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Tom tat:

Bai bdo sir dung phwong phdp hoi quy thiee hién trén mang no ron lan truyén nguoe dé dir bdo s6
hoc sinh nhdp hoc theo s6 lieu dwoc thu thap va xuw Iy tie nam 1989 dén nam 2017 tai Trung tam Gido duc
Nghé nghiép—Gido duc Thuong xuyén (GDNN-GDTX) qudn Pong Pa, Ha Néi. T twéng ciia phwong phdp
la: lcfy 56 lwong hoc sinh nhdp hoc du bao duoc dua vé lam dau vao cudi (lam nam sau nhd't) cua tdap dir
liéu madu dau vao; trong do, dir li¢u dau tién ciia tap mau cii dwoc dcfy ra ngodi, tuc tinh tién tap dir liéu
mau 1 don vi thoi gian cho lan di bdo tiép theo. Theo cdach d6, bai bdo da cdi bién thudt todn lan truyén
nguwoc thanh thudt todn lan truyén nguwoc truy hoi va chay trén phan mém dwoc xdy dung va thir nghiém
du bao 56 hoc sinh nhap hoc tai Trung tam, so sanh két qua dat dwoc voi bén phwong phap dy bao khdc.

Tir khéa: Mang no ron lan truyén nguoc; phwong phdp ha Gradient; ludt hoc; truy hoi.

1. Giéi thi¢u

Mang no ron nhén tao la mot cong cu manh
dé giai cac bai toan co tinh phi tuyén, phirc tap, dic
biét trong cac truong hop ma cac tham sé c6 mbi
quan hé tac dong qua lai khong rd rét. C6 nhiéu loai
mang no ron khac nhau [1, 2, 3, 5, 6] trong d6 mang
no ron truyén thing nhiéu 16p dwoc sir dung phd
bién nhat. Nhiéu nghién ctru sir dung mang no ron
truyén thing nhiéu 16p cho bai toan du bao [1], [6]
va chimg to 14 hudng tiép can hiéu qua. Pong gop
ctia bai bao nay 1a sir dung mang lan truyén ngugc
cai bién bang cach cho truy hdi dir lidu: sir dung
dau ra phan hdi vé& 1am dau vao dé du bao theo k¥
thuat hoi quy.

2. Mang no ron lan truyén nguoc
2.1. Céu tric mang

M6 hinh mang no ron lan truyén nguoc
(Hinh 1) gdm 16p vao (Input Layer), 16p ra (Output
Layer) va cac 16p an (Hidden Layers) nim giita 16p
vao va 16p ra. C6 thé mé ta ciu trac nhu sau:

+ Lép dn: nhan tip mau (véc to) vao x, tao
dau ra twong ty ctia no ron thir ¢ cia 16p an Net

m

net, = 2 ViXs  J=12,..m; q=1,2,...1 ()
j=1

Pau ra ctia 16p 4n
24 :-f(netq) :/(zjzl quxj> )
trong do, f(.) 1a ham tuong tac dau ra. Ham thuong
st dung trong mang lan truyén la ham sigmoid, kha
vi, bi chan va don di¢u khong giam:

f@) =17 3)
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Lop ra

Lép dn
Hinh 1. Mang nhiéu lop lan truyén nguoc

Lop vao

+ Lép ra: thong thuong ham tuong tac dau
ra cua cac 10p dong nhit 1a A.). Khi d6, twong tu
nhu (2), dau ra twong tw no ron thtr i cta 16p ra co
thé viét:
net,= X, wyz, = S wif(Z- vix;) )

va tao dau ra ¢ 16p no ron ra:

y,=flnet) = f(zizl WiJ(ijl quxj>> ®)

2.2. Luit hoc lan truyén nguoc

Luat hoc lan truyén nguoc co thé mé ta nhu
sau [7]. Cho tap cip mau vao-ra (x¥, d%), thuat toan
thuc hién 2 pha. Pha dau, mau dau vao thir k: x®
dugc truyén tir 16p vao qua 16p an, t&i 10p ra. Két
qué ctia ludng dir lidu thang nay tao tap dau ra thuc
»®. Pha sau, tin hiéu sai sd tao tir sai khac giira dau
ra mong mudn (hay nhén) ctia mau thir k: d% va dau
ra thyc mau thir k&: y® tiac 1a (d® - y¥) s& dugc lan
truyén ngugc tir 16p ra quay trd lai cac 16p trude do
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t6i 10p dau vao dé chiing cap nhat trong s6. Co sé cia
luat hoc lan truyén ngugc dugc xay dung trén phuong
phap ha Gradient vdi nura binh phuong sai so:

