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Abstract: In 1999, the research of database systems’ execution time breakdown on modern computer platforms
has been analyzed by Ailamaki, et al. The primary motivation of these studies is to improve the performance of
Disk Resident Databases (DRDBs), which form the main stream of database systems until now. The typical
benchmark used in those studies is TPC-C. However, continuing hardware advancements have “moved-up” on the
memory hierarchy, such as the larger and larger on-chip and off-chip caches, the steadily increasing RAM space,
and the commercial availability of huge flash memory (solid-state disk) on top of regular disk, etc. To reflect such a
trend, the target of workload characterization research along the memory hierarchy is also studied. This paper
focuses on Main Memory Databases (MMDBs), and the TPC-H benchmark. Unlike the performance of DRDB
which is I/O bound and may be optimized by high-level mechanisms such as indexing, the performance of MMDB
is basically CPU and memory bound. In this study, the paper first compares the execution time breakdown of DRDB
and MMDB, and the paper proposes an optimize strategy to optimize the memory resident aggregate. Then, the
paper explores the difference between column-oriented and row-oriented storage models in CPU and cache
utilization. Furthermore, the paper measures performance of MMDBs on different generational CPUs. In addition,
the paper analyzes the index influence and gives a strategy for main memory database index optimization. Finally,
the paper analyzes each query in the full TPC-H benchmark in detail, and obtains systematic results, which help
design micro-benchmarks for further analysis of CPU cache stall. Results of this study are expected to benefit the
performance optimization of MMDBs, and the architecture design memory-oriented databases of the next
generation.

Key words: MMDB (main memory database); TPC-H workload; processor characterization
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18] T4 o 1 M5 AR AR R R T A5 HT DBMS fEAL TR 55 b 69 23X LA %, TAE 3 & A A 44 3% & DRDBs(disk

% 7 % #(memory hierarchy) £ & #f o« L 457 4] 4o 558 A R A K 4978 B M 4 A (on-chip caches)fe & A 9% &
(off-chip caches), 7~ A kA% X #9 RAM,Flash Memory % 4.4 3t 4 32 5§ AT 49 F 50 AR B 2 L 457 B A,
M #4#% MMDBs(main memory resident databases) /£ 7+ H- 25 £ A! il K T a9 2L B BAT A 451 o T AR A HIB B oy %
WA R A VOB M~ T AR R3], R SFHEARBATHA R T, N AR G AR HE TR ESFNAZ
8] 64 B A ST AT I — B, B AT T B AR e N A EE R TPC-H R T A ZE B M AR 09 £ 7,54
BT A AR T 8 IR T R R B A RIS LA T R AR R M (T AL 5] G L
BARAFEGERF FIRERT T—RAGERIEFARR M T BORRT EWINTART RN EE S BEH
8% S R T &I MMACE DR B 42 B — AN on X A T 3746 W 54048 & £ DSS(decision support system)
BT AL E QB BAT A4 AR LR ETT T —RAILE L)W A2 AR R 4T e e b 4R A
— R0 K IR

