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A bstract: The reliability problem  w as addressed in the context of verifying W eb service com position. It adopted theorem  

proving to im prove m odel checking fram ew ork and proposed a W eb service com position verification approach based on 

trust chain m odel. A n extended labeled transition system  (ELTS) m odel w as used to describe the com posite behaviors 

and interaction protocols of W eb service com position, w here each service state and transition w ere labeled by a reliability 

set and constraints respectively so that the process of verifying W eb service com position w as converted into the reliabil-

ity set calculation. The predicate transform ation function W P(Q ,R) w as introduced to com pute the w eakest precondition, 

by w hich the correctness of W eb service com position could be verified by checking the im plication relation betw een the 

reliability set and the w eakest precondition. M oreover, it also gave three m ethods for the com plex W eb service com posi-

tion using trust chain m odel. Finally, com pared w ith other m ethods, our m ethod w as m ore suitable for verifying W eb ser-

vice com position. 

K ey w ords: W eb service com position; ELTS; trusted transition; w eakest precondition 
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�defgh�ijklm
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[1]
������B

L$��[�G�������BL�����G

�kl�� ]¡¢[£¤�`~¥¦§��¨©

$ª¡¢[oM;,!����BL«-2$��

�[��OP_¬®	BL��vwD%¯�

[(��-�[$���°±²��³h�G,$

~�pq��

[2]
;´µ-2��BL¶·+ ,¸

¹º@»(¼�».`�½$¾¿; 

,!l��BLI{�$ÀÁ�ÂÃÄ¼

bÅu!>Æ��BL��¶·�TÇ�,�	

ÈÉ��(�	]5�Ê 2 ËÌ;�	ÈÉ��

$ W eb��BL��¶·«JKÍÎ��BLÈ

É$ÏÐÑ�Ò³��BLG,«Ó¦§¨©$

~�pq[Ô;ÕÖ�Fu[3]�×ØuÙÚ��(

ºÛ(G uarded A utom ata�Prom elaÜÝ�SPIN  È

É�Þß)à²Ùáâã$�ä�å(��BL

����[$¶·;B ultan �[4]
Øu!Ùá��

�BLG,�GæçèÊ(��$é�1êë�

� M ealyc, W eb��G,ìÈ�JK^�c$

BL(íî������BLG,;N akajim a[5]

ï�ÈÉ��ºÛ SPIN ���	 W SFL ðñ$

W eb��ºjU;Fahland( R eisig[6]ï�òó$

ôõÑ�^�c(A SM )ÈÉ� B PEL ìÈ(��;

W om bacher[7]ï�Ï®Ñ�c���G,�Gì

È��� 2 á��ö³ij$��[;Foster[8]

ï�Ï®Ñ�c��	 B PEL ðñ$��BLU

÷�GìÈ�JK��U÷øù[(�[�[Ô

������[;B enatallah[9]���Ãú@�U

÷Iût!~³üý23�ï�^�c�þ@�

i��GìÈ����� 2 á�~³üý$@�

i���Gh�~$��[�¯�[(��[;

�	]5�Ê$ W eb��BL��¶·�ï�p

q��ðñBL�äæçèÊ����5(�5

æ��ÊBL�ä�ÛÏ$[Ô;ÕÖ�R ao�[10]

	��$^�BLOP
,�	pq$÷�L 

OP�ï��[pq$]5�Ê¶·=kl W eb

��^�BL�Åu!Ùá�	> A gent$��

^�BLêë;W aldinger[11]`��÷�^�L 

�u�ï�]5�Ê¶·kl��$^�B

L�d�tÙ�pqé�1����E��$�

M��ï�]5�Êß
�¦§���M$��

BLU÷;��

[12]
�t M artin-L�fÌÉ��Åu

! Service-B ehavioral Types�����G,�G

ìÈ�`~�L�Q}$��5�(ÌÉ���

5²�Þ¶·�Øu!��¯�[E-��[$

�]¶·���ºÛ C oq�kl^�1]5�Ê;

����	ÈÉ��(�	]5�Ê$¶·�{

�_§�ÈÉ���·N\Ñ���OP�¸B

L��{��~�Ñ�Ò³-¢ !��"

$#û$%%#&'�]5�Ê�oÇK>$×

º�(�#û!��$~³mn�(Ò³mn�; 

