37 % B P ¥ R Vol. 37
2014 4F WAEL KA S No.8 CHINESE JOURNAL OF COMPUTERS 2014 Article Online No.8

HIRERARGOTNEE: NEZBIBERIF LRI
1

£RE, &I7, RAdE, ARX
CHERITIER AT e FiRhy 5 TR Lifg 200062)

W E KA BRERE FHOR . B RGN S I e 2 A FL RN AN R R GE (R AR 25 B AR
—ANTRF AR, XA TR S = 2 TR B R S R R RIS HONAR k. AR A, 7R RO P AR G AR R R
R b, HEAEVEINET A — B EE A G, BORHENE T BAR ER AR M R G K 2R . BURE RGP SR 21— &
FAF PRI LEBAN RIS 2 R G BE AT, DAL AT S B EL A SR BLTh B OB 2 R Ge 2 RN PERE 22, T HEsh A
BEG . S RAT AR R R R o B B R GO VP I S b B S S AR G N R P AR B RO R R, 4k T 5L R R R
REF, HEEZNMIREERS/ TG, #mm AR E R RGN ERE. FoR S RGPNEREREZ R, MUE
FETHI 7] 96 R B HOHE () FE VT, S 0B T () 2 R R T 0 SRR IR L AR 25 56 R BB (PP o
E 244 H IR HCHE 2R G0 R R v T ) KRR 5 B0 28 00 1) VP00 R (R P 9 A0 A G S 77 2 DA D S e 97 5 7 R 2 DDA 56
BT E, R A IBIRE R GO R AR 70 4 AR B ORHE, (B M TNESZHM S, =T 24 REGEE I R
GEVPIEEHE K R R 2 5602 AT JE KB R R B ERE S S H 1, XA EESHL . ARG =T 4
T RGP R R DIRE, /it T USRI RO, JERE T ARRREIT .

KB PPIEEAE, KGR, HoEAEREY: R TIERE

FEESFES TP311.13

Benchmarking Data Management Systems: from Traditional Database to
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Abstract The arrival of big data era means the emergence of novel techniques, systems and products. How to
compare and evaluate different database systems objectively becomes a hot research area, which is similar to the
age when database systems were just flourishing thirty years ago. As well as we know, database benchmarking
plays an important role in the development of database systems, and greatly promotes the development of
database technology and systems. The database benchmark refers to a set of specifications to evaluate and
compare different database systems, which is capable of reflecting the performance gap between various
database systems objectively and comprehensively, so as to promote technological progress and guide the
positive development of the industry. Database benchmark is closely related to the application developments: it
describes new data management needs, sparks innovative data management theory, gives birth to new data
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management systems, and ultimately needs to develop appropriate benchmarks for evaluation. There exist
various kinds of database benchmarks, including that for relational databases, for non-relational databases
(semi-structured data, object-oriented data, streaming data, and spatial data), and for big data most recently.
Nowadays, the tide of the research on big data benchmarking is also coming. The research on big data is strongly
related to application requirements. So far, existing work cannot fully reflects the distinctive characteristics of
big data applications. From a technical point of view, the developments of database benchmarks in the past thirty
years are of great help to develop big data benchmarks, which is the main motivation of this paper. This paper

reviews the progress of database benchmarks systematically, and points out future directions.
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ANFEHIE . T eGSR X T30 5 R T 1
B, R P R G 0TI 2 vfE (Database Benchmark)
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bR br . H, HHFRR RGN
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B, PR LR IR A Bk RN R A, BERELL A
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RGNS TR bR 25 B . BORIER T LRI
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AR X1 BE F7 R AT 10 A1 50tps 2 7] ) S F ok
Ui, B C AL,

® 1 AREETFNL SRS O BIRE R GRS

A e R 5 FHEZ (tps) i (Jig0) A EE (T 7Tps) AEFELL CERLAR/Ktps)
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Cc 50 1000 20 1
D 100 900 9 2
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PRI T HoAh = i o IRDR, X3 F Rt i s Bk
K, JHARRNGFT MBI KR, — S
K AT PR EL SR T . 1983 4, EREE K
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Bl B RGP FEE (B RR e 2 ),
Wit 7 — 4% H SQL iEA), LAEM R & Lk
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N Sequoia 2000 Storage COST
=R O O O O
X\j’%&?ﬁ HyperModel 007 Dynamark BerlinMOD
S LERY = Bucky XMach XBench
O—O—0O—C O
S’&ii?ﬁ SetQuery X007 XMach-1 TPOX
R O Cr O &,
OLAP DebitCredit TPC-C TPC-H B 1 Banch n% " TPC-DS
OLTP ﬁ%@ig:ﬁ TPC-A ASSAP TPC-E
L L L L L L L L L L L L L L L L L L L L T T |)
1980 1985 1990 1995 2000 2005 2010 2013

1 BRERGEELREE

B RGP EIO LR R, T2
MHKRREEMK. Ho, NMAZRSRBIEEMR
GUUTDN S P~ LR AR . SR R R = AR B B R
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PR SEAE R R R G E=14EK, NHA K
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FEABARRI, 7 B AR TAE R, HAE
PEIUAR LR FH i B8 B SEPRE o filan, S TERE
HZE RS2 (TPC) CRA—RINEEEH RS VPN
FEHE, 3 nlEHRE OLTP N A OLAP MH . %%
OLTP M L$E TPC-A '\ TPC-C 2f1 TPC-E 3;
EX%t OLAP N HH [ %EMEFE TPC-H 4. TPC-DS 3
&, Hrr, TPC-A HIF4RATH &5, TPC-C [
BT RS, TPC-E T MIESAC 5 i m it 7t
TPC-H £1Xf F 5 KGR FH . TPC-DS X 657

