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Endpoint Admission Control Enhanced Systems for VoIP Networks

AbdulkhaligA.BILHAJ, Student Member and KenichiMASE, Fellow

8UM與眺Ry　Thi5卿er声e舳（｝eS　coRtfol　enhance（1　architecture　for

　VbIP　n巴軸げo虚s・in也is　a証｝h量蜘凹1富w巴凹5｛｝b，gth　the　prob唱fiow　delay　and

avc阻8e　Io55口佗mea脚陪me川system乱　F量rs！we　apply由e　probabUi牙一

based　EMBAC　sctie励e　en　our　d壱lay　syst巴屈．　Th巴轟we　propo且已an巴w

probability・ba3ed日ijIBAC　wi曲島s帥e：e　congt　stien　consideration　scheme

拍improv紬巴a疏蜘n昌on悟1紬eInc・in・bOth・measureme酷y5陀ms．
We　compate　the　p¢rfermance　of　the　en」lanCl　t±sySlem」§i口t己rms　ofb］ocicing

prob曲ility　under曲虚酬e　conditiefi　ef　achieving　average　Fack。口。55　rale

no　gT巴ater　than　the　cel也轟n　l且rget　by　setting　an　apprOPTj日巳ad駐1▲5Lsio口thtesh・

old　i距cach　system　undiCfεach　5q自乃息rio．1n出is　study，　it姪S｝1（Mwn　titreugh

simulati璃s㌔t　fb抽e㎜巴targes　voice　average　less　rate，血。凱ha鵬d

5y5¢m5　pr叩曜d　in噛paper　eutperform　the　cortventienal　sctiemes　m

haSidling　the　nctweTk　resou古es．　’Then　we　will　seek　te　prov巴血at．　fbr　e幽

trathc　ieads　Within　a　besy　periecl　of　ti冊e　as｝d　with　an　eptimal　admission

thresheld　c｝H｝況！n泌畠dv釦nce，　t」1巴enhaコ噺systems　can　be息pow｛汀血認and

rel軸ble　EMBAC　lcol　tor　VblP　nctwerks　ln　ach量eving　hj呂h　network　per・

form且n㏄w証h掴ni　mum　blockin8　probabil三ty　artd　rninlmum　avetage　loss

旭tes・Finally論ls　shown　t｝1at　thεenhatKX　d　systenls　h巳v已ruasonable　scala－

bility．

吻脚．由intemel　aoS，　VelR　ed南」∬輌on・een加」

1，Introduction

Ensuring　high　speech　qualiry　is　the　rnost　imPO血nt　issue　in

Vbice　over　lP（VblP｝networks．　ln・erder・fbr　VeM　to　be　cem－

rnercially　avaiiab▲e　as　the　circuit　switched　t㏄｝mology，　t血e

vo▲ce　qual蛙y　shouヨd　be　at　least　as　good　as§1e　qualiry　in　to－

day’s　telephony．　Bandwidth龍琵zation　is　anether　challenge

fbr　VoM　as証fiy　si　milar　IP　network　i5．】㎞Vb類｝networks，　if

new　calis　are　accepted　without　limit　in　the　Voip　network，

pack就1酪呂rates　fbr　calls　in　progress　may　become牒ces－

sive，　becau記totaI　bandwid口1托quired　fbr　the　ealls　exc㏄eds

血enetwo汰capac註y．　The祀fbre，　a　snechanism　called　calI

admission　control（CAC）is　necessary　to　reject　a　new　call

when　eneugh　network　spare　capaciry　is　not　av典ble．　ln－

tegratecl　s¢rvices　and　differentiated　serVices　11｝，12］are・two

technoZegies　that　address　the　issue　of　alleca撫g民sources　to

varieus　rype5　ef　fiews　i口a轟y　netWOtk．　Integra砧d£ervice　ar－

chitec加祀i8　b蝿on　per・fiow　resource　re記rva60n．　At　each

hop，　by　using　the　signalingρ江〕t㏄01，　RS糟admission　con・

trol　checks　whethet　su伍cient　resources　a民av｛rilable　along

吐le　entire　path　to　accept　the轟ew肥serΨation．　As　a　con8e・

quence，　the　integrated　5erΨices　scalabihty　a紐　ヒcts　large－scale

deploymenしRather　than　rnakiflg　per－－fiow　Teservations，　dif一

輪曲鵬dservi¢es　ar℃hitectu剖ses　a　combination　of　edge
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po畦dng，　pr白visioning，　a皿d　tra航c　prior瞳tization　to　achieve

service　differentiation，　so　that　it　is　more　scaiable　and　reli－

able．

　　　　Of　late，　in　differentiated　s師ice　architecture　frame－

work，　a　diffesent　appmach　called　an　end－Io－end　measure－

me就based　admission　control（EMBAC）has　bee皿devel－
oped　to　realize　differentiated　quality　of　service（qoS）in

