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ABSTRACT

For Web System composed of a variety of hardware, software and network system, there is a wide difference in price, function
and capacity. In addition, it is important to select the most suitable system when web system is constructed as the claim of
high-quality web service from user has increased. Data of bench-marking is usually employed when the system is selected.
Evaluation with the result of bench-marking, however, is not easy at web situation composed of a variety of systems. In this
paper, first integrated bench-marking of hardware, software and network system metric were determined, and the plan to
effectively compare and evaluate the result of bench-marking by using fuzzy set were offered.
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1. Introduction

Nowadays computer industry has been startlingly developed
due to IT technology, and the field of computer application
has been widely expanded. Web service through internet
particularly yielded new business such as e-business and has
become the foundation of global business, and computers
owned by many governments, enterprises, university, research
institute, individuals, etc. have come to share information
through internet, and for our country the field of web service
based on high-speed information communication network has
been rapidly improved. This basis of web service is composed
of a variety of client/server systems, databases, network
systems, security systems, web application softwares, etc. as
well as internet. Because web application system has diverse
classes, much difference in price and performance as well as
function, and need for high-quality web service is increasing,
it is very important to select high-quality, high-reliable
system|[1,2].

Buyers are employing specification of system or outcome
of benchmarking when purchasing the most suitable one of
various systems, but it is not easy to understand information
provided by enterprise, to comprise and evaluate it, and then
to choose a suitable system. Particularly it is harder to
perform benchmarking and to objectively evaluate the result in
the environment where a variety of hardwares, softwares, and
network systems are integrated. Because in this country there
is no criterion of benchmarking for integrated environment, a
great deal of time and effort is being spent in order to
compare and evaluate analogous systems in buyer's position
and in  system seller's position to provide performance
evaluation material requested by buyer.

For solving these problems, in this paper, metrics that can
perform integrated benchmarking of hardware, software and
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network system is determined, and scheme that can evaluate
the benchmarking result with fuzzy sets and POED
(Performance Organization for Evaluation and Decision) is
proposed. Evaluation method is to perform benchmarking with
metrics of evaluation subject system, and to impose weight
item by item according to the result. And through calculating
and synthesizing fuzzy value for each item, compared and
evaluated several systems.

2. Relate Research

2.1 Benchmarking

Benchmarking in a field of computer means procedure, tool,
or program to measure performance of computer system, and
is used as criterion mainly to compare and evaluate systems.
These techniques propose exact evaluation for workload, and
can be entire applied program, a part of performing program,
or a comprehensive program[3-7]. Benchmarking for hardware
and network mainly measures performance of system[8] and
can measure six quality characteristics, functionality, reliability,
usability, efficiency, maintainability and portability[9-10].
There are representative agencies for performance evaluation
such as SPEC(Standard Performance Test Corporation),
TPC(Transaction Processing Performance Council), VeriTest,
etc in America. And there are many other enterprises for
benchmarking and a variety of benchmarking programs for
such as CPU, memory, board, etc.
Therefore to sum up types of performance evaluation
implemented for various benchmarking, they can be
categorized as follows.

components of PC

» Entire performance of computer system

= Performance of server system(CPU, memory, disk, video
display, etc.)

* Performance
softwares

» Performance of database server or application server

capacity for a variety of application



= Performance of network

2.2 Metrcs

Performance metrics means measurement standard of
benchmarking that is performed for test or evaluation of
computer system, and in general is correlated with speed,
accuracy, availability, etc. Examples of performance metrics
for integrated benchmarking, based on types of performance

evaluation, are as follows[1-8, 11-18].

= CPU: performance time, MIPS, MFLOPS, etc.

= Memory: access time, transfer rate, bandwidth, etc

= Cash memory: hit rate, access time, bandwidth, etc.

= Disk: access time, etc.

= Database: throughput, service request time, response time,
etc.

= Server: throughput, response time, etc.

= Network: use rate, throughput, response time, etc.

= Stress Test: throughput, etc.

As software passes through unit test and integrated test, etc.
in development process, evaluation of quality characteristics is
continuously performed. Quality evaluation is mainly based on
[SO/IEC 9126[9], and criterion for quality evaluation can be
observed in "Standard for a Software Quality Metrics
Methodology"[19].  Moreover in "Guide for Software
Verification and Validation Plans"[20] standard guide for
procedure of verification and validation of test result is
presented. Because the quality can be reliable in case of
software that pass through the procedure for evaluation and
verification of this quality characteristic, in case of software
benchmarking only functionality becomes the subject of
evaluation.

