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THE STUDY OF FDD! BY COMPUTER SIMULATION

Ms. Dokmai Saniinit

Ms. Saovaluk Sanwittayskon

ADVI1SOR

Dr. Suvepon Sittichivapak

ABSTRACT

This reserch project presents +the performance of FDDJ] ¢
Fiber Distributed Data Interface). The FDDlis an high speed
network which sends data rate ai{ 100 Mbps and 2lso has a function
used to send voice and video. For the facl that it is tAO
difficult Lo study FDD! in hardware because of high cost. However
wve can simulate +the system by software program csimulator. Sc
this project hass simulales +this system by compuler software
melhodin C lenguage. Our simulator can perform all events that
happen in real FDDI system and in our experiment resuli we can
check FDD! system by vary system parameters,i.e.,system nelwork
renglh, packel size, the number of Lterminals and Ltransmission

cepeed.
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SFS =

{4 SF5b|4¢———[(5 Coverage $
| ERT | ba | s | INFO | FCs | E | £ |

Start of Frame Sequence IRFO= Information(® or more sumbel pairs)
Preamble(16 or more symbols-see text) FO3= Frame Check Sequence(® symbaols)
Starting Delimiter (2 sumbole) EFS= End of Frame Sequence

Frame Control (2 sumbole) ED= Ending Delimiter (1 sumhal)
bestination fddress (4 or 12 sumbols) Fez Frame Status (3 or mere sumbole)

Scurce fddress (4 or 42 cumbole)

a) Frame Format

IEEREEED

b)Y Token Format

J ¥ J = J symbol
¥ = K sumbal

¢) Starting Delimiter(sD)

€ = Clase kit
| ok 7 2237 | X :
L = Address Length Bit

FF = Format Rits
ZZZZ = Control Bits
d) Frame ControliFQ)

ED
T = Terminate Sumbel

e) Token Ending Delimiter

ED
T = Terminate Sumbol

f) Frame Ending Delimiter

A A AL T

9) Frame Status (FS)

Tertiinzte Sumbol
Recet Sumbol
Set Sumbol
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F% sort long integer input using linked X/
# include <stdio.hs

#include <math.h

#include <conia.h>
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NODEFTR  temp:
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sidata = wval
= link;s
= link-snexlt;

translnowtransl[3l= trans{nowtrans]{5i+1.03
/¥to next node %/

/% send old pac into gueue %/

»

an

N

_Jist(temp) F¥ inesert timimg chain
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}
gloe
1
event_ Zipac):
¥,
return (float) trans sLnowtransiiols

-

g

hai
.! 4
'-l
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~
s

float t_paoc,t__tok
irmt m3

3z

praintf (" Event_d-token time= AiY,translCliEZ1)sx/

m—y

rnod= transinowtransiial: 7% node which token arvrive %/
g _timinodi{ol=q_timlnodlil]

e

© 8
A% printfdl” Queuwel4.0f]
for{m =0;mi=glrnodlsmt++)

7Z.0Ff An" L rod,ginodl)skx/

g_tim{nodiiml= g_tim{nodilm+il; 7% shift queue %/

; /¥ set to event 3 %/
(length/Zed)+{paciBe~-8)+(bit/100esbd) YXleZ;
S

]

val = t_pac + trans[0]03]:
+

/% now time is time token arrive ¥/ .
/K sucecess Lime xS/
/¥ transmit paoc 3/

t_tok = ( (length/(pacifed)) + (168/100gb) ()iilel

val= t_tok + transi{0Oi{3]1;

tFaHQ[UJLJsz"qrg[OjL\J+1 rs
nq[UJL 1=vals
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delete()

Kd
L
limk=link—Fnrnext;
s
S
gt E(0
L
\

/isuccess pac¥/
di+i. 0y /Rsuccess pac each node 3/

ngIz (t'—-:..

