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2.1 T1Eta%E;

Borg Cell EEizAT It R TAEAE. 5PN R 42 IERKIET RS, AP FFEE) A
B AN B IR BURBER AU B L E =R « XSk 5s H T A s 20 2 7= 5, W Gmail. Google
Docs. W12, DA NEIERIE RS (BU0 Bigtable) o 58 R &HLALER/ENL, $ATHE RN LM B]LR,
XTRDAYERE R AU . XA ERAE AN A Cell FREELBIAR], Bk T HFEZH S (i, AL Cell gtk
AEFEAENV A D). TAESER BN AR fh: HEAAFEAE MV AW AT BREE I, TR 2 1 1) ¢ 3 F P (9 i 55 3R B A A2
W AMER R . Borg 7 B AL 473X 2L 55 L

Borg MIAGEMEREIE — D AJTH 2011 4 5 A H Wic ke 80]. XM EUEECLR/S 7z
Br [, 26, 27, 57, 68].

BT JUAE, Bl Borg NEEAIME VIR Z MATHEZE, B ERATA MK MapReduce £24t 23]+ FlumeJava[l18].
Millwheel[3] F1 Pregel[59]. iXLEHELL R A — A2 KIS Master Job, &4 4> Worker Job. Hi#H/ME
BERALT YARN [0 LR [76]. AR A7 R4, Bilan GFS[B4] FI'E 5443 CFS. Bigtable[19].
PA K Megastore[8], #f/2iz{T/E Borg L.

A, FAHEER RN Borg 1ENVRRAAE RN (prod), H&EMMZAEA ) (non-prod). K%
B S 2 prod B, K HEAAFE/ENL & non-prod H. — /MY Cell B, prod EMLAEE T 20 70% HI &
CPU %K, /s CPU &L 60%; 2MHC 74 55% MRS AAFBHR, 58 NAFRETES 85%. §5.5 RHI2
P S A FH ) 22 S R A AR S

2.2 £5Bf (Cluster) FIEJT (Cell)

—A Cell NLESIE TR —ANERE. S8 EdE OB m R LT A MK e S — MNMERE T 518
O RSN, T AR O 2 sl ANMERSE R AR NI Cell, SETT S — N LR
AR B B R R PR 1 Celle AR J738E G AT ] By g s

AT ) Cell, FEERR) Cell 20— G HL4s; AL Cell MERHFZ . Cell HHINLAE M ZA4E
EEHTEE: KN (CPU. WAE, AL, M2, AFERERAL MR, DLAGR A MM TP Mkl SSD 2.

VXS R 2 A DB S L




Borg f 3T iREMESSAE Cell FHIIMBLENLE: EIAT NP RC BN 28R Ao 9% i RS R AE R R
HJE, ATER P LA SO HLES A o

23 {El (Job) FESS (Task)

—/ Borg 1EMLIJE AR : LFR. A FHFULS N VB AT DA — e 2 SR sa 6| HAT S BT R A R e
PERINLES B, LA BRER 4G . AR RGURA . —EH NN IP Hibk5s . Z90n] DU AT I sl e vy, et
LR, AR K. — MBI AR 25— MEWE R E T s . — MBI AE—A Cell HiztT.

FAMES X N E —H Linux #F2, BITE— 68 ER—DNESN [62]. 4K 5 Borg ) TAEf#k%
FIsTERBNLE, FABRATA AT H BT84 . 1 H, 76 Borg it BIlHE, FATER Z RIS HH
A R AL D REVE o

RS A — L Em M, WitERRE, EIEVHRF 5% — MBI ES K2 AME R JEME, (Hdn] P
W B WREEES a AT S SRR (CPU . WAE. R 7SE. AU . TCP b
vy L T DT AR i DA R . BRI R P kN RS (O §5.4). Borg iB1THIFE
PR A AR, CAD XIS AT PR MO, X E AR e 2 2R Al by 3R ) SO A SO O, Borg
DT %A

M i@ A Borg &K% RPC SRiEHEN. RPC KRZ2Mir 4T THE. HEffl, sG3Rim s Ra
(§2.6) K. KREAENHR SO H—M AR EES BCL. BCL & GCL[12] 1J—/N&F, BN 7
—L& Borg LA MR T, T GCL &4 AT protobuf X [67]. GCL i@t 1 44 BB LA RT3, IX R
SREEE N HREA S RE A WK E. A LA BT — T4 BCL BEE M, Rt RitH#T /317 BCL.
Aurora FIACE Y Borg FIMENLACE [6] 21,

Bl 2 R T AR AME 55 A A R R RS A4
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B 2. ARLAME S RS . P AT B A 3R A, R AEAT R A

FAEAEBAT I B — ML T el ST ST B s Ak, A AT LA Borg $R52 —METHIMELICE, I 4
Borg KL EH FIH A E . EHEREN, RTINS, EHFER G-I ZAImT IR 5 s .
SRS R R IR AT, 0 B AT CARR A b S S BRI (A e D R AR
7 RRAE, 2 ki

BRSSO (AR IR ) REERAES: AR (B SR BB A D T RE
HZAEFAEFBATEAAILS L, SEUFIEIFERAEIZES: & S it ego B2n e
PATH, AT EE R BE RS .

*Borg St H— G AL LK AT 3 FORHE RS 55




{155 7] DVESRAEM, Unix 1 SIGKILL 15 532 BIRFEZ B34S SIGTERM 55K, XHEEENEA I A&
FRGRYR . RAPIRAS . G5 Y ATIE R . FE48HE R (BB 5 B E T IR RAE, ST GERA M Rk . S2Ek
L, 80% HITEIL N RER HIBAIES .

2.4 9E (Allocs)

Borg [1] alloc (allocation MI4E5) & —GHlas LT FIE, 7 LHRPAT N EZMES; AEAR
AYALH, RLRPEEF 2 EH 2 1o Allocs AT AL R R HAESS TR BT, BRAEAE 25 80 45 0 2 )5 1 T) B DR A+
TR, UL FEML ) 2 AME S G0 R [F — S AL L ——F Wi —A Web IR 5528 52 FF I if# 2 URL H
EMAHUAE #2045 XU R G HE AT S . Alloc B — S HLERIFREH; 847 R— Alloc N
MZAMMESILE R R — Alloc FETH B BN b, A E RS ERE EHAE.

— Alloc 424, BI—4EZ GHLA EE 7 5IEM Alloc, RELT—MEM. —BAIZE 7 —4 Alloc £
&, A DA RS R i I, RATAES R R —A Alloc 8iE —ANTE(ES (BE477E Alloc 2
MRS, FENF R — A E @b e Alloc 24 .