Functionality of software specified in ISO/ZIEC 9126
evaluates attributes of a series of functions and features that
meet obvious requirements of users, and evaluation items
classify suitability, accuracy, interoperability, security, and
compliance.
whether or not function and capacity specified in product
manual and user document are met exactly.

Functional metrics for benchmarking evaluate

3. Evaluation of Integrated Benchmarking

3.1 Constitution of Integrated Benchmarking System

benchmarking of various systems  is
accomplished compositely about hardware, software, and
network systems, it is not easy to synthetically compare and
evaluate function and performance only with result of
benchmarking of each system. For this, evaluation method of
integrated benchmarking is necessary, POED technique can be

Because web

used effectively as synthetic evaluation method about
benchmarking result [21-23]. POED technique, through
imposing  weight to small item composed of metrics

according to degree of importance, and applying weight to
benchmarking result made score, can automatically achieve
totalization of big items categorized with functionality and
performance characteristics, and as the result, can evaluate
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synthetically web system.

Proposed benchmarking system 1is based on POED
technique, and applies fuzzy during evaluation. For this, first
impose weight to evaluation of proposed system, and fuzzier
the evaluation result benchmarked according to each item.
Finally, evaluation system  synthesizes weight and
benchmarking result, and selects the most suitable system and
proposes it to user after ‘mplement of fuzzy operation.

Figure 1. Architecture of benchmarking evaluation system

3.2 Measure ltem and Standard of Evaluation Model
for Integrated Benchmark

When constructing computer system, relative importance of
hardware and network in entire system, due to expensive
hardware, was big in past, but through
development of technology, the price of hardware and
network, as compared with capacity, has lowered, and relative
importance of software has comparatively increased. According
to this, the importance of function evaluation of software as
well as that of hardware or network, during capacity
evaluation of system, has increased. Therefore, the evaluation
module for this integrated benchmark is defined as table 1.

In table 1, the items of CPU, memory, cash memory, disk,
back-up system, server, network system, database system and
stress test are to set metrics about hardware, and suitability,
accuracy, mutual operationality, security, and observance are
to set metrics about software.

continuous

3.3 Performance of benchmarking and fuzzy number

Before performing benchmarking with evaluation items of
table 1, first set up weight according to importance of
evaluation items. Weight is imposed with interval value
between 0 and 1 and can be set up according to system
buyer's subjectivity or user's. At this time, high weigh is
imposed to important item and low weight to low importance.
For fuzzy operation for integrated benchmarking, map the
evaluation result of each item into interval value between 0
and 1, language variable. In addition, set less than sup into 0
and more than inf into 1.

Evaluation of benchmark results with each item may be
interpreted according to expert's opinion or test environment.
Therefore, through performing objective evaluation by
reducing subjective test result to a minimum, method to
select the most suitable system is necessary.

The result value of evaluation of each item can be shown
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as follows.

U—r,: {Tlv T 7?5} H

where, 7, T, -, T3 means result value of each item
analyzed according to several test environments. Besides
standard value about each item suitable to buyer is given as
follows.

Us={71 %% =, T} (2)

Sup and inf about standard value is defined as follows,
each standard value is set up with intermediate value between
0 and 1, and intermediateness of sup and inf is shown as
fuzzy interval value between 0 and 1. And if the value is
more than sup, it is, considered value out of boundary value,

set up with 1, and if less than inf, O.

