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Abstract executed on the system using a testing tool such as
Starting with a UML specification that captures the CONAN [9]. As an illustration we apply the techrego
underlying functionality of some given Java-based a producer-consumer system.
concurrent system, we describe a systematic way to In previous work we have developed an approach to
construct, from this specification, test sequendes the pr0b|em of testing concurrent Systems [5, Ihb
validating an implementation of the system. Ther@gqh is basis for this approach has been to first devetomal
to first extend the specification to create UMLtstaachines models capturing both the system itself and the
that directly address those aspects of the systerwigh to . .

underlying Java concurrency mechanism, and then

test. To be specific, the extended UML state mashaan f h del .
capture state information about the number of wagiti ~7OM theseé models create appropriate test sequences

threads or the number of threads blocked on a gamgiect. ~ Although this approach is sound, and is indeed the
Using the SAL model checker we can generate fraen th basis of the approach taken in this paper, a sogmif
extended UML state machines sequences that covéineal  problem is that it is not easy to systematicallpagate
various possibilities of events and states. Thespiences  test sequences from these models. Probably the most
can _then b_e directly tra_nsformed into test sequeiscitable important cause of this difficulty is, to put itngily,

for input into a testing tool such as ConAn. As an complexity. Java concurrency is complicated, ang an
lllustration, the methodology is applied to generat juonnt 16 formally capture this complexity inetita
sequences for testing a Java implementation optbeucer- leads to a specification which is often quite tyickd
consumer system. not easy to work with. In this paper we take an
approach that uses UML class diagrams and state
machines to model concurrency as it gives us tis¢ be
of both views; the notation is sufficiently formed
capture the precision we need, but sufficientlpinfal

to enable us to restrict attention to the essential
addition, the graphical nature of UML enhances the
readability and hence applicability of the models.

Our approach is to start with a UML model of the
underlying Java concurrency mechanism, but to then
extend this model to capture explicitly featurestho
model that are directly relevant to the generatibtest
sequences. By using UML state machines as the
underlying modelling formalism it is relatively sat
create viewpoints that abstract away from unneeded

1. Introduction and motivation

Testing is an essential part of validating any corent
system. In order to adequately test a concurresiesy

we need to have a precise specification of theegyst
itself, a precise specification of the model of
concurrency adopted by the underlying implementatio
programming language, and a sound strategy for
generating test sequences that fully exercise the
relevant aspects of the system.

In this paper we use UML [13] to develop a state
machine model that captures the underlying
functionality of Java concurrency. We then extelmd t
model to explicitly inc_lude those aspects Of. the detail and focus just on those aspects of the cosu
concurrent system we wish to test._ For examp'“_“'“‘ system that are most relevant from a testing
paper we extend the state machine model with state

. i bout wheth thread perspective. Not only are the resulting state nmaehi
information about whether none, one or many treads,,, |5 easier to comprehend than a full-blown férma
are blocked or waiting on an object. From this

. specification, but test sequences can be genefrated
extended model we can then systematically generat P d 9

test sequences by using a model checker such as SA hese models in a systematic way.
o In other work [10] we have developed a method for
[11] that cover all the relevant possibilities afeats [10] P

testing concurrent Java components. Part of this
and states. The test sequences produced can be 9 P



method involves a testing strategy for selectingt te
sequences for ConAn. In particular this strategyega
the number and type of threads waiting on an object
when a notification is generated, in order to thst
wait conditions and notifications have been
implemented correctly. This condition has beerseho
as the focus of this paper; however the general
approach may be applied for any set of test caniti
While the majority of the UML based test
generation strategies focus on system testing[{sed

for example), there has been some work on test case

generation for components. For instance a method fo

generating concrete test cases from abstract test
sequences has been developed [3]. This approach
assumes that abstract test sequences, in the form o
(state, event) lists, have been prepared by the tase

public class Bufferlnpl {

prot ect ed
prot ect ed
protected
prot ect ed
protected

int[] buf;
int in=0;
int out= 0;
int count= O;
int size;

public Bufferlnpl (int size) {
this.size = size;
buf new int[size];

}

public synchroni zed void put(int i)
throws | nterruptedException {
while (count==size) wait();

buf[in] =i
++count;
in=(in+l) %size;
notifyAll();

satisfy some test conditions. Our approach does not

make this assumption; we generate the concrete test

cases directly from the test conditions.

