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ABSTRACT

This thesis proposes a new theme of call admission control mode called “Call Request Delaying
Method” (CRDM) that could improve call blocking rate, call attempt waiting time and call admission
control signaling traffic in QoS network, especially in saturated situation. The CRDM was designed
to handle new incoming call requests instead of reject them when the request bandwidth is still not
available. The call request holding time for a new released bandwidth could be estimated by traffic
descriptor of the present active connections. We also improved the original CRDM by add delay
technique on resource allocation process. The modified CRDM has shown its performance on call
blocking rate reduction approximate 56.232 % from the CRDM while induce a little bit more on
waiting time delay. By applying this delaying method, we can show the improvement of call blocking
rate, call attempt waiting time and call admission control signaling traffic through simulation results

compared to the traditional call admission control (CAC) model on IntServ over DiffServ framework.
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m'm“ﬁ 2.5 Provisioned Link table

Provisioned Link Physical Link Reserved Bandwidth Traffic Class

ID ID Bandwidth Being Used

it 2 maddesnuudiasi i 181441909 Trunk

sunesveuiifugaduiinvziinsnsoaey runk 1ug29 9 AwA1ad 2.4 nasd
msmanlszAnsnmns19anves munk SwszaninmmslFuuudiatues runk dind
Mg muaen13 (lower threshold) 15UABI YOV IINTUTI59M1319 trunk AT control
message lﬁﬂﬁ‘lﬂ‘]iﬂgvﬂidﬂﬁn provisioned link

St 3 AUADIMIUVUAIATIRIVO Trunk

desinmsdesvemaniisunn vy wiinmsdmua vie Iunnisiouaesinan
A137197 2.3 1AZAEINSATINABUAITIN trunk MWATTIT 2.4 Emuhdims Wauuuudiag
oAz trunk 1AUNIIAIGIgATinMuATS (upper threshold) 13UARTYBVIZEA control
message INDYBULUAIATINUIN provision link

auitIdeuroludud 2 mardesuuudsasues runk Ali1duduazlududt 3 ms
wuuué”)ﬂﬁ{aﬁu 9231m 3 19 control message 3 U521ANAD Trunk Reconfiguration Request
Message (TRRequest), Trunk Reconfiguration Release Message (TRRelease) a2 Trunk
Reconfiguration Confirm Message (TRConfirm) %w‘fa31Jszmm:ﬁgﬂuuwmuﬁnmﬂﬁ
miloufuamzii 2.8 Faguvuveaniininaszilszneuludiu Uszinnveaudining (3w
TRRequest TRRelease g TRConfirm) ID YBITUADI VOUAUA LA ID %ﬂdli1lﬁﬂ§ﬂﬂu

o o
1a1umn19 VIP ID A7118179DA control message uaznzﬁqm’fau”mm trunk ID 37UIULVUA-

a da ] a A o da  oda ]
jﬂﬁﬂﬂgﬁﬂﬁmaiwn'ﬁ53“1“3N1luuﬂ?ﬂﬁﬂﬂ3ﬂﬁa{l

Message Source Destination VIP | Length (Trunk i, (Trunk j,
Type Edge Edge Router ID | ID Bdw_requested / Bdw_requested /
Router 1D Bdw_released) Bdw_released)

31]‘?1 2.8 TRRequest / TRRelease / TRConfirm Message Format

& - o = ° 1 =
%9 TRRequest Message ﬂxuaﬁﬂaiﬁu“lumsmammugﬂﬁ 2.9 11a¥ TRRelease 21

sane3numsianuangli 2.10




1. Genarate a TRConfirm message.
2. Copy each (trunk 1, Bdw_requested or Bdw_released) pair tuple in received TRRequest to the
TRConfirm.
3. For trunk I specified in the TRRequest,
3.1 Examine if provisioned link PL; that trunk 1 belongs to is in X’s provisioned link table;
If yes, then do 3.2
Else set the Bdw_requested field of trunk I in TRConfirm message to 0 (0 indicates that X
cannot make a decision for this request.)
3.2 Examine if Provisioned link PL; has sufficient bandwidth available for reconfiguration;
If (the reserved bandwidth on PL; — bandwidth being used on PL;) > Bdw_requested for
trunk i
Then increase the bandwidth for trunk I, update the provisioned link table by
Bandwidth being used on PL; = bandwidth being used on PL; + Bdw_requested for trunk i;
And set the bandwidth requested field for trunk i in TRConfirm message to
Bdw_requested (i.e. requested bandwidth has been assign).
Else set the bandwidth requested field for trunk i in TRConfirm message to — 1 (i.e. the
bandwidth reconfiguration request for the trunk has failed, and no bandwidth has been
assign.)
4, Send the TRConfirm message to the edge router which initiated the TRRequest message.

