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ABSTRACT

It is necessary to establish a systematic framework where the performance of governmental funding projects
can be evaluated just-in-time as well as objectively regarding IT small and medium-sized enterprises and venture
business. In this study, a framework is proposed for the performance evaluation using Data Envelopment
Analysis (DEA) and a case study is illustrated with an empirical dataset. Especially, in order to enhance the re-
liability of optimal solutions, a DEA/AR-I revised model is developed by adding Acceptance Region (AR) Type
I constraints into the DEA basic model. Based on the procedure and the models, it is considered that an
‘efficiency score’ can be calculated as a guideline for conducting successive performance evaluation processes
fast. As for major governmental funding projects with respect to ‘IT SMERP 2010 Plan’, performance evalua-

tions are discussed concerning between projects as well as between corporate entities within each project.
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S ITARES: 90dd o] % =7PdAde A

A Ao R wAHRA, 1 Fadel A3
Zojsla siek AR (NSO) 2 A REA

3] (KAIT)el 2lsbd, GDP whu] =l ITARIAR
Akl B]Fe r979d 15.37%4 061 29.26% =
T3 S Bl gk NSO (e-H2HA
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‘IT Small and Medium-sized Enterprises Revitalization
Program (SMERP) 2010 #2'& wsgk u} glch
ol IT FAWA7|d FF7A=EA AEFANF7E
TR x| ] Adukke R, 53] 1) A
APl ITAR okl gk Fxplg 2k 5
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Ao AR BHEAH Az Zhsd ddske
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A1E 719 37 rE hEA, AREAVE
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H; 1) 05419 ~8 S A FEAks Akl A
AR ITRel ATl C04xdE7|hH]
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1.2 A=A
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Performance and Results Act, GPRA)=> A&, =)
W oRE ANl gk AAErts A A
A, vl AR IT 4w 7]del ek ]
S AG(AAE RSt sl vl olell g At

A, Feld Ay AAE i, 483 dsot
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DEA/AR-IFA 23& g}, ARgA77E 331
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I. 7IEH70E

2.1 7|1E704

DEA<+, ‘input-orientation’ ¥l Adwspd,
A BAS Za odEe teiAEY] AA
F8A (efficiency)= [0,1] WY ‘FESAAS
(efficiency score, rating or index)2 H7}sl= ]
shpe|w3olck

%43 multiple-output/multiple-input A} BT-F2E
Z+= DEA H7FW7NAIE Decision Making Unit
OMU)2-Z AAg) R AANAT (@ set
of peer entities) THA, DMUvITE A18A|S] medo]
S5 FolE= ARG Aol ukEEyH,
“firms” 3~ ‘industries’ WAl DMU’sEl= £0]&
AefsA € s7IA", AP 2 ulE (market
price and cost)>ZH 27 V1A 3L TS
Hes| gelslr] ofelE vled®] (not-for-profit) 7}
Aol T3 T8 Aol DEA 7o) glep?l

3|24 (regression analysis) 5 %32 EAE
AupH 2o 213 541738 (central tendency)S
A= Zlik= =E], DEAv AE o
(extremal surface)S A= ZoZ olsd 4
th & FARAME AsFAeRYE NEAES
1A shete] AlQl Wb, DEA: ARm3Ewe
24E] PEtRe] AR glete] Aol Alw
9]Z¥-8 %|ASH=; 1) production function; 2)
transformation function; 3) frontier; 4) envelope

52, 1) input-orientation M=, 12 &4

32 2 o

(<)

S 2A3] 9%k #491E; 2) output-orientation
s TRl lHoes A7EssE Hdled
_%_ 9/]‘3].(-?1_1:]_[25,31,35].

