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ABSTRACT

?

ABSTRACT

Payment mode selection and project scheduling are two main problems in
project management, which attract the client and contractor significantly. Thus many
researchers focus on the extending payment scheduling problem in recent years. How
to make flexible and robust decision so as to adapt to complex environment in project
management is a long-term objective of the research of payment scheduling problem.
The purpose of this thesis is to discuss a practical model for payment scheduling
problem based on the interaction between the client and contractor, and try to apply
the model for basic analysis in project management. The main contents of this thesis
are listed as follows:

(1) Seven major elements of payment scheduling problem were pointed out, the
meanings and mechanism of which were also analyzed systematically. Furthermore,
this thesis revealed the negotiatory process about the payment items of contract
between the client and contractor, and showed that the negotiation is a process full of
game and information interaction between both sides with the decision rule of
maximizing their own net present value (NPV).

(2) From the viewpoint of the interaction between the client and contractor, with
the optimal objective of maximizing their own NPV, the thesis constructed a new model
for payment scheduling problem and proposed a double-loop thought for resolution
consist of the inner loop and outer loop, which simulates the decision process of the
contractor and client respectively. Moreover, the thesis also tried to extend the above
model combined with some common way of payment incentive.

(3) A double-loop ant colony optimization algorithm was proposed, of which the
inner loop ant colony optimization algorithm was used to determine optimal activity
schedule and optimal NPV of the contractor under the periodic length of progress

payment delivered from the outer loop, and the outer loop ant colony optimization
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algorithm was applied to search the periodic length of progress payment and calculate
the NPV of client on the basis of the activity schedule delivered from the inner loop.
After several iterations between the outer loop and inner loop, and combined with the
adaptive weight method, the Pareto Front of the problem was determined ultimately.

(4) With PSPLIB testing problems, a computation experiment for the double-loop
ant colony optimization algorithm was carried out in this thesis. The results of the inner
loop ant colony optimization algorithm were compared with the result of the forward/
backward hybrid iteration algorithm and Rand-50 algorithm, and the results of the outer
loop ant colony optimization algorithm were compared with the enumeration method.
The results show that the double-loop ant colony optimization algorithm has better
performance as a whole, and the searching efficiency and performance can fulfill the
request of practical project.

(5) Eventually, a quantitative analysis on a testing problem of PSPLIB was
illustrated in this thesis. The results indicate that except for the bonus-penalty structure
on the due date, the change on the periodic length of progress payment, resource
constraints, indirect cost rate, the discounted rate of the client and contractor, and the
percent of retention will have great influence on the optimal NPV of the client and

contractor, and will also affect the activity schedule of contractor significantly.

Key Words: payment scheduling, ant colony optimization algorithm, net present
value (NPV), Pareto Front
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1.1 FEHENTR
.11 FfT#HERECIMAIIRE

ERESK CERBNAR, FRRE N TRAARREAN KWL, &8
BB U= T A B BRELE L FEMK, TR E R MEM BB  NARI,
W=k TRE. BRETHE. FINEEEARSE. REEREFEORRES,
RARBREEHBEEHELHARR TR . XETERE2IAHERMEKX.
B2iAMK. THREFSHRA. B—HHE, H 2006 FHE, FEARRITCE
ZESLZRMBMRHEFMEEEE, LTRVELBK. BRB 2008 FE9 H
CIRRATEBAT T HRMEE, ERE R ERERE, 2R EHATRNE
BEKBERA. B, T LERAWE, Mix7Es S e aErEeT
Xt O H Bt BT B 2.

FHMNEESSEAFEVEMACHE, AQEET IRERER, ATHEEHA
HATURA S, b AR R B AT SO, R ST = 038 B U5 78
BREFLAE. ETRUREFEERESRA. BERARTHER, WEMALRE
FHEL R TR AT a] SIATEEBOR AT B, DHMER B I 58030 &
Ktbo TR, PAHETIHE KA EEZHRE.

