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Iiclass Bu®elf _‘

void put(Object v) f ...; @
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In°uence Bu®erinheriting behaviourfrom Lock.

class LokableBu®eaxtends Bu®er Lodkf ¢
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What does Imherittance ado, OJTCQT abl?

Iiclass Bu®elf _‘

void put(Object v) f ...; @
void gel) f ...; @
g
class Lok f
void lok() f ...; @
void unlak() f ...; @
g

In°uence Bu®erinheriting behaviourfrom Lock.

class LokableBu®eaxtends Bu®er Lodkf ¢

Do you expect a Bu®erwhichis locked/unlocked via Lock?
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OijCtS and coneurr ency

‘ Objects: A fundamental,state-of-the-ait conceptfor engineeringcomplexsoftware \
systems.(Design Patterns, Refactoring, .. .)

concurrency: A fundamentaltechnologyto meettoday's demandson software
functionalities. (Internet, Mobile and Embedded Devices, Software Agents, .. .)

Alas, a difficult mamagg
synenronisation of concurrentactivities and inheritance do not mix:
Inheritance Anomaly (Yoneazsa[1987]
So badto justify banning inheritancefrom OO languages!(America [1991)

The plan

® Explain the phenomenon via examples;
B /llustrate the driving lines of the main existing approaches;
B Design and implementation of the programming language Jeeg.
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coneurr ency and | nte"rjemnce

‘ The problem: z:=0;(x:=a+ lkr: =2 +2). Then,z 2 f1,2,30. \

The solutions:

> OpQY&UOﬂQ\ Machanisms: Semaphor@s and Locks, ...
® Linguistic constructs. Critical Regions and Monitors, ...

® Alternative Modals. Message Passing, Rasource-Based, ...

Thair relavance: In the endthe problemis in the concurrencymodel

e - |



The Java Coneurr ency Model

N o

public class Bufer {
protected Object[] buf;
protected int MAX, current = O;

Buffer (int max) {
MAX = max;
buf = new Object[MAX];
}
public synchronized Object get() throws Exception {
while (current <= 0) wait();
Object ret = buf[--current];
notifyAl1(Q);
return ret;
}
public synchronized void put(Object v) throws Exception {
while (current >= MAX) wait();
buf [current++] = v;
notifyAl1(Q);
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In sequential programming, clients canbe asled to behavewell. E.g., don't get
unlessyou have put

In concurrency, the resourceMust containsyncnronisation code. This results
essentiallyin methods Not Deing avallable at certain momentsin time.

Concurrentobject oriented programsin commonprogramminglanguagesonsistof
businessdeinextricablyiNterwoven with synbronisatiotade
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‘ Inheritance Anomaly: Adding a new method morally unrelated,forcesthe \
rede nition of all other methods of a class.
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The Imheritance ATLOTTL&Ly

‘ Inheritance Anomaly: Adding a new method morally unrelated,forcesthe \
rede nition of all other methods of a class.

class Bufier {

void put(Object el) {
if ("buffer not full") ...

}

Object get () {
if ("buffer not empty") ...

}
}

Add a method Treeze.

Chancesare that the synbronisatiooalein Bu®emust be totally rewritten for that.

All apgroachesto the anomalyso far consistof disentangling businessand
synchronisatiorcode. Noneis very successful.
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‘ State Partition: Introducean explicit partitionof the object's state, and explicit \
enablingonditionfor methads.

Example. In the caseof Bu®egrchooseempy, partial full and the declaations:

put requires not full
get requires not empy



Partitioning of States

‘ State Partition: Introducean explicit partitionof the object's state, and explicit \
enablingonditionfor methads.

Example. In the caseof Bu®egrchooseempy, partial full and the declaations:

put requires not full
get requires not empy

Then
Object gel) f

if ("buffer is mow empty") become empy;
else become partiaj
return res;

9
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Partition OI STates

‘ This solvesthe problemonly very partially.

Consideraddingget2which retrievestWo elements
at once. Then, the patition empy and full is not
enoughanymae.

Needto distinguishthose stateswherethere is exactly one element: single

Carespndingly re ne it to be:
get2 requires not empf or single

Object gel) f
if ("buffer is nmow empty") become empy;
else if ("buffer is singleton") become single
else become partiaj
return res;

9
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completed.



H1STOT y—Sensmveness of ACCQ”ptOX)LQ States

‘ When methads' enablingdependson the NiStOry of objects,we havea form of the \
anomalyso-callednistory-sensitive.

For instance,a method withdrav availableonly after a method authetncatehas been

completed.

