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Abstract

In 2010, China tried to put pressure on Japan by controlling the export
of rare-earth elements. This act caused high concern worldwide about the
security of their own critical mineral supply chains. Since critical minerals
are vital for national security and economic development, the U.S. and
industrial countries will prioritize the construction of a robust critical minerals
supply chain and consider it an important issue at the national security level.
Currently, China monopolized the supply chain of rare-earth element and
some critical minerals. Western countries, led by the United States, through
joint investments and building partnerships to reduce their dependence on
China's rare-earth element and critical minerals, and prevent them from using
as a tool of economic coercion.

Currently, China has monopolized the supply chain of rare-earth
elements and some critical minerals. Western countries, led by the United
States, are pursuing joint investments and building partnerships to reduce
their dependence on China's rare-earth elements and critical minerals and to
prevent China from using them as tools of economic coercion. As European
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and American countries resume the mothballing of rare-earth element mines,
improve recycling efficiency, and develop replacement materials, the
importance of China in the global rare-earth element supply chain will fade
over time. However, since China and the United States are highly dependent
on imports for many key minerals, the number of producing countries for
these minerals is concentrated and can't disperse the sources effectively. To
ensure the security of the key mineral supply chain, both countries will try
their best to win over these nations and integrate them into their supply chains.
This development will have a significant impact on international security, and
the global economy.

Keywords: Rare Earth ~ Critical Minerals ~ Critical Minerals List ~ Sino-U.S.

Competition in Critical Minerals
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MU 22455 | (Quadrilateral Security Dialogue, QUAD ) Higar sk
EHREE QUAD R HIRERB YR ~ fa e BB SR fihom )15 Ff - it
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1 “Quad Leaders’ Summit Fact Sheet,” The White House, May 20,
2023 https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/20/quad-
leaders-summit-fact-sheet/ ; k241 » ( BXE 4kt B AR RIS @45 Y 5 H ETRER &
BEHBRELBERE)  (M&HE) 2023 F 5 H 21 H >
https://finance.technews.tw/2023/05/21/quad/ ; FREN 4 - ( 35 HEIEILERFEEIS Y E
B ) ( B EiFER )» 2023 425 A 21 H > https://ec.ltn.com.tw/article/paper/1584124
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{B8% ~ SHEEAY ~ AR{CEREASH(LER © sEMERAYITHE » StA BB - SINsHIE - BishsY -
FEIMEAE RBIE - S LsEEIUE L - MERIE 2 R g N RILAEE S 42
BRI ( PTG ER B RAAEE N 2023 4EES 23 5% RN EEE - sEAERIYE B i L 1
BRI~ E) (FEARLEMEEBEE ) » 2023 £ 7 H 3 H >
http://www.mofcom.gov.cn/article/zwgk/gkzctb/202307/20230703419666.shtml -

3 BIRER T (resource wars )i EFU T * By 1 M BB R ARE R T #EL THY RS 28 »
BB IRIZEHA T RE R IR E 2e 0y T SEERE) T - MR BRIV R E R AR ]
BRI B —E - BIO08t - BESE BAVEF S B R B T BRI A %N 1]
IrEff% o HAEECREI SR SOl - RyOras MM MEESE B BB A © A%
B A RRIRAY B SRS B AR 2 — LR U S S INE O H 5 1990 e ARRHENS -
[ REAZ LB T B2 R (ol - MR 22 RPHER - 048 (Daniel Yergin )
£ BEdEE > (AUltt4t) (The Prize: The Epic Quest for Oil, Money, and Power ) ( &
db : BEERSA BRI B TR A E] » 1991 4£)» H 1-15 & 1-16; Philippe Le Billon, “The
political economy of resource wars,” Angolas War  Economy, p.22,
https://www.researchgate.net/publication/233145543 The Geopolitical Economy of Re
source Wars.
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4 “U.S. Geological Survey Releases 2022 List of Critical Minerals,” United States
Geological Survey, February 22, 2022,  https:/www.usgs.gov/news/national-news-
release/us-geological-survey-releases-2022-list-critical-minerals.