l血eIntemet．　Thus，　be　EMBAC　scheme　d促s　not　depend

on　hop－by－hop　signaling　such　as　RSVP　nor　does　it　require

any　addiUonaI　fUnctionality　fbr　inte訂nediate　routers　in　the

backbone　netwolk．　in　this　research　are阜there　have　been

mar｝y　proposals　for　supPOt血9　admission　control－as　in　｛31－

｛15］．Also　the　proposals［16｝｛18】introduced　an］EM　BAC

fbr　Vb狂｝netwerk，　which　is　designed　to　ac｝註eve　loss　rate　and

bl㏄king　probability蝿et皐by　adrni㎞ng　genem桂泊calis　to

the　network　dep巳nding　on　probe・loss－rate・admission・thresh－

old．　Also，　using　the　delay　yariations　as　a　measurement　tool

fbr　EMBAC　mechanisms　has　been　proposed，　s㏄！fbr　exam－

ple　l5］－1刀．

　　　　in　d嘘s　paper，　to　caπy　out　the　active　reai－time　end－to－

end　measurementS，　two　types　of　probe　measu■ment　sys－

tems　are　conside祀d，　namely　the　delay　measurement　system

and　the　loss　measu肥ment　system．　Based　on　both　systems

and　to　op目mize　the鵬twork　Pe㎡forlnance，　in　this　research

we　develop　an　EMBAC　sdleme　based　on　the　conside口tion

of　seΨe祀1　congesdon．

　　　］㎞Sect．2we　provide　a　description　of　EMBAC　opeト

at三〇n　pmcedロres］f（）r　VblP　networl　s．　In　Sect　3　we　preト

pOse　a　new　probability－based　EMBAC　wi也asevere　conges－

tion¢onsideration　to　improve　1he　conΨendonal　scheme　fbr

beth　delay鋤d　loss　rneasurement　systems．　The　first　pa血of

Sect．4　describes血e　network　mOdel　fOf　the　end－to－end　mea－

surernent　adopted　in　this　papet　The　second　part　of曲e　same

section　sbows　the　pe㎡formance　evaluation　Qf　the　considered

schemes　in　te抽s　of　b1㏄king　probability　under　the　same

condition　of　achieving　certain　packet　loss　rate　target　by　set－

ting　an　appropriate　adtnission　threshold　in　each　system　un・

der　each　scenario．血Sect．5　we　illustrate　how　our　enhanced

systems¢an　sllpPOrt　the　network　Performance　at　extra　traf－

fic　loads．　Section　6　gives　e伍ciency　evaluadon．　Section　7

discusses　afid　concludes　this　a直icle　with　a　brief　summary　ef

our　result£．

且　EMBAC　Operation　for　VolP　Netvvorlcs

in　our　mOdeling，　a「Vb正P　ne匡work　is　compo5ed　of　end　nodes，

rollters，　and　Iinks　connecdng　them（see　Fig．5in　Sect．4）．
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Fi＆　1　　Vbi㏄and　p祀rbe　fiows　with　EMBAC　Process、　where血e日鳩BAC

d酷ion　d可）endS　on　the　applied　eMBAC　scheme．

AII　end　node　may　be　a　muter　con皿ected　to　a　co叩o耐εLAN

or　a　VoM　gateway，　accommOdating　circuit　switches　or　P－

based　PBX　servers　in　different　10cations．　Fer　simplicity　we

assume　that　calls　originate　and　terminate　at　the　end　nOdes，

and　according　to　the　definition　of　E～IBAC吐｝ese　end　nodes

are　in　chalge　ofthe　adrni　ssion　contU）L　In　VolP　apPlica目ons，

Ψoice　packet廿ows　may　be　c蝋ed　in　bo出di托¢加ns．　Tlius，

each　in¢oming　cal1陀quiles・end・t（Fend・measu祀ment垂n・bOth

diIections　to　conduct　CAC．

　　　　The　EMBAC　pmcedure　is　divided　into　1臨e　pπ｝bing

packe卜monitoring　phase　and　the　VblP　session　packet蜘s－

mission　phase　as　depicted　in　Fig．1．SuppOse也at　a　new　call

req凹est　anived　at　an　e匝d　node，　we　define　the　call　originat－

ing　node　as　node　O．　and　ca11伽get　nOde　as　nOde　T．　UpOn

neceiving　a　ca11　request，　two　probe　fiows　are　independently

carried　out　on　the　fbrward　and　backwaT（S　paths　between　the

pair　of　end　nodes．　Nodes　O　and　T　set　a　timer　to　recei∨e

the　probe　fiow，口5pectively．　Note　that　probe　time鵬qui祀d

for　sending　probe　fiow　increases　the　call－sen」p　delay．　Thus，

the　pr竃〕be　dme　sbould　typically　be　set　to　l　or　2　seconds　at

Inost．　We　use　l　second　probe　time血mughout　the　paper　un・

Iess　mentioned．　We　may　have　best－effort　trathc．　We　use

血尼epriority　classes．　The　highest　p］riority　is　giΨen　toΨoice

fiow．　Second　priority　is　given　to　probe　fiow．　The　lowest

priority　is　given　to　best－ef『brt血a伍c．　The　ma】dmum　avaiL

able　bandwidth　fbr　voice　and　probe仕a伍c　is　limited　to　a

pre－determjned　value．　Tbe　un凹sed　bandwidth，　which　is　aL

located　to　voice　fiows，　can　be　used　by　best・eff（｝rt㎞a伍c　with・

out　affecting　voice　trathc．　This　priority　is　irnplernented　by

using　three　queues　in　parallel　served　in　a　prioriry　ord毘The

pdority　infbmaUon　may　be　ca1㎡ed拍the　IPΨ4　TOS　or　IPv6

DS　field　in　the　DiffServ　fmmework，㎝d　is　us醐by輌垣es

to　fbrward　packetS　according　to　priority　scheduling・

　　　The　probing　fiow　has　the　sarne　trmsmission　rate　o抽e

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　＋　　　　　　　VblP　The　pmbe　latget　end　point　set　a　pmbe　monltonng

