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"

Abstract: Based on a formal method called Abstract State Machine (ASM), this paper describes an admission control
mechanism of real-time task in resource-sharing network. In the meantime, the paper also proposes an ASM-based
design model for executable probability of real-time task, and shows the methods and steps to analyze this design model
based on Spec Explorer. The paper argues that the work will not only do good to further verification for the design
method, but also to more refinements for admission control of real-time task. And the ASM model also provides an
example for the realization of other control mechanisms designed.
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1 ASMfijJr

ASM /& Dijkstra #li% 4l (Abstract machine) 5K
FH Tarski &5 iR SRS (Abstract state) /MRS
44, 1 1988 4EH Yuri Gurevich B IHEHP
Gurevich 7ERFZ WK T 3l 5 /24T Hh 5w s
Bif5, Borger INIHBIBNZS L MITESL 0wy, AL
fit e T Prolog B ik HHKIMERD, J5E XL T Prolog I5h4
T SChRUER, )R, AMTIVRE] ASM G & T B &R
G, ASM K™% B SCH OB IT 1993 4F,
FRUEBRR A AR EL . 1997 4E )5, ASM [fig e LiE
W

HHT, ASM C& DN T B s L. 1
MEPRERAA R AR P IR R G R B AR
EAENTIRZ . CHIFZ 5T ASM IR T
H, %l Spec Explorer® & Microsoft T R —Fh =L
F Net (BT,

ASM B SEAE X P £

1. GRS HI=SURE (Abstract State) +
% HL% (Abstract Machine ) .

EX 2. B4 (Signature) HEREAFR. KR
R S S 2 S A . U true, false, undef, =,
DL H B 8 AT 10 R e 44

JE S 3. RES (State) Fom RGN — MR ECE,
JC Signature b —Fr&i, H— ARG RS T
IV (1) R £ 25 44 A o

JE S 4. 3 (Universe) &It KR MFFAAIK,
FH5E undef A&

SESCS. T (Term) RAEHIAANILGE S 1D —

ARG 2) W R n uREEA, B
t, ety I T (e t) BT, -
X 6. MM (Update Rule) %7 :
f(t,t) =t o o *
2 X7, AN (Conditional Rule) RnA: ifg
then R1 else R2 endif .
5E X 8. FHAT ML (Do-for-parallel Rule) 1] 7Ry«
do in-parallel
R1
R2
Enddo
X 9. AN (Do-for-all Rule) HJZEIRH:
do forall v:g(v)

RO(V)
Enddo
€ 10, AR M (Nondeterministic Rule) i
WARINN
choose v:g(v)
RO(v)

endchoose

2 LT 46 T B
2.1 MEGEE ., g "

ARSI 3L S M 4 DR A= AR LR =260,

o)) ﬁﬁ‘ﬁ;ﬂ?"(Computing Resource): “F3JHATIHE
HEVES TFSTHEE Cuec

2) £t (Memory Resource): fAA#iH % Vo,
FEAAIAE Myess

3) f&Hn% YR (Traffic Resource): Wik V,, WE
% {H TNet.
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(Vi Tre, Un}
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3 ASMAERI ST
3.1ASM #E i, TEREEBEX

ST S5 P TR BT ASM B2 358 52 S
# 1 Jis:

F 1 SERMES T HATEAR BT ASM R

1 (Universe) iy
BOOL {true, false}
PROB [0, 1]
TASK {Ty, Ta ., To}
JOB {Tjj| 1<i<n, 1<j<Lem(p1.p2, ....Pa)/Pi}
JATTR {a,r,c, p,d, mk,Cr, My, T_T__}
RESOURCE {computation,wmemory, traffic}
RATTR {Ve, Cpgets Ue, Vi, Miet, Um, Vi, Tret, Uik
TIMEWINDOW |  © (0,24)
MESSAGE R

R 1 RS AT S5 BAA, L 4t B
BEREIA I R R I T B A, DL
Horh, BOOL A /RIMLEAT, HUE A F(true) sl fi
(false). PROB W I & 7R SEIE S5 I AT AT A, ST
TR PR AR R TR E IR . 185 TASK 2o 4 3]
PESEIN AT 55, BEAN IR 55 SO0 IEAE 2> S48 JOB

