5 1 R K F 2= CHARFH RO No. 5
2014 429 H Journal of East China Normal University (Natural Science) Sept. 2014

XEHE:1000-5641(2014)05-0216-12
NEEBETE . XEAMEST

# R W H', KRS, A8F’
. BRI ERS =1 58, B 200233;
2. HRITE K2 BUERl 5 TRV, B 200062)

FEE . A SCHE 58 R B 43 268 v g SEEE 1 B S R A A BEAT R T B U4 T R B ARG TR
% % & (Business Intelligence, BD $7 A 0 I FH 7 3K 5 W8 T 1S HLRE (4 FO4& 52 25 4 19 & Ji R o
SR A RN 53 B R 04 Pk R ATL 38 5 3 3k X % SR 0 T 0 4 BT R S B R R R B R Y R
45 UL TR T AT Y M RE RO RN 43 A B S 2 T AR A A ok Y ) R, BT I Y
FHHT . 75 4 A2 Gin-memory) 05 8 S ER 58 00 28 58 THCKE 0N > R e iy £ 2O . 454
PN 0 45 o, CROE 50 O M W I AE RS D) B3 T4 X R BE IR 55 4 M L 0 A NN AF R S 4 4
S5 5 W5 T 1) A4 L 22 2 R G AT R AR G A 1 43 A RO A0 R 5 R 5 R L 5 L Ak JLAS B
JiR 55 % 1 22 0L B T AT AL A 22 L R A7 I8 L N A IR 1 20 A B s — Bvk e 0 S S BEHOR iR
GV 1] $e 5 A7 it 19 N 4 L o) b T 44 R A R A AL AR K B T AR T A Y i P R A
B G BRI E ST A I 5 e 2 55 30 S I 532 B 240 17 Ak 1L

KEW: NABIREH,; SR A

hESES. TP303 XEkARIZED: A DOI:10. 3969/j. issn. 1000-5641. 2014. 05. 019

In-memory cluster computing: Interactive data analysis
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Abstract: This paper discussed the management and analysis over data for decision support,
which is defined as one of the three categories of big data. In this big data era, business intelli-
gence creates tremendous large market values, while the enhancement in the computer hardware
further stimulate the emergence of new data analysis applications, which require interactive data
analysis. Based on the detailed analysis of the typical applications. we find that the in-memory
cluster computing system will be the future trends for interactive data analysis. In the environ-
ment of in-memory cluster computing systems, the network communication has become the main
bottleneck when comparing to memory data access and disk I/Os. Hence, the further research
topics within the in-memory cluster computing aspects, including the system topology of the dis-

tributed shared-nothing in-memory computing systems when considering the characteristics of
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memory (e. g. » volatility, memory wall) as well as communication bottleneck, the data place-
ment and index strategies for isomerism, multi-level cache, the parallel computing framework of
multi-granularity over multi-core, multi-processor and multi-computer, the data consistency of
the distributed data management, data compression and process mechanism over the column-wise
data storage.
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Fig. 1 History of in-memory data management

L1 SN Z L

Etttae 50 AR BEE S AT R AL R TS AL (9 s B, R B A BE T ISR &
JE AR YIS AL A R RE S T R Z M AFAE A B R 2 B, T A KA S HL (main-
frame) AR 1 24 I Y — Rl PR L OF 32 2R AT G 49 Ak BRGSO L T RN A R R THITE
HLAY B (A AL P fE
2.2 AN RS

20 {2 80 AR I B i R 1 58 F 0 A UL 2 N AF 2R 48 B0 5T AR BE A 4R 2 N A A
ot RN BRI A . R KRBT LI =2 (D) Z AL BRI N AE R SE L A Encore
i Multimax, SGI ) Tris 45 , X 46 28 ¢ ) 4b J 25 B0 52 21 M 52 Gy S8 A BRI, R ml 9
PERAR 2) 73 A AL N AF R GE XK R G0 T B0 A i T = b Iy 2058 3% 2 52 Y A7 o A [
JIE AN T 45 R R 1 5 ) < 5 Ao B A S 2K 0L R AU A7 0 4 A s A S L vyt
Mirage'""" , Dash"'" 4 5 3 2 # 1 7 ¢ 92 B 26 L T 5 100 4 47 X 1 43 A =X 9 A7 3L 52, 4 Mer-
maid 5§ ; 4o G 13 4 A T B A% 3 07 US4 A sC A7 JE 5L 0 Munint ™ 48 5 (3) 247 K
JE X KRG BB A R A BRI R 850 ZE U7 ] ) B30 A A T A B0 AR (MIMIDB) |, 3 4 3¢
[ea) 18 50408 A Sl O A 25000 P S AR 0 A T 1) 5 ) SROH 5000 40 SR 22 B A )2 kL R S
PN To) 2 VR B A PR 1) 5 — U I VIR 5 o 2
1.3 EhAEFNRS

