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ABSTRACT

Today videoconferencing is more popular because the Internet is more widespread and
faster than it was in the past few years. Multipoint videoconferencing requires a multipoint
control unit (MCU) to mix video/audio and manage the floor. MCU load increases as much as
user’s growth worldwide. Therefore, distributed MCUs can balance the load from all users.
However, we need to equally balance the MCUs by introducing a load-balancer. The contribution
of this paper is the balancing algorithm taking into account of %CPU used, %omemory used and

%bandwidth used.
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1dslanoa H.323 taz MPEG4MCU
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2.2 MPEG4MCU

MPEG4MCU[1] #agUit 2.7 ifluTemivanda 0323 Mcu Fal3uanisui Tae
Wamuulausiindn 2 #afe PwLib.dll iaz OpenH323.d1l 1Ay PwLib.dll 35 U333A1AA199
dmumadonTusunsuduunaanesu dau OpenH323.dll 32VTTIRMAA ALY

¥ ¥
1.323 anua luzidlunisfnde, NsuNBNNIAAAD, codec 199114007 louazIa 1o

¢ Shortcut to openmcu.exe s L3 !Eﬂ

MPEG4MCU Uersion 1.1.9 by MPEG4MCU on Windows XP (v5.1.2688-i586) N
Listening on port 1728
Codecs ¢in preference orderd:
Table:
G.729(sw> <1>
SpeexNarrow—8k{sw) <2>
iLBC-15k2{sw> <3>
iLBC-13k3{su)> <4>
SpeexNarrow—15k{suw> <5>
GSM-06 .18{sw> <6>
MS-GSM{sw> <7>
G.711-uLaw—64k{sw> <8>

G.711-ALaw-64k{sw> <9>

LPC-18{sw> <18>

H.261-QCIF <11>

H.263-QCIF <12>

H.263-QCIF <13>

HMPEG4-QCIF <14>

UserInputsbasicString <15>
Seg:

|

G.?729{su> 1>
SpeexNarrow—8k{sw> <2>
iEBC"15k2{su) 3>
iLBC-13k3{sw> <4>
SpeexNarrow—15k{su> <{5>
. GSM-06.18{sw> <62>
MS-GSM{sw> (7>
G.711-uLaw-64k{sw> <8>
G.711-ALaw—-64k{sw> <9>
LPC-18{sw> <18>

"H.261-QCIF <11>
H.263-QCIF <12>
H.263-QCIF <13>
5 MPEG4-QCIF <14>
-Userlnput/hasicString <15>

Maiting for incoming calls for "MPEG4MCU vi.1.9"
Command 7 L’

51 2.7 Tsunsu MPEG4MCU

2.2.1 Insaaiaveyanazn15naIuves MPEG4MCU
MPEG4MCU iidau)senoundndazilii 2.8 Tavdseneudaudiulsznou 4 daude
SpokenListDict, MemberListDict,  VideoBufferDict 11a2 VideoPosnDict 15192 IH U
¥ ' ¥ v
U5 neUNIANA1I Dict UNAS 131 Dict HUANUHVIWNAIWYTTNOVN 4 Hanvue
¥ Lo & ] 4 o Yo A a Y
A& Dictionary fojuiiifueauing lav1dadyuiluaasalumsdum
A X . dqyd . Vet o &4 v od
MemberListDict 1511 Dict 19171 MemberList Taol#aoiilusavoarios MemberList 1l

o fa o =3 o =1 s ' < Y o Y Aa da a
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= a0 = = ' da = Ao am A A
Audio Hinthiidseed Toan3u lgmesia, Incoming Video Himihfsuaa loansundmuay
- % ° Y 4 1 aa =) ! da e g o d o dyn:
Outgoing Video ¥t d43a loansu ligmesiia nwlussuinanewtaguiidlszney
. & . = o a @ o o
11&10 AudioBufferDict @uilu Dict #il¥iAuoedTerinesvemnaswindusniuueady
a o y o = - oA 1 a o
Tues @oadu Echo) e lddsz Tlomilumswanood Toansuiidnnudads i Iinesiia
a199 Taois1e13041119113911914909 MPEGAMCU poniilu 2 diufe d@aupedlo uazdiu

=-1-1 % dy
a1 Aal

1 MCU 1
SpokenListDict MemberListDict -
Connection C
Terminal A Connection A TR
"'i[l"lgoming Audio
Room 14 Terminal B Room14 Connection B
Terminal C Connection C

Terminal C

" OutgoingVideo )

Room24 Room2
AudioBufferDict
VideoBufferDict VideoPosnDict Audio Buffer A
0:Terminal A | 1:Termianl B Audio Buffe B
Room1 R°°m1{ 2. Terminal C 3
; Boomz L O:Terminal D | 1:Termianl E
_ Roomz. | roome{ | ZremmarP T

- —r)
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Load Balancing Algorithms
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Algorithm Diffuse:
(1) for iteration € 1 to o begin
(2) All processors [ parbegin
(3) load[i] € number of tasks at i
(4) Broadcast /oad[i] to all neighbors
(5) For each j that is /’s neighbor begin
(6) If load[i] > load[j] then
(7 Send Pij(/oad[i] - load[j]) task to j
(8) end
(9) parend
(10)end

51 3.2 mshanuidiesduveadanaiunuy Diffusive
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Load Balancing Algorithms N1 a0
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Cop=frpW. AW, A )

cpu”“cpu?’ " mem” “mem

A, =Available Central Processor Unit (CPU) (%)

A = Available Memory (%)

mem

W = Weight number for CPU load

cpu
W, em = Weight number for Memory used

m

fCP = Computation Weight Function

Vc,m (/)
cpu (1)
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(2)

B) Communication credit Ao Lmumﬂ‘nmmaaagua"maus ‘r’l'JNNcl‘!fﬁ"‘U MCU IW31zuaa

MCU Sanmuiadennianiovioi limioudu uaz idunissyninadldiu Mcu udaz

A dy v oA v & Ya o o a Vo ow Y
n509n limilounudgedanaldadmimna luminuaae
CNW = waAbw +* T

Abw = Bandwidth usage (%)

T = Percentage of delay time between MCU and client (%)
wa = Weight number for bandwidth used

(5)

' - @ " ' o o - o A = '
!.‘h"LILﬂU’Jﬂ‘lJ“H‘u’JU‘ll'ixll’JﬁNﬁﬂﬂ'Nlmz'ﬂLI’JUﬂ’ﬂl!i]’t LL‘lJ'uﬂ’Jﬂ“ﬂﬂl‘ﬁuﬂuﬂﬁﬂﬁﬂﬂﬁﬂ'.}ﬂ

o a o« da  od 4 4
vhminlasdfvuiunuusiannuiniganives MCU Tuszuy

BW.

o A (e .
bw (.]) Max:;IBWI

(6)
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9 n’: o o s y: ' [V : 1 = o
mﬂJszqumumwuummamﬂUamu"lﬂuuagizmn 150 - 300 ms [8] AIUUDIMINALAY

a1

sendne McU TU8ad1FiAmIANT1 300 ms LB vz liivhimaiden Mcu viulumisuinis Tay

»

a [ d o o o o = = P - v
nsaanulasiFuAAmuITARINAINTINgA UMY ms
(300 — delaytime*)x 0.33  delaytime < 300ms

-00 delaytime > 300ms (N

* Size of test packet = 64 kilobyte (Maximum size of ping command)

4.2.2) Location Policy:

