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MO DAU

1. Tong quan vé md hinh duw bio chudi thoi gian “Time Series Forecasting”
1.1. Du bao l1a gi?

Du bao 13 sy tién doan nhitng van dé sé& xay ra trong tuong lai dya trén mét co s&
nao do6. Pay la mot van dé ludn nhan duoc su quan tam cua nhiéu nha khoa hoc, nha
quan 1y boi vi nd c6 mot vai trd rat quan trong trong thuc té. Tuy nhién cho dén nay,
du bao van 1a bai toan chua c6 10i giai cudi ciing (Abbasov & Mamedova, 2003; Tai,
2019). Trong thong ké, dua trén dit liéu qua khr, md hinh dé dy bao cho twong lai
duogc thiét 1ap. Doi voi dir liéu dang chudi, hoi quy va chudi thoi gian 13 hai mé hinh

dugc ap dung phd bién ngay nay.
Time Series Forecasting:

Du b4o chudi thoi gian (Time Series Forecasting) 1a mot k¥ thuat du doan cic su
kién thong qua mot chudi thoi gian. N6 du doan céac su kién trong tuong lai bang cach
phan tich cac xu hudng trong quéa khar, voi gia dinh rang cac xu hudng trong tuong lai

s€ tuong tu nhu vay.

Du bao chudi thoi gian cling 1a mot linh vuc quan trong cua hoc may va co thé

duoc coi 1a mot van dé hoc tap c6 giam sat. Cac phuwong phap hoc may nhu:
Regression,
Neural Networks,
Support Vector Machines,
Random Forests,
XGBoost
c6 thé duoc ap dung trong trudng hop nay.

Dy béo chudi thoi gian thuong duoc sir dung ciing v6i viée phan tich. Phan tich
chudi thoi gian lién quan dén viéc phat trién cac mo hinh tim kiém tri thirc trong dit

lidu. Dy bao chudi thoi gian thyc hién bude tiép theo véi kién thirc vira tim duoc. No



d0oi hoi phai phat trién cic mé hinh dya trén dit lidu trude d6 va ap dung chung dé thuc

hién cac quan sat va hudng din cac quyét dinh chién lugc trong twong lai.

1.2. Nhirng phwong phap du bao chudi thoi gian
M® hinh Machine Learning:

M& hinh ARIMA (AutoRegressive Integrate Moving Average): Dua trén gia
thuyét chudi dirng va phuong sai sai s6 khong d6i. M6 hinh str dung dau vao chinh la
nhirng tin hi¢u qua khur cta chudi duoc du bao dé du bao nd. Cac tin hiéu d6 bao gém:
chudi tuy hdi qui AR (auto regression) va chudi trung binh trugt MA (moving average).
Hau hét cac chudi thoi gian s& c6 xu hudng ting hodc giam theo thoi gian, do d6 yéu
t6 chudi dimng thudng khong dat dugc. Trong trudng hop chudi khong dung thi ta s&
can bién d6i sang chudi dimg bang sai phan. Khi d6 tham s6 dic trung ctia mo hinh s&
c6 thém thanh phﬁn bac cua sai phan d va mo hinh duoc dac ta bdi 3 tham s6 ARIMA
(p. d, 0).

Mo hinh SARIMA: V& ban chét ddy 1a mo hinh ARIMA nhung duoc diéu chinh
dic biét dé ap dung cho nhitng chudi thoi gian c6 yéu t6 mua vu. Nhu ching ta d biét
vé ban chat ARIMA chinh 1a mé hinh hdi qui tuyén tinh nhung méi quan hé tuyén tinh
thuong khong giai thich tot chudi trong truong hop chudi xuat hién yéu t6 mua vu.
Chinh vi thé, béng cach tim ra chu ki cua qui luat mua vu va loai bé n6 khoi chudi ta

s& dé dang hoi qui md hinh theo phuong phap ARIMA.

Mo hinh ARIMAX: La mdt dang m¢é rong ctia model ARIMA. M6 hinh ciing
dua trén giai dinh vé mdi quan hé tuyén tinh gitra gia tri va phuong sai trong quéa khir
v6i gid tri hién tai va sir dung phuong trinh hdi qui tuyén tinh dugc suy ra tir moi quan
hé trong qua khtr nhim dy bao twong lai. M6 hinh s& c6 thém mét vai bién doc 1ap
khéc va cling dugc xem nhu mot mé hinh hdi qui dong (hoac mat s tai liéu tiéng viét
goi 12 m6 hinh hoi qui dong thai). V& ban chat ARIMAX tuong tmg véi mot mo hinh
hoi qui da bién nhung chiém loi thé trong dy bdo nhd xem xét dén yéu to ty tuwong

quan duoc biéu dién trong phan du ctia mo hinh. Nho d6 cai thién do chinh xéc.



Mo hinh GARCH: Céc gia thuyét vé chudi ding va phuong sai sai s khong doi
déu khong d& dat duoc trong thuc té. Trai lai phuong sai sai s bién d6i rat dé xay ra
d6i voi cac chudi tai chinh, kinh té boi thuong co nhitng sy kién khéng mong doi va ct
sdc kinh té khong luong trude khién bién dong phuong sai cua chudi thay doi. Trong
truong hop d6 néu ap dung ARIMA thi thudng khong mang lai hiéu qua cao cho mé
hinh. Céc nha kinh té lugng va théng ké hoc dd nghi dén mot 16p mo hinh ma cé thé
du bao duoc phuong sai dé kiém soat cac thay ddi khong mong doi. Dya trén qui luat

ctia phuong sai, két qua du bao chudi sé tot hon so voi trude do.
Mo hinh Deep learning:

M6 hinh RNN (Recurrent Neural Network): Mang no-ron hdi quy (RNN) 14 loai
mang co cau tric duoc thiét ké dé xur 1y chudi dit licu tuan tu. RNN khong chi stir dung
dir liéu dau vao ma con st dung cac ddu ra trude d6 dé du doan dau ra hién tai. Sy lién
két gitra cac nat mang trong mo hinh RNN tao nén mot so do ¢ huéng va ban than bo
nhé trong dugce sit dung dé xir Iy cac chudi dau vao linh hoat. Trang thai ctia mdi nut
thay d6i theo thoi gian boi ham kich hoat co gid tri thuc. M6 hinh huin luyén trong
RNN duoc xac dinh bang cach chuyén d6i giita cac trang thai nén nd luén co cing
kich thude dau vao. Mit khac, cung mot ham chuyén doi sé& co cung hé s6 & mdi budc
da duoc sir dung trong hé thong.
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Mang RNN ¢6 ciu tric tuan hoan, c6 thé ghi nhé cac dau vao trude do, ghi nhd
ting thong tin theo thoi gian, do d6 rat hitu ich trong dy doan cho dit liéu chudi thoi

gian. Than chi, mang RNN con duoc sir dung vai cac 16p mang tich chap dé mo rong



cac gia tri trong ma tran pixel mot cach hi¢u qua. Ngoai ra, moi tuong quan gitra cac

mau ciing duoc gia dinh thong qua cac moé hinh héa chudi dit liéu trong mang RNN.

M6 Hinh LSTM (Long Short - Term Memory): Mang LSTM la mét dang dac
biét cia RNN, vdi cdu truc gdm cac cong c6 kha ning ghi nhé va hoc duoc cac thong
tin va rang budc trong khoang thoi gian dai ma khong can bat ky sy can thiép nao. Céc
mang hoi quy déu c6 dang 13 mot chudi cac mo-dun 1dp di lip lai cua mang no-ron.
P6i voi mang RNN chuan, cac mo-dun co cau trac rat don gian, thuong 1a mot ting
tanh. Mac do LSTM ciing c6 kién tric dang chudi nhu mang RNN chuén, nhung céac
mo- dun bén trong s& c6 ciu tric phuic tap hon. Thay vi chi c6 mdt ting mang no-ron,

ching c6 té1 4 téng tuong tdc vo1 nhau mot cach rat dic biét.
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Hinh 0-2 M6 hinh LSTM

M6 hinh GRU (Gated Recurrent Unit): GRU la phién ban cai thién cuia mang
RNN truyén théng. Dé giai quyét vin dé& mat mat gradient cia mang RNN truyén
théng, GRU da duoc sir dung va goi 1a cong cip nhat va cong cai dit lai (update gate
va reset gate). V& co ban, do chinh 13 hai vector quyét dinh thong tin nao s& duoc
truyén cho dau ra. Piéu dic biét 1a n6 co thé duge dio tao dé giir thong tin tir 1au trudc

d6, khong hé x6a thong tin khong lién quan dén dy doan dau ra.

I,



Hinh 0-3 M6 hinh GRU

M6 hinh MLP (Multilayer Perceptron): 1a mot mé hinh mang no-ron duoc két
ndi day du tiéu chuan. N6 bao gdm cac layer ciia node trong d6 mdi node duoc két ndi

Vo1 tat ca cac dau ra tur layer trudc va dau ra cua moi node dugc két noi voi tat ca cac

dau vao cho cac node ¢ layer ti€p theo.

Hidden layers Output layer

Input layer

Hinh 0-4 M6 hinh MLP

1.3. Ung dung mé hinh mang hoc siu dw bao san lwong ti¢u thu niing lwong



Trong cudc cach mang cong nghé 4.0, tri tu¢ nhan tao (Al) dang tré thanh xu
huéng toan ciu va duoc tmg dung phd bién trong moi nganh nghé, linh vuc, t6 chuc,
doanh nghiép. Tai Viét Nam trong nhitng nim gan day, nhu cau tiéu thy ning luong
ngay mot ting, dé dam bao an ninh ning luong va phat trién kinh té bén viing, cac giai
phap str dung tri tu¢ nhan tao trong phan tich du bao san lugng ti€u thu nang lugng thu
hat su quan tim cua cac cip chinh quyén gitp co quan chién lugc c6 thé xac dinh
huong phat trién dung dén trong twong lai. Do d6 ngay cang c6 nhiéu nghién ctiu vé
cac giai phap phan tich du doan hd trg boi Al duoc trién khai va ap dung trong du bao

san luong ti€u thu nang lugng.
2. Tinh cép thiét ciia vin dé du bio nhu ciu tiéu thy ning lwong
2.1. An ninh nang lwgng la gi?

An ninh ning luong 1a dam bao cung cp ning luong day du dé duy tri san xuat,
phét trién kinh té qudc gia va dap tng nhu cau tiéu dung cta nguoi dan & mac 6n dinh

binh thuong.

2.2. An ninh niing lweng quéc gia 1a tién dé quan treng thuc hién cong nghiép
héa, hién dai héa

Pung trude yéu cau cua cong nghiép hoa, hién dai hoa dat nudce, nhu cau sir dung
ning luong cia Viét Nam khong nging gia ting, trong khi ngudn cung ning luong
ngay cang can kiét. Do vdy, chung ta cn c6 16 trinh cy thé trong xdy dyng mé hinh

nang luong sach trong tuong lai.

Ngay 11-2-2020, Tong Bi thu, Chu tich nuéc Nguyén Pha Trong thay mat Bo
Chinh tri ky ban hanh Nghi quyét s6 55-NQ/TW, “Vé dinh huéng Chién hroc phét
trién nang heong quoc gia cua Viét Nam dén nam 2030, tam nhin dén nam
2045”. Nghi quyét khang dinh, phat trién niang luong gin véi thuc thi chinh sach bao
vé méi trudng, nham dat myc tiéu giam phat thai khi nha kinh, thiic day kinh té tuan

hoan va phat trién bén virng.

Viét Nam can phai phét trién nganh ning lugng gan lién véi phat trién kinh té, dé

cac nganh kinh té nhan thic dugc gidi han ciia nganh ning luong, tir d6 xay dung



chién luge, quy hoach phat trién phii hgp. Khi toan b nén kinh té khong con strc ép

1én nganh ning luong, méi c6 kha ning bao dam duoc an ninh ning luong qudc gia.

2.3. Nhu céu tiéu thu ning lweng toan ciu

Téc d6 tang

: n : Ti trong nam
Quéc gia/Chau luc 2020 2021 trwong >Ng

2021
2021 2011-2021

Bc My 108,79 113,70 4,8% -0,1% 19,1%
Nam & Trung My 26,66 28,46 7.0% 0,3% 48%
Chéu Au 7893 8238 47% -0.6% 13,8%
CIS 37,46 4032 7.9% 09% 6,8%
ggi;”ﬁc Ting 3660 37.84 37% 22% 6,4%
Chéu Phi 18890 1999 62% 21% 3,4%
Chéu A-TBD 256,69 272,45 6,4% 2.8% 45,8%
Toan Thé gioi 564,01 595,15 5,8% 1,3% 100,0%
_ OECD 220,20 229,89 4,7% -0,2% 38,6%
- Ngoai OECD 343,82 36526 6,5% 2,4% 61,4%
_EU 57,07 60,41 56% -0,6% 10,1%

Nguén: BP Statistical Review of World Energy 2022 | 71st edition.

Bang 1 T(fng tiéu thu NLSC cua thé gioi va cac khu vue nam 2020 - 2021. Don vi tinh: EJ.

Ghi cha: Tdc d6 tang trudng duge didu chinh cho cac nim nhuan. EJ = Exajoules
=1 x 1018 joules.

Trong bio céo ndy, ning luong so cip (bao gébm cac loai nhién liéu duoc giao
dich thuvong mai va nang lugong téi tao hi¢n dai).

Ning luong tir tit ca cic ngudn san xuit dién phi hoa thach duoc tinh trén co s

dau vao twong duong.
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Ghi chu: 30 nudc dai dién co miaec NLSC nam 2021 béng hoac Ion hon cua
Singapo (3,44 EJ).

Hinh 0-5 T(fng tieu thu NLSC (EJ) cua cdc nuoc dai dien nam 2020-2021

Tong NLSC tiéu thu toan cau nam 2021 ting 5,8% so voi nam 2020 va trong giai
doan 2011 - 2021 tdng binh quan 1,3%/nam.

Tuy nhién, tiéu thu NLSC cua tirng chau luc, khu vuc c6 khac biét voi blrc tranh

chung ciia thé gigi. Cu thé la:

Bic My: Nam 2021 tang so v6i nam 2020 1a 4,8%, nhung giam nhe 0,56% so véi
nam 2011, ca giai doan 2011 - 2021 giam binh quan 0,1%/ndm. Nam 2021 chiém ty
trong 19,1% ti€éu thu NLSC toan cau, gidm so voi nam 2011 (chiém 21,95%).

Nam va Trung M§: Nam 2021 tang so v4i nam 2020 1a 7,0% va so véi nam 2011
ting 2,67%. Ca giai doan 2011 - 2021 ting binh quan 0,3%/nam. Nam 2021 chiém ty
trong 4,8% tiéu thy NLSC toan ciu, giam so véi ndm 2011 (chiém 5,33%).

Chau Au: Nam 2021 ting so v&i nam 2020 13 4,7% va giam 5,87% so voi ndm
2011, ca giai doan 2011 - 2021 giam binh quan 0,6%/nam. Nam 2021 chiém ty trong
13,8% tiéu thy NLSC toan ciu, giam so véi ndm 2011 (chiém 16,8%).

Khéi CIS: Nam 2021 ting so voi ndam 2020 1a 7,9% va so v6i nam 2011 ting
tuong ddi cao, t6i 9,12%. Ca giai doan 2011 - 2021 ting binh quan 0,9%/nam. Nam



2021 chiém ty trong 6,8% tiéu thu NLSC toan ciu, giam so v&i ndm 2011 (chiém

7,1%), nguyén nhan chu yéu 1 do ty trong ctia mét s6 khu vyc ting cao hon.