DEAX3¥-S CCR ¥ BCC 27HA& F-&3p4; 1)
CCR%2.3-2 multiple-output/multiple-input A}&H7-%
& single-‘virtual’-output/single-‘virtual’-input A}
22 A (reduction), AHelE 5722 %I
nonlinear fractional programming %38 A}5H
& 53 AgARl g or Akt AP 2) BCC
232 Constant Returns to Scale (CRS) 7}4&
25} (relaxation), ¥/41Z]Ql Variable Returns to
Scale (VRS) =23 Aol ed7]e{%7} glck CRS,
VRS®&2] hybrid 234l Decreasing Returns to
Scale (DRS) ™ Increasing Returns to Scale (IRS)
235 FgrpssiA Ao,

f

it

o

(3,14,15,25,27,31,34,35)
2.2 2ok

< 744 1) 2kEA2l5E, O multiple-output/ multi-
ple-input AA5T-25 FAFH = vk @ A= &
7t Aolgled . EA7ssich @ A7 E v
4 22 IR o], 22 A=A (quantitative)
AFERES o]%, o] -H]%gE] DMU J-&84d% 7| &
42 5 Utk 2) B3O, O 53 249
(analytic form)$} 7+ frontierell tgt A4 (a
priori) 7] Z 29It} @ 470 Returns To Scale
(RTS)el| ozl 2718 medol] wAjghc); 3) A18dA|
323 8ol wE HeA, © % DEA =3
S ZFHFEHE  AAHE (computational  im-
plementation)3}7] 8-o]3lcl @ AlSAE ws] ==
= DMU E-8A4jo] Hrpevk

g 1) EAA, @ ‘extreme point technique’
olng & o] =423 (measurement error)
2 A (noise) 5ol freldh wAlE E2AE 4
glt}. @ ‘nonparametric technique’©] X2, #4172
ol izt FAA sPAAC] ofFth 2) FEA
7Y 9dee] DMU EE8AATE ‘e AR
792kE, o] DMUZ} AdiAew agxfeolst 4
E5 We7] Hroks, o nlEdAeleks &S
W = gk sidske Zo] o vk 3)
AAHEZNE, DMUY AlAIE R 3o] 5. Folg]
= o] HiEEBEZ, FA|=m7]d wE AAHEF
X (computational complexity)”} 23 4= gick

AgHch 7Rl EEAEE B, 712
=]

Az o] DEAR 7k u} 9Jrh R&D EHA
G7kell Wik DEA 744, d7AblE 2@ 5 9l
o1 gk DEAS] gl AgRolw wSalg,

shteed BEARF BE Bwd S olepera

23A%2] DEA E8AA|4E vty v|Es
e el AT A7AF g wigleo] F8A

[} B3, ARFEAE v]8ge} DEAZF vlad
T7b AAE v ol HT AgRokE Wel; 1)
AL sl ZaAsP, 2) &, dxE=
(hedge fund) 2 AFEANHLZF (commodity trad-
ing advisors) E-&A% 7, 3) HEAL FEyAH
P g gy Axz ZRolpAs AHEAT Fo
DEA 441471 Rl
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3.1 DEAZ|Z2E
B 93 DEAV|ERFPOF
envelopment infinitesimal VRS model (PL)S =
gePBl 1) w3 el input-, output-orientation
Aol 9ty £ QA7 ee] pMUel H
= 2] Aeelts fAEA dEE
=48 4 9l 7SS (hypothetical composite)
73AAEAL (virtual producer)E AT 5 2
=Alell 2AS vk a3eRs, AsAAg=
[0,1] W95 Za, 1 gto] A5 v|ade] 2
o gk o) wHAd wEE Adee,
DMUZF ®|27} #Heldt ‘envelopment model’e] A1

input-oriented

%% 4 glt} 53], envelopment model<> ‘implicit
price and cost’E ©|-83h= ‘multiplier model’ ¥} ]
st v, DMU® benchmark 2 o]l A-$3l= 7}
FA7L EEEe] ANA FTHEAe] feldltk 3)
At 7849715 9814, multiplier modelel
19] implicit price and cost”} HF=A] ‘00 =HFES
HslloF gt &, 0 #S L3P ‘free good” 7N
Hel FH-Heas F8ske o] Huz, o] A4
% ‘efficiency’ ¢} ‘weak efficiency’ o] E7}5
slck slA]RL, infinitesimal 7o) EsiEH m3o]
Bxls#, noninfinitesimal modele] dAIA o7 -
o] &gxlcy 2] 4) & 72 DMU &84
7hs, E8aTTe B FHe Tl vEe] o
A=) edrla 714, VRS modelS- =43l