25 SR, ECEFNAENTEH

YIS R A ) TAE RS = A AE L2 FRATXS e I F o 7 SR S AN A

AR — AN IR R RS . IR MRS T DR TR, H2=E s G K
ML IS . Borg AAFMIEE X T AESMRLRIXE, A REHET): WaiE, £/~ #HitE, R
51 (BIULR RO E 62 22000 . A SCH, prod 1NV e 20 00 45 WE 2 AAE P2 A X ]

IR — A I AE 5500 2 A L 2 Cell M ENLAS b, (HEEIE SHmTae k4 WREMES
ok T MUERIRIMTES, WEE X385 T 50— MUK, tkdksl. R aixfigoe, A14E
1k & F= XA 55 BARE 5 o 4BRLEE R Se /e e 35 N ARG Fl——1 MapReduce [ Master {£55 K48
SR LA PR Worker 55— i, PR AT SN

A RN T Cell HIEATEERF AR 2 R AH X B2 M. BLA (Quota) U FH SR He s HE VIR VE Mk AT
DABG I B . FRAR R R T [ B (BLE TN HD B— A8 E (CPU, WAF, WAL . Bo& PR
TR PR — AT DLE S SRR ) B K BE (Bn: 20TB NAE, prod Mi2edk, MEESR] 7 AKX, 7 xx Cell
M. BLAITES A A S SI — 5y, AR BN BUEUAS E RE g SE I 24 Bk 2 g AE 4

S % BT LUARAR S R A . AP R I ECAIPR 2 T — 4 Cell IR YRS . Kk, HF R
A BCR AR PR ARV, A B ER R A0, m] AU AME L — g is T RE A TS -
ANELN ST R SR A ECA, (EAR 2 AR SE T, IXFEARATT AN F FHC TR SR R P K T e
P EA . AT J7 ERXIMEM e R TIRIC A E: Fra P B o RAEHEAUR TR, REX
TAELI . RISl AR T, (H AT RE BT B AS T — B 55 fr

BCA 7 L /2 Borg Z AN RGUACERRT, SIATYIEEA SRR KA C. 25 BRI 25 5L R e &40
O AR AT AT . AR ELRIM e E R B IMECHL H P e A el RABCAEA T 5
BIRATHE (DRF) [29, B5, 86, 66] XA SIS AR ANE T,

Borg AR 48 0] DAZA FELL ] 7 —ReRe BRI . ol t0n, Fo v L i BREIE 2L Cell BLAMERAEL, B3
FOVFIEAN P R 5 10 N AZ R B Borg 478 (it B VAR % A it §5.5).

2.6 HERFEE

AL BN EAEF AW — DRFIE T ImA L E RG T ERER B EANT, RO 55 1 3 A1
HEA R -GS ZIE. AEIEZT R, Borg NEMESQIE T —4 R ER BNS #4 (BNS, Borg Name
Service) , EMRAWHE T Cell 4, MEMLAFAESF 5. Borg 8RS HIEHLA M 5 A Chubby[14]
HI— DA T SCIE R, BL BNS 8 8 SCfF 4. AU RPCRIR R BUE S5 By s btk BNS
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AW RATS ) DNS A 1 —3 4, #la1, cc Cell ) ubar H I jfoo 1ENLIIEE 50 ME45 ] Lt
50.jfoo.ubar.cc.borg.google.com Kijjlil. & 2RESMALRS, Borg o HAEN I KNS KRS
HNF| Chubby, IXFEGEI M2t AE ] 2 gk T .

JUTPEMES A —NWNER HTTP k%8, HRAEAAES MG S LT MEaetads (41 RPC iE
). Borg MifAX b R AR URL, =5 RLESA LM N ek o] HTTP SRS AES . i TARE
HEeHE I BoRENGRR B, SiE RS K HbR (SLO) INHRE.

P e LS — M-8 Sigma 1) Web Ftika 2t (T A EMLFPRES, #XT3EAS Cell, BUEEIRAFEA
VEME R AR SS, M B HBIEAE AT A, T4 & AT B R & 45 3. AT N RERHE, BN148
24 A N IR B L e FE R AL AN (] ARSSIR S, HESRE — /DB R DL B W —AME A
BATHEHR, Borg Sift—MERIEFE MRE, DU W ESAE R B IRE R, DR EES Cell. AT
KA T AR A B YR SR 2R T B U B IR R

Borg ¥ A BIVENIRAS . AR5 F . DAL MT 55 ) VEGH 55 548 FH #5102 7E Infrastore H. Infrastore s&
— AR R S, @ Dremel[61) 245 728 SQL BIA B H . X% H LSRR T H
IR, WA R g ibE, DAARKIARENL. AFFH Google SERE 1 HAIELE [80] ok B XL ¥s .

B A I e 1 35 B A P BRAR AR Borg MHARMLRIAT A, FHFRFBIIRATH SRE LM NEHEL A6
BL#S

3 Borg ZRf4

—> Borg 1) Cell S¥E—2HMLAY, — /N2 FEFMIESIZE, ¥ Borgmaster, LLAIZITER G LA L
%N Borglet FICEEERE (WK 1). Borg MM ZR C++ SR

3.1 Borgmaster

Cell ] Borgmaster A MNHEFEZL L : Borgmaster “EFEFEAN—AN B A1 2 EFE (§3.2). Borgmaster =
HREAEEE P ) RPC, SFEESCIRE Gt Ellk), gt R (ndEHRAIEL) . EdEiHE R5H
X% (HLgs. 1155, Allocs &) WPIRAS, 5 Borglet #8815, FE#EMt—/ Web Ul (4/EA4 Sigma &)

Borgmaster fEZH# 2 BANERE, HER EA 5 NEIAR. BPMRIAENFLESE Cell IREMRAIA, %
RS [R] I CRATAE R X 8 B A [P A B A 45 2H Bl (1) — /N T Paxos[b5] IR T A 72tk L. B4 Cell F11X
H—MEAHRE Master, B[R {EN Paxos H) Leader FUARZSEME, AHEATHAE Cell IRERER, H#
W AEN B SR S HLEs L —MES . 24 Cell JG33hEEE L —4 Master #fERy, #ri Master 2xilit
Paxos HiZiEZ K 1 Master 2 3KRH—/> Chubby 8, XHHEM RS T AR BIE . &AL 20
Master JH % 2 10 £, (HEKK) Cell HuJGeFFEKIL 1 %80, FANFTEREM—LNIPRE . H—PEIARM
WK E G, EoahdSt N EHRHT Paxos BIAH i [FP B AR

FEAIEZI) Borgmaster ARSI NI E 51 (Checkpoint), PLE TR EEINAE S H H T RFE Paxos
FigE . A SFERZHE: WEET L TENZIT Borgmaster RE (W, fEE—/ Mk T Borg i
[RE SR 2 HT BN 2], SRR AT LR SRR 0 Rl ol Pl AF CREERE A WE—MEARSE4HE4EH
JEE; B TR .

