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Tom tat:

Bai bao trinh bay nghién ctiu vé dnh huéng ciia mot sé siéu tham sé trong mo hinh LightGBM dén do
chinh xac du bdo céng suat phat dién mat troi. Cac siéu tham s6 dugc xem xét bao gom sé 1a t6i da
cla cay quyét dinh (num_leaves), téc d6 hoc (learning_rate) va so6 lugng cay hoc (n_estimators). Muoi
kich ban vdi cac t6 hgp siéu tham s6 khac nhau da duoc thuc hién va so sanh dua trén cac chi s sai s6:
RMSE, MAPE, NMAPE, ciing nhu thai gian huan luyén va du bao. Két qua cho thay, viéc diéu chinh cac
tham s& nay c6 céi thién hiéu sudt du bao cia mé hinh, thé hién qua gidm nhe céc sai s6 du bao, vi du
MAPE gidm tUr 90,67% xudng con 82,94% khi tang num_leaves ti 30 1én 60. Tuy nhién, muc cai thién
khoéng dang ké, cac chi sé sai s6 chi thay déi trong bién d6 nhd gilia cac kich ban. Piéu nay cho thay,
mo hinh LightGBM kha bén viing véi cac siéu tham sé trong pham vi thir nghiém, va viéc tinh chinh vira
phai cac gia tri num_leaves, learning_rate, n_estimators khong dem lai thay d6i dot bién vé dé chinh
xac dy béo.

Tur khéa: LightGBM, du bao nang lugng mat trgi, siéu tham s6, num_leaves, learning_rate, n_estimators,
hiéu suat mé hinh.

Abstract:

This paper presents a study on the impact of certain hyperparameters in the LightGBM model on
solar power generation forecasting accuracy. The considered hyperparameters include the maximum
number of leaves in decision trees (num_leaves), learning rate (learning_rate), and the number of
boosting rounds (n_estimators). Ten scenarios with different combinations of these hyperparameters
were implemented and compared based on error metrics: RMSE, MAPE, and NMAPE, as well as training
and inference time. The results show that adjusting these parameters could improve the forecasting
performance of the model, as reflected in a slight reduction in forecasting errors for instance, the
MAPE decreased from 90.67% to 82.94% when increasing num_leaves from 30 to 60. However, the
improvements are insignificant, the error metrics only vary within a narrow range across scenarios. This
indicates that the LightGBM model is relatively robust to changes in hyperparameters within the tested
range, and moderate tuning of num_leaves, learning_rate, and n_estimators does not lead to dramatic
changes in forecasting accuracy.

Keywords: LightGBM algorithm, photovoltaic power prediction, model hyperparameters, num_leaves,
learning_rate, n_estimators, predictive performance.
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KY HIEU:
RMSE: sai s6 trung binh binh phuong
MAPE: sai s6 phan trim tuyét d6i trung binh
NMAPE: sai s6 phan trim da chuan hoa

LightGBM: thuat toan hoc may Light Gradient
Boosting Machine

CatBoost: thuat toan Categorical Boosting
KNN: thuat toan K-Nearest Neighbors
SHAP: phuong phap SHapley Additive

exPlanations
SVR: Héi quy vector hd trg
1. GIGI THIEU CHUNG

Nang luwong mit troi 1a ngudn niang luong tai
tao quan trong, nhung coéng suat phat dién mit
troi bién dong manh do phu thudc thoi tiét [1].
Do d6, du bao cong suat dién mit troi chinh
xac dong vai tro then chét trong van hanh hé
thng dién thong minh va 6n dinh luéi dién
[2]. Nhitng nam gan déy, cac phuong phap hoc
may (machine learning) da dugc &p dung rong
rai cho bai todn du bao nang lugng mat troi
nho kha ndang mod hinh hoéa cac quan h¢ phi
tuyén giita cac bién dau vao va san luong dién.
Dic biét, cac mo hinh ensemble nhu rirng ngau
nhién (Random Forest) va thuat toan gradient
boosting cho thay hiéu qua cao trong du bao
nang lugng tai tao [3]precise forecasting of
Solar Irradiance (SI. LightGBM la mot thuat
toan gradient boosting trén cdy quyét dinh
do Microsoft phat trién [4], ndi bat nhd toe
dd huin luyén nhanh va hi€u qua cao so véi
cac thu vién boosting trudc do. LightGBM

