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The innovative design of applying TRIZ theory in automated

assembly system for the electronic connector
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Abstract

As developments in science and technology are progressing on a daily basis, product life
cycles are shortening as new products and technologies are developed. With growing market
competition, to survive and develop enterprises are increasingly reliant on innovation to
improve their ability to competitiveness, and ensure their long time survival. Innovation is the
main strategy for improving enterprise competitiveness. In the current complex and
changeable market, how to innovation is an important topic. TRIZ was created by the Russian
inventor G. Altshuller and his research fellows in 1946. Altshuller et al. analyzed and
integrated 1,500,000 patents with knowledge and experience of the world’s finest inventive
minds, to help design engineers handle conflict conditions during problem solving related to
design innovations, this approach is called “TRIZ” (Theory of Inventive Problem Solving).
This work comprises a practical case study based on interviewing related experts of
automated assembly system for electronic connector. The Contradiction Matrix is applied to
analyze a practical case study. On the other hand, the Analytical Hierarchy Process (AHP)
and Inventive Principles are used to evaluate and analysis hierarchical structure of automated
assembly system.

This research could validate the former method (Contradiction Matrix) by combining
AHP and Inventive Principles methods, and the result of this study could be offered for

further research.
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Specific Specific
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>36>25>11>31>38>8>5>7>21>23>12>33>9>20 -

PR w LI R o BUE AR KRR AT P - AR AR K o

15



ift:",év"lm —L;rﬁgég‘i;‘;; Bk — @ % 3 j\m*}s *9:_’1? s '13§1p£7$ mﬁ"‘!i ;—hf, /;I]? ,
BEAR ST SR AR R L RAE DI R R B YRR e P R
fe plix Flx 24 R AL HHE[38] o

>
3;
=
%y
T

v

A
g

AR R RE niR AR > 2d A3 2R 27 ERAEAHE S HN R AR R B

FoRMAEREET SR T RSB AFLFS A REPT A DR 2 ol

o Flgt o TRIZ BHFT F BT h o470 S 7S Ak L A 1 7
pdeite R R s R G E 2 B F ST RRRE Y BRI A

e LR G 2 LR

G AP

TAe A3 o AT

;]

~
N

%[18] 0 40T £325 ¥ 11 AHP 447k it i
PHE R R R PR R E

Fehe LIFEFRFEP 2 AP B R SEY PR AEE > - - BT

TR B e

—\

<
C

P2

-

&3

G
s

LA AR T RIB24TT o

TS F R A A A

\4

PR FOURERN AL

AHP = i =5 B 5 ¢ RpHES 2 L Rl E 2 12

Rt

%

-
53

B Mgehr LKA Rl AP BE L chifhog
B 14 0 4o 1 YA P ,‘56%;’_&3_5}{4737*"4 F-J«I,‘E'“f—z\» PES ET’J/n\’}"’r..‘:‘—F‘%%

F32 5 iise

16



PHELNY AEN AR S REDE VAR EEPH O SRR B
BARAL BB EL R 2o ad kS gkt A HB
PRk g e R < R A SRR T s F B e e B k(5]

BAERHEN Y o ¥ L FART I (in-depth interview) - FFR A - A& S
s BRI BRI B E B U AR AL R AR R RS iR
FARMF B AP HE TR B N B RF R R T
EiE 1 FAEHA SR LR PR o

PEHECPH AT AR FEEDLEEE RET LS AFRREY {00
RIS N A S UR AL N G FRAEGRT T B E R AT o L g
AT ARG EIEI D - B

ﬁ%%gﬁ%ﬁm%ﬁwﬁ@’@aﬁ

R

FO I B 4 4 @ X HER o R

2

PENN

%
b4

TS

i

SHFL L HFTHEEEREL £
AEORESPHER - R EFDRL DN AP TR T ol - PR

BB A HP AR (LS F A B E D) S T e r - BB R

PR RABE P AT S AL R T L B

BAEPHT A GREAES 2 G T g4

DL RER o BRE PG

Be Btz Bz om ¥ &4 i
BAOUCPRER o P AR P
R 287 22 H 2k eiak®

)

