ing. We describean algori
latesFinite StateMachinen
into AND-ORgraphs. State
graphsdoesnot sufer from
exhaustivesearh is an NP
demonstate that randomse
a vaible alternativeto mode
deluggingandfastanalysix
supportour conclusionghrc
Dekler’s two processmutus
SpaceShuttlesliquid hydrog

1 Intr oduction

Formal modelling,analy:
tive researchareasin softw
doubt that the applicationc
the softwaredevelopmentife
ability (e.g.,thelong list of
doubtsexist concerningthe
methods:

e The costof writing the
ferredto below asthew
mathematicalexpertise
models.



Figure 1. The s

Figure 1 illustrates the
marked saturation represer
model in which everything
quickly and then a satumti
saturationa level plateauin
searctcannotdiscoverary |

Assessmeninethodslacl
the following property: thet
ment,themoreuniqueresulf
no satumation in Figure1). (
methodsthat do exhibit a s
stoppingrules,which canbe
mal analysis(the running c
formalmodelwhenit is very
uncover new results,i.e., aft
countered.

When we use early-stop
tives—we may concludeth:
further assessmentvould |
Hencewe endorsesarlystop
odsthatexhibit the following

e Adequacy—anadequa
fail to recognizefaultsi
ploredprior to earlysto



Sylniulgainivivducunt ~ ).

1. A transitionin onema
factthatanothemachi
effect of atransitionme
othermachine.

2. A transitionmay be tri
from anothemachiney
beto sendamessage.

The key differencebetw
their useas transitioninput
messageonsumeshe mes:s
to trigger another But state
they trigger; they aregoodf
sitions.

2.2 NAYO Graph Tran

Figure 3 shavs an ANC
communicatingFSM mode
this type of AND-OR grapt
following features:

e A setN of undirectedN
ible nodes.

e A setA of AND-nodes
of its YES-edgeparent

e A setY of directedYE:!



Figure 5. NAYO graph
query (1 Vza Vx3) A

Unfortunately the probl
particularnodein the NAYC
complete! which we show h

3SAT <p NAYO search(|
asthe 3SAT problem,which
for the 3SAT problemwe ha
the conjunctionof a serieso
disjunctionof 3 literals. A lit

INP is the classof problemsfc
polynomialtime (the time requirec
size);anNP-completgroblemis (1
classNP andis (2) itselfin NP.



Figure7 shavstherando
ploreNAY O graphs.Eachtil
its wait field is decrement
is readhed An OR-nodesv
once,becauseave only nee
ents;soOR-nodewwait field:
reachan AND-node,we mu
soits wait field is initializec
2).

The centralpart of the se
4-19. We begin with aninp
particularorder Thefirst no
5). If it hasnotbeendisqual
somenodewe alreadybelie
exploreits children. All chilc
ified (line 9). Thewait fields
aredecrementedline 12), e
theway to zero,they areput
dex (line 15). This process
(line 4).

Onceall nodesn theQ he
setusup for thenext iteratio
nodesmarkedtrue at the cul
thenodesmarkedreaceda
arereachedut disqualified,
Thetrue setcorresponds$o
ure6, andthereadedsetcc



ST eI T T

grammmglanguagebut reg
SPINis capableof automati
machineversionof a Prome
modelfrom Figure9 in thisf
Figurellshovstheresul
on a NAYO graph represe
Dekker's mutualexclusions
derto shav thatour randon
fault, we have addedto our
ablecalledsafe whichis init
proctypeA andproctypeB &
4 (the critical section). We |
of thefollowing transitionto
directlyinto its critical sectic
andt:
state 3 -> sta
Thesearcheshawn in Fi
of experiments. In every fa
we quickly find all but one¢
graph(23 of 24)—wenever
the modelwith the fault, w
24), including the noderepi
ideaof exactly how quickly t
model,the sizecompositefir
the modelthatwould be se:
this modelis boundedat 2,3
our NAY O searchreachedse



Dekker model with an err
at what point in a particu
reached.

Each plot shows ten trials ¢
values; for each trial the se:
many times, each time with
ing track of the total OR-n
the unique OR-nodes react

Figure 11. Search
Dekker's solution to t
exclusion problem.

for—a quick rise to saturati
remaindevel indefinitely, W
numberof uniqgue OR-node
height 52 (out of 62 total C
andstayedhere,andthis ha

Why 52?7 Why were we
OR-nodes?A closelook att
shaws threemonitoredvariz
in the ervironmentexterna
ing on 2 possiblevalues,th
well. For eachof theselOva
NAY O graph—anOR-node
by our searchexceptaspart



(6]
(7]

(8]

(9]

(10]

(11]

(12]

puter Frotocols  Frer
http://cm.bell- lab
spin/Doc/Book91.html
G. Holzmann. The Modk
tionson Softwae Engine
J. Horganand A. Mathu
ity. In M. Lyu, editor, The
Engineering pagesb31-
H. Kautz and B. Selma
ning, Propositional Log
Proceedingsof the 13t
ficial Intelligence and t
of Atrtificial Intelligence
Menlo Park, Aug. 4-
Press. Available at htty
Tjimmyd/summaries/kat
A. Mackworth andE. Fr
PolynomialNetwork Con
Satishction Problems.
1985.

T. MenziesandB. Cukic
ware, 17(5):107-11220
menzies.com/pdf/00iest
T. MenziesB. Cukic, H. §
determinateSystems. In
http://tim.menzies.com/|
T. MenziesandY. Hu. Ag
editor, Formal Approad
chapter, 2002. Availab
com/pdf/0lagents.pdf