Céc nudc Trung Pong: Nam 2021 tang so véi nam 2020 1a 3,7% va so v61 ndm
2011 tang cao, to1 23,95%. Ca giai doan 2011 - 2021 tang binh quan 2,2%/nam. Nam
2021 chiém ty trong 6,4% tiéu thu NLSC toan cau, ting so voi nim 2011 (chiém
5,87%).

Chau Phi: Nam 2021 tang so v&i nam 2020 1a 6,2% va so voi ndm 2011 ting cao,
t61 23,32%. Ca giai doan 2011 - 2021 ting binh quan 2,1%/ndm. Nam 2021 chiém ty
trong 3,4% tiéu thy NLSC toan cdu, ting so v&i nam 2011 (chiém 3,12%).

Chau A - Théai Binh Duong: Nam 2021 ting so v6i nam 2020 13 6,4% va so véi
nam 2011 tng cao, t&i 31,20%. Ca giai doan 2011 - 2021 tang binh quén 2,8%/nam, la
chéu lyc c6 mirc ting cao nhit trong nim 2021 va ca giai doan 2011 - 2021. Nam 2021
chiém ty trong 45,8% tiéu thu NLSC toan ciu, ting cao so véi nim 2011 (chiém

39,87%). Trung Qudc cb tong NLSC 16n nhat thé gidi véi 157,65 EJ.

Khéi OECD: Nam 2021 ting so véi ndm 2020 1 4,7% va so v&i nam 2011 giam
1,74%. Ca giai doan 2011 - 2021 giam nhe binh quéan 0,2%/nam. Nam 2021 chiém ty
trong 38,6% ti€u thy NLSC trén toan thé gi01, gidm manh so v&i nam 2011 (chiém

44,93%).

Khéi ngoai OECD: Nam 2021 ting so véi ndm 2020 13 6,5% va so véi ndm 2011
tang cao, td1 27,30%. Ca giai doan 2011 - 2021 tang binh quan 2,4%/nam. Nam 2021
chiém ty trong 61,4% tiéu thy NLSC toan ciu, ting so v&i nam 2011 (chiém 55,07%).

Khéi EU: Nam 2021 ting so v6i nam 2020 1a 5,6% va so véi nam 2011 giam
5,88%. Ca giai doan 2011 - 2021 giam binh quén 0,6%/nam. Nam 2021 chiém ty trong
10,1% tiéu thu NLSC toan cau, gidm so voi nam 2011 (chiém 12,27%).

2.4. Nhu cau tiéu thu ning lwong tai Viét Nam

Nam 2021, Vi¢t Nam tiéu thu NLSC 4,32 EJ, tang 2,6% so v&i nam 2020 va
chiém 0,7% tong tiéu thu NLSC toan cau. Trong giai doan tir 2011 - 2021 c¢6 téc do

tiéu thu NLSC tang binh quan 7,2%/niam, vao loai cao trén thé gidi.
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Trong co cAu tiéu thu NLSC nam 2021 cta Viét Nam than chiém 49,77%; dau
21,76%; thuy dién 16,44%; NLTT 6,25%; khi d6t 6,02%. Nhu vay, than chiém ty
trong cao nhét, con NLTT néu cong ca thuy dién thi co ty trong chiém 22,69%, vao

loai twong ddi cao trén thé gidi.

tong tiéu thu ndng Ivong toan quoc trong giai
doan tir ndm 2019 dén nam 2025

25.36
25 2245
20
158
15
10
10 7 7.5 5.88
5
cong nghiépcéng nghiépodng nghiépotng nghiépcdng nghigép  cdng  céngnghiép cac linh v
thép hoachdt sanxudt  ximang dét may nghiép gidy khac
nhua rLrcru, bia
va_nugc
giai khat

Hinh 0-6 Tiéu thu nang lwong toan quéc ndm 2019-2025

Do viy, van d¢ 1a di d6i v6i ting cudng khai thac cac ngudn tai nguyén ning
luong trong nudc, nhat 1 ning lwong tai tao, can phai day manh nhap khau va dau tu
khai thac tai nguyén ning luong & nudc ngoai, nhat 1 than, dau khi. Pdng thoi, phai
phat huy cao d¢ viéc thyc hi¢n sir dung nang luong tiét kiém va hiéu qua, dac biét 1a
stt dung ning luong hiéu qua theo dinh huéng nhu di néu trén nham dam bao dong
thoi dat 3 myc tiéu: Pam bao an ninh ning luong, ting trudng kinh té bén viing, bao

v€ moi trudng xanh - sach - dep.
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CHUONG 1 MO HINH HQC SAU TRONG DU BAO PHAN TiCH CHUOI
THOI GIAN

1.1 Tim hiéu vé Time Series

Time series 12 mot loai dit liéu thong ké thu thap theo thoi gian. N6 bao gdm céc
gia tri duoc ghi lai trong cac khoang thoi gian c6 dinh hodc khong déu. Time series
thuong duoc str dung dé nghién ctru va phan tich cac xu huéng, mé hinh héa cac qua
trinh thoi gian, va du doan cac gia tri trong tuong lai. Trong Time-series Data, cO hai
loai chinh:

e Chudi thoi gian thong thuong (regular time series), loai thong thuong duoc

goi la sb liéu.

e Chudi thoi gian bat thudng (events) 1a nhirng su kién.

Mot dir liéu chudi thoi gian thuong dugc phan rd thanh 4 thanh phan con sau:

e Xu huéng (Trend): thanh phan nay chi ra xu huéng tong quan cia dit lidu
theo thoi gian: 1én hodc xudng, ting hodc giam.

e Mua vu (seasonality): thanh phan chi ra cac xu huéng theo mua, theo thang,
theo quy.

e Chu ki (Cycle): thanh phan chu ky, n6 khac yéu t6 mua vu ¢ chd thanh phan
nay co su van dong trong khoang thoi gian dai hon (nhiéu nam).

e Yéu t6 bat thuong (Irregular remainder): hay con goi 1a nhidu tring (white
noise) thanh phﬁn nhiéu con lai sau khi trich xuat hét cac thanh phén O trén,

no6 chi ra sy bat thuong cia cac diém dir li¢u.
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Hinh 1-1 Cdc thanh phan cia Time Series
1.2 Tim hiéu vé Deep Learning

Céc dau moéc quan trong cua DeepLearning:

Deep Neural Network
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Hinh 1-2 Nhitng ddu méc quan trong ciia Deep Learning
- Perceptron (60s)

Mot trong nhitng nén mong dau tién cua neural network va deep learning 13
perceptron learning algorithm (hodc gon 1a perceptron). Perceptron 1a mot thudt toan

supervised learning gitp giai quyét bai todn phan 16p nhi phan, dugc khoi ngudn boi
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Frank Rosenblatt nam 1957 trong mdt nghién ctru dugc tai trg bd1 Van phong nghién
ctru hai quan Hoa Ky (U.S Office of Naval Research — tir mot co quan lién quan dén
quan sy). Thuét toan perceptron dugc chimg minh 13 héi tu néu hai 16p dit licu 1a
linearly separable. Véi thanh cong nay, nam 1958, trong mot hdi thdo, Rosenblatt da
c6 mot phat biéu gy tranh cai. Tir phat biéu ndy, t& New York Times dd c6 mot bai
bdo cho ring perceptron duoc Hai quan Hoa Ky mong doi “c6 thé di, noi chuyén,
nhin, viét, tu sinh san, va tu nhan thirc dugc sy ton tai ciia minh”. (Chting ta biét rﬁng

cho t41 gio cac hé thong nang cao hon perceptron nhi€u lan van chua thé).

Mic du thuat toan ndy mang lai nhidu ky vong, né nhanh chong dugce ching
minh khong thé giai quyét nhimg bai toan don gian. Nam 1969, Marvin Minsky va
Seymour Papert trong cudn sach noi tiéng Perceptrons da ching minh rang khong thé
‘hoc’ duge ham sé XOR khi str dung perceptron. Phét hién nay 1am choang vang gidi
khoa hoc thoi gian d6 (bay gio ching ta thiy viéc nay kha hién nhién). Perceptron

dugc ching minh rang chi hoat dong néu dit liéu 1a linearly separable.

Phat hién nay khién cho cac nghién ctru vé perceptron bi gian doan gan 20 nam.
Thoi ky ndy con duge goi 1a Mua dong Al tht nhét (The First Al winter).
- MLP va Backpropagation ra doi (80s)

Geoffrey Hinton tSt nghiép PhD nganh neural networks nim 1978. Nam 1986,
ong cung vdi hai tac gia khac xuit ban mot bai bao khoa hoc trén Nature véi tua dé
“Learning representations by back-propagating errors”. Trong bai bdo ndy, nhom cua
ong ching minh rang neural nets v6i nhiéu hidden layer (duoc goi 1a multi-layer
perceptron hodc MLP) co thé duoc huin luyén mdt cach hi¢u qua dua trén mot quy
trinh don gian duoc goi 13 backpropagation (backpropagation 13 tén goi my miéu cta
quy tac chudi — chain rule — trong tinh dao ham. Viéc tinh duoc dao ham ctia ham s6
phttc tap mé ta quan hé giira diu vao va dau ra ciia mot neural net 13 rit quan trong Vi
hau hét cac thuat toan toi wu déu duoc thue hién thong qua viéc tinh dao ham, gradient
descent 12 mot vi du). Viéc ndy gitip neural nets thoat dugc nhitng han ché cua
perceptron vé viéc chi biéu dién dugc cac quan hé tuyén tinh. Dé biéu dién cac quan hé

phi tuyén, phia sau mdi layer 1a mot ham kich hoat phi tuyén, vi du ham sigmoid hodc
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tanh. (ReLU ra doi nam 2012). Vi hidden layers, neural nets dugc chimg minh rang
c6 kha nang x4p xi hau hét bt ky ham sd nao qua mot dinh 1y duoc goi 13 universal

approximation theorem. Neurel nets quay tré lai cudc choi.

Thuat toan nay mang lai mét vai thanh cong ban dau, ndi trdi 1a convolutional
neural nets (convnets hay CNN) (con dugc goi la LeNet) cho bai todn nhan dang chix
s6 viét tay dugc khoi ngudn boi Yann LeCun tai AT&T Bell Labs (Yann LeCun 1a
sinh vién sau cao hoc cua Hinton tai dai hoc Toronto nam 1987-1988). Dudi day la
ban demo duoc léy tu trang web cua LeNet, network 1a mot CNN vdéi 5 layer, con

duoc goi 1a LeNet-5 (1998).

M6 hinh nay dugc st dung rong rai trong cac hé thong doc so vi€t tay trén cac

check (séc ngan hang) va ma vung buu dién cuia nudc My.

LeNet 1a thuat toan tot nhét thoi gian d6 cho bai todn nhan dang anh chir s6 viét
tay. N6 t6t hon MLP thong thuong (véi fully connected layer) vi n6 ¢6 kha nang trich
xuat duoc dic trung trong khong gian hai chiéu ciia anh thong qua cac filters (bo loc)
hai chiéu. Hon nita, cac filter nay nho nén viéc luu trit va tinh todn cling tdt hon so véi
MLP thong thudong. (Yan LeCun c6 xuét phat tir Electrical Engineering nén rat quen
thude vai cac bo loc).

- Mua dong Al thir hai (90s - dau 2000s)

Cac mo hinh twong ty duoc ky vong s& giai quyét nhiéu bai toan image
classification khac. Tuy nhién, khong nhu cac chix s6, cac loai anh khac lai rdt han ché
vi may anh sd chua phd bién tai thoi diém d6. Anh dwoc gan nhan lai cang hiém.
Trong khi dé c6 thé huan luyén duoc mé hinh convnets, ta can rat nhiéu dit liéu huén
luyén. Ngay ca khi dir liéu c6 dii, mot van dé nan giai khac 13 kha ning tinh toan cia

cac may tinh thoi do6 con rat han ché.

Mot han ché khac cia cac kién tric MLP n6i chung 1a ham mét mét khong phai
12 mot ham 10i. Viéc nay khién cho viéc tim nghi¢m tdi wu toan cuc cho bai toan tdi wu
ham mat mat tré nén rat khé khian. Mot van dé khac lién quan dén gidi han tinh toan
clia may tinh cling khién cho viéc huin luyén MLP khong hiéu qua khi sé luong

hidden layers 16n 1én. Van dé nay c6 tén 1a vanishing gradient.
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Nhic lai rang ham kich hoat duoc sir dung thoi gian d6 1 sigmoid hodc tanh — Ia
cac ham bi chin trong khoang (0, 1) hodc (-1, 1) (Nhic lai dao ham cua ham sigmoid
1a tich ctia hai sé nho hon 1). Khi sir dung backpropagation dé tinh dao ham cho cac
ma trin hé sd & cc 16p dau tién, ta can phai nhan rat nhidu cac gia tri nho hon 1 véi
nhau. Viéc ndy khién cho nhiéu dao ham thanh phan bang 0 do x4p xi tinh toan. Khi
dao ham cua mot thanh phan bang 0, n6 s& khong dugc cap nhat thong qua gradient

descent!

Nhitng han ché nay khién cho neural nets mot 1an nita roi vao thoi ky bang gia.
Vao thoi diém nhimg nam 1990 va dau nhitng nam 2000, neural nets dan dugc thay
thé boi support vector machines —SVM. SVMs ¢6 wu diém 1 bai toan tdi uu dé tim cac
tham sb ctia n6 1a mot bai toan 16i — c6 nhiéu cac thuat toan tdi wu hiéu qua gitp tim
nghiém cua nod. Cac k¥ thuat vé kernel ciing phat trién giup SVMs giai quyét dugc ca

cac van dé ve viéc dir liéu khong phan biét tuyén tinh.

Nhiéu nha khoa hoc lam machine learning chuyén sang nghién ciru SVM trong
thot gian do, trir mgt vai nha khoa hoc ctiing dau...

- Cai tén dugc lam moi — Deep Learning (2006)

Nam 2006, Hinton mdt 1an nita cho réng ong biét bo ndo hoat dong nhu thé nao,
va gi6i thiéu ¥ tudng cua tién hudn luyén khong giam sat (unsupervised pretraining)
thong qua deep belief nets (DBN). DBN c6 thé dugc xem nhu sy xép chdng cac

unsupervised networks don gian nhu restricted Boltzman machine hay autoencoders.

Léy vi du vdi autoencoder. Mbi autoencoder 13 mét neural net véi mot hidden
layer. S6 hidden unit it hon sd input unit, va sd output unit bang véi sé input unit.
Network nay don gian dugc huin luyén dé két qua & output layer gidng véi két qua &
input layer (va vi vdy duoc goi la autoencoder). Qua trinh dit li¢u di tir input layer tdi
hidden layer co thé coi 1a mi hoa, qua trinh dir liéu di tir hidden layer ra output layer
c6 thé dugc coi 1a giai ma. Khi output giéng voi input, ta c6 thé thiy rang hidden layer
v6i it unit hon c6 dé ma hoa input kha thanh cong, va c6 thé dugc coi mang nhiing tinh
chét cua input. Néu ta bo output layer, ¢ dinh (freeze) két ndi giita input va hidden

layer, coi dau ra cua hidden layer 1a mét input mdi, sau d6 huan luyén mot
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autoencoder khac, ta dugc thém mot hidden layer nita. Qua trinh nay tiép tuc kéo dai ta
s€ dugc mot network du sdu ma output cia network 16n nay (chinh 1a hidden layer cua
autoencoder cudi ciing) mang thong tin cia input ban dau. Sau d6 ta c6 thé thém cac
layer khac tuy thudc vao bai toan (ching han thém softmax layer & cudi cho bai toan
classification). Ca network dugc huan luyén thém mot vai epoch nita. Qua trinh nay

duoc goi la tinh chinh (fine tuning).
Tai sao qua trinh huéan luyén nhu trén mang lai nhiéu loi ich?

