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Design of the Load Sharing Scheme and
Performance Evaluation in Distributed Systems

Gu Su Kim" - Young Ik Eom '

ABSTRACT

In this paper, we propose a load sharing scheme in distributed systems. In the proposed scheme, the state of
each host is classified as a server or a source by its current load and, to prevent excessive state changes of each
host, we used three threshold values for identifying the current state of each host. Based on the threshold values,
some hosts, called brokers, manage the servers registered to them. The brokers, whose number is determined by
the system utilization factor and the total number of hosts, support task migration processes from overloaded
sources to lightly loaded servers. Also they can hand over the broker’s role to another host when it is
overloaded. Simulation studies were performed for examining the sensitivity of each system parameters such as
threshold values, utilization factor, the number of hosts, and the number of brokers to the system performance
indices including mean response time, mean queue length.
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void Node::B_receive(void}
{

switch(rmsg, request) {
case SERVER_REGIST :
B reg.\st IR

case SERVE.'R_RELEASE :
B_release{):
break:
case MIGRATION_REQ :
id = B_select():
PacKmsg(MSG MIGRATION_SELECT, id, 10):

bre:
case BROKER SKITCH :
broker-~>Change(oldbroker. id, newbroker. id):
grokﬁr >Setstate{newbroker. id, (SEMPTY)newbroker. state):
rea
case SERVER_EMPTY :
broker ~>Setstate(rmsg. senderid, EMPTY):

bre:

case SERVER_NOTEMPTY X
grokzr )Setstate(rmsg senderid, NOTEMPTY):
real
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void Node :: B_check(void)

if (load > Tsource) {
svt->Select();
Packmsg (BROADCAST, BROKER_SWITCH, newbroker.id, 10):
svt->Release{newbroker, id):
broker->Change(host_id, newbroker. id):
broker->Setstate(newbroke, id, newborker.state);
play = SOURCE:
load_check = 0;

aly

(2381% 4) BROKER_SWITCH %4 +4 Mz ¢2d

zoi{iﬁﬁi—e {E_switch(void)

broker->Change (oldbroker, id, newbroKer.id):

broker->Setstate(newbroker. id, newbroker.state):

if (play == SERVER &8 mybroker == oldbroker.id} {
mybroker = rmsg. receiveid:

4.4 SIHXHE 2te] Bl

A Al 2" AdHfaul)S 3 §5HA A2
AL 1P Folof o) ol A FAMA S
2E7} 2L 903 A4 FA3| A sto]of g}
Ag s &(fault tolerancy)& BA3 7] #3) FAA
IAEES FVH LR B FAEL ik wjAA
ol Aalol &3ty e AW 8y 94 Bl2EE
go} t}& F7) A} o)A SEVER_INFO W A|A& B
A AtHzE D).

SERVER_INFO

BALAARIGIMC B8l % 71 AH X s ot 2099
SERVER_INF:
Msg.

0
Msg.
+—
———.’
SERVER_INFQ

Msg.

(28 7) SHxHE Ziel B4l
(Fig. 7) Communications between brokers

dd & FAA 2AE 4o AE AAA
4 €97t B& FAAI} T30l AR FAR
A Bestd My Y A HLESHEH v E §
U st FA4 48E dPsA L, Ay &
¥ 94 S2EE dAEY

4.5 HiA|X| 24&loll cist sid 719

RE WA E 24 glo] A4dEE MUt 2
gy F00A 4 QA AAE T8 FoiA vk e
FAHNN FAAANA 7he AR 7L £311) e 2
F& 2908 & Ak QoA AFHEC] FAR
K517t T,8 dolME, 372 98 A AXE 9
Al Aok B 98 QA ABA o] AHdE =B
B I2EES ofd FUAMA A&sA vlA A
g BuiA "t g A 98 A 3ol A
zZ+g o] £2EH BROKER_SWITCH W4$& +4%
g 7}A], o] A7+ 7+F FQt ZAEFSHE oW F
ARAA A$g WHAAES B$ Ar ass
"}

A Fold ZjA(object)?] o] FLE QA7 W AR
Ao @ A2le dutg oz A 712 7] ALg
®oH22.

