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Abstract As semiconductor fabrication processes approach fundamental physical limits, the con-
tinued scaling predicted by Moore’s LLaw confronts increasingly severe challenges. These challen-
ges manifest as: (1) a deceleration in transistor count growth, which consequently hinders im-
provements in hardware computational capability; (2) the escalating prominence of power con-
sumption and thermal dissipation, where the energy surge from increased transistor densities cre-
ates a critical bottleneck for performance gains; and (3) a significant increase in the complexity
and associated costs of design and verification, which rise exponentially with process advance-
ments. Against this backdrop, application-driven hardware-software co-design has emerged as a

crucial pathway to achieving efficient computation, prompting leading IT organizations to acceler-
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ate their efforts in this domain. The architectural layer, serving as the critical interface between
software and hardware, has become a primary driver for enhancing processor performance and
improving transistor-level efficiency. A computer architecture simulator is a software tool that
models the functional components of a processor and their temporal relationships from an archi-
tectural perspective, thereby simulating the processor’s functional and performance behaviors
(e. g., speed, power consumption). lLeveraging architecture simulators, designers can rapidly
model and evaluate the trade-offs of various processor design alternatives. Concurrently, these
tools enable the collection and analysis of diverse internal processor data, fostering a deeper un-
derstanding of processor behavior and facilitating comprehensive design space exploration. More-
over, simulation platforms provide an environment for software development and testing, there-
by accelerating the overall processor product development lifecycle. In contrast to traditional cir-
cuit-level (gate-level) simulators, computer architecture simulators abstract away low-level im-
plementation details, enabling significantly higher simulation speeds. Given their vital role in ar-
chitectural design and optimization, architecture simulators are now widely employed in hard-
ware-software co-design and architectural innovation, establishing them as a critical component of
the processor design toolchain. This paper first discusses the definition and components of archi-
tecture simulators, establishing four key metrics: Performance, Accuracy., Extensibility, and
Usability. Based on these metrics, we then analyze the primary contemporary challenges facing
simulation: low performance, poor accuracy, limited extensibility, and inadequate usability.
Next, this paper presents an overview of typical simulators and their ecosystems. We formulate a
three-dimensional selection criterion to ensure the chosen simulators are both representative and
contemporary: (1) citation or use in top-tier computer architecture conferences within the last
five years; (2) active repository maintenance (commits within the last five years); and (3) total
citation count. Following this, the paper surveys recent domestic and international research ad-
vancements and open-source ecosystems in architecture simulation. We analyze the contributions
of various research groups and corporate institutions toward developing novel simulation technol-
ogies and tools, and subsequently summarize the challenges and limitations inherent in these
modern research methodologies. Finally, this paper explores future directions for architecture
simulation and proposes recommendations for long-term technological investment and develop-
ment, focusing on four key areas: (1) comprehensive and integrated frameworks, (2) break-
throughs in key enabling technologies, (3) intelligent analysis techniques, and (4) robust open-
source ecosystem construction. We hope this paper provides valuable insights for researchers in
the field and promotes the broader adoption and application of computer architecture simulators
within the hardware-software co-design toolchain.

Keywords architecture; simulator; functional simulation; timing simulation; hardware-soft-

ware co-design
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i LLBAR N T TN 8] jolg A 9™ i By BE AR R 50 14 fiE 55 78
MIRE T . PR 7 5 2 0 A GO0 PR A J2 T« 2 0 AT
PR R T AR R M AL E 2R
M5 (NE i RS E 8 QNX RE0)  KER A
55330 86 37 55 (0 A A 5 4 B 05 ) PR 5 T BE 5 T
LRI 47 JRe A ) 2R £ T I A L PN R L SR B 0 M
Xof ELAARBE A R CnT 48 4 L A 8 LR AT O AT
P PR AIE AL B8 15 T 722 Ak I IR 5 v kS
i .

() 5y I (Usability) « Sy HIPE i 2 45 400 25 19 {8
PERRRE, FEAHIAEREE T HANEE T . T
A ST A A R VR B 09 R, R
FUR 2] MR AE TR RE R . B I e A UL % g
W | B 22 Ad )T R AR RS . il B AL
ST A A2 OB RN A SR A A M L A A AT A
BEIEGAE L P s F W A RS T H (A 5 p 46 A
SRR (25 SR T Ak T L) D A g 2 4 T S 0 A 3
3.2 B &

SRS R DL A L e JBSBT A P TG B A
B SZBR 3ok S8 AR 1 A A A I 1Y 5 T 2 16 1 B AH
A IS A€o a7 i A A & 1Y T G ]|
0 v 3 P B A R RE L T R AR I 2D R oR AR
AR T = 1 V- ¢ S Al 1}
FAAEARE

