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. Modal and Temporal Propertiesof Processeshy Colin Stirling. Review by Vicky WeissmanThis
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Modal Logic by Patrick Blackkurn, Maartende Rijke, and Yde Venema. Reviewd by P. Daniel
Hestand Thisbookis acomprehense treatemenbf Modallogic. It includesCompletenestheorems
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Review of Algorithms Sequential& Parallel: A Unied Approach?
Authors of Book: R. Miller & L. Boxer
Prentice Hall 2000,330pages $68.00
Reviewedby Anthony Widjaja <twidjaja@acm.or  g> Melbourne University

1 Intr oduction

Nowadays the study of parallelalgorithmshasbecomea mainstreantopic in computersciencepartially
becausef the dif cult problemsin elds suchascomputationabiology and computationajeometryto
namea few. Therehave beenseveral differentapproacheso teachingthis topic at university level with
which computerscienceeducatorsaroundthe world have comeup. The authorsof this book, Miller &
Boxer, took a novel approacho the designandanalysisof algorithmsby unifying thoseof sequentiabnd
parallelalgorithms.More importantly the authorssuggesthatseveral coursedasedn this book hasbeen
taughtsuccessfullyatbothundegraduatendgraduatdevelsatthe StateUniversityof New York at Buffalo.
Prerequisites(suggestetyy the authors)

basicknowledgeon datastructureqe.g. stacks,queueslists, trees)with which the readerwho has
takena CS2coursemustbe familiar.

fundamentadiscretemathsandcalculus especiallysummationsintegrals,andlimits.
Prerequisites(suggestedy the reviewer):

knowledgeon fundamentablgorithms(e.g. sortingandsearchinglgorithms).

2 Summary of Contents

Chaptersl,2 & 3 containthe mathematicapreliminariesrequiredin later chapters.n particulay Miller &

Boxer review somefundamental®f asymptoticanalysisin chapterl. Thereafterin chapter2, the authors
revisit conceptsof mathematicainductionand recursion. As an aside,l was quite surprisedto seethe
proof of the principle of mathematicainductionin this chapteras| hadinitially thoughtthatit wasan
axiom,which we cannotprove. In chapter3, the mastemethod,a cookbook-typeof systemfor evaluating
recurrenceelations s presentedT he proof of the mastettheoremuponwhich themastemethodis based,
is alsopresentedh gory detalil.

Chapted concentratesn combinatoriakircuits andsortingnetworks This chapteris usedto motivate
the study of parallelalgorithmsin later chapters.In particular the bitonic sort which is an example of
parallel sorting algorithms,is presentedn fair amountof detail. In chapter5, Miller & Boxer introduce
basicmodelsof sequentialand parallel computation. Initially, the authorsintroducethe RAM (Random
AccessMachine)modelasa model of sequentiatomputationandthe PRAM (Parallel RandomAccess
Machine)modelasa model of parallelcomputation. Later in the chaptersomeother parallelmodelsof
computationincluding the mesh,tree, pyramid, mesh-of-treesand hypercubeare discussedn a thorough
manner

Oneubiquitousexampleof parallelalgorithmsis the operationof matrix multiplication. In chapter6,
theauthorsbeagin to drav thereaders attentionto the eld of scienti ¢ computing,in which mary comple

problemsreside.In particular thereademwill seesequentiabndparallelalgorithmsfor carryingout matrix
multiplicationandGaussiarelimination.
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In chapter7, the readerwill learnthe conceptof parallel pre x, a powerful operation(especiallyin
parallelcomputers)andef cient algorithmsfor performingthis operation.Somebasicapplicationsof this
operationarestipulatedn this chapterwhile somemoreadwancedonesin laterchapters.

Chapter8 presentanimplementatiorof linked lists for parallelarchitecturethe PRAM in particular
An interestingfeatureof this implementations thatit allows the computerto performa pointerjumping
algorithm which canspeedip alinked-listtraversalfrom theheadto thelastitem of thelist upto
After that, thelinked-listimplementatiorof parallelpre x, whosearrayimplementatiorwasintroducedn
the previouschapteris presented.

In chapte, thereadewill exploremoreinto thedesignandanalysisof divide-and-conquealgorithms
usingbothsequentiahndparallelapproachessomealgorithmsthereademwill nd areincludingmeigeSort,
quickSortandhyperQuickSor{a parallelimplementatiorof quickSort).

Chapterl0,11,12, & 13 areaselectionof (moreadwanced)}opicsin which the techniquesntroduced
in previous chaptersaareextensvely used.In speci ¢, chapterl0 concernswith problemsandsolutionsin
the eld of computationageometryIn chapterll, Miller & Boxerdelweintothe eld of imageprocessing.
Chapterl2 & 13 cover, respectiely, topicsof graphalgorithmsandnumericalproblems.All thesetopics
arepresentedhn .

3 Opinions

Firstof all, I'm happy to reportthatthe “story” told by this bookis easyto follow. In addition,this book
is self-containedn the sensethat every theorempresentedn this book is proved. Also, a fair number
of examplesare worked out in greatdetail using a variety of different methods. That s, for example,
given a problem, the authors rst presenta solutionwith a sequentiaklgorithmand, in turn, introduce
the parallel counterpartwhich often can solve the problemin a shorteramountof time. Finally, it is
importantto note the secondprinting of the book (which I have) hasundegone quite a big changebe-
causeof the relatively large numberof small (mostly typographyical)errorsfound in the rst printing.
The websitewhich containserrata,corrections,and supplementarynaterialsfor this book is available at
<http://www.pre nhal I. con/mil le rb ox> andupdatedegularly.