EEIE: AAIE A TPC-H R 8K 2 B4k

RE5ES: TP311 SCERFRIRED: A

B 45 PR R 4t (database management system, fij /% DBMS) 7E A0 Ab # 2% il % 2 B B 1
IPC(instrucions-per-cycle), JU & 7E DSS iX Fli it 52 A 784 (1) 12 T, 1 OLAP(online analytical processing). 2 4t
PRAZR . Hedm s i 2% U 5X 26 B A0 X 28 N F N ,DBMSS 0 Ab 3538 (1K 1) R B, H T, AT VSN LR R 45 R A
s PEATT SN GURE I ) L 45 T T AN ORI SO R, 22 SO 58 8 TP 7E DBMS 71 2 A 4 480 0 A 22
% AP D0 (9 23 A, SCRR 171 8 SCRR[2T AT 7T 45 RAG 2 1) 32 (1A AT, Ailamaki 55 AAE 1999 45047 1L
AT B PR B R A AL FR A LRI () T8, 5 A A B2 110 £ K A PR AT 1 0] 43 i A < Ak B8 () A R B
IFR] S Ah BRGS0 GRGEAT 7 R W LB IR (stall) IR (]« 73 SZHR A TH0I 23572 1M 7 A2 0 G 38 1 (1) LA B DR AN ] FH i = A=
(1 G S IR ) 55 J L3 43 FEWE 7 45 SRR W AL PR AR (E DBMS (A S8k R, KH40 IF IRI(GE 50%) 4k 45 ¥ (stall) TR
AL A FE B S 1 R4 2B A7 (L, instruction cache miss)F1 5 2 28 B ¥ 9% 476k X (L, data cache miss)/ 5|
B 5 1 e 2 11 s R At SRR, Gt SRR [3—7 1 HEAT T AH O I 9T A AR SO ATF 034 2 A 5 I 1) A T
V22, R T % 2044 )5~ DRDB(disk resident databases) T &1, 34 H A7 & W57 DRDB 76 4L BE#S I (1)1 GE R S0 R &R AH
KA W FERE R 55 b, E T ST A B85 & R AF bR AR W 2 B0 AT 45 URS i 3 it DRDB
12 B Ar LR BRI 20 SE 867 6 & FE T 24 IS 1 AL FE 2% 49 4 Intel Pentium,Pentium Pro Z5.4R 1, b A5 4k 32
2B AW 8k 25, G TAR Ak B 28 114 6L 137 04T (out-of-order execution). 2 £k F (multi-threading) . % 24 2% 17
(multi-level memory hierarchies). % 1% (multiple cores)Z5 %5, 4bH 2% (1 5L fE H W AEAS Wi 88 55 384 DBMS )
PR SR TN W28 . 2 RS IR . OLAP 45 A5 75 M AL BT 25 11 38 20 vh 3K 35 W 23X 2 61 380 7E A 2 3%
PR SR AT 4 2DBMS WA WA A B 45 R B 0 B T AT T T LU 78 40 R I A AL 2 2 1
TRV RE D) 23K BEH R (LA 511 n) .

FFLL WL A SCIEFT T N A7 208 14 MMDB(main memory resident databases)#E TPC-H 2R 413, T,
ARAL B % (1 RE ke 22 15 2(Ttanium® 2) F (K947 49 51k LA S VE BRI S 2 T AR XS Py A7 5080 R TPC-H S 2 ik
AT SE, A HE T 1T 2% B8 B A AU s PR T 8 LS PR AN W 8 D T A 110 508 T8N P9 A7 R AT Ak 38 1 ok T
S5 L, 64 A7 A B 2 R T, IR KRR B M 0 T v SN AR BT A 32 A AR AR £ T 4GB
DY A7 2 R T 64 {7 A 3 48 14y s 1ot AL A7 5 R BEE 10l 17 179 869 184GB. AT, 22 Ab HH 2% 1) HH LA 75 HF4T T A e A
R A K S, N AF T LA 4 K240 OLAP N I8 Al B0 , 26 AN A ok 36 N A7 308 2 1)
OLAP M1 i 5 ) 52 b . b T 5048 v LA H 70 N A7 U () BRI T 28 498 W DAL A5 00 2 V% o 2 () R 8 ok i 5 T
R ER VO SAS [, 9 A7 B0HR 12 (R R 30U7E T A B 28 0 P A7 2 18] (0 040 28 3 AR TR b, 75 B2 337 40 BT X 8 41
AT A EIAT R,
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M MR B Z R EAR RGO L LB, RN 5 5 BRI 15 i 28 4% (on-chip caches)Fl
U A2 4 (off-chip caches) 2% KA ) RAM(random access memory )&%, K] i, 471 8% 43 87 O 5% 146 th Y
Bz« BBl b, FATE I — RANSZIHIIT 0 T TPC-H G R BIACAN T 2% (1047 4 4 ok Ae b R 2 7 1T, 3R A1
HEPE T 22 R0 A i AN SR A A B Ak R R R I SCHR AR T A A7 Sd AR AL B g
FHURE S 1 A AT AH OG5 LA

AR SO TR TR A QR i 5, A AT T AR B T N A B AR TPC-H S 28T (W AL R 28 M fi R 00
72 50 R K P9 A7 EO R I AR B AR RS T — I T T LA S L SRS UL TR A A A R 4
FIAT A2 5 50 A fifh ) b B8 R FH 26 1) 22 3 A F 50 T 5 | 5 R 0T Ak B 25 22 G 2 A7 1) s ) e i, a5 3, 3
148 — AR R VP N AF B0 FEFE DSS fuad ™ AR H 88 1 PE B8 AT R e Pk AR ST E 91 25 SR A5 B
PR —ARAL R 1 R A A7 H AR R 45 4 e vt AR RE AR AL SR AL — 5 1) SR B Ak

AICEH 1 AE AT E R B AR CHE SR R LR 2 WA S A A ) A A B P AT IR L A
TPC-H #5053 545 S U0 BRI 50 4 15 VR 40 40 A7 S0 25 SR DL R FRATTHZ HH (W DL A SR 55 5 1904 SO 45 94+
AR TAEJ7 ).