(1) PR RE 22 « 1 2R 45 M A5 40 45 75 1 i B PR e 1
BLERE BB B bR AL R 8 . i AT i, — T T A AR A
i A HEAT IR A WY LA 5 TRAT AR B 45 T RE R R 1Y
F A BT 5K 5 o5 — 5 T R 7 I A R 50 SR
F AR MIB AT 45 A Ak B IR 2 A2 Ak Cln 2 A
AR NAE R ZAAAT R SO 2 RS . —
FRCPE BE B0 45 1 4K R 45 4 B4 8% H BB ik B MIPS
(Million Instructions Per Second, MIPS) [ £ $] 35
JiE L0 B RS DL 2 A0 gem (19 7 X 29 100KIPS
(Kilo Instructions Per Second, KIPS)., H iz 17
SPEC2006 I 4% 1] A 5 2 K0 H W [8] . 4f DA SE 5 &2
He L2 LT A i AR g S8R A 5 5K

(2) MR PE 22 MERA R T 1D A9 0 A A A
PR 55 ) B 1 1 X6 5 PRI ME . X TR R 5 A F 5
# BRI GPULTPU 45 % N 3 2% 50 NVM
SR BUAE At S R 2 g R AR AL T
X SCAN AL IR T R AL S ZOH AR IR X LA AR
RIS SR T {5 B, LU, BVGE 2 48 i A it 4

T, BB R v B A A R S A R T B
KRIAE . Lo 3 2 450 3 08 B L 2 k% 8 9 22 A7 — 3ok
PISLLA T 22 % 38 A AT Sy, ME DA AE B 0L 45 v o
L,

O M2 . AU/ ZRHEMEG K
T T 3 e AL R B e 2 8] 28 B A L AR O
R . 20U L, 638 BT T N F g st P
WABRBAROE 6 0F B m KM, #ln, )
RER U 4 QEMU 937 5tid BCPEIE T gem5 , (H AT X
DL Android BIJE R 5k QNX SE I #:4E &
5, FECFIL)RISCE W R SR I &
M B AL LA AR AAR . SO0 L i g 2
PFELTT (AN — A [ 8 U TR 75 18 OB U5 2% 0
A5 5 Je 22 A~ H 1 38 T 5 5 40 15 P A5E 78 (o A
PSR AR ) H B 42 2 MOESI B 380) W 7] B 75 52
FABIYE O, BER N R A, R 1 ER T M
TSR (0 P R RE I R e T R R AN Y
FE L MARSS™ B4 %% 3 F PTLSim 5 QEMU
BAERIT & 4 2T K G FEWT 2 1. 5 4R A4 58 Mz T A .

x1 EHRTREN

e a T PR T A
MARSS PTLSim+ QEMU N1 5F .4 B RE
gem5 GEMS+ M5 B BT RS

(D Ty FAVE 2% - B & I H 3 1 P 6y HIPE 19 5 5K
T, FWAIASADAEAEA L . B S B AR i
AT Bz EO EDE AL BT, H P TS A
SR A G T ERAEME R . LU RS SR DL SO
H & 3, b 500 e LI P 5% B AT #f BT 5k
. Ba KA & (Checkpoint) 81 2 A 0] 78 &5 v] L
A SR TR AR A DL AR b Y A A R B (AR
25 FO X SE T RE 1) SRR AR .

4 FREMRUSESEFHARHTR

TR 2R 45 R AR UL A8 S 9 I 22 TR 4 B 1 23 45 4
Sl A S A B BT A B LA RS2 B Tk AR
SFORF R, AR BRI S R A
A& TP S DL S B ke T
4.1 HEBEURRES

HT T D) REASE AL A5 S I PP A5 400 A Al T o A6
W L e B 2 L L AT B e e d A e
ABEAEL AT R AU U0 DS T Ak L g% 1 e A5 4L, ek
FHAL PR I AL N A I A AL T 8 ) e A48



