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A Hashing Scheme using Round Robin
in a Wireless Internet Proxy Server Cluster System

Hukeun Kwak' - Kyusik Chung"™

ABSTRACT

Caching in a Wireless Internet Proxy Server Cluster Environment has an effect that minimizes the time on the request and response of
Internet traffic and Web user. As a way to increase the hit ratio of cache, we can use a hash function to make the same request URLs
to be assigned to the same cache server. The disadvantage of the hashing scheme is that client requests cannot be well-distributed to all
cache servers so that the performance of the whole system can depend on only a few busy servers. In this paper, we propose an
improved load balancing scheme using hashing and Round Robin scheme that distributes client requests evenly to cache servers. In the
existing hashing scheme, if a hashing value for a request URL is calculated, the server number is statically fixed at compile time while in
the proposed scheme it is dynamically fixed at run time using round robin method. We implemented the proposed scheme in a Wireless
Internet Proxy Server Cluster Environment and performed experiments using 16 PCs. Experimental results show the even distribution of
client requests and the 52% to 112% performance improvement compared to the existing hashing method.

Key Words : Wireless internet, Proxy server, Cluster, Load Balancing, Hashing, Round Robin
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2 EolAE )& AU o83 Ba B4 WAl
A EARE BNER o8 AT ARE A Ae
= 2l BAS o&F Rah B4 P4 AU B =
2o FAL e 2o A 2l NE FA e 22

