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Hierarchical Agent Synthesis Framework
using Discrete Event System Specification and System Entity Structure

Changbeom Choi’

An agent-based simulation is a popular simulation tool to solve various problems, such as stock market,
population prediction, disease prediction, and development of a traffic system. As the agents are developed and
researched in different application fields, the agent has a rigid structure and may not acceptable in different
domains. As a result, it is a challenging problem to define a structure for an agent structure to reflect the
researcher’s simulation objective. This research proposes an extendable form for an agent and its modeling
environment. In order to propose a standard structure, this study adopts system entity structure and discrete event
system specification formalism. Also, this research introduces the SESManager which supports the proposed
specification method. The proposed environment can hierarchically define the agent structure and synthesize the

agent so that it can perform the agent simulation according to the user’s simulation purpose.

Key words : Agent, Agent Modeling, Agent based Simulation, Simulation Tool
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Modeling and Simulation: ABMS)©| ¢Jt}. ABMS+= t}
£ M&S FotollA ARESaL Qle BaR = g A4
A 2B A8k Al diste] ofo]dER mEE]
SIL ofo] HEQ} ofo]HE Alo]o] AJoAE-S FHTe
BN AlEgolds itk o]eh 242 ABMSE T4
AP, QI B AW i oS, ERSAA AL
SoA &-gx 1 9lthBonabeau, 2002; Erol %, 2007;
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2.2 O|AIAFZIAIAR FA|

OJAAFA A 2 El(Discrete Event System: DEVS) A
= DEVS P25 vjgro g AAPS =514 E2 73
Sk YAl 71 o]t Zeigler -5, 2000). DEVS BAl= Al
1o BEY 1) md QS gespl gl 9%
Ploz maglol g FH2 Alade] 54e
L o2 ol A7 DEVS BAE 29}
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AM=<X,Y,S,9,,,0,,,A,ta>

X:Input Events Set

Y : Output Events Set

S:States Set

0,, :0x X — S; External Transition Function
O={(se)|seS 0<e<ta(s) }; Total state of AM,
e:elapsed time

0,, S = S ; Internal Transition Function

A:S — Y ;Output Function

ta:S — R} ;Time Advance Function
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Apeje} Qleixize] S50 weh Axwo] ofd Fae
T5h= A @JH A o|gk(External Transition Function)
£ Eg)A gAsta, AJAge]] EA AIZF B9k oJF 9l
o] & Wo] H2S Ui do|g<(Internal Transition
Function) &2 HA|Stch fzpRdL 9k 9lglo] lof

Fdol a7t aEEE AR EEE4(Output
Function)ol| ket 95 A4S MAIAIZ 4 glow] AR
A7 5 ARGt AlAEle] Z) AEjef uhE WA
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E3SE DEVS %A= 2% Zd(Coupled Model)S
golo] melo] J1xA EXuL AlZA Q] EAS Rt
oo Agtmdo] Aojolrt.

932 o]

Il

CM =<X,Y, {M,},EIC,EOC, IC,SELECT >
X:Input Events Set
Y : Output Events Set
{M,} :Component Models Set
EICc X xU X, : External Input Coupling Relation

EOC c UY, x Y : External Output Coupling Relation

IC cUY, xU X : Internal Coupling Relation
i j

SELECT: 2™ —¢ — M,

ol RS Yoz dZell e B, o
gﬂﬂ;ﬂ‘o‘]—_‘,} EE“ ?Sig—% O] —6]-03] 94\:194 A]/\Eﬂ
QAR Qedol A Heatt lEmolst
9]$ 4 dEE APdS W7 shefAl g A
4= 9= 914 #4(External Input Coupling)2} Ui

A @R g AZAEE= @REd A4 (External Output

Coupling) 74|, Fox iz Ad== HFEAE

(Internal Coupling) P2 wA] FIck. oluj use] 74

aat 4 v Bo Agude w8 4 glon] A
Zo] WAy Ao WA AAH BE shelalAdo] sy

ARIE ARt ol 22 APEE S T -2E Fig
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Input Port Output Port
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Atomic
Model,

Atomic
Model,

- e

Coupled
Model

Fig. 1. Diagram of Coupled Model
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B 2 oolt=el 4] U 5

Helet +-87), 1
oI5 15 s
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A% 4 gk

23 HALATRE

A A 8 AT2(System Entity Structure: SES)= A|A
& EHsh= Aol tellA thEHA R AAES o]
3ataL o2 o2 AAYE 7H 4 Qs BE Uk
THH= Wa]olet SESE A|2El9] thokst tiole S
Hog #@s] lefA] AR skl s SHA
2g10) g oA, AA A, §5 BAIE B TIE

3F7] 93t 20|t Zeigler, 1991).
{(AB.out, C.in),
{(AB.in, A.in)

