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Bigtable Z—AN T M85 FILEHE (structured data) MR RS, S0 Uy RS e KPR BJLT
B RS %% (commodity servers) 4% PB 2174

R% Google ;7. %5 web index. Google Earth il Google Finance, #EGSIBTAELE Bigtable d1, A, X8R
FIXT Bigtable FIZLRAMRAZES, AERMNEIEAR/N (NURL 2R 2 LERER) B2MNER (GGt A~ 2|
SLIEEIRST) F &, {HJE, Bigtable R4 X L= R HE T — N RIG. RVEREMIMBILT S, BT HLH A A R
A i 5 P A S EE AR A R AR (layout and format)

A4 Bigtable %15 52,
2 5|7

FE KB PR, FA 180t SEBURIRE T AR08 Bigtable W74 AP 08 R 5L, HTEH Google HIZ5HLEL
o Bitrh Bigtable BER FEMY 2 S PB H8l, LTAWA. WECELW T ZH N AGERRE. i Bk, &
VERE. DL ol VRS 8t B Ao

HHij Bigtable B4 60 4 Google 7= 5h#135 H Frfli . H£1F5 Google Analytics. Google Finance. Orkut.
Personalized Search. Writely. L} Google Earth, iX265= LRl fl g R E RSB K, M A& AR TS, 3%
IR 2 F P B IR SS AR P2 i fil Y Bigtable SEHFICE 22 FR A, AWERIAAILET A, AWAILT
&, LA TB R

MHELLTTHIA, Bigtable R —AEHRE: EMMR L LK (implementation strategies) WiSERI%dEERML T
BRI [14] (Parallel databases) FIEfFEIEE [13] (main-memory databases) T.Z7E R JEVEF = M BE 77 1H BUS:
TRAKET, (Bigtable t X W7 1H , {HERIL24h, ) Bigtable #2805 BN IR

Bigtable A3z Rp 5 #1056 RSB (full relational data model) 5 ‘BHRHEL R F o 2 — A R SR R

(simple data model) , SzRpah &SR EARAIARFREX (layout and format) , IFuifr& F vk I BIRFE B 758
Y locality (AHiPR) F5vk. 2456 AT BMFI 4 (row and column names) #fFRF], X4 TR LUREE AT
B (strings) o


https://research.google.com/archive/bigtable-osdi06.pdf

Bigtable APUFBARIINE CKEPIEM A uninterpreted strings) , BARR L FAF R HE R P i SR g bk g4
{bE3E (structured and semi-structured data) JEFMLTTSRM . & uma] DLt fs 0% schema sl G
locality . schema ZAR] IR o sl 2 Hil 50 I N 7R R i 38 3B (serve) o

3 EUREREY

—4 Bigtable §it— AR, AHR. FANSRAITFHIE (map) . BURBHATR. FIA— A FIBGE %
51, B AR TR H e

A Bigtable is a sparse, distributed, persistent multidimensional sorted map. The map is indexed by a

row key, column key, and a timestamp; each value in the map is an uninterpreted array of bytes.

W&} - (row:string, column:string, time:int64) -> string

i -

BigTable: RowKey : string x ColumKey : string x Timestamp : int64 — string (1)

BATE SCIEAL T 240 Bigtable X RS AWRLEIETERME 5, R A E THIRE . 2240 HARBIF, XA
W7 Bigtable B—263 it FRATREORAE KT W GUFA R TOM SR B e, XS BHRSBOR R I E R, X R
Xk FER A Webtable

fE Webtable H, FAVAMITH URL fEATTHE, MUTRLEEIERSIE, KM ITNRETE contents: 51, Jf
TE SR BT 08 7 F ) ()8 SR8 Al A SR &l 1 B

"contents:" "anchor:cnnsi.com”  "anchor:my.look.ca"
| |

R IR IR

! . ;v“” - [ . I " "
"com.cnn.www" — =it .~ | "CNN" ty CNN.com" |=- tg
< - X : '

B 1 4% M T bigtable flj—ANEI A (slice)
* f7&5|: (URL
e contents: #: fFETIHNS (page content)

e anchor: JFLEH: FFESIH TXA WA anchor (HTML £5) HISCAS (text of the anchors that reference
this page)

E A PIE N, CNN 51k Sports Illustrated ( cnnsi.com’) Fl MY-look £ (my.look.ca) FIHT, Hit
454 anchor:cnnsi.com Fl anchor:my.look.ca W], HBEH—ARKA; contents: JF =R,
BfRIE A €3 £5 Fl t6 .

3.1 17 (Row)

i (row key) WLLRIERTRFR (HATHR KSR 64KB, K#Rs AP M key #7E 10-100 F 452 1H]) o



PATBEIRNE SRR T (NMEZITAEZ A2 51E/5) . RHENBOHERS AR mIf L R 7, 5
BT RGHITT N

Bigtable H1 A% AR AT HEASIAIMEFF (lexicographic order) ZHZAf, FEh&HMITIER (row range) #1TYI
4y (partition) .

iy
r, € Rows
tn = {rn7rn+17 o ar’thm} € Tablets (2)
Rows = {rg, Pk, ki1, ", Tl "}
—— —, —

t1 ty

fTKey (64 KB) ZMRIEF A, RETEE 2N T FHH tablet
Tablet & i 2 34 #7 thy 24 fx

FBAHEEFR A —A tablet, K& RSBAARIIBEASL (unit of distribution and load balancing) . RFI, %
B —A8PATIEE (short row ranges) RGN, BEE BN T HHEEARDHILEVESERE . % 85l LR H
XA, I AR T R TE T RIZLR I RS 4T locality o

24N, 7E Webtable 1, ¥ URL [ hostname F-BG#A7HI%:, K BAHREL (domain) B BT T FEAF K N 25 728 Jiide
£2M17. Bl maps.google.com/index.html ' FIEERERITEMZE com.google.maps/index.html o R
H A R A v R 2E ST, SRS E % BRI 4347 (host and domain analyses) JEH E%Lo

3.2 FiE (Column Families)

£/ (column keys) T LI414U%; column families (5j%) . column family RUill#H (access control)
LA B

— kit , FEE7ER— column family PWIRIEEE, HRRERMER (12— column family P AIERE 46
F—i2) .

