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Abstract

While some software engineering applications perform
static analysis over the whole program call graph, others
are more interested in specific call chains within a pro-
gram’s call graph. It is thus important to identify when a
particular static call chain for an object-oriented program
may not be executable, or feasible, such that there is no in-
put for which the chain will be taken. This paper examines
type infeasibility of call chains, which is the infeasibility
caused by inherently polymorphic call sites and sometimes
also due to imprecision in call graphs. The problem of de-
termining whether a call chain is type infeasible is defined
and exemplified, a key property characterizing type infeasi-
ble call chains is described, empirical results from examin-
ing the call graphs for a set of Java programs are described,
and two approaches to automatically deciding the type in-
feasibility of a call chain due to object parameters are pre-
sented.

1. Introduction

A number of software engineering applications involve
computing information along specificcall chains, (also
calledcall strings), within a program’s call graph, in con-
trast to whole program analysis. While the program call
graph represents all possible runtime calling relationships
among a program’s procedures, acall chainrepresents one
path of execution through a call graph starting at a given
procedure, recording a particular sequence or chain of pro-
cedure calls, eventually ending with invocation of a proce-
dure of interest or one that makes no more procedure calls.
Dynamic call chains represent a particular execution’s ac-
tions, and are computed by recording the actual sequence of
procedure calls executed during a particular program run.
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Static call chains represent a potential sequence of proce-
dure calls, as computed by traversing the program call graph
at static analysis time.

The runtime information provided by dynamic call
chains is particularly useful for both profiling and debug-
ging. Static call chains are particularly important for static
program slicing, software testing, program understanding,
and interprocedural analysis used in optimizing compil-
ers. An interprocedural program slice is composed of call
chains. Call chains also play a role in program understand-
ing activities, particularly tools based on static analysis,
where the tools gather source code information about par-
ticular sequences of calls. Extracting such information us-
ing only the program call graph can possibly hinder the tool
user due to the conservative nature of the call graph analy-
sis. Interprocedural def-use analysis also uses call chains, in
particular determining a call chain that covers the definition
of a variable and a subsequent use of the same variable.

Because a static call chain computation is based on the
program’s call graph, a particular computed static call chain
may not be executable, that is, the chain may be infeasible in
that there is no input for which the chain will be taken. De-
tecting infeasible call chains is important in software appli-
cations because they can lead to undesirable consequences.
For example, infeasible paths may be selected for testing,
resulting in wasted effort to generate input data. Infeasible
program slices used in a debugger or program understand-
ing tool could mislead the user and cause them to waste time
and resources.

One cause of an infeasible call chain is imprecision in the
analysis information, collected either intraprocedurally or
interprocedurally. Another cause that occurs particularly in
object-oriented software is the inherently polymorphic call
sites, and the resulting call graphs constructed for these pro-
grams. In this paper, we examine the second cause, which
we call type infeasibilityof a static call chain. The first
cause has been investigated by other researchers, and vari-
ous methods for identifying infeasible paths and improving
precision of static analyzers by excluding these paths from



consideration have been developed, although it is impossi-
ble to solve the general problem of identifying all infeasible
paths [4, 14].

Object-oriented language features such as inheritance
and polymorphism increase the ability to easily extend and
reuse code. Though these features benefit the programmer,
they hinder static analysis of such code due to the unknown
exact calling relationship of methods caused by dynamic
binding of message sends. At compile time, a conserva-
tive call graph can always be built, by including a set of
edges for each call site, such that each edge from the node
representing the caller points to a node representing a po-
tential callee method based on a conservative static anal-
ysis, such as class hierarchy analysis [6]. Alternatively,
more precise call graphs can also be constructed by pre-
cisely computing the set of potential receiver classes at each
call site. Polymorphism makes determining precise type
information difficult because an object can potentially be
bound to different types throughout the execution of a pro-
gram. A precise call graph provides advantages in terms of
precision for client applications, but the time and space re-
quirements to build a precise call graph is often prohibitive.
In addition, the most precise call graph construction algo-
rithm will fail to determine a singleton set of receiver ob-
jects for all call sites because some call sites are inher-
ently polymorphic. Therefore, a less precise, but fast call
graph construction algorithm is often used to generate a call
graph. Many approaches for exhaustively computing call
graphs for object-oriented software have been developed
[21, 15, 18, 1, 5, 9, 11, 6, 16, 12, 7, 20, 22, 23].

