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Abstract: In the construction of complex engineering projects, risk events occur frequently and often exert profound impacts,
becoming a key factor affecting project success due to their dynamic interference with schedule control. Traditional methods
of schedule management and risk control are mostly based on linear assumptions, making them inadequate for effectively
capturing the nonlinear coupling relationship between risk and progress. To address this limitation, this study develops a
dynamic system based on the Lotka-Volterra model to simulate the interaction between schedule controllability and risk
mitigation capacity, aiming to reveal the periodic influence mechanism of risk events on project progress. By setting different
initial conditions, we simulate two scenarios: one in which schedule controllability is greater than risk mitigation capacity,
and another in which it is weaker. Simulation results demonstrate significant periodic oscillations and alternation in
dominance between the two variables within the system, indicating a typical nonlinear feedback mechanism. When schedule
advancement accelerates excessively, the limited capacity for risk control leads to increased internal pressure and resource
bottlenecks, triggering self-adjustment and initiating a corrective feedback cycle. Conversely, when risk mitigation dominates
initially, it suppresses progress growth to maintain system stability, but the system eventually enters a feedback-driven
oscillatory state. This study validates the applicability of the Lotka-Volterra model in characterizing the dynamic evolution
between risk and progress in engineering projects. Furthermore, it offers theoretical support and quantitative tools for
optimizing risk response strategies and construction organization in complex project environments.

Keywords: Lotka-Volterra model; Engineering risk; Schedule management; Game-theoretic analysis

IR TREIUH o, T H 3 8 BN R B2 dn 282 T E B KR D B . BB TRE

81



e R FRSE %13

PRI A% FE RO AN 0, A% G AR B2 42 ) D AT A T s A B A8 2 O Pkl . JE R AR T 22 A8 Y
SMERERSE . FARIE D R BANH AT, — P P 2 R R 5 B T L o i 2 S B R
AR, T R Gk i 7 ORI RN B TR I H v ) DU AIEEBE 2 AN A AR, o T —
N IR ARE A R 1 S 1] AL o

TREIH BRI AN T B K47 2800 B AN B RN S, 555 0 3 P58 P4 S S AR 5
FRGE T H BEREE L E, oG IR (CPMD RITHRTH HR (PERT), REWSTERE MEAME T
A A H R B T B W O R A S Y, AR, o s TR (R T ) PR A
FARIRSE 1, AN REAMRPLEh BT e ARG 1 H B RS2 o AESEBR TAEWIH h, XU FAF (2
i, BRRE. BORRSE) EERATTHME, EATAMUAT R SBONH 145 L. 3R TG
HERE, ESXTE M RA RSS2 R,

TG o R RS AR DU AR ARZR MR SRR AL . R — FUR A, fEAE 20 TR HERE
3 FRIAITS (RIS o PR AR R T ST i S 3o RS SRR A B 28R, TR I S R B3 Lo .
Blhn, 1L R4 T e e 00 H A P AR 22 A B L DR S T T R 22 T, AT I A A DU
FAFROMEAR . T — B SA A, T R X 2 2 Bt (i, R RS —RE R [
¥R o UNATFEX A B2 R S B 4R B A& T, SEBLE FE 5 ARG Z IR Zh & b, SN
TR R AU 1 o 5 1) R

FETREEBYUR, BHRCOAH RKENFRTT TR FAET 0 H BRI, (HRZHEh TE M
HrBCR AT B — R SR 2t T 1% BRI 9 OB TR A G2 (0 5V R DA XU
(MR ARSI AR XTI BN B, (R A T SR M RURG: 5 30 1 2 TR Fr 52 2 T3 5 R 1.
WEE R 1% IRRAETNARIRRE, — S FH IR G NN R AR T ER it S
WA AR Billn, ZRGesl 77 AR Res Fid XS 5 B AR AR R A LR BER &R, BHAE A
BAT Al e ) R TS T O K Bk T T, BROR R 2 () B T R ST AR A R
Lotka-Volterra #5274, X153 B HLAR B A Zh AU RE 0 A Tl v IR B2 S, BTN e T 2 R 4t
HRPE (B 2B BBk AR .