LRSI —A column family, A1 A column family PIEYSIE AKLE: GIE5EHIT . BT LIZER A family
W AR 4 . A1 B84 table P column family BERREY (HBLILEA) . I HIERERER
i family AL

HS 751, 84 table KAIBRIFBEAPRE

BIBERIARESK: family:qualifier , H family WHUNWHTENR (printable) F4FH, {H qualifier' (B
) LR E M E . i, Webtable 15— colum family Z#® (language) , FIRAnic &AW 514552 H
HAVEE G FEXA column family AT T—F16, HAp kR EFER I ID. Webtable Hff 55 —4
column family J& anchor, FEiXA™ family H14g— M HEEE E R~ — ML) anchor, WIE 1 frw, Ho B4
(qualifier) J&5| FHIXANM G anchor 445, X BLAEHEIA A4 SCA (link text)

Vil (access control) FIEEENMTFICHK (accounting) #RRALE column family BT, &2 L) Webtable
Ffl, X AL A AT DA FRATV B LA AN R B R - A RN IR S R e Rk . A O R S A
AATAER) column family, FHHEAFER YHTEHE (20 DARTEIREFEE X AT AEF —ER4 column family)

i -



R Product Product Product
ow rocuc roduc roduc Inventory:Quantity Inventory:Supplier Sales:Price Sales:Discount

Key Info:Name Info:Description Info:Category
prod001  Smartphone X  High-end smartphone... Electronics 100 TechSupplier Inc 999.99 0.1
prod002  Cotton T-Shirt Comfortable cotton... Apparel 500 FashionWholesale 19.99 0
prod003 Coffee Maker Automatic drip... Home Appliances 50 KitchenGoods Ltd 79.99 0.15

Flanst L@, B#A1FEFkey: Product Info:Name -« Product Info:Description - «Product

Info:Category - Inventory:Quantity -~ Inventory:Supplier

M Product Info:Name'. Product Info:Description - Product Info:Category )RR,
Product Info iXxA> Column Family

anchor : google.com 3
family qualify

18] 3% ) Femk 45 9 A 10K R £ T column family

3.3 EEE
Bigtable (AN SR ER T DATERE B . R IR A T ) 25

i IR 64 A%k, ATLAH Bigtable fig5€, XAHMEOL T2 (ms) ZAYFCICIIRIEG om0 i b i i
TEo MNAENHAEE . A T REG P, B A ZR ORAE IS ] B M — 1o

7] — B HR R A T B A DU [ B8 FF - (decreasing timestamp order) FIJ7sAE . SXRE T SB35 R #0 S5 0T BRI AR o

I REG AL SR A B T B, AR AL T AL E S ST LILE Bigtable H g7k UL (GC) o & hiA]
VIR %E :

o REEIEH N AMhRA
o (RERITHFEBITRIAH A (a0, RAREEE 7 K5 NHRRA)
£ Webtable H, A~ 51 T 4 i V) B 2% D0 I AR IR IR A I [R] ST E PR B S Ja B 3V hRAR

pid
int64 timestamp

MR F (desc) o HILMRAEFH:

s RE®E N MR

o REXBHEAWKRA (eg, TE N X)

4 API

A



BigTable API £t 7 @ #. #il & Table&Col Family

B R A & R

Bigtable APT $24it T4z, M table F1 column family BITRE. AHAh, TIELME T BHXERE. table f1 column
family JTECHRIIRE ST, BN )4 HIAL R o

P AT Lk /5 Bigtable H{E, MAEELTH AR, B X table PI— M T 8B TE DI -

P 2 J:JA Bigtable BRI —BL C++ %, M 7 RowMutation JHERIAT—RIIHH#RIE. ARFFRSTH
W, Pl AR T R

[&] 2 Writing to Bigtable

// Open the table
Table *T = OpenOrDie ("/bigtable/web/webtable");

// Write a new anchor and delete an old anchor
RowMutation rl (T, "com.cnn.www");

rl.Set ("anchor:www.c-span.org", "CNN");
rl.Delete("anchor:www.abc.com");

Operation op;

Apply (&op, &rl);

Apply () [1] Webtable $f7—RJEF#AE, HAPEHE: HI—A anchor 2] www.cnn.com , g% —4> anchor.

K 3 25—, A scanner HRX—AFANMFTA anchor PEFTiE

[%] 3 Reading from Bigtable

Scanner scanner (T);

ScanStream *stream;

stream = scanner.FetchColumnFamily ("anchor");

stream—->SetReturnAllVersions();

scanner.Lookup ("com.cnn.www") ;

for (; !stream—->Done(); stream->Next()) {

printf ("%s %s %11d %s\n",

scanner.RowName (),
stream->ColumnName (),
stream->MicroTimestamp (),
stream->Value ());

Bl PIFEZ AN column family F3FfTm i, X BEAJUAPBR G scan P2AEAT ZIFIET R EAIALE . BN, wTLIFS &
PL_E scan H =A%) g BEDUAC IE M #6155, anchor:*.cnn.com [ anchors, B(H N HEIERIT 10 XNAY anchor,

Bigtable if4 ftHARAY— Lok, (AGH F AT DUSHECHE 2EA T B A2 2R i 12 ) o

B, R4 T RATHSS (single-row transaction) W LUK AT I BHRIAT IR T PS5 57 (read-modify-
write) JEH#EEE. {H Bigtable HFjH:A L HE H AU E1T3 45 (general transactions across row keys) , BAREIRAET
TER P umi BT RS Tt S (batching writes across row keys) H:[T .

=, FeVFHE cell (table HE—M%T) YERHE R



W5 SCRAEMR ST st T h & P iinfe (R IAS . JAAS TR Google S RALFRIT L HIFR N Aawzall [28] HITE S
HAXEST Sawzall B APT A AiF % sl AR &4 [0 5 2 Bigtable, {HEA T LLHEEAT &P ML L. it
B RIS

Bigtable 7 Bl MapReduce [12] —HEH, J5# & Google ¥ £ MI— A KHMIFTHFTIER . Refl)5 T —Lekist o
H, 4% Bigtable Jil{E MapReduce job #4i ARt H 47

5 SMBRGMKEH (Building Blocks)

Bigtable ##AEH AL Google YR .
e GFS
* SSTable
* Chubby
51 GFS
Bigtable {ff i3 R LfF £ GFS (Google File System) [17] #7# H s FIZ sC

Bigtable S A fth— 2850 1 LR IS — IR S5 2R PR (pool of machines) , i H. Bigtable #FRZH AL
e R R TR BRAE ] — G BLAs L.

Bigtable f#fi— MERE I RGORA LS FHILEOYE RAR IR, ISR, DL EIIERIRAS .
5.2 SSTable
Bigtable P Google ] SSTable ¥R fFHEEE .

SSTable JZ—AFFAMKE. HIFH. AAEMBS R (map) . Ho g EAEART DUR I W A A . et 7%
key ZHIFIXHHRER key range P47 i Dy ) #RAE o

An SSTable provides a persistent, ordered immutable map from keys to values, where both keys and

values are arbitrary byte strings.

YEWFR, A SSTable A& — Z 1M blocks (GEE & block 64KB, {HXNSHFELE) -
block ] block index (fifiE7E SSTable fRE) K E (i, block indexZ7EFTFF SSTable [ i Zk 2 1T

—IXEWBRIE R T E XS FHE (disk seek) : EIEFERETEE 43 & F (binary search) ##] block index, 4X
Ja ENLE] block fERER P AINIE, MRERHEBUN N %G . B4, T LIS EEAY SSTable MUFFINTF, XFEA
SERATE ERAERAET -

5.3  Chuby
Bigtable ff£#fi Chubby —— —/AEa . A A RBIRS (a highly-available and persistent distributed lock

service) [8].

—/> Chubby 451 5 MEIKEIA (active replicas) ZA, Ho—AXPLEAH master, HAFTAIER. AKX
ZHBIAREE . JEH AR Z B LUEE N, ARG A HEE (live) o



FEBBIHER . Chubby i ] Paxos 5% [9, 23] PRIERIAZ ) i) —E k.

