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Abstract: Nowadays it has been widely accepted that the quality of software highly depends on the process that is
carried out in an organization. As part of the effort to support software process engineering activities, the research
on software process modeling and analysis is to provide an effective means to represent and analyze a process and,
by doing so, to enhance the understanding of the modeled process. In addition, an enactable process model can
provide a direct guidance for the actual development process. Thus, the enforcement of the process model can
directly contribute to the improvement of the software quality. In this paper, a systematic review is carried out to
survey the recent development in software process modeling. 72 papers from 20 conference proceedings and 7
journals are identified as the evidence. The review aims to promote a better understanding of the literature by
answering the following three questions: 1) What kinds of paradigms are existing methods based on? 2) What kinds
of purposes does the existing research have? 3) What kinds of new trends are reflected in the current research? After
providing the systematic review, we present our software process modeling method based on a multi-dimensional
and integration methodology that is intended to address several core issues facing the community.
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R T BT AR AT SR AT R 69 IR An R AT R B SR (systematic review) Ty ik 3 AR R L 10
FO) T ERRTHATT BRI A— R G A XA T B R G 20 A2BUR 7 AR 6 72 BELRAEA 2
FAPN VRSB L R AP DA T o F K T TAREH T R0 3 AR AEAEAR LS fodedB 12 AT R 40
BER) BRI EREE S AT A THAEX2) RS BERE T RMRTNEEZR G EF AT LG H;3) K44
A AL R 0 AU A R BT 644 ) B AT G R A o AT SR A AR AR AR AT SO IR 6 sk b 4 T —
H % Y 60 S RACERAT AR AL ok R R B TR R i AR AR AR AT | 06 69 £ 2 1P A

A AR AR ST A R

PREESES: TP301 CRAFRIRES: A

BE I R (software process) & 48 F T~ I SRV AES BT 77 b 1K) — R BT 3 0 3, T 450 1 30 1) 8 14k B 45 4 G
FRI 4 i (artifact) . #EYR(N B LA A UR) . 20 2045 M A 20 ok T3 3 3 0T 2 S B, AT 138 25 H IR B84 77
1 o E AR KRR AR T 7 o T 2 B T A D A0 e R 23 B0 A 7 s e ) A 75 AT — A v T [ 2 e
FH T 5 AR T 1 4 b R 3 LE A B R EE L I R BR BRI R N 5%, el S 70 R S A i st A8 4 TR A i i
1 A o 0 0 — A B AN T 53 ) S R, i A0 S P A T A R B B A L

AT SRR R 0 TR B TR T R O AN [ A, B o Dion R HY T — Al LR
= B R A TR S H AR R AR 3k v B A B 1 TR, 1 FE 4 52 (process  stabilization) i 1% JE A Y
PR B — AN BE A BB T B ARAT IR A, 8 s AR 11y R AT I R 118 SR, ) I i O I R A (13 R A
A NG BIPAT 2B o B REF5 il (process - control) [ B, 18 3z A1 W Y T 5L S 35300 H Hiai (e 88, 7 1 2 4
ot (8 B iy e Aoy 47 i R 1 AT S 78 5 5 TR I AR AR B (process change) B B, AR s J82 01 43 17 1) 45 A e sE A
IR A6 75 T 5 T AT (3 R, 7SI e T ) ek R 2 T BB /NS B A EAT SE BRI A G I B R S B 58
BT AN R, I G BEN R — Sl A 301 5 o 2R 8L, Humphrey 7 H 0t f sl sh st v 3 Ay it
1L R & X (process definition), 5 %2 W fff i & SO 22 P0AT A0 ek (Rl e, 60 15 37 48 M 58 SCRETR N T A 035 3) < 5 3l
PAT N7 UL S & 3) 16 H 10 A v 55 it R 4 1 (process use), 33 45 FH i s S 7, 76 3 FE BT A R B0 — 8 gk
L2 04 I 82 F0 > #(data collection and analysis), 3 i W48 143 A7 i o S04 T IS A0 5080, 1 g 2ok R v 4 1)
I e e e AT ok I b ik B ot B A B 4 5 PDCA(Plan/Do/Check/Act) fl QIP(quality improvement
paradigm) A S ik T 8 £ 41 4UZ RN A HIRE IDEAL Rl 1SO 15504-7 45161,

Process stabilization

@® Documentation
@® Disseminate
@ Institutionalize

@ Adjust
® Confirm
@ Automate

@ Intrument
@® Measure
® Analyze

Fig.1 A typical software process improvement lifecycle modell!
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1k ,evolution) i) — Z 71 i 7545 FHE 2, A 1, Kinnulal® & 42 F) 90 £ 1 72 o5k S 34 3 7% T F2 (software  process
engineering). Xt T 4 {1 R SSGEE IO WF 9%, 40 PRV A 1 R BPE DL R T G 1. LLAE 7 R 4 p A
7 (capability maturity model integration, i Fx CMMIP) kR 1 H A b B VT if (assessment) Bl B HE A5 T 6 4o
B TPl — AN 1 R 2RI ik ) GO0 B B 8 44 ), Tm] 4y A £ 2R R it — A W e 07 1) i 22 ot i 4%
25 2 BRI I IVE IR F i B2 A% (software process modeling), 't 3= B 2 il i i 58 1 U7 16 AR AF i R iR AT
F G 7R AN o3 AT LA Dot B0 o 72 ) B A, Dl o B 4 R (Rl 1) S 5 S B AR T R B A i
TR VP Ak R SO RS R0 AN ) 0 o P A A 2 B Dy LA el 2 Sk v B $R 1 5 VA R T RS RR 5 T 4 B
S AT b AN AR TR P A o R et A o .

B o R Sy R BIT A 32 TR [ 2R A 1o AR A R UG R D v R B A TR R85 (process-centered
software engineering environment, fij#k PSEE)VE JT (). — Bl @ 77 vL Bt B4 ik . 20 A AT R fk i g
FZEA T B A A 0 BRI PSEE YROE T — i R 7 2006 S B T 05 3l BT R 42 1 (1 SRR PSEE Al # gt
B 5 AR B AR 40 1,54 PSEE B A AH G — Fh 8l JL R @008 5,1 — Pl @ s 5 ZAEAH R 1
PSEE H # i B A0 AT .PSEE [ B AT LB 3 31 20 20 70 F4Q, 32 2% 18 i B o 4 1 1 77 2,6 — 28 JR AR 9K
ST R T HA AT — &, B &5 sk 20 B TR gt A5 S ek T HEAET N« erk TR AR D ARRS AR il TR
PR A N S5 5 T B T K R e R A D — AN SEARHEAT SRR 9 PSEE, U 7 20 T4l 80 4EAVE JF4h L 76 90 4
AT 5,3 91 2 5 T i Pt 2 0 (software processes are software too) VT FUARSR 5 DTy B T3 T
% F PSEE R 1l A g i 1811,

3R P AR T 9 R A A AR RN 2 T T R TR A R G A S R R ) R B A 2 1 o T
K B ARTERIE S0 B rp, AT 0O VR B I A 1 07 VR A S B B AR 7R A W R PR AN ) liia) SERR AT IT R
T TR B AR 22 B 5% 3 A ok FE B R AR Sy S B 301 T i FR I A 4, — M UG R Tk AR A S 2 U T 5 Ak, il
FERN AT EA W WM AT R 3 B BAA 38 1 DL R SE B 4 1 I ik R R AT el 25 i s 1l B ik
JEB A SR ZRER B 1) A% Ak 1T AN B AR Ak, A8 45 S B 3R I 6 B AR > 1T L™ S 3% R TE PSEE Hh S 44 i A ik
FRAIY AT . DR b, ST 0 3 (14 A 3o R A 2R A 4 2 T 5 R TR BE AT 1T AN BT 5 5 o 2 A A 3 3 A A 125, AN T 3% 3
R T RS RAETT RIS Hr S AT U b) 78 PSEE AT 7 (0 BE vk b A v, AATT 75 BB AR B 7
JE (75 SR TS L AR B AT R 2 LR TS 5 (095 A (stakeholder) 2 i 1R 1 Hi B8 22 0 o, 7 B A A 35 IR R
TG AR o T R — e B I TR AL SRR HLAS T 2298 SR 22 10 40 74 5 T3 1 R AT 40 B 7 B 0 5 e
0 A5 06 L T A Y — PR R A I R A T ST HL e SR F T A 1) T vk e R 8 AL X S TP
TR A PR RIE S PSEE U o 75 TEAF 4HAUAE 11 1n) R, ) IRt 2 0 o P A R AT S P — L TR )
TR

A SR, A o R S A PR TE SN SR B b3 1) R T IR 20 i R R, 2 BE I S 3 s A 6 S e i 7R
4k (process evolution). i &5 7% Z.(deviation tolerance)ft] PSEE. 4R 2 ) 5631 1 43 A7 (5 B 15 i R A5 704 1)
AR A W SCIERTE AT TCECFI] 5, BA K B B (1 3 o R AR Y 45 [ s, 6f T A A4 BR Wb [ BR B R 1
BRA I TR R B FE AR R TE AN N SERE R AR R T — LR R0 N T MR X — A ) R 0 S A
SCR A RGN AR 10 R R RIS SCHAT T BB, MREM AT IHE T LE T T
AU DG 1 S B A ) 8 AR A PR R 6 4 I IR R (i RN S R X