)	g�*+,)+-[4,7,8]ÈÉ��¶·�

ï�^�c���BLG,�GìÈ�D.+-[9]

/0��BL@�U÷I�t-2�(12üý�

ÅuÙÆ�Q$¤312�ä(ELTS, extended la-

beled transition system )ÈÉðñ��BLG,;�

���BL~��	 O n-the-fly ¶·[13]
R4Q�È

É�56��BL7�	����[;,)+-

[11,12]]5�Ê¶·���89:;��<%

W P(Q ,R)[14]�(��BL$89=>?��JK�

�-2�(89=>?�$@î����Ê��B

L$��[;Ag�*+¶·«]5�Ê(ÈÉ�

���L$ÙÆBL�����Q�ÈÉ$`~�

�12üý�¢ÏC$DEÑ���OP; 

*+FGøHÖ��I 2GØu��BL$-

27ÈÉ'I 3GJ� W P(Q ,R )¶·�(89=>

?������BL$��[;I 4G�LÙák

Õ�JK�Kk��Ê*+¶·$ÏC['I 5G

L�ù+�QMÙ4ºj; 

2  W eb ������	
� 

�	^�c5�$��BL-NOPðñD

EBL$��à²��³$h�G,(h�i��
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Q�kR��IoÇ�þ�Q;ÖS 1TU$��

BLG,I�V7Ñ�� Authorized={s0, s1}«4	

øùW»X(safety critical region)$���de$Y

O�Z[\'�Ñ�� U nauthorized={L0, L1}$�

�YO_o[\;]�12 b3��ä$øù{�

^ � _ ` � A , � � � a á [ \ Ñ �

s�Authorized u��ä8b	c�t�[\Ñ

� u�U nauthorized;Ag����12 b3dûe

�?�(guard condition)�Ö~³üý�fgG,�

hijk���àlm(no b3 p?_øù$

12; 

 
4 1  ./56+, 

*+	��BLG,q1, ELTSÈÉ�,rá

��Ñ�(12G,�m¤l-2�(12üý�Å

u!ÙÆ�	-27ÈÉ$ W eb��BL¶·; 

�� 1(-27ÈÉ);ï�-27ÈÉðñ$�

�BL«Ùá ELTS ÈÉ�þ]�, 6 sB�t

A::=(W , C , L,u, Init, Acc)�þI�  

1) W «r W eb ��k�(vw/mL��)BL

$Ï®�L;�L W I$sxy,Ñ�; 

2) C «üý�"$Ï®�L�ízÒ��;�

"�$üý?�F (C )]�Ö�� 

 j := true | x{z | x < z | z<x | z{x | j�j 

þI�x�C «Ùáüý�"�z�Q «Ï5%�L$

Ùá|"; 

3)u:W �F (C )� W «Ñ�12<%;üýF (C )

¥y}ü(contract)��Ê W eb�� w i�W E~Ù�

� w i+ 1�W ��¦§e�?� cwi+ 1�F (C )$���h

��tu(w i ,cwi+ 1)=w i+ 1;Z�P�u(w i ,�)=w i+ 1�

UBLh�_�üý; 

4) Init�W ,��Ñ��þ{�$-2�y,-

2�; 

5) AC C�W ,b�Ñ��þsu$��y,-

2�; 

6) ¤3<% L:W � 2A P�U����¢��t

���GÜ�;üý�"����G}����

����jy,üý�"���j U pdate�d$p

q���]�Ö�� 

U pdate:= x=x�y+ z | x=x
n | x=z | U pdate | �U p-

date | U pdate�U pdate 

þI�x�y�C «üý�"���{+ , �, *, /, % ,�}«

pq������� U pdate := U pdate( U pdate := 

�U pdate�m�Uüý�"�_��1(6�; 

ELTS G,ÈÉ��G,$ 3Ì�*sx«�

Ï®%"$Ñ��Ñ�ö³$q2²ráÑ�q

2$üý?�;� T�2F (C ),-2üý��BL7

Path(A)�Ur��B $�L;ELTS ÈÉ«Ù

á�]ÉÏ®^�c�r?BL7�$Ñ�q2

��¦§üý?��¢�;-2üý�

T={Tpath(1), Tpath(2), �, Tpath(n)}�þI Tpath(i),I i

?BL7 path(i)=<Init, w 1, w 2,�,w i�, A C C >-2

üý�; 

�� 2(-2üý�H);,rá�� W i��-

2üý�H Twi=<cwi+1,�, cAC C>��U��{�Ù?