%055, 5; )

:kaf(is:rJrzm]s;)

r=1 i=1

mme ST,

.t E)\yr/ ‘l Yk vr
0.2, — EAIU s; =0 Vi

j;A] 1

0, free in sign;

578, A =0 Vg

€ infinitesimal positive number

(€]

A1) B o172 DEA7|ERFo|tl n7 DMU
Hiellx DMUkS] EE8AAS 0,5 A= P
2o 7A, gleje] DMU;2| 715

Y 1"HHERAE 2, 2 DMUEY

>i
i

A, P EHRA

"5 04

Z—th ot}g;] fe) /\7]% od
2423} slack variable s, 2 Aotk 2l(1)<]
AHPE 0,,57,5,0,010, O efficient, 2 weakly
efficient, @ inefficient, @ DMU™ benchmark 2
ao  ARSERE JEEAE 1IARIER S+ gl

[20,25,31,35]

Q4K slack variable s,
o

JE e

ruE.

A AkE 1) FEaLA e TR
2
b

EA 2,7 DMUkEH T HES 2) 3

SRR RS 3 S DMUKE
ji=1

o] dAR|EEH F4F Folsp) HEE =3

o A1) EAFE 1) DMUKE A wo e

e PSS} vlas)], ARle] slEeES o=

T dAREER FA7Fs3HA; 2 2) multi-
ple-output/multiple-input A}FBF-Zo Aol K+ S
A & 9de sf,s w3k dvig Sl E

Anksle e olsd 5= glek

3.2 DEA/AR-ITEHEY

DEAZIERRe] Feqas b Zolek,
DMU7ZF E-8A197) Axfe] Al2ler) 7448 4+ o)
o5 Fqdas b 2RSS o B
DMU®] EEAAGT7F 10 3He HEE F Qlth o]

=

2 FZHARL (space dimensionality) wAE, &
gﬁ—"d?ﬂﬁi"ﬂ sl AEE IR s+mat
DMU= n3ke] Aeha =7]e digh 2= Azt
3 olallal= Ao] wlEklal M s s+ mzAo)
TR EAAY] SR o ARt ksl o
2= A5k s, £2-908¥94  ‘multiplier’
& AW Aaa ool ke e 3w
= Ader Z g A=A, vlasx DMU
7} 354 DMUE H71E 5= gl A1) #|A
E]1,/]_[4,7,25,31]

o] % % Al AR 2 1) Cone Ratio (CR)
model” 2) Assurance Region (AR) method" =
o] Zﬂ‘ﬂ'%‘:}. o] MPHE-2 multiplierghs A|ekgho
i‘/ﬂ A7t AxE EEAFE =gk Al

& ¥sk DEA/ARIFAEY 22)F FH3l 5
’9.(1)-4 ARy (Dh) HAXHNE =E23F oS
frontiers TA%H= DMUQ| multipliers 3=, 2]
2% AR AFA] (F, ‘relative weights re-
strictions”)®] ¥7}% DEA/AR-ITAR3HOT 8§
A2 22 EE 2 g
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maz, ., 2 (wop,)

S
= D Yt
r=1
5, 1
s.t. E WY = Qv T <0 V5
r=1 Toi=1
1

ZViIik =1

i=1

M, =€ Vr

v, Ze Vi

L« free in sign

' < ,u,,/p,1 < U"/l, r=23,.,8
L‘/1 < l/i’/u1 < Um, 1=2,3,...,m

%

@
V. 2MRIE

4.1 EY-2EHeL

‘IT SMERP 2010 Ao %3 IT F4-wA
719 AFAEAGAA 140 AFAKEE a8E o
o2 BAREE 43dch KAITOIA AAEE °05
W] 1T 33Ul 7=, o9 A el
Z|zst A Axks 2R s )
A=, el fAkgE 71sde] Al v
2 A" sk, 8 O 39, @ 717
@ A 370 siH et o3 @ WEdSIHE, @
AgeldETTHE 27 FHe kol Wi’k 2EATr)
2 W9E sl Sy eaE ARk £
E, XA W9)elxe slEeswA AFAY, 7]

