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Establishement of fuzzy comprehensive evaluation
for fish sauce quality
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Abstract: On the basis of the theory of analytic hierarchy process and fizzy mathematics, the method of fuzzy
comprehensive evaluation for fish sauce quality was estabished . The reciprecal comparisen between fifferent indexes,
which were sensory evaluation, amino nilregen, total nitrogen, specific gravity, T-VBN, salt concentration, red index
and acidity ,was used te otain the judge matrixes about the importance of every index during the evaluation of fish
sauce quality.The weights (W) of these indexes,0.356,0.189,0.107,0.(4,0.097,0.063,0.061,0.073
sequentially , were the weighting geometric means of feature vectors form the jud ge matrixes. Afier the defintion of the
fuzzy function the fuzzy matrix (R ) could be obtained . The accunmulation of the weighting fuzzy degree of every index
in different fish sauce, which was the result of fuzzy comprehensive evaluation of fish sauce quality, equaled the
weights multiplying the fuzzy matrix. Meanwhile an example for the utilization of fish fuzzy comprehensive evaluation
was given.
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Y19 8 NMEFRTE BIEH R M AL E FRIE M S TN SRR Y TaBRB NS SIFN L,
1 XM

1.1 ZAFMNTR

B AEEREAXERETRRRTMN., SHALRRRFGHEITEM AR, BRNEE
TFHRENERE R AR E SR E LRI R HRE W= (W, W, W3-, W) B, #TLHR AW
i, W5 RRGEAIEMER B, H+ B=W R,
1.2 HMABXSTHhERERTIRE

HBFRYE ARNONE, FBNTERXM BTN PERA N EEERITHE, BRI MIEHER,
Xf R TE U FE R B KAFIE AR B AF IE ) B — (S E 0 B 1545 AL B (2 o A STRIR I UL ¥ 3945 &
HFm BRIt ESEEMRE, FEMTF

WA s NER,EHERSD BN AL As Ay A Ay, HH A8 ) K=1,2,3,050 2RISR s NI
FIEREEIAFER B W= (Wi Wy, Wi W )T, o n HE R, s MFER BH B0 R Wi, W,
W B I AULT ¥ 33 Wy, Wy W AR B HEFU B W = Wy, W, W,)T, W BN S B R AR E
E(S].

W=W/L W' j=1,2,0n

W;=(Wy W, W)

i L PP LB T A8 P45 B K E EAERIF B 1 1-IRENETX
Mo MHAMMALLRENRE B 63 KM, 5 Tab.1 The signification of 1-9 shudards
THERNIEZ RERBRE,HE 1~ 9 HHLLBIRE ks x X

EARAGEAL, RARSREE
AT TR HEL G ENTE

A, 1~9MTXAE 1. BTN A $545LE BES !
3
5 EARAERML, WH LS SV DAY
-,
9

WRREE , EMNNETHZ AR NN 5, W
Bt A WLLBIARE B A 15, o TMEEZHRLL
BEABH—DIFHER A= () nxa, R E
L IR 2:4:6:8

HE LA THIASAEEEHMNHEF, MARESR SHP R -HEE ML, A&/ n - 1 W B0 &
BHFmE. BEEAXHHFEPEA—PERAGTF 2R —-A—GBHEEF. AFLLEES, A
TIAAREfEEEn-(n-1)1/72 KERE LB IA5 2 LR EME . ER A B R B R & A i
HHEFR],
1.2.2 HiFHEKITHERE

BEAFER T EMAMITENRNE S ERFMERE. FHER A HIFIER A FOFIER AW, =
Amax Wik, IX B A fB Al BB KAFIER W BB KAFIERX MR ERME. I W RE 2B INAUL
i PR L ERAEMNNE,
1.2.3 RAEEAAN—RitRE

HHEREAEA —ER—BE,BRN TRATH XL FFIER A AFIE R 8155 8 th 8 H E 8
B AR HEENERTEEN. IFHERG—BERES BN TR,

B8 IHH—-BHEHEE C. 1. (consistency index)