5 “2021-2022 Critical Minerals Sustainability Program,” U.S. Department of Energy
National Energy Technology Laboratory August 2022, p.8,
https://www.netl.doe.gov/sites/default/files/202210/Critical Minerals %Z20Portfolio 202
2 10 24.pdf.
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Clark, “China strikes back against decoupling, restricts two rare earth minerals,” Breaking
Defense, July 06, 2023, https://breakingdefense.com/2023/07/china-strikes-back-
against-decoupling-restricts-two-rare-minerals/.
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H > H 17 ; Solomon Cefai, and Caroline Messecar, “Are China’s export curbs on gallium
and germanium a political symbol or a real threat?,” Fastmarkets, July 7, 2023,
https://www.fastmarkets.com/insights/are-chinas-export-curbs-on-gallium-and-
germanium-a-political-symbol-or-a-real-threat.

2 MtorEsr 17 6 0 855 15 (@i % c%E (lanthanides » [FFF7 57 & 71) DUR#T
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( promethium, Pm ) » lHFAE E AR P FEM /D HATRE - BT mi B i i
HHEBRFE S o & B “The Rare-Earth Elements—Vital to Modern Technologies and
Lifestyles,” United States Geological Survey, 2014,
https://pubs.usgs.gov/fs/2014/3078/pdf/fs2014-3078.pdf.

13 Valerie Bailey Grasso, Rare Earth Elements in National Defense: Background, Oversight
Issues, and Options for Congress ( Washington, D.C.: Congressional Research Service,

December 23, 2013 ) , pp.10-13.
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18 Klaus J. Schulz, John H. DeYoung, Jr., Dwight C. Bradley, and Robert R. Seal II, “Critical
Mineral Resources of the United States—An Introduction,” United States Geological Survey,
pp. A1l — A12, https://pubs.usgs.gov/pp/1802/a/pp1802a.pdf.
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Mathematical Models and Simulation Methods

Review in Analytical Computer Wargaming

Ta-sheng Liu
Adjunct Research Fellow

Division of Cyber Security and Decision-Making Simulation

Abstract

This article delves into analytical wargaming theories and models, with
an emphasis on mathematical models and simulation techniques. Analytical
wargaming uses quantitative analysis to assess the performance of weapon
systems, tactics, strategies, and operational concepts, offering valuable data
and insights for decision-makers. The article first clarifies the connections
among objects, models, and systems, while explaining the significance of
model simulations. The content is divided into two main sections: an
introduction to mathematical models and a discussion of various simulation
methods. The mathematical models covered include Markov chains,
Lanchester equations, Adaptive Model of War, Quantified Judgement Model,
and Richardson arms race models. The simulation techniques encompass
Discrete Event Simulation, System Dynamics, and Agent-Based Simulation.
By integrating these methods, modeling flexibility is enhanced, and complex
problems can be tackled effectively. Lastly, the article outlines the overall
simulation research process. Its primary goal is to support military researchers
and tactical analysts in navigating the intricate landscape of modern
battlefields.

Keywords: Analytical Wargaming, Modeling and Simulation, Mathematical
models, Simulation
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dr dr 2
X V,
. Ix 1y blne=® = g In==
Operational losses'” e ‘—}—: ~by ey
dr dar % . §
Early stage of small unit engagement
. dvy dy . . L
Fire supporl“' T ==qay— Ax T ==bx—uy supporting fire not subject of attrition
dt ¢
2 e dx X dy v o . g
Fire effectiveness'®!® —=—a(t)x yxhl = === =b(1)x X Xlr(‘— h: inefficiencies of scale’
dt y dr X
o i s 2% dx ; y v G D, G universal constants
Historical attrition law'>!3!1 == e —=—e P AN N
dt dt C, F: varied coefficients
dx ¥ Yoo ¥ [, Xgps Vgp . the inherent ineffective
w— (] [ (] i)y Y Xog =X Ji1+2gps Vpp - € CTC cliccuive
G eak noiatlns g o JENTS Lt Y, e b PN bty LD i i
Attrition and break point d Yo~ Vap P (=17 X “'(:—»"zfl-) fraction and break-point of x, y
Ix . 1y "
‘T =-ay+ X ‘T ==bx+Y
Ty dar dar r v aim
Reinforcement'* X, Y: reinforcements rate
dx . dy .
—_—=—qy=cx + X ——=—bx—dy+}
dr ) dr
. dx r. dy Povii gy T,i Vs p:maximum effective
Range dependent kill-rate'®  =—==—a,(1-=)"y —==-b(I-—)"x .
dt [ 7 dt Ty range of weapons; range dependence

