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Abstract As Moore’s law goes to an end, the improvement of CPU performance is increasingly
dependent on the optimization and improvement of CPU microarchitecture which heavily relies on the
assistance of architecture simulator. Therefore, CPU architecture simulator plays an increasingly
important role in the design of high performance CPUs, for example, architecture simulator can be
helpful in exploring the CPU microarchitecture, verifying the logic design before actual tape-out,
building post-silicon test environment and starting to develop firmware, operating system and
hypervisor before CPU is ready. In this paper, we summarize the experience of academia and industrial
CPU vendors in developing and using architecture simulators, by which we clarify and summarize the
important role of architecture simulators in the CPU design process and how to develop and optimize
architecture simulators. First, we introduce the relationship between open source architecture
simulators and CPU design, then we summarize and analyze the methodologies and experience of how
to do well-known industrial CPU vendors develop and use architecture simulators in the process of
CPU design. Second, we summarize the methodologies of how to calibrate and optimize architecture
simulators, after that, some suggestions on the design and usage methodology of architecture
simulators are put forward. Third, we summarize the scale-up and scale-out optimization methods of
architecture simulators and introduce some new architecture simulators. At the end of the paper, we

summarize the paper and put forward some problems in developing new architecture simulators.
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Fig. 1 The role of simulators in overall CPU design process
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Fig. 2 Classification of simulators used in CPU design
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Tablel Simulator Summary
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PR ADL 2% I S5 M AR RS 2047 10 J7 4T, Hofth 45 40 1 55 3t
SREAAT 40 JTATARES TS D e AR e Ak A B L R4
A AR RS 422 11 A R AR S A T B SR AN T] D R R
PR RO 3 T IR IR 25 7 & B il 45 2
AN Y 3 R

4) BRALL AR E I, T A o SRR Y AT T R
TE, BB AT AR 56 A BN K A A L L SR I R AR
J¥ P RE RIS g 5 1R T — M3 R 3 T R R HRAT
BORE) CH 4, k2 CIEw N T s B 8805 B
PR BE AL A R IR AT AT, LR AT RE S F R RS
FabE.

3 MREEMSERE

FH T BEAT 025 #4402 A0 P R A J5L 28 A o 0 B 4
L R ) B 2 R U T R el ) SR BT O L
HEAT I HE AL HETT 5 AT LA 2 s D) AR R AT AL B 2%
WAtET . 5 RTL 78 2) IR ER T4
5T AT A5 BE L 7E B bn A 1 G5 48 B0 d A Jn i TS L T
5O WA A 2R 17 e A 6 R A o T iR
HEAT B 2.
3.1 5 RTL #Tk#

gt RN AR A BR A 7 X Sim-Godson #5548 #
1 ICT-Godson #EU g8 TR ME, JF#H 5 RTL JLF
— AR LR ME T R S AU AR R RTL &
HESAL, B — S (8, AT LA A 1] ) A A5 420
w5 RTL BB HE .

WE 8 FrR . 76 Ab B8 1 K 12 58 3 1 By BE T
TR A HL AR B TR 1 T A, 76 At By B an SR 75 22 4E
23 T U] R A G AR L 2 R AT 8 IR e s R
FARA BR F A 2 ol 28 50 % 67 2100 X A 4L 2% F
F1AE o S BBl AR e 0 52 3 g 2 e ( £ 222 SPEC
CPU2000).

T HER S L B X 4 S A B R AT R O R R
FE 7 UEAT 45 AT B A oS N3 i if-else 416 R0 3K
53 SN % o DA b R 5 Ok BT X B RS R AR AT RTL
BATEE R KA R G 2 0 )5 I & I 45 B 5T

Start Simulator
Calibration

Start CPU Design

CPU Logic Design

Design Different
Microbenchmarks
According to
Microarchitecture

l —

Verify the Simulator with
the Microbenchmarks

|

l Correct the Simulator
L According to the Error
Analysis Results

!