sir dung chién lugc ting truong ciy theo 14

(leaf-wise) thay vi theo do sau, gitip giam thoi
gian huan luyén nhung c6 nguy co qua khép
(overfitting) néu khong diéu chinh tham sb phu
hop. Nhiéu nghién ctru d ap dung LightGBM
trong du bao phu tai va nang lugng, cho két
qua kha quan [5]. Vi du Hanif va cong su cho
thdy LightGBM 1a mo hinh manh trong danh
gia anh hudng cac yéu tb moi truong dén birc
xa mat troi, vuot troi hon mo hinh SVR trong
thi nghiém cua ho [3]. Tai Viét Nam nhom
nghién cru cia Nguyén Hitu Nam da so sanh
hiéu sut cta cac thuét toan nhu LightGBM,
CatBoost, va KNN, déng thoi st dung SHAP
dé xac dinh d6 quan trong cua cac yéu td dau
vao, cho théy, nhiét 46 va d6 4m co vai tro
quyét dinh trong du béo coéng suit [5]. Bén
canh d6, Nguyén Khanh Toan ciing chi ra viéc
st dung gia tri mac dinh cia cac siéu tham $6
c¢6 thé giy sai léch 16n trong du béo phu tai,
do d0, can thiét phai phén tich anh huéng cia
chung dén hiéu suat mé hinh [6]. Tuy nhién,
hi€u nang cua LightGBM phu thudc vao viéc
lwa chon bd tham sé siéu (hyperparameters)
thich hop. Cac tham s quan trong nhét trong
LightGBM bao gom: s6 1a cdy quyét dinh
(num_leaves), tc 6 hoc (learning_rate) va sb
lugng cdy (vong ldp boosting- n_estimators).
Viéc tinh chinh cac tham sd niy c6 thé anh
huong 16n dén d6 chinh xac cua mé hinh; st
dung cac gia tri mac dinh co thé dan dén sai s6
du bao 16n trong mot sé truong hop. Do do,
nghién ctru anh hudng cua cac siéu tham sb
t6i két qua du bao 14 can thiét nham t&i uu hoa
mo hinh [6].

Trong bai bdo nay, nhom tac gia thuc hién
phan tich dinh luong tac dong cua sd 14 cay
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quyét dinh, toc do hoc va sé luong vong lap
boosting dén chat lugng dy bao cong suit cla
mo hinh LightGBM. Muc tiéu la danh gid muc
d6 cai thién hiéu suat khi thay ddi cac tham sb
nay trong mot pham vi nhét dinh, qua d6 xéac
dinh liéu viéc tinh chinh c6 thuc su dem lai
hiéu qua dang ké hay khong. Tuy dd c6 mot
s6 nghién ctru phén tich anh hudng siéu tham
sO [5] [6], nhung da phan tap trung viao mo
hinh du bao phu tai hodac danh gia ting tham
s6 riéng 1é. It nghién ctru thuc hién danh gia
c¢6 hé thong tac dong phdi hop ctia nhom siéu
tham sb chinh 1én bai toan du bao cong suit
phat dién mit trdi tai Viét Nam. Day 1a diém
moi ma bai bao hudng dén. Noi dung bai viét
duogc cAu tric nhu sau: Phan 1 gidi thi¢u vé
anh huong cla cac siéu tham sé trong mé hinh
LightGBM trong du bao cong suat phat dién
mat troi. Phan 2 mo ta phuong phap nghién
ctru, bao gdm mo hinh LightGBM, céac tham
sO siéu va bo chi s6 danh gia. Phan 3 trinh
bay thiét ké thuc nghiém va két qua thu duoc
tr 10 kich ban tham s6 khac nhau, kém theo
phan tich chi tiét. Phan 4 dua ra két luan vé
anh hudng cta cac tham sd siéu déi voi mo
hinh LightGBM trong bai toan du bdo cong
suit dién mat troi.

