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DANH MUC CAC CHU VIET TAT VA KY HIEU

ML Machine learning
Al Aritificial Intelligence
ANN Artificial Neural Network
RNN Recurrent Neural Network
FNN Feed Forward Neural Network
LSTM Long Short-Term Memory
MSE Means Square Error
RMSE Root Mean Squared Error
MAE Mean Absolute Error
AR Autoregression
ADL Autoregressive Distributed Lag
MA Moving Average
ARIMA Autoregressive Integrated Moving Average
CNN Convolutional Neural netwwork
NLP Natural Language Processing
TPB Theory of Planned Behavior
RSS Residual Sum of Squares
ADF Augmented Dickey-Fuller (ADF) test
KPSS Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test.
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Gia tri du bao tai thoi diém t

Yt
y Céc gia tri quan sat trong qua khu
a, B Céc tham s6 1am tron
P Gia tri nhiéu tring
D Trong sé twong &ng Vai C4c gid tri trong qué khi
&t Céc sai s6 du doan tai thoi diém tuong tng
O Trong sb t.u v6i cac sai s6 trong qua khir
hi(X) Gia trj dau ra qua cac layer twong tng dau vao x
w; W Trong s6 va Ma tran trong s6
b;B D¢ chéch va vec-to diéu chinh
a Ham kich hoat (tanh, sigmoid...)
a Tdc dd hoc
L Ham mat mat
Ct Trang thai 6 nhd
c Ham sigmoid
tanh Ham tanh
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DAI HOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PH SU PHAM KY THUAT Doc 1ap - Tw do - Hanh phuc

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Panh gia lya chon tmg dung Google Trend trong tdi wu hoa dy bao nhu
cau tiéu thu nang luong dién dua trén cac thuat todn tri tu¢ nhan tao.

- Ma sb: T2023-06-23

- Chu nhiém: ThS. Doan Van Khanh

- Co quan chu tri: Trudng Pai hoc Su pham K§ thuat- Dai hoc Pa Ning
- Thoi gian thyc hién: 3/2024-2/2025

2. Muc tiéu:

Xay dung phuong phap du bao nhu cau tiéu thy dién két hop cac dir liéu tir Google
Trends.

banh gia xem liéu Google Trend c6 thé cai thién du béo tiéu thu nang luong di€n hay
khong?

3. Tinh mdéi va sang tao:

Tich hop dir liéu Google Trends vao dy bao nhu cau dién : Trong khi hau hét cac
nghién ctru trude day chi tip trung vao cac yéu td truyén thdng nhu dit liéu lich st
tiéu thu dién, thoi tiét, hodc gia dién, nghién clru nay m¢ rdng pham vi béng cach
khai thac Google Trends nhu mot nguén dit lidu phan 4nh hanh vi nguoi tiéu dung.
bay la mot cach tiép can mai trong linh vuc du bao dién nang.

Két qua tu viéc st dung dir liéu Google Trends dat nén tang cho viéc tich hop va
khai thac hiéu qua hon cac ngudn dit liéu thay thé, chang han nhu phan hdi khach
hang va truy van tim kiém tir cac nén tang dich vu khach hang (CSKH), von dang
dugc cac cong ty dién lyc trién khai rong rai nhung chua duoc tin dung ddy du trong
du bao nhu cau dién.

4. Tém tit két qua nghién ciru:

Qua qua trinh kiém ching trén bd dir licu thuc té, co thé théy réng viéc tich hop
Google Trends vao mo hinh dy bao gitp cai thién dang ké do chinh xac, thé hién
qua gidm sai sO6 MSE so v&i cac mo hinh chi st dung dir 1i€u nhu cau dién.

Tuy nhién, hiéu qua ctia Google Trends phu thudc vao cach dir lidu dugc tién xur 1y
va tich hgp vao mé hinh. Khong phai moi xu hudng tim kiém déu c6 y nghia trong
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dir bao dién nang, do 6 can dp dung phuong phap loc va lya chon tir khéa phu hop.
Cac md hinh dy bdo clng cin dugc hudn luyén nhiéu lin dé toi uu hoa tham sO va

dam bao sy tuong thich vGi bo dir ligu

5. Tén san pham:
- 01 bai bao dang trén ky yéu hoi nghi thudc IEEE Xplore: Van Kh.’flnl’.l Doan;
Dong Nguyen Doan; Binh Hau Nguyen, “Improving Energy Demand Prediction Use
Deep Learning Network™, 9t/ International Conference on Applying New Technology

in Green Buildings (ATiGB), 2024, pp.323-327. DOL:
10.1109/ATiGB63471.2024.10717715.
6. Hiéu qua, phwong thirc chuyén giao két qua n
" Pé tai la tai liu nghién ciru trongrlTnh vuc du bao trong
chuyén giao tryc tiép cho B mdn H¢ Théng Pién, Khoa Dién-
Pai hoc Su pham Ky thuat Da Néng.

ghién ciru va kha ning ap dung:
hé thong dién, dugc
dién tr cua Truong

. Ngay 01 thang 04 ndm 2025
TM. Hoi dong Khoa Chii nhié¢m deé tai
Chu tich

/

TS. Tran Hoang Vi ThS. Doan Van Khinh

XAC NHAN CUA TRUONG PAI HQC SU PHAM KY THUAT,
KT. HIEU TRUONG

PGS. TS. Vo Trung Hung
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Mau 4. Théng tin két qud nghién ciru bang tiéng Anh

INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Evaluating the application of Google Trends in optimizing electricity
demand forecasting using aritificial intelligence algorithms.

Code number: T2023-06-23

Coordinator: Van Khanh Doan

Implementing institution: The University of Technology and Education, the University
of Danang.

Duration: from March 2024 to February 2025
2. Objective(s):
Develop a forecasting method for electricity demand by integrating Google Trends data and
evaluate its effectiveness in improving forecasting accuracy.
3. Creativeness and innovativeness:
While most research has focused on traditional factors such as historical electricity
consumption, weather conditions, and electricity prices, this study broadens the scope by
incorporating Google Trends as a data source reflecting consumer behavior. This approach
introduces a novel perspective in electricity demand forecasting. The findings from
utilizing Google Trends data lay the groundwork for the effective integration and utilization
of alternative data sources, such as customer feedback and search queries from customer
service platforms, which are widely implemented by power utilities but remain
underutilized in demand forecasting.
4. Research results:
Empirical validation demonstrates that integrating Google Trends data into forecasting
models enhances accuracy, as reflected by a reduction in MSE compared to models based
solely on electricity demand data. However, its effectiveness is contingent on proper data

preprocessing and integration. Not all search trends are relevant, necessitating robust



viii
filtering and keyword selection. Additionally, forecasting models require iterative
optimization to fine-tune parameters and ensure alignment with the dataset
5. Products:
01 research paper has been published in proceeding of the IEEE Xplore: Van Khanh Doan,
Dong Nguyen Doan, Binh Hau Nguyen, “Improving Energy Demand Prediction Use Deep
Learning Network,” 9th International Conference on Applying New Technology in Green
Buildings (ATiGB), 2024, pp. 323-327, DOI: 10.1109/ATiGB63471.2024.10717715
6. Effects, transfer alternatives of reserach results and applicability:

The project serves as a research document in the field of forecasting in electric power
systems and has been directly transferred to the Department of Electrical Power Systems,
Faculty of Electrical and Electronics Engineering at the University of Technology and

Education, University of Da Nang.



MO DAU
1. Tinh cap thiét cia de tai ‘

Trong boi canh san xuat dién nang ngay cang phu thudc vao cac nguon nang
luong tai tao nhu gié va mat troi, sy bién dong trong san xuét dién trg nén nhanh chong
va dang ké hon. Diéu nay 1am gia ting nhu cau can bang ning luong, dam bao sy on
dinh gitra san xuat va tiéu thy dién. Can bang ning luong déng vai trd quan trong trong
viéc duy tri an ninh ning luong, va dé thuc hién hiéu qua nhiém vu nay, cac phuong
phap 1ap ké hoach san xuat dién can duoc toi uvu héa. Dy bao dién niang 1a mot trong
nhitng cdng cu quan trong hd tro 1ap ké hoach, trong d6 kha niang du bao chinh xac giup

nang cao hiéu qua quan ly nang luong.

Viéc nghién ctru va &p dung cac mé hinh du béo nhu cau tiéu thu dién niang khac nhau
nham tim ra phuong phap tdi wu 1a thuc su can thiét. Trong bdi canh tri tué nhan tao
(AI) ngay cang duoc wng dung rong réi, hai yéu té then chdt quyét dinh do chinh xéc
ctia du b4o 1a mé hinh du béo va dir liéu dau vao. Cac thuat toan Al da dugc nghién ciu
va phat trién manh mé trén thé gidi, tao diéu kién thuan loi cho viéc xay dung mé hinh
du b&o. Tuy nhién, van dé tiép can va st dung dit liéu dau vao van 1a mot thach thuc
I6n, nhat 12 khi dix liéu ngay cang trg thanh mot nguon tai nguyén quy gia trong nén kinh

té so.

Dit liéu dugc vi nhu "dau mo™ maéi cua thoi dai s6, dong vai trd quan trong trong sy phét
trién cua Al. Tuy nhién, viéc tiép can cac ngudn di liéu chinh thong cling nhu tim kiém
di liéu tiém niang khong hé dé dang. Pé tai nay hudng dén viéc khai pha va tan dung
cac ngudn dit liéu phi truyén thong dé giai quyét bai toan dy bao nhu cau tiéu thu dién

nang, trong d6 tap trung vao Google Trends nhu mot ngudn dit liéu tiém ning.

Véi su phat trién manh mé cua cong nghé, dac biét 1a may tinh va dién thoai thdng minh,
hanh vi tim kiém thdng tin theo thoi gian thuc da tro thanh mot phan khong thé thiéu
trong doi séng hién dai. Nguoi ding ngay cang dwa vao cong cu tim kiém dé tra cau
thdng tin vé san pham, dich vu va cac van dé lién quan dén nhu cau ca nhan, trong dé
c6 nhu cau sir dung dién ning. Google Trends, mot nén tang phan tich dit liéu tim kiém

tryc tuyén, cung cap cai nhin tong quan vé mic do quan tam cua cong chung d6i véi



mot cha dé cu thé theo thoi gian va khu vuc dia 1y. Pa c6 nhiéu nghién ciu ching minh
rang dit liéu tir Google Trends mang lai gié tri cao trong viéc du bao xu huéng caa nhiéu
linh vuc khac nhau, tir kinh té, y té, tai chinh dén tiéu dung. Dic biét, trong bdi canh nhu
cau dién nang chiu anh huong tir nhidu yéu té nhu bién dong thai tiét, sy kién kinh té va
xu huéng tiéu dung cua ngudi dan, Google Trends ndi 1én nhu mét nguon di liéu tiém
ning, phan anh phan nao hanh vi tiéu thu dién théng qua sy quan tam cua nguoi ding
d6i véi cac thiét bi dién, diéu kién thoi tiét va gia dién.

Bang cach phan tich va khai thac dir liéu tir Google Trends, c6 thé phét hién duoc nhitng
méi lién hé an giita hanh vi tim kiém va nhu cau sir dung dién, tir d6 cai thién d6 chinh
Xac cua cdc mo hinh dy bao. Nghién ctru nay hudng téi viéc tng dung Google Trends
nhu mot yéu té bo sung trong du bao nhu cau tiéu thu dién nang, gitip nang cao hiéu qua
quan 1y ning luong, toi vu héa van hanh hé thong dién va hd trg cac nha hoach dinh
chinh sach trong viéc dua ra cac quyét dinh pht hop nham dam bao sy can bang gitra
cung va cau dién niang trong twong lai.

2. Muc tiéu cia dé tai q ‘

Nghién cttu nay nham phat trien mot phuong phap du bao nhu cau tiéu thu dién
nang bang cach két hop dit liéu tim kiém tir Google Trends véi cac ngudn dit lidu truyén
théng nhu lich st tiéu thu dién. Viéc tich hop Google Trends vao md hinh di bao duoc
Ky vong s& gitip khai thac cac ‘dir liéu an’ tir hanh vi tim kiém truc tuyén cua nguoi

dung, qua d6 phan anh xu hudng tiéu thu dién theo thoi gian thuc.

Dit lidu tir Google Trends c6 tiém ning bd sung thdng tin quan trong vé su thay doi
trong hanh vi tiéu ding dién, dac biét trong bdi canh nhu ciu dién bi anh huéng bai cac
yéu t6 ngoai luéi dién nhu diéu kién thoi tiét bat thuong, su quan tam dén thiét bi dién
hoic céc bién dong kinh té. Vi vay, nghién ciru tap trung vao viéc xay dung mot khung
phuong phap luan gilp tich hop hop ly nguén dit lidu nay vao cac mé hinh du bao, tir
d6 nang cao kha nang phan anh chinh xac su thay d6i caa nhu cau dién trong ngan han

va trung han.

Bén canh viéc xay dung phuong phap du bao, nghién ctru con dat muc tiéu danh gia vai
trd va mirc do anh huang cia Google Trends di véi do chinh xac cia mé hinh dy béo

nhu cau dién. Cu thé, nghién ctiu sé tién hanh cac thi nghiém thuc nghiém trén tap di



liéu thyuc té dé so sanh hiéu suat du bao caa cac mé hinh sir dung dit liéu truyén théng
vé6i cac md hinh ¢4 tich hop dit liéu tir Google Trends. Viéc phan tich két qua s& gidp
lam r6 liéu dix liéu tim kiém truc tuyén co thé cung cap théng tin bo sung cé gié tri hay
khéng, cling nhu x4c dinh nhitng diéu kién va phuong phap téi wu dé hai thac hiéu qua

ngudn di liéu nay trong bdi canh du béao tiéu thu dién.

Théng qua nghién ctru nay, dé tai ky vong s& gép phan mé rong pham vi ¢ng dung cua
dit liéu tim kiém truc tuyén trong linh vuc quan 1y ning luong, dong thoi cung cap mot
huéng tiép can mai mang tinh lién nganh, két hop giita khoa hoc dit liéu, tri tué nhan
tao va quan Iy hé thong dién.

3. Cach tiép cin va phwong phap nghién ciu

3.1 Céch tiép can
Nghién ctru dugc thuc hién dua trén viéc kiém ching tinh chinh xac cua cac mé hinh

du bao thong qua cac thi nghiém thuc nghiém trén b di liéu thuc té. Qua trinh nghién
ctru bao gom viéc xay dung md hinh, thu thap va xu ly dix liéu, tién hanh huan luyén va
kiém tra m6 hinh trén céc tap di liéu phi hop. Cac két qua dat duoc s& duoc phan tich,
danh gia nham rat ra nhitng két luan quan trong vé hiéu qua cua viéc tich hop di liéu
Google Trends vao du bao nhu cau tiéu thy dién. Toan bo qua trinh nghién ctiu cing voi
cac két qua, nhan xét va dé xuat s& duoc téng hop trong mot bao cao khoa hoc va mot
bai bao khoa hoc cong b két qua nghién cuu.
3.2 Phwong phap nghién ciru
Phuong phéap nghién ctiu tiép can trong dé tai nay bao gom :
- Nghién ctu tai liéu va tong quan Iy thuyét: Thu thap, phan tich cac nghién ctu
trude ddy lién quan dén dyu bao nhu cau dién ning, cac md hinh tri tué nhan tao va

ung dung cua dir liéu Google Trends trong linh vue nang lugng.

- Xay dung mé hinh du béo: Phat trién cac md hinh du béo nhu cau dién ning dya
trén thuat toan bd nhé dai ngan han LSTM va méd hinh bién d6i Transformer, véi
va khdng co su két hop cua dit liéu Google Trends, dé so sanh hiéu qua cua tirng

phuong phép.

- Thiét lap kiém chang thuc nghiém: Ap dung cac mé hinh vao bo dit liéu thuc té,
thuc hién huan luyén va kiém tra trén tap dir liéu cuia Vuong quéc Anh, sau do

danh gia hiéu suat du béo thong qua céc chi sé sai s6 nhu MSE, RMSE, MAE.
3



- Phén tich va danh gia két qua: So sanh do chinh xé4c giira cac mé hinh du béo, rut
ra nhitng nhan dinh vé tac déng cia Google Trends ddi véi du bdo nhu cau dién
nang, ddng thoi dé xuat phuong phap tdi uu trong viéc tich hop ngudn dit liéu nay.

4. })(“')’i twong va pham vi nghién ciu
4.1 Poi twgng
Nghién ctu nay tap trung vao cac dbi twong chinh c6 anh hudng dén dy bao nhu

cau tiéu thu dién ning , bao gom:

- Dix liéu tir Google Trends: Dix liéu phan anh xu hudng tim kiém caa nguoi ding,
duoc sir dung dé xac dinh céc tin hiéu tiém an lién quan dén nhu cau tiéu thy dién
nang.

- Dir liéu phu tai dién ctia Vuong quéc Anh: Bao gom lich sir nhu cau tiéu thu dién
theo thoi gian, cung cap théng tin nén tang cho cac mé hinh dy bao.

- M6 hinh Bd nhé dai — ngan han (LSTM): Mot dang mang no-ron hdi quy sau
(RNN) chuy@n xt ly dix liéu chudi thoi gian, gitp nam bat cac quan hé tuan hoan
va xu hudng trong dir liéu phu tai dién.

- M0 hinh hoc sau véi Transformers: Mot phuong phép tién tién ¢ kha ning mé
hinh hda méi quan hé dai han trong dir liéu chudi, duoc danh gia vé hiéu suat so
v6i LSTM trong bai toan dy bao nhu cau dién nang.

4.2 Pham vi nghién cau

« Duw b&o ngin han: Nghién cau chi tap trung vao bai toan dy béo tiéu thy dién
ning trong ngin han, khong xem xét cac phwong phap du bao trung han va dai

han.

« Khu vuc nghién ciu: Pham vi dia Iy ctia nghién ctu 13 Vuong qubc Anh, voéi

cac phan tich dya trén dir liéu thuc té vé tiéu thu dién tai quéc gia nay.

Ngoai ra, mot trong nhitng thach thirc 16n ddi voi cac nghién ctiu dy béo nhu cau
dién ning, dic biét tai cic nudc dang phat trién nhu Viét Nam, 1a van dé tiép can di
licu. Céc dit liéu vé tiéu thu dién thuong bi han ché hoic khong duoc cong khai day
du, gay kho khin cho cac nha nghién ciru mudn xay dung cac md hinh du bao chinh

xéac. Diéu nay dan dén tinh trang cac nghién ciru bi gidi han vé pham vi, ciing boi I8



d6 dé tai lya chon pham vi nghién ctiu tai Vuong qudc Anh véi ngudn dix lieu mo dé

dam bao tinh kha thi va d6 tin cay cua phan tich.

Viéc khai thac cac ngudn dit liéu méi va d& dang tiép can nhu Google Trends tré nén
dic biét quan trong trong bdi canh trén. Google Trends khéng chi cung cap mot
ngudn dit liéu phong phl phan anh xu huéng tim kiém cua nguoi ding, ma con cé
thé gitp bo sung nhitng thdng tin ma di liéu truyén théng chua cung cp dugc. Néu
duoc tich hop hiéu qua, ngudn dir liéu ndy c6 thé gitp cai thién chat luong du béo
tiéu thy dién, dac biét trong bdi canh han ché di liéu chinh théng.
5. Tinh méi cua dé tai o
GAc nhin hanh vi tiéu dung trong du bao dién : Thay vi chi xem xét yéu to ky
thuat (cong suat, thoi tiét, lich st tiéu thu), nghién ciru dé cap dén cach dir liéu tim
kiém truc tuyén phan anh xu hudng tiéu dung dién, c6 thé bao gom sy quan tam dén
thiét bj dién, thoi tiét, va yéu té kinh té. Két qua tir viéc sir dung dir liéu Google
Trends dit nén tang cho viéc tich hop va khai thac hiéu qua hon cac nguén dit liéu
thay thé, chang han nhu phan hoi khach hang va truy van tim kiém tir cac nén tang
dich vu khach hang (CSKH), von dang dugc cac cong ty dién lyc trién khai rong rai

nhung chua dugc tan dung day du trong du bao nhu ciu dién.



CHUONG 1: TONG QUAN VE TIEU THU VA SU DUNG NANG LUQNG
PIEN

1.1 Giéi thiéu vé nhu ciu tiéu thu dién trong béi canh hi¢n dai
bién la mot nguon nang Iwgng sach va an toan, khong truc tiep tao ra khi thai 6

nhiém tai diém st dung, khac voi cac loai nhién liéu ran, long hay khi. Tir goc do st
dung cudi cung, viéc chuyén doi tir nhién liéu hoa thach hoic sinh khéi sang dién mang
lai loi ich moi truong dang ké. Vi du, hé thdng dudng sat dién phét thai thip hon so voi
phuong tién sir dung dau diesel hay than, trong khi xe dién dugc xem 12 giai phap thay
thé than thién véi méi truong so véi xe chay bang nhién liéu héa thach. Tuy nhién, loi
ich nay chi duoc ti wu hoa khi qua trinh san xuat va phan phdi dién duoc kiém soat chat
ch& nham giam thiéu cac tac dong tiéu cuc dén moi trudng. Clng voi sy phat trién cua
nganh ning luong trong thap ky t6i, s& c6 anh hudng sau rong dén nhu cau tiéu thy dién
va moi trudng trong dai han. Xu hudng gia ting muac tiéu thy dién binh quan dau ngudi,
di kém vai sy ma rong cua cac dich vu dién khi hoa, dat ra thach thuc trong cong tac du
b4o nhu cau tiéu thu dién. Diéu ndy tré nén dic biét quan trong trong bdi canh chinh
sach nang lugng can dua trén cac mé hinh du bao chinh xac dé dam bao can bang cung
- cau va huéng toi phét trién bén virng.Nhitng thach thic trong cdng tac du bao nhu cau
tiéu thu dién gap nhiéu kho khan do tinh khong chac chan cua céc yéu to tac dong dén
trién vong nang luong va dién. Nhiing yéu té nay bao gdm bién dong nhan khau hoc,
téc do tang truong Kinh té, xu huéng x& hoi, chinh tri, ciing nhu su phat trién cong nghé.
Trong d6, hanh vi tiéu thy dién 12 mot bién sé quan trong, chiu anh hudéng bai cac yéu
t6 kinh té, xa hoi, cong nghé va chinh sach nang lugng. Nhimng thay do6i trong hanh vi
tiéu diing c6 thé 1am phuc tap hoa viéc du bao nhu cau dién, tir d6 tac dong truc tiép dén
qua trinh xay dung chién luoc phat trién niang lwong. Do d6, dé cai thién do chinh xéac
trong du béo, can xem xét ddng thoi ca cac yéu té ky thuat va cac yéu td hanh vi.
1.2 C4c yéu to anh huéng dén nhu cau tiéu thi di¢n
1.2.1 Yéu to vi mo
« Yéu t6 ki thuat: Chat lugng va hiéu suat cia hé thong ludi dién, cdng nghé san

XUat, truyén tai va luu trir dién déng vai trd quan trong trong viéc dam bao cung

cap dién 6n dinh. CAc cai tién cong nghé gilp giam that thoat dién va tang hiéu

suat hoat dong cua hé thong, tir d6 anh hudng truc tiép dén muc tiéu thu dién

nang.