E’
73
]
!
2
0
'7
l
fu
3
i
|
i 1
l..
i |
|
ul

_timlrodllol) taldelay:
;ulmpleyinumgac; /Yaverage delayx/

-

/% printf(® Event_I-rsuccess pac= L.0f node 4.0f= ZOfAnY

numpac nod,npacinod

ll
fd
—
w17
S

delete(};

[

float generate(}

ot
Q
al

bt foet et
-
o
K r-'l E
+ ot
o
3
Q
o
i
b
]
.

o]
H

e

wdy oy v =y

a}
i

L9 =
rate=0,0; J¥rate= (pac length/capacity)/prob  ®/

anly wn caw

.:::::n’j p (') ("\f'}(")l‘"\("s )

forani()s

(tzf/‘”uemﬁ/meb ) H

2 time betweesn pachkets Y/

c=(—1) % (log(f)/ log(l0));
val= (c¥ rate )ilelij

1
i /% generate time */
return{float) vals

()

- O 1
i J

5 -h

s

Pt b

imk I=NULL: Timk=limk-rnext)
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.printf(“Zf "y link-kdata); .
printf ("Nn\n")s

puts (")
1 l ™ “.‘, =3 bu“‘; .

Lt

rert 1iet (MAODERPTR temp)

curer=1inks
prav = MNULL;
for{pourr ! =pRULLEEvalrcurr-sdatag preveourey  curr=curr—rnext) ;

{Lemp ! =nMULL)}

. e
—*h

temp-snext = cureg
it (prev==NUJi_lL)
link = temps;
elea
prev-rnext=temps;

]
return (temp P=MULL )

hd

NMODEFTR  make_node();

curr=link H

prey = NMULL g
fori{;curris= =NULL B &va 1 scurr-rdatas prevsoury s ourr=curr—rnext) s

it {{tempE=make_node(wvall ) i=hNUil)
1
temp—*next = currs;
if (prewv==pUll)
link = temps;
elss
prev-rsnedt=temp:
}.
return (hemp TeNULL ) g

MODEFRTR mahke node(value)
float value;

{

MODEFTR




newpti;

ifT {({(newptr=(NODEFTR) malloc(sizecof(struct
1
newptr—-s>number = 1j
newptr-rdatas=value;
newptr-rnest=NULL ;
3
3
return (NODEFTR) newptrs
}
set _trans{pac)
K
L
for (i=liid=s pacgitt)
1
gernerate ()
insert_list()s
transe[d1[0]= prev~}number;
trans{illil= curr—*number:;
translij{Z1= temp-rnumber;
trang[ill3i= temp-rdata;
transf{il{4al= 1
trrans[i1083= i /& packet e
.\-
i)
-\-
J

zet_tok{pac)

r

1

i=C

o~
e’

FHIREY]

i

( & &)
insesrt _list
tramslOIL0] rmv~Lnumber;
trans[ 0301 =curr—rnumbar;
trans{01l2]=temp—-numbear;
transl0J[3=vals

trans[0J[41=3;

trans[(03{61=1:

Va 1

1+ (8/100eb)

St

W

th/ (packie
)

P on
n

s yd 2
p o~

[

rx
o

o

L.J

/% token %/
/% node 1 &/

return{float) val:

(]

()

float rand

{

static long int a

an

ach node.

node))) =NULL)

/¥ gen transmit time ¥/

/% packet %/
X/

E
[y

ey /¥msec

5/

37



38‘

u
2

GRAY)

T

GHT

Lo

7

)i

~e

n oLt

717
'l,l’{-('_";) :
ERL&HLT

a/l71

%1
A18

L

)

&4

“+

vy e
(1.1 ,75

§
MO

tattr(

)]
¢

\

window(l,5,8(
recr();

rand()
indo(

T

winrdoe

return{float)

a=(a#kll

=

(2

S wa
P —~
" «

: S

+BLAD
Bié

:
L0

o

=

=4 4
wr .

