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Abstract

Abstract

As an important support in national livelihood economy, urban construction affects

the development of commercial economy, citizen’s living standard, environmental con-

ditions and many other fields in cities. Nowadays, in the era of information age, the

intelligent services of information data are benefiting various industries. Hence, the

exploration of computer technology which is suitable for urban construction began to

get more and more attention.

In this paper, Nonnegative Matrix Factorization is applied to the statistical year-

book of urban construction in 2018. Through different data pre-processing methods,

the important index of unbalanced regional development in Chinese urban construction

and representative cities are analyzed. Meanwhile, the drainage and sewage treatment

are taken as a single example for realization of non-negative matrix decomposition al-

gorithm and identify key indexes that affect this aspect . Meanwhile, the nonnegative

matrix decomposition of more than one hundred indicators in urban construction has

been analyzed, and the ideal values of decomposition coefficient and iteration number

of Nonnegative Matrix Factorization has been found. In addition, this paper also ex-

plores how to apply the weight data normalization method to the data pre-processing in

Nonnegative Matrix Factorization, and analyzes the proportion of unbalanced develop-

ment index in eight speciality classification of urban construction to discuss the general

direction that urban construction which needs to be focused on.

Key Words: Nonnegative Matrix Factorization; Data Normalization; Urban Construc-

tion
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䴰᭩䘋ᒦфⵏ↓䘀⭘઼ᑞࣙࡠᐲᔪ设ѝǄ䲔ҶࡽᵏⲴᮠᦞ᭦䳶઼㔏计нཏᆼ

㕪٬Ⲵ䰞仈ԕཆˈሩҾਾᵏᮠᦞ༴⨶ᢰᵟ䘈нཏᡀ⟏઼Პ䙽䘀࠶䘈ᆈ൘䜘ˈޘ

⭘ˈਟԕ䈤䘈༴൘нᯝᆼழᮠᦞᓃ䱦⇥ˈ਼ᰦˈⴞࡽሩҾ䇨ཊᮠᦞᤷḷ䘈⋑ᴹ

ᵏ䟿ॆ઼亴༴⨶ᰦѮ↕㔤㢠ࡽ㓗༴⨶Ⲵḷ߶ˈ֯ᗇᮠᦞ൘࠶ [1]Ǆഐ↔ˈѪҶੁ

ⵏ↓ⲴĀᲪភᐲā䗸䘋ˈራа䘲ਸᐲᔪ设ⲴՈ䍘㇇⌅ᱟᖃ٬ࡽᗇ᧒㍒

ⲴᯩੁǄⴞࡽᐢᴹᆖ㘵ᓄ⭘␡ᓖᆖҐ [4]ǃDBSCANオ䰤㚊㊫㇇⌅ [5]ㅹ㇇⌅᷀࠶

ᐲᔪ设ᮠᦞǄ

1



䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

䶎䍏⸙䱥࠶䀓 (Nonnegative Matrix Factorizationˈㆰ〠 NMF)ᱟሶ䶎䍏⸙䱥

䘋㹼䶎䍏㓖ᶏⲴվ〙࠶䀓ˈਟԕ䘀⭘Ҿ文本᷀࠶о㚊㊫ǃമۿỰ㍒઼༽ǃ䈝

丣䇶࡛ǃؑਧ࠶ǃ㖁㔌ᆹޘǃ⭏⢙५ᆖᐕ〻઼ॆᆖᐕ〻ㅹњᯩ䶒Ǆ

本文࠶Ѫޝњ䜘࠶˖

ㅜа䜘࠶Ѫ㔚论䜘࠶ˈӻ㓽Ҷ本文Ⲵ⹄ウ㛼Ჟ઼ѹˈ䱀䘠ᐲᔪ设о计

㇇ᵪ㔃ਸⲴ⹄ウ⧠⣦ԕ৺ޘ文ԕ䶎䍏⸙䱥࠶䀓ѪѝᗳⲴ⹄ウᯩ⌅઼论文ṶᷦǄ

ㅜҼ䜘࠶Ѫ㇇⌅ӻ㓽ˈӻ㓽Ҷ䶎䍏⸙䱥࠶䀓ⲴᶕⓀ઼ MU㇇⌅Ⲵ⨶ǃӄ

䲔䟿㓢Ⲵᮠᦞ亴༴⨶Ⲵᯩ⌅ǃє㔃᷌᷀࠶ᰦ⭘Ⲵ࠶㊫߶઼ࡉᮠᦞᶕⓀǄ

ㅜй䜘࠶Ѫ䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘ˈѫ㾱ᱟڊᐲᔪ设Ⲵ㇇⌅

ᇎ⧠઼ᙫփ᷀࠶Ǆ

ㅜഋ䜘࠶Ѫ䍻ᵳ٬ᖂаॆ䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘ˈоㅜй䜘࠶

Ⲵн਼൘Ҿ䈕䜘࠶㘳㲁ሩн਼ᮠᦞ䘋㹼䍻ᵳ༴⨶ᇎ⧠MU㇇⌅Ǆ

ㅜӄ䜘࠶ᱟ NMF൘ᐲᧂ≤઼⊑≤༴⨶ѝⲴᓄ⭘ˈᔰኅӵ䲀Ҿᧂ≤઼⊑≤

༴⨶㊫࡛Ⲵ䶎䍏⸙䱥࠶䀓ˈᒦሩަ㔃᷌䘋㹼䀓䈫Ǆ

ㅜޝ䜘࠶ᱟሩ本文Ⲵሿ㔃઼ሩᵚᶕᴹޣ⹄ウⲴኅᵋǄ

2



ㅜҼㄐ ޣ㇇⌅઼ᮠᦞᶕⓀ

ㅢӂㄖ ީ㇍⌋ૂᮦᦤᶛⓆ

2.1 非负矩阵分解

1999 ᒤ Lee ઼ Seung ൘㠚❦ᵲᘇкਁ㺘Ҷаㇷ文ㄐǉLearning the parts

of objects by nonnegative matrix factorizationǊ[6]ˈ俆⅑ᨀࠪ䶎䍏⸙䱥࠶䀓㇇⌅ˈ

ᒦӻ㓽ަ㜭ཏ䘀⭘ҾӪ㝨䇶઼࡛ᨀਆ文本䈝ѹ⢩ᖱԕ৺ᔲҾѫᡀ᷀࠶࠶⌅

(Principal Components Analysis)઼⸒䟿䟿ॆ⌅ (Vector Quantization)ⲴൠᯩǄަส

本ᙍᜣᱟሩ䶎䍏⸙䱥䘋㹼䶎䍏㓖ᶏⲴ䱽㔤࠶䀓ˈާփ䗷〻ྲл˖

ሩҾᐢ⸕Ⲵᡰᴹ⸙䱥ݳ㍐䶎䍏Ⲵ⸙䱥 V = (Vij)n×m ˈ≲⢩ᖱ⸙䱥 W =

(wij)n×r ઼㌫ᮠ⸙䱥 H = (hij)r×mˈަѝ W,H Ⲵᡰᴹݳ㍐ӽѪ䶎䍏ˈ֯ᗇ

V ≈ WH Ⲵ䙬䘁䈟ᐞᴰሿˈণ Vij ≈
r∑

k=1

wikhkj ˈ֯

min
W>0,H>0

f(W,H), (2.1)

本文 f(W,H) = 1
2
∥ V −WH ∥F Ǆhij Ⲵབྷሿփ⧠ࠪW ㅜ iࡇሩ V ㅜ j Ⲵ䍑ࡇ

⥞བྷሿǄ

本文䶎䍏⸙䱥࠶䀓㇇⌅䟷⭘㓿ިⲴMU㇇⌅ [6]˖

W=rand(n,r);

H=rand(r,m);

for i=1:iter

H=(H.*(W'*V))./(W'*W*H+eps);

W=(W.*(V*H'))./(W*H*H'+eps);

end

ަѝ iterѪ䘝ԓ⅑ᮠˈrѪ࠶䀓㌫ᮠ [7]ˈepsѪᵪಘ䴦ˈⴞⲴᱟ䚯࠶⧠ࠪݽ⇽Ѫ

䴦ⲴᛵᖒǄ

2.2 ᮦᦤ的᭬䳼ૂ༺⨼

ᮠᦞਆ㠚ѝॾӪ≁઼ޡഭտᡯ઼ґᔪㆁ䜘䟷䳶Ⲵ 2018ᒤґᔪㆁ㔏计ᒤ

䢤 [8]ˈ本文ӵ䘹ਆᐲⲴޣᮠᦞˈަѝᴹҍњᴹޣᐲᔪ设Ⲵу业㊫࡛（ޜ

⭘设ᯭˈᔪ设⭘ൠᛵߥˈ㜭Ⓚˈ≤઼㢲≤ˈӔ䙊ᔪ设ˈᧂ≤઼⊑≤༴⨶ˈഝ

3



䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

᷇㔯ॆˈ⧟ຳছ⭏ˈ䳶ѝ✝）̍ ⇿њу业㊫࡛䜭ᴹнㅹ䟿Ⲵᤷḷˈޡ 231њᤷ

ḷˈ䲔৫ᴹޣᙗ઼ާᴹਐ࣐ᙗⲴаӋᤷḷˈ࢙л 143њᤷḷˈޣ㌫ྲл˖

㺘 2.1
у业㊫࡛ ㊫࡛ᤷḷ

设ᯭ⭘ޜ ᔪᡀ४≤㇑䚃ᇶᓖˈӪ൷䚃䐟䶒〟ˈ⟳≄Პ৺⦷ㅹޡ 15њᤷḷ

ᔪ设⭘ൠᛵߥ ୶业ᴽ࣑业设ᯭ⭘ൠ䶒〟ˈ㙅ൠ䶒〟ˈትտ⭘ൠ䶒〟ㅹޡ 9њᤷḷ

㜭Ⓚ Ӫᐕ➔≄⭏ӗ㜭࣋ˈཙ❦≄ۘ≄㜭࣋ˈ⏢ॆ⸣⋩≄䬰≄䟿ㅹޡ 22њᤷḷ

≥㢲઼≥ ޡᙫ䟿ˈ㢲≤᧚ᯭᣅ䍴ᙫ仍ˈᐕ业≤䟽༽࡙⭘䟿ㅹ≥ 20њᤷḷ

Ӕ䙊ᔪ设 ẕằᮠˈ䚃䐟➗᰾⚟⳿ᮠˈൠл㔬ਸ㇑ᓺ䮯ᓖㅹޡ 14њᤷḷ

ᧂ≤઼⊑≤༴⨶ ⊑≤ᧂ᭮䟿ˈᐲ᭯⭏≤࡙⭘䟿ˈ⊑≤༴⨶লᓗᮠㅹޡ 22њᤷḷ

ഝ᷇㔯ॆ ޡഝ䶒〟ㅹޜˈ〟ഝњᮠˈ㔯ൠ䶒ޜ 9њᤷḷ

⧟ຳছ⭏ 䚃䐟ᢛ؍⌱䶒〟ˈ⭏⍫ඳ൮ᰐᇣॆ༴⨶㜭ޜˈ࣋ᮠㅹޡ 12њᤷḷ

䳶ѝ✝ 㫨⊭✝㜭࣋ˈ✝⭥ল✝≤✝ᙫ䟿ˈа㓗✝㇑䚃䮯ᓖㅹޡ 20њᤷḷ

ᮠᦞवᤜ 673њᐲˈሩ㕪٬䜘࠶ḷԕ 0༴⨶ਾˈণᗇࡠ 673 × 143Ⲵᮠᦞ⸙

䱥Ǆ

2.3 ࠖ〃ᮦᦤ人༺⨼ᯯ⌋

ሩҾн਼ᤷḷⲴᮠᦞˈᮠᦞ䟿㓢઼ᮠ䟿㓗ᐞᔲᖸབྷˈഐ↔ᴹᗵ㾱ሩᮠᦞ䘋

㹼亴༴⨶Ǆ൘ڊᮠᦞ亴༴⨶Ⲵᰦىˈ৫䲔䟿㓢઼ᮠ䟿㓗ᑖᶕⲴ䈟ᐞᱟॱ࠶䟽㾱

Ⲵа↕ˈᑨ㿱Ⲵᯩ⌅ᱟᮠᦞᖂаॆ઼ḷ߶ॆǄᴹ᭸Ⲵ亴༴⨶ᯩ⌅ਟሶᮠᦞ䖜

ᦒѪާᴹḀ⢩ᖱᡆᙗ䍘Ⲵᮠᦞˈ֯ᗇ⇿њᤷḷ⢩ᖱሩ㔃᷌䍑⥞਼ˈ⭊㠣ਟ

ԕᨀ儈㇇⌅᭦ᮋ䙏ᓖ [9]ˈഐ↔ᮠᦞ亴༴⨶൘㇇⌅Ⲵᇎ⧠ѝቔѪ䟽㾱Ǆ设ᮠᦞ

⸙䱥Ѫ V = (Vij)n×m ˈ༴⨶䗷ਾⲴ⸙䱥Ѫ v = (vij)n×m ˈԕлࠪࡇҶࠐᮠᦞ

ᖂаॆⲴᯩ⌅˖

1. 㓿ިᖂаॆ˖ሩ nњᤷḷⲴሩᓄ mњᮠᦞ࡛࠶ਆᒣ൷٬ ai, i = 1, 2, ..., nˈ

༴⨶ᯩᔿѪᮠᦞᮠ٬઼ሩᓄᒣ൷٬ⲴᐞⲴ㔍ሩ٬䲔ԕᤷḷ亩ᮠ٬ѻ

઼ǄᖂаॆޜᔿѪ

vij =
|Vij − ai|

m∑
k=1

Vik

, ai =
1

m

m∑
k=1

Vik (2.2)

