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4.1 REINeiRREEAR

BTN OO 0 R R G =R
PR 2 N AR (leecher) F—F15 1 (seed ) FIR
IR %5 %% (tracker) o BAF R GRS 0 ST 43R
RN Fr B (piece) HEFT 40 K, — A9 a5 0T LATR] B AR
ALY SN EASF B SO R B, AU T
FON 2 AN EGE R AR s A S SR
3B (Ch T 86 .

FEFET AT SRR A3 EH, REOTH
AR (AR T 808 PR SO 7 B = o5, AT
OB A R 8 siE 75 0) o FEHE BELIE £
Hrp R 5 R Tl 3 2, T A8 e B (bitmap,
FHTIEsRTT R A FBo) 2R ANZ T 2 8 A MR S
F B TGS 0 C ST B AT ASUE SR AN R A S
PERBL. AR SOV AR B FE R e /DR S PR AL SR
— R SRR B AT A
4.2 EH) CP-net BEXERE
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Network Entity  Communicating Transaction and
layer layer layer Algorithm
updateList layer
Tracker {
generateList
S_sending
Seed { S_sendPiece
top S_recving{
seedchoking
L_sending | dealReq (L_pieceselect)
Leechers { L_sendPiece
L_recving: . .
L_havePiece (L_pieceselect)
choking
2 HFARAWRSRRMGTE CP-net 55!

3 45 G R AR B A . b, R AR
PR index 221 (colset PEERID) , W] 25 £ Hy pid
(0) \pid (1) %5, F [FIZEA7 A g — ik . Kl
3C(colset PAKCET) 41 3C P9 7 B e 19 75 S A 4%
TFBOURGESE, MR SCA 2 (colset MSG) SR J] union
FA G —H Y, HIT R N AR AR SO BRI
41 COMM _MSG 2 B H] F i & 45 il 4 SC N %%,
TRANS_MSG U] T i3 S b SCHF - Be il sk 5
il SC. BMSET Bl 4544 J T A7 6 T 808 (1 &
CLIFSRANEAAA# 09 SCHF R Beqs 8L, SR List 2R AU H§
RHEARGEHG e record FEAUIA AT %

colset INFOHASH = int with 1. file_no;

colset PEERID = index pid with 1..peer_no;
colset BITMAP = list INT with 0..bit_no;

colset TRANS_MSG = product PPTYPE * INFOHASH * BITMAP *
UPRATE;

colset COMM_MSG = product PPTYPE * INFOHASH;

colset MSG = union TRANSMSG: TRANS_MSG + COMMMSG:
COMM_MSG;

colset PACKET = product MSG * PEERID * PEERID;

colset BMENTRY = record file:INFOHASH * peer:PEERID * bitmaps:
BITMAP * reqpics:BITMAP;

colset BMSET = list BMENTRY with 0..bmentry_no;

3 B4 CP-net AR HHREE

K4 25 VEPF 530 N2 BB (top ), ik R 40
SIET TR o AR 8E Y KRR — U
i Leecher AT —EML, 181 S 45 AT 3 LA
PR Z RSN T & 4 Y Leecher AU, T
PE— D AR T 3 B 2T AR, AR TSR
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PACKET

PACKET

PACKET

PACKET PACKET

B4 RERINEER

A RN R ST 5 o R s A R 2 (A
TR AW A SO e B TR XS IR S H Y L _re-
cving BT, & 6 JT 7 (138 15 58 B2 YR He S 491
TR TR #E Y KRR [F) 28 B SO B AR
AR RIS . 24T HOW R A = A IS T AT
JUAY PEERLIST 313 I, 23 I Y 5 3 B85 5 74 42
I RA ) R B, 4k S BUE X AR ] R BRI R Lk
K AEEAE IR S BAT R Z AR [A] — A5 SN T
RANAT o ARG IX SO AT Sy o 5 ) IR PR T A0
BRIT A, A iR s TR0, R 7ETE 3 i ik
XTI RAT AR 1 0 S AR Y A R A T ok
BUEIF R AT A i ik AR 1
if MSG.of HDSKMSG(#1 packet)

then 1'(#1 packet)
else empty

(HDSKMSG(hmsg),

N #2 hmsg, peerid)
hashverify P forward
[(#1 hmsg)=infohash] A

=

MSG

if MSG.of COMMMSG(#1 packet) PACKET
then 1"(#1 packet [#1 cmsg="interested"]
else empt

OMMMSG COMM_MSG
MSG (cmsg) [#1 cmsg="unchoke"] ~

COMMMSG
(cmsg)
if MSG.of TRANSMSG(#1 packet)

then 1'(#1 packet) [#1 tmsg="bitmap"]
else empt p

L dealReq|

COMM_MSG

(tmsg)  [#] tmsg="request"
tmsg

E 6

TEHEXZBRCAEREZNREZERER

BT i 1T 30 s e B, SR
BMSET 254 3135508l Bep o #2 , % i T 181 6 vy
L_havePiece AT . Ifig s 55 E @S 2, JF
RAT B o B B B ER T AR S
2.3 A5 ik, w5 2R RE 0% LA R AT A 07 LB AT 19 9 &
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if (#2 packet)<>seedi

then 1 packet
PACKET else empty

PACKET
(infohash,peerid) | PACKET

#1 packet
Tracker_req| | pharse
INDEXES plack MSG
if (#2 packet)=seedid
then 1 packet »
clse empty @eerlish PEERLIST_ACK

hd (#2 plack)

packet

(infohash,

—peerid,
[L_recving]] pecrid)

