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A Methodology for Creating a Simulation Model for a Agent Based and

Object—oriented Logistics Support System

Yong. H. Chung - Won. K. Hwam - Sang. C. Park

ABSTRACT

Proposed in the paper is an agent based and object-oriented methodology to create a virtual logistics support
system model. The proposed virtual logistics support system model consists of three types of objects: the logistics
force agent model(static model), the military supplies transport manager model(function model), the military supplies
state manager model(dynamic model). A logistic force agent model consists of two agent: main function agent and
function agent. To improve the reusability and composability of a logistics force agent model, the function agent
is designed to adapt to different logistics force agent configuration. A military supplies transport manager is agent
that get information about supply route, make decisions based on decision variables, which are maintained by the
military supplies state manager, and transport military supplies. A military supplies state manager is requested
military supplies from logistics force agent , provide decision variables such as the capacity, order of priority. For
the implementation of the proposed virtual logistics force agent model, this paper employs Discrete Event Systems
Specification(DEVS) formalism.
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29 1. Three phase modeling and logistics support system

dynamic model. 1% 1 three phase modeling framework
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(LFA, Logistics force agent)S =Z3}%It}t. Function
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AAIE17] $18) Zeigler2] Discrete Event Systems Specifi-
cations(DEVS) formalism"'”-& 0]25}9t}. DEVS: 7|
Z12E 71A]+&= Discrete Event models2 ¥3 & 4~ Q)
th. DEVS formalismo] w2, 3l1}o] ofo]HEE & 7
9] sub-modelS 7}A4oF Bt} : the atomic model, the
coupled model. atomic model U0 1 Zdl o] Alel
£ HA|Sl= state set-S Ztal A &3} transition function
of met AA1E] state S WS = Aoz ALES 3
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ol olo}A] glollAl elat AR T 5 47)e] 3
& AoJgltk atomic model M2 7-tupleo] 2J3f A<

=,

M=<X, S, Y, S, Oexty N, ta>

X : set of external input events;

S : a set of sequential states;

Y : a set of outputs;

St : S — S : internal transition function;

Bext 1 Q X S : external transition function;
Q={(s, ¢))sES, 0 =< e =< ta(s)} : total state of M;
A S — Y : output function;

ta © S — Real : time advance function;

coupled model> 22 RS FAsl7| 3l AH
AE HEHUES ZAgskes WS Aofith Coupled
model DN& t}2-3} ZHo] 8-tupled] &J3f 2wt

Logistics force
agent

Logistics force
agent

military supplies
statemanager

Logistics force
agent

| Logistics force
agent

I supply request |

Logistics force

agent agent

| ‘ Logistics foree

(2) Phase 1 ! (b) Phase 2 | (c)Phase3
Object model ;
(Static model)

| Function model
I (Logistics model)

Dynamic model
(Manager model)

1% 2. Three phase modeling procedure

St=ZA|E 20| M5t

=X

DN = <X, Y, M, EIC, EOC, IC, SELECT>

X : input events set;

Y : output events set;

M : set of all component models in DEVS;

EICEDN.IN x M.IN
relation;

EOCEM.OUT x DN.OUT : external output coupling
relation;

ICEM.OUT x M.IN : internal coupling relation;

SELECT : 2M-@ — M : tie-breaking selector,

: external input coupling

INZ} .OUTS Z}Z+2] DEVS %49 input ports®}t
output ports set-Z UEPHTE 4= Al B o)A malo] A
AE 93] LFA, MSSM, MSTM7”} atomic model 2 % 2]
ok AA AEFold e atomic modelo] AR
coupled model 2 %2 Eth ZAgt W8-S 37 ol A HA}
Hh

3. TrXIHAIAH AlZ2 ol 2™
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9] 71 clo|HES] 23ko® o|FolXl thF oo]HEo0]
t} ol2gt F/dHH4A] ¢ o= oflol A ES Za/dut AL
|45 =o)7] Slsteltk 24719 7] ofoldEx= &9
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19 3. Outline of LFA
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1% 4. Main function agent and function agent model

]

Al A& 7HAIAL Q7] wizol LEAZF A28 715 oflo]
AEES 37181717} golsith. E3F thE LFAE AAI5k=
| QLo LFAR 38202 7HX)= 7552 olv]
THEolA = 7% ddlo|HEES 7HATF 21 =7 o
of AAREA ERF Eth LFAE 5k 7]% ololdE
= T 7KK7}F Qit}; : MFA(main function agent), FA
(function agent). MFA= Z}A19] AJElE X|&xo g2 3}
sfo] RFEL ofeHe Saiwick 9 HHolAE Al
TR g A1 02 sl Sl )% ofsl
HolZS 1 MSSMelA 243tk 24 F MSTME 5
o REe E gl YA 7129 s A4S A7
o} 7} MFA«= A it @45 W o 5= 9low, Tl 7]
5= 7H= FAE 7H 4= Qlok FAE 4|, Ao 5
o] &l 755 7HAIH AlEgolido] RsEHA 2Hgt
A7loll AAE 7)5-E et e 9% N 2
IS MFACIA Haghe}, 9 4= 919 W8S Uk
+ A Ho]=(state transition diagram)o]t}. 1g|il
DEVS atomic model-2 o}gje} Zth