ᡰ≲ᗇⲴ⸙䱥 v ӽѪ䶎䍏⸙䱥ˈфݳ㍐ᮠ٬᧗ࡦ൘ [0,1]ѻ䰤Ǆ䘉ᯩ

⌅䙊ᑨ⭘൘ᮠ٬ᐞ䖳བྷⲴᮠᦞѝˈণᶱᐞнཏっᇊⲴᛵߥǄᖂаॆਾᡰ
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ㅜҼㄐ ޣ㇇⌅઼ᮠᦞᶕⓀ

ᗇⲴ⸙䱥 vѫ㾱փ⧠ݳ㍐ᮠ٬о䈕ᮠᦞሩᓄᤷḷⲴᙫփ≤ᒣѻ䰤ⲴⲴᐞ

ᔲǄ

2. min-maxḷ߶ॆ˖њ⢩ᖱੁ䟿㻛৫ᦹަᶕⲴਆ٬䟿㓢,㔏а㻛䟽ᯠ䍻

ҸᯠⲴᮠᦞ䟿㓢ˈ༴⨶ᯩ⌅Ѫᮠᦞᮠ߿٬৫䈕ᮠᦞᡰу业㊫࡛Ⲵᴰ

ሿ٬Ⲵᐞ䲔ԕᶱᐞǄḷ߶ॆޜᔿѪ

vij =
Vij −min{Vik}mk=1

max{Vik}mk=1 −min{Vik}mk=1

(2.3)

ᡰ≲ᗇⲴ⸙䱥 v ӽѪ䶎䍏⸙䱥ˈфݳ㍐ᮠ٬᧗ࡦ൘ [0,1]ѻ䰤Ǆ䘉ᯩ

⌅䘲⭘Ҿᮠ٬∄䖳䳶ѝˈᤷḷᶱᐞ䖳っᇊǃнՊᖸབྷⲴᛵߥлǄ

3. z-scoreḷ߶ॆ˖㔉ҸᮠᦞⲴ൷٬઼ḷ߶ᐞ䘋㹼ᮠᦞⲴ↓ᘱḷ߶ॆ༴

⨶ˈ༴⨶ਾⲴᮠᦞਈѪㅖਸḷ߶↓ᘱ࠶ᐳⲴᮠᦞ,ণᒣ൷٬Ѫ 0ǃḷ߶

ᐞѪ 1Ǆᮠᦞḷ߶ॆޜᔿѪ

vij =
Vij − µi

σi

(2.4)

ަѝ µi, σi࡛࠶Ѫㅜ iњᤷḷⲴሩᓄⲴᒣ൷٬઼ḷ߶ᐞǄ

4. ᒣ൷٬ᖂаॆ˖ṧ本 V = (Vij)n×mˈሩ nњᤷḷⲴሩᓄ mњᮠᦞ࡛࠶ਆ

ᒣ൷٬ ai, i = 1, 2, ..., nˈޜᔿѪ

vij =
Vij

ai
, ai =

1

m

m∑
k=1

Vik (2.5)

ᡰ≲ᗇⲴ⸙䱥 v ӽѪ䶎䍏⸙䱥ˈݳ㍐ᮠ٬᧗ࡦ൘ [0,1] ѻ䰤ˈф┑䏣
m∑
k=1

vik = 1, i = 1, 2, ..., nǄ䘉ᯩ⌅ᱟ൘䲔䟿㓢ⲴสкᴰྭⲴ؍⮉Ҷᮠᦞ

Ⲵ⢩ᖱˈ∄䖳䘲ਸ䴰㾱؍⮉ᮠᦞ⣦ᘱⲴ㇇⌅Ǆ

5. ѝ٬ᖂаॆ (Median Normalization)˖оㅜҼᯩ⌅լˈᮠᦞ㻛䟽ᯠ䍻Ҹ

ᮠᦞ䟿㓢ˈնࡽ㘵ᮠᦞࡇѝᴰབྷ٬Ѫ 1ˈᴰሿ٬Ѫ 0ˈਾ㘵⵰䟽Ҿփ⧠ᮠ

ᦞоᤷḷѝսᮠⲴᐞ䐍Ǆᮠᦞᖂаॆޜᔿ˖

vij =
Vij −mid{Vik}mk=1

max{Vik}mk=1 −min{Vik}mk=1

(2.6)

ަѝ mid{Vik}mk=1 㺘⽪ㅜ iњᤷḷⲴሩᓄⲴѝսᮠˈᡰ≲ᗇⲴ⸙䱥 v ݳ

5



䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

㍐ᮠ٬᧗ࡦ൘ [-1,1]ѻ䰤Ǆ

本文䟷⭘Ҷ㓿ިᖂаॆǃᒣ൷٬ᖂаॆԕ৺᭩䘋Ⲵѝ٬ᖂаॆ䘋㹼ᮠᦞ亴༴⨶Ǆ

2.4 分㊱ࡏ

ᖃᇎ⧠䶎䍏⸙䱥࠶䀓ਾˈᡁԜ䴰㾱ሩ࠶䀓ᗇࡠⲴ⢩ᖱ⸙䱥W ઼㌫ᮠ⸙䱥H

䘋㹼᷀࠶Ǆ本文ѝᡰ⭘Ⲵᇎ傼㔃᷌᷀࠶Ⲵᯩ⌅ᱟ˖ሩҾ⢩ᖱ⸙䱥ˈѫ㾱ᱟ䙊䗷

ᨀਆࠪަ⇿њ⢩ᖱࡇѝ㤕ᒢњケࠪ亩ˈቡਟԕᗇࡠ∄䖳ާᴹԓ㺘ѹⲴ⢩ᖱᤷ

ḷ˗ሩҾ㌫ᮠ⸙䱥ˈࡉᱟ࡙⭘ਸ䘲Ⲵ࠶㊫߶ࡉ [10]ˈ䘹ਆࠪ∄䖳䴰㾱᭩䘋Ⲵᐲ

ᡆ㘵∄䖳ާᴹ⢩ᖱԓ㺘ᙗⲴᐲ䘋㹼䘋а↕઼᷀࠶䀓䈫Ǆ

设ᮠᦞ⸙䱥Ѫ V = (V1, V2, · · · , Vm)ˈ䙊䗷䶎䍏⸙䱥࠶䀓ᗇࡠⲴ⢩ᖱ⸙䱥Ѫ

W = (W1,W2, · · · ,Wr)ˈ㌫ᮠ⸙䱥Ѫ H = (hij)r×mˈԕлᱟє࠶㊫߶ࡉ˖

1. ᴰབྷࡉ߶ݳ (MAX rule)˖计㇇ Hj ѝⲴᴰབྷݳᡰሩᓄⲴ㹼ᮠ i

i = argmin
k
{hkj}, (2.7)

WiѪࡉ Vj Ⲵ䘁լ⢩ᖱࡇǄ

2. ᴰ䘁ᆀオ䰤߶ࡉ (Nearest-Subspaceˈㆰ〠 NS)˖计㇇എᖂ↻ᐞ⸙䱥 R =

(rij)r×m

rij =
1

2
∥ Vj −Wihij ∥22, (2.8)

ࠪ㇇计 Rѝ⇿аࡇⲴᴰሿݳᡰሩᓄⲴ㹼ᮠ i

i(j) = argmin
k
{rkj}, (2.9)

Wi(j)Ѫࡉ Vj Ⲵ䘁լ⢩ᖱࡇǄ

本文ሶՊᓄ⭘䘉єᯩ⌅ሩ࠶䀓㔃᷌䘋㹼઼᷀࠶䀓䟺Ǆ
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ㅜйㄐ 䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

ㅢпㄖ 非负矩阵分解在城市建设中的应用

䲿⵰ᡁഭᐲᔪ设Ⲵнᯝਁኅˈᔪ设ᒨ⾿ᐲ䙀⑀ਈᗇ䟽㾱ҶǄส设ᯭ

ᔪ设ᱟӪԜ⭏⍫Ⲵൠสˈ᧘䘋Ӫо㠚❦Ⲵ઼䉀ਁኅᱟᐲᔪ设Ⲵ䎻࣯ˈሩҾᡁ

ഭᐲᔪ设ⲴՈॆˈӾнተ䲀ҾঅњᤷḷᡆᯩੁⲴ᭩ழˈ㘼ᱟ䴰㾱њ䜘䰘Ⲵ

ॿ䈳ᐕˈ਼ᰦሩѕ䟽┎ਾⲴᯩ䶒䘋㹼ḕ┿㺕㕪Ǆሶ䶎䍏⸙䱥࠶䀓ᓄ⭘Ҿᐲ

ᔪ设ѝˈᰒᴹ࡙Ҿᘛ䙏ㆋ䘹ࠪᐲᔪ设ѝ䴰㾱ࣚ࣋Ⲵᯩੁˈ৸֯ᗇߣޣㆆާ

ᴹ科ᆖᙗˈ䚯ݽⴢⴞǄ

本ㄐ࡙⭘㓿ިᖂаॆሩ 2018ᒤᐲᔪ设Ⲵᮠᦞ䘋㹼䶎䍏⸙䱥࠶䀓Ⲵᇎ⧠˖

设㓴ᡀᐲᔪ设Ⲵᮠᦞ⸙䱥 V = (Vij)n×m ˈަѝ n = 143, m = 673ˈ❦

ਾ࡙⭘ޜᔿ (2.2)䘋㹼ᖂаॆ༴⨶ᗇࡠ⸙䱥 v = (vij)n×m ǄሩҾᡰᗇࡠⲴᯠⲴᮠ

ᦞ⸙䱥 v փ⧠ҶᮠᦞоަሩᓄᤷḷⲴޘഭᒣ൷≤ᒣⲴ䐍ˈᡰԕ䙊䗷䘉ᖂ

аॆ༴⨶ѻਾˈ䘹ਆਸ䘲Ⲵ࠶䀓㌫ᮠ䘋㹼MU㇇⌅Ⲵᇎ⧠ˈਟԕᨀਆࠪᡁഭ൘

ᐲᔪ设кൠਁኅнཏ൷㺑Ⲵ⢩ᖱᔪ设ᤷḷüü䙊䗷࠶᷀࠶䀓㔃᷌ˈਟԕᗇ

ࠪᡁഭଚӋᐲⲴଚᯩ䶒ᔪ设∄䖳ྭᡆ㘵∄䖳㩭ਾˈԕ৺ᴹଚӋᱟབྷ䜘࠶ᐲ

ᐢ㓿␈⊠ᦹⲴޣӗ业Ǆ

3.1 ৸ᮦ的䘿

൘本文ᡰ㘳㲁Ⲵ㇇⌅ѝˈ䴰㾱ᨀࡽ亴设࠶䀓㌫ᮠ r ઼䘝ԓ⅑ᮠ iterˈ⭡㇇

⌅Ⲵа㠤᭦ᮋᙗਟ⸕ˈr ઼ iter ൷ᱟ䎺བྷᰦ࠶䀓㔃᷌䎺䙬䘁ᮠᦞ⸙䱥Ǆ൘ᇎ䱵

计㇇ѝˈ䙊ᑨਆ㓿傼٬ᶕ䘹ਆਸ䘲Ⲵ r઼ iterˈ本文⭘ԕлᯩ⌅ᶕ⺞ᇊ䘉єњ

৲ᮠ˖

设ᡁԜᇎ䱵㜭᧕ਇ计㇇ᵪ൘计㇇䈕㇇⌅ᰦˈ䘝ԓ⅑ᮠᴰཊѪٷ 200⅑ˈ㇇

⌅ᡰᗇ㔃᷌ᴰൿ㜭᧕ਇ࠶䀓㌫ᮠѪ 䀓Ⲵ䈟ᐞ࠭ᮠ࠶ˈ50 errorѪ

error =
∥ V −WH ∥F

∥ V ∥F
(3.1)

ᡁԜᐼᵋᇎ傼㔃᷌Ⲵᴰ㓸䈟ᐞ䏣ཏሿᶕ࡛࠶⺞ᇊਸ⨶Ⲵ৲ᮠ r઼ iter˖

1. ൘䘹ਆ৲ᮠ rᰦˈᡁԜ设 iter = 200ˈ⭘MATLABࠪڊ䲿⵰ r٬Ⲵབྷˈ

errorⲴਈॆˈ࠭ᮠਈॆമྲлᡰ⽪
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䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