j‘ﬂ‘ﬁ 2.9 TRRequest Message Process Algorithm

For trunk i specified in the TRRelease message,
1. Exanmin if provisioned link PL; that trunk I belongs to is in X’s provisioned link table.
2. If yes, update the provisioned link table by '
bandwidth being used on PL; = bandwidth being used on PL;— Bdw_released for trunk i.
3. If no, ignore the TRRelease message.

gﬂ‘ﬁ 2.10 TRRelease Message Process Algorithm
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(Call Request Delaying Method: CRDM)
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count

Y

External Interrupt

A
Get Parameter from Packet
Destroy Packet

Invoke QoS_usr Child Proceﬂd—

Block

Msg_type
Hold
Admit

Create Request Packet J

rDellver to queue module }—

+« Record fail setup
e  Destroy Process

e & @ @

Record Respond time
Record success setup
Start send data

Set time to stop send data

Y

Y
Send data

N

Create Reply Packet
Make decision
(accept/unaccept )
Deliver to queue module

Create PKT_END Packet
Deliver to queue module
Destroy Process

4
d

Ui 3.12 dnwarmsiinuvesluga use_gen
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o 4 a d o wa . a4 a
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ADUAUDY (Respond) LaziininAA T3 IAAINITIIDNAD (Setup time) wanda ldaTuga
¥ " ¥
proc iNBMIMs TUAinA1AdA aounzduinsdadeyalinlmemalagiddsdumessall
Aan v A [ o d 9 ° F o A "
aua1 1dve edadeyaiadvauysaiudr9eiin1s a5 1UNNINANYANITITONAD
A ' =] [ o " da o o T |
(PKT END) titods lluendamsngadedoyaudizimsddesiuuaiasnauginsons
° ° g o a - o =t ]
Hagaeiamsniaie Ins e (process) e S 1dTuuRminal frasunezimisuliouinoy
o 3 P @ o 3 - o o g
Suntii1dZosve ludaRuinuadigagalumsosveiifimuaienld dlianteondin
o n‘: 1A do | o A 1 o 3 ' a0 " o £ o
syhdamBumo s Aldiedwnninaioavensade I diliAnandnezihmsasaukning
o 3 A ] 1 o ] =1 ° o : qy
nanlumsiadensisouse ndadeeen lldaTuga proc Aeannvzimsmhawlnsiamiung
o ' a ° d o ' o
t’fflﬁ'iuuﬁmﬂﬂHu'Jmmm'nJgmﬁuwzmmsﬁ?‘leuwmﬂmmausumwmmmuﬁimmi
o o P ar ' n’: - ] ' [y o o A Y 1
Saaulofezsoniumsminnaniuniehinazezdandy ldus uaeivouiie Induniunu

v [
misasamsizeunoniwramsanadulivosdldam

3.3.1.2 M3MUVealga queue
1 - d o4y o ' ¥ A o o
ludauilvzugausniiniinnaiidhindaInunasie  :2ABINILIAIABUINDIIMSIA
= v a o 1 o & = 3
suflpureuiez lUnimatszuanaludaudalyl danioluluga queve 2iiInTeainans
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-

('server_busy && insert_ok] ['QUEUE_EMPTY)

-

-

-~ TSVC_COMPLETION)

g1t 313 Tasaadhamshinuves sae mululuga queue

° LY “ =) T w
Tuga queve sziimThiiduinanos (queueing) Tavsziinnarso luuninsuminy

w1 o (Y =
FadNAYDLTRNINA (Packet Length) Aosas 32 lumsIuimsdoya (Service rate)
Ly =" (3.1)

¢, namseluunines
o
L, YWIAVDHNINA

o o 3 a ¥
¢, dasusarlumsliuimsveya

] ' A & A o 1 o
Tuga queue 9zag 11 Tnuad1s 9 N TMuATUIZVLINTONY TUBUNANAGATAINGS
! 4 o i o
Tnuaud? 1.Lﬁmﬂﬂnnﬂmnm:ﬁ’mmag"luumnﬂumrﬂumﬁauuﬂsﬂa%'W%Hﬁmuuﬁﬂmﬂ
[ = o a0 ' .:s" 9 as = - a 9 ' =
B5emsuimausninaiogluTuga proc o luvmzi W ldiumsuimsiiGouseunousies
' o " a [ 4 o ©
annsadaminnaiogiufadely s Tuga proc 14 FadnuaeMInIuvee 1uga queue 92

Wudagali 3.14
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=»