�G7�J BLÈÉ���³¢�|h��¡

c�`~���GK÷I®o?�(� cwi+1� cACC)

¢£ F¦§;{�Ö�Z[� 

1) -y¤[�¸¥¬¸$i, j�N , i<j | Twi |>|Twj|' 

2) -�v[�¸¥¬¸$c��F (C ), $j�N ,u(w j , 

c�)= w iTw j= c�
�Twi��¦

�
�l�H$�v��v�

� Twj =< c�,cwi+1,�, cAC C>' 

3) -§¨[�¦§-y¤[(-�v[$��

BL��(w i , Twi)� TC A (w j , Twj)�U;2©§¨¦§

ª���p�{<,{}�t Twip Twj; 

�� 3(>42©<%);]�>42©�G<%

Run�W �Tw→W �¦§Ö�ü]� 

Run (w i, Twi)= Run (u(w j , c�), Twj)' 

Run (w i, �)= w i ; 

>42©§¨� � * TC A �U�Ö(Init, TInit) 

� *TC A(AC C ,TACC)�U���Ñ�F�ýÑ��t{

�Ù?¦§-2üý$BL7;2©§¨�Hðñ

,<w Init, cw 1,�,w i , cwi, w i+1 ,�cn , w ACC>����U

��Ñ�³fg2©���-2$BL7ðñ,

w Init� w 1��� w i� w i+1� w AC C;Ó��{�

w i /� w i+ 1�ÊBL7«_-2$; 

�� 1(«¬[);2©§¨¦§Ñ�12$«¬

[;üý?� cJ Ñ�12¦§u(w i, c)= w j, 

�{� Twi¦§2©§¨(w i , Twi) � TC A (w j , Twj); 

��  +®üý?� cJ Ñ�12¦§u(w i, 

c)= w j�r]� 3®{��BL7¦§ Run (w i, Twi)= 
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Run (u(w j , c�), Twj)�Ag F2©§¨$ª���

Twip Twj��&r]� 2$-§¨[®(w i , Twi)� TC A 

(w j , Twj)¦§; 

�� 2(2©¯°);BLÈÉ«_-±$�̧ ¥

¬¸�{�2©¯°(w i , Twi)�  TC A(w j , Twj);Ñ�1

2¦§u(w i, c)= w j�Q c�Twi�Ag2©§¨«_

-2$�w iE w jh�G,{�¯°; 

��  rÑ�12¦§u(w i, c)=w j²]� 2$

-�v[®�-2� Twi= c
�Twj;Q+®?� c�Twi

�ÊkR�GK÷I�� w iE w jh�G,��{

�¯°; 

�� 3  (2©_�y[);2©_�y[«%�

2©§¨K÷_¦§à�üý� 

(w i , Twi) � TCA (w j , Twj) ⇒ (w j , Twj) � TCA(w i , Twi)' 

(w j , Twj) � TCA (w i , Twi)⇒ (w i , Twi) � TCA (w j , Twj); 

��  (��·)VÖ(w i , Twi) �  TC A(w j , Twj)� 

(w j , Twj) � TC A (w i , Twi)�²³$ cwj �F (C )�J u(w i, 

cwj)= w j�¥ Twi = cwj Tw j;`5�$ cwi�F (C )�J 

u(w j, cwi)= w i�¥ Tj = cwi Ti;r-2?��L Twi

®�¸(w i ,Twi) � * TC A (w j ,Twj)~�Twjp Twi�`5¸

(w j ,Tj) � *TC A (w i ,Tw i)~�Twip Twj;ÇJV7 ´�

��¦§ Twi = Twj�g~�ÈÉ4	��;Ag�

2©_Ûµ�y[; 

�� 4  (}¶/=·��);Ø]-27ÈÉ A�

Ñ� s�W (üý?� c�F (C )�}¶/=·��]�

Ö�� 

Nv}¶]�,�Post(s,c)={s� |$s��W (s,c,s�)�

u}�TÏ}¶ðñ,�Post(s)=
( )c CF" �

U Post(s,c); 

