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Automated Methodology for Campus Network Design
and Performance Analysis

XsE*, 052", oM™

Sung-Do Chi, Jong-Keun Lee, Jang-Se Lee

Abstract

This paper presents an automated methodology for campus network design and
performance analysis using the rule-based SES and DEVS modeling & simulation
techniques. Proposed methodology for structural design and performance analysis can be
utilized not only in the early stage of network design for selecting configurable candidate
from all possible design alternatives, but also in simulation verification for generating
performance data. Qur approach supercedes conventional methodologies in that, first, it
can support the configuration automation by utilizing the knowledge of design expert;
second, it can provide the simulation-based performance evaluation; third, it is established
on the basis of the well-formalized framework so that it can support a hierarchical and
modular system design. Several simulation tests performed on a campus network example
will illustrate our technique.
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* Generic Frame (attached to each Entity).
Coupled-level entities

SES LEGENDS

E, El-~EE222  Entities
| Decomposition
[t Specialization
1l Multiple-decomposition

Generic frame for
"' coupled-level entities
___ @ Generic frame for

atomic-level entities

Declarative Specification

- Attributes

- Coupling specification

- Performance indexes & its evaluation criteria

¢.g. utilization, throughput, delay-time.

Procedural Specification :

- Selection rules (at specialization & multiple entity

- model attachment.
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Atomic-level entities

Declarative Specification :
- Attributes
- State variable specifications.
e.g. initial phase, queue size, processing-time, etc
Procedural Specification :
- Model attachment.
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Packet

Queuing

OutPacket Packet

(a) e do) =

148 ARSE ARE PHES B4 28w )
23 Feage] dojubr] vz Hol 9RIEL )
BUE %45 Be FuE Ado,

3.2 2ddo|A F&

DEVS A& o]l&3 YEHA AN2de 74
d4d mdwo]x3l Aol Token-Ring, Ethernet
(CSMA-CD), FDDI, PTE-BUS, BRIDGE, WS %
o] dutel FAHY EHUES Ao AYPHYE
d, d& E° BRIDGEY AdHAcE %
Pseudo-codet 1@ 59 Zv. Id 5(a)dA
BRIDGEE. @2 Packet& ¢ &%e}l Queuedl #1733
H Routing3El2 Hol=o] PacketS 3 wt7}

r BRIDGE
BRIDGE::ExtTransitionFN

Packet = Content-Value
IF { Content-Port is “rec3"} {
THEN IF ( Queue is not full ) {
THEN Add_Queue ( Packet )
Continue();
ELSE IF { Content-Port is " pte-in” )
IF { Queue is not full )
THEN Add_Queue( Packet )
Continue();
ELSE Continue();
BRIDGE: :IntTransitionFN
IF ( Phase is "Queuing " )
IF ( Queue is not Empty }
OutPacket = Delete_Queue ( Packet )
ELSE PacketFlag is NULL
IF { PacketFlag is NULL)
HoldIn ("Queuing”, RoutingDelay );
PacketFlag is -1
ELSE HoldIn("Routing”, Transmission-Time-Delay )
ELSE IF ( Phase is "Routing " }
Holdin( "Queuing”,0.0}
ELSE Passivate()
BRIDGE:: QutpwtFN
IF ( Phase 1s "Routing " )
1F { QutPacket. Destination is IN- Depatment )
MakeContent{ "Department-out”, QutPacket }
ELSE IF( OutPacket. Destination is OUT-Department )
MakeContent ("pte-out” QutPacket }
ELSE MakeContent (),
ELSE MakeContent(),
BRIDGE: :InitializeFN
Holdln( "Queuing”, InitBRIDGE| )

(b) Pseudo-code

1% 5 BRIDGE 29
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NETWORK
nﬂ_m!,‘,,w rule list
1
[ 1
ATOlMlC COMPOSITE
atomic-dec composite-dec
— | [ !
’f““’:‘m“ Ddl:RocEssmG-NoDEs LINK PROCESSING ROUTING  LINK  NETWORKS
“proce & - E - de list
sroup PROCESSING-NODE T ng mﬂl:o'lnes Nﬁ[\’Evae it W werk geoup
~vouting-node group NETWORK
8P PROCESSING ROUTING = o &P
-NODE -NODE
PROCESSING-NODE ROUTING-NODE
I '2‘1::::- 1§ ~rule list
proc-spec : rout-spec  ~selertion
“[/s p!c MINI  MAINFRAME  FILE muln'sk { ! ! ! ! !
COMPUTER SERVER  .SERVER ROUTER BRIDGE SWITCH HUB GATEWAY PTE
LINK
R [ = | =
) - xibili - seourity ~capacit ~da
switching-spec..gexibility creliabifiry medium-spec ~cost medinm-technique-spec FDW ~1cc‘:':slereliubilily
wpedlonnalie | I i 1 | ~datarate “ “Hignaing protocol-spec-packet_utilizati
orheavywarkola ~capacity ~flexibility ~packet_throughy
T"—JLF_—_\ STAR  RING BUS HUB/TREE [ T ) r 1 wke:’m.ym.f‘
il fl -
CIRCUIT MESSAGE PACKET fing-spec bus-spec TWISTED COAXIAL OPTICAL BASEBAND BROADBAND —
— PARR  -CABLE -FIBER
C 5
PTE-BUS ERNET SMA/CD  TOKEN-RING
1/
FDDI APOLLO PROTEON