This book cansene asa prescribedextbook for an advancedalgorithmscourse which focuson the
designand analysisof sequentiabnd parallelalgorithms. If this is the case,somesuggestionsasto the
structureof the coursecanbefoundon the companiorwebsite.Also, | think this bookis suitableto beread
coverto-cover sincealmostalwaysthe contentsof subsequenthaptersarebasedon thoseof the previous
ones.Somechaptersthough,l think aremoreimportantthanothers.For example,chapterd to 9 cover the
essencef thedesignandanalysisof sequentia& parallelalgorithmswhile chapterlOto 13 provide some
applicationsof them.

However, this book is not aboutparallel programmingsuchas“cluster computingin Linux”. In fact,
the authorsemphasizedhat mostof the parallelmodelsof computatiorintroducedin this bookarenot yet
physicallyrealizabledueto currenttechnologicalimitationsin connectingprocessorandmemory[p.82].
Furthermorethe authorsusepseudocodewhen presentingalgorithms,which make thingsslightly worse
for thoseonly interestedn the practicalside of parallelalgorithms. Neverthelessthis book shouldbe
appropriatdor everyonewith atheoreticatasteof computeisciencewhois new to andinterestedn parallel
algorithms.



Review of Algorithmics for Hard Problems: 2
Intr oduction to Combinatorial Optimization, Randomization, Approximation, and Heuristics
Juraj Hromkovic
Publisher: Springer, 2001
ISBN: 3-540-66860-8

Review by:
HassanMasum

Carleton University, Ottawa, Canada
hmasum.com

1 Overview

Algorithmicsfor Hard Problemsis anintriguing new bookthatattemptgo Il anundersergd niche: prac-
tical methoddor attackingthosepesly problemsthatareNP-hardbut mustnevertheles$edealtwith.

Onthewhole,the bookis well-written andformsa usefulintroductionto a wide variety of algorithmic
methodsMary readerf this columnmay nd it ahandycollection,collectingimportantideasthatmight
otherwisebe scatteredicrossa variety of sourcesWhile notanadwancedtext or comprehense reference,
it may prove a handyrefresherevenfor thosewho alreadyknow mostof thedesignmethods.

2 Book Featuresand Contents

Sincethechaptersarerelatvely self-contained| will interspersehapterspeci c commentith achapter
by-chaptercontentdisting of the book:

1) Intr oduction. Settingthe stege via previewing the topicscoveredin the restof the bookanddiscussing
motivationandaims.

Thereis anamusing’input-constraints-ag-objective” formulationof thegoalsof thebook. Most of the
goalsareachiered, with somecaveats.In theintroductorynotes,atamgetaudienceof seniorundegraduate
and graduatestudentsis mentionedfor the rough versionsof the book; however, the relevancefor the
classroontouldbeimprovedby includingmoreexercisegandsomesolutions).

2) Basic Concepts.Fundamental®f math(linear algebra, combinatoricsBooleanfunctions,numberthe-
ory, probability) and algorithms(languajes, problemspeci cation,compleity theory designparadigms).

132 of 460 non-inde pagesare devoted to backgroundmathematicsand complity theory While
largely super uousfor readersof this column,this could be helpful for studentsand application-orientg
userswithout a strongtheorybackground Althoughthe sectionis well-written, it doesseemlike anexces-
sive amountof spaceto devote to elementarnjknowledge. | would suggesthat the authorneedsto focus
on histamgetaudiencea little better—if it is studentsmoreexercisesanda broaderselectionof proofsare
neededwhile if it is practitionersaandtheoriststheintroductorysectioncouldbe skippedandmorematerial
addedon heuristicmethods statisticalmethods(very importantfor empirically characterizingruly hard
problems)andsoforth.

3) Deterministic Approaches. Pseudo-polynomial-timalgorithms, parameterizedcompleity, branc-
and-boundreducingexponentialconstantslocal seach, andrelaxationto linear programming

A varietyof practicalmethodsareconciselyexplained with attentionin eachcaseto boththefundamen-
tal ideaandthe potentialutility. In section3.6, it would be niceto seea descriptionof the kinds of spaces
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andproblemsthatadmitgoodlocal searchsolutions,andmorediscussiorof the connectionwith matroids
andgreedyalgorithms.Thereis perhapgoo muchfocuson theslightly pathologicall SP-nonlocalityproof
—this proof could have beencondensedr simply referenced.

4) Approximation Algorithms. Fundamental¢conceptsand classi cation, stability, dual appoximation
algorithms),designmethodsappliedto several problemsincluding cover problems,max cut, knapsak,
TSR andbin-padking), andinappoximability

The authordoesa goodjob in covering mary differentapproachesomprehensiblygoing far beyond
the classic TSP reductionto Hamiltoniancycle. Section4.3.5 has an interestingillustrations of TSP-
approximationand stability..the discussiordoeshowever seemtoo TSP-speci ¢,and| would have liked
links to whereelsethesemethodshave beenor couldbe used.

5) RandomizedAlgorithms. Fundamentalsndclassi cation,designmethodsgderandomization.

Clear explanationof the basicsof randomizedalgorithms. | particularlyliked 5.3.6 on a "portfolio”
approachcombiningrandomsamplingand relaxationto linear programmingfor MAX-SAT; it is a good
exampleto clarify thebasicconcepts.

6) Heuristics. Simulatedannealingand geneticalgorithms.

