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MO PAU

1. Ly do chon dé tai

Du bao nhu ciu phu tai di¢én 1a hoat dong tinh toan, udc lugng va danh gia xu
hudng ting truong, tbe do ting truong va nhu cau cua phu tai dién dugc cung cp
dién tir hé thong dién trong ngan han, trung han va dai han [1]. Theo mién thoi gian
tuong lai, du bao nhu ciu phu tai dién c6 thé dugce phan thanh cac loai du bao sau [2],

[3]:

- Dy bao ngin han (duéi 1 ngay/tuan) dong mot vai trd quan trong trong cong

tac 1ap phuong thirc van hanh tai cac cong ty dién luc.

- Dy bao trung han (1 ngay/tuan dén 1 nim) can thiét cho viéc quy hoach, vin

hanh ngudn, ludi ciing nhu danh gia hiéu qua hoat dong.

- Du bao dai han (trén 1 nim) 1a mot phan quan trong trong quy hoach hé théng

dién, quy dinh biéu gia va phan phdi dién ning.

Du béao nhu cau phu tai dién 1a mgt hoat dong c6 vai tro quan trong trong viéc
quy hoach, van hanh hé théng dién. Cong ty Dién lyc Tay Ninh la mot don vi phan
phéi dién bén canh nhu cau dy bo nga“in han phuc vu 1ap phuong thirc van hanh (diéu
do hé théng di€n) thi nhu cau du bao phu tai dién trung han nham nhim nang cao hiéu
qua hoat dong, d6 tin cay va dam bao can d6i cung cau phu tai dién ciing hét strc can

thiét.

Thuc hién chi dao cta Tap doan Dién lyc Viét Nam va trién khai thuc hién
Thong tu 19 [1] ctia BO cong thuong, cac Cong ty Pién lyc phai thuc hién du bao phuy
tai cia cac nhom khach hang, thanh phan phu tai trong hoat dong diéu hanh, van hanh
hé théng dién héng thang. Tuy nhién viéc trién khai thuc hién gap nhiéu khé khan do
chua c6 phuong phap dy bao phu tai phit hop v6i ngudn dir liéu hién hiru. Hién nay,

chu yéu cac Cong ty Pién luc du bao nhu cau phy tai dua theo phuong phap chuyén



gia hodc mo hinh ham hdi quy da bién phu thudc vao cac yéu t6 nhu thoi tiét, nhiét

do, chi so kinh te, ... cho nén két qua du bao con han che.

Nham giai quyét cac van dé trén, luan vin dé& xuit phuong phap nghién ctru
du bao chudi thoi gian dé du bao nhu cu phu tai dién trung han (xu thé, toc d6 phat
trién va nhu cau cua phu tai dién). Tir d6 thiét ké xay dung mot hé thong du bao nhu
cau phu tai dién dé giai quyét cac kho khin néu trén ciing nhu dé dép Gng yéu cau
bao cao théng ké va hd tro ra quyét dinh 1a mot nhu cau cap thiét dbi vi Cong ty
Pién lyc Tay Ninh. Diéu nay giup Linh dao ctia Cong ty Pién lyc Tay Ninh nim bat
kip thoi tinh hinh phat trién phu tai dién va nhanh chong dua ra nhitng diéu chinh,
giai phap kip thoi ciing nhu cac dinh hudng thich hop vé mit diéu hanh hé thdng dién
nham dat duoc muc tiéu nang cao hi¢u qua, do tin cdy cung cép dién va dam bao can
ddi cung ciu phu tai dién phuc vu nhu cAu st dung dién cua khach hang. Tur nhiing
1y do trén, t6i xin Iya chon dé tai nghién ctru “Ung dung chudi thoi gian trong duw

bao nhu ciu phu tii dién & Cong ty Pién lwc Tay Ninh”.

2. Tong quan van dé nghién cu

Du bao phu tai chinh xac la diéu can thiét trong hoat dong diéu hanh, van hanh
hé thdng dién. Néu du bao sai 1éch qua nhiéu vé kha ning cung cip va nhu ciu phu
tai dién s& dan dén giam hi¢u qua hoat dong. Néu du bao qua thura vé nhu cau phu tai
s& phai huy dong ngudn quéa 16n 1am ting von dau tu dan dén lang phi vén dau tur va
khong khai théac hét cong suit thiét bi, nguoc lai néu du néu dy béo thiéu nhu cau phu
tai s& dan dén cung cap dién khong du cho nhu cau cua phu tai, giam d tin cay cung

cap dién lam giam hiéu qua hoat dong.

Dy bao chudi thoi gian 1a mot 16p mé hinh quan trong trong théng ké, kinh té
lugng va may hoc. M6 hinh 13 chudi thoi gian (time series) 1a mé hinh duoc 4p dung
trén cac chudi dic thu co yéu té thoi gian. Mot moé hinh chudi thoi gian thuong du
béo dya trén gia dinh rang cac qui luat trong qua khir s& 1ap lai & twong lai. Do d6 xay
dung md hinh chudi thoi gian 12 dang mé hinh héa mbi quan hé trong quéa khu gitta

bién doc l1ap (bién dau vao) va bién phu thude (bi€n muc tiéu). Dya vao moi quan hé



nay dé du doan gia tri trong tuong lai cia bién phy thudc. Hién nay cé rat nhiéu
nghién ctru du bao chudi thoi gian va du bao phu tai di¢n, tuy nhién c6 thé phan loai
thanh 2 nhom 13 phuong phép ¢ dién dua trén théng ké va phuong phap hién dai dua

trén cong ngh¢ tri tué nhan tao.

Nhiéu nghién ctiru du bao phu tai dién dwa trén phuong phap théng ké co thé
ké dén nhu cdc mé hinh dy bao st dung hoi quy don bién, da bién ma dai dién tiéu
biéu 1a mé hinh ARIMA (Autoregressive Intergrated Moving Average - Tu hdi quy
tich hop trung binh truot). L& Duy Phic va cac dong su [4] di sir dung phuong phap
loc va mé hinh du bao ARIMA trong du bao phuy tai dién ngén han lu6i dién TP.HCM,
két qua dy bao vdi do tin cdy 95%. Nazih Abu-Shikhah va cac dong su [5] st dung
phuong phap héi quy da bién va hdi quy phi tuyén trong dy bao phu tai dién trung
han & NEPCO (National Electric Power Company of Jordan). Isaac A. Samuel va cac
dong su [6] str dung phan tich hdi quy trong du bao phu tai dién cta trudng Covenant

University.

Trong nhimg nim gan day, phuong phap du béo dd chuyén tir phuong phap
cb dién sang tng dung nhimg thanh tyu cta tri tué nhan tao vao trong du bio. CAc
thuat toan hoc may nhu may vector hd trg' va mang no ron nhan tao duoc ung dung
rong rai da cai thién dang ké d6 chinh xé4c cta du doan nhu ciu phu tai dién. Cac
nghién ctru [7], [8], [9] st dung mang no-ron nhan tao lan truyén ngugc (BP ANN)
két hop cac yéu t6 anh hudng nhu chi sd tiéu dung, chi sb cong nghiép, téc do ting
dan s6 va nhiét 6 dé du bao phu tai dién trung han c6 d¢ chinh xac va kha nang giai
thich t6t hon cac phuong phap truyén thong khac. Lei Guo va cong sy [10] da st dung
mang noron nhiéu 16p va LSTM dé dy doan phu tai dién trong thoi gian ngan va két
qua thuc nghiém da chirng minh tinh wvu viét ctia mang noron hoc sau. Zhitong Ma
va cac dong su [11] d3 st dung may vector hd trg dé dy doan muc tiéu thu nang luong

cua tda nha ¢ Trung Quoc dudi dnh hudng cac yéu to thoi tiét.

Gan déy, cac nghién ctru dy bao chudi thoi gian phi tuyén theo mé hinh cong

(Additive Model) trong d6 cac xu thé phi tuyén khép véi tinh thoi vu hang nam, hang



tudn va hang ngay, cong véi cac anh hudng ngay 18 cling dugc sir dung cho hiéu qua
t6t. Sean J. Taylor va Benjamin Letham [12] da gidi thiéu phuong phap phan tich
chudi thoi gian theo mé hinh cong bang thuét toan Facebook Prophet trong du béo sb
su kién trén Facebook. Huynh Trong Thwa va cac dong su [13] da cong bd két qua
nghién ctru sir dung thuat toan phan tich chudi thoi gian Facebook Prophet trong du
bao hoat dong dau tu & Khu Cong nghé cao TP.HCM. Zar Zar Oo va Sabai Phyu [14]
st dung thuat toan Prophet dé du bao nhiét do & tinh Myintkyina, Myanmar cho két
qua t6t so v6i cac phuong phap truyén thong. Toni Toharudin va cac dong sy [15] da
cong bd bao cio so sanh két qua du bao nhiét do khong khi hang ngay trong 5 nim &
Bandung, Taiwan giita 2 mé hinh dy bao boi LSTM va Facebook Prophet; Cac két
qua cho thay rang, Prophet cho két qua tot hon ddi v6i nhiét d6 téi da, trong khi
LSTM cho két qua t6t hon d6i voi nhiét do tdi thiéu; Tuy nhién, sy khac biét vé gia
trji cia RMSE khong qua 16n dang ké. Emir Zuni¢ va cac dong su [16] dé xuit bd
khung tmg dung thuét toan Prophet trong du bao doanh sé ban hang trong thuc té dé
du bao doanh sb hing thang, hing quy sip toi.

3. Muc tiéu nghién cwu

3.1. Muc dich nghién ctru

Xay dung hé théng du bao nhu cau phu tai dién trung han nham hd trg ban
Lanh dao Cong ty Dién luc Tay Ninh trong hoat dong dicu hf‘iﬂh, van hanh hé thong
di,én dam péo muc tiéu nang cao hiéu qgé, do tin cay cung cap dién va dam bao can
doi cung cau phu tai dién phuc vu nhu cau st dung dién cua khach hang.

3.2. Muc tiéu tong quat

Dénh gia thyc trang nhu cau du bao phu tai & Céng ty Bién luc Tay Ninh va
nghién ctru phuong phap du bao chudi thoi gian trong du bao nhu cau phu tai dién
trung han, tir d6 dé xuét giai phap du béo nhu cau phy tai dién trung han & Céng ty
bién luc Tay Ninh.

3.3. Muc tiéu cu thé

- Nghién ctu cac phuong phap du bdo chudi thoi gian trong dy béo nhu cau

phu tai dién trung han.



- Panh gia thyc trang du béo nhu cau phu tai dién trung han ¢ Cong ty Pién

lwc Tay Ninh.

- Pé xuit giai phap du b&o nhu cau phu tai dién trung han dua trén phan tich

chudi thoi gian Facebook Prophet & Cong ty Dién lyc Tay Ninh.

- Xay dung hé théng thuc nghiém va danh gia hé thong du béo nhu cau phu
tai dién trung han & Cong ty Bi¢n lyc Tay Ninh.

4. Poi twong va pham vi nghién ciru

4.1. Poi twong nghién ciru:

- Thyc trang nhu cau du bao phu tai dién trung han & Cong ty Di¢n luc Tay
Ninh.

- Cac phuong phap du bao nhu cau phu tai dién trung han va phuwong phép du
bao dé xuat 13 dy bao chudi thoi gian theo md hinh cong Facebook Prophet.

- Giai phap hop 1y du bao nhu ciu phu tai dién trung han ¢ Cong ty Dién luc
Tay Ninh.

4.2. Pham vi nghién ctru:

V& ndi dung: Nhu ciu dy béo phu tai dién trung han va giai phap dé xuat nham
dur béo nhu cau phu tai trung han & Cong ty Bién luc Tay Ninh.

V& thoi gian: CAc tai liéu nghién ciu duoc str dung trong luan vin 1a cac tai
liéu trong va ngoai nudc trong khoang thoi gian tir nam 2010-2020. Dt liéu nghién
ctru 1a san lwong dién tiéu thu cua cac nhom khach hang, thanh phan phu tai, dia ban
quan ly hang thang tir thang 01/2006 dén thang 03/2021 & Cong ty Bién luc Tay Ninh.

Vé khdng gian: Nghién ciru dugc thuc hién va ang dung ¢ Cong ty Bién luc
Tay Ninh.

5. Phwong phap nghién ciru
Pé tai nay st dung phuong phap nghién ciru 1y thuyét két hop véi xay dung

ung dung thuc nghiém:



- Nghién ctru ly thuyét du bao phu tai dién dai han, cac thanh phén phu tai dién
va cac yéu to anh huong dén du bao.

- Thu thép dit li¢u nhu ciu phu tai dién ctia cdc nhom thanh phﬁn phu tai dién,
theo khu vuc va nhoém khach hang: San lugng dién ti€u thu hang thang ctia cac nhom
khéach hang trén dia ban tinh Tay Ninh do Cong ty Pién luc Tay Ninh quan ly. Day
chinh 1a dit liéu cua cac d6i twong nghién ctru phuc vu cho qué trinh phan tich va tim
hiéu xu thé, tc do phat trién va nhu cu cta ddi twong nghién ciru.

- Xay dung hé théng thuc nghiém, danh gia két qua thuc nghiém, dua ra hudéng

phat trién mé rong cua dé tai dé dap tmg nhitng nhu cau trién khai thuc té.

6. Cau truc luan van
Ngoai phﬁn m& dau, muc luc, két luan va kién nghi, danh muc hinh v€, danh
muc bang biéu, tai liéu tham khao, phu luc, phﬁn chinh cua luan van gém 5 chuong

nhu sau:

Chuwong 1. Téng quan vé du bao nhu ciu phu tai dién: Chuong nay néu
khai quat, hé thdng hoa co s& Iy luan vé van dé du bao, ddng thoi tap trung trinh bay

cac nghién ciru du bao chudi thoi gian va ing dung trong bao phu tai d duoc st dung

Chwong 2. M6 hinh du bao chudi théi gian va ing dung trong du bao nhu
ciu phu tai dién: Chuong nay s& gidi thiéu vé cac yéu cau dit ra d6i véi bai toan du
béo phu tai, ddng thoi néu cac 1y thuyét lién quan dén giai phap tién xu 1y dit licu,
cac phuong phap du bao phu tai sir dung trong lun vin, qua d6 dé xuat cac mé hinh

du bao phu tai.