AHE ST EHE T Lotka-Volterra #28Y, R TRE XU SA6f T H BEE fszma L] . BRI S, A
SCR N MR R RIERE) T 5 R BIERES . Z AR LA B, AN R AT s
FAFT, TUH RS AL I ah AR, s RS I AR RS T R g ES . ot
{0 HARoy: (1) 7R TRETH o RS SR RERE N “ &t fom, Wafidt et 5 KU Bi4%
Z I AR S B s (2) IREAIIG AT RGBSR, I A & B 5 SR RS
(3) NIRRT H WS B7 42 5 s A0 3k B2 42 i) 55w (10 1 ) O A0 48 i AR K 3l JF e 2 T
Lotka-Volterra 57 fg XU x5 ik 2 B B AR 22

R Z AL T, 454 T Lotka-Volterra A= 25 “AH5R b5 TR AET B rpy (0 B2 25 1] 55 JXUBSz Bl 425 1)
AL SR T R AL TR XA B R E TRE AU BRI R, Oy SERRIH
EHGEML VE E TS, BENEAEBIS  SLERZ A ST, s TR H B BT IR T .

1 XmkERid

R TR H i sl fE i, BEREIE IS XS AR 24 R T H & B LN R . KEFITR
W, MRFE— oA, AT E B A “aie it o, ifE . BT, WIREAES,
82



F1k HEREE S BOR AR ERE

BETTFT A R AT AORERE 2k, 3R GEVE R, DRIk, M7 R 50 25 220 ) X 24 ok 8 B i 1) B2
BT, AT A R TR B ARk 1) B L 7 I
11 IFEWMEHEESRKEREXRNMR

AR TRETH H BEEE S5 KSR & % RO AT . ARGEM T H HERE 73, Woe k429 (CPMD
AHRIVER BAR (PERT), 7EALERAAE VEIREE T AR & 5 T A R R, (BT 2R 1 KU
HA BB AR Ak, VFE S H TR AARHEIES T 5 RGish fa ik, il
JRUS SR X T AR BE (RO P, il A 24 (8 ) R G230 0 2 M SRSB4 S ALl
LA RN, IR A 22 T UL 7 R 4% ST 7 KU A% R AR, SRR T XU 7 R G 1
SRl

SR, X AT VAR T SR R A 5 (i fk, B X« RS FE RS AL (ShAS R, 4
A AT NS R R R B R AW RGN
1.2 Lotka-Volterra 28 #E TEEEE PN BHER

Lotka-Volterra 578 fge 4] F T 2E 245 2 PRI B 2 1B (A ELOC R, IR & 5382 R 2has
R R, R DU SRR T R R RTINS, BTSN R TR, &
DARZE. AT ARSI, 76 LR HTIH, %3 250K Lotka-Volterra #8784 5] N T A5 BEJF b 28
g, H LR A T 2 8 <555 —hl2” %R, B45225 3T Lotka-Volterra BRI
H P AR B 55 0 B XU 2 1) (A 3h &5, BRAIE T Wi 2 I AR M R A . S A B FO T4
JIE Lotka-Volterra 58U 7E k15 5 R\ 2 (A1 4 R B g g 0> 1oL, iR B iy «— 7 BTt
77 NRE” BRI TR R kA R B P A (], 7 XU R R S Tt I i
FE” IR EE .
1.3 AT

R FIRIFFE A Lotka-Volterra £ 84 7E TR #E A N A PR AL 747 28 2438, (HR 25 B R b
BT, B Z 56 5 BR TREE S p XU St 3k R b L (R N Z s RIS, BT B FE AR A 2 T
VG260 R G A AR, TR AETH & ZhB Bt o

BAlItE, ASSCHET Lotka-Volterra #5578, 4 i RS S 5 125 e 70 5 0 FE T 4% 68 ) TR R MRS &
BEAY, R LI ARD A FWIAE & T = I AR . AN E S T TR S R
H e THAR, om0 E R R 5 SR B R AL T e Bk SR
2 FFikie

