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Abstract: As the application software’s architecture style changes and its scale enlarges, the running environment of the application
software turned out to be more complex than before. This prompts the verification of the application system architecture as early as in
design phase to evaluate the deployment plan objectively and to contribute to the active maintenance of the system, while the existing
methods of modelling and verification of the application system architecture needs the support of kinds of tools. In this paper, under the
background of MDSE (model driven software engineering), a higher-order typed verifiable application system architecture modelling
language (VasaML) and verifiable application system architecture modelling method (VasaMM) are proposed. In the VasaML language,
the syntax and semantics of types and terms are defined to describe the structure of the system compositions’ types and objects, the typing
rules and its type checking algorithms are defined to process the judgement of /+t:T and /+R(T1,T2). In the VasaMM method, the system
architecture modelling process is presented, which are the modelling of My (basic data type), My (basic interface type), Mge, (device type),
and Miwk (framework type). In each layer, modelling of the types and the relations of the types are needed, while the typing rules
corresponding to the type relations are automatically generated. Furthermore, the device service invocation graph (Gps)) is defined to
describe the deployment requirements and the type sequences and its correctness are defined to describe the properties of user
requirements, with the related verification algorithms. The prototype of the verifiable application system architecture modelling system
(VasaMS) as a modelling and verifying tool is developed, to which support to the design process by modelling and the automatic
verification of the design regarding to the requirements. Finally, the method is applied to a real case of large scale by the design of an
application system architecture and it is well verified.

Key words: typing rule; type checking; deployment plan; application system architecture modelling; application system architecture

verification
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A28 0 20 B AR (MDSE) 3= 5 HE - B AR 7= B P4 i L MDSE 38 8 7 22 40 S A At ot (B0 8 v ) SR
-5 JE R IRV E R G S B R R FH P S A DRI e B R e 10 R AFSR, AR 1B B ARAE A
T A TR RS L TR A TR R AR R g T L iy T ARG N SRR R AR R — A Rk 514,
H G (R AR 1Y R Bl N 3R AT R T VR AT IR 22 Bl 34k T 5L A BRI IE R 3R G 1 3R 45 40 B T 1) 5 sk 2 1
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I H) ZR GE AR B G BRI LR T 5 (V asaML) B AR R RRIIG 1 15 5 RIS SCE L AR 58 S0 PR 2R A )
U R SR AR M) £ 5 S8 JLAN 853 AL R A% 5 R 0 S A 5 ) B U 2R b i o DO i
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PR :2) AR R — S e L AT R BN IS AR g T RN RIES . FRESRSEF KT
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RGN BA AH i kW R SR R AW UE P, 77 6 S AR A B R 5 (R 4 AT V2 AL AR B A Uk, A
SCGIN T AFAE R B T 20 R — R F KA T 638 AT 1) 5] 258 e ) 3 AT B0 35 v 1) A0 A2 8 4%, N AN 1) BUAR iy
VasaML 1 & 1A §8 5,38 AT LAFE AR 7628 B0 FEANRE 8 R A5 AL A3 T B vt (9 5 FH R 04K 3R 4 i B 280 e
S AR DG PR ASE 2R AN TS R A7 A D 3 56 E . Ay 7 5 B 152, 27 R L e 1 L
2.1 EEFAYIEE

MRFS TRAATEIEE KA T /2 O R By R 747288, 0 N R,

To=TIXHETHT {THT AT Tix Ty T Ti{ o, THEIX, T

o X R T T, T B R (IX TR AR R SRR AX T I — e % W FEA KA St
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(1) " 5E SLIF.

t s=error | x| ¢ [{1 =t} (@, t7) | £ ) [AXCT AT, [t (u) [t as T |
if t then 5" else t" | try t™ with t".

b x,c F error BI04 JR T4 MR R AR BT S W RAT SR I

(2) P 5 LR

P =X|CIT->TIEX, THE TV} as Tt [TILIEX]£01:XT ", [1:T]" methods:{[1: T—>T] 3} HAX.tYP4:T.

Forh X R T 43 3 28 R A R A B 5 R o B g T,
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AT O s X SAMLE A 0 (i 5 X 2R I PR i X AE SAMLEO R ¢ (Rl b BEAT YR A T
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JEEREE I — AN, 3 A BRI IEX THIT 00— T8 3, MR A HEA 2 S t R [XisSTT
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Horh O RORSE A A1 1 ACTB=A+B, A FT B AR HE A, BT LU IR Nl 5 e 2 R 4 B0
6 1R SCHRBEE A I )R T 0" VP05 Ot A AT LA S b v
2.4 SKAB R F0ZE B 5 )
SRA I J7 T8,V asaMIL 1 55 TR SRAE ML) 5 SAMIL 1 5 10 3R i 10 00— 5501,
VasaML 8 25 A2 BRI A T 40 52 A8 3R 5 0rp TR T S 5 . v ¢ T DU IR €7 sl €998, 28 R0 473 K1) 4>
O 5 R SO 0 5 2R 2R K . FH 2R 8 A R e i P AL 1 8 4 v ARG 45 A SIS A 2R 00 i ik T 4L ke 38 4 2 T
4 5% Z FHC B AT LR 5% 2 RS I 3
PRI TN A A B 3 T 5 4 £ 45 A4 R I 2
t,:[X ->UTT,
{U,,}as 3X,T,}: X, T,}
(t: X)" 00 X) (1 > ) (A Tt) - T,) T O™ =~ {[axT {01 XT7,[1: T, methods : {[1: T > T3}
{((TY {(x=1,)",methods :{((1 = Ay : T,.t,) : T,) J: T

Foop ARG (TRT) PRI T 72 Ak 2% 11 270 (1 g i B ).
HFBINAZTER MY R 19 28 RSB () 8 SR

(D)7 A3 1 28R 7 2 6 T ¢ A fn SR TOM S92 e 1 26 | TOM=L13X]" {[1:X]",[1:T]", methods:
L00T i T FF G e (5 5 (e b 2 TR B 2R AN LT, T, 55 TOM 5560 3 (10T, o T,) —ethods 7 Ghine

(2) VAL TR B B R O TRE oL Rt i TOM S A 2K A | TOM= 13X {[:XT [T
methods:{[1:T—>T] 333, W 2L o (1) 28 00 (A5 bR 46 (0 2 0 A8 B 2K )X L 1T 5 TO™ i b3 200 56 1Bk ey
| 1 X —member o (intf gy . __member o (3intf

(3) WAL Fotyn gL TON S 97 fp e 2k H TOM=L[3X)" {[1:XT7[1ET], methods:{[:T>TT 333, T™
TOEN ch g AR A B X S 4 T2 D) TR TOM 2 ) 7 AR S B OE RiD

T intf generalize T (3X)intf
—_— .

(TR®G),

(TR7),
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LS R B 2 R R 2 S R
CET,CET, TEM 53X " {1 XT 0 :T) 0T, methods {1 : T, > T,T} 1 =1:T, > T,
(I :Tl_)TZ)M)T(EX)intf

CEXCETCET, T ={E3X] {0 XT0:T,] [T, methods :{[1 : T, > T,13}}
1 X member T(ax)mtf ,| :-l-1 member T(EX)mﬁ ,| :TZ member T(EX)mtf

(TR16)

(TR17)

TEOM _ X T {0 XT.0:TT, methods :£[1: T — TTHRT™ ={[I :TT methods :{[1 :T - TT}}
i i - (TRL7)
-I-m generalize T(ax)mtf
F T HZLIN TRI6 280 U0 T o 3 — ANz A B2 11 2670 T — UserinterfaceService (14 77 v 4 HLAL 7 —
AN Myg=pingemd:IPAddress—PingResult S 7 x5 i we i 25 710 1% 28 780 55 T HA7 7 o 6 T 06 &

methods (3X )intf
M, —methods (Xt

25 HEWGEHZE

FE T bR SR 2SS T T R G R 2 S AR T Ve v S T A B R A A SRVE H LA T -t T RITER(T,
To) A A5k B 1 4 ST RN 1 — NI A e 8B T3 8 e 3 FAE R N W A28 T, 0 T,
A eI ) AR IR 96 R A SO SAML O 51% TCA Rl RCA 47 T &5 M NS KAk,

TCA FE I3 V3 56 i R b N N 25 52 T, 3R 4 A\ IR S b R 3 () S B U 4 & Fn S AR 4 45 DUR o
RS U IR AP L A YT

E% 1. TCA().

