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A Reliable Communication Method in Broadband Networks
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ABSTRACT

The major source of errors in high-speed networks such as Broadband ISDN(B-ISDN) is buffer overflow during congested
conditions. These congestion errors are the dominant sources of errors in high-speed networks and result in cell losses.
Conventional communication protocols use error detection and retransmission to deal with lost packets and transmission errors.
However, these conventional ARQ(Automatic Repeat Request) methods are not suitable for the high-speed networks since the
transmission delay due to retransmissions becomes significantly large. We present a method to recover consecutive cell losses
using forward error correction(FEC) in ATM(Asynchronous Transfer Mode) networks to reduce the problem. Our method recov-

ers up to 34 consecutive cell losses. Performance estimation shows an outstanding reduction in cell loss rate.
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B-ISDN® @43t 877t F714d] wa g& a7
Eol B-ISDN9 izt BF3}o] tjsle o]FoiA
ot B3 294 wxolAd vy eWERsE A% 4
HEE A5y 9@ wigo dF=d4 g, oA

v A7 ARE ol Ao FAE {AE A3
LANZ g 2 WEYIqM AgHAed ofd
He A et 2L A A g e AES O
FE ATM Y EQ AN H§etr] gt

el ATM 874 A&dS 38 Ha @
Yoz FEC #yeo 484 =HAed
FEC(Forward Error Correction)¥ ## &£4=2
QOS7H AgEHe AE 29 & dow FLL Alxdg
A€ 3N & k. o P ANE A+
gaglo] 44134 dHolet FE oj2le] oA H
E A Hozd 450 o FRE /AT &
49 AEE 3Este Yot £ =Fe 2 A&l
&g #4871 Y3d MEE FEC 71HE& At
FECE ol &% 2714 d&d 389y Eol ATMEA
oA At “Yede dAejel AN 2FE ALY
o g HAEHN g AsE EMsn ey F
7t e vy #27IY(Buffer Management
Techniques)€ Aetatn et V& ATM WEH IS
VP4l 4 CLD(Cell Loss Detection)d& o] 83t

A&AQA dEd S BT £ e YHE AL Y
ok (3,9)& FEC 71Y & A18¥224 Fd9g UEY
3¢l Ygol 493 ¥AEE BAFm Yen (2)&
SAR(Segmentation And Reassembly) A39 4-
H & £A4¥ % (sequence number)7l 489 LFEA
g #Adted & 715€ AFTde A& B3 gl
g ¥ =FdME AR Arld 2AE FEC 71'HL
Abgste Aze 4Ed A8 e AT VoA
A9% vl e g vEZ 74 HE A& o
L8 =89 7L oteel ok [ Aol ATMe
A Y43} AAL(ATM Adaptation Layer) A%l
et HES QM 71Ee de4d JES AT
2 e st RASES NAdAe 4 €438
WHE F &Y BAAT AR A5 e
4 3By g AW 39 PPE ANz de
A 3Ee EhA] o Ak VAdME AdE #
o FAAH A& A VM AEE Rert

[. ATM 2

2.1. ATM 4 g2{(Cell Format)

ATM A& 48 2=l (octet)d ARARZEE(pay-
load)® 5 &9 #ld(header)2 FAHEY.
UNI(User Network Interface)olAd9) ATM A9
ol Bz (28 1)d 243t GFC(Generic

[Cell Structure] [Header Format]
[UNI]
_____ 8 7 65 43 21
Cell header GFC VPI 1
(5 octet)
VPI 2
Information Y
field VeI 3
(48 Otht) ...."»x._:.v
PT [CLP| 4
HEC 5
(oct)

a8 1. ATM A 7%
Fig. 1. ATM Cell Structure
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Flow Control) =& UNIel st ezl A
oyl FEAE WA Ad 58 Ao Awg 7
e F#oltk VPI(Vurtual Path Identifier).
VCI(Virtual Channel ldentifier) 9=+ 28349 &
a7 A AEZA dhte] VCIE el =230 o
4 (connection) & YEeElUA #Hrh PT(Payload
Type) BX+: AbExite] FHo e Aol ARE
TRE7] Hetd Algste Wrolm CLP(Cell Loss
Priority) 32« dA+4d $AEY (priority) & 2386}
71 & A 2" HEC(Header Error
Correction) =& oA 4 sy fdEcte dig 24t
Y% (error protection) & ¢8| Al&-gc,