1 TPC-A. http://www.tpc.org/tpca/default.asp

2 TPC-C. http://www.tpc.org/tpcc/spec/tpcc_current.pdf

3 TPC-E. http://www.tpc.org/tpce/spec/v1.12.0/tpce-v1.12.0.pdf
4 TPC-H. http://www.tpc.org/tpch/spec/tpch2.15.0.pdf

5 TPC-DS. http://www.tpc.org/tpcds/spec/tpeds_1.1.0.pdf
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OLTP-Bench [13]%%: % — KA 3E SetQuery
[14]. TPC-H. TPC-DS F1 SSB [15]%. A M Mt
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6 TPC Policies: Version 6.0. http://www.tpc.org/information/about/

documentation/spec/tpc_policies_v6.0.pdf
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FHALE 10,000 N, FIKRSES 13 MEL
JEMEFD 3 AN FRF R RN H N ndA RS 208 F
s BRI A . HTAEAEIEAHE 32 % SQL
WA, JREE T AR REE, A (DA
A PR IG OL N R BERAE: () AR EE R HN
IR (3) EHARE; (4) T RERAE
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2 HE AR PAT A 30 AR A A8 e i AR Sy e —
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HEHo
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ANSI Sql Standard Scalable and Portable
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s N3RHY. Bitton A1 Turbyfil /2 Eid HE 2 ik 3
B, AR TR R R A L
PG SRR BERA D Rz X
JER IR, B, ASSAP BEMELE 27 i 1 e
e (1) BAEFERKEH b 3 83 5; (2) 3Kk
FIEHR R 2 3G N3 11; (3) SCRFFIZR 1M
1 FhEGm=] 3 M (4) SCHFRIEIE D AGER 1 3545
sk, EEFEIER . 185 A Zipfian 441
2 (5) LRI Z Ak 400GB [IHHE AL (6) X
FRRH A2 A PR ASSAP JEAE) TAE 1 35
EHOR. DR P BN, fFEEdRERA . BT
Fa gt U m) 5 iR A E R A 5, A 60 4% SQL
). ASSAP FEAE K — AN SRR % A e R
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3.1.3 DebhitCredit [12]

DebitCredit /& H1 Jim Gray #1745 Tandem /A & [
HIBATE R, 1 FEHE O FLARAT B DR R, AR
B S 45K AT 47K (branch). BUGRILEE
(teller). FH PS5 E Caccount). FIHUHKICFER
Chistory). BtAh, BT ZHERBE R — N4 R
DebitCredit 1355, WI'R:

DebitCredit:
BEGIN-TRANSACTION
READ MESSAGE FROM TERMINAL (100 bytes)
REWRITE ACCOUNT (random)
WRITE HISTORY (sequential)
REWRITE TELLER (random)
REWRITE BRANCH (random)
WRITE MESSAGE TO TERMINAL (200 bytes)
COMMIT-TRANSACTION

DebitCredit 5455t )\ & ST HUE 2. (100
T, #5ES account &, A history & LU
HREEYE: BB ES Teller A1 branch % &5,
S B 3435 . DebitCredit Fifk AL 344 T1
HESIN R, FHZEREEBK. 72/\TFER
AR, ZIEERS BN TPC-A Bk,
3.1.4TPC-C

TPC-C s&H TPC ZHZUEH I 4Edr iy dikfe, 15
A ZETT A BN . 1992 4 8 H 13 HZ i TPC-C
1.0 JRA, ZJa AW iEet, m#thicassg 2010 4F 2
H 11 HRA 5.11 . ZFEE A% B
AELETA 3N RMER IR ., HLEEH 9kE, &
K-S WILRZABEFROI LR, B, GF

(warehouse ) 4485 [X 45, (district ) F1Jii 7% ( customer)
RHPM =K, A FE WANEE, s
10W M8 [X 45T 30,000W AL % . £E TAE 735
[, TPC-C Wit 1 5 MHs%, WHh: QTS

(new-order). SZAf (payment). iJ HARZSE M

Corder-status). &% C(deliver) Ml JZE 17 R4 75 1)

(stock-level) %5, X EEH 55 LR A T HLIR 25 1 O FF
BN EEWS . TPC-C Fk T E R tpmC
TENFERE, FiRRE B FESE ST REFE
KB B EHA, W5 NFURFtpmC (RIEEAS tpm (1)
ReEVHAE), AEEVHFE M TPC-Energy MIE T itk 7.

7 TPC-Energy /& TPC L4156 TRE#E 7 HIMYE . tomC ¥ E: C
FRKTRE TPC-C Fift . JETI4RFM tpsE FKonnf B TPC-E £k,

TPC-C HATTEREH

3.1.5TPC-E
b B2B. B2C BN AH I RIE, KT 6

fitg & BN FH 1) TPC-C FEHEZ M ok iR F AR TR K,
At TPC ZHZI S F 2007 45 2 HHEH T LLMERA S
IS FH A% O ) TPC-E JE4E (1.0.0 FiAS), H AT
WA /& 2010 4F 6 H KA 1.12.0 hit. iZFEAERIU
IEFAL AR AT R, ARFEEHEFIKS .
ITRPAGITH. REP St [ AT
T4, TPC-E itk TPC-C B¢, L&A 334
%, "Nl 5% (customer) AT 9 5K
%, 524,07 (broker) fHZ%H) 9 5kE, 51y
(market) FHCHT 11 5%, H4ERE (dimension) #H
KW 4 5kF. TAEREILE 12 %, TPC-E 1)
T BN AR VIR S Ak 2R . A AL B A 2 55 %

(tpsE, transactions per second ED.