In addition to the precision of the call graph generated
for an object-oriented program, the inherently polymorphic
call sites may cause some call chains to be type infeasible.
In this paper, we define and motivate the type infeasibility
problem with several examples illustrating different situa-
tions in which a given call chain can be type infeasible.
We show how the type infeasibility problem differs from
the problem of building a precise call graph, or eliminating
call graph edges from a conservative call graph for object-
oriented programs. A characterization of the key property
of a type infeasible call chain is presented, and the issues
in determining the type infeasibility of a call chain are out-
lined. We have conducted an empirical investigation of a
set of Java programs in which we gathered statistical in-
formation that helps reveal the potential for type infeasible
call chains in a call graph using two different call graph
construction algorithms of varying precision. Finally, we
sketch two algorithms for automatically detecting whether
a particular call chain is type infeasible due to object pa-
rameters. While we believe this is the first investigation into
type infeasible call chains, we give an overview of work in
related topics, and conclude with an outline of future direc-
tions.

2. Definition and Example

A call chainis a tuple of call sites (CS1, CS2,...,CSn) for
which there exists a path in the call graph from CS1 to CSn,
passing through each of the CSi in the order specified by the
tuple. Each call site CSi (an edge in the program call graph)
can be represented by the method name of the caller, the
source line number containing the call site, and the method
name of the callee. Because call chains can become arbi-
trarily large due to recursive procedures, call chains are typ-
ically restricted in their length by recording only the lastk
calls for somek � 0, or by collapsing strongly connected
regions, which represent recursion. In this paper, we focus
on static call chains.

A particular call chain can be type infeasible, even when
a precise call graph construction algorithm has been used
to construct the call graph. During call graph construction,
a call graph edge is added from the node for methoda to
the node representing methodb because the type informa-
tion at a call site CS in methoda indicates that methodb
could be called at the call site CS. However, the type in-
formation computed at CS is based on the flow of type in-
formation from any path in the call graph to CS, not just
a single path. That same type information may not flow
along the call chain of interest,chaininterest, that passes
through CS, but instead from a different call chain that also
passes through CS. In this situation,chaininterest is type
infeasible due to the type infeasibility of the edge(a,b)rep-
resenting methoda calling methodb at CS with respect to
chaininterest. However, the call graph edge(a,b)needs to
be included in the call graph because it lies along at least
one type feasible call chain through CS.

To illustrate how a type infeasible call chain can occur,
we use Figure 1, which shows a segment of a call graph
with multiple incoming edges as well as multiple outgoing
edges from call graph nodex. Each edge is labeled with the
set of potential receiver types computed by a static reaching
type analysis. Consider the call chain represented bym-x-
y1, and its potential type infeasibility. The question of type
infeasibility can be phrased as: Is there a set of types that
propagate fromm to x to y1 that make the call chain feasi-
ble? A type infeasible call chain can occur due to the fact
that different type information is being propagated along
the two incoming edges into the nodex. The set of types
fA,B,Cg is being propagated from methodm, while the set
of typesfA,R,Sg is being propagated from methodn. Thus,
multiple callers are calling methodx, each propagating dif-
ferent sets of types to methodx. Both callers influence the
set of potential receiver objects at call sites within method
x. However, with respect to the single call chainm-x-y1, the
set of types from methodn (which is not on the call chain
of interest) will not influence the set of types necessary to
invokey1 along the call chainm-x-y1.
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method x( Object a){
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a.y( ... );
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Figure 1. Infeasible call chain example.

