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Performance Analysis of Bandwidth Allocation Scheme using POBP
Method in ATM Networks.

Sang-Yeap Han, Kwang-Chae Park
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Abstract

ATM is the effective information transmission method which multiply statistical and can accept effective
the traffic of the various transmission rate. However, it can happen excessive cell loss probability and cell
delay when it have temporarily overload. Therefore, it is required the effective traffic control and network
resource management for which guarantee QoS(Quality of Service) in terms of users and bandwidth
utilization maximization in terms of networks.

In this paper, we proposed POBP(PushOut BP) scheme which mixed pushout scheme with BP(Back
Pressure), reactive control scheme recommended at the ATM Forum, to guarantee QoS in two stages ATM
switch networks.

In proposed method, we have to understand exactly using bandwidth information in real-time and become
traffic shaping. Thorough these processes, we can not only use effectively unused bandwidth, but also
guarantee the fair bandwidth utilization and then can improve cell-loss possibility happened by congestion
states in two stage ATM networks
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Abbrev BP scheme
GBP Global Back Pressure
LBP Local Back Pressure
RBP Restricted Back Pressure
*IBP Intelligent Back Pressure

Combined Intelligent and Restricted

*
IRBP Back Pressure
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Global Variable

fi © control funtion
{ f=1 (BP signal transfer),

fi=0 (clear to send(CTS) signal transfer) }
Ppax : peak cell transfer rate
Pou : unchanged rate
7 asri(<1) : decrease rate factor
7 asr(<1) : Increase rate factor

If (Queue Length > TH3)
/* Switch is highly congested */
then
fi = I: Cell Transmission Rate = 0;
else
If (TH2 < Queue Length < TH3)
/* Switch is congestd */
then
fi = 1: /* BP signal Transfer */
Cell Transmission Rate = Pug * 7 asri;
else
If (Queue Length < THI)
/* Switch is not congested */
then
f;i=0; /* CTS signal Transfer*/
Cell Transmission Rate =
Pow + 7 4Rz * Prax ;

2] 5. rate allocation ¢l &.
Fig. 5. Algorithm of rate allocation

(upstream node)«] Au|A Aozl eg Adsim
=B EZ Az dsiAe A el BP 413
2 Xﬂ"ﬁ}‘:}.

3.2 POBP A E &gt thy

¥ =EixE 55 A A9 Y93
EgHes ARgstyl #ste] BP Ale] Wbyl
pushout o] Zgd Hel g Agkael Bof F5
AjeE 915t BP H o] ARS-Repd WEH
& ¥t A5H o2 §X2 o HOL £37)e2
s AFEol st A A5 £ §l7]
o A £4¢ AE $71 AGA Aot BP wol
pushout ¥l 3} A=ty WEN T Hat7) 2%
Ho2 #749 uf pushoutd ©)-§g BP AJ°i7} o
FolAlnz, 4 &AE Zr2s "o wi, BP
Hjo] F5 Alojzwt AbgEetd dra} Adefel4]
BP Aoj7} At ddojrbe FolE HOL £57) 4¥
o Ade] F&HER vpwh]Al Hrk



WX/ ATM W EYZH POBP WA& o148 H9E O uhyie) A5

backpressure

Y SN

cell arrivals

Upstream node L

The HOL cell is pushed out and
is buffered in congested node / goes to other nodes

Congested node

1% 6. Pushout? o]43t BP Ao} wiAUZE
Fig. 6. BP control machinism using pushout

2% 6& pushout WHUEE o4 BP|
2% Yl Aol 59 xsgRE A
o|& BP A& & <lste] HOL ZE7R A
Al EEA HE k== 5 ZePrt 9A
A& el HFA 223 AL wolEd i}
HOL A& ojulich oje} 22 pushout WHYZE
2 A9l AEZA Aol HOL EE7jog <l
A% AsE walsbr] s Alesh

2 oo 2
Be oy M Lo

2 o

=
=

Buffar
ongestion
o

=

¥
HI1< Buffer
Capacity 7.