It is niceto seethis sectionincludedwith the othermethodsandthe authormadethe right choicein
sticking to theoreticalresults(sincean empirical study would have beenmuchtoo long). However, the
sectionis very smallrelative to theimportanceof heuristicmethods- especiallyconsideringhatsection7.2
mentionsthat heuristicsare oftenthe mostpracticalsolutionmethod. Also, the Schemarheoremresultin
6.3 hasbeenextensvely criticized,andl would suggesthe authorlook at morerecenttheoreticawork on
evolutionarycomputationandupdatesomereferences).

Perhapghis sectioncould be expandedo include othertheoreticakesultson theseandotherheuristic
methods,along with more discussionof wherethey are useful. Two speci ¢ methodsto discusswould
bei) supportvectormachinesandrelatedheuristicswhich areintuitive, mathematicallysophisticatedand
powerful in practice;i) simulationin combinatiornwith statisticalanalysissinceit' s akey methodfor really
compl problems(andsincewe almostalwaysgetintuition abouta problemfrom "trying it out”). Both
have a solid bodyof theoryto drawv from.

7) A Guideto SolvingHard Problems.Economicsgcombiningandcomparingapproaces,parallelization,
future technolgies,glossary

Section7.2is a humorousyet accuratgpage-and-a-halfn the costequationfor actuallyusingalgorith-
mics, notingthatthe simpleandeasilyapplicablemethodsaremostoften useddueto lower economicand
cognitive costs.I'd like to seethis expandedasit's extremelyimportantin practice.It's niceto geta brief
descriptionin 7.6 of DNA andquantumcomputing thataccuratelystategheir potentialandlimitations. In
7.6.3,perhapghe authormeant’quantuminterference’insteadof "quantuminference”.

References

Thereis anextensve setof reference$o mostof the material,including mary recentimportantbooks
and papers. However, | notedthat the referencesaretoo old in somefast-mwing elds like molecular
biology; somealsohave incorrectyears,e.g.1979insteadof 1997.

3 Opinion

Someprosandconsthatl cameaway with after nishing thebook:

Pros:Theintroductorymaterialis well written andgivesa goodsensef whatis in thebook. Similarly,
eachchapterhasanintroductionwhich accuratelypresageshe materialin the restof the chapter — Each
sectionhasa shortreview at the endwhich brie y describeghe main conceptsntroducedin the section.
Termsintroducedare alsoreviewed. — A reademew to the materialbut with someperseerancewould
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comeaway well-equippedo delve furtherinto mary differentareasof algorithmics(whichsometimeseem
tobealittle scatteredh practice)— At theendof eachchapteiis a historicalandbibliographicaldiscussion.
Theglossary(with links to the sectionwhereeachtermis discussedjs alsoa usefultouch.

Cons: The selectionof someof the proofs seemsslightly unbalancedwith mary pagessometimes
devotedto aperhapsiotentirelycentralresult(althoughthis choiceis partly a matterof personataste).For
someof the morespecializegroofs,a condensedersioncould be given. (On the positive side,the author
doesoften have someinformal discussiorof the goalbehinda proof.) — A summarychartof compleity
classesaandsolutionmethodswould be useful. — The Englishis sometimes little idiomatically unusual;
while this usuallyjust makesfor an occasionallyoffbeatandperhapsnterestingwriting style,therewerea
coupleof spotswheretheintentof a statementvasnotentirelyclear

This book is a worthwhile rst stepfor thoseinterestedn "the theory of practicalalgorithms”. To
really getinto depth,areademwould needto addsupplementaryeading perhapsnetext perchapter(e.g.
Compleity and Approximationfor Chapted, Howto Solvelt: ModernHeuristicsfor Chapter6). However,
thisis agoodbookfor a rst look atseveralareas.

Algorithmicsfor Hard Problemswill bevaluableto mary learners) look forwardto seeingnorebooks
thatgive abalancedverview of "algorithmsfor hardproblems™

Review of Modal and Temporal Propertiesof Processeb
Author of Book: Colin Stirling
Springer Verlag, Hardcover, 250pages,2001
Review by Vicky Weissman Dept of CS, Cornell University

Overview

At avery high level, this book presentdanguagedor describingprocesseand propertiesof processeslt
thendiscussesechniquedgor checkingif a processor family of processediasa givenproperty

Whatis a processdn essencea processs somethinghatcanperformactions.By doingactions,pro-
cessesnay change Examplesof processescludea clock that cantick anda counterwith valuezerothat
cando anincrementactionto becomea counterwith valueone. The following syntaxis usedto describe
processewhere , possiblysubscriptedis aprocessboth and areactionsand isanindexing set.

A proces®f theform candoaction tobecomeprocess . A procesf theform is identical
to the process , exceptthatevery occurrenceof action is replacedoy action . A processof theform
refersto someprocess where

We would like to extendthe languageio describeinteractionshetweenprocesseshut rst we needto
explain whatwe meanby processdnteraction. Two processemteractwhenonesendsnformationandthe
otherrecevesit. We formalizethis notion, by creatingpairsof actions. Eachpair consistsof two actions
with the samename exceptthatonehasan overheadbarandis associateavith out-goingcommunication,
while theotherdoesnothave abarandis associateavith in-comingcommunicationFor example aprocess

maytell aprocess thatit'sidle by doinganaction™. recevesthisinformationby doingtheaction
. We saythat istheco-actionof andvice-versa.

