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1 Introdu
tionSpatial logi
s support the spe
i�
ation not only of behavioral properties butalso of stru
tural properties of 
on
urrent systems, in a fairly integrated way.Spatial properties arise naturally in the spe
i�
ation of distributed systems.In fa
t, many interesting properties of distributed systems are inherentlyspatial, for instan
e 
onne
tivity, stating that there is always an a

ess routebetween two di�erent sites, unique handling, stating that there is at mostone server pro
ess listening on a given 
hannel name, or resour
e availability,stating that a bound exists on the number of 
hannels that 
an be allo
atedat a given lo
ation. Se
re
y 
an also be sometimes understood in spatialterms, sin
e a se
ret is a pie
e of data whose knowledge of is restri
tedto some parts of a system, and unforgeable by other parts. Spatial logi
shave been used in the de�nition of several 
ore languages, 
al
uli, and datamodels [1, 6, 9, 3, 5℄.The Spatial Logi
 Model Che
ker is a tool allowing the user to automat-i
ally verify behavioral and spatial properties of distributed and 
on
urrentsystems expressed in a pi-
al
ulus. The algorithm implemented (
urrentlyusing on-the-
y model-
he
king te
hniques) is provably 
orre
t for all pro-
esses, and 
omplete for the 
lass of bounded pro
esses [2℄, an abstra
t 
lassof pro
esses that in
ludes the �nite 
ontrol fragment of the pi-
al
ulus. Thetool itself is written in o
aml, and runs on any platform supported by theo
aml distribution.For ba
kground on spatial logi
s for 
on
urren
y, see [6, 3, 4, 2℄ andother referen
es therein. Forth
oming releases of this manual will in
lude ashort tutorial on the subje
t, some examples on how to use the tool, and apresentation of the underlying algorithms.In this report, we spe
ify the syntax of the version of the pi-
al
ulus 
ur-rently supported in the tool, whi
h is the syn
hronous polyadi
 pi-
al
ulus,and the syntax of the spatial logi
 
onsidered, whi
h 
urrently is in essen
ethe logi
 des
ribed in [2℄, a spatial logi
 with behavioral and spatial opera-tors and re
ursive formulas.2 Syntax of Pro
essesPi-
al
ulus pro
esses are spe
i�ed a

ording to the 
on
rete syntax de�nitionin Figure 1.Understanding our syntax for the standard polyadi
 pi-
al
ulus operatorsis straightforward. Note that restri
tion allows for the de
laration of morethan one restri
ted name in a row.We adopt a CSP-like notation for input/output, so that in our syntax anoutput pre�x xy1y2 : : : yn is written x!(y1,y2,: : : ,yn), and an input pre�xx(y1; y2; : : : ; yn) is written x?(y1,y2,: : : ,yn). The sele
t 
onstru
t refers2



lower ::= ['a' { 'z'℄upper ::= ['A' { 'Z'℄letter ::= lower j upperdigit ::= ['0' { '9'℄name ::= lower ( letter j digit j ` ')*namelist ::= � j name (',' name)*a
tion ::= name!(namelist)j name?(namelist)pro
ess ::= 0j pro
ess | pro
essj new namelist in pro
essj a
tion.pro
essj sele
t fa
tion.pro
ess (';' a
tion.pro
ess)*gj [name = name℄.pro
essj Id(namelist)j ( pro
ess )Figure 1: Syntax of Pro
esses.to the sum operator, being all alternatives either input or output pre�xedpro
esses. The test operator is present in it's usual form [name = name℄.Priority of pro
ess operators is de�ned as usual (restri
tion is more bind-ing that 
omposition), so that e.g the pro
essnew se
ret in hand!<se
ret>.0 | erase?(x).0is parsed as(new se
ret in hand!<se
ret>.0) | erase?(x).0rather than asnew se
ret in (hand!<se
ret>.0 | erase?(x).0)The form Id(namelist) refers to a pro
ess de�ned using the defpro

ommand in the toplevel 
ommand interpreter of the model-
he
ker. This
ommand, des
ribed below, allows the de�nition of sets of mutually re
ursiveparametri
 pro
esses.3 Syntax of FormulasFormulas of the spatial logi
 are spe
i�ed a

ording to the 
on
rete syntaxde�nition presented in Figure 2. Several of the 
onne
tives available are notprimitive from a logi
al viewpoint, but have been dire
tly implemented forthe sake of eÆ
ien
y. 3



