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Buffer management plays an important role in the Guaranteed Frame Rate (GFR)
service in an ATM network. The buffer management algorithms are used to allocate
appropriate space in a switch buffer for untagged GFR cells to fulfill the guaranteed MCR
(Minimum Cell Rate). Two main goals of buffer management algorithm are high throughput
and high fairmess. However, these goals are compromised. The higher the throughput is, the
lower the fairness.

This thesis proposes a new buffer management algorithm called BADT (Buffer
Allocation with Dynamic Threshold) algorithm, which uses dynamic threshold techniques for
the fairness index improvement. BADT algorithm selectively drops the tagged packets of
each GFR VC. The tagged packets are selected to be discarded first and the untagged
packets are allocated to guarantee the minimum rate entering the buffer according to the
MCR. The untagged packets are selected to be discarded if that VC uses wider bandwidth
than the fair share among all sessions. The performance comparison of the previously
proposed algorithms is shown. Finally, the simulation results show that the BADT algorithm
gives the highest fairness index with rstill acceptably high throughput compared to the
previously proposed algorithms. BADT algorithm gives fairness index and throughput

efficiency of approximately 0.999 and 96%, respectively.
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1.1 anadluanuazanudraaasilym

IAatneeNLEN (Asynchronous Transfer Mode Networks Y3a ATM Networks) vils
ssuufiinisdedeyauuuizad (Cells) KauAanuiiage nnasiaferiuuuy Connection-Oriented
fnnsdetayalaelddtiaiion (vitual Path wisa VP) wazdesdtyoyiniaian (Virtual Channel
vi7a VC) TasedneeManannizasasiunswiin lavaradszwnnlulasedneaen 1awn nw, @

v ¥ Y

, 3nla videdeyananiomes TNHTUELIUNIINABSUIATLNNTBINITLENIT (Quality of
Service %38 QoS) ﬁ@%ﬁmm? FTULLETBNANITULNgLuLILINN9L3N9TAE ATM Forum [1]
aanwlu 6 UYszinn léun CBR (Constant Bit Rate), rt-VBR (real-time Variable Bit Rate) lLa nrt-
VBR (non real-time Variable Bit Rate) ?ﬁlqmmzzﬁﬂﬁummqmw, RN WAZARLE LaTdIusy
innaildnuuunnsniindesyad dfedldoaiase dunnsdedayaneniiames ldud UBR

(Unspecified Bit Rate ), ABR (Available Bit Rate ) az GFR (Guaranteed Frame Rate)

|
= %

vsnsanu v lutlaqiiudsldatunsadannisdwememdnideanisinaadenissia
diniuTasstne ATM 16 13019 CBR uaz VBR azldnisdszannnisdnassuuudininaunem
Tdaoeldliunaaniia (Source) Misiaeng inianssouzAtuas liaunsnlinisiusesnninm
29UTNNIUNANTS dauiEnng ABR diagangeennlunisaiisuasfiunugs wavtnsvayiing
' 1o a 49{ dl I ¥ o ) 4
sendnunadnilauaranensnIntuwiesa N g ldanusuninlueuian azdanalianssouy

n1gAILANERIAeAqEnIsARUANKLILTIauNAY (Feedback Control) iy ABR anaq

msdansnvifindayages UBR dnemin@estlegmnisyssannudnsnuzmaniin usillid
N35LIsBIAMNNTBNLENNS UAZAREANTIN (Throughput) 7insTnAeatugaRaY Feriuiite
npanuanansauaznns sz lemizeciinng a1 TCP (Transmission Control Protocol) 1
T%TuTWiTmﬂ@@%uzgqéwﬁumm'm%’@uu@L‘quLW'm Lﬁ@LWiuﬁgﬂdquuquﬁw ATM dayaazgn
wialutas 5%611@@“1@LeﬁaﬁuﬁqqmLﬁmzﬁﬂﬁmmﬁuﬁmgnm’ﬂuﬂ (Retransmission) a1
ToyuwanilLsnig GFR Sagniauetulu [2,3] Tnaneneadnmnaudnelunsa¥ismeasnig

UBR o1 luazdnsizannisiuseuuudinyinnign e 4
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A13UL3N19 GFR T wAnineazgnusueninalddanesny F-GCRA Tunlulassdngas
AuAninanaNAglFFuNIsFusasEnig (wininad lignuin) Tilasuazifluaasnisgoymie
0I % al o o I dl dl = = s A o o (=3 dl
A1 BANN139ATININeNs Tudn e TenTeaiasan LU UAIATIIaeaNN1T T 32U WANNAT
4911 MCR (Minimum Cell Rate) snudannasnasnanilnansdeinudeyald taslnsuinm

if a o 1 1 (=3 dl Yo o a u‘dl 1 1 %
FLAzdaRINEIUNIgEMNBAINIUANINAT IHFUNN35Use3LENNe adh lainnsndeaanTyidas
gniivag luiwmaes Wamadaasuinng (iamasnanasuazliannaslaiunisiusestisnig) 1

<3 o Q/dl o - 94 s 1 é’ 6o o (=3 dgl
f&’]ll’]?ﬁLﬂ‘]_lslu‘]_lwLW@ﬂﬂLuﬂﬁ@WﬂUWLWﬂ?@u FIAALURANULASLTANN AL TAIAINIUBAILULANNLNA AL

|
v A

gl A Nad e adLREeauRnINAgauMgasyin lwRninaiusegnadlus e
witloyynid R. Guerin uaz J. Heinanen [2] asli@uasaneasyiiu Double-EPD (Double-Early
, oo e o ) oy ol oga 2
Packet Discard) TnafiadpdazivmaguazuininaianisasaunsasinimesiiuqnEu-lanu
aana3Ny Double-EPD HqaEuilatu 2 sziune aaBNaaunisasaumsastiWiesgs (High
Buffer Occupancy %78 HBO) N1uUATAANTAT8INITaNFLLANINATNENALS IAFLNNTFUTE
13n17 uazqniuilasunisaseunsestivinedsn (Low Buffer Occupancy %38 LBO) fviua ld
WaTlaanfpeInIseaNiuLAnnA liaNA9slAN19TU9eENSUTAURNINATNIQNUAN NATEINIS
wAtloymmaueldsldldanssousn 1Wasainnaln Double-EPD Tdau190anassuuuadnvile
atiN9gAins9N (Faimess) Watesdty o AN auAATTaSINITUEIULINAAYAW  H. Li, K. Siu
was H. Tzeng [4] lsauanaln EPD (Early Packet Discard) Aagiinaila per VC Accounting Laz
. a ?/ Qda‘l dgl o vl a
per VC Queuing ATATNARAaALaNA N30 UL9aNss0uz1ee TCP ANy Aasan Ty
nsdediaya winalnvianan isiue ldainnsniusasuuusaniaInga s R. Goyal [5] aslsilaua

N} % A

AN es Taanensnudanassinines L e g linndasdni N g e unNAND91N N
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1
= 1

(ﬁmaﬁmwmﬁmmLmﬁ[ﬁ'mzgmmmmﬁtymwmmﬁ@u) LAZAANITNITATALATRILW WA TR
Aainaziflie I TN e TN B 1NN SR PR NN95 USRS WLUAAAYTILENNS GFR
Aaan1slé O. Bonaventure [6] WHauiasdussnuzaed TCP saanmiia Double-EPD, W-FBA
(Weighted Fair Buffer Allocation) ka perVC Threshold.and Scheduling %\‘lwud’mﬂﬂﬁﬂ W-FBA
NaussouzlndiAenivinATA per VC Threshold and Scheduling usimAilaA W-FBA AN
Tun1sas1eieandmatia per VC Threshold and Scheduling Faneinalun s uRnInALLL
%Iuj e DFBA (Differential Fair Buffer Allocation) [1] WgﬂLLUUﬂJm per VC Accounting
u@ﬂ@ﬁﬂﬁuﬁqﬁuﬂqﬂs’ﬁ RED (Random Early Detection) Faflunalnnisiauininalaafianson

o

A NTazlunANRUsAUNNIAsRLATRIARAY LAY DFBA @1unsnlfullpanugmossnls dow

nsaansiiasninisudsuanAaludesdynnuaiauusazdadlu [2,6] azldnisdnmauuy

WFQ (Weight Fair Queue) wazldnaln Double-EPD $auriL per VC Accounting {e4aaNng



1iwlas nsdnnstiWmasninisuiiauanAsazinidiunulunisaiegatasann diwmasien
Tutdasdyyrnaiaulsazdas  wananiunisanAtazin IiiinANg s aUALANLD
pUANFANABIHasAINUANINANNNTIgAULNUENAY  nnsaananiWmesnIumIge Scheduling

(AuAIAUTasATY U DAAREY) AzdinNalHINI9nATTULIUAIRYIN IR TN

ﬁmmﬁwuéﬁmu@?ﬁmiﬂi”uﬂa;mmmu:mm TCP nalddana3snu BADT (Bandwidth
Allocation with Dynamic Threshold) &al48ana37iu Double-EPD $aufiumATia per VC
Accounting meamﬁlmﬂﬁﬂmmuwmﬁm ULN13UTNN3 GFR lulaseing ATM fanesia BADT
aunsnUiuleanssnusaes TCP %qﬁzﬁ“ﬂmmmLmzmmqﬁﬁimuuﬁmi GFR Laza18190
iatlszAninmaeensiinig GFR I Imm"m'aq'a"ma"m?n%‘ﬁ'ﬁﬁ@m (Minimum Rate) 19
dasdtynndaiiauniazdasluimas uasiatsnnisnraunsasininesass (Actual Buffer

o A

1 o A ¥ o c v 1 ! 1
Occupancy) 1atasdayaiaiadouniunigldauinines didesdynynuaiieudeslalign

1% A

T anudedtynynualauiuatsgnutnuusaey undesdnannaiaungeanisasdagyag

o

\NusTALduILNAY AT TN

1.2 apnilszasa
1. atlfutlgsanssnuznisdadayasas TCP Uu13N19 GFR lulasadineg ATM AN
ANNEIRTITN (Faimess) lazAR&RIA1N90 (Throughput) XA
2. \iDAYLANAINALIAIAIUILLENIT GFR ARaIN1auiin (Tagging) WAEN193ANTS
Tlwes (Buffer Management) i la 1NN 3 @NBNIN129LTN13 GFR 16 wazn13iuses
% A

ﬁmm?mﬁ‘ﬁﬁﬁzgm (Minimum Rate) T¥tasdtynynsaiian (Virtual Channel %38 VC) LAazdas

a9 FUL AN DL IR TNLULENS GFR 16

1.3 I UNILLRS VB UL AN T NUE

1, ﬁﬂmﬁuﬂmmmfanLmumm?’mu‘émi GFR Tulaseang ATM

2. ﬁﬂmmsmuaummﬁuﬁw@mﬁm‘ﬁuuu‘%‘mﬂmu GFR lulasetng ATM

3 innnssnaeuLLnsinnuaesdassinalaesinnnsdaullsunsuieaiausndans
NN9INAEAL

4. fnn9anaesnismeasuiuudaesingldnalnsineluadnd ATM U Double-EPD,

Double-EPD with per VC Accounting Wi



5. WrauauARduainnm warangAsssnlunisasdayasas TCP Tulassting
ATM 204AAANNALAY 351319n15 M naln Double-EPD, Double-EPD with per VC

Accounting Waz DFBA fLASNLAWS

a R dlo

6. IasndiazaiLiaandanesnuntiiaue
1.4 TUABUUATITATUIY

 ANHINIATFIUUALNO BT 289 ATM Lazdauniiendes

—

. Anwesdsznausing ae4laseany ATM
. AnN196F19LENULL UBR wag GFR lulasstdne ATM
. Ansnn9dnassivlinesluadnd ATM wuusnge
as] [ o o a rd. ¥ .

-wansdiulgesnasdnasainiefluadmdnldnaln per VC Accounting
- @aultlsunsna¥edangsiniiliulgeds per VC Accounting

o d f f oav—— . J O
- @eultlsunsnaFeutuanaestun et measuiuna infidFudgausn
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1.5 Uszlagunaininazlasi

1. AINTDANANMRLRAINTD LAZANTIDUZURS TCP 14
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2.mmmv‘iﬂﬁum’qﬁ’1LﬁmLLm'@:mezdﬁmquaimgm'ﬁa‘ﬁmuﬁﬂ%ul,mﬂé’?umﬁmm
LLuumﬁmﬁﬁiﬁ%m

30ANNITNAAANENENNUBIN1TARATIUNWNBT WRaNIInUEURlAIInEENAARAN

4. inaanaiatlymdsnlianysafaasuun TCP lugnsniadnd ATM  anuy
AnprusuAslulaseing il lifisuiliguysalidn U ulnseng fedmslduudaies
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Tnsan e oy

3 { o ' ' < < {
Wunnsiwnuad laseenoy (Asynchronous Transfer Mode Networks) 1Juszuuni
o 19 J 9 a3 o o ] o Aa Y
MsSudedoyauuumas (Cells) A2eANM5Ige imzdmiyInsaeluilagiuninnudesns
da oA ) Y 91:: Al A @
suuaIanigann  aunsoiunldldneluszuy LAN uaz WAN szuuefiouimsdndss
Ia L (% a 1 o 1 = [
wuuaIan Wz autunsminlszanaieg  ilransadansilnlszianaise 1dndouq

o 1 1 a a J y 3 "o
AumeluTnssiiedon 1dun 1dee (Voice) 38 1o (Video) W3 odoyanoniiimes (Data) $ausgny

U

E4
A YA v

a J a !
WIADS VDINMNINUDINITUTNS (Quality of Service #59 QoS) NG 1¥doams luuniifitesy

J o < a a
ﬂaTﬂﬁﬂﬂﬂ!aﬂEmgﬂlﬂﬁigﬂﬁJlﬂﬁLf]ll AUNTNVDINITUINIT L!,flZﬂﬁglﬂﬂﬂlﬂﬂﬂWiﬁlﬁlﬂiﬂWiﬁlu

1 <
Tasaveeno

2.1 nadnyMzvaIns e IoN

o ] A d o 9 o dy
AuanbazYed Inswnseouamsadglwoduyillagei [1,7]
' <3 o a [ o o v
TnseeeiuaiuayuammnUesmMsuing Nuaie szau ldawnsosudansml-
A ] a a 4 3 v o
Wnvateq Uszian 1dun 1deq (Voice) 3910 (Video) #3odoyanouniaumes (Data) Hudu sauiu

1a1uTnsaua@eaiu

$ Synchronous Transfer Mode (STM)

Time } | | |

$ Asynchronous Transfer Mode (ATM)

Time } }

B =channel1 | | =Channel2 | | =Channel3

510 2.1 Youanarelumsiasosdaanues STM uaz ATM

U

A Qd A [ YR @ A ' ] Y @ A 9y
szuueiivuiimstaresdyanaluszuui imiveuamedd dwdaalugdi 2.1 wazld

]
9 =

v A 4 o ! o ' 1 1
sEUVTAAINANGIUY Statistical Multiplexing #9311 2.2 shldannsaldanugesdygrunieg
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lavgnadiszaninm Fwananninmssaassresdynaluszuy STM (Synchronous Transfer
d‘d [ 1 [ d‘ dl 9 1 1 o a 1 1 o Y 9) 1 [
Mode) NMsTaassrosdgaunasnlunurasnudauaazuvas mlimslsnusesdyara
=1 Aa A o A (= 19 1 o 1
pniidszaninind lunsain lilimsdedoyaluvesdyanmuuisges

I

a d 9 = A S o 4
'iz‘ummnmu%mmﬂnmaqwaammummm IﬂEJlJfT’JLl‘Vi’J (Header) U@ 5 hl“]JG] nag

' J v A
aIUV33NN (Payload) ¥11a 48 Tug Aeg1i 2.2

voicE [ ]

VIDEO w MUX | LIS DL N NCDEn
d \

paTA [} [] /// I/ N

PAYLOAD HEADER
(48 Bytes) (5 Bytes)

53 Bytes———

A v A o a s .. . .
51U 2.2 maladmand lusguueiion (Statistical Multiplexing)

1 I 1 (9 L . Y] { ] ) o
TagaveeRdUADdINUIIY Connection-Oriented AD UMITAFUNNNLUUBY 195U

o 19 1 ) a Y 9 1 "9 [ Qg)/ 9 Yo
msSudetoyaszniunasiuiauaztlarenidiGeusosnoumsdetoya  auiudoyasy 185y
1o Y o U [ { A 1o & 9 = [ Y o = 3 A =
myasru laudunsdinanedisdetiios lusuiludesimssasostoyanuluidnasuiions

1 1 k4
Uaren1e Favzasaiudiudunsasfsnuiuy Connectionless FeApaiinsdnissedoyalnidnnss

Nlaren
VP1 VP1
VC1 —— —VC1
VC2 —— . . ——VC2
Physical Link
VC3 —— —~VC3
VGA S5 ——\VC4
VP2 VP2

31091 2.3 Physical Link, Virtual Path (VP) 11a% Virtual Channel (VC)

Tagavretmslsmsaenaiuuuaiion  (Virtual Connection) J¥HANMHAIRULATL

datens e ldansosudadoya lavaten seedaanauuuiiedonToanionn (Physical Link)

U

=K o A

= [ 1 1 9 A adn A . A
RYINU ﬁ']‘lﬂiﬂLLUQﬂWﬁ@ﬂﬂQﬂULLUULﬁN@HVlﬂ 2 Usznn Ao Ndiou (Virtual Path 159 VP) uag

FoIdynualou (Virtual Channel 130 VC) #9317 2.3
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[ I~ [ 1 1 I~ [
Taseneeiuiinsutliznnuesganosan (Interface) vomilu 2 Uszan Idun UNI
% 3 [ [ [ @ ]

(User to Network Interface) «dﬁuﬂu@.ﬂﬂemmzmné’“l%’ﬂﬂmww 11a2 NNI (Network to Network

::! 3 [ [ [ ] 1] ] ] ] Qﬂjl dy [ v A
Interface) FUTUYAADIINILHINTATIWADTATINIEY AADIINNG 2 Ysznniluanaaniuae

4 1 { o [} [ 1 @ ]
iad UNT Jduve9 GFC (Generic Flow Control) M l#d1msuarugumssvdedoyanyaseie
UNI Lazisas NNI U31uidaiouasina 8 U9 1ag 12 Taeudiey taziesad UNI taz NNI J

Suresdya adlouniuAeva 16 Un 9317 2.4

Octets Octets
Bits— 7 AN Bits— 7 0o |
GFC VPI 1 VPI 1
VP! Vel 2 VI | Vel 2
VCI 3 VCI 3
vel | PT |CLP| 4 Vel | PT [CLP 4
HEC 5 HEC 5
48 bytes payload 6-53 48 bytes payload 6-53
UNI cell NNI cell
(User to Network Interface) (Network to Network Interface)
VPI=8 Bits, VCI=16 Bits VPI=12 Bits, VCI=16 Bits
PT=3 Bits, CLP=1 Bit, HEC=8 Bits PT=3 Bits, CLP=1 Bit, HEC=8 Bits

= ¢
717 2.4 pdunvveuwadi/szinn UNI tag NNI

molulnssisennurz 1¥ainfresmugudunmssuadsdoya  Tiuluawuaisg
§arduna (Routing Table) 1185 1A 131&2 A10A1 VPI (Virtual Path Identifier) a2 VCI (Virtual
Channel Identifier) $1U53908n161469 Header vowad 317 2.5 1102 2.6 1eA VP Switching
18z VC Switching MU0 §115U VP Switch s i lumsalaeuinlasmmes ver

Y ' v Y
MU 1 VC Switch vt deuialas1ane VeI uag VOl



Port 1 VP Routing Table

Input VPI 1

Out Port 4

Output VPI 6

Output VCI 21,22

Port 1 Port 3

VC21 VC31
VC22 VC32
VC3l1 . VC21
VC32 VP Switch/Cross-Connect VC22

Port 2

Port 4

317 2.5 ATM VP Switching

Port 1 VP Routing Table

Port 1 VP=1 VC Routing Table

Input VPI 1 Input VCI 21 22
Out Port 4 Out Port 4 4
Output VPI 6 Output VPI 6 6
Output VCI 51,52 Output VCI 51 52
Port 1 Port 3
VC21 VC31

VC22

VC31
VC32

VC51
VC52

VP Switch/Cross-Connect

Port 2

Port 4

317 2.6 ATM VC Switching
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Higher Layer or
ATM Application

ATM Adaptation
Layer (AAL)

ATM Switch

ATM End System

Higher Layer or
ATM Application

ATM Layer

ATM Layer

ATM Adaptation
Layer (AAL)

Physical Layer

Physical Layer

ATM Layer

Physical Layer

| ”
. a N

3 171 2.7 ATM Protocol Structure
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(Multicast Connection) 11]1 fu
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2

a J a Yo
WITTHABTUVDIAMNINUDINITUINTT (QOS Parameters) ﬁ'lll'limlﬁﬂ\ﬂﬂﬂﬂﬁ

1. Peak-to-Peak Cell Delay Variation (peak-to-peak CDV) HU1899 AIAITMUANAINTEHI

9 1
v A

a . L ] ~ A a L 1 A
13811/52349 (Delay Time) Yo asad U 19Ne1INgA taznalszIvessad lugrndunga

1 a [ 1 P
2. Maximum Cell Transfer Delay (max CTD) NeDe AanlszIveamssudusadnil

FIE1INGA

2 1 J
3. Cell Loss Ratio (CLR) ﬁiﬂﬁlﬁ\‘i ADAIITAIUNTFUNYVDAULAAR
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100 waz 500 ms d1ldan Timer Granularity dazazynililasednaldsz@nsnind
49( % dl ¥ 0% [ v 74 My e é’
geauls weasanldinanTunssedasifunaliinnsasdayaluadlsiiaau
® @1 Delay Acknowledge Timer Granularity gn#ia# 50 ms

® uNAUI TCP Maximum Receiver Window ALl 64 KB

3. 1310845 (Router)

wmesnldnulunnuunataasldnisdanisinmesuuy Tail Drop Lia&azgnyiaie
Tasdumingu  Inenfinusisiuaneinisdanistliasluadnfine futlseiudnaunigs
Papaaslasating ATM winilu asnavuslduipiwesieeesuniuin uazldifianisgaymuie