To determine the type feasibility of call chainm-x-y1,
we ask the question:Is it possible to invoke y1 based only
on the types propagated from method m?Given that the set
fA,B,Cg is propagated fromm, andy1 is invoked through
the receiver type R, we find that the call sequencem-x-y1
is type infeasible. Note that the call chainm-x-y2 is feasi-
ble because type A is propagated from methodm to the call
site inx that callsy, which is invoked through the receiver
type A. Therefore, this call graph includes an infeasible call
chain. Note that in order for the call graph to be correct,
both outgoing edges fromx to y1 and x to y2 are neces-
sary because methodm or methodn could potentially be
the caller of methodx.

3. Causes of Type Infeasible Call Chains

In this section, we characterize and illustrate several
different situations that can cause type infeasible call se-
quences.

� Calling methods of formal parameter objects -
When there are multiple callers to a methodx, and
each caller passes objects of different types tox, poly-
morphic call sites inx can be created. Type infeasible
call chains can be created by the call sites in method
x that call methods byy.z(...) wherey is a formal pa-
rameter object ofx. The potential for a type infeasible
call chain is increased when the formal parameter is of
static typeObject.

To illustrate how type infeasible call chains can oc-
cur through parameters of a method, we use Figure
1 again. A call graph construction algorithm such
as [2, 6] could construct the call graph shown for this
code segment. The multiple outgoing edges fromx to
y1 andy2 represent a polymorphic call site in which
the exact method to be invoked cannot be determined
during the construction of the call graph. In Figure 1,
methodmand methodn both call methodx. Notice the
set of types passed to methodx from each caller dif-
fers. The call site shown in methodx is polymorphic

due to the fact that statically we can not determine the
type of the receiver objecta. The static type ofa is
Object, therefore the exact type depends on the types
propagated from the callers, namely methodsm andn.
If we were following a single call chain, saym-x-y,
we are certain that onlyy2 is possible, due to the set of
types propagated from methodm, and the knowledge
that the formal parameter,a, must be bound to type A,
which is the receiver type fory2 to be called.

� Polymorphic container classes -Container classes
can potentially contain objects of different types,
therefore, iterating through the objects of a container
class could lead to unknown receiver objects at call
sites.

1: public boolean equals(Object o){
2: if (o == this)
3: return true;

4: if (!(o instanceof Map))
5: return false;
6: Map t = (Map) o;
7: if (t.size() != size())
8: return false;

9: Iterator i = entrySet().iterator();
10: while (i.hasNext()) {
11: Entry e = (Entry) i.next();
12: Object key = e.getKey();
13: Object value = e.getValue();
14: if (value == null) {
15: if (!(t.get(key) == null &&

t.containsKey(key)))
16: return false;
17: } else {
18: if (!value.equals(t.get(key)))
19: return false;

}
}
20: return true;

To illustrate, consider theequalsmethod shown above
from the Hashtable class of the Java class library.
The important aspect of this code segment pertains to
lines 9-18. Thewhile loop is iterating through the ob-
jects stored in theHashtable object that invoked the
equalsmethod. We are unable to determine the ex-
act types stored in theHashtable object by analyz-
ing this method because it was implemented in a poly-
morphic fashion, allowing any type to be stored in the



hash table. Therefore, the polymorphic call site at line
18 associated with the objectvalueis inherently poly-
morphic. Potentially, methodequalsof all instanti-
ated classes that implement anequalsmethod could be
called at the call site because we do not know the types
stored in theHashtable. If we knew more information
associated with the caller of this method (i.e., the re-
ceiver object), we might be able to determine a smaller
set of objects stored in this container class. In the con-
text of a call chain and the knowledge of a smaller set
of objects stored in the container class, we could po-
tentially determine that at the inherently polymorphic
call site, (18: equals), some of the callees are infeasi-
ble with respect to the call chain of interest.

� Polymorphic fields of objects -When there are mul-
tiple callers to a method, and the receiver object has
polymorphic fields, the fields of the object are instanti-
ated as different types and the call sites associated with
a field of the object could be polymorphic.

public void method_m(){

m1: MyClass x = new MyClass(...);
m2: MyClass y = new MyClass(...);

...
m3: x.method_n();

....
m4: y.method_n();
}

method_n(){
...

n1: field1.method_z();
...