2. Theunderlying UML modé of Java
Concurrency

In this section, we briefly describe concurrencyava.
A typical application involving Java concurrency is

public synchroni zed int get()

throws InterruptedException {
while (count==0) wait();
int i =buf[out];
--count;
out =(out +1)
notifyAll();
return (i);

}

% si ze;

}

presented in Figure 1. The Java code implements a

finite buffer which may be shared between many

Figure 1. Java concurrency application

Producer and Consumer threads for the purpose of

communicating integers. Theut method is used to add
an integer to the finite buffer. The calling threadits
if space is not available; if space is availabi@oiifies
all waiting threads after it adds the integer. Tges
method retrieves an integer from the buffer. THénca
thread waits if a resource is not available; ieaaurce
is available, it notifies all other waiting threaalfer it
removes the integer. An object of the cl&sdferimpl
conforms to the underlying Java thread synchroioisat

A basic understanding of UML is also assumed (see
[7] for the UML state machine background).

Instances (i.e. objects) of the class Object dethate
objects in a Java system, such as instances of
Bufferimpl; the class Object captures the underlying
concurrency of the system from the viewpoint ofsthe
objects.

Figure 2 presents a simple class diagram showing
the class Object and its relationships with thesla

model based on synchronised methods and blocks offhread. The three associations between the tweedas

code, together with the Java methaeudst, notify and
notifyAll inherited from the Java Object superclass.
(Other Java features like thread creatjoim, sleepand
interrupt or the deprecateslispendresumeandstopwill

not be discussed.)

In this paper, we develop a UML model of a class
Object to capture the underlying Java concurrency
mechanism consistent with that described within the
Java Language Specification [6] and the Java Mirtua
Machine (JVM) Specification [8]. We shall assume a
basic understanding of the Java synchronisatioremod
although in fact the issues will be briefly disedsere
as part of the description of the UML state mactihe
a Java class named Object.

indicate that at most one thread can lock an olgedt
there can be a set of threads either asked to await
blocked on the object. Since any thread can play at
most one of these relationship roles for any given
object, the three associations are disjoint. The
{disjoint} constraint denoting mutually disjoint
associations is added to the associations.

We also assume that each class has private
operations that maintain the list of objects astged
with each of the association ends attached to the
opposite class. For example, the class Object Hds a
and remove operations (addToBlocking and
removeFromBlocking) that ultimately maintain thread
that are currently associated with the object Via t
blocking association role.
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Figure 2. Class diagram showing the features of Objectsand Threads, and their relationships

2.1. The class Object

A UML state machine describing the behaviour of the
class Object is presented in Figure 3. The diagram

a top state (Object) that models a synchronizedkblo
of the object. This top state has two sub-stdtesked
and UnLockedrespectively models the state when the
object is locked by a thread and when the objenbts
locked by any thread. When the object is in the
UnLocked tate, the association end lockedBy must be
empty. In contrast, if the object is in theckedstate,
the association end lockedBy must not be emptyeiGiv
these states, we describe the object behaviowrinst

of transitions that specify what happens when the
object receives requests (events) in the states.

Note that in the diagram, we describe guard
conditions and transition specifications (e.g.a@cfist, .
send event and send target) in a separate tatdetice
the complexity of the diagram (See Table 1). Alsten
that we use OCL [12] to specify the guard condgioh
the transitions. The actions are executed by theror
defined in the table.

Consider now the state machine of the clabgect
in detail. The transitionockRequestspecifies what
happens when a thread requests access to the.object
This captures the object’s view of the situatiorewta
Java thread seeks to enter a synchronized blotheof
object. The guard condition of the transition (G1)
ensures that the thread in question cannot alrbady
locking the object, cannot be blocked on the object
and cannot be waiting to be notified by the object.
Since the object can respond to this request froyn a
sub-state as long as the guard conditions ardfiedtis
the transition is attached to the top state (Ohjéd a
result of this transition, the object adds the estjing
thread into the list of blocking threads of the emlbj
(see the action of T1 in Table 1).

When the object is locked by a thread (in the
Locked state), it can respond to several requests
(events) as follows:

* arequest to release the thread currently holdieg t
lock on the object (see the transition caused by th
eventlockReleasg This captures the object’s view
of the situation when a Java thread completes the
execution of a synchronized block of the object.

