PHRASE 5 itt ES ARIK ATT 

TAP OR, FR ae A AACR ot, LAR HEIR AAI AEAS AI, a cht He FAB a 

FLA [A] AE A et. OCR Talib te HE EE SB AUER TERED, PES? i ey DA fr] 

TE BIX Tbr FM BE AY LA FI YB EE Sen FE AE 

Bek HE US LEA Ze SAY A ABBE A SRR TE AE SEITE SBD. Pe oe IL AY 

7 BAR AN — cE ESRI AR ETT, (He ee EE LT HE AIBA REPEL. SUI 

iF Vin at ack to: A 4 AA SS TAT SR At ATL 4 =] EE LA Be ee AP IKEA Bi BR 

FEF RSS AEB 7 Jit BAY [a] AP TE 7 A EB ALL 

© WbHe mR are “SPER EA” PUERN, URATA? 

© ZIRS AUREL. Bee A oth 

© RU AIZAS BPE A a LA AS HY EL a] GL, HE ay EE 

fig [ra] 28 2 

BY LA AG FE EAR SS i [ry AR Be lc HS EL BR) RS. SETA PR IE Rk 

DiS Aas. He ORM SC UPA AREA. Ae AEM ASE, 

RA BAHAR ER. FL SRE AB PRA “FPR” AS ea 

Z BRD ASC He ei ALP 

Aantiseayim A Te, marin Ss 
SRE xe KALA ale Re ae. A Be 2a te — 7 ESS RR | ESTEE, Pt 

TF BT Bb Dd BE A RA PA BT AB PS ee 1B) PEAY 2 3 HL a Be Da AL BA Min 4 Jt 

fa TERE DS. Ay A as Se A A ET eat, TAZA eT RE. TE 

Google AM tntilitiSre : SrA ly L Fein ab2s ead Ac — 7 A, Sth ee et OB 

A Be hte TA, TRAP LE AA a AA Ae Ho Ali ee AS SLSR LTA SRE Bt 

Fey 1) fr Pf a ic Ze 4 >] AA Ey 2 tt tt — Ss AI, ELE ISB 

24 Ede mh BAR HE! 

346 | #28e iik127:SREMMAon-call 



HP AER PT Seae. LA EA MF: 

© FENRG EAB I — PD, THEA Py A ne Ee, BED HR ER Be ME 

— ABR AM BIATT ABE 2 SIE Be AEA NC A dE Hl SC PRY Be A aE BT 

PRA AT AFF 22 BEG A HD 

© ELT LA SAR SS tds at AS DIT ae «BT ae BE SAP Pe aE, PF ok BG 5 

ln S A St MAG 

eH POR A RA SCM WET A obit, PEE BTAY SRE BT LA25 BA a i om 

#8 —2E He HUGH, Art Se BARK 

ta Fe RZ (a) LAE BE 7) FOE by SS BE TI 
fay Ate— AS “Stal” FVII SRE PVE, {Ae SEM IAETVISRE “442” We? A 

AS EY Se UIA BES RE TE a EA BUS, He HEA BE EA Tae: 

Bel Fe se is Be FET PEAY LeU? TE SRE 1x PPS AR LE OP, PA BI SEE 

SHE. FSC AS PRE PB. AIC A KAM TE at TORE. SRE [aly 

AEA a RES 

° EAM LPED, ANA EMA ASE, LAA AR GRAY fe lal CRE AE 

© (EEE DRE STUER, AIO Ae en, A Set 

A ee Oe CY Fy CZ Ae By wl 

© SU artEN OEE CFT. eae MSE Le, AGE a 

He PAR RAIS PEAT Ok BERR RE Be AE A 0 fa EF YI SRE RGR Be LE RUA A 

DHE » 

Role: FRAARM LIE 
TFET RT ft TVA As DL ack AS Fe EAI RF A} —— LR BE A. aieh et A StL ER BRAY HE 

AS BELA, [el EDT ER ERR AEE AIR TA. RPC HERR, DAR A BAY — WE tll SC FR RB BY 

BOD), SRE wes Ce BE AE A Boe BE ea CH AD RE BLAS BH A) ed. BGS SRE WK 

Rafal PAA ANS We ee Ted LE ft AR 1 ll Pk BE A WE HET. BT ABE fe AT A 

FJ AY 07 SE) ti set Fe AE» 

it SRM RE ee : CRATERS AE 
HEAT AT LAKE SRE Sb EEA AME A SEF A OLS Fy SBE He A tb AP DCE ST FB FP eT FAS 

PRPENO TE RR. TER AA OLAb BEY A BRI Tal, SRE Ae CEILS 8) BENS BE PE HP EL 
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fey. Beebe. Pg IPY Tal i Ee APRN, SRE 25 RE me A ic Hb TE Oe he pat HAE AT 

FRE. DEANE WSR A i EA A, Zee Rect Ae SERA GS. 1K 

BZ Wes A ZH [a sf A — FA EB A, “HER OR UES, BA UETAIT, ATL 

EAE Sik ee 28 TA]. A Se bP: , WE A Se Be VA AY ak Re A RR ee — Pp 

“PR FIR 7s AR Pag FE ft ANT)” 9? HAY “AR PE” BT REAL AR AS. CPU 38). dt iil 

SPERRAS. HRDOPER ie bc Bll, Beart UL PPA Ss. MARR UE, iste ADA Y 

SHER EI LEA one PRAY, BES A AB DY AE ETT ore ir AEE Be. Ar, FEAT 

{LiKE UI SRE Ft fA TIA A SAR Ay HR DT 

APL SARE] : SRA SOS RAEN EAD 
(EL BESE SRE TRPHIEIR EEE HOP RL, (EAT RO. BACB REN TE RE PD ERIK 
FR. JRIPBCAE A ARWED 4 YR BEING Hy Ree] GALL? >] & BI eRe A Fad NY TL PT RT 
FEIN AT & BA-BAS AVL. CEM Re INE AL SPR LT IL OE. AT HES BE 
POI] UALR. EAA SE ARCADE EAE, SRE LA ANS A WE YB 
ETE. 1E SRE HE UMIUINA HE TUE “BABE? OHI, DUB Se Pan fir OB I 
HbA EY, DA SE TTP 9 Es ST EE OTL 

WBA, WREEVR EE ASK BS AT DAT SRE Safe A A i BRP PEA OCs A AWE? Te BELT 

bik Bee AS lle, lB. LA Pe ate SR A BERRA Bl 

TANI BR BRACK : Ri) LHERSEP IRS 
“# SRE &% #7 Google Maps = * ALF A — BRD , SHILA MA FeRAM, 

Ate Oa — FI HDR MLEFAR ACT MAH, LAA Ee Reeth A 

it hag ep a.” i HH 2A RA —— i 7 ERR ARRARCEY, BRATS 

ATLNIRF on-call Bit 5 FY! ” 

Paul Cowan, Google SRE 

Google Wiha —-l RFR AE “Rafal ec la) TREE HE SES”. XP RABE 

Hy Ly re A) a eR LE BE Ta] PAL: AES Google #rlel IBA——t 4 SRE. FFA Le. Peay 

BH ALBA 5§°$——# Bs Bs at ss AE EAS A. FLAS 30 AA 

f. PRES DE ATEN Google #rie] SRE HABA BG, FERED aA ERS 

il VEE, DEE WS PR iit ERA IS FF 

Atta, Hina — Avs BPE. AMPERES], 7E Google Sk mnie iit 

HP ie FU AT Ia) Ee Be pe FE at AY a — Be, FATT SR ad >] Hl HA 
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BOK Be LE 7" RAZ TAY AY EEO a BEE, OPE AY DAIS IE Se ee fee Se A ety. TEE 

Rel Be, RABAT HARB Yb — 7 ORDA, KS HH Fe ee Be 

FAN 7, PAE AE ERNIE AS. PAID LA AE Sk th FIRS FAY 

FIFA Google Alibin ESE RII. Jas AZ IAA RPC ERR A, URSA 

SRS BORE IA RM BR. fe Pa, ATE SABE 

ZEAE, TIENT YS 0 DASE SS A DL BSE SE HEIR 

TEVRAEAE, Aah A AC SUES © BEA EEA CLA ORE SRE HE [ne] VE PEAS 

A on-call AGN — hay . FARAH BUT, LE ie BE AA BE ORR 

AF, ll Sore SRE FP. SRA ER ETE BEEN RR 

AA lal, ET re eee a. GEV SRE FEKETE LB 

FERIA, AA ASDC, FECA AB AT HEH SLE fe Ee HES SRE HIB AB PY aM 

fE—-WPLA AH ASIC. TT OT tr SABA HE pe BP I NE EG 

#81 AY on-call L#EIMAY 5 NaH 
on-call {AMD SREM EBA be, (Hee PO ABE AE Wi ZS hs SEMA SE PR A 

Fe. NEW Toe EMLUET on-call FIA SHEN ASA A EPRI SAA 

a, “HEWBSS on-call” 4G “Hees, FHA CHI AACR UR” BO AIA 

TEX o 

MSM ee : SRBBHRMLMBS 
“SWLENHAL RAILS ANBR,” 

—George Santayana, & ¥ KFT g 

HG BE (BW 15 Be) eee — TP EB. RE KB A AS 

JRA — APP, SEAT A. “4S SU ASR, ee BEEK PSC sic FE SZ HR FT 

FEE AeA CRN. NGS AR IN asl Fe, Google SMG af AY Fak 

£& AG By eco we A LAA he BE 

(HAE, PEE eS AIR OR ZZ ALE ATT JA. 4S ALBA es tc Fe <4 

OMENS RSC, REM PAR TEI BCR ARE. HEE SE Je AS OC AS BO ae hes BE IE 

IRE, SHES SR SOM ILA A “URER” WET Be, PTCA AAI SWRA AREY 

25 “SRSA RPC” RAP ALMA ALE A Fae A / KR AR : MIRIAM AB RYE PAG. Rat RL 
SLARRB, AMET RIERA EIA EAM, RA RNERRR EMH KDR, 

RA Heh — eS 
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EE PESS RA, See iT ayy eke 7, HE AEE AMAL 

SEAS SH ig ELS SCRA Bt ALE Eo Re BA BLA HE 8 8 Ds ak KA cB FE. 

SORY CIBC BREE MDG BEAD AR © BATT ZG i IF YB Bist SCP He oe A he BE 2 aT Pe? >] —— 

fey BE tT LA He PA EASE TAIBA, LA Be PR PAR Delis. TREY, He BRR AG TBA 

AE AULA TY foe EE 8 Ja SCS ZS Ai CE OK 

Google MWALZE SRE MM A4tdp “SUR REA ABH”. EA MEI SE OC 

Hi4y ee. Big, FRAZAR ADC. JARRE RA HS PAE, FE AIBA Ml 2s 48 

Dp “WBeBRVb Ie” OPENITEo), TUR Re TED ABE SRN FSH J. TC Be. PL 

ZHAALT TC » 

FE AED IX PPA SY Bel BG oh, LTR ALE fioh Be AB PEA TIS. BT A A EK CY 

fe SRE MAMA, SEAS RAE PR SEA HE J A oe et TE 2 SE 2 Ta] PY 

FEARS AR BE A Fh eC ae Base tk I WT A BS AE APT 

HBC Bes Sh SE 9} 8 iS) 
“ERMA AKAM, HREDRRRAMARPEAAEKEYR—_BRR 

Google AREBARETHKE.” BREA BL Ro! ALR AR HW A ie F AL 

HEBMEHRARHMAM, AFSHMAMEZERRYNHA, ZHASTAMA, 

VA Rp Ka KAT AER. RR eI a (PI Ba XK E47 FR). SRE RR 

FGFRAERARMRHRE PP, LRARMANPRRELHAYMM, ARR 

sks P Sm, LAA GLE NBR Google Doodle KLTAM RE. 

Robert Kenndy, #1 Google ## # SRE, healthcare.gov A 3bi& 4" ° 

“met —-THARA Se. HES SEA SRE GBA, Stn eae a AR aE A EK 

(et ae AE ER. Ta, arn fe SRE 3c 1t. AN UST Sie: [i] pe EY 30 (1 8 F228 

Mra, TRUE i Tae eR LE AE CN Ae ARS A ee — TP kik. Google 

SRE AIBA ai ek —4 18 SE "Hc Bis Ach FL > FH CAT 1” OR A EE [a ew) [ea] EY 

LPR A “aries 7.6” (wheel of misfortune) BYah “EAH” (walk the plank) “, 1x4" 

BETA ABY SRE KULAAABAMP A 

1K SH Bh ABC Bie HF SINT Be, 2S BA 7 ae PS Jd SE Te] 2 ALS. ES et Re AR al A, 

Fig: |. RPG URRY: “SERRA” (GM) BEEP ABA Bk ba ADE on-call Fell on-call ; 

x4 SRE 5 GM JalR AE Aen. ERR A ESET BRAKE ST, 1X4 on-call A 

146 i #F “Life in the Trenches of healthcare.gov” (http://www.thedotpost.com/2014/05/robert-kennedy-life-in- 
thetrenches-of-healthcare-gov) 
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BA hes ZEIE Sy Wal AY ALI EL Ly eb PH Fe ME 

GM S850 28 rb ME ee FBC B Ly ge. KAS ye BY FE AL HE PE SA ig Be AE ek AY ee 

(esha Dit, Mae BMA CAS SR. My BAL ES DHE 

yb EER WHER ABBE se, REZ SA AAS Ae Ap Ab BE A EEA 

FES BOTA TE BEL — Bh 4 BIE 7 Be ae, fh Ry Sea BE PSF 

TE 4 PHRAY 30~60 474A, +E on-call FMI on-call BAA AH IE. GMA 

Pods Aa 1] ed A Fb FF if he GE BE, PRS TA RE es I OE EAE. MRK Il 

red ice BE I] EL ft AA OR BD, GM Ze {Be i a th ALBA he bt Vl la) ei. IB Ly it AS 9 HE 

TEI, AEA GM 8) Re thi 2224 TES 5 WL BI HE Ae aa. TH | BE 

2% ba, Tal AY Ae ee oe ETRE, CE. 7 eH 4 

Bam is As lal PERSE]. 

“4 MEV -] RPG IS4e MIT, BET AA eB — ARG: HT BE Po A. TAY 

Th, Neer HER [a] EY 5 Sb — 4 FALE, hae ORD BT TR) eb eT ROR SES Te] LUT 

(LPF x HA >] BT A ABA ake PY PPR. PER Ade ORS JAY GM. 

RPRWRA, FAS ei 
HE WS et bY OCR. UIC, AR ESI BLS SRE PA. ak ihre 

Ay FR Cat) AT ALE SES ERR EAR AS. PRT. APIA BM oh FPR ME 

So LS AE PBR. “ST SRE MMA on-call Wa, HAAR SILAV TF 

Sep, (He AEWA iA fee Z aE, REE AE. Al, RAIA EI 

PLIGG S| A —2e oy SRR, RSE Te A ZS a] A SP 8 Fe Sh 

SEAS ic Bact [ra] pel» 

FE e HE ARE, FESO MEALIE HS eI. PARE R.Br A BS BH 

HUDBA AS, HTC PRUE SRA it et BZD ASI E. PHAR BIE AB 1 BE 

Bet Bea] AT LAPS EP) A DE Ft EY QA SEG, PTAA PES UI. FEAT HEMI TEL 

Bef (EK TSK BAP NA 28 APE Se, RSA iat at, LA UY AE 

TEXT EA BUI ASE PE, PLA EAR AY. OTR SRE WTA SIRS [Hl : 

Rc lapel. Ae ige. PERE PBR. TR Se BAY ATTA Be Fe Le. FE/H 

(HEAT UE BUR BE SRV ATA ASCH A. HEL AT SRE FRB GAP AEE 

MATA. sf ER AY HE SBA aA Al as, HP APR IE SL AGE 

7 Plo: “AIF—-PHADRAABRT—ARSR, UWMNAAAWLH: ‘ 
18 ido: “ANTE AAAR! Bes He YG A Ha AY le] Aye PK NAA?” 
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AVIS WE. LESE OER SRE feb 44 TP AA Be bi oe EC BEREI , AT LA 95 9D BE 

AR WEAT > AZM TRAS He, RE SSE SL AP id HL, a TS AR UL BS 

L PuRASI SCM. Google A AID AE HT ix Ti oh, RRR RR A : “RR HE 

aR RE! ° anh an : 

1. (EAT, BT PP Ye BE PE HE ARE RS AT BESS FE et Be Se BM 

2. FERRE Za. RET ee. ib SLA BE — PEt ASOT A 

AR CNT BEAL PY Ji 2 4 

3. FAR BU TBEVE , YerlE Z BI OTE e , FFAG EH ATT ASS HH LIK PEL 

ATA AG, REDE AUT HR, ABT Er SE RL oh FARA Bug 

RFF ZA RBA VERY HDPE OC HEBER 

46 SAIC eS EES BaD 
{R4 SRE AB 4 — + “on-call FURATMNR”. BRP WA— AFI, LW 

MRF AEN A PPAR AY Se Ze, AP IE oo EB, UE EWE Ty YL] on- 

call. M4 28-1 Pras, AREA A la ACK A 7 Tal VE 

© xR 
— PADRE AT ARID 

— EO, FATT QAR REA, UR. tb 
(te Si xX ARN AIR ZA. AWA SR eI eR, tm aE ZY a 

F— #6 a] Dakiet A a St 2) Se 9 2 I) a 

° WSIMM BAR : HAS ERE a De AI OR RR, AI EAT, 

[B] ALA FP fale : 

i ae ee? 

— Whip tee Lh A Pa SA 2 

© WHAM M Rin : CHK A-AELARA), AAS ik POC id LA eM 

A on-call, iX 224 HAE BEA AH, A YD ALBA Xe A 2 FF 

1X AHE 

TERRA CI ASE, SCM ATER. EA CPT ERE SRE RIF A ETA 

fr} el, DS) Ay Ate 2s FE te a SRR A OLA AR BT SRE i BE 7S ETE IY 

(HE AW HE IBA ASE TE. FKP OCR MA a SEGA, BT ATS OR Be Bt 
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PPE, GOEER SRE MWY ANIRIE AE, PRUE AA AE eT 

TEAR SRE BAIA, Bel AE ee HA a 2 Eg 2) aE I BE, aI HR 

OTe HE. GT IA. te ZS OS ae BEE 7 a HL BE. 

QU] 28-1 Bray, PV AR SRE AUF RA WKAR Se AER. FETE 

Wh US RHE A. ORE TRE OS BEA) BASE ERR AE. BEE 

I, “iAP FPR PARA Ze EAR a, ZS ER AT EE BOD, 

KLE Ee ai 28 ek JI AES LN VEE SRE MIDE A FETE ZS « 

Re. RRS on-call 

ADEE bv MMAR HED], 2] SAL REYIPRL, HIER A TRUIEAEA. SRE REGS MIE 
WASH on-call. BVA — AEN, BEAT SEWER VEE SELES A. EE 
HET eh A UE RES CEC IS AR EGS 

Sr inde SAW ASAE MZ la (PRN, Gop on-call #74), FEI BiH 

The AR SCY eR AS hill — fp a th FRR, BTA eR Be VE TAA RE. AT 

AFA af ay oko Ach. HE NWS” on-call ERE SUIS TORRE DERE AEA 

He bd SA on-call ae fEMVRF PLAS. Whee Hb EAE WL) BA HA & 7 ae PEAT on- 

call, HJLAPEPEAIBA Z IAI GA SORA E. AA ATMA on-call (HES. lal, 1x 

BG SALA Bos tb BRET TH), EAA Ua BH AN A 

RE AEIY BT SRE FFA ERI Sot A. ORE TALE Ee A EE eT 

FAW OL PRET ERIE. HATE EB] LA SR IR Oe ce He Te Ea. ATLA 

Ase on-call FEE —P Aim, BAM DEMERS. FEB CPR a HART EI 

on-call "J LAF? qa IE Ba Be A he. A eT LA BW de i 

BA « 

WARE TD BK AY Bb AE, SSS aR LER EIN, on-call pe ba ree A 

ANA Dl Ee 6 AN ERE AE TP 5 Sh BC a, A Ak I ES BHR A 

Ay a AS es SS, TC PARE IY + Ta A BE IK APE ZR 

SHE AB SS HG 7 te AR LA ZA on-call Bei “Kew” Ai. Wak 

AVE on-call, ie UbFR A ABA al, (HAE SER on-call WK ATE SFE. LEC 

Te HAS AE AL, AN SE TE CRE. TEER SRE Isl oT AEE, AA 

ZT OIVE, Uk tettY BANGER 

Ati fihon-call lLHIGHS5SSHR | 353 



me> on-call ZA > CSV, DRA RRS 
TCL EMEA Cc Upe! Se ee MEME TE Spe ear: 
Jy INE, (WATURZEMABUIRAS HY on-call HUFL IG. A AETADA ZA RAR, v 
F-% b on-call ALBRAIHELE AT TERI IMIR vie. JCAMAUEE SRE DIPLO OC BER BE 
OEHEWISESS he TALS A ZEUN aT. ASERERE, JA on-call #BRE—/PALEROR, BUTEA 
Mik, FABIO AT ASE ERE. 

fE-F UIA on-call Za RIE M52 SA AE! 4 TPR BTHERIIA, SRE ABA ai de 

Eo. PAB HE Se A bo SLY it Bo ESB AR AR EE EB oy FT EE A Rg HT OF 

HAR, Mara ee SSBB bik P77 TAY TA 

DAZ Ay EP ALBA Sea a — FF LYS = I BT, Ae ERY TA) PP BY PBT 2 AE oD 

Af EEX Te oA SRE, HBS RAIA RN. MRA HERI TR, AT LAR AEE me 

ie POR. PE AAR ARE TY Se IGE RF 

et — HES, BAT ATLALE SRE #USt RA te EO). HY PA at Ett — BE sh he 

VERB, PAN: LE SRE 2H RAE. FRAT SRE Ce 5 pk ik 7 fe. A 

Jn CVE HK i — BORA Z 

N25 
€bx} SRE EV de Acad eis A MELAS. AN ey re eh ey ES Re pe RT 5 Ba ae A 

BOK ULAR — Fe. GH eh Pl FA AS fis I PES, Fe ey EASE ee a ee He AY SRE, 

[rj ENS HY EA AS oT PR es TBA Be BE EASA fa Ap HE SB ROR, I A. (Be fe 

F A trxe RAN : (PA SRE, Fed Bae as LAL GB a BE PRAY Eke Fer AY A 

Bho Pl eae TE Bl EA] ALBA I 
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oB 29 BS 

SSE oP TE ES 

VE: Dave O’Connor 

yete: Diane Bates 

“ISAM BO TATE. AEDTE EIS AR ASIN. AEHTAR RE ASCE ISR LAE LE. 