Mot trong nhitng han ché d3 dé cap ctia MLP 1a van dé vanishing gradient.
Nhitng ma tran trong sd ung véi cac layer dau ciia network rat kho duoc huan luyén vi
dao ham cua ham mat mat theo cic ma trin ndy nho. V&i ¥ tuong ciia DBN, cic ma
tran trong sO & nhitng hidden layer dau tién duoc tién huan luyén (pretrained). Céc
trong s6 dugc tién huin luyén nay cé thé coi 1a gia tri khoi tao tdt cho cac hidden layer

phia dau. Viéc nay gitp phan ndo tranh dugc sy phién ha cta vanishing gradient.

Ké tir day, neural networks v&i nhiéu hidden layer dwgc d6i tén thanh deep

learning.

Van dé vanishing gradient dugc giai quyét phan nao (van chua thuc sy triét dé),
nhung van con nhiing van dé khac ctia deep learning: dit liéu huan luyén qua it, va kha

nang tinh toan ctia CPU con rat han ché trong viéc huan luyén cac deep networks.

Niam 2010, gido su Fei-Fei Li, mot gido su nganh computer vision dau nganh tai
Stanford, cung v6i nhom cia ba tao ra mdt co s¢ dir li€u cod tén ImageNet véi hang
triéu buc anh thudc 1000 16p dir li€u khac nhau da dugc gan nhan. Dy an nay dugc
thue hién nho vao sy bung nd cua internet nhitng nam 2000 va luong anh khong 16
dugc upload 1én internet thoi gian d6. Cac birc anh nay dwoc gan nhan bai rat nhiéu

nguoi (dugce tra cong).

B0 co sé dit li¢u nay duoc cap nhat hang nam, va ké tir nam 2010, nd dugc dung
trong mgt cudc thi thuong nién cé té€n ImageNet Large Scale Visual Recognition
Challenge (ILSVRC). Trong cudc thi nay, dit liéu huan luyén dugc giao cho cac doi
tham gia. Mdi doi can sir dung dit liéu nay dé huan luyén cac mé hinh phan 16p, cac

mo hinh nay s€ dugc ap dung dé du doan nhan cua dir li¢u méi (dugce gilt boi ban to
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chure). Trong hai nam 2010 va 2011, ¢é rat nhidu doi tham gia. Cac mé hinh trong hai
nim nay chu yéu 1a su két hop cia SVM vdéi cac feature duoc xay dung boi cac bd
hand-crafted descriptors (SIFT, HoG, v.v.). M6 hinh gianh chién thang c6 top-5 error
rate 12 28% (cang nho cang t6t). M6 hinh gianh chién thang nim 2011 c6 top-5 error
rate 13 26%. Cai thién khong nhiéu!

Ngoai 1&: top-5 error rate dugc tinh nhu sau. Mdi mé hinh du doan 5 nhin cua
mot buc anh. Néu nhén that cia birc anh nam trong 5 nhan do, ta c6 mot diém duoc
phan 16p chinh xac. Ngoai ra, birc anh d6 dugc coi 1a mot error. Top-5 error rate 1a ti 1€
s6 burc anh error trong toan bd s anh kiém thir véi error duoc tinh theo cach nay. Top-
1 error cOng véi classification accuracy (phan trim) chinh bang 100 phan tram.

- D6t phé (2012)

Nam 2012, cling tai ILSVRC, Alex Krizhevsky, Ilya Sutskever, va Geoffrey
Hinton (lai 12 6ng) tham gia va dat két qua top-5 error rate 16%. Két qua nay 1am siing
sO g161 nghién ctru thoi gian d6. M6 hinh 1a mot Deep Convolutional Neural Network,

sau nay dugc goi la AlexNet.

Trong bai bao nay, rat nhiéu cac ki thuat méi dwoc gidi thiéu. Trong d6 hai dong
g6p ndi bat nhat 1a ham ReLU va dropout. Him ReLU véi cach tinh va dao ham don
gian (bang 1 khi ddu vao khong am, bang 0 khi nguoc lai) gitp toc d6 huin luyén ting
1én dang ké. Ngoai ra, viéc ReLU khong bi chan trén boi 1 (nhu softmax hay tanh)
khién cho van dé vanishing gradient ciing dugc giai quyét phan nao. Dropout ciing 13
mot k¥ thuat don gian va cuc ky hiéu qua. Trong qué trinh training, nhiéu hidden unit
bi tat ngau nhién va mé hinh duoc huén luyén trén cac by tham s6 con lai. Trong qua
trinh test, toan bo cac unit s& dugc st dung. Cach lam nay kha 1a c6 1y khi ddi chiéu
v6i con ngudi. Néu chi dung mot phan ning lyc di dem lai hiéu qua thi dung toan bo
nang lyc s€ mang lai hi€u qua cao hon. Viéc nay cling gitip cho mo hinh tranh dugc
overfitting va cling duoc coi gidng voi k¥ thuat ensemble trong cac hé théng machine
learning khac. V&i mdi cach tat cac unit, ta c6 moét mo hinh khac nhau. Véi nhiéu to
hop unit bi tat khac nhau, ta thu duogc nhiéu mé hinh. Viéc két hop & cudi cung duoc

coi nhu su két hop cua nhi€u mo hinh (va vi vy, n6 giong véi ensemble learning).
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Mot trong nhimg yéu to quan trong nhat giup AlexNet thanh coéng 1a viéc si
dung GPU (card d6 hoa) dé huan luyén mé hinh. GPU duoc tao ra cho game thu, voi
kha ning chay song song nhiéu 151, da tré thanh mot cong cu cuc ky phi hop véi cac

thuat toan deep learning, gitip ting tdc thuit toan 1én nhiéu lan so véi CPU.

Sau AlexNet, tit ca cac mé hinh gianh giai cao trong cac nim tiép theo déu la cac
deep networks (ZFNet 2013, GooglLeNet 2014, VGG 2014, ResNet 2015). To6i sé&
gianh mot bai ciia blog dé viét vé cac kién trac quan trong nay. Xu thé chung c6 thé

thdy 1a cac mé hinh cang ngay cang deep. Xem hinh duéi day.

Nhiing cong ty cong nghé 16n ciing dé y tdi viée phat trién cac phong nghién ctru
deep learning trong thoi gian ndy. Rat nhiéu cac tng dung cong nghé dot pha da duoc
ap dung vao cudc séng hang ngay. Ciing ké tir nam 2012, s6 luong cac bai bao khoa
hoc vé deep learning ting 1én theo ham sd mil. Cac blog vé deep learning ciing ting

1én tirng ngay.
1.2.1 Dinh nghia

M6 hinh Deep Learning 1a mot loai m6 hinh may hoc duogc xay dung dua trén
kién tric mang no-ron sau (deep neural network) v6i nhiéu tang an (hidden layers).
Deep Learning giup méy tinh hoc va hiéu dit liéu phire tap thong qua viée xir Iy va hoc

dai dién (representation learning) tir dit liéu dau vao.

Deep Learning (hoc sau) c¢6 thé duoc xem 1a mot linh vuc con cia Machine
Learning (hoc may) — & d6 cadc may tinh s€ hoc va cai thi¢n chinh n6 thong qua cac
thuat toan. Deep Learning dugc xdy dung duwa trén cac khai niém phirc tap hon rat
nhiéu, chil yéu hoat dong véi cac mang no-ron nhan tao dé bat chudce kha ning tu duy

va suy nghi cia by ndo con nguoi.

1.2.2 Cdc thanh phdn ciia Deep Learning
L&p dau vao (Input layer): Day 1a tang nhan dir liéu dau vao va truyén chung qua
mang no-ron. SO lwong nut (neurons) trong tang dau vao phu thudc vao kich thude va

dac diém cua dir liéu dau vao.
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Lép an (Hidden layers): Day la nhitng tang nam gitra ting dau vao va tang dau
ra. Moi tang an thuong chia nhiéu nit no-ron va cic két noi trong so (weight
connections) giita chung. Mdi nut trong tang an tinh toan dau ra dya trén dau vao tur

cac nut ¢ tang trude do va truyén cho tang ke tiép.

Ham kich hoat (Activation function): Ham kich hoat duoc 4p dung cho dau ra
ciia mdi ndt trong mang no-ron dé gidi han va hiéu chinh gia tri dau ra. Cac ham kich
hoat thong dung bao gém Sigmoid, Tanh, ReLU (Rectified Linear Unit), va Softmax

(thudng duoc st dung trong cac ting dau ra ciia mo hinh phan loai).

L6p dau ra (Output layer): Pay 13 ting cudi ciing trong mang no-ron, dua ra dau
ra du doan cho bai toan cu thé. S6 luong ntt trong tﬁng dau ra phu thudc vao loai bai
todn, vi du: mot nut cho bai todn du dodn nhi phan (binary classification), nhiéu nat
cho bai toan phan loai da 16p (multiclass classification), hodc mdt nat cho bai toan du

doan gia tri thuc (regression).

Ham mat mat (Loss function): Him mat mat do luong sy sai khac giita dau ra du
doan va gia tri thuc té trong qua trinh huan luyén. Nhiém vu cia mé hinh Deep

Learning 1a t6i thiéu hoa gia tri ham mat mat nay dé dua ra du doan chinh xAc.

Thuat toan t6i wu hoéa: Deep Learning sit dung cac thuat toan t6i wu hoa nhu
Gradient Descent, Stochastic Gradient Descent (SGD), hodc cac bién thé nhu Adam,
RMSprop dé diéu chinh trong sé va cap nhat mé hinh dua trén d6 13i (error) tinh toan

tir ham mat mat.
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Hinh 1-3 Cdu triic ciia DeepLearning

1.2.3 Cach thirc hoat dong ciia Deep Learning
Deep Learning hoat dong bang cach xay dung va huan luyén mang no-ron sau dé

hoc tir dir 1i€u. Qua trinh hoat dong ctia Deep Learning c6 thé dugc mo ta nhu sau:

e Chuan bi dir liéu: Pau tién, dit liéu dugce chuan bi va tién xtr Iy dé dam bao chat
lugng dit liéu dau vao. Pidu ndy c6 thé bao gdm cic budc nhu chuan héa, ma hda, chia
thanh tap huin luyén va tap kiém tra, va xtr Iy cac gid tri thiéu.

e Xay dung md hinh Deep Learning: M6 hinh Deep Learning dugc xac dinh bang
cach chon kién triic mang no-ron sau, bao gdm s luong ting 4n va sb luong nit trong
moi tﬁng. Cac lua chon khac bao g@)m ham kich hoat, ham mat mat va thuat toan toi wu
hoa.

e Khoi tao trong sb: Trong sb ciia mang no-ron siu duoc khoi tao ngiu nhién
hoic str dung cac phuong phap khoi tao trong sé thong minh nhu Xavier hoic He.

e Lan truyén thuan (Forward propagation): Dir liéu duoc dura vao mé hinh va lan
truyén qua cc ting no-ron tir ting dau vao dén tang dau ra. Mdi nut tinh toan dau ra
dua trén dau vao tir cic nut & tng trudc doé va trong s6 két ndi.

e Tinh toan dau ra: Sau khi di qua cac tAng no-ron, md hinh tinh toan dau ra dua

trén dir liéu dau vao va trong so.
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e Danh gia dau ra: Pau ra cia mé hinh duogc so sanh véi gia tri thuc té (trong
treong hop hudn luyén) hodc gia tri mong doi (trong truong hop du doan) bang cach
stt dung ham mét mat. Him mat mat do ludng mirc do sai khéc giita dau ra du doan va
gia tri thuc té.

e Lan truyén ngugc (Backpropagation): Qué trinh lan truyén nguoc tinh toan dao
ham cua ham mat mat theo trong s6. Pao ham nay s& chi ra cach thay d6i trong s6 s&
anh hudéng dén gia tri mat mat.

e (Cap nhat trong s6: Thuat toan tbi wu hoa duoc st dung dé cap nhat trong $6
mang no-ron siu dya trén dao ham tinh duoc trong qua trinh lan truyén nguogc. Viéc
cap nhat trong s6 nham giam thiéu gia tri mat mat va cai thién hiéu suit ctia mé hinh.

e Lip lai qua trinh hudn luyén: Qua trinh lan truyén thuén, tinh toan dau ra, danh
gia, lan truyén nguoc va cap nhat trong s6 duoc 1ap lai cho dén khi dat duoc diéu kién
dirng, chang han nhu dat du sé luong epoch (vong 1ip huan luyén) hodc khi gia tri mat
mat khong con thay doi dang ké.

e Danh gid va du doan: Sau khi m6 hinh dugc huan luyén, né dugc st dung dé
danh gia hiéu sudt trén tap dir liéu kiém tra va dy doan trén dir liéu moi.

Qua trinh nay dugc thuc hién thong qua viée tu dong hoc cac dic trung va moi

quan hé phuc tap tir dir liéu thong qua viéc diéu chinh trong s6 mang no-ron sau.

1.2.4 Mjt vai mé hinh dién hinh sir dung trong Deep Learning

e Multilayer Perceptron (MLP): MLP la mét dang co ban ciia mang no-ron sau,
g6m it nhat hai ting an giira ting dau vao va tang dau ra. Mdi niit trong tang an tinh
toan dau ra bang cach sir dung ham kich hoat phi tuyén, nhu ReLU (Rectified Linear
Unit) hodc sigmoid. MLP duoc st dung phd bién trong cac bai toan phan loai va dy
doan.

e Convolutional Neural Networks (CNNs): CNNs duoc phat trién dic biét cho
xur ly va phan tich dir liéu khong gian nhu hinh anh va video. CNNs sur dung cac 1op
tich chap (convolutional layers) dé trich xuit cac dic trung tir di liéu. Sau do, cac 16p
Pooling duoc sir dung dé giam kich thudc cia dir liéu. Cudi cung, cac 16p fully

connected layers dugc st dung dé phan loai dir li¢u hoac thyc hién céc tac vu khac.



22

e Recurrent Neural Networks (RNNs): RNNs duoc thiét ké dé xu 1y dit liéu theo
thoi gian va mo hinh cac phu thudc dit liéu dua trén thoi gian. Mdi nut trong RNN tinh
todn dya trén dir 1i¢u hién tai va trang thai an truge d6. RNNs c6 kha nang luu trir
thong tin trong qué khtr va sir dung n6 dé anh hudng dén dau ra hién tai. Tuy nhién,
RNNs thudng gip van dé mét mat thong tin dai han. Do dé, cac bién thé nhu LSTM
(Long Short-Term Memory) va GRU (Gated Recurrent Unit) duoc phat trién dé khac
phuc véan dé nay.

e Generative Adversarial Networks (GANs): GANs la mot kién truc mang no-ron
siu gom hai phan: mot mang sinh (generator) va mot mang phan biét (discriminator).
Mang sinh dugc hudn luyén dé tao ra cac mau giéng nhu dit liéu thuc, trong khi mang
phan biét dugc huan luyén dé phan biét giira dit liéu that va dit liéu tao ra boi mang
sinh. Hai mang nay canh tranh va cting cai thién nhau trong qua trinh huan luyén, din
dén viéc tao ra cAc mau chét lugng cao va chan thyc.

e Transformer: Transformer 1a mot mé hinh Deep Learning duoc dé xuat cho cac
tac vu xir Iy ngdn ngir ty nhién (NLP). Transformer sir dung kién tric khong gian thoi
gian ty xem (self-attention) dé tim hiéu méi quan hé giita cac tir trong cau. M6 hinh
nay cho phép viéc xir Iy dong thdi cac tir trong cdu va gitp cai thién hiéu suat trong
viéc dich may, tao ra cac md hinh hop thanh van ban va nhiéu tac vu NLP khéc.