109184 W 1aesiae laan1uinauaatnmes s mesiviany 700 kbyte

1
o o

4. 9499 (Leaky Bucket)

nuiniIagaas Leaky Bucket funisanaiduainudiAtyrasetadinglddanasng

F-GCRA (Frame-based Generic Cell Rate Algorithm) [1] Tudesdtyoyrnualauusazdnsasd

o =

ANUUERSNYNUANUANFNAUAWALAYT  MCR  Ndesdrynyinuaiauldduieiulseiudne

[

1in9angeaesdesdtyniniaiiouiu InaAmmualidn COVT  windu 0 waz MFS windu

|
| o A = ¥ 1

2 x AAL5-PDUs fndasdryninuadauliiuniaiusesananiiniasnngasaeaal MCR ANazii

q

v
o %

Tdasdryyinuaiauiulauugasngnuinean  wattesdty o naianliiunisfusas

v o

' ¥
o Ao

8m9NL3NNIFNNGASIAT MCR geaznn lidesdnynnniaieuiuiawiugasngnuintos

5. 491 (Switch)
® A1 Processing Delay N@3ntiAnie.0

o gunatiniaslugind SadLdy 16,000 Lbas

6. Udanen4 (Destination)

o ilaaneainnsndstiayaliles Higher Layer Protocol 16 Taelaiifianis Loss visa

Delay A

o !

o Awiudlitudularanianiudayatiazidundnivuiudeyaudaazliinisdssie

aanll setiuazluinisniuuadnenizAFsusacnela  faluni[naaluuianig

o

o = gy
AATFINT NUatan1uleng



7. @18&4 (Lines)
, o X & A A a X o =
@"Iﬂ@ﬂﬂ/]iﬂuuﬂu@q@@Qu@zLﬂumqﬂ@QsﬂuﬂVlNﬂq?ﬂ?$QQLQ@qVImuﬂﬂﬁzﬂz‘Wq\j LLaTH

WLUAIAWNTL 155.52 Mbps T4ila1in Header 284 SONET aanaziwiaa 149.76 Mbps

¥ o dl
8. fanmunau
o dayaavdalihiieiiAniaiden (Unidirectional) axliideyala aqluianiedaundy
gNLAL Acknowledgement
a 1 1 A 1 1 = = % %
o lufansaunludaunis  Setup Imsedng Ieefiednlasednadinng Setup FeLfasuLAn
v dl % Y o
wiannazastioyalsiun
o LuaanHANNUNAIENANlayansaniu

o AN lFRNARILUUYINAL 200 sec dansulaseaneuLL LAN LazlAfetnsiiig WAN

¥ o zl/ dl 1 o o ad o o Y o
WBNTUUATINUNANNATINT ﬂzgﬂuﬁiﬂiﬂuﬂ’ﬁ@’]@ﬂﬂLL‘LI‘LI‘Vlﬂ'Jﬁ AnTULIANIUNUA

RNZAUANFNALIENI WULLAI A8 UL LAY aznanansanmisluiaded 5.2

5.2 LULANARILASIUE

AN INUT R LUUAN AN AN AN UINANAZa LU IZ RN NINANIN NI UIRIF ANEINN
1 ] ] ai a a o‘-lzjal ?/ o gd o
UFAAZALNY LULANARIN M AN INUE LAY YNA 3 UUL A9tlAe LUUA1aad Peer to Peer 5

Routers [3], wi1A1884 Peer to Peer 10 Routers [3] haZLULAa84 Chain [16]

5.2.1 WUUANRB4 Peer to Peer 5 Routers

1 '
= =

LULA1A8e Peer to Peer Luuuuanaasat1edengain lMnagaun1aineuaesdanesns
wuusine wuudnaesiiflusiuuitlunismeaeundss@viamaediasanawazaang Assaaly
-7 v Y g L o dl ¥ r?/ o dl v

nsdadaya Tuidellaziuiuuanaas Peer to Peer Nldnmasviaviam 5 fa aatlsznausiae
WHANNLHAS UL N unaenila aauandligii 5.1 uazrgiil 5.2 wuuanaed Peer to Peer 5
Routers Luiiianaaan ldansnsdiiunasniiausazinasinasdeniudagalulassinalaed

N9UTEARIAUNINU

o

v 3 o = d’l
AANINUAABDNLLLINABN Peer to Peer 5 Routers NANU

®  JUNUUUAINUTRATDILLLANAINAIUIN 100 wradnila Ieedunasniiia TCP

AU 20 LURIADALLIIARS 1 AR
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° LL‘Vi@'\iﬁ’]LﬁqulﬂLLMZN@::ZN%@N‘J@ﬁ@Lﬁ@Qﬁ@@m’m’] (Persistent Sources) &145U
wastflanawAinfidudnng GFR vidededayaidu (sadl (Burs dawiu
wastflansAnfidudsnng tvBR aalnsineea TCP AZABEAYLANNIIAN
dayaliiduliniu window rasinsinaaa TCP

® AnadsliA1nanilazis (Delay Time) Ll 10 ps (szaznieiszanns 2 Alawms) dmsy
gnedanTea UNI wag 100 us (Fzaennvilszunnd 20 Alalwms) dviuanedenTea
NN lulAsatngfiiflu Local Area Network (LAN) %178 2.5 ms (32812Nn19135112u 500
Alawmg) dvFuanedanles UNI uae 10 ms (szeizn19tgzanns 2000 Dlalumg)
drvsudneidanTss NN ulaseine 7 wide Area Network (WAN)

o Taswdnauul LAN &A1 Transmission Delay L1120 ps uaz 15 ms dmiulnseting
WUL WAN

e 1 MCR AL s neuLwingL 85% weduiusAnvidnedonles dausield
Dty oAl n L azaaawafiu 8.5 Mbps, 17 Mbps, 25.5 Mbps, 34 Mbps LAz

42.5 Mbps [14]

TCP source 1

TCP Destination 1

Router 1

Router 1

TCP Destination 20

|
I All link have
‘JI/C 1 capacity 149.76 Mbps

y km
x knp | |

TCP Destination 81

TCP source 81
L)
L]
L]
TCP source 100

Router 5

Router 5

TCP Destination 100

31/71 5.1 WLLA1A8Y Peerto Peer 5 Routers, 20 TCP/Router

d2
SWITCH 1 SWITCH 2 <

Vi

gﬁﬁ 5.2 LULANa84 Peer to Peer 5 Routers, 1 TCP/Router



o1

Thsadnelduunaasy Peer to Peer 5 Routers dpiulassineiiugiuzesnisdedaya

! % A 1 ' o ! 9 = o dl 1 dl ¥ ZJ/ =
1e9tesdnynynnaieunans”)  fesfaniuluaedaduneeiu  alassinanlinaaauiiiac
AnenurAgn 5.1 Tasvdnatasifiunauazilaneniavianun 5 dasdnyoyiniaiian (5 GFR VC)
wazda dagya 20 TCP siaswmas 1 #a Tae Router 1 nadusiunivazdedayalilia Router 1
N19ANU Uananng uaz TCP Source 1 #eliély TCP Destination 1 unasiniiausazunadazas
daya  AABAAINIW ATM Switch Y19 2 5 s38IENIN3End1aeAasiy ATM Switch inriu

v
500 NIRRT WATTZETNINTENINNAIRT ATM 9149 2 Wi 2000 Nlaume

917 5.2 uansuLUAa8d Peer to Peer 5 Routers Nidstiaya 1 TCP salsimas 1 6a G
fuuuudnaes  Peer to Peer wuudefgatianImAaeLn1sineuesdanasnusngeg 1es

13019 GFR UulAgaane ATM
5.2.2 WUUANAB9 Peer to Peer 10 Routers

LUS"984 Peer 10 Peer 10 Routers AN NIdinumsainLiausasuvaainn sty
fayalulnserelnefnnlagaanldyini duwudiaesdildneaeuilymanedesloady
ARU9A  (Link  Bottleneck) ﬁuﬁ@n@?ﬁmmu&iwj linmzaLnan1sUsciananIadiay
meﬁ’wLﬁmﬁ'ﬁmmﬁi@ﬂ@zamaﬁmwmmimmjm, ANIINULIAN TCP LazuansenumAan1sfulsenu

ARITNNIAN NgRIBSUFRTTANATIRInIANEY

o

L1889 Peer to Peer 10 Routers ﬁfﬁ@ﬁ’mum mﬁ

® 113189 Peer to Peer 10 Routers RUWA<NILLA TCP ¥i9uum 200 UUAY

LAAINILHA TCP a11491 20 WAAIFANLLIGAT 1 519

® ynunasnuiinavdidayasaiiininaanioan (Persistent Source) AMFUUMAINITEA
newAnAiviEng GFR, lasTnalnana TCP azpasmauannsdstayalidulyl

AN Window ae4lnsinaaa TCP

1 A

o AudilAna1lsEis (Delay Time) i 10 ps (Fruenvilssunne 2 Alawns)
duFutnedanlee NNI Tulasedne?idle Local Area Network (LAN) 338 5 ms
(3raennatszinns 1000 Alawng) dududnendanlas NNI lulasednefidly Wide

Area Network (WAN)

® A1 MCR Nllunisanaaquuuyingy 85% aadnuusiavianemanlay sauaiald

1 o =

dasdtyryinuaiion GFR VC1 D4 GFR VC5 Wil 8.5 Mbps hazdesdynios

\@Ha1 GFR VC6 919 GFR VC6 il 17 Mbps



52

e Ta39918d Transmission Delay WazA1 MCR Admn919i 5.1

F19WN 5.1 WiaHmefsing Al luuuuanaes Peer to Peer 10 Routers

PCR MCR Router-
Router Pair (Mbps) (Mbps) Router Delay

(msec)
Router 1a — Router 1a* 149.76 8.5 25
Router 1b — Router 1b* 149.76 17 25
Router 2a — Router 2a* 149.76 8.5 45
Router 2b — Router 2b* 149.76 (4 45
Router 3a — Router 3a* 149.76 8.5 65
Router 3b — Router 3b* 149.76 17 65
Router 4a — Router 4a* 149.76 8.5 85
Router 4b — Router 4b* 149.76 17 85
Router 5a — Router 5a* 149.76 8.5 105
Router 5b — Router 5b* 149.76 17 105

TCP source 1 TCP Destination 1

TCP Destination 20

[
! All links have
\llc 1 capacity 149.76 Mbps

TCP Destination 181

TCP source 200 TCP Destination 200

91/91 5.3 LULA1A84 Peer to Peer 10 Routers

a4

Im39218LLIL Peer to Peer 10 Routers tulasetng 1 hop wuussaznnaldmingu anidu
Tnssdneninisdedayaresmanegasdymyiniaieudmivluasdadumnaniulnaai il

1 % a s dl 1 b4 a 1 = dl

HANTENUIDNTLULNNILAI NAUNWNUAzaInT T9azdana linanlseisrastasd i nuaiaun

0O o a [ A 1 o A dll 1 -dl ¥ :l/ A o o ¢=|l
mmwm&mﬂmLmﬁﬂuﬂum@qmmmﬂmL&u@u@uj Tm\mﬁﬂﬂwmmuuumﬂwm:ﬁmgﬂm 5.3
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ThsstneiiRfumauazdanemisite Router s Router * viavina 10 ¢ unaernidia
fayadidayanaonnaiiiuaind 2 faka ATM Switch 1 il ATM Switch 2 anedaiavnd
Mg 149.76 Mbps Tnsszzmesswinegunidldalaemauandlunised 5.1 o

1T as luaindwinal 16,000 wiaa
5.2.4 WULANAB9 Chain

TAsadnauuy Chain AN nsiniunasnulinusazunaaiinisdaiudeyalulasstne

Tpefnistsrananlidwindy dnsunsnidneantadsduniatazilananie WulpseanaNin1s4s

1 % A 1% =

foyarestasdiynniaiownatss desniuluatedudumnaaiu Inaldesdnyoyniaiian

u

1 aa a [ % =) 1 dld % ¥ dl
UNTANNLAEN198aNNa19NI8 LAZHTANAE U NEULAN UL NTAINHARNINLLINN AN

Tnsetneldnasauianeuzaslin 5.4

WULS1a8d  Chain  iuutudaemilai ldnaaeudaneasnuuuusiie]  fulasednend

toydhedastoaniuaaaon dnsunsniduazesnvesdeyanunisuazilaienie lnagaudn

1

Transmission Delay aziinagedlsiuinseang Inguuuatasd Chain aziunasniinndadeya

a

Hunasadnduane Hop (5aeagend 1 09 10) Auunasnaiiniasdayaiies Hop 1aan (191
wefial 11 D9 20) Awwanslugln 5.4 deniuuasing 289UULA1a8Y Chain Azmilauiu

TANINUATBILLLIANADY Peer to Peer 5 Routes

Router Router |z Router
Bl Cl D1

Router
D5
Router
Al

[ 4

Router
B5
Router
Al

Router
A5
Router
B1

ATM
switch
2

switch

switch
3 ]

4

Router
A5

Router
Cl

Router
D1

31/7 5.4 WILR1ABY Chain

|
] Y 1 a

¥ v
Tasetnaiisumisuazilananieianun 4 ngudsiayaat1afnatiuaing 4 fopa ATM

a

Switch 1 019 ATM Switch 4 S9iun1engs A uaz B dariuansss 500 Alawmns Tilds ATM Switch

1 funengs C derugneas 500 flawms 1 ATM Switch 2 Tngaziilananisnesngy B



o4

aan?i ATM Switch 2 iifag FUNNNgN D dennuanads 500 Alawms lUea ATM Switch 3 Tagiay
fanemienga C ean?i ATM Switch 3 ifae Uanemeiiwdeazesnllds ATM Switch 4
THZNNILNIN ATM Switch usiazsawindy 2,000 Alammns wwnatiimesTuaindurazioiy
16,000 11ad A1 MOR fildlun1esnaesuuuwiniy 85% resuuusiaiineideslo wdalungu
(Ngu A, NN B, NN C uaznguD) TesdnyayiniadianusazdadiAl MCR 1w 4.25 Mbps

[ %

(A5 dasdtynnuaian A1, B1, C1 uaz D1), 8.5 Mbps (Auiudasdyynniaiian A2,

B2, C2 uaz D2), 12.75 Mbps (@ m5udesdounndiaiian A3, B3, C3 uaz D3), 17 Mbps (145y
davdtyns-laiian A4, B4, C4 uaz D4) uaz 21.25 Mbps (& vildasdnyynndiaiian A5, B5,

C5 WAz D5)  MINATALU

'
X

TN ANUSUUANAINAENARDUNITNIIUIBILLLA1ADITATNANA1IN ¥INEX

v

i ! v
uwnasnuiiangsiniduusnags GFR uuu Greedy Source dedayasiailiatnaanioaiyianunly
al

1
=

TAs9TnEuds  FaNARELANTHAIUTDILLLS ADIeAN L IUn sEiTIT AR T an s W nota Ll
13017 GFR way rt-vBR lulasstaeuuy WAN &ae Tnsuvasinidanswinfiiuidnng -vBR
LﬂuLLumﬁqLﬁﬂ%ﬁiﬂﬂ/\l?\lﬂﬁﬁzﬁﬁﬁummzﬁ’wﬁm@qndﬁmemLﬁmwmﬁ\lﬂﬁlﬂuﬁm@ GFR fafinga
WU luLm 2 wassiflanain?iiueEnng n-VeR Whuwasrnfdanswinfiay  unueeld
LnFAalulasein g Ui BaTEuEN1T  GFR Tunsanaesuuuasinsifins uau
wiassfiaunnaulseiiuassianeminfidusnns mvBR Wudnlldinday 1 uadly
WULANA8Y Peer to Peer 5 Routers ka Peer to Peer 10 Routers @91uULANa8d Chain %L‘WIN
unasriiflans g duSnng it-VBR i T lusumIengnsineT (nax A, ngu B, ngn C uazngu

D) nguar 1 unaaniifla  uazAuuaLUBAIARA uIuNIeT Ul sz AudRnanLEn s g iy

wiasnuiananiniiduiinig . GFR 1w 50%  2evAnNqinedeniavgengn  dou
wnasrdansWAnndngEnag tVBR Auuuraniiiu 85% 1edananqinadenlaegeangn
uwnaan AN MANNIduLENIg t-VBR ludstaya unasninitans winaequinis GFR azdedaya

'
%

o =< 1 dl 1o a ' ] Y ¥ |d¢:ll| o '8
mmummum‘zmmmwLqm‘wmemmmiummmmm@g@imLW@ﬂﬂmmMu inas
5.3 nisuwdNgssnuUsUag TCP

ABUNALNANITNNNTUNENITOULIAY TCP 1919¥na9iA994519 Protocol Data Unit
(PDU) 199U Aazdunauineni UiNaniinenssn A a st uuazdan1sA i anssnue  ins

Tnzaaing PDU luusiasduuanidagii 5.5
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\WHedayaluiu Application uniied TCP azgnutvesniduuininmsess) Fandn TCP

Maximum Segment Size (MSS) v MSS azifludiayaasenildsiasnisds ludu TCP azvinnig

1
a !

WNduTae9 TCP a1m 20 Tus W1y Segment udadslifi Internet Protocol (IP) Fadu
HAaufindawinaes 1P 1A 180 20 o Tae Segment iRugaresds TCP uax 1P Wnlilas
(78N97 Maximum Transmission Unit (MTU) @ﬁﬂﬁuLLﬁﬂmrﬁl%gﬂmiﬂﬁ%u ATM Adaptation
Layer 5 (AAL5) Tudu AALS Razifindauinadnlian 8 1UﬁLﬁﬂ1ﬁLLﬁﬂLﬂ[§l‘ﬁ@@ﬂugﬂLL‘LI‘LILW‘EJ‘ELI
199 AALS ANl AALS Faginnisudawlsaieanidumad ATM (%lqij Payload 2118 48 Tus
wazdIuiiIuin 5 lus) ‘EmmmﬂqmmLW?uﬁm“Lumu Payload Laziindrusndn e
ATM ludousinreamad ATM agddn End of Message (EOM) NN aaaresnsy Tnadn EOM
%gm;mf’il,ﬂu 0 aniuIARgATNEIYEN LW?N@ﬁQﬂ%ﬂiaLﬂu 1 Gelin EOM @:gﬂl"ﬁa‘?w%ﬂﬁ%u

ATM Fvau1anuadin sy

| Application packet Applications
[ TCPH | MSS | TCP
20 Byte
| iPH | TcPH | MSS | P
20 Byte 20 Byte
| e | PH | TCPH | MSS | AALS | AALS
8 Byte 20 Byte 20 Byte 8 Byte
[H] Payload | [H] | [H] | [H] | ATM
5 Byte 48 Byte
Physical Layer

v
o

717 5.5 Fuuazlnaaaing Protocol Data Units 2849 TCPAP unlagating ATM

v =X

Walagedne ATM ainsldinsinaea TCP/IP aussnuzaealAsedingannsiunieaud

v
danenaanisoiansanliaandu. TCP. lugilweiddeainnsnees TCP n9daAddeanungm

o

2194TCP nsndslayanudlinandamiiluaagensaninuqisunanesaradeniiunann

azlfAnaNssauzaed TOP Te3andndsz@nsnnaesiasedng (Efficiency of the Network) [8]

Muua i N Aedanuiugueuaaniliaiulaanismes TCP Nasdayaidn i lulaseie
alld ] | dl ISP I o a 1A = & A a o
A nquesasdniupemandalAwindy - R desledun W X, Aedduainninues

wnaanLHen i wazli ¢ Aedduannsnaas TCP Nnnnganiiullld (Maximum Possible TCP

v
o

Throughput) 28987889 Aetiulsz@nsninaeslastneme SnTE9UI9HATINIFLA1N1T0T

'
o =

TCP 337 (Sum of TCP Throughput) siaddaanunsainulilldues TCP anunsndewiluannis

16imail



.. HATIWATOTINTOVDI TCP
Uszansnn = — (5.1)
a o = = a Y
Adeansnves TCP Muniigamilullla

o

4 A Moo X
mmwuimimmu

>
Xi
Efficiency = i:lC (5.2)

I A o

ANIREAINNI0T8Y TCP (X;) WNnannnnsiafde TCP wasdatante ARdadiunsnae

Anulusiiauafdaranisiulsd (ldsaunisdeuinineluluazuininagoung) wissaanan

a

vinnaninssia  Anddeansnsandullfuinngates TCP (C) AeAIduaNnsnddl TCP
Iirullededayaliuulpsadaaniinnuaessdady R ludnaniwusidoulnnjayldauin
wANWNAIaY TCP (MSS) windu 1,460 lusl dafluaunauinnminlddaluszuy Ethernet LAN

aziusazidaannsandlulllananingaaes TCP Aall

1
-

Walnslnaea TCP v91uegLLNI9UINS GFR Gellamsnisalunisdadayaiily 149.76

Mbps uazdaua MTU wiafiu 1,500 1us G ATM azléiudeyaauina 1,460 Tus (MSS) sauriy

] o

dquriaaeg TCP 20 lus, dauiaaes IP 20 Tus, dawiaaes LLC 8 Tusl uazdiuiinaaas AALS
an 8 'l Inemedinsindnfindn e 1714 32 mad ATM sailuusazuininmaes TCP u
1 ATM azisualuiionmn 1,696 Tusl asfurnadaansnsngeganidullidAe 146011696 =
86.08% ¥3n 128.921 Mbpsiagilszaun gﬂ‘ﬁ' 5.5 LaAMTIALIAT9E3 U89 Protocol Data

Units

1 o/ 1

TulasatinaaydasinisdnassliAadaa1uirnaagnuadn e naaduiuldlasedne o

a o

ANEFAITN  (Fairmess)  AIAYINERBIINgNAuuaTuvalunisiulseiunisuinig  Tay
1313 GFR 1d5uilseriudnaniisnissinnige I9g 4 Aaonug@sssuasd TCP UUNI9L3NS GFR

]
o

A1170N U UA LA NA NN NMINTAINIILENNT . GFR a1 AN A 41119

MHNZANAINAT MCR 289n38189)n7] ATITas TCP NN sdadayaatisiotiasuulagang ATM
nualiAiangRsssnldidunssail Faimess Index (F) 9pn Faimess Index iluilsridunas