PSN, AAA A, PRET EET AEP ERE. A242 OT, Ba EC HS A AL 

AR VE, DAI A RAS TRA 

TE fil AR AR SCADA BI TAS APE, PBA ESE SEI. CEE Bw EG He ee WC AY 1 AE 

Tuy, —e Bick — A 

AE AEA ANS RE: MR TP, DAR I Bee PEs ETA oh 

eS EAR ER PAE aE SLY in] LEA Be HE Tel Be HH Fe AL AY HE Pad eC 

ASOEE SS lO. ART e, ix SETH) eile A al AS AY, Mb NERS He. (HAE. 

A PIED oe [el i 2 PE ER AS EER. ek Ha HS PY Ua] I Ta] (SLO), 

— bere LAY BP 

LH, pete AS EE ihe Se WET ARR ELA ye Te a. AU ek REI, TT De 

ARAL. TEA, JL AN elt hy HE a) PLAY Tp] A ae as BET HE SS PE 

AT EPR . SE ASAT BAM AY BE rig Be Wh BE — 4 Bey SAR, NBA TT PR Be 

FE UT SEVP A 6 LTR AA SLO, (Ee EAM 7 EY TA] — eae EY, BE BB RRA 

AR IBAEF (OR ADE. ee ast, Zula 5 me) WLERABA Ti oc Ay (ChE x 

AC CE RA, ee Mb BR Ml EL Ae PR BRAK MELE A HE 
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SLO, {AAI KAS AStT AHA LLE. 

HE EY) 2s HE Th Bowe HT AT FF LP UY, 1H ae BEY th Ba A AS HE A 5 

APE ZS ERE ET ASI TA), DE SBE ART AU RIP SH ae PY LAA 

*, 1— 7p . 
GiB wot hh 
Google 4 JL #7 2U 747 FE ABA HE ak PE A FY 1s AE Ti AK 

Fi ol eth Fem ie Ae JE on-call CFE ARADPR AY. Hite. iLk—-7+_L Fe) oh 

WFC ALMA) Dy SA eR, DA AE AY Fer ic Pt 6 LAE on-call Fe ili Ay Be Ta) IY ie Se Aa 

DFA SC ER ea, LEER a] IT aT OIE RA 0 AY Wi > BR ak SF Op EAT BAY 

LEAST. LA Be ihe SBTC A ti oe HY la) el, Google AY on-call {RK AA 

CREM BE. WARIAL Fee ela Ae SR, TCV ADB, ft Ay LAS BC th BA 2 ek 

Meth, TPAC 

— EK, Bll on-call CFE AE on-call LFEVEATEE Sh. Bll on-call CARAT RE 

Ne eB A lal. ZESRLZE NAA, Bll on-call TREY ASME—JA GE RES ERC A 

HUI (ee fit ote ARE on-call Lei. APOE. —-iokvL. all on-call CFE ize FAI 

— 7S FIBA BEA. Ge Ft kil, al] RE a HE AR A PE. fo 

we PT ES « 

LAE RET SRE IBAA BAD PR AB FE: BY AEE on-call fein 7E#¢ (Ait fe 

HARE A, tay Exe tall on-call CRE ALPS LEL AID fe fy oe Mb PT, Ba ABA AY LA Fis 22 

G/T AE on-call TREY RMD EE. AY HE SSREDLAS AC Aa IBA HA A th ay Ae ee AIBA 

AA OCEMAADEE T 

H iris HE ES I aS ATI, on-call TREN Hi GL VEFT IAS RA. A SC PE 

EBC. FCI (ee, AEDS AB ZS oP 2s MT SES EAS ETB Be a. HAI Be, on- 

call LAV tie 32 (EE (LES A a RAT EMME SS (PAA Pie EPR S JA A, 

Fe FEI RAY LH) 

BOAR] TR oe HT FP BT ME ESS A Ah Se 
Dre eh APA IS AE ae FR J, BAI Kel R oie — PE bill ce x BE EG AT 

(PE WB HE [A] Be re Ys 2H ES FE BIA. SRE AIBA AGEL BSF A eT ill Ze ES BL A FB BD: 

e HIRES AY SLO, BI PAE may hy Bet fa] 

© EBL THELESS A & 2b 
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© FAUT PETES FY i Bit Be RE 

© FHT HE LE BY Be AE il 8 

© AT LAK BEE BEB TPE TES LA Ag & > (HEHE TA BA BE fe BG I A Za eb SH — ae BB T 

PLA AE DLA, on-call ) 

bey AT ETE CEM OPE Hb Ae SF sa td BE FT Bie ER A TD he AS TP Be ER 7 PY Ti] FY 

TESA TD BAS FOE 7" DD AS 2k 1 BEY 

[on | oO 

REALE 

IAFER ER SC LUE, ACERT LAR RR AA SES MIALA. AC GRICHM, ATIMDER RS (45 Bo: 

AK) CVPR. HPA (aA) WAAR, RA. TELLER 

HE, HEMZU IRS AR HER, BR epee. PR EER Re 

75 EW IL PEALE 

LAIR A (flow state™') AE—7S HE TFET PN Be ld ES. RBA “HEAR ASE” 

AEF A, Hay AEF Cee, HERBS KAEE. VHEAKTRAT ORD ALA 

TERESA CET er me ES AM. (HAE. RR SST te). er] 

PRE RAI PARA. BETH Bere) BT ELE a EK TARAS PLE. 

VA Alla AY BE es Te, BART PE EBERT PAE ERY (Eze Ia] 

TCE AK Bitz KEEFER AAR AY A ps, ee IY, Pe IE eR, EPIL Ta] 

Uae RR AN, BANTER AER 

BEAT AY Aaa at 7 ra Re BE a RA PERE A Be PER AS , Bil Mc — 74S PE AIR GR 

HF Ue eo TA ee SEE PPV Hy ve a WET AR AP EE OR MEE TESS. IE aT Rei ae KR 

ZBI ADLE AE. A PDT SE A RAS. {ze A pr ébe —PERY 

UARKAS : BAMBHEMSA 

1X BL Ae ES A BARE A RAS > SE ATE SRR a ARH, ESE Ta el FY TAI ATL 

TR, BaZa Ach TARR Sa) Ae ELE ES, BES id SIT, JS 

HY FH ZA ws Et PT PEE 0 ACHE Be CEI PARAS PIPE TA) TEA API, ee 

CHAP EAR Oe, BORAR AM. Tal, ok SAA the es A AE 

iz 1 J Wikipedia: Flow (psychology), /ttp://en.wikipedia.org/wiki/Flow_(psychology) 
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ANSBN cE, IRA SRE MIE Be FARSI ADEA TK TARAS, (LE ee Se TT OT ACS 

PREP BIH. Maat, YEA AINA AWE AT MR AS. Ife — BP ASE eT 

AY BASLE 

VUARKA : HRA NS 

49:7 A HS eA CL a fe PS. SESE LE ETI KARE EE A HR AS HY Be 

WANE. FCHE SRE 7E on-call (A BERIIN We AT LAMEA IA PARA. FHT 7E I A) a JA 

BH tt Ate, AT EA HY Se. cae Ae re ER EE ie EI ch Fe BATRA. Pe Pe A I 

AEE eI on-call “Eze PUTPETES . AA Ete Ss 4 hie k FiRAKA. fer del 

fleze LUE TA PEM TAII HEAR on-call, MERHADT ESS , 1x (8 te He eb FP 

FTA LEASE, Ae AAR A. 

WRT ATLA HA b BE DT PE ES, HP PEE SS ES Fe HT PER EA — EE TE 

DUA ASE. MD PE TB. SS aE A SHAW Bp. FPR LAR tara Be i 

fe [XP Bug, MER AERP So RPE EDS. SS 

PANDA P IPE TERY, ZARA PP ie ob AS So. SR PRAT HET EB] Bee ee 

SHA RAS, (LAE SRE ALE P, WAAC PEATE LEBEL PRE AE i — 

Reve RPA. eS Re I ak A BA Be AN EK Ee. ACHE Re IE 

AN ROE A BE, Be A TOE AY SE Eo 

i — ES TB OT 
Ise AIM foe HY HE TEA GE as EE on fy Fe FS RAY SK 

Fé PRM EMAEK BA FARE Google Wie FER > SRE MMWAR, EE MMM eRe 

LEIBA 4 Fes. 1K ed SCREENS AY 2] fit a] ——_ 4D ABBA A HE A CLAY Tad 

16 HA SE AY BB ne ES ALA ay EE ES. EAR RE ABA eT DE a CE. A 

1h (88 45 ATA ae tt ABE KD 

ot te 3 
LENGE Ra DW TEKS S. Bilan, AP Are Fred WY SRE UE LSE. ft 

A> KA ze on-call, 144 Hy og LOE AT PESE SS. RWI. , (thai SEES WET Hh A CLA fe. 

fl—PUME, # Le “AN SEFT PL” IRL, Fea Ta, DE, XS? 

(Hoe. PSE fal — ea a eT) BEBE IT Ae HE: 

e Fred HY AIBA(E ABELLA AC ARSE. Ei SES ADB TBR OD ALR ft 
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e Fred HY [alt A py fii ot on-call, WH) [ —7 Rae. AH MERA UE Fred RBA , 

FLAT A Tea] Sach KS Ve 

© KT APES TRICE 7S AE JA Fred #¢{A on-call WIN TE 

REND BE AY) « 

© RPT AS SF SVAN RAB Fred AVM RASA SLT [all, Fred 22 PS 

HA Se Rs Ae AAR AS, RI RE 

© SPA PARA Tala, KA Fred 4 A Ane. 

. Ea, 

Hm ai Ave. YS Fred @— MRA ACA LE, tae RAD EAD. feat 

i) ef Se 4] E-mail, 2451 IM, Be Sth FBR a — EIT o TEL SEE PE A Bc EE BY 

LA Be — BE TCS aE AY ot FEE CY 

BT AULA EEA Pie DHE, He A RAZA. KEE WAY : BS ABBA 

LNT Bug, IS ZAbARRAN rE Sa ac. Ail, (AAD RK, 2A 

— He BET SHEE SAY FETS 

A 44, Bt 1] 

Ay f OF PRB, RA bE PC GET eR. BEES). Hebe rp 
BT EAE SS AE FC HE GN. Ri. RYT 4 A YT CAG PE. LB CE A RAR 
AEM. BARE Pc LRA SE. EGA Te, ve 20 4) eh TE 
(ES FUE RL PCH, TT RAE EB AE De. Oy TRE 
1X PPS PEN AE He, BAT TK ME He AT ESR Tl, REESE RABAT. 
CPN Ws 5 “EEE TEL” (Be WL ICH [Gra09]) SRM LEAR 

AR ACIBE TAL A SAFES AOR ESE. He eT A A Ke Ae OM 

ak Are HE TPE VE. CR A te ATT eT EI Ta EP LAE. A Pe 

BABES TAS AS 1 Ti oe AY elt TET HE 

SER FARE WM 
AAR AOR AE INES, BZ PT TELM, ATC 

— AR TEI WM 

AR VEWIB A HE DST EES . RIS HEE TE SS WERT — 4S OR ATS. IBZ I — A My 

We. RO AP, (Pe hie A Ae HR. on-call CFev ey DCR Aa 

FABER A TL, HA LAP ral] on-call AR FE fr] Wb FE 
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on-call 

+ on-call CARIN MIZE F on-call LE. MRA ARBRE, WSA—H#E vy ABET 

Ft PAY PA, EE tee ES IAW on-call A by Mb EH. “4 4E/4S_C Fev on-call — JAE, 

1X — Ja th PIA SEA ER EH ERE ob. ARE TAR BE, ESE Al, ABA 

x4 AGRA IBZE SS on-call. PWELRMIAITA, BHAA on-call. PRA IIA 

eH hy Ze on-call MTA AREZEM A LAP (hor thik POC UPR AS AY TE By) ) 

al] on-call LEN AY xe fERR Fi EEA EE. Wall on-call W LVF Meg E 

on-call Leia, ISASTLAU ASI on-call TC FeUnREUs EMA LE EER. AUR 

AFA Hit CSO, TORS Ae aH. BR Pe Bi J A 

on-call Tei 36 ba #8 AE on-call TREVM AEE ala, AS ete AE TT EES 

(Ao): BA —-Bis ee ese, CB ay He 0, (HERA A Te ETH I. ee 

SBE AC BOC ESE. ARRAY on-call CFEVM PY LAM GK ETE oh HF 5 ft 6 HATE AN SRT 

fe al} 

Le 

AUR A BW PR EBL Bc 2S ABA a, ZIRE. OREO ABA AY IAY ITE fs 1S SE, 

ALL Be BUS AY HE A FT PAY Bp A hb 

TAD HE Dy A eA i fio, Te RUE SA PRY Tal. RNR ABA A BP AY BE on- 

call Filial] on-call ABAbPL ANTE, ABA Ti ETFS HE TL Lh Bate. CRB EE fay ty 1a] aif 

AAS A i DBE TB, AN BER SS A oy EE TAS. A replat, PEA 

PHA L. BERR AB ATIAY PPC 

FFE WISE TE 

FS ay HE He LEE ALBA SE Tm) ty oe ik PES. PMNS ERA. CCR. AR TE 

AAR E ABA RA EE (TE LL Eo — AS) ih ok A. EL 

WS BAp es BP FA RH om-call FFE ft HH BT HE FE 95 Seb BOR RTL. TRIPLET IESE 

40 Fe Fe 1% AE BAS, TEE PR EP A AA SFT AE 

ARAPMESS, LARA 
AHI We, ART AT PETES JAA SET i AS FE ELBE akc ES 2 A BL BE PR URE OL 

Bs MME UA A BE, [Ene ne (RS HE, BCA IS BSD EG A UL 

AA IY We A FEE EL EPP Ta] 1 2s Ach BT, | Ay 3 a Me ART AF AT AD 

BR LRAY © IRR AIA OR A iy. HAs eT TT SET. AIRSET A Sit oe 
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MDSHA, (Ae A =P ARES, BREE Rye EAA BI Ee BAY 0 A Be Bk 

Efe FE AY FF 

ax, 2D FB aT 
Qn ABA He BE SA TP de 7 PP PEFES , ABZ BY REP aE HEH. AB 

INF SK AT CA BRE AY PA TK 

Sein HT 

(RS CPA on-call FAIL EHS, HARB ae. 4 

JL AA (EBERT BE. ADR PY ?, MOAR, RK A VE RE. 

fe PRA ACLS Boe, KEE TARR I LY AKERS. KE, BSAA ALE 

fal El, BES A ABS SE He Ok Tad FD a FT 

TD HE th IAA PCR, Fl on-call —#E. 28H FE AT LAR EE AEE AZ lad SE 

ELARAS © A HSUIPY fie JR vee fa] BP 28 Va a AT A ft Be EP a RR To SEE MA ti Bee ER 

HOLA. MRS ABA ABS WEST on-call RGR ABR PHAM, ek ALTA 

IX PERT HF TL FE 

RIA EET LES Aa BRB AW, EKTAMEMAM HLA eH 

Uair PE Va] ed, A ee AY RE EB AAS JT]. MARK AR AS J TA a LACE > BMY Ad Ye Bd VA 08 

AD, BAT A EAE AR AS LZ Ban RET Ay FE PMI TT ee EH AR 

Ue ley) Alapaha EE Se 95 A 2 Te], PRI eS 

LEXAR 

BSAC, teeAR 

SARS EBA PAPER EES. WR OARS, PRR, RATA 

(58 FA — HE ES RR RX PP] a 

— FE Bie! : 

© ABR IZA A CHR ie 8 PRS KE 

0 CS HEI Za a Pee ce PT DAY. 

ANE ALBA Si HER ee HE TP, BE PETES. Beat AY EA a dt — BE ae I OR AP 

PEARL AY He. TEMG TCA ALITA, HATA a AR, BRAT hill ae oe PS 

We A Se Ae OP A. AT ee RS PPE 

i£2 #4 http://en.wikipedia.org/wiki/Running_the_gauntlet. 
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PRN, BARBRA Hae HPA HA, EEA RA A, lI MA 7) 

ALPES PB a ek A, PT A A th ve SA a A pr. SEB He CEE PK 

ASCE, Bie Ate. FESCPEI ME, BURMA URI ME 3S AR Ue 

AY BEI TAPE IEA EBB EE RAT A AE ee BR ba RA Boe A 

PRIZEA AP IB, FASE HEAR PERE, Beer ae HSE ft FE el BE RD TE 

WRT EBT ETE AY SE ea 2k, REIN RI, (He AIA SRE BAY ey RAP 

CBs IAI PIAA EIS A RAC A he PR, RAS ae eR 

md, FRAT ATLAS a ES, A OC EA oh Be. II 2a Ps a Fg AB LE 

HHA AR EBX HER, ia RA SRE WH. ERIC. MRA RE, 

fe iAz MEE. fe A DR BK FE 

XP ARR I — 7 a) le SEE AP RO a PS 

SAE D1 ve WAR A ROR MARIA EA I. BL TI Ge OA a Be EY 

PAR. TARE, Bed ib BEI EA bes Ae i 1 EE HY BEA ifn BLA OC 
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#308 
BWR ASREN A TAB Mie 

ETS PRE 

VE: Randall Bosetti 

448: Diame Bates 

Google ffY SRE IBA BY nti Be oe Be ke AIBA EE A A A PF ZI 2) 2) 2) CIT Td 

FE Ron LYE, MCP BE AY HE SS EAT Bee a AT i TT AL. PE BARB AZ 

Ko TRIM IB) AGHA He SS EA Ops RMN CE eIE Ack, Ak nea AWE, 

AN EET A LE LSE fa WER. = — “PS BA i HE Bet SH PY TA ARR TB ee, fA 

BLS WD HE EER EAI Tal, ARS AY Al PEAT 8] SEE FE AG ZR 

FEE Re eS [a] ed ES — PD Ae 28 Ft BOR AS AY ABA mT ALA “+ SRE. VATA ABE. 

1% SRE PARE TF ee PABA SK, Tt AS ee fal BD A BA Ts BP TB 

Got WAP a E, PEEL. iA SRE BT LAAP BD DOA 2 Bry OL A 

HORA LF. ix TEE AAA SY ke AA BAY 

ER, SRK PATER, AAU A—% SRE wy f. IIAP 4% SRE 4 — 

ATE BREA. SABLE APEC RRA PAR, AT HES BA IF) A HE 

“pF ea BON SRE GABA, SR FAS BE YP A BY DA Bah ABA EA 

BOR, ARR R SEF TDP eA. FERRE RAK PIR A SRE M7 

Zan. (re eciZ4E—“EM lal [el eii— F Ben Treynor Sloss #7724 HHEBIAY SRE FES AUS 

“Aus, felt ik PASI 6 EE. 

$2 POR AD EDS ae 28 BI RH A AIBA SRE FY — 28 Fg 
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a —BrEs : CHARS. TRE D3 
TERA ABA et Re, PRE eT PE ae tan 2 Be AEA ABA Be cate ALF) OT Yi 

BW VDT REA Aa A WEN. PRO AGEME AIBA. Fl ft HE DBAS Ji is Be BE 

[) SRE AEE. SRE BOAYH A pre ITE RSS ARE EFPIA ot A. PRISE 

ASIP IB EOE RE TE tt, PE MB I te see TE EIT TA). xe SHRM 

Bad TA A ott eer dk — ial Il PP 

Ops Ht 54EB UY 4 
Ops #2 A( Ops mode) 4849 2 —#F HIRAM RADA. MAMFAMRYT XK, 

SALA R AME, Hie, APF MAMBYHTK, ERFHLIH ED 

Hu, 4 Ops AF 89 Bl Ash et 38 yo VS HE A AIS) A,SRE WH AB. 

