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SU DUNG MATLAB PE HUAN LUYEN MANG ANNs
TRONG BAI TOAN LUQNG CHI PHi
XAY DUNG CHUNG CU

Luu Truong Vin*
Phan Vin Khoa**

ién nay khi Idp bdo cdo dau tw cho cdc dw Gn dan dung, chimg ta thuong dimg
thu’ong phdp sudt vén dau e hodc gid thanh Im2 san XD. Céc phuwong phdp trén
déu rat kém chinh xdc, ddc biét trong diéu kién VN, khi ma co s dir liéu vé chi phi con rat
so sai, khong dong nhat, thiéu cdp nhdt. Viedng mdc trén la mot trong cdc nguyén nhdn gdy
ra tinh trang vueot chi phi khi thuc hién duw an. Mang no ron nhdn tqo (Artificial Neural Net-
works — ANNs) cho phép woc leong chi phi xdy dung cho cdc diwe dn chiing cw mot cach dé
dang trén co so cac dir liéu vé chi phi ciia nhitng die én dd cé truce day. Hudn luyén ANNs
Ia mét cong viée quan trong trong bai téan wée luong chi phi xdy dung bing ANN. Cdc nha
nghién civu trén thé gidi thirong sir dung cdc phdan mém phie tap dé hudn luyén mang ANN,
Matlab la mét cong cu rit don gian dé hudn luyén mang ANNs ma hién nay chuwa duoc cdc
nha nghién ciru Viét nam trong linh vuc xdy dung quan tdm. Bai bdo nay trinh bay két qua
nghién ciru vmg dung Matlab dé hudn luyén mang ANN trong dw bdo chi phi xdy dung ching
cw tai TP.H6 Chi Minh.

In Vietnam, building projects increasingly rise in quantity with the urbanization and
population growth. This resulted in estimating construction cost for apartment building
projects has become more important because the construction environment is much riskier.
Artificial neural networks (ANNs) can help less experienced estimators to predict construc-
tion costs because the neural network (NN) can learn from historical data and then generalize
its characteristics. The aim of this paper is how to train ANNs using MATL.AB so as to obtain-
ing the weighted matrix for estimating construction costs of apartment building projects in an
early phase. The model was developed that consisting of an input layer with 6 nodes, and an
output layer with one node. Inputs were identified through literature comprehensive review.
The data for training NN was actual data sets of fourteen completed apartment building
projects. MATLAB software has been used to train the NN. The study resulted in the weighted
matrix which is an input to estimate constriuction cost of apartment projects. Findings may
prove the reliability of using neural networks to cost models. The findings also encourage
practitioners from developing countries as Vietnam to benefit from the NN technique.

*TS. Trudng Khoa K§ thudt & Coéng Nghé, Truong dai hoc Mé TPHCM
*#Th.S. Cong ty tw vin Meinhardt VN
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1. Phuong phap nghién ciru: * Nam thyc hién xay dung

Muc tiéu nghién ctru: » Cap cong trinh

«  Thu thap dit liéu d& chon cac bién Tong dién tich san xay dung

dau vao (input) va cac xut luong (output)

SO tang cao

+  Thiét l4p mo hinh thuit toan va sir «  Giaxang trung binh tai thoi diém xay
dung Matlab dé huin luyén mang ANN dung

nham c6 duoc bo ma tran trong s6 (weights - Gi4 sit thép trung binh tai thoi diém
matrix) phuc vu cho bai toan uéc lugng. R '

xay dung
Pham vi nghién ctru: Cac du an chung

, +  Gi4 xi ming trung binh tai thoi diém
cu tat TPHCM

xay dung
Dt liéu thu thap: Cac so liéu vé thiét ke,

P ; . . Output ciia md hinh ANNs: Tong
quyét toan cua cac cong trinh da thuc hién

C i i1k . chiphixdy dung
xong va cac so liéu du téan thiét ke cua cac

cong trinh dang trién khai. oy ¢ S5 ting cao.
In; : Ndam thyc hi¢n

Mau nghién clhu (research sample) | w, 6oz vicntien

In, : Cép cong trinh Out :Tdng gia tri

Out dau tu xdy dyung.