Fl Bill Wulf 1 Sally McKee F* 1994 4E#2 N A7 55 0] 82 5 L 0 300 R 5 19 00 T4
o 2P A EOHE A I 5 T AT SR PR S R AL B P B T N A U ) 803 2 ) ) 2 BB OR
K (CPU B AFAEIG I 60 56 4 T A A7 5 1) L A AR 3G 1S 10960200, U B St B 1A A U i)
FEIR (5 [R) A 58 0 RCR T A VA R T SR B P O YERESR . D T S N A Y
FEMR BT R R AE 2 R A AL LT RAGRAE N v ) B0 A B LR e 1 KRB Y O
WaE T REWNEEBEEE RS, 1 MonetDBP , EaseDBPY , FastDBP , TimesTen™* (5



5 B GF AR SR TR S U o T 219

HERLRGAFA . X RBF5E FEETT LA AP B AF B AR FI A S 8O R HOR. 2%
FARAB AR T ERRE R EZA WG EAAER R BN R ERESH I 7 %
LTS A3 DX AR R v O A AR 1 ) R R R AR R SRR R
F7HE 1 25 1) R 3B 5 e B AT KR B TH R B 25 41 3 B4 AR B A A S 1
fE. KRB M RGN RE B b o 3 2R T AN N A7 1 8 (external memory model, 58
AT RD ) BAE BB R B ARNEIE LT THRA RGN  FEREERESH
G OLT GEA T PR TR R R B G Z W EMaMaE. pminz rikE
23 4o 198 ) 5 S0 S S [ Ry A A 3 0 4 DX 70 S A [ Ry R L O RT KC R R R R A TG
B+ B0 SR PR BE L X AR 1Y R GEE BB R R B AE S HOT0 S B L A A 1 0
e BT — AR AR IEAT LA (58 A5 330 — 4 35 VE 14 SF 35 JF 4 L B IR0 . S 08 I S B 08 o B A
UG W) A7 2 B0T0 5 305 10 R BEAR IH A fIK T 28 A7 B R i R e
L4 iR E AR

A 9 258 B R RS e e 20 A AR HE PR B8 T N A7 5 5 © & RE 08 1 2 B9l 12 =R 55 b
FIRIECHE 73 A 9 55 5K 52006 48 Z 5 3 30T 1 ) 2 55 A BHRDECHE 23 BT i K S8 N A RHE
ARG, T ) =5 55 Ak B A AR A R 48 B e AR AE L S R R 55 A0 B T L R
e AT TR P B g ME IR A2 AL i 45 Jr oSk B ek IR AL S AL B XOR RS AR H-
store””, VoltDB™* , HANAN™ 1y AT 1 187 1] 400488 43 BT 1) P9 A7 258 8 3 R 4 ST DLt — 4
O3 B AE it R G5 oy A BT HE B, Memchached ™ & H 4 J& Membase (5], Couch-
base)"" & fe LS I A N A B A IR G5 1228 R G DHT 5230 19 2% 4 F 1 (1 44 22 LA
BB B A JRy B A5 )  ELA B 1 Al 7 JE k. RamCloud ™ SR FHIE R 5 SRS 8L 1T 9 A7 500 1
IR P 55 AL — B 4P & 2 R (multi-tenancy) I i H AR S5 SO R g
LI TN A B ) PR AL Piccolot B IE T 43 A 2 PN A7 B R AE 6 444G L 1T RDD
(Resilient Distributed Datasets)™* $# H T &1 %F A% 231 5 89 2 A 205008 5 3 42 . 9F [] g 52
BTt RN AR B ) B4R A VS AR A KA R AR S o A U Ak BHUNE 28 3= S n] DLy L R3S
BV B B0H 37 2 A B R0 A BR 2% AR Ak B Dryad LINQ™7, Pigh**, FlumeJava™’ , Storm"’,
CielPY sz 30 7 2l F MapReduce X1 TG 3 H0 4R 7 040 B8, T Twister™ | Haloop™ , Pre-
gel™*, Spark" MR AL T 3k A0 X Bt Ak FEAE 8. H 2, X R R G I A 2% 18 3 P9 A7 5% ) 23t
BRIV A % B A NS T 456 T I A7 AR R PR3 T R e i Ak B g

g5 L RrIR  JUTAF SR N AR B B BRBR 19 & J 5 0 B oK TSRS 1 K i B T
G PR BN 8 R R 1Y R J S Ak L R H 2 A T RO A B B R B i S
> Ef R A PN A e A B R A Ak SR S 2 () ) O i DG &R E AR UCR T RN 2 A
BRAR A3 A AL A A PR G, DABE THER A7 it 25 5 R AL BEPE BB, AR S 2 B A7 i I8 1
RIBTEAR KA RAS I Z 5 o RIS 46 25 15 0N 77 75 o 1 % J ol B D\ 1989 4F 22 J5 I {3 4
2 A B A BB R WE 5T 5 1) 0 B R AL L B EE ] DA A Ok T A A I B A
ARLRT 1994 A2 N AERE RS20 U 1 — 2 A2 g 1 A vh XN AR B0 8 BRI R 8. SR T
YT KRB FREE N CRe 51 7 55 20 68D - Uik — 5 o R 7 A 1153 10 43 A X8 78 B R e 4