'
aaa ¥

¥
eginsnsenemszalunsdinimsdeswemsadiaien)szamlmimviniu - msizdh
MINEIMIMIATIVAOUMIZIINYD MCU e lunng g Indindnimsnsznsnulnie
] ' ycl [ v dll 4 Y a 1
amans:ﬂuiﬂumamQ"lwagmu“luﬁmﬂi:qgmum~nmmiﬁ’amm:mwzan"lﬂmmm
A LY =) 9/ o g [ ar d'l a Yq v
MTTUIRAYINAITADINING redirect 1UE1 MCU @10U 1020109UAANINGATDIR 1¥1139AY
14
4’ = ¥ ¥ ¥ r o [ r - 3/ l=|. =3
iiedimatasvemsaievieatszyulns LB oximsAmununsanonveyaniny
13700 Information policy tazymsiden MCU Wi unsanmnfigaiiznsamsiealszyu

v A
HoIW
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NMINAINAZHANIINAAD
5.1 panisznoumsnnaea

£
minaassveasvzsznon lUAreaIua199Aall Load Balancer (LB), Multipoint Control

Unit (MCU) uag Call Generator

Call Generator

Call Generator

Call Generator

5U% 5.1 Tassadansmaana

5.1.1 )Load Balancer(LB)
% o = o o o
Snsz100 (LB) WuIomusos duonnaingu 910 www.codeproject.com 1ABISTIN
a v 4 v P o ' o da oy Y
MINUANVANTO IHANTUNUYIYANLINUHUIIAIND HAZHUUAIAN 19 Taw
0 ¥ .
LonnAIRFuTierImsfuIsAsAnveImslszuianatazmsAadedoms  laoisiing
W1 LB 820 Microsoft Visual C++. NET 2003 122 Winpcap library version 3.01 Tnulaui
MCU uaaz@19edl LoadReportingServer yiimsdadeyaifioady msld CPU, mulunimi

da @ g ) a a4 o o =
HOT WUNAIANATY LB 910U LoadMonitoringServer #i0g#i LB wzvimisinudoyalinion



29

A A

@ ' =) o ' u’: '
1 umsaadule daumandszninglduay Mcu uszannsam ldnedieiiildioavenis

v
afraveaszauudamniv

e+ C:\Ji\Bin\MachineLoadMonitoringServer.exe O] x| l

LoadMonitoringServer: Initializing...
LoadMonitoringServer: Configuring...
onfigurator: Creating global configuration object...
onf igurator: (Re—)Loading configuration...
onf igurator: Reading performance counters... Ek
onf igurator: Performance counters read.
onf igurator: Configuration (re->loaded.
onf igurator: Hooking configuration file...
onf igurator: Configuration file hooked.
onf igurator: Global configuration ohject created.
oadMonitoringServer: Configuration done.
achineLoadsCollection: Initializing machine load storage...
achineLoadsCollection: Initialization done.
LoadMonitoringServer: Initialization done.
padMonitoringServer: Starting...

oadMonitoringServer: Starting collector thread...
ollectorWorker: Initializing...
ollectorWorker: Initialization done.
oadMonitoringServer: Collector thread started.
oadMonitoringServer: Starting reporter thread...
ReporterWorker: Initializing...
ReporterWorker: Initialization done.
LoadMonitoringServer: Reporter thread started.
ReporterWorker: Setting up...
Coglcctorwnrkar: Setting up...
CollectorWorker: Listening on port 12800...
CollectorWorker: Ready to accept requests.
CollectorWorker: Entering thread loop...
ReporterWorker: Listening on port 13808...
ReporterWorker: Ready to accept requests.
ReporterWorker: Entering thread loop...
LoadMonitoringServer: Started.

IPress ENTER to stop the server...
1"00"'.'.00010""4"1’"l"I'f*i-f'ffff'}f"f"’fﬁffif'"011’0’0.""’400"40"*.0.00’0"""&0*0

P T T s e e e S S S R SRR S S S R R S S S A R i b it ittt
N I e e e e e e SRS e e i e S S At RS ARt b bt

« ' l_zd

gﬂﬁ 5.2 LoadMonitoringServer (B'mmmﬁ:amuasz»:"lﬂﬁa Load Balancer)

&+ C:\Ji\Bin\MachineloadReportingServer.exe

oadReportingServer: Initializing...
ILoadReportingServer: Configuring...
Conf igurator: Creating global configuration object...
Conf igurato (Re-)Loading configuration...
Conf igurator: Reading performance counters...
Configurator: Performance counters read.
Conf igurator: Configuration (re-)loaded.
Conf igurator: Hooking configuration Ffile...
Conf igurator: Configuration file hooked.
Conf igurator: Global configuration object created.
LoadReport ingServer: Configuration done.
LoadReportingServer: Initialization done.
LoadReportingServer: Starting...
LoadReportingServer: Starting worker thread...
: Initializin

oadReportingServer: Worker thread started.
eportinglorker: Configurini...
eportingWorker: Configuration done.
eportingllorker: Starting performance counters monitoring. ..
portingWorker: Performance counters monitoring started.

eportingWorker: Entering thread loop...

oadReportingServer: Started.
ress ENTER to stop the server...

gﬂﬁ 5.3 LoadReportingServer (’c‘hﬁlmszqm"lﬂﬁa Load Balancer)

5.1.2) Multipoint Conference Unit (MCU)
519101583 MPEGAMCU 910 [1] Taoldilanduves MPEGAMCU # ludvatiinnail
o " é'l dll a ! dv
wofogluszuy Tavas MPEGAMCU uin303 4 1n503d3a0 Tl
1) MCUI1 = Intel Pentium D CPU 3.0GHz, Memory = 512 MB 112 Bandwidth = 100 Mbps

2) MCU2 = Intel Pentium 4 CPU 2.8 GHz, Memory = 512 MB Hlaz Bandwidth = 10 Mbps
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3) MCU3 = Intel Pentium M CPU 1.4 GHz, Memory = 768 MB 11a¥ Bandwidth = 100 Mbps

4) MCU4 = Intel Celeron 2.6 GHz, Memory = 384 MB uag Bandwidth = 100 Mbps

¢t Shortcut to openmcu.exe s ; _ I:Tl_;

PEG4MCU Uersion 1.1.9 by MPEGAMCU on Windows XP <v5.1.26088-i586) -
Listening on port 1728 —
Codecs <in preference orderd:

Table:
G.729{sw> <1>
SpeexNarrow—8k{sw> (2>
ifBC“iSkz{sw) <3>
iLBC-13k3{sw> <4>
SpeexNarrow-15k{sw} <5>
GSM-86.18{sw> <6>
HS-GSH{sw> (7>
G.711-uLaw-64k{sw> <{B>
G.711-ALaw-64k{sw> (9>
LPC-18{sw> <18>

H.261-QCIF (11>

H.263-QCIF <12>

H.263-QCIF <(13>

MPEG4-QCIF <14>
UserInputsbasicString <15>
SBE:

a:
G.729{sw> <1>
SpeexNarrow-8k{sw> <2>
iLBC-15k2{sw> <3>
iLBC-13k3{sw)> <4>
SpeexNarrow-15k{sw> <5>
GSM-86 .18{sw> <6>
MS-GSM{sw> <7>
G.711-uLaw-64k{sw) <B8>
G.711-ALaw-64k{sw> <9>
LPC-18{sw)> <18>

"H.261-QCIF <11>
H.263—QCIF <12>
H.263-QCIF <13>
MPEG4-QCIF <14>
Userinput/basicString <15>