la cac E:hung cu duog dau tu xay dung tu o 116 i tramg b
2000 dén 2006, bao gom 3 chung cu 5 tang, | ™ :Gid thép trung bink

In; :Gia ximing trung

1 chung cu 9 tang, 1 chung cu 11 ting, 5 Binh.

chung cu 12 ting, 1 chung cu 14 tang, 2

Hidden
layer

chung cu 15 tng va 1 chung cu 25 tang. n @
Input

ac in 3a mo hinh ANNs: .
Cac pUt cua mo S Hinh 1: M6 hinh mang ANNs dé du bao

chi phi xay dung chung cu

2. Thu thap dit liéu dé huan luyén (tranning) mang ANN
Dit liéu vé 14 chung cu di hoan thanh tai TP HCM duoc trinh bay trong bang bén dudi.

Bang 1. Dir li¢u cua 14 chung cu hién hitu tai TP. HCM

Céng trinh Don vi 1 2 3 4 5 6
Chiéu cao tang m 12 12 25 12 5 12
Téng dién tich sin xdy dung m2 9259 21363 41289 18680 3819 11990
Cép cong trinh 2 2 1 2 3 2
Nam bat dau xiy dung 2000 2002 2002 2003 2003 2003
Gia xdng trung binh Lit 4800 5400 5400 5500 5500 5500
Gia c6t thép trung binh (dudng Kg 4375 5025 5025 5653 5653 5653
kinh >=10mm)
Gia xi médng trung binh Kg 853 892 892 900 900 900
Téng chi phi Dong 24274596203 | 54377505193 | 165423049019 | 65379591922 7614996967 | 39579000000
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7 8 9 10 11 12 13 14 Max Min

12 5 11 14 9 5 15 15 25 5
10313 1508 16838 6384 5482 2413 13350 11857 41289 1508

2 3 2 2 3 3 2 2 3 1
2003 2003 2004 2005 2005 2005 2005 2006 2006 2000
5500 5500 6458 8692 8692 8692 8692 10250 10250 4800
5653 5653 7367 7400 7400 7400 7400 7505 7505 4375

900 900 902 884 884 884 884 869 902 853

42781413000 | 3007261000 | 37569769727 | 28510000000 | 17951921743 | 8447875363 | 46724764835 | 45057739755 | 165423049019 | 3007261000

2. Xay dung thuat téan:

Trinh tu thyc hién mot bai toan bing
ANN duoc mo ta trong hinh 2. Qua trinh
nay bao gom 6 budc:

Buée 1: T6 chire dir liéu

Trong budc nay, cac bién dau vao (N)
duoc dit vao nit cla n6 va bién dau ra hoic
bién cubi cung (O) duoc xac dinh boi nit
(node) tai 16p xuét — dau ra.

Mo1 mot bién dau vao va dau ra duoce

dinh nghia bd1 dit liéu phu hop cua chung
da dugc chon tir (P) truong hop huan luyén.
Nhiing dit liéu nay trd thanh gia tri cho budce
huin luyén ciia Neural Network (NN).

Input
@ P

....................... Input Value

----- Input Nodes & a Bias

................... Weights Matrix W

- Hidden Nodes & a Bias
P,\‘!‘%‘, ’ ................ Weights Matrix W
e !"j‘s"“
- . Output Nodes
@ @ @ .......................................... Output Value

Hinh 2:Quy trinh thuc hién cia mang ANNs
Nhiing dir liéu dau tién dugc chuyén
d6i thanh gla tri sb va duoc chtra trong danh

sach dir ligu — do6 la mot ma tran cua (N+O)
cdt va (P) dong

Buwéce 2: Scale dir liéu

Dit liéu cua ma tran dau tién duoc ty 1€
theo cap do tir [-1 dén 1] dé cAu trac thanh
ma tran th 2 voi 1 cong thic tuyén tinh cho
ty 18 gi4 tri cia ma trin dau tién

Scale Value

= 2*(Unscaled _1'alue — Column _Min) 1 (D)
(Column _ Max — Column _ Min)

Buwéce 3: Xay dung va xac dinh nhirng
gid tri ban diu ciia ma tran trong s6 (W).