2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh LightGBM va cac siéu tham
s6 chinh

LightGBM la m6 hinh hoc may thudc nhom
gradient boosting, két hop nhiéu cdy quyét
dinh d¢ cai thi¢n dan do chinh x4c du béo [4].
Mbi cady méi duoc xay dung trén phan sai sd
con lai cua mo hinh hi¢n tai, vdi trong s6 hoc
duoc diéu chinh boi tbe do hoc. Nho chién
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lugc xdy dung cdy theo 14, LightGBM dat toc
d6 huan luyén va du bao nhanh, dic biét trén
cac tap dir li¢u 1on, dé)ng thoi duy tri dugc do
chinh xac cao. Trong mé hinh LightGBM, c6
ba tham sb siéu quan trong anh hudng truc
tiép dén cau triic mo hinh va kha ning hoc ctia
thuat toan:

enum_leaves: Trong LightGBM, mot
trong nhimg siéu tham sb quan trong nhat I3
num_leaves, dai dién cho ) luong 14 t6i da ma
mdi cdy quyét dinh trong mé hinh c6 thé dat
dugc. Tham sb nay anh huong tryc tiép dén do
phtc tap cia cay: s6 1a cang 16n, cay cang c6
kha nang biéu dién ciac mdi quan hé phi tuyén
phirc tap hon trong dit liéu. Tuy nhién, néu
num_leaves dugc dat qua cao so vdi quy mo
va tinh da dang ctia tap dit liéu, mé hinh c6 thé
ghi nhé qua chi tiét dac diém cua dit liéu hun
luyén, dan dén hién twong qua khép va giam
hiéu qua tong quat héa trén dir liéu méi [6]. Do
d6, lwa chon gia tri num_leaves phu hop 13 yéu
t then chdt giup can bang giita do chinh xéac
va d6 don gian ctia md hinh. Trong thuyc tién,
nguoi dung thuong xac dinh num_leaves dua
trén kinh nghiém, thtr nghi¢m Idp lai hoac st
dung k¥ thuét tdi wu hoa siéu tham sd dé tim
dugc gia tri tét nhat trong pham vi cho phép.

e learning_rate: Téc d6 hoc (hé s6 bude
ctia thudt toan boosting). Learning rate quyét
dinh mtrc d6 diéu chinh mé hinh & mdi vong
boosting: learning rate nho gitip mé hinh hoc
dan dan va co thé dat d6 chinh xac cao hon,
nhung can s vong lap (cdy) nhiéu hon; nguoc
lai, learning rate 16n giup hoi tu nhanh nhung
dé bo qua cac mau phirc tap, c6 thé dan dén
sai sO 16n hon. Thong thuong c6 quan hé bu
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trir: giam learning rate dong thoi phai ting sb
luong cay dé duy tri kha ning hoc [7].

e n_estimators: SO lugng cdy quyét dinh
(s6 vong lap boosting) trong mé hinh. Tham s6
nay quy dinh mo hinh gom bao nhiéu cay duoc
huan luyén nbi tiép. SO cy qua it c6 thé khién
mo hinh chua hoc du (underfitting), trong khi
qua nhiéu cdy co6 thé gy qua khop néu learning
rate khong duoc giam du thip. Thong thuong,
nguoi ta két hop diéu chinh n_estimators va
learning_rate dong thoi dé dat o chinh xac cao
trong thoi gian huan luyén hop 1y.

Ngoai ra, LightGBM con nhiéu tham s6 siéu
khac (vi du: min_data_in leaf, max_depth,
feature_fraction...) ciing anh huéng dén qua
trinh huan luyén. Tuy nhién trong pham vi
nghién ctru nay, dé dam bao tinh tap trung va
gi61 han pham vi thir nghiém, chiing t61 chi
tap trung vao ba siéu tham s duoc danh gia
1a c6 anh huong 16n nhat dén hiéu ning mé
hinh. Cac tham s phy duoc ¢b dinh ¢ gié tri
mac dinh. Viéc mo rong phan tich cac tham
s6 nay sé& la dinh hudng trong cac nghién ciru
tiép theo.

2.2. Thiét ké thuc nghiém va bé dit liéu

Dé phan tich anh hudng cua cac siéu tham sb,
ching t61 st dung bd dir li¢u thuc té tir mot
nha may di¢n mat troi tai tinh Thanh Hoa véi
cong suit lap dat 30MW. Dit liéu huéan luyén
duoc thu thap trong khoang thoi gian tir ngay
01/01/2024 dén 30/12/2024, bao gébm cong
sudt phat dién thyc té theo thoi gian clng céc
thong tin thoi tiét nhu birc xa mit troi, nhiét
do khong khi va thang trong nam. B¢ dir li¢u
nay duoc chia thanh hai phan: tap huin luyén