AL 1 WAERA SRR R ANEZE 2 A BRIV 5k R IR A R R AR AR
L IEFEA A HAR SO RGP T RE 5 3 W04 B R A 7 5 0 RV & SRR L) 404758 4
TG 0 2 o RE AR A A R AR B S TR AU S iR

1 RHEIIRER

BOE I P A 2 (A J ST O R 01 il A TR e 0 2 4 G A R K 3 T 8 o o R A B ) PR
ATV, AT T L BE G 3 St 01 T 53 3 o [l — AN P S R, I e 7 PR il SR A s 5 0 R H ()
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DR G O, 6] SR 42 1 A0 10 3 1) S A 5, LA I PR S g 2 DL R o B8 — R BT A0 sl A 3= ks
SR AN TR 5 S o ] ) P e 480G A N R MR R — A P el R, DU AR 2 Py R B )
BT A Bl A b AR 0T SRR U D T o o R O AR, T A T (R AR R LA i B
JED R A R R AT R34 T D T S S 2 R O R R PRAT B B A LR 23 A, DU e R AR e B
¥ 20— ARy, — AN R I AR 5 IR P 2 o AL 3 10 e 3 A HOA L) 1) O 2R P g 4 S e A
FFAS L A R B A 28 5 AR Sl R R At b, FRATT AT LLEAT — R B 0 R R R — St . IR Ik
RS, AT DA DRAIEASE A 15 J AT P P00 000 2o 0 o e 015, AT D F0000 e  F) P O s 20 A AN [l K 5t SR s o
A3t R ) 5 W 3 I B A e R AR 2R 2 TR) ) S, mT A I T () St R 1 A K b I RE AT 2
S5 TR IR X T P o R AR 2R ST SRS R 5 32k AR 9, T LA SR e R AR R ) SR ST, LA 1 28 2 P9 A AR B A
SRR AN BT A2 A0 A S R A TR PRAT RO 5, vl A SRR S5 B P T R Bl K LR . P F I RE e T 9 1) 2
Hb—TUEST A bk i A RS B he Ak TR SCHE RS 2 PSEE.

Has sub Has sub

Has input

.. Has intermediate
Activity ‘% Product

Has output
Empl
Performer \ Tool
Obeys
Plays Needs
h 4 h £ Has sub

Role Direction

Fig.2 Basic information of a process model!'"!

B2 it AR AR A Py 2

A I A AR 0 S B O R 3 0 7 X B R A 4R 1 O 2OR IR S BB R G I — AN AU S B
B, SERRR O o 25, R PR 1 Bh oy UL SR AR B EUE S % T 2CR T BT St R I R,
T S I R T 6 AT A 1 4 R v BOE S % TR 4 g BB R 01 B R DR AT BAK ) T R AT
G5 W) K R 40 0o i v PR BRLARL LA E A IE A . A B ) 5 2K 58 IR S AR 45 X 7 IR R R B A ORI i
LA OB AR ER 3 A, T e SRRk FR AR ARG T SRR T 3 B A A7 AR AR SR R 20 SR g DR 7 S B
B FH A R P A 2 A T RN T AR 2 BN 3 R0 3 oK i SO RE SOR AR H I e 4 BT ST S8 1R T 2
B o 2 56 2 Py U0l ik PSEE 324 SE bR FF R 3G ). 7E PSEE SRR R B FE T REGE ) v LRI 43 o n
3 AN 5 FE A (process model).  fE UL IE FR 44T (process enactment) A1 52 i i FE 04T (process performance).
X3 AN E XA

(1) FEBI (process model). %4035 & 22 & L FE ¥ 71 A I (process designer) R H i a2 I A 3ok T8 A1
TR I R AR AR, [ N St I e PR AR AT A )

(2) Bl FEAT (process enactment). 14038 32 B2t PSEE [ I 2 5 | 2 Af R FIPAT Tl SCR A ik FE AR 7.

(3) FBrid FENAT (process performance). iZ AU A2 Fi fl N 7 B 4B J7 98 YR Can v AL ) REAT 1 SE B TR
).

Wil 3 FraR,3 AN B I R Oy AT A T A R T A R AR R S AR O

(1) L FERE RN i R R AT (FRd 1), 204k (0 3R 2R I R AR 2 426 N\ 21 PSEE, pi i 2 5 | 350 SL AT 8 B8 F0
AT I S AR FE e AR T R Y — S S b EAR R ) R DA — S 5 T E AR DI R
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Process modeling Process performance

—mer-o e

Performer: Performers

O\ Process
designers

@ Process support
and control

(Dinstantiated

process model

(3)Feedback

Process engine

Process enactment

[7.14,16]

Fig.3 Three domains of software process engineering
B3 BPRLE TR 3 41

(2) REPLE FEPAT AN 9 bt RE AT (BT 2 FbRie 3). 38 ik ek 7 51 4 o iz 45 A i P A 204 FRO A R AT 4R AT, 7T L
& 5 SRR PR TE R G B0 1 T H B R B A T CABRAT (RS s 03 B ShIg AT T 75 10 T R PR 88, LA K% 5 j i 26y LA
H B AT AT 45 55— 7 1H1, 29I B 52 58 AT 45 J5 7% 22 17 PSEE B AH B (¥45 8., A £3 PSEE K I & B IE #E iz
AT IR R AR AR (RS, B R R AL 45 T B R B 1 4 15 R

(3) B FSL BRI FERAT BRI 4). 8 1L PSEE [ 57 F5 48 S b B AR JT R 3 3 52 T SCER Al FE B )
K.

BT 7 AR LA B S 3 A T e 2 1

(1) 15 5 R b g Ak B2 04 pl T kg L PR AT R 52 o R AT 2 ) 57 P BB B i 4 4 07 28, il S
A 0 BRI R B 3 EE S 5 AN T o b T N R DR A7 A8 A6 1 IR A5 BANHER . AS KB, TR T
B A9 5 A0 s ST 59 N 3 00 P S A R 0 1 L

(2) AT55 3% 2 U AU SL 3 3o REABE AT 45 52 SCRA A 5 J2 U0 M 1 S B R T RAT 4510 5, 1) B A K v A
U R4S T BE RS T oK . KRG BTt At . 355 I 0 &5 (B Se B T & b A B R IR LAk
ST RO FRAR AL ) — AT 55 th 13 2 IR AN [R] BRI AR B A A LU IR T SE Br T KRG 3l 1) — AR /N )
T ATAHR 2 52 FRIF R G BN AN 52 PSEE [AI45 i, 1T TGV 2L 1E B0 HEAS 52 b AR TF R LR

(3) 7= A IR (L AN ] OL R A ek R A R o — B DA SCRYAE R 3 B (R N i R 2 5 i A S B
RGN 28 B B0 SRS 3 — 40, EE I 75 SR I, BETE SCRS g BN A I FE ) 25

P 3 1) A 0 A7 A, 3 BOUE B AT 19 300 o R A0 S BR AT 10 1 R 2 D) 28 7 2 P R Y 25, DL A
PSEE X F 5L br i FF KRG8l 2k 25 T SCRERIHR S B4R .

2 RHEEMAE

FE 85 1) 4534 (narrative or ad hoc review)— A2 X 3B 20 WF 50 45 FL 14 8 P MG, R I ZE A 9 R R AT R T 36
E 0 %) 45 SR B 22 5 5 TN — 5 9 320 ) B 38 A K A AN A I R A ST R DU A I SN B 6T %
TGURE A B JEAT VEAY . 1T 75 S il 22 208 VP 1T, 75 ZEAR I BT BIF 9 (%) 1) o 58 2R 8 P 1) St B 9 i VO B T
SE P S s DA ST B4 1107 048] JE PR SCHRA8 2 WA A R0 R 0 L e g i 5 488 2% 380 1) SR 5 A 45 SO 57 1R) Jo i 4 T
o SRAT I B HEAT 255 AN 43 BT 10 D7 322 (EL T 6 40 M7 meta-analysis). [7) 15, 5 T35 282 5 1925 BECOBR KB4
REIUE L R VN 45, T LR 5 2 4 RGP N I 45 21, DU A5 PR R vT RE IR & MR 3 1.

FARCRYE,— > RGP 10 St — M 5 fn R JLANE AL U718,

(1) BRI O A BIT 5 ) R B 3 2% 2R 8 VR AT o 248 9T R 5 1) il A, 3] I T 8 75 Bk — 232 W A 7 I
FBIF 97 77 (intervention) FIHE 57 45 B (outcome) 25 HoAth R 52 414
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(2) fif 8 AH SSHIF 5L )98 28 SR I A 5 e ZE A W A R 518 L S U0 SCER AT AR I ZEATE AL el R O
SCHR FR) D% B ] g A 0 T 1, TS 8 %R ) A TS I 51 R SCER AU TR A A R A A
HEAT Z G A (LG 5 N IR D B ] B 8 0 T PR 1 SO BRI ).

(3) fiffiE MR LCHIT LA R VPN TR AN T 2 5 RGN N RARTE L R AR T E— P8 R B 1 R I
WEFE(R SO REAT BT TR, Lok 8 H R B3 B B R GEVT AN Hh VR A SRR S & 4530 LRI 5 AN [ RSP AR N D6)
[ — WAL T A — B A T JE 1) 45 R, W75 ZEN I 28 2 BT 255 7% I8 5% K B W i — B 7 X
¥ LU .