Yéu t6 kinh té: Thu nhap cta nguoi dan, gia dién, chi phi van hanh va chinh séch
tro gia dién déu 1a nhitng bién s6 kinh té then chét quyét dinh hanh vi tiéu dung
dién. Khi gia dién tang, nguoi ti€u dung c6 xu hudng tim cach giam muc tiéu thu
qua viéc thay ddi thoi quen sir dung hodc dau tu vao cac thiét bi tiét kiém ning

lugng.

Yéu t6 x& hoi va van hoa: Nhan thire cong ddng vé bao vé méi trudng, xu hudng
tiéu dung bén vitng va cac chién dich tuyén truyén vé tiét kiém ning luong co
anh huong truc tiép dén muc tiéu thu dién. Céc gia tri vin hoéa va chuan muyc xa
hoi ¢6 thé thiic day ngudi dan thay doi thoi quen sir dung dién, hudng dén viéc
tiéu dung dién mot cach hop ly va hiéu qua.

Yéu té moi truong: Biéu kién khi hau va bién doi thoi tiét, nhu muia hé néng birc
hoac mua dong lanh gia, c6 tac dong rd rét dén nhu cau st dung dién cho cac muc
dich diéu hoa, sudi 4m hoac 1am mat. Nhiing hién tuong thoi tiét cuc doan ciing

c6 thé gy ra nhiing bién dong dot ngot trong muc tiéu thy dién.

1.2.2 Hanh vi tiéu thu dién

Thoi quen sur dung dién:

o M@ hinh tiéu thy theo thoi gian: Muc tiéu thu dién thudng cé xu hudng
ting vao budi sang khi ngudi dan bat dau hoat dong va vao budi tdi khi
c4c hoat dong gia dinh duoc ting cuong. O cac qubc gia 4p dung md hinh
gia dién theo thoi gian thuc (time-of-use pricing), nguoi tiéu dung c6 thé
diéu chinh hoat dong tiéu thu dién dé t6i wu héa chi phi, qua d6 giam tai

cho hé thong ludi vao cac khung gio cao diém.

o S dung thiét bi dién: Hanh vi sir dung cac thiét bi dién, nhu viéc dé dén
sang qua dém, st dung diéu hoa lién tuc hay khong tit cac thiét bi khi
khong can thiét, c6 thé 1am gia ting muc tiéu thy dién. Nguoc lai, cac
chién dich tiét kiém dién va nang cao nhan thac c6 thé khuyén khich ngudi

tiéu dung str dung dién mot cach hiéu qua hon.

Tac dong cua cong nghé:



o Thiét bj tiét kiém nang lhwong: Su ra doi cua cac thiét bi dién hiéu suat cao
nhu dén LED, diéu hoa inverter va tu lanh tiét kiém dién da giup giam
muc tiéu thu trén mdi don vi thiét bi. Tuy nhién, hién twong hiéu tng hoi
phuc (rebound effect) c6 thé xay ra khi chi phi van hanh giam dan dén viéc

tiéu thy nhiéu hon, lam giam bét hidu qua tiét kiém.

o Héthong nha thdng minh va 1oT:Ung dung cong nghé thdng tin va truyén
thong trong hé théng nha ¢ théng qua 1o T va céc giai phap nha thdng minh
gilp tu dong diéu chinh mirc tiéu thu dién dwa trén nhu cau st dung thuc
té, tir 6 t6i wu hoa muc tiéu thu. Mic du cdng nghé nay gidp quan 1y dién
nang hiéu qua, nhung ciing dong thoi tao ra sy phu thuc cao hon vao thiét
bi dién va hé thdng tu dong hoa.

« Anh hudng cua gia dién va chinh sach:

o Bién dong gid dién: Khi gia dién ting, nguoi tidu dung c6 xu hudng diéu
chinh hanh vi tiéu dung nhu st dyng thiét bi tiét kiém ning luong hoic
han ché tiéu thu dién vao nhiing thoi diém c6 gia cao. Cac chinh sach gia
linh hoat c6 thé tac dong dang ké dén mé hinh tiéu thu dién cua ting ho

gia dinh.

o Chinh sach hé tro va khuyén khich: Cac chuong trinh tro cap cho dién mit
troi, xe dién va cac giai phap niang lugng tai tao dang dan thay do6i cach
thire tiéu thu dién. Ngoai ra, cac chién dich nang cao nhan thic cong dong
nhu “Gio Trai Dat” ciing gop phan thic day hanh vi tiét kiém dién.

o Yéu td xa hoi va méi trudng:

o Nhdn thitc vé méi trirong: Sy gia tang nhan thirc vé bao vé méi truong dan
dén viéc nhiéu nguoi tiéu dung wu tién lya chon ngudn dién tir nang lugng
tai tao. Piéu nay khdng chi thay doi co cau tiéu thy ma con thuc day viéc

ap dung cé4c bién phap tiét kiem dién.

o Xu huéng dé thi hda: Sy gia ting dan sb tai cac khu vuc d6 thi 1am thay
d6i nhu cau str dung dién, véi mic tiéu thu cao hon do nhu cau sinh hoat

va cong nghiép



1.3 Xu hwéng phét trién ciia nganh dién va cac thach thirc trong dw bao
Su phat trién cua nganh dién trong nhirng thap ky qua da chirng kién nhitng budc chuyén

minh quan trong, dic biét 1a véi su gia ting cua cac ngudn ning lugng tai tao nhu dién
mat trod, dién gio va dién sinh khéi. Xu hudng ndy khéng chi gop phan giam thiéu tac
dong moi truong cua nganh ning lwong ma con tao ra nhiéu thach thic mai dbi véi cong
tac du bao nhu cu tiéu thu dién.

Truéc hét, su gia ting mac tiéu thu dién binh quan dau ngudi, két hop véi qua trinh dién
khi héa cac nganh cong nghiép va dich vu, doi hoi cac mo hinh du bao phai linh hoat va
thich tng véi nhitng thay d6i nhanh chéng cua thi truong. Cac mé hinh du bao truyén
théng dwa vao di liéu lich st va cac bién sé kinh té - x4 hoi cd thé khdng phan anh kip
thoi cac yéu té mai nhu xu hudng st dung ¢éng nghé nha théng minh hay su thay doi

trong hanh vi tiéu dung do cac chién dich tiét kiém dién.

Year-on-year percent change in electricity demand, Asia Pacific, 2019-2026
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Hinh 1.1 Metc thay déi phan trdam theo ndm trong nhu cau dién, khu vuc Chau A - Thai
Binh Duong, giai dogn 2019-2026.

Thém vao dé, cac su kién toan cau nhu khung hoang niang luong, bién dong gia nhién

liéu va nhitng thay d6i vé chinh sach ning luong ciing gy ra mirc do khdng chic chin

cao trong viéc du béo nhu cau dién. Nhitng bién dong nay yéu cau cac méd hinh du bao

khong chi dwa vao cac dir lidu dinh lwong truyén théng ma con can tich hop thém cac

ngudn dir liéu thoi gian thuc, gidp cung cap cai nhin toan dién va kip thoi vé xu huéng

tiéu thu dién.Trong bdi canh do, viéc khai thac cac ngudn dit liéu phi truyén thong nhu
9



Google Trends duoc coi la mot giai phap tiém nang nham bd sung thdng tin vé hanh vi
tiéu ding va muc do quan tdm cua coéng chung ddi vai cac van dé tiét kiém ning luong.
Su két hop gitta di liéu truyén théng va dit liéu thoi gian thuc tir cc cong cu phan tich
tim kiém gilp cai thién d6 chinh xac cia cac mé hinh du bao, tir d6 hd tro cac nha hoach
dinh chinh sach dua ra cac chién luoc phi hop dé can bang cung — cau va thuc day phat

trién bén viing trong nganh dién.

T6m lai, xu huéng phat trién ciia nganh dién va nhiing thach thtc trong viéc dy bao nhu
cau tiéu thu dién doi hoi mot céch tiép can da chiéu, tich hop cac yéu té ky thuat, kinh
té, x4 hoi va moi truong. Viéc hiéu rd cac yéu td anh huéng dén nhu cau sir dung dién
khong chi giup cai thién cac mé hinh dy bao ma con dong vai tro quan trong trong viéc

xay dung cac chinh sach nang luong hié¢u qua.

10



CHUONG 2 : PHUONG PHAP LUAN GIAI QUYET BAI TOAN DU
BAO TIEU THU NANG LUQNG PIEN

2.1 Tong quan vé bai toan du bao
Du bao la su két hop gitra khoa hoc va nghé thuat trong viéc du doan nhitng su kién

c6 kha nang xay ra trong twong lai. Tinh khoa hoc ctia dy bao thé hién ¢ viéc qué trinh
du bao can dua trén céc di liéu phan anh tinh hinh thyc té trong qua kht va hién tai,
d6ng thoi dua trén cac xu hudng duoc phan tich theo nén tang khoa hoc dé du doan
nhitng su kién cd thé xay ra trong twong lai. Tinh nghé thuat cua du b4o nam & kha niang
phan doan va van dung kinh nghiém trong nhitng tinh huéng thiéu théng tin hozic khi
nhu cau caa khéach hang bién dong manh. Chinh tir nhitng yéu t nay, c6 thé thiy rang
du bao ludn c6 sai 6, va viéc du doan chinh xac hoan toan chi Xay ra ngau nhién. o

chinh xac cta du bao ciing giam dan khi thoi gian du béo kéo dai.

Muyc tiéu du bao c6 thé khac nhau dbi véi ting ddi twong, nhung nhin chung bao gém

cac buoc sau:

« Xac dinh d6i twong can du bao: Xac dinh chi s6 can du bao, dong thoi xem xét

c4c gia dinh lién quan va céc bién s ap dung.
« Thu thap dit liéu: Budc ndy bao gom viéc thu thap cac dix liéu can thiét.

« Chon phuong phap dy bao: Lwa chon mét ki thuat du bao pht hop nhat, déng
thoi xem xét cac bién s, gia dinh va tap dit liéu lién quan. Thong thuong c6 2

phuong phap du béo chinh :

- Phuong phap dinh lugng: St dung cac mé hinh toan hoc, théng ké, hozc may
hoc dé du bao dya trén dir liu lich st. Vi du: hdi quy tuyén tinh, ARIMA,

hoac mang no-ron nhan tao.

- Phuong phap dinh tinh: Ap dung khi dit liéu lich st khong di hoic khdng phu

hop, dua trén y kién chuyén gia, khao sét, hoac phan tich tinh huéng.

« Xay dung mé hinh dy bao: Dit liéu dugc phan tich bang cach sir dung phuwong
phap da chon, va mot dy bao dugc xay dung tir phan tich nay. Cac bién dau vao
quan trong duoc lra chon va tién xir Iy dé dam bao tinh nhat quan va chét luong
dir liéu. Sau d6, mé hinh duoc huan luyén, kiém dinh va hiéu chinh nham téi wu

hoa do chinh xac, trude khi 4p dung vao thuc té dé tao ra du bao dang tin cay
11



« Xé&c minh dy bao: Panh gia d6 chinh xac cua du béo bang cac chi s6 nhuw MAE
(Mean Absolute Error), RMSE (Root Mean Square Error), hoac MAPE (Mean

Absolute Percentage Error)...

« Trinh bay du bdo: C4 thé st dung truc quan héa dix liéu dé biéu dién du bao dudi
dang hinh anh ma cac bén lién quan c6 thé hiéu rd hon va ap dung trong qué trinh
ra quyét dinh.

Véi bai toan du bao nhu cau tiéu thu ning luong dién, muc tiéu cét 18i 1a du bao luong
dién tiéu thu trong tuong lai. Tuy thudc vao muc dich cua du bao, khoang thoi gian du
bao cd thé dao dong tir ngan han short- term (theo gio, theo ngay) phuc vu diéu do ludi
dién, trung han medium —term (theo tuan, theo thang) hd trg 1ap ké hoach cung tng,
dén dai han long-term (theo nim) dé dinh huéng phat trién ha ting va chinh sach ning
lugng. Dir liéu tiéu thu dién thu nhap 1a dit liéu c6 tinh chat chudi thoi gian va co su
phu thudc vao nhiéu yéu té bén ngoai, (dugc goi 1a cac bién ngoai sinh - Exogenous
Factors, 12 nhitng yéu t6 nhu kinh té, x& hoi, hanh vi tiéu thu dé cap chuong 1). Nhiing
bién ngoai sinh (thoi tiét, khi hau, hanh vi tiéu thy, ..), chinh nhitng yéu tb nay giai thich
tinh phi tuyén trong viéc tiéu thu dién cia mot ca nhan, mét to chirc hay mét quéc gia.
B&i I€ do, du bao chinh xac luong dién nang tiéu thu duoc coi la mot bai toan kho baoi

phu thu thudc vao nhiéu bién sé "khéng chic chan®.

Dir liéu tiéu thu dién 1a dit liéu chudi thoi gian, c6 cac dic trung ctia mot chudi thoi gian
1a tinh xu huéng va tinh chu ky. Theo [1-3], dit liéu thoi gian thuc hay chudi thoi gian
la mot chudi céc gia tri (dix liéu dang s6) cua mot dai lugng duoc ghi nhan 1a thoi gian,
dugc danh chi muc theo thoi gian. Do do, du bao lugng dién nang tiéu thu l1a di uwdc tinh
cac diém dir liéu s6 roi rac cho cac chi sé thoi gian trong twong lai. Céc gia tri cua chudi
thoi gian cua dai lugng X duoc ki hiéu la X, Xo, Xa,..., X4,... , Xa V&I Xt la gia tri cua
X tai thoi diém t. Hinh 2-1 1a biéu &6 minh hoa chudi thoi gian san luong dién tiéu thu
Vvéi dic trung xu huéng va chu ky. Dir liéu chudi thoi gian thuong chiu anh huéng cua
nhiéu yéu té nhu thoi tiét, chinh sach nang luong, bién dong kinh té va hanh vi tiéu ding
cta ngudi dan. Trong d6, xu hudng phan anh sy thay ddi dai han cua nhu cau dién, co

thé tang 1én do sy phat trién kinh té hoac giam xudng do cac bién phap tiét kiém ning
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lwgng. Bén canh d6, tinh chu ky thé hién qua cac md hinh lap lai theo ngay, tuan, thang
hozc theo mua, phu thudc vao dic diém sinh hoat va san xuét cua tieng khu vuc.

Ngoai xu huéng va chu ky, dit liéu tidu thu dién con c6 thé chira cac thanh phan ngau
nhién do céc yéu tb bat thuong nhu thién tai, khing hoang kinh té hoic thay d6i dot ngot
trong chinh sach ning lwong. Nhirng yéu té ndy c6 thé 1am gian doan md hinh tiéu thu
dién, gay ra nhitng bién dong khé luong trong du bao. Do d6, viéc lya chon md hinh dy

bao phl hop can can nhiac dén cac thanh phan nay dé ¢am bao d6 chinh xac cao nhat.

Daily Electricity Consumption between 2009 and 2018
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Hinh 2.1 Pdc trung xu hirong va chu ky cua dir liéu kiéu thoi gian
2.2 M0 hinh dw bao chudi thoi gian
Phan nay s& cung cap mat cai nhin téng quan vé cac ky thuat néi bat nhat dugc st
dung trong Dy bao Chudi Thai gian, trong phan tiép theo tap trung vao cac mé hinh

duogc ap dung chinh trong nghién ctiru du béo tiéu thu dién niang cua pham vi dé tai.
Lam Tron Ham Mii (Exponential Smoothing)

Lam tron ham mil 1a mot phuong phap dugc dé xuit bai Brown, Holt va Winters vao
nhitng ndm 1950 [1-3]. Y tudng dang sau phuong phap nay 1a dy bao diém dit liéu tiép
theo trong chudi thoi gian bang cach tinh trung binh c6 trong sb cua cac quan sat trong
qua khtr. Cé4c trong sd duoc gan sé giam dan theo ham mii khi khoang céch thoi gian
dén diém muyc tiéu tang 1én. Quan sat cang gan thoi diém hién tai thi trong s6 dugc gan

cang cao. Phuong phap ndy twong ddi don gian va c6 thé nhanh chéng &p dung cho
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nhiéu loai chudi thoi gian khac nhau, dan dén tim quan trong l16n cua n6 trong cac tng

dung cong nghiép [4].

C6 ba phuong phap ap dung Lam tron ham mii (Exponential Smoothing) v&i d6 phuc
tap ting dan. Phuong phap don gian nhat duoc goi 1a Lam tron ham mii don gian (Simple
Exponential Smoothing), duoc sir dung cho cac chudi thoi gian khong c6 xu huéng hoic
md hinh mua rd rang. Dy béo ¥ cho chi sé thai gian t dwoc tinh bang trung binh cé trong

sb cua cac quan sat trong qua khir vai trong sé giam theo ham mii:
Ve=ay— 1+o(1—a)yr—2+o(1—a)2y—3+:-- (2.1)

Trong d6, tham s6 1am tron 0< o <I kiém soat téc do giam cua cac trong so. Vi o 16n
hon, mé hinh s& nhay cam hon véi cac quan sat gan day. Tong nay bao gém tat ca cac

quan sat trong quéa Khir tir y1 dén ye

Ngoai ra, cac phuong trinh cua Lam tron ham mii ¢6 thé duoc viét dudi dang thanh phan
(component form), giup mo rong sang cac dang phuc tap hon cta lam tron ham mil.
Trong cach tiép can nay, chudi thoi gian duoc biéu dién dudi dang téng cua cac thanh
phan khac nhau [5]. Ddi V6i Lam tron ham mii don gidn, chi ¢c6 mot thanh phan duy
nhat dugc xem xét, d6 1a mirc 4o €. Han ché cua Lam tron ham mii don gian 13 né khdng

phU hop véi dit liéu c6 xu hudng hoic bién d6i theo mua.

Dé giai quyét van dé nay, phuong phap xu huéng tuyén tinh caa Holt hay con lam tron
ham mii kép (double exponential smoothing), dugc st dung [4]. Phuong phap nay md
rong tir lam tron ham mii don gian bang cach thém mot thanh phan xu hudng b va mot
tham s6 1am tron thtr hai 0< p <Icho xu hudng nay, bén canh thanh phan mic d6 € va

tham sé « da biét.
ARIMA

Phuong phap tiép can cta cac mo hinh ARIMA khac vai cac mo hinh Lam tron ham mi.
Trong ARIMA, cac thanh phan nhu mtc d6, xu huéng va mia khong duoc mé hinh hoa
riéng biét. Thay vao d6, xu huéng va mua duoc loai bé bang cach lay sai phan cua di
liéu, dé thu dugc mot chudi thoi gian duoc coi la ding (stationary) [6]. Mot chudi thoi
gian duoc goi 1a dirng néu cac dic tinh thdng ké cua nd, chang han nhw gia tri trung binh
(mean) hoic phuong sai (variance), khong phu thudc vao thoi gian. Do d6, mot chudi
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thoi gian c¢6 xu huéng (trend) hoic tinh thoi vu (seasonality) s& khong phai la chudi
dung.

Mot cach dé bién mot chudi thoi gian thanh dirng 1 loai b xu huéng va tinh thoi vu

bang céch ldy sai phan (differencing). Cu thé:

« DAi voi xu hudng, sai phan duogc tinh biang cach 1y chénh Iéch giira cac quan sat
lién tiép.
« Dbi vai tinh thoi vu, sai phan duoc tinh bang cach 1ay chénh léch giira cac quan

sat cach nhau mot khoang thai gian bang mét chu ky mua.

Viéc lay sai phan c6 thé gitp giam hoac tham chi loai bo xu huéng va tinh thoi vu, tir
d6 lam on dinh gia tri trung binh caa chudi thoi gian va khién né tra nén (hoic gan nhu)
dirng. Ngoai ra, cac phép bién d6i khac, chang han nhu 14y logarit cua chudi thoi gian,

cling c6 thé gilp 6n dinh phuong sai ctia chudi thoi gian [5].
Nhin chung, ARIMA két hop ba qua trinh thanh mot mé hinh 16n hon:

1. Tu hdi quy (Autoregression - AR): Sir dung méi quan hé giira cac gia tri trong

qua khir dé dy doan gia tri twong lai.

2. Trung binh trugt (Moving Average - MA): Sir dung sai s6 du doan trong qué khtr

dé cai thién du doan hién tai.

3. Lay sai phan (Differencing - I): Loai b xu huéng va mua bing cach Iy sai phan

cua dit lidu, sau do tich hop (integrate) lai dé dua dir liéu vé dang ban dau.

Trong phan mé hinh Ty hoi quy (Autoregression - AR), ¥ twong chinh 1a sir dung mot
md hinh Hai quy Tuyén tinh (Linear Regression) don gian vai cc gid tri trong qué khu
lam bién dy doan. Do d6, du doan cho yt 1a mot td hop tuyén tinh ciia cac quan sét trong
qua kht ctaa chinh chudi thoi gian d6. Pay 1a 1y do tai sao ndé duoc goi l1a Tw hoi quy.
Déi véi hdi quy ndy, mot bac p can duoc xac dinh, dai dién cho pham vi "nhin lai"
(lookback range), tuc 1a sé luong cac quan sat trong quéa khir s& dugc dua vao mé hinh
hoi quy. Mot mé hinh Ty hdi quy bac p thudng dugc ky hiéu 13 AR(p) va c6 thé dugc

viét dudi dang:

Yt =ctD1yr—1+D2y—2+--+Dpyi—ptet (2.2)
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Trong do:
« ®; la cic trong sb (weights) twong (g véi cac gia tri trong qua khu.
« ¢ lamot hing sb (constant)

et 1a nhiéu tring (white noise), dai dién cho cac yéu té ngau nhién khdng thé du doan

duoc.

