Mot so vi du phan loai duing SOM va MLP Neural Network

Cao Thang, 2011

Tai liéu nay hudng dan cac ban sir dung mang no ron trong mét s6 ung dung thuc té. Tai liéu nay ciing da duoc dung dé trinh bay véi mot s6 ban sinh vién

Nhat ban. Tac gia thdy né c6 thé c6 ich cho cac ban sinh vién khac nén da soan lai dé cac ban tham khao. Hy vong giup ich gi d6 cho cac ban. Do khong

c6 nhicu thoi gian bién soan nén c6 the co 101, mong ban doc thong cam va dong gop y kién.

Ban doc ¢6 thé lién hé véi tac gia tai spiceneuro at gmail dot com hodc http://spiceneuro.wordpress.com

Néu quan tdm t6i mang no ron, cic ban c6 thé diung phin mém SpiceSOM va SpiceMLP, download tai day

Mot s6 dit liéu trinh bay & ddy c6 sin trong thu muc Data khi cai dat phan mém SpiceSOM va SpiceMLP. Tt ca cac két qua trinh bay & day déu dugc st
dung bang SpiceSOM va SpiceMLP.
Cam on cac ban.
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1. Iris Flower Data Set
Iris dataset bao gém dir liéu cua ba loai hoa (Iris setosa, Iris virginica va Iris versicolor), mdi loai 50 mau. Céc thudc tinh 1a d6 dai va rong cta dai hoa
(sepal) va canh hoa (petal) tinh theo centimeters.

Chi tiét tai http://archive.ics.uci.edu/ml/datasets/Iris
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Hinh 1. Hinh minh hoa hoa Iris (wikipedia)
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1.1. Chuan bj dir liéu

Phén loai Iris dataset v6i mang no ron da 16p 4 dau vao, 1 dau ra. Chiing ta ma hoéa dau ra ciia mang nhu bang 1 sau:

Dir liéu
Iris setosa
Iris versicolor
Iris virginica

Output
0.0
0.5
1.0

Table 1. Input and Output of a MLP NN

. Petal . .

ID | Sepal Length | Sepal Width Length Petal Width Output Species
1 5.1 3.5 1.4 0.2 0.0 setosa
51 7 32 4.7 1.4 0.5 versicolor
150 5.9 3 5.1 1.8 1.0 virginica

Phén loai Iris dataset v6i mang no ron da 16p 4 dau vao, 3 dau ra. Chiing ta ma hoéa dau ra ciia mang nhu bang 2 sau:

Dir liéu
Iris setosa
Iris versicolor
Iris virginica
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Output 1
1.0

0.0
0.0

Output 2
0.0

1.0
0.0

Output 3
0.0

0.0
1.0

Table 2. Input and Output of a MLP NN
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Sepal Sepal Petal Petal .

ID Length Width Length Width Output 1 | Output2 | Output 3 Species
1 5.1 3.5 1.4 0.2 1.0 0.0 0.0 setosa
51 7 3.2 4.7 1.4 0.0 1.0 0.0 versicolor
150 59 3 5.1 1.8 0.0 0.0 1.0 virginica

= selosa 3ot

= versicolor

= virginica




Phén loai Iris dataset voi mang no ron (Self-Organizing Map). Dir liéu cho SOM khéng can dau ra nhu dit liéu cho MLP NN. Do vay chung ra chuan bi
dir liu nhu hinh 2 sau:
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Fig.2. Data for SOM
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1.2. Phén loai di¥ liéu v&i SpiceSOM

Phén loai Iris flower voi SOM size8x 10 neurons, ta ¢6 output map va output table twong tmg nhu hinh 3 sau. Ta thiy tai no ron (0, 1) va no ron (0, 3) déu
ung véi nhan cua hai loai dit li€u versicolor va virginica. Con lai cac no ron khac déu ung voi mot nhan. Nhu vay mang SOM phan loai nham dit liéu
versicolor va virginica tai no ron (0, 1) va no ron (0, 3) va phan loai ding tai cac no ron con lai.

Trén ban do ta cling théy dir li¢u v6i nhan setosa dugc phan biét han vé mot phia, con dir liéu v&i nhan versicolor va virginica nam gén nhau hon. Mot cach
truc quan ta c6 thé thiy hoa loai setosa c6 kich thudc va hinh dang khac hin hai loai versicolor va virginica. Va hai loai versicolor va virginica c6 kich

thudce gan nhu nhau va d6i khi ta khong phén biét dugc hai loai hoa nay néu chi dwa vao kich thudc dai hoa va canh hoa.
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Fig.3. Output Map of SOM, trained by Spice-SOM with Iris Data
Vers | vers seto | seto | seto
Label: virg = virginica vers = versicolor seto = setosa
. 4. . Lo . vers | vers seto | seto | seto
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1.3. Phan loai dir liéu v&i SpiceNeuro

Phan loai Iris flower voi mang no ron MLP NN, ta c6 dd thi ra cua mang nhu hinh 4 sau.

