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Research on Flow Sensitive Demand Driven Alias Analysis

Pang Long, Su Xiaohong, Ma Peijun, and Zhao Lingling

(School of Com puter Science and Technology, Harbin Institute of Technology, Harbin 150001)

Abstract In order to improve the response efficiency of pointer alias queries in the interactive
environment, researches are interested in the demand driven strategy to reduce the cost for analyzing
the unrelated pointer variables with respect to the objectives. The demand driven alias analysis based
on the context free grammar has been proposed. However, its precision is only limited to the flow-
insensitivity. The flow-insensitivity pointer alias restricts the precision of overlying analysis, so the
bug detection results in more false alarms than the one with flow-sensitive alias analysis. In this
paper, we propose a demand driven pointer alias analysis based on the graph reachability and the
context free grammar to provide the flow sensitive precision, which has tolerable additional overhead
comparing with the flow-insensitive alias analysis. First the updates of pointer variables are
discriminated by the partial single static assignment to filter out the unrelated pointer variables as
early as possible. Then the sequence of control flow along these assignments is expressed in the form
of level linearization code, which is used to construct the assignment flow graph. Finally, the query of
alias in demand driven is formalized as the search of reachability of target nodes in the assignment flow
graph to achieve the precision of flow sensitivity. The experiments demonstrate that this presented
method can improve the flow sensitivity the precision of alias analysis in demand driven with overhead

tolerable.

Key words alias analysis; flow sensitivity; demand driven search; context free language; graph
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Construct LLC for
Statements
Operating Points

Search in AFG

Assignment
Flow Graph

R BE 5 BE 20 B Bk RO T BT A 98 BE 0 45 ) 4L B
R 1 TS A S T H bR 44 A (AR IRk
{19 L B JEONE JEE XfE LA ELHE4FE ) 38 5 0 44 20

Code Flow-Sensitive Flow-Insensitive

Snip Point-to Set Point-to Set

® p=0; O t—>B,s—B; | O t—s,s—q,null, p;
® q=1; @t—>@,s—@; | @ t—s,s—q,null, p;
®s=&q;, |®t—>@,s—q; ® t—s,s—q,null, p;
@t=&s; | @ t—ss5—q; @ t—s,s—q,null, p;
® *t=null; | ® t—s,s—mull; | ® t—s,5s—q,null, p;
*t=&p; | ©® t—s,5—p; ® t—s,5—q,null, p;
@ *s=2; @ t—s,s—p; @ t—s,s—q,null, p;

Fig. 1 Example for flow-sensitive and insensitive point-
to set.
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Demand Driven Query of
Flow Sensitive Information

CFL Constraints for
Flow Sensitive Alias

Fig. 2 Design for flow-sensitive demand-driven alias analysis.
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(a) Program (b) Assignment flow graph
Fig. 3 Example for assignment flow graph.
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AR EERF Val o5 B 15 1A 45 s AE R 4545 Flow
F2o0% 3 2o VAL SRR () TF 1 4% 3 5 AR 2S5 4F Flow ok
B Fr 335 1) 15 328

State Machine Mem
D D
—»@—» Val

State Machine Val

€

MostRecent (A, LLCOdecyr)

Non Address Node

Fig. 4

Hierarchical state machine for searching flow-

sensitive assignments.
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Mem *=DValD ;

Val =Flow (Mem?) Flow; o
Flow:=(MostRecent(A,LLCode.,)Mem?) " ;

Flow :=(Mem?MostRecent(A,LLCode.,)) " .
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1) Loop :=(NodeBackgizeriom » Nodepzagero ) » T
I Loop VLN K B4t S bRic.

2) FromNode(Loop) = Nodep,zigerom » 1 0Node
(Loop) = Nodep,ragerrom s BelongLoop (TarNode):=
{ Loop | LLCoderynoue <o LLCOdermmnogecroopy N
LLCodet,xaectoop < LLCOd € 1unoa.  » 8 13 B Fr 45 55
(9 LLC i b 5 106 BF Il 371 3k B 45 s LLC Z 40k i
& B A% S BT B G BelongLoop.