T T DA 2 A R R 43 B 7 R R S R e R CRE I A P TH R T E Y S
W€ WAFITTF B F N (O A N BT S B G217 N AF R G R N AR5 E 5



220 AR T 2 2 4 CH SRR 22 O 2014 4

Tt SRR D I LS2935 I 58 B S0 i R B 6 H AR,
2 ErRE XS

JUA 4K Bd 43 A U B bR DA 50728 3 o B S B B ASE 50 90 1) S 15 28 B 20
B 1SR ATLAE A R 18 & R L DL SRR A5 BB R A 7 45 R R 403 1) g P R B Y L TR
TE KRR A 750 2 N A EE R R e i AR ke i L (8 75 55 I 52 B4 A R T ORI RE L
— DA R T RO A3 T 0 SRR 8 A5 4 TR 4R T ik S IR B 4 BT A 5 B T AT RE.
2.1 BRI BI & FUE i B H 7 5K

AT T 60 2 SR K0 IO P st B RE 1R Y BLL 1 56 J2 B % S s 43 i I B4 B S AR
VA%, A B H I HR 1 SR E RS I R BE H I A RFTDY S5 (1 HY B0 4 7= A 9 10 1o
it oK BN 3E S R SR I S RSO 43 AT 2 T A OO0 RS T R A R R
HL 85 3 ok RETD i J S I R 0T 38 991 2% 28 357 ot » 00 £ 78 o AR 137 . S ARL i 1 ) 340 55 AR I
75 A B R B L O S B AR A A3 A 45 AL L O A A DS IR 55 LU P R S B BT A
SR 1 EESREE 4 B R LA G A Ak B X4 B (U Hadoop Ab FEAE 22 ) 1) 52 B 22 15X 43 #F (in-
teractive analysis)§% 78, Fr il SE i 22 B2 40 A a2 48 - F P R 2 S5 158 09 43 47 o g B ). %
TXRE B LT 5 3K 5 A SCRFE 2 2 55 A B, 58 T 00 BT o T S I 2500 A A S X0 A% 56 1 S0l A T
B HEAT FHT AL L 5 AN R X R A R RO T 0 AT A A L BV I M BN SR AR
SR B T BN O P SR E T X TS S SR A3 BT I 55 AL il L e A n BB L IR A SR
HE OG5 BT 5 Jo 03 A 285 458 A 500 A At v 1 307 398 5 & A0 A 23 A 45 S TR T TG 32k W A 5 o B ARG
(4 52 2% 53 A7 U A 55 . T — 728 Al 2 B5 s A7 it B X i A2 Ak A7 6t OLAP Jy 210 4% 5] A7 fitt
B AR . B T YO 2 )5 o A5 G W AE 2R 43 AT 1 JR) IR e ok e B S5 L A B e AR RO R T R L 3%
P R A0 B JE (AR — S A B U 55 4 BE (self-service BD 42 . £ 48 BI k5%
W BRI RN GGE S E 220 SQL G SC 8, A 85X BI T 282 AL 5 5 7 50 5 1) 43 B
WHE LSRR R A G 43 B 75 K.
2.2 WA S AE b OB 43 B

BE A PN A7 ER P i A i R i o S ik 22 B4 B 4 R T B A B P 4B, 2 SR AR 4R T
%5t BI B4t 43 A7 Bt 85 v B8 2 350 4% 1 5 1 AT S SR X8 8 BT IR 55 . iIX R R 1 & 58 vl B
1 o B AL

o fEGEHY B 4 5 3R S8 R8O A AR 2 R A ATl Al s BN S /NS
AL E A, AR TR ST RS A R S5 S5 A S i B O T SE e A B L Ay
B AL, DU B At AT A oMl R S s RS 9] G o SR IR A Sk v A SR A B T A LAY
B STk A B A B A I 0 A 24 AR BN A B R T LK e B TH 45 25 ik BI 43
S I R SR 1) g

o HHTS A TR B AL BIR 55 26 61k UL . 8 BE HL X R Ol B R A P A RS I S
&, LR BRI — /N B i) (8] & 3% — U ST AR B L L ) J A b R B L T DL SR A A
25 4 v ) A R SR A R K R DAk B S T T TR A ) 3 A A
iF L R AE B ST e AR S5 S L T )R] LS B A A e . Bt B A R b oA R
AR E REID J o 0 AT LS i B 38 001 5 ol A P A0 RS B IR A L PR AR 1 00 45 . L Ak
P il L



5 B GF AR SR TR S U o T 221

o T S3AT Y B ST ST PSR R BV W) a8k o3 A s g AR R L 2 R A AT
A T R A T B S B O A Bl o R ST L A A R R A TR A E 1T
T il Y 5 BB 06 B I ) L 36 T A

HAiT 0 A N AF U S AR e 52 B 7 MOR B A5G IR E B T — 28Rk R 48,
SAP ) HANAP [IBM 4 solidDB™*! | Oracle ) TimesTen" | Stonebraker [ VoltDBP
S HIZ X R GERL A A T R 1 58 3 AR,

3 MEAZ R R A NG EBITH B

VU 22 AF K TR BLRE 1 1 o R TR R 1) 2 PN 7 25 5t R PN A U7 IR P B T B B L i
1538 3k N AE S B 1R 55 K0 L O B AL ST A3 A AR 55 Bk AT RE. TH S LA 1 R R AR R T 1 i
B D FESE AR N AERE G R AR TSR R M R AR T B AR AR, ik A
ORI IT BT 3 T A TR A R AR AR A RS A T ROR.