1 AXIE

Shreekant ¢ A7ESCHR[3]H 1 T T DBMS P BE 5 WA 1) 0¢ &, % CRkIF5E T DBMS 7 OLTP(online
transaction processing) 1 4% T Wiu] K 22 AN BEFE 40 BT 22 A [F) 1) Ak R 1l T 4 s Bl i AR e IR P BRI U7 kL
4h Maynard 25 \7ESCHR[4]T 00T T 5 R BEZE TPC-A A TPC-C 4T 6 Ak 2R 2% 5 52 0, LT 97 45 5L 0,
WAL PR S5 1 29847 (level 1 cache)ff) 85 Al DL i AL B TPC-C 2R 14 574 BE )1, 1M R} 22 1 5125 (1) 514 (TPC-A)
FAHE HHRTHI A3 . Rosenblum %5 A 7E SCHER[STH (0 70 45 SR 38 W, HUAR WA 1/O 2 B4l J 11 5 2300, 1 Ak 3
BEAEAL L OLTP 2R G4 T 50 %6 [ I ) 2 b 152 EDR 25 100, 777 2 45 35 110 Do DT 32 B2 oy A 3 9 1 22 A7 B 2R
(cache miss) & f 1. 7F 73 AT 250405 22 67 4t A B85 R0 FH 475 00 RO AF 2 o SRR (2090 BT 17 4 il D 5040 2 - i
DBMS f£ OLTP Hl OLAP P56 8 T, 1t pli b B 4 45 i 1) 32 2 B DR oh T A P8 19 26 1 i 18 4 S A7 ) e 2%
(L, instruction cache miss)FIZE 2 2 ¥ 54 D247 (1B} K (L, data cache miss) i 5]k fiey. A S HRE7 A Z Ab B %
SEG 0T T DBMS [ R GU A b A SETE 5T AT KT OLAP 28708 R 40, 2o STk (7] 170 A 2 S k02 ) f
OLTP 1l OLAP P& 4 A0 HEAT T 9158 LA b W 50 38 W 70 £icdlt 2 1 3 b £ 28 b, OL AP 28 4 40 AH XS T OLTP 28
G AT Ak B8 ) FH A L A A R 50— SR A SR AT 5 | 1) A B8 e i i A A R A
(1 2 SR R O 3R 0 SRR, 0 A AT K P A7 5080 122 A AR A 3R 8 1 K04 Sk B AT 43 T 1 SC iR

2 ETiFAIBERETE S EESLS TPC-H fi g

2.1 TEMITESLIERS ERIET (8] 9 fF
TRAC A R R 45 4 R I K 8 7 AN PHAT . — 5 FR A 7R AL B2 F 5 Rl 23 b JUASAS R B BOR AT AN B
PAT B A 2 7] 25 7 R T 28 A5 2 — A B B 4 4 AN A S B 45 SR 0 4 78 U /K 26 Hp = A S IR (stall) IR AR Ak 21
HON T v X Bl e R 3 SR T BAR LR B AR : JE BH %€ 2% pl (non-blocking caches). il ¥ #1447 (out-of-order
execution). il #1417 (speculative execution) 14337 Filill (branch prediction), {H ZE iR {15 AN fit 58 4 # 8F 4. [R b, M Ak
TR (AR LR, — AN B P A v 1R B T (Tp) W BA A3 2 AR JLAN 843 :CPU A 20T LI ) (Te) S A7
Y RE SR B (T )~ 73 S T00 2% 5 7 2B RGBSR W) [ (Tp) 8 YRR 2R = 2 I B AR W) [R] (), 73 A0 DA L & ARy A T
B(Tovy), A 1 A sUSOTE A A PR 381 65 B Te M B AR T S5 e 20, % 1 4T AR
(DFEZIES2 KL R E T 65 18 AN A (0 VE 4 5 fid:
Ty =T-+T, + T, + Ty — Ty (1)
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2.2 TPC-HEE MR

