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fAnhEduCatlonal’Interactivelsystemf(EIS)‘is-designed»andiﬁl

1mplemented as. ‘a part of thlS study The EIS 1s a text basedl'

: dlstance learnlng system Wthh creates a v1rtual class on ;pll.j

‘the Internet The system has the capablllty of schedullng to}i
sequallze the average waltlng tlme of the students 1n a class‘
and-cachlng to:lmprove the~system performance Be31des theﬁ:;
jlmplementatlon of the’ system,’two major toplcs, schedullng
“and cachlng,lare 1nvest1gated 1n thls study to dlscover
lthelr eff1c1ency in the EIS. | | »

A flxed prlorlty multllevel queue algorlthm‘ls.used to
»schedule students’ requests‘ Under cOnditions'where~the~
requests are randomly dlstrlbuted and the utlllzatlon of the
server 1s 806,‘the scheduler‘equallaes the average maltlng’
'tlme of each student.ln the class '

Lo The other study shows that the hlgh hlt ratlo of cachlng:
v islnot a: crltlcal factor'for_the‘EIvaecause'avslngle cache_”
- miss operatlon.creates_an unaccebtébleedata transmisslon
delaysas)anlinteractiveysyStem; An’ideal,solutionvforhthel»
:x'systemyisftohoroyldedaelarge.cache in theflocalﬂdlsk-to keep -
“the‘whole sCreenSdata'Offthe.sesslon;‘Thisjwould reducelthe

netWork:traffic;'
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CHAPTER 1 INTRODUCTION

1.1 CoMPUTER CoNFERENCING

Merglng of comﬁutera-and communlcatloha hasbbeeh in the?
Vvﬁalh‘stream of computervdevelopﬁent Intetconnegt;hdgﬁ;: :
' comﬁute:sfenhahqasﬂand'vatlea}tha_way df‘CQﬁputar>
stilization such afs"lv sriail system, world ‘wid'erlv'ueb', and video
'Tgnfaéménd;tf3'7. . S S
Computer conferencing is a tool for telecommunication
?‘dthat tedutéa.théhnééd‘for'fadéftd;fadeJCOQtattAin'variquaf{f;
~>fbuaihésaahd:éducatihnalTSituatidna. Computét,cbhfétéhéiné
'TprouidesuConﬁéhiéht;icost effectlve 1nteractldh amond péople
T”jln dlfferent locatlons The téchnoldgy is used for such |
,purposés>aa dlstance learnlng [1], v1rtual meetlngs, and
“tfcollaboratlve work prOJects A_computericonferenc1ng‘systema‘T
1?conhects partlclpants to a hdst computer(server) through
’fthelr dwn ?etsonal computers(clients)‘ ﬁodems, and telephohew
“~linestor*other communlcatlon'llnks Ratent conferenc1ng £
'jsoftwatebabpllcatlons allou uaets to aehd ahd recélue not

;only text but also graphlcal 1mages and audlo data [13]


http:tel.ecommunicati.on
http:conferenci.ng

1.2 MOTIVATION

Despite the a&ailébility of some commercial computer
conferencing'products, there haé been very little published
Awork [7] on a éYstematic study of those systems. invthis
research, an example conferencing system, é text—basea‘
remote interactive system, an “Educational Interactive
System” is designed,’implemented, and examined. Tﬁe system
ié based dnvthe cliént—éerver architeCtdre and TCP/iP-
protocol is used for the communication between the server
and clients. |

In the Educational Interabtive System, a teacher or
moderator may need to handle a lot of stﬁdents’ inéoming
requests to coordinate a class orbdiécussion. The system
also needs to achieve real-time ‘level respénses to all
participants’ reqﬁests in the wide‘area network‘
environment.

This study focuses on two issues‘f‘scheduling'and
céching strategies that make the syétem more. effective. In
particular, a user level intelligent écheduler with
multilével quéues is examined [9]. This supports the teacher
to provide a fair opportﬁnity for all‘the students in the

class to participate. In addition, a software caching is



used to study the effectiveness of performance for remote
access. Basics of the scheduling and caching are described

in the following sections.

The goals for this research are the following:

e To research optimal scheduling algorithm for the N
Educational Interactive System to provide effectiveness
and fairness for all the participants.b

e To examine the most effective way of caching method for
the system.

e To build a text-base Educatiohal Interactive System

utilizing above capabilities on the UNIX system.

1.3 ORGANIZATION OF THESIS

This paper is organized into seven chapters. Chapter 1
describes the basics of conferencing systems, the reasons of
choosing these topics as well as the'goals of the research.
Chapter 2 describes the foundation of the study which
includee the protocol used in the Educational interactive
System and queuing theory used for the mathematical approach
of the scheduling. Chapter 3 explains the design of the

educational interactive system, which is implemented as part



of this‘research. Chapter;4 discussés‘objeétives and thev
detailé Qf the simulatién‘method for both schéduling and -
caching. In Chapter 5, the results of the experimental
simulation are showed for both scheduling ahdvcaching. The
analysis of the resUlts‘is made in Chapter 6. 'Finally,bin_
Chapter 7, the discussion and the conclusion and some ﬁew

‘related topics are presented.



’ ? TCP/IP 1s ‘a protocol sulte that the Internet relles on :

niThe TCP/IP protocol sulte 1s one of many protocol sultes

'Athat support the ISO/OSI communlcatlon model [21] The well *fth’

‘ fknown ISO/OSI model cons1sts of seven layers, namely the

fphySlcal layer, llnk layer, network layer,‘transport layer,

:ses51on layer, presentatlon layer,fand appllcatlon layer Ondn'”

hpthe other hand the TCP/IP protocol sulte lncludes the
- Transmlss1on Control Protocol (TCP),‘the“Internethrotocol a;~
‘.(IP) the User Datagram Protocol (UDP) and other-protocols> |
»Flgure‘2 1 shows the core relatlonshlpvof protocols 1n the
rprotocol sulte Although the ISO/OSI reference model deflnes.t‘
'fseven layers of protocol stack the TCP/IP network des1gn"

only uses, flve of them ,;f

TCP 1s a connectlon orlented protocol that prov1des a :l”'

'_;rellable, full duplex, byte"stream-ﬁor;a,user*process,:Aa;"u

[byte stream type protocol treats data’asfa_sequen “foffbytesk

"“l,regardless of the length of data, ThefTCPfalso usggiaﬁf

“technlque called v1rtual c1rcult togestabllshgclienteserver

fcommunrcatlon;,Apvlrtual;c;rcult is a'polnt%tofpointvlink:


http:length.of

connection that allows computers to avoid having to choose a
':new roﬁte7for-eVery‘packet-Orfcell. The nse‘Of a reliable"j
' TCP protocol has become the malnstream of programmlng of

"Internet appllcatlons UDP is a connectlonless protocol that

o has no guarantee for dellverlng UDP datagrams to the proper d“

.,ﬂdestlnatlon ‘A datagram type protocol treats each data unlt ’
,vlndependently IP is the protocol located 1n the network
’layer and provrdes a packet dellvery servrce for the’

transportflayer. (TCP and UDP)

Appllcatlon T ‘
Layer b IProgramI
Transport o TCP| UDP
Layer.. 1 ' .
Network — o
Layer _ I = . ‘
Link - H/W Interface
Layer
reaiesrrebnan s a s E iy JL.: .............
.Phy‘sical
... Layer .

n‘EigurelZLi TCP/IP]netWOrk modelvprotOCol stackr"*”

'As anbApplication Program Interface (API)for TCP/IP
protocol based appllcatlons, the BSD socket 1nterface was:

developed at UC Berkeley in the l970s The\socket interfaCe



iricludes a variety offsoftware functions or routines to let

programmers develop applications for TCP/IP networks [17].

2.2 SCHEDULING

The scheduling, usually process scheduling or'CPU
scheduling, is the basis of multiprogrammed operating
systems [2]. Byvswitching the CPU among prOcésses, the
operating. system can increase the effectiveﬁess of the
computer. The objective of écheduling is determined by
several criﬁeria such astPU utilization, throughput,
turnaround time, waiting time; and response timé [2].

" There are many scheduling algbrithms to determine which
of the processes in the ready qﬁeue are to be assigned to
the CPU. First Coﬁe, First Served Scheduling (FCFS) is the
method whereby the process that requests the CPU first, gets
the service of the CPU first. In Shortest Job First
Scheduling (SJF), the procéss that has the next smallest CPU
burst, gets the service next. Round Robin Scheduling (RR) 1is
the scheme that adds the preemption to the FCFS; RR
switches CPU among processes allocating to each a certain
quantum-(time slice). Multilevel Queue Scheduling provides

several level of ready queues and the CPU is used first by



the processes in the Queue with highest pridrity. The
processes are permanently assigned to‘one‘queue. Multilevel
Feedback Queue Scheduling is theisame as Multilevel Queue
Scheduling except that it allows processes to move between
queues. Preemptive schedulingvallows processes‘to switch
from running staté to ready state during the execution. On
the other hand, Nohﬁpreemptive séheduling does not provide a
ready state. The process keeps the CPU until it releases thé
CPU éither by terminating or by switching to the waiting

state.

2.3 QUEUING THEORY

One of the goals of this study is to justify the
algorithm ofva scheduling simulation program by comparing
simulation results and theoretical data based on queuing
theory. Queuing theory is a useful methodology for
quantitative analysis of computer networks [10]. It is ofteh'

used to analyze waiting time, number of events in the
!

system, and necessary queue length [20]. A/B/m is a
convenient notation fof summarizing a queuing model, where A
is the interarrival—time probability density, B‘is the
service-time probability_dehsity, and m is the number of

Servers.



A popularly used model is the M/M/1 model (M =
exponential'probability density), where an exponential
interarrival pﬁobability is assumed; It is a reasonable
model for any system that has a-large numper of independent
inputs such as airline reservatiohs, file lobkups on_r
inquiries; and packet-switching networks [8] . Figure 2.2
‘describes the queuing system structure for a single-server

with n level queues. Assume that items from queue level k

arrive randomly at rate A (items per second).

Queues
Arrivals

ﬂ,l —_— | I I I I |1(Highestpriority)

2

42__,|||_|||\
: e | —>

-‘k
/
Ae —— [T 11 1]]

A, — [ L1111

n (Lowest priority)

Figure 2.2. A single server multiple queuing system.

The above multilevel‘qﬁeue can be considered as a fixed
priority queuing. If we assume that 1 is the highest

priority and n is the lowest, the queuing system can be



structured as Figure 2.3. Anq_if thé»request arrivals and
‘_service—times afe:éxponentially distributed, this model can
be caﬁééoriZed éé M/M/l»model. Thus, overall request arrival
rate A and average waiting time T can be.célculated using.

equafions jﬁst like a single servervqueuing'model as

follows.
n . .
A=) A A : mean arrival rate items per second
k=1 ’ =
n' _ .
o= 0 =AS p: utilization
k=l -
_:bmean service time for each arrival
N=p/(1-p) N : mean number of items in the system
T=N/2 T : mean time an item spends in the system
AT At A
—_— n |.. ... K+ k k-1)....... 1 —y | server
Arrivalswmr/
~ priority k

Figure 2.3 Fixed priority quéues

10



[The Poisson Distribution]

Queuing theory often uses the assumption that the
events causing input to the system occur at random. For
example, customers who walk into a bank or users who call up
an Internet provider can occur randomly at any timé during
the day and such.events are regarded as Poisson-distributed
[19]. Poisson'disttibution is equivalent to saying that the
arrivals odcur randomly or the interarrival times have an
exponential distribution. It can be shown mathematically

that the probability of having » arrivals in a given time

period t is [10]:

Sy,
e

Pu(t) =" (2.3-1)

A : is the mean arrival rate

[Queuing theory examples]

For example, a cashier is busy 85 percent of her time
and the remaindef of the time she stands idle waiting for
the next customer. Her utilizétion can be considered as
0.85. As another example, if the arm of a disk makes 9000
file references in the peak hour and the érm is in use for
an average'of 300 milliseconds per reference, then the
utilization of fhe aim for the peak hour is (9000 x

300) /(3600 x 1000) = 0.75.

11



Finding the utilization, queuing theory will sometimes
be able to give an average waiting time in the queue and the

number of items in the queue and so on.

[Singe—server quéuing foﬁmulasj

M/M/i.model is é simple qﬁeuing systém which consists
of a single server with Poisson arrivals and exponential
'service times. Undéfvthis condition, the utilization bf the

server is described as follows:

p=C=18 - (2.3-2)

x>

where_k is arrival rate, u ié serﬁice rate aﬁd S is service
time. The relation among T, (the time an item waits before
being served),Ts (the time it isbbéing served), and Tj (the‘
time it spends in the system for both waiting’énd being
served) 1is

I, =Ty + Ty

‘Also T,and T, are described as follows.

S |
T =— | 2.3-
=12, o (2.3-3)
-
w=——p (2.3-4)
1-p

12



M/G/1 model is based on arbitrary or general
independent service times. This means that the service time
is not necessarily exponentially distributed. In this case

IT,and Ty, are described as follows.

— oSA '
T =§+222 - (2.3-5)
! l-p .
SA
T, =222 (2.3-6)
1-p 4

' 1 (0)2
g I S
where 4 2[-+ 5 }

These equations indicate that M/M/1 model is a special case
of M/G/1 model. When the standard deviation of the service
time is equal to the average, the service time distribution
is considered as exponential [8,18].

There ié another model called M/D/1 where the service

time is constant. In this condition, 7T,and7) are:

_S2-p)
=200 (2.3-7)
S
T, =22 (2.3-8)

" 20-p)

13



T“VclaSS‘

' TNonpreemptivelpriorities1 .

’;The’follOWingndiscussionIOn the‘derivationfofuthef.': :

waltlng tlme for the multllevel prlorlty queue 1s taken fromv ‘lh

ff{sMOdellng and Analy31s ofvéomputer Communlcatlon
'Jeremlah F Hayes [22] : f s “
Wlth a nonpreemptlveUprlorltyvqueue,vtheréxls?anff
: 1nteractlon between all prlorlty levels Assumlng a message,:lﬁ
*’whlch has the hlghest prlorlty, flnds a,lowerlprlorlty
;message belng served on 1ts arrlval ln the system In thlS'
'Sltuatlon; even‘lf no messages 1n‘the hlghest prlorlty class
“bﬂare in the system,:therewls a‘delay:unt;lutheolower‘classf:f”
1:’message‘has completed serv1ce it*isfﬁéééSQaéyito‘cangiaér;,V
‘no less than three prlorlty classes to take care of the. ‘
ffgmlddle class belng affected by both hlgher and lower
shclasses Under such a condltlon,jassume that messagesvfrom .
bvfallgthree classeskhave[P01ssonfarr1valsTratégwlth-average.“*
i k= 1,2,3, respectively. Let m be the number of messages

vfin'claSSJk in thelsyétemﬁaﬁﬁthfaeparﬁﬁréfepb¢h}””'

»YNetworks bymh:“ v

Suppose that the (ﬁﬂﬁstﬁdepartureiepoch7lstriorit§ffg‘}L-Q

‘fmto the server and new messages of all three class have
viarrlved whlle thlS message was belng served Thls s1tuatlon

‘f:can be descrlbed as follows

ﬁIn other words, a class 1 message has been ass1gned»hf"/



.' Pierl = M = 1+ an (2.3-9a)
iers = na + ay -  (2.3-9b)
Miv13 = M3 + 613) CL (2.3-9c)
where n;;>0, qﬂ,.Lk=1(2/3'is:thefnumber‘of messages in class j
“to arrive during the‘service of a message in‘class‘k.

If the (i+l)st departure is class 2,

Mivnl = diz ' (2.3-10a)
Riv12 = N2 — 1 + axn ‘ (2.3-10Db)
ni+13 = Wiz + azy (2.3-10c)

where n;>0. Because of the priority discipline, there is no
messége in class 1 at the ith departure.

If the (i+l)st departure is class 3,

Misnl = a3 (2.3-11a)
Ni+j2 = A3 C (2.3-11Db)
nitv13 = Mz — 1 +laﬁ. (2.3-11c)

where n3>0. Since. there %s no message in class 1 and 2 at
the ith departure.
The final équation is ob?ained by the situation when the ith
departﬁre leaves the sys%em completely empty.

Mivp1 = A _ (2.3-12)

where kl=1,2,3 for my=np=n;z=0.

15



The probability of the above four cases are:
I, =1- 45— 4,8, - 4S5 (2.3-13a)
when nj=n;=n;3=0.

A
I =p

— 2.3-13b
1 (2 )
when n;;>0.
| szp-ﬂl (2.3-13c)
A
when n;=0, n;>0
H3=p% (2.3-13d)

when n;;=n;=0, n;3>0.
where p = ﬂlgl +ﬂ2§2 +ﬂé§3 .
- Using the conditions (2.3-9%a) through (2.3-13d),

calculations based on the two-dimensional probability-

generating functions of nmi;; and mi+72 will result as follows.

3 —
L ADAS
=1+ — (2.3-14
-2 3T
. 3 —
_ ZPIAH
Ny =1 & (2.3-15)

s ~ i _
2p1 =481 = 4,82)A-A481)
Where S;i is the mean square service time of level k. Both

equations represent the expected number of messages where

16



one message 1is beginning to bé served. The average number of
messages which have arrived during the queuing time of the
message to be served are E:—l for class 1 and Z;l—l for
class 2. Then thé_average waiting time for class 1 (T,;) and
class 2 (Ty2) arevderived as foilows.