Y o

ANLLTU9uIR9R Fu 411709849 TCP [8,14] Inentieuduannigd (5.3) Tasatl

Fairness Index =

33



S7

AN X, ABAN Effective Throughput a84n1ssef i IaaAn Effective Throughput nnviualeiidlu

° <

AuuRninantlanenesulfludosnanlanamils N Asduuuuasnla TCP uazAn f,

b

1 = 6

PRALLURIAYINYRTs TNt ad Ty Inaauusiazdedlulaseng AsiuA Fairmess Index
=2 a | | = o . = > N o = \ o=
AqHAN2glUT99 0 D9 1 01 Faimess Index HANWYINAL 1 LandnTesdyey nialauisasesil

AN gAssINTuNNdeiayagangn

WULIA1883 Peer to Peer 5 Routers nwualiian f, dmiudesdtynouadan VC1 s
VC5 158 MCR = 85% {1 10 Mbps, 20 Mbps, 30 Mbps, 40 Mbps 4az 50 Mbps AINANAL
waz f, A uiudesdyoinuaiian VC1 v VC5 18 MCR = 50% W 5 Mbps, 10 Mbps, 15

Mbps, 20 Mbps Waz 25 Mbps AINATAL

WULIA1883 Peer to Peer 10 Routers nviualiien f, dmiudesdnynyniadian Vel Dis
VC10 Lia MCR = 85% L 10 Mbps (5 Tasdnyaindaia) Laz 20 Mbps (5 dasdtyyio
ailaw) MNAAL uay f, dmiudesdnyoiniaien VC1 D9 VC10 1ia MCR = 50% flu 5

Mbps (5 dasdtyunnuaiian) uaz 10 Mbps (5 dasdun1audiian) muaiau

WLILAIAaY Chain Anualial f 8 MCR = 85% dwiutes Frynynodaiiau A1, BT,
C1 uaz D1 Wiy 10 Mbps, A mindesdtyoinuaiien A2, B2, C2 uaz D2 winfiu 20 Mbps,
aiudasdynnuaiiau A3, B3, C3 tay D3 Wil 30 Mbps, aviudasdtyniouaiiau Ad,
B4, C4 uaz D4 Wil 40 Mbps kaz@uiudesdnyninuaiian A5, B5, C5 uaz D5 Wil 50
Mbps ANANGL WazanAn f, e MCR = 50% aaifli 5 Mbps, 10 Mbps, 15 Mbps, 20

Mbps Waz 25 Mbps ANNANAL



uny 6

NANIFANADY LL‘iJ‘LILL’éISﬂ’]'iaLﬂi"]%ﬁ

¥

X ° o o ak A X = o o | p
UNUAZAIABIUUUNITNINUIRISAN3NNA LA LauaTun e Uil g lilasedne
1Us2BNTAINNINTL  LAZAZNANNDIHNANITINARILLLNITNN1UIAIEANEINN  BADT  (Buffer
Allocation with Dynamic Threshold) #4ldmalla per VC Accounting $aufiuqaEuilaaunadn
atlfulseanssouzaes TCP lnanlsauiiauiuganesyis Double-EPD, Double-EPD #ildmaila
per VC Accounting az DFBA UULLLUANA8Y Peer to Peer 5 Routers, Peer to Peer 10 Routers
waz Chain TuiAsatneuuL LAN 68z WAN gRdgazuiianansanuasniiianswinlulaseine
= PR = o > a o o P ~ o @
aanilu 2 n9rd (eANHDINAINAINII0 L1WNI19ILIBIEAIILINNTANNGA) AD NITLINNIULA LI
o = 1 o a a [ a ?\// 1 =
uuuRaastunasnilanndniduginag GFR (Greedy Source) yivvualulasedng wazlungm

1 =

fanarvunlilassinefiawasdnfiansWildiiiduEnne GFR uaz VBR lulasetng
WA AN wAnAueEne VBR azuddlduummnatnumasinidansnindifusnng
GFR vluvaasuflansminfidinisnig GFR anunaalduunsnsildienisuuusinyidiman
arnuvasiianaiing futing r-VBR Wi ToNIUAFI 2BIULLI1ABLANA1INIUEY
T 5 weananntilunmilasliunasifinestes TCP IeANEINANIINLIa NN Aa I8

TCP N slaaNsInuz89danasNuLLLANN] A

6.1 HANITATUIULASNITIIARILUUUDIANFILTNITAINER

] dal a =< s o 7 -dlv a s dl ] o
Iumum:;vwwmﬂmﬂ’m‘uﬂ?zﬂumﬁ‘mmgaw W?WU?HW?MW‘WQ@IIM%@Q EUEUNEL

@HAL (GFR VC) whazdad lasasi/Feiniaunan leainnisa utilasn1sanaadul e
i llgnsdeiunsiutlsziudeyandnsrtsnisningnaesdanesnuuuysiie luindeaus) sald

AMFUNIIAUIMNENIILTNIANTIgAAE RANTOIIAINAT MCR NlAsadnefusasiisnig

% I

Tundesdmynauaiennsaztdes naAamnizAndaanimngegaminlills aanvadan 5.3

'
o =

Aadtannsngeganiiuly ldesinsinismiiga (Optimum Throughput waa OT) Il
OT = (MSS x MCR)/@W} x 53) (6.1)

e lFaunauininmALaa TCP (MSS) windu 1,460 U6 waziividquwinuaa TCP 20 Tus,

dowinaas 1P 20 Tus, LLC 8 lusl wazdquinaaas AALS 8 Tusl (3a:udlu 56 Tus) wazimman
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MCR flu 85% aesnrnqlasetng  dounisanaesuuunisinanulidanesia EPD U
WLLAN@a8s Peer to Peer 5 Routers Taaiusianiniiia TCP a1uql 20 unassianuismas 1 fods
doyannu  desdnyoiniaianimaiiy LaranANqIeIaNaalATaTnesEndng ATM Switch
Aur e daranisaestesdyyinuadan VC1 14 VC5 a1n PCR = 149.76 Mbps a4l 8.5
Mbps, 17 Mbps, 25.5 Mbps, 34 Mbps WAL 42.5 Mbps AINAAL AuuLuFA avaR A eId AL
Svuaidu 149.76 Mops TWiesiadndaaunn 16,000 iad Qmﬁmﬂ?ﬁﬁu EPD winfiu 14,400

Eag (90% 2auuntinwas)

1
=

A3l 6.1 Lmmmmiﬁﬁmmm:mﬁmmLmummﬁmmﬁmiﬁmqm ICHGR
Optimum Throughput Lﬂuﬁmm?m@ﬁh‘ﬁlqmﬁiﬁmﬂmaﬁﬁﬁmmhmmﬁﬁ (6.1) Gaiflugn
Usnasnigafilul1d dau GER Reference ilugnsnusnmssniaaiildannissnaeuuy gl
6.1 uAng TCP Throughput Aulanemaslésu oy IANFNN flFannnisdnaseuun Taeugndua

NNz TCP Uanamne 1 unasludesdyynialouisazaaayinii i TCP1 ludasdnynyiu

¥
v 1 ] [ % A =

i@ilen GFR VC1 Salumasrniila TCP1 4 TCP20 dsiayanudesdtynyniaiiow GFR VCT i
Win TCP81 . decdryrynotaiien GFR VC5 deiluvastaiia TCP81 fs TCP100 detaya
ruteadtyrunuaiiew GFR VOS5 & Tasunasinfinlutesdyqnnuadiowiaatuazd TCP
Throughput In@lAgTUNNN  AGLaAIRALNES 1 WiasnIia TCP Wi mugﬂ‘ﬁ' 6.2 LAAY

21419 Congestion Windows 18941adnI6HA TCP ALHAINN1TINA89ULIL
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A1379% 6.1 HANITANWITY (OT) LAZN17A1a89LUL (GFR Reference) Gumfa“mm?m@rﬁﬁﬂqm

Minimum Cell Optimum GFR Reference
Rate(Mbps) Throughput (Mbps)
(Mbps)
GFR VC1 8.5 7.317 7.296
GFRVC2 17.0 14.634 14.634
GFRVC3 25.5 21.952 21.951
GFR VC4 34.0 29.269 29.158
GFR VC5 42.5 36.586 36.396
Total Throughput (Mbps) 127.5 109.583 109.436
Fairness Index 1 1 0.99999

Total Throughput <Mbps?
0y

GFR Reference

%] 5@

717 6.1 TCP Throughput 2184N1331889ULIL
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156
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CHWHD for GFR Reference CHWHD for GFR Reference
T T T lpopon T :
TCF1 TCPE21 ——
- | E@aan E
[
o - L, Eeeee -
]
- . 2 sgeen - -
=
]
I Eaean
1 1 1 ) B 1 1 1
2 Sa 1ea 158 2pe !/ & e 1ea 158 28
Simulation Time {Sec.: / ,/:/ Simulation Time {Sec.}
(n) VC 1, MCR = 8.5 Mbps ' () VC 2, MCR = 17 Mbps
9 .
CHWHD for GFR Eefecemce l CHWHD for GFR Reference
- 1egpan —— T T
TCPEl ———
B@oaa E
';E £828e - -
s ]
o
et~
5 g 40080 ~ .
- .y o
(4d
Sk Z0R08
2 R
Py
1 1 1 | “,A‘ @ 1 1
& ca 1ea !/55(7 E’EIBT‘ | ca 1ea 158 2ea
Simulation Time {Seidlyate ‘:_';'_::f} Simulation Time {Sec.?
(M) VC 3, MCR =25.5Mbps 7o (¥) VC 4, MCR = 34 Mbps
.,/;/’/" 4 - _:*‘\-;;-.. 7
tl CHND for GFR Erfirtnnt‘lzj
" o |
( L aEaae T T p—
S 4 TCPBT ——
2@aee - | -
x) e
B
S 60000 - | -
@
2 4p0ed | I
= | | |
- I | | [l Ir'.
zooos H || ) i L AT -
B 1
@ Se 1ee 15@ zee

Simulation Time (Sec.?

(’) VC 5, MCR = 42.5 Mbps

717 6.2 Congestion Windows lutasdnyayinuatiausing
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6.1.1 NMFALATITMUALDINITATUIRUATNTINADILLLURIBRSILUTMTANNEA

n1389 TCP ARaUIA MSS winiu 1,460 Tusuntnedanles 149.76 Mbps azlaan
Aduaunsngeqaniiulyle (Maximum Possible Throughput) 1l 128.921 Mbps ansnsne
6.1 nuuA A1 MCR 1flu 85% 1etnaimenlas dazvinlidnadedeya TCP Aldainnis
a9-LuLLiu 109.583 Mbps TnaAddaaiuisnainnisanaasuuuAaLili 99.867% 1a4A1a4e
o =K A 1 dl 1% = ] dl A Y A e
a1N130a1NN1TAUINS Asiiadnldsunsndldnageuiiaanudndene I ANAdaaNTnANNNNg
Anaeuuutiilvddeainnsoiunasnaila TCP asdayaliaseuazazinun Iifusiagndaine

'
1Y % =

a ! o a R ] [ [ a o dl v A a
L‘LE‘EI‘LIWI‘F;I‘LI’J’] BARNATNHNATI] @’]N’]?ﬂﬁ‘ﬂﬂ?tﬂu’ﬂM?WU?HW?MWWQQ1QM?®1N DIANIRELANNTON

UaaneladuludesdoyiniaiaunsazdesuinndngnsniiEnisannganiusesld azdadn

Tassthagunsndutlseiudnsusnasannga b

ANTARNAMINIZAN WA a8duL 19n19RaNsnaINANFea1819n Tneniadn

, oA = Y | a o a A i A o o = A o
ﬂQQVI?g‘UUL@ﬂﬂ?"\ZIVﬁ'\Q ﬂ@’]m'\?ﬂsﬂﬂ\ﬂqﬂLLM@\‘]ﬂ’]Lu@WLQ@'\qu’] AN ﬁ\‘]uu"NL@@ﬂshqua'ﬂu

NNIANABIMLLIVNT 200 sec Aauandlugili 6.1

31/7 6.1 uams TCP Throughput TaIUMAINNTIA TCP a1 1 Unaeniin udes-
Frunnniadaulsiazdas Tnsunasnudawaisasuesiuliiuusiniainuuasniiin TCP
AUIU 20 LUAILAZAANANENAASAUALNY HNVTesdn tiailauineniiy uazhadnldl
dayagoyualy weed auiudnsnisasdaya luuaenaiia TOP usazuvatlusnesineaii
posANInAAEai iy Tutdesdtyniniaien GFR VC1 tasedeiuiseqt3nismnngawinty 8.5

v o = o L o) o = =
Mbps A3t TCP1 Asiidnsndediayaiflu 8.5/20 = 0.425 Mbps fauandlugiln 6.1 e

= 1o a jw 1o a dl ] 1 rdl A e dl ! % 1 [
Wrsuwey  uradniuiaRiuuMAINHANAINNINAR5R W ANAduAINNI AN lAazIAN AU
AuagiuA1 PCR 9848188995199 ATM Switch s nmefilanemis Auiuiduainnsnaed
UWARSNLHEA TCP81 Ei PCR 1844721891/a18114 42.5 Mbps AsH ANgean wazanad i
WnaanLin TCP61, TCP41, TCP21 Uaz TCP1 muanAL uidnuiunisldailuiuysiaesan)

azDadnanudsnanaian PCR 1l 149.76 Mbps uazdasdtynnuadaunsaydasiial MCR

|
=

WHANFNNILS A91ILS LUAIAITA TCP AYANHNN90tNLLNAI AN IaaaINN125 UL 22 Auanan

1IN19A774A (111 MCR = 85% 1832 xq e danlengegn aziuuusininae ludnemanles

1
3 a

Wity 15% 2e9mnnng  dneienieegeqe) inlddedayaiinls ineinAidaaunsnaes TCP

% d’f dl d’f 1o a a [ % o IS o a KR dl o }%
‘Lquu Feruegiu  dse@ninmnisdanistinimasuasdanasnuntinun ldeu
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uanaNNaNsNAdeaINnsn TCP  deliudn  Fasiarsunmnugfsssnlunieds
P P a | a C v S Lo =
doyasae AnmNIen 6.1 ArangFsssnlunsdsdayaianiu 1 Ineludesdnyouaiian
wiazdea1NN3ndetaya Wiy PCR 199a18189551919 ATM Switch AU Leaslanamnig us
TunnsanaesuuLaw) asduuwmiaivaeluaieds AsiuiNeANgRossn waenlinAed
dayaliiiudnsnuiniannganiudsziuld Taeauiudtasiiwin  (MCR) westesdtyryins

ANAY  uFAZTaq

7U7 6.2 usma CWND (Congestion Windows) 284uuasniiiin TCP unasniinlu

Tasdtynnnsaiean GFR VC1 #8msiusnisaangaiilu 8.5 Mbps Dadndnisiullsziudma
1 1 ! v 1
13nN1901M1qRRNINTesdtynyanaanen GFR VC2 D9 GFR VC5 AtIAINauauuininangn

1
(=1 1 a a Ly !

winain - danesnu F-GCRA lwUPC 1inign uwazwininsianiilaniagnienasaduinng

!
¥ a a o

il 1 14
winnereunasnulinlutesdtygnuiaiowgn)  feg Wewininagniisiadsd  vini

|
;Y A

wiaenuiin  TCP  Aevdewininangniiswaitluianass  Tnevyndedayaduy  aundnay

THFuwAnnawantiasy  unaenniln ludesdiryiniaiian GFR VC1 sasdauininangniialua

RMUAUNINTGA A0AANT - waedulunig Retransmit dagiaainumasindia TCP %19 20 unaalu

TesdtynasataunsiuNINTy AITuAY CWND Tunisdsdayalnsaaumnasninma TCP1 D9

TCP20 AufNTud NN wazunasiniia TCP anmnsndedayalfifaauiansiudseiudnam
a o A A X

13N"19A14ANAININTL

A1 CWND,, 8dunasniLiia TCP faArgengamaiuauiminiafaasnisgds TCP dalu
nsanaesuuLnuua iy 64 KB Astiuilanaln SACK TCP asdiayaigrymalusianaia
3YAU CWND aulinauuliudadu wazA1 CWND azgna@uiia CWND = 64 KB Li83an

iiiasuasnsdetiaya TCP du Aauanslugilil 6.2 (1)
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6.2 NANITINADILLLNANTSNULDINISINLADSHN 5] NAALY AIUSUNITUTNIsTaYa GFR
6.2.1 NANTENUARINTUSUAALTHLUAEY LBO (Low Buffer Occupancy) NdfaaNssaus TCP

o ] aill =2 =2 o o QI all
nanITaNaesuLL ludauiug mmmm:mmN@mzmulummimmmm:m SRS TN

1
a

dana3snu BADT Nilslaanssaus TCP tnaunfsauiiauiudanssyis Double-EPD, #ana3fis Double-
EPD #l¥inatia per VC Accounting haz8ana3na DFBA UuLLLAa84 Peer to Peer 5 Routers T
Tasadneuy WAN Qmémﬂﬁammﬁmﬁﬁm BADT ﬁummmﬁ;mﬂ%ﬂiﬂu LW ﬁ-gmﬁflu-l,ﬂ?q'ﬂu HBO

(High Buffer Occupancy) {luqnEuilasusnug: aniduulaay LBO (Low Buffer Occupancy) iilu

ABNILAUUAUAN 32A1 Fair Share (anExLLAsW T) wazqaaBuLany TH, wsisedu Fair Share

uwazanEnlanu TH, uqaBuulfaunadadazidusamunmdnluimimladuininaludidnung

adpd  douqniEnnlasy LBO waz HBO 1uanBuilasuniaash (Global) anilugasninue

q

i 1 1
=

FEALAEHN Waeuiutiuen @mmmﬂ@ﬂu LBO Lﬂu’Q@L?NLﬂ@ﬂuﬁdﬂ’)ﬁﬁ\lﬁﬁ Ay lunsfulseiudna

UFnasngalugfuusn L‘Wﬁ"T”‘Wmu’WWNLLWﬂLﬂIﬁWl‘L’]ﬂLLVIﬂN’] NNa LR Aea19190989 TCP anad
y o - p, -

IHidasanagiianisgryng 1unnsa T iassinnsLsy ﬂLﬁ‘QJLﬂ@ﬂu LBO Wiazqn e

I A o

ﬂﬂHWN@ﬂ?”V]Uﬂ@Q@@L?NLﬂ@ﬂu LBO e A8 N1IOLATAN Elﬁﬁ??&l

1
a ¢ 1

Aash T atiWiasiadadmaiy 16,000 ag, qaENLasw HBO winfiu 14,400 wiad
LALILETNINTLUINAUNNALRIAT 191750 500 NIANAT 728ZNINTZUI ATM Switch WL

2,000 AlaLNms

ﬂ"] 1151 LBO w1y 0%, 10%, 12.5%, 15%, 20%, 30%, 40%, 50%, 60%, 70% UBULA
TTas

F19797 6.2 4T 6.3 WazgUN 6.3 Waz 6.4 UAANLIIZRNENINUAZAIAITNE AETTNTEN

danaanusine] WeliussiuqaiEnnlann LBO



¢ uansUsuqmisuLLAaY LBO

13197 6.2 Usz@nnnaasiassdng WeliuqaEuilaau LBO

Double-EPD | Double-EPD with per | DFBA BADT
=50 (%) VC Accounting (%) | (%) (%)
0% 60.3271 93.9431 59.9160 86.8973
10% 96.8759 96.2126 96.4641 96.7669
12.5% 98.0231 96.7382 97.3498 96.8819
15% 96.3113 96.1062 96.1093 96.3839
20% 96.3202 96.1457 96.1347 95.9666
30% 96.2637 95.9574 96.0391 95.7664
40% 96.3355 95.9361 96.1303 95.1329
50% 96.4020 95.6418 96.2524 94.8790
60% 96.4218 95.6070 96.2539 94.6029
70% 96.3495 95.5707 96.2324 94.7027

P19 6.3 ANANNEFIBITH Lﬁ’ﬂﬂﬁl’ﬂﬂ@l‘mﬂg}lﬂu LBO

Double-EPD | Double-EPD with per | DFBA BADT
=50 VC Accounting
0% 0.9812 0.9782 0.9827 0.7729
10% 0.9083 0.9907 0.9118 0.9964
12.5% 0.9084 0.9907 0.9112 0.9991
15% 0.9045 0.9914 0.9080 0.9953
20% 0.9004 0.9941 0.9019 0.9977
30% 0.9007 0.9961 0.9032 0.9982
40% 0.8915 0.9924 0.8867 0.9929
50% 0.8773 0.9939 0.8817 0.9918
60% 0.8733 0.9890 0.8758 0.9967
70% 0.8729 0.9942 0.8728 0.9954
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Peer to Peer 5 Routers : LBO test
100 ‘ ‘ ‘

ﬁéﬁj‘i&:ijf% ? ;:/
S — £ ]

Efficiency (%)

—+— Double-EPD

—+ Double-EPD with per VC Accounting
—— DFBA

> BADT

OC | | | | |
0 2000 4000 6000 8000 10000 12000
LBO (cell)

917 6.3 uansilrauinauilszansnwaesiassting weilfuqaBuilanu LBO

Peer to Peer 5 Routers : LBO test

1 1 = i 1 [  ——
Pas=—=1_ -  asmm=_e—

x i
e
=
S 0.85F 1
0.8F —— Double-EPD 7
—+— Double-EPD with per VC Accounting
‘ —— DFBA
~— BADT
0.75 | | | | |
0 2000 4000 6000 8000 10000 12000
LBO (cell)

917 6.4 uansifaLnaUA AN RS9I WatlFuqaEunlaew LBO
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6.2.2 M3IAITRRANTENUIBINTLTUAENLLAR.Y LBO (Low Buffer Occupancy) Naisa
ANgF0UL TCP

AMNNANNFANABIULLAILAAS A9 6.2 uazgilh 6.3 WunslfussauqaBuilan

LBO wudnszansnnaedlasatinglunisdedeya TCP aastininaiauin 16,000 wmas b
aanaanusinee] aziiA1galugog 12.5 Wafidusresauntivines (2,000 wad) TellAmnign 7
iiiafaupAtitasaninisldenuinmasidatraintlsz@nsnin Tnaanlse@nininGEegain
wnldesldssiidanesnin Double-EPD, DFBA, BADT Wwaz Double-EPD #ldmalia per VC
Accounting Nusz@nsnimiilu 98.0231%, 97.3498%, 96.8819% Laz 96.7382% Usz@nsninlu