മ 3.1: 䀓㌫ᮠ࠶ r

ഐ↔ˈ㘳㲁ࡠᮠᦞਆ㠚ҍњᐲᔪ设Ⲵн਼у业㊫࡛ˈᒦф࠶䀓㌫ᮠ൘䎵

䗷 10ਾˈerror߿ሿ䙏ᓖ᰾ᱮл䱽Ǆഐ↔ˈᡁԜ൘ѻਾⲴᇎ傼ѝ设࠶䀓㌫

ᮠѪ r = 10Ǆ

2. ൘䘹ਆ৲ᮠ iterᰦˈᡁԜ设 r = 200ˈ⭘ MATLABࠪڊ䲿⵰ iter٬Ⲵ

བྷ errorⲴਈॆˈ࠭ᮠਈॆമྲлᡰ⽪

മ 3.2: 䘝ԓ⅑ᮠ iter

മѝˈerror൘䘝ԓ 100⅑ਾส本кн߿ሿˈഐ↔ᡁԜ൘ѻਾⲴᇎ傼ѝ

8



ㅜйㄐ 䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

设䘝ԓ⅑ᮠѪ iter = 100Ǆ

3.2 ᮦٲᇔ僂

䙊䗷а⮚ሩєњ৲ᮠⲴՈॆਾˈ⧠൘Ԕ࠶䀓㌫ᮠѪ r = 10ˈ䘝ԓ⅑ᮠѪ

100⅑ˈ࡙⭘MATLABᇎ⧠MU㇇⌅Ǆሩᮠᦞ⸙䱥䘋㹼 100⅑MU㇇⌅计㇇ࠪ

Ⲵ䈟ᐞ⌒ࣘྲлമᡰ⽪

മ 3.3: 100⅑䈅傼㔃᷌䈟ᐞሩ➗

⭡↔ਟ⸕㇇⌅㔃᷌Ⲵ error Ѿっᇊ൘ࠐ 0.40 ᐖਣˈ䈟ᐞᮠ㔃᷌ᙫᯩᐞѪ

9.4472× 10−5ˈਟԕⴻࠪᇎ傼㔃᷌Ⲵ䈟ᐞ∄䖳っᇊǄ

ሩҾ࠶䀓ᗇࡠⲴ⢩ᖱ⸙䱥W 䘹ਆࡇ⇿ˈ 2њケࠪ亩Ǆԕлᱟ 3⅑ᇎ傼㔃᷌

ᗇࡠⲴWࡇケࠪ亩ᛵߥ˖

㺘 3.1
⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

1 Ӫ൷ޜഝ㔯ൠ䶒〟ˈ⏢

ॆ⸣⋩≄ۘ≄㜭࣋

ት≁ᇦᓝӪᐕ➔≄ᙫ

䟿ˈӪᐕ➔≄⟳≄ᦏཡ

䟿

䖘䚃Ӕ䙊പᇊ䍴ӗᣅ䍴ˈ

ൠл㔬ਸ㇑ᓺപᇊ䍴ӗ

ᣅ䍴

2 ཙ❦≄ۘ≄㜭࣋ˈᧂ≤

⊑⌕༴⨶പᇊ䍴ӗᣅ䍴

䬵⚹ᡯ㫨⊭✝㜭࣋ˈ

䬵⚹ᡯ㫨⊭✝ᙫ䟿

ት≁ᇦᓝӪᐕ➔≄ᙫ

䟿ˈӪᐕ➔≄⟳≄ᦏཡ

䟿

3 ≄⋨⸢ॆ⏢䖖⊭≄⟳

ᙫ䟿ˈབྷẕ৺⢩བྷẕᮠ

പᇊ䍴ӗᣅ䍴ˈ䖘≥

䚃Ӕ䙊പᇊ䍴ӗᣅ䍴

ˈཙ❦≄ᙫ䟿✝䳶ѝ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

9



䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

4 ⏢ॆ⸣⋩≄⟳≄ᦏཡ䟿ˈ

ൠл≤≤⭏ӗ㜭࣋

ᧂ≤⊑⌕༴⨶പᇊ䍴ӗ

ᣅ䍴ˈཙ❦≄ۘ≄㜭࣋

≄⋨⸢ॆ⏢䖖⊭≄⟳

ᙫ䟿ˈ⏢ॆ⸣⋩≄࣐≄

ㄉᓗᮠ

5 ት≁ᇦᓝӪᐕ➔≄ᙫ

䟿ˈӪᐕ➔≄⟳≄ᦏཡ

䟿

ᧂ≤⭏≤࡙⭘പᇊ䍴

ӗᣅ䍴ˈ⏢ॆ⸣⋩≄⟳

≄ᦏཡ䟿

㠚༷≤计ࡂ⭘≤⭘ᡧˈ

ൠл㔬ਸ㇑ᓺ䮯ᓖ

6 Ӫᐕ➔≄⭏ӗ㜭࣋ˈӪ

ᐕ➔≄㠚ࡦ≄䟿

㠚༷≤计ࡂ⭘≤⭘ᡧˈ

ൠл㔬ਸ㇑ᓺ䮯ᓖ

ᧂ≤⭏≤࡙⭘പᇊ䍴

ӗᣅ䍴ˈ⏢ॆ⸣⋩≄⟳

≄ᦏཡ䟿

7 䎵计ࡂᇊ仍⭘≤䟿ˈ㢲

≤᧚ᯭᣅ䍴ᙫ仍

Ӫᐕ➔≄⭏ӗ㜭࣋ˈӪ

ᐕ➔≄㠚ࡦ≄䟿

Ӫᐕ➔≄⭏ӗ㜭࣋ˈӪ

ᐕ➔≄㠚ࡦ≄䟿

8 㠚༷≤计ࡂ⭘≤⭘ᡧˈ

ൠл㔬ਸ㇑ᓺ䮯ᓖ

䎵计ࡂᇊ仍⭘≤䟿ˈ㢲

≤᧚ᯭᣅ䍴ᙫ仍

䬵⚹ᡯ㫨⊭✝㜭࣋ˈ

䬵⚹ᡯ㫨⊭✝ᙫ䟿

9 䬵⚹ᡯ㫨⊭✝㜭࣋ˈ

䬵⚹ᡯ㫨⊭✝ᙫ䟿

䬵⚹ᡯ✝≤✝ᙫ䟿ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

ᧂ≤⊑⌕༴⨶പᇊ䍴ӗ

ᣅ䍴ˈཙ❦≄ۘ≄㜭࣋

10 ᧂ≤⭏≤࡙⭘പᇊ䍴

ӗᣅ䍴ˈ䳶ѝ✝ཙ

❦≄ᙫ䟿

≄⋨⸢ॆ⏢䖖⊭≄⟳

ᙫ䟿ˈབྷẕ৺⢩བྷẕᮠ

䎵计ࡂᇊ仍⭘≤䟿ˈ㢲

≤᧚ᯭᣅ䍴ᙫ仍

⭡㺘 3.1ਟԕⴻࠪˈっᇊф仁㑱ࠪ⧠൘ケࠪ亩ⲴᤷḷᱟӪᐕ➔≄ǃཙ❦≄ǃ

⏢ॆ⸣⋩≄Ⲵޣᤷḷˈ䈤᰾ޘഭޣҾਁኅ㜭Ⓚ（⟳≄）ᯩ䶒Ⲵབྷ䜘࠶ᤷḷᲞ

䙽нཏ൷㺑Ǆӗ⭏䘉ṧⲴഐᴹᖸཊˈѫ㾱ᱟ⭡Ҿᐲѻ䰤⎸䍩䴰≲઼ᢰ

ᵟᡀ⟏ᓖⲴн਼˖ൠഐѪ⭏⍫ᯩᔿ઼Ӫਓᮠ䟿Ⲵн਼ˈ䴰≲䟿ቡᴹᖸབྷⲴ४

࡛ˈ㘼ᐲ൪䴰≲൘ᖸབྷ〻ᓖк䘈Պᖡ૽ࡠᢰᵟⲴ䘋↕ˈ਼ᰦˈᢰᵟⲴᡀ⟏о

৸ߣᇊҶਁኅ䙏ᓖо䍘䟿ˈ䰤᧕ߣᇊҶᓄ䟿Ǆ∄ྲˈ൘⏢ॆ⸣⋩≄Ⲵۘ≄㜭

࠶）Ӝǃк⎧ǃᒯᐎेࡠሩᇎ傼㔃᷌䘋㹼计㇇ˈਟԕᗇࡉ߶ݳкˈ᤹➗ᴰབྷ࣋

࡛ሩᓄ࠶䀓ᗇࡠⲴ㌫ᮠ⸙䱥 H Ⲵㅜ 1ǃ168ǃ448ࡇ）᰾ᱮ儈ҾަԆᐲˈоᇎ

䱵ᛵߥㅖˈ䘉нӵᱟഐѪӪਓสᮠབྷˈᴤᱟഐѪ䘉Ӌᐲ൘⏢ॆ⸣⋩≄Ⲵۘ

ᆈᢰᵟᐢ㓿䏣ཏᡀ⟏Ǆ
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ㅜйㄐ 䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