Céc mo hinh Deep Learning nay chi 1a mét s6 vi du va khong bao gom tat ca cac
kién trac c6 sin. Mdi mé hinh duogc thiét ké dé giai quyét mot tac vu cu thé va phu hop
voi loai dit li€u va yéu cau cua bai toan.

1.2.5 Uu diém, nhwoc diém ciia Deep Learning

A. Uu diém:

e Kha nang hoc tir dir li¢u phtric tap: Deep Learning c6 kha ndng hoc cac dac
trung phuc tap va mé hinh hoa méi quan hé phi tuyén giira dir liéu. Diéu nay cho phép
né6 xir 1y cac bai toan phirc tap ma cac phuong phap truyén thong gip khé khan.

e Ty dong trich xuat dic trung: Deep Learning c6 kha ning ti dong hoc va trich

xuat dic trung tur dir li€u, gidm thiéu su phu thudc vao viéc chon va xur 1y dac trung
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thii cong. Dicu nay giup tiét kiém thoi gian va cong sirc trong qué trinh chuan bi dir
liéu.

e Hiéu suét cao trén dir liéu 16n: Deep Learning thudng c6 hiéu suét cao trén di
lidu 16n. Vé6i su gia ting cua cic ngudn dit liéu 16n nhu hinh anh, video, 4m thanh,
Deep Learning tré thanh mot cong cu manh mé dé xur 1y va phan tich di liéu do.

e Tinh téng quat hoa t6t: Mot mo hinh Deep Learning huan luyén t6t ¢6 kha ning
tong quat hoa tir dir liéu huin luyén sang dir liéu méi. Diéu nay cho phép nd dy doan
va xtr Iy cac mu dit liéu chua duoc nhin thay trude do.

B. Nhugc diem:

e Doi hoi lugng dit liéu 16n: Deep Learning yéu cau luong dit liéu 16n dé dat
duoc hiéu suit tét. Néu dit liéu hudn luyén han ché, c6 thé xdy ra hién tugng
overfitting, khi moé hinh chi hoc nhé dit liéu huin luyén ma khong thé tong quat hoa
cho dir liéu moéi.

e Doi hoi khéi luong tinh toan 16n: Deep Learning yéu cau su tinh toan manh mé
va tai nguyén phan cing dé huan luyén va trién khai mé hinh. Cac mang no-ron sau co
s6 lugng tham sb 16n, diéu nay doi hoi phan cimg manh dé dam bao hiéu suit va thoi
gian chay.

e Kho khin trong dién giai: M6 hinh Deep Learning thuong rt phuc tap va c6 sb
luong tham sé 16n, diéu nay 1am cho dién giai két qua va hiéu cach mo hinh dua ra dy
doén tréd nén kho khan. Mgt moé hinh Deep Learning thuong dugc coi 1a mot "hop den"
vi kho xac dinh cach cac quyét dinh duoc dua ra.

e Yéu cau k¥ thuat cao va kién thic chuyén sau: Xay dung va huan luyén mé
hinh Deep Learning doi hoi kién thirc chuyén siu vé linh vuc nay, ciing nhu k¥ ning
1ap trinh va xtr 1y dit liéu. Piéu nay 1am cho viéc 4p dung Deep Learning tré' nén kho
khin ddi v6i nhitng ngudi khong co kién thire chuyén mon.

Tom lai, mic du Deep Learning c6 nhitng vu diém ndi troi trong viée xur Iy di
liéu phtrc tap, n6 cling c6 nhuogc diém va doi hoi cac yéu t6 nhu lugng dir 1i€u 16n, tinh

todn manh m¢ va kién thirc chuyén sau dé ap dung hiéu qua.
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1.2.6 Ung dung ciia Deep Learning

Deep Learning dd c6 nhitng ing dung da dang va rong khip trong cudc sdng

hang ngay. Dudi ddy 1a mot s6 vi du vé tmg dung ctia Deep Learning:

e Nhan dang hinh anh: Deep Learning da dat dugc thanh tyu 16n trong viéc nhan
dang va phan loai hinh anh. N6 dugc st dung trong cac Uing dung nhu nhan dang
khu6n mét, nhan dang ddi tuong, phan loai anh y khoa va ty dong gén nhan anh.

e Xur 1y ngdn ngit ty nhién (NLP): Deep Learning duoc sir dung trong NLP dé xtr
Iy va hiéu ngdn ngir ty nhién. Cac tng dung bao gdm dich may, phan loai vin ban,
phan tich cam xuc, trd 101 cau héi va tao van ban tu dong.

e Ty lai xe: Deep Learning dong vai tro quan trong trong cong nghé tu 1ai xe. N6
duoc st dung dé nhan dang bién bao giao thong, phat hién va phan loai ddi tuong trén
duong, du doan hanh vi clia cac phuong tién giao thong va quan 1y hé thong 1ai xe tu
dong.

e Nhan dang giong ndi: Deep Learning dugc su dung trong cac ing dung nhén
dang giong noéi nhu trg 1y a0, diéu khién giong néi va giao tiép ngdn ngit ty nhién.

e Dy doan chudi thoi gian: Deep Learning duoc 4p dung trong viéc du doan
chudi thoi gian nhu du bao thoi tiét, du doan gia cd phiéu, du doan luu lugng truy cap
trang web va du doan nhu cau hang héa.

e Tao ndi dung sang tao: Deep Learning co thé dugc st dung dé tao ra noi dung
sang tao nhu hinh anh nghé thuat, am nhac, video va van ban.

e Y té va cham soc stic khoe: Deep Learning duoc sir dung trong linh vire y té dé
hd tro chan doan bénh, du doan két qua diéu tri, phan tich hinh anh y khoa va tién
hanh phan loai bénh.

e Tu dong hoa cong viée: Deep Learning ¢ thé duogc str dung dé ty dong hoa cac
cong viéc va quy trinh trong cac linh vuc nhu san xuat, logictics va dich vu khach
hang.

Nhirng (mg dung nay chi 1a mét sé vi du, va Deep Learning dang dugc ap dung
rong rai trong nhiéu linh vuc khac nhau, dong gép vao viéc cai thién cudc sdng hang

ngdy va mang lai nhiing tién ich dang ké.
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1.3 Tim hiéu vé cong nghé sir dung trong du an
1.3.1 Ngon ngii Python

Python 1a mot ngdén ngir 1ap trinh thong dich, dugc tao ra vao nhitng nam 1990
bdi Guido van Rossum. N6 1a mot ngdn ngit lap trinh rat phd bién va duoc s dung
rong rii trong nhiéu linh vuc khac nhau, bao gdm phat trién web, tri tué nhan tao, khoa
hoc dir li¢u, ty dong hoa, va nhiéu ung dung khac.

e Cti phap don gian: Python c6 ca phap dé doc va dé hiéu. Cac khodi ma duoc
dinh dang bang cac thut 1 (indentation) thay vi sir dung d4u ngodc nhon nhu nhiéu
ngon ngir khac.

e Da muc dich: Python 1a mot ngon ngir da muc dich, co thé duoc st dung cho
cac muc dich khac nhau nhu phat trién tng dung desktop, web, phan tich dit liéu, may
hoc, va nhiéu hon nita.

e Thu vién va Framework phong phu: Python c6 mdt cong dong 16n va phong
phu, cung cép nhiéu thu vién va framework manh mé. Vi du: NumPy, Pandas,
TensorFlow, Django, Flask, va nhiéu thu vién khac.

e Dynamic typing: Python 1a ngon ngir kiéu dong, diéu nay c6 nghia I ban khong
can khai bao kiéu dir liéu trude khi sir dung bién. Bién c6 thé duoc gan bat ky gia tri
nao va co thé thay ddi kiéu dir liéu trong qua trinh thyc thi.

e H tro d6i twong: Python hd trg lap trinh huéng dbi twong, cho phép ban tao ra
cac 16p, d6i tuong va ké thira dé t6 chirc va tai s dung ma.

Thu vién ma Python thuong hd trg trong md hinh du bao:

e scikit-learn: Scikit-learn 1a mot thu vién hoc may pho bién trong Python. Mic
du khong phai 1a mot thu vién chuyén vé du bao chudi thoi gian, nhung scikit-learn
cung cip mot sé md hinh hoc may nhu hdi quy tuyén tinh, hdi quy Ridge va hdi quy
Lasso ¢6 thé dugc ap dung cho du bao chudi thoi gian.

e TensorFlow va Keras: TensorFlow 12 mét thu vién hoc sau (deep learning) phd
bién va Keras 1a mot giao dién trén nén TensorFlow. Vi TensorFlow va Keras, ban co
thé xay dung va hudn luyén mo hinh mang no-ron (neural network) dé du bao chudi

thoi gian.
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1.3.2 Jupyter Notebook
Jupyter Notebook 1a mot tng dung web ma ngudn mé cho phép ban tao va chia
sé tai liéu twong tac, chira ma Python va cic phan mé ta, hinh anh, cong thic toan hoc
va visualizations. N6 cho phép ban tao ra cac tép notebook c6 chira ma ngudén Python
duoc thuc thi tirng phﬁn, gitp ban kham pha dir li€u, thuc hién cac thi nghiém, viét va

chay mi ngudn Python mot cach tuong tac.
Mot sb tinh ning quan trong ctia Jupyter Notebook bao gom:

e M tuong tac: Jupyter Notebook cho phép ban viét va chay ma Python timg 6
(cell) mot. Ban c6 thé thuc hién tinh toan, xtr Iy dit liéu va hién thi két qua ngay tai
chd.

e Hién thi két qua va visualizations: Khi ban chay mot 6 chira mé Python trong
Jupyter Notebook, n6 s& hién thi két qua truc tiép dudi 6 d6. Ban ciing c6 thé tao ra
cac biéu d6 va tryc quan hoa dit liéu trong cling tép notebook.

e Rich text formatting: Ban co thé sur dung Markdown dé dinh dang van ban, tao
tiéu dé, danh sach, bang, cong thirc toan hoc va nhiéu ndi dung khac trong cac 6 twong
tac.

e Tich hop véi cac cong cu va thu vién: Jupyter Notebook tich hop v6i nhiéu
cong cy va thu vién pho bién trong cong dong Python nhu NumPy, Pandas, Matplotlib
va SciPy, gilip ban lam vi¢c vai dir liéu va thuc hién cac phan tich phuec tap.

e Chia sé va xuét ban: Ban c6 thé chia sé tép notebook ctia minh dudi dang file
.ipynb hodc chuyén d6i chung thanh cac dinh dang khac nhu HTML, PDF hoic slide

dé chia sé v&i nguoi khac.

Jupyter Notebook rat phd bién trong cong ddng khoa hoc dit liéu, hoc may va
nhiéu linh vuc khéc ctia Python, vi né cung cap méi truong twong tac va linh hoat dé
thuc hién va chia sé cac du an va phan tich.

Jupyter Notebook khong phai 1a mot thu vién hay cong cu dac thu cho du bao

chudi thoi gian, nhung né 1a mot moi trudng lap trinh linh hoat va manh mé, cho phép
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ban st dung cac thu vién du bao chudi thoi gian phd bién nhu Statsmodels, Prophet,

scikit-learn, TensorFlow, va PyCaret.

Véi Jupyter Notebook, ban co thé thuc hién cac budc du bao chudi thoi gian, bao

gom:

e Kham pha va xtr 1y dir liéu: Str dung cac thu vién nhu Pandas va NumPy, ban
c6 thé doc va xir 1y dir liéu chudi thoi gian, tao cac dac trung (features), xu ly cac gia
tri thiéu, va thuc hién cac bién dbi dir liéu khac dé chuan bi cho qua trinh du bao.

e Xay dung mo hinh du bdo: St dung céc thu vién nhu Statsmodels, Prophet,
scikit-learn, TensorFlow, va PyCaret, ban c6 thé xdy dung va ddo tao cac mo hinh dy
bao chudi thoi gian nhu ARIMA, SARIMA, mang no-ron, hdi quy tuyén tinh, hay mo
hinh t6ng hop khac.

e Danh gia va tinh chinh mo hinh: Str dung cac phuong phép danh gia va do
ludng hiéu suat nhu do chinh xac, d6 16i (RMSE, MAE), hé s6 xac dinh (R-squared),
hay cac phuong phap cross-validation, ban c6 thé danh gia va tinh chinh mé hinh du
bdo cua minh dé dat hiéu suét tot nhat.

e Truc quan hoa va bao cao: St dung thu vién nhu Matplotlib, Seaborn va Plotly,
ban c6 thé truc quan hoéa két qua du bao, so sanh gitra du bao va dir li€u thuc té, va tao

bdo cao co chira cac bi€u do va visualizations tuong tac.

Jupyter Notebook cung cap mot méi trudng twong tac va truc quan cho viée thuc

hién du bao chudi thoi gian, gitp ban kham pha, phén tich va chia sé két qua dé dang.
1.3.3 M6 hinh RNN

A. Dinh nghia

e M6 hinh RNN (Recurrent Neural Network) 1a mot kiéu mé hinh mang no-ron
nhan tao dugc st dung rong rai trong xu ly dir liéu chudi va dit liéu c6 lién quan thoi
gian. RNN duoc thiét ké dé co kha nang nhé thong tin tir cac bude trude d6 va ap dung
no vao cac budc tinh toan hién tai.

e M6 hinh RNN ¢6 mét cdu tric két ndi dic biét giita cac no-ron, cho phép

truyén nguoc thong tin tir cac bude trude do sang cac budc sau d6. Cac no-ron trong
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mot RNN khong chi nhan dau vao tir bude hién tai ma con nhan thong tin tur trang thai
an (hidden state) ctia budc trude. Trang thai 4n 13 mot dang bé nhé ciia mé hinh, giap
nam bt thong tin lién quan tir quéa kh.

e Cac buoc tinh toan trong mé hinh RNN duogc thuc hién tudn tu qua cac thoti
diém (time step) cua dit liéu chudi. Tai mdi thoi diém, RNN nhan dau vao hién tai va
trang thai 4n tir budc trude, sau d6 tinh toan dau ra va trang thai an méi. Qud trinh nay
1ap di 1ap lai cho dén khi dat dugc dau ra mong doi hodc hét s6 bude thoi gian.

e M® hinh RNN c6 thé duogc sir dung trong nhiéu tac vu khac nhau nhu du doan
chudi, phan loai chudi, dich mdy, tao vin ban, nhan dang giong néi va nhiéu ung dung
khac lién quan dén dir liéu chudi.

e Mot trong nhitng van dé cia mo hinh RNN 14 van dé vanishing gradient, khi
gradient (dao ham) truyén nguoc tir 16p cubi ciing dén cac 16p dau tién bi giam dan va
gy kho khian trong viéc cap nhat trong sb. Dé khic phuc van dé ndy, cic phién ban cai
tién cia RNN nhu LSTM (Long Short-Term Memory) va GRU (Gated Recurrent
Unit) da duoc phat trién.

Toém lai, md hinh RNN 13 mot kiéu mo hinh mang no-ron duoc st dung dé xu 1y
dir liéu chudi va dir liéu co lién quan thoi gian. N6 c6 kha ning nhé thong tin tir cac
budc trude do va ap dung nd vao cac budc tinh toan hién tai. M6 hinh RNN da duoc
ap dung thanh cong trong nhiéu linh vyc va 1 cong cy hitu ich trong viéc xir 1y dir liéu

chuoi.
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B. Phan loai bai toan RNN

One to one: mau bai toan cho Neural Network (NN) va Convolutional Neural
Network (CNN), 1 input va 1 output, vi du véi CNN input 1a anh va output 1a anh

dugc segment.

