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TOM TAT— Dw bao Iwgng bénh nhan ngoai tri tai bénh vién la mét céng viéc quan trong ddi véi bénh vién thoi hién dai dé
thyc hién sw quén ly thong minh nhirng nguén tai nguyén y té€ ctia bénh vién. Vi dit liéu lwong bénh nhin ngoai tra thuong
phi tuyén, cé tinh mua va hay bién ddng, chiing tbi sé khao sat so sanh bing thuc nghiém ba phwong phap du bao chudi thei
gian tiéu biéu: mang no ron nhan tao (ANN), mé hinh 1am tron ham mii Holt-Winters va mang Bd nhé ngén dai han (LSTM)
nhdm tim ra phwong phéap hiéu qua nhat ddi véi bai toan dw bao ndy. M6 hinh Holt-Winters 1a mét phwong phap x4c xuit
thong ké, trong khi ANN la phwong phap hoc may va LSTM la phwong phap hoc siu. Ching t6i str dung ba phwong phap dw
bao néu trén dé du bao lwong bénh nhan ngoai trd hang ngay tai Bénh vién da khoa khu vuc Ca Chi thu thap trong 3 nam tw
nam 2018 dén nam 2020. K&t qua thwc nghiém cho thiy LSTM va m6 hinh Holt-Winters dem lai két qua dw bao t6t hon nhiéu
so v&i phwong phap ANN. Tiéu chi sai s6 dw bAo MAPE ctia m6 hinh LSTM dat 11.24%.

T khéa— Iwong bénh nhdn ngogi trii, mé hinh Holt-Winters, mang no ron nhén tao (ANN), LSTM, chudi thoi gian c6 tinh
mua.

I. GIOI THIEU

Du bao chinh xac nhu ciu chim séc sttc khde va tinh sin sang clia nguén tai nguyén y t& 1a mot céng viéc rat can
thiét va quan trong d6i v&i bénh vién. Cac phong khdm bénh nhin ngoai tri ctia bénh vién déng mot vai tro quan
trong va hién nay chiu mét ap lwc vé lwong bénh nhan ngay cang cao (Lou va cac cong sw, 2017 [1]). Du bdo chinh
xac lwong bénh nhin ngoai tri mét cach hiéu qua sé rit hitu ich cho viéc 1ap ké hoach va phan b6 nhiém vu chim
soc strc khoe dap ng dwgce nhirng nhu ciu y té.

Do nhitng dic diém riéng cla dit liéu lwgng bénh nhan ngoai trd, thi du nhw tinh ngau nhién, tinh chu ky va tinh xu
hwéng [1], trong nhiéu nim qua, cic nha nghién ctru trén thé gi¢i da dé xuat nhiéu phwong phap khac nhau cho bai
toan dw bao nay, nhw cac md hinh xac xuit thong ké va cac phwong phap hoc may. Mét sé nhirng cong trinh tiéu
biéu dwoc liét ké nhw sau: Li va cic cong sy, nam 2014 [2] dé xuit mo hinh ARIMA (AutoRegressive Integrated
Moving Average) d€ dw bio lwgng bénh nhan ngoai tri hang thang tai mot bénh vién hang 3 & Trung Quéc; Kim va
cac cong sw, ndm 2020 [3], so sanh hiéu qua ctia hai phwong phap: ARIMA va SARIMA (Seasonal ARIMA) dung dé
dv bao lwong bénh nhin ngoai trd véi dit liéu thu thip tai mot sé bénh vién & Gangnam-gu, Seoul va két qua cho
thdy mo hinh SARIMA dem lai hiéu qua dw bao t6t hon m6 hinh ARIMA; Sumitra va Basri, ndm 2020 [4], so sanh
hiéu qua ctia ba phwong phap: ARIMA, Lam tron ham mii don gian (Simple Exponential Smoothing - SES) va Holt-
Winters dung dé du bio lwong bénh nhin ngoai tri véi dir liéu thu thap tai Trung tAm y té cdng dong clia Indonesia
va két qua cho thdy m6 hinh Holt-Winters dem lai hiéu qua dy bao t6t nhat trong ba mé hinh; Guan va Elgelhardt
nam 2019 [5] so sanh hiéu qua cta ba phwong phap: H6i quy tuyén tinh (Linear Regression), ANN va mang no ron
hoc sdu B6 nhé ngin han dai han (Long Short Term Memory -LSTM) dw bao lwgng bénh nhan ngoai tra cia mot
bénh vién nhi dong va két qua cho thay mo hinh LSTM dem lai hiéu qua duw bao t6t nhit trong ba mé hinh. Thapa va
Timalsina nim 2023 [6] dé xuit mang no ron hoc shu GRU (Gated Recurrent Unit), moét bién thé cai tién cha mang
no ron LSTM dé du bao lwgng bénh nhan ngoai tri.