MeN MT RERFARKRAAHRARRA NA EAM AAS MA, HHA 

IRF PE WABRARS SRA A RE) HI Ae , 

Kb Ops BESCHY AIBA BY HEV A ATF PET PDR DE A EE CRA ARN”). IX 

BY Asi ek BS — Ue on-call FE (ER WE 1k PT ae IE, LA a PE BSS a Bl 

(V4 PAE HY HEH 

WALA AR A HF ope SE SEAT LE A Pe 0 LARS re 1 ae a A SK Bs (BN (OA ERD AY EU 

Boe IPA SAR), ABA BMI E FT oie ABA BLE PET KR FRB AB AE BE AS th 1 ok 

ARS SEEN. IIE. PRA CPE PR UENRS IE ISHS. MAN EAR BE 

A—Fi th, WRAMA WWM FRAG, BAI ARIEF RRR E RR. SES 

100 QPS WARS a He 44 Ay 2 aK — 7% 10,000 QPS MARS . 

FA RAM RA KIR 
SRE BABA A Ops Fe cB Jit PI a eh 2 Se TE A fy ERR AER ES SEE TAS A fT ae ZR 

(hace. LBA Ops Beste tis oad Af Ae HE CE Tat EAP Es EY, AN Pe HE is 

FUSER TEN EARP. TERIA FARE BRA. HATA eet A la) a Z Ja. 

ih 1A te — ZEIT Tal OR AR SE a Te BA is 0 RCE. ee I 

FE, FAP AIBA BY 5 Se Re A a. HEED DA Ta a TE A STE E28 A PR BK HG 

rf aT Ech AAS ee 

4X Bl] SX Ke 
— AR WARE FIZ ABA BLA AY dpe KDA] LZ Jit, A TRE HID EE BG SEG AE AD 
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Di. Keble. BR AREA ROLE. A I A RI AE 
IBA HEL. FORDE LEE 

Fat A) 

FEXKMABH, AB ak REA EE b(t. 44S AB ack ee, Hh ZE 
on-call sta HA FiRZ) iZ A AA i ae eB. Ted, ft Eh fe MA SB 

FC ABA ae DiRT RRL EE A SAAT 

SRE A#A SF AHW HER RARETE 

1X LEAR 388 AE A 1 Bl FA OE LZR PS ad SK EM KIE. AA CER REE 

fel) Bbst A 4 BD —fiz SRE FF. 

at “RAM AE” HERR 

IBA be ba AS SEP A AILS A ial, AA ete “Sb Eee” AT 

ER TT HE MA (a) el. IIT AR 

Fr AB FA Fe SRE ARAL ta HOLS GR 

IPE SRA hE EA EA, (Hee KH RRGRALAM MAb. BAF 

ANH UR RIA Ee, BARE BRAM EMIT oR. 

SET ARR PAL, FR Z—PE AN SLI/SLO/SLA IRF 

BEA A XSF SLI. SLO FASLA Witt. 

KE] —-BSMRAMA “HW LSHRFSB” HF: “ANYRFSEAKLA 

HART.” 

A eR AAA EB ABE. ROR RAY AK Be te AY FU Bi ARH 2s eZ 2 GB WF, 

MA — +t Helin (Eke Pita S 1.99 GBAFEHAS) FR-ER 

Wk a RY RRA et Ae EB 

SERAPH APSFRRAEA “DRFERRFAKBHEL” HRA 

Bilan, “RE lS) 60s”, MAE “FFA ATAAN EE 60s RRRSAIN 

fee a 7S MB.” 

ILA 4% SREY “CAIN Aw, FRAT UG” ABM HKABAG 

Wy TREX SE AEE A BE on-call XH, FRA BD i Se SER LM RAE 

MIAN FRR BES RRR. 

— Ju. cs ab . 
SIUM: PS RRA = 
(FRA pS as ABLE ESL He A HE AR 

SOM: DERRAR | 365 



fro PAN, ENC SEMA BL Al, PE aE AUR BALE PE Bic EMP R TS ZB Fo 

$5—TMHYS BSAA Tse 
BJ EASn ARB TS AIBA AY SAS HELE J. 7 GE EY TAL BA WE 47 BY Si TE Ee TCO 2 

JERR be i a) HE ATE S aaa Poe — ee T, EERE TCA. RPA PR AY HEAR AD el 

bi Z BAUS eee. FFA EP I——PR ie, ESOT ABA SEY A. FA, AP 

7 Ay Ay HE SS HE) ABA WE As SK 

AN REAA BOE Z AAI FER. Me oR A ot PRR aS. CEPR AAA 

(Ente, HEA A BD-RE. MAIR SI Ae on-call LRN, HEA on- 

call SRE @fF BS —PME BAI. HSER AR Sa AE. CP OCR BY LAA OR el EBA 

FE (tbs AT a RY ae IE i AE A Be AAR Ua] ed TBS to 7K A As AU Te SR TE 

Wi > SE BCT ALBA GD PPS ERY TA) EDS 

ANIA) AOE RI AEE, PRATHER IE “AT Aree? ° ORE IBIS. 2k PE Be Pe te 

SAAD AH fa Se Sl Fee the EA. 1 — AS OR TOE ARE Ala]: ES 

SECVP Ra. WRT a OER EMAL ie, ASA Bist Ree. 

SRE BEE 28 SE BCE ne BRAY» FEMA ATL, FR ABLE OS Ze ey HE ALY BL 

Fe, ABA HA WAI UE De RUE WA, Zs UE CHR [Dek14]. fash Ir) TBA we ae TH ak 4 FL ve 

WG be Z Mb. DAR th Ren 5 5 SE a ae ie A Te > “ETE fe] — 4 28 AR AA 

SRAM ARS, Pere A EA. BRAN. FES PRA SE AY fe A tbc 

TEARAU ER Eo PRAISE GRP FEI Be Phy Te] age — SD TA A PR A SG. CE RATE 

WASTE RS TR, DAR ERE TT ZH PAA en FS RL eyo” 

1 aR A Se FIRS Ee 
CE BRAT PH HES Bh BPE 

© ANIA AF TERY Fe eh SEPP 0 1 BER Teh SEE SS SF BAB LE — fb PRE Ops CPE RIS SE( ZB 

USB 5 3) WAAR. 

© FO ABHY o8 ck SEPE AT HESS LE on-call pe DU BIH: AK, Ma SS 18 He TH ay hi 

BERL. IRAE bn bre Ho PEI — Bboy, BA ig Be ad ek 9 ST bY A 

APE ill 5) 

PR DAE AT BA a BY ek SEE 5 Ay SE AE SEA. Bachan, RK AS I Be 28 28 ABA IE 

Ti BT Se SPP PE SS Tek SEE Be A DS AAD SS Seek AEM es SS 2 FF 

{E 
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ah yl, 7ITs S—we:- Sno 
GESTED ER: —/MRSRAU EERE. IEPA Ob, 27 EV RT ILS ASIA se fecal 
ia) RSE hy THE AIBA CE AC HY WEG EL ARUBA EAR BD AAT A PREY SRE 
De BOE. 

AZRAE HE ET EA SEE RED ASA AS, PLA BARE F BE (BORA ) 
EADS AREA PE 5 Vea) ice Ee ACA tA AFB eR 6 PE PI os 2 RS) PA JE 

M Ba F 88 
Weid: KF SRE SFESCH Ops FEA, a LL A Ts OT tina A TT AIBA FCN. 

iit Pe Bt SCC LE AT A REIN IR. BOA AIR a HR AE TL, ME TA IA 

1 TEASE 6 FE AIR AMIDE an 

PRAY 7 Fs 1 A AB iE — TRG GR AR (SLO). SLO JER RB, AYE 

MP RAR EEE Fehr ee. TRIE ee HE RE it FE A FY EE (OCH 

—4S SLO FFE IAM Ops Fish F6 In] — 7 FE EE. TST SRE Bestia Set TA. 

ARO RAB AS SRE AAG AK IK PIE, DBAS REE SE DOA AE AS EAE. ROR 

MI Anne SLO, IBAR AChR 4, A ARR A AALS, brie 

Atize SLO. 

FRAN BA ax oe BY) 8 BD 
ORTTAEAR A Tek. AE AE SE OT Re BLY I. AE. BURR Moat AE Eee 
By “WiC AIC” GRAAL. HR RIL BOR 

1. $eB— 4 AT LA ART BA ae bE BEA OM EL AYE 

2. Teg OB Sl fe PR 3x ST. ak 0 A LA AS To IP EE SLY Te LIED oi 

Tee SRE EY AT BA 4g Uf He EC Be LY 

3. AAR EATS EAC IELTS 

4. (ERS = 7S lade bg 1k Pal Fe 

TE Fe MIL fe WLI, RES A ERR He Be TP ABA CRS, LE LBA ie Be ER a 

TL. CORERE AT CARB ASE SE, SC DLA Bie a SE ft BA a Bt Si 5 CRY. (15S SCR YY 

TP ifs Se J SN BB is a EP AY SS — 7 8) ie BEE RE A EE el Fe RDA BSF 
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AI SCA ZS AR ALBA E74 ITY Ti OL HP Ay 2S HIS TE ET 

EAE (RAIS 98 TEE fe 
Mi M5 A RW I, RTE HLA 8 Ire Pa ER a Dy BR IB es 
ABN HU Ds. WOE Me ae BEE DR BUD BL. RAT, ORDER MAT HE LAK 
WF “BLA, EWP Hh Zs BER Zi. REL, TE AERIS PS” 

WIR AN WB EIS, AR AS BR BCE RPE TCE. PRI TZ aL aE PE Yt A OR ER 

Se ik Tala, AE AA ER RI. SAC REID, 1h BE | FPR SE 

AEE HE APRS. BBC BD Tr ABA PRA. EPR FPA, ABA RE A Ti 

FIA RT ET TT BC FE EHP VE 2 REAR OR 7S SP PE TE de, BC AR PE DO 9 

SY BAT HESS ret BC ABA LT hax PS AL FT LA — ae SE EG 

Rp SHR TE EFT FCP HARE BF 

© BE BC RL Boe Bit HAS AS Jit) Ay eee BS Ay wa 2A MeL Td es PN Ay AT RAY ll EZ 

Mer ietile CARS SF .” 

0 “RAG AEBS LR, AABN SLO ARH. BAAR] SLO WSR, oF 

SPR ALENT IA AE HS A, OPE ARIAL Z BUWETT ER A PUD EE TLS AY 2” 

HEF AHR EAS FED HY HEE BF 

0 SRA UAB — TRS a BOE SAR PE A, LR A 2” 

iA — BRE AY HEE TE WA, HE aD POE Le re RE (ae ES RE). ABA Fc 

IE PR A TAR, ALAR AT ERUPT A. FA, BIA “[......] BRE, A 

AVTEIA ARS PS — 7 TRS BCE Ht A AS De PY Se BY RZ MAY, Ta TAD YY FC BSS th) BE ahr AR 

13 Tel 78 AY RE AY [ra] el” 

oF aH BL CE BUBB AS BHO LINE EHH” 

ANZ BU BE, RRR HE EWI, (Aree RICA. AR, AA “[......] 

Ay BAN VIX HL — 7 td CAB Be ne BS A CS A EL EAT. ROLY Be AE A A 

1h AR PEE I FR LI. BAR I LS HE, BATT RB AR eC eS 0 

PPAR UR 0” 

fet 5 | Se Io) Ba 

migéte th ol Sele, mea PEN all. “4 PRA SRE ABA Zea, RG A AP I Le 
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WAN AE AG HE ASB TT OR GE HE VA. ROMP ORE A TS ER ME, 
AY, TREE SL. BOF Ops He 2 YY EBA Zs RAE FB tt ie HE 4 OR HE Be — ae IM Tid 
RE OOTP AS Te] BCR [a] EE HEB Z Jar, FESS TY A ER lH BE SE SRE PEE 

5 EPEAT Bil F 

© “RABIES RM SHR RHE, {AGE on-call LFV FARA. REA 
Xf SLO AFAR MA? ” 

© KT ERE BRIAR AR. PRATT BEF IRS AES EX Z 

BA AC OC PE ES?” 

5 EET eA Jax Gil 

0 MROFEIR AD. Fah Rie ATRL? ” 

0 SAITT AART AE BOX Z BSE?” 

NEG 
PRIMA RELA Pik BAS HEH | HH AY as a Be PES AK SRE ABA. 

© JABOR SAE, tpt ne BE (CIN A HE Fe CE AIBA ip Beh A HY J TAI 

° tefk— Tan. ARAY “oes” PE ABI 

° fF SRE ARRAN “ATA” Ae SHEBE GL FE 

© fet RA a] aR AY 7 OR RR or BT Te UL Te KD BL 

KW RS —/MEB EBS — hte. TR ie PR. Ble Ae HE Bt Fe 

[JAS , Fhe er by Trl AIBA oe PR 2B FD SE, RR UE AAT 2S SEB OR IT Pe BEY As PB. PR DY, 

BREA — DRG, PRE LET BNR 

KARAT MEBLLE AE mT. BUR URNA CLE IE RAI, ULV PR RES 5 BELLE 
BAL ARIIGER EE. EACH LAD A PSESERE I HBA. OR BA TIE CE BEERS FY CL 
ILIAD). SAIC AL A Dy APB Se An it 

1 BRXPRAN post-vitam, 427 X. 



= 8318 

SRESF tt AB 14) SOE 

/E%: Niall Murphy, Alex Rodriguez, Carl Crous, Dario Freni, Dylan 

Curley, Lorenzo Blanco, Todd Underwood 

448: Betsy Beyer 

SRE f£ Google WZAZHAC a HAIMA ETE PPAEY , al S SRE GH ZA AVE Ay 

RI TERY 7 3X 

oc, SRE PUETM LP, UR REET PFI OKA EBA S EE. BCAA 8 ail 

Be Wt ABA. WR ALBA AA Ted PATA 0 Sed SG i FP CAB FE EER AA. EL ce 

SRE (RA fe ABA AAU ABCA BA, oA ALE SRE wire WEAR UL. SRE 

BIB he dA AR St ARE (CL SCHK [HixlSb]). PP Rene AR. SA PB AE 

EA AE. SAT ILA A A ABA (Zs Lo 33 BE). SRE MIERA—T LVR, Kies 

ERAN BR SARS AT AAC KS AR TAEFE Fe SRE RAB KN FE 

SRE hRe-TAOTAIE (C&C) NAA. —ARUL, BAIN LPB atte: 

WM SRE SCAG Ae ite SRE HBA. Bet 22 SRY Ak PE We HS Be A wT se its EAT 

Hn EAC HY AIBA SR FRR TE 5 2a 9b, ARH. Fed aig Se WEA AE SRE AY CPE. HB 

Pet) Beet ASCH ERE Toe. Bed SE Ae BT JSG AE RR IY © AEA IS A A KEP 

DRA, SRE WAAL hee AA AR. 4K, SRE 4 Bene (ETM AR SCHR ES 

FLANKS . ERS ABE | PE. TEATS SC He BAY SE Te EE ae Ted 

WDE ITT, ROE BATT TRI 

EDR APSR ES SRE AIPA AZ AD fee Ae PEP EE. Beat BT AE 

1 FL, WARM Fe, CL SER, KM CAR [Merl11]. 
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AVES AEN — 7S FS CEMA + ARH i FRE PARE. BHR ZS SRE IBA 
iit —— THA ABE. FIRB ARAS. AEP PBERAU RAI RAIA. FABLES 
mele iris. Bete ay eM ABA i oh Bl 5 — 7 BA. ELS RE YY 
PAGE SRE ABSORB EE API. Alliseit—7*+ API FR, AE LELE 
AT ASE BR SE. WR API BTA IRE. Jake ERE EY 

Ait xe SRE HABAA BIS BATE. bak Sr ERB ME, API (Ey ZOHO th 
(RSS. FEAR OL PBA ABBE TE — 4S A OE HEE. HILAR, SRE W 

PES Ah RR RHI ZS PRE RANT AE. CBR EDT SRA AS TPE RL 
HE. AS LAS AEA SRE RAE PS. PERRET Ae HEA SLE EE HE 

PH Bie He Sy in WE ae EA SS ETI A TVS. Gk WEAE SRE UREA : 

AST fat a) SEERA, FA SP nF ABA AE ERE. DEK Tee 

BUN Aaa eH, MM AE THR— TA SHE F) SEE TI AAA EMI GERA. HEIL A 

AY » 

ex AWN 
PAB: ; oF PES WW 

PRA Kos CK (BSW SK [Kra08]) PRR any ZB AR GA, (AEF A IES 

EORRHE, SRE HAP. 

YA], SRE KAA MAME AH, RNR ZA Fe Ai (production meeting). 4 

PORWR AI. FIXFAMH, SRE AKA AO CLR BWR 

BARS AY ATR AS. KE ABHES DARA AY A MTARS RASA SOR RR EIT fees. Tal te 

Hete u ARS A Ae Ee 6 OR UL, AEM A DOLE AE THRAIN s EAN BRE 

FET AMARA Et ATAMN Ate, EAM. ESBS AMIRAAKRA SF 

Fe REA SI— BL. HEPA BE A pre, a EAE PR BUR 

HORA HERA © RR ITS EAHA DTTO MRS SHEE. ARS PERE 5 TT. 

Ac Me SEG A ROR TE. OP RH PRR a] aE I. ZZ PAI, BE 

PEARS PERE SHR ART Ye. 22 7S B ORY Je at EE 

He PSS C3 Th BE Jie] WEFT ike 5 EP SRE MTSE CR MINA I, ROP ce 

ere + A AE BY TA AR EB EEA WA MEL. TRIS AN SK A ML ATR 

(TH AARZ I. BRA Wa Hh FFE 30 Fl 60 oP. AURA Wa, TRU EYER PAC 

DV, MRR AERA ABA. BASS DOTA ERR A OB PT ERRATA PTE Z 

Ht, BM aE EDT TERY ARPES . DIATRIBE AR od SM 

TERN AWM PE. AEP ABA TAME. RS SRE ABH A Tal AY IBA ke ba 0 



(ALESIS. CPB S AAI RS Bot Ae ie. AE. WSK AN tS AAD Tl 7k 

ARERR , {HAE HP RC ELT RY RAR ZS 5 I OME TAR re. Bed] wT DA fe Se — 2 Ih I A 

TROLVEREPE. Ne, acti PA ERE ONE PLA. ix thre SRE 2870 iin HY 

BCBS DATE TZ PAE RS A AI — SiS HE 

{EPA SRE ABA AWS DUT, BHR — PS AIBA 5 Sb KIRSTIE) AY TBA 

WE PEE I. BEARIS—F7 Zs PA ita A Bh ee PO , BE ANP YS BA BS i ate EY 8 

Sih) (GR HESS cP BS WC EA i 8 EY) Se. BA BA 

TERA DE. (LEWIS A | 

HE 
HAVES“ AMA ES TK, IER SRE rH TAIRA MARIA HE OBE. MR 

AEE LiL, Rae dais eA eS. it, tek —-TRUD ie CL 

Brox FHA — BF) HERP ALE 

Bp ASS ROE FH HI EM 

AS BE PRR ZS We PAT MYA RT Pd RE — TE, SS LAI RET A DE ST] 

FAR BRIE AS HES HAY. PAIN. 7E Google JEP" SEH, BAe Ww ARV ix 

White eb br 2S CA — HE RE: FP aa Tet TA, RRZSIRT TA), PUUVCR SE. ELA WET 

Fa SES For tre HEA HE DL EE 

RE HE 48 FR 

FA TETT AMR SS AOD IY PEAY EE NZ ERAS bits, 2 Las 4 

HE AUPE ARS AS Ae A Bch PTV (SCA BE ) AY i CHG De 1 ad FY 

Wehbe WEIR. CPU FH a8 Bee hie Aa A EASE, AT LA rie — 7 ASE 

BEA ABE UA | 

— EE AIBA 1 28 1 Bs OE UY J a AS eA tes, “Ea DA ids BB EK 

FEB, (ALE I Ra 

oe Be 

IX BAT ZS PE BB AE LE tS ee AY lB] el, ee Ay oY HRI LAS 

Waa aaa. RES 15 SEP DCMI ABER, Diy eke LAS IRS PTE AY 

KB BTR 

IX APTS re In Pe AAS Ae AY SA eR, ER AEE ve ig SES SB AY I] 

22 RABY DV REL) MAAK, CARAT EDMEEAHKEF. 

372 | 831% SRESR HAMM BSE 



US PY PC BE AS 3 OS TE Da OBERT YS. 1m PAS UE UB eA SRE 
Hae, UEWCE SRAM, TGR RE TARE. MOAT Bo 
fey el: 1 ER AC TL Td. AEE AE A SER AE eB IA 
AP a — Pea ESE EN, WSs HR PIAA Hehe PEAR 

ARK SS aR FH 

xe =P : 

© TIAA AER HE NEAT TL. CERAM PORCHES A 
ZNSE EIS PENS SELES A BS EA UL, EE IR REE (tb I) LY BL 

Bia ET i — FLERE YE ec Hits Be HE EL, ELA BAYS A EI 

° FESR SPE, fA Ae eS TRE RAY. MME Be BTA a, a 
re TB ELTA FP Fe SEB ao A Go PE ed. 7 Le HE i pc i HE 

HAR He 4 | 

© SER eR SIE, {Ea Ne ELT ERA. HEME hy mest, Ay EP A 

SUR FETE EER [ele Zz Sb TEAST. 

SAT HY AS Th FH 

HTL EAN DT E28 HF ZS | AH SRE tig SEK NY 1 {BZ ix PAPE BBY 

FBR FASE RE Hh EE fe SPE BX LEE pI SE ay LER RELA 

FPER RUE UL. WT AE ED ET, HA I RA. PRE E 

HJ 30 ft ae 7 BES SF Aa Ee et. RMU OAS EE, NE ee 

CARH T 

HH lia A ia 
SRE ZABAAY Pl Be aT SCS ROARS PREY ABA o> BCE & 7S EI Ae AL / BCI, 

BAG BEA. Ayre TEA ABA EY EBL 

EAI in Hoe A AL AABN PAM, FEA PER AI EAC ALBA Hr BS I. 

