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We useour speci cation discovery tool [1] to discover the speci cation for
java.util.Arra yList. Giventhe discovered speci cation, our algebraic speci ca-
tion interpreter [2] provides a rapid prototype of the java.util .ArrayList class.
We debug the prototype (and therefore the speci cation) by using it within
a BibT eX parser; this involvescompleting the discovered speci cation by ad-
dressingthe warning messagegrinted by the speci cation interpreter. We
report on the incremertal changesmade to the discovered speci cation. We
alsodiscusshow our speci cation discovery tool can be improved to increase
its e ectivenessn providing a good starting point for a completeand correct
speci cation.

1 Specication Discovery

We ran our speci cation discovery tool [1] on the java.util.ArrayList classfrom Sun's
JDK 1.4.202. This took 22 minutes on a Pertium 2.4 Ghz, 2 GB of RAM, SuSELinux
9.0. The discovery tool cameup with 146 algebraic axioms.

1.1 Commenting out unsupported axioms

In a rst step, we remove 76 axioms for two reasons:(i) Even though we do not support
arrays in our interpreter or our speci cation discovery tool, the discovery tool still dis-
covers 42 axioms containing arrays. (ii) 75 of the discovered axioms contain references
to particular objects. For example:
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forall xO:ArrayList (Axiom 5)?!
getClasgx0).retval== java.lang.Class@31789152

This axiom says that whenewer we usethe getClassoperation on an arbitrary ArrayList
object, we get the sameClass object as a result. Howeer, this object is specic to the
run of the speci cation discovery tool and can thus not be usedby the interpreter.

70 axioms which our interpreter understandsremain.

The number of axioms axioms that we have to remove is higher than we expected.
Howewer, we nd that there are someremediesthat we considerto implement in the
future. For example, supporting conditional axioms in the discovery tool would allow
us to remove many redundancies. In particular, we nd 30 axioms where it would be
bene cial to allow the condition equalgx1,x2).retval== false (x1 and x2 are instances of
java.lang.Object). For example:

indexOf(add(ArrayList().state,Object@1896112pstate,Object@3103802pretval (Axiom 107)
== 1

could be generalizedinto

forall x1:0Object forall x2:0bject
if equalgx1,x2).retval== falsethen
indexOf(add(newArrayList().state,x1).state,x2).retval
== 1

thereby eliminating other axioms that say the samewith di erent object constarts.

1.2 Algebraic Interpretation

We use our algebraic interpreter to simulate the ArrayList classand the corresponding
Iterator interface for a client application. For this casestudy, our client application is
a BibTeX parser written in Java 2. We chosethis client application becauseit is not
dependert on libraries other than the Java standard libraries, usescollection classesand
we were familiar with the code.

We run the interpreter with the following command line argumerts:

instrumentation targets: This parameterspeci es which classesn the client application
(i.e. the simulation client in Figure 1) should be modi ed so that referencesto
simulation subjects (in this casejava.util .ArrayList) are replacedwith referencesto
simulation stubs (in this case SIMSTUB java.util .ArrayList). We chooseall client
classes.

client entry point: This parameter speci es the classof the simulation client which con-
tains the public static void main(String[]) method that is the erntry point for execu-
tion. In our case,the ertry point is the classbibtex.Main.

LAxioms in this document are numbered according to the full speci cation givenin the appendix
2Available at http://www-plan.cs.colorado.ed u/he nkel/ stuf f/ja vabib/.
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Figure 1: Architecture of our system

speci cation le: The specication in our algebraic speci cation language.
trace output le: The output le name for the rewriting trace.

Sincewe have speci ed simulation subjects (actual implementations of the speci ca-
tion), the application executessuccessfullyand behavesas usual. Howewer, we also nd
that there is a warning messagen the output (shortened for clarity), which indicates
that our speci cation is incomplete.

Warning 1 bibtex.dom.BibtexFile .printBibtex (), line92
Algebraic Interpreter failed to compute a value.
term = iterator (add(...,bibtex.dom.BibtexEntry@7245718.state).retval

Before printing the warning messagethe interpreter successfullycomputesthe return
valuesof the boolean add(Object) method when the array list is constructed by the client
application. By studying the rewriting trace le, we nd out that the interpreter used
the rewriting rule

forall l:ArrayList forall 0:Object (Axiom 81)
add(l,0).retval==true

which wasin the set of discovered axioms.

As an alternativ e for examining the rewriting trace, we deweloped a little userinterface
for the rewriting engineasshown in Fig. 2. Using the drop down menu at the top of the
window, the userselectswhich rewriting computation to view. Below, a tree view of ais
shown in which ead term hasbeenderived from its parert by using one rewriting step.
When a user selectsa term in the tree view, the axiom that hasbeenusedto generate
that term from its parent is displayed in the text areaat the bottom of the window.