Ve TR E #E 5 L3 R — A EE BT A5 STRNBT ST, SO RERE 224k 1)
BETNHEHLBRNE SRS, HiZEEKLET NP-hard B, KFE+5
WA, XtTHEWSMERI AN R RERARG . NIERSCIRBERRE, BEX
SR FEN R K E AR R A BERIE T STA et P e e 1), Mk AR BB A B M B
BHATHIBISIR A . R, XU AERREN. MBHIRE. 287Nk
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B EFAINREAFRESAL . BT3P mE ST HEE 2 ) B AR 5 5k
s FFHVTIEN R E TR E PR A SO HERE 2 HRR R, A 454 Ml 3 F0 7R AL 7
A B EERS ST A R 2 R R AT BT AL

1.1.2 MRBBEFMENX

SOAY R A R F A I H 2 1) 22 HE 2 I H B B R v ol 2 R AR A R 3 R 56
TE RIS 2 ) B el RT3 B2 L B SO BE B 2 ) A R e AR OR SR SR AR
EREMTTRPERRE. XA ERERED L E Ak EMACE, i
MTEA 36 IR 4 KA S AR B e 0 St R P AT EL A AR 4024 . 8 B S AR
326 R RN T H 3EBE ) S HEK AR R0 B B SR, Bk R AL R A8 B T UOAI AT
TEAR BT H AR b AR o (X5 R85 T A9 2 78 SR AT O SR SRR A — RE B AT
B, B BT X5 R T CiE L e, SR BT LUk, R R B R R
FphzE, TR E KR e . B, UMY sl 7 A BB A S BE B
TR A — e R IR .

AT EEF . EERANHBT RS A B R B, R R B AR
75 R AE AT 3t FE 22 3 16 RE o b T AR AL, A4S Dol 3 AR A R AT B AL A R S
it B B A ] BT AT AT, R AW A H AR FE LU R L -

(D&Y 3 F0 AR B 3 AR B B SOAT B B 22 R 1) BT L S iR B .
WHERMNFE S AN ERMAGEER B RRIBETHZTERR, REHEREFE
FEHEMHIE], BRI s T ol 3 R0 7R B B 58 A BE T B0 SRR B R TR ) AR
RS ARLER T .

QMEVEMACH T E AR TSI R R BER . ZERNLE
TR ERACR AT HRE T LT NP RZEM £, &5 RITMNE
bR, S RIERFHAERE, FZEMRFS TREEERAER.

)N LR R MR G K RE T E. ERFIENR&ERINEOR
B FESRAR SRR SRAR B 18] L5 A LR PR TR E, RARL R LA B0 H Bl
TR R MBI R E B R

ET LR B, AFRIFXNERRE A H AT SO BEBE L HE A3 BBt
o FTEARHIRF R SR B A DL 7 K AR E R H R E X

CUTE S P 48 A ST A BE 158 22 HF 1) BB A B 9 RS0 R B 26t B, 38 0 % % ) At
MEFEREEE, BRNEEEEME/ER. Fa B RS#ETREmE, HEx
AR T A8 LA BE T BRSO A g R AT R BB, LR E AR
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S P 2 1) B R ST 1

QFRBEIHE RN, TR T ESAOEERE SEAETHTEA
B, MR —AFRI . 5 LR R AR IR (0 A0 B S HERE R, DA B AN S A 3k
JE e BB AR &

QSN HELENERIM. AT SR, 153l 3 R AR A 26 50
B H R A ELAT 0 MR, 3R H ATk 1 e 1) R U M BE B, LR B RIS
3 37 5k BE 2 e 100 0 SR A T

@B N AR B A . SRS S BT, ET8
7% 32 A 2 R i R e T SR, AR R XU A TR A R 4
PIRSOATAESR, 0B % A IR 1 M S SR AR 22 0 A0 4 T BRI ER I K 98

(5)T5 B 32 AFit B e B BT S R O H RS M E i, EHRNE
GE B0 TR E B R BT VE (03RRI S A BRI M &, B ST I B A ER
ERY 45 A WA T 1 4 TR 6 R 288 Bk T .

1.2 SEfr3E B REN B M BrRIR
1.2.1 ARHEREWL

XAt BE 22 HF 1] B (payment scheduling problem) & $5 75— & ML 0T,
WL E T et e, #e AT RN A, FHEKFRRAERK. X
A 33t P 2 HE 1a) 2 T B HE B %2 HE 9 B (project scheduling problem) #] — A~ & & 4y
X, WA B — AR, EERBE T BN REE N ZRE,

ERTHERM —INEENA, TUH S E2H Bk EE A A5 R 5%
FERE R, IEERMAE VRS A SO IX 7 T M SCEBAT TR EIC R, &
HEERNRE, Bt E#ELTHRNENRRCERR T —MEREIT R
R, REHRTUNBERTZR. BAREE. PSS, BEXARM T
FrR® VR WS T AT 228 MWIH MR ER T2 B4R, 7T LUK A B4 A
BHURAN 2 PR B BE BT 2 HE A0 B U5 32 R A3k B e HE s T H B e H AR L3S T8
B/ME. BBERKMA. BREERML. AR ME, THRHCHEELGER
WAMBERN; BHLFRZEXRNT U A ERFEESR —FHRXRAM &K
F: BIFESR AP WNIR LA A LA SS9 Wi (preemptive) 1 TP L4
W7(non-preemptive) 3 . X ik BRI E BE4T A R 5% € BI =4 7 T H 2B 22 HF ) Y
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BRI E X N#HERABEARR

ANREHFRS X .