window　and　measures　the　probe　QoS（Quabty　of　Service），

which　will　be　defined　later，　over　the　probe　monitoring　win－

dow．　The　probe　monitoring　window　starts　at　a　time　when　the

first　pmbe　packet　arrives　and　con目nues　1＋αsecondS・The

value　a　is　the　maximum　POssible　queuing　delay　tha1　may㏄一

cur　related　to　the　probe　buffer　size　and　the　bwer　priority　of

lhe　probe　fiow．　We　may　set　an　appropri　ate　uppe：　bound　o血

叫say　l　second，　depending皿the　netwodくand自国伍c　condi・

ti・ns・恥cope　wi也血e　c眠when　all　pro』packe鶴眠10st，

the　maximum　ti　m巴fbr　wai加g　lhe　last　probe　packet　is　deter・

π血ned　based　on　empirical　da口and　used蔚）r　te㎡naUng　the

probe　monitoring　window．　The　probe　Qos，　x，　takes　numeri－

cal　values　between　O　and　1．　Pa由cularly，　we　divide　out　mea・

s岨ng　sys1em　for　the　admission　contrvl　pr・cedure　into　two

systems・h曲e侃嘔t　system，　the　average　packet　delay由誕

the　probe　flow　experiences　in由e　considered　pa也is　used

fbr　probe　Qos；dle　av巴mge　delay　is　measured　by　counting

the　delay　of　all　aniving　probe　packets　only民電eiΨed　within

the　monitoring　window．　Note　that　eΨery　pmbe　packet　ha5

an　anival　time　starnp　that　al］ows　the　delay　system　to　run　itS

measnrements・For　the　time　stamp£the　c1㏄k　synchroniza・

加nin血e　network　can　be　guaranteed　ilsing　the　Network

Time　Protocol　or　other　methOds．　The　de｝ay　of　a　packet　is

the　sum　of　the　pmpaga目on　delay　and　qu巴uing　delay．　When

也enetwork　is　very　lightly　loaded（敷）r　example，　in　the　mid，

㎡ght），　there　is　almost　no　queuing　delay　and　the　propagation

delay　is　dominant　in　the　pmbe　packet　delay．　Thus，　prop

agation　delay　fbr　a　given　pa由¢an　be　estimated　by　taking

the　minimum　delay　over　some　delay　samples　obtain・r］by

㎞al　pmbe　fiow　t轟msmissions．　This　esti　mated　propagation

delay　is　deducted廿om　the　measu祀d　delay　to　be　used　fbr

probe　QoS　eΨaluation・In　the　second　syslem，　the　avelage

packet　loss　rate　is　used　fbr　probe　QoS；the　aΨerage　loss　rate

is　conside忙d　as　the　mtio　of　the　non・arriv巴d　paokets　within

吐1e　monitoring　dura目on　lo　the　tolal　generated　packets．㎞the

loss　system，　average　packet　loss　ra㎏吐es　a　value　belween

Oand　l　and　it　is　directly　used　fbr血e　pオobe《｝〔｝S．　In　the　de・

lay　system，　delay　is　measured　in　the　unit　of　s㏄onds．宇or

example，0．7　representS　a　delay　of　700　ms．　Due　to　the　lower

priority　of　the　probe　fiows，廿1e　pmbe　packet　delay　may　be

Ielatively　Ionger　than　that　ofΨoice　packe1L　But　it　is　ra民fbr

the　delay　to　be　more蜘1second．　If　no　packet　a㎡Ψes

du曲ng　monitoring　window，　pOssibly　because　probe　packets

suffer　frorn　a　delay　higher曲紐1＋α　secondS，　x　is　simply

set　to　L　l11血is　case，　se随ing日1e　va1凹e　x　to　l　is　also　llold　in

廿le　loss　system　when　no　probe　packet　arrive島．

　　　　In　both　rneasuremenl　systems　a　certain　admission

threshold　is　used　for　CA（二．　The　admission　contlx）1　decision

will　be　done　depending　on　admission　test　result．　The　suc・

cess　of　the　result　means　that　probe　QoS　is　no　greater　than　th巴

pre－detennined　admission　th爬｝shold．　and　fail凹re　means　o也一

efiVise．　The　decision　outcome　is　repOrted　with　call　setup　sig・

nal　notification　or　call　block　signal　notification　to　the　sender

at　dle　end　node．　The　basic　ftamework　desc「ibed　above　of

the　ca11　setup　protocol　of　the　EMBAC　for　VoP　networks　has

been　proposed　in　l　16j　a冗d【171．　Thes¢¢all　setUp　fUnctions

may　be　incorporated　in　the　standard　cal1　signaling　protocol

sロch　as　SrP　and　H、323　with　slight　mOdification．
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kble　1　Contre］　operation　mar：agement　of　EMBAC　sehεrnes．

3・　ProbabMty・Based　EMBAC　With　Severe　Congestion

　　　Consideration

　Consider　an　admission　lest　at　nOde　T，　which　is　in　charge　of

　judgjng　whether　to　accept　the　fiow　from　the　node　O　to　nOde

　Tor　noI・Tb　do　1血is，　node　T　measu爬s　pmbe　QoS　fbr　the

　pmbe目ow　from　node　O　to　node　T　If　pmbe　QoS　is　greater

　由an　the　admjssion　threshold，　r，　thjs日ow　is　rejected　with

　aprobabjlityρ＝　1－∫（r），　where∫（r）is　a　monαonous

　increasing　fUnction　of　r．　This　probab認ity－based　sc｝1eme

（EMBAC－P）is触i耐oduced　in［19摘抽e　loss　system．

　Note　that　the　convenUonal　EMBAC　scheme　with　the　deter－

　rninistic　pOlicy（EMBAC・D）has　p　eq岨ho　1．［19］discov・

　ered　that　EIMBAC－D　tends　to　over・control　call　admission．

　The　parameter‘1∫（r），，’which　is　chesen　to　be　equal　to　r，　is

　thus　introduced　in　to爬lax　the　strength　of　con血や1．　If　the　ad－

　mission　th11巴shold　「，　increases，　the　chance　of　success　in　tlle

admissien　test　also　increases．　As・the・result，　more・calls・are

　accepted・We　find　that　wi血asevere　congestion　condi吐on　in

the　network，　whe］田acon民nding　tra伍c　oΨerload㏄斑rs　fbr

a　periOd　of　time，　the　EMBAC－D　blocks　all　the　coming　calls

while　the　EMBAC－P　haΨe　no　choice　only　to　accepけhose

calls，　which　should　be　rejected，　thrvugh　its　probability　fUnc－

tion・Thus　lhe　E』》口BAC・P　giΨes　high　packet　loss　rates（PLR）

comparing　to　the　EMBAC・D．　The　above　obserΨa加ns　fbr

EMBAC・D　and　EMBAC・P　are　summarized　in　each　conges・

tion　type　in　Table　L　Considering　these　facts　we　deΨelop

anew　EMBAC　scheme，　which　has　a　fea加re　of　EMBAC－P

in山e　tempOrary　congestion　and　th田of　E］MBAC・D　in出e

seΨere　coRgestion　as　shown　in　Table　1，　termed　EMBAC－

P・SCC（PrObability－based　EMBAC　with　Seve爬Congestion

Consideration）to　optimize　the　network　Performance　at　any

congestion　leve1．

　　　To　give曲e　EMBAC－P－SCC　the　m飢ageme批oapabi1・
血yas　i皿丁邑ble　l，　we　first　summarize　the　co仙⑩l　opera－

