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Analysis of Average Waiting Time and Average
Turnaround Time in Web Environment

Yong-Jin Lee!

ABSTRACT

HTTP (HyperText Transfer Protocol) is a transfer protocol used by the World Wide Web distributed hypermedia system to retrieve the
objects. Because HTTP is a connection oriented protocol, it uses TCP (Transmission Control Protocol) as a transport layer. But it is known
that HTTP interacts with TCP badly. It is discussed about factors affecting the performance of HTTP over TCP, the transaction time obtained
by the per-transaction TCP connections for HTTP access and the TCP slow-start overheads, and the transaction time for T-TCP (Transaction
TCP) which is one of methods improving the performance of HTTP over TCP. Average waiting time and average turnaround time are important
parameters to satisfy QoS (Quality of Service) of end users. Formulas for calculating two parameters are derived. Such formulas can be used
for the environment in which each TCP or T-TCP transaction time is same or different. Some experiments and computational experiences indi-
cate that the proposed formulas are well acted, can be applied to the environment which the extension of bandwidth is necessary, and time
characteristics of T-TCP are superior to that of TCP. Also, the load distribution method of web server based on the combination of bandwidths
is discussed to reduce average waiting time and average turnaround time.
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2.1 8oje] Mo
R:RTT
bw : o & & (bandwidth)
MSS : A AIHE A7 (maximum segment size :
packet size)
K : #dwe) 7 $(number of packets in the file)
L:RTT %<t A= A2 4 (number of packets in
RTT)
M: Ho| o] 8715 A=
lower bound)
S : TCPY slow-start® 1% round trip(upper bound)
W o 3H] A7k (amount of wasted time)
Te: A2 39 A4 A 7Hminimum file transmission time)
Tmin * # & EHAH AlZHminimum transaction time)
T : TCPY E:dHM A zHtransaction time for TCP)
Tr-rep © T-TCPS] EMYM Al7Htransaction time for T-
TCP)
AW : F3 7] A ZHAverage Waiting Time)
AT : 33 %8k A ZHAverage Turnaround Time)
SW: ti7] A1zt ¥ F¥2HStandard deviation of Wait-

A7)(max useful window size :

ing time)
ST : w3k AJ7te] ¥F #aKStandard deviation of Turn-
around time)
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ZZEZ(TCP % T-TCP)# AH&A ¢ #dd A5 &
A 28E 22 Aoz AA Bl B J2HA A4d
g AFHnE FPgun P4 A F4 gol e
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B 1D AE 24
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31 MY 3E & 24

oltul LAN #74elA A 8l(Alzza Linux 6.1 0S/A-
pache 1.3.x Web Server)9} Z&lo]AE(SUN ultra-5 WS/
Solaris 2.6 OS)E 10Mbps olejle g ZH AZdsty Hx
E&tguh AwelA ARSE B o] A7](ubo]E)v= 3000, 6000,
12000, 20000, 50000°]t}. LANSIA MSSE 1460 ulolEo]x
Z449 RRTT) 05msoltt. Feo]dE M= UNKX C
dAE o]&3td A AHHO|AE T, FA HE 4
g& A8 AHEA 2 4749 #SY 279 g3 1, 5, 10
BYE PR o] FuE 2 E(thread)E A4 3H
sl Al &AL 2YE= Aztn ZoA EonE
e 2 FRAI|L O Ao|F Atete ZEIH(1T]E ¢
2314t A4S A SeollE o] P (I
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int main (int argc, char *argv[])
{
Input the number of users ,
For each user,
Create thread routine (thread_routine ()) ;
Wait until all threads are terminated ;
}

/* thread routine */
void *thread_routine ()
{
Start timer (t_start) ;
Create socket interface ;
Open connection ;
Send HTTP request (GET file) ;
Receive the file ;
Stop timer (t_stop) ;
Get the transaction time (get_utime) ;