Cling c6 mot s6 phwong phap lai ghép (hybrid method) dwoc dé xuit d€ dw bio lwong bénh nhan ngoai tra, dwoc
liét k& nhu sau: Wang va cac cong sw nim 2015 [7] dé xudt mot phwong phdp lai ghép két hop mot ky thuat phén ra
chudi thoi gian (EEMDN) véi t6 hop bd dw béo cuc by d€ dw b4o lwong bénh nhan bénh tiéu chdy ngoai tri tai mot
s6 bénh vién tai Shanghai, Trung Quéc; Lou va cic cong sw nam 2017 [1] dé xuit mot phwong phap lai ghép gitra
mo hinh ARIMA va m6 hinh Lam tron ham mii don gian (SES) dé€ du bao lwgng bénh nhin ngoai tri tai mot sé bénh
vién 16n Trung Quéc; Huang va Wu (2017) [8] dé xuit mot phwong phap lai ghép két hop mot ki thuét phan ra
chubi thoi gian (EMD) véi mot t6 hop cac bd dw bao ANN dé dw bao lwong bénh nhan ngoai trd; Yu va cac cong sw
nam 2017 [9] dé xuit mot phwong phép lai ghép két hop mot ki thuat phan ra chudi thoi gian dwa vao bién déi
Wavelet va t6 hop cac bé dw bdo ANN d€ du bao lwgng bénh nhin ngoai trd tai mét s6 bénh vién & Trung Qudc;
Jiang va cic cong sw ndm 2019 [10] dé xuit mot phwong phap lai ghép két hgp mang no ron hoc sau va cic md hinh
hoi quy cd dién dé dw bdo lwong bénh nhan ngoai tra tai Hongkong; Deng va cac cong sw nam 2023 [11] dé xuit
mot phwong phép lai ghép két hop m6 hinh ARIMA va mo6 hinh hoc sdu LSTM dé dw bao lwong bénh nhéin ngoai tra
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tai Bénh vién Dai hoc Y khoa Shanxi, Trung Qudc.; M6 hinh lai ghép cta cong trinh [11] két hgp kha ning ndm bt
cac thanh phin tuyén tinh ctia m6 hinh ARIMA véi kha nang ndm bt c4c thanh phan phi tuyén ciia mé hinh LSTM.

Mot diéu dang ngac nhién 13 trong s6 nhitng céng trinh di truwéc vé dw bao lwong bénh nhin ngoai tru tai bénh
vién, khong hé c6 cong trinh ndo so sadnh hiéu qua du bao ctia ba phwong phap dw bao tiéu biéu: mang no ron
nhan tao (ANN), m6 hinh Lam tron ham mii Holt-Winters va Long-Short-Term Memory (LSTM) ma trong dé
Holt-Winters 1a mdt phwong phap xac xuit thong ké, trong khi ANN la mét phwong phap hoc may va LSTM la
mot phwong phéap hoc sdu. Pwoc goi cdm hirng tir sy thidu soét vira néu, trong nghién ctru ndy, ching to6i nham
dén muc tiéu so sanh hiéu qua dw bao ctia ba phwong phap dw bdo: mang no ron nhin tao (ANN), mé hinh Holt-
Winters va LSTM déi v&i bai todn dw bao lwgng bénh nhan ngoai tra tai bénh vién.

Chung toi st dung ba phwong phap dw bdo néu trén dé dv bio lwong bénh nhan ngoai tri hang ngay tai Bénh
vién da khoa khu vuwc Ct Chi, Thanh Phé H6 Chi Minh véi dit liéu thu thip trong 3 nam tir thdng giéng nam 2018
dén thang 12 ndm 2020. B dit liéu chudi thoi gian ndy cé tinh phi tuyén, tinh xu hwéng va tinh mua. Két qua
thwe nghiém trén bo dit liéu nay cho thdy LSTM va m6 hinh Lam tron ham mi Holt-Winters dem lai két qua dw
béo tét hon rat nhiéu so véi phwong phap ANN. Tiéu chi sai s6 du bao MAPE cia mé hinh LSTM dat dwoc mdt
két qua day 4n twong: 11.24%.

Phin ti€p theo ctia bai bdo dwgc t6 chirc nhw sau: Muc II gidi thiéu vé cdc phwong phap du bao lién quan va ky
thuat hd tro; Muc 11l mé ta va phan tich bo dit liéu nghién ctu; Muc IV twong thuat két qua thuc nghiém danh gia
hiéu qua cta ba phwong phap dy bdo déi sanh, Muc VI néu mat vai két ludn va cac hwéng phat trién ctia nghién ctiu
nay.

Il. CAC MO HINH DU’ BAO VA KY THUAT HO TRQ'

A. MO HINH HOLT-WINTERS

Lam tron ham mi (exponential smoothing) 12 mot loai md hinh tuyén tinh c6 thé ndm bt cac dic trung tuyén
tinh trong mét chudi thoi gian. Mot trong nhitng ¥ twéng can ban cia mé hinh 1am tron ham mii 12 tao ra nhitng
gia tri twong lai nhw 14 nhivrng gia tri trung binh c6 trong sd ctia nhitng gia tri trong qua khir theo dé nhirng gi tri
quan sat gan day dwoc danh trong s6 cao hon nhitng gia tri quan sat rat xa trong qua khir. Bang cach hinh thanh
nhitng gia tri dw bdo dwa vao nhirng gia tri trung binh cé trong s8, ching ta dang st dung mdt phwong phap “lam
tron” (smoothing). Thuit ngit “ham mi” (exponential) xuit phat tir sw kién cdc mé hinh lam tron ham mii khéng
chi danh trong sé gidm din theo thdi gian ma con gidm dan theo ki€éu ham mii.