The result of this transition is that the objechds
longer locked (changing the state from Locked to
UnLocked), the thread is removed from the
lockedBYy list (see the action of T2).

a request to notify a thread currently waiting loa t
object (see the transition caused by the event
notify). This captures the object's view of the
situation when a ‘notify’ method is executed by
some other thread currently accessing a
synchronized block of the object. The result of thi
transition is that the object selects one threahfr
the currently waiting threads (askedToWait) and
sends a notification to the thread (see a
synchronization send event, notifiedBy of T3), and
removes the thread from the askedToWait list and
adds it into the blocking list (see the action 8).T

a request to notify all threads currently waiting o
the object (see the transition caused by the event
notifyAll). This captures the object’s view of the
situation when a ‘notifyAll’ method is executed by
some other thread currently accessing a
synchronized block of the object. The result of
this transition is that all the threads currently
waiting on the object (askedToWait) are notified
(see a synchronization send evembtifiedBy of
T4), and the object removes them from the
askedToWait list and adds them to the blocking
list (see the action of T4)

e B
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Figure3. UML State Machine for Object
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Transition Specification
Event Guard Action Send event Send target
lockRequest| G1 requestingThread -> T1 | addToBlocking
not include (lockedBY) (requestingThread)
requestingThread ->
not include (blocking)
requestingThread ->
not include (askedToWait)
lockRelease| G2 requestingThread -> T2 | removeFromLockedBy
include(lockedBy) (requestingThread)
notify G3 selectedThread -> T3 | removeFromAskedTo notifiedBy self.askedToWait
include(askedToWait) Wait(selectedThread), ->select (t|t =
requestingThread -> addToBlocking selectedThread)
include(lockedBy) (selectedThread)
notifyAll G4 selectedThreads -> T4 | removeFromAskedTo notifiedBy self.askedToWait
include(askedToWait) Wait(allWaitingThreads), -> forAll (t)
requestingThread -> addToBlocking
include(lockedBy) (allWaitingThreads)
askToWait G5 requestingThread -> T5 | removeFromLockedBy | askedToWait | self.lockedBy -»
include(lockedBy) (lockedByThread), forAll (t)
addToAskedToWait
(lockedByThread)
giveLock G6 selectedThread -> T6 | removeFromBlocking getLockOn selectedThread
include(blocking) (selectedThread),
addTolLockedBy
(selectedThread)

Table 1. Thetransition specifications of the Object State M achine

« arequest to wait to the thread currently holdimgyt  2.2. The class Thread
lock on the object (see the transition caused by th
eventaskToWait This captures the object’s view In the class diagram in Figure 2, the class Thitezsl
of the situation when a Java thread executes athree relationships with the class Object: locking,
‘wait" method while accessing a synchronized blockedOn and waitingOn which denote respectively a
block of the object. The result of this transitisn ~ set of locking objects, the object (if any) bloakithe
that the object changes its state friwackedto thread, and the object (if any) on which the thresad
UnLocked and the thread is removed from the waiting for notification. We model the behaviour @f
lockedBy list and added into the askedToWait list thread similar to the object behaviour. Due to spac
(see the action of T5). Also a synchronization limitations, we do not present the model in theguap
eventaskedToWaits sent to the thread (see the
send event and send target of T5). 2.3 Theextended UML test model
Similarly, when the object is not locked by any
thread (is in th&JnLockedstate), it can also respond to In the previous sections, we modelled objects and
the following request: threads using the UML state machine to understand
+ a request to lock the object (see the transition their general behaviour. In this section, we are
caused by the evegivelLocR. The object selects a  interested in their behaviour under certain sitretiin
thread from among those currently blocked by the order to develop a testing model of objects.
object and allows the thread to lock it. This  To do this, we extend the UML models developed
captures the object’s view of the situation when a in the previous sections by including testing aspec
Java thread is given access to a synchronized blocknto the models. In detail, we define a separate
of the object. The result of this transition istttiae composite state at the top level of the existing UML
object is locked (changing the state from state machine. The composite state includes afset o
UnLockedto Locked, the thread is removed from states (interesting test states). These test states
the blocking list and added to the lockedBy list defined based on a test case selection strateggnGi
(see the action of T6), and sends a synchronizationthese test states, we can model an object’s oadtge
eventgetLockOnto the thread (see the send event behaviour from a testing point of view. This extedd
and send target of T6). testing model will also be used as a basis to dddsgt
sequences described in Section 4.
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Figure4. UML State M achine modelling multiple waiting threads on an object from a testing aspect

