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Generation of Program Analyzer based on Model Checking

YUJI YAMAOKA," ZHENJIANG Hu,ttt MASATO TAKEICHIt
and MIZUHITO OGAWAtt

In this paper, we describe a tool that automatically performs program analysis using model-
checking techniques. The tool has two characteristics; the target program is Jimple, and the
specification of program analysis is described in temporal logic CTL-FV.

Jimple is mutually convertible with Java, this is a 3-address intermediate language and is
easier to perform program analyses and optimizations than Java. CTL-FV is an extension
of CTL (Computation Tree Logic) to allow quoting information in a program to formulas.
CTL-FV can describe many program analyses, thus our tool can carry out various analyses
automatically.

By the use of the well-developed model-checker SMV, we implemented this tool with only
500 lines in Java. As an example, dead code detection is performed to some classes in the
standard library, and relatively large classes can be analyzed in a few minutes. We mainly
explain the design and the implementation of the tool.
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Fig. 1 The whole picture of the generation of program analyzer
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ATH LGN =

1= @this © <this MOED;
1= @parameter<n> @ <parameter<n> ME>;
= @caughtexception;

goto <ZRLBD>;
if <&H#RD> goto <SRLED;

<Ay FERRD;
return;

return <B—ANLEHE>;
return <E#H>;

nop;

02 Jimple 00O0OO0DODO

Fig. 2 The main statements of Jimple
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class MyLib extends java. lang. Object

p[rivate void <init>(
MyLib r0;
r0 = @this: MyLib;
special invoke r0.<java. lang. Object: void <init>(>0;
return;

}

p[ublic static int mss(int[] )
int[] ro;
int 10, i1, i2, $i3, i4, $i5;
boolean z0;

@parameter0: int[];

cooo

label0:
$i3 = roli2];
i1T=1i1+§i3;
if i1 >=0 goto labell;
i1=20;
goto label3;

label1:
if i0 >= i1 goto label2;

i0=1i1;
goto label3;
label2:
i4=11;
label3:
i2=192+1;
label4:
$i5 = lengthof r0;
if i2 < $i5 goto label0;

return i0;

03 040000 JimpleDDOODOO
Fig. 3 A Jimple program equivalent to the Java program
in Fig. 4

class MyLib{
private MyLib( {
public static int mss(int[] a){
int ret=0;
int debug=0;
int s=0;
for (int i=0;i<a. length;i++) {
st=ali];
if (s<0)
s=0;
else if(ret<s)
ret=s;
else
debug=s;

return ret;
}
}

04 030000 JavaOOQODOO
Fig. 4 A Java program equivalent to the Jimple program
in Fig. 3
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Fig. 5 CTL-FV syntax
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MODULE main
VAR
request : {f, t};
state © [ready, busy}:
ASSIGN
init(request) := f union t;
next (request) = f union t;
init(state) := ready;
next (state) = case
state = ready & request = t : busy;
1 © ready union busy;

AG(request = t -> AF state = busy)

06 sSMvVOOooooooo
Fig. 6 An SMV program
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i( $i3=r0[i2] )

def il

use il

i( if i1>=0 goto labell)

inst=8
use il
(if i0>=i1 goto label2 )
(i1=0) inst=11
inst=9 use il
def il
T l(i0=i1) (i4=il)
inst=12 inst=14
( goto label3 ) use il _ use il
inst=10
s l( goto label3 )
inst=13
y (12=i2+1)
inst=15

v

07 030 label0 00 label3000000000D0
Fig. 7 The model corresponding to label0 to label3 in Fig. 3
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z0 = 1;

i40 = 139 - i1;