M6 hinh AR(p) sir dung cac gia tri trong qué khir tir yi-1 dén yr—pyrp dé du doan gia tri
hién tai yt, va c4c trong s6 ¢i phan anh mtrc d6 anh huong cua ting gia tri qua khi 1én
gia tri hién tai.

Y tudng cua Trung binh truwot (Moving Average - MA) tuong tu nhung khac biét so véi
Tu hoi quy. Thay vi sir dung cac gia tri trong qué khtr caa muc tiéu hoi quy, mot mé
hinh Trung binh truot bac g (hay con goi 1a MA(Q)) sir dung cac sai sé dir doan trong
qua khr 1am bién du doan trong mé hinh Hai quy Tuyén tinh. Piéu nay dan dén phuong

trinh du bao:
Vi=ctert016— 140262+ --+0q6—( (2.3)

Trong do:

« 0 la cac trong sé twong ng Vai c4c sai s6 du doan trong qué khi.

« ¢ lamot hang sé.

o ELE-L,...,&0EterL,.. .. 12 CAC sai O du doan tai c4c thoi diém twong Gng.
Phuong trinh hoi quy cho mét mé hinh ARIMA ¢6 thé duoc viét nhu sau:

Ye=C+dryi-1+: - +dpyr—p'+016-1+ - +H0ger—qtet (2.4)

Trong do:

yt': Dai dién cho céc gia tri caa chudi thoi gian da duoc lay sai phan.

c: Hang s6

¢i: Trong sb cua cac gia trj trong quéa khr (thanh phian AR).

6i: Trong sb cua cac sai s6 du doan trong qua khir (thanh phan MA).
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« ¢ Nhidu trang tai thoi diém t.
M6 hinh hoc may va tri tu¢ nhan tao

Trong khi hau hét cac md hinh thdng ké dugc xem xét & trén déu gia dinh rang dit liéu
tuan theo mot cu trac co ban c6 thé dugc mo ta bang mot méi quan hé toan hoc, cac
mo hinh dya trén Hoc may va Tri tué nhan tao lai sir dung it gia dinh hon. Ching don
gian mong doi m6 hinh s& dua ra cac gia tri gidng nhau khi nhan dugc cling mot dau
vao. Vi diéu nay khong bao gom bat ky yéu cau ndo vé cach méi quan hé giira dau vao
va dau ra trong nhu thé ndo, hau hét cac mé hinh Hoc may va Tri tué nhan tgo cd thé xir
1y duoc céc quan hé phi tuyén tinh. Du bao chudi thoi gian c6 thé duoc dién dat nhu
mot bai todn hoc c6 giam sat. DI véi cac trang thai méi chua biét X¢, nhin twong GNng
can duoc du doan. Cac tham sé ciia mé hinh duoc hoc théng qua Hoc may bing cach
lap di lap lai viéc diéu chinh gia tri cac tham s6 cho dén khi mot ham mat mat nhat dinh
duoc t6i thiéu hoa [7]. Viéc nay thuong duoc thuc hién bang cach chia dix lidu c6 sin
thanh ba tap: Tap huan luyén, tap kiém dinh va tap kiém tra. M6 hinh dwoc huan luyén
trén tap huan luyén va danh gia trén tap tha hai - tap kiém dinh. Véi két qua danh gia
nhan dugc, mot s quyét dinh veé thiét ké md hinh c6 thé duoc dua ra trudc khi thyuc hién
danh gia cudi cung vé hiéu suit caa mé hinh trén tap kiém tra. Viéc téi thiéu hda ham
mat mét trong qué trinh huan luyén s& gitip md hinh hoa chinh xac phan phdi cua dir
liéu, dong thoi d6 phuc tap cia mé hinh nén dugc gitt & mac nho dé tranh hién tuong
overfitting (qua khép) dir liéu huan luyén. Khi lya chon mé hinh, nguyén 1y "Ockham’s
razor" can dugc ap dung. Nguyén ly nay néi rang néu c6 nhiéu gia thuyét dugc xem xét,
thi gia thuyét don gian nhat thuong 1a gia thuyét dang. Cac dic tinh phi tuyén tinh va
phtic tap trong quan hé gitra cac yéu té anh huong dén chudi thoi gian tiéu thy dién, do
d6 cac mo hinh Al, dac biét la mang no-ron nhan tao (Artificial Neural Networks —
ANN), d3 trd thanh mot ¢ong cu manh mé dé giai quyét bai toan du b4o. Mang no ron
nhan tao hoat dong giéng nhu bo ndo ciia con ngudi, dwoc hoc bai kinh nghiém (théng
qua viéc huin luyén), luu giit cac tri thirc sau d6 st dung céc tri thire d6 trong viéc du
doan cac dir liéu chua biét. Mot mang no-ron bao gom nhiéu nit ndi véi nhau, mé phong
mang no-ron than kinh cua nio nguoi. Mang no-ron nhan tao bao gém ba thanh phan

co ban: mé hinh caa no-ron, cau trdc va su lién két giita cac no-ron. Trong mot s6 truong
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hop, mang no-ron nhan tao 1a mot hé thong thich tng, tu thay d6i cau tric cua minh dua

trén cac thong tin bén ngoai hay bén trong chay qua mang trong qua trinh hoc.

Drendricves

Hinh 2.2 Cdu tgo cua té bao noron sinh hoc tién d@é xay dung mang no-ron nhan tgo

Tiép theo, s& trinh bay cac ly thuyét co ban ciia mang no-ron trude khi di siu vao xay
dung cac md hinh mang no-ron nhan tao tiép theo ¢ chuwong 3, cach ching co thé duoc
sir dung dé dy bao chudi thoi gian, ciing nhu nhitng wu diém va thach thire khi 4p dung

chdng vao thuc té.

L tima window Fa
.I'lr I.Il. i "Ir 1
‘I ¥ "H-H‘._.‘- l,I.I: ﬁ.
:'rr " / llk
lll'\. . / l"‘l. ; | ~
"J.I Y f - E}I Y
v
R ! fi( \ IF‘J \\.
| I"-L / 5k’ Y
|_ i
L
Ry 'M
time series
wurtpur
predicted value
v

miputs neeural metwork

Hinh 2.3 Mé hinh mang no-ron nhan tgo trong dw bao chudi thoi gian
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Kién tric chung cia mot ANN gom 3 thanh phan d6 1a 16p dau vao (input layer), 16p an
(hidden layer) va I6p dau ra (output layer). Dit liéu tir bén ngoai s& di vao mang no-ron
nhan tao qua Iop dau vao. Cac nut dau vao xu ly, phan tich, phan loai dit liéu sau dé
chuyén sang 16p tiép theo, trong d6 cac 16p trung gian (I6p an) két ndi dau vao va dau
ra @& mo hinh hda cac mdi quan hé phi tuyén tinh. M&i don vi trong mot I6p sir dung
mét cach biéu dién dit liéu cu thé; vi dy, d6i vai dit liéu chudi thoi gian, 16p dau vao co

thé tuong tng Vi mot vector c&c gid tri s6 hoac mot ma tran chira di lidu phu tro.

Hinh 2.4 M6 hinh mang no-ron nhan tao don gian

Layer 1 Layer 2 Layer 3

(Input Layer) (Hidden Layer) (Output Layer)
Véi mot kién tric mang no-ron nhat dinh, ching ta can tim céc trong sb chinh xac dé
két néi cac no-ron khac nhau (con duoc goi 1a ndt, té bao hoic don vi), trong d6 céc no-
ron duoc biéu dién bang cac vong tron nhu trén hinh. C6 nhidu phuong phap dé huan
luyén mang no-ron, chang han nhu lan truyén nguoc (backpropagation), thuat toan di
truyén (genetic algorithms) hoac tim kiém ngau nhién (random search)...; tit ca cac
phuong phap nay déu nham tim ra cac tham s6 t6i wu cho mang no-ron. Cac mé hinh

hoc sau ngay nay phan 16n 1a sir dung lan truyén nguoc.

Lan truyén ngiroc la mot thanh phan quan trong trong mot phuong phap huan luyén
mang no-ron co ban nhung manh mé&. Trén mat 16 dir liéu huan luyén, sau khi khai tao

ngau nhién cac ma tran trong sb:

1. Tinh todn ham mat mat bing lan truyén tién (feed-forward propagation);
2. Tao gradient cia ham mat mét bang lan truyén nguoc (backpropagation);

3. Cap nhat trong sé cua mang no-ron bang phuong phéap gradient descent;
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Ham mat mat cé thé duoc hiéu 1a mac do sai léch cua du doan so véi thuc té; mot mo
hinh hoan hao c6 ham mat mat bang khdng, trong khi nhiéu I15i dy bao hon ddng nghia
v6i mat mat [on hon. Cac phuong phap hoc may thudng huéng dén viéc téi thiéu hoa
ham mat mat. Ddi véi 16p sé i va don vi j (trong mdi 16p), ky hiéu tiéu chuan duoc st
dung dé tao trong s6 trong mang no-ron nhu sau. Goi z 1a dau ra, w 1a trong sé va b 1a
d6 chéch (bias). Dudi ddy, chung ta dinh nghia ham dau ra thé caa mdi don vi trong mdi

I6p nhu sau:

2 =wx + bz (2.5)

Qua trinh lan truyén tién (forward propagation) dién ra tir trai sang phai cia mang no-
ron, nhu minh hoa trong Hinh 2.4. Gié tri du ra tho dwgc tinh cho mdi don vi theo
phuong trinh trén, dugc hiéu 1 tong co trong sé cua cac gia tri dau vao caa don vi do.
Sau d6, mot ham kich hoat thuong duoc ap dung dé bién doi phi tuyén tinh gia tri dau
ra tho (trong tat ca cac I6p trir 16p dau vao); diéu ndy cé thé duoc hiéu nhu mot ngudng
kich hoat, sao cho gia tri zj(i) duoc "kich hoat" & mot muac nhat dinh. Cac ham kich hoat

phd bién bao gom ham tanh, sigmoid, ReLu..

Hinh 2.5 Mgt sé6 ham kich hoat théng dung

Sigmoid Tanh

1.0

1.0

10 5 0'0[] 5 10

(a)

RelLU LeakyRelLU(a=0.2)
10

z,z>0
[z70 LeakyRel 1.\[;);{ )
ReLU(z)= az, otherwise

L(), otherwise 5

104

0 5 0 5 10
(©) (d)

Bay gio dinh nghia ham kich hoat: a]@ = g(zj(i)). Gia st ham kich hoat la sigmoid ta
. 0y _ 1
co g(zjl ) T 1te?

Sau khi hoan thanh mét vong lan truyén tién, chung ta thu dwoc gié tri kich hoat a, duoc
xem nhu dau ra dy doan §. Gia tri ndy s& dugc so sanh véi dau ra thuc té y, duoc biéu

dién duéi dang hy(x) tai lan lap t.
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Tir ddy, chung ta tinh toan mot gia tri duy nhat goi 1a ham mdt mat, thé hién mirc do sai
léch giita du doan va thuc té. C6 nhiéu loai ham mat mat khac nhau, nhung d6i véi cac
bai toan hdi quy, ham mat mat trung binh binh phuong (Mean Squared Error - MSE) 1a
mét trong nhing lua chon phd bién nhat. Céng thic cia MSE trén n mau dit liéu nhu

Sau

_ ?=1((yi - yp)z
B n

L(y.9) (2.6)

Tiép theo, trong budc lan truyén nguoc, cac dao ham (gradient) dugc tinh nguoc lai, tir
phai sang trai qua cac 16p ciia mang no-ron, nhu minh hoa trong Hinh 2.2.Vé tryc giac,
ching ta 1am viéc theo hudng nguoc lai dé sir dung két qua tinh toan mat mat trude do

va xac dinh nhitng sai s6t nao trong mang no-ron di dan dén do chinh xac thap hon.
Mdi dao ham theo trong s w duoc tinh bang quy tic chudi nhu sau

dL(w) dL(w) o da o 0z
ow  da dz Oow

2.7)
Cubi cuing, cac trong s W ciia mang no-ron dugc cap nhat bang phuong phap gradient
descent, duoc xac dinh vai toe d6 hoc o nhu sau:

dL(w)
dw

W& W e —a

(2.8)

Chung ta 13p lai qué trinh va cap nhat trong sé cho dén khi mé hinh hoi tu. C6 nhiéu
cach dé cai thién tir quy trinh co ban ndy. Vi du, k¥ thuat dropout c6 thé dugc sir dung
dé giam hién tuong qua khdp bang cach loai bo ngau nhién mot s neurons véi mot xac

suat nhat dinh.

Téc d6 hoc a c6 thé duoc ¢b dinh hodc diéu chinh theo timg budc 13p bing cac phuong

phap nhu Adam, Adagrad, momentum.

Pé minh hoa rd hon cach hoat dong cua mang no ron nhén tao trong dy béo nhu cau
dién, ta xét mot vi du cu thé. Gia su ching ta c6 bd dir liéu nhu cau tiéu thu dién hang

gio trong 10 gio lién tiép nhu sau :
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Thoi gian
Tiéu thu dién (kW)
(gio)
1 100
2 110
3 120
4 130
5 140
6 150
7 160
8 170
9 180
10 190

Muyc tiéu ctia ching ta 1a sir dung céc gi4 tri tiéu thu dién trong qua khir dé du doan gia

tri tiéu thu dién trong twong lai. Vi du, st dung 5 gid tri trudc d6 dé du doan gia tri tiép

theo (dai cira s6 time window hay lookback range ).

Tiép sé& tao cac cap dir liéu dau vao va dau ra tir chudi thoi gian. Véi dai cia s6 truot 1a

5, tuc 14 sir dung 5 gid tri trude d6 dé du doan gia tri tiép theo, dit liéu s& duoc chia nhu

Sau.

(X) v)
[100, 110, 120, 130, 140] 150
[110, 120, 130, 140, 150] 1160
[120, 130, 140, 150, 160] 170
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(X) v)

[130, 140, 150, 160, 170] {180

[140, 150, 160, 170, 180] {190

Chung ta s€ xay dung mot mang no-ron don gian vai cac 16p sau :
« L&p dau vao: S luong nit tuong tng véi dai cira s6 = 5.
« L&pan: Mot 16p an véi 10 nat va ham kich hoat ReLU.
« L&p dau ra :Mot niit dau ra dé du doan gia tri tiéu thy dien

Tiép dén khoi tao mot ma tran trong sé bat ky, do léch twong (ng véi gia tri dau vao
tuong @ng, va tinh toan cho ting 16p an dua trén cac budc miéu ta & trén. Bang cach
huan luyén vai nhiéu mau, mé hinh s& hoc duoc quy luat bién dong cua tiéu thu dién va

du bao gia trj tiép theo dya trén dit liéu lich str.

N [t =
RETANAN

time series

output
predicted value

Hinh 2.6  Du b&o chudi thoi gian siz dung mang no-ron két hop véi cac bién can thiét

Chung ta c6 thé bd sung thém thong tin vao chudi thoi gian, chang han céc bién ngoai
sinh. Thong tin nay sau d6 ¢ thé duoc str dung dé tdi wu mé hinh, dy béo chinh xéac
hon. Mét cach phé bién dé thém thdng tin quan trong 1a st dung cac bién can thiép nhu
Hinh 2.6 (chi bao can thiép), mot dang dic biét cua bién ngoai sinh, biéu thi théng tin
vé chudi thoi gian hoic bi canh cua khoang thai gian can dy bao.
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Vi du, khi du b4o mic tiéu thy nang luong, viéc biét ring ching ta dang du béo cho thi
Hai hay thtr Bay c6 thé cai thién dang ké do chinh xéc, vi hanh vi tiéu thy dién thay d6i
theo ngay trong tuan. Thong tin nay khdng co san truc tiép tir chudi thoi gian va can

duoc bd sung vao mé hinh.

Ngoai ra, cac bién ngoai sinh khac nhu nhiét do, thoi tiét da duoc nghién ciru va chiing
minh c6 thé gidp cai thién dy bao, chling phan anh nhiing yéu té bén ngoai tic dong dén
nhu cau dién. Do d6, viéc két hop ca chi bao can thiép va cac bién ngoai sinh cd thé gitp

md hinh du bao hoat dong hiéu qua hon.

Vi du miéu ta ¢ trén vé cach xay dung mang no-ron nhan tao dé giai quyét bai toan du
bao chi khai trién & budc khai tao. Trén thuc té, viéc xay dung mot mang no-ron doi hoi
nhiéu vong lap tinh toan nham tim ra cac tham s téi wu twong &ng Vi ting bo dix liéu.
Quaé trinh nay s& rat kho thuc hién trén mot bo dix liéu 16n, phie tap va can thiét cac mo
hinh hoc sau t6i vu hon mot mang no-ron nhan tao théng thuong cuing vai su hd tro cua

cac cong cu tinh todn manh mg¢.

Mot s6 md hinh phé bién nhat cia mang no-ron nhan tao, trong d6 ¢6 mot s6 md hinh

s& duoc nghién ciru va thuc nghiém & phan tiép theo caa dé tai.

. » Cac mang no-ron sir dung nhiéu 1ép no-ron theo Kién triic co so cia Multi-layer
perceptron [8] nham xir ly céc dit liéu dang bang. Bao gdm mang no-ron hoc sau truyén

thang, mang no-ron sau va rong hay mang no-ron phan tich ma tran nhan ti...

« Mang no-ron tich chap (CNN ) [8]-11]: Pay 1a mot loai mang no-ron cai tién duoc
chuyén biét hoa, thuong duoc sir dung cho xu ly hinh anh va video. N6 duoc thiét ké dé
tu dong xac dinh cac dic trung trong hinh anh, chang han nhu canh, goc va cac cau tric

khac bang céch &p dung b loc tich chap vao dix liéu dau vao.

« Mang no-ron hdi quy (RNN ) [12-14]: Mang no-ron tién hoa duoc thiét ké dé xu ly
cac dau vao co dang dit liéu tuan ty, chang han nhu giong noi, van ban va di liéu chudi
thoi gian. RNN c¢6 kha ning bét cac phu thudc thoi gian trong dit liéu dau vao, 1am cho
nd pht hop cho nhiéu ang dung, chang han nhu dich ngdn ngix, nhan dang giong noi va

tao am nhac.
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« Mang no-ron bién d6i (Transformer ) [15-18]: Kién trGic mang Transformer duoc gidi
thiéu nhu mét phuong an thay thé kién trdc mang RNN trong viéc xu ly dix liéu tuan ty,
chang han nhu ngén ngir. Han ché caa md hinh RNN 1a khdng xir Iy song song duoc
chudi dit liéu dau vao va khong thé nam bét duoc sy phu thudc dai han. Thay vi két ndi
tuan tu caa RNN, Transformer sir dung 16p tu chll y cho phép mé hinh nam bat su phu
thuoc gitra cac thanh phan khac nhau trong chudi dau vao. Diéu nay khién cho
Transformer c6 thé duoc thuc hién song song va cho phép né xir Iy cac chudi dau vao
dai hon.
2.3 M@t s6 van dé véi md hinh dy béo dwa trén mang no-ron hec sau
1. Thicu D Liéu Bu Lon

o Mot s6 mang no-ron hoc siu yéu cau lugng dir ligu Ién dé hoc duoc cac mau

phirc tap. Néu di liéu lich sir qua it, mé hinh cd thé overfit hodc khong hoc duoc

xu hudng thuc su.

« Chudi thoi gian thudng c6 tinh tuan hoan theo nim, néu chi c¢é dix liéu trong mot
khoang thoi gian ngan (vi du: vai thang), mé hinh s& kho hoc dugc xu huéng dai

han.
2. Khéng Xt Ly bang Binh Dang Dir Li¢u

« Mang no-ron hoc sau yéu cau di liéu dau vao ¢ dinh dang pht hop. Néu khdng
xur 1y dung cach (vi du: khdng chuan héa dix liéu, khdng loai bo outliers), md hinh

cd thé hoc sai phan phéi thyc té.

« Véi cac chudi thoi gian co gia tri thay doi theo mua, viéc khong thuc hién diéu

chinh theo mua c6 thé khién mé hinh kho hoi tu.
3. Khong Sir Dung Bién Ngoai Sinh Hop Ly

« Mot s6 md hinh DL chi hoc tir chudi thoi gian ma khong tan dung bién ngoai sinh

nhu thoi tiét, ngay trong tuan, gia nhién liéu,...

« Khi khéng st dung céc bién nay, md hinh c6 thé b I& nhitng tac dong quan trong
tr moi treong bén ngoai.
4. Chon M6 Hinh Qua Phuc Tap So Vai Nhiém Vu
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o DL manh nhung khong phai lac nao ciing tot hon cdc md hinh truyén théng nhu
ARIMA, XGBoost.

« Néu chudi thoi gian c6 cau trac don gian, ding cadc mang hoc sau cé thé gay

overfitting va khdng mang lai loi ich dang ké so vai md hinh truyén thong
5. Hién tuong qua khap

« Hién tuong qua khép: Mot sé diém dir liéu huan luyén co thé du doan qua tdt,
khién mé hinh c6 thé quéa khép véi ching thay vi tdng quét hda, dan dén d6 chinh

Xé&c thap hon trén tap kiém tra (test set).
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CHUONG 3: XAY DUNG CAC MO HINH DU BAO

3.1 Phwong phap tiép can
Pé tai tap trung hudng dén cha dé dyu bao nhu ciu dién ngin han trong khoang thoi

gian ngay tiép theo va md hinh dy bao duoc xay dung dua trén cac md hinh mang no-
ron hoc sau. Du bdo nhu cau dién ngin han c6 tinh tng dung rong rai d6i voi cac cong

ty dién luc, thi truong nang luong va nguoi tiéu dung.
Nhin chung, c6 hai céch tiép can dé cai thién téi vu dy bao:
1. Tim kiém di liéu tot hon

« Vi cach tiép can nay, tap trung vao viéc cai thién chat luong, sb lugng hoic

tinh da dang cua dit liéu dau vao cho mé hinh du béo.

o Vi dyu: Thém céac ngudn dit liéu méi (nhu Google Trends trong nghién ciru

nay), lam sach dir liéu, hoac thu thap thém dir liéu hitu ich khéc.