(A-out, B.in), Aspect: AB-dec
(B.out, AB.out)}

1 [1]

‘ ‘ Entity: b ‘

Specialization:
A-spec

‘ Entity: A’

‘ ‘ Entity: A”

Fig. 2. Example of System Entity Structure

Fig. 20|45 212} AFIg o2 AR ABC, AB, C, A,
B, A", A", b Entity =E& AR A| A=) Tf-&H]
2AE7F 5 AFE el ABC-dec, AB-dec, A-spec,
B-multi= Aspect === 3&}1}9] Entity ==7} ojH
Entity =EE& FLAJE|o] 9Ji=X], o] Entity =& A}o]
of olel BAZ TATHEA LERiT. Susl, A AT
FASNE Eniity7h B4 1R HE 4 Gl Aol
Multi-AspectE 7|&S 4= 1o 2 719] Entity= 24

EAE 71 5 Sl vel Y B gk o
E”'OE 6}& EHW} zg /\].7L 50 l‘ifﬂE]}:_ A-spec
2 Spec1ahzat1on LTo|u] A|AEIS EntityZ} 7H 4=
A= HekEe HetlaL & £2 EJgh Fig 2004 =
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L Ajgdlo|d mdlo] EAfslor §& Ofuldick JEE
X AFARES ARl B YRS FALAS
2 AT 0 ABod B 5
S 28 E3slt d Bad aAkgelth ol
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T AE e,
5 oo G4 H5e A% ool HELE DEVS 3
Aot SESE Bgsto] ofolAEe] & ALl 3t
She T4 04E HARI 585 DEVS AL DEVS
Yage] rmelst Aghmee] e 7]ue] 2ol
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Entity: Sensor

Aspect: Sensor-dec
Entity: Acceptor

Aspect: Acceptor-multi

Entity: Transducer

Entity: Event Acceptor

Fig. 3. Structure of Sensor Component for an Agent
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ool AES] A7 2 F} oo]HERTE thofRt
T oMIES AgHRE 4= QloHE st SR
OHIES 4=83F 4= Ql= FE|= Multi-aspect= Acceptor
EntityS £&3}L t}4=9] Event Acceptors F+AE 4=
QIck. oMIE BE|L oo| A=Y Hel7lo|A] Hefat 4
= FEHE OHIES 7okl o]F dflo]dES] A7)

Sensor Coupled Model
Output

Input Event
Event,
>—‘ Event
Acceptor;
Input

Event,
>—‘ Event

Acceptor,

Transducer

Fig. 4. Coupled Model of Sensor Component

AZA oolHES] Aer|= AA7|2RE 2 o
HEE o} A4sitt d&4]2|sh= Acceptor Entity,
QFrof| A A2 o] EE %25} Decision Entity
of ejFo AdE 7)ol 22 7Hsdt o|HEES A
A3l= Transducer Entity=® A% th Decision Entity
o] 79 Asto] Ao AE] Ae|S FHsH= History
Management Entity2} ofo|HE o|H2 F2-S MAIs=
Event Generator Entity2 AIE 4= Qlth E3], 959
A et oMIES Ageto] 7] ABIE olat] Sl
A& History Management Entity2} Event Generator
EntityS AAIt] £ 4= Qo oh52 Fig. 5&
Agent®] Processor Entity2] A]AHE] JLZo|ch

Entity: Processor

Aspect: Processor-dec

‘ Entity: Transducer ‘

‘ Entity: Acceptor ‘ ‘ Entity: Decision

Aspect: Decision-dec

Entity: History Entity: Event
Management Generation

Fig. 5. Structure of Processor Component for an Agent

1k Processor Entity©] History Management Entity

£ 5P| YA SES 39| Specialization AttributeS
g-g-3to] SESE &5}l 0|5 Agent Structure Database
of] AAFstk 4= Qlth Fig. 62 History Management Entity
o thato] ofmel F2L Fasta] ehe Entityol Null
Manager Entity@} 7|A|8H52 2-83F History Manager
< UElf= ML Manager Entity= 233 A o[t

Entity: History
Management

]
Aspect: HM-spec

Entity: ML Manager

Entity: Mull Manager

Fig. 6. Example of Specialization for History
Management Entity

AZH coJHdEY 57]= odlo|FES He|7]oA
A%l co|AES] 5 ol Ee| whel F&F S T
Ttz 8otk 57l oolHEY tE AL
28} vl AAE o[HIEE Wol ARSIl o]F A
27|12 Hesk= Acceptor Entitye} A4 o|HIEES XA
AlA ofo]HE iz As= Generator Entity7} 21
t}. T2 Fig. 72 Actuator Entityo]] gt SESo]t}.