Tat ca cac gia tri trong ma tran trong s6
(W) duoc hiéu nhu nhiing bién sé dé xac
dinh m6 hinh Neural Network. Moi gia tri
dau vao (1 dén N) va mét nat dinh hudng
duoc két ndi dén nat an (hidden nodes). S6
nat an (L) 1a tip hop 1 nita coa tong nit nhap
va nit xuét.

Budée 4: Xuit nit 4n

Budc nay cho phép an (hide) cac nut dé
xtr ly dit liéu nhap va xuit gia tri dé duoc cac
16p (layer) tiép theo.

Bud6e 5: Xdc dinh ma tréan trong s6 W’

Mot ma tran tht 2 duoc ciu trac dé nodi
(L) nut an va nut bias (bias node) dén nut
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xuat don.
Buée 6: Xuat final NN

Xuat lwong (O) duogc tinh téan béi tong
hop cac két qua cac két qua cua mdi ut an
bang cach lién két cac trong sd cia nd va
sau d6 dua nhitng gia tri nay vao ham tanh
(ham duoc chon trong bai toan nay)

Bwéc 7: Quay ngwoe lai Neural Net-
work xuit va tinh tosn 15i (error)

Dé tinh toan mét do luong cua su thuc
hién Neural Network (NN), mét cot sé dugc
cau tric cho viée xac dinh 13i giita gia tri
thuc xuit ra va gia tri NN xudt ra nhu sau

Estimating Error (%) =
(Neural _Network _output — Actual _Output) 100 @)

Actual _output

Gia tri 16i trung binh cua mdi nhém
truong hop co thé dugc tinh toan theo :

Weighted Error(%) = 0.5(test set aver-
age Error) + 0.5(Training set Average Error)

O day nhimg trong s6 0,5 va 0,5 la
duoc gia dinh dé minh hoa. Budc nay la kha
quan trong dé kiém tra nhdm dam bao su

thuc hién téng quat va sau dé cho phép huan
luyén mang.

3. Huén luyén mang ANN cho bai
téan wée lwgng chi phi xay dwng chung cw
bz‘“lng Matlab :

Phan mém Matlab — mét software cé
kha niang quan Iy t6 vé mang (array), truong
(field) va ma tran (matrix) - v6i ham cac hd
tro cho viéc huin luyén mang ANN duoc
chon dé thuc hién bai toan. Thuit toan
Levenberg-Marquardt ~ Back-propagation
duoc chon béi vi c6 toc d6 hoi tu nhanh nhat
va sai s0 it nhat. Hai ham hoc thich nghi sau
day duoc st dung :

« Learngd: Gradient descent weight/
bias learning function.

(Ham hoc giam gradient s6 duing trong
so/nut bias (fiocnh h6dng))

* Learngdm: Grad. descent w/mo-
mentum weight/bias learning function.

(Ham hoc giam gradient s6 duing trong
so/nut bias (fiotnh h6éng) tang c6dng)

Qua trinh huin luyén mang NN tudn tu
theo cac budc sau:

Bang 2. Bang ma tran [-1 ;1] (st dung cho muc dich scale dir liéu)

Cong trinh thi 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Chiéu cao ting 0.300 0.300 1.000 0.300 1.000 0.300 0.300 1.000 0.400 0.100 0.600 1.000 0.000 0.000
Tdng di¢n tich

