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Abstract State Machine Based System Design and Analysis for Grids

LIU Hui, LI Ming lu
( Dpartment o Conpute Science and Engineering Shanghai Jiao Tong University, Shanghat 200030, China )

Abstract:  Synchronizing sofiware implementation and test with executable specifications could find flaws as early as they oe
curred in each development stages. The mathematical foundation of this paradigm is that abstract state machine (ASM) and its testing
tools are Asml for . NET. After introducing of the paradigm based on executable specifications and the definitions of ASM, a high level
semantic model for grids written in ASM is presented. In oder to show the complete processes of analyzing and testing software design
with ASM, using Asnl. to produce finite state machines for software model of resources mapping and resources request is also illustras
ed. This paper argues that AMS based system design and analysis for grids deserves attentions from both computer academy and com-
puter indusries.

Key words:  ASM; AsmL; grids; software test; executable specification; finite state machine

. Simulation and testing
1 Requlremcnls\ I/ Testing based on

lanni i
planning user scenatios

, Microsoft

( Executable Simulation and testing

Component integration

specificatbns) - t, High-level _
design testing
(Abstract state machine) 1%, NET' AsmlL( Ab-
stract state machine language)!*). s Detailed :::t-iiogmponem
design
ASM ( Grids) ¥ //
Coding
1 _
2 -
( )
1 ( ). ( )
:2003-08 15; :2003-12-18
973( No. 2002CB312002) ; (No. 03c215027) ;

(No. 025115033)



12A 2097
(11, -tn)
- s 6 (Update rule) R f (b1, -
R s tn):= L. S, R ity -y tn f
t, s.
Bug s 7 ( Conditional rule) R g
. then R else R endif.
, (1) 8 (De-irr parallel wmle) R
(Semartic) ; (2) do i parallel
:(3) ASM R,
R>
3 ASM enddo
’ R 1> R 29 B
31 ASM 9 (Defor-all mle) R
AM  Dijkstra (Abstract machine) Tarski & forall v: g(v)
( Structure) (Abstract state) B Ro(v)
Gurevich : (1)  Churds-Turing enddo
;(2) ( Dynamic structures) , g(v)=twue Ro.
, Borger 10 (Nondeteministic rule) R
s Prolog
Prolog (Dynamic semantic) . , chosse v: g (v)
ASM Ro(v)
( Ground model) .ASM end choose
1993 , (B , g(v)= twe ,
volving algebra) !, 1997 ,ASM (7.8 R,
AM ,
Pl 33 AsmL
. AM AsnL. Microsoft NET  ASM Bl Asm
z(PU RSIC DLX DEC Alpha Gurevich .Asml,  ASM
TMS3200 C6200 PVM JVM. (submachine) Object
AM Lamport Kemi  FTP , . Microsoft
Group memb ership UPnP Ketberos
AM Proog C C+ + Java VHDL SDL API 1 AquL,
1.5 (31
32 ASM
ASM 4 ASM
o7, ASM
1 A (Tran- ,
sition mule) So.
2 ( Signature  Vocabulary) Y VO
( ) true, false, un- 0GSA . ,
def, = . [112]
3 S , A , AM
(Signature) X X 14
Y [4] ) L AP
4 (Universe) 1 undef  PLICATION( ), PROCESS( ), USER( ), ARESOURCE
( ), PRESOURCE ( ), NODE( ), TASK(
5 (Term) (1) ), ATTR( ), MESSAGE( ). ,
:(2) / n R .S



2098 2003
app: PROCESS - APPLICATION( ) userMapping( globalUser(p), r): = localUser( handler(r))
attr: { ARESOURCE, PRESOURCE, NODE, TASK} ~ ATTR ( endchoose

) elseif (3 p’ € PROCESS): handler(r )= p’ then
belong<To: PRESOURCE x NODE ~ { true, false} ( userMapping( globalUser(p), r): = locall ser( handler(r))

