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This thesis presents a selection of optimal trunk reservation parameters. The aim is to achieve
high system performance as well as fair admission control by using fixed trunk reservation
policy. Three selected cooperative game theoretical approaches— Nash, Raiffa and Modified
Thomson arbitration solution— provide high system performance with Pareto optimality and
fair bandwidth allocation with the fairness axioms. In addition, based on setting a starting point
to fair nominal utilization, the proposed scheme can provide a non-overload traffic protection
against overload traffic. For adjusting the fair guaranteeing nominal utilization, a control starting
point parameter is introduced. Finally, a fair bandwidth allocation associated with priority level
of traffic type is proposed by using nonsymmetric Nash bargaining technique.

The performance of proposed scheme is compared with the conventional fixed trunk
reservation policy for blocking equalization. The reported numerical experiments show that
the overall utilization of modified Thomson arbitration solution is the highest while that of
Raiffa arbitration solution is the lowest. The result of Nash arbitration solution is close to
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utilizations are not less than the nominal utilization guarantee, especially in heavy load situation.
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of non-priority-level case. However, this technique does not appropriate by with the modified
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gn)=G(n+1)—G(n) (2.6)

S a ¢ q o f @ @ s w o q v
Luaﬂﬂ’lﬂﬂ’]’i’JLﬂiwﬁﬁﬂﬂﬁ%LLﬂuﬂ’J@W]ﬂNNaLL‘]J‘]JVLNLTJHLTNLEHLWTNEINT]’IS (2.5) ‘I/Iﬂ“l/iﬂﬁﬂiﬂ

LY

v ' '
o v Sy a Ay QVI’Y q

asauAgNaNy s WilnMdayanlanilinaei uagioyanidnnialiaei Usgneuifuany

LY

agannlumasuwasuguupsoamamilnidesmsinsanldlasmswdsudmnniaesiies 2

v
) [ YY)

a a '3 o & a [y da 69 v a o v | o I
R GN%H’JV]EJ’I%W%E%UUNQ%WQ’ISE}Hﬂ’liﬂ@]ﬂiitmuﬂ’mﬂiﬂ%i’]ﬂﬂﬂﬂL‘ZI’INﬂ%‘ZI’IEIL?iE]NIEJQL‘]J%1‘]J

MNANMT (2.5) uasinsannainanssausalasams lusgdumas snmingu

24 NIMUNMIABUTUMITIIN

msmugumsaeusumasoniiud uardalulasshe dagassmuanlimaininlilaseig

v

WlusaiionSouios wagmuguanudufarasioyalulaseine mymugumsasufumsisonas

LY

'
(%)

° 4 d’ v d‘ ! d Q} 4 o 4 ) gj 14 1 d’ 1
MUUWINAITNNMITLTEDNADNITLIUNUUN ) 11/1‘1/]%1/]1/]@]EJJ’UTUTVI?‘I']‘JLSEJﬂHHL?ﬂNWEl%THfJL?iﬂNTfN LS

P
) [ a

liimonda liiilomaSonsiu 9 gnifias uasmaiSoniuasganoiiuil Miasiuagfulso
o 1 )

I~ da « e 1 ) ' o Y a v o« '
AT ‘I/‘ISE]LL‘]J%WNWIYIENTI"IULﬁﬂNTUQ%N@QiMﬂM%H%Nﬁﬂﬂiﬂ‘iﬁ]\ﬁ‘uﬂ131ﬁﬂ§ﬂ13%%1@1ﬂ3613~1

' o
o a o a v ad

wazilsznoufuismaiimn lidadaulalumsmugumsaeuiumsiSon  Futuismyauqums

U b < [<f v v 4adYl v ay o v Qv nll
aousumsFuniuiluihien ldsuanuanlalunuifeimnuwing dhuwnosesauisulasinl
wiAeaMIdn waznItmsmuguMInouTuMsISonidilseAnsmwitssneiiazii liilszgnd

lHnuase ludmitfamesndadivitmmuaumsnsusumsiSon il

LY - U '

241 uIsmamﬂﬁmammnuamqﬁuysﬂi

aa (Y] = v Y o ¢ o 1 s .
ﬁﬁﬂﬁ‘]JﬂNﬂ"liﬂﬂE]‘]JTUfﬂilﬁUﬂﬂ'JfJ‘HIU‘]ﬂﬂﬂﬁiiﬁﬂiﬂﬂiﬁﬂﬂuﬁ]ﬂNﬂNuyim (Complete Sharlng

v
d YN

policy: * CS) [10] Lﬂuiﬁﬁmmﬁlﬁmuqumﬁ”ﬂaﬁﬁwmﬂiﬂawsuuﬁa 9 ) Soilazdadu

1 = o

TissuusumsSonlunfidna Adeis lamsiussuuinsnonsmasiiisanafiagyosfumsson

=3 ! 1

T Beagininmbomuquazdes limsiSenudagsiiadhanlfuoudianaeieidenlsaadig

¢ o o A

LOINN LN@]NLLUH@]’J@V]?IEN?.‘HEJL%@NTUQTH%M%&HL%E@Lﬁlﬂ\iWﬁ]ﬁﬂﬂ?u"lmﬂ'ﬂﬂﬁa\']ﬂii‘ﬂa\‘lﬂ?ﬂ?ﬂﬂ
< 3 P 1 ° )y o ° 1 1 | =3 P v
771*11/]1(11/1\11ﬂﬂﬂﬂWiHWVlﬂﬂigfalﬂ@]Glﬁﬂiﬁ LLa3EﬂﬂﬂiﬂﬂTWJﬂWﬂﬂ31uu1’"13l,ﬂuﬂ1iﬂaaﬂﬂ@ﬁﬂ?ilﬁﬁﬂlﬂ