Abga ARE ATM M2 ofgAl7le 7% AAL
AzoiA FEdct AAL AF2 2A FA9 24 4
F(sublayer}'& &85 vt a9 FHAZL 9
#Hsegmentation)®t HAF(reassembly) 715 & %
e q/\R(begmentatlon and Reassembly) %
HAElm 9 EHAFL £5 Aojsl &4 ol
o} 218 g @@she CS(Convergence protocol
sublayerioltd. AAL 3/4¢l tha SAR-PDUe 4
Bre (19 20 Jehd oo 2-HE ST(Segment
Type) 8%=%¥ SAR-PDU’F BOM({Beginning of
Message)., COM(Continuation of Message).

EOM(End of Message) 1l SSM(Single
Segment Message)d A Yed g 4-8l B
SN(Sequence Number)ss #41281&0 A ME9] ¢4

B Rofatrl el 14 Eride] FARZeM ZAbE o
#ek, MID(Multiplex IDentification) d@=9 24
& Fo1x wMAlel &3 e ABE AdEEy] Ad A}
&5 LI{Length Indication) =%+ SAR-PDUS
Boldly AbEAL BHo okg vepdel”
I M&d 32 A coding &Y

3.1 8htel My 3ls wy

wiodel m wER 2A4AY AL K A wele 4
2 A" 72t B2 (block)dl $4122 dhtel malg
(parity) 4& F7st=dl o] parity 4ol i WA bit
& ggat o] AAtEy

K
Cre,=(2 ¢, ) mod 2, =12, .., m
=

A7A ¢ PR Ao | A bt ngg w
?lEl 42 exclusive-or gate(XOR. @& AbgalA)
shgo] A qlvt, el dgo] 4R &= g

Bl Az sl el 4E WAk shuel
dolg} Mol &4H¥ A$E SN {gap) & Fold &
A sizlel fAE ApEg S+ oo 1o fRle Ko
dielu} dap 1 #ele]l Mo XOR gz dawe. o
ole} Moj 2 o EAEW ABY 4 glA "G

3.2 T2 Ml 55 gy

SAR-PDU
5 Octets 2 Octets 44 Octets 2 Octets
Cell SAR-PDU Cell Payload SAR-PDU
Header Header Trailer
ST| SN | MID m‘iﬁt‘m CRC
2 4 10 (bits) 6 10 (bits)

13 2. AAL 3/4°) i@ SAR PDU ¥4
Fig. 2. SAR PDU Format for AAL 3/4
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stutel dfelE] 42 HIHe BFo R o4 &
4¥ do] TG &48 4& JBY £ AEY
urgbd sl BEo] FAel £4¢ A& HE) 9
sto) il sele]l 4 ol = diagonal Helel 4&
F74 AAA 3 Este WY eg o] diagonal #E 4
o] 2} bit& th&3t go] Fa

.
(ZKC).,‘H_,) mod 2, 1</<K+1
o o

Chyai= (glc,_,fl_,) mod 2, K+2<i<n

AR+m—i+]

( 20 Cimiimer—) mod 2,

j=

mtl<sism+ KN
& EojA 4 1,27 &4-EAGn AFEkA A 1
o] AMA bit. c; ;2 diagonal 49 A bitd
Cerz 1t 271 dEe) HEY £ A HE, ¢ =
¢, Ddgiy 10171 wWiEel 4 29 WA bitke HEY
oA gt olad BHez 1 (i < mol sy,
ey = e~ 1@dgeg; IR ¢ = ¢ By 017 WHE
of 4 1,28 &8 & A €9 a8y, £4€ F
Ml Aol H2je] deleld olg AES HEY & A

viey A2E A& TEeIA HAFEA =HE d4d 48
48 3% F dA 89 ¢ matrixeld (1))
Aol e Ao k HA vEHRY Ay gL P
3 o] AgEdt