AR LERTHO S R PRI R LG B B P ke
ARPPGRAAEFRZFEDFrDFTAFOFRFREF ALY I T 0BG
R ;Q#Ez,pijﬁggﬁg%g:}\:l T A HIT2 2 B0 ¥ s&'g%—*ﬁﬁ‘u XA RE AR
7558 o g 59 L A E R R A A ’if—ﬂm‘}‘éég"i PR T Tt AL B T
SETIREREES RN R MUY SEE S R T S T e

T > T BRI LRI E o e AHP A7k B2 ki T it ek it

2N

\\\?{r

B E s E R B B FE Y TRIZ 2w L 52 RE B S A o AT chp Fo 1
B B2 R AT £33

17



£33 pEeit ek ki g

A i R B i &#p| C =& %% wif

B R R SR i

B ™

o
AF
4~
N
T

>~
el
=
S

= & SEREEN

HRRE frg s A

TAHKR DAY grgl_
P (R B A) D BN IR R R B I R R SER G 2 4w e
ARER(KEB) AL Sd TR A M AR Ak o R - F R
B~ Aa o~ P ATFIRET A R FHEH O FRp B g iy oz 2§
o AT
1.7 s i
Iﬁ "'?_%J
3.7 4
e 5% g (K C)
LU psari e g2 pihth lagiafe Te g haesifl e
P s A R i AR
2T % > Fo BT RITRE TR ALY T 2R -
3Tk e 2 BERAE T AES R T Ak ST RRR A eh

18



R

AFT R TS M A RS Fi e A2 R e 2 R X
MERRALRFRLEFAA FHBEF R E023 58 uBa@p dit m ik N
o2 FERY A G2 BFERPIFRE SRR 2 L ERE Y AHP #2474 52 i

FREY K 2 BRI Aa 2 FERMIER - 273

\_‘

Z_ FFB"SKII’T%\ 34'?‘)”]’
pdeit sk ki REPES Tz AR R (T iasn TREE > TR
*J)"E‘— {ié& ’*%ﬁ'j’ F'&m'é--tf'}‘tr'o

%34 j&k—ﬂi‘iﬁ:‘i X

T & MR
£ 2A B ¥ % 13 il e & il 7] % ¥ £ %B
TR AR TR zE T | £8 & & &
918|716 |54 3|2 1 2131415167819
& KLE R B XD
kBTt R A A
REX D = A

3AAHPA #7 K i -2 €
Saaty # 11 AHP /% e {42 5 > 3 F A7 e [31]
P B — ‘%;f%f#‘aiéj}&.:
dF I AR P RGP MR o B e R AL s P R )
Zt j\ ﬁ’rlﬂ;/i.ﬁ\m}é] &; #

Fifes ~ B 25 8 S gt i

F o KaanTl FIZIRL AR XA - Ao FlE R E A A

=2 niB l—ﬂ% Bé? s F"J EES@F C(l’l,Z)z n(l’lz—]) (:K) ‘a\"}"'f”h ﬁLO - n BE —l% L ﬁ’k“‘é’—% rﬁ@_{_

19




B34

TE > B aditiaEL AP A it 2o @kt b2 2 e B o gt
A ERDLT "wﬁw“oﬂﬁ,&g%ﬁg i BEEEY BRE2AHE
LR a;=

o PAHEMATHE - BRFp LR TUERER 1 AT
ajl

&gt e o

1 a, ... a,
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A=) % _ (3.1)
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FOR & R EIR R - 8 F22(1989)

FEBRZ ~ 3 B BRI afp g €
LR gL B {%’3%&%‘? KGR E w0 RE &S & s

2 o EEEERT
F-BERES R ApHEEL - *%W¢ﬁ”@ﬁﬁwx%ubﬁ,7%$@§nh#?