N dnansasmwmlasase ldnndanuingiiumsudonses Erang wagdiamnsnnee



14

msmwnligssiumaSoananssiiadividmuamanlugnagos [26] udiedifanesis Cs

L=y 1 = o o a d d’ 14 1 a IS v o
fo igﬂ‘lJvl,NﬂWNWiﬂLaﬂﬂﬂﬁiJﬂN Ll,a331ﬂﬂﬂﬂﬂmn1ﬂiﬂﬂ1l]L?HN1Q53‘1J1JVHN?1H®?JE]\WIS1WWﬂvl,(ﬂ m

a4 o

Timsissmnenfiailomaldsuusmsesnihmasensiiadu nsesniimansoninesiiagniafiu
maih lfuuudien wesmnmsusuirlfuoudiafsesmasonsiiadu lasiawzodbalunsdii

niuilnudag sfiadesmsuuudiandeniiaihismsSsniiuandaduinn 9 wenmniudainli

]
o

Tiansnsatassiuanuardylumsliusmyfumasoniidesiiaiuld

242  wlpsmawimisdegsanysol

SemugumIaeusumMaEonmeulsinemsutmssaegnanysol (Complete Partitioning
policy: CP) [9] Wlwiziieanumanidiaiaunsadmuasgsuanudwnlumslinsmatums
Sondusiaiu laoiuuasealsmauundianisesumsSonaiass 7 Bmed uae
Fanradamanuiaaiulumsgadsmason ldnnuamaslugnagor udmssaass

fa ¢ & o v i) ' aQ o ' 73 v fa oo P ' I~ a
LL’]J%@]’JG]‘V]LL‘]J‘]JMV]ﬂ’I/‘Iﬂ'lilﬁElﬂ@]"l\‘i?iu@]ﬂu"\gvlﬂlﬁ’m’liﬂ‘ﬂ'mvlﬂalﬁLL‘IJHG]'NWW]L‘I/‘IE]E]E]Q?Iﬁl\iﬂ’lilﬁilﬂﬁuﬂ
« P = fa a0 v o a a O al oA 9 1Y o o aa &
E]uvl,@]slu?.lmgﬂLL‘]J%WJ@W“I/]ﬂTVIH@]TVI‘iE]\ﬁ‘]_Iﬂ"lﬁLiElﬂ‘ﬁ%ﬂuuNVLNLWi’J\‘iWE] ANINANVDINNAVDNID U

fo MIMULAAIIA LN 10952600 LUWAINT 1 Anwa W funiiinudas siiauuumedn  d1mn
1 ] [y) 6a o’q’ o v ] o a a ] a
MU BD9TLTULUWEIAN T A3Ana 1 7 o Ll manga s i U5 i Inaa neansiiin udag siaag

iszuudesgandsssansnuiiaglasumnmaihan lfuuudianiimaseguesmsuilnsiindu

LT R

v
o

Qddyﬁ 1ey f o v a i << P ay o o d‘ o
umﬁmﬂmwquhmmﬂﬂmmam Ltagﬂﬁlﬂ'lﬂﬂvlﬂu\ﬂu'mEJE]ﬂ‘l/‘Iﬂ']EJﬂ:U‘]JVIWfJ']fﬂN‘]JTUUEQ

AQC

ag N aadq o v 1Y) a a
lﬁ@n'ﬂﬂufﬂilﬁﬂﬂ)ﬁuiﬁﬁaﬂﬂﬂﬂﬁﬂﬂﬂiﬂ1m1ﬁaﬂﬂtﬂaﬂuuﬂﬁﬁ

v
[T S

243  wlomsmsfuilseiumyldlinsedinm

v
o 6o

Spmuqunisasusunmassndenlonemssulss fiumsldlinsdinue (Guaranteed Min-

o
a o) '

imum policy: GM) [12] Wluisadsulzunnnis ek lasuuudianfifiognaunig gaul
<! ! Y o o B! 1 a =) da ¢ 1 a9 v P a v o
panuiudm 9 HdamfumaSonudazaiie uasinuuddaiidmaanii Blimnsonnnsialdls

i wagfamstumaseniiianlulasismusiinsesmsisonlagaglimsiSonsiiadg 9 1d

v !
=SV M v

lfuuwadanludiminielinen Fliwtuiwinmsseniildsulseiull wagztdaamymnnh

o [V

wuigamnsollfuuuddanludrwnanimds ld FeiasdludsnsulssfunmsSonudazsiaay

Talfundianegaissmunanasiuld uazamnsammwmmanuinigflnmudanldnnisms

o
o) [ IS '

winamas ugnagauuanailssanmuwnesssuuasinag fumiiauineessiunundinng

[y

w3

AUSUNNUN NI AL BUA



15

244 uIEHJ’IUﬂ’ITﬂE)\WI%J\Qﬁ

%muqummau%‘umﬂ%’ﬂﬂﬁwﬂﬂmﬂmsaaw%’qﬁ (Trunk Reservation policy: TR)

)]

[29] Wwisldsumydsudgs ansousfygmmstadumsiihlfuoudiefvesioidoslssnn

D

v A

! a < = a 3 ° ' a '3 o ¢ 1
MITYNUNEIUN  BIACHWITIHOIN AU A ATWITTNLADTNITADINING (TR) NHIVMIVAN

o

(Y] a v q 1 a F73 o da L4 1 4‘ [ q’

My aou¥u My 3onay von WM Son udas 550 15 1 18 uuuddan 1e9 e denlos Id anuwi 7
fa ¢ 1 d‘ (%] < 1 1 d‘ o Y o ') = ] a 1) 5’3
uuwaIanaasisdonlevieaumndsnniidl TR finuua lidmsumsiSonudassia 6
Usgansnmmaevssuuagiveg nfumamuuad TR liaenadosriuluanlussuy udduna

DAy VLN AT AWINA ﬂ'ﬂN‘Wl’ﬂ‘”Lﬂuﬂﬂiﬂﬂaﬂlﬂmﬂ')ﬁﬂWi‘Vﬂ W maﬂelmﬂwaﬂm L‘H:ENSHﬂ X

o
1

eamugii i ldinamnmadindnnmadendasaamnuilninesiia duiuaanusiaziiumg
udennasidiidesdnnalasasinnmsgaanmsiiaung (global-balance equation) Hamisy
o ad o = v v ¢ ¢ of o v
mmnmmﬁmuqummamummsmmﬂuTstsJmsammmhﬂszqnmiﬂmmmuaiwm TR
doandeviulnanuosudagnmdila [17] waziSuar TR Iktiusuaniwe [8]
dofinsandEmsmugumsaeufumsdunds 9 whudas it quaniiuas deula il
muqummau%’umsﬁﬂﬂﬁLmﬂsmﬁ’uaaﬂh WA d9NANID CP mmsnﬂmsmﬂﬁaz_jﬁlugmmu
aa v o 1 ] [y 6a 69 v 1Y [} o a U ad =1
19938 GM Idiisemvnamdaniienesssduunuaian ideaadesin luhweufontuds s A
mmsnﬂmsmﬂﬁaﬂusﬂtmmaﬁﬁ TR ¢ Wemuualidr TR dmsuudaznisissniawimy
USinamundianiisesnolunitamiomsison diafinsonisenunumudensleneslvanssuy
Taonmilnsiialasiouiawuinds CP wag 35 TR amnsninileeanivilnduwnnmaugadm b
fa ¢ 1 I's a v aa P} = ] o |7
wuweIaNIesTUNagNINTadlanas lnaanilnld udds TR ummﬂwqublumsmvlﬂel?mu
NN
asmvliﬁmwLﬁael,ﬁmmsnmmuﬂ?mmmwﬂﬂniuﬂmL%aﬂﬂﬂﬁl,ﬂuvlﬂmuL‘i"JmmsJﬁaNVH

v
o

=< v ) ad N‘
AUHINANLFBNITNEINITD mmuﬂimmmﬂwmmm nlnssunld wagdwdomsirluliasa

<

aiwineniinus aif it ldiden fiag imsonit muaumsaeufumsBundeule myaesned

S ’?Nmmsnmmuﬂ%mmﬂmmww%ﬂﬁLﬁwNﬂﬁiﬂiqﬂwiﬂﬂﬂmﬂﬁaﬂ@h TR l¥mingan

)