N

fin)

MFA = <X, S, Y, Gint, Oexty A, ta>

X = { receive, support, report }

S = { Wait, Request state, State change, Internal
command}

Y = { request }

Sine (Wait) = Request state

Oint (State change) = Wait

Sine (Internal command) = State change

Sexi(Request state, receive) = State change

Sexi(Wait, support) = State change

Sext(Wait, report) = Internal command

MWait) = request

ta : S — Real : time advance function;

route Conmand

MSSM

receive

(main supplies panager)

route Command

(main function agent j)

% 5. Military supplies transport manager model

FA = <X, S, Y, 8inl, SGXI’ }\5 te>

X=1{3
S = { Wait, Command execution }
Y = { report }

Oint (Command execution) = Wait
MCommand execution) = report
ta : S — Real : time advance function;

Logistics model-> = Al&d|o]Aof| A LFAZFS] +
TF TES PR B it RS 7 o5 4
etk RgRE 246k olo|dEE MSTM(military
supplies transport manager)g} gt} LFA 71| R =29
The =5 o=, 3= A FF7F ok 449 Eyes
SEE vl AR T Y HERES M 4 QL
2 Qo B FEE 7HE 4 Uk MSTM= of2i3t
BEES 7NtoR Sl I S Rt EyRE 4
geith 7 5oF 2 AlEd|o]d BElofA] Hgsof of
gt M7= static modelS 7| 2= sho] thefebA| 4=3E
4= Itk MSTM+= manager model 2] £4424~¢1 MSSM
of ofsf A% LFAS] gt Hg=E AHskal o|& 7|
Ho & =33 LFAR o053 Rtk 19 62 919
82 Hehli= A doj=olrh Z12]al MSTM model
9] DEVS atomic model-2 o}=jjQ} At}

MSTM = <X, S, Y, 8, Oext, A, t>

X = { route Command }

S = { Wait, Command execution }

Y = { support, receive }

Oint (Command execution) = Wait

Sex(Wait, route Command) = Command execution
MCommand execution) = support or receive

ta : S — Real : time advance function;

Manager model-> MSSMo|gl= ofo]HER A H
T, LFARNE 94 1w 2% tfso] wa wojof
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_____________________ Military supplies
: Transport manager
(2) Decision variables
| (@) command
military supplies
state manager High level Logistics
force agent
i
® Military supplies @) supply
state report

i

i _____________________ Low level Logistics

E force agent

i _____________________ Lowlevel Logistics
force agent

1% 6. Outline of military supplies state manager

J(Route Command)

Reqiest Roufte Command

MFA

Command
Execution

MSTM

(main functio agent) (military shipplies transport manager)

Request

% 7. Military supplies state manager model

She B SS9 5 ATt of o, sk
F4E0) S50l W A5 S 9L, 4] o) 2
A S 97, i LFAS] $1200] ofaiE 24 4
= Qith. MSSM2 AA = LFA gt XS MSTM
oA Hdlltl. MSTM+ 2 WS 7]Rko g B2
274%t 19 62 oldt YEZ =AISRE Aotk
MSSM2 LFARYH Q% HA[Z]E Bh=t}. 2419 o
&g 53 3 T MSTM oA Bg= ZAo] thgh HAA]
E Hultk 19 72 99 &S YER= A Aol
ot} 1831 DEVS atomic model-2 o}l 7t}

MSSM = <X, S, Y, 8int, Sexty Ny t>

X = { Request }

S = { Wait, Command execution }

Y = { Route Command }

Sine (Command execution) = Wait
Sext(Wait, Request) = Command execution
MWait) = Route Command

ta : S — Real : time advance function;

oM Auet AAY 2o AlEdlold 222 main

function agent, function agent(static model), Military

St=ZA|E 20| M5t

=X

supplies transport manager(logistics model), Military
supplies transport manager(manager model), ©|ZA| Y]
71 ofoldER FAESIE u] 714] ofo]4E7} DEVS
atomic model = A7 =1, AA| 24> AlEold ©d
2 coupled modelZ FHETE I3 82 = A|EH|9]
A mdlof that 7hdat ¢l & RojFn, coupled model-S
ofelie} o] RARECE

Military logistics simulation : DN

= <X, Y, M, EIC, EOC, IC, SELECT>

X={}LY=1{}

M = {MSSM, MSTM, High level MFA, Low level
MFA 1, Low level MFA 2, FA 1, FA 2 }

EIC = { }, EOC = { }

IC = {(MSSM.O1 x MSTM.I1), (MSTM.O1 x High
level MFA.I1),

(High level MFA.O1 x Low level MFA_1.11), (Low

level MFA 1.01 x MSSM.I1),

(High level MFA.O2 x Low level MFA 2.11), (Low

level MFA 2.01 x MSSM.12),

(FA 1.01 x Low level MFA 1.12), (FA 2.01 x

Low level MFA 2.12)}

SELECT : 2M-@ — M : tie-breaking selector,

4, 7t 2eX|HEAAY DY 73
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