7 o a R ' a dl [ tal dl IS DA 1 o
nsdedayaresdanasnusing aziidranauiiaszAuqnEuiasy LBO HAntiasndn 2,000 wad
iasannisyAuqaEnnlasuiannga 2,000 wasdausuAnnangnuind i ldinWmaslsdas
a o dll : (1 Ql dl a @ Qll a a dg(
nulddusieanainnalanisnauinnazesanEuiasy LBO uaziuininaidaiinauly
Tasetng Wawininen@eitlifstlananiuds darenisliansnsaldeouuininaduld fssiasiinng
dsuininatiuludin lgodauuudiarlulassanauazin liUss@vinwanas sz qncEs
\Wasw LBO a898anasiy BADT uag Double-EPD 7ldmatia per VC Accounting N19zfiuigenan
JYAU 2,000 WadaziiAtszAnananansiasllGess) WeszAuqnEuang LBO HAaau
\Hasaniinmafresadndinis lnua1aaies ] uidanesnin Double-EPD uaz DFBA HAn
Use@nsninanasilosziuqnEuilauugandiszau 2,000 waduazgeauantonlugog 8,000 wad
(50% F897nATTWiWe f) 1iHasaINNszAUgandn 2,000 wad winunangnuinainnsodnldiwmes
Funn wsiszduqeFuilaes LBO iAguinldeaduaims Wiuininan ldsunisdseiudeyald

Qsj dl a L8 (=3 dl =3 ¥ o v d! =3 1 dgjd 1 3| 3 dl 1

gnianaded uazwininangnuinualdnuinmasls sewininamatidediduwinineiliaumos

IHFunnsiusesdnaasdays

ANANINT 6.3 uazgLln 6.4 uangA Efficiency uag Fairess Index w3amanuefasss

nsaadiaya TCP ANa6L TneazwianA Faimess Index aa48anasny Double-EPD waz DFBA

a

AANgengaTisrAuqaBELAgY LBO Wiy 0% asvaunativines usidilszansnnangaiiseay

a

AABNILAY LBO Al Aauanslunienei 6.2 wazgiln 6.3 iesanfiszauqnEuilasy LBO

q

Wity 0% pesawiatimed i ldnuininafignuiinunaindau UPC gniishadad uasuininmi
leFunnsfusasdnsEnisangawintiunldauinmasld amnlilassdneiiaoy gfsssulunig

q

b

)] ¥ d‘ ' i’ (<3 = =3 A o o A ¥ o o & a a
dediayaganga wintshawAninengnuinlaeniwesiaiinnsldauniasinlidssansninues
Tnsednuanas AaiunismenszAuqnEuiasy LBO Asanilufasiansouniislss@nsnimuazaanu

o

afsssnlunnsdedoyalulasstnaacugiusae An Faimess Index 199 4ana3¥u Double-EPD
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waz DFBA HANanasiilaiiusyilqnEunlasi LBO 413LAN Faimess Index 1a48anasny
day o , a A
Double-EPD 7'lfinaliA per VC Accounting kas BADT HANQINAANTEAL Q@L?NLU@HM LBO

WAL 30% UaY 12.5% 193aunatiWinesa uaAL A1 Faimess Index 9843AuqnENLL ALY LBO

Wiy 2,000 wad (HUszAnnneeandaneinugengn) Fesanunllias|fasil danesniy
BADT, Double-EPD 7 wmmiim per VC Accounting, DFBA was Double-EPD Lilw 0.9991%,

1
¥ =

0.9907%, 0.9118% Uaz 0.9084% lneidanasyiy BADT daugfsssulunisds  dayagangn

a q

A A

1Ha4aNaanasny BADT An131Na1LULAaAin maaandasd o add auninng 149w

77

' ' v '
a 60 1 e A I8 R a1 a

qmwmmLu_iﬂﬁﬁusnfamn&lmﬂmmmuﬁﬁmmﬁmmi‘lﬁmumﬁmmp TaAnIRuuusaavin ldld
muiﬁmLﬂmﬂ@z‘ﬂmﬁImﬂma‘umLLuum?mﬁ@z%umjﬁum MCR #anesx BADT uaz Double-
EPD #l¥inAfia per VC Accounting ﬁmiﬁuﬁmquwmﬁﬁgﬂLLﬁﬂiuﬂWLW@‘?LLM%@L%MLMM&

senluiflefdunuadunnifitindassi LBO damailaainliganesfisnisaeiian Faimess

Index snndndanefiuaug Inadaneiiin Double-EPD was DFBA aglifinstiuieadfignusinlu
{fies azviugdanesiia Double-EPD Uaz DFBA Alinsudn desdynanaiionladinisldamm
1 W\I@%ﬂmLmﬁﬁz_]ml,ﬁﬂmrmdﬂﬁu Lﬁ@ﬁqquﬂﬁqﬁQLﬁuqméuLﬂﬁﬂu LBO @dndaslingudnags
@zﬁqLmﬁmmm’mzﬁ"m&laanmmﬁﬂwﬁ@ﬂm@ﬂiﬂﬁ@u Aavin[98ane37a Double-EPD ua DFBA #ig

e’dl =3 ! | 1 a 0' 1 o a R dl
PIRAVLANLLIUQN LL@ZL‘]JLL@’)Lﬂﬁﬂ‘lﬁlﬁ’]ﬂ')’mlﬂqﬁ]ﬁﬁ‘ﬁ‘&lﬁ]’mqqﬂﬂﬂﬂﬁ‘%&lﬂuﬂ
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6.2.3 Namzwummmsﬂ%'uqmL’%'mﬂﬁﬂu HBO (High Buffer Occupancy) sisiadxssaus TCP

1
=

doutluansnansznulunisiusyiuqaizunlasu HBO 1998anasniu BADT Nidsa
ansTaue TCP laeaFauiieuiusanesiy Double-EPD, 8ana3fia Double-EPD Nldwmain  per

VC Accounting waz8anesns DFBA

A1A37 Mruativinesnadadivindy 16,000 a4, anEuilasy LBO Wiy 2,000 e g
LAZTZETNINTTUINNAUNNALAIRT W11 500 ALAMAT T28ZN19T213I9 ATM Switch i

2,000 NlalNms

'
A

13U HBO winfiu 50%, 60%, 70%, 80%, 90%, 95% a4 UuALiNNe s

F1979% 6.4, 1N31971.6.5 LaTgLlN 6.5 LandLlazANEnINLATAIANNEREITNTIBIEANETNN

5197 e FusyAuqaBENLaEus HBO

¢ nan1sUsuqmENLaEY HBO

;113197 6.4 1szAnBnn TCP Tnanistlfuanizuiasu HBO

Double-EPD. | Double-EPD with per | DFBA BADT
=50 (%) VC Accounting (%) | (%) (%)
50% 96.6415 96.5221 96.7319 96.8359
60% 96.7885 96.5210 96.4318 97.0388
70% 97.1489 96.4763 96.6087 97.0989
80% 96.8550 96.4912 96.9257 97.0701
90% 96.6545 96.4792 96.4454 97.1704
95% 96.8198 96.5767 96.4451 96.9549
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;13199 6.5 AP RS9I TnannslfuqaEuiaau HBO

Double-EPD | Double-EPD with per | DFBA BADT
LBO
VC Accounting
50% 0.9083 0.9739 0.9102 0.9969
60% 0.9073 0.9761 0.9089 0.9968
70% 0.9072 0.9750 0.9114 0.9970
80% 0.9041 0.9748 0.9115 0.9970
90% 0.9089 0.9765 0.9119 0.9971
95% 0.9087 0.9771 0.9082 0.9967
Peer to Peer 5 Routers : HBO test
I r = == ; E ;
oo . = L B\
0.96 b
0.94 b
é -
g
é -
Fossr 1
0.86 b
0.841
—+—Double-EPD
| —+ Double-EPD with per VC Accounting
0.82 —— DFBA
08 | — BADT
‘8000 10000 12000 14000 16000
HBO (cell)

717 6.5 nananfFaLiauANANgRssTN IeUiuqaENLLALW HBO
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6.2.4 ﬂ’]ﬁ‘%Lﬂi’]zﬁﬂ@ﬂ%‘zﬂﬂ‘ﬂﬂﬁﬂ’]%‘ﬂ‘ﬁl’ﬂﬂL":‘INLﬂgﬂu HBO (High Buffer Occupancy) Ndsa
ANTT0U TCP

AmiunisUiuszAuqeFuias HBO vesdanainusine] azluifinasanislaauudase
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naflusnsnia A AN IATIEININLENT GFR Astiuunasinilianawilnaesiisnig GFR az

1 1 v 1 1
1w g imasgfsadainds i e sivaaannusnis n-VBR wintiu d9azlaanen luindaa

D

siall dAmiudss@nanmnszAuqaEsinlasis HBO A6 109usiaY 8anasNNANIg
wazuulaan liuiueu asldaimnsatinaNatsuiaidanseiuqnBuulas HBO 16 A1aawN
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q
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per VC Accounting HANAYNERSIINEINAANTEALAREN ALY HBO WinL 95% 1897110

iinaslnadAravngfsssulu 0.9771

1%

N3LAeNITALIAAENIIALL LBO wazqnEuiaty HBO 184danasfny BADT HAdudNAny
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\denseaugeGunlany HBO RildinlfAntnmeanulianysamesuining Top lulassdnsdaas
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6.2.5 uanseua9rUInLNiNasNaInd NanRadaNssaus TCP

11N LA IZE AN TSN LARI U ALTN LW@?rﬁm%m‘Eﬁuﬁf]LﬂuﬁmﬁfmummmﬁﬁLm:‘ﬁuj 10

d‘ % [ o o‘d‘ a a‘d‘ o o 1 a rdl % dy
AInuaUTUTU AW I aTNad A Gﬁ\‘lsl,uLL‘]_l‘]_l“’m@@\‘]"ﬂzﬂ’]Vuﬁﬂ’]‘W’]?’]}HLﬁ]‘ﬂﬁ‘@u“‘l ANU

AT SNnUMA TN 100 uvas Aedayanutesdtynasaiau (GFR VC) 5
109 Ipaunasniin TCP a1uaw 20 uvadsia 1 unafunudasdynniaiiaudaanaaiu
LN NIENININARTAUAIATLINAL 500 AlALNAT 728EN199E1IN ATM Switch Wil 2,000
Alawms uazimuaszianEuAny LBO uaz HBO 1048aNeTNNA W 12.5% uaz 90%

1899UNATWINDT AINAFL

AIUSU 1w s iasnganduAILlu 3,000, 6,000, 16,000 kag 25,000 WIAS

[ a KR

dl = o -9 ! d‘a o
A1TNN 6.6 N 6.9 memmmmmmmmuww\lmmmmmmmmmu@@ﬂmw

Double-EPD, Double-EPD # M maATlA per VC Accounting, DFBA uaz BADT AMNANSL

e panisdsuauimininas

a 5 O o

F19NT 6.6 NANTTNLUIHIALHINETATFN ] NaRndA s udanesyin Double-EPD

size (Cell)

3,000 6,000 16,000 25,000
Throughput (Mbp
GFR VC1 16.3187 16.0500 15.7887 16.2606
GFR VC2 21.4171 20.8941 20.5465 20.5790
GFR VC3 26.4980 26.4055 25.6261 25.5101
GFR VC4 31.9385 31.6916 31.0013 30.4925
GFR VC5 36.2061 36.3431 35.3496 34.7446
Total Throughput (Mbps) | 132.3784 131.3843 128.3121 127.5868
Efficiency (%) 99.9459 99.1954 96.8760 96.3283
Fairness Index 0.9075 0.9107 0.9084 0.8972
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F1979% 6.7 HANITNULeIUIATINWe fAFne] Nadndduindanesin Double-EPD

Nldmaiia per VC Accounting

Bu ize (Cell)

3,000 6,000 16,000 25,000
Throughput (Mbps
GFR VC1 12.9545 11.5093 10.4526 10.0682
GFR VC2 18.3095 17.8582 16.8299 16.5371
GFRVC3 24.7072 2561725 24.5278 24.5085
GFR VC4 33.2488 33.2829 33.4388 33.6870
GFR VC5 40.1807 41.2057 42.1845 42.3858
Total Throughput (Mbps) | 129.4008 129.0285 127.4336 127.1865
Efficiency (%) 97.6978 97.4168 96.2126 96.0261
Fairness Index 0.9623 0.9817 0.9907 0.9935

;13797 6.8 nansTNUBeIIUIATINeA1s97] NaIRdAMiudanesiin DFBA

a

Bu ize (Cell)

3,000 6,000 16,000 25,000
Throughput (Mbps)
GFR VC1 16.2885 16.0754 15.5809 16.0890
GFRVC2 21.1796 20.5984 20.3817 20.5889
GFR VC3 26.4456 26.3124 25.5222 25.3462
GFR VC4 31.9575 31.6310 30.8879 30.5379
GFR VC5 36.4251 36.4936 35.3939 34.7692
Total Throughput (Mbps) | 132.2962 131.1108 127.7667 127.3311
Efficiency (%) 99.8840 98.9889 96.4640 96.1353
Fairess Index 0.9082 0.9100 0.9112 0.8998
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F1979% 6.9 HANTTNULeIIUIATINMEfANFne] Nadndduiudanesin BADT

Bu ize (Cell)

3,000 6,000 16,000 25,000
Throughput (Mbps
GFR VC1 4.5630 5.6504 8.0804 7.7773
GFR VC2 13.9672 16.9000 16.4660 16.4451
GFR VC3 27.5818 25.1225 25.1625 24.5780
GFR VC4 38.2557 36.4824 34.4939 34.4365
GFR VC5 45.3283 45.3027 43.9651 43.9597
Total Throughput (Mbps) | 129.6960 129.4579 128.1678 127.1966
Efficiency (%) 97.9207 97.7410 96.7670 96.0337
Fairness Index 0.9458 0.9759 0.9991 0.9982

6.2.6 NNSIASIZANANTENUUBIUUIAUWLNDSNAIAT NNADANTTAUS TCP
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6.2.7 NANTZNUADIATUAULURINTLUANABNULSILARST NUABANTTOUE TCP

[ % [ a

TudoutfiduazAnsnisnlasuilasanuruumasniin TCP Ndsrnwd i luwsnas

a o o

e daedtynoualandasnaniu Ifinansznuiuddaanunsn, dsz@nsnn uazaau

o

Anganlunisdedayantingls Tun1sdmazinanssnuaasanuuuaInlaNsAaiueAa il

[ o

E
o [~ ! a rdl 4 ‘dl o o 1 o a dl o
AU UAAININUAATNII me@uﬂum‘w uaziuanuauuasnLin aslunisanaasuuLay

ﬁ’mummwmﬁmaﬁuj 9Tl

A1A37 Mruativinesnadadiviniy 16,000 a4, anEuaLw HBO Wiy 14,400 wad

|
a

, AnEIAUY LBO Winriu 2,000 a4 BAzIs8yNINeendnesiun i uaindiviniy 500 Alamms

FLEITNNTEUINN ATM Switch /111 2,000 NlaLNAT

'
= o o

ANNLITU ANUIULUASNEIA 1 TCP/Router, 5 TCP/Router, 10 TCP/Router, 20 TCP/Router

Wae 50 TCP/Router

fanvunan avidultlninusiusiaas Peer to Peer 5 Routers AN9471 6.10 WARNNANTT
o d‘ o 1 [ a dl 1 o 6 O o [ % a R
AVARILLLNITIAL LU AR UIUAAINIRANABALLIARTANNTUDANEINN Double-EPD £11914
1 6.11 LAAINANITIANARILLLNIFLL A UL A9 U LU AN URAN AR AL NAR AU LF ANE NN
Double-EPD #lfmAiia per VC Accounting A19799 6.12 LAASKANITANABNMLILNNTIUAB UL A
ANUIULUAINNIANAATLLINAASEIMSUS AN 23NN DFBA LATA39N 6.13 LAAINANIIANADILLA

A9 AUl AR ULIEI N AN AR A LT LAR S AN VSIS AN NN BADT

® HANITINADILLUNITIUALULUAIFIUIURUAINNLAN AR NLLSADSAINSU

2anasNN Double-EPD

1
a

AN9199 6.10 HANITINANULLLNITILALIULL A9t uLUAINN AN AR UL LAaS

Ansudanaany Double-EPD

Number of TCP Sources / Router| 1 5 10 20
Total Throughput (Mbps) 128.97 | 126.99 | 127.47 | 128.31
Efficiency (%) 97.37 95.88 96.24 96.87
Fairness Index 0.711 0.838 0.875 0.908




® HANITINADILLUNITIUALULUAIRIUIULURIAN T AN AR NLLSLADS

ASLUaana37iu Double-EPD #ildinAiia per VC Accounting

A115usana3nu Double-EPD N lwmAiia per VC Accounting

ANT99 6.11 HANITRNABIULLNTI AULL AR UILLUAIN LT AN AR LIRSS

Number of TCP Sources / Router| 1 5 10 20
Total Throughput (Mbps) 128.97 | 127.28 | 127.46 | 127.43
Efficiency (%) 97.37 96.10 96.23 96.21
Fairness Index 0.711 0.930 0.976 0.991
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® HANITINADILLUNTFIUAEULUAIFIUINLUSINNDAN AR NLLSARSAINSU

DANAINN DFBA

AUSUSANE3NN DFBA

ANT9N 6.12 HANITANABILULNIT W AULL AYR UL AINLTAN AR LI LAaT

Number of TCP Sources / Router| 1 5 10 20
Total Throughput (Mbps) 128.97 | 126.90 | 127.31 127.77
Efficiency (%) 97.37 95.81 96.12 96.47
Fairness Index 0.711 0.838 0.878 0.911

® HANITINARILLUNITIUALULUAIRIUIULURIN D AN ADNULSLADS

ANUSUBANATNN BADT

AnsusanaaNy BADT

A13197 6.13 HaN17ANaRLLLNTIUABKLLAIRN RN RANAR LIRSS

Number of TCP Sources / Router| 1 5 10 20
Total Throughput (Mbps) 128.94 | 126.76 | 127.67 | 128.17
Efficiency (%) 97.35 95.70 96.39 96.77
Fairness Index 0.878 0.979 0.999 0.999
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6.2.8 N19ALATIZUNANTESNUABINUIULURAINILUANABDNULULFILADST NUABFNTIDUE TCP
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6.2.9 HANITANRBILUUANTTAUE TCP Nann1stdagunlasaurn MBS (Maximum Burst Size)

[ %

v 1 ¥
Tnatinfiudasn MBS gneslinassvinvesawiauining [6] usiludsuiifiduazdnminig

WAsUULNA MBS IANANILNUFARANTINUE TCP atingls

A1A37 Mruatiinesnadadivindy 16,000 a4, aniEuasy HBO Wiy 14,400 wad

'
a

, anENLALY LBO Wwinril 2,000 Wad uazazeiznNsend AU NAuadadviniy 500 Alawwes
ITHENNITUINT ATM Switch i 2,000 Atawms doudantunans) Wuldauuuudnaes Peer

to Peer 5 Routers Tuum# 5

ANNUFL MBS WAL 1xAAL5-PDUS, 5xAAL5-PDUS ay 20xAAL5-PDUs

® paniIsaIRadLUUNSUAsuLLasUIn MBS #115UaaNasNN Double-EPD

Double-EPD Algorithm : MBS Test

Il GFR Reference

[ MBS =1 x AAL5-PDU
[ 1 MBS =5 x AAL5-PDUs
Hl MBS = 20 x AAL5-PDUs

B
o

w
a1

N w
o o
T T

| I 20 A 1034 | L
o | LWa

N
o
T

Total Throughput (Mbps)
N
o

=
o
T

ol
T

7117 6.6 AdBAINNTNVRITAIATY Y OMLANEY (GFR VC) whazdeddmiLsanesna Double-EPD

AN 6.14 HANITINAILLLNNTI AU A9UIA MBS 115Udaneasny Double-EPD

MBS (Cells) 1xAAL5-PDU | 5xAAL5-PDUs | 20xAAL5-PDUs
Total Throughput (Mbps) | 128.4690 128.4536 128.0327
Efficiency (%) 96.994 96.983 96.665
Fairess Index 0.887 0.9408 0.9752
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® paN1sINARILULNISIURBULLAITUIA MBS d1usuaanasyiy Double-EPD #1
1inAlia per VC Accounting

Double-EPD with per VC Accounting Algorithm : MBS Test

Il GFR Reference

I MBS = 1 x AAL5-PDU
[] MBS =5 x AAL5-PDUs
Il VMBS = 20 x AAL5-PDUs

S
ol

N
o

N N w w
o a1 o a

Total Throughput (Mbps)

=
ol

10

e ATINNANNAS ]

717 6.7 dannsnvestesd o Iniaiiew (GFR VC) urazdesdmiudanesyin Double-EPD

Nlfmaiia per VC Accounting

AN9199 6.15 HANITANABILLLNAFLAtIMIIAIIUIA MBS @115 UAANE 3NN Double-EPD

lmadia per VC Accounting

MBS (Cells) 1XAAL5-PDU | 5XAAL5-PDUSs | 20XAAL5-PDUs
Total Throughput (Mbps) | 127.6891 127.4553 127.2069
Efficiency (%) 96.406 96.229 96.042

Fairness Index 0.9902 0.9871 0.9924




® aN1sANRRILULNISIURBULLRITUIA MBS d1usuaanasyin DFBA

B
o

Il GFR Reference

[ MBS = 1 x AAL5-PDU
1 MBS =5 x AAL5-PDUs
Il VMBS = 20 x AAL5-PDUs

w
[

w
o

N
ol
T

=
ol
T

Total Throughput (Mbps)
N
[=]

=
o
T

ol
T

DFBA Algorithm : MBS Test

NS

GFR VC No.

7117 6.8 Fdua N InvasTIATy R AN eL (GFR VC) Wsazdesdmiudanasny DFBA

AN9199 6.16 HANITANAAILLLNITILALULLAIIUIA MBS A1iLsanasnu DFBA

MBS (Cells) 1xAAL5-PDU | 5xAALS-PDUs | 20xAAL5-PDUs
Total Throughput (Mbps) | 128.0071 127.7819 127.8286
Efficiency (%) 96.646 96.476 96.511

Fairness Index 0.8892 0.9412 0.9742
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® paN15ANRRILULNISIURBULLRITUIA MBS d1usuaanasyin BADT

BADT Algorithm : MBS Test

4 Il GFR Reference

I MBS = 1x AAL5-PDU
40| [] MBS = 5 x AAL5-PDUs
Il VMBS = 20 x AAL5-PDUs

351

w
o

N
ol

n
o

Total Throughput (Mbps)

=
ol

GFR VC No.