Winagiitmaidond TR ednlsieagaeandesfuluaniifioglussun ieliszuuldsy

Usgansmuwnnmsininsomailnsiiad 9 wionfwindannsaldanugisssusunnuiln

Nnaia



uni 3

NN

ANNYABIIN ANNENIMA  waganuanga ludaniuanudesmyiingiuinyu il

q

nnARLEININWL duna ldannludngadasamsmei 18 Muaudetinanamsei 20

wwdauasngeinnaneiigniauelagiinda uiownngeiain 9 Suududinonissfundnms

a

wagudnlifaminndennngisssn anuanema wasannanganesmsaginiuludean (i

woui Marxist lag Karl Mark) naquijinilusmansmiadiamansuauaniia Alnagmma
ANNAAINNNANNYAGITH ANUANDMA UAzANNANGA IWMIuisiuidn 9 [30] wagldsums
o « o Yo ° v a a ¢ 1 o

awsesin aunsealdsuanuanlailisenaumsiinsan uagiianeiinutumansunu

o 9 1w msisanudopmaaseymans uilfgmmsnsndesesmnamsya wazludielan

fshwinngu finaldsuanuaulainnlilsznenmsiinsonsanduiaymmeianssuannbain

=2

<

=3

Aeiinldnnauited 9 lusemsdnda [15, 18—23] wesnnngu Junsdungu jiieting

[y

fednuazrasiapnanudands msudeiin. madases wSamanuiieduionalszlomiszuing
yanadaudaesaniull wonnniuiesinoguuumsiamet wienfuuwmaudigwimnain

o ¢ 1 Y () a < v o ¢
I@]ﬂﬂ’l‘iLﬁE]NTEJ\‘iﬁﬂ’]uﬂ’liﬂN 9 Lﬂ?ﬂUEﬂLLUULﬂNﬂ’I‘JLL?N?I% LLE]S’]JS%LN%@]’J’INLﬂuvlﬂvl,ﬂ?l@\‘mﬂaWﬁ

ada o a

v [ [T ) a o a
PDNNNNIYIDIATICUNINAUAF AN Llﬂgiﬁﬂﬂﬂﬂﬂ\iﬂiiﬂgﬂiﬂ@]%?ﬂﬂﬁUWULW@JNai%ﬂWiﬂWL%MﬂWﬁ

dadulinesdianudasan lasmsdadnlanesudazauiiiuginegunanuaniifivgua ivolild

]

mndawarselonigaganeines

wniimsonfiuginoesifymidaimassndmlin uenmamaiindssansmunosssundae

!
=) ! <

mawanmamaluladud SFmsvaasmmonsssuuldasi uasduasnnigafifiudndiuniia

[y '

fonwdawa lifandanlinhiu dufumaiunfasemau jinnmnhsiangifymainan

o

=

1 Ty ' o

[<f I < < IS

< d‘ ISP 1 4 IS} a a A a v ' < b~
f»NLﬂuanmumwuwawmumﬂﬁiguuuﬂ:}zammwaEN?J mumuvlﬂﬂanmﬂqwgmm

)]

a

& v Py @ & ° a 6 a a °
WAl Lo L‘]Ju‘wugmelu myinlitsgne MIAANLUITNMIMNUN NI MNUDVNADIBY

seppiaueluundali

b= dﬂ 14
31 NENNLINANK

yupuesanndauds mauteiu madeses uSomanmianssimsla 9 seinyaaadud

< ¢ 1 14 o [ a 3 <X ad Y o
aosantululuamumsoiang q ldgnidenloadihfugdusumeadiaman’ nnludadsmsdadula



17

gasudas g Ieneiiie mitmadadulafiduas wmsnganfiga dmfuanumsoiin 9

a L4 9] [ P =) U o q = ! < q < g =
NAaNNIIIUATICU AN UNLLIN Miﬂﬂﬂ‘]ﬂgﬂ?i@lﬂﬂ%iﬂ UNDINBYNUUNIN i)l EINHN ﬁﬂLﬂ‘H‘Vli]‘]ﬂQ

S v < ad v o ¢ o & a o
VI’J’I@]’JEJﬂ'liﬂﬂ’iﬂ'nﬁﬂ?i@]ﬂﬁ%‘glﬂTlaﬁuﬂﬂaal%ﬂﬂ"luﬂﬁ“MWfﬂ“l/’ﬁrlaﬂ IﬂﬂW%iTui%ﬂTi)LﬂiT$Mﬂ1i

o v
% Sl o )

fadulinoudazauinog fimguananssng iInmoanudesmsiiuiiugiusesnyefidesms

oA

]
' I~ | a0 o

1%“@ﬂiﬂ8“ﬁﬁﬂ@ﬁﬂ%@ﬂﬂﬂ’lﬂﬂﬂﬂ i Lﬂuwmwa% Lag ﬂﬂ’]%ﬂ?iiﬁﬂ'ﬁﬁﬂﬂ%&lﬂiﬁﬂﬂLTiaNTEN

U a U

D

[ Y] ) < I YU v ¢ o el vy [
LNNUENNNTITHIND W ”ﬁﬂuNaﬂiZTﬂﬁu‘V]Lmﬂ&ﬂﬂulﬂiﬂL‘]J‘l«LNﬂaWﬁ‘ﬂE]\‘lLﬂN Naawwlﬂmaﬂmﬂuwa

N1QWﬂI“liﬂ vﬁammaqﬁﬁiiuuaﬂmﬁmmﬂgmm%ﬂmmuunﬁmﬁm AN UIeANN

Y
1 o

= Y ' a g | &£ Y = ' <
WﬂwaglaiuwaaWﬁﬂadLLmasﬂumﬂval,anﬂu ‘I/Nu%?luag ‘]Jﬂ'J’]NW\‘]WE]GLQﬂ@\‘]LLWag‘Uqﬂﬂa §iN|

