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TOM TAT— Muc dich ctia nghién ctu nay la phan tich hiéu qua cia ba mé hinh dw bao dung dé dw bao lwgng bénh nhan cip
ctru hang ngay tai mot bénh vién. Do lwgng bénh nhan cip cru hang ngay tai bénh vién thwing ddy bién dong va rit bat dinh,
nén bai toan dw bao trén loai dit liéu ndy 13 mot cdng viéc day thach thirc. Ching tdi thit nghiém ba mé hinh dw bao chubi
thoi gian khac nhau dé€ dw bao lwong bénh nhan cip ctru hang ngay tai Bénh vién Pa khoa khu vwe Ca Chi, Thanh phé Ho Chi
Minh, Viét Nam. CAc m6 hinh dw bdo dwoc thit nghiém trong nghién cru nady gdbm md hinh Holt-Winters, m6 hinh tw hoi quy
tich hgp trung binh di dong (ARIMA) c6 tinh mua va mé hinh mang no ron nhan tao cé tinh mua (SANN). Két qua thuc
nghiém trén bo dir liéu thuwc té cho thiy ba mé hinh duw bdo néu trén déu dem lai két qua dw bdo twong déi tot va mé hinh
SANN chinh 1a m6 hinh dy bdo t6t nhit. Sai s6 MAPE ctia m6 hinh SANN la 12.74%.

Tir khéa— du bao, lwong bénh nhin cip ciru, mé hinh Holt-Winters, ARIMA c6 tinh mtia, ANN c6 tinh mua.

I. GIOI THIEU

Phong cdp ctru (emergency department) 13 phong ban rén nhit trong bénh vién. Muc dich chinh ctia phong nay
12 cung &ng s cham s6c khin cip, ding lic cho bénh nhan dang & tinh trang nguy hiém. Phong cip ctiru c6 thé bi
qua tai néu ngudn nhan lwc va co s& vat chit cia bénh vién khéng dap tng duoc yéu ciu thuce té. Do dd, viéc dw
bio lwgng bénh nhan cdp cttu sé dem lai nhirng théng tin hitu ich cho viéc hoach dinh st dung cic ngudn tai
nguyén clia bénh vién mét cach hiéu qua [1]. Dw bio yéu ciu cia phong cip ciru, dwdi hinh thirc lwong bénh
nhan cip ciru hang ngay, da dugc thitr nghiém va danh gia véi nhitng phwong phap dw bao chudi thoi gian khac
nhau duwgc diung dé xay dwng md hinh dw b4o. V&i muc dich ndy, cac dit liéu qua khir dwoc biéu dién dwédi dang
chudi thoi gian (time series) dwgc thu thap theo nhip dd hang gid, hang ngdy, hang tuin hoic hang thang.

Du bao lwong bénh nhin cip ctru dwgc xem 1la mot cong tac phirc tap. Cac cong trinh nghién ctru di trudc cia
lanh vwc nay cho thdy ddi véi bai toan dw bao nay khéng hé c6 mo hinh dw bdo nao 1a t6t hon han cdc md hinh
dw bao khac [2]. Nhiéu cong trinh nghién ctru vé bai todn nay con khing dinh ring dit liéu lwong bénh nhan cip
ctru c6 tinh mua va c6 chira dung nhitng mau bién thién hang tuan [2].

Cac mé hinh hién dang dwoc st dung dé dw bao lwong bénh nhan cip ctru cé thé chia lam hai thé loai: caic mé
hinh tuyén tinh va cidc m6 hinh phi tuyén. Cic mé hinh tuyén tinh thuwdng dwoc st dung bao gom hoi quy tuyén
tinh (Ekstrom va cac céng sw, 2015 [3]), tw hoi quy tich hop trung binh di dong (ARIMA) (Kadri va cac cong su,
2014 [4]; Afilal va cac cong sw, 2016 [5]; Rosychuk va cac cong sw, 2016 [6]; Carvalho-Silva va cac cong sw, 2017
[7]; Juang va cac cong sw, 2017 [8]), ARIMA dang vector (vector ARIMA) (Aboagye-Sarfo va cac cong sw, 2015
[9]), 1am tron ham mil (exponential smoothing) (Bergs va cac cong sw, 2014 [10]). Nhitng ndm gin diy, cic md
hinh phi tuyén nhw hoi quy logistic (Schonwetter va cic cong sw, 2008 [11]), mang no-ron nhin tao (ANN)
(Menke va cac cong sw, 2014 [12]; Pekel va cac cong sw, 2021 [13]), hdi quy vector hd trg (support vector
regression) (Zhang va cic cong sw, 2018 [14]), mang no-ron hoc sau (Yousefi va cac cong sw, 2019 [15], Harrow
va cac cong sw, 2020 [16]) da dwoc sit dung d&€ mo hinh héa cac bién thién phi tuyén trén dir liéu lwgng bénh
nhan cip ctru.