ሶᮠ٬ᇎ傼㔃᷌Ⲵ㜭Ⓚ（⟳≄）ᯩ䶒Ⲵޣᤷḷ䘋㹼ᙫ㔃ਟᗇྲл㺘Ṭ˖

㺘 3.2
⟳≄㊫ර ޣᤷḷ（ࠪ⧠⅑ᮠ）

Ӫᐕ➔≄ ̍ት≁ᇦᓝᙫ䟿（3） ⟳≄ᦏཡ䟿（3）̍ ⭏ӗ㜭（3）࣋̍ 㠚ࡦ≄䟿（3）

ཙ❦≄ ۘ≄㜭（3）࣋̍ ᙫ䟿（2）✝䳶ѝ

⏢ॆ⸣⋩≄ ⟳≄ᦏཡ䟿（3）̍ ̍䖖ᙫ䟿（3）⊭≄⟳ ⊭䖖࣐≄ᓗᮠ（1）̍ ۘ≄㜭࣋

（1）

Ӿ㺘 3.2ѝਟԕⴻࠪཙ❦≄Ⲵޣᤷḷঐ∄ᴰቁˈӪᐕ➔≄Ⲵޣঐ∄ᴰ

儈ˈ䘉ྭࡊ傼䇱Ҷᡁഭ⟳≄ਁኅ㔃ᶴⲴ⧠⣦˖⭡Ҿཙ❦≄Ѫ㔯㢢㜭Ⓚѻа,ᐢ

ᡀѪᐲ⟳≄Ⲵѫ㾱㜭ᶕⓀˈ↓൘䙀↕ԓᴯ⏢ॆ⸣⋩≄ˈն⭡Ҿ⏢ॆ⸣⋩≄

Ⲵ㜭ᢰᵟᡀ⟏ǃ⚥⍫ᵪࣘǃสᔪᡀ本վㅹՈ⛩൘ѝഭӽާᴹっᇊᐲ൪ [11]˗㘼

Ӫᐕ➔≄⭡ҾަᶱབྷⲴ⊑ḃᙗ઼䖳儈Ⲵ䘀䗃ᡀ本ˈᐢ䙀⑀䘰ࠪᡁഭᐲ㜭Ⓚᐲ

൪ˈӾ㘼ሬ㠤ᡁഭ४ฏᙗਁኅн൷㺑ˈণབྷ䜘࠶ᐲᐢ㓿␈⊠Ӫᐕ➔≄ˈ❦㘼

ሩҾ⋩≄䍴Ⓚ⸝㕪Ⲵൠᯩӽᴹ֯⭘Ӫᐕ➔≄Ǆ

ሩҾн਼㊫රⲴ⟳≄ˈ४ฏᙗਁኅн൷Ⲵޣу亩ᤷḷн਼ˈ䘉ਆߣҾн

ᴹᖸབྷⲴᐞ࣋ҾᐲⲴۘ≄㜭ޣˈ≄❦亶ฏǄ∄ྲሩҾཙ࣑䟽Ⲵᴽח≄⟳਼

࡛ˈ䘉аᱟ䈤᰾Ҷᡁഭӽᴹབྷ䟿ᐲⲴཙ❦≄ۘ≄ᢰᵟ䴰㾱᭩ழˈۘ≄㜭࣋Ⲵ

㘼ᔪ设䘈䴰㾱བྷਁ࣋ኅˈҼᱟӾח䶒փ⧠Ҷᡁഭཙ❦≄Ⲵۘ≄设ᯭᔪ设઼≄Ⓚ

ᓄᙕ㜭࣋н䏣ˈӾ㘼Պᖡ૽ަっᇊ㜭˗㘼ሩҾ⏢ॆ⸣⋩≄ˈަ⟳≄ᦏཡ䟿Ⲵ

н਼䈤᰾ˈަ⏢ॆ⸣⋩≄Ⲵ㜭䟿࡙⭘⦷䘈ᴹᖵᨀ儈Ǆᖃ❦ˈѪҶᇎ⧠ഭᇦ㜭Ⓚ

Ⲵਟᤱ㔝ਁኅˈӵԕ⟳≄ᨀᐲѝӪ≁⭏⍫઼㹼业ਁኅᱟ䘌䘌нཏⲴˈ

ᐲ㜭Ⓚᔪ设ӽᓄབྷਁ࣋ኅᴤཊਟ⭏㜭Ⓚᡆվ⻣㜭ⓀᶕᲞ䙽ԓᴯнਟ⭏㜭Ⓚ

Ⲵ⟳✗ਁ⭥Ǆ

䲔Ҷ㜭Ⓚᯩ䶒ˈᇎ傼㔃᷌ケࠪⲴ㢲≤ᯩ䶒ҏ٬ᗇޣ⌘Ǆ⭡Ҿᡁഭ≤ቁӪཊ

Ⲵഭᛵˈ㢲≤ᢰᵟⲴਁኅаⴤᖸ㻛䟽㿶ˈѫ㾱ח䟽Ҿߌ业♼Ⓓᢰᵟᯩ䶒Ⲵ㢲㓖

⭘≤Ǆ㘼ྲӺˈ≤䍴ⓀⲴᰕ⑀㍗ᕐ઼ᐲॆⲴ䗵䙏ਁኅѻ䰤Ⲵ⸋ҏケ⧠ࠪᶕˈ

ഐ↔൘ᐲ㿴ࡂᔪ设ᰦˈ㢲㓖⭘≤Ⲵޣᐕҏᔰ䙀⑀㻛㘳㲁⭊㠣㻛ޣ⌘Ǆ

11



䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

ሩҾй⅑ᮠ٬ᇎ傼㔃᷌ˈ࡙⭘ᴰ䘁ᆀオ䰤߶ࡉ≲ࠪ 10њ⢩ᖱ࡛࠶ࡇሩᓄⲴ

⢩ᖱᤷḷᴹケࠪ䍑⥞Ⲵᐲњᮠˈ㔏计㔃᷌ྲл

㺘 3.3
⢩ᖱࡇ 1 2 3 4 5 6 7 8 9 10

ㅜа⅑ᐲњᮠ࠶ᐳ 7 10 27 7 25 4 443 11 127 12

ㅜҼ⅑ᐲњᮠ࠶ᐳ 24 16 202 9 14 11 4 42 338 13

ㅜй⅑ᐲњᮠ࠶ᐳ 495 23 36 10 11 8 4 37 9 40

Ӿ㺘 3.3ਟԕⴻࠪн਼ᤷḷєᶱॆ࠶ⲴᐲњᮠǄ∄ྲˈㅜа⅑ᮠ٬ᇎ傼

ѝᴹ 7њᐲሩㅜ 䍑⥞䖳བྷˈণᴹࡇ⢩ᖱࡇ1 7њᐲ൘Ӫ൷ޜഝ㔯ൠ䶒〟ǃ

⏢ॆ⸣⋩≄ۘ≄㜭࣋єњᤷḷкоޘഭᒣ൷≤ᒣᐞ䖳䘌ǄሩҾ㔏计㔃᷌ᶕ䈤ˈ

ᐲњᮠ䎺ቁˈ䈤᰾ሩҾޣᤷḷˈབྷ䜘࠶ᐲⲴਁኅ≤ᒣ∄䖳ᒣ൷ˈਚ䴰㾱

ሩ䘉Ӌњ࡛㩭ਾᐲ䘋㹼ᢰᵟкⲴᕅ䘋ᡆ䍴ⓀкⲴ㺕䏣ণਟǄ∄ྲй⅑ᇎ傼ѝ

䜭ᱟӵᴹ 4њᐲоޘഭᒣ൷≤ᒣᐞ䖳䘌ⲴӪᐕ➔≄⭏ӗ㜭࣋ǃӪᐕ➔≄㠚

ሩᓄㅜа⅑ᇎ傼Ⲵㅜ࡛࠶）䟿єњᤷḷ≄ࡦ ǃㅜҼ⅑ᇎ傼Ⲵㅜࡇ6 ǃㅜйࡇ7

⅑ᇎ傼Ⲵㅜ ̍（ࡇ⢩ᖱࡇ7 䙊䗷࠶䀓㔃᷌Ⲵ㌫ᮠ⸙䱥 H ਟ⸕ 4њᐲ࡛࠶Ѫ䛩

ᒣᐲ（ኡьⴱ）ǃహጚޣᐲ（⭈㚳ⴱ）ǃᆹ䱣ᐲ（⋣ইⴱ）ǃབྷ䘎ᐲ（䗭ᆱⴱ）̍

䈤᰾䘉ഋњᐲ䘈⋑ᴹᆼޘ᪂ᔳӪᐕ➔≄Ⲵ֯⭘Ǆ㘼ሩҾᐲњᮠ䖳ཊⲴᛵߥˈ

䈤᰾ᡁഭ൘䘉Ӌᤷḷкєᶱॆ࠶ѕ䟽ˈሬ㠤ᐲоᐲѻ䰤ਁኅ≤ᒣᐞ⭊䘌Ǆ

਼ᰦˈ䈕ᮠ٬ᇎ傼ӽᆈ൘䶎计㇇䈟ᐞਟԕᧂ䲔˖䳶ѝ✝ᯩ䶒Ⲵᤷḷ⢩ᖱ

∄䖳᰾ᱮˈնӗ⭏↔⧠䊑Ⲵѫ㾱ഐᱟইेᐞᔲ䗷བྷ㘼ሬ㠤Ⲵˈণ൘ইᯩൠ४

а㡜аᒤഋᆓ䜭н䴰㾱✝ˈഐ↔ᮠᦞᆈ൘㕪٬ᡆѪ䴦䖳ཊ˗ਖཆˈަԆᮠᦞ

ѝҏᆈ൘⵰нቁⲴ㕪٬䜘࠶ˈ䲔ҶഐѪൠᯩޣⲴ㔏计䇠ᖅᐕнࡠսཆˈ䘈

ᴹаӋ䘁ࠐᒤⲴᯠᤷḷˈ䘉Ӌᤷḷਚᴹቁᮠᐲᴹᮠᦞˈཊᮠᐲ䘈⋑ᴹᮠ

ᦞǄഐ↔ྲ᷌൘ᮠ٬ᇎ傼ࡽˈ䘉Ӌᮠᦞ൷ԕ 0٬ԓᴯˈᗵ❦ᖡ૽ᴰ㓸㔃᷌ˈ䘈

䴰㾱㘳㲁᭩䘋ᯩ⌅Ǆ

3.3 ᮦٲᇔ僂的᭯䘑

3.3.1 ᭯䘑中ٲᖈжौ

ሩҾᲲᰦ⋑ᴹ࣎⌅൘⸝ᵏ䀓ߣⲴ䜘࠶ᮠᦞ㕪ཡᡰᑖᶕⲴᇎ傼䈟ᐞлˈᡁ

Ԝ䘈ᱟᐼᵋ䙊䗷ᮠᆖᯩ⌅઼㇇⌅Ⲵ᭩䘋ᶕ߿ቁ䘉㊫䈟ᐞǄഐ↔൘ڊᮠᦞ亴༴⨶

Ⲵᰦىˈ㘳㲁࡙⭘ѝ٬ᖂаॆᯩ⌅ᶕԓᴯ㓿ިᖂа⌅Ǆ❦㘼ሩҾՐ㔏Ⲵѝ٬ᖂ
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ㅜйㄐ 䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

аॆˈ༴⨶䗷ਾⲴᮠᦞ⸙䱥ݳ㍐ᴹ↓ᴹ䍏ˈᡰԕ䘉䟼ሩަ䘋㹼᭩䘋֯ᗇ༴⨶䗷

ਾⲴᮠᦞ⸙䱥ݳ㍐䶎䍏˖设ᐢ⸕㓴ᡀᐲᔪ设Ⲵᮠᦞ⸙䱥 V = (Vij)n×mˈ

䘋㹼ᖂаॆ༴⨶ਾᗇࡠ⸙䱥Ѫ v = (vij)n×mˈvਟ⭡ޣ㌫ᔿᗇࠪ˖

vij =
|Vij −mid{Vik}mk=1|

max{Vik}mk=1 −min{Vik}mk=1

(3.2)

ަѝmid{Vik}mk=1㺘⽪ㅜ iњᤷḷⲴሩᓄⲴѝսᮠˈ䘉ṧᡰ≲ᗇⲴ⸙䱥 vӽѪ䶎

䍏⸙䱥ˈфݳ㍐ᮠ٬᧗ࡦ൘ [0,1]ѻ䰤Ǆ

ሩҾᯠⲴᮠᦞ⸙䱥 v ˈᆳփ⧠ҶᮠᦞоަሩᓄᤷḷⲴޘഭѝ䰤≤ᒣⲴ䐍

ˈ䘉ᖂаॆⲴᯩ⌅окан਼Ⲵ൘Ҿˈᆳнӵ㜭փ⧠ᡁഭ൘ᐲᔪ设к

४ฏᙗнᒣ㺑ਁኅⲴ⢩ᖱᔪ设ᤷḷˈ਼ᰦ∄Ҿᑨ㿴ᖂаॆ䘈㜭߿ቁབྷ䜘࠶Ѫ

0ⲴᮠᦞᤷḷⲴᖡ૽ˈণ߿ቁࡽᵏڊ㕪٬ᖂ䴦༴⨶Ⲵᖡ૽Ǆഐ↔䙊䗷䘉ᖂа

ॆ༴⨶ѻਾˈ䘹ਆਸ䘲Ⲵ࠶䀓㌫ᮠ䘋㹼MU㇇⌅Ⲵᇎ⧠ਾˈᨀਆࠪⲴ⢩ᖱᔪ设

ᤷḷ㜭ཏᴤ߶⺞ൠփ⧠Ⲵᡁഭ൘ᐲᔪ设к४ฏнᒣ൷㺑ᯩ䶒Ǆ

3.3.2 ᮦٲᇔ僂

ሩҾᮠᦞ⸙䱥ˈ㘳㲁ࡠ൘✝ᯩ䶒Ⲵᮠᦞᐞᔲѫ㾱ᱟ⭡ҾইेⲴᐞᔲ䗷

བྷӗ⭏Ⲵˈഐ↔䴰㾱䲔৫ᴹޣ✝Ⲵᤷḷˈ࢙лаޡ 123њᤷḷˈণᮠᦞ⸙

䱥Ѫ V = (Vij)n×mˈަѝ n = 123, m = 673Ǆ

൘ᮠᦞᖂаॆਾˈᡁԜӽ❦䴰㾱⺞ᇊ࠶䀓㌫ᮠ઼䘝ԓ⅑ᮠєњ৲ᮠˈ䘹ਆ

ᯩᔿ਼кˈ䶎䍏⸙䱥࠶䀓䈟ᐞ errorⲴਈॆ䲿࠶䀓㌫ᮠ rо䘝ԓ⅑ᮠ iterਈॆ

Ⲵ࠭ᮠമྲ࡛࠶ۿлമᡰ⽪˖

മ 3.4: ৲ᮠՈॆᴢ㓯

਼ṧਟਸ⨶ൠਆ࠶䀓㌫ᮠѪ r = 10ˈ䘝ԓ⅑ᮠѪ 100⅑ˈ࡙⭘ MATLAB

ᇎ⧠MU㇇⌅Ǆሩᮠᦞ⸙䱥䘋㹼 100⅑MU㇇⌅计㇇ࠪⲴ䈟ᐞ⌒ࣘྲлമᡰ⽪
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䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

മ 3.5: ᇎ傼㔃᷌䈟ᐞⲴ⌒ࣘ

⭡↔ਟ⸕㇇⌅㔃᷌Ⲵ䈟ᐞࠐѾっᇊ൘ 0.45 ᐖਣˈ䈟ᐞ㔃᷌ᙫᯩᐞѪ

3.3502× 10−5Ǆ

ሩҾ࠶䀓㔃᷌ѝⲴ⢩ᖱ⸙䱥W ˈ㿲ሏަࡇ䘹ਆ 2њケࠪ亩ˈਆ 3⅑䈅傼

㔃᷌ˈ㔏计㔃᷌ྲл

㺘 3.4
⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

1 ᧂ≤പᇊ䍴ӗᣅ䍴ˈ⊑

≤༴⨶പᇊ䍴ӗᣅ䍴

ᔪᡀ४䐟㖁ᇶᓖˈᔪᡀ

४ᧂ≤㇑䚃ᇶᓖ

ൠл㔬ਸ㇑ᓺ䮯ᓖˈᯠ

ᔪൠл㔬ਸ㇑ᓺ䮯ᓖ

2 ˈ䖖ཙ❦≄ᙫ䟿⊭≄⟳

ཙ❦≄⊭䖖࣐≄ㄉᓗᮠ

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

⭘Ҿ⭏≤㇑䚃䮯ᓖ

Ӫ൷ᰕ⭏⍫⭘≤䟿ˈᔪ

ᡀ४≤㇑䚃ᇶᓖ

3 പᇊᣅ䍴ᙫ⭘࡙≥⭏

仍ˈഝ᷇㔯ॆപᇊᣅ䍴

ᙫ仍

〟ഝ䶒ޜˈഝњᮠޜ ᔪᡀ४䐟㖁ᇶᓖˈᔪᡀ

४ᧂ≤㇑䚃ᇶᓖ

4 ⟳≄⊭䖖Პ৺⦷ˈᔪᡀ

४䐟㖁ᇶᓖ

㔯ൠоᒯ൪⭘ൠ䶒〟ˈ

㙅ൠ䶒〟

㔯ൠоᒯ൪⭘ൠ䶒〟ˈ

ᮠޜ

5 㔯ൠоᒯ൪⭘ൠ䶒〟ˈ

㙅ൠ䶒〟

ᐕ业ᯠ≤ਆ⭘䟿ˈᇎ䱵

⭘≤䟽༽࡙⭘䟿

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

⭘Ҿ⭏≤㇑䚃䮯ᓖ

6 ⏢ॆ⸣⋩≄䬰ᙫ䟿ˈ

≄⋨⸢ॆ⏢ት≁ᇦᓝ

ᙫ䟿

≄⋨⸢ॆ⏢ት≁ᇦᓝ

ᙫ䟿ˈӪ㹼䚃䶒〟

ཙ❦≄⊭䖖࣐≄ㄉᓗᮠˈ

䚃䐟䶒〟
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ㅜйㄐ 䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