« Viéc c6 dit liéu tét hon giap mé hinh hoc dwgc cac mau hinh phic tap hon

va dua ra du bao chinh xac hon.
2. Tim kiém mo hinh tét hon

« Véi cach tiép can nay, tap trung vao viéc phat trién hoic lya chon cac thuat
toan, kién tric mé hinh tién tién, téi uvu hon dé xu Iy dir liéu.
« Vi du: Str dung cdc md hinh hoc siu va danh gia giita cac mo hinh dé xem

md hinh nao hoat dong téi wu hon tir d6 lwa chon.

« M0 hinh tét hon s& ¢6 kha nang hoc sau hon, ndam bat duoc cac méi quan hé

phtc tap trong dir liéu va dua ra du bao chinh xac hon.

Trong nghién ciu nay, sé tiép can song song hai phuong an trén. Cu thé, viéc tim kiém
dir liéu tot hon tap trung vao viéc tich hop dir liéu Google Trends vao mé hinh du bao
nhu cau tiéu thy dién. Xem xét nghién ctru danh gia hai mé hinh Transformer va LSTM.
Transformer vén duogc sir dung rong réi trong X Iy Ngon ngit Tu nhién (NLP) dé du
doan dir lidu chudi [18]. Mic du cac md hinh Transformer cé tiém nang déng ké trong
NLP, viéc ung dung chiing trong du bao chudi thoi gian van con chua duoc (ing dung

rong.
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Viéc tich hop di liéu Google Trends trong dy béo nhu ciu ning lugng khong phai 1a
mot khai niém méi. Google Trends da duoc gidi thiéu nhu mot cong cu du bao hiru ich
cho céc dy doan cua thi truong dau mo [19-22]. Tuy nhién, trong linh vuc thi trudng
dién, dic biét 1a dy bdo nhu cau tiéu thu dién, tiém ning cta nd van chua duoc khai thac.
Trong cac nganh céng nghiép sinh lgi nhu thi truong dién, ré rang mét cai thién nho

trong d6 chinh xé&c du béo ciing c6 thé mang lai mot tic dong dang ké [23-25].

3.2 Dir liéu Google Trend
3.2.1 Giéi thiéu chung

Google Trends 12 mot cong cu phan tich truc tuyén do Google Inc. cung cap, cho
phép nghién ctru va phan tich tan suat ciing nhu sy phan b ciia cc truy van tim kiém
trén nén tang Google Search. Cong cu nay cung cip quyén truy cap vao mot tap dir liu
16n vé khéi luong tim kiém, c6 thé dugc phan loai theo vi tri dia 1y, khoang thoi gian,
cling nhu danh muc cha d& cu thé. Nho vao kha ning cung cip dir liéu theo thoi gian
thue v6i chi phi thap, Google Trends d3 trd thanh mot ngudn dir liéu 16n ( big data) tiém

nang trong nhiéu linh vuc nghién ciru, dic biét 1a trong cac mé hinh du bao.

Hinh 3.1 Tim kiém theo tir khéa

Search volume for "Wind power" by country

T T I I 1 T T I | I T
2010 20M 2012 2013 2014 2015 2016 07 2018 2019 2020

United States
Google Trends cung cap hai phuong phap tiép can chinh dé thu thap va phén tich dit
lidu: (1) tim kiém theo tir khoa cu thé va (2) tim kiém theo danh myc. M&i phuong phap
¢6 uu diém va han ché riéng, anh hudng truc tiép dén tinh chinh x4c va mac d6 lién

quan cua dir liéu thu duogc.
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Trong phuong phap tim kiém theo tir khoa cu thé, hé théng truy xuat tat ca cac truy van
tim kiém c6 chura tir khéa da nhap, bat ké ngir canh hodc linh vire lién quan. Chang han,
khi tim kiém thuat ngir “ wind power”, dir liéu tra vé s& bao gdm tit ca cac truy van co
chtra tir ndy, bat ké ngudi dung c6 quan tdm dén khia canh ning lugng gié hay dang tim
hiéu vé cac van dé lién quan dén ning luong gié. Do d6, phuong phap nay co thé gip
van dé vé tinh chinh x4c néu tir khoa c6 nhiéu nghia khac nhau hodc c6 sy thay d6i vé

mat ngir nghia theo thoi gian.

Nguoc lai, tim kiém theo danh muc gitip khéc phuc phan nao vén dé trén bang cach giéi
han pham vi phan tich trong mgt danh myc cu thé duoc dinh sin trong Google Trends.
Hién nay, nén tang ndy cung cip hon 1.200 danh muc khac nhau, bao gdm nhung khong
gi61 han ¢ cac linh vuc nhu Nang luong, Tai chinh, Bat dong san, Lam dep & Thé hinh,
va Cong nghé. Khi mot tir khoa duoc tim kiém trong pham vi ciia mot danh muc, Google
Trends sé& chi tra vé cac truy van c6 lién quan dén danh muc d6, gitp giam thiéu rii ro
sai 1éch ngir nghia theo thoi gian. Piéu nay dic biét quan trong dbi v6i cac nghién ctiu
doi hoi tinh nhat quan vé bdi canh va do chinh xac cua dit liéu. Bén canh hai phuong
phap tim kiém trén, Google Trends con cung cip hai tinh ning quan trong giup hd tro
qua trinh thu thap va xu 1y di liéu:

1. Truy van lién quan (Related Queries): Day 14 tap hop cac truy van tim kiém
khac c6 mirc d6 lién quan cao dén tir khéa ban dau, gitip mé rong pham vi nghién
clru va cung cap thém goc nhin vé hanh vi tim kiém ctia ngudi ding.

2. Chu dé lién quan (Related Topics): Chtic ning nay tu dong nhom céc truy van
c6 ndi dung twong tu v4i tir khoa chinh, dong thoi xtr 1y céac 16i chinh ta, bién
thé ngdn ngit va cach dién dat khac nhau cua cung mot thuat ngfr.

Nho hai tinh ning trén, Google Trends gitip t6i wu hoa viéc thu thap dit liéu bang cach
giam thiéu cac sai sot do chinh ta hodc su khac biét trong cach sir dung ngon ngir. Piéu
nay dic biét hiru ich khi phan tich dit liéu trong cac linh vuc ¢ nhiéu thuat ngit dong
nghia hodc khi nghién ctru xu huéng tim kiém theo thoi gian.

Tuy nhién, mot diém han ché dang ké cua hai tinh ning nay 1a Google khong cung cip
thong tin chi tiét vé cach chung dugc xay dung hoic thuat toan phia sau qua trinh phan
nhom dir liéu. Didu nay khién chung tré thanh mot "hop den" (black box), khién céc nha

nghién ctru gap kho khén trong viéc danh gid mure do chinh x4c va tin cay cua thong tin
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thu thap dugc. Viéc khong thé xac dinh rd liéu mot danh muc hodc mot cha dé lién quan
¢6 thue sy phan anh dung y dinh tim kiém ctia nguoi dung hay khong c6 thé dan dén sai
léch trong dién giai két qua.

3.2.2 Tiéu chi chon tir khoa khi sit dung Google Trend trong nghién cwu khoa

hoc
Do Google Trends khong duoc thiét ké chuyén biét cho muc dich nghién ctru khoa

hoc, viéc dam bao tinh hop € va murc @6 tin cay cua dir liéu doi hoi mot quy trinh lua
chon tir khéa nghiém ngat. Trong bdi canh nghién ciru vé xu huéng tim kiém lién quan
dén ning luong dién (electricity) hoic céc dang ning luong khéc khéc, viéc lya chon tir

khoa can dap (ng céc tiéu chi sau:

1. Mikc dd lién quan: Céc tir khoa duoc lua chon phai c6 méi lién hé chat ché véi
chu dé nghién ctu. Chang han, khi nghién cau vé gia dién, cac tir khoa nhu
"ting gia dién" (electricity price increseas) hoic "tang cao" (price strike) c6 thé
duoc xem xét thay vi chi st dung tir "price" don thuan, dé tranh tinh trang di

liéu bi pha lodng bai nhitng truy van khong lién quan.

2. Tinh nhat quan vé ngir nghia theo théi gian: Tir khoa can duy tri ¥ nghia nhat
quan trong sudt khoang thoi gian nghién cau. Pidu nay dic biét quan trong dbi
V6i cac nghién cau dai han, noi su thay doi vé ngir nghia c6 thé gy sai léch

trong phén tich di liéu.

3. Khdi lweng tim kiém da 16n: Tir khoa duogc lva chon can c6 lugng tim kiém
du 16n dé dam bao dir liéu co y nghia théng ké. Nhiing tir khda qué chuyén biét
hoic it dugc tim kiém c6 thé dan dén dir liéu khong di manh hoic c6 tinh bién

dong cao, gdy khé khan trong viéc dién giai két qua.

4. Tranh sy mo hd vé ngir nghia: Cac tir khda c6 nhiéu nghia khac nhau trong
c4c ngir canh khéc nhau can duoc loai bo dé tranh nham 13n trong qué trinh phan
tich. Vi dy, tor “load” khong chi dugc st dung trong linh vuc nang lugng
(electricity load) ma con xuét hién trong cac cong trinh ky thuat (structural load-
tai trong), do d6 can xem xét bbi canh cu thé dé dam bao tinh chinh xac cua dix

liéu thu thap.
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5. Bao gdém cac tir ddng nghia va bién thé: Bé dam bao tinh toan dién cua dir
liéu, cac thuat ngit ddng nghia hoic cac bién thé pho bién cua tir khda chinh can
duoc dua vao qua trinh tim kiém. Vi dy, khi nghién ctu vé tiét kiém dién, c6
thé bo sung cac tir khoa nhu “tiét kiém dién’’ (energy saving, electricity saving),
“’Hi¢éu qua nang luong’’ (energy efficiency), “’Giam tiéu thu dién “’(reduce
electricity consumption), ’Gidm héa don dién’’ (reduce electricity bills), “’Str
dung nang luong hiéu qua “’(efficient energy use)

3.2.3Tir khéa tim kiém trong pham vi dé tai ‘

Céch tiep cdn dir liéu Google Trend dé nghién cuu trong dé tai:
Wilhite et al. (1996) [26] nhan manh rang nhu cau tiéu thu ning luong khong chi phu
thudc vao cac yéu té ky thuat hay kinh té, ma con bi anh huong dang ké bai bdi canh
van hoéa, khi hau, cling nhu hé théng ha tang caa tirng khu vic. Trong nghién ctu nay,
ching tdi tap trung vao khu vuc Vuong quc Anh va st dung dir liéu tir Google Trends
Vi truy van "Efficient Energy Use" tir naim 2021 dén 2024 dé phan anh méi quan tam

cta cong ching dbi vai tiét kiém nang luong.

Béi canh nghién ciru nay dic biét quan trong khi xét dén tac dong cua cudc khing hoang
ning luong todn cau trong nhitng nim gan ddy. Ké tir nam 2021, thé gioi da phai doi
mat Vi tinh trang gia khi dot ting cao do xung dot Nga - Ukraine, dan dén chi phi nang
luong tang dang ké. Pidu nay da thuc ddy sy quan tdm manh mé dén cac bién phap tiét
kiém dién trén pham vi toan cau. Riéng tai Vuong quéc Anh, s6 luot tim kiém véi tir
khoa "save electricity" di ting hon bon lan vao nam 2022, phan anh rd rang méi quan

tdm ngay cang gia tang cua cdng ching.

Hién twong nay co thé duoc ly giai dua trén Ly thuyét Hanh vi Hoach dinh (Theory of
Planned Behavior - TPB) [27], trong d6 thai do c& nhan, cac chuan myc x4 hoi, va kha
ning kiém soat hanh vi déng vai trd quan trong trong viéc hinh thanh ¥ dinh tiét kiém

dién ciling nhu thuc hién hanh vi nay trén thuc té. Cu thé:

e Thai do: Mot ca nhan c6 xu hudng tiét kiém dién khi ho nhan thac duoc loi ich
cua hanh vi nay, chang han nhu giam chi phi héa don dién hoic gop phan bao vé

moi truong.
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« Chuan muc x3 hoi: Khi tiét kiém dién tré thanh mot cha dé dugc quan tam rong
rdi trong cong dong, ca nhan c6 nhiéu kha ning tuan theo xu huéng chung dé duy

tri su hoa nhap xa hoi.

« Kiém soét hanh vi: Khi cong nghé hd tro tiét kiém dién (vi du: thiét bi tiét kiem
ning lugng hoic hé thong giam sat dién théng minh) tré nén phé bién va dé tiép
can hon, ngudi dan c6 kha ning cao hon trong viéc thay di théi quen tiéu thu

dién cua ho.

Cac nghién ctu trude day cling chi ra rang yéu té kinh té 1a dong luc quan trong anh
huong dén quyét dinh tiét kiém ning luong [25]. Khi gia dién ting cao, nguoi tiéu ding
c6 xu huéng diéu chinh hanh vi cua ho nham giam thiéu tac dong tai chinh. Diéu nay
giai thich ly do tai sao c4c tim kiém lién quan dén tiét kiém dién lai ting vot trong thoi
ky khiing hoang niang luong nam 2022 tai Vuong quoc Anh ndi riéng va cac qudc gia

EU ndi chung.

Trong nghién ciru nay, ching t6i dwa ra gid thuyét raing mac do quan tam caa cong
chung dén van dé nang luong, thé hién qua dir liéu Google Trends, ¢ twong quan véi
mic d6 tham gia vao cac bién phap tiét kiém dién, qua d6 anh huong van dé tiéu thu
dién. Néu gia thiét nay dung thi n6 s& gilp ich trong viéc cai thién van dé du béo tiéu
thu nang lugng dién. Du viéc dinh lugng mirc d6 quan tdm caa cong ching la mét thach
thirc, nhung Google Trends c6 thé dugc xem nhu mot chi béo (proxy) cé gia tri, gilp
cung cap thong tin kip thoi vé xu hudng tiéu thy dién va hd tro tdi wu hoa cac mé hinh

du bao nang lugng.

3.3 M6 hinh B nhé dai ngan han LSTM

Muc tiéu chinh trong dy bao chudi thoi gian la du doan gia tri twong lai dua trén dit
lidu trong qué khir. Tuy nhién, dit liéu chudi thoi gian c6 mot dac diém quan trong: tinh
phu thudc theo thoi gian, nghia la gia tri tai mgt thoi diém bj anh hudng bédi cac gia tri
trudc d6. Hau hét cac mo hinh truyén thong nhu hoi quy tuyén tinh hay mang no-ron
truyén thang (Feedforward Neural Network) khong thé xt 1y tot cac mdi quan hé phu

thudc theo thoi gian dai.

LSTM (Long Short-Term Memory) 1a mét loai mang no-ron hoi tiép RNN, duogc

thiét ké dic biét dé xtr 1y dir liéu c6 mdi quan hé dai han nhu chudi thoi gian. Vi du: Néu
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chung ta muén du béo nhu cau dién ning mdi gio. Nhu cau dién lic 12 gid trua co thé
bi 4nh hudng khong chi boi 11 gio trra ma con béi ca xu hudng tir sang dén trua. Mot
mo hinh thong thudng co thé chi nhin vao mét s gio gan nhat, nhung LSTM c6 thé "ghi
nhé" xu huéng dai hon, ching han tir ngay hém trude. Vi RNN, khi mé hinh hoc qua
nhiéu budc thoi gian (vi du: 100 gio trudc), cac thong tin tir xa dan dan bi mét di. Hiéu
don gian, gia sir chling dang hoc mot bai giang kéo dai 2 gid. Néu gido vién chi nhin
manh noi dung ctia 5 phat trudc, nhung lai quén nhic dén mot khai niém quan trong tir
1 gid trude, thi khi lam bai kiém tra, ching ta c6 thé s& bi thiéu thong tin. RNN gip kho
khan khi can st dung thong tin tir qua khir xa hon (chéng han, du bao dién tiéu thu dua
vao dir lidu tir tuan trude). Piu nay da dugc giai thich trong nghién ctru ciia Hochreiter
va Bengio, et al. (1994), chinh 14 trong qu4 trinh huan luyén, ching ta sir dung thuét toan
lan truyén nguoc dé cap nhat trong s6. Néu céc gid tri gradient qua nho khi truyén nguoc
qua nhiéu budc thoi gian, trong s6 gan nhu khong dugc cap nhat, khién mé hinh quén
di cac thong tin quan trong tir qua khir xa hon. D6 1a Iy do LSTM ra doi dé xir Iy van
dé mat mat thong tin (vanish gradient) cia RNN.

Hinh v& trén mo ta mot doan ctia mang no-ron hoi quy A voi dau vao 1a X; va dau ra
1a he. Mot vong 1ip cho phép théng tin c6 thé duoc truyén tir budce ndy qua budc khéac
ctia mang no-ron. Mot mang no-ron hdi quy c6 thé duogc coi 1a nhiéu ban sao chép cua
cing mot mang, trong d6 mdi dau ra ciia mang nay 13 diu vao cia mot mang sao chép

khac.

Hinh 3.2 Mang no-ron héi quy RNN
Cach hoat dong cia LSTM khac biét:

LSTM c6 mdt thanh phan quan trong goi 1a "Cell State" Ct (trang thai 6 nhd), c6 thé

I O O
e - A

» A » A

/SR S Sl Gl

xem nhu mot duong cao toc thong tin, cho phép thong tin tir qua khir di qua nhiéu

v

budc thoi gian ma khong bi mat mat qua nhiéu.
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Nho co ché nay, LSTM c6 thé ghi nhé thong tin quan trong tir rat 1au trude do, ngay

ca khi chudi dit liéu kéo dai hang trim budc thoi gian.
Hinh 3.3 Thanh phan kién triic co ban ciia LSTM

1. Forget Gate: Quyét dinh thong tin nio can loai bo tir cell state.
2. Input Gate: Quyét dinh thong tin méi nao can thém vao cell state.

3. Cap nhit Cell State: Két hop thong tin tir foret gate va input gate dé cap nhat
cell state.

®
9+)
v

Input Gate Output Gate

4. Output Gate: Quyét dinh thong tin ndo tir cell state cAn dugc dua ra lam déu ra.
5. Hidden state: Tinh t6a trang thai 4n dya trén Cell State va Output gate
Hinh 3.4 Cdc ky hiéu trong hinh vé
O so dd trén, mdi mot duong mang mot véc-to tur dau ra ctia mot nat téi dau vao ctia mot
nut khac. Céc hinh trong mau hong biéu dién cac phép toan nhu phép cong véc-to chang
han, con cac 6 mau vang duogc st dung dé hoc trong cac timg mang no-ron. Cac duong
hop nhau ki hi¢u viéc két hop, con cac duong r€ nhanh d&m chi ndi dung ctia n6 duoc sao

chép va chuyén t41 cac noi khac nhau.

O—P>—>-<

Neural Network Pointwise Vector
Layer Operation Transfer

Concatenate Copy

Phan quan trong nhit cia mo hinh LSTM 14 trang thai t& bao -dudng chay thong ngang
phia trén ctia so d6 hinh v&. Trang thai té bao 1a mot dang giéng nhu bing truyén. N6 chay
xuyén sudt tit ca cac cac niit mang va chi twong tac tuyén tinh véi nhau mot chut. Vi vy

ma cac thong tin c6 thé dé dang truyén di thong sudt ma khong so bi thay doi.
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Hinh 3.5 Trgng thai té bao

LSTM c6 kha niang bo di hodc thém vao cac thong tin can thiét cho trang thai té bao,
chung duoc diéu chinh cin thin béi cic nhom duoc goi 1a cong. Cac cong 14 noi sang
loc thong tin di qua nd, ching dugc két hop boi mot ting mang sigmoid va mot phép

nhan.
Hinh 3.6 M6 td ham sigmoid

Tang sigmoid s& cho dau ra 13 mét s6 trong khoang [0, 1], md td c6 bao nhiéu thong
tin c6 thé duoc thong qua. Véi dau ra cta tang nay 1a 0 thi co nghia 1a khong cho
thong tin ndo qua ca, con khi két qua 1a 1 thi c6 nghia 1a cho tat ca cac thong tin di
qua nd. Mot LSTM gdm c6 3 cong nhu vy dé duy tri va diéu hanh trang thai cia té

bao.

Budc dau tién ciia LSTM 1a quyét dinh xem thong tin nao can bo di tir trang théi té
bao. Quyét dinh nay dugc dua ra boi tang sigmoid - goi 1a “tAng cong quén” (forget
gate layer). N6 sé& ldy dau vao 1a h 1 va X r6i dua ra két qua 1a mot s6 trong khoang
[0, 1] cho mdi s6 trong trang thai té bao Cr.1. Pau ra 1a 1 thé hién rang né giir toan bd

thong tin lai, con 0 chi rang toan bo thong tin s& bi bo di.

Budc tiép theo 14 quyét dinh xem thong tin m&i ndo s& luu vao trang théi té bao. Viéc

nay gom 2 phan. Pau tién 1 sir dung mot tang sigmoid dugc goi 1 “ting cong vao”

fi fe=0Wys-[hi—1,2¢] + by)

hi—1

It

(input gate layer) dé quyét dinh gia tri nao s& cap nhat. Tiép theo 1a mot ting tanh tao

ra mot véc-to cho gia tri méi nham thém vao cho trang thai. Trong budc tiép theo, s&

két hop 2 gié tri do lai dé tao ra mot cap nhat cho trang thai.
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1y = O (I’I"v(“[h‘t,—l:‘rl} + b")

- C, = tanh(We-[hi—1,2¢] + be)

Hinh 3.7 M® ta ham sigmoid két hop véi tanh

Cap nhat trang thai té bao cii Cr1 thanh trang thai moi Ct ; & cac budc truoc dé da
quyét dinh nhitng viéc can lam, nén gio chi can thuc hién 13 xong. Nhan trang thai cii
v6i f dé bo di nhitng thong tin quyét dinh quén lic trude. Sau d6 cong thém  i,*.
Trang thai méi thu dugce nay phu thudc vao viéc quyét dinh cap nhap mdi gia tri trang

thai ra sao.