C.I. =[Ag—n)/[n—1]

B ¥ HRHNATFRIREYL—BERET R. 1. (random index)

BRI SMR.I =1.41

ERRTARML W EHSTHRNEE
EmB TR AT A RNEE
R B3RP a4 EHA
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F=4% HHE L C.R. (consistency rati o)
C.R.=C.I./R. I,

1.4 8 Mathematica #3iz FJ

AEGTEERSFERSFEmMBAYSKR, THEERBEZHNFR FT. & XETHEITHER
RIAFIE R RAFE M B otf iz B B ERTHEE TR Mathematica X HEHH MR, FEA
W&&["JQUT‘.:
F—H BIEE (1] =m={|An, a2, " awml @80, el {an, a0 a5 |
B oS THERGAR, TRERERWE (2] =n=N[m]
B=H.REB 0o MPHERERIFEE In(3] = Fgenvalues[n][[1] ] 54¥4E /@ & In[4] = Eigenvedors[ n]
[[1]]
EWE R IHE W, = (W Wy, W), SRS EE R B RAERAP 15 Inf5 ] =p=Map[ #[[i]]&,
m] KB AR BRI W, AT FEHSF, 0 In[6]=p0.05556.

2 BEREHEIRHHEHE

EEBERZMBANEGD  AEESCARAZHE ERXMMENERE ABLERNE
RETEYEIR WRBRERNSL S MEKBRE BT FAHEEANEO RoBR ™ ENEUR
REFME ST EY R, K>S RSHENO T EHG ABPRUEHCERD AR, REMHEM, E BN
EEFXARBFIMTAGBE, ABNIAHKEARREAHTEL ANRSBTFTARSSER, 81
R BRLE FAMLERN RESE JAKEANERX T MERARARARERRN EEHILIE
re BREVMSRERAERIFN ZRLATLOH®RY . AEBRE TN EER ER LLE FRAH
HEE R IAERK EREBIRRABERRNHEIRE.

3 fFESIE I RN AE BRI E

HBREIFN EER SH LE FAMAER R AEKE ERABRIEREU = Iy, vy,
Y5, ¥6,¥7, Y | RABERIEIRAFER KX B BHEZWANAXE LI PHRE, BESHFNRRR
BOUK F 1. B RR BB E R, B P& LA KK R R R EUEH B AEHIER R, 56 B

4 HEBABERRBLEFRXMNE

4.1 MFERFRIFTFAERNTE
H220 M EFMRRAFHBM 8 MEFATH M LB, Pl b~ EXHIFHERIK 2.
€ FKE VA SR BAE VR L BUAT B BL 20 1 8 x 8 TP AIIE B, — BHE 8 & 9 18 MR [ LB %

2

2 ABRBRNEENRRAESMLERE
Tab.2 The table for camparing the mpertaoce of fish sauce quality Wdexes

# 45 BRIE HER Jo¥:-} HE T- VBN ik TeMK P=X.
RE VN 1 1 2 3 3 3 2 5
AER 1 1 2 3 3 3 2 5
[5¥ -1 172 12 1 2 2 2 1 3
W& 173 1/3 172 1 ! 1 172 2
T- VBN 13 173 172 1 L 1 173 2
&tk 1/3 173 172 1 1 1 1/3 2
EIRErL 12 12 1 2 3 3 1 2
foy. 1/5 1/5 173 1.2 12 172 V] 1
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B VE A B R KRR AEAR XS DL AORFAE 1) B LB % 3, B KAFAE(A 40 T 0, = 8.882.8.932.8.842,
8.254.8.894.8.279.8.888.8.801.8.734.8.110.8.987.8.396.8.496.8.774.8.632.8.896.9.031.8.596.
X & VEHAE BT —BHERE, — B M T :C.R=0.086.0.091.0.082.0.025.0.087.0.027.0.086.
0.078.0.072.0.011.0.897.0.039.0.049.0.076.0.062.0.088.0.160.0.058. iX 18 Mt AFE A BRIFH &
EH RSN —BHEH C.R.ARKTFO., Bt —BidE i AR,