Entity: Actuator

Aspect: Actuator-dec

‘ Entity: Actuators ‘

Aspect: Actuator-multi

Entity: Acceptor ‘

‘ Entity: Operation ‘ ‘ Entity: Maneuver ‘

Fig. 7. Structure of Actuator Component for an Agent

oA30] oliMAIAI AT HAED SESE BT A%
A ool dE WAIZ ugrem 3 ofolHE 4 melo
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T25 vl ® DEVS 2l go|euo|AnkE g5
= forse HEﬂo}—E tjor /ﬂE_,W](Alternative Selector)
<= oll°]
X—IE tfL/H7](Agent Synthes1zer)§ ?*4ﬂ°1 q Fig. 8
L A=A oo|AE A ZUYaE w33t Aok

Hierarchical Agent Synthesis Framework

Structure Pruner Agent Synthesizer

Structure ‘ Alternative

Candidates e Alternative

Selector

Agent Strjicture

Alternatives

Agent Structure DEVS Model
Database Database

Fig. 8. Proposed Hierarchical Agent Synthesis Framework

o
Synthesized Agent

2 AT A= oflo]HE T ZH A =olA &
7] SESE A gol= =2y 2759 SESManagerg
=3} cH(Choi, 2019). SESManager-S AREA}2} A
T Agsto] o] EL] SESE skl wed 4= 9l
t}. SESY| Entity9} Attribute =58 ®35}7] $3fjA]
SESManagerof 4]+ Entity 2] ©]53} Agent®] o5&
E 3= ‘name’ 7|5 ARE-31H, Entity ©]3-0] Attribute
wSoh wiEA] welelol SR SES HMHES] gejyz
core_attributeE 5o 3G entitys FEHT 4= Qlth
Table 12 core attribute®] 714 Q40 ojjgt Argo|ch

Table 1. Description of System Entity Structure for an Agent

Key Item Description
entities [entlt)./, arity, sub-cor.nponents. of
optional] the given entity

. . external interface for
external input | port:[entity, port]

input events

external interface for

external output ort:[entity, port
-outp port:[entity, port] output events

types of an input

input_ports [ports, ..., porty] events

types of an output

output_ports [porti, ..., port] events

entity: {port:[entity, interface among
port]} sub-components

type string type of an entity

internal

@D =4S 01M8E| =2

core_attributet= 7|EZ 02 DEVS X229 ZAgt
2z gy 2dS 7357 95}t external input,
external_output, input_port, output_ports, internal®] t}f
ek P2 ARt o]€fe] core attributeof| 4] 7]&9]
DEVS X121 de] 3w BHEO entities2 7|&
Aguae sk PAE A BE TS
G WS P9 GYeR HRY A5 o

olFE Yz A= oleIHES st Tl
Zagt HJEz v 7|9 Entity 2 HAEEA], BpAle
B JAEEAE 3k FEROE A

4, A @+

Ak A ool HE WA 8 g4 Za|g)a
MY AET ST ol Sldte] s]Ee] &
Sef4 Sliz 4ol DEVS B2 ABaI0l4 87
%l DEVSim+& 2hgate] AF5S 473
1993). DEVSimt+++= C++ 278w o] EAQl
A A= Aotz AlEdold 2= DEVS &
A2 gy Agdo] sjgt= CH+ SY2E
TEstH DEVSEAE9 AlEdold dadsdz 3
T 2L AAHAE AYshe AlEd ol ot
DEVSim+++= =1 M&S 5of 2Zsle|o] thokst =+
97A19) Welo] 251917] uhizo] Aksts DEVSim++
o NEeold BEi} FAT ulE S Aokst
L ol o A5t Ak A AmelZe] HEs
of A4%S Sashth Wol e ABdold nue
DEVSim++2] BankSim© & Generator, Queue TellerZ
T4 mdloftk. th Fig. 9= A5l ARE AlEde]
A mdo] S/ ol

BankSim (Coupled Model)

Teller

| Generator H Router |_—| Queue(1]

Event Sequence
from DEVSim++

BankSim (SESManager)

BufAgent[0]
| GenAgent H MsgRouter '_—| BufAgent[1] }7

Event Sequence
from SESManager

ProcAgent

BufAgent[2]

Fig. 9. Structure of BankSim Simulators
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Af) BHoH A 24 TES B3 S oolE BY DAY

—o o

HSoll AH8E DEVSim++0 2 P4 AlEHold
g2 Aol GRS Y ag ALgsto] AlE
glold melo] x5 AXsIct. o]et Y] SESManager
T AlE el Agtmdo] ¢lo] YxmdR

A BES AlEY ol AdPAITte] X9t
15014 333t} thS Fig. 102 A|okE A
Eold oA A AEH A 2Ee] Pruned