THE AL {75 PR BE 1A 2R 45 48 75 1 A T8 Ak o (75 DY A2 55008 A B R e U A SRR 40 £
R AT TN AL (CPU, NAF G 45 55D FE 25 i FMEBE AT T A R I 42 o R ) 2 Iy
FEAS T R 1 1 L EL A T A7 PV St 508 79 B8 T 5 T PN A 2 o 0 RS SO T
WK AR Ry T Rk — A AT T 2 2 KRR I 2 A7 50 5 A o
T 7 1A 38 B A D RE S A R 5k A ) RO (AR PR AR A A R 1 2 R R R R T
Z NG AL SR AF I SR | 2 R B S N A () SR A 5 P A B ) RS A R DA I B [
A% (SSD) AHAS FE A 2% (PCMD 46, A TR NLAAAR 254 & A T R A8 Ak, o] WL 1 H LA i
RS R B A TR KA $A0h T BOBUE & P ZR (W B ORAR L — T £
AR DR ER X Y I S HLAE PR 2R H 3 & 1 DBMSY, DLW OLAP R S8 1E B b,
O 28 J0 1538 0 S i T B AL A G A B TE Ik 8 0 R AT S AL I M BE. k. TR —E 2
R B30 A0 7 R A L T A1 K A RSO A R — AN T B L D S BB A B T =
b B AR R H O B LA L I A
3.1 G — WAV (NUMA)

Bl A F AR Z BRI R R 5 G IR 55 25 0 A 11 RE A% U7 0] 3 A7 Ak B A% 0 (core) I L
FOR R 2. SR T A 4 A B O 3 Ao e 5 R 1 S ) DA I8 A2 R K B A U
] A . F o2 AE S — AT I (NUMAD 1 IR 55 35 7R 28 2840 B 32 1 AR 72 1% AR 48— N A7 U
[FIHLE T B AL B A NE T A N, I 2 BiR. £ NUMA 355 T . 40 #4885 Ak
P 2% 2 6] 3 37 QPI(Quick Path Interconnect) i 28 % 3 . 52 915 &b 33 2% 1) N 77377 9]

£ NUMA R8T 55 & 0 N AF 2 B N APl Se i 380 iR 7. fildn, — 5o A
2 ANREFRER PR 55 4% . 1T LAZS A0 768 GB INAE s 1 — S & A 8 AN Kb BEER 1 IR 55 #5169 N A7 7]
PLIKE 3TB. 4n 2R 4% B 2014 42 4E h (i NAE M A T H 58 3K 768 GB INAFAX R 6 000 3£, 1 3
TB W NAENREAUE 24 000 364, INAENAE KR F BE A2 5 09 R b 7 L (645 AR 50008 3 &
il . NUMA (9 il 55 25 R AL N AR 25 1 KB BT [R5 T
W R HETE. N A7 1) 22 308 38 3% H2 7 2CRB I8 I 42 THE AN IR 55 45 vh N A7 U 8] 19 5 556 N A7 2238
BT AN E 3 IR, T — S8 A P AL B AR 09 IR 55 45 10 5 . A0 R oA Ak PR A A L Y
AT 1Y ZRAT NAE IS 40 6 I 55 25 BB 0% H AT 1 B0 N A7 U [0 9 T LK 31 102, 4 GB/s.
B AT L NUMA SR8 T L 55 % 0] L2226 K2 o 19 N A7 O ) 3145 2 8 1 17 [ 4 9.



222 IR M R 2 2 4l CE SRR 2 O 2014 4
WFFQPI
QPIHE P
QPIEEN
QPN Wi
4
QPHER | gppg B 2 S
e HAQPI
% Et
B=ERE BERE .
Epm 3 srps 4| | QPIEER %3 —_— %4
CLI1] CL1]
(E—EZ%E | ey i
AEERE3 KeFEAR4
B2 BT piAh TS i R AR A
Fig.2 Architecture of the single processor
e RAM RA ‘Channe]A Channel A RAM RAM RAM
Channel B Channel B
RAM RAM RAM RAM RAM RAM
L . g - 0 5 _|—>
Channel C E & g z Channel
RAM RAM[ |RAM < RAM RAM RAM
Channel D Channel D
RAM RAM RAM RAM RAM RAM
DIMM3 DIMM2 DIMMI DIMM3 DIMM2 DIMMI