HE SRE AM AHHZA Wake, FE AEP SRE Aa) LAB AE BEB o> Es ae BP ae 

BYARD, ROR, Ae ATE SIE SS IY te ABBE A BE SB A ZR 

BAH SRE HIB AU TR eH, Joe aR A EK PS BAY Tell ee ET EIT 2 

eK, IASRE IBA, DW ESRI Ee SEAT BA AB A BS. MIR POR AA TA A BE 

WA Des PAI vats FP CAKE ZB IK PAM RIDES EIR AR: BBR HA — 

HE SK BISAS ALBA HP a bes — fit TEBE ARS IK PS, BE SE ER EL REY PT] A ak 4 

AC BRYADIE , SEES 7 ae — 7 RE EA 36 BY. ABA 2 Tl AE RAE AD AR A, AR 

HST bb eR til eek REN a]: RHETT SRE BA Ta) PEAE Ha. {A ne ik HE pe 

Wee ens | «Ss 



SEA — Wine SEHE TE we 1 SRE SWFA IBA be tot LR. NPA SRE BAR AR A Ba 

CHARMER T 

AY ERIIET ABE, PRES ACN GE BES MI ZS LAA, AIR I fos fn BE Sj So ih BE PBA 

iis. 1X A PERS BY LAR Ba Pet 

© AIBA IER ARS BT BER rs Ber i EAC TAA Re i, BOI AER 

es Ft BA —- 7 Re SS Re tte AT SS al iE ADEE SS 1 A FE 

© ARUBA, weERE— Bar MEARE 

© ABEET tex 2A INS eh wae Sete TA Bx tat A 5 SZ A I, Be BE 

FASB CHAS WY Fe BS (FR PRS AY ) 

BATT VEN ABB 47 2 DORI ABE AP EN, ELA — 95 SCA A 
A SAGAN LA PEI — 70 SF AL TH Google Docs MYST UM EDIE. ES 
SRE HABA ABT IK BEE fal TRIE AB TA TSN. MRAP REP SOP AT EMEC BP 
SAE ETH 

e FA “Sta” AE. PPLE AEC Ab a SP CHR IC WE 

e ABH A SEAT SH APT T EEE SE 

BAN ICAALA T Pe ante EAS AVE RE. EXO PAAM ETO Bee. fea Bl 

BA FE ZaMA TP RE. Aa GB AEE OS A BES A ie — 

(RH ay AYE . IAP PRES ER lied Sete. TRE ee Ae A he ABA 

= 

SRE BA SBME 
WA, Google 2 —TES EM. FA SRE WP PLAN on-call W4C{A Lill, SRE 

TERA KAA a ASI. BREIL ASI ZAZA. 1 Bap Ais PY SG Bas ae Fhe APT 

“TAB” AGAR He ATE E AYE SL KG EA AAR ANE. RTA ASAI. 

Fe] HOA ALBA, te APS ABABA, BARS PPA EAA BA SE. ECS te BL 

OTE. ERHEAUHLA IRA AAA . SHE 7 TA TAS EAE ff BK ZS a] 

HELE OS PRR ZS BIC IE WD). EF RE BU AS Hh DD VESEY Ae I SEER 

De acre AA. Pe Hbb, LAR ELBA TE 

IX AP Sy Ahi SLY PED A SRE AYA ce Rafe AR. SRE HBA ape FE Sey A peal et £ 

RICHER ACK BENE. mE WEBS ARI Ee EE ne MEN. Dl BRAT Pel Se FG A BE 

BAe Hil Be te AY — ao FSA ER MEE I ta LK — A pe AE, LEA, 
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HIB X AA Artin Y WRG © MARA OA, BA REMS ATE EAR AE. {ALT 
Mb hh Aim, AES BOER. ZAK My. Be A 7S UTS ALBA 

FR XE SL — 7 ABA Se —— BE BE a AN SS BT ZAHER EEDA BS 

BIB 4 Ax 
SRE IBA HY bk ha et HE, AAS PERI CE, LARA AE J A BEE 

TIARA BANME— AT AIRE NE > KOM Ee ABA Ca REE. AIRS Ee , 

BAPAC RAY ADA 8% Jo TE A BE (ZS AL SHR [Nel14]), ZH Sik REP BEC BARR 

ita Se OTE RA. BRR Ae AEA, FATA Ek EAST 28 

IESCHBYF. SRE AB PAS “RRA HA” (TL).“SRE 4B” (SRM) Fl “AAP” (th 

MERA PM. TPM, PGM) WF. FAY Be i fi ew EE FR AY oe FE A We Ss AA tte 

(1 EE PY EATER Ae Ae He EAR. DHE RK AMIS EE 4 AHH 

PPLE, Ee ABE i eee te. Hl OR, HEA HUA, HB ery 

As Mie Fae, ES AGE RTT OL AY HE FD tele oe (EL PEA AL BA oe 22 FE VAI HE 

oe SI ial, AAA ARPa EBA AA 

AN RHE AA EE ie in. ARAL, Tea tie Ae Hh ot ABR AST I. BT LAL 

Bo BTS UES So HT Aa at FF ARS, AZ E TE  RILGR, Be 

es TE ALBA HE HE GE SE DAYS Se 7 A | EBA 3 Td SR TE IBA. FE Google Ath, HAN 

fist AF SRE AREA CPLR, PBA SRE ABLE AN HE HD. {HL 

SRE 24 BE EX ZIMA AST RPASUE : SBC EE, EAB Ath BSE th A A HE Sib BE SF 

REE A Hat A. SRE 248FEU oi A 2 FA ee PEE ABA, AT AR a 

Tht AE THTVE Be HOC, SE RPIPT fee BE Bok 5S CAS. 

a OL LEB EA 
SRE RRA TiS tes LPO 

—fR RL, ATA RA EAE. BRIELLE AS AE 0 ibe 5 Be TE PRR AY [is] EE 

(aj PAP BEA . ine FE (ay ey OF ALY tg a aS ES ASE PE. TE ieee. SRE AGG 

BE ACID VERE DD. GX HHL PAIRS A Ba DT iS FIBA TE, 2x2 RIK 

iby th Ais FA SRE. 

AB i, PE AMCAS le ALBA G2 AE SYS TPE EAE he at — ee BEB PTA RI HS 

Se ABA Ae, eee Ey Bese DEY AT BA, i 7 BE A FY PO TAN RE TX ie 

WheT. ORR A HERE LAS AZALI ESE Ao ERR AT SIRT Be BPI TT PY AEE 
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UTR — 7S HES PEE, EL BPR Be CH RSE 1 AL 274) 

SRE ARH PMER GIA AT : Viceroy 
—7 KAN SRE AMBS AIA EZ IMUE Viceroy, ZIM AA—TEG (dashboard) 

FES, thee — THR. ABI SRE W228 48 Ae SS BH lal ABA & BP EA Td . 

SAU ; ESAAAVA. RGR SLE. 

ie MAA AE SEA. ee PP Pe Ee Un AL AE is A oD BR: eS EBA a 

il FP AS A LY RR a SRR ER YD ED PE TE FR, PTAA FP YE ae THE YY 

lalkt Google He ah ie tii f He HEN aE SDK mE BAB in. EAB 

tre CE oe ee Te EAA SDK Be DY — PR in, MONS A eA ES A 

[ea] EST PR — 7 |] 

Viceroy AYRE+ 
Viceroy GSKA. AMAIA 2012 46, 4S SRE ABE TE IE Rf ak FS BI 

Google Wier eie ASE. SRE OFS A SA BIER RSE. BT 

LX SRE IBA LEAF SRE AIB4E SS I al F222 Monarch (31x 4R UH, LAA) Monarch HY 

KIitA Wee A SE SRE AIPA). (Ae, AAC ADA IAT Pe ASE Borgmon (Wes 

10) ARAN. Plan, BASIN aE. AA EA WNe Ad 

BWI —-E ATML te A, PRA TE AE HE, FCT ST PURE, AB OE 

Amit. “4, Monarch L282 0% keh, JAM ESTE SF SRE GABAA — 2 &T BY ay ae A 

Borgmon We ftin, CEA A RRS NID OR. (Ae TE Re, FRA aT 

ASEM Te BD ie _£ VaR -ZE [nl A 

Monarch 

AP HE Ze A A] Monarch AY A(R A Ee AE LAA 

© Abas Bor SSG HR MRAD. (EEN —-T+HARBAKBRS MERRY 

WRB Ve A BARE RAE 

© Monarch 452 Fe xk FIs ASE . EET EAS BI Monarch JE ‘As A ME. 

HS A EE HH SEES Monarch, 4 JL AMARA AA ESA. AF 

“4Ih SRE PR RY A BES BAS PRR AUDA E (SL Eke In ea CR). 

(1X — kik kk SRE BSA WEE. 4£12~18 + AMI IA, RS BA dh 

13 AiRPRSHlP, JavaScript HAS Awe SHAS. 
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Spanner HPA. Jr aif vii i H% ALBA LA Be — HE ft IS ALA AB Od BFE A OO CEI A 
IPE (ix 7M AE HE BUY BIE Console++ SA). RAPA AYES ER, 44 

BAZ HAR Be BY eZ Ma) PEM SF oh. 1K YE ABA He Ve aE — eC BEB ey 
eA RK Bia — TP TATA SRE IBGE Se. FALE, Viceroy JA WE-E-F 2012 
AP. AP. FP 

A 2013 4E4F 9) , ASHES AE SIH ASE AL AL ANS TAY EAA Mt Viceroy P/E I Sih. 

RMDP, BBA LEY ae ARERR, HR oh Dike : MAAR DW, 

PERK — TAZA Ser WEI AE Lo AAS SERS RE, OD LAA 

(RA Ta TEE ALERT TA). 3) FE. Hae PAP GO SEA SE ET HER: 

© RAR. AE AU GB OT. 

e ali s¢ + Monarch fll Borgmon. 

fal ae A ATA ER AR BER, EE RCH ET i ES. LE RIT 

© ULI ABZ IMS CB | 
e FAC Cer A sb4E BOA 01 kaa re FA BWA HTML 7 ey 0 TA 

e 4 JavaScript HY Wm AUK (A Javascript § Ajax WH. 

© ASH AAA, PIM TAREE bE aS 

HTKRASRREKNEFE, Shama —T+teERBIER AH. BRE, BR 

Consolet++ AIR RES Viceroy ®A, tee 2013 EAE SCI ERA SATA 

[ea] FAI AE AS ee Se et CE EAR AN PT HE. GSE AMEE, Viceroy MI Beth gti AR A 

rbAHJ JavaScript, tft Console++ WEA JavaScript A+. (Ha. RAMA ABE. 

YI PAS Fe BFS A EEE AS FEE : 

e ENINY HTML fetevl rie AW BER. 

° EMA ZEA track Bn, PA TB a A ee. IAN, IPT AR 

Si HS As RAE ET BHA IE SCH Ge AE GEE SCI acl PEI 8 ill BH 

RA, RIAN PTs Ihe ate ie. Ait, Bi 2013 4A4F KK, Console++ 

Ail Viceroy #A SAW AR. EMIZIMER AZ Aa), AA Viceroy HIF aati A 

JavaScript % AWA. POS AIBA FERIA, ACRES ee EG EAL HH Viceroy Wk at 

RHEE Console++ Bett. Fi —-7P SE BCE 2014 4E4F see, EH SP ABA A 

ee ee TE. IY, PABA RR EE A kee A te, TAL) Viceroy SAT 

2 MAI — 7 AA BS SP es 8 FPR TT SE, ER AY GA REZ Viceroy KT AL. It 

Fe SAI RE CE Be SILT ZE REMI Tel, 2014 4E4E jc, BA ASUEK TK. 

SREARBHUMER BIZ HT: Viceroy | 377 
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He ARERR T HUW 

° Viceroy #4)n SK aH Bc Hee eee, al 4 nf —*+ JavaScript & P via » 

° JavaScript Witxcl Peek BS, LAS. HER HL ae ae EE Hh 

fEFtH. OER LAY JavaScript FRAGA ABA He ht Ya 

® Console++ JAM Viceroy MWiRA tue bak i DD, ll Ane AE BY Se BC OS 

FH 

e MOREL, EAT EMP A UR ELE th & a 4S Sl A EA AK GES 

MAAK, SAORI —7 SE Ie ETH AIP I BEA SS. KS AIA TEE Be ach Fe 

HABA SA CIIOME, FFE EY DORR Se ot. PAK — BRS 2014 AA AER, 

Viceroy #1E ska 7h Ai AF PPA SRE GABAA Fa eee SE. KP HA TPA Google 

We, eA “SER” GIBASRAA Viceroy: FARR, “REM” AIDS Viceroy iff 

JE ATIF GPE BEEF 

FAT TED lite EAE oe 
HOR Viceroy MAH TMI, HLCP IS PARSE. Hoof YE & PME ABE He PS 
SS) EEA EE BY « 

CED Viceroy AIBA tar Zo), ie RE PABA Xt ZA Pe Vale TE A A ERY. ALA A Sj AZ 

[A FD 1) a 77 SFE SARA LN 5 od PGS 2) TAT AE IK 2 TE Br a 

IRA So OMA. FEMA FPR ZO). ARES A ALB PEAY AIBA ake ba 28 SS EL ZS WT AZ 

BY ADEE AZ Je ETA BNA Te (OLENA ER I AK KES) 

HPR Viceroy MRL AIBA — ER aE — Be, HSE ft oR ae IP ABA AE CARR. Bil 

Alby HERS, eR Rar th RAE ee, AR Ais AR es eZ SIA 1~3 4 

ARI Tal. IE, EE Viceroy 2.0 ABA RUBEK tt & FY OTR TEAR AIR & EA tr 28 oi) 

FE SHA HP Dt Ate SET ET ASE AS PAZ SUI, BE EIT To ART 

“4A SRE Griik S Viceroy WAT ARE Zale A CAIBARY, fb Alt bk A) Viceroy AY 

ASW A TAMAS BOR TES AY LA 

Bi at AAT AS fe A es BA, BAC BL, RY oe AA A TE En HY 

FE BE BAS ne TA BAY ai PE [el | —- SE BE ST. EP RIAA Zl, xT 

BE ZS Bidi APOY Te) HES HLS AP, PR RAE TE 

JEyP, Viceroy UA AY te Fel toe Aly Tal HERS ST . KAS TE LEI A ME eh 

tx, Hk A Re ARM. Amba A eM A, Boab HEMT 
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BEAT AR FP OR BE AME, TIP SE Be EA Bee TPT 7 td DA A EE 
EAL be 

scJei, Viceroy IBA e BUR ME SE 4 Se Hee — 7 Hh ak eR aE PY 2. DE YH 
PAAR ERE, AAD RUA HE PBL de ER ES, LEAST Be ie FR 8 TRE PDTC Ml 
SM DRE. 1X A HESS EBLE TSS HE 

1M 
RATE ATU PA APS HEF A, {LAE IIL OR ERED. PSHE 

BM VE ihe 22 ES TALL. ESE cr SES Eee fb ee —— BOAR PR HE Ds Dad RF BY § —— 

WA A Arne. PbS Se te ay IE 2s BIE fh AS I PTE EBT A 

BAM IS: ELSE ABA — 22 BAS « 

BAI LAY cei a ne A EL. TEAS ee Tr A a ed PE Se. WR oy 

Rha se be AD lal, fi Re SHEIK SLAY A pei A (Pal eae Be FE — 

PASE A bi EA CW AS ; EPPS AS oes A tS. ZAR AS 

RWDAED! ) . ARE E A PAY ore SEA), BE PAE tb AT TAY oe 

BEATA NI Ae, MAMA A, HeEAAM AM kW Sue. Abc. Bedi 

AAT — PRAMS HERR. SA Sot AB i Se: A AS fe BR 15 IB a 

WATE DTA A LE AB SX RA, Be BIE AA CEPR ER. IAI, Bed ih BE 

ied VA Tei] BCR EA 7K RON BE A a ESA Te) Ps FE SG. eA] Pe fie — 2B 

AS HERE 

bre “amie Zz” PM ae eS He As eA De ad BOS AT BE & A BE) 

AB ay AT A Wik TA) AS «| 3 TI TR a — 7S SEE PBT EA RD Be he PRY 

£6 Te] 7S HER TE EBA. AIR RR 22H Eo eA BA. 37 AY El hs A ic Ja 

SOUBEE . ( [ryIPL SS BEAR 3 AB BE LE a We EK & HB PEE RR AS) 

FAR 4 ED Bs a Be IEE BE HE Ma] I, A re Ba re A 2 ETS SAA 

FE A A HIS ade BE SA eh tA EE FE en 3 a EL AE Sc ae SR SH EE 

Art, fees Ce A aE BX 

WR, — RMP eb TL Ree FE SE Be th Pa Es ee 7 A TP PE 

AEB ARBRE EH. GRE, BARES ABA WLS Belt TPR, ALAS Ss acie 

AEB. SOME RABE / BO SB PS AE BAR Z EES Fo 

34 HHH, REPRE HBR A AGH 4H, FT KS https://en.wikipedia.org/wiki/ 

Conway%27s_law. 
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bruit re 18 He SEY 2 Bath AAG a PA ae REE a, TEE Ta A ee AN PER, Ae 

SECT ABATE Re ae. RHE REIT, ABA EBA ABET 9 PH EE, {EL 

re LE Be SER Te BR illo PEP RR TG SEF ide POR Ra Re TE EH 

RUA AS FEB I MBC, TE BEB EP A A EY DH Be EHP Fc Td 

HUHEGE . Bear EY Vl PI HE PS RE ET PER EMNRA, KAAS HAEREF. 

Ha PR — HG 4 TT 0 ae AY AF A a SSA BS FE PT VAD aE EAN eR 4 TA 0 aE ne 

Ze. MARAT DAITR. BALES NY oleae oe SSE A SS TAT. QAR IAT TA] APSE IC EF 

Wie, iZZAR PABA Aik, LEAR a ok FA AB AWE Bo. AED) — KI Be — 

AS RR Tt la) AA PAPAL SS © TEMPER RAL. ie PEE — 7 PY fiz 

BEDE , MATES ARB A ELH’ « 

Ba. RAMS SIMA RASA PK. NES AEE A BM) 

ARIE HG, PLAS 4 BSC AS DY TA RRB Pa et SA BY A Je HT BV TA 

ae PEN. AIR HR, AB SF Jie SE TA PE 

SRE 5H a8 ZA PME 
TERA CATR, LAR 32 EHH SAU ADEE. Po an FP AHA A SRE ZIAD A Eee RE 

FER BT BRAY AE], ie BTR AS CE FE tn —- 47 (RAGS A ES ZY. SRE RIAA 

Be Rey BAK EE AY 49 A He PREM. Sea WE ik BE i EAS EY (ART ERTS). FEL 

TASH. SREB SHA AAA EBD. — BOR UL. Ber GE FA pe Fe EER (OKR ) 

in ee (BS WL ICwK [ klal2]) ERB PE. WPRAEIRA ABA, ROM Ee et 

= SEY FPR BRI, HE EI. AP BD SC tek AE, FF A BA PE. 