Pé rng dung m6 hinh 1am tron ham mi, cé ba dang ctia mé hinh nay ma dwoc ap dung rong rii cho nhitng chudi
thoi gian khac nhau ([12],[13]). Lam tron ham mii don gian (Simple exponential smoothing) (Loai I) dwoc dung khi
chudi thoi gian khong c6 xu hwéng va khong cé tinh mua. Gia st ching ta c6 chudi thoi gian Y, do dac tai nhitng
thoi diém ¢ = 1,..., T. M6 hinh 1am tron ham mil don gidn dwoc dinh nghia bang cong thirc dé quy nhu sau:

?t+1 = Q,Yt + (1- (X,)?t (1)

véi Y 1a gid tri dw bao tai thoi diém t+1, ala hdng s6 lam tron (smoothing constant), Y; 12 gid tri dit liéu thuc su
tai thoi diém ¢, ¥, :1a gia tri du bao tai thoi diém ¢.

Khi c6 ton tai xu hwéng (trend) trong chudi thoi gian, mo6 hinh hAm mii Holt (Loai II) c6 thé dwgc dung. Phwong
phép Holt doi héi wéc lwgng dé doc (slope) hién hanh va bién dé (level) hién hanh, do d6 phwong phap dung hai
hing s6 1am tron cho mdi cdng thirc wérc lwong. Hai hing s6 1am tron ndy giup tinh gia tri wéc lwong cia bién do va
d6 d6c ma bién d6i theo thoi gian khi c6 nhitng quan sat méi dwoc dwa vao. Ba phwong trinh cia phwong phap
Holt nhw sau:

YAvt+p =L+ th (2)
Le=aYe+ (1- @)(Les + Ted) (3)
Te=p(Le— Lea) + (1-) Tea (4)

v&i Yerp: gid tri du bao tai p thoi doan sau thoi diém t, Le: gia tri wére lwong cla bién db tai thoi diém hién hanh, Te:
gia tri woc lwong ctia do ddc tai thoi diém hién hanh, oz hing s6 1am tron cho bién d6 (0 <« < 1) va £ hang s6
lam tron cho cho d6 déc, térc xu hwéng (0 < S< 1).

Trong phwong trinh (3), bién dd hién hanh (L) dwoc tinh bang cach 14y trung binh cé danh trong s clia hai gia tri
wéc leong: mot wée lwong 13 gia tri quan sat hién hanh (Y,) va gia tri wéc lwong thi hai 13 bing téng gia tri xu
hwéng trwedre dé mot thoi doan (Tx;) véi gia tri bién dé wée lwgng trede d6 mot thoi doan (Le:). Phwong trinh (2)
cho thdy gié tri dw béo p thoi doan vé phia twong lai (Y, ) dwoc tinh bang cach 1y gid tri wéc lwong xu hwéng hién
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hanh (T, nhin véi s6 thoi doan hwdng vé twong lai d€ du bao (p) va tich s nay cOng véi gid tri wéc lwong clia bién
d6 hién hanh (Lo).

Holt-Winters 1a mot phwong phap lam tron him mii dung d€ dw bao chudi thoi gian c6 thé hién ca tinh xu hwéng
va tinh mua (Loai III). Phwong phap nay c6 hai phién ban: Holt-Winters dang nhan (multiplicative Holt-Winters) va
Holt-Winters dang cong (additive Holt-Winters). M6 hinh Holt-Winters dang nhin dwoc st dung pho bién hon mé
hinh Holt-Winters dang céng. B6n phuwong trinh trong lwgc dé dé quy cia phwong phap Holt-Winters dang nhin
nhu sau:

Yerp = (Le + pT)Sesep (5)
L= aYe/Ses+ (1-@) (Lex + Te1) (6)
Te=p(Le=Les) + (1-)Tes (7
Se=pYe/Le+ (1-7)Ses (8)

véi Vi : gid tri du bdo tai p thoi doan sau thoi diém t, Le: gid tri wéc lwong cha bién do tai thoi diém hién hanh,
Te: gia tri wéc lwong clia xu hwdng tai thoi diém hién hanh, Sg: gid tri wéc lweng cia thanh phan mua, oz hing s6
1am tron cho bién d§ (0 < a < 1), B hdng s6 1am tron cho xu hwéng (0 < S< 1), y: hdng s6 1am tron dé wéc lwong
tinh mua (0 < y< 1) vas: d6 dai mua.

Néu y bdng 0, nghia 13 khéng c6 thanh phin mua trong chudi thoi gian va phwong phap Holt-Winters tré thanh
phwong phap Holt. Néu ca y va § bang 0, m6 hinh tré thanh phwong phéap 1am tron ham mi don gian. Nhw vay
phurong phap Holt- Winters 1a mé hinh t6ng quat nhit trong ba mé hinh lam tron ham md.