Table 1. Measure item and standard for integrated benchmarking

item . .
class 1o .measure item metrics
1 MIPS instruction count
CPU execution time x10 *
5 MFLOPS number of floating — point operations in a program
CPU execution timex10 5
3 throughput CPU clock cycles x clock cycle time
4 price ratio CPU price / MIPS  or  CPU price / MFLOPS
5 size ratio proposed memory size / required memory size
i q Ty
6 access time ratio proposed access time / required access time
Memory 7 transfer ratio 1 / memory cycle time
8 bandwidth data bus size(byte) x memory cycle time(MHz)
9 price ratio memory price / memory size
10 size ratio proposed cash size | tequired cash size
11 hit ratio page in cache / total page *x 100
g
Cash 12 access time ratio proposed access lime / required access time
Memory
13 bandwidth number of request per second X hit rate x average size of request data
14 price ratio cash memory price / cash memory size
15 size ratio proposed disk size / required disk size
16 access time seek time + rotational latency time + transfer time
DI
17 price ratio disk price / disk size
18 backup rativ back up data size / back up time
Back-Up 19 recovery ratio recovery data size / recovery time
Syste
ystem 20 Sfunction number of function
21 capacity ratio backup capacity / data total amount
22 throughput completed request number / unit time
23 response lime latency(server) + communication time + processing time(client
SEVER W p g
24 price ratio proposed price / required price
25 use ratiof p = —A (messages/ sec)
e pC
26 throughput(req/sec) concurrent users x {mean response time(sec) + think time(sec)}
Ni k .
etwor!
System 27 response time —Il—[—#—
— 0
8 e 1 (message size + overhead ,* 8)
service time ;
10 Sx bandwidsh ,
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Table 1. Measure
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item and standard for integrated benchmarking(continue)

item . .
class measure item metrics
no.
29 | degree of use A xservice time ’
messages j n
Network
System 30 | concuirent users throughput x {response time + think time}
31 | price ratio proposed price / required price
roughpu number of request / measure time(sec
32 | throughput b quest / time(sec)
33 | service request time total busy time of DB server(sec) / total search mumber
Database 34 | degree of use throughput = service request time
System
35 | response time 1/
1—-0p
36 | price ratio proposed price / required price
stress test 37 | throughput number of request / measure time(sec)
38 | function information Sfunction number offering in system / function number presented in document
39 | duta information embeded datfq_tvpe numbey offering in svstem
’ embeded data type number presented in document
use environment manud offer of an explanation of use environment or no
40 ] i f ) pl /
41 completeness of function number of function realized in system / number of function described
suitability realization in user document
42 | sufficiency of function number of function realized in system / number «f common function
43 | suitability of function number of function realized in system / number of function in document
44 boundury value number of realized boundary item / number of boundury item in document
45 | boundary throughput number of testcase success of each boundary value
- number of em of boundary value conjirmation
46 | accuracy of function realization number of successful test-case by function / function number of evaluation item
accuracy 47 j(fuﬁr:t:.lll{()‘)’; ‘:zzl;;_i'll/(;n;"ﬁ rmation of number of accurately described function / number of totul function
definiteness of function . . " i
48 classification number of definitely classified function / number of total function
inter- 49 | connection possibility number of possibility of real connection !/ number of connectable evaluation item
. 50 | degree of data exchange number of data function presented in document / number of entire data exchange
operability St | data convertibility number of successful test-case by function / number of entive data exchange
52 | offer of access control information | offer of information of access control or not
security
53 | access control possibility number of successful test-case by function / number of total function for access control
54 | offer function standard compliance | offer of function standard compliance information or not
compliance
55 | function standard compliance ratio

number of successful test-case by function / number of function standard item to evaluate

where [, .. is the interval range which is less than

value, [,

size

INFs,= {b| 7,2 b}

T infs;

) Lsize b

sups; — 5 ;

l Usize ™ b

value, and p means interval number.
Therefore each membership function is defined as follows.

(3) Ii = {00/10, , 0.5/15, R 10/110}
Correspond to formula (6) the result value of evaluation of
(4)  each item and show them as fuzzy number. And for weight
W, , buyer impose suitable weight according to importance of
(3)  evaluation item.
To show as fuzzy number the above result value F; and
standard

weight for each item on table 1 is table 2.

is he interval range which is more than standard
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' X
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Figure 2. Interval value of membership function

ak

a,’a) a_‘“” bl(i/\ b.(”’ " - ]{/\X:Z)](a) nl(a) \’jw)

S(A) S(B) S(N-1) S(N)
a, a, b, a, b, by, n-1, n-1, n, n-1, n, n,
Figure 3. S(-) implementing o— cut

Table 2. Weight and fuzzy number for each item

no. item system A | system B system N
1 w Fia Fip Fin
2 w, Fia Fin Fon
3 W T5a Fsp Fip
55 s 54 5 LY

Entire fuzzy numbers of each system is shown as S( -).

S(A) = WRF1, & W, F7, D 7)
D W ® Fz

S(B) = W, Q@ F13P0 W,® F35P (8)
- DWE® g
@/W'%@ F—sgN

where S(A), S(B), ..., S(N) is triangular fuzzy number.