4.2 fRFRBSHEGHETFAENTEE
BB R B KRR AR ER B3P AR A ESEVNSSRFRBNT
W,’ =0.706,0.375,0.212,0.107,0.193,0.126,0.121,0. 145

5 W' =1.985
W =0.356,0.189,0. 107,0.054,0.097,0.063,0.061,0.073
MafdfRNEHERRE TN EXE S8 LE BEMRER B4 0B RAGRER

BESEEGTEH P RARE WK S 0.356.0.189.0.107.0.054..0.097.0.063.0.061 1 0.073. 5S¢ THEMEZE
GIEHINE .

5 AERESEFY %N

TEH LR MG A M kAT UL, B 9o M AR E T HEA SR KE.T
- VBN . B & BN BRENRIALE 3,

*3 ABRRSERE
Tab.3 The quantity of fish smce indexes

. ¥ i 7

el _ 2 3 4 5 6 1 8 s
RE VM 3 2.9 1.95 3.7 3.15 3.3 3.4 3.5 3.2
HHE E(g/100mi.) 1.12 0.8 0.84 6.72 0.78 1.03 0.78 1.35 1.42
E R (g/100mL} 1.81 1.64 1.71 1.56 1.68 1.9 1.64 2.72 2.68
HE 1.16 1.15 1.19 1.13 1.18 1.12 1.21 1.2 1.21
T - VBN(g/108m].) 1.17 1.57 1.23 1.06 1.29 1.74 1.48 2.19 2.4
& #(g/100mL) 15.6 18 24.7 16.4 23.5 13.5 23.8 20.5 26.1
a6RY 2.94 3.65 2.55 3.8 4 3.87 3.68 3.66 3.84

£ 88 (g/100mL.) 2.35 1.81 1.39 1.55 1,39 1.3 1.26 1.89 1.72

HMAEPAERBRE S IERIPHENEHEMS P RAERBEEAE 1.y s, 4
AR B R, FIAEMER R REIEHRAIAE W=0.356.0.189.0.107.0.054.0.897.0.063.0.061
0.073, K R KRE B=W- R BIGZHIENER(RX4). REEENGSRM , A TFREESZ NE
HMAB=W-R,b="(a ) )HSELXRBEL FUATEERNREZH REMEZSIENS R B,

x4 BEMERREZEITH
Tab.4 The fuzzy matrix and the results of campcehensive survey
5 H X R R & B

HaS : - RN RRE
b4} hid Ta ¥4 ¥ Yo ¥ ¥s .
1 0.50 0.706 0.233 0.680 0.977 0.868 0.027 0.739 0.578
2 0.405 0.102 0.121 0.500 0.692 0.633 0.830 0.230 0.378
3 0.000 0.078 0.163 0.930 0.958 0.017 0.087 0.022 0.186
4 0.955 0.002 0.081 0.180 0.964 0.802 0.944 0.076 0.569
5 0.639 0.026 0.144 0.920 0.933 0.064 1.000 0.022 0.455
6 0.755 0.436 0.306 0.080 0.462 0.977 0.976 0.006 0.555
7 0.820 0.026 0.121 1.000 0.816 0.049 0.858 0.002 0.498
8 0.875 0.990 0.996 1.000 0.077 0.309 0.839 0.264 0.758
bd 0.719 1.000 0.991 1.000 0.054 0.000 0.964 0. 167 0.680
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MNEMMIREEFRE S SHBEMMIRBERK, 56
B/ &

FRB R HF & 3 89 R IALR R B
AREERE. LR R R & B8 KX A R GRE B NREEITHF.