7 ᇎ䱵⭘≤䟽༽࡙⭘䟿ˈ

ᐕ业⭘≤䟽༽࡙⭘䟿

ˈӪᐕ➔≄㇑䚃䮯ᓖ

Ӫᐕ➔≄䬰ᙫ䟿

⏢ॆ⸣⋩≄䬰ᙫ䟿ˈ

ഝњᮠޜ

8 ൠл㔬ਸ㇑ᓺ䮯ᓖˈᯠ

ᔪൠл㔬ਸ㇑ᓺ䮯ᓖ

ᧂ≤പᇊ䍴ӗᣅ䍴ˈ⊑

⌕༴㖞പᇊ䍴ӗᣅ䍴

⊑≤༴⨶പᇊ䍴ӗᣅ䍴ˈ

⏢ॆ⸣⋩≄⊭䖖࣐≄ㄉ

ᓗᮠ

9 ẕằᮠˈ⊑≤㇑䚃䮯ᓖ 䖘䚃Ӕ䙊പᇊ䍴ӗᣅ䍴ˈ

䚃䐟ẕằപᇊ䍴ӗᣅ䍴

Ӫਓᇶᓖˈᔪᡀ४䐟㖁

ᇶᓖ

10 ᔪᡀ४≤㇑䚃ᇶᓖˈ

ᔪᡀ४ᧂ≤㇑䚃ᇶᓖ

Ӫਓᇶᓖˈ㔯ൠоᒯ൪

⭘ൠ䶒〟

ᇎ䱵⭘≤䟽༽࡙⭘䟿ˈ

ᐕ业⭘≤䟽༽࡙⭘䟿

⭡㺘 3.4ਟ⸕ˈケࠪ亩䟼ᴹޣ㜭ⓀⲴᤷḷᮠ❦ᱟঐ∄䖳儈Ⲵа䜘࠶ˈ䈤᰾㜭

Ⓚ४ฏᙗਁኅнᒣ㺑⺞ᇎᱟᐲᔪ设ѝॱ࠶䴰㾱⌘Ⲵᯩ䶒Ǆ਼ᰦˈᡁԜ䘈㜭

ⴻࡠаӋ∄䖳っᇊࠪ⧠Ⲵᤷḷ˖ᔪᡀ४䐟㖁ᇶᓖˈ㔯ൠоᒯ൪⭘ൠ䶒〟ˈޜഝ

ᓗᮠˈᇎ䱵⭘≤䟽༽࡙⭘䟿ㅹˈᆳԜҏᱟᲞ䙽ᙗՊᖡ૽ᐲᔪ设Ⲵഐ㍐ˈ䘉Ӌ

䜭ᱟоӪ≁⭏⍫ᒨ⾿ᓖᇶ࠷ޣ⭊㠣ᴹⴤ᧕ᖡ૽Ⲵᇎ䱵ᤷḷˈ䘉нӵ৽᱐ࠪ

ᐲᔪ设Ⲵ䍘䟿Պⴤ᧕ᖡ૽ࡠӪ≁⭏⍫䍘䟿ˈ䘈䈤᰾ᡁഭӽᴹ䇨ཊᐲⲴส设

ᯭᔪ设нཏᆼழˈ㔯ॆ≤ᒣ䘈ᴹᖵᨀ儈ㅹ䰞仈Ǆ

ሩҾй⅑ᮠ٬ᇎ傼ˈ࡙⭘ᴰ䘁ᆀオ䰤߶ࡉ≲ࠪ 10њ⢩ᖱ࡛࠶ࡇሩᓄⲴ⢩ᖱ

ᤷḷᴹケࠪ䍑⥞Ⲵᐲњᮠˈ㔏计㔃᷌ྲл

㺘 3.5
⢩ᖱࡇ 1 2 3 4 5 6 7 8 9 10

ㅜа⅑ᐲњᮠ࠶ᐳ 1 17 1 325 53 11 29 7 8 221

ㅜҼ⅑ᐲњᮠ࠶ᐳ 445 1 8 66 23 5 12 1 13 99

ㅜй⅑ᐲњᮠ࠶ᐳ 13 136 201 10 1 71 12 4 199 26

Ӿ㺘 3.5ਟࠪ᷀࠶ˈᔪᡀ४䐟㖁ᇶᓖᱟབྷ䜘࠶ᐲっᇊࠪ⧠Ⲵケࠪᤷḷ（࠶

࡛ሩᓄㅜа⅑ᇎ傼Ⲵㅜ ǃㅜҼ⅑ᇎ傼Ⲵㅜࡇ4 ǃㅜй⅑ᇎ傼Ⲵㅜࡇ1 ⢩ᖱࡇ3

̍（ࡇ 䈤᰾ᡁഭ൘ᐲӔ䙊ส设ᯭᔪ设є㓗ॆ࠶ѕ䟽ˈ䘈ᴹ᰾ᱮ⸝ᶯˈ䴰㾱࣐

ᕪᔪ设Ǆ䙊䗷ሩ䶎䍏⸙䱥࠶䀓ᡰᗇⲴ㌫ᮠ⸙䱥 H 䘋㹼᷀࠶ˈਟሶঅњケࠪᤷḷ

᤹➗ަሩᮤփᮠᦞⲴᖡ૽⭡བྷࡠሿ䘋㹼ᧂࡇˈᧂޛࡽⲴޣᤷḷ઼ԓ㺘ᐲ

（ਆйњ）ྲлᡰ⽪
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䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

㺘 3.6
ᧂ ᤷḷ ԓ㺘ᐲ

1 ᔪᡀ४䐟㖁ᇶᓖ ཙ≤ᐲ（⭈㚳ⴱ）̠ 㙂䱣ᐲ（⒆ইⴱ）̠ 䜁ᐎᐲ（⋣ইⴱ）

2 ᔪᡀ४ᧂ≤㇑䚃ᇶᓖ ⨐⎧ᐲ（ᒯьⴱ）̠ ᶕᇮᐲ（ᒯ㾯ⴱ）̠ ᗧᜐᐲ（ਹ᷇ⴱ）

3 ᔪᡀ४≤㇑䚃ᇶᓖ ᰶ⦹ᐲǃਟݻ䗮ᐲ（ᯠ⮶ⴱ）̠ ѝኡᐲ（ᒯьⴱ）

4 ⟳≄⊭䖖Პ৺⦷ ᓧᇊᐲ（ഋᐍⴱ）̠ ᆹᆱᐲ（Ӂইⴱ）̠ ⌨≤ᐲ（Ӂইⴱ）

5 Ӫ൷ᰕ⭏⍫⭘≤䟿 ेኟᐲ（ᯠ⮶ⴱ）̠ йӊᐲ（⎧ইⴱ）̠ ᒴ⋣ᐲ（䗭ᆱⴱ）

6 Ӫਓᇶᓖ 㙺ᐲ（ኡьⴱ）̠ ⾎ᵘᐲ（䲅㾯ⴱ）̠ 䟤䲥ᐲ（⒆ইⴱ）

7 㔯ൠоᒯ൪⭘ൠ䶒〟 ӄᤷኡᐲǃ⩬⎧ᐲ（⎧ইⴱ）̠ 䱣⊏ᐲ（ᒯьⴱ）

8 ཙ❦≄⊭䖖࣐≄ㄉᓗᮠ ཙ⍕ᐲ˗㔕ॆᐲ（唁嗉⊏ⴱ）̠ ؑ䱣ᐲ（⋣ইⴱ）

ᇎ傼㔃᷌䘹ࠪⲴޣᐲᱟޣᔪ设ਁኅ≤ᒣоޘഭѝ䰤≤ᒣ䐍䖳䘌Ⲵ

ᐲǄަѝˈ䜘࠶Ѫᙕ䴰ח䟽ਁኅⲴᐲˈ㔃᷌ਟԕփ⧠䘉Ӌᐲѝॱ࠶䴰㾱

ˈᤷḷሩᓄⲴᔪ设ᯩ䶒ˈ∄ྲ⭈㚳ⴱⲴཙ≤ᐲ䴰㾱ਁኅ䚃䐟ᔪ设ޣ䟽ਁኅⲴח

㘼ᯠ⮶ⴱⲴᰶ⦹ᐲ઼ਟݻ䗮ᐲ䴰㾱ਁኅ≤ᔪ设ᯩ䶒˗㘼ਖа䜘࠶Ѫਁኅ䖳

ྭⲴᐲˈ∄ྲᒯьⴱⲴ⨐⎧ᐲ઼ѝኡᐲǄ䘉ӋᐲнӵӵਚᱟޣᤷḷⲴሩ

ᓄ٬䖳儈ᡆ㘵䖳վˈ䘈փ⧠ࠪⲴᱟ∄䖳ᴹԓ㺘ᙗⲴᮠᦞ⢩ᖱˈਟԕ䙊䗷⹄ウ㇇

∄ˈḀᯩ䶒ਟُ䢤Ⲵᔪ设ᔪ䇞ᶕⲴਁኅ䖳ྭⲴᐲᶕ㔉ަԆ४ฏᨀࠪ᷀࠶⌅

ྲ⎧ইⴱӄᤷኡᐲ൘㔯ॆᯩ䶒Ⲵᔪ设ቡਟަԆᐲᆖҐǄ
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ㅜഋㄐ 䍻ᵳᖂаॆ൘ᐲᔪ设ѝⲴᓄ⭘

ㅢㄖ 䎁ᵹᖈжौ在城市建设中的应用

本ㄐѫ㾱ᱟ᧒䇘䶎䍏⸙䱥࠶䀓൘ᐲᔪ设⎹৺Ⲵޛњу业㊫࡛（ޜ⭘设ᯭˈ

ᔪ设⭘ൠᛵߥˈ㜭Ⓚˈ≤઼㢲≤ˈӔ䙊ᔪ设ˈᧂ≤઼⊑≤༴⨶ˈഝ᷇㔯ॆˈ

⧟ຳছ⭏）Ⲵ䘀⭘Ǆ

4.1 䎁ᵹᖈжौ

൘本文ࡽ䶒ᡰ⭘Ⲵᮠᦞᖂаॆᯩ⌅ˈሩҾ亩ᤷḷ䜭ᱟᰐᐞ࡛ሩᖵˈնһ

ᇎкṩᦞഭᛵǃ≁ǃਁኅ䟽⛩ǃՈ࣯࣓࣯ㅹᯩ䶒ഐ㍐ˈሩᐲᔪ设Ⲵн਼

ᯩ䶒н਼ᰦᵏח䟽⛩ᱟнаṧⲴˈ∄ྲ㠚 21ц㓚ԕᶕˈ㢲㜭߿ᧂቡਇࡠҶᒯ⌋

Ⲵ䟽㿶Ǆਖཆˈ㲭❦ሩҾᤷḷ䟷ਆᰐᐞ࡛计㇇ˈն൘བྷᯩੁѝতਈᡀҶᴹᐞ

࡛ˈ∄ྲ㜭Ⓚᯩ䶒ቡޡ㘳㲁Ҷ 22њᔪ设ᤷḷˈ㘼ഝ᷇㔯ॆӵঐ 8њᤷḷˈ䘉

нㅹ䟿Ⲵᤷḷᮠሬ㠤ҶаӋ䟽㾱ᤷḷ⢩ᖱ൘у业㊫࡛Ⲵᙫ㔃᷀࠶ѝ㻛ᘭ㿶ˈӾ

㇇⌅к䈤ˈቡᱟ㾱ᧂ䲔ഐਟ䇠ᖅᮠᦞᤷḷ䟿ཊ㘼ᖡ૽ᮠ٬ᇎ傼Ⲵ㔃᷌Ǆ㘼ሩ

ᤷḷ䘋㹼䍻ᵳˈቡ㜭ᖸᴹ᭸Ⲵ䀓ߣԕк㘳㲁ࡠⲴ䰞仈ǄሩҾн਼ⲴᤷḷˈᡁԜ

ਟԕሩަ൘ᮠᦞ᷀࠶ᰦ䘋㹼н਼ᵳ䟽Ⲵ䍻٬ˈণབྷᡆ߿ቁަሩ㇇⌅㔃᷌Ⲵᖡ

૽ˈӾ㘼䗮ࡠᕪ䈳Ḁ亩ᤷḷᡆᰐᐞ࡛计㇇ㅹᇎ傼ⴞⲴ [12]Ǆ

㘳㲁ࡠᡁԜᐼᵋ䍻ᵳ٬⌅ᡰ⭘Ⲵᮠᦞ㾱ቭਟ㜭؍⮉⢩ᖱˈ᭵䘉䟼䟷⭘

ᒣ൷٬ᖂаॆᯩ⌅ˈ设㓴ᡀᐲᔪ设Ⲵᮠᦞ⸙䱥 V = (Vij)n×mˈޜ⭘࡙ࡉ

ᔿ (2.5)ሩᮠᦞ⸙䱥䘋㹼ᒣ൷٬ᖂаˈਟᗇࡠᮠᦞ⸙䱥 v = (vij)n×mǄ

设䍻ᵳ٬ {ki}ni=1 ˈ䖜ᦒⲴᮠᦞ⸙䱥Ѫ v = (v1, v2, · · · , vn)T ˈަѝ vi ԓ㺘

Ҷᮠᦞ⸙䱥 vⲴㅜ iњ㹼ੁ䟿ˈণㅜ iњᤷḷⲴᮠᦞੁ䟿˗kiԓ㺘Ҷሩㅜ iњᤷ

ḷⲴ䍻ᵳࡉˈ٬Ԕ

v′ =


v′1

v′2
...