Trong bai b4o nay, ching t6i phan tich hiéu qua cia ba mé hinh dwoc chon dé dw bao lwong bénh nhan cip ctu
tai Bénh vién Da khoa khu vwc Ci Chi. Theo sw khdo sat ctia ching téi, bd dit liéu lwong bénh nhan cdp ciru hang
ngay nay 1a chudi thoi gian cé tinh miia (seasonal time series). Tinh chat nay ciing tirng dwgc khing dinh béi mot
s6 cong trinh di trwedc vé dw bdo lwgng bénh nhan cip ctiru ([2], [6], [7]). Ba dong gop chinh cta bai bdo nay c6
thé dwoc liét ké nhu sau:

e Bamo hinh dy bao: ARIMA c6 tinh mua, Holt-Winters va ANN c6 tinh mua (SANN) sé dwoc ap dung
vao bai toan dv bao lwgng bénh nhan cip cru hang ngay. Ca ba mé hinh nay déu thich hop cho cong
tac dw bao chudi thoi gian c6 tinh mua.

e Tién trinh so sanh s& dwoc thuc hién bing sy phan tich ba mé hinh theo mét tiéu chi danh gia chat
lwgng dw bao théng dung: dé do sai s6 phén tram tuyét déi trung binh (Mean Absolute Percentage
Error - MAPE).

e B6 dir liéu dwoc st dung d€ nghién ctru la dit liéu dwgc thu thip tir Bénh vién Pa khoa khu vyc Ca
Chi, thudc huyén Ca Chi, Thanh phé H6 Chi Minh, Viét Nam.
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Két qua thwc nghiém cho thiy trong ba mé hinh dw bdo dwoc chon dé thir nghiém thi mé hinh ANN c6 tinh mua
(viét tit 12 SANN) 13 m6 hinh hiéu qua nh4t cho cong tadc dw bao lwgng bénh nhan cip ciru tai bénh vién dwoc
chon.

Phin tiép theo ctia bai bdo dwoc td chirc nhw sau. Muc II gi¢i thiéu ba mé hinh dw bao sé dwoc thir nghiém va
mot k§ thuat lién quan. Muc 11l m6 ta tinh hudng dwgc nghién ciru trong cong trinh nay. Muc IV trinh bay két qua
thwe nghiém cta ba mé hinh dw bdo véi bo dir liéu lwong bénh nhin cip ciu tai Bénh vién Cd Chi. Muc VI néu
mot vai két ludn va cdc hwéng phat trién cta deé tai.

II. CAC MO HINH DU’ BAO VA KY THUAT LIEN QUAN

A. MO HINH ARIMA CO TINH MUA

Mo hinh tw hoi quy tich hop trung binh di déng (AutoRegressive-Integrated-Moving Average-ARIMA) cung cip
mot cach ti€p can cho du bdo chudi thoi gian va 1d mot trong nhitng phwong phap dwoc st dung phd bién nhat
dé dw bao chudi thoi gian [17]. CAc md hinh ARIMA c6 muc dich mé ta nhitng méi quan hé tu twong quan
(autocorrelation) trong dir liéu va st dung 18i ky hiéu sau day:

ARIMA (p, d, q)

Véi p 1a bac (mic dd) ctia qua trinh tw hoi quy (AutoRegression-AR), d 1a s6 14n 14y sai phan (I) va g 1a bic cta
qua trinh trung binh di dong (Moving Average -MA). D& lam cho chubi thoi gian c6 tinh dirng (stationary), titc 1a
loai trir xu hwéng, ta phai 14y sai phan dit liéu chudi thoi gian mot s6 1an. Biéu thirc toan hoc cho mé hinh ARIMA
nhuw sau:

Yt: ¢1th1 + ¢2th2 Tt ¢th—p + e - 916,,1 - 9291—2 T T qut—q

Véi Y la gia tri cia bién tai thoi diém ¢, ¢ va 81a thong s6 md hinh cho cic toan hang ty héi quy va trung binh di
dong va e; 12 toan hang thing dw biéu dién nhitng bién ddng ngiu nhién ma thé du bao [17]. Mic du khéng hé c6
gidi han d6i véi cac thong sd bac ciia mo6 hinh ARIMA, trong thuc té it khi phai dung nhirng gia tri cia p, d va q
16m hon 2. Can chd y rdng ba gia tri 0,1 hodc 2, cho cic tham s6 p, d and g, 1a du d& biéu dién mdt tAm vuc chudi
thoi gian rat rong tir nhirng ngtr canh rat khac nhau.

Mb hinh ARIMA c6 thé dwgc mé& rong @€ c6 thé mo hinh héa dit liéu chubi thoi gian c6 tinh muia. M hinh ARIMA
6 tinh mua dwoc thiét 1ap bing cach dwa thém 4 thong s6 lién quan dén tinh muia vao mé hinh nhv sau:

ARIMA (p,d,q) (P,D,Q)°®

Véi P, D va Q 1a ba thong s6 c6 vai tro twong tw nhw p, d va g danh cho thanh phdn mua trong m6 hinh va s 1a
chiéu dai cia mua.

Mb hinh ARIMA nay c6 nhitng dic tinh sau day: vé mat ly thuyét mé hinh thich hop cho hau hét cac chubi thoi
gian va c6 thé mo hinh hoa cac bién ddng, cac tinh chit xu hwéng, sw tw hdi quy va trung binh di dong c6 tinh
mua.

B. MO HINH HOLT-WINTERS

Lam tron ham mii (exponential smoothing) 12 mot loai mé hinh tuyén tinh c6 thé ndm bit cac dic trung tuyén
tinh trong mdt chudi thoi gian. Mot trong nhitng ¥ twéng cin ban ciia mé hinh 1am tron ham mii 12 tao ra nhitng
gia tri twong lai nhw 1a nhitng gia tri trung binh c6 trong sé ctia nhitng gia tri trong qua khir theo d6 nhirng gia tri
quan sat gan day dugc danh trong s cao hon nhirng gia tri quan sat rat xa trong qua khit. Bing cach hinh thanh
nhitng gia tri dw bdo dwa vao nhirng gia tri trung binh cé trong sd, ching ta dang st dung mot phwong phap “lam
tron” (smoothing). Thuit ngit “ham mi{” (exponential) xuit phat tir sy kién cidc md hinh lam tron ham mi khong
chi danh trong sé gidm din theo thdi gian ma con gidm dan theo ki€éu ham mii.
Dé tng dung md hinh 1am tron ham m, c6 ba dang ciia md hinh nay ma dwoc 4p dung rong rai cho nhirng chudi
thoi gian khac nhau [18]. Lam tron ham mii don gian (Simple exponential smoothing) (loai I) dwoc dung khi
chudi thoi gian khéng c6 xu hwéng va khong c6 tinh mua. Gia st chung ta c6 chudi thei gian Y, do dac tai nhitng
thoi diém ¢ =1, ..., T. M6 hinh 1am tron ham mii don gidn dwoc dinh nghia bang céng thitc dé quy nhu sau:

?Hl = (X,Yt + (1' O(.)?t (1)
Vé&i Yeuq 12 gid tri du béo tai thoi diém t+1, a1a hdng s6 lam tron (smoothing constant), Ye: gia tri dit liéu thuwc sw
tai thoi diém ¢, Ye: 12 gid tri du bdo tai thoi diém t.
Khi c6 ton tai xu hwéng (trend) trong chudi thoi gian, m6 hinh ham mii Holt (loai II) c6 thé dwgc dung. Phwong
phép Holt doi héi wéc lwong ddé ddc (slope) hién hanh va bién do (level) hién hanh, do d6 phwong phap dung hai
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hing s6 1am tron cho mdi cong thirc wéc lwong. Hai hing s 1am tron nay gitip tinh gia tri wéc lwong cia bién do
va d6 déc ma bién d6i theo thoi gian khi c6 nhitng quan sat méi dwoc dwa vao. Ba phwong trinh cia phwong
phap Holt nhw sau:

?np =L+ pTe (2)
Le=aYe+ (1- &)(Le1 + Ted) (3)
Te= ﬂ (Lt - Lt-l) + (1'ﬂ) Te1 (4’)

Vé&i Yy gid tri du bao tai p thoi doan sau thoi diém ¢, Le: gid tri wée lwong cta bién do tai thoi diém hién hanh,
Te: gia tri wéc lwong cta dd doc tai thoi diém hién hanh, o: hing s6 1am tron cho bién d6 (0 <a < 1) va B hing s6
lam tron cho cho d6 déc, térc xu hwéng (0 < S< 1).

Trong phwong trinh (3), bién d6 hién hanh (L) dwgc tinh bang cach 14y trung binh cé danh trong s6 ctia hai gia
tri wéc lwong: mot wére lwgng 1a gia tri quan sat hién hanh (Y,) va gia tri wéc lwgng thit hai la bang téng gia tri xu
hwéng trweée dd mot thoi doan (Tw:) véi gia tri bién do wéde lwong trede d6 mot thoi doan (Le;). Phwong trinh
(2) cho thdy gia tri dw bao p thoi doan vé phia twong lai (Ye,) dwoc tinh bing cach 1dy gia tri wéc lwong xu
hwéng hién hanh (T¢) nhan véi s6 thoi doan hwdng vé twong lai d€ dw bao (p) va tich s nay cong véi gia tri wéc
lwong cda bién do hién hanh (L,).

Holt-Winters 1a mot phwong phap 1am tron ham mil dung d€ dw bao chudi thoi gian cé thé hién ca tinh xu huwéng
va tinh mua (loai III). Phwong phap nay c6 hai phién ban: Holt-Winters dang nhan (multiplicative Holt-Winters)
va Holt-Winters dang cdng (additive Holt-Winters). Bon phwong trinh trong lwoc do6 dé quy cia phwong phap
Holt-Winters dang nhan nhw sau:

Yerp = (Lt + pT2) Sesep (5)
Li= a¥e/Ses+ (1-0) (Leq + Tra) (6)
Te=p(Le~ Lea) + (1-B)Tea (7
Se= yYe/Le+ (1-9)Ses (8)

Vé&i Yy gid tri du bao tai p thoi doan sau thoi diém ¢, Le: gid tri wée lwong cta bién do tai thoi diém hién hanh,
T gia tri wéc lwong clia xu hwéng tai thoi diém hién hanh, Si: gia tri wéc lwong cta thanh phian mua, «: hing s6
1am tron cho bién @6 (0 < a < 1), B hing s6 1am tron cho xu hwéng (0 < S< 1), y: hing s6 1am tron dé wéc lwgng
tinh mua (0 < y< 1) va s: d0 dai mua.

Néu y bing 0, nghia 1a khong c6 thanh phan mua trong chudi thoi gian va phwong phap Holt-Winters tré thanh
phwong phap Holt. Néu ca y va f bang 0, mé hinh tré thanh phwong phap 1am tron ham mii don gidn. Nhu vay
phwong phap Holt- Winters 12 mo hinh t6ng quat nhit trong ba md hinh 1am tron ham mi.

Trong phién ban nhan clia phwong phap Holt-Winters, wéc lwong tinh mua dwgc thwe hién bang chi s6 mua
(seasonal index) va dwoc tinh bing phwong trinh Eq. (8). Phwong trinh (8) cho thdy thanh phan mua hién hanh,
St, bang y nhan véi chi s6 mua dwoc wéc lwong bing dai lwong Y./L; cong véi (1- y) nhan thanh phin mua tai thei
diém truéc d6 S

C. MO HINH ANN CO TINH MUA (SANN)

Trong nghién ctru nay, mot trong nhitng md hinh mang no ron nhdn tao (ANN) théng dung, mang truyén thang
mdt ting 4n dwoc dung dé dw bao chudi thoi gian. M6 hinh ndy dwoc biéu dién bing mot mang gom ba ting chira
cac don vi xt¥ Iy n8i v&i nhau bang nhitng dwdng ndi khéng cé chu trinh (acyclic link). Hinh 1 minh hoa c4u tric
ctia ANN ba tang.