Chwong 3. Xay dung mé hinh du bao nhu ciu phu ti dién: Chuong nay
trinh bay cac két qua phan tich, thiét ké, cai dat va thir nghiém cac mé hinh dy bao

ctia hé thong.

Chwong 4. Két qua dir bio nhu cau phu tii dién ¢ Cong ty Pién luc Tay
Ninh: Chuong nay trinh bay thuc nghiém cac két qua dyu bao nhu cau phy tai & Cong

ty Dién lyc Tay Ninh va nhén xét chung.



Chuong 5. Xay dung h¢ thong du biao nhu cau phu tii dién: Chuong nay
gi6i thiéu hé thong du bao nhu cau phu tai dién hang thang img dung cac mé hinh du

bao phu tai dién da nghién ctru..



CHUONG 1: TONG QUAN VE DU BAO CHUOI THOI GIAN

Chuong nay néu khai quat, hé théng hoa co sd 1y luan vé van dé dy bao, dong
thoi tap trung trinh bay cac nghién ciru du bao chudi thoi gian va tng dung trong bao

phu tai dién da dugc su dung.

1.1. Téng quan vé dw bao

Dy béo 1a khoa hoc va nghé thuit tién doan cac sy viéc co thé s& xdy ra trong
tuong lai. Tinh khoa hoc ctia du bao thé hién & chd khi tién hanh dy bao nguoi ta phai
can cu trén cac dir li¢u phan anh tinh hinh thyc té trong qua khur va hién tai, can co
vao xu thé trén co s& khoa hoc dé du doan nhiing su viéc co thé s& xdy ra trong tuong
lai. Tinh nghé thuat trong du bao thé hién & chd phai st dung tai phan doan, kinh
nghiém trong nhing diéu kién thiéu thong tin hodic nhu cau ctia khach hang bién dong
manh. Tt nhitng dic diém nay cho thiy du bao bao gior ciing c6 sai sd, chi ngau nhién
néu chung ta du bao ding hoan toan, tinh chinh xé4c cua du bao cang thip khi thoi

gian du bao cang dai.

Cac phuong phép du bdo co ban dugc phan thanh hai loai co ban: cac phuong
phap dinh tinh va dinh lugng, va viéc lua chon loai thich hop chu yéu phu thudc vao
dit liéu c6 san. Cac phuong phap du bao dinh tinh mang tinh cht quan, sy kién tuong
lai duoc du doan chil quan dya trén viée st dung ¥ kién cua cac chuyén gia; tuy nhién,
chung khong hoan toan 1a phong doan, nhung chung 14 cac phuong phap tiép can co
cAu trac duoc phat trién dé thu duoc cac du bao tét ma khong can sur dung dir liéu
lich str. Do d6, cac phuong phap nay hiru ich va dugc trién khai khi dit liéu lich sir
khong c6 san hodc khan hiém. Mit khéac, cac phuong phap du bao dinh luong dua
trén toan hoc va cong thirc thong ké. Chung duogc ap dung khi c6 san dir liéu, nhung
phai thda man hai diéu kién: thong tin vé qua khir c6 sin va gia dinh rang mot s cc
khia canh ctia m6 hinh trong quéa khir s& tiép tuc trong tuong lai. Cac phuong phap
du bao dinh luong lién quan dén mot loat cac phuong phap va mdi phuong phap cé

cac thudc tinh, do chinh xac va chi phi riéng phai dugc can nhac khi lya chon mot



phuong phap cu thé trong cac nganh cu thé, cho cac muc dich cu thé. Hau hét cac du
bé&o dinh lugng yéu cau dir liéu chudi thoi gian dugc thu thap trong cac khoang thoi
gian déu dan theo thoi gian hodc dit liéu cit ngang (dir liéu duogc thu thap tai mot thoi

diém duy nhat).

1.2. Cac phuwong phap du bao

Céac phuong phap du bao ban ddu hau nhu hoan toan dya theo phuong phap
théng ké truyén théng nhung véi sy tién bo cua khoa hoc hién dai, cac cong nghé du
bao da phat trién dang ké. Gan day, cac phuong phap du bao dua trén 1y thuyét hoc
méy 14 ngdy cang trd nén phd bién hon trong du bao. Phan sau ddy gi6i thiéu va mo
ta cac phuong phap du bao duogc sir dung phd bién nhit theo hai hudng sau: cac mod
hinh théng ké va cac mo hinh hi¢n dai dya trén may hoc, khai pha dir li€u va tri tué

nhan tao.

1.2.1. C4c mé hinh théng ké
Trong céch tiép can du bao theo mé hinh thong ké thi cac nghién ciru dir bao
chudi thoi gian theo md hinh ARIMA don gian hoic SARIMA (ARIMA theo mua)

dira theo phuong phap chuan Box-Jenkins duogc st dung mot cach kha thudng xuyén.
1.2.1.1. M6 hinh Tu hdi quy tich hop trung binh truot (ARIMA)

Lé Huy Phiic va cac dong su [4] di nghién ctru img dung phuong phap loc di
liéu dé danh gia do tin cay cua ngué)n dit liéu ddu vao nhim nang cao chét luong du
bao phu tai dién ngan han trén lugi dién TP.HCM. Trong nghién ctru, nhom tac gia
da dé xuat ap dung mo hinh ARIMA va ANN dé c6 su ddi chiéu (sau khi loai bo céc
yéu to bat thuong trong dir lidu), két qua cho thiy MAPE cia mo hinh ARIMA nhé
hon so véi md hinh ANN, tuong tmg 4,9% so véi 5,87%.

Huynh Tan Nguyén va Nguyén Van Luong [17] nghién ctru ndy tmg dung md
hinh ARIMA trong du bao chi s6 gia tiéu dung CPI ¢ Viét Nam trong quy 2 nim
2016. S6 lidu duoc thu thap tur Téng cuc Théng ké Viét Nam giai doan thang 1/2010
dén thang 03/2016. Két qua cho thdy md hinh ARIMA (2,1,1) 1 thich hop cho viéc
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du bao. Két qua du bio CPI quy 2 nam 2016 lan luot 1a 159.5409%, 159.5447%,
159.5476% cho két qua du bao CPI tét va viéc img dung md hinh ARIMA da duoc

thuc hién & mot s6 nghién ctru trén thé gidi.

Trinh Thi Phan Lan [18] st dung mé hinh trong hinh chuyén dong ti hdi quy
ARIMA dé tim ra m6 hinh tot cho viéc du bao bién dong ty gia tai Viét Nam. Két qua
nghién ctru cho thiy, mé hinh SARIMA cho két qua du bao tot nhét trong cac mod
hinh dugc nghién ctru. Sai s6 trong mé hinh khéng 16n cho thdy, c6 thé sir dung mo

hinh SARIMA dé du béo ty gia trong twong lai.

Nghiém Phuc Hiéu [19] st dung phuong phap Box-Jenkins dé xay dung mé
hinh ARIMA theo mua (hay con goi la SARIMA - Seasonal Autoregressive
Integrated Moving Average) nham du bao lwong khach quéc té dén Viét Nam dya
trén s6 liéu cong bd hang thang cia Téng cuc Du lich Viét Nam. Nghién ctru ciing
dua ra du bao thir nghiém vé lugng khéach quéc té dén Viét Nam nhiing thang cudi

nam 2017 v&i mire d6 sai sd chép nhén dugce tir 1.7% dén 12.4%.

Lé Nhi Bao Ngoc va cac dong sy [20] sir dung m6 hinh SARIMA dé du béo
gi4 giao 1én tau (FOB) thuc tom st ngdn han véi ngudn sb lidu 1a chudi gia tom su co
kich c¢& 30-40 con/kg theo thoi gian tir thang 1/2011 dén thang 12/2016. Két qua
nghién ctru khang dinh mé hinh 13 phu hop dé giai thich dugc sy bién dong gia FOB
thuc ctia tom st trong giai doan néi trén. Dong thoi, mé hinh dy bao rat dang tin cay,
gi tri thyc cua thang 1 trong nam 2017 nam trong khoang tin ciy 95% va gan bang

v6i gi tri du bao véi diém sai s6 du bao nho.
1.2.1.2. M6 hinh phén ra

Y tuong cia mo hinh phan ra 1a chudi thoi gian c6 thé dugc phéan tach thanh
ba thanh phan: xu huéng (huéng dai han), theo mua (c6 hé thong, chuyén dong lién
quan dén lich) va bat thuong (bién dong khong hé théng, ngan han). M6 hinh phan ra
théng thuong chia thanh 2 loai: M6 hinh cong va M6 hinh nhén
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Trong md hinh cong, chudi thoi gian quan sat (Or) dugc coi 13 tong cla ba

thanh phan doc 1ap: theo mua St, xu huéng T: va bat thuong Ii:
Ot=Ti+ St + |t (1.1)

Trong md hinh nhan, chudi thoi gian quan sat (Or) duge biéu thi nhu 1a tich

ctia cac thanh phan xu hudng Ty, theo mua St va bat thuong I:
Oir=Tex St x| (1.2)

Gan day, cac nghién ctru du bao chudi thoi gian phi tuyén theo mé hinh cong
(Additive Model) trong d6 cac xu thé phi tuyén khép vai tinh thoi vu hang nim, hang
tudn va hang ngay, cong véi cac anh hudng ngdy 18 cling duoc sir dung cho hiéu qua
t6t. Sean J. Taylor va Benjamin Letham [12] da gidi thiéu phuong phap phan tich
chudi thoi gian theo mo hinh cong bang thuit toan Facebook Prophet trong du béo sb
su kién trén Facebook. Huynh Trong Thuwa va cac dong su [13] da cong bd két qua
nghién ctru st dung thuat toan phan tich chudi thoi gian Facebook Prophet trong du
béo hoat dong dau tu & Khu Cong nghé cao TP.HCM. Zar Zar Oo va Sabai Phyu [14]
str dung thudt toan Prophet dé du bao nhiét d6 ¢ tinh Myintkyina, Myanmar cho két
qua t6t so v6i cac phuong phép truyén thong. Toni Toharudin va cac dong sy [15] da
cong bd bao cao so sanh két qua du bao nhiét do khong khi hang ngay trong 5 nim &
Bandung, Taiwan giira 2 m6 hinh du bao bdi LSTM va Facebook Prophet; Cac két
qua cho thay rang, Prophet cho két qua tt hon d6i v6i nhiét d6 téi da, trong khi
LSTM cho két qua t6t hon dbi v6i nhiét d6 t6i thiéu; Tuy nhién, sy khac biét vé& gia
tri cia RMSE khong qua 16n dang ké. Emir Zunié va cac dong sy [16] dé xuat bo
khung tmg dung thuat toan Prophet trong du bao doanh sd ban hang trong thuc té dé
du bao doanh sb hang thang, hang quy sip tdi.

Céch tiép can du bao theo mo hinh théng ké, dic biét 1a mé hinh du bao chudi
thoi gian c6 uu thé trong du bao chudi thoi gian khi ma xu thé, tinh mua vu dugc thé

hién rd rang.
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1.2.2. Cac mé hinh hién dai dwa trén may hoc, khai pha dii liéu va tri
tué nhdn tgo

Céac mo hinh théng ké truyén théng con han ché va d6i khi c¢6 thé dan dén cac
giai phap khong dat yéu cau. Céac 1y do 1a khéi luong tinh toan qué 16n dan dén tiéu
t6n nhiéu thoi gian dé dat két qua va do phuc tap ctia cac mau dir liéu phi tuyén. Do
d6, may hoc va cac ky thuat dua trén tri tué nhan tao cung cip mot giai phap thay thé

day htra hen va hap dan.
1.2.2.1. Thuat todn Mang neural nhan tao (ANN)

Lei Guo va cac dong su [10] ap dung md hinh mang neural LSTM (Long Short
Term Memory) dé du bao phu tai di¢n ngén han. Mang LSTM dugc xay dung theo
hai huéng, mot gio va mdt tuan, tuong ung. M6 hinh dy doan trong mét gio 1a dat
yéu cau véi MAPE 2.09%. Md hinh dy doan cia mot tuan khong hiéu qua (MAPE
7.03%) do thoi gian du bao qua dai va dugce cai thién (MAPE 5.99%) bing cach thém
dau vao cua thong tin hang tudn va thong tin dy bao thoi tiét, cho thiy tam quan trong

cua thong tin thoi tiét dé du bao phu tai dién ngén han tuén.

E. C. Ashigwuike va cac dong su [8] dd c6 nghién ciru so sanh dy bao phu tai
trung han 48 thang t6i ctia lu6i dién phan phdi AMAC theo mé hinh hdi quy da bién
va mod hinh ANN c¢6 tinh dén anh hudng cua nhiét do, thoi gian, ty 18 gia ting dan sb
va cac hoat dong cuia cac khu vuc khac nhau (m6 hinh NARX-ANN). Cac dir liéu ctua
cac gia tri dinh hang thang dén hang nim dugc thu thip trong khoang thoi gian tir
nam 2012 dén quy dau tién ciia 2018. Két qua nghién ctru cho thdy mo hinh NARX-
ANN dé xuét hiéu qua hon mé hinh hoi quy da bién do c6 tinh dén cac yéu t6 anh

huong dén phu tai dién.

Trong nudce, cac nghién ctru tng dung mang ANN [21], [22] trong du bao phu
tai dién & Tién Giang va Pa Nang. Cac két qua nghién ctru cho thay viéc tng dung
mang ANN trong du bao phu tai ngan han cho két qua tot. Két qua nghién ciru [21]
phuong phéap du bao dung mang truyén thang nhiéu 16p két hop véi giai thuat lan
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truyén ngugc cho két qua du bao véi sai sé nho, v6i du bao 24 gid trong ngay, cac
ngdy trong tuan cho két qua twong ddi chinh xac (< 5%) nhung v6i du bao cac thang

trong nam thi sai s6 trong ddi 16m (9,629% - < 10%).
1.2.2.2. Support Vector Machines (SVMs)

Zhitong Ma va cac dong sy [11] d st dung mo hinh SVM dé du doan mirc
tiéu thu ning luong xay dung & Trung Qudc. M6 hinh c6 bay théng s6 bao gom di
lidu thoi tiét nhu nhiét do bau kho ngoai troi trung binh hang nim, 46 4m tuwong ddi
va toan cau birc xa mit troi 1ay tir NMIC, CMA va cic yéu t6 kinh t& nhu ty 16 d6 thi
hoa, téng noi dia san phém, muc ti€éu dung hg gia dinh va téng dién tich co ciu thu
thap tir NBSC tir nim 2000 dén nam 2014 dugc lay 1am dau vao. M6 hinh dé xuit c6
thé duoc khuyén nghi dé du doan murc tiéu thu nang lugng cta toa nha ¢ nhitng khu
vire ma dir lidu lién quan bi thiéu hodc khong cé sin, gitp dua ra quyét dinh vé toa

nha tiét kiém ning luong.