v′n

 , V ′
i = kivi (4.1)

ਟᗇࡠᴰ㓸Ⲵᮠᦞ⸙䱥 V ′ = (V ′
ij)n×mˈ❦ਾণਟ䘋㹼䶎䍏⸙䱥࠶䀓Ǆ
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䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

4.2 ᮦٲᇔ僂

ᇎ傼Ⲵᮠᦞӽᱟ࡙⭘䲔৫䳶ѝ✝ޣᤷḷਾⲴ 123њᤷḷǃ673њ

ᐲⲴᮠᦞ⸙䱥 V = (Vij)123×673ˈ⭡ 15њޜ⭘设ᯭޣᤷḷǃ9њᔪ设⭘ൠᛵ

ᤷḷǃ14њӔ䙊ᔪ设ޣ㢲≤઼≥ᤷḷǃ20њޣᤷḷǃ22њ㜭Ⓚޣߥ

ᤷḷǃ12њ⧟ຳছޣᤷḷǃ9њഝ᷇㔯ॆޣᤷḷǃ22њᧂ≤઼⊑≤༴⨶ޣ

⭏ޣᤷḷ䘉ޛњу业㊫࡛᤹亪ᒿ㓴ᡀǄѪҶ䇙䘉ޛњу业㊫࡛㓴ᡀⲴᮠᦞ⸙

䱥൘䶎䍏⸙䱥࠶䀓ᰦ㜭ᰐᐞ࡛ൠᨀਆ⢩ᖱˈਟ设㖞ᵳ䟽˖

ki



1
15
, i=1,2,...,15

1
9
, i=16,17,...,24
1
22
, i=25,26,...,46

1
20
, i=47,48,...,66

1
14
, i=67,68,...,80

1
22
, i=81,82,...,102

1
9
, i=103,104,...,111
1
12
, i=112,113,...,123

(4.2)

❦ਾሩᮠᦞ⸙䱥 V 䘋㹼䍻ᵳ٬ᖂаॆ˖

vij =
kiVij

ai
, ai =

1

m

m∑
k=1

Vik (4.3)

ᗇࡠ䖜ᦒਾⲴᮠᦞ⸙䱥 v = (vij)n×m Ǆ俆ݸ⺞ᇊ࠶䀓㌫ᮠ઼䘝ԓ⅑ᮠєњ৲ᮠ

ⲴՈॆˈ䘹ਆᯩᔿ਼кˈ䶎䍏⸙䱥࠶䀓Ⲵ error ਈॆ䲿࠶䀓㌫ᮠ r о䘝ԓ⅑ᮠ

iterਈॆⲴ࠭ᮠമྲ࡛࠶ۿлമᡰ⽪˖

മ 4.1: ৲ᮠՈॆᴢ㓯
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ㅜഋㄐ 䍻ᵳᖂаॆ൘ᐲᔪ设ѝⲴᓄ⭘

⭡㔃᷌ਟ⸕䲿⵰࠶䀓㌫ᮠⲴབྷˈ䈟ᐞ㤳ᮠ⭊㠣нཏっᇊˈഐ൘Ҿᒣ൷

٬ᖂа⌅؍⮉ҶᮠᦞⲴ⢩ᖱˈࡉᶕѪ䴦٬Ⲵᮠᦞݳ㍐㓿䗷ᖂаॆ༴⨶ਾ

ӽ❦Ѫ䴦ˈ䘉൘计㇇ᵪⲴ㇇⌅ᇎ⧠ѝՊӗ⭏䈟ᐞˈф֯ᗇ㇇⌅㔃᷌нっᇊǄ

਼ṧਆ࠶䀓㌫ᮠѪ r = 10ˈ䘝ԓ⅑ᮠѪ 100⅑ˈ࡙⭘ MATLABᇎ⧠ MU

㇇⌅ˈሩᮠᦞ⸙䱥䘋㹼 100⅑MU㇇⌅计㇇ࠪⲴ䈟ᐞ⌒ࣘྲлമᡰ⽪

മ 4.2: ᇎ傼㔃᷌䈟ᐞⲴ⌒ࣘ

ਟਁ⧠㇇⌅㔃᷌Ⲵ䈟ᐞࠐѾっᇊ൘ 0.4ᐖਣˈ䈟ᐞ㔃᷌ᙫᯩᐞѪ 2.0810 ×

10−4Ǆ

ሩҾ࠶䀓㔃᷌ѝⲴ⢩ᖱ⸙䱥W ˈӽ❦䘹ਆ 2њケࠪ亩ˈਆ 3⅑䈟ᐞ㤳ᮠሿ

Ҿ 0.4Ⲵ䈅傼㔃᷌ˈ㔏计㔃᷌ྲл

㺘 4.1
⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

1 ᐕ业⭘ൠ䶒〟ˈ㙅ൠ䶒

〟

⏢ॆ⸣⋩≄⟳≄ᦏཡ䟿ˈ

ഝ᷇㔯ॆപᇊ䍴ӗᣅ䍴

ཙ❦≄ۘ≄㜭࣋ˈ⊑⌕

༴⨶ᧂ≤䟿

2 ⏢ॆ⸣⋩≄⟳≄ᦏཡ䟿ˈ

䟿⭘࡙≥⭏

䚃䐟Ӕ䙊设ᯭ⭘ൠ䶒〟ˈ

㙅ൠ䶒〟

䚃䐟Ӕ䙊设ᯭ⭘ൠ䶒〟ˈ

㙅ൠ䶒〟

3 ˈት≁ᇦᓝཙ❦≄䟿

ཙ❦≄⟳≄ᦏཡ䟿

ˈት≁ᇦᓝཙ❦≄䟿

ཙ❦≄⟳≄ᦏཡ䟿

ˈት≁ᇦᓝཙ❦≄䟿

ཙ❦≄⟳≄ᦏཡ䟿

4 ཙ❦≄ۘ≄㜭࣋ˈ⊑⌕

༴⨶ᧂ≤䟿

Ӫ൷䚃䐟䶒〟ˈӪ൷ޜ

ഝ㔯ൠ䶒〟

䎵计ࡂᇊ仍⭘≤䟿ˈ㢲

≤᧚ᯭᣅ䍴ᙫ仍
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䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

5 㠚༷≤计ࡂ⭘≤⭘ᡧˈ

ൠл㔬ਸ㇑ᓺ䮯ᓖ

Ӫᐕ➔≄⭏ӗ㜭࣋ˈӪ

ᐕ➔≄㠚ࡦ≄䟿

㠚༷≤计ࡂ⭘≤⭘ᡧˈ

ൠл㔬ਸ㇑ᓺ䮯ᓖ

6 ≄⋨⸢ॆ⏢䖖⊭≄⟳

䟿ˈབྷẕ৺⢩བྷẕᮠ䟿

䎵计ࡂᇊ仍⭘≤䟿ˈ㢲

≤᧚ᯭᣅ䍴ᙫ仍

⏢ॆ⸣⋩≄⟳≄ᦏཡ䟿ˈ

䟿⭘࡙≥⭏

7 䎵计ࡂᇊ仍⭘≤䟿ˈ㢲

㓖⭘≤䟿

ൠл㔬ਸ㇑ᓺപᇊ䍴ӗ

ᣅ䍴ˈ⟳≄⊭䖖⏢ॆ

⸣⋩≄䟿

ൠл㔬ਸ㇑ᓺപᇊ䍴ӗ

ᣅ䍴ˈ䖘䚃Ӕ䙊പᇊ䍴

ӗᣅ䍴

8 Ӫᐕ➔≄⭏ӗ㜭࣋ˈӪ

ᐕ➔≄㠚ࡦ≄䟿

⏢ॆ⸣⋩≄⟳≄ᦏཡ䟿ˈ

䟿⭘࡙≥⭏

≄⋨⸢ॆ⏢䖖⊭≄⟳

䟿ˈབྷẕ৺⢩བྷẕᮠ䟿

9 ൠл㔬ਸ㇑ᓺപᇊ䍴ӗ

ᣅ䍴ˈ䖘䚃Ӕ䙊പᇊ䍴

ӗᣅ䍴

㠚༷≤计ࡂ⭘≤⭘ᡧˈ

ൠл㔬ਸ㇑ᓺ䮯ᓖ

Ӫ൷䚃䐟䶒〟ˈӪ൷ޜ

ഝ㔯ൠ䶒〟

10 Ӫ൷䚃䐟䶒〟ˈӪ൷ޜ

ഝ㔯ൠ䶒〟

ཙ❦≄ۘ≄㜭࣋ˈ⊑⌕

༴⨶ᧂ≤䟿

Ӫᐕ➔≄⭏ӗ㜭࣋ˈӪ

ᐕ➔≄㠚ࡦ≄䟿

ሶ㺘 4.1Ⲵ㔃᷌㔏计ᒦ䖜Ѫу业㊫࡛Ⲵᤷḷঐ∄Ⲵ侬⣦മˈ⧠Ѫлമ

ᡰ⽪˖

മ 4.3: ᤷḷঐ∄
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ㅜഋㄐ 䍻ᵳᖂаॆ൘ᐲᔪ设ѝⲴᓄ⭘

⭡മ 4.3ਟ⸕ˈ㜭ⓀᱟྲӺᐲᔪ设ᴰᓄ䈕ޣ⌘Ⲵ䜘࠶ˈᆳⲴ४ฏнᒣ㺑

䰞仈ॱ࠶ケࠪǄ਼ᰦˈঐ∄ㅜҼⲴޡޜ设ᯭ䈤᰾Ҷᡁഭ൘ޡޜส设ᯭᔪ设к

䘈䴰࣐ᕪˈ㲭❦ᡁഭⲴส设ᯭᔪ设ᣅޕҶབྷ䟿Ⲵ䍒࣋⢙઼࣋ᰦ䰤ᡀ本ˈնᱟ

䲿⵰ӪԜ⭏⍫䍘䟿Ⲵнᯝᨀ儈઼ᐲॆⲴ䗵䙏㭃ᔦˈӪ≁ሩޡޜ设ᯭⲴ䴰≲ҏ

ᱟᤷᮠර䮯ˈ㾱䀓ߣ䘉а⸋ǃ䐏кӪ≁⭏⍫䍘䟿Ⲵ㝊↕ˈӽ䴰ڊབྷ䟿Ⲵ

Ǆ࣋ࣚ

↔ཆ٬ᗇޣ⌘Ⲵа⛩ᱟˈ⧟ຳছ⭏ޣᤷḷঐ∄Ѫ 0ˈ䘉䈤᰾䘉аᯩ䶒൘

ഭൠਁኅ൷㺑ˈਟԕփ⧠ࠪᡁഭ൘ޘ 2018ᒤ৺ѻࡽ൘⧟ຳছ⭏ᯩ䶒ࠪڊⲴޘ

ഭ㤳തⲴࣚ࣋亷ᴹᡀ᭸Ǆ

ሶᮠ٬ᇎ傼ᗇࡠⲴ⢩ᖱ⸙䱥W ઼㌫ᮠ⸙䱥 H 䘋㹼ؑᮤ⨶઼ᨀਆ䖜ᦒਟ

ᗇлമ

മ 4.4: ᐲਁኅ࠶ᐳᛵߥ

മ 4.4փ⧠Ⲵᱟ䶎䍏⸙䱥࠶䀓ᨀਆࠪᶕⲴоޘഭᒣ൷≤ᒣᐞ⭊䘌Ⲵᐲ

ਁኅᛵߥˈ⁚䖤ᱟᐲᔪ设Ⲵޛњу业㊫࡛वਜ਼Ⲵ 123њᤷḷ（᤹亪ᒿ）̍ ᮠ䖤

ᱟᨀਆࠪᶕⲴԓ㺘ᐲоᒣ൷≤ᒣⲴᐞ䐍Ǆਟԕⴻࡠᴹޣ㜭Ⓚǃᧂ≤઼⊑≤༴

⨶ⲴޣᤷḷⲴԓ㺘ᐲ∄䖳࠶ᮓˈণᆈ൘䖳ཊሩᓄⲴ⢩ᖱࡇᴹケࠪ䍑⥞Ⲵ

ᐲˈ䈤᰾൘ޣҾ㜭Ⓚǃᧂ≤઼⊑≤䰞仈ˈᡁഭᆈ൘ሿ䜘࠶ᐲਁኅ䐏нкᒣ
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䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