Verify the Simulator
with More Practical
Workloads

Need More
Microbenchmarks

Fig. 8 Simulator calibration process

Pl 8 AL A A I A AR

Circuit Design ~ ——

Layout —

End

bR AR TR B ORI IE 4 B AR 25 W R R L gk 4
i 52 4 7 R AT R U e SR A 2R U iR 22 R
PRI i 1) SRS DU 398 o S 2 A e T AT A A ) o A
JPIFE A R A IR — I JC I R A R 22 A
I B A FH A R ke i 25 R AT 4 AT

Je s AR AR A B2 R AR AU g R i R Pk
P D TR T 8 47 245 R IF TR0 22 TR 2 B4
AL R E A T AR 2)IR 2 i SPEC CPU2000 &
PR BB AR A 158 22 L R AT LA Pl — S R AR e R B L
43T SPEC CPU2000 (1) 15 22 % Fb 4 A7 il 326 o 2 )7
RIMERS 2 5 3) AU AL LL 4% R )7 32 47 B ] 8¢ IPC Cinstr-
uctions per cycle) 58 % M S 5045 4518 A 1l BEA
A BELE A 2 A S I 1 A 3R A5 R D& 1. )
£ Sim-Godson A& 5 T2 1, V7 553 14 38 WA R e
Z i, SPEC CPU2000 124 F IPC iR 2ZE & /)
F 1056, FUA 3 2 25 7 I 0 4 2 R R % S O s S
SR A 2 R ITE AR R
32 5ELEHHITRE

T L S A A 5 ) R S R B 1R 100 AT R AL
A REE T B S 3 A R I AR A B B A
TEANE B SCHK[36 1TA b B0 53 4 38 46 11 A5 400 245
RRUER . 2 HE: S BU7 W R et ag Moy #E iy ™ &
PRH, I X AL 2% MARSSx86™ 5 Intel Core i7-
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920 CPU AT THLHE, AL HESr o 2 262 1) 3d i 7 4
B3 B2 (general matrix multiplication, GEMM)®
I A AR A% U K Sk 5 2) TR HE TS Y I K B 4k L
HEAT VST R GERCHE.

A SC AR HE TS24 A 1 P AT JR 0 Ry ) 4 28 3L
WEHE Ty 1 A 5 S B s e i R rh , AN R 2
RIPE A PATIE R R EE MR ES L HEH T
Intel A2\ Z A F9 Z40, PR E SCHk [ 36 ] 2 3% i
TIOR3 X6 i A AT 38 3R 14 000 A EL AR

D) £ Intel 4 e T WX 17-920 &b BE 4% 44>
i J] 300 0T DL SRAT 4 A BURS B T 58 B (double
precision FLOPs/cycle, FPC) , &K EE i A is B
(1) 25 7 % 58 & 64 b. 454 mulpd F1 addpd fi HI )
AAEARIE 128 b FE. BRS8N F E 2
A XUKG 1B 5.

2) WA ORE P L A5 51> mulpd #l addpd [#F§
LA 17-920 Kb FRES b — AR A AT 58 K.

3) WK 9 FiR, & L AE 4 2 F PR B (register
reuse distance, RRD) , R Afl [A] ¥§ 4 i) H 1) 27 /7 2% 5
FHIRNE T 2 4% g 4 22 [l /9 28 38 ) 1A %k, 41 4n 11 9
H 84 addpd &2 HTBE &5 3 J5 ).