The warning messaggWarning 1) in the interpreter output meansthat the interpreter
had no way to compute the return value of the iterator function. Sincelterator is not in
the simulation set, the interpreter tried to compute a return value by rewriting. But the
return value is really a new object with a new state. Thus, we edit the speci cation le



Henkel and Diwan: CaseStudy ArrayList / BibTeX parser

~| RewtitingPathViewer o x
brbtex.dom.BibtexFrieaddEntry{:32 SUCCESS. -

T3 fribtex dom. BivtexFie. addEntrG: 32 SUCCESS,
@ [ add(add(addiadd(addiadd{add(addadd(addiadd (Arradlistd state, BibtexToplewvel

[ true

i [

forall x 1. Okject

forall x0:arraytist
addix0, ¥ 1. retval
== true

Figure 2: User interface for rewriting engine.

to add lterator to the simulation set. This meansthat instead of trying to compute the
value, the interpreter will createa new simulation stub instance for the iterator and use
the term that was corntained in Warning 1 asits state. Warning 1 disappears,but many
new warnings appear, sincethe interpreter now alsotries to interpret the hasNext() and
next() operationsthat the client performson the iterator. The rst warning is asfollows.

Warning 2 bibtex.dom.BibtexFile .printBibtex (), line92:
Algebraic Interpreter failed to compute a value.
term = hasNext(iterator (add(...,bibtex.dom.BibtexEn try@9715140.state).retval).retval

We add the following axiom, which takescare of it.

forall x1:ArrayList forall x2:Object (Axiom 147)
hasNext(iterator (add(x1,x2).state).retval).retval
== true

This axiom was not discovered by our speci cation discovery tool sinceit contains a
return value computation inside the term on the left side. In order to discover axioms
sudh as this, we needto extend our term generation componert in the discovery tool:
At this point, the state terms that are generatedby the term generator involve only
one algebra. In Axiom 147, the state of the Iterator is expressedby the return value
of the obsener function iterator () of ArrayList. Fixing this should be relatively straight
forward.

Warning 3 bibtex.dom.BibtexFile .printBibtex (), line93:
Algebraic Interpreter failed to compute a value.
term = next(hasNext(iterator (...).retval).state).retval

In other words, we needto compute the next elemen for the iterator which is really
the rst elemert of the linked list.
We add the axiom
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forall l:ArrayList (Axiom 148)
next(iterator (I).retval).retval == get(l,0).retval

There is already an axiom in the discovered speci cation that will help us to compute
the rst elemeri of the linked list:

forall x0:0Object (Axiom 124)
get(add(newArrayList(). state,x0).state,0).retval == x0

Howewer, this axiom is not enough, sincewe needto do two more things: (i) we needto
eliminate hasNext from the term, sothat Axiom 148 can be used. (ii) we ned to move
the get(l,0).retval inside the term, sothat Axiom 124 can be used.

To adieve (i), we can usethe following axiom:

forall it:lterator hasNext(it).state== it (Axiom 149)

Similarly to Axiom 147, which we discussedabove, this axiom can be discovered if we
X our term generator.
To adieve (ii), we can use

forall l:ArrayList forall 01:Object forall 02:Object (Axiom 150)
get(add(add(l,0l).state,02).state,0).retval
== get(add(l,01).state,0).retval

This is a nice solution becausewe can get by without using conditional axioms. This
axiom could have beendiscovered if we had chosenlarger term sizesand waited a little
longer for the results of the speci cation discovery process.

The additions up to and including Axiom 150 eliminate Warning 3.

At this point, the rst warning we encourter is:

Warning 4 bibtex.dom.BibtexFile .printBibtex (), line92:
Algebraic Interpreter failed to compute a value.
term = hasNext(next(iterator (...).retval).state).retval

We have speci ed what hasNext doesalready, but we needto createa situation in which
Axiom 147 can be applied. In other words, we needto eliminate the next operation in
the term. Sothe question is, what kind of state does next compute? next moves over
the list step by step, so one intuition would be that the state (as far as the iterator is
concerned)is equivalert to a state in which the rst elemert in the list hasbeenremoved.
Sowe should be able to get away with:

forall l:ArrayList (Axiom 151a)
next(iterator (1).retval).state
== iterator (remove((,0).state).retval

Unfortunately, the left side of this axiom has a term size of 3 while the right size of this
axiom has a term size of 4. This meansthat our rewriting strategy will not consider
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rewriting using this axiom from left to right. We could change the rewriting strategy,
but it would have a global e ect on our system (and it won't be an option to a user
I guess). One way to still achieve the samee ect that the axiom above is trying to
achieve is to introduce a \hidden method", which doesnot correspond to a method in
the datatype we want to model:

hidden method removeFirst is <java.util .ArrayList: void remaoveFirst() >

We can now rephrasethe axiom as

forall l:ArrayList (Axiom 151)
next(iterator (1).retval).state
== iterator (removeFirst(l).state).retval