Sna Delay
me hapben

8F schemae
contrel witn
pushout

B signal
Transfer
yars
H1> Buffer

Capacity?,

ves
CTS signal
Transfer

33 7. dAA 9T 2AY Ao 5=
Fig. 7. Flowchart of traffic control by threshold

a3 72 dAA A mqY Ao} gy B

F55 vehia 9l 74 g9 EE AHedA =
yegsta, 49 Wy HAse T5E A
gt zeli, TH1, TH2, TH3S| oA AS Jo
A& A5 BP oz Aol g siA "o 5
7t 2dbell A Ak s £5E 7
et 2ol Mo dAR L2YE AT F,
BP Al32 12 A& Alojsta, 1de] fuief
Ae oA QREE 42298 Aol 284 =
g2 28 83} 7}

i

oy L g

a8 8. 2% A9 yEHa 2d
Fig. 8. Model of two-stage switch networks

2ol Ay dAd AR 27 29X P
A5 o AN 2gkolA FF7L WAF AL
2 7R d Mujag gAe A HAZ 29H
13- AAL link129] EdYE 3 $A 492
7Wste] $AM R wA Ay, F HARE
£2HA 25te] SAHH A4 s21, s22, 523, 245
A A w¢ Eggog dAse Au|agc) 2
d UENA AelA ZF7} R4S S 29
28l AQlstE sli, s12, si3, sl4E 1 thg
28 A 1A A9#20] AAE link12§ Aloslz,
#HEAdoz 1 Al dAE 224 s, sl2,
813, 5142 A|oj8lA e} T, B9 gdxe &
AA 157 2gde] AA=HE A} 294 245
35k Afeld] Sj=o) foh a2l wisle) dAA=
g Fof dAAA odet HHEE maEAoR
AHgatr] S8 55 2HA] AlejEhA =

13 9% pushoutg o]83 BP wlde) Uit &
Z Aojolch EFF WAL 7+ AH A Fo 2
718 A & 4 9k wiside 47 379
AAAZ AAsEed YAAESL THI, TH2,
TH3(TH1 <TH2 <TH3)o)t}. 2] Zo]7} TH2 o)

543



s LA 3l =EA] A4 A3z

4

TH3
BP signal BP signal
t

Sef
e A

A

THT ¥ \ [‘

T 7/ 12 73 T4
CTS set Time

Number of cells in the buffer

32l 9. Pushout¥ ©]-43F BP &4
Fig. 9. Flow control of BP using pushout

o] g Fold Ao] 231XE Esel 7 2
Ax A o] Zelrk e BP YAX(TH3))
sgsiE B LNERTE ) A AR =
47 mE $A9604 5L 93 Ak 7
o)z} TH1o| =23iAl =W 4ol Asfdct &
# A #tjelx GFC ¥]ES} Ao AL BP A%
£ A%el7] $1si] AH4HTh BP Aol ABR A
v)2 Ao s AFs ol 3laL, k= Ale]efA
HOL £E7& A4 4 Al =tk 7+ eed
oA dHE Ao w2} Hof A4Ee] W},
A+E Wate A gasle Addezs 3
7hie) 98 2 vz o F3}1d(efficiency)
7 FAA (faimess)®] AA A F2 A5E A
L2t} £A0] EF A AJE wbE w(multiplicative

decrease)) o} A4E9) W3ke e P

Pﬂcu=Pold X 7Am(7ABm(l) ............................ (4)

223 aafde] FF AlojE W& d(additive

increase)®] 7 W4 WA ohe3} 2ok
Pr/i:u=PoH + Yasm % P o (7@@(1) ....... 5)

A AellA Pys W3] Ao HIEO|T, P,
3 3o 0 gS uiht. Pt Prin<Pi.
SPo 013, 7|M P, = Ad A4E Fo=
A& gasre 723, PuE i A$Eoh
283, TH1, TH2, TH39 &A1& ddS A $ole
A As}A BP w2 AlojstA =t