.main_loop:

mulpd $%xmm0, $%$%$xmmO
addpd /5Sxmmly $%$xmml

% Sxmm2
% sxmm3
— addpd RRD=3 cycles
% Sxmmé

mulpd| $%$xmm2,
addpd| $%$xmm3,

mulpd| $%$xmm4,
addpd| $%$xmm5,
mulpd RRD=6 cycles —
mulpd| $%$xmm6,
addpd| $$xmmly

% Sxmm5

%S xmmo6
% Sxmml

%S Sxmm7
% $xmm3

mulpd| $%xmm7,
addpd| $%$xmm3,

% %Sxmm8
% S xmmb

mulpd| $%$xmm8,
addpd|{ $%$xmm5,

% sxmm0
% Sxmml

mulpd $%xmm0,
addpd %$%xmml,

Fig. 9 Microbenchmark for testing instruction latencies

B9 It ae 4 5 iR A R 7

4) W addpd $8 4 F mulpd 354 (1 #0047 ZE R
SEA/INT 3 F 6 S T, W AR e 1) AT 6 e
N iZ eI B 4AFPC, )X Z 484 addpd F1 mulpd @575
LR A 2 8] B A7 A5 AH OC T B RO i S A R
YRSEPHAT o DA b 2% S BOTE A T B TG vk 3k B 0
PERE. e ok W3k, B9 b Ay B R T AT LIk B 3. 94
FPC, 7] LI € addpd F138 4 mulpd A FE 4 AT 8
WIARKT 3 06 .

5) 1 it 2 52 % addpd Al mulpd i 5 FHEE B,
A LIS 345 4 addpd F1 mulpd $RAT B B4 514 3
LB TBURSE Y YA 7N QIR € R3S EIVE S AR SR AN
FT4ER.

AL, X6 LA U 7K R B S AR A R 48 n e A B
JE A R SR A E Ao SR 3 AR A
KB 5 AT R HEDS I T AT UIE T R G
R UE S AR SO IR

4 EBEMHTE

Bl A Ak 3 2 A% VE R BOR B AL EBOR 2, B
U075 P LA 7ok i A , A AL R R AU T
P TR 8 i Sy A5 AL 8 A T 14 T 2 TR, BRI U A AL
T AT oAl AR SCHE R A 1900 Ak 0 o 4 1) G Ak
(scale up) A m] {4k (scale out). A 1a] P4k &2 8 1@
I BOR T B % R AT AT B /N TR LA 25 47
AL 5 15 1) PIE AR 2 A X TR AL 22 A B 2 Ak PR A 1 A
A S FEAT B B[R] B SR ICEL A 28 2 1
P B R 52 T A1 X8 2% 19 0 Ak O ik E AT B A
28 X8 R O A T vk R AT B R4
4.1 R[N EMAH
4.1.1 3T FPGA sk iy #4024

FPGA il 3 £ #l % ARBPY (FPGA-accelerated
simulation technologies, FAST) A] Dl 14 FPGA
Xof NS REASE 400 5 2 A7 0 3 B T I R S B B
LA T LAy 2 #5853, A6 UL 4 A S 18 47 — > T RE AL
fLhas, 1T LLIE AT 58 B A R gE AU AR S i iE i
FPGA R 152 BE Ak B 5 190 45 44, PRIk W] DAY 43 32 13
DU I 7K 2R G A7 55 T8 20 W 205 4 0 A7 IS Aol RS T RS ALL.
B a4 7 I T i 2 B A #0090 A0 S 4 4 AT 45 2R
S R 22 vh X A 45 2 17 7E FPGA L i
o i e o T % i DX e Y AR R R T R R 4
AT 4N 43 S H0I 45 o B b i AT 45 2R FPGA
Jon A AU AR [ I B R Y R L SR R T s
AT EREE OB AT 3R — 2 Lk T 0 1 A oRS T
B AR 1 SRR UL 28 18 RAMP
STIMUL %,

4.1.2 TR E

AR AL A% 7 1] I 3 B R S JE AL A5 i B 40 4 H
B ZEAE 48 4, B RS AU 4% BT i A7 A 18 E LA A
(48 4 SR 5 BEAT AT ELOR M, B 28 04T H br 4
A I LA B AR 1R S B e e EHL B e E X
U B pR BB R A AR T AR B0 H AR B 45 2
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AT B B2 T 1 LT R

o R R R AR N T R AL A% AT B, L
Hift 52 H AR 2R A4 1 1 2 1k i B HLAE A B e, D R
A B 300 TG ¥ A L[] I A OB A0 2 5 A T HLAE A 46
FE A RS R AR 25 BT Tk B R AT e A A 4L
A SimOS'" ,QEMU™ 4,
4.1.3  HEEPITGET KVM R UL AR A