7117 6.9 FdeaNInRITEIATY N AANBY (GFR VC) whazdes Auilidanasny BADT

AN91499 6.17 HANITANAALLLNNFIL AL AU MBS ANLdanasny BADT

MBS (Cells) 1xAAL5-PDU | 5xAALS-PDUs | 20xAAL5-PDUs
Total Throughput (Mbps) | 128.1435 128.0618 127.7443
Efficiency (%) 96.749 96.687 96.447

Fairness Index 0.9992 0.9990 0.9994
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6.2.10 N15ILASISNHADINITANARILLLLNANNTURe UL LA IUIA MBS (Maximum Burst Size)

AN 6.6 D4 6.9 uAZAN9WTN 6.14 D4 6.17 1A MBS 1898anasnnsne] Haun gy

.if a a | Y dl 1 o a a ISP <3 % ] 1
ﬂuﬂit@ﬂﬁﬂ’w\lﬂﬂ\m’ﬁ‘@ﬁﬂﬂﬂﬂﬂL‘]J@EIMLL‘]J@\‘IVLNN’muﬂ Usg@nTnIniAanadanias 491e0

a

v 1 v 1
Fairness Index NA1A914LHA1NA MBS HANNINAU 1HA4ANAT MBS HNANILNUALILIAA2959

a

Leaky Bucket m1uganesnu F-GCRA(1/MCR,BT + CDVT) Tngaunnaesia Leaky Bucket 1infiu

BT + CDVT Ipeif BT = (MBS-1)(1/MCR-1/PCR) WaZn111A CDVT=0 tains wWinidng

u

Tasedng UPC aziminacuandnsinisdedeys tnumsagdmanilndsdayagnsiasais

Famnasin13lunng Setup virald danivuali MBS fawialun] nnldaanununusadsasd (BT)

v
IS DU o o (=3 a v

HANgY ATTuuANINRAINUntias (TmﬂmmﬁmlﬁﬂmmﬁlﬂumﬁlﬁmmgmLw'“iﬂmmmm‘ﬁiﬂﬁﬁ*ﬂ
nsfusRednILIneATigals) uasia i uRninaR ldiun sTusesmeLinsmiigadudng
Thsstnesuanann wininawantasElemadsielananigldnnn uidh MBS Saunaidn il
pranunusie fsasRar Asdufninmgnufinduauain LL‘VG\mLﬂﬁlﬁgﬂLLV}Gﬂmﬁhﬁ@’mﬂiﬂ

AsavAsednIN luiiWie fillanisasetasastinasAindnan Baulas LBO Al

o - =< o = y -

T Ty ry AN UNAAY MCR 49 S9NA1UIUUANINANDNUNAI4n A9gnaesdtynnuaion

Ell

A 1wl ieuivines1d poueRsssilunisdedeyaasanas Wenispsaunsestininaslu
adndiiuqaiEuaLL LBO vsaMannuALAngdsd uininangnuinimanidazgniailuaisu
wsn R WuAninagnisnaipdanuaumnn wilwsmasusazfiarlunasnniiianansunase

1 dl 7 | o = = o =K o % a A 1 dl
sauedsdiaya lutdesdnyyinuaiawnenniu awn Wlssdnsnnlaasuldiaauulas

A miunansenuiudanasninginge B 8anesnn BADT HAn Faimess Index ggnAa

0.9994 (MBS=20xAAL5-PDUs) waziandasstasidiuinidnusfauns MBS avlasuuwlaglyl

o o

v
waNANUUEINUsEAnsn g lndiAeeiudanasna Double-EPD A8 96.447% IWINZ8ANEINH

| 1
oy

BADT ldnnsmruananuaiaad s CLP=1 Nidud Turimasiaziinddoainnsnlaanisin

1
1 o A

= o‘d‘ 1 ¥ 1 % A aa ¥ L rc: 4 1 dl
wuusRpvin g ldevludesdnymyinuaieuniinis duuusanyian anliunidesdnoyniaiien 7
TH91uge Nauddadandsiin Double-EPD azitlaz@nannnisdedeyagenindanesnuans udfs

a | Y OI 1 a K d‘ o a R 1 1 rdl
paNgAsTInlunsdedayanndndanesninene) insnzdaneasnn Double-EPD luauladniaady
dinunluriimesag Tudesdynynuaiienls Dauddndanasnu Double-EPD #ldinatia per VC
Accounting AzHANNEATIINNINNINEANETNHN Double-EPD 1Az DFBA LWgNZWA1TWIAUIU

rdl (<3 1@ dI o 1 [ % A ' 1 1o a a
LGMQZWILL‘V]ﬂLL@%iNLW]ﬂ‘Nﬂ?@‘Uﬂﬁ‘@ﬂll‘v\lLW@ﬂumﬂﬂ@mmﬁMMN‘ﬂuLm@Zﬂ]'ﬂ\‘i urfaNlssdnsnniay

1
a a Ly

ANgRsssN lunNsdedayanindndanasna BADT Weasandimasgnieiadsdunniiullinafds

1
=] a

HULUAIRY Ity nualaumandeat Auiudanasnia DFBA TaNANIILIAS sz Al
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%

| A ¥ dl Vo [ o ! 2’/ =KX o = a a o !
AN EQEUNWML@N‘ﬂuLQWWZ?.I‘ﬂ&lﬂ@‘l/ﬂﬁﬁ“].lﬂ'ﬁ‘?‘]_lﬂﬁ‘zﬂum’]uu e iU se@nEnIneAIngn
a R

8ana3nx Double-EPD uaz BADT wsil Faimess Index g4n3ndanesiy Double-EPD

6.2.11 NANNTINADILLLANTTAUL TCP LNadn19LlasuuilasA1 MCR (Minimum Cell Rate)

!
¥ a °

A1 MCR iflunnaiimasniunumdndsy lunisiudseiudnanudniannngauaz i

1
¥ o [ ] ] % ) =

Aassnlunsdedoya drusuntsdedayavastesdtyniasalaunian MCR wansnari

k1)

a

a dl
ARYINEB

o A ] ! ¥ 7 1% 1 ¥ (A a o d‘ ] d’l
ANALLEL 'WEUL@N@‘LJ,LLG]@?’B@\‘]ﬁ]‘ﬂ\‘]@ﬂﬂ‘ﬂﬁj@1ﬂ‘ﬂﬁ’]ﬂ%ﬂﬂLV]Wﬂ'LI‘ﬂﬁ]ﬁ"TLI?ﬂ'ﬁ‘WW]@@(MCR) Ineludoun

q

-

v
A o A

o Adl I o [ 4 1 o a ¥ o ]
"QEZVI”Iﬂ’]?ﬂﬂH”IN@ﬂ?%ﬂ/]‘i.l“ll’ﬂ@lﬂ.lu’lﬂ MCR nlassdresuilsziuliunaniiiia LRNTNRARINT HAU

A1ash Tdruminmasnassdwiniu 16,000 Liag, aaEuilatw HBO Winiu 14,400 was
, mﬁfmﬂ@ﬂu LBO WL 2,000 AR AT NINTEAINAUN NI LAIAT WL 500 Alalumg
FLEZNINIENINN ATM Switch 1711 2,000 AlALHAT dardarnnauiilUmuuuusnaes Peer

to Peer 5 Routers uun? 5

AUFU MCR winfiil 50% WaY 85% %84 PCR

® HANITIRBILULILAR MCR = 50% 2BIANNFLATIUNE

AN9199 6.18 WFeLisNan1saaesiLiialdAn MCR = 50%

Double-EPD | Double-EPD with pe| DFBA BADT
Algorithm
VC Accounting
Total Throughput (Mbps| 128.4104 127.5404 128.0920 128.1021
Efficiency (%) 96.950 96.293 96.710 96.717
Fairness Index 0.8283 0.9660 0.8320 0.9996
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® NANITINRDILULILAA MCR = 85% UBIANNLATIUNE

AN91997 6.19 LFaLieuNan1?aaauLLLialdA MCR = 85%

Algorithm Double-EPD | Double-EPD with pe| DFBA BADT
VC Accounting

Total Throughput (Mbps| 128.3121 127.4336 127.7667 128.1678

Efficiency (%) 96.876 96.213 96.464 96.767

Fairness Index 0.9084 0.9907 0.9112 0.9996

6.2.12 N193LASIZNEAURINISANARILLLLNaN NSl UL Ua9A" MCR  (Minimum Cell
Rate)

A1NANINT 6.18 UAF 6.19 waANHANIL T LW ELNIIANAeULLF S aNaTNNeNa] e

nmua A1 MCR 1w 50% uaz 85% 194A21N3@1849494A (PCR) Walassdnaiuilsziudne

o a R

1sn9aigaiiiu 50% 109ANqanadegegn dane3nn BADT HanngRsssulunisdedasyageqn

q

11 0.9996 warAYINEASIINTBIEANE3NIN Double-EPD % ldnAtia per VC Accounting, DFBA
iz Double-EPD HANAAIANNANAL LAZANEASIINIBINAANEINNIA AN [aTasetng
SurlszAudmnausnisanngaiu 85% 199a9 8@ degean Inanndanesnuilszansnn

wlasuuagldunnidn

e lassdnuiudseiudnaisnisaingaiiu 50% 1a9a9uqanadageqn Nl
1 o IS ! ! ISd o o v ° 1 o = rdl N
dasdayannuaienusiartesldnsnisiulsyiudeyani willanialunsiuuudininmaeann
dnsnisfudssiunanganaldauldnnn dezAnanmnnededoyadatasuulaadniias i
A miudanesna BADT awnsnfuilsenudeyalfafsssuiigansan MCR 1w 50% uay 85% 194

GRRFEYRILNLNGTY
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6.2.13 HANITINRBILULANTTOUE TCP Nadn1stdaguwlasaurn MTU (Maximum

Transmission Unit)

Tunisdnaesuuudauiiazinnisilasuulasauin MTU 1edinsinaea TCP ieAn®IN1g
wasuulasrunn MTU d1aziinaetielssiedanesnuuusie] Iauetuiuazanssnuzees TCP lu

NIUBBIAINEFADIIN (Fairess) UATANRAUANAINNTD (Throughput) A1 MTU 71 18auaauunmi

nNgaNaasuuLAsasalliAe 552 Tus, 1,500 lus, 8,192 Tusuay 9,180 lus @eA1N A aUaUNN
vinnnzanaeduuLiiuuaresuininazes TCP AgntinunldluilaqiiuAeauin 552 Tus uauin
PAIURNLNAN 1A 15U 1P a11e 1500 Tus ilauisaasusininmanldly  Tasedns Ethernet 2u1m

8,192 lusiAaauIAuad File Transfer LAzaWIA 9,180 AaaUIALANINAN EA 15 IP lulaseting ATM

sAnaeuULEaz s A lasang MTU 399100909 MTU Winfusnauininaaes
TCP soufuidauinans TCP WazdaLsiaes IP astiuilefiniailasuulasuna MTU axdasiing
wtlse@naninaes TCP Iminﬂjﬂ%ﬁﬁﬁﬂm,ﬂa'ﬂul,l,ﬂmmuﬂm MTU 38n1sutlsz@ns-n1nuay
AusInUZaed TCP uaasliuvindad 6.5 Tagnnausining TOP i 552 Tuasi] 3enunsof
Hul 1 Tunnfigawinifu 129.980 Mops aaunauiininaas TCP il 1,500 T aziaide
mmmﬁ?{Lﬂuiﬂié’ﬁuﬁﬂﬁmwiﬁu 132.453 Mbps A1 ausinnmALead TCP vl 8,192 lusf avh

I Aa

AN mma‘mLﬂﬂﬂ“l,mmr]mmmﬂu 135.367 Mbps LAY Herunauininmaes TCP 1l 9,180

'
=

it Zﬁ’m’]‘a‘fmL‘]J‘L&VL‘]JVL@V]NWTW]ZQ@W]’]HU 135.102 Mbps

a

Tusl aziAn?

HANMISARLILMT AU AR e MTU YENBANEINNFNG] ASUARTIUANI9
6.20 714 6.23 TAEIAN3197) 6.20 UARINANNISNABIULLNTRe Ul aNA MTU & viudanesna
Double-EPD 31971 6.21 uainanan1sdnauuunisilasuulasmuna MTU dwsudanesing
Double-EPD #1#mAfin perVC Accounting PN979% 6.22 WAANAN IS aeLLLNNs L AT Ag
2118 MTU d1mds Sane37is DFBA Lazansnafi 6.23 taaianisanaseuuunisi/asuulasmng

MTU g1u5usanasnu BADT

A1Ash Tdauminmasnadadivindu 16,000 viag, anaiEuilatw HBO Winfiu 14,400 was
, mﬁfmﬂ@ﬂu LBO w111 2,000 wiagd, TCP Window Size Wlmﬂu 64 kB, Retransmission
Timeout A8 200 msec, TAsTNETINN1991889ULIL Peer to Peer 5 Routers WAZIZEIZNAg

FLUINAUNNALAIAT WL 500 NIANAT TTEZNNIENIN ATM Switch WFL 2,000 AlatNmT

AU MTU windu 552 Tus, 1,500 Tust, 8,192 Tusiuaz 9,180 Tust



87

® pan1saNaRILULNISIURsULLAIIUIR MTU d1usuaanasyiy Double-EPD

AN91499 6.20 HANITANAALLLNNF AU AIIUIA MTU a11udanasnu Double-EPD

552 1,500 8,192 9,180
Throughput (Mbps
GFR VC1 17.246 17.2340 | 22.8521 19.1066
GFRVC2 21.427 21.0675 | 26.0654 | 23.8702
GFR VC3 24.470 25.3068 28.4757 27.6124
GFR VC4 27.304 30.1501 30.5324 | 30.6404
GFR VC5 29.005 33.9361 32.0395 | 33.6708
Total Throughput (Mbps) | 119.4500 | 127.6945 | 135.20 134.9004
Efficiency (%) 91.90 96.41 100 99.85
Fairness Index 0.850 0.877 0.801 0.858

® [AN15INRRILULNSIUABULLAIINIA MTU d1usuaanasyin Double-EPD 1

1wnAlia per VC Accounting

Ndmalia per VC Accounting

AN999N 6. 21 NANITANAANLLLNNTALUILAd1NA MTU §1115U8an23914 Double-EPD

552 1,500 8,192 9,180
Throughput (Mbps
GFR VCA1 10.440 10.0565 15.5171 11.6622
GFRVC2 18.073 16.7580 " 119.0189 © [-17.8488
GFR VC3 24.281 24.8325 25.7584 25.3677
GFR VC4 30.835 33.5189 | 34.1983 | 34.4676
GFR VC5 35.932 41.5245 | 41.7760 | 43.4935
Total Throughput (Mbps) | 119.568 126.6903 | 134.367 132.8398
Efficiency (%) 91.99 95.65 100 98.33
Fairness Index 0.982 0.994 0.932 0.983




® AaN15ANRRILULNISIURBULLRITUIR MTU d1usuaanasyin DFBA

AN9199 6.22 HANITANAAILLLNITILALULLA WA MTU a1uiudanasny DFBA

552 1,500 8,192 9,180
Throughput (Mbps
GFR VC1 17.007 17.0742 | 22.6527 | 19.9822
GFRVC2 21.206 20.8881 26.0467 | 24.1418
GFR VC3 24.394 25" 5480 28.5840 27.4444
GFR VC4 27.246 30.2422 | 30.5044 | 30.4533
GFRVC5 30.993 33.9326 | 32.4690 | 33.1451
Total Throughput (Mbps) | 119.0944 | 127.5122 | 135.367 | 135.1668
Efficiency (%) 91.63 96.27 100 100
Fairness Index 0.854 0.880 0.806 0.846

® panITAINRBILLUMSIUAsULURIUIA MTU §115Uaanasny BADT

AN9199 6.23 HANITANANLLLNTFL At AU MTU &195ueanasny BADT

552 1,500 8,192 9,180
Throughput (Mbps
GFR VC1 7.9347 6.7735 8.7897 9.0159
GFR VC2 16.465 16.3218 18.2721 18.4552
GFRVC3 23.919 25.4311 26.7882 | 26.8491
GFRVC4 31.845 34.1255 | 39.4695 | 35.2557
GFR VC5 39.563 43.0115 | 44.1946 | 43.0797
Total Throughput (Mbps) | 119.7264 | 125.663 | 135.003 132.6556
Efficiency (%) 92.11 94.87 100 98.19
Fairess Index 0.9998 0.9929 0.9981 0.9995

88
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6.2.14 N15ILASIZUNANITANADILULANSTOUL TCP tHain1stlasunlasauin MTU

(Maximum Transmission Unit)

@’]ﬂ[ﬂ’ﬁ‘"]\‘m 6.20 114 6.23 WLINIUA MTU Wi 8,192 Tusf NNZ\W]'WI‘I/T‘]JT“’ZQ‘VIﬁﬂ’WW?LIﬂQ‘V]ﬂ

o akx A

anasnuAANINTIgA Heasanansouisiayansasnisdseaniduias ATM 16 171 Ladlae

a

a 4 b4

NFia9lin Padding i W lduuwiialunsdedoyadurngn dilsc@ninnnislden  inwlas

a q

—

’éﬂ\?ﬁ@ﬂ LLWﬂLﬂlﬂLﬂﬂﬂ’]ﬁ‘@ﬂJVWﬂu‘ﬂﬂ%@@ A1UFUUUIA MTU Winfid 552 l/L‘]_ILEI 1,500 Tufuaz 9,180

v
. a a

1u ﬁﬂiwmmﬁmwmm LN Lﬁ@@ﬂﬂ%\ﬂ’l@'}ﬁ]ﬂ]L%@\‘]”‘\]’Wﬂﬂ’]ﬁ‘ﬂ'i@ﬂﬂﬁ"ﬂ\‘]‘]_lwLW@?Lﬂu ’QﬂLiNLﬂ@ﬂu

au

LBO m"l,mmmmLﬁmmmzmmgaﬁuslmium@‘wﬂﬁm‘ﬁ AUAYINANNTNARNAY RIUAN Fairness

a

Index 10NEANETNNNAGINGATIIWIA MTU Wit 1,500 Tus

(% 1
o aa o al

AmFLeanasyIn DFBA uummﬂmmiamnfmfa@ﬂmmu@uq mmmmmmmmmﬂu

Q

135.367 Mbps uagAdeduaTniAanadlueanes Ny Double-EPD, Double-EPD VISL?jLV]ﬂuﬂ per

VC Accounting Az BADT usifianaania BADT HANEA790gen4gaiili 0.9998 UaziA  anad

[

ludana3nu Double-EPD NldmARA per VC Accounting, DFBA 1as Double-EPD ANNANSL
\WHaannannTudanesiu BADT azldqniEnilasi LBO uazszsiu Fair Share lunnsiaigadsing
aanliliveliuliusiavdesdninyiniananinisdsdays et fossn wsillesannnisivaasi

1 1 ! 4 v
adpdineldqnEnilanun LBO uazsudy Fair Share ivavin LA ngRsssnATullazilinasinliien

o

AFEAMNAINITOLAZUTZANENNUDS TCP anadnasl

! 1 14
ANMEMLHETMIA MTU WAL 8,192 lusidavin Witlsz@nsnmaes TCP snntwdunes

Ha MTU windu 8,192 115 a0 uisasAantaumininAiAn 171 mas annda1IAana

qAGENLLAY LBO (2,000 Wiag) wdagasdazinnisiauininangnuinaanty wanishaimasia

a c

@ @ o = = ° g v a A ° = = Z @
memmLﬂummumﬂ@w:mm@mﬂummmqmmmm@mmmﬁ@qmL‘m WAy LBO aziiunn

dAndfrawAninaieamiuRnnedfememssiafinnaiausadiion Tnaenizile
IR MTU Wind1-552 Tusuas 1,500 s Aefiies 12 1aduas 32 madlumiiausining
ANANAL mﬁmﬁqﬁm%wmm uRnnAsasunain il unumaiedasaiaiag us
F19unm MTU WinA 9,180 Tus asinlifisnunumadsavihuininauin (192 TARARNTR

WANINR) HaAMNENTRAINININNAAGBHLLALY LBO adndazninisiuininailusiuaundeandn

1 all o U a ol 1 al ai =® [~ ] v % = '
LL[ﬂﬂLWEI\TW@VI@“’VI’ﬂMﬂ’]’mEI’Wﬁ'][ﬁl’mrﬂ@@L?NL?J@EI‘LA LBO auflunaniliunisldiuuaanyi A9 LR

¥
=R

mm‘LﬂijummmmmqmmﬂJmm MTU winiu 9,180 Tus Lummﬂmmmﬂmmimummmﬂu

s

Im\ﬂhﬂmﬂwmemLﬁmwaqmmmgaimiﬂﬂm”q WAz ANNIGULRELLIUAD AT
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6.3 NANITANABRILLLUNITVINGIULDILLLANARY Peer to Peer 5 Routers

6.3.1 HANITANABILLLNNTTINUTneR R uusr i ans WA niTuusng GFR wauum lu
TA59218 Local Area Network (LAN) wag Wide Area Network (WAN)

¥
o

TudaulEIdaAsaNaIuLLNIINNNUIBIEANETNNTY 4 Ae danesniy Double-EPD,
fanesNu Double-EPD #ldnatia per VC Accounting, 8ane37ia DFBA wazfanesis BADT
Tulpsatnawuy LAN way WAN Tagnnsanasduuuaznagauiuwasniians winidluidnng

] Y 1

GFR 73019499 auafaaanaaanaduauau 100 WUaInIte T9NuuaInila TCP anun

a

¥

20 unavdsdnyaludesdnyniaiendeansiiis waztimesluaindlauinands Tnalunng

al
1 |

naesuuBliauatWinesiA 16,000 wad szauqaEuany HBO 1838anesfiu Double-
EPD, dana3yin Double-EPD #ildinatla per-VC accounting, DFBA waz BADT daiu 14,400
s wazsvAuqaEuiasy LBO fandll 2,000 wad dudeninunaiu|eiwuuinaes Peer

to Peer 5 Routers Liuldausiadan 5.1.1

!
=

gﬂ‘ﬁ' 6.10 uam4 Total Throughput 48484 ”mgtyﬁmmﬁ@wmm:ﬁmmmﬁm@?ﬁuﬁq 49
Suvssiniflensilnithiinig GFR simualulasednein LAN ans1afi 6.24 LaAIHANDT
ynsuaesdanesiune 4 TaeiitluvgsindanaminiduEnng GFR sanualulasadneui
LAN LL@::EU“?]I 6.11 Wa&AY Total Throughput m@q**ﬁmz?agzyﬂml,mﬁ@w,wi@:fﬁmmmfﬂ“@ﬂ@?‘ﬁu%q 4

A wwaanudianaWAinduiznag GFR BauNAlATedfewLL WAN
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® NANITAINADILLUTDILULANADY Peer to Peer 5 Routers LulAseanauy
LAN

Peer to Peer 5 Routers (LAN)

N
o1

Bl GFR Reference

B Double-EPD

["] Double-EPD with per VC Accounting
[ DFBA
Hl BADT

N
(e)

w
a1

N N w
o a1 o

Total Throughput (Mbps)

=
a1

GFR VC No.