g 8

® &% Rule-based SES

Packet_Utilization : middie
Packey _Throughput : middle
Packet_DelayTime : middle
Procedural Specification :
Selection rules :

THEN Access_Protocol = CSMA/CD

IF Cost = low and DataRate = low

THEN Access_Protocol = CSMA/CD

IF Packet_Utilization = middle and
Packet_ DelayTime = middle

THEN Access_Protocol = CSMA/CD

R2:
R3:
R4 :

THEN Access_Protocol = CSMA/CD
Model Attachment : CSMA_CD.m

R} IF Access_Relaiability = high and DataRate = low

IF Packet_DelayTime = middle and Cost = low

— Entity Name : CSMA/CD — Entity Name : TOKEN RING
Declarative Specification : Declarative Specification :
Attribute : Attribute :
Access_Reliability : high Access_Reliability : high
Cost  :low Cost  :high
DataRate : low DataRate : high
Performanceindexs : Performanceindexs :

Packet_Utilization : high
Packey Throughput : high
Packet_DelayTime : high
Procedural Specification :
Selection rules :
R1: IF Access_Relaiability = high and DataRate = high
THEN Access_Protocol = TOKEN_RING
IF Cost = high and DataRate = high
THEN Access_Protocol = TOKEN_RING
IF Packet_Utilization = high and Packet_ DelayTime = high
THEN Access_Protocol = TOKEN_RING
IF Packet_DelayTime = high and Cost = high
THEN Access_Protocol = TOKEN_RING
Model Attachment : TOKEN_RING.m

R2:

R3:

R4 :

1% 9. Generic Frame o
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|——{ DepartDEC 4 Fired Rule List
_J Building-LANS Rulel
-41 Count <= 10
Selection=2

- TOPOLOGY-SPEG Departments Rulel

Count <= 10
Selection=2

Query:  What is the extent of flexibility 7

Selection : high medium low

Answer ; l"'l" I

L)

29 10. Rule-based pruning 2834 (RUSES-C++)

COMPOSITE. CampusNet
|
composite-dec
1
[ T T 1
FDDI COMPOSITE Building-LAN1  COMPOSITE. Building-LAN2 COMPOSITE Building-LAN3
| |
composite- dec posite- dec composite- dec
, ATOMIC.DIepammn [ [ I ’ I I | WS-31 WS-32 ‘ ATOMlC.l?qnmmM
WS-1t WS-12 BRIDGE! PTE-BUS-1 giomic-dec  BRIDGE2 WwS-21 WS-22 BRIDGE3 BRIDGE4 PTE-BUS-3  tomic-dec

PTE-BUS-2 ATOMIC Department2 ATOMIC Depariment3

TOKEN-RING-1 WS-111 WS-112 atomic-dec atomic- dec TOKEN-RING-4 WS-331 WS-332
TOKEN-RING-2 WS-221 WS-222 TOKEN-RING3 WS-221 WS-222

(a) PES-1
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Building-LAN2
BRIDGE! L wsaat Je— ;—{ wsaz |
 — v | TOKENRING2 ]
[Cwsii ] [ pre-Bust | [“wsiz |} T Department:
AT [ —
A 4
| FODI I;—_: PTE-BUS2
I r Y
”“"“”"‘“(“"”?J__Ltl——'v o
[Cwsii ] [ ereBuUss | [ wsi2 S

[ TOKENRING3 ]

(BRiDGE:] WS231

Depertments
H TOKENRIN

G4 ]

(b) PES-19] 74 7I¥= (c) PES-19] Algdold 24

/P HangKong University.
r‘Mdnﬂu‘lﬂng— chine-Camter———
B s ) S
N “w
DepsrimentOfiice 1) Department-OMice 1)
Prefesserfioom & ) ProfessorRosm 8 )
Research-Roem  4) Resesich-Reom 1)
Lecture-Rsem 5 Lecture-Roam [»]
Laboratory 1) Laberstory 1)
\ < 4
Science-Cente
L S )
Lomputer.E. ~ E ~
B T
DepartmentOfics 1) DepartmentOffice 1)
PrefesserRsom 6 ) Professorfosm 7))
Research-floem  §) Research-Reom 6
Lecture-Rsom %) Lecture-Room (D]
1\ Laborstory z)J Labaratory z)jj