TPC-H J& TPC AL A9 AR A e 5 S Fp AR A — AN AR. H A, 7 2% AR S A0 b S8 R ek
PP PSSR B 5 N R E BE. TPC-H FEHENNAZE i TPC-D(th TPC ALZUT 1994 45 5E (R bnfe, I T P 3R
SRR FR G0 TH IR SE R ) R R K K. TPC-H ] 3NF SEIL T — AN & JL s 8 ANMIEA SR, ILE e =]
BLBEE I 1G~3T ANZ5 TPC-H A IIA L4 22 4 A H(Q1~020), H T ZE VP b i 2 A~ 20 1 15 i 12 I ], B DA 522
AL 1) 2 45 SRR 0] BT A I R). TPC-H JEAE I (4 i A JE QphH@size, e H R BN RGEHAT A A if
11 P IR size 2 BUHE FE R IR RN & RE A6 S it tH 2R 8 7 AL B A ) I (98 0 TPC-H. & R4 SLSE 7B i
AT IR R A A 3K A A58 T BAUP Al — 4 A K A B VA 10 G B e 2 8 BT F 2, TPC 4L Ui 114
TPC-H b a2 T Eodh G 128 s i 75 5K, JF ELAS A AN]R8 LA T LAY e 32 I A A 1] A2 L.

Table 1  Execution time components on Itanium® 2

R w2 VA LT A ()55 4R

Tc Computation time of CPU
Stall time related to memory hierarchy
T, Tiip Stall time due to L; D-cache misses
Tpir Stall time due to L, /-cache misses
T Tiop Stall time due to L, D-cache misses
Ty 2 Tra; Stall time due to L, I-cache misses
Tis Ti3p Stall time due to L; D-cache misses
” Ty31 Stall time due to L3 /-cache misses
TorLB Stall time due to DTLB misses
TitLB Stall time due to ITLB misses
Ty Branch misprediction penalty
Tr Resource stall time

¥4 B TPC-H A, B AT AT WU R P SEBL T TPC-H ZEUEDN G, H 1L DSS 28 f e A SCIIE 58 0 T 1%
AN FE T PAE I OLAP 25 42 Ak P A7 Ecds 22 (1) — Bl 22 1 Y B 20 N A2 1) OLAP & 4RIXFE—Fh
AR s I T A5 1) 70 A 0 A A v 4 0000 I a8 380 P9 A2, 78 A A OGS 0 EAT 5 b 5 AR 1K OLAP 230 B ARG T-4%
ST HERLTY OLAP T 5,47 OLAP [PERERRIE . AL . Pk AR 20 2252 - 2 Ak RAM( AT, T AN A
AL )R WA AT A7 OLAP [iidg AR ) [, n] BUMH R SCRE RS 23 25K g 20 RNV 58 JR 48, I 52 A8 o A X
oy SRR HT MTZE LA PSS N AR OLAP JT s A 0 47 b 2, T DA LR AL 1R A 5¢ h LA R AH IR 1 T
AT AR PR B L 1 58 B AR AH )1 A T L SE OB 26 DLRT7E RoR B & 5 AR ATAT 1 AR H ar & 2 5
JUAN) LW Applix,QlikTech 1 Panoratio Database Image T 4f#F 5T N £ OLAP 7 .

3 RRIMNEEMRAE

3.1 BEHINE

S (R PE S5 pe s Horh - & R JE T 2252 1¥) HP Integrity rx2620-2 45 52 A0 R3S (1) 3454 1.6 GHz, 344
3 AT IR 1 YRATIN TR A AT FIAU B AT LR A — 1R, REWNE A TN 4G 74— G R EET 25 (AMD
Opteron™)[{ HIZ 55 %%, N A7 75 04 2GB. K 2. 34 3 045 T IX P 6 IR 45 2% % R AT VEAN 5 B

Table 2 Itanium® 2 cache characteristics Table 3 AMD Opteron™ cache characteristics
x2 WEC2RPEGSH £3 DB EHFAISH
Characteristic (unit) L, (split) L, Ls Characteristic (unit) L, (split) L,
Cache size (KB) 16 data 16 inst. 256 3072 Cache size (KB) 16 data 16 inst. 1024
Cache line size (bytes) 64 128 128 Cache line size (bytes) 64 64
Associativity 4-way 8-way  6-way Associativity 2-way 16-way
Miss penalty (cycles) 7 16 182 Miss penalty (cycles) 7 565

32 EETESHA®
AT Calibrator! ™ i I & 22 i ®2 A1 45 55 Ak BE 2% % 2% 9% A7 F IR OB O 7 AR (R A AR N E) DL K2 % 4%
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TLB(translation lookaside buffer) I UKl 2K 51 1) €I B 7] A5 G, AT T 10 ) Ay 45k 3K HP Integrity
1x2620-2 JIR 55 9% I & R % A7 X TLB IERAE 5.