K3 NUMA NAFiR

Fig.3 NUMA memory access

PN 5 RIS DA SE 349 3RAT T AR R B4 B THRE I o AELR: PN A7 U ) S I 5 1T HCPE RE £ T
i 2 A B UAE Ak PR AE A A U5 () 5 T 2l 1 AR 2 00 Ak Cln o A 0 BEBCS D W (ELRE A
[ SE SR AR TR R B T 24 B 35 A 22 S G A7 1A Ak B3 A o DN A7 25080 17 [ B 3R T 2L o Jl =
R o BRIV PRA7 HH0 B Y 75 1) L BEAIL D5 1) L 3 BE AL DT 1)L i T cache A7 7 5 B0T7 A 4E I )
BRAEAL B AR N VTR E I 40 1 BT,

*& 1 Intel E5—2697,2.7 Ghz, A 7Fi 8 & iR
Tab.1 Memory access latency for Intel E5 — 2697, 2.7 Ghz
L1 D Cache(clk) L2 Cache (clk) L3 Cache (clk) Memory(ns) ~ (clk)
I e 375 i) 4 clk 11 clk 14 clk 6 ns 16.2
Bt BIL 15 1] 4 clk 11 clk 18 clk 22 ns 59. 4
EXINID) 4 clk 11 clk 38 clk 65.8 178




%5 M B GF AR SR TR S U o T 223

3.2 MR g R

Bt I 45 AR B KR s SRR hoD RO 2 98 28 T ORI B4R T ik 2014 45K
TR0 9 KR o B 28 T [ N KT IR L T — 28 20 GB/s,40G B/s 9 InfiniBand /2% 1
A AE A5 K O TR I T R A B BRI T L S AL g = ] A KR L
G AL Y.

(EE L 3 B AT FEL AR S8 A8 T B i L] o 2 2% 10T B AR R AE R L LUK
(A7 AT GeAF I AT e o ) IR o 5 326 4 T 4% 6 1 28 3 S e L A IF e o B2 2 A -3k
e i SR AR B IO 238 50 BT e ) 2% A2 B 1 IS 6 A7 TR ORI SR L AN 18T 4 B, R St
AN TR 28 Y 0 25 S 3R AN 3% 2 B R.

OS OS

OS Buffer OS Buffer

Ethemet €—125ps —)K— 125us —P> Ethemet

Software Software

Node
Node

Ethemet Ethemet
Buffer Switch Buffer

B4 B e BLR 1L

Fig. 4 Package transmission between nodes

R2 BEMEKIER

Tab.2 Latency of networks

7 9 /GB JEIR /s

1 GB Ethernet 1 50—-125
10 GB Ethernet 10 5-50
RDMA., RoCEE, iWARP 10 3-5
InfiniBand 40 2-3

3.3 GfE

i Y A TS URE G B R R R G, T DU R R RSN
HL KRB AN RGN IZ )G, BT — 25 o RS DR TH A A S BE R G TR B 2R
i A N AF SR B RGOSR 3R & 20T LU i A R 48 1/0 PEfg sk s, DI —
WAFERT R G WB L ZEHFTRERS B ETAE 24 Intel E5 - 2697 ZhHI#E,24 4 32
GB I NAESc 10 B 7 200 ¥ (1G5, & A LA 10 GB 1 LA W B 5K, &1 X6 B ik 3 £7 48
OV R G0 0 A0 B A BEAS [ A 1/ O CUn P A i 45 L 0 28 ) B 14 R0 36, 3 3 3153 7T DA 3R
A5 Ak 2 A FE PN A HR R BGRB8 T 24 T B 4 S B R 0T L A B A R 0 A B 1 B
i 2 27 A I R T SR A0 3 2% v 5 A — 5 LA PN A TR R G REOL BE  E 13 e
BRI R G RT AR TR AR SRR SR BT T L I 455l AR O S R GRS UL AL 5).

g5 bk Mg iR A NI R GRS RN S E RO R T EE
A% R GO s T k.



224 AR IR I TE R 2= 2= ik (A SR B2 RO 2014 4F

CPU CPU

4 clk/bit

13 clk/bit

Memory Memory

27 clk/bit

Ethernet
Ethernet

Disk Disk

K5 RERIMBI2 * Intel E5— 2697 A FAF[2. 7 Ghz, 12 #%,24 472 ],
24 % 32 GB RAM[1600],10 * 72 k HDD, 10 GB L & )
Fig.5 System bottleneck (2 * Intel E5 = 2697 Processor [2.7 Ghz,12 Cores,24 Threads],
24 % 32 GB RAM[1600],10 * 72 k HDD, 10 GB Ethernet)

5 NERBEEAZAGMBRREST @

HRE b3 X AR R GE R 3 A AR 40 7 AT i 85 22 B WE S50 A mT LA X H ARG
B AR 2 A LB T X J8000 0 A ) 8 5K 4 2 0 A 5 PN 77 00 A B R 48 L T RS 00
A5 3R GE R A0 F 4l AL B0 A7 A B SR | 20A SR AT 98 R AR A