tion　rnanagement　conceptS　of　bOth　schemes　EMBAC－D，　a皿d

EMBAC－P　and由en　we　show　how　the　required　concept　for

EMBAC－P・SCC　is　explo顛ed　using　Ihese　concepts，　and　fi－

na11y　we　intrvduce　a　new　mathematica1血ncdon　which　is

created　and　developed　to甜PPOrt　the　controt　epe1adon　man－

agement　of　this　concepL　For　the　co耐rol　operation　con－

cept　explanations　we　define　the　acceptance　ratio（A、R）as　the

probabiliry　of　accep加g　the　incoming　cal1　request　according

to　the　considered　EMBAC　scheme（AR＝1－」p）．

A）劉MBAC　contml　oper舶on　concepts：

　　　Figu鵬s　2間飢d　2（b）show　a　graphical　representation

of　the　con加10peration　concepts　of　both　schemes　EMBAC－

D、and　EMBAC－P祀spectiΨely，　which　are　described　in　Ta・

ble　1」n血ese　figures，　whe祀the　admission　threshold，　r，

is　assumed　to　be　50％．　If　x　is　more　than　the　value　of　r　＝

0．5α＞0．5）EMBAC・D　b1㏄］⊂s　all　calls（」p＝1，蝋んR＝

1－p＝0），while　EM［BACP　accept　a11　calls　wi血the　same

probability　of　50％（P＝　1－r＝0．5，　am匡〆U『＝　1－P＝0．5）．

B）EMBAC－P－SCC　cOntrol　operation　concept（Fig．2（c））：

Cong副on EMBAC・D EMBAC－P EMBAC－P
typ6 ・SCC
τ逐mpora「y Unnecessahly Pmbab損ty Ha5此
　　　　．モ盾誌ﾒ巴頭on bl㏄k　calls　in ba記d　adm酋一 same

1he　pe亘od　of ’slon　syslem
pmper町

thjs町pe． ac㏄PI5，　with of

A血巴rthe　ond i岱pmbabi1一 EMBAC－P
of由j5声一 i呼，血e司ε一
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罰1｝2　　Admission　contro1　operetien　conロrpts　of　EMBAC・D，　EMBAC－P，

and　EMBAC●P・SCC　respectivcly　at　r＝O．5．

　　　In血s　concept曲e　probabiliry　of　eΨery　admission砧st

to飴il　or　succeed　depends　mainly　on血e　p1旭be　QoS，　x，　over

吐1e　admission　threshold．

　　　Tb　supPort　and　satisfy　the　concept　and　fUnctionality　of

EMBAC・P・SCC　scheme　summadzed　in　kble　1，　there　are

specific　requirementS　needed　for　the　！nathematic　al　fUnction

of　the　centrel　operation　as　the　following：

　　●U㎡翁c飢ion：can　unify　the　bases　of　bo吐1　E］MBAC・D，

　　　and　EMBAC－P　schemes　includi皿g　f（x）＝rat　x＝r

　　　in　temporary。ongestion　and　f（x｝＝Oat　x＝1in記一

　　　ven∋congestion・An　example　of　this　con1邊rol　operation

　　　concept　i5騨phically：epresented　in　Fig．2（c）．
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Fl酔　3　　Conlml　ope祀ti国of　EMBAC－P－SCC　re｝ated　to　the　average