[

v ' ¢ oy ) a o Y a < aa a L4 ¢
LLﬂ%ﬂ]ﬂﬂWBiiﬂﬂigTﬁmu (utlhty) uﬂﬂ’ﬂ"lﬂu%‘l/lq‘]ﬂ{]LﬂNENvlﬂE]ﬁUWEJﬂQ’JD’ﬂWi)LﬂﬁS“I/‘I”I/‘HNa WHN

),

WA AN WBININTIANNYABTTH ANHENDNA W3 DANNANAA IMNNdIonEnuIaNaTTuAT e
' YN ' P ° ! o da I 9 v a
N msmauflﬂasmumq]wa%uﬂﬂqwaawmmmzamﬂumamaﬂﬂmmu ﬂﬁlﬁﬂ’ﬂ?\lfﬁlﬂﬁi‘a‘&l (2R REY

l@NaMa w3 eanNangatudiauluiny

32 Wedtwersouselomi

asyoilselonmit (utility) fe danuiawela Gelfdssifinquesosnadniitldnnmnums

P
(%) 5] ! < '

) 1o a v o i Lo ) g [y 1 1
LN ﬂm@n‘ﬁﬂigLNuﬁl‘Vlﬂ‘UNaaWﬁLaﬂ'JﬂuE]']f’\Nﬂm@nleLﬂ']ﬂu %wuagﬂmmazﬂu N300138UD

a

ece.

o
(YY) (%) v

Y] ! =] ¢ d 1 '3 ¢ S&
nurIan muummquwaelaéluwaawwvlﬂmmimmt’m,agﬁlugﬂ?Jmﬁmﬁuaimﬂiﬂmmm?ma

ece.

v
Y

W 9

o [

NUNaan

No,

[

muald u(-) Wwilifuessausslont wasanndlit o uag b Wuwadwinldsumanu

I3 o

moayrnilsslosiaewmadns « Rdesnndessalsslosioowwadns b ud) AN

1 v ¢ v ' (Y]

anuinalanfidonadns a agianioonin b deanyadowidwanmayldaii [24]
u(a) <u(b) & a<b (3.1)

o d d a ! P v o o
Iﬂmﬂiaﬂﬁmﬂ =< ﬂaﬂ’ljlfﬂiﬂﬂLmﬁuﬂqﬂjqquwaiq ANNADINT ANHANTIU Wﬁaﬂ’nuﬁuiﬂﬂaﬂ

]
[y

PRy ¢ all v
UAAANHABDNAAWEN LAIINLNNH

wiudanuiisne Wuwadwizeunsfagnlaslifeglugrealediuessailsslomt ot

v a ¢aa LYIREN a M v £
Tansaiwneiismadadnlalugduouadiamansléhoin



18

33 inafibifdanunnfiouasinadiianusuiie

mynassamumImanniluwasalulanmsusein asnsafnsodunuiian s uand
fuoanly 2 wwude wnnitlifianudinile (noncooperative game) uaginuiiiianuiinilo

(cooperative game)

331 naufinuiliianatnile

L1 ' '

[~ M e ! =) <t a A va o Py 1 ' I
VIE]‘ISIJ:]LﬂNVIVlNNﬂ’NNiQNNEJ mm/lqwgﬂmmiwwamumimmLammasﬂﬂummsmmm

[ 7

1) Vly o I v a o a 4 ¢ o e g V'L 51 a
Nl 13901 UANNADINITNTARINNK MTINSUaDIWNTRAINaN U Ll ugﬂﬂa\uﬂﬂm

Y]

ag S <1 1 () ' 1o L3
HNAITHIINND nﬁmmﬂﬁuia%Lﬂuvlfﬂmum@;mamumﬂaumamu TﬂﬁlﬂﬂW%ﬂNﬂﬂigIﬂﬁuﬂﬂﬂ

!
ad LY o

1 < ) g v oV v a 6 o L4 IS
dunn dudunalimadus ldinannmaiangimismsdaduliniuayselomizoanuiead
1 a L4 ada LY daa v o o g .
Mgaga Mmawngiuaimdadnhianannaeuldiuazordoanganeauns (Nash equilibri-
um) [31]

Tuduitldendegnamumssimsdadulamnsenaumsesing i Wiannsauhlagni e
& & a L3 & v < ¢ T )
mllzouny uagiupumanzimuiioadu faluamumsoinesnumsudeiuih g lagi
wilnguunzoannifieduga fuawisug waglifinawisus uiildondesranuilifinau
suganlseneumsesing dhednienniiiudiegnililsenoumsesinengu Jinui lifianu
Fniie lunemadede [24]

Twanumsai Masssesidoundosaniign unsld wagmasgndmmasifiumsusnaou

1hne gdeanite 2 annyoden limadsil
o« Wimsijias
o Wimsvansuiia

o

naneIMIaouthndmosgdesmluadiannyadomilumsdddii



19

myf 31 ednamumyoinniliianusinie [24]

o b4 v v d’ ° 4 v v ‘4‘
A limynesdosmandi 1 alimynosdosmanii 2
Wimsfuas Iimsyensuiia
Timsijias Haeuniiaosaudaqn 11 | gasunaui 1 daqn 10 1

v v d‘ a =y
HADNIAUN 2 aaan 3 1094

4 U a v v d‘ a =y v v gj a S
slfl/‘lﬂ"lﬁ‘(’JEJNT]JN@ WNADNIAUN 1 aaan 3 o WADNMYNANAUANAN 81

Q

Hiaunauil 2 agn 10 wowu

v o
o ]

ioanngdesmite 2 auliansaihdndhoas limsedils duingddeuwnudasaniadas

LYY

a o P e v 1% 1 P = PN ] V)
’JLﬂiWSﬁVﬂV]NLﬂé]ﬂ‘ﬂ(ﬂ‘l/lé!(ﬂsl‘ﬂﬂ‘ﬂ RIRN u,mvl,ﬂLaummmaanmmmsawqﬂ #NAzUntoanuiay