V&i mang MLP 1 output, ta thdy véi ngudng 0.2 thi mang phén loai diing 100% cho dif liéu nhén setosa. v&i ngudng 0.8 thi c¢6 1 dataset nhin versicolor

va 1 dataset nhan virginica bi nham.

V&i mang MLP 3 outputs, ta thay, voi ngudng 0.5 thi mang phan loai dung 100% cho dit liéu nhan setosa, 4 dataset nhin versicolor va 3 dataset nhan

viginica bi nham. Trong truong hop nay, mang MLP 3 outputs phan loai kém chinh xac hon mang MLP 1 output.
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Hinh 4. Output Graph of MLP with Iris Data
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2. Students's Score Data

Gia st chiing ta c6 bang diém cua hoc sinh trong mot 16p. Bang mang no ron tu t chirc Spice-SOM, ching ta mudn phan loai cac hoc sinh lai dua vao
bang diém.

2.1. Chuan bij div liéu

Pé Spice-SOM c6 thé doc duoc dit liéu, ching ta chudn b dit liéu nhu bang 3 sau. Luu y phan tén c6 diém trung binh cta hoc sinh dugc dé trong ngoic

(), dé ban doc d& hiéu hon trong output map. Ban doc c6 thé tham khéo dit liéu nay trong thu muc Data ctia chwong trinh SpiceSOM.

Bang 3. D liéu diém hoc sinh cho SOM

. Geome . Power Management Geological
No English Algebra ry . Analysis System | Methodology System Name
5 7 7 7 5 5 5 Pham Kieu Anh (6.0)
2 5 9 8 6 8 6 5 Cung Hong Hien (7.0)
99 7 8 9 4 7 9 7 Vo Mai Manh (6.4)
100 7 7 7 e 5 6 7 7 Pham La Trinh (6.0)

Cho mang SOM size 6x10 hoc. Ta c6 ban do ra (output map va output table) nhu hinh 5 va 6. Trén ouput map, cac ban d& dang nhan thay cac hoc sinh c6

cung thanh tich dugc xép gan nhau va hoc sinh ¢ thanh tich tot duoc xép xa hoc sinh ¢6 thanh tich kém.
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Fig 5. Output Map of SOM, trained by Spice-SOM with Students' score Data
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Fig. 6. Output Table of SOM, trained by Spice-SOM with Students' score Data
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3. Face/Nonface Classification

Céc ban hoc nhan dang va xtr Iy anh da biét dé phat hién khuon mit, phuong phap thudng dung hién nay 1a ding Haar-like feature + Adaboost Algorithm.

Dung SOM va MLP NN ciing ¢6 d6 chinh xac cao nhung téc d6 nhan dang chdm. Vi du & ddy ding MLP NN va SOM d¢é phan loai cac frame c6 chira
khuon mat, véi muc dich minh hoa cach su dung MLP NN, SOM va Output Map cua SOM.

3.1. Chuan bi div liéu

Do dai cua cac vector dit li€u phu thude vao feature ma cac ban st dung. Gia str ta c6 mot tap anh mau kich thudc m x n. Néu dung pixel value lam feature

(vector bi€u dien anh), ta s& c6 mot vector dai m x n cho moi anh. Néu dung pixel value histogram lam feature, ta s€ c6 mot vector dai 256 cho moi anh.

Néu dung céac fearture khac chéng han nhu Histogram of Oriented Gradient, vector biéu dién s& phu thudc vao tham s6 ma cac ban chon khi tao feature.

Tai liéu nay khong dé cép dén cac feature trong nhan dang anh.

Pé phan loai anh bing MLP, ta cdn ma hoa diu ra yéu cau (desired output), chang han ta st dung 1 dau ra véi gia tri 1.0 13 face, 0.0 1 non face. Bé phan

loai anh bang SOM, ta chi can vector bi€u dién anh va nhan, vi du nhu sau:

ID feature vector Output label

1 1.0 face

2 1.0 face
n 0.0 nonfacce
n+l1 0.0 nonfacce

Fig.7. Data for MLP NN

Cao Théang, Mot sé vi du phén loai ding SOM va MLP Neural Network — July 11, 2013

ID feature vector label

1 face

2 face
n nonfacce
n+1 nonfacce

Fig.8. Data for SOM
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3.2. Phan loai anh face-nonface bang Spice-SOM

Céc hinh 9 va 10 sau minh hoa Output Maps cua SOM qua mdt s6 14n hoc véi cac kich thude SOM Size khac nhau, training véi 400 anh mau khudén mit
download tir http://www.cl.cam.ac.uk/research/dtg/attarchive/facedatabase.html va 700 anh mau khong phai khuon mat dugc 1ay ngiu nhién tir internet,
324 histogram of gradient inputs. Trong hinh minh hoa, mdi neuron chi hién thi mot anh dau tién Gng véi né (trong thuc té c6 thé c6 nhiéu anh tmg voi

mot neuron va cd neuron khong cé anh nao tuong tng).