BEARPAT RIS RS 10 B AR 280 AL 2% 1 1
FHRAG AR [F G B0, Bl AR AR B AT B R TE T &
HL_E AT B ARG 8 4 00 in 3 07 vk, 1 8 $0A7 AT LA
AR B PR R A R SR [ 41 48 B AT
FIURE 7 7545 A e ok XA 28 47 ik , 56T KVM
AL AE 22 B BORE 22 [) 14 A7 DRkt 4 0, L AR 41
B A LA 5 EVLE Y 63%, £92.0GIPS (giga
instructions per second).if i IPC £ F X} #5145 1%
ZIFF PR IR E A 2.2%. 3 F KVM i 4 41)
BN T R T SMARTS! URE J7 v 5Ll |- &
JEIM SR N E 10 (a) Fr /R . SMARTS BUEE )5 3% 0 T 3F
AR HDURG B2 FVSE 401 i 7 L B L 08 AT I R T 4
3R D T RE T 2L 1 X 5 K I [] 1)1 2k
(R B 285 R IR S TR AT DR AT BB AEL T 2 A7 R 3 S T
I i =2 Ahiztst S 4 45 4 A U E R AR UK 48
A HEAT AL, O BB B AR B 2) T 4l T PR =X
i L3 AT A B 45 X 2 A R G AT PR AN AL, OF

Detailed Warming (OoO CPU)

— Detailed Simulation (O:9| CPU)

Functional Warming
(Atomic CPU)

<«<— Sampling Interval —>

(a) SMARTS sampling

Time

Virtualized Fast-Forwarding
Functional Warming (Atomic CPU)
Detailed Warming (OoO CPU)
Detailed Simulation (OoO CPU)

«<— Sampling Interval

(b) FSA sampling

Time
Core 4

Core 3

Core 2

Core 1

(c) pFSA sampling

Time

Fig. 10 Comparison of different simulation
sampling strategies

Bl 10 56T 22 st 4DUIBURE 558w 22 1] ) X HE

X CPU PR A HE 6 5 25 7 () an e 5 28 4 S HE P
AL HEAT BUIN. 3) T 40 AL HOLARE X3 4l ASE 4L Ak B
i FTAT SRR I o T B 1 ok 5 4 ke AT .
WA T TR WA B B AT R T 4R 4. T3
A6 B H AR B [E] Ry T X IBORE SR AT i L SOk 41 T4
T FSA(full speed ahead) BUFE 77 . &l 10 (b) BF
/R T SMARTS BURE LRl B BRI T — AN 3 1 B
2 - R LT PR 4 A 2 L 3 i 14 R L fef ]
F KVM i UL H ARy 95 % 18 & H 817 78
T AL E AT DA e Ji ok Ty e 1B X0 AT
SR EE S H R T BRIE X G2 A7 R S TR0 g 10 AR 1 P
T SMARTS hojhe ity 77 =K.

FSA #5208 AR I T Ty e 70 A5 R 45 4 4
T BT E SR KL 75 % ~ 95 Y (i it i) FH T 1 40
AR AT B Be o T X% LR By Be b A7 3R 171k
Jnas . SCHk 414k 22 48 T pFSA (parallel full
speed ahead) ., #H & 10 () frx, N T i 15 & — 4~ I
BE I ST IRAT AT » 5 5 52 1 BURE A 22 i A5 450 4 1R
A TE 58 M — A~ BURE #7140 450 100 22 i Ak i 75 B 401 28
AT E]F — AN BURE S AR I AT SAT . B A M, B AL 2R
5642 VLR AL PR A i B s AT e AR 1 |
HGZ A7 R T D 3T A L, 2 T G R RS AT
HBURE AT AT B B IR L 2R S B AL B 2R % 2 b PR
LA SMARTS J5 A7 BORE AR 1, D) g 2 4. dn 2R 42
S ADL 1 DR A 1 T R A AT DA 4L % T DA B I
F ML B AT A E AL