(38 4) Mo ARBE Z=O#el

WA, 22804 73 4 (D~2 )& o83t Astd
<E 1>& deth EAA Tan® Trree?t LA YEL
U3 e, 48 #HA A" S gkol 00]7] o))
EE S7} 00] obd Aol 228AAE Bl Trrce

ollAMe] Atk

e Bandwidth RTT . MSS FileSize K L Tt M S w Tovin T Tr-1cp

(Mbps) (ms) (byte) (byte) (pkts) (pkts) (ms) (pkts) | (pkts) | (ms) (ms) (ms) (ms)
4 (1) 2) 3 (4) %) 6 RTT+Ty (7 8

3000 205 043 246 043 0 05 29 346 296
6000 411 043 492 043 0 05 542 592 542
A4kgk 10 05 1460 12000 8.22 0.43 9.83 043 0 05 10.33 10.83 10.33
20000 13.70 0.43 16.83 043 0 05 16.88 17.38 16.88
50000 3425 043 40.96 043 0 05 41.46 41.9% 4146




o] gkol Tmn® W RXS ®HE AAA drh

3.1.1 #HA EANME A7lo] ZYUe AL
<E 2>oA AL TS Trroes <E DA ¢

grolxr, @S T Trreptz (I 49 ZE20HS "5
Ast #Y A7) @ AR o] dis] 103S WHESe AL
A3el Htgholth <X 2>0M A Fn)i:z FY AV

MSS#E Ui ZHK)E ceiling gtelth. z¢ '417"] EWYH A
L 44 EW@AA AZHT %= Troee)S A F0)

2 UE glolth 2449 4 9)~4A (104 n, m, tF o
A8t 44 F giZIAHAW) T Hod EAITHAT) S
Aok Axg At Hdae] @93z msolt)h Holl veld np
o 7ol el Ale| wheh Akt AgE Alole] #AL:

<E 2 m3l =M AlZio] S

o SHEOMO "Bz 7] AlZ & B vt

o

AlZte] 24 871

3 717F o -5, TCP T-TCP9 RE ZH$ol glof
3] o] 23 Aatgte]l AR ET &2111, At ghol
AE & vk AFHe TS Arkgke ol A
olfr= Al FollA ZEAA A4 59 9 AA
8470 L8EH7| goltl (I 49 FoldE
oA AA FA elo]niz dF MRS HY 4
Atolol gt AEE o] ot wheba AEgka A
ek M EFAA ] Z2AL My Aoz A7E
=3

miN'

%
£

o
A
A

ool .‘L.

].