2 7GR 55 FH8s

2A gARs, rlsgadE, A AT
2 AAgFET Fol e 4 gk 07dE=AA
KAIT ITEAAEAE DBE &4 2 3] l4vls
& AkmelA ofpE AgA g me e

HEAe" EA2kES 1) SbAR, 280.530%14,
217144, 227145 2) ScAkYd, 2,601.686%1%), 2137]
4], 213744 3) SdAFS], 842.82821¢, 3297]%],
396714 4) Serlsd, 181.35991%, 160714, 16071
T2 F2Hck 719 OMUHHE dH 84 (i=1,2,3)
2 FN(2,,99), 71z, ), Az, E a8
3y, E2HE8(r=1,2,34)% 038 04dv)E
NZTHE(y,), 04ddm]  0SMEAZI A (y,),
03 dd] c04xdd el E STy, T04xdtiH]
05133 ol ET7 ey, )= EFch

IE[=ES

i

2 MH4 (composite score)
NE8aT 739 717Ky, A9(z) HEs
1) SbARY, 1-31 (3wdels) 100%), 1-271; 2) ScAk

&, 1-81d @3wdelst 34%), 171; 3) SdAKY, 1-79
(3]s}t 24%), 1-371; 4) Serlsd, 1-100d (3wdelst
24%), 1712 ARl v el A
059 AR o2 AORTh 4
2AA ol gsll, A1) HAHME =Fshd, divEe
DMU E&AA57} ‘I'® Alikee] A3g717} &
ulaiRle}. zjz; 5 EFR 370 dHPen FAEA
<= (composite score, flj)[w] 23S Aekait) 4]
B3)elA, apa= 71EATVEA, AFEZATEAE,
B = 77 ARk A SAdE
FEARH

el ofu]Ael] 7]&3fed, A4 =520 =32
2 AYstaz}t gl 1) 99wl 1971, 00w 267W,
o1 387N #A| SpeuilEe Fapdst, A Al
Fdell wE A uEd AL FUARTIE 4]
= 7, 5, 4ndAel] Al wdetan 2) & o
T F23 e HdiAee el |
a, = 0.40,0.50,0.60,a, = 0.20,0.25,0.30 F3x3=97] 7}
FHZF ol e ZEAAT RIFERA2 §Vel Al
A=k

max

T =z (1+ay (min (2} ,zzj) -1))
X (1+a, (mm(zg““”,zsj) -1))

3

4.3 AR-| H|efal MM

kg AR-L AlFA A@dE Il 1) Dy
(prxs), Op(pyxm) null, Oy (p,xs) null, G
(py,xm), F((p,+p)<(s+m)) h&; 2) plsx1)
output multiplier, »(m>1) input multiplier, w
((s+m)x1), 0,((p,+p,)x1) null FHE; 3)
p=20s-1), p=2m-Delef” agew B ¥
AARe) AR AP A(S) By (0x4) 7 H3}
= gErog 4

=0, 1)
. [Pu 012} )
= [021 QZ (4 2)

w= m 4-3)

A5) AATA-E oha3 Ak 1) DLEEH9
AaflollA ZE5AA]5 ‘1’8l benchmark DMUE 3
Z2) =He4aH ‘0% 2=33k=  multiplier

My, My, Mgy my 7N

ﬂ:

[y oty ZH2E F=3)
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tio/ s i/ iy iy B 22 mymg mymg mym, 7 ARY
—4)  ZF ¥ 1000%,100(1—a)% Eg
N (r=234)% RPN gy
a=0.252 A% AR-I AeFAS z3)

*LZ/I

1 0

1 0
-3 0 1
11 U:3/1 0—1
0 0

0 0

!

