X % ® I XK ¥ F R
Journal of Dalian University of Technology

Hi48% 55 641
2008411 H

Vol. 48, No. 6
Nov. 2 0 0 8

FTEFEEREIRE

— R iH 2k Petri M : XML fCEL M

ﬁ‘é_ ji*l’ _7%_& Etf_'k_,l,z’ F fﬁbi‘?l

(LAZEBRTAY RF5ERITEFR, LT K&

L.k 116024;
2. kERFAY XBERNEHEF R, AT AH

116026 )

WE: %65/ Peui WA XML & % 2 36 #2073 4 ) XML & 2k W, 3 3$ 34 K # & &
EXMLRBTHAEMKME. BT XMLRBEMH X2 XL, AmELT XML R # K
MAE MR, TFRP AN LOARERERT XMLRRFES S ZA ARSI EL PN A,
B 5t 4 R & XML R 30 W AE Jy — A T B xd XML iz B 4733 oy 28 o r B AT 52 R 3 L

KR : Petri WK #m & F ;XML K 20 XML KR 2 F % Z gt &

XEHS: 1000-8608(2008)06-0912-07

RESHES. TP311

MEERERG: A

0 9 =

TER D Petri B A, 4 JRUR 12 JC X5 9
M TR AR R HA AR B X G, R T SRR &R
e 1) — gt A, 0 v i 8 A ) S BT B X R 2
] Y 72 4. 72 XML B H 400 3, i T A X ) 4 7
(schema based programming, SBP) A [6] F 1% 4t
(R P T s R — OB 24 0 g B2 O 1A SR R — A
SBP N7 F 7 2 il it — & 51 XSLT /£ XML #7Y
R ek SR D BT XML 28 B ()
BXG L E54G Petri WY 2h B @ BREE, & B A
XML Xf 2 AE 5 & i Petri [, X Petri M 7&
XML 5tk b i 7 F BLA 52 B i X

19 P AR G R T/ AR R G (P/T_RG0)
P18 172k L B L R R R G A IR IR /AR AT AR
5 (Pr/T_ZR 80 I — B A (4 W £ 5t (colored
nets system) " ACECE M B B E R YT
J& T g Petri W B AR B AE AL BRIS L 7E X — BE
WAL b A AR RS TR — ] L E R,
B AR EIR 9 38 2o AF AR PP 2 (basic sorts) il
AR A PR AT B 1 SORBT RS R R I — Fh
R R A B DR, X T B AR 2 Y B
R A 6 BB B 1. B2, X T L2
FH 2SR AH FH 5 9 At B2 CEE G PR ) A S 4 e,

Wi B . 2006-12-09; fEEBHA: 2008-10-08.

EEFEHNEN G (W Petri W H HUDHMENS
JAL 3 T BEAE AR Nk A 2 R s R LA
VEEAT o R o AR 2 OB SC. AN [R) A0 i B mT LA
AN ) B 5 % IR O 1 3t 15 K 4 755 B 9L higher
order nets). %0 g Wl H U 2 AR B
VNI ¥7 ) =V DO R =IO E Y=L B (SR il
R B G 1 AR T R ) U A 2 A ) 2 4R
X GBAb PR 2R G0 0 45 K8 2 AN AR 1, 1T Ak B A X 52
JET LB AR Y. UL, B 2 RS G ) R 40
AT EhAS 4 A ) R G0

VAR ¥ Petri AT XML AHSE & B BF 5T K
ZAETTE Petri B Y XML 275 FAL BE 77 117, i
XML X AE b 4 B = 98 Petri W 1) BF 58 1R
L BAEBFGES 2 R g5 A 0 XML A Petri N
(FxzZ 2k XML W) X R FH & 56 g 4. 3% 07 2k
TEIEAE XML #2258 s = (GXSL) . ffi 1 EE
7 XML B A AR AL | 41 (02 %07
WA AEBAE b 5E s XML WA JE 2 Ak 3 ik
FRUEZBR & T XML 1 4 38 68 1, P67 & 58 09 1
RN B A7 A ) R