delay／loss，　x，　over　an　admis5ion　tl2resbOld，　reO．5、　at　different　con的l

strengths，　z．

　　●Elasticity：conve血ble　f由m垣9｝t　level　of　relaxation　as

　　　in　EMBAC・P　to　a｝high　level　of　h曲ess　as　m　EMBAC・

　　　D　using　one　parameter．

　　●Implementation　easifiess：easy　to　implement　in　com・

　　　puter　simulation　a・ロd　prvducts．

　　　A丘er血：ying　soImany　f已nctions，　a　number　of　thern　could

satisfy　most　of　t｝1ese　requlsements．　メ㎞ong　these　f　lnctions

we　sel蜘d血e　i即licit　asteroid　fUnction　of　the　folloWing

equadon：

　　　．x（f）＋y（雪｝＝1，α＞o　　　　　　（1）

　　　ConsequenUy，　to　hand｝e　all　mentioned　requirements

wi山the忙alization　of也e舳e　parameters　the　admission

d麟hold，　r，　the　probe　QqS，エ，　and白e　control　s血ength（re－

1axatiorl！hardness邉ctor，　z，　we　developed　Eq．（1）to也e　fbl・

Iowing　eq凹ation：

f（r・・x・z）＝－r

k1－

0＜z＜co

r≦x≦1

エー1ΦΦ
　　　　　　　　　十r

1－r

｝

｛2）

　　　Over　the　ad㎡ssion　吐iteshold，　r，　and　at　any　giΨen

vallle　of　x，　tle　admission　contPc｝10peraUon口n　be　m鋼g｛Xi

㎞ugh　the　factor　z．　The　cont【01　hardness　inc賠ases　as吐1e

cont！ol　opemtion　gets　close　to　EMBAC－D（z→0）．　Also，

wjth　a　laige　value　of　z（z→oo），　EMBAC－P－SCC　i　s　equal　to

EMBAC－P　fbr　a皿エvalues　exceptエ＝1whe爬EMBAσP－

SCC　is　equaho　EMBA仁D．　Figu賠3iliustrates　the　accep一

日皿ce　rado，　AR，　w己th　the　EMBAC－P－SCC　ope罰1tion　under

ad1nission　thresho｝d　of　O．5　with　con1臨）l　st：ength　factor　of

O．01，α5．1，L5，2．3，5，7，　and　11　respectively・

　　　Figt鵬4shows由e　contro1　operation　difference　be－

tween血e　EMBAC－P　and　EMBAC－P－SCC　schemes，］㎞bo由

schemes　the　end　of　dle　line　on廿悼1ef、　side　is由e　admission

曲reshold　r．　If　o凹r　admission吐veshold　r　is　equal　to　O5，　and

1

ξα8

璽“

昌・．4

』，．2

0

◆◆◆96

’Y”一一

゜－tWe’eee“・“pa…．　31

　　　　　　　0　　　　0．2　　　　0．4　　　　0．6　　　　0．8　　　　　1

　　　　　　　　　　　　　　　　　　　　　　X

亮書4　　Contiol　eperation　of　EMBAC－P　wilh　no畠ction爬1■ted　lo　the

duμ19巴50f　average　del皐y月oss．　x，　and　Control　operation　of　EMBAC・P・SCC

at　control　5trtngth，　z＝3，0ver　a皿admissi加』hold，　r，

廿le　pmbe　QoS’xコs　equal　to　o・8，　EMBAc・P　will　accept　the

call　wi曲、　a　probability　of　O5，　while　EMBAC－P－SCC　wilI

accept　the　call　with　a　pmbability　of　O．345．　Besides，　when

no　probe　packets　can　anive　to　the　destination　within　the

probe　duration　period　the　ca踊will　be　natura皿y　rejected　in

EMBAC－P・SCC．
　　　Figu民s　3　and　4　give　a　good　insight　to　bo山schemes．

Using　simulation　we　will　proΨe　that　the　EMBAC－P・SCC

Perfonnance　behavior　is　as　designed　in　Table　1．

4．　Performance　Evaluation

4．1　Simulation　MethOdology

Tb　eΨaluate　the　performance　of　EMBAC　for　Vol　P　networlcs，

sirnulation・is・used．　In　the　simul甜on　me由（Xi。logy　we　con－

sider　the　netwodζmodel　of　Fig．5．　This　model　con5i5岱

of　end　nodes　apd　inte而nediate　link　wi吐1　two　intemediate

ro鵬rS　lmd　o由er　links　connecting　the　i輪rmedi巳聞o魍rs

to　the血伍c　end　nodes．　In口tis　model　we　assume　tha“he

Hnks　com剛ng　i唯medi牢mu疏A紐d　B　to翻d　n嘘s
a民Hgh目y　loaded（with　no　er　ignorable　c加gestion　and　neg－

Ugibl¢h鰺ncy），　while也e　main。ongestion　occu醜t　the　in－

termediate　link「ou疏，　which　is由e　common鍋d　the　sh綱

link・betWeen・alE・e”d・nOdes．　Thi∬ituation皿y　hapPen　when

local　aぼea　networlts（LAN［）in　distant　places　al“e　conn㏄鳳」

by　direct　Unks　threugh　longイ1ist孤ce　netwo【ks（wide　a肥a

networks，　WAN），　becailse　LAN　has　laige　bandwidth　enough

to　handle　a　number　of　calls　larger　than　Ihat　of　wide　a爬a　net－

WO「kS　in　mOSt　real　netWO「k　Si口1atiOnS．］［t　iS　nam掴tO　aSSUme

that　eac｝1　end　node　is　a血伍c　source　and　a　traf罷c　s蝕止si－

mu1血neously，　where　calls　origifiate　a口he　t把a傭ic　soulce　and

t斑minate　at由e口伍c　sink．　Ne燗theless，　we　assume　that

end　nodes　at　the　lef卜side　a民ロ疏c　sources　and　those　at由e

dght－side　a民抽伍c　sinks　fbr　simplici呼．　Of　course，　each

node　is　a　voice　now　source　and　a　voice目ow　sink　simul垣一

neously．　Aiso　we　ass凹me也at　dle　calls　anive　at　the虹a伍c

sou鵬e　end　nodes　accor戊ng　to　Poisson　a㎡val　process．瑚血
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this　assumptions，由e　call　a卵als　at也e　i蜘㎝e融te　link