5 Bk F 0 45 AR R S MBI B R IR 5 40 1177
G AR SHABRE LA S RTL A4l 5 FPGA I fi B4 m k41t ., BRI 2 fin,
F2 REREMSESZIT
. K i520)) BB #& 38 . EE AW
He v N 24D 28 % B EE4
251 Je N [EEPEH LS oy [ . SIH%| EE4GPHE WK
g )i QEMUM DT 4 2 Gt Uy REAS DL 2% 2005 10.1.1 2025.10 | 4523 | QEMU #LIX 10
T4 S Simics!'™ [ A RGBS 2002 7 2025.9 | 2903 Intel 3
IGE gem5!'™ (L 7 A 7 28 b 40 2 2011 | 25.0.0.1 | 2025.8 | 7016 | gem5 #:IX 174
b o N L s 2 2 i _ TRIAE JE A2
ik | g Scarab? R 22 K BT S AL RS 2024 V2.0 2025. 10 6 P 4
g;jj;f IEZ; Sniper®) [ 2 HAL IR | 2011 7.4 2024.11 | 1242 | #A5K2% 28
R i i
B Zsim™ R R P RS 2010 — 2023.11 | 821 | MPIHAR K% 23
GPU Accel-Sim™ Ny B4 GPGPU B#LEE | 2020 1.3.0 2025.10 | 409 e R 21
! Scale-sim™®*1 |AL fin i #5831 A9 FEBLEE | 2018 3.0.0 2025.8 | 393 |[RIAWHLTAEEE 17
St e LR I T o 1 2
S EYR—. CGRA-MEM! :;:f*ﬂﬁrﬂﬁﬁﬁmmﬁgﬁ 2017 | 2.0.1 2023. 11 | 214 | ZMEZRE% 2
1 2| S
I Lo JFIE CGRA #4328 il 7 2 KT 2L
OpenCGRAM i 2020 2023. 3 94 % 5 2
i 64 | DRAMSim"™*  FBIA§6H ) DRAM NAEBHUE | 2005 3.0 20214 | 1949 | IhHEL ko 36
figy | WA | WFF | Ramulator® R BEBRAL A DRAM B BIE 2015 2.0 2025.5 | 1031 [RMEEMERERY 63
B [ 220y | PIMSIim™® [T gems 9 PIM BEIAE 4 2017 2.0 2022.11 | 72 |[PEFFEEEG] 1
5 | PIMulator™)  [DRAM 77 P35 540 2% 2020 — 2023.1 19 | #BEREKRE 2
im[%0 AR SSD 4 15 1 e A1) g8 — 5. L2 R ALK
1 iR vMQSl‘n’f . T [ BAR SS ﬁ?m ffEHzf%U\Zu 2018 2025.10 | 258 | £4 77!<f£$’] 16
SimpleSSD™! T ARG H Y SSD BELLRE| 2017 | 2.0.13 | 2022.11 | 83 FE A o % 7
K ER% Booksim ™2 [ F 1 M4 (NoO) B 2% | 2013 2.0 2024. 1 984 | AR A 15
i A2 410 Garnet™  BEIRAE gem5 YA 1R 4HERY 2009 3.0 2025.10 | 588 gem5 #LIX 3
o ERUBOTIEE L T BRI IE 5 T s
SRR McPATH i 2009 1.3 2020.8 | 3409 | HELKE 4
AccelWattch™*) (B GPU ) @ HHE 42 2021 1.3.0 2025.10 | 158 iR 2
RTL A5 FireSim!** éi;lﬂﬁ FPGA I8 3 1 2018 1.20.1 2025. 5 388 | FireSim #LX 8
FPGA finsd {5 B ‘ - i S : ;
Verilator®®”  [Verilog/SystemVerilog f48l #5 1994 5. 040 2025. 10 91 Verilator #1 X 1

TE e AEA 280

1 e ) A PR A UL % I, AT 7

TE T AL = B B AR U B LR T R AR AL R 1Y
RFEM SR, B, ATE R ILAE R fAF R
BUIR 2 45 ¥ T 9% 23 1 (ASPLOS, ISCA, MICRO,
HPCA, DAC) Hxf i A5 48 5 42 75 4% 51 FH sl ffi 4,
FUR S FRATTIEAl FLACRS G 2 5 A 7 AR 4 3 vp Gl
FAFEC YA $E58) o 3 3 3 A 25 IR 0 16 H T 2
2R B R 5 A DX R B o ) A 0L B R A
. R JE A, FRATTAR i B A R e ) (8 3
SRS B0 BEATHETT | 35 BCHE £ S5 58 11 P KRS 0L 4%
VERZ IR .