INDEXESS

PACKET

ES5 THENIZEFBERESR

YIRE VA AR AT, LA ARS8 B, AR
iF send FiR AR LR BORE SR SCI K E AT, AR
T add 5 del BEA TR T BMSET Z5#4 (1 505141 K o
IXCPHFRAT AR B ST, AR I & AT s ] 3k o
SRR AN AT Ry 38 8 T 7= A 1 5 R TU AR IR
A, M AP THOR SR AT HI R, BT I &
PAT I AR ER ARG I S B ] — AR B, FEAR AT
send 57LTT del Z A3 0 — 45 0 7 B n, (A8 1F
del [ K IAT IG5 1T send A HERE A K ANAT , B B 397
BMSET 544 5¢ i J& F- 261738 A= i B sk i SC iy
Kk SEIL T AR ELALFE KA T R SR T AT 0
RBSREAF I RE R IE B AT R 2 A AT
T IREF S5 IZ A, R 1 e BRAS P-4 S BH 2E 5
5 R BOE BRI B CP-net #EH

L BMENTRY  BITMAP

if(#peer(hd bmset))=peerid2
then 1'(hd bmset)
else empty

if(#peer(hd bmset))=peerid1
then 1 (#bitmaps(hd bmset))
clse empty

select
[not (List.null bmset)]

B7 THEERFHROMESSEER

FUARIEASCE 2 355 ROk 1
T BT N R OO AR R B B 5E B HCPANS A6t
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B FEARFEI G 2 K B X se B R T R AT
Y5 D BEIEA TR 145 ] 558 B 4 348 ol 20 A 7R
BT R/ JE, R F T SOR A A L o\ o # 1
4.3 1% CP-net =B EERBHIA

HR A5 1T 748 Ty e SR e K] o A v 4R B 3%, vl A=
B 1 PRI S ANThRE R, Hoh N8 L1 &3
AW, R 12 B4 F B pl Ml p2,

®1 REWIIRERTHR

. g K PO
5 ik WEH e o
L < A2 1L

L1 AR 51K 55 &% 375 5K

17 10%

S SRR I A

b L1 M\ L2 BEAL T 3 —A1> 135 2%
S B

. L1 AFh 75 55 T #Hi 157 049, Jo
DI B

a M M‘Lz PRET=TH 0 s
TRA SO A B

e L2 PUATFHIEER L 19 100%

Xt BB D RE B ICHEAT 2 RSB, B 1
LBRBRTCARTR Sy A IE SRR UR I 16 B il R AR

if MSG.of HDSKMSG(#1 packet)
then 1°(#1 packet) [(#1 hmsg)=infohash]

AR TR o AN, XA DI BE ST AT AT N 1
BEAT T 00T, 23 e WA 1 A DB STy n] AR
ARG 5E 4IRS 25 0] AR T 03 SOBE R R 4
T IZIRE SIS Z AT DI RESAC Y AR T o SO
AR SN I ok A 2 i Ay 28 5 o3 S8 H R e, Al
Al b A e S ERIIRER T, H IR IR A
i PAF RGN AT (B i R IKE 100% ) 5 78
L AR IR I BT — Bl a8 47 IE W 4 1k 1 3
i, HICAEBUR T AT AL 145 S W A2 1, I R GEAAF
TESE R LR B GR 2 R SR RAT . Ik, AT
N TIZSERE)Z IR CP-net B0 X 1 R G HE AR T g
T o PR R TR A 2 o

N EIF AT BN DIREHAIT a $1
1ol 25 b M e I A AT, I RRE A R IR A =5
[, I3k 3 6 U 5 B D e 1 SR J 2 75 9 A R
INERPEROR I A AT B IE AR A . FRAT TR 3 3. 3
TR R ROk, M T R B R IR
CP-net BRI G5 S5 M A9 52 )2 X CP-net B
HAKTTE R B T IR M8 N2 SR 2 A 5
SCHJRBIIE 10 AR 3 5 A B AVEIT R S_recving
I L_recving S SR BEEAT T 2 T IF R A5 554
AR o Mo ], 18] 8 25 i T 5 6 Ik &
MR AR CP-net BEBR . JRAEHH ) 4 SRR
P T A L i O T AR A, RO B DI REAT O E
LA

(HDSKMSG(hmsg), #2 hmsg, peerid)

else empt
™ @ hashverify
MSG

if MSG.of COMMMSG(#1 packet)

then 1'(#1 packet) [#1 cmsg="interested"]
else empt;