(80%) dung dé xay dung mé hinh va tap kiém
tra (20%) ding dé danh gia hi¢u suat mé hinh
sau huan luyén. Ngoai ra, mo hinh con duoc ap
dung dé dy béao trén mot tap dir liéu duoc tach
biét khoi tap huin luyén va tap kiém tra nham
dam bao tinh khach quan, tap dir li¢u du bao
bao gdm 24 ngay dugc chon ngau nhién (mdi
thang ldy 2 ngay lién tiép) trong nam 2024,
muc dich cua viéc nay 12 nham danh gia kha
ning tong quat hoa ciia mod hinh LightGBM

trén dir liéu chua dugc huan luyén.

Mo hinh LightGBM duoc hudn luyén trén tap
huén luyén véi mot to hop tham sb siéu nhat
dinh. Sau d6, ta ghi nhan céc chi sd sai s6 trén
tap kiém tra va trén giai doan dy bao twong lai.
Trong nghién ctru nay, ching t61 xac dinh 10

kich ban siéu tham s0 khac nhau nhu sau:

« Kich ban 1 (S1) dong vai trd mbc tham
chiéu, sor dung cic gia tri twong ddi co
ban: num_leaves= 30, learning rate= 0,05;
n_estimators=100. Tir d6, cac kich ban tiép
theo thay ddi 1an luot tung tham s6 hodc két
hop dé quan sat xu huéng két qua.

«S2, S3 tiang dan num leaves (60 va 90)
so voi S1 (git nguyén learning rate= 0,05;

n_estimators=100).

e S4 tang nhe n_estimators 1én 150 (va

num_leaves=120 trung binh).

« S5, S6, S7 tiép tuc ting num_leaves (150,
180, 210) va cb dinh n_estimators= 200 (cao
hon S1) nham danh gia anh huéng khi mé
hinh phirc tap dan.

S8 thir giam manh learning rate xudng
0,01 dong thoi ting nhiéu n_estimators (500)
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va num_leaves (240), d¢ xem kha ning cai
thién khi mo6 hinh hoc chdm hon nhung lau hon.

¢ S9 thu tang learning rate 1én 0,1 (cao
hon méc dinh) va giam s6 cay (100) véi num_
leaves kha cao (270), dé kiém tra truong hop
hoc nhanh.

¢ S10 st dung learning rate=0,07, num_
leaves=300, n_estimators=300 nhu mot cAu
hinh két hop twong dbi 16n ciia ca ba tham sd.

Mudi kich ban nay duoc thiét ké nham bao
quét cac to hop dai dién cho timg xu hudng:
tang do phuc tap dan, hoc nhanh, hoc cham, va
két hop nhiéu yéu t6. S lugng kich ban duoc
chon dya trén gidi han tinh toan thyuc té va mirc
d6 dai dién can thiét & danh gia xu hudng.

TAt ca cac mo hinh déu duoc huin luyén trén
cung mot tap dir liéu va dugc danh gia trén
cung tap du bao dé dam bao tinh cong bang
khi so sanh.

2.3. Cac chi sé danh gia

Hiéu suat mo hinh dugc dénh gia bang cac chi
s sai s6 pho bién trong dy béo thoi gian thyc:
RMSE, MAPE va NMAPE. Cuy thé:

RMSE (Root Mean Square Error) 1a sai s6
trung binh binh phuong, nhdn manh céc sai s6

16n do 14y binh phuong trudc khi trung binh.
Cong thurc tinh RMSE nhu sau [8]:

RMSE = (1

Trong d6:¢; 1a cong suat du bao (KW), y, la
cong suét thuc té (kW), n la sb luong diém
di licu.

MAPE (Mean Absolute Percentage Error): sai
s6 tuyét ddi trung binh phan tram, thé hién sai
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s6 trung binh twong ddi so vé6i gia tri thuc (%).
Cong thuc tinh MAPE nhu sau [9]:

yl yl

X 100 ()

MAPE—lz

Trong d6: MAPE 14 sai sb tuyét di phan tram
trung binh %, gia tri du bao cua cong suit phat
du bao thtr 1 (kW), la gia tri cong sut trong
thuc té thir i (kW), n 1a s6 luong diém dir lidu.