— A EREER Borgmaster #4025, FRN Fauxmaster, 7 PLERHUG & 3. Fauxmaster FICHSE H] H
2% 11 Borgmaster, A X Borglet MR . ‘I RPC KRS, PATEHAE, Hlwn “HERE%
FEWESS . BRATH e RIAW i, 4EIRAEZEH) Borgmaster SRR SIS H, HARHLE Borglet UGS &
RO RS B P AT LSBT H M R G0 2050k 4 T RSk . Fauxmaster A T A2
R AT DA 2 AN IR RN 2D, DLRAESERREE 2 Cell BB T ATAT A S XA 2 FEOCHE L
SR G ?)



32 AE

M3 —MMENL G, Borgmaster & E RAFIERE AN Paxos fAfig b, FHEKXAMENL T AT 55 IS 4F
BAB o I A D M R A R A S, AR 55 20 BC 203 ARV 2R B R R IR BLAS b R SR BT XSS
7, AR . AR A e R BN Se g, R Sa g AR e (0 7 Rab 3, DLORAIER] 7 [R] i A F, I
G BN R BNV B ZE A S o ISR PN AT E, B A LTSS 19, N
Tk EE LA

FERATPER A B, TR d o 4R 3 — i RAE S5 A R HA R % T F st L s ——ml F BRI ds Oy
PC LA ARAR S AT SR T UG I BEUR . AEVP M By, TR 8 B & AT ATHLAS P& RIS . PR B8 T FH R
SE HIREF, H T ZHRR T A ARdE: Bl MEBHE SAE S DB SR 2, ik 8 A5 2
B, RATBEMEAE S 7 BAEAN R AL AR, DLACRAE (Packing) Bl (FERGHLE RIRGS . IGIL%
RHMESS, ARSI BT/ AE M RIEY 5D 5.

Borg I E B ) E-PVMU] 5L o A0S 7 1) 1) B U5 AE S 25U AR, TR AT 551
H bR R BA I R B B/ FESCE Y, BE-PVM BB BB A LA, BRI TR B ——IX b
HIART G 1, R R T RE LA R BUE S5 5 FATE R “HRZILAC .

52 “EBAEULAS, JEHLAS LR S FE AR AT o X < s RIS (8
IS ATAEAEIRSS ), XFECE KBRS B 1. (B2, WRH P Borg #iiRflith 7 HIEFR K, B
IR s bt e (MERE B R 1650 o IX A SIS AN T SR B R, T Hoof B> & CPU [tk AL B AR
WARE ARG, ZEAEHE DR CPU AR N T HAZ B EIAT, FFMEN SN 20% 1
non-prod {£55#iE/>T 0.1 4~ CPU #.

BATH BT AR AR A 1, B (Stranded) MIBIE (FRIEE R RN ALE 2 G, — &l
ar EIGE S E SRR . MERAT A S, XAMER L <RI 3=2TF T 3%-5% HIZAa R (LA
(78] & X877 P

WURVES Ja ik b i) — AL B9 I S IRIZ AT Hi 155, Borg 46 RSB R IIAESS, MKtk
ﬁéﬂii@ﬁ?@ﬁ, BB R IBATIZAESS - #Ae b BAE S5 T80m] 23 B2 25 1 SR BAS 5L, T AN 2 g #% Bk
fiiH.

PRSI BNAEIR CIIRAE T BT 55 TFHIEAT 2 [ I LB AT TR p . AN 1] 22 5 4R
K, HALEZ 25 #0. R AFE 7 H A 80% HIIFIA]:  — AN TR0 BT R A2 B0 A0 5 N B o A i Al 28 1)
Tt AT IRAMESS S BIE], WSRO A RL R DA A B R MR (B R hLEE: K
LR R, FrCART DAL 2 g8 E (X2 Borg Wi FE 23 ME— 1) — PP EcE R SCHE) . 534k, Borg i@ A
JEAZEAL BT B3 Kbk k.03 & B 2 L .

BeAh, T EEERR ] 2 AR L RE S FE BIHCT B HLAR Y Cell (§3.4).

3.3 Borglet

Borglet 2 1E Cell T & HLE EHIAN. Borg AABL. B M TTESIAT IS HERMMMES: Ed
OS Wiz EREHAM TR Wi HE: IEAVEPRE Bk Borgmaster MIHE 15 R %t .

Borgmaster fid JIM #2551 Borglet SKIRIBLAH A HRAS, I mHAIXWE K. X1k Borgmaster
et EmE, A% 7T RANREERNE, mHEHP Ik T REXE [9).

EZE R Master $7 57 #E % K I525 Borglet fITH S, FEHRYE Borglet MmN T Fr Cell KPR, N
RenI¥ &, /> Borgmaster EIAS 75T — AN IRENFEHE 5 v (Link Shard) SRALFEFRS> Borglet HIIEAS;
Borgmaster 148 5 BUHITF R BN 20 B o 8 T ARIEFYE (Resiliency), Borglet & 2L IR HIRA, {H/& Link
Shard RiCHRAZBWAE, MWMEE. HRAXEEE, R Master 58 7140,

e Borglet 2 0 W MNEEHTE R, WHEZALS AR ic N E L, H BT a5 i i B

SlAMESLE, N Google Compute Engine $& kR HIHLIIT S 2 LR
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P TS . FiEIRKE, N Borgmaster 2riliX 4~ Borglet A EL 488 B HA R H 2210155, DUBHREE.
B TC7% 5 Borgmaster #1{5, Borglet a4k 1E w1217, FrCARMEFTA 1 Borgmaster #BH #f% 1°, 1ELE
BAT RS AR S e =R FRIZ AT

34 VR

BATEBA B F) Borg 1XFpAEH I I AR & L BR o FRAIRIHh I8 18 2B PR — S5
Borgmaster A] LVE A ET G LS Cell, Y Cell 08 H —HEZMESEIE. —NEICH Borgmaster
] 10-14 4> CPU #LL A 50GB A7 . AT 1) LIS AR R SEILX A Fe i

FIARCAS Y] Borgmaster 8 —ME L, [F2P TR RAAETE R . HEAES, IF5 Borglet #fE. N T
REFREE R Cell, FRATIOIEEZS 40 A — DM EERE, X e L5 HE R Borgmaster IAEFHATHAT,
XL H B DR 2 I A DUERAS . WS — R AF M Cell IRFSREIA, BEEHAT T rHEIE: kst
R Master SREUIRASZE (O HBRMERS I TR B EH CRAREIA; $T R AR
fE5%5: WS B RKIEL Master. Master 234252 3 M HIX LS L, (AR B AE S (Flhn, 2R T m
REMHEED, MEEHFRERN N —RIAE. X5 Omegal69) 18 1 2RI A4z i SR AL, 10 H3RA 1 5%
ITi&%s Borg NN 7 A ANE S K BUE R A EAE I IR

R T et e i (], Borglet 5 AT R 282 73 ol b B AE A . H 3 RPCo A T BLUFITHERE, FRA T IX
g R K345 5 /> Borgmaster RIA (§3.3). SRR, U W AT 99% 2Ai%NT 1 #, T Borglet
HAERET 95% T 10 7.