InpUt: t-Iength = 1xSTypeRuIes¢®xSTypes¢®-

1. matchedFlag<«false;type«—undefined;trlen<—Syperuies-Iength

2. for (i=0 to trlen) do

3. if (TRi€Snyperuies) and (A)=A(TR;.denominator.term)) then  // @ & 553 unify (¥4 th Y
4 if TRi.numerator=@ then //#Ir TR, & AE1E4 T

5 nlen<TR;.numerator.term.length;

6. for (k=1 to nlen) do

7 At)< ATR;.numerator.term); r«TCA(ty), Styperutes: Sype);
8 matchedFlag«—matchedFlagA(ry.type e Stypes)

9

. end for
10. else /I35 TRiA T
11. matchedFlag<«true; break;
12. end if
13.  endif
14. end for

15. if (matchedFlag=false) then

16.  type<«t:Undefined;

17. else

18.  (type<TR;.denominator.type)e Stypes

19. end if

Output: t:type.

RCA HVE I3 A9 E I A2 b AN 25 8 N8 T F0 T, 38 N FRES b CR 36 1) S B 4R & R 2
T DR m BE . B 3R 40 TRy, 43 BRI & — AU 15 20 VT E, W AEAS 2 43 T I, % 18 T 3 — ATt
VER A2 — I AT Be e RAE— AN TT 2 Coltie Tuo T2) ERE TRt B T R(Tu To))- A4 T 1t BT REIE 2K 7Y
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R, Ry(Taio T B9 80585 12, T R(T 1, To) T AT 52, I FLIE T Sretational XS0 D0 (R A 01 .
H 3% 2. RCA().
Input: R(T;,Tj),Srelationa®D, Stypes#D.
1. satisfiedFlag«false;relation<—undefined;rellen<—Sgejational-length;
2. for (i=0 to relen) do
3. if R(A(T;), &T;))=ATRy.denominator) then
4 if TRy.numerator= then /AW TRy, & T ALLE ST T
5. nlen«<TRy.numerator.term.length
6. for (k=1 to nlen) do
7 Cy«TRp.numerator.termy;
8 if (Cy=ty) then
9 re—TCA(t), StyperutessStype); 1O 5 — 535 unify ()4 i Y

10. satisfiedFlag<«—satisfiedFlagA(resulty e Srejational);
11. else if (Ci=Ri(Tik, Tji)) then

12. resulty«<—RCA(R(ATik), ATix)), Sretationat: Stypes);
13. satisfiedFlag<«—satisfiedFlaga(result,.relation e Sgejational);
14. end if

15. end for

16. else /I TR, W H 71

17. satisfiedFlag<«true; break;

18. end if

19. endif

20. end for

21. if (satisfiedFlag=false) then

22.  relation<undefined;

23. else

24.  relation«<TR;.denominator;

25. end if

Output: relation.

BT TCA FIl RCA Sk BT (128 B 41 TE 4 1 0 2 S50 vl LU T 0 P ) 2 1) S 70 R 00 o 7 i e S TR
KARED R IR R NE T b 4 3058 Bk 41 FLRE AR 4 R

&% 3. CheckCorrectness(-).

Input: T5.i T,

1. flag«false;decision«incorrect;

2. for (i=0to k)

3. R<R(TTY)

4
5 relation<—RCA(Ri(T;, T«), Srelational: Stypes);
6. if (relation=Undefined) then

7 flag<«—(relation & Sgejationar);

8 else

9 flag<«false; break;
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10. end if

11.  endif

12. end for

13. if (f=true) then decision<—correct;

14. end if

Output: result.

BE T 2R 2 (8] QR W S TP A0 0E A 1 4 I e RBURT R4 Ay TR 8 BA A (B S e I T RS AL,

3 VasaMM 7%

31 EFREERMNARS R REWIELR

ASCRE VasaML BN 53 S Fe AR B0 S 2 | FEA: 2R | e R ARURI Y ) R Gu ik R & i 20 Jo,
(1) FEEAEIEAA N N 4 58 A B2 A28 411 IPAddress. Context. URI. UserAgent. cookie. ConfigFile.
Script. ServerName. TCPPacket &5;(2) AN 12 4z L R By A 85 (3) W 2R A A PR A
FEARL DRI A I TRFARE AL, — A FH RGO R 45 1 0 (15 1 5 28 PN A 1 & #5v] DA — V45 O e % 2
B4 NARGHEREGWER N AR EZ AN R ALERE R, — AN R G AR L5 0T L 2 A
A % 2% IR A 152 6 SR T, S A 2 V) T % 10 9 ) s IR0, 2 o % FH 2R 6 47 2R 45 . IR I, % ) R 6 47 R 4
RS T R ) EALHE Mog(FEAS B S Y ) M (FEAS B2 11 S ) Moy (18 25 L8R AT Men (B T R GEAR R &5 S
A 4 2 A E RIS AT E AR A RIS A OC R DL AH AR 2 Z R 285G &,

TS Y 2R G R 4 R B UAH BV 1) A 3 FE v R R BT O R0 B () S R AR B Mg BN JE 4
i S B 2 My FROA AL 1 2B 2 My PR A LA ST )28 M R B ) RGEAE R A5 1)

" T T T 1<i<m
MR T)IR €RISIS L 1< jk<m

TEOM TGO TGO _ o) 110 XTI T D T,T methods {1 T, > T3, 1< j<n
Mg =1R; (Tj(E>< g YTK(EX )imf)| R eR, I<i< thilllg j,k=<n
R (TP T)|R; eR, 1< j<L,, 1<i<nl<k<m

Dy, D e, Dy = {TPO™ L TP I<i<x1<k<n
=1Ri(D;.D) IR eR, ISiI<Ly, 1S jksx
R, (D, TZM) R eR, 1< j<Lg, I<isxlsksn
" {AFWl ..... AFW,, Hrp AFW, ={D,,,..., Dik},1<i<v,1<k<x}
fruk =

Rj(AFW, D) IR, cR, 1< <Ly, l<i<vl<k<x

EX UEBRERERGEHRE). B M=MygUMpiUMge, Mo A4 MR B HT 2 48 14 & 45 B 5
(application system architecture modelling paradigm), & — /R R 45 Ho Mo 8 — N Z R F IR R T
LI AFW € Mgy K — A FH R SRR 3R 45 R 7.

M

dev

Bl T B A G 4 AN 53, 20 0 D1 (L) i AN B 28 2R L A0 4 1 P 2R 00 4 2R 45 R R AR o g o A
AEAER To, Tam=1 M 1 )235(2) AR DR @B A N H R RS MR i T
BEAPE IR, T OO T OO n =1 ST S 2 J2(3) BEAR AL ERE A N FR G R A AR v g e
HWHAI Dy,... DX=1L BN EEE 3 )2;(4) I H R G0k R 45 W HE 4 gt Fu 55 W Y 28 46 14 3R &5 ) AfE 4
AFW,,... AFW, v=1, BN IS 4 2.