san XD -0.610 | -0.002 1.000 | -0.137 | -0.884 | -0.473 | -0.557 | -1.000 | -0.229 | -0.755 | -0.800 | -0.954 | -0.405 | -0.480
(‘ﬁ’p Cong trinh 0.000 0.000 -1.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 1.000 0.000 0.000
Nim bit dau XD 1.000 0.333 0.333 0.000 0.000 0.000 0.000 0.000 0.333 0.667 0.667 0.667 0.667 1.000
Gid xiing tb 1.000 0.780 0.780 0.743 0.743 0.743 0.743 0.743 0.391 0.428 0.428 0.428 0.428 1.000
Gia St thép tb -1.000 | -0.585 | -0.585 | -0.184 | -0.184 | -0.184 | -0.184 | -0.184 0.912 0.933 0.933 0.933 0.933 1.000
Gid xi ming tb 1.000 0.586 0.586 0.931 0.931 0.931 0.931 0.931 1.000 0.277 0.277 0.277 0.277 0.346
Tong Chi Phi -0.738 | -0.367 1.000 | -0.232 | -0.943 | -0.550 | -0.510 | -1.000 | -0.574 | -0.686 | -0.816 | -0.933 | -0.462 | -0.482
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e Nhap ma tran cac bién dau vao:

Sau khi khoi dong Matlab, rdi nhap “>>
nntool” ta s& nhan dugc giao dién cho phén
huén luyén mang NN ciia Matlab. Tiép tuc
bam vao nat “New data” dé nhdp ma tran
dau vao. Két qua sau khi nhap ma tran dau
vao thé hién trén hinh 3.

) Create New Data aa
Name DataType

Matrix input 0 s
Value

| §

F0300-0300 1000 0300 -1.000 0300 -0.300 -1 000 0400 -0100 0500 -1.000 0000 000 | ToUEB
0584 0014 1,000 018 -0854 0442 0532 -1000 010 -0727 0771 1923 -0.382 -0.56
0.000 0000 -1.000 0000 100 0000 0,012 1030 0000 0000 1.000 1000 000 0.000
+2.000 -1.000 -1.000 -0.600 -0.500 -0.500 -0.500 -0.500 0.000 0.500 0.500 0500 0.500 1.000
0,247 .00 1.0 0.5 -0.956 0950 0959 0980 0564 0.357 0357 0367 0387 1000
0524 .00 1.0 -0.494 0494 0404 -0.494 0404 0893 0915 0415 015 015 1000
1973 0385 0385 0897 0397 0897 0897 0897 1000 -0.075 -0.075 0075 0075 -1.010)

O Input Delay States
O Layer Deley States
O Outputs

Qems
£ b4

Hinh 3: Ma tran cac bién dau vao (input)
o Nhap ma tran dau ra (cac gia tri dau ra

ma ching ta mong mudn).
Két qua nhap ma tran cac bién dau ra
phuc vu cho viéc huan luyén (trainning)
mang. Két qua nhap ma tran cac bién dau ra

duoc thé hién trong hinh 4.

Hinh 4: Ma tran cac bién diu ra (output)

</ Create New Data E]@
Name Data Type
Melrx Targets 0 npts
Value e
[0738-0.367 1.000 -0.232 -0.943 -0.550 -0.510 -1.000 -0.574 -0.686 -0.816 -0.933 -0.462 -0.462) O oy

O Input Delay Sates

O Layer Delay States

0 Outputs
O Emors

e Hiéu lyc (validation) viéc huan luyén.

Viéc huan luyén mang ANN duoc kiém
tra bang cac k¥ thuat kiém dinh thong ké
(statistical testing) theo MSE (Mean Square
Error) hoac MAPE (Mean Absolute Percent
Error). Trong nghién clru nay, cac tac gia
chon MSE dé kiém dinh hiéu luc cia viéc
huin luyén mang. Két qua kiém tra gia tri
MSE sau khi huan luyén manng bang MAT-
LAB.

Performance is 1.86657e-015, Goal is 0

Training-Blue

'

. L L L L 1 | | T
0D 1000 2000 3000 4000 5000 G000 7000 8OO0 9000 10000

Stop Training 10000 Epochs

Hinh 5; Biéu 46 gia tri MSE (Mean
Square Error) sau khi két thuc huin luyén
véi 10.000 epoch (Sai s6 ctia qua trinh huan
luyén : 1.86557*10°")

Tong gia tri sai s6 (sau khi Scale back):
=0.5*(0.04% + 0.06% + 0.00% + 0.01% +
0.28% + 0.07% + 0.04%) + 0.5%(0.14%+0.0
9%+0.01%+0.01%+0.00%+0.06%+ 0.03%)
=0.335%

Sai s0 trén la chap nhan dugc do1 vai cac
cong trinh xay dung.