XML AR H0 JAE T XF XML 4 455 48 (1
& AR U B A X XML B35 #8 78 f 8. A 4k
4 Petri WA XML X %k A9 338 F1 07 6, 48
XML R B, &8 XML %4 4E R4 1 % XML

EE® M. B 35 (19619, B BI# 4%, E-mail: tangda@dlut. edu. cn; T FHH (1945-) , &, #4821+ 4 S0,



G )3

k. —EFHR Petri W XML 1 # K 913

PR AR i B e IR R o X
GUBSREE TSP L e ol N7l WP U DO K AV € =1
FRLE XML ACECT B9 i B ANRE, 25 1 T XML
FRE I AT AL 2 SC, AN EE N7 T XML A ER 1
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70, WIR AT 3 45 R G0 H AR 1) H R S 1), AR SO L
XML CE M X 1% 55 1] 19 iF 5% e 7n XML 41X %%
1) 25 7 g8 B0 B b iy

1 XML &G

XML # B LT XML S0 245 )15 5
AR AR IR L BN T — A A Rl
R TR XML U #80, JF 6 O 1778 XML
B AR - A R A Y B . AR SR SRk
C10 ]9 #  ) XML 25 i) 4% 20 7E i XML A 400
rh A BT 5 s B R A

— A TR BAE B XML R A4 50808 A
N AR 2 (Schema) WAL 1.2 Bz, I BAXE XML
EWEAER R A, XML &8 (B F
Fx XML AREO , T L& 1.2 iy XML A 2R
s 2 nt XML AR 84 28 70 fn 48 & 1) 8 =X, an
El 3 s,

7E XML FRBCE R B R 19328 55 R0 oA 500 40
HRTESCER[10] e 1 ALZA I T ER 3 s A
A5 B A XML B 4 5 R i JL A 1 252 1),
e UL XML ACHAY 1z 5 1 ek 4.

(biby
Cbook)
(title) Data on the Web{/ title)
Cyear)1999</ year)
(author) Abiteboul{/ author)
Cauthor) Buneman<{/ author)
Cauthor) Suciul/ author)
{/book)
(book)
(title) XML Query(/title)
Cyear) 2001</ year)
Cauthor) Fernandez{/ author)
Cauthor) Suctul/ author)
(/book)
(/bib)
B1 HE4H%EE XML # 4 E
Fig. 1 An XML data example of the books

(asd ; group name ="Bib")
(asd : element name ="0ib")
Casd: complexType)
(Casd : group ref ="Book"
minOccurs ="0" maxOccurs =" unbounded" /)
(/ xsd : complexType)
(/ xsd ; element)
(/ xsd : group
(xsd : group name =" Book")
(asd : element name ="book")
Casd : complexType)
(asd : dement name ="title" type =" asd ; sring"/)
Casd s dement name =" year" type ="xsd : integer"/)
(asd ; dlement name =" author" type =" asd ; integer"
minOccurs ="1" maxOccurs =" unbounded" />
(/ xsd : complexType)
(/ asd ; element)
(/xsd : group)
M2 HEHEE XML HAEH#H K
Fig. 2 An XML data model of the books

type Bib = bib [ Book * ]
type Book = book [
title [ String ],
year [ Integer ],
author [ String ]+
i
(a) PE 315 H XML $dfi 26

let bib0O : Bib = bib [

book [
title [ " Data on the Web" |,
vyear [ 1999 1,
author [ " Abiteboul" ],
author [ " Buneman" |,
author [ " Suciu" ]

1,

book [
title [ " XML Query" ],
year [ 2001 1,
author [ " Fernandez" ],

author [ " Suciu" ]

]
(b) FF15E XML £ 25 2 1 A
B3 EFfEE XML REHLEGREET

Fig. 3 The algebraic representation of XML data model
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Tab.1 The samples of XML algebra: projection, selection and function
B fE 5 S8 g5
author [ " Abiteboul" 1,
author [ " Buneman" ],
Projection e/a bib0/ book / author author [ " Suciu" ],

author [ "Fernandez" 7,

author [ " Suciu" ]

for b in bib0/ book do

book [
title [ " Data on the Web" ],
year [ 1999 ],
author [ " Abiteboul" 7,

Selection Where ¢ then ¢
where value(b/ year) (= 2000 do b author [ " Buneman" ],
author [ " Suciu" ]
author [ " Suciu" ]
]
Sfun notauthor (s : String; b : Book) : book [
Boolean = empty( for a in b/ author do title [ " XML Query" ],
. . where value(a) = sdo a) year [ 2001 ],
Function Fun fCuitsersvit)it=e

for b in bib0/book do

author [ " Fernandez" ],

author [ " Suciu" ]

where notauthor(" Buneman"; b) do b ]