e P

a P

i o

i8] 0w

o = o

I oy )
8 <L

oy . ., l—

-J 4 i

N BT -, = aw,

[SR I 2 I W

N R

et

&
indow
t
i

.E =i

T
«
'

t
-




4.4 YANITNNRDY

v
AINNITINRBINNTNIITULDS FDDI 15wamamo1ﬂuﬂa

nslsin 1

L
ﬁ v u ¢ ' a ¢ [ [ Y]
LHUNTINLARIATNUENHUETER IS AINNEN1DITIA (km)  WRTAIAIINANED

PYOINITAIUNALNA 1AINITAIRUNAN L% T UTUNT NG 91

AUy
capacity = 100 Mbps
9%IUE0IN = 100 @00%
AYIVEIIUDIUNALNGT = 1000 bits

newlitesnnTdsunsadian sy Todouinulsdenansinuanedn  1ie
TeaynT 09095 44 INTE  1281AINEN N 19 9N TA SUARY LA LNAAE L SN NS U
TR NN R T BN TEESNA9TERIA9RREeY L HNT RusaEAn Sar e 950N
1 F90s THLALINUTY  WAYANTHAIINENI1845 SAEANNTL 11 19281077 LGN g
1lu5ed aunTensrunduanseaon i fusiuingase 51ﬁtﬁqwaﬁonéﬂai ajﬂiw

v 1
ANAITARNITNVDINTITASUUALAOILHINTY tuauawuiuanwuquseuuuﬂn

38



2N 1 WRLRLLY

[a)

n

" 1

LBRLLUHyLELBmLLU%GW@ﬂMW&WLtU@@

HQ%L

?

DEL MY
0. 35

0. 30

0,25

0.20 C = 100 Mbps

NODE = 100
0.15 Lp = 1000 bits
0. 10 e

e
-"’Er-—-_
.:‘+-——-"-"3"~---
0.05 e
e

0 1 - 3 4 b 5 7 B8 9 10 D <(knd

ov



ns s 2
|

g o ( ] ] L] v ] o
LARIAIAANWUTTIERIVNY ANAINANTNI LD INTITAIUWALNN NUAINILIIVDIUUA

|
LNANEY Tﬂﬂﬂﬁﬂuﬂﬂﬂﬂﬁuﬂiﬂﬁu

capacity = 100 Mbps
a ¢

AUE1ITIR = 5 km

WIRRONR = 100 FoNd

| v

NNT uaﬂﬁﬂﬂwﬂﬂﬂiﬂﬂaaﬁﬂ‘ﬁaﬁﬂTﬂTuﬂTquﬂaﬁiﬁﬂﬁ AYuMe  LAD

9 '
AHUENIUDIUUA L ANRUINTYR QzﬂWWVﬂﬂﬂiﬁuaﬁiﬁﬂoaﬂﬂiaﬂuwﬂlﬂmuuﬂn FsAN
a v o aa v ' v v a ¢ v o
NWTQB%UWﬂiﬂiﬂ LUDADNUNFIDINITRAINNALNA 1ﬂaﬂuwﬂkﬂmLﬂ11ﬂ1u10ﬂua?anﬁu
o ) " v oo o a a1 w o
uuﬂeaﬂTﬂLﬂuﬂﬁuﬂaﬁuwﬂlﬂﬂiﬂﬂuﬂ ﬂq7ﬂTﬂlﬂulﬂa@uﬂmaﬂqﬂuWﬂLﬂm1ﬂlﬁuu

o a’v ) v ] lﬂ. ] - B v 4 v
aﬂquma1ﬂﬂﬂaﬁﬂq7aﬁ QSﬂOGiOQuﬂqquuﬂtﬂﬂﬂﬂﬂﬁ@Tﬂﬂaﬂquﬂou“uq vaﬁuwu1ﬂ

v
& o vu v O v a o a vu ¢ o o
LAgnNay QGQU1ﬂTﬁT“lﬂu AYUUDIUNA L ANNTUIOAU aﬂun31ﬂ7ﬂTﬂlﬂul7juuQQ
) vo o XY a o v ﬁ

aﬂ”qinaﬁuWﬂlﬂm1ﬂﬂuﬂ uﬂﬂquWﬂlﬂmN”uqﬂﬂqq'aﬂunUWOQSDTﬂLﬂul ULIRTUIY

VHA LEAIAI IR INNT R I LHA L NANAINAN

41i



ULLALLY

QnﬁﬁgNLLUQU&ﬂ 4

?