}

class MyClass{
Object field1;

c0: MyClass() {
c1: if(...)
c2: field1 = new myType1();

c3: else
c4: field1 = new myType2();

}
}

This situation occurs when an object is created, and
a single field of the object could be instantiated to

be of different types. The code segment above illus-
trates this situation. Themethodn is being invoked
through two different receiver objects, namely,x and
y at linesm3 andm4, respectively. The two objects
x andy are instances ofMyClass, which has a poly-
morphic field,field1shown in the constructor ofMy-
Class. Objectx’s and objecty’s field1 could poten-
tially have different runtime types after instantiation
due to linec1. Therefore, the call site inmethodn
at linen1 cannot be statically determined; two poten-
tial callees are possible, namelymyType1’s methodz
and myType2’s methodz. Even if we were follow-
ing a call chain, saymethod m-method n-method z
starting with the call tomethodn through objectx at
line m3, we would not be able to determine which
methodzwould be invoked through the receiver object
field1at linen1 because the type offield1is dependent
on a statement for which static analysis cannot provide
exact information. Type infeasible call chains are pos-
sible in this situation, but static analysis can not help
to detect them.

4. Type Infeasibility Property

A type infeasible call chain is a call chain that contains at
least one edge that is type infeasible with respect to the call
chain of interest. A type infeasible edge within a call chain
can be identified by the characteristics of the call subgraph
leading to the type infeasible edge.

We call the characteristics of the call subgraph leading
to the type infeasible edge, thetype infeasibility prop-
erty, (TIP) . The TIP of a call subgraphg consists of two
parts: (1) the form of the subgraph containing nodes that
contribute types to a polymorphic call site and (2) the re-
lationships between the reaching type sets along the edges
associated with the subgraphg.

Form of the Call Subgraph: A call subgraphg with the
type infeasibility property must include (1) a node with at
least one polymorphic call site, defined as TIPpoly, and (2)
a node with more than one caller, TIPjoin. For the potential
presence of type infeasibility, this form of a call subgraph
is necessary because multiple callers can potentially propa-
gate different type information to the method containing the
polymorphic call site. Therefore, each caller is contributing
to potential receivers at the polymorphic call sites in the
method represented by TIPpoly. Without multiple callers
and a polymorphic call site, there is no possibility that a
call chain could be type infeasible. Figures 2(a) and 2(b)
illustrate the forms of the subgraph containing the type in-
feasibility property. Figure 2(a) is the most simple form
of the subgraph containing the TIP property, in which the
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Figure 2. Type Feasibility Subgraph Forms.

same node,n in this case, is both TIPpoly and TIPjoin. Fig-
ure 2(b) is the general form of the subgraph in which there
are nodes between the TIPjoin and TIPpoly that are single
entry nodes.

Figures 2(c) and 2(d) illustrate other possible subgraph
forms that may look like they could lead to type infeasi-
ble call chains, but they do not lead to them. In Figure 2(c),
noden has one incoming edge, but multiple outgoing edges.
Since there is only one caller of methodn, and the entire call
chain consists of single entry nodes, all call chains contain-
ing n must include this one incoming edge, and all of the
outgoing edges ofn must be feasible from all call chains
containingn because the types are either propagated from
one of the single callers along the call chain to methodn, or
generated inside methodn.

Figure 2(d) illustrates the case wheren has multiple
callers, and possibly multiple outgoing edges, but all out-
going edges are singleton, not polymorphic. Therefore, for
each (non-polymorphic) call site inn, only a single type was
propagated from the set of callers to the call site or the call
site is independent of the incoming type information, and

instead the receiver is based on type information generated
within methodn. Thus, none of the outgoing edges are type
infeasible with respect to a given call chain passing through
n.

Reaching Type Relations:For a call subgraphg that has
the form described above for potential type infeasibility
with respect to a single call chain, the second condition for
type infeasibility involves the relations between the reach-
ing type sets along the edges involved in the subgraphg.
These relations can be formulated as a data flow equation in
terms of the types propagating from callers of the node rep-
resenting TIPjoin, types generated within the method rep-
resented by TIPpoly, and types propagating to callees of
TIPpoly through call sites in TIPpoly. Figure 3 shows a seg-
ment of a call graph, for which we consider the type in-
feasibility property of nodeX with respect to the call chain
Y-...-X-W1. The question is:Is the call from X to W1 type
feasible with respect to the call chainY-...-X-W1?