COMMMSG
MSG (cmsg)

[#1 cmsg="unchoke"]

COMMMSG
(cmsg)

if MSG.of TRANSMSG(#1 packet)

then 1" (#1 packet) [#1 tmsg="bitmap"]

else empty @

MSG T TRANSMSG

PACKET

(tmsg) TRANS_MSG

(COMMMSG("unchoke", #2 cmsg), peeridl, peerid2)

if getidx(peerid1) =1 then bitmapl

else if getidx(peeridl) =2

then bitmap2 else bitmapS‘/E?
Lad

(bitmap1, bitmap2, bitmap3) BITMAP

A
~ PACKET

BMSET2

(COMMMSG("interested", #2 tmsg),
peeridl, peerid2)

(TRANSMSG("piece",
#2 tmsg, #3 tmsg, 0), peeridl,|peerid2)

J

(bitmap1, bitmap2,bitmap3)

if getidx(peerid2) =1 then bitmapl send_req2
else if getidx(peerid2) =2 BITMAP
then bitmap? else bitmap3

E8 THEXEHRIAERENBEZEEHRER

ZAMG Z AR A] A jl 52 4R AS 25 18] (9989 A4~
PREFT A 19274 ZREARTT) , HIEA 55 AT A
SRR, SRR 8 PR R R Y AR AT

A 3 K PUAT BB L 1) R G s o e Rt ik

AT IE R EYE 2 4 T H P 4 A G M

ASKCTL A X$H Ak . KRB RUESS R A true,
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R PEAR B IR UE D i, (8 T 8 AR A 5 B o
BRI BT I K AT 0y B0 A58 TR i 2 2 TE A £

®2 HEBM ASKCIL Hik R HERIQH LR

Y= ASKCTL #34 1A 25
Existence_Formula = Ll —E &M

a  MODAL( POS ( AF ( " RequestSe- #fF 95 & T true
ed" ,IsReqfromSeed) ) ) ; E =
Absence_Formula = LI A&TF#

b POS ( NOT ( MODAL ( AF ( " WAHME M true
PieceRecv" ,IsMultiPieceRecv) ))); F E&
Precedence_Formula = L1 )N I2F
INV ( OR ( MODAL ( AF ( " Un- #H B 2K

¢ choke" , IsUnchoke) ), POS(NOT >k L1 M\ 12 true
(MODAL ( AF ( " ReceivePiece", 4% i i un-
IsRecvPiece) ) ) )) ) ; choking $fz 3¢
Response_Formula = H¥ Ll [m
INV ( OR (NOT (MODAL (AF (" 12 iR E 4

d  PieceRequest" , IsPicReq))), EV F B, [2 — true
(MODAL ( AF ( " PieceHave" , Is- & 4% & % %
SendPiece) ) )))); FrBegs L1

i ARSI AT A Y ShRE SR o 25 3
OPITEEET I R A S M R R S O7 ik e A
RO IR R ASE R AR 285 2 i) 2o K T 3 S50y A 2 0 IR
M, FEIPRUE T AT R I T TR B AT AT S A Ak
438

5 % #

FEXS R A M SRR S HAT 2 I R AR B e Y
Fr AR 32 T —FhEE T CP-net BH1F 2 U
SRR RN D5 2, RV SE B HCPANS 42
TUIERRTA T F AL O e LA L, il ad 56
ERE TR A PR T 45 SR AR S B D RE A oK B4 RT3 A2
P, 2t T HAF RS2 B A 5= I CP-net
TUERIERAE T8N FR I RAT A . BB BT A R
X R R A B SE B AR A PR TR R
LSRG A DA TT v B i P R S

AR 3 F CP-net 1) 52 2% I 265 4R 1R 2 1K
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Colored Petri nets based hierarchical modeling and integrated model
validation approach for complicated network software

Liu Jing, Ye Xinming,Zhou Jiantao
(College of Computer Science ,Inner Mongolia University , Hohhot 010021 )
Abstract

An approach for hierarchical modeling and integrated model validation of complicated network software based
on colored Petri nets ( CP-net) is proposed to precisely describe the software’s complicated functionalities and con-
current behaviors to improve the software’s design and efficiency. Certain significant techniques for modeling, such
as complex data abstraction, concurrency control and homogeneous entities modeling , are presented in detail , and the
resolutions of function units generation and concurrent-equivalent model abstraction used for model validation are
given. Besides, the proposed approach was applied to a specific network system as a representative to illustrate its
usability and effectiveness. As there is few specific model validation methods discussed in literatures , this study con-
tributes to a novel CP-net based integrated model validation approach with better feasibility. Validated software CP-
net hierarchical models can specify complicated functionality and concurrent behaviors precisely for complex net-
work software systems,and furthermore,they can be well used as fundamental formal models to promote the effec-
tiveness and efficiency for the software verification or conformance testing technologies.

Key words : colored Petri nets( CP-net) ,network software , model validation, concurrency control , model chec-

king
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