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FATERT T ARNTERAER, URD> FRAS AR EN T FLS; FHALAX
HAEEWARTRE, AREMTEFEFIHLERNEFEN , AR F HZE LW

MR, RAWERERD m ML TEEEN AXRBNDESEL TR KRG &% 2
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(1) XA [) A% 1 BHLZE 15 DL #EAT T 4307, #8578
T Ui BHZEXTA TR A 58, IR SE T r A
A% (7] Ao L 2 I R 385k AEAE

(2) M —FHARFEAF VI IR LR AT T &R
GioT ik e f o BT A T ik 2 i 58 AR 2K BA
F Tk 2 A3 SM N UIAEREIR I K

(3) BB AR T U A TR A AR i
AR RS T AP PRSI HE SR R R WG BB 2 K A%
O, BB A TS S P TR TR,
HIMBO T80 —FAR A A VT IER

(4) 33k SIS L A3 BT, AR SCHR Y i 43 Tl 48
FIA LA G 6. 28% ()T PERE4R T, 35 400
RN TH R B AT 35 22. 03% , [A] - 35 g 4 7
FEFRMK T 3.51%,
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1.1 GPGPU E#iZEH

3 P P A 328 6 L v P ) R R v B 4 7
FERIREYE , 8 B X RS i SRR AR A HE . R4S
NVIDIA AMD % F3i) Fi ) GPGPU 444 78 S B4
W AR AL DI S 5 5 ] 2 B e
—EHIHEIR], nE 1 TR . GPGPU A% L i34 BT
SR AL BRES 2N Ak SM LRI 5 R 58 (18
AMD 4ty e SM g FR TR BTt ) o A
Wit A SM ol i BB 4% (network on
chip,NoC) MR = RGAE I R AT
— 3Pk, R SM iR JE K (640 GH100 Gt A
144 > SM, SEBRE T 132 B 114 A0 SM Py
— GRAR AT Z IAAS SR AT 2 4 — 50k, % i 8
o F P 0 R P D 48 4 45 5 A SE IR R 44, X
PPt B RS T T BRI DD RE TR B, e R,
TRGAT HEE R B AA R B R AT
RGAF 5 A X BAFA B A 44, LA 2 GPGPU
X v A SRR A B TR
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R, RIS N R AT 5 R, A AR e s Ak
FHEY (central processing unit, CPU) 2844, SM 715 11
AT T R AL, DT AR [R]Es R TE R B R Ak
b A FR 4 1 G FT BRLAE AR D K 1 T BT 55, IRl sk
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TR 0 R 4 D F %, A TR 58
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(1), AR AT [F A IR 95 22 LR R S 24P T A 4R
RITE R BT SUE R (& A AR A6 ) .
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LA —H BB A NI N AR Ui
T RGN E R BIE G J5 5 ) 2 B nl g 7 10
AAFAE XS, T4 T g A R G Ve, X R 2R ATt
AR IR UR B A A ST R T A A SR U ER
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TR K LR Sy 2 R AT AT AT, H
Hirsi o B R AR S T S R A g2 e X, T
FEf TR 2 G2 AP O 58 RS 46 4 o X 2B T7 R
TR AR A 4 R AR B 28 T ST B R 9 8 s
S PRAT RIS AR YO AT IO

R FEARGIN 31 Y i P T 00 2 o A 25 A7 e HE D7 7]
P S SRR AR DG 5 I PR BEL ZE I, B8 N7 BV e H:
MR s LA A 2 I FE T /K 2, DT A 2803k B it
KLz Y BN GE IR B A7 ik R T e Bl
Jr R 1 BE SR, BIPIG 56 1% 22 hUAT W] — 2 o
T84 B 2 R HLZE , PR d Lk A SM By st 46 2k
FERARSANAT . Bk AYHE 2 B it A SRR ROl sE
AT A A A L, T T A B RO A L AR
T8 KB R BRI AT BT ——Hh UifF 248
RPORTEL T T U SAoTEE— Db B, X R
THE RS A0 R 2 T FEBIL] 78 4 RF K 4w Al
R [, S0 TR SR A R
1.2 SM HHiBETF RS