MAPE cho biét du bao sai 1éch bao nhiéu phan
tram so v6i thuc té, nhung c6 nhugc diém 1a
khong xac dinh khi va dé bi anh hudng 16m khi
rat nho.

NMAPE (Normalized MAPE — MAPE duogc
chuin hoa): dé khéc phuc han ché cia MAPE
tai diém dir liéu gﬁn 0, ta chuan hoa sai sb
tuyét ddi so véi mot gid tri dic trung (thuong
1a cong suat dinh mic hodc gid tri 16n nhat
ctia cong sudt thuc té). Trong bai bio, NMAPE
dugc tinh bang cach chia cho cong suat dinh
mirc ctia hé théng roi nhan 100%. Cong thirc
tinh NMAPE nhu sau [10]:

€)
Pam

NMAPE = 1 Z‘

NMAPE 1a sai s6 tuyét d6i phan trim trung
binh d3 duoc chuin hoa, gia tri du bao cua
cong sudt phat du bao thw i (kW), 1a gid tri
cong suat dinh muc lap dit cua nha may (kW),
n 12 s6 lugng diém dir liéu.

Chi s6 NMAPE cho biét sai sé trung binh
chiém bao nhiéu phan trim cong suit dinh
mirc, giup danh gia truc quan muc do sai s6
doc 1ap v6i quy mo hé thong.
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Céc chi s6 trén duoc tinh cho giai doan dy béo
cua tung kich ban mo6 hinh. Ngoai ra, thoi gian
thuc thi dugc do gdom thoi gian huan luyén mo
hinh va thdi gian du bio cho mdi kich ban,
nham xem xét khia canh chi phi tinh toan.

3. KET QUA VA THAO LUAN
3.1.Két qua

Sau khi huan luyén va danh gia 10 kich ban
mo hinh LightGBM véi cac tham sd siéu
khac nhau, chung t6i thu dugc két qua tong
hop nhu trong Bang 1. Bang nay liét ké cac
siéu tham sd (num_leaves, learning rate, n_
estimators) cua ting kich ban (S1 dén S10),
kém theo thoi gian huan luyén, thoi gian du
bdo va céc chi s RMSE, MAPE, NMAPE
tuong tng du béo.

Két qua thuc nghiém tai bang 1 cho thay mbi
quan hé rd rét giira sé 14 t6i da (num_leaves)
va cac sai s6 du bao nhu RMSE, MAPE va

NMAPE. Khi num_leaves ting tir 30 dén
khoang 150, sai s6 c¢6 xu huéng giam, dic
biét 13 MAPE giam tir 90,67% (S1) xubng
con 82,94% (S2), cho thay mé hinh dugc cai
thién dang ké khi ting do phic tap & muc
vura phai.

Tuy nhién, tor mirc num_leaves 16n hon 180,
ca RMSE va MAPE bit dau dao dong va ting
nhe tro lai, trong khi NMAPE gitt muc dao
dong nho tir 9,57% dén 10,36%. Piéu nay cho
thdy mo hinh bat dau c6 diu hiéu qua khop,
va viéc tang sb 14 qua cao khong con dem lai
hiéu qua ma con lam sai sd ting 1én. Trong
khi d6, viéc diéu chinh learning_rate cho thiy
hiéu qua khong rd rét: giam qué thap (0,01)
khién thoi gian huan luyén ting dang ké ma
sai s6 khong duoc cai thién twong tng, trong
khi ting qua cao (0,1) c¢6 thé khién sai s6 16n

do hoc qua nhanh.

Bang 1. Két qua du bao ciia mé hinh LightGBM véi 10 kich ban tham sé siéu khac nhau