(4) HcHsHE RN 23 By 6 T3 SR 44 (0 B8 0URTE 5, B 5 2 0 VP 000 75 -4 EDURH 07 1% 04 T = 00 10 4t 2o ) 5
BN RGEVEN N LIS 5 T 5 75 B B3k A3 B HEAT 275 R0 B, 0T 45 R 4 iR RE.

(5) SRS A LI AR LAl b 58 s & R &

RGN IT IEAEAEIIE BE 2 (evidence-based medicine) f 48 FH 4335 ) 2 I8 I i JLAE, 1% 07 25 10 18 38 47y 17
FIB) T HAE TR AR 3 AN T4 T A6 I 22 A58 A T ] S i 3 G VP4 1945 5 F F Kitchenham!' Vi 31—
ANE A TR P 320 3R G0 VP 1 LR (procedure), IZ M FE BT & D RS — & RETN BT A& 20 BRAEE A
AR, RO AR AR v ) — 237 e AR T RSk B2 27 0tk 1) P9 2 ) I, bl 1 5 B 2 sl A LG 3R 1 AR TR &2 5
F5E 77 THAH R B Bk = ELAS AR ™ b (i = A 0 465 %), 0 7 St ok e v A s 7 T4 95 AN [R) S A BE 5 45 2R 11
G343 H7 J7 1% Hannay %5 AU 5453 55T 1993 4E~2002 4K R T W1 RIRIS WM Sc R b % T 103 80T
AR b 23 b B A4S R 8 i R P VR T R I T 24 R SCERAE T T 40 BRI, R 4 =4y
R ICE MRS B CER R ), I A A B B e HA AR R B 2 BRI (R AR 58 A R ER IR ) 1)
FUIE L b Kitchenham %5 A POV F 28 20 P47 ik P Ll e 41 48 0 R4 3 i) 10 Bl AR A5 704 A3k B P M Af . A BT 4 2% 3
P S AR IR S T 10 TR G IR0, 7 il SCeh T B I 4510, 3L b 3 R SRR I I R A A 2 3
AR BRI T34 4 F S 2 2R 1) i A5 B A ) Ll 20 2R P PSS Y E 2 AR AN I S R I AR B AT IR A
AR HMEAS 20— A B 1) 45 18, T5] I 13 S5 S 2R P4 Al SRR 0 T H 2R ) A7 BB (1) 50, — RO PR/ I B 48
#3311 Jorgensen 25 NP 74 A b5t T 304 5 SCHR, R B 9128 56 1 50 0F T 2 JsA il S AT T 58 IR 11 8
AN T 75 L TR L6 S T SR T A A A B PR S MR T A A A B A LR A g B R S A
B W Pk WISk S e A AT O, DA R B I T 1) R S AT A B IR AR A 4%

T AL TR A i R A T 9 () R VP AR Y R AN A0 B R

(1) P Il L I i R GV, AT S0 [ T )

W) A R A ik R R AT A2

I 2 A A R A T A U 2 B ) AR AR L T [T ?

W 0 3B A e R A T V2 (T S A W T (1  #9

(2) SCHRHE R . FATE LR A W T ¢ 8 i “software process” AND(“model” OR “language” OR
“representation”), 7. Google Scholar H14% % Kk F K] 1] 4 1998 4 (445 1998 4) LG 3L FE, LA 15 700 LiiAH K12
S%(2008 4F 2 A 3 H),ifi Google Scholar H 42 AL AHSCHI AT 1 000 T 5 T~ b g 45— I00, Fe AT THR 415 80 H 4l 22 A
FBHZN 5 X RGN I 8 O, 45 AH K W3R Z 18 3C 1) BibTex 51 sk A JabRef(GZ#F BibTex 5| H &
LKA http://jabref.sourceforge.net/). AL, FATTHE: L 11 1) 2 ) 4 244 404 1EEE Xplore T A4 52 1 AN B 2
HEAT A LAY R B 550 TUAH G 1 52008 4F 2 F 4 [1), 28180, IEEE Xplore 2 it e AH 5C IR 1 500 15,3 48 &
E1 N AT IR IR A3 i T JE 18 SR ] Pl 8 2% 5 1 R SR I, £ 4 6 (recal )[R 32 a1 555 WA 25 ME 6 (precision)

R T T 1998 4F Ja R R AE T2 02 BRI Hh AR 18 30, UIBE S s it i 2K (K A DG BIE 9T

(3) ANIEARAE XS T AE b oD B 15 MR I S A 18 S T 5 L P A R R A AR T R v D
YT SR IAR A 1% 5 Ge PRI IR IE 4R 0] T80 SC B Poster, il 1k DBLP #8 I F 3 & 15 4 AH 6 1 AR R R AR oA
M5 A5 A 05 | AT L A 5 B 01 18 SC A AT DK A . AR 6 S B Poster HR R ;45 10 ST 1) H 02 82 HH — il
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BEROE R SRS R BRI S H A St — A RGE S R T oA —MEBE SR T
BRI R AR R R T (M SCRF R RO . AT A BRAIE. DF . A, — oM AE), 4k
Bzl SO R AR SO R AV R BB ARIE S R T OCT R i R AR K U R TR R R X 2
P& SO HE R 6 T 5 ki B (business process)F L AF ¥ (workflow)AH ¢ [/ SC 3, FRATT R e £ 7 LA 5 S rp
R A B 20 40 1 B B T R IR SR

[ BN X6F T P 25 7 1) S [ — A 35 B S0 3 R R TE 2 AN 7 B — i IR AR I i S T — R 2 AR
KT, IR T IBLLIRATIA A T HARRMEM SCE. R 1 FIR 2 4300 T I & NER SRR S, Kb &
PR 45 55 WATE S 27 55 AR 18 S5 EL I 4 FE s a3 mldh T 51 10 IRBLE(E A 10 WOR R E G 5
R TIH 2 UL B (IR MR SC I 6 R 7 43 45 H T N TE B4 ORI T8 SC 40 23 A I L.

(4) BURSRES A AT AT AR FR I S, o1 T3 AP R A B 518 2 (19 B 38 A8 ¢, SE 50 i R e B 28 58 B
A b LA AN () JHC At DR 38 A3 PT 428 3 AE TR B I R R A R o 55 4P i A, AT o, — RO O T AR A 5 b PR PR T KR
PP — A S S BRI PR A K A ) R ) T R I R A AU, AR DL R T AR 2 R R A I RR AR
HH TR R T VAR K B R BT R A B B L BT R w10 1) RN N R 3 AN AR [, DR e 0 AT T BT 4,
WA 58 1 1) LSRR VR AT ST LA, 12 R G VAN R 50 B BRI 23 B A48 45 R 6 Bl 2 ] 1, B AT R N 1 18
SCHR AR Y ) AT 23 2 AR AT R A

(5) SERAR .5 RGVEAN 7 v B HERE BB A R, AT S AR B o AN H T RE VN T IS
T A SO R AP S AR, T — AT 4 HZ RGN I o A 45

Table 1 List of selected conference papers

F1 AESBRHIE

Conferences Number Papers
ACM Symposium on Applied Computing 1 [22]
ACS/IEEE International Conference on Computer Systems and Applications 1 [23]
Annual Hawaii International Conference on System Sciences 1 [24]
Annual IEEE/NASA on Software Engineering Workshop 1 [25]
Annual International Computer Software and Applications Conference 1 [26]
Asia-Pacific Software Engineering Conference 10 [27-36]
Australian Software Engineering Conference 1 [37]
EUROMICRO Conference 2 [38,39]
European Workshop on Software Process Technology 7 [15,40—-45]
International Workshop on Software Processes, International Software
Process Workshop and International Workshop on Software Process 8 [46-53]
Simulation and Modeling, International Conference on Software Process
IEEE International Conference on Automated software engineering 1 [54]
IEEE International Enterprise Distributed Object Computing Conference 1 [55]
IEEE Symposia on Human Centric Computing Languages and Environments 1 [56]
International Conference of the Chilean Computer Science Society 1 [57]
International Conference on Software Engineering 2 [58,59]
International Conference on Software Engineering Advances 2 [60,61]
International Symposium on Empirical Software Engineering 1 [62]
International Workshop on Database and Expert Systems Applications 1 [63]
The Unified Modeling Language. Beyond the Standard 1 [64]
Workshop on Enabling Technologies 1 [65]
Table 2 List of selected journal papers
F 2 NEHITISCHIR
Journals Number Papers
ACM Transactions on Software Engineering and Methodology 4 [16,66—68]
Automated Software Engineering 2 [69,70]
Information and System Technology 11 [71-81]
Journal of System and Software 4 [82-85]
ACM SIGSOFT Software Engineering Notes 3 [86-88]
IEEE Transactions on Software Engineering 1 [89]
Software Process: Improvement and Practice 2 [90,91]
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21§ 17
18 30\
—0 125‘ 30 13, 9
28 —
:34 3. 673 6
36 %3 Q 3. 87

B[72] m[84] O[66] C[69] m[89] m[59] m[63] O [67] m[70]
m[88] O[86] T[16] m[87] m[22] m[79] m[65] m [82] O[78]
O[83] O[64] O[85] @[58] m[43] O[71] M[30] @ [27]

@[72]W[34]0[66]0[59] M[69] @ [89] M[68] O[22] W[82]
m[67]10[$8]1@[70]M[79] m[36]m[78] M[31]E[16]O[52]
O[87]10[49]0[77]0[83] @ [43]O[30] W[32] @[50]