o) e q ) § S oy e arameters 7, V :opening range of
Attrition rate coefficients and ¢ Y P (T dy ro—r 1= parameters 7, I 2 rang
. —=_A”(’+-"\'—“)‘ ¥ W:-k,,(/+.u‘+“+.%)l'.\-

range (Mobile attack)'*" dr battle, attack speed
Vulnerable area'"" dy __Yrav o & Yxay
Small arm dt Ay dr Ay v, a,, a,, A: fire-rate, vulnerable
: dx  Vydp, dy vyarg area, lethal area and presented area
Large lethality — e s X)) —_— e ——yy
= k dt Ay dt Ay
3 dy y - . shift rate fre area fire aime:
Guerrilla warfare'™" - —a(ny & b(-e7 ") +bye W ¥« shift rate from area fire to aimed
dr di fire

BBl A ¢ Jau-yeu Mengq, Pan-chio Tuan and Ta-sheng Liu, “Conceptual Lanchester-type Decapitation
Warfare Modelling”, Defense Science Journal, Vol.57, No. 4, 2007, p. 453.
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Z%  HIH T E o E 1 -39 U (deterministic-homogeneous) Y B ff
TR o b 7 BRI EARE AN BEERE TR EE - JEEER
FIEZE ~ KTISZH% ~ 3R DL RO B (R A

B TRl E B A O T e Ry bidAs - (NELE
DISE—T5 RS T3 22 R 8 E o EE AR R BRI SR AR AR > TRENEER R -
AR EE R TR T Y SRR ] - B T BB RIS [ R AT 81 >
ZE PRI R F RGBS B R - a5 AE = BIBHRUR T
Ry i DB AR ORI AL T EE A AL » 1] Joshua M. Epstein® 1E
1985 FHERUIrR e =R 7 =EMR—E - BrRRI AHEFZ —

1. ROAWERET T HOR | AVERLE -
2. R T ZEEHEAUR ) HIRES -
3. REE LI THEFEEIRBER IR -

e PRI AR A FIRTE - Epstein 177 —(EEEHERIZ Y
BIFH AL ST TTHIRAR » EHBFIT AR - TR0 ) i —(EE AR A
Y B S8R - BB ST ERE SR E I E R - T RE SRR
AR R TR B AR P (B - T AR By — T A AR R A B i 2=
RAZERIEAE © [FlR - BT EIRR M AZ BIP5<F HRUR L2 -
Epstein RS (S RFE fy "B (FEHE ) (Adaptive Model of War)

PR TR IRER IR (B ) ZMIRVREARIL - EIEME R
B BLIEZE P BESd% (Close Air Support, CAS) » JPRKL T — il Z2 i F Bk
(Airland Battle)t7R - 52 A5 A A A EFAH H BAMER D BRAGT R R RE AL -
BE AT U S R AR TR T RSS2 - JE Fow

B E N FR A e S Y S R H B E s iR E M
{EAERRRT ZE R I SRR D - RIS R ZEAL -

" James G. Taylor, Lanchester Models of Warfare, Volume II (Monterey, California: ORSA-
Operation Research Society of America, 1983): p. 533.

8 J. M. Epstein, The Calculus of Conventional War: Dynamic Analysis without Lanchester
Theory (Washington, D.C. : The Brookings Institution: 1985), 4-13
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Curnulative km

UEEY RS ST s TR

BRIRR © B2 (RS (FEEAR BT AT — S e PRI FEFT ) - B R E E R e
TREHEL ORI ([ 100) 0 H 40 -

TEH TS

7€ &= H)ERF = (Quantified Judgement Model, QIM)/& FHEEZES FRZ
Trevor N. Dupuy FJY 17 HY Historical Evaluation and Research
Organization(HERO) 3£ [=7] [ [/5 Z[(U.S. Department of Defense) F15% 8
BRI {E B 47 At o0y (British Defense Operational Analysis Establishment)
FITEf TR SRR ST R o s R A K B e s e R 28 2 R 21
TERRERMr4HRR (BFEZE BB BRI ZE ) ~ KRR ~ HIP I 2
SHERZE > FLAEFREEEETED - ST CVETRERE - IR
AL > BFRACHEREE T AV E A B Es SS AV EE - MR B SRR GE
R MR AR o SRERIRY LA R SR HART (1990 £4£ 12 H 13