Chubby #4t 7 —AMu & HREFUP X 6y 423 18] (namespace) , SEANHF SR DE R —A8E, 85—
PR RY

Chubby % P Eged 7 — X S SX ) — BB AF  (consistent caching) o £4> Chubby & F1i#E< Al Chubby AR
FHeFF—A sessione Y—ANEFuRHHE) (lease) FIWIIHIGHELEY (renew) W, XA session BRKREL T . session
PGP Z R BRIT IS (handle) o Chubby % P 3iiA f IYE Chubby SCAEFTH 5 FyES B R
B, M0/ B AR session B HART, AW EIE AT

Bigtable ffiff] Chubby 58 BifR 2 A [ JE AL T A :
L GRIEAEAT I ) 2 A —A active master
2. 174 Bigtable (#i ) bootstrap location (i 5.1)
3. tablet JlR55 Z BNk S &L TAE (W, 5.2)
4. 1#fif Bigtable schema {55 (44> table ff) column family % 5)
5. A7ff Vi 515

W2} Chubby RS54 il — Bt H], Bigtable WA M. FATIEHIX 14 4 Bigtable S5 CEILRHE 11
/> Chubby #8) WMEE/R, fF Chubby Au[H (ME Chubby 75 5] #EH)) FEH Bigtable ANl ik
A] ($HE7E Bigtable EFEMEDI M) FAPECPISR 0.0047% , Zmm RIARNMERES 0.0326% .

6 SEIf
Bigtable F:% i = AN % -
Lo —ANE P, SRR
2. —/> master server
3. £/ tablet server
A LIRS 2R G0 503l 25 ] SRR MBS tablet server,
master 1% :
1. ¥ tablet 4fC4y tablet server
2. ) tablet server fAid ] (expiration) &ZFfN (addition) ZEf}:
3. Ffif tablet server 1%
4. Bkl (GC)
5. AbFE schema ZEZ), Ul table Fl column family FJ4) %

£~ tablet server HH—4] tablets (—fi% 10~1000 /) . tablet server £FHX % tablet M EiER, FHH Y
tablet KK, BHAFONEALEITYIS (split) o



R4 B master (single master) ARG —FE (17, 21], FFwmBHEA LI master WAl EEIHREET]
tablet server. T &I UMK master BURETIE tablet PIEIEE . KL KERS % /7 b MR ASHI master 1815 .
I, S2frd master 9 SR

#~ Bigtable £ HR L 7K table, #f table £ /1% tablets, &> tablets fil&—> row range (f7HEJGHE) W
A EREIR . WIMAIT A table AL & —A> tablet. 24 table BRI, B AN EIRLA tablets, BRIMEDLT
1> tablet K%y 100-200MB.

i -
Bigtable = {Library, 1 x Master, N x Tablet Server} (4)
Master ¥ Tablet 2B % TS. #ll TS # Expire & Add Z4#. F#H %, GC, SchemaZ 7.
TS #&3# —4 TBLTs (10-10004) , % TBLTs i K #HATH 2o
#/BT £#4 % 7% Table, % %Table A#1R % Tablets

Tablet Server = Table™

5
Table = Tablet™ (5)

&I 44, Table R H —A> Tablet (M =0) , Table® A4 Tablet 4% &k £ 4 (M >0) - &/ Tablet
100-200M o

—A- Tablet i 1 /> GFS # 8y X (25— XH4)
# % F — Tablet &£—/> LSM #

GFSEXHEMEMAZARE . LSMWTHEREMRZEME .

#F % Tablet XL &

UserTable1
Other ZZ::Z:-:E:::ZZ

METADATA e
tablets S

Root tablet / =
i (1st METADATA tablet)
Chubby file st e >

(D - LT

UserTableN

\:::::.;:::: """" ----

Level 0 N H Xf: #f# 5 Chubby, #-&Root Tableto Chubby # 25 i & 7 F 1E A -
Level 1 Root Tablet ® & —4 METADATA %, £ KMETADATA E f7 % Tablets# i &
Level 2 METADATA : 4~ Tablets ‘&% —/) UserTablet#y £ &

Level 3 UserTables: H % {NUserTableff {i# 1y f& & #% 4 7



UserTable1

Other

METADATA
tablets

Root tablet ==
1 st METADATA
Chubby file (st T

O > 2048PBA/NEIS

128MB=2""METADATA 128MB*128MB=2%/Tablet

6.1 Tablet i E
6.1.1 BRSim

FAVEER —ANF B+ 4 [10] IR = A5 (three level hierarchy) RAFGH tablet fLEAFE . WA 4 FiR.

UserTable1

Other
METADATA

tablets
Root tablet / :
Chubby file (1st METADATA lablet)/

C——

[#] 4 Tablet location hierarchy
o 4—%: Chubby "ij—A4Xfk

o %% METADATA tables (45— METADATA table P F#E, AT LLTER A sophim B, {HE H s Hofh
METADATA table )@ T4 —2%)

o =45 User Tablets

METADATA « E—AMEkH) tablet, HEHPAJEE—4> tablet FX & root tablet, root tablet il METADATA PN HAH tablet
ARZTFET: BRBAZFR (split) , XFERATLURIE tablet location B Xilid =2 .

=RIEHR AR

e Chubby HBSCHRAE T root tablet i E



e Root tablet {77 17 METADATA table [N JiFA HAth table Py &
o fF/~ METADATA tablet (root tablet 4N f#4E T —4H user tablet FAI{ B

METADATA table f#fiff user tablet PiE g BRI (3% user table &4 UserTableX') :
e value: (UserTableX' HI{i &

e key (row key) : UserTablex [ table ID fI'BH &G —fTHIEMMAY (encoding)

The METADATA table stores the location of a tablet under a row key that is an

encoding of the tablet's table identifier and its end row.

METADATA ' FIEITEHRFENEP KN 1KB. WY METADATA tablet FRIIFE  128MB XFE—AHER/N, X
PSS B T R LIfE TS5k 2734 4 tablets ((128MB = 2717 * 1KB', Bl METADATA table W] LI$5[A]
2717/~ user table, f{user table [FFEE 128MB WG, WA 2717 * 2717 = 2734 A tablets, FHIE)
R 4GA tablet 128 MB Je/N, FRMEIERMEIL 2761 FF (128MB = 2727 Byte, 2734 * 2727 =
27617, B 2000PB ) .

With a modest limit of 128 MB METADATA tablets, our three-level location scheme is sufficient to
address 234 tablets (or 2761 bytes in 128 MB tablets).

6.1.2 EPiH

B PR BT tablet PIEER.
WA AHIE tablet BO(LE, BE RIEFHIOIERFREAX, EMaPiM table location RL5H, Z)Z |

(recursively moves up) o

WARE P IR EAREN, MEEEFE=AMEER (round trip) , HAP@IEF—k Chubby 8. WIRE LT
T, MEBEERERS NKMEER, WA ASTE cache miss IBHEA S ME AR ELH (% METADATA
tablets Bl A EIEHINE) -

AR tablet PUEFENTE, ATE GFS #4E, H&, AT LUED i (prefetch) {77 X 4kSad/bix B IF
B4: BXM METADATA table WHUAYIRHME, #BIEILZA tablet RITCEHE.

AN, BATEFE METADATA table Hififif 7 HAL— LR EAF R . AFEFA tablet BRI HZE (Band XA
tablet RS ZATHFEENA) |, X5 B X debug FMERES TR A H .