Két qua cac nghién ctru ing dung mé hinh may hoc cho thiy, dé nang cao hiéu
qua du bao thi cac yéu té anh hudng dén vin dé du bao phai duoc tinh dén va bao
gdm trong tham s6 dau vao. Di v6i du bao phu tai dién thi cac yéu td anh huong dén
nhu cau phu tai can phai xem xét la tbe do tang trudng kinh té, thoi tiét, nhiét do, do
am, mat do dan sb, ... Tuy nhién, cac yéu té nay lai kho du doan ciing 1am anh hudéng

dén két qua du bao cua cac mod hinh dya trén may hoc.
1.3. Thyc trang dw béao phu tai dién & Cong ty Pién luc Tay Ninh

Cong ty Dién lyc Tay Ninh 1a don vi thanh vién trong Tong cong ty Dién lyc
mién Nam (EVN SPC) thudc Tap doan Bién luc Viét Nam (EVN) thuc hién chuc
nang quan 1y, phan phdi va phat trién dién trén dia ban tinh Tay Ninh. Cong ty Pién
lwc Tay Ninh c6 tong cong 882 lao dong cong tac trén cac linh vuc san xuit kinh
doanh dién, tu van khdo sat thiét ké, giam sat chat luong thi cong xay dung cong trinh

di€n, quan 1y van hanh ludi dién trén dia ban 09 huyén, thi va thanh phé trong tinh.



14

Trong cic nim qua san xudt cong nghiép trén dia ban tinh Tay Ninh phuc hoi
manh mg&, nhiéu doanh nghiép dau tv m&i dua vao hoat dong. Do do, san lugng dién
thuong pham giai doan tir nim 2016-2019 ting trudng cao dat khoang 15,1% (Cong
ty ludn c6 téc do tang trudng thudc nhom dau trong 21 Cong ty Dién lyc thude cac
tinh phia Nam). Ly ké 12 thang nam 2020 toan Cong ty thuc hién 4.707,01 tri¢u
kWh, tang 14,65% so v&i cung ky nam 2019 (4.105,38 triéu kWh; Dién luc Go Dau
c6 ty 16 ting so v6i cung ky nim 2019 cao nhét (24,97%). Thuong pham theo 5 thanh
phan phu tai 12 thang nim 2020 so véi cung ky 2019: Nong-LAm-Thuy san ting
58,70%; Cong nghiép-xay dung tang 15,96%; Thuong nghiép-khach san-nha hang
tang 13,15%; Quan 1y va tiéu dung dan cu tang 08,94%; Cac hoat dong khac tang
10,94%. V& ty trong 12 thang nam 2020 cac thanh phan phu tai trong thwong pham:
Nong-Lam-Thuy san chiém 3,11%; Cong nghiép-xay dung chiém 74,64%; Thuong
nghiép-khach san-nha hang chiém 1,57%; Quan 1y va tiéu dung din cu chiém

18,79%; Cac hoat dong khac chiém 1,89%.

Vi két qua do, dé co ké hoach chuan bi sin sang dap tmg nhu cau phu tai dién
trong twong lai phuc vu cong tac diéu hanh hé théng dién véi muc tiéu hiéu qua, tin
cay thi viéc du bdo chinh x4c xu hudng, tbe do phat trién va nhu cau cua phu tai dién

trong tuong lai tré nén can thiét.

Bén canh d6, voi muc tiéu kép 1a trién khai thuc hién Thong tu s6 19/1017/TT-
BCT cua Bo cong thuong [1] va ning cao hiéu qua hoat dong, do tin cdy cung cip
dién va dam bao can d6i cung cau gilta cic ngudn dién phat va nhu cau phy tai dién
phuc vu cong tac diéu hanh hang thang, Tap doan Pién luc Viét Nam (EVN) di chi
dao cac Téng cong ty phan phéi dién trién khai thuc hién du bao nhu cau phu tai dién
(san luong dién thuong pham) & cac Cong ty Pién luc véi phuong phap du bao phu
tai bang viéc két hop 02 phuong phap du bao truc tiép va thong ké ddi véi timg nhom

khach hang, cu thé nhu sau:

- Nhom khach hang 16n (dién thuong pham > 1.000.000 kWh/niam): ap dung
phuong phap du béo truc tiép
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- Nhom khéch hang con lai (dién thwong pham < 1.000.000 kWh/nam): 4p
dung phuong phap du bao théng ké va sir dung cac cong cu dé du bao dién tiéu thu

du kién hang thang va ca nam cua khach hang.

Trong qua trinh trién khai thuc hién cong tac du bado nhu cau phu tai dién (san
luong dién thuong phdm hang thang), Cong ty Pién lyc Tay Ninh st dung cc cong
cu du bao bang phuong phap du bao phu tai theo moé hinh ham hdi quy da bién c6 sin
trén Microsoft Excel hodc st dung phuong phap chuyén gia d¢é du bao. Tuy nhién,
cac yéu t6 dau vao cho viéc du bao bing phuong phap hdi quy da bién nhu GDP
(Tong thu nhap qudc nodi), thoi tiét, nhiét dd va do am tuy theo khu vuc khé thu thap
va khé dy bao dugc chinh xac 1am anh hudng dén qué trinh du bao. Hoac du bao theo
phuong phap chuyén gia lai phu thudc yéu td kinh nghiém, khong mang tinh bén
virng va ciing bi anh hudng bdi cac diéu kién phuc tap cua du bao. Ngoai hai phuong
phap du bao do, Cong ty Dién lyc Tay Ninh cling chua cling chua c6 cong trinh
nghién ctru 4p dung cac phuong phap du bao khac vao cong tac du bao nhu cau phu

tai dién. Do do, két qua du bao la han ché va c6 su chénh léch véi két qua thuc té.
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CHUONG 2: MO HINH DU BAO CHUOI THOI GIAN VA
UNG DUNG TRONG DU BAO NHU CAU PHU TAI PIEN

Chuong nay sé& gidi thiéu vé cac yéu cau dit ra doi v6i bai toan dy béo phu tai,
ddng thoi néu cac 1y thuyét lién quan dén giai phap tién xur 1y dir liéu, cac phuong
phap du bao phu tai str dung trong luin vin, qua d6 dé xuat cAc mé hinh du bao phu

tai.
2.1. Phan tich chudi théi gian nhu cau phu tai dién

Trong cac bai toan dy bao noi chung va cac bai toan du bao nhu cau phu tai
dién noi riéng, dir liéu dung cho dy bao 1a dir li¢u chudi thoi gian. Dir liéu chudi thoi
gian 1a mot chudi cac quan sat cia mdt qua trinh ngﬁu nhién duoc luu trir theo thir tu
thoi gian. Mot s6 vi du vé chudi thoi gian nhu dit liéu vé gia ching khoan hing ngay,
doanh thu ban hang hang ngay, san lugng dién ti€u thu hang thang ctia mot xudng
san xuét, ... Uu diém cta chudi thoi gian la n6 co thé luu trit duge trang thai ctia mot
truong dit liéu theo thoi gian dé tir d6 rut trich ra cac thong tin quan trong dé dy bao
cho cac trang thai trong tuong lai. Chinh vi thé dit liéu chudi thoi gian dong mot vai

trd cuc ky quan trong ddi v6i su phat trién.
Pic diém caa dir liéu chudi thoi gian:
Dit liéu chudi thoi gian cac cac dic trung 1a tinh xu hudng va tinh chu ky:

- Tinh xu huéng 1a yéu t6 thé hién xu huéng thay doi cua dit liéu theo thoi
gian. Mot s6 vi du c6 thé thay tinh xu huong thay d6i theo thoi gian cua
chudi thoi gian dan so thé gidi ting qua cac nam, nhiét do trung binh trai
dat tang theo thoi gian... Py 1a dic trung thuong thay cia rat nhiéu dir lidu
chudi thoi gian.

- Tinh chu ky | qui luat c6 tinh chat l3p lai cta dit liéu theo thoi gian. Bt
ky su van dong, phat trién cua sy vat hay hién twgng nao cling déu chiu anh

hudng cta chu ky va 13p lai theo thoi gian nhu su thay doi thoi tiét, su phat
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trién cta céc loai dong vat cho t¢1 hanh vi mua sdm, tiéu dung cua con
ngudi... Chinh vi thé tim ra dugc yéu t6 chu ky sé& giup ich cho viéc du bao
chinh x4ac hon.

- Tinh ngau nhién thé hién su bién thién khong doan trude duoc xung quanh

xu hudng cua dir li€u theo thoi gian.

Dit liéu san luong dién thuong phdm hang thang ctia ngudi din hay cac co
quan t6 chtrc 14 dit liéu chudi thoi gian, ciing c6 cac dic trung cia mot chudi thoi gian
1a tinh xu hudng va tinh chu ky. Theo sy phat trién ctia x4 hoi nhu cau vé ning lugng
ngdy cang ting, do d6 chudi thoi gian san luong dién thuong pham c6 xu hudng ting
theo thoi gian va ciing c6 tinh chu ky 1a ndm (12 thang). Hinh 2-1a, 2-1b 1a biéu d6
minh hoa chudi thdi gian san luong dién thuong pham hang thang ciia mot doanh
nghiép c6 tong san luong tidu thy hang nam trén 1 triéu kWh va tong hop cua cac
khach hang c6 mirc tiéu thy hang thang dudi 1 triéu kWh trén dia ban Thanh phd Tay
Ninh.

200000
e
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=
= 140000

120000

100000

2003 2011 2013 2015 017 2019 2021
Thang

Hinh 2.1a: Biéu do san lwong dién thwong pham hang thang ciia mdt doanh nghiép c6

mirc tiéu thu hang nam trén 1 tricu kWh
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Hinh 2.1b: Biéu d6 san lwgng dién thwong phim hang thang cic khach hang c6 mirc
tiéu thu dudi 1 tricu kWh/nam

Phén tich kham pha dir liéu san lwgng dién thwong phim hang thang:

Phén tich chudi thoi gian 13 mot cach tiép cin dé phan tich dit liéu c6 dang
chudi thoi gian dé rat ra cac dic diém c6 ¥ nghia cta dit liéu va tao ra nhitng hiéu biét
hitu ich khac. Phan tich kham pha dir liéu 1 mot cach c6 hé théng dé kham pha dir
lidu bang cach sir dung cic phwong phap chuyén dbi va truc quan héa dit liéu. Phan
tich kham pha dir liéu chudi thoi gian san lugng dién thuong phdm hang thang cho
ching ta cai nhin dau tién vé dit liéu, tir d6 rat ra cac dic trung hd tro cho viéc lua
chon cac tham s6 ciia mé hinh du bao hay tién xur Iy dir liéu trude khi dua vao mo
hinh du bao. M6t sé dic diém cua dir liéu chudi thoi gian c6 thé rat ra khi thuc hién

kham pha dir liéu, cu thé:

Tinh dirng: Mot chudi thoi gian Y dugc xem 1a dimg néu nhu gia tri trung
binh va phuong sai ciia chudi khong thay doi theo thoi gian va gia tri ciia hiép phuong
sai giita hai thoi doan chi phu thudc vao do tré vé thoi gian giita hai thoi doan nay

chtr khong phu thudc vao thoi diém thuc té ma hiép phuong sai duoc tinh. Cu thé:

- Trung binh: p = E(Y,) = hang so6

- Phuong sai: 0% = Var(Y,) = hing s6
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- Hiép phuong sai gitra 2 thoi doan: cov (Y, Yi_i) = gk

Viéc khao sat chudi thoi gian dimg dé dang hon. Phuong phap chuyén doi don

gian nhét chudi khong dimng sang chudi dimg 13 13y sai phan thi d.

Tinh mua vu: Tinh mua vu 1a hanh vi ¢6 tinh chu ky ctia chudi thoi gian trén
co s6 ndm lich. Chudi thoi gian c6 ton tai tinh mua vu s& khong c6 tinh dimg. Phuong
phap chuyén dbi don gian nhat dé khtr tinh mua vy 1a 1ay sai phan thir m. Néu Y c6
tinh mua vu v6i chu ky m thoi doan thi chudi Z; = Yt — Yem s& duoc khao sat thay vi

chuoi Yt.

Hinh 2-2 minh hoa kham pha cac dic trung ctia chudi thoi gian san lugng dién
thuong pham céac khach hang dudi 1 triéu kWh/nam cho thdy xu hudng ting theo thoi

gian cua chuoi, tinh chu ky va bién thién ngau nhién.

Thanh phan xu huéng le7
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Thanh phan ngau nhién

105
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Hinh 2.2: Biéu dd phén ri cac dic trung (thanh phan) cia dir liéu chudi thoi
gian san lrgng dién thwong phim hang thang chu ky 12 thang ciia cac khach hang c6

murc tieu thu dwéi 1 tricu KkWh/nam

Mot céach truc quan dé khao st tinh mua vu va tinh dung cua chudi thoi gian
13 v& biéu dd theo chu ky va biéu do sai phan cua né. Hinh 2-3a 1a biéu d6 san luong
dién thuong phdm hang thang cua cac khach hang c6 muc tiéu thu dudi 1 tridu
kWh/niam cho thdy chu ky mua vu cta chudi 13 12 thang va chudi 1a khong ding (xu
huéng ting theo thoi gian). Hinh 2-3b 1a biéu d6 sai phan bac 1 cia chudi thoi gian
chudi thoi gian san lugng dién thuong pham, qua biéu dd cho thay chudi ding khi

chuyén doi sang chuoi sai phan bac 1.