T

® Colonel T. N. Dupuy, Numbers, Predictions and War: Using History to Evaluate Combat
Factors and Predict the Outcome of Battles, Revised Ed. (Fairfax, Virginia: HERO Books,
1985).
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TE B HERE TR « BRI B AANE AR R SRR SE AR S8
FECEHY > EAMERREE - 280 > IR RR U AR I S AL ER gy
TRAERCHY - EARFHES IR I F R SR AT TIE AT 7 > AT RE & B
Bkt E IR E A fR2= -

% = QIMEiTE

QIM #AEREfF:

1. SERSERERE » B SCEEE 7B /75 (complete Order
of Battle, OB)LL K7 4t -

2. FH2EEES  BEREETESHERR (Eo+ZK
) BITEERFL SIS # (Operational Lethality Index, OLI) ©

3. REEIRIR (WY - 261 - RR) HEEFHNZER
JI58E (strength, S) ©

4. SR LLERSS - #E ] - SRk - 55 -
TR KEREEREEEREEVE S (combat
power, P) °

5. REEEJTRVIFECETI(P)HILLE - BERIRE ~ K%
RZE - HEEES N B K SBEEHIEEIELR - DU
HEFEEE -

BRI - BEERE 10

E 2 HAHE R RERD

AMRIH Lewis Fry Richardson(1960)2H{" » 3% BRIy J712
HAR RO R THVEETS (B0 T7) EHEE EVEIRR LBk (R > SO
FIRA R N REE Z PR A B - AR R R oh > W (52 A\ Bl E R -

TEfREREE ) M T EsRE:

HEHERC: - BT T VE AP ER] eI H
HHECPAVRE SNV E > AR T REN: ) - fEERE

10 Colonel T. N. Dupuy et al., If War Comes, How to Defeat Saddam Hussein (McLean,
Virginia: HERO Books, 1991).

1 Lewis F. Richardson, Arms and Insecurity: A Mathematical Study of the Causes and
Origins of War, (Pittsburgh: Boxwood, 1960).
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# Ax | A
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XEEHKLE
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TR (K
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el Y o
Gk | e
$ Y El/ TR / = Y Eﬁ) Ay
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AT > A RS B AU S B A AR s B R A A AP =
(e 2) BT TR > REORRET) - BN EMIEHEEYEFEE
WAFE - BEHIFEES T RSB JIE: (System Dynamics, SD) HE{THH
BEOIAT BB R R AR AT R R (A Se e — D B AR A 2

dx

E=ky—ax+g i
. I 2
—=Ix—by+h

It X y+

x, y - R EHYE KA

k 1 By RREIRIBH 548

a, b BWIERTRES (BR) %8
g h Ry B ESEEAR s

AR A T REFT T EES 2SR AR 6 P R B AR AL ~ (75
JEKRH 2 PR A ~ B TR RS O R AL ~ eV (R A ~ 2
BHIERTC - LU R IV R (A B & AR e i A - ig Eef Al ] L)
B Ry e MR SR IR Y oA A -

FEEFEAEI T ERREENE R n R A T e BRI R Y vk
7 o B0 > FEEIKNFAE S ZE 2 RHIIEDL T - ARER G AT RENE IR ]
RFE A5 2E B4 PR R ] - BRI A & 2 g R ] K g
R GR O o SN RS JEg R REAVAR L » DI E R B R (s %
RS SR IR T AR 22 ARy = s e A R (B RE TR B B
RENAHEEIR - AR E LI T B — AV B AY nT e D e (R AT
TR MRS SRR TV AACE S AT R (R -

12° Ali Fisunoglu, “System Dynamics Modeling in International Relations”, 41 Azimuth, Vol.
8, No. 2, 2019, pp. 231-253
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Bt e —EE R E  BE L ESE TP U TR AU -
BT R FETIER T DUERAN M AN FEN RS s(EEER
FHEEINREEIRS R ETEYIE . (AIEERE) - DSOS Rt A L Er bt
7% o AR E 0 e — AWM - K HEBENER TH - DUTE
S 4aUUtEE HAVEEE L | SR EEIEEE(Monte Carlo Simulation)
WL EE (- fE 58 (Discrete Event Simulation) ~ 2% {{HE A 5 #E(Multi-Agent
Simulation) » DL Kz Z4758) 112 (System Dynamics) °