3) Candidate ( TarNode) := {a | a € Nodes
( Garg ) N (LLCode, <., LLCoder,nua V
(LLCod et xoge < LLCode, < i, LLC0deFomNodetoop
A Loop < BelongLoop(TarNode)))} , 1F W {H 7k &
e T A A U e A TR {3 i e 4R S Candidate th
TE 5 T 4 T A 7 K 0 T A RS 4 O e i [m]
HIAE A A 320 4 1

4) NextCandidate ( TarNode, Base) := { a |
a € Nodes (Gape ) » LLCod ety << LLCode, <.,
LLCodey, }» W ¥ i W WU 7] WK {8 i g & 4R &
NextCandidate B 7T Hi 78 5 FiFHR 2R 2] 2 i 0 A7 &
BRI R Y VA el (N O (SRR )5

5) SplitByLLC(Cndts, TarNode) = {(A,B) |
A={a € Cndts | LLCode, <., LLCoder,no b+ B=
{b€ Cndts| LLCoder, o s LLCode,}},SplitByLLC
M e ARG B bR 4h 5 LLC K It/ i o 35 100 %1 43
MG HT A A RS 4k B fE 4 A B.
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6) Killed (Cndts, Base) = {a | a, b € Cndts,
LLCode, <., LLCodey,,, » LLCode, <., LLCodep,, »
(LLCode, <<, LLCode, ,b& post_dom(a)) \| (LLCode,
<., LLCode; , LLCode; € Wrts  DomBranchNum (Wrts ,
a)=SuccDomNum(a) — 1)} , § £ 59 1% W {8 37 158 &
T Killed 1 2 #8535 28 — &8 73 /2 1 A 72 J5 18] 32 D
(post_dom) 1 B W WA 1 T84 . 53— FF 4002 24 ir 7
JE SCIE 5 4% 53 SRR A7 78 WA 10 I 0l 8 TR U . R
AR 59 1Y B SO R RIS 1) S T 45 Ak A A
W AR I AT S A 03 SR AR T 0 TR AEL 320 ()4 T
AR 0 S e (HR 2R AN R B — SR SR AE
76, ) 2 K AEL 324 ] HC At J= 2 K {8 3 I B Horp
DomBranch Num j& FAth W {8 i1 7€ #5 3 w19
SR BT o5 A B 53 3B Suce Dom Num 2 JRAE
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T 25 J& 1 5 1) SCBE o T ) — 4% 43 32, il otk S B
B B WG BT A5 Jim 52 0 SRR AT A6 37 W AE 32 1) 249 3R
H .

7) Live(Cndts,Base) =Cndts— Killed(Cndts,
Base) s 4 Hi A7 % R AE 4 Live ph W 121 % 1% 100 5 B
T B 1 i 398 T 1) 2 4R A8

8) Delegate(Cndts.Loop)={(a.,b)|a& Nodes
(Garc Vs b € Cndts, a = ToNode (Loop), ¢ =
FromNode(Loop), LLCode, <., LLCode. }, Next
(Cndts)={ala€ Cndts, YbE Cnts , LLCode, <.,
LLCode, } ,YEAGF 101 334 FH T WA 322 fig 328 1 357 7Y
PRI # Delegate H BTG PF 81301 1Y 3k 45 50F BL.
WAL 3 % 8 4R & Hh B S AT A Near M4 LLC
YNNI LIS

Bk 1L i BURA RURE R A

A HHT A Asgn 8RR LRI R LLCode., 5

i A S TR .