Nv=·]�,�Pre(s, c)={s� |$s��W (s�,c,s) �

u}�TÏ=·ðñ,�Pre(s)= 
( )c CF" �

U Pre(s,c); 

�� 5  (-2���);BL��ÈÉ�{�>

Æ���
��	]� 4*+Øu 4Æ�*�
$

-2���¶·; 

1) h��;¸Ñ� w iNv}¶{��~�

�Gh��;V7 Post(s)={w 1,w 2}�Ts�UZK�

�}$-2��t Ts=Tw 1�Tw 2={t|$t, t�Tw 1¸ t 

�Tw 2}; 

2) ���;̀ 5�¹ºU÷$��BLI��

G����Ts=Tw 1�Tw 2={t | $t, t�Tw 1»t�Tw 2}; 

3) ¼��;�½�G«ÙÆZ�����G¼

��;¸ w 1 T¾$BL7?��½�G~�¦§

Ts = Tw 1\Tw 2={ t | " c1�Tw 1,$c2�Tw 2t �c1\c2¸t��}; 

4) ¿ÀÁÂ��;¸ Tw1�Tw2=�~��G¿À

ÁÂ���Ts=Tw1�Tw2= {t | $t, " c1�Tw1," c2�Tw2t={c1, 

c2}}; 

3  ��������	 

8ÃÅu89:;��<% W P(Q ,R)[14]$£

$«�	÷�$��[��;K irchner�[15]
7�(

kl!Ùá�	��?�(verification conditions)�

Ê]5Ä�ÅÆ÷�à�½Ç$¶�¤½=>(}

>?��ÈÉ��?��L;M arcello � [16]
�

W P(Q ,R)�G!�Q�ízª®oÊË¹º(ÉÌ

�j��¥Åu 3Æ�H����}MÍ�H��

��Hà² N elson ÎÏ�H;gÄ�B anerjee �[17]

ï� W P(Q ,R)��ÐÑ$Ò¼ÓOP�J mn[�

_ !OPÒ³$#Ë�#Ë;EpÔ´µ_`$

«�*+	89:;��<%��	��BL��; 

3.1  ���	
����� 

�� 6  (89=>:;��<%);89=>:

;��<%]�, W P: Q�Pred→Pred�þID%

Q�2A P «���GÜ��R�Pred «:;�U��

�G$}>?��<%����,~Ù:; P�Pred

�U���G$89=>?�;Ö��w DEBL�

þ�G Q F¦§:; TwiÑ�~Ù]cb��¥b

�Ñ�¦§:; R�r@î�� P ⇒ Twi�ÊBL«

��$; 

�� 7  (89=>:;��<%Ü�);89=

>:;��<%{�:ÕÝ�j�V7�j�Òq

�j(skip)����j�vw�j�89=>:;

��<%��$�Ö«:;�L��;Ü·ç�]

�Ö�� 

Q  ::= v:=t | b→ | div | Q 1; Q 2 | Q 1||Q 2 | Q 1□Q 2 | 

Skip | H alt 

1) W P(v:=t, R) = R[t/v]��Ê���Ü� v:=t

j���:;��<%	}>?� R I v�"� t

��G��;Ö W P([[a:=10]], a=10)�(10=10)�true, 

W P([[a:=10]], a=9)�(10=9)�false, W P([[a:=2b+c]], 

a>15) � (2b+c>15); 

2) W P(Q , false) � false��Ê¸=Ñ�, false�

=>?�×, false; 

3) W P(b→, R) � b⇒R�b→«V7Ü�;¸ b

 ´~����}>?�, R $Ñ��b�; 

4) W P(div, R) � false��U©ËÑ��«_-
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�$�t_¢�}>?�, R $Ñ��b�; 

5) W P(Skip, R) � R�Skip«ÙáØqÜ��Ü

�_�G©Ù�j; 

6) W P([[Q 1;Q 2]], R)�W P(Q 1, W P(Q 2,R))�[[Q 1; 

Q 2]]«Ú��G; 

7) W P([[Q 1||Q 2]], R) �W P(Q 1,R )̧ W P(Q 2,R)�

[[Q 1||Q 2]]«��G; 

8) W P([[Q 1□Q 2]], R) � W P(Q 1, R )̧ (W P(Q 1, 

false) ⇒W P(Q 2, R))�[[ Q 1□Q 2]]«Ûs¹º�G; 

�� 8  (}>?�BL);ØuÖ� 3Æ}>?