Fig.4 Papers referred not less than 10 times Fig.5 Papers referred not less than 2 times every year

Kl 4 5IRREADT 10 IREI® X 5 RFRJEFESIHIRBA ST 2 KB X
10 8 11
6
5 1] 4
2
0k 0
98199/00]01]02]03|04|05]06]07 9819900010203 ]04] 05|06 |07
‘l:lpaper55155422696 ‘.papersss33130211

Fig.6 Statistics for publishing years of conference papers Fig.7 Statistics for publishing years of journal papers

K6 2B REFEMGI B 7 W SCR REM ST
3 FMERFST

31 EELRHESEREAZEERTMHAER

A FE B I d 2% 2 S T e e s AR AR 2R e DK ) 5 s A I R B, DA AR R I R B AR AT
A4 R AL P L S % A R A A 8 Sk s AR R s T X M s R R T St ) 1 ek R A
AN AR BE AN TS 50 R U AR T 2 Pk R I R @45y 2 3R A i PR AR )y 15 (1 Y8 2K (paradigm) &2 R #A4:
T AR AR Ty vk ) B A S B R 3 ek A T ORI I R A e R AR T R AT 43 S T [ A R A Ao A AR T ik
F TR TAT A 30X — ) A, FATT AT AT A 3N S AF 030 el 2 11 2 A Gl aod o B R 43 A, T L SO
— M W 2 N T2 B RE A AR U B 22 O NATT P D3 1 )

KT R EAT S R R T AT RGBS AT, AR T 2 M43 28 U7 2 AR T R I B AR S Arboui 5§
AVRS HAZ BRI T 5 AN 2B H3E1T 814038 #(logic). 1 FE(procedure)FEfF. A T4 ¥ (artificial intelligence). fil
P 4% (trigger) Petri P i) % % (object oriented). Montangero > R4 H A5 75 1k 55 v+ SALRF 2 JLAM AT 1 55 &,
PR FRAR TR TR 7 ANFEARZE A I H 45 B (project management). JE AL L5 5 (formal specification
language). AETE AL BE1H 7 J7 ¥k (informal design notation). #iFiiE & (programming language). B /F & &
T H 4 ALl (tool integration mechanism). T4 it Fl #f £ (workflow and groupware).
B EARLPAT S PEAS AN D7 B 5 I SRR B A I A 1

(database language).
Zmalit"> VR I B BT 5 B AR SRR R
BT EAT T K.

b 43 2 5 105 A B AR P o R A e T AP IR AR TR R B AT 4 2R B R M
S JEL T LAA) A M S R ol AT 3 ) B AL A i R T A T T Y A P R S AN A R ek
3 S8 T3 AR HME R R 2 U M 7 5 T AT R A D VT AR HEAT @R T VAR PRI AT B N B AR T R

B N, 13 3 2 T3 IR AR AR M D T VR BB AT RO AR @ ARSI T OB IR 20 205 i, AT T AR R
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PR 2 A 2K R I R AR VR0 A 4 AN — S SR 43k 22 R B ) S IR U 3, T S AR A S B
EAT LR 1 F15E 2 vp HAT WA 07 v 1) SCHEAT 43 28

B W A R AR T VR A UTR 4 AN RIS 2 SR A T e 2R [ S B

(1) AL JGEK (statically connected elements). 763 T 1% M @B 7 vk P S R B F R — %
KRMTCE (Ll 33D ATBEIR) 25, T 0 3 A) I 410OR R Z TS I X R @ T a6 T RIE AT 72
S 7 T AR AR FE G SRR 2 I BE R, — ORI B I R R AT . LA M 28 ) S B0 5 v A 45 - T 1)
% 25 K (class diagram, fij /R CD). UML (£ Fhif 00 B P2 Bk 72 T FE 70 45 8 (software process
engineering metamodel, & SPEM)®), o) % ¥ Jiti(meta object facility, i #k MOF)P*, A {&(ontology)P’™!. sk
{4 > % & (entity relation diagram, {##K ERD)®14%.

(2) WFHAT 75 B (sequentially executed activities). 7E & T 1295 3 0 AR 7 v2: v BEAE it 3 4K 2R 3L 2 1) A
AT AEFT R IR 1) 2 — 4 AT AT A B 7R 1 i B A0 % UML IR &% B (state diagram, f@Fk SD)P21, 5 2%
Z (precedence relationship, fii Bk PRI K FE T B ShAL IR 25 %5 42 €] (state transition diagram, % STD).

(3) I &2 H.1)i% i (concurrently communicated activities). 7E & T 1% 8 AW @B i mh A IR — &
FI I R o0 7 R, RS JC R AE B U AT T G 3 2 TR 3 1 B [ A5 S A T ] () . b s s
K4 7435 UML 3% 3 |8 (activity diagram, ffi#k AD)P? . 4 {415 5 &l (role activity diagram, & RAD)P". &%
35 5 M (dynamic task net, & #X DTN)P®. L4438 55 5 (specification and description language, f&ii #X SDL)®, L
Al LA E K R AL AL 73, e Petri ™ (Petri nets, faj /< PN). Xf % Petri 4 (object Petri net or
nets-within-nets, fij % OPN)M1 . JIii % iifl 135 ##f F2 (communicating sequential processes, i #& CSP)!'M | ni &
(m-calculus)!' 245 Y3 &b LT 20 1 ) #5443 A 245 (component based software process modeling, %% CBSPM). Jf
KR 3 el (concurrent state transition diagram, fij FX CSTD)tH 1] LLYA X —2& 5.

(4) B&& It K753 (implicitly concurrent activities). £F & T 1% Y8 20 FI AR Ty v b R A RE IR AT 9 IR
Bl W A b 3R 2 R R T A o Atk A HE S SR R FR AT A e B A e ) SE A T 1o P R B
i A B AR 10 7 2Ok AR I, L A iR g ST AR £ Agent R 4G (multi-agent system, i FR MAS)H A
HE T (rule) (i FEPRAT O 78 B 1 FE4)7 B (software process simulation) ™ B fEid 2 — A E 1E 2 — A
TR G, A2 B i ik g R AR N Y L SR O SR AN B L b g R S R A S R B (discrete
event simulation, fii#k DES)!'HI & 4:5)) ) 2 (system dynamics, f# SYDY)!%,

R BEA 00 () BAR I 7 5,38 3 0T ER 1 FIER 2 (0 SCHEAT T VAN ARG T AN A4S B ARl i 7 v
IR IEREERYE W SR B AR EERER 3 ol T — R @B Va7 R [ 2 R B A F 4
Hr B BT B A8 AN [m] i =8 R e — S e SC b T ge A 2 R X .

Table 3 Paradigms of software process modeling methods

R 3 B REREETT

Paradigms Papers
CDE ARSI VLTS, SPEME 55332, MOFPS B A T656a T,
Statically connected elements Ontolo%y[3 1l ERDI?!, v Others (Artlfact Class!®” Prlvate Graphic Notatlons (56,591,
Alloy"® AAG?TY
Sequentially executed activities pRI*HI STDIS 69 °1_ Others (Alloy™)

AD[zs] RAD 78] DTN [42.88] SDLW] CSPLIT PNm 67,70-72] OPN[% 148,60] CSP[S}]
TT- calculus 147,51, 79 CBSPM[54] CSTD (86.89] SPP[34 621 PP[31 73] Others
(PARADIAGM[57] Commumcatm% FSME), UML2.0 Action Package[”], Data
Flow[(’g], Control Flow[f’g], Alloy[80 )

MAST Rulel” 28T DES ¥ SYDYF %1 Others(Hybrid Models™ ",
Markov Decmlon Theory[26

Concurrently communicated activities

Implicitly concurrent activities

I T FRATTA 7 1 3 A R ) T RS ik KRBl S B 5 A ) S TR S SR 41

(1) A RIE A T3 O6F T H0PF 1 T 0 38 0] 1 28 50 A I il i, A AT 2 R A T8 s 1) T 1) ok % 7R 7
2. Acuna 2 N\ D7 i 18] 1) % 52K B i) “is-a” Fil“be a part” BRI H PR, THB) . PR A G
FR.UML A1 22 i 25 W0 Pl 3w BUFH il s 1o 2 0 36 TR 1 i 2 06 R Jger 25 NSMEEH] UML 19 [l (package
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diagram)# 7~ B FE Y 45 49;0deh 28 N30 14 (use  case)VE Jhy iad P45 10 1 22 G M 20 2 1) FC 9 42, 70 6 P e Y
2 TR NIRRT K 4 S A TR SR SRR O ARt g )3 b P i R o R 0 3 2 I R R S O &R L)
KPR AR R TR OB R Bl B s B, PR A2 TR 9% &R K LA G Bendraou 45 APPER
JH 50 % B Al A A 1E 5 UMLASPM (15 A8 X Ah, Ceravolo %5 NPOSE A A X XP A (ML & R T
RS2 AR TIEA T AR, LA S 35 0 AR S MR 2 (10 B A RS2 A (¥ K 28 Ahmed-Nacer 25 AP UR I se ko6 R S Frid B e %
FARTLR R R IR A7

(2) N P30T 35 B)).Cugola® R F 2 1 BRAR 2 1 Sl L AR IR 24 8 40 PR, 4 7 il R oo (DR 25 DA BOIR &
Ti1) ¥ 45 Acuna 25 A P7ER R A 2 ot 1) ik ol G 36 1) oA 38 Rl R G 36 2 1 (99U 47 24 . FranchP* T Ribo!*)
K T D% 2 3R 05 3 7] PR AT A R G 4k 0 &

(3) IR AL H G Bl SCFF % B 3 1) @A 7 v, — S A O A R G T A T A O
P55 28, B0 8 AR AR S AR J5 3 B JE Ak b AR 1 ek Rt s 1) 95 SR VR 224 ) 43t i 422 HE R £ Podinar 26 A 414
P AT P9 32 R A R A 3R T 35 6 SR I A T R 15 BURI B AIE . Bendraou 25 NP3 Ge 2 A9, 2351
K Petri M X% Petri MUOOMHA SPEM 2.0 [ SCRISZ 5 51 b A2 11 22 40 B A o) 1 R R AR H 72, Lil>)
H Yang 25 A5 53 SR FE WG 08475 30 A sodsed S50 38 S ol A % 375 30 I f0 388 5 R [7) 26 . Cobleigh 1R F 9% 1
RAFE 4 IR Little-JIL (¥175 X.