The boolean 
onne
tives are negation not, 
onjun
tion and, disjun
tionor, impli
ation =>, and equivalen
e (bi-impli
ation) <=>.Spatial 
onne
tives are void void, 
omposition (or separation) |, de-
omposition || (de Morgan dual of 
omposition), and revelation reveal(usually written r [7℄). We also in
lude as a primitive 
onne
tive the deMorgan dual of revelation revealall, and the o

urren
e 
onne
tive �.Names 
an be tested for equality and inequality by the == and != oper-ators.We then have quanti�ers over names; the universal quanti�er forall,the existential quanti�er exists, the freshness quanti�er fresh, and thehidden name quanti�er hidden.Behavioral modalities are <label>, expressing possibility of a
tion (
f.,diamond modality of Hennessy-Milner logi
), and its dual [label℄, expressingne
essity of a
tion (
f., the box modality of Hennessy-Milner logi
). Theargument label of the behavioral modalities spe
i�es the (set of) a
tions
onsidered. We have:� tau j �, that denote the silent a
tion (an internal redu
tion step);� name, that denotes any a
tion (input or output) on subje
t name;� ?, that denotes any input a
tion;� !, that denotes any output a
tion;� name!, that denotes any output a
tion on subje
t name;� name?, that denotes any input a
tion on subje
t name;� name?(namelist), that denotes a parti
ular input a
tion;� name!(namelist), that denotes a parti
ular output a
tion;� *, that denotes any of the a
tions spe
i�ed above.It is also possible to de�ne properties by re
ursion, as in the mu-
al
ulusand the spatial logi
s of [3, 2℄: minfix denotes the least �xpoint operator,and maxfix denotes the greatest �xpoint operator.Other 
onne
tives that are 
onsidered as primitive are the k 
onstru
t,being k an integer 
onstant, that denotes pro
esses that have k 
omponents,and inside that allows for the inspe
tion of a formula under all restri
tions,meaning that all restri
tions are revealed using fresh names.Two other primitive formulas are the always and the eventually 
on-stru
ts that 
an be expressed as 'for every possible 
on�guration' and 'therewill be a 
on�guration', respe
tively, with regard to the system's internalevolution.Last, but not least, formulas 
an be introdu
ed by (non re
ursive) para-metri
 de�nitions, by a me
hanism des
ribed below (top level 
ommanddefprop). Then Id(namelist;formulalist) denotes a de�ned property.4



formula ::= formula | formulaj formula || formulaj formula => formulaj formula <=> formulaj formula and formulaj formula or formulaj ( formula )j not formulaj voidj truej falsej name == namej name != namej � namej exists name . formulaj forall name . formulaj revealall name . formulaj allreveal name . formulaj hidden name . formulaj fresh name . formulaj <label>formulaj [label℄formulaj minfix Id.formulaj maxfix Id.formulaj kj inside formulaj always formulaj eventually formulaj Id(namelist,formulalist)label ::= tauj namej ?j !j name?j name!j name?(namelist)j name!(namelist)j * Figure 2: Syntax of Formulas.5



4 Running the ToolAfter installation, the tool 
an be exe
uted by issuing the 
ommand% sl-m
_<version>in the operating system shell prompt. Currently, only a minimal 
ommandline interfa
e is available.5 Top level 
ommandsIn this se
tion, we list the various 
ommands that 
an be issued at the toplevel 
ommand prompt of the model 
he
king tool.Pro
ess de�nitiondefpro
 Id(namelist) = pro
ess [and Id(namelist) = pro
ess℄* ;Pro
ess identi�ers always start with an upper 
ase letter. An importantremark is that the and 
onstru
t enables mutually re
ursive de�nitions.Example> defpro
E
hoServer(
han) =
han?(data,reply).(reply!(data).0 | E
hoServer(
han))andClient(
han) =new 
allba
k in(
han!(data,
allba
k) | 
allba
k?(x).Client(
han))andSystem() =new private in (Client(private) | E
hoServer(private));Property de�nitiondefprop Id(idlist) = formula;Formula identi�ers start with a lower 
ase letter. Note that parametersof property identi�ers 
an be either name or formula parameters, but ne
-essarily in that order and distinguished by lower and upper 
ase letters,respe
tively. When given a namelist and a formulalist, in a

ordan
e to thespe
i�
ation, the formula is obtained through textual substitution of theparameters by the given arguments. 6



Example> defprop sImp(A,B)= not (A | not B);Che
king
he
k Id(namelist) |= formula;To make the 
he
k 
ommand the most user friendly possible two spe
ial
onstru
ts 
an be used in the formulas, show su

eed and show fail, beingtheir e�e
t simply the listing of the pro
ess that holds or does not hold theformula de�ned within these spe
ial 
onstru
ts.Example> 
he
k System() |= hidden x.sImp(<x!>true,[x!℄false);* yes *Tra
etra
e [ on j off ℄ ;Swit
hes the tra
e level on or o�. When tra
e is on and a 
he
k 
ommandis exe
uted a listing of the pro
ess representation is printed to standardoutput.Parameterparameter [ParamId [new value℄℄;Shows and de�nes the values for the model 
he
ker parameters. Currentlythere are three parameters: max threads that bounds the size of pro
essesbeing evaluated, de�ned through an integer; show time that de�nes a modewhere the time elapsed in the 
he
k pro
edure is shown, de�ned throughon and off, that are also used to de�ne parameter 
he
k 
ounter, again amode de�nition, this one for printing the number of state visits.Loadload "filename";Exe
utes the de
larations and 
ommands in the �le whose pathname is ob-tained by the 
urrent path name by appending filename.
7