1e7

— Y

0.8
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& @ g ¥ o g & ¥ o ¥ 5 o > o

Hinh 2.3a: Biéu d6 chu ky 12 thang ciia chudi thoi gian san lwong

dién thuwong phim
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1e6

£

Hinh 2.3b: Biéu do sai phan bac 1 ciia chudi thoi gian san luwgng

dién thwong phim

Nhu vay, qua phan tich kham pha dir liéu chudi thoi gian san lugng dién
thwong pham cho thiy chudi c6 xu huéng ting theo thoi gian gian va chu ky mua vu

1a 12 thang, chudi ding khi tinh sai phan bac 1.
2.2. M6 hinh ARIMA

M6 hinh trung binh truot tich hop tu hoi quy (Autoregressive Integrated
Moving Average - ARIMA) 1a mot phuong phép rat pho bién trong viéc 1ap mé hinh
chudi thoi gian, thuong dugce goi 1a phuwong phap Box-Jenkins (1976). Mo hinh
ARIMA phan tich tinh ty twong quan trong dit liéu quan sat dé dua ra mé hinh dy
b4o. M6 hinh ARIMA duoc két hop boi 3 thanh phan chinh: AR (Autoregressive -
thanh phan tu hoi quy), MA (Moving Average - thanh phan trung binh truot) va |
(Integrated — thanh phan tich hop, thuc hién qua trinh sai phan dé tao chudi dimg).



22

M@ hinh tw hoi quy (Autoregressive) AR(p): 1 qué trinh trong d6 gia tri dimg
hién tai y, phu thudc tuyén tinh dya trén p gié tri trong quéa khtr ctia n6. Y tudng cia
mo hinh AR(p) 12 hdi quy dua trén sy t6n tai mdi quan hé phy thudc tuyén tinh cta
cac phan tir chudi dimg vao p phan tir ctia n6 trong quéa khir cong v4i nhiéu trang

khong tuong quan véi no:
Ve =G0+ P1Yi-1 + P2Ye 2+ GpYip T € (2.1)
Trong do:
Y- gia tri quan sat dung hién tai.
V-1, Yie-2s - Ye-p- 1a cac gia tri quan sat dung trong qua khur.

b1, P2, - Ppi lap hE s6 tir hdi quy duoc lya chon dé sinh ra gia tri hdi quy

phu hop nhit cho y, qua cac gia tri qua khtt y,_1, Y—s, ..., Vi-p-

€. la sai s0 du bao ngau nhién tai thoi diém t. €, 1a nhiéu trang c6 trung binh

béng 0.

M6 hinh trung binh truot (Moving Average) MA(q): gia tri quan sat dirng hién
tai y, 12 ham phu thudc tuyén tinh g sai s6 du bao qua khi va sai sd ngiu nhién hién

tai.
Ve =00+ 01601+ 0605+ -+ 064 + € (2.2)
Trong do:
V¢ gia tri quan sat dung hién tai.
€t—1)€t—2s s Ep—g- 12 q s21 s6 du bao qua khu.

61,6, ...,0,: 1aqhé s6 hoi quy trung binh truot dugc lya chon phu hop nhat

cho y; qua céc gia tri qua khir €,_4, €;_5, ..., €¢_¢.
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€: 12 sai s0 du bao ngau nhién tai thoi diém t. €, 1a nhiéu trang co6 trung binh

bang 0.

Tich hop I(d): Thong thudng cac chudi thoi gian khong ding, hau hét déu ting
hoic giam theo thoi gian, do viy can bién ddi chudi thoi gian trd thanh chudi dirng.
Phuong phap chu yéu thudng duoc sir dung 1a 13y sai phan dé chudi bién doi thu duoc
1a chudi dimg va chudi nay dugc goi 1a chudi tich hop. Khi iy sai phan bac d dé

chudi cudi cing thu duogc 1 chudi dimg thi dwgc goi 1a chudi tich hop bac d: I(d).
Qua trinh sai phan bac d cua mot chudi yr 1a:

- Saiphanbac1:I(1) = Ay, = vy — Vi1
- Sai phan bac d: I(d) = A%y, = A(...A(Ay,) ...)
| J

d‘én
Trén thuc té, rat it chudi thoi gian 1a chudi tich hgp bac 16n hon 1. Mot chudi

s€ dung sau qua trinh sai phan bac 0 hodc 1.

Nhu vay, phuong trinh trung binh truot tich hop ty hdi qui ARIMA (p, d, q)

ctia chudi y c6 thé duogc biéu dién duédi dang:
Ad}’t = ¢1Ad}7t—1 + -+ ¢pAdyt—p + 01604+ + Qth—q (2.3)
Trong do:

- d 1a bac sai phan dé chudi y: 13 chudi dimg

p 1a bac ty hoi quy

g la bac trung binh trugt

A%y, 1a gia tri sai phan bac d

- € la gia tri nhiéu tring

Mo hinh ARIMA duoc thyc hién theo phuong phap Box-Jenkins véi bén bude
lap:

- Nhan dang mo6 hinh
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- Udc lugng tham sb va lya chon mo hinh
- Kiém dinh md hinh
- Du bao

Cac buéc xay dung md hinh ARIMA dé dw bao chudi thoi gian:

Nhdn dang mo hinh: Nhan dang m6 hinh ARIMA(p,d,q) 1a tim céc gia tri thich
hop cua p, d, q, voi d 1a bac sai phan cua chudi thoi gian dugc khao sat, p 1a bac tu

hoi qui va q 13 bac trung binh trugt.

Udc luong tham s6 va lwa chon mé hinh: Sau khi d3 nhan dang cac gia tri
thich hop cua p va q, budc tiép theo 1a udc luong cac thong sd cua cac sb hang ty hdi

quy va trung binh trugt trong mo hinh.

Kiém dinh mé hinh: Sau khi d4 lya chon mé hinh ARIMA cu thé va udc luong
cac tham sd cua nd, ta tim hiéu xem mé hinh lya chon ¢ phu hop voi dir liéu ¢ mirc
chap nhén hay khong béi vi c¢6 thé mot mé hinh ARIMA khéc ciing pha hop véi dir
liéu. Néu m6 hinh ARIMA khong phu hop thi lua chon mé hinh khac phu hop hon.
Nhu vay, phuong phap Box-Jenkins 1a mdt qua trinh 1ap lai.

Dur bdo: O buée cudi cung nay, sau khi kiém dinh mé hinh dy béo, khi md

hinh phu hop vai dit liéu s€ duoc st dung vao viéc du bao.
2.3. M6 hinh SARIMA

M6 hinh trung binh trugt tich hop ty hdi quy theo mua (SARIMA hoic
ARIMA theo mua), 1a mot md hinh m& rong cia ARIMA hd tro dir liéu chudi thoi
gian don bién v&i thanh phan theo miia. SARIMA bo sung thém ba tham s6 méi 1a
thanh phan tu hdi quy (AR), tich hop (I) va trung binh dong (MA) cho thanh phan
theo mla ctia chudi thoi gian don bién, ciing nhu mot tham sb xac dinh khoang thoi
gian theo mua. Viéc xac dinh by tham s6 ciia md hinh SARIMA yéu cau chon cac

tham s6 cho ca cac yéu td xu hudng va theo mua cua chuoi.
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Ba tham s6 xu huéng gidng nhu md hinh ARIMA:

- p: Béc tu hdi quy xu hudng.
- d: Bac tich hop xu hudéng

- q: Béc trung binh dong xu hudng.

Bon tham s6 theo mua khong phai 1a mot phan cia ARIMA phai dugc xéac
dinh:

P: Bac tu hdi quy theo mua.

D: Bac tich hop theo mua.
- Q: Béc trung binh dong theo mua.

- m: S6 budc thoi gian (ky) trong mot mua.

Nhu vay, tuy theo gia tri cua cic tham s6 ma mo hinh SARIMA c6 thé 1a md
hinh ARIMA, ARMA, AR hay la MA.

2.4. M6 hinh mang LSTM

Mang LSTM (Long Short Term Memory) 1a mét bién thé cia mang no-ron
hdi quy (Recurrent Neural Network - RNN) duoc thiét ké dé giai quyét cac bai toan
vé phu thudc xa trong RNN do bi anh huéng cua van dé triét tiéu gradient (gradient
vanishing). LSTM lan dau tién duoc dé xuit boi Hochreiter va Schmidhuber va dugc

cai tién boi nhi€u nha nghién ctru khac.

Hinh 2-4 biéu dién ciu tric ctia mot mang LSTM gém nhiéu té bao lién két
v6i nhau thanh mot chudi. Mdi té bao LSTM ¢6 4 tang (twong ung v4i 4 ham kich
hoat sigmoid, tanh) twong tac véi nhau dé tao ra trang thai té bao (cell state). Hinh 2-

6 1a cau tric bén trong clia mot té bao LSTM.
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Hinh 2.4: Mgt mang LSTM va céu triic bén trong ciia té bao LSTM
(Nguon: https://colah.github.io/)

MGdi té bao c6 thé ghi nhé hodc quén thong tin can thiét thong qua co ché sang
loc thong tin cua cac cong (gate). Mot té bao LSTM ¢6 3 cong nhu vay dé duy tri va

diéu hanh trang thai cua té bao:

- Cong quén (forget gate): C6 nhiém vy loai bo nhiing théng tin khéng can
thiét nhan duoc khoi trang thai bén trong té bao.

- Céng vao (input gate): C6 nhiém vu chon loc nhitng thong tin can thiét ndo
duogc thém vao trang thai bén trong té bao.

- Cong ra (output gate): Co nhiém vu x4c dinh nhitng thong tin ndo tir trang

thai bén trong té bao dugc sir dung nhu dau ra.
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Hinh 2.5: Cu tric ciia mdt té bao LSTM
(Nguon: https://colah.github.io/)
V& mit toan hoc, co ché hoat dong ctia mot té bao LSTM nhu sau:

- Pau tién, té bao LSTM nhan trang thai bén trong cia bo nhé trude d6 Cr;

va xac dinh c6 quén trang thai trude d6 hay khong qua phuong trinh:
C’r=Cr1 #f: (2.4)

Trong d6, cong quén fi tra vé gia trj trong doan [0,1], xac dinh mirc d6 quén
trang thai bén trong cua té bao trudce.
- Song song d6, trang thai bén trong té bao hién tai Ct dugc cap nhat thém

thong tin dau vao qua :

Ci=C i+ (it * €Y (2.5)
Trong d06, It chira gia tri kich hoat céng vao, xac dinh mac dd sang loc
thong tin dau vao va C; 1a gia tri trang thai tiém nang cia té bao hién tai.

- Nhu vay, trang thai bén trong cua té bao hién tai truyén sang té bao ké tiép

la;
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Ci=Cu1 *fi+ (it * ) (2.6)

- Cudi cung, trang thai dau ra cua té bao (ht) dugc tinh dya theo phuong

trinh:
ht = ot * tanh(Cy) (2.7)

Trong d6, o 14 gia tri kich hoat cdng ra, xac dinh muc do sang loc thong

tin du ra cua trang thai bén trong té bao.
2.5. M6 hinh Prophet

Prophet 1a mot mo hinh dy bao dit liéu chudi thoi gian dya trén mo hinh cong
(Additive model) trong d6 cac xu hudng phi tuyén tinh pht hop véi thoi vu hang nam,
hang tudn va hang ngay, cong v6i cac anh hudng ngay 18. Co sé cia md hinh Prophet
|a phén ra chudi thoi gian thanh 4 thanh phan dai dién cho xu hudng, tinh chu ky, anh

hudng cta ngay 1& va sai s6 mo hinh theo phwong trinh:

y(t)= g(t) + s(t) + h(t) + &t (2.8)

Trong do:

g(t) 12 ham dai dién cho xu huéng, su thay d6i khong co tinh chu ky cia

chuoi thoi gian.

- s(t) 12 ham dai dién cho sy thay d6i cd tinh chu ky ctia chudi thoi gian (vi

du: hang tuan, hang thang, hang nim)

- h(t) 1a ham dai dién cho sy anh hudng ctia ngay nghi (do nguoi dung cung

cap) xay ra theo lich mot hoic vai ngay.

- &t la sai s6 mang tinh ngiu nhién khong xac dinh dugc ctia mo hinh.
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CHUONG 3: XAY DUNG MO HINH DU BAO NHU CAU
PHU TAI PIEN

Chuong nay trinh bay cac két qua phén tich, thiét ké, cai dit va thir nghiém
cac md hinh dy béo cua hé thong.

3.1. Xay deng mo hinh dw bao

bé xay dung mo hinh, chung t61 str dung chién lugc kiém tra du bao géi dau,
hay con goi 1a chién lugc kiém tra gdi dau (walk forward validation) dé kiém tra,
danh gia mo hinh du béo ciing nhu danh gia hiéu suét giira cac mo hinh.

Trude tién, toan bd dir liéu ddu vao san luong dién thuong pham (chudi dir
lidu thoi gian nhu cau phu tai dién) duoc phéan chia thanh 2 phéan, phan dir liéu dau 1a
danh gia, lya chon mé hinh dugc phan chia thanh dir liéu huin luyén va kiém tra theo
ty 1€ 80% dir liéu huin luyén va 20% dit li¢u kiém tra, danh gia mo hinh thtr nghiém,;
phan dit liéu danh gia cac mo hinh (12 thang cudi dung) dung danh gia hiéu sut giira
cac mo hinh du bao SARIMA, mang LSTM va Prophet. Hinh 3-1 minh hoa viéc phan
chia dir liéu chudi thoi gian san leong dién thuong phim trong viéc danh gia lwa chon
cac tham sb ctia md hinh thir nghiém va danh gia hiéu suét giira cac mé hinh thu
nghiém.

Dit liéu chudi thoi gian san heong dién thwong pham

\

( |

Dit liéu kiém tra .

. ’ 12 théang
. 0
D liu hudin luyén (80%) el = ) I,
RMSE
RMSE
\ J \ J
| |

Dir liéu danh gia, lva chon mé hinh Dir liéu danh

gia cac mo hinh
Hinh 3.1: Minh hoa phén chia dir liéu chudi thoi gian san lwgng dién thwong
phim trong lra chon mé hinh va danh gi cac mé hinh.