��jÈ�� 

1) E��Ü��� Q îÏ n á}>?�

R 1,R 2,�,Rn�E��Ü¤Ý,
1

n

i=
�R=R 1¸R 2�¸Rn�

² ³ W P(Q ,R 1)¸ W P(Q ,R 2)¸ � ¸ W P(Q ,Rn)= 

W P(Q ,
1

n

i=
� R=R 1¸R 2�¸Rn)' 

2) a��Ü�a��Ü¤Ý,
1

n

i=
�R=R 1»R 2�

»Rn�²³ W P(Q ,R 1)»W P(Q ,R 2)»�»W P(Q ,Rn)= 

W P(Q , 
1

n

i=
�R=R 1»R 2�»Rn)' 

3) ¼��Ü� VÖ Rk E R 1,R 2,�, Rk�1, 

Rk+1,�,Rn«�½$�¼��Ü¤Ý, Rk\
1

n

i i k= ��
� Ri;

² ³ W P(Q ,Rk)\W P(Q ,R 1)» W P(Q ,R 2)» � »

W P(Q ,Rn)= W P(Q , Rk\
1

n

i i k= ��
� Ri); 

W eb '�-ôõPÞj«ÙáËß�$mL

��;Ëß���$_Õul(àáJ��,��

��$'�
��âã²��ä>���$�Öå

Go�!ÙÔæç�>á ELTS ÈÉ-B �,m

n$��ÈÉ;,g�à�Øu 3Æ�	-27È

É$mL��BL¶·; 

�� 9  (Ú�BL);Ø] 2á W eb��-2

7ÈÉ A 1=(W 1, C 1, L1,u1, Init1, Acc1)( A 2=(W 2, C 2, 

L2,u2, Init2, Acc2)�Ú�BLÈÉ, As=(W s, C s, Ls,

us, Inits, Accs)�¸¥¬¸$i·w i�Acc1�$j·w j�Init2�

J  w i�Sequence� w j ´;� Q 1, A 1ÈÉ$�

GÜ��Q 2, A 2ÈÉ$�GÜ��r W P([[Q 1;Q 2]], 

R)]5®�Ø]Ùá}>?� R (=>?� P�Ú

�BL$üý?�o¦§ Sequence= W P([[Q 2]],R)�

P= W P([[Q 1]], Sequence); 

Ú�BLÑ� W s=W 1�W 2�üý�" C s=C 1� 

C 2�üý?�F (C )=F (C 1)�F (C 2)� {Sequence}�Ñ

�12<%us=u1�u2 �(w i, Sequence, w j)���

Ñ� Inits=Init1��ýÑ� Accs={(Acc1èAcc2)\w i}; 

�� 10  (¹ºBL);¹ºBLÈÉ As=(W s, C s, 

Ls,us, Inits, Accs)I{� t0 ��Ñ���¹º«v

C hoose $j��J Ñ�12¦§(t0�Choose� 

Init1)�  (t0�Choose� Init2);r W P([[Q 1□Q 2]], R)

]5®�Ø]Ùá}>?� R (=>?� P�¹º

BL$üý?�o¦§ C hoose= W P(Q 1, R)¸

(W P(Q 1, false) ⇒W P(Q 2, R)); 

¹ºBLÑ� W s=W 1�W 2�{t0}�üý�"

C s=C 1�C 2�üý?�F (C)=F (C 1)�F (C 2)� {Choose}�

Ñ�12<%us=u1�u2 �{(t0,C hoose, Init1), (t0, 

C hoose,Init2)���Ñ� Inits= t0��ýÑ� Accs=Acc1

èAcc2; 

�� 11  (�BL);�	�BLÈÉ

A s=(W s, C s, Ls,us, Inits, Accs)�{� qp=(t0, t0)��Ñ

��þ��«v Parallelj��J Ñ�12¦

§(t0, t0)�Parallel� (q0, s0);r W P([[Q 1||Q 2]], R)]