) endif
canlogin: USER X NODE™ { true, false} ) 3
canUse: USERX PRESOURCE ~ { true, false} ( if sate(p )= unning/\ event(tak(p ) )= req res( reslis) then
) sate(p ): = waiing
ompatible: ATTR X ATTR ~ {tiue, false} ( ) do forall r€ ARESOURCE: r € reslist
event: TASK { req_res, spawn, send, receive, termiate } ) request(p, r): = true
expecting: PROCESS ~ PROCESSx {any} ( ) enddo
from: MESSAGE ~ PROCESS( ) 4
gbhalUser: PROCESS ~ USER( ) if 3 @ € ARESOURCE: request(p, ar )= trueA r | mappedResource
handler: PRESOURCE ~  PROCESS( ) (p. ar) Zundef A
installed: TASK x NODE ~ { true, fake} ( ) canU se( u i userMapping(globalUser(p ), r ), r ) then
localUser: PROCESS ~ USER ( ) if type(r )= resourcepthen
location: PRESOURCE ~ NODE( ) mapped(p ) : = location(r )
mapped: PROCESS - NODE( ) indalled(tak(p ), location(r)): = true
mappedResource: PROCESS X ARESOURCE ~ PRESOU RCE ( elseif (3 p’ EPROCESS) :hander( 7)= p’ then
) extend PROCESS by p’ with
request: PROCESS x ARESOURCE ~ {true, false} ( mapped(p’ ): = location(r)
) installed(task(p’ ), location(r)): = true

state: PROCESS ~ {running, waiting, receive waiting} ( hander(r):=p’

) do forall ar € ARESOURCE
task: PROCESS ~ TASK( ) requed(p’, ar): = false
to: MESSAGE ~ PROCESS( ) enddo
type: PRESOURCE ~ {reousrceq, -} ( ) endextend
usertMapping: USER x PRESOURCE - USER ( endif

) requet(p, ar): = false

uses: PROCESS x PRESOURCE ~ {true, false} ( ) uses(p,r): = tue

ASM 5

(1)3 p1, - pr€ PROCESS, Vpi, 1 <i <k: qp(pi) Zunr
defA\ globalUser( p; )= u € USER.
(2)Vpi, 1 <i < k:r € ARESOURCE: request( pi, r)= true
V r € PRESOURCE uses(p;, r)= false.
(3) ¥ pi, 1 <i <k:mapped( p;) = undef.
(4)V € USER, ri, --., i, € PRESOURCE: CanUse( u, r;) =
tue, 1<i <k
ASM
1
i 3 @ €ARESOURCE A p € PROCESS: mappedResource(p, ar) = ur-
def A request(p, ar) = true then
choose r € PRESOURCE where compatible (atr( ar ), attr( 1))
mappedResource(p, a): = r
endchoose
2
i 3 ar EARESOURCE A p € PROCESS: request (p, ar )= true/
r i mappedResource(p, a) Zundef A canUse( globalUser (p ), r)
then
iftype(r) = resourceoV 7 (3 p> € PROCESS) : handler(r) = p’
then
choose 1€ USER where canLogin( u, location(r ) )

if Vr€ ARESOURCE: request (p, r) = false A expecting( p ) = undef
then state(p ):= running
6
if state(p )= ruming/\ event(task(p ) )= spawn( reslist) then
extend PRCOCESS by p’ with
globalUser(p’ ): = globalUser(p )
app(p’ ): = app(p)
state(p’ ): = waiting
mapped(p’ ) : = undef
do forall r € ARESOURCE: r € reslist
request(p’,r): = true
enddo
endextend
7
if sate(p )= ruming/\ event(tak(p ) )= send(p’ )then
extend MESSAGE by msg with
tof msg )i = p’
from(msg):=p
endextend
[ if expecting(p’ ) Z(p, any) then
expecting(p ):= (p’, any)
state(p ): = waiting
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if state(p)= running A\ event (task(p) )

= receive(p’ , any) then

it 3 myg EMESSAGE: to( msg)

= p AMfrom(msg)= p’ then
MESSAGE(msg ) : = false

[ expecting( from(msg)): = undef

else

expeding(p):= (p’, any)
state(p) : = receive_ waiting/
endif
[ if state(p)= receive- waiting/\ (3 msg
€ MESSAGE) : tof msg )
= p /A expecting(p)
(fran( msg), any ) then
MESSAGE(msg ) : = false

state(p): = running

expeding( from(msg)): = undef
expeding(p ): = undef]
9
if state(p)= running A event ( task(p) )
= terminate then PROCESS(p ) :

= false

AM
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