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Abstract: As an effective strategy to improve the efficiency for CPU reading and writing, and te fill the speed gap
between CPU and the main memory, the cache in CPU makes the best of the locality theory by storing the latest or the
most frequently used data. It dominates the performance of a CPU, and the microarchitecture of the cache, however,
dominates the cache performance. The modern advanced cache cominonly constructed with very complicated structures,
contain multiple cache strategies, hardware algorithm and multi-level design, making it expensive to design and verify
directly with hardware for time as well as money. Thus, it is far-reaching to simulate the hardware microarchitecture by
software modeling. Cache microarchitecture simulator exactly assists the design or the evaluation of an excellent cache. In
this article, a highly, conﬁgu;able and extensible cache microarchitecture functional simulator CMFSim is developed on
the basis of hardware structure. It implements the common cache strategies and hardware algorithm, which can
conveniently simulate the cache microarchitecture for the given configuration and analyze the performance with the
specified parameters.
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J7HH A 25 : Cache ZHEAGEHE  HhhE s B4 50K
BN ZHAEMESE, T HVESER.
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Cache L AR 1R 25 74 52 BH SRAM ) B (1) B 51,
[ %) o A B AR A B AR O — A cache line, AT Xt
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2.2.1":& DataArray 5 TagArray %

XF T+ Cache MJAT A LU A FE R R AT S
PiFP O, 4395 %F DataArray Fl TagArray #5458 45
RAEAT AR, W IELF XN T Cache fE {4 L (A 25
R PR E XK 1.

%1 DataArray 55 TagArray 3 B4 1% X

i 5E X
Entry CacheLine {vector<uint8_t>;};
bool read(uint32_t set,
B uint32_t way,
DataArray CacheLine &cl);
bool write(uint32_t set,
5 uint32_t\way,
const CacheLine &cl);
. TagArrayltem {
% ' 'derit tag;
! Entry bool valid;
i bool dirty;
1
- bool read(uint32_t set,
addr_t tag);
bool write(uint32_t set,
5 uint32_t way,
TagArray addr_t tag);
bool get/setX(uint32 t set,
addr _t tag,
bool ret);
X={valid, dirty}
s bool get/setXforcely(

uint32_t set,
uint32_t way,
bool ret);
X={valid, dirty}
uint32_t busy(uint32_t set);

B LY L bool 77 A Mk Al & AR W2 5
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To e HE—H, @RI 4, BEHZH NS
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(D void update(vector<uint32_t>&ref, uint32_t w);

@ uint32_t get(vector<uint32_t> &ref);

FENIIZHL ref 278 4TIV 0] 1) cache line P 7E4H
K14 cache line FIRASEZE, update 2 O SR B 48 2
%2 5] 1Y cache line ARZAS, get #: L H SRIECY AT A

FERBIRI cache line MIFRZ T KPR JE AL |

A SC T IR 1 DY A B9 ) SE 3. FIFO %Tﬁ%ﬁ?ﬁﬂ‘]
update #% TR W .
FIFO_UPDATE(ref, way):"

¥

1 let result=réf.size

2 for i=0 to result-1:

3 if ref[i]==way:

4 result=i+1

5 break

6 for j=result-1to 1:

7 reflj]=ref[j-1]

8 ref[0]=way

ref HUH PAREAMENER RG], BB MU R RFZ L —
VTR, 28 = AN B Bk Ui, DA RHE, e
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XF PLRU $3%, WA & ZAE AR S EA 1[0 N-1 A
TEER (N R — 2R EEE), Bt —> 564 — S, JH update
A get 52 11 A SEPUSE SR U0 T -

PLRU_UPDATE (ref, way): ‘
1 let n=ref.size, deep=log2(n-i') I
2 let i=0, j=decp-1 .
3 while i <n-1 and j >=0:
4 bit=(way>>j) & 1
5 if bit==refi]:
6 ref[i]=1-ref[i]
7 if bit==0:
8 i=i*2+1
9 else:
10 i=i* 2+2
PLRU_GET (ref)
1 let n=ref.size, way=0
2 for i=0 to n-1:
3 way=2 * way-ref[i]
4 if ref[i]==0: . N
5 i=i * 24l >
6 else: n

7 s 242

¢ 8 return way

ANTCRELAN O LN, 0L TRE 1 1EA
TE, R T CHERRALL I Oy 3, A BEAT ST I
OB R 51 R SRR AE W BT 3 7, 3 P AR
A TR BB AT SO (BB 6 4T). T get #2111
At EL AR b AN T B A AE R AT 38 745 B AH R —
BESIME B2 T E B AR R 5] (58 3 47). X T, LRU M
BERLE 4, I REERS B ARt B SEB, 7E A T35IR.