6.2 Tablet OB
£ tablet X R4 —A tablet server,

master 2> IR EEIEHE Y tablet server DL JZ 4T tablet Fl tablet server B43rfeR< &, H AP ALFEIRLE tablet A% 2
B 2. 24— tablet IB8¥A D ACH 2, FHHIRE T — A2 I tablet server, master g4 A iX 4 server &
FE—A tablet MZKIER (load request) , x4 tablet SFEEE -



Bigtable f#ifl Chubby Hili# tablet servers, 24— tablet server JA5J5, BESfERER Chubby H3t Tl
KB — DB MBI 58 (exclusive lock) . master L MFXAHF (the servers directory) kKB tablet

servers,

R —A tablet server JoF TIXAF G, F1U1H T ML 2L 53 Chubby sessionli 7, IBiXA server 248 1EARS5X
A tablet, (Chubby $24t T —FPERHLHI 1S tablet server JoFE P AE M4 &k 7T LAIWTE A S & IR AB) -

tablet server ZLRBIZ )5, WIRBUHFIRE, EEZREH LKPOXAN: WRBTUHEATLET . tablet server 2 HA
(kill itself) , P4 ETEIENIXA tablet FEHLARST T o

tablet server ZL1EIf (ffn, HTHEBEEHRSK tablet server FIfEMINIERBERER) B ERARBRR, XH
master Ft A DL BB H tablets 4Bty HiAth tablet server,

master RN tablet server & TAEIER, PARKETEBiHEC tabletso

T tablet server ETRIEH TAFE, master 2 @M1 HI4E4 tablet server ABIHKIRZS . UIR—A server {LHR
BIRRT . BEMR master ELE N RIEBEEHEFIX A server, master 2R H RRBXABIOCHE. RIS
By, BiHA Chubby 2EE ], T8 master T LAfIE: Fak tablet server #T, ZAREILREEES Chubby, K
J& master LM AP, DURIEX A tablet server AP RIXAS tablet $2HERST . MIER)E . master AR
Sy BLZRIXAS tablet serverff] tablets FRic A AR/ ELH (unassigned) o

BT BRE Bigtable 133 master fil Chubby Z MM REIAI#HI, master ZEER Chubby session i Hilt
H%. {HUNHTH RS, master $EIA S0 tablets HI5AL.

6.2.1 master BRIRIE
YA master PEMEHAGHNE, BUAEEF LT tablet SFHECIHIL. KA REL BN
master J& 3115 B R G LT :
1. M\ Chubby R —AME—H) master i, XHAT#EGEIF LK master SLH|fL (instantiation)
2. 4t Chubby 1] servers HE, #HYHAWRLIEER server
3. FMFANIEE tablet server (5, &F (discover) M4RFj4THIZIXLE tablet server 4}fL T HFLL tablets

4. HF# METADATA table, B YHIA ML tablets (4% tablets FFEXH) ; H RS LI AE R B H 2
Y tablets, SURINE—AASMHEC tables 454, JEHIBLAT LI E B4 BL &

6.22 MR
DL R — AN . fEFIH  METADATA  table Z i, @/ METADATA tablets H L O3 T .

One complication is that the scan of the METADATA table cannot happen until the METADATA

tablets have been assigned.

A, WRAESTE 3 LB root tablet IR AW AECH 2, HB master S E LK EIEIARSE tablets 54, RFE
PATHIE 4o XFEROMIE T root tablet Y284 FCH 2o

6.2.3 tablet 2RO HIGHIFT tablet LI



K & root tablet L& T if4g METADATA tablet (4%, H It master $3# root tabletZ J5HLALE T 24 R 4 kLl
tablets,

HEBELELFIEOE, 245 tablets E£H& A S AE1k:
1. Bt MpE—A table
2. WA tablets A IFR—/NE KA, BE— tablet 22BN /NT

master AEMZIR X LEAS(k, H AR T tablet 43242 4, HABGRAEEZE B master AP, tablet 73RN, HHM
‘Bl tablet server K.

tablet server ¥ tablet {5 8055 %] METADATA table, ZRJFIEAAXKASR, $1-A2)5, master LU EHAM . LR @
MESLR (HT tablet server 8§ master HH:$i) , masterS{EE FIRZER— tablet server JliZk tablets B} & . X4~
tablet server 23X k4334 BUAMIZY master, FNETE METADATA table &P tablets Ifi H 78 3% master 3R
EINEH tablets H) T —#8 55

6.3 79 Tablet }2f#HRS5 (Tablet Serving)
Tablet FIHFAREFHIE GFS ., WE 5 FiR.

‘ memtable {  Read Op

Memory
GFS / \

tablet log

%] 5 Reading from Bigtable

SSTable Files

FH (update) SRR E—A commit log X, HARET redo igt. HRITHJLKERH SFHENEB AN
sstable HIERFZMNX (sorted buffer) w; HAthFE L) HiEAE SSTable Ht,

6.3.1 Tablet ¥RE
R —~ tablet 5}, tablet server FFZEM METADATA = table EUE MY TEHE .
X L A LA -
L. ZHEXA tablet ) SSTable 71 %
2. —Z%) redo £, #§JH commit log o' tablet fI4LH
tablet server ¥ SSTable R3IHEFINTF, ARG redo MZFIRZMFIEES . #iv LIEH memtable,

6.3.2 GRF



WM—/NEEAERIK tablet server B, ‘EAKEGERELGHIERH (well-formed) , PAIKKEIESE BB ARIATXIK
B1E.

U2 RS A Chubby XAFEH A EEHIER (writer list) (FEELERZEIEN T, XKiE#HSH T
Chubby & Fr i) o

—RAEEN G HAERIERE] commit loge A THE/NFE N, FAVEH THESRZ (group commit) FHiA
(13, 16]. HHREHIREZ R, EHRNE B M2 /4 &6 A memtable.

6.3.3 JEHRIE
—UBEHRVER]IL tablet server B, H&HATIBIAIHE A A LA o

BEE RS TE SSTable fil memtable A FFME EHEFTH) (executed on a merged view of the sequence of
SSTables and the memtable) . [} SSTable il memtable #3217 HFHEF R, KA I8 A A1 AR B 28

1E tablet SR BEAIFR, B BERIEVIRR T LARITI.
6.4 &4 (Compactions)
e minor compaction

* major compaction

W% BHAERHE % . memtable 7EAMIAF K. memtable #8id—& K/PIESEHES (frozen) , SREHIE—NHH
memtable SR¥EEZE N, HELEM memtable £¥{kpk SSTable 5 A\ GFS, iX#:4 minor compaction.

minor compaction £ -~ H #:

1. 3/ tablet server 5 F RN

2. tablet server Ff Z JFHRE R, WM commit log £ HE &
£ compaction HIIFEH, BEMGERIER PLIEFE BT

K minor compaction #& QI —HF SSTable. MAFHHSMERL, 7MY BARA AT RER L4 4 SSTable 77
B REREIT B

HI, FATEE & € MHIT—1 merge compaction, XA LLRIESCA: (SSTable) HBEIRFFE—MTEREIN
A I RS T4~ SSTable fl memtable HNZ, REF R —AHH SSTable. B AN5EMJG . KA SSTable F
memtable [N LI T o XF2 > SSTable B i— ] merge compaction HLFR N major

compaction,

JE major compaction F*4:f) SSTable SR ZRIAIMPRIER (deletion entries) , FFhricH i C LM%
P SChR RIX SRR B EMER, SRR M EMIBR. 1 major compaction /R SSTable £ &
IXLEMBRAE S8 H CMBRISEE (deletion information or deleted data) o