(4) BE M H ARG EE RS 7 AR RS R, E B AR E 1 S RAN LR
P07 3, 15 B A TT & FE: Zhao 28 NP2LR M 2 Agent R 40, IH B — B BN AR S HEBRAO D7 BE )
Agents, S8 it P 75 18 )7 S LA IT R I FE, IF 58 BT KR AT 45 ; Ahmed-Nacer ™ 8 4% 4 o 72 F — 2 41 (1) 12 48 00 )
KRR, KA — 50T 1) 4% A 350 2 A v R IS, A S AT 0 T 45 18 8 0 3 5o I PR 9% 30 ] B, — AN 3% ) (1 AT 1T
I 23 S0 A o) AR, AN T e R0 ) 45 AP 38 4 2 75 4 A2 PR AS 58 2 2 R R 7 S e SR AR e R ) v, —
AR AN LA — AN B ) 2 1 o R 9 30 1, 0 Rl J — 6 2 B e SCRR A 1o R 1R 7 SRR ) OB ) A ks
AT ) 7% A = AN B ok R () 5 81 Padberg oM A B 2 1R 2 G030 AT B il R4 B, LA LR B I R S [ R E SR
i Pah1™ Mt 3R Bt 5 ) 247 B 5 A6 Gk il R R B 45 45 70— 2, A R AR R G0 8 ) 2 B R S 5T 1 ¥

M 3 FE I8 4 b FRATT AT DL — 2R AR B W T 4 i

3 AT RN 2 A ZER R B R RS 5 T BCE W R AT O B TR P AR R Oy S TR AT
— e TR Ak R THT )0 G IR I VSR M AT A 1R B 7R AN AR S R S By 18] 1) I R RN RS L IR I I 2R T
o T BRARAME L LU RO & T UASE . RAR . $RI. RO B R I AR AR S — O T B B T R )
S K IR A B35 43 AT 2P R — TR 5 2% (1 2 3 i AR AR 24T 25 0 2 94T 1R, R BB Dk e 15 Bk
B 1 L T B B 2 A B PRI G & R, 3R 3 R PRSI A R R R AT N R R R AL
TLRE ST N TS, AT R — AR AR R R S RO,

2% 3 T 3 FHYENHARE T U W P (prescriptive or descriptive) 8 {4 i FE AR B i YE WG, M 76 B¢ s — FPE =,
— A BA AN B i ) A R B g R R AR TR B AR T 48 3 S B A T RS B — AN B
P e R AR 2R 2 T T U B SRR T R Bl e S i, 0 S R B T RS B WS B PATE . TE
PR AETE B B AL . AR 801 00 R 4548, N il DUNER S R B0 A AR % 2 UCRFE — AT XK
B SE B R AT e a R R, N SR 3 RT DU HA R e R A O v T O 2 R A TP A U0 A P P A R AR AR
WA T R AR A P A AR FE T PT DA LB 5 S B B A T A 30,91 B SEBR SR T R0 R 2 TR 5 A e A 0 B %
T % Agent A FE B IR S — MU T Agent T HA AWM. 5HAD Agent FIEREE A H I T H AT 11
RGN, UL 08 B AR R R PAT S SR ST AL T HE 2 Agent JITRR IO AR 2 — IR HL Bk 0T
5% TRV, SE PR B AE T RGBSR AN L2007 X5 % Agent 2 G U T LRI 28 A0 b 78 3 1 0 000 7 3 1 3o 2 e
B A2 — 0 (0 i 4% AP i B, A BRAT I 8 4 R R I (R B A LBl SR TR 2 — A S B bR
HH T R A o R A e R A T P T A Ak R ) LA R0 R 43 B, T T A S PR AR 2R R AR N S T 3 AT 45
SRR T 0 A S I AR g il %, B I IEANE 0 T 4R R R R AT B 2 i S B Al R
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MF 3 W LLE L AR RR B B v E AR 2 5 R TR R RCE % B IR AL KL TE A I Rl R
PAP R A J7 X, B AR AE b A H AR ) AT VR B 25 5 TR) I 7 2 s I ] b o 95 A7 WIR A 77 v e 1
B3 A PR I R R R I 2R WY B AR 5 R AT T S I B T A ) S B AN R T R A SN
% PSEE 50 A5 & I 4 2 AR AHRVE SR, U A7 A4 R 22 I 7V, BB 8 R KA BT A,

32 EE2ZRHGIEEEMANEEEMNEREWLESE

BRA I RER, T4 R T, R — AN R T R LS 56 e B AT TR P i R A o A s AR 43 b AT
BT NAVY S Je e R 28 1 S B 5 i A R RV S B R A R B0, 23 T A I R R R AR )
i) R, 1 30 20 2 2o R P AN BB 5t T et A B4 T 11 H 19, Gruhn™, Zamli 25 APURI Arbaoui 25 AT 4%
PR B2 T A O T (R R0, R Sk P T DUC B AT TS A 4 2%

(1) 3CAS A (documentation). BRIk A5 1) SCARN A 32 B2 45 R FIE 24 (1 2038 8 U0 B A i R kAT 13k, 32 B2 i
YA PR 2 T R AR, RN 5 SR 22 (R A B 5 S B R el R I B A T

(2) AT (execution). B AL FE (W AT 22 fi BoA AR 18 SCH 3R I B A ARY 7 PSEE [ SCRF T #8 S2 94K
R BAT A0 & 3 7R, A i R AT 20 R B R | R HRAT RN 2 BT 3 AN U I A8 B E e R A
TEFR AT, PT DAAEAS SE By T A 3 ) REPR I SO R A AL,

(3) 43T (analysis). 5 At S0 1) S ASAH [R), 010 i AR R A1) 0 — A BB H IR X B i AR 0B AT 43 A, AT
EDIIPS PURE = JEEZ TN

(4) WAk (evolution). FH T # AL FE AT K IR R AR 22 Al RE A AR TRV B AR L 2H U3 M 1358 AR 70 A W
AR, DR b 2 WL 5 TSR AR A A A W AT B, LA PR 5 1 A A A 3 T DG A de R AR TR T 1) SR
75 AT AR R R AL et e SIS L RV b BT, FLGP AR IS AT 10 1A 56 il A8 1 B /)

FAXT L 1AL 2 0 30 A L R B B AT T 2 288 %200 28, 0T BL T R aF 5 & AT
T i e AR ) R A2 3 b A TIURIE 5 LR A SCRE SORS A I — AT o 4R R SRS A A A 2T 5 — o
FI A0 B A R T ke, T St D 42 S R R SRS AR (R 9 ) 94 A R X — 2 B iR | T — R B 5 1%
VEAR AR AT DS I B 8 SR A AR ST SR T KR AR 0 R SRR R (R HRAT . T ERAT LA VR A o AT A
) 1) BRI ) R

Table 4 Purposes of software process modeling

R4 B REERH K

Purposes Papers

Documentation [28,30,34,38,39,44,46,47,49,53-55,57,59-64,68-70,73,76,77,80]
Execution [16,22,33,38,42,44,47-49,51,53,55-57,59,67,69-73,79,80,87-89]
Analysis [27-29,32,35,36,47,49,50,66,70-72,74,80,82—-86,90]
Evolution [23,27,28,31,73,75,88]

(1) STRYAE.3R 4 T2 1 AT 5 H ROIF 50 30K =0 RF b F2 SORSARAE o — A B RS, B T A — B0 S SRy SR 1k A
A, BERIF SR A 7 TR AL X SCRS Ak (43 5 :Bhuta 25 A SR Gary 28 A\ B E T4 4E 0 IT &% — AR &,
P8 T 2] T S e R e S A 3 R W I T Jaccheri 45 A0SR T — i RE T 16 6 4 10 AR, DA S 4
BAE T FE B (elicitation);Fuggetta 45 NUSIET B3 #5H18 T Ul o LU 2% 1 . KU B S 1R OT o i Rt 47
A Lee 25 ANPSHRIS T U4l i UML S2 55 00t A2 1 25 P B Ruiz 258 AL ik MOF Rt XM 32 55 8t
TR 0AT e F 4% 33 Sellers 25 A\ U742 1 T SPEM,OPF,00SPICE #1 LvieNet iX 4 /M idk B T AR B (18 4, LA B 4T b 52
S kR B Baldassarre 25 A MG FEASE 20 B0 £ B2, T8 T 4] S e sk R R £ s 1, DA I3 3o R T AUA T 1)
HARIREE.