Ké tiép, chién luoc kiém tra géi dau duoc ap dung trén cac dir liéu kiém tra,
danh gia. Hinh 3-2 minh hoa ma gia 4p dung chién lugc kiém tra gbi dau dé lua chon
cic tham s6 mé hinh theo d6 do RMSE, mé hinh ¢6 RMSE nho nhét dugc lua chon.



30

Chién luoc kiém tra gdi dau dugc ap dung twong tu trén dir lidu 12 thang cubi cing
(dir liéu danh gia cac mo hinh) dé danh gia hiéu suét giita cac mo6 hinh du bao thu
nghiém.

Mai gia chién luoc kiém tra gbi ddu (walk forward validation)

Lay tat ca dir liéu dau vao Xi i=1,2,3, ..., N)
Phén chia dir liéu huan luyén/kiém tra theo ty 1& 70/30, T = INT (N * 0.7)
Train=[Xi] (i=1,2,...,T)
Test=[Xi](i=T+1,...,N)
Forecast =[]
Lapj=1to(N-T):
Huén luyén md hinh trén dir liéu Train
Du bao 1 ky ké tiép
Ghi nhén két qua du bao vao Forecast
Thém Test[j] vao Train

Tinh hiéu suat mé hinh theo RMSE (Test, Forecast)

Hinh 3.2: Ma gia thuét toan danh gia mé hinh theo chién lwgc kiém tra goi
diu dwoc ap dung trong lwa chon mé hinh va danh gia hiéu suét
cac mo hinh.

Luwa chon tham s6 mé hinh:

Céc mo hinh du bao SARIMA, mang LSTM va Prophet dugc xay dung véi
vai tham s6. Md minh SARIMA, céc tham sb ¢ thé lwa chon dé tinh chinh hiéu suét
cua mo hinh nhu p, d, q, P, D, Q va m. M6 hinh mang LSTM, céac tham s6 co thé lua
chon dé tinh chinh hiéu sudt cia mo6 hinh nhu neurons, batch size, epochs, ...Mo
hinh Prophet, cic tham sb c6 thé lua chon dé tinh chinh hiéu suat ciia mé hinh nhu
seasonality_mode, seasonality prior scale, ...

Chi tiét viéc danh gia lya chon céac tham ) ting mo hinh SARIMA, mang
LSTM va Prophet dugc néu rd trong cac phan sau cua chuong nay.
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D¢ do danh gia mo hinh:

D6 do ap dung trong kiém tra, danh gia lya chon cac mo hinh thir nghiém 1a
do do RMSE (root mean squared error):

RMSE = |yn Qi) (3.1)

n
Trong d6, ; 1a két qua du bao ctia mo hinh & thoi diém i, y; 1a gia tri quan sat
(gié tri thuc) & thoi diém i.

Do do RMSE dugc ap dung trong danh gia lwa chon cac tham sé mé hinh va
trong danh gia hiéu suét giita cac mo hinh thir nghiém SARIMA, mang LSTM va
Prophet.

3.2. Xay dwng mo hinh dw bao SARIMA

Céc tham s theo xu hudng (p, d, g) va theo mua (P, D, Q) ciia md hinh c6 thé
dugc x4c dinh bang cach phan tich cac d thi tu twong quan va tu trong quan mot
phan (ACF, PACF), va diéu nay doi hoi phai c¢6 k¥ ning phan tich chuyén mén. Cach
tiép can pho bién thuong gip khi phan tich chudi thdi gian don bién theo mé hinh
ARIMA 14 cach tiép can Box-Jenkins, thudng duoc goi 1a phuong phap Box-Jenkins
(1976). Mot cach tiép can thay thé 1a tim kiém theo ludi (grid search) véi mot bo cac
tham s6 mé hinh va kham pha bd tham s6 nao hoat dong t6t nhat cho mot chudi thoi
gian don bién cu thé. Vi hé théng may tinh hién dai ngay, tdc d6 xt Iy nhanh hon,
cach tiép can nay co thé kha thi va thuc hién tim kiém nhanh hon, két qua dat duoc
c6 thé khac so v6i quy trinh phén tich theo phuong phap Box-Jenkins nhung sai sb

du bao thap hon, tuy khong rd rang.

Hinh 3-3 sau day 1a ma gia cua thuat toan tim kiém ludi ctia mot chudi thoi
gian don bién, kham pha bd tham s6 cia md hinh SARIMA cho két qua v6i do do
RMSE (gitta gié tri thuc va két qua dyu bao ctia md hinh trén dir liéu kiém tra) 13 thap
nhat. Trudc tién, dir liéu cta chudi thoi gian duoc chia thanh 2 phan dung huan luyén
va danh gia theo ty 18 80%, 20%. Ké dén, phuong phap dénh gia hiéu suat bo tham

s0 mo hinh la sir dung chién lugc ki€ém tra du bao goi dau, hay con goi la chién lugc
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kiém tra gbi dau (walk forward validation) dé kiém tra, danh gia cac mé hinh du bao
theo t6 hop 7 tham sb ciia mo hinh SARIMA. M6 hinh véi bo tham s6 cho két qua
danh gia hiéu suit theo do do RMSE (root mean squared error — cin cua trung binh

sai s6 binh phwong) thap nhét duoc lua chon.

Mai gia thuat toan tim kiém lu6i bo tham s6 SARIMA

Train = 80% dit liéu dau cia chudi

Test = 20% dit lidu cudi ctia chudi, ding danh gia mo hinh
Scores =]

Configs = Tao t6 hop cac bd tham s (p,d,q)(P,D,Q)m

For cfg in Configs:

RMSE = WalkforwardValidate(cfg, Train, Test)
Scores.Append([RMSE, cfg])

Sip xép Scores v6i RMSE ting dan

Return Scores[0]

Hinh 3.3: M gia thuat toan tim kiém luw6i kham pha bd tham s6 SARIMA cho

mot chudi thoi gian don bién

Phuong phap tim kiém ludi thyc chat 1a vét can to hop cac 7 tham sb
(p,d,q)(P,D,Q)m ciia md hinh SARIMA. Do d6, téc do tim kiém 1a mot diém yéu cua
phuong phap nhung wu diém 1a khong doi héi ki nang phan phan tich.

Thuc hién tim kiém lu6i dé lya cac tham s6 (p,d,q)(P,D,Q)m ciia md hinh
SARIMA trén dit liéu dién thuong pham cta 9 Pién luc. Két qua cho thay, dbi véi
dir liéu Pién Iyc TPTN b tham sé moé hinh SARIMA [(1, 1, 1), (2, 0, 2, 12)] cho két
qua RMSE thap nhat, d6i v6i dir liéu Dién luc GO Dau bo tham s6 md hinh SARIMA
[(2, 0, 2), (2,0, 2, 12)] cho két qua RMSE thap nhat, ddi véi dit liéu Dién luc Tan
Chau bo tham sé6 mé hinh SARIMA [(1, 0, 2), (2, 1, 1, 12)] cho két qua RMSE thap
nhat...
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Biang 3.1: Cac gia tri RMSE nh6 nhit tirng mé hinh thwe hién tim kiém hroi
trén dir liéu 09 Dién luc

TPTN TANCHAU TANBIEN
Tham sé RMSE | |Tham sé RMSE | |[Tham sé RMSE
[(1.1.1).(2, 0,2, 12)] | 783165| [[(1.0.2). (2. 1. 1. 12)] | 819366| |[[(1,1,0). (2.1,2, 12)] | 328105

[(2.1.1).(2. 1. 1,12)] | 793720| ([(2.0.1). (2. 1.2.12)] | 823334| |[(1.0.2). (2. 1.2, 12)] | 329235
[(2.1.2). (2. 1.1.12)] | 794562| ([(1.0.2). (1. 1.2.12)] | 829812| |[[(1. 0. 1) (2. 1.2.12)] | 330301
[(2.1.1).(2,1.0,12)] | 796303| |[(2.0.1). (2. 1. 1. 12)] | 848946| |[[(2.1.0). (2. 1,2, 12)] | 337613
[(2.1.2).(2.1.0,12)] | 796786| ([(1.0.1). (2. 1.2.12)] | 850222| |[(2.1.2). (2.1.2. 12)] | 339748
GODAU CHAUTHANH HOATHANH

Tham sé RMSE| |Tham sé RMSE | |Tham sé RMSE

[(2.0.2).(2,0.2,12)] | 4786%0| |[(2.0.1).(2.0.2.12)] | 483713 |[(2.1,0).(2.0,2, 12)] | 551554

[(2.0,1), (2, 1.2,12)] | 487561| |[(1.0,2),(2.0,2,12)] | 515515 |[(2. 1, 0). (1, 1,2, 12)] | 556395
[(1.0,1). (2. 1.2, 12)] | 488999| |[(0.0,0).(2.0.0,12)] | 526794 |[(2.0,1).(1.1.2.12)] | 562009
[(1, 1,00, (2. 1,2, 12)] | 489245| |[(1.1,2), (2. 1,2.12)] | 528735| |[(2. 0. 2), (1, 1.2, 12)] | 564761
[(1.0.2), (2. 1.2, 12)] | 491401| |[(2.1.2). (2. 1.2.12)] | 536713 |[(2.1.2). (2. 0.2, 12)] | 565911
TRANGBANG DUONGMINHCHAU BENCAU

Tham s RMSE | |Tham sé RMSE | |Tham sé RMSE
[(1,1,1),(2.1.2,12)] [ 472138] |[[(2,0,2),(1.0,2,12)] | 496186 |[(0.0,0),(1,0,2, 12)] | 306545
[(1.1,2), (2, 1.2, 12)] | 483052| |[(2.0,2),(2.0,2,12)] | 496191 |[(0. 0, 0). (2,0, 1,12)] | 306754
[(2.1.0).(2. 1.2, 12)] | 483916| |[(1.0,2).(2.0.2, 12)] | 499870| |[(0.0,0). (2.0,2.12)] | 306844
[(2.0,0),(2.1.2,12)] | 486558| |[(1.0,2),(1.0,2, 12)] | 499961 |[(0. 0, 0). (2,0, 0,12)] | 307877
[(1. 1,00, (2. 1.2, 12)] | 489117| |[(0.0,2), (2.0, 1. 12)] | 500448| |[(0, 0. 0). (1, 0. 1, 12)] | 312251

3.3. Xay dwng mo hinh dw bao LSTM

Thu vién Keras dugc sir dung dé xdy dung mo hinh dy bao chudi thoi gian
bing mang LSTM. Poan ma Python sau ddy 1a mé hinh LSTM duoc xay dung dé dy
béo nhu ciu dién thuong pham trong luan van. M6 hinh sir dung 1 tang an LSTM v&i
sO lwong té bao 13 neurons. Trong dé, cac tham sd neurons, epochs 1a cac tham sb can
phai dugc xac dinh.

Ma Python xay dung mé hinh LSTM

model = Sequential()

model.add(LSTM(neurons,
activation="tanh',
batch_input_shape=(1, 1, 1),

stateful=True))
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model.add(Dense(1))
model.compile(loss='mean_squared_error’, optimizer="adam’)
for i in range(epochs):

model.fit(X, y, epochs=1, batch_size=1, shuffle=False)

model.reset_states()

Hinh 3.4: Poan ma Python xidy dung mé hinh LSTM

Thuat toan tim kiém ludi duoc ap dung dé tim kiém gia tri neurons, epochs
ctia m6 hinh LSTM phu hop véi dit liéu cta 9 Pién Iyc. Hinh 3-5 1a biéu d6 danh gia
hiéu suit mo hinh LSTM twong (mg véi gia tri neurons, epochs theo 46 do RMSE
cua 9 Dién lyc. M6 hinh mang LSTM cho dir liéu TPTN véi s6 neurons 1a 4, sb
epochs 1a 1500 cho két qua RMSE 1a thip nhit, twong tu sb neurons, epochs ctia md
hinh mang LSTM cho dir liéu GODAU la 1, 100, TRANGBANG la 2, 2000,
TANCHAU la 3, 100, CHAUTHANH la 4, 500, DUONGMINHCHAU la 4, 1000,
TANBIEN la 2, 100, HOATHANH la 4, 500 va BENCAU la 3, 500.

TANBIEN HOATHANH

1750000 —e=1 neurans
h 2 neurons

700000 —e=1 neurons

) 2 neurons 1200000 3 neurons
650000 3 NEwr ons 1150000 4 neurons
4 neurons 11
600000 1100000
1050000
550000 P 1000000 \
500000 950000 _""""--o-—-___.
900000
450000 850000
100 500 1000 1500 2000 100 500 1000 1500 2000
BENCAU
620000 —— ] neurons
2 neurons
500000 3 neurons
4 neurons
580000
560000
540000 . T
520000
500000
500 1000 1500 2000

Hinh 3.5a: Biéu do gia tri RMSE cac mé hinh LSTM theo
s0 neurons, epochs
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TPTN TANCHAU
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Hinh 3.5b: Biéu @6 RMSE mé hinh LSTM theo s6 neurons, epochs

3.4. Xay dung mo hinh dw bao Prophet

Thu viéc fbprophet duoc sir dung dé xay duyng mé hinh dy bao.

Doan ma Python xay dung mé hinh dy bao

model = Prophet(
seasonality_mode = 'multiplicative’,
seasonality prior_scale = 0.05)

model.fit(data)

Hinh 3.6: Poan ma Python mé hinh dw bao Prophet
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Prophet c6 rat it tham s6 c6 thé tinh chinh dé nang cao hiéu suat suit cia mo
hinh, cac tham s& hau hét duoc Prophet x4c dinh ty dong. Tuy nhién, Prophet van
cung cap mot vai tham sé dé hiéu chinh mé hinh phi hop véi dir licu, trong d6 c6 2
tham s6 lién quan dén tinh chu ky theo mua ctia dir liéu chudi thoi gian d6 1a:

- seasonality mode: c6 2 gia tri 1a additive, multiplicative twong Gng véi sy
thay d6i ctia thanh phan theo mua s(t) 14 tuyén tinh hay phi tuyén theo thoi
gian.