2 B gm

FRBCE P L6 P R A ik . — BRIEER G Z
ULHH Petri W (407 B R 45 1 DA KB AT 2 0] 25
B OC R A BRI S T 5 X 52 %2
Ak h B g Hpg i & 50 (free commutative
monoid) , W ERH L EEIFMER L HEH;
TORTERT R Ul W R I e A R B0 J 1 R
1720 AEAREE W b 38 B — R R B R gk
UL X T “Petri MAE N2 M7 0 = R M RS, A
iS5 A2 %2 MESY S RGEE AR AW
TR 3 Ak 77 76 o U BH 4> RELE 52 T 6 T At A 2k
(4 R 52 i 5 R G JE AR TR 7 i ok X
—MREGE RN FRRUNT

AN = (SPEC, P, T, pre, post,cond s type, A)
Hrh SPEC = (3, E; X) FABGEHMIE.S =
(S,0P) J K (signature) . E HEREL. X K
BB P N ET SES; T WAT Y HE
By AT S AT 3K RS 4k pre, post: T —
(Te(X) @ PYP A8 5 cond : T — P(Eqns(Z;
X)) s LB SRR type: P> S;A NS, E) |
AR AL

XH LB S = (S,0P) & X TREFIE S
FHEERF OP; T=(X0 23 = E &AL E X

WL Ts(X) @ P #iE Xk
(Ts(X) ® P) = {(term, p) | term €
Ts(X) ypuip + p € P}
M (Ts(X) @ PYY #REH Te(X)@ P A H
SEH A S L G, pre() BB

pre(t) = > (term;s p)
i=1

XE n=0,p € P,term; € T CXD iypecy B AR 1T
t P RTIR L B pe B ¢ WINAE AL term,. XFF
post (D) WRMEAE; Egns(Z; X0 & = LEH
i X MR ABRES ., I, cond (0 25K
4 Eqns(Z; X0 T4,

ARBTG5 ) B 22 30 R0 5 R - ARG
FWMPRic R me (AR P)Y, Hp

AR P={(a,p) | a€ Aypp p € P}
StF AT ¢ € ToVar(o s HBLFE pre(o) .
post() Al cond () WA BES. WIZELGE AL
B —AMRAE N asga:Var(o — A, TRTE A Y
Wt (L 75748 3 2514 cond (o) JEAE WIFRIR(E asga

= A e, SN TF pre(t) = Z (term;, p;) » bp
=1
e pre(t,asga) BE LR

prea(t,asga) = 2 (K‘g/\(ternqi) ., pi)
i=1
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Hfasga: Ts(Var(p) —> A R asga 051
— AN U X TFARIE posta(tsasga) WA
R 1) .

XFAT e T, WP —DMAE asga: Var(d
— AT R, HXFArid me (AQ P9 A
preaCtsasga) << m, WIASIE ¢ B e . 76 3 Fl 1 0
TSR L A R AR B Uh

m' = mQ prealt,asga) @ postalt,asga)

3 XML fRBc

XML I FH G, 455 5002 Aok 3 XML 44
P ARy — R 20, 1 A 2 3] 8, XML fR K
AT DL 3 RO =X A 4 Ry AR B 28700, AR SR AL
A REBOE U XML 4 A2 0k 2 X XML 4L
R 2.