To exemplify we want to add to Bu®ern methaod

ggetenabledonly if the last method invoked of
Bu®ewas other than get




History BujfTer

—

public class HistoryBufier extends Buffer {
boolean afterGet = false;
public HistoryBufer(int max) super(max);
public synchronized Object gget() throws Exception {

while ( current <= 0 || afterGet ) wait();
Object ret = buf[--current]; afterGet = false;
notifyAll1();

return ret;

¥

public synchronized Object gel() throws Exception {
while (current <= 0) wait();
Object ret = buf[--current]; afterGet = true;
notifyAll();
return ret;

¥

public synchronized void put(Object v) throws Exception {
while (current>=MAX) wait();

buf [current++] = v; afterGet = false;

notifyAll();
‘ }

h



History BujTer, again

‘ public class HistoryBufier extends Buffer {
boolean afterGet = false;
public HistoryButer (int max) { super(max); }

public synchronized Object gget() throws Exception {
while ( current <= 0 || afterGet) wait();
afterGet = false;
return super.get();

¥

public synchronized Object gel() throws Exception {
Object o = super.get();
afterGet = true;
return o;

¥

public synchronized void put(Object v) throws Exception {
super.put (v) ;
afterGet = false;

}
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Modification of Acceptable States

‘ AnomalywhenmMix-in ¢lasses are usedto add behaviourto object via multiple \
Inheritance.

class Lock f

void lock() f ...; @
void unlock() f ...; (@

9

Trying to in°uencethe enablingconditionsof a class,by inheritance.

class LockableBuffer extends Buffer, Lockf ¢



Modification of Acceptable States

‘ AnomalywhenmMix-in ¢lasses are usedto add behaviourto object via multiple \
Inheritance.

class Lock f

void lock() f ...; @
void unlock() f ...; (@

9

Trying to in°uencethe enablingconditionsof a class,by inheritance.

class LockableBuffer extends Buffer, Lockf ¢

Of course, this does no much towards having a
lockable bu®er,in any languagel know of.

Question: Is the Inheritanc&nomalfonsense or a genuine problem?
If you look at it from the OO standpint, it is genuine.

e - |



JEEG

‘ Jeeg tacklesthe (History-Sensgivnheritanc&nomalylt is: \

® an aspct-origadsuperimposition of two sepaate languages
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» Linear Time Temporal Logic for synhbronisatiocode (method guards).
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‘ Jeeg tacklesthe (History-Sensgivnheritanc&nomalylt is: \

® an aspct-origadsuperimposition of two sepaate languages
o JAva (no synbronized(Wait(), notify() and notifyAll()for businessxle;
» Linear Time Temporal Logic for synhbronisatiocode (method guards).

public class MyClas$
sync f

m : Q;

g

...// Standard Java class definition

g
m is a method id and ¢, the guard, is a formulain a givenconstraint language.

Whenm is invoked, the threadis kept on nhold unless¢. Whenthe conditionis
true, all Walting threadsare awaken. m is implicitly syncnronized.,
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‘ Jeeg tacklesthe (History-Sensgivnheritanc&nomalylt is: \

® an aspct-origadsuperimposition of two sepaate languages
o JAva (no synbronized(Wait(), notify() and notifyAll()for businessxle;
» Linear Time Temporal Logic for synhbronisatiocode (method guards).

public class MyClas$
sync f

m : Q;

g

...// Standard Java class definition

g
m is a method id and ¢, the guard, is a formulain a givenconstraint language.

Whenm is invoked, the threadis kept on nhold unless¢. Whenthe conditionis
true, all Walting threadsare awaken. m is implicitly synenronized.

If ¢ is a boolearexpression this is just a declarative versionof Javaconcurrency
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‘ Log\ez atrade-o®betweenQXprQSS'\\/QnQSS and QmQ\QnQy: its formulae must be \
veri ed at everymethod invocation!

Linear temporal logic (pastensg

¢ :=AP Jlo | ¢ |l ¢ | Previousp | ¢ Sinceo

AP are purebooleanexpgessionswith no:

® side-effects,
$» refarences 1o OD}QQIS.

H maethod invocations,
#® andit only refersto private / protected elds of the classit belongsto.

Derived connectives:

o &, (1o ly); Sometimegp , true Sincegp; Alwayso, !Sometimelep.
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The logic

‘ Log\ez atrade-o®betweenQXprQSS'\\/QnQSS and QmQ\QnQy: its formulae must be \
veri ed at everymethod invocation!

Linear temporal logic (pastensg

¢ :=AP Jlo | ¢ |l ¢ | Previousp | ¢ Sinceo

AP are purebooleanexpgessionswith no:
side-affects,
rafarences to OD}QQIS.

mathod invocations,
$® andit only refersto private / protected elds of the classit belongsto.

e o @

Derived connectives:

o &, (1o ly); Sometimegp , true Sincegp; Alwayso, !Sometimelep.