Zw

T, = plm, ~1) = 56_7£§3 E (2.3-16)

}:A:P

T =0t =D =355 A5 =25

w

(2.3-17)

Where p 1is the probability of message arrivals to a
nonempty system. From (2.3-16) and (2.3-17), the theoretical
average waiting time of particular level for the n level

queue under M/G/1l condition can be calculated. The average

waiting time T, of a level j is:

Z&SZ

T, = = (2.3-18)
m-Z@&m Z&&

A : Request arrival rate of level k
Sk : Average service time of level k

5}2: The mean square service time of level %k
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" If the service;timé'is‘PoiSson'diSttibUtioh,fthén :“

Sk.(t) = ﬂé_yl :
where each level of Serviéé~:§té,ﬂb='y,fthé'méan;$quaré'3
serviCe“timé‘of]lével kbéchésuf

e g

SE=\|’S,(Odt = | Puedt=—

_f :'vf;,g,~ s

“aiso_

o Sk=| 1S, (Ddt = | tue™dt =—
(-from‘abq§e;‘theiméan’SquéfeVServiée time'bf_level kbecomes' 
oS5 =28¢
Assign this to v(2;3—18)’, ‘then
Z@&

Ty —— (231
a_Zz&m.Zz& e

This formula‘isffdr the average waiting time under M/M/1

condition.

= ’ S e e
Since Sy =—, it can be also transformed into the following.
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2.4 CacHING

7:ﬂ“A;cachealnfgeneralfis:afaStLstorage;located,betmeen e
theféPﬁland;the-main%memoryl:ﬁatasare-copied“inforﬁhécéaChe‘-d
.;on abtemporaryibasls‘to lmprote‘access tlme Whenéifgﬁl

,partlcular plece of data 1s needed 1tvf1rsthheCksWhether

'it'iS‘infthemcaChe If 1t 1s,'the data isfusedfdlrectly-from'f
V’thé7ea¢ﬁé If 1t is not 1t uses the‘data.from the maln
"memory [ll] | | .
| Cache management s ‘a slgnlflcantvfactor 1n rmprov1ng
| the system‘performance;.because cache s1ze and.a‘replacementpﬁ
»polrcy may result 1n more than 80 percent of all accesses
'orlglnally from the cache [2] Theretare Varrousvreplacementg

,algorlthms for software level cachlng For example,uFIFo_f,

‘l;algorlthm s1mply replac s The oldest data segment Leastf‘:

<Recently Used (LRU) algorlthm replaces the data segment that |

‘has not been used for the longest perlod of tlme And Least
Frequently Used (LFU) replacement algorlthm replaces the

data segment that is used least frequently
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Maln memory can be con51dered as a cache between.the
8 CPU and the dlSk ThlS concept of cachlng can be applled toh
fthehnetwork:‘enV1ronment If the requlred data segment is
:notlln thebcllent’s'mafn memory as a cache, a copy of the
7data 1s brought from the server. to the cllent system
1TTherefore,"cach1ng in the network enVlronment not only
“hﬁdecreases dlsk I/O but also . reduces network trafflc
'ivMoreover, if the cllentfls located‘far from the server ylav
iInternet ‘cachlnd.becomes‘a:more s1gn1f1cant factor for :the
i‘system performance The study- of the cachlng has been done
in varlous network env1ronments,isuch as: dlstrlbuted file .
 systems {3'4] and_world_wide web SerVers'[5,6,12,16].vAh
-"SLmllar technlque,‘the slave'Server,sfs‘usedﬂinh[iZ]fand
[16] to 1mprove response tlme and secnrlty for the Web.
‘server» Both approaches utlllze‘the cachlng to shorteny

response tlme.jr
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'CHAPTER 3. SYSTEM DESIGN
3.1 THE EDUCATIONAL INTERACTIVE SYSTEM

A ba51c de51gn of the Educatlonal Interactlve System B

'for thlS research is shown in Flgure 3 1

Server
Client (teachcr) ...........
' ‘ 7 Disk .,
TCP/IP E]:-m“4<:>‘:
connection ' . | l
. L —— . -
Client (student) -~ . ... .
: 0] L O o Disk',
- - Phone line . | l
' S local memory

system

. Flgure 3. 1 Basic de51gn of the Educatlonal
Interactive System.

This system is based‘on alcéntralized‘organizafion‘v
' w‘h‘ich‘ simﬁlateé classes ‘at‘ school. The system consists bf
‘oné_serQer‘énd multiple clieﬁts; As é»class,‘oné client acts.
as a teadhergkcoordiﬁator) aﬁd7thé‘pther‘élients pérform>as

'studénts.'Théy are ihterconnected using‘TCP/IP loéally
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(withinvintraﬁet) or via Internet. The‘participants, the
teacher and the students} are.abie to participate in the
.class using‘theif PCs from ﬁheir home. Ideally each client
ié to have extfa disk space to keep eﬁery.scréen image of
the session"ofbthe élass asvwell as to have enough main
memofy to furnish an effectiVe cache.

As shown' in Figure 3.2, all participants'have the same
type of screen. A»éuﬁses—based wihdow is used tQ divide the
séreen into threeZSeétions.‘The'top screen, whiChiiS the
public écreen, is-to display: the current status of the ciass
or the previous statﬁs pf the class. The middle screen,
which is the private screen, is used to input individuél
questions, answers, or comments by the user. User inputs are
sent to the server, and then distributed to allbclients to
be displayed on the public screen of éach machine. The
bottom screen, which is the guide screeﬁ, shows user
commands of the System. These commands are usedbby the user
to start,'fequest an access to the server, and énd their

session in the system.
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Private screen

'answers and soon.

.This screen is the prlvate screen

Publlc screen

— / ‘(display purpose) -
-| This screen is the public screen |~ - .- current screen
| which displays teacher’ s

« . -previousscreen
comments and students’. ) "

(input purpose) -] which accepts teacher’s and -

- requests 1 students’ input. -

- answers o

-comments = | [ooc-gpTommoeme—=s Gulde screen -

Ixxx R: xxx E: xxx Qxxx o ‘

- Command mformatlon

Screen image of the Educatlonal

Figure 3.2
' ’ Interactlve System.v

"~ The basio procodufe of the execution of the Educational

Interaotive SYStem is as follows:

1.

. Type
‘ request‘sending meésagos to‘all‘the‘olients,

iserVer‘reSponds with the message “Startftalk”,

Execute the server program‘and»spécify the port number on
the server machine to communicate with the clients.

Execute the client program on‘eaCh‘participant’s machine

.and'speoifyﬂthe name of the server and the port number to

establish‘the connection.

Type ‘I’ at the PriVate ocreen on a client’s machineoto_
initiate the Séssion. »
‘R/'a£‘théoprivaté-SCreen on aMClient’s‘méChine,to.'
If the

the

messages will be sent to all the clients and displayed on

;their‘public‘sCreens.
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5. Typg ‘Qf atnthe_private screen to indicate.quitting the
talk session. | |

6. Type ‘E’ at the private Screen to terminate the sessiQﬁ.

7. Type ‘P#' O (# = 1,2,3,.;)'to retrieve previous Séréen

pages.

 Thé server acts as a coordinatof in thé system. Upon
receiviﬁg requests fromvthé participants, the system
automaticélly schedules fhem accordingvto‘their_priorities
based dn historical data. Screen data are stored temporarily
in the cache of the clients as well as in the disk of the
server.

All partiéipants arevable to choose to see either the
current or previous screeﬁ~§n»theif,§ublic screen. When-a
user requests the previous screen;‘the~image is refrieved
from the cache or the disk of the Seﬁver. |

The UDP socket intefface is used to transfer datagram
between the server énd'clients in'the systeml The UDP..
requires easier implementation fechnique;than the TCP sockét
interface does. Siﬁce the_UDP'does not neéd_to‘make virtual'
connection between the server and cliehts, the sérvér can
handlevmulﬁiple requests from‘many clients in - a simple way.

-Although_thé UDP protocol is not reliable [21], it provides
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enough transmission capacity'for the system based Qh low
level of complexity. |

The system is deveioped‘and tested snder IRIX 5.3
operating system on SGI machines in the computer lab at
CSUSB.‘The serﬁer program is written in Ct++ to utilize
'adVantages such as eode‘reuse and encapsulation. The client
program is written in C, because of its Simplicity. In terms
of the execution of the program, the server program is
executed on the server machine to provide the communication
port first. Then the client programs are executed on each
client machihe. Upon the execution of the client program,
the name of the server and the port number sheuld be
specified. The server and the client program can reside in
the same machine. The typical situation is that the teacher
runs both the server program and the client program on her
machine and students execute the client program on their

machines.

3.2 SCHEDULING

The server of the Educational Interactive System has a
scheduling capability to handle students' requests. This
scheduler is designed to help the teacher give a fair

opportunity of participating for the students.
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The system design of thelscheduler depends on the
definition of the criteria of the-fairness and scheduling
scheme. In order to implement the scheduler, the criteria of
fairness'must be defined. For example( if the definition of
the fairnese is the number of opportunities to talk, a
student who had more opportunities to talk than another
student gets lower priority for the next request and who had
less opportunities te talk gets higher priority for the next
request regardless of the total time amount of falk. If the
definition of the fairness is the average waiting time per
opportunity'to talk, a student who has a long average
waiting’time per opportunity to talk gets higher priority to
reduce next request’s waiting time and who has a short
averege waiting time per.epportunity to talk gets lower
priority then she tends to wait long time for the next
request.

After defining the fairnees,for the scheduler, the type
of the scheduling scheme must be chosen. Some major
scheduling schemes are first-come first-served scheduling,
round-robin scheduling, multilevel queue’scheduling, and
multilevel_feedback queue scheduling.

For the scheduler of the Edﬁcational Interactive System,
“the average waiting time per‘talk” is used for the

criterion of the fairness as described in the next chapter.
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And a fixed priority multilevel gueue scheduling is used for
the scheduling scheme. Since students in a class usually
talk without interruption, the scheduling is performed in a

non—préemptive way.
3.3 CACHING

As discussed in the section 2.4; the caching in a
network envirohment is a useful technique to improve the
performaﬁce of the data retrieval. Without caching, when a
participant wants to see the previous screen of the class
and go béck to see the curfent screen again, the scieen
images would have to be retrieved from the server’s disk. If
the size of the screen image is large and the bandwidth of
the network is.limited, it may becomekan unacceptable
‘duration for an interactive system. Probably, ten seconds is
'the maximum acceptable duration for eéch data retrieval for
the participants [13]. When the size of data increasés, the
caching becomes more. important for the systeﬁ performance.
As shown ih Fiéure 3;1, typical caché‘locations in the
éystem are the local memory system, which is a virtual
memory (RAM + swap space), of ﬁhe client system‘énd server

system.
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‘P'Thé;hit.ratiq Qf daéhing (thé_pdésibiiity ofbfindihg‘é' 
.réquested data>inqthe'ca¢he) is aléo»a“Critical faCtor for 
thefs?étém With thel¢ache.‘If.thehi£ réti6,is io&;vitvddes'
,fhot;imprdveOr_coulddegradeloverall systém;pérfOrmaﬁce,by 
the Qvéﬁheadféf*fhe?dataﬁ?éplécéﬁénﬁ;‘ : | |

'   The Edﬁcatioﬁél:ihtéfacti?é,System ié»altéxtfbésed R
,éysteﬁ ahd‘fhéféiZé:éf £hém§ubliC 3creenbi$ désigned ﬁb’bej
>96O 5ytesj(iz é”éd)i’ﬁbwéver,‘thé t?picél.déta sizé bf_>
:séreenfoﬁ‘the_web:bIOWSeﬁ is 20k - 25k‘by£es [14] and é 
compléx gfaphicibésed screeﬁ;imaééﬁﬁay'Béééﬁe'éver_1MBin
size. Thé‘siievbf data,1whiéh“isftréﬁémigtea”;Qéﬁrfﬁef 
_netW§rk,:£he bandWidth of the nethrk,‘and the- chche éré
':inferrelated'tq each other, »Therefore,_it_i$ imeftént fo'
.enéuré the fblloWing pbints béfofevapplying_théucache‘fdr

this system.
e Is cache useful for this Systém?

e If so, what minimum hit ratio is required?

e Where should the cache be located?



' CHAPTER 4. SIMULATION
4.1 SCHEDULING

:’4;1;i Objegtive
| Aniinvestigatioﬁ-of the sdhedulér based on the
students’ historical‘reco;d ig,one‘of'thé ﬁaiﬁ ¢bjéctives in
this?studyfvThe goél‘of,the scheduiér:is tQ‘proVide a:fai; 
Cppdrtﬁnityvfbr.a;l the studeﬁts invfhe class ﬁé |
participatej |
A’simgléﬁion:program:is implemeﬁﬁed £o determine the

.suitability of the schedulihg‘aigorithm for the Educatioﬁal ‘

Intéractive System.

4.1Q2 éimulatibn Mefhgdqlogj‘

In'oidér tovidehtify»ﬁhezabpropriatev§Cheduling scheme
‘for ﬁhe system, thefdéfihitiOn‘of fairﬂeéé‘musf be‘definéd
~firSt._Exaﬁplésvof criteria are such as,

.QThe averagé waiting‘time per'talk":‘}.

Studénts who‘have ahlonge: waiting‘time per talk,-thah
~the averagé waiting‘ﬁimé per téik‘for alletudénts, get

higher priority and those who have a shorter waiting
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period per talk get lower priority. The'purpose‘of thié
scheme 1is to‘eqﬁalize the average waiting time per talk
for each student.

“The number ofvtimes of taiking":

Students who talk many times, get lower priority and
thdse who tend to use less opportunities to talk , get
higher priority. The purpose of this scheme is to
equalize the number of opportunities to talk taken by
individual student.

“The total talk time”:

Students who have a long total amount of talk time, get
lower priority and those who have a short total amount
of talk time, get higher priority. The purpose of this
scheme is to equalize the total amount of talk time for

each student.

In this simulation, "“The average waiting time per talk”

was chosen to be the criterion of the fairness. Because this

criterion allows us to analyze the consistency between'the“

experimental simulation result and theoretical result based

on queuing theory. In order to equalize the average waiting

time per talk for each student, a multilevel queue

scheduling is used. Although the system needs to set a time

limit for each student’s talk (e.g. five minutes), the
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’individualvtalk must be completed in a non-preemptive
manner. Because dividing students’ talk into short time
quanta is not a natural way of talkbin the class. As shown
in Figure‘4.1,.a fivé—level>queué is used for the priority

scheduling simulation.

Multilevel Queue Scheduling

I - | | I | Highest Priority

/r: TTT

Students’ _> Calculate _—y | | I I I I >’ Serve ( Talk)
Requests Priority \ /
| |

Lowest Priority

Figure 4.1 Scheduling simulation with multilevel queue.

When a student’s request has arrived, the system
calcﬁlates her priority based on the previous accumulated
waiting time. Then the system puts the request into one of
the queues with assigned priority. The requests with the
highest priority are served first in a FCFS sense. If the
queue is‘empty, the requests in the queué with the next

highest priority will be served and so on. Each time, the
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request of a student in the multilevel queue is aséighed to
the server, the’waiting time is recorded and added to the
total waiting time. The number éf talk and the total amoﬁnt
of talk time are also recorded and added to the total when
the studeht’s talk is finished. These recorded data are used
to calculate the priority of the same student’s next
request. The execution of the program tefminétes within a
given time limit set by the prégram. As a resul£ of the
exec@tion, the program outputs the statistics of all the
-studénts.including the number of opportunities to talk, the
average waiting time per talk, and the total amount of talk
ﬁime.

The scheduler decides priorities of the request based

on the following table.

~ Condition Priority
N=>1.5M 1
1.5SM >N 2 1.25M 2
1.25M >N 2 0.75M 3
0.75M >N > 0.5M 4
- 05M=>=N 5

N: The average waiting time per talk of this student.
M: The average waiting time per talk of all the students.

Table 4.1: Priority condition based on
“the average waiting time per talk”
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Baséd on»this schedulingbalgorithm,‘studénts who ha&e more
than or equal to 150% of all the students’ avérage waiting
time get'theihiéhestvpriority. Students who have less than
150% and more than or»equal to 125% of all the students’

average‘waitihg time get the next highest priority and so

on.

4.2 CacHING

4.2.1 Objective

The main objective of the simulation is to study how
the local cache énd the remote cache affect the overall data
transmiésion performance.

This simulation program is written to measure the data
transmission time betweenvthe'serﬁer and the client via the
Internet.

The Educaﬁional Interacfivé System needs to transfer
data among the server and the clients. When the clients
request the image tovappear oh their screen, the image must
be sent from the.server,within‘an acceptable time period. If
the response time from the server is too long for the
partibipants, they will not be able to participate in the

class as an interactive mode.
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4-'.;2. .2 S’ixhulation Me‘tho'dvoblogf :

The program con51sts of a server program and a cllent
'program As shown 1n Flgure 4., 2 the server program ‘and the
client program‘arevexecuted‘from their individual‘location

thrOughlafsubnet'or‘the\Internet.

i g , o CSUSB CSCI
ST ., ‘Serverprogram - . Gateway
'Dlsk e L ‘ T TITTT LTI LTI I
- 4 I:I : ] Case B
"_’ N -~ Client prograrr;.-"‘""""..‘

aes®

Local mem'o‘ry
system

i Hliwne i
P Phone line <

0

I L ORI P UL S

ey

----------------------‘-.-.-.-------

Internet Service Providor = Client prograin ,«* te.,

=

Phone line

ry
@]
?

geEnsnnnn
ey
-,
R .
o
0
-
., R
Y
o
EEEsEEsNEEEmmEEEEERS

Figure‘4.2. Environment of the cache simulation program.