The diagram in Figure 4 is an extended UML model Now that we have a precise model of Java concurenc
for objects. In the example, we are interested timv  we can apply this model to software systems such as
object will behave whethere is no waiting thread, one the classical producer-consumer. It is straightéodv
waiting thread and many waiting threads. The to specify this problem in UML in a way that ignores
transitions show what happens when the objectresei concurrency issues. We begin by developing a class
certain events such as wait, notify and notifyAtem diagram including the class@soducer Consumeiand
there is none, one, and many threads waiting on theBuffer (see Figure 5). A ProducerConsumer system has
object. Actual transitions in these testing states a set of producers, consumers and buffers. Thes clas
triggered by the actions executed as a result ef th Producer has an operatiorpuf) with an output
transitions triggered by the same events in thgiraal parameter namedem Similarly the class Consumer
model (see the action list in Table 1). has an operatiorgé? with an input parameter named

The extended testing model synchronizes with theitem The class Buffer has an attribliaffer to store
original model in terms of the guard conditionsegiv  items in order and another attributeax recording the
for the transitions defined in the extended moéer. size of the buffer, and has two operatiogst @ndput)
example, the transitions defined in WaitingThreads  to get and put an item from the buffer respectively
state can happen only when the object is locked i.e This class diagram models a sequential (non

when in theLockedstate in the original model. concurrent) consumer-producer system.
A UML state machine showing the behaviours of a
3. Applying the model to Producer- buffer is presented in Figure 6. This state machine
Consumer models a sequential buffer.
ProducerConsumer
0..1 0..1
0.1 +buffers
0.n Buffer
0..n ~*Producers  0.n | +consumers g er [+] - tem {ordered}
Producer Consumer Bmax : Integer
. . .. i ‘put()
Sput(out item : Item) Wget(in item : Item) Sget)

Figure5. A sequential Producer-Consumer system
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Figure 6. UML state machine modelling buffer

relationships with the class Object. Similarly #lass
Buffer also inherits all features of the class @bje
Although the UML semantics document [13] does not
formally describe how to interpret the UML state
machine in the context of inheritance, it is comnton
interpret it based on the general semantics of
inheritance in object technologies [12]. That ibew a
UML state machine is attached to a class to desitebe
behaviour, the behaviour must be preserved in its
inheriting classes. This simply means that featimes
the state machine of the super class can be reblace
but not deleted, and new features can be added.

In Figure 8, we show a refined UML state machine
for a concurrent buffer. The two UML state machines
developed for the classes Object and Buffer are
composed into a composite state. Several actioms ar
added to the transitions in th8uffer state to
synchronize with theObject state. For example, the
transitions triggered by events requestgf or put,
can happen only when the buffer is currently lockgd
the requesting thread (see the guard conditiofialiie
2 extending Table 1), thus this constraint is adaeé

We now introduce concurrency in the producer- guard condition of the transitions. When a put get

consumer problem. We can do this by reusing th
earlier UML model of Java concurrency with the
generalization relationship in UML. The class diagra

erequest is completed, the buffer notifies this tb a
threads waiting and also sends an event releasélrock
to the currently locking thread to unlock itself

in Figure 7 models a concurrent Producer-Consumerconsequently changing the buffer state fromckedto
system. In the diagram, the classes Producer andUnLocked(see T7 and T8 for example).

Consumer inherit from the class Thread, and thescla
BufferMonitor inherits from both the class Objectdan
the class Buffer.

By the semantics of generalization in UML which
supports both subtyping and inheritance, the sebela
of the class Thread, Producer and Consumer indilérit
the features of the class Thread

When the buffer is empty and there is a request for
get the buffer undergoes an internal evaskToWait
to ask the currently locking thread to wait (seedbd
T7). This is similar to when the buffer is full atitere
is a thread requesting to put an item into theds(8ee
G14 and T14).

including the

ConcurrentProducerConsumer

0.1 0.1 o.
+producers on 0..n| +consumers +buffers
Producer Consumer BufferMonitor
Fput(out item : ltem) Wget(in item : Item)
Jﬁ ‘ \/
/ W o.n 0.1 \/ Buffer
Thread . . - Object BZbuffer [*] : Item {ordered}
+81.§I1<edToWa|t +wa|t|n&% Bllnax : Integer
+lockedB +lockin
o Y o Sput()
rblocking +blockedOn Sget()