edge　router　A　will　be　equal　to　the　summation　of　call　arrivals

at　alnra伍c　source　end　nodes　with　Poisson　ar由al　pr㏄ess．

From　this　aspect，　in　our緬ulation　we　focus　on曲e　in賠me・

dia砧1ink　A・B　as　the　bottleneck　link　in　the　network，　where

node　A　and　node　B　rep祀sent　aggregation　of　tra伍c　source

匡md　sink　end　nodes　at　both　sides祀spectiΨely　as　shown　in

Fig．6．　This　simple　sirnulation　mOdel　enables　us　to　investi－

gate　the　abiliry　range　of　di　fferent　EMBAC　schemes　to　ensure

adequate　and　desired　Qos　for　the　VolP　fiows．　As　lnen加ned

in　Sect．2，Ψoice　and　probe　fiows　preferentially　u記agiven

bandwidth　in　each　link．　Tlierefere　the　effect　of　best－e行brt

traMc　is　limited　and曲e賠would　be　no　essential　difference

i“etwork　Irerformance　between　the　case　With　besトeffort

血aMc　and　that　Without　best－ef『blura伍c．　For　simplicity，　we

de・n・t・consider・best・e脆口加伍。・The　amount　of　the　signal－

ing　fiows　is珊ot　as　significant　compared　With　that　of　voice

fiows　and　probe　fiows．　For　simplicity　we　ignore　the　signal一

拍gtra伍c．　Also　we　neglect　the　link　pmpagalion　delay　but

the　pmpagation　delay　can　be　e5timated　and　ded恥ted血om

由eto捷1　measured　delay，　so　that　q凹euing　delay　is　pmperly

evaluated　fer　the　pmbe　QoS　in　tbe　delay　system　as　men・

目oned　in　Sect．2．　As　mentioned　aboveΨoice　fiow　is　given

higher　prioriry　in　packet　scheduling　than　probe　fiows　and

it　is　served　based　on　a　non－P祀已mp目ve　prioriry　schedロiing．

Accordingly，　The　probe　fiow　can　use　only　the　unused　band－

width　over　the　voice　fiow．　Pa宜icularly，　the　balldwidth　of　the

bottlen㏄k　link　is　set　as　a　pammeter刷1ging　from　825　to

3300kbps　w油a刷1ge　of　traMc　intensities．

　　　The　call　holding　time　is　based　on　expOnential　distri－

1頑on　wi也血e　av飽ge　being血ee・minlltes．　We・consider

active／silent（ON／OFF）states・in・the・voice・fiow．　Fbr　an　es・

tablished　ca11，　every　active　PeriOd　of　speech（talkspun　5）is

an　expOnential　disUibution　of　3　seconds，　and　the　overall

vojce　activity　P　is　assurned　to　be　al　30％．輪acUvity鞭

resent8　the　average　pet℃entage　ef　time　during　which　speech

is　present・】Each　packet　has　40　bytes　oΨerhead　cornposed　of

20　bytes　IP　header，8by妃s　UDP　headerl　a皿d　1　2　bytes　RTP

header・The　inaximum　length　of　a　packet　is　60bytes　with

one　packel　generating　every　20　ms　during　active　periOds　of

each　di肥ction　fbr　each　ca皿．　Thロs，　the　maxi　mum　rate　fbm

Vb工P　calI　is　24　kbps．　We　also　assume　probing　duration　as　l

sec　as　me皿tioned　abOve．　Since　the　probe　fiow　rate　i　s　selected

same　as　the　yoice　fiow　rate，　the　number　of　pmbe　packets　is

50packets　fbr　e部h　call祀quest．　A　size　of　a　probing　packet

is　always　60　bytes．　The　bu　ffer　size　for　the　voice　fiow　is　set　at

40　packetS　at　each　router．　From　tle　i町ro血nce　of　the　pr・be

fiow　as　a　netw。rk－c・nmOlling　to・1，　we　stUdied　the　1肥㎡br－

mance　of　different　bu脆r　sizes紬ugh　simulati加；solne　of

the　results　a肥shown　i皿4．2　and　th紐co皿sidered　for　the　rest

of血is　paper・Satisfying　a　tafget　packet　average　loss　rate　of

O．5％we凹se　the　blocking　probability　as　the　performance

pararneter・Note　thaL　iR　eΨery　simulation　run，　the　average

loss　rate　is　calculated　as　the　Iolal　lost　voice　packetS　divided

by　t血e　total　voice　genera民d　packetS，　and　the　bl㏄king　prob－

abiIity　is　calculated　as　the　total　rejected　cal！s　divided　by　the

total　cal1　requests．　Eacb　simu　ladon　ex㏄凹ted　for　five　hours

in　simulation　ti　me　a皿d　the　performance　data　are　obtained　in

1he　last　two　houIs　to　eliminate　the　effect　of　initia血zation　and

transitional　conditions．　Five　runs　with｛different　seed　num・

bers　are　conducted　fbrεach　sys1em　and　the　collected　data

are　calculated　and　averaged　over　those　nlns．

4．2　Simulation　ResultS　and　Related　ViewpOintS

The　performance　of　the　network　without　admission　control

is　shown　in　Tables　2　and　3．】㎞both　tables　the　bloc］dng　pmb・

ability　is　always　O，　so　the　decremen巳f　the　bandwidth　in　Ta－

ble　2　or　that　the　increment　of　the証a伍c　load　in　the　network

iガTable　3　will　result　i　n　degradatien祖廿1e　QoS，　which　is　re－

lated　to由e　voice　average　loss　rate，　beyond　an　unacceptable

level．

　　　FigUre　7　illustrates　the　effect　of　probe　buffer　size　on　the

network　perfbmlance㎞ugh　the　b1㏄垣皿g　probability　satis情

fying　an　avera8e　loss　mte明εt　of　O．59b　at　probing　durations

（pt）of　l　and　2　secends　with　tra伍c　intensity　and　ba　ldWid山

of　100［er1］and　900［kbp5】respectively．　We駄〕und廿1at　in

one　hand，　fbr　a　plobe　bu　ffer　size　less　than　20，1ess　perfbr」

mance　is　obtained　because　the　pmbe　fiow肥伺ects　only　a
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Ψery　tempOTal　bu面’er　state．　On　the　o也er　one，　fbr　long　bu　ffer

由e　Perform鋤ce　has　almost　no　change　in　bo也measu民ment

systems．　Conseq鵬ntly」a　buffer　size　of　20　packets　gi鴨s　a

suitable　probe　aΨerage　delay　and　avelage　loss　rates　fbr血e

a｛tmission　contm1（especia11y　in　our　ca鵬where　the　pmbe

flow　duration　per　call　unit　is　only　l　second血1filling　the　en－

demand　method爬qui民ment8）」n　pmbe　d脈ition　of　2　sec－

onds，　similar　t爬n（1　ate　obtained　with　noticeable　increase　of

the　perfb酪ance．　This　is　related　to　the　chance　of　d旭prr）be

packets　to　refiecl　mo党P民cise　netwedk　statUs　infbrmation

with　longer　monitoring　PeriOd．

　　　The　EMBACD師b㎜‘岨ce　of血e　delay　system
加ugh廿1e　average　packet　loss　rate（PLR）andも1㏄king

probabi　liry（BP）vers田admission　thresholds　are　shown　in

Figs．8and　9爬sp㏄面Ψely，　when　100　erlangs　trathc　is　of－

fered．　With　t瓦e　increasing　of　1he　adrrtission　threshold，　PLR

tends　to　increase　and　BP　tends　to　dec爬ase　as　expected．

Obvi・usly，　the　delay　systern　is　very　sensitive　to　the　ini血al

change£of出e　deIay　admissio皿thieshold，　whe皿e　the　inc1eas－

ing　of　the　PLR、　and　the　decreasing　of　the　BP　a爬Ψery　sha叩

at　low　admission㎞曲01ds．　However，　tbe　ef『bct　of　admi　s－

sion　threshold　en　the　perfbrman¢e　is　not　sensi憧ve　at　high　ad－

mission也爬sholds（when　the　admission　threshold　increases

加m20％to　100％）．　No蝋h副in　the　loss　system，　similar

problem　exists　at　high　admission血肥sholds，　which　is　selved

fbr　the　loss　sys㎏m伽ough　the　EMBAC・P　｛19］．　To　avoid

redundamcy，　we　did　not　cover　the　loss　system　perforrnance

paTt　with　EMBAC・D　and　also曲e　de皿l　p賦⑰f　EMBAC－P

for　both　delay　and　loss　systems．　Alse　we　eΨaluated　the　per－

fc）rmance　of　EMBAC－P－SCC　using　contrel　strength　f己ctor　z

of　3　and　11．As　a　resulL　the　E］Vfi3AC・P－SCC　wi由a　control

Sl血ength　factor　z　of　i　l　performs　higher　than　3．　Th¢refbre，

to　cornpare　the　results　ef　our　enhanced　scherne　to曲ese　of

EMBAC－P　scheme．　we　will　consider　only　a　z　value　of　1　1佑r

the　perfo灯nance　evaluation　of　EMBAC－P－SCC

　　　Our　proposed　schemピs　Perforrnance　is　shown　in

Figs．10and　11．It　is　clear　that　the　admissien　control　scheme

in　EMBAC・P・SCC　is　very　smooth　cornparing　to　that　of

EMBAC－D．　For　the　confidence　of　the　EIVfi）AC－P－SCC，由e

confidential　im己rval　of　95％is　also　presented　in　fr」e　same

figUres；it　is　shown　that　the　propOsed　scheme　is　accurate　and

reliable．　The　o口1er　ca5e5　have血e　salne　simuiation　condト

tions，　so　we　omittcd　the　confidential　interval　in　the　other

figures．

　　　　Te　study　the　effectiveness　ef　EMBAC－PLSCC，　w¢first

compa民the　perfe而ance　of　EMBAじP　with　EMBAC－P一
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SCC　fbr出e　Ioss　and　delay　system　ln　Figs．12and　13．日g－