൷≤ᒣˈᡰԕⴞࡽਟԕח䟽Ҿᢦᤱ䘉Ӌњ࡛ᐲⲴਁኅ઼ᕅ䘋ޣᢰᵟ˗㘼ޣ

Ҿᔪ设⭘ൠ൘മѝⲴ⛩࠶ᐳ䖳Ѫ䳶ѝˈ䈤᰾ᔪ设⭘ൠᛵߥ൘ᡁഭᱟ䲔Ҷ⧟ຳছ

⭏ཆᴰᒣ㺑Ⲵབྷ㊫ᯩੁˈণޘഭਁኅ䖳Ѫᒣ㺑ˈࡉⴞࡽਟԕח䟽Ҿњᐲሩ

ҾᢰᵟⲴ䘀⭘઼᭯ㆆⲴ䈳ᮤᴤཊⲴᱟ䴰㾱㘳㲁ṩᦞᖃൠⲴਁኅᛵ઼ߥ⢩⛩ᶕ䘋

㹼४ฏᙗ䈳ᮤǄ
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ㅜӄㄐ 䶎䍏⸙䱥࠶䀓൘ᐲᧂ≤઼⊑≤༴⨶ѝⲴᓄ⭘

ㅢӊㄖ 非负矩阵分解在城市ᧈ≪ૂ⊗≪༺⨼中的应用

㘳㲁ࡠн਼у业㊫࡛Ⲵᤷḷѻ䰤ޣ㚄ᙗн儈ǃ䟿㓗ᐞ࡛བྷㅹ䰞仈ˈ൘䶒ሩ

ᐲᔪ设ⲴḀаᯩ䶒ᮠᦞᰦਟԕ㘳㲁ڊ䘋а↕ᮠᦞ᷀࠶Ǆᧂ≤઼⊑≤༴⨶Ѫ

ᐲᔪ设Ⲵ䟽㾱㓴ᡀ䜘࠶ [13]ˈ䘉䟼অ⤜ሩަޣᤷḷሩᓄⲴᮠᦞ⸙䱥䘋㹼䶎䍏

⸙䱥࠶䀓Ⲵᇎ⧠˗਼ᰦˈഐѪᧂ≤ᧂ⊑ᯩ䶒㕪٬䖳ቁˈሩަڊ㇇⌅Ⲵᇎ⧠ᗇࠪ

Ⲵ㔃᷌ᴤѪㅖਸᇎ䱵ѹˈ㤕ሶᶕᮠᦞᲞ䙽н㕪٬ᰦˈਟԕ㘳㲁ሶ䶎䍏⸙䱥࠶

䀓䘀⭘ҾަԆу业㊫࡛ѝ࡛࠶䘋а↕䇘论Ǆ㘳㲁ᧂ≤઼⊑≤༴⨶ѝ 14њᤷḷ

（वᤜ⊑≤ᧂ᭮䟿ˈ⊑≤㇑䚃䮯ᓖˈ䴘≤㇑䚃䮯ᓖˈ䴘⊑ਸ⍱㇑䚃䮯ᓖˈᔪᡀ४

ᧂ≤㇑䚃䮯ᓖˈ⊑≤༴⨶লᓗᮠˈ⊑≤༴⨶ল༴⨶㜭࣋ˈ⊑≤༴⨶লᮠ䟿ˈ⊑

≤༴⨶লᒢ⊑⌕ӗ⭏䟿ˈ⊑≤༴⨶লᒢ⊑⌕༴㖞䟿ˈ⊑≤༴⨶ᙫ䟿ˈᐲ᭯⭏

≤⭏ӗ㜭࣋ˈᐲ᭯⭏≤࡙⭘䟿ˈᐲ᭯⭏≤㇑䚃䮯ᓖ）̍ ᖂаॆᯩ⌅ӽ❦䟷⭘

㓿ިᖂаॆˈ❦ਾ⭘MATLABᇎ⧠MU㇇⌅Ǆ

5.1 ᮦٲᇔ僂

䘉䟼਼ṧ㾱⺞ᇊ㇇⌅ѝ亴设৲ᮠˈ䘉䟼〽ᴹн਼Ⲵᱟˈ⭡Ҿᤷḷᮠ䖳ቁˈ

ᡁԜਟԕሩ࠶䀓㌫ᮠ䘋㹼㇇⌅っᇊᙗ᷀࠶ǄሩҾ 14њᮠᦞᤷḷˈ设ᮠᦞ⸙䱥

Ѫ V = (Vij)n ×mˈަѝ n = 14, m = 673ˈԔ䘝ԓ⅑ᮠѪ 80ˈ䶎䍏⸙䱥࠶

䀓 errorⲴਈॆ䲿࠶䀓㌫ᮠ rਈॆⲴ࠭ᮠമྲ࡛࠶ۿлമᡰ⽪˖

മ 5.1: 䀓㌫ᮠ࠶ r

⭡↔ਟ⸕ˈ൘ӵޣᗳ䈟ᐞⲴᛵߥл❦ᱟ࠶䀓㌫ᮠ䎺བྷ䈟ᐞ䎺ሿǄ᧕лᶕ

䀓㌫ᮠѪ࠶∄ሩ˖᷀࠶っᇊᙗڊ r = 2, 3, 4л䶎䍏࠶䀓⸙䱥Ⲵᇎ傼㔃᷌ˈণሩ∄
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䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘

⢩ᖱ⸙䱥Ⲵ⢩ᖱࡇⲴっᇊᙗǄሩҾ࠶䀓㔃᷌ѝⲴ⢩ᖱ⸙䱥W ˈ㿲ሏަࡇ䘹ਆ

2њケࠪ亩ˈਆ 3⅑䈅傼㔃᷌ˈ㔏计㔃᷌ྲл

㺘 5.1˖r = 2

⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

1 ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

⊑≤༴⨶লᮠ䟿ˈᐲ᭯

䟿⭘࡙≥⭏

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

2 ⊑≤༴⨶লᮠ䟿ˈᐲ᭯

䟿⭘࡙≥⭏

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

⊑≤༴⨶লᮠ䟿ˈᐲ᭯

䟿⭘࡙≥⭏

㺘 5.2˖r = 3

⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

1 ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈᐲ᭯⭏≤࡙⭘䟿

⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈᐲ᭯⭏≤࡙⭘䟿

2 ⊑≤ᧂ᭮䟿ˈᐲ᭯⭏

≤࡙⭘䟿

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

⊑≤㇑䚃䮯ᓖˈ䴘≤㇑

䚃䮯ᓖ

3 ⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈ⊑≤༴⨶লᮠ䟿

⊑≤ᧂ᭮䟿ˈ⊑≤༴⨶

লᒢ⊑⌕༴㖞䟿

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

㺘 5.3˖r = 4

⢩ᖱࡇ ㅜа⅑ᇎ傼Ⲵケࠪ亩 ㅜҼ⅑ᇎ傼Ⲵケࠪ亩 ㅜй⅑ᇎ傼Ⲵケࠪ亩

1 ⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈᐲ᭯⭏≤⭏ӗ㜭

࣋

䴘≤㇑䚃䮯ᓖˈᐲ᭯

⭏≤㇑䚃䮯ᓖ

⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈᐲ᭯⭏≤࡙⭘䟿

2 ⊑≤ᧂ᭮䟿ˈ⊑≤༴⨶

ᙫ䟿

⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈᐲ᭯⭏≤࡙⭘䟿

⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈᐲ᭯⭏≤⭏ӗ㜭

࣋

3 䴘≤㇑䚃䮯ᓖˈᐲ᭯

⭏≤㇑䚃䮯ᓖ

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

ᐲ᭯⭏≤⭏ӗ㜭࣋ˈ

ᐲ᭯⭏≤㇑䚃䮯ᓖ

4 ⊑≤༴⨶লᒢ⊑⌕༴㖞

䟿ˈᐲ᭯⭏≤࡙⭘䟿

⊑≤ᧂ᭮䟿ˈ⊑≤༴⨶

লᮠ䟿

⊑≤ᧂ᭮䟿ˈ⊑≤༴⨶

ᙫ䟿

5.2 㔉᷒分᷆

⭡ԕк㺘Ṭਟԕⴻࠪˈ䲿⵰࠶䀓㌫ᮠⲴ࣐ˈ䶎䍏⸙䱥࠶䀓Ⲵ࠶䀓㔃᷌䎺

ᶕ䎺нっᇊˈնᱟ䈟ᐞ㤳ᮠ䎺ᶕ䎺ሿˈ䘉䈤᰾ᡁԜ൘ڊ䶎䍏⸙䱥࠶䀓Ⲵᰦى䴰

㾱ᵳ㺑㔃᷌Ⲵっᇊᙗ䈟ᐞ٬ѻ䰤ⲴߢケǄ

⭡ᇎ傼㔃᷌ਟ⸕ˈᖃ r = 2ᰦˈᇎ傼Ⲵ࠶䀓㔃᷌∄䖳っᇊǄਟԕⴻࠪ൘ᡰ࠶

䀓ࠪᶕⲴഋњケࠪᤷḷѝˈ⭏≤Ⲵ࡙⭘൘⊑≤༴⨶ѝ∄䖳䟽㾱˖⊑≤㓿䗷ㆰ
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অ༴⨶ਾˈਟԕᓄ⭘Ҿ≤䍘⋑䛓Ѹ儈Ⲵ㹼业ѝˈ⭊㠣Ҿ䲿⵰ᢰᵟⲴᨀ儈ˈ⭏

≤Ⲵ䍘䟿䎺ᶕ䎺儈ˈਟԕ㻛䎺ᶕ䎺ཊⲴ㹼业ᡰ࡙⭘ˈԕ↔ᶕ߿ቁ≤䍴ⓀⲴ⎸㙇Ǆ

ሩҾ r = 2Ⲵй⅑ᮠ٬ᇎ傼ˈ࡙⭘ᴰ䘁ᆀオ䰤߶ࡉ≲ࠪ 2њ⢩ᖱ࡛࠶ࡇሩ

ᓄⲴ⢩ᖱᤷḷᴹケࠪ䍑⥞Ⲵᐲњᮠˈ㔏计㔃᷌ྲл

㺘 5.4
⢩ᖱࡇ 1 2

ㅜа⅑ᐲњᮠ࠶ᐳ 150 523

ㅜҼ⅑ᐲњᮠ࠶ᐳ 525 148

ㅜй⅑ᐲњᮠ࠶ᐳ 137 536

ਟԕⴻࠪ⊑≤༴⨶লᮠ䟿ˈᐲ᭯⭏≤࡙⭘䟿䘉єњᤷḷ൘ᐲᧂ≤઼⊑

≤༴⨶ѝҾ४ฏнᒣ㺑䰞仈䖳བྷⲴєњᤷḷǄ
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ㅜޝㄐ ᙫ㔃оኅᵋ