5)
7[/4/1
U4/1

V. ARIE

.I
>

R

) =g
% .ﬁzsﬁ-—“‘T'—% aLe %H Sd*]'° % oAk _"i (az a

w
~

mi AN
,
%

]
o
;
2L
>
ok,
_Xl
Ll
o )
' o
N
ﬁ
X F-lm

ZA14 (a97a3):(0.50,0.25 ]AM ;;Lgx%z]/\e
7R, vmR] 87l rEEA EgelAe] e8RS
£ AL plotsolrh (ayay) 23 TEAIA|G Al
25 09901k ® FHelEch a3 13
J AT 27, (aya,) 23] WE F
HqAGe) FAT Wske fEEA @ Aow B

FhAdelAe] EEHX]%K&—E* ol g3t} dhH, B
AR BE B8R oaivE SlEA
2271, [0,1]°] ohd °1°H HeE
° ”‘ﬁﬂ‘:‘r B dgellA] Ak 2y, Al D
Mlcrosoft , Office Excel 2003; 2) Frontline
Systems, Premium Solver Platform v7.1; 3)
DEAfrontier.com, DEA Excel Solver Add-In 2002;
% 4) Microsoft Visual Basic 6.0° *87-99.2 7§
) E}[26,35].

Eficiencyscore

DMUj (n=329)

a2l 1. Sd, (a2,a3)§j€}% DMU E£4A|4* plots

820

5.2 Atz mot

AU AAAIALE n=7237] DMUE 54
of aefsle] &3] AEAAGE 2™ 26 AAE
ok A7l O Sb, §2E @ Se, 4L @ Sd,
Se, 291 508 AolsAul, BA7|7kEE 487
o] Z= HAFFEY (cash flow)el|x]e] AlFAHE-
& %1‘}41 7Rt a8 2@, A
DEAZ|ERY  H&4A5 (A 7IE A
DEA/AR-IFARY  E&AAXG (A AHEZ,
n=7237} DMU R, A(DET} Al(2) plote] o}l
o 9]x8}n, o] A AR-I A|eFr] FIE A
Hek A, ) 28R AEHITE 0987862
2, AR ARd] w2 FA43 28475 W=
FEEA] okert a32.(b)E, & frontier DMU
7} YA o DMUE 228hs HARF moks
iz}

a8 3& 73 2 DMU E8AA5E Ald=
welstel Ak a9 3, 3.0E A, @

2 Sb, Sc, Sd, Serld =IE EEAAS
Efficiencyscore
DMUj(n=723)
(@)
1) @
200
160
120
80
40
0
(b)
2! 2. DEA7]ER3 A1) (AA) vs. DEA/AR-ISFA
E‘% A2 (@A), DMU =E&A4ASF, AAAKIAE

723 ©]%; (a) plots; (b) histograms
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A7) A RAZA AR A A7)

120

90
60
30
o . )
(2. 80 (2. s¢ (2, sd (2), Se
o
o
ol
S 1L
(a)
Sh Sc Sd Se
me 0 0 0
Sb [ Sc ]
< s
P
N I
<t il

()
T2l 3. 23 2 DMU E8A4As, AlE E2l ()
histograms; (b) boxplots

histogram, boxplot®|t}. 3 3.(a) histogram A&
=2 HIE=E, I3 3.(b) boxplot AZ2EE F8AA
75 FARE FE O 4, @ 4k, Q) 2ok @
A o= aElshd, diEko® Se—Sd—
Sc,SbeA & FEFTAS Yo, fHARF mefo]
FAAE Aoz skt 3, Intel® Pentium
Mobile 1.60GHz, #5FE] runtime A4}
n=723,s=4,m=19%] ol DEA/AR-I-FAH 23] Z
A EEAZEE oF 353 Aa%)h

°J

r{u:

DEA/AR—I"’F— w3
TG A AN

=2Xx1+s+m)x(n+1+2(s—1))
=(2x1+4+1)x(723+1+2x3)
=7x730

23 26 AMIE A1) DMU E84A15] Akl
M EEd AANE ulE W RES E 1 2

o 4ol AARE T8 4. RS 2 AR

DMUS o]z} BAE 78 4.(b) EXo4] Fals
£ ZAA™, Se—Sd—Sc,ShAR 974 A8}
He #A1e, 13 33 vlas)] Bl A9 sjelst
_/r\__

1%‘ 2, 304 ElEl= ZAE, DMU 284375
Aol w7 SAEE el Felzh Qlch 19
2.(b) EE5AA50] A5 AA3; 1) A1) DEA