5®�Ø]Ùá}>?� R (=>?� P��B

L$üý?�¦§ Parallel = W P([[Q 2]],R)¸

W P([[Q 1]], R); 

�BLÑ� W s=W 1�W 2�{(t0, t0)}�üý�

" C s=C 1�C 2�üý?� F (C )=(F (C 1)�F (C 2))� 

{C hoose}��ýÑ� Accs=Acc1�Acc2;Ñ�12�

Lus((w
1
i,w

2
j),c)=(δ1(w

1
i,c),δ2(w

2
j,c)) «`412�

¦§�c�(F (C 1)�F (C 2))�u1(w
1
i, c) ��¥u2(w

2
j, c) 

��; 

3.2  ���� 

�� W P(Q ,R)~�́ µéêüë«ª|�Ç$;

à W P([[Q 1||Q 2||� Q n]],R)=W P(Q 1,R)¸ W P(Q 2,R)

¸�W P(Q n,R),Õ�]� R «Ùáìm$�j��

ìÇ$« !Ü�Ò³$#&	c(íÑ���

OP;,DED%}>?� R ìmul�xîÜ�

��¶·	ïIÙD%àÄ$D%�ÙáE R��

$D%�G���J ��£¤ R ðulÙ£;

R ustan[18]Øu!^r:;��<%(W LP, w eakest 

liberal preconditions) (Q ,R)�ÅÆ���tñCÑ�

aòóÑ�;W LP(Q ,R)E]� 7 W P(Q ,R)_`$

«�W LP(div,R)=true ( W LP([[Q 1□Q 2]], R)= W P 

(Q 1, R )̧ (W LP(Q 1,false)⇒  W LP(Q 2,R)); 

�� 4�" R ·W LP(Q ,R) = W LP(Q ,false)»R 

��  W LP(Q ,R )̧ �R 

W LP(Q ,R )̧ W LP(Q ,�R) Introduction-̧  
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W LP(Q , R¸�R)  E��Ü 

W LP(Q , false)  

Ag W LP(Q ,R )̧ �R = W LP(Q , false)�  W LP 

(Q , R)= W LP(Q ,false)»R 

�� 5  " R ·R⇒W LP(Q ,R); 

��  R Introduction-» 

W LP(Q , false)»R Substitute 

W LP(Q ,R)        

�� 6  " R ·W P(Q ,R)=W P(Q ,true)̧ W LP(Q ,R); 

��  " R ·W P(Q ,R) 

W P(Q ,true)̧ R  

W P(Q ,true)̧ W LP(Q ,R) ]5 5 

�&]� 4(]5 6 �" R ·W P(Q ,R)= W P(Q , 

true)̧ (W LP(Q ,false)»R)���-xî R $ìm�

�ô;à W P(Q 1||Q 2�Q n,R),Õ�W P(Q 1||Q 2||�Q n, 

R)= W P(Q 1, true)̧ W P(Q 2, true) �W P(Q n, true)̧

((W LP(Q 1, false)̧ W LP(Q 2, false) �W LP(Q n, false))

»R);ZK��}$��	éê��OP1ò,

SA T -¦§[MNOP�lÏ>% SA T Solver[19]

MNß��õ^�1MN-¦§[; 

3.3  ���� 

��BL���·�, 2 á4ö�I 1 4�

ô6��BL ELTS ÈÉ$BL7 Path(A)�d-

JK O n-the-fly $¶·R4Q���BLÈÉ5

 ;I 2 4��Q�ÈÉ`~���:;��<

% W P(Q , R) �(��BL$89=>?���

�-2�(89=>?�$@î��;Ù÷l

BLòó´t¡����ÈÉ��òó23;Û

��·Ö�� 

�� 1  à Accsu�õ,�¿�à Init�õ

,b¿�ï�=�7(forw ard-chaining)øùúû(

O n-the-fly ¶·R4Q���BLÈÉ�56BL

ÈÉ$���H
�BL7 Path(A)�ü�]� 5

45���
$-2���; 

�� 2  BL7rÙ�H��Ñ��HB �

þ���k� w i�GÜ� Q w i=L(w i)ï�+-[10]

¶·56�trÜ��� O W L-S $ Service Profile

ðñq1�=; 