Additionally , we needto make sure that removeFirst propagatesin direction of the
constructor of ArrayList and we needto specify the basecase:

forall l:ArrayList (Axiom 152)
forall 01:Object forall 020Object

removeFirst(add(add(l,01).state,02).state).state

== add(removeFirst(add(l,01).state).state,02).state

forall 0:Object (Axiom 153)
removeFirst(add(ArrayList().state,0).state).state
== ArrayList().state

Notice that Axiom 153is a trivial variation of the following basecaseaxiom for get,
which was discovered by the speci cation discovery tool:

forall x0:0Object (Axiom 126)
removeQadd(ArrayList ().state,x0).state,0).state
== ArraylList().state

The fact that we have to introduce the hidden function removeFirst is unfortunate,
especially since the speci cation discovery tool could have helped us otherwise - both
with the base casein Axiom 126 and also (if we had used larger term sizes)with a
variation of Axiom 152.

Maybe it was not such a good decisionto rely on term sizes(or any similar function
of a term) for deciding in which way axioms can be usedas rewriting rules. If the user
was allowed to simply specify the direction of a rewriting rule, he could have usedthe
original versionof the Axiom 151a. Givenwe implemernt the xes for the term generator,
Axiom 15lacan be discovered, too. To make better use of the discovery tool, we are
planning to reimplemert our interpreter with amore exible stheme,for example,axioms
that use=> instead of == are rewritten from left to right, no matter how term sizes
change. Axioms with == usethe term size metric (or other termination functions).

This is the only term for which interpretation still fails:
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bibtex.dom.BibtexFile .printBibtex (), line92:
Algebraic Interpreter failed to compute a value.
term = hasNext(next(...iterator (add(...). state).retval). state).retval

Why doesit fail? The number of add and next operations is equal. This meansthat
we are asking for hasNext of an empty array list. This axiom takes care of it:

hasNext(iterator (Arra yList (). state).retval).retval== false (Axiom 154)

Again, similarly to Axiom 147 and Axiom 149, this axiom could be discovered if we x
our term generator as described above.
No more warning messages.

2 Summary

We nd that our algebraic speci cation discovery tool was useful in this particular case
study. While we cameacrossa number of limitations within our discovery tool, it seems
that all of the limitations are relatively straight forward to address,and none are general
limitations of our technique.

The following table shaws how the improvemeris proposedin this text impact which
axioms can be discovered. To discover an axiom, one has to implemert all improve-
ments marked with . \larger term sizesfor generator" only involves changing the
con guration.

Improvemen 81 124 147 148 149 150 151 152 153 154

larger term sizesfor generator

term generation across alge-
bra boundaries

di erent rewriting strategy

For this casestudy, intro ducing conditional axiomswill signi cantly reducethe number
of axioms discovered.

We are currently conducting additional studiesthat will help usin determining which
improvemerts are neededto make the discovery tool more e ectiv e.
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Appendix: Speci cation

speci cation ArrayListSpeci cation

classArraylist is java.util.Arra yList
classObject is java.lang.Object
classlterator is java.util.lterator

method hashCade is < java.util.AbstractList: int hashCade()>

method addAllO is <java.util. ArrayList: boolean addAll(in t,java.util.Collection) >

method listlterator is <java.util. AbstractList : java.util .Listlterator listlterator ()>

method indexOf is <java.util .ArrayList: int indexOf(java.lang.Object)>

method getClassis < java.lang.Object: java.lang.Class getClasg) >

method get is <java.util .ArrayList: java.lang.Object get(int) >

method toString is <java.util. AbstractCollection : java.lang.String toString () >

method ArrayList is <java.util.Arra yList: void <init > ()>

method toArray is <java.util .ArrayList: java.lang.Object[] toArray()>

method cloneis <java.util.Arra yList: java.lang.Object clone()>

method addO is <java.util.Arra yList: void add(int,java.lang.Object)>

method containsAll is <java.util. AbstractCollection : boolean containsAll (java.util .Collection)>
method retainAll is <java.util .AbstractCollection: boolean retainAll( java.util.Collection) >
method ensureCapaciy is <java.util .ArrayList: void ensureCapaciy(int)>

method listlteratorO is <java.util .AbstractList: java.util.Listlterator listlterator (int)>
method addAll is <java.util .ArrayList: boolean addAll( java.util.Collection) >

