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Abstract The Worst-Case Execution Time (WCET) estimation is the basis of timing validation
for embedded real-time system. In WCET estimation research which use static analysis techniques,
it will separate into different stages for different execution environments like cache and pipeline to
analyze the constraints which will affect the execution time of the program. Then it integrates all
these constraints from different analysis stages and combines them with the control flow structure

of the program to explore the global worst-case execution path and calculate the worst-case execution
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time based on the worst-case path. Therefore, the intermediate results of each stage analysis such
as cache behavior analysis, have a great influence on the performance of final WCET estimation.
In modern embedded system, the cache mechanism in the processor is an execution environment
that affects the execution time very prominently. So, it has a practical significance for an accurate
and safe cache behavior analysis in WCET estimation process which will be applied in embedded
system especially in safety-critical system. Using abstract interpretation to analyze cache behavior
is a very mature technology and there are some related tools for industrial WCET estimation like
aiT, OTAWA and so on. However, because static analysis is difficult to understand and use, if
there exist any hardware architecture which will not supported by existing analysis techniques or
verification tools, it is very difficult to study the analysis method and develop related tool to deal
with these architectures. In this paper, it takes the abstract interpretation as the theoretical basis
and takes the reuse of the cache behavior analysis process as the goal, proposes an abstract-
interpretation-based framework for modular cache behavior analysis. This framework divides the
cache behavior analysis process hierarchically, formalize the design method of the cache behavior
analysis which is easily reusable. The design can be used to model the cache analysis methods for
different architectures and reuse the analysis process in a unified framework. In case study, it
shows that the framework can support the use of abstract interpretation to model and analyze the

cache behavior using LRU replacements strategy. and the analysis result is the cache hit category

2019 4

of memory access which can be used in subsequent WCET estimation.
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CachefT A4 HTHESE

Cache4p Hrid #2

I

CacheZ2#4 Cache 5}%@1 -
Cachelit & A

R @ '
! |
[ A

| AriEn
I A |
L e -

1
TS RRRL

4 BEHAL Cache 17 Jy 70 AT HESE

Cache 174 43 A1 3 2 J& X 43 B 5 % 09 f AR
i Hbr A a5 S it AR B Cache 047 75735 R M
ASTE ) 3 #7777 5 X% Cache 17 8 #5475 20 B b i ik
FH—FL P25 ) Cache HUIRZS . 4R 95 Ar A &5
FU Cache HURZA TH5E 8 P AT 1 # 7E Cache X
— B A R[] 9 FE

TES M b T8 23R =R 93 7 4] Cache
11 #EAT 43 BT Must 43 #7071 May 43 #pt
Persistence 23 Fr- 7134 Must 4387 ] T4 1 24 18 5
PAT BN —F2 )7 25 s i — E fir Y Cache 3t ; May
G3AT T 3R SR Y AT B I AR A R — A
A Cache B, i i Must 4387 #l May 2347, 7] LA
W Bk — R 7 45 SN Cache HORES 43 0 =25
—H fr 1 Calways hit, ah), — B A 1y Calways
miss,am) FlJG i H) %2 (not classified, ne). Ny ifF—#
K6 o3 A 4t A U B 4 /N H b T 2k ) E (ne BRI
i) Cache 3, i & H iy PR 2. Persistence 43 1 M
R FE N TE Must 2087 F1 May 537 2 1o 9 — 25K 1
I3 M G5 R o B 7 12

H1 7 Cache ML A BT H 8952 R 7 ORFE AR 23
APt A B R 9 i A A P, O i CPU B
PRB AT PR AE 0 3% 8 4 N AE B2 CPU B il fiff
FH A 45 4 BB L O L 91 Bl £ ] 1 wT Bk
B . PR PR B B S N O L TE IR EER T
AH TR Y 45 2 B8 7T BEAE — Bom | Y g CPU e &2
{71+ A AT BE A 18 28 A A7 B AE 58 — U I A i
L TTTE 22 J5 1 B 08 45 CIRAT P 8 — T B AF 7E Cache
N X ENAFRTEME IR SR EL T 2 A — K
Cache i v i H At ST #5 fw ob o BT LA 23 A 1 26
Cache He i fir 5 B0, R ik — 2 $2 T Cache 170