- Rt R

JEHAFRERHIIEEE 5 - RIS R AR A G P i
e TR T AR U S B R AR BB DA S SR A A o L 2 HY
SR o RN O B ABEEEEI AR - B A R LR E Y
i AHEETEE RGBT E MR AR SR RIS R -

Bl > (B RATERE FE A [E] SR RGE o] PR T B —(E 20 AR
150 2% REVAEF B - A BERGEAVEI A FERE (circular error probable,
CEP) £ 5 AR > B BISRG#Y CEP y 20 /3 KL - i #0BC (A5 H [R5 E -
RBHAEET Ry 20 AR - FRAERREE - P HMORGERE S H SR
DETECHREL -

FEiE(E A > HARMALE ~ K/~ TREERY CEP LUK S BRA % (4
EE R A o AEEHEEER > 15 0] PUBES R R B AR
PRMORGHR S EARAYIREER BT -

Hi o RHEIE BIEE7r By 3000 {1 S5 REINITHE o 28% @ R
15 CEP FIEAEZMER - 5TEH A BRI B USSR sEZ BE AR 2=
I3l By 4.25 /N RFD 16.99 4R« firese o 2 R AT 4 a) FIfs (A ey _E o3 A B
BHENVE TS (equal variance) » i H 358 E BB HAEAYIE H0)
EH (zero offset) o NG LA » BIIFE BB  EEERE L
R B A FEEE (cookie cutter damage function) e

BN > DT R AT R H AR TR R RS - AR ST it
L o INMERTESHE 1 07 REY/ N Bos 2 RG> R PR - 2158
BERE/ NARLE L (20 AR - RIBZITH8#HEE » &R Al RIEH -
NEEE A o BEEHE/INTEHETHRR - SiETR R RS E
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TBEIUT » 15 B bR U7 A TR A i 2 A P SR B A s SR DA e S R Y
SR -
=~ 34c¥ @ B (discrete-event simulation, DES)

BT B RS SR 3 AR B SR IB e Eh e - IS fsEe 7748
MR B Fr B R - AU G RS AVieAE - NEEEAE ~ I
BRYIMESEE T2 EM > E Fors e

/
Forklifts: _ 3 —O Unloading trucks, per hour: —O Truck capacity: _ 15 -O Create orders

(] Fiying camera

IRNIE RN =5

BRlAE @ AnyLogic North America, AnyLogic 8.8.1 University Edition 1 [9#if5] Examples/Supply
Chains and Logistics/Distribution Center

S TR RAEERHILT T -

TR P (a e IR R R IH PP DR IR T BEEE ) - —(H
TR PRI T BAEE ) e EU E AR A AR AT R AR
LTI > MRHE R A B TS AL AVIRFFATRE « AIRSEERVEE(E
GUE LG IREEE - A RGUIRRERHER 1 T3RE - RIEE
gt 7RIS ARSI B AT IR RS AR R R AT S5 B

BB EETME B =65 "M 49

per unioad dock: __ 4 =D Loading trucks, per hour. 3 =0 Minimum order size: 10 ===l 0 g o ng 0]
per order assembling: 2 'O Orders, per hour: 3 -O - Maximum order size: 14 '-'—-"O Number of orders: 1 Order mix
> B @ Q IEE G © A Paused []E@*
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B4 ACF & HERE (Tis

v

BRIOR © B{TR

BB R 2 AR AR5 (Multi-Agent Simulation, ABS)
HIZ%HEh JJ2 (System Dynamics, SD) HYELHE » 1 2 [HRTE A 12 Wi e
B A R L R S RS B R AV TS (time advance) © (AL >
LB N EE ARl e | BEHCEE RV ) (ABS s just a
special case of DES)*3 « 53— 1A} » 4B 10 AR R A T E ey
K%EI’T{“H—ﬂffkﬁﬂ(ﬁxed—increment time advance, FITA)RYEEH S LHIEEERE

o R > EBISA G B AR - fsn e REEEE - EEEhE S
PR - R - (e USRS 7% - RED R EER - R
IR B - HTJ%‘QT%}@?%@TK%%F&%&EM BTN ERL AL
B EE B R R R AR

13 [F]3: 4 694.
14 [E)EE 4 693.
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=~ % A7 LA g (Multi-Agent Simulation, MAS)