- seasonality prior scale: gi tri chi mirc d6 anh huéng thanh phan theo mua
s(t) cia mo hinh. Théng thuong c6 gia tri trong doan [0.01, 10]

Thuat toan tim kiém ludi dugc ap dung dé tim kiém gia tri phu hop cho 2 tham
sO nay dbi voi timg chudi thoi gian. Bang 3-2 liét ké két qua ctia qua trinh thuc hién
tim kiém uéi trén dit liéu tir thang 07/2020 vé trude cta 9 Dién lyc dé tim md hinh
Prophet phu hgp véi timg dit ligu.

Bang 3.1: Cac gia tri RMSE khi danh gia lwa chon mo hinh twong
ung dir liéu 09 Dién luc

TPTN TANCHAU TANBIEN
seasonality SE::lSDnﬂli‘l‘}' RMSE seasonality se::isunality RMSE seasonality se?sunality RMSE
mode |prior scale mode |prior scale mode | prior scale
multiplicative 0.05| 758970.9| [multiplicative 0.05| 784137.1| |multiplicative 0.05| 359507.8
multiplicative 0.1 771802.1| |multiplicativy 0.1 793538| |multiplicative 0.1 362851.4
mmultiplicative 0.5 795136.7| [multiplicative 0.05| 827322.5( |multiplicative 10| 368051.2
muliiplicative 10| 797133 4| |additive 0.1[ 836973.6| |multiplicative 0.5 3704401
multiplicative 0.01| 801381 1| |additive 0.5 838103 |additive 1| 370684.1
GODAU CHAUTHANH HOATHANH
seasonality SEi.lSlJnﬂllt}' RMSE seasonality se:.asnnnllt}' RMSE seasonality SEi.lSlJn.ﬂllt}' RMSE
mode |prior scale mode | prior scale mode | prior scale
multiplicativg 0.05( 330512.6| |multiplicative 0.05 384272 |multiplicative 0.01| 597835.6
multiphicativg 0.01| 339539 1| |multiplicativ 0.1 591331 4| |multiplicative 0.05| 602941 1
multiplicative 5| 532324 8| |multiplicativs 0.01| 610002.8( |multiplicative 0.1| 610043 4
multiplicative 1| 352771.6| |multiplicativg 0.05| 637404.8( |multiplicative 0.5 6312043
multiplicativg 0.5 556422 |multiplicativ 0.5] 644871.7| |multiplicative 1| 6312791
TRANGBANG DUONGMINHCHAU BENCAU
seasonality SEi.lSlJnﬂllt}' RMSE seasonality se:.asnnnllt}' RMSE seasonality sea.lsunallt}' RMSE
mode |prior scale mode |prior scale mode | prior scale
additive 0.05| 1165554 |multiphicativg 0.05| 605918.8| |multiplicative 0.05| 346294.9
additive 0.5] 1180200| [multiplicativg 0.1 612524 9| |multiplicative 0.1 356346.1
additive 0.1] 1181139| [multiplicative 0.01| 629623 8| |multiplicative 0.01| 3580762
additive 1| 1184882| |multiphicativg 0.5 629873 |multiplicative 0.05| 364669.3
mmultiplicative 10 1180206| |multiplicativg 10| 633805 8| |multiplicative 0.01] 375704 .8
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CHUONG 4: KET QUA DU BAO NHU CAU PHU TAI PIEN
O CONG TY PIEN LUC TAY NINH

Chuong nay trinh bay thuc nghiém cac két qua du bao nhu ciu phy tai & Cong
ty Dién lyc Tay Ninh va nhan xét chung.

4.1. Két qua dy bao

4.1.1. Dw bdo nhu cau phu tdi 1 thdng

4.1.1.1. M0 hinh Prophet

Str dung md hinh Prophet tim duoc dé thuc hién du béo dién thuong phém cua
9 Pién luc timg thang tir thang 8/2020 dén thang 7/2021. Bang 4-1 1a sai s6 (%) giita

dir liéu 12 thang va két qua du bao twong tmg; Bang 4-2 13 két qua RMSE cua dit liéu
danh gia va két qua du bao.

Bang 4.1: Gia tri RMSE giira dir liéu danh gia va du bao ctia 09 Pién luc khi
trién khai du bao theo md hinh Prophet.

Dién luc RMSE | MAPE
TPTN $72.883 |  43%
GODAU 495233 | 2.8%
TRANGBANG $26265 |  4.6%
TANCHAU 929.143 6.0%
CHAUTHANH 734.048 3.9%
DUONGMINHCHAU 516.715 3.9%
TANBIEN 408.598 3.9%
HOATHANH 592019 | 3.8%
BENCAU 448 668 3.4%
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Bang 4.2: Sai s6 (%) giita dir liéu 12 thang va két qua du bao timg thang
twong ing cia 09 dién luc

TPTH TANCHAU TANEIEM
ts actual | forecaszt | % actual | forecazt | % actual | forecazt | %
2020-08| 18207082 | 18201356 044 | 12173579 12673861 415 | 3481336 26301460 245
202000 19142134 | 18482038 | -3.44) | 12802779 12817083 0539 | 044724 8738014 -338
2020-10) 17383326 17715748 1.91) | 11530018 11995113| 3.85| | 8015818 8232831 271
2020-11) 16700685 | 184053618 | 10.14| | 11447234 13123373 1464 | 786515%| 8377322 205
2020-12) 17086007 | 18110154 390 | 11820068 13425013 1339 | 7306104 8400048 651
202101 17671275 18307274 411 | 13438661 14366302 673 | 8270063 8642332 4350
2021-02) 16363323 18161468 7.68| | 12730138 13638046 7.13| | 8226733 8273194) 036
2021-03| 17164028 | 18014600 496 | 12701612)13413122| 5.60| | 8463106| 8307944 -1.83
202104 21021675 | 20708608 | -1.4%) | 13700072 14386371 -8.80| | 9832304 0336973 433
2021-03)| 19663283 | 20266346| 3.06| | 13203739 13300973) 003 | 9171984 9324630 166
2021-06| 20536615 | 19070122 | -2.81) | 13187777 12801781| 217 | 934309382 ©9303662| -1.37
202107 18386010 18611316 4.98| | 120455338 12304631 426 | 9604322 8803002| -8.23
FODAL CHAUTHANH HOATHANH
actual | forecast | % actual | forecazt | actual | forecazt | %
14062415 | 14054283 | 0.06| | 12030024 12877421 048] | 14600038| 14373148| -2.16
14497308 | 14062021 | -3.00| | 13460402 13120362 -2.33| 13317314 14333722) -5.12
13368176 13478036 -0.66| | 12326036 12380133 051 | 13600321 14067330 260
13204714 | 13042261 350 | 12195107 12811103| 3.03| |13660617| 14336343 6.36
13300134 | 13814234 | 3.80| | 12444870 12810301 3.01| | 13080606 14265708 2.04
13300435 13631921 1.74| | 12740806) 13146413 3.11| | 13978412 14491178 347
12765172 12882327 0482 | 12306674) 1253046762 072 |12808774| 13836330 727
12467077 | 12000983 348 | 120626100 12760440 579 |13062727| 13618585 426
16070687 | 13352422 | 4.47| | 13336431 14115022 -7.95 | 13001700) 153607893 -1.584
13254042 13421500 1.0%| | 14132640 14070319 0.44| | 13468310| 13725517 163
16198360 13638402 | 53.46| | 13200573 14286267 | -0.62| | 16472304 153743008 443
13528040 14615906 -5.88| | 14830635 13202268 | -10.98| | 13575638 14995034| 373
TRANGBAMNG DUONGKINHCHAT BEMCAU
actual | forecaszt | % actual | forecazt | ¥ actual | forecazt | ¥
14323277 | 18868204 | 334| | 10843563 10319435 405 | 8343666 2012104 5497
16618422 | 16683030 030 | 11370027 10610260 -6.60| | 3684410 8633307 033
13468303 | 16308331 6.72| | 10304045) 10385938 009 | 7736101 77470093 -0.50
13383036 16381276 3.11) | 100347001 10931484  7.85| | 7360714 7908721 4.60
13304467 16370734 | 330 | 10636030 10987780 3.31| | 7808333 7362100| 0.68
13332472 16267010 430 | 11037796 10932800 063 | 8319232 8374961 0.467
14300210 14654667 2.41) | 10773014 11004738 2,13 | 8149330 8271788 130
14437310 13651243 841 | 10363107 11202178 46.00| | 3060942 8311260| 539
17320230 17388074 242 | 13011822)12237610| -3.83 | 9607802| ©380138| -3.18
18032030 17314804 | 308 | 11827368 12328343 424 | 9127368 0264003 151
19150348 | 17347060 -6.81| | 12021614 11881602 | -1.16| | 10178043 2602848| -5.66
18177277 17216924 | -5.28| | 11200403 11016961 | -5.02| | 10000874 2861041)-12.19
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4.1.1.2. M6 hinh SARIMA

Thuc hién ap dung mé hinh SARIMA tim dugc dé dy bao dién thuong phém
timg thang tir thang (tir thang 8/2020 dén thang 07/2021) thudc 9 Pién luc. Bang 4-3
1a két qua RMSE cua dir liéu danh gia va két qua dyu bao, Bang 4-4 13 sai s6 (%) giita
dir liéu 12 thang va két qua du béo tuong tng.

Bang 4.3: Do do RMSE giira dir li€éu danh gia va du bao cua 09 Dién luc khi
trién khai mé hinh SARTMA.

Pién hrc RMSE | MAPE
TPTN 1.003.489 |  4.3%
GODAU 573.863 3.4%
TRANGBANG 698.122 3.4%
TANCHAU 722059 | 4.1%
CHAUTHANH 679.315 4.0%
DUONGMINHCHAU 678.385 4.7%
TANBIEN 471,773 4.35%
HOATHANH 633.737 3.8%
BENCAU 541,012 49%
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Bang 4.4: Sai s6 (%) giita dir liéu 12 thang va két qua du bao timg thang
twong ung cia 09 mé hinh twong ing 09 Pién luc.

TPTH TANCHAU TAMNEBIEN
ts actual | forecast | %0 actual | forecast | % actual | forecast | %
202008 18207082 19142276 314 | | 12173379 12113056 030 3481386 8407014) -0.838
202000 10142134 182709306 451 | 12802770 125153401 2493 o044726| 8223434| 008
2020-10(17383526| 18173360 456 | | 11530918 11602373 043 015818 8431913) 5.19
2020-11( 16700685 | 187463061219 | 11447234 124014652 | 334 7863139 8612644 930
2020-12[ 17086007 17570344 | 2 80 | | 11820068 | 12619388| 6.76 7806196 [063045) 210
2021011767127 17666068 | -0.02 | | 13438661 13748411 2.13 2270063 T963083) -3.71
202102 16863523 17883026 6.04 | | 12730138 13348657 4.86 2226753 8483731) 3.18
202103 17164028 | 17300016| 0.84 | | 12701612 128531016 1.18 3463106 8220742) -2.86
202104 (21021673 | 19608066 -6.72( | 15700072 14150202 (-10.30| | 9332304 0323380| -3.12
2021-05| 19663283 | 19338328 |-0.34| | 13283739 13613088 241 Q1719384 od71844| 327
2021-06(20336615| 20633088 | 048 | | 13187777 13146051 | 032 0345032 S604048| 1.37
202107 19336019) 183047014 (-7 86| | 12943538 11817458 -3.71 Sa0d322| 8700471| 923
FODAU CHAUTHANH HOATHANH
actual | forecast | % actual | forecast | % actual | forecast | %
18207082 | 18910336| 3.96 | | 12030024 [ 12880004 | 030 | 14600038 13123373 2.93
19142134 18014402 -5.30 | 13460402 [ 12076749 -3.30 | [13317514) 14380035 4.31
17383326( 17449704 038 | | 12326036( 12762646 334 | [13600321) 14142300| 323
16700683 19960733 |13.533 | 12198107(12843175| 6.11 13660617( 14844082| 3.67
17086007| 174774300 220 | | 12444870 12386303 047 | [139306%946) 13770106( -1.51
17671273 183446638 3.81 | | 12749806(13252428| 304 | [13978412) 141200460 1.08
16363323 | 18004460| 720 | | 12506674 12744430 1.90 | (12898774 13336401 5.10
17164028| 17477366 1.83 | | 12062610( 127905341 6.03 13062727| 13343773 2.17
21021675 20560026 2,19 | 13336431 | 14573661 404 | [13901700) 153236701 4.72
19663283 | 19631726017 | 14132640 14648813| 3.62 13468310( 13913072) 2.87
20356613( 20660408 0533 | | 132008373 140062083 -2.37 | [164723046) 160140831 -2.78
19386010 17926380|-8.32 | | 14830635 [ 13182130 -11.12 | [13373638) 14600133 -6.21
TRANGBANG DUONGKMINECHAT BEMCAU
actual | forecast | % actual | forecast | O actual | forecast | O
16323277 16417833 0538 | | 10Da3365( 11119023 1.43 2343666 [072000) 324
16618422 | 163605378 |-1.50( | 11370927| 10601931 | -6.74 3634419 8435745) -2.63
134608303 | 16263432 514 | | 10304845 | 10363020| -0.24 1786101 7778138) -0.10
13583036| 16037673 200 | | 10154700( 115343133| 13.67 7360714 8431789 11.32
13304467 | 14360683 | -6.00 | 1063602%( 10836644 | 1.30 7809333 T932374) 1.83
13352472 155344982 005 | 11037796( 10200278| -1.42 2310252 8760214) 341
14300210 14363063 | 0.38 | | 10773014[ 11325481 3.11 2140330 8819602) 523
14437510( 15927886| 1032 | 10368107 | 10802836| 2.22 aoa0od2| 8517618| 3.67
17820230 172205382331 | 13001822 11821433| 213 SA07892| 9361330| -1.41
18032030( 17023730 -53.50 | 11327368 (12416300 403 Q127368 o6da742| 1.40
191530348 | 18663028 | 233 | 12021614[12232230| 1.73 10178243 10033663 -1.23
18177277 17701488 | 262 | 11300403 10735278 -7.43 | (10090874 2889343 (-11.91
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4.1.1.4. M6 hinh LSTM

Bang di li¢u sau day liét ké Kkét qua thyc hién danh gia 09 m6 hinh tim dugc
trén dir liéu 12 thang cudi (dir liéu danh gia) caa 09 Dién lyc twong Gmg. Bang 4-2 14
két qua RMSE cua dir liéu danh gia va két qua du bao, Bang 4-3 1a sai s6 (%) giira
dir liéu 12 thang va két qua du béo tuong tng.