M
C:’,M+l,k=(j2~lc,‘,,',k) mod 2, 1<k<m, 1<i<K

P
CK+l'j'k=(ZlCl'j'k) mod 2, 1<k<m, 1<i<M
=

ol g ¥y Hd Miel 943 488 AHY £
7F A "t

V. M2g d&d 33y

4.1 7/&e] ZHHE % 3 F=x

HAZAA e 39 WS e Ad 16719 9%
2 4g 3JEY + ARG, ole SN B=st 4 HE
2 345 geng Hd 3 Zolrt 1622 A
U7l HEolct,

& Eo (¥ 3 (a))e #e] ¥ (column) 1,20
A 2709 ol £4E AfE o8 4E HEY 5 oA
e, zehd (28 3 (b)lsh el el o
g F71 A4 Uk o 32 9449 48 JEY
F sleh obgd (19 3)e 4 IYPYIM*N)E B
odF3 ek, F Yol bolet Ay AE HES )

M cells

D Data cell
Parity cell

(a)

=

(b)

a8 3. (a) 29 gE#@Ae] © 16) (b) 29 VAU : 18)
Fig. 3. (a) Coding Matrix(row length : 16) (b) Coding Matrix(row length : 18)
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gate] A% A4S HESA Bk H2AH A9
A4 ¥EE dHolg 489 WA ¥EES exclu-
sive-ORelth. &, 29 89 wddlA (i, )l #A
st del kA MEE ¢ .7 Sz mYE 4A7E
nei g sele 4 g3 2ol vErd £ glth

M
Cluf.l'}'k:(ZlC,J.}() mod 2, lﬁk‘il}l, 1\/j(4\
=

dje] 4EL vl A3 FRel B £ SUxF
OAM(Operation and Maintenance) $4& %2
slom $M&E97L dojet drch o £@ 2D ¥
2to]l additive. multiplicative §4& dlolgt 4o
Axste 23dE Hadg 48 wE 5 dess R
W AAA e Ao A Eot.

4.2 A&y 3= "t

1) FEC ¢i=H

#4& FEC 9x2de 9A AW 4 £8 A4
Asra. o718 WAzl SAR-PDUE 2vlget.
o] 7 (8MHETE AAY 2 Afd EAHe 48
o] SN(Sequence Number)¢t ST(Segment Type)
oo oy A F lenz JdIAvc 4 el o
Wte HAsx g1 deler A3t My 48 F3 &
2 A E EHAR AFg. Ul A arst
184Ec 3™ 1 dzue 189 AxE 3¢ 47
A ST o (23 4)3 2o Fod STel SSM H|

Segmet Type Encoding
MSB LSB
BOM 1 0
COM 0 0
EOM 0 1
SSM 1 1

2% 4. ST 8= 249
Fig. 4. ST Field Coding

Z3 et &4 48 4E¥ + dA 89 F3- ST
oo SSM @& F4% dzyelA f4Hz e
=

(29 5)¢ FEC 9zd7t F8se E3e disid
At gk

2) FEC Oj=H

#AZ FEC dade =34ste vAAY 715 A
Abghe}, whd oAlR] A7)z 18R HAY #2 A
A&alo] st @& sele]l AE o fated] AEd
< BB vAlx A7t 188t A3 3[ARTE A
& AfodE $7H ALE nedc. WA 7 A o
&la] ST=SSM ol SN=0¢! A $& =z 49
MIDgke] Qg4 og A4 248 2% & §4
g A$E #dAe]l Single Segment Message(3dht
ol . FAE VAR E enj3teg dave a2 4
el olw e wASA ettt MIDE#el 93
4z e A$ STE COMMER HAsEH o F
A& FEC 9zd el shizo] AW ghd 438z &
AN Aolrh, FHALZ ST=SSMelxz SN+0U 4
of st welslenl o] A5 H#l SSMel o1

compute
the message size

cell number > 18
Y

| 4 N

ST = SSM from 18th to
33th cell

L ¥
transmit the coding
block(M*N)