B=3 3 (d-3) = 3 Edfner) =

SCINE

Theo tinh chét lan truyen nguoc, trong sb
lién ket gitra 16p an va 1op ra dugce tinh dau tién theo
luét hoc w, (t+1) = wl.q(t) + Awiq(t) voi:

Ay, \(onet,
=3 ==n(3) e 5
—n(d-—y)(f (net;))z,= 18,2, (7)

6, goi la tin hi¢u sai s tai no ron thir i trong
16p ra “o £ ; 17 1a tde do hoc, thuong chon: 0<7<I1.
3, = (d,-y)f (net) (8)
Tuong tu (6), trong s6 lién két gitta no ron
thir j ctia 16p vao va no ron thir ¢ ctia 16p an sé duoc
cap nhat theo vq/.(t+1) = vq}.(t) + Avq,,(t) voi:

(6)

l\)|>—‘
i M:

_ JQE 9z, Oonet,
_T7<Bz anet v, ) Z[d —v)f f (net;) zq]av

Av, = nzizl[ oiwiqv (Netq)xin6hqxj )
Ky hidu: 8,, = f(net,) Y 8,w, (10)
i=1

1a tin hiéu sai s6 cua no ron thir ¢ trong 16p an “A”.

Theo phuong phap ha Gradient, c6 thé tinh
nguoc trong so tur 16p ra, tiép theo dén trong cua 16p
trude do téi 16p dau. Mat khac, v6i ham (3), gia tri
& dau ra cia mdi no ron nam trong khoang [0, 1] va
dat céc gia tri bao hoa (xép xi 0 hay 1) khi |x| du 16n;
do d6 cac gla tri dau ra thuc té trong cac mau hoc
cling can chuén hoa vé khoang gié tri nay dé c6 thé
dung cho qua trinh luyén mang.

3. Mang no ron cho du bAo tuyén sinh
3.1. Phat biéu bai toan

Cho dir liéu hoc sinh nhédp hoc thyc t& 20 nam
tir 1989 dén 2017 cta Trung tim GDNN-GDTX)
quan Déng Pa, Ha Noi. Thiét ké mang no ron, cai
bién thuat toan lan truyén nguoc; viét chuong trinh

Avg=—1 g_ __ (88E onet, | dE’I’ béq sc‘)' ‘hc_)’c sinh nhéap h’c_)c; dén’h gié’vé o sanh
Vyj net, v, két qua vai cac phuong phap du bao khac.
Bang 1. Bang dir liéu hoc
Piu vao Nam X, X, X, X, X, X, X, x, | x, | x, Diu ra
k=1 1989-1998 | 396 | 263 | 341 | 205 | 197 | 329 | 412 [ 139 | 348 | 95 345
k=2 1990-1999 | 263 | 341 | 205 | 197 | 329 | 412 | 139 | 348 | 095 | 345 356
k=3 1991-2000 | 341 | 205 | 197 | 329 | 412 | 139 | 348 | 095 | 345 | 356 307
k=4 1992-2001 | 205 | 197 | 329 | 412 | 139 | 348 | 095 | 345 | 356 | 307 248
k=5 1993-2002 | 197 | 329 | 412 | 139 | 348 | 095 | 345 | 356 | 307 | 248 147
k=6 1994-2003 | 329 | 412 | 139 | 348 | 095 | 345 | 356 | 307 | 248 | 147 310
k=7 1995-2004 | 412 | 139 | 348 | 095 | 345 | 356 | 307 | 248 | 147 | 310 421
k=8 1996-2005 | 139 | 348 | 095 | 345 | 356 | 307 | 248 | 147 | 310 | 421 342
k=9 1997-2006 | 348 | 095 | 345 | 356 | 307 | 248 | 147 | 310 | 421 | 342 142
k=10 1998-2007 | 095 | 345 | 356 | 307 | 248 | 147 | 310 | 421 | 342 | 142 354
k=11 1999-2008 | 345 | 356 | 307 | 248 | 147 | 310 | 421 | 342 | 142 | 354 277
k=12 2000-2009 | 356 | 307 | 248 | 147 | 310 | 421 | 342 | 142 | 354 | 277 465
k=13 2001-2010 | 307 | 248 | 147 | 310 | 421 | 342 | 142 | 354 | 277 | 465 187
k=14 2002-2011 | 248 | 147 | 310 | 421 | 342 | 142 | 354 | 277 | 465 | 187 387