One to many: bai toan c6 1 input nhung nhiéu output, vi du: bai toan caption cho

anh, input 1a 1 anh nhung output 1 nhiéu chit mé ta cho anh ddy, dudi dang mot cau.

Many to one: bai toan c6 nhiéu input nhung chi c6 1 output, vi du bai todn phan
loai hanh dong trong video, input 12 nhiéu anh (frame) tach ra tir video, ouptut 13 hanh

dong trong video

Many to many: bai toan c6 nhiéu input va nhiéu output, vi du bai toan dich tir
tiéng anh sang tiéng viét, input 12 1 cAu gdm nhiéu chit: “I love Vietnam” va output

cling 1a 1 cau gém nhiéu chit “T6i yéu Viét Nam”.
1.3.4 M6 hinh LSTM

M hinh LSTM (Long Short-Term Memory) la mdt dang dac biét ctia mang no-
ron hoi quy (RNN) duoc thiét ké dé xir 1y dir liéu chudi va giai quyét van dé vanishing

gradient trong RNN.

Mot LSTM c¢6 céu trac twong ty nhu RNN, nhung nd ¢ thém céc co ché dic biét
nhu cong (gates) dé diéu chinh thong tin dugc luu trit va truyén qua lai trong qua trinh

tinh toan.
Céc cong trong LSTM bao gdm:

e Cong quén (Forget gate): Xac dinh thong tin nao trong trang thai trudc dé can
bi ling quén. N6 quyét dinh gitr lai thong tin nao va bé qua thong tin nao tir qua khu.

e Cong dau vao (Input gate): Xac dinh thong tin méi nao s& duge luu trir trong
trang thai tiép theo. N6 quyét dinh thong tin méi nao s& dugc cip nhat tir dau vao hién
tai.

e Cong dau ra (Output gate): Xac dinh phan ndo cia trang thai hién tai s& 1a dau

ra ciia LSTM. N6 quyét dinh thong tin ndo s& duoc dua ra tir trang thai hién tai.
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e Trang thai an (Cell state): La mot bo nhd dai han, luu trit thong tin tir qua khtr
va truyén thong tin t&i cac budce tinh toan tiép theo trong chudi.

e Vi cac cong nay, LSTM c6 kha ning luu trit thong tin quan trong tir qua khur
va loai bo thong tin khéng quan trong. Piéu nay giup LSTM giai quyét van dé
vanishing gradient va c6 kha nang xir 1y duoc cac chudi dai va twong quan phirc tap
hon so vo1 RNN thong thuong.

e M6 hinh LSTM duogc str dung rong rai trong cac linh vuc nhu xtr Iy ngén ngir
tu nhién, dich may, nhan dang giong noi, dy bao chudi thoi gian va nhiéu ung dung
khac lién quan dén dir liéu chudi.

Tom lai, mé hinh LSTM la mét dang dac biét cua mang no-ron hoi quy, duogc
thiét ké dé xir 1y dir liéu chudi va giai quyét van dé vanishing gradient. N6 sir dung céc
cong dé diéu chinh thong tin va trang thai trong qua trinh tinh toan, gitip né luu trix
thong tin quan trong va loai bdé thong tin khong quan trong. LSTM da dugc chung

minh 1a mot cong cu manh mé trong viéc xtr 1y va du doan cac dir liéu chudi phuc tap.
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Hinh 1-5 Cdu triic mé hinh LSTM

Output:ct,ht,ta goi c 1a cell state,t 1a hidden state.
Input: ct-1,ht-1,xt. Trong d6 xt la input & state thir t cia model.
Doc biéu dd ¢ trén ta c6 thé thay ki hiéu o, tanh c6 nghia 1a ¢ budc ddy ding

ham sigma , tanh.
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Phép nhéan & day 13 phép nhan ting phan tir, phép cong 1 cong ma tran.

Ft,it,0t twrong rng cdi forget gate,input gate,output gate:
Forget gate: fi=o (U s* xc4+W rx he-14by)
Input gate: it=0 (Ui* x¢+W i* hi—1+bi)

Output gate: o= a(Uo * xt + Wo * ht — 1 + bo)
Nhan xét 0<fi,it,0:<1;bs,bi,bo 14 cac hé sb bias,hé s6 W,U gidng nhu bai RNN

c =tanh (Uc * xt + Wc * ht — 1 + bc)

Ct = ft*ct — 1+ it * ct, forget gate quyét dinh xem ldy bao nhiéu tir cell state
trudc va input gate s& quyét dinh lay bao nhiéu tir input state va hidden layer cua layer

trudc.

he= ot * tanh (ct) ,output gate quyét dinh xem can lay bao nhiéu tir cell state dé
trg thanh output cua hidden state. Ngoai ra ht ciing dc dung dé tinh ra output yt cho
state t.

Nhan xét: ht,ct kha giéng véi RNN,nén model c6 short tém memory.Trong khi
d6 ct gibng nhu mot bang chuyén & trén md hinh RNN, thong tin ndo can quan trong
va dung & sau s& dugc gui vao dung khi can=>c6 thé mang thong tin tir di xa.Do d6

mo hinh LSTM c6 ca short term memory va long term memory.
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CHUONG 2 DU LIEU VA MA TRAN PANH GIA

2.1 Dit ligu
2.1.1 Gidi thigu

Dit lidu dugc ldy tr bd dit liéu trén Kaggle c6 tén “Tetuan City Power
Consumption” do nguoi dung GMKeshav tao ra(1). B dir liéu nay duoc thu thap tai
thanh ph6 Tetuan, Maroc trong khoang thdi gian ndam 2017. N6 bao gom thong tin vé
tiéu thu dién cua cac hd gia dinh va cac toa nha khac nhau trong thanh phé Tetuan. Tac
gia da thu thap dir li¢u tr cong ty dién luc cua thanh phé Tetuan, Maroc va chia sé bo
dir liéu nay trén Kaggle dé cho cac nha nghién ctru va dir liéu hoc co thé sir dung va
phan tich. N6 dugc cong bd dudi gidy phép CCO, cb nghia 12 bo dit liéu nay 1a mién
phi va c6 thé duoc sir dung cho muc dich thuwong mai hodc phi thuong mai ma khong
can yéu cau sy cho phép cuia tac gia.

Thong tin tap dir liéu(2):

Ban thtr nghiém dé wdc tinh strc chia di duoc trién khai trong phong 6m X
4,6m. Thiét 1ap bao gdm 7 nit cam bién va mot nit bién trong cau hinh sao véi cac nut
cam bién truyén dit liéu dén bién sau mdi 30 gidy bang cach st dung bd thu phat
khong day. Khong c¢6 hé théng HVAC nao duoc sir dung trong khi bo dir liéu dang
duoc thu thap.

Niam loai cam bién khong xam nhap khac nhau da dugc str dung trong thi nghiém
nay: nhiét d9, anh sang, am thanh, CO2 va h@)ng ngoai thu dong k¥ thuat ) (PIR). Céc
cam bién CO2, 4m thanh va PIR can hiéu chuén thu cong. Déi voi cam bién CO2, hiéu
chinh diém 0 duoc thyc hién tha cong trudc lan sir dung dau tién bang cach giit no
trong moi truong sach trong hon 20 phat, sau d6 kéo chan hiéu chuan (chan HD)
xudng murc thap trong hon 7 gidy. Cam bién 4m thanh vé& co ban 1a mot micrd cd bo
khuéch dai twong ty ¢6 mirc ting thay d6i duoc gin vao nd. Do d6, dau ra cua cam
bién nay la tin hiéu tuong tu duoc doc béi ADC cua vi diéu khién tinh bﬁng von. Chiét

ap gan vdi muc tang cua by khuéch dai da dugc di€u chinh dé dam bao do nhay cao
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nhat. Cam bién PIR c¢6 hai nat diéu chinh: mot dé diéu chinh d6 nhay va mot dé diéu
chinh thoi gian dé dau ra duy tri & mirc cao sau khi phat hién chuyén dong. Ca hai diéu
nay da dugc diéu chinh dén céc gia tri cao nhat. Cac nat cam bién S1-S4 bao gdm cam
bién nhiét do, anh sang va am thanh, S5 ¢6 cam bién CO2 va S6 va S7 c¢b6 mdt cam
bién PIR, mdi nut dugc trién khai trén cac g trin & mot goc gitp t6i da hoa trudng

nhin cua cdm bién cho chuyén dong phat hi¢n.

Dit liéu duoc thu thap trong khoang thoi gian 4 ngdy mot cach co kiém soat vai
sttc chira trong phong thay doi tir 0 dén 3 nguoi. Su that co ban vé sd luong ngudi

trong phong dugc ghi lai bang tay.
Thong tin thudc tinh:

Ngay: YYYY/MM/DD
Thot gian: HH:MM:SS
Nhiét do: Bang 6 C

Anh sang: Bang Lux

Am thanh: Bang Von (dau ra bo khuéch dai dugc doc boi ADC)

CO2: Bang PPM

b6 dbec CO2: Po dbc cua cac gia tri CO2 duogc léy trong mot ctra sO truot
PIR: Gia tri nhi phan truyén phat hién chuyén dong

Room_Occupancy_Count: Ground Truth

2.1.2 Phan tich

Str dung thu vién Pandas dé doc dit lidu:



In [15]: path

"Tetuan City power consumption.csv"
data = pd.read_csv(path)
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data
Out[15]:

DateTi Te t Humidi Wind general diffuse diffuse Zone 1 Power Zone 2 Power Zone 3 Power
ateTime Temperature Humidity Speed flows flows Consumption Consumption Consumption
0 112017000 6.559 738 0.083 0.051 0119 34055.69620 16128.87538 2024096386
1 142017 0:10 6.414 745 0.083 0.070 0.085 20814.68354 19375.07599 20131.08434
2 112017020 6313 745 0.080 0.062 0.100 2012810127 19006.68693 19668.43373
3 112017030 6121 750 0.083 0.091 0.096 28228 86076 18361.09422 1889927711
4 112017040 5901 757 0.081 0.048 0.085 27335.69620 17872.34043 18442.40064
52411 123020 7.010 724 0.080 0.040 0.096 31160.45627 26857.31820 1478031212
saarz 12202007 6.947 726 0.082 0.051 0.093 3043041825 26124 57809 1442881152
52413 120zt 6.900 728 0.086 0.084 0.074 29590.87452 25277.69254 13806.48259
saa14 12902007 6.758 730 0.080 0.066 0.089 28058.17490 24602.23688 13512.60504
52415 it 6.580 741 0.081 0.062 0111 28349.80989 2405523167 1334549820

52416 rows x 9 columns

N A . ~ A
Hinh 2-1 Thong tin dir liéu
In [14]: data.info()

<class 'pandas.core.frame.DataFrame’>
RangeIndex: 52416 entries, © to 52415

Data columns (total 9 columns):

#

N s W R ®

8

Column

DateTime

Temperature

Humidity

Wind Speed

general diffuse flows
diffuse flows

Zone 1 Power Consumption
Zone 2 Power Consumption
Zone 3 Power Consumption

dtypes: float64(8), object(l)
memory usage: 3.6+ MB

Téng s6 dong: 52416 dong

Non-Null Count
52416 non-null
52416 non-null
52416 non-null
52416 non-null
52416 non-null
52416 non-null
52416 non-null
52416 non-null
52416 non-null

object

Tloatea
tloated
tloated
tloated
floates
floates
floate4
floatb4

Hinh 2-2 Cadc thudc tinh dir liéu

C6 9 thudc tinh:

1. DateTime: ngay gio

Temperature: nhiét do

Humidity: d6 am

Wind Speed: téc do gio

Diffuse flows: dong khuéch tan

2
3
4
5. General diffuse flows: dong khuéch tan chung
6
7

Zone 1 Power Consumption: tiéu thu di¢n vung 1



8. Zone 2 Power Consumption:
9. Zone 3 Power Consumption:

- Kich thudce: 3.6 MB

Mo ta dir liéu:

In [17]: data = pd.read csv(path, index_col = 'DateTime')

In [18]: data.head()

Out[18]:
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tiéu thu dién vung 2

tiéu thu dién vung 3

- Wind general diffuse diffuse Zone 1 Power Zone 2 Power Zone 3 Power
Temperature  Humidity Speed flows flows Consumption Consumption Consumption
DateTime
11/2017
'0:00 6.559 73.8 0.083 0.051 0.119 34055.69620 16128.87538 20240.96386
11/2017
0:10 6.414 745 0.083 0.070 0.085 29814.68354 19375.07599 20131.08434
11/2017
0:20 6.313 745 0.080 0.062 0.100 29128.10127 19006.68693 19668.43373
11112017
0:30 6.121 75.0 0.083 0.091 0.096 28228.86076 18361.09422 18899.27711
11/2017
0:40 5921 %7 0.081 0.048 0.085 27335.69620 17872.34043 18442.40964

Hinh 2-3 M6t 6 dir lidu dau tién

In [19]: data.describe() #m6 ta dif Liéu

Out[19]:

general diffuse

Zone 1 Power

Zone 2 Power

Zone 3 Power

Temperature Humidity  Wind Speed flows diffuse flows Consumption Consumption ‘Consumption

count 52416.000000 52416.000000 52416.000000 52416.000000 52416.000000 52416.000000 52416.000000 52416.000000
mean 18.810024 68.259518 1.959489 182.696614 75.028022 32344970564 21042.509082 17835.406218
std 5.815476 15.551177 2.348862 264.400960 124.210949 7130.562564 5201.465892 6622.165099
min 3.247000 11.340000 0.050000 0.004000 0.011000 13895.696200 8560.081466 5935.174070
25% 14.410000 58.310000 0.078000 0.062000 0.122000 26310.668692 16980.766032 13129 326630
50% 18.780000 69.860000 0.086000 5.035500 4.456000 32265.920340 20823.168405 16415117470
75% 22.890000 81.400000 4.915000 319.600000 101.000000 37309.018185 24713.717520 21624.100420
max 40.010000 94.800000 6.483000 1163.000000 936.000000 52204.395120 37408860760 47598 326360

Xur Iy dit licu:

Hinh 2-4 Dir liéu dwoc mo ta

Kiém tra co gié tri nao bi thiéu khong.

In [5]

Out[5]

1 | ## finding all columns that have nan:
data.columns[data.isnull().any()]

: Index([], dtype="object")

Hinh 2-5 Gid tri thiéu trong dit liéu
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Kiém tra tinh tuyén tinh va bi€n thién cua dir liéu. Phan tich n6 dé xem xu hudng

va tinh thoi vu. Cung cép quy trinh lam viéc chung cho dy bao.

Duéi day, ching ta c6 mot bi€u do vé cach ty tuong quan cua céc tin hi¢u khac

nhau thay d6i theo do tré dé m6 hinh hoéa tt hon.

In [6]: #To fill in missing values, first check for linearity in each column using autocorelation plots

def get acf(data,lags):
frame = []
for i in range(lags+1):
frame.append(data.apply(lambda col: col.autocorr(i), axis=0))
return pd.DataFrame(frame).plot.line()
get_acf(data,10)

Oout[6]: <Axes: >

1.0 4
0.9
0.8
—— Temperature
——— Humidity
o5 —— Wind Speed
’ —— general diffuse flows
—— diffuse flows
—— Zone 1 Power Consumption
06d— Zone 2 Power Consumption
—— Zone 3 Power Consumption

T T T T T T

0 2 4 6 8 10

Hinh 2-6 Biéu do tw tirong quan

Chung ta c6 thé thuc hién cac so do 16i cua céac tap hop khac nhau dé xem dit liéu

thay d6i nhu thé nao. Lap biéu do nhanh mdi ngay.