RPAH : 4 DFP eH FI 
MER AG 5 ABR SS ES BI HT A ARS EAE Google APB AE iE 8 LAD. BO i LE RS 

2H ES A BI — 7 OAR LL, Oe ee ETL EL STB aK. BE ERS SB 

Pr ate EEK AA STA, 4 Spanner (ZW ScHK [Corl2]) FIFI (2 WU ScHK [Shul3]), 

Google AMbide{T SERA RARE AMI eA. Fra 7S A AEA DoubleClick for 

Publishers (DFP) "° (== 32 8cHe 42 MySQL if #4 Fl. (AGERE, AEN HEE 

ARM TEMS ASIN — Bay. RUA 31-1 Stas, ABED IT HEHE LR AAD IR A BH EY 

Bete, AK ASI SIC, DETER A HEDIS . RGA ATES TAGE HUD 

FF AE AZ) 1000 4+ CPU Ail 8TB WAVE RBS 5 1 EK 100TB WAH 

i 5 DoubleClick for Publisher €—*4-#4A +A BHLA, PMA shte Aiea LA RYH 
» 
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Waiews 

31-1: —*PeRAS SRAAR 

But Fei Se: REI TAZ, A FI fet SF ESI RS S| 

Protobuf WEA, Bae xeak thee Ale ey A fal (oat fA pce cab BE ALS 

#)F1 bk, ikea e-+ SW ASA Al eT. eT ERT A EE AR AH 

SEA ZAE , ERA fy ER ARE TCE. DP BRR A ZR RE. KT 

nn ee Ee SEMI IES, A ANE THR. AS RAIX—A pe, Pom Rw 

EAA SRE HABA A Freee EF RRR 

HEATKA SEN EE BEIE BATA, PTE AG ABA FS EE PAS EY IL AE (business 

logic), FA fet] Sy" an 28 BE AS Ba A “UL OR” RA ERA. FAR, SRE AIBA 

i FE EF EAS EB Te ED A BES TR (ay is AE Hi A SH BH J 

46 Png 242), FF SRE 2470 CEA TAWA Z lel ARIE AS BATA RS PRUE 

AS ee PEA 8] fe HES ATA 

MiXSKA—JFAA, FORLIF ARAN SRE GAB RATS Ef 1 SRE AM ATE. a 

it oh AE 45 J BIS A 7 OK Ie) EE RE. PERKS A SEI, He EE TE 

ae Fe EE (he PE HE. FP A, SA AE A Be BT AG ie Ht YY 

HA Ay By HWE HE A a) ZA SRE (ES SSE ae te Be A tha 

Fi. VER AA Fl RH Ae, eof BAA IE BHR. eat A te Px ke ae 

TOBE (AS EE BE). WO AR PE PL AS WF A RS. QOH BP 

(Oe WE (EA FS PERCE SLEEPER, A, DRE 7 I. BT A AT 

ie 7 GHC AD EW EA F 1 HEE AAD BE IRS REL. AE. PRATT PAR Be 
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SEI A] 47 PE, Vad ay EA aie A Be Pb a tin 2s 2d PF AA EL 

CERISE Me ET BASE RZ. PAS SRE 455 SEARCY, Pan WA 

BAA SRE LIBR ABTA SC PSHE PEAR, Val SHEA LA et El, Be 

Aine TP aS TAL Be Ro PEA — SC TE SC TI AE A Te WE 8 HE 

WA RE HY LCR A RT WEFT th) PERN, Bee HT AK al se its A 8 HEY BH 

tid AN pes SS I eB HS NY i eS TE BE a TS. FEAR ZT, EK 

A Tat HA Ae SCT HG a ic Hts A eZ MA ET ALE a Ee ALBA i vad Mb, 

FAFA REN, Pon IF AAPA SLE SRE BEET FAILS eR AR te. “4 Ai eH 

FFE AL sc Tits LAR RL ET Ae (5A Oe 5 12 BE VB HE RTT AY 2G a TIT). eC Ve 

Fi PY ALE PA AIBA ER ARE He, FE ELBE PR Hb SK it EL» 

FEZ A Va, SRE FPRRTE— 4 SABE REY IA SEB TARA © Ik 

AE GOT AAT He FAT TE AE ne TE 5 A SEA —— 4p ll nee ZEEE FI 6 DR AF 38 7] ——1& 

BY Me 5 2 FE BS V9 EE ATF rien FP BR ALBA 188 3 ST Hp BAR GE 1 BR SEE BE 

WWiX : IARI ARA (FEAR ARES ITA) POCA as ol AS TRS (CEMA SEP 

IS47) POCA as SIAC AC. ACRE, Serle Re Ps Spek BZ lal EY Ze 

Fe (ABTA cH a LP A — PE Be tn eB) oP vin FE BS ABA Ee A FD aoe A Be eG 

RAPER x FE Tr) ell SEPT gk — 4S AA 2 ee kc eS YY JE], EA AS Bz PAE Ta] ed FY 

FZ et. GUETAIT, SRE GBA FP Rae AE SE: ZEA TA Beta A AC BY GE 

ie 7 Fee ASS ii Pe I Ta RE on-call CREE TET Il. SRE AIBA Talib ton £728 

ASA BAN Gite» FCA LFS AG EAR BOR: 6 RAPES we a EE Ae ABA ae A 

Fev cee, (APEX BIA EH SRE SC BNY, PR) Apc RE aT DA ok £8 Ua BE 

NRA MERE Zia, SRE Spe unFt RAAB SE lal Meee Sf RATT, SRE Wht Fea 

BA BAI AAR HE , ARR ia. Oe CE fl Ay LA del 

INF 
4= + SRE AIA 4 oka ti PPE. AA E TEA EY. AREDTIE S SRE LIBR 

AEE SRE ABA ZILA Be FA AK EE ALBA ER AY SAAR 

SRE HIB. ZIRE EE AE, TEER EAE CPL HR LG Er BP 

PRT] aL AY we Fa 7 AB A 7 HR SEP EF |] a 
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32H 
SRES SARAH Rit His 

—#: Acacio Cruz. Ashish Bhambhani 

4g te: Betsy Beyer, Tim Harvey 

SRE SSRN: ETA. BARURAHA 
AL Ba PAK iba A bre ny é 4 SRE C2s¢ fi ris FECHA AY LEIA REIT A. 

Google AHb AAR — Ba RH xe TE FP SRE Sl otis HEN, EUR SRE 

ri 22 PPG IRS RE. Av RE RRS TE SRE WYSE oR, Tel EBY WE Be TBA i 

Au til Sc TE fe] ANE ZN, AB WE AR CHR AG SRE IGAEN RE. BGA ORE PR Ae 

+ (onboarding). WARE HM ASET ASE REEAAAIIRS . IBA PALEY 

SRE AIBA — Betz HEE Fc BMY BA PA RS I He TE, RE CRY AR BE SF ri 

HEFCD AN IRS HF ZA BRA IB 

BE PR 1 MBS re AR A MLA, fd Ae Mb PE BCS SCA GB Tg, (He FAT Ek Be fe Hh, 

2B D A PN AP SERED AAT LE SRE FA ft SF a AE EA 78 Dt ERS 

EP FE, FORK EL RR PY 2 es — 5 $F ree AL, HA 5) (EE SRE Bj 

PIES ALL, AAR HEFT TR, eA Wet aF. “4 SRE WE Bestar A 

It, PrHR Ss “HE” BRAM, Mm A—Me WH)” IRAP al Se. ee AA eA] 

AN eg 2 HEMT IB] SSA 3S Bh Be SEL A Wok He AY [A] 

ik, Wipe me TK, SHOERS AHN TARGA SRE Stk, PABLO 

AB E— Pict SRE Serve Aa ah tee a LEA FPR BA Pa AAA OO 

Be, Lb rahe ee Ey Se, TR A ate EE. CHE AB Ee — 2 A a ax 
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[inj eL, FEAL aa ek HE ZS FR AR I oe Hi BS, en FP AA EP AT be TE BY 

Fi ——FE 7 FA EP DS BY To 

(EHR PRM EH, AMA bik ee PB SY. FEM ALY PRR SK HAY IF A 

PRR #2! 
SREB 5S—7TSUAIN, Be SRI A Eve TE Re PEELE (PRR). Aimee t te 

ARS FY EL As 2 15 OR FR EA SE A RR Zh aint PRR vitfe, SRE okie HA fh] 

Fe Bl A 2 OR RR SAE PS TP SPE. A Aiict PRR GFA, SRE MMA SIA 

ARTHAS Wie AE HE 

32-1 HZ fF — TP RAR AE a JAS. PRR bE A A CE: Or A 9 ££ fo — 

ae, (A Ae Be aT HERS, SRE SB HMR RS AT Be. AEST ZA S — Pp ial HL PRR fe 

mM, Aeabtve SRE # 4A wit Hk ek, titer RAS RA (Extended 

Engagement Model) LA SRE*F SIMMER AK SRE Wael DAY 

32-1: —PERBAIRA + dole Hs 

SRE BRA 
SRE 7AFH RR ES ARAN OTE, eA) Sher ARS WY AT ePE. SRE AA IAIRS 

MLA T, Se A “AEP A”. GX PETS I LGA RANE : 
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© RRNA AFUE RS 

° frphi vere. BA Hs 

© Ae SP 

° A AL 

° Oe ee 

e Pena: BT FAVE. SER AUR 

SRE BSS AERA HY Bl pyre CE Ey ET ae, RE AT LETRAS WOE Ps He 9 

FED o 

SESH 
NeEITA AY Google IkA#A SREMABES. AL PILE : 

© TEARS A ie Se es A) Se PE Ae AY AE, BP adh th ok SCF IAURS 

e FRAP Btls Boe Sit SRE APAND sche Bee (ZU 1 EE). 

“SRE WE ARS te R AT PEA SCHR , Beast He Ae, PANCRAS HL 

(EAR AB BDH ABT | Baek FEE is AE 

5s | 

SRE Xf} A 8 AY $e AR SS AS EE ok iz EY A SE HEE SF AGRA. Google AYE 7” 48 fa 

(production guide) ide SP IS4E Pm ER, HASYEAIS EBAY SRE APLAR 

KALBA Tee. FRA BY DA eh pe EEE. SCLC RG SE OR He Ht TAY AR 

FE JE 6 

Si Lit 

FRC lal iy ty A] LA SRE Gi), REEMA MWA Hl. AA Val Fe ABA (LCE ) (2 

USS 27 FE) WK abot lal abe SIF APA EAT te. FRY SRE APA 28 it Be 

FE — SBT ARS SOT EFF eC MZ Ji, FP Ba EEA AT BZ NGL 9 A AIEE SRE 

FA Reh UL AEC AC Hi HT PE eh BE PB SRE FE BULA / OR  HI 

TAU. Hoe S iL EN SRE bi SMEAR Bibi. HEH PE a PE BEAR 

Hey, FR AL bt Ye Ry LA Pte i EP i ee RT SEK AL aE MC BY HE EL 

RA Pam e BUY “AR Tapa” 

i BRS PEATE ae ce dE HEI ZI, LA ORL, SRE HLA ay HE FEA BRAY TA AN 
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F—-TH EWA BRIE. ALA. SERRA nS. PS AE HS 

BEY) : 

© PMA A RA PILLE. CAME TRAPANI A HE a 

cece pip PS UA AE Ta] el, Le AES EY RF SH 

© RTM RM Zia, BUTS AIRS Area. it WA BS, Tr Pepa #8 

ie HOR APA ANTI 

Ej ix PEE RS ATE A RB — TT IIE IMATE aa fee AE Fe a 

TAME, Tei] bb HEAR 95 8b PR Uo eR eA, TR KLE DT Ze HR 

FIT ATA ee A HE, A SEETHER SRE BS. 

PRR : fj PRR #2! 

“4 SRE 4 21K FE AC ABA A Pes EE se ERED, fA TH SE DE fH TAR BY BPS Re PE AT 

AU PAR AT APE. Bn RAR YAS SRE xt, FFA SRE ABA AO A BA Tal SA) 

KAP VERE NI — HF, ALA SRE A SWRA — id ao) PRR PPR FE. PRR PP 

I Absa Pb : 

© WUE LANA FA ZS Aa EY AE PE 7 AIS ET, aI RS hat AAS 

He RFS SRE CVE, FIA SRE PA EARS 

© fe FT HRA Er ASE al See, FR a LY cee FL FE. PRR 

BITE SRE PRE AYE" ASN ATA 7 I - 

ELEN REA BRIM at, SREVABIRS AB URGE” ZR, —7* SRE BAA 
#8 OA As Ps EI BE 

ep HK, RNA PRR GH MEAD. —hA=t> AAA KWE SR, Ele 

faj FA PRR Fe AY , LBS RY HESS A SRE “EG REA OTE PRE ENEETHTE - 

Be ee SCH (Ay PA PRR BY , oC ae AL EP et A HEHE BID SRE AA ERS 

PRR weke ALA PULA Be, FOE A AE ar JA SOR fe. (Abe He A SP a JS 7 tk 

TT 

B5 
SRE 47 HU See eR eA YB SRE AEP URS RG. UW BRA 1~3 

#4 SRE, Kei re SRE ARG K HG PRR UE. W)AKTSHAAM Bitie. 

ADT Ve eA PSE : 
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© AiBIks €3r—** SLO/SLA. 

e AAHEN. Ay ote ay SEVER AE Th ae EE Ze RI. 

© ile ASHE Th RAE VT kM 

AGCRENY A prvc et PPR inthe. BAAR, ARERR —TPIE. 

Sy AT 
TEASE BEAD EEA HR. TEX MBTBEH, SRE PE FU > EMR I 
Jai, FRA SE AP Ds AR BABETTE. SRE AY FARRER EY Se RE RE 
LAS SRE WeTENVSAE TT TAINED. HAT ZS A BNR SOE SOP RL, CI 
(Ri OE AE PRM BR. GLAS. SRE Ze ERX SOY BEET TEE AEP PRR 
AIDE, AAA EL RS AE BILE, ALTE PS a, DA AIS 
AMWMARNAM, Mb CEPT” PORES HI. SRE PABA ATLL Doe 
we Pa AEA MS, NRL BERR SS ASAE AAIS NY HE SRE ABAEAS 

nr Ze AIA AY RELA 

© OM TARA RETA ote & ve Als ld BI ARSE AEE EDA 2 ae a BE? 

© RAW HOHE FL? PM, He TE Td A ap RR AS Dv 1 CHT — SEB 

PFA EHIY BE 

© TNR FEET BEI WL PENRYN Wt ee (QoS) ? 

© MRA EEE eR GK BI PR A A SUUET DT) AMR re RP 

AA IPS 23 1h BC BEAR MI SS, NE Se AS A PR UY A Tia UL 

© Ar ay ALA beg TG Oe AIS RE ae PS PEK Mee 1 a? 

kel de HY REA ATA SRE ABA Are PRIS AR PE Al FE ER. PR, GEE 

HEN HEY A LIA SRE IBA “SR enh” PAR A, AREA Se, DA ae He 

5 SRE LHZ84. SRE lA aA halt ike SHS ER, Sa 2a 5 ch 

EDD SEI CS PE eh AE PT LAE A AH tS SEM OE POR PRE. DA Re ee 

A LAPIN ISAEBR TATE 

PSUs #0 Se HY 
ESCH HTT BEATE RR A I PAR BEE © FBP Be ean PUP HEAT : 

© Sia SE CHa IE OE SAT ERE TEE thE — LCR MU 

© WEA ABA DT Ve FU Re PEE. IA KET 

© SRE Fly Wt ABA lel BSG , I AD Bata ET aE Ry, Bae LAY ITE 
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HES Be Fp eg SE UIT TA AOE E&P A LARA el. OE Re TE 4 TE 

FEST Tel, DEAE TW SS eA RE AE AR REIT a), LA Be TBC Ht A a 

ill 
RAS AE yes Ai AY Be A a a ae: HE SRE IBA SE Ta ARF. AD SWART AIBA Dg THER. 

Si PRR AY SRE PES i eT BASU, Re LER SERS PB OC. 

BOKUL, wick Ot ABO A, 1x4 SRE AAA API VIRAL]. ep 

ALG : 

© UELHIA 
© eh REN A AP IT R MIL LARTER AH 
oH PRE EBL 
© MRIS A Pi MI Fh eA 

SUES RY, SRE AAPA iA CAE IRS HES J 

“Fe” ARS 
HUST Be Za, SRE AIBAREA BRAY “FEE” TE. TAT BU RPE VE PIS AE ot A 

tA DURA RAS SG SRE, SCH LTR Bar iS EPR TE. ee aE LA Be i [APR hill SE 

SRE AA ARSE iE TZ Bil te BY AY AE AS PRB AC ER RTE BL. WE Ae AIBA 

WATE Bele lal P23 SRE AB Ja i Sete AE RR AG AY ABA Zl ASR 

(EA AE AI 

FAS LE 
TERY RA Zo ARE TY ig Ae AAS RAC, BRA eR TE. ATE ASE 

HER, BRA FT BANG Hh & AA Seo SRE PABA 5 200 76: ia eh ie PP 8G Be 23h AY Wi] IPT RE FAR AY 

BYSRPE PRE. GARIN AY AR Sa, BTS SAUDER, SPAY BE Rp alle B45 Sea 

wher ABO PARAL aT. 1A SRE PABA A Ri RES RA SRSA 3 AP 

SL UA ZS EGE AAA, TB ORT BE. BT ZEAE ABT (RC RH OS FB LAT Fe AS 

WL, EE es Ae [el I SI he AA ee FE SR, KHER idee “VE fap” FEE Hh 3c 

RAP 
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BS “ttm” Wz 

—FA3E, PEMULRAMRAUWARARM PDEA, CLHPRAF HRT 

Bh. Aen, MANS ASH EP FOIA IAM K, BISA ES SRE HAH. 

HFEF wmCAELR, PVUSREBWY PRR#@PAH, FSEPAMH-AMA 

REMF HEBER HAE T—HSLOBMR, FESGR, LARA MHRG EY 

Je, SRE T GIF on-call RH, LARA NILA AA RAR SBA, 

FARARM HAAR SAA KY on-callan, HeLABAYH AMY Roly we 

BPS SRA KLAR EP Ga a RR RIAL. BA, A KIS MARA RUWSA 

5 SREADHC, LHARARAYN APL PR (AM BELA RRTRMSA 

BI ) « 

A A : fy 2 PRR SH Winikt : PRS 5RH 
4 A ay Aik, BePIMUM tie F PRR WitFe 4 fe) PRR BA, ae (At 

A BAUR ERASARS . (ZY Tal Pad A 7 S&S BL I AP A BAS. AN : 

© ABA Z Mal AYA) ae SS LF Ae ABA. Te DOE SRE DP he be 

AA Fn Si FE 

e 438M SRE PH SRE, (ha AIM el Zs 45, Fe ARE AEB SES PE 

vt PRR Ye Fe. 

© SRE Spicy LE ae es BE TULA, TaD ES OUT A IBA FO PP, DAR RTA 

RISES. SRE Khe LMA RABI — iB ay LE A re (EA IC 5 « 

Rif, PRR Bi EPR UR FE TSE IRS CARA, CAA, SRE HY 

BSH E/E i AM A ETA. WR PRR RAE EMS AE oi J HL], SRE (82 

WSS FP PEE ZED] LL A Ae eH, GEOR, SRE BGM MIR MRS A ARI 

SARA HY HELE fet © 

PHS Sma NeW 
HLS: 5 MU a et ESE A A SLA SRE ESCA AMI. A Ss 5S BA 

vial Se ae Ae Ee J SUS HD ik Ae AR SA EE AT / IL OE. a BE AE AIR ee 

HAS AF ES ae RPE, DOA SRE WSR seit. MOAR A TEER ALL P 

BERL 

© iZNRS SALT 7S TRE. FRE a — 7h SLAY SRE iS AEN ARSE Ba 

ff] MPRRAH Mim: BPHSSRH | 389 
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© IRS ET EA BSE Alle eS ae in, WR A pK —Be. 

© WEAR Za toR et SRE WEI, BCE A Ai Z Jeri BE SRE TRE 

GLI Ss 5 LY ASI ha SRE JS EEA SIE Re. SRE REWARD, A 

re EP LR Ale]. SRE BBS AVS MAY STE, ATE “HE” Br Bek 

Ft GY Efe At Be AY A AE TOE AIBA AN SRE AIBA Z TAA Ba 9 EE) 

FHSSRHA WS 
IRS 5 BERTIER AEE BS AUTRE, (ELSCBP SRE GRAIL AT DD EN 
FREAD, GANS By Pe TAHIR 

Itt BT ES 

FEBIT BT Be 5 SRE WA PE ATLA YD AS HEAR & FE A AY [nd el BS RE ER PRET RHE 

FASO, Bethe oe By A et ee BZ TE, {He REY SE ri SEY CAS AT SS PE AAR eo 

RE IAL Po SP Be ADEE WOR Be 2 AE AY 

(B78, XBOMERA Hr BM eB A ABA WE PE ANA cit. ae AE TFT Be A BS 

5, SRE VAM — FP aa SR A Be. TRI AR — Bay. AL] SRE JP AY 

Fl asx: Bie / MCR EAE Pi CH LP Be EF EK 

HZ FL 

PET Bei RHP IIR STs a, BRIE PES EE, 1s AR AR ak SEE Pe lH 

OE DY (5 FS PE, FEI PT BE, SRE al Dai ach Se Coe A BE Dee AZ Ee 2 

BURCH ESL, Bie EL He AP WY a EEE Pe Hill AS. SRE FEIk TT RE 5A AEA 

FRIGATE EEA, [aR ICU SRE 4 RAG ZA RAR ISAAK 

Ath 

SRE BY AAP RL IZ AY Ae A Ae ARSE. PAN, SRE HY LAA BSCE — Bh Be 

RA” DLA, PE Ate A — a SS tl Ae STA. ANAM POURS © BTR 

FEES Me BA HEZ” EY PBS Ay CAT 25 ee FR TD AS 2 SK Bo MN FA aR “BET Be i” 

FP MBS AT ALE a ters AE, TEAS MA OP Re Dea Hi ER AG 

Jer 1s BI [] LAU. Be Ti PP BA Ba IS AE Th CR, TY ey DAE Ee Afi 

ZAWYA RBA © BEA EE HP SLY Te ped SS ATR Si BOT Pk RG AAP SANE SS ek 

BE, SSF) LYE CABO FARR AE AY TT 
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Ath Za 

BABI AEE A SRA RE — BOR BE AT ADE BS ABA OE FER tof BE Ya] HL. ft TANS HE He eS AR 
FY Hy ee SHS TRE Z WET HRTE. TEARS ABBY Be, ee AS I 28 8 ay HB BE 
i MBE A) kT Tt 

Mt SNP AK, SRE BBA HT HESS LE TE ALAN PRR BAY PR ae TRS. TE 

ik BR AF, SRE AFF 2c AIBA Z lad AD SEES EM Td AT BE DY Ds PES BE — 7 I ERA 

PRI AA ARS EA A), FRB SRE JS LR EAE POE 

RRS Ait Ss 

Ai Uhh BE — 7 HRS BER AN A SRE 4 Hk OEE ER GREW, RH SRE 
WREMAS GRE AMAR. KHCWEEN, AWERS CARB TH, He 
PLAS TBR. FAG ATA ce Ee ABA Ges HE 

HA A Bese, SRE wets SPSS, (em IAMRS HEE TMU Eke. FED 

lHUt P. SRE Present Dy xe ir il A ti RY A ML HS DAB A — oe, FE Sg ak I HH 

ALR A RZ PA Bebo. SRE ABA ee TTR. ZANT AR A Be 

VIA AAA A BA Zs GE 

A AREAS ARS : HEZLAN SRE LA 
FH Ze 5 ea 7 EB KS A) AA PRR POY. Ait, SREB SMA A THY, EE 

CET By SERPENT I. 