Trong phién ban nhan cia phwong phap Holt-Winters, wéc lwgng tinh mua dwoc thwce hién bang chi s6 mia
(seasonal index) va dwoc tinh bang phwong trinh Eq. (8). Phwong trinh (8) cho thdy thanh phin mua hién hanh, S;
bing hing s y nhan véi chi s6 mia dwoc wéc lwong bang dai lwong Y:/L: cong véi (1- y) nhan thanh phan mua tai
thoi diém truée do Se.s.

B. MO HINH ANN

Trong nghién cttu nay, mot trong nhitng mé hinh mang no ron nhdn tao (ANN) thong dung, mang truyén thang mot
tang 4n dwoc dung d€ du bao chudi thoi gian. M6 hinh nay dwoc biéu dién badng mot mang gdm ba ting chira cac
don vi xtr Iy n6i véi nhau bang nhirng dwong ndi khong cé chu trinh (acyclic link).

Veé téng quat, mo hinh cé thé dwoc huidn luyén bing nhirng quan sat trong qua khit ctia mot chudi thoi gian dé ndim
bit nhitng dic tinh phi tuyén ctia chudi thoi gian dé. Cac thong s6 clia md hinh (trong s6 clia cac dwong nédi va do
1éch clia cac nit) sé dwgc cip nhit theo kiéu 1dp nhiéu lan béi mot qua trinh cwe tiéu hoa cac sai s6 du bao. V&i
cong tac du bao chudi thoi gian, dwa vao qua trinh tinh toan trwdc d6, méi lién hé gitra gia tri dau ra (y,) va gia tri
dau vao (Ve1, Ye-2,--» Yep) dwoe biu dién bang cong thirc todn hoc sau day dé dw bao chudi thoi gian.

Ye=ao+ i aif (wOj+Zp:wijyt -i)+e  (9)

i=1

voia;(j=0,1,2,..q)ladoléch (bias) tai don vi thi jcua tAing dn,vaw; (i=0, 1, 2,..,p; j=0, 1, 2,..,, q) 12 cic trong
s6 dwong ndi gitra cac tAing clia mang ANN, f{.) 1a ham truyén (transfer function) tai ting 4n, thi du nhw ham sigmod
fx) = 1/(1+exp(-x)), pla s& nut & tAng nhip va q 1 s6 nit & ting 4n. Thuc t&, md hinh ANN véi cong thiee (9) thuc
hién mot 4nh xa phi tuyén tir nhirng quan sat trong qua kKh (ye.1, yez..., Yep) thanh mot tri duy bao trong twong lai
), tirc I

Ye=O(Ve1, Ye20een Yo W) + €1 (10)

v&i w la vector chira tit ca cic thong s6 clia mang, ¢ 1a ham xap xi dwoc xac dinh béi cdu tric mang va cac trong so
cta cac dudng ndi va e, 1a sai s6 dw bo tai thoi diém ¢.

Viéc str dung ANN dé du bao chudi thoi gian ham ¥ rdng s6 don vi d4u rala 1, s6 don vi tAng nhap gin lién vé&i s6
gia tri trong qua khtr ma dd dé nhan dang ra dién tién clia cac buéc twong lai. Vé s§ lwgng nut & tAng nhap van
chwa cé ly thuyét nao gitp xic dinh dwoc s6 ndt nay mot cach thich hgp. Nhung trong cong trinh [14],
Hamzagebi khuyén nghi rang s nat & ting nhap nén bang véi do dai mua s d€ dw bao tdt hon déi véi chudi thoi
gian c6 tinh mua, thi dy, 12 ddi véi dir liéu hang thang c6 d6 dai mua l1a 12 thang, 1a 4 d6i v&i dir liéu hang quy c6
do6 dai mua 1a 4 quy. Hamzacebi dit tén mé hinh ANN dic biét nay 1a ANN c6 tinh mila (Seasonal ANN), viét tit 1a
SANN. Trong bai bdo [14], Hamzacebi d so sanh hiéu qua ctia SANN véi mo hinh ARIMA ¢6 tinh mua trén bon
b6 dit lidu chudi thoi gian mau va tim thdy SANN dem lai hiéu qua dw bao t&t hon mé hinh ARIMA c6 tinh mua
trén da s0 cia bon bo dir liéu nay.
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C. MO HINH LSTM