7IERY T8RS,

(D Anderson-Darling 734573k  (test statistic)
AD =45.853, -7-2|&E (p—value) <0.005,

@ Kolmogorov-Smirnov ~ Z1A4EAS  KS=0.184,
p—value <0.010; 2) 21(2) DEAJARISARE &
xR

(D Anderson-Darling 752
p—value <0.005,

@ Kolmogorov-Smirnov ~ ZAEA%  KS=0.190,
p—value <0.010°.%2 G w7} v v]F3}ck

AD =48.797,

mShESc OSd B Se

10 9 8 7 6 5 4 3 2 1
Rank grade

(a)

mSbh ESc OSd @ Se

1.00

(b)
a2 4. a3 2, . DEA/AR- 154 E.é Al@2), DMU &
A, AR - e (@) AR () 2

ey ohlelzl EAMLAMY (nonparametric
single-factor ANOVA)<Q! Kruskal-Wallis 7372 A
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E 1. 2% 2, DEA/ARIFAEE 42), DMU E8AAF, A - 51558 /s v, 32
Bad<— —Good Sum
Rank grade 10" 9" 8" 7" 6" 5™ 4" 3 2" 1"
Highest rank(H) 652 579 507 435 363 290 218 146 73 1
Lowest rank(L) 723 651 578 506 434 362 289 217 145 72
Sb 8 4 1 4 0 0 2 0 0 2 n;=21
Sc 59 48 43 24 15 6 2 3 4 9 ny=213
Frequency Sd 5 21 28 44 57 57 25 24 30 38 n3=329
Se 0 0 0 0 0 10 43 45 39 23 ns=160
Sum 72 73 72 72 72 73 72 72 73 72 n=723
Sb 0.11 0.05 0.01 0.06 0.00 0.00 0.03 0.00 0.00 0.03
Sc 0.82 0.66 0.60 0.33 0.21 0.08 0.03 0.04 0.05 0.13
Proportion Sd 0.07 0.29 0.39 0.61 0.79 0.78 0.35 0.33 041 0.53
Se 0.00 0.00 0.00 0.00 0.00 0.14 0.60 0.63 0.53 0.32
Sum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sb 0.38 0.19 0.05 0.19 0.00 0.00 0.10 0.00 0.00 0.10 1.00
. Sc 0.28 0.23 0.20 0.11 0.07 0.03 0.01 0.01 0.02 0.04 1.00
Distribution
Sd 0.02 0.06 0.09 0.13 0.17 0.17 0.08 0.07 0.09 0.12 1.00
Se 0.00 0.00 0.00 0.00 0.00 0.06 0.27 0.28 0.24 0.14 1.00

Aslel, A BAA felakE Helgi) %
EHE 7AURS 878k Kruskal-Wallis 71%<]
o9l AABARS Ao 2ol
N (F, a=4>3) 2 7F AP DMUS7H
FEIEZE (F, 0, =5, i=1,2,...0), h=,_, 71
o8 zZherh ARl R=31031, s* =43,621.00,
h= g = 113428 FAF7VL Hyoy =n, =n, =1,
7t 717Ee (3, g AR RS B S
9149, ARAZE AR el 2fol7} Qlokar Stlch

il

_ NWV+1) .
s—@T =1 ©D

[E]EI N(N+1) NN+ 60
st

E 20 AL, AR (Leveld) 9193 7;;,
R 2 R EZHF (- value)o] AR
F2)&Eo] 2L (p—value =0.000), FET3}gk F——‘lz‘
+3% Bjoiur_ni Alaiyd ;@_%HZ]—/]:oﬂ o5k 2}
o7} 9l 2) ®FIFHS B, Se—SdoSboSca
AZ :é‘.%*jz]—[—ﬂ— sl o) ;d—;(al%q_

¥ 2. 1% 2, DEA/AR- 15423 ](2), DMU 84
A AR -‘47} Kruskal-Wallis 73243}

i Level n; R z—value
1 Sb 21 199.80 -3.61
2 Sc 213 184.20 -14.80
3 Sd 329 394.00 3.77
4 Se 160 554.20 13.19
N=723  R=362.00

H=310.31, d.f=3, p—value=0.000
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