Waiting for incoming calls for "MPEGAMCU v1.1.9"
Command 7 :d

51/ 5.4 Tusunsy MPEG4MCU[1]

5.1.3) Call generator

3 Y [ i : -
15119 Call generator 910 (1] TAb Call generator Hieuisaiuuaza lanudoawaznin lao

¥
@ =

ismuadan sveamsiiau Midail:

Video codec = MPEG-4

Frame rate = 10 Frames/sec

Audio codec = G.711-uLaw-64k (PCM)

Audio Sampling rate = 8 kHz

~ Users per room = 4 users per room

1@ Call generator w10y iy MPEGAMCU IRasaazistaninsnid 1y

Faungniseivea)szamn 1d Tauns 14151030 Netmeeting i3 mmsaunun Td@aedagi

5.6



le+ i Shartcut 1o callgend23.exe

Using d;igo ng message file: ogm.wav
Not saving incoming audio data.
Local capabilities:

able:
G.729{sw> <1>
H.263-QCIF <2>
Userlnput/basicString <3>
Se;:

a:
G.729{sw) <1>

1:
H.263-QCIF <2>
-Userlnput/basicString <3>

Local username: “Engin"

Endpoint starting 2 simultaneous calls 1P@ times, grand total of 288 calls.
press n to continue

n

press n to continue

1: Initial delay of B8.88@ seconds

1: Making call of 188 (total=1> for 39.903 seconds to roomiB1f161.246.5.201
- ip$localhost/14619

1: Established Elapsed time:78

n : Opened receiver for G.729R on ip$localhost/14619

: Opened transmitter for G.729R on ip5localhost/1461%

i fstahlished “MPEG4AMCU v1.1.9 [161.246.5.2811" ip%localhost/1461% active=1 t
otal=

n
2: Initial delay of 8.808 seconds
2: Making call of 198 (total=2> for 24.831 seconds to roomi@1P161.246.5.201
~ ip%localhost 14628
Press ENTER at any time to quit.

2: Established Elapsed time:8

: Opened transmitter for G.729R on ip$localhost/14628

i Estnblished “"MPEG4MCU v1.1.9 [161.246.5.2811" ip5localhost/1462@ active=2 t
otal=

~!
—

gﬂﬁ 5.5 Call generator

* NetMeeting - 1 Conne... E]'g

Call View Tools Help

Dl |

511 5.6 M3 19910 Call generator 321D NetMeeting
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5.2 Haminaaed

¥
Tuduilvzuaninalse@ns nInuea9andsNUYBUIININAIINAADL TAUIZULINS

v
naavIvenifud Ut aeae Uil

5.2.1) Without Load Balancer
a v g 9 3/ z - o
isusudunnaanalaoms lild LB Whwidlumisnaaeniai 1 Taasiimismanes
¥ ¥ .
asatiehimsquun Tuveams ldminensvesmicolszuananary, muwanuil uay
da o ' < o = T ¥ 1 '
puusIanvenaar MCU Taolugih 5.7 sz ldduiiedmauvesie s luudas MCU
¥ ¥
TauisezumnsaninmslFauvesnitolszuiananannon  sxdunaldinlususmiu
' ¥ v a ¥ 4 4 "y " A o ¥
miwlszuananatsezgnldnudesuazinn THuMsminIueemng  udlos Ul
a ‘3' - a " 1 91 ¥ ¥ '
wulumuiigadngaveaas MCU sz ladiuua Tiuvesms lamitodszuiananans
A J - z @ e P y -
pzifiuA 111Fau04 exponential TumanauiusIngli 5.8 uaz 5.9 uuaTdumsidulaveams
9/ ' o = oo o 91 N as : oo =
TFnumitsanuiuazdsmanuudienngn 1 liduuuy linear Aniunisidaneiniuves
o o ' a w o o o 1 - 1
sziimsAnousunsaanndlsves  wediduaveiniinlsyuiananarsfimasey,
= ] o da g [ o " ) "
YSiamianui uaz uuudisinmaesy saudanadsznedldny McU s liawnse
o a b a Y " : ] - a = o
vwswiuldTasass  wsiemsi@duTaveanslaniwonsaeagiu lumieuduinisdesi

9/ ¢ @ ' : LY ar 3 o .5
ﬂﬁﬁﬂﬂﬁﬂﬂ‘ﬁuﬂﬁﬂ’N‘I..!1‘H‘uﬂ‘U?Jdﬂ'JLL‘1JSﬂ1uﬂ‘iWU'lﬂ‘i‘U‘lJ

100 - ;
90 1 |
80 -
= 70 - —e— MCU1
T 604 | —— MCU2
8 50 |
- 40 - - ‘+MCU3
S 304 : —e——MCL_J_4_
20 -
10 - s

1 4 7 10 13 16 19 22 25 28 31

Number of rooms on each MCUs

4 /d & . ' y = o
307 5.7 Weodiduams ldnumiznlszurananatsuuudas McU e lulims 199wy

NITVIWITH
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9 e
§ | ——MCU1
C ——MCU2}
E‘ | —a—MCU3 "
E | ——MCU4
=

20 |- |

10 4 —

0 T T T T T T T T T T T T T T T T T T T T T T T T T T Y

1 3 5 7 9 11 13 15 17 19 21 23 25 27

Number of rooms on each MCUs

a d o o 3 ' o ' 4 =] £ w
17 5.8 WedidudmslFaumitsanuiwuudaz MU dalulimslFauminiznvan

Bandwidth Used (Mbps)

0“!‘[ a1 T F a7
1 3 5 7 9 1 1

) T T T T

3 15 17 19 21 23 25 27

Number of rooms on each MCUs

= sd o ] da o ' A = v o
51 5.9 nlofiFudms ldamuuuaiaiuuuday MU die lilims1Faudanszavnu
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5.2.2) With Load Balancer but no weighting function
o’: “ o i ! - y“’: 'q 3 B 5
dui2 i5sniner LB Wunlalumanaasslay LB Msildriuaz 11y weighting function
uanl¥msuaniulaonse Tavezldwadszii 510 Weisudumsnaass LB wsiimsidon
= S 4 ) : o
MCUI uaz MCU3 adwinianmisvesdszauiiunlugiusn iiesnin MCUl Gimuaw
aa o P = 1 o - a ay
YszuananaefiiianuEagefiqauaz MCU3 imizuarmsnnniiga MCU 2 Atidagnidon
4; Y a " = 3 o = a
Junliuimslugiasn Tavvzmuldganngdi 511 uag 512 MCUI wag MCU3 923y
o @ o a = ' o
Wowszauduniamsaduiuly sunseiaifeaszaui 26 unvzmuinlofigudn 19
' < a J ' = s ' a
Aumianlszuananaiives MCU3 Yusziiviueiiaiiulddaua LB Ganaden MCU3
3 e o Ll 4 ﬂ; = - ' o Ci o ]
sunldauaduiy McUl egiisaninash Mcu3  TlSuamibsanuiinnilim
d o o ' ° a‘w =1 ' a 4:‘ o Yar [ a
wesiudueantiwanuindunasegmsaaniiuium ladinainey uag MCU3 3269n
= Y o ' Vv = A d d o« 9 '
aninlFegrunseiamisulszunananalagnlyouis 100%(ti o) o 1uans 15muae
= A o u’: é’ [ ' q’: A o 3 =
Uszurananaiada 100 LB vz lien MCU Aniuvumsuanulmi) miminiiesuiunesns
9/ v " A o d " [ =1 1
43 MCU4 azitinsuvest)szaulminisanniiuuuaianganin MCU2 1Al MCU4 Umiay