NnnMsnseinmeedanas Wilanginsmmnandhelinseseliudr awesadslimyeselsia

L. e

< (=}

azldlselonianniiga wIadolszlomiviosiiga assiimsanda linmsnesgdounanusn undes

a

'
=t

Sengdnmmagdesnanil 2 hinsfias udnmaslimsedulsisihlfindaaniiesiaa

{
()

e fdeumanusndas himssensuda wnginasilfndaqnitesni imsyjas uas

dwidmiuimmagdesmani 2 imsgansudn usidennauusnazdeslimyatnelsionli

L))
'
LYY

infnqnitesiin siuie faewnauusndes inrsgansuda wngagy undaaniteoni binms

[y

Ujiar lwihnaadoiugdeanaui 2 Alidswersuitlumyfimsanlimsiuma duiumnn

o
v 1 (9 =

mywit 3.1 aqdldhgdesniis 2 auans binmssawsuda einileaiieclddnge uagiude

annagevuus (Nash equilibrium)

a

332 NQHYNANNANNTINND

[~ e ! 3 [<f S a9 ua Lt s v o < o '
NOWH INHNHANINITINND Lﬂuﬂq‘lﬁig%i?jﬂtﬂﬁ%ﬁﬂﬂWHﬂWiﬂI;ﬂ1i(ﬂ(ﬂﬂuﬁh TR LA LLAAS AL

d‘ ' S [ ' ! !

noaiwnalselosriiag ld Sudie infe duwaeniims e M wieNowiniimadiniie

L1

! 4 L3 S & ! LSy a & vy & (Y} ¢
’»\5mzfl*wwaﬂsﬂaﬁﬂmsmummnw mﬁmuaﬂmzmwuimuumwua&nuamumimw

U

' =y

ansaanaaiuld innifianusmieianumnslwidedahomenniiofudadulamuigua

o
Yy v v

noendu wazglananiaderesdenlassniniuld dntuiainmoduymassimsdases aousi
uus (John Nash) Wnadamansznewsdu §ldsuseTaluuasmiaregmans uil 1994
IFananuumanimsdeses iisason ifymmsnasavpevuus (Nash bargaining prob-
lem) [31] Lﬁaimiwﬁﬂagmmwiaim u,aswaﬁw%ﬁmmzaammﬂ’zymmwiaiawmﬂuvlﬂmma

inay (solution) filvianugdsssuuannaulunas



20

A e o oo o v - o o - =
LNE]%W]’JE]EJN‘VILGHE]@LMW'J?IE] 3.3.1 N’lWﬂ’liﬂlﬂi%gﬂLL‘U‘]ﬂlﬁNLﬂN‘V]NﬂT]N‘i’JNNE] ANANTNN

'
v '

1w d 3 URTIREN M v a 4
3.1 aziuhffimadenduiihliffgdaaniesniimadenildmamaiensiinnangases

4
o 1

wut Wnde dunngdoamniiagillomatindioiu lavanasdonlsiuarmhingdenimaljias

LY

wag uazag limanudsiulasidama danlidieuniigingnievaciie feqniuiiiviauas
£
i

ed.

v
o 1Y)

Futuluinaniionunuilenadusneunuistinegfuitmadesesingdesdesetadnlsion

=22

Tigiaunn 9 dhovensuideulalasudazthyldisslomimudoims

34  ifgwmmsdeyes

'
= [y

uadus i ldnnmanaieduduinnmsdadulamunisesnguildanasiuliaremih fuwa

1 '
< ° << ) )

mnMsEaTdeseslanltmsdaduls e Tanadns fianwnnsoifdawiedadnla

De

[y ' <

Hadus i ldieiuegfunagoinsdeses fuiumalansinuiianunniion Juflumsiens
Tarmmsdesesseniniana

Tuiilosduaauit unt ldhasaifaunmmadesesssiinana 2 au (two-person bargaining

problems) [32] wialifinnzriinuniianusnile %ﬁiumﬂuﬁﬁlﬂiﬁmiwﬁvlaﬁnﬂmwréﬁﬂﬁu% (&
law) asdioadiadulaeaiaing luinanssienaiaunarihmiinmuadsmsdadnla nsemnua

Nadws Anld uwaIsMmIngianudaganingel waginoannaganilumunAnengy n3035M

' o

a

aunandon liudasanudnilddidundasansonsy Sufludaidonimiened duiuinala

(%)

ansoanasidonlaanld useftanlaaunitsisusenluddaduiin a¢dnalinagwsiildnay

g

Tgamsudulunsaindalifimsdosouiniu

muualit (S, s) wnuilapnmsaeses etsamseeses S waaaeunndila (closed

convex set) Aufluiangos (subset) 709 R? wasiinadusiidlullldnownmiuamndn mvuald

'
< [

s nivluaindareusa S Wumisuaulumsdeses daglunadningianudazaudesldsud

o
1 (9

fianiaaasaubiansaanasfenlassuineiuld nawmasivngansesfgmmadasas (S, )

unumg FI(S, s) 314 3.1 waausansdased



21

Bargaining Set §

Outcome of Player 2 (unit)
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Abstract

In this paper, a selection of trunk reservation parameters has
been proposed to provide fair accesses to each traffic by considering
three game theoretic decision criteria of Nash, Raiffa and Modified
Thomson. The considered system is based on the single link that
employs the service separation technique, which allows the practical
bandwidth allocation according to the notion of equivalent bandwidth.
The reported numerical experiments show that, at high loading, the
results from the blocking equalization by fixed trunk reservation [3] are
very close to that of Nash. Their total link utilization is always greater
than that of Raiffa and less than that of Modified Thomson. Meanwhile,
the blocking equalization by fixed trunk reservation requires the least

implementation complexity and hence its suitability in practical usages.

Keywords: bandwidth allocation, call admission control, cooperative

game, fairness, trunk reservation
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Abstract—To cope with traffic congestion problems, fair trunk = [3]-[5]). Because the results of the synthesis and analysis of
reservation policy in CAC is presented which aims to achieve CAC policies from [1] represent that using trunk reservation

ma}ximum network _utilization and fair bandwidth allocation._ policy by fair reserve parameters provide the performance
Fairness can be achieved by employing the concept of cooperative - . . -

game theory. Searching fairmess trunk reservation parameter 25 close as using the optimal fair policy, and, moreover,
algorithm is considered in three cases—Nash, Raiffa, and Modi- the simplicity of implementation, this paper considers for
fied Thomson arbitration solutions. To protect the non-overload controlling traffic congestion as fair utilization guarantee by
traffic against overload traffic, FGNU scheme is introduced based adopting TR policy.