Figure7. A concurrent Producer-Consumer system
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Figure 8. UML state machine modelling a concurrent buffer
Transition Specification
Event Guard Action Sen?jpevent Send target
geRequest | G7 Locked and requestingThread -> T7 askToWait self
include(lockedBy)
geRequest | G8 Locked, requestingThread -> T8 get(item) notifyAll self
include(lockedBy) and buffer.size = 1 releaseLockOn | lockingThread
geRequest | G9 Locked, requestingThread -> T9 get(item) notifyAll self
include(lockedBy) releaseLockOn | lockingThread
geRequest | G10 | Locked, requestingThread -> T10 | get(item) notifyAll self
include(lockedBy) and buffer.size > 1 releaseLockOn | lockingThread
putRequest | G11 | Locked, requestingThread -> T11 | put(item) notifyAll self
include(lockedBy) releaseLockOn | lockingThread
putRequest | G12 | Locked, requestingThread -> T12 | put(item) notifyAll self
include(lockedBy) anduffer.size < max-1 releaseLockOn | lockingThread
putRequest | G13 | Locked, requestingThread -> T13 | put(item) notifyAll self
include(lockedBy) and buffer.size = max 41 releaseLockOn | lockingThread
putRequest | G14 | Locked and requestingThread -> T14 | put(item) askToWait self
include(lockedBy)

3.1 The extended test model of Buffer M onitor

Table 2. Thetransition specifications of the BufferM onitor State M achine

consumers

(see

test state for each of the waiting producers and
WaitingProducers

and

We now develop a test model for the concurrentdsuff WaitingConsumersn Figure 9). Since producers and
in the same way that a test model of objects wasconsumers are waiting threads, they are membehe of
developed in Section 2.3. For a concurrent buffer, askedToWait list of the buffer object. Thus, tHene
are interested in how the concurrent buffer wilhéee sub-state in theWaitingProducers state denotes a
when there is none, one and many producers. Siynilar situation where no producer thread is waiting ie th
when there is none, one and many consumers. InaskedToWait list. Similarly thélone sub-state in the
Section 2.3, we modelled the object behaviour whenwaiting in the WaitingConsumersstate denotes a
there is none, one and many waiting threads byngddi situation where no consumer thread is waiting & th
a test state to the original object model (seesth&e askedToWait list. Similar conditions hold in alleth
WaitingThreadsin Figure 4). We capture the buffer other sub-states defined in the two test states.
behaviour a similar way. That is, we introduce & ne
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LN} askToWait [G19] L e askToWait [G15]
notify [G20] notify [G16]
; notifL
Tl [Locked]
notifyAll | [Locked]
[Locked] notify notifyAll .
(G21] [Locked] notify [G17]
askToWait
[G19]
askToWait askToWait
I [G15]
notify [G22] @ notify [G18 ]
“ : Y,

Figure9. UML State M achine modelling multiple producers and consumersfrom a testing aspect

Event Guard
askToWait G15| Locked, requestingThread -> inclume¢dBy) and requestingThread -> instanceOf(Congume
notify G16 | Locked, selectedThread -> instanceOf&omer)
notify G17 | Locked, selectedThread -> instanceOf&omer) and
self.askedToWait -> select ( t | t -> instanceOf{€lamer)) -> size = 2
notify G18 | Locked, selectedThread -> instanceOf&omer) and

self.askedToWait -> select ( t | t -> instanceOf{Slamer)) -> size > 2
askToWait G19| Locked, requestingThread -> incluat@dBy) and requestingThread -> instanceOf(Pragluce

notify G20 | Locked, selectedThread -> instanceOffRoer)

notify G21 | Locked, selectedThread -> instanceOfg§Roer) and
self.askedToWait -> select ( t | t -> instanceQf(Ricer)) -> size = 2

notify G22 | Locked, selectedThread -> instanceOf&omer) and

self.askedToWait -> select ( t | t -> instanceQi(Ricer)) -> size > 2
Table 3. Thetransition specifications of the test states defined in the Buffer M onitor test model

Guard conditions of the transitions defined in éhes an additional model that captures the particulstirg
test states are also expressed in terms of thestrategy used by ConAn. The resultant model is then
askedToWait list and the type of threads in thie(ise used to create counter-examples which may then be
Table 3). Note that in the diagram, we suppress theused to create test sequences for ConAn. The slefail
states Qbject and Buffef) modelling the original the ConAn testing strategy and the counter-example
behaviour of buffer (see Figure 8) to reduce generation are now described.
complexity.

