RIF DT

28] 2T IR IR

REIRK
IERKE



PN BN E

¢ %&T&-ﬁ_ﬁ Entry(main)
* MR K OMEBRE R R ALE M
» CRLKR B E AR =TT I FZ A ERRY

Al IR 4 /

° e ) \ ~r \
EaEﬂLs— ) o :
s —ZIARBEMI LT AEZEERM, & \

NEEUE

e — ————
—
— — —

— —
— _—
—_——_—_———



=y

o LANINMENtry I & YA
s REXNENTrYy RN AR HITEROTE
s ANEZEINF, T"=FEEE8ITH

d@Entry(main)

-~
—
S —
— — —_— =
e, —— e . ——




=2

* FRICHTA MENTry FTIEHI 72
* LA
LR THIARLE R I
- B A & A

d@Entry(main)

—




oDy ck-CFL-
Reachability >k fi& 1 i)

/—\ ‘jj /—;‘ N PR YN
\" d@Entry(main) l I ?E%%‘gi%
Ll | \/)

) 4
) 4

10

\
\ e
} SRR N B : N ——
I
II |

VI |

@~ * i !



B35 CFL-Reachability>k

ﬁ/—‘Fﬁ—/AE/] E/J\Jx

« 0(n3)
y ni’j-—lill\\\” =
. 13\“ AR R/ NI/ NF

- HHExZEN" nmﬂ
-rp@mmm WS ZLE R

« 287F oAy WL
B %5 5o R ERNEW

Ow

¢

TNy A T
L e I

A

° /IE\/E%—L_\'JRO (Tl3)

¢

For(each node) {
FRIE LI (a) iz
}
ToVisit « Fif il
While(ToVisit.size > 0) {
MToVisitF Bt A & 14
*Eﬁ%%mﬂﬂ(b)ﬁnx_
BENES SO AE, R
KR () ik
CL_E 28 5 inids in A ToVisit
}



X% 5 CFL-Reachability
KBEE AN ERE

 Tom RepsutHlA
» BUEERE NO(ED?)

» EXIEFIRE LN, DASMIEFIRE

IURERSR

TRE



T A EEAIZINEE L

* AETRENSNT, WRE—ITIEZL2TRIE,
NFBITHEEIE.

int B(x, y)

return z return z

10



ET ISR

« MiHFERCFL-Reachabi

* MRYNAASERFRIEILRPHFE, WE

l'

R EFITHE

NI
C,\3 P

ayin

Ity B

return z

11

-189%:

BIER T ZBTHER
T -LE>.K,

|IIJJ




TR ) 40 4 T b BB ks R )

« 2T IS K B INERZR

c BIIER AT E Y RE 2R MEE

« XM Top-down Summary. Tabulating
Algorithm&

« BT RABEEINERR
o 1B XY BR EX N HRAY BR 2 1 T & R IR
s BEH TN T RMEFHITHN
s EIRFESENRIR AR R, Bl PUNRa T
« WAY{EBottom-up Summary. Functional Analysis.
Modular AnalysisZs




s I FEEURR AT
H1, 1R 22 4L R 2R
BERATVAEARINH,
BEINNTEEEITXNE
— P EITITE

BT R EUE Z HY IR IR

ST
f(X)=X-{a} f(X)=XU{a}

f(X)=X-{a}

c N2 RS TH K
SREEENRE, &
ERTT— P R/ARIIE
%ﬁ%ﬁﬁk%@ﬁ

F A

o
—

13



BT R EUE Z HY IR IR

 B— 1P EIERER — DR
s MEHE TRATERITE KT
TEFRS

. FE i

- E TR, N

B B,

kiE=

c

JE

AJ DR BRI, 24T A PSR

F A

=n
-

Exit



CFL-Reachability5
s

« CFL-Reachability By R 7 31X /4N

o)
* MAEAORME O RBRVATIAER] A
‘ﬁEE’JL‘Tﬂ"ﬁ%‘% S A

(;ﬁ:

° /\ 3is %J L,Xj-q: *%E/\] 5‘;4 \1:)?
?ﬁﬁbﬁﬂiﬁ%g

15



CFL-Reachabilitypy |o] Zn
« CFL-Reachability B kR T ¥ #R$, 5
FIHE FFHAEH
1’§J BZ oS EERTEHK, 2R T
E

@ a b c

" MR B TR DR 5 2 56
6 a b ¢ PN, (FRAE TS LS

U {a} BB n E AR — AN a1 ]I

16



BT SRR A

B HR B S F R IRR
*fs=fe(filf)
- BRAGPERE IR
%a_?
TR E XX R RN LR A
U%ﬁ X LR E X 1230
KETHER, HENERX
/F /@.;ZDT,—F'HZ
* (fao DO = fo(L(0)
* (il f2)(x) = f(0) U fo(x)

17



& FHRERF-gen/KilF A &

* f(x) =genu (x —kill), FHEEENFE
fao filx) = gens U ((gem U (x — killy)) — kil )
= (gena U (geny — killy)) U (z — (killy U killy))
(f1 U f)(z) = f1(z) U F2(z)
= (genq U (z — killy)) U (gena U (z — killy))
= (gen1 U genz) U (z — (killy N killy))

- Aitt, REHRFRRASTENZTA(Gen, Kill), Hrp
* (g2, k) 0 (g1, k1) = (g2 VU (g1 — k3), k1 Uky)
* (g1, k) U (g2, k) = (91U g2,k Nky)

18



) J0 ;. AN AbEE

HIN?

7E BR BB P AT B i o A

19




-

20

(g2, k2) ° (g1, k1) = (g2 U (g1 — k2), kq U k)
(g1, k1) U (g2, k3) = (g1 VU g2, k1 Nky)




O] 2

21

—

an{a] R IR (B ER?

(g2, k2) ° (g1, k1) = (g2 U (g1 — k2), kq U k)
(g1, k1) U (g2, k3) = (g1 VU g2, k1 Nky)




CIRR: GN{AT AL ERTEERT

(g2, k2) ° (g1, k1) = (g2 U (g1 — k2), kq U k)
(g1, k1) U (g2, k3) = (g1 VU g2, k1 Nky)

22



PR B A B R 74T

 AETLE R Gen/KiIF A B R e, H

Gen%nKm%B,\@/\ﬁJ% DITHFEBITER, %
BRES

* SHIBHEUARM EMFFRIE, HIRIERERF

I
Ll

=&
M. M. S5

* JIERR: ~ (g1, k) U (gz»kz) = (g1 Y gz»k1 Nky) AT,

EHEEN U —1TEREHN—15EZ, HF

3FFF zH A ERTF x?ﬁ%li e MR MR IL K
_Lo

 x/N\gLlH, GenAT g, KillA+5

AN

AlY



PR E B R AT —— 1%

s PR R ENEIERSD
SR FRRMENIYEZT

=B P B R E R T

- EntryfoRlER (0, (), B
N B s
T
T  1((@00) = fi o (9.1

24



PR R EN R BA L

* 5| ERER LRI REER 2 R
* MNER(g1, k1) U (g2, k2) = (g1, k1), FBEIUERR
Egs»lli?»g o (g1, k1) U (g3, k3) ° (g2, k2)=(gs, k3) ©
g1,

* AR, AIAIg1 VU g2 = g1. k1 Nky = k4

* (g3, k3) 2 (g1, k1) U (g3, k3) ° (g2, k2)

=(g3 U (g1 — k3), kg Uks) U (g3 U (gz — k3), ky Uks)
=(g3 Y (91 U g2 — k3), (k1 Nkz) UK;3)

=(g3 U (g1 — k3)), k1 UK3)

=(9g3,k3) ° (g1, k1)

25



R R R D EC 1

- |1 (ERE R LR R R U 2 2 e
* (g3, k3)° ((91» ki) U (g2, kz))
(g3, k3) ° (g1 U g2, k1 N k3)
(g3 U (g1 U g2 — k3), (kg Nk3) U k3)
= (g3 U (g1 — k3), k3 Uky) U (g3 U (g2 —k3), k3 Uk;)
=(9g3, k3) ° (g1, k1) U (g3, k3) ° (g2, k2)