n

MU1UhﬂLLBNLLUHELEL&NLLUDGﬂ

‘0.40

DELAY
0. 65
O 60
0,55
0.5

0. 43

0.3%
Q.30
G.259
.20
0,15
0. L0
0.05

i

[,

T

T

4

T

i0 20 30 -40 50 &0 Y0 802 90 100 PAC_LEMGTH

(10 Iits)



43
nsﬂﬂiﬂﬁ 3

o (%] ( 1 1 1 (V) (-] o o ‘
LA IAII SIS TEH A1 9AINAT TN 1O INITAINNALAR  NUIIWIVAON T 1T 96

v
Tﬂﬂﬂﬁﬁuﬂﬂﬁﬂ?ﬂﬂ?ﬂﬁu

capacity = 100 Mbps

a ¢
AINEIITIA = 5 km
ANNENIULNALNG = 1000 bits

a' 1 a: o o o (D’ g o
QWﬂﬂ?ﬁﬂﬂ15QWﬂﬂWiﬂﬂﬁOﬁuﬂﬂﬂ?ﬁ lNOQW%?%ﬂﬂW%WUTGﬂlNNNWﬂﬂu Qvﬂﬂqﬁ
v 1 i
+ ] v 1 o &n v Oa =% 1 o 1
ANATINRTTIUDINTITFIUUALNANUNUUNIE 108ﬁﬂﬁﬂ153ﬂ nmsnuwﬂtnmnnaeﬂﬂqu
v
o ( v aaa: ot i ﬁ' ! el - 3N Ly B E" o
T30 ﬂauaquuuﬂLﬂmaunniuﬂnaawumwaq ﬂO%ﬂQSQﬂﬁﬂiﬂﬂﬂﬂﬂﬁuﬂa1ﬂ ANIUULUBIN
v v
r-3 g ﬂ‘a 5 o ol v ok Om O vt
WINFOTUIINYY l1a1ﬂlﬁﬂiﬂﬂﬂﬁuﬂquﬂﬁiﬁwﬂﬂaﬁaqﬁuﬂﬂLﬂWQUNNWﬂ aeuwaqwﬂw

v
ANRITIVOINNTES LWA L NFRNINTUN Y



grmEerleytBEn & URLRLLY

?

PRLILETULELLERLLYCCH

a
R

Lt

DELAY
0.23

0.20

.15

= 100 Hbps
D = 5 kn
Lp = 1000 hits )
_...-B""""""'
..-"'Er’-‘—-—-’:r
T "
-
e

(] 3 N i, !