R X P nE - AR W e 0 R

@ Ay © B BE 40T (32)2(3.5)
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L | R a,,
Syt paEd 4= % ' (3.2)
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m
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EE g W= (3.3)
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1 a, .. a, T
| 12 1 W, W
— 1 .. a,, W '
fro B W =Axl =| 92 x| 2= " (3.4)
o 1 W w'
_aln aZn B =
- 1 W’ WV WV ’
PEBRAERE D Ly = 3.5
i SREE max n( w, W, n) (3.5)
Tk REUR R~ F R42(1989)
Foobo gt A A 7 28 - Rt 5 (Consistency Ratio, CR) > 2

FEOICHPFE T R - R - RPLF
1 #% (Random Index, RI) et 5

,ﬁ&m— Rt -“F’EJ

Tk g

Pipow s EREES %
REK B G ER R R E 0
BiEH> ZDiRLEE o

BEIRR  F R R AT A R TR
TE HFTE - BEREGHEE > TR
AT BAICBERF > TRRT 2468 cnfrE B 2 ¢ B9 R & hE H4cT £3.5 97

@ % CR <
EF - REPFRTEFZLE o

d — &4 (Consistency Index, CI) % SE#4%
0.1 PF > 4 41 OB E 4 3E 4

B AEEC AL B URE

i

CRAGE RIS rEE
y

I e 2
4P T RIN3-5.79 S e

(18] -
7. 35AHP ®1L & B P £
PR A & P
q FEEE A i‘m‘?ﬂﬁiﬁzgl’?iﬁﬁlﬁh‘
(Equal Importance) [ (Equally)
HER GBI e E R - 2 %k
3 (Weak Importance) @7 % (Moderately)
5 e R S LT e EEE - 2 %
(Essential Importance) @i (Strongly)
, RER FEH A AR AR E R - %
(Very Strong Importance) @iz (Very Strongly)
. HHER ECET SRR
(Absolute Importance) @ 7 % (Extremely)
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BAPHR B2 ¢V FE
(Intermediate Values)

FERITRER

iRt A REER . LT EFEZRELE MR VL RE A BRZRE
AR 1P A 3590 L RO R TR AAREL ot B St RAELE T
TERE LR ERFPEL o R BELSTY K Y PR 5 B B AR

TR - KPP R R BT REALY TR F o ARG ALK ¥ e T
AT E AT A R S E R R AR L ST R T KR %
12 B o Saaty (1980) i CI<0.1 PF» P EE L A kA - R % CI>0.1 pFo R
2R B RENHIETA - I A R S Y B DR oA T T 8
Wk Bl n @ o [41] -

BAYEN-3 < dp 1% (Consistency Index ; CI) #% ;% (3.6)[18]
A -n
Cf = _max (3.6)
n—1

(2559 in ZE%FF BE > Amn e N R e 2 e ) BB
"5 % (Random Index ; RI) > - "g#idndic RI 4 F- R sy » p - K
g RS e 1 3] 9 ol T A 2 hiplBcEL o T A R R EL R
B n o RI & 4-#3.6[18]

£ 3.6 WA 4 BT - R i i

(o)}

n 1 2 3 4 5 7 8 9 10 11 12 13 14 15

R.I. | 0.00 | 0.00 | 0.58 | 0.90 | 1.12 | 1.24 | 1.32 | 1.14 | 1.45 | 1.49 | 1.51 | 1.48 | 1.56 | 1.57 | 1.59

£ B & - &t F (Consistency Ratio ; CR) #c%¥ 54(3.7) 5 [18]

cr = <L 3.7)
RI

Saaty (1980) % CR = 0.1 Rl4 7 ik il F i = St updd & - Ripeh
LR FRE NGO AAR Y AT R DN

BT BRI R A R S R e £ UEW L ERIT R - BER
FLAFHEL - en b S R 0 BRI R L > P E A E A R

ToXNEENF AR ER D XDBELER o
ARG L AHP &4t sz KR p b L R MR R 2 AR HE R EL > 1
LRSS B
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H - Igd FE TR TR T S R o

i

1 1.27476 2.83314
A=|0.78446 1 1.95647
0.35297 0.51113 1

TR KR AT R
K R F - DR BRI A L 37 T RRE el

3.7 peit g i BRI A Eht R

R3] ko BLE 3 30 S
P 1 1.27476 2.83314
BT > 0.78446 1 1.95647
& A 0.35297 0.51113 1
LAEARAE N 2.13743 2.78588 5.78960
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1