on modlfled_startlng point. We suggest the nominal load lndicat_or While the previous paper [1] has investigated only nominal
to act herein the threshold of identifying the overload traffic Y ' . . .
type. Based on this indicator, the system situation is divided into I(_)ad traffl_c versus overload traffic by adopting Raiffa arb'traf
four cases. Investigating all four system situations, all numerical tion solution, however, the great deal of real network system is
results depict that all traffic types will be received the utilizations  being overloaded by all traffic types. Therefore, to complete

not less than their nominal utilization guarantee. Moreover, o and approve FGNU scheme, we then study in all possible
relax the operating point, we adopt the control starting point = hanvork situations
parameter to adjust the modified starting point. Thus, the overall )

utilizations are improved. Unlike the previous work which focuses on effective re-

source allocation by using linear equivalent bandwidth [1], this
|. INTRODUCTION paper employs nonlinear equivalent bandwidth function [5],
Telecommunication technology revolutions come in twfb] to capture the different statistical behavior of traffic, being
flavours: the proliferation of traffic demands and the occurelevant to the economic of scale in statistically multiplexing
rence of various new service applications. Such revolutionsll stream. In addition, under dynamic service separation
render a complication of traffic control because of not only tHechnigue [5], the subtle bandwidth of buffer is dynamically
limitation of network resource, but also a desire to maintagssigned to an accepted call which achieves its QoS guarantee.
high network performance as well as the satisfaction of In this paper, we apply FGNU scheme based on fair
service requirements. These several requirements raise Tihe policy focussing on there arbitration solutions including
multi-objective optimization problem. Because of the nature d&fash, Raiffa and Modified Thomson decisions to CAC. We
cooperative approval associated with overall satisfactions aam® interested here in all possible network situations. An
fair solution, most of researches (e.g. [1]-[4]) have appligdcoming call stream will be assigned bandwidth based on
the concept of cooperative game theory (Nash, Raiffa afdgnamic separation technique [5]. All numerical experiments
Modified Thomson arbitrations). from FGNU schemes are compared with traditional fair CAC
Within the idea of nominal utilization ‘guarantee [1], apolicy—blocking equalization by trunk reservation policy [5].
least, in overload situation, every service will be served asThe remainder of this paper is organized as following.
their minimum QoS and performance requirements. Dziog section II, the problem formulation is arranged including
and Mason [1] have proposed. the fair guaranteeing nomirelsingle. link model, trunk reservation policy and fairness
utilization (FGNU) scheme to protect. nominal load traffi@pproach. Then, the searching fair trunk reservation parameter
against overload traffic by adopting fair arbitration solutioalgorithm'is presented in section lI. Within the same section,
from cooperative game theory. Under this scheme, the startikGNU scheme is represented in more detail. The numerical
point of bargaining problem has been set at a fair nominal loagsults are reported in section IV. Finally, all expressions are
solution. The result from [1] showed that using this schenmncluded in section V.
could provide well overload protection. We can apply this idea
to CAC to control traffic congestion more effectively.
Focusing on CAC policies, Complete Sharing (CS) policf)- System Model
Complete Partitioning (CP) policy and Trunk Reservation (TR) Fig. 1 illustrates the considered system model which con-
policy, are employed in many network managements (e.g. [¥]sts of a single link with a finite capacityC§. The link

Il. PROBLEM FORMULATION
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A —l high system performance, is a good example of a conception
e — c of playing game.

' We assume that each service acts as a player of game whose
Af—— ﬁ control parameters are their strategies. Their desires (utiliza-

tions) directly relate to their outcomes which are received
when a group of strategies are selected. A characteristic of

Feel. Trank fiservaion Poliay cooperative game is a coalition of several individuals desiring

to act together with a common purpose for improving their

Fig. 1. Single link model outcomes. To compromise their outcomes fairly as well as to
meet high overall benefits, the cooperative approval is adopted

to resolve such conflicts.

could support traffick types in which incoming calls arrive  |n fact, the admiration for the individual outcome is not the

independently as a Poisson process with the nomenclaturesage. For instant, a poor-man might prefer 1 $ rather than a

follows. Leti be the index of traffic type; rich-man. Consequently, mapping the preference outcome is
« ;. independent Poisson process call arrival rate of traffitecessary.
type ¢ A utility function is a mathematical tool to map the diverse
« ;. independent and identically distributed mean of caihdividual preference to the same measurement. We define
holding time of traffic type: U(-) be a utility function, andz and b be the outcomes of
« p;: offered load of traffic typei where p; = \;/u; one player from selecting a difference group of strategies. This
(Erlang) player will prefer the outcomé more than the outcome if

With respect for dynamic service separation technique [5]22d only if [7], [8]
total of & buffers have to _provide to ind_ividual traffic types. Ula) <U®b) < a<b (3)
Let G;(-) denote the equivalent bandwidth of traffic typédf )
n; is a number of ongoing connections of traffic typehey Where= represents the preference relation. _
will require the magnitude of bandwidt¥; (n;) [5], i.e. Thus, in our consideration, we define the utility function be
a liner function of the utilization. Let;; be a value ofU;(-)

Gi(n;) = aym; + Bin/mi (1) wherei is defined as traffic type. Such that

where a; and g3; are the constant parameters of traffic type u = E[Gi(N:)] (4)

1 which represent liner and non-linear bandwidth requirement C

which associated with statistical multiplexing respectively. ~ To solve the conflict problem, the bargaining set which
consists of all feasible utilizations is formed, i.8 (=

B. Trunk Reservation Policy {(uy,...,ux) € RE}). The less accepting utilization of all

In trunk reservation policy, a small amount of capacity hd&affic types is at the starting poift = (u10, ..., ur0)); see
to be reserved to each traffic type—so-called Trunk Resen/8-+i0. 2-_ So, the bargaining problem is defined as a (fis)
tion parametefT R). With employing trunk reservation policy Wheres is a nonempty and bound set.
in CAC, a new incoming type call will be reject if and only
if i Iy

C—> Gi(ni) <TR; 2)

i=1

Pareto boundary

Hence, the network performance is depended on trunk reser-
vation parameter.