SlEf] ZE=A| At

203.253.15.150
ABN 28
(T2 2) sidE oj2st Fst =it
A Ay FY2EdA 7|E9 g ol & wat 24 U
Az g BAEE 2gn 3R E 71EY AYE ol &
3 w3 B2 ubae] EARS Sdste AR S &
Sz WAL o]g3 Ba B4 Wag AHsa, 4%
e 48 2 ERL S5FNE 48 2 ¥F A7 I
< AAgrh
2. 7|1E A7
FIA A Ao AEE F e Y S Foles M
814 (Message Digest ver5 Hashing)[7] '3 Modified
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2.1 MD5 Hashingl/]
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43 MD5 Eﬂ’“c’ 5% M EuzE dd9g vepdr
Ral 2717 ARExel 23 URL(203.253.1549)% %8
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SN QB ZEA MEH EEIAH AIAHOM S2E ZHIE 018 814 7Y
(E 2> M8 Boll ALZE si=9lo] % AZEL0] 7719 o &L JMFAE 2 A719 FGdde
st of NERE Feh wpxgez A HHE 2% FFo]
CPU | RAM | A&ZEH9] e = Aol ALzH BE HYSo] 93 JMEH
(MHz) | MB) —— An 2¥RE ed 53 Fdol g 24 AFS
ZalololE pache N
E‘j’i}]ﬂ;}ﬁ /| P-a260 | 26 | Benchllo | 10/1 =5 sk
= Webstone[12]
LVS P-4 2400 | 512 | NAT/DRI6I 1 42 M3 ZT}
Al Squid[11] . -
A H e P2 400 | 256 TPEG-6 16 4.2.1 7VZXE 7HAA S A5 (o133 H9)
CRE] P-4 2260 | 2% Apache 1 <E >3 (2% 6)2 300 Bytesel A 100 Kbytese] 37}
g 7MA e olvR & 71EA glo]l FeoldES 8 S
MOD-CH, 2 RR-Hashing(M¢tdl wh))Eo] FASHA L, S w, T4 A ZEA At 29 A 939
A7 A B9 ez A48 FadAch R WA HeE detdh EelA Vardation2 1 KbytesolA 10
= 84 e 450 MEAE RA €e M oldH Kbytes9] 3719 o|u|x &g APsA A% Aot o
9l AL2N, RE HdEe U AFEXNE AR 8F dolAq B MD5-Hashing® 4% A9 ¢ 7457 F7H8l=
Ho 7 HWH“ 84 e FdEo) HEAE MAe M 2% Agert vades FrksA g ubde], RRI Al
dAHe A$2M, 4 HdEo] Ztge JMEAE 7HRI otel W (RR-Hashing)& AW M7t 718 me =
o] mj, *‘Zﬂ *}%ZH 84 #d E¥xs B2ddy 39 He F 837 vHPer Frkste RAE B 4 QUth
(E 3 SAE o U2 =2 &S
(a) RR §3} 24
F2EAF | 1 2 3 4 5 6 7 8 9 0] u | 12]13]ul] ] s
300 bytes | 316 | 596 | 895 | 1188 | 1446 | 1732 | 2025 | 2285 | 2508 | 2890 | 3212 | 3474 | 3750 | 4034 | 4315 | 4603
1 Kbytes 233 | 444 | 664 | 8%2 | 1000 | 1282 | 1516 | 1732 | 1921 | 2137 | 2353 | 2577 | 2799 | 3026 | 3244 | 3458
10 Kbytes 36 | 71 | 110 | 143 | 179 | 215 | 251 | 287 | 322 | 358 | 293 | 420 | 465 | 501 | 539 | 574
100 Kbytes | 235 | 482 | 7.16 | 957 | 1194 ] 1429 | 1676 | 19.15 | 2158 | 2397 | 2637 | 2878 | 3L.16 | 3359 | 3599 | 3846
Variation 66 | 129 | 193 | 258 | 323 | 386 | 451 | 513 | 578 | 646 | 709 | 772 | 834 | 898 | 961 | 1026
(b) MDS5 Hashing 35 24t
32E AF 1 2 3 4 5 5 7 8 9 0| 112 1B]1H4d]15] 16
300 bytes | 316 | 564 | 873 | 1060 | 1430 | 1580 | 1964 | 2013 | 2362 | 2470 | 2607 | 2008 | 3103 | 3305 | 3046 | 3694
1 Kbytes 233 | 415 | 636 | 771 | 1056 | 1160 | 1455 | 1480 | 1735 | 1800 | 1931 | 2148 | 2277 | 2390 | 2195 | 2703
10 Kbytes 36 | 67 | 104 | 123 | 172 | 191 | 231 | 232 | 277 | 297 | 311 | 342 | 373 | 338 | 345 | 434
100 Kbytes | 215 | 452 | 715 | 954 | 1193 | 1385 | 1638 | 1832 | 20.99 | 2249 | 2420 | 2671 | 29.68 | 30.03 | 3220 | 32.16
Variation 65 | 117 | 181 | 211 | 209 | 336 | 414 | 421 | 486 | 517 | 544 | 608 | 662 | 684 | 608 | 766
(c) HIoHE gl
s2E AR [ 1 2 3 4 5 6 7 3 9 wlu]e]B]ld] ] s
300 bytes | 315 | 578 | 893 | 1168 | 1415 | 1730 | 2004 | 2270 | 2536 | 2821 | 3113 | 3399 | 3615 | 3890 | 4178 | 4474
1 Kbytes 230 | 437 | 654 | 869 | 1062 | 1258 | 1502 | 1710 | 1919 | 2136 | 2301 | 2531 | 2707 | 2949 | 3137 | 3326
10 Kbytes 36 | 72 | 100 | 146 | 182 | 215 | 252 | 288 | 315 | 351 | 390 | 418 | 455 | 485 | 522 | 565
100 Kbytes | 224 | 474 | 711 | 952 | 1193 | 1431 | 1674 | 1916 | 2152 | 23.96 | 2638 | 2861 | 3111 | 3346 | 35.89 | 3838
Variation 65 | 128 | 193 | 255 | 317 | 383 | 449 | 503 | 565 | 634 | 687 | 748 | 807 | 870 | 931 | 993
5000y — = 40— TR 11004
NDSHashing A 354| © MDS-Hashing 1000-]
'Em'\ 4 RRHashing /://A E 4 RR-Hashing - g 9004
i 2 v i
g o 7] A i ]
H i s %
Em‘ E‘S- /”/ E 400
e % o]
g 1o %10- # g a0
4 ® 5 0/ [ ol
0 2 4 Bm':gd;iw‘ﬂ 14 16 18 2 4 BNu"b:'“s‘;wﬂQ 14 16 18 Q 2 4 GNu";rdst)w“iz 14 16 18
(a) 300 Bytes (b) 100 KBytes (¢) Variation
(3% ) SAE N0 W2 =2 2L
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MD5-Hashingo] #l#9 E4oz s Zeloldey 2
o] Al AWE AlolZ FYsA BEslA] gx, o)z 3
AAAA A MH HFol AF AA Mol FHdE)
(A% 374 8348 7MA, e &34E 7R

A ). ool el Ak Py e el Ses 2w
Mg A g3tel FeoldEy 232 AN ANE Aoz 7
Qe EEADZA AE wdel v AAHA AN A
Wel 4ol 27 FYHULS B+ AAEH A7 3
7de) 448 JH). RRE vlie] 240z A¥d e
2, RE AN ANt B FeoldE 84 HolHE 74
o=H Y FS 45E UHEE ¥ 4 U5 8
A2 AR, AF T L AR 28