W SCHEMAS 27 5 — i v B A REUE
A XML 20 4 AL B XML AR50 R ) 45
A OPNS iRy Fi o XML S S8 1E 75 5 1 46
&, — 4 XML AREM &R Ge e XNy

XAN = (AN,INIT)
Hp R m &M ANCILES 2 35) HA R BN E
SPEC = (XAN_System_Signature; X) I £ % 74
XAN_System_Signature = (XML_S, XML_OP)
) XML AREL ALk B, X R FE 8 T A AR

s XML_S 7 XML AUE A T 8l il B o 1
EHER 1 € SCHEMAS ) XML %%, BJ
Ay s = {XS | (It € SCHEMAS A XS:0)}

X, XS t3RR XSHA A, o] W, HA A
[ ACE 2 A g XML Xt 82 @ T A ) A R 5.

BefE XML_OP 78 XML R0 A F 8 it B
OPNS, Ml Axui_or = OPNS.

AN A p € P AR XML BRI
B A A

p € Paw = {pl type(p) € Axus)

INIT j2 XML fCE M R G 90 ih il

XML A Hi o 2 1% 550w 2 0 1 — b ml S 380 1Y)
N E R B AR R W i 2 AR R 4
fift Bl XML AR XML AR HCfl F Y26 700 2 45 2L
A XML T 5 ) 2k fg 0, [Nk, AT i
XML AR AT DL XML AR B 288, 5
A XML ACE P g 26 10 2 8]\ LB T2 56
F, DL 2 a] B S A RO 0 ER B AE
XML FRE R A B AL 3 R .

4 SEHIWESE

A0 BT 25 G2 1) S AT 2 G ) i ) e
1117 2K S I 5T 20 25 2R 8 A 10y R SE A5 72 R
BRI T n DT EEM 0 AT, T2 K
A AE— 5 ST S [ B 0 i e g — L e K
M ZE AP B — R e i s
o0 A TR R Y R AL S )R, e R
Petri [ 43 H7 1 25 LS 1047 2 52k 4 ) J o
AR T 7 X R 1 Y B30 O [ 5 Y 2 B R A R
et , B B — 32 50 B — R T B TR T, 5L
FAH—DEEFWE — BT IAZER, IR E
PRAF S5 J 1R 69 4 7 2 9 st 4 ML 3k A 2 2
F 7 52 ) AL
MRIE B —35 2 i XML ACE R i I AL &
S ST AT XML AR R 29 1197 27 52 0] et B
R R A AR . Sy 15 B ] A B, £ g 5 PR AT 2
F T FIRE T 9 5 S BAF B B 1) XML
(% 3t
type PHILO = philo[
id[ String],
leftchops| String |,
rightchops[ String 10,1}
i
Hid B ERKWNGS 5 leftchops R F# R
RT3 BE X AT K A, BiTE
IMAFIES AT Wl 3 B s rightchops & F K
AT AT A ZIMABRT A R
k. wmTFRBEARBHNNHE T AR EL B
AP A L BT 9 XML AR B0 A
] B R 7R
type CHOPS = diops| String]
H chops BT E.
1E XML AR L 3
XAN_System_Signature = (
« XML _S: Philosopher, Chopstick
< XML _OP.
nvitee , inviter, netghbor:
Philosopher X Philosopher — Philosopher
leaver: Philosopher — Philosopher
getleftchops, getrightchops: Philosopher — Chopstick
)
X = { p» p1 : Philosopher; c, ¢, : Chopstick)
XML fR% A F#2 XML_S #:4/E4F XML_OP
A REANE
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VIEE Aponer = (P | pho: PHILO A i = Loeant BT oy ooy s 8 XML AREIE 2R

BT Avopsick = (i | dhi: CHOPS A i=1,++,n}

PR invitee i FE 1% 35 1 B AE L 32 m o 80
Ve RIENBIT B, A S B S A CH
0 F#k s AVE NS HL, E