(D DI REBLAU S - T REALEL 2% B 76 B 44 A v] F ef
PEAE S H bR Ak 2R 2 AR — SO AT IR, SR H bR
RIBTEA AT G 15217 . DIREB S LR
FH B G5 % 1 8 1 1T JE T 0% 2 W e AT R 8
TR0 kRN A g . R R R
B U BR R R S, AT AT BRI A
QEMU""  Simics"™ . Bochs™** | Spike® 4, £ & 7k

)8 QEMU, Simics, QEMU J&—/~JF ¥ . 18 FH %
BLAS L0035 R 40025 . &3l 2 gh 2 3k o) B R 4
AR RESS AU Z Fl CPU 4244 (4 x86 , ARM, RISC-V) ,
IE T H ARG, W] LB 1T R B MR & LR
ERSG ., FHIEKAIIEEM RGP, QEMU A UE
AT T H B A 2 H Al H 5647 . Simics
S Intel AR AEH R K4 RGBS . HA
R EOTE TR U0 e o 1T 5 A LAY O kR
S AT (ReverseExecution) , fo ¥ I & & 14 9L A
Wl — A PR 5 % 9 R GE B . Simices ]z L H
FUAS R IR 4 T S 0 T S e R Y T
b 4588,

(2) JE 39DRS ff A 208 FF Ak T2 A P A 901 1 U1K 1
sk A5 S0 A S A Ak BB A B B AT O L SRR
RESM AR RE T, B R E R KL PIAT R AF

@  Getting Started with RISC-V: Spike Simulator, https://
www. yorku. ca/professor/drsmith/2024/07/28/getting-started-with-
risc-v-spike-simulator,
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A1 L AT L ST A5 AL 20 Y B O G 2R A
GO HERTE . BT B T D RE AL Gl A DL
o JE 39 S /N PRI AR CPU il K 2k Ui 7 )2
YA AR A B[R] AL AL . SAT 0 J] 00AS A I A 4
WA gem5 ™ | Scarab™ . MARSS" | ChampSim™** .
SimpleScalar™ 45, £t F& ¥ 19 4 gem5 ., Scarab, gem5
S — IR GAT B9 4 R G0 A UK i UL 8 L SR 2
Fhs 4 S 1R R 454 (10 x86 L ARM RISC-V 45). &
T L T 20 Y T S A A5 Y S B SRS i UL, Tz
TR Tk Bk, gemb LR RGN,
REAS 11T E R B E R G M A S TAE %L, Scarab
S — RIS R TR BRI 2 A% BT RS
B o H b o 52 B s b BEASL AL, [R) Ik BRIk s 47
MW H S T . HOE B AT ik 600KIPS,

(3 R B 11 388 T ALk 38025 B 7 5400 < A X KG
I P 540 2 1 A A5 DR B2 5 AT R0 38 T R 4
BB R AT A . B OGRS R R R R
117 A A B0 ) S AT A o A 8 W AT T S DR A 400 2% L (5
Py B SR Bt bR Rl R GO B P RE AR
R, LAY (Y HE KRS B I RS2 4 F5 Sniper™ |
ZSim"*"  \McSimA +""" & R % M 19 24 Sniper.,
ZSim, Sniper J&—FE P RE 1Y 2 A% A& SR 1]
FE L Cinterval simulation) J7 15, 4 FEH L FER
AU G| A B B (K S OGS BE
PRAF A ORS00 ) I 2 i 17 AL B2, 365 T Pk
PEAL . ZSim 38 12 3 25 ) B R 0 oK gl A
SPGB SR 2 AR AR N AT R
RO

(4) TR L T Ak B 25 I P A 4D - 0TI e P A 3L 8%
A P B 4% 50 1 GPU L AT i #% LA S nf &4 31 55
DR A5 L FURE R 1 AT T SAT Ry s SCHR S A R A
TERIRAL . BTt b o R P i Ak B 25 0501 ) Ay
2855 182 RS T K o B B4 SIMD (Single
Instruction Multiple Data, SIMD)/SIMT ( Single
Instruction Multiple Thread) ${47 8% 2 B85 41 XF 45 &
BRI R A AT A

AT SCHE GPU AT 4 B AL A% (48 Ac-
cel-Sim™* | Scale-Sim"*' | GPGPU-Sim"""" , MGPU-
Sim" 4 B AR FEM A Accel-Sim ., Scale-Sim,
Accel-Sim J&—MH T 5k GPU £ B i i i 14 19
R BIAESE , 3T GPGPU-Sim™"" FF & A+ 4, #
F TG A FE L . Scale-Sim % Ay i 242 M)
28 s g i A A B O3 AR A A B
AT E A NAEAT R . B SRR AL AN TR o