Fig. 9. Output Map of a SOM
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Fig.10. Output Map of a SOM
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3.3. Phan loai anh face-nonface bang Spice-MLP

Hinh 11 minh hoa 15i trong qua trinh hoc, gia tri ddu ra ciia mang no ron (Actual Output from NN) va gié tri ra yéu cau (Desired Output), voi 1100 dataset
(400 faces + 700 nonfaces), 324 histogram of gradient inputs, 20 hidden and 1 output neurons, Hyperbolic Tangent Activated Funtion, 605/1100 datasets
for training (55%) va 495/1100 data set for testing (45%).

Face Recognitbon by Spice-MLP
324 histogram of gradent nputs
20 hidden and 1 output neurons
Hyperbolt Tangent Activated Funtn o
605/1100 datasets for tranhg @ Desired Output Face Recognition by Spice-MLP
495/1100 data set for testhg + ActualOutput fiom NN Erors 1 1000 Tematbns —— TmhhgEnor
TesthgError
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a . . 004
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a a 003
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02 001
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200
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Fig.11. Outputs and Training Errors of a MLP with face/non-face data

Hinh 12 sau minh hoa duong dic tinh ROC (Receiver Operating Characteristic — ROC) va d6 chinh x4c véi cac ngudng khac nhau trén tap dir liéu kiém
tra.
Ta thay v6i ngudng dé phan biét face/nonface 1a 0.52, thi mang MLP phan loai dung 98.7% vdi tap dit liéu kiém tra nay.
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Fig.12. ROC and Accuracy Lines by a MLP with face/nonface data

4. Phan loai anh ngwei di bo

4.1. Chuan bij dir liéu

Dit liéu minh hoa & day duoc 14y tir 924 anh ngudi di bd download tir http://www.cl.cam.ac.uk/research/dtg/attarchive/facedatabase.html va 1100 anh

khong phai ngudi di bo duoc 14y ngu nhién tir internet.

4.2. Phan loai anh ngwoi di boé bang SpiceSom

Céc hinh 13 va 14 trang sau minh hoa Output Maps ctia SOM qua mét sé 1an hoc véi cac kich thude SOM Size khac nhau, training voi 924 anh nguoi di

bd va 1100 anh khong phai nguoi di b, 810 histogram of gradient inputs.
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Fig.13. Output Map of a SOM with Pedestrian Data

Cao Théang, Mot sé vi du phén loai ding SOM va MLP Neural Network — July 11, 2013

15






4.3. Phan loai anh ngwoi di bo biang SpiceMLP

Hinh 15 minh hoa 13i trong qua trinh hoc, gia trj diu ra ciia mang no ron (Actual Output from NN) va gia trj ra yéu cau (Desired Output), v6i 2024 dataset
(924 pedestrial + 1100 non-pedestrial), 810 histogram of gradient inputs, 5 hidden and 1 output neurons, Hyperbolic Tangent Activated Funtion,
1113/2024 datasets for training (55%) va 911/2024 data set for testing (45%).

Pedestrial Recognition by Spice-MLP

2024 histogram ofgradent hputs PedestralRecogniton by Spice-M LP S aaj—
5 hidden and 1 outputneurons Erors 1 1000 Teratons )
Hyperbolt Tangent Actiated Funtbn ¢+ ActualOutput from NN Testnginor
1113/2024 datasets Prtrahhg + DesiedOutput 006

911/2024 data set ortesthg

005
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002 \
001 \

0 f f f f f f f f f f f f f f f f f f f
1 51 101151201251 301 351 401 451 501 551 601 651 701 751 801 851 901 951

Fig.15. Outputs and Training Errors of a MLP with Pedestrial Data

Céc hinh nho trong hinh 16 sau minh hoa duong dic tinh ROC trén tap dir liéu kiém tra khi mang MLP vira khdi tao (chwa train hay 0 iteration) va sau khi
daotaoqua l, 2, 3, 10, 20 iterations. Ta théy khi mang MLP vira khéi tao, duong ROC giéng nhu dudng ROC cuia phép chon ngau nhién. Mang hoi tu kha

nhanh sau mot s it 1an 1ap (iterations).
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Fig.16. ROC after several training iteration (continued in next page)
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True Positive Rate Pedestrian Classification by SpiceMLP True Positive Rate Pedestrian Classification by SpiceMLP

ROC after 10 Iterations ROC after 20 Iterations
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False Positive Rate False Positive Rate

Fig.16. ROC after several training iteration (continued)

Hinh 17 sau minh hoa duong dic tinh ROC va d6 chinh xac v6i cac ngudng khac nhau trén tap dit liéu kiém tra sau 30 iterations. V&i ngudng dé phéan biét
pedestrial/non-pedestrial 14 0.75, thi mang MLP phan loai dung 98.2% véi tap dit liéu kiém tra nay.

