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Abstract: Exception handling is a technology that tests and handles exception. Exception propagation induces a
control flow other than the main control flow, so it changes the data flows of programs. For data flow analysis of
C++ programs to be correct and precise, the flows induced by exception propagation must be properly analyzed.
Firstly, based on analyzing the exception handling mechanism and the effects of exception propagation on data flow
analysis, the paper proposes a precise and efficient representation for C++ programs with exception handling
constructs—control flow graph that contains exception propagation. The control flow graph can represent precisely
the implicit control flow for a raised exception and exception propagation path. Then this paper proposes an
efficient method to analyze the data flow of the programs that contain exception propagations, and some efficient
algorithms are also presented. This method overcomes the limitations of previous incorrect analysis due to failing to
account for the effects of exception propagation, and also provides a basis for automatic data flow analysis that
contains exception propagation. Finaly, it validates the usability of the method by a case study. The method can
provide related informations for software engineering tasks such as structure testing, regression testing and program
slicing.

Key words: exception handling; program analysis; exception propagation; control flow graph; data flow analysis

= Supported by the National Science Foundation for Distinguished Young Scholars of China under Grant No.60425206 (

); the National Natural Science Foundation of China under Grant No.60373066 ( ); the National Grand
Fundamental Research 973 Program of China under Grant N0.2002CB312000 ( (973)); the Program for
Cross-Century Outstanding Teachers of the Ministry of Education of China ( ); the High Technology
Research Project of Jiangsu Province of China under Grant No.BG2005032 ( ); the Foundation of China
University of Mining and Technology under Grant No.OD4527 ( )

Received 2005-09-29; Accepted 2006-04-03

© hEE

HOFIFFIT hetps/ www. jos. org. cn




C++
: TP311 DA
) 30
John Goodenough 1975
Ada,C++Java ).
[4-6]
4
C++
1
Java CH++
C++ ,
1 ,
3 E1,E2 E3E2 E21.
DFA (data flow analysis)
iyl
(1) “ - ”
2
3 <.
12, 2; M1

C++

[2

try

(3]

catch

75

[1

terminate()

© PEEREBEAD

http:/ www. jos. org. cn



76 Journal of Software
1, 1 M2 E21 ,
8, 12.
“ - " 12 s
M2 18, )
, , 12 s 29 30; M2
) , 12 s
enter M1 enter M2
1 s, 12 s=2;
2 if (x>0) 13 e=new E21();
3 throw new E3(); 14 if (x==0)
4 try{ 15 throw int(23);
5 M2(); 16 if (x<0)
6  cout<<x<<endl; 17  throw ey
18 cout<<s<<endl;
7 catch(E2 & e){ exit M2
8 s12;
9 if (x==-1) enter M
10 throw e} 19int s=0;
11 cout<<s<<endl; 20int x;
exit M1 21 cin>>x;
22try{
E 23 ML);
24 cout<<x<<endl;
E1 E3 }
£2 25 catch(E & e
1 26 cout<<e<<endl;
27 cout<<s<<endl;}
The hierarchy of the 28 cateh(...){
exceptions 29 cout<<s<<endl;}
30 cout<<s<<endl;
exitM
Fig.1 Anexample of dataflow analysis
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kill[B]: B B %
gen[B] kill[B] , gen[B] kill[B]
, in[B] out[B]. in[B],
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(D] B throw v , throw v
2 B throw v , throw v
in[B] out[B] :
out[B]=in[B]—kill[B]wgen[B],
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n , 2n in[B] out[B]
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1. tvar-def(v,i)
: B kill[B] gen[B]
‘tvar-def(v,i)
r out, B.in[B]:=Q
tvar-def(v,i):=2"/
begin
(1) for B do out[B]:=gen[B]; end for
(2) change:=true;
(3) while change do
4 change:=false;
5) for B do
(6) in[B]:=wout[p]; /'p B Vi
@) oldout:=out[B];
(8) out[B]:=(in[B]-kill[B])wgen[B];
9 if out[B]=oldout then change:=true
(10) end if
(11 end for
(12) end while
(13) ifB  throw Y j then
(14) tvar-def(v,i):=tvar-def(v,i){j};
(15) elsetvar-def(v,i):=tvar-def(v,i)u{in[B] v }
(16) endif
end
, catch Y cvar-use(v,i),
in[B]:B v ;
out[B]:B ;
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Use[B] def[B] ,
in[B]=use[B]u(out[B]-def[B]),
out[B]=uin[§ /'S B Wi
2 catch v cvar-use(v,i)
2. cvar-use(v,i)
B def use
:cvar-use(v,i)
I cvar-use(v,i):=a"/
begin
1 for B do in[B]:=g;
(2) while in do
(©)] for B do
(4) ou[Bl:=uin[g; /'s B i
(5) in[B]:=(out[ B]-def[ B])wuse[ B];
(6) end for
(7)  end while
(8)  cvar-use(v,i):=cvar-use(v,i)u{out[B] Vv }
end
2 |ECFG, 2 , throw catch
, catch , e-map(v,k) ; catch(...)
, “all”; catch , ,
catch 3.
3. e-map(v,k)
ICFG.
:e-map(v,k).
begin
() emap(v,k):=7;
(2) i:=throw ;
(3) v:i=e-use(i);
4 throw T j;
(5 while ICFG | do
(6) ;
@) whilej catch do
(©)
(9) end while
(10) ifv catch , w  catch then
(12) ifj catch(...) then
(12) e-map(v,K):=e-map(v,K){ (all,j)};
(13) end if
(14) e-map(v,k):=e-map(v,k){ (w.j)};
(15) end if

(16) end while
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end
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e—e - - " .
4 e-du . : , €
D 1 tvar-def(e;,17)={ 13};
(2 3 e-map(ey,17)={(e,,7).(e,25)};
3 2 cvar-use(e,, 7)={ 10} ,cvar-use(e,25)={ 26} ;
4 :e-du(e;—>e,,13)={ 10} ,e-du(e;—e,13)={ 26} .
Tablel The setsof e-def and e-use Table2 The sets of tvar-def and cvar-use
1 e-def euse tvar-def  cvar-use
i e-def e-use throw tvar-def catch cvar-use
3 evars,evar acive Evars (en,17) 13 (€2,7) 10
7 €2,eVal active Eevar active (eZv 10) 7 (e, 25) 26
10 evar agtive A (evars,3) 3 (all,28) (%)
13 e %] (evaris,15) 15
15 evars,evar aciive evaris
17 evar active €
25 €,evar active evar active
26 %] e
28 all,evar agtive evar acive
e-du 3 edu . 4 S
(du)
Table3 The sets of e-du Table4 Thesetsof dufors
3 e-du 4 s du
(vi) e-du(v,i) (vii) du(v,i)
(evars,3) 3 (s1) 27,30
(e"/aractiva?’) 25 (3’8) 27,30
(e27) 10 (s12) 18,29,30
(evar active, 10) 25 (s19) )
(e1,13) 17
(evaris,15) 15
(evar active, 15) 28
(evaractive,l7) 7,25
(e,25) 26
(vVow,i) e-du(vow,i)
(evarz—e,3) 26
(evar;s—all,15) 1%}
(e1—>€,13) 10
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13 ¢ , e 10 e
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