To captureinteractionsbetweenprocessesye addthe syntax and to the languagewhere

, ,and areprocesseaind is asetof actions. A processof the form is the concurrent
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compositiornof processes and . In otherwords,if =~ candoanaction tobecome and cando
theco-action tobecome ,then cando tobecome ,cando tobecome , andcan
dotheinternalaction tobecome . (We alwaysusethesymbol to referto aninternalaction,which
is oneprocesgloinganactionandanothemprocessdoingthe co-action. The setof actionsmaynotinclude

.) Therestrictionoperator is usedto synchronizgrocessedyy forbiddingactionsto beperformedunless
theco-actionis alsodone.More speci cally, aprocesof theform is identicalto theprocess except
thatit cannotdo ary actionthatisin  andit cannotdo ary actionwhoseco-actionis in . For example,

synchronizeprocesses and  with respecto action , by forbiddingthe processeto do

or . If oneof theprocessedoes (or ), thenit cannotdo anotheractionuntil the otherprocesasdone

(or ) and,thus, hasdone insteadof or
Wewrite tosaythatprocess candoaction tobecomeprocess . Forexample,
is alwaystrue and is trueif thereis some suchthat . We usethe symbol
to discussobservableactionswherean obserable actionis ary actionotherthan . If is anobserable
action,then meansthatprocess canbecomeprocess by doing a sequencef actionsin
which the only obserable actionis . The notationcan be extendedin a straightforvard way to allow
an actionsequencen placeof a singleaction. For example,if and areactions,then is
alwaystrueand,if istheemptysequencethen is trueif canbecome withoutdoingary

obserableactions.

Givena processwe would like to know if it hascertainpropertiesFor example we maywantto know
if the processs deadlockd or if it could becomedeadlockd without doing ary obserable action. To
discoverif apropertyholdsfor aprocessye needalanguagédor propertiesandwe needaformalde nition
of whatit meandor a procesgo have a property The syntaxfor a simplepropertylanguages givenbelow
where , possiblywith a subscriptjs apropertyand is a setof actions.As anaside,we referto the set
of all actionsexceptthosein anactionset astheset . Similarly, thesetof all actionsis (for ).

standdor true;it is thepropertythatevery procesdas.Similarly,  standdor false;it is thepropertythat
no processas.Conjunctionanddisjunctionhave their standardneaningsA processastheproperty
if, afterdoingary actionin , it becomesa procesghathasthe property . A processhasthe property
if, afterdoing someactionin , it canbecomea processhat hasthe property . Formally, we
de ne thefollowing satis ability relationwhere meanghatprocess has(satis es)property and
meanghatit doesnot.

and
iff and
iff or
iff and
iff and
In this languagea process is deadlockd if it hasthe property . Unfortunately it may not

beclearif  hasthis propertywhen containsthe restrictionoperator , the concurreng operator, or
renaming.To simplify our analysiswe notethatformulaswrittenin ourlanguagdpropertiesadhereo the
following:

If then and



If then iff iff
iff for all
iff for some

Thesefactscanbe usedto shav that iff where is obtainedeasilyfrom . The
concurreng operatorandrenamingcanbe handledsimilarly, althoughthe solutionfor concurreng is not
entirelysatishctory
While the above propertylanguages sufciently expressie for the rst deadlockexample,it cannot
capturethe secondone, namelya processmay becomedeadlockd after somesequencef unobserable
actions. To write suchpropertieswe extendthe logic to include the syntax and where isa
property If aprocessastheproperty , thendoingary internalactionsequenceesultsin aprocesghat
hasthe property . (Formally, iff .) If aprocessasthe property
, thendoing someinternalactionsequencepossiblythe emptysequenceresultsin a procesghathas
the property . (Formally, iff .) Usingthe extendedlogic, the
ability to evolve silently into adeadlockd processanbewrittenas
We may wantto extendthe logic furtherto handlecorvergenceanddivergence. A processorvemges

() if it cannotperforminternalactionsinde nitely, otherwiseit diverges( ). We write to saythat
the procesonvergesandhasthe property . We write to saythatthe processitherdivergesor
hasthe property . For examplethepropertythatanaction must(andwill) happemext is written as
where is abbreviatedas and is abbreviatedas for
ary actionset
In thetext, thesimplestanguageonsistingof and iscalled for modallogic.
The languageconsistingof and is called for obserable modal
logic. Finally, with and is thelanguage

When shouldwe considertwo processeso be equivalent? A popularde nition is to say that two
processes and areequwalentif for ary action

if , then forsome suchthat and areequvalent.
if , then forsome suchthat and areequvalent.

Two processethatmeetthe above criteriaaresaidto bebisimilar. A binaryrelation is abisimulationif

for arny processair in ,theprocesses and arebisimilar.

If and arebisimilar processesthenfor ary process , for ary setof actions |, for ary action

, andfor ary renamingfunction , the following hold where meanghatprocesses and are

bisimilar,

1.

2

3

4.

5

Becausef this, bisimilar processesanreplaceoneanotherin procesglescriptionsFurthermorebisimilar
processesitherbothhave or bothfail to have ary propertythatis expressiblan



Two processeshat sharethe same propertiesmay or may not be bisimilar. To characterizehe
classthatare,letaprocess beimmediatelyimage- niteif for all actions theset is nite.
A procesds image- nite if it canonly becomean immediatelyimage- nite processyegardlessof which
actionsequencé does.Two image- nite processethathave the same propertiesarebisimilar.

We candemonstrat¢hattwo processearebisimilar by constructinga bisimulationthatcontainsthem.
Alternatively, we canwrite a proof that usesalgebraicand semi-algebraitheoremgsuchas

if ) to shav theequivalence.