6 it

LA MARKMT A HABRRBLE SN S 8- THXIEFHRE TN EER . LK.
W&, T- VBN R O RIEH. CMENIE WKWK KX 0.35,0.189,0.107,0.054,0.097,0.063,0.061 ,
0.073. AMRBARBIEFIEHFEMILALREHEI NP @%ﬁiﬁ&&ﬁﬂﬁi&%@% R. Z otk
JRE B=W- R BXAFEREHITTHEMLESITNMSE R,

XFEMESITEN TR AR N HRALERRBRTITNASS, AR TR IR VKB TN A
ﬁ!ﬁﬁmﬁmﬂ& R emith R AFAMEES RE ., M LAMEN S ST ES DIRBLMITNE R,

HERMITEHR, TRAIEBRF =R F T ZORE SRR ENNATRE.
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BisR 1 & FAEBHERMORERY
Appendix 1 The fuzzy function of every index
¢ x<?2 0 x<0.7
(X-2)2 2<x<3 4(x-0.7)? 0.7gx< 1.1
oG- 3<x< 4 27 Ca(x-1.4)2 l.lgx<1.4
i x=4 1 x=1.4
0 x<1.2 0 x<l1.1
5(x-1.2)%/8 1.2<x<2.4 200(x - 1.1)? l.1gx<1.15
B o s(x-2.8)/8 2.4<x<2.8 B - 200(x - 1.2)2 1.15<x<1.20
| x=2.8 1 x=1.2
0 x>2.5 0 x> 26
0.8(x-2.5)? 1.5<x<2.5 (x—26)?/98 119 < x<26
P 20.8(x-1)° 1.5<x<1 %71 - (x- 12)2/98 12<x< 19
1 x<<1 1 x<12
0 x<2.8 ( 0 x<1.2
25(x-2.8)%/18 2.8<x<3.4 50(x-1.2)%/81 1.2gx<2.1
= 1-25(x-4)%/18 3.4<x<4 %= i - 50(x—3)%/81 2.1<x<3
1 x=4 1 x=3
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BsR 2 FHIERE
Appendix 2 The fuzzy matrix

1,5,8,9,4,5,6,5
0.2,1,6,8,2,6,4,5
0.125,0.17,1,3,0.2,1,2,0.5
0.11,0.125,0.33,1,0.17,0.5,1,0.5
0.25,0.5,5,6,1,5,6,4
0.2,0.17,1,2,0.2,1,2,0.5
0.17,0.25,0.5,1,0.17,0.5,1,0.33
0.2,0.2,2,2,0.25,2,3,1

1,5,5,7,5,7,9,9

0.2,1,5,7,3.9.9
0.2,0.2,1,3,0.33,3,3,1
0.14,0.14,0.33,1,0.33,1,3,3
0.2,0.33,3,3,1,3,5,5
0.14,0.14,0.33,1,0.33,1,3,3
0.11,0.11,0.33,0.33,0.2,0.33,1,1
0.11,0.12,1,0.33,0.2,0.33,1,]

1,3,3,3,5,5.7,3
0.33,1,1,1,3,5,7,3
0.33,1,1,3,3,7,5,1
0.33,1,0.33,1,1,1,3,0.5
0.2,0.33,0.33,1,1,5,5,0.5
0.2,0.2,0.14,1,0.2,1,0.33,0.33
0.14,0.14,0.2,0.33,0.2,3,1,0.5
0.33,0.33,1,2,2,3,2,1

1,5,5,5,5,5,5,5
0.2,1,3,1,1,1,1,5
0.2,0.33,1,1,1,1,1,5
0.2,1,1,1,1,1,1,5
0.2,1,1,1,1,1,1,5
0.2,1,1,1,1,1,1,5
0.2,1,1,1,1,1,1,5
0.2,0.2,0.2,0.2,0.2,0.2,0.2,1

1,5,3,9,1,4,5,3
0.2,1,3,6,0.33,5,5,3
0.33,0.33,1,9.1,3,5,5
0.11,0.17,0.11,1,0.2,1,1,1
1,3,1,5,1,5,8,5
0.25,0.2,0.33,1,0.2,1,1,1
0.2,0.2,0.2,1,0.125,1,1,1
0.33,0.33,0.2,1,0.2,1,1,1