v BC B T R RN REAK

B () 56 1 AT EE R T A B L2 A CGRA-
ME"“"  OpenCGRA" 4 CGRA-ME & —JF A
Y FEL KL 7] E M [ %)) (Coarse-Grained Reconfigu-
rable Array, CGRA) Et# SR RMELL, & XX
CGRA Wi FESI R b 9 45 FA7 4 )2 o ik 47 A 4
K00 A RE I FEARH) . CGRA-ME B9 O 45 (7
T LA A% X6 1 FH A < Bisf 233 e G CRIDHE T 55 1] e S5 3
A EEFA A A 4 R S (R ) o R R AT AT FE B
58 5 48 R A [ e S35 55 12 P R 1140 5% i, 2 ] 0 g
THR R P 2K T B, OpenCGRA & — 44
BT 4 1 A R AU AR 9 T U CGRA BFRAESE ., ©
Rt T M T e BB CIt s mE
VP P G 126 e O 5 28 ) 0T B Y CGRA B |-
AT HE . OpenCGRA 35 X 8408 Ui ¥l 19 B 6 4=
JSRIRE B L D (B 5 5 1R i 15 4% 5 R 2R 4 1Y B
.

(5) NAEI R A0, < PO AE I A5 900 28 14 I A 2 b
W @45 DRAM NVM KR A 776 220 1 i 47 4
T 5 P9 7745 1l 245 SR W R D A7 Ak . AR 9 2 5 7 A7
fitf BT N AT IT 58 L 0] 43 Sl A% G5 o9 A7 1) A 400 0 A7
PR AL

1% G5 N A7 I P A 0L 8 B G TR A7 2 IR S5 4 L
i) 43R A7 g R FH %6 28 A7 — SO P A S &R
PIVPAG AN TRl N A T R PERERI 2 . 2Tt ok
FHHE T 6 ) S R 0 A5 400y 3k o A A 5 40 1) P A7 2 1
AR 57 A SR W K TUHRML R . AR R N A
W% B 4L 2% f 45 DRAMSim'™ | Ramulator™ |
CACTT™"™ [USIMM" " % Fe ol R 1 19 4 DRAM-
Sim.Ramulator, DRAMSim & —~J i ) DRAM
BEAUL A, T 20 S P A7 45 1 245 1 8 B2 3R g Rl DRAM
AP AT . B2 M DRAM bR, i
THNHERZEITHS . Ramulator & — >R, R
I 0 AR SRR LAk Y R 2 B N AE R .
Cl i RO A IR SR iz T PR A B R
179K B PEfE

i & W iT 8 (Processing-in-Memory, PIM) 4%
R LR P2 NAEB g 8 7 ae , T Xt
T FNA7 A — 1A Ak 19 3 80 4 g 0 A7 R A, DL F 5
T71 25 SR s U AF AL L Je PIML B2 1R i g . AR
Fe M B A7 S R BB A4S PIMSim™ | PIMula-
tor " %, PIMSim & — 4T gem5 1Y PIM
BLAHE L , iy o [ B} 2% Be 1 3 R 9 9% r 45 11 A
%, EYIET gems W& RGEHMIAE.IFMAT
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LT PIM 48 4 F06F {4 8 A4, & 4 PF £ DDR-
DRAM L/ PIM 4H, EXFFERFE(REH) .
JRBIRE AL, R, 5 gemb VR4 1, W] DLy f
MR PIM 454 #9520 . PIMulator J&—> DRAM
FWTHERIHESL , & & TR SR FEE N
09 PIM #:4E (I Ambit) , B8 % 7F 4k PIM 48 4 %
HEA F2 590 v ) it 1 BB 9 52 A 0 AN U AR &R
RN

(6) A7t I J3 A5 401 - A7 it B H0L 4 19 B A 2 2 T A7
%% %, W HDD (Hard Disk Drive, HDD), SSD
(Solid State Disk,SSD)7E /A [A] £ 2% 2 14 T B9 PEfE
DA AAE A6 R e B T, B 6 e i 43 11 B 5R W L A 571
L BERR T ROR B 1 S AR R S G R L PR AG
RFIAERHA B Bk BE 7 AR AR AR M . 3T ol
K 8 2R A ZE AR | IN A7 55 4 |2 (Flash Translation
Layer.FTL) {5 B DL}z 1/0 i al 8 = 40 #r , DL 32 it
T RGN TEANAT AR, AR 1 S B L%
A4 MQSIm™ |, SimpleSSD™ . SSDSim™**! \NVSim"**' |
NVMain"™ 4, 5 R 0E A R SSDSim . MQSim,
MQSim % £ BA 5] SSD 5 i1, i i F AR £ 3 18 Al
ZHVIN L E S 10 B tERE. & X s
i B SR WS 19 BF 5% . SimpleSSD 2 — B 4 L Y
SSD B4 , Bl % A 008 {24 4K 1 1) 3 40 A 1 S )
I a7 4k 1 A7 il P BB 45 4 19 & 2t . 5 EUA M SSD
R %8 A [) 5 76 T, SimpleSSD A L& 1% 3 28 IF 7T
FR 58 R G0 HoAs , il gem5 1,