The formulation of this question in terms of a data flow
equation is as follows. Let

REC TYPE[M] = the receiver type needed to invoke the
method M.

GEN[M,CS] = the set of types generated in the method M and
reaching the call site CS in method M.

IN[M] = the set of all types reaching the entry of method M
from any caller of M.

IN[M,N-M] = the set of all types reaching the entry of method
M, from the call site represented by the edge N-M.

IN[M,N-...-M] = the set of all types reaching the entry of
method M, from the call site N, represented by the call graph path
N-...-M.

In terms of the call chainY-...-X-W1 in Figure 3, the
contents of these sets are:

REC TY PE[W1] = fZg

GEN [X;X �W1] = fX;Y g

IN [X;Y � :::X ] = fA;B;Cg

The edgeX-W1 is said to be type infeasible with respect
to the call chainY-...-X-W1 if:

fZg 62 (fA;B;Cg [ fX;Y g)

That is, if

REC TY PE[W1] 62 (IN [X;Y�:::X ][GEN [X;X�W1])

This condition can be generalized as follows. Given a
call chain C that starts at CSj�1 and contains a TIPpoly node
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CSi, a TIPjoin node CSj , which is located before TIPpoly on
the call chain C, the edge CSi-CSi+1 in C is type infeasible
with respect to the call chain C, if

REC TY PE[CSi+1] 62

(IN [CSi; CSj�1 � :::CSi] [GEN [CSi; CSi � CSi+1])

This equation states that in order for an edge in a call
chain to be infeasible, the receiver type that is needed to in-
voke the next method in the call chain must not be included
in the set of types propagated from the caller of TIPjoin in
the call chain to TIPpoly, or included in the set of types gen-
erated in TYPpoly:

5. Empirical Study

We conducted an empirical study of the characteristics
of call graphs for object-oriented programs, focusing on the
frequency in whichTIPpoly nodes occur as well as nodes
exhibiting the simplest TIP subgraph form. The bench-
marks that we studied were from the SpecJVM98 suite of
programs, and we also analyzed a couple of free programs
downloaded from various websites. The overall program
characteristics and problem domain of the benchmarks are
shown in Table 1. The table shows the number of lines of
Java source code, the number of bytecode instructions, the
number of classes, and the number of methods in each pro-
gram in order to illustrate the size and complexity of the
programs that we studied. The number of classes and meth-
ods include both user code and Java library code called from
the user program.

Table 2 presents call graph characteristics for the bench-
mark programs using two different call graph construction
algorithms, namely a conservative call graph construction
algorithm, similar to RTA [2], and a more precise call graph
construction algorithm, similar to CPA [1]. The table shows
the number of call graph nodes, which corresponds to the

number of reachable methods in the program including li-
brary methods, the percentage of call graph nodes which
exhibit the simple form of a subgraph for type infeasibil-
ity (we call these nodes simple-TIP-prone), the percentage
of methods containing a polymorphic call site (TIPpoly),
and the percentage of polymorphic call sites within the pro-
gram. The percentage of simple-TIP-prone nodes was cal-
culated as the total number of nodes identified in the call
graph having multiple incoming edges and a polymorphic
call site, divided by the total number of nodes in the call
graph.TIPpoly nodes were calculated as the total number
of methods containing at least one polymorphic call site,
divided by the total number of nodes in the call graph. Sim-
ilarly, the percentage of polymorphic call sites was calcu-
lated by the total number of polymorphic call sites (edges)
divided by the total number of call sites (edges) in the pro-
gram.