IV R GiAR R A R i AE AR B 1 PR ZR TR IR K R (Mg J2 P 1)~ OSpamam>>=> S RAE e S S 8k
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B AR, SRR R RAEE AN SO RMpg 15 Moy RV T OO SORAETE ARG

:%;Mbti l% Mdev U\& Mdev 5 Mfrwk %'Eﬂﬂg - '&%ﬁﬁj&%% )
B 28 Mo 7 A SR U B N R G R A P & R i SR H G R IE.

HVUEM i
(NI RGAAR G HIHESD)

H=JEM ey
R ‘r | ’ ke N
| : | | ! =7
|
[ o (Lo | "o f o M o,f#1 00| [ o |
|
|
l—— — — ~invoki =
W )M b - —
CHEAPETIHA) : <
|
' |
- - I - - | o
<<interfacetype>> <<interfacetype>>| - <<interfacetype>> <<interfacetype>> | | <<interfacetype>>
Tlntf Tlntf — T!nﬂ Tintf Tinﬂ
1 2 ] n-1 n
\ /nk\_ ______ X—_.invoke____//_'xt _____ 7ZT
/ \
P . methods methods methods methods methods methods methods
H—JEM g
GEARBHREIALD
<<datatype>> <<datatype>> ] <<datatype>> <<datatype>> -] <<datatype>> <<datatype>>
T Tk T Ti Tt m
out/<<param>> in/e<param>> I in/<<param>>
in/<<param>> in/<<param>> P out/<<param>> - gt/<<param>>
out/<<param>> - <<param>>/in
in/<<param>> |
<<datatype>> <<datatype>> -] <<datatype>> <<datatype>> -] <<datatype>> <<datatype>>
T T, Ti Tin Tia T;

Fig.1 Modelling paradigm for application system architecture

1 @R A— N RS R L

MM My F Mgy /2 W AFFE RS AT G &,

S 28 53¢ R 2% 8 R R R R P-4 10 -2 ) PR L 7 3R Y [, 32 AR A 13 Mg AT Mge, 19 )2 FRDJ2 A 2K
IR 2 T T 8 FH 56 2R L o My J2 P AR AT U0 P S 25 S SAMMEI e i S IR0 ) 5 S Ay 5 0, AR SC 9 HH L2 R A

M, 2% 1.
A5 R 2 My, B JZ A7 AE AT 5% 2R R0 AT 3438 5% &,

EX 208 & XBREAAAXR). B A HEAR: DA TN TEON 53 5l g I A B 8 AL D,Dy,
BTN = i, TFO™ = D, I HLAF B VR TP wp ) B 1 2R T, 0O ) H T e 1 e 4 2K R TR

invocable(Tz( i le( it y

ok 65 1 IR 45 7T U, i b D, D,.
KA g

Tl(ax intt szGX yintf ’Tl(ax )intf _ Dl.i,Tz(ax )intf _ DZ-J',TZGX yintf

incokable(Tz( 3X intf 'Tl( Fint

D, D,

invocable(l,11) T(ax )intf
—_—
1

(TR22).
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Table 1 List of invocable type rules
F 1 AR RRAHN G L

ELP S X A AP 5 X
I, e T," methods, 1,  T," .methods, I, =1,: A~ B,1,=1,:C > D,B<C

DR ESS T (TR18)
R, 1, eT,"" methods, I, € T."" methods, T,"" e T [I: T]"
}JY{:ﬂlﬁdH}?&% : : 2| 2invokahle | : 2 [ ] (Tng)

2 1

I, e ;" .methods, I, € T,™ .methods, |, —wokable |
intf invokable(1,,1;) intf
T," ————2L T

L(TR20)

EASESILIRERIES S

1, e T,™ methods, 1, € T,™ .methods, |, —22s-parameter_ |
intf invokable(l,1;) intf
T2 2011 'I'1

L(TR21)

EX RELBEAZEBRR). & T A RAETAHCHE DR WA RIS D, A D, o] &, BACY
T<:D; H T<:D,,it A D« D, ((Dy|Dy2)r).

JLS TR Ny
(3X)intf T (3X Jintf —(3X)intf _ ~ & T (3X)intf _ : f .
T,T, T, T = P&.:);Tz =D,.j,T<D,T <D, (TR23).
D1 Inkable D2

Maey /2 F1, B 46 S8 TR0 2 [ F 0] 308 30 5 2R 2 U8 46 2K 70 T 8 1 (10 Bl 1 46 S TR0 IR 45 o 8 P 5% 28 A% G 52 o ]
FH 5% B o FH T4 1 4028700 2 1) ) TR A
32 EFEEXBBESARBENERNH

ASCHBE A 4 AR RARYE R 58 61 56 45 0 10 1R Myg 1 Mgy 1922 J22 P9 100 0 55 2R 30E 4T
SRS VSR BV T R AT B AR5 SAMM U, ST AN 1 ] Gy 28775 4 LU J 3 A
15700 e 7 2 1 ) 9 D 6 2R 20 552 o 0 35k a1 S 4 TR

EX AR & KBRS HRIE Gosi). 1 11 Gpg 2 {S™ ™, M, 7 seminae RY % K 1) 716 41, H

@) ST ERE AR O R A

@) SMFRE DT TS M AR A (PO M, ) e sM T,0m ¢ g7

(B)  SMCSM R IF U A

(4)  Sterminate M S ot |4 g M Ay

(5) RERWHRRES M TR DT M, T M) e REYD,. ™ D Ty e R FoR

X )it (3K )intf )
i)

. . . i -(
Ti(ax )intf invocable(M, ,M;) Tj(ax )intf EiDS invocable(T; Dl '

TERAR VasaMM 32 J2 @A 1] SR AL T 2 (1938 T T Ak D7 360 DSLM [ T 4T Gpg) Bt
2001 Y. 2R G0 4 2R 5 A6 VA LU B SR AR L R AR b AN 5 vE TR R] i R &R
3.3 ETHAEGHHEIEMRMY

AR VasaML $5i 38 75 5k 128 1 T, i w4 4SS 28R o R 20 % F R — FiE 5

EX S(EEFF). ¥ Tek=1,...,n) LA I AAL T RIAL Ti(L<i j<sn) 2 o) Bl 2 LU R e — AP 21 ¢
UK Ty Ty A—ANKBLF 5

(1) KABEXR T LT,

() HEKBEXFR T BT,

(3) 73}%{9‘%%9‘%%: T. in /<<param>> T,— Eﬁ Ti out /<< param>> Tj .

) FHREEBEKF: s<T, Kl ST efT,,..T,} .

(5) JFHEREAK R TS LT
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(6) ARSI R T, T
(7) AT s T —gerersize GOt

(8) 7kl e T, e T

9) FWESHAKAR T LT,

(10) B KA N IE M O R D, <% 5 D 5k(Dy|Dyyr, 21, D5, D, Te{Ty, ..., To}-

(11) B4 KR 5 ] X 3 D, e )

EX (KB FHIERM). B{Ry....RGZU Lo U SERFH To;. . Ty RSB RIS Ty T,
TEA 2 HAL 2 Roa. AR AL,

ARSCIT BT 17 ] Gpgy AT % 0 4 B33 AT A B SO (40 XML SCAY), DREFE S Gpg) LA AH T (115 S A TTTAE 73
VT Gps) 1 LA Y. FH 28 G5 4 2 45 K v S B e v 23R A s X5 e S 6 Ir it i iod i [ 8 46 S A 2%
W 1 Gpgy, 1T B Bl AE I EE 1 0t 2 X L2 AR JEALUE SR iR A st [ 75 oK, 2 4K ] T 4R 1 S B 46115 i
2 5 T B 3 112 L7710 1 0000 2 0 5, e B A2 1 0 2872 A 0 00 5 R
HEVE AL U R TR,

3% 4. GenerateProperties(-).