Obviously, in dynamic call admission control-policy, the
trunk reservation parameter might be adjusted depending on
the system state [5]. Nevertheless, if the system state does
not frequently change, the performance of adopting state Uz
dependent trunk reservation policy-is close to the performance
of using fixed trunk reservation policy. In addition, the imple- Fig. 2. Bargaining set
mentation of fixed trunk reservation policy is less complicated
than the other. For this reason, this paper focuses on Fixedrair and efficient solution can be received from a fair

Trunk Reservation (FXD-TR) policy. arbitration scheme. To fulfil the interpretation of fairness, the
) solution has to be based on three standard fairness axioms [7],
C. Fairness Approach [8]:

The fundamental of the multi-interest conflicts, like a desire « Symmetry The fair solution will be at on the symmetric
of high satisfaction from all service requirements as equal as line if the bargaining problengS, s) is symmetric.
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« Pareto optimality The fair-efficient solution has to be onutilization, so we suggest the more effective and flexible
Pareto boundary.
« Invariance with respect to utility transformation¥he Utilization (FGNU) scheme [1], the starting poifi#y) (so-
solution for any positive affine transformation (%, s)
is equal to the same linear transformation of the originhe nominal load situation. It is ensured that all services’
solution.
In this paper, we consider here only three arbitration so-To simplify and precisely implement, we categorize the
lutions, namely Nash, Raiffa and Modified Thomson whicBystem into four situations by using nominal load indicator
represent different fairness senses—individual fairness, egéli:n) (see Fig. 3). Letp; o and p;, represent the overload
tarian fairness and utilitarian fairness consecutively. With tfigaffic and under load traffic respectively. So they can be
preference function and Nash product, all three arbitratiéixpressed as follows:

solution can express in a unique solution function (see in (5)

framework to the fulfilment. Under Fair Guaranteeing Nominal
called modified starting point) is set at the fair solution in

performance will not be less than their nominal utilizations.

A
and (6)) [1], [9]. Piu = pi < Pin (7)
v; = (u; — uip) + |y(k — 1) = VZ(UJ —ujo) (5) and A
i#] Pi,o = Pi > Pin (8)
wherevw; is the preference of traffic typefor the utilizations
(u1,...,ur) andy = 0, 27 and — 1 for Nash, Raiffa and
Modified Thomson solutions respectively. The fair-efficient s e P o, ./Sm
solution can be received by Nash product [1], [7]-[9] LS, 415 i PP
] smTAE L Y2 n
Z Sn. | |
(ui,...,u;) = argmax v (6) L P1n S | 7

where (uj, . ..

(S, s).

(ul,...,uk)GS 7

D. Searching Fair Trunk Reservation Parameter Algorithm

In this section, let us now consider how to achieve fair
and efficient CAC policy. Based on FXD-TR policy, we
define the feasible trunk reservation parameters in the trunk

reservation parameter spac®(i.e.& = {(TRy,...,TRy) €
R*|Gi(1) < TR; < C for i = 1,...,k}. The process
of searching fair trunk reservation parameter based on Nash,

Raiffa and Modified Thomson arbitration solutions follow to: Fig. 3. System situation

1) Set the initial trunk reservation parameter

(TRy,...,TRy) corresponding to an element in
J. The utilizations from the system performance a

kept in the utilization spacés).

,uy) is the solution of the bargaining problem

r

£=(0,0) A

5 =(0.0) u, $=0,0) u;
(3) 4)

Depending on the value of nominal load indicat@ ,,),
we have four system situation:

1) pi < Pi.n; Vi € {1,,]11}

2) Vary trunk reservation parameters following the element 2) pi > pin; 3i € {1,...,k}. and p; = p;n; 3j €
in 3. So, we will get all feasible utilizations if. {1,...,k} wherei # j.
3) Find all utilization points(us, . . ., u;) onPareto bound-  3) pi >pin; Vi € {1,...,k}.
ary. 4) pi > pip e {1,...,k} and p; < pjn; Fi €
4) Select the optimal solution according to three arbitration ~ {1,...,k} wherei # j.
solution from (5) and (6) where starting point is at The modified staring point.is given by
(ul}o,...,uk’o) = Ok y )
5) Return to find (TR},.... TRY) £ (TR.,...,TRy) sm:{ Un Vzhpi = Pin 9)
from the optimal solutior(uf, ..., u}). 071 biecngse

From this algorithm, the fair-efficient operating point ofwhereuy; = (uj p, ..., uj ) from the solution at the nominal-
FXD-TR policy is reached.

FAIR GUARANTEEING NOMINAL UTILIZATION
SCHEME

load situation. The fair guaranteeing nominal utilization solu-
tion will be in a new feasible utilization spa¢8y,).

However, it is too tight when the starting point is fixed at
sm. TO relax the operating point, the control starting point

In general, fairness CAC policy arises to resolve the traffigarameter(1) is announced [1]. That is,
congestion problem and also useful for overload protection.
However, such framework does not concern the nominal sty = hsm where0 <h <1 (20)

m
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Then, a utilizing gain paradigm in (11) is adopted to measuowerload traffic. The offered load in term of the percentage of
the overall utilization gain comparing betweén= 1 and bandwidth request comparing to the link capadityis vary

h < 1. from 10% to 100% for traffic type 1 and fixed at 70% for
traffic type 2. The nominal-load of traffic type 1 and traffic

k k
izt Wi (h#1) = Dlim i (h=1) % 100%  type 2 are assumed bandwidth requirements of offered load as

utilization gain=

Zf;l Ui (h=1) 30% of C. Obviously, this setting is covered all four system
(11)  sjtuations in section IIl. The results are shown in Fig. 5 to Fig.
7.

IV. NUMERICAL EXPERIMENTS
A. General setting .

We consider a single link model showing in Fig. 1 whose T rome s -
link capacity is 150 Mbps which allows sharing the resource o8|~ [:5;2 T8 /’,/
between two traffic types(k = 2). The traffic type 1 o FXDTRN: Sm P o
and 2 represent the narrow-band and the wide-band traffic osf| = Eﬁ;;gi : e " v v

respectively. The mean holding times are normalized to 1 time
unit. All traffic types are assigned the amount of bandwidth
proportional to the equivalent bandwidth function in (1). We
assume(aq, #1) = (0.64,0) Mbps and(as, f2) = (6,10)
Mbps for traffic type 1 and type 2. Fig. 4 illustrates their
equivalent bandwidth functions.