(1) &1 x m PERE T 52 IR 55 s O TC AL = A SN2 N AE RGEH A AT X0 A sU R
58 Fr R F R 55 s 00 v PEBE g m SR L DL K A 08k 19 B 2R AP S WF 5 O 1 7 0 A 30 R S Y S
PRZLH Cn 2 NBRAS JE T DHT 9 230 A sUBRH 2 ) L I LIS 3R 1A o0 A 3028 6 10 4k 1L sy 2
PEATSEME VAT A AT AS R O R BRI H AR,

(2) T 6] 5 48 22 J2 IR G A7 N FE A 3R A A 19 o0 Al OB A Ry 5 R SRS O 1 22 il
A B84k U5 ) 85 3 5 4 B g A0 238 22 (] 1) AN DG 5 ) R0 C RPN A7) 5 DL B Ak 388 o DA [ 7t (R
e » HHTIR 55 fs K2R A Z AL BE 2 2 2 A7 M CANEL N I S50 — L R G4
Bl = 2 17 It i QPIC(quick path interconnect)"™ 3 4% N 77 5 4% Ab P 2%, s 91
AEGE— 176 7 47 B (non-uniform memory access) {35 Py A7 284 5 1 H AR 55 % Z A A7 16 5
B2 GAF B AN T BAFM AR EA G — A B O 413 BRI 5207 |
SCEE A7 SR S AT A SRR L BT A B 0 A A A RO AL LA L B IR 55 R Y
AT JE ) KA 45 K 0 5F Calign) (R Cpadding) 7 32+ LAJHE 5 %ok A [ J2= U 45 4 v g 3 2 A
A7 FE RV 1R) 5 45 4208 009 A A B8l A1 Jm SR L 0IBCRE I 530 7 ) SRS, LA T G A 1Y i v
X YA SR BT 5 75 B I 55 1H) 80 A 2 B TC O AR 4 1 SR L A0 81 B2 5 i SO AR
P8 DA A 8030 5 1) P B 14 B B A RN 2 A7 AR i vh RO U SO G 1/O UCBD L 81 X A7
V5 ) BEAL D7 1] (4 R 1k CREAL DT 0] 2 22 B o O C) W B 407 (0 B A7 4 BE R 51 mg . LUIE TH 5%
PR RO, TER R RECREREE T Jo Hi B A S0 i 48 4 1R BT A B0 A Ry L R 51 SR I KO
& X N VRO R

(3) P5H% S AL PR B 55 A 1) 2 R0 R AT AL FRAE SR A N2 NP B E R S 2
WERF BN L ERENE SRR B AR RENIIEA DR RS 15 2%
JE Bt B SO BT AR O A Ak PR L B A T 5 0 2 TR L Y ER L R AR S R A
ZAB] ARAE AR I AT RN LR TE R G IF K B2 v N A B 1 R e Y R R L



5 B GF AR SR TR S U o T 225

[ Jeg 0 B T] JRy 3 ) oAV 0 45 15 S 5 T 3 T PN A7 50 1 [R) P i s B3 2 il K Rl
AL AT AL BE (A1 MapRedue ) HESE s 3 35 U N AF LT 47 A0 BEAE 22 CRF TCARBL R 50 »
LA R 4524 100 Rl L7 55 R RE A Bk MO 1 Ak B OK

(4 ZAFIEIN N AF BB 70 A1 OB — BOPE 44 AR 80 B 5 R I 55 4 TR v
AR ROR A 25 0k s RS PR RO B A 0 SR R BEDRT Y B R SR G S R SRR
A I I A ST LGRS RO A -5 A =2 T PR 4 — B RO 00 A R R 1 Rl K
EVERE. P IL R AT S NI N L AT A R R R R A A O R L L B2 A
A7 5005 A — 2 Ccoherence) . W5 7 B A K4 — B 4 47 5w CUn o B o i (] 480 45D
SEPL AR GLANRLEL SRR B 9 S .

(5) B2 i G CHE T A LT B T A RO St A B 25 BB A7 A i AT R DL R AT
Wl 55 CPU b B R 22 [8] (8 AN - 1 3 2o A 250 10 8000 s 46 B AR ol L3R i A A 19 6 2
RGP CPU B SE 15 I8 6] 38 QP 58 1 A1) T W1 50 30 5 8 0 M 4 HOR L 3y (e s
6 AT TR D R A T 1 e 2 B A T A AR T I R S RS R I Lempel-Ziv G5 55
G5B AT VAT B A R R S BHOGE 22 907Gk 14 445 g A 80308 a8l 20 40 A B30 1) s 4 Ak L 32
1+ A0 A B R T 5 s 20 S R 4 £ ) PIATT A e 4 R 1 B A o A R A DL — AP R
T ECHE Ak 3 RLPE

5 ;“:é: 2%

T 55 8 RE AN W XoF 52 sf 58 B ORI 2 A 48 T B B SR T TSR BILRE A 14 2 R e
AT EAR 1 % (A A7 28 i NUMA 773809 458) (45 N A7 SR 0T 50 2 22 00 AT RES HL
oK R 1) F2 B A [ B PN A B R B Dy S e A T R Ak AR AL TR (4 Rl S o A 2
ST 2 A SR T TS AR T A0 R IR R A PR 2 RS R G AR RE RS O T
eI — L [ I 25 1 KON A A 1 78 A CRIAT R L % 1) N ) IR AR TS RS )
A AT AL B SR AR I R O T R E S A )

(& % x W]

[ 1] STONEBRAKER M, CETINTEMEL U. “One size fits all”; an idea whose time has come and gone[ C]//Proceed-
ings of ICDE’2005.