Pack Arrival

Insert Packet in queue

Determine time to interrupt
and set interrupt self

Remove Packet from queue
and deliver to proc module

A
End

U7 3.14 dnpazmsiinuvesTuga queue

3.3.1.3 m3hauvealuga proc
a0 1 3lg 9 ; o Y o o ol ] a o
TuTuga proc nag“lunf)ngg“lmmu%zmwmmﬂumimmmnmmmu‘wﬁ?nuwn-
J 9/ 1 G 9/ s - [ - « 9/ 9 Aa &
nadu ndadauininad lunsevionisunesveuvud wasninidnlsemsniaves
, da e Y Ao @@ aal ¥ v o 3 v - ¥
duitae mnthaituiinadaa q lumidesvedaduduniadie Taveziilasasianms

#1911%04 state MoluTuga proc Az 3.15

',[.P‘K'T-_'#RHVI:‘]'.

31 3.15 Tasaadhansianuued sate muluTuga proc
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Packet Arrival

Send Packetto | Admit, Block, Hold
User id Msg_type

+  Destroy Packet

Response, Sewp “"‘e_’- Write statistic

Req, Reply, Data, PKT_END

Send Packet to
xmt port

»lad
L il

End

514 3.16 dnvazmsinuvesluga proc

g1t 3.16 TuSuusnnszuaumsiaue: lsemsidhunveaining iiotiuining
1) =t o ] ° " ]
Fhneeiimsasaeaeudszanvesmining Tasszutamsiianailu 3 ngu Tunguiniiaee
o ] y [ o
Ysznoul@rouRnina Req, Reply, data, PKT_END daife a5 unsininaineziaulaoms
[ o ' o 1 o ' i
dautninadelFalaremalasiumesa xmt  lunguiiaesszilszaouludreuiining

A A 9 ar o o o 4 aas 1 w ¥ o
Response, Set_up Fuileldsvuinnauvziimstuinadanaundoiudeyaluunning

' H d 2 y Y o d
uazlunguiamezdsznonludrounning Admit, Block, Hold Fauile ldsuuAnnauINZ

[ o 3 [
msdamninagae ludadldam

3.3.2 lﬂlﬂa‘.'i"lll')ﬁ (Edge Router)

]
@ a - ar -]

b4 [l [l
Tuma-ﬁ'mmimus11ma§mauu\]zvﬂumuﬁﬂzﬁﬂﬁuh‘n ‘ﬂa“,‘i‘lJ‘H‘iE)nll.li Uﬂ'l?‘:"ﬂ\ﬂ‘llﬂﬂu'l‘l]'lﬂ

° W da “ 1 4 e P
AMdamuunziinisiamsuvuaiaiildlumsdedoya devziidnuusangdi 3.17 Tu

TusunsuiranaszuuniIodny

- o o A
514 3.17 isuaeivouluTsunsudiavaszuuiniony

o d’ a 1 ' d’.’ 4 = ¢ o
Taonolu Tnuaisuneivouil azii luganie 9 egniwluTnuail deziinesasvuas

a [ ar [ A d A "o =t Y Ao o 3
WOIATIVIUIU 3 A0 I."ﬂ'lﬂu“]NWﬂ‘iﬁiﬂﬂziﬁfﬂﬂﬂgﬂUTUﬂﬂ queue SUUUINTUUNNNALUIN

TuTrua Azl 3.18 Taomsiiamvealuga quese sxiimatiaumilouriuTuga queve Tu

Tnuangudlda uaz Idesue Budaluiadon 3.3.1.2



39

[~ B

pr_0 pt_ 0

v
v

L B

proc pt_1

pr_2 pt_2

51 3.18 Tuaveslugadne q fiegnwluisuaeivey

3.3.2.1 Maauvesluga proc
! 4 ¢ 4 ‘ﬂ P v b 4 v
dauluga proc  Moglusuaeivoviisziiludiuiiniugumsioavemamuanyn

{ ' ' . a ' 1 .. 24
wiofi3und1 daunIURNMITIAAINITIFBNAD (Call Admission Control: CAC) HIVLAIVAY

° 9

“ 3/ 9 - L] ° da o Y ar 3y a
mmmjm:wmﬂmmmmmu VIUIUUVUAIAD ﬂ'l‘.i5Uﬂ5$ﬂﬂf}ﬂlﬂ1ﬂ1ﬂﬂ'\511‘ln‘iﬂ1‘i 13

o

- ] b4 = 9/ o d
wnielisumsdesve Taveziilasaaframsmaves state a1 9 moluluga proc Az

e

=h.