This yield a rather expressivdanguageCL, yet easyto implement.
‘ | | \
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AN Object’'s HIStoTy

‘ A genericcomputation from o's perspective. \

hg CCChY. 0.my hg CCCH| 0.mphG CECHT . ..

Hereonly the part of hjkk containingthe valuesof private/protected, non-reference
variablesof o, say o, cana®ectevaluation. Therefae, we take

m2

| s
o1 -

0'2! 03...

We think of H,(7) as

Ho ’ 00010203 ...

whereo; bindsthe specialidenti er event to (a valuerepgesentingmethod) m;.

[n:o} inc() {nzl} inc() [ n:ZJ dec ()
‘ | | \




coneurrent Obj oCTsS' H1StoT1es




mte"rp”r‘etomon of Formulae on OijCt H1STOT1eS

‘ Let 3 denoteH (7). For all indexesk in 3, we de ne X = ¢, that is ¢ holdsat \
time k&, by structural induction on ¢ asfollows.

Yk Fp iff okjEp (p is true at oy)
Yk Flo iff not Xy = o
Yk E o Iy iff Yy ¢ordk v
Yk = Previousgp iff k>0andXx_1 = ¢

>k J= ¢ Sincey iff 3 =1 for somej - k,

and Y F=oforall j <7 k

Finally we convenethat > = ¢ I® > |= ¢.
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Bujfer in J

‘ public class Buffer {

sync {
put : current < MAX;
get @ current > O;

}

protected Object[] buf;
protected int MAX, current = O;

Buffer (int max) {
MAX = max; buf = new Object[MAX];

public Object got() throws Exception {
Object ret = buf[--current];

return ret;

public void put(Object v) throws Exception {

buf [current++] = v;

}

4 « .



History BufTer in J

‘ public class HistoryBufier extends Buffer {

sync {
goel:  Previous (event != gM) && current > O;

public HistoryBuffer (int max) {

super (max) ;

public Object gget() throws Exception {
Object ret = buf[--current];

return ret;




Lockable Bujrer in J

‘ public interface Lotk {

public void lock() ;
public void unlock() ;

t
public class LOCKBUl extends Buffer implements Lock {
sync {
gat : super.getConstr && !Previous (event == 10CK);
put : super.putConstr && !Previous (event == 10¢K);
lock : !Previous (event == 100k);

unlock :  true;

public LoCkBUf(int max) { super(max); }
public void lock() { }
public void unlock() { }

< « .



‘ It is generallyhard to formaliseto what extent the anomalyis removed.

l
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‘ It is generallyhard to formaliseto what extent the anomalyis removed. \
Nicely Jeeg allows for a “quantitative” analysis.

EXxpressiveness of LTL: A set of statesequencéSis the set of all s that satisfya
given¢ if andonly if X Is a star-freeegulatanguage.(Zu& [1986]

Star-frae Regular Languages:
re:=cjajreCrejre4+rej:.r (J ren)

State for C: p 2 A Y2 AP;  Sequence of states: P2 A% (T j= P i® %y = K)

Theorem (CHARACTERIZING CL). For ¢ aformulaoncC, X =fX | X = ¢g i®
there existsre on A; suchthat > 2 X i® X = P for someP 2 re.
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IECIZPTQSS?}UQTLQSS of J G

‘ It is generallyhard to formaliseto what extent the anomalyis removed. \
Nicely Jeeg allows for a “quantitative” analysis.

EXxpressiveness of LTL: A set of statesequencéSis the set of all s that satisfya
given¢ if andonly if X Is a star-freeegulatanguage.(Zu& [1986]

Star-free Regular Languages:
re:=cjajreCrejre4+rej:.r (J ren)

State for C: p 2 Ac % AP;  Sequence of states: P2 Af. (2= Pi® Xy = F)

Theorem (CHARACTERIZING CL). For ¢ aformulaoncC, X =fX | X = ¢g i®
there existsre on A; suchthat > 2 X i® X = P for someP 2 re.

Special case: Only atomigrositionsf the kind event ==

Then CL would capture preciselthose sequencesf eventswhich are star-freeegula
languageqi.e., enface synchonisatiorpoliciesso expessible).

e - |



Examples

‘ HistoryButier: the temporal constraint

Previous event != get

can be exgessedoy the following star-free regula expessions.

. (A" Cget) where A™ |, e+ e

The temporal constraint

Sometime m , true Since m.

carespndsto
A* CmCA*.