Bigtable il JifiT i tablets, #4147 major compaction #efF. XffifF Bigtable al LRI T (Hbricoh) MBR
AR S EIBEHIR, T AT DURHIES (BbRic ) BRI R Rt A RGEHR S, X6 T SRR 1 AR 55 ke 1 A
TRE W

7 B (Refinements)

DALt R ) S B it B LE B R A RE T FRA TR P Pt B PRl A T S



AR RN I SLII Sy, DUk /R X 267K .
7.1 Locality groups

% Al LK% 4 column family 4R F]—A locality group. 44 tablet 244~ locality group 4 EE—A~ Rl
SSTable,

KA X —&ViMI column family R BIARFE locality group Z4RFFHEPERE. 41, Webtable Hfff T Ifi G
Ko (PIANTE S FAAEA) AT LU E] R —A locality group, 1K BT I P A58 E 75— locality group: B A BEHUTHL
Fh O ARl AN e 2 PR RS A DT A 2

AN, A LEETF locality group ZEEEM BB BORITIML. Bildn, W LIS BI—A locality group BEREMAFH (in-
memory) o ¥ NTER locality group Xf R f{ SSTable £ #i &M MZk ] tablet server FINTE. —HIN#E, XK
column family SRR AT 2207 MG . X AR U5 RS /NSRS A AT - METADATA table ()
location column family PNHEF A SR IXFh2H

7.2 [E48 (Compression)
% P af DL ] SSTable JE ARG BEds, DL AT 248 4.
721 EBRIENEE

s B A b R SSTable block (/N LLH] locality group fI&%kisl) o B4R block ZRIM EL4E (FEXFTH K
FIECHRN) R T —LE a2, (HAE T RBGR A WA, FRATANTE ZEff AN SOfE, T 1 3308

FAVRR S % P i #b e —Fh B E CHRIBGE  (two-pass)  FR4HSAE -
1. SEffif Bentley-Mcllroy 5vk [6] 48 K% LKA ILRTZ (long common strings across a large window)
2. Pl — AP S G 16KB 7 1 N B R T4 A
FEHAGH ML L, PR e, Egd W PLAE] 1007200 MB/s, BEWPLLE] 40071000 MB/s,
722 [EHERHREFEE
BT EAERCR A VE R B EAE R, (B4 AR, FATHNGE F s F R R i

i, 7£ Webtable i, FAIFE4E 7 KRR GUEIPEST 7KLKo SLo A TORAUERE T — A . 45 R BN, X
AR ELEEGAE] T 10:1, T AE ST Gzip [E45 HTML B A 3:1 5 4:1 R,

X ARMESG KA Webtable BT (row) AL REMFEEA (host) HITUHEERFMHE—I. XA
HMEZEMNE BiHR) . JEHEA Bentley-Mcllroy Hik. A1k Webtable, fRZ N H#MRHETT4 (row names)
BRI SR B — R AT 1708, RIT DI R I SR L . URER AR T 2 AT A & — AN RAs, 3
4R .

7.3 EEF
h TR ERE, tablet server {ii ] T HiZhZELT
¢ Scan Cache
- WRELE

—  J#fi SSTable iR [FI%5 tablet server HJ key-value pair



— BT SR TR I R 7
* Block Cache
- REZL
~  T#f#M GFS 35 SSTable blocks

- EMTESVIPHS (REE) BB BIBEFES:. sEfEHUEAT (hot row) HAf[A] locality group I
AR5 B REATL i

7.4 Bloom I}E23

5.3 friid, — KR IZ R ALK —4 tablet IRZSHFTAT SSTable #pEfT 2. ANRIXLE SSTable WA FENTT .
RATRZEIAT L WAV . BATRAVFE P o fE— Mgk locality group PR EZX SSTable i Bloom idJEa%
(7], E@ L XA 75 2O vl L D X i 8 77 17 o

Bloom i €859 PAHIW— 4~ SSTable @R &M SR ELT/FIX (row/column pair) X RIAEE. GFT 45 & W 5k
Wi, 4 tablet server Bf/DR N TR TA74% Bloom 1 3E&% . b nT LUK b AR MERI RSV 1)

BTSRRI R KRS REAAER TSRSV AR B (FE Bloomd i 8X— B R HI £ 47 1E
T, RREERBL) .

7.5 Commit-log SEI
7.5.1 B tablet BEE tablet server —1" log X%

WA R A tablet e —AN A log SUMF, RS FEUKE GFS KRESUFMIFLS . #IEF GFS B RMALIL, XL
IR TGPk 2 FEORRM BT H, LSS R SRR ER BN b, A4 tablet —4 log SUAFHIBETHA R FE
RZH$2 % (group commit, HEEIZAZ) MALHIARNE, F AU (group) MR

Hitk, AT R ERE, &A1 EA tablet server i —4 commit log, 8T X/~ tablet server A A [H]HY
tablet #EAEHNEG NIX[F — M3 LY log SCHF: [18, 20],

752 WMETETER

AT AT HAERAE (normal operations) HIPERERRE] TR KIS, HAE, B tablet)k 1 AR E .

S

2—4" tablet server #fi)g, TRFHMIEL tablets MEEHEF AL M (KE) 1Y tablet servers: EHEN T
#3™ tablet server R4y B H A —/Niksr. WE—A tablet HRRZSE), #rAY tablet server F5ZM 5 tablet server f
commit log BLEFW A (reapply) XA tablet BIMEH (mutation) . #R1, iX2E tablet ) mutation #RRAER—
AP log SCHEN.

— P75 XA A H tablet server #ZEKB5EHER) commit log, Hf H CHREMERA L IEHIR . HR, WRA 100 LGS
JrE| T tablet H)iE, XA log SCAFREEHEIE 100 Ko

7.5.3 fitt: MPBEENMD commit log

AT MAEXES L, FRAIMF commit log WZELL (table; row name; log sequence number)  Jgfd
(key) WAFHEFE. FEHEFEIRHY commit log 1, 854 tablet MFFfimutation ARAHESEN . FIL AT B SCHBAC i
B Rl — KA FUmBE R IR 5. 0 TInEHpT R, ALK commit log 43 HI5% 64 MB [
(segment) , 43E(F|£L 4 tablet server FI3f%& HkfrHET .



EAHEF L FE R B master P (coordinate) . tablet server fill&[#): tablet server [f] master JCHRE T ZMN—LL
commit log H1{K & —L mutation.