OLTP-Bench j&—-~H Difallah % A\ Fri i)
BOHTAEE . Difallah 58 N SR RE AL CEAE
TEZ 3K TH 7] OLTP A I3 E, (B i T ixX s Ly 1)
RS S AMIE, BTV E A B R AN
Aeo DRI, SHRASERGNA 15 AL, Mfin] A
MRPE VYL RE B AR B BB TAE #8047 PR, B
AT LR AT VI 25 51 [13].

3.2 13t OLAP o
3.2.1 SetQuery [14]

OLAP N 5 B 7= AR BT 0 K S 30 i R AR (5
S SetQuery FEi#E 2 AN BRI R FH 175 5 b S I
AT, I+ H UASPRICE/QPS {1 MM — 1 AR E,
RISR1S AP B AT BB A S (BAE T
Do XANFEAE R HORE FEAR TR T, Ak
%N bench 138, 1ZE€5 13 M7 B £ LIEf#ETT
T, ZHEAEFZE T 6 P 5 count Al sum SRR
B EW, FHTHRREE 2R (LB B2 s XY
bench WIHER) 2 b, HEAEZMERZML. |
T SetQuery FEHERIHEH #E O’ Neil 243 RN tH 217
K2 5] (bitmap index) HIFEHIZE, [Fik SetQuery
PPN AL B 2R 56 AH G AR 55 B M RE 2

3.22TPC-H

SetQuery 7F 3 AR A AR f 3% i H Lk
/N, T TPC-H NIRRT RIS K. TPC-H &k
BN 55 RIS, B A 8 5kk, &
AR Z: 5 R b A SR AT I (R0 REAT A
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SRS BRI RGOPIEEME: ARG R B O 7

PEREMIA I ME 2 T 22 MR A (SELECT) i
AR 2 ANEEE EGRES) (B HE INSERT #1 DELETE
BB o BUR R AR BER 1~ (Scale Factor)
YoE, SRR U 1GB #] 100TB A%,
TPC-H A #E DL & /N B 04T 19 & ) 4L
(QphH@size) A EAwitE
3.2.3 SSB #t#E [15]

SSB(Star Schema Benchmark) 3 i & — M [
B 2 S B PEIARYE o iZ L HELE TPC-H 1%
PEREATEA B 7B, DA 2 4R B3
PR AHE 1 5k Fsk (LINEORDER) Al 4 5k
Y:fF % (CUSTOMER, DATE, SUPPLIER, PART).
FES BT B 7L 88 OLAP #:4E, 4% b
B RS

3.2.4 TPC-DS

TPC-DS /2 H1 TPC U SR T 1) pe 3
SCRENFH VIS U . RV IXAN LR 24 2 At
Wit K, {HRAHEZF] 2012 FA4EXKA 1.0.0 Ak
[18]. TPC-H Hef & PEA g 55 =35, (H
VP2 AN FHERER, SRS LR,
5 SSB #tk, TPC-DS B 4T ThAeFE N+ = ;
5 TPC-H Lk, TPC-DS £ LA K PUAN J7 T i3k 47 B sk
T, BuRERSEHILERN 2 SR, B8 24
sk, FHRKESH 18 Hl. Hk, HIfEMR#EK
B8 99 NBENLAT B 4 SQL A if), FoA HsRAUAR
Ttk Hfa, EEFEEIRHMEL Fib e (ETL)
Dife. TPC-DS J:ifiE X 7 = A F EEE A PYA4H
WiEE. FEEELRE (D /0 AHITERER
% QphDS@SF (SF Z¥HE FEAR A 1), LA
BEWELR; (2) B/NHAT IR E A
$/QphDS@SF; (3) RS AEXMHI, ARG+ TA
TR A AR AR 20 H 3

3.3 %X} OLAP+OLTP

BT OLAP N5 OLTP M2 7 L i
B, F—MHZE DB ES N RS Ui BT
B AT 5T, T e I I AT 55 55 s P R
B T N2 OLAP ARGtz 1, BT, HZ,
B BRI R, 050 B0 128 2 G0 SR (A B 4
17 OLAP 1 OLTP 1145 . Kk, H LB EHdEE
PR R G pF IS R VP A SR E 22 4

CH-Benchmark & &1x IR0 2244 i £ s B 2 &
GVFIJEHE [16]. ZAEHEA RS T TPC-C Al
TPC-H PifhdEnE. L% TPC-C Al TPC-H 43 il 1 )

OLTP F11 OLAP 45ilsk, {H 3 1) N A A LE AR AR,
HR 2T A EE AT . DAL, T DA P AR AR AR
TEH LAY () OLAP F1 OLTP #:4E, LLEIEE—/N#r
[ 7E

34 SHMNEFEHIEENEME: InMemBench [17]

NAEHE AR K RAEAFEE— M ENL R G
HJLH GB H% TB ANAA BB AT, X
T NAEEIEE (In-memory database) 1K & i
S B nE B N AE 2, DURE S /e B AT IS AR
H= AR 2 (1) 110 FHEY

InMemBench 2 7 7] H DL VP Wl 3 7 i 48 PE
[17]. ZHEEAELL = A ENH S 5, R T —1
5 8 IR M HHE FERE, R T 5 MR
A7 H5H8 (1 2 b, 045 3 S TR) L B R4 2R
RN PAT B W Fe/ N N A7 2 (B AL B9 e g
J1o TAESERAI 9 AR, H— KM EaHE
BAE, —HBEFE=AERE, BOERER 25 3
AN, 5 RN B B HE I AR PR AR