True Positive Rate

Pedestrian Classification by SpiceMLP Accuracy Pedestrian Classification by SpiceMLP
ROC gafter 30 Itera_lt ions ((_:Jetai_led) Accuracy with Different Thresold
Activated Function = Sigmoid 1 Activated Function = Sigmoid

0.98
0.96
0.94
0.92 Thresold = 0.75
09 Accuracy = 0.982
0.88
0.86
0 0.05 0.1 0.15 02 0 02 04 06 0.8 1

False Positive Rate Thresold

Fig.17. ROC and Accuracy Lines by a MLP with pedestrial data
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Fig.18.a. Mot s& anh phan loai nhdm non-pedestrial -> pedestrial v&i nguwéng phan biét pedestrial/non-pedestrial 1a 0.5

Fig. 18.b. M6t s6 anh phan loai nham pedestrian -> non-pedestrian v&i ngwdng phan biét pedestrian/non-pedestrian & 0.5
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5. Phan loai anh xe hoi

Tuong ty nhu phan loai anh khudn mat va nguoi di bd, cac hinh sau minh hoa Output Maps ctia SOM qua mdt sé 1an hoc véi cac kich thudec SOM Size

khac nhau, training véi cac anh mau xe h01 download tu http://cogcomp.cs.illinois. edu/Data/Car/
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Fig.19.a. Output Map of a SOM with Car Data




Fig.19.b. Output Map of a SOM with Car Data
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6. Dw bao chirng khoan

Mot trong nhitng img dung thl vi cia mang no ron la dy bao ching khoan. Dya vao cac s6 lidu théng ké c6 san cua thi truong, mang no ron c6 thé du bao
kha chinh xac vé gia ching khoan trong nhiing ngay tiép theo.

Dé dy bao chirng khoan bang mang no ron dugc chinh xac, viéc quan trong nhat 14 tim cac dit liéu thich hop cta thi trudng bao gdm gia chimg khoan cho
t6i cac thong tin kinh t& vi mo, vi md, ma hoa céc thong tin d6 mot cach hop 1y dé mang no ron cé thé hoc va téng quat hoa duoc.

C6 nhiéu phuwong phap du béo chimg khoan bang mang no ron. Tai liéu nay trinh bay v&i cac ban phuong phap don gian nhat 1a dya vao gia trong thoi
gian da qua dé du bao gia trong thoi gian t6i.

6.1. Chuan bi div liéu

Ban c6 thé download dugc gia cia NASDAQ Stock Data tai http://www.dailyfinance.com/historical-stock-prices/ Vi du tir ngay 3 12 1990 téi ngay
1 12 2010, dir liéu c6 dang nhu bang 4 sau:

Table 4. NASDAQ Stock Price

High Low Open Close Day Month_Year
362.2798 359.0498 361.3198 361.3198 3 12 1990
364.2898 360.4199 364.1099 364.1099 4 12 1990
370.9700 364.0198 370.8699 370.8699 5 12 1990
378.0298 370.9199 372.2898 372.2898 6 12 1990
372.3499 369.0198 371.5398 371.5398 7 12 1990
2545.4100 2515.4800 2519.8900 2543.1200 24 11 2010
2541.4900 2522.4000 2525.9100 2534.5600 26 11 2010
2531.0300 2496.8300 2522.2400 2525.2200 29 11 2010
2510.7100 2488.6100 2497.1200 2498.2300 30 11 2010
2558.2900 2534.8100 2535.1900 2549.4300 1 12 2010

Ttr dit liéu nay, ban mudn dy bao gia cua thi trudng trong ngay tiép theo. Chang han nhu ban muén du doan gia trung binh (Open + Close)/2.0 ctia ngay
té1 dua vao gia trung binh ctia nhitng ngay da qua.
Dir liéu ban c¢6 hién tai l1a dir li¢u dang time series, dé mang no ron MLP c6 thé hoc dugc, ban can chuén bj lai nhu sau.
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Tur céc cot dir 1i€u gia Open va Close ma ban dang co, ban tao cOt mdi c6 gia tri trung binh cua 2 cdt dir li€u trén.
Ban mudn sit dung gié trung binh cta 15 ngay da qua dé du doan gia cua 1 ngay tai, thi truong NASDAQ. Ban tao mot hang (row) gém 16 dit liéu, 15 dir
lidu dau cua hang nay 14 gia cua 15 ngay lién tiép, dit liéu thir 16 (cudi cing) 13 gid ciia ngay tiép theo ngay thir 15 néi trén. Nhu vay ban sé sir dung mang

no ron c6 15 dau vao va 1 dau ra. Dit li¢u cia ban c6 dang nhu bang 5 sau:

Table 5. Gia ctia NASDAQ Stock, dwoc chuén bj lai & mang MLP NN c6 thé hoc dwoc

Today - 14 Today - 13 Today - 12 Today - 2 Today - 1 Today Tomorrow Label

361.3198 364.1099 370.8699 371.22 372.2998 373.5999 372.4099 2112 1990
364.1099 370.8699 372.2898 372.2998 373.5999 372.4099 372.3999 24 12 1990
370.8699 372.2898 371.5398 373.5999 372.4099 372.3999 371.0498 26 _12 1990
372.2898 371.5398 371.47 372.4099 372.3999 371.0498 371.2 27 12 1990
2573.305 2578.305 2575.455 2520.705 2499.58 2531.505 2530.235 24 11 2010
2578.305 2575.455 2575.03 2499.58 2531.505 2530.235 2523.73 26_11_2010
2575.455 2575.03 2571.545 2531.505 2530.235 2523.73 2497.675 29 11 2010
2575.03 2571.545 2544.88 2530.235 2523.73 2497.675 254231 30_11 2010