(DR LM PR A R4 (network-on-
chip, NoC) B 8125 1 B 5 A2 HEAR 2 4% Tl AR A% 42 44
(0 BB S8 A5 AT BT R B0 A% i (R S 25 4 L
GIIGRIREE ST DN E S S e e L W R Y (N
i A AR AR A B L LU AR R W] NoC &
T R AR e . AURPEM NoC BEl 4 B 45
BookSim"™* | Garnet”**' | Noxim"*', Nocgen"""" 4,
% NS FE B~ BookSim ., Garnet, BookSim & —
ARG B NoC B . S35 Z2 R F 25 44 it i 3
. BookSim i i B4 14 I i AR, )32 TR
NoC WP sE T # L 4k. Garnet /& gem5 ) NoC
BEHR L T JE RS 0 1 R RE AL, B R R —
FOEPM R A L S A 2 R G A T .

(8) I AEAR AL . D) FEAST 0125 30 43 A FE AR Y PP A fif
PFRERERE AL, & OC T AR W) 42 4 41 {4 (CPU ., N ££ . ¥
A TN FETT 4 B BRI 5 R G REAE R g
o, Bt B854 45 2 0 SR PEAT A0 BT L DL R AR
AL IHFERE ST . SR DRERL LA A 5 McPAT ™ |

AccelWattch™ | Wattch™ | GPUWattch™ 4§, %
M McPAT, Orion, McPAT & —4Z )
& | BRI P i A8 T HL S 2 b AR B 2R A
B3 AN A 3 2 A A Ak R BE Y BE A
fli% . AccelWattch f& & Jy 8L GPU & i1 A9 I #&
AR 2R, AT LASE o fy B PR A L R T B Y R A R
77 R R BOX S T R AR AT I
FEREML,

(DRTL AL FPGA Jnek fj 1 . 5 FiA il
T C+ + 4 @ Bl 5 X AT A7 5
AN RTL AR UL 1 #6474 B 10 B8 2 4 3 1
& (Hardware Description Language, HDL) JE 15 (40
Verilog, VHDL) . X 3¢ T. B {5 K5 BE fe i, 7l 3k
F 5 FL S HL AT R S AN B AR SRS A GO0 (H T
Pt W A S8 B Y L AT ZE A 9 RTL iU,
B AT H T T RE 56 G R M BE PR A 1 5 B B,
W) 40 45 3 T FPGA ) FireSim™" fE 42| Verila-
tor”*"™ \ModelSim"* \RAMP Gold"* %, L& MM
5 FireSim. Verilator, FireSim f&—13& T FPGA
0 JE SRS BB AU 85 SR R R B4l B A
AWS = 1Y FPGA B SR BE A9 4 R G R4
Rl & RISC-V 22 4 #1804 o0 B 58 . FireSim
KHE R A BB IS AT S R BRAE R G R
TAEf# . Verilator & — A~ FF I8 1 & P BE Veril-
og/SystemVerilog B4 8% . Bl i HDL X5 %
BT C+ +B{ SystemC #8147, Veril-
ator 7 {Z I X RTL ¥ #E 47 P38 (%) 2 g 90 3 #
LG G 1 REVEA
4.2 T RH

Bl & SRR U R A v, Tk A — B o
A R SRS IR DRI R . R LIS A
BRI AE AR Tl A 1Y 7 3, 22 7R I R S5 A B4 4%
MG ARDEIE AR 2k, FRA1geit 1L 4R
THENUR R A5 G E Z W il Tk AR F a2
5T SCBCEE DL T A ZR 45 48 B 9 40030 1 1 BK

M S KA (WL 3) . Siih4s R BIR . Intel
#1535 (NVIDIA) \E3k  Google , ARM %5 £l 76 X
Bl BRSO R L, I T EATHER R
SERI R AR TR A A2 ARG AR J7 TG 435S AL
GiitF WY, Tk FEAE IR Z 25 44 B 400 48 F 5% o o 0 1)
T FH R AT A 3 A SR A BT 1 BIF 5T T 2 R S
FEAERA Y OCHEHOR B AR, A K 2
A BRG] 3 A Tl S ey B O 9 Bl R R 45
FREAUL e BEAR A T
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£33 FEMBEATAEGREHMEES N
K FRBOEFEHEXIE XEE ST (2021~2025)