544

2 ETME AFEAL A3 23 105 2L
dgstelel. ERAHAM HEG F
AezeEr 4 A% FA 9

TH,
congested Server

to other Servers

g 10. BP X‘"°‘]-°/’ HA _ﬁ-ool wd
Fig. 10. Analysis queueing model of BP control

ojuf ZFA M 28] krrcolw, Zo] BY W
HE 7B Aoz 7pA3) 4, OB gy E
F7b AR goeng AuEAHE EF A4 s
wg 7 ok JA<j<MWHA k=5 o] K,
o] A Wsg zZty, AL 2448 MMBP (Markov-
Modulated Bernoulli Porcess)ell oj2} 2 =8 %
Ay ARG, aEa gelviee] A=
(Ay; Ay 7, 7)ol HebIAl Se). MMBPS] A
Aejelid] Ny A e B A2 Ao] 7t £F9
Bemoulli Processol| ujg}x] Tatghc} az{nz pd
A xe fFei Hd =AES of53 Pt

AeRAL Ad gEe] wPez el
gl A WMARZ A 2E( My, M)
E38 Ao &9 Ao HF4+E Pl j
AR xeolA BT 79 Aol(L,y)% F58 A
ol Ao J 7o dol(L, )T FTh

A =g Boled B3R w2 AgEe 4

€4 B2



A/ ATM Y ES=Zel4 POBP ¥AE o8-8 % 3tg) whiie] 4534

— M lossl, j
P loss, §, congestion — A,’ + —“Zﬁw: 11)5/1[ ................ (7)

4 #5& g Ak

La 1 LqZ
, F— s
T M i T A~ Musy, ) — Mg

wi A koo oE Muz A$He A 9
& 7] A7 Jg1 2

B =dAe F Y x=M=2)7 FAE AlA
Hoz moAYE o, F /Y k=& et
vle] SHelAl BT 2o} j=1, 20]31, ¥¥] =7
© K;=K°|3, POBP HAe4 A=
TH,= TH,°olth. 28|32 Ao 5% flk, b=
R, Belct. A EL (A, Ay, 7, 79) =
(A, A, 7, 7)) ©]13, MMBP Aele] (] =
1, 2) 7} £&oA o A9 xF F& N,=N,
o]t}

7} koA 9l Ede] gt FEAQ 2y
2 o]43l IBP(Interrupted Bernoulli Process)el}:=
T+ A7 sl &, ON Aele} OFF Ae7} 9le
o] A2 ON Alejelldat gl ON Abefo}
OFF Aeie] B 717k 553174 10[cells] = A
Axle] 9led, ON Ate] 7]7F B4t 4 &3 A&
g 102 N A xE olir} AL 71 iy
A "k & (A;=1,4;=0, n=0.1,
7=0.1), N,=N, N,=0°]c}. =& 7} == F
ARlA HE A 2RELE 12 AdAslgod,
A/29} zr}.

py=p0,=p< 7S, POBP ¥ TH,9 <3

of tigh A &4 g Aelr] =AY s
F, 4 kot F5 A MqMES 47 e a2
717} 8lcells], K=8, 10[cells], ZL&]3 B=10°23%
AAsty, Ast 29 109 Ast 2o, =1
ot} 3jmg A 4-30]4, BPo] o YA 8
o] fr}. mejug AFE pE F kZoldq Rt
2 7HEE ok pe A k= =3de
L] AA ofoz T3 Aeje MM ALy
€ Y ¢ vl gelth p=py=pol7] wWEd
A A gL g o] Jehd 4 gich

Pbs'l,amgatxbn:Ploss,Z. i =P1<N

P toss, 1, other = P o5, 2, other = P toss, other

Loss Probablity

1 2 3 4 5 6 7 8
THk(Threshold of Node Queue)

3 1. dAA(TH)S 9 A &4 g5
Fig. 11. Cell loss probability for threshold( TH,)

28 118 AR TH,*] d& NC, BP, POBP
e A A #EE vad Zeldh o A4
£ pe 098 AT, FF Ao e A
E2E A,,S 050]0, 7} ko Easis AEY
Ao 4 N& 22 Ao