— LS Borg TRFESRY RIEM 7AW

ZFES: (HE SIS AT HENTE ) & S ST, AT Borg & — HEAFITr, HEX G480
RS WM R A T A —F i, XEHEE EREMESES R T, —HEEHEN T, BEESFNHRREEL T .
RGN B UR AR A AT LAY G AT IR 3K

FEEFEHSE (Equivalence classes): —MKit, [Fl—A Borg fENIITES A HE G RL WK, (F55%
RN — G AH R 5 SR IAESS » Borg RN EEREEF ) — AMESPAT AT HERS B AP 43, AR X S5 A5 1) A
A 55 FA A — 3 BT WLAS I AT AT PR XS o AT ML VP4

EERENL: E—NKM Cell H1, XTFTANLAAS 2 THE — W nf AT HEAIPE /3 2 IR IR 2 o R R 2 B AL A
EALE, ERFRE L 2 0] LSRR IPSr, SR Rk B i i — Ao X 0eb 14155 8 B AR H B/ (10T
SIRBU R RAF R, IR TAESS Bl #2 . J& FERENLA f3E1BL Sparrow [65] L ERFFHEIAR, {H Borg
ALER T, #6005 AP RN R A L AR

TERATIMSEIE T (§5), MEIFEH LA Cell W TAERIFABEILAF, (HEEH L LIHEARFE, 3 K
AR, IEFIEOT, R WEtRE e — i S 7 BA A AR 2R .

4 oIFE%
" preemption " othersss= machine failure |
prod mmaching shuthi)own-— out of resources
non-prod m
0 i 2 3 4 5 6 7 8

Evictions per task-week
3. ANFIZERUT 51 57 1 IR 28 % R R
BRI BHEA L. PLEsiis. PLEsoehl. HE. Bl 2013-08-01 JH4h

KA Z 40 B2 R WA (10, 11, 12]. Bl 3 & 148 15 MEA Cell AR BRI EH K. 1E
Borg [T BN FH 75 Z R BLX R F4E, IRAMBEARE ZEIAR. RAFFECRE R0 1 766, BURIE (i
BEATHIE) 5. 28R, IRATHIR AT B M o RS2 . Bin, Borg $24L T
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o HBNEFTIHE R

WIRMMAESS, WRRE, "TLURE RS —ailas L RsT
o BB BAESS S BRI R R A R,  Blinplas. HLAE. SRR 0, AR RICR 2K

o EHLER/OS THEAFE4EY THENIIE], IRAESS S A, LR A — Rk rb R o ok A 55 1 2

o G RI TR TR, AR B A, SRR % 3T D E A0 15 SRS W
iR

o XPFRERINLAS ERESS, BRAEHIEEE AR, RO R USR8 SR 90 2% 73 X ARMEX 73 1)
o [PIBHEREIN MRS, PlEE AG

o AW EFHAT HERAES (§2.4), WRECSANAMBER R)SC8 bR, U A H S SRHR )
Alloc D IEBRERIHENEGE LT . AT IR E RS EE =K E A, EH LRI E .

Borg H—MNREEWR IR Z: B Borgmaster 8(3 Borglet IBH T, C&IBITIMESIES RGBT T
Fo Ait, fR¥F Master IEHIZITUIPAEREE, FONTEEIR G CIEIRSSH RIEN, TEBEHIEITEPIRES,
AN BE BT B LA B RAESS .

Borgmaster {8 ] 2 T [ 5 AR SRR 99.99% (ISEhrm] FE: 2 FIA NN AL A% Whefe s o A\ 45 il Bt ik
B B KERNTESZESL, PR NSRS . Cell 7RI 1Y, Wb T BRI AR R A
FERRINLZ . R X HRIRATAT K Cell MBI FEEHELE, MHFAEEZ R T .

5 FFEER

Borg {1/ EZ HArgi2 A R3AI I Google (IKENLE: GXE—REWMSFHFD: iEFARETILH
AR E NILE IRt XA T2 Borg i FI I SHER ATECA .

51 FEGEE

MV B LN, i H R EAE A RN OB I HLERE AT FRATRNUSIR 55 B E b 1 55 Y5
KIGATHEAERAEME . PR, FRATTRE AN PRI B Em R e ek PP R AT SR L #E. KEsLm
Ja, BATESE T Cell E4if (Compaction): 25E —MAEL, WATAWHIFEFRLAS, HBITGEEINZAE, M
A1 75 8/ Cell BB . MU E X MBOFEE 2R, DL RRER IS G s2 e . 2 b 2512 B
W), XTEeeTCLE Sk, @ T AR BB A B BRI BB [31]. [78] R4 TR s b, HA 4
THAEE L

RATATRefELE | Cell S25, {HAZAIRATH 7 Fauxmaster K345 m R B AR, e 7 Bsed
Cell FAEWEE, OFGHTA LW SLhRBRM . A B (§5.5). SLIREHRIEIE 2014-10-01 14:00
PDT [#] Borg tRHR (e tREBWHARBIRILE ). FATE Jetibr TR RS WA 8. /MR (DT 5000
SHLE) 1 Cell, SRJGMEI TR Cell FIEEL T 15 MEA, fiFERERT Cell BIK/NEEI i o

N TIRFELES A vE, 78 Cell 4ascinrh, FRATMNLIHFEERILAS . T ORFF TAE B R, AR
BT RTA E (B T RS e 2R e LA IR 55 FIAE 61T 2%, 40 Borglet) o FRATTHEARLL T3 ZH IS R Cell K/
— PR R M R 1) KO R ), RPN 0.2% MATS — B 55 Rr, X250 —2efp ) “Bka” 1, g
B LER D R E LA RS 78 PISEIG R IEE SOR T I, BB/ R FE—A KA Cell, Ht
LR Cell il LA MRFEEZH Cell, 2B MR Cell.