In [8]:

#Its imperative from autocorealtion plots that we dont need each minute data, perhaps we can decide roll up the aggregate
i=1
# plot each column
plt.figure(figsize=(20, 15))
for counter in range(1,len(clean_data.columns)):
plt.subplot(len(clean data.columns), 1, i)
plt.plot(clean_data.resample('D").mean().values[:, counter], color = 'blue’)
plt.title(clean_data.columns[counter], y=0.8, loc="right")
i=i+1
plt.show()

Hinh 2-7 Ldp biéu d6 nhanh méi ngay
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Hurnidi
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Hinh 2-8 Biéu do nhanh méi ngay
2.1.3 Chia tép dir liéu
Chung ta c6 thé chia bo dir liéu thanh 2 tép con voi ti 1€ 80:20, tirc 1a 80% dir liéu
duoc sir dung dé huan luyén mo hinh va 20% dir liéu dugc st dung dé danh gia hiéu
suat cia mo hinh.
e Té&p huan luyén (training set) gom 80% dit liéu.

e Tép danh gia (test set) gdbm 20% dit liéu.
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the dataset and encode the date

df = pd.read csv('Tetuan City power consumption.csv')
group = df.groupby( DateTime")

Real Price = group['Zone 1 Power Consumption'].mean()
print(Real Price)

DateTime
1/1/2017
1/1/2017
1/1/2017
1/1/2017
1/1/2017

a/9/2017
a/9/2017
9/9/2017
9/9/2017
9/9/2017

9:00 34855.69620
a:10 29814.68354
a:20 291285.10127
a:30 282285.86076
6:40 27335.69620
9:10 30628.67257
9:20 31291.32743
9:30 31750.088850
9:40 32419.115e4
9:50 32724.95575

Mame: Zone 1 Power Consumption, Length: 52416, dtype: floate4d

*** Split the dataset.™™

In [3]:

Hinh 2-9 Tap dir liéu va nhém ngay

# split data

df train = Real Price.sample(frac=90.8,random state=123)
df _test = Real Price.drop(df_train.index)

print(df train)

DateTime

4/19/2017 1:40 24738.85899
8/3/2017 7:20 28058.42397
11/25/2017 20:20 373960.76923
4/8/2017 19:20 42824 .88698
12/13/2017 6:10 22904.94297
8/1/2017 21:10 48215.22752
7/27/2017 6:10 26305.91362
9/11/2017 ©:10 31437.87611
6/17/2017 14:20 35646.79470
5/31/2017 5:40 21516.59016

Name: Zone 1 Power Consumption, Length: 41933, dtype: float64d

Hinh 2-10 Chia tép dir liéu
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2.2 Ma tran danh gia
2.2.1 RMSE

Trung binh, sai s6 binh phwong trung binh géc (RMSE) 1a mét sb liéu cho
chiing ta biét cac gié tri du doan cua ching ta khac nhau bao xa so véi cac gié tri quan

sat duogc trong mot moé hinh(3). N6 duoc tinh nhu sau:

n
RMSE — z(yl Vi)
i=1 n

e ¥ lagia tri woc lugng
e yilabién doc lap
e n=(N-k-1)

N: s6 tong luong quan sat

k: tong lugng bién

Tinh RMSE bang Python

Gia st chling ta c6 cac mang gid tri du doan va thuc té sau:

thuc té= [34, 37, 44, 47, 48, 48, 46, 43, 32, 27, 26, 24]
dy dodn = [37, 4, 46, 44, 46, 50, 45, 44, 34, 30, 22, 23]

Hinh 2-11 Gida tri thuc va gia tri du dodn
Pé tinh toan RMSE giita gié tri thuc va gid tri du doan, ching ta chi can lay cin

bac hai ciia ham mean squared error() tir thu vién sklearn.metrics:



https://translate.google.com/website?sl=en&tl=vi&hl=en&client=webapp&u=https://scikit-learn.org/stable/modules/generated/sklearn.metrics.mean_squared_error.html
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#nhap thu vién can thiét
tir sklearn.metrics nhap mean_squared_error

tir todan nhap sqgrt

#tinh toan RMSE

sqrt(mean_squared_error(thuc, trudc))
2.4324199198

Hinh 2-12 Tinh RMSE

RMSE Ia mot cach hiru ich dé xem mirc d6 phil hop ctia mot md hinh vai tap di
liéu. RMSE cang 16n thi chénh Iéch gitra gia tri du doan va gia tri quan sat cang 16n,
nghia 1 m6 hinh phu hop véi dir liéu cang té. Nguoc lai, RMSE cang nho thi m6 hinh
cang phu hop véi dir lidu.

C6 thé dic biét hiru ich khi so sanh RMSE cua hai m6 hinh khac nhau véi nhau

dé xem md hinh nao phu hop véi dir liéu hon(3).
2.2.2 MAPE

L3i ty 1& phan trim tuyét doi trung binh (MAPE) thuong dugc sir dung dé do

luong d6 chinh xac dy doan ctia cadc md hinh(4). N6 duoc tinh nhu sau:

) % 100

MAPE = (1/n) Z(F‘ _.y"

y
« nlasé luong cAc mau trong tap dir lidu
o ¥ lagid tri dy doédn thur i

e Vi la gia trj thyc té thir i
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MAPE duoc sir dung phd bién vi nd d& hiéu va dé giai thich. Vi du: gia tri MAPE
la 11,5% c6 nghia la chénh 1éch trung binh giira gi4 tri du doan va gia tri thyuc té 1a
11,5%.

Gia tri MAPE cang thap thi mé hinh cang c6 kha ning dy doan cé&c gia tri tot
hon. Vi du: mét md hinh c6 MAPE la 5% sé& chinh xac hon mot m6 hinh c6 MAPE la
10%.

Céch tinh MAPE trong Python
Khong c¢6 ham Python tich hop dé tinh MAPE, nhung ching ta c6 thé tao mot

ham don gian dé lam nhu vay:

nhap numpy dudi dang np

ban d6 def ( thuc té , du dodn ):
thuc t&, pred = np.array(actual), np.array(pred)
tra lai np.mean(np.abs((thuc té - du doan) / thuc té&)) * 100

Hinh 2-13 Ham tinh MAPE

Sau d6, chiing ta ¢ thé st dung ham nay dé tinh toan MAPE cho hai mang: mot

mang chira cac gia tri dir liéu thuc t€ va mot mang chtra cac gia tri dit liéu du doan.



42

thuee = [12, 13, 14, 15, 15,22, 27]
truge = [11, 13, 14, 14, 15, 16, 18]

mape (thuc té&, du doan)

190.8009

Hinh 2-14 Tinh MAPE

Tir két qua, chling ta c6 thé thiy rang sai s6 phan tram tuyét ddi trung binh cho
mo hinh nay la 10,8009%. Noi cach khac, chénh 1éch trung binh giira gia tri du doan
va gia trj thue té 12 10,8009%.

Y nghia ciia MAPE

1. Phu thudc vao gia tri thuc té: MAPE chia ty 1€ phﬁn tram sai 1éch theo gia tri
thuc té. Néu gia tri thuc té hodc béng 0, phép chia nay c6 thé dan dén sai sét hoac
khong xac dinh. Vi du, khi yi = 0, ty 1& phan trim sai léch s& khong c6 ¥ nghia hodc
khong thé tinh dugc.

2. Nhay cam véi gia tri thay doi gan 0: MAPE khong xir 1y tot khi gia tri thuc té
gan 0 hodc co gia tri rat nho. Khi gia tri thuc té xap xi 0, cac sai s6 nho s& co anh

hudng 16n dén ty 1¢ phan trim sai léch, gay ra biéu d6 léch 16n va khong chinh xac.
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CHUONG 3 PE XUAT VA PANH GIA KET QUA MO HINH

Trong linh vyc du bao chudi thoi gian, viéc nghién ciru va ap dung cac mo hinh
hoc sau da dong vai tro quan trong trong viéc du bao xu hudng va duy doan trong tuong

lai

Trong bdi canh d6, md hinh LSTM (Long Short-Term Memory) va RNN
(Recurrent Neural Network) da thu hit sy quan tdm va tré thanh cong cu quan trong

cho viéc du bao chudi thoi gian.

Trong bai nghién ctru ndy, ching t6i dé xuét sir dung mé hinh LSTM va RNN dé
du bao muc ti€u thu nang luong ctia mot thanh phé. Muc ti€u chinh cta chiang t6i la
xdy dung mot mé hinh dy bao chinh xac va tin cdy, gitp dua ra du doan vé xu hudng

tiéu thu nang lugng trong tuong lai.

Mo hinh LSTM va RNN 14 hai mé hinh hoc sau pho bién dugc sir dung rong rai
trong viéc du bao chudi thoi gian. Ca hai mé hinh déu c6 kha ning xir 1y thong tin
chudi va hoc cac mdi quan hé phirc tap trong dit liéu. M6 hinh LSTM duoc thiét ké
dic biét dé giai quyét van dé bién mat duong cong dai va luu giit thong tin trong thoi
gian dai. Trong khi d6, m6 hinh RNN c¢6 kha ndng nhé thong tin tr qua khr nhung c6

han ché trong viéc xtr Iy chuodi dai va quan hé phu thudc xa.

3.1 DPé xuit

Céu trac ciia mo hinh LSTM bao gdom cac don vi LSTM (Long Short-Term
Memory) dugc xép chong 1én nhau. Mdi don vi LSTM bao gdom cac cong dic biét dé
diéu chinh thong tin va qua trinh truyén thong tin qua thoi gian. Cac cong chinh bao
gom cong quén (forget gate) dé quyét dinh xem thong tin ndo nén bi loai bo, cong dau
vao (input gate) dé quyét dinh thong tin nao nén duoc cap nhat va cong dau ra (output
gate) dé quyét dinh thong tin ndo nén duoc truyén tiép. Cau trac nay giup LSTM luu

trit va xu 1y thong tin trong thoi gian dai, giup né phu hop cho du bao chudi thoi gian.
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model « Sequential()

model.add(LSTM(67, input_shapes(train_X.shape[1], train_X.shape[2]), return_sequences<True))
¥ pogel ., 0ag[0ropout(0

sodel.add(LSTH(45, return_sequencessTrue))

model.add(LSTH(38))

model. add(Dropout(8.3))

model.add(Dense(l))

model.compile(loss«'mse’, optimizers'adan’)

# fit network

history « model.fit(train X, train_y, epcchs-100, batch_size-38, validation_split«0.2, verbose-2, shuffle-False)

Hinh 3-1 Cdu triic LSTM

Mo hinh RNN bao gdm cac don vi RNN (Recurrent Neural Network) duoc két
ndi voi nhau theo thir tu thoi gian. M6i don vi RNN s& nhan dau vao tir thoi diém
trudc d6 va tao ra dau ra tai thoi diém hién tai. Cau tric nay cho phép RNN xir ly
thong tin chudi va truyén thong tin qua thoi gian.

Trst+snl s ¢ " N
# Initialiising the RAN

regressor = Sequential()

# Adding the input Layer and the LSTM Layer

regressor.add(LSTM(units = 180, activation = 'sigmoid’, input_shape = (None, 1)))

# Adding the output Layer

regressor.add(Dense(units = 1))

# Compiling the RNN

regressor.compile(optimizer = ‘adam', loss = 'mean_squared_error’)

# Fitting the RNN to the Training set
regressor.fit(X_train, y_train, batch_size = 5, epochs =100 )

Hinh 3-2 Cdu triic RNN

Céc tham sb quan trong trong md hinh LSTM va RNN bao gom s6 lugng don vi
(units) trong moi mang, ham kich hoat (activation function) dugc sir dung, tde do hoc
(learning rate) va sd luong 16p an (hidden layers). S6 lugng don vi anh huéng dén kha
nang mod hinh hoc va xu ly thong tin, trong khi ham kich hoat giap md hinh hoc cac
mbi quan hé phi tuyén. Tdc dd hoc anh huong dén tdc d6 hoi tu cua qué trinh huin
luyén va s6 luong 16p an cho phép mé hinh hoc cac muc triru twong khac nhau cia dir

liéu(b).
3.1.1 RNN

Mang RNN (Recurrent Neural Network) 1a mot kién tric mang no-ron nhan tao

dic biét duoc thiét ké dé xur 1y dir liéu tuan ty, co tinh chét thoi gian. N6 ¢6 kha ning
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I trir thong tin tir cac thoi diém trude d6 va st dung thong tin d6 dé dy doan céc thoi

diém tiép theo trong diy dir liéu.

CAu trac mang RNN bao gdm céc thanh phan chinh sau:

e Daiu vao (Input): Dir liéu dau vao 12 mot chudi dit liéu tudn tu duoc biéu dién
du6i dang ma tran c6 kich thudc (sequence length, input dimension). Mdi thoi diém
trong chudi dir liéu sé duoc dua vao mot layer RNN.

e Layer RNN (RNN Layer): Layer nay thuc hién xt 1y dit liéu tuan ty. Trong mot
RNN, cac dau vao tir cac thoi diém trude do duge két hop voi dau vao hién tai dé tinh
toan dau ra. Mot trong nhitng kiéu RNN pho bién 1a LSTM (Long Short-Term
Memory), nhu trong doan code ban da cung cap.

e Pau ra (Output): Pau ra ciia mang RNN c6 thé 1a mot gid tri du doan cho mdi
thoi diém trong chudi dir liéu hodc chi 1a mot gia tri du doan & thoi diém cudi cung.
D6i voi bai toan du doan dit lidu dang 6, mot layer fully connected (Dense) dugc su
dung dé tinh toan dau ra.

e Tbng quan, mang RNN c6 cac layer RNN duoc xép chong 1én nhau dé xur 1y dit
lidu tudn tu theo cac thoi diém. Cac két ndi giira cac layer cho phép truyén dir liéu qua
thoi gian, tir cac thoi diém trude d6 dén cac thoi diém sau do.

Qua trinh huén luyén (tiép tuc): Qua trinh huin luyén ctia mang RNN thudng bao
gbm cac budc sau:

e Chuan bi dit liéu hudn luyén: Dir liéu huan luyén dugc chuin bi dudi dang
chudi cac mau dit liéu tuan tu, voi dau vao va dau ra tuong Ung.

e Xaiy dung mo6 hinh: M6 hinh RNN duogc xay dung bé“mg cach khdi tao mot
mang RNN va thém céc layer RNN, layer dau vao va layer dau ra.

e Bién dich md hinh: M6 hinh dugc bién dich bang cach chi dinh thuét toan tdi
vu (optimizer) va ham mat mat (loss function) dé danh gia sy khac biét giita dau ra du
doén va gia tri thuc té.

e Huén luyén moé hinh: M6 hinh dugc huin luyén bﬁng cach dua dit liéu huin

luyén vao mang va cdp nhat cac trong so ctia cac no-ron thong qua qua trinh lan truyén
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nguoc. Qua trinh nay dugc thyc hién qua nhiéu epoch (vong lap) dé ting do chinh xac
cua mo hinh.

e Danh gid mo hinh: Sau khi huin luyén, mo hinh dugc danh gid trén dir ligu
kiém tra dé danh gia hiéu suit va do chinh x4c cia mé hinh.

e Dy doan: M6 hinh d3 huan luyén co6 thé dugc st dung dé dy doan cac gia tri

dau ra cho dir li€u moi.

Mang RNN c6 thé duoc ap dung cho nhiéu loai bai toan du doan dit liéu tudn
tu, nhu du doan chudi thoi gian, dich may, nhan dang giong néi va nhiéu ung dung
khac. Pic diém quan trong cia mang RNN 1a kha ning xir Iy thong tin tuan tu va kha
ning ghi nhd thong tin tir cac thoi diém trude d6, 1am cho nd phu hop vai nhiéu bai
toan co tinh chat thoi gian.