(X 3}
f/T itm-% Ci=fixCrop 41 % ét

Hinh 3.8 Két hop dé cho ra dau ra

Cubi cung, can quyét dinh xem muén dau ra 13 gi. Gia tri dau ra s& dwa vao trang thai
té bao, nhung s& dugc tiép tuc sang loc. Pau tién, chay mot tﬁng sigmoid dé quyét
dinh phan nao cta trang thai t& bao mudn xuét ra. Sau do, dwa né trang thai té bao qua
mot ham tanh dé co gia tri n6 vé khoang [-1, 1], va nhan nd voi dau ra cta cong

sigmoid dé duoc gia tri dau ra mong mudn.
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Hinh 3.9 Két hop cac tang dé cho ra dau ra la input tiép theo cua dir liéu

3.4 M0 hinh bién d@éi Transformer

M® hinh bién déi (Transformer ) 13 mét mé hinh nhing chudi dua trén co ché ti chu

y duoc gidi thidu nhém tac gia Google Brain nam 2017 [27]. Giéng nhu c4C mang no-
he A

0oy =0 (W, [hy—1,4] + bo)

hy = oy * tanh (C} )

ron hdi quy RNN, cac Transformer duoc thiét ké dé xur 1y dit liéu tuan ty theo dang
chudi cho céc tac vu nhu dich may hay tém tat ty dong. Tuy nhién khac v6i mang
RNN, cac Transformer khong yéu cau dir liéu dang chudi can xur Iy theo thir ty. Vi
duy, néu dir lidu dau vao 12 mot cau ngdn ngit tu nhién, Transformer khong can phai
xtr ly phan dau cau trudc cudi cu. V&i wu diém nay, mo hinh Transformer hd trg
nhiéu phép tinh toan song song, nhd vay giam thoi gian huan luyén trén cac tap dir
liéu 16n. Hién mé hinh Transformer va cac bién thé ctua nd dang 1a mo6 hinh duoc
nhiéu sy lya chon cho cac van dé vé xtr Iy ngdn ngir tir nhién [27] dé thay thé céc
md hinh RNN, vi dy nhu bién thé bd nhé dai-ngan han, LSTM . M6 hinh
Transformer ning cao su phat trién ciua cac mé hinh “huin luyén trudc” (pre-
training) nhu BERT (Bidirectional Encoder Representations from Transformers)
[28] va GPT (Generative Pre-trained Transformer) [29].

M6 hinh bién doi Transformer bao gom hai mé-dun chinh 1a khéi ma héa (encoder

) va khéi giai ma (decoder) dugc mé ta nhu Hinh 3.10 :
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M6 hinh Transformer
R . baura

N I I I
~

Encoder - Decoder Toi la sinh vién

w Decoder
Dau vao

| am a student

Hinh 3.10 M6 hinh minh hoa kién tric Transformer

|
i Encoder

Encoder Decoder

I

/ l

O muc cao, kién trac Transformer tiép can kha giéng v6i cac mang no-ron hoc
sau co ban vi né ciing sir dung két hop 16p nhing va mang no-ron truyén thang
FNN. Tuy nhién c6 2 diém khéc 1a (1) kién tric Transformer st dung 16p nhing
theo co ché tu chi y [27] dé bién doi dir liéu dau vao theo dang chudi tuan ty, va
(2) cac khdi nay duoc xép 16p véi nhau dé xir Iy song song duoc nhiéu thudc tinh
khac nhau tir chudi dit liéu dau vao. M6 hinh chi tiét ctia khdéi ma hoa va giai ma
cua kién trac Transformer dwoc moé ta & Hinh 3.11.

Decoder

i
Encod { [ Feed Forward ] ‘E
Encoder 1 . : | i |

[ Feed Forward ] [ Encode-Decode Attention ]
‘ i o i |

[ Self-Attention

| : s )
N { _______________ . N { ______________ .

Hinh 3.11  Cdc I6p chi tiét ciia kién triic Transformer

Lép twchuy:

Lép tu chua y (self-attention) duoc dung dé tinh toan su phu thudc gitta cac thanh phan

trong chudi dir liéu tuan tu dau vao .

T
Tw cha y(attention) = f(Q,K,V) = softmax <£) 14 (2.10)

NER
Trong do:

Q (Query), K(Key), va V (Value) 1 cic ma trdn dugc thu duge tir dir lidu dau vao

thong qua cac ma tran trong s6 hoc dugc.
dk 12 s6 chiéu cua vector chia khoa (key).

softmax dam bao cac trong s xac suat cua tirng gia tri trong ma tran attention.
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Mang no-ron truyén thang
Ngoai cac 16p tu chu ¥, mdi 16p trong khdi ma hoa va giai ma déu chira cac mang no-
ron truyén thing véi 16p két ndi day du. Kién tric mang bao gém hai phép bién d6i
tuyén tinh str dung ham kich hoat ReLU nhu cong thirc 2.11

FNN(X) = (XW1 + b1)W> + b (2.11)
Trong d6 X 1a véc-to dau vao ciia md hinh, W1 va W- 14 ma tran trong s va bs
va bz Ia véc-to diéu chinh.
Tom lai, ¢6 thé dé thdy rang LSTM va Transformer déu 1a cac mé rong clia mang no
ron nhan tao, nhung chiing dugc thiét ké dic biét dé giai quyét cac bai toan ma mang
no-ron nhan tao truyén thong khong thé xir Iy hiéu qua, chang han nhu xt 1y dir liéu

tuan tu, ndm bat phu thudc dai han va tan dung tinh todn song song.

Bang 3.1 So sanh ddc diém ciia ANN, LSTM va Transformer

Piic diém ANN LSTM Transformer
Xu ly dir ligu
. Khong phu hop| Phu hop Phu hop
tuan tu
A ] Co (cell state va Khoéng can (str dung co ché
BO nhé Khong co ,
cac cong) tu cha y)
Phu thudc daii Khong nam bat , . . ,
Nam bat duoc Nam bat duoc
han duoc
Tinh toan song 6 thé Kho (do tinh chat| Rat tot (xir Iy toan bo chudi
6 thé .
song tuan ty) cung luc)
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CHUONG 4: THU NHAP, XU'LY DU LIEU

4.1 Khai quéat vé thu nhap va xi ly dix liéu
Dir liéu dong vai tro quan trong trong qua trinh dao tao va toi vu héa cac mo hinh

hoc may va tri tué nhan tao . Tuy nhién, viéc thu thap toan bo dir liéu la khdng kha thi
do c4c han ché vé thoi gian va tai nguyén tinh toan. Do d6, viéc lya chon phuong phap
thu thap dit liéu phu hop, két hop véi cac ki thuat xt Iy dit liéu tién tién, 1a yéu t6 then
chét nham ning cao do chinh xé&c va hiéu suat caa mé hinh. Qua trinh nay khéng chi
dam bao tinh kha thi caa nghién ciru ma con gidp md hinh hoat déng trén tap dir liéu co

chat lugng cao nhét. Ba phuong phép thu thap dit liéu phé bién bao gém:

1. Crowdsourcing: Thu thap dir liéu théng qua khao sat nguoi dung, phan hoi tur

cong dong hoic twong tac trén cac nén tang truc tuyén.

2. Logging: Ghi nhan va luu trir dir liéu vé hanh vi nguoi ding, bao gém lich st

truy cip va tuong tac véi hé théng.

3. Scraping: Trich xuat dir liéu tir cac trang web hodc co so dit liéu c6 sdn nham

thu thap théng tin mot cach co hé théng.

Di liéu tho sau khi thu thap thuong chiza nhiéu nhiéu, sai sot va khong dong nhat, do dé
can trai qua qud trinh tién xir Iy dé dam bao tinh chinh xac va dong nhat trudc khi dua

vao md hinh. Cac budc tién xir ly dit liéu chinh bao gom:

« Chuan hda (Normalization): Chuyén doi dit liéu vé pham vi phtt hop nham dam

bao sy 6n dinh khi huan luyén mé hinh.

« Lam sach dir liéu (Data Cleaning): Loai bo céc gié tri trung lap, xtr ly dit liéu

bi thiéu hozc khéng hop 1¢.

« Pong nhat dir liéu (Homogeneity): Chuyén dbi dit liéu vé ciing mot dinh dang

dé tranh sy khdng nhat quan giira cac nguon khac nhau.

« Pam bio tinh toan ven (Integrity): Kiém tra va xac thuc dix liéu tir cac ngudn

dang tin cdy dé dam bao tinh chinh x4c va dai dién caa dir liéu.
« Trich xuat diic trung (Feature Extraction): Xéac dinh va lya chon céc dic trung
quan trong nham giam sé chiéu dit liéu va t6i wu hoa kha ning hoc cua mé hinh.
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« M4 hoa dir liéu (Encoding): Bién d6i c4c bién dinh tinh thanh dang s6 nham

dam bao kha nang x1r ly caa mé hinh hoc may.

Nho qua trinh thu thap va tién xir Iy dit liéu bai ban, mé hinh AI/ML c6 thé khai théc ti
da thong tin tir dir liéu, tir d6 nang cao hiéu qua dy béo va ra quyét dinh trong cac ang

dung thuc tién.

4.2 Thw vién Python si dung trong nghién ciru
Trong nghién ctru ndy, s& st dung Google Colab 1am mdi trudng thuc thi dé xir Iy
dr liéu, xay dung va huén luyén mo hinh dy bao nhu cAu tiéu thu dién nang. Google
Colab cung cip tai nguyén tinh toAn manh mé&, bao gdm GPU mién phi, gitp ting tbc
qua trinh huén luyén mo hinh hoc sau. Nhiéu thu vién Python dé hd tro cac giai doan
tir thu thap, xir 1y dir liéu dén xay dung, huan luyén va danh gia moé hinh du bao nhu
cau dién nang. Viéc su dung cac thu vién nay giip dam bdo tinh chinh xac, hi¢u suat
va kha nang mo rong ciia mo hinh.
Hinh 4.1 MGoi truong thuc thi Google Colab
1. Xu 1y dir liéu
@meTT . om0 @ St it cobrsons

= Bar Pots

« Pandas (import pandas as pd): Puoc sir dung dé nhap, thao tac va lam sach dir
liéu. Pandas hd tro xtr 1y dit liéu dang bang, gitp dé dang t6 chtrc va chuan bj dix
liéu dau vao cho mé hinh.

« NumPy (import numpy as np): Cung cap cac cong cu tinh toan sd hoc, dic biét
1a xir Iy mang va ma tran, hd tro cho cic phép toan dai s tuyén tinh can thiét

trong hoc sau.
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o Scikit-learn (from sklearn.preprocessing import MinMaxScaler,
StandardScaler): HO tro chudn hoa dir liéu béng cac bo bién ddi nhu
MinMaxScaler va StandardScaler, gitp cai thi¢n hi¢u sudt mo hinh. Ngoai ra,
train_test_split dugc sir dung dé chia tap dir liéu thanh tap huan luyén va kiém
tra.

2. Xay dung mo6 hinh hoc sau

« PyTorch (import torch, import torch.nn as nn): Thu vién chinh dé xay dung mo

hinh hoc sau. PyTorch cung cap cac cong cu manh mé dé tao va huan luyén mang

no-ron, bao gdm ca mo6 hinh LSTM va Transformer. torch.nn chira cac 16p quan

trong nhu nn.LSTM, nn.Linear va nn.ReLU dé xay dung mang no-ron nhan tao.
3. PBanh gia mo6 hinh
« Scikit-learn (from sklearn.metrics import mean_squared_error, r2_score): Cung
cap céc chi s6 danh gid mo hinh, bao gom:
o mean_squared_error (MSE): Po ludng sai s6 binh phuong trung binh gitta
gia tri thuc té va du bao.
o 12 score: Panh gid mic do pht hop ciia mé hinh ddi véi dit liéu.
4. Tryc quan hoa dir liéu

« Matplotlib (import matplotlib.pyplot as plt, from matplotlib.pyplot import figure,

import matplotlib.dates as mdates):
o plt giup v& biéu d6 dé phan tich dir liéu dau vao va két qua du béo.
o figure giup tiy chinh kich thudc do thi.
o mdates h tro dinh dang truc thoi gian trong biéu db chudi thoi gian

4.3 Ung dung thu nhap, xir ly dir li¢u trong dé tai nghién ciru
Dit liéu chinh duoc sir dung trong nghién ctru nay dén tir hai nguon:

1. Nén tang ENTSO-E [32] cung cap dir liéu vé nhu cau dién cia khu vuc Vuong
qudc Anh (EDUK);

2. Dit liéu Google Trends do Google cung cap, thé hién mic do phd bién cua cac
cum tir tim kiém theo thoi gian [33].
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Nhu cau dién tiéu thy duoc biéu thi dudi dang cdng suat trung binh hoat dong, do bang
MW. Dit liéu duoc thu thap tir ngay 1 thang 1 ndm 2021 dén ngay 15 thang 4 nim 2024,
v6i khoang thoi gian 1dy mau 1a 30 phat. D6i voi dit liéu Google Trends, nhu di trinh
bay & muc 3.1.2 cum tir tim kiém "Efficient Energy Use" da duoc lya chon trong nghién

ctru nay.

1e6

=

=1

L=
L

100 4

75 4

25 1

spual] 3[Soon Ppuewma(] ALY

0 200 400 600 800 1000 1200

Hinh 4.2 Nhu ca4u téu thy dién cia khu vie Vieong quoc Anh va Di liéu Google
Trends, twong ung.

Sau khi chuan bj dir liéu, tap di liéu duoc chuyén d6i sang méot dinh dang chung dé c6
thé xtr ly bang cac mo hinh duge dé xuat. Picu nay yéu cau mot budc xir ly dit liéu. Sir
dung ngdn ngit Python trén nén tang Google Colab va thu vién StandardScaler va
MinMaxScaler cua Scikit-learn dé chuan hoa dit liéu. Sau do, tap dit liéu duoc chia thanh
80% cho tap huin luyén va 20% cho tap kiém tra. M6 hinh hoc sau duoc hoan thanh

thong qua str dung thu vién PyTorch.

df train, df test = train test split(df, test size=0.2,
random state=42)
df train.to csv('train.csv', index=True)

df test.to csv('test.csv', index=True)
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nd scaler = StandardScaler ()

gt scaler = MinMaxScaler ()

df['nd scaled'] = nd scaler.fit transform(df[['nd']])
df['gt'] = gt scaler.fit transform(df[['gt']])

Xtr Iy chudi thoi gian: Do bai toan du bao chudi thoi gian can st dung thdng tin tir qua
khtr dé du doan tuong lai, dir liéu dugc chuyén d6i thanh dang phd hop véi mé hinh
bang céch sir dung mét ctra s6 thoi gian. Sau khi di liéu duoc xt |y, va can chuyén doi
thanh tensor dé str dung v&i mé hinh hoc sau. Chang han nhu mé hinh LSTM, Dé dam
bao md hinh hoat dong hiéu qua, dir liéu dau vao can dugc chuan bi ding dinh dang

trong PyTorch:

(batch_size,sequence_length,num_features)
Trong do:
« batch_size: S6 lugng chudi dit lidu duoc xu ly trong mot 1an huan luyeén.

« sequence_length: Do dai cua mdi chudi thoi gian dau vao (s6 budc thoi gian ma
mo hinh sir dung dé du bao).

« num_features: S6 lugng dic trung tai mdi budc thoi gian (vi du: cong suat tiéu
thu dién, nhiét 4o, v.v.).

Gia st ta c6 chudi dir liéu tiéu thu dién:
[100,102,105,110,120,130,140]

Véi cira s6 thoi gian T=3, ta tao duoc tap di liéu dau vao:

100 102 105
A=102 105 110
105 110 120

MJ3i hang trong ma tran trén twong &ng vai mot chudi (sequence ) dau vao, va nhan du
doan tuong tng la: y=[110,120,130,140]. Pon ctt, véi mot bo dir liéu chira hang ngan
diém dit liéu, viéc thir nghiém nhiéu gia tri T ( chua ké dén tim kiém cac tham s6 dau
vao mo hinh ) dé tim ra cira so thoi gian t6i vu cho du bdo da ¢ thé rat ton kém vé mit
tinh toan. Khi thir nhiéu gié tri T, mdi lan thay d6i T can tién xu Iy lai dir liéu va huan

luyén lai mé hinh, khién qué trinh nay mat nhiéu thoi gian.
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Véi m6 hinh Transformer c6 thé tiép nhan dix liéu, tap dit liéu dau vao can duoc chuyén

d6i thanh dang tensor ba chiéu véi cAu tric:
(B,T,F)
Trong do:
« B (Batch Size): Sb lugng mau trong mdi 1an huan luyén
« T (Time Steps): S6 budc thoi gian (vi du: 24 gio trude do)
« F (Features): S6 luong dic trung (vi dy, chi ¢d 1 cot dién ning tiéu thu thi F=1)

Tom lai, qua trinh thu thap va xt Iy dit liéu dong vai tro then chdt trong viéc xay dung
mo hinh dy bdo nhu cau dién ning hiéu qua. Viéc lya chon ngudn dir liéu, phuong phap
tién xu 1y, va dinh dang dau vao pht hop khdng chi anh huong dén hiéu suat mé hinh

ma con quyét dinh kha nang 4p dung thuc té caa nghién cuau.
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CHUONG 5: KIEM CHUNG THUC NGHIEM, PANH GIA KET QUA

5.1 Kiém chieng thuc nghiém
Buwéc 1: Kiém dinh méi quan hé nhan qua Granger

Muyc dich chinh cua buéc ndy I1a danh gia hiéu qua cua Google Trends dua trén moi
tuong quan cua nd véi nhu cau dién tiéu thu. Do do6, nghién curu bat dau véi kiém dinh
nhé&n qua Granger dé nghién ctru cac moi quan hé nay.

Kiém dinh nhan qua Granger, duoc dit theo tén cua nha kinh té dat giai Nobel Clive W.
Granger, vé co ban 1a mot khai niém thong ké duoc sir dung dé xac dinh liéu mot chudi
thoi gian c6 thé gilp du doan mot chudi thoi gian khac hay khong [35]. Phuong phap
nay dugc xem xét thong qua md hinh tu hdi quy (AR) va md hinh tr& phan b tu hdi quy
(ADL) nhu sau:

Yo =a, + Zle(ai Yi) + € (5.1)

Vo=Bo+ 2o BV ) + T, i Xe-) + 6, (5.2)

M6 hinh biéu dién trong phuong trinh (1) chi str dung cac gia tri qua kht cua Y dé dy
bao Yt Tuy nhién, md hinh biéu dién trong phuong trinh (2) két hop ca céc gia tri qué
khir ciia Y va X 1én dén bac p va q tuong Gmg. Dé xac dinh liéu X; c6 gay ra Y: theo
nghia Granger hay khong, thyc hién chi s kiém dinh F nhu sau:
_ (RSSy —RSS,)/q
~ RSSy/(T-2p—q)

O day, RSS: va RSS; la tong binh phuong phan du (Residual Sum of Squares - RSS)
tir cac md hinh & phuong trinh (1) va (2); T 1a s6 luong quan sat. Néu thong ké F co y
nghia thong ké 16n hon & muic da chon (thong thuong mire 5% duogc chon), ching ta cé
thé bac bo gia thuyét khdng null hypothesis (Bién X KHONG Granger gay ra bién Y”
(Twc 1a: thdng tin trong quéa kha caa X khong gilp ich trong viéc du doan Y) va két
luan rang viéc thém X vao mé hinh dy béo Y gidp cai thién dang ké kha nang du bao
cta mo hinh.

(5.3)

Buwéc 2: Kiém chitng mé hinh trén tap dix liéu thuc

Quaé trinh kiém chang mé hinh trén tap di liéu thyc (dit liéu nhu cau tiéu thy tai Vuong
quoc Anh) dugc thict ké theo hai kich ban khac nhau dé danh gia tac dong cua dix liéu
Google Trends doi véi hi¢u suat du bao nhu cau nang lugng. Hai kich ban kiém ching
gom:

1. Swr dung duy nhat tap di liéu nhu cau dién dé huan luyén va kiém tra md hinh,
khong sir dung bat ky bién ngoai sinh nao.

2. Két hop tap dit liéu nhu cau dién véi dix liéu Google Trends nhu mot bién ngoai
sinh nham cai thién hiéu suat du béo.

Hiéu suat du bao cua cac mo hinh (ham mat méat) LSTM va Transformer dugc dénh gia
bang chi s6 16i trung binh binh phuong (MSE). Chi s6 nay do luong muc do sai léch
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trung binh giira gia tri dy béo va gia tri thuc té, trong d6 gia trji nhé hon cho thdy mo
hinh ¢ higu suat tét hon.

MSE =

n )2
i=1((yrll Yp) 5.4)

T6i wu hoa tham sé mo hinh:

Qua trinh tbi wu hoa tham sb dugc thyc hién théng qua ky thuat tim kiém lué6i (grid
search) dé xac dinh cau hinh tot nhat trén tap huan luyén. Cac tham s6 dwoc t6i wu nhu

Sau:

e LSTM:

O

(o]

(o]

S6 16p an: 1-3 16p
Sé don vi an: 32-256
Dropout: 0.1-0.3

e Transformer:

O

(o]

(o]

O

O

S6 lwong dau self-attention: 2, 4, 8, 16

S6 neuron trong céac 16p tuyén tinh: 32, 64, 128

Téc do hoc:

S6 epoch: 100 (sir dung dirng som - early stopping dé tranh overfitting)
Kich thuéc batch: 256

Ngoai ra, 4p dung phuong phép ctra s6 dé biéu dién dir liéu thoi gian va du béo cac gia
tri trong twong lai. Dai gié tri ctra s6 duoc xac dinh tir 1 dén 20, va gia tri téi vu duoc
tim thay la 14.

Bang 5.1 trinh bay chi tiét cac gié tri tham sb t6i uvu duoc xac dinh cho ca hai mé hinh,
két hop va khdng két hop dir liéu Google Trends.