[ 73 7 45 21 - Persistence 43 #7 2 & T 31X A S8 AH il
& Y. 7E Persistence 43 #7 /b, AR P8 X Must 43 47 Fl
May 73 #r Jo i2: HI € 1 1 000 7646 B0 B 2 25 4 vh )
Prid ne f Cache BeEAT 20 H7 o 43 2 A5 1 A2 26—
YA AR A 22 5l — L R A1 O

Bl Cache 17 9 70 A HE 2R . DL 52 A B Dy 3
WAL, AGE—1k Cache ZRM A R F 515 B @it
Wit Cache 4724 43 87 J5 ¥ 5 i T DA 56 %t 22 B
AR BEH Cache 17 4 BYBEHAL 73 B o 5 TE 72 e 04T
AR 45 T B Cache Hefip R ZS S 1 H SRR 7 ST 1)
i) Cache I AT #E . P b WCET i 5545 5. 1% HE 28
T AnARL X A3 A O VR AT B A SO AE S 5 1 BEAT A
LA IR 6 19 45 Al ] Cache 23 #rid 2
149 1 FH
4.2 Cache T AZTIERFE KX LR

b /AN XA ST $E Y Cache 47 20 43 A7 HE 2R 1F
TTRERMABNHTZERPWFRITER.
Cache 3B #l Cache 73 #r  #2, LK P D 28R
rhits 2 TR A b R) B AN TR X Cache 472 53
B B2 04T I AL A3 25 HIZAE 2R 1 2 =0 L.

£ Cache 17 023 HrHESE v, I3 Mt 7 s it 32 %
PLREE E XAIE R XS Cache 47 2 20 B 1 7 15 Al 7%
HEAT A IA 0 B 3k D) Xof o B g %) S B e g
4.2.1 Cache 73t i@ X

K A R A B FE XS Cache 17 4 #4770 #7 , B
JEXTE S Cache IRZS S HOR S BT fT R
DU 1 A] BE IR S 4R & Sk Cache 4724 1 B 55 7] fE
RAS. %t F F— Cache 47 K20 7 5 5. 75 2N
Cache 254 TiC & 0 A2 4 5 g 9 > A BE %k B i 47 3%
IF X E S Cache BE 8 A RIS AT IR AR 00T
BTG ZEXT Cache AR A FEAT il G 4 L 10 77 2
Bl GOR 78 T o HIONT 52 48 SR W 1 BR 285 B i 7
HEAT R IB.

—A~ Cache 4387 7 v & X o an TR
CAM=(Cs,Cg,sset(m) ,ACs,ACy ,AC)),
Hrr,Cs 2y Cache Z5#4 L &, B Cache %5 (HLK
Hiu kb w5 75 205 Cr oy Cache 3248 MG Al ik 5 ser Gnd 2y
PR A R ST 1R B8 B> i 5 [ 1 P9 7 B A e S )
Cache MR —20 v CLAALAH B Cache 4544 S il , H $2
W 55F 54 AR I Cache A LUEE & 4L AHIE Cache YRR
BRIE R ACs M Hh % Cache IR & % 4 (Abstract
Cache State) , RIPRE AT REAf 77 19 N FF B AR BB U3
7~ % Cache $ N %5 s AC, A4 Cache B 5T R %K
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FE AR Cache IREEA T Cache PEFEAT BT 18
PERRE AC, i3 Cache MRZSGIF o8 8, 2745
Tl 25 AR A7 TE 53 3CA IE I w7 B TR S B T R Bon)
ST PIA Cache IR AR AT G IF.