NC A% EF Ao Mz dAfEe 4 &
A BE P ontims °F 104 0|3, BPojA
P toss, congestion 3% 10-80]c}. REA <l BPoA &
AEo] o AME I3l 7|17t Falele Aol

545



AN FHLEAN =7 243 A%

A2BIAY P g congestin = 3501 WA= Ak
Ael BP9 g3 vladgls o POBP W&
Agste Aol chRt  WHd  THA
P s, congestion 2 501 Wl AEARIE & 5 9l
t}. 18] 22 POBP wHAjo] 7} &gxog FF
Al g 3HE 4 9la, YAl BP Ale] ubylo]
3 A gle kT Ale]lE AurbA] 7] o
Fol =29 o] 43 & 4 Ack

23 129 132 &5 Aeje AWel AA =
A5 Agel g A A g3 HF dy] Azt
o diaid Jehdz olth 72 122%E POBP
Aol Puv dHbH<Q BP Aeje}t nvlasslS
o, ﬁaug] zﬁﬂ WejoflA o & @A Hxr) R
=& g olck Aol gl uiel POBP
N P congeston = NC P oier 2 T8
Hed, o r=28E "eves AE] Au
o e ol detel A% 7 A AWz B
% 4 9 =% wWEolch POBPIA AT
Z3 A le WH Y F Zolrt FUIge w
g A EAES AAIA " &, A SAEY
7R41-& POBPS] W gojA] F7Al Adg 7HHL
A J5 FAAA 5 ok 22y BPY 3
T W7 A Woner S Womgesion = QHHH ! BP
o} Bl 2@ of o7} A it

1.E+00
1.E-01
1.E-02
1.E-03
1.E-04
1.€-05
1.E-06
1.E-07
1.E-08
1.E-09
1.€-10
1.E-11
1.E-12 )
1.E-13 - —

i 0.3 0.4 0.5 0.6 0.7 0.8 0.9
arrival rate at the congested server

RRUC BT AT Rt

(L il )

Loss Probablit

a3 12, A0 A A A gF
Fig. 12. Cell loss probability for A,

546

| | t t
| | ! |

0.3 04 05 06 07 0.8 0.9
average waiting time

38 13, Agel AT B Hr) AR
Fig. 13. Mean wait time for A,

transfer rat

0.1 0.2 0.3
arrival rate at each node

0.4 0.5

a8 14. 7 x=oli 23F A9 FHo A4F
Fig. 14. Arrival rate( A) and maximum rate

23 1444 Kot B ghell W} k=elA =3
E 19 BASEE 7152 dulxql BPY p;E
2o, w3 pi7b Adl "Wl 2o & &
ZA Ak AL RAFh pyvh k=9 ¥y A
71 K7} Z7teel w2t p 3= A2 5 ke A
& & $ Qlth W, 37t Bele BAYLE ¢
= 912w} POBPY| p ;& ¥4 0o 7Htche A&
& 4 slet

»

e



W/ ATM Y ES =24 POBP WAlE o] 43 oo % & ubyie] A584

v.d B

ABR Au|29] EZo] wE W=z BoE
22 2 el ol BP Ale} Ao djd 34
£91% Fol MESRE Aelstz, A AT AL
st} WENZE EEAOE Aodshe WHE A
bafadrh.

WEAZ DB Abg ARE A:J_ A0z
HaaiA sheete] AEEEA A58 YHol
o] 207} @t ojeld AL %fs}mx Ao} WE
94z J%e EHdoz AT ¢ A B
bzt FHE dAEY A el ow
ATM VE9 6149 B Juz A8 4 £48
& AMdstelo} wef.