The de nitions for bisimulationandimage- nite processesanbe modi ed in a straightforvard way
to handleobserableactions.Therelationshipbetweerbisimulationsand occurshetweerobserable
bisimulationsand . Many otherpropertieshold for bothbisimulationsandobserablebisimulations.

The propertylanguage is sufciently expressie to distinguishoneimage- nite processrom an-
other provided thatthe two processesarenot bisimilar. This doesnot mean,however, thatall interesting
propertiecanbewrittenin . An exampleof aninexpressiblepropertyis “theprocessanneverbecome
deadlockd'. More generally lacksthe expressie power to statelong termpropertiessuchassafety
properties(somethingnever happens)livenessproperties(somethingeventually happens)and repeating
propertiegsomethinchappensgainandagain,forever).

We candiscusgsheseevents,by addingpropositionalvariablesto . (As we shallsee, is equi-
alentto a fragmentof this logic.) To complementhe new syntax,valuationsare addedto the semantics.
Thevaluation assignsachvariable toasetof processes . If aprocesssin , thenit is saidto
satisfytheformula relative to thevaluation

We useformulasin the extendedlogic to assignvariablesto setsof processesMore speci cally, we
write if the variable is assignedo the setof processeshat satisfyformula . For example,if

, then is the setof processethataredeadlockd. If the variableis assignedo a formulathat
containsit (e.g. ), thentheremay be a numberof processsetsthat satisfythe equation.Roughly
speakingthe smallestsetis the least x ed point, written , andthe largestis the greatestx ed point,

Leastandgreatestx edpointsarefoundthroughaniteratve process.Thenumberof iterationsneeded,
in generaljs anopenproblem.However, if thevariablesdo not occurunderanalternationof x edpoints,
thenthe numberof iterationsis, atmost, where isthenumberof x edpointsand isthenumberof
processes.

Theextendedogic is calledModal Mu-Calculus(or ) andits syntaxis:

where , , and areformulas, is a setof actions,and is a variable. The meaningsof ,
, , and are similar to the onesfor the modallogic ; the only difference
is thatthe valuatlonmustbe considered For example,a processhasthe property relatve to
avaluation , if it hasthe property relatveto andtheproperty relatveto . The meaningof
X edpointsis given belov wherethe notation refersto the valuationthatis identicalto , except
thatvariable is assignedo the processset . (Formally, andfor all variables ,
)
iff for all setsof processes, if thenthereexists a process suchthat

iff thereexistsasetof processes thatcontains andfor all

IS very expressie. It cancaptureary formula. In particular assuminghe variable is not
in | , , , and . Also,



mary safety livenessandrepeatingpropertiesthat areinexpressiblein canbewrittenin . For
example, saysthatnoactionin  everhappens, saysthatsomeaction
in  eventuallyhappensand saysthatactionsin  canbedoneoverand-wer again,forever.

Despitethe greaterexpressie power, the relationshipbetween andbisimulationis similar to that
between andbisimulation. Speci cally, two bisimilar processesharethe same propertiesand a
wealenedversionof image- nitenessis nheededfor processeshat sharethe same propertiesto be
bisimilar.

A disadwantageof using is thatthesatis ability problemfor it is undecidableln generalwe cannot
determinaf a processsatis esa formularelative to a valuation. For the othermodallogics( ,
and ), we cangrind throughthe satis ability de nition in a straightforvard mannerbut handling x ed

pointsin is morechallenging.Oneapproachs to view answeringa satis ability questionin termsof
playingagame.
We wantto play a gamewhoseoutcomewill tell usif a process satisesa formula rela-

tive to a valuation . The gamehastwo players,a verier  who wantsto shav that the formula is
satis ed andarefuter who wantsto shaw thatit is not. A play of the gameis a sequencef the form

whereeachsubscripted is aprocessandeachsubscripted isaformulain
Therulesof thegameare:

assumingve wantto know if  satises is and is

if thenplayer choosesneof the conjunctsto betheformulain the next pair. In

otherwords, is and decidesf is or

if then is and decidesf is or

if , thenplayer chooses transition where . Thenext process, ,is
andthenext formula, , 1S

if , thenplayer chooses transition where . Thenext process, ,is
andthenext formula, , 1S

if where , then is and is . When&er is encounteredh the

future, it will bereplacedby . For example,if then , ,

and . (For simplicity, we're assuminghateach x ed pointin ~ boundsa different

variableandnoneof the boundvariablesarefree elsevherein theformula.)

Player winsthegameif the play containsa pair suchthat is clearlyfalse. Similarly,
player wins the gameif the play containsa pair suchthat is clearly true. If the
play doesnt containsucha pair, thentheremustbe somevariablesthat arereplacedaccordingto the last
rule in nitely often. If the outermostvariableis boundto aleast x ed point operatorthenplayer wins.
Otherwiseplayer wins.

If player canalwayswin thegame regardles®f player 'smoves,then doesnotsatisfy relative
to . Otherwiseplayer mustbeabletowin thegameregardlesof player ‘smoves,and satis es
relative to

Variationsof thisgamehave beendevelopedto improve ef ciency, particularlyfor fragmentsof .To
prove thatevery processn a setsatis essomeformula, we canplay oneof thesegameamultiple (possibly
in nitely-many) times. Alternatively, we canconstrucia prooftree,accordingo rulesthatarebasedn the
satis ability relation.
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Contents

Thebookhasserenchaptersaandis 181 pages.Thechaptersummariesregivenbelow:

Chapterl, Processesntroduceghenotionof processeandgivesalanguagen whichto describeghem.