ZAHE BB — (8% 0TS BB (macro-patterns) J2H
{0l (micro) (RS ZENFTHH (emerge) Y, ° - ISMERAEEMH " &
B, o EAEERCE (TR E EAY TIBRE ) SRERERY T ERE ) ARTAE]

ZRE BB AR R E T EERSE R, BT
—TEHTAVHEAR SRS - IR —PPRrARIER - IET7AHGEE RAE RIRA T
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FHAVRE (M) sESaRIES (BAEEARERS ) - IWARIRE S8
VAT FEEEERR A - N2 REARAREHE S (aggregate)
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DRIIEE 2 FCEE RS i ] DL B A A e e e B AN (IS - [RIHF A m] DA A
BAEREES RS EG L &R -
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BERACH © Andrew llachinski, Artificial War Multiagent-Based Simulation of Combat (Singapore: World
Scientific Publishing Co. Pte. Ltd., 2004): xx.

15 Uri Wilensky, Modeling Natures Emergent Patterns with Multi-Agent Languages,
Northwestern University, 2001. "N#E4dHk : https://ccl.northwestern.edu/2013/mnep9.pdf,
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A = i (cellular automaton ) & — 7 i BE A AT ARSEEE - (40
E—E R TR E L A—EEedbavises - S ERRTA AR
—BAtRENEH Y o BHEEIEE(E TS A RSBV RTO T

1. MRFEMENRFREE (RE) /Y G (FE) -
2. [AHE—HE -

3. BRI ANEHIE TR E (HE) -

4, K7B1~3 -

FEEEPTF - MEAEAR LREHCHEECE (BESEERIHY
H B AR E C A8 BRI 0B A8 ] DIE (RIS Ets She fE S
B ) o SR RTEEERY - IR AN ZERATTHGIRRE S ERY (P
A TEREEE > iR RAdL) - HHYER —(EifEE AR
AR - AFTAREEIRGE S MBIRR R S G A i 35 -

LS NEFHE - EEMRAIN A B THIGSRERY 15 SR IR C]
FAEBE - GREEN SHEAR  E For - SEfl - ERETTE
BHBRRE R VOB (RS AY LB R L RAY ) AVRES: - BRUR T R (20
& HSRA G EEE - AIRIQAEIERAEE - REHENHGER -

W L- FEPmRIORAPELI WS
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PR T MR B YRR ~ ARREAIAR A S > S QAR v]
LA FE > il B R R 25 » Y0 722 (opinion dynamics)'®Ei 5
BRGE R TN -

FERRLEN SRR D > (BT DUREER B A A RIBERAN(E A E A
TR E CHIE A EE A AR B B CHYBRD - S
B n] AR B M A ARG TBURE B A0 AT RE ~ BB EHY - dfa R
FERFERILT > WREEINZE AT RESTEURE T A LIERBHSE (EH -

BEERGE IR TR 2 (OB AR o] DUR AR A B IR AR B B T A Ty
REEAFDAEAFBUGIS - tHE8OR 7 SHVER - MRS AHIE
R AR E A B KAV B EN R AR E H CHII S - SR
BRI THNEEERGE R, - W BEERGE RIS ENZ > MIBGR ~ H
(HORHR S © 15 L0 SRR 25 (B AAE e o] DURE B P M S A A Ly
ISR WA BURFIENA R A 2 HY R AE -

=~ % i i & (system dynamics, SD)

Z4BAEE (System Dynamics » iff SD) 2 —TREFR 3 - L
P B S S FETRE 3 AR B 7 o AR 1950 4L
PR A4 F TS5 Jay Forrester hR A - B1% (I ABBER - 24
PR EEE S (aggrogate)  HIEEEYIL A — T R B4
i -

A AESMT A TS (ERS > S B AR R TRE Ei a A — (E
B TR S - ST - SR A A LA
9 > (BTN LRI -

R EAZ LM S EBEEILNREEE ( Causal Loop
Diagrams, CLD ) I 2478 th 25 88 8 7 [RIRYAH 2 (F FH A 2 - 15 SRR
[ (8 B 230 2 TP R IE S Bt - TR 24T Ry L - 2
i VBRI BV TR > SRR o] DU A A&

16 Rainer Hegselmann and Ulrich Krause, “Opinion Dynamics and Bounded Confidence
Models, Analysis, and Simulation”, Journal of Artificial Societies and Social Simulation
(JASSS), vol.5, no. 3, 2002.
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BRAUT WA BUEERE 240 - SRR 2 S EPANRI R B (% > 248
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AL ©
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wo (B A B ER AR R R R - HARRER RSy
BSRITT Rt® - DUBERIVETRE G 2500 » TR Ry B PR B

RSN BERT A S MO TR B LUETP Ay T A2k
A qlE > B E TN TR ¢

1.