Mang no ron héi quy (Recurrent Neural Networks - RNN) la mdt bién thé ctia ANN d6i vi dit liéu 1€ thudc vao thoi
gian (time-dependent-data). P& huin luyén mang no ron hoi quy, gidi thuit lan truyén ngwgc dwoc cai bién thanh
giai thuat Lan Truyén Ngwoc Theo Thoi Gian (Backpropagation Through Time - BPTT). Tuy nhién, viéc (tng dung
giai thuat BPTT c6 thé giy ra hai vin dé: cac trong sé c6 thé dao déng qua manh, dwoc goi 1 vin dé bung n6 d6 déc
(exploding gradient problem), hodc thoi gian tinh todn gia ting cwc cao, dwgc goi la vin dé triét tiéu do déc
(vanishing gradient problem). Mang B nh¢ ngin han-dai han (Long Short-Term Memory - LSTM) 1a mdt bién thé
cai tién ctia mang RNN, dwoc dé xuit béi Hochreiter va Schmidhuber (1997) [15] dé gidi quyét nhirng nhwoc diém
ctia mang RNN khi d6i ph6 véi sy phu thudc dai han (long-term dependencies) cta dit liéu, tirc 1a hai vin dé bung
n6 do déc va triét tiéu dd déc. Mdi don vi LSTM 1a sy téng quat hda cia don vi RNN, sao cho phin théng tin nao lién
quan dén nhirng diém thoi gian truedc d6 sé dwoc lwu vao mang.

MJdi don vi LSTM (con dwoc goi 1 t€ bao LSTM) bao gdbm ba cdng (gate):

e (COng quén (Forget gate) ddm nhiém viéc ra quyét dinh phin thong tin nao tlr trang thai trwdc do
nén dwoc lwu trir hay bi loai bé.
e  COngxuit (Output gate) ddm nhiém viéc lwa chon bao nhiéu thong tin nén dwoc xuit ra.
e (COng nhip (Input gate), ddm nhiém viéc ti€p nhin théng tin méi.
Mang no ron LSTM hoc siu bao gom nhiéu hon mot ting 4n. Mang bao gdm nhiéu ting ma nhirng té bao LSTM la
nhitng d4u ra cla ting trudc sé trd thanh nhitng dau vao cda ting ké tiép. Hinh 1 mo td mot mang LSTM xép
chdng ma c6 thé dwoc dung dé du bao chudi thoi gian.

1
| ilSTM| 4LSTM| - -LSTM
2N .
—\ ¥ JALSTM} A LSTM|———{LSTM| ;
30X : W & : ; < ouT
. . > . Output
) st distM] LTV
N
Layer 1 Layer 2 Layer K
Input

Hinh 1. Mang LSTM xép chéng

D. CACH ’O’C LUO'NG PO DAI MUA CHO CHUOI THO'I GIAN CO TINH MUA

D& kiém tra c6 sw hién dién cta tinh mua ciing nhw wéc lwong dd dai mia trén mot chudi thoi gian, chiing ta phai
xem xét cac vi tri ng v&i cac dd tré (lag numbers) clia nhitng hé s6 twong quan (correlation values) trén biéu do
ham tw twong quan (Auto-corelation Function - ACF). Y twéng chinh 1a chiing ta tinh nhitng khoang cach Ad giita
nhirng vi tri k€ ti€p nhau cta cac gia tri c6 tin sé cao trong biéu d6 ACF. Néu c6 nhiéu l1an xut hién vGi cling
khodng cach, khodng cach Ad xuit hién thwong xuyén nhat sé dwoc chon 1am d6 dai mua, dwa vao nguyén tic da
s0.

Phwong phap wéc lwgng d6 dai miia ma dwa vao biéu d6 ACF néu trén dwoc dé xudt béi Ngoc Tran nam 2003
[16]. Phwong phap nay bao gom cac bwdc sau:

Thuec hién tinh sai phan trén chudi thoi gian.

Tinh va vé biéu d6 ACF cho chudi thoi gian da 14y sai phan.

Lap dwdng bao véi pham vi df tin cdy (confidence limit) 95% hay 98%.
Xéc dinh nhirng vi tri c6 tin s6 xuit hién cao.

Tinh khoang cach giita nhirng vi tri ké tiép chia nhitng diém tin s cao.
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Khoang cich xuit hién thwong xuyén nhit sé dwoc chon 1a d6 dai mua. Hinh 1 minh hoa mét thi du vé mat biéu
dod ACF vé&i pham vi d6 tin cay 98%. Chung ta chon cac vi tri nim ngoai dudng bao véi pham vi do tin cdy 98%
va c6 dwoc 14 vi tri dau tién cia nhirng di€ém tin sd cao, nhw dwoc néu trong Bang 1.

Bang 1. Thi du vé cdc khodng cdch ctia nhitng diém tdn sé cao

Vi tri tin s6 cao 0128 10 20 30 40 50 60 68 70 80 90
Khoang cach 116 2 10 10 10 10 10 8 2 10 10

Sau khi tinh khoang cach gitra cac vi tri ké ti€p cta nhitng diém tin s6 cao, ching ta c6 dwoc 13 khoang cach
trong d6 c6 7 lan xudt hién cha khodng cich v&i dd dai 10, 2 1an xuit hién cia khoang cach véi do dai 2, 1 lan
xudt hién cta khoang cach véi dd dai 6 va 1 1an xuit hién cta khoang cich véi dd dai 8. Nhw vay, khoang cach
v&i do dai 10 c6 sd 1an xuit hién cao nhit va 10 sé dwgc chon nhw 13 d6 dai mua trong thi du nay.