1 1
o a o

71l 6.10 Total Throughput tiaannasiulssAuEnsILENITAN4ALULLLIANABY

q
2

Peer to Peer 5 Routers NAWAaIn AN WAndluiEznis GFR iavua lulazeang LAN

AN9197 6.24 115811 INAN12N ABIULILAIMTLLLILUAN A8 Peer to Peer 5 Routers

ARLuaInRanI WANTLLIN1T GFR iaviua lulageane LAN

Algorithm Double-EPD Double-EPD with DFBA BADT
per VC Accounting
Total Throughput 127.9854 127.5440 128.4045 128.2534
(Mbps) 96.6270 96.2938 96.9434 96.8294
Efficiency (%) 0.9333 0.9979 0.9306 0.9990
Fairness Index
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® NANITAINADILLUTDILULANADY Peer to Peer 5 Routers lulaseanawuy WAN

I
(6]

Peer to Peer 5 Routers (WAN)

N
o

w
[8))

Bl GFR Reference
B Double-EPD

("] Double-EPD with per VC Accounting
[0 DFBA
Il BADT

N N w
o a1 o

Total Throughput (Mbps)

[y
o1

GFR VC No.

31/7 6.11 Total Throughput #l#aINN195ULlsEAUERINETNNIANGAUULLUANABS

Peer to Peer 5 Routers NALUAINIRANIINANLTNLENNT GFR viauualulagating WAN

AN9N9 6.25 LT UNLUNANNIANARILL LA M ULLLUANA8Y Peer to Peer 5 Routers

filundernlansAinduiine GFR s hlasatng WAN
Algorithm Double-EPD Double-EPD with DEBA BADT
per VC Accounting
Total Throughput 128.3121 127.4336 127.7667 128.1678
(Mbps) 96.8737 96.2104 96.4619 96.7647
Efficiency (%) 0.9084 0.9907 0.9112 0.9991
Fairess Index
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6.32 HanN1TIRaILLUNTnLlnefitunastdanaWiniiluusnng GFR uaz rt-
VBR ‘lulAs92ne Wide Area Network (WAN)

Tudoungiduaznagaunisliudalunisdsdayarasunasnnia TCP luisnis GFR

ﬁ?ﬂ'\‘i NILARN @@mqmmummmmmm V’N‘V] Iﬂ&lW@’]?ﬂA’]Nﬂﬂ’]??Uﬂ?”ﬂuﬂ[ﬂ?’]‘]ﬁ‘ﬂ’]?m’m’&@ Ade-

ANN170 UTZANININ LAZANNYRABTINTBILTNNT GFR Lu@umemLﬁmm’wﬁ\lﬂmnﬁmi@uj

BRaduANNAATYgINIT WnuelFuuwslaaInunaeiila TCP 999131 GFR Tag
wnasniia 4 lunsdiiAeunasnuiiansanliniiduisnig it-vBR Gaunasnniianswdniidu
13019 r-VBR avdsdayaiiludos) (Dsasd) uistasiinnsdedoyauazunstasiiinisdedoya

Tnarnusdnasdeyaresumainiiansinyiduitnig t-vBR 1w 35 wefidusues

o

ANqTneTionTeNgege deuiiinae GFR ldunasiniianswinuuuash Tnadnassuuudanit

soriflu 50 wefidusaasanuadnamenlagedn AaniuaY MCR dmiutedyyiniaiiauna

5 98928913013 GFR A 5 Mbps, 10 Mbps, 15 Mbps, 20 Mbps wae 25 Mbps AINANAL

1
=

wuuanaesi i lunmegatiiduuiuaiseddugn - 51 Tagideri vusredunusiaeessly

Padan 5.1.1

31N 6.12 uamsnisulFaunay Total Throughput Tutesdtynnaiatauusazdaszes

fane37iN Double-EPD, 8anesnu Double-EPD #linAllA per VC Accounting, 8anenu

1 v
aAal o

DFBA WavdanesNu BADT Nanauunasnuiens wilniduiiznie GFR uay r-VBR 1

LULANa84 Peer to Peer 5 Routers lulagadingiwainr WAN
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® NANITAINADILLLTDILULANADY Peer to Peer 5 Routers Iaanduuaanitiiansiwin
11lu13n15 GFR waz r-VBR lulassainawuy WAN

Peer to Peer 5 Routers with VBR Traffic

25

N
o

Il GFR Reference

B Double-EPD

["] Double-EPD with per VC Accounting
[ DFBA
Bl BADT

Total Throughput (Mbps)

GFR VC No.

717 6.12 Total Throughput #lfaannasiutlszindnaatsnamNgALULLLANABY

Peer to Peer 5 Routers N WAadn AN WingluniiEnag GFR uaz rt-VBR lulagating WAN

AN91997 6.26 11581 INAN1IN ABIULILANMTLLLIUANA8Y Peer to Peer 5 Routers

ARuuanRaNnI NANITILLFNNT GFR way rt-VBR lulaseaing WAN

Algorithm Double-EPD Double-EPD with DFBA BADT
per VC Accounting
Total Throughput 76.5799 78.8919 76.2026 73.2939
(Mbps) 57.8167 59.5622 57.56318 55.3358
Efficiency (%) 0.8202 0.9009 0.8249 0.9996
Fairness Index




6.3.3 N15ILASIZIRANITAIIADILULNITNIIUUDILULAINADY Peer to Peer 5 Routers

|
Nal '

LULANA8Y Peer to Peer 5 Routers 14 lutuuaNaain ldnagaunsinumaaniai

A a ] Y dl ' o 1 o | = ' o
TTUSNNN ‘1/1‘3‘@LQ@’]ﬂ?ZQQIMﬂW?@\‘]m‘ﬂH@WL‘Vl’]“'l i WANNYINIMUAAT MCR  Nusnaeniuli

o A

ﬁﬁﬂmmmqmmmuﬁq 5 AB 8.5 Mbps, 17 Mbps, 25.5 Mbps, 34 Mbps wae 42.5 Mbps

IS %

o o o a R o o o o o‘d‘d = o dld A a
ANNANAL AANAINNANTUNNIARAIITNINATNIAAMTHAN LA 3 U9zn1? AR AMTHATAAY

'
ISP

ANNNIDANT VBN AUATINNZANTNGR TIUAAIINANNNIDTULsEUERINLENIANNgATs AN

srAnsnnaaalasadnalndiAss 100 wasidus LazAnslAN Faimess Index InaLAgsAT 1

awFunanisanaesuunlulasedng  LAN - @aluvaeandianswdnduidnng - GFR
vannaulazadny  annauislugti 610  wudadanasnunuuuaINnniuLlsviugne

a o \ o = f N N N, A= o ax
‘]J?ﬂ']?m']m@mimu‘ﬁﬂﬂ@mm’]ML@N@unﬂsﬁﬂﬂ ANUNTLRANATNN  Double-EPD  LAZRANATNH

q 7

[ % 1

DFBA azlWiAN34ua1119049n91 GFR Reference 8 lutasdnynynnuaiian GFR VC1 S9iiAn

1 '
= % o

MCR WU 8.5 Mbps widlualHnnaztaRdea18130n1a89lnaiAsaiy GFR Reference i
ﬁ@qz‘qytytyﬁmmﬁ@uﬁmﬁluj finlinanay Asssnlunnadedesaanaadniies Fuandlunssd
6.24 \fouReuifleuiu  sanesiin Double-EPD #ilfinAfia per VC Accounting WazAanns
BADT ?ﬁlmﬁzﬁ“ﬂmmmzﬂmdﬁ GFR Reference lutasdtycyinsaiownn dednupncio
fhuinaes MCR tilesandanesiial Double-EPD uae DFBA 1#nnsdnasstivimesiuusniy
z%mé”mﬁnmmﬁgmﬁnmmn UPC i lidesdtyeunnsaiion GFR VC1 Sefifin MCR winu 8.5
Mbps Harumuuininafufingeiaauazuininamantalenadnliluinesls wiufninai
gnuinutesdtyyinuiaiial GFR VC5 Gl MCR Wiy 425 Mops Alannaiazdnlulu
imasldtiasndn mszaNeaAa TNy f-gmﬁl‘mﬂ?iﬂu LBO dauianesiial Double-EPD
wmadia per VC Accounting Wageanesnu BADT ﬁmstmmmmq'ﬁqmmLLﬁﬂmmﬁc_]mLﬁﬂTu
spUteNdrynuallen.  (per - VC) | Awinlanunsniulseiudnanisasdasyalinlu

o A

deadeynuaiannnT 109 uaziinangAsssulunisdedeya

v o

AMNANINT 6.24 LElaAanIANRFANNSD ANtlsTANBANW WATAN Faimess Index 1u
n3ct A9 LAN Seflumasrinifiansmiinifluisnag GFR wevmalulaseing Sanesnamilan
AdugnansnuazaAndez@vinnGasdisuaingeiigalsinfian ui sane3fiu DFBA, BADT,
Double-EPD wa Double-EPD #l#matia per VC Accounting Axa1sy IaeilAnilsz@ngnn
1 96.9434%, 96.8294%, 96.6270% WAT 96.2938% AINANAL Saneivil BADT TN

Fairess Index g471gn axun9nilfuilaamnugfsssuaindanesns Double-EPD Wldmalia per



96
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aunIniullseiudnaniisnisanngale WAANDAB AN TNIBID ANEINNUAALLLILNANA AR

]
a

iasanntesdrynynadiaunamaniniduisnig GFR gnuealduuumanilil 35% aaging

1
a1 o

ﬁﬂuimqaqm wAReThdunaRe anAedl 6.26 WudnAn Faimess Index 1esganesiiu
Double-EPD,  #ane3ia DFBA Wazdane3 i Double-EPD 7il4maila per VC Accounting &
Aanaiiefieuiumaned 6.25 esaniasuesusernianemiinaessnng tveRr 145y
nsdaassiiesneuadresunasindansiinfilutdne GFR e ﬁq&uﬁmﬁmmaﬁqm
WereTafeduaIn AN Wineelsnie  GFR ﬁliﬂgﬂuﬁﬂ M iAUsransnInuay
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ﬁlﬁmﬂﬁﬂ per VC Accounting, Double-EPD, DFBA wag BADT {1y 59.5622%, 57.8167%,
57.5318% uaz 55.3358% AIxasil faudidndanasiia BADT %ﬁﬂizamﬁmwﬁﬁﬁqm fiasann

Aanasnu BADT wiNsvAunsasaasastiviefuassmasngnuinainaAl MCR uaziinnsans
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6.4 NANITANABVILULNITVNGIULRILLLANARY Peer to Peer 10 Routers

6.4.1 HANIFINABILLLNNTNNUlaeN T uuasrinians NN nEluLsng GFR naviam lu
TA59218 Local Area Network (LAN) wag Wide Area Network (WAN)

2 o

TUdoUNEIAYANABILLILINNI N UBIEANEINNTIY 4 LUULILIA1A8Y Peer to Peer 10

dld o 1o a a ‘dl | a %’/ 1o a = 1o a
Routers NHANUIUEAAIAHANIINANMLTULEFNS GFR Miauda 200 wiaaniila duvnaaniiiin
TCP anuau 20 unasasdayaludesdryonuaiowdoananiy uwasniiiandedayadnuni
a ol 1 1 o =K o val a 1 1 o o
adpdiszezne i iuawn Tl A nisdssiananlaivindu uwuusaes Peer to Peer 10
Routers \lulutanaaswihiAnenarasnisilsgasnaaasusazuiainiianldmaiy taely
s Aanaesuuuiiualiauamasian 16,000 Wad sziuqaiEuilany HBO HeAnilu
14,400 |wad (90% aavrunatinmad) uazseduansunlaguw LBO dAniy 2,000 was dou

fan1vuna 1894LLS1a99 Peer to Peer 10 Routers iluldldsvindan 5.2.2

[ a

717 6.13 uans Total Throughput 18I8ANATNNTI 4 NHunanIHans WAnduENs
GFR visunalulasstneuu LAN 3171 6,14 gna Total Throughput 848aNasNNya 4 M
wraan AN NANLLENN GFR siauualulasatngiis WAN ANs9i 6.27 LaAINANIg
o ' a R ?/ dl | o a a [~ a ?/ 1
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® NANITAINADILLUTDILULANADY Peer to Peer 10 Routers lulaseanawuyu LAN

20
Hl GFR Reference

Peer to Peer 10 Routers (LAN)

[l Double-EPD

1 Double-EPD with per VC Accounting
[ DFBA

16| I BADT

=
©

Total Throughput (Mbps)

0
GFRVCMNo, & 1 2 3 4 5
Delay (ms)  —» 25 45 65 85 105

(0) MCR = 8.5 Mbps

Peer to Peer 10 Routers (LAN)
T

25
Bl GFR Reference

Il Double-EPD

1 Double-EPD with per VC Accounting
DFBA

Bl BADT

n
o

Total Throughput (Mbps)

~ RIN TR 110 L] AN 1) AT
[ ol [ EIFON KL ZI R

oo [l 1 LA UL

0
GFRVC®No. —» 6
—> "gh 45 65 85 105

(1) MCR = 17 Mbps

Delay (ms)

717 6.13 Total Throughput NlFarnnisfudlseiudnatsn1smigALLLLLANABY

Peer to Peer 10 Routers Niunasniilananwiniglugznis GFR iavualulazeting LAN

AN9NN 6.27 1R UNANIRIARIL LA SR AY Peer to Peer 10 Routers

[ a

ARLUARNRANINANTIULINNT GFR yi9uua lulagaae LAN

Algorithm Double-EPD | Double-EPD with per DFBA BADT

VC Accounting
Total Throughput (Mbps) 132.14 132.01 132.40 131.98
Efficiency (%) 99.76 99.67 100 99.64
Fairness Index 0.9714 0.9909 0.9725 0.9990
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® NANITAINADILLUTDILULANADY Peer to Peer 10 Routers lulaseainawuy WAN

Total Throughput (Mbps)
o B

=)

N

2

0
GFR VC No.

Peer to Peer 10 Routers (WAN)

Il GFR Reference

I Double-EPD

[ Double-EPD with per VC Accounting
[ DFBA
Il BADT

sl 2 3 4 5

Delay (ms) — 25 45 65 85 105

25

N
o

Total Throughput (Mbps)

GFR VC(%\IO. —6

Delay (ms)

31I7 6.14 Total Throughput #1l#@aInn19FuLl sz iudssLTNNFAN

(1) MCR = 8.5 Mbps

Peer to Peer 10 Routers (WAN)

Hl GFR Reference

B Double-EPD

Double-EPD with per VC Accounting
DFBA

Il BADT

oy
~

o LI faalll

—25 45

(1) MCR = 17 Mbps

[o2]
o

85 105

NQALULLILANADY

Peer to Peer 10 Routers NALMaanians WAnluLznng GFR viaviualulazaane WAN

AN NN 6.28 1L FUUINSLINANTIAIARILLILA SR A8 Peer to Peer 10 Routers

1 v
ARuuanRaNI NANTLLENNT GFR viauualulagating WAN

Algorithm Double-EPD Double-EPD with DFBA BADT
per VC Accounting
Total Throughput (Mbps) 127.1062 127.1132 126.8197 128.1976
Efficiency (%) 95.963 95.969 95.747 96.787
Fairmess Index 0.8800 0.9743 0.8814 0.9847
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642 HanNTIRRILLUNMTFNNUlnefidunastdanaWiniilunsnng GFR uaz rt-
VBR ‘lulas92ne Wide Area Network (WAN)

AN9ANABIUL NN I BE LT s NARALTLLLILANA8Y Peer to Peer 10 Routers Imsl
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dasdtycynnilaiion GFR VC1 09 GFR VC5 uaz 10 Mbps &uiudesdnyoyniiaiion GFR VC6
04 GFR VC10 LLuufimmﬁslﬁumiwMﬂuﬁﬂmmuﬁﬁmﬂugﬂﬁ 53 lnaddanivunes

LULANA8969 l1indan 5.2.2

gﬂ‘ﬁ' 6.15 wand Total Throughput ludeasdnyp nialieulAaziasaasdanasnu
Double-EPD, §ane3#is Double-EPD 7iM4wAflA per VC Accounting, $ane3fisl DFBA ez
Sane3fiu BADT hilunaasiflanswilndiundnns GFR uaz r-VBR lulassing WAN pns1ed
6.20 LAASHANISIARIULILI BELTENY MRS aneI T 4 FRumas AN

1114113017 GFR way rt-VBR lulaseang WAN
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® NANITAINADILLUUDILULANADY Peer to Peer 10 Routers TANNBUAIAILUANGIN
Anifluusnis GFR waz rt-VBR lulaseaing WAN

Peer to Peer 10 Routers with VBR Traffic

Il GFR Reference

I Double-EPD

[ Double-EPD with per VC Accounting
[0 DFBA

Total Throughput (Mbps)

0
GFRVC No. -1
Delay (ms) =25 45 65 85 105

(n) MCR = 5 Mbps

Peer to Peer 10 Routers with VBR Traffic
T

I GFR Reference
Il Double-EPD
[ 1 Double-EPD with per VVC Accounting

DFBA
—
-
:
hd
i |
- = ==
GFR VC No. —»6 8 9

Il BADT
Delay (ms)  —25 45 65 85 105

(1) MCR = 10 Mbps

15

=
o
T

3]
T

Total Throughput (Mbps)

31I7 6.15 Total Throughput #11#aann195uLlsiuaRINLITNNIANGALBILUAASS Peer to Peer

10 Routers MR EUAIANTANIWANTNLENT GFR way rt-VBR lulaseding WAN

AN91997 6.29 LT UNANIIAN AL LA M ULLLIAN a9 Peer to Peer 10 Routers

ARLuanRaNIWANTLLINAe GFR uay rt-VBR lulasetng WAN

Algorithm Double-EPD Double-EPD with DFBA BADT

per VC accounting

65.460

-~
R
~
(@8]
N

Total Throughput (Mbps) 70.513 66.509

49.421

(@]
o>
™~
N
(8]

Efficiency (%) 53.236 50.213

Fairness Index 0.7600 0.8052 0.7608 0.8878
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6.4.3 mﬁ‘%mﬂzﬁmamiﬁﬁamuuu Peer to Peer 10 Routers

LULSNaes Peer to Peer 10 Routers 1 ifhitundnaesildnageunsdifiuvasinfing
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LUaNNEANENITUEANaUReNan

dwFunanisinaesuululpsedie LAN fauanslugufl 6.13 uaznenedl 6.27 assiuly
11 ”@ﬂ@?ﬁunﬂLL‘U‘Umma?m‘?uﬂizﬁuﬁmmu?‘miﬁ"ﬁﬁzgm1mu°ﬁ@qz%’ty§yﬁmL@ﬁaunﬂ°ﬁ@q
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Accounting ﬁmiﬁuémqummﬁrﬁ@@ﬂuﬂww\Iﬁmﬂmﬁmﬁm:ﬁﬁﬂﬁﬁqmmhmmdqﬁ%ﬁmmm
ANNENIAYIY  Taedty auAilau 40U Total Throughput 1898aNas 4 DFBA HAgeqa 1y

135.7 Mbps uay danasnumnuuuilss@nsninlndiaes 100%

dmFunanisanaasuunlulasding WAN  wudndanesnamnuuyliaiunsaduilsyiv
¢ o i e 4 da - ' o o
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anas 1ng Aana3Nu BADT aun9n1l31ilgs Faimess Index 1898ana3fa Double-EPD,
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Double-EPD #ldwaTlA per VC Accounting way DFBA & 10.63%. 1.06% uas 10.49%

ANNAN AL
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dullle) wazuuudnaesniuvasnufianswiniluidnig GFR uaz rt-VBR (Usennns 66%

2193 Adrannsnganganiulills) Tulaseng WAN



105

6.5 NANITANABVILULNITVINNGIULRILLL[ATIaRY Chain

6.5.1 NANITINARILLLNNTNUlaeR T uuasriians N EuLsnns GFR navuslu
TA59718 Local Area Network (LAN) wag Wide Area Network (WAN)

[ %

TudaulEI48Asa1AIULLNIINNUIBIULLAIA8Y  Chain Asuandlugli 5.4 Tag
o . dal [~ o dl dld =® 1 o a dld a 1
WUUAN889 Chain WiluiuudiaesuiianAnsnienansenuaeunasnuiinninisdssAananly
winiu wardnisunsnidieansasuvasiiiaussdesiunauazlatene Asdululasadieas
{9 nainiuanedns@enlasuaznainnednesine @anlowneg  newAnfu
1 dl = a ' ) dl ' 1 d‘ = o
ey anemenlasaziinisdszasnatsnnnamaninidwinemenlaanes lunnsanaeg
wutld  unasidiansniniiiflus@nig GFR nilnsdedeyansiiatinssaiiiasnaanioan lne
TCP ay mauannisdedayaudaliTulassdneaasumnasinga Tunsdiaasuuuiniiuuniauwe
Tiasiadu 16,000 wad szAuanEuiany HBO daAnly 14,400 1184 (90%183TU1A
Tinad) uarszAuqnEuaeu LBO HAdu 2,000 wad doudeninundu] 2e9utuenand
Chain fuanslurindain 5.2.4

gﬂﬁ' 6.16 L&A Total Throughput IDIBANGINNTTA 4 PR uMaITans AN Eng
GFR Tavmalulasetneuuy LAN gﬂ‘ﬁ 6.17 W@pe Total Throughput ypadanedfiaie 4 7l
wisifansAinifuEnng GFR vavnalulasednen WAN 3wl 630 waadua
NMIANARIILILTIRIEANEITINTT 4 InealunaardianaWinuainng GFR sanunlulasetie
UL LAN LAZANINT 631 wamesanIsvineIuaessanesname 4 Taentiuvasinidianswiin

1113019 GFR fiaviua lulaseainewis WAN
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® HANITAINADILLUNITINNIUARILLLUINARY Chain tulAgI1a LAN

Chain (LAN): MCR=4.25 Mbps

25
Bl GFR Reference

B Double-EPD

[ Double-EPD with per VC Accounting
[0 DFBA

Il BADT 7

N
o

[y
a1
T

L

[y
o

Total Throughput (Mbps)

C1
GFR VC No.