u祀12coπ1pa陪S　lま1e　pe㎡bmlance丘）r　di蕗erem　PLR埣ge臼

ranges　between　O3％and　O．5％at　a　tra缶c　load　of　100　er－

langs　and　a　b加dwidth　of　90（｝　kbps．　The　optimal　admi　ssion

th党shold　is　obtain巴d　as　Ihe　admission　d甘eshold　th就sa目s－

fi儲the　Target　PLR　with　minimum　BP．　Figure　I　3　musロ蹴es

the　Performance　of由ese　schemes　at　a　PI」R、　target　of　O．4％．

1l　is　clear　that　the　EMBAC・P－SCC　is　more　effective也an

ロ§

aa

菖

　　　　　0　　　　　　02　　　　　　0．4　　　　　　0．6　　　　　0．8　　　　　　1

　　　　　　　　　　　　　A血山sion　Tlhreshold　lsecen｛lsl

刊書11　　BI㏄垣ng　prebabiiity　vs．　adrnissjon吐neshold　in　EMBAC，P．SCC

ef　delay　system　wi曲a・confid加ti　al　interval　of　95％．

量2，

｛

9

　　　　　　　　　　　　　T蝿剖醐㎞唱撤o岡

副1卜12　副ocking　probability　vs，　ta：g¢t　lo65口te㎞EMBACP鍋d

EMBAC・P」S㏄．

匡5

i4
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　　　　　　　　　　　　　　丁酬elr品r噛y圃

F亀酔13　　BloCltin8　probability　under　a　O．4％ρ3ck巴t　loss　rate　t町葛巴t．

EMBAじP　The　reason　is由at，　the　EMBAC・P　accepts　th¢

comi皿9　calls　with　the　saTne　probability　whatever　the　con・

gestion　leve1，　while　Elvfi3AC－P－SCC　regutates　and　balarsces

the　admission　pro¢ess　by　accepting由e　calls　dhat　should　be

accepted　in　temporary　congestien　a皿d　blocking　dle　calls曲at

should　be　bbcked　in　seΨe民congestion．

5・Netw｛｝rk　Perfomiance　at　Optimum　Admissien
　　　Thi　eshold　Chor肥匝in　Ad冊n㏄

The　EMBAC・P　scheme　is　based　o皿aprobability釦nction

也at　accepts　calls．　which　should　be　b1㏄ke（I　even　at　severe

congesti・n　s臨s・恥pmve血s，　first　we　testify・u口et－

work　perfb頂ance　under　a　shoτt　to　intermediate　periods　of

6xed　e糊抽伍c・load・S㏄ond，　we　s蝋y血e　netw・却er』

mance　at　different　extra　offered　loads　with　a　constant　busy

Pe「i・d　o純me・ln劇netwo止s血is　case　s如dy　hapPens
when　some　netwo『k　resources　are　unavailable　related　to　link

垣1u民or缶aMc　overload　occurs　in　the　netwerk．　Th¢simu．

lati。n剛面me，　data　collec面・叫and　the　P蹴me疏a祀the

same　of　the　preΨi龍s　sec加n　unless　mentioned（tlle　band・

width　is　set　to　900［kbps］）．　In　bOth　parts，　the　beginning　of

the　extr田ra伍c　load　period　is　selected　ralldomly　w担hin　th¢

fourth　ho凹r　of　sirnulation．

　　　　］㎞tlle　first　part．　we　study由e　inc爬ase　of血e　off已詑d

仕a缶cto　50％over　the　original　considered　tra伍c，　frDm

100［erl］　te　150［er1］，　fbr　extl竃traf6c　periOds　of　5，　15，　30，

and　60　minutes．　The　admission吐口shold　chosen　here　is　the

optimal　admission　t血肥shold廿lat　gives　a　O．5％average　loss

rat帥arget　in　the　previolls　section　with　a　constan匡trathc　load

of　100［er1］．　Figures　14and　15show　tlle　chヨmge50f　the　P1』1

埣get　and　the　BP　with　the　increment　of　the　of『b爬d　tra伍c

load　within　the　correspO皿ding　period　in　every　scheme　in　eΨ一

ery　measurement　syste璽n．　At　fixed　extra　t白伍c　Ioads，　we

can　see　clearly血at　bo血EMBAC－P　a皿d　EMBAGP－SCC
schemes　worked　as　men加ned　in　Table　1．　Although　the

EMBAC・P　has　lower　BP　in　delay　and　loss　rneasll！eme耐sys・

砧ms　wi血i輪media缶岬ods，也e　to血1蝉brm加ce　shows
that山［e　EMBAC－P－SCC　scheme　not　only　o咀perfbrms也e

EMBAC・P　scheme　but　also　Uies　to　k㏄目he　av頗sge　lo8s

一
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95s

白te　c1。se・to・the・considered榔get．

　　　1皿the　second　part，　we　consider　a　6　xed　extra抽伍c　Ioad

輌蛆・f15　mi・・t・・副…d・ct・u・・im・lati・n・tudy・With

different　extra　offered　loads　range　between　30％and　75％

over　d肥original　designedロaf6c　of　100　erlangs．　Figures　16

and　17　show吐肥reliabi　lity　of吐肥EMBAC－P－SCC　scheme

萎
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刑酔16　　Perfeimance　using　fixed　admi5sion血ueshold　fbr巴ech　EMBAC