Chapter2, Modalities and Capabilities, presentghe modallogics , and for discussing
the propertiesof processes.

Chapter3, Bisimulations, givesaformalde nition for whentwo processeshouldbeconsidereagqui-
alent,arguesthatthis choicematchesur intuition, andexaminesthe relationshipbetweenequvalentpro-
cessesndthosethatareindistinguishableisingthe modallogics presentedn Chapter2.

Chapte#t, Temporal Properties shavsthatthemodallogicscannoteusedio write safetyandliveness
propertiesA variantof CTL is proposedhsa moreexpressie logic. Fixed pointsarethenintroduced.

Chaptel5, Modal Mu-Calculus, de nestheModalMu-Calculus( ) andgivesalgorithmsfor nding
X edpointsusingiterative methods.

Chapter6, Verifying Temporal Properties usesgametheoryto addresghe satis ability problemfor

andthevariantof CTL givenin Chapter4.

Chapter7, Exposing Structur e, usesproof treesto addresghe satis ability problemfor setsof pro-
cesses.

Opinion

I recommendhis bookasa goodintroductionto processlgebraalthoughanadditionaltext will be needed
for a solid understandingMany examplesare giventhroughoutthe text andexercisesare provided at the
endof eachsection. The examplescomplementhetext very well andthe exercisesaregivenin increasing
dif culty . Thisallows readergo testtheir generalunderstandingst andthentry to challengghemseles.
Thebookalsouseggametheoryasaway of presentindhe samematerialfrom differentperspectieswithout
beingoverly redundantl foundthisapproactio bebotheffective andfun. Finally, thebookdoesnotassume
much(if ary) prior knowledgeof the eld.

I have only two negative comments.First, Chaptersd and5, while still good, are not aswell written
asthe restof the book. Secondthe authoroccasionallyrefersto examplesandde nitions without telling
thereademwheretheideasareintroduced.As aresult,| hadto ip throughthebooklooking for text thatl
rememberedeading but whosedetailsl couldnt recall. This situationmaybe helpedby addinga glossary
to future editions.

Review of
Modal Logic ®
Cambridge Tracts in Theoretical Computer Science#53
Patrick Blackburn, Maarten de Rijk e,and Yde Venema
Cambridge University Press,2001

Reviewer: P. DanielHestand

1 Overview

Most people,uponhearingthe phrase'modal logic,” ervision thelogic of possibilitiesor contingentruth.
The phrasealso bringsto mind the notion of truth in all “possibleworlds” and even the typical modal
operators, and . Theseviews, while correct,aresomavhatlimited in scope.This book attemptgand
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succeedsn my opinion)to updatethatview. Thetopic of the book,while obviousfrom thetitle, goesfar
beyond merelytalking about“possibility” and“necessity Instead the authorspresentuswith the notion
that modallogics are tools for exploring and exploiting relationalstructuresn waysthat provide insight
into areasotherthanlogic. Framesand modelsare distinguishedas differing structuresuponwhich we
caninvestigatevariousaspectof truth. Methodsfor extendingthe modallanguageslsogive us insight
into the limits of thesestructuresand possiblewaysto circumwent someof theselimitations. In the end,
we areleft with theimpressiorthatmodallogic usedasananalysistool providesrich resultsbeyond mere
contingenciesThis is the subjectof thebook,“Modal Logic”

2 Summary of Contents

Thebookis organizedverynicely. Eachchapterstartswith ashorttransitionsectionconnectingheprevious
chaptemith thecurrent followed by a chapteguidewhich indicateswhich sectionof thechapterareon a
basictrackandwhichareonanadwancedrack. Presumablyheconceptsn thebasictrackareindispensable
for anunderstandingf modallogic while thoseontheadwancedrackarefor gainingadeepeunderstanding
of thoseconceptdntroducedin the advancedtrack. Following the chapterguide,the chaptercontentsare
launchednto. Eachsectionis endedby a setof exercisesandthe endof eachchapterconcludeswith notes
thatgenerallycontainhistoricalperspectie aswell asnamesof notein the eld. The notesareextremely
usefulbecausehey arelinkedto the bibliographyandprovide a nice jumping off placefor readingfurther
work on a particularaspectof the conceptdn the chapter Whatfollows is a summingup of eachof the
chapters.

Prefaice— the prefaceis importantbecausat lays out very explicitly, the assumptionsisedby the
authorsin preparinghetext. Three“slogans’areintroducedhatareto be usedasguidingprinciples
in understandingnodallogic. They are(directly from the book)

— Modallanguagesiresimpleyet expressie languagesor talking aboutrelationalstructures.
— Modallanguagegrovide aninternal,local perspectie on relationalstructures.
— Modallanguagesirenotisolatedformal systems.