(2) AT QHT TR, thTE R R W Z 5 I AT 55 Hh 52 R T AR A — B, 5 3 bR R T R
WEEIFA BT M S5 TE PSEE AR AT I i 0L R R 47— B, 10 512 B A 100 — FEOE P 38 - T 1) 4R 23 (deviation) 28
AR IR 5, LS PSEE ST SEBn R A F R G 3h 2 2 T 48 S .3 4 WA 2 47 51 W45 — U S0 EH SR
FERRAT 1 g SEE 5T 0,1 1T (18 SCIE 36 5 3 T o] AR e b T80 £ i 5 10 8 : Cugolal™ 3 1 — AN ) T4
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il it (artifact) 135 % PROSYT, #4341 B ¥) PSEE 1] LATE 2 2 sk ig A7 1k 7% v 7= 28 ) i 125, T 22 484 FH 3 mT LA
YUE AT A R T 107 R0 S B Pohl %5 AU 7 — ANE R PSEE, 3L b I i i A5 i oL P4 T i 512
W BT 2 18] 5] NAS FL B SO ol /D 19 4 TR ) O 255 Yang. 5 N U7V3 Jod ol 52 42 i R ASE 2800 0 (0 7 v B I b A 00 2 14
AT LR 1 2

(3) Zrhr X T3 4 HhEE 3 AT A AR ST LAk — 20430 3 280 a) SRR I FR AR 2 A B 1) D A 7 LA
R AZASE R AR M A T T A B AR IA A A Lee®S R4l T —Fh 5 i T AR A UML 2R AR RE v ) R — 5
(inconsistency), I 1T LLLE 24 B (R I A 15 B4 3 b AN — 25, T AR RUAS 90 7 v 4B 20 330 . Cobleigh 25 NBOAT BROIR 2 B
HHLFRIB I A TEEAE) Min 25 NVUEET Petri M 4520 HT) Yang 25 AW\l 5 38348 1035 Bl I ¥ 2% &
IR ) LA K Wallace® G It SAT SR A 2 AN il AL 45 1 5 10 5 451 ) 258 ) - A 72 e ook A A 7R 055 A 48 i 1)
PR b) A P AN Ik FE AR 2 5 — 30l S5 A 1 B2 (4 0] 52 15 BT B A e £ ) R D) M 5. Yang %5 A7), Cook
25 NIVRT Huo 25 AP 5 i i AN [l f ol 2 7 213 310 552 B K 3o R PR A8 1T i B2 2 28 5 7 2 S A
Tob FRAR IR 1) — B0, T 15 50 TR SR 3 A o 2 o 5 7 S s T R 3 2 v 4 AR e b B A0, B30 38 G 48 oS 3R Ao 72
PR SE S LA B BT L33 512 B T 2 A5 100 Y oon 25 N 703 38 B A o v b R AR I 2900 9 B B ol s A0 e R AR AR R 8
SRR A FRE, T Brew 2 AU H T —AN B B AN B — SOMERE BE ) 90 )2 B8 o) 30 3o 2 sl A 7 2 T LA
YR80 TR I TR (0 A U Kellner 25 A B 3 4 5 AR 077 BUEAT T AR I IO HS

(4) AL 0T340 1 S 3R T BL A3 9 7E 28 (on-the-fly) Rl 5 2k (offline) P9 Bt 7 X, T 38 SC 47 AE S B 4R 2R o e A
0P [) I, AR T 28 4 S48 Ak B IEZEPRAT B0 B8, 78 i — b Uy b R A aod AR AR 2 T LE AR SRAT B 3k AR AT
IR R AIEAT N T SCFF R A AR R s Ak, — M S R @ B0 5 B AT R 4 (reflection) 3 g, BRI AT LLAY b7 I B &
AT S 1 I 2 e BT, I 2 2 b Bl A 9 5240, DT AT DA S IR A T R AT I 3 2 S M B O R 4 28 4
AT BT 5 (R BIF 50 S 4R A1 To R P 02 88 95, 1 0T 7 8 3 A 7 2 v o] 56 45 L 78 BRAT 1 3 R O 4% 18 U
M BRI AT AT 5 3k — 28 BRI, 3 B ) A T 48 () i v T BB A A IR TT AR R S 1) ] 2.

M 4 F0E ) o A b BRAT AT LA — 2R AR B A S

4 0 TR AR I R AL AT SO R 5 8D, ISR 5 A i AR A AR ) & PSEE 11 55 B . 17 0
WYVA O A ¢ T A i R A R I 9, T 2 ) R S v A B e, AT B RN SE B 7 X b R E
BT 7E S B T AR B o P o R AR R 5 SI B T A3 311 2 [R) T 2 b gt SR FHRA 55000 46 7 o B0 iy o SEE B 5
2 AR A i R AR TR B ) 1% FF A, DAL bt T AR A ) SR H A R AR E D).

A4 TR AR R SO BT R T, B N SCRE RO EARSEEAT X 40 (B ANFRATT I 20 AT K
BRAF L TR 3 AT 7E A AR A B S P H 2852 BV E A E R R A 2L TR T ORE AR
T A R IR T R AR R D TR B PR S AR v 5 4 1) A i AR B R ) T R I AR I L T
AT R A G T BAG 5224 . ARTE SV DL LGSV AR A 50 A 08 — AN SEBr A o 72 b TR X
TEIX % G T 30 3 458 T8 1) 5 VRS A aod R ) i 6 7y TR AT 0, R RS A 2 4 AR 1 T B v o 2 19 4 8 U7 T
HEAT 73 A7 B0 AT T R AT L, 14 0ok BT sl A e e 1 LA, ] Rl T R A B S L
33 ERERGHREREA AN REWMLEHAEE

T o3, AT B PR AR FR ) SCRS A . AT 20 7 R A 550X e AL e 91 8 2 A FE X B il 10 AR
it FE BT IR ST RSB SR A b HR B — B I ST AR e X S N IR R R R B R i T A
RIS ) R R B B 0 ATt 1 B T DA TR S U 1) R ke U I HE L) Il i 225 VA 4 R 43 AT,
FER NN 5 T 9T ) R

I3 A i A BT & (global software development, {5 F8 GSD).“Bfi#5 fF4E . AN AL 0 5 (1) i Mk 4 BRAL, H5 1) 2
BRAT % AR B RHEOWE 45 14 A Bk A R0 52 22 5 TR 35 IR BR 3, 4 BR T 3% I & A — AN AT 2 30 0 3844, B A2 T 5
A 48 [ 3 F 10 56 40 AR U 205 IO AR TG B, NP R SR 4R 203500k PR IR, oA DA R i 45 4 4
Tk AN ] S A AT A Bk A A 5 R T R AR B DTS ok 2 A 3O e O T R L 4RT LS 43 iR P 4
N I3 5 0, LA SEARG PR A 3R A T kg D0 55 140 0 VIR, B0 N 30 2 72 0 H A 11T 3, B I 2% 7 35 SR IR AR 46 JFA i i
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3 AR R FH R 2 52 B0 24 /N T % DA 446 T % 4 1O 1081,

BRI AR B AR S i AR AR () Jie ¢ I S T R S A o AR K ) 2 B A T R ) P B
L, S o A e A 3 A I 380 52 o T A A 85 v A — MR T AR AT T R A by P e R R VR T 5

HR Gy VSIS R AL T AT 2 B IR P R e TR B AR I T AT B 5, T X LS 2R B0 A BT BRAT] TR S B A

T I it EEAT 2 FE PRI PR B 5 A0 PSEE, DL i) A 73— AN T A 4L 2N RE 6 B 0 M e 32— ToU A oo e
BR.

TS HNH TR TR 2 5 LR ASE AR OCHE 30T TR 73 5 18 18 5 RN A O 1 A

Table 5 Trends of software process modeling

R5 WA RER OGS

Trends Papers
Global software development [25,37,42,45,48,53,63,65,67]
Implementation of software process technologies [15,24,40,41,58,81,91]

(1) 4340 3R A BRIF R AE A b R e )y v vh 45 0 A 2T R G 1 — L8 S B AT 5 & AL ra) $24IE—
ANAT B HE 53 A 30T R 1 3 REFR B, LGt Maurer 25 A2 T 35§ COBRA Hl Java RMI ()43 417 20 5 48 MILOS,
LLSZ#F Internet PR35 T ) JT & Doppke 25 N 7LKE AT ot 45 5 R0 3% P K 4004 355 (virtual environment) FH -+ #c2hd f%
g BN PAT A A R PR T DL s PR 1408000 Agents SKRHAT.b) S HE Ik B R BT E S IR 4 40 ) 1 44 336 1A,
7, et Li 25 N3N FS 3Pk ) s 5 T80 o A0 1 S Sk 2, o047 P e 2 ) e s e i 380 el 5, M A B4R T
— P T L RURS B 1 A 0A )5 30 Wang!™®IE CAGIS H4 H 17 n] DA SZFERR 7 R W7 5 AN ) T AR X0 1 st 1) 3R 47 4 3ot
IIHESE, T Becker 25 A\ 20 28 4 (delegation) (1) 77 2K — 82> B AT i RE 3T 48, IEAT 11 45 7] T (contractor) $1AT, T
A5 AT LA gk S BRAT I A e I H BEAT M 55 Ge 25 NSl AT Nets-within-net 5 ] DL Sg L4l
5l Agent (K105, T 2 FEE R F W IR Bly.c) FFH — 28 BB B AR S 350 A 20T &, B 1 Helland 25 AP
SR FHTHT 11 JIR 45 B0 1 R 42 (service oriented architecture), 32 FE KR 1 B2 1 43 4 sUHAAT, 1T Ruiz 25 A3 MOF
HXMI 2 T S0 RF i FEA% 386 1) J7 9. 53 4, Vanzin 25 NSRS T 48— AN 90 A sRER BT W SE 7] 5 A ERER AT