3.19

g1 3.19 Tassaframshauees sae mululuga proc



Get information
Update Trunk BW
Destroy Packet

Trunk Confirm

. o o @

Get information
Destroy Packet

Create VIP_EST Packet
Send Packet to xmt port

e ® & »

Create Admit Packet

Send Packet to xmt port
Create VIP_EST Packet
Send Packet to xmt port

o o ° w Y G g/
ﬂi?ﬂﬂﬂﬂﬂi:lﬂﬂ\lﬂﬂlﬂﬂlﬂﬂ 511ﬂULlWﬂlﬂﬂ Trunk Confirm 'ilz'Yl‘Iﬂ'liiﬂ'llﬂuﬁﬂ’]ﬂll“ﬂlﬂﬂuﬁ')

° o o 'a 4 o o B
videyain 19 lumsUsunundiatues Trunk iodsuiesudanzimounininaii i

End

Packet Arrival

Reply

40

Msg_type

+«  Getinformation
e  Destroy Packet

Enough BW

Not Enough BW

Keep information
Create Ack Packet

Send Packet to xmt port

“There is some BW
or Time period has reach

Set timeout of each
Req into FIFO queue
by class

s
~" Accept

A e,
» Decision >
Unaccept

-

Get information
Destroy Packet

Delete information in queue

Create Reject Packet

Send Packet to xmt port

End

L]

Get information
Destroy Packet

Confirm Holding in queue

-

Interrupt

Timeout

. ® & o @

Create Admit Packet

Send Packet to xmt port
Delete information in queue
Create VIP_EST Packet
Send Packet to xmt port

-

Delete information in queue

Create Reject Packet
Send Packet to xmt port

End

517 3.20 dnuazmaiinuvesTuga proc
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o ° ) o ° ' ' P
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13 L vhmsas e unuuAIa AL 182 esvemnfuunning SuuuAIATINOIND LTINS
atraumining Admit danduldegldau uozuiinne vie_EST deldasuaeian q aw
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g ] o o =1 3 =} ar @ "
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a da ' o ©
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ymsadraitning Admit danduluddlFauinldiumsdaass uazadrauminng VIP_EST
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A ldrspanuadasis uaesaie q sudalarwmanaziimsaudoyasonanaiTents

A
IFOUAD

3.3.3 13N NAN (Core Router)
o LA = ° Y ' o da o i o
Tuaasianaveusuaoinaniivziminiidudmlumsdrisoanuualasuazdanounn-
inadoyallfusuneinandaenialiundldaon wlidnyauzamnini 3.21 ullsunsy

$199952UAT BV

Ui 321 isumeindanluTusunsuinesszuninioii

»
ar =4 =i ' '

) =y o
Taumelu Inuasunesnaniiseii Tugadia 9 agnoluTnuail Fseziinoinivuazwoin

o o A

" e ar v ow & (K & [ o
d98119 16 §1 iy FaneiaiuziFouegiuTuga queve Favziuunnnardunlulvua
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qUit 3.22 TuimaveaTugasn q fegmelusuaeivndn

3.3.3.1 mamnuvesluga proc

° 9y

w e i -4 = ar
TuTuga proc Tuisuaeinaniszimihinlumsdennninadeyalidnlams
b4

(Y ) da o o W o ' o da ' ey & .
HAZINSIANIT ATV UAIATAINNAUFU (1FU ﬂ'liﬁ‘]'iﬂ\'lll‘uuﬂqﬂﬁalﬁuﬂ provisioned link

taz runk) TaoaediTnsead1ansihiaves state A1e 9 neluTuga proc Azl 3.23
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JU 3.23 Tassadramsmiauues state moluluga proc

Packet Arrival

Get information

Update BW reservation
Look up route table
Send Packet out

VIP_EST, VIP_RLS, Data

Msg_type

Trunk Request,
Trunk Release,
Trunk Confirm

«  Get information
*  Look up route table
« Send Packet out

-

\
End

Ui 3.24 dnwazmsiianuuealuga proc

g 3.24 Buusnnszuaumsihang lsemadunveauining defiuiining
Eaneziinmsasaeaoulszinnueauitninadantsooniiluaeangu nquusnesiiuiining
VIP_EST, VIP_RLS Fusimanliulpaimsdrsesnudiasinaounas duiluuiining
data 9ziimsdsanlauialaroma lunguitaeavziduuiining Trunk Request, Trunk