—A Cache 43 #7175 15, W] DL AF 2 1 Cache %5
) Cs MBS SR ME Cr RE 1 — RIS Cache KT
A AT FE Y Cache 4347 77 1% . 24 Cache 2544 Fl
A 4 SR W A ) B o 3 2 X AE T o T R S [ A
IE MY Cache fiy o5 00, 75 MR 408 40 9 25 328 X
TR TR R A ACO FIF ZOIR S 6 IR R AC,
A SCHAES 5 3543 5 L Must 4387 il May 43 7 2
4 LRU #0% T 1Y Cache 47 840 #r 7 g% it
4.2.2 Cache St fEE X

HR A b — /N5 X 4 iR e S S AR TE— A
AT U5 ) J 3 ] ] SR TS SCRR 0 B i 6 24
Hii Cache R HEATAT A 43 BT HAK Cache 43 B3 72
SESCHNE

CA= (S »initCS,listCS™ ,CA™) ,
Forfr, Sua S A U5 18] 7 51 BOAR 35 42 7 i AT o 72
(R T U 45 K 4 A A5 B Y A N N AE R 1) I 5
initCS FyP)E Cache IRZS, W ARG I 7 75 5K AT &
Y5 listCS™ SRR FH Cache 43 ¥ 571: CAM 2y Cache
1120 D 52 40 e B X R B — o AF By 8] i), 2 T
Cache G IR SE G OLIC R,

TEZ E W AT Vi 817 51 Sua MW 4 Cache RS
initCS WMEOLT R 0 H7J7 # CAYXS Cache 91
A7k B 2R A7 il 52 00 B 45 3 4% 45 50N AF U5 Tn) I Y
Cache IR G LR List CS™. 25 K A W) 43 B I 12
40 Must 73 #7 80 May 73 87, # 13 2 A 7] 19 Cache
RBE AL R ListCSM™ N List CS™M™ , f Jg Xof b 24 A
BN A7 e 5 a) #1224 J/i Cache RS S, B vl 18 7|
Cache fig & DL bR L.

AR SORAEHS 6 795 P 4800 M R T AY TR 40 45
BRI DL 2 4 43 i W92 X 3k Cache 43 #7 19 12
4.2.3 Cache fig I Sl FRic 5 i€ X

Xf Cache fir 5 BUARIC - 1T 45 € S

MACY = (Syu +1istCS™ L ACY. ),
Forb, Sya A VI R F 51 5 Lise CS™ Ay MRLATE 43 A7 O vk
CAVEFE ) Cache 17 4 Ji 42 91 5 AC 1, 4 He 24
T A5 [0 124 A Cache MR 2544715 2 6957 )45 O
#rict (Access Category) , 18 ¥ A] FRic SN always hit,

always miss B¥, not classified.

i P DA T 4R A T AR — R 2 T AR R
Vi) A1 24 i Cache AR 4G 19 X5 HE o A SO AE 55
6. 2 /N 1Y i S ER 0 1 A 4 % A A

ERTHE W H RN Cache 17 043 B, 3
R —F o B ik IR AN RE 1S B 23K Cache i
PRicfE B Wk Al Must 38— T AR TE always
hit, iR A May 73 #r— B FAR 1T always miss.
I 75 3 4218 (1 Cache FRiF(F ., ATRERR Z R T £
Tl o A7 7 25 G i B 2K 5 R B 78 L 2 52 46 SR s v
BT E5 0 B RR R B 1 7T R 38 AR 43 0 B O ik R
%%, il Pseudo-Round-Robin B 2> {# 18 May 43 #f
G BT LI FASE RS Cache BLT 0 4G EALH A
FEIRE A BE X PR 09 R HIAS 18] 43 B J7 ¥ #17 Cache
AT RO A SCASKE IR T SR I Hli ik