EE (FEAKE): EFEH (aggregated) fEE > HELE[E—{
EEANNEIREITEN (homogeneous) ~ fiE7E 51 - I HFEEE
AR MENAENEE LKL - FIUEEFNEFE
(inventory) BB TR &S E M NIEEEM

e (EERE(L)  BRREECARE) - thate T E ) 1Y
e BIATETHER (order rate) BUKHERA —EEFEHTEREAVAAE ©
—ERE A ZERE - BaR AR -

[H]gEER P (feedback loop) © & &R &M E - SOBKEEL &
e - B E GTER) b2 2 E (FEFKE) R E -
Rl - FEAKESIEE - sTIERE/NE | FE/KAERAR

18 Andrei Borshchev, The Big Book of Simulation Modeling: Multimethod Modeling with
AnyLogic 6, Kindle FZA, fir'E 802.
Y EET RIS I ABEREIEET T ARSI E BB S ) R -
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SR S RS 2

iz > ETHEREE L -

4. EHENEREL MR (FTHER) PR 7 @28 E (FEAKE) e E
Gh o B2 RS THES ISR (adjustment time) K FEHATE & /KH#E
(desired inventory) HYs22E - EMARIEIRE » IR EAVEE—

Rt Ryl Bl S8y -
%‘ﬁ:ﬁ
Adjustment time
BB @\\
Desired inventory N
] Order rate e
) fow. Ax/At
f ow, Ax/At)
|
| R
| Inventory =
e o] (stock. 1’)‘ *’E%

W g FRAXIFT R

ERIARE ¢ Nigel Gilbert and Klaus G. Troitzsch, Simulation for the Social Scientist, 2" Ed., Berkshire,
England: Open University Press, 2005, p.30.

B T ([ DL 8B BT AR (R AY o fE AR s R
N EMEIRPE R AR (7= » BFES R (Susceptible, S) ~ £
754 (Exposed, E) B (#2473 (Infectious, )~ FF{8% (Recovered, R)>
DL (FET) »

A Sterman(2000)2FTH - £ YT ERHLIN B MR TR 48R
TR B RE IR PRy » I 7 T PR A B B R
BT BTISR - FTLUR LR (RS « SR B S AT
= o

2 John D. Sterman, Business Dynamics, Systems Thinking and Modeling for a Complex
World (Boston: McGraw-Hill, 2000): 5-6.
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The Implication of the Russo-Ukrainian War on
the Defense Operations of Taiwan

Hsinbiao Jiang
Assistant Research Fellow
Division of Defense Strategy and Resources
Institute for National Defense and Security Research

Abstract

Observing the situation of the Russo-Ukrainian war, both sides have won
and lost, and when one side fails to bring the other side to its knees, the war
will continue, most likely resulting in a protracted war of attrition. The Russo-
Ukrainian War can be divided into five phases, in which the two sides have
won each other's battles and are on an equal footing. Throughout the war, the
Russo-Ukrainian cyberwar was closely fought. With the intelligence support
of the United States, Ukraine not only fought a tactical war of force very well,
but also gained an advantage of influence in the “pre-emptive propaganda”
offense. In terms of geography between Taiwan and Ukraine, Taiwan is
superior to Ukraine; in terms of the supply line of foreign aid, Ukraine is
superior to Taiwan; in terms of the battle environment, Taiwan and Ukraine
have equal opportunities. The implications of the Russo-Ukrainian war for
Taiwan’s defense are mainly in the areas of influence and tactics. The former
can be achieved through the strategy of “pre-emptive propaganda,” while the
latter can be used in urban warfare, anti-air and anti-armor weaponry, drones,
intelligence, landmines, naval mines, as well as the well-trained snipers,
which can increase the flexibility and elasticity of the battlefield.

Keywords:  Russo-Ukrainian War; Defense Operations; Pre-emptive
Propaganda; Influence Operations; Intelligence Support
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