Bang 4.5: Do do RMSE giira dir li€éu danh gia va du bao ctia 09 Dién lyc khi
trién khai mé hinh mang LSTM.

Pién lwc RMSE | MAPE
TPTN 1245483 |  4.65%
GODAU 1.008592 | 5.54%
TRANGBANG 1260033 |  5.60%
TANCHAU 1125511 | 6.07%
CHAUTHANH 1280931 |  7.09%
DUONGMINHCHAU 731094 | 4.56%
TANBIEN 576918 | 5.08%
HOATHANH 932367 | 5.08%
BENCAU 542478 | 5.24%
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Bang 4.6: Sai s6 (%) giita dir liéu 12 thang va két qua du bao timg thang
twong ung cia 09 mé hinh twong ing 09 Pién luc.

TPTN TANCHAU TANBIEN
ts actual | forecast | % actual | forecast | % actual | forecast [ %o
2020-08| 18207082 18156858| -0.28 12173579 12095455] -0.64 8481386 &T04347| 2.63
2020-09) 19142134 17945988| -6.25 12892779 12485506| -3.16 0044726 85B83652| -5.08
2020-10) 17383526( 18239126 5.04 11550918 12885686| 11.56 SOL5818| &792464| 9.69
2020-11) 16709685 17610752| 5.39 11447254 12140912 6.06 7865159 8501581| 8.09
2020-12| 17086008 17399418| 1.83 11820068 11891497 0.60 7896196 8280783| 4.87
2021-01) 17671276 17187046 -2.74 13458661 12064042| -10.36 270063 8118396] -1.83
2021-02) 16865524 17324690 2.72 12730158 12911975 143 8226755 8161307| -0.80
2021-03) 17164028 17456218 1.70 12701612 12763318 049 463106 8215272| -2.93
2021-04) 21021676 17271780|-17.84 15790872 12792859 -18.99 9832594 8322193|-15.36
2021-05) 19665284 20456330 4.02 13293759 14314246| 7.68 0171984 9361946 2.07
2021-06| 20556616 20087094 -2 28 13187777 13617370| 326 0545982 9274419| -2 84
2021-07) 19586020| 20003442 2.13 12845538| 13448621 3.89 0694522 9382151| -3.22

GODAU CHAUTHANH HOATHANH

actual | forecast | % actual | forecast %o actual | forecast %o
14062419 13382058| -4 84 12939924 12398052 -4.19 14690038 14728414 026
14497508 14158083| -2.34 13460402 12707319 -5.59 15317514 14667029 -4.24
13568176 14082355| 3.79 12326056 13123605 6.47 13699521 14384205 6.46
13204714 13773066| 4.30 12198107 12691901 4.05 13660617 14333994 493
13309134 13863221| 4.16 12444879 12610718 1.33 13980696 14357791 2.70
13399435| 13813432| 3.09 12749806| 12562463 -1.47 13978412 13961374 -0.12
12765172 13527809 5.97 12506674 12608893 0.82 12898776| 13812665 7.09
12467077 13253608| 6.31 12062610) 12583537 4.32 13062727 13870869 6.19
16070697 13215044|-17.77 15336431 12441652| -18.88 15991700| 13735303(-14.11
15254942 16393966| 7.47 14132649 15495553 9.64 15469510) 16197980 4.71
16198569 13840376| -2.21 15299573 15772069 3.09 16472396| 15261621| -7.35
15528940 16138426| 3.92 14830655 12157694 -18.02 15575638 15805918 1.48

TRANGBANG DUONGMINHCHAU BENCAU
actual | forecast | % actual | forecast | % actual | forecast | %o
16323277 16225126 -0.60 10963565 10795496 -1.53 8343666 TR24480| -6.22
16618422 16698544 0.48 113708927 10937358| -3.81 S684419 8555495] -1.48
15469593 16592269 7.26 10394545) 10903313 4.89 7786101 85339423 9.68
15585036 15844151| 1.66 10154700 10596757 435 7560714 7938899 500
15504467 15525153) 0.13 10636059 10344985 -2.74 7809335  E043190| 299
15552472 13363715 -1.21 11057796 10622557 -3.94 8319252 7848610| -5.06
14309219 15300289] 6.93 10775014 10749287 -0.24 8149380 8074312| -0.92
14437510 14680741) 1.68 10568107 10829715 2.48 060942 8521193 571
17820240 14372201|-19.35 13011822 10839051| -16.70 0697892  8455919|-12.81
18032940 15853174|-12.09 11827368| 12340752 4.34 Q127568 9328923| 4.40
19150348| 16732131|-12.63 12021614 12637265 5.12 10178943 9609097 -5.60
18177276 17577970| -3.30 11599403 11406738| -1.66 10090874 9978063 -1.12
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4.1.2. Dw bdo nhu cau phu tdi 12 thing
4.1.2.1. M6 hinh Prophet

Ap dung m6 hinh Prophet du béo nhu cu dién thuong pham 12 thang téi (tir
thang 08/2020 dén thang 07/2021) trén dit liéu 9 Dién lyc. Theo do, dir liu 12 thang
(tir thang 08/2020 dén thang 07/2021) duoc dung lam dit liéu kiém tra, danh gia mé
hinh va dir liéu trudc thang 08/2020 dung 1am dit liéu huan luyén mo hinh. Bang 4-
10 liét ké két qua trién khai du bao theo md hinh Prophet dién thuong pham 12 thang
td1 cac khach hang dudi 12 tricu kWh/nam thudc 09 Bién luc va do do RMSE cua dir
liu danh gia va két qua du béo.

Bing 4.7: Cac gia tri RMSE ciia dir liéu 12 thang dung danh gia va két qua duw
bao ctia mé hinh Prophet twong wng cia 09 Dién luc.

Dién hrc RMSE | MAPE
TPTN 916689 | 4.3%
GODAU 472559 | 2.8%
TRANGBANG 923371 5.0%
TANCHAU 964.092 6.2%
CHAUTHANH 728420 | 3.9%
DUONGMINHCHAU 497566 |  3.8%
TANBIEN 400620 | 3.9%
HOATHANH 578.297 3.7%
BENCAU 445886 |  3.3%

4.1.2.2. M6 hinh SARIMA

Ap dung mé hinh SARIMA du bao nhu cau dién thuong pham 12 thang t6i
(tir thang 08/2020 dén thang 07/2021) trén dit licu 9 Pién luc. Theo do, dir liu 12
thang (tir thang 08/2020 dén thang 07/2021) dugc dung 1am dit liéu kiém tra, danh
gid mo hinh va dir liéu trudc thang 08/2020 dung lam dir liéu huan luyén mé hinh.
Bang 4-8 liét ké két qua trién khai du bao theo mo hinh SARIMA dién thuong pham
12 thang t61 cac khach hang dudi 12 tricu kWh/nam thudc 9 Bién luc va cac gia tri
RMSE cuia dit liéu danh gia va két qua du bao 12 thang t6i.
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Bang 4.8: Cac gia tri RMSE ciia dir li¢u 12 thang dung danh gii va két qua dw
bao ctiia m6 hinh SARIMA twong tng cia 09 Dién luc.

Pién lrc RMSE | MAPE
TPTN 1.488.488 7.5%
GODAU 541.559 3.1%
TRANGBANG 667.959 3.0%
TANCHAU 739.631 4.4%
CHAUTHANH 635.139 3.5%
DUONGMINHCHAU 617.175 4.7%
TANBIEN 410202 3.6%
HOATHANH 830,750 5.1%
BENCAU 537.921 4.9%

4.2. So sanh két qua khi ap dung cac mé hinh Prophet, SARIMA,
LSTM

So sanh két qua du bao nhu cau dién thuong pham 12 thang t6i ctia 2 mé hinh
SARIMA, Prophet trén dir liéu 9 Dién lyc. Vo1 dir liéu TPTN, mo6 hinh Prophet co
gia tri RMSE 1a 872882.90 va gia tri MAPE la 4.10%, m6 hinh SARIMA c6 gia tri
RMSE 1a 1003489.30 va gia tri MAPE la 4.25%%, mo hinh LSTM c6 gia tri RMSE
la 1245483.5 va gia tri MAPE 1a 4.65%. 6/9 dién luc c6 két qua mé hinh Prophet cho
két qua tot hon mé hinh SARIMA, mé hinh LSTM cho két quéa thap nhit. 3/9 dién
luc cho két qua SARIMA t6t hon mé hinh Prophet.

Bang 4.9: So sanh hiéu suét dv bso tirng thang ciia 3 mé hinh SARIMA,
Prophet va LSTM

SARTMA PROPHET L5TM
Dién hyc EMSE |(MAPE| RMSE | MAPE| RMSE | MAPE
TPTN 1003489.30) 4.25% | 872882.90] 4.10% | 12454835 4.65%
GODAU 573862.80| 3.42% | 495233 .00( 2.86% | 1008592.5| 5.54%
TRANGBANG 698121 84| 3.39% | 826265.30( 4.51% | 1260033.3| 5.60%
TANCHAU 722059.40( 4.14% | 929143 10( 5.65% | 11255110 6.07%
CHAUTHANH 679314 90| 4.08% | 734047 90( 4.09% | 12809310 7.09%
DUONGMINHCHAU | 678384.90| 4.66% |516714.70) 3.94% [ 731094.1| 4.56%
TANBIEN 471772 80| 4.55% [408598.30) 3.89% [ 576917.5| 5.08%
HOATHANH 633737.00| 3.82% | 592018.60( 3.73% | 932366.9| 5.08%
E BENCAU 541011.70| 4.83% | 44866750 3.51% | 3424777 5.24%
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Hinh 4.1: Biéu db so sanh két qua dw bao timg thang ciia 3 md hinh SARIMA,
Prophet va mang LSTM cua 9 dién luc

So sanh két qua du bao nhu cau dién thwong pham 12 théng t6i cia 2 md hinh
SARIMA, Prophet trén dir liéu 9 Dién lyc. Két qua cho thidy 2 mé hinh cho két qua
khong khéac nhiéu so v6i du bao timg thang. M6 hinh Prophet van cho két qua du bao



46

12 thang t6t hon mo hinh SARIMA tai 7/9 dién luc, moé hinh SARIMA cho két qua
du bao tot hon mo hinh Prophet tai 2/9 dién luc.

Bing 4.10: So sanh hiéu suiat du bao 12 thang ciia 2 mé hinh
SARIMA va Prophet

SARIMA PROPHET
Dién lyc REMSE |MAPE| RMSE |MAPE
TPTNN 1488487.6| 7.5% | 9166885 4.3%
GODAU 541558.6) 3.1% | 4725585 2.8%
TRANGBANG 667958.7) 3.0% | 9233710 5.0%
TANCHAU 739631.3) 44% | 9640920 6.2%
CHAUTHANH 635139.3| 3.5% | 7284203 39%
DUONGMINHCHAU | 6171751 4.7% | 4975659 3.8%
TANBIEN 410201.9| 3.6% | 400619.9) 3.9%
HOATHANH 830750.1) 5.1% | 3782972 3.7%
BENCAU 537921.2) 49% | 4438861 33%

4.3. Nhan xet chung

Két qua thir nghiém mo hinh SARIMA, Prophet va mang LSTM du bao dién
thwong phim 12 thang cta dit liéu dién thurong pham thudc 9 dién luc cho thdy mo
hinh Prophet cho két qua dy bao véi hiéu suit tbt hon mé hinh SARIMA, va m hinh
mang LSTM cho két qua v&i hiéu suét thap nhat (gia tri RMSE 16n nhét).
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CHUONG 5: XAY DUNG HE THONG DU BAO NHU CAU
PHU TAI PIEN

Chuong nay gi6i thiéu hé thong du béo nhu cau phu tai dién hang thang tng
dung cac mo hinh du bao phu tai dién da nghién cuu.

5.1. Thiét ké hé thong
5.1.1. M6 hinh hé thong

Kién tric tong thé md hinh hé théng du béo phu tai dién khach hang tai Cong
ty Pién lyc Tay Ninh duoc thé hién nhu Hinh 5.1 dudi day. Trong d6, ngudn di lidu
ldy tir co s dit liéu (CSDL) Béo c4o noi luu trix dit liéu hoa don tat ca cac khach hang
sir dung dién. Dit liéu duogc trich xut tir nguon qua tién trinh tién xu 1y duoc tong
hop thanh dix liéu phu tai dién khach hang hang thang Iuu vao CSDL Tich hop phuc
vu chirc nang phan tich, dy bao phu tai dién khach hang hang thang.

N . g ™ .
Nguon dir liéu Co & dit liéu du bo
ETL

Tién xi Iy
dik lidu

Dashhoard
D hiae

CSDL Bio cio CSDL Tich hop

NV Phén tich di¥ lidu
Hinh 5.1: M hinh kién triic tong thé

Hang thang (tir ngay 15-20 hang thang) nhan vién kinh doanh tai cac Dién luc
truy cap Dashboard tién hanh phan tich, du béo phu tai dién khach hang thang t&i.
Nhan vién phan tich dir liéu chiu trach nhiém thuc hién tién trinh ETL dit liéu va danh
gia md hinh, cap nhat cac bg thong s6 cac mo hinh ddi vai tung dir liéu phu tai dién
dinh ky, chu ky danh gi4 lai 1a hang ndm.

Ngbn ngit, thu vién va khung phan mém dugc str dung trong hé théng du bao
phu tai dién khach hang:
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- Ngon 1ap trinh: Python
- Co so dir li¢u: SQL Lite 3

- Thu vién xay dung cdc mé hinh du bao (nén tang Python): SARIMAX, Keras
LSTM va Facebook Prophet.

- Khung xay dung Dashboard phén tich, du b4o: Streamlit.