3.2. Xir ly dir liéu va ky thuét du bao

Dir liéu hoc sinh tuyén vao Trung tim
GDNN-GDTX dugc ldy trong trong cac nam (1989-
2017) chia thanh hai phin theo hai pha: tap di liéu
hoc 14 miu, chiém 14/20=70% nhu Béang 1: (1989-
2011) dung cho pha hoc, 6 mau: 30% con lai (2012-
2017) dé kiém tra.

Pha hoc: Pay khau diu tién nhim xac dinh
tap trong sd w,, va v,, clia mang noron.. Pé hoc, chia
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dit liéu hoc (Bang 1) thanh 14 phan khuc moi phan
khuc 1a mot mau gdm 10 dau vao 1a sd hoc smh
tuyén vao trong 10 nim (x, —x,). Mau 1 (k=1): so
hoc sinh nhap hoc thuc té nam 1989-1998; mau
2 (k=2): s0 hoc sinh nhap hoc thuc t& nam 1990-
1999... mau 14 (k=14): sb hoc sinh nhap hoc thuc
té nam 2002-2011. bé mang no ron hoc, vi du theo
mau k=14, 1ay s6 hoc sinh nhap hoc thuc té nim
2002-2011 lam méu vao x¥= x¥ ={x, ..x, }; nhan
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hay gia tri mong mudn cia dau ra d% = d'¥ 1a s
hoc sinh nhap hoc thuc té nam 2012 (da biét). Két
qua dau ra y?¥ trong pha hoc 1a gia tri xap xi do
mang no ron udc lugng, la sb hoc sinh nhéap hoc
tinh dugc cho nam 2012: (y9~ d?).

Pha kiém tra: Sau khi hoc theo miu k=14 ta
thu duoc tap trong s ciia mang theo cac cong thirc
(6-10); mang da co du gia tri dé chay thtr viéc du
béo s6 hoc sinh nhap hoc cho nim 2013. Dé thuc
hién didu nay, 14y 9 dir liéu dau Vao x={x, .x,} t
nam 2003-2011 cong thém x,, la s6 hoc sinh nhap
hoc thuc té nam 2012. Dau ra cia mang bay gio y¥
s& 1a s hoc sinh du bao ctia nam 2013. Dé du bao
cho céc nam tiép theo ta tién hanh twong ty. Dbi voi
cac nam chua ¢6 sd liéu thuc té so sanh (vi dy nam
2018-2020), chép nhan léy $6 li¢éu mang tinh dugc
(du bao) cua nim trude, dwa vao lam dir liéu mau
vao. Do vay, két qua du bao cia cac ndm twong lai
xa 6 thé s& kém chinh xac.

3.3. Xac dinh cdu triic mang noron

a) Chon s6 16p noron. Mang 3 16p c6 thé xap
xi dugc moi ham véi cac dang di¢u bét ky [2], chon
md hinh mang no ron 3 16p nhu Hinh 1.

b) 6 no ron I6p vao. Theo nguyén tic di néu
6 muc 3.2 chon véc to dau vao x= 1x,.x,) bang 10.
Truong hop tong quat: ¢6 thé chon bang s0 lugng
clia mot mau dau vao.