Veé téng quat, mo hinh c6 thé dwgc huin luyén bing nhitng quan sat trong qua khit ctia mot chudi thoi gian dé
ndm bat nhirng dic tinh phi tuyén cta chudi thoi gian d6. Cac thong s6 cia md hinh (trong s8 clia cac dwong ndi
va do 1éch chia cac nut) sé dwoc cAp nhat theo ki€u l3p nhiéu 1an béi mot qua trinh cwc tiéu hda cac sai s6 dw bao.
Véi cong tac dw 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 (ye1, ye-2, .. yep) duoc biéu dién bang cong thirc toan hoc sau day dé du bo chudi thoi gian.

p
q
ye=ao-+y ajf (WOj-i-ZWijyt —i)+e  (9)
i <

i=1
Vé6iai(j=0,1,2, .. q)la do léch (bias) tai don vi tht j cia tAing dn,vaw;; (i=0,1,2,..,p;j=0,1, 2,..,, q) 1a cic
trong s6 dwong ndi gitra cac tAing ctia mang ANN, f{.) 1a ham truyén (transfer function) tai ting 4n, thi du nhw
ham sigmod f(x) = 1/(1+exp(-x), p la s6 nut & ting nhip va q la s6 nit & ting 4n. Thyc té, mé hinh ANN v&i cong
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thirc (9) thwc hién mot dnh xa phi tuyén tir nhitng quan sat trong qua Khit (ye1, ye-2, ..., yep) thanh mot tri dw bao
trong twong lai (y), tirc la:

X

Input Hidden Output

Layer Layer Layer

Hinh 1. Mang ANN ba tdng véi N no ron tdng nhdp, H no ron tdng dn va M don vi ddu ra

Ve = @ Ve, Yezoooos Yepr W) + € (10)
Véi w 1a vector chira tit ca cac thong s6 cia mang, ¢ 1a ham x4p xi dwgc xac dinh bdi ciu tric mang va céc trong
s6 ctia cac dwong néi va e, 1a sai s6 dw bdo tai thoi diém ¢t.

Viéc str dung ANN dé du bao chudi thdi gian ham y ring s6 don vi tAng nhap gin lién v&i s gia tri trong qué khir
ma dd dé nhan dang ra dién tién clia cAc bwéc twong lai. Ve s6 lwong nit & ting nhap, van chwa c6 ly thuyét nao
gitp x4c dinh dwoc s6 nit ndy mot cach thich hop. Nhung trong cong trinh [19], Hamzagebi khuyén nghi rang s6
nit & ting nhap nén bing véi dé dai mua s dé du bao t6t hon ddi véi chudi thoi gian ¢6 tinh mua, thi du, 12 déi
vGi dir liéu hang thang c6 dé dai mua 13 12 thang, 1a 4 d6i véi dir liéu hang quy cé d6 dai mua 1a 4 quy.
Hamzacebi dit tén mo6 hinh ANN d3c biét nay 1a ANN cé tinh miia (Seasonal ANN), viét tit 1a SANN. Trong bai b4o
[19], Hamzagebl da so sanh hiéu qua ctia SANN v&i mo hinh ARIMA c6 tinh mua trén bén bd di liéu chudi thoi
gian mAu va tim thidy SANN dem lai hiéu qua dw bao t6t hon md hinh ARIMA c6 tinh mua trén da s6 ctia bén bo
dir liéu nay. Két ludn quan trong rut ra tir cong trinh [19] 1a SANN c6 thé dw bao thanh cong chudi thoi gian co
tinh mua ma khéng can phai khir thanh phan mua ra khéi chudi thoi gian trong mét buéec tién xi 1y.