1.2 T T T T T T T T T T T
1k J
98% Confidence Limits
0.8 E
=
S o0& J
=
[+5]
S
8 0-4r Season Length = 10 1
=1 - =
<
02t ,
e
S O 0 T A A R LA
AL L LU L N N VSN L
1 ) | | 1
_0_2— -
6 1|0 2|0 slo 4|0 5ID 6I0 7|0 slo glo 1 (I)o

Lag
Hinh 2. Phdt hién d¢ dai miia dwa vao biéu dé ACF

111. MO TA VA PHAN TiCH BO DU LIEU

Dit liéu dwgc dung trong nghién ctru nay la tir Bénh vién da khoa khu vwc Ca Chi, Thanh pho H6 Chi Minh thu
thap hang ngay tir ngay 01 thang 1 ndm 2018 dén 31 thang 12 nam 2020 v&i téng s 75511 bénh nhin. Nhw vay
c6 tit ca 1092 gié tri quan sat trén chudi thdi gian. Gid tri trung binh cia lwgng bénh nhan cip ctru hang ngay 1a
1843, gia tri t6i thidu 12 4 va gia tri ti da 1a 3850. Hinh 3 minh hoa dudng biéu dién cla lwong bénh nhan cip
cru hang ngdy trong 3 nim ti¥r ndm 2018 dén nim 2020. Hinh 4 minh hoa dwdng biéu dién cia lwvgng bénh nhan
cdp cru hang ngay trong mot nam (nadm 2018).

Bénh vién da khoa khu vwc Ct Chi 12 bénh vién hang 2 truc thudc S& Y t€ Thanh Phd H6 Chi Minh. Huyén Cu Chi
nam & vi tri ctva ngd, tiép gidp vdi cac tinh Tay Ninh, Long An va Binh Dwong va 1a noi c6 nhiéu khu cong nghiép
véi qui mo cong nhan 1én.

T Hinh 3 va Hinh 4, bing truc quan, chung ta c6 thé cdm nhan dwgc tinh khong dirng (nonstationary) cta chudi
dir liéu. Mot chudi thei gian c6 tinh khong dirng khi gié tri trung binh va d6 1éch chuin khéng c§ dinh ma bién
thién khi thoi gian thay doi.

Hinh 5 trinh bay dwong biéu dién lwgng bénh nhan ngoai tri hing ngay trong mot thang tir ngay 01 thang 1 nim
2018 dén ngay 30 thang 1 nim 2018. Tir Hinh 4 va Hinh 5 ching ta c6 thé thiy lwgng bénh nhin ngoai trd hang
ngay bién thién rat 16m, c6 khac biét nhiéu vao dip cudi tuan va nhirng ngay nghi 1&. Ngoai ra, sy bién thién c6
tinh mua dwoc nhan dién véi thei doan 1a mot tuan Ié.
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DE& phat hién tinh mua cta bo dir liéu nay, chung t6i 4p dung phwong phap da dwoc mo ta & tiéu muc I1.D va da

phét hién chudi thoi gian nay c6 tinh mua véi do dai mua l1a 7. Biéu do ACF ma trén do6 chung toi xac dinh duoc

do6 dai mua ciing dwoc trinh bay & Hinh 6. Chung tdi xay dung dwoc biéu do ACF cho chudi thoi gian nay véi sw

hd tro ctia phan mém R.
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Hinh 6. D¢ dai mua ctia bé dir liéu va biéu do ACF twong itng

Iv. KET QUA THU’C NGHIEM

D€ so sanh bing thuc nghiém tinh hiéu qua du b4o clia ba phwong phap ddi sanh: mang no ron ANN, mé hinh
Holt-Winters va mang LSTM, chung t6i hién thwc ba phwong phap nay va thwc nghiém ching trén bo dir liéu
lwong bénh nhéin ngoai tri hang ngay tai Bénh vién da khoa khu vyc Ct Chi.

Chting tdi hién thwc hai mé hinh Holt-Winters va mang no ron ANN véi su hd tro ciia thw vién phan mém R.R1a
mot ngdn ngit va méi tredng 14p trinh cho nhitng tinh todn xac xuit, dd6 hoa va cung cip nhiéu céng cu phan tich
dit liéu chudi thoi gian [17]. Ching toi hién thwc mé hinh LSTM véi sy hd trg cia thw vién phan mém Keras [18].
Khi hién thwc hé thng dw bio, chung t6i st dung hai ngdn ngtr 14p trinh C#, Python va tién hanh thwc nghiém
trén may tinh c6 ciu hinh Intel(R) Core™ i7-1081 CPU@ 1.61GHz RAM32GB PC.

Ngoai ra, chi duw bdo mot buéc (one-step ahead forecasting), titc 1a du bdo ngan han, dwoc thuc hién trong nghién
clru nay.