L |

a8 5. FEC ¢lave] dusF
Fig. 5. Algorithm of FEC Encoder
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>
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buffer the arriving message

e >

Y

recover the lost cells
/* using the parity cells*/

4

cell number > 18
Y

ST = COM from 18th to
33th cell

v

18 6. FEC vzdle] dnels
Fig. 6. Algorithm of FEC decoder

FEC 2z wRsgons sgde STHS
COMMIEZR #AF oA z2lg F712 A$d
ate] Aulfel e WA Ao tzbe 4&4
B A5 HeE Ag oo &4 4L EG
o [(2¥ 6]& FEC dzu7t #3ste F2tol osod
dgstn vk,

4.3 M4 5= o

1) ojAlxjel 27| < 18

wA g3} 2ol FEC 347 FAH S wAlxe =
717k 16709 A2 74" A Soe SN Pugreg o
AAle] SR EE & F sl o] Bdle ST ¥
b QlolE A 48 AEE 5 U

(B: BOM. C:COM, E:EOM. S:SSM, PC:Parity Cell)

SN:0123456789101112131415

ST:BCCCcCcCCcCccCccCcCcCcC CcC CE

PC ++++++++++ + + + + + +

ey gg3 2ol wAlAe 277 17 B 1879
42 7€ Z¥ole SN g=@ogE o fARY ¢
g 282 ¢ 4+ gded SN STE o484 =4
ol 482 2F H¥E & A Bt

SN:012345678910111213141501
ST:BCCCCCCCCCCCCCCCCE

PC:i++ + + + 4+ + 4+ + + + + + + 4+ + + +

%, SN=0¢1 5749 43, SN=1% /49 4L 25
ST &2z 43t Aol shesta 199 45 =
¥ SN gte2 2E HEE FUs 88 & o
2z Hoe 48 olgsld &4dE 4E5S JEY ¢ A
o},

2) HAIK|2l 37] ) 18
WA 2717 1942 FHY AeE no wa
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WAL 7E ol ot Zo] 748 Z 5 SN.ST ¢hen 2&
AES FdatA A8 5 fled o= RWA SN.ST
(1,09 F9a SN ST #(1,0)7F $¥ét7] wj &

1 SN ghel 191 A(x)e] #4€d A fole ofF +

SN:0 12345678910111213 141501 2
ST:B ¢ccccCcccecccececcce ¢ cece

PC: +++++ +++++ + + + + + + + + +

=

* .

mebd g SN.ST#HE 48 FE37] Adted of
Zh et Zo] ST2| SSM HIEE A}4-3ch

SN:012345678910111213 141501 2
ST Bcceccecccecececcce € Ces

PC:++++++++++ + + + + + + + + +

=

A7A Fo He dE4 P8 Ha SSM HES
Ab g8l Aol @l HMIHE wA A (single segment
message) & A AAA opW HEAS 337 4
3 wow A Hor SSM bitE AHE3 A%
FHEY & U el aFd ol dellA et A
e Aol g HaUE WA At MID =i
o] frddn MEHS Yol SSM HEE Abgsh: Me
A4 MID @kt Fd st

ojgoh g Wyow £4d 4ES HNEY Qe 4
o] AU 347 olvk. et ot el o] virjA] <]

A7)17F 3549 A& zelsl Hazp

Cell LossRate =0

(o

1~

I -«

SN:012345678910111213141501 2
ST Bcococceceecocecce cceCc € CCs S

PC i+ 44 ++ 4+ 4+ ++ 4+ + + + + + + + + +
7891011121314 1501 2
5 SSSS SSSS SSS

PC:+ + + + + 4+ 4+ + + + + + + + + +

951
Z
w
N
o
n o

'A
-3
w
€]
w2
,
=

d(x)2 Mz AEd ¢ ok

V. 4

olr
Hr
it

T RATIAM 2D ded AL YT =
EHsé dgon of dEd TeAAa vde (1Y T]d4
A3 dojel AEAdaN Avle 2F Ad2E A
71 & Gilbert7l A% AL$ & two-state
Markov Sxoln of muel Ale] Hole ofefel Zol
Aol B E FAL FIHY F Yo,