Input: Gpg & # S A,

1. list<—null;path<—null;typeseq<«—null; //list=2 | u{Tl;...;Tm}{Rl _____ R} 1<m,0<<k
2. path<getUnvisitedPath(G); /¥R BEDLSE & $R I Al i B A2 Hh SR 1 U ) B 42
3. if path=null then

4 for each node in pathTmp

5. typeseq=typeseq.add(path.node[i].type);

6 end for

7 for each arc in path

8 relationset=relationset.add(path.arc[i].relation)

9. end for

10. end if

11. if (typeseg=null) then

12.  list.add(typeseq,relationset)

13. end if

Output: list.

IR LA Y AR G R AR R AT SR R T, B 2 T A % IO AR AR Sk N 3 S P T SRR AR A Pk
7 T FF) 0 28 5 SR DR A AR S 360 350t 4 by S B E | R R IR UE i 3, L v R A T A 1 4% S A iR
55 R f FER S AP 50 AE 4 48  328 30 1 6 A I 55 0 30 P 6 U S 3 AR Y S 28 R 1) R 3 5 R A 4 ik i 30 SR 1 12
LB VasaML 15 5 K28 A SRR A AR vp J2 15 5 ST B (1 288 28 5 2 R D) s 7 SR AR 36 0F 7 1,k
VasaML 5 5 ofsg SCHSRAE RN AR T ) Gogy b — 2145 58 58 2 IR A — 4 ks s A L AR AT (1 7 v
T M (R ATTUEAT SR, 560 0F 2 75 55 399 28 45 B A [+
3.4 VasasMSEE R 5

VasaMS R T AT VasaML 5 5+ VasaMM 55 S SRR P S50E T A $ (RS AR A 6l 3 35, L e
PN 2 Jros, 2 2 3 MO, SCHF i SR T N . RGN BRI
o iSRS N AR G R i SRAEAT ST B O AR G A AR A MR, e b A B A SR Y R 55
K Gps 11 0 5L b T H EER PN VasaMS, I3 3t [y 1% 1) B, 7 18 2l 28 Bl SRR g 1 it 2 5K
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o RGUEBCRHIASCEAEA, B ) E AN AR R G5 M &2 8 R AR
o VRIS UEXT P G 5t I A 28 5 AR A TR A I A R FL AR A 1 2 REAT B L
1) I R 0 I T 3 T P S B 5 2 ML R AN I A A G R S A S AR SR 2R S AR RE A G A BE
AT HE  JF vk B K i R 15 JT, A5 1T, WU 75 T 0 S £ 2 P A A 4 R A 2 3 At 1 o SR v
(10 R P, U5 BT L A P28 SR P RS A 4 PR B A DRI A % AF
2) Ve TLARARVEIE v S0 TR AR kST 5T 2 A HLAREAS I 5 0 1R AT P 0% AR RE A i AL ik
AT T I VT 5 X1 BT iy RS 7 RS, A B, U 3 75 T 1 A ) 1 P 2R 8 4 2 4 R A R A
BT LR A A AT EL R A TR A 2 R OGS B A AT A SR A SR IR AR A L T R 4R E
AR BLRE PRI TR AT A B 1 SR I HEAT S A 5 203 100 SR O 20 g ¥ 44 R IR ik 55
Kl Gpsi 4% T ik B A% b (¥ 28 AY 2R Rl L0 Bl HL AR 0K 3B I 45 8 S5 S AT ASRAE, I
2 5 B R B A PR, 4 L R (A [ 08 0 244 7 8 v SR A 1 P 8 SR A R, ) R
TN ZIN ] R R R R R AT LU D Bk 4R T R R R Sis Y

mak
L3 - kR
l f
iR At tah b
e 5
fuiki] BN
Mg (EANBLER) _— My (FEARREOEE) vy L'HHEHJ‘-DI'JJ
BasicDalaTyvpe BasicinterfaceType Eupluilics Bules o
2 PRE: =T
¥ Initialize Type Int crface
My (PhREEHMES : My, (VA EEL) v (B ;Eit;l;}
Tramework Ty pe DeviceType Lambda Cal culus
L .
ERHERIE TR EHRE
) BERABESEHAM T —E W — i RE R R R
—EREFRBEREES FEERIERS WAL, e, WE—HE AR
(T o 7 s on? 12 EAY A SENTRE R AR
AR ‘{;{ﬁ..--.&} - [;? |,?={5;:_ feeu ri]]
(1) et s a ewl{iy) = &,
PR Mo, =i k12 =4, S REREIM,
: : . £ T e |casy={ oo )}
WiFg — kil 5 . %g&'+ﬁﬂﬁ i
EINA I & Ry R :
L2 | : RS RS LA
THRERR BERR | ARERR WERR o FHBER WERR

Fig.2 Diagram of VasaMS prototype
2 VasaMS R RG]

VasaMS A [ 54 H 5 G844 28 45 4 e v (0 TR A 1. L AR S 2 3 2 o) N T R e 1k &R & F 1 TE 2R
SN IR AN B B A T SRR o 2 K B ) B Y R G A R G MR AT el STRF R AR AL G 4 1
o R AN AL 55 5 1 B0 90 Y 3R 8 A 51 0 A 2 RS 2 P B2 30 4 0 R4

R J2EE [T 3R G5 IF 5 HE 4 445 2 o SR 2 1 25 OCaml-Javal A TFHECHE FE S B0 T VasaMS. % R 45 1)
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AL 4 GEREHT T TR SR AT T S B BT BV IIE Ty A R SR IR 55 7 SR A W O m A BRI 4k 8
R RICTRE, I NI Gy HEATMENT, FE B vk Jy l B 1R Lo R AL N AR GE R AR a5 R, BT
UE 7R 8 SRR 5t A B0 A 18, mT Ak 5 28 48 3040 52 T 3 I D 2R 400 0 28 445 A 2 A AL i R S0 B .

4 SMEBRUNRRREREWZRIIGIERD

AL 2R GE A 2 65 K S R B0 8 ) 45 7 SR 20 AT - RN SRR TX 3 AN 73 A G0 1A i SR Sk BE v AT
b P B GEIB AT PR BE, T 50 U0E IS AT PRI 0 1 P 2R G 2 1 S92 Bk SR BT VI AR AR R G A DR R IE R KR
TR AR AR R G A P B L BB L B B AN R A B AR DG 2 . T 8% R
RO A1 1 28 IR A M I o 75 ISR, I AR e I8 P 28 498 ¢ 2R 445 ) SR SR A AT S5t A T 8, P R0 2 P 2 DU AR
35 1 FH 2R G0 % 2 5 A SR AT 2 B el 2
41 RiTUERBRFERENTERD T
AN GEAG) 1 1) 2 G0 A A 5 ) o S TR 23 RO AR R R P 3 s 04 4 AN i 2, e AT 4 i o 45
STl C EBER+ No 7 FRAR HHABL AL PRI R 190 5 (3t e 55 3 o 055 I o A

o < %ﬂﬁ\lkn"%r)%m)r‘@ﬁﬁH‘Jlﬂl%ilk%ﬂﬁ%ﬂlY»J

AT b AH 5% BEALAA AR A3 AR A7 b B 55
B2 M BRBS 117 LI A 38 7 A 38 h A 2 2 At (AT
HER | EER IR S5 FUELSS A ICMR 550X 4 SR

| G A AT Nl PR 25 B 2 AT R 55
Fig.3 Composition diagram of a domain application softwares W A IR B R S R P R A TR Bk

