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BVUifE R ALBLi] ], BUBF 15402 B, bl 504 B
A TRTIEA A, TERB R WA, TH
B VI I AAEAE 23 (8] Jm o | 35 80U G U
TR, KA R AF B = S0 T R P pERE
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Ah, F oA S T 20RO AN ER

BEXF B ARIAR A SO T — Bl X ] 205 47
B TR 8% E 2 I 15 B89 DTPAC ((decision tree-
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I, A 2 A DA RO T, R A B, % T 5
SR P A RRBR R G, X SRR AEBE
WAHPARE,

4 DTPAC & k% it s il B 5230

AT EEA G DPTAC Bk T sh bl J 2k
BT
4.1 igitzhal

AWFFELEAN R PR B A R ECR G T, il
IR T VI TS Tyche BOTERE . SCHEREE FIM
REFITEANAR S WA 5 1, 3 BR T Tyche™
THELARARXS T Stride FRAFTEARIACE T 9 PERELR
THEER

2 04 TEEG A 16 W 24 32

[ B 3
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PEFHIRENT 17. 1% , 10 VUAZ 2R G2 9 M R £ T+
2.2% ., (2) fEA R ECR R G0 b, e AR 09 TR
B9 (RIPERBERE TI i e 1) TUBCHE 85 ANTR) ., BRAZ
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DTPAC 7EVIfF RGP L BN 4 FioR, 5
PRAG A 3 T 1] B (interval-based ) f975 B AH AL, A5 7
SN T 1A P T I [E) 500 4 22 A B ] () B, 7
T [ [ R 45 R AT 2 R 90 7 12 ) o P W 22 381 14
B, LA Ui AE A P FE & Stride F5UCES 19 1 B
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2. Stride IR LJ L 5
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4.2.1 FlldcsE

e As AT N R T, AR 5 Sl 2 e S v
JIs B . X LB B A VT AE A SE I AE B Stride
TRBCHER 32 | (B2 07 17 3 B A% 004 LA K g JR S PR A T
8444 (instructions per cycle, IPC) , HH Jiffar
Vi IHAERE | Stride IR 38 L) K 6] B2 U5 77 Hh LY
AR AN Je SE YN R SR B S A, TPC T A2 Al
IGRAREE 1k SR A B Wi 2 ik 7T ik ] 1) B g, BRI
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XA A R A, AR O IR &, A
TINZRPEFAM , DTPAC TEA FAZEY R G b iz fr e
B, IR RS BGOSR . i, ZEA ST
S TR R Y (B A5 AT 6 FPTCE, K I Tt
It B 3L 36 FECE . DTPAC B 7E 5% X% LA
LRG3 R 2 BE 71X 36 Mt i
BCE, ISR AR . W T 2R GE, AT I
0 SRAEIE

VIiAEA 58 TH FE B | Stride T HUE 5 2% LA 2 [ 42
VIR SR PUBGHOIE BE Y 248 br . Hoh, U7
FEHT L TH AR I S 1 A 3 A Y U5 A7 7, 1T Stride
IR B 3SR H2 D7 A7 A3 ) 5 22 4t i e 1 R P AR
B, i 2 RIEFRINLE G ST, T LA AE
e Y TRUBCAR S

IFET 0T AR R 7T LS 2 iy A BRES 8 U5 A7
73, DTS B s Yt BE AR g ), 9 S DA
g e T v P RIS TR A 585 g, TR T
UL 2 SR BUOR ST SR PR A IR RS DA S o
I 25 ELIE B U715 2K ( demand load ) |, 1M A T B
SR, R R B AT (last level cache, LLC) i
KPR VAT SRR R . AR s, A
T3 B2 R 4 0 R R R SR AR