method clear is <java.util .ArrayList: void clear()>

method lastindexOf is <java.util.Arra yList: int lastindexOf(java.lang.Object)>

method sizeis <java.util.Arra yList: int size()>

method trimT oSizeis <java.util.Arra yList: void trimT oSize(>

method add is < java.util .ArrayList: boolean add(java.lang.Object)>

method isEmpty is <java.util.Arra yList: booleanisEmpty() >

method contains is < java.util .ArrayList: boolean contains(java.lang.Object)>

method removeAll is < java.util. AbstractCollection : boolean removeAll (java.util.Collection )>
method sublList is <java.util .AbstractList : java.util.List subList(int,int) >

method removeOis < java.util .ArrayList: java.lang.Object remove(int) >

method remove is <java.util .AbstractCollection: boolean remove(java.lang.Object)>
method ArrayListO is <java.util .ArrayList: void <init > (int) >

method toArrayO0 is <java.util. ArrayList: java.lang.Object[] toArra y(java.lang.Object[])>
method iterator is <java.util. AbstractList: java.util .lterator iterator ()>

method intPlus is < edu.coloradaocs.heurela.terms.model.StaticOperators: int intPlus(int,int) >
method ArrayListl is <java.util .ArrayList: void <init > (java.util. Collection)>

method equalsis <java.util .AbstractList: boolean equals(java.lang.Object)>

method hasNext is <java.util. Iterator : boolean hasNext() >

method next is <java.util .Iterator : Object next()>

de ne ArrayList
de ne lterator
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// :__[2]::::::::::: === == == === =
axiom
iISEmpty(ArrayList().state).retval
== true
// :::[3]::::::::::: === == == === =

axiom
sizg ArrayList(). state).retval
// :__[4]::::::::::: === == == === =
axiom
forall x0:int
ArrayListO(x0).state
== ArraylList().state
// :::[5]::::::::::: === == == === =

/I Reasonfor commerting out: axiom contains object constant
/I axiom

/I forall xO:ArraylList

/I getClasgx0).retval

/I == javalang.Class@31789152

forall x0:ArraylList
getClasgx0).state
== x0

axiom
forall x0:ArrayList
toString (x0).state
== x0
// :::[8]::::::::::: === == == === =
axiom
forall x0:ArrayList
hashCade(x0).state
== x0
// :::[9]::::::::::: === == == === =
axiom

forall x0:ArrayList
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iterator (x0).state

// :::[10]:::::::::: === == == === ==

axiom
forall x0:ArrayList
listiterator (x0).state
== x0
// :::[11]:::::::::: === == == === ==
axiom
forall x0:ArrayList
iISEmpty(x0).state
== x0
// :::[12]:::::::::: === == == === ==
axiom
forall x0:ArrayList
sizgx0).state
== x0
// :::[13]:::::::::: === == == === ==
axiom
forall x0:ArrayList
clong(x0).state
== x0
// :::[14]:::::::::: === == == === ==
axiom
forall x0:ArraylList
toArra y(x0).state
== x0
// :::[15]:::::::::: === == == === ==
axiom
forall x0:ArrayList
ArrayList1(x0).state
== x0
// :::[16]:::::::::: === == == === ==
axiom
forall x0:ArrayList
clear(x0).state
== ArraylList().state
// :::[17]:::::::::: === == == === ==
axiom

forall x0:ArrayList
trimT 0Siz€x0).state

10
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/I Reasonfor commerting out: arrays are not supported by interpreter
/I axiom

/I forall x0:[LObject;

/I toArrayO(ArrayList(). state,x0).retval

I == x0
// :::[19]:::::::::: === == == === ==
axiom

forall x0:0Object
remove(Arra yList().state,x0).retval
== false

/I ===[20]========== === == == === ==
axiom
forall x0:0Object
remove(ArrayList ().state,x0).state
== ArraylList().state

/I ===[21]========== === == == === ==
axiom
forall x0:Object
contains(ArrayList (). state,x0).retval
== false

// :::[22]:::::::::: === == == === ==
axiom
forall x0:Object
indexOf(ArrayList (). state,x0).retval

/I ===[23]========== === == == === ==
axiom
forall x0:Object
lastindexOf(ArrayList(). state,x0).retval

// :::[24]:::::::::: === == == === ==
axiom
forall x0:ArrayList
cortainsAll (x0,x0).retval
== true

// :::[25]:::::::::: === == == === ==
axiom
forall x0:ArrayList
removeAll(ArrayList (). state,x0).retval

11
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// :::[26]:::::::::: === == == === ==
axiom
forall x0:ArrayList
removeAll(ArrayList (). state,x0).state
== ArraylList().state

// :::[27]:::::::::: === == == === ==
axiom
forall x0:ArrayList
removeAll(x0,ArrayList (). state).retval
== false

// :::[28]:::::::::: === == == === ==
axiom
forall x0:ArrayList
removeAll(x0,ArrayList (). state).state

/I ===[29]========== === == == === ==
axiom
forall x0:ArrayList
retainAll(Arra yList(). state,x0).retval
== false