HF= v EERE B A R 3T ¢ ————=0.46785 >
y 2 e R E b ¢ 213743
0.78446 _ 36701 » 127476 _ 45758 + ..., ARl B F 4 38 iR e B W F
2.13743 2.78588
CUFEIE NVE R SR ST
238 it iha BENL BRE W
) , T ag=f
4R R kSR R EEE > S (AR N Y.
(2)
S LT R 0.46785 0.45758 0.48935 1.41478 0.47159
b R A 0.36701 0.35895 0.33793 1.06389 0.35463
EIES 0.16514 0.18347 0.17272 0.52133 0.17378
FH &R Ay R

d 438 P ER SRt ek ki BB AAEET RS R (RR

£ 047159) )~ "HBEZ 2 (EFw £ 035463) " = A(fEFwE 0.17378)

2

H e~ JIF & 38 chT gk b & 37 P AR HL R ERE > blde

0.47159 x1=0.47159 » 0.47159x0.78446 = 0.36995 » 0.35463 x1.27476 = 0.45207 »
A B Flde R 3.9 chipEie B o

%39 peiteE i 2R EBE e E W

AN
B ER BT i BBET > & A
(1)
S BT 0.47159 0.45207 0.49233 1.41599
BHE > 0.36995 0.35463 0.33999 1.06457
= A 0.16646 0.18126 0.17378 0.52149
FA KR ATy AR
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e I5 2 I 1.41599 0.47159 3.00258
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* A 0.52149 0.17378 3.00095
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lmax:l(W_l_i_Wz +W3 J’_...W" )
n W, W, W, w,
~ 1(1.41599 , 1.06457 0.52149)
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_ 200542 _ 5 00181 Bifn o
#HF o f- RPE4E D CT Fas ~"_3.00181-3 0.00090
Sk T ) CRe— X[ S . = = =0. o
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they can go into action,
without time loss while
waiting for the action
(and from the most
convenient position).

c. Replace a linear
motion with a rotating
motion, utilize a
centrifugal force.
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SR B AR A = i)
4.2 o

3.0 p B it e iEARY > FEA U
PHEA7 ERERE L 5
v A ERE Py AR
B E G AT EIpAPIFS L oa
77 g h R bR c
7 LBl R (ZE ) 7
gk ih FagTy e

oast
4
v

i

i

&

a. Make the object
service itself and carry
out supplementary and
repair operations.

1. Insert ~ Housing = & & 4L 45 i&
7 p # 47 X Insert ~ Housing ~ 2 #
*’Jﬂ\xi'}— o

2.0 Do AEEAR P 0 i H }fg_/?] 83

25 _ | b. Make use of waste . o
(Self-servic | aterial and enerey. Rz E . o
e) 3 # Insert ~ Housing ~ #4@ mﬁiq?l »
WG RPIE L E e
Ab G AR AR
a. Replace a mechanical LA pE > e e b0 #ea Bk
system by an optical, Do 4 REEE(L fgj) B 5
:;(S);sr‘lcllcal or odor PR IINVE ST AT TR
. & A
b. Use an electrical, ;Efﬁ FI - P 3 e N A g
magneticor .V /E r-r'ﬂfﬁ‘( R, 51T lpL;ﬂL o
electromagnetic field taRl) ©
for interaction with
the object.
. % 1 4, | C Replace fields
Jﬁﬁﬁ;}ﬁ“ 7| 4. Use a field in
A conjunction with
28 | (Replaceme ferromagnetic
nt Of?l particles.
mechanical | g
system)

1. Stationary fields
change to moving
fields.

2. Fixed fields become
fields that change in
time.

3. Random fields change
to structured ones.

4. To increase a bond of
metal coating to a
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thermoplastic material,
the process is

carried out inside an
electromagnetic field
to apply force to the
metal.

