138 Va2 TR 224 Journal of Xi’an University of Technology (2017) Vol. 33 No. 2

DOI: 10.19322/j. cnki. issn. 1006-4710. 2017. 02. 003

LT AR R e i B R O SR DR O v e N

fgrmamt, & &', Fdmt, ER', TLR!
(LVGZE TR PEIL R X ASKA TREEREGLEEEE M, BT g% 710048;
2. [ R A AR VG G I B F SR B A BR A |, BRVE PE 4 710065)

WE: YMESZRFFTERARNR, S FEFTERAT X AIRBATERELE S B REY
FEMBLT R, EAENRTEETHRARAFNIER MER -G ERAFESE, L7 FHEHE
A AR S F xS BEARB BT ERFEERREMBERIBARGERR G ;AL
BMEASRRFAENAEAZT HBROELEZRINETERTRSH R, ZFEFHAT %
MRFRIARFT EREEL EREN . ZH 2R ETRICEEN, £RF BIEIHARE G LT HF
A TTEHTEEAFNER., B Z 5 ETELECFRFN T EHMELIE, A ST ER
M AR T MR RER,

@I PR BARKIAE, KFARRE; FENKGL; EREELMB; FLSEHE
FESES: N5 MEKFRERD: A MEHE: 1006-4710(2017)02-0138-07

Method for optimal selection of schemes based on the

non-negative matrix factorization principle and its applications
XIE Yangyang', HUANG Qiang', LI Xiangyang®. LIU Saiyan', WANG Yimin'
(1. State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, School of Water Resources
and Hydroelectricity Engineering, Xi’an University of Technology, Xi’an 710048, China;
2. Northwest Engineering Corporation Limited, Xi’an 710065, China)

Abstract: The method based on the non-negative matrix factorization (NMF) principle is presen-
ted for the optimal selection of multi-index schemes and the development of optimization. The
scheme-index matrix (SIM) is constructed after removing all the useless indexes from the original
evaluation indexes. The optimal selection model is built based on the NMF principle, with the
normalized SIM. Based on the cuckoo search algorithm, the normalized SIM is decomposed into a
base vector and a weight vector, ensuring the minimum decomposition deviation of the model. Fi-
nally, the base vector is considered as the common unit of all the column vectors of the normal-
ized SIM, and each element of the weight vector represents the corresponding scheme’s superior
degree. The NMF method is employed for the optimization of water resources engineering
schemes, with the results showing that the evaluation processes are objective and fair, and that
the evaluation results are reliable and convenient even without considering the weights of indexes.
Therefore, the NFM method could be validated with other optimization selection methods, and
could provide reliable decision results.
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Tab. 1 Evaluation indexes of water-saving irrigation modes
PEA H8 B FE1 VEY VEE VEX
NPV/Jiot 11. 26 9.2 10. 8 9.6
RR/% 0.112 0.128 0.135 0. 142
PP/a 12. 8 13.2 14.2 11.5
BCR 1. 86 2.10 1. 94 1. 65
1U/ % 85. 2 91.6 82. 4 83. 2
II/mm e« h! 9.3 9.1 8.6 9.2
WUR /% 85 92 95 90
SR/ % 92 90 86 82
TA/ % 100 100 100 100
CA/% 100 90 80 100
PD/% 100 80 70 90
CC/% 0.9 0.8 0.7 0.8
T NPV—UE  RR—UL 45 %, PP ¥ MW, BCR— 3% 48 B I 10, TU— K ¥ &) B, TT— /KGR B . WUR — K R JH %

SR—Z 4 Stk , TA— B & M1k CA— AR H@ ik, PD— R RYGB R , CC— i TAEF .
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Tab. 2 Normalized indexes and evaluation results of water-saving irrigation modes

A 5 AR TE1 TE 2 PEE T A A

NPV 1.000 0 0. 000 O 0.776 7 0.194 2 0.258 2
RR 0.000 O 0.533 3 0.766 7 1.000 0 0.269 5
PP 0.518 5 0.370 4 0. 000 0 1.000 0 0.282 3

BCR 0.466 7 1.000 0 0.644 4 0.000 0 0.270 8
IU 0.304 3 1.000 0 0. 000 O 0. 087 0 0.208 1
11 1.000 0 0.714 3 0. 000 O 0.857 1 0.396 2