R E R B T gem5 B ZE L 2B
B AR 8 A BT Xen P LA B A PTLsim™
032 47 PTLsim 40085 19 454 2R 58 28 647 2 il 1k
&, 5 BCH AT A A R A AN I KVM 4 (KVM H
B2 Linux AR e R I Bl 2 X — 20 20 IS 2 A
PE L F C) 4n A e i 4L TO 3% 45 25 A B4R, Sk
(AT 7 B AR W LAAE A5 A 400 28852 47 1 B2 3 1 2
B ARG SO . D B bR e 2 2R EVUHET 2
72 KVM SR 5 3) % T ReATE 2 AT 75 A TR 4.
4.2 EPBEEAN
4.2.1 X [al5E4

DX ) AL 5 A S — ol R U 22 A A UL B i
J5 o 38 Ao B i AL A Y Bl 5 2 O HOX b B A
5 B2 2 B S AU R AT il 4 T A8 WS T e U K 2
XiF 4 A PAT B[] A7 3 40 368 25 0 20 B e e) D) —
SRR 3 Ao R AT TR R 4 b B A ) B RS T A
P72 A 8 v L R - AR AU A 0L 28 F o
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HAZ L AN 11 B, 38 4 WK 46 1 1E # AT i
2k 4y S PO 4 4% A1 TLB (translation lookaside
buffer) .cache it & 55 = £ 1 Wi If- 43 WA 7] 1) X []
KR, bR i e R RO AR g A AUL 2% TR, T X [
f 4 B2 ER B0 o B B TR T B TR I 2R ol FH R AL 4%
AT A 1 A AUL 2% 0T 25 5 B0 4 B BB AT LA XS
FEZ A% AL B T R B PAT Y 22 48 B R T 1R BB I AT
T4 . Sniper ™ Fl COTSon""*) 5 2 L) 3% Fh 455 28 52 9
ORI B, SC ik (44 ] %) Sniper 48l %8 {fi F§ SPEC
CPU2000 1 £ £ PARSEC #4714, 5 M5
4 72 G5 I RS i AR 0L 28 3R AT RS BB N O L B Y X
b .i247 SPEC CPU2006 HZEfE IR 2E & 5.9% .18
1T PARSEC Z £ 5 3 1) 15 22 02 4.6 %0, {0 ok i
B PO a0 7 PR — A B g SR [ 44 ]9 X TA]
BEADL 28 43 B A 8 1) AR A5 4 AT 1000 47 C R4S, i
M5 LR AT AR BB 2.8 T AT T & X (A
FLA B AN 2 A B A RS i A 0L T O 7 4 4 N
P A P % [ B R i 2 v A AL s T i R A L R
JE DR AT DA T PR R 3 2 % A 3 4 AR R 1 T
UG RELASE B2 R A8 1 2R B8 G A A 320 A7 DR S L 45 T
kBl B AL T LA ok S S S A A TR AR R