EERESRIE T TE S

411 N RGE R G R K
A S TR T T I B Web T P R I B TR LS T A I T R
S8 J5 J7 PR AR BI5GB v N Y R G AR R G T SR AR 2 50 B 2 B0k SRR AR KR, 5 3 1A KA Web
I APl A 5 SRR 35 7 1200 Hh 1 7 SR 43T
Table 2  List of requirements on application system deployment
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Table 3 List of requirements on application system access path
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Fig.4 Diagram of application system deployment plan
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Fig.5 Links in the diagram of application system deployment plan
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Table 4 Deployment plan on application system access path
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Fig.6 Service invocation graph of device type
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h R T R T S T SR BT R AR AL R N R SR R A R SEBR R UK AR S R 2 ) VasaMS
ARG FIH VasaML 155 VasaMM J7 75X 54Tl B F A R 4546 30 AT AR, 95 Mg (FE A B0 28 2Y) My (FE A 32
FIE ), Mgey (B A FE TR My (B2 FH R SEHEZE) LS 4 AN B R,

421 JEARHEARHAY

o I 2R G 4 AR 5 M TEAT FRASE, 7 S AR A1 5 46 S 20 IR 45 U PR W) S0 AR B 248 20 R AR A S B R R
T FEAR: USRI JE AL JE A KR 8 B 2 L . SR R S R R AR A LI X 3 AN o A R AR %
FH R G A, A SC ¥ 7 IPAddress. Context. URI. UserAgent. cookie. ConfigFile. Script. ServerName.
FWPolicy % b5 Ffds 287, 53 50l 9% 504 Bo~Buog, LA S & AT TR dad ™R T I A 8™ B I S S5 45 VB Ay 32
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Table 5 List of basic data types
F 5 AR MHK

ELke] PR Hdn KA R A LA RAZE | W5 R AR R R L
Bo Binary String = BE; IPPacketxMACAddress
Bs Path String =2 BEg IPPacket—>TCPPacket
Bis RequestLine MethodxURIxProtocolVersion 17 BE1¢ ConfigFilex{StartupScript:Script}
Bs1 ServerName ListenAddress = Bs> (HostName+ServerName)
Be3 Accountx(HostName+ServerName)xAuditRole
Bios FWPolicy {fwpolicy:File} = .
Bios  AccountDirectory String I - -

Table 6 List of labeled mapping types
F 6 AR I RR

G M1 M21 M42
DiRe 44 LESEN 5 TR A B R
b2 DataEncapsulate WSDeployApp UpdateMemberList
sge Fpi] o 20t MACAddressx ConfigFilexDeploymentPlanx RemoteAddress x
TR A
WS SR 22 IPPacket {StartupScript:Script} HeartBeatMessage
W S5t 24 7L A Frame ConfigFile RemoteAddress”
DataEncapsulate: WSDeployApp:ConfigFilex Ugg;ﬁ?:&ﬁeeg?it:
R R I 2 MACAddressx DeploymentPlanx{StartupScript:
IPPacket—Frame Script}—ConfigFile HeartBeatMessage—
RemoteAddress
ARSI 257 | DataEncapsulate: WSDeployApp: UpdateMemberList:
(Yn i J5) BE;—Br3 BE;3—By7 BE4s—Bys

13 5 (KK SR I i B SR R KR 6 ARy s R W S Y 5l SR Bl T A B SR I A — AN S AR Kol
ALt — B I AR 2 Y R R SR B A 2R e g R A R T S A R AR A 3 1T
JPV A S A T AT HE AR S I B Mg 2 KI5 %R IR R UV A KRR MBSO R N %, 5091
9 91 A1 202 A~ FLrb 2 B AKR R (8] [ S HORBR R RN Eh 24 A ENTS PR IS 281 2 [R] 1) 4
NSRRI A A 2 HORIR R 2R 7090 88 A1 90 AN A SCARGE SCH T RE SCIK) Mg o Bt SR AL 1 m] ph 4 5 24
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422 SEREE O SAIGEAS

FF Mg J2 IS8R b, m 6 38 AR 11 2R R 0E AT A

A SR A 128 5 SOA B LEX] XTI T [ T2l methods: €1 Ti—>To] Y336 21 5 30 ) 2 i A 45
PSR ARG 1] 6 182 4 245 700 I 25 14 P VL 11 U v 32 S g A 0 x9N O REE A 182 4% 1) AN T e 44 Bk, B AT
(1) 77 ¥ (methods) i 8. — ZH 7 A 45 1) e S 25 R ot S5 248 780 248 78 9 dok =X iy (i N 2 80) R A i (il HE 2 00 1 S AR 40
P I MR VT B R AT, AR S NG R 7 T 26 AN LA A,

Table 7 List of basic interface types
F 7 EEABENRMHK

FEARE: O R G 4 FEAPE 1 2R T g E4 s
Tintf, IP ¥ iK% IPNWService Tintfi, NIE MR 45 AuthService
Tintf, PLOK I ik 4 ETHService Tintfys AT A7 M Ik 4 FC-SANService
Tintf; FH /2 DR %5 UserlnterfaceService Tintfyg iSCSI 771 M Ik 4 iSCSI-SANService
Tintf, VPN fl45 VPNService Tintf,; 17l £ 45 45 11| StorageDataControl
Tintfs Wi K 45 SocService Tintf,g 17422 514216 StoragelndexControl
Tintfs ALK %S SWService Tintf.g A7k % B 4% ) StorageManagerControl
Tintf; HeEF AT e HLIR % FCSWService Tintf,o Fodhs 5 44 B DBManager
Tintfg Web Il 45 2% % H! WSServerManager Tintfy, H4 JE I 45 DBService
Tintfg HTTP i 4L B HTTPProtocolHandler Tintfy, % 22 HLAR 55 NABHService
Tintfio N7 R 4% %% 5 ¥ ASServerManager Tintfys Hdh 5 ¥ 11 DBAuditService
Tintfyy RN A E# APPHandler Tintf,4 IPSecVPN iz 45 IPSecVPNService
Tintfy, LT R4 ClusterService Tintfs SSLVPN Jif. 45 SSLVPNService
Tintfy3 NIE R 45 2% 57 B AuthServerManager Tintfy 62T LA M I 4 FCoEService

T A R A RN B DU RERI I 2, R A D e S th — 41 AP SEI, B e 3R g — AN FEACH LR By
VEIIIRT Mog /2 I — 45 Br 25 WSR2 00 B0 v A 645 11 8 70 Y 1 1 46 2 D) R 4 A 28 e LI 2B R 1 ke 4%
ZA) ) HARAE L b T R 2R G A 2R 5 S T ) S AT B8 rpox I P A 1) 0 280 A, BT G A i B e R v 2 S i 1)
T AN SR 2 0 SR IR 20 O HL oh 7 I 2R Gt Ak 28 G5 M A7 A 22 R L, vl A A o 8 P A7 7 B A B 1 2 AR
NGRS D BRI, TR THIBE S B AR 8 AR R 6 R b SR R DG P A T S O % A LR A
A T X AH DG AR 1SR () R A L VR U )

o EMMEAHOCHE: 028

T A ] DLE o A2 I %4 10w 7 U TR IR 45 2l LAN X AR 408 B0 8L PRI AN [, DAOK X R 45 (0 45 9 T 1P R T
DG ET 0 TE P 248, S I B s 1) 2k Rt A, 2 2 (L) R X (2) T 7w

T,™ = IPNWService
IPNWService ={3IPPacket, 3Frame
{ippack : IPPacket, mac : MACAddress, frame : Frame,
methods : {
DataEncapsulate : IPPacket x MACAddress — Frame,
RebuildData : Frame x MACAddress — IPPacket}}}