FEANSLIG AR AN A I BEN LB XA Cell R T 11 K. B, FATHIRZLRERITFEILEEER
BRI /IME, £ 90% A E g R——F AR A HOR R S B R G0 B R BT R ) 78 AR . FRAT



I Cell FEA 25— AN F— B e B S 10 7, 110 ELTT DL A0 A /U 2 (0 65 0. TR ()3
I I T A (L 28 KIS AT ML) ) B

FRATA S50 S T B (R CREA), TAS R T — BRI 18] P S T o 053 B R i e ek 0 FF
VA (BB (71, (7] POTRIE s 3040 S 5 1) 5 R 1) A P T A B IR AT PO AR S5 s 3440 A R T LA 4R
BB LB s 0 R R A BRAT T A AR 2 X 4 2 A S S, A A ISR IR, R B — RSB
FIT 20 Jif> Borg CPU Bi—RME%t Google T, XARAMAZA/NEH .«

100

Percentage of cells
B 2] ©
o o o

n
(=]
T

%5 70 75 80 85 90 95 100
Compacted size [%)]

4. IEHEHIRCR . 15 A Cell £ 548 5 A ELJF UL 71 20 EL 2704 (CDF)

AP, AR RORE T (Headroom), LARIXTHAEIGK. BIRA “HREG” FAF. HHER
W, Blasihs, BEAETRGL. DLRORVER IRl dhe Canfit i BRERAERK ) o 1 4 B TINRN ] Cell K4, %
Bt Cell W LARAE SN2 /N o T SCH B IR 28 I 45 A R IME D R HE AR

52 Cell =

JUT- B N2 ER[F B 3247 prod M1 non-prod W ES5: TEILZERT Cell B2 98% HINLES, TEATH Borg
EERIMLAS A2 83% (5% Cell 2 LRI,

100
2001 -brod Enon-prod Mlbaseline unused 801
?‘I;
T150¢ 5 eol
o) (o]
° g
£100 S 40
& sof 20f
0 A B [ D E (-)1 0 0 1‘0 2‘0 3‘0 4‘0 5;0 60
Cell Overhead from segregation [%]
(@ fPCellit, AMEIRHEYIRAND LIRS (b) KI5 MREIEC LIRS TFIERT, T B MM
M2 RS AT G O PLA SR AR50 (CDF)

5. %% prod Al non-prod TAEXRI 7> BIAF ISR 5 2250 2 1HLAS -
PR P 1 1 93 B AT AR T BN SR A BT ML ) e D B T =

Y TR 2 AR SURTH 170 F P IR E L A A B E L 2 BS AT FEA R AR RE L, AT & — F SR ATH
KXotz ErE. B 5 X, E—NREARNK Cell I, 43FFIE1T prod 1 non-prod H TAE G ks 75 Z 4 i
20-30% [INLES. IXFEEKA prod BIVENLIEH & PR B — S B IOk BG#l & AR 1) kR, (HRZ 1500 A
FIIX PR . Borg ML T IXLEHARI I BIR (§5.5), SKIZ{T non-prod HITAE, FrlLERRATR FEE DK
WLES -

KB4 Borg Cell BTN HLEMEH. K 6 JBoR 7oA ZLE, Wk, wR—NHPER T8
it 10TiB (8X 100TiB) MIWAT, FATHIXAH I TAERE S S B 5 —A Cell H. FATH AT HI L Z IR mE
AR BE 100TiB AYERME, tHFEZE 2-16 5/ Cell, 90 20-150% INLES . W5 ¥ P AL F vk 2 5 4



Il 100 TiB RAM/user 10 TiB RAM/user
200%

150%
100%

50% B

Overhead from segregation

0%

Number of cells

B 6. K P 2 JT B R SRR & 7 2 2 LA

TA

B2, R ZAMKH P AR RS E B [F — G L4 ErlgesiE i CPU MR, AR S HFEEL
PINLAR RAME? PP X — R, RATE — FEE LA AR £ 003, {1551 CPI (Cycles per Instruction,
PAT R TR 2 PR P T Bh g, O NFRE P HAT RS ) 78 e R A AN R 2 e R 2 anfe] A8 4b i . 7EIX Fh
SRR, CPL g — Nl b Fabs, 10 H AT DLRIAEMEREMP R, FA 2 51 CPI EE —4> CPU HER
FETTRE 2 A PATH . Zds 27— A2 12000 MEEHLIE B prod B3R, A T [83] A4
(PR o AT T BACSR ARG 5 208 I Bh A48 24, FFIREE T RFERIRE, f§ CPU WA 14 A0 40 3 S5 b B
ZRIE—H T

1. JATRI CPT AE[F]— AN Be AT T IR R X HLgs Lai CPU &, APl L
[FINHEAT ARSI (AR EAROD, B — G HLE: EI I —MES, st R eSS 1 CPT 80 0.3%
CAEHE A R PR 25 A TRINMED s K — B HLE I CPU &SN 10%, w480 2% 53/ CPI.
REMRIEAEG T L ERRER, WRRME T CPI &K 5%. B EMEE, XA CPIH
A, Hln, NARERFEAERZER, SRR TP [24, 83).

2. L ML= Cell A1 HE4T JUM N FH /D805 H Cell 3REU CPT SRAE, RATEFIFEZE Cell B CPI °F
WHE N 1.58 ( =0.35, tadEE), HH Cell i) CPI “FIE 2 1.53 ( =0.32) —thmt2it, L5 Cell 19
PEREZIZE 3%

3. NTHNAE Cell BRI ZSAANRM TAERE, SFEFMmZE (B bR E UK TR 72 p i 2]
T H Cell M2, FATWE T Borglet 1 CP1. AT Cell KIFTA ML _L#IZ1TH Borglet. FRATRIL
L] Cell B Borlet 1 CPI “FH¥M{E R 1.20 ( =0.29), WHL= Cell Hf¥) CPI “FIEN 1.43 ( =0.45),
KL Cell LILTEILE Cell B 1.19 %, AidXAERZE T TR Cell HIHLES BRI A
#, BRI L Cell.

XL R Y] T OGO TR ELBOE E AR, R4k T [B1) RIS, (HE BRI B niE
TR IIITE .

A, BEMER P RENBIERE, KR RA . Wi CPU fuE, L5l s 1
PLES, X R, i H AR a1 s A AR A S S R B, AUGE CPU.

5.3 K& Cell

Google HAL T KM Cell, — &N T REIBIT KAULS, /&N T IR TR - AR 1 A I ROR
BATEFAIRM—A Cell SrEZANEANE Cell F——1 BB FENHES, REFI BRI % /N Cell .
B 7 BN T AR/ Cell T3 2580 nAE 24 2 L3S .
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fesl
o

[o2]
o

N
o

Overhead [%)]
Percentage of cells

2 subcells

n
o

— 5 subcells
20 . . . . . 0 . . . ——10 subcells
| 2 4 6 8 10 -50 0 50 100 150 200 250
Sub-cells Overhead from partitioning [%]
(a) S5 MAFFIYIUGECe L, Sl iCell)q, BEAMNEELL (b) XI5NARICell, i Hekm2, 5 B0 101/

it ZE NI HL & CellJm MMl &5 BB (CDF)

B 7. R Cell 73 S/ N RS A i 22 50 22 1ML A

5.4 fMRIERRIEK

Borg F i3RI CPU #ALZ 0.001 %, WARFEERL ) AR 75 (—AMZSEhs E&—4 CPU 1)
REZEFE, XA FENLAS SRR EREAR e 1) B 8 R P R 74RLEE: ERE) CPU MM AAEER
ERIRIE” AR, X R PRI . X5 (58] B AGER AR, B T IRATE 90% 4
PR UL LG R 2 — 2 4b.