/I ===[30]========== === == == === ==
axiom
forall x0:ArraylList
retainAll(Arra yList(). state,x0).state
== ArraylList().state

/I ===[31]========== === == == === ==
axiom
forall x0:ArrayList
retainAll(x0 ,x0).retval
== false

/I ===[32]========== === == == === ==
axiom
forall x0:ArrayList
retainAll(x0 ,x0).state
== x0

// :::[33]:::::::::: === == == === ==
axiom
forall x0:ArraylList
listiterator0O (x0,0).state
== x0

12
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:::[34]:::::::::: === == == === ==

axiom

1

forall x0:ArraylList
addAll(Arra yList().state,x0).state
== x0

:::[35]:::::::::: === == == === ==

axiom

1

forall x0:ArraylList
addAll(x0,Arra yList(). state).retval
== false

:::[36]:::::::::: === == == === ==

axiom

1
I
I
I
1
1
1

I
1
1
1
I
I
I

1
I
I
"
1
1
1

I
1
1
1

I

forall x0:ArrayList
addAll(x0,Arra yList(). state). state
== x0

:::[37]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@10002314retval

== [LObject;@10002314

Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArrayO(x0,[LObject;@1015447¢retval

== [LObject;@10154474

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@1182446pretval

== [LObject;@11824466

:::[40]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@1415673gretval

13
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/I’ == [LObject,@14156733

/I Reasonfor commerting out: axiom contains object constart

/I Reasonfor commerting out: arrays are not supported by interpreter
/I axiom

/I forall x0:ArrayList

/I toArray0(x0,[LObject;@15928050retval

/I == [LObject;@15928050

/I Reasonfor commerting out: axiom contains object constant

/I Reasonfor commerting out: arrays are not supported by interpreter
/I axiom

/I forall xO:ArraylList

/I toArray0(x0,[LObject;@16619708retval

/I == [LObject;@16619703

/I Reasonfor commerting out: axiom contains object constart

/I Reasonfor commerting out: arrays are not supported by interpreter
/I axiom

/I forall x0:ArrayList

/I toArray0(x0,[LObject;@170581 retval

/I == [LObject;@1705819

// :::[44]:::::::::: === == == === ==

/I Reasonfor commerting out: axiom contains object constart

/I Reasonfor commerting out: arrays are not supported by interpreter
/I axiom

/I forall x0:ArraylList

/I toArray0(x0,[LObject;@17433056retval

/I == [LObject;@17433056

// :::[45]:::::::::: === == == === ==

/I Reasonfor commerting out: axiom contains object constant

/I Reasonfor commerting out: arrays are not supported by interpreter
/I axiom

/I forall x0:ArrayList

/I toArray0(x0,[LObject;@2134532Bretval

/I == [LObject;@21345323

/I Reasonfor commerting out: axiom contains object constart

/I Reasonfor commerting out: arrays are not supported by interpreter
/I axiom

/I forall xO:ArrayList

/I toArray0(x0,[LObject;@2149935)retval

/I == [LObject;@21499351

14
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:::[47]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constartaxiom
Reasonfor commerting out: arrays are not supported by interpreter
forall x0:ArrayList

toArrayO(x0,[LObject;@2163717¢retval

== [LObject;@21637174

:::[48]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constartaxiom
Reasonfor commerting out: arrays are not supported by interpreter
forall x0:ArrayList

toArra yO(x0,[LObject;@2172876pretval

== [LObject;@21728762

Il ===

I
I
1
1
I
I

1
1
1
I
I
1
1

I
I
I
1
1
"
1

1
1
1
I
I
1
1

I
I

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArrayO(x0,[LObject;@2251163pretval

== [LObject;@22511636

:::[50]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;,@2257472)iretval

== [LObject;@22574727

:::[51]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@2389020gretval

== [LObject;@23890203

:::[52]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@2469268pretval

== [LObject;@24692682

Reasonfor commerting out: axiom contains object constant

15
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Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@2480104pretval

== [LObject;@24801042

:::[54]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArrayO(x0,[LObject;@25726658retval

== [LObject;@25726653

:::[55]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@2631255)retval

== [LObject;@26312551

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@26866310retval

== [LObject;@26866310

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@27881100retval

== [LObject;@27881100

Il ===

1
1
1
I
I
1

1
I
I

Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@27972023retval

== [LObject;@27972023

:::[59]:::::::::: === == == === ==

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
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Henkel and Diwan: CaseStudy ArrayList / BibTeX parser

axiom

forall x0:ArrayList
toArra yO(x0,[LObject;@2861151gretval
== [LObject;@28611518

:::[60]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@2904187gretval

== [LObject;@29041878

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@298579pretval

== [LObject;@2985799

:::[62]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@30139050retval

== [LObject;@30139050

:::[63]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@30538114retval

== [LObject;@30538114

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArrayO(x0,[LObject;@315463% retval