N W SR | B SCHR
Intel 30 ARM 14
NVIDIA 24 Meta 13
Google 22 (e 11
#H 20 oy HL 8
=& 19 AMD 6

(D A5 NVIDIA : NVIDIA J2 i 5 % 38 5o K
MBS IR B 7 i kR A |, GPU 2 5
Z, Bt AS A EL K, T 1A 3R 25 M B 40 45 A T L 00
BE Ak R 290 20 A0 % 38 T st i o i ) 3
FEREE, FI.FEL M Riva R EIE 40 FE 45 7
K NVIDIA 53 i KA G 7 B a8 SR A
PEIF K& 55 560 R AR SE I 12 A A R IR 46 46 = 3
ANH BT {5 B IR s R I A A, Ho
P TS DL 25 Y LAY AR R A R 5 P, SR A U
G54 N TR 5 TR R S5 R AL T AT A P AR
TR R S5 T TT R R MRS Y00 3 T AL
JG s PR T RTL 80T ZB 40 &8 47 33 — 22 k.,
i X A AR S 100 T A A B AL 07 5 bk
B AT AT B &, b5 294 20 i
BT HE B M A B — AR AR S

|.‘-.A-.A-“-“~“-.- ...... ‘}'.

5 AT Ik LA AR A R0 D A% 0o AT A2 B 215 6 B

B T PR, NVIDIA th B 3 aof 22 AR A 1
H5IFE TR, fE R SRR KR, B, 5
Google & 1EFF % B NVArchSim"™ & 78 # #t — 4~
Pk H Al {5 M R H GPU B8 540 B iR
KEGEIF R HyFisS ™ W& 1 T2 T+ GPGPU
BB 2% 50 5 5 Intel B AETF AW
Dromajo" " ¥ % T F| JH i #} Fuzzer H 5 1) Y5 [ Py
EHAR, DA T A #4556 00E 1 58 25 1 .

(2)Intel: Intel 1 [FJAF S WU HDL 85 AL 28 0 T2
ZERIFOIH . 2 TEIF K )Z M, Intel #EH 8 Pin™

S A A E T H © U R R SR A5
BT R AT S A AT A A 1 SORE DL T R U
HRG A R G 2% Simics FE A 58 K 1 5 1 AL
FS I BT IR RE 7 78 Tl 5 o 4 E 2 o

TEFARBESE |, Intel [FFEFRR 522 R A G 1E.
B0, 55357 0 3 B 7K 2 A VR Y LoopPoint”
JE— TR X 22 R I Y e RCR BRI R R, B AE
it DR AL GE AL, J7 5 A TR IR [R] 5 A7 I 8O AT 19
[, X 46 TAEFR B, Intel 38 &oF $2 46 3L Al T H A8
FATUT A X H A A F2 25 40 455 400 401 1k 1) % e e )
TR ) SR .

(3)Google: Google fif F & % 45 14 #5248 4% 52 h
TR R B E R A RS e AT
FERE 42 1 » Google #fE i) TPUS #2112 47 .
b T AT AR R A R B 6 AR R T FLSE AR
#HON W PERE AT TR 3 b AT L SRR T L
BT B RAE# AT 9 #E B¢ B R 193t e e o 4 it
IR SR RO S

R R, Google W EBERREI AN
Cuttlefish® ¥ Jf 7 K 5 T QEMU H1 gem5
EWATHRSY . ENIFRE R T IR
17— 2 22 v R S A il LT DUTE I ) PR
PR IS B0 AT I I & L R Gk e A SR A P,
WA, Google 18 i 5 NVIDIA 254k & 1EFF &
NVArchSim"* % T H, [ 8y F 482 7+ 17l % 4k
AR AR KT

() FHoAth =l 2w B T R 28 ] H: At 45 5k
o 7 38 3 B R B 19 O 3K A DR o e 0l ) 5S40k
. BN, Xilinx BRA HEAS IR K22 AR R T G i A 9K
B AR 100 LA SR e v B A ek 7 X —
PLBRAE [ 5 L IR) s A i 2y W) 55O B4 (Micron
Technology) WK A 22 AR I IR AMSE T AL H AT
FR G009 BN M RE A BT SRR IR LU T T
R 0 P AE R G
4.3 FFHRHRE

AR T K B S T BT AT AF 1A AR 4l AL AR UL SRR
G R N S i 58 AR AE Tl SR 25 R B g g3
. fEULIEAE 25 5 R R A5 MR 25 R AR v 1
ALY PR 2 PV AN SC B bR L 43 BT R BB 1Y
WFE TAE . BRI 58 AR S SR8 12 40 1
TRBIF5E 7 10 43 28, Z S e — S AR 1) TAE  fe 5 i
VO Y AT ER 4 TAF I 1) — S8 2 FHk i