inviteea : Aphiosopher X Aphitosopher > Aphilosopher
fun  inviteea (iee s Apnitosopher s 1€7 2 Aphitosopher ) 2 Aphilosopher =
if (getrightchopsa (ier) = ())  then
philol iee/id s iee/ le[tchops, ier/ leftchops]
else  philol iee/id . iee/lefichops,
ier/ rightchops ]
PREL inviter B IBIEERAE, RN B E =K
P L AR A S B0 s AR A CH
&) MEASEL 2
invitera : Aphitosopher X Aphilosopher > Aphilosopher
fun  invitera(iee: Aphitosopher » 17+ Aphitosopher )+ Aphilosopher =
philol ier/ id , ier/ leftchops, iee/ leftchops]
BREL leaver BN F R EITEIT . KRR T FHK
W (R — AT BT R)T Y 28 e, € Lol
leaver : Apnitosopher > Aphilosopher
Jun  leavera Cler: Apniosopher ) =
Aphitosopher = philol ler/id , ler/ leftchops]
PR neighbor BN B IT BT I 2 R A Y &R s
(AR e BRAE L 38 AE 58 IR X AL 2 A Y
W E L
neighbor s : Aphitosopher X Aphilosopher > Aphilosopher
fun  meighbory Cler: Apnitosopher » 107 2 Appitosopher )t Aphilosopher =
if Cgetrightchopsa(ler) = getleftchops(nor))
then  philol nor/id , nor/leftchops| else
philo[ nor/id , nor/ leftchops, ler/ rightchops ]
PREL getleftchops Fl getrightchops fit BE 3R ASHT
SR IE AT TR IR R L 2 ) SR
getle ftchopsa : Apnitosopher > Achopstick
Sun  getleftchopsa(ph: Apnitosopher ) 1 Achopsiick =
chopsl wlue( ph/leftchops) ]
getrightchopsa : Aphitosopher —> Achopstick
Jun  getrightchopsa( ph: Apnitosopher ) : Achopstick =
chops[ walue( ph/rightchops) ]
FHh
type(Think) = type(Eat) = type( Hall) = Philosopher,
type(Chopsticks) = Chopstick
TR phisees s phs 52 X XML AVEIE A
let phy : PHILO = philo[ id[" phy "] leftchops["chi "],

rightchops " chy "]

let phy : PHHILO = philo[ id[ " pho "], leftchops[ " ch." ],

rightchops[ " ch, "]

let phy : PHILO = philolid[ " phs" ], leftchops[ " chs"]],
let phy: PHILO = philolid[" phi"],leftchops["chi" 1]
let phs : PHILO = philol id[ " phs "], leftchops " chs" 1],

let chy : CHOPS = chops["ch, "],

let chy ; CHOPS = chops["ch:"],

let chy ; CHOPS = chops["chs"],

let chy : CHOPS = dops["ch,"],

let chs : CHOPS = chops[ " chs "]

ST E K )L XML ARG ARic i B
2 5
INIT = > (ph,s Think) @ > (ph,, Hall) @

i=1 i=3

2
2 Cchis Chopsticks)

i=1

AL REEVIR RS G T K phy M ph, FITE
BRAER A AL by A chy  Hof B3 2
FATERIT WA 4(a) FiR.

phs®ph,® phs Philosopher

leaver(p)

Leave
getleftchops(p)=c

neighbor(p,p,)
pOP
getlefichops(p)

Take
——| getlefichops(p)=c
4 getrightchops(p)=c;

invitee(p,p,)®
inviter(p,p,)
ph®ph,

ch®@ch,
Chop@ Chopstick

Philosopher c®c

p

Gm) Philosopher

p getlefichops(p)®
getrightchops(p)

() RGVIIRET phy F1 phy L F
chy I chy AbFE LA

Philosopher
leaver(p)

Leave
getleftchops(p)=c

ighbor(p,p,)

invitee(p,p,)®
inviter(p,p,)
Ph,®phs®ph

chy®@ chs
Chop@ Chopstick

Take
—— getlefichops(p)=c
4 getrightchops(p)=c;

Philosopher c®c

p
phy
Gm) Philosopher
p
getlefichops(p)®

getrightchops(p)

(b) RGH—WEZ] phe « phs  phe 1 phs B TEE SR,
phy BT chy M ch, IEFERLEE
W4 grdxRiEfmaen XMLRBHER 5 FE
Fig. 4  The modeling and simulation of hurried

philosophers based on XML algebraic nets
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MARBR L LR H AT FRHNET,
WHT A REITEIT, -2, AEH¥K
pho phy . phy B phs B AL 7E 48 55, ph, fii R+
chy Al chy, IETEEEE, WA 4(b) Frzs. ILHE, phy .
Pho phs s phy FI phs F7n B XML BAEU0F
let phy: PHILO = philo[id[" ph, "], leftchops["dr,"]]
let phy: PHILO = philolid[" ph:" ], leftchops["ch:"],

rightchops[ " chs " 1]
let phs: PHILO = philo[ id[" phs"]sleftchops[ " chs" ],
rightchops[" chy "]
let phy: PHILO = philo[id[" ph,"], leftchops["ch," ],
rightchops[ " chz "]
let phs: PHILO = philo[ id[" phs" 1. leftchops[ " chs" ],
rightchops[" chs "]