1,3,3,5,5,5,5,3i
0.33,1,1,3,3,3,3,3
0.33,1,1,5,5,3,5,3
0.2,0.33,0.2,1,1,1,1,1
0.2,0.33,0.2,1,1,1,1,1
0.2,0.33,0.33,1,1,1,3,1
0.2,0.33,0.2,1,1,0.33,1,1
0.33,0.33,0.33,1,1,1,1,1

1,2,9,7,5,7,9,9
0.33,1,5,3,3,5,3,7
0.11,0.2,1,1,0.33,0,2,1,3
0.14,0.333,1,1,0.33,0.2,0.33,0.33
0.2,0.33,3,3,1,1,3.3
0.14,0.2,5,5,1,1,3,3
0.11,0.33,3,3,0.33,0.33,1,0.33
0.11,0.14,0.33,0.33,0.33,3,1

1,3,5,5,3,3,5,3
0.33,1,3,3,1,1,5,1
0.2,0.33,1,2,0.33,1,5,1
0.2,0.33,1,0.25,0.25,1,1
0.33,1,3,4,1,1,3,1
0.33,1,1,4,1,1,1,1
0.2,0.2,0.2,1,0.33,1,1,0.33
0.33,1.1,1,1,1,3,1

1,5,5,6,5,5,5,5,5
0.2,1,3,5,3,3,5,3
0.2,0.33,1,3,1,1,3,3
0.17,0.2,0.33,1,0.2,1,3,0.33
0.2,0.33,1,5,1,3,5,3
0.2,0.33,1,1,0.33,1,3,0.33
0.2,0.2,0.33,0.33,0.2,0.33,1,0.2
0.2,0.33,0.33,3,0.33,3,5,1

1,3,3,3,3,1,1,1
0.33,1,1,1,3,1,0,1
0.33,1,1,1,3,1,0.33,1
0.33,1,1,1,3,1,0.33,1
0.33,0.33,0.33,0.33,1,1,0.33,0.33
1,1,1,1,1,1,0.33,1
1,3,3,3,3,3,1,3

1,1,1,1,3,1,3,1

1,3,5,5,3,7,5,5
0.33,1,5,5,3,5,5.5
0.2,0.2,1,1,0.2,1,3,1
0.2,0.2,1,1,0.2,7,1,1
0.33,0.33,5,5,1,5,5,3
0.14,0.2,1,0.14,0.2,1,1,0.33
0.2,0.2,0.33,1,0.2,1,1,1
0.2,0.2,1,1,0.33,3,1,1

1,3,3,9,7.9.,7,5
0.33,1,3,9,7,9,7,5
0.33,0.33,1,7,5,5,5,5
0.1,0.1,0.14,1,0.2,0.3,0.3,0.3
0.14,0.14,0.2,5,1,5,2,2
0.11,0.11,0.2,3,0.2,1,1,3
0.14,0.14,0.2,3,0.5,1,1,2
0.2,0.2,0.2,3,0.5,0.33,0.5,1

1,3,5,9,5,5.5

0.33,1,3,9.9,7,7,7
0.2,0.33,1.,9,9,5,5,3
0.11,0.11,0.11,1,1,0.33,0.33,0.2
0.11,0.11,0.11,1,1,0.33,0.33,0.2
0.2,0.14,0.2,3,3,1,1,0.33
0.2,0.14,0.2,3,3,1,1,3
0.2,0.14,0.33,5,5,3,0.33,1

1,3,5,5,7,7,1
0.33,1,3,3,3,5,5,0.33
0.2,0.33,1,1,1,5,5,0.2
0.2,0.33,1,1,5,5,0.2
0.2,0.33,1,1,1,5.5,0.2
0.14,0.2,0.2,0.2,0.2,1,1,0.142
0.14,0.2,0.2,0.2,0.2,1,1,0.14
1,3,5,5,7,7,1