ㅢޣㄖ ᙱ㔉фኋᵑ

6.1 ᙱ㔉

䘁ᒤᶕˈᐲӪਓнᯝ䮯઼䗵䙏ᐲॆᡰᑖᶕⲴĀᐲ⯵ā䰞仈ѻ䰤Ⲵ

⸋ᐢ㓿ਈᡀҶᡁഭᐲᔪ设ѝᗵ享ᙍ㘳઼䀓ߣⲴᡈǄ㘼൘ؑॆᰦԓⲴӺ

ཙ Ā̍ᲪភᐲāⲴ䴰≲䎺ᶕ䎺儈Ǆ䘀⭘ਸ⨶Ⲵᢰᵟ༴⨶઼᷀࠶⭡↔ӗ⭏Ⲵᮠᦞ

ᓃᱟᖃࡽᐲᔪ设Ⲵ䟽㾱ᯩੁǄ

本文ኅ⽪Ҷྲօሶ䶎䍏⸙䱥࠶䀓䘀⭘Ҿᐲᔪ设Ⲵᙫփᮠᦞ઼᷀࠶䜘࠶

̍（⨶ᧂ≤઼⊑≤༴ྲ）᷀࠶㊫࡛ᮠᦞޣ ሩ∄Ҷйњн਼ᖂаॆᯩ⌅ሩ䶎䍏⸙䱥

ᨀਆࠪᖃˈ᷀࠶䀓Ⲵᇎ⧠Ⲵ४࡛ˈ䈕㇇⌅ਟሩᐲᔪ设Ⲵᮠᦞᓃᇎ㹼ࣘᘱॆ࠶

䟽ਁኅⲴ⢩ᖱᤷḷǄሩҾח䴰㾱ࡽ 2018ᒤᐲᔪ设ᒤ䢤Ⲵ᷀࠶ਟԕᗇࠪⲴ㔃论

ᱟˈ㜭Ⓚᯩ䶒ᱟᐲᔪ设ѝᴰ䴰㾱ޣ⌘Ⲵ䟽⛩ˈ↔ཆ㢲≤઼ޡޜ设ᯭⲴᔪ设ҏ

ᓄ䈕ᗇࡠ᭩ழˈӾ≁⭏ѹк䀓䟺ˈቡᱟањⴤ᧕ᖡ૽≤䍴Ⓚ㍗㕪Ⲵ⧠⣦ˈа

њⴤ᧕ᖡ૽⭏⍫൘ᐲⲴӪ≁Ⲵ⭏⍫䍘䟿Ǆሩᐲᔪ设Ⲵᙫփᮠᦞ᷀࠶ᴹ࡙Ҿ

ራ㊫ᤷḷѻ䰤Ⲵޣ㌫ˈᴹࣙҾѻਾⲴॿ਼ᐕˈ㘼ᆳⲴᔺㄟ൘Ҿ⭡䟿㓗Ⲵ

н਼઼ᤷḷ䰤Ⲵ㚄㌫нབྷⲴᰦىᮠ٬ᇎ傼䈟ᐞ䖳བྷˈഐ↔ᖃ䘭≲㋮ᓖᡆᐼᵋሩ

Ḁау业㊫࡛䘋㹼ᮠᦞ᷀࠶ᰦਟԕ㘳㲁অ⤜ሩަ᷀࠶ⲴᯩᔿǄ㘼ሩҾᐼᵋሩḀ

Ӌᐲᔪ设ᯩੁ䘋㹼ח䟽ᡆӾ䖫༴⨶ᰦˈਟԕ൘ᮠᦞ亴༴⨶ᰦ䘋㹼䍻ᵳǄԕк

ᯩ⌅൷ਟԕӾн਼ѹкᨀਆࠪᡰᴹᤷḷѝˈഐ४ฏᙗਁኅнᒣ㺑㘼䴰㾱㻛ח

䟽㿶ⲴᤷḷˈӾ㘼ᴹ࡙Ҿᐲᔪ设Ⲵ൷㺑ਁኅǄ

6.2 ኋᵑ

⭡ҾаӋᤷḷᮠᦞሩҾᐲᔪ设∄䖳䟽㾱ˈնྲӺӽᴹ䇨ཊᐲ㕪٬ˈ䘉

㔉㇇⌅ᑖᶕⲴ䈟ᐞ䖳བྷˈਟԕ䈤ᆼᮤⲴᮠᦞᱟ㇇⌅䟼нਟ㕪ቁⲴ䎧↕⛩ˈഐ↔ˈ

᭯ᓌⲴᇎᰦⴁ⍻ᐕՊⴤ᧕ߣᇊਾᵏⲴ㇇⌅ᮠᦞ᷀࠶ˈ䘉ᯩ䶒䘈䴰࣐བྷⴁ⍻࣋

ᓖ㜭ѪӺਾⲴӁ计㇇ㅹਁኅĀᲪភᐲāྐᇊสǄ਼ᰦˈሩҾᐲᔪ设ᮠ

ᦞⲴࡽᵏᮠᦞ亴༴⨶ਟԕнӵڌ⮉൘⭘㔏аⲴᖂаॆ༴⨶ˈሩн਼㊫රⲴᤷḷ

ਟ䟷ਆн਼亴༴⨶Ⲵᯩᔿˈᖃᐲᔪ设Ⲵ㊫ᤷḷᮠᦞਟԕ䘋㹼科ᆖൠ࠶㓗༴

⨶ᰦˈ㇇⌅Ⲵ䈟ᐞՊ߿ቁ䇨ཊǄ

ᡁԜ↓൘㿱䇱ᐲᔪ设Ⲵっᇊਁኅ઼计㇇ᵪᢰᵟⲴᒯ⌋Პ৺ˈྲӺᐲᔪ

设ⲴؑॆᐢᡀѪᗵ❦Ǆ本文ሩ䶎䍏⸙䱥࠶䀓൘ᐲᔪ设ѝⲴᓄ⭘Ⲵ᧒㍒ᴹᵋ
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䱴 ᖅ

䱺 ᖋ

䱺ᖋ A

V=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\1.xlsx','1','B6:EN678'); %

读入数据

V=V'; %数据矩阵V的转置

n=size(V,1); %行数n

m=size(V,2); %列数m

v=zeros(n,m); %创建零矩阵v

for i=1:n

for j=1:m

v(i,j)=abs(V(i,j)-mean(V(i,:)))/sum(V(i,:)); %将数据矩阵V归一化后存入

矩阵v

end

end

r=10; %分解系数r

iter=100; %迭代次数iter

H=abs(rand(r,m)); %起始系数矩阵H

W=abs(rand(n,r)); %起始特征矩阵W

for i=1:iter

H=(H.*(W'*v))./(W'*W*H+eps);

W=(W.*(v*H'))./(W*H*H'+eps); %迭代分解矩阵v

end

norm(v-W*H,'fro')/norm(v,'fro') %用F范数求误差

xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\1W.xlsx',W); %存

储特征矩阵

xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\1H.xlsx',H); %存

储系数矩阵

xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\1v.xlsx',v');

䱺ᖋ B

V=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\2中值归一化\2.xlsx','1','B6:DT678'); %

读入数据
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V=V'; %数据矩阵V的转置

n=size(V,1); %行数n

m=size(V,2); %列数m

v=zeros(n,m); %创建零矩阵v

for i=1:n

for j=1:m

v(i,j)=abs((V(i,j)-median(V(i,:))))/(max(V(i,:))-min(V(i,:))); %将数

据矩阵V归一化后存入矩阵v

end

end

r=10; %分解系数r

iter=100; %迭代次数iter

H=abs(rand(r,m)); %起始系数矩阵H

W=abs(rand(n,r)); %起始特征矩阵W

for i=1:iter

H=(H.*(W'*v))./(W'*W*H+eps);

W=(W.*(v*H'))./(W*H*H'+eps); %迭代分解矩阵v

end

norm(v-W*H,'fro')/norm(v,'fro') %用F范数求误差

xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\2中值归一化\2W.xlsx',W); %存

储特征矩阵

xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\2中值归一化\2H.xlsx',H); %存

储系数矩阵

䱺ᖋ C

V=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\3赋权归一化\3.xlsx','1','B6:DT678'); %

读入数据

V=V'; %数据矩阵V的转置

n=size(V,1); %行数n

m=size(V,2); %列数m

K=[15,9,22,20,14,22,9,12]; %不同专业类别的指标数

k=zeros(n,1);

l=0;

for i=1:8

for j=1:K(i)

k(j+l)=1/K(i); %录入指标权重

end
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l=l+K(i);

end

a=zeros(1,n);

for i=1:n

a(i)=mean(V(i,:)); %求各指标平均数

end

v=zeros(n,m);

for i=1:n

for j=1:m

v(i,j)=k(i)*V(i,j)/a(i); %将数据矩阵V赋权归一化后存入矩阵v

end

end

r=10; %分解系数r

iter=100; %迭代次数iter

H=abs(rand(r,m)); %起始系数矩阵H

W=abs(rand(n,r)); %起始特征矩阵W

for i=1:iter

H=(H.*(W'*v))./(W'*W*H+eps);

W=(W.*(v*H'))./(W*H*H'+eps); %迭代分解矩阵v

end

norm(v-W*H,'fro')/norm(v,'fro') %用F范数求误差

xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\3赋权归一化\3W.xlsx',W); %存

储特征矩阵

xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\3赋权归一化\3H.xlsx',H); %存

储系数矩阵

䱺ᖋ D

r=1:50; %分解系数取值可接受范围

iter=200; %迭代次数为200

error=zeros(1,size(r,2)); %创建误差error

for i=1:size(r,2)

H=abs(rand(r(i),m));

W=abs(rand(n,r(i)));

for j=1:iter

H=(H.*(W'*v))./(W'*W*H+eps);

W=(W.*(v*H'))./(W*H*H'+eps); %迭代求分解矩阵

end
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error(i)=norm(v-W*H,'fro')/norm(v,'fro'); %求对应误差的F范数

end

plot(r,error); %画图

xlabel('r'); %标x轴参数

ylabel('error'); %标y轴参数

䱺ᖋ E

r=10; %取r值为10

iter=1:2:200; %迭代次数取值可接受范围

error=zeros(1,size(iter,2)); %创建误差error

h=abs(rand(r,m)); %取定起始系数矩阵

w=abs(rand(n,r)); %取定起始特征矩阵

for i=1:size(iter,2)

H=h;

W=w;

for j=1:i

H=(H.*(W'*v))./(W'*W*H+eps);

W=(W.*(v*H'))./(W*H*H'+eps); %迭代求分解矩阵

end

error(i)=norm(v-W*H,'fro')/norm(v,'fro'); %求对应误差的F范数

end

plot(iter,error); %画图

xlabel('iter'); %标x轴参数

ylabel('error'); %标y轴参数

䱺ᖋ F

u=1:100; %计算次数

uu=zeros(1,100);

for j=1:100

H=abs(rand(r,m));

W=abs(rand(n,r));

for i=1:iter

H=(H.*(W'*v))./(W'*W*H+eps);

W=(W.*(v*H'))./(W*H*H'+eps); %迭代求分解矩阵

end

uu(j)=norm(v-W*H,'fro')/norm(v,'fro'); %用F范数求误差
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end

var(uu)

plot(u,uu); %画图

xlabel('计算次数');

ylabel('error');

axis([0 101 0 1]); %控制坐标轴范围

䱺ᖋ G

H=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\第二次重新\1H(2).xlsx','Sheet1','A1:YW10'); %

读入系数矩阵

v=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\第二次重新\1v.xlsx','Sheet1','A1:EM673'); %

读入数据

W=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\第二次重新\1W(2).xlsx','Sheet1','A1:J143'); %

读入特征矩阵

v=v';

n=size(v,1); %行数n

m=size(v,2); %列数m

r=size(H,1); %分解系数r

R=zeros(r,m); %创建零矩阵R

for i=1:r

for j=1:m

R(i,j)=(norm(v(:,j)-W(:,i)*H(i,j),2))^2/2; %求回归残差

end

end

I=zeros(1,m); %创建零矩阵I

for j=1:m

[i,I(j)]=min(R(:,j)); %求R中每一列最小元对应行数

end

t=zeros(1,r); %创建零矩阵t

for i=1:r

for j=1:m

if I(j)==i

t(i)=t(i)+1; %求I中对应不同特征列的个数

end

end

end
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xlswrite('D:\课件\2020第二学期\毕业论文\数值实验\1归一化实验\第二次重新\1I(2).xlsx',I); %

存储矩阵I

䱺ᖋ H

H=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\3赋权归一化\3H.xlsx','Sheet4','A1:YW30'); %

读入3个分解得到的系数矩阵

W=xlsread('D:\课件\2020第二学期\毕业论文\数值实验\3赋权归一化\3W.xlsx','Sheet4','A1:AD123'); %

读入3个分解得到的系数矩阵

r=10;

m=size(H,2);

n=size(W,1);

x=0;

y=x;

for i=1:3

for j=1:r

[a,b]=sort(W(:,(i-1)*r+j)'); %将W每一列进行排序

for k=1:m

x=[x,b(n-1:n)]; %存储m次最大的两个值

end

end

end

for i=1:3*r

for j=1:m

for k=1:2

y=[y,H(i,j)]; %存储2次H各系数

end

end

end

x1=0;x2=0;x3=0;x4=0;x5=0;x6=0;x7=0;x8=0;

y1=0;y2=0;y3=0;y4=0;y5=0;y6=0;y7=0;y8=0;

for i=1:size(x,2)

if x(i)<=15

x1=[x1,x(i)];y1=[y1,y(i)]; %分开存储

else

if x(i)<=24

x2=[x2,x(i)];y2=[y2,y(i)];

else
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if x(i)<=46

x3=[x3,x(i)];y3=[y3,y(i)];

else

if x(i)<=66

x4=[x4,x(i)];y4=[y4,y(i)];

else

if x(i)<=80

x5=[x5,x(i)];y5=[y5,y(i)];

else

if x(i)<=102

x6=[x6,x(i)];y6=[y6,y(i)];

else

if x(i)<=111

x7=[x7,x(i)];y7=[y7,y(i)];

else x8=[x8,x(i)];y8=[y8,y(i)];

end

end

end

end

end

end

end

end

plot(x1,y1,'^'); %画图

hold on;

plot(x2,y2,'^');hold on;

plot(x3,y3,'^');hold on;

plot(x4,y4,'^');hold on;

plot(x5,y5,'^');hold on;

plot(x6,y6,'^');hold on;

plot(x7,y7,'^');hold on;

plot(x8,y8,'^');hold on;

xlabel('指标');

ylabel('各城市发展情况');

legend('公共设施',1,'建设用地情况',2,'能源',3,'供水和节水',4,'交通建设',5,'排水

和污水处理',6,'园林绿化',7,'环境卫生',8);

axis([0 140 0 3]); %控制坐标轴范围
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