Kich | S6latéida | Toc So lwgng | Thoi gian | Thoi gian | RMSE | MAPE | NMAPE
ban |(num-leaves)| d¢ hoc | ciy hoc (n_ huan dubao (s) | (kW) (%) (%)
(learning-| estimators) | luyén (s)
Rate
S1 30 0,05 100 0,23 0,011 3830,47 | 90,67 9,57
S2 60 0,05 100 0,46 0,006 3869,26 | 82,94 9,61
S3 90 0,05 100 0,57 0,007 3900,765 | 85,48 9,68
S4 120 0,05 150 0,98 0,014 397542 | 85,04 9,83
S5 150 0,05 200 1,53 0,041 4020,084 | 85,17 9,91
S6 180 0,05 200 1,38 0,023 4054,824 | 87,62 9,99
S7 210 0,05 200 1,56 0,024 4071,2 | 85,68 10,01
S8 240 0,01 500 4,65 0,051 4018,344 | 86,46 9,90
S9 270 0,1 100 1,01 0,02 4105,243 | 87,03 10,10
S10 300 0,07 300 3,14 0,05 4230,925 | 84,82 10,36
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Tuong tu, ting s6 luong cay hoc (n_estimators)
tr 100 Ién 300 khong mang lai cai thién dang
ké vé do chinh xac, nhung 1am tang chi phi tinh
toan. Vi vay, co thé két luan, viéc tang num_
leaves giup cai thién hiéu suat dy bao trong
mot giéi han nhit dinh, nhung sau mot ngudng
(~150-180 1), hidu qua bit dau bio hoa hoic
suy giam. Do d6, nén lya chon t6 hop tham sb
vira phai, dic biét 13 gidi han num leaves, dé
dam bao sy can bang gitta do chinh xéac va chi
phi huan luyén ctia mé hinh.

Pé tryc quan hoéa xu hudng bién ddi cua cac
sai sO theo s6 14 t6i da, Hinh 1 trinh bay ba
biéu d6 mo ta mbi quan hé gitra s6 1a cia mo
hinh LightGBM véi céac chi sb sai s6 RMSE,
MAPE va NMAPE:

Sai s6 RMSE

120 150 180 210 240 270 300
S6 14 ciia mé hinh LightGBM

4300
4200
4100
4000

< 3900
3800
3700
3600

30

® Sai s6 RMSE ciia md hinh LightGBM

Hinh 1a

Sai s6 RMSE
4300
4200
4100
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Sai s6 MAPE

30

150 180 210
S61a cita mé hinh nghtGB‘\/l

o
»

(%)

g3 rrres

= Sai s6 MAPE ciia mé hinh LightGBM

Hinh 1c

Sai s6 NMAPE

10.6
10.4
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Hinh 1d

Hinh 1. Cac sai s6 RMSE, MAPE va NMAPE cta
mo hinh LightGBM

Ba biéu do trong Hinh 1 thé hién rd xu hudng
bién dong cia cac chi s sai s6 theo su thay
d6i cua sb 1a (num_leaves) trong md hinh
LightGBM. Biéu d6 RMSE cho thay sai sd
tang dan khi s 14 ting tir 30 dén 300. Mic
du RMSE ban dau kha thip tai num_leaves
= 30 (=3830 kW), gia tri nay lién tyc tang
300 (=4230
kW). Diéu nay cho thay, khi mé hinh tré nén

va dat dinh tai num leaves =

qua phirc tap, sai sé tong thé ting do hién
tugng qua khop. Biéu dd MAPE c¢6 xu huéng
bién dong khong déu. Sau khi giam manh tir
90,67% (30 14) xudng 82,94% (60 14), MAPE
dao dong quanh mtrc 84—87% cho cac kich
ban con lai. Piéu nay phan anh rang, muc cai
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thién chinh dién ra ¢ giai doan dau, va viéc
tang thém dg phuc tap mo hinh sau d6 khong
mang lai lgi ich rd rang. Biéu d0 NMAPE
thé hién d6 6n dinh cao hon. Chi s6 nay dao
dong nhe tir 9,57% dén 10,36%, va ciing dat
gia tri thap nhat tai num_leaves = 30, sau d6
tang déan, dic biét tur num_leaves > 180. Mac
du bién dao dong nhod, xu hudng chung la sai
sd chuan hoa ting theo do phirc tap mo hinh.
Téng hop ba biéu do cho thdy, mé hinh dat
hiéu suat t6i wu trong khoang s 14 tir 60 dén
150. Viéc tang so 14 vuot mirc nay khong chi
khong cai thién dang ké sai s6, ma con lam
tang rui ro qua khop (overfitting) va chi phi
tinh toan. Cac biéu d6 nay gitip cung ¢b nhan
dinh, viéc ting sb 1a ban dau gitp cai thién
hiéu suit du bao. Tuy nhién, hi¢u qua nay
khéng tiép tuc ting tuyén tinh ma c6 dau hiéu
bao hoa, tham chi tang sai s6 nhe khi mé hinh
trd nén qua phuc tap.