Dispatch 'Branc.:h' L1 I-Cache Long-Lat(?ncy
Rate Misprediction Miss LoadMiss
Time
Interval 1 Interval 2 Interval 3
Fig. 11  Analysis performance on an interval basis

determined by disruptive miss events

P11 STk T B XA HEAT P BE 2 B

4.2.2  SST UHES

SST (structural simulation toolkit)M*** &k 7T
X R AL Ve RETH B R G0 AT B BL T A=, 7] DA
LA 512 AL PR AR 5 o H AR R B T
fli Rk m PERETH 5 R G ARMENE SR KL T SST A4
ar ] LUE 24 BUA 1Y B0 A 125 48 R Ok 24H i —
PRI AT B R G0 SST B2 # £ Fh b BEAS |
WA R G0 2% 2R g AR JF SR ik el o P 4 11
D5 AP B B ARy T e RS B, SST it
— RGNV AT DLAE A B RN A UL 8] 22 ] A i SST
PR R AP S A B AL 48 A% o B8 2 R AT S 25 4 95 1 2 18
N, T MPT ARG B PR L AR K 2, An 8T 12
JIE 7 s H R A O B 4 (AR UL R 55 A0 45 A5 4D

AR E RS 3h D AR R T AR A A SRR L
ABCPRCAE A5 SST BEAZ O iR R A6 38 3 0 T
T FE AL IO 4 4L 1 A B R RSB AL 1. B
HI3E T SST & BB 4 MacSim"™ , ExaSAT "
A5 N R AT LLSKR SST #51H T 208 K.

. SST Core
Services
Power Area Cost Checkpointing MPI
Configuration Statistics Parallel DES

LI | Vendor Vendor Vendor Vendor L
Component Component Component Component

Fig. 12 SST structure
Kl 12 SST HEHL

4.2.3  FFATHLALLIN

TR R G gt AT R 7 AT LR AT s
PR B RS X fE A T AT B B 7 H (parallel
discrete event simulation, PDES) #; AP?%] PDES
Al DL BB R i B 2 AR B g O AT AT T LA
DR 2 v RO B, PRt I ) AR AL
Bl (U AR A4

FEATALALL A AR B DI PR I T B i 7 AR
AR IS AT R H 2 5 A4 & b BB ST 2 8] 1Y [
A I FR L BEAE Kb B R TT B WS BOR R, HCTR] 2D T 4
7 AL %2 AT I T8]G4 8 R K L PR AT 4
Jre PR AE AR L DR I B Ay 2 75 A o 1) 1) R TBML 58 H 14
BGLSim"*" #4085 i 2 B T PDES £ AR # 11.