AY o q W s g & ¥ a P4 " <
Uszuananarsndii iilesuams lavuinlssulananaiauday Tadued1as a5

100 T A A A A A A A A A A A LA 4
O |
80 - | |
—_— _‘ ’—_" Il
'6_“_?-' ;g J! L——O—MCLH |1
3 oo || «Mcu2
= il . !
2' 40 - ——MCU3
O 30 - [—=—MCU4]
20
Q) e .
0 ..',..-".".f.‘.l.‘.-..._ ..... T —— O o o o n'-é-'-ﬁ-'r' |
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81
Number of rooms in system

" = 1 " = '
g1t 5.10 wasiFudniz IFnuminlszuananasuunazaz MCU Tauszuuiimis 15 LB ua

0 v
15 1¥H e ua9i N
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Memory used (%)

0 T T T T YT T T T T P T T T T T T T T

1 5 9 1317 21 252933374145495357616569

Number of rooms in system

sUn s Wesiduanis [ daundisauswunazas MCU Taoszuuiinis 19 LB ua lils

¢{u.- i o a
Wanwmaumun

Bandwidth Used(Mbps)

Boolo Vi

1 6 11 16 21 263136414651 56 61 66 71 76 81

Number of rooms in system

| S—

! ¢ o a d ' = 1 '
q1lii 5.12 WesiFuams IFmumaiavuuudzas McU Taoszuuiinms1¥ LB ud hild

n’c:.l U : @
WIAFUD MU

5.2.3) With Load Balancer and weighting function
- 4 A ay & v s q o v .
1ngUN 510 smmuduiieiivowszuianua 81 1Bl wosFuAn1T 19U

Jseananana1aues MCUL. MCU2 wag MCU3 iy 100 ualesiguanisdauming
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¥ v
s o A ' 1 ") lé L]
Ysgulananalaues MCU2 dHulinoua 10 mmummamﬁamm‘lnam]a‘ummsni:inu
) & Y A ) ' s v a Y v q ¥
amﬂauummmaauﬂan‘numsmqumunmm‘umﬂu LB Tﬂmﬂ@mmmﬂuumih
a A a Gl 0 o a [
NINUINTNHIULIUDY MCU 310N 1TNADDINHIHUN ﬁmxmumﬂaswuﬁmﬂé’fﬂuwmu
i 4 ¢ a . sd & y ' i ¢
ﬂsxmaNanmamwuﬁ‘lumnﬂwmumumtmﬂaiwuﬂmﬂmmﬂmummmu.azuuuﬂ
= fa‘- J b3 = o o o 9 a dr 9 1 a = °
AWV U DD UA T L‘.i'l-’LN‘IflmTiUﬂﬂm:IﬁﬂﬂﬂﬂU Am" L‘Wfﬂ'ﬁ ANUNTAAN LB AI1UIN
. . Vv "
pnzauduanudusiinaiunaniausswes MCU  laoh (A,,= 100 - %CPU
used).
P Y o B 2 z A o EY '
INNITNANDIN 5.2.1 LS“I1ﬂ‘H1ﬂT51‘I$ fitting function mammimaumimi‘lﬁmmﬂmﬂ

]
=

Yszurananaia 39 ldmadagai...
MCUI: y = -1E*%* + 9E % - 0.002x" + 0.011x" + 0.183x” - 1.443x + 1.955  (8)
MCU2: y = -5E”x° + 0.003x” - 0.084x" + 1.028x” - 5.891x” + 14.41x - 10.68 (9

MCU3: y = 6E x" - 0.000x’ + 0.041x" - 0.646x" +4.250x" - 11.05x + 8311 (10)
MCUA4: y = 6E”x" - 0.000x’ + 0.041x" - 0.646x" +4.250x" - 11.05x + 8311 (11)

100
i y = -1E-06x® + SE-05x% - 0.002x* + 0.011x* + 0.183

i | 1.443x +1.955

60

——NMCU1

40 A

Poly. (MCU1)

20

rrrrrrrrrrrr1r1r1rrrrrrrr1r1r1rirriri

1 3 5 7 911131517192123252729313335
=20 —

11 5.13 nFouisunsims Idnumisslszuiarnana1aves MCU1 910M15NAG09 5.2.1

Auns 1N 1dInaunIsh 8
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100

¥ = -5E-05x5 + 0.003x° -0.084x% + 1.028x> - 5.891x?
14 41x-10.68

——NMCU2
40

Poly. (MCU2)

1 3 5 7 9 11 13 15 17 15 21 23

-20

714 5.14 nlSoudivuns wims lFnumiinlszuiaranalaves MCU2 91nMInAaed 5.2.1

A ns N lasnaunish o

100
= |
y = 6E-09x5 - 0.000x% + 0.041x* - 0.646x> + 4.250¢f -
80 11.05x+8.311
60
——NCU3 }
40 |
Poly. (MCU3)

123456 7 8 91011121314151617181520

517 5.15 W suifounswimsldanumisnlszunananaiaves MCU3 910n15nARDY 5.2.1

fu nsn laaneunish 10
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B

100 i
y=0.001x3-0.052x° + 0.896x* - 6.990x?

41.32x+21.95

80 I :

| |

%

60 |

|

——NCU4 }

40 — i

Poly. (MCU4)

‘ 1 2 3 4 5 6 7 8 9 101112 13 14 15

11 5.16 WS vuivunsms IFaumibelsgutananaiaves MCU4 910MINAADY 5.2.1
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u’: ° o 7o ' oy @ = 4 9/ : °
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Bandwidth Used (Mbps)
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LoadReportingServer

void LoadReportingServer::Start ()
{

Trace (S"Starting...");
DEBUG _ASSERT (! (status == ServerStatus::Starting ||
(status == ServerStatus::Started)});
if (status == ServerStatus::Starting || status ==
ServerStatus::Started)
: return;

// subscribe the server to receive notification when the
configuration

// changes (the underlying configuration file is modified)

/it

configurator->add Changed (

new Configurator::ChangedEventHandler (
this,

&LoadReportingServer: :0OnConfigurationChanged));

status = ServerStatus::Starting;

// remove the const'ness of "this" to get away from C2664
LoadReportingServer- gc* thisServer =
const cast<LoadReportingServer _ gc*> (this);

// set up the signalling event

T
. eventWorkerThreadDone = new AutoResetEvent (false);

Trace (S"Starting worker thread...");
// launch the worker thread
£

ReportingWorker  gc* worker = new ReportingWorker (
thisServer,
new WorkerDoneEventHandler {
this,
&LoadReportingServer: :OnWorkerThreadDone),
ipAddress,
port,
reportInterval,
performanceCounters) ;
workerThread = new Thread (new ThreadStart (worker,
&ReportingWorker: :Run));
workerThread->Name = S"Load Reporting Server's ReportingWorker
Thread"”;
workerThread->Start ();
~Trace (S"Worker thread started.”);

// wait for the thread to signal us, by calling out the
callback
/Y



eventWorkerThreadDone->WaitOne (Timeout::Infinite,

// check the outcome of the thread result
ol
if (workerThreadSucceeded)
{
status = ServerStatus::Started;
Trace (S"Started.");

Stop ()i

false);
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LoadMonitoringServer

void LoadMonitoringServer::Start ()

{
Trace (S5"Starting..."):

DEBUG_ASSERT (! (status == ServerStatus::Starting ||
(status == ServerStatus::Started)));
if (status == ServerStatus::Starting || status ==
ServerStatus: :Started)
return;

status = ServerStatus::Starting;