5 SRR

N AT Cache 17 0 70 M7 o 72 03 B 7 i BT B
Jeia ZEXF Cache AR A B 3¢ 4 5 W HE AT JEBEFI R 3K
AR SR 3 F 40 42 i BRI 19 7 T 4 Cache ARZS N
AR TR HEAT AL MRAE 4. 2. 1 /NI R e L7
22 VB SCIY £ B % 82 B Cache AR 25 FDIR 25 8 8 R 47
5 235 I 38 2o il GOIR 25 Y 3% AR R R LB S
72t B RS A2 A B ZAR B8 il G2 RS T ik 3 )
FAR P RN T O T Y N A2 T AE Cache N i
BT PR L L 7 O B SRS #E AT S
I 28 3ok il AR ZS B Uk 1) J& MEAE L1 Cache 17
— & BEAE 1T B R £
5.1 Cache ZE##i&

i F 16 A [ A {45 & v Cache (363 Atk oy
BN GE— JF H IS5 3 8 A7 3 — R fif
3 Cache 17 N RS AL 73 7 A — € B Al A7 1. Ky
AT Cache 47 2 73 M7, 16 J6 i %X 2% Ff 26 B 1Y
Cache ZRMHEAT 58 — AL 3, LA il ik b 32 24
75 45 ALY T 0 S 48k SR WS 4 75 T ) PN 4
5.1.1 Cache S50 &

Cache T3 1 = 4~ H B S JUi ik H 4500
AR PR R M I B R R capacity FoR — A
Cache BL AT A7Aif 25 (8] K /N B K Line size RN TE
WAE Hl Cache HE A7 32 # If B 3% 22 7 9 40 3 1
Cache fx Z 0] n=capacity/line size ~>F 3 ; Hi ik
WS 2 7R — AN P AF B e Cache Ho 1 45 a2 Bt S5 s il
38 3 H Al e SR RT LUK Cache St FIN fFER ST BR R
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#+ Cache $ 5 CPU #4215 [n] (¥ P4 A7 ik 2 37 1 %
VL & 2 . U] CPU /] L B 4515 1) Cache HeH i) A7 Y
2%, Bl Cache firt, #5 CPU $4 2295 [0] 1Y N A7 i hl &
B X1 [ Cache B, W] CPU ] B 75 22 P A7
HOHT I EL, B Cache 2R

Cache 2544 rp 25 5 ATHAC P A 2 A0 H O BR
FE T 5 NAE A3 A5 R 1 d5 AT 8 P 25 0 LR 3
) F PR/ K Cache R 2 1 34 8 o€ PEAE HT )
JEHIHE M. B Cache 454 77 78 = Fob i 1l ke 55
J5 2K s B IR A AR B S L 2R EO e SR e S
SRR AR H 5 — A Cache B it 137 Wit 5 4%
R A Cache HOBE X R 22 A P AFE B 5 42 A 1B S
W] DUKE A7 o B — > - el 5 2] Cache AR ] B
H 5 2R K B S 2 4 WS AR 4 R I SR P T L 4
& BTN B 2 0 ik w7 5L B Cache 4328
ZAH L WAFHE 4 A Cache H1.

Xf Cache 4544 it B 617 @ BOR A Cache IR
RIS T b hk B OG R A L 5 Rk AR SCUL A B4
AHIE Cache B4 Z4aNfar %t Cache RS FHATIE AL
AR A A I e S5 R0 B 4 i S 7T LR GR O A=n Al
A=1 MR REND . X T A B AT 1) Cache,
A B AR N £ 4 4 B Cache 4 B (1 5 45 )7 511
F={ 1o fun) s K BAES f XEF I —
MNEG I L= Ly see s L) TN T A DU AT 434
WIS M= {my s om, p Hop s om N A7 R
A~ E

SN AEBUE BB adr s M— N, % R B F it
BRAD WA N L. E X set BB set : M—F
TR NP 22647 T Cache HrigHF—40 .

set(m) = f;; where i=adr(m) % (n/A)+1.

PIOCR T RRLER — Cache FH P RIBAATAT
WAL, B Cache Bl 25 (IR, 97 B W AP B4R &
2R AE Sy, bt M =M U (1} 7R i ol G
WIS .

ik Cache 2 A IR, 7€ S Cache R
cache state Al iR B AR Cache Hr (1% Fr A 2H 19 1% 0 5
YT H Cache LR & LALRE ser state
SRAEIRTER]—4H R Cache BLAIRE.