WUR 0. 000 O 0.700 0 1.000 0 0. 500 0 0.240 8
SR 1.000 0 0. 800 0 0. 400 0 0. 000 O 0.318 4
CA 1. 000 0 0. 500 0 0. 000 O 1. 000 0 0.385 4
PD 1.000 0 0.333 3 0. 000 O 0.666 7 0.3155
cc 1.000 0 0.500 0 0.000 O 0. 500 0 0.316 1
H’ 2.3259 1. 889 5 0.949 8 1.833 8
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Tab. 3 Evaluation indexes of Yellow River-LLong LLake water supply projects

LRIEEE E S T2 WESE] UER! UES UES
WCLL /km 4.51 16. 43 15. 34 13.03 13.03 28.39
PI/Ji oG 36 300 12 065 12 968 13 950 15 320 8 054
AOC/Ti 7% 1 298. 31 1.098. 65 889. 21 1 215. 66 1 285.76 1.359.3
PP/a 9.75 8.53 8. 62 8.72 9.12 11.2
IFCYR 14. 33 7.17 7.17 3.58 3.58 10. 75
ROP 7.03 14. 06 11.71 3.87 2.34 16.4
SDWW 8. 46 2.81 2.81 19.73 19.73 14. 09
OMD 2.31 11. 59 6.95 11.59 6.95 9.26
WQGD 16.98 4. 85 7.27 9.7 12.13 2.42
EEI 2.03 14. 26 10. 19 18.33 6.11 8. 14

W WCLL—#iK LK, PI— TR 4R % . AOC—4E 117 3% , IFCYR— % & V] Bl k5% i , ROP— %} J§t T 72 F) 1 , SDWW—HUK
SAFE M . OMD—32 1745 B B . WQGD — K T 5 iiF #  , EET— 0 3% A S B

TEMK TR RNEW SRR E R DO TR EHETIEN SR MR 4 s, RIEH ) &t
FHAE A5 FGE B 48 AR, ROP.SDWW . WQGD #l H' .6 Mok TR R L HF KK I7 % 477
EET # @ T OB RS bR JORSEARAR D BNl 3T RS TR 2RI MTE 6,
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Tab. 4 Normalized indexes and evaluation results of Yellow River-LLong LLake water supply projects

BRAEEE E ! JEE 2 DI E R ESE S v
WCLL 1.000 0 0. 500 8 0.546 5 0.643 2 0.643 2 0. 000 0 0.321 6
PI 0.000 O 0. 858 0 0.826 0 0.791 3 0.742 8 1.000 0 0.412 6
AOC 0.129 7 0.554 5 1.000 0 0. 305 6 0.156 4 0.000 O 0.224 9
PP 0.543 1 1.000 0 0.966 3 0.928 8 0.779 0 0. 000 0 0.434 7
IFCYR 0. 000 0 0. 666 0 0. 666 0 1.000 0 1.000 0 0.333 0 0.385 4
ROP 0.333 6 0.833 6 0.666 4 0.108 8 0.000 0 1.000 0 0.255 4
SDWW 0.333 9 0. 000 0 0. 000 0 1.000 0 1.000 0 0. 666 7 0.290 7
OMD 1.000 0 0. 000 0 0.500 0 0. 000 0 0. 500 0 0.2511 0.190 3
WQGD 1.000 0 0.166 9 0.3331 0.500 0 0. 666 9 0. 000 0 0.250 5
EEI 0. 000 0 0.750 3 0.500 6 1.000 0 0.250 3 0.374 8 0.299 3
H’ 1.209 9 1. 810 4 1.916 8 2.134 2 1.900 3 1.150 1
SCHRL6 TR K R Mk A B 6 FhOr iy 2.3 KFREEHRMIE

TR At X 6 JE 1) 2 g : (0.577,0.557,0.550,0. 693,
0.633,0.574), 53T NMF JF B Ay 7 000k 5 ik
RN T AR S5 b R AR KT X Y e 5
FHK TRMFRH T L 4.