Tham sb cua mang RNN: Mang RNN c6 mot s6 tham sb quan trong can duoc
xéac dinh va diéu chinh dé dat duoc hiéu suat tét. Mot s tham sd quan trong bao gém:

e SO luong units: Pay 1a sd luong don vi (no-ron) trong layer RNN. Sb luong
units anh huong dén kha niang mo hinh hoc va kha ning nim bat thong tin tir dit liéu
tuan tu.

e Ham kich hoat (activation function): Ham kich hoat dwgc ap dung cho dau ra
ctia mdi no-ron trong layer RNN. Trong doan code, ham sigmoid dugc sir dung lam
ham kich hoat.

e Kich thudc dau vao (input shape): Pay 1a kich thude cua dir liéu dau vao,
thuong dugc biéu dién dudi dang (None, input_dimension), trong d6 input_dimension
1a s6 chiéu cta dit liéu dau vao.

e Ham mat mét (loss function): Pay 1a ham duoc st dung dé danh gia sy khac
biét gitra dau ra du doan va gia tri thyc té. Trong doan code, ham mat mat mean
squared error (MSE) duoc st dung.

e Thuat toan tdi wu (optimizer): Thuét toan t6i uu duoc sir dung dé diéu chinh cac

trong s6 cua mang. Trong doan code, thuat toan Adam dugc st dung.



47

Mang RNN c¢6 kha ning mé hinh héa cac quan hé phirc tap gitta cac thoi diém
trong dir liéu tudn ty. Piéu nay cho phép nd phu hop cho cac bai toan nhu du doan

chuoi thot gian, ngén ngtt tur nhién, va xtr 1y dir liéu tuan tu khac.

Moét vu diém khac cua mang RNN la kha nang xu 1y dir liéu dau vao c6 do dai
khac nhau. Trong doan code, input_shape dugc dat 1a (None, 1), cho phép mang RNN
xu ly dir liéu dau vao co sb luong thoi diém khong xac dinh va chiéu dir liéu dau vao
la 1.

Batch size va s6 epoch: Trong qué trinh hudn luyén, batch size (kich thudc 16) va
s6 epoch (sé lan l1ap lai dir liéu huan luyén) dugc chi dinh. Batch size xac dinh s6
lugng mau dit liéu dugc dua vao mang cung mot lic, va $6 epoch xac dinh s6 lan lap

lai viéc huan luyén trén toan bo dir liéu huan luyén.

Dy doan: Sau qué trinh huén luyén, mang RNN da hoc duogc cac mau va quy luat
trong dir liéu tuan tu. Dé du doan gia tri cho dir liéu moi, chung ta co thé str dung moé

hinh da duoc huan luyén va dua dir liéu méi qua mang dé nhan dugc dau ra du doan.

Mang RNN 1a mét trong nhitng kién triic quan trong trong linh vuc hoc sau (deep
learning) va xur 1y dir liéu tudn tu. N6 c6 thé duoc ap dung cho nhiéu bai toan nhu dy
doan chudi thdi gian, xir Iy ngon ngit ty nhién, dich may, nhan dang giong néi va
nhiéu bai toan khéac co tinh chit thoi gian.
3.12LSTM

A. MO ta cau tric mang

Trong mang LSTM, cau triic cua cac don vi LSTM cho phép chiing ghi nh¢
thong tin tir qua khtr va diéu chinh théng tin nay theo cach phu hop. Piéu nay giup
mang LSTM xir 1y dugc cac chudi dit liéu dai va c6 mdi quan hé phirc tap.

Pau vao (Input): Pau vao cua mang LSTM 1a mot chudi dir liéu, thuong 1a dir
lidu chudi thoi gian. Mdi phan tir trong chudi dugc goi 1a mot time step va c6 thé chira
mot hodc nhiéu dic trung (features).

Layer LSTM (LSTM Layer): Layer LSTM la thanh phan chinh ctia mang LSTM.
Mobi LSTM layer bao gém mot tap hop cac don vi LSTM (LSTM units) hoat dong doc



48

lap. Mdi don vi LSTM c¢6 kha ning luu trit va truy cdp vao thong tin tir qua khir va

diéu chinh théng tin nay theo cach phu hop.

Pau ra (Output): Pau ra cia mang LSTM thudng 12 mot hodc nhiéu don vi Dense
(fully connected) dua ra cac du doan dua trén thong tin dd hoc duoc tir dit lidu chudi
dau vao.

B. Giai thich cac h¢ s6

I. Lop Sequential()

Trong thu vién Keras 1a mot cach tiép can don gian va pho bién dé xay dung céac
mé hinh neural network tuan ty. Trong mé hinh tudn tu, cac 16p duoc xép chong 1én
nhau theo mot tht tu nhat dinh, va dir liéu duoc truyén qua tung 16p theo chiéu tuan

tu.

Uu diém chinh cua viée st dung 16p Sequential() 1a tinh don gian va dé& sir dung.
Chung ta chi can thém céc 16p vao mo hinh bang cach st dung phuong thire add(), ma
khong can phai quan tim dén viéc két ndi cac 16p hay quan 1y ddu vao/dau ra cua ting
16p.

Lép Sequential() dugc sir dung dé xdy dung mot mang neural network tuan tir
v6i cac 16p LSTM xép chong 1én nhau, 16p Dropout dé tranh overfitting, va 16p Dense

dé tao ra dau ra du doan.

Tuy nhién, 16p Sequential() c6 mot sé han ché. Mot trong s6 d6 1a khong thé xay
dung duoc ciac mod hinh c6 cac nhanh (branches) hoic cac két ndi bé qua (skip
connections) phuc tap. Diéu ndy giéi han kha ning mé hinh héa nhitng mé hinh co
kién trac phtrc tap hon, nhu cac mé hinh c¢6 nhiéu dau vao hodc nhiéu dau ra, moé hinh
c6 mang no-ron tai st dung, hodc moé hinh cé két ndi bo qua dé tao ra céac duong dan

ngan hon trong mang.

I1. Phuong thirc add()
Phuong thirc add() duoc sir dung dé thém cac 16p vao mé hinh tudn ty

(Sequential()). phuong thirc add() duoc sir dung dé thém céc 16p LSTM, Dropout va
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Dense va0 md hinh. Cac tham s6 ctia phuong thire add() sé khac nhau tiy thudc vao

loai 16p ma chung ta dang thém vao.

add(LSTM) 1a mot phuong thire cia 16p Sequential trong thu vién Keras dé
thém mot 16p LSTM (Long Short-Term Memory) vao mé hinh. Pi s6 units xac dinh
sO Iwong don vi (no-ron) trong 16p LSTM. Khi st dung 16p LSTM, chiing ta c6 thé tuy
chinh céac tham sb khac nhu input_shape dé xac dinh kich thudc dau vao ciia mdi mau
dir liéu chudi. Ciing c6 thé sir dung cac tham sé khac nhu return_sequences dé quyét
dinh liéu 16p LSTM c¢6 tra vé chudi két qua cho mdi thoi diém hay chi két qua cudi
cung. Lop LSTM trong mo hinh dugc thém vao thong qua phuong thire add(), va cac
16p LSTM c¢6 thé duge xép chong 1én nhau hodc két hop véi cac 16p khac dé tao thanh

mot kién tric mang phire tap hon.

L6p LSTM: Trong 16p LSTM, chung ta can chi dinh s6 luong don vi (units) va
cic tham sé khac nhu input_shape, return_sequences (hoic return_state) va
activation

Units: tham sb units dé cap dén s6 lugng don vi (no-ron) trong mot 16p cu thé.
chung ta can chi dinh s6 lugng don vi trong 16p d6 bang tham sb units. S6 lwong don
vi x4c dinh kich thudc cua dau ra tir 16p d6 va anh huong dén kha niang hoc va biéu

dién cua mang neural network.

Trong 16p Dense, vi du nhu model.add(Dense(units=64)), units=64 xac dinh
rang 16p ndy s& c6 64 don vi (no-ron). Mdi don vi trong 16p Dense sé& thuc hién mot
phép tinh tuyén tinh trén dau vao ctia nd, két hop véi hé sb trong sd twong (g, va ap

dung mdt ham kich hoat dé tao ra dau ra.

S6 lugng don vi (units) trong mot 16p anh hudng dén kha nang mé hinh hoc va
biéu dién cac mdi quan hé phirc tap giira dit liéu dau vao va dau ra. Mot s lugng don
vi 16n hon c6 thé cho phép mang hoc va biéu dién cac mau phirc tap hon, nhung dong

thoi ciing lam tang do phire tap va sé luong tham s6 ctia mé hinh.

Viéc chon s6 lugng don vi phu hop 1a mét qua trinh thir va sai, co thé dua trén

kién thirc vé bai toan cu thé hoic thong qua viéc thuc hién cac phuong phap t6i wu hoa
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va danh gia trén tap huan luyén. Qua qua trinh huin luyén va danh gia, ching ta co thé

di€u chinh s0 lugng don vi d€ tim ra gia tri t61 vu cho mo hinh ctia minh.

input_shape: tham sé input_shape dugc st dung dé chi dinh kich thudc cua

dau vao (input) cho mot 16p trong mé hinh.

Khi thém mdt 16p vao mo hinh sir dung phuong thirc add() trong 16p Sequential
ctia thu vién Keras, ching ta thuong can xac dinh kich thudc cta dau vao cho 16p do
thong qua tham s6 input_shape. Pay 1a mot tuple hoic list chira thong tin vé kich

thudc cua dir li€u dau vao.

O day, input_shape duoc xac dinh bang cach sir dung train_X.shape[1] va
train_X.shape[2]. Pay 1a thong tin vé kich thudc cua dir liéu huan luyén train_X.
Thong thuong, train_X 1a mot mang da chiéu c6 kich thudc (s6 mau, s6 thoi diém, sb
dic trung). Vi vay, train_X.shape[1] s& 1a s6 thoi diém trong mdi mau va

train_X.shape[2] sé 14 s6 dic trung trong mdi thoi diém.

Thdng qua input_shape, mo hinh sé& biét kich thudc cua dit liéu ddu vao va co
thé xéac dinh kich thudc cac trong s6 twong ting cho cac 16p trong mang neural
network. Diu nay rat quan trong dé dam bao tinh nhat quan gitra kich thudc cia dir

liéu va cac phép tinh trong mang.

Luu ¥ rang tham sb input_shape chi can duoc xac dinh cho 16p dau tién trong
md hinh. Ddi véi céac 16p tiép theo, Keras sé tu dong suy ra kich thudc dau vao dua

trén két qua cua 16p trude do.

Tham sé return_sequences: duogc sir dung trong cac 16p LSTM (Long Short-
Term Memory) dé xac dinh liéu 16p d6 co tra vé chudi két qua cho cac thoi diém dau

ra hay khong.

Mot m6 hinh LSTM c¢6 thé duoc st dung dé xtr 1y dit liéu theo chudi, trong d6
thong tin tir cac thoi diém trude d6 duge truyén qua va luu trit trong céc trang thai 4n
ctia mang. Mdi 16p LSTM c¢6 thé ¢6 nhiéu don vi (no-ron), va mdi don vi xtr Iy thong

tin tir mot thoi diém va truyén thong tin sang cac don vi tiép theo.
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Trong mot mo hinh LSTM thong thudng, chi 16p cudi cing ciia mang sé tra vé
két qua cho mdi chudi dit liéu dau ra, trong khi cac 16p LSTM trude d6 thuong chi tra
vé két qua cho thoi diém cudi cung. Diéu nay duoc thyc hién boi tham sb

return_sequences.

Khi return_sequences=True, 16p LSTM s& tra vé chudi két qua cho mdi thoi
diém trong chudi dau vao. Diéu nay c6 ¥ nghia 1a 16p LSTM s& ¢ dau ra c6 kich
thudc (s6 mau, sd thoi diém, sb don vi). Thuong thi cac 16p LSTM trung gian trong
mo hinh s& duoc dat return_sequences=True, dé truyén tiép thong tin cho cac 16p
LSTM sau do.

Khi return_sequences=False (gia tri mic dinh), chi két qua cho thoi diém cubi
cung trong chudi dau vao s& dugc tra vé. Pidu ndy dan dén dau ra co kich thudc (s6
mau, s6 don vi). Thuong thi 16p LSTM cubi cung trong mang s& khong c6 tham s6
return_sequences, dé thu thap thong tin tir toan bd chudi dau vao va dua ra két qua

twong Ung.

Quyét dinh str dung return_sequences=True hay return_sequences=False phu
thudc vao bai toan cu thé va cach xir 1y dit liéu chudi. Trong mot sé trudng hop, ching
ta c6 thé mudn 13y thong tin tir mdi thoi diém trong chudi dau vao, trong khi trong

nhing trudng hop khac, chi can két qua cudi cung 1a di dé dua ra dy doan.

add(Dropout) 1a mot phuong thiic ctia 16p Sequential trong thu vién Keras dé

thém mot 16p Dropout vao mo hinh.

Lép Dropout 1a mgt phuong phép chinh quy hoa (regularization) trong mang
neural network, duoc st dung dé ngau nhién tat (bo qua) mot sé don vi (no-ron) trong
qua trinh huan luyén. Diéu nay gitip han ché hién tuong qua khép (overfitting) va cai

thién kha niang tong quat hoa ctia mé hinh.

Trong Keras, chung ta c¢6 thé str dung add(Dropout(rate)) dé thém mot 16p

Dropout vao md hinh. Déi s6 rate xac dinh ty 18 (gitta 0 va 1) cac don vi s& bi tat. Vi
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du: add(Dropout(rate=0.3)) sé thém mot 16p Dropout véi ty 1€ 0.3, tirc 1a khoang

30% don vi s& bi tat trong qué trinh huan luyén.

Lop Dropout dugce thém vao sau mot 16p trude do trong moé hinh, va cac don vi
trong 16p trude d6 c6 kha nang bi tat trong qué trinh huan luyén. Diéu ny gitp mang
tré nén chdng chiu v4i nhidu va khong cho phép cac don vi phu thudc qua nhidu vao

nhau.

L&p Dropout thuong duge sir dung sau céac 16p c6 s6 lugng don vi 16n, nhu
Dense hoic LSTM, dé giam hién twong qua khop va cai thién kha ning tong quéat hoa
ctia md hinh. Ngoai ra, 16p Dropout ciing gitip can bang giita cac don vi va giam kha

nang mot s6 don vi qua phu thudc vao nhirng dac trung cu thé trong dir liéu.

L&p Dropout trong mang neural network 1a mot cong cu hitu ich dé ting tinh linh

hoat va kha niang chéng chiu ctia mé hinh trong qua trinh huan luyén va du doan.

add(Dense) 1a mot phuong thiic ctia 16p Sequential trong thu vién Keras dé

thém mat 16p Dense vao mo hinh.

L6p Dense 12 mot 16p day du két ndi (fully connected layer) trong mang neural
network. N6 1a mot 16p mang neural ¢6 dién, trong d6 mdi no-ron trong 16p nay dugc

két ndi voi tat ca cac no-ron trong 16p trudc doé (hodac dau vao néu no 1a 16p dau tién).

Trong Keras, chung ta c6 thé st dung add(Dense(units)) dé thém mot 16p Dense
vao mé hinh. Péi sb units xac dinh s6 lugng don vi (no-ron) trong 16p Dense. Vi du:

add(Dense(units=64)) sé thém mot 16p Dense véi 64 don vi vao mo hinh.

L6p Dense thuong duogc stir dung 1am 16p cubi cung trong mé hinh dé du doan
két qua cudi cung. Pau ra ciia 16p Dense c6 thé co kich thudc khac nhau tiry thude vao
bai toan cu thé, vi du nhu mot s6 don vi cho bai toan hdi quy (regression) hodc sé don

Vi twong mg véi s6 16p phan loai trong bai toan phan loai (classification).