3.2.Thao luan

Két qua thuyc nghiém cho thdy, mé hinh
LightGBM c6 tinh 6n dinh cao khi céc siéu
tham sb thay d6i trong pham vi hop ly. Viéc
ting s6 14 t6i da (num_leaves) tir gia tri
nho dén trung binh gitp cai thién dang ké
do chinh xac du bao, dac biét ¢ kich ban
S2 (num_leaves = 60), sai s6 MAPE giam
manh xuéng 82,94% so véi muc 90,67% &
kich ban S1 (num_leaves = 30). Tuy nhién,
khi num_leaves 16n hon 180, céc chi sb
MAPE va RMSE khong tiép tuc giam ma
c6 xu huong dao dong hoac ting nhe. Vi
du, RMSE dat 4230,92 kW ¢ kich ban S10

(num_leaves = 300), 1a gia tri cao nhat trong

cac thir nghiém, trong khi thoi gian huén
luyén ciing kéo dai dén hon 3 gidy, gip hon
10 1an so v6i mod hinh don gian ban dau.
Diéu nay cho thiy kha ning mo hinh bét
dau quéa khop tai cac muc d6 phirc tap cao.
Khi num_leaves ting tir 60 dén 180, MAPE
ting nhe tir 82,94% 1én 87,62%, cho thay
md hinh bat dau giam hiéu qua do qua khép.
Tuy nhién, tir num_leaves = 210 dén 300,
MAPE dao dong khong rd xu hudng, vi chi
s6 nay nhay véi cac diém dit lidu c6 gia tri
thuc gén 0 (vi du, Itc binh minh hoac hoang
hon). Tai nhirng thoi diém do, sai s6 du bao
nho ciing gdy ty 18 phan tram cao, lam cho
MAPE dao dong bat 6n giita cac kich ban.
Trong khi NMAPE lai chi tdng nhe va kha
on dinh (9,61% tai num_leaves = 60 dén
10,36% tai 300), vi duoc chuin hoa theo
cong suit dinh muc nén it bi anh huong bai
cac gia tri nhd. Tuy nhién, tor num_leaves
= 180 tro di, NMAPE gan nhu khong cai
thién, cho thdy mo hinh da dat dén ngudng
bao hoa, viéc tang phuc tap khong mang lai
hiéu qua dang ké. RMSE lién tuc ting tir
num_leaves = 60 dén 300 (tir 3869 kW dén
4230 kW), RMSE 14 sai sé trung binh co
trong s6 binh phuong, do d6 nd nhay voi
cac diém sai s6 16n. Khi num_leaves ting,
mo hinh phtic tap hon cé thé gdy ra cac du
bao sai léch 16n & mét vai thoi diem, diéu

nay lam RMSE tang ro rét.

Vi¢e dicu chinh learning rate va n_estimators
don I¢ cling khong cho thay hi¢u qua vuot troi
néu khong di kem vaéi cau hinh num_leaves

pht hop. Chang han, S8 sir dung learning rate
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thap (0,01) va s cay cao (500), co thoi gian
huén luyén cao nhit (4,65 gidy), nhung sai s6
MAPE van ¢ mirc 86,46%, khong tot hon so
v6i S2 hodc S5. Pidu nay cho thiy, chi khi cac
siéu tham s6 phdi hop hop 1y, mé hinh mai
phat huy hiéu qua tdi wu.

Tir goc d6 tng dung thyc tién, két qua nay rat
¢6 y nghia. Trong diéu kién tai nguyén tinh
toan han ché va yéu cdu van hanh thoi gian
thuc, viéc lua chon ciu hinh LightGBM don
gian véi num_leaves tir 60—150, learning_rate
tir 0,05 dén 0,07 va sb cay tir 100200 da cho
két qua twong dbi tt. Nhu vay, ngudi ding
khong can tdi wu qué siu timg siéu tham sb
ma van c6 thé dat duoc hiéu suat dy bao chap
nhan dugc, giam thiéu chi phi tinh toan va thoi
gian huén luyén.