4. FEXFBHEEERGIPNEE

R0 R TBHRE PR GL) 2 NI AE 1 2 AR
2, IR AR SRR, A
X RME . WIS SULREIN, AR L A
MRV R 5

4.1 EEFEMLERIOEE

LA TH] 1) 2= &5 04 4 5040 1 B o K 30mT 4 S
e DRERIEEAN N RS ME . ThRERYEEAR 5 A
A, BRI PR 2R G i 3 R 52 Th
e, Bllns BRI HE (Michigan Benchmark) [19].
RO, TEAZRERE: BT
. $5AFRIEFR TR R . B S8 51018
WEAT AR RAERBUNTHE, AR AL BT
WHRAESE . N B 5 B B B ARG, BAVE
A P R AR e e, M AR E045 XBench [20].
XMach-1 [21]. XMark [22]. X007 [23]F1 TPOX [24]
. LA TPOX M, EfisZ P & A,
AT Web WHFRIS RS H, S
TR KPS 5 AN RRFRFIRE, maH
PEAE 41 DA XSD S ik, ARG R
ATEAM XSD SO ARG HIE PRSI, SRALGHTF
AR ST 5 R 5.

4.2 EEZE SBEHIERNEE
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B85 GPS VB A B8 I I, B 3t 4L
e e M, 7 AL VT S SR B ) B, A
% Sequoia 2000 Storage [25]. DynaMark [26]. COST
[27]F1 BerlinMOD [28]%5. Sequoia 2000 Storage ==
TR0 (R, FE R AR AR A A Ak 3
SR AW B TA] s AR RO 5 2 IR 4 A
W, BREEANPERE. SHEWE . AR A
W %I AER R PR YEAE T R AL BERE B0 R AL
. DynaMark s& 4 LBS $ At gEMNR R 21— 4>
e, HEEBTRVPOREA B TR, 23 A A2 6]
REI #5445 . COST B LRSI 25 Bk
W22 5], i TPR-tree [29] TPR*-tree [30]/1 B*-tree
[31]55. BerlinMOD TVl 25 £ 8 & 2 1 4t
FLHR AR & 07 EAEAE [ A0 AR 1 % P 1 AT e
M EE S .

4.3 HENRBFEHEE

B X SR B R R, — A . (1) P T
DFEE B N IS T2 . OO F v F 45 L A PN e v,
BES 3 MNRS AL X RIS DU RS 2%
SR AR SS 2%, FAEIX = ANEEH b 43 B3R AT AH T
FIEENE, BJEXTEa AT [32], 007 it [33]2
£ OO1 Wydkfiliz FabATHEE, FF RAEHA ST M
X G E (VP 4y, BEAME N — BT A
X G TN G R A ) A S k. oA i g %t
SRR I FEUEIE 145 HyperModel [34]41 Bucky [35]

A
=3 o

4.4 EEREIENEE

AR TR = BIA K 5 s 7 41 . Linear Road
FEdE [36]a 7 2 JE 40 T 1) e A BR U B R K
PR AR S R R IIVERE . 2SS R A =T
7% 2@ S URET . KR IR SN FE 7 F 45
RIGUEREY . R 2R B =M, sk~
KA (Y 50%). BEHSET (5 10%) FIFHHAL
FHIFE] (7 40%). MRMARR EEDPIRZ . (D
16 58 AT B BRI ) PR 25 A (2) BATHE
POFE P DL A B AN AR, o H B SO S
(3) EL U AR A A, RAR L R FE 7 (4)
BT e e S A, i S5 R B AR
s (5) FHESUERE e Lo B0 IRE Fr i Hh A AR AR 45
B FRMEFE R RPEREVEAN

5 REHiEEEEN
51 ABIBAREHEARIBEE

RHHE A PEORY, B R 24 i AR SR — BUR
(] Y T SR ) B AT SR — [37]. B
MBI, REBAERS. NH. BEEE=ZH
BRI 5 A Gt i s 2 AN R R LA
S UETCTRIR X SRR, T BT R B
HE LA RSN

® MR KBUEFNAS “3v” 4k, BlfEE.
ZFE. SEI [B]. TIAE SRR B R G P A
HE AR 4 25 S X AR . AT R ME K 2 FE AL
BRI AT RAERER, HIALEE “iFR” HdR
RIREST, JURAEAN R AQHT 5 ZE AL #E 0 K
BRIFAHIE o B, el B2 e R A T A
20 )\ AEAG, BRRE 4GB; A L)
2 R B B AR GV A T R R
ZH (Bl TPC-H 1 SF A7), AZMizs
HOE AT DA EE P AR . (R AT
B HL AR GV I B R BE TE 3 AL B 53 A1 A RE
Ve B, DT EAMER 2005 18 B — Ml o,
AN 25 58 2 Pl iR s Lk, DAY 24
B> RGN B T RS, BUA
HEZOR IS A A B SR &, DRAFAERF S AL
ez, BIAT TAR DR

o A Kl R GPRINEL HE R B IR A B )
FEN R, L RE 1 S HE I h s Ry
fib ISR, DL R B E SO RE 53 o
SR R RHE A0 4T Web B L 7 55 D SR A
BHASLIRHIESE . Bl BT EAIR
55 7 SUAE A5A% e dle A B AR SV 2k o TS vk
AR Bt KB AR SR
BAAELEWEBEAMDIES, HESRE Y
T2 . Bk, RGRIIE T AT
SCHYEUYRE 122 B R BOR BT T8 ik 2 S 1 22
RELFEA AR (RS 1HXER (H
FEGEVHE ORI ER Y B0RZ A D 1
T B KA AL BAT S B R At e
RFAE o 51141, Hh S Weeb RIS 194 2% 0 B 23
A SRR E AT EAPE 3 Web PRI R %
AT e Al AT ZH 23 9 FR A B e R GAE I
oA WL IR A SR A T TH R 0 ARy
o BERTIXEEA 7 ] BT A B AR B i B AR
0 VI 3 R 24 1 [ P K B P R SRR
Pk SaE R E AL .