The degree of suitability is D,;(A), D,(B) ..., D(N)
and A is the degree of suitability of system. Low value of
A means that the degree of suitability is high.

Figure 3, S( -) having performed o— cut.
a®=a(a,—a)+a, (10
aP=—la;—az)ta, 1)
b@=a(by,—b)+b, (12)
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b$¥ =—a(by,—b,)+b, (13
n@=aln,—n)+n, (14)
n$=—aln,—n,)+n, (15)

Where if @—cut is applied in order to get crisp value,
a—cut of S(A), S(B), ..., S(N) can be shown as
[a{?, a®L16{®, 5., [n(®, nPlae (0, 1), and
is as Figure 3.

Result of evaluation by each evaluation item can be
pessimistically evaluated about certain system or optimistically
by user's subjective weight. That is to say, because evaluation
result of each system may be drawn by subjective, qualitative
weight of user, it can be considered that uncertainty may be
contained. Hence, we can evaluate as making change of
number of suitability A(A< [0, 11) according to score
D*(A), D*(B) setting the value of a— cut for each item.
A means the degree of 'optimism' of system evaluation.
Small value of A means to be high in the degree of
'optimism’, high value of A is to be low in the degree of
‘optimism’, and the value of fuzzy number for each system
can be defined as formula (14), (15).

DAY=+ (1-Nal®= P, (16)
DY(B) =2+ (1-06P = Py, a7
DYN) =A@+ Q-DnP= Py (18

Evaluation score from each system for item shows that high
occupancy ratio of a system for whole evaluation score is



relatively superior, and it is shown as formular (19), (20),
@n.
NYA) = Pa (19)
4 P,+ Pg++ Py
a —_ PB
A(B) - PA+ PB++ PN (20)
Py
9UN) = -~ 21

Pt Pyt + Py

Values of N%(A), N4%(B), .... N%N)) means the
degree of suitability to select system, and biggest value means
the most suitable system to buyer. Where N%(A), N%(B),

«(N) =[0, 1]
4. System Evaluation and Result Analysis

Set up fuzzy number of each system about benchmarking
result measured by each item and weight for each item in
order to select the most suitable system to buyer among
benchmarked systems. Here benchmarked result value and
weight is shown as triangular fuzzy number. Weight of each
item set up by fuzzy number and buyer is shown in table 3.
And based on table 3, evaluation value of system can be
obtained.

il

S(A) = WR PP W.Q F5, P

D W, ® 357 D W5Q ey

il

0.8®0.7©0.980.7D -
6 0.8%0.8 ¢ 0.8%0.9

0.8
0.7,0.8,0.9(0.6, 0.7,0.8)
%( ,0.9,1.00%(0.6, 0.7, 0.8)

@(0. , 1.0, 1.0)&(0.6, 0.7, 0.8)
& (0.6, 0.7, 0.8)%(0.6, 0.7, 0.8)

(26.82, 29.73, 33.60)

it

(22)

i

S(B)

1l

W1® FTB@ W2®F_53®"'

@ W5 ® 5D Wi® Fip

= 0.7®0.7P®0.7®0.7D -
@1.00.7PD0.8K0.7

= (0.6, 0.7, 0.8)®(0.6,0.7,0.8)
@(06 0.7, 0.8)®(0.6, 0.7,0.8)

1.0, 1.0)®(0.6, 0.7, 0.8)
0.8, 0.9)®(0.6.0.7,0.8)

(23)

6—)

= (26.55, 30.46, 34.37)
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Table 3. fuzzy number of each system about benchmarking
result and weight by each item