(d) PES-1¢] AZ724 HNdx=

a9 11 7k
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COMPOSITE. CampusNet
composite-dec

I T T 1

FDD! COMPOSITE.Building-LAN1 ~ COMPOSITE Building-LAN2 COMPOSITE. Building-L.AN3
| | !

composite- dec composite- dec composite- dec
i ATOM[C.DIepannmll [ | [ l I | | WS-3] WS-32 ‘ ATOMIC.[?epan.mmM
WS-11 WS-12 BRIDGE! PTE-BUS-1  atomic-dec ~ BRIDGEZ2 WwS-21 WS-22 BRIDGE3 BRIDGE4 PTE-BUS3 dlomic-dec
PTE-BUS-2 ATOMIC Department2 ATOMIC I|>epanmt3
|
Ethemet-1  WS-111 WS-112 atomic- dec atomic- dec Ethemet-4  WS-331 WS-332
Ethernet-2  WS-221 WS-222 Ethemet-3  WS-231 WS-232

(a) PES-2

— CampusNet
Building-LANI

f Etherneti(CSMA/CD) }
Building-LAN2

Ethernet-1
10Mb/s

X314 Jink
s g B}
WSI1 | PTE-BUSI | wsiz ] ¥ Depariment)
Y 1
[ FDDI ’T_—
PTE-Bus-3 wildinga ! 3 3 WS22
40Mb/s B "r‘m—vl l —y [BRIDGE3
Ethermet3 W31 L_’ana-ausa - lL Deparimentd
— 10Mb/s 3 Ethemet3(CSMA/CD
BRIDGEA WST1 Ws232
Ethernet-4 Departmentd
10Mb/s Ethernetd(CSMA/CD

(b) PES-29] 74 Ndx (c) PES-2¢] A Edold mal
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D Ofice 1) D Office 1 )
Professorfloom 6 ) Professor-flosm  8)
Research-Roam 4 Aesearchfloom 4
Lecture-Room (D) Lecture-Room 5)
Luhoratary D Labaratory 1)

f‘“‘J X

omPuler E ~ g e :-‘ ~
1) D Offlce 1)
Professor-floom 6 ) Professor-Room 7))
Rescarch-Roem 5 ) Rescarch-Room 6 )
Lecture-Room 6) Lecture-Room 5)
Laberatery 2) Labarstory Z)jj

(d) PES-2¢9] AFTx3 Mdx

ag 12, T2

£ 1. AEdHold 2d 271xd

Variable Value
Packet Size 64byte™640byte
FDDI Transmission bandwidth 96Mbps
PTE-BUS Transmission bandwidth 40Mbps
TokenRing Transmission bandwidth 12Mbps
Ethernet Transmission bandwidth 10Mbps
Average Distance Range 500m
Velocity 2 x 10°m/s
BRIDGE Rounting Time 0.0000015
Polling Time 0.00001
Token Delay Time 0.00001
Queue Size 10000
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Alternatives Design-1(t§¢H) Design-2(th2}2)
[Token-Ring] [Ethermnet(CSMA/CD)]
Performance Index

Heavy Load | 0.329888 | Heavy Load | 0.780394

Average ThroughPut |Middle Load| 0.069957 | Middle Load | 0.154899
Weak Load | 0069271 | Weak Load | 0.104061

Heavy Load| 0.329617 | Heavy Load | 0.780300

Average Delay Time [Middle Load| 0.069704 | Middle Load | 0.154464
Weak Load | 0.069006 | Weak Load | 0.103783

Heavy Load| 90.39797 | Heavy Load | 6625180

Average Ultilization{%) {Middle Load| 59.80055 | Middle Load | 41.96977
Weak Load | 4349745 | Weak Load | 28.05052

(a) tit1= 29 Wi e AR

0.01 0.009 0.008 0,007 0.006 0.0050.004 0,003 0,002 0.001
Lambda

DelayTime | —— TokenRing —® Ethernet (CSMA/CD) |

1.2

o o o o
[N N N e D

Lambda

0.01 0.0090.008 0.0070.006 0.0050.004 0.0030.002 0.001

(b) B A 8] A ZH ThroughPut)

Utilization($)

(¢) H A4 A7 DelayTime)

—®— TokenRing ~#- Ethernet (CSMA/CD) |

B R

100
80
60
40
20

0.01 0.009 0.008 0.0070.006 0.005 0.004 0.003 0.002 0.001
Lambda

(d) vix o]& & (Utilization)
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6. A&
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3 AFgdAd e nAA R3ti Ax, X, 4
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Tl BY A7E F BNz a4