MostRecent(Dir (Asgn) : Direction (1.LLLCode) ,
LLCode.,, :1.1.Code)

@ if (backward(Asgn))

[ 35 1) WRAELT L > /

@ {cndidts=Candidate(Asgn) ;

@ if (single(endidts) or empty(cndidts))

@ {result = Live (cndidts, Asgn) ; return

result;

® {LA, B]} = SpliteByTarLLC (cndidts,

Asgn) ;

foreach loop in BelongLoop(Asgn)
{C=Live(B,FromNode(loop));
D+ =Delegate(C,loop); }

result=Live(A+D,LLCode..);}

else { [ T 1] WRAELTE 0 = /

@  ondidts = NextCandidate(Asgn,1.LCode,, ) ;

@  result=Next(B);}

@ return result.
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AFG 8RBT ALE tarpost ZHIHAT 118 A IE
) TR AL 3 R S0 T A 49 T 2 5 A ] 44 O &R
AR RER 4 PR RARES LA T I S
. HA, R MostRecent H 45 i ¥ I W) 43 A1) i1 &
WA A BA B TR RS kA ORI 5 2

SO #SUH D AL D 153 51 i R derre f A
PREL adrs k. Tk 2 3 B 1 FR(E A% 2 A 45 ¢
F Vit aliasMem 3k 37 85 (8 AR 55 14 1 N
HFEHHAHEZE LR M. 4 JCH (ny s, state, Level) ¥4 BN
FCTAESIRICER RRTEARE ¢ TGS n BNZE LT s
e EEE RS ¢ BoamE 4 AN Val (1) 4 4>
LEERAS B ERAE FF IR B Level JZ2ALE. 2y T HRAIE
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SRCHE J2 U R Y T R DA T DR IEFE 48 R b R HUE
1 338 A 25 OC ZR I ft T 2 T (BB #4919 77 3t ki A
FERRC AR SE N, 15 0 1 5 48 2 B A] i
A ] 422 1 1) B T

BiE 2. WBURER T ) 4 o i B

A s TRAELIA BT Gare » FEAE B 44 R R T A eo il
(2} ,%’{Eﬁ{jﬁ tarpost;

o o A U U 4 G AR

DDFSMayAlias (e, : Expr, e, : Expr, tarpost:
L1LCode)

D w<{(adrsCe;) sadrsCe;) sS; ylevel=1)};

@ while (wo. NotEmpty()) {

®  (n,s,state,level) =weighted pop(w) ;

@ if (derref(n)=e, Nderref(s)=e;)

return true;
® if (derref(n)F#null Aderref(n) &
aliasMem (derref(s)))
©® aliasMem (derref(s)).append(derref
(n))
@  switch(state) :
® case S, :ifCadrs(n) #null) {
| ¥ Transmit to State:S; * /|

©) AddReachable Cadrs(n) ,adrs(n) ,
S, slevel+1);
(D) AddReachable Cadrs (n) , adrs(s),

S, ,level); } break;

) case S, :foreach p in aliasMem(n)

0 Valid FromAssign + = MostRecent
(backward(p) starpost) ;

@ ValidToAssign + = MostRecent

(forward(p) starpost) ;

7)) AddReachable (Valid FromAssign ,
5.5, level)

® AddReachable (ValidToAssign s,

S, ,level) ; break;
case S;:if(adrs(n)#~null)
| HR PR S« /

() AddReachable (adrs(n) ;adrs(n) ,
Sy . level+1);
@® AddReachable Cadrs (n) , adrs (s) ,

S, slevel) ; break;
® case S, :foreach p in aliasMem (n)
Valid ToAssign + = MostRecent
(forward(p) ,tarpost) ;

) AddReachable (Valid ToAssign s,
S, .level) ; break; }
@) return false.
AddReachable (nodeN : Expr,nodeS :Expr,
state ; State, level ; Level)

@ if (nodeN snodes,state,level) & w

@  w<wl{nodeN ,nodeS,state,level}.