[ 2] STONEBRAKER M, MADDEN S, ABADI D, ], et al. The end of an architectural era: (it’s time for a complete
rewrite) [ C]//Proceedings of VLDB’2007.

[3] GRAY J. A Conversation with Jim Gray[J]. Queue Storage, 2003, 1(4).

[ 4] THACKER C P. Improving the future by examining the past[ C]//Proceedings of ISCA’10 .

[5] BONCZP A, KERSTEN M L, MANEGOLD S. Breaking the memory wall in MonetDB[J]. Communications of
the ACM, 2008, 51(12).

[6] HASSO P, ALEXANDER Z. In-memory data management: an inflection point for enterprise applicaions[ M].
Springer, 2011. 11.

[ 7] Von Neumann Bottleneck[ EB/OL]. http://c2. com/cgi/wiki? VonNeumannBottleneck,1973.

[8] INTEL. An introduction to the Intel QuickPath interconnect[ EB/OL]. http://www. intel. com/ technology/
quickpath/introduction. pdf, retrieved January 14th 2011.

[9] LI K, HUDAN P. Memory coherence in shared virtual memory systems[]J]. ACM trans. Computer Systems.,
1989, 74(4) . 321-359.



226 FETR I TE R 22 3 CA SRR O 2014 4F
[10] Fleisch B, Popek G. Mirage:a coherent distributed shared memory design[ C]//Proceedings of 14th Symposym

(1]

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]
[20]

[34]

[35]
[36]
[37]

Operation system Principles, 1989; 211-223.

LENOSKI D, et al. The directory-based cache coherence protocol for the Dash multiprocessor[ C]//Proceedings of
17th Int Symp Computer Architecure, 1990 :148-159,

BENNETT J K, CARTER J B, ZWAENEPOEL W. Munin: distributed shared memory based on type-specific
memory coherence[ C]//Proceedings of principles and practice of parallel programming, 1990.

STONEBRAKER M. Managing persistent objects in a multi-level store[ C]//Proceedings of SIGMOD,1991:2-11.
SHENTH A P, LARSON J A. Federated database systems for managing distributed, heterogeneous, and autono-
mous databases[]J]. Journal ACM Computing Surveys, 1990, 22(3).

WUIF W A, MCKEE S A. Hitting the memory wall: implications of the obvious[J]. ACM SIGARCH Computer
Architecture News, 1994, 23(1). 20-24.

HENNESSY J L, PATTERSON D A. Computer architecture: a quantitative approach[ M]. Morgan Kaufmann
Pub.2002.

SHATDAL A, KANT C, NAUGHTON ] F. Cache conscious algorithms for relational query processing[ C]//Pro-
ceedings of VLDB’1994, 510-521.

HE B, LUO Q. CHOI B. Cache-conscious automata for XML filtering[J]. TKDE,2006, 18(12): 1629-1644.
ZHOU J, ROSS K A. Buffering accesses to memory-resident index structures[ C]//Proceedings of vldb’2003.
BONCZ P, MANGEGOLD S, KERSTEN M. Database architecture optimized for the new bottleneck: Memory
access| C]//Proceedings of VLDB’1999,

BOHANNON P, MCLLROY P. RASTOGI R. Main-memory index structures with fixed-size partial keys[]].
SIGMOD Record, 2001, 20(2).

CHILIMBI T M, HILL M D, LARUS J R. Cache-conscious structure layout[ C]//Proceedings of SIGPLAN’
1999.

bOHANNON P, MCLLROY P. RASTOGI R. Main-memory index structures with fixed-size partial keys[ C]//
Proceedings of Sigmod Record, 2001, 30(2).

CHEN S, AILAMAKI A, GIBBONS P B. Improving hash join performance through prefetching[J]. TODS,
2007, 32(3).

AGGARWAL A, VITTER J. et al. The input/output complexity of sorting and related problems[J]. Communi-
cations of the ACM, 1988, 31(9).

HE B, LUO Q. Cache-oblivious nested-loop joins[ C]//Proceedings of CIKM’2006.

HE B, LUO Q. Cache-oblivious hash join, Technical report HKUST-cs06-04,2006

FRIGO M, LEISERSON C E, PROKOP H, et al. Cache-oblivious algorithms[ C]//Proceedings of FOCS’1999.
BENFDER M A, DEMAINE E D, Farach-Colton M. Cache-oblivious B-trees[ C]//Proceedings of FOCS”2000.
BENDER M A, DUAN Z, LACONO J, et al. A locality-preserving cache-oblivious dynamic dictionary [J]. Jour-
nal Algorithms, 2004, 52(2).