BUBT AP RS set state 38 0 DL IE A 5.
L—M,Hrh
Vi,.l,eL.s(l)=s{,)=>sU)=s{U)=IVI,=I,.

R FIRTE —4] Cache 1, A AEW > Cache
X ;) A A B A [R] 1% 0 L 22 4 Cache H o 25 5

H W Cache HA [] o BPAT: Anf — 4> Py A7 He HURT X iz
| Cache HrBE4 i1 H— AN .

XfF Cache MR, & CHAR A K EL ¢ F—>S,
Hrp
YV EF VL E L £ U T=set(c £ LN =F,.

B SCERIRARAT — A WA Bk e HRE X R E)
Mo ik g 5E ) Cache 2 H.

5.1.2 Cache 53R W%

58— AL Cache ZE A4 $i & AT LX) H H 52
PATIREHEAT 58 B 23K L QLM {UHE I8 T Cache
() B SEAEAY 1 T 4l iR Cache 47 4 19 4l 52 43 B B
RN S ARFC T % B S R AT B A4 At

1t Cache A2 # Mg i T Cache BN 5
FEHIEAT A4, BRIV i 58 4 g 56 i Cache AR 1)
SR, AR Y 28 4 SR TR g T Cache MR 55T o8 4L
(B B EE X BB AL Cache 47 843 #r . 38 e S s
98 A [ 00T A0 R3S BB e B i 5 40 .

2 SR W 1 H 2 (A5 B 7 & 1 SRR 4 1k
REfc of» BIFE R Z B 00T L 72 5 AT 199 - 2 I ] o
G+ E I SF 118 ) g it e VR BRUAT A7 0 1) ) 3] R
52 Ay DR AEE. T F fe SR PAAT A DL T B9 Cache iy v 2
1 B o O J50 ™ 5 18 AC 4 B Mg X Cache R 2 1 52
m. # AR G Y Cache 584 5 s £ 2 A7 LU
T =% LRU, ColdFire ¥ & 1 # Pseudo-Round-
Robin,PowerPC & 1) Pseudo-LRUPBY | & %t R
[Fi) A2 45 5 W 5 25508 43 A 2ok AR BB AN T3] F R 285 B R ey
B, AR SO AESS 5.2 35 .5. 3 LA LRU W% i) Must
G3 A A May 43 At b Sy AT TR A 2.

5.2 LRU %KHBE&ET Must 5%

TE 5. 11 F /N i AR SCA 47 i) X 52 B
Cache MRS FEAT @B A - 38 11 TP AL 1075 SCHEE
X TG — R 1 Cache Z5 44, Jy EAT A N A9 AT 0 o
BT o 30 5 BEEE XA 6] 19 43 B B B A [\ 8 43 A O
2. AR LA Must 53087 20 B 3 40 4 48 WAe] 533
Brat 7.

oy AR iR B — &5 gy, CPU Jir 7 15 1] 1Y
WAT P & — E A 1E T Cache H1, ] R f] Must 43
Br it 77 2 Cache ARASTE B #E A7 AL 5 5. Must
I3 M LA — A7 AE T Cache W () N A7 B 4 1 Ry 40 b
HAR 8 3k 255 AN ) 1 32 46 g B i 52 B R 2 A
GOIRA T AR e s 5 LA BEAT RS . e & L — €

FAAETF Cache H T REIR S 46 & HEAT S5 R 047 . B
TIE T8 B B PP 0 — 45 A BT 55 U7 [ B 9 A7 2 5 A7
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ETFIZ T RER S E S .
DL LRU 2246 5 W Ay 1] o 32 9 W e I 3 — B i
[E] A A Pj 8] 1) Cache He P 45 58 4t iy Cache, Jf LA
Cache HUAE IS5 B AR T B i 7 [ I s AR 95 4% 3
A28 anfarxd >k A LRU 2 #8568 0% 1) Cache 17y i
TR s .
%JFXTil‘T Cache R, A CAE 5. 1.1 F/hiih
O Al Z A~ 248k Cache 41 B % & 7 5
F={f1. sf W) Fn A BEALAEL Cache, I A0
R RRFHRESTFINL =Ll WAEN
FB A NAEBRINE S M= b AL s 3
7R A N AF B 8. Must 738 LLUEE X Cache Hdg
— 2 Cache B9 tR A58 4 # T,