¢) 86 no ron I6p dn. Hién chua c6 mot ly
thuyét dé xac dinh dugc s6 lugng no ron cia 16p
an mot cach hi¢u qua va chinh xac. Vi vay, kich
thudc cua mét 16p an thuong duge xac dinh theo
thtr nghiém dua trén bai toan cu thé, ban du chon
13 6. Muyc 3.4.2 s& xac dinh s luong tot nhét c6 thé
bang thuc nghiém.

d) S6 no ron [6p ra. Bai toan dat ra la du bao
s6 lwong hoc sinh tuyén vao Trung tim trong nam
tiép theo. Do vay chon 1 dau ra 1a: S luong hoc
sinh tuyén vao Trung tim trong nim t&i.

e) Hing s6 hoc. Hang s6 hoc 77 theo (6) anh
huong dén hiéu qua va tde do hoi tu cua thuat toan
lan truyén ngugc. Gia tri cua héng s6 hoc phu thudc
vao chu truc mang, s6 lidu chudn hoa va bai toan
can giai quyet khong c6 mot cong thirc hay phuong
phap nao dé xac dinh chlnh xac gia tri hing sé hoc
thich hop. Khi 77 16n, téc do hoi tu co thé ting
nhung qua trinh hoc ¢6 thé kém chinh xac hodc khé
6n dinh tai bat ky cuc tiéu nao. Do d6, 77 thudng
duoc lua chon bang phwong phap thuc nghiém.

3.4. Du bao hoc sinh nhip truong
3.4.1. Gia tri trong khéi dau

Gié tri trong s khoi dau dugc tao ngau nhién
trong qua trinh hoc ciia mang b'fmg thyc nghié¢m,
0<vq/., wiq<l [7]. Khi huén luyén, b6 trong so sé& thay
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d6i qua cac vong lap theo chi tiéu sai sd giita gid
tri du bao va thuc té€ 1a nhé nhat theo thuat toan lan
truy€n ngugc [2] trén co sé cac cong thure (6-10).

3.4.2. Thir nghiém, x4c dinh s6 no ron 16p 4n
Chuong trinh tng dung mang no ron lan
truyén nguoc dy bio sd hoc sinh tuyén vao Trung
tam GDNN-GDTX quén Déng Pa cho két qua du
bao nhu sau: Ban dau, chon s no ron 16p 4n la 6;
thoi gian hudn luyén mang 1a 2,752 gidy va sai sb
12 47.10* v&i 1000 vong huin luyén. Sau do, ting
dan s6 no ron 16p an dé kiém tra thoi gian huén
luyén ctia mang va sai s trung binh tuyét d6i MAE
(Mean Absolute Error). Tu Bang 2, nhan théy, s no
ron 16p 4n 1a 10 thi sai s6 MAE nho nhat nén chon
s6 no ron 16p an 1a 10.
Bang 2. Thir nghiém dé chon sé no ron 16p dn

TT | S6 no ron Thoi gian Sai s6
16p an hoc (gidy) | MAE x10*
1 6 2.752 47
2 7 2.375 48
3 8 2.218 55
4 9 2.520 76
5 10 2.686 25
6 11 2.753 46
7 12 4.084 52
8 13 2.778 45
9 14 2.738 58
10 15 3.280 53
11 16 2.606 51
12 17 2.556 49

3.4.3. Thir nghiém dw bao

Céc tac gia da xay dung phan mém mo phong
mang no ron st dung thuit toan lan truyén nguoc
bang ngdn ngit VB.NET trong bd Microsoft Visual
Studio.NET 2012 chay trén nén Net FrameWork
4.0. Cau hinh may tinh sir dung: CPU tuong dwong
Pentium3, RAM: 512MB, dung lugng 6 ctng con
tréng trén 10MB. Hinh 2 1 mot giao dién phan
mém, trong d6: két qua du bao véi bo dir liéu kiém
tra tir ndm 2011 dén 2017. Mang no ron hoi tu tai
vong huén luyén thr 1000; tde d6 hoc 1a 0,7; hé
s6 quan tinh 1a 0,4; thoi gian huén luyén cua mang
duogc cho trén Bang 2 va [7]. Puong mau xanh Hinh
2 md ta s hoc sinh nhap hoc thuc té thu thap duoc
va duong mau do thé hién gia tri dy bdo; ngoai ra
giao dién con thé hién sai s6 trung binh binh phuong
MSE (Mean Square Error) ciia du béo. Theo biéu
d0, ta thay két qua du bao ctia mang tuong dbi chinh
x4c, sai s6 du bao nho.
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B Ph3n mam thi nghiém: DU BAD S8 HOC SINH TUYEN VAD TRUNG TAM GDNN-GDTX DONG DA
., | G TAM GD NGHE NGHIEP - GD
4 DONG DA
‘ RANG THONG TIN DIEN TP
www.gdtxdongda.adu.vn
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[i]
0 1 2 3 4 5 & 7 8 9 W0 11 1213 4 15 % 17 1B 19
- Thi gisn
Théi gan dy bio Gid trj dy bdo A
56 ndm dy bao Két qua dy bio ! 346.7786
mdy qué dy 2 360.7604
DU BAO 3 309.5254 N