o calibrator 1600 500M Itanium?2

2O M A 4D BE 2% 1 R A I B8 WA I B 7T (performance monitor unit), AT LA SR 3c 3% Ab 21 28 % 28 i1 1)
RAEVHEL AT PerfSuitel Vil 4 4b L% () 44 K F 4k I 58 M ZE 1 B g 4L v PerfSuite T HALH ) psrun J&—4
A AT THL AT DUSCAR AL B3R 10 & AN PERE S 40 IRl — A XML SCHFH5 2 P ZEWCAR I 1 8 2 5040, 1 T )
A1) DL . F2 T postmaster.exe 3247 #1H] 60 42 4> &b 225 (1) 11k G 24, 2 /A 2 307F 34 Ttanium2. xml H1 45 &
o <~ S H00] DLk H 7 bR ik s .

e srun -c [tanium_2.xml -f postmaster.exe

psrun et (WAL B2k 68 2 il ¢ T A R S 0 A P 28 =00 R AR IR IR B N 5 1 24 4 G AE IR AR IR Bk
WHU(L, instruction cache miss). H5 Ml £3 1) it 2 vk £ 3fe LA — VR 2K 1 S AR IR (7] BT AT DA VE 53 i AR i 2 A7 LR

SEIR I 8] A5 2

Ly 482 8K A IE IR I (6] =L, 48 & G470 R NCHR IR Ly § 2R SR I (] )
AR UL L5057, T LA B 22 B °2 7 & B0 08T & L A v I ) 5 AL 2 i ST A X L3R 4 R s,
Table 4 Method of measuring each of the stall time components on Itanium® 2 platform

F 4 wE2 TR LA EIR I 5k

Stall time Description Measurement method
Tc Computation time Computation time of CPU
Tui | Troip Stall time due to L; D-cache misses (misses)x7 cycles
TL Stall time due to L; J-cache misses (misses)x7 cycles
Ty Tiop Stall time due to L, D-cache misses (misses)x16 cycles
T Tror Stall time due to L, /-cache misses (misses)x16 cycles
1 7,5 Ti3p Stall time due to L3 D-cache misses (misses)x182 cycles
T131 Stall time due to L3 /-cache misses (misses)x 182 cycles
ToTiB Stall time due to Dtrg misses (misses)x16 cycles
TitiB Stall time due to It g misses (misses)x8 cycles
Ty Branch misprediction penalty (branch mispredictions retired)x17 cycles
Try Functional unit stalls Actual stall time
Tr Toep Dependency stalls Actual stall time
TiLp Instruction-Length decoder stalls Actual stall time
TovL Overlap time Actual stall time

Table 5 Method of measuring each of the stall time components on AMD platform

Fz5 DA BEIF S b Ao IR N (R T
Stall time Description Measurement method
Tc Computation time Computation time of CPU
T, Tiip Stall time due to L; D-cache misses (misses)x7 cycles
) Try; Stall time due to L /-cache misses (misses)x7 cycles
7y | Ti Trop Stall time due to L, D-cache misses (misses)x565 cycles
' i Tror Stall time due to L, /-cache misses (misses)x565 cycles
TorL Stall time due to Dtrp misses (misses)x36 cycles
TitLB Stall time due to /71 g misses (misses)x36 cycles
Ty Branch misprediction penalty (branch mispredictions retired)x17 cycles
Tru Functional unit stalls Actual stall time
Tr Toep Dependency stalls Actual stall time
Tip Instruction-Length decoder stalls Actual stall time
Tov Overlap time Actual stall time

4 FERS

4.1 AEFHEIEER IR SRR LS

411 HR5500

AT S 3 AT A AF B PEAE TPC-H 7380 A PR (K47 D e A B BT Pt AN [ TR 1) 1A A7 Bl 178 AR ek
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A7 HT,43 ) J& MonetDBU VR System A(— /> i M Ak 3 77 55080 2 72 it B 25 52 B 44 BK). S B 36 T 22 1 ™2 Kb B3 g
£ 4T TPC-H FEHEMR, 2 H5 Power Test Al Throughput Test.tL 1, Power Test J& t— & 51 £ i £ 47 #4131 61 3%
i, Throughput Test J& LA IR 77 SAAT 2 4> 2 11 51 300