== [LObject;@3154634

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

17
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forall x0:ArrayList
toArra yO(x0,[LObject;@3205291pretval
== [LObject;@32052912

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@32302% retval

== [LObject;@3230294

Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject; @3259809retval

== [LObject;@32598094

:::[68]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@37931%Mretval

== [LObject;@3793194

Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArrayO(x0,[LObject;@474007Lretval

== [LObject;@4740071

:::[70]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@536832pretval

== [LObject;@5368329

:::[71]:::::::::: === == == === ==

Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

18
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toArra yO(x0,[LObject;@584524Bretval
== [LObject;,@5845243

Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@612681pretval

== [LObject;@6126812

:::[73]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@660575% retval

== [LObject;,@6605754

:::[74]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject,@753563%retval

== [LObject;@7535634

:::[75]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@899648pretval

== [LObject;@8996485

Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

toArra yO(x0,[LObject;@912770pretval

== [LObject;@9127705

:::[77]:::::::::: === == == === ==

Reasonfor commerting out: axiom contains object constart
Reasonfor commerting out: arrays are not supported by interpreter
axiom

forall x0:ArrayList

forall x1:[LObject;
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/I toArray0(x0,x1).state

I == x0
// :::[78]:::::::::: === == == === ==
axiom
forall x0:ArrayList
forall x1:int
ensureCapaciy(x0,x1).state
== x0
// :::[79]:::::::::: === == == === ==
axiom
forall x0:ArraylList
forall x1:Object
equalgx0,x1).retval
== false
// :::[80]:::::::::: === == == === ==
axiom
forall x0:ArraylList
forall x1:0bject
equalgx0,x1).state
== x0
// :::[8]_]:::::::::: === == == === ==
axiom
forall x0:ArrayList
forall x1:0bject
add(x0,x1).retval
== true
// :::[82]:::::::::: === == == === ==
axiom
forall x0:ArrayList
forall x1:Object
contains(x0,x1).state
== x0
// :::[83]:::::::::: === == == === ==
axiom
forall x0:ArraylList
forall x1:Object
indexOf(x0,x1).state
== x0
// :::[84]:::::::::: === == == === ==
axiom

forall x0:ArrayList
forall x1:0bject
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lastindexOf(x0,x1).state

:::[85]:::::::::: === == == === ==

axiom

1

forall x0:ArrayList
forall x1:ArrayList
cortainsAll (x0,x1).state

Reasonfor commerting out: axiom contains object constant
axiom
hashCade(add(ArrayList (). state,Object@18961126state).retval
== 18961157

:::[87]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constant
axiom
hashCade(add(ArrayList (). state,Object@3103802Pstate).retval
== 31038060

Reasonfor commerting out: axiom contains object constart
axiom
hashCade(add(ArrayList (). state,Object@526849) state).retval
== 5268528

forall x0:Object
sizgadd(ArrayList (). state,x0).state).retval

:::[90]:::::::::: === == == === ==

axiom

1

forall x0:ArrayList
subList(x0,0,0).state
== x0

:::[9]_]:::::::::: === == == === ==

axiom

1

forall x0:ArrayList
addAllO(Arra yList (). state,0,x0).state
== x0

:::[92]:::::::::: === == == === ==

axiom

forall x0:ArrayList

21



Henkel and Diwan: CaseStudy ArrayList / BibTeX parser

addAllo(x0,0,ArrayList (). state).retval

== false
// :::[93]:::::::::: === == == === ==
axiom
forall x0:ArrayList
addAllo(x0,0,ArrayList (). state).state
== x0
// :::[94]:::::::::: === == == === ==
axiom
forall x0:ArrayList
forall x1:Object
isEmpty(add(x0,x1).state).retval
== false
// :::[95]:::::::::: === == == === ==
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Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var?2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@18961126state,Object@3103802Pretval
== false

:::[96]:::::::::: === == == === ==

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var?2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@18961126state,Object@526849)retval
== false

Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@3103802pstate,Object@1896112pretval
== false

Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var?2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@3103802pstate,Object@526849)retval
== false

:::[99]:::::::::: === == == === ==
Reasonfor commerting out: axiom contains object constart
The condition equalgvarl,var?2).retval== false could have helped here
axiom
remove(add(ArrayList(). state,Object@526849). state,Object@18961126retval
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Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@526849). state,Object@3103802pretval
== false

:::[101]::::::::: == === == == === =

Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var2).retval== false could have helped here

axiom
contains(add(ArrayList ().state,Object@18961126state, Object@3103802Pretval
== false

I ===
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Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var?2).retval== false could have helped here

axiom
cortains(add(ArrayList ().state,Object@18961126state, Object@526849) retval
== false