RS TaaS M AL 41 2 R R s L [7, BY), EARGARAER. AUBX—5, &
1% prod FIMEMLAT Alloc (§2.4) HITER] CPU %A1 N AF 5 3l i) BB B BE I 2 A, TERE 2 K/NE
“F7, BN 0.5 NMZA 1GIB WHE. Bl 9 SR ERALEE LT, XA IMER EIG I 30-50% METUR. FR
BT, A RIREUES RMER Cell ¥ RN AR L8 RF VU IEIERD, R —BaildE. TR
B RVFX AT 55— B . GXEG [BT] 28 AR 100% [BANFFRY BN —i, PROAFRATT SIS 1 DUR R~ ()
W, 1 H fo¥F CPU FIRAES 738

55 ZRMEIK

FEME AT DA B —AN 5 PRER (Limit), 2R MES GRS TR FIR . Borg 2 E R EH 2 GH L
5 PRS2 %A, TR B AL 2 5 A 2 0 1) AT FH BEERIS (TS5« BN Borg 18 H 2 RS0 L&
15 FHR B N AF AN AL FROS A AT 5%, BB BREIH CPU BB HiEE, Frbla PSS i3
S SRBR TR B B, RE B P S Se bR R AR A, SRS HR R T A A AT
HIG A R (B, E— R g e 2 28] TR 4RSS Mid), HRZEHERHA T .

B AR AR L 53 FE HH SRAERT B A B B R RIR 2 b, BRAT MU T —MES S HZ DRI, AEiERER
A FE IR EIU 26 AR e m] LA SZ AR R R SR AESS, Blandttab 3 AL . X AN SN EZIRBFIA . XM ERK
AL 7 JRTAEE (Reservation). Borgmaster £EFG JLAP AR Borglet FRE AL BHYR M F 815 Bk
THE— XA . ST PEs Bedspl i BONTRIRIR A 7F 300 Fb2J5, Wi 7RI B, Pl siis e
()T B B SEBrfd SN b — ANl . ESERa i H i ey, P S ImaE s .

Borg i FE #3481 FH TR Ak 1H . prod éﬁﬁ%&%éu PIHAT (§3.2), BT LLIX SE AT 28 AN T [0 ke 1) %
W, WS FRPEEE LK X T non-prod MESS, BTAESEH B RIRETIRRE N, XFEHE ST LU A
[l S 1 B2V

—EHLEA TR AT (B F RS 8Us 47 I TR A 2 RIS B AT 55 B0 AE DR FR A2 9 - 4
RXFERRET, BAISRESE BRG] non-prod 1155, HMKAR prod /55 FF.

10 3R, R EAREREL, BREEZ LS. E— PSRBT Cell 1 RMEA 20% B TR
(§6.2) {HH 7 B ) B2

Bl 11 PTOUE R SE Z g8, KA i E. S SRR o ok, # i N7 RS

SHERRIIUE, AR, EIRBURNTS, W §6.2
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Hoeagae s, MRS A 2w, FrURD ARSI A A7 IR

WAL, B AR BRI B A & S B Bl T (e, (HIX B A

100 i
o 80 i
x
[
S
5 60 i
(0]
(o] HS
£ i$
GCJ 40 - :5 -
1} i prod CPU ——
K e non-prod CPU
20 |- 5 prod memory =s-==-==- b
& non-prod memory
0 7w memory-to-CPU-ratio nswwmn
0.01 0.1 1 10 100 1000

Requested limit [cores, GiB, GiB/core]

EI8: WA MM R Rl & A 45 . 15 SRCPURT N AEIK)
CDF. WA RHME, REECPUAE JIAN B 5 I
100 ,_'I "
r )
w» 801
g
G 601
(0]
g
S 40T
&
g
20[ ]
~upper bound
ol—= . ; . — lower bound
-20 0 20 40 60 80 100 120

Overhead [%]

BI9: s BEUEE SR IR Ve (AR 5 225 2 1 HLas . 3585
CPUAN A7 375 3R [)_E OB R BT M2 R, Fa g I i 4
HICDF, b NG T SEbrE (FELIESD

- J3 T,

CPU { F &2 T LA 42 5 IR

100

80[

60[

401

Percentage of clusters

201

0 10

B10: BRI A 2.

25 [*JCDF

20 30 40
Overhead [%]

HEREMT, TSN

50

100
80 |-

60 |-

40

Percentage of tasks

20 [

-

PU reservation/limit ——
emory reservation/limit —— -
CPU usage/limit
, memory usage/limig

40

60 80 100 120
Ratio [%]

140

BILL: BEURAL AT AR 23 R B3 . R 2k A2 CPUMTIA A7
FE R S HREE (BRBD L HHICDF, KFERMES AL
BHIFEIGZ, REAOHMEMKCPURHRIEES . %

LeAECPURI A7 (K TR A 5 RO AE. (FRAD 2 LEKICDF,

&

HEFGI100%. ELBUE IR TR

Bl 11 =B T SR EOT BRI TR 7R T (E AN S B A A e — KB E] . T RIX — A
PAVEEE T —AN L Cell, (GE—EEASRRIEAE, ) BB HAGTF AR SEOR BN BB i ], /Y
W E N5 58 = BRI R T A 2 (R B R RS, B e — PR R 3 v s

Bl 12 o T4 5 R T E P B B SePR &, B = AR — A sORRRE — AR .
FPHAR—FE, 8 AR =1 OOM (Out of memory, WAFAE) Hﬁ%ﬁ:ﬁﬁf@imTEo TEVEAL T IX A4
BiE, BATINFIK TR, FRELE Cell LW R T &E KT TR S H.

ot
80

CPU [%]

capacity limit

=reservation usage we=

OOMs Mem|[%]

Week 1 (baseline)

12. SR K SR T AT BLBSCE 2 308, (H Mg OOM it

5 3 R IR E SO S ARSI TE R

Week 2 (aggressive)

Week 3 (medium)

12

Week 4 (baseline)



6 PEEs

50% MINLESIZIT T 9 DNUALEMIES; 4T 90% /AL A K&y 25 MES, 4500 NEFE [83]. B
SRAE N 2 T L LA S 2, HR RN B AL R REAT 5 2 A= EFH. X[ E H
T AFPERE AT T

6.1 T2IREE

FAMEA Linux (1) chroot 1EAF— & HLEE EARES 2 A1) FZ 2 2R EiLH (O aisa Pz
TR, AT VPR, ORI E3 0K (UKD SSH #4H, (EH TV RIX G L4 . Xt
KRB KU, AR BN borgssh e, XNFEFH Borglet P [FI#E—A> SSH iHil, HEHEH| S5
S IBATAEIR—A™ chroot Ml cgroup THJ Shell, XAEPR il 58 hn ™% 1 .