2 ERAAE JUEE A ARHoz S35
o 2 Awel gehy ddEe gk Ea
NeA MENE 49 wES E5 wcz 7
49 2% #9 2dz 299 sz, ¥H4 32
e A A5 BAsl.

Al BP Ale] WeldE 25 Mg 3
1A she ATl HOL #%7e) wasez 4
& a4 POBP W4¢ Al<tslm2A HOL

2AZ 38% ¢ Ydw E39 AHz
S A PR A £AF) AdLE A
& 4 glgleh 22w YAA HE A £
€2 E314 POBP wtAlo] aubdel BP Wy
29 derg HA Wy, KgHes =X 4

9% e 4 Ate AL T 4+ AQd =@
POBP #Al& %53 weo) Wy =rlshe $3
shz, ¥1%F w=o wis 276l B4 ke 3
& o 4 Asitk

I3 AFHARE 2%
WEAZNTHE e 2942 749 B9 =
gzolx POBP W& AT HgHel ol
#e) upgol BY A7 pushoutd A7h ofd
S5 Eoje] Agste AT sAHlo} @
Aoz Azt

ofs
o Ju
oY,

o gl 2 e ofr

2922 748" ATM

goEd

Ao

[1] G. Ramamurthy, et. al., “Evaluation of rate

[2]

(3]

(4]

&)

(61

[7]

(8]

9

(10]

[11]

[12]

Based Congesting Control Schemes for ABR
" in Proc. ATM

Committee

Service-Wide Area Networ
Forum  Technical
Mumich, May 1994.
A. Koiarov, G. Ramamurthy, ” Evaluation of
Control  Schemes for ABR
Service,” ATM Forum Technical
Committee Meeting, Lake Tahoe, Jan. 1994.

P. Vecchi and Micheal Adams,
“Traffic Management for Highly Interactive
1995 NCTA

Meeting,

Congestion
in Proc.
Mario
Transactional ~ System” ,
Technical Papers

M. Hluchyj, et al, Closed-Loop Rate-Based
Traffic Management, ATM Forum/94-0211R3,
April 1994,
M.Hluchyj, et al,
Traffic Management,
Sep. 1994.

S.S. Sathaye, ATM Traffic
Management Specification Version 4.0, ATM
Forum/95-0013R10. Feb. 1996

L. Roberts, Enhanced PRCA(Proportional
Rate-control Algorithm), ATM Forum/94-9735,
Sep. 1994.

AW. Bambhart, Explicit Rate Performance
ATM Forum/94-0983R1, Oct.

Closed-Loop Rate-Based
ATM  Forum/94-0438,

Forum

Evaluation,
1994.

R. Jain, S. Kaluanaraman, R. Viswanathan
and R. Goyal, A Sample Switch Algorithm,
ATM Forum/95-0178R, Feb, 1995.

N, Golmie, Y. Chang and D. Su, NIST ER

Switch  Mechanism(An  Example), ATM
Forum/95-0695, June 1995.
M.Decina, L. Faglia, T. Toniatti, “Bandwidth

and Selective
Variable Bit Rate Video & Bursty Data Calls
in ATM Networks.” IEEE INFOCOM ‘91,
pp. 1386-1393, 1991.

A. Choudhury, E. Hahne,
Management in a Shared Memory ATM Switc
h” JEEE GLOBECOM 93, pp.1375-1383,

Allocation

Discarding for

“Space Priority

547



A I LEA S =8 A A4l A3z

Dec.1993

&t & Y(Sang-Yeap Han)

19939 29 : FFoEE A FeAHT D

19961 29 : ZAloje Abel ojatel AATeks)
@e4Ah

20009 29 : ZATjeE e TR
SREE

20003 HA: (F) F5-8A ol

20009 ®A : $R AREIAH AP

X5 HALF -

548

g} 2 xf(Kwang-Chae Park)

19753 24 : AdEa AxFEahFIah

198000 24 : X diEh sk Adxpgsta(Fet
AAh

19943 89 : Foistw ofshd AxEAl-EsE
(F&atah

19753 34 ~ A ARG FHH3 Az} -
AR FAFEHY 2

#5 BAIRol ¢ dloje Al Z2EE, ATM
Network, t]A| & 23}7), Jojq3] B.EAL,