(1) oA =] B3k )4 4 (message redirection)

olF e S2EdAM o|F ¥ I2E FAE 7]
A& kvt £AEHE HAIRNE o5 FY F2E
A Ag #HFu, 8 T2EEL o]lFY Al
4A) Bla A& olH FAER ARG BY
A Eo} :
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(2) WA} R} 241 ¥R (message loss prevention)

ol% A Z2EA 448 WA E vivje] Y
BTl ol F §£o TAEZ vHE g A4 =
3 olFo Bd A4S U ZAEAA 34 ¥AL
ctele Woly g S2E8d4AE Z44 o}F A}
AE AAF F AAAE olF T 222 H$d
A "tk

(3) WA R 24 B-I(message loss recovery)

olF FP M Aed ofAAE BF T8 B
th 2P ojFo] 4858 F AEZL F2EYE X
2ER 98 9. 42E FAF B2 T2EFAHN
R AR E 2 F4HE A déHn

ALK W QLG B Aol A4t vjalA]
e 204 48 AA ARE e g S
g 8). AT o] 7IY L ol F 9 Ayt BE FEA
2 AE7 AojAA Heg AR A4s Hgrt =
oA B2 Y.

03 4%

ol 3%

SEVER RELFASE

AZE AR

O*‘M

{38 8) HiAIX] e (AR E AIREH 0
(Fig. 8) Examples of message redirection

£ AFoM s A A £ dR 9 A K] E4 8
T 5 7HA 71gE 2ol AHgwt FA 48 A4
7t A Z 7R ojd FAANA R HAAF A
A F& AR BF dAlA] Fo Agsie] H2 L
FAAANA s FA Ha, FAA 9 A
g5 ¥ ¥ BROKER SWITCH 948 @ 548
E& goR 2L FAAY F2E AR E By
A B 282 2 fAAES J2E FAR 9
s Al EcH2d 9.

(29 9-a)= FAR 48 A Az Aol Aol
222 HAE Ak § S2EqA e} A
A SERVER_RELEASE sl Al Al & Bul+ A8 B

) A) 2} &

T+

ki

SEVER_RELEASE O

22 (0]7 371%)

(:) MAA R

s Az 314

b} E742 98 A &5 ¥

(33 9) HjAIX| 24 YR ALBE off
(Fig. 9) Examples of message loss prevention

A&tk FAZE o] vIAAE WAIA Fof 7133
@A =23g A AE A ). (a9 bl FA4A
g8 QA F viNA 7t AEHL i A2
Z74A A MIGRATION REQUWAMAE A$sie
BASE BTl

a8y B 94 QA7 AFE FRE GE 3
2Ego} FAA 4% A4 B W] AARY B
oA old FAANA B AAde BE A8
wigict o] A4 7 Z2uHqME 244 9T AA
7t €132 BROKER_SWITCH W42 e & A=
& FNAANA AR E A RAH2E 10).

(23 10 FAA 98 A4 33 FA o4 5
ARe Folsl A&7t 242k SERVER_RELEASE of
A1z} s} MIGRATION_REQ tjAlAl & AFegon}
2% ZAEE HdZT gon, (23 10-b)E F7)
A QY UAIY B FAES 2 FAA S
428 WsEE 3¢ A2E TRAR AARE G4



AEZ A2E FAAL of HAAEE Hshe
B8 Bogn.

A

O AIX] 2 A]

. Eamey

TR T

SEVER_RELEASE

aA 0] WA

O

SEVER_RELEASE

Az 57

b) M2 9 IA F

(O3 10) HIAIX] 24 278 ALRS of
(Fig. 10) Examples of message loss recovery

5. 45 47l

AEg#Hold RdoX 7t Z2EE UF FY =
42 M/M/1 29z 3 gty 2A4E&5Y 7ige
FIFO 24&3 & 7H3 vt Q939 wAA dE3
FAlo] T AIZHE 2z} 10ms2 Mg s, ER A A
& o|F3e o] YoM 42 SolA TEMAE By
£l 100ms, ZZAHAE A3t ofF A ZTa A
2 A2 wEo] FEd 100mse A 7HE 238
Ro g 7A@t

A 2% §8-S(utilization) p ot & ).

p=AS
where A = “interarrival rate”

S =mean service time

x

T AILHOIMOL B2 SR 7IE A Hs HIt 2101

g 23 A7 FE 1 secE T3 SE HASA
01<p<.95FZlMe] BF 37 AT 1ms)}
e dojz B At A1 4% S ForEdg. o
% agoht ¥4 M/M/122 et A e e
#$ANA 23 TH THE AHSEA & ATE 9
u] g},

51 dAHlgk 43

AAzZE 4A4E A%t W3t TH 71 E AHES
A &E ATM/M/D2 BE F AolE AL £
o 8 2dg /e g g A g old A F3t F
f 719 & AHEEHA & A-M/M/De) 3 F 2
ol (& 13} 7ol ettt