IR SR 55 B4R AT, To, T} MAEEAMESS

f— ksl JoB={Tjll <i<nl<j<
Lem(ppz,*.po)/pi}s  Lem(pa,pa, =+ ,pn) & s BT A SEIFAT:
SR, | RORSERHT ST, T 6 R 15K
AT S5 IS5 o A T SR AN IR BT 45 10 SR 1
FE55 IE PSR IATTR(Ty)={(ay, rijy Cij Py, dij mi, ki, Cri,
My, T}, Forb ay e AT55 Ty (URIIA IR, vy SR TR
&, Cij SR DU R AT TR, Pij o2 JH I, dij feriin0)
PR, (i, ) M3 24T 55 2 20 25 DR I B P e KA
M55 Cri, M, Ti 21155 Tij WT%*E‘JL@A&%O

1, RESOURCE 5 & 1 5 [0 £ 5 5 U, 538
ALHE VH S BEUR o R UER A i B U . 0 U
RKWRﬂ%%%%«WJm%m)NWMMAMJw
e U0F 0T Vo S PIMATIIE  Creo 2 T SIHLA
Ue 2RI, Vi ARG, Mye A7 ARAE,
Un & AE RIS, VORIE, The i mRA, U2
F R FH 2

B TIMEWINDOW & S 1 B 285 P&l v [ g ) i) 2 11
IR/ o BT IR IR — K 24 /NI BRI B 8
PRA AR B, BT LABEE I 1) B 1R NS —
Ko

ST 25 AT PAT MR B T v 5 225 LI AR Rk

2 FTos:
# 2 SR A PAT MR BT AR e
At ik
T;: TASK AR T4
xpéi TAMES T 52451

pr(1): RESOURCE
4 pr(2): RESOURCE
pr(3): RESOURCE

TR AR P25 SR B
TR AR 4 LA 78 5 D05
14 iR % 9 %A i e O

Y

ar(1): RESOURCE SN AR S5 18 SR UH S B R
ar(2): RESOURCE S IR S5V SRAT A e DR U

ar(3): RESOURCE ST 51 SR AL f S TR IR
Jpmax(J): PROB AR5 S AT AT AR

RProb(pr): PROB
tsize: TIMEWINDOW

e AR R R A
RV 2 B ) 4 110 K
AF 25 S0 e A 11 0 A1)

ST 55 T HRAT R 8 T v 1D R R 44 I A

@ jattr: {JOB, TASK}--> JATTR (GGRFHT4%JEME)

@ rattr: RESOURCE--> RATTR (3545 % & 1)

@ necessity: RATTR X RATTR-->{true, false} (3k
TS AT 55 AT AT I 26 B

time_s(J): TIMEWINDOW
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@ efficient: JATTR X TIMEWINDOW-->{true,
false} (GRAFSEINAT S5 AT AT IO 78 70 1)

@® mappedResource: JOBXRESOURCE--> RES-
OURCE  CHAT- 45 S48 FH 3K 9% Y58 B ST Ay 199 6% 981 4% %
)

@ state: JOB-->{arrival, receive-waiting, waiting,
running, missing }

@ request: JOB X RESOURCE-->{true, false} ({T-
55 S9N K BEYED

@ task: JOB-->TASK GRTHESS I H47 KAT55)

® type: RESOURCE-->{computation, memory,
traffic} (FRAFHEIFAAD

@ Lcm: RXR-->R CRMASEH /N AL
o R 7R850

® ProbGraph:RATTR X RAT\TR—->T‘IMEWIN-
DOW X PROB (3} #5852 M A 55 2 U517 3K (1 A A i
D >

® requestProbGraph: TIMEWINDOW X PROB-->
{true, false} CiHRMEZI KD

® timeJProb: TIMEWINDOW-->PROB (3£7%
5E T FHEIN R AR

@ reducetimeJProb: TIMEWINDOW X TIMEWIN-
DOW X PROB-->TIMEWINDOW X PROB( 314 43 it ¥
VAR B D)

@ scaleProb: JATTR X PROB -—>{true, false} (#
5 783 2 A AN AL 1 4 T 55 D

@® notice: PROB X TIMEWINDOW X JOB-->
MESSAGE (SN AE 55 S (K45 44 R SO A1

® to: MESSAGE-->JOB (A% R

® from: MESSAGE-->JOB (£ 1§.5.)"