(N) MCR = 4.25 Mbps

Chain (LAN): MCR=8.5 Mbps

Bl GFR Reference

B Double-EPD

[ ] Double-EPD with per VC Accounting
[0 DFBA

Bl BADT 7

25

N
o

[y
a1

[y
o

Total Throughput (Mbps)

2 C2
GFR VC No.

(1) MCR = 8.5 Mbps



Total Throughput (Mbps)

Total Throughput (Mbps)

Chain (LAN): MCR=12.75 Mbps

30
Hl GFR Reference

B Double-EPD

("] Double-EPD with per VC Accounting
25| ] DFBA :
Bl BADT

N
o
T
I

A3 B3 C3 D3
GFR VC No.

(m) MCR = 12.75 Mbps

Chain (LAN): MCR=17 Mbps
30

Il GFR Reference

B Double-EPD

[ Double-EPD with per VC Accounting
25| [ DFBA .
Il BADT

N
o

- Al n T B4 n T C4 ) D4
GFR VC No.

(4) MCR = 17 Mbps
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Chain (LAN): MCR=21.25 Mbps

35

w
o

Bl GFR Reference
B Double-EPD

("] Double-EPD with per VC Accounting
[0 DFBA
Il BADT

N N
o o1

[y
a1

Total Throughput (Mbps)

]

A

A5 B5

o C5
GFR VC No.

() MCR = 21.25 Mbps
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31/7 6.16 Total Throughput #1#a1NN193ULlIZAUARINITNNIANGALVILUANAES

Chain ARLUAIRNRANIINANLTNLFNT GFR vivua lulagaane LAN

dl = o o o o . t:llzzl 1o a
$197199 6.30 L‘]_G‘EI‘LIL‘VIEI‘LIN@ﬂﬁﬁ‘@qﬂ’ﬂﬁLLUU@’]M?ULLUU@’]@@\? Chain NULRaINILLIA

NINANTILLINNT GFR Manumlulasaang LAN

Algorithm Double-EPD Double-EPD with DFBA BADT
per VC Accounting
Total Throughput 131.984 128.036 131.971 130.9418
(Mbps) 99.646 96.665 99.636 98.859
Efficiency (%) 0.7398 0.9648 0.7403 0.9877
Fairess Index
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® HANITAINADILLLNITNNIUARILLLUINAAY Chain bulAIte WAN

Chain (WAN): MCR=4.25 Mbps

25
Bl GFR Reference

B Double-EPD

[ Double-EPD with per VC Accounting
[0 DFBA

Il BADT 7

N
o

[y
a1

[y
o

Total Throughput (Mbps)

GFR VC No.
(N) MCR = 4.25 Mbps

Chain (WAN): MCR=8.5 Mbps

Bl GFR Reference

B Double-EPD

[ ] Double-EPD with per VC Accounting
[0 DFBA

Bl BADT 7

25

N
o

[y
a1

[y
o

Total Throughput (Mbps)

GFR VC No.

B2 C2 D2

(1) MCR = 8.5 Mbps



Total Throughput (Mbps)

Total Throughput (Mbps)
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Chain (WAN): MCR=12.75 Mbps

30
Bl GFR Reference
B Double-EPD
"] Double-EPD with per VC Accounting
25| [ DFBA i
Il BADT
20+ h
15 ’
-
10
: |
A3 "9 B3 Yo C3 ) D3 5
GFR VC No.
(m) MCR = 12.75 Mbps
Chain (WAN): MCR=17 Mbps
30
Bl GFR Reference
B Double-EPD
[ Double-EPD with per VC Accounting
25| [ DFBA _
Il BADT
20
15
10
5
0]

T Ad 5 B4 ) C4 " D4 .5
GFR VC No.

(4) MCR = 17 Mbps



Chain (WAN): MCR=21.25 Mbps

35

w
o

Bl GFR Reference
B Double-EPD

("] Double-EPD with per VC Accounting
[0 DFBA
Il BADT

N N
o o1

[y
a1

Total Throughput (Mbps)

GFR VC No.
() MCR = 21.25 Mbps
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31/7 6.17 Total Throughput #1#a1NN193ULlsZAUARINIETNNIANGAUUILUANAES

Chain NRLUAIRURANIINANT WL GFR yi9viua lulagaane WAN

AN9197 6.31 1T UNEUNANIIANABNULLAIMSULLILAAEY Chain ARLUAIRILTEA

NINANTIULINNT GFR Manum lulasaang WAN

Algorithm Double-EPD Double-EPD with DFBA BADT
per VC Accounting
Total Throughput 131.325 127.190 129.304 129.849
(Mbps) 99.149 96.026 97.623 98.034
Efficiency (%) 0.6828 0.9165 0.6776 0.9910
Fairess Index
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6.52 Han1TIRaILLUUNTnnulaefitunastdanaWinilunsnng GFR uaz rt-
VBR ‘lulas92ne Wide Area Network (WAN)

2 o

TudounEISATNAABLNNINNIUBINEANEINNTY 4 AULLUATa8Y Chain TulAssdng

]
1o a

WAN Piunasriniiang wilnidunanig GFR uaz rt-VBR UUL41a83 Chain NidAsuanslugiy
5.4 TnaHunaenuiinfianna 404 uwiaandin uiaaniiag 1 0 400 Wuunasindiansmaing
{uiinig GFR detayanifisaiiiasnaanioan aauunasniiindl 401 D9 404 uunasiniia

] Y

NeANNEIULEFNNT rt-VBR  wnasandianamingiluiiznis rn-VBR Rananaindedanalay

a

! Y

g adetaya danandideya ldazdsdayaiiy 35 wlefifuiaasarinqlaseig

a

3117 6.18 uams Total Throughput 18I8ANEINNTN 4 NHunaenIHans WAndwEnIs
GFR 1A% rt-VBR Tulagatinsins WAN WALAN9197 6.32 LAANHANITIFe 1NN ARSI
AN NIUURIBANAINNNG 4 LULLLANAEY Chain laaduuaanians windluiiznig GFR

wae rt-VBR Tulpsetnauwuy WAN
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® HANTAINADILLLTAILLLANAAY Chain Ipaddunasnidans ninitluusnig GFR

LA

Total Throughput (Mbps)

Total Throughput (Mbps)

rt-VBR lulAsaaing WAN

Chain (rt-VBR): MCR=2.5 Mbps

20 Bl GFR Reference

18 B Double-EPD |
[ ] Double-EPD with per VC Accounting

[ DFBA

Il BADT i

[E
(2}

[y
~
T
I

[
N

[
o

[ee)

Al y Bl C1 D1
GFR VC No.

(1) MCR = 2.5 Mbps

Chain (1t-VBR): MCR=5 Mbps

20
Bl GFR Reference

B Double-EPD

[ 1 Double-EPD with per VC Accounting
I DFBA

16| M BADT 1

1

[ee]

nr A2 1 r Ar nr

GFR VC No.

D2

(1) MCR = 5 Mbps



Chain (1t-VBR): MCR=7.5 Mbps
25

Bl GFR Reference

B Double-EPD

[ 1 Double-EPD with per VC Accounting
[ DFBA

Bl BADT 7

2

o

Total Throughput (Mbps)

O

| =~ A3 N C B3 N C CS Lo I =y D3 A
GFR VC No.

(A) MCR = 7.5 Mbps

Chain (rt-VBR): MCR=10 Mbps

25
Bl GFR Reference

B Double-EPD
[ Double-EPD with per VVC Accounting
[0 DFBA

20| I BADT :

o

Total Throughput (Mbps)

A4 B4 c4 D4
GFR VC No.

(N) MCR = 10 Mbps

C
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Chain (rt-VBR): MCR=12.5 Mbps

Bl GFR Reference
B Double-EPD
[ Double-EPD with per VC Accounting

25| 1 DFBA

Il BADT

20

15

10

Total Throughput (Mbps)

> C5
GFR VC No.

(?) MCR = 12.5 Mbps
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71/7 6.18 Total Throughput 71 1#a1NN195UL32 A UARINIETNNIANGAUULLUANAB

Chain ARLuaIn AN WANTLLI3N17 GFR 1Ay r-VBR lulaseting WAN

AN9199 6.32 1FEUINLUNANIIAN AR ULLAIMSULLILAN A8 Chain ARLUAIRILTEA

N ANTIULIN1T GFR way rt-VBR lulasgang WAN

Algorithm Double-EPD Double-EPD.-with DFBA BADT
per VC Accounting
Total Throughput 80.450 76.011 77318 77.807
(Mbps) 60.739 57.387 58.374 58.743
Efficiency (%) 0.4751 0.5404 0.4681 0.6342
Fairess Index
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6.5.3 N153LASIZIRANITAINADILULNIFTINNIULAILLUANAAY Chain

delassetnaduuuy LAN deilundeinfansmiiinduiinge GrFR romalulaseds
AMNHANIIANABILLLTRIEANET A Double-EPD, Double-EPD #ildinafia per VC Accounting,
DFBA waz BADT wudnunasiniinannisumeings A Aesuned A1 i wumef A5 falugild
5.4 GeflentlssAnanunniigninazdesddeyariunata Hop A1 Total Throughput Hasndn
Lmzv'\‘iﬁﬁl,ﬁmﬁluj deflenlssAanantenuazdeteyarinuiies 1 Hop it é’mmmrﬁ;ﬁﬁ\uﬂum
vinlif 8anesnin Double-EPD HANARINERSITH (Fairmess) sl,umim%’@g@ﬁﬁﬂdﬁﬁ@ﬂ@?ﬁuﬁluj
Tilgingr Aadien Fairness Index il 0.7398 uazaana3sna BADT dponugfsssnlunisdedaya
z_g\‘rﬁ'zgmﬂu 0.9877 danesia BADT @nnsnuliuilgemningfassnaesdanesfin Double-EPD,

DFBA way Double-EPD 'lff 25.1%, 25.05% WAZ 2.32% ANANAU HaIanaanasny BADT

¥

uaz Double-EPD #lfwmAlla per VC Accounting aziinisamadadenandadiunainduas

u

6

wiaanLiin urazuias dauudsiadialadatadudafaranmadintn CLP = 1 unnndn
32U Fair Share 20TAGASITA CLP = 1 LL@XﬂQWNﬂWQﬁQ?QNNWﬂﬂdW"’}ﬂﬁlmﬂ?ﬂlﬂu LBO aqmin
agimsivgadresuwasiifadueenh SsinlsiAaaugRsssuannndndanesii Double-
EPD uaz DFBA @iup1 Total Throughput 2898aneinaizesainunnlldesns danesnu
Double-EPD, DFBA, BADT wag Double-EPD ﬁl%LWﬂﬁﬂ per VC Accounting W 131.984
Mbps, 131.971 Mbps, 130.942 Mbps iag 128.036 Mbps ANNANAL mmaﬁﬁ@ﬂ@?ﬁu BADT

HRduannIngenindanasiy Double-EPD NlfnANA per VC Accounting LwsnzAanasny

o A

BADT  #nsutsuuusipyimidld  ldvwaindesdrynansiaiowsine i diudesdoyoyno

o

o ]

ladeaunNdnsnsdsdiayagenndndanaas MCR Auanslugili 6.16 Laza13199 6.30 i

[ v o a ° d‘ a A [ % a R [ % a R a dl o [
ﬂ’\??Uﬂ?SﬂH@E‘]?’]U?ﬂW?WWWQ@NL‘WEI\‘] 8ana3NN BADT fanasnuiptang niiniulsenu

o A

amanLzn1eeNga A lutesdyryrnaiaunntes

TuTagatineiuy WAN Saluuaanidiana i ninidussnis GFR viauualulasdneg ua

NN9R1ABINLLLAANAIGIN 6.17 wazmI3ed 6.31 fanesnu BADT feanuniniuilsyiudgman

Usnarga A ludesdnynniaiounndeaiesdanasnuhea ey LazineA N RsTTN

1
=

Tunsdediayalsn Inalanugfsssnlunisdedeyagengaiilu 0.9910 uazil Total Throughput

q

496neAa 129.849 Mbps ANANgFsssnAAanadludanasiu Double-EPD 7ldnatia per
VC Accounting, Double-EPD uaz DFBA 1flu 0.9165, 0.6828 uaz 0.6776 ANNATAL wazAde
aunsndlAntiesfigaludanesiy Double-EPD #ildmalla per VC Accounting Lflu 127.19

IS DU

Mbps daudiana-3914 Double-EPD HA3duaunsngsngniilu 131.325 Mbps
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FMFINANN IR ABIULLIIDIULLUANARY Chain ARwasflanswAniduisns GFR
war rt-VBR lulasedng WAN 1%uwudﬁﬂix'§w?%mwLL@xmmqﬁﬁ@immﬁ@ﬂﬂ?ﬁmfﬁifmj AN
anadilan BuieufuuLLA s R A L an AN EnNs GFR savualulnseang LAN
uaz WAN Saneifiu BADT femugfassugeiigaili 0.6342 porwgfisssudaAnanasly
§ane3nu Double-EPD #l4inadia per VC Accounting, Double-EPD uay DFBA i1 0.5404,
0.4751 uaz 0.4681 AMNAIAL Aaupdduainisnuazlaz@nininiagegnludanesnu Double-
EPD {1 80.450 Mbps Wa% 60.739% ANNANFL Adag1u1sanAanadludanesiis BADT, DFBA
LAz Double-EPD #4mAfia per VG Accounting AINaNdl wanzdanesiiu BADT £nns
uihuvusInvireswasniansanlniluliznig  r-VBR slwumxﬁisiﬁm?m%mg@lﬁuﬁLL‘M@'@—

1
(g | IS

Awansminiifluy GFR dsdayasieiasnannina  waziinismsatiuauuaasnaslu

al
! v

& !
tiaslalfiAusedu Fair Share aqipnaTsaestiilumanananyvinlidanesia BADT a11190
Usutlpeanssouy TCP 195 doudanesiu Double-EPD #lfinAtia per VC Accounting uaz
DFBA Wludanasnuninisivanuauimaanet luidmesasliaougfsssusinnan
o a R o dl dl o a R 1 o o
8ane3nn Double-EPD Aanslugln 6.18 uazn199hl 6.32 ndanesnuldannsniulsei

o a o | o = = = a al P
ﬂﬁl’i’]‘i.l'iﬂ']?[ﬂ”]‘l’]fﬁmm@\‘m’aﬂ@mmﬂmmuﬂu A1 3 A5 eﬁx‘mﬂﬁﬂ?;‘:')\‘]m@'mfmwzgﬂiﬂ

A7UNAN1INA0IULLITBIULLANA0Y  Chain ARunasniianamdinduuing  GFR

Ranna lula9ne wWFanLUAa1aas Chain Adkuasndans WAnuL3n1? GFR way rt-VBR lu

[ %

Tnsvdng dane3hn BADT annnsnilivilpsanssouzaes TCP fslunstinnngfiossuuas 34t
a0l lulasetnguty LAN waz WAN wilunstiuuudnaasidunasndianswiniduiiznis

GFR uay rt-VBR lulasadnayndanesnuazlanssnuzanas wazliaiuianiulseiudninisnig

1 o A

Mgarestesdyonsaion A1 De A5 18 daneiiin BADT Seaunsatiullgemanugsssn s

o

o

1%

Andneaness Double-EPD, Double-EPD AldiimAiia per VC Accounting waz DFBA
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6.6 HANITANADILLULALNITILATIZUANNTUTaUIRIDANDINUA 9]

a K

nsRatTun ANt Ut auresdanas NNt lun1s9nassTnme s (Implementation
Complexity) ~@u1saiatsanlaann  seaudeyanldiaisnnnisasaunsastivines  (State
Information), HinwesqAENILALY, AuauqAGNILAUN 1, a1usunisiinesinatson, wad

1 lunnstdszunanalilsunsuiazatounias A ua i 1491w Aananalunisan 6.33

ANraNaadLLUNaFauRaunan 1t lun1lssunanallsunsuaasdanasnay  Double-
EPD, Double-EPD #ldwalla per VC Accounting, DFBA wazdanasiuiitiniaus (BADT) Tudauil
Y

AL LULLLANADY Peer to Peer 5 Routers Avuandlugilil 5.2 Inelddaniuunsine suviaden

5.2.1 N@ﬂ’ﬁ‘ﬂﬂ@'ﬂuuﬁﬂdﬁ\im’]?’]\iﬁ oS3

AN9199 6.33 WU UA N UEa ULRd8ane3NH Double-EPD, Double-EPD 14 inania

per VC Accounting, DFBA LLag BADT

Algorithm Double- | Double-EPD with | DFBA BADT
EPD per VC Accounting

State Information Global per VC per VC per VC

Threshold Type Static Dynamic Dynamic Dynamic

Number of Thresholds | 2 4 3 +1 P{drop} | 4

Number of Parameters | 3 7 8 7

Time in Process (sec) | 9.24 9.56 10.16 9.41

A3n13WaraunAr LT esuesuuasndiai daWinassuduiuudadds 2 dszinnae

a a a ° r?/ o '8 a a
NI1INANTNAITIN (Global) dunisnansauuiaaiania lwines wazn1snansinAalen

a oad 1

Tudesdryryiniadianuiazded (per V) Tnaldmalia per VG Accounting a9lumediRnedn

o A

N199191U29INTRNAN TN AL N Tt Aty sy oA auwAa eIl A NTLTaUEINdIN19NA TN

An3qN uazANd Ut A geTuHaAn WINT AT U AR NI douilssinnaed anEu AL
(Threshold Type) i dnanBuLaawiluwuunads (Dynamic) FasdinisAuans qaEHLLasYN

E/ dld (3 1 =KX o c O & [ v Y { = QI dl dl .
AFNHWANNA Tru DT W a3 ‘Vl’]slﬁ)iizﬂ‘uﬂQ’]NGﬁUGﬁ’ﬂu’eﬂ\m’ﬁﬂ?mfﬂﬂL?NL‘]J@EI‘LLLLUUV’]\WI (Static)

'
= =

F91T1lUN1IN N ULBIFANEINN Double-EPD @aldn13iansaunAnsuuasl anE i asunsuaai

Q

'
oA a

2 ANARAABNILALY HBO WAy LBO adnszsumMNdUdaunIninaanasnyd Double-EPD #1l4

q

WAA per VC Accounting, DFBA Waz BADT
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fuFLdane3fia Double-EPD 7ilnAdia per VC Accounting, DFBA Las BADT s
siaifiesanaindanesfis Double-EPD T ldnnaRansaunAaen ludesdyyiaaiounsazdas
(per VC) Lmﬂ%ﬁfgmémﬂﬁﬂmmuwa% (Dynamic) ANNANI9T 6.33 WUEAneIfia Double-EPD
f#waAfla per VC Accounting uaz BADT ﬁﬁzﬁuqmﬁlmﬂﬁﬂuwhﬁuﬁ@ 4 3zAY Tmmzﬁmmﬁ;u
1 lAeuae3§ane3fia Double-EPD Aldmaila per VC Accounting léiun @;mﬁlmﬂ?{ﬂu HBO, LBO,

Th. . way Th

cipt lpo i:ﬁuqmﬁlmﬂéwmmﬁ@ﬂ@?ﬁu BADT laun @mﬁmLﬂﬁﬂu HBO, LBO,, 326l
Fair Share (T) uaz TH, z@'qmzﬁmmﬁlwLﬂ?ilﬂmmé”@ﬂ@?ﬁu DFBA # 3 sAuUfAa fogmﬁlmﬂ?{ﬂu
HBO, LBO, 5=/ Fair Share (XxW/W) WeNaNTUEane3 T DFBA &l P(Drop} aifluaana
Y0 IauRnINg HaAINNISIaeULITINLANEaneT Ty DFBA Hnanlunislszuaana
Weunsumniign  flesanldsauunnmTimesluniedanisrassanedfiuuniign uasfinis
ANUARUUITZAL Fair Share nnm%ﬁﬁuﬁmmmimimﬁq wanlunsdszuaanallsunsuanmaslu
Sane37ia Double-EPD A ldWAdiA per VC Accounting Was BADT AMu&"# mm&ﬁi ANe TN
Double-EPD #ildnadia per VG Accounting Minanlunisdszananaldsunsuuinndn 8anesny

BADT 1H83a1nnnsAuauqatsdilasudviuuininengnuiin (Th,,) 1898anesis Double-

clp.
v
o

EPD Wldmalla per VC Accounting \uuuunadn InaAruanmnaianduininanids CLP=1

v 1
=2 o o

Tnainnde Aeiuludesdtyniouadeuninisiulseiudnsisnismnngasiaan MCR A1 aadl
WANINANATA CLP=1 a1uaunnasnn dane3na Double-EPD N ldwmaAdia per VC Accounting
ANFUFaUgININdanesnn BADT dldnisAiuaniqaisnilasy LBO, iaeaiaman dounng
o al dl o o (=1 Adl Yar [ a [ % a K dl ¥ a
AUIUAA BN R UAMILLANINAT LH51N19519991130139998AN83714 Double-EPD #ildinatia

per VC Accounting (Th.

dl G| AI dl [ % = o o Y ° { o
apo) BUgAENILREBLLIINGTR NszAUANTUTAUAINIINITATUIN

AN AEUAUTLUANINAN 1FN195usa9LEN9098 N3N BADT @lsunseau Fair Share (7)

PRy ° ~ Y a a A A P A o
NHUNITATNUITULNENATILA LI LL@?J“’E@L?NL‘]J@EH TH/. V]Lﬂur‘ﬁﬂL?NLﬂﬂﬂuLLUUW@er

AMNAITN 6.33 IHANANTUNAMNT LT UIALITINLAY AzITiUINdanaany BADT 14411401

'
a

Aﬂl a c 16) ¥ v o 4
f‘ﬁmL?NLﬂﬂﬂHLL@tW’]?’]NLﬂ@‘J‘N’]ﬂ weldaalunsdscutanalisunsutiag N lHann9n

szndananlunirenaanissnaularasssuy
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7.1 dgUnan1snagau

HANNISNABULLILALNNTIATuLNT 6 IunaNIIMAGeLANIILZIRY TCP L1
13ms GFR Tulasstng ATM dslunsnaaauldldnsufumnsfimessinge ffuasaanssouy
184 TCP uarldnisanaesuuunisiaameesiassdatuuusine nauFauisunanisiudseiy
ﬁmmu’%m@ﬁﬂﬁ@m, AIREaINTen, Ussananninsdag waradngAsssnluntsdedayazes
nalnnssaassiesTivinigue (BADT) AUsane3?ii Double-EPD, Double-EPD #l¥waila

per VC Accounting W&z DFBA Garas197 a1u150agd l6Asnngan 7.1 uazmaned 7.2

FN9NT 7.1 wamin9agLinanssLaInag dimaaine NdAnysanisuinisdeya GFR

AwiunisdiuszivqaeEauidagn LBO (wn1znaddiiléianisanaeuuy) 1eedanesnusnge
VI o o a .