& R4 FXRAEEEHRGEE Y —F,
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= I LB PR OB ) R G Vg 4 RS
AHME, EEATREALER — =k b, %t Hadoop
[38]. HBase ®. Cassandra °%%. Jt4b, XLEEHR
Gui 5 IUA B AEPEI AT KR SQL 5 F
A ERR B ARG S AHAE [39]. 7O
ZREZ AL, XL RGBT AT T 1) HE
ANV EH R R A, T B bR S 53
(workload) tHARFHE . BETHERXTIX L RSt
(1) L PP 75 BRI B A R AR [40].
f£4; DBMS K[ “one-size-fits-all” [{JH &
(R: — M@ FHEED HAEHSE S R
SR o IAF 2 R ORI AR, R Y
L FH#S 75 AR N R B B R G, KR
L 9 SR AT S A X N S I

ZR ERTA, REE N AORS e T LA ki
DA TETRE B e B e AN BE S L FH ) S5
sk, BEMAELAT . ARFEIA 2%,
Ut FEREEPFINAI B A R TR R AR
2R R SRR AT AR BT R ARHA R,
LAAE il B S R B0 (1 AT SN 7 AT A R 5K

WE 5 R B B R B R R, R A B e )
FTAE R R IRE . X2 TAE R ET LI~ =
XK. F-RITAEFETEXT MapReduce HEZE [41],
H §)ZPFZ 47 MapReduce HEZE S RE A1 BE ;55
TR AR v R E LA BRI INAS [F) R s
HSP & PR RS o 16 2 JE i o M Th R/ 0 1
BATVRIN, IR KA. ZRA IS H 5 .
5 =R TAENRAE T A BARK R E R B, DA
HERGENLETERE. T KR 4.

5.2 MapReduce Ih&ETEN
5.2.1 THI )R E Ll R e A= 1

IR FEAE ) B IR R AR, MIEANRrE hRe
BHFFATEN, MARRE A MRBench [42].
TestDFSIO [38]. Sort [38]#l PigMix 10% .

MRBench /i B TPC-H #:#E. J24 MapReduce
B ERSCF R R BHAEE, (H2 Rk RAHERE
Bymri@id MapReduce VRNV FRERIAT . #F 2, X

8 HBase. http://hbase.apache.org/
9 Cassandra. http://cassandra.apache.org/

10 Apache PigMix. https://cwiki.apache.org/confluence/display/PIG/
PigMix

e SQL %A T /E MapReduce R4t HIE4T .
MRBench ¥ TPC-H Hil 2 B Ay SQL 15 A4k,
AR Y MapReduce 1BV [42]CHIE & 1B Wit —
Z S5 IGE MRBench, LAREIIZE AR [F S804 E
ZONERETERE, IR A N TR R
2. Map (554055 . T mPERe AR R S E R
] A 58 A R

TestDFSIO #] Il HDFS ( Apache Hadoop f]—
Rl 24020 19 110 PERE. 4PFI I RERT,
H e BT map A5 RO R G B S,
I i reduce (ESSIL S GHE S, BIANEIAT I TH] |
HrtE (mb/sec) &, 4IPS VERERS, ta] LAY
AT map L4557 U R4 S e, i reduce
FESSHHATIC B A map AF 551U BE—AN A

HEFFThAEAE MapReduce 22 rhis )32 5.
Apache Hadoop H 7 Sort FEiEr] LATIIHER
Abo ZFEMEILE =ANPER: BB BATHET
FIGIUESE R . FERENLEAE BN B, AT 13247 10
N map f£55, HEAMES 277 AL) 1GB K/ HFE
WA 7R3 BB, FERIX LR EOEATHE T . 12
FEP B, R DASSIEHE Y 4 SRR R . ]
DL R L[], o mT UIE I Web ST A0 HER 1) 4k
R

PigMix 52 X 7 — 4L 25 vh R MR R0 PR B 45 AN AR
A Pig HIEE & R PERE .

5.2.2 REZ R LI RENISEHE

A LB UHE N AL 2 Fh Dy RE,
MapReduce R4t RE

GridMix T 1FMz 1T Hadoop SEREHIPERE 1S
Apache Hadoop H# = AMhA GridMix, FHH,
GridMix1 1 GridMix2 ¥Ji{E src/benchmarks H =%
2, 1 GridMix3 NIJEAE srelcontrib H stz . H
SR EAR R SR FH — IR A R R SERE  PE RE
5 MRBench RFEIFZ, XE67 156 R4 %=
SRR, FEW AT 8. 2B Map/Reduce
B

HiBench g — MRS IhRe AN, HPA
T T I RA G 8 N TAEME [43]. TIANE
S I A L . Web 4872, HLAE: ST A )

DA 2 i b o 0

11 Apache GridMix. http://hadoop.apache.org/mapreduce/docs/

current/gridmix.html


http://hbase.apache.org/
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HDFS (iFll. Fik, HiBench &% 5 b4z it
M MapReduce “F&HIMHERE. o, R EAEATE
Sort (HEF). WordCount (Fiii]i1%{). TeraSort (i
) SE=T06 % Web #ZEFE Nutch Indexing.
PageRank P T T.1F £ ks AIL35 5 ) 604E DU 432K
Fl k-means E2&; HDFS & xF S FF 2 i A 1)
TestDFSIO.