< «



Limitations of LTL: No Counting

‘ public class SharedResource { \

sync {
request: true;
release: true;

}
public void request() { ... }
public void release() { ... }

}

De ne a classSeizableResource which allows excluseaccestw® the shaed resource:
An additional method exclusiveRequest must be provided.

Clealy, this leadsto identify a pattern of eventssuchas:

M ::= € | request M release | MM |

It is well known that this languageis NOT regular. Methodsrequest andrelease will
haveto be rede ned. The anomaly surfacesagainhere.

e - |
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‘ Givena nitetraceX andalLTL fornulag, daesy: = ¢ ? \

Traditionally: build a Buchi automats to “'model-check'sequencesDealingwith
past tenseoperatas givesus an advantage:an Online' algaithm.



Runtime Evaluation of CL ECIZ”pTQSS?}OTLS

‘ Givena nitetraceX andalLTL fornulag, daesy: = ¢ ? \

Traditionally: build a Buchi automats to “'model-check'sequencesDealingwith
past tenseoperatas givesus an advantage:an Online' algaithm.

® Build the symaxtreeof the formula;

® Assciate variablesbeforeand nav to everynode, initially setto false;

® Visit the tree depth- rst and simultaneouslhassign¢.befae := ¢.now and
¢.now as follows.

] Defore, NOW
previous now = ¢g.befae !

since | now = ¢;.now or (befae and ¢p.now)

or NOW = ¢o.NOW or ¢1.NOW
not now = not ¢O.n(]/\/ DQTOYQ NOW bQTOYQ NOw
AP now := eval(¢)

DQTOYQ NOwW bQT()YQ NOow

< « o
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Erample

‘ Example: Let us considerthe evaluationof the temporal formula

Previous

now = fase
before = false

X ==

now = fase
before = false

Previougxr == 1)

Previous Previous
now = false now = true
before = false before = false

X == X ==
now = true now = false
before = false before = true

Inc()
x=1 X =2

—

Previous

now = false
before = true

X ==

now = true
before = false




The SyTLCf’LTOTL?}SOfE’LOTL M anager

‘ Formulae must be evaluatedafter exerymethod execution. This is doneby a \
SWQNOT\\Z&UOT\ manager via Mathod Call \ﬂt@YQQpUOT\. It

® takescontrol at methad call and dhek&s(not ewaluatgsthe constraintfor the
methaod.

® |If it holds,control goesto the method code; otherwisethe synchronization
managerperfams a wait(), putting the objectto sleep

® After the method execution,control shiftdba& to the manager,which now
re-e&luateshe synchronizationconstraints.

® After updating the formulaelogic value,the managerissuesa notifyAll()
statement. Blocked methods may then attempt to proceedagain.

To haveaccesdo priate/protecte@lds the synchronizatiormanageran inner ¢lass
of the objectit manages.
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Benchmarks: O bj ect Creation

N o
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Constraint Size

Ob}@@t creation triggers the creation of data structures T0r formulas
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Benchmarks: Method Call

100 150 200

Constraint Size

Mathod calls trgear the evaluation of formulas
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—@— Machine 2

Machine 3
—»— Machine 4
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Benchmarks: Details of Method Call

N o

Machine 2 Machine 3

1200
1000
800

600

Timein ms

Time in ms

400

200

64 <
32 16 g 4 1 N
Threads 1

Formulae avaluation trgears mutual exclusion pYO'LOQO\S

‘<< K |=>> >>\
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140
120
100
80
60
40
20

Benchmarks. C oOMmMpaArison

—

Machine 1

Machine 3

Java

e

50 100 150 200 250
Threads

Howevaer, SyﬂQT\FONS&UOﬂ Must be p@rforméd also in Java!
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Por Tormance Evaluation

Igstmg shaws that: j

® Underlow-10ad (below 70 threads) evencomplexsynchronizationconstraints
yield little performanaeerhead

® Low-end machinesface worse scalabiiitproblemdue object locking: The
slaverthe evaluationalgaithm, the longea large number of threadsare
keptwaiting
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conclusion

| Joog o

® Synchronizationconstraintswritten in LTL and speci ed in a asject-orié¢ad
declarattymanner.

® CLis helpfulin treating the inheritancanomaly

® CharacterisatiohCL in terms of regula languages
® Ezxcietly implementable(availableat nttp://www.brics.dk/ milicia/Jeeg).

Future Work:

® Quanti ed linea temporal logic (QLTL) or monadicsecondorder logic
(MSOJ, secondorder' variations of LTL of greaterexgessiveness.

® optimizinghe LTL evaluationprocedureby usingad-hcc static-analysis
techniques.
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