1 o ' =
Release, Trunk Confirm ﬂglﬂuﬂ'ﬁﬁﬂllﬂﬂlﬂﬂﬂﬂqﬂﬂunﬂﬂﬂ'wﬂﬂ

d d
3.3.4 155112035 (Server)
o ad J:l’ ° 3 a [l o - 9 da a‘u’:
Tuaasiassveudivines dvzimihnitludiulumsiuiinms lsnunuualainimua
' 1 a ! —_ . a2
vouniothonaziudiunarslumsvealfuuudiaivinaau provisioned link vziidnyuy

A 3.25 TuTdsunsusineaszuuiniouin
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Uit 3.25 Bneflulsunsuiransszuundet

a o (ﬂ” = 1 i 4’ & - ¢ e o
TaomeluTnuadivieddl sxiiluganis q egmolulnuail dziineiaiuuazwein

" o Y Y & ¢ @ A "o P a o 9/
AIIUY 3 A NINY mwmﬂim}:l‘mnagﬂuinﬂa queue ‘]Ni]z'ii]ll“ﬂlﬂﬂl'll‘ln‘l'IuTﬂu&'ﬂ

P ° = o = o
A3 3.26 Taunsiamvealuga queve 32TIMIMNUMNOUAYTNYA queve TuTnua

naudldam uaz ldesue HBudluaden 3.3.1.2

& 22

pr_0 pt 0

pi_1 queue proc pt_1

pr_2 pt_2

U0 3.26 Tuanvo:Tugadia  fegmolugivioes

3.3.4.1 MaMNuvealuga proc

ad /a ° Y - ) 0 '
TuTuga proc Tuiginneitaziminm Tavaziilngaai1amsiaueed sate a9 9

moluTuga proc Mg 3.27

71 327 Taseadramsniauues state noluluga proc
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Packet Arrival

Trunk Release ¢  Getinformation
. Destroy Packet
e  Update information trunk

Msg_type

Trunk Request

A 4

Get information

Destroy Packet

Update information trunk
Create trunk confirm Packet
Send Packet to xmt port
Write statistic

*® ® o ® * @

-

Y
End

UM 3.28 dnvagmaiauvesTuga proc

91317 3.28 Suusnunasiinszuaumssmdeyasin Indarss Provision w13
lugaudsvosTalsunsy udvzsemsdnveaining Welininadunezimsasisaey
Ysznmuoaiininn duihiudning Trunk Request 16131 sxsiimsSudoyaninuiininariog 1
fimsvevoouuuaiat runk i lsuazazannsalildnie i udrezimsadraudining
Confirm ifionoundydsdidaun udahmstuiinadans anuudiadin/aounas

1

¥ o ¥ ° [ o A A ]
ﬂ’\lﬂullﬂﬂlﬂﬂ Trunk Release 19711 ﬂzﬂ’]ﬂ‘liiﬂ”ﬂgaﬁ’lﬂu“ﬂlﬂﬂlWﬂ'ﬂ%:ﬁ 'nllﬂ’liﬂﬁﬂﬂ

] ¥
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da o o A (- ' 1 ° o ° da  da "o
nuuaIasnauAuginieviomls udrnzimslivdjesswannuualiasiinaesgnanuae

Y o Y- | aa 9 fa oad -
udamsiiunnasams 1Famuuuualasnasuuilas
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vuTsunsusianaszuunietis OPNET luunileznandemaunlsang q nlFlumsiims
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¥
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4.1 MInaae9d

aufldnauudrluuni 3 famsadeszuumaievieluldsunsuiaosnmgli 4.1
& 3/ [ P " d °
mils'hﬁz'u'uawawngamnmmgmmwmzmwmmmﬂan"luT'dmﬂmmamnw
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. . & Yo . " o o an o o
(Gigabits per second: Gbps) #11451MuA Provisioned Link d1m5unsmdndszinniavien
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IMA 64 1INTUAADIUIN (Megabits per second: Mbps)
v 9 ) da S Y 1w = a "o P
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o o s aa o d 1 a = = " a =y
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A a o i ar s T a dl
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M5an 4.1 mimesveansmanusazlszianldlumanaaea

Class Bandwidth Average Connection Average Example
Requirement Bandwidth Duration Connection
Requirement Duration
A | 64 Kbps (CBR) - 1-10 W 300 U VoIP
B 1 — 6 Mbps 3 Mbps 51U — 54T | 1,152 5u1# | Video MPEG-4
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1 ] 1 o da o
M519n 4.2 MsiSouivunanisnaasamaamunaimnzanlumsiaassuuuaIag

Period Time (sec) Blocking Average Setup | CAC Signaling | Average Response
(Lifetime 240 sec) Rate Time (sec) Traffic (Bytes) Time (sec)