PRIk, AR E YRR AT B, TRE 2
ThRe R AER IS TN AT

5.3 ZEAThEEEN
5.3.1 CALDA [51]

CALDA H:fE 221 LA [F] 280 72 3 4 2 7
T P RE 12, MapReduce 2244 5 47 803 e i AH AL
ZAAET ZH BRI H 2 G LA AT EAMTES .
CALDA #id ¥ it 2 T 43 B AT 55 K il i TAE i
B, BIEE Grep HIEHHRIE. HHRERIME. W
FEIET ). TR AEIRE N R ERE . UDF B4
BRAESE. TESLIGHR 5, 18 3CHE T Hadoop. &40
J£17 DBMS £4¢. DL Vertica (— S FEFI A7 1
B PEMERE . MR A RE A AT I A
RDBMS Jn &R i 6] F2 51 44 2 v [A] 45

5.3.2 YCSB [7]#1 YCSB++ [45]
FT 2YCSB #Z LRI IERE

MEMRSs F7 8. EPERET T, LEHBAWEE K
JEW ) ERY T, EEFZENEY R
(scaleup) Fna# gLt Celastic speedup) PiANE
B Hr, g et s BcE S TR e A
RN B, BARTEOLR, R EtE S TR
i [FE NS, SHAT I T R IEAAL o St i L
i & S AE AW N RGNS ITRIL; AR
TEOLT, BEAE T S B H B0, PRAT I IR 2 4 i
YCSB % & | ZiA Tt TAEE, B3 SR
ARETL R, SR ANE L, R IR T AR
B AT VRI 2R 2 VRGN 2E T B R AR SRk
% /E# {f Cassandra. HBase. PNUTS [46] Al
MySQL %5 2 3™ b L4831 Y

B4, Patil S5 AXF T YCSB, i 7T
YCSB++#:ifE. YCSB WA= Rk%S R4t H =t 5H I
R, T YCSB++HI AT e RAFME R A, BLFE
FATHMBE 55— B, B BRI, R p
ooy, MREsas i JEAN VT AL PR S R, 7ESKE
IS B3 T HBase A1 Accumulo [R5 24 1 g

5.3.3 Floratou #! Rabl 25223 1#) T4k

f EEHREE

~ ‘
Sales K) | Reviews
2t
;‘:’f,%% Customer | |} !

TAES AR oIS N FH 7~
AR : 50% Zipfian 431 TEH g, - [ ﬁ%ﬁgﬂ

THEH: 50% .

LA AR B Bigdench

L7k 354 $2: 95% Zipfian 434 AR RIS IR

FHr: 5%

2 BigBench Rt ©

ik B2 100% Zipfian 434 H P EB A

fEN: 5% IR0, (ER AATXHESE ) RDBMS fii vk 77 &7

AT BERE . — PR BT SORAEAE T NoSQL HR,

VNS E\ ”A: 9 ipfi i}} ] N RY N Y
N BBl B . 95% Zipfian/¥) 51534 15”&[] MOHgODB, E%lﬁ}‘}\ Web 2.0 @ﬁﬁﬂi‘ﬂ‘%fﬁ:

HA: 5%

YCSB(Yahoo! Cloud Serving Benchmark)
PR FERE B TE, MRS FI AT A S AN J7 TH R A

12 FHE A i 42 U5 T [A4108 TR bR ) 5 B 1 - B

13 Vertica. http://www.vertica.com/

PRI SR R4t 2RI T Hadoop 1] Hive.
X R ARERAD T 144 RDBMS fiRt i 5 ZIA L2
4b. 7 VLDB 2012 [EPr2xil k-, Floratou % A 2% i
PRI T DA 2R 48 DL SR A0 s s e e e
%6, (1 CALDA FE#EVEI 1 Hive A K 914721
WO AR HIk, I YCSB FEHELLR T
MongoDB Fl3t 5 (%] MS SQL Server i 2 2 7] (1]
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YERE [47]. MRETESE R, Floratou 28 AR &R
Bl FE R VERE A I 5T NoSQL R 4t, 1l NoSQL
RGAE TN — L7 AT e 2 Ak, 451n NoSQL
ofvery Rt ORI R G R A N & B = F A S 3 O TN
DA SCAS R — B Y 45 o [ FEE %I OK 2 |, Rabl
S NECEL T SO IRBHEAAEEOR, B35
Cassandra. \Voldemort. Redis. HBase. VoltDB #l
MySQL 7EA R 518 T HIPERE [48].