{25 # 4% | Change the aggregate state o
(Transforma | of an object, the
tion of concentration of density,
35 | physical and | the degree of flexibility or
chemical | the temperature.
states of an
object)

PR AL Tt TRIZ 3% ¢ 5§ 4Bt 4
g 5 %% 9 iR (Speed)

5'-—1\3%7:3{‘9

)i’ Fﬁ)ﬁ?u __;‘x: LA e i+

& ]L K:&F‘" Ki& 27 ¥ f!—;-

N BT LY R
(%Rt A) e d o

(Reliability) ; d % °

O s
1A%

woE

#
A
27

(5B s A) ¥ ovgrecden1 2585 58 9 # B (Speed) 2 & 1 4#cs S8k

T 4.8 (Reliability) % 22 Bl A o 5 ¢

WP F AR T A 43

#11 ~ #27 ~ #28 ~ #35 o 23R

%43 % - mEEEDQ)

ER =2

ﬁ;: R B P B A g;—g—ﬁm}f%?r =
a. Compensate for the L3t R 4 b i £ %
relatively low A4 HMmNS LR
reliability of an object | 4. T S S R
by countermeasures 3 Insert = i » 12 3% e b % (=00
taken in advance.
=
A 1 B EiEARY 0 20 A iR
HaaH e HE T o T R
o pogeitchle RiEAe AR
1" (E?E h?’ ]L{ T pF 22 Housing 4% & » 7 2 4t 2
ushion in @ sz
W R AP T R
advance) IR A & F

pto f&_l’x ERE I 1)
3nsert B iE B < P i@ ¥
Insert & ;% (x Efr | T 1> >

2k et R Rl B krrit Insert &
T Ao FFEeni v FR %
& = ehnsert & a5 e

e o

i i ¥

B34
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4.Insert "t’éﬁ-‘ﬂf_»%k’\r.ﬂ?f » oz E
BT AR R F e A
K F A FAFE L A
e FROH T Lk B
T o

5.Insert £ Housing #% & ¥ > ~
FTRLFRET R PR
Insert =3k 3+ 1 4 b —F ﬁ;
Housing #73% 3+ F 4c F it &% +
ey 2 a AR ) Pl
@ B A7 02 fe Insert 22 Housing
S F i d R o

6. £ HE-R T hX I LT
okt &6 TR SR -

s a. Replace an expensive LR A T4 & BHERP K >
(An object by a collection Ak ek R o I TE R
inexpensive of inexpensive ones, £
27 short-life comprqmising othgr WY T N ST
object instead properties (longevity, P T
of an for instance). ?
expensive | Ex: Diapers that are
durable one) disposable.

a. Replace a mechanical L) 6 ek ® B frd]» 2 Z
system by an optical, W4 o U BT
acozlstical or odor BRI ST R R R &
system. o x

b. I}]se an electrical, FERLICE B e LA § i
magnetic or ’l‘#—‘k? : i % 2o 4w BErrene
electromagnetic field - B
for interaction with
the object.

. % 1 4, | C Replace fields.
%%ﬁ;;% 771 4 Use a field in
A conjunction with
28 | (Replacement ferromagnetic
ofa' particles.
mechanical | py. Stationary fields
system)

change to moving
fields.

2. Fixed fields become
fields that change in
time.

3. Random fields change
to structured ones.

4. To increase a bond of
metal coating to a
thermoplastic
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material, the process
is carried out inside an
electromagnetic field
to apply force to the

metal.
{5+ | a. Change the aggregate #
(Transformati state of an object, the
on of concentration of
35 | physical and density, the degree of
chemical flexibility or the
states of an temperature.

object)

422 3 FRMEL (F: &)

J B R EAY 0 BEEA L R e ET A REF LR FRDEA
Flb prec LR AL i b B ARR 0 PR B A A AR RIS AL g
oA DFw oo TN el Az S5 S8 32 Wil (Base of
manufacture) » @ o d w AR AR TS 0 X BL KSR AR RIS 0 A ¥
wd AL P F R AL Flet et TRIZ 2 © G
A EE® 85 8 35 &1L (Adaptability) 4rd 4407 4 4.5 grec i ha A2 Sl
% ¥k 32 %+ (Base of manufacture) 27 @ & & i %8 5 %8 35 i§ B 1%
(Adaptability) %} /e ghit BIA W] 5 ¢ #2 - #13 ~ #15 (2B /4 A) o $1202 3504 013
fmEp ??‘2}%1 %45