2% Tw LY 
Bi TEI AL HERS. ALAIN SRE BGBEM SHE TLL LARA TALE 

© NE” FETUS eR 2~3 T SRE, Ault PPB = PEE. PRR PACU 

HUSSEY TAL RR (BPE). Aree SY Ed SRA Bee DOE LE. lal pad 

CB PJ AEF PRR AY SRE Be ee Ay Bee till, 1 PE fra) ead Se Be He 2S FE ce ME HE TT Y 

id A Be fe all cE RRS EFC 

© FATA ARE SBR BTR], BES AE PPE AY KL ABA le]. Ay SKB 

PRR PRE, 4 PPB HEI TH AST AE TRS TR, Me Ee API TOL 

{BE Ay TA FEE CARS FEE Lo ET SL ET Fe VE YA BE 

— 7S RAE Bal Fe» CED] — A ee, BLA) AST Ie SK AAT] EP hn BS 2D 

AREA HG HE AR Oe Jz SE EL 
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eh a LARA | el AEE as EARS, (ETP Aid: a A 

SH CE th RH HE AS ill HE A aE. PY LR RS et BAY A A 

FA AAD BE 

© SRE 4k (FL TARA IY ORR ETE rE AS HAY PVE, Sea rH A FF 

RG re AMERY. REAR A. We i LS 7 OR SRE HBA SREY 

Zor FEAR EE LAB He FIRS PSR 

=i] SRE HBAs 
Shes A Fe eS LAF OSRE AAAI EC SH AY ARE MI 

IR GEL, Google AMth ew i GR ee. PAL, BSE SRE HEE HEAL 

H fl SRE 3 2 fi oe A ARH Be A. A A ER HS AB A 7h a Ld ZEA Is AE AS 

i ese (Bh fl AMIS BEES AF. ARF lal aS IM el IRB, EDL 

HUY PRR #2 PA Bl REE (EA JULA AM Hear). 

TORE S EHD SRE (RAE, GTR. OS A A SR KREDI AR 

Biv EN SRE KREATBARS. SREARZa. Hea Se lt al FALE RA A 

Femi th K . 

wn, SREP LF ER BEATA ABTS AAI A SRE SHEFF AAA 

Wek. ik Se SRE RHR ee ec FR A ES FL. 

ZARA ERAT: HERR 
Al SAX BET UL, RA EFF PETE LAP tt EA A: 

BEE RRB 

HEE PEP es 77 BSE ee FE SB RHIC, CREM AS BY aR ae ta) a fee ak HE FCA, , 

BPR PRA “AE REA” 

TEAR ADR 

Hh SE TSE EIR SL, FP a ee PE AL Se PEAY | el 

eA iG AS 4h) Rh A FES 

AES’ Behe St — TRA, St —MIS AEP HAL Al, LAR SEATS. ELAR ARS Ac 

R i] DY Ba Ae LHRH AK 

ald FA BY 2 lle 0 HE A A EEA BI — SLA i A AT BEA BIA ARE. (aN, SRE ¥] 

1 RARBKRAH EY HIRS 4 RW, http://en.wikipedia.org/wiki/Microservices 
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LAF — “4 St — AY AL At a i Be BSE EL, AS AE A HE A Tl 
BRA aa Be (AAG. ee. SESE) 

FP ie beta SUE, FESR TF BEA (Java. C++. Go), @n f —-AZl] SRE 

STF SARA HER. Fle PE HEAR PY EY AR OS HT DASE Be See SRE KEPPRA Bt 

HTREG, SRE FSF ABA [rn] AE PK MEMES 1 HS BE FR tr EB ABA YEA A 

SRE afb NI HEAOK Beit A Ree, Pa AER inl 4 SRE SUE ci FE )¥ 

Jy FA ee HE — 2 Nb 5 ie ESC oy 1 EY He AR Pk me Ht PE. SRE PETE 

FP) AE Tad ell Ee Be SE FE — SR SY A THA SY © ARGS HERE — 7 os HE HO aK 

SRL THE A Be EBay A RAE EL TE BR TE ALE 2 AE Ura] ea | Fg 7 Vea a SE 

FE“ SBP HEAR ARP, BAER AD A [a] el Ft EE Sh Ura] AL SS A) Jk A Ht 

beth [TSE WHR 7 eo HEAR SHE BIN SREM SSE RA, On: 

© PERE Tia basil BE te Fe PE 

° ak A Gide 

© ie AN 1 Ee PRAY 8 till ABE 

SRE st eh $4) a2 HE AS RRR SK IK EERE APE T RAE. AAR 

2875 is STE WAH 28 Al Be HA I EH, AE Be ABA BY EAE Ph 95 ER 

— HEAR AE AS Te HIE SK LA — BE — A PEALE. LAHEBE ID A] LALA — lis 

HET OT oe ETE HA TA BE. BA, — 7 HEAR AT Ate BEAN PE : 

© eh BE — A oe EL SCE EET ALE, AT LA HEAR OR 5 J 

© pte lin TE JE 

© AR VAIA A GM PRERR ZK 

© FE Ty BH FEY PE AC PA ZK 

© fi — 4S — ERS ce DA a, LAB Rte BT “ae” ATK, RE AT LALA 

— BND 7 HG EE AAS Sic at HE ll AR GE 

Pb HERE — BCE Fre OPE Lhe He OARS BTM ok ETRE cae A MIP. ee HI 

er Pic a ZALES VE AP I HG RE OR Te AA AT EAT i 

BE SRE AT —4— Hh. PE HESSHE SY TPENRB AI. BT EAE ORR TT FE AK 

We Aa AER A Fe SS AAD] IG SER S.C Ae HAR) 

Google Amb tia Phis BFA, PERSE CET ALES HA HT. SPREE 7 la 

BL (C++ Java) WABI, (Aad A pre A lel PE hE aR we IAI PEI API. 47 A). 

ic ee AUS ZA Ae. RE, WBA eT DA Be Pe A Ae RA A Ss ea. fh SRE 1) 

BR oY LAS p ix HEY EAE PT AA. BT A Bb HE TET AP BE 
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STARS ASEH 
XIE PAR AES A FAP eS Pe HS MS PIC EE FART tot ZL 

Se 2s BE ARIZ EFF SH 

ASHP HER AAT 5 os Af 2 SEE VY AE ES Hs AES A. AAP: 

© EEDA. MOM AR. MUI. Sate AR EMI. 1K BE 

tem SA PRR Be AA BE. MWR Pee 4e PEA AUP 

° CAAA BMI IBA. IPA SCHR 

© CE PEK HOURS BAD PIE Be A EHR 

0 be EER: — PEE ATLA E RAK ZAE SRE Rell CHF AA ASL SH | 

IST FP BB is BI FA ES 
Google AHBARA Bee HY ATT TG, ERIK AE KB aT RH DAME Pt SRE B SNA K SRE 

AE. (HEN EE, WATCH SRE SHAOARS WY AE SRE FPA AAR DAY AEP DHE 

1X PMB A OCHS KS SRE Walter. LET BA AB HE EH SRE Jip sc RFA AE Po 

ALLA, Utes: Google ir AA BAM ARS tae. it AL. SrA AREAS SE BLAIR AS 

Fd SY ARYA FS ESRB AP CSE HP Sa 

ER. BKHS aka 
i AER FT LAE PRR PT EB BATT AT A a 

© EATER SLA — HB AL ARS GE 

eee?” RS ER GBR H+ SRE —-TE RAS) 

© SRE £62 PER A HEAR A EY ARS PL A DR FH BEAR 

1X HERE PE MD ST SRE AIBA TEAR A 28 F229 HOPE fH AAA TE LF. TY 0S SR BEER ET AR SPO th 

HET AR REN ALS TRH 
Hepit) SRE B SRM ASL TAPE: SEMEN SRE eH, BIE AS LAT SRE HR. 

SAFER SEH. TBI, CARER PAE A HE ORG. BE SRE GIB ATL “Se 

a” AER Be ete CE SCF. MO LEE Ae BA A A Ho A i PE [el He HE on-call 3¢§— th EE 

22 18%, SREBAASA—-LAR “HF” HMFRKSQMRF, CASMRMFARAREN, AREF 
1 E] LAURA IR. 
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DRE PCH EER. TEIX PRES PB, SRE RFA A THY SE MH Be its SS Ae Ee RSE 

PN cE, RealeEre hl AS, MH BIW. WAR. Ant. ee AA Pe 

TARAS ASL — 7S Mtoe BEA PE Bey 1 EIR ST SN A ES EES 
SRE SUPA AB ZA TH AR, LA PRE SRE Jo CHRIS BE A, 

iB ee. 

IN Ze 
ARS AY Ay Se PE A] Dail SRE WZ SRO. TAU LT Set E DER SE is HE 

A WE. Google SRE RMN A Stitt: —— thi 4. PRR BUY, ERLE SRE BH BiH 

Wee SIAR WEA. (Ha HP WE A AT ERS 

bei 2 IMT TA] EAS, SRE Pie FUE Pax — Pe. Zs 5 a CE AS LA 

SRE, LAE “Awl Seremizit”. BEAM SRE Fibs RM K, ee A PE 

WZ SRC te oe A FAT MR. AE URS EE HL: HE 

FE Be FE SEB AY FRAG SC EEE ET SC , EE CEERI, (EPS ES ke 

— AS BEHEFEI. BNO. FASTA EARS HY HE 

ESC HIRAI = FSS 5 RAL GPA TE Google A AUT SRER. PRIM. HEZSIETE RA Google A 

PSA SE AEP SERS MRS AE Ee Kat SRE RAP EA CW ork EE, KI 

IT ER Se PAS, fee ET Google WIFE MHARF ACE. 
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AR, MIFRF RIS MOREA E, AN TUWASH FP oZHMAF TR, 
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EDT se Google SRE M LFA, PLR AFR SBA SS Bic FE SK Be 0 fy Do A BD] Si a 

WE BAAV IS. RATS Bein 4 33, AEE SREMRBRABRS EH thle 

fe He A oy SEMEN bE SEE. 

fxJa, Google VP, Benjamin Lutch E@ PR aM IZ S SRE ££ Google A HBAY tt 5 

, lal to SRE 5 Ret A See SR Ze Ey OS ATLL. 
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“~ SB 33 & 

5 Ht 47 ML BS Se a 

VES: Jennifer Petoff 

“mate: Betsy Beyer 

TETRA THY Google SRE MW SC{CFISKERIN , Be A PAE SE BE te 17 eT 

ay Se PE ale. TE a EAS IK ALA, FRA AIFS Google CFE h—#2 rte S 

He Z AA CVE4 Db, HE LSE aE SEE. AEDTIOM,. RN Aten SA FIDL 

AY ale: 

° SRE KAW SALE & HE Google Sth AIA? Fett Toke EA 

Hay A PRR re AY pe PE [A] pel? 

e an Alt rly tee A ER FS SA, AB RO PE SBR ETT ERY? 

© Alal (LZ le AY AR SPRAY AIDS Ss Bal xe FA? 

© ettAA A Se Sie AERA IDS AOA a) PE? 

© Google LAME HRT My AT LAA LEX LE BEA? 

TATE, RAIA VRIES SRE WR tae AR. Ay Stal CS A th 77 lb ie FE SBR AY LE 

BS, BOAR EPR aT A 4 KE : 

© METH Se SH >] 

° PEs Rea ste 

© Ast SRK A tisk ay 

e ZERLA. FRAN 

— HEP RIT P28 FASE RTT LA GE SRE. Feld bts FR REY SRE AB, LA 

pipe yaguaget fra} by te Zero EG fla 7a A aS pF ak 28 AB 
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BilF. tela, LAE RES CAN ie BEA E A 2 JE 

Pees ab SR SFR AAT SWRI SRE 
Peter Dahl (#KM Hd Boss) # Google Principal Engineer (AS/ | Wen VP AHI). 

FEZ BUA FRYE VER, fe 8S 24 (ESE PBA — 7 ee RAE, fe RAS ISA HEY 

GPS Oty h SAR. EXP AS, WRT RIL EAL, ee IE 

1 a Be hte Bebe Mae Ste, In| th aie KE AAT 

Mike Doherty @3U{E Google SRE. 4EING@ RK, th Ae —- ABE, He —- 2 RE I 

BA, FERRE. wae eae Pt (EE, AA BABE A i RA 

Erik Gross EL{E Google (+ LFe mi. fEANA Google Zan, (hie S 7 EIN IAT OCH 

URAL (LASIK) WES ASCE. 1S OT BY SE PETE ETE, He tA RAI 

PE 3k SHE NY CA, FDA HEME Li, RT BoE ke Hm A, fh eB PRB 

FREES A FE SE a LW 2258 

Gus Hartmann 5 Kevin Greer S42 A ih fatp ena, GAP £911 Ramey A 

#8, Kevin HLZEA: Google Chrome AKAM — ak tt Le), iti Gus 4 Google IT IBA 

Wit. Wife tke — PE ee SE PER TL, FP 5S ER. RRR 

FF tH Mila, AOU A Ae 2 BS Me], AFR E911 ASEM Meh, WEE RAA A WAT. 

Ron Heiby & Google M— MiXKMAAH. Ron FAX. Rifas, UR PALL 

Be eee fe PS 22 Gi 7 Mb BB HE Ty MT EAA EE era, RES se ee Be CB 2 1B 

rere LAW EKG Be *). AEP, MED TH Se nd a A: ES BI OK 

Eelimzeibhsiik, EBEASBMRSMAPEHN, Bilan, EKG ke ck Se bea fe A He 

SS BUATL A BIN 

Adrian Hilton # Google W—#4% 245 hid CFE (LCE). FEZ AERO HEP, th 28 

B Sik RH RE SKEW ZE GL. YE ROL. KALE RN PEAS. DA eA II 42 

fa SAB. RHETT EE A, A FE te] — Sa eT ES BOUL cy 

ie A, AURA. 

Eddie Kennedy # Google SRA PARAN- 4M BAM, the—AvLe TL Fen. 

Eddie MAEIE* A me HHL) EHH 6 4B, Ab Six Sigma i. AE Uae Le. xT 

WHEE BARE, AARP eee Pi imei. eA BK, Areal Rest 

£1 E911 (Enhanced 911): HAAR AMHR BOK SRERK (AMY AH 110). 
2 2345.29 KN https://en.wikipedia.org/wiki/Electrocardiography . 

BHhaAWESHWARSRE | 399 



AB AB TY FE Bor PE 

John Li AA Ae Google SRE. John ZAIZE—-* US LAZ AEM ARE SRR 

Ao WAT ILet al seve eR ta Ri, Al An a Ea SEE AKI MK. 

Dan Sheridan «@—#% Google SRE. JHA Google Zal,. thee EI RAR Toki — % 

BAe). FET, By Se PRESB ay ee AA FE te] — a ee AB) BE Se BCA tH el 

HFA + Se Hy ES FEE KARE ETCH A, TORT a TE Be BA J BR EU 

HK. KPT WAAR A. Wii La TARAS (failsafe), 

1K HEB Hb ASS EK A BARE ZA IL Ae 17, ILS RK. 

Jeff Stevenson A filze Google Wiis ARA 2H. WA, the US BANA 

ee CRE. Po AMERY A eH IE a ee, he eR Pi ee th, KPENV A 

RIDGES Ge, Ma A ALA 

Matthew Toia 4 (Fig AZM & SRE APE. ZEDNA Google ZA, (hB ABSA hei 

ee FL PAR FF AK SIRS. BARR Mahe, HHS SRA HT SB, 

a8 2s a] SeH ( RPLHEIR, eS), RBS KR ELAR, AR. KUL EE 

FL AR a RUPE HE IDG LE OE BZ E. 

Re TPE EY A TL Se. PL ae Hee Tk PY ee PE EA 

SRM, PATE ANE AT Se PER 4 SK. 

KEM SRS 
“FRE ANE 7S EI”, Google MY SRE WiX AAS Ra HAG SB Se ME a SE 5 

IWASRE. SRE Mie eR BS, ESE BEA): PART RE HH cB? ZEB & 

BOAR 1 1b Be BEEZ Hal BA TR EG? BEA AE RE ME RS RS] (DIRT) BEAL A 

TAR 7 a (BSL SCAR [Kril2]). 7E DiRT WHO, SRE EE PHS OLE IEW 

ng, DARE AE 

© WTKR AR SCFR BA VTA 7 RT BC BE 

© TK A SH Ac TET BAY 88 

© TRIE fate es Ae 0 BE ENS Dy ZK AE Hs BB REE 

FEAT LA, SOF RI Am WU A AT BA DOO HE 8 TUL, DA Be a Bist ELBA 2 PERE BI I FY 8 

We a Bn LAS Te: 

© MEA HAR He) Jes a EE AS DR HT Zee EAT OE 
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© REE MAN 

° TRAE. 

© BEIULA Bee pee Ee MEE Hd 

© HUIS AE. 

0 PS ET AN BOR MUE G ARSEN ett 

© WRB 

M 282A 9244) es EAS RT SB ITT KE 
EEA Llb TREK BU Op SE. Eddie Kennedy M442 —74 5) fe fli & lal CVE, Geet 

Et hts Ar Wh fe er A ABE “AR ELAS AEA KAT VOIPAA” 2 ill Mya eh $e 7 A 

EM eRe. LAB CRUE RE ZR EP bE SE Le ER A AS SS RD SE ES 

TY LR ERR AY EI, PRS Ete TB Bf) a AT EE 

FEAR AA. FA KWL, VAR UI Cr i Ss ASL , BPA eae Ee ALE SLY , 

fy] 411 UK Defense Standard 00-56. IEC 61508. IEC 513. US DO-178B/C. DO-254. [alift, 

i ESET BY ERY BLA ae HE SL (EAI (SIL) 1-4). 7? xe He M EH A 

stb aes Al PR BEE AS (TR AE i FY JO 

Kit Aap 
Jeff Stevenson [al (L276 ee EA ERA, a A EES Be ee 

ot Ot BT BESS BK AE SE HTS OLE i OE (Bilao, EMH Be eb 9 ). AB RZ) 

HI — 7 Ee a A] BEE A aR. FASE GE REA. LA 7 a Si BY HE 

BMS TPHRKASH Mhe. oy eeM A EP SE as eA, DA RZ) aa 

SBE He BOR BK 

LASS 
Fe Fill FA 8 AE a UP) BASE iS ELA. RSA eT HE SS TC ee TPT 

CEA SZi, PIAA PRES, Mee TG oy, PRN L ig ayes. TE 

Gus Hartmann WMA, wife LAA SOW (switch on wheels) ———“fea) il 

(EGR ETT AR A et, VATE BET. REAP AD A te A Ay a, He a EE 

SEAS AY SEE RHE ETS oS, ASA A AEF ASE ZT A ee, HAT ft 

AMA. Plan, SE HAY Hi S65 4 2005 “Fee Za. BLA iy ZZ Tal IY ik 

PPR FT 1 7S HL Ea a ASE A PRR DDOS MIAK AS, SDC AA PR EER 

i 3) 4 https://en.wikipedia.org/wiki/Safety_integrity_level. 
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RAW LA Rik (TARE REIS 
Google MY i Pe 42 ABA CE HS 2b DE ME TBE 1 eS See IE RM. Fil 

FRE Bb Re AREA Sie PT ES CH Ac Bi ED 7 ER FE A EAB, he ee EE 

i]. fk, Matthew Toia fait, Atak Pie AA Re A eC ET EIN 

EWU. eS AR A ED BaD at, 1 HE a ER ES BT FEM DAE 

Pe till 2 5 ie & EN LP ae EB, LAER A BS UTA. Gus 

Hartmann [ale 8), (aL RIA a BK, EERE TOT hee FL 

SE GOME 1X PPE EAR & 3 TL AE TBR LS. TIS PA ea ae a AT Des Fea 

PALFREY TA] AY 2S HLA 

Hoh AwES tT RAS SASH RR]. Jeff Stevenson it, Kiki] w 

48 (Ea Pe RET OD” . Ste) A VETT . BREA B= K. MANDA KIL, 

(ARASH ALA FAI, (BAL AIA RE IED IE DEAE. GME Med DZ IL ll A i EZ oh HS 

AA GEM Sic 

Mike Doherty, i 2AU BE ft ik LRA PR “RE” A SE De ME TH 

WORD, Beit fot AAFP, OEE TIE FE ee ITF ABE Bt — 18 4) 

Cave TH. 1 MET se 28 HE EE EL. BCE D1 PB TCE LK 5) SK A i PY SR ek SP 

Ula HR 
FIA HERRERA AN, SUIS SREB RADRE NTR AH. fila, Mike 

Doherty #ii 8S BCAE fr Bn (af ah EE SF EY EG ack Be. Wied PY as Bee SNe eG AK 

EUR Re LTB BE Bay OBE DEAE EAE TE CA AEE. fe ee fe a 

HKD), teeta Shay (iene ReA CPR), [aliens A aie el (lan, “4 SE 

ABE TAB AK ALY, FEA ABA Bk ABT Ze) 0 BEA Be HS Aa ae AY IA AE 

P| Ay CER BA AE BN ThE PBN AIR KE SF 

Xt TF 2H BY) FS KU SA AIR TT AY KE 
SRA THEE Me TALI DTH FERMI R CAE 5 BEL ICRYIY IR BEME. ise BR Det 
AMR AG WAAC HE BE CALLS a, HAS RR WRI FLA Be AAP GEL A 
RAR RE. PAE. EPR NA TENGE 5 TER USE MR OIA 

fila, ALG Erik Gross M284, BOER PAM AS ic Fh RTT TEAR A Te, BR ASEH 

EMI AA HE PE, MRC TE 1 A BE Be th WEFT EAN REND, UR ER Ei 

AT Fe Ab REM i oR ce AR AY. FE 7 HL, Peter Dahl fiidk SE ASH Mie 
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Thies EL CE. PET AY Ll Be FE EI, BASE be Sabet 

Be ita Se — Jl. XPT BF G Google MY AIK AR SCCM AA Te], BEATE A Td AE 

EM AB PERSE PB ARE. FA (AoE SCRE BBR IT NL AE lb) 

AY Bor ARSC HED AID AR A, EB SRT E45 Google 4k 7 fal. 