The programsitransfervpages of screengimages to each
other using,the‘UDP socket interface. Both the server and
the client programs create the local cache in the memory

system (RAM +*disk) on their‘execution. The screen pages

34



‘are originaliy kept in the server’s local disk. When screen
pages are retrieved from the serVér; the pages are copied to
fhe server’s cache (remote cache) and the client’s caéhe
(local cache).»Durihg the execution of the program, if the
client finds the pages in its cache, those pages are used to
improve the system performance. The program based on the
following algorithm is used‘to retrieve the pages of screen,

and the Least Recently Used (LRU) algorithm is used for the

page replacement in the cache.

The client requests‘ a page of screen from the server.

If (The client finds the page in local cache)

{ | | |

B Get the page from local cache/* Local cache hit */

) - |

Else if (The server find the page in server’s cache)

{ _
Get the page from server’s cache /* Remote cache hit */
and also copy it to the local cache

} .

Else

{ L
Get the page from server’s disk /* Cache miss */
and also copy it server’s cache and local cache

b

Figure 4.3 Algorithm of data retrieval.

The_caches can hold ten pages of the screen data. The
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system also keeps track of a time stamp and page number to
perform LRU data replacement. The sample execution of the

simulation program is described in Appendix A.2.
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| CHAPTER 5. EXPERIMENTAL AND SIMULATION RESULTS
5.1 scmebume

5.1.1 Experlmentalcondlt:l.on : Jer
lsysten configuration]
»”ThedschednlingbsimulationqprogramhllSted‘ln:Abpendi%ii%
B.2‘can be executed on'a stand alone UNIX system
‘[Input dataset] ST ‘
| In order to create an 1nput dataset for the experlment,l
;the observatlon of classes has been conducted ThlS.”v“
ohserwatlon‘of the- classes, cscrl25 and csc1123 in the
d¢omputerh5crencenDepartmeng, showed:some prlmaryvfeatureshjn
g}@fﬂstudénts!{taikﬂin»theciaéséé Those features are:
‘l;] Somehstndents'tended'to talh!morenoften than}the»other h
;';dgstudents dld L o -
ogiThe range of the talk length was from lO seconds to
'"around 5 mlnutes and the average was about 80 seconds
fg':The standard dev1atlon of the talk lengths was close to Lo
l,f»80 ‘When the standard dev1atlon 1s‘equal to the mean,‘thei

dlstrlbutlon of the talk length is random [8]
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' “.ConSlderlng the”featureshabove, the'input dataset-isj~l'
 created asvfollowsl The 1nput dataset con31sts of three
-.mitems:,student'identlflcatlon (ID)‘ talk length and:arrlval

'time'ashshown'Figure*Sgl.

One reunSt data

Amival Time [ 0% 40110150250 320@
StudentID | J'5

" Talk Length [ 40+

R L R R R K R R

90} 120 3_70 100580 i 60

| Figure 5.1. Input request dataset

'StudentiIDs are in range‘between O'and;29§v30 students
o in the'class.dSome students’ IDs aopear more‘Often'than the
others in- the dataset The’talk length‘isfanfamOunt ofvtime

of talk The range of the talk length is from lO to 270

’!seconds and the mean 1s 80 seconds The value of the talk

. length is randomly selected from that range to be the

h‘standard.devlatlon close to 80 Arrlval tlmes are created by
a Poisson,distribntion uSing”the-following_equation'which:is‘

the probability‘of exactly ﬁEeventsvarriVingein-an interval
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of length ft.

@y

e (A is the mean arrival rate)
n!. :

Put) =

Using this equation, the mean arrival rate is A4=0.01 arrival
"per second and an interval of length is 7=1 second. Under
this condition, the probability that just one event happens

within one second (AB(l)) is less than 0.99%. The probability
that two events happen within one second (F(l)) is less than

0.005% and so oh.‘Thén a random generator is executed every
second for the whole class length to create a request
arrivals dataset.

Class length used for the experiment is 100,000 seconds.
The reason to choose such long class length is that the
experimentation based on random events tends to require
certain amount of time period or'large number of input to
get stable result to meet theoretical data. This is shown in
the’preliminary experiment in the next section. It can be
'considered as a class length of a whole quarter. A class is
usually 90 to 120 minutes and 20 lessons in one qﬁarter. The
total amount of class length is easily beyond 100,000

seconds.
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[Type of experlmentatlon]
Three types of experlments were ‘conducted. ~The flrst

experlment <A> was a prellmlnary experlment to examlne the

T“con51stency between the results of S1mulatlon program and of-

.dqueulng theory - The condrtlon of thebexperlment was
‘categorlzed 1n a M/D/l model where all talk lengths (serVice
vtlmej were constant ThlS is the 51mplest case of queurng
modelhand'enables us. to check the Valldlty of‘the-51mulatlon
':orogram The second experlment <B> was MVMVl model without
prlorlty schedullng The dataset of the serv1ce tlme 1n thlS
case was random as ‘the 1nput dataset descrlbed above And‘
~the thlrd experlment <C> was M/M/l model w1th prlorlty ,
ddschedullng A prlorlty schedullng was added to the second

experlmentsto observe the 1mprovement.

"5.1.2_Résults;.
{A> Prelrmlnary e#perrment M/D/1 model
Tnlthis,experiment(tthe»service;time-(talk length S)
was 40 'se’cb‘hds 'ié'onstant*.‘ "The» re‘q»uﬂé.st: ‘ar'r’iva'l 'rate (A) was
;va 02 request/second and the utlllzatron ‘of " the system.e
ifp ﬂS) was 0. 8. &he;PrégﬁaﬁiwasfeXechted;fiveltimesfor
~each class lengthtovget;réirable.averaééhwaitingftime for

:the'requests.h
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Class Length Trial =~ | Number of | Average waiting
(seconds) requests time (seconds)
-1 22 60 ”
2 21 42
1000 3 15 29
4 19 37
5 17 15
Average 18.8 - 36.6
Theoretical ~Average 20.0 80.0
1 o211 75
2 185 52
110000 3 180 40
4 200 107
5 201 7 69
Average 195.4 68.6
Theoretical Average 200.0 80.0
1 1989 94
2 2028 81
100000 3 1968 75
4 1993 65
5 2045 77
Average 2004.6 78.4
Theoretical Average 2000.0 80.0

Table 5.1 Result of preliminary experiment, M/D/1 model

The theoretical average waiting time in the table is
calculated using the equation (2.3-8) shown in Chapter 2.
The résult showed that if the class length was short like
1000 seconds, there was a significant discrepancy in the
average waiting time between the theoretical result (80

. seconds) and experimental result (36.6 seconds). However, as
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the class length 1ncreased the dlscrepancy became smaller

v ﬂgThe experlmental result of the class length lOO OOO seconds‘

’3__reached 98 O of the theoretlcal result

<B> M/ M/l modelw:l-thout pr:l.orJ.tY .

' sInlthrs?exberlmenﬁlgthe‘service‘time‘washéO.secondsZbl
iaverage and" randomly dlstrlbuted The request arrlvalirate
was O Ol request/second ‘The utlllzatlon of the system rsf
‘:b“O 8 The class length was lOO OOO seconds A srngle level
~ﬁlqueue was used to keep waltlng requests and no prlorlty waslo
added to the requests The program»was executed flve tlmes i
to get stable result as. descrlbed in Appendlx AL The |

‘follow1ng table shows the summary of the result

. S Standard deviation of | =
- Trial Average waiting - . | average waiting time for. | =
o time per request | each student
R | (seconds) - R R
1 | 34 4825
2 323 | 5338
3 326 | . 4635
4 | 298 | 468
T 5 | 351 | 4483
o Average - | . 3280 | 4792
- [ Theoretical average | :3201) N

"‘fT Table 5.2: Result of M/M/l model w1thout
' ft, prlorlty schedullng
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) The result showed that.the average‘wartlng tlme per.
Uv:request was very close to 1ts theoretlcal result (102 5% )
'llThe theoretlcal result 320 seconds,vcan be caloulated from
idthe»equatlon'(2.3—4) in Chapter 2 Theﬂstandardjdevlatloh:ofi'

'vd'thefaveragefwaitihg-tlme¢for eaoh studentfwas 47.92.

-,T<C> M/M/l model ulth prlorlty schedullng

": The condltlon of the experlment was saﬁe as <B$ exceptM”
‘the‘addltlon of orlorlty schedullng w1th‘flve level queue
vthhe‘results is descrlbed 1n Appendlx A. l and ‘the summarv lsfhﬁ

'}“'aévfollowse

T I S Standard dev1at10n of
. Trial i Average waxtmg - . | average waltmg tlme for
SRS | time . each student -
(seconds) B R v
T N
300 | 4466
345 1. 27.03
| 316 3521
5 | 353 | 3697
“Average o _,3278 3628
| Theoretical average | -~ - 32000 | .~ -

BN K\);L—,ﬂ‘ R

Table 5 3 Result of M/M/l model w1th
prlorlty schedullng
:*-lThefreSult>showed thatvthe.averagevwaitihg,timevperf’.;f
request was also very close to 1ts theoretlcal result

(102 46) The standard dev1atlon of average waltlng tlme for



each student became 36.28 which was significantly smaller
than the one without scheduling. As shown in Figure 2.3, the
theoretical average waitingctime for all requests can be

calculated using the same method of case <B>.

5.2 CACHING

5.2.1 Experimental condition
[Systém Cénfigufétion]
The configurations of software and hardware of this
experiment were:
Server: Hardware - SGI. indigo witthFS disk
Software - IRIX 5.3 (UNIX) operating system
Client: Hardware - 486DX2/66MHz, 16MB, 14.4Kb modem
"Software - Linux 1.2.1
The server and client were connected via the Iﬁternet with
PPP protoéol.
[Transmission data size]
Four different data sizes, 1k, 2.5k, Sk} and 7.5k bytes
were used; A message with size larger than 7.5k bytes could
not be sent invthis‘experiment because data transmission

duration caused synchronization problem between the server
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and client program. The buffer size for the transmission was

64 bytes.

[Tranémission route]

Two routes were used with PPP connection as shown in
Figure 4.2. Case A used an Internet service provider
(WaterNet) and case B used a direct dialup to the gateway at
CSUSB CSCI. |
[Cache location]

The location of the remote cache was the memory system
(virtual memory) of the server. The local cache was
allocated in local memory system of the clients.

5.2.2 Results

The results of the transmission time for the data
retrieval from the server to the client for both case A and
B are described below. All measured data are the average of

five times execution of the program to be more reliable

result.

Case A
Data Size (bytes) 1k 2.5k 5k 7.5k
(A) Local cache hit 110 118 119 125
(B) Remote cache hit 821858 | 1815131 | 3459577 | 5123560
(C) Cache miss 825738 | 1862251 | 3534444 | 5164550

Table 5.4: Transmission time using direct
dialup to CSUSB CSCI. (microseconds)
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~Case B .

i)ata’Siie (byies)n , B

Tk | 25k | 5k | 7.5k

| (A) Local cache hit

Ti2 | 111] 123 | 118

-(B) Remote cache hit 25

021494 | 1903730 | 3620061 | 5236214 |

~ [(C) Cache miss

. Table 5.5:

038262 | 1949748 | 3629184 | 5243740 | -

fTrénsmissién~tiﬁe thf§ugh.?;  'Vv"

' the Wate;Net’gétéﬁay{”{migfdseconds)“

(A) '.L.océl CaChehlt J.S
lzthe réque$ted'daté:in“
is theyéituatién»thét 
the:reméﬁéi(sérvér’s5

that thevciiént‘cQuld 

fthéléitﬁétién ££a£ £h§'clien£ fQuhd"
ﬁﬁe iqcal cache;L(B5 ﬁémote éécheLhiﬁ';
;hé éliéﬂ£.f§uﬁd~thé_reéﬁééted data_ini'
CaChé; (C) Cache'miss‘isbfhé éitUatipn

not.find‘the,data in both:locaL ahd e

remoﬁe;f:thén~héedéd_tb_géf ithrom»the serVerfs.disk;'_

Note: Dﬁring_the~execu
| ‘mémory (part of diSki
shown in the following

‘élient;$'vmstat

tion of the experiment, no virtual N
uéégefWaS_obServéd at the client as’

log.

procs .. .- memory  swap - io - system " cpu
r bw .swpd  free buff si so . .bi- bo “in . 'cs us ‘sy. id
- 1:0.0 ,"O 2956 4312 0 0 17 . 2 183 .83 5. 9‘v87,v

swpd: the amount of virtual memory used (kB).

- /si- :”"Amount’of memory
‘1 so’ - i Amount.of memory

swapped in from .disk (kB/s). .. -
swapped. to.disk (kB/s)." . e



From table 5.4iand‘5.5, the following things were found.

B There was a little transmission delay (épproximately 0.1
second)  for the WaterNet gateway compared to thevdifect‘
dial up.‘(5.2—l)

B The results of “(A)Local cache hit” were almost the same
for four different data sizes for both case A and B.
(5;2—2)

B The results of “(B)Remote cache hit” and ™ (C)Cache miss7
were almost linear againSt the daté size for both case A
and B. (5.2-3)

B From (A) aﬁd (B), local cache hit creates enormous
pérformance advantage compared to remote cache hit.
(5.2-4)

B From (B) and (C), the performance difference betwéen

‘remote cache hit and cache miss was small; reﬁote cache

hit was only about 1% faster . (5.2—5)
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 CHAPTER 6. DATA ANALYSIS
6.1 ‘.:S‘CHE'DU:I».II\iG‘. :

hl”ThecreSUltfof*theWprelfﬁinaryfe%periﬁentﬁ<A§'ln:Section =
5 1 2 shows that to approach theoretlcal result ‘a certain B
class length lS requlred because randomly dlstrlbuted
vfp_requests get elther very hlgh densrty or very low den51ty
'from_tlme‘tQJtlme,ingh densrty,request arrlval creates a
long_Qaltlngltiﬁe:and?low‘density‘requestvarrival createska:nf
f.hshortGWaitlng‘tiﬁeIdurlngvthat‘period:kTheieﬁperimentfwithfie‘
the condltlon descrlbed in. sectlon 5 l requlred lOO OOO
-seconds for the class length to obtaln a stable average l%
bwaltlng tlme If the experlmental class lsktoo short the.'
’average‘waltlng tlme‘tends not to reflect the usual case.
‘Usrng a long enough class length 100 OOO seconds,vthehbp
B experlmental average waltlng tlme very closely‘approached |
Q;the theoretlcal result (about 102 ‘5% ) for both maln
jh_experlﬁental 51mulatlons Wlth flve level queue -<B> M/M/l
:Tmodel w1thout schedullng and <C> M/M/l model w1th
ﬁschedullng ThlS proves the valldlty of the 81mulatron‘b

fuprogram.



The purpose of the priority scheduling based on the
criterion, “The average waiting time per talk”, is to
equaiize the average waiting time per talk for each student.
If the standard deviation (STDDEV) of the average waiting
_time for each student is decreased by the scheduling, the
'algorithm is effective. Since the STDDEV of the experiment
<C> M/M/1 model with scheduling, 36.28,v is less than the
experiment <B> M/M/1 model without seheduling) 47.92, the
priority schedﬁling algorithm showed an im@rovement.

Three and‘seven level‘queue scheduling were also
examined to compaie the results. The results aﬁd condition
are described in Figure 6.l‘through 6.4 below. Three level
queue scheduling did not show an.improvement:(STDDEV=48.11)
compared to single level gueue scheduiing, without -
scheduling. Seven letel queue scheduling showed an
improvement (STDDEV=44.68) but not ae much as five level
scheduling. This result indicates that increasing the number
of queue level does not always create an improvement because
it may create excessively long waiting-time for the lowest‘
priority requests. |

Therefore, the priority scheduling with five—levei
queue based on the condition in Table 4.lvis an appropriate
scheme for the fair scheduler handling the average waiting

time.
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http:STDDEV=44.68
http:STDDEV=48.11

: Standard deviation of
Trial Average waiting | average waiting time for
time ' | each student
(seconds)
1 351 . 45.50
2 286 : 41.98
3 322 ‘ - 53.08
4 344 - 63.20
5 282 36.77
Average ' 3170 48.11
Theoretical average 320.0 ---

Table 6.1: Result of 3 level priority scheduling.

Condition Priority
N>1.5M 1
I.SM>N2 0.75M 2
0.75M >N 3

N: The average waiting time per talk of this student. '
M: The average waiting time per talk of all the students.

Table 6.2: 3 level queue priority'condition based on
“the average waiting time per talk”

Standard deviation of
Trial Average waiting average waiting time for
time each student
(seconds) .