1,7,5,9,3,9.7,5

0.14,1,1,1, - .14,3,1,0.33
0.2,1,1,3,0.2,3,1,0.33
0.11,1,0.33,1,0.33,0.33,0.33,0.33
0.33,7,5,3,1,3,5,5
0.11,0.33,0.33,3,0.33,1,1,1
0.14,1,1,3,0.2,1,1,1
0.2,3,3,3,0.2,1,1,1

1,1,2,3,3,3,2,5
1,1,2,3,3,3,2,5
0.5,0.5,1,2,2,2,1,3
0.33,0.33,0.5,1,1,1,0.,2
0.33,0.33,0.5,1,1,1,0 33,2
0.33,0.33,0.5,1,1,1,0.33,2
0.5,0.5,1,2,3,3,1,2
2,0.2,0.33,0.5,0.5,0.5,0.5,1

1,3,5,5,7,3,1,3
0.33,1,3,5,5,1,0 33,1
0.2,0.33,1,1,5,0.33,0.2,0 33
0.2,0.2,0.2,1,5,0.33,0.2,3
0.14,0.2,0.2,0.2,1,0.2,0.14,0.2
0.33,1,3,3,5,1,0.33,1
1,3,5,5,7,3,1,3
0.33,1,3,3,0.2,1,0.33,1

1,1,2,3,2,3,3,5
1,1,2,3,3,3,3,6
0.5,0.5,1,3,2,4,5,6
0.33,0.33,0.33,1,1,1,1,3
0.5,0.33,0.5,1,1,1,2,3
0.33,0.33,0.25,1,1,1,1,1
0.33,0.33,0.2,1,0.5,1,1,2
0.2,0.17,0.17,0.33,0.33,1,0.5,1
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fif% 3 A E BRI AR UL iR B
Appendix 3 Feature vectors of the fuzzy matsix
10.811786.,0.115483,0.139744,0.0705214,0.490962,0. 109242,0.123931,0. 1866241 .

{0.824735,0.395908,0.208955,0. 0862421 ,0.262014,0. 114365,0.0586722,0. 169881 | ,
10.729137,0.406846,0.38994 2,0. 18528,0. 19976,0..079214 1,0. 0898136,0. 249415} ,
10.540933,0.578953,0.481666,0. 184469,0.223558,0.157734,0. 15221,0. 0902669 ,
10.732622,0:553292,0.336938,0.0382525,0. 149525 ,0.08389%4,0.0852057,0.0740617 | ,
10.753601,0.368968,0.455578,0.123744,0.123744,0. 157903,0. 111628,0.14 32181 ,
10.608363,0.300277,0. 117875,0.173127,0.049598,0. 261321 ,0. 608363,0.234536 | ,
10.718546,0.52796,0.119958,0.147845,0.375148,0.071165,0.0903402,0. 121284} ,
10.661387,0.375186,0.343746,0. 0706253 ,0. 524059,0. 0913199,0.0777863,0.098111 ,
10.574476,0.574476,0.326777,0. 181978,0. 174657,0. 174657,0.356278 .0. 118051 | ,
10.458073,0.,207566,0.23019,0.23019,0. 120744, 0.2373,0. 6#9956,0.445167| ,
10.863757,0.24257,0.180351,0.19%611,0. 199611,0.199611,0. 199611,0. 05638171,
10.637131,0.321935,0.16216,0.16216,0. 16216,0.0529107,0.0529107,0. 637131 | ,
§0.754819,0.345534,0.228501,0. 109992,0. 333292,0.255363,0.107831,0.2421191,
10.732848,0.558732,0.32389,0.0484896,0.0404896,0.0896755,0. 129592,0. 133164 |,
{0.834217,0.437678,0, 8907341,0.065233,0. 192308, 0. 215108, 0. 0862928 ,0. 0966053} ,
10.82354,0.478133,0. 137721,0.0903224,0. 229604, 0. (903224, 0. 0453412, 0. 05580571 ,
10.814022,0.42901,,0 0901704,0.0533275,0.335807,0.0910689,0. 0640381 ,0. 130828
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