YOTOV K, ROEDER T, PINGALI K, et al. An experimental comparison of cache-oblivious and cache-conscious
programs[ C]//Proceedings of SPAA’2007.

AILAMAKI A. Database architectures for new hardware[ C]//Proceedings of VLLDB’2004.

HE B, L1 Y, LUO Q, et al. EaseDB: A cache-oblivious in-memory query processor[ C]//Proceedings of SIG-
MOD’2007.

BONCZ P, GRUST T, van KEULEN M. et al. MonetDB/XQuery: a fast XQuery processor powered by a rela-
tional engine[ C]//Proceedings of SIGMOD’2006.

FASTDB. 2002. http://www. ispras. ru/ knizhnik/fastdb. html.

TIMESTEN. 2006. http://www. oracle. com/timesten/index. html.

KALLMAN R, KIMURA H, NATKINS J, et al. H-store: a high-performance, distributed main memory trans-
action processing system[ C]//Proceedings of VLDB’2008.



5 B GF AR SR TR S U o T 227

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

(497

[50]

[51]

[52]
[53]

[54]

[55]
[56]

[57]

[58]

[59]

VoltDB, 2009, http:// voltdb. com.

HANA,2012,http://www. sap. com/solutions/technology/in-memory-computing-platform/hana/overview/index.
epx.

Memcached-a distributed memory object caching system, http://memcached. org,2003.

Membase, http://www. couchbase. com/membase.

OUSTERHOUT J, AGRAWAL P, ERICKSON D. et al. The case for RAMClouds: scalable high-performance
storage entirely in DRAM[J]. ACM SIGOPS operation systems review,2010, 43(4).

ROSENBLUM M, OUSTERHOUT J K. The design and implementation of a log-structured file system[]J]. ACM
transactions on computer systems, 1992, 10(1).

ONGARO D, RUMBLE S M, STUTSMAN R. et al. Fast crash recovery in RAMCloud[ C]//Proceedings of
SOSP’2011.

Resilient distributed datasets: A fault-tolerant abstraction for in-memory cluster computing, Resilient distributed
datasets: A fault-tolerant abstraction for in-memory cluster computing, Technical Report UCB/EECS-2011-82,
EECS Department, University of California, Berkeley,2011.

POWER R, LI J. Piccolo: building fast, distributed programs with partitioned tables[ C]//Proc. OSDI 2010,
2010.

YU Y, ISARD M, FETTERLY D, et al. Currey. DryadLINQ: A system for general-purpose distributed data-
parallel computing using a high-level language[ C]//OSDI’08, 2008.

OLSTON C, REED B, SRIVASTAVA U. et al. Tomkins. Pig latin: a not-so-foreign language for data process-
ing[ C]//Proceedings of SIGMOD 08, 1099-1110.

CHAMBERS C, RANIWALA A, PERRY F. et al. Flumejava: easy, ef? cient data-parallel pipelines[ C]//Pro-
ceedings of the 2010 ACM SIGPLAN conference on Programming language design and implementation, PLDI’10.
ACM, 2010.

Storm, https://github. com/nathanmarz/storm.

MURRAY D G, SCHWARZKOPF M, SMOWTON C, et al. Hand. Ciel: a universal execution engine for distrib-
uted data-? ow computing. In NSDI, 2011.

EKANAYAKE J, LI H, ZHANG B, et al. Twister: a runtime for iterative mapreduce[ C]//HPDC’10, 2010.
BU Y, HOWE B, BALAZINSKA M, et al. Ernst. Hal.oop: efficient iterative data processing on large clusters.
Proc. VLDB Endow. , 3:285-296, September 2010.

MALEWICZ G, AUSTERN M H, BIK A J C.et al. Pregel: a system for large-scale graph processing[ C]//Pro-
ceedings of SIGMOD’2010.

SolidDB, http://www-01. ibm. com/software/data/soliddb/

ZAHARIA M, CHOWDHURY M, FRANKLIN M ], et al. Spark: cluster computing with working sets[ C]//
Proceedings of the 2nd USENIX conference on Hot topics in cloud computing, 2010.

Garter. Gartner Taps Predictive Analytics as Next Big Business Intelligence Trend, http://www. enterpriseapp-
stoday. com/business-intelligence/gartner-taps-predictive-analytics-as-next-big-business-intelligence-trend. html,
2012. 4.

SCHAPRANOW M P, KOHNE R. ZEIER A. Enabling real-time charging for smart grid infrastructures using in-
memory databases[ C]//1st IEEE LCN Workshop on Smart Grid Networking Infrastructure, 2010.
SCHAPRANOW M P, ZEIER A, Plattner H. A formal model for enabling RFID in pharmaceutical supply chains

[C]//44th Hawaii International Conference on System Sciences, 2011.

(RERE HEFE)