Bang 5.1 Cé&c tham sé toi weu ciia md hinh

M6 hinh LSTM Transformer

(Pon bién)Chi st | S6 16p chong: 1 S6 luong dau: 4

dung dit liéu nhu cau |, m— , _

tiéu thy dién S0 don vi an: 256 SO lugng neuron: 128
Dropout: 0.2

(Pa bién) Két hop vai | S6 16p chong: 2 S6 luong dau: 16

dir liéu Google Trends |, — ;
S6 don vi an: 128 S6 luwong neuron: 128
Dropout: 0.1
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5.2 Phan tich két qua
beé thuc hién kiém dinh nhan qua Granger, trudc tién, dé tai kiém tra tinh dung cua

ca hai chudi thoi gian (Google Trends cho tir khoa “"Efficient Energy Use” va nhu cau
dién) bang kiém dinh Augmented Dickey-Fuller (ADF) va kiém dinh Kwiatkowski-
Phillips-Schmidt-Shin (KPSS). Két qua, dugc trinh bay trong Bang 5.2, cho thay ca hai
chudi déu c6 tinh ding. Tiép theo, kiém dinh Granger dugc thuc hién va két qua duoc
bao céo trong Bang 5.3. Két qua chi ra ring Google Trends 12 mot yéu té du bao hitu

ich cho viéc dy bao nhu cau dién ¢ khu vuc Vueong qudc Anh.

Bang 5.2 Kiém tra tinh dirng cua hai chudi thoi gian

O dang nguyén mau

Chubi thoi gian ADF test KPSS test
Nhu cdu tiéu thy dién 0.0126 0.0289
Google Trend vai ter 0.0164 0.0002
khoa “efficient energy use”

Ca hai kiém dinh ADF va KPSS déu cho thay chudi thoi gian cia nhu cau dién va Google
Trends cho cum tir "Efficient Energy Use " 1a dirng. Cu thé, kiém dinh ADF cho két qua
gia tri p-value thap- x&c suit dé kiém tra tinh hop ly cua gia thuyét khéng Ho (p -value
=0 <5% da chon), bac bo gia thuyét khong vé tinh dirng, trong khi kiém dinh KPSS cho
thay thong ké kiém dinh thap, khong du bang chuang dé bac bo gia thuyét khong vé tinh
dung.

Nhu thé hién trong Bang 5.3 gia trj F-statistic 1a 7.2452, cho thady mé hinh ¢ bao gém
cé4c gid tri qua khr cia Google Trends dong gop dang ké vao viéc du bao nhu cau dién.

Hon nira, gia tri p cuc thap cung cap bang ching manh mé dé bac bo gia thuyét khong.

Bang 5.3 Kiém dinh méi quan hé nhan qud Granger

HO: Tir khéa “Efficient Energy Use” c6 quan hé nhan qua
VGi Vi nhu cau tiéu thy dién tai Vieong quoc Anh.

F-stat (lag=8) 7.2452

p-value (lag=8) 0
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Tién hanh danh gia hiéu suat cua hai md hinh du béo chudi thoi gian, bao gom
LSTM va Transformer, trén tap dit liéu nhu cau dién khong st dung dit liéu két hop voi
Google Trends, két qua tong hop duoc tdm gon ¢ Bang 5.4. Chi sé danh gia hiéu suat
MSE, cho thay ring mé hinh Transformer hoat dong t6t hon dang ké so véi md hinh
LSTM. Diéu nay duoc thé hién rd hon trong Hinh 5.1 b, Hinh 5.2b, noi mé hinh
Transformer ¢ kha ning theo sat xu huéng bién dong cua dir liéu tot hon, trong khi

LSTM thé hién muac do sai léch Ion hon.

Bang 5.4 Két qud danh gid hiéu suat md hinh.

M6 hinh MSE
LSTM (khoéng tich hop dir liéu Google Trend ) 1.1625
Transformer (khong tich hop dir liéu Google Trend 1.1342
LSTM tich hop dix liéu Google Trend 1.0955
Transformer tich hgp dit liéu Google Trend 1.0928

Mot trong nhitng 1y do giup Transformer dat duoc hiéu suat cao hon 1a kha niang mé
hinh héa cac quan hé dai han trong di liéu tét hon so véi LSTM. Trong khi LSTM st
dung co ché cong (gating mechanism) dé duy tri thong tin qua cac budc thoi gian,
Transformer st dung co ché ty chi y (self-attention), cho phép né xac dinh méi quan
hé gitra c4c thoi diém khac nhau trong chudi dir liéu mot cach hiéu qua. Diéu nay dic
biét quan trong trong bai toan du bdo nhu ciu dién, noi cac mau dit liéu c6 su tuong

quan theo mua (seasonality) va theo xu huéng dai han.

Tuy nhién, mét trong nhitng han ché cia Transformer ma ching t6i quan sat dwoc
trong qué trinh thi nghiém 1a yéu cau tinh toan cao hon dang ké khi s6 luong dau
(heads) trong co ché tu chu ¥ ting 1én. Khi s6 luong heads duogc dit ¢ gid tri cao hon,
lwong théng tin can xu ly trong mdi lan tinh toan ciing ting 1én, dan dén sy gia ting
dang ké vé thoi gian va tai nguyén tinh toan. Diéu nay dit ra mot thach thuc quan

trong khi trién khai Transformer trén cac hé théng c6 gigi han vé phan ctng.

Déi véi LSTM, ching tdi nhan thay rang thoi gian huan luyén ciing bi anh huong

dang ké khi tang sd lugng 16p chong (stacked layers) I1én 3 hoic tang kich thudc an
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(hidden size) I1én 256. Khi m6 hinh trg nén phuc tap hon, sb lugng tham sé can tdi uu
hoa ting 1én, khién qué trinh huan luyén mat nhiéu thoi gian hon va c6 nguy co dan
dén hién tuong qua khop (overfitting) néu khong cé cac bién phap diéu chinh phu

hop, ching han nhu dropout hoic regularization.

Ngoai ra, kich thudc cira s6 (window size) dong vai trd quan trong trong qué trinh du
bdo. Ching t6i da thtr nghiém vai nhiéu gia tri khac nhau cho kich thudc cira s6 va
nhan thay rang khi ctra s6 qua nho (tir 1 dén 5), ca hai mo hinh déu khong thé du béo
chinh x4c xu huéng dit liéu. Didu nay 1a do lwgng thdng tin trong cira s6 qué han ché,
khién mé hinh khong thé hoc duoc cac quy luat quan trong trong chudi thoi gian.
Nguoc lai, khi kich thudc cira s6 qua I6n (tir 17 dén 20), hiéu suat du bao ciing khong
duoc cai thién dang ké. Diéu nay co thé do viéc mé rong cira s6 qua muc dan dén mo
hinh phai xir Iy mot lwong di liéu qua 16n trong mdi lan dy bao, 1am ting do phrc tap

tinh toan ma khong mang lai loi ich dang ké vé mat chinh xac.

Két qua thi nghiém cho thay rang viéc lva chon kich thudc cira s6 ph hop 1a rat quan
trong trong viéc tdi wu hoa hiéu suat caa md hinh. Trong nghién ciu nay, ching toi
tim thay rang kich thuéc cira so toi wu 1a 14, mot gia tri can bang giira viéc nam bat

du théng tin qua khir va duy tri d6 phac tap mé hinh & muc hop ly.

Tom lai, két qua thuc nghiém cho thay rang mé hinh Transformer c6 hiéu suat vuot
troi hon so vai LSTM trong ca hai kich ban, du chi sir dung dir liéu nhu cau dién hay
két hop vai Google Trends. Viéc tich hop dit liéu ngoai sinh gidp cai thién do chinh
xé4c du bao dang ké. Tuy nhién, Transformer yéu cau tai nguyén tinh toan Ion hon,
trong khi LSTM c6 thé bi cham lai khi s6 16p chong hoic kich thudc an tang 1én. Kich
thudc ctra s6 cling 1a mot tham sé quan trong can duoc lya chon can than dé ti wu
héa hiéu suat caa md hinh.

5.3 Két luan, dé xuat hwéng nghién céu

5.3.1 Két luan chung

Dua trén két qua phan tich, nghién ctu nay di cung cap mot danh gia chi tiét vé viéc st
dung Google Trends dé t6i uu hoa dy béo nhu cau dién ning bang cach (ng dung cac

thuat toan trf tué nhan tao. Cac két luan chinh bao gom:
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o Google Trends c6 y nghia trong du bao dién nang, giip mo6 hinh nhan dién duoc

xu huéng tiéu thy dién dua trén hanh vi tim kiém truc tuyén.

« Transformer 1a md hinh tbi vu khi két hop Google Trends, vuot troi hon LSTM

do kha nang khai thac thong tin tir dit liéu thoi gian dai hon.

« Viéc lya chon kich thuéc cira sd hop ly rit quan trong: Néu qua ngan, mé hinh
khdng nim bét duoc xu hudng; néu qua dai, hiéu qua du bao khdng cai thién

dang ké.

« Tai nguyén tinh toan can dugc can nhic: Transformer doi hoi nhiéu tai nguyén
hon khi ting s6 lugng heads, trong khi LSTM ciing gap han ché khi mé rong kich

thudc an hoic sb 16p.

Thong qua nghién ctu nay, di chang minh rang Google Trends c6 thé tré thanh mot
ngudn dit liéu hitu ich trong du bao tiéu thyu dién, néu duoc khai thac mot cach hop ly.
Diéu ndy mé ra huéng nghién ciru méi trong viéc két hop dir liéu tim kiém truc tuyén

v6i Al dé nang cao do chinh xé&c cua céc hé théng du bao niang luong.
5.3.2 P& xuat hwéng nghién cieu

Duya trén nhitng phat hién trong nghién cau, c6 mot s6 hudng phat trién tiém niang co

thé duoc tiép tuc khai théc:

1. M¢ rong pham vi nghién ctiu voi cac bién ngoai sinh khac: Ngoai Google Trends,
c6 thé thir nghiém vai cac yéu té ngoai sinh khac nhu gia dién, diéu kién thoi tiét
theo thoi gian thuc, hoac dir liéu kinh té. Viéc két hop nhiéu nguén dit liéu cd thé

gilp md hinh du bao tro nén toan dién hon.

2. Két qua tir viéc stir dung dit liéu Google Trends dit nén tang cho viéc tich hop va
khai thac hiéu qua hon cac ngudn dit liéu thay thé, chang han nhu phan hoi khach
hang va truy van tim kiém tir cic nén tang dich vu khach hang (CSKH), v6n dang
duoc cac cong ty dién luc trién khai rong rai nhung chua dugc tan dung dﬁy du

trong du bao nhu cau dién.

3. Phat trién mo hinh Al téi wu hon dé khai thac dir liéu Google Trends :
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o Ap dung mé hinh lai gitra LSTM va Transformer dé tan dung thé manh
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to_squnr._lubsoqu.nt pask(t

- At.sha
Do[”

)

" 1tgt_soq_19n, t¢1ﬂnvq_1!ﬂ1 gonors
tgt_mask - tnrch.nn.TranlfarMﬂr- ent .
4 Embed decoder gnput 2 P“""”"” ancoding:
# [bs, tgt_seq_len: cmned,dJMI

tgt = se]f.detoder"rmbrddlﬂlffﬂt)
tgt = self.posi antodtng(tgt)

Mnfmnrmn

o Get predict
q_len, embed_dim
src, tRL trt_

# [bs, tBL_SC
prrd - se?f.transformpr{
pred * self.output_layer(pred)

tional_
map tO output dimension

mask-tnt_mask)

t_len: int) -> torch,.Tensor:
edicts future values

return pred
ch.Tensor, tr
meaning: PP

def infer(sel?, src: tor
nnmpuns inference with the model,
ence.
te the next output token while
ut sequence to the decode
ra

for an unknown sequ
1y genera

iterative

dy gcnerated ones as inp

For this,

feeding the alrea
src_seq_len, num_features]

Args:
src: input to the encoder [bs,
length of the output

tgt_len: desired

Returns:
torch.Tensor: inferred sequence
output = torch.zeros((src.shape[@], tgt_len + 1, src.shape[2]))
< .to(src.d
. eviCe)

output(:, @] = srcli, -1]
for 1 in range(tgt_len):
1f.forward(src, output)[:, 1]

output[:, 1 + 1] = s€
return OUtPUt[:, 1:]

with AI.
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TONG QUAN TIN

5. TON, T T .
™" B ek T e S TR :
TAI O TRONG VA NGO A \'1--(":8.\ ST THUOC LINH YU C CULA
' 10.1. Ngodi nudc (Phan tich. danh gig 1is . ‘
| 1hé g0 ligt ké danh muc Lc:)-c t?f”‘ Rid tinh hinh nghién ciru thuoc Jinh viee cua dé (4l e
3 cong rinh nehién ciru. taf liéu ¢d [ién quarn Jr.):f? de tai dugc

fr.'“‘h d'd:’.f? khi danh gjd "f-.”?g’ quan )
| g bao nhu cau tiéu thu nang Iy
I s ARy \ . g e UaONg dién 1A mat tronc . '; A e o
| nhan f.;hmh_ 12 do ¢ nhicu véu 18 khong chi mot trong nhmg van aé thach thur . BBUYCR
| hoi tiet, dicu Kién kinh t¢, thay adi g chic chan vé nhu cu sir dung dién nhu dicy kién
3 Lo~ = . ' o) Q - A . N : = . : g
‘ chinh xd¢ duge cot 1a mdt bai toan leng F}Shc.‘ thoi quen st dung...€tc.. Viy nén .c.iu- ba?
su p]'.lﬂt trién cua hé 'Lhén;z qu&n l; . 10 v nhiéu bien nkh(-)ng chac Ch'r-lﬂ”‘ TU:/ nhién, .',rrf‘ |
dién lye 9 120 ra mot luong S 1 lugng ciing nhu céc thiét bi dién thonz minh, nganh
| 6 co thé phan anh hanh \'“id/dky & lidu tiéu thy dién voi Chidu tiém nang. Boi 12 thong qua
hinh du bdo dura trén tri tué nha; flem ‘cua nguoi tiéu dung. Do d¢ viéc xay dung cac mo
nhimg hiéu qua nhat dinh. 20 Vi ddu vao két hop cac ngudn dit ligu nay 42 mang lai
M6t s0 cac nghién clru ngoai | |
dung thudt todn b nhd fogl r;lmﬁc t}h“:n.c-l.hién clru clia tac gia J. F. Torres va dong s da s
pflévbién cua tri tué nhﬁngtarcl) nin co tré (Long Short Term Memory LSTM)-mot thudt toan |
Tay Ban Nha. Két qua du dos \r 48 gidi quyét bai toan du bao nhu cu tiéu thu dign €U2 |
ra:manc LSTM duoc & o Ehu dugc c6 d6 chinh xac cao dat sai sO dudi 1,5%. Ngoal
todn Héiaquy tuyén tinh (L.x udt d3 thu duoc cac sai sé nho nhat khi so sann v&i cac thuat:
inear Regression), cdy quyét dinh (K-Nearest Neighbor). \

?;Cfg;?éin :umf ;;lznhm)éicc%‘;i mo hiflh du doén,‘ nén tang Go’ogleTrend cling dugc dua |
Y vensani VA cAC Abrp o lfétclu nng cao kha nang du bao. Trong nghien CUL ;:_‘fa ‘3
e tngiec: HSiag i %) B desimimy miolE Trend mang dén cho lizh vie 577 |
vt chinh xéc RO dQC ?h}fng minh 12 hop 1¢ va da dugc ch,u'ng.mlf}h 12 cd gia .
v vA chc déng su iy C oy b%o _n[i].‘Gan day nhét, cdc nghién cuu cua tac gia Lean |
: , = IR cat dix lieu tr Google Trend trong vigc dy bao nhu cau ued |
thu;dau_kh%v Dua trén nghién ciru, nhém tac gia da chi ra rang viéc gioi thiéu dir liéu tuc |
ruyén hiru ich, duéi dang xu huéng (Trend) ciia Google, cdi thién dang ké kha nang clia cac |
e A . 1
mé hinh trong viéc dy doan ca xu hudng va gia tri tiéu thu diu. Thém vao dd, viéc st dung |
Google Trend, phan énh chinh xéc cdc véu 16 lién quan khac nhau dya trén vo sé két qua |
tim kiém, khién m6 hinh dy bao dura trén di liéu 16m trc tuyén nay duoc &2 xuét wd thanh \
mot cong cu dly hira hen de du dodn mic tiéu thu dau. l,
1. Torres, José & Martinez-Alvarez, Francisco & Troncoso, Alicia. (2022). A deep \
LSTM network for the Spanish electricity consumption forecasting. Neural |
Computing and Applications. 34. 1-13. 10.1007/s00521-021-06773-2 ‘-
2. M. Q. Raza and A. Khosravi, "A review on artificial intelligence based load demand |

forecasting techniques for smart grid and buildings," Renewable and Sustainable |

Energy Reviews, vol. 50, pp. 1352-1372, 2015/10/01/ 2015.
3. Hochreiter S, Schmidhuber J (1997) Long short-term memory. Neural computation |

9:1735-80. hrtps://doi.org/lo.l162/neco. 1997.9.8.1735. ‘
4. Park, Sungjun & Kim, Jinsoo. (2018). The Effect of Interest in Renewable Energy on |

US Household Electricity Consumption: An Analysis Using Google Trends Data.
Renewable Energy. 127. 10.10l6/j.renene.2018.05.044.
Lean Yu, Yaqing Zhao, Ling Tang, Zebin Yang. Online big data-driven oil

consumption forecasting with Google trends]. International Journal of Forecasung, |

2017

[1] Mavragani A. Ochoa
statistical approaches in Goog

Internet Research20(11): e270.

!
l

Lh

(2018) Assessing the methods, tools, and

G and Tsagarakis KP : _ :
Systematic review. Journal of Medical |

le Trends research:

=

e
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0.2. Trong nudce (Phg, + ;
I-’ n, liét ké danh " flch ddinh gid tinhy h; wa dé tai o Viét
1 Nam. i Muc cdc ¢4 nnh nghién e thuge linh viee cua dé tai o b iei

! - i ’ one 14
. S A g rinh,; 5 . . ’ T, ¥
' dan khi danh gic ong quan ) 18hién cip, tai ligu cé lién quan dén dé rai durge trich |

Mgt $0 nghien el trong muge s gy s v g
dy ba0 phu tai phai k& d¢ép o 5 }?g cac thuat toan tri tué nhan tao dé giai quyét bai todn
dong sw st dung thugt to4p g s ko SUU CUa tic gid Hoang Ngoc Hoai Quang va cac
dung cl:no du bio phu taj tinh Th&m da.1:nga'm ‘han (Long Short-Term Memory - LSTM) ap
nhiét 40, luong mua. Hay nopia 2 Thién Hué, véi cac dir lieu dau vao la phu tai dién va |
nho d2i-ngan han (LSTM) gy pa. oV U tic gid Vil Thi Anh Tho sit dung thuat t0n b3 |
12 phu 1ai dién va nhigt 5. C4e por hu téi ngén han & Dai Loan sir dung céc dir liéu déu vao -
khi so ;a“h Vi gid tri do thye 14 - CUU 1Y déu cho thiy mire dd chinh xéc trong du bao |
Nhin chung, cic nghién e, . .
ron dua trén thut toan bé‘-?;lht'ro;g- fUIGC vé du bdo phy tai dién sir sung mé hinh mang no -
vao 1a nhiét 4o hodc thyi tié kétag—ngan han va chi dimg lai ¢ viéc sir dung céc dir liéu dau |
j iém dé 13 ) < gg phu tal d€ du bao, chura c6 nghién ciru nao (dva tén
hay 101 uu céc du bdo nhy ciu tidy ﬂl'm i C}u' liu tr GoogleTrend trong vién céi thfén
vao 6(33 cac md hinh mMang no-ron 4 R d}(?n naflg, tdng &6 chinh xéc’trong du bao. Thém .
mét sO han ché do viee xir |y - 1@ ren thudt toan bg nhé dai-ngan han thuéng gép phai |
dén lan truyén nguoc theo oo ¥ d¥ li€u ddu vio v nhimg thach thuc lién quan
hu thude dii. Vi ua ha ta s L B1an, ddc biét 1a khi xirly cac bd dit lidu c6 thoi gian |
put - O1uu thé khic phuc cac nhuoe didm tr ma Bk LSTM. m® hinh h °
voi Transformer ciing d3 duoc nohicn o yc dicm. it mo.ninl M, mo6 hinh hoc sau
hinh hoc s3u duge ra mét vao nam 2017 par oo S, P08 0ng ral. Transformer 12 motmo |
chit yéu & Iinh vire Xt 1y ngén neg Hen met nhom téc gia tai Goog_l? Brain dugc dur-lg .
gan dady mé hinh Transformers duoc Il
|
|
i
|

[1] Hoang Ngoc Hoai Quang, H Nghia, Hoang Xuén Thién, L& Nguyén Ngoc Vinh,
Nghién ciru img dung c6ng nghé Al vao du bao phu tai dé danh gia TTDN ludi dién
tr}fng ap Tlph TT-Hué giai doan 2021 -2025", Ky yéu hdi nghi khoa hoc va cng nghé
di€n luc toan quoc ndm 2022 chuyén ddi sé va nang cao hidu qua van hanh hé thdng

dién quoc gia, tdp 2.

[2] Téc gia Vi Thi Anh Tho sir dung thuét toan bo nhé ngin han cé tré (Long Short—
Term Memory - LSTM) du béo phu tai ngin han & Pai Loan sit dung céc dit liéu dau
vao la phu tai dién va nhiét 6.