i0 20 30 40 S0 60 70 8O 90 100

NODE

vy



4.5 azﬂuasuuvnﬂeﬁwuwda1ﬂ
o"ll t’! o v o P-Y-% o (
Ta5997151 2099101 Tun1TRNEINITRA 1N ITEIY  ANFNRanT TN Bu foT Lld
Taan15 1 Teuldsunsystandsruy(sinulation) (NoAYTEANEAINNITNIINNLDITE
i
v ]
9N SAnEaETuaeRnI R 1o e Teneauds lansuant lelseAang auniamn
aou ou ) v
IUHTE ¥ToLaraIoEn l9une
HAIN L UTUNTNI1RD 31 1euansnauar LYoy svoonyn L iung il aehuansly
- C o v u ¢ w oo ' o v av v
ManIneand  Feuans it Ul sanusutus 1o e uls i NanaTE Y Fe01HaT fAn
N1591R2955 1Y g%ﬂﬂjﬂﬂﬁiLﬂ%ﬂuuﬂﬂﬂquﬁﬂﬂﬂﬂLaﬂ?ﬁuwﬂﬁﬂﬁiﬂvlﬁuquﬂWOﬂQHa
a v o oo ﬁ ' 5 ¢ \lvu T
wariT1awnToesingladn i lusanisnaso et dut tuun tﬁﬂnnzajﬂ M s
o & o g 4 ° s
WNTNRNRDITEULUDILTIUY ﬂssauwaaﬂtiamwugmﬂiaaeﬂ uazawuﬂinuWWﬂﬂisqnm
v l!ll v
Tdruenudule
' < ° v a aa o I'e . d a0 o
ot1 9 19nana 1 UTUNT NI ITEYY  ANANAANTLNOBLADT LWA(Fdd iDL 93189
' 4 ) '4 4 A et ° o wu
Toanuso 1W91E2189176 1helL 499 (timer) twaiﬁquﬂWSnwvumﬂaﬂuawaqnaauwﬂ
o
v 1R e 2 g ANAGRANN
Lﬂm‘ua;iaﬂm(pmomty) Tt uaﬁﬂm‘wmu’ma\m
v | t ] L] )
SwduTsunsnsanssrut fuiduiSoeRuraul ot o8 swurn1uAaRET LT
o v o I{ € 4 I'4 o
aanTain il fdve Toudo ﬂﬂiﬂ?vﬂﬂﬂqﬁlﬁuﬁaﬂﬂuliaaﬂuUUTSUUluﬂtﬁaiﬂ 59
q
) 4 i o v v‘lu v a 1t w utln‘l
WTERIALBITOURITURD drau 1S 1USUNTNOONLYLTELUY  UALRDINARDNLE LY
v u
T v . vé ‘v o ] 1.:'| 5 I'4 4
dTunsustaasuesd 1t (Sl lsunsn) tulSoeniTeonuuuTruuiurounuaT
v
v o 1 v (-] [ ¥ (
F095AINENNTD T80 L E LT UNTNINATUTELY URENIRUAANANENLL 1292 ATTENDY
q u q
‘l v, v v o ° v v &
UTEUY  ANHRRINITOONULULAD ALARDIAINITOINRDINITNIINY 1ﬁ§1ﬁnﬁu
o o ﬂ! v If (%] (-] 4
WGANTTNUDITEUY uava?ﬂwanWTQwaao LwaTwQﬂmawuwsnﬂinﬂianWanaﬂumaiﬂ
1a
‘l ~ owv \lu.' 6"1;: 5 ) oo v N
UDUIAF  NITIVEIL LOEEIENITYTLING LT NINTITIVIRNOILLY UBEIFETAIRIY
A
F-N s Y] vilu [} v n‘s a'. ¢ v o oo
AANBNLH L% NUITUAIUDUA Tui50eu09TE UL UALID3A L T19E LANINITANENTE LY
d ‘ ) =9 w ( 1 C:’ o o
LURLIDTART ITUANS LAYNITTIHL UL IDTALRANY i duTrsusae s fen
1 ' ]
NMTRTIITEULINRDINATHAIN 19 INITEVUNNTADRITTEaL INAURE InR  [ut el

¢ " v
ﬂiﬁf[ﬂ'ﬁ“@ﬂ'\ J4N Wa%aanuﬂlﬂuau'\ﬂﬂ

45



46

MNANUIN

. ﬁ i o (¢ 4
«l BAYVY FDDI TINLENLI09R

(a) Media-interface connector:

Duplex fiber-optic keyed connector, ferrule-in-sleeve design
Inscrtion loss: Not specified; included in terminal power measurements or
cable loss specifications

Four types: A Primary in/secondary out
B: Secondary in/primary out
M: Single attach to concentrator
S: On single-attach station

(b) Network performance:

Data rate: 100 Mb/s, clock rate of 125 Mb/s

Number of stations: 500 maximum.

Network size: 100-km duplex ring, 200-km fiber path
length

Maximum station spacing: 2 km maximum between stations

Maximum station delay; 756 ns

Maximum Joop delay: 1.733 ms based on 5085-ns/km fiber de-
lay and 200-km loop with 500 stations

Addressing: 16- or 48-bit, individual and multicast

Bit-error rate: < 107° BER total ring

BER through station: < 2.5 X 1079 under all conditions at

minimum power; < 1 X 107*2 when in-
put power is 2 dB above minimum
Tx coding: NRZI 4B/5B

(c) Station optical transmitter:

Center wavelength: 1270 to 1380 nm

Average output power; —20 to —14 dB at the output of the test con-
nector

Duty-cycle distortion: 1 ns maximum

Data dependent jitter: 0.6 ns maximum

Random jitter: 0.76 ns maximum

Extinction ratio: 10% maximum

Spectral width: Width plus chromatic dispersion plus source

rise time mmust achieve an optical rise time
less than 5 ns in a 2-km length of fiber;
ranges from a width of 100 to 200 nm



Optical pulse:

(d) Station optical receiver:

Average received power:

Rise/fall time:
Duty-cycle distortion:
Data dependent jitter:
Random jitter:

(e) Bypass switch:

80 ns =500 ppm time interval; 40 ns +0.7 ns'
mean pulse width; 0.6 to 3.5 ns rise-time
window

—31 to —14 dBm at the input to the test
connector

0.6to5ns

1 ns maximum

1.2 ns maximum

0.76 ns peak-to-peak maximum

Attenuation: 2.5 dB maximum
Isolation: 40 dB worst-case
Time to switch: 25 ms from command
Media interrupt: 15 ms maximum

(f) Fiber plant:

Fiber type:

Core diameter:
Cladding diameter:
Numerical aperature:
Attenuation at 1300 nm:

Moda! bandwidth:

Chromatic dispersion:

Optional fiber types not speci

Multimode

62.5 pm per EIA 455-58

122.0 to 128.0 pm per EIA 455-27, —48
0.275 per EIA 455-171

<2.5 dB/km typical, 11.0 dB maximum
end Yo end per EIA 455-53

500 MHz -km minimum at 1300-nm opti-
cal 3-dB BW per EIA 455-30, —51, —54
See standard for profile, 0.11 ps/nm/km
between 1300 and 134 nm

fied to date:

50/125 pm at 0.2 and 0.22 N.A.
85/125 pm at 0.26 N.A.
100/140 pm at 0.29 N.A.

47|



#U98091989

£1] Andrew S.Teanenbanm "Computer Network" McGraw-Hill,1989.

[2] Donald G. Baker "local Area Networks with Fiber-Optic
Applications" Prentice-Hall, 1886.

(3] Ged E. Keiser "Local Area Networks" McGraw-Hill, 198S.

[41 Stawart V., Hoover and Ronald F. Perry "Simulation"
Addison-Wisley, 18889,

[5] Ruth Davies &and Robert O'Keefe "Simulation Modelling with
Pascal"™ Prentice Hall International(UK)Ltd, 13889.

(6 William Stslling "Local Networks 2nd Eddition" Macmillan
Publishing Company, 1887,

{71 Q?ﬂu ﬂ?ﬂ?ﬂ@Qﬂ "STEUBNITROAHUBNRABIUI LADT" UANT L TUL ABTNITHNM
v



nmnssadsena

. »
i:"‘ .r‘a{-? LA

[ a a (u:odcﬁ"l N o 5:& ' o
nWiﬂﬂﬂiquuwuﬁauuuaﬁwiagbgyﬁQﬂp NI%LUDINIINNAIINEIY L RADIN

<

va ' Y 4 o oo (o o a
HAWTEANYRINUNY m@ﬂ@ﬂwiﬂqm aﬂaj@ﬂpq%wa ANFLIINA 819178NYINEN navn
v ] & A

1 o o o <] ( o [ %] v
Tiawdagvde iawuednling  gevewwsvan 919198 noude ety Fawin
r-Y a: : [-] (l W wW [=3 (
a1a3in InsAuunay figedmIBaUnIAN e wavauyIw L% | Do sRoatin L nas
iy
¥BN1281918M T T e sruasaaniu Juetnsun wavuovamifiouy RN
q

o o | a ¢ Gve wu o 3:‘:
ATLUEUILREEIHUROIAIVUAG L HE Y ﬂaaﬂﬂulﬁﬂﬁaﬁquuﬂWTﬂﬂﬂﬁuquﬂiﬁu

v & a {
uﬁﬂaﬁﬁﬂaﬂiu RUNUNY

© ( o
VAIF L AN WU NgINg

ARE HRAN
L]