X Ak I T 55 AR £, GPGPU 1)
VifF RGAEBLTT E A AT 9T 1 24 i 5 4838 2
SR, SM A B Y 5 A7 R 48 AR I AT TR AL BT
WE 2 iR, SM N4 F %D R o2 AT
TR A% 4% ( memory request arbitration, MRA ) F 11
SEHPER , 12 A ER A% 3 5 R A 1 (round-robin ) 5§
B TTR (oldest ) MG e P 5 R HE A — 8 dl 22
FY 5 2R UT AR 2 200 it 2D UifE s
K I bk B S ) 4 S22 A4 (bank ) FEAT AL B
X ETE SR I K B R R -5 2 (R B 7%
i, BAGAFH AL E ST (AR 2 AE A (tag) FIELHE
FEif (data) BT, i TR 25 TR SR P ELHEIR [ 808E
AR RN 5 E U R AE ., BT
K FWRAT T B IR S R EF A7 A7 4% (miss status
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holding register, MSHR ) ——iX J& — > 3 £F fiL /5 15
[ A2 i X, B IS 2 AR S8 #E 56 Y (first-in-first-
out, FIFO) 454 86k 5 RS (miss queue, MQ ) 55 £f
Fr b2 AL, X R R AL BRBLH DR ORIE T 58
o, Sl R A 2 SRR TS A AR

e R
FH#0 FH1 T2 T#3
Diteee] || [wfeee] || [oeex] || [ngex]
¥ v v ¥
| P R |
!
ZAF4L 0 A4 1 AU 2 AU 3
Uhnss /B ||| b/ i || bne/ 80k || he/ $uitt |
pgpmy L ORRERIE R
{9 KA
v
| Fi LM% |
'
| R |

B2 SMifETFREZRNEHEE

FEHFVIFETE R A B RE v B T 1E 3 A £
A SR IE SIS , i8 23 R BT IR BRI 51 & 2 B BH 2E
MG, MEAVIAEE R Mk R 2 W — 28 A 40
M AR A A ) I RE A P — SR, &7 A ik
ZH #0128 (address bank conflict, ABC) , X Ff i 58 23 il
TR BIRZ A D E R AR IR T
B, UhRA AR A HTA Z AT TR
ARZS I BRTC ] B4 1Y AP AT, ¥ 51 R BAFAT 43 L 2R
I (line allocation fail , LAF) , X % i 8 0L T %k 4
SRR ZE R T B R R o I R S R B AT
FrBtIRAE/L , Ah, R A iR R A A BRIk
BORFF RS T BAS) B PR AR, 4 43 i) 5 3l
JOAREDRAFAFAE AR IEL R AL (MSHR entry fail , MEF)
FB 2 BAS T3 ( miss queue full, MQF) . A5 &
(2, YA IR 221G 07 2 2 A I B R AR S AR
FRAFAE A ARG 455 IF PR IR C AR W 257 A= i
JARSIRFFF A4 G IF BRI (MSHR merge en-
try fail, MME) , X #6RH ZE4E B0A T AR IR T4 FR Y
REPEBE IR ATIC , B AT 2x B B REAR VI A7 3R G0 0y 2 1A
RERIL,
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2 A

2.1 SKLEFHE

AR A S5 4 7E GPGPU-Sim 4. 2. 01 A& 48]
#P B ESER, % & RERS 52 BB ZOKS 1 19 e ik
GPGPU ZEMI(F EL, 2 1 IR T AR SCffi F A 3 v i
B IZBCEEXT RTX 2060 508 i d T 7ReHE a5 T
34 AN LA HERA 4 MB () "B AT, AMZA Y
AR VM 52 3 E AT 2 AL g R AR
¥ AR P TP ECE T 4 DT, BT
£37% 64 KB B AV fr-an i (16 DB FRARTT (16 14>
T RBU B TT R 4 AN REBR R BT, R B B
Wi S R AL B 8 LR

x1 BERYUBHEERE
34 SM,1 600 MHz
4 AT, B TR A% VSR
8 MR
2 MREBR SR
RN =R Tl VE3 a8 5
64 KB 2717254t
16 ANEEKLAL B BA 5T, 16 S 77 s B0Ah B B
JC,4 DR R AR T
e 128 KB — 545 AF
64 KB —HRBIEETT
(F33% 256 5 MSHR, 16 3 MQ)
64 KB # A7
4 MB I _RZAE

SM Bl
B~ SM
AT

LR T Polybench' " £ ML 45 4 v 14X
RVERER , BN 2 fros X SE i il s 1 A
N TR Re 2 S tERe T H - Sl iy AR AR 2, 526
PUAT AW R MR 58 B R P s AT X T AT I [1) 3