// subscribe the server to receive notification when the

configuration
// changes (the underlying configuration file is modified)

//
cfg->add Changed (
new Configurator::ChangedEventHandler (
this,
&LoadMonitoringServer: :OnConfigurationChanged));

// remove the const'ness of "this" to get away from C2664

LoadMonitoringServer  gc* thisServer =
const cast<LoadMonitoringServer _ gc*> (this);

// set up the signalling events

!/

eventCollectorThreadDone = new ARutoResetEvent (false);
eventReporterThreadDone = new AutoResetEvent (false);

Trace (S"Starting collector thread...");
// launch the collector worker thread
r/

CollectorWorker _ gc* collectorWorker = new CollectorWorker (
thisServer,
new WorkerDoneEventHandler (
this,
&LoadMonitoringServer: :0nCollectorThreadDone),
ipAddress,
collectorPort,
collectorBacklog,
machinelLoads) ;
collectorThread = new Thread (
new ThreadStart (collectorWorker,
&CollectorWorker: :Run));
collectorThread->Name = S"Load Monitoring Server's Collector
Thread";
collectorThread=>Start ();
Trace (S"Collector thread started.");

Trace (S5"Starting reporter thread...");
// launch the reporter worker thread
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ReporterWorker _ gc* reporterWorker = new ReporterWorker (

thisServer,
new WorkerDoneEventHandler (
this,
&LoadMonitoringServer: :0OnReporterThreadDone),
reporterPort,
reporterBacklog,
machineLoads) ;

reporterThread = new Thread (

new ThreadStart (reporterWorker, &ReporterWorker::Run));

reporterThread->Name = S"Load Mcnitoring Server's Reporter
Thread"”;
reporterThread->Start ();

Trace

callbacks

/4

(S"Reporter thread started.");

// wait for the threads to signal us, by calling out the

eventCollectorThreadDone->WaitOne (Timeout::Infinite, false):
eventReporterThreadDone->WaitOne (Timeocut::Infinite, false);

// check the outcome of the thread results

//

if (collectorThreadSucceeded && reporterThreadSucceeded)

{

Remoting

status = ServerStatus::Started;
// register the ServerloadBalancer object with the

// runtime
£
registeredForRemoting = RegisterLoadBalancerForRemoting

DEBUG_ASSERT (registeredForRemoting);
if (!registeredForRemoting)
{
Stop ();
throw (new InvalidOperationException (
S"Cannot register load balancer object "
S"with the Remoting runtime!"));
}

Trace (S"Started.");

Stop ()
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int CPing::Ping(LPCTSTR pszHostName, CPingReply& pr, int nPings,
UCHAR nTTL, DWORD dwTimeout, int nPacketSize, UCHAR nT0OS, BOOL
bDontFragment)
{

pr.nError = —1;

pr.minRTT = ULONG MAX;

pr.maxRTT = 0;

pr.avgRTT = 0;

//For correct operation of the T2A macro, see TN059
USES_CONVERSION;

" //Use the High performace counter to get an accurate RTT
LARGE _INTEGER Frequency;
Frequency.QuadPart = 0;
if (!QueryPerformanceFrequency(&Frequency))
{
TRACE( T("Failed to get the high performance counter
frequency\n"));
return -1;
}

__int64 nTimerFrequency = Frequency.QuadPart;

//Resolve the address of the host to connect to
sockaddr in dest;
memset (&dest, 0,sizeof (dest) ) ;
LPSTR 1lpszAscii = T2A((LPTSTR) pszHostName) ;
unsigned long addr = inet addr(lpszAscii);
if (addr == INADDR_NONE)
{
//Not a dotted address, then do a lookup of the name
hostent* hp = gethostbyname (lpszAscii);
if (hp)
{

memcpy (& (dest.sin_addr),hp->h_addr, hp->h length);

dest.sin family = hp->h_addrtype;
}
else
{
TRACE( T("CPing::PingUsingWinsock, Could not
resolve the host name %s\n"), pszHostName);
CString temp;
temp.Format ("Could not resolve host name \"%s\"
pszHostName) ;
AfxMessageBox (temp) ;
return -1;

else

dest.sin_addr.s_addr =
dest.sin_family = AF_INET;

53



54

//Create the raw socket
SOCKET sockRaw = WSASocket (AF_INET, SOCK_RAW, IPPROTO_ ICMP,
NULL, 0, 0);
if (sockRaw == INVALID SOCKET)
{
TRACE( _T("CPing::PingUsingWinsock, Failed to create a raw
socket\n"));
return -1;
}

SOCKADDR_IN sockLocalAddress;

ZeroMemory (&sockLocalAddress, sizeof (sockLocalBAddress));
sockLocalAddress.sin_family = AF INET;
sockLocalAddress.sin port = htons((u_short)0);

LPHOSTENT lphost;
lphost = gethostbyname (NULL) ;

if (lphost != NULL)
sockLocalAddress.sin_addr.s_addr = ((LPIN ADDR)lphost-
>h addr)->s_addr;
else

{
return -1;

}

- if (bind(sockRaw, (sockaddr*) &sockLocalAddress,
sizeof (sockLocalAddress)) == SOCKET_ ERROR)
{
TRACE( T ("CPing::PingUsingWinsock, Failed to bind to
specified address\n"));
return -1;

}

//Set the TTL on the socket
int nTempTTL = nTTL;
if (setsockopt (sockRaw, IPPROTO_IP, IP_TTL, (char*) &nTempTTL,
sizeof (nTempTTL)) == SOCKET_ERROR)
{
TRACE(_T("CPing::PingUsingWinsock, Failed to set the TTL
value on the socket\n"));
return -1;
}

//Set the TOS on the socket
. int nTempTos = nTOS;
if (setsockopt (sockRaw, IPPROTO_IP, IP_TOS, (char*) &nTempTos,
sizeof (nTempTos)) == SOCKET_ ERROR)
{
TRACE( T ("CPing::PingUsingWinsock, Failed to set the Tos
value on the socket\n")):
return -1;

}

//Set the Don't Fragment flag on the socket
if (bDontFragment)
{
if (setsockopt (sockRaw, IPPROTO_IP, IP_ DONTFRAGMENT,
(char*) &bDontFragment, sizeof (bDontFragment)) == SOCKET_ ERROR)
{
TRACE(_T("CPing::PingUsingWinsock, Failed to set
the Don't Fragment value on the socket\n")):
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return -1;

}

//Allocate the ICMP packet

int nBufSize = nPacketSize + sizeof (ICMP_ HEADER);
char* pICMP = new char[nBufSize];

FillIcmpData ((LPICMP_HEADER) pICMP, nBufSize);

//Get the tick count prior to sending the packet
LARGE_INTEGER TimerTick;
VERIFY (QueryPerformanceCounter (&TimerTick));

' int64 nStartTick = TimerTick.QuadPart;

for (int i=0; i<nPings; 1i++)
{
//Send of the packet
int nWrote = sendto(sockRaw, pICMP, nBufSize, 0,
(sockaddr*) &dest, sizeof (dest));
if (nWrote == SOCKET_ERROR)
{
TRACE( T("CPing::PingUsingWinsock, sendto
failed\n"));

delete [] pICMP;

DWORD dwError = GetLastError{();
closesocket (sockRaw) ;
SetLastError (dwError) ;

return -1;

}

//allocate the recv buffer

char* pRecvBuf = new char[MAX ICMP_ PACKET SIZE];
BOOL bReadable;

sockaddr_in from;

int nFromlen = sizeof(from);

int nRead = 0;