5 HXERF[NA

B 2 45 Pl R R 45 B R A B BRI iR R R R
J& L A 2R 45 P A 0L 2t AR R B T — S TR RS
AR5 0] I T B R UL R AT A A 4
5.1 RMELE

FR L RN g8 .GPU B R H B AR R 45
FARIF 5 AL 38 28 U 1T A B AR R b L B 5E N BT R
T Z2 3T R RS A0L 25 X6 7 B S LA R 25 AT A
PR ITERE ST N Bk A IS AL & T A
HEAT S B0, A SC S5 L FH sk 28 A GPU AL 28 &
FHOC T H AR 2 frow , Horb gl o1 A 8oy Hode 2k 4
FP R AR L g R X B B AT S A D R R T 1 A S
S FE A 2R G5 40 I I T
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Table 2 Comparison of Heterogeneous Simulators
F2 BRHEEMSEITE
. . - . - . Last
. Published . Forward Citation Target Operating
Simulator Developer and Link . Language . Update
Year Mode Count Architecture System
Date
University of British Columbia . .
- ; . Functional/ i . .
GPGPU-Sim!*7 2009 https://github.com/gpgpu-sim/ . 1232 C++ GPGPU X 2018-11
. . > Cycle Accurate
gpgpu-sim_simulations
- The University of Virginia
Qsilvert?8) 2004 ¢ nllverﬂ y ol Virgtma Cycle Accurate 96 GPU X
Link not found
AMD
5¢ N C++
gem5-APULY) 2015 https://gem5.googlesource.com/ Cycle Accurate Pth APU N 2018-11
o
amd/gem5 yihon
G ia Institute of Technol
GPU Ocelot [0 2009 corpta Tnstifule of © CEnoioRy Functional 25 CH++ GPU X 201304
http://code.google.com/p/gpuocelot/
University of Toronto
FusionSim[¢1] 2013 https://sites.google.com/site/ Cycle Accurate 16 C++ CPU-GPU X 2012-06
fusionsimulator/
MV562] 2011 Argonne National Laboratory Cvele A . 11 C++ GPU-like v 2011-02
o https://sites.google.com/site/mv5sim yele Aceurate Python  SIMD/SIMT
Indian Institute of Technology
GpuTejas 3] 2014 http://www.cse.iitd.ac.in/tejas/ Cycle Accurate 5 Java GPU X 2019-05
gputejas/index. html
University of Wisconsin-Madison Functional/ C++
5- [64] 2014 126 CPU-GPU 2017-01
gemogby https://gem5-gpu.cs.wisc.edu/wiki/ ~ Cycle Accurate Python v
National Tsing Hua University Functional/ Het ]
HSAemu s 2014 https://github.com/SSLAB-HSA/ unetiona 10 C clerogencous 2013-11
Cycle Accurate System
HSAemu
University of Murcia (Spain)
FATSEAL! 2010 prversity of Auren topain Cycle Accurate 1 C++ GPU X
Link not found
Univ.de Perpignan
Barral67] 2009 https://glorge.inria.fr/scm/?group_ Functional 100 C++ GPGPU X 2015-08
id=5827
Norwegian University of Science and
ATTILALSS) 2006 Technology Cycle Accurate 112 C++ GPU X 2015-04
https://github.com/attila-gpu/attila-sim
. Northeastern University
Multi2Sim L6 2012 Cycle Al t 351 C++ CPU-GPU X 2018-04
uttesum https://github.com/Multi2Sim/multi2sim vele fAceurate 7
- G ia Teck
MacSim [%] 2012 | eomsw ech _ Cycle Accurate 39 C++  CPU-GPU X 201811
https://github.com/gthparch/macsim
. Northeast Universit
MGSimL 7] 2013 ortheastern Lnversity Cycle Accurate 19 C++  CPUGPU X 2017-04

https://github.com/svp-dev/mgsim

Note:~/ means support operating system; X means don’t support operating system.

—_

5.2 FTEMHHEIET Chisel

TR R 247 5 R 43 A B T 19 T ik 5 4 B RISC-
V 2Rk Ak B A U T AR ST A By BT S TSR
PEAL 2SSO T R AR s R A BRI R T
SR B BE PF A H 15 S Chisel™™ i Ji] Chisel i85
e OELIE NGNS X N TRCIDORE WiUR 4 i 7S
AR AR DI RE ., X 5L 5 E L EIT kR RS
WAL g 1 7 AR R AR Z b F B il S
— YR AE PR AT LA A C+ - B A ORG o AR 4
% .FPGA Verilog il ASIC Verilog iX 3 > H#n"*.

ELpR b AE Az BT 4% J7 L BE T 5B Chisel3 %5
(4 AC RS AT L™= 2R Fireed o (8] R 05 &
mediate representation, IR), M Firrtl °] LI 5 3 #
e E W il Verilog, #E T i@ i Verilator T EL. 7]
DL B 0K HE 09 C+ -+ RS 40045 A i HE 22 H 2
18 3 % Ao 7 A A AR AL i A RIS 1 A A A
L 2.

Chisel 1 5 2 5 3T H AR &8 I 45 3 T 48
— A AL AR BT ROR B — S BRI
AT LA A o A A T 3K R T ) A BB T e O

(inter-
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a5 [] P o A Ok A JHE485% B T F0 AR 4L 4 A R Y —
AT 1]
5.3 B (In-house) 1 3§