The data in the table reveals that the percentage of
simple-TIP-prone nodes is approximately 10% of the nodes
in a call graph. This statistic verifies that type infeasible
call chains are possible in real programs. A more precise
call graph construction algorithm does decrease the per-
centage of simple-TIP-prone nodes because more unreach-
able methods are pruned from the call graph, but TIP-prone
nodes still exist in call graphs constructed with a more pre-
cise algorithm. The percentage ofTIPpoly nodes is signif-
icantly greater than simple-TIP-prone nodes. Such nodes
are necessary for type infeasible call chains to occur. The
number of TIP-prone subgraphs, which are more difficult to
count, should be somewhere between the number of simple-
TIP-prone nodes andTIPpoly nodes. The number of poly-
morphic call sites within the program is relatively low, but
they are present. We believe that one reason that these
statistics are relatively low in general is that these applica-
tions do not reflect strong object-oriented design principles,
and therefore show little polymorphism in some cases. We
believe that as programmers become more experienced, the
amount of polymorphism in a program will increase. In
addition, as more generic/reusable code is used, inherently
polymorphic call sites will most likely become more preva-
lent.

6. Automatic Detection

We have developed two solutions for determining a call
chain’s type infeasibility caused by object parameters. As
input, our algorithm expects the program call graph, the
call chainchaininterest, and a control flow graph for each
method (at least alongchaininterest). Givenchaininterest
= (CS0,...,CSn), we first traverse the call chain to create
a set of all TIP-prone subchains, represented by tuples of
the form (TIPjoin�1; T IPjoin; T IPpoly). We then identify
the subset of the TIP-prone subchains that represent poten-



Name Problem Domain # of lines # of byte instr # of classes # of methods
compress text compression 910 22968 164 641
db database retrieval 1026 24842 161 697
javalex scanner generator 7590 30606 158 824
jasmin java assembler ˜7500 38898 193 841
jack parser generator ˜7500 40225 208 928
jess expert system 9734 39410 262 1173
soot optimization framework 10000+ 173910 1312 8314

Table 1. Program characteristics.

RTA CPA (more precise)
Name # of CG % TIP-prone % poly % poly # of CG % TIP-prone % poly % poly

nodes nodes node CS nodes nodes node CS
compress 820 9 13 4 641 6 11 3
db 885 10 16 5 697 8 14 3
javalex 824 10 16 5 745 9 13 3
jasmin 1022 10 15 5 896 7 13 3
jack 1118 10 17 9 928 9 17 9
jess 1326 8 13 3 1173 6 10 2
soot 9582 19 39 14 8314 17 39 11

Table 2. Call graph characteristics for different call graph construction algorithms.

tial type infeasibility due to object parameters, by a simple
inspection of the code for the polymorphic call site in the
method represented byTIPpoly.

To motivate the approach, consider the call chainX-Y-M1

and the code segment for methodY below. Assuming that
the node corresponding to the methodY is both theTIPjoin

andTIPpoly node for a TIP-prone subchain, we want to an-
swer the question:Is it possible, in method Y, to call method
M of class Z, which is the necessary type of the receiver ob-
ject, a, for Z’s method M (represented by call graph node
M1) to be called?Therefore, we want to know if type Z
could reach the variablea through call chainX-Y-M1.

1: public void Y( Obj a ) {
...
i: a.M();
...

}

The overall strategy is based on a backward analysis to
determine whether the receiver object at call site Y-M1 can
potentially be of typeZ. Note that we cannot rely solely on
the reaching type sets that are computed for each edge (or
node) for call graph construction, because the reaching type
set for a given point in the program is based on flow from
any path to that point. We are interested in reaching type
information with respect to a particular call chain, which is
a subset of the reaching type information at a given program
point.

We present two approaches to this problem. The first ap-
proach relies on precomputation of the IN and GEN sets
defined in section 2. In particular, GEN[M,CS], the set
of types generated in method M and reaching the call site
CS in method M, must be available for each call site along
chaininterest. Similarly, IN[M,N-M], the set of all types
reaching the entry of method M from the call site N along
edge N-M must be available.