//Allow the specified timeout
if (IsSocketReadible (sockRaw, dwTimeout, bReadable))
{
if (bReadable)
{
//Receive the response
nRead = recvfrom(sockRaw, pRecvBuf,
MAX ICMP_ PACKET SIZE, 0, (sockaddr*)&from, &nFromlen};
}
else
{
TRACE(_T("CPing::PingUsingWinsock, timeout
occured while awaiting recvfrom\n"));
closesocket (sockRaw) ;

delete [] pICMP;
delete [] pRecvBuf;

//set the error to timed out
SetLastError (WSAETIMEDOUT) ;



return -1;

else

TRACE(_T("CPing::PingUsingWinsock,
failed\n"));

delete

[] pICMP;
delete []

pRecvBuf;

DWORD dwError = GetLastError();
closesocket (sockRaw) ;
SetLastError (dwError) ;

return -1;

1

//Get the current tick count
QueryPerformanceCounter (&TimerTick) ;
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IsReadible call

//Now check the return response from recvfrom

if (nRead == SOCKET_ERROR)

{
TRACE( T ("CPing::PingUsingWinsock,
failed\n"));

delete [] pICMP;
delete [] pRecvBuf;

DWORD dwError = GetLastError();
closesocket (sockRaw) ;

SetLastError (dwError) ;

return -1;

}

//Decode the response we got back

recvfrom call

pr.nError = DecodeResponse (pRecvBuf, nRead, &from);
pr.Address = from.sin_addr;
ULONG rtt = (ULONG) ((TimerTick.QuadPart - nStartTick)

1000 / nTimerFrequency) ;
pr.avgRTT += rtt;
if (pr.maxRTT < rtt)
pr.maxRTT = rtt;
1if (pr.oiaRTT > ctt)
pr.minRTT = rtt;
delete [] pRecvBuf;
}
pr.avgRTT /= nPings;
//Don't forget to release out socket
closesocket (sockRaw) ;

//Free up the memory we allocated
" delete [] pICMP;

//return the status
return pr.nError;

*



BOOL CPing::IsSocketReadible (SOCKET socket, DWORD dwTimeout, BOOL&
bReadible)
{
timeval timeout = {dwTimeout/1000, dwTimeout % 1000} ;
fd set fds;
FD_ZERO(&fds);
FD SET (socket, &fds);
int nStatus = select (0, &fds, NULL, NULL, &timeout);
if (nStatus == SOCKET_ERROR)
{
return FALSE;
}
else
{
bReadible = ! (nStatus == 0);
return TRUE;

//Deccde the raw IP packet we get back

int CPing::DecodeResponse(char* pBuf, int nBytes, sockaddr in* from)

{
//Get the current tick count
LARGE _INTEGER TimerTick;
VERIFY (QueryPerformanceCounter (&TimerTick) ) ;

LPIP_HEADER pIpHdr = (LPIP_HEADER) pBuf;

int nIpHdrlen = pIpHdr->h len * 4; //Number of 32-bit words*4

bytes

//Not enough data recieved
if (nBytes < nIpHdrlen + MIN ICMP PACKET SIZE)
{
TRACE (_T ("Received too few bytes from %sin ICMP
packet\n"), inet ntoa(from->sin_ addr));
SetLastError (ERROR_UNEXP NET ERR);
return -1;

"

//Check it is an ICMP_ECHOREPLY packet
LPICMP HEADER pIcmpHdr = (LPICMP_HEADER) (pBuf + nlIpHdrlen);
if (pIcmpHdr->i type != 0) //type ICMP_ECHOREPLY is 0
{
return ((int)pIcmpHdr->i type):
t

//Check it is the same id as we sent

if (pIcmpHdr->i id != (USHORT)GetCurrentProcessId())

{
TRACE( T ("Received someone else's ICMP packet!\n"));
SetLastError (ERROR_UNEXP_NET_ERR);
return -1;

}

return plcmpHdr->i_type;

}

//generate an IP checksum based on a given data buffer
USHORT CPing: :GenerateIPChecksum (USHORT* pBuffer, int nSize)
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}

t

unsigned long cksum = 0;

while (nSize > 1)

{

cksum += *pBuffer++;
nSize -= sizeof (USHORT) ;

if (nSize)
cksum += * (UCHAR*)pBuffer;

cksum = (cksum >> 16) + (cksum & Oxffff);
cksum += (cksum >>16);
return (USHORT) (~cksum) ;

//Fill up the ICMP packet with defined values
void CPing::FillIcmpData (LPICMP_HEADER pIcmp, int nData)

{

. pIcmp->timestamp

plcmp->i_type = 8; //ICMP_ECHO type

pIlcmp->i code = 0;

pIcmp->i_id = (USHORT) GetCurrentProcessId{);
pIcmp->i seq = 0;

0;
GetTickCount () ;

plcmp->i_cksum

//Set up the data which will be sent

int nHdrSize = sizeof (ICMP_HEADER);
char* pData = ((char*)pIcmp) + nHdrSize;
memset (pData, 'E', nData - nHdrSize);

//Generate the checksum
pIcmp->i cksum = GenerateIPChecksum((USHORT*)pIcmp,

nData) ;
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Abstracr-Today videoconferencing is more popular because the
Internet is more widespread and faster than it was in the past
few years. Multipoint videoconferencing requires a multipoint
control unit (MCU) to mix video/audio and manage the floor.
MCU load increases as much as user’s growth worldwide.
Therefore, distributed MCUs can balance the load from all
users. However, we need to equally balance the MCUs by
introducing a load-balancer. The contribution of this paper is
the balancing algorithm taking into account of %CPU used,
Yememory used and %bandwidth used.

[ INTRODUCTION

Videoconferencing is very popular because people do not
need to spend the time for conference Just 1-2 hours but take
more time in traveling. And now interet is faster and cheaper
than past e.g. ADSL, leased line and broadband. And internet
price is cheaper. Videoconferencing is one choice to saving
time and money. Multipoint videoconferencing requires a
multipoint control unit (MCU) to manage the floor and
connection, encode and decode video from users, mix audio
and send to users. Encoding and decoding video and mixing
audio consume a lot of resources. When we talk about
resource computer, we almost think about CPU, memory and
harddisk but for MCU another resource that is important is
network resource. Except encoding and decoding video and
mixing audio, MCU has a task to manage connection both
signaling and data packet.

MCU load increases as much as user’s growth. For
supporting large users Centralized MCU is changed 1o
distributed MCU and optimized MCU. When we distributed
MCUs there are problems about balance of MCU load.
Therefore we need to manage MCUs to work equally and
accordingly. The main contribution of this paper 1s the
balancing algorithm taking into account of %CPU used.
Yememory used and %bandwidth used.

This paper is organized as follows. Section 11 explains
H.323 and general load balancing algorithms. We describe
our own algorithm and show the experimental results in
Section 11l and 1V, respectively. Section V concludes this
paper and suggests some future works.