pta

afe

-{).9401'}119.}2}1"“02:_{;-'1
;9,‘“

3.1.2 WA EAAM A7k N TE HS-
2 99 Az Wal AR 1§E 59(m )% 108 (m)
o ¥ g0z ureld AN <E 3>el4 Atk

e Sk

il

A A @ A8 g
gel = A5 A 2=
G R R TCP(ms) T-TCP(ms) TCP(ms) T-TCP(ms)
(byte) (n) (m)
TW | AW | AT | Trrel) | AW | AT | T® | AW | AT | Troe® | AW | AT
1
3 - 346 - - 296 14.30 1425
3000 5 G L1 15 059) 10 1B | | %8 62 a 47 61
10 % 22 % 107 122 107 | 121
1
592 542 " 1875 1825
6000 5 b | B | Z (108) 9 5 | gm |8 8 (3.65) 6 | &
10 48 54 4“4 49 152 171 148 | 166
1
) " 1083 - 1033 3563 3513
12000 9 5 e L4 52 (s 39 9 | nopy |1 170 (260) 133 | 168
10 9P 103 88 98 303 339 298 | 333
1
‘ - 17.38 1688 - 20.33 88,88
20000 14 5 Loy |67 84 (L) 65 8 | oa | 434 63 343 | 432
10 151 | 168 147 164 775 864 7 | 80
1
419 4146 276.25 25575
_ ~ "
50000 % 5 (Logy | 166 | 208 L8 163 24| 7o) [ 1089 | 1365 758) 1087 | 1363
10 373 | 415 366 408 U0 | 2726 247 | 2172
(E 3 T3 EHBM AZI0] ME C}2 ZRe| Hlm
by ,
o | g s | AEA A 4 g 48 @
(byte) o 4% TCP(ms) T TCP(ms) TCP(ms) T-TCP(ms)
() Ty | AW | AT | Trraftt) | AW | AT T(t) AW | AT | Traeelt) | AW | AT
3 5 . 180(6.0) 175(5.8)
3000 346 % | B 2.96 31 B 157 | 168 152 | 163
3 10 (1.15) 099 13.0(4.3) 125(4.2)
5 5 ' 22.0(4.4) 21.5(4.3)
6000 SR o | 5 542 6 | 24 | 210 218 | 234
5 10 (1.18) (1.08) 17.0(3.4) 16.5(3.3)
9 5 38.0(4.2) 375(42)
12000 0B g g | 1038 gy | an | s 464 | 408
9 10 1.200 (LI3) 36.0(4.0) 35.5(3.9)
14 5 1738 169 64.0(4.6) 63.5(4.5)
20000 : 230 | 246 4 24 | 240 1238 | 1327 1234 | 1320
14 10 (1.24) (121 109.0(7.8) 1085(7.8)
%5 5 , 290.0(8.3) 289.5(8.3)
50000 A% ol gis | A | s | e 3990 | 4276 3984 | 4269
K] 10 1.20) (1L13) 292.0(83) 291.5(8.3)




872 HEM2IES=EX C M9-CH HEz=(2002.12)

9] TS Trrep(tds <F >4 d& grolx, A¥zhy
TS Trrert)E (218 4 TEadg 104 ¥s 4
g3l d& A Hagto|th Zze] AWS AT 25
Aol 4 (1D~4 (12)8 HE3ste] dojarh FolAM EXo
o] A$olx Hd Ao wWE APz AN Aol #
AE ©237]71 g9, TCP9 T-TCPSY ¥ A% &%
of glolA Aitgte] AARET s & + AUrh

ggoz TCPS T-TCPY A%& Hlad] £t (1d
50 <X 3>9 Adad AFgA TCPY AW, ATelA
T-TCPS AW, ATE % & A2l Zojth a2elA B
Eo] T-TCP7} 4 ms~10 ms "+ 5810, A4kzral u
g Ak A9 7B Fh

TCP2I T-TCP2| o AlZ+ &t
11

10 /__.

time(ms)

w s U DN o ©
[
/
'
L
AR N
.
»

3000 6000 12000

File size(byte)

20000 500C0

- —w = AW(HAZL)
---A--- AWREZ)

e AT(H| 2L}
—— AT(E )

(T8 5) TCPet T-TCPS Tt CHY|(EHE) AlZt &t

(29 6)& <FE 3>9 AXA TCPS T-TCPY #F
AANE AT Aoz dl7] Az g Ao BFETRLE
gtol TCP9 T-TCPel A 2% F43te T-TCP7
TCPol Hl&] & A& 4 Atk 282 AFgRAAT 4
ghol dg TEAAS] 5 GA AdelA e FUsHA
T-TCP7} $-=3tt,

CH2|(heh) AlZhe] E&E HXL

4
356
.5 239 345 L ee . 345
= 33 e - — —
£ - 348
© 339
£ 33
3 %
284
25 =
3000 6000 12000 20000 50000