7771 XTI IR

J s B — IRAEAE N A7 B [ I 19 1% 20 Cache
B HH R AR AL E ARSI B Us : S X M —> S
Wr
Us(som) =
J[Zln—)m,l,n—m(l, DNi=2,,h,
Li—sUD i=h+1,-,A], WHRIL :sU)=m.
1[[1 —my sl =2, A, HAh

RRREERTR A — D N AFE T (R IR 5 2 0 T
ENAFHUE AR AE Cache N, # fA 7R, S50 1 1% Cache
P AR b, BEOHT R AR /N T b BRI AR N 1,
AR R T h AR FEAS Bl o [8] IR I 77 0] /4 P9 77 B
R E R 147 NAF A AE Cache PN, WK Cache
JEA BRI 1, 3Z 05 ) N AF S AR IR 8 Oy 1.

FE X Cache RS FH KA Uc: CXM —~C 2l

Uc(com) =c[set(m) — Us(c(set(m)) sm) ].

T Ao bR S R BT R, B AT X SE PR Cache B0
ARG Cache IREFATIREFe e . 58 A Cache 1Y
SRR 48 A H iy T e M AR X A AT RE Y
Cache JRZSFEAT 73 Hr » A g B0 4l i F 52 PR Cache SR
BIERBBRE AT REE FEIT LTI AME D
MR DA i R B A v BEAR A RIFE Cache 47
R BTRE SR i X ACs Y J 5 L.

T X RAHIRE abstract set state 5 : L—>2"¥
— 4 Cache BBt 2 0] G 9 N AE R E &, Mo

Vi,.l,eL. YmEeM:me (5UH)N5U)) =1, =1,.

ERFRIE A NIRRT T — R B
Cache 2 7.

E X% Cache RIS abstract cache state ¢ . F —
S FARMG I Cache LA Hr

Vi, eF.Vi.eL.:YmeM.me&c(f,) (L )=>set(m)=f,.

o1 T J Cache Y AT BEMRZSHE B R KR NI
[} B Cache HRAE A7 16 B0 o PRI Y A2 7E — A A7 3k
m VTR A XN IR S AFTE T Cache L i H]
Must 738 #4152 55 87 20 B8 - (1) Y i 7 ) )9 A7
IR E R 1 (O B Ui R AR /N T A —1 BN AFBRAR
SHEG RIS T — 0L, BUHAEEARU 15 (3) A I
N R INAEBREES SUD RN m. 55
RAEWHy h—1 ) Cache BREBLES SU-DHIF A
J5 B TAEW S h 1Y Cache LRSS s (4) 21l
WAFHAE IR h Z 5 RS LA IR FEAF).

Xf Cache 47 9 70 HrHESE L Must 2381 7 i 19
ACy TR Lo B E S G 41K 26 3 47 R R 2
PR YAFAE— N AE VT [B) B 41 N AT RE (Y Cache B
AR LG O & BE SCAF -

ur
Lh—{m},li—5_)]|i=2,
Li=sU— D UG —{m)p),
L3 [i=h+ 1, AT R AL m €5 (L)
[L—={m}, li—sU_ ) ]i=2,-,A], HAith
TEX?EE% Cache {RZ5 B4 BB U 2" IN°F
e m)=¢[set(m) — Z/lg Y (¢Cset(m)) m) .
X AR ) Cache 4IRS 266402 1 Fis.