4.2.2 7VFAE 7HE AS (AA9 B9

<FE 4> (2" 7 AA ¥ Traces(Surge-100[13],
UNC-2001[14], Berkeley-1998[151)¢] o+ =Z7] &% 2 7}
FAE 13 FHOAEI} 8HE 2e o, FA <
Bl ZEA AYrt 29 Adte 249 AgE Jehd
o} aelA B 71 ¥ (MD5-Hashing, MOD-CH) ¢

S Arle At SUtElE 29 He gt vddes
7}°}Z] &= Wb, RR3} Alet®l ¥ (RR-Hashing) S A
Wl ATt F2kge] wE 29 8357 vEYgez )
e A B 5 stk o)y 71E Wo] sl EAos
&l FeolAES 8H o] A AHE Alolz TUFA
A @5, o2 QI AAH AMAl Aue Fge] Ui
AMAl Mol FE£HNESES Judh(HF T4 344
& 7HAA, BEdY BAAHE JHRA &8). oo e

< el g 2N UHE ALl et

& A ABE Alol2 FUSHAl BEAHCR
A 718 dhge) vl HAAQA MAl AW Ase] aA &

2 & e s A% 7349 g34E )
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7
45E dudg ¥ 5 doisee B38e AAAY,
A Bge) BYAE AR U,

4.2.3 83 =9 (Hot-Spot) 9] 3% (A9 B¢
<E 5>9} (29 8)& MD5 Hashing®} A<t ol A
83 2Y(Hot-Spot)e] 2AIS 7o A Aslolth &3

(E 4) SAE Jiz0l WE =2t ¥S 9L B4 #Adg A&Hoz 8= HEAR, H
(a) Surge-100 28 agel4 ®¥ MD5 Hashingol £30] shube) 5o 1%
1 1;::1 - 27350 344252 61;196 117?)00 21;302 He 2 A Hde) Mag T £ 8d. ol 4
: - : . - o Exdoz Ex myo X Aalar 2 9)
MD5-Hashing | 26823 | 30560 | 46961 | 67840 | 81461 H9 EAom 54 HdL EA Muito]l AT F gl
MOD-CH 26177 | 30635 | 48400 | 69389 | 80217 ZEA AW AA AL 2Ho] AFHE 53 HdS
RR-Hashing 266.25 361.89 567.93 81246 | 1722.06 Aelsts Mud 2£5A "ol ol uwks] Aoky WL
(b} UNC-2001 2% FAFol LA Ay FPHE 2AFS ¢ F
AA AW 5 1 2 4 8 16 At ole AtH #Ee 8 FFol TAT 5AH U9
RR U672 | 43334 | 78728 | 153747 | 305860 A BB AuSo] BAld o] BUS HaF & Q= P
MD5-Hashing 246.23 421.00 654.05 934.20 1312.74 Zz2 5]01 017] mﬂ-\‘?_—o \3} ,\]71_}0] ;<]1,]. ﬂ o]);} Eng E}-Oé
e of g 24 AFol PARA gow 54 Rde Al 5
i : ' ' : ' A4 AWz} AgstA "o
(c) Berkeley-1998
AN AH 1 2 4 8 16 4.2.4 71& "4 ys. Aotd =1y
— . %Z 4370‘-;;: gi 1232; ﬁzzég <E 6>2 HFAE A %E AE, HFEAE ARE
ol B : : ' : 73% 2 2% AF(Hot-Spot)] 4ol 71E $ 7|gke
MOD-CH | 24507 | 38731 | 567.13 | 88382 | 140037 pue A BTE Uedo AEAE AAA @n A
RR-Hashing | 24557 | 38321 | 71602 | 116373 | 220499 H wE et s w6
Z ) e : o1
2 200 ‘%m —v— RRHashing Em-
8 § 25004 @
:175]- :m% tzm..
g o] & o] & o,
2 120 8 1730 v 8 1500
% e £ = § =
e im e
iml T o
g ] 4 :: / Z
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Navber of Servars. Nusmer of Servers Nugrber of Servers
(a) Surge-100 (b) UNC-2001 (c) Berkeley-1998

(38 7) Z2E Ji0| WE =Y 285



2M OB ZEA ME ZAE AAHOM 2HRS 2 OIS oia 718 621
(HE 5 SAE 50 W2 =2 RF ¢
(a) MD5 Hashing 3l 24t
SXE A% 1 2 3 4 5 6 7 8 9 [ 10 ] 11 |2 13]14] 15 ] 16
300 bytes 299 | 405 | 432 | 451 | 485 | 486 | 4% | 515 | 511 | 521 | 591 | 523 | 520 | 520 | 544 | 538
1 Kbytes 232 | 316 | 326 | 341 | 365 | 366 | 366 | 386 | 385 | 394 | 433 | 426 | 425 | 420 | 421 | 415
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