Higid ks GFS A BE kR, Xoea 2 amER . flin, ARSHRIERN GFS server #7T, BHH =4
T8 GFS master (R4 % AL THESDH . h T XY GFS SRS, 84 tablet server i
commit log TN EERREE: GALBEEHE M log XM, HERRSH—NRBZTER . W54 171 15 K
LG MERIER 2, SREMSUIIE S — 148, IXMIEREARZENS.

log HiEs% (entry) #RA TS, WE WIEHERT DARYEF 55 48 T log Y 52808 43 4
7.6 HMIE tablet PRETFE

UNERE master J¥—~ tablet \— tablet server #3h %] 5 —", JE tablet server 24E%}X4> tablet #£7—k minor
compaction. XX commit log HIAR ARSI T —IRESE, AWK I 75 ZEEe U 2R i o X IR RAE 52 UG
I tablet server 151 #3X 4™ tablet $#2HEARSS -

JE tablet server ¥EE IEHIZX (unload) X tablet Z i< B T —k GEEIEFEPLAY) minor compaction, X}E5—IK
minor compaction F| 247 i %I N 7 3R AR ARSI T EAE . XIRELEGEZ G, X4 tablet 5T DIgk H AR
tablet server fi# (load) , TMIFEIKE(LAT log i3

7.7 FIBEARZEM (Exploiting immutability)

PR T SSTable 22472 4b, Bigtable RETHAl—L8E( /A SSTable YA AP #F 2] Ttk Fl4n, M SSTable %L
PRI, XS R AT B 25 o B, XPATHIIF & i T LLSE BUH AR = AL

M S EAERS B M — ] BRI 254 /2 memtable., /> memtable (%354, FA T memtable 1T (row) %
HABEHER] (copy-on-write) . XFERLAIE EL A LLIHATHELT .

A A SSTable E AT A5, Fr LABIEMBREHE (permanently removing deleted data) Fb ] AR 5 1 %k HIRY
SSTable #HfFbide ML (garbage collecting obsolete SSTables) .

£ tablet BJ SSTable &iiM#| METADATA table., master 2 X3¢ SSTable #47Ehric BB (mark-
and-sweep) [25], HH METADATA table {3 J iX4%t SSTable HJXf M AT tablet B root.

5. SSTable WA PG tablet PRUIFRE . A TEHPELLT tablet Ft5EA tablet fj SSTable , iR
BT tablet 43581 @ —NFr) SSTable.

S MEREITLE
8.1 MHXIFIE
RATE—EAH N 4 tablet server i) Bigtable SEEEATINR, W& N AS5(LI} Bigtableff Pk AERTAT 4 R -

£ tablet server fiifi] 1GB W7, BEIM 1786 |1 m4lfi GFS £fE, Hp &A1 GlCE 7 M-~ 400GB #) IDE
(TR

N A& A Bigtable S FMEKL (AN tablet server [AFEE BRI F /i A T PRIER P 6 AN S FR R P e
) .

BAYEA PN WAZ Opteron 2 GHz 4bFRE . REMPENTG, P& —A 1Gbps LUKRMEER . FradasEEs—4
P PPIR 2L (two-level tree-shaped switched network) , P2 T A 100-200 Gbps HIEREH . Fra LA
HBAE [ — APy EE R e, LS B B I ZE /N T 1ms,



tablet server. master. X HRI%E 0, PLF GFS server #BiBfTetE F—ADLEE o AL RAE— A E &
i L O v B we i X IV i ok

1. #HLEERETT T — GFS server
2. HHPHLIIETT T tablet server, s A MR, SH U SRS XA TS
8.2 HEEFEHR

R WA Bigtable FIAEE T (row key) . R MR ZEMENTXH 41 tablet server a5 K4
1GB %4

sequential write (WFH) KAT2ME%E DM 10N 4, @l — O EZaS B N A%, fA% - b
RSCEB| AT AR, SRR S EARE . XPEhZR N BURT LA % i A L L R A g AR X S
BN o A MTHN LS — AR, AR AREENLA ™8, I Teik 48 (uncompressible) o 5341, AFEATHN
VALt ep o N i N SN itk 5w S g A ]

random write (FEMLE) ZEMENREIFERML, K ITEESZRHEY R BUER (row key was hashed
modulo R) , K IHEEAERT DLAEREA M 0 18] #1255 4 i B #1725 1] o

sequential read (WFiEE) 2@ ST EZML, EAHEINF S RS NS .
random read (F#EHLER) SREVLS KL

scan' (F4#) FBFELZEEL, (HFH T Bigtable F2ALMIMA EATIEEI NAIPTA AR APT. ffi fliX A~ APT ] DLy
/b RPC #UcE, Bh—k RPC A L tablet server BUE| K EAY{E.

random read (mem) FIFEZRML. (HMXEIERY locality group Fric WEHEEANFRE! (in-memory) , FHIESM
tablet server fJNAFEIAJE GFS 328 ZEXANMERH . FATEMA tablet B4 1GB F£2] 7 100MB, D7
SPRIEEATREYE E tablet server FNTEH o

6 LAFIF LI /R 138/ 5 1000 = 1iHI{E %] Bigtable I fTERE. ZEMIZEAS tablet server FFPHHRIEE: HME
a2 R R B

§ M J—e— scans

# of Tablet Servers Z - @~ random reads (mem)
Experiment 1] 50 250 [ 500 M Contit eads "
random reads 1212 593 | 479 | 241 g . _—><— sequential writes -
random reads (mem) | 10811 | 8511 | 8000 | 6250 £ Vo~ - random reads
random writes 8850 3745 | 3425 | 2000 ? -
sequential reads 4425 2463 | 2625 | 2469 b E
sequential writes 8547 | 3623 | 2451 | 1905 2 A ____
scans 15385 | 10526 | 9524 | 7843 = 0 200 300 400 s00

Number of tablet servers

Bl 6 352/5 1000 “Eiif{E S Bigtable 4 fE
8.3 EA tablet-server 4BE

B EHE B tablet server MR

DL L H RS S — A B R L R



FRBEPVLIREF Y 64KB A9 SSTable block M\ GFS jliid % i&Hi%] tablet server, MHEHPINEET —4

1000 “F1iRYfH. tablet server f:FYKZ) 1200 Kk, WHLAN 75 MB/s I\ GFS 8. HEF ML,

SSTable fi#tfr. Bigtable fAAGETFHS . XAV T8 LUE tablet server ) CPU KB T, & UL Y 9 2% 4k %
Y (75 MB/s = 600 Mbps, RZ &L 1Gbps W7 58) o AHEXFY7R28HLH Bigtable I 444 block size #
B, —BEHR 8 KB,

MHFFRIFENLEE S PR Z . oA 1000 Fi5 A e M tablet server FIACHIN FEEIEY, AFZEM GFS $51A]
64KB [ block.

BEDLFINFF 5 PR GE BB S LLBEDLIELT . K44 tablet server 2244 B HEAEEINE ) —4 commit log ATt
B|IR% (group commit) , M EZHE ANE GFS. BEWLSANRT 5MEEFREHE AR, BFAWMIER T, f
# tablet server )5 G # &3] 7 F—4 commit log.