&2 LBATANKE

IR A 7

P2M Two matrix multiplication

P3M Triple matrix multiplication

PCO Correlation matrix calculation

pPCV Covariance matrix calculation

PGM General matrix multiplication

PGS Generalized SUM of matrix-vector multiplication
PMV Mean value theorem

PS2 Symmetric rank 2 k update
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AT, A ST T 1 51938 2 B L 545 51
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Uit Z AL PR AR A AT A K ET T R A B A
AT AL e 5 75 7K 2k BHL 5, 3k 6 5 7] 43 Sk Ji 48 5R
FHZE (AN 54 S B AR OC | A7 de 4 ph 955 ) A
FERPHZE ( F 2R A UIFAHE 2 ER ), T GPGPU
B A By B B U A S 3R R | 4K SEE SR B ZE 0
PERERSZ IR0 N B3, AR U 22 b B 28 3 1 2 g
HATHLHIA R T PHZE X HRATROR 52 ), {324
FA% N T SRR R [ B 2E A BH 2R A B X AE &
PATHLHDR: 76 4030, 30T 25 PR S R 9%, X Fh
5B FR A F 4% BH ZE ( sub-core blocking) , X Ffi%
THRFE™ B T 7E GPGPU ZEA4 AR Ak U5 7 48 38 (1 B
B,

Bl 3 g vk s e R 1A R F AR T
BHZE 1) & Az 438 22 S5, Herp PGS i 3R B e v
[ RHLZEME 2R (92. 80% ) , 1fii PCV Il =K [1%) BH. ZE 6 f5;
i (26.00% ) AR , SE 00504 W oR F %3 h
57.40% WIHE2R 23 [ AT A3 5 158 2 e o (] s 4 B 258
AR . X SEZE IR 58 2o B X R A A< 22 3R BH
FE )L, K BB A UGB Y H S AR POIFATHLHI Y S it
U, W E T GPGPU TR IR A SL IR =R
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== B ZER
5 0.8

! N
TR ORI R AR o ™

3 FiZFHZEMRE S

Bl 4 PEAGETE T A EIR AL R R [R5
FAZIR B i A B ZERA Y L o3 A B, T RS
AL IRER TR S — B AP R, Y
AT I AT S R D AR AR, 251 R A
(B 55 4, DA T dak 25 o ) - A% BEL 2E IR 5 1
BRCRE, A F A TR ZERZS (0 sub-core
blocking,0SC _ BK) B}, B> F 1% AR RE L 47 176 BR 2k 2

WY TEH ST, TR GEIRAR 3 78 40 R 5 SR >4 B A
4 > F R R B ifE A B ZEARZS (4 sub-core blocking,
4SC  BK) B 34N 22 AL BRER ) BIr A 1158 0 IR0 A
PG PR, 3000 AR TR0 ™ B R, SR A
PR T — B4, 75 BT A I 9, 48C
BK 5 0CAR & 4 T A X = Y L] 3% R B A% A%
R R 8 R0 i A U723 S AU B, 3 80—
PEHRGAF TN S K IF L VIR Ry X — KR
A 0 SR 3 i e I R SR, R R A I R R
SERIAT U B R AT 4R n AU B, A BT
VIFETE KRB 7 4310, st fig Bk 3 BRI 2 A F X IR B
T AE IR AIMESE IR 4SC - BK 1B &
AR S SRR R IR A A KB BIRAS

m=m 0SC_BK 1SC_BK ID 2SC_BK E=3SC_BK == 4SC_BK

§ 1.0

17 0.8 ;
o T
b — LN —— .

= 0.2 B . .

S [

&« 0.0

POLRE IR RO RO R R SR
B4 [ESM A EEETF#ZE R EZEREIE S
(xSC BK RRE x N FEIRFAZE)

2.3 —RHIBEEFHEESN

B X A 8 B SR X PR T AR 1) S R ) AR S
X — ARG AT T UTAAARAE B ZE SR R AT TR A
3T, S SIS R s TS [ B ZE R ) o A
REAE bk 20 v 58 2 A I3 FH 497] v 387 ki A7 A, G
FAE PCO 1 POV A FIIE ), 435 5] 33. 10%
H133.70% B K Az H5LA 5 i 2 DA S 2 il B0 R A 4T 26
L, 7E POV M B2 &3k 41.10% , MHILZTF,
G IR S PR A A R O 174 BEL 2 1] 70 22 e R
HILAFRIE——PGS M 30. 30% 1A firh &
MSHR JRERAL, i P3M Ui MSHR A IF 40k
Wiy K i 48R 24.70% o (EAHTE R, BTS00
RN GEAT L5 (streaming cache ) BT, A RO
T GAEAT /TR, R G2 A AT 4 BL R I AR AN 25
B GEATNTRI BAFAIA G ABC BH ZEFik
JBAHAHSC /Y MQF BHZE S il A R AR08 2 K&
B, XML 2 JERH ZE )L, 8 i 4R T
RPATROE
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mm ABC == [AF mm MQF &3 MEF 3 MME