2M IR Bh til 
FERRETTI NL, BRB lc De ME SEH 74 etc (BEL HR [IAEA12]). BIRPY 

HEMP A A Sta AUR a. TI CET, REPS EASA RHI A AS. HE 

ASIII INA FSG MLA, LF ea Ae He Fe BE. AR DG HE HE 

RET PAR A AY te AI LPR ESA 

a RAY 3 AL 
ZY EYE AUT PEER E (CAPA) 4 GEA AL SEPEL— 78 URES. ROR ALE F 

OL ee Bc Bie, BMC Pe ae AG DAL Bar ABE Ta]. KG SRE “RESET A WY a A BE i 

SH Biel wih CHT Google AMBAREM EAU. SAREE. DAB aS Ie Oa 

EA AAR VE Bla) el), ERAGE Pi [apa ae RE SEY: 

° IERIE TIA 
oy ZA ATPSCE E 
© SUC AP LR SEM a HP 
© funn WRI HB ALS HY BM 

1X Pah Fe TET AIT eS AV oe EA, RE cE, PRA BT 2 

FR AT BL Tale, LA Be Rn fl ARR Tel NE AE) 2S TE” ee kee PB Bis ee Be 

ARTEL © SRS SE ERE RIE Z ASS ETT, TnI ee SRE BIBL Be bed, 

VATE LE TAA ABE MHF SS iat. 

PATH ER AC ARS Tb aE EU a ET oy AER HbA A Postmortem 

APR HR, AA i) ade PA). fe. ZED TAAL AEB, feed adk tr 

In BAG D&A Al 

RE AT NL ABE BI BORE BT LE ae. ei, eA ASCH BOR BT La be. CRE 

4 CE FORE POLI a AR BEE A ae BE AMI HE ee A Ce). FSSA 

Bere Wn rl beg FCC Galak). FAA (WiZ8k). OSHA (tidy St Talk). FDA 

i 4 4&3 https://en.wikipedia.org/wiki/Corrective_and_preventive_action. 
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(BEIT ahh). CAR WHER NCA. ° Tb Bie Fin lh te oe a 

Fb oT Se BA EM Rae RE. etl b Seok, Aree 

fe ber PE, ba TAY Bea — EEE (cei dik <r. Ae USE ERE). PRN, 

Aloca 4224: [n) i LIE KE. Ail CEO Paul O’Neil 22k i CEH ALA WBA 24 

JV ALE Ath. HEEB A LACH HS 4 Ee oy RG A, KER ER 

Axa MM ARATE. 

lie S(t Liebe Pee a. DAB CAS” EPS eae Be 

(6T, (AAV A ix FEA SHES REI 0. HE BA ST PE a 

Nr. Ht VM Brasseur 7E YAPC NA 2015 AJ —7ig ot “ZEEE ME EZ Ba, 

ZEA) SE AY 28 RHE RELI, Rae Ae BCE ADR. REESE RE AR 

WS Sf. RINGER, DEAE AHL, RRA PESACH AHE” (BSL CHK [Bral5]. ) 

1 PP YSe CE SF A) Se SS te RS ie. Pollen, SES OG aS a ES ES tt 

Fe, MARS CATE Sit I eR FO, BE IT LIRA A RI is. i EE 

HR a EE SEC HE, DAR PA AICHALA. Pom, BSA SAI LS HERA 

BikAwIG So HRY CHIRP (At2 SARL RL) FOF AT ZS Fs TL Wale 

KRAE Ail FRx RRNA, DEES OLA Ba oh, RAKE SH Se 

Fhe tr BUSY Br Ze FE Jl PEAY AR LE PIP 

BCE kta MR Sa oor Sir kSc ft. Mike Doherty WRITE : “4K 

FE GLAUIBIEA A SK HL, Je BARS the BS.” FEU a Ce OD ite Lo LAY FE al 

Beata 22— TEA a ae TAAL, A ARAM AS EOP. bt 

PEMBEE yo) xe: IE ANY DBE BAY. He POR ARTA IA EDT EG AE is ALM, a RPh 

ZL A Se VAR KARE VD BES SE AE DD. FE SER IT BY a Bl 5 PEN 

SORE Za, BA ATT A) Ae AD Ma el PK. BE HA A HEARS 

P, (ARES oe BI fe A. FA Google EU, BE FT Lt RI FO SEAN et 

AWG A PTA. FRC AEI LEE TE HEALY, OFS Ss AB Ay BE MA SAY RAE TE 

IAPS, FADER TP AI A ER ALY 

(MESH LIER, eB ne 
Google SRE AM EGA AE TALIM. (MTA RAD. WEBI PRITCE 2) eaR. eRRA 
CH IN Se EE I SR RA Te. A CT ERTL WET, ott A 
Ae SERA RAL MUTUAL ATE MTA RGAE AR. AI IEP TA Td. (AT 
15 4 XL https://en.wikipedia.org/wiki/Competent_authority 

£6 4 http://ehstoday.com/safety/nsc-2013-oneill-exemplifies-safety-leadership » 
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1X HEMT TH] 25 E oh ENR A I ft 77 

EIA VW A rk CERT EA OE al ea LE A Ta. HELE ULE EA Sick 4 Hk. 

Fe LEAK I ih: 4 ach — FH N38 SR OR HE Ss A oe. AN, ALDER Jeff Stevenson {WJ 

4b, RTA IBE—TRER. —MEBRA,. UR—-TRASRHRKBREREN 

Lee tit MRR. HERR EEE RRA A TEI, AAD A IEA SETAE DAK 

DLA BETES BIAS lala. PE EY BR PE ae H&B fr FE Ae BE ie BE ——- ALA, 

MOAR ELAR A. oN IE aT FELD A A ELS RAR. UE eT la 

tet BOE AS A FCS TEI al. 4D RE BC HEI, SPER TTT RS RE 7s EL BR ee 

F EB. 

ARG John Li W289, AAA (036 A IL EE ER A ODO ARB. ZS ENA, 

Ac 4 Ea RAY A tt AR Se AT BESS EA a Ae RAR AIS ie. 7E 2012 4A, Knight 

Capital Group 12) [—7+ “@e PEBEIR” , CEILS 7M Ae ae 4.4 (Coc. Tal 

REA, Fe Eel Ae He 3 P2010 4FAA I Sve He até (Flash Crash), mG GFT 

Sy PAA AAA A be RAM. PR Ty RR a ARTA HL THE LE. 30 

Sy Fah 18 BL I PILE CN ASE. * TALE AS IES Pe RE. 7 SERRE ER 

AYE ee, WR RE Be ae a SF AY 

FA, SEXES BIE EA Ai LEE A BR RG S A RIAA oot. AHR Eddie 

Kenned AY 284s: , 8038 45 MASA 29 CE il lk EES Se EI. AE A eC 

URW KA RSE DGSHE TE. MA, Asie lbhA Coen CVE ee Eon. By ae, 

RBA A oote DAr  S eeE h. ~ Dan Sheridan Pte Sb Fe YA Lb 

HY A DCL ill. TE, SR AY RE AE ROR eH ig BE EZ E30 2) BRIS Td AN eg 

PSEA UL, BS Zs ie PPM] Jy 1 Zot EA WET 

fe. Matt Toia W29e 1, WA eR it. Pilea ASCH We OR Bt xe 

A oWue TAs, (ae ESCA TES A a ad BER ACT WEFT A. ER Eb 

ALBA SARA A ae ASE. SEBS 26 a A Se ie AY SK SL hs BE AOR BR 

IBF» 

fF Erik Gross MUBCSE , A oh {C BL Hl CEPR ARO A DA WBE AR at Be HP Te De 8 

WM. 7E LASIK PAWET ZA, eee zee TT CMMI. Femme AI Bet HE. Be AE ie BF 

SABE. FR —/MREL, BOCA SUR FAM DHE R Ae. Pi, Behe A aR 

ii 7 AX Knight 47 Power Peg Software 4itie WU “FACTS, Section B” ( <a [Secl3]). 
i 8 4&3 “Regulators blame computer algorithm for stock market ‘flash crash’ ,” Computerworld, http://vww. 

computer world.com/article/2516076/financial-it/regulators-blame-computer-algorithm-for-stock-market— 

flashcrash-.html. 
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PRY Ee. HK aE, HE ERA Bb PIA Be. Eb Be 7c AR 

aN Ata tiaike I « 

FE CEI PE BD Te ER De i OR a HE. 74S A SC a A Bie IE 

WAVER AS Ae PE: GRRE A SR eee. A eee Zl 

Byte ee. A SC BE LR: BRE a A Ir 2k A od Je Ee 

FUE He Pe WEFT EG. CABG IR BCH ER AL AB OL 227. AP CEE D7 Se te ZR SEL 

X— ZEA ala ABA I 

Ze Hy VFO FE MEA IR 
tt Google Wh, Wittat SRE BB IAN. BER A eI. ES ABA L PL AP 

TR PAE RE AEE A Oe oh FE: 

© FREI AEA In AE CEA. Ae Sia Ft HY 

© PRIN 4 BA 1s BUG i ZEB) » 

© FE ARAB Be 4 by 12 HB tt 

© ADR REIT RRO RR. ERR, De RACE EL 

Google SRE InN ALA Pta EVE A ABA Sy 2k ah BER: 

© ET A ABA IRS YFP it or 

© FET NC ABE AR He AT AY De ER BUT 7 SE 

PR ARE ME ISK . MM AEFR SSK, DERI ERE A DIBA ES AL WIS TE ae BK 

RH Bt. Eric Schmidt fil Jonathan Rosenberg 4 2Z#RA “HiPPO” —— Litt aii in 

LAV L (BS WSC [Sch14) ]. 

Fitba Pk rik Rte A RAAT. Be) SRB. SHE IL “an RA, Be 

AK EAS EIR ME ELE” KPO UE TT RR. RHEE EE RARE SS SHAY 

ATV A 7S SE RT E78 A RR RRA. fol, WT TUL PK FEE 19 tht 

22) 80 46 ARES ie Fe 30 PRL © ATT ft TE A LF RE? PA A ie HE 5 BL “FE 

ALAS hee. fel Cae REE Fv es”, Gus Hartmann fi? Pi. Dan Sheridan f¢%], HET 

Wet e(. PRAT AO De RB AE): “aR AAS TIER. AREA BEE.” 

{RE NV ABE He RE SR. ANA SKIT CED. FE fap AE HE AE SB FP ic Be Sy ose 

ABLE — 7 he AE Beh Ma “RAST” Frida fF . “4 EY, ESE A ETT ERE 

ACHE RS ce FP SE eR AEB Th. AL Ay ic Bi yt NS 

A Ay He EFT A fd PRR HA A a I FA AS ER RE KOR BRA Tk. CRE BT 
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FPR ESS seg OL LE AMAL 82S Dy 1S i a Hee HE TT TH AE 

Abba RA RMA. BAS PRR TSK. TE Eddie Kennedy W295}, fill 

MY FP AS — RES ot ae Soe SC, et Ra SE PTA eg ABE SST. HEFL 28 Fe EME 

BAY PEE UNIN, PRUE RE RPAR BENS PARRY A RECS, RI A MOLE 7B 

OANA EA rh Seber ue Wig A ZS SE Tite 

mE, RAEI, PMNAET Ak, PER RU CE Ne BEE Hh Bro HH John 

LiWZeoe, ACA — AS a Ber es BT], Se EBT TZ, ae HR ANS 

FEAL Re Fill act Ye] SE AR SS AN A BEI DAU Br 126 DAM Bs $8 ET] Pe HE 30 Sh Ly TIAN DS. ra Ee 

TEAS Fy BEE TED IT RR Eo BUR ET ASAE Se Tg OL, DA Ba 2 ld PBT] A SS — Be 

RIX TAS. John Li fe¥ : “MN RRINDIETLD, MARMARA TR. BARRA 

tie A RE, TEL LG AN RS EAA a Boe 8 a PT] A DR ARS TA, VE 2S D 

TE GEER SRA AT ARE HIBLZS « 

NZ 
Google SRE HRA MDA ERS Tk habs El Crue. HERMIT AAR BAA Bol 

HTH BA S—#E Google SAAT ATE HAY Uitte 5 EK 

TEARS LDAP Be EW — RE. SIRS RET ULAAEL. Google By tn. 3 fil le] + 

AS BE ATR JE EL pe: VEE fe OS SEE JRE FY Uni] Ie — eet 7G SE i Bik AI De Me] Bl AN LEAK 

7. Feit, URE Tk, aR SER AA HT. SCRA Mn I AREY 

FA ER SPAY D7 5 ne BEY 

4E. Google AytHs, Beat 28 Fy EF eh a Se EY PS AN PS ed ak BE aL TY a EZ 

fA) oeR iy. HPA Google Xtal Se VEE Te Ar HE. Bed Ls i BE AN PY OE 

TERA LESBIAN RA A (PRES) ARSE PE ER AEST RR, RE 

EIRZ AMSA GE “EB Ay Se” 

Google MEK (EF tin PUNKS RUA EE BR adel, FRAN ZS EE MAT, KE TE 471 

He Bea AY DA AF a) rv Bie ER Pa FES LOR Sct PGK BT SC. RADRIL, Google U 

ZRF TF 7 Nv ed RF PE, GE OA ER CHE. Google MYix FF 

SCE AY TE APT ESE ZR RE RRR RE By AY Se EZ TA AP 8 
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ZA. 

(—E#: Benjamin Lutch*' 

ate: Betsy Beyer 

BRERA RAW ARBITER HA. FRE 19904FA AIA Excite, fit “isl 

BA” ——tat SRE MHZ. KWELI EMA aE Tae. A 

251. AE] SRE iX SAVE LE Google EMR AE TEEN & ADIT. SRE MM 2006 

4E FMI INA Google tive 100 4 TC Fe) RBI KA UE 1000 A, BERS ILA 2 wl. 

AYA, SRE A pil fi, oti Hel A We BL Be TP EE A He 

MA, 35E Google SRE 2 4e1F ARAEFE 10 FELASA AWTS AY FG a i Tit A CS TB 

PEASE? FU SRE ik MM AY ey E ee Se A PE PA Pe Ob ta 

SRE HIB (Eaa ea Be th be Seok Fe i FI Tal Fp A CEP A) RA TE. SRE fie 

B5 on-call (A, wiSE SRE HF KPRIGAERS. WES AVA ASN SSA. LA Be BE Se 

HHT HEA URED FR IK HE ASE AA ee He ANd WY ae SE PPT) foc ME RM fi] AH WS Lh ix BE AR 

A Sy SERRE ER, BB RAL, the KOLA eth AL Fe 

FeAT is 7 thet Fe SEY 2 or AB TA (Ce SBR CHS, PPP eee he PO He GRA ho 

1 HE fee TT SET LRA DD Hh ok th SRE HBA, EB HELLZAA Google ZIMA (AIA 

Google Cloud KH ). FEAL ABB aT LAE A EE 8 Pk HEE SRE FAI ZA 5 EI ASE 

4 SESE AT BA BG Pt A SEE AR SEIT. de PEAY Ter Oo ee ill Ee — AR NG ak AS A ZS aK BE 

ALUMI Ej 2S BB TZ re EA AP BI AR AA, Hi AES TEAS OR PRE — 22 BY FR PE 

141 Google VP, SRE HAA HA. 
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Ben Treynor Sloss 7248-558 — i IE2E1% ZIP 24 SRE AY : ftbilillae £ —-APN STRAY, AERR- 

EAN ARNY SRE RAW. BIS TE Google MEM BA SKE RIE, SREAB HA 

AN— BET, TE rk LEM or PRU 

7 SRE MAIR, ARE BAA III. PI ELVEA AAS EA HEE. Fe, SRE Wi 

GERRI RATE TEAR REREAD ES > PR ARSED UT ED A 1000 fH, ABE 

VERE RT HELE FL £1000 fF, 1H Ae 1 PE ARCS MA he BEART ORT, EE is oh OL SP JAS, 

CRE AE ee LAE. ER, SRE WA fi CPERE ARG A AREA SRE IBS ATE AS ETE 

fo. PAN, Be “ME PE 20 URS oe i a” ERE “AJL a 

ARS as MERE A IRS AB. A oW/E Ra STR” OREISIES 

MALLE AE ATTA ORE. STA Be ie eet AE Ot RL eft ek PRA BY 

HOOK ECM SRE AE ARTA SENS eFC Js AR A Fe AR a 

{Ee FAS FL ee BY 

fe Be 100 4F HAY Bet Tits 32 7E AP aT ZA RA. BUY ROL AT eae SEA BL CAR 

Fp BUSAISA TA, re 51S), RAL beak SHES, URE eT. RTA th 

FA SPL AY FA CEE ay HEI Se Hh oe GEN Fe AE a KT A HR AA K 

TAMIL, RPA Pb A Tal RT ee eA ie EBL A, BAIA 

ROLES Fela BU A Tea, IT ie ER BE Ta YD — PIL A SR 

TH, LAME tE. Fei Pal Ret, PEACE aR AA re DOME PER, EN BE UL RAT a AT 

Fe KALA Be RH See RL! RAL Ae SREY TA ARS AB ee TE TY 

PLAY, {Ee AY, AAS ABS A EE fa LAR REE E 

Ait 100 FORMA, BRA POLE ELE LAER BO! 747 RAL. BOA ie 

Fela S WEA RAL, Bend AY Sey Ta WE AES PAI GTAE. KALE Aris SEA AT SAY. 

TUR EIR NARS. ie TT Mee Sa SEPEN GAR: See Lb, Bee fe bE 

Fe, ESP RTRERS! DREW WACK AWM CE. BREW E A ID—* 6000 

Fe LL SP A AU Be oS RTI lal, ZR AS ERI Al aL BPN BGA. (He Hk 

(ERA PBN. UDR AA BAT ba! 

ATA 8fret et TA Athos ——_ Rave. Ae. WE. ae PE—— BRA SK 

Avnet, MOAR AAA Kit ie? x BASS Google SRE wAEKM IR. HR 

ARH ASIN Tae BY. RL TE ASA A LEE AE AD BP, HA. 

PA, BEG RT RATE RRA ROL Kir. Tal, ie He a He HE EA RTE, 

Ret at FAUNA, EMEA AT RR. RT EO TL. | RAL Ne 

Ey PL See 3S AR ASE ATA. Hee kil FA BP A. 5 AR a ae RAT 



FEBH . RPL AY ASA AIRS ASB he BUA A RP PE se APE. PERE AR BEDE. 

ARG er PTE STR. AL, AR eb PE 

mA, SREMA Rte we. SRE ABA Se ie falar, te ree VERY As PB i i Ee 

MARE AA. SRE AMRIMA AUR ASAP DITA API Riek. Ialiht, SRE th pv iy 

MASI EINE. IAEA TK. BBR RETO Be Py DTT SE Tf} ZEAE HE 

is LEP ASIA. 
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MYSR A 

A FATE 

FR Se FA PE a i vee LA SE BI TA ARS AB PY AE Ted LE AAR EP BA EE TP TAN 

PeALIET Al, Ze A-1 fia SBE AT PER ll OE LY Ti 

Ze A-1: OF FAMERT IE] ze 

90% 

95% 

99% 

99.5% 

99.9% 

99.95% 

99.99% 

99.999% 

ee 
36.5 days 

18.25 days 

3.65 days 

1.83 days 

8.76 hours 

4.38 hours 

52.6 minutes 

5.26 minutes 

FIFA AS BT FA el OB a] 

BSE #3 F #3 8] 
9 days 3 days 16.8 hours 

4.5 days 1.5 days 8.4 hours 

21.6 hours 7.2 hours 1.68 hours 

10.8 hours 3.6 hours 50.4 minutes 

2.16 hours 43.2 minutes 10.1 minutes 

1.08 hours 21.6 minutes 5.04 minutes 

12.96 minutes 4.32 minutes 60.5 seconds 

1.30 minutes 25.9seconds 6.05 seconds 

BR 

2.4 hours 

1.2 hours 

14.4 minutes 

7.20 minutes 

1.44 minutes 

43.2 seconds 

8.64 seconds 

0.87 seconds 

3 /|\ BT 
6 minutes 

3 minutes 

36 seconds 

18 seconds 

3.6 seconds 

1.8 seconds 

0.36 seconds 

0.04 seconds 

47S BY RMB oY PRT AR SS. EAE. FEN TAR EIRAW ASK, FA — 

MILE AS ahs CBIR, “RBA ERE AY X% EMC .”) Hee aT AE EAR ML 

— KARAS HERS PRIA, RAR TRIAD BT 

ELE AAAY Lh al Be aS WL 3 BH AAH 3-1 SAK 3-2. 
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My SK B 

Pipi ote te Pa me ESE 

/—%: Ben Treynor Sloss 

4mts: Betsy Beyer 

Fa) $25 AD eo Bis EU 
ACE SCPE, MC AR AY CE (Tay AAD is A ETE BE A HE Hs PF re EZR So URE 

FEW BAN PRA AC OE CT A CIT. ARR EZ RAS IE VE. TRE 

Hee eA HR BER HU ART A Betis — Bea ALA PLE : 

FR EAA YY) BLE 

FESR ERB ZH, A BRT, EBT HET OL Pte Boe A SC AY IE 

WARE. TRIED, AR AS PERS BH. DS BH Ce CT BC A AT BE PE CARA D1 CE 

Br BCH be Z AA BCH by N% AST Ae Ac HH SEF ) 

it FA BE 

AEE BH AY HE SS a2 Md BAY Go PATE BCT EZ A AC EAR 

WR A WAZ 0B AC TE HH Be Pe IPS 1 HES RE LE, mT HE SS VE — ce Fe ERY Dale) Peale DD. Bk 

PE FA CH FRAT, te BT Se EMR cB Bt BH Z Ja. Va PRE REZ ITY 

ACMI ty. EL BUSES AR gE RH it Bice —— 1k 2 Bia A IE A TC CY « 
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7 fil 

2005 +, Google 23K DNS RR /HRYMARAHTCHRRBARYHRA, dk 

AY —W ZR, GMAE ST SHRALY, ALEBGoogle DNS H#RKBAT 

NXDOMAIN 26%, kA ST OD. ALZENRADEY, ARAM HHEE 

REIT — ARIZ EME, BEX google.com IP HHA, BARAK 

ACH OH A ET RY HLF A ARZ AY Be CHL, 

2009 +, —@ eR (RR ALEA HY) IEF RK Google 4X Web AHitriar 

Jy Be FR PSE (AIL TAR [May09]). —@4 A wes URL ELH ARETHA RRS 

TRHUGRAR A W?, FRSSEURL ALM, GEMM AFEP OH: HSE 

ELAM AWMRAE, PEMALHRESKH CHARA ROA MAY ASE 

BC, ik VA Rix FARA, 

Ie ZN 22 Fh 
AE A AY Ae Afi abe PY A re PRT Bee TA. AN ae A CES, a AE Hl SC ES 

ABZ | A — ee IAM ie, BAT Da ac RU 7 Fo sO ih KEE AL RU RA PS 

AAS PEE, A Be ee ST Be Z Wl SE Fee IIL TA) YT EH RS AT EH 

Fy IT HEAR SEY AUB ARR Eo TREY, a EBT Be Lt & “SP ir te a ER, RE 

PLA SEER Se sO BI) Pit sec ee aS 7 [ri] tb BE De I nt te i AS YY |] fa 

EP RAE ae A 2 Ay TR Th et Be PA AR TUBE A BE, Tf —— 

Bet xe — BY SY Th Ps ARE ——$ TAY Ae A eh ETT ee) AIR RL, Talk 

res WEEE, Ja SEAT EA OT, ORE BT LAER eZ a] (MTTR). 