*x1

(5,m) =

5h_17

Must 53 #7 5 3t &K %5 2 i

1A Ly 3 1y
5 {mq} {1
{mqy}

{my ym. )

~ must
Uz ame) {my )

XPF—A 4 PR A B Cache HJER — 4 N 1Y
Cache JLHE BT AH B0 . AR W0 5 Fros. BL BT, #4577
FE— A INFEHL T 0] s AR A 2 R 285 B R 500)
RZS 5 HEAF T 0 U D G o) R,

TEAE A RS AT 40 A ik By T IF A R R 7
E’JE;&?}M?FE/R [ I 3 75 2 586 1 A il 52 R S

G AR DR IR BT W o 8 S A I L. 7E
LRU W1 Must 4387 o, % F4F f] o] GRAR &S 19 &
FEREG DO B AR P &5 5 P R B Cache iy
B RAE W R 9 4 9 J5 1% Cache B iy ] E 4F &% . X
Cache 17 A HrHESL v A Must 5087 5 219 AC) &
FroE SCL B E SCHRAE R Join p ’x"ﬂlj R

GG =3

sUHD={m|3lL, [, AEmeEs (L) ,mEs, (1,)H

(Sl 952
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x=max(a.b)}.
F# (R Cache qRZSHE Join BBLT ™™ & SLUIF .
T e =
[fim TIN5 6 () | Vi 1< <n/A].
FPIASIG ) Cache 4R ZS HEAT & 38R 1 3
Join B T2 2l 2 B

R 2 Must SRS E FRE G
I3 Ly 3 In
51 {mg} {my} {m.} {mg}
55 {m.} {m,} {mg ) {ma}

TG { ¥

{my, m.} {my}

FE—A> 4 BRALAH I Cache v, 25 Bt —FE 5 2 A7
TEWiFlr Cache RZS 43 3075 B4 IF IR IR S 4 9432
{19 Join B TI™ Gu5) HEPIAING Cache RS
HEAT G IR N 2 R,

Must 537 iof 74 AT B 4 FER 25 S8 5 o 550 0 2 A
IRAA IR T I (510500 SE B 4 BT 25 4 24y
AT 45 210 T Rl Cache MRS 8E 4. M BT AT
B AU G A 2 D ] AR B T
FAET Must 530745 9 T AR S 4 5 L B 17
TE WX T AE B m BT IR H4 BRIE ) always hit; %
ARATAE 068 A7 B m B0 77 T4 S BT (T3
5.3 LRU KT May & #h

T Must 5307, 57 LA B A 47 B ] 2 75 FL
H always hit B9FRIC .1~ T H I always miss
9 P A7 R U T 0 35 3558 o May 4347

5 Must S347 M 6L, 7E May 537 v LR RE 9 7
KFR Cache R 1 Z2 A2 AHEE Cache 2 WY
AT F=f1 fua) Fm A AT Cache,
PIEATEE [ FRTFIRINER I L=l
AR A A BB A M= {my oo, ) R L
s R A WAFB 450 May )47 4 L§F X Cache
ffi g — 4 Cache e R 25 T 3 85T

3T 3 9 o bR 5 T R s U 5 4 52 B Cache
[RI2E MR A5 1 Cache IR 5 HE 47 R 45 56 e o 52 3 A
Cache (YT HI 4. 15 Must 4387 B9 X BILE T . 8 1
May 4 H7H . il 42 Cache 1R 25 8 4 19 T 37 o8 K175 %
fig s 4 V2 3 4 L £ Must 49 47 R iT SER9 Cache IR 7S
A KR — EAFAET Cache iy P 7E B T
May 4 B H 47 1) Cache 4R 25 55 A 7% 1O AL 7T i
FETET Cache iy I AEH. #E May 20 BT 4l S0k &

BB BRI P AR TE — A A SR m BT R
PAZ N B A AFAETF Cache Y, May 4347 10
WG HHAL By (1) 2 HTVT RN A7 AR I E O 15
(2) F TR AR /N T b B WA HOR SR S IR IR
B — AL, BPHARRAR U 15 (3) ISR AERE S 2 1Y
WA HORZS RS S WO BBRINAE B m 5 JFORAF IS
N h+1#) Cache HURAEE S 5D G R)E B
TAERE N 41 B Cache BURZS A5 (4) B 4 i
WNAFHRAERS b ZJ5 RS RS REEA 3.