A. XAC PINH THONG SO CHO CAC MO HINH

Véi sw hd trg clia phan mém R va phwong phap tim kiém Iwéi (grid search) [19], ching tbi xac dinh dugc ba
théng s6 «, fva y cho mé hinh Holt-Winters déi véi dir liéu lwgng bénh nhan ngoai tri hang ngay tai bénh vién.
Gi4 tri thip ctia r ( =0.1) cho thdy bo di¥ liéu c6 tinh ngiu nhién (randomness) kha cao, gia tri thap cta £ (= 0.1)
cho thiy xu hwéng (ting hay gidm) ctia b6 dir liéu khong dang ké va gia tri trung binh cia y (= 0.3) cho thiy bo
di liéu nay thwc sy ¢6 tinh mua. V&i cd hai md hinh Holt-Winters va ANN, chiéu dai mua dwoc gan gia tri 7 nhw
da néu & Muc II1. S6 don vi & tAng nhip cia mang ANN ciing dwoc gan gia tri 7. SO don vi & tAng 4n cia ANN
dwoc xac dinh thong qua nhiéu Ian thwc nghiém. P& huin luyén mang ANN, ching t6i str dung mét phién ban cai
tién chia giai thuat Lan truyén ngwoc cé tén 1a RPROP (Resilient backPropagation).

Vé&i mo hinh LSTM, qua nhién 1an thwc nghiém trén bd dir liéu lwgng bénh nhin ngoai trd, ching t6i xac dinh
dwoc cac siéu tham sé ciia mo hinh hoc sdu nay nhw sau. S6 don vi clia tAing nhap 1a 7. S6 tAng 4n 1a 2. S6 don vi &
ting 4n thit nhit 12 128 va s6 don vi & tAng 4n thi hai la 64. Cac gia tri thong s6 thich hgp nhit cho ca ba m6 hinh
dworc trinh bay & Bang 2.

Bang 2. Cdc théng sé cho ba mé hinh dw bdo

Phuong phap | CAc gi4 tri thong sb

LSTM S6 don vi 6 tang an thu nhit = 128
S6 don vi ¢ tang 4n thi hai = 64
Holt-Winters | M6 hinh nhan

a=0.1, $=0.1, y=0.3

Chiéu dai mua =7

ANN S6 don vi ¢ tang nhap = 7

S6 don vi ¢ tang 4n = 7

S6 epoch tbi da = 1000

Optimizer = RPROP
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Chudi thoi gian lwgng bénh nhan ngoai tra hang ngay tai bénh vién dwoc chia 1am hai phan: phan huin luyén va
va phin kiém thir. Chiing t6i st dung 80% diém dit liéu dau tién trong chudi thoi gian cho phin huin luyén (xay
dwng mé hinh) va 20% con lai cho phan kiém thi. Cic m6 hinh dy bdo dwoc ki€ém thi trén phan kiém thir va
tinh ra cac d6 do vé hiéu qua du bao.

B. TIEU CHI PANH GIA PO CHINH XAC DU’ BAO

Trong nghién cru nay, sai sd tuyét doi trung binh (mean absolute error-MAE), sai s6 binh phwong trung binh
(mean squared error-MSE) va sai s6 phan trdm tuyét d6i trung binh (mean absolute percentage error - MAPE)
dwoc dung lam tiéu chi danh gia. Cac céng thikc tinh todn clia cc sai sd du bdo MAE, MSE, MAPE dwoc dinh nghia
nhw sau:

n
1
MAE == "9, — v an
t=1
n
mse =28 2
—EZ(YI: _Yt) (12)
t=1
10 19— vl
MAPE = —ZM % 100 (13)
nt=1 yt

v&inla s6 diém dir lidu ctia chudi thoi gian, y 13 gia tri thwe sw tai thoi diém t va ;12 gia tri dw bao tai thoi diém ¢.
Ba d6 do néu trén biéu dién nhitng géc nhin khac nhau cda cic phwong phap du bao. Pd do MAE va dd do MSE
la nhitng d6 do tuyét doi (absolute performance metric) trong khi d6 do MAPE 1a d6 do twong ddi (relative
performance metric). MAPE 1a mot gia tri théng ké bit bién d6i véi bién do ciia chudi thoi gian ma biéu dién sai
s6 nhw la mot tri phin trdm (percentage). M6 hinh sé dat d6 chinh x4c du bao cang cao khi MAE hay MSE tién vé
0 va MAPE cang tién gin dén 0%.

C. KET QUA THU'C NGHIEM

Két qua thye nghiém dwogc trinh bay & Bang 3. Cac sai s6 dy bdo MAE, MSE, MAPE (theo cac cong thic (11), (12),
(13)) ctia ba md hinh dw bao dwoc ghi & cot 2, cdt 3 va cot 4 cua Bang 3.