240 0.011524716 4.860347515 53127168 1.85401E-05
200 0.010054293 4.57568353 52984832 1.85401E-05
100 0.006195438 3.753727242 52917248 1.85401E-05
50 0.002935854 2.867760786 52942848 1.85401E-05
25 0.00229709 2.523446641 53152768 1.85401E-05
20 0.002573589 2.149222968 53075968 1.85401E-05
15 0.000884671 2.130281092 53174272 1.85401E-05
14 0.000764034 1.802639341 53045248 1.85401E-05
13 0.000684518 1.645708266 52957184 1.85401E-05
12 0.000884671 1.788370801 53063680 1.85401E-05
11 0.00120637 1.634048628 53014528 1.85401E-05
10 0.00060367 1.793002075 53112832 1.85401E-05
9 0.000764034 1.689909775 53064704 1.85401E-05
8 0.000926112 1.844576134 53262336 1.85401E-05
7 0.000684518 1.723973146 53189632 1.85401E-05
6 0.000884671 1.840571756 53414912 1.85401E-05
3 0.001005308 1.710762779 53335040 1.85401E-05
1 0.003058227 3.318515097 55015424 1.85414E-05
0.5 0.003740047 3.740515684 55499776 1.85403E-05
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Uniform Integer PMF

(uniform_int, a, b)

P.(%)=1/1+b-a)

a=0+1+2 ...
b=021,...  g<p
E(x)=(a+b)/2

02 = [(b-a)2+b-a)
Exponential PDF

(exponential, a, b)

£60)=1 ge_%

a>0
E(xy=a™
2 -2

o _=a

X

X =01 ..

asx,<b

Arg #0: min_outcome = a

Arg #1: max_outcome = b

Xs >0

otherwise

Arg #0: mean_outcome = 1/a

Arg #1: <ignored>
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ABSTRACT

In this paper, we propose a new theme of call adimission
control mode called “Call Request Delaying Method”
(CRDM) that could impre+= call blocking rate and utilization
in QoS network. especially in saturated sitation. The
CRDM was designed to handle new incoming call requests
instead of reject them when the request bandwidth is still not
available. The call request holding time for a new released
bandwidth could be estimated by traffic descriptor of present
active connections. By applying this delaying and prediction
technique, we can show the improvement of call blocking
rate and call attempt waiting time through simulation results
compared to the traditional call admission control (CAC)
model on IntServ over DiffServ framework.

Keywords : Admission Control, QoS, DiffServ, IntServ
1. Introduction

The future trend of communication network is to integrate
many services onto the single IP network. As we know, the
traditional I networks support only best-effort services, it is
not possible to differentiate among them nor 1o assure
specific QoS targets for a given service. But the need of QoS
Support in IP network has driven in many research works and
also standard body 1o provide the QoS onto IP network.

One of the main elements required in the network ©
Provide QoS is the CAC mechanism. If the network has no
control on the number of active flows and their consuming,
bandwidth, the overall traffic demand may exceed the total
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provided and the QoS of every flow (c.g. the mansmission
delay, lost packets ratio) could be degraded With CAC
support, once a new call request attempt to establish a
connection, CAC would accept the new call request only if
the available nsources are sufficient or else just reject it

Call request rejection is ordinarily raised immediately after
CAC modie find ot that the requested bandwidih is not
available. This induce more requests and tedious work for
user. Moreover, in the saturate situation, the waditonal CAC
PrOCESs iy not be fair because a new incoming call request
may be granted just after a previous call request was rejected.
Consequently, besides of the QoS concems, the awareness of
network services access opporiunity should be considered
100.

If we consider on today applications and the future trend,
the on-demand stored media applications and defined time
period applications such as video on-demand, e-lecturing,
Intemet channel program is going to quickly consume the
Intemet bandwidth. By utilizing the traffic descriptor on
allocatng bandwidth and duration these applications, we
could propose a new scheme of CAC process that could
reduce call blocking ratio, amount of call request signaling
message and enhance more faimess of network access in
saturate network: the CRDM The CAC scheme handlac
incoming call requests in FIFO queus and be waiting until
the requested bandwidth 1s available or their timeout is
reached. This scheme could reduce call blocking rate and
help enhance the faimess of CAC process.

As to evaluate the propased idea we applied the CRDM to
Mei Yang's framework [L1]. We have developed the CAC
scheme onto OPNET model and the simulation results show
the improvement in average call request retrying times
significantly compared to the unmodified scheme. In this
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paper, the content was organized as follows, section 2
mention on a brief of existing admission control methods in
(1] framework. The basic principles of our approach in
detail was described in section 3. In Section 4, simulated
results and analyses are provided, and finally the conclusion.