FRAE 55 2.1 15 TR Rl (8 3 87 5 2, AT 3 ok 55 4 AN R U AR 4T TPC-H S A8 I A B4 25 % T IF (1) -5 57
o7 LR, S5 S 1 BTAR. A TORE LY P A SO R RS O A A AR L (AN [RAT A ek B R I 2 T AR
Hdia 122 1) 92 56 4 T O L Wt 5 08 172 A Postgre SQLUY),

S S

< 70 > 70

£ 60 H_Postgre g 60 M Postgre....|
= _ ( System A = System A
E 50 B Monet g 50 M Monet

2. 40 = 40 1
=} o

g 30 g 30

E 20 £ 20

3 3

2 10 g 10

g 0 JD-_IHL-DL g 0

2 LD LI LD Lyl L3iD L3I Drig Itis ZO LD LI LD LI L3iD LiI Drig It

Fig.1 Different deep memory behavior of DRDB and MMDB: Power test (left), throughput test (right)
Pl 1 BB R 5 A B P AR AL 2 28 5 28 A S SR I T A5 % b Js g PR (e J&T) i B R O &)

B 1A LUF B AS A AR P 3R Ge A 3 1 B2 Ab B AR 1K°F & L1847 TPC-H H kI, b B 2% 1) 4E IR B
B T B 5 2 PR A B AF U (L, I-cache miss) A EH 3 2 Hdn 2 A 5 2 (L5 D-cache miss)ifi B 1. 7F Power test
NLH 2 IR A DA R R IS B A AR N )RR R ) P A R R SR R I TP 30%, 55 3 4 HOHE 28 A7 W 2R 3 13 14 Ak B
i SR I ) T 40%; ££ Throughput test 57 2 204K 22 A7 ik <7 AL ) A 38 I W) i S 3R 1 30%, 1M1 55 3 44
HU A7 5 ™ AL K T B I ) I 40%.

NI ZH 51256 &5 JLIR] IS AT DA HY RS B5OHR e AF TPC-H S A #3112 R IR N i) P A AR 58 1 dR 4 2%
ORI 3 i 22 A7 B2k LA PostgreSQL M 9], 7F Power test I,5f 1 2R A7 LGB IR 2 fy R IR
1) 38%, 28 3 GEH G2 AZ W I 7= AR R B IR o5 2] 48%;7E Throughput test 1500 N, 28 1 AR A G AF Wk 7 A 1) 22 IR
2y BRI 25%, 55 3 RAR A BBAFER T A IR 1 1T 60%%. S B FEAE 6 T2 52 AL RSP & L s
LA Ailamaki 55 A\AE 1999 #F 7 77 [l 40 B 2 (Pentium) - 155 56 &5 L2 — B0, 7] B 22 W H A0 B2 I 18] 74 3=
I B IR AP 2 (BE A A7 050300 ) TR B 8 A7 21 R g P o2 (B 120 Kb B 28 0 ) 1) i 4 G A7 32 B 1.

Ab S0 45 R S e T R ASE 204 2 A0 A A7 3805 B AE I8 AT TPC-HL IX IR BRIN AT o 1 LU Ak RE S0AF AE B
KR 7 5 N AE O AT R T 22 I 2 AL FE 28 1K) R 48 L2 AT TPC-H Sugk N 1h 58 2 AR 4 A7 B R IR 3 g8
ERAFI R T3 1) S 205 2 S A A8 ) 3 B 4 1 4 i 50 AR AR TPC-H 7 380 N, A B 25 119 3 T2 AR b 1] 7= A
TEH | A2 G Ar W NS 3 G A G2 A7 i 2R IR IR A1 S e 7 1 A 25030 P32 4T TPC-H. A 330N, Ab 28 25 1 )
AR IE — I, 28 G A e AL B (0 E 20 T SR AR A M 2.

SEUG 45 R0 A 75 A2 AE TPC-H IX ISR, N A7 Bodls 126 R D0 A SR e v I % 7% R i /D 55 2 AR 2 22 47
ISR 3 P D A7 GG B B (e A A R S5 R vt o R SIS BETE DL D0 A S0 e 45 0 1
7% R T AT R g D de D 2 B DR AF IR L B e DA R M R T I 5 v Ak B R FH IR e i i PR DR A7
S B e AL B A AR LA I H ARz —.