Twong tw, néu ban mudn sir dung gia ctia 20 ngay di qua dé du doan gia cua 3 ngay tdi, ban tao dit liéu nhu trén va s& str dung mang no ron 20 du vao va
3 daura, ...
Vi du sau sir dung gia trung binh ciia 15 ngay da qua dé du doan gia trung binh cua cta 1 ngdy t6i, tirc 1a 15 du vao, 1 dau ra, tir ngay 21 12 1990 t&i
ngay 30 11_2010. Sir dung chuong trinh SpiceMLP dé du doan. S6 Datasets 1a 5026. O day 80% dir liéu (4021) datasets dugc dung dé hoc, 20% dit liéu
(1005) datasets dugc dung dé kiém tra. S6 1an lp khi hoc 1a 1000.

Number of trained data: 4021. Number of tested data: 1005

Taken iterations: 1000 Number of Inputs: 15
Number of Outputs: 1

Dir liéu nay c6 trong thu muc Data khi cac ban cai dat chuong trinh SpiceMLP (hay con goi 1a Spice Neuro).
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6.2. Tim cac théng s6 thich hop cho mang no ron

bpé mang no ron du bao tdt, can chon céc thong s6 thich hop cho mang. Thong s6 thich hop thuong phu thudc nhiéu vao dit liéu cua ban, mot thong s6 ¢
thé t6t cho dit liéu nay nhung lai kém khi str dung & dit liéu khac. O day gi6i thiéu véi cac ban phuong phap don gian nhat: véi cing dit liéu hoc va kiém
tra, thay ddi mot thong sb dé tim gia tri t8i uu tuong ddi. Luu y, trudc khi dao tao mang, ban can chuén hoéa dit liéu vao vara. Vidu & day dung ham Linear

dé chudn héa. Trude hét, ta tim s6 no ron 16p 4n sao cho (c6 vé) hop 1y nhat.

Table 6. L6i khi st dung cung ham bién déi HyperTanh cho I&p 4n va 16p ra, thay déi sé no ron an.

Number of Hidden Errors
Neurons Training Testing
15 9.01E-05 9.35E-05
12 9.22E-05 1.12E-04
10 8.62E-05 1.04E-04
8 9.01E-05 9.36E-05
6 6.54E-05 6.94E-05
4 6.49E-05 6.65E-05
3 4.43E-05 4.25E-05
2 4.28E-05 4.01E-05

Céc ban thay, s6 no ron 16p 4n 13 2 ¢ vé t6t hon. Tiép theo, ta tim ham bién ddi cta 16p ra.

Table 7. L&i khi str dung cung ham bién déi HyperTanh cho I6p 4n, sb no ron an 1a 2, thay dbi ham bién déi cta 16p ra.

Activated Function Errors
Hidden Layer Output Layer Training Testing
HyperTanh Identity 3.94E-05 3.38E-05
HyperTanh Sigmoid 7.35E-05 1.08E-04
HyperTanh ArcTan 6.97E-05 6.41E-05
HyperTanh ArcSinh 6.24E-05 6.47E-05
HyperTanh Sin 5.05E-05 4.83E-05
HyperTanh Gaussian 5.48E-05 5.77E-05
HyperTanh XSinX 5.54E-05 5.53E-05
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Céc ban thay, ham bién d6i 16p ra la Identity c6 vé tot hon. Va sau cing, ta tim ham bién déi cho 16p an.

Bang 8. Lbi khi st dung cung ham bién ddi Identity cho I6p ra, s6 no ron an 1a 2, thay di ham bién déi ctia I&p an.

Activated Function Errors

Hidden Layer Output Layer Training Testing
Sigmoid Identity 4.33E-05 3.93E-05
HyperTanh Identity 3.94E-05 3.38E-05
ArcTan Identity 4.03E-05 4.37E-05
ArcSinh Identity 4.05E-05 3.99E-05
Sin Identity 4.07E-05 4.18E-05
Gaussian Identity 4.43E-05 4.25E-05
XsinX Identity 4.72E-05 4.98E-05

Céc ban thy, ham bién d6i 16p an 1a HyperTanh c6 vé t6t hon.

Nhu vay ta s& chon sd no ron 16p 4n 13 2, ham bién ddi 16p ra 1a Identity, ham bién d6i 16p an 1a HyperTanh.