gboboood«;3bboooooboooooonooon
gooooooooooooooboooooboobooon
goooooooooooooooocoooooon
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MODULE Nextlnsts (inst) MODULE Predicate_def_i4_(inst)
DEFINE DEFINE
value = value =
case case
inst =0 : 1; inst =0 : 0;
inst =1 : 2; inst =1 : 0;
inst =2 : 3; inst =2 : 0;
inst =3 © 4; inst =3 : 0;
inst =4 : 5; inst =4 : 0;
inst =5 : 16; inst =5 : 0;
inst =6 : 7; inst =6 : 0;
inst =7 ! 8; inst =7 : 0;
inst =8 : 9 union 11; inst =8 : 0;
inst =9 : 10; inst =9 : 0;
inst = 10 : 15; inst =10 : 0;
inst = 11 : 12 union 14; inst =11 : 0;
inst =12 : 13; inst =12 : 0;
inst = 13 : 15; inst =13 : 0;
inst = 14 : 15; inst = 14 : 1;
inst = 15 : 16; inst =15 : 0;
inst =16 : 17; inst =16 : 0;
inst = 17 : 18 union 6; inst =17 : 0;
inst =18 : -1; inst =18 : 0;
1 -1 1:0;
esac; esac;
MODULE Predicate_use_i4_(inst) MODULE main
DEFINE VAR
value = output : 1,0,1,2,3,4,5,6,7,8,9,10,11,12,13,14, 15,16, 17, 18} ;
case inst © £1,0,1,2,3,4,5,6,7,8,9,10,11,12,13, 14,15, 16, 17,18} ;
inst =0 : 0; use_i4_ : {0.1};
inst =1 :0; def_i4_ : {0.1};
inst =2 : 0; nextinsts @ NextInsts(inst);
inst =3 : 0; module_use_i4_ @ Predicate_use_i4_(inst);
inst =4 :0; module_def_i4_ @ Predicate_def_i4_(inst);
inst =5 : 0;
inst = 6 : 0; ASSIGN
inst =7 :0; init(output) = -1;
inst =8 : 0; init(inst) = 0;
inst =9 : 0; init(use_i4) = 0;
inst =10 : 0; init(def_i4) := 0;
inst =11 : 0;
inst =12 : 0; next (output) = inst;
inst =13 : 0; next (inst) = nextlnsts. value;
inst =14 : 0; next (use_i4.) = module_use_i4_. value;
inst =15 : 0; next (def_i4.) = module_def_i4_. value;
inst =16 : 0;
inst =17 © 0 SPEG
inst =18 : 0 AG I (def_i4 =1 & AX IEF use_i4_=1)
1:0;
esac;
08 204000000000 SMVOOOO
Fig. 8 The input to SMV when z is bound to i4
01 javamath.* 0000000000 000O0OO
Table 1 Dead code detection of java.math.*
ooo goooo ooooo oooooooooo
oooo O bytesO oooood 000 secO
SignedMutableBigInteger 1146 8 0 1.81
BitSieve 1948 10 0 5.77
BigDecimal 7217 35 0 26.70
MutableBigInteger 12966 50 11 167.96
BigInteger 28888 104 14 346.58
000000000000000000000000 0000000000000 CTL-FVOOOOOO
goobooboooobooobobooboboooooo doooooooooooooos3sooo CTL-Fv oo

o000 20000000000000D0D0OD0O 1948
bytesOOOOO0O 100000 java.math.BitSieve O
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—— specification AG (I(def_i4_ =1 & AX (IEF use_i4_ = 1)... is false
—-- as demonstrated by the following execution sequence

state 1.1:

output = -1

inst = 0

use_id_ = -1

def_i4_ = -1

nextlInsts. value = 1
module_use_i4_. value = 0
module_def_i4_. value = 0

state 1.13:

output = 11

inst = 14

nextlnsts. value = 15
module_def_i4_. value = 1

state 1.14:
output = 14

suggesting that the 14th Jimple statement is not verified.

inst = 15

def_i4_ =1

nextlnsts. value = 16
module_def_i4_. value = 0

resources used:

processor time: 0.05 s
BDD nodes allocated: 4124
Bytes allocated: 1105908

BDD nodes representing transition relation: 168 + 1

09 000080000 SMVOOOOOOoooO
Fig. 9 Part of SMV counterexample to the model described in Fig. 8

AG!(def(z) & AX AG (def(z) & use(z))) ,

AG (def(z) & AX AG (def(y) & use(y))) ,

AG !(def(z) & AX AG (def(y) & use(z)))
gobooooooooooooboooooobooboon
goboooooooooooocoooobobooon
gooooooooooobbObObOO0000000o
gooboboobooooooooobooboooooooon
oooooooopoooD CcTL-FvOooooooo
gooooboooooooooooooooooon
gobooooooboooobooooobooo3oon
oo0 CTL-FVOOOOOOOOOOOOoOOoOO
goboobooooooooooocoooobooobon
ooooooooooooooooo CTL-FVv OO
goooobooooooooooobooboooooooon
oooooooooooDODODO CTL-FVOOOO
ooooooooo soboooobooboobooo
goooooooooooooobbbObbbOonooo