BT B DL S 2 AR R R B e K
i N HAR B E 1Y L B 4 (b)Y —FR 43 7R X
— A AR L AR 5 Ca) . AR RGEAER 4(b)

ph,® phs® ph

chy® chs
Chopstick

Take
——  getlefichops(p)=c
getrightchops(p)=c,

Philosopher c®c,

p

ph,
GD Philosopher

4 getleftchops(p)®
getrightchops(p)

phy=philo[
id[" phy" ],
lefichops[” chy" ],
r rightchops[" ch," ]

1
ph=philo[

id["ph"],

lefichops["” chy" ],
invit o) rightchops[" ch,”
vt ee(pp1) getlefichops(p) ] € Pt ch]
inviter(p,p,)

chy® ch; @ ch,

Crnink) (Cropsics) Cropsick
Philosopher

hy=philo| .
Dhy f’ d[”;ha” 1 ph/®ph; @ Philosopher
lefichops[" chy"”
efichops[” chy" | leaver(p)
=phill
A e
lefichops[" chs" ], neighbor(p,p;) getleftchops(p)=c

rightchops["” ch," ]
Py

II

c

chs

@ Chopsick

ph,®phs <

Philosophe
(o) TR ITHEITHA

BW5 i K AL W

Fig. 5 The disassembled illustration of the

hurried philosophers

FIRHPIRAES T 22K phy 8535 phy AR T 5t
BLOEZRE p= phy, H p) = phy, 28 B9 25 FN
B 5(h) s, iR R AR 4 () IR FPIRETF
PR phy IHEIT.WAH p= phs H p =
phs» BT AIEERANE 5 FiR. TFEFEEAFE
TR T B A5 Hb v A8 148 T v 3T 2 GBI B 4R
Fe G FR DN 58 BT 7 2 G 45 Il AL 1) 2y A A 4.

5 & i

AL XML ACECR 2 A8 2 1Y
— PP HATH R ERRL, B4 T XML X2 A4E
R4 R B R A Petri MIIIE A0 X, #Er T —
Fioks XML B #5815 Petri WAR 454 89 95 1k
5.

ARSI LT XML ACER 99 11 55 f31] 2 3 ik 49 At
Pr2p R ) S 9 1 7 2 R R4 Il 1Y) 2 25 L.
AR AT P A RCHE AR AL R R H e AR XML XF 4,
AT DAEGNE Z (5 B (i 22 R k4 55 . XML
A A TR 58 0 kb 3 RE J7 & BE AT LA 4k 52 2% 7]
R ) ARG B, b W LK i S AR A AR T Sk A
(R AR . BU G2 SO A v 9 T e B AT L Ak B Ry R
T XML M g XML A Jowk g2, mf I, 3L T
XML A 5 Ry FH 2 31 B TG 3 52 B
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A class of high-level Petri Nets: XML algebraic nets

TANG Da"', LI

Yel.z ’

WANG  Xiu-kun'

(1. School of Electronic and Information Engineering, Dalian University of Technology, Dalian 116024, China;

2. Transportation Management College, Dalian Maritime University, Dalian 116026, China )

Abstract: XML algebraic nets are proposed by means of theories and methods combining Petri Nets

with XML algebra. A formal definition of XML algebraic nets is given by an interpretation and an

assignment of algebraic high-level nets under XML algebra. Consequently, the specifications of XML

algebraic nets are formed. A case study of philosopher’s problem is investigated to illustrate the

applications of dynamic system modeling and simulation based on XML algebraic nets. The research

results show that XML algebraic nets, as a modeling and analyzing tool in the field of XML

application, are significant in practice.
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