[1. H.323 AND LOAD BALANCING ALGORITHM
A H.323 Multipoint Conference

H.323 protocol is developed by ITU-T (International
Telecommunications Union- Telecommunications section) for
real-time multimedia communication over P

Today H.323 conference system s one of the most famous

conference systems. H.323 basically  supports
remote conference, and [1.323 also supports - multipoint
conference using MCU (Multipoimnt Control Unin).

one-to-one

97

MCU communicates with all hosts. MCU collects audip and
video streams from all hosts, mixes them, and distributes the
mixed stream to all hosts. In other words, MCU holds one-to.
one conference with all hosts. Therefore, when the number of
hosts increases, CPU and network load on MCU become
heavier and conference system may become overloaded, To
avoid this bottle neck about load on MCU, conference systen
should adopt the method of distributing the load on Mcy.
The existing method of load sharing is using multiple MCUs
as Fig.1. It distributes the hosts of which MCU has to take
care 1o two or more MCUs to reduce the load on each MCu.
This method reduces the load on each host, but it has some
problems. When the number of hosts increase, the number of
MCUs which is required for load sharing also increases. And
the number and location of hosts change dynamically in the
conference. But, the number and location of MCUSs should be
static. Therefore if the number of hosts becomes €normous,
MCUs may become overload after all. And if hosts crowd
around somewhere, the MCU near the hosts should deal with
them, and becomes overload after all.

B. MPEG4MCU [1]

MPEG4MCU [1] can be partitioned into 2 sections as
follows

a) Audio Section
Each Connection object corresponds to each client. The client
always sends encoded audio stream to the MPEG4MCU. The
decoded audio is used by the DetectVoice function for

detecting the speaking client.
Vit (artererus e

b §

&

S

& &
g o

i

Frgure | Distmbared MCUs [6] Video Conference



ideo Section
When the video stream from the client come to, the

3 [PEG4MCU will decode and then detect whether this
ferminal is in the position for video displaying or not. If it is,
“copies the video data to the center video buffer in the
sropriate position. Finally, it reads the video data from the
center video buffer, *encode, and then send back to the
terminal. _ o

# Note that, at any time, the MPEG4MCU will display only 4
wsers in the video position. So the video data of users outside
the video position are still decoded and then leave these
i:sulléd in the waste of the network incoming traffic and the

OpenMCU
Tarmiaal A ( Connection A ]
Q <—l Decode ll 1] Encode }*
@ = o
Yes
o R
i ‘Y dg
L]
3 e—)
o Tamdeit e ( Connection B
: Decode | e Yes
o Q q_[—l
§ S @ Encode Docode Jo] 10 Videa
Sk
i 8 b ; : : -
e N Fupy,. Figure 2 Block Diagram of MPEG4MCU in the vidco scction with 2
i B "l terminals

Load balancing algorithms
+ £3¢In load-balancing schemes, the two most important policies
*""ate information policy and location policy. Information policy
“+ will collect load information of each host for location policy
: decision. When a new task location policy has will consider
~ sending this task to proper host by load information from
. information policy.
+ 2 {GLOBAL: Every P seconds, load information center (L1C),
receives load updates from all the other hosts and assembles
them into load vector, which is then broadcast to all the other

A 62 B SR AR Y

3 bosts When the task arrives to host A, A will look at load
;! VeCtor to find the lowest load host and send the task to. [3]
1 _:_‘§RANDOM.' . This algorithm uses only local load

'll_lformation, When a job is found to be eligible for load
lancing, it is sent to randomly selected host. [3]
CENTRAL: In Global algorithm, placement decisions are
made by each host using the load vector. In the [3]
CENTRAL algorithm, the LIC acts as a central scheduler for
all the hosts, in addition to receiving load information from
'-hf-’ f)lher hosts periodically. When a host decides that a job s
} eligible for load balancing, it sends a request to the LIC.
; bgﬁlher_ with the current value of its load. The LIC selects a
SUwith the shortest queue length and informs  the
ONginating host 10 send the job there. It is assumed that the

ds of 3| the hosts
Maker(s)

are known to the placement decision
» With some delay. [3]
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THRHLD: A number of randomly selected hosts, up to a
limit Lp (probing limit), are polled when an eligible job
arrives, and the job is transferred to the first host whose load
is below load threshold 77. If no such host is found, the job is
processed locally. [3]

LOWEST: This is similar to THRHLD except that, instead
of using a threshold for the placement, a fixed number of
hosts L, are polled and the most lightly loaded host is
sclected. The probing stops if an empty host is found. [3]

Credit-based: The credit-based load-balancing model
focuses on these two policies. We assign a numerical value,
called credit. to every host. The credit indicates load of the
host. The lower its credit has chance to take new task. The
credit of each host changes in accordance with the behavior of
the system and interaction [2]

lII. OUR LOAD BALANCING ALGORITHM
There are two important policies, information policy and
location policy in dynamic load balancing algorithm.

A) Information policy:

Load information from each host is very small size when
compare with data packets in video conference. So we make
decision to collect load from all MCUs to Load Balancer (LB)
periodically.

The task of MCU is encoding and decoding video, mixing
video and audio and managing floor and transfer data.
Therefore load of MCUs is combining of computation lpad
and communication load

Cucv = Cep + Cryp (H
C ey =MCU Credit
C(-, = Computation Credit
C., = Communication Credit

A.1) Computation credit is combining of central processing
unit (CPU) and memory available because MCU task is
encoding and decoding video, mixing video and audio that
consume CPU resource and memory.

CL‘P = f{_'f’ (”’. pu "'jn”u * lfl’me'm Amvm )

A . =Available Central Processor Unit (CPU) (%)

A,... = Available Memory (%)
W... = Weight number for CPU load
Wo o = Weight number for Memory used

/¢ = Computation Weight Function

MCU has variations of CPU powers, nmemory capacities and
network performance. We use M/CU | to represent one of the

MCUs in @ neterogeneous network of MCU5 [4]. We also use



variable- P to represent the total number of MCUs in the
system. The CPU weight of a workstation refers to its
computing capability relative to the fastest workstation in a
distributed system. The value of the CPU weight is less than
or equal to 1. Since the CPU weight is a relative ratio, it can
also be represented by the CPU speed of each node measured

by millions of instructions per second (MIPS). If chu (/)is
the speed of MCU, in MIPS, j =1, ..., the CPU weight can be

expressed as follows:

y "
W..(J) :—%L (3)
Max_ V., (i)
Similarly, the memory weight is calculated by comparing the
memory sizes among the MCUs:
o _ Memj
i kot ) = (4)

‘I'J
Max_ Mem,
Where Mem , is the amount of user available memory space

in MegaBytes on MCU} forj=1,..., P.

A.2) Communication credit is network bandwidth available
and delay between host and client. Because each MCU is not
on the same network bandwidth and speed between host and
client will be different.

Cow =W, A4, +T ()
Ay, = Bandwidth usage (%)
T = Percentage of delay time between MCU and client
(%)
W,. = Weight number for bandwidth used
o BW,
me (N)= ' (6)

Mar‘i, BW,

H.323 video conference acceptable delay is between 150 -
3006 ms [8] so if MCU has delay from MCU and Client > 300
ms we will not choose it and we use 300 ms to convert delay
time from ms to percent as below:

(300 —delaytime*) = 0.33

delavtime < 300ms

-00 delavtime > 300my (7)
* Size of test packer =
command)

64 kilobyte (Maximum size of ping

B) Location Policy:

When LB gets load information from each host, LB will

convert received load 1o credit and collect in LB. Conversion

method needs 10 weight the receiving load from each host.
Whenever a new conference room iy created, LB will

compute the collected credit of cach MCU and select any
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MCU with the highest credit at that moment to serve
new room.

IV. EXPERIMENT AND RESULTS
Our experiment is consist of, Load balancer, MCU anq
generafor as show in Fig 3.

Figure 3 Environment in our cxperiment using our load balancing algorithm :
in Eq. (2)

A)Load Balancer(LB)

Load balancer (LB) is an opensoure application from
www.codeproject.com that we enhance to collect memory
and bandwidth used by the applications to calculate
computation and communication credits. LB is developed
using Microsoft Visual C++. NET 2003 with winpcap library
version 3.01.