W BE R R B T RERLIE . B4 GFS Bl (prefetch) ) 64KB SSTable block #7#i %] T bleok 247, T
— UK 64 BEFREL S HE

FMMVERERELF, K P H— Ik RPC iR T LU tablet server S E|REHIE, FEit RPC JFHBC-FHET .
8.4 ¥ EBM (scaling)

MIRNTE RS tablet server FUZE M 1 BEINE] 500 B, BEHFHE (aggregate throughput) FJHEKIAEHIHE., &
T 100 f%. ik, 24 tablet server At EAEINE] 500 {41}, random read (mem) K TILF 300 f%. X2E R
XA B I VEREISTE tablet server #) CPU,

B2, PERBIFIRAZRYERC. XFF RIS FEMEMLR, 1 tablet server M\ 1 HHNZE| 500 It 2, A server MF I
BHA AN TE (B 6 £BME) « XNTHEEHAN server BB FEMARALTIHTIEN, KFFHEHRLT
RHTHLE LR RS CPU fIMZ %

FRATVE SR TR AR XA T, Bl T A T2 2 R e i e e 36

1. Wb tablet B 12314 rebalancing BB (tablet ZEFS BT EEA A G — BRI AAT A, — e 1 BB
)

2. FEAEMNR A B 3R HE A R 217 1 A WSS (shifts around)

RPN IR 22 (server AN 500 £}, BERIRAFMHEAMIMNT 100 %) . #RAERD . &8 F
R J5 R A 1000 FAYIME, FRATERT 2o ad 2% &4 — A 64KB [ blocke XA R AR AT HAD R
S 1Gbps WL STR IR, HILREE YIS IEN, ST PR (per-server throughput) FREIRH
B

9 HE3XWHA

#E 2006 4F 8 A, Google BIizfT# 388 M IEMIRHY Bigtable S8, AARTEAR R MEHE T, IHERA 24,500 4>

tablet server,
1 BT X ERET tablet server 5 i a7

7 1 Bigtable &t tablet server (R4



# of tablet servers

# of clusters

0

20

50
100

> 500

19
49
99
499

259

47
20
50
12

Hp— SRR T IR H I, B o A B I 18] A 23 PRUR S o

BARIE T 14 MIEERERE, SIS 8069 4 tablet server, #2447 N R AR

o 120 HKIER/F (QPS)

e 741 MB/s RPC A\¥if

e 16 GB/s RPC &

K 2 25t T HETTEABIJLA table fl—L8%8040

% 2 HEPFIE Bigtable i) — 2%

Project Table size | Compression # Cells | # Column | # Locality % in Latency-
name (TB) ratio (billions) | Families Groups memory | sensitive?
Crawl 800 11% 1000 16 8 0% No
Crawl 50 33% 200 2 2 0% No

Google Analytics 20 29% 10 | | 0% Yes
Google Analytics 200 14% 80 1 1 0% Yes
Google Base 2 31% 10 29 3 15% Yes
Google Earth 0.5 64% 8 7 2 33% Yes
Google Earth 70 - 9 8 3 0% No
Orkut 9 - 0.9 8 5 1% Yes
Personalized Search 4 47% 6 93 11 5% Yes

—2 table fAAHARLG P AR . 5 oh—LoXP AR IR AL B AT RO dE . table BRGNS P4y cell R/

R

P5 (served from memory) Ff i fILLMBI. table schemaf) & 4 B %55 72 R Ko FEARTTHE T RAIGNAEH . FA 12
A7 S A B el i B Bigtable f o

9.1

Google Analytics

Google Analytics (analytics.google.com) Fg=— >3 Bl [ 3l & B 53 25 H7 ) aly i B R AR 55

Eheft TREREGIHEIE. GG RIS I RAEA URL SERETI R, DU R EREAR S Blngs e —4
RPN T RN BT, BT LA Y SEBR R A T SEAT R B A

HT SEBUXLEThRE . 4 PR A T BEAEAR AT ) 00RO\ — Bt JavaScript fi%e XS XA R DIRETT RN . X BoRR
P s . BRIk ML REE, Bl ID PUEIH(ER, %&ik4 Google Analytics, Google Analytics 2%}

XEE BT,

B Ja BIE W E B R

XA Google Analytics fii FH I table,



JitG R (raw click) table (7200 TB) MR 4E T —A (BE) 17, F74 M35 session G112 Y
—AJE4l (tuple) o XA schema fRIE T 15 A W34 session #Z BN IR (chronologically) JEIELEM]. X4
table JE4EE] 1 JRUGE KNI 14%

{LE (summary) table (T20TB) F## T 44 W) — L6 HlE LHEE . XA table il g i) MapReduce {1:55
xR IR S R IEAT AR B . B4 MapReduce £55 2 MR IG sl 2 4R BURITAY session (4, RETEMAHI TR
IRT GFS fygrite AR ELHE] 7R 29% .

9.2 Google Earth

Google f2fit T Bk ks BE LR IEIRS 5 . ol LLadiad 56 T W 5T Google Maps #%[1 (maps.google.com) 5%/ b
B Google Earth (earth.google.com) Pjlifo X4 iy fuiff Hl R 7EAEM 2 BER I LR i, 58, EFMRE.

BRARGAM T — A FORMEARTALH, HAIMR L FORIR S % P b . BALEE pipelineff Fl—AF kA4 AR 1K
%o TSRS EG AT IEERMAIE (clean and consolidate) , AF i Al ISR HEIRST IR . XN FRA-HE T RE)
70 TB B4, BEUHRBTERwR L. MK SRR C A S8 RS 7, Hit Bigtable ) 42 R . K&
—F7HRE A geographic segment (MIFALE) o 1744 BIHEAF I EAHARH segment FEFF# IS5 S AH SR Y o
AN, XADFBRAE—A column family, FIRIREZEA segment ELERIE (sources of data for each segment) o
XA column family ARSI : FEA AN FIAEHRER (raw data image) #A—F. FERHEA segment HfEH]
DEILERER S A, EIXAS column family JEH g

TALFE pipeline BRI MapReduce %} Bigtable N HAHEH#1TA 4. #5 MapReduce job #A7Hf, REEEAAT L
KB tablet server 1IMB/s DL AL HR AL BRI B .

k55 RG] — LR K TIFETE GFS iR, XAFMX B (T500GB) |, HE L RIES MR H O
JULKGER (QPS) BIHET, VARMRIFRICHIER . Fik, XASRFEI 3] TJUEA tablet server b7 AL,
I HBELE T 3 NAFH) column family.

9.3 Personalized Search

Personalized Search (MMAALA#Z) (www.google.com /psearch)fE—NHIEMIARS . ‘EL105%H 7 a8 & R e S
i Google RSF L) rist, BlNMGIHE & R AHT EI %55 . F P ml DUl e B O #9480 R R S e sk R &R
TS =S, W LLESRARYE B Ot £ Google i B =115k 1) b A TH2 AN PR Ab 8 2 45 51

AR ¥ B P 80P 1744 5 Bigtable. AN A —ANMME—RH S ID, HAREX A IDAR—MT4. Frar R
BEFRTE S —A R, MR IIES S H—A column family (f141, H—A column family 77fi# A B X 01 &
W) o BANEE F Sl AR i ZI4E A E 7 Bigtable o I 1A

APEACHZFIN MapReduce 7€ Bigtable LTS, A8 AR profile. 33 profile g4 Kl MEALHT
SEIH

M R HAR 2 TE LA Bigtable Z HME H, DR AT, W% P o B S ERSER o XA AR 7E
Bigtable 2 FIFA T H O —EZ P mME HIALH . LOSERABIAMRA 8. BE. SHFRECfEmalik
55 Vit o

VAR R AT RGBT o VF Al BAYEARA 1 B M5 B in P B0 (per-user) (FE, XNMRGEIEWR L
Google HAhM= e, FEHBATE SR P A0 (per-user) BRI E. BEZSNITLBINZ AFEE—4
FLSHHERF KM column family,