sy8tem・

w虹hsimil紅ac垣evemen巳of也e輪pan．

丘　　E伍Cienqy　Evaluation

We　calculate　eMciency，　which　is　defined　as　fbllows：

（1）EMBAC－P　and　EMBAC－P－SCC
　　　Using　delay　and　1・ss・measurement・systems，。blain血e

　　　maximum・value・of・offered・trathc・R，　to・meet・averag巴

　　　1ess　rate　tasget　of　O・15％and］B韮㏄king　probabi！ity　no

　　　gr臼ter　thIm　1％，　using　optim凹m　admission血reshold

　　　fbr　a　given　link　bandwidth　by　simulation，

（2｝Circuit・switch・ba8ed　admission¢ontrol

　　　Obtain　the　maximum　value　of　offered　traMc　S，　te・meet

　　　由esame　conditions　of　average　loss　ratc　and　B1㏄k・

　　　ing　probabiliry．　using　be　optimum　number　of　trunkS

　　　N（maximum　number　of　calls　in　pmgress）fbr　a　giΨen

　　　link　bandwidth　by　simuiation，

　　　FOr　fair　comparison　we　set　the　simulation　cenditio！rs

of　the　circuit・switcb　mOdel　as　same　as　that　of　the　EMBAC

mOdel，　the　only　difference　is曲at　the　network　is　controlled

through　delay紐d　loss　measu民ment　systems　in　the　case

of　EMBAC　and曲mugh　trunks　availability　in吐re　case　of

circuit－switch　modeL　Then，　the　ethciency　of　the　EMBAC

schemes　a皿d　that　of　the　circ凹it－switched　model　are　defined

as　RIN　and　SIN．　respectively．　The　result　is　shown　in　Fig．18．

E伍ciency　of　lhe　circuit－switched　model　increases　with　link

capacity．　Besides，　The　e伍ciency　of　EMBAC－P－SCC，　fbr

both　delay　and　loss　measu民ment　systems，　is　closer　to　that

of　the　circuiトswitched　model　with　the　same　trend　a皿d　out・

Perf｛｝rms也at　of　1血e　EMBAC－P血mughout　I血e　range　of　link

capaclty・

　　　in　circuit　switch　mode1，1ir止一by－Unk　admission　con・

加1is　perfbrmed．　Hence，　the　nurnber　of　c　alls　in　progress

is　mea甜rable，　which　gives　ideal　and　precise　admission　con．

tro1．　In　E～IBAC，　the　admjssion　con加1　is　Performed　based

on　the　probe　fiow　to　estirnate　whether血ere　i　s　enough　band－

width　on　the　consideIed　path、　In　ac田al　fact，　the　Elvll3AC

ha£no　available　infbrmation　about　the　number　of　calls　in

prog【ess．　Neve直heless，　EMBAC－P－SCC　could　achieve　aL
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mest　the　same　ideal　e缶ci聞cy　of　circuit　switch　based　ad－

mission　controL

　　　This　result　suggestS　that　EMBAC・P・SCC，　for　both　loss

and　delay　systems，　is　effective，　scalable，　a皿d　e缶cient　for

wjder㎜ge　of　link　capacit苦

7．　ConClusien

Ms　paper　js　a　study　of山e　majn　issues　of　EMBAC　fbr　VbIP

netwofks　using　both　delay　md　Ioss　meas塒ng　sy醜¢ms．　A

probabi廊y　based　EMBAC　with　seve【e　congestion　consid－

eration　sch¢me　has　been　propOsed　to　consdously　contml

and　optimize　VoP　netwerks’QoS．　Simulation　was凹sed　to

evaluate　performance　of　di　fferent　EMEAC　schemes．　We

compared　the　perfb酷ance　of　EMBAC　schemes　in　temls　of

bl㏄king　probability　under　the　same　condition　of　achieΨing

average　packet　loss　rate　no　g肥ater　lhan血e　cenain　target

by　setting　an　optimum　admission　thre曲01d　in　eacb　scheme

聞der　each　scenario．　It　is　shown　tha口he　EM［BAC－P－SCC

scheme　has　j　mproΨed　the　network　perforrnance．　Also　we

could　prove廿旧t，　for　extra　traMc　loads　wi吐Un　a　busy　period

of　time　and　with　an　optimal　ad而ission　threshold　chosen　in

adΨance，　the㎜AC－P－SCC　can　be　a　powe血1　and民1iable

EMBAC　too1　for　Vo］〔P　networks　and　an　impO血nt　key　f己c－

tor　in　achieving　high　netwerk　Performance・with・minimum

blocking　probabilily　and　mi　nimu而average　loss　rates．　It　is

finally　confirmed　that　EMBACP－SCC　is　scalable，　effective，

and　e伍ciefit　for　wider　iange　of　link　capacity．

　　　As　fUture　challenges，　our祀search　investigation　is　con－

tinuing　w仙m飢y　issues伽t鵬sdll　o卿爬9加ing　the
enhancement　of　VolP　systems・The　issues　that　are　currently

under　study　ar舳e　fbllowing：

●We　are　planning　to　subjec白llr　enlianced　scheme　to　het－

　emgeneoロs　tra伍c・「W（∋believe　that　the　ploposed　EM－

　BAC　sche　me　could　be　mOdified　to　werk　well　in　much

　wider　set　of　load　patterns．

・A　network　with　many　congested　bOrleneck　linlcs　was

　out　of　the　scope　of　this　paperL　i皿volving　dhis　scope　is

　one　of　the　ilnpo1’Umt　fUtUre　works．

●Using　Trathc　Engineering　a皿d　MPLS　Iec㎞010gy　fbr

　山ecapacity　allocation　in　VblP　ne【works　fbr　suitable

　average　loss　rate　and　BP　targetS　is　under　investigation．

●Also，　we　would田ヒe　to　implement　and　develop　our

scherne　for　the　dynamic　routing．
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University，　Tripoli，　Libya，　in　1996，8nd　M．S．

哨牌in　C。mPUIer副lnformation圧ingineer－
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g蝿Univ『田8㎝㎜t脚h　in紅酷
include　I輪met　QoS，　VblIt　MPLS　l㏄㎞010gy，

al冨1　Tr畠f五c　Engin●訂｛ng．

knidi　Masc　　　　rcoeived　t11陪B．E．，　M．E．

and　Dr．　En8・de8端拍Mectrica；Enginecting

加mwa泌血university，τbkyo，　J叩an，　in　1970，

1972．and　1983．　He　joined　M凹5且shino日ec㎞一

c畠1Co㎜岨ication　Laboratories　of　！rn’　Public

Co叩oration　in　1972．　He　w題E瓦㏄uti鴨M8n－

ager・　Communication　Assesslncnl　1』bOratery，

NTT　MUItim餌tia　NetWerks　L畠bOratories　f知m

1996to　1998．　He　is　n回w　Profe　ssor，　Dcpartfnent

of　lnfbmlation　EngincWing，　Faculty　of　Engi－

n㏄前！19，Niig且ta　University，　Jap加．　He　re㏄ivεd

IEECE　best　P叩er　award　for　the　year　of　1993，　and　the　Telecornmunications
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pum　netwerks．　q岨1論y　of　service，旬d　mobile　ad　h㏄networks．　H¢i昼a

senior　member　of血e　IEee

一付録29一