5.1.2. Thiét ké co sé dii liéu cho hé thong

H¢ quan tri co s¢ dir li€u str dung dé xay dung hé théng dir 1iéu khach hang
1a SQL Lite (version 3), dap tmg du nhu cau luu trit va truy xudt dir liéu. Hinh 5.2 12
lugc d6 ERD cua co sé dir liéu tich hop.

P DI Xly ~\ ' data ) ( hhach hang )
. ma_khang ma_khang
z:aln_loal ----- thang - - - - ten_khang
hi_ ihu kwh ma_nhomnn
\g - ) ploai_xly loai_khang

R

( mhinh thso

ma_khang
mo_hinh
tham_so
Hinh 5.2 Luwgc @6 ERD co sé dir liéu du bao
Dit liéu mau cua cac bang:
a) Bang Phan loai xt Iy (ploai_xly):
phan_loai  xu_ly ahi_chu
T 3 -1 Khéch hang 1én khéng cén mua dién (tc déng dén dif liéu du bao)
3 2 1 Mhap chi
3 1 -1 Téch chi
4 0 1 Dirliéu géic

Hinh 5.3: Dir li¢u bang phan loai xir ly

b) Bang Khach hang (khach hang):
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Etﬂm"dm'-ﬂ-hwt\-l

ma_khang
PBOS01

PBOS0Z
PBOS03
PBOS4
PBOS0S
PBOS0R
PBOSOT
PBOS0E
PBOS09

ten_khang

Bién luc Thanh phd Tay Ninh
Bién luc Go Dau

Dién lyc Trdng Bang

Bién luc Tan Chau

Bién luc Chau Thanh

Bién luc Dugng Minh Chiu
Bién luc Tén Bién

Bién luc Haa Thanh

Bién luc Bén Cau

Hinh 5.4: Dit liéu miu bang khach hang

¢) Bang Dir liéu phu tai dién (data):

ma_khang
1 PBO501
) PBEOS01
3 PBO501
4 PBEOS01
5 PBO501
6 PBO501
7 PBEOS01
& PBO501
g PBEOS01
10 PBO501
11 PBO501
12 PBO3M
13 PBO501
14  PBO3M
15 PBO501
16 PBEOS01

thang
2009-01

2009-02
2009-03
2009-04
2009-05
2009-06
2009-07
2009-03
2009-09
2009-10
2009-11
2009-12
2010-01
2010-02
2010-03
2010-04

kwh
7395062
7757958
3394204
9815589
8679552
8270427
8997132
8732236
9315298
2483531
8788366
8642656
10314525
8654880
9652584
10280127

phan_loai

o R e Y e Y e Y s [ e Y e Y s Y e Y e [ e [ e Y e Y e ) s [ e

ma_nhaomnn

Hinh 5.5: Dir liéu mau bang dit li¢u phu tii dién hang thang

d) Bang Tham s6 cac mo hinh (mhinh_thso):

loai_khang
0

(=R = R = I =R =R =~ R ]
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=y |
[
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—

PEDSM
PEDS0
PEDS0Z
PEDS0Z
PEDS0Z
PEOSD3
PEOSD3
PEO503
PEOS(4
PEOS(4
PEOS04
PBOS05
PEDS05
PEDS05
PEDS06
PEDS06
PBO506
PBOSOV
PEOSOT
PEOSOT
PEOS02
PEOS03
PEOS02
PEDS09
PEDS09
PEDS09

W00 ) @ o s L [

DE LHELODRBEBLRR Y bR L oREAE S

mo_hinh  tham_so

| PROPHET {"seasonality_rmode™: "multiplicative”, "seascnality_prior_scale": 0.03}

SARIMA {M"order": [1, 1, 1], "seasonal_order™: [2, 0, 2, 121}

L5TM {"epochs": 1300, "neurcns": 4}

PROPHET {"seasonality_mode": "multiplicative”, "seasonality_prior_scale": 0.053}
SARIMA  [M"order": [2, 0, 2], "seasonal_order™: [2, 0, 2, 12]}

L5TM {"epochs™ 100, "neurons": 1}

PROPHET {"seasonality_rmode": "additive”, "seasonality_prior_scale": 0,05}
SARIMA  ["order": [1, 1, 1], "seasonal_order™: [2, 1, 2, 12]}

L5ThA {"epochs" 2000, "neurcns": 2}

PROPHET {"seasonality_mode": "multiplicative”, "seascnality_prior_scale": 0.03}
SARIMA  [Morder": [1, 0, 2], "seasonal_order™: [2, 1, 1, 12]}

L5Th {"epochs": 100, "neurcns": 3}

PROPHET {"seascnality_mode": "multiplicative”, "seascnality_pricr_scale": 0,03}
SARIMA  ["order": [2, 0, 1], "seasonal_order™: [2, 0, 2, 12]}

L5TM {"epochs™ 300, "neurons": 4}

PROPHET {"seasonality_mode": "multiplicative”, "seasonality_prior_scale": 0.053}
SARIMA [M"order": [2, 0, 2], "seasonal_order™: [1, 0, 2, 12]}

L5Th {"epochs": 1000, "neurcns": 4}

PROPHET {"seasonality_meode": "multiplicative”, "seascnality_prior_scale": 0.03}
SARIMA  [Morder": [1, 1, 0], "seasonal_order™: [2, 1, 2, 12]}

L5ThA {"epochs" 100, "neurcns": 2}

PROPHET {"seasonality_meode": "multiplicative”, "seascnality_prior_scale": 0.01}
SARIMA [Morder": [2, 1, 0], "seasonal_order™: [2, 0, 2, 121}

L5TM {"epochs": 300, "neurcns": 4}

PROPHET {"seasonality_mode": "multiplicative”, "seascnality_pricr_scale": 0.03}
SARIMA  [Morder": [0, 0, 0], "seasonal_order™: [1, 0, 2, 12]}

L5TM {"epochs™ 300, "neurons": 3}

Hinh 5.6: Dir liéu miu bang tham s6 cac mé hinh

5.1.3. Xdy dung Dashboard phdan tich, du bdo

Dashboard phan tich du bao dugc xay dung trén khung phan mém Streamlit
sir dung ngdn ngit 1ap trinh Python. Hinh 5.7 1a doan ma ngudn Python truy xuét dir
liéu, thuc hién dy bao va hién thi két qua du bao truc tiép trén trinh duyét web

thong dung.



51

from datetime import date

import pandas as pd

import streamlit as st

import matplotlib.pyplot as plt
import matplotlib.dates as dates
import matplotlib.cbook as chook
import json

import data

import prophet_model as prophet
import sarima_model as sarima
import lstm_model as lstm

import reporting util as rp

don_vis = data.get_khang()

st.sidebar.subheader("DU BAD PHY TAI")
ngay_lv = st.sidebar.date_input("Ngay lam viéc:", walue=date(2821, 7, 1))
dv = st.sidebar.selectbox("Chon don vi:",
don_vis,
format_func=lambda opt: don_vis[don_vis['ma_khang'] == opt].values[8, 1])
mh = st.sidebar.selectbox("Chon md hinh:", ['PROPHET', 'SARIMA', 'LSTM'], index=8)
thang_db = st.sidebar.number_input("5& thang du béo:", min_value=1, max_value=58, step=1)
predict = st.sidebar.button("THUC HIEN™)

thso_mhinh = data.get_thso_mhinh({mh, dv)

if thso_mhinh is not None:
thso_mhinh = json.loads(thso_mhinh)

st.sidebar.write( 'THAM 50 M3 HINH: ')
st.sidebar.write(thso_mhinh}

thang_lv = ngay_lv.strftime( ' %Y-¥m")

raw_data = data.get_data(dv)
data = raw_data[raw_data['ds'] < thang_lv]
future_data = raw_data[raw_data['ds'] »= thang_lv]

st.title{ DU BAQ PHU TAI DIEM KHACH HANG')
st.header{'Bigu db phuy tai dién khdch hang")

fig, ax = plt.subplots{figsize=(15, 7.5))
ax.plot{data.index, data['y'] / 188&, label="Mkh')
ax.xaxis.set_major_formatter(dates.DateFormatter( XY-Zm'))
ax.xaxis.set_major_locator(dates.MonthLocator({interval=6))
ax.xaxis.set minor_ locator({dates.Monthlocator()})
ax.set_ylabel({'san lugng')

ax.grid(True)

fig.autofmt_xdate()

plt.legend(loc="upper leftt")

st.pyplot(fig)

with st.expander("Xem dir 1igu"):
st.subheader( 'Dit lidu lich si")
st.datatrame(pd.DataFrame{data.values, columns={ Thang', 'San lugng (kWh)')))
st.subheader( Dl 1i8u twong lai')
st.dataframe(pd.DataFrame(future_data.values, columns=('Thang', 'San lugng (kWh)}'))})
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if predict:
forecast = 1list()

st.hesader{ K&t qua duv bdo')
if mh == "PROPHET':
model = prophet.create_model{data, thso_mhinh)
forecast = prophet.forecast(model, pericds=thang_db)
if mh === 'SARIMA':
model = sarima.create_model(data, thso_mhinh)
forecast = sarima.forecasti{model, periods=thang_db)
if mh === "LSTM":
model = lstm.create_model{data, thso_mhinh})

forecast = lstm.forecast{model, periods=thang_db)

rp.show_report(st, data, future data, forecast)
Hinh 5.8: Ma nguon Dashboard phén tich, du bao

5.2. Két qua

Thuc hién du bao phu tai dién khach hang 12 thang téi trén Dashboard vai dir
licu phu tai dién khach hang thudc Dién luc Thanh phé Tay Ninh tir thang 02/2021
sir dung md hinh du b4o Facebook Prophet. Hinh 5.9 1a két qua du bao khi thuc hién
trén hé thong du béo.

Xem dif lidu +
o 3 ’
DU BAQ PHU TAI Ket qua du bao
:
Neylamiee Théng San lugng (kWh) Duf bo (KWh) Sai 56 (26)
19 -
J021/02/01 19 2021-02 16865523.00 18161467.00 7.68
20 2021-03 17164028.00 18107688.62 5.50
chon ddn vis 21 2021-04 21021675.00 20848684.30 -0.82
22 2021-05 19665283.00 20405987.20 3.77
Dign lyc Thanh phé Tay Ninh - 23 2021-06 20556615.00 20128499.13 -2.08
24 2021-07 19586019.00 18750434.38 -4.27
Chon mé hinh:
25 2021-08 - 19088613.82
PROPHET ~ 26 2021-09 - 19365185.06
27 2021-10 - 18369047.56
8 thing dy bao: 28 2021-11 - 18AB5707.37
2 - e [ P
THUC HIEN 20000 ' / \/\
THAM SO MO HINH: 0000 \
§ f‘ g
~ ]
"seasonality_mode" : 1a000
"multiplicative"
"seasonality_prier_scale" : 1raca
0.85
i 16000
o o o e o o

Hinh 5.9: Két qué dw bAo 12 thang phu tii dién khach hang thudc Pién lwe Thanh
phé Tay Ninh tir thang 2/2021
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Sai s6 tuyét dbi trung binh cua 6 thang (tir 2/2021 dén 7/2021) trén dit liéu cua

Pién luc Thanh phd Tay Ninh 13 4.02%.

Tuong tu, thuc hién du bao phu tai dién khach hang 12 thang tdi trén
Dashboard véi dit liéu phu tai dién khach hang thudc Dién luc GO Dau tir thang
02/2021 str dung mé hinh du bao Facebook Prophet. Hinh 5.10 1a két qua du bao khi
thuc hién trén hé thong du béo. Sai sb tuyét ddi trung binh caa 6 thang (tir 2/2021 dén

7/2021) 1a 3.2%.

Xem dif ligu +
~ 3 I'e
DY BAO PHY TAI Két qua du bao
.
(= Thang San Iugng (kWh) Du bao (kWh) (%)
2021/02/01 2021-02 12785172.00 12882526.96 0.92
20 2021-03 12487077.00 12904508.52 3.51
Chon dgn i 21 2021-04 16070697.00 15390967.05 -4.33
22 2021-05 15254942.00 15396118.17 0.93
Dign byc Go Dau T 2021-06 16198569.00 15642167.78 -3.43
24 2021-07 15528940.00 14569072.81 -5.18
Chgn mad hinh:
2021-08 14954316.76
PROPHET . 26 2021-09 15038052.25
7 2021-10 14326724.97
S0 thang dy bao: 28 2021-11 1466RIRT.AR
0 - oo | — S \
THUC HIEN
15000 /
THAM S0 MO HINH: . f\/
|3 |
i % 14000 \
"seasonality_mode" :
"multiplicative"
13000 |
"seasonality_prior_scale" :
8.05 N
} 12000
1“\“’55 g1°° 10:"““ A ﬂw”"”

Hinh 5.10: Két qua dw bao 12 thang phu tai dién khach hang thudc Pién lwc Go Dau

tir thang 2/2021
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KET LUAN

Hién nay c6 rat nhiéu hudng nghién ctru dé trién khai hé thong du bao phu tai
dién dép tng nhu cu diéu hanh, van hanh hé théng dién. Luan van trinh bay mdt
hudng tiép can c6 hiéu qua trong vi¢c dy bao nhu cau phu tai dién trung han phuc vu
t6t cong tac quy hoach, diéu hanh hé théng dién dép img muc tiéu nang cao hiéu qua
hoat dong, do tin cdy cung cép dién va dam bao can dbi cung cAu nham dap ung nhu
cau str dung dién cua khach hang, d6 13 nghién ctru xay dung hé théng du bao phu tai
dién dua trén phuong phap du bdo chudi thoi gian dua trén thuat toan Facebook
Prophet, SARIMA va LSTM. Két qua thuc nghi¢m 3 mé hinh dy béo trén dir li¢u phu
tai dién khach hang ctia 9 Pién luc cho théy md hinh du bao chudi thoi gian dya trén
thuat toan Facebook Prophet cho két qua dyu bao voi hi¢u suét tot nhat, ké dén 1a mo

hinh SARIMA va sau cung la m6 hinh LSTM.

Huéng nghién ctru mé rong tiép theo cta dé tai la nghién ctiru img dung thut
toan phan tich chudi thoi gian Facebook Prophet trong dy bao phu tai ngan han phuc

vu cong tac 1ap phuong thire van hanh hé thong dién (Diéu d6 hé thong dién).
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