"name": "BankSim",
"core_attribute": {
"entities": [
["GenAgent", 1, false],
["MsgRouter", 1, false],
["BufAgent", 3, false],
["ProcAgent", 1, false]
1
"input_ports": [],
"output_ports": [],
"external input": {},
"external output": {},
"internal": {
"GenAgent": [
["task",["MsgRouter","task in"]]
1
"MsgRouter": [
["task out[0]", ["BufAgent[0]","task in"]],
["task out[1]", ["BufAgent[1]","task in"]],
["task_out[2]", ["BufAgent[2]","task in"]]
1
"BufAgent[0]": [
["task_out",["ProcAgent","task in"]]
1
"BufAgent[1]": [
["task_out",["ProcAgent","task in"]]
1
"BufAgent[2]": [
["task_out",["ProcAgent","task in"]]

5

"optional attributes": {}

}
Fig. 10. Pruned Structure of BankSim in SESManager

thg Fig. 113} Fig. 123 ARk A dol4 217 9]
A% 9J51o] A5 DEVSim++ 20| fAme a

F =9} SESManager®] AAF=o|t),

class Gen: public CAtomic
{
public:
Gen(int _item = 100)
{
SetName("GenAgent");
m state = GEN;
cur_item = 0,
gen item = _item;
AddOutPorts(1, "task");
}
public:
bool OutputFn(CDEVSimMessage& msg) override
{
Message* contents = new Message(cur_item-+,
"gel’l");
msg.SetPortValue("task", contents, false);
return true;
}
bool IntTransFn() override
{
if (cur_item >= gen_item)
m_state = WAIT;
return true;
}
TimeType TimeAdvanceFn() override
{
if (m_state == GEN)
return 1;
else
return Infinity;
}
private:
enum State{ GEN, WAIT};
State m_state;
int cur_item;
int gen item;
35

Fig. 11. Generator Model in DEVSim++

Gen YA AT} GenAgent HES X3 BE A&
dojd well AATELE= FUSH ujE TH £ =S
ol Al=] a1, At th4l HA] A|A|E Pruned Structure
2 dstelon o] Buf Rdls 153519s Al =
AEY o)A HE FUSE AlEY ol AutE =& &
olateict. thS Fig. 133} Fig 14= DEVSim++2 A1)
H AlEdo]ld 2ol SESManagero| 4 253t Al
old Auto] YRE WHG Zolch
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class GenAgent(BehaviorModelExecutor):
def init (self, instance time,
“destruct_time, name, engine name, _item):
BehaviorModelExecutor. _init _(self,
instance _time, destruct time,
name, engine name)

self.init_state("GEN")
selfiinsert_state("GEN", 1)
selfinsert_state("WAIT", "inf")

self.insert_output_port("task")

self.cur_item = 0
self.gen item = _item

def ext_trans(self,port, msg):
pass

def output(self):
msg = SysMessage(self.get name(), "task")
msg.insert(self.cur_item)
msg.insert("gen")
self.cur_item = self.cur_item + 1

return msg

def int_trans(self):
if self.cur_item > self.gen_item:
self. cur state = "WAIT"

(@staticmethod
def duplicate(instance time,
destruct_time, name, engine name, _item):
return Gen(instance time, destruct time,
name, engine name, _item)

Fig. 12. GenAgent Model in SESManager

2019.07.04 17:42:22.985721 | 6 [DEVSim++ Simulation Engine] SIMULATION MODE
2019.07.04 17:42:22.988722 | 25 MSG_ID:0, Path:gen->BufAgent[1]

2019.07.04 17:42:23.010722 | 41 MSG_ID:1, Path:gen->BufAgent[2]

2019.07.04 17:42:23.013720 | 73 MSG_ID:4, Path:gen->BufAgent[0]

2019.07.04 17:42:23.014721 | 89 MSG_ID:5, Path:gen->BufAgent[1]

2019.07.04 17:42:23.016721 | 105 MSG_ID:6, Path:gen->BufAgent([2]

2019.07.04 17:42:23.019724 | 137 MSG_ID:9, Path:gen->BufAgent([0]

2019.07.04 17:42:23.025722 | 153 MSG_ID:10, Path:gen->BufAgent(1]

2019.07.04 17:42:23.040724 1 169 MSG:ID :11, Path:gen->BufAgent[2]
2019.07.04 17:42:23.047722 1 201 MSG_ID:14, Path:gen->BufAgent[0]
2019.07.04 17:42:23.051736 | 217 MSG_ID:15, Path:gen->BufAgent[1]

Fig. 13. Simulation Results of DEVSim++

runfilel
MSG_ID:0, Path: gen
MSG_ 1001, Path:
MaG_10:4, Path:

_ 105, Path:
MSGE_ID:6,

_10:9,
MSG_ D10,
_|[\:

MSGE_ D
MSG_ 1015
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