Stride F9HRIERf 3 U] 68 S I 5z Bl >4 i 50 R ER 25
AR I TTAEAT . BAn, X T U i A
AR P, B A TR 15 2% 7 A2 R B T OB
SR, WU B R AR TR RS il ik —F8 b5, AR SCTE
B A T —A 32 TGS A G HE (first input
first output, FIFO) A%, 12 5% T A & 1% 19 F G K
VA 2 TR S 0 SR A S IR SR R TR
TR S AR — A BURGE K, b 250 A
FIFO BASI v BB R A0 1, A BAE Ui F7
TR AR 2 A XA BAF, G SR i v DU A 8 T SR
o 1, TRIRE M, O sk G0 0 5 E B T T R R
IR R BUBGE R A RS 10 A1) 5 FUBGE R B 4L
BRIk, GEit Bl e H S ER A1 02445,

THAI | (VT A Y BT A2 Ak o 75 7 T I ]
VTR GBS R bR . TEVIAE 98 58 I, AT LA
FRUBCA RS Hh BRG] 2 D5 A7 5 ABTE DT A7 98 32 BRI,
WA R B 220 s AN A B B A TR) 2 D A, A

RandAce T3 (1 [ 4% U5 17t AR 50. 0% . #F
R, TE AL FR G X S 18] 422 15 A7 T 23 7
K 15. 6% PERERR T BAE DUAZ R G b Bl 23 53K
PERE TR 9.3% . [RIFE, Jyslk o iF AU, FE SR 1T IA]
PV R B AR SCR T 5 Ge v A
T3, RDGE TR 2 LR 1024 £%,
4.2.2  YIZRP R

WA TR FH 22 i WSO 3] 1) 080 R I R D SR AR
DTPAC 4 TR B BE J3 oA 0B 225 A 42 [ {2
AT AR RE T4 B HaE AT IR Y . BRI 0
IR BEE N 6 1.2 .4 .8 16,24 F1 32 AR A
[ RESE N 6 £4:50. 0% .60. 0% ,70.0% .80. 0% .
90.0% £ 100.0% , DTPAC £F%tix 2 44k 4351
RPCRI I A B, IR R R ITELIs AT,
R4 4 T PR B A0 57 Hh e P L

AR SCHE T R A R A Y ) AR S — A 43 2 1]
B, RIS R T AR RIS o M A B A
AR B G B T R T e RPRG R s
I3 ANGrSE, AT 6 43 28R LR Ak 3 32k
[F) 8, FEARTR SRR (Y S A B . 0 T TIOR8, TSRS
% AR Ui FET T8 TH AE it | Stride T0CHE ) 28 DL K
U TR S O TR B A R O ), R
BRI E 4 A S BRI Ui ST FE i | (B2 Ui A7
EE AR A R 2 7 I R, i Sy 3R R A Y 9
Jilal,

PR N Gt BRI 6 Frn, 2 R
B 5, (A A AR v A 3 19 D e A
WIZRIE R s A28 ; ok, AN Ak
IR

S Sm— Y
51 IPC A N—
wo| s | o | ERRROL
£ o z
i i
— —— ————

Be6 REMINZITRE

ST O WO B B0 A s T 1] B ) bl A
NZRbR2s , RIVEUBCRGHE B TE 5 A R 8 7 1, %o T4
AR 15 T i , 208 7 A (] ) TR B2 T 32 A7 B4
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B, DRI P LR AN [] TR BE T 1Y TPC M g
FENZRARS . DATIUICE 2 (4 o S I 25 A ], X T
SEA B[] [0 B, Gn SR AR TUHUEE 25 0k 24 B IPC 3
1o, 23 A T B U 5 oy 24 RSB (1 b
BV R RFET s XA B TR B 2 4 8
16 FABLEEHE AR B BN ™ 5 3X A (1B 1= 750
HUE RSy 32 AOHCE (bR 8 1 Bl FRAIR

B85 5 FH VI ZREE A SRR AR AL, Ry ik 1%
Tz AR ST A8 T 58 NISCER B B v | Bl AL ik
B 20. 0% (1% 5 8] 1] By B0 #0471 k. A S JH 2
SRR I B AR B e R TR R 4, L3k G
FERIR BE o8 K BE A7 A7 A AL i 9 (register transfer
level ,RTL) S8 4 BLAS (] R,
4.2.3 TEZizfy