BRI B 3 2H W B B B AR R E A T &ML, R TEA S R
R E ML T, BN THARHERLBEXRNE R IR, L%
BT RBARE, R EESZRIN E ¥ B 28k b & (resource constrained project
scheduling problems, RCPSP). RCPSP [a] B L4 ilF B /& NP-hard 1) B (4 & K
lal )Y, BISRARIXIS B EBEEE ) SR M E R LK. UL
BB /NME A H AR RCPSP SR F ) 3K f# 7 B 5 RS 1 SR A vk R 3 & o7 ¥
(heuristic), FCFFT, &K %9 Bl B AR AL 7 ¥ (optimization) B FEFH AR K™ 0—1
SR ORI 433 5 G B R R U2, R s A b AL IO R R B SR
fBTTE: R TR ERUR M B S U1, 8RB 4 3 FF (truncated branch-and
bound)!'”!, 4 B UK & (disjunctive arc concepts)!"®'VHI & 3 B WAk e IV
B 5 K1k (quality maximization)Ay H #7 (K170 B 8 B 22 HEWT S 66 S0k [23,24), T
PA R AR B /MU BT 08 B A B AR 20 8 O TP A RO 3R YR A B A% o R B [a) 2853
) R A ) — A 4 7 il B 25 2627V ¥ 9l 240 ) AR 282900

PLT 88 /ME R B AR R0 30 B 3t 2eHE 28 T H W& 7 HRE R, BAKIR
E 3 22 HE A SE ML R P AT AR 4 (RO R & (I 11 1) AT S ORI, B BRIV AT LA
SEM{EZEL T FASE . Doersch 1 Patterson®VEL& R B, A0 & 3B 3CAT TR
H 2 B /b T 3 52 00 B0 BE AT REAS & 7 A B vl 1 v BB R A W] T 45 (BT 4R I
BRA. SiERSERBOMSE Y EARRRERHSZHELRESHN—RIIER
(EERIR/E D). IERERENBETAN)N N F LA E SRS, flle
REREFRHRIEFz . BE. MEHEWNZH. BIHSRMFTIERERE
FRI B ] B o

L% BT H IS WS B &N AN ER, FI{E@net present value, NPV)#&
KA B — A R A I B AR, T R ) AR O AT LI G I A T 2R 22
HE 19 B (project scheduling problem with discounted cash flows, PSPDCF), tH#RA
Max-NPV B fEP?, B A. H. Russell®™ ¥ &) ¥ #th 4 NPV #E 5| A5 H i3t fF 22 HE 1)
B, Max-NPV i BBGE TSI RS20, IZIBFCIR @ B AR
BHARS . KT I0H A% HE ) 8 & TE Max-NPV 7] 3 i FEAl_E R BTs LA
BTk, BT IR RIEARZ RS RIEZ T Max-NPV (8] & (R 5T B F sk
R AT R E R B, -

—. BIFEAZIRAEY Max-NPV [5]RE ‘

A. H. Russell™ ¥ 5578 W 4% % I E MM I EWNPVB RAL B Az, %
BT —ABERZRERE, HRHE B ENERR, AMEREAERIER
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A SFA G BEAHERE. MRE T N EESFITINIEL AR, £/

T—NEEFFEERUA —NEEN B iSRS XN EE MR B R T L
PR —AWER I, HESFHTHRUEF. A H Russell R T 4 HERE
Hirk, BA—KRBBESHE -AEREEERAIEN.