3.2 ASM B sh 35 S A FIHLI A 2 X

KM ASM AT PAT B BT IO WIA 55410 -

1) VI,,J5,+,],€JOB, 1<i<n, 3,e RESOURCE:

request(J;, r):=true

2) VJieJOB, 1<i<n: state(J;):=arrival

3) 3Jar, preRESOURCE: tsize:=1 Atime_s=0/\
Newar =undef/\ New pr=undef/\ msg=undef

4) VJ,eJOB, I<i<n, 3preRESOURCE:

Jpmax(J;):=1 ARProb(pr):=0
KT ASM Fifidh ] S AT v F) ST R B 5 -
® FUI 1 fEATERIN A

52 WH5FF & Research and Development

if vJeJOB A VmsgeMESSAGE /A JreRESO-
URCE: from(msg)=J /\ state(J)= arrival /\ request(J,
r)=true then
do forall T;e TASK: task(J)=Ti
tsize: =Lcm(tsize, Ti.p)
enddo
rattr(ar(1)).Cyep=rattr(ar(1)).Cye Hattr(J).Cy
rattr(ar(2)).Mnee:=rattr(ar(2)).Mye: Hjattr(J). Mg
rattr(ar(3)). Tner: = rattr(ar(3)). Tve: Hjattr(J). T
state(J)= receive-waiting ‘
endif \ L
® HM 2: FEHRA I
Jif VJeJOB /A 3JreRESOURCE:
receive-waiting Ar” |-> mappedResource(J,r) =undef then
if rattr(pr(1)).CNet # undef then ProbGraph
(rattr(pr(1)).CNet, rattr(ar(1)).CNet) endif
if rattr(pr(2)).MNet # undef then ProbGraph
(rattr(pr(2)).MNet, rattr(ar(2)).MNet) endif
if rattr(pr(3)).TNet # undef then ProbGraph
(rattr(pr(3)). TNet, rattr(ar(3)). TNet) endif
endif
® HLI 3: Bl i 1 SRAF AT 55 545 1) de
Pt i BRI
if VJeJOB A Vte TIMEWINDOW. A\ 3pePROB:
requestProbGraph(t,p)=true /\ jpmax(J )¥undef then

state(J)=

do forall time_s:time_s< 24-tsize
. if timeJProb(time_s)>jpmax(J) then jpmax(J):
=timeJProb(time_s) endif
time_s(J):=time_s(J)+tsize
enddo
reducetimeJProb(time_s(J),time_s(J)+tsize,jpmax
)
endif
@ B 4: AT TP T A6 BEA A R AL
if VJeJOB A dpreRESOURCE A dare
RESOURCE: time s(J) # undef /A jpmax(J) # undef A
necessity(rattr(pr), rattr(ar))=false then jpmax(J):=0
time_s(J):=undef
to(notice(jpmax(J), time_s(J), J)):=J
state(J):=missing
endif
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@ LI 50 TS IR AT AT TS 7 AR A AL
if VJeJOB /A 3JpreRESOURCE A Hare
RESOURCE: time_s(J) # undef /\ jpmax(J) # undef A
necessity(rattr(pr), rattr(ar))=true then
if efficient(jattr(J), tsize)=true then
if jpmax(J)>(jattr(J).m/jattr(J).k) then to
(notice(jpmax(J), time s(J), J)):=J
else to(notice((jattr(J).m/jattr(J).k),time s
,)=J
endif
else
scaleProb(jattr(J), jpmax(J))
endif
endif
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TR AR ALt T SRR f5 B Spec Explorer, ASM
IR (6 7 30 3 5 B e i DA = AP PL gwfE.
TR LA SRR A48 N RGAT N IR A Al ASM B
FiFp. WW, BRI P ARG SLIFE AL, HY
JE UL B R G AH S RS DA K kg 1A S 3 1 3 184 (1)
A MBS FRHIRBI R A v fentizqT, AL
A RAE TR LERUETRIE R G L, K

SR Bl RGEAT o R R BT TR

LA b

ASM BUR AT R B PR FVAATE, ) DI A
i 3t 75 1 5 oSG S e L . T 2
Spec Explorer 71 4% B ASM 7Y 52 SCH: gl 22 AL 1
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15 2 A W 1) A R IR & HL ( Finite State Machine,
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3 {E Spec Explorer 1 ASM FiA!f 7

[ Ir——————
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