BasicConcepts— this chaptelintroduceghosetoolsandtechniqueshatareto beusedin subsequent
chapters.In particular sincemodallanguagesanbe usedfor discussingelationalstructuresthose
structuresareintroducedalongwith the notion of modallanguage.To connectthe two, modelsand
framesareintroducedasdifferentlevels for understandingelationalstructuresandthe conceptsof
satishctionandvalidity areintroducedwith respecto modelsandframes.Following this discussion,
theauthorsntroducegeneraframeswhich provide anintermediatdevel for understandingelational
structures. After we understandhe structuresjanguagesandinterpretationghat we canuse,the
authorsthenraiseand answerthe questionof what consequenceelationsare importantfor modal
languagesUp to this point, the discussiorhasbeensemantichbut now the authorsintendto demon-
stratethattherearesyntacticde nitions thatareusefulsincewith themwe candiscussproof theory
andreasoningn modallogic. Thechaptercloseswith alengthyhistoricalreview of modallogic with
respecto thetopicscoveredin the chapter

Models— this chapteropenswith a discussiorof threewaysof constructingnen modelsfrom old

ones: disjoint unions, generatecsubmodelsand boundedmorphisms. All of theseare important
becausdhe nev modelsthey generategresere theoriesassociatedvith statesin the old models.
The next sectionthendiscussebisimulationand shawvs that the threemodel constructionmethods
previously introducedare only specialcasesof bisimulation. The next sectionshavs how modal
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languagedave the nite modelproperty thatis, if we cansatisfya formulaon an arbitrarymodel,
thenwe canalsosatisfyit ona nite model. However, we mustbe ableto choosahe“correct” nite
model and this sectionalso presentamethodsfor doing so in the form of a selectionmethodand
a ltration method. The next sectionintroducesthe standardranslationwhich is the link between
modallanguagesind rst-order languagesTwo questionsareraisedherethatshav thelimitations of
thestandardranslation:

1. Whatpartof rst-order logic doesmodallogic correspondo?
2. Which propertiesof modelsarede nable by modalmeans?

Thenext sectionthenintroducesultra Iter extensionsasameansf notonly constructingiev models,
but alsoasa part of the answerto thetwo questionsabore. The next sectionis anin-depthlook at
thetwo majorresultsof thewhole chapternamelyvan Benthems Correspondenc&heoremandthe
connectiorbetweemrmodallyde nableclasse®f modelsandbisimulationandultraproductsThe nal
sectionis an adwancedtrack sectiondiscussingnvarianceundersimulationand rst-order de nable
operationgespectingisimilarity.

Frames— the chapteropenswith a discussionof frame de nability, frameshaving alreadybeen
introducedn chapterone. To aid in illustratingde nability, severalexamplesareprovided. The next
sectiondiscusseframede nability andits connectiorto second-ordelogic andin particularanswers
the questionof why framede nability mustbe second-ordetollowing theformatin chaptertwo on
models,the authorsproceedo demonstrateonstructiortechniquesn framesthat presere validity
(namelydisjoint unions, generatedsubframes and bound morphicimages)and shav further that
underultra Iter extensionvalidity is not presered. The majorresultof this sectionif the Goldblatt-
ThomasorTheorenwhich de nestheconditionsunderwhich a classof framesis modallyde nable.
The next sectionthenintroducesnite framesanddiscusses nite framepropertyconnectingt to
the nit modelpropertythroughnormalmodallogic. The next sectionthendiscusseshe rst-order
correspondenctheoremapplicableto frames— the SahlgvistCorrespondencéheoremandhow it
is possibleto eliminatesecond-ordequanti ers from a formulavia the useof positve andnegative
formulae. The next sectionthen proceedgo prove the SahlqvistCorrespondenc&heorem(basic
track) andthe following sectionexploresthe limitations of the SahlqvistCorrespondenc&heorem
and introducesKracht's Theorem. The nal sectionprovides a proof of the Goldblatt-Thomason
Theorem.

Completeness— this chapters completelydevotedto developingtechniquedor proving complete-
nessand soundnesgto a lesserdegree). The openingsectionde nes soundnessand completeness
in the context of normal modallogics. The next sectionintroducescanonicalmodelsand frames,
thatis modelsthat are built from a maximal consistenssetof formulaewith a canonicalbinary re-
lation de ned suchthat if then and a naturalor canonicalvaluationde ned
by . The majorresultof this sectionis the CanonicalModel Theorem
which relatescompletenessf a hormalmodallogic andits canonicalmodel. The next sectionex-
plorescanonicityandmakesuseof the implicationsof the CanonicaModel Theoremto prove com-
pletenessesultsfor seseral modalandtemporallogics. The next sectionthendiscussedimitations
to the useof canonicalmodelsby shaving that thereare normallogics that are not canonicaland
thatsomenormallogicscannotbe characterizedy a classof frames.Thenext two sectiondealwith
whatto dowhenthereexist propertiedor which no canonicaformulaexists. Themethodsntroduced
allow usto transformthe canonicaimodelwith thefailureinto onewithout a failure by transforming
the modelor by inductiely building up a modelwith very speci ¢ properties.The next sectionthen
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shawvs how certainproof rulesallow usto constructcanonicalmodelscontainingsubmodelghatex-
presaunde nablepropertiesThe nal two sectionglealwith nitary modelg( nite canonicamodels)
and ltrations andhow they canbe usedto prove weakcompleteneseesultsfor non-compactogics
(for example,propositionaldynamiclogic).