AT B, BeA14 Bigtable BN T — AR SMACHL (quota) B, PRI —F P hmfe— R o BT & 7
KANe XFFARLE LA Sk AT BN Bigtable £ H - M5 BRI XPPHLEISE 7 — 5 i BE B


http://www.google.com/psearch

10  MHAFFEE (Lessons)
EBH SHLL EPTRI R Bigtable AR, RIS TR A MINAK, 0235 T RS AMGHI .
10.1 FERIZLERERPZ

ERBRATARE], KRB X RGAEAR L 7510 BRI B AR eSS . AMUOURAR 2 20 A0 s ST BB R 46 43 240 1Y
B JE =k ikSs (fail-stop failures) o BN, FA T U1 T 4757 5] LA :

o NTERIMZARIR

o MRKIIPMEZE (clock skew)

o HLEFENL (hung)

o SEAG FRAFIIERTBRI ) 25 43 3

o RIIMIERRSS B bug (B4 Chubby)

o GFS fit#ii (overflow)

o TR AR R AR 1 LA

WA NI — IR T AR ON . ARG S s R POk B XX — 1 filan, Fedrlgs RPC HUHIEIN 7 1A o

FE BANEERE T RGN AR 7 —ER o BB S. Bl FATAEHMEE K Chubby #4F 3 2ik 8] [ & 1) U
BER

102 EREBRMERS R RROFE
RAVFEIN S — HELR R RIS RIH R — NIRRT IO A E A R IR E R b

flan, FATERATHRITE APT 2 iy LFEY R (general-purpose transaction) o {H 424 WA B YIHE
5, HIIRA SRR EH. BES TRL B I MAE Bigtable Z 5, FATHEM 7 XN AR ESEZFR, LIRS
W sz HfE 7S5 (single-row transaction) o

XTEBASARFSFTREN, BATVLIATRAZ ORI TR SRLE — K 5] (secondary indices) , HILFA T
R 3 AN — AN BRI LR XA TR XAURIBCA A X5 @ A (RS sr CUHRRE EATLLER
BB i HX T RS e 0= il (optimistic cross-data-center replication) i, FNEATRG MBS HLF

103 ARARRIZFEEE

TEH # CFF Bigtable Haz B SChR— iR . SR ARSH T (BN Bigtable ALy, DUKAEH Bigtable )%/
b)) AEHE

B, A THAN RPC RGE, W LUHCREZSNMEREAIIRERE R o XARp A B BA T AN e T 1R % )
A, A

L. tablet H¥R4HY ERBITEF
2. %% Bigtable mutation B} GFS B

3. METADATA tablets ANA] i) H] METADATA  FE#iFE (stuck)



W 75— F =& FA Bigtable SEREBINIE] 7 Chubby. XEARRATT DURERTAIERE, BRERALZ K, &
HIs TR AMA, IR EG LK, —EAFH M RERES.

10.4  RIFFIRITRYES
RAVFRIEHEEZE R WREHERIHE (the value of simple designs) .

FRBITNA ARG (10 TR, AN . DURATGHER S ) LU DLURORH i 5 ik, Bl 12 BT
ANBCH A T i PTG 4E DA debug 4738 ERIIHEBY -

Given both the size of our system (about 100,000 lines of non-test code), as well as the fact that code
evolves over time in unexpected ways, we have found that code and design clarity are of immense help in

code maintenance and debugging.

— AR FRATTH tablet server it (membership) thile FRATHI S —MRIEH 8 : master EHAA tablet server H2
HEFLZT, anR—A tablet server FIFHZEIM, BB R AR, XAVTER AR 245 8T SRR 22, A
X} master Pk & I At AR B

FPORBATEF BT T LRI AL, HEEIELSHAME. (B, XMl CeZfd TaA, mHARE 78
RAPHA S AT Chubby Fetke Fos ZBIRATIE T KRR debug BRIA TR, MULE Bigtable
i, @445 Chubby 5.

B2, BAVIGE TRRAMCA, BT E 27— AN s A P, SURIE )2 Chubby ke

11 #xIE

The Boxwood project [24] has components that overlap in some ways with Chubby, GFS, and Bigtable, since it
provides for distributed agreement, locking, distributed chunk storage, and distributed B-tree storage. In each case
where there is overlap, it appears that the Boxwood's component is targeted at a somewhat lower level than the
corresponding Google service. The Boxwood project's goal is to provide infrastructure for building higher-level
services such as file systems or databases, while the goal of Bigtable is to directly support client applications that

wish to store data.

Many recent projects have tackled the problem of providing distributed storage or higher-level services over wide area
networks, often at "Internet scale." This includes work on distributed hash tables that began with projects such as
CAN [29], Chord [32], Tapestry [37], and Pastry [30]. These systems address concerns that do not arise for Bigtable,
such as highly variable bandwidth, untrusted participants, or frequent reconfiguration; decentralized control and

Byzantine fault tolerance are not Bigtable goals.

In terms of the distributed data storage model that one might provide to application developers, we believe the key-
value pair model provided by distributed B-trees or distributed hash tables is too limiting. Key-value pairs are a
useful building block, but they should not be the only building block one provides to developers. The model we chose
is richer than simple key-value pairs, and supports sparse semi-structured data. Nonetheless, it is still simple enough
that it lends itself to a very ef cient representation, and it is transparent enough (via locality groups) to allow our

users to tune important behaviors of the system.



Several database vendors have developed parallel databases that can store large volumes of data. Oracle's Real
Application Cluster database [27] uses shared disks to store data (Bigtable uses GFS) and a distributed lock manager
(Bigtable uses Chubby). IBM's DB2 Parallel Edition [4] is based on a shared-nothing [33] architecture similar to
Bigtable. Each DB2 server is responsible for a subset of the rows in a table which it stores in a local relational

database. Both products provide a complete relational model with transactions.

Bigtable locality groups realize similar compression and disk read performance benets observed for other systems that
organize data on disk using column-based rather than row-based storage, including C-Store [1, 34] and commercial
products such as Sybase IQ [15, 36], SenSage [31], KDB+ [22], and the ColumnBM storage layer in MonetDB /X100
[38]. Another system that does vertical and horizontal data partioning into and achieves good data compression
ratios is AT&T's Daytona database [19]. Locality groups do not support CPUcache- level optimizations, such as
those described by Ailamaki [2].

The manner in which Bigtable uses memtables and SSTables to store updates to tablets is analogous to the way that
the Log-Structured Merge Tree [26] stores updates to index data. In both systems, sorted data is buffered in memory

before being written to disk, and reads must merge data from memory and disk.

C-Store and Bigtable share many characteristics: both systems use a shared-nothing architecture and have two
different data structures, one for recent writes, and one for storing long-lived data, with a mechanism for moving
data from one form to the other. The systems differ significantly in their API: C-Store behaves like a relational
database, whereas Bigtable provides a lower level read and write interface and is designed to support many
thousands of such operations per second per server. C-Store is also a "read-optimized relational DBMS", whereas

Bigtable provides good performance on both read-intensive and write-intensive applications.

Bigtable's load balancer has to solve some of the same kinds of load and memory balancing problems faced by
shared-nothing databases (e.g., [11, 35]). Our problem is somewhat simpler: (1) we do not consider the possibility of
multiple copies of the same data, possibly in alternate forms due to views or indices; (2) we let the user tell us what
data belongs in memory and what data should stay on disk, rather than trying to determine this dynamically; (3) we
have no complex queries to execute or optimize.
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