T, = FCoEService
FCoEService = {3IPPacket, 3Frame
{ippack : IPPacket, mac : MACAddress, frame : Frame,
methods : {
DataEncapsulate : IPPacket — Frame x MACAddress,
RebuildData : Frame x MACAddress — IPPacket}}}

S, TR TR 43590 k2 12K IPNWService Fll FCoEService. B 4 2 [ fig % FL 3% LI B T bk A0 9 2% 452 11
A T R AR 2R G S I 2% S W U3, 3 3k G R P A 11 v R 9 9 0 A 2 A B oy A R A B A 11 A A N

o))

@
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B Ifg, 1A RE)M A (@) Frn (Heb, TRITM 4350 85 10 258 ETHService Al UserinterfaceService).
T," = ETHService
ETH ={3TCPPacket,3IPPacket, 3Data
{data : Data,ippack : IPPacket,b : Boolean,localaddr : LocalAddress,
pr : PingResult, hn : HoseName, tcppacket : TCPPacket, tr : TransResult,
methods : {
encapsulate : Data x HostName x Port — TCPPacket, (3)
decapsulate : TCPPacket — Data x HostName x Port,
ipencapsulate : TCPPacket — IPPacket,
ipdecapsulate : IPPacket — TCPPacket,
TransData : ((LocalAddress — Ping Result) x Data x HostName x Port) — TransResult,
RecieveData : ((IPPacket — TCPPacket)) — Data x HostName x Port)}}}

T,™ =UserlnterfaceService
UserlInterfaceService ={3TCPPacket,
{intf : Interfaceld,ipaddr : IPAddress,b : Boolean, pr : PingResult,
methods :{
upemd : Interfaceld — IPAddress”, 4)
downcmd :{Interfaceld + IPAddress} — Boolean,
pingcmd : IPAddress — PingResult,
remoteConncmd : IPAddress — Boolean,
excutecmd : File — Boolean}}}

TR A5t AT DA e s A2 ) 24 22 11 P PR A7 i 0 3 X e 55 20 A i J 3 (S AN, AR 3 B LTI AS 7], SANL IR 45 £
FEHET FC-SANService AL T+ iSCSI-SANService 125, S HL I 2% 3% 12 FECHE % 42 B39 4 2 38.(5) A 2 3. (6) T %,
ST AT PN L 28 F

T,™ = FC _SANService
FC-SANService = {3FCData, 3DataBlock,
{fcd : FCData, dbl : DataBlock,

methods :{ ®)
ForwardDataBlock : DataBlock x FCPortNo™ — FCData,
RecieveDataBlock : FCData — DataBlock x FCPortNo'}}}
T,™ =iSCSI _SANService
iSCSI-SANService ={3Data,3SCSICmd,
{data : Data, scsicmd : SCSICmd, ©)

methods : {
ForwardDataBlock : Data x HostName x Port x SCSICmd — TCPPacket,
RecieveDataBlock : TCPPacket — Data x HostName x Port x SCSICmd}}}
ki i aX(1). 2R2). A (5). A2 (6) F LIRS LI, TATT I SR P A 15 1 AT A i R
PN BE A& TR K At B8 T A 100 46 1) 1 2R 2 3 (B) A 3 (4) F B A AR e S B, J T R Al B g e 1 2R 7Y
o HERAEMEAHOCRE O RAY
MR 5 R P A — 2 W A A DD RE B 26 A SR 25 HY T S A F) L At 4 1 24 0 3438 g 1 I 48 4% 22 ) s
T ARAE 1) 00 B A5 At AR B b [8) 0 2 8, 60 465 JLAS SRS I 2R AU HT TP Bl ab B AR e, & IR 2% 4%
FRBLHORIR AL AR e AT ) s s (7))~ A X Q) 7R,
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T,"" = HTTPProtocolHandler
HTTPProtocolHandler ={ 3Context, 3StaticResource, 3DynamicResource,
JStaticFile, 3CallRequest, 3ProcessResult,
{req: HTTPRequest, ctx : Context, sr : StaticResource,
dr : DynamicResource, sf : StaticFile, cr : CallRequest, pr : ProcessResult,
rcr : RemoteCallRequest, ra : RemoteAddress, res : HTTPResponse,
methods : {
RecieveReq : HTTPRequest — Context,
ProcessReq : ((Context — (StaticResource + DynamicResource)) —
(StaticFile + CallRequest)) — ProcessResult,

RemoteReq : CallRequest — (RemoteCallRequest x RemoteAddress),
ResponseReq : ProcessResult — HTTPResponse}}}

U]

T,0" = ASServerManager
ASServerManager ={
script : Script,laddr : ListenAddress,b : Boolean,
cf : ConfigFile,dp : DeploymentPlan,
methods : {
StartupServer : ConfigFile x{StartupScript : Script} — ListenAddress,
ShutdownServer : ConfigFile x{ShutdownScript : Script} — Boolean,
DeployApp : ConfigFile x DeploymentPlan x{DeployScript : Script} — ConfigFile,
ConfigRS : ConfigFile — ConfigFile,
StartupService : ConfigFile x{StartupSvcScript : Script} — Boolean,
StopService : ConfigFile x{StopSvcScript : Script} — Boolean,
UndeployApp : ConfigFile x DeploymentPlan x{UnDeployScript : Script} — ConfigFile}}

T, = APPHandler
APPHandler = {3RemoteCallRequest,3Object, IMethod, 3CallRequest, IProcessResult,
{rcreq : RemoteCallRequest, 0 : Object, m : Method, sgl : SQLStatement, dbn : DBName
cr : CallRequest, pr : ProcessResult, para : Parameters
methods : { 9
RecieveCall : (RemoteCallRequest x ListenAddress) — (Object x Method x Parameters)
ProcessCall : ((Object x Method x Parameters) — NoError) — CallRequest,
DACallRequest : ((Object x Method x Parameters) — (Account x DBName x SQLStatement))
ReturnCallResult : (DBData + CallRequest) — ProcessResult}}}
bk 3N R b A K (7) A A K (9) 8 Tz AR PSR K S AT I S B AR 4R e O AR i
Sk IS B A Sz bR A S, A 2 (9) 3% 11257 APPHandler Hfg — AN FE i 28 45 B RemoteCallRequest,
A5 FLAR IR R 4% 2% b 1% 28 B A8 B AT e se )4kl EJB AR Skeleton Object 77 v 3, th AT B4 SE 4146
CORBA "' Remote Application Object {7721 5k DCOM ] Remote Process Call {77 21 Fi, AT Jsc it
S5z ezt R 1 P £y B9,
IS HY 2R G2 A 28 G AE vh AT 6432 1 AR R R B B DA S 4 PR v I A 28, B ke S A 2R 0y 9 s T DA Bt S5 6 280 )
11, A 2 (7) B 1 251 HTTPProtocolHandler 771 5 72: ProcessReq #2&— AN i B (982 11 2R T 4R 52 ST,
ProcessReq:((Context—(StaticResource+DynamicResource))—(StaticFile+CallRequest))—>ProcessResult.
HTTP 5 3K I A B R A AR AR HTTP 335 SKRARHT AT 1K LR 3C Context, J4 Wi 18 sk b i 2 2l 2 48 Bt Ui
SN A R RS DR SR, TUAR A8 A SO A ol Ak P 5 SR (A A R ) R Bl A B U IR i, T 4k e s R

®)
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17 3K 5 it . R 25 A HEAT 30E — 20 A B SR 40 s it P ) & SR i 2 A0 B 45 SR ProcessResult. 3G, Ja) i s
5575 DA S ) Wi A b Ak P e A P 0 SO — R O DA i 1 SR B R DLAR i Ak R R R Sk
HTTPProtocolHandler F T %l Web 45510 HTTP 15K A BETh g AR L4145 K 26 A4 DR BIR P4l e X, 'E
VIR 1 Mg )23 PR B 40 1% 22 IR S R OC 2R BT VR SR IR DG R MR 02 SR IR G 2R 0 &, 43 7l ok 93 11 167 /M 282 G &
o (R IR0 R [ 246 A, i BE, in/param M1 1 Bg out/param ML X W [ 2 55 56 15 56 28 (9 2 90 00) gt 28 =X,
(10)F1 A (L) 7, 5 i DG R AR 0 DR 16 00 AR IR 2 B 0 24 X (12) A X (13) T 7.