=+ C\Je' BanyMachmet oadMondt ormgServer.exe

cadfanitoringServer: Initializing
foadfonitaringServer: Configuring,..

Conf igurator: Creating global configuration object...
Conf igurater: (Re-)Loadin. conf iguration. .. L
Conf igurator: Reading performance counters... 'y
Conf igurator: Performance counters read.
Conf igurator: Configuration Cre-)loaded.
onf igurator: Hooking conf igu =
Conf igurator: Conf iguratien hooked.
Conf igurator: Cl-hrroﬂiﬂwn ien shject created.
foadRonitoringServer: Configuration done.
PachineloadsCollection: Initializing machine load storage. ..
NachineloadsCollection: Initialization done.
LoadRonitorin i Initialization e .
eringServer: Starting...
foadMonitoringServer: Start ing collector thread...
Collectorvorke nitializing...
Collectordorker: Initialization done.
oadMonitoringServer: Collector thread starced.
loadMoniterings. r: Etarting po r threa
Reportersurker: Initializing...
Feportervorker: Jnuulundn done .
LoadRonitoringServer:
Reporterdorker: §

Collectorvorker: Ready to accept requests. o
Collectorborker: Fntering thread loop. .. =
Peporterdorker: Listening on pert 13 - =
Pieporterdorker: Ready to accept requests. =
peporterdorker: Entering thread loop 5
loadMonitoringServer: § ed.

Prexs ENTER

Figure 4 LoadMonitoringSenver



Il MPEGAMCU from [1] with no Gatekeeper on

eral machines as follows:

‘MCUI = Pentium D CPU 3.0GHz, Memory = 512 MB and

L Randwidth = 100 Mbps

% MCU2 = Pentium 4 CPU 2.8 GHz, Memory = 512 MB and
BandWId(h = 10 Mbps

4y MCU3 = Pentium M CPU 1.4 GHz, Memory = 768 MB

d Bandwidth = 100 Mbps

MCU4 = Celeron 2.6 GHz, Memory = 384 MB and

B:mdwidlh = 100 Mbps

: b Call generator

© We use call generator from [1] that can send and receive
md.g and video with following parameters:

Video codec = MPEG-4

Frame rate = 10 Frames/sec

Audio codec = G.71 I-uLaw-64k (PCM)

Audio Sampling rate = § kHz

Users per room = 4 users per room

e e g LA e R

o

"¢ NetMeeting - 1 Conne... E]
Cal View Took Help

fi61.246.5.215

&)

Pl [m@] [<f]

Figure 5 Netmeeting with MPEGAMCU m

_4., ln order to show

: the effectiveness of our load balancing
. l!gomhm the results

are divided into several subsections.

D) Without Load Balancer

O o 100
¢ 90 5
‘_ 80 .
i e e —e— MCU1
"‘. 3 60 N N |
3 »_-3 50 - | —— MCU2
*2 40 . | —&— MCU3
"o 30 | —— MCUM
20
14 7 10 33 16 19 22 25 28 31
Number of rooms on each MCUs
Figure 6 Percent CPU Used on cach MOU wath no LB

Memory used(%)
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F:Luu 8 Percent Bandwidth Uscd on cach MCU with no weighting funct;on

Firstly, we do not use LB in the first experiment to view the
trend of CPU, Memory and bandwidth used on each MCU. In
Fig. 6, when the number of rooms increases on each MCU,
%CPU used of each MCU grows slightly. But when the
number of rooms reaches its critical point, %CPU used of
each MCU grows exponentially. On the contrary, % memory
used and bandwidth used in Fig. 7 and §, respectively still
grow linearly.

D2) With Load Balancer but no weighting function

Secondly. we use LB without any weighting function.
Hence, the results are shown in Fig. 9, 10 and 1. Initially.
both MCU1 and MCU3 are chosen by LB (without weighting
function) because MCU| has the fastest CPU and MCU3 has
the biggest memory capacity. When the total number of
rooms  has reached 26, %CPU used of MCU3 grows
exponentially but LB still chooses MCU3 because % memory
used of MCU3 is still less than others. So MCU3 has been
chosen untl %CPU used reaches 100 (when %CPU used
reaches 100. LB must not choose that MCU). When the
number of rooms reaches 43, MCU4 will be chosen because
bandwidih of MCU4 is more than MCU2 but CPU speed of
MCU4 s slow that makes %CPU used grows very tast.

P
e
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100
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100 — Finally, we use weighting function (fcp) according i :
% Eq.(8). It can be noticed in Fig. 12, 13, and 14 when we :
_ :g P adding conference rooms until 23 rooms into the system, (hy W
L o, LB chooses only MCU1 because MCU| has the fastes; cpy &
2 50 Then, the LB chooses MCU?2 together because of low % (jpd -.:
2 40 - used. At 46 rooms in the system, the LB just chooses MCUy;3 3
e because MCUI and MCU 2 are quite loaded. Eventug), #
fg ! when Room 70 is added, it is redirected to MCU4 which ha; 4%
o | the slowest CPU but the least %CPU used. s
1 6 1116 21 26 31 36 41 46 51 56 61 66 71 76 81 After “'f:. use LB with weighting funclion, CPU, memod. :
Number of rooms in system and bandwidth uscd'o_f all MCUs gradually increase together 4
S S and no MCU has critical CPU, memory and bandwidth useq ¥
Figurc 9 Percent CPU Uscd on cach MCU with LB and no weighting at anytime. :
function
120 e
=
T
@
“w
2
=
-9
(8]
‘ 1 6 1116 21 26 31 36 41 46 51 56 61 66 71 76 &1 i
Number of rcoms in system
J Number of Rooms in system
Figure 10 Percent Memory Used on cach MCU with LB and no weighting - S
function Figure 12 Percent CPU Used on cach MCU with LB and weighting function
9 & -
T 8 e
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Figurc 11 Bandwidth Used in Mbps on cach MCLU with LB and no weighting

- Figure 13 Percent Memory Used on cach MCU with LB and weighting
unction

function

D3) With Load Balancer and weighting function

In Fig. 9, when the number of rooms reaches 81. %CPU
used of MCUI, MCU2 and MCUS3 reach 100 and %CPU used
of MCU2 just only 10. That is not balanced. so we use
weighting function in LB. As shown in Fig. 6 and 7. %CPU
used grows exponentially but “Memory used grows linearly
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S0 we power /1‘;,“ by 2 to raise the load credit suitable for

%CPU used growth where ( A =100 - %CPU used).
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VI. CONCLUSION

This paper presents the load balancing algorithm for
" videoconference multipoint control unit (MCU) to manage
distributed MCUs in video conference system. The criterions
/. are not only computation load (%CPU load and Y% memory
used) on the MCUs but also the communication load between
MCU and client. We take into account the computation and
communication loads and weight them properly to make
decision which MCU is the most suitable one to serve the
new arriving videoconference room.

For future work, we will do more experiments by setting up
. variety of MCUs with different types of CPU, different
" memory sizes and emulated Internet using NISTNET [9] as
shown in Fig. 15. Hence, we will measure CPU Load,
memory used, and bandwidth used in order to compute the
proper weighting function for different MCU specification
and different network environments. Finally, we will compare
. our algorithm with others.

LOAD BALNCER
Figurc 15 Experiment system with NIST nct 9]
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