TE A I [R] [ R 285 o A P U A7 S I AR
Stride THHRIER % | 8142 15 47 11 B0 A9 0026 L & H ip
oSO AR A G R A R R R iy A AT A B
PERE R I 1 o B AR it B A
el (B3 R el R i [ 111 D = N T = e i 1
YU I 0 P AR ) o P i 4 38 ) 2 O 1) U A
i P THAE B | Stride T9UHC/E ) 258 LA K2 X4 Hif 790 HC I 25
VE Rt A i s Ry 38 DR AR AN AR l BRI SO 5
XoF T AT AR B, 158 FH AR [v] B P e 38 ) 2 1) U A
L THFE I | (2 U7 A7 B0 AR LA Y i A A%
TR AESE TN TRRREL ) IR VS S0 & 2 AR S il =

H T HRRRIA T 12— R 8 i HI W72 4 5t
AT AE RTL 1508, BEAk, 4 SR PSR 254
75, PRI A5 1 ) 0 322 8 PT LA 3l o f c
(77 AT IR, DUE BT & N 01 RE A % Ay
FE N HHAT LTI

5 SLIRIE

5.1 MiKERF
FYUE DTPAC BPEREFR B, A SO T i A S8
VAL T T 258 17 AR P R T S A
By AN 1 iR, Hrp | Crono ™ FlI Ligram] =Tl
BEXF S T2 A AT B B E & 5 Graph 500
(G500) 22 iy 2 % TG 1np J PR AT TR AR S 1 R
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Hash Join ( HJ ) %' J2& B8 2 15 1 o & 0L 0 45 4
HPCC( HPC challenge) "™ F ) Random Access 2%
BEHIL b 7] 77 7 KT8 B0 v (8 500 5 SpMv > 2
— A T R O ) e v ) SR, ANk 2
N AR SR R S N R P R B T LS A BB A
£33 M. SNAP ( Stanford network analysis project) ) 1
FRAE A2 R 4 (K] 25 F4 T SuiteSparse Matrix Collection™?”
HIRA TR I SRR AR i A AR 2
T35 B LoongArch! ™ HEAT 43, 11 1 1) 4
P48 N GCC (GNU compiler collectiion) 8. 3.0, 3K
HT -03 4 PRI

®1 WiERF
ARy ARV A

Community (CD), Connected Com-

) ponents (CC), Single Source Shor- )
Crono . . Higgs
test Path ( SSSP) , Triangle Counting
(TC), DFS

Graph 500  BFS s16 €10

Bellman-Ford Shortest Paths ( BF) ,
Triangle Counting ( TC ), BFS,
BFS-Bitvec ( BFSBV ), Collabora-

Ligra tive Filtering ( CF), Components  Pokec
Shortcut (CS), Maximal Independ-
ent Set (MIS), PageRank (PR),
Radii Estimation ( Radii)

SpMV 7 T R e [ e T mc2depi
Hash Join P iEd% 1.28 x10°
HPCC Random Access (RA) 64 MB
F2 WXEFBAN
A Eipuy E R B
Higes ™ Tﬂéw;;;g %H e L 6. 0%10° 14,8 x10°
Pokec! Pokec #1523 6 6
- 1.6 x10° 30.0 x10
mc2depi 7 FATIE AL /RBHRAAL 415 525.0 x 10° 17,

525.0 x10° LI} 2.1 x 10° SERILE,

SN BE VAL R, AR SO SimPoint !
PRSI e iR A7 B i BRI, SimPoint
HISHR BN MaxK =30, N =100 x 10°, Xf TH&4
D7 FLS BER B e RGBT — T 0 4484 S
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BT SRAR ARG FET B PERE B A A TR R
5.2 WiXTESE