5. 0 O04O0Qd

50000000000 CTL-FVOOOOOOO
gooobooooooooooooooobooooobon
goooooooooooooboboooooooon

O0oooooUoUooooooOoooooooooo
O0000D0D0O0ODOdead code eliminationd0 0 0O OO
0000 constant folding0O OO OO OOOOOOO
0 O loop invariant hoistingD 0 300000000
O0oooo CTL-FVOOOoOOoooo CTL-FV O
00000000ooo0o0o0oo0oooooooo
ood
00000000000000000000ooo
000 8) U000oO0oooUooooUouooooo
Cecll 000DODO0ODODOODOOODOOOODDOO
ooooOooOooOoooooooooooUooOooo
O0000000oddddCecl 00O0OOOOO
ooooOoO0oOoooooooooooDoOoooOoOoO
CTL-FVO EODO0OO0O0O0O0OOOOOOOOODOO
000000000000oooooooooooo
00000000ooo0o0o0ooooooooooo
000ooooooooooooooooo
0000000000000 0000000o0o0o
00000 9)~11)000000011) 000000
00oo0OoooooooooOooOooooooooo
oooooo9olooooooooooooooo
0oooO0o0o0o00ooooUoUooooooooooo



12 ooo0ooooooo 1959

0 2 java.math.BitSieve 0000000000000

Table 2 Analysis times for java.math.BitSieve

CTL-FvV OO0DOoOO0ooOoo O000O0sec 0O00O0O00O0O0OsecO
AG !(def(z) & AX AG (def(z) & use(z))) 1 6.32 1.97
AG !(def(z) & AX AG (def(y) & use(y))) 2 106.17 52.46
AG !(def(z) & AX AG (def(y) & use(z))) 3 7137.79 3953.41

gooobobooooooooooobooooooooon
goboooobooobooooooo

Java 0O00O0OO0OO0O0O0OO0O0OOOOCOOOODODO
ob00Java O0O0D0ODOOOOOODOOOOODO
000 Banderal 3) 00000000000 OBan-
dera 000000OCOCOO0OO0ODODOQOOOOODOOO
gooooooobOooboooboobooobOooboOon
O0O0OBandera OO0O00O0OO0OOOOOODOOOO
goooooooooooooooocoooooon
00000 JwvaOOOOODOOOODODOOOOO
gobooboooooooooocooooooooon
goboooooouooooooooboobobon
21000000000000O000O0C0OO0DOO
O Jimple 0000 OO Bandera D0 000 Jimple
OO00000O00Jmple 00000 McGilODOO
ooboo0o JavadODOOODOOOODOOOODDO
012)00000000000000000000O0
oobooooooooboo

6. O g

goboooooooooooobocOooOoooooon
goooooooooooooooooooooboon
oooooooooo CTL-FV OOOOOOOOO
goooboooooooooooobobooooooDon
goooooooooooboooooooooooon
gooooooooooooooOg JavadOd0o00O0O
OO0 JmpleOOODOOOOOOODOOOOOO
goboooooboooooooooboooooooon
goboooooooooooocoooobooobon
oooOs0000 JavaOOOOOOOCOODOOOO
gobboooooboooooooobobooOooooon
gooooboobooooooooobocooooooon
gooboooooooooooooooboooDoon
goobobobooooooooobooboooooooon
goooooooooooooooooooooon
ooooooon

gooobooooooooooooobooooooDoon
goobooooooooooocooooooooon
goboooooooooooocooooooooon
gobooooooooooooooocooooobon

goboobooooooooooobocooooooon
gooooooooooouooooobooooooon
goboooobooooooooo

goooo CTL-FVOOOOOOOODODODODOD
goooboboooooooooobooooooooon
goooooooooooooooobooooooon
gooboooooooooooooooooooon
gooboooooooooooooooboboobon
goboobobooooooooooocooooooon
gooboooooooooooooocoooooon
gbobooobooooooob200000000A0
goboobooooooooooobocooooooon
goboboooooooooooooobooooooon
oobooooooooboo

g00oo0oOooooooogd Jmple 000000
Java O Jimple 0000000000 0O0CDOOO0O
gooooboooooooooooboobooooooon
goboboooooooooooooooboooooon
0300000000 JmpleOOOOODODODOOO
OO0 JavaO0OOO00000O00O0O0O0O0O000O0O
gbocooboooocobooooboobooboooo
00000 JawabOOOOOOODOOOOOOOOO
gbobobooooooboooobcoooo

JavaOOOODOOOODOOOOOODOO Java
goooooooboobooobooobooobooooon
oooooooooooobD JawvaO0OOOOODOO
000000000000 Bandera OO Java 00O
00000 JmpleODOOOOOODOODDODODOOO
goboobooooooooooobocooooooon
gobooooooooobooooooooboobon
oooooooooO0O0 JavaOOOOOOOOOO
gobooboboooooooooobocooooooon
ooood

gooopoOoooooOoooooo CTL-FvOoOo
gooobooboooooooooooooooooon
goobobooooooooooooobooooooon
goooooooooooooooooooooboon
goboocoooon
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