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Self-adaptive Memory Dependence Predictor
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(Shanghai High-Performance IC Design Center, Shanghai 201204, China)

Abstract The out of order execution of store and load instructions always results in memory dependence hazards, MDP
(Memory Dependence Prediction) can reduce these hazards,and improve the processor performance, Most of academic
research works are complex and spend high hardware cost. Although MDP is implemented simply in commercial proces-
sors, it still has some shortages, such as, no self-adaptive ability or blocking ILP(Instruction Level Parallelism). This
paper proposed a simple and effective memory dependence predictor SMDP, which possesses self-adaptive ability, low

hardware cost,and high ILP. The simulation shows that SMDP improves the processor performance effectively, by 0.
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7991% on average over blind prediction,and by 4. 9225% at best.
Keywords Memory dependence prediction, Self-adaptive, Improving performance
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AW R RN KM R T store 5, 5SBHITH load 3547
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21264 # & F LWT (Load Wait Table) i Fi 3 # R | Intel
Core2 PIIFEH AN . EARATMILH BRLHEH,
BEAETFERE, ET LWT ®HRLE A RS A&,
Core2 HIFEMEIH B H AR 1 F R, AFFH IS KT
. B, BERBZ BB A AR 43T, BA WKL
BUMER | B &M AL R TR M TR DL .

ACEAELF K SR BEREH , BiT T —FMETF8 . B
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Moshovos 2 A48 4 T —Ffh 2 F“store-load X" 436
PETAM &S . BT A5 6L B~ % : MDPT A1 MDST, MDPT
CRELET MRE store-load %, MDST w30 3 & 4 w3 )
store IS B EHITHEE . Load #4 K5 HTZ & MDPT,
IMRFLLE & E, WRHE MDST %) B fJ store 3§41
PATIE BRI E R K5 .

George Z. Z APHRH T —Fh BT Store-Set HAE L TR
Wigs. —% load 3841 Store-Set B HRIFIEM KR Store
BARES. ¥IRE BrE load 54 1 Store-Set 23, load
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FZE, UM S1IMA L1 &) Store-Set, itk A WA B4 —%&
store }§ 4 S2 5 L1 P74 Ml & wh 28, RIAEKE S2 A
Store-Set A, L1 & &RTH A store-set A, % %F Store-Set A F
WP A store IS4 ZHEABES . FLHFTARRT Sore-
Set F L #EAT T 8. Subramaniam % A 42 H —Fh 2 fol
Store-Set BIHMIHLH R A EEPIENRE T Store-Set Fik
I RAHERE , B T AR 2 R A BN AL BB E] . Onder 4§
AFT$ T —# Enhanced Store-Set iyl 88, 3k #b T JH A&
Store-Set FkH F—F AT store IHAF/BEINF KA A
BLRET IPC,

Yoaz % AR T —FETF store-load #hZEER BYAH &
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ry Table) 231, § 4~ CHT & HA % load #§4 #utik . w52 fE
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REEEZ MK store FES LI REE , load 3§44 T AL ST,
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F Load Wait Table(LWD#47HM . LWT ®WEMkER
& 1bit WEME R 0 MBS B 7. Load 84 K S AT & K
LWT, R s B Ak 0, WAl IELF £ 5F. & load 84
RARESCHE PR, R TR B LB E 1, J54E load 384
HERBF RS, LWT 2“8 BRIF, LIS I H AR NE R
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RAFRSS . BRI ESRERE, H b T H K st T4
AT RERBOE H ) load 14 ER £ 5, AF FRIAESHR
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AR SMDP F i85, 5 &M ERTRREH
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BAREIE S PATH S BB B ENBHFWE L 5 Intel i
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B 1 SMDP ZERAKLH HEHH B
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BATAF R EN LW E N E B AR
5 DPT (Dependence Prediction Table) , -4 B 235 2bit
R FRMAE B2 1bit A AL, tag {5 B ¥ 2" 4 B & DPT,
fEH PCLn—1 : 0JHE1TRE AT B ST, ag 5B A PC
[15:n].

BAMUAERBIT .

L YIS HAEGEBY G, WA ANIE SRR
FTHIWT - q02R 2 load $84, MUK load 3841 pe EIKMN E 5]
DPT, #R4E 5% b f FIME B AL M MW R, S, F8 M
2 00 5 01 &, FHl load 384T ELF £ 4115 B A% 10 5% 11
A, Tl load 354 REENT & 5. 03 DPT H RF7E load
BAXRMRE , MRS —4&F & H, T load $§4 7

2. 1T 45 R 10 R Bl48 4 & ST BAF] (Issue Queue) 3%
load $§4 X R A E L. REFHRETMEREFER T
FPRST. IRBBMEERAINT RS, W RA Y load #4542
BIEIFTA store 184 K415, load 1844 &kt BRI, RE load
O R SR, BIVT &R 5T,

3. 2R load $84 KA FEGEAH LM PP 2R, B 2 MK LK,
load #&4H H7 & 5f, I FIB EH DPT 57 load 54 %M 4% H
HBIIAE B CERTRIE L 3. 2 99,

4. 902 load L EH R, LI RA REWE, BH
DPT 1% load 38434 B 4% H WIS B CEHRBE W 3. 2
.

Load #5454 BAR WA 2 Fin.