1 308 29.07

2 326 . 64.69

3 318 39.91

4 . 290 36.23

5 _ 327 53.48

Average 313.8 44.68
Theoretical average 320.0 -

Table 6.3': Result of 7 level priority scheduling.
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Condition | l";Pﬁoﬂqf
“N=20M | 1

T 20M>N=15M T2
15M>N=>125M 3
125 M,_>_N._>.O.9M | 4
T 09M>N=0.75M 5
0.75M >N = 0.5M "6
0.5M>Ng 7

N The average wa1t1ng time per talk of th1s student o
M The average wamng tlme per talk of all the- students '

s Table 6 4 7 level qneue‘prlorrty condltronﬂbasedmon
- g “the average waltlng tlme per talk" o
[Theoretlcal and experlmental results]
- Wlth the equatlon (2 3-19), the theoretlcalxaverage:‘dv
waltlng tlme of each level of multllevel quenlng’can be 2
nlcalculated Let us look‘at the flrst result of prlorlty
_schedullng in Appendlx A on page 64 Thevnumber_of talklat:
.the flrst level is 52 'second level 53 third lével,79§,*'
: _fourth level 58 and for flfth level 27 Slncevclass;length
is 100 OOO seconds, request arrlval rates for each class are.

,11 o 00052 22 =0. 00053 13 o 00799 /1 =0. 00058 and-

o rﬂs O 00027 respectlvely The average serv1ce tlme of the;h'°

"hflrst level 1s S1 4915/52 f 94 52 seconds Other levels of'
’fserv1ce tlme are Sz— 79 53 seconds, S;—,79 34 seconds S4— h
_89 31 seconds, and S5~‘69 44 seconds From thls 1nformatlon,

'hthe average waltlng tlme of each level becomes ﬂ“ 67 54

S5l


http:level.of
http:0.75M>N>0.5M
http:1.25M>N>0.9M

.ﬂﬂ=74.33,Tw=257,21,TM=1048.24, andva=1410.35 seconds. The
table 6.2 shows that the comparison'between theoretical and
’experimental averege waiting time. Although lower level

. queues increase the difference between the experimental and
‘theoretical results, the overall experimental results were
pretty closezﬁo the theoretical result. This consistency
.indicates the validity of the Simuiation program of

- multilevel queue priority scheduling.v

Level 1

Level 2

Level 3

Level 4 Level 5
Experimental result 67.2 72.0 259.7 9471 1240.0
Theoretical Result ~67.5 74.3 257.2 1048.2. 1410.4
Ratio 99.6% 96.9% 101.0% 90.4% 87.9%

Table 6.5: Average waiting time of each level.
6.2 CACHING

The resﬁlt (5.2-5) in Section 5.2.2 shows that the
eremote cache is not useful fOr this system. The‘result (5.2—

5).also‘indicatesethat the local detaycopyvﬁetween the
memory and disk 1is muchifaster than the remote data copy
over the network. If each client has the lOcai cache in its
- disk to keep all the data of the session, data retrieval

from the server will be eliminated.
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http:7\�5=1410.35
http:7'ii;2=74.33

The duration of “(A)Local cache hit” of beth'case A and
B in sectien 5.2.2, is almost same for different data size.
Because the cache aecess time is trivial compared to the
duration of message display . The local cachevdefinifely‘
creates significant performance improvement in this kind of
WAN envirenmeﬁt. However, if the memory usage of the‘client
is excessively heavy, unlike the condition of this
experiment, it may reduce ﬁhe performance impfovement due to
thrashing.

There is a linear relation befween the size of data and
the remote access time even if the size of the data is smail
as (5.2-3) indicates. Using the cache miss operation of ease
B, because of the linear relation between the data
transmission time and the data size, the following equations
are derived to calculate approximate data transmission time
for larger data size.

0.94 sec 1k * A + B (1)

]

5.24 sec 7.5k * A + B (2)
froﬁ (l)lande(Z), A = 0.66, B = 0.28 sec.
Y = 0.66X + 0.28 : (6.2-1)
Where'y is duration(sec), X 1s data size.
If an acceptable data transmission'time.is 10 seconds

(Y = 10), the maximum data size will be about 15k bytes (x =

14.7). This indicates that one page of text-base screen
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(about 1k bytes) canrbe transferredufastyenoughftofbe‘an'
1nteract1ve mode w1thout any cacheli | | - |
‘ Assumlng that‘the cllent s local cache hlt ratlo is 80°,,
,aand one page of screen’ data 1s 25k bytes, users will flnd
'i'éQ%'of tlme of screen rmage retrleyal w1thoutvany‘problem
:because‘of (5 2 4). However, 20° of trme‘they need to walt
more than 15 seconds and‘thls is not tolerable as an -
; rnteractlveesystemfﬁThls 1nd1cates that;hlgh hlt.;atlo of
cache’is‘not:aycrfticai.factor}for the‘Educational:‘
InterathveaSysteﬁhbecanse,asingiehcache:missjoperation"
couid-caUSe’unacceptable data transmission.delay
If the s1ze of data 1s 20k to 25k bytes llke web pages,
largersbandwldth is. requlred to transmlt data as an -
iﬁte£5cﬁivéfsyétem. Ittls also better~to-provrde-a_large“
' enoughicachein'the local dlSk‘tO keep - all the‘screen data’ -
fromfthe server fAnvaddltlonal.experlment was conducted to
”test the data transm1s31on fron the‘cllent S local dlSk to}
itS‘memory It showed that 1 MB of data can be transferredff
‘Tfrom the local dlSk to thevlocal memory‘(no page;fauft were e

-‘found durlng the experlment)vrn around;0.5 second.

‘5'4‘: v



CHAPTER 7. DISCUSSION AND CONCLUSIONS

 Two mainnobjectives were investigated‘in this study:
the efficiency and optimizatibn of the écheduling‘and
caching for thé Educatioﬁal Interaéﬁive System.

‘Eoﬁvthe scheduling part of thisvstudy, we‘specifically
used a fixed priority five level queue algorithm. The
purpose of the scheduling is to equalize the average walting
time of each student in the class. When the utilization of
the server is O.8Aand class length is 100,000 seconds, the
average waiting time of each studeht in fhe class showed an
improvement by using the priority scheduling. The standard
déviation of the waiting time of each stﬁdent decreased from
47.92 to 36.28. This indicates that the five level queue
algorithm is efficient under this condition. With three
level and seven level qﬁeue‘priority scheduiing, improvement
of the schedﬁling was not as much as>the‘one with five level
queue.”TherefOre, among single, three, five, and seven level
queue, the five level gqueue scheduling was optimal‘in this
experiment.

The other topic,‘the experimental simﬁlation of
caching, showed interesting results. We found that the

location of caching is a more important factor than the
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replacement algoriﬁhm bécause the Eduéational Interéctive
,SYStem reqﬁirés a real—time’system—level response to’the
users.va the respbnse from the server is unacceptably slow,
users no longer'participate in thebclass properly. We
assumed that ten secondé is- the maximum:tolerable duration
for the screén image transmission of the system. Under such
a condition, a remote cache hardly made any performance
improvement‘for the sYstem (1% improvement compared to
without the remote cache). Although the chal cache:created
significant improvement for cache hit operatioﬁ,va.single
cache miss operation created a critical time delay for the
data transmission. As a result, all the screen images sent
from the server should be kept in the local disk of all the
clients. 1 MB of image can be transmitted to the screen
buffer of the client within 1.0 second Qith this
configuration{ It could also replace the allocation of both
local‘and.remote cache in the memory.

The experiment showed that although caches improve
system pérformance, a text-based Educatiénal Interactive
System is not necessary to’have'caches to achieve |
interactive capability. However, as the écreen image
increases like a Web page, the bandwidth ofvthe network

needs to be larger thanvthis experimental condition. Ideally
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the Edﬁcationalllnteractive System should utilize the cache
in the local‘disk.

Lastly, it is necessary to note that this experiment
was conducted with the current level of hardware
Qonfiguration.‘As time goes by, CPU power, network
bandwidth, and Internet technologies Will bé enhanced at a
fast pace. Then thé result of this experiment may be very

different from the one today.
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'A.1l SCHEDULING

<B> M/M/1 Model Without Priority Scheduling

/********‘k****‘k‘k‘k*************************‘k*‘k***********************‘*********/

~/* Scheduling Simulation Log */
/* _ ‘ */
/* - Average talk length 80 seconds : */
/* - Request arrival density 0.01 request/second */
/* - Class length . 100,000 seconds */

/**************.***'***'*************‘****************‘***************************/

/*=—--[ Without Priority Scheduling Trial 1 ] ---—-—-———--————————-— - */

* kK ok ok ok [ sumary ]*************)\-***********************************************

NumTalk[ 0]: 32 ServiceT:2480 WaitingT: 9330 AveWaitingT: 291 ServiceTAve: 77
NumTalk[ 1]: 25 ServiceT:2200 WaitingT:11361 AveWaitingT: 454 ServiceTAve: 88
NumTalk[ 2]: 29 ServiceT:3130 WaitingT: 8398 AveWaitingT: 289 ServiceTAve: 107
NumTalk[ .3]: 39 ServiceT:2545 WaitingT:14354 AveWaitingT: 368 ServiceTAve: 65
NumTalk[ 4]: 33 ServiceT:2925 WaitingT:11275 AveWaitingT: 341 ServiceTAve: 88
NumTalk[ 5]: 28 ServiceT:2490 WaitingT: 9452 AveWaitingT: 337 ServiceTAve: 88
NumTalk[ 6]: 28 ServiceT:2560 WaitingT: 8880 AveWaitingT: 317 ServiceTAve: 91
NumTalk[ 7]: 37 ServiceT:3695 WaitingT:12056 AveWaitingT: 325 ServiceTAve: 99
NumTalk[ 8]: 43 ServiceT:3785 WaitingT:16143 AveWaitingT: 375 ServiceTAve: 88
" NumTalk[ 9]: 37 ServiceT:3270 WaitingT:15193 AveWaitingT: 410 ServiceTAve: 88
- NumTalk[10]: 27 ServiceT:2115 WaitingT:10923 AveWaitingT: 404 ServiceTAve: 78
NumTalk[11]: 30 ServiceT:2430 WaitingT:10546 AveWaitingT: 351 ServiceTAve: 81
NumTalk[12]: 32 ServiceT:3560 WaitingT: 7542 AveWaitingT: 235 ServiceTAve: 111
NumTalk([13]: 37 ServiceT:3400 WaitingT:12749 AveWaitingT: 344 ServiceTAve: 91
NumTalk[14]: 34 ServiceT:3575 WaitingT:10475 AveWaitingT: 308 ServiceTAve: 105
NumTalk[15]: 41 ServiceT:3150 WaitingT:14570 AveWaitingT: 355 ServiceTAve: 76
NumTalk[16]: 30 ServiceT:2365 WaitingT:10076 AveWaitingT: 335 ServiceTAve: - 78
NumTalk[17]: 25 ServiceT:1915 WaitingT: 6867 AveWaitingT: 274 ServiceTAve: 76
NumTalk[18]: 35 ServiceT:3000 WaitingT: 9196 AveWaitingT: 262 ServiceTAve: 85
NumTalk([19]: 38 ServiceT:2895 WaitingT:14778 AveWaitingT: 388 ServiceTAve: 76
NumTalk[20]: 37 ServiceT:2665 WaitingT:12858 AveWaitingT: 347 ServiceTAve: 72
NumTalk[21]: 34 ServiceT:2670 WaitingT:12149 AveWaitingT: 357 ServiceTAve: 78
NumTalk[22]: 35 ServiceT:2685 WaitingT:11114 AveWaitingT: 317 ServiceTAve: 76
NumTalk([23]: 28 ServiceT:2505 WaitingT:10978 AveWaitingT: 392 ServiceTAve: 89
NumTalk[24]: 35 ServiceT:2735 WaitingT:10727 AveWaitingT: 306 ServiceTAve: 78
NumTalk([25]: 33 ServiceT:2425 WaitingT:10411 AveWaitingT: 315 ServiceTAve: 73
NumTalk[26]: 32 ServiceT:3195 WaitingT:12750 AveWaitingT: 398 ServiceTAve: 99
NumTalk[27]: 33 ServiceT:2525 WaitingT:10378 AveWaitingT: 314 ServiceTAve: 76
NumTalk[28]: 29 ServiceT:2865 WaitingT:11525 AveWaitingT: 397 ServiceTAve: 98
NumTalk[29]: 37 ServiceT:3165 WaitingT:12591 AveWaitingT: 340 ServiceTAve: 85

< Total > NumTalk 993
: : AveNumTalk : 33
ServiceTime 184920
WaitingTime :339645
AveWaitingTime: 342
ServiceTimeAve: 2830

< Priority Level Information >

of Talk: 993 Talk Time: 84920 Waiting Time: 339645

Level: 1 #

Level: 2 # of Talk: 0 Talk Time: 0 Waiting Time: 0
Level: 3 # of Talk: 0 Talk Time: 0 Waiting Time: 0o -
Level: 4 # of Talk: 0 Talk Time: 0 Waiting Time: 0 .
Level: 5 # of Talk: 0 Talk Time: 0 Waiting Time: 0
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/****************************************************************************/

/*
/*
/*
/~k
/*
/*
/*

Scheduling Simulation Log

- Average talk length
- Request arrival density
- Class length

80 seconds
0.01 request/second
100,000 seconds

*/.
*/
*/
*/
*/
*/
*/

/**‘k‘*************************************************************************/

/*-—-——[ Without Priority- Scheduling Trial 2 ]

* Kk K ok kK [

NumTalk[
NumTalk[
NumTalk[
NumTalk[
NumTalk[
NumTalk[
NumTalk[
NumTalk [
NumTalk[
NumTalk[

0]:
11:
271:
3]:
41:
5]:
6]1:
7]:
8]:
9]:

NumTalk[10]:

NumTalk
NumTalk

[

[11]:
[12]:
l

NumTalk([13]:
NumTalk[14]:
NumTalk[15]:
NumTalk[16]:
NumTalk[17]:
NumTalk[18]:
NumTalk[19]:
NumTalk[20]:
NumTalk([21]:
NumTalk([22]:
NumTalk([23]:
NumTalk[24]:
NumTalk([25]:
NumTalk[26]:
NumTalk[27]:

NumTalk[28]:

NumTalk[29]:

Summary

]*************************************************************

ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:

< Total > NumTalk

AveNumTalk
ServiceTime
WaitingTime

AveWaitingTime:
ServiceTimeAve:

3135
2545
2800
2250
2850
2125
2280
2085
2070
2880
3225
3335
3220
2635
1950
2700
2735
1945
1645
2735
2070
2170
3850
2815
3250
2895
3330
2830
2320
2910

Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin

Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin

1016
: 33
: 79585
:328659
323
2652

< Priority Level Information >

Level: 1
Level: 2
Level: 3
Level: 4
Level: 5

== o S 3R 3

of
of
of
of
of

Talk:
Talk:
Talk:
Talk:
Talk:

10

16 Talk Time:

0 Talk Time:
0 Talk Time:
0 Talk Time:
0 Talk Time:

WaitingT:
WaitingT:

WaitingT:

10755
7299
8825

11368

11515
8356

10797
9479

13319

12382
8498

11677

10906

11716
9352

12006

gT:10268

gT:10108
gT:15216

gT: 9155

gT:10410

12398

11801

10701

10990

13191

14459
9028

11979

gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:

gT:
gT:
gT:
gT:
gT:
gT:
gT:

10705

AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:

79585 Waiting Time:

0 Waiting Time:
0 Waiting Time:
0 Waiting Time:
0 Waiting Time:
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345
298
197
353
392
329
2178
359
338
332
386
212
299
340
355
246
307
354
404
422
366
347
317
368
26l
305
321
390
282
307

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:

328659

0

0
0
0

101



/***************************************************************************‘*/

/*
/*
/*
/~k
/*
/*

*

Scheduling Simulation Log

- Average talk length
- Request arrival density
- Class length ‘

80 seconds

0.01 request/second

100,000 seconds

*/
*/
*/
*/
*/
*/

*

/*******************~k~k*******************************************************/

/*-=-—[ Without Priority Scheduling Trial 3]

* Kk %k k ok [ Sumary ]***********************************************‘**************

NumTalk([ 0]: 46 ServiceT:
NumTalk([ 1]: 32 ServiceT:
NumTalk[ 2]: 29 ServiceT:
NumTalk([ 3]: 28 ServiceT:
NumTalk([ 4]: 39 ServiceT:
NumTalk([ 5]: 30 ServiceT:
NumTalk[ 6]: 28 ServiceT:
NumTalk[ 7]: 34 ServiceT:
NumTalk[ 8]: 28 SerxrviceT:
NumTalk[ 9]: 21 ServiceT:
NumTalk([10]: 35 ServiceT:
NumTalk[1l1l]: 32 ServiceT:
NumTalk[12]: 33 ServiceT:
NumTalk[13]: 31 ServiceT:
NumTalk([14]: 32 ServiceT:
NumTalk([15]: 35 ServiceT:
NumTalk([16]: 29 ServiceT:
NumTalk([17]: 40 ServiceT:
NumTalk([18]: 31 ServiceT:
NumTalk([19]: 26 ServiceT:
NumTalk([20]: 33 ServiceT:
NumTalk([21]: 29 ServiceT:
NumTalk[22]: 24 ServiceT:
NumTalk[23]: 29 ServiceT:
NumTalk([24]: 31 ServiceT:
NumTalk[25]: 27 ServiceT:
NumTalk([26]: 37 ServiceT:
NumTalk[27]: 37 ServiceT:
NumTalk([28]: 42 ServiceT:
NumTalk([29]: 26 ServiceT:
< Total > NumTalk
: AveNumTalk
ServiceTime
WaitingTime
AveWaitingTime:
ServiceTimeAve:

4430
2175
2105
1550
2965
2635
1920
3605
1930
2360
3245
2255
2295
2590
2225
3745
2430
2710
2525
2120
2190
2670
2605
2310
2825
2010
3610
3555
3150
1900

WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:

12637
12250
8701
9730
11320
7840
10219
11164
8420
7275
10791
10691
10023
9852
8819
9309
9762
13981
11223
10653
10739
12745
6658
10265
9173
11342
11174
11484
13286
10307

AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:-
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:

954
: 31
178640
:311833
326
2621

< Priority Level Information >

Level: 1
Level: 2
Level: 3
Level: 4
Level: 5

s

of Talk:
of Talk:
of Talk:
of Talk:
of Talk:

95

4
0

0
0
0

Talk Time:
Talk Time:
Talk Time:
Talk Time:
Talk Time:

78640

[eNeoloNe]

61

Waiting Time:
Waiting Time:
Waiting Time:
Waiting Time:
Waiting Time:

274
382
300
347
290
261
364
328
300
346
308
334
303
317
275
265
336
349
362
409
325
439
2717
353
295
420
302
310
316
396

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:

311833

0

0
0
0

96
67
72
55
76
87
68
106
68
112
92



/****************************************************************************/

/*
/*
. /%
/*
/*
/*
/*

- Average talk length
- Request arrival density
- Class length

Scheduling Simulation Log |

80 seconds

0.01 request/second

100,000 seconds

*/
*/
*/
*/
*/
*/
*/

/*****************************************k***********************************/

./*=-—-[ Without Priority Scheduling Trial 4]

Fkkkxok [ Summary

NumTalk([ 0]: 24 ServiceT:
NumTalk[ 1]: 39 ServiceT:
NumTalk([ 2]: 41 ServiceT:
NumTalk[ 3]1: 25 ServiceT:
NumTalk([ 4]: 33 ServiceT:
NumTalk[ 5]: 33 ServiceT:
NumTalk[ 6]: 40 ServiceT:
NumTalk([ 7]1: 26 ServiceT:
NumTalk[ 8]: 35 ServiceT:
NumTalk[ 9]: 31 ServiceT:
NumTalk([10]: 24 ServiceT:
NumTalk([11l]: 26 ServiceT:
NumTalk[12]: 29 ServiceT:
NumTalk[13]: 42 ServiceT:
NumTalk([14]: 36 ServiceT:
NumTalk[15]: 22 ServiceTr
NumTalk[16]: 36 ServiceT:
NumTalk([17]: 33 ServiceT:
NumTalk([18]: 37 ServiceT:
NumTalk[19]: 29 ServiceT:
NumTalk([20]: 36 ServiceT:
NumTalk[21]: 32 ServiceT:
NumTalk([22]: 31 ServiceT:
NumTalk[23]: 43 ServiceT:
NumTalk([24]: 40 ServiceT:
NumTalk[25]: 32 ServiceT:
NumTalk[26]: 31 ServiceT:
NumTalk([27]: 37 ServiceT:
NumTalk[28]: 24 ServiceT:
NumTalk[29]: 34 ServiceT:
< Total > NumTalk
AveNumTalk
ServiceTime
WaitingTime
AveWaitingTime:

ServiceTimeAve:

]*************************************************************

WaitingT:

< Priority Level Information > .

Level: 1
Level: 2
Level: 3
Level: 4
Level: 5

= e W Sk Sk

of
of
of
of
of

Talk:
Talk:
Talk:
Talk:
Talk:

98

1
0

1765 7618 AveWaitingT:
2970 WaitingT:11132 AveWaitingT:
4010 WaitingT:10098 AveWaitingT:
1490 WaitingT: 8502 AveWaitingT:
2685 WaitingT:10104 AveWaitingT:
2360 WaitingT: 9694 AveWaitingT:
3090 WaitingT:11009 AveWaitingT:
2300 WaitingT: 8375 AveWaitingT:
3250 WaitingT: 9750 AveWaitingT:
2765 WaitingT: 9710 AveWaitingT:
1920 WaitingT: 8738 AveWaitingT:
1780 WaitingT: 7381 AveWaitingT:
2075 WaitingT:10646 AveWaitingT:
3275 WaitingT:13741 AveWaitingT:
3870 WaitingT: 9656 AveWaitingT:
1435 WaitingT: 8221 AveWaitingT:
2870 WaitingT: 9230 AveWaitingT:
2310 WaitingT: 9217 AveWaitingT:
2010 WaitingT: 8346 AveWaitingT:
2655 WaitingT: 6765 AveWaitingT:
2175 WaitingT:10454 AveWaitingT:
2950 WaitingT: 9715 AveWaitingT:
3350 WaitingT:11500 AveWaitingT:
3165 WaitingT:11402 AveWaitingT:
3180 WaitingT:14420 AveWaitingT:
2250 WaitingT:10395 AveWaitingT:
2890 WaitingT: 7114 AveWaitingT:
2365 WaitingT:10238 AveWaitingT:
2750 WaitingT: 9869 AveWaitingT:
2680 WaitingT:10051 AveWaitingT:
981
: 32
178640
:293091
298
2621
Talk Time: 78640 Waiting Time:
Talk Time: 0 Waiting Time:
Talk Time:. 0 Waiting Time:
Talk Time: 0 Waiting Time:
Talk Time: 0 Waiting Time:

0
0
0

62

317
285
246
340
306
293
275
322
2178
313
364
283
367
327
268
373
256
279
225
233
290
303
370
265
360
324
229
276
411
295

29309
0

0
0
0

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve: .

1

73
76
97
59
81
71
77
88
92
89
80
68
71
77
107
65
79
70



/‘k************************,******************************************’k*‘k******/

/*
/*
/*
/*
Vad
/*
/*

Scheduling Simulation Log

- Average talk length
- Request arrival density
- Class length

80 seconds
0.01 request/second
100,000 seconds

*/
*/
*/
*/
*/
*/
*/

/*****A‘f*jk**‘k*********************‘k*‘*******************************************/

/*-——=[ Without Priority Scheduling Trial 5]

kHKkkAE [ Summary

NumTalk[
NumTalk[
NumTalk [
NumTalk|[
NumTalk [
NumTalk|[
NumTalk[
‘NumTalk(
NumTalk[
NumTalk[

NumTalk[16
NumTalk([17

NumTalk[19
NumTalk[20

1
]
NumTalk[18]:
]
]

NumTalk[21]:
NumTalk[22]:
NumTalk[23]:
NumTalk[24]:
NumTalk([25]:
NumTalk[26]:
NumTalk[27]:
NumTalk[28]:
NumTalk[29]:

01:
1]1:
2]:
3]:
47:
57]:
6]:
77:
8]:
9]:
NumTalk[10]:
NumTalk([11l]:
NumTalk([12]:
NumTalk[13]:
NumTalk([14]:
NumTalk[15]:

34

]*************************************************************

ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
‘ServiceT:
ServiceT:

< Total > NumTalk

AveNumTalk
ServiceTime
WaitingTime

AveWaitingTime:

2460
2445
2705
3265
2035
2440
2145
3095
2600
3530
2665
3255
2830
2625
3075
3835
3520
2940
2020
2715
1675
3905
2345
2195
3315
2265
2220
2390
2895
1625

Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin
Waitin

1023
34
181030
1359094
351

ServiceTimeAve: 2701

< Priority Level Information >

Level: 1
Level: 2
Level: 3
Level: 4
Level: 5

of
of
of
of
of

S e e e e

Talk:
Talk:
Talk:
Talk:
Talk:

10

23 Talk Time:

0 Talk Time:
0 Talk Time:
0 Talk Time:
0 Talk Time:

WaitingT:
WaitingT:
WaitingT:
WaitingT:

12833
13742
13045
13582
10382
11921
12116
11989
12572

9959
13028
14103
11342
15559
13225
13621
10126
13901
10514
10740
12798
13210
12679

8662
12278
11776

8692
10547

9835
10317

gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:
gT:

‘AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWailtingT:
AveWaitingT:
AveWaitingT:

0 Waiting Time:
0 Waiting Time:
0 Waiting Time:
0 Waiting Time:

63

3717
392
352
339
415
331
367
307
433
292
352
371
354
409
367
332
253
386
309
370
387
366
422
240
341
379
321
351
327
332

0

0
0
0

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:

81030 Waiting Time: 359094

72
69
73
81



<C> M/M/1 Model With Priority Scheduling

/****************************************************************************/

/*
/*
/*
/*
/*

/*=—-—[ With Priority Scheduling Trial 1]

Scheduling Simulation Log

- Average talk length
- Request arrival density
--Class length

80 seconds

0.01 request/second

100,000 seconds

/*.***************************************************************************/

*/
*/
*/
*/
*/

* % ok Kk kK [ Summary ]***’**********************************************************

-> Prioirty based on Average Waiting

NumTalk[ 0]: 28 ServiceT:
NumTalk([ 1]: 35 ServiceT:
NumTalk([ 2]: 34 ServiceT:
NumTalk([ 3]: 24 ServiceT:
NumTalk[ 4]: 33 ServiceT:
NumTalk([ 5]: 26 ServiceT:
NumTalk[ 6]: 30 ServiceT:
NumTalk[ 7]: 32 ServiceT:
NumTalk[ 8]: 31 ServiceT:
NumTalk[ 9]: 32 ServiceT:
NumTalk([10]: 34 ServiceT:
NumTalk([11l]: 32 ServiceT:
NumTalk([12]: 27 ServiceT:
NumTalk[13]: 38 ServiceT:
NumTalk([14]: 32 ServiceT:
NumTalk[15]: 25 ServiceT:
NumTalk[1l6]: 41 ServiceT:
NumTalk[17]: 32 ServiceT:
NumTalk[18]: 28 ServiceT:
NumTalk([19]: 29 ServiceT:
NumTalk([20]: 36 ServiceT:
NumTalk[21]: 42 ServiceT:
NumTalk([22]: 34 ServiceT:
NumTalk[23]: 33 ServiceT:
NumTalk[24]: 31 ServiceT:
NumTalk[25]: 36 ServiceT:
NumTalk[26]: 38 ServiceT:
NumTalk[27]: 33 ServiceT:
NumTalk[28]: 46 ServiceT:
NumTalk[29]: 37 ServiceT:
< Total > NumTalk
AveNumTalk
ServiceTime
WaitingTime
AveWaitingTime:

2400
2830
2605
2080
2970
2025
2345
3060
2725
2760
2750
2110
2490
3535
2425
2260
4115
2445
1305
1795
2130
3645
2780
1840
2210
2555
2825
3115
4135
3310

98
: 3
: 7957
:3132
31

WaitingT:
WaitingT:

WaitingT

WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:

9
2
5
52
6

ServiceTimeAve: 2652

< Priority Level Information >

Level: 1
Level: 2
Level: 3
Level: 4
Level: 5

= 3k 3= 3 3k

of
of
of
of
of

Talk: 52
Talk: 53
Talk: 799
Talk: 58
Talk: 27

Talk
Talk
Talk
Talk
Talk

Time:
Time:
Time: 6
Time:
Time:

Time with Level 5

10053
9994
21111
8893
11689
8702
10324
9756
10466
12103
13118
9591
9135
10861
11202
9671
12270
9660
9998
7771
10171
11197
9388
10035
10303
9142
11982
10711
13402
10545

4915
4215
3390
5180
1875

64

Waiting
Waiting
Waiting
Waiting
Waiting

AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:

Time:
Time:
Time:
Time:
Time:

359
285
327
370
354
334
344
304
337
378
385
299
338
285
350
386
299
301
357
267
282
266
276
304
332
253
315
324
291
285

3492
3815

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:

207530

57935
40480



/******************‘**********************************************************/

/*
VAd
/*
/*
/*
/*
/%

Scheduling Simulation Log

- Average talk length
- Request arrival density
- Class length

80 seconds

0.01 request/second

100,000 seconds

*/
*/
*/
*/
*/
*/
*/

/************************************************k***************************/

/*-——~[ With Priority Scheduling Trial 2]

******[ Sumary ]**‘k*‘k**‘**********_********************************************

-> Prioirty based on Average Waiting

NumTalk [
NumTalk [
NumTalk[
NumTalk[
NumTalk|[
NumTalk[
NumTalk[
NumTalk[
NumTalk [
NumTalk [

0]:
17:
2]
3]:
47
5]:
6]:
7]:
8]:
9]:

NumTalk[10]:
NumTalk[11]:
NumTalk([12]:
NumTalk[13]:

NumTalk[
NumTalk [

14]:
15]:

NumTalk[16]:
NumTalk([17]:
NumTalk[18]:
NumTalk([19]:
NumTalk([20]:
NumTalk([21]:
NumTalk[22]:
NumTalk[23]:
NumTalk[24]:
NumTalk[25]:
NumTalk[26]:
NumTalk[27]:
NumTalk([28]:
NumTalk[29]:

ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:

~ServiceT:

ServiceT:

< Total > NumTalk

AveNumTalk
ServiceTime
WaitingTime

AveWaitingTime:
ServiceTimeAve:

3270
3605
1925
3710
3535
1715
2685
1850
2215

: 3855

1395
3750
3045
3270
3450
1395
2000
2075
2840
3360
2990
1580
2535
3135
3390
2145
3295
1275
2715
2800

99
: 3
: 8080
:3091
30
269

WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:

8
3
5
83 -
9
3

< Priority Level. Information >

Level: 1
Level: 2
Level: 3
Level: 4
Level: 5

B

of
of
of
of
of

Talk: 69
Talk: 67
Talk: 759
Talk: 55
Talk: 48

Talk
Talk
Talk
Talk
Talk

Time:
Time:
Time: 5
Time:
Time:

Time with Level 5

10111
12768
8782
12295
10918
8524
9222
9920
10072
12268
6542
9825
12086
11048
11491
6946

10579
11223
12227
13214
9828
11282
10121
13098
11013
9513
6055
10864
8341

6895
6130
8960
5170
3650

65

9007

Waiting
Waiting
Waiting
Waiting
Waiting

AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWailtingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWailtingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:

Time:
Time:
Time:
Time:
Time:

280
319
243
341
295
340
279
291
335
272
297
258
335
256
287
365
290
341
330
349
400
307
331
326
451
314
306
252
285
278

4060
5507

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:

201760

50272
47584



/***********'*********‘********************************************‘k***********/

/*
/*
/*
/~k
/*
/*
/*

Scheduling Simulation Log

- Average talk length
- Request arrival density
- Class length

- 80 seconds

0.01 request/second

100,000 seconds

*/
*/
*/
*/
*/
*/
*/

/****************************************************************************/

/*--—-=[ With Priority Scheduling Trial 3]

* Kk k ok ok Kk [ Smnmary ]***************ﬁ*********************************************

-> Prioirty based on Average Waiting Time with Level 5

NumTalk [
NumTalk][
NumTalk[
NumTalk[
NumTalk[
NumTalk [
NumTalk[
NumTalk ([
NumTalk[
NumTalk[

0]:
17:
2]:
37:
47 :
5]:
6]:
7]:
8]:
9]:

NumTalk([10]:
NumTalk[11]:
NumTalk[12]:
NumTalk[13]:
NumTalk([14]:
NumTalk[15]:
NumTalk[16]:
NumTalk[17]:
NumTalk[18]:
NumTalk([19]:
NumTalk([20]:
NumTalk([21]:
NumTalk[22]:
NumTalk[23]:
NumTalk[24]:
NumTalk[25]:
NumTalk([26]:
NumTalk([27]:
NumTalk[28]:
NumTalk[29]:

ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT
ServiceT
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:

ServiceT:

ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:

< Total > NumTalk

AveNumTalk
ServiceTime

WaitingTime

AveWaitingTime:
ServiceTimeAve:

3540
4045
2760
2370

:1925
12480

2875
2405
1885
1700
3450
1985
2170

12625

2380
2590
3175
3325
1885
2455
2560
3520
2700
2730
2360
2185
3675
2820
2260
2965

98
3

279800

:3391
34
266

WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:

2
2

97
5
0

< Priority Level Ihformation >

Level: 1
Level: 2
Level: 3
Level: 4
Level: 5

e e e e

of
of
of
of
of

Talk: 62
Talk: 40
Talk: 763
Talk: 69

48

Talk:

Talk
Talk
Talk
Talk
Talk

Time:
Time:
Time: ©
Time:
Time:

- 5465

13862
14747
11079
10258
10603
12291
11874
12200
10228

8981
12641

9211
10922

9789
10550
11994
12623
13225
10634
10101
11042
11571

9939
11800
10946

9745
13587
10898
11568
10288

4350
3365
3695

2925

66

Waiting
Waiting
Waiting
Waiting
Waiting

AveWaitingT:
AveWailtingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:

Time:
Time:
Time:
Time:
Time:

322
409
325
366
365
299
359
369
319
345
332
307
321
315
376
342
382
348
393
325

334

350
310
327
342
360
348
351
385
354

3661
2240

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
.ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:

196563

65366
71367



/************************************************************************‘k‘k**/

/*

/* Scheduling Simulation Log

/*

/* - Average talk length 80 seconds

/* - Request arrival density 0.01 request/second
/* - Class length 100,000 seconds

/*

*/
*/
*/
*/
*/
</
*/

/**************‘**************************************************************/

/*————[ With Priority Scheduling Trial 4]

******[ Summary ]*************************************************************

-> Prioirty based on Average Waiting Time with Level 5

NumTalk[ O]:
NumTalk[ 1]:
NumTalk[ 2]:
NumTalk[ 3]:
NumTalk([ 4]:
NumTalk[ 5]:
NumTalk[ 6]:
NumTalk({ 71]:
- NumTalk[ 8]:
NumTalk([ 9]:

NumTalk[10]: 28 ServiceT:2415 WaitingT: 9770 AveWaitingT: 348 ServiceTAve:
NumTalk[11l]: 30 ServiceT:2330 WaitingT: 8461 AveWaitingT: 282 ServiceTAve:
NumTalk[12]: 31 ServiceT:2395 WaitingT: 9894 AveWaitingT: 319 ServiceTAve:
NumTalk[13]: 37 ServiceT:3390 WaitingT:11747 AveWaitingT: 317 ServiceTAve:
NumTalk[14]: 28 ServiceT:1615 WaitingT: 7877 AveWaitingT: 281 ServiceTAve:
NumTalk[15]: 31 ServiceT:2120 WaitingT: 7833 AveWaitingT: 252 ServiceTAve:
" NumTalk([16]: 38 ServiceT:3335 WaitingT:13208 AveWaitingT: 347 ServiceTAve:
NumTalk[17]: 33 ServiceT:2210 WaitingT:10354 AveWaitingT: 313 ServiceTAve:
NumTalk([18]: 41 ServiceT:4570 WaitingT:11260 AveWaitingT: 274 ServiceTAve:
NumTalk[19]: 25 ServiceT:2395 WaitingT: 8924 AveWaitingT: 356 ServiceTAve:
NumTalk[20]: 36 ServiceT:2580 WaitingT:12469 AveWaitingT: 346 ServiceTAve:
NumTalk[21]: 28 ServiceT:2050 WaitingT: 9632 AveWaitingT: 344 ServiceTAve:
NumTalk[22]: 30 ServiceT:2275 WaitingT:10981 AveWaitingT: 366 ServiceTAve:
NumTalk[23]: 31 ServiceT:2620 WaitingT:10941 AveWaitingT: 352 ServiceTAve:
NumTalk([24]: 31 ServiceT:2215 WaitingT: 8416 AveWaitingT: 271 ServiceTAve:
NumTalk[25]: 34 ServiceT:2020 WaitingT:11142 AveWaitingT: 327 ServiceTAve:
NumTalk[26]: 27 ServiceT:2755 WaitingT: 8728 AveWaitingT: 323 ServiceTAve:
NumTalk[27]: 39 ServiceT:4260 WaitingT:11591 AveWaitingT: 297 ServiceTAve:
NumTalk[28]: 31 ServiceT:2480 WaitingT:11063 AveWaitingT: 356 ServiceTAve:
NumTalk[29]: 39 ServiceT:3585 WaitingT:10302 AveWaitingT: 264 ServiceTAve:
< Total > NumTalk 1 976
} AveNumTalk : 32
ServiceTime :77930

WaitingTime :309187
AveWaitingTime: 316
ServiceTimeAve: 2597

< Priority Level Information >

Level: 1
Level: 2
Level: .3
‘Level: 4
Level: 5

QTR

of Talk: 85 Talk Time: 6685 Waiting Time: 5612
of Talk: 67 Talk Time: 5315 Waiting Time: 6423
of Talk: 671 Talk Time: 54195 Waiting Time: 148030
of Talk: 77 Talk Time: 6065 Waiting Time: 68848
of Talk: 76 Talk Time: 5670 Waiting Time: 80274

67

28 ServiceT:2175 WaitingT: 9486 AveWaitingT: 338 ServiceTAve:
30 ServiceT:2205 WaitingT: 9220 AveWaitingT: 307 ServiceTAve:
29 ServiceT:2435 WaitingT: 9648 AveWaitingT: 332 ServiceTAve:
34 ServiceT:2110 WaitingT:11545 AveWaitingT: 339 ServiceTAve:
36 ServiceT:2375 WaitingT:13270 AveWaitingT: 368 ServiceTAve:
37 ServiceT:2810 WaitingT:12480 AveWaitingT: 337 ServiceTAve:
35 ServiceT:2765 WaitingT:11745 AveWaitingT: 335 ServiceTAve:
35 ServiceT:2780 WaitingT: 8899 AveWaitingT: 254 ServiceTAve:
30 ServiceT:2010 WaitingT: 7838 AveWaitingT: 261 ServiceTAve:
34 ServiceT:2650 WaitingT:10463 AveWaitingT: 307 ServiceTAve:



/****************************************************************************/

/*
/*
/*
/*
/*
/*
/*

/*-—--[ With Priority Scheduling Trial 5]

Scheduling Simulation Log

—.Average talk length
- Request arrival density
. — Class length

80 seconds

0.01 request/second

100,000 seconds

/*********_************************************************************k******/

*x/)
*/
*/
*/
*/
*/
*/

******[ Sumary ]*************************************************************

" => Prioirty based on Average Waiting Time with Level 5

NumTalk[
NumTalk |
NumTalk|[
NumTalk [
NumTalk[
NumTalk[
NumTalk[
NumTalk[
NumTalk[
NumTalk][

01:
11:
27:
3]:
47
57:
6]:
71 :
8]:
9]:

NumTalk([10]:

NumTalk[1l1

]:
NumTalk([12]:
1

NumTalk([13

NumTalk[14]:
NumTalk[15]:
NumTalk[16]:
NumTalk[17]:
NumTalk([18]:
NumTalk[19]:
NumTalk[20]:
NumTalk[21]:
NumTalk[22]:
NumTalk[23]:
NumTalk[24]:
NumTalk[25]:
NumTalk[26]:
NumTalk([27]:
NumTalk[28]:
NumTalk[29]:

< Total >

40

40
42

ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:
ServiceT:

NumTalk

AveNumTalk

ServiceTime
WaitingTime
AveWaitingTime:

18080

2330
3040
2730
3015
2285
2760
3525
2685
2910
3155
2995
2040
2135
2770
2690
2825
1745
2195
4225
2495
2060
1930
2805
2110
2240
2185
3540
3780
2540
3060

103
3

13669
35

WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:
WaitingT:

9
4
0
65
3

ServiceTimeAve: 2693

< Priority Level Information >

Level: 1
Level: 2
Level: 3.
Level: 4
Level: 5

H= o 3 3 3R

-of

of
of
of
of

Talk: 76
Talk: 56
Talk: 805
Talk: 58
Talk: 44

Talk
Talk
Talk
Talk
Talk

16746
15440
13042
14899
15415
10264
11343
12476
13258
11415
9624
10557
9243
9545
12647
12546
7606
10933
14077
10105
10138
10494
10761
11536
11392
10428
17232
16654
12974
14175

AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:
AveWaitingT:

Time: 6575 Waiting Time:
Time: 3480 Waiting Time:
Time: 62735 Waiting Time:
Time: 3835 Waiting Time:
Time: 4175 Waiting Time:

68

418
386
310
382
405
410
306
378
414
380
291
310
318
329
371
330
330
321
343
336
375
388
298
349
356
347
382
346
308
373

-6165
4842

ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve: "
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:
ServiceTAve:

242382

45219
68357

58
76
65
77
60
110
95
81
90
105
90
60
73
95
79
74



A.2

CACHING

/******************************************************/
Caching simulation log 1

/*
/*
/*
/*
/*

<indigo>$ server

Enter port number: 5500

msg:
msg:

Total

Total cache miss:

Total

4 Miss
6 Miss

cache hit

hit ratio

Simulation is done!

<indigo>$

-—[ Client

<PC486>$ client

Miss
start:
end
durat:

*/
*/
- Transmission data size 2.5k */
- Direct dialup to CSUSB CSCI gateway */
*/
/******************************************************/
10g Jmmm—m e e */
0
2
0%
10g] —m=mmmmmm e /)
363017
162083

Hit
start:
end
durat:

Hit
start:
end
durat:

Hit
start:
end
durat:

Hit
start:
end
durat:

Hit
start:
end
durat:

857332363.
857332365.

1799066 micro

857332365.
857332365.

120 micro

857332365.
857332365.

112 micro

857332365.
857332365.

111 micro

857332365.
857332365.

113 micro

857332365.
857332365.

113_micro

162336
162456

162646
162758

162946
163057

163243
163356

163544
163657

/* transmission time */
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Miss

start:

end

durat:

Hit

start:

end

durat:

Hit

start:

end

durat:

Hit

start:

end

durat:

Hit

start:

end

durat:

Hit

start:

end

Total
Total
Total

857332365.
857332366.

163843
962108

1798265 micro

857332366.
857332366.

123 micro

857332366.
857332366.

115 micro

857332366.
857332366.

115 micro

857332366.
857332366.

114 micro

857332366.
: 857332366.
durat:

725 micro

cache hit :
cache miss:

hit ratio

962359
962482

962670
962785

962972
963087

963273
963387

963574
964299

10
2
83%

Simulation is done!

<PC486>$
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/*********i‘c********************************************/

/* Caching simulation sample log 2 */
/* ‘ */
/* . - Transmission data size 2.5k */
/* - Direct dialup to CSUSB CSCI gateway */
/* */

/*****k**‘**k*********************************************/
[*=————= [ Server log J==—===——===————— */
<indigo>$ server

Enter port number: 5500

msg: 1 Miss
msg: 2 Miss
msg: 3 Miss
msg: 4 Miss
msg: -5 Miss
msg: 6 Miss
msg: 1 Hit
msg: 2 Hit
msg: 3 Hit.
msg: 4 Hit
msg: 5 Hit
- msg: 6 Hit
msg: 1 Hit
msg: 2 Hit
msg: 3 Hit

Total cache hit : 9
Total cache miss: 6
Total hit ratio : 60%
Simulation is done!

<indigo>$

[F = [ Client iog] ————————————————————————————————— */
<PC486>§ client

Miss

start: 857332557.336333
end : 857332559.185560
durat: 1849227 micro

Miss

start: 857332559.185865
end : 857332560.985494
durat: 1799629 micro

" Miss

start: 857332560.985735
end : 857332562.795352
durat: 1809617 micro

Miss )

start: 857332562.795594
end : 857332564.670039
durat: 1874445 micro
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Miss

start:

end

durat:

Miss
Cache

start:

end

durat:

Miss
Cache

start:

end

durat:

Miss
Cache

start:

end

durat:

Miss
Cache

start:

end

durat:

Miss
Cache

start:

end

durat:

Miss
Cache

start:

end

durat:

Miss
Cache

start:

end

durat:

Miss
Cache

start:

end

‘ durat:

Miss
Cache

start:

end

durat:

857332564.670280
857332566.505476
1835196 micro

replace at O
857332566.505717
857332568.305492
1799775 micro

replace at 1
857332568.305730
857332570.119069
1813339 micro

replace at 2
857332570.119309
857332571.990779
1871470 micro

replace at 3
857332571.991023
857332573.825911
1834888 micro

replace at 4

857332573.826155

857332575.700022
1873867 micro

replace at 0O
857332575.700899

857332577.600249 .

1899350 micro

replace at 1
857332577.600489
857332579.449255
1848766 micro

replace at 2
857332579.449496
857332581.320320
1870824 micro

replace at 3
857332581.320564
857332583.169314
1848750 micro

12



Miss

Cache replace at 4
start: 857332583.169554
end : 857332585.19947
durat: 1850393 micro

Total cache hit : O
Total cache miss: 15
Total hit ratio : 0%

Simulation is done!

<PC486>$
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APPENDIX B: SOURCE CODE
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B.1 The Educational Interactive System
The source code is located under

/u/class/tongyu/thesis/kaoru on orion. Notes are written in

README file in the directory.
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' B.2 Scheduling Simulation Program

b/“"'—--‘———r[_v.attv. O y __;'____,__.;_f;‘___.‘__‘;;;____;‘f-;_;;_______.__'._.‘___3._-;‘-__.._*‘/v
#include "define.h"

class Atteﬁd '
{,
- private: ’ :
int NumTalk[NumOfStudents],-
. int- Serv1ceT1me[NumOfStudents],
~int 1Waltlnngme[NumOfStudents],_,
. int ,Prlorlty[NumOfStudents], o

.iﬁt‘ LevelWaltlnngme[Sl,
int LevelTalkTime[5]; - -
int = LevelNumOfTalk[5]; "

int AVeSérviceTlme[NumOfStudentsI,"
int AveWaltlnngme[NumOfStudents],

int TotalNumTalk;
int . TotalServiceTime;
int TotalWaltlnngme,"

int AveTotalemTalk;
int. AveTotalServiceTime; -
int - AveTotalWaitingTime; -

public:
Attend () { L

TotalNumTalk—O,

;TotalServ1ceT1me—0;.
TotalWaitingTime=0; -
‘AveTotalNumTalk=0;
‘AveTotalServiceTime=0;
AveTotalWaltlnngme—O,

for(lnt 'i=0; 1<NumOfStudents, i+¥) {

- NumTalk(i] . .. =0; -
‘ServiceTime[i] . =0;
WaitingTime[i] " =0;

~ AveServiceTime[i]=0; .
- AveWaitingTime[i]=07"

Yoo

, ~Attend() {}, ‘ ‘ L
~int -CheckPrlorlty(lnt Sld) { return(Prlorlty[Sld] Yo oo
int ' IncrementNumTalk (int Sid); R
int.. * AddServiceTime(int:Sid, int TT;me),
- int  AddWaitingTime (int Sld, int TTime);
"~ woid CalcAverage (void); o :
‘void CalcTotalAverage(v01d)
int " CalcPriority(int Sid, int Level);
int  SetPriority(int Sid, 'int Pri). {. return(Prlorlty[Sld] = Prl) },
void ~AddLevelTime (int -Prio,  int Wt, 1nt Tt) o
void: PrtLevelTotal (void); Sl v

© void vInitPripfity(intlLeVélijv
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void PrtAttendee (int Type);
bioo

#include <math.h>
#include <time.h>
#include "queue.h"

class Random
{
private:
double Interval;
double ArrivalRate;
double PO;
. double P1;
double P2;
double E;
double tmp;

int Count;
int random;

fstream OutStream;

public:
Random() { :
const  char RequestFile[] = "input.dat";
const char ErrorMsg[] = " Unable to open file: ";

srand48( (unsigned) time (NULL) );
srand( (unsigned) time (NULL) );

E = 2.71828;
Count = 0;

Interval = 1.0;

ArrivalRate = 0.01;

tmp = ArrivalRate * Interval;
PO = pow(E, - (tmp));

Pl tmp * POj;

P2 1.0 - PO;

OutStream.opén(RéquestFile, ios::out);
if (OutStream.fail())

{ .
cerr << ErrorMsg << RequestFile << endl<<endl;
exit (-1);

}

~Random () {
OutStream.close();
}i

int CheckRegArrival (void) ;

int GetUid (void) ;- .
Rdata *SetRegData (int Id, int Ts);
int NumOfEvents (void) ;

}i
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#include "define.h"
#include "data.h"

class Node {
public:
Rdata *Ptr;
Node *Next;

Node (Rdata *P) {
Ptr=P;
Next = NULL;

}i

class RegQ
{
private:
Node *Head[NumOfPriority]:
‘Node *Tail[NumOfPriorityl]:
int TotalItem;

public:
ReqQ () {
for(int i; i<NumOfPriority; i++) {
Head[i] = NULL;
Tail[i] = NULL;
}
TotalItem = O;
}

int Append (int Prio, Rdata *P);
int IsEmpty (void) ;

Node *Pickup( int *Pri );

int Lookup (int Id);

#include <stdlib.h>
#include <stdio.h>
#include <iostream.h>
#include "rand.h"
#include "att.h"

main( int argc, char** argv )

{

int ClassLength;
int PrioLevel;

int Etype:;

int Uid;

int Priority = 0;
int Priority2 = 0;

Rdata *Rptr;
Node *Nptr;

int TimeStamp = 0;
int TalkTime;
int EndTime;
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“int | ArrivalTime;
int WaitingTime; .
int - CurrentSpeaker = -1;

Attend Student;
ReqQ  Q;
Random Rand;

~if(argc = 3 )

fprintf(stderr, "Usage: $s class_length prio_level\n", *argv);

exit(1l);
} o
CiassLength = atoi(argv[l]);
PrioLevel .= atoi(argv[2]);

Student.InitPriority(PrioLevel);

while (1)

{ . , ‘

if( (ClassLength*1.2) <= TimeStamp )
break; .

if(.CléssLength >= Timestamp )
{ .
Etype = Rand.CheckRegArrival ();

if ( Etype == ) o
Uid = Rand.GetUid();
if ( (CurrentSpeaker != Uid) && (!Q.Lookup( Uid )) )
- break; . )
} while(1l);

if (PrioLevel > 1) { i ' .
Priority = Student.CalcPriority(Uid, PrioLevel);
//cout << "Uid: " << Uid << " " << Priority << endl;

}

Rptr = Rand.SetReqgData (Uid, TimeStamp);
Q.Append( Priority, Rptr):;
} -
else if( Etype == ) |
do {
' Uid = Rand.GetUid():; v o ,
if( (CurrentSpeaker != Uid) && (!Q.Lookup( Uid )) )
) break; . o )
} while(1);

if (PrioLevel > 1) {
Priority = Student.CalcPriority(Uid, PrioLevel);
} ) . : ' i

Rptr = Rand.SetRquata(Uid, Timestamp);
Q.Append( Priority, Rptr);

do { .