A3 NHLAAITITEALAA BN AN LBO wazqaiEuias HBO 8y 2,000 1waauas 14,400

iaapNaAUAzyinlilszAnBnmaes TCP warAdNgfsssnlunisasdiayagengn ey

JyAUAAGENILIAEY LBO 2048anesyingne] WNIBANszAuNINNGY 2,000 wasazinani i

UsANENINUATANINY AFITNANAY LATN1ILTUARTIEALAnENWALY LBO ANNGY 2,000 wad

@

ANaN I srANENINUAZAINERITNARAILTUNL

uansilasvaunaiWmas ddWeflavialun dsc@ndnmaasiaseinaasdrianas
HasanawiatimefdaansznuivaaFudasusinge Inetinesauin 16,000 adliad
a -ai I . o a R A dl o o
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Abstract

Buffer management plays an important role in
Guaranteed Frame Rate (GFR) service in an
Asynchronous Transfer Mode (ATM) network. Buffer
management algorithms are used to allocate appropriate
space in a switch buffer for untagged GFR cells to fulfill
the guaranteed Minimum Cell Rate (MCR). Two main
goals of buffer management algorithms are high
throughput and high fairness index. However, these goals
are compromised, that is the higher throughput gives the
lower fairness index. This paper proposes a new buffer
management algorithm called BADT (Buffer Allocation
with Dynamic Threshold) algorithm, which uses dynamic
threshold techniques for the fairness index improvement.
The performance comparison of the previously proposed
algorithms is shown. The simulation results show that the
BADT algorithm gives the highest fairness index and still
gives acceptably high throughput compared to the
previously proposed algorithms.

1. Introduction

The GFR service category was proposed by the ATM
Forum as an enhancement to the UBR service [1] and
provides minimum rate guarantee to the ATM Adaptation
Layer 5 (AALS) frames (not cell) of a Virtual Channel
(VC). It is expected to provide rate guaranty to Transport
Control Protocol (TCP) connection. The GFR service
specifies that a user should be provided with a minimum
service rate guaranteed and with fair access to any unused
network capacity. Service guaranties are provided to the
user with a Minimum Cell Rate (MCR) to VC, under a
given Maximum Frame Size (MFS) and a Maximum
Burst Size (MBS). The MCR value is selected to
correspond to the desired service rate guaranteed
expressed in unit of cells per second and both MFS and
MBS are in units of cell. The MBS is set equal to twice
the AALS frame size.

Two distinct conformance definitions coexist. GFR.1
specifies that the network must convey the Cell Loss
Priority (CLP) bit of the ATM cell transparently, and
therefore, frame tagging is not allowed. The GFR.2
conformance definition allows tagging, and thus provides
the network with an explicit marker for eligible and non-
eligible flows. In this proposed base, GFR.2 follows [2]
and the network may use a Frame-based Generic Cell

Rate Algorithm (F-GCRA) to tag the non-eligible ATM
Adaptation Layer 5-Protocol Data Units (AAL5-PDUs)
(convert CLP bit from 0 to 1) at the ingress of the
network. Thus, there is a clear distinction between the
eligible (CLP=0) and the non-eligible (CLP=1) AALS5-
PDUs and ATM switch may rely on the CLP bit to decide
whether an AAL5-PDU must be transmitted to provide
the minimum guaranteed bandwidth or not.

If the user sends frame at a rate less than or equal to
the minimum guaranteed cell rate, then all the frames are
expected to be delivered to the receiving end with
minimum loss. If the user sends frames at a rate higher
than guaranteed cell rate, then receiving end should
receive at least the MCR. Usually, these frames are lost
higher than eligible service. The minimum rate is
guaranteed to the untagged frames of the connection.
Excessive traffic will be delivered within the limits of
available resources in a best-effort manner. Incoming cell,
which is not delivered, will be kept in buffer. When cell
of a frame is not kept in buffer due to buffer overflow,
this cell and the remaining cells of a frame and the rest of
the higher-level frames are discarded. Therefore, if only
one cell of a frame is discarded, the whole frame will be
retransmitted with TCP mechanism. The design of a
simple and efficient buffer management in ATM switch
for accommodating GFR service requirement is an
important issue toward the successful development of
GFR.

R. Guerin and J. Heinanen [2] proposed Double Early
Packet Discard (Double-EPD) algorithm using a single
First In First Out (FIFO) buffer rule and relying on frame
tagging (GFR.2). ATM switch discards cell and frame
when the occupancy of the buffer is above the threshold
level. Result  with this technique gives a not-so-good
performance [3]. Double-EPD cannot utilize bandwidth
with fair share for each VC to catch its full capacity. [4]
and [5] proposed Early Packet Discard (EPD) technique
with per-VC accounting to improve fair share of TCP. R.
Goyal [1] proposed Differential Fair Buffer Allocation
(DFBA) using an FIFO queue, dynamic threshold and
probabilistic drop to provide approximate MCR
guaranteed buffer management by dividing buffer space
in any VC with low bandwidth usage to another VC that
wants higher bandwidth, MCR and buffer allocation.
Another GFR implementation suggested by ATM Forum



is Weighted Fair Queueing (WFQ ) [1] scheduler to share
the bandwidth among the VCs. O. Bonaventure [3]
compared performance between Double-EPD, Weighted
Fair Buffer Allocation (W-FBA) and per-VC threshold
and scheduling. This work showed that the FIFO queue
with tagging implementation does not allow the TCP
source to make use of the reserved and excessive
bandwidth efficiency. The WFQ implementation is
known to perform much better but more complexity and
conflict with the objectives of simplicity pursued by GFR.
In the case of different frame size, buffer management for
WFQ that divides VC is the problem and is not fair to the
excessive bandwidth allocation

In this study, the GFR traffic control called BADT that
improves performance for TCP compared to Double-EPD
and DFBA, is proposed. The proposed scheme
demonstrates that it gives high fairness and is efficient to
support Quality of Service (QoS) of GFR service through
FIFO queuing discipline. The structure of the paper is as
follows. Section 2 introduces the reader to Double-EPD
and DFBA. In Section 3, the proposed BADT algorithm
is described. The simulation model, the performance
matrices and the result are discussed in Section 4.
Conclusion is in Section 5.

2. Performance improvement for TCP over

GFR service

Buffer management is typically performed by a
network element (e.g., a switch or a router) to control the
number of frames entering its buffer. In a shared buffer
environment, where multiple VCs share common buffer
space, per-VC buffer management can control the buffer
occupancies of individual VCs. In this paper, the buffer
management mechanism can be a shared FIFO queue
among competing VCs which assumes the
implementation of a single FIFO queue for each VC.

2.1. Double-EPD

Double-EPD is the simplest mechanism that has been
proposed is an FIFO-based mechanism with tagging. It
consists of a single buffer ‘logically “divided into three
parts with the use of two thresholds, namely the High
Buffer Occupancy (HBO) and the Low Buffer Occupancy
(LBO). The cell drop policy depends on the buffer
occupancy variable that determines the maximum -number
of cells residing in the buffer. HBO s identical to a
classical EPD threshold, limits the amount of eligible
(CLP=0) AAL5-PDUs. LBO is used to limit the amount
of non-eligible (CLP=1) AAL5-PDUs inside the buffer.
When the buffer is unloaded, i.e., the buffer occupancy is
below the LBO threshold, all the cells are queued to
increase utilization of buffer and increase throughput of
the network. As the buffer occupancy exceeds the LBO,
yet still remains below the HBO threshold, all the cells
belonging to newly arriving tagged frames are discarded.
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As the buffer occupancy exceeds the HBO threshold, only
the untagged cells belonging to the partially accepted
frames are stored.

2.2. DFBA

DFBA was originally proposed by Goyal et al. in [1].
The scheme, proposed for the ATM GFR service,
provides MCR guaranteed for VCs carrying multiple TCP
connections and relies on per-VC accounting. DFBA
maintains two discarding static thresholds, HBO and
LBO, just like in Double-EPD. DFBA maintains high and
low target buffer occupancy levels for each VC, and
performs probabilistic drop based on a VC’s buffer
occupancy and its buffer threshold. The scheme gives
priority to CLP=0 cells over CLP=1 cells. Consider a
GFR queue shared by N active connections, each is
identified by i. A VC is active when the queue contains at
least one of its cells. Each VC is associated with a weight
W; equal to the ratio of the MCR allocation over the GFR
capacity. The state variable X; tracks the number of cells
belonging to connection i that are queued in the buffer
and X=XX; is the total buffer occupancy. If
LBO<X<HBO, all the incoming tag frames are discarded.
The acceptance of untagged frame depends on the
connection’s estimated fair share XxW;/W of the buffer.
If X;<XxW,;/W, the connection uses the buffer less than
its fair share and all untagged frames are accepted. If
Xi>XxW;i/W, untagged frame are dropped with the below
probability (P{Drop})

X~ Xx Wi | W -
P{Drop}=7| a 5 V(1 -a) X~-LBO @)
i Xt - w7 w) HBO-LBO

Where W is the sum of W, for each VC and Z; defines the
maximum drop probability enforceable by DFBA. The
parameter o determines relative weights, and is usually
setto 0.5.

DFBA differs from the other suggested GFR
implementation in many aspects. Firstly, DFBA does not
support MBS parameter in the GFR traffic contract,
which means that ‘the ‘bursts smaller than the MBS can
still ‘experience a relatively high loss probability.
Secondly, the drop policy assumes that the traffic sources
react to losses by lowering their transmission rate. DFBA
does not provide strict isolation between the VCs, and a
non-collaborative source can certainly use the bandwidth
reserved.

3. The proposed GFR traffic control

This paper develops a drop policy to design a buffer
management scheme for the GFR service category, called
BADT. The policy assumes that multiple TCP
connections are multiplexed on a single VC. A flow can
share more services by sending more traffic to keep a
higher occupancy in the FIFO queue. Current queue of



each traffic in each VC is used as an approximated
indication of the amount of bandwidth received by a
connection. BADT has 4 thresholds, LBO;, HBO, T; and
TH;. HBO and LBO thresholds resemble those in Double-
EPD. T; threshold is fair share threshold. A switch shares
the buffer spaces among all TCP flows. The request
service rate r; can be achieved if VC; maintains an
average buffer occupancy of b; cells in the buffer, where
bi = (ri/ Cgrr)xB. When Cgrr is the current bandwidth
available for GFR traffic in an output port. B is the buffer
size but total buffer occupancy will be maintained around
the EPD threshold (HBO). Thus, if the buffer occupancy
of VC; is maintained at a desired level, its service rate can
also be controlled. As can be seen in Equation (2), the
overall bandwidth of a link will be allocated to each VC
according to its MCR requirement first. Then, the rest of
the bandwidth will be again allocated according to
sharing weights proportional to MCR of each VVC.

Among the established GFR connections, some may
be idle, and some may be active. Grouping the sessions
according to the value of total buffer occupancy (X),
includes sessions which are using less bandwidth than or
equal to fair share and the other sessions may exceed the

fair share. Dynamic threshold (TH;) in BADT algorithm
for bandwidth allocation allows a user to send at higher
rate when additional bandwidth is available. The rest of
bandwidth from the actual usage of all VCs will be again
allocated only to the group of VCs having more data to
send than their fair share according to the same sharing
weights. This paper assigns an appropriate T; and TH; to
give the fair share of buffer occupancy for VC; frames as
follows.

n MCR,
MCR; + CGFR—_Z MCR, [~ ——

=1 > MCR
T - i=1 _ .wgo @
i w
MCin>Ti 5 @)
TH = _ix|HBO- ¥ X
I 2 MCR, xeT !

X > T.
i i

where W is the total bandwidth of active VC. Equation
(3) gives the dynamic discard threshold using the fact that
the total buffer occupancy is maintained near the HBO.
The frequency at which TH; is updated involves a trade
off between the amount of processing required and the
accuracy. Updating once after each round of service is a
reasonable compromise.

When the first cell of a frame arrives at the buffer, if
the number of cells (X;) of VC; in the the buffer is less
than its threshold (LBO;), then cell and frame is accepted
into the buffer. If X is greater than LBO;, then all tagged
frames are dropped (EPD). If the X; is greater than fair
share (T;), and if X; is greater than TH;, then the
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cell/frame are dropped. If the buffer occupancy exceeds
the HBO threshold, the cell must be dropped.

4. Simulation
4.1. Simulation model

In simulations, three different network scenarios are
considered to simulate internetwork traffic (20 TCP per
router), as shown in Figure 1. The first network,
illustrated in Figure 1(a), consists of peer-to-peer 5
routers with the same transmission delay. The link delay
between each router and switch is 2.5 ms, and that
between switches is 10 ms. MCR values for VC1 to VC5
are set to be approximately 8.5 Mbps, 17 Mbps, 25.5
Mbps, 34 Mbps and 42.5 Mbps, respectively, giving a
total MCR allocations of 85% of the GFR capacity. The
second network, shown in Figure 1(b), consists of peer-
to-peer 10 routers with different transmission delays. The
transmission delay for VC1 to VC5 (8.5 Mbps) and VC6
to VC10 (17 Mbps) are 25 ms, 45 ms, 65 ms, 85 ms and
105 ms, respectively. The link delay between switches is
5 ms. The third network, shown in Figure 1(c), consists of
a “chain configuration.” The network contains 4 groups
of VCs (labeled A, B, C, and D), with 20 TCP/router per
VC and 5 VCs connections in each group. In the first
groups, VCs Al-A5 traverse three congestion links while
all of the other VCs traverse a single congested link
through the network. The link delay is the same as that of
peer-to-peer 5 routers and MCRs for each group of 5 VCs
are set to be 4.25 Mbps, 8.5 Mbps, 12.75 Mbps, 17 Mbps
and 21.25 Mbps, respectively. All link bandwidths are
149.76 Mbps. In all three network configurations, the
senders are greedy sources, data is sent at the link rate.
Sources generate data for TCP/IP components from
TCP/IP frame, and are in turn passed on for AAL5
processing. The ATM switches perform cell switching
between their input and output ports. On the receiving
side, cell are reassembled and passed to the TCP/IP
components. All the simulations reported in this paper
correspond to an average over 200 seconds of simulation
time. Buffer size of 16,000 cells in the backbone switch is
used. The HBO and LBO are set to be 14,400 cells and
2,000 cells, respectively, while the routers are tail-drop
routers with 700 kbytes buffers.

In final simulation, a network switch, where both real-
time Variable Bit Rate (rt-VBR) with on-off traffic and
GFRtraffic ‘are multiplexed on the same output line, is
considered. The objective is to find out whether the
presence of rt-VBR traffic in the switch influences the
fairness of Double-EPD and DFBA. The respective GFR
and rt-VBR allocated bandwidths are kept to 50% and
35% of the link bandwidth, respectively. MCR values for
GFR are 5 Mbps, 10 Mbps, 15 Mbps, 20 Mbps and 25
Mbps, respectively.
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Figure 1. ATM network configurations used in
simulation

4.2. Performance Matrices
Fairness Index which measures the performance of
TCP over GFR, are defined as follows :

N 2
[.Z X! fi] (4)

Fairness Index = =1

Xi, the actual TCP throughput, is measured at the
destination TCP layer of VC;. f; is the fair share-of VC;
throughput. Throughput is defined as the total number of
bytes delivered to the destination application of VC;
divided by the total simulation time. The results are
reported in Mbps. The maximum possible TCP
throughput is the throughput attainable by the TCP layer
running on 149.76 Mbps link. For TCP, maximum
segment size is 1046 bytes, the AAL5-PDU is padded to
produce 32 cells at ATM layer. The fi’s are 10 Mbps, 20
Mbps, 30 Mbps, 40 Mbps and 50 Mbps for VC1 to VC5,
respectively.
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4.3. Simulation results

The simulation results show throughput and fairness
comparison between Double-EPD, DFBA and BADT
under different models in Figure 2-5 and Table 1-4. The
reference for GFR comparison (GFR reference) is the
minimum bandwidth which users reserve for minimum
capacity. Figure 2 illustrates the performance of Double-
EPD, DFBA and BADT when 85% of the GFR capacity
is allocated for the MCR values respectively. Double-
EPD and DFBA cannot satisfy MCR guarantees in any
VC but the proposed scheme can satisfy those in all VCs.
The proposed scheme improves the fairness index by
approximately 9% and 8.8% from both schemes and
provides better total throughput than DFBA as shown in
Table 1. BADT is based on dynamic threshold and
limited number of tagged frames with LBO; of each VC,
instead of static threshold used in Double-EPD and
DFBA. Since F-GCRA is used to tag non-eligible AAL5-
PDUs at the edge switch, there are more received tagged
frames with low MCR. The most unfair case in Double-
EPD and DFBA is that the buffer space below LBO is
occupied by ill-behaved source (tagged frame). Although
both schemes will drop frame from ill-behaved sources
once the buffer occupancy gets larger than LBO, they
cause losses of tagged frames from well-behaved sources.
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Figure 2. Per VC throughput in peer to peer 5 routers
configuration.
Table 1..Comparison.of- total throughput and fairness
index performance of Double-EPD, DFBA and BADT
with peer to peer 5 routers configuration.

Algorithm Double- DFBA BADT
EPD
Total Throughput | 128.3121 | 127.7667 | 128.1678
(Mbps)
Fairness Index 0.9084 0.9112 0.9991

The throughput of VC with highest allocated MCR will
be decreased due to the unfair buffer allocation. As can be
seen from Table 1, BADT reduces the number of tagged
frames in the buffer with low value of MCR. Thus, there
are more spaces in the buffer for the tagged or untagged
frame from VCs with high values of MCR. Thus, BADT
increases fairness and the total throughput.
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Figure 3. Per VC throughput with different transmission
delays in peer to peer 10 routers configuration.
Table 2. Comparison of total throughput and fairness
index performance of Double-EPD, DFBA and BADT
with peer to peer 10 routers configulation, in case of
different transmission delays.

Algorithm Double- DFBA BADT
EPD
Total Throughput | 127.1062 | 126.8197 | 128.1976
(Mbps)
Fairness Index 0.8800 0.8814 0.9847

The simulation was also performed with different
transmission delays in each VVC and the results are shown
in Figure 3. For Double-EPD and DFBA, the source
attached to a 8.5 Mbps router achieves a higher total TCP
throughput than GFR reference, but this is at the
prejudice of the source attached to a 17 Mbps router with
large delay and their fairness indices are also decreased.
The simulation with BADT reveales a small influence of
the router-to-router delay on the total TCP throughput.
While the entire source can achieve a higher total
throughput than the GFR reference, the source attached to
a router with a short delay achieves a higher throughput
than the source attached to a router with a longer delay.
BADT improves the total throughput when compared to
Double-EPD and DFBA for 1.09 Mbps and 1.38 Mbps,
respectively, but improves fairness indices by
approximately 10.63% and 10.49%, respectively.
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The fairness problems for the various mechanisms are
more pronounced in the chain configuration (Figure 4). A
source in Double-EPD and DFBA traveling in a single
congestion link achieves higher throughput than GFR
reference, but the source traveling in three-congestion
links achieves lower throughput than GFR reference. This
problem is improved by BADT. Fairness indices are
improved by approximate 31.10% and 31.63%,
respectively, as shown in Table 3.

Figure 5 shows the simulation results when both GFR
traffic and rt-VBR traffic are used. When the source of rt-
VBR emits cells during the ON period, forcing the GFR
packets to be queued until the OFF period. This results in
inferior throughput for GFR service. However, the source
for all schemes achieve higher throughput than GFR
reference and BADT algorithm gives the highest fairness
Index performance.

5. Conclusion

The Guaranteed Frame Rate service has been designed
to provide TCP traffic through ATM network. In this
work, BADT algorithm is shown to be applicable for
determining the allocation of bandwidth and that the
proposed control approach is able to fulfill the
requirements of GFR service. BADT can satisfy MCR
guarantees and it improves fairness index performance.
Dynamic threshold in BADT improves total TCP
throughput.
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Table 3. Comparison of total throughput and fairness
index performance of Double-EPD, DFBA and BADT
with chain configuration.

Algorithm Double- DFBA BADT
EPD
Total Throughput | 131.3253 | 129.3043 | 129.8494
(Mbps)
Fairness Index 0.6828 0.6776 0.9910
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Figure 5..Per VVC throughput with rt-VBR traffic in peer-

Table 4: Comparison of total throughput and fairness
index performance of Double-EPD, DFBA and BADT
with rt-VBR traffic in peer-to-peer 5 routers
configuration.

Algorithm Double- DFBA BADT
EPD
Total Throughput | 76.5799 | 76.2026 | 73.2939
(Mbps)
Fairness Index 0.8202 0.8249 0.9996
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