4. KET LUAN

Bai bao da tién hanh danh gia anh huong
ciia cac siéu tham sb chinh trong mé hinh
LightGBM, bao goém sb 14 tbi da (num_
leaves), toc do hoc (learning rate) va sb
lugng cay hoc (n_estimators) dén hiéu suit
du bao cong suét phat dién mat troi. Thong
qua 10 kich ban thar nghiém véi cac t6 hop
tham s khac nhau, két qua cho théy viéc
tinh chinh siéu tham sb c6 thé gop phan cai
thién do chinh xac du bdo, dac biét khi tang
num_leaves tur gid tri nho lén khoang 150.
Tuy nhién, khi tiép tuc ting do phirc tap mo
hinh vuot qua ngudng nay, sai sé khong
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tiép tuc giam ma con c6 xu hudéng ting nhe,
cho thdy dau hiéu qua khdp. Cu thé, mo
hinh LightGBM dat sai s6 MAPE thap nhat
82,94% khi num_leaves = 60, learning_rate
= 0,05 va n_estimators = 100. Tuy nhién, sai
s6 khong giam thém khi mé hinh phirc tap
hon. Piéu nay x4c nhan rang, LightGBM co
thé dat hiéu suat tot v6i cu hinh vira phai ma
khong can toi uu héa sau.

Cac chi sb nhu RMSE, MAPE, NMAPE chi
dao dong trong bién do hep gitra cac kich ban,
thé hién tinh 6n dinh cia mé hinh LightGBM
trong pham vi tham sb thir nghiém. Pong thoi,
viéc giam hodc ting toc d6 hoc va sé luong
cay hoc khong mang lai cai thién dang ké néu
khong dugc diéu chinh dong thoi mot cach
phu hop.

Tir két qua nghién ciru, c6 thé két luan rang
LightGBM 1a mot mé hinh ¢6 d6 6n dinh cao,
khong qua nhay cam véi thay ddi vira phai
cla cac siéu tham s6. Do do, trong thuc té
ung dung, viéc lya chon cac gié tri siéu tham
s6 vira phai va hop 1y (vi du: num_leaves
trong khoang 60 — 150), c6 thé dem lai hi¢u
qua du bao tét ma khong can tiéu ton nhiéu
thoi gian dé tinh chinh sdu. Hudng nghién
ctru tiép theo co thé mé rong sang viée toi vu
héa tham sb tu dong hodc két hop thém cac
dic trung dau vao méi dé nang cao hon nira
hiéu suat mé hinh.
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Tac gid Nguyén Tudn Anh t6t nghiép Trudng Pai hoc Néng nghiép Ha Néi (nay
la Hoc vién Néng nghiép Viét Nam) nganh Ky thuat dién nam 2012 va nhan bang
Thac si Ky thuat dién tai Trudng Pai hoc Pién lyc vao nam 2017. Hién, tac gia la
giang vién tai Khoa Ky thuat dién, Truong Dai hoc Bién luc.

Huéng nghién ctu chinh: khi cu dién, ndng lugng tai tao, du bao dién mat trdi, DCS
va SCADA.

Tac gia Pham Manh Hai t6t nghiép Trudng Dai hoc Bach khoa Ha N&i nganh Hé
théng dién nam 2006; nhan bang Thac si nganh Ky thuat dién tai Dai hoc Paul
Sabatier, Toulouse, Phap nam 2008; bao vé Luan an Tién si nganh Héa hliu co tng
dung - Plasma cho nang lugng tai Dai hoc Poitiers (ENSIP), Poitiers, Phap nam 2011.
Hién, tac gid cong tac tai Khoa Nang lugng mdi, Trudng Dai hoc Dién luc.

Linh vuc nghién ctu: thuat toan diéu chinh tham sé tuabin gio, thuat toan t6i uu,
du bao phu tai dién, thuat todn tri tué nhan tao, du bao dién gi6 va dién mat trdi,
nang lugng tai tao, san xuat Biomass-Biogas, do tin cdy trong hé thong dién.

Tac gia Via Minh Phap t6t nghiép Hoc vién Ky thuat Quan su nam 2007; nhan bang
Thac si ndm 2012 nganh Ky thudt dién tu tai Truong Pai hoc Giao théng van tai,
bang Tién sinam 2018 nganh Ky thuat hé théng dién — dién t( tai Dai hoc Mie, Nhat
Ban. Hién, tac gid dang la nghién ctu vién chinh tai Vién Han [am Khoa hoc va Cong
nghé Viét Nam.

Hudng nghién ctiu chinh: ndng lugng mat trdi, nang lugng tai tao, hé thong nang
lugng két hap, hé théng chuyén déi nang lugng.
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