2. Call Admission Control Methods in IntServ
over DiffServ

[ETF has auempted to provide QoS on top of the cunrent
Internet and two approaches are introduced: IntServ and
DiffServ. IntServ promotes end-to-end QoS guarantees by
setting up an end-to-end connection for each flow and
maintining the states of all connections, whereas DiffServ
promotes  scalability by pushing flow classification to
network boundary and offering QoS to service classes.
Targeting at both end-to-end QoS guarantees and scalability.
RFC 2998 [8] suggests a combination of the two
architectures, an IntServ over DifiServ framework as 1o
combine a good point of two architectures,

The CAC mechanism for Integrated Services (IntServ) 1]
architectures was specified by IETF in the means of a
signaling protocol called RSVP (Resource Reservation
Protocol). [2] Using RSVE, IntServ faces to scalability
problem since all routers need to maintain state information
of every flow. As o solve this scalability problem DiffServ
architecture was proposed [3). In this architecture, flows are
aggregated in classes according to their specific characteris-
tics and to be treated differently according to their classes.
Since DiffServ has no admission control and traffic policing
mcdlanisms,dmforeﬂmisnoccmeOSgua:ammm
DiffServ network.

As trying to take advantage of both two IETF architectures
and reduce the scalability problem, several novel architect-
tures and algorithms have been proposed: (4}, [5), [6). [7).
The proposed framework of [11] adopts overall best ideas of
previous works, it assume that two types of routers, edge
router and core routers are exist in a network. Function of
edge router is making admission decision, mapping
individual flows to different service classes and transmit
packets to the network for the network objects (i.e., clients).
Core routers are DiffServ routers that provide class-based
service differentiation. In this framework, to provide class-
based service differentiation and local admission control at
network edge without hop-by-hop signaling, link bandwidth
is organized in hicrarchy. First, the physical link is statically
divided into multiple Provisioned Links (PLs); and a PL is
dedicated to only one traffic class. Fach PL is further divided
into multiple trunks; one trunk is assigned to a given traffic
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class of one incoming edge router irespective 1o their
destination. As to renegotiate trunks® bandwidih, source cdge
routers have to keep track of available bandwidth of therr
assigned trunks and performs admission control locally
without hop-by-hop signaling. Figre 1 illustrates this
hierarchical bandwidth organization,

Physaal [ wik

{0 Posisioned Link ror QoS class A (0 Trnk foe ERY
7D Movisionad Link for Qo8 class 13 ‘EZ‘;"';'?‘:; Teunk for B2

A VIP from ERI w0 K3

Figure 1 : Hierarchical bandwidth organizations.
3. Proposed Method

The proposed method is impleniented by dividing the call
admission control operation into two modes: nonmal mode
and sawrated mode. A network will be considered in
saturaled situation when there is not enough bandwidth for a
nm-mllmqumSamrarcnctwmkmnnotadmiianm-mll
request until some bandwidth would be released from the
tenminated connections. The traditional CAC responds 1o this
situation by immediatefy performing call request rejection to
deny new call request when the available resources 15 nol
sufficient. In order to access the network, user may try to
send call requests iteratively and wait until the request would
be granted. The call request iteration induces more signaling
message and increase the connection establishing time. As to
reduce the call request waiting time and call rejection, we
proposed CRDM to delay call requests in FIFO queue and
notifies the user later when the delayed request is admined.

In order to make an admission decision, the CRDM
determines the exist connections’ traffic descriptors and their
state information to examine an amount of bandwidth will
being released in the near future. And 10 prevent excessive
waiting time, we set a threshold on the wait time. If a
request’s lifetime is expire, the request will be dropped from
the queuing buffer and CRDM will send a rejection packet o
the user.

Figure 2.a shows the operation of the traditional CAC at
edge router on the testbed framework. The CAC respond to a
mllmqumbysmdinganatknitnmsagcmarcjaznmagc
at once the resources determination is finished. In normal
mode, the CRDM send admit message as same as the
traditional CAC aperation, but in sanurate made, CRDM
operation is different as shown in figure 2b — 2.d CRDM
immediately responds for every incoming call request by
sending an acknowledge, this is to let the user know and
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make their decision on the admission postponement. User
may cancel the delayed request or just hold on a few seconds
for the adimission response. In case of accepting the
adnussion postponement, CRDM  would keep the call
request for future resource reservation. In contrast, if user
deny to postpone the request by sending cancel message,
CRDM will delete the request information and user have to
initiate a new call request agin if he or she still need
access the network.