=3

KZ bt
R = e
N B O

— R I IR
S
S

TR C R ORI R AR S

E5 —GBREETAEBERENL D
3 &I

FEXF GPGPU iz A7 i A v 3 A U5 47 9 U5
[, it 7 — B BOR ST AL, L Y
AU TSN I 7 A T A PR 0, ARG 21
FE U5 R 8 240 € BUEL R, 37 B fk PR AS He 8  Hg
Ui Z2 A BA BTG A A RS VI ) 1] e B
SABCRAS . TEE P ECIRAETT A SCSE 22 Ak i 1
LSS BRI 4 4 A TAZR 00 3 A5G
et ) 5% T # ( dominant sub-core, DSC) ¥
AAF P Y D5 A7 BT IR U5 R AR, D A7 i R TE
(Ui TR R S S =W R SR s & - & U o S
¥ ( condeding sub-core, CSC) ¥ £ oh i1 I H— 2 %%
PR DA AL, KT AA K 23 B8 — A7 B HEE
i EEE i G o 2 A
% (normal sub-core ,NSC ) T {743 55 2 45 PR 254 [H] %)
VIAAALKR , LUR MR R U5 0] — OB R 25 A7 . X Tk
AL B SE I o HLH A Ok S 1 2T AL R 38
FAT RV BRI O
3.1 E8F&

K6 e T EHEORES T S T TAE
Tk, TEVIFE TR B, AR R e 1 Yo 3R
FEF TS DSC ID(®) , RS H 5%
FHA% 5 %6 100 SR W 77 A= 1 B ik RIS RR
SCID( @) HEATISE Y, MK ZH (@) i1
SCEEFN WK I 2 i ph R I 2 TR R A
BCVTAARR AR RO R WA A Bk Feat
P AL R 4 TOA ROHR , W4 RR 5 1Y%
HERE RN (D), XA RITES R T F 2 FEAE
ity S N REAE AR A5 do 9 B T AE DAL e 4k, Sk f T
BRI E R DL, SE 3 T AR Se AL -5 1% Ge 14 3 5K
W 145 BT 2
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FH#0 Tl T2 TH3
[Vitripoe || | viteseoe ||| | vifeeoe ||| [ vifeeoe |
—F ] |
v v ¢ bk
N (1) 3
W TR
s
— BB IR
brag E .
: P O g
MSHR | E@| % |E
BB | E b

Bt P
Ble6e ENERETESFRHHEFEEN

HEESFCRE T, ~HEIRE 2N ER T
K159 0L FH ) 5 A7 DX (exclusive,E) . B ,
WU 5r 2 — N RAFA T BB N AR R T PR B
TR AT R A, o WU 0 2 = B AFA TR R 3L
TRA HE TN R TR R, M ES
TR VA R B 75 B BL R AP AT, Sk
A G AR (©) FHE AT AT, IR EA
FARah G XS T R I AT, Hahg
PR HARE R (4, A 2 (s X (©) RAF i
STFRZRBIE, el 5 K AR A A
Rl RS RIS S8 A% A TH RE A% A 1 0 o bR A%
SRR A, 3 R REER Ik & R AR
B 2 7 DX TR, o 1 3k e 398 i b i e S & 2
JE A R R A 5 19 5 X, TR A R A A
T 95z — Ry X8

FEBRTE R AL I FE v, A S0 MSHR (D) i
BCBAG (@) H IR T2 — A it £ 5
TR, BAKRSZEL | MSHR A & 32 HR L 510]
DAL AT L2 A2 400 e o e o X3 1 B 2 oA 370 D) g 4
43K 2 ALY FIFO BRI (— A4 £ FRLH,
—NGEE TR, EVHERET, X2 4
FIFO 2471 TAE, A BBl RS 5 W 43 FFiE 1T,
HHZES R LM TIRARE , XA R
FAZAE AL BRI SR B AG A A DL A, RS A
VIR TN 5
3.2 iLEFE

FRACTIAE G IR B, L T4 R L 285t
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— GBI AT R PR AL SRR AR, Gl 7 TR, TE)
BRI VAR APEREBL (D) | 145 il 1 %
DRAFAR IR AR AR e, XM BT I T B
eIl TS — R EAT S 4, BRI S
Pt A R R e R 225 | ABRAME A IT8 .
hEGE I HIE R (@) AT TRT 5 WX (D) 4
VCRCIEIE TR 5 (@) |, W B A b B R 2%
VIl 2RO A A IEIE (D), W BT 2EA
— PR GAT AL PR XL A DR L T A e R
B GAF IR il T TR AN A RS
FEorWVIAT B 8 o 2 S A B IR0 Bl S A T A%
RIRERF i BOSCERIRAT , SRS THIR R BT I €