�� 3  Ø]}>?� R��89=>?� P�

�Õ=·�� w i�1-2� Twi�1E P ö³$@î�

��t�ý P⇒Twi�1«Ó ´; 

1)  ´�	 w i=>?� P �Øþ=·��

w�j,þ}>?� R�þhpÙK÷NF InitÑ�' 

2) Ó��èÊBL{�òó�¡����ÈÉ

òó23; 

4  �� 

4.1  ���� 

�Kk�«� IB M  X 260��ß��G$�

þ'��ä>,�1.86G  X eon C PU'1G  R A M '

R edH at �j�ä;�|��åÈÉ��ºÛ

N uSM V
�1
�]5�ÊºÛ PV S

�2
(*+¶·

W P-LTS ���BL���$�À¿;þ£��

��$-±[(����~³��Ê*+¶

·$ÏC[; 

4.2  ���� 

ÖS 2TU������� O nLineShoppingSit

r 3 á@�U÷��Â� PLevel�x�®�

PC onLim it�á×23 PInforB �±² 9á�� W = 

{Login, O rder, A ddress, A ccount, A ddLevel, Paym ent, 

Sprint, B print, U print};�� Login	t�ä}�J

K�� O rder�
A�;ö}���-¹ºýÞá

×23à�ky�P��a����ó;¸oÇ

��á×23~��� A ddressÈÉá×23�J

K���� U print ]U;¸¹º��ó~���

A ccount�ý¸=��«ÓÏC�Ö�ÏC��

�Gà� 2áU÷�J®AÓ��+Z��ó��

�M#û��Â� A ddLevel�J®�G��

Paym entØAÓ; 

,!�	èÊ�	 Login, O rder, A ddress, A c-

count, A ddLevel, Paym ent, Sprint, B print, U print�

m�� A ,B ,C ,D ,E,F,G ,H ,I��;Nå O W L-S ðñ

$Ü��
�üý��F (C )={ca , cb , cc , cd, ce, cf , 

cg, ch};��-2�ÖS 2TU��ÈÉ�$ 3?

BL7o¦§-212��A � B � D � F� E'

�A � B � D � E � H'�A � B � C � I; 

,!èÊBL��K÷�S 3 Øu!ÙáU

Õ;S 3(a)TU���¿4	 E ¿ Paym ent�>'

S 3(b)TU���¿4	 D ¿ A ccount�>;�

K ÷ o � � u (Account, W P ([[Q Paym ent]], 

r))→Paym ent( W P ([[Q Paym ent]], r) ⇒ TAccount«Ó

¦§;¸-2�(89=>?�_¦§@�~�

ÈÉBLòó23; 

                                 

�1  http://pvs.csl.sri.com / 

�2  http://nusm v.fbk.eu/ 
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(a)����	 E � Paym ent�  

 
(b)����	 E � A ccount�  

! 3  �"#$%& 

4.3  ���� 

,!K òó��¢��,������ÈÉ

!t 2Ìòó;I 1Ìòó,D%ç�OP�Ö�

��ó¦��*�, year-m onth-date-tim e
 �Q

kR§sK÷L�ðñ, year-m onth date-tim e;I

2 Ìòó,%�"»#uOP�Ö$%�%&K®

]�%;k�.'Ëß�$mL���BL�_

Õ#û��BL$mn���Ñ�#ûK÷I�O

' 3Æ¶·òól¢�$`~��å~³x(�

)*g�òól¢� 3áâ��$[¢; 

4.4  � �� 

k���+ÖS 4TU,�ÊÖ�; 

1)ºÛ N uSM V�PV S (*+ W P-LTS ¶·�

¢l��BL{�$òó;Q*+¶·Kþ-.

b$¢��Ç/�A, N uSM V ÍÎÈÉ~���

ulÑ���OP��¥01$òóðÇ_2�Ø

][Ô�«_c�3ÞF$;PV S 4�¢âùl

òó�Qo×º¯¨�ÊK÷�ýò¢�EØ]]

5(úûÏ�;*+¶·5�!p6b$À¿�-

�7Plòó; 