BE, in/((param)) M@i } a0)
IPPacket x MACAddress —"/«e&am)_, pataEncapsulate : MACAddress x IPPacket — Frame
B,, —tilparm)_, \ ol Frame—24/P2em)_, DataEncapsulate : MACAddress x IPPacket — Frame (11)
M, —meteds T 5 DataEncapsulate : MACAddress x IPPacket — Frame—"12%_ |PNWService (12)
B,, member Tlintf B, member Tlintf B, member TlinthQ } 13
MACAddress —™™%" s |PNWService, IPPacket —™™%" s |PNWService, Frame —™™" s |PNWService

IR FEAEL LIRS W T B vt BRI B a5 1) — AN T RE A4 B, B T BE AL PR N — 4L Zh RE T, A
AR RE A B 1 AR B R v, 2R G0 2 $ o 2 i 11 RN i 2R IR Ty 8 7 3, B b A8 P WS SR T R
PR A5 A 85 PR TR S SR 20 g e TV SR A 2 [ 0 5 9k DRI 5% 00 L A SR BB 11 V asaMIS ZR 58 B A A% TR B
FA 35 1 4% S R ) BRI AR ZE 4 T o I I 2]ty TCA By e B D2 2 [ ¥ 9% & T 1 RCA BV
423 BAARAMN ] R R G HELLSE A AR

AR PR AL I R R A M IR AR 1] 6 vas AL T I AR SR 008 I i e & 2R 3L 11 A,
FEAN B A A — A A T 2R IR 5 i R A R e LR 8.

Table 8 List of device types
F8 WwMRMHIE

Gi'y A0 ERIESTEN

Devs VPN [ 3 Dev, ={T,"" xT,™ xT,""}

Dev, T S Dev, ={TI,"" xT,"}

Devs HLF A bl Dev, ={T," xT,"}

Dev, soc R % 43 Dev, ={T,"" xT," xT"™}

Devs Web JIf 45 5 Devy ={T," xT," x T < T x T}

Deve 7 R 5 58 Dev, = {T;™ x T x T 5T, it it ity
Dev; TIE J 45 22 Dev, ={T,"" x T, x T,™ x T3 x T}

Devg Tl T 5558 Devy ={T,"" xT5" x Ty xT,M xTM o T, T XT3}
Devo  HUdi MR g5 28 Devy ={T,"™ xT,™ xT,™ x T0" xT,1}
Devio R Devyy ={T,™ xT," = T," x T2}

Devy Bl K I Dev,, ={T," xT," xT,"}

Devi, Hd i uE Dev,, ={T,/™ xT,"" x T, xT2"}

8 A 3 HI B R IR RIE A, E AT B Maey 22 (RSB 43 2% 2 IR A G ZR L) A AR SG I G
FRHZERA K FR N 509004 125 F1 52 A~ I CFA R (¥ S BB AT 19 3 28 k.

IR AREAS BE AR SRS N BT BRI A B A A B AR P AT R G AL 2 N S R,
) AT e 2> of 7 P 3R R 20 5 2R T A A1 B0 46 AT SR A 0 UE AN REAE . B A B SR P SR A IR A L R 5 %
WA R Z MR A KRR P ZETRN H VasaMS FRGE H 201 A B 1 4 H2 R I8 N FH 28 G0 140 3R 45 R S8 28 1 R il
ARG BT SCH e m] E TCA SE3CANE W R Z TR 5C & T i RCA HE3CHE.

R P 6 1 5 S 7R i 55 i P ST AR S 0810 1 1 AR A AR S R HE SRR R 0 140 S 1L 2R 8t 4%, 5 LI
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{Dev,x,...,xDev,,}
AP, :{Rij(Ale, Dev,), j=12<i <12} '

Hh Ry MR E N BRI ETC R AL N D RS KRECN 11 AR 2R B 510 T 2870 3
T FH 2R G MR R 5 A6 2 2R o 187 28 20 O 2R AN BRI i AR Bt S 28 e AN [) 8 28 ) (1 - 2R 8 OC 2R Koy 3l ohy 329 711 26.

I FH 2R GV 28 5 4 S AR N T 50 4 W BT B 0K A 7 B P T S G R 18 22 (1 B4 TR, T K] gl 2 30 92 1)
RAT TG AR AT AT 125 A AH DG W S0 RS Bl AN H R AR REG IR B R G 1w % 2RI 5% N H &R
GAR R AR B2 MR A KRN IS BB B VasaMS R 40 H 301 2E .
424 PORMALKEN

ARG ) B A SRS A LR 1P IR R IA 55 2 B ¥ B PR Dk S 2 1 T A R A e A 3 1 2 A £y S 46
AT B, I d5 28 T A3 B U R A1 3R AT R AUl U o6 S TR 2 TR) Al ol 2 111 2 7R S B 454 1) BE Atk
4.3 FEiT\ R A RGN R G

A 5 4 AT M 2R 5 2% 5 TR0 5 BEAE 1) P, SR PV asaMIS S50 38 400 T 6 45 280 AT
KA. A b, B SRR 15 2% 2SR AR 45 K T P AU GenerateProperties $7 92526 BN I 22 48 1 2R 45 P ASE TR 9 2 11
i os 32X P H U FH 2 B R 51 TE Aff 1P A, 2 5509 (CheeckCorectness) 40 52 P HPY IR 4E — 4 ¥k 4% 28 4 55 971 & 15 1E A, 1T
BOAF P 2 A5 BT,

ROy T IE R A 5 4T In) B AT, 1 Ak R AR B IR T A% R I P 41 LA R A R0 2% 2 ) 1) 06 FR A R A 5%
B R B K AT 0 0 Sl Py~Ps.