# 44 5 g E (B2 )

ey 3 | WAEN S | HRZERE D w
e f B p gree g e A R
Y ?2 iR Pl X BWL AR
e ($435) | 2 HI3HIS | Rp RS A8
(Adaptability) Bl 2§ ehw
manufacture) i
%45 % BHER
i Ja B B B AZRDEF >
a. Extract (remove or LA 3 e kiEfe® » 50 7 (8
o HE (4 00 - separate) a WA T F) L e
2 | Bw s J}’&‘ﬁ% ) “disturbing” part or | g s v s g AT 0 W AR B N
(Extraction) E{)?gftrty from an T pFY? Housing & - 7 iy i
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b. Extract the only
necessary part or
property.

Ex: Using a tape

recorder, reproduce

a sound known to

excite birds in
order

to scare them from

the airport. (The

sound is separated

R4 7 i
.,M MGE R A E

13

Fow kT
(Inversion)

from the birds.)
a. Instead of an action | 1.7 4 1 % % PF > Housing &_% **
dictated by the s E b, FE AR ke

specifications of the
problem, implement
an opposite action.

b. Make object a
moving part, or
make nonmoving
part movable and
outside environment
immovable.

c. Turn the object
upside down.

Housing # & ; :x11 p # v %
PR drid e do B EF
Housing k4% & -

15

% Ak |

S

(Dynam1c1ty)

a. Make characteristics
of an object or
outside
environment
automatically adjust
for optimal
performance at each
stage of operation.

b. Divide an object into
elements able to
change position
relative to each

other.

c. If an object is
immovable, make it
movable or
interchangeable.

Ex: A flashlight can
have a flexible
gooseneck between
the body and the
lamp head.

E-0y
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#

EA:

measurement) ¥ cruE k2 B A Y 5

(Productivity) # i 4 & ** % #c 5 % ¥ 29 W3 EmA

0t TRIZ 2% ¢ 5 %
Bl 1 A2 S8l 5 S8k 39 2 A 4
# ¢ ®Brr R (Accuracy of measurement) 4o 4.6;d % 4.7 reci ch1 47 8k i S ¥c 39

AAFRRFrEELHGE D7 Bm Fla &
(%R A) 749 A
S8 i S8k 29

i 4

(Productivity) » & i

P RAEEL AV R R G #1 - #10

H18 ~ #32 o $3TaERZ R P SR T & 47 -
%46 4 AR ESE (52
greed S wign Kﬁx e vl s
el g Wit ¥ A T Ew R
v — = 5 s o
(%#39) (%&29) H#10~#18 432 | = B LW L@
. (Accuracy of M o
(Productivity)
measurement)
47 ¥ = B¥IEER
e Fa R BN BAZERTBT >
a. Divide an object 1.5 %%‘r%él'ri’ﬂ Bl 6 Bitie
into independent Ead o EEAF R Nk
parts. =R AT »’A‘ 3 378 s (T o
1 & b. Make an object ¥ ¥
(Segmentation) sectional.
c. Increase the degree
of an object’s
segmentation.
a. Carry out the 1.38 £ #-F ! Insert ~ Housing ~ #
required action in RPN AIFLAEE
gdvance, in full or P Ak e s - B
b glpart' b t ﬁ’a IF , 1E‘.‘i‘«— \'} -4‘3 " }é /?J a3l
. Arrange objects so " ez o
that they can go m}% AR T P‘ﬁi
TENCE into action, without T ‘ ‘
10 (Prior action) time loss while 2.0 p B0 e RaEAR Y AR AR
waiting for the PERG EHERE LE D
action (and from P AEA\ehT P2y s R
the most convenient | st 45 ; 47 B gL d T 5
position). a.7 L4 igr’ﬁi%vl—l b;}g_%_,ﬁ%—l}l\
c. Replace a linear N Lo 0
: : c.7 Lty B L
motion with a
ehjs HARATE o
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rotating
motion, utilize a
centrifugal force.