6.3. bao tao mang
Tién hanh dao tao mang vai 14n va chon 1an dao tao c6 16i training error va testing error nho nhat. Thong tin vé mang hoc va d0 thi 13 ctia ban s& ¢6 dang
sau.
Théng tin cta 1an hoc cudi ciing
Ham bién ddi cho 1dp 4n: HyperTanh
Ham bién d6i cho 1dp ra: Identity
Ty 1& hoc cubi clng: 0.03308719
Gia tri MSE cia Dir 1iéu hoc: 4.138118E-05
Gia tri MSE cua Dt liéu kiém tra: 3.423549E-@5
s6 luong dit 1liéu da hoc: 4821
s6 luong dir liéu da kiém tra: 1005

S6 1lin 1lip: 1000
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Error in Training — TrainingError
—— TestingError
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Fig. 20. Training Error when learning NASDAQ Stock prices

6.4. Kiém tra di¥ liéu dwg'c méd hinh héa (modeling)

A2

Sau khi mang hoc xong, kiém tra dit liéu hoc trong phan “Xem dit liéu”, d4u ra cta dir liéu hoc (training data) do mang MLP dua ra (NN Outputs) c6 dang
nhu hinh 21 sau:
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NASDAQ Stock Data Modelng by SpiceMLP
Modelng of Traning Data
Num ber of trahed data:4021

21 Dec 1990

—— Desired Outputs
—— NN Outputs

30 Nov 2010

Fig. 21. Outputs of Training Data (NASDAQ Stock prices)

Ta thay voi dit li€u hoc, dau ra cia mang gan trung khép voi dau ra yéu cau (tuc 1a dau ra thyce cua dir 1i€u hoc).

Véi dit liéu kiém tra (testing data), ban c6 do thi dang hinh 22 sau:

Cao Thang, M6t sé vi du phén loai dung SOM va MLP Neural Network — July 11, 2013

28



NASDAQ Stock Data Modelng by SpiceM LP —— Desired O utputs
Modelng of Testng Data —— NN Outputs
Num ber of tested data: 1005

1
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3 Jan 1991 8 March 2000 30 Nov 2010

Fig. 22.a. Outputs of Testing Data (NASDAQ Stock prices)

Xem trong khoang thoi gian ngén, ban ¢6 d6 thi nhu hinh ¢ trang sau.
Véi dit liéu kiém tra, d4u ra cia mang ciing x4p xi dau ra yéu cau (ttrc 13 du ra thyc cta dit liéu hoc). Ban d& nhan thay mang no ron MLP hoc kh4 tét. Tuy
nhién tai mot s6 diém van con 16i nho.
Cau hoi danh cho ban doc

<> Lam thé nao dé giam 13i trong dy bao bang mang MLP?

<> Liéu con c6 thé dung nhing dit liéu khac dé du bao ching khoan?

< Liéu co thé ap dung phuong phap trén cho cac bai toan time series khac?

< Bai toan khong phai time series thi chuan bi dit liéu nhu thé nao?

<> O vi du trén str dung gia trung binh cta 15 ngay da qua dé du doan gia trung binh cua cua 1 ngay t6i. Lam thé nao dé st dung gia trung binh cua
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30 ngay d3 qua dé dy doan 3 gia trung binh cia cua 3 ngdy t6i?

< Vi dit liéu cho dén hom nay, lam thé nao dé du doan gia ciia ngay mai?

NASDAQ Stock Data Modelng by SpiceM LP
Modelng of Testng Data

70ct1998 8 March 2000

—— Desied O utputs
—— NN Outputs

14 Dec 2000

Fig. 22.b. Outputs of Testing Data (NASDAQ Stock prices)
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7. Dw bao ty gia
Gia st ban mudn du béo ty gid Canada Dollar/US Dollar va Canada Dollar/Japanese Yen. Ban cé thé download duoc dit liéu nay tai

http://www.bankofcanada.ca/rates/exchange/10-year-lookup/

Ty gia Canada Dollar/US Dollar va Canada Dollar/Japanese Yen download dugc tir dia chi trén c6 dang nhu sau

USD->CAD CAD->USD Date JPY->CAD CAD->JPY Date
1.5657 0.6387 2001/10/12 0.012948 77.232005 2001/10/12
1.5579 0.6419 2001/10/15 0.012883 77.621672 2001/10/15
1.5619 0.6402 2001/10/16 0.01288 77.639752 2001/10/16
1.5981 0.6257 2001/11/8 0.01331 75.13148 2001/11/8
1.6021 0.6242 2001/11/9 0.013325 75.046904 2001/11/9

Bank holiday Bank holiday 2001/11/12 Bank holiday Bank holiday 2001/11/12
1.5981 0.6257 2001/11/13 0.013158 75.999392 2001/11/13
1.5916 0.6283 2001/11/14 0.013082 76.440911 2001/11/14
1.5868 0.6302 2001/11/15 0.012961 77.154541 2001/11/15

Gia str ban dung hai c6t dit liéu CAD->USD va CAD->JPY, dung dit liéu ctia 30 ngay da qua dé du bao ty gia cta ngay thi 5 t6i. Nghia 1a ngay hién tai
ctia ban 1a Today, ban dung dit liéu Today-30, Today-29, ..., Today-1,Today dé du bao ty gia ciia Today+5. Nhu vay ban s& c6 60 dau vao (30 dau vao cho
CAD->USD va 30 d4u vao cho CAD->JPY), 2 dau ra cho CAD->USD va CAD->JPY. Vi du sau dung dit liéu ctia 15 ngay da qua dé du béo ty gia cua
ngay thr 5 t6i v6i hai ty gia CAD->USD va CAD->JPY. Nghia 13 ban s& c6 30 dau vao, 2 dau ra.
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Vi dir li€u nhu trén, ban bo cac dong "Bank Holiday" di, sau d6 chuén bi dit liéu nhu sau