@ Cuttlefish virtual Android devices, https://source. an-
droid. com/docs/devices/cuttlefish,
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4.3.1  WEEAL

1 W ANE I 223 44 I AF ST HILAE | i A5 LS el 4
FE Bl AT R R S5 A B ES AR FE RN F K . BRARE
R B AR AR WA T2 T A 3 2% 424 4
BIFSE . AT U XA ) IR AT IR T3 AR T
TFRHLAR R 45 0 40 3 22 2 Y 38 O30, R E A
ASPLOS.ISCA, MICRO, HPCA , DAC, Jf & # 1)
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T H., i/l NVIDIA RTX 2060 F & 717 1 S2 i %

B, GCoM 7 8 B o 1 v J7 T f T BLA 1 GPU 4y
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AR KA GPU REEMPERE, %kt &
P /NG GPU REIF 454 LLC KRR N
2, TR A H AR R G407 BB RN AT B T L
WP 4145 128-SMGPU 2GS HEZ I H GPU &
e RE . % T A I T e mOR 2R 4y DX T
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BRI MR AT RC AR, (505
B SR S e ] g AR B 4 EORE e A TR M [
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R PR ) 4% 336 1 A AE T B AR 4R A BN PR, H
TE I P A5 40 e B4 15 4 S I sl e = 5 958 )7 (1) I
R A5 [ L PP R 4D A8E B A 5 ) A AU e s
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HEAT IR o X FPAARE G 00 77 AR & B2 A A%
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@O QEMU, https://openhub. net/p/qemu.,
@ gemb5, https://openhub. net/p/gem5.,
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FPGA Fizf7. )t ¥ FPGA ML — >4 5k iy | i i
WA A FM GE{F M EE S T . FM N FPGA 3R
WU 15 BE HEAL 3 45 TM; R H45A mtha y-
JR el i i A N 2 R R R A R B O 5
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R JE ., &G A8 5 B o R i,
JR I Dy i T A T R e A e P R AR PR T R P
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PORMEM T KR TR .
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FAPIRE AT 2 B A= H . BB i OF R HR Akit-
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Background

Computer architecture simulators are vital tools in the
field of computer science, specifically within the subfield of
processor architecture design and optimization. These soft-
ware systems model the functional and timing behaviors of
processors from an architectural perspective, allowing re-
searchers to evaluate and refine designs before hardware im-
plementation. This capability is essential for exploring design
optimization spaces, analyzing processor performance across
diverse workloads, and accelerating the development of inno-
vative processor products. As such, simulators are a corner-
stone of hardware-software co-design and architectural inno-
vation, enabling efficient exploration of complex processor
architectures and supporting the development of software for
emerging hardware platforms.

Globally, research on computer architecture simulators
has made significant progress over decades, resulting in
widely adopted tools such as gem5, ZSim, Sniper, and Sim-
pleScalar. These simulators offer unique strengths, balan-
cing accuracy, simulation speed, and extensibility to meet
various research and industrial needs. However, the increas-
ing complexity of processor architectures—driven by trends
such as heterogeneous computing, Al-driven workloads, and
stringent energy efficiency requirements—has exposed limita-
tions in existing simulators. Key challenges include slow

simulation speeds for large-scale workloads, insufficient ac-
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curacy for modeling emerging hardware like Al accelerators,
and limited adaptability to new architectural paradigms. In-
ternational efforts have advanced through techniques like par-
allel simulation, sampling methods, and modular designs,
which improve performance and flexibility. Despite these ad-
vancements, current solutions still fall short of fully address-
ing the demands of modern computing environments, partic-
ularly in supporting high-performance, application-specific
hardware designs. This paper significantly advances the field
by providing a comprehensive survey of recent developments
in computer architecture simulator technology. It thoroughly
examines the composition, key performance metrics, and
persistent challenges of simulators, offering insights into
cutting-edge techniques from both academia and industry. By
identifying critical trends—such as enhanced simulation
speed, improved accuracy for novel hardware, increased ex-
tensibility, and greater usability—the paper aims to guide fu-
ture research directions and promote the broader adoption of
simulators in hardware-software co-design toolchains. Its
primary contribution lies in synthesizing global progress, an-
alyzing the state-of-the-art, and proposing actionable strate-
gies to address unresolved challenges, thereby fostering inno-
vation in processor architecture design and optimization.
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