L6p Dense trong mang neural network 1a mot 16p quan trong dé hoc va biéu dién
céc quan hé phi tuyén tinh va phi tuyén tinh giira dau vao va dau ra. Céc trong s trong
16p Dense s& duoc cap nhat trong qua trinh huin luyén dé tim ra mdi quan hé tt nhat

gitra cac dac trung dau vao va két qua du doan.
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1. Phuong thitc compile()

Trong md hinh Sequential cta thu vién Keras duoc sir dung dé cdu hinh qua

trinh huén luyén cua mo hinh trude khi né duge st dung dé fit vao dit liéu huan luyén.

Khi goi compile(), ching ta can chi dinh hai thong s6 chinh:

Ham mat mat (loss function): D4y 1a ham duoc sir dung dé do luong mirc do sai
khac gitta gia tri du doan ctia mé hinh va gia trj thuc té trong qua trinh huan luyén.
Trong bai todn hdi quy (regression), mse (mean squared error - sai so binh phuong
trung binh) 12 mot lya chon phd bién dé do luong mat mat. Trong bai toan phan loai
(classification), chiing ta co thé sir dung categorical_crossentropy cho phan loai da
16p hoac binary_crossentropy cho phan loai nhi phan.

Thuat toan tdi uvu hoa (optimizer): Pay 1a thuat toan duoc sir dung dé ti wu hoa
mo hinh duya trén ham mét mat va cap nhat cc trong s6 ctia mang. Trong truong hop
nay, adam (Adaptive Moment Estimation) 1a mot thuat toan tdi vu hoa phd bién duoc
sir dung trong mang neural network. N6 két hop giira hai phuwong phap t6i wu hoa khac
nhau 1a Momentum va RMSProp dé dat duoc toc do hoi tu nhanh chong va kha nang
kham ph4 tét trong khong gian tham so.

IV.  Phuong thic fit()

Trong md hinh Sequential cta thu vién Keras duoc sir dung dé huan luyén mo
hinh véi dit liéu huan luyén da duoc chuan bi trudc d6. N6 thyc hién qua trinh tdi uu

hoa mo hinh dya trén dir liéu huan luyén va cac tham s6 dugc chi dinh.

Dudi day 1a giai thich chi tiét vé cac tham sb ctia phuong thic fit():
e x: Dit lidu ddu vao (features) dé huan luyén mé hinh. Day c6 thé 1a mot numpy
array, mot danh sach cac array hodc mgt generator.
e y: Nhin tuong Gng v6i dir liéu huin luyén. Ciing c6 thé 1a mot numpy array,
mot danh séch cac array hodc mét generator.
e epochs: Sb lugng epoch (vong 13p) ma mo hinh s& duoc huin luyén qua dir liéu
huan luyén. Mdi epoch twong tmg voi viée sitr dung toan bo dir liéu huan luyén

mot 1an dé cap nhat trong s6 cua mo hinh.
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e batch_size: Kich thuéc batch (nhém) mau duoc sir dung trong qua trinh huin

luyén. Dir liéu huan luyén duogc chia thanh céc batch nho va trong s6 cua moé

hinh duoc cap nhat sau mdi batch.

e validation_data: Dir liéu validation (kiém tra) dé danh gia hiéu suat ctia mo

hinh trong qua trinh huan luyén. C6 thé 1a mot tuple (x_val, y_val) hoic mot

generator.

e verbose: Xac dinh mutc d6 dau ra thong tin trong qua trinh huin luyén. C6 ba

gia tri kha dung: 0 (khong hién thi thong tin), 1 (hién thi thanh tién trinh) va 2

(hién thi mot dong thong tin cho mdi epoch).

e shuffle: Co chi dinh xem dit liéu huan luyén c6 dugc xdo tron (shuffle) trude

mdi epoch hay khong.

Phuong thtc fit() sé thuc hién qua trinh t6i vu héa mo hinh bang cach lip lai cac

epoch va cac batch, cap nhat trong s6 dua trén ham mat mat va thuat toan t6i vu hoa da

dugc xac dinh trong compile(). Qua trinh huan luyén sé tiép tuc cho dén khi hoan

thanh s lwong epoch dugc chi dinh hodc khi diéu kién dimg duoc dap tmg.

3.2 Két qua

3.2.1 RNN
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Hinh 3-3 biéu do dir dodn mikc tiéu thu ning lirong so voi thuc té
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Ma tran danh gia:
Test (Validation) RMSE = 519.6161644739401
MAPE: 1.3589821083403826 %

3.2.2LSTM
116p LSTM
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Hinh 3-4 Biéu do qua trinh hudn luyén mé hinh LSTM dé dw dodn mikc tiéu thy dién
nang

Testing(Validation) data
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Hinh 3-5 Biéu do két qua dw dodn va gid tri thiee té trén tap dir liéu kiém tra.

Ma tran danh gia:
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Test (Validation) RMSE = 70.40343

MAPE: 0.16513976734131575 %

2 16p LSTM

m—lrain
- lest
0.007 4

0.006

0.005 4

0.004 4

0.003 4

0.002 4

0.001 4

0.000 4

‘0 ZID 4IU 6.0 EIID IEIID 11:0 lrllo
Hinh 3-6 Biéu do qud trinh hudn luyén mé hinh LSTM dé dy dodn mike tiéu thu dién
nang

Testing(Validation) data

1000 1050 1100 1150 1200 1250

Hinh 3-7 Biéu do két qua dw dodn va gid tri thiee té trén tdp dir liéu kiém tra

Ma tran danh gia:
Test (Validation) RMSE = 88.007454
MAPE: 0.2064310247078538 %
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316p LSTM

= lrain

= ltest
0.012 1

0.010 4
0.008 q
0.006
0.004 1

0.002 k

0.000 1

Hinh 3-8 Biéu do qud trinh hudn luyén mé hinh LSTM dé dw dodn mikc tiéu thy dién
nang

Testing(Validation) data

38000

37000

36000 4

E
g
35000 4
34000
33000 4
1000 10‘50 11;)0 11‘50 1260 1250
hrs
Hinh 3-9 Biéu do két qua dy doan va gia tri thuc 1é trén tap dir liéu kiém tra
Ma tran danh gia:

Test (Validation) RMSE = 96.25525
MAPE: 0.20641274750232697 %

3.3 Giaii thich y nghia ctia biéu do
a) Biéu do qua trinh huin luyén mo6 hinh LSTM dé du doan muec tiéu thu dién

nang.
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Trén biéu dd, truc x biéu dién sb lugng epoch (vong lip) trong qua trinh huin
luyén, trong khi truc y biéu dién gia tri cia ham loss (mean squared error) trén tap

huan luyén va tap kiém tra (validation).

Puong mau xanh biéu dién gia tri ham loss trén tip huin luyén (train), trong khi
duong mau do6 biéu dién gia tri ham loss trén tap kiém tra (test). Muyc tiéu cua qué trinh
huan luyén 13 giam thiéu ham loss dé dat duwgc mo hinh du dodn tbt trén ca tap huin

luyén va tap kiém tra.

Ban dau, gia tr1 ham loss trén ca hai tap dir liéu 1a cao. Khi qué trinh huin luyén
dién ra, md hinh duoc cap nhat dan dan dé t6i vu hoa du doan. Két qua la gia tri ham

loss giam dan theo s6 luong epoch.

Tuy nhién, ta can quan tdm dén ca gia trj ham loss trén tap kiém tra. Néu gia tri
ham loss trén tap kiém tra tang Ién trong qué trinh huan luyén sau mot s6 epoch nhat
dinh, c6 thé cho théy mo hinh dang bi overfitting, tirc 1a qua tap trung vao dir li¢u huén

luyén ma khong tong quat hoa t6t cho dit liéu mai.

Dé danh gia chéat luong ctia mo hinh, ta c¢6 thé so sanh giita gia tri ham loss trén
tap huan luyén va tap kiém tra. Néu gia tri ham loss trén tap kiém tra thap va tiép tuc

gidm theo thoi gian, mo6 hinh dugc cho 1a c6 kha nang du doan tdt trén dit liéu moi.

Biéu dd nay cung cip thong tin quan trong vé hiéu sut cia mo hinh LSTM trong
qua trinh huan luyén va gitp danh gid xem mo hinh c¢6 dat dugc muc tiéu dy doan tot

hay khong.

b) Biéu d6 két qua du doan va gid tri thuc té trén tap dit liéu kiém tra.

Puong mau xanh 14 cay trén biéu do bicu thi gia tri thuc t€ ciia mirc tiéu thu dién
ning trén tap kiém tra. Moi diém trén duong mau xanh 14 cay bicu dién gia tri thuc té

tai mot thoi diém cu thé.
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Duong mau xanh duong trén biéu dd biéu thi gia tri du dodn ctia muc tiéu thu
dién ning trén tap kiém tra. Pay 13 két qua dugc mo hinh LSTM du doan. Puong mau

xanh duong cho thdy mic tiéu thu du doan theo thoi gian.

Bang cach so sanh gilta duong mau xanh la cay va duong mau xanh duong, ta co
thé danh gid hi€u suat cia mo hinh trong viéc du doadn muc tiéu thu dién nang. Néu
duong mau xanh duong tiém cin hoac trung v6i duong mau xanh 14 cady, mo hinh

dugc cho 1a c6 kha nang du doan chinh x4c mirc ti€u thu dién nang trén dir liéu kiém

tra.
3.4 Danh gia mo6 hinh
Ma tran
MAPE RMSE
M0 hinh
RNN 1.3589% 519.6161
1 lI6p LSTM 0.1651% 70.4034
2 16p LSTM 0.2064% 88.0074
3 16p LSTM 0.2064% 96.2552

Bdng 2 So sanh chi sé danh gid

Nhin vao cic chi s6 RMSE va MAPE, mo6 hinh LSTM véi 1 16p cho thay hiéu
sudt tot nhat trong sd cac mo hinh da liét ké. RMSE ctia mo hinh nay 1a thap nhét, chi
la 70.40343, cho théy muc do chinh xac cao trong viéc du bao. Tuong tu, MAPE cua
mo hinh LSTM véi 1 16p ciing 1a thip nhat, chi 1a 0.16513976734131575%, dong

nghia vdi viée sai so du bao thap.

Trong khi d6, md hinh RNN c6 két qua v6i RMSE 1a 519.6161644739401 va
MAPE 1a 1.3589821083403826%. Diéu nay cho thay véi tap dir liéu dung dé nghién
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ctru nay, mo hinh RNN du bao khéng hiéu qua bang mé hinh LSTM d3 duoc dé xuét ¢

trén.

Mo hinh LSTM véi 2 16p va 3 16p ciing cho két qua tét, nhung RMSE va MAPE
ctia chtng cao hon so v&i LSTM véi 1 16p. Piéu nay c6 thé chi ra rang viéc thém cac

16p khong mang lai cai thién dang ké trong hiéu suét du bao.

Do d6, dua trén cac két qua cung cip, mo hinh tot nhat dé dy bao trong trudng

hop nay la LSTM voi 1 16p.
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KET LUAN VA HUONG PHAT TRIEN

Két qua dat dugc cua dé tai:

X4y duyng mé hinh dy bao: Dé tai di thanh cong trong viéc xdy dung mot mod
hinh dy bdo muc ti€u thuy ndng lugng cho thanh phé Tetouan. M6 hinh stir dung cac
thong s6 nhu nhiét do, d6 am, tc do gid va cac dong chay phan tan dé dy doan tiéu
thu nang lugng.

Nhom da thanh cong trong viéc xay dung hai mo hinh du bdo st dung mang no-
ron tai phan tang (RNN) va Long Short-Term Memory (LSTM) dé du bao mic tiéu
thu nang luong cho thanh phd Tetouan. M6 hinh ctia chung t6i di dugc xay dung bang
cach st dung cac thong s6 nhu nhiét do, do am, toc do gio va cac dong chay phan tan
nhu dau vao dé du doan muc tiéu thu nang luong.

Phan tich yéu td anh huong: B4o cdo da phan tich sy anh huéng ctua nhi¢t do, do
am va toc do gio dén tiéu thy nang luong. Két qua phan tich nay giup hiéu rd hon vé
tac dong ctia yéu té thoi tiét dén nhu cau ning luong ctia thanh phd.

Du doan tiéu thu khu vuc: M6 hinh da dugc ap dung dé dy doan muc tiéu thu
ning lugng cia timg khu vuc trong Tetouan. Diéu ndy cung cap thong tin quan trong

cho viéc 1ap ké hoach va quan 1y ning luong trong cac khu vuc cu thé.

Han ché cua dé tai:

Dir liéu dau vao: Dé tai gap kho khin trong viée thu thap va xu 1y dir liéu dau
vao. Can dam bao rang dir liéu vé tiéu thu ning luong cia timg khu vuc duoc thu thap
day du va chinh xac dé ting d6 chinh x4c ctia mo hinh du béo.

Yéu t6 khac: Bao cdo can xem xét cac yéu té khac co thé anh huong dén mic
tiéu thy ning lugng, nhu tinh hinh kinh té, mat d6 dan s, cong nghiép va thuong mai.

Diéu nay giup tang do chinh x4c va toan dién ciia mo hinh du bao.
Hudng phat trién cua dé tai:
Nang cao d¢ chinh xac: D¢ cai thi¢én do chinh xac cta dy bdo, c6 thé can nghién

ctru va stir dung cac phuong phap phan tich dir liu tién tién va mo hinh hoa phuc tap
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hon. Pong thoi, can tiép tuc cai thién qua trinh thu thap va xu 1y dir liéu dau vao dé
dam bao tinh day du va chinh xac cua dir liéu.

Pua vao yéu td bén virng: Pé tai c6 thé mé rong dé xem xét cac yéu td bén ving
khac nhu sir dung nang luong tai tao, hi€éu qua nang lugng va quan 1y thai ra moi
truong. Piéu ndy gitip tao ra mot mo hinh dy bao ning lugng toan dién hon, khong chi
tap trung vao tiéu thu ning luong ma con vao viée xem xét ca cac khia canh bén vimg
va moi truong.

Phén tich tac dong xa hoi va kinh té: D& tai co thé nghién ctru tic dong cia tiéu
thu nang luong dén cac khia canh x4 hoi va kinh té cua thanh phé. Viéc danh gia chi
phi, tic dong moi truong va tac dong xa hoi cua vige tiéu thu nang lugng s€ gitip dua
ra cac giai phap va chinh sach hiéu qua dé quan 1y va giam thiéu tac dong tiéu cuc.

Ap dung cong nghé moi: Nghién ciru ¢ thé tap trung vao viée ap dung cong
ngh¢é méi nhu tri tu¢ nhan tao, hoc may va mang ludi dién thong minh dé cai thién mo
hinh dy bao va quan 1y ning lugng. Viéc st dung cic cong nghé tién tién nay cé thé
gitp tang cuong kha nang du bao, tdi wu hoa viée st dung nang lugng va tao ra céc

giai phap thong minh hon trong quan 1y nang lugng.
Téng két:

Téng két, dé tai du bao murc tiéu thu nang luong ctia mot thanh phé da dat duoc
két qua kha quan trong viéc xay dung mé hinh du bao va phan tich xu hudng tiéu thy.
Tuy nhién, can tiép tuc nghién ctru va phét trién dé cai thién do chinh xac va tinh Gng
dung cua dé tai, bao gom nang cao do chinh xéc, tich hop yéu t6 bén viing, phan tich

tac dong xa hoi va kinh té, va ap dung cong nghé maoi.
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