[3] Nguyén Hdng Quén, L& Thj Phuong " Dy bao chudi thoi gian véi md
hinhTransfomers ",Khoa Hoc Va Céng Nghe Qui.

|
|
|

10.3. Danh muc céc céng trinh dd cong bd thudc [inh vuc cua dé tai cha chu nhiém va
N \ > : . |
nhitng thanh vién tham gia nghién cuu |




S S i r L4

Vol ‘\-L.J‘huo'?g San xua diér% Ning r.\l "
mat trol NZAY ¢ang gia tang. I\'é‘o = B
hon va dang ke hom trong tuom *Him'ﬁ
Cin bang ndng luong 4 :j;\ o

san Xudt bi 2idn doan hoe ¢

W thude 1om van thri tidt dua trén nang lugng gio va
nhfm-._; bién ddng rrong san xudt dién s& tré nén nhanh
dén \‘ié::’:: ”\ s .l.‘nﬁ,r.‘nr]g nhu ciu cin bang ﬂ.im% luong ‘
Y . . in ﬂ]ié{ de \!Iﬂt .hern co san nhanh 'n:‘_hrmg t'r(‘,vrag L:‘lJ"rJI‘lg h?’P |
| bang gila SAN Xudt va tiey thy dién .53” bang mue tiéu thu cao diem - n6 dam bao sy can
nhimg nhiém vu ¢ap bich dam bda dk an ;h:;n% gita san xudt va tiéu thu dién la mot trong
1én phu thude vao phurong tién \A -31 €N van de an ninh ning lvong. Viéc thue hién nd phan
trong nhimg ¢dng cu lap ké ll\oacl P I'F'r(‘mg Phip 1dp ké hoach san xudt dién. Dy bao la mot
tinh hop 1€ cua c4e quyét dinh * W_" kha nang dy bdo chinh xac 1a mot co ché dé tang
md hinh dw bdo nhu ciu tigy u{ﬁ“g ¥ ning lugng. Do 6 viéc ap dung va nghién ciru cac
16w cho VAR & du bio nhy ey 5, TonE dién Khac nhau nhim tim ra m6 hinh du bao
| can bang nang luong. Véi cae mo h‘ml;u 0 _dlf?n la th‘L,rc sir can thiet de giai quyet bai todn |
| 120 thi md hinh dv bao vy dir liey di d}r ba-o du?C xdy dyng trén nén tang cua tri tué nhan |
| tinh chinh xdc cua két qua du bz:),o '3“ _VaP la 2AYCu't6 quan trong hang dau quyet d'm@ dér:n
inh A b0 Qage nghien ci cht it o i s o in 20 88785 dgng cic 0|
nhién, v&i cac di lidu dAu vao thy Fhie r%ng va ngoai nude, ching ta;de c-iar_m_g, tiep can. Tuy |
mot loai “dau moé™ méi OXY clia tri tu‘. n}:?ng tho&‘n:im/ky nguyén so, dir lieu ’duc{c vi nhu |
oiai quyét cac d& baj dL,ra e el g E"l, 311' tao, Vise truy cép hay sur dung cac d lidu dé |
nehanh kinh t& dit Tisy Viae t'gnb ro nén thagch terc_: hon khi ma dang dan hinh thann nén |
dir liéu tidm nAng trd nén th‘,elfl can cac ngudn dit liéu chinh thong ciing nhu tim kiém cac
Kiém c4c ngudn dir lidu tid “h thitc hon ca. De ti nay huéng dén viéc khai pha va tim.

- I N €U Uem nang dé giai quyét bai toan v& dur bao nhu ciu tiéu thu dién |
néng bén canh céc ngudn di liéu truyén théng, | e
an = pl}-at rien cuam ay tinh va dién thoai théng minh, viéc tim kiém theo thdi gian thuc
QD dé dang va viéc thu thap théng tin théng qua tim kiém trén Internet ngay cang phd |
ble;n. 9’00813 Trezzc.is,.m{)t nén tang truy vén luong tim kiém, cho phép thdy duoc muc 46 |
pho bién fuong doi Cua cac truy van tim kiém. Google Trend dugc xem nhu 12 mét ngudn |
dir ligu lon, nhiéu tiém nang. Google Trend d duoc chimg minh 14 hop 1¢ va da duge
chimg minh la ¢6 gid tri, chinh xdc va c6 lgi cho viée du bao. XuAt phat tir vén d& néu tén, |
tac gia ti€p can nghi€n ciru Umg dung Google Trend trong viée du doan nhu ciu tidu thy, st
dung nang luong dién.

12. MUC TIEU BE TAI \ |
= Xay dung phuong phdp du bdo nhu cau tiéu thu dién két hop cac di lidu tir Google |

1

Trend.
* DPdnh gid xem liéu Google Trend co thé cai thién du bao tiéu thu nang luong dién \
hay khéng? ] ’ ..
13. POI TUQNG, PHAM VI NGHIEN CUU '\
13.1. i tuong nghién ctru |
» Céc dir liéu tr Google Trend ' \
* Dit liéu phu tii dién ciia Vuong quoc Anh

* M5 hinh B nhé dai - ngén han (LSTM) |
* M5 hinh hoc siu véi Transformers \
3.2. Pham vi nghién ciru

* MBS hinh du bao dang xét 1a md hinh dv bdo ngén han, khong xét cho cac dy bao
trung han va dai han. '
* Du bao nhu cdu dién ning tai Vuong quoc Anh
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; 14.1. Cach tiep cén

HAP NGHIEN € U1

- 1.4
L o
e, Kichi

[,jp thuc ngh‘,

Trén nén tang tinh chinh Xdc ma hinh dre s ;
i < Mo Ninh \.h._-' Bao, nh“}“ Ti‘i‘ﬂ hanh thid : ém
trong mot quyed

i 3 A Avy 114
chung trén bo du liéu thue, Cac két ans 2 ‘ ; et
i DI . e e, - 4 qua. nhan xét, kién nghi dugc tong ket
| bao c4o VA mOt bai bao khoa hoe. e ¥ét kién nghy duge TOTE
| 14.2. Phuong phdp nghién ciry
* »  Xem xét cdc dé ta '
| p p ‘ ¢ tay A Ay ‘s A : g v A =
T v PP r‘wglucn ctru lién quan. dé xudt y tuomg va cach thuc hign
Xdy dvmg cdc mé hinh dy bao '

Thiet lap kiém chimng, danh gi4 trén cac dir lidu thue

T2 NOT 7 . —
| ‘5'1”‘;16%@(; Nl?.mﬁ:\' CUU VA KE HOACH NGHIEN CUU .
| 134 N9 g nghien cwu ( Trink bay diedi dang dé cuang nghién cireu chi tiét )

i‘ }iol jung _1’ g;’ng quAn ve nl}u cf}u tiéu thu sir dung nang luong dién

DL =t SLECER Phap ludn gidi quyét bai toan dur bao tiéu thu nang luong
No6i dung 3. Xay dung cidc mé hinh du bao | |

Noi dung 4. Thu nhép, xir ly dit lieu '

N6i dung 5. Kiem chimg thuc nghiém, danh gia két qua

N6i dung 6. Hoan thién béo céo tdng két d2 tai va nghiém thu

15.2. Ké hoach nghién ciru ‘
|

B Thoi gian Ngudi thl,.r_chhiér{
A - g 5 A 4 5 hi cu thé ho va
STT Noi dung cong viéc San pham ég;afai;ig};;; (%rén') B it
két thic) s6 ngay cong__|
| | Nghién ctru 1y thuyét, két qua 3/2024-4/2024 |
thuc nghiém cua cdc van dé | Bao céo
lién quan dén dé tai
, | Phuong phap luén giai quyét | Bao cdo 5/2024-6/2024
“*| bai toan du bdo tiéu thu ning
luong dién
3 Xay dung md hinh du béo Béo cédo 7/2024-9/2024
4 | Thu nhap, xu ly dit liéu Bo dir li¢u 10/2024-
' 11/2024
5 Kiém chimg thuc nghiém, | Bao céo 12/2024-
"| danh gia két qua , 7 _101/2025
¢.| Hoan thién bdo céo tong Kkét | Bao cao tong két ]
'| @ tai va nghiém thu 02/2025




6. SAN PHAM

16.1.
| Bai bao dang hodc chap nhin dang trén tap chi ¢d

San pham khoa hoc

—

. Bai bdo dang hodc chap nhan dang trén tap chi / ky yéu duge tinh diém tro

HDCDGSNN &
| . San pham Khac:

IS

5/SCIE

—

tén trong danh muc Scopu

ng danh muc

Tai liéu huéng dan thi nghiém O Tai liéu hudng din thyc hanh 5
Bai thuc hanh/bai thi nghiém 0 Gido trinh O  Tai li¢u tham khao O
16.2. San pham dao tqo: ' "
Pao tao Cao hoe U Pao tao NCS O |
Huong ddn sinh vién bao vé d& 1/} an tét nghiép O
Hudng dan sinh vién nghién ciru khoa hoc o
16.3. San phdm Umg dung |
Chuow_'lg trinhmdytinh [ Tiéu chuan ] Chién lugc c I\
Wt‘:’?ﬂtt‘f O Phuong phép O Pean O |
Thiét bi may méc O Tailiéu du bao ] Ban quy hoach O
Diy chuyén congnghé¢ [ Luinchingkinhté O Vatliéu -
Mb hinh o O  Qui pham O Mau O
Sodd, banthiétké [ Ban kién nghi O Giéngcaytrdng O L.
Qui trinh cdng ngh¢ O Béo céo phén tich O Gibng vat nudi a 4\

16.4. Tén san phim, s8 lrong va yéu chu khoa hoc dbi véi san pham

TT Tén sian phim S6 lwong Yéu cau khoa hoc 3
L Bai bao khoa hoc ding hoic chap Chu nhiem dé tai la tac gia
nhin dang trén tap chiky yeéu 01 thir nhét hoic tac gia lién hé
duoc tinh diém trong danh muc va dom vi cong tac thudc
HPCDGSNN truomg Pai hoc Su pham

Ky thuit — Dai hoc P2

Ning J

, | Béo cédo tong két 01 !

17. HIEU QUA (gido duc va dao tao, kinh té - x3 hoi)
- Lam tai liéu cho ca
thong dién, Ludi dién thong m
. Dé tai dong gbp 1 bai bao khoa
pham ki thuat -DH Dba Néng.

inh.

DUNG

- Phuong thirc chuyén giao két qua nghién ctu:
tiép cho B mén Hé Thong Dién, Khoa Dién-
Ky thuat Pa Néng.

phan Ung dung

¢ hoc phan Ludi dién thong minh, Phuong phap tinh trong HE

hoc trong thanh tich chung cua truong Pai hoc Su

Dia chi ung dung: Khoa Dién - Dién tir, bd mon He th
Tin hoc trong Hé thong dién. Phuong phap tinh trong

|
|

|
|

l

18. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA PIA CHI UNG \

Tai 1iéu nghién ciu chuyén giao tryc

gién ti caa Trubng Dai hoe Su pham |
'\
|

4ng dién . ung dung cho Hoc
Hé thong dién. |




13, KINH PHI THUC HIEN BE TAT VA NGUON KN PHI

Tsnaknﬂ1phhlzoqaoooaéng
| ping chi Mudi bay tri¢u ddng chin |
l Trong 40 Nguon tr Truémg: 17.000.000  Céc nguén khac:... .. dbng (BVT: VNE) |
|
/—’-—__7 -
T | Nguon kinh phi |
Thb’i y = C{lc
SI’_T Khoin chi, n¢i dung chi gian Téng Kinh | oo ohi | ngud
tt]htrc phi tir Truong n .
ién ;
| : ; i khac ]
1 | Chitién cdng lao ddng truc tié 03/2024- 5 | 15.984.000 0 ’
| p 02/2025 15.984.000 l 15.98
— | Chi mua Vat tu, nguyén, nhién, ]
2 | vat liéu 0 0 0
"":'_ Chi stra chira, mua sim tai san cg
° | dinh 0 0 0
™| Chi hdi thao khoa hoc, cong ta
4 phi s 0 0 0
| Chi tra dich vu thué ngoai phuc
° | vu hoat ddng nghién ciru ' 0 0 0
Chi diéu tra, khao sat thu thiap sé
6 liéu =P 0 0 0
Chi van phong, pham, théng tin | 03/2024- :
7 lién lac, in 4n = 02/2025 166.000 166.000 0
2 Chi hop h§i dong danh gia, 0
nghiém thu cép co s& 0 0
B L T 03/2024-
h ly chung 5
9 | Chiquan ly chung oS | 850:000 850.000 0
10 | Chi khéc 0 0
Tbng cong 17.000.000 | 17.000.000| 0

Ngay 28 thdang 03 nam 2024
TM. HOI PONG KHOA

(ky, ho va tén)

-4
/\/‘1

Ngay 26 thang 03 nam 2024
Chu nhiém dé tai

A

ThS. Doan Van Khéanh

Da Ning, ngay 28 thdang 03 ndm 2024{{1/

SU PHAM
KY THUAJ

hiu tri duyét

UONG

PGS. TS. V4 Trung Hung




: : , ; . PE TAI
BANG 1: BANG DU TRU KINH PHIi THUYC HIEN D

. I Trong d6 |
Thoi s L Cic |
ha e . gi Tong Kink | tinh phi 6
Kl ] o gian h _ nguon |
STT 10an chi, ngi dung chi thue phi tir Truomg Kkhac |
hign —]
etk y 2024- | .. 5.984.000 0
I | Chi tien cdng lao ddng truc tiép gg;ﬁggj 15.984.000 | 15.9 »
5 Chi mua Vat tu, nguyén, nhién, 0 0 " J
- | vatliay '
3 Chi sira ch¥a. mua sdm tai san 0 0 Y J
co dinh
4 | Chihdithao khoa hoc, cdng tac 0 0 0
phi
s Chi tra dich Vu thué ngoai phuc 0 g 2
vu .ho.a.‘t dong nghién ciru
6 | Chidi€utra, khao sat thy thap 0 0 0
s0 liéu
7 | Chi vén phong, phim, thong 1in | 03/3024- 166.000 166.000 0
lién lac, in 4n 02/2025
s | Chihop hi ddng danh gia. 0 0 0
nghiém thu ¢ip co s¢ 0
e 03/2024- | o5 100 850.000
9 | Chiquanly chung 02/2025
10 | Chikhac 0 L
Téng cong 17.000.000 | 17.000.000 | 0

Bang chir

: Muoi bay triéu déng chin

Ngay 26 thang 03 nam 2024
Chi nhiém deé tai

e

ThS. Doan Vin Khanh
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HOP BDONG Tas S RHALEE T A



T el e O rd SN ' oo

CONG HOA XA H

Dac 1o Ql CHU NGHIA VIET NAM
ﬁ__,__,,*‘_[__;.I__‘,r_f!g_-ﬁ!‘l?lkl.ll phic

— Ngay 01 thang 04 nam 2024
D
NG TRIEN KHap THY'C HIEN

TAlETHoX HOC VA CONG NGHE CAP TRUONG
N 8023 /HD-KHCNCS-2023
- C8 ~' . al dan sy n‘gé;i 24 thang 1) nam 2015;
i ey g
phu vé viéc thanh lap Truong D;Ti:(%cngay 08 thfmﬁg 11 Anam %017 c.:ila Thl:l‘ luc':mg Chinh
- Can cif Thong tr s 03/2023/TT_BTe : Pham Ky thudt thuge Dai hoc Da Nang;
gay 10 thang 01 nam 2023 cta Bo truong B

PE

Tai chinh vé viéc quy dinh 13 ] 1 ’

sach nha nudc th k - lnh. lap dy toan, quan ly sir dung va quyét toan kinh phi ngan
e hién nhiém vy khoa hoc v4 e6 -

Can ctr Quyét dinh s6 216 > 1 Khoa hoc va cong nghé;

Trtrie B Hop € /Q~D-BHSQKT ngay 09 thang 3 nam 2018 cua Hiéu trudng

BB vagcél; 1 i g IFY thudt vé viée ban hanh Quy dinh vé quan 1y dé tai khoa

I & Nghe cap co so (cap Truong) do Truong Pai hoc Su pham K thuat quan

Y:

Cén‘ cir QU}.’ét dinh s6 271/QD-BHSPKT ngay 29 thang 03 nim 2024 cua Hiéu trudng

Trzong D_al hoc Su pham Ky thudt vé viéc phé duyét kinh phi va giao nhiém vu thuc

hién dé tai khoa hoc va cong nghé cép Truong;

Sau khi xem xét muc tiéu, ndi dung nghién ctru va san phdm khoa hoc cua dé tai

KH&CN (sau ddy goi tat 1a “dé tai”):

“DANH GIA LUA CHON UNG DUNG GOOGLE TREND TRONG TOI UU HOA
DU BAO NHU CAU TIEU THU NANG LUQGNG PIEN DUA TREN CAC THUAT
TOAN TRI TUE NHAN TAO”

Mi sb: T2023-06-23
Bén A: Truong Pai hoc Sw pham Ky thuat - ’
Pai dién: PGS.TS. Phan Cao Tho Chirci vu: Hi¢u truong
Dia chi: 48 Cao Théng, Quéan Hai Chau, TP. Ba Nang

Dién thoai: 0236.3 822571 Fax: 0236.}894{584 .
S& Tai khodn: 3716.1.1055693.00000 tai Kho bac Nha nuéc Da Nang

"Bén B: C a): boﬁn van Khanh la Chu nhi¢m df‘a t;ai ‘ , o
-ZSBée(ljchC.I;)-ngz;(ﬁﬁ%)%l 1700 ngay cap: 22/1 1/2022 noi cap: Cuc Canh sat Quan ly Hanh
chinh vé trt tr xa hoi.

- S6 Tai khoan: 561 1629911
- M s6 thué: 8864198743

- Don vi: Khoa Dién-dién t¥-,

tai ngén hang BIDV

Truomg Pai hoc Su pham K§ thudt, Dai hoc Pa Nang



ai: 0396794322. Email:dvkhanh@ute.udn.vn

két Hop ddng thye hién dé tai KH

1¢ diéu khoan sau: . |
43 tai KH&CN cap Trudng kinh phi tir

hgc Sw pham Ky thudt (sau day goi tit

- bién tho |
&CN cap Truong

Cung thoa thudn va thong nhit ky
(sauhd;'iy goi tat 1a Hop dong) vai ¢
Pidu 1. Pit hang va nhin djt hang thyc hi¢n
Quy¥ Khoa hoc va Cong ngh¢ cia truomg Pai
la Quy KH&CN)
Bén A dat hang va Bén B nhén d !
la dé 1ai) theo cdc ndi dung trong Thuyé
Thuvét minh). ‘
Thuvét minh 1a by phan khong tach rdi ciia Hop dong.

Didu 2. Théi gian thue hién Hop dong
tir thang 03 nam 2024 dén thang 02 nam 2025.

H&CN cap truong (sau day goi

at hang thyc hién dé tai K sau day
' gc phé duyét (sau day goi tat la

t minh dé tai da du

Thoi gian thuc hién dé tai 1a 12 thang,
Diéu 3. Kinh phi dé tai:

3.1. Kinh phi thyc hién:

- Téng kinh phi dé tai dugc cap tir Quy
bay triéu dong chan.).

- Kinh phi d& tai thuc hién theo phwong thirc khodn chi timg
dugc giao khoan va khéng dugc giao khoan quy dinh cu t
27/2015/TTLT-BKHCN-BTC ngay 30 thang 12 nam 2015 cia B Khoa hoc va Cong
nghé - Bo Tai chinh vé& Quy dinh khoan chi nhiém vu khoa hoc va cong nghé st dung

KH&CN la 17.000.000.ddng (Bang chir : Muoi

phan. Cac phan cong viéc
hé tai Piéu 7. Thong tu

ngan sach nha nuoc.

3.2. Tam irng va thanh quyét toan kinh phi

- Tam ung dot 1: Ngay sau khi ky két hop dong, bén A s& tam g cho bén B tdi da 50%
gia tri hop dong khi ¢6 yéu cau tam ing cia bén B.

- Tam tmg dot 2: Bén A cép tam tmg t6i da 40% tdng gi4 tri con lai ciia hop dong khi co
dé nghi cua bén B va sau khi bén B phdi hoan thanh hd so thanh toan tbi thiéu bang 50%
murc kinh phi da tam (ng céc dot trudc d6 trén co s& d& tai duge danh gia hoan thanh tién
do thuc hién dot 1. Bén A thuc hién thanh todn cho bén B theo ding quy dinh hién hanh,
déng thoi thu hdi cho dén hét sé tién da tam tmg. S tién tam tmg dot 1 chua dugc thu hoi
thi s& dugc thu hdi trong 1in thanh toén cudi cling.

- Thanh toan dot cudi: Sau khi dé tai dugc nghiém thu chinh thirc, bén B phai hoan thanh
va nop hd so thanh quyét toan kinh phi tit ca cdc ngudn ké tir ngay két thic nhiém vu
theo quyét dinh phé duyét nhiém vu va hop ddng da ky két va trong pham vi nién d tai
chinh. Bén A thanh todn hét gia tri con lai ciia hop ddng tir ngudn do bén A quan Iy theo
ding quy dinh hién hanh.



- TU\/
Yt i A
heo két qua thuc hién hop dong ma bén B chiju nhirng
XU ly 13
Chinh ¢
Ong
Quy

dinh taj ¢;a
Didy 4 0 hop dbng nay.
Ji .Quyé" va nghia vy ciia cic bén
. Qt{pé‘” Va
@ nghia vy ctia Bén A
a) Cung CAp cdc 11 ; .
: cdc théne tin can thiét cho vige ié :
b? Bé tri e £ o e ‘¢ trien khal, thUC hlen i .
46ng nay the én B sojkmh phi tir Truong DHSPKT, py lop dong:
iy I: o tién d¢ ké hoach, tuong ing véi cic nj; ;1 DN quy Bl 1o e
C_) oc¢ 1“_'C Pf}é duyét ké hoach d4u thau, mua sim ms UNg nghién c(ﬁ, duta: Bicu 3 Hop
) Bi £ i t » NBuyen var 24
d) TrALrorc' mi dot cdp kinh phi, trén €o s& bdo cdo tinj, heo quy dinh: YeN vat ligy v;
> can cur va : 2 Ei 1 i '
B'ent-é k-nflu vao san pham, khol lwong cong viae ds hinh thue hign dé ta;
ap [ 1 [ -4 A *C dd ho3 ! al clia Ra
cap = J hi p,:hl thuc hién Hop dong. Bén A ¢4 quya hoén thanh the, Thu1 €lia Bén B,
cdp kinh p .1 néu Bén B khoéng hoan thanh c¢én .Ayen thay déi tién gg ch Yet minh dé
viéc duoc g1ao; & Vice dung tidn g d(z. 4P hodc ngimg
.2 A g LA ’» GUng noi d e
) Kiém tra dot xudt dé danh gia tinh hinh Bén B Rl
- o DHSP a2 0 B thue hién dé ta
Truong ot K:f, DHDN thyre hién kiém tra dinh ky danh ol d\e tai theo Thuyét minh
feo quy din hién hanh veé quan ly dé tai khoa hoc va cong gl}? tinh hinh thyc hi¢n dé ta1
: \ v st e 5 ! ng € ca o .
¢) 'K;p th'm xem giet, giai quyét theo thim quyén hoc trinh c4 ' ,ap Tmmg,
kién nghi, dé xuat cua Bén B vé diéu chinh noi dung chuyé NG thdm quyen giai quyér
' g chuyén mon, kinh phi va cic vin ¢é

phat sinh khac trong qua trinh thue hién dé tai;
o) TH chirc danh gia, nghiém thu két qua A A3 ex oo na
g/ iy i qua thuc hién dé tai ciia Bén B theo céc véu cau, chi
iéu trong Thuyet minh; ; i
h) Co’ irach nhiém cung Bén B tien hanh thanh Iy Hop dong theo quy dinh hién hanh:
Phéi hop cung Bén B xtr ly tai san d
ir két qua ng
dinh cua phap ludt;
an giao két qué thuc hién 43 i cho to chie de
dung sau khi duoc nghi¢m thu;
o téc gid néu co |
i3 viéc ban

i woc mua sim bang ngén sch Truong DHSPKT.
DHPN hodc dugc tao ra t hién ciru cua dé tai s dung ngan sich Truong
| PHSPKT, PHPN (néu c6) theo quy
{) Tiép nhan keét qué thuc hién dé tai, b
) Wit dit hang hoac t4 chure trién khai (mg
.1)C6 trich nhiém huéng dan Vi€c tra thi lao ch
' ing dung két qua cua dé tai va thong bao cho tac 8

oi nhudn thu dugc tir viee
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fu tri tué 401 vol ket qua

i

quyén 50 h
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it KH&CNY

h .