AR LK A R A ChampSim ™ 455 481 2%
ChampSim 4 2 72 — 3] 1 ZOKS 1 19 CPU #5241
i, RS HERA T o S TN | G2 A7 2 R S5 4 L K s
TBCE AR R P, RIS AE F AR F k) 1z hif
F IRl ] 565 2 Je VSR 3 s A5l U AR 28
BRI B B 3,

x3 HUSFHRERR

B it
4 B0 4 KB AREE 204 WA AT,
Core 64 3 load BAF),48 37 store A3, TAGE-SC-

L Gy 3 i #5
TLB ( transla-

tion lookaside

64 W84 TLB,64 Wi TLB, 1 536 Wik

buffer) EHHTLB

Llicache A ,32 KB,8 41 AHE 4 $ALER
L1 dcache FH ,48 KB, 12 FEALHHTE 4 FAHER
L2 cache FAA 512 KB, 8 HZHAHI%E 10 FAZER

LLC e HAE 4 MB, 16 B4 AHE |20 FHIER
2 JWIE AR IE 2 Rank,n‘fgl' Rank 8 I~ bank,

4800 mega transfers per second

DRAM

b TP DTPAC BT RE ) S 2 M EA
AR TAEREAT 1 T L, 6 456 OB B2 8 19 58k
FDP'' R B8 F AR CLIP™ . BT, Jeth £ i
RS T AL PE AR AL 7 4 D AL IR, A SC 2
BT PUAZ 2R Gt IX — ML BB AT I, () Nt 35
BRI RGeS R

FDP Hl CLIP ¥ & 1EAU AL N A7 58 32 BRI B0 T

PITRICERE . ELART , FDP Geit T TS (14 6
R ERE BTG e iX 3 MR AR, X LT B AR
PP A HER A0 i b IR, B R
I3 S FIAS Ko i 5 G 1 B0 73 S 75 B AN T5 B
R 33X 86 73 2 235 3L 1 e 1900 B 0 O T O 1
CLIP S5 X A% R G FUBGE IR B SETH 1>
VI 4 AT A7 Hu bl B 2 8 HE 77 2247 (reorder buff-
er, ROB) BYREL, HA A 4584 FHuhk A BH ZE
oI T B, A S X AR A Mk & TR
TR R, DT R AT TR 28 X U A7l FE 1 T o A28
Xt DFP Al CLIP HAY B {ESEAT T AG 49 IR 4%, LTS
PCARSCHISEER IR, [F]IN, 1R X 6 HOR 5 A e
PETUAC B (1220 StaticOPT) #E47 T FuA8 . 42 BT A T
TORC S T as AT R P — W, e B dc e O TG A A
StaticOPT
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Decision tree based aggressiveness controller for

indirect memory access prefetching
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Abstract

Indirect memory access (IMA) is a prevalent memory access pattern in general-purpose processors, and nu-
merous prefetchers dedicated to handling indirect memory accesses have been developed. Although these prefetch-
ers significantly improve the performance of processors in single-core systems, we have observed that the aggressive
prefetching configurations used in single-core systems do not yield the same level of performance improvement in
multi-core systems. This discrepancy is primarily attributed to the different memory bandwidth demands between
single-core and multi-core systems, which result in varying optimal levels of prefetching aggressiveness. The exist-
ing methods for adjusting prefetching aggressiveness mostly involve manual setting of adjustment rules, which is not
only inefficient but also prone to inaccuracies in adjustment strategies. To address these issues, this paper intro-
duces the DTPAC( decision tree-based prefetcher aggressiveness controller) , a method for automatically adjusting
the aggressiveness of prefetchers for indirect memory accesses using decision tree algorithms, thereby avoiding the
drawbacks of manual rule-setting. Experimental results demonstrate that on the indirect memory access prefetcher
Tyche, DTPAC improves performance by 13.2% in a quad-core system, outperforming existing methods such as
FDP and CLIP. Additionally, DTPAC reduces memory traffic by 20. 0% . Furthermore, in a quad-core system,
DTPAC also enhances the performance of two other indirect memory access prefetchers, Gretch and IMP, by 6. 8%
and 5.5% , respectively.

Key words: prefetching aggressiveness adjustment, indirect memory access, data prefetching, decision tree,

general-purpose processor, multi-core system
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