5 FEIrF, CacheController 7 2 4# F Indexer 254
BNV SR BB ML BEAT R 7Y, T AT B R 2
SE PR ) B 1k 0 AT AL R AR B AT, R B AR 4 2
Config 45 H IR &35 73 i ah U R MG 2
2.2.3 CacheSystem 55¢# Vi {7 250

TERIE SERE (M B Cache Z 5, Bt T LAE F-H

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20174F 55263 %5 101

http://www.c-s-a.org.cn

i H AR SN A

LK) Cache REE. &1 5 ik 1 — A4 {0 L 2 = 2%
Cache 245 DRAMSIm2 4 ] 58 BT 17 RG LM,
% 2 Cache 2 [a] H A SR B A 635 1 1 B0
CacheSystem [1) 4214 A DL#E i A [A] (R e B ok B AT B A
HE S, BE B OO LA ind k8 U T VAR IR T 2R AT fEAT,
Kl 5 ) =R a0 E DL L3 IR S B aT

[STRUCTURE]

levels=3

# 0: inclusive, 1: exclusive

level share 1=0

level share 2=0

cacheline=64

[STRUCTURE-L1]

banks=1

sets=512

ways=1

[STRUCTURE-L2]

banks=1

sets=1024

ways=4

[STRUCTURE-L3]

banks=4

sets=2048

ways=8

[INDEX-L3]

offset start=0

offset length=6

bank_start=6

bank length=2 .

set start=11 A B

set length=11 *

tag start=17

tag length=32

rest_start=49

rest length=15
Fofth 56 BEBC B 2R, 0 ELFE 5 G B L SRR .
55 R A 5, A8 3R] LUK 3R IS B S iR
BEAT B AL E, KA AR EERI ) CacheSystem.

CacheSystem I8 i 352 UL #F T i B SO, (kiR ik i

25 % H.4% Cache 1] Config 244 & & —2% Cache, 5 3
)2 2% Cache S|4 CacheSystem FE# AL H.
CacheSystem A 1EBA R G LLRGIE R 2, I8
& T IR AR DRAMSIm2, XF /Mt 7 4t
— I VIAF LS B R .

Cache System B A 5
M — — = = 7 I 1
I - I
| Trace . . Config [
I [

L1 -
' FLHWU 512)41 '
| Inclusive j r |
I 485 10p4 4 |
I L2 = I
| = |
| Inclusive 4 4 bank 8 %2048 41 |
L3 - Wl

| |
|
Bank 0 Bank 1 Bank 2 Bank 3 |
|

L_——?F _____ JL ]

DRAMSim 2

K5 CacheSystem 5 DRAMSIm2 & KIViff R4

A G T HRA A A B B 1T 2 1 Sy B
BB EBF 2 51, B S T th 7 BLARBEI Trace
b, T BA— G i g — A AT S P, i R
ATV 17 S0 trdee S0 SR 1 3N, St 47
Cache fZRAL) B 7T AT BE 362 .

3 M54

T A L CMFSim L RERLILL 2%, 2 1% 4%
W A3 R () trace D% N IR AT 04T ST SR AT 3.
MARF 4 4 64 7 Ubuntu 14.04 ¥:1E & 45, Intel i5 AU
# CPU, 1 GB W 17.

1 e fi 3R HTE & Pint'Y, S2BL T SREUN
2P U AL 8 1F trace B L B, % Ubuntu 24 F 1Y
“/bin/Is”FEFF IV AF 31 trace #EAT THHIR, L83 T
34 Ji 2 FUifF R iL 3. SR trace 10w 40 R

W 0x7ffc989b2a88 8

W 0x7ffc989b2a80 8

W 0x7ffc989b2a70 8

R 0x7f35b5afbe70 8

W 0x7f35b5afbc98 8

Special Issue % i&-45ik 41

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20174F 45264 5101

R 0x7f35b5afc000 8

o (58— FI <R AW 23 B R 315 R A5 1R,
B I — B9 4 an i SR sk, 55— 58—
AN EK, AR IV R I BE K

3.1 Cache Z5R95E

P B3R trace AN, B M E 7 IKAF Cache
S iy v 200 R SRR, 4 S T A IR K [ 2 3
Kguit .

6 NIMHRZE R, S KIRHEL (Set), W K B L
(Way), F] LA Hi B 5 20 H0AS W7 38, iy v 56 2 AS 7 4
R, ER 3G N B — e FE P, Ay b SR R A
R T, M 2 B AN 2 DAORAIME 4 A% 1 3

T 38 75 447 o, O R 45K Cache B HL

YRR S8 L. Wy
A &Y s
. bl
Lo cache 514 5 H AN R
Il Bank=1
B Bank=2
09

0.6

~

0.5
S=512, W=4 S=1024, W=4S=2048, W=4 S=4096, W=4

n' »
Bl 6 Gache 4514 5 fird XK R

3.2 HERSIXISTHITTE

XFF Cache {38 F ¥ B0 41k R AT R0 4 2 51, R4y
fr BARFRZIMR W T bR, BT TR I se
6 NPDELHBIEF 28 6 LR IT IR MR AT S W 3, 2090 5t
TEAFAR GO E T iR, WIE 7 aT BUR BT
(17, B 228 5120 1A v LL e 78 2l i vh 32 L
Th, AR5 11 HORFREAT R 70 B LR 51 i b R A i, T
HPHANE Cache S5 4#R R U1, 2l 11 FoRr FEAE
e LURF RS Bl i v AR UIT A6 R B 1. {H2, X T Cache 5
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PRI, T B IR RIS R, 1L
KR U BT DL (PR TR LT, 2500610
P AT T, 1% Cache UL BT bk ik st
VTR RV

0.90 cache R 7FH 2 5| IR HURR S5 A R ML R
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