Uid = Rand.GetUid<(); : ’

if( (CurrentSpeaker != Uid) && (!Q.Lookup( Uid )) )
break; ‘ : S o

} while(1);
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if (PrioLevel > 1) { ' .
Priority = Student.CalcPriority(Uid, PrioLevel);
} . . , '

Rptr = Rand.SetRquata(Uid,‘TiméStamp);
Q.Append (. Priority, Rptr);

}

if( EndTime == TimeStamp )

{
CurrentSpeaker = -1;
}
if ( CurrentSpeaker == -1 && !Q.IsEmpty() )

{
Nptr = Q.Pickup( &Priority2 );

CurrentSpeaker = Nptr->Ptr->Id;
ArrivalTime = Nptr->Ptr->Ts;

WaitingTime = 0;

if( ArrivalTime < TimeStamp )
{

: WaitingTime = TimeStamp - ArrivalTime;
Student.AddWaitingTime (CurrentSpeaker, WaitingTime) ;
}

Student.IncrementNumTalk (CurrentSpeaker) ;
TalkTime = Nptr->Ptr->Tt;

Student.AddLevelTime (Priority2, WaitingTime, TalkTime) ;
Student.AddServiceTime (CurrentSpeaker, TalkTime) ;

Student.CalcAverage() ;
Student.CalcTotalAverage () ;

EndTime = TimeStamp + TalkTime;
}
TimeStamp++;
}
cout << "# " << Rand.NumOfEvents() << endl;
Student.PrtAttendee (PriolLevel) ;
Student.PrtLevelTotal () ;

#include <stdio.h>
#include <iostream.h>
#include "att.h"

int Attend::IncrementNumTalk(int Sid)
{

TotalNumTalk++;

return (++NumTalk[Sid]) ;

int Attend::AddServiceTime (int Sid, int TTime)
{

ServiceTime[Sid] = ServiceTime[Sid] + TTime;
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int

TotalServiceTime = TotalServiceTime + TTime;
return(ServiceTime[Sid]);

Attend: :AddWaitingTime(int Sid,int TTime)

WaitingTime [Sid] WaitingTime [Sid] + TTime;
TotalWaitingTime = TotalWaitingTime + TTime;
return (WaitingTime [Sid]);

void Attend::PrtAttendee(int,Level)

{

}

cout << "\n******[ 'SuInmary ']**************************";
cout << "***********************************\n";

if (Level == 1)
{ .
cout << endl << " - ->'No Priority" <<endl<<endl;
} ,
else
{ : .
printf("\n => Prioirty based on Average

Waiting Time with Level %d\n\n", Level);
}

for(int i=0; i<NumOfStudents; i++) {
printf ("NumTalk[%$2d]:%3d", i, NumTalk[i]):
printf (" ServiceT:%4d", ServiceTime[i]);
printf (" WaitingT:%5d", WaitingTime([i]);
printf (" AveWaitingT:%4d", AveWaitingTime[i]):
printf (" ServiceTAve:%4d\n", AveServiceTime([i]);
} .
printf ("\n < Total >");

printf (" NumTalk :%$5d\n", TotalNumTalk);

printf (" AveNumTalk :%$5d\n", AveTotalNumTalk);
printf (" ServiceTime :%$5d\n", TotalServiceTime) ;
printf (" . WaitingTime :%5d\n", TotalWaitingTime);
printf (" AveWaitingTime:%$5d\n", AveTotalWaitingTime) ;
printf (" ServiceTimeAve:%5d\n", AveTotalServiceTime) ;

cout << endl;

void Attend::CalcAverage (void)

{

{

for(int i=0; i<NumOfStudents; i++) { -

if (NumTalk[i] != 0) { :
AveServiceTime[i] = (int) ServiceTime[i]/NumTalk[i];
AveWaitingTime [1i] (int) WaitingTime[i]/NumTalk[i];

void Attend::CalcTotalAverage (void)

if (TotalNumTalk != 0) {

AveTotalServiceTime = (int) TotalServiceTime/NumOfStudents;
AveTotalWaitingTime = (int) TotalWaitingTime/TotalNumTalk; "

AveTotalNumTalk = (int) TotalNumTalk/NumOfStudents;
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int Attend::CalcPriority(int Sid, int Level)
{ .
- if (Level == 3)

{

if (AveTotalWaitingTime != 0 && NumTalk[Sid] != 0 ) {
if (AveWaitingTime [Sid]>=(AveTotalWaitingTime*1.5))
‘ return(0);
else if (AveWaitingTime [Sid]<(AveTotalWaitingTime*0.75))
return(2) ;
}
return(l);
}
else if (Level == 5)
{

if (AveTotalWaitingTime != 0 && NumTalk[Sid] != 0) {

if(AveWaitingTime [Sid]>= (AveTotalWaitingTime*1.25))
return(0);

else if (AveWaitingTime[Sid]>=(AveTotalWaitingTime*1.1))
return(l);

else if (AveWaitingTime[Sid]<(AveTotalWaitingTime*0.75))

return(4);

if (AveWaitingTime [Sid]< (AveTotalWaitingTime*0.9))
return(3);

else

}

return(2);

}

void Attendf:AddLevelTime( int Prio, int Wt, int Tt )
{
LevelWaitingTime [Prio] = LevelWaitingTime[Prio] + Wt;
LevelTalkTime [Prio] =

= LevelTalkTime [Prio] + Tt;
LevelNumOfTalk[Prio]++;

}

void Attend::PrtLevelTotal (void)
{

printf (" < Priority Level Information >\n\n");
for(int i=0; i<5; 1i++)

{

printf (" Level: %d # of Talk: %3d", i, LevelNumOfTalk[i]):;
printf (" Talk Time: %5d", LevelTalkTime[i]):

printf (" Waiting Time: %5d\n", LevelWaitingTime[i]);
} .

void Attend::InitPriority(int Level)
{

if (Level==3) {

for(int i=0; i<NumOfStudents; i++)
Priorityl[i]l=1;

}

else if(Level==5) ({ .

for(int i=0; i<NumOfStudents; i++)
Priority[i]=2; '
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http:if(AveWaitingTime[Sid]<(AveTotalWaitingTime^O.75

#include <iostream.h>
#include <stdlib.h>
#include "rand.h"

int Random::CheckReqArrival (void)

{
double Tmp;

while( (Tmp = lrand48()) > 10000001)
continue;

Tmp = Tmp/10000000;

1if( Tmp <= Pl ) {
return (1);

} ‘

else if( Tmp < P2 ) {
return(2);

}

else
return (0);

int Random::GetUid(void)
int Tmp;

while( ( random = rand() ) >= 30000 )
continue;

random = random/100;
Tmp = random/10;

return (Tmp) 7

Rdata *Randomf:SetRquata(int Id, int Ts)
{ ‘ :
int TalkTable[10]={10,15,20,25,45,65,80,110,170,270};
int = Tmp;

Rdata *Ptr = new Rdata();

Tmp = random/lO;

Trp random - Tmp*10;
Ptr->Id = Id;

Ptr->Ts = Ts; -

Ptr->Tt = TalkTable[Tmp];
OutStream << Ptr->Tt << " ";
Count++;

if( == (Count%5) )

OutStream << endl;

return (Ptr);
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int Random: :NumOfEvents (void)
{

return (Count) ;

#include <stdio.h>
#include "queue.h"

int Rqu::Appehd(int Prio, Rdata *P)
{ : .
- Node *Tmp = new Node (P);

if (Head[Prio] == NULL) {
Head[Prio] = Tail[Prio] = Tmp:

}

else { ) ) )
Tail [Prio]->Next = Tmp;
Tail[Prio] = Tmp; i

} .

TotalItem++;

if (Totalltem >= 29)({
cout << "Q is full" << endl;
exit (0); -

int ReqQ: :IsEmpty(void)
{ !

b

return (TotalItem ==,0);

Node *ReqQ::Pickup(int *Pri)
{ .
Node *Tmp;

for (int i=0; i<NumOfPriority; i++)
{ ;
if (Head[i] != NULL) {
Tmp = Head[i]:; »
Head[i] = Head[il->Next;
TotalIltem~-;
*Pri = i;
return (Tmp);
}
} ) ‘
return (NULL) ;
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http:queue.cc

B;3—Caching‘8imu1ati6niProgga¢ 

'/%*-;—%[”server h ]

,#iﬁclﬁde <sys/types h>-
¢ #include <sys/socket. h>~
_#1nclude <unlstd h>

" #define SMALL 2
#define MIDIUM . S5
#define LARGE -~ 10
- #define VLARGE 15
. #define FSMALL - 1024
#define  FMIDIUM 12560 -
#define FLARGE. .- -+ 5120
4define FVLARGE 7680
#define FILESIZE -~ EMIDIUM
 #define MAXLINE. - 512
#define LINES . MIDIUM
. #define COLUMNS MAXLINE+1
#define MAXCACHE =~ - 10
#define FALSE » ) 10
#define TRUE - 1

$trubt dache'{
int ) tagii- :

char page[LINES][COLUMNS],
1nt tstamp,

¥i

int time_stamp;

int used. pos;

 int total hit;

~int total miss;

int total ratio;

struct cache my cache[MAXCACHE],
char *fname—"storage",

int establlsh(lntv*sfd,»Stfﬁct soékaddr;in‘*s_addr);

‘/f_‘_‘v_‘_v‘_[ server.c ]___,‘_...._,'_..‘__‘_‘I-fv_‘_;__v_i‘_"_;?_;.-”._‘___;‘_;;_-_‘_‘_._._..‘.f_.__T,__.__._.___'__'_'

#inéiude3<stdlo h>
#include <sys/time.h> -
#include <str1ng h>.

'#include'<netdb h>
“#include <unistd.h>
#include. <netinet/in.h>
#include <sys/types.h>
#include <sys/socket.h>

“#include "server.h".
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int -ma"in 0

{

.,'1nt sockfd, Wi /*‘socket descrlptor */ :
f"fstruct sockaddr 1nﬂserv~addr,/* ‘server's address */
; fstruct,sockaddr_lntcli ”ddr, /* cllent s address */

“fint"clilenf*f A cllent 's- address s1ze */

>“fchar msg[MAXLINE],'Uf’ /* buffer “for. message */
-*1nt msglen,;; /* message length */ i
int. “number; = /*fpage number. of data */

".1nt C pos,: A /* cache p051t10n */

.;1total hlt ‘
" total miss
‘3“total ratlo-““

]
oo
Nei e iNe

, .fftlme stamp{;,g_i'”
‘ uused pos:u =

c’l/*‘establlsh UDP,connectlon w1th llent */
'/,establlsh(&sockfd, &serv addr) S

'/*‘re01eve page number from cllent and return page to cllent */

X ﬁmfor(,,);,
R T e 1 ‘ !
) memset(&msg,'O} sizeof(msg)) /* 1n1t1a11ze buffer */ '_
clllen <51zeof(cll addr), ,1 /* set cllent's address length */

:'/* re01eve page  nubmer from cllent */
msglen recvfrom(sockfd, TSg, MAXLINE, ' 0,, A - ISR
' : (struct sockaddr *)&cli_addr, gclileny;
: f(msglen<0) : s . . : I S
' perror("recvfrom error")

prlntf("msg %35", msg) '
. number ;vat01(msg)

'f—bglf end s1gn(999), flnlsh program‘*/
E number = 999) :

prt result() ) ey . :
, prlntf("Sl'ulatlon is done'\n")
ex1t(0) R :

» prlntf(" Hlt\n" : L e
‘send_page - to’ cllent(c pos, &sockfd &c11 addr, &clilen);
total h1t++,,, /* 1ncrement hlt count */ s

else /* mlss, get page from d1sk to cache */

d.L.

prlntf(" Mlss\n" : ,V‘Q,
1f(used pos<MAXCACHE)1'9”

"/* cache is not full yet */

_c;p ' used pos,, /* ava lable cache p031tlon */

/*. get page from dlsk to cahce */
}get page from dlsk(number, c pos),

B 853?{




/* send page from cache to client */
send page_to_client(c_pos, &sockfd, &cli_addr, &clilen);

used_pos++; /* increment cache used postion */
total _miss++; /* for cold start */
}
else /* cache is full, replace it */

{
printf ("Cache replace\n");

/* choose replacing cache p051t10n using LRU policy */
c_pos = least.recently used();

/* get page from disk to cache */ ‘
get _page_from disk(number, c_pos, &sockfd, &serv_addr);

/* send page from cache to client */
send page to_client(c_pos, &sockfd, &cli_addr, &clilen);
total miss++; /* increment miss count */

}

int establish(int *sfd, struct sockaddr_in *s_addr)
{
int p_number;

printf ("\nEnter port number: ");
scanf ("%d", &p_ number);

memset (s_addr, 0, sizeof(struct sockaddr in));
/* bzero((char *)s_addr, sizeof (struct sockaddr_in)); */
if((*sfd = socket(AF INET, SOCK_DGRAM, 0)) < 0)

perror ("server: can't open datagram socket");

s_addr->sin_family AF_INET;
s_addr->sin_addr.s_addr = htonl (INADDR ANY);
s_addr >s1n_port htons (p_number) ;

f(bind(*sfd, (struct sockaddr *)s_addr, sizeof(étruct sockaddr_in)) < 0)
perror ("server: can't bind local address");

int check cache(int num)
int i;

for (i=0; i<used pos; i++) /* check out the cache */
{
if (my cache[i].tag==num) /* hit, return location */
return (i) ;
}

return(-1); /* miss */

int get page from disk(int pnum, int cpos)
{
FILE *fp;
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dntoip
.~ int o spoint; ¢ .
-ohar buf[MAXLINE+1],-

L open storage flle w1th read blnary mode */
S Af (fp—fopen(fname, "rb")) NULL )
perror(fname),
i ex1t(1) ’
a fséékxfp, OL, 0): - Ll /* set p01nter to the beglnlng of the flle */ﬂ}
.7 spoint = FILESIZE * (pnum—l), o * callculate offset. of acce551ng page. */
',..fseek(fp, sp01nt,'0 /* forward p01nter to the page */ S .

- for (i=07 1<LINES, 1++)j°"

‘*{

fread(buf, 31zeof(char), MAXLINE, fp)-
Cbuf (MAXLINE]="\0';
; strcpy(my cachecpos]. page[1], buf) : ) o Lo
‘ /* prlntf("c[%d] p[%2d] %s", Cpos; 1, my cache[cpos] page[l]), */
R B : . _ .
’_my cache[cpos] tstamp tlme stamp++, ’
Comy cache[cpos] tag pnum,_f : o

‘ }close(fp), s f

'int send page to cllent(lnt cpos, 1nt *sd, struot Sockaddt‘*c_addr, int‘*c;leo-ff

_h_char msg[MAXLINE],
- int ‘msglen;. .-
:,1nt 100

e ‘for(iﬁo;‘i<LINES; i++)‘**u o
R memset(&msg, 0,_31zeof(msg)), .o
.- strncpy(msg, . my_ cache[cpos]. page[l],lMAXLINE),
‘msglen. = strlen(msg) } : e
1f( sendto(*sd, - msg, msglen,:O,ec_addr, *c_len)'l='msglen)
perror("sendto error"); T Coo T

int prt cache(lnt cpos)

::1nt

for(l 07 1<£INES}'i+4y" “Q, o B TR AP o
: prlntfv"c[%d]‘p[ﬁZd] %s"('cpos,-i,‘my;cache{cpos];pageji])g

{Lfihtvieast;fequtl?;ﬁsed()'

'flntbpos O,T}_ f" 5

”jjt'ﬁé my cache[O] tstamp,_.i

for(l l,‘1<MAXCACHE, 1++) {




if (my_ cache[i].tstamp<ts) {
ts = my_cache[i].tstamp;"
pos=i;
'}
}

return (pos) ;

int prt_result(void)

int tmp;

printf ("\nTotal cache hit :%3d\n", total_hit);
printf ("Total cache miss:%3d\n", total miss);
tmp = total hit + total miss;

printf ("Total hit ratio :%3d%%\n", (total hit * 100)/tmp );

client.h ]----- ——————— e

#include <sys/types.h>
#include <sys/socket.h>

#include <unistd.h>

#define SMALL 2 /* 512 x 2 =1K */

#define MIDIUM 5 /* 512 x.5 = 2.5K */

#define LARGE 10 /* 512 x 10 = 5K */

#define VLARGE 15 /* 512 x 15 = 7.5K */

/* storage file size */

#define FSMALL 1024

#define FMIDIUM 2560

#define FLARGE 5120

#define FVLARGE 7680

#define FILESIZE FMIDIUM

#define MAXLINE 512 /* length of line of the cache */
#define LINES MIDIUM /* number of lines of the cache */
#define COLUMNS MAXLINE+1 /* column size for the cache */
#define MAXQUEUE 10 /* lenght of queue for most used */
#define MAXCACHE 5 /* cache size */

#define FALSE 0

#define TRUE 1

/* one cell of cache */
struct cache {

int tag; /*
char page[LINES] [COLUMNS]; /*
int tstamp; : /*

int count; /*

}i

/* queue for least used policy only
int update g[MAXQUEUE] ;

int g_head;

int full q;

int timer;- /* timer */

page number of data */.
one page of data */
time stamp */

the numbér of hit */

*/
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int - used pos; /% cache used level */

int total hlt,j'z‘u‘/*'tbtal number of hlt */

int total miss; - /* total number of mlss */'

int total ratlo, ;.“/*,total hit ratlo */

‘Struct cache my . cache[MAXCACHE]f /*. actual”cache decraratlon */
~_char *fname "storage" ) g /* data flle ‘name */

int establlsh(lnt *sfd, struct sockaddr in *s addr) . o c iy
int get page from server(lnt num, 1nt pos, 1nt‘*sfd, struct sockaddr in
_int prt_ cache(lnt cnum) .

int check cache(int' num); -

_int least recently used(),

int least used();

int update cache (int num);

int prt_ result(v01d),

/*___;:{1¢Iieﬁt;cca]_,__;;_;____r_;_;_r___rr;;_r;r__;r_r___r___r___r_rr_*/

#include‘<stdio.h>
#include ‘<sys/time.h>
#include <string.h> -

" #include <netdb.h>
‘#include <unistd.h> .
#include <netinet/in.h>
- #include <sys/socket.h>

#include "client.h”
_Yv01d maln()

C R . .
 1nt number,( o S page number */

struct timeval ts; - /* variable for gettimeofday() */
int c_pos; . L /* cache p051t01n */ :

int start_sec; /* start time in ‘second */
int. start usec; /* start time in micro second */

int end sec; . /* end time in second */

" int end usec;  ./* end time in micro. 'second */
int duration; ~ /* duratlon of. data retrelval */
int" sockfd;. G /* socket descrlptor */

struct sockaddr in serv. addr,/* ‘server address */

‘total hit = 0;

~ total miss ‘= 0;
=0;.