3. A A1 %—%-‘s‘sltj,\ » Insert
P B - Insert B 3Tis B b oo
L BERPTE i p Rt e
$ohs NIFALE - B AR

Insert # & % %-fsﬂq*; N EIi fpu%
& ALt A B ‘}55'?._
R AR

18

18 e B
(Mechanical
vibration)

a. Set an object into
oscillation.

b. If oscillation exists,
increase its
frequency,
even as far as
ultrasonic.

c. Use the frequency of
resonance.

d. Instead of
mechanical
vibrators, use
piezovibrators.

e. Use ultrasonic
vibrations in
conjunction with an
electromagnetic
fields.

l.4c% 12 4 1 % Insert ¥2 Housing
AfdiplpE o ™ N, )
AR TS ERERT S
Fo#AE AL N
oo A 1ieR R BT {3
® Q%%Wﬁ&% AR B
R R
FL o E‘E BRI R R ﬂﬁr‘"
T N gl g i RN NI RIS S8 7
¢ode bRV PR @pux%é
RHLE BB -
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LR
(Changing the
color)

a. Change the color of
an object or its
surroundings.

b. Change the
translucency of an
object or its
surroundings.

c. Use color additives
to observe difficult
to see objects or
processes.

d. If such additives are
already used,
employ luminescent
traces or
tracer elements.

gy
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43 AR B AR S

*F13 E* Expert Choice 2000 #ic#8 k3-8 ~ 247 p &b 58k k 3 93 &

Ik

ﬁwiﬁﬁ£$%@ﬁ°
EALHY 22

AR ESA AR R ENE R LA o
AT 2R EE g 12 o R

A L 2 > I B T
AR LICE S -0-h AU ISR R S Rab E i

BEwogz 12 o0 w4 718

SO0 SRR E X

100 % - = fcB* %

2 #cp* *  Expert Choice #t# it (7 & SRR LA LR

B 05 g2 i85 12 (Transitivity) » s A& HE L0587 - Kb 2 RREEF G &)
BFA AT - R FREE L T detp - REF SRE2 PR SHRT RFEIL

3 PECK L 5d BTG 9 B kK B ] B RE A HE K RS 2
ﬁéﬁ%aﬁﬁwﬁﬁﬁ’ﬁ@ﬁwiﬁ@ﬂa@mmmmwm’U@:*%“@%@
in r‘]_% 2

(pairwise comparison matrix ) » &£ — # FEEEE H - kP F o kpEy

T RAEEE HEE S 70248 ~%4.15

4.8 1 & BRIz S RAEE
aRERN| LM | BEBEZ D = A
i BLE g 1 1.27476 | 2.83314
BB % | 0.78446 1 1.95647
SIS 0.35297 | 0.51113 1
B e
= 2.13743 | 2.78588 | 5.78960
TR kR AT R
%49 2R EPF 2L LT
BNy A SR BREX D 2 A i B A
& Xerh Ay | 0.46785 | 0.45758 | 0.48935 0.47159 1
ZE <X | 036701 | 0.35895 | 0.33793 0.35463 2
=~ A 0.16514 | 0.18347 | 0.17272 0.17378 3
Amax =3.00181 » CI=0.00090 - CR=0.00156
FH AR AP ER

2491 40 Bod BB Amax =3.00181 5 - Kiia{E CI=0.0090 » — R pt 5
CR=0.00156 > ¥2-]- 3 0.1 » # & Saaty #i# & f o
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VAR e

L
&k
Bl

BTEA(RR

Bt e A RKP YRR
£ 047159), 2B E£chI B RA] > H S
£ 0.17378), -

TR
TEENGL TS ]

FH kR

,gﬂ iy ﬁr;m

%410 F AR T L3R £F w2 SRR
g:r‘f";"» %;Q’%y l‘f'_%i ,:“\ l‘-‘;‘;.» l‘,E'_ SRR ",E'_%iji }i'}é—
Wi | fEE Rl E At E
i % 5L
L5 1 3.263581 | 3.107232506
1T
kR
A A 0.306412 1 0.550321208
BERR
B-#_~ 2| 032183 | 1.817121 1
I
FAKRR D AT R
%\’ 4.11 ,ﬁ i ) b-%ﬂ —T ?‘;ﬂzq b;/& mjei*gﬁ
, BEER
Bl S AL IR S
~ b LB~ A A =193
wit | g |epaq|tS R BT P
Bt B
kI B
' % 0.614159 | 0.536711 | 0.667138 | 0.606003 1
I
fj‘ 0.188186 | 0.164455 | 0.118157 | 0.156932 3
AL A
‘xEy %“f &
B-#_~ A 0.197655 | 0.298834 | 0.214705 | 0.237065 2
i g
Amax = 3.033605  CI=0.016802 > CR =0.02897