Xf Cache 47 4 70 HrHE 22 vh L May 23 #7 75 1% B9
ACy JIF A XL B GE SUR G AUIRAS B i B U ™
TR YAFAE— IR N AF VI [ B 41 9 o] BB Y Cache B
B MR IO . R BOE SCINE -

U Giomy=
L= {m} =5 ) [i=2, I,
Lo =5 UGUD) —(m))
L SUD [i=ht2 e AT W3 cmEes U)
[ mb ol S [i=2, AT, Hofth
A 5 A% Cache R 75 T 47 66 8 U 2 0 F
U Gomd = [setGm) o U (& GetGm)) om) .
XTI %1 Cache IR AT B2 6 i3k 3 .
%3 May 5 B 3 5 5 26

A 12 5 L
{mysme } {} {ma}

5 {my}

U Gimo {me) {ma) {my ) {ma )

XFF—A 4 B AL AH B Cache % JE3E — 4N 1Y
Cache BT B4 &0, MR § iR, I, 4547
TE— D WAEBYT ) n,  BRAE |34 20 AR 25 507 ok B0
IRZS 5 HEAT T 0 U T Gom) FER.

5 Must 730281, 78 May 73 # i 075 25 1O
PRI GOR S BEAT 5 IF B DLR IR AR )7 19 43 S 46
HIFESL. XA F Must 4387, 78 May 438 o, % T
FEfTA] GRS 95 IF B2 18 26 I AR B8 78 W A~ 45 A
Hi#R B Cache Bt i /N 4E I8 VR N & JF )5 %
Cache S A] REAE % ; Fok (1 T May 43 #7 £ 7m 1 /2
i I RER S LA I X FAA7E T 5 — 45 50m 5
— 4 R B A RS N A O B4 TN
FEYE Y % Cache SRS A b X Cache 17204
S ATAEZE L May 4387 75 s AC, R IF & S, B E
SAVRAS ) Toin B8 TN -
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TG =5,
S =
{m|3L, . L, EmEs (L) mEs, (L) H x=min(a,b) } U
{mlm€s UHHALWRmES, UH U
{m|m€s, (AL HAL W mES (L)),
% T Cache RZ5H: Join BHL 72" & XLANF «
Ti (e =
[fom T2 D e (f) | Vi 1<i <<n/A].
XA G ) Cache g RS AT & I #1E, H
Join Hi%k T 2l N4 4 FR.

F 4 May DRSS FH BB =G
15 Ly L3 Ly

51 {mg,} {my ) {m.} {ma )

52 {m.} {m,omy} {mg,} {mg}

Jé"“y (51+52) {(masme} {mysmesmy) {} {(my}

TE— 4 BRI Cache 1, 25 5 — B S5 17
LEFIFl Cache RZS P 2 24 3 DR 25 4 O
TR Join BH TL Gioi) A B4 Cache IR 7S
HEAT A I 4 R

SRR ST BT BB U 2 AR A A BB T 2 G,
50 B AT 520 May 4007 20 B 24 JAT B — 45
RIRE S XF LG 2 R BT ) A B m R B AT
May 4387 45t # ] REARZS 46 4 § o, 25 A A0 I
TP m W5 450 R always miss; #7 fE7E
U PR 7 e 1 1) 5 A SO AT i

6 SHTEENHA

il it Cache 17 9 23 7 75 % Bt . AT LAXE Cache
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for time validation in embedded system, especially in hard
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some new standards require software developers provide the
WCET verification and schedulability validation, which lead
the WCET estimation need to be more precisely and formally
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are most directly measured from testing based on large
number of test cases or monitoring by inject some system
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analysis consider the WCET work as a complete workflow
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analysis. Their tools and analysis flow are precise enough but
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level for the analysis process reuse. Based on the proposed
framework, it can reuse the common elements and process in
different cache behavior analysis, but also help developers
easily design a fit analysis process for their specially systems.
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