4.1 Testing in Conan

4. Generating test sequences from the _ o _
Buffer M onitor model. The ConAn testing tool uses a deterministic exeaoulti
strategy to the test the component. The deternunist
(tlesting strategy uses a clock to control the exacudf
calls on the monitor in such a way that all threads
currently blocked or waiting on the monitor at a
particular time will be able to get the lock, finis
executing (including making calls to notifyAll), dn

We now explain how test sequences may be generate
from the extended State Machine models. A manual
translation of the UML model to a SAL model is
performed, this translation is systematic but stiltler
development. The SAL model is then combined with



return to waiting (if woken after notification arailing In order to test a particular platform it would be
the wait condition). This ‘run-to-completion' sagy necessary to encode the pattern of choices matteaby
allows the tester to check for correct use of theaJ platform into our model. However, ConAn allows sets
synchronized, wait, and notify statements by cngati of possible termination times and outputs to be
scripts that call monitor methods at given timasd a specified, providing the ability to write test seqaes
check for termination of those calls at later timda which run on every implementation of the JVM. Such a
order to automatically create test sequences hgsau test-sequence is much more desirable as it allows
the 'run-to-completion' strategy, the corresponding multiple platforms to be tested with the one segaen

constraint is combined with the SAL translationtloé Generation of such a test-sequence involves

BufferMonitor model. recording all JVM choices made by the model checker.
For example, if a number of threads is blocked the

4.2 Generating Test sequences must record that any one of the threads may bengive

the lock. External choices made by the application
Most model checkers generate counter-examples tosuch as thread identifier, method called, input
invalid propositions. A counter-example that can be parameter, may all be fixed.
used to construct a test sequence that reachesradle The SAL simulator provides a programmable
test-condition (TC) can be generated by running theinterface allowing such information to be extracted
model checker on the Linear Temporal Logic (LTL) Our approach is as follows.
propositionG (NOT TC).Test sequences for ConAn 1. Produce a counter-example for a particular test
are created by calling methods and then checkirenwh condition.
they terminate. A test-sequence for a particulat-te 2. Extract the external choices (the first 4 columhs o
condition is a sequence which reaches a state the table below).
corresponding to that test condition and then ocoles 3. Encode the external choices as a SAL module.
until a certain exit stateEkit) in which all threads are 4. Extend the system with the new module to produce

terminated. This is stated in LTL &NOT (TC AND a new system which behaves as the test case.
F(Exit))) where Exit is the statd{ocking = emptyand 5. Step through the model in the SAL simulator,
Waiting = empty. If in addition the tester wants to extracting all traces with different JVM choices at
observe the outputs produced by the terminating giveLockandnotify events.

threads (for the purpose of checking the conterthef For example, result of this process is presented in

buffer for instance), the Exit state may be extehde Table 4. The table describes a test case involthag
with monitor conditions, e.gEkit and buffer = emply two traces that may be observed for the test ciomdit
For example, a counter example that tests thestated above dhl.

condition ManyProducersWaitingand returns the Note that threads p1 and p2 started at times 3and
monitor to the Exit state is produced by the follagv respectively may terminate in either order, and tha
proposition. outputs finally returned will occur in the correspling
order.
thl: THEOREM system |-
G (NOT (ManyProducersWaiting AND
F (Exit AND BuffefEmply)) Thd | Call| In| Tracel Trace?2
Exit | Out | Exit | Out
4.3 Dealing with a non-deterministic JVM 1 | pd put L 0 1 1
2 | p2 put | 2| 2 - 2 -

The JVM specification is non-deterministic and may b 3 ) )
. . . pl put | 1| 5 6
implemented differently on different platforms. In
particular, there is no guarantee that blockedattse |4 | p2 | put | 2| 6 - 5 -
will be_s_erved in first-_come first-se_rved ordery rioat 5 | c1 get | - 5 0 5 0
the waiting threads will be served in order. Ouwdel
make no such assumptions, however, in generatmmg th| 6 [ c1 | get| - | 6 2 6 2
counter example, choices made by the JVM are|7 | ¢c1 | get| - | 7 1 7 2
simulated by the model checker, and it may be #se c
that the model checker chooses a different threaloet 8 |cl Jget| -] 8 2 8 1

particular implementation under test. Table 4. Test case for ManyProducer sWaiting
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