' J?EEL r f K5 9b 4 b(%%’t
0.35463) | » # %

B A4 50 X FFACE 2max =3.033605 5 - =itk C1=0.016802 » — 3%

L% CR=0.02897 » 2.1 % 0.1 > # & Saaty 7 ¢h& % o

A e

CAQ S LI

PPt %
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(%% & 0.237065)

Ees
bt
» Bt

;lf EH >p L
T E—_f-'I"\:'
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20412 BT 2EPT LG 4F I 2 2 e

=Ry BEAa] ..
wmg |FUERE| e | F2RE

P ITHRB 1 2.035558 0.561583

P

Rt 0.491266 1 0.324306
1%

X >7 % | 1.78068 |3.083504 1

FAL KR A R

4413 BB L 2ERT LFEEAY B2 EL

= N Y ]
o R TE Flaans| ge | #a
P TR B | 0.305629| 0.332659| 0.297782| 0.312023 2
CERET
1 0.150145| 0.163424| 0.171965| 0.161844 3

% > %% | 0.544227| 0.503918] 0.530254| 0.526133 1
Amax = 3.002906 - CI=0.001453 > CR = 0.002506

F‘Xﬁ'l‘j\/}i‘l : j\;n;z ﬁfﬂ—’_

d #4137 5 B FHE 2 max =3.002906 5 - R iEdp ik C7=0.001453 » - &2
Lk CR= 0.002506 0 35 %% 0.1 > # & Saaty #7# ch& R o

AArp f it e R AR P B S w2 B e o FRT X 2 KE (B
o g 0526133 ) LB EL TR 5w Hax L THRFERBE(ESw L

0312023) > B i5%h TH & A1 F(ES»E 0.161844) ¢
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30414 2 AERT LR A 3T 2 H L RAEE

TR wmoE GES AL LI A HBAEE R o A
aES A 1 |1.532658 1.059862
NERETEN 0.652461| 1 0.555047

M %R R RAT R |0.943519 | 1.801648 1

F‘Xﬁ'l‘j\/}i—s‘l : j\;n;z ﬁfﬂ—’_

%415 A AERT L2 2 wmIf 2 L

o gt (RELSA|AIXA| R ZT | ELE BB
= A
B A 0.385211| 0.353611| 0.405315| 0.381379
A=A 0.251335] 0.230717| 0.212263| 0.231438 3
i ?ii 'j:ﬂr%! 0.363454| 0.415672| 0.382422| 0.387183 1

Amax = 3.010087 » CI=0.005044 > CR = 0.008696
FALK R AT

d 44158 50 B X e A max =3.010087 ; — RMEdp e C1=0.005044 > — 3 fr it

e

& CR=0.008696 > 2. %+ 0.1 » # & Saaty “7# h& R o

S Epd it EE AR YRR Y e BR e B B THRAL R
2 A(BRFe £ 0387183 ) EAERGRER 44 wif > H £ TS A(RR
w8 0381379) 0 Bt ¥ m T A1 X A(REwE 0.231438) -
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2406 Ay kel R RREEE ST wA L B E (F 2HW2ZRE)

A ERE A Big®p | & C =& %+ w3k £
RN 0.28579
R R 0.472 w BRI ] 0.07404
E%ﬁ’i"iﬁ%\‘ AR 011177

¥

e TR B 0.11065
pdeit s | RBE D 0.355 R A 4 0.05739
% >R 0.18658
AL A 0.06621
& A 0.174 A d A 0.04014
W AR 472 s A | 0.06725
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HRRE FAF A 38.700% | 0.06725| 6
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d 24168 241727 85 A E s FERFE MM AR giE i AR
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LR 2 ~#3 wEPiE I
TR IE FpA TR ?E’ e R
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