2010 AF R 5E T 8 A A A7 P 5 1 K Bt I
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Tab. 5 Evaluation indexes of Tianjin city water allocation schemes in 2010
BRIEER D TE1 TE 2 S EX! T%5 T 6 TR TES
RWLR/ % 29. 69 26. 26 21.77 18. 34 22.28 17. 82 11.97 7.50
IWLR/ % 28.79 11. 19 16. 22 0. 00 21.94 3.15 8.52 0. 00
AWLR/% 45. 36 45. 36 35.05 35.05 31.11 31.11 18.12 18.12
IOPCMW/(Jiot/m*) 1157.76 1099.10 1112.67 1040.76 1204.84 1145.05 1168.91 1111.11
GRIVA/% 105. 64 143. 49 132.53 159. 61 119. 73 159. 11 149. 85 159. 61
HEI/{¢7t 34. 05 58.63 49. 30 73.48 60. 01 84.19 80. 86 99. 04
SRA/10%m’® 3. 60 3.60 8.29 8.29 3. 60 3. 60 8.29 8.29
IWRR/ % 80. 00 80. 00 80. 00 80. 00 85. 00 85. 00 85. 00 85. 00
UCAI 0. 57 0. 57 0. 57 0. 57 0.75 0.75 0. 75 0. 75
UWSPLR/ % 18. 00 18. 00 18. 00 18. 00 12. 00 12. 00 12. 00 12. 00

I RWLR— X It KR IWLR— Tl ik T, AWLR— & K T, IOPCMW—2.77 K Tolb 7= i, GRIVA— T lb 88 fin {5 34
KR, HEI—/KF TR . SRA—I5 K b i i, IWRR— Tl 7K 8 & F F 3R . UCTA — 42\ 3 1 A 30F) F R % UWSPLR—

BRTT K AE R T 2K R

FE K B2 IR BC T R BE TR AR IR R P AN FEAE
TG 25 35 br A GE BE A4S AR . RWLR.IWLR,AWLR,
HEI fl UWSPLR #f )& T & /)N i 4 B 48 b, o 48
N RN R i B Ol SR A I R A = R L
JEXF 8 FhoK BE IR TC By R AT IR . 45 R a3k 6 P
N MRAERLE E H L8 FhCTT K HE M 7 204 HEF K
WH: RS TRTIITFROTRESITTFATES,
HR2MIEL

SCHR 1O A AR fE 26 A0 A AU A5 3] 8 AN %

WIE T &t O % 09 sk 8 BE ) & Oy (0.018 0,
0.122 3,0.252 6, 0.345 6, 0.665 5, 0.817 2,
0.971 7, 0.944 5), N A H R 7w, dLoh, SCHR
[10 i R L T BP B 28 X 4% (9 17 B 8115 2] 8 4>
7 2 W RCOHE 1] & R (0. 199 8, 0.234 5, 0.310 5,
0.328 2, 0.6828,0.7385, 0.807 8, 0.817 9), 1A
HT % 8 . LRG 5 IE LR ] BURE AT R 4 bR A
WG SCERLL0 B 2645 5 48 8 AE 2 2010 4F R
IR GEIRTC E 7 R HERE T %8 55T NMF 43 i Ji 34
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Tab. 6 Normalized indexes and evaluation results of Tianjin city water allocation schemes in 2010
P 48 AR yE VE X T%3 VEX! T%5 T 6 VE N TR S8 |
RWLR 0. 000 0 0.154 6 0.356 9 0.5115 0.333 9 0.534 9 0.798 6 1.000 0 .291 4
IWLR 0. 000 O 0.611 3 0.436 6 1. 000 0 0.237 9 0. 890 6 0.704 1 1. 000 0 L3440
AWLR 0. 000 O 0. 000 O 0.378 5 0.378 5 0.523 1 0.523 1 1. 000 0 1. 000 0 L3136
IOPCMW 0.713 1 0. 355 6 0.438 3 0. 000 0 1. 000 0 0.635 6 0.7810 0.428 8 L2785
GRIVA 0. 000 O 0.701 3 0.498 2 1. 000 0 0.261 1 0.990 7 0.819 2 1. 000 0 L3701
HEI 1. 000 0 0.621 8 0.765 3 0.393 3 0. 600 6 0.228 5 0.279 7 0. 000 0 . 167 4
SRA 0. 000 0 0. 000 0 1. 000 0 1.000 0 0. 000 0 0. 000 0 1.000 0 1.000 0 . 289 7
IWRR 0. 000 0 0. 000 0 0. 000 0 0. 000 0 1. 000 0 1.000 0 1.000 0 1.000 0 L3521
UCAI 0.000 0 0. 000 0 0.000 0 0. 000 0 1. 000 0 1.000 0 1. 000 0 1.000 0 L3521
UWSPLR 0. 000 O 0. 000 O 0. 000 O 0. 000 O 1. 000 0 1. 000 0 1. 000 0 1. 000 0 L3521
H’ 0. 366 0 0.718 0 1. 097 2 1. 337 4 1.875 2 2.264 5 2.702 0 2.784°5
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