— B R ZR 25 M SCHRTE SR AT 92 56 DAk I A Y
& A B % . 3 X 1k & 4544 25 I ISCA (Inter-
national Symposium on Computer Architecture),
MICRO (International Symposium on Microarchi-
tecture ), ASPLOS (International Conference on
Architectural Support for Programming languages

and Operating Systems), HPCA ( International

Symposium on High Performance Computer Archi-
tecture) T JLAE H LAY In-house B & 4T T &4
L5 LAy ERMIT N B TE T & B WFASE 4L 285 I 2 AT
Z% £ 3 AT LLAE A 24 | OB 2 2k T
trace(— B A] £ F Intel Pin T H 3K BO 1E AR L A%
R S I ZRASAUL 8% 15 5 T 0 U5 A R G kAT A A
30T AL RS B AT TR R R AL AR X AR S
fE2 i T Pin T Hiz47 T M 24, B H i g 2 2
RE XS T 7 25 10 AR PP R A7 1 B 20 BT o JC ¥R X 434 R
52 5 W4T (O BE A AR EAT A0

Table 3 Introduction of Some In-house Simulators of Architecture Conference

®3 BOGREMSUWPERAB In-house B HIZE N 24

Conference

Simulator Introduction in the Paper

Target Architecture

ASPLOS 20170821 Intel Pin trace tool based CPU performance simulator X86
ISCA 201683 Trace based cache performance simulator X86
. e Intel Pin trace tool based CPU performance simulator which is unable to simulate the effects of
HPCA 20165 . . . C . X86
wrong-path instructions and the operating system activity is not simulated
Intel Pin trace tool based CPU performance simulator which is unable to simulate the effects of
HPCA 201685 wrong-path instructions and the operating system activity is not simulated. The virtual to X86
physical address translation is performed on the simulator via the Linux’s pagemap interface
HPCA 201686 Trace based CPU memory subsystem performance simulator —
B EMU based cycle-approximate performance simulator which can run unmodified operatin
HPCA 201727 yeleapprox b Peratiig  ARMv7/ARMyS
system
HPCA 201971 Cycle accurate cache simulator which can be used for estimating the time and energy for cache —
HPCA 20190 QEMU based cycle-approximate performance simulator which can run unmodified operating ARMv7/ARMvS
system
ISCA 201687 Cycle accurate simulator and runs samples taken by SimPoint X386
ISCA 201688 Trace based performance simulator —
HPCA 2019L89] Trace based performance simulator —
MICRO 2016901 Cycle accurate simulator —
ISCA 2018091 Cycle accurate simulator X86
ISCA 201092 Trace based cache performance simulator —
MICRO 20170517 QEMU based cycle-approximate performance simulator which can run unmodified operating ARMv7/ ARMy8
system.
Note: “—” means unpublished information

5.4 LTREHE

A 30 3 R SR AL B A TR RE AL UL AR HE AT A AL H
JE AL PR B BT — A AN B A A AR AR IE
T FE | 180 RS T 7 A 38 5 o AR v b 2%
4 PR 33X T T U A 8 T e FETASE 0L 488 5400 A 20
ARSI T PR ADL 45 2 MR 2 45 4 2 T X Ak 2
e A TR B L L Ty AT S S R B AR L 1 4n
cache MBI DUAFERL LA | 1T AL DL 4% 55 X 2B A 41
for— B T A A B AR BT 2 WA AR A A AT
WAL P Al AR BCE T X0 RIS SO B AR

SEVRE BT A o 1 O B AT IEAS AR T R S B
57 0 B I U5 B DL S E AT 25 A 4

2.3 W TR TagSim"** 1 3CHLL71 ] i H
REHL 25 50 & T Y cache BIUL A% . 0 AL 48 — i
X8 cache #FATREHL, FEEVIfFT8 4,
1 b 2 T o i 4 B T H (Intel Pin T8 Al
DynamoRION 25) 45 5 |

CACTI™ , Wattch™', SimplePower ™, Power-
Timer' "™ 0] LLXT b B 45 B8 FE #E 17 WAk SCHRL76 ] A
THEE R T D FEREAU 5 AT T Al 2, A SO
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R Orion™ ™ B L 8% 7 LLEF X F F ) 4% (network
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