(2) Bt AR it A A S A AR S it 3o R o e R A B S A R s T S T R AR R
3 R UIS-400 s i i g1 22 ol AN [i] 400 PR 0T L % Hl i 248 (electronic process guide, FFR EPG)!'>®! LA F 4 56
N B Bt SRR BRAT 2 1 e R T SR P (4838 19 3% 2 5 W 2 1) (preescrriptive or descriptive)!' >, H B4 L4
PR 25 (Al LA [ s 2 75 45 Foft 24 iy S 3000 LA O 3% 30 10 4 A )10, 5L AT WS 2 7 110 6 3k o, A5 oA s o i O
A S i R R T B2 s SO A I 7 2O L, 50 ) B A At s S 9 1) D L A R R 3 B
RGN 55 A6, T SRR FE AT 175 2, DL AN 2R B I H A A B S R, PR TR — A R T
T AR PR A SO A R I U o TR FR A AR v R TR I B B (H R S R v LA P v R A 2 ) A e R A
(215 B ) 5 5 B 10 75 BEAH 22 sl aze 1.

HARTE & R A R LA 5 T B0 B AR 5 5 3R 7 e 2 0 M Db AT o5 2 AR 119 — 0k A 2 R Atk
AT O T R I 2 o R S it P 44 56, o0 2 A AP o R A I ) 2 WS A R A B 10 I A, 7 A I 1 3 R s A
B BRI SRR A I 20 AT S S AR AT 2 M (0 T4, B A R 0 B AR A0 YT AT A, T I L i 2
640 5 1 5t DR S R ) 4 2 2 AR T 2k 25 138 P, 5 S0 K b gl o 1,

Ty AR AT SRR R AR (1 S B AN TR TR SR % T AN T B AR AT (process performer)
$RAE S, 1M HLIE 75 B i FE TR Ui (process engineer) 3 {1t 57 3¢, 0 75 2[R I b i FE AT 5 T M 0 RO AL, DL
Je At B A 41 Becker-Kornstaedt 25 AUONE 25 {038 T 8 SR FE 1 52 T 20 20 (1475 LI 1) — L6 5156
von Wangenheim %5 AU Hy T 26 /NS A Ml o 5 | NJEAC T ek FE I 28 56, 11 Colemant* 5t 14l R Fi A IF
RISFEM AR E M AA RIS %5 L.

T 5 A B B, AT DAdE— AR B AR 4 i

BT R R 0 H 254 A sUORN A BRAL JE — ANE R s (38 38 5 o6 Fax — a3 kot 5 T 20 A X
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AR SCRFIAT TR 2 85 IR R B T — Lo BRIR 7 V2 A0 S A 28 AELAE b 3R F 5 1 A4 e o T
555 0 R DR < A (1 B8 7 5 R S DA 2R (0 5N, T BEREAS A 2 P9 0 REAS AR i 3tb S B TR UK ) 1) O 4, e W%
HER 352 SCALEA 8] A9 AZ T 7 KON 11,96 AT LUAR B oy - K B 20 DR 3 Bl R FR AN R 000 4P, v 3K £ B S5 FR) O e
SN AEAEAR MR AL

5 Tl 3 RS 2 T AR 22 AH TP i (10 7 3K, B e AR AN AR A - S B AN EL A L TR R = T 14 47
T S T BEAR AN S T3 W 48 o A A O R e R S ST 3 B XA 5 SRR A 5 SR 2 1) 4 7 T T
ACARTE A (11X 0, 5 S AE T BEE 5 1 U™ M RE B — N BT VA AR A T U 1R, D B 1% AT LR
T % 40 1 T SC. DRI, B8 T — A7 1 T P AT 5 10 DB 2 i 6 P R Sl T 5 22 T Al 38~ A4t — i
fF) SHE W A e L O AN 7 2 VR T 9 AN I8 53, 2 3 R G s B AR Tl i 1 ke e /s B2 BT 195 7
Fe AN TRIRE JSE (AT A 5 92 22 T 18 0 SR A A () L vl A i B . i) 8 2 48, DT 8 4 0 P i R (10 2 s A o # i
f TG 4 b AR e — ke,

4 —mEZHEHNENNREEREESE

B AT RO FR G M . BSR40 A 1t 1) H 250058, 2 0BT S RF AR JT R 35 30 (1) PSEE $2 i 78
i PSR, 7 BRI R SO A . AT 20 AR B RORE T 43 A AR SR A T T, R 08 S0 4 M AL Hh i
FRE ML BhAS PR 23 A0 2L i SR (8 75 SRk — ANy 58 HA I Tl R A2 Bl T30 T RS b S B T AR 2 J7 T
BT G R e I R 5 Iy T 25 55 R 20 23— AN SR A R o R S T P 25 (1) 2R T 4 R T H il R
R B )L T T SR R T R e o I R . BORFI A SRR R I RR R B ISR S T K
PRI FR L A LRRE PR A TR R BEARIX 3 A8k A #RIR AN 5 VL F il b, A1 8 T S AR I R pF o 2
HEZE TRISO Model(TRidimensional integrated SOftware development model) >3] 41 [&] 8 Jiff 7%, 1% 45 184 1] 3 AN 4 Ji
IR TR R . R TRE R AR R TREN 41T 3 AN 5 PN 9 =5 B4 B (first-class object) )il
JEiE B (activity) il (artifact) A 5 (actor). ) T H AR YL, #il b B R 25 5 FF R B AR S V)AH G (L A 3
T I BB R L 7 Skl e 0 S i =Rk o0 A R BB AR 58, T & 4 A (development integration) 3= 22 M 5 i
AT LA Sl AT A, LA B i D) P 2 48 00 ok R B LR B R R 2 0 T B 4, — R A 1P I TT KI5 34
BT A%YE R AN 32 H P R R 4E il (process integration) 35 B I i B 7] ) I R FI4H &R R TN D 4 E
L N G U (0 A 68 0 R B AR 68 B 5 58 R 8 AR 45 A ORI — 24T LA S — 5 (R AL 2R 450 IR 55 5 ik
(service integration) = B A& FiiR A It 2 8] 56 AT 58 AF 55 W I A A U7 2. = 4 (B ot il o ko KA A 70
— 2 A B2 1) 43 Sl e EHE 4R A (data integration). i H 4R i (use integration) I I 4 i (management integration)
17 g e IE R R T AN AEIT R L 9 4 T 3 AR Fo % 8] (K28 EAR A L R AR AN Y B Y
PR G 30 TT LA SR FH U R0 I 1) 7 SN AL A 7 — kR0 8 e 0 1) 5 A% 3 A U5, T 4 ) %o Gl 3k 9 4 1)
77 A7 — ke, JF e [/ 28 J7 2 S IUAH 8] B 1 0 ) 25

N T R AR 2 B b 0 % R AR TR ) IR 5 A8 T BRATTAR T B A TR R AR R AL R
TRISO/ML(TRISO/modeling language)™*” 5 T TRISO/ML A LA AAT A #1 J3, 32 W G5 — 1) 7 s Sk i 72 v 1)
At iy BOR L TTE DUSOH TR A8 T el S B ok R AT B R 000 FR AT 145 5 S it # b bl A B
FEIT A SR AR 52 AT DULE BEAR A4 52 IR R EE 41 R B LR TT R0 8l CAE™=dh A DL R 2 5,
P50 JE FUE FRPRAT A S i FRPRAT BR1 D 43 T AN — B0 s SR W el AR 108 S L AR R B — ATk,
AT DU A v O 2 HAb S B AT A AT T 3R Se I R A5 R i T R E SCRT LA 22 e S0 Ok
b 3R BRI 0, ] AR G S AR R A A R R ARAT 4 AT (O A e T A 2R 00 118 2 A Ao R i P A e A 3o R ) £ D
BC) S AL 43 A AT B 10 45 T TRISO/ML 4 T AE B, 1 2 T 08 5 10 B AUAE 5 Hi IR 45 2 1 i 72,
T i AR % e R0 T mT LA 18 2y b A 1 20 0 rile 5 0 2 0 o s BT A 3 R 1 8V o ST S T 22 G i AR 1 Al
AT DASTRFRR A R AT R — R B 5 B

© PEFPEGERIHITON  http:y www. jos. org. cn



538

Development Process
integration integration
SE
technolog; —— b
ey Data
integration
Use \ / Management
integration \ / integration
Service
integration

Fig.8 TRISO Model
B 8 TRISO Model 4 pir i K14

Journal of Software k1 4% Vol.20, No.3, March 2009

SE process SE techonology

SE human \

Asynchronous
communication

—> Transition

— — Synchronization .