CAD->USD CAD->JPY CAD->USD CAD->JPY LABEL
ID Today-14 Today-13 .. Today-1 Today Today-14 Today-13 .. Today-1 Today Today+5 Today+5 Today Date
1 0.6387 0.6419 0.6302 0.6285 77.232005 77.621672 77.23797 76.581406 ©.6257 75.13148 2001/11/1

2

Ban cht y thiy CAD->USD c6 gi4 tri trong [0.6199,1.0905] va CAD->JPY c¢6 gi4 tri trong [68.918, 123.885]. Vi hai khoang gia tri khac nhau khé nhiéu,
néu ban chuan hoa di liéu mot 1an véi tit ca dit liéu, CAD->USD s& ¢6 gié tri nhé va CAD->JPY c¢6 gié tri 1on. Nhu vy mang MLP hoc s& khong tot.

pé mang MLP hoc t6t, ban nén chuin hoa riéng CAD->USD va CAD->JPY. Trong thu muc Data ctia chuong trinh Spice-MLP c6 chtra dit li¢u chua
chuin héa (CAD USD JPN 2489 data 30inputs 2outputs.csv) va dir liéu dd duwoc chudan héa theo phuong phdp Linear
(CAD USD JPN Normalized 2489 data 30inputs 2outputs.csv), véi 30 dau vao, 2 dau ra va sb dit liéu 1 2489, tir ngay 2001/11/1 t6i ngay 2011/10/3.

Chon ngau nhién 70% dit lidu (1742 datasets) lam dir liéu hoc (training data) va 30% dit liéu (747 datasets) lam dit liéu kiém tra (testing data). Cho mang
MLP hoc, ta c6 thong tin nhu sau:

Activated Function for Hidden Layer: HyperTanh
Activated Function for Output Layer: Linear
Final Learning rate: 0.003811921

Final MSE of Training Set: ©.0004247656

Final MSE of Testing Set: 0.0004671731

Number of trained data: 1742

Number of tested data: 747

Taken iterations: 1000
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Luu dir liéu da hoc bdi mang MLP vao file csv va vé dd thi, ta c6 dd thi dau ra cua mang nhu hinh 23 sau.

Currency Exchange Modeling by Spice-MLP, Training Data
Ye: CAD -> USD
Y1: CAD -> JPN
1
0.8 ,-J..,,-’L\J»w\‘r»‘h""‘"w =i
4 B, Gl AT
] b ‘\‘\m.,,;‘,.\_“fk ‘.,N—h;..v-"'"‘.\_'v \,‘-’7‘ ) ‘:Lf‘ﬂ(‘."'r'ﬂ"u"/l'f' l"‘v’.\
0.6 s
0.4
0.2
0
1 251 501 751 1001 1251

—— YO _Desired
——YO_from_NN

Y1_Desired
~———Y1_from_NN

Y ",‘-\,a;w’\' v l lb\' . n\v

1501

\

Fig. 23.a. Outputs of Training Data (CAD->USD and CAD->JPY)
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Currency Exchange Modeling by Spice-MLP, Testing Data —Y@_Desired
Y@: CAD -> USD ——YO_from_NN
Y1: CAD -> JPN Y1_Desired
Y1_from_NN
1 /|
/i\\'% M
0.8 MM‘WJL A R&w

1 101 201 301 401 501 601 701

Fig. 23.b. Outputs of Testing Data (CAD->USD and CAD->JPY)

Theo db thi trén, ta théy n6i chung mang MLP hoc t6t vi ca hai dit liéu CAD->USD va CAD->JPY, tuy nhién tai mdt s6 diém dau ra cua mang hoi 1éch
so voi dau ra yéu cau.
Cau hoi danh cho ban doc:
<> Diéu chinh dit liéu va cac thong s6 cuia mang dé mang MLP hoc dugc vdi d9 chinh xac ma ban mong mubn.
<> Viduy trén dung dit liéu cua 15 ngay da qua dé du bao ty gia cua ngdy thir 5 toi. Vay mudn ding dit liéu cua 60 ngay da qua dé du bao ty gia caa
ngay thir 10 va ngay thir 15 t6i thi 1am thé nao?
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8. Dw bao Iwu lwong nwéc hoé Hoa Binh