(1) 87 7 €ol

{Table 1) Mean queue length
o M/M/1 o M/M/1
0.1 1.11 0.7 3.26
0.2 1.24 0.75 4.13
0.3 1.45 0.8 4.86
04 1.63 0.85 6.93
0.5 2.01 0.9 10.13
0.6 2.34 0.95 16.3
0.65 2.84

£ 71 ALgdhe AwL S A e bt
gt 2] T, Ty Tw®) AZFAZE 2 23 FF 7
B AR 8L B 49 B2EL BFE F dolg
712 2 ste] &3t 2ol YARE 44

1)01<p<05

0.1 <p<0.5 PN Hg 79 Aol 2 0)3fo]
o} o] F7heA Fo) ZAelrt 10]W 2A7) ¥ 27}
HE Z2AHAE o|FAIF|H 09 Aol A2
gE3=E 3.

(2)0.5<p<0.65

0.5<p<0.65 F+ZHME= BF F9 A7t 3 9]
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solth. 7 Aozt 271 I A27} 53 3o Ao]w
T2 2E FAIN S 35 10]8t HY Auz
M RESH=R Bk

(3)p=0.7

p=07 A% ZAEQ £71 1571 A¥de
(F 2914 MojRol A To/T,/TmE 1/2/302
st Aol 7Hg #& A% & el g € ¢ Atk

(E2) p=0.7, =F 5 15702 P A HR ] 2ol
(Table 2) Threshold values and mean queue lengths in
case of p =0.7 and 15 nodes

dA | FAA | FARA2 | FAA3 | A
0.5/1/1.5 | 4.42 3.14 3.26 3.30
1/2/3 2.7 2.93 3.01 315
2/3/4 2.91 2.93 3.02 3.15
4)p=08

=082 AL 3B F7} 4049 AS (F
oA s ol AMT T,/T,/TaE 6/8/1022 3=
Rol Mg FL Ae84e Y S ¢+ Ut

(H 3) p =08, ‘r=5 4002l P A3 7 20|
(Table 3) Threshold values and mean queue iengths in
case of p =0.8 and 40 nodes

AAZ | FAAL | FAA2 | FAHA3 | B4 ,

1/2/3 7.29 3.88 4.09 4.27

2/3/4 5.94 3.73 3.89 3.84

4/5/6 6.2 40 4.04 4.0
5)p=09

=092 AL TXEFI} 807 A (X 4)
g o] AL To/To/TwE 6/8/1022 &+ A
o] 7t £ A% $A4E Vel & & 4 Ao

(H ) p =09, =5 30702 Y AU F Aol
(Table 4) Threshold values and mean gueue lengths in
case of p =0.9 and 80 nodes

AAZ | A | FAA2 | FAA3 | FAA4
s/7/9 8.24 7.2 6.72 6.61
6/8/10 6.56 6.38 6.47 6.52
7/9/11 712 6.76 6.94 6.79

oM B o] 3 FTH /WL AHEAA ARE
el B 7 Aol 34 MR UL T, k2R FE
Aol 4ee FA & & + U2, o9 ol 09,
0.95¢1 Bt 2 B okt B g AHg3e A
o] 4% & F¥BNPL ¢ & A A9 FAE v}
ZFo g sto] Algdoj el AHS-® AAMIMT,/T, /T
& (& 5ol A Bole st 7ol A H}A.

(I 5) 2t putoll CHEE I Aigt
(Table 5) Threshold values for each p values
P dAR
0.1~0.5 0.5/1/1.5
0.6~0.75 1/2/3°
08 2/3/4
0.85 4/5/6
09 6/8/10
0.95 8/10/12

5.2 X8t MEfOM2| HE B}

£ A<t 7ol AR Gl ol FEY 4F
£ Holestd Wdsly] A8 o9 gto] 0.1 ¥ 0.65
A 2] & ZE FTAA ARyl E £
ov 2 A#E (29 1A Bojx gtk 2"
T2EY £& 002 4R, FAAY £t
1/2/3/4Q) % 2420l A3t po) gho] ¥gte] w
gt @ Fe Helzt o|¥A HssteAE 2
(zd 1DAA M/M/122 ENE 34 #3 37
2 34 & 758 grgn.