The algorithm begins atTIPpoly, and checks whether
Z 2 GEN [Y; i]. If this holds, then the edge is type feasible,
and the algorithm reports FEASIBLE and halts. If not, then
IN[Y,X-Y] is checked. IfZ 62 IN [Y;X�Y ], then the edge
Y-M1 is type infeasible and we report INFEASIBLE and
halt. Otherwise, we need to continue the backwards traver-
sal because the presence ofZ in IN[Y,X-Y] does not imply
that the edge Y-M1 is feasible, becauseZ could flow from a
path toX that is not included in the call chainchaininterest.
We continue the backwards traverse to the caller of X along
the call chain, first checking GEN[caller(X), callsite(X)],
and then IN[X,caller(X)-X] as above. If we reach the first
node in the call chain and it is the root of the call graph, and
Z is not in the GEN set, then the edge Y-M1 (and call chain)
is infeasible. This approach is straightforward and does not
require control flow graphs since the local data flow is pre-
computed with respect to each call site. The downfall of this
approach is the need to have precomputed GEN sets relative
to each call site for each method.

Another approach is to use demand-driven backwards



analysis based on query propagation [10]. The back-
wards analysis is based on queries of the form:query =
< type; var >. This query represents the question: May
typehold for thevar in question? The analysis starts at the
polymorphic call site CS in TIPpoly and in the call chain be-
ing analyzed, and proceeds backwards in the local control
flow graph, and then through the control flow graphs of each
node in the call chain in reverse order of the chain, until one
of the following conditions is encountered:

� The query is true. The variable could be of type Z. It
is determined that the type of the variable is a set that
contains Z. Therefore, the edge is type feasible with
respect to the call chain, and the analysis for CS can
stop.

� The query is false. The type Z does not hold for the
variablevar. An exact type definition of the variable
as a type not equal to Z is encountered that dominates
all paths from the definition to CS along the call chain,
making the query false. The edge is thus type infeasi-
ble with respect to the call chain, and the analysis for
CS can stop.

� The start of the call chain is encountered. If we reach
the start of the call chain without encountering any ex-
act definitions, then we are unable to determine if the
call chain is infeasible.

During the analysis, we need only examine the state-
ments that can influence the receiver of an object. In par-
ticular, statements that we need to examine include:

1. x = new Type(); //object creation site
The type of the objectx is initialized to be ofType, and
the object is an exact type.

2. x = o.call(....); //method call
The return type influences the type of the objectx. We
can use the static return type for the potential type of
x. The call can be polymorphic therefore a set of types
can be returned, one for each possible callee.

3. x = (CAST) y; //an assignment statement
The type ofx can be influenced by the type of the cast,
thereforex can potentially hold the type of cast.

4. public void mymethod(Type1 x, Type2,
...)
The type of the variable can only widen through
the entry of a method. The entry of a method may
potentially lead to more specific information as we
proceed up the call sequence.

The local query propagation within a given method from
the call site represented by the call chain to the entry of the

method can proceed either in a flow insensitive or flow sen-
sitive manner. The tradeoffs are precision versus analysis
time. The backward traversal from callee to caller follows
only the call chain for which type infeasibility is being de-
termined. This approach avoids precomputed GEN sets for
all call sites in all methods, and instead computes informa-
tion on demand only as needed.

7. Related Work

There are several areas of research related to this pa-
per, namely, type analysis and call graph construction,
call strings for context-sensitive interprocedural analysis,
demand-driven analysis, and infeasible path detection.

Type inference (or type analysis) is important for opti-
mization of object-oriented languages. Without the knowl-
edge of any type information at compile time, most opti-
mizations can not be performed due to inheritance and poly-
morphism. Type analysis computes possible types (sets of
classes) for each expression in a program at compile time.
In order to compute interprocedural type information, in-
terprocedural control flow (i.e., a call graph) and data flow
information must be computed simultaneously. While there
exists a number of different techniques for whole program
type and class analysis [21, 15, 17, 18, 1, 5, 9, 11, 6, 16,
12, 7], many of these techniques suffer by not scaling well
to large programs and not having the capability of handling
incomplete programs.