Bang 3. Két qud sai sé dw bdo ctia ba phwong phdp

Phuong phap | MAE MSE MAPE
LSTM 210.80 66180.35 11.24%
Holt-Winters | 220.96 69080.73 12.25%
ANN 730.49 911492.9 76.43%

Tl két qua thyc nghiém cia Bang 3, ching ta c6 thé thiy céc sai s6 dw bdo MAE, MSE, MAPE cia LSTM va mo
hinh Holt-Winters déu thdp hon nhiéu so v&#i mo6 hinh ANN. Hiéu qua du bao ctia LSTM t6t hon mé hinh Holt-
Winters mét chit va ca hai mé hinh LSTM va Holt-Winters déu t6t hon kha nhiéu so véi md hinh ANN cho viéc
du bao lwong bénh nhan ngoai trd hang ngay tai bénh vién. Ly do chinh ctia diéu nay la ca hai mé hinh LSTM va
Holt-Winter c6 kha nang ndm bét tinh xu hwéng va tinh mua cda dit liéu chudi thoi gian t6t hon nhiéu so véi
mang no ron ANN va do d6 cai tién dwoc hiéu qua dy bdo. Phat hién nay nhidn manh tinh hitu ich cta viéc st
dung mo6 hinh LSTM va m6 hinh Holt-Wintes d€ dw bao lwong bénh nhan ngoai tri tai bénh vién.

Mo hinh dw bdo LSTM chwa thé hién dwoc tinh vwot troi so véi mé hinh truyén théng Holt-Winters 1a vi bo dir
liéu chudi thoi gian dw bao khong thudc loai qua phitc tap va khong cé kich thwéc that 1én nén nhitng wu thé vén
c6 ciia mdt mang no ron hoc sau nay chwa thé phat huy dworc.

Ngoai ra, két luan thwc nghiém rut ra tir trong nghién ctru ndy rang md hinh Holt-Winters t5t hon mé hinh ANN
cling c6 vé twong thich v&i két qua clia mot cong trinh nghién ciru di trwedre (Sumitra va Barsi, 2020 [4]) ghi nhin
rang Holt-Winters dy bo t6t hon mé hinh ARIMA va mé hinh Lam tron hAm mi don gian (SES).
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v. KET LUAN

Nghién ctru nay khao sat bang thwc nghiém hiéu qua dw bao ciia ba phwong phap du bao tiéu biéu: Holt-Winters.
ANN va LSTM déi véi bai todn du bao lwong bénh nhin ngoai tru tai bénh vién. Nghién ctru nay cho thiy lwong
bénh nhan ngoai tri hdng ngay dwgc dic trung hoa bang nhirng bién thién c6 tinh mua va miu bién thién hing
tuin. D6 chinh xac dw bao tuy thudc vao dic diém ctia bd dir liéu va mé hinh dw bdo dwoc st dung. Trong phin
thwe nghiém véi bd dit liéu lwgng bénh nhan cdp ciru tai Bénh vién da khoa khu vwe Cu Chi, chiing t6i da danh
gid so sanh hiéu qua ctia ba md hinh dw bao: Holt-Winters, LSTM va mang no ron ANN va rut ra mot két luin
quan trong: mé hinh Holt Winters va LSTM dem lai chit lwgng du bdo t6t hon nhiéu so v&i mé hinh mang no
ron ANN. Tiéu chi sai s dw bido MAPE ctia mé hinh LSTM dat dwoc mot két qua day 4n twong: 11.24%.

Tuy nhién, nghién ctru nay chi méi thyc hién viéc du bdo mot bwédc (one step ahead forecasting) tirc 1a tim dw
bao chi la mot ngay, nhw viy nhitng tim dw bio khéc cling cin dwoc thwe nghiém dé xac nhin tinh hiéu qua cta
ba md hinh dw bdo néu trén véi nhirng tim dw bao khac nhau nay [20]. Ngoai ra, ching téi dw dinh s dung mot
mo6 hinh lai ghép két hop mot ki thuat phan ra chudi thoi gian, thi du nhw k§ thuadt EMD (Empirical Mode
Decomposition), véi mot t6 hop cac bd du bdo cuc bd (ensemble of local predictors) d€ cai tién hon nita viéc dw
bao lwong bénh nhan ngoai tra tai bénh vién ([7], [8], [21]).

vI. LOI CAM ON

Cac tac gia cta nghién cru nay chin thanh cdm on Bénh vién da khoa khu vyc Ca Chi, Tp. H6 Chi Minh d4 cho
phép str dung bo dir liéu lwong bénh nhan ngoai tra cia bénh vién.
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FORECASTING HOSPITAL OUTPATIENT VISITS FLOW USING
HOLT-WINTERS, ANN AND LSTM
Duong Tuan Anh, Ly Thanh Tinh

ABSTRACT— Effective hospital outpatient forecasting is an important task for modern hospitals to implement intelligent
management of medical resources. As outpatient visit flow may be nonlinear, seasonal and dynamic, we empirically compare
three typical forecasting methods: Holt-Winters, artificial neural network (ANN) and Long-Short-Term Memory (LSTM), to
identify the most effective method in this challenging forecasting problem. Holt-Winters belongs to statistical analysis
category while ANN is a machine learning method and LSTM is a deep learning method. We applied the three methods to
forecast daily outpatient visit flow at the General Hospital of Cu Chi Area in Ho Chi Minh City. Experimental results reveal
that Holt-Winters and LSTM outperform ANN in the hospital outpatient visits flow forecasting. The MAPE indicator of LSTM
is 11.24%.

Keywords— outpatient visits flow, Holt-Winters model, artificial neural network (ANN), LSTM, seasonal time series.
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