Bang 3 trinh bay so sanh gilta gia tri
thuc chi phi xay dung va gia tri chi phi ma
mang ANN hoc duogc tu su huin luyén cua
MATLAB. Két qua huin luyén mang ANN
do MATLAB thuc hién duoc trinh bay trang
bang 4 va bang 5.
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Bing 3. Bang ma trin so sanh gid tri thuc va gia tri ddu ra do MATLAB huén luyén mang ANN
Cong trinh thiw 1 2 3 4 5 6
Network - Output -0.738 -0.367 0.99999 -0.232 -0.943 -0.55

Gi4 tri chi phi ma mang

ANN di hoc duoc 24,283,729,230 54,411,857,908

165,422.236,940

65,374,923,599

7.636,110,959

39,550,813,304

Gid tri thuec ciia chi phi xdy

dung 24.274,596,203 |  54,377,505,193 165,423.049,019 |  65,379,591,922 | 7.614.996.967 | 39,579,000,000
Sai 56 (%) 0.04% 0.06% 0.00% -0.01% 0.28% -0.07%
7 8 9 10 11 12 13 14
-0.51 -0.99995 -0.574 -0.686 -0.816 -0.933 -0.462 -0.482
42,799,129.065 | 3.011,321,395 | 37.601,823.848 | 28.506,539,719 | 17.949,513,498 | 8.448189.899 | 46,697,107,977 | 45.072,950,097

42,781.413,000 | 3,007.261,000 | 37.569.769.727 | 28,510,000,000 | 17.951.921,743 | B.447.875.363 | 46,724,764,835 | 45.057.739.755
0.04% 0.14% 0.09% -0.01% -0.01% 0.00% -0.06% 0.03%
Bing 4 Bang ma tran trong s6 dau vao (input)
Ma trin trong s6 diu vao (input) Bias 01
1.1124 0.3224 | -1.1094 | -1.1711 04989 | -0.8225| -0.0518 -1.7051
-0.6106 0.5793 | -0.3817 0.9256 | -0.8105 0.7816 1.0187 1.5917
-1.0148 3.6641 2.9649 0.3725 0.7141 | -0.0281 1.2533 -1.23
-0.505 1.9019 | -1.3054 0962 | -0.8469 | -0.1138 0.3069 1.6584
1.5712 -1.79 | -2.0883 | -0.1351 05188 | -0.5963 0.4269 | -0.19127
13568 | -1.1148 | -1.3311 | -0.2283 | -0.1227 0.6551 1.1406 0.75045
0.1875 1.9339 | -0.9328 0.9793 0.5886 | -0.2375| -0.3799 | -0.67033
-0.9627 0.59 1 -0.2009 0.1693 | -0.1085 1.1706 | -0.4881 -1.0575
0.379 1335 | -0.1611| -04111| -0.3658 1.6904 | -0.3848 2.1423
-0.145 1.2507 | -0.9378 0.5089 | -0.9667 0.1631 0.0438 -1.985
Biang 5. Ma trin trong s6 dau ra (Weight to layer, output)
Ma trin trong s diu ra (output) Bias02
0.82897 | 0.077449 | 3.8453 | 2.3903 | 2.2038 -1.2196 | 0.84679 | -0.28416 | 2.2507 | 0.14607 1.0659

B6 trong s6 trong bang 4 va bang 5 1a
dir li€u co sé cho viéc du bao chi phi xay
dung chung cu. Cac tac gia da xay dung
mot phén mém st dung b trong 6 noi trén
dé du bao chi phi cho mot sb chung cu tai
TPHCM. Két qua du bao khi so sanh véi chi
phi thuc ctia mét sé chung cu tai TR HCM 14
nho hon 5%. MA ngudn cia phdn mém noi

trén doc gia co thé lién hé TS. Luu Truong
Van: Itvan@hcmut.edu.vn hodc Th.S. Phan
Vian Khoa: pvankhoa79@meinhardt.com.vn
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