Grove et al. developed a parameterized framework for
assessing the cost, precision, and overall impact that various
call graph construction algorithms have on interprocedural
optimizations [8, 13]. Call graph construction algorithms
can be placed in a lattice framework, where the top of the
lattice represents optimistic call graphs,G>, for example,
call graphs generated through profile information. The bot-
tom region of the lattice,G?, represents sound call graphs
ranging from very precise call graphs such as Agesen’s
Cartesian Product Algorithm (CPA) [1] to call graphs cre-
ated through Bacon and Sweeney’s RTA algorithm [2, 3].
The most optimistic sound call graph representing the great-
est lower bound over all call graphs corresponding to a par-
ticular program execution is defined asG ideal in the lattice
framework. In general,Gideal can not be statically com-
puted. Therefore, the most precise sound call graphs will
still have call sites that can not be bound to a single callee
due to the inherently polymorphic nature of the call sites.
Thus, while a more precise type inference and call graph
construction can reduce the number of TIPpoly nodes, type
infeasible call chains are possible as long as there are inher-
ently polymorphic call sites in the program.

Context-sensitive analyses have been the focus of a large
amount of research. Such analyses distinguish informa-
tion propagated to procedures from multiple callers within



a program. One way of capturing context sensitivity is
through the use of call strings, which encode the path taken
to a callee. Recursion causes problems with this encod-
ing; therefore, bounded call strings that restrict the length
are also used. In terms of call graphs, context-sensitive
CFA [21, 13, 24] algorithms use the concept of call strings
to increase the precision of the analysis. The problem with
such analyses is the cost of maintaining the context informa-
tion for each call string to each procedure in the program.

Demand-driven analysis limits analysis to only the por-
tions of the program that supply the needed information at
a given program point, with the goal of avoiding an ex-
haustive analysis over the entire program. Duesterwald and
Soffa investigated a demand-driven approach for efficient
interprocedural data flow analysis of procedural languages
in [10]. Their demand-driven analysis technique models a
query-based system, where queries are raised to determine
whether a set of (data flow) facts are part of the solution at
a certain program point. To answer the query, the query is
propagated in the reverse direction of the original exhaus-
tive analysis until all necessary program points are covered.
Reps et al. have also developed an approach to demand-
driven analysis [19]. Their approach is modeled as a graph
reachability problem. The graph representation that they
use is called an exploded supergraph, which is an expan-
sion of the program’s control flow graph. One concern with
this representation is that it lacks the ability to scale well to
large programs.

Infeasible path detection has been shown to be useful
for improving several software engineering applications,
namely, path testing, def-use testing, and static slicing.
Bodik, Gupta, and Soffa have developed an analysis to de-
termine infeasible def-use pairs through the detection of
branch correlation [4]. Branch correlation was originally
used to support compiler optimization for the elimination
of redundant conditional branches. Such an analysis iden-
tifies conditional branches in a program, in which the out-
come of the branch can be statically determined. By using
the branch correlation analysis, the paths through the not-
taken branches become infeasible (i.e., no input will cause
the path to be executed), and therefore can be used to elim-
inate def-use pairs that were constructed through the infea-
sible paths. This research was in the context of procedural
languages, and mainly focused on scalar variables. There-
fore, trying to eliminate infeasible paths or call chains asso-
ciated with objects was not an issue.

8. Conclusions and Future Work

We believe this is the first paper to define the problem of
type infeasible call chains caused by polymorphic call sites
in object-oriented programs. We have described the char-
acteristics of type infeasible call chains and programming

situations that can lead to these chains. While our statistics
from an empirical study of Java programs show that more
precise call graph construction algorithms can reduce the
potential for type infeasible call chains, they can still occur
due to inherently polymorphic call sites, which we believe
will become more prevalent with increased use of object-
oriented design principles. It is important to try to iden-
tify type infeasibility in order to reduce the wasted effort in
testing and debugging as well as mislead programmers with
misinformation in various program understanding tools.

While we present a sketch of two algorithms for stati-
cally detecting one kind of type infeasible call chains, those
created through object parameters, we believe there is more
investigation to be done in this area. We plan to examine
other situations that can lead to infeasible call chains, in ad-
dition to implementing our algorithms and performing ex-
periments to evaluate the occurrences and various causes of
type infeasible call chains in real programs.
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