4.12 PRSI

Bt DA S50 A I P P A 0 A BLAR AL B b ) B, FRATTAE A SN T TR BEAT TR R BT
T k2 58 3 20 PR B 0 A i % ) R, FRATT Bt T — et A TR R SR VT S A 18T 2 s B A R A S AR, e o
TR TR AN b B 25 T S B8R E 5 0 22 9] A 22 S, 0 ek FUBORE 5 i B B0 7E A U 1) 22 i BT 38 N G2 A7 AT
I DR 2 A5 T 0 K T 38 ol FE) 1) S 38 . L A ST IR, B AT 7 SR AR v ST HEAT 471 41 70 4L A0 3o A2 v 4 N TUERAC RS £
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BT IR) JCAL T 3 A7 A 0B LN Bt D2 A7 b T A BOm A Fd T WA B IR B2 T A AF 1 RGNV
e 5 T 36 o 147 Ak B 8 S A8 F ARSI Sk B 3 BT

Cache Algorithm 1. Scan with prefetch.
Start
A scan table;
Prefetch Visit Tuple(i);
Memory Computation;
Prefetch Tuple(i+1);
) & End;
< <
[ a

Fig.2 Prefetch memory to data cach
B2 MR R AT

Fig.3 Aggregate with prefetch
SIS TV E F W RS

AV R FIRBEAT T 5230 VP A, e B0 R AR T 252 A ERE 10F & L EAT 1. 5250 v i IR AR SR
TPC-H F# 1 Qg,3X & —A LA fli(scan) Hy 3 ZEHEL Gl s 510 2 ). 92 56 (K B 0m $4¢. TPC-H ARl s B 1) £ 7= A
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Fig.4 L; cache performance: L3 D-cache miss ratio(left), L3 cache bandwidth (middle), CPU utilization(right)
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Fig.7 Storage architecture influence on deep memory: AMD Opteron ™ (left), Itanium®™2 (right)
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Fig.8 Index influence on deep memory: MonetDB on AMD platform (left), System A on AMD platform (right)
K 8 AMD 23T LRGN AL A & JOA71H 5 1 &l :MonetDB(ZE ). &40 A(47#])

F | A T £ 0T A B 385 25 SR AE HIAT D R Ik 7 A — 5 (1 5 i, HG 0 T D DR 8 5 [ A 1) o TR R i v 5
R AH b2 U — 2%, TR b, 2R 5 45 A 455 Ui 1) R0 TR 1 G 2 AN 5ORH 6 52 /0, DT B3040 22 A7+ RT LLER B3 5 2 1145 2
e LA, 24 B U7 100 A /D I8 K 2 A7 T 22 194 1) FH T AR JBCER A AR A OBUER 4 W] DU IBCHE 22 1R 48 4 200 T AT
3452 GEAF IR 2 22 M B AR R B BT R I — SRR IS PR 2R 5 I I e R A B RO i A Re 4 i R A7 T R4
P B8 LAYD R[] GBS B i M R WE 23R ATT 45 HA T — S8R A SR W Rl 80 T <70 3R 5 IR B30I & ) 7 T, L & ) 1 1%
FLAT G (R R 0, SR P BRI 4 A2 R nT e A B (i s R 2 b BRI S I SR AL TR
HF 95 A RN I FE — AN 28 A7 2k (cache  line) K/INZE A7 s e Ah, 18 BT DA FH R 406 7 303450 B0/ 40 A7 IO 2 1 R
5 T A5 A8 e A A T v AT LSO R e R R TR R B DT SR B IR A

0 R G A7 PR R W v h 7 TR BRATTWE AL AL Luan 58 AN$EH T —FREF X 0 A7 Z088 FE LA &R 51 &6
F——J+Tree, %R 51 4 14 5 B W FD T A% AH PG LA 5 U 19038 Y 28 A7 14 8 J+—Tree F= 2L i /0 A i, B2 & —A
Judy!" VHHE Sk, 22 71T A BT I SR S SO T R AN I T IR S M A R X AN I
195 AE R I A7 70 1210 Judy S5 325 Bk Judy &> 256 B IEE M, Sk 0 IE A AEM TP T
Judy TFF RLI+—Tree )75 5 DG 180 H B0 BLAEOC &I B OCEE 7 I /NS e 3T 32 AL,
TR 2 DH T BAEAE J+—Tree WM 5 J2 RIRT L 75 B2 A8 43 2 A7 16 77 20, 0+—Tree FRAR T 11 a1 B2, [A) B P9
TS ASURTI 7745 U DR /N Bk A7 6 A8 B8 AR TUAS 8 A7 SR B ] 6 31 75 22 1 88l O Tz R 5 | PRl vt
LU ARAR T3 0T LAZ DL SCHR[16].