2) W P-LTS )*g8Ë�þ-¢£« N uSM V

( PV S;̧ Ñ�%�F 50~�3Æ¶·$)*g8

���9�Q« W P-LTS :Ë	þ- 2Æ¶·��

Ê W P-LTS �GCgK ;;A,JK�� W P(Q , 

R)-<=l12{�$òó�pÙ��"��

N uSM V ÈÉÒ³$ÍÎ( PV Sù�Ê��"Ç

>$>; 

3)�~³x(��PV S 8Ë�N uSM V 8>�

W P-LTS ?	6bö³;~³ !BLÑ�%"$

#û� �[#&;PV S TÇx(�
�ù]5

�ÊK÷�N uSM V �x(�Ð@PÍÎÈÉ��

*+ï� O n-the-fly ¶·I³Q�ÈÉ�	]5�

ÊA>F12�G$üý��$úÒ³BC

Ã;r	ñDÈÉE<	Ùá ¡$BL�Tà�

¸ÈÉÑ�#û~�W P-LTS �lòó~³�

�WÊ]; 

 
! 2  '()*��� 
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(a) +,-./�01 

 
(b) 234/�01 

 
(c) 56789:/�01 

! 4  /�01;< 

4.5  ���� 2 

ï�FG��� SeekD a!���H
�3
�I6!

1 654á����q1, O W L-S ðñ�ü�Ù�H

 cJ�$U÷kÕ�G!Ë"k�;,!��*

+¶·���BL ¡g$K��k��K�å§

                                 

�3  http://w ebservices.seekda.com / 

ä�	ºjU$��BL¶·(*+ W P-LTS ¶

·�ï� A pache JM eterºÛ
�4
�å����~³�

$hi(�G~$-±[; 

4.6  � �� 2 

ÖS 5TU�ï�*+ W P-LTS ¶·$~³

�k�õL]�MÏ !��%$#>�ËæÈ

#û�98� 250m sÃkl��U÷BL;�§

ä$ºjU¶·$~³�k ��%$#Ë�]

ÐÅ;�Nþ«¸��Ë	 1 000~�98#&O

�, 66% ;p«r	:;��<% W P(Q ,R)�(

��BL$89=>?��(��-2�(89

=>?�$@î��« W P-LTS ¶·8,�Ö$

4ö�ZKPç�Ê$��U÷«-2$�`~

×«8(~$Ù4;�§ä$ºjU¶·4�-

àNv]�Ùá��U÷�QÀ����õ��

QFR|(��Sw_¯�����Güý_¦§

�)��~�o�G��ä>�dJ|o���Ä

I>£ýT-��$��(���)�Ag~³j

�hi ;; 

 
! 5  '=>��?@�����ABCD 

S 6« W eb��BL-±[�åk�;Ø]�

�BLoM©�% Task�ä���ñC����å

BL��$-±[;k��Êï�*+ W P-LTS ¶

·$��BL�GK L];¸©�%, 10 ~�

ï� W P-LTS ¶·$��BL-±[, 0.86�ï�

§äºjU¶·$��BL�-±[, 0.65;¸B

LoM©�%#û~�BL��$-±[�U�Q

W P-LTS ¶·-±[�1��K 9V;§ä$º

jU¶·-¢{��ZK��$BL��h�G

,(ÖD%ÌÉ O bject( O bject$BLh�)�4�

de�BL�W-ï�/oÌÉq1�¶·kl�

                                 

�4  http://jakarta.apache.org/jm eter/ 
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Q�kR�GI��¢X$stsu«K���

�|�G$TÇAx�Ag�YZBLÀÁ�(í

BL-±[U[; 

 
! 6  ����
EFGH 

5  ��� 

*+�|?\!��BL��$ 2Æé�1¶

·��}Åu!ÙÆ�	-27ÈÉ$ W eb��B

L¶·;,��Ñ�(12G,�m¤l-2�(

12üý��Q^�cÈÉ�	é�1ðñ��B

LG,;�t:;��<% W P(Q , R)����BL

$��[;Åu! 3Æ�	-27ÈÉ$Ëß��

�-2BL¶·;Øu!��BL��[���

·��ZKk��Ê���¶·$ÏC[;*+¶

·«]5�Ê(ÈÉ����L$BL�����

U[!����$mn��Å;!��Cg;�}

¬$ºjI	c7�(klÙá�	;�pq

C oq[20]$ W P(Q , R)� ºÛ; 
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