Google [f] AppEngine (GAE) [38] I Google Compute Engine (GCE) i VM fl# &y Ristr
MRV . FAHERANZATAE KVM 2T VM /E8— Borg {£55KI21T .

6.2 PEEERRE

FIAK Borglet {1 —FAHXS SR 4G I BT R G B 45 it : RSN E. B CPU THE, &bl
Z WAFAE R LSS, B BRI £ CPU LS Linux CPU flL/e%k. Aid, —2 Gtk /%% (rogue
tasks) & REIREE 2 Mg e B [F] S ML B EAES MR, T2 A APt 2 i RERLL Borg b5
HILFRES R, XBR 7 RIERHZE ., SUREIOT PR —L2e i, (AR AT, BN B2 ML,
MO, F A 2ZRAH TR EEE Cell.

HHEl, AT Borg fE%#I21T/E2E T Linux cgroup MRYAA S [17, 58, 62] H. Borglet il IX LA AR
MRE. A 17 OS WZMHEBL, #EHlge /1158 1 s, R, /RIS RAREMRIRZEMR (A7
HrEEk L3 ZAF15 4, W [60, B3]

N TN ER A, Borg (145 H — NN 2R (appelass) JEPE. B X 502 IR BUE (Latency
sensitive, LS) N HMA S HFR AL (batch) B E R LS AE55 B0 HE T [m) FH 7 (1) 8L FI 75 EE e
ML A B . S Ae ) LS AR S AS Bl = LRy, AT LRI LA AL BT 55 S5 4 LD A

FoAX R AIEERIE (i CPU, f#fE 1/0 #ee), &Rk THeRp), wfhdd FEE—"MES W
S5 BB A RIEE R B RRIEGERIE (Gl NAE ERZEED, X —BORBIA R AT 55 2 i Mkl
Wry. WR—AHLEs N T AT R 5E0R, Borglet & Bt & IR RIUAESS, MR H TG, EEIREW 2 5
THIBHIETIE o W RHLES S T AT RS BT, Borglet 2[RI & CHRIT LS A£55), XFEA M AIALAME
W REAL BRI O . W SH A 20, Borgmaster 2 MNIXAMHLES ERER— N ELEZ MES .

Borglet A —/NMH P& FIEEHIEI, 7157 DL N EAE: R E N7 E, prod {E552 T Hilll{E, 1 non-prod
RS MIZE T INAF R 77 AEFER H NAZI OOM St 4E 55 4Bk o H B 5 PR (N A7, B S 1)
PLES B SEAE R NAERS, #R22 RFEAE S5 o Linux WOk U A LE TR TR SEIAE M 0%, DRA R B TSN
A&

T IESEMERERR S, LS AL AT BB CPU 4%, BABHIERIM LS AR5k el ftabEAT5
W VIS AT EARfTAZ b, (HRAHEE LS 4155, #UAGIATES R TR IR E 4. Borglet 37 i % 5 2%
(1) LS AR5 B3R ERR, PAERIEEANIASIEHES BT S5k B Lo, D ERE IR CFS 7l vids ) [75]
AR R AR, BRI 2 /M.

[ Leverich[56] —#F, FRATKIFRAEN Linux CPU AER (CFS) 75 Z IR A% A §E [F] i S FFK 2E B Al
AR, N TR FRATH AN CFS XA cgroup #VE BRI 7 J1 5 [16]; fTYF LS 1F
ZAe HHEGERATSS s 24— CPU B2 M 4n LS 550, b HHE R (Quantum). Fiafe, A
IR 2 B A BN SR e — N R AR, X PR | R s R i . FRATIT A HLE ] cpusets
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4%

-‘[10ms, inf)
Bl [5ms, 10ms) «}

3%+ __|[1ms, 5ms)

T
FT sl Wl

0-20% 20-40% 40-60% 60—-80% 80—100%
Machine CPU utilization

Bl 13, FERER SRR R, AL RETES/HTNE 1 ms ARREITIITE,

S SN RER SRR, BABIEA T, AR EIRBURITES, AT ES

HAERDHIRFES 5 ms LLE, #id 10 ms Hifd 7. X2 2013 4 12 AN—1
BN Cell HEREU—H 8 REL R RIS

AR B FR (ML AR CPU %, JX46%5 10— e RCR RORAE I 13 o A SRR IR T RN,
WA NUMA. R, RERE (1 81 MZFHSEM CPU &, U Borglet MRl REHIL .

(E95 WS VFAE R IR PO B SR, KBRS B SOV 6 (R LRI TR %608, Bl CPU, LA
PR GER. A 5% (1) LS ALSAEIR A, FERA T U it DT 1% MHIE S tAs I T .
{66 PR B PO A SRR AR AR 1, DRI ST S5 B R PR, NI B BEIRAE, 10% B9 LS ARSI 11X
AL, 79% (I ALELAE S5 HARER T, [RX 2 MapReduce HEARIERIARERE . SXHME T BEUREINL (§5.5) (1)
SR HUARTRAE 45 10 R B R BRI B P e K00 TR A R0, R4 LS T4 20 R,
B /R £ A HUAL AR 55

7 FMEXIE

Hotapsk, SIRRECKES M FAR T,y Bes VR Tt IR . ARG P 2% AR IR 55 4%
AR . X HLIRATT S SRV e A R ) K IS R 55 s SRR N 5

BAL I —EHE 04 7 R E T Yahoo!. Google Fil Facebook [ISERECTEIE [20, 52, 63, 68, 70, 80, 82],
I 13X L EAR R Bt O A0 T A 7 28 LA P e A PR AT R RS A SR R Bk . [69) B0 2 1 0 SR A B AR R 1)
Iy

Apache Mesos[45] ¥ G5 & BAE S5 MU E D Redr 70 B — MEP B BEE CRULT EZHIHEZ 1 Bor-
master) F1ZF “HEZL” (LT Hadoop[4l] A1 Spark(73]) < [a], P& FET{ER (Offer) L4 H.. Borg NHE
XTI REE TP E R, AR TIERINLE], T EY R 2. DRF[R9, 85, 86, 66] HHIZ N Mesos JFK
[): Borg WL LA RANAENBCAR B AL Mesos JTRE CLEA /19 & Mesos HIBECHEE: TINPEDE
WA BCAI RN, BLA SRR [69] H IR — L )