F#0 FHi1 F#i2 F#3
[vitesoe ||| [Vitewse ||| [vitewse || [ i
v v v 7
|0 PR AN |

Wiz Qi riiD

fb P 5E \ MF_SCID==CSC_ID? 7

—=1 7@
() GHUREAT

v v
0O /L%

AT

7 ENRKESTILEFZNEFSEM

3.3 RS

e 8 i, il it B B T REALEE T
AP AT — A WA BIAEA IR
K A2 B A P A (redistribution control ) |
BEEEATT 2 ARG, 15T, W R I
IKER P B S ThAT 1R B CRLEE SRR T R B ZE 1
BLAFFERR ) , 5 68 H W7l B fioh e 2 B PR S 5 A0 i
PREZ R, R, shaS ks Y i Rid &
AT 3= AL A% A 0 00 7%, ORI 42 )
PATIUSHRTE , A 1 1% R R AT AR T 25 467 1 ¢ 9
I3BC. AR, AR A T A 60 T
RSB ARBNASHATHY XA R G AT LA 38 I X
AN AR I DA R RS AL

P9 JirR 1 o0 e 2 A B i RS B e AL
AP MR IR AR ST IR R 28 W 45— S S A7 1 ik

g%ig R R
‘4 = 4‘}35_%@@@1 = %
10 T FH2 TH3
[ |

[ersom | |[ [ Zertsioh ||| [ goredon |

e ||| [ e || [ e ||| e |
—F—— —— |

i 4 A Y Y

B R SR -DSC_ID =
RR_SCIDY
mf [DSC_ID] valid? &

A4
MF_SCID ==CSC_ID? &~
S—
—RHARATF

PR E

MSHR E Hdls | E
BRBAS | E

E—2

F EM%%

RGBT

NAE R
et

B8 ENWmRSEMIERNEBELSH

Hhik DSC fl CSC
DSC: i ik warp k£ 1) SC
CSC: 5k warp /D[ SC

9 ESEREFIFHNEERKEE

SRRSO T AR ARG O, A %] MSHR %5
PRIZGURR I 22 S 6 i O 43 22— LA I 3R 48 BRIt 2
AT RCRS R A BB AR R 47
BR R AR R SIS L F A 6, BEREIR BRER
BREERZN TN ST, WA
AIVTFETRRIE 1, BE BE S8 70 ) A o7 B2 AL 5 [ I e 4
TG ERA R AR i D 1Y T A% AR LR 4%, L)
PR SRATAR B, 35 007 77 42 38 Xof & A4 RE 52 Wi fi
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NG TR BRER TR AR B 5 FR o AR B ZE I R A
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The dynamic memory resource redistribution architecture

for streaming multiprocessors

Song Penghao, Wang Jian
(State Key Laboratory of Computer Architecture (Institute of Computing Technology,
Chinese Academy of Sciences) , Beijing 100190)
( University of Chinese Academy of Sciences, Beijing 100049 )
Abstract
General-purpose graphics processing units ( GPGPUs) , as the most important hardware paradigm in parallel
processing, rely not only on the quantity of computational resources but also critically on memory access efficiency
for their execution performance. As the core module of GPGPUs, streaming multiprocessors ( SMs) in their latest
designs universally adopt the separated architecture of homogeneous sub-cores, which effectively reduces power and
area overhead while simultaneously introducing new memory scheduling requirements. This paper examines the
memory access blocking ratios across different sub-cores while investigating the primary causes of memory access la-
tency in L1 data caches. Analytical results reveal that simultaneous sub-core blocking exhibits significant preva-

lence, during which all computational resources remain stagnant and wasted, and experiments identify two core fac-

tors causing request blocking address bank conflicts and miss queue resource contention. To alleviate memory
blocking and improve resource utilization, this paper proposes a dynamic redistribution architecture for memory re-
sources, incorporating both a redistribution state transition framework and the fail queues; the former assigns differ-
ent memory access priorities to all sub-cores to reduce memory competition caused by synchronous advancement;
the latter effectively mitigates contention pressure from concurrent requests in caches by adding limited resources at
critical locations, thereby reducing latency induced by memory blocking. Final experimental results demonstrate
that compared to the baseline architecture, the proposed dynamic redistribution architecture achieves up to 22.03%
performance improvement, with an average performance enhancement of 6. 28% across the test set, while simulta-
neously reducing energy consumption by 3.51%.

Key words: general-purpose graphics processing unit, streaming multiprocessor, memory access scheduling,

dynamic resource redistribution, thread-level parallelism
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