5.3.4 ICTBench

AT, RN A S ERIARE T ICTBench
FHE, 4 DCBench. BigDataBench F1 CloudRank
SE= NS4y 14, Hirp, BigDataBench 15 7 6 N E
SEH AP EARE ST 19 N REIE TAEfRE, Ei
76 MR W, =FE B OLTP, X
R RGBT L 75 5555 [49-50]
DCBench J& — /Mt 0 #df 6 e AR SR ik ife, &
B4 19 MUERMER R 0 RGN AR ki
WAL T 2R TAE A (RIERAELMEL), Al
FIARFEF IR (MPl. MapReduce %) FllZifE
E5[51-52], CloudRank JiEET T =it H ARG, ©
MASFIRIE FE A fh B 13 MREERMER A, AL
TSI TR R AR a4 e, FH P ] LUk
AT VREE LU A F SRR 5K [53]

5.4 TH[a) N AR BEEETEN
5.4.1 BigBench [8]

BigBench & —aKMima i ZE L AEEME,
BB T TPC-DS. XN E 18 31 R H 4 i v A
HH 3V Rtk LREFEEZFERSE, JHE
Teradata Aster (4 &2 F I & SE3

K 2 B8 T BigBench FISEMAL, Hr, 7F
e IR AETE IR T TPC-DS i Ei A
HF TPC-DS BCAE A4, %35 HE LR T TPC-DS
K E A P o TR A A R B E AN .
I, EUIN— TR R R AR T E R4 R A . 1k
G, IR T A B R ARG M . 4
Fa A B 2 2 7 B — PR 7 1) 2485 DR 3l
B s B CHED s FI o —SeE i Sy Rl
B EIREEE R ARG (AR N T
R R, W MRER T (SP)
KA A EIRE A . N T HEREEEN 5

14 ICTBench. http://prof.ict.ac.cn/ICTBench/

P, AT DL A A R T I R S . X
AN FEREI B A i gs @ i Y i PDGF s28 .

AR AT T B ) R A, e T
HAEIR . fR M R R A . DAL 28 2 S SR 5
EE RTINS ESGEERNZN AR, FEZ R
ATHSTE]

5.4.2 LinkBench

LinkBench 3xzh28
— IR
IRRERE vl
M$é}$|m§$rﬁ%§ &
EERERE Dy . %ﬁgﬁ
R -—
requester &2

{7

[ mm

#Graph config
graph_size=1000000
link_types=5
node_med_datasize_b=97.9
node_data_generator=motif
link_med_datasize_b=6.7
link_data_generator=uniform
outlink_dist=zipf
outling_dist_Shape=0.é

- J

3 LinkedBench f%2#y (54

#Workload config \
requesters=6
request_rate=1000
node_get=12.9%
link_count=4.9%
link_range=50.7%

node_read_dist=zipf
node_read_dist_shape=0.7
link_read_dist=zipf
link_read_dist_shape=0.8

LinkBench s&— N3 T LS 4- A2 0 28 87 FH ) K
FUAE R B PRI JE e [54]. Facebook 2 &) A i &
WM P, B P 2 8 B A . LinkBench
71/ H. Facebook 2 &) I B e 8 BN Y , B FE 4K
PR TAE LR RS,

P 3 fizR, LinkBench FIZER K % P HLIR
%as (CIS) X, Horb k5548 F T it B 28
M 2 HLN & — LD Java 1B 5 90 5 1K 3h 4%

(driver). fE[54] 1, EEAEAFHAE MySQL H1;
H 285 0 TR 2 2 T PR s o n] A7 A E e O
FEr= iz de 2 P LIRS LA I BT kAT TAE .
B, B BENEE: 5 B,
1T TAESEGHAT VP, IERARERITER . F1X
WA BRI FRERE S, B3 K
Configuration 4%

LinkBench R — R EE, AMUBTEHRIELE
I AR A Oc b R e, AR EE . CPU FIH]
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1O PERE. WATIFHH . BRI IFEH <5
5.4.3 BSMA

BSMA (Benchmark for Social Media Analytical
query processing) s — K [l [ 4 58 ZRAA 7 FH 1 ko
[55]. ‘B ARG B VR A 1T A, e R A 1 I ) ¢

(timeline). TN & REML%%. H
FEREFE, HRRBEMER. A FE X
T 19 AW, R AL, FEAE A A
e K RNk el N Ve I D 2 L
B, ER, PR R NTEREEE . BSMA &
F—/NET YCSB PEREI T B, mIpEA [F] 52
ITTERITERE o BSMA S — AN EL SEF VR ok 184
WEE, BELNE A I HEBMEA R G
) 160 2 /3 FH 1 2 4F B s [B) B M1 e X 4%

DL IR 6 ] P (R SR 2% . BSMA B HR A — ANl
PR A SR PR AN R . A3 AT A ST AR . FH
XfZ B T EVEN: https://github.com/c3bd/BSMA..
A, NRKIEFRH T CloudBM i, &
T HAE ML 55 N H R F 2= °F & I YERE [56].

5.5 AT R Hs ZAE (X LE 23 #r

DA R BRI IR 2, (R R ot (1 D7)
REJIEA Z . R 3 W T e RE . Sk,
B %} MapReduce HEZE R 1l B 4 O 2 A B S5
BRI T2 P8 ThRevrlkyl, HT
BB B B AR AT I, RS AR K &
W15 FE TR R RO VT v T3 ok B A sk )
Kikhe ), SRMIMAEMT) AR TR TEE
IO, bt AR AR B2 (0.