4.4 MR ££ (micro benchmark)

{1} TPC-H FEVENNR v LAMERG 2> BT MMDB {& DSS 2219135 b (AL BE 84T Bt B RS — 21
AN B Sl ST S PR LR 57 11 1 R L A 5T 9 YA R S T B R R RE L /O Bl ey . RESE /O
BRI RS 1O S 2 A5 R P8 L 8 52 2% 0 3 N A M T 5 R 5 (1 5, L6 v B 2 A0 B P9 A7 1 R/
S E YW N AT w58 AN, AE O 7 L O R T R FR WA AR L S 2 1k 75~200 AN EATTAH RG-S
FH DA I R0 B AT I 110 35 P 1o 80, G 2 vk XK /N R BB . 2R Rk 2 E R RS . HAR LK S DSS W
AR BN AE AT BT R0 2 B IR E R A A RERE S5 R 7L V0 kS, 10
BRI X BB H . SCIRAE A IRIREBE ) 459 IR 20 A1 S 80 I 0] JE X LA B2 I 48 A R 2% o X 2 0 25 J
SRS HOE— DK T 5256 10 5 2% 1 DR kb, — A 187 5. 14 £ 28 SR AR A8L 52 2% 1) T b v o, B T il i 2 11
W02 AR AR T 00— 1) .

HHT4t 5 TPC-C LA K& TPC-H W3R £E J5 T O A 38 43 B 98 A% 49t SCHR[ 7] L% T OLTP 414841 OLAP
B35,V 2 4 H OLTP XAk (1 Uy ) 22 4y BE AL 325 454, 1T OLAP 22 2 MR K et B4 /E 1 61X — e 1 7 21U

© PEBEESAWIFET  hupd/ www. jos. org. cn



X KA F A AR EAE TPC-H fi 8 T oy 4L 28 M4k 2583

B 0 A T T B A ) SR B SR A B PR B AT 52 45 B OLTP A OLAP 438, JFIAS T 3 - 3 8. A S TPC-H
PR SRS MMDB 75 AL B 2% F (14T A 5 0 (E 2 0ol R 6 42 2% 1T L B A RE I DR b A 175 B BB i iy
A AN B R A5 250 P AL S 450N ] IR 7RG 1 7 THT RER AN TPC-H b vt 47 28 I 1) 45 AR 4.4
SE,FAT T Se X TPC-H Sk 22 AN EWAT TR 47,45 8 T A Sl e F 8 FM g s 8. wE 9 fir
RS S8 BB ATR LA TPC-H BT &l 58 8 NEHFIEE 17 A2 if)(Qs,017) E AL BB - B AT LI
TE) 3 A5 5 HEAN S 3K B ) TR 90 A B A BT TR TR A T W E B BB A7 L i o 2847 T R, 45 i 9 i
75 N AT B XA T H (O BT Q) [ RE HA SR R AR AR B AT 1 5256 mT AP 31— A7 vk B 45
T al LA A7 5 A A v QR 3N IR S R B 55 MMDB #E TPC-H G35 [ 1 A0 BE 2845 k. ¢ T R 4 i bt 5
R BE VPR 2 BATTIEAE TF R PR 7 1A

S 1007 : |-
g 90 | - 45 T 1 T
280 ‘- 3 40 1
= 70 | - 5 35 = [, cache miss rate
@ 60 { = 30
£ 50 -
S @ 25 |
=) 40 =) B |
3 g 90
g 30 [ 2
2 20 - S 15|
210 | 5 10
: b=
ZO DT 0 |
Ql QS QIO QIS QZZ Q1 Q5 QIO Q15 sz PT
(a) Stall time of each components (b) L, cache miss rate
(2) A SEIR I (1] (b) 5 1 PEATH I
35 T T T i 16
30 14 l
& 250 B [, cache miss rate < 12 mm ;3 cache miss rate
o3
% 20 1 g0
3 é 8
S 10 S
& s 4
© 5 ]
9 ~ 2+
()_Ill‘lllllllllll 11 N1} 0 . H .
0 0s O Ois 0,PT O Os O Ois 0, PT
(¢) L, cache miss rate (d) L; cache miss rate
(c) #5 2 HBAT TR (d) 5 3 RAT TR H

Fig.9 Cache performance statistics on Itanium®2-Based platform
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