Valid[ Tag |Prediction
Valid | Tag [Prediction

Valid| Tag [Prediction
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SMDP SRR HER P2 1T M ShAF AL, X Hl % DPT i#
fTAENES . DPT thE % HAFM 2bit MBIRAE B AL:
00 1 01 R TIELF & 5,10 F1 11 Jom TR F £ 5. 8l
R 5TH) load #8478 TE 4 1B H 30 7= 4 v 2 ¢, XF DPT Hod
R 4% B RIS B TER . TG B E RS 3
Fim. R load H4ERIBH, WA TR 1R store
A E IR , EBTE load I P EE W HAERE
Vi lE) ] — kb i load $54, W{EBA =4 load/store“#pZE”

B3 BE B R

SMDP HE 4113 5 4 U & 5389 load $8§4-7E fRIETE
BROART . RRAT RS, URSF AR SRITHE. M
Ktk vh 2l ¥ BLA BHAE B . Bi—5F load/store #4401
BRE—KP5E, SRR BEREE B LR R R E X
BRELENA MRS, HIL#E load 4 8 HW b vh 2289
load $§ 4, 3 H 4% JLIK ZE SERR AT TR FAE W, WU B i
1AL R BERBE , W LK load 354 T K .
FRSt. B3, inSEHW NG & 50 load 184, #E4E 2 Ik
EHBH T HZE, WX load 1545 S B BIW N 3L % & &t
CBp A 11 E13) 00 RRES) .

10 0 11 ARZ5AET, load 84 BB R BT K 5T, A &7=
He e, (AE 3 AR 10 F1 11 RSB T 7= rh 2Bt B9
PREEpss2. XEBTF DPT £ EEEAR, & HB%&HHWK
BEHMER. i, —&BBW R ELF RS H load 4 L1
Erh R KA SEEF DPT H 3t 4 B KB E B Aet, L1 &
& E BB —4 load 154 L2 ¥, 3 B L2 MFNIE B
0 10(E% 11), SEXFIFE, A kAL 3B 48 , SMDP Axt L1
ML2 WA EHGTRS, F—%RE 3 WEF RS SRS
BAL.
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SMDP & F3L8l. #LF & STALEER 8B M A fE M 2%
HEFRIHLE RS i (blind prediction) HLiE . B M IHEAR
WELF &5 Load 34 A5 BAFMA M2, B HE load
F5405 B & 5 A RSL B R 5 s — ELIUIM S e , 5 o A R Y
REVLEIRALTE R, XET E MMILE AL A8, 3K
P4 SMDP B RE#fT 2 b T ERBEB: DEFHFAHREGSA
YEEMMEN % DPT; ) K4S R HFAIIH, B4 BRE
1t 1bit B9TRMA PB(Prediction Bit) . B & #$E 4 & 5t
B3 R PB=1, & 544 IR F & 5 load #84-, BIEL
FRE. PROBPEERSFEARIDEEERS, TERK
N, BT AELBRAL AR S

SMDP AR/ . WS 4 THZRESRALL
F 1, DPT 3 1024 4% B i B SR8 S B R W e RE 8B 1, F

o 40 o

¥ HERBR FH RIS B 4096 BHAY 80%6, BEKHEBBIR A AT k4. 77 %,
DPT &4 % B 84 M IAS B ALK 2bit, tag /5 B4 6bit,
AHRALN 1bit, 1024 4~ 4% B i B9 DPT BE 477 6 FF 9540 H
9kb, 4 EHAFLERA 10~20 M4 B, ELRANEN &
B R0 1bit TWAL; 5 DPT M85 th, ¥4 BAF L3¢
IR TR/, FT A2 RE .
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AR AHEST SPEC2000 18R, 44 SMDP XjAb B as
HEEERIB B . ASTWIEAG 53R 2-4 ] SEWH e, 3544
P&, BRI L FRAN AR SRR B, E e i gt SMDP

B FABISEPrAL B AR P A RRIR L BUR . RSB EINR 1
B

#1 XBRESH

Value
2instructions/ cycle

Parameter
Decode width
Issue width
Commit width 4 instructions/cycle
Issue Queue Size Int Queue 12, Float Queue 10
Load Queue Size 16
Store Queue Size 16
L1 ICache
L1 DCache
1.2 Cache

3 instructions/cycle

32kB, 2-way, LRU replacement policy
32kB, 4-way, LRU replacement policy
512kB, 8-way, LRU replacement policy

AL BB RR A — M E WL E B R TR T AT TR
A R] , B P B BRAT I e R, P BERRT . A KRB AT
T LR ETHEENSEEEEA R SN
SMDP i U £% 83z 17 6% 8] M 47 %F ke, (R—MD/R B 24
SMDP i 4b 3 &8 fy i RE R FH HL .,

B4 BRT DPT s B ¥&E N 4096 B, spec2000 £ IR )
PERBIRF LB . M 4 W[ LIE 1, SMDP X #8735 1 HE AR 4R
FH B 1B, f vortex 8 F 4. 9225%, fma3d 32 F} 3. 0986 %,
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RIVRRE ) M BB SR FHE FAARXT A TR, (E R MG IRRE R B AT HERE .
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0.7991%. ME 5 ATLIE N, & BB —EHE R, kiR
FHET S Esksk BRI, BUAF b K TREAIT 8,
EXHERE AR TSR AR R . P T DR E o SRR M TR B
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K% RBB(ns) £L8E(ns) A HARAOD
1 26710.0 16216.0  10494.0 39, 29
2 728.0 668, 0 60.0 8. 24
3 728.0 668. 0 60. 0 8.24

ME 3 TR, YBFREAMTRER  EELBREX
THREPTHRUARBEXTRET 8. 24%, ZREHE
AT IPC FIHRER A T 8. 24 %%,

HRE FLRPNB T ERBEEXTIRIELSZ N
EEVLH U R BRR S 2L BHTEILE . M NC Verilog
X RTL RARBHAT T RERNT HRIE, i 65nm frdE TR
Xt RTL &B#47 T DC &4, ZERIE T R EF 1 F
B, 88 TS HBEATHRENT 35 714, 286MHz, B B F IF T 78
EREET B LB TEA.
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