File size(byte)

| — = = SW=ST(TCP: A&t EL) —— SW‘ST(T-TCP:?%I&ZI)J

(28 6) Ch7] AlZE & BHE A|Zte] EEHRL

32 AM HE 2 24

oldl, Bt} T A AFE dU] 9 AN FHE
<E 4> Jdehlith Heo] YEhd gES M @eE o
o Z (Bandwidth)2 T1(1.544 Mbps), E1(2.048 Mbps), T3
(44736 Mbps) 2 ATM OC-3(155 Mbps)E AH&-8}a1, TCP
o] MSSE WANO|M & 512 Hlo|Eol2g 1 kg AHg3}
Hrh &0 Z RTTE WANO| dZ2d #AgMdlN 23X
2 F ALYE goZ 01lmsE AHEsig #d F7e
6 KB, 12KB, l MB(ATM2 A$)E AHgslged, o #e
g Mol AZE Jd A7 E n|gith B o7]A ALE
Hi ZES Y92 WAAA AdEe Tt WA, &4
dEZo sl K, L, Ty M, S, W, Tain, T, Tr-1cpE +
3 <E 4>9 2

3.2.1 H3 ERAQ Agde] FLH B

olA] &AM <F 4>oA ZF g Ze g3 Fd 2717}
6000 vlolEQl 2o sl AMEA F(m)E 50 ¥, AF F
(n)E K9 ceiling, 281 A7 EWAYH A )& T/n
oz 3o 24 AN F=T A (9~4 100& HE3H
(¥ 7Y HF WAHAW) T BT ukg AIZHAT)IE ¢
et}

(B O HE0| OE EWHMY AT

Bandwidth | RTT | MSS | FileSize K L Ty M S w Thin T Tr 1cp
(Mbps) (ms) (byte) (byte) (pkts) (pkts) (sec) (pkts) (pkts) | (sec) (sec) (sec) (sec)
6000 11.72 3770 003 1172 2 03 013 043 033
(124) 01 512 12000 23.44 3770 006 23.44 3 04 016 056 046
1M 2048.00 3770 556 37.70 4 05 566 6.16 6.06
6000 1172 50.00 0.02 1172 2 03 0.12 042 032
(238) 0.1 512 12000 2344 50.00 0.05 344 3 04 0.15 055 045
1M 2048.00 50.00 419 50.00 4 05 429 479 469
6000 11.72 109219 | 000 1172 2 03 0.10 0.40 0.30
(M?%) 01 512 12000 2344 100219 | 000 23.44 3 04 0.10 050 0.40
1M 204800 | 100219 | 019 1092.19 9 1.0 0.29 129 1.19
ATM-0C3 ol 510 6000 11.72 78418 | 000 | 378418 2 03 0.10 040 030
(155) 12000 2344 373418 | 0.00 3784.18 3 04 0.10 050 0.40




Yooho|(eteEhAjzt

(AFEX}: 509, Tl 37| : 6 KB, MSS : 512 B)

22
21; 2062
205 . 20.14
20 —
. 2019 T 19.18 19.18
%195
19.72 R —
19 ~s—— =
185 1878 18.78
18
175
17
1544 2048 44736 155
i Z(Mbps)
[ —m—wauivz —a—mavanz |
(320 7) B O] AIZH X T 48 A[ZE
3.2.2 #7l ERHMA Ajgte] ME T E 7 .
AR 5 10"olA 1008 7HA] wsh lﬂ“”i 67k7 L

§¢ aefsdt. 49%

i~

pos
o
o R
—{o 4,

4941»3

o]l M2 & Ll =& <&

>ollA 2709 T1, T1# El, 270¢] El, T13 T3, E1% T3

&o2 Ti, El, T35

vk Zt 2Fd g AHEA F(mi)e

= 2b A9 g ARk, 34 A Sl
Abgstart 7 1§ H

>olA AA EdAA AHT)E

ERAA A

= 29lo] 2
3:3:

EDAA AU
AN S0z e A

ek

-S: AHgET <E 5>% #3717 6,0008 0] Eol:

MSS7} 512vFo] EQ1

oA, Au] EAite] A%
ings Rate® #Ae|gtr}

399 Aol
éuga ti/] -,»]6“ ‘:]"“-’] Sav-

J0IMQl Ha THI| AlZt

o WF wE AIZIOl B4 873

BAeA e 249 92 97 A
AR BE ALY FE WP A
Bt 399 BE 7] AT
s 290 97 08 AT

A (1904 a, a'2 27 25 d9 A ADH 4 (12E °l

2 =4
Aq7]4, a = MV &
a'= AHE
b = AHE
b= AHE
L34 A&
f8to] o

Aol L,

b, b'E 72z 2649 4 (13)& °l

Ao}, E‘Qﬂ Yoz no =771 | MB

olx MSS7]- 5]2ufol E0] Ao E
9 27|17} 6 KBS 1 MBell thal Savings Rate(%)E et
At

e (29 8)&

70

g b ANE G,

Mpjgatel MZtE

o2
(9]

D
[=]

o
(4

Savings Rate (%)

o
[=]

'S
w

Group

BEHIAI2HE KB)
O g Z2|AI2HT MB)

W B TUEAIZHE KB)
0 & 3 eheAIZH1 MB)

(2E 8)olM My & T

% 44 B4 2%

(3t

8) At

2ot g0t

@ H4PES 6KB, 1 MBY

Bt o7] Alzke] Hi g AR °¢

¢4 AAF o2 Hit 50~51%) ol21 LS
. Y= b(H
Savings Rate = % £1000%)  (14) % 9o,
(E 5 YEg Zglol= AP e 7| Azt Bt "isk A|ZH
. P o , o # 47 A B 0d A7
2 % o agagsm) | gEe e | gEee e | o0 T A
el Ti 507 2029 2072 2029 072
shtel El 509 1972 20,14 1972 2014
Gl 3 504 1860 1899 1860 1899
] T1%2 #%9 994 1037 20291015 20721036)
1 %573 994 1037
2 1960(9.80) 045(1023)
El %54 966 1008
3 El+2 24959 966 1008 19.7209.66) 20.1401008)
T %54 994 1037
4 19.05(953) 1987(9.94)
e %51 o1l 950
El 251 966 1008
5 1877(9.39) 1958(9.79)
3 %51 911 950
I 154 576 619
6 El 159 564 605 1861(620) 1985(6:62)
T3 2073 721 761




874 F2Me|Sl=8X]C M9-CH HM6=(2002.12)

44 B

%7150]

A2 @ Apold] dEe sat TuHoz
Fo U By

stt}. o1 o] %9 shivl 19 Fitelrt
Y Gl ETSIE AA HE % A e s
433 golxm vt 9] tEFHQ ZEEIR| HTTPE
5 dEQaY Fx9 #AG 53 + AlEﬂ AA=
EZ2EZo|A gt dAxog ¢Euld I YEYIE AY
TCP/IP ZR2EZo] AL&5 1 u} weld, HTTP: TCP
AZ3 AFHojok st=v] HTTP9 TCPE Mz FHoz
AEHA geds FA Aok o) EAFES 27 42
AR Ao ) dE] 29 A AIE AN = A 4
el A77F detR o2 7] wfFe slow start®] FIFE&
w9 go] Wt A, 28la A FHAAlA d4A Akt F
ot TIME_WAIT 4elE A8k 31z F5olt} & 9+
A= W HTTP over TCP th3t A5 A8 AES
2, YES =7 2 slow startE ZesAA ZH thdEe|
nE EAYH AT T& AL ol& EdE o8 F
9] ALgR7F BAlY ALEE B9 HaE U] Az ¥
T g AIZhE AlEE A4S R F B d7E
TCP} AgA o wWE Ay A 234&
Zd A8Ae QoSE Hd AP ATk %
AR AA #He i o]23Q] At g AAEE
d 538 Ak A4 489 % A FFEE 53 THE
o] & AFHE 4T AN, B3 YFEFE 2t { A
Wl R3e Hds) Bibstd of 50% A=Y A ALE
S dE F J2E BYY B dFeN 42 AAE o] 8F)
A, ALER7L Rt gE iy Ak sk A0S 25
A717] A8 driy B didEg ofgA st 7l
i gigre AL & itk @A, T-TCPY di7] H ukg Al
% E4o] TCPEY Fow HEZHIH YFZo| AE&45H