/0 quyén cho Bén B tién hanh ‘

. e hign d tai (ndu c6) theo quy din hién hanh:

o , : i ,

: ‘iJéThuc hign cac quyen va nghia VU khac theo 4%
1 quan
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. Q" s hJ )
Yen vi nghia vu cia Bén B

4 cic van ban

dinh cua LY



: : ; , : ru cua dé tai dap (g cic yéu ciy ons
a) To chire trién khai day du cdc ndi dung nghién ciru cua dé tai dap ung Yeu ciu chiy

lurong. tién d0 va chi tiéu theo Thuvét minh: e g o
) s : : A udi ct ] ay du cac tjé .
b) Cam két thuc hién va ban giao san pham cuoi cung dap ung daj €u chi g3

dugc phé duyét: 2 .
¢) buoce quyén tr chu, ur quyét dinh vi¢c sir dung nh?m ki“f‘ phi f]e thre ‘hlcn fk’ [a.i.lheo

du todan kinh phi d¢ tai. dugc quyén ky két hop d("mg thu¢ kh"i’" chuyén ‘m(m Y.m Céc
thanh vién tham gia thue hién; va cdc hop dong khdc gom: mua vat tu, nguye.rj. nhién. va

lidu. sira chira. mua sim tai sin ¢ dinh, dich vy thué ngoai phuc vy nghién ciru, vap
phong pham. thong tin lién lac, in 4n c6 gid tri dudi 20 trigu dong; |

d) Yéu cdu Bén A cung cip thong tin cdn thiét dé trién khai thuc hi¢n Hop dong;

d) Kién nghi. dé xudt didu chinh cdc ndi dung chuyén mén, kinh phi va thai han thuc hig,
Hop dong khi can thiét: ‘

¢) Yéu cau Bén A cdp du kinh phi theo diing tién 6 quy dinh trong Hop dong khi hoan
thanh day di néi dung céng viée theo tién d¢ cam két. Dam bao huy dong du nguon kinh
phi khéc theo cam két. Str dung kinh phi ding muc dich, ding ché do hién hanh va cg
hiéu qua; 1 ‘

g) Poi véi cdc hop dong khéc duge quy dinh tai diém c, khoan 2, Diéu 4 hop dong nay c6
gia tri tir 20 triéu tré 1én: Chua nhiém dé tai xay dung ké hoach mua sam dé giri Bén A phé
duyét va thuc hién mua sim theo quy dinh cuia phap luét;

h) Chép hanh cédc quy dinh phép ludt trong qua trinh thuc hién Hop déng. Tao diéu kién
thudn lgi va cung cép ddy du thong tin cho cac co quan quéan Iy trong viée giam sat. kiém
tra. thanh tra d6i véi dé tai theo quy dinh cua phép ludt;

i) Thuce hién viéc tu danh gid, nghiém thu cap co s& theo quy dinh hién hanh khi két thuc
dé tai. Sau khi d4nh gid, nghiém thu ce“ip o s& hoan chinh lai hd so theo két ludn cua Hoi
dong dénh gid cip co s¢, Bén B c6 trach nhiém chuyén cho Bén A cac hd so dé Bén A
tién hanh viéc danh gia, nghiém thu theo quy dinh;

k) C6 trach nhiém quan 1y tai san duoc mua sim bang ngén sach cua Truong DPHSPKT.
DHDN hodc dugc tao ra tir két qua nghién ciru cua dé tai s dung ngin sach Trudmg
PHSPKT. PHDN (néu ¢6). Chii nhiém dé tai 6 trach nhiém ban giao tai san dugc mua
sam I:?éng ngan sach Truong DPHSPKT, PHDN hodc dugce tao ra tir két qua nghién cuiu
cua dé tai cho co quan chii quan dé tai dé quan ly va sir dung.

1) C6 trach nhi¢m cing Bén A tién hanh thanh Iy Hop déng theo quy dinh;

m) Thuc hién viéc dang ky bao ho quyén so hiru tri tué theo Uy quyén cua Bén A ddi voi
k€t qua nghién ctru (néu co);

n) Chi nhiém dé tai giao ndp ket qua thyc hién d& tai cho bd phén Iuu gjir thong tin cua
€0 quan chu quan de tai. Co quan chi quan dé taj x4c nhan viéc giao nop két qua thuc

hién dé tai cho chu nhiém dé tai.
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a) Dé tai da két thuc va danh gia nghiém thu tr mirc “Pat” trgd 1€n thi Bén A thapp, odn
day du kinh phi cho Bén B theo quy dinh tai Hgp dong nay.

b) D& tai da két thic. nhung nghiém thu mire “khong dat™ thi Bén A xem xét. quyét 1oy,
kinh phi cho Bén B trén co sd két ludn cua Hoi dong danh gia vé nguyén nhan, trich

nhiém va nhimg ndi dung cong viée ma Bén B da thuc hién c6 san pham thyc té duqc
dénh gia.

Bén B ¢d trach nhiém hoan tra toan bé s kinh phi ngén sach nha nudc da cap nhung chyy
st dung. Ddi véi khoan kinh phi da su dung duoc ap dung Xt ly doi vi “'U"mg hop dé ta;
khong hoan thanh duge quy dinh tai Diéu 16 Thong tu lién tich s0 27/2015/TTLT.
BKHCN-BTC ngay 30/12/2015 cua Bé Khoa hoc va Cdng ngh¢ - Bo Tai chinh quy dinj
khoan chi thue hién nhiém vu khoa hoc va cong nghé sir dung ngan sach Nha nudc.

2. D4i véi dé tai chdm dirt khi ¢6 can cir khing dinh khong con nhu cau thue hién:

a) Truong hop Pé tai cham durt khi c6 cin cb khang dinh khong con nhu cau thuce hién th;
hai bén cing nhau xc dinh khéi luong cong viéc Bén B da thuc hi¢n de lam can ctr thanh

toan s6 kinh phi Bén B da sir dung nhim thuc hién d& tai va thu hdi s6 kinh phi con lai ¢
cap cho Bén B.

b) Tru¢mg hop hai bén théa thudn ky Hop ddng m6i dé thay thé va két qua nghién clru cia
Hop dong cil 1a mét bd phéan cau thanh két qua nghlen ctru cua Hop dong mdi thi s6 kinh
phi da cap cho Hop ddng cii duge tinh vao kinh phi cip cho Hop ddng méi va duoc tiép
tuc thuc hién véi Hop déng moi.

3. Déi voi Dé tai bi dinh chi theo quyét dinh cia co quan cé thim quyén hoac Hop ddng
bi chidm dirt do Bén B khéng ndp hd so ¢é danh gia, nghiém thu Dé tai theo quy dinh
phap luat thi Bén A sé tién hanh thé tuc thanh 1y dé tai theo quy dinh.

4. Dbi voi D@ tai khong hoan thanh do 18i cia Bén A din dén viéc chAm dirt Hop dong thi
Bén B khong phai bbi hoan sé kinh phi da sir dung dé thuc hién D& tai, nhung van phai
thuc hién viéc quyét toan kinh phi theo quy dinh cua phéap luét.

Piéu 7. Xir ly tai san khi chAm dirt Hop dong

1. Khi cham dut Hop d("ing, viéc x{r Iy tai san dugc mua sdm hoic dugc hinh thanh bing

ngan sach Truong DPHSPKT, DPHDPN cép cho dé tai dugce thyue hién theo quy dinh phap
luat.

2. C4c san pham vét chét cia DE tai sir dung ngan sach Truong DHSPKT, DHDN: nguon
thu khi céc san pham nay dugc ti€u thu trén thi trudng sau khi trir cac khoan chi phi can
thiét. hop 1¢, dugc phén chia theo quy dinh phap luat.

Diéu 8. Piéu khoin chung

1. Trong qua trinh thyuc hién Hcrp dong, néu maot trong hai bén c6 yéu cAu sira doi, b6 sung

noi dung hodic ¢6 cin clr & chim dat thuc hién Hop dong thi phai théng bao cho bén kia
it nhét 1a 15 ngay lam viéc trudc khi tién hanh sira déi, bd sung hodc chdm dirt thuc hién
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Abstract— In recent years, the co
ond energy demand forecasting,

power demand, h_as bcco.mc a hurgconing field of research, As
cocieties bcc.omc Increasingly reliant on electricity for various
aspects of life, accurate forecasting has become critical for
maintaining a stable and efficient clectricity supply, In this
qudy, we evaluate the performance of vari(;us deep 'Iearnin
algorithms to enhance the accuracy of short-term clcctriciig
Jemand forecasting, Additionally, we consider the impact 0};'
public concern, as measured by Google Trends, as an exogenous
variable that afTects clectricity demang forecasts. The
experimental results show that the hybrid model com‘bining
Convolutional Neural Network with Long Short-Term Memory
(CNN-LSTM) architecture outperfoerms both the stand-alone
LSTM and Sequence to Sequence model with Attention
(Seq2Seq-Attention), providing a better prediction in both
cuses, whether including or excluding Google Trends data.

nve.rgcnce of deep lea rning
particularly for short-term

Keywords—Electricity demand

Sorecasting, LSTM, CNN-
LSTM, Seq2Seq-Attention, Google

Trends.

[. INTRODUCTION

The transition to the centralization of energy production
has brought about profound economic, technological, social,
and environmental changes, while also presenting significant
challenges. Among these challenges is the need for accurate
slectricity demand forecast to balance the grid in real-time.
Jemand forecasting is an integral component in grid adequacy
lanning. Specifically, short-term forecasting of electricity is

ighly relevant for energy market trading and optimizing
nergy grid usage.

Electricity demand forecasting, however, is a broad field
nd exhibits variation in terms of scales, timeframes,
wdeling  frameworks, and overall aims. In general,
recasting approaches range from minutes ahead to decades
head, covering scales from single buildings to country or
:gional levels, In this study, we focus on short-term forecasts
[ clectricity demand at the regional level, excluding
proaches aimed at local analyses (e.g., single buildings,
sidential areas). This approach considers country-specific
xculiarities in data collection and availability, energy system
frastructure, and economic conditions affecling. energy
msumption. In fact, in some regions, especually' in
‘eloping countries, some relevant data, such as real-time
id operation data, may not be readily accessn_ble to external
searchers  due to privacy and security concems.
Iditionally, the limited infrastructure for datg collection
allenges the ability to develop accurate forecastlng models.
erefore, in this paper, besides studying various _deep
ming models and their performance, we also investigate
gle Trends data and its impact on the output forecast. The
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free accessibility and long-term trends available through

Google T'rcn_ds can complement traditional datasets, offering
valuable insights into various aspects of public interest and

behavior (1 J-[6]. Sungjun Park & Jinsoo Kim, in their research
}[]2]I, fdtlzmonstratc the effectiveness of Google Trends as a
elpfu

f predictor for residential electricity consumption
prediction. Their research used a static empirical model that
assumed the relationships between variables are stable over
the period being analyzed. However, external environmental
or societal influences also made significant contributions to
electricity demand besides intemal factors. Thus, the nature of
electricity demand is nonlinear and dynamic. To address the
nonlinear nature of power demand, numerous deep learning
models have been proposed and have shown good
performance in real-world applications [7-9]. Some variants
of Recurrent Neural Networks (RNNs) such as Long Short-
Term Memory (LSTM) network and Gated Recurrent Unit
network (GRU), Sequence to Sequence(Seq2Seq) are
commonly applied to deep leaming models for time serie
forecasting [10-16]. The advantages of LSTM and GRU
compared with traditional RNN in the direction of power load
prediction have been validated in the literature [17]). In
addition, the approach of incorporating various deep learning
models, such as combining GRU-LSTM, Convolutional
Neural Network with Long Short-Term Memory (CNN-
LSTM) architecture, provides powerful tools for capturing
complex patterns in data as well as improving their
performance in forecasting electricity demand [12],[14],118).
In recent years, the introduction of attention mechanisms have
also brought significant benefits to time series forecasting,
The attention mechanism can also integrate into Seq2seq
improved the ability of Seq2Seq model to handle long
sentences by focusing on relevant parts of the input sequence
dynamically[20]. By mean, each model framework has its
own advantage and drawbacks in terms of complexity in
training, performance, therefore the forecasting accuracy can
change significantly among different samples.

In summary, this study performs different deep learning
models, such as LSTM, hybrid CNN-LSTM, and Seq2Seq-
Attention, using energy demand data from a specific region,
thereby, the feasibility of deep neural network frameworks is
verified. Furthermore, we studied proposed models that
incorporate Google Trends data to enhance prediction
accuracy.

Il. METHODOLOGY

This section outlines a methodology fo_r forecasting
electricity demand, emphasizing the integration of public

Danang, August 30-31,2024



concem indicators derived from Google Trends into the
two key steps are involved in

forecast models. Generally,
implementing the model:

e Stepl: Casuality test
The main purpose of this step istoa
of Google Trends in terms of its corme
demand. Therefore, we begin with Gra
restigate these relationships.
e Step 2: Forecast improvement
In this step, the performance of various deep Icazrztng
algorithms  LSTM. hybrid l.STM-CNN. and Secqes _cq‘
Artention, will be evaluated. considering both the inclusior
and exclusion of the ariable as a public concern
captured by Google Trends.

4. Casuality test
Granger Causality, n
Granger, i$ essentially a statistical ¢
if one time series can help predict a
Considered by an autoregressive
autoregressive distributed lag (ADL) m

ssess the cffectivencss
jation with clectricity
nger casuality test 10

im

exogenous v

amed after Nobel Laureate Clive }V.
oncept used to dc;termme

nother time scries [19].
(AR) model and an
odel as follow:

Y; =an -+ zf=1(ai Yt—i) + € M

Y, = Bo+ 37 B Yeed + B i XD+ 0 @

Model (1) uses only the past values of Y to predict Yt
tes both past values of Yt and

however, model (2) incorporates | :
past values of an external variable X, offering 2 more
recasting when external factors

comprehensive approach to fo
are relevant. In order to determine whether Xt Granger-causes

Yt, we perform an E-test as follows:
(RSS; — RSS;)/4q 3)

Fem———r 55— m
RSS,/(T-2p—4)

Here, RSS1 and RSS2 are the residual sums of squares

T is the number of

(RSS) from models (1) and (2);

observations. If the F-statisticis significant at the chosen Ie_vel
(commonly value 504 was chosen to this study), we can reject
the null hypothesis and then conclude that adding X ina model

for predicting Y significantly improves the model's ability to
predict Y.

B. Forecast improvement

Deep leamning has been applied to time series forecasting
for a long time and has achieved many successes. In this work,
standalone LSTM, hybrid CNN-LSTM, and Seq2Seq-
Attention models are proposed to predict future clectricity

demand.

1) LSTM

Initially develope
recurrent neural networks,
long-term dependencies an
making them particularly suited forap
prediction. A typical LSTM cell is shown in Fig 1, where it
handles vectors for long-term memory Cel, short-term
memory ht-1 and the input xt at for time t. Point-wise
operations (multiplication or addition) are shown by circular
markers, while activations (tanh or sigmoid functions) are

represented by elongated markers.

d to address the shortcomings of vanilla
LSTM networks excel in handling
d patterns within sequential data,
plications in time series

e ——————————————
C §  p— Cf
- A o
]
{ O "
ff rr')(:!l r-’l
a a tanh o
’lr-[ [ I l _J h!
% /,//———/

Xt

Fig. |. Long Short-Term Memory block with one cell

2) CNN—LSTM
The CNN-LSTI\_/I archite
for feature extraction on !

hitecture takes advantage of CNNs
nput data, while incorporating
LSTMs to assist sequence predictiqn. This enables the mode|

andle tasks that involve both spatial and
be seen from Fig.2, the process begins
put sequence that undergoes feature extraction
through multiple convolutional layers. These extracted
features arc then processed b){ a series of LSTM layers to
capture temporal dependencies and generate the final

forecasted output.
d CNN-LSTM network

Sevemnd phisse (LSTM)

Firet phase (CNN
Feature extraction Forecasting o

Fig. 2. A common hybri

o20®|

[eee

3) Seq2Seq with Attention
Seq2Seq or (Sequence-to-Sequence) is a structure of deep

learning models. Seq2Seq was originally developed for
machine translation [20]. Recently, this architecture has also
been applied to tackle time series forecasting problems such
as low SNR (signal to noise ratio), low autocorrelation, etc.
The structure of Seq2seq includes an encoder and a decoder.
The encoder compresses inputs into latent vectors, and the
decoder decodes the latent vectors into appropriate outpuls.
The internal structures of Seq2Seq can contain convolutional
layers [21] or recurrent layers [16], among others. The
attention mechanism can also be integrated into Seq2Seq
[20][22] to improve performance. There has been much
research using Seq2Seq with attention to increase prediction
accuracy, such as the work in [23-24]. This model can pay
more attention to the relevant states within the encoder’s
hidden states.
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mpulm‘iny of search terms over time 26
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Y e collected from J;

ne data were colie M January 1, 2021, ¢ i
024, With altuuc interval of 30 minutes. For 81::’\ I()}r:)Io:;Is’
i ta, the query 'Efficient ¢
Trends da ntin Energy Use' wa

jor this study. s selected

After data preparation, the dataset
qore usable and structured format.
pGCroccssing step. In this study,
sandardScaler to standardize the d
Jataset is split into an 80%

and it shows {he
]. The clectricity
measured in MW,

are transformed into a

This require a data
we use Scikit-learn’s
| ata. Subsequently, the
training set and a 20% testing set.
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spuaay 25005
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“ig. 3. (Above) National electricity demand of UK region and (Below)
joogle Trends data, respectively.

3. Result analysis

/) Casuality test

In order to perform the Granger causality test, we first test
oth time series (Google Trends for “efficient energy use” and
lectricity demand) for stationarity using the Augmented
ickey-Fuller (ADF) test and the Kwiatkowski-Phillips-
“hmidt-Shin (KPSS) test. The results, shown in Table 1,
dicate that both series are stationary. Second, the Granger
st was conducted, and the results are reported in Tabl.e 2.The
sults indicate that Google Trends is a helpful predictor for

recasting electricity demand.

RESULT OF THE COINTEGRA TEST

HO: Google Trend of “effi

G cient energy use” does

ranger cause electrici demand

. Asshown in Table 11, the
high, and the extremely low
past values of Google Trends
explanatory power for predic

F-statistic of 7.2452 is relatively
p-val'ue indicates that including
prowdes a significant amount of
ting electricity demand.

2) Model configuration

To acl_lievc an optimal configuration of these models, we
apply grid search techniques. The details of optimal
parameters are described as following:

Models without trends:

LSTM: 1 LSTM layer with 256 neurons and 1 full-
connected layers with 256 neurons

CN'NTLSTM: 16 filters with ReLU activation function, 1
Maxpooling layer, and 01 fully connected layer with 32
neurons.

Seq2Seq: 2 GRU layers with 16 neurons and 1 fully
connected layer with 16 neurons

The batch-size value is 32 and the learning rate is 1e-04

Model with Google Trends:
LSTM: 2 LSTM layers with 64 neurons and 1 full-

connected layer with 128 neurons.

CNN-LSTM: 32 filters with ReLU activation function, 01
Maxpooling layer, and 1 fully connected layer with 128
neurons.

Seq2Seq-Attn: 2 GRU layers with 32 neurons and 01 fully
connected layer with 32 neurons

The batch-size and the learning are set the same as the
configuration without Google Trends.

3) Model prediction result

- Actual Values
— Predicted Values

Energy Demand

200
50

TABLE 1.
At the original level
Time series ADF test | KPSS test
lectricity demand 0.0126 0.0289 |
oogle Trend of “efficient 0.0164 0.0002
rergy use”

Fig. 4. LSTM models without Google Trends on testing set
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Fig. 6. Seq2Seg-Attention without Google Trends on testing set

Figures 4 to 6 describe the predictions of all models on the
testing set without Google Trends. The LSTM-CNN model
catches up quite well with the trend of the data. The results of
the Seq2Seq-Attention show that the prediction line is very
smooth.

= Aftual values
2 — Predicted values

Energy Demang
o

0 50 100 150 200
Day

Fig. 7. LSTM model with Google Trends on testing set
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>
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Fig. 9. Seq2Seq-Attn with Google Trends on testing set

Figures 7 to 9 show the predictions of all models on the
testing datasets with Google Trends. Similarly to the previous
experiments, the LSTM-CNN model has a better prediction
compared to the others. The Seq2Seq-Attention predictions
seem to be quite poor because it is very smooth.

Table below shows the performance of all models on the
testing set regarding the Mean Squared Errors (MSE) metric.
The CNN-LSTM has the lowest value with using Google
Trends datasets, All of the model performances are better,
proving that the Google Trends data is meaningful and helps
to improve the performance of the model.

TABLE 1L, COMPARISON OF THE RESULTS OF DIFFERENT
FORECASTING MODEL IN TERM MSE
Model LSTM | ONN-LSTM | Seq2scq-Am
without Google Trends 1.162 1.157 1.167
with Google Trends 1.095 1.093 1155

IV, CONCLUSION

Our objective in this study is to implement various deep
learning architectures to accurately gauge electricity deman
in our specific case study, the EDUK. Throughout the "eStS&
Wwe found that the hybrid CNN-LSTM architecture ach'ewd
better results compared to the stand-alone LSTM ﬁnn
Seq2Seq-Attention architectures. Our models, Wi
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