Bk 2 TAEWR BT | 5% LA i) B b5 bk
adrsCe;) AL Val IR S, FEAEZ N 1 &W)
BALIAL T ARSI (F7 D). SR JE R A 8 RAR A= 1)
RN AT @), WKy MR 1] false iz H AR 48
B JC A ] 4 06 BRI LR (AT @) . R ARz )
AR A HCH 1l 22 TR A 56 T D) DA AR AR 51 6 i i
FHERREATO).

$ 45 0 B > 10 R (A 6% 1 R 45 AU A8 ) H AR 4
MT@) SRR NG [ ture A7 H Fr 45 0 8] # 5%
44 G FRIF LR AN SRS 2 K 2 i n] 3k 45 Y 4R
W45 88 derre f(d) I BN E5 5548 W) 45 13 derre f ()
B9 AE Mk A 45 6 R aliasMem H (T @~ ®). 17
D~ QMg 2 7E B 4 REHL Val v iy b 5y % iz RS
PR R AR R IT 1), o 7@~ R& S T
) A2 5 f HAG i hE 25 58 2 AT AT Ik 45 A H L
Mem J&IF 35 ¥ 45 45 FORS B K S, 11O~ O
SRR S, T AR IE, R ] R 2L MostRecent 43 3 it
B A A B A ISR 24k A 80 (0 14 T T
TR 320 RS 1) AR 320 & R I 4 0T i ) 48 2R AR 28 43 )
WEHNS M S f7O~®RRE S, THET. 5
ARAS Sy AHAL B B bk 45 500 Y | Al k&5 s w3
L Mem JETT HKE G 45 RSN S 470
~@RRE S, FRYAEIT, B T A e A
ALK FA Ak Sk S S 48 R A e ORI BB A
HAHEXRR L SIRE S, AFlGZRET R R
i 1) BB 0 R I & N — RSN S,

6 SLWH5SMH

ASSCAR e 2l S R g A HE 4R
LLVM- ity 2 s Be i) 7 Ok S 8. L PARSEC
i A Ay A L kB AR T AR Bk 1
. Horr, <0 44 AR B i SR BEHL ) AR Y H AR A
TR ESCER . SRy TN AR R B A TR A, AR B 4G AT
RN
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Table 1 Basic Information of Evaluation Programs
x1 LEHMEBFEMERR
Assignment Flow Graph Number of
Program Name Description Code Size/line

Number of Nodes ~ Number of Edges Alias Queries

Blackscholes Financial Analysis 443
Facesim Animation Software 1600
Fluidanimate Animation Software 3280
Ferret Search Algorithm 9665

215 189 5
981 832 24
2563 2106 56
7921 5872 86

6.1 RERMTIEHANBDMAEI L

N T HCEEAR SCT7 155 A G Wi ABURORS BE 1) 95 BT 4
T 73 A B30 3 7 4 5 A 300 50 4 06 R I B9 RCR L AR 1
Az A ISR D i AL 23 AET T 3R CFL AR 3C
D7 5L T 45 ) 4 A 9 SCHER (6 107 3% » I 45 2R 4n
T2 PR, Hp R 1~5 510 MRy A
B 6 IR BEAL™ AR B 44 0 R AR & 2 5
2~ 4 B3 Bl A ST 5 00 A BR8] | SF- £ 4 3y i

] FF- 5 N AETH FE AL 55 5~6 51 43 il 2 5 T4 1] 4R

B IV BB AR A150 44 23 A 5 3k 1 1 24 A ) s ] A
T PAFIEFER L H 7 B A AR SO B A i ]
$5 1) 73 A A 360 B8] B9 BE 3R 5 50 8 R AR A SCT7 i A
P A AF 4 100 20 A A 3 N A R L R SE R 4
S L 24 1 4 A 1) B L A S RO T H A
e SR s W G T A e A 1 . (EUR L B A H B
SLORIE R INAL S 2 di /b e R OL T Bk &
3 Dy T A AR 11 5 4 180 20 A BT A ) 0% i s 42

AR

Table 2 Flow-Sensitive Pointer Analysis Comparison between Demand Driven Alias Style and Point-To Style