Hlwo) gige] Hle 3 Ff& A ¥e A5
B #Fo A7k 178 37 e A &+
Ao, ols} o] Fo] HF Hol7} AL Fgoe



el deol2 dAwRE AAste & AL NYeMe
A5 ¥l A YA g8 L F UG &, &
718 & A Ee B¥ AlAYY RE) 3 4
€ & 4% ¥3& UEA gon ol 4oz
W el 8 F g Aol

B3 A9 Yol(Lt = 40)

0.6 Feresrsrmems e = BHA 1
—— BN} 2

TN w e e g |mEAAs
s 5 & & o o B8 “’"f/;ﬂ;* 4

(38 1) x5at Meel e B 7o #o| (BAE
2| % =40)

(Fig. 11) Mean gqueue length of lightly loaded case (40
hosts)

5.3 2H58t AEfoll M| ¥ Bt

2 AT /1Yol F53 FeoiMe o= Fxo 3
& Holesld udsy] H# pd ghel 0.7%H
095742 8] gh& Zhe FholA A Bl A FH4
Botow 1 AE (2¥ 12)A BolX Ut o] A

B3 F 2ol F =40

—— 302}
~a— M2} 2
—— B2} 3
—— BIHA} 4
—— W/M/1

(3% 12) 25381 HElQ] Bl HF 72| 20} (BAE
ol & =40)

(Fig. 12) Mean queue length of heavily loaded case (40
hosts)

BAFAIAHOIAMC B8l B3R i 44 R s I 2103

ol Al2Hio] TAE £F 078 dPHHoy,
FMAE 71 1/2/3/4 34 Ao qh&te p 3t
ol Wyl w2t B F Aelst o WA W=
A& A (29 129ME M/M/12.2 BEAE 7
e #8 FHE X }e A ojg)

o] AfolE pd Fhol AdF o2 2L (0.7, 0.8)9)
FAMNE o 10% FEL Y5 Yol Ve
o, p9] o] 0.85 o] 22 & FRAME FAe
25%A M RE A 8% AL A% $dol Yt
U3 &S g 5 Ak

54 BAE 2| §710) I HF S AIZH

Z2E 9 F7to] e} A2 B £ A
o oA Wsh=A& vietslr] A ol gl 085
QA 4o dis) AeEdold g sHsgey 2 I
& (29 13)9A Holx U}

e @ Y3 W AW p =085

B 3000 pe--eneesneneeenonnassneanaa
]
oo 2000 [r-r--semememimmiooeie oo
1000 f-v-----rmevecmmemccraeaaae —’—é’“x}l
—— 2M2} 2
0 e 3R} 3
2 8 8 8 83 8 R & |-—8May
LEH ~ M/¥/1

(38 13) p=0850] AP BAE 52 W RE AlZH
(Fig. 13) Mean response time vs number of hosts (p =
85)

Z2ES #71 A& Afde, FAAY 7} 3L
B34 o 38% FE A% FAE Mol ey F
MAe #7F & S oF 18% FEY 4% $4&
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A9 & oA E Eve Aol AFd F2 9%
S AL AL E & F At

Z%s) B v po] 3t0) 0.7<p<9.5 FeME
Axdle} Zt 32E MR E iV ARNER H
T 7o Aozt AjAA =n, o] Ffde 7 4
o] & YAFLE o] §E= ¥ 7ol B 0% =
g FANIZ ASE &+ Ak

6.4 &

B ERdNE OF 3448 0o @ 54 2
3 24 /1Me AASUT. B 719 538 a2
S HElE FR57) A A AL AARE Mgl
Ae W 294 L PANE 93 442 HES @
Rolch. 22T HEISo) B ARE £}, 22
CELY PR ENE EELEEEERE LYK
d FAAeHe 3228 Slow, A7 A
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A gg AAsA FAA4 B2ES $PE Dol F
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AgHINEG FF A% BANA B 5 dxol &
AWE pol o} AL, F N 2HY Fa7t Ae FS
At & 248 BATA AL, o9 ghol F7He]
237t & Aol oF 25%alA 38% =R ¢ A
5 $4e BAFT YT

Ee p g TN AN AA BAEY 5
7 Ag W, FAAE F7t Be ASolE Y 3
Aol oF 17% Aol B3 W, T4 58 =
A s ALl o 38% FES] A% FAL wol
T Utk 287 WA B2AES $7 YYFoE B
& o, FAAAe) 58 A7l e Aol oF 18%
9 A% Pag noled wal, FAe 52
AaE ASolE o 35% A5 A% P HolT
Ak ol p Xe THA FGAA AL 32
E9 %7t Ag WE FAA 7 oW FAFo|
Z7teA BT ool 238 eMER Agsm
2 3R 48 A7 S o] Y 7o) Aolg &
o5 stm, ZAES 27t BE Ak FAAR
F7t HoW AR ok WANT BE A% Ay
AYaA RHEZ FH4 £8 EAFE Aol 97

2

o &8

e

ol Aelg Eo8A e dviske Ao B €Y.
B 1AM E S 8L & 32EEL A&
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