YARN([76] #& /Mt Hadoop WIEERFE BEAS . BRI AIERA —ME G, 5 BRI BEEH R A Pl 52
B 29 2008 UG Google 1) MapReduce 7E MV CL2 48 H 17 Borg SKEUE IR IR A S 2 REAHF . YARN 1)
THRE F AR A R AR . — MR B ITIE T H 2 Hadoop Capacity Scheduler (JE T AR MIHER) [42],
et T ZH P FRARERIE. 22051, S M AP E . YARN SOy JBSCH 7 2 s AY . ik
F A RAEANTER] 1], Tetris (& F 7732 ) HFFCR AL [40] R R [RUBEN VL 254

Facebook [1] Tupperware[64], & —/NMEERFIFE cgroup HaslZE Borg R£4t; A A/ DEIITTHEE L
KT, BiRREWRME T MM EIERIRIEE . Twitter HIRM) Auroralp] & — 124 Borg 1), HTK
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BT IS R EE RS, 1817 T Mesos 2 b, HAECEIE S ARSI Borg .

M) Autopilot[U8] AHAERRME T “ ALV E: KRGS UACRIEEAT NI B
i fEwlE” DR Borg A& RAEEHE TAHRIRIREE, ARIETR, AHEANN®R; /E#H Isaard ME4E TR
2 PRATTAH A 1) fo A S i

Quincy[49] R 7 — ANPGRS RURFE L A P AN E SR S B TR B, N AR R A B DAG 1)L
BN R BIEERE B Borg f HECHAIIL S /e FH P [R50 88, nTUAy R 2] B EHlE8. Quincy W] LAE$Z
WERHATE, T Borg fZEH FERIMAEH.

Cosmos[dd] TiF THUAREE, 388 7 2 0] DLA- PRI SRR A R 1 1R . MR A —
ERRAER IR TR, R R AT R4

EH Apollo R4 [13] AR FLARLA BN 73 70 8 FH B A R FE 2%, DORTG it &, AR R AU
B RS Borg [ Cell #H24. Apollo BAMPATINL LG GRS RIEATFEMHZE, KM2ANEGKEZ
HEIBAFIIEIR . Apollo B4 77 si#— NG T I LRI (B T A B, HATF 50 3l CPU AN AE PR AS BT 4E RS
WSS LR G TTIRIT A . AT RS TFES . SRICE FEEE T4 R v g S B A B, {8 FH Bl AL ZE B oA gk 2L o
K. Borg (TR I HEER, BT 2RI BCRIGET BN E, LA 2 TR gERs, T H OGS
A, KIETHIN A Apollo tHFREALEELL Borg B i LSS BIIE XK,

P AR (Fuxi) [R4] SCREER AT IR, A 2009 SEBEHERIEAT T 224Ul Borgmaster, —>
£ FuxiMaster (4 7 Z EIARSHD AT m ESREOT IR RE B 2N 5IRIER, S8 )5 ILHCH
o RFEHIGEREEIE S Borg WAESS SR A2 AH I I AR 38 FH 58 (1) mT FH B2 s UL I 5545 BA B BL AR AE 5%, T
AR RNERFIES D EOE A INLE . ML Mesos, RFEARVIE X “ MBI K7 A0 TR ) 5k
UiE2l /N

Omegal[69] CHFFZ NI R I EERS, FHBSA Y T8 A R AAAE A5 425 Jr (1) Borgmaster. Omega W FE 2%
5SROI A SRR A — N LSRR A QRS . SRERIRES A — NP R AR, TS
HEREAMS Borglet [F2F. Omage ZEM BT NCREZ A RN TAE/E, Ei1A B R ER RPC #1H1. R
SRR RN (B IS IT RS . 2 MEZEHEALER L . SRR X FE I 2R R %5 . Google =~
& LB . &, Borg #&t T—FIEMH TR, FFER RPC #0O. ISR, AXFZ A
A AR 2, BRI 4% B i, B H ARy BRI A — AN (§3.4).

Google FJIFEIIH Kubernetes 54t 53] LN HMAE Docker A28 N 28], Fr KB ZAHLES . /AT
CLZATE BN E (8 Borg JEHE), AT LLEITE & Fh = BERIRT (L4l Google Compute Engine, GCE) 5
UMl L. Kubernetes IEfERREIF K, EMRZITRKEWMSEF KT Borg. Google $eflt | — ANMEEHIRA,
A Google Container Engine (GKE) [39]. FATEAE N — 1 iHE WPk Borg 45N H T Kubernetes.

PR RETH AL X AR A A K BB 7% 48 (4 Maui, Moab, Platform LSF[2, 47, 50]); {H2IX R Google
Cell BRI, TAEfE . SEERAFR . 8%, NABIEMHZE, RERGTHEEIMESE—MEK
(R FI 4547

ML HERIR, B VMware[77], FIEHE F0 77 AR, Bl HP A1 IBM46], $R4L 7 SRS T ]
DL 3| — T las A B E B LT 22 94, — Sl S/ NI R R R G DL 2 P AT TR i &
(tn [25, 40, 72, 74D

wJE, IEWRATFTR A, KAUBCEEREE B 5 b — AN B 2 H MO “4AE R m 3 7. [U3] 48
W, FWMmE. Z2H . BEREE. dEAES], DURATEFXTSI RSN R KENLS 1 EH A E %
B . Borg MR B2 AIN, SCHE T HATAAL SRE B BECS G L4

Borg MECHRTAEHAK TR S A, BP&RM AL B I/EI] (Global Work Queue) &%, ©
=AM AW Jeff Dean, Olcan Sercinoglu, #= Percy Liang 7 X 89,

Conder[85] &/ Z A THLE =W TR, 3 ClassAds #L#] [86] I 7 B X495 o) F= B 5 & M AL,
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8 LZIGHD)IFIAREIE

FEATTH, JRA T [0 i1 22 4 SRAE A2 P PR BEIE AT Borg 13 31— L@ VA I 20, SR G/ 4B anfr e it
Kubernetes[53] I I iiX L2855

8.1 il

FATIN—LE Borg 1E MR INERIIFFETFIG, A E /44 Kubernetes &S %K.

BAENAEAME—RES TAMBIEL R Z R . Borg A W E K775 2 MEMVH A SR E B, B0k
FHORCHI AR S S DGR Sk (il d, WAl T R A P2 838 D o AE N — PRI 7892 Chack), PR RS54+
BN TR, SRS T B = ) B L BRI IR B A PR o IXAN ] R 3 A — T, ikl RS
PR T4, XS A R, TEIRIR 3N T B AL i S 5.
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