26



fﬁ #

« B B L EME SRR EHRITEIER
ﬁﬁ,\ﬁ#%ﬂEWﬁm\ﬁxﬁﬁﬂ
 JEAR:
s RSUHBEZBRE IRE1TERNSTER (REHEE)
ﬁﬁ“ﬁ:®|

RRGHENSHBMERERITEN
ﬁ%%ﬁ\ﬁhﬁmﬁEAME FTUR D ERF M T
%ﬂﬂétxﬁrAﬁzFEA#

- RIEHRRRENSERMY, FREEENRSTEN

27



[/ J

28

JAA{AT b EE

LU F




BRI VR FH 20 {r] AL 2

fX)=1 Entry(p1)

FX) =fioX

fX)=X Call(p2)

f(X: Xret) = Xper © X

f(X; Xret) = Xrer © X Resume

fX)=X fxX)=Xx

Exit(p2)

= Lt 1)
29 e 7 f8 R SCRURE?



30

B T2

[={ L{ D

OUr-‘fl — fl o I

OUrjcall(pZ) — OUTpZ o OUTfl
OUTpl —_ OUTcall(pZ)

OUr1f2 — fz o I

OUTcall(pl) — OUTpl o OUsz
OUr.:‘pz — OUTcall(pl)




ER]
CF

IEER A VS &

|—j-ZL7k l‘f‘ él’] J? 525

s R E N BEETEABEHRINERZER 2T
« Mmain AOZEIxOHRERFRZEM— T RE, AR

RN FHMERN A

o X—J-_

I ANES LN, A

’Eftx/J\El’J/ NS

o;:%_

5PN HRER B SR A X

*I—ﬁgﬁqﬁ/b\/\ﬁ —l«_l_ﬁ

1B F

18 RHE R

Ll
LL]

FHZE Y J3 ARl B *E'J’ixﬁ%xﬁ

REEER, eEH



el

32

s BRI EBER D ITHIFFES

FR i i

J PRI E A




> RxR

« Two Approaches to Interprocedural Data
Flow Analysis
* Micha Sharir and Amir Pnuel
 New York Univerisity Technical Report, 1978

* Precise Interprocedural Dataflow Analysis
via Graph Reachability
 Thomas W. Reps, Susan Horwitz, Shmuel Sagiv
« POPL 1995

34



	幻灯片 1: 软件分析  过程间分析加速技术
	幻灯片 4: 求解算法缺陷
	幻灯片 5: 尝试1
	幻灯片 6: 尝试2
	幻灯片 7: 改进Dyck-CFL-Reachability求解规则
	幻灯片 8: 原始CFL-Reachability求解算法的复杂度
	幻灯片 9: 改进后CFL-Reachability求解算法的复杂度
	幻灯片 10: 换个角度理解该加速算法
	幻灯片 11: 基于动态规划的分析
	幻灯片 12: 过程间分析两种典型加速技术
	幻灯片 13: 基于函数摘要的加速技术
	幻灯片 14: 基于函数摘要的加速技术
	幻灯片 15: CFL-Reachability与函数摘要
	幻灯片 16: CFL-Reachability的问题
	幻灯片 17: 基于函数摘要的加速技术
	幻灯片 18: 合并操作符-gen/kill标准型
	幻灯片 19: 问题：如何处理循环？
	幻灯片 20: 问题：如何处理循环？
	幻灯片 21: 问题：如何处理循环？
	幻灯片 22: 问题：如何处理循环？
	幻灯片 23: 函数的数据流分析——半格
	幻灯片 24: 函数的数据流分析——半格
	幻灯片 25: 转换函数的单调性
	幻灯片 26: 转换函数的分配性
	幻灯片 27: 正确性
	幻灯片 28: 函数调用如何处理？
	幻灯片 29: 函数调用如何处理？
	幻灯片 30: 另一个角度：看成方程组
	幻灯片 31: 函数摘要的方法 vs 基于CFL可达性的方法
	幻灯片 32: 作业
	幻灯片 34: 参考资料