Lotka-Volterra #74 f e s n] LB 2] 1925 41 1926 4=, 43 HFEE B3 Alfred J. Lotka Al
B RFIEF SR Vito Volterra BUSZHE H o ¥, X — RN FH T HR AR 28 R gGe b (4 £ 3 RS P2 Tl
MIEAEH . Lotka B oeie 17— MR P 07 FE, 17 Volterra T 3 S 30 44 A E 8 48
TR T 52 AR L 2

&~ ax® - Aoy W)
PR CUORAT0 2

Horb x(O i & B MRRECE; y() VRS o [(URITREN BRIERE,; pouliaEfia

83



e R FRSE %13

VIR o MR G R AR A sy IR B RS
ARG R RAVER (3) —30 (5). N TEARGIIRENE, I AT LR R X1 sl 2t AT
LA T o

X— =0
ax=pxy (3
oxy—yy=0
X(a—-py)=0 (4)
y(ox—y)=0 (5)

TG TR T LA R % RS A R AT R L, VEILR (6).
a—ax(ax—/fxy) %(aX—ﬂW)
0 0
Z(SxY — Z(Sxy —
8x( Xy —7Y) 8y( Xy —7Y)

Lotka-Volterra #A4 AT DL & 222 MR (8] (584 R A o BLAEAEPI DR, 735109 xo A1 xo,
EANIEEHFE MR, s, MRS

d

d_),([l: 1X1(1_(X1+a12X2)/K1)

dx @)
d_tz =1,% (1= (X, + o %,) 1 K,)

Forb vy F0rp 23 90l W0l xq A X ) B AR BG 28 s Ky AT Ko 2P0 xq A1 xo BRI 25 B (B U R D 5
a1o Tl oy FEIFD 2 1G]035 5 B, 43 SR AIF Xy PR X, 110555 46 SEMARIIRN o RPHIFH Xy 155 40
FALR
3 WmEEER

TES2BR DA AR BEI H oy, SR ) b5 U 947 22 (077 3 2 PR ELAE F 6 R o 07 SR P
HEME TR R e, RSB R AR S R, W IER &R e, —HERRE, &
FER IR B IR S T i oheh, B Top i . SO . R TEES, XS EES
ST WIIE R SRR, R — R < —J7 BFH. B—T PR ORI S,
FERIBRAT HERETT B &7 7 AR TR 542 O U, TG 22 A S R SR Stk 7 s P
HERIRE ST, 3 R A G B Pk U 3 5 R R e A o
4 WREGR

TES2BR TR O ofr, SRR ) 55 R 57 4% 2 (A7 78 3 2 A ELAE F 56 R . 076 v SR
HEME TR R R e, SRR AR S R, WM BIER SRR e g, —BHRRE, &
FEXT 00 H HE AR i B ) S by, A0 LR, SR A R LEAL, XK EES
WL SRR, R —Fh Ry “—J7 BFh, B—0 PR MU ilEl. B S,
FER AT HEE T RE “H 8”7 T AN T RSB R BT, 1% 4 F Mg R st KA 1k B HE

84



F1k HEREE S BOR AR ERE

BERIRETT, IR GENE I A IE B B S AR 2 AL o
4.1 IREETERENK T R EHREED

500 . 500
; ;ﬁ P B RE (D
430 i —F— JHEAERED (D | 450 1
f . bl
& i
400 il 7l 7 * T
ﬁ ¥ § | T* 400 f
350 *lik T+ 1 T
S S A I* 350 |
300 /f + i* 4* 1t It
= L+ 4 [Tx * * |
Sosotht ||+ ||+ \lHi Mt 1 300
=0 st
200 ff ‘44* f I j: { 2501
‘* S ‘Iﬁ * ‘I;H * ‘|| * |
150%‘ 1 el % I@H ’fk ¥ % IHK‘ * 1 200
HRDRT (BT (ET1EY
0 R I R R X[ 150
of| FI F| ¥ ¥ KB
\ \J o\ /| 100
0 ‘
0 5 10 15 20 25

T 0 100 200 300

1 #ERIBEE AIERE IR T RS H B RE
Fig. 1 Initial Schedule Controllability Greater than Risk Mitigation Capacity
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