Utilization of Traffic Type 1: 2
=
=

0.2

20 40 60 80 100 120 140 160 180 200 220

= 500 P _ ¥ 7 Load of Traffic Type 1: 0, (Erlang)
_g- R S
= Traffic Type 1 mn,ﬁu = (0.64, '.;J‘
= — Traffic Type 2: (a2, /B)= (6,10 . . . X
Lé 400 [ Troftic Ty (a2 £y, 1 | Fig. 5. Utilization of traffic type 1(u1)
+
2
S 300
1
B 1
[ | i — FXD-TR-N: 8
Z 200 . |- PDTRR 8
2 : i == FXD-TR-MT:§
= 0.8 E
2 + FXD-BE
@ 100 ) BN ©  FXD-TR-N: Sm
z | & © FXD-TRR: Sm
- 1 2 o8 § .
E oL y | = | v FXD-TRMT: $m
= - B
g o 50 100 150 200 250 300 *Egu ;
Number of Connections: 1t % 0.4 _ :
bed [ U OSSP » \e,\ e ......... - SO, A
£ ~L I
Fig. 4. Equivalent bandwidth of traffic type 1 and 2 5 oz N
| T~a
I s T
All results by adopting the searching fair trunk reservation B = : - :
40 80 80 100 120 140 160 180 200 220

parameter in section II-D are obtained from numerical analysis
computing with Gaussian elimination [10]. The performance
of this system is measured in the term of the utilization. In
our experiments, we compare the results from adopting FGNU
scheme in Fixed Trunk Reservation by Nash solution (FXD-
TR-N), Fixed Trunk Reservation by Raiffa solution ((FXD- ' Let us partition the discussion into 3 parts. The first part
TR-R) and Fixed Trunk Reservation by Modified ThomsoRegins from the first point to ling (p1 < p1,n andpz > pa,n).
solution (FXD-TR-MT). with the. traditional scheme—Fixed!n this part, the system situations correspond with case 2 and
Trunk Reservation by Blocking Equalization (FXD-TR-BEY in section lll. The results from FXD-TR-N, FXD-TR-R and
[5] Let us refer to the imp|ementati0n of FXD-TR-BEFXD-TR-MT are similar no matter USing the modified Starting
Following this scheme, all trunk reservation parameters ap@int(sm) or not(s), but differ from FXD-TR-BE. The reason

Load of Traffic Type 1: £ (Edang)

Fig. 6. Utilization of traffic type 2(uz2)

tight at the same value as [5] is the first 3 schemes have nominal utilization guarantee for
traffic type 1, particularly in light load situation. However, the
TR; = max kGi(l) (12) overall utilizations from all schemes are so close together.

The second part begins from lifde to iy (p1 > p1,n and
p2 > pan, andp; < po). Such system situation is in the case
In this section, we adopt FGNU scheme in fair fixed trunk. The overall utilization from FXD-TR-N and FXD-TR-R are

reservation policies to protect non-overload traffic againguite similar whether using the modified starting po(si,)

B. Numerical Results
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Because of the characteristic of Modified Thomson arbitration
solution, if there are more other alternative ways to reach the
maximum overall utilization, the solution will be there. Seeing
that, whereh is reduced, the feasible utility space is more
08 L Ll increase.

=

| — FxoTRN; 5
= exoTRR 8
| = - FxD-TR-MT:8
/ FXO-BE

0.4 — h=08
4l==h=08

=

S h=07
2 1|-e-h=06
=8 h=05
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| o FxpTRR: Sm
4

FXO-TR-MT: 8
T T

Utilization Gain
from FXD-TR-N (%)

i g —a 8- & g =3 —a —a
40 60 80 100 120 140 16D 180 200 220
Load of Traffic Type 1: /) (Edang)

40 60 80 100 120 140 160 180 200 220
Load of Traffic Type 1: /7 (Erlang)

Utilization Gain
from FXD-TR-R (%)

Fig. 7. Utilization of overall traffic typesuoyerar)

40 60 80 100 120 140 160 180 200 220
Load of Traffic Type 1: £ (Erlang)

or not (s). The utilization of traffic type 1 from FXD-TR-
MT by modifying starting point(sy,) is less than from FXD-
TR-MT by not modifying starting points), which contrast
to the utilization of traffic type 2, especially at the point on
line I. Because of the modified starting point, the utilization Ny W 0 im0 1w 1 0 20
of traffic type 1 must be less than its nominal load. For the Load of Traffic Type 1: £ (Ereng)
results from FXD-TR-BE, the utilizations of traffic type 1
are less than the other schemes because mean of bandwidth Fig. 8. Utilization gain in equalized bandwidth demands
requirement of offered load of traffic type 1 is less than traffic
type 2. Moreover, from FXD-TR-BE, there is no guaranteeing
minimum utilization, so the traffic type 2 could take advantage V. CONCLUSIONS
of traffic type 1. In this paper, the fair-efficient CAC policy has been pre-
The last part is from lin€, to the end of point4; > pin sented to resolve the traffic congestion problem. Fairness is
and p2 > po2,, and p; > po). Such the link situation is in fulfilled by three fairness axioms while efficiency is achieve
the case 3. The results from all schemes are mostly similardp Pareto optimality. Based on TR policy, we have expressed
the second part. Noticeably, there is no result by employinge searching fair trunk reservation parameter algorithm to find
modified starting poin{sm) bellow the linels—representing the optimal operating point. In addition, the Fair Guaranteeing
nominal-load utilization guaranteeing. Nominal Utilization (FGNU) scheme has been employed in
This experiment is merely set to demonstrate the advantabis paper to protect the non overload traffic against the over-
of adopting the fair nominal utilization guaranteeing ovepad traffic. To complete the investigation, all possible system
the non utilization guarantee schemes. From all results wituations have been studied. Adopting FGNU scheme based
can conclude that using the fair nominal utilization guararn fair trunk reservation policy (i.e. Nash, Raiffa and Modified
tee scheme can protect the well-behavior traffic against thhomson arbitration solutions), the numerical results have
overload traffic. However, it is noticed that the overall resultshown that all utilizations have not been less than their nominal
might be reduced. utilization-guarantee, especially in being overloaded by all
To relax the feasible utilization spad®m), the control traffic types. Thus, this.scheme is valuable and useful in all
starting point ) is employed in the next experiment. Letsystem situations, while the other schemes are not. Although
us present the result in the term of the utilization gain ithe overall utilizations have been dropped, the control starting
(11). We give the same. setting as the previous experimepbint parameter is adopted to improve the utilization gain. In
Additionally, we investigate how  utilizations are improvedhis approach, the utilization gain-has been increased only in
whereh = 0.9,...,0.5 from h = 1. The resultant utilization FXD-TR-MT.
gains are explained in Fig. 8. In the future work, the heterogeneous traffic will be inves-
In Fig. 8, whereh is reduced, the utilization gain fromtigated. We are going to propose a new scheme based on fair
FXD-TR-N and FXD-TR-R do not juggle. Corresponding tdrunk reservation policy to cope with various priority traffic
the previous experiment in Fig. 7, the overall utilizations/pes.
are almost closed to the schemes which do not adjust the
starting point, so varyingh is nothing. In contrast to the
result from FXD-TR-MT, when the incoming load is very The authors would like to thank for supporting foundation
high, the utilization gain is much improved, especially lower under Thailand Graduate Institute of Science and Technology,

Utilization Gain
from FXD-TR-MT (%}
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