Algebrasand GeneralFrames— this chapterdealswith how to expressmodallogics with algrebras
versususingthe modelsandframesof thepreviouschaptersThebasictenethereis thatalgebragro-
vide arichersetof toolsfor dealingwith modallogic problems.The rst sectionintroducesalgebraic
logic by exploring how propositionallogic andbooleanalgebrasarerelated. The next sectionthen
useshis foundationto begin to algebraizenodallogic. Thisis doneby introducingboolearalgebras
with operators.The booleanalgebraswill capturethe underlyingpropositionalogic andthe opera-
torswill beusedto capturethe modalities. Two approacheareused:a semantiapproachn which
compl algebrasareusedanda syntacticapproachin which Lindenbaum-arskialgebrasareused
to obtainBAOs from normalmodallogics. The next sectionprovidesa proof of the Jonsson-arski
Theoremwhich is the basisfor approachingnodalcompletenestheoryalgebraically The next two
sectionsproceedo duality theorywherethe connectiorbetweenthe frame constructionrmethodss
madeto constructiormethodsn algebrasnamelyhomomorphismssubalgebrasanddirectproducts.
A majorresultin the rst of thetwo sectionds analgebraicgproof of the Goldblatt-Thomasofiheo-
rem. Thesecondf thetwo focusentheuseof generaframes.The nal sectionintroducesanotion
calledpersistencavhich is generalizatiorof the canonicityconceptandthe usesthis notionto prove
the SahlqvistCompletenes$heorem.

Computabilityand Compleity — this next chapterprovidesa connectiorof modallogic to the eld
of computerscienceby examiningthe computabilityandcompleity issuessurroundingsatis ability
andvalidity problemsin normalmodallogics. The rst sectionintroducessatis ability andvalidity
problemsin modallogic and how to expresstheir computationusing Turing machines. The next
sectionthen looks at decidability and shavs how decidability may be proved using nite models.
Threetheoremsaregiven andproven thatrelateddecidabilityto the nite modelpropertyandthese
resultsarethenusedto shav thatmostof thelogicsintroducedasexamplesin chapter4 areactually
decidable Thenext sectionintroducesnterpretatiorn otherdecidableheoriesasameansf shaving
decidabilityfor logicswithoutthe nite modelproperty The next sectiondiscussesow to arrive at
decidabilityusingquasi-modelga framewith distinguishedpointsanda labelingfunction mapping
statesin the frameto subsetf the closureof the modalformula underdiscussionand mosaicsa
collectionof pairsof Hintikka setsthat canbe usedin a step-wisefashionto constructa satis able
model). The next sectiondetoursinto a discussiorof undecidabilityresultsand shavs how easyit
is to createundecidablemodallogics. The major resultof this sectionis the introductionof tiling
argumentsas a proof methodfor determiningundecidability The remainingsectionsdiscussthe
varioustypesof compl«ity classedo which modal languageselong. The rst of thesesections
discussedNP, the secondshaws that PSRACE is a key compl«ity classand shavs that a group of
normallogicsbetweerK andS4arePSRACE-hard,andthe nal sectionshaws thatthe satis ability
problemfor propositionadynamiclogic is EXPTIME-complete.

ExtendedModal Logic — this chaptershavs howv modallogics may be extended. The authorsin-

dicatethatthe topicsdiscussedn the chapterconstitutesix of their favorite topics. The rst section
introducedogical modalities,in particularthe global modality (remembethat modallanguagesre
inherentlylocal, so we needa way to stepbackandlook at the bigger picture) and the difference
operator(an operatorthat scansthe whole modellooking for differentstatesto satisfya particular
formula). The next sectionthenintroducesthe sinceand until operatorghat are usedin temporal
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logic. Theseoperatorarethenusedto arrive atexpressre completenesandthen nally to deductve
completenessThe next sectiondiscussesiybrid logic which have termsthatcanbe usedto referto
worlds. Thebasichybridlanguagas givenandthehybridlogic completenestheoryis discussedT he
next sectionexploresfurtherthe conceptof the guardedragmentwhich is theresultof generalizing
the notion that modal operatorsare a form of guardedquanti cation over statesin rst-order logic.
Thenext sectiondiscussemulti-dimensionamodallogic whichtreatsassignmentaspossiblevorlds
andquanti ersasdiamondoperators.The beautyof this extensionis thatwe cannow approachrst-
orderlogic asamodallanguageThe nal sectionintroducesa Lindsttom Theoremfor Modal Logic.
The sectionshaws thatthereis a modallogic equvalentto Lindstdm's Theoremwhich statesthat
rst-order logic is the strongestogic possessingompactnesandL dwenheim-S&lem properties.

Appendices— — theappendiceprovide “toolkits” to assisthereadelin understandinghe founda-
tional conceptsappliedto the studyof modallogic.

— Appendix A — this appendixis concernedwith logical conceptsincluding rst-order logic,
model-theoreti@pproachegyltraproductsand rst-order logic extensions An importantresult
of thisappendixs 0s's Theorem.

— Appendix B — this appendixdealswith algebraicconceptssuchas universalalgebra,homo-
morphismsgcongruencesalgebraiamodeltheory andequationalogic.

— AppendixC — thisappendixdealswith computabilitynotionssuchasTuringmachinesChurchs
thesis,compleity theory(the compleity classes)andbig-O notation.

3 Opinion

Thisbookhasfoundapermanenhomein my library. | nd myselfrepeatedlyoingbackto asectiorhereor
thereandrereading Theauthordhave madeafantasticeffort atexploringmodallogic in all of its aspectsand
make it interestingwith detaileddiscussiorof results,numerousimpleexamplesandnumerousxtended
examples.Thebookis well-organizedandclearly distinguishedbetweerthosesectionghata newvcomerto
thetopic shouldexplore andthosesectionsvhich will provide a little moremeatfor the moreexperienced
readerto explore. As atextbook, it would be dif cult to cover all of the materialin a single semesterbut
a suney coursecould hit the high pointsusingthe basictrack materialandfollow up in a secondsemester
with a more adwancedapproach.l recommendhis book for anyone who hasary interestat all in modal
logic. It certainlyexpandedmy view of justwhatmodallogic canbe.
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