MARAE SX SLO 
py DA ape 2 FA 9 40 fe eS YE SRA PEREN SLO, FEAR DTIC BL 4 Be. 

7 Pl 

&Gmail SP RPESRRASBR, MRAMRF BREE, LHMEAMN SH 

Gmail 7 Fez RSH, RAST Gmail FP RSHRFSMABN 

MRS Ra, HN AERA, Gmail ZILA AKT PEA 99.0% HF I T 

PO Gs ae 

MAPAAAREXSLO | 413 

480 



fin Me 
(ski FA EE ie Ta I PS BE RE i OT ES CTR EI AR (BULB 3 EE, “PEA Ee Pa 

IEA” 7s). BRR eC PSE SRS CE Be el A ta 2 PE A ps, Bed a He LA — 

AAR. WA Ew 1-SLO HN. flan, E+ 99.99% ay APE A RRS HHA 0.01% 

Wie ie. AIRBUS AE AA Pe 8 FE AT PL el EX 0.01% 

eT, FFA ATLA (ABE) RAPHE. BAe IESE 

Qe IRE ASE SF. ARS EE ach (ME ST BARE BR EMAA IM, he 

ELS EIRAY Bug (E42), WEI R—-t+H. SLO txt 99.99% MAW ASK, AE 

FETA AH AT RRR Aid, KA te + AY 4 ay AIT al ay EAD 

Hie MA SRE Sy" awh Ac PBT | sat vr es — Be HET] BH Sk SB Ai AU PETS AR. RE 

TAR FRAN PAST YZ a) A ZEA SAP TRV i ad) TA BA SER Ta] SB AT BT I BAR 

RB, DAE TERR BT AL A 7 SE, “SE TG 

Hats FA 
I PS ASEM AA MLA Pl] eT 

RS BAR 

BAST OTE 

Li 
BA ALLE LIE ZT RE 

As 

AKA, LA HEA GE, oe ae SEV fe A] LA a ar 

MARAE T SME EG, TRAE S, MBA EA ABN ATE CHa. Aceh 

“th ) Bote 4 /F Bug be POR ERE. REE E-mail 218, Ar EE A EMS HB be) 

ie EFF AE EIR 2E le) le AY. RR ERE RIC. J UEWA, eax 

BYR WE — FP AY Ay, (Ene eR is BE ARI REE BE, BE I EY 

BIE 

Sree 
BSS (Zs USB 15 FE) iE MST AR, SUR. RAR TMABA. fei BB Ab 

BRST A AB ae BL, ERA. FPA SIS rg Fe A ee ERR. aK 4S 
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BEAT AcE, BAT ANE “EAE” A, Ae Be A a ee AY TEBE: Gilgn, 

DEG AR St Be th MA rt HE Se SEE LA AE, Lh Aa A, A oh Be es EER VE 

to AR SUE A Fo Bor 1K AS BE PAL HE 

Sink 
ZS ee RX 

EAMEN Soe Gale Chine LN cha. ee eT Re aaa Ce Pina ete 
Ok IEIRS ESE “N42” HEE: CEDRUS FOR, HERRERA ph 
SELAH, (HT AEE CE ALARM BD. 

© FH ST oe TWA cat ae PG CSR UE OT LE, Bde Pa SF Be Be 1B 

AXLE 2 Fail SS BLSG CH SL ths Az AT ER a PES ee. A ee EF 88 a 

REAR ED o 

° Fl A Ba POR Er ot SA LE Bl, TRAE SE Beta: SES AX GA BRAL 

AS HETE = A ZB BY HE A EAR Se ERD OY PR, (AERA RSH CAE, AEH 

2I"5? | 

© NE LB — AY TS Pa ERAS PAY BUA © RANI 5 | BE IE 

He, (Hiktete tie ie 22 NIRA EL. BES USS WL oe E FUSS 27 FE 

nN . ks ad 

Ww ax 5 i he 
AR Cet BO LP ITA AGE EE EMG. PilAn, Google HAIAA 4 

BL PRA MORIA. lal EEE RD ES .. Mim ne a te HE 

mae Ree. HA SREAM ERT BHA BWM, REN AD etal 

Pikie Lies 

4 fi Bi BI — ERI, GAA BI TP IRA PRIA BAS. oh aSke IN Se 

Bove 77 OLE MB int et Hse, ZEUS 21 9. AR: ER RK, aE 

FLUE Pe Se br be, Mitr PR Be fa Fe PB RS Wt TS 

Bik RMR RICA tt, Mi BE Biche (BS WLS 22 FE). — A Boke 

A, HUGH Mo AS LUE (HRA) ROE BCE 

PEAS RIK RPC HIF Fin AB OK SL FG BY EIR BIR (LR). OME AT DAR ACE De id 

KR, BOF PMA CAM B, AAR AIL TA Pita. 1 SS HAT CS PY TH) 

me Sete BURA MY lal, BBB, ha ee 

wes | 415 



484 

SRE MIBK 
SRE AB Pik EIS HE VE LE RA ct 50% WT ial (BU 5 BE); Hert aig” 

Ht AC eB, ARGH. (RAMS ATA RNP. Hehe AAA ZS 5 on-call {a8 5 

FLAC FL 3 MBS PY Di Ee ALBA HE DPT Be IM a SEIS AE aR. TBI PRUE OP" 

nn dt eo AAS ASK SHE Fe. SRE SIF RMIBA ce AE 17 i LY AE PARES DUE BAL 

FAR (Bs WLS 31 HE). 

PENA, —7S on-call AB DE 8 TA, REA REE RRR. ARE TAY 

HY FRR PE Re. BREN AE, on-call AIBA gett oo Fa ZEA 7S AB TR a BH ie (fA, 

Fe FE DMI EA Be BERS), ORE RT Dae Gs BES ATA Hs Eb BS ce ER. PERL, 

XB BBE DOTA. 

WK on-call FE{E Py iA Nb HH A kal Pe ie (Oe 12 “BE 1 7) SOR AAS SCAG 

Ze IA), 55 Sea ZH LA Nb BE Bug toe Ser lel. Secon So 2s ee BCMA Ny Jo AP BE, Te 

Ey ROR at RIT HF TE PS PITH, UA Sa OR, ZA SES 

ASEH FP ES Tra) ell 3c BI AE 3 

FA DURE. RNA Six eee ER, SRE Aix HES HT ASK 

CE EU HD ie HE 1G > TT DS PARE, 1 BY HE SS et ACER AS TER AY Si ig AE ABR ASI Tid ER 

HAE) oP EE 4 Jd SOY HE YS A ke ME Yeo] FAS OY ek SECS SU 

416 | RRB AP imines Oo 
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MYSR C 

FAK LRG 

OME ARS PAIN ++ WRBA : 2015-10-21 

a cee FE Dank: Attp://incident-managment-cheat-sheet 

(74) 388 Hy He AS ET EB SEE) 

fi Ss LOM RRS HE SC ER | it FE ER AS 

ARRAS : TER, SBS S #465 

=e ACAD TE Hit - IRC #shakespeare Mii 

Se Ae UN SH 2A ZR HY: (B45 A) 

° Anya iat A : jennifer 

— iS4E Tot A: docbrown 

— tka A : jennfier 

— yi fot A : jennifer 

eS ee eens 

( 74a Sly oe A LE 6 FEET Ne eg: 4 7S 7S EBT UK ) 

( 2X Ut HT IA] 2015-10-21 15:28 UTC, Jennifer ) WAS 
Sete au ey 

© Alene AAR HY Search Corpus Pi HNIC (TODO) 

e E30 4 ShA FEE SLO, Fl AREA 99.99%, WEIR 4 99%<100ms (TODO) 
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ROWER CRA TH : 

fifty MapReduce (£4, #1251 Shakespeare corpus (DONE) 

fi FA eR EA et (DONE) 

JAH4 flux capacitor, (£42 ## inl t5 i fi g% (Bug 5554823) (TODO) 

AAT fal Be (SFE HEI. IX 4 UTC) : 

418 

2015-10-21 15:28 UTC jennifer 

— BERMA ARTETA 2 8. 

2015-10-21 15:21 UTC jennifer 

— RATA Vit se lp] USA-2 qEBESET, Tal RES ee Pe. LAE Le BE Se EM 

Ee che HS. TaN ao) BES 

— MapReduce #5/{EA TEM, StF Bigtable Z iil # tA ARE. 

2015-10-21 15:10 UTC martym 

— |n] Shakespeare corpus PI4 Ine H HC. fallet az) MapReduce #5/1{E4%. 

2015-10-21 15:04 UTC martym 

— MM Shakespeare-discuss@ BB(E SIZE PRE FAT RELIC 

2015-10-21 15:01 UTC docbrown 

— APH Fe ieche, FARA A BEA RARA. 

2015-10-21 14:55 UTC docbrown 

— PRARAARS, SAHA ManyHttp500s. 

Pi sRC SBA TSE 



My SR D 

oN SRSA ( BAAS #465 ) 

ABA: 2015-10-21 

ES « jennifer. martym. agoogler 

A BUIKA : CAA. FD SEOUEEDE tT 

fig) Se LOMB ARS EL 66 Zr Bhi Bit , Ha ACBL Fa OC SB a aK 

SAR |. Wit 1211LPRER, WARK MILA. 

AR Ra)? ss TL AG IE Shakespeare Corpus 47 4E Rt 

A — Si oe a TE ee eB TE EY AE. TAR LAY SC AE AZ MAR EE Ee 

SCHR HE HUA ie, tate e KR ee Ae BE]. CE TU Pe ota he 

BONY EA ato WL HT LAE a AS oS td ae TE SB 

fall Az SEE. TRER-PERY Bug #e A BE LUKE LATA 

PRIA Se - Keli Se EEE, [ali P10 PRA EE Be. EE ET 

rhaesl, Serb CEN Bug. FEAR BCH SSRRIAR Zl. TREFAUPIN Ae. BT 

De itt se WY [a] el CLA RLS, FF AE SOA EK. 

Ker Ml] » Borgmon WF Kae HTTP 500 Wt L. Il on-call Rik FAA ARK. 488 

1 Fe ey ea xT A PV RUA FO, 
2 AARP MBA MMAR ERI HMB, 1X Vib FA Hl 4e 5 Whys (AU TAR [Ohn88]) KARAM HG 

APH KAE. 
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SIGH : * 

ES AEFI (Playbook), JIAA KM E RL Beir jennifer n/a DONE 

Pc Bee FA AN 

All flux capacitor (4 742 TFEHP Sy iy i a THs martym Bug 5554823 TODO 

fe PUR DiRT 24>) PUES TE ic Bee te Ute docbrown n/a TODO 

VAS ce HY APPAR HAE Ty as 9 | EBT apa) jennifer Bug 5554824 TODO 

FEA RR HEI AE AS OC ta FF AY Pi agoogler Bug 5554825 DONE 

28 b> LE MLAS AH FS Ne eH FED) BE apa agoogler Bug 5554826 TODO 

Pe NEVA MIR, PRB A SEE BI BSE RIT | PR clarac Bug 5554827 TODO 

ARIE HY 

RE BE BT IL ER SS AB AR Soe vs eB AE PID yy jennifer n/a DONE 

HIRES. IK Er ARAB) | OA docbrown n/a TODO 

2015-11-2. Bot ate Ee PH eT eA Tt UL AY aH ME 

SFA A : 

e Wes Ao te Kit HTTP 500 (#206 100%) AOTENIL PP CH fae MER 

e (ERT A EEE RB oT [ Shakespeare Corpus 

SEAGATE TT 

© Ae Bali Pe AY Mb PAN A SA 

© Hix Ae REA ee CLP Bi ae aM), Se Beet Fay PE 

Et De GES Be et 

SiehaR** 
© AE PETE RS HO FF 26 AE A — BI BAS 
FAS FL AS GLA ARTE CERT (FS TR SS HTT Bs 
© BK (query-of-death ) iit HES WTNH 5 |G HE ind ARDE T 

23 PRRHARY ALR AMG, FMRAAH, RRFRAL|AVHUCAAMH. MH, CRAKS 
4 LPM RY A, ALRTEMAR (AMEAMA) TVG FT 238m STAR 
mAs 5 SIR R 

4 A—RAD ABR CARRE” OF KRY, We “LFECKRS EH MEAT HMMA, RERABH 

420 | ItkD BRAS 



prt fa] 2" ° 
2015-10-21 (Prat abe UTC) 

14: 51 Srl fe ore Leki 3c E44 Delorean HNN Ae RM 

14: 53 /r/shakespeare (48 Reddit.com, EH Fri Wyk) W—- Rac eete Eke 

WETS FS 5 | EERE TCH RE HAT, ETL 88 A eI ee Fe A ic ae 

i% CE ) 

14: 54 SRCFP a, PUP au CER BOL Bani 
14: 55 docbrown WF) [Km Aa Rik, SrA ASEM tk ManyHttp500s 

14:57 PRA Lee Fe Se RAE EWM: Attp://monitor/shakespeare? endtime 

=20151021T145700 

14: 58 docbrown JF anv A [a] a, AB ain FES iatoe vk BEA 

15:01 WAS SEF. docbrown ‘ef 7p Bike #465 FPR, AA PE ERAS 

Fraate #shakespeare WUE WET IA, 4% jennifer (Ap ABB fit A 

15: 02 SEARS AIK TH UBPEZS Shakespeare-discuss@ thE WZ, brveaily 

HOC, IAS MAE ELE martym AY HE Re Tita 

15: 03 jennifer EFI  3BcHH Shakespeare-discuss@ tht WI Ze 

15: 04 martym 42) SPN, IAIN IPRA SER TSE 5 ICY 

15: 06 docbrown & Atl aati Re FET ETE A FES aE. RR J 

Haack 7 dt — A a 

15: 07 martym 42) SICH, Freavttt Corpus Ber 4k es LIF 

15: 10 martym MTR OCHA.. FrRAVETT SITES 

15: 12 docbrown KA JS clarac & agoogler (7>-- LWP AIF AAA). FRB RE 

AWG HE EEE [A el 

15: 18 clarac (EA GH AR TSC PETAR PREIS xT ned, UA RR Le] 

FEMS FBO EIR FF lle 

15: 20 martym WJ#85| MapReduce {4 7c WK 

15: 21 jennifer fl docbrown Bea AWATETT SG Beat, DAE RE AIR AE P SG BIIY TK 

itn iE 11) CA AE aati BZ BE TE 

15: 23 docbrown 44 /f Ati Sal [ USA-2 42, PUP He te ERE Dl AS Bice 

15: 25 martym JP aa ATHY HR 5 | AS ill BIL pth Se HF 

15: 28 docbrown FFARR PIR ee WA 2 fr 

15 : 32 jennifer + Hi aeJ5 (hy Va lel EAS. ace See) FC A AE 

: XPT FERHSHH, ADZFKFRCHE PHN MARRAAFE SAYA, FSA MA— 
we Ht he KM IR. 

1%. 5 



© 15: 33 FCRRIETEIY TES FEAR aioe. CSW ST) RE SEAR 

© 15: 34 RA Ait KEK ASS Po) BY HO — 7 Bt GG LR 

© 15: 36 jennifer 1 Hy se2y iy Oy USA-2, HE TEMS TERA RE CRE 

10 {7% ) 

¢ 15: 36 MRA, Eph se 51 AS HB FE 

e 15: 39 docbrown Jaa) fi —4tmlA Ace BO, PETE SS 10 RA 

e¢ 15: 41 jennifer +} 1% ite BT Fh TET A EE 

e 15: 43 HepbteREY HTTP 500 (Ria. FES HATS AR 

¢ 15: 45 jennifer 4} 10% iit Hi 1h EP A EE 

e 15: 47 HbA HTTP 500 faze fe SLO ERIN, ATES cb RE 

© 15: 50 30% diet HT Ac 

© 15: 55 50% iit HHT Ac 

¢ 16: 00 RRA. PrAiite BMD Th FATA 

° 16: 30WASRERAR., 30 7HNKR IES. CAAB) PRHAYE 

Hive 
Wet OIA], Attp://monitor/shakespeare?end_time=20151021T160000&duration=7200 

26 ARAM. Cee. AS, RAAB. BAR, IRCIZR,. IMitKF. 
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MY SR E 

RAM A SEI RK 

Xz Google RMN AKA DIREIIR, BF 2005 4, Aye. 

IR 

© AMIE, ARS ae Ze ae, Ze Phra eg oe 2 

© Fite ER Pina A te AR 

HSE ALS HE At 

© WSENL Bee Soi Bom, Beeb, N+2 TORE, Z8 QoS 

° MIA. DNS sey fy 

mem. ABU RERE 

¢ HTTP ieee Sire Hh, Ae IE, dat ZA. 6 AY Pal 

AWWA, in Eva TN ES BCH AD sie ris EI PS 

0 hh BM SEAY Ae H AY 2 

© dries 

AA] EES RMR 
© 4 ARO EIY, RASA EAR 

— Py PA Liebe, LAE HC Bi, SARE Hic hi 
— PAP AB TT FY Ba 2 i 

© Ea SUK AREAS ae (Savin) HOURS ae RU : 

RPA IU Jes vara CBE, Testi FBC Ben fy Ach FH 

— Hite CEA SZ A Pn AU OP RH a 
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© Ba it | RAL, DOMED AL 

Hts SARS ae ee 

e WPSAMDRA, WP Blan tt A. TR eBe 

ee inte At 

© ARIUS AW tA A 

© ESTE AGE PS TT IRA WES 

© NEES HS A RK BE, Se SSP ARS ah BATE 

© RIE, Ra TNSPRH, DORMER, Sek, SSL 

© eA ZA ATL / ay a Te PEP ll, APS AY OR 

AMSA LES 
¢ MIRA. Bh. ACR A 
¢ RAE, TREE, BARU, AUBERT 

SEK [on] el 

© BARE, 10K, PK He 
° PURVECIMA, APPR, SREPPEREIO APR. rapeenoe 
© 4, BARD H / BAH 

SI a Ae RH 

© BHA, Tre. WARE. GRACE, Ae ATRL AY cit Bele 

© MERE, RIMMER EOD AS 7 ARS ne eat aX 

© FAtetkfh. mBPF AS. LAK Google AMAR Et af tte 

AHS AHI 

° AA BEA BIE A, ShSRSEE, AB — hoa Be 

© IRA HEN ISR a Re LAR IB ARS Wazs HE ie Fe 

424 | PARE AAPM ASI R 



Mise FOS 

SPIES ICRA 

FEB: 2015-10-23 

$5 : agoogler. clarac. docbrown, jennifer #ll martym 

N= 

© Kae (#465), wektin MES 

Z BU AY 5 Dp SS IE 

© WAR LUAE PRK aks TDA FRA (bug 1011101) 

— JF naa PAAR PER aT EAT. TK TALE LRA RR HE El] a 

Ee del 

© PMMA (Se 465) 

— 12.1 (C7 eR ETE BBR SIRE Bug (FOR SRA ZI, SCRE TE HEEE ) 

WE IVEFA PEA, S851 AN EET OC AAR AB it 

— SHAT Bug CAER (bug 5554825), CAMB BA As 

— VATE IA flux capacitor JET Ti asy iy (bug 5554823), FIA Hasek 

FEAKHE (bug 5554826) 

— RMA CARS, HEP ONSEN ETA IE—T A. BRIE docbrown fem) 

TAB D9 28 YL AST Pa BE BR hE (AEE KR BOA A&B HIE ) 
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eS TK 

e AnnotataionConsistencyTooEventual : A JAlth* 5 ve, H/ REAE HH F Bigtable r[x. 

SAH 3S Hil UE WS SA BI 

— PA Edt (7, UL Bug 4821600 

— RILDAABER, AtEm AAD TORN TE 

ERAS 7 Fx [5] Jen 

° kA 

USFS ASSL / AS 

¢ AnnotationConsistencyTooEventual, "JUAPES HI HEIRIS AM 60s HEFT EI 180s, 

UL Bug 4821600, TODO (martym) 

TT Xl) FA AY EP SE 
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