Change Path
d "pathname";Changes the 
urrent pathname to pathname.Show Pathpd;Shows the 
urrent pathname.Clear
lear;Clears the 
urrent session, erasing all pro
ess and formula de�nitions.Listlist [ pro
s j props ℄;Lists the de�ned pro
esses (pro
s) or properties (props).Showshow Id;Shows the pro
ess or formula assigned to the identi�er Id.Helphelp;Lists available 
ommands.Quitquit;Terminates the session.6 ExamplesIn this se
tion we illustrate loadable spe
i�
ations.
8



Gossiping System/* SYSTEM */defpro
 Gossiper(info) = gossip!(info).Gossiper(info);defpro
 Listener = gossip?(info).Gossiper(info);defpro
 System =new se
ret in(Gossiper(se
ret)| Listener| Listener| Listener);/* PROPERTIES */defprop everywhere(A) = (false || (1 => A));defprop everybody_knows(se
ret) = everywhere(�se
ret);defprop everybody_gets_to_know =hidden se
ret.eventually everybody_knows(se
ret);
he
k System |= everybody_gets_to_know;/* ---------- */defprop gossiper_forever = maxfix X.(<gossip!> true and [*℄X);defprop all_gossipers =eventually inside everywhere(gossiper_forever);
he
k System |= all_gossipers;Handover proto
ol (from Milner's book [10℄)/* SYSTEM */defpro
 Mobile(talk,swit
h)=sele
t {talk?().Mobile(talk, swit
h);9



swit
h?(talkn, swit
hn).Mobile(talkn,swit
hn)};defpro
 BaseStation(talk, swit
h, give, alert) =sele
t {talk!().BaseStation(talk, swit
h, give, alert);give?(talkn, swit
hn).swit
h!(talkn, swit
hn).BaseStationIdle(talk,swit
h, give, alert)}and BaseStationIdle(talk, swit
h, give, alert) =alert?().BaseStation(talk, swit
h, give, alert);defpro
 Central1(talk1, talk2,swit
h1, swit
h2,give1, give2,alert1, alert2) =give1!(talk2, swit
h2).alert2!().Central2(talk1, talk2,swit
h1, swit
h2,give1, give2,alert1, alert2)and Central2(talk1, talk2,swit
h1, swit
h2,give1, give2,alert1, alert2) =give2!(talk1, swit
h1).alert1!().Central1(talk1, talk2,swit
h1, swit
h2,give1, give2,alert1, alert2);/* --- */defpro
 System = (new talk1, talk2,swit
h1, swit
h2,give1, give2,alert1, alert2in (Mobile(talk1, swit
h1) |BaseStation(talk1,swit
h1,give1,alert1) |BaseStationIdle(talk2,swit
h2,give2,alert2) |Central1(talk1, talk2,10



swit
h1, swit
h2,give1, give2,alert1, alert2)));/* PROPERTIES */defprop deadLo
kFree = maxfix X. (<>true and [℄X);
he
k System |= deadLo
kFree;/* ---------- */defprop write(x) = (1 and <x!>true);defprop read(x) = (1 and <x?>true);defprop hasRa
e =inside (exists x.( write(x) | write(x) | read(x) | true));defprop ra
eFree = maxfix X.((not hasRa
e) and [℄X);
he
k System |= ra
eFree;Arrow Distributed dire
tory proto
ol [8℄/* SYSTEM */defpro
TerminalOwner(find,move,obj) =find?(mymove,myfind).Owner(find,move,myfind,mymove,obj)and Owner(find,move,link,queue,obj) =new iask in ( iask!() |sele
t {find?(mymove,myfind).iask?().(Owner(find,move,myfind,queue,obj)| link!(mymove,find));iask?().(Idle(find,move,link) | queue!(obj))})and Idle(find,move,link) =new iask in ( iask!() |sele
t { 11



find?(mymove,myfind).iask?().(Idle(find,move,myfind)| link!(mymove,find));iask?().(TerminalWaiter(find,move) | link!(move,find))})and TerminalWaiter(find,move) =sele
t {find?(mymove,myfind).Waiter(find,move,myfind,mymove);move?(obj).TerminalOwner(find,move,obj)}and Waiter(find,move,link,queue) =sele
t {find?(mymove,myfind).(Waiter(find,move,myfind,queue)| link!(mymove,find));move?(obj).Owner(find,move,link,queue,obj)};/* --- */defpro
 Dir =new find1,move1,find2,move2,find3,move3,obj in( obj!() | TerminalOwner(find1,move1,obj) |Idle(find2,move2,find1) |Idle(find3,move3,find2));/* PROPERTIES */defprop deadlo
kfree = always(<>true);
he
k Dir |= deadlo
kfree;/* ---------- */defprop obje
t(s) = <s!>0;defprop node(f) = 1 and (<> fresh a. fresh b. <f?(a,b)>true);defprop owns(i,obj) = (node(i) and �obj);defprop ex
lusive(i,obj) = (owns(i,obj) | not �obj);12



defprop live = hidden obj.inside (obje
t(obj) | forall i. ((node(i) | true) =>eventually ex
lusive(i,obj)));
he
k Dir |= always(live);A
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