__lo

bl
Al
e

NN rlr

N

Fll‘ I

il

A

u
(EVI
o E N2
e
>
3 o
ronle hu

ol
¢

r
1l

"

= ]
He F83YS sy dogo dAFdgqME 7|EY
TCP ZR2EZS /MAg t& Z2EZE4 Y3 H%5 24
I} 3 ERAA Ao] FE 5L #de F89 Hv =

[1] T. Berners Lee, R. Fielding and H. Frystyk, “Hypertext
Transfer Protocol-HTTP/1.0,” RFC-1945, 1995.

[2] R. Braden, “Extending TCP for Transactions-Concepts,”
RFC-1379, 1992.

[3] R. Braden, “T/TCP-TCP Extensions for Transactions :
Functional Specification,” RFC-1644, 1994.

{4] T. Faber, ]J. Touch and W. Yue, “Avoiding the TCP TIME _

WAIT state at Busy Servers,” ISI, 1997.

[5] R. Fielding, H. Frystyk and T. Berners Lee, “Hypertext
Transport Protocol-HTTP/1.1,” Internet Draft, 1996.

[6] J. Heidemann, K. Obraczka and J. Touch, “Modeling the
Performance of HTTP Over Several Transport Protocols,”
IEEE/ACM Transactions on Networking, Vol.5, No.5, pp.
616-630, 1997.

[7] ]. Heidemann, “Performance Interactions Between P-HTTP
and TCP Implementations,” ACM Computer Communica-
tions Review, pp.65-73, 1997.

[8] V. Jacobson, “Congestion Avoidance and Control,” ACM
Sigcomm 88, 1988.

9] V. Jacobson and M. Karels, “Congestion Avoidance and
Control,” ACM CCR, Vol.18, No.4, pp.314-329, 1990.

{101 J. Postel, “Transmission Control Protocol,” RFC-793/STD-
007, September, 1981.

[11] J. Mogul, “The Case for Persistent-Connection HTTP,”
ACM Sigcomm 95, pp.299-313, 1995.

[12] J. Mogul and S. Deering, “Path MTU Discovery,” RFC-1191,
DECWRL, Stanford University, 1990.

[13] V. Padmanabhan and J. Mogul, “Improving HTTP Latency,”
Proc. of the Second International WWW Conference, 1994.

[14] E. Rescorla and A. Schiffman, “The secure Hypertext
Transfer Protocol,” ftp://ftp.is.co.za/internet-drafts/draft-
ietf-wts-shttp-03.txt, 1996. '

[15] S. E. Spero, “Next Generation Hypertext Transport Proto-
col,” Internet Draft., 1995.

[16] R. W. Stevens, TCP/IP Dlustrated : TCP for Transactions,
HTTP, NNTP, and the UNIX Domain Protocols. Reading :
Addison-Wesley, Vol.3, 1996.

[17] R. W. Stevens, UNIX Network Programming : Appendix
4(Timer Routine), Prentice-Hall, 1991.

[18] J. Touch, J. Heidemann and K. Obraczka, “Analysis of
HTTP Performance,” USC/Information Sciences Institute,
1996.

[19] J. Touch, “TCP Control Block Interdependence,” RFC-2140,
ISI, 1997.

(20] @ HAENLTL, “HAAYANA JAELE Y7 9o
JE 47", pp.56-108, 1997.

ol
e-mail : yjlee@woosong.ac.kr
1983¢d nejgistal AgEEad
(4}, 41
1995 wejtfdta Ak gk ah(dAL)
19953 ~ & A S-Foisty FFEHAAAR

g Fot

92 4% B AEHG QoS, BAb Al 2w