no. | weight |system A |system B{ no. | weight [system A |system B
1| 07 0.8 0.7 291 05 0.8 0.7
2|1 07 0.9 0.7 30| 0.5 0.9 0.7
3| 07 0.9 0.7 31| 08 0.7 0.9
4| 08 0.7 0.8 32| 0.6 0.8 0.8
51 09 0.7 0.8 33| 0.6 0.7 0.9
6| 09 0.7 0.8 34| 0.6 0.7 0.9
71 09 0.7 0.8 35| 0.6 0.7 0.8
81 09 0.7 0.8 36| 0.8 0.8 0.6
91 08 0.8 0.6 371 09 0.8 0.7
10 0.8 0.7 0.8 381 08 0.8 0.9
11{ 0.8 0.8 0.9 39| 08 0.7 0.8
12] 08 0.7 0.8 40| 0.8 1.0 1.0
131 08 0.7 0.8 411 08 0.7 0.8
14| 0.8 0.7 0.6 421 0.8 0.7 0.9
151 0.6 0.7 0.7 43| 0.8 0.7 0.9
16} 06 0.8 0.7 441 08 0.7 0.8
17| 0.8 0.7 0.6 451 08 0.7 0.8
18| 0.6 0.7 0.7 46| 09 0.7 0.8
197 0.6 0.7 0.7 47| 09 0.7 0.8
201 0.6 0.7 .7 481 09 0.7 0.8
211 0.6 0.7 C.7 491 0.6 0.8 0.7
22| 0.7 0.8 C.9 50 0.6 0.9 0.8
23| 0.7 0.9 €9 51 0.6 0.8 0.7
241 0.8 0.8 C.6 521 0.5 1.0 1.0
25| 0.5 0.8 .7 53| 0.5 0.9 0.8
26| 0.5 0.8 C.7 54| 0.7 1.0 1.0
271 0.5 0.7 6.7 551 0.7 0.7 0.8
28| 0.5 0.7 0.7

In general, the value of D%(A), D*(B) when A=0.5
can be considered that weight set by user is evaluated
appropriately, not optimistically nor pessimistically.  Each
evaluation value is DA(A)=49.39, D*(B)=50.60.

Evaluation score by each system based on value of
D*(A), D*(B) show evaluation score ratio of each system
to entire evaluation score. And when user's evaluation is very
optimistic{ A=0.1),
evaluation is very pessimistc(A=1.0), it is shown as table 5.

Table. 4 When A=(.1, evaluation ratio

it is shown as table 4, and when the

a system system A system B
0.0 0.4945 0.5055
0.1 0.4945 0.5055
0.2 0.4944 0.5056
0.3 0.4943 0.5057
0.4 0.4943 0.5057
0.5 0.4942 0.5058
0.6 0.4942 0.5058
0.7 0.4941 0.5059
0.8 0.4941 0.5059
0.9 0.4940 0.5060
1.0 0.4939 0.5061
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Table 5. When A= 1.0, evaluation ratio

a system system A system B

0.0 0.4930 0.5070

0.1 0.4931 0.5069

0.2 0.4932 0.5068

0.3 0.4933 0.5067

0.4 0.4934 0.5066

0.5 0.4935 0.5065

0.6 0.4936 0.5064

0.7 0.4937 0.5063

0.8 0.4938 0.5062

0.9 0.4939 0.5061

1.0 0.4939 0.5061
05100 - —— :
|
— B B G B B B
o 0500 T o |
< 0.5000 B
ko] g
O B e e e e
3 |
@ 0.4900 i -
|
0.4850 i

0001020304050607080910
—o— systemA ~e— system B_ a-cut

Figure 4. When is A=(.1, Evaluation ratio of system A and
system B

e e e i e e Gt

evaluation ratio

0 010203040506070809 1

Figure 5. When is A=1.0, Evaluation ratio of system A and
system B

In comparison of figure 5 and 6, it can be known that a
suitable one of both systems is system B.

5. Conclusion

Benchmarking is program to measure function and
performance of computer system, and is mainly being used as
standard for comparison and evaluation between systems. Web
system in which good quality of web service is increasingly
required is composed of a various hardware, software and
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network system, and for selecting optimal system, function
and performance of each system is evaluated. For this,
benchmarking is employed. And relatively objective, exact
evaluation material can be proposed. But for performing
benchmarking effectively, first metrics should be defined,
function and performance measurement should be achieved on
the basis of this, and for decision making on benchmarking
result synthetic evaluation method should be proposed.

This paper, for synthetically evaluating benchmarking,
decided performance metrics of hardware, network and
database system and functional metrics of software. Result
value of benchmarking was mapped into value of linguistic
variable through fuzzy set, and shown as fuzzy number by
triangular fuzzy number. And through, according to
importance of evaluation item,  converting weight imposed
by each metrics into fuzzy number and implementing result
value of benchmarking and fuzzy operation, score was made.
This totaled score can be used as material about
benchmarking result for decision making. The result of
proposed evaluation method for benchmark allows system
buyer to easily use the result of benchmarking and to easily
compare function and performance between systems through
estimating system suitability with a— cut..
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