@ Activity () Subactivity
Fig.9 The dynamic semantics model of TRISO Model
9 TRISO Model 3 if X1

Software processes

1

Visualization support

hJ
Visual notations

Execution and analysis support

y

Semantics in polyadic

n calculus
I
Correct.ness Matching of Evolution Mobility
checking processes

v

Finite state
verification

Infinite state
verification

Fig.10 Framework for the representation and analysis of TRISO/ML

10 TRI
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KT TRISO/ML W TN 52 AT 2 WL STk [47], T T4 53 5l 1) 18 TRISO/ML W] 3¢ 4 #1443k F2 11 S04 4k 44

(NI TN APV & e T

SCR AL TRISO/ML K H T 7] 4T 4 (behavior oriented) ) 77 XXk fifi ik 1 A1 o A5, i1 5 #2488 T Wil 11 Prosid
FUBALTT 5 1 AR R AT A 6D (06 5 WPy ML 8, 6 T3 3 045 R A% 3 A ) 28 53 &b, T LA 2 VB (annotation)

(K77 AR S

PAT S FE ALK TRISO/ML i 72, n) U ok — 28 271 {0 0 D)ok 265 48 oy 22 0 et S5 22k o I THD 10 90 U1 a3
W T B AT — NS T S AR B A €6 1 TRISO/ML i FR 6 4 h £ Jomist A ik 2
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FOW 1. R N 5 R R A E A A O B AT N DT E— RS IR AT ac Rk FOR, LX) £ e

AR E AN
A, z assign,. (start,end ) startend. A, | A, .

IR FN K W ac FIHIARIRAS 27 PR L 4 23 TICAT: 45 IR 445 B 45 44540 DG I P A 3 3E start 1 end 170 T 22 4
AT IAT 55 AT I R A B e T ac, 4 3L 1) start 81 5 3% I8 B A% 5 5 AH IS (0 35 B8 TP R AT, T 46 24T 45 56
Ji,ac K M\ end I H2 BT 55 56 BIRIAR 5, NI ac K5 052 215 PR IR

T T 2 7R 06 3 A5 1, Hemiff SRR AL 23 0 7R BN o i L RRAT 1 3 A T RERE IR R AL R | RoR B
ANTHEFR,0 Forfinth TR E RoRHAT TR, WAL 2~FE0 6 iR T Wi £ 75 TRISO/ML H#— A& 3]

U 2. WES AR T ANEST R a, A HIE chiy,...chip 3 AR, . .bim} . e
bin}, I I ex, o ZHL(Py,....Pu) 28GR IHE choy,...,chor Z3TIIHE {C)yennsCichy vy (Cppsnns Cy AIK H 25, 9F HLHS

(v LI 0, , FEIEI JESTH 4 2, M 3 @ - 4 X
def
A, =Wl 1) (e i) B (e 510 1O, 5))

def — . -—
I :(ilo"'ail)'Chil(bna"'ablm)'|1<b117"~ab1m> [ Ch'l (bllf""bln)'ll<bll""’b|n>’exap7a(p17'-~> P,

Oadi(io).io(c],,...,cls,...,cr,,...,cn,rl,...,rv).Wol(crl ..... CryrerCNOL(C s € ) 8K, (sl 5
Horp AT 7 HERE Eo 5SS HORBUARN G, — N IR L3 5 2l ] AR 70 4 4 00N I 4L A B 2 A 15 2l U7 3l
FFAT G B ANE FE 5 B, 55 b, 28 i i 8l t w] LU EL B B 1 Eq BEAT A SCR 3~KE 6 733318 73X J LR 30 (1
Ea e He 405,

M 3. S s R zs A a A E i B AR 0 w AN IR AT I 753D ay,.. e B T
AT FE 5 SN B HEAT AR B ACH B2 w A IR s NI B a SR (Pwis- . Pup) TG (ru . Fu) R 145 @l [F]
I %5 S o i 2e N 5 ac, UG 3) a i AT - HERE AT LA

B = (siini) iy (By sy ). 0y (BB ) €%, o (P P, ) Arigger, assign, (start, end, ),

start, X, (P plh).triggeral.exalia(r]1,..., r”).triggeredal...exaiaw( Putseo pwj).triggeraw,

ex

. a(Typseess Ty )Ariggered,, Ariggered, .end, iy (€, s Cigavens Crpsevns Crps Fsvvns ).
76 TR B TE 3 a st AR 2 s 3, AT HEFE g REFR 1, B2 25N 88 )5 $2 07 06 R b % a 173
), AT 50 B S5 RS B AT T A5 2 B B I BERE O, Hi .
F 4. I RGN R R AL 0T 5 a BRI AN IR I TGS IN, W B, TRERER IR A
E, = (1,000 by 0 )- (VK seees Koy D1 (B 5, B ). ) (b“,...,bln).exapia(pl,..., P.)-
trigger, .assign, (start,,end, ).start, .(E, | E,),

Ey = (8Xy_ar(Prysevs P rIGORE, 8K o (1o T AriGGERR, Ky K (1 e 60 |

(8%, Puts-eos Pu )ATIG0ET L Xy o (s Fy ) 2rTGGEIEA 1 Ky Ky (T Ty )
E, =Koy Ky (Fpsees ) -Kog- Ko (Bt s+ T ).triggereda.enda.ﬂ(cn,...,cls,...,c”,...,cn,r],..., r),
BERE By Al A AT BT AT B 535 200,100 B HERE A AN 130 S OSSO AT 45 R OT it 2 EFE O,
W 5. LRI B AR 7S A AE LG Bl a PR R AR t A IS, M E, T RE R R IR

I,

w
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E, = (1,0, 0505 0g)- (VK (0 500 B ) ) (b“,...,bm).exapia(pl,..., p,)-

trigger,.assign,(start,,end, ).start,.(E, | E,),

E, = (X, a{Pysees P )AMIQQEL, X, o(Fsee ) Ariggered, K K(r, )+t
(8%, an{ Prsves Py)ATIGYEN,, 8%, (6. T triggered,, K K(r,... 1)),
E, =kk(r,..., rj>.triggereda.enda.ﬂ<cll,...,cls,...,c,l,...,cn,rl,..., r,).
FW 6. £33 B ) 2 7s X T G ) a, JL T RERE Ea ok
Ba = (i) (X s Xy )by (X500 X1 ) 8% o (Pys-os P ) ATIQQET,.
assign,.(start,,end, ).start, X, o (Py.... Py )Ariggered, end, i,(C ... Cigseen Crpseen Crps Fraens ).
W 7. FEA AL AN A R SR IS S AN R T R G
SP= Ayl Aun [ At |- Agcn -
AT 3 A BT B AN R R R, AT T AN B R A AN I AR S A P R G AT L
4o Env, B 5 SP IR 414 Env il LLE A
Env =trigger, triggered ., ,

Ferproot AR AT I FE ARG 2.

BET F I B0, BRATT AT AR HORS b A ik — A TRISO/ML L2 AT D, PRI ] LA &6 25 5 b SRR 2 1)
AT

(1) 2 #r JEIE A Bl B 45 210 1K) ol 55 308 3 AT DU BRI ¢ B e A f) i RE 24T 0 A - 38 R AR I R 1)
TEA P, 32 R N e 2 A 2 1) 0% T 4 1 YA M 500 A F) 240 TR 2 A, BT 8 A T A BIOIR S 36 T R B
CWB-NCH VR SPINU OV 3 p i S50 2 1 (193 A8 4 SR 1470 o 22 ) £ DG e, ey 0 FAQ B0 L i B0 L T IR %2
il LA AR [ 7 R (1) B AR A A T LA A SR 1 8 S 7, b CWB-NC Al MWBH Y B it i
8 7 R T EL AT A - A o A i i — Bk,

(2) A A A AAT AL I 5 YT 1B R ) 300 A5 £ 308 308 B T LA A 3t Ut T LA A s 30 T A 5 T 3 3
B S T 2R G G IR A HR R R b v L o 3 3 ) ) 4 B3 e R BT B AR S R 1) R e 2 ik e 4
R il 3 P AR S M S P o P A YA 3 A AT

5 & g

AR R GEVEN 7 v R A AR A AU R AT 10 AR IWEST4E T — AN SR PR IO RESS A0 20 B AR R
PRI i, S IR A SR B I R 3 A i, B AR R BT VA I 32 R TS H AR RORT )
JEERE S LR A WG ) 0 () B it MR AR 5 (1 1 R SRS A PPN AR e JE I T 72 TR SCEEAE AR VA AR
253 M A G5 X L8 30T (K Sk b, i 382 Hh A6 i ALREA T T AR LK) 0 T AR 3 AT TR 7 149 73 vt =, it
FERERTTIE MW FUEAT T R G 70 28, I 3R 1 A i o 1) gt 2R 5 S 401 o 5 s s PRy I e o B S i o P )
Sy AT T T ST ST H AR R I AR R AT 1K 20 S AT B T I 4R A T 5 BT A R 1)
L) A, DL 5 T AR X I () 32 A gk T G0 T Ay A EREAEIT R (KR 3, S e 1 12 00ns 30 T e 11 [
B AL 4 BRAGIZ — ST A 3, T A1) 2 BERIE 5 AR T 6 A o e S BB A S (9 18, 45 T AE SRR T R PR B
TN C A I R EOR K B B 2006 AR SO 4 T BT Y 0 2 4 P AR S B R R A 5 i mT DU i — B
P RGOS Z O A 4R P R v 1) 3 SR S LB AT 0 A A3 S RE B2 L5 S B T i 2 )
FRAE P Rl 52 5 O S T — 350, A7 R T PSEE IS B T R P15 10 55 b A ik
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