Dua vao dir liéu vé luu luong nude vé ho thiy dién trong qua khir, ta c6 thé du bao luu luong nudce vé ho trong tuong lai gan. Trong thu muc Data cta
chuong trinh Spice-MLP c¢6 file dir liéu Hoabinh_water level 3 input 1 output.csv. Pay 1a file dir liéu vé du bao lwu lugng nude twong lai trude 10
ngay Q(t+10) ctia hd Hoa Binh dwa vao cac luu lwong nude tai thoi diém hién tai va qua khir. Dit liéu c6 3 dau vao gém luu lwong nudce hién tai Q(t), luu
lwong nudce trude d6 10 ngay Q(t-10) va luu lugng nude trude d6 20 ngay Q(t-20). S dit licu 1a 570, trong d6 480 mau hoc (tir line 2 t&i line 481) va 90
mau kiém tra (tur line 482 to61 line 571). Dt li¢u nay do ban Pham Thi Hoang Nhung, truong PH Thuy 191 cung cép, ban doc c6 thé tham khao luan van
Master ctia Pham Thi Hoang Nhung (1997) vé " khao sat mot sd phuong phép hoc may tién tién, thuc hién viéc két hop gitra phuong phap hoc may mang
neuron véi thuit toan gene va ting dung vao bai toan du bao luu lwong nuée dén hd Hoa Binh". Xin cam on ban Pham Thi Hoang Nhung dé cho phép st
dung dir li¢u luu lugng nude hd Hoa Binh dé minh hoa trong tai li¢u nay.

Thong tin van tit vé nha may thuy dién Hoa binh trén wiki nhu sau: Nha may Thuy dién Hoa Binh duoc xay dung tai hd Hoa Binh, tinh Hoa Binh, trén
dong song Pa thudc mién bac Viét Nam. Cho dén nay ddy 1a cong trinh thuy dién 16n nhat Viét Nam va Péng Nam A. Nha may do Lién X6 gitip d& xay
dung va van hanh. Cong trinh khdi cong xay dung ngay 6 thang 11 nam 1979, khanh thanh ngay 20 thang 12 ndm 1994. Cong suét san sinh dién ning theo
thiét ké 1a 1.920 megawatt, gdm 8 t6 may, mdi té may c6 cong sut 240.000 kilowatt. San lwong dién hang niam 1a 8,16 ty kilowatt gid (KWh).

Anh vé hd thuy dién trén internet nhu sau:
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Véi dit liéu Hoabinh_water level 3 input 1 output.csv, cac ban load dit liéu nhu Fig.24, chuin hoa dit liéu theo phuong phap Linear, chia dir liéu hoc va

kiém tra nhu Fig.25.
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Number of Neurons and Data Sets

Number Of Inputs

II

Number Of Outputs

Number Of Data Sets | 570

Load Data

—

loabinh_water_level_3_input_1_output.csy

Fig. 24. Load Data with Hoabinh_water_level _3_input_1_output.csv

Splitting data

® Middle spii Choose value on [1, 569] 430

() Randormly split

Select training data

‘ FirstSplittedDataSets (480) datasets v‘

Enable Testing

Fig. 25. Split Data for training and testing
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Discharge Hydrograph Of Hoabinh Lake
Modeling by Spice-MLP, Training Data
Activated Functions: Sigmoid;

Taken iterations: 1000

—— Y0 _Desired
—=#—YOQ_from NN
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1 20 39 58 77 96 115 134 153 172 191 210 229 248 267 286 305 324 343 362 381 400 419 438 457 476

Fig. 26. Discharge Hydrograph Of Hoabinh Lake, Training Data
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Discharge Hydrograph Of Hoabinh Lake
Modeling by Spice-MLP, Testing Data
Activated Functions: Sigmoid;

Taken iterations: 1000

—6— YO Desired
—=—YQ_from_NN

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88

Fig. 27. Discharge Hydrograph Of Hoabinh Lake, Testing Data

Chon ham activated functions cho 16p 4n va 16p ra, cho mang hoc, sau mot s6 iteration, luu dit liéu vao mdt file csv, ban s& ¢6 do thi dau ra cua mang voi
dwr liéu hoc nhu Fig.26, dir licu kiém tra nhu Fig.27. va thong tin vé mang hoc nhu Fig.28.
Chung ta théy mang hoc kha tdt, tuy nhién c6 mot s6 diém dau ra cua mang va dau ra mong mubn c6 d6 1éch kha 1on. Lam thé nao dé 1am giam dg 1éch

nay? xin moi ban doc nghién ctru. Chuc cac ban may man.
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SPICE-NEURO by Cao Thang 2004-2011

Last trained information;

Activated Function for Hidden Layer: Sigmoid;
Activated Function for Output Layer: Sigmoid;
Final Learning rate: 0.03572268;

Final MSE of Training Set: 0.003680485;

Final MSE of Testing Set: ©.003794955;

Number of trained data: 489;

Number of tested data: 990;

Taken iterations: 1000;

Fig. 28. Discharge Hydrograph Of Hoabinh Lake modeling by Spice-MLP, Training Information

9. Phan loai anh Ao dai

Hinh 29 1a hai output maps ctia 110 anh 4o dai, bai Spice-SOM trong hai 1an hoc khac nhau.
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Fig. 29. Vietnamese Aodai grouped by SOM in two learning
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10. Két luan

Tai li¢u nay hudng dan céac ban cach s dung mang no ron trong cac irng dung thuc té. Tac gia hy vong né c6 ich céac ban.

Céam on cac ban da doc. Chuc cac ban may man trong hoc tap, cong viéc va enjoy cudc song.

Cheers!
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