G AelolA Aol 4§ P = (o2 S b
well B AgelollM MEAde HE PR - 12 RS
AEl G BelAM 2] obAF Ael B E(steady state

- -3
prob.)& 7zt &, -"*'*ﬁ‘_’l“g“*"“ T o e

ofn) o wele

it AEH &S

LAt Pl =2)

> e Iy e P f—
/ P / IR [)/;,\ ITaE 1 vl 7‘7’)

Cell LossRate = 1

)

G: Good state
B: Bad state

O 7 el

S EAL

Fig 7 Celi Discard Process Model
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Iet,
A4l Bed BE oz obdst 2ol el 4 gt

= 1=g
e

AE A8 Jedol 928 N-th F& ofds 2
o] EAsha},

Bol=8 [ By BY
[ ) e d aﬂ [ Z% a\\]
@ fe Jede] Eoln N& 4 g3 oo}
ol 4 HH & F(column)elA shte] el &4
He $8E, L ol g o] Fojr

Li=P, a8+ P ) BB e

a @ a parameter of the Gilbert model
20, N = 34

Matrix size : M

o
&
T T ™

T IR T

1o ™"

4

0 "

1o

BT | ;ﬂm‘r?mwmm’ma

—
~
ja
3
5

Improved cell loss rate

(M=2)+(1—P,)33Y%",

Me 4 PN go] & duigt} ol & o
N e e HFFE T LA ouso)
metA At A& B EWH S AlgA AMAE 42
d4& Py

P =P, - %

olth. (29 8)& & #HI(M=5 N=18)¥me H%g
2oiFa glen (29 9& 2 PP (M=20, N=34)Y
qol HHE 45E HdFa Qi & 4&4d Zag
& 2do o gEHE 0.78 sdE & HYYY AL
9 AHHE AEdEe 10" Fa 8gde A9
ANE &4 8e 107352 B de48 5y 4%
3 Z4d 238 HdFa g

EO L = 0.}
, CEEEE o = 0.2
E saitt o = 0.3
lE» eoeooe x = (.4
I i . — I
10 20 - li»I—IjI ol = 0.5
E anwea of = (0.6
E - Ho000 ® = 0.7
10 -23 A T RTINS IT) S BTN AR N I R T T vl ool sl 1o

10 70 70 710 10 10 710 710 P10 10 1o 1o
Average cell loss rate

38 8. /RNE AL E(M=5 N=18)
Fig. 8. Improved Cell Loss Rate(M=5, N=18)
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L() o E
E Matrix size M
- -5 "i,
= 10 E
= E
i
[ =
L0 " 3
=
ET R
= k- )
il "
c .
S .
- ; /
o .
= ¥ g
= = v
1o v % /
F
1079107 10™ 107

Lladi

:
= 0,

-t

L0

a o parameter of the Gilbert model

N = I8

Fossists ob
cessve of
wEwae of
A nana pof

pesiy w\#, o

IR B AR
oo
TS T L —

I

condt ool el sl

Lo 10 ™ 107 1o 10

Average cell loss rate

08 9. AdE A& & (M=20, N=34)
Fig. 9 Improved Cell Loss Rate(M=20. N=34)
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B dAgE ATM HES A E2HAHA EA

&) g s1Ee] WS 2Abed

2ol Ay HEdyE AAlasdn 7

W Hol 16709 ASAQ AEH A g R a)
SN.ST grds x3geAl Hu

A% WELS ANE 4 UG udon

db

B AEA B%el e ualth of Wye FLC 9

A7 AR & pAeta Y el 5 A stslad A

of 7k 345 oletel BeE sl Y 4%%
8% 4 gom 34Mud BP$E Ee SNUE

ol gate] 16709l A&H AE A F Uk FREC
T UlEAT delA wy e E2 ot S g 88
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