®3 ABBEEELRNG

P s FEMEHA AR BT [[ipaeinE:]
MapReduce DhEETF  MapReduce ZEMJIINHTERITR N  MAT/ECAE L, Hl#. B X THE TN R L 28 F T

W (52

JTNZ, AR JEHEAE N Z A R VR
MapReduce %244

TE— LI DA R SR 2 3K
YRR, BE SR, Al
FERBH, HBAFA R

MapReduce HEHL )RR, MEREEHER
R R R BRI S AR K
TR

L £ 30 BV

(%537

MapReduce JfJEME— REdE & 2
&, MIheet:. W RS
JEE VT - b AN [R] 7 K a0 e # P

45
o

A TAE 2370 MySql, Cassandra.
HBase. PNUTS. Voldemort. Redis.
HBase. \oItDB. Vertica. Hive 4§
EZ N+ C/ =R g

RHHEE B A BHERR T, I ARIE
B B, A AT
T BRI B BRI PR B AE R
HRAPPIRE I

T i) J32 i ) 2 HE

(555475

BT 2 UL R BT Bl
B, BB R A A TR 3
TP IS0 3% 1 5 187 9 114

R 222 H B 2 T [ AU Y
S, RS R R SR AR R G
WA AR S

M TPC HEM M IN AL RKE , 75 (K JE
)5 R S ARG . DA T 1] U R 1)
REARIEMEV R AN, WIS 218321

HEARRERE

HifE. BIARRYEIRZ TAEF .

6. (NEHEE AR

D7 KR A R s A HHE 2 AR e Ak v ) 2
TN, W Z T AR s . B
IR E G MR (RPN S [ E S Ik EE
2 1Bt 2B B 7 AN SR B R B A O 2.
FE g E R ER SR B S EE R A
HH—NEEES [57]. JEENRTES E— A0
FIRTHR T, BUEH AT & Al S SRR E R B R

PR 23 A En iR [58].

H 4 R Bl ) B0 A 77 Ol A N PR =
M B—KITER R RR Sl s A
P Anrete, s A R T B A e . s
IR SCRY T L XML 3581 C B & 1B 5 il 3%,
%40 SDDL & 5« 4%d < (A 3 Jofomive s, it
R0 B8 8 38 SCAF R RT SRR A [R) p_b9FAT
AHE [59]. PDGF #t— B F AN T R A M BEALEL
A SRR 51 P SR SR g R ARG 1) R, I e 28 SR 1
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FHATIE[B0]. 3 —KINE S H —FKINER B K E R
FE T A A 17 Bl Bl e i s, 7 DL A s
. AR UEERRORE SR RAT
BrZ K & . Houkjaer %5 AR FH VR FEAR S
VU A3t A ) s % T A 0 1 250 I L S et e
MR AESRETEOL T2 BB 2 1E& 04 R
o T, BAKIEIATIE [61]. 5 =37k
e ELEARE — AR SR AR A A A R 2R
&, MEAEFEFHAEE. BT, &I HEM
o NG5 e Bt S & P U Bt A (5 2. i,
MUDD 72 55— e A S B e Hh b A B ) At
AR, EAUR Tk 42 bk (5 2 . %A R RS
WRHE I A5 2R & F - 18 R BB 2R
R TC A  k 44 An Bk 2 A2 [62]

A 1) 9K B (1) B s AR T A T — AR 1 4
TR A . Arasu 55 A 25T 1 2R AT K ) 4%
s KIE iRk E s 2 R Z @ PE [58]. QAGen
[63]F11 MyBenchmark [64]3& 75 1) Ab A1 2 44
W, ZA RS TG B BRI TS AT RS
o REPATIEI R, RIX A THEA v 8 1
i A 43 A ARG ) /8. Linear Road #5 IR T+ % %4
W R4, T B R B R ERRTE B R G B
BN [36].

Vg 5 BB A — P R A . R
BEMLIEI A B 77 H Erdos F1 Renyi T 1960 FE4&H
[65]. JTAE MM FT AR R INZ 7 oI
Mg E /0 A (heavy-tailed distribution) ff) 35K
M 2%, Preferential attachment #7 [66-67]R] DA77k
BAHERESABEHLE, E 28 B AR s B 1) 2
NG TS 25 A B A 1 R i 8/ o
Copying #5228 [68] Ffr A= B 14 P& 7535 A2 17 o BE 25 11
L3 (1 [FI ST 30 BRI 2 1 AU AL X SR AR R . e
Preferential attachment 4574 [ A5 Fiif (3 5 Kumar £
T [69]FI AR K K AR [70], Leskovec A1 Faloutsos
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—~& DAP (Data Analytics Pipeline) [72].
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Background

This paper surveys recent research work on database
benchmarking that belongs to the database category. The
significant achievements of database technologies and systems
during the past forty years create a several hundred billion
dollar market, since database is full of opportunities and
competitions. Database benchmark that refers to a set of
specifications to evaluate and compare different database
systems plays an important role in the development of
database. The benchmarking result can reflect the performance
gap between various database systems objectively and
comprehensively, promote technological progress, and guide
the healthy development of database. The development of
database benchmarks is highly related to the development of
applications. When applications upgrade, new data
management needs occur, which gives rise to new data

management theory. Subsequently, new data management

in-memory database.

ZHOU Ao-Ying, born in 1965, professor, Ph. D. supervisor.
His research interests focus on data management and
applications, inclusive of Web data management, data intensive
computing, cluster

in-memory computing, big data

benchmarking and performance optimization..

systems come into being, and ultimately it is necessary to
create new database benchmarks to evaluate such systems.

Although database benchmarks have been studied for
several decades, traditional benchmarks such as TPC series
cannot work well in the big-data era. Big data is actually quite
different from the existing data models due to three major
characteristics: volume, velocity, and variety. Some new
benchmarks are proposed to evaluate the performance of big
data management systems. Such new benchmarks differ a lot
from the others in all aspects, including data generation,
workload, metrics, and so on. Consequently, it is critical to

devise new benchmarks in the new big-data era.

This paper reviews research progress of database
benchmarks, particularly the benchmarks for big data in recent

years, and prospects for the future study.