Table 9 Sequences of device type and its relations
x99 WREBUFPILHLRES

MRS | &EMTH | £EHK TR
D11;Ds:D5:D6; Rieay Rs1i=(Devj|Devigeiinkssiink,i>1,j,ke{11,5,2,6,9}
D2;Ds;D3;Ds R Rey ={Dev; —"% , Dey, },i>1, jk €{11,5,2,6,9}
Py -
DuiDsiDsDs; | Ree Rezi=(DevilDevideinrsiine,i>L j ke {11,5,2,6,9,8}
D2;Do;D2;Ds R Ruz ={Dev, —"2% , pey, },i>1, j,k €{11,5,2,6,9,8}
b D11:Ds:D;:Ds: Reea, Rs3i=(Dev;j|Devigeiinkesiin,i>1,j,k{11,5,2,6,9,3,8}
2 . . .
D2;Do;Ds;Ds g Ry ={Dev, —"2% , pev, },i>1, j k €{115,2,6,9,3,8}
P D11;D2;Ds; Ri, Resi=(Devj|Devigeiinkssiink,i>1,j,ke{11,2,6,9,3,8}
3 . . . -
D2;De;D3:Ds R Ruy ={Dev, ", Dey,},i>1, jk €{11,2,6,9,3,8}
o Diy:Ds:Dy:Dg: R Rssi=(Devj|Devideiinkssiink.i>1,j,ke{11,5,2,6,9,3,8}
4 . . . N
D2;Do;Ds;Ds R Rus: ={Dev, —"2% , pey, },i>1, j k €{11,5,2,6,9,3,8}
Dy1:Dy;Dus; Ricas Rssi=(Devj|Devieiinkssiink,i>1,j,ke {11,2,10,5}
D2:D10;D2;Ds R Resi ={Dev; —2%% , Dey, },i > 1, j k €{11,2,10,5}
Dy1:Dy:Dis: Ri, Rs7i=(Dev;j|Devieiinkssiink,i>1,j,ke {11,2,10,6}
D2;D10;D2:Ds R Res ={Dev, —"2% , pev, },i> 1, j,k €{11,2,10,6}
Ps
Di1:D2:Dy1: Rueay Rsg7i=(Devj|Devigetinkssiink,i>1,j,ke{11,2,10,9}
D2:D10:D2Ds R Ry ={Dev;—"%% , Dey,},i >1, j k €{11,2,10,9}
D11:D2;Dus; R Ry7i=(DevlDevieinersink i>L ke {11,2,10,8}
D2;D10;D2:Ds RS Rug: ={Dev, —"2 _, pey, },i > 1, j k €{11,2,10,8}

AR AR LI RN RIN G AR R T, 8 TR A S T A B A 190 8 3 R A7 i Jy o0 T3, T 45
VRS R M B % 2 1A ) ) FH 26 AR 4R 15 DL SR B LR AR PE B 5 RN AR 5 0 T 5 8e 0 E 75 i, B Elink=
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(IPNWService+FCoEService) 2 7~ 8 & S 3 LK 9 Bl S BROG 27 LLR M 8 1K 28 2L, Slink=(FC_SANService+
iSCSI_SANService)# 7~ 54 S WG T 77t S5 3ok X 5 S T iSCSI A7k o 38 W9 422 11 R 28 280, AR 4 oz X 3, WA~
£ Dy A1 D, 1] I LUK W, 4 LAY Y Elink<:Dy,Elink<:Dy, it i D, «— =% 5 D, 50(Dy|Dy)gjini F A, 14
AN Dy R D, Al A7 fif SR, 24 HAX 2 Slink<:Dy,Slink<:Dy, it i D, <=2 5 1, 5%(D;|D)siink. 1 1%

AR A A& T Dy BT Dy T ELERAR, 2 LA A2 470 AT 1 2, B D, — e ) e
T E AR A AN A 2T Dy A Dy SRR AT ILBRAE, 24 LAY B | 5 28 25 S A A 00 0 53 1P
Hi k) R N 2 50 CH 6 1P ik B8 LB B ), 0 A A MDA i e 7 45 3 0 1 (.

T VasaMS R4 AT BFHE] ik 5 MBS A2 - (35 B 45 0 4 b A 30, 35 R 9,44 1
T 5 AT 0 R A 2 L RS A o, RISFIRS (1< 0) 3875 Bt A 30 A1 1 3 1
ESES S 23

DR b, A 451 P 7 3 Gk 2 45 M A8 R AR S R P (L<Si<<B) I A i T

R = RIIK AU, P <RI, PRI = RI, PIM = RIK, P = RI A RIS A RIS AR

TR T 5 e A 1K 2 W AR 22 O 4 0 T MHCHE Fh LB 504 1907 ) B 4 - 195 R4 2 T
TN HCHE b0 40 I B 1 5 R A A, T BASRFR W S  7 S bR G, B R = D, essle
R = D, Mo, b b 3 B4R A R0 2 R AR R A IR 7R R I 56 2R B4 2 DAL,
B4 V5 1) B2 BT B ERAE M RO A<i<5) AR

c00p __ coop coop coopy-1 coopy-1 [COOP _ [C00p coopy-1
R =Req ARep A(Reg) A (R , R =RoPA(R ,

seq seqy sed, seds seds
coop __ pcoop coopy-1 €o0p __ pcoop coop \-1 co0p __ pycoop coop coop coop
P3 - Rseq4 A (Rseq4 ’ F’4 - Rseq5 A (Rseq5 ) ’ PS - Rseqs A Rseq7 A Rseqs A Rsqu '

gity B A0 P = P™ A PO (L<Si<SB), M REAT ML ] R G544 R 45 M BT (R 5l P=P1AP,AP3AP4APs.
R Py(L<STSB) AT Y (9152 4% 88 P 41 e HL G R AR b i SR EE R 5 2 3, 0T VasaMIS H 3 242 k.

MZERAUEH , VasaMS R ZEH) ] CheckCorrectness 590 @ BEAS Py & 75 WAL, 15T HY P=PiAP,AP3AP,APS
AT AL AT TN RE A U, 3R 8 1k 2R 45 0 Ao R A (e A 0, B0 AN BB A 75 SR DA H 8 4 R B0 F Sk 491, 27
R TG p S 2 R AT O R ANATAE, WA A B RN RF & 15 vF s, AT ) N9 2 7 oK, an T 7 s,

ns E
sl R © RUBUS P U 004 SR TR YT T S AR R T | SR ISR T | T R
s SR TR LSRR , A 1) ML AR EREE , ) RONRRAC ST,
fmemE DR I TEAERET A LTS DRINAONS | S TR TRTRRLE - 256 ATHRE  ScRTTRALE
R A WOMPFILTAR : LWEARLFREEREROCELTE , S TUEEROCELRF SRR, BE—STENE , SHRTUIRE
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Fig.7 Verification instance of cooperable properties
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LA, 38 ek AT SHOREAUL R R 5 I P0AT, T 06 IE Ve R 2R 2 () ) 552 s EL AR AR PR 5 2R

FE VasaMS G5, B v T i DURR A 5 26 S 70 e 55 U T P PR 5K, S S I8 0E BT A ) a2k B 422 L 1y B2 3 1R I
BAETE, IR S 758 OB R 5 A5 2 5 R0 A2 SR AR ST AT MDY ] AR e 44 2R 45 K O 0 UE 45 SR A B 8 s
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Fig.8 \erification result
K8 IKikEgi

A G e i 22 YRS AR, T8 Y A TR T A5 A P A 30 o 4 2K R DG AR A B L AR B I SRR G AR R
R T, 50 A SR T F) I FH 2 00 A 2 5 KA AR 408 0 A2 244 T AT b N2 Y 28 8 T ) S s 0828 10 7 oK

5 HiERARKMIE

AL Tk .
1) AR T AR T m b R MR B R IR ) B W B AIE Y R G A R SRR VasaML TS %
VasaMM, JF 5 T EBEIGUE R TY R S8 VasaMS, B4 AT i1k N H 28 G814 28 45 R o ) S A6 2 A A 5, 17
P 2R e 28 G5 K 8 SR T 1 A2 () 360 UE A 358
2) PR TR AT I N R G AR G R BT SR G R T R e SR PR A I I, B0 UE Y ] R SR R A
RT3 5 32 SO AP R T 584 P BE A A9 B0 A2 0T R VasaMIL 35 55 B0TE T AT LN T R G &
SR IR AIE T A% BT O T 7T SR AT AL, G T AT R, B T AR SO VA S I 1 T R BEas AT A
AT AE SRR L AR =R
3) - IBYR TR A RS B I TS A B [ IR IE T VA N R, S g1, R
(] Fob 7 24 T RT BAIE I AR G0 2R R R AR AR B T it
ATCAE CAT TARSEGE B R (2R R AR G0 R N S 2% B R B R 48 I SIANAF AR EX) T R TR S
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