:::[103]::::::::: == === == == === =

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var?2).retval== false could have helped here

axiom
cortains(add(ArrayList ().state,Object@3103802pPstate, Object@18961126retval
== false

Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var2).retval== false could have helped here

axiom
contains(add(ArrayList ().state,Object@3103802pstate,Object@526849) retval
== false

:::[105]::::::::: == === == == === =

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var?2).retval== false could have helped here

axiom
contains(add(ArrayList ().state,Object@526849) state,Object@1896112pretval
== false

:::[106]::::::::: == === == == === =
Reasonfor commerting out: axiom contains object constart
The condition equalgvarl,var?2).retval== false could have helped here
axiom
cortains(add(ArrayList ().state,Object@526849) state, Object@3103802pretval
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Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var2).retval== false could have helped here

axiom

indexOf(add(Arra yList().state,Object@18961126state,Object@3103802Pretval
= 1

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var2).retval== false could have helped here

axiom
indexOf(add(ArrayList().state,Object@1896112pstate,Object@526849yretval
== 1

I ===
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Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var?2).retval== false could have helped here

axiom
indexOf(add(ArrayList().state,Object@3103802Pstate,Object@1896112pretval
== 1

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var?2).retval== false could have helped here

axiom
indexOf(add(ArrayList().state,Object@3103802Pstate,Object@526849)retval
= 1

Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var2).retval== false could have helped here

axiom
indexOf(add(ArrayList().state,Object@526849) state,Object@1896112pretval
== 1

Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var?2).retval== false could have helped here

axiom
indexOf(add(ArrayList().state,Object@526849) state,Object@3103802Pretval
== 1

Reasonfor commerting out: axiom contains object constart
The condition equalgvarl,var?2).retval== false could have helped here
axiom
lastindexOf(add(Arra yList(). state,Object@1896112pstate, Object@3103802pretval
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/I Reasonfor commerting out: axiom contains object constart

/I The condition equalgvarl,var2).retval== false could have helped here

/I axiom

/I lastindexOf(add(Arra yList(). state,Object@18961126state,Object@526849) retval
N = 1

/I Reasonfor commerting out: axiom contains object constart

/I The condition equalgvarl,var2).retval== false could have helped here

/I axiom

/I lastindexOf(add(Arra yList(). state,Object@3103802Pstate,Object@1896112pretval
N = 1

/I Reasonfor commerting out: axiom contains object constart

/I The condition equalgvarl,var2).retval== false could have helped here

/I axiom

/I lastindexOf(add(Arra yList (). state,Object@3103802pstate,Object@526849) retval
= 1

/I Reasonfor commerting out: axiom contains object constart

/I The condition equalgvarl,var2).retval== false could have helped here

/I axiom

/I lastindexOf(add(Arra yList(). state,Object@526849).state,Object@18961126retval
o= 1

/I Reasonfor commerting out: axiom contains object constant

/I The condition equalgvarl,var2).retval== false could have helped here

/I axiom

/I lastindexOf(add(Arra yList (). state,Object@526849) state,Object@3103802Pretval
N = 1

forall x0:Object
containsAll (Arra yList().state,add(Arra yList ().state,x0). state).retval
== false

// :::[120]::::::::: == === == == === =
axiom
forall x0:Object
remove(add(Arra yList ().state,x0).state,x0).state
== ArraylList().state
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/I ===[121]========= == === == == === =
axiom
forall x0:Object
retainAll(add(Arra yList(). state,x0).state,ArrayList (). state).retval
== true

/I ===[122]========= == === == == === =
axiom
forall x0:Object
indexOf(add(ArrayList (). state,x0).state,x0).retval

// :::[123]::::::::: == === == == === =
axiom
forall x0:Object
lastindexOf(add(ArrayList(). state,x0).state,x0).retval

// :::[124]::::::::: == === == == === =
axiom
forall x0:Object
get(add(ArrayList (). state,x0).state,0).retval
== x0

// :::[125]::::::::: == === == == === =
axiom
forall x0:0Object
removeQadd(ArrayList(). state,x0).state,0).retval

// :::[126]::::::::: == === == == === =
axiom
forall x0:0Object
removeQadd(ArrayList(). state,x0).state,0).state
== ArraylList().state

/I ===[127]========= == === == == === =
axiom
forall x0:ArrayList
containsAll (x0,addAll(x0,x0).state).retval
== true

/I ===[128]========= == === == == === =
axiom
forall x0:ArrayList
removeAll(addAll(x0,x0).state,x0). state
== ArraylList().state