Hinh 2. Giao dién phd‘n mém: so sanh két qua dw bao voi thuc e

4. Cac phuwong phap du bao khac, danh gia

Pé danh gia do chinh xac ciia mo hinh dy
b4o sir dung hai tiéu chuén sau [7]:

Tiéu chudn 1: Sai s6 binh phwong trung binh
(Mean Square Error: MSE):

MSE= 337, (0,— 0 (11)

Tiéu chuin 2: Sai sé tuyét dbi trung binh
(Mean Absolute Errori' MAE)

MAE = 5,2.,10,~ Q| (12)
trong do: Qi, Q,: gia tri du bdo sinh ra boi m6 hinh
va gia tri thuc té mot cach tuong ung tai mau dir liéu
tht i; n: chiéu dai chudi du doéan.

bé danh gia do chinh xac va tinh uwu viét cua

mang noron, bai bao tién hanh tinh toan trén ciing
dir liéu da cho voi cac phuong phap du bao khac
nhu: phuong phap trung binh dai han; phuong phap
trung binh dong; phuong phap hdi quy tuyén tinh,
phuong phép san bang s6 mii don gian v.v... cu thé:
4.1. Du bao theo trung binh dai han

Day 1a phuong phap ma tham sé du bao F
bang trung binh cong ctia cic quan sat thuc té trude
d6 bang cong thirc sau:

1 n—1

Fiy= EE:O D, (13)

trong d6: F, : tham s6 dw bdo & ky thtr #+1; D 86
quan sat tur chu ky thtr £ n: tong so lan quan sat. Két
qua tinh toan cho ¢ Bang 3.

Béng 3. Két qua dy bdo ciia nam phiong phdp khdac nhau

TT| S6 Trung binh Trung binh Hdi quy San bing mii Mang
thlgc dai han dong tuwong quan don gian no ron
te Dy bao | Ty ¢ % | Du bao | Ty I¢ % | Dw bao | Ty Ié % | Du bao | Ty Ié % | Du bao | Ty lé %

1 |345 | 273 78.99 194 | 56.23 | 345 99.91 289 83.78 346 99.70

2 [ 356 | 279 78.40 263 73.78 | 356 99.92 336 94.36 356 99.75

3 (307 | 286 93.00 265 86.43 | 310 99.13 316 97.25 307 99.84

4 | 248 | 287 86.36 336 | 73.81 248 99.86 268 92.43 248 99.81

S| 147 | 284 51.70 304 | 48.41 144 97.69 183 80.16 144 98.10

6 | 310 | 275 88.77 234 | 7548 | 312 99.46 272 87.75 310 99.97
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7 | 421 277 65.88 235 55.82 | 420 99.70 376 89.38 424 99.16
8 | 342 | 286 83.57 293 85.58 | 340 99.33 352 97.08 343 99.70

142 | 289 49.14 358 39.70 144 98.88 205 69.24 142 99.88
10| 354 | 281 79.44 302 85.22 | 354 99.92 309 87.38 354 99.78
11 277 | 285 97.24 279 | 99.16 | 280 99.05 287 96.62 277 99.70
12| 465 | 284 61.18 258 55.41 465 99.95 412 88.50 451 97.08
13| 187 | 293 63.89 365 51.19 189 99.14 254 73.52 187 99.92
14| 387 | 288 74.44 310 | 80.02 | 390 99.30 347 89.72 386 99.86
15| 254 | 292 86.92 346 | 73.34 | 255 99.74 282 90.08 253 99.93
16 | 187 | 291 64.33 276 | 67.75 190 98.61 215 86.78 187 99.47
17| 150 | 287 52.32 276 | 54.35 148 98.40 170 88.42 149 99.50
18| 108 | 282 38.35 197 | 54.82 106 97.76 126 85.38 112 96.18
19| 230 | 275 83.51 148 64.49 | 216 93.76 199 86.50 229 99.86
20| 250 | 274 91.29 163 65.07 | 248 99.06 165 65.87 249 99.92