Grinold”* & i # i — A3 H 52 THIBRK A. H. Russell KIBFFTHAT T &,
ftb ks B 2 B 8 X R AR MIBE B AR R BN IEL MR FE 40— B I
o1 A0 1) R G5 H R A O S LR o IX MR BR S MBI SRR T R, BB RIE M
& EMWITHEA R ERILAE, DT E T/FMAFENE. M A H. Russell
BIWRSC—FE, BT —AMNNTHEEEIS, Grinold MBE BT IR LR,

Elmaghraby #1 Herroelen§ i Russell B F K T —ARIULKEE, I
NPV HAFHITHE# F 2H m SR T RNHEE. MI1BR, AREEHELT, 7
WREMBEHWARNEZET, BFEIASEROFARETHMARSROELER
Mo ZHERE BN . AT R T SRR TSR W AR SEIL R &, R
AEEFMEETHBRHIEAT, R NPV ATE, TEBERHENREE.
Herroelen 1 GallensP#%4 H} T XA M E LR R, SREREXANFIEXNE
BEAZIR I BRA B .

Demeulemeester 255742 T — AN B BAR B, ZE 34 454 L3 AT EE
£, BAANESREFRAMAM LR EZH, FIECHN T AR zH. 5t
. Grinold J5i%, XAHEMRBEMER S NS, Mohring £ H—1%
HMAHE, ATEREMUETHRTEREHEENEEZN., XTMHETHTHER
NPV B RUHHEES, HPBETFHAKRE, X TFEBEFFHERE, HUESHRHT
Fr B0 50 201 33 388 B, B4 U N P B B0 18 B 133 9K - Schwindt ! Zimmermann®™!
9 B /N RN B K B N e R ) B4R T — A B BE b F B (steepest ascent
algorithm).

—. FiRSIRAT Max-NPV (€FT

LB E R RUR AR, Max-NPV 8] & B sk #80] LUK FRS B K 8 7 7%
BREIXFERERRRNFTIE. BHRETEERE 00— 1 BEIRIUAM, AR
M2 53 REEWBA% . Doersch M Patterson™" SR 0—1 BHIK F ik, *
RAEBEPEFENTE P LFR BT H RSN, 8 AT &R ER
AT RETE M. BAREEARES LSRRI ER, RERTERK
I E. BMEAEE 1525 M LFRNMERBTENME. GRER, LEE
AR EN R EH THRKN, ST FENTERETDRBESAREIE
WEERN.



! sAmERMREREOEFE
-

Smith-Daniels 1 Smith-Daniels"*" " T Doersch Fl Patterson # %!, 5|AT
MBI RRA A . R e RS ARMEN F R NPV, KRBT A
B ) g . b IB SR, EMAMERRANMUFEEFERES —BRFTRY
LRI P8R BRAEAHE BB (R R 26, AN A 20 SRt 3 3000 H S A i FRAIC, B AE
AT AT Ge R B LIP3 2 50 H I EE R

Tavares' 48t — D H MBS AR F B F R g H ik, W —MHEBRRMIEE
£ B S AR 43 (calculus of variations)#fE T H B 44 . B ORALIK H AR BRI
AFE TR LS R A R S T IR 2 R T E S A AT R R S5 T &
IS, XA HVERINHTRAET N — M RRSREERINE.

Baroum il Patterson' 42 i — />4 32 8 F 7 1%, HEH TR NPV HARK)
5 H Bt 2 HE R . Icmeli A1 Erenguc™ T & 4> 32 8 RERAEH T B/NER T
RIS, XK B Patterson £ 50 MK W B (T FHAE 7—51 M2 BEDFIE
F ProGen P~ 4 8 R 32 N LM 40 AN EEEAT TR, Z22H 3 MBIRR,
g BB IRAT L SCER P B SR, SRR R, Yang HWNG NPV BHEEFR T —
A BEHORKRI 7, RTATT TR R EICRE T TSR DRI . A T K
AHEWE TIPSR B8, A ERENENREE, TRIEZS¥EX
BB R TEHITHA

5 bR HERE, BRAFEERT —EHREREN 234 LritE. &
MWD ERAM: AT RMMCBAN. B35 —4TF, KREBRRRA
CAZE SR ZI s, Bl TRENAR RS LFe, MR T Ty
Bt AR SE IR 19 B o AN [R) B DL S 07 5 BUOA (8] PR 7= A o I S IR ) 2
LMRIERZ LR MM, ik BReEn mmKE. N EmE L, 5%, hik™
ETRENBRRNAN. BEEPBIES=EHT RN EEGHM: BITHE~%)
% (serial schedule generation scheme, SSGS)F1 347 3t & 7= 4 7 ¥ (parallel schedule
generation scheme, PSGS)S). B ¥IHIHEE =4 RER BTN, J5REBENGH
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