// :::[129]::::::::: == === == == === =

26



Henkel and Diwan: CaseStudy ArrayList / BibTeX parser

axiom

1

forall x0:ArrayList

forall x1:Object
remove(add(x0,x1).state,x1).retval
== true

:::[130]::::::::: == === == == === =

axiom

1

forall x0:ArraylList

forall x1:Object
addAll(x0,add (x0,x1).state).retval
== true

:::[131]::::::::: == === == == === =

axiom

forall x0:ArrayList

forall x1:0bject
cortains(add(x0,x1).state,x1).retval
== true

I ===

"
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Reasonfor commerting out: axiom contains object constant

The condition equalgvarl,var2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@18961126state,Object@3103802Pstate
== add(ArrayList().state,Object@18961126state

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var?2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@18961126state, Object@526849) state
== add(ArrayList().state,Object@18961126state

:::[134]::::::::: == === == == === =

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@3103802pstate,Object@18961126state
== add(ArrayList().state,Object@3103802Pstate

:::[135]::::::::: == === == == === =

Reasonfor commerting out: axiom contains object constart

The condition equalgvarl,var2).retval== false could have helped here

axiom
remove(add(ArrayList(). state,Object@3103802Pstate,Object@526849) state
== add(ArrayList().state,Object@3103802Pstate

Il ===
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/I Reasonfor commerting out: axiom contains object constart

/I The condition equalgvarl,var2).retval== false could have helped here

/I axiom

/I remove(add(ArrayList(). state,Object@526849) state,Object@18961126state
/I == add(ArrayList().state,Object@526849) state

/I Reasonfor commerting out: axiom contains object constant

/[ The condition equalgvarl,var2).retval== false could have helped here

/I axiom

/I remove(add(ArrayList(). state,Object@526849) state,Object@3103802Pstate

/I == add(ArrayList().state,Object@526849).state
// :::[138]::::::::: == === == == === =
axiom

forall x0:ArrayList

forall x1:0bject
intPlus(sizgadd(x0,x1).state).retval, 1).retval
== sizgx0).retval

/I ===[139]========= == === == == === =
axiom
forall x0:ArrayList
forall x1:Object
listiteratorO (add(x0,x1).state,1).state
== add(x0,x1).state

// :::[140]::::::::: == === == == === =
axiom
forall x0:ArrayList
forall x1:Object
get(add(x0,x1).state,0).state
== add(x0,x1).state

// :::[141]::::::::: == === == == === =
axiom
forall x0:ArrayList
forall x1:0Object
forall x2:0bject
intPlus(sizq add(add(x0,x1).state,x2).state).retval, 2).retval
== sizgx0).retval

/I ===[142]========= == === == == === =
axiom
forall x0:Object
addO(ArrayList().state,0,x0).state
== add(ArrayList().state,x0).state

// :::[143]::::::::: == === == == === =
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axiom
forall x0:ArrayList
addAllo(x0,0,x0).state
== addAll(x0,x0).state
// :::[144]::::::::: == === == == === =
axiom
forall x0:ArraylList
forall x1:Object
intPlus(sizgx0).retval,1).retval
== sizgadd(x0,x1).state).retval
// :::[145]::::::::: == === == == === =
axiom
forall x0:ArraylList
forall x1:0Object
sizgadd(x0,x1).state).retval
== intPlus(sizgx0).retval,1).retval
// :::[146]::::::::: == === == == === =
axiom
forall x0:ArrayList
forall x1:0Object
forall x2:Object
sizgadd(x0,x1).state).retval
== sizgadd(x0,x2).state).retval
// :::[147]::::::::: == === == == === =
/[ Added by user
axiom
forall x1:ArraylList
forall x2:0bject
hasNext(iterator (add(x1,x2).state).retval).retval
== true
// :::[148]::::::::: == === == == === =
/I Added by user
axiom
forall l:ArrayList
next(iterator (l). retval).retval
== get(l,0).retval
// :::[149]::::::::: == === == == === =
/[ Added by user
axiom
forall it:Iterator
hasNext(it).state== it
1/ :::[150]::::::::: == === == == === =
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/I Added by user
axiom
forall l:ArrayList
forall 01:Object
forall 020bject
get(add(add(l,0l).state,02).state,0).retval
== get(add(l,01).state,0).retval

// :::[151]::::::::: == === == == === =
/[ Added by user
axiom
forall l:ArrayList
next(iterator (l). retval).state
== iterator (removeFirst(l). state).retval

/I ===[152]========= == === == == === =
/[ Added by user
axiom
forall l:ArrayList
forall 01:Object
forall 020bject
removeFirst(add(add(l,01).state,02).state).state
== add(removeFirst(add(l, 01).state).state,02).state

// :::[153]::::::::: == === == == === =
/I Added by user
axiom
forall 0:Object
removeFirst(add(ArrayList ().state,0).state).state
== ArrayList().state

/I ===[154]========= == === == == === =
/I Added by user
axiom
hasNext(iterator (ArrayList (). state).retval).retval== false
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