4.2. Phuong phap du bao trung binh dong

Theo phuong phap nay, két qua (Bang 3) du

bao & ky thir #+7 dwoc tinh bang trung binh cong

cua n ky trude do. Mdi ky du bao sé bd di $6 liéu

xa nhét trong qua khir va thém vao sd liéu méi nhat
theo cong thuc:

_D+D_+.+D,_,

- n+ 1

(14)

4.3. Dy bao theo hdi quy twong quan

Phuong phap nay st dung mdi phu thudc ctia
mdt bién (bién phu thudc) vao mét hay nhidu bién
khac (bién doc lap) dé ude luong va du bao gia tri
trung binh ctia bién phuy thudc véi cac gi tri da biét
ctia bién doc 1ap. Két qua du bao cho ¢ Bang 3.

4.4. Dy bao theo cach san bang mii don gian

Phuong phap nay du bao gi4 tri méi bang gia
tri cli cong voi khoang chénh 1¢ch gitra nhu cau du
b4o thuc va nhu cdu du bdo cua ky truge, c6 diéu
chinh hé b a:

F=F +«(D,_-F,_ ), O<«<l (15)
trong do, F: nhu cau du béo ky thir £; F_:nhu cau
du bdo ky #-1; D _: gia tri thuc ky thit #-1; a: hé sb
san bang mii. Ta co két qua du bao nhu Bang 3.

Tir Bang 3, két qua ciia nam phuong phép da
tinh cho thiy, du bao bang mang no ron cho ty 1& %

Tai liéu tham khao

chinh x4c va tin cdy nhit. Vi vay, bai toan du bao
tuyén sinh bang mang no ron truyén thang véi thuat
toan lan truyén nguoc sai s6-hdi quy da néu 1a hoan
toan cd co so.

5. Két luan va hwéng phat trién tiép theo

Pong gop cua bai bao la cai bién thuat toan
thanh lan truyén nguoc-truy hdi dap ing dic thi bai
toan; thu thap, xt 1y dir liéu hoc sinh nhap hoc; chon
cac tham sé thich hop trong thiét ké mang no ron
ba 16p; x4y dung phan mém du bao; danh gia va so
sanh két qua véi cac phuong phap du bao khac sb
hoc sinh nhap hoc trong cac nam tiép theo vao Trung
tam GDNN — GDTX Pdng Pa. Qua thir nghiém kha
quan cho thdy, mang no ron nhén tao tng dung da
dang, kha hiéu qua, chinh xac (96% dén 99%) trong
bai toan du bao.

Huéng phat trién tiép theo 1a cai tién phuong
phap du bao dé co két qua chinh xac hon, mé rong
bai toan va dit liéu dau vao. Ngoai ra, s€ nghién ciru
két hop mang noron, mang no ron hoc sau véi logic
mo, giai thuat di truyén; cac két qua méi s& cong bd
0 cac hoi nghi hodc tap chi khoa hoc sau.

Nghién ctru nay dugc tai trg boi Trung tam
Nghién ctru Ung dung Khoa hoc va Cong nghé,
Truong Pai hoc Su pham Ky thuat Hung Yén, dé tai
mi s6: UTEHY.T028.P1718.01.
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PREDICTION OF THE PUPIL NUMBER RETRYING
TO SCHOOL BY ARTIFICIAL NEURAL NETWORKS

Abstract:

The paper using the regression technique on the base of the backpropogation neural networks to
predict the pupil number retrying to the education center Dongda, Hanoi from 1989 year to 2017 year.
Idea of the paper is choosing the prediction pupil number retrying to the education center in order use as
the last element of the input sample set and cancel the first element of the this set. The prediction sofiware
program is prepared by the authors. The prediction results of the pupil number retrying to education center
are compared with four the other prediction techniques and given us the positive, hight acurracy.
Keywords: Backpropagation Neural Networks; Decent Gradient; Learning Rule; Recurrent.
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