=EoME SES/MBE 7]8t2 2 Rule-based
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Structure PES-1
1. Building®! k4= 374
2. Building H& x5 74z} 46470
3. Department®] 7§43+ Building'd 1,217}
: 4. Department H& xS 22} 2704
Requirements
5. Flexibility+= high
6. Reliability+ high
7. Data-ratex= medium
8. Security+= medium
_ 1. Heavy loadd ® Utilization 80%°]4
Constraints 2. Heavy load¥ | Throughput 0.4seco] &}
Cost High
Topology TokenRing
|Heavy load : Middle load @ Weak load
Utilization  [90,398(%) 59.801(%) 43.497(%)
Throughput J0 329888 0.069957 0.069271
Performance Delaytime {0.329617 0.069704 0.069006
Reliability : high, Data-rate : high
Flexibility : high
ZEF "System iconic modeling facility”, in Proc

[1] Kurose, JF. and HT. Mouftah, "Computer
-Aided Modeling, Analysis, and Design of
Communication Networks”, IEEE Jour. on
Selected Areas in Communications, Vol6,
No.1(1988), pp. 130-145.

[2] Bachmann, D.W. Segal, M.E., Srinivasan,
M.S. and Teorey, T.J. "NetMod: A Design
Tool for Large-Scale Heterogeneous Campus
Networks", IEEE Jour. on Selected Areas in
Communications, Vol.9, No.1(1991), pp. 15-24.

[31 JR. Doner, "GENESIM", IEEE Jour. on
Selected Areas in Communications, Vol6,
No.1(1988), pp. 15-24.

(4] Sinclair, ]JB. Doshi, KA. and Madala, S.
"Computer performance evaluation with GIST:
A tool for specifying extended queueing
network models”, in Proc 1985 Winter
Simulation Conf, pp. 290-299, 1985.

[5] Stanwood, K.L., Waller, LN. and Marr, G.C.

1986 Winter Simulation Conf, pp. 531-536,
1986.

[6] Melamed, B. and Morris, R.J.T. "Visual
simulation:  The  performance  analysis
workstation”, [EEE Computer, pp. 87-%,
Aug., 1985.

(7] Frost, V. "Block-oriented network simulator”,
2nd IEEE Workshop on CAMAD o Comm
Links and Networks.

[8] Garrison, W.J. "Network IL5 tutorial - Network
H5 - without programming”, Proc 1988
Winter Simulation Conf,, pp. 152-158, 1988,

[9] Nishida, T., Murata, M., Miyahara, H. and
Takashima, K. "PLANS: Modelling and
Simulation system for LAN”, in Proc Int
Conf. Model. Techniq. Tools Profm Anal., pp.
235-258, may, 1984.

[10] Chi, S.D. "Modeling and Simulation for High
Autonomy Systems”, Ph.D. Dissertation, Dept.
of Electrical and Computer Engineering, Univ.



16 st=Algefio|des =2X| AM7A 2%, 1998. 12

of Arizona, 1991. (131 Zeigler, BP.  Multifacetted Modeling and
[11] Chi, S.D, Lee, J.S., Lee, J K and Whang. JH. Discrete Event Simulation, Academic Press, 1984.
"NETE: Campuse Network Design Tool”, in Proc. (14] A= & 3%, “DEVS Alg#o]AdE o83 1
IASTED International Conference, July, 1997. ZAe) 2dy @ MFEAM" Al g
[12] Zeigler, B.P. Object-oriented Simulation with 5] =24, A3Y, 7¢ﬂl§, July, 1994,
Hierarchical, Modular Models: Intelligent [15) Kim, T.G. "A knowledge-based Environment
Agents and Endomorphic systems, Academic for Hierarchical Modeling and Simulation”,
Press, 1990. Ph.D Dissertion, Univ. of Arizona, 1988.

@ AA27 @

sz

1982 dAistn A7s8y 47183 AL

19834d At hehd H7)F3ta AojFe FIAAL
1986~86d  FA AFE(FE = dAE)2F

1991 o= olg|Eydigal A7 AFH T T
1991~924 v SIMEX Systems and S/W 3A} S/WHEZAZ ZF
192~84 #3¥Tuzn AFHTSY Far

BHEF  AeAL" HARI WYHE, wFREY, BdV|Y FE, o]

Alag 2d¥ 2 A B, AEYold e AT

oX

st AAA e o] A}

YTt ot HFe It AL

gaggosta oigtd AFE T A

Mg 2d YAl HEE REFAY oA A2
28 2 AEFolA, AN FF WojA " 59

ol ZtAY

19974 @EYFUE AN ol s

1990d  @FYFoetE oerd AFETLY T

1999~ 84 FTLTULE kg AFE T BA A

By Bob A¥AAY TR WPE BERI, oA Alxd
27 @ Ageold, AEdold 7 AF4Y 59