R2 RBEBENRENBSNSHEAINIRERR
Flow-Sensitive CFL Point-To
Program Ratio of Ratio of
Name Average Preprocess Average Answer Average Used Average Answer Average Used Time/ % Memory] %
Time/ms Time/ms Memory/MB Time/ms Memory/MB
Blackscholes 24 0.23 10 84 73 28.8 13.7
Facesim 75 0.27 26 164 103 45.9 25.2
Fluidanimate 93 0.31 35 279 132 33.4 26.5
Ferret 186 0.29 83 323 145 57.7 57.2
6.2 REBRERAHRIZFNZIHTE 5 2~4 H 535 & A SCT5 5 ) TIURL BN 6] |7 4 4 i)

T HCBEAR SO 4 v 0 A RS R T A B AN T
B A EOTE TR LB, DL T AR A I A A
A AT T IR A SR SCHERL D7 % 45 0 U
A SCTT 1 B 23 T L LU AREE RNk 3 . 3£ 3

Table 3

| = I i

I 5] 7601 - 259 A A T FE B 35 5~ 7 47 23 Sl 2 I A AR
5B 01 44 885 20 BT 77 125 B9 1 149 £ R s [R) R 2 77
THFEEE 205 8 I R n 16 45 B 0l 44 3¢ R A0 il I 1l A
SCTT ¥ B 32 A ) I ] ot 25 R T IR SO T i Y

Demand Driven Alias Analysis Comparison Between Flow-Sensitive Method and Flow-Insensitive Method

R3 RENEAVHREBEESZERIEBRBEEFEIRLERR

Flow-Sensitive CFL Point-To

Program Average Average Average Average Average Average Ratio of Ratio of

Name Preprocess Answer Used Memory  Preprocess Answer Used Memory Time/ % Memory/ %
Time/ms Time/ms /MB Time/ms Time/ms /MB

Blackscholes 24 0.23 10 21 0.19 9 121.05 111.11

Facesim 75 0.27 26 65 0.15 24 128. 57 108. 33

Fluidanimate 93 0. 31 35 78 0.21 31 119. 23 112. 90

Ferret 186 0.29 83 153 0.18 73 120. 83 113. 70
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S 249 4 3 I E) A L AL B 9 B SRR TR 1 BN 44 G &R
A I 9 25 (8] 85 77 187 7 SCT7 35 19 25 [) O 4 o 2 T
Ui AN U 5 7 1 B9 23 18] O 8 B9 L AR SE g 25 2R 3%
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P w5 1 B 48 o BT RS
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¥ A SCT7 vk L A DR AT L 4R T A )
4R AW MRAELIAL - o o 1 USG5 2 B H AR TE R
AR B AR5 1o £ S o R T R O U Y 4K 7 0l 44
I HT ) SRR B o i T AR ST i e YR A
RIMES aliasMem J&MXF T 48 ) o & 1, 24 {5
T v AT R T A A L O 44 OC AR G el R A B
JIr Lk 24 7 A 960 5 A (] o 41 3R o A R e 1
R EOCH A BRI AR SO ik BB AT
BRI AR SCOT VA S 38 1 T M B 46 1 T %
).

3 ML AR R BT BUA 1 B 4
T o AR SCT7 3k L 45 Sl 25 T 1) w006 1) R S
fRBE T . BEWES S (I B A i SBCRORT JEE 14 4% 75 1l 44 20 B
RE T 5 55 Ah e 4 o K5 JEE 1 [ ) o 7 3007 9k 1 B8 AR
B s o A D5 T 1 F B 129 06 L. LD T 2 R
T A58 4 SSA i AL 48 &1 #2 75 ) Wy — fi 14 v ik
PEAETT . (2 5 T RGO 4 L 0 BRI R R
A BN JE 1) P X 280 23 SR A ey 9 7 9k AN R
AR SCTT I R T A R AR JEE L X R R
AN ECH 29 3 5 AR SO IR B R E .
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