Figure 2b and 2.¢ demonstrates success admissions for
two delayed requests. Figure 2b shows the shorter delay
compare to figure 2.c. this is because the network pot
sufficient resources back from the tenminated connection for
Just after the request in figure 2.b is received. In case that the
network is still busy and some delayed requests lifetime are
expire, the CRDM will send a reject message and clear the
quened requests, as described in figure 2.d,

Other than, expecting CRDM 1o resolve call request
ileration problems, we also wtilized queue to improve the
faimess of CAC process too. Even if the CRDM request
queve was mentioned as FIFO but the CRDM operation
detail in saturate mode is not truly FIFO. CRDM always
admit the fisst queved request ifT the current available
resources are sufficient to provide the requested QoS level. In
contrasy, if the cument resources is not sufficient to the first
queved request, the second aid the following requests wili be
determined. The fimt adimissible  nequest found by in
sequentially scanning the delayed request queue, would be
pranted. This means, in some case the following mequest
might be granted before of the head of quened request In
order 1o prevent call requests of moderate requirement
application to be frequently rjected, CRDM was program-
med 1o make an admission decision periodically. The
admistion period give more chance for the network 1o collect
the released nesources before detenmine the next admissible
request.

User, doe rouler
Keaunst
Renpond
Estathihec)
Evapished
.
&
P
2.8 Normal'Mode 2.b Satuated Mode
User £ oge 1ouler U Ldge rouler
Heques; Reguest Heg
-
£ 1 Lo
@ 1] =
£ L ES =
e .
i 5 5
; -
Establisheg J'
&l #|  reiect
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=3 =

2.c Saturated Mode 2 d Saturated Mode

Figure 2 : Operation of ordinary CAC and CROM
4. Simulation Results

This section show the simulation results of the traditional
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CAC over the reference framework [11) compared to the
CAC modified by applying the CRDM. Since we concemn
on the services of predictable maffic then two maffic classes;
video and audio are used as source naffics. Table | shows
naffic chancteristics of these two types of  traffic,
Descriptors of video and audio traffic are obtiined from
MPEGA, \oIP [9][10] ITUT G.723.1 standard header

comespondingly.

Table 1 Trallic paramater values

Triﬂ'l;r I Bandwidih Session Duration l:.ump_k |
Class Requirement
Audio 64 Khys F.qurmnldm VoIP TUT
(CBR) with 3K seonds G731
Vido | 16Mops Expocnialdis. | Vidoo
with 1152 scconds MPEG -4

The network topology in our simulation is shown in
Figure 3. As in the network, there are 15 core routers, and 10
edge muters are connected 1o each cone router that suppori
taffic from LANs. OC48 fiber links are used as physical
links between core routers and OC-12 fibers links were used
fo connect among edpe routers and core routers, Therefore,
there are 150 edge routers and 150 LANSs in our simulation
maodel. In the simulation, we defined the parameters as
follows : packet length was fixed to 1024 bytes, the average
intr-amval tme of call atempts was S0 seconds with
exponential distribution. The simulation run time was set to
5000 seconds,

Figure 3 : Simnulation topology.

Using the simulafion mode! described abeve, e
performance of the proposed method is evaluated and
compared  with the traditional admission control. The
following three performance metrics are used in comparison:

*  Blocking Rate: This is the ratio of the number of
blocked user flows to the number of all user flows.

*  Averuge Wainng Time: The average amount of
time thirt an user attempt o access the network was
requested until it was pranted.
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e CAC Signaling Traffic: A total number of CAC
signaling messages counted in the simulation
including  all messages for call request,
acknowledge, accept, cancel, reject, admit.
Figure 4 shows the blocking rate of traditional admission
control and CRDM. It was shown that the proposed method
could reduce call blocking rate significantly bocause we this
method in saturated mode that was reduce rejection rate of
the new incoming call request.
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Figure 4 : Comparison on Call Blocking Rate

Figure 5 shows average waiting time of each call request. It
was shown in this figure that the proposed method has
extremely lower average waiting time for a call attempt. This
is because waiting for the latest released bandwidth is quite
shorter than making a new (or several) call request. As the
result of decreasing call blocking rate, the total CAC
signaling traffic are also reduced as shown in Figure 6.
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Figure 6 : Comparison on CAC Signaling Traffic

5. Conclusions

In this paper, we propose CRDM as a new CA( operation
maode to solve the CAC problem in saturate network. The
objective of CRDM is to reduce call attempt waiting time,
call blocking rate and signaling traffic caused by call

rejection and anprove the CAC faimess in saturated situation,

By cxtra delaying call requests and utilizing waffic
descriptors, the CRDM could help improve the traditional
admission control as show in simulation results. As result,
this method offers user more ease and convenient access
scheme to take place of the call request iteration and reduce
signaling traffic when the network is busy.
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