‘total ratlo

ftlmer{ O, /*.timer set to 0 %/

- used_pos = 0, /* 'set cache empty */-
- g head = /* queue head.at 0.*/ =
full q = FALSE, /* set queue 1s not: full */

Vs establlsh UDP connectlon w1th server */
,establlsh(&sockfd, &serv. addr),

/% retrelve data until end */
for(,,) ' :
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/* printf ("Which page you need fl—lO] 2" x/
scanf ("%d", &number) ; /* input the page number to retreive */

/* set starting time */
gettimeofday(&ts, NULL);
start _sec = ts.tv_sec;

start _usec = ts.tv_usec;

c_pos = check cache (number); /* check page is in cahce or not */

if(c_pos != -1) /* hit, get page from cache */

{ , .
printf ("Hit") ;
prt_cache(c_pos); /* print out page in cache */
/* update_cache (number); for least used policy */

/* set ending time */
gettimeofday(&ts, NULL);
end sec = ts.tv_sec;
end_usec = ts.tv_usec;

total hit++; /* increment hit count */
} : .
else /* cahce miss, need to get page from server */
{

printf ("Miss");

if (used pos<MAXCACHE) /* local cahce is not full */

c_pos'= used_pos; /* set available cache position */

/* get page from server */
get_page_from server (number, ¢ _pos, &sockfd, &serv_addr);

prt_cache(c_pos); /* print pagé in cache */

/* set ending time */
gettimeofday(&ts, NULL);
end_sec = ts.tv_sec;
end _usec = ts.tv_usec;

used;pos++; /* increment cache position */
total miss++; /* cold start */

}
else /* local cache is full, need to replace it */

{
/* c_pos = least_used(); */

/* choose replacing cache position using LRU policy */
c_pos = least_recently used();
printf (" Cache replace at %d\n", c_pos):

/* get page from server */

get_page_from server (number, c pos, &sockfd, &serv_addr);
prt_cache(c_pos);

/* set ending time */

gettimeofday(&ts, NULL);

end sec = ts.tv_sec;

end usec = ts.tv_usec;

total miss++; /* increment miss count */
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o

prlntf("start
‘printf("end
duration .=
-prlntf("durat

int establish( int *sfd,
i char

‘int .
vstruct hostent

'struct sockaddr in

‘,strcpy(hostname,

3d.
o o%d.
1000000*(end sec. -, start sec) +
%1d. m;cro\n", duratlon)L

start _sec, start_usec); .
end_sec, end usec)

.3d\n",
#d\n",

struct sockaddr_in *s addr )

vhostname[50],

p_riumber; .
*hp;-

cli_addr;

"indigo")*

s prlntf("Enter port number: ﬁ);

'(end usec’ - start _usec)i

.;/.

/*. scanf ("%d", &p_number); */‘_
‘p_number = 5500;
memeet( s addr,‘O,.51zeof(struct sockaddr 1n)). ’
1f(( hp = gethostbyname( hostname )~)~ < NULL ) {
perror("gethostbyname error") ' ' S
-‘vreturn( i : :
CAE( *sfd”‘ 'socket (AF_INET, 'SOCK_DGRAM, 0)) < 0) {

- perror ("socket error"),
'return( 1),

Y )

sizeof (struct sockaddr in ));
~hp->h addr, hp ->h 1ength ),

memset ( s addr, 0,
memcpy( & (s addr—>sin addr),

“AF INET,

s, addr—>51n famlly T : .
' htons( (u_ short) o number Yioo

s addr—>51n_port

51zeof(struct sockaddr 1n))

vmemset( (char *)&Cll addr, 0,
cli addr.sin_ family . . AF INET;
cli: addr 31n addr.s addr htonl( INADDR . ANY ),

T cli addr sin_port htons(O)
1f( blnd( *sfd, (struct sockaddr *)&Cll _addr,
perror("blnd error")
return( 1); e

sireof(cli_addr))v{‘O)'{:f
return(O),-

_int get" page from server(lnt num, 1nt~cpos) int *sd, struct sockaddr in:*s_addr)
_ char
L int
int
int
- char

msg[MAXLINE], ‘*,4»
‘msglen; : - P

s len,v

i; :
buf[MAXLINE+l],

mémset (&msg,

‘ O, 31zeof(mSg)»‘
sprintf (msg, '

)y
"%d%c"' num, \O'");-




msglen = strlen(msg):

if( sendto(*sd, még, msglen, 0, (struct sockaddr *)s addr,
» sizeof (*s _addr)) != msglen)
perror ("sendto error");

if(!strcmp (msg, "999") ) {
prt_result(); .
printf ("Simulation is done!\n");
exit (0); ’

}

for (i=0; i<LINES; i++) {
memset (&msg, .0, sizeof (msg));
msglen = recvfrom(*sd, buf, MAXLINE, O, )
(struct sockaddr*)s_addr, &s_len);
if (msglen<0)
perror ("recvfrom erroxr");

buf [MAXLINE]="\0";
strcpy (my_cache([cpos].page[i], buf);
}
my_ cache[cpos].tag=num;
my_cache[cpos].count=0;

int prt_cache(int cpos)
int i;

for (i=0; i<LINES; i++) { ‘
/* printf("c[%d].p[%2d]: %s", cpos, i, my_cache[cpos].page[i]); */
¥ . :

printf (" %d lines at %d priﬁted!\n", LINES, cpos);
my cache[cpos].tstamp =:timer++;
my_cache[cpos].count++;

int check_cache(int num)
int i;

for (i=0; i<used pos; i++) /* check out the cache */
{ =
if (my_cache[i].tag==num)
return (i)
}

return(-1);

int least_recently used()
int 1i;
int ts;
int pos=0;
ts = my cache[0].tstamp;
for (i=1; i<MAXCACHE; i++) {

if (my_cache[i].tstamp<ts) {
ts = my_cache[i].tstamp;
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- pos=i;
} .
}

return(pos) ;

int least_used()

int cnt;
int i;
int pos=0;

cnt = my_ cache[0].count;

for(i=1; i<MAXCACHE; i++) {
if (my cache[i].count<cnt) ({
cnt = my_cache[i].count;
pos=i; ‘
} .
}

return (pos) ;

int update_cache (int num)
int i;

if (full g !=.TRUE) {
update_q{g_head] = num;

g_head++; -
if (g_head == MAXQUEUE) {
q_head = 0;
full q = TRUE;
} }
}
else {

my_ cache[update_qglqg_. head]]. count——
update_qlq_| head] = num;

q_head++, ‘
if (g_head == MAXQUEUE) ({
g_head = 0;

} : : ) 7
} . ‘ ¥
for (i=0; i<q head; 1i++)
printf ("%d ",update qgl[i]);

printf ("\n");
int prtafesult(void)

int tmp;

printf ("Total cacherhit‘:%3d\n", total _hit);

printf ("Total cache miss:%3d\n", total miss);

tmp = total hit + total miss; ) :
printf ("Total hit ratic :%3d%%\n", (total hit * 100)/tmp );
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o TheEducatlonalInteractlve System conSlStS ‘of. a
>dserver and cllent program‘dThe ba51c archltecturellsl

descrrbed 1n Flgure C 1. AMSlngle server‘handles multlple:n'
drequests from cllents 31multaneously When the server‘
recelveSﬂa*message from the‘clrent ilt responds‘as the
message requested Both the server and cllent program aret

event drlven executlon and communlcate each other by UDP

'socket,lnterfaoe;a*

hdessage e

=;wFigure,C.1;‘ClientYServer'arehitectnre of .

7'thedEdﬁoationaiiInteraotive_SyStém'd'

The server program 1s wrltten in C++ Flgure C 2

ﬁdescrlbes the class dlagram of the. server program
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' Nameofclass|. ~  Chat
oo b mitSession |
- ‘Member functions| - EndSesson . | -
.| Receive
~- Store -

| Send
- RequestChat-
. QultChat

“File | | Attend | | Request | | . Timer |

, SaveLme._ N AddAttendQ .| | AddRequestQ | » SetTimer
vi.SetPageL_me | L Delet. | | Delet - | = InitTimer
VG‘etI..:‘me‘- - B I Lookup S U | Lookup B o Checkamer,t
) |  SetTimeStamp| - - | RemoveHead | :
~IncTalkNum | =~ - - | IsEmpty = |
SetSum R

¥ \ A

T - Queue
) AddQ -

o _Delet N )

" RemoveHead
. IsEmpty

’iFigure;C}Zi_élass‘Diagram?ofntheiserﬁer,programh5’

Each box 1nd1cates a class 1n the server program Wthh

'contalns a name of the class (boldfword)“ahdpinstances, Theﬁ”

'_'upper level classes, Whi '3havegan'outgoihg arrOW,‘use

'7ffobjects of the lower level clwsses;whlch have an’ 1ncom1ng_v]h
‘»narrow. For example, the Chat classahas ob]ects of Flle,dp.u,.
wTimer; Attend ‘and Request The Chat class is the hlghest?”h'

‘plevel of the class ln the program structure and utlllzes




data structures and»instenceslof all other‘classes directly
or‘indirectly. The instaneesvof the Chat class denote well
the primary function of fhe server‘prngamf These ihstances
are capable of establishing TCP/IP‘eonnection, receiving and
sending messages, registeriﬁg participants, scheduling the
requests from participants, setting a timer, and sending
screen images.

The Attend class contains a linked list to keep track of
the information of all the attendees in a class. When a new
participant initiates a session, a participant’s node is
created and added to the list. When he ends the session, the
"node will be‘deleted from the list. The Attend class also
has an instance for the calculation of the priorityvof
requests. A structure Adata is.used as a node of the list in
the Attend class. It contains informatioﬁ including total
waiting time, number of opportunities to talk, total amount
of talk time, average waiting time per talk, and so on.

The Request class creates a queue structure to maintain
incoming requests. The Request class is defined as an object
which consists of a five level queue. A node of the queue is
defined as a structure Rdata which contains an IP address
and the initial of the participant who made a request.

A structure NQde is publicly defined ﬁo provide a

primitive linking capability for the Adata, Rdata, and Queue
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class. The Queue class owns instances for the basic
‘manipulation of linking structure.

The File class handles the screen data of the session.
It keeps all the screen images‘during the class and extracts.
a specific pagé segment‘for the request.

"The Timér class provides the capability of setting a
time'limit for a current talker in the class. If thé timer
is set, the talk session of the current talker in the class
will be fermihated within certain time limits. The server
program is not able to use a system call, sleep() to achieve
a timer function, because a server process needs to be
vValways awake to recei&e a client's_requesﬁ. Therefore, a
child proéess ié\created (fork) to communicate with the
server‘pfoéess by another socket interface. When the time
limit comes, the child process sends a message to the server.
process. The server proéess receives theymesSage just like
the message from cliehts and rgécts as reqﬁeéted.
Particularly, a sysfem call gettimeofday(j is used tQ get

‘the time stamp in a timer function.
The client program of the Educational Interactive

SyStem is written in C within a single file. The diagram of

the client program routines is shown in Figure'C.3 below.
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[ establish]

L hat blcheck cache |

—{ prt_cache |

:[;ghuy

bif}Figure C.3: Diagram of‘the‘clientfprogram_routihes"b

’eﬁTheioﬁrseslibraryis ﬁsed toidiyidelapsoreenfihto
_threé‘mlndowS.ulhepprogramistarts mithglhitiallzatiohaof‘thev
wlndomsiby*lhit;mih routine'.Then'thelestabllsh routihe
, establlshes thedconnectlon'withdthebserver‘program} Onoe the
conneotlohtis‘established,'the ohat roUtinehandles the
commﬁhicatlon with the seryer. The program”is andevent*
‘drlven executlon Wthh walts for 1hput from the. keyboard and‘
‘TCP/IP port ‘When the program reoelves a message, 1t |
responds as the message requested Non blocklng capablllty
vls used to handle mult1plex1ng I/O that the cllent gets

‘messages elther from user via keyboard or the server throughl
:1 1/0 port A system call select() prov1des the capablllty of
fhandllhg_multlplewrequests. This system call allows the user
‘processdtovllsten‘to mﬁltiple‘events, suoh as keyboard input

~and the message frova/O‘port, andlto‘react only when.one of
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1',_these events occurs‘%The methodoof=thedl/omnltlplexing lshﬂ'“
wrltteniln [l7] R E | o | | |
| The cllent‘program also‘has a cachlng.functlon hased.on';i
LRU replacement algorlthm Ten screen page 51zeuof array 1sdd”
fallocated as a cache\on 1ts‘executlon so that 1t re51des on
'ithe v1rtual memory space When”user.regnests'a;screen_page,.
,fthe,check cache routlne CheckstthehlocalhcaCherirst If the
: pagenlshln the cache, the prt‘routlne routlne dlsplays 1t
T».If 1t 1s not in the cache,rlt w1ll be retrleved from the
fserver When the cache 1s full ‘theflru‘r0ut1ne,1s:calledlto‘-

*»flnd the page segment for the replacement 1n the cache

The Edncatlonal Interactlveusystem utlllze ﬁbPusocket
:interface The UDP 1mplementatlon of the system 1svslmpler‘
; than the TCP 1mplementatlon The server program needs to |
:fbrecelve multlple messages from cllents 31multaneously .ThlS
means that the server w1th the TCP‘lmplementatlon needs'to
'create multlple processes to make v1rtual connectlons w1thr,

'all the cllents Those server processes also need to:"

”1,commun1cate‘w1th each other to make a database of the'.

J?fsystem These requlrements may compllcate the system
V,fs1gn1flcantly Wlth the UDP 1mplementatlon, however, the"
glserver needs to have only one process to recelve multlple

:Amessages from all the cllents



The Educatlonal InteractlveHSystem used only onel
dprocess for the servervexcept the tlmer functlon y
"Utlllzatlon of multlple processes may enhance the capablllty,
‘dOf the server. Inusuch aacase,,the_processesyneedvto_s

v communlcate‘w;th-not'onlyeclientsf'processes:but'also,othertﬁ
.“processes on the'server; Then the de31gn andlthe o
1mplementatlon of the program 1ncrease thelrcomplexity:
'remarkably Handllng multlple processes requlres‘a pf
;con51derable amount of effort to 1mplement

It also 31mpllf1es the program 1f just one port is used'

"_”for the communlcatlon Slnce UDP keeps track of. the IP

3addressjof the senderjofneach message, the program is able
.‘ towfdentify the.destination,or‘original>address of the‘h

7message]using just*oneprrt;

Note that ‘the actual 1mplementatlon of the server

:;program dld not use a flle system to keep screen data of the
se531ond It rather.used an array in the local memory system ’
because‘frequent dlsk I/O access may lead s1gn1f1cant !
't'overhead to create synchronlzatlon problem deallng Wlth

iy‘requests from cllents through TCP/IP port
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TCP
UbP
IP
LRU
ISO
OSI
API
FCFS
‘SJF
RR
LFU

EIS

ACRONYMS

Transmissioh Control Protocol
User Datagram Protocol

Interﬁet Protocol

Léast Recently Used

International Standard Organization
Open Sys£eﬁs Interconnect model
Applicaﬁion,Programming Intérface
First-Come, First-Served
Shortest-Job-First

Round Robin

Leaét Frequently Uéed

Educational Interactive System
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