D. CACH FO°C L'ONG PO DAI MUA CHO CHUOI THO'I GIAN CO TINH MUA

Pé kiém tra c6 sw hién dién cda tinh mua cling nhw wéc lwgng do dai mua trén mot chudi thoi gian, ching ta phai
xem xét cac vi tri tng v&i cac d6 tré (lag numbers) ctia nhitng hé s6 twong quan (correlation values) trén biéu do
ham tw twong quan (Auto-corelation Function - ACF). Y twdng chinh 13 ching ta tinh nhitng khodng cach Ad giira
nhitng vi tri k€ ti€p nhau cla cac gia tri ¢ tin s cao trong biéu dé6 ACF. Néu c6 nhiéu lan xuit hién véi cung
khodng cach, khoang cach Ad xuit hién thwong xuyén nhat sé dwoc chon 1am dd dai mua, dwa vao nguyén tic da
s6.

Phwong phdp wéc lwgng dé dai mtia ma dwa vao biéu dé6 ACF néu trén dwoc dé xuit bdi Ngoc Tran nim 2003
[20]. Phwong phéap nay bao gom cac bwérc sau:

1k 4
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Hinh 2. Phdt hién dé dai mua dwa vao biéu dd ACF

Thuec hién tinh sai phan trén chudi thei gian.

Tinh va vé& biéu do ACF cho chudi thoi gian d4 14y sai phan.

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

Tinh khodng cach gitra nhitng vi tri ké tiép ctia nhirng diém tin s6 cao.

Khoang cach xuit hién thuwdng xuyén nhit sé dwgc chon 1a dd dai mua. Hinh 2 minh hoa mot thi du vé mot biéu
dd ACF véi pham vi dd tin cAy 98%. Chiing ta chon cac vi trf nim ngoai dwdng bao v&i pham vi do tin cay 98% va
c6 dwoc 14 vi tri dau tién cia nhirng diém tin s6 cao, nhw dwoc néu trong Bang 1.

Bang 1. Thi du vé cdc khodng cdch ctia nhieng diém tdn sé cao
Vitritins6 |0 1 2 8 10 20 30 40 50 60 68 70 80 90
cao

Khoang 1 16 2 10 10 10 10 10 8 2 10 10
cich

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

III. TINH HUONG NGHIEN CU0’'U

Dit liéu dwoc dung trong nghién cru nay 1a tir Phong cdp cru ctia Bénh vién Pa khoa khu vwc Ct Chi, Thanh phé
H6 Chi Minh thu thip hang ngay tir ngay 01 thang 01 ndm 2018 dén 31 thidng 12 nim 2020 véi téng s6 75511
bénh nhan. Nhw vay c6 tit ca 1095 gia tri quan sat trén chudi thoi gian. Gia tri trung binh cta lwgng bénh nhan
cap ctru hang ngay 1a 68, gia tri t6i thiéu 1a 7 va gia tri t6i da 1a 122. Hinh 3 minh hoa dwong biéu dién ctia lwong
bénh nhan cip ciru hang ngay trong 3 nim tir nim 2018 dén nam 2020. Tr Hinh 3 bang truc quan, ching ta c6
thé cdm nhan duoc tinh khéng dirng (nonstationary) ctia chudi dit liéu. Mdt chudi thoi gian cé tinh khong dirng
khi gi4 tri trung binh va d6 léch chuin khéng c6 dinh ma bién thién khi thoi gian thay déi.
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Hinh 3. Pwdng biéu dién lwong bénh nhdn cdp ctru hang ngay tir ngay 1 thdng 1 ndm 2018 dén 31 thdng 12 ndm 2020.

Bénh vién Pa khoa khu vyc Ca Chi la bénh vién hang 2 trwc thudc S& Y té€ Thanh Pho 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 ¢6 nhiéu khu cong nghiép
véi qui mo cong nhan 16mn.

Hinh 4 trinh bay dwong biéu dién lwgng bénh nhan cdp ciru hang ngay trong mot thang tir ngay 01 thang 01 nim
2018 dén ngay 30 thang 1 ndm 2018. Tir Hinh 3 va Hinh 4 ching ta c6 thé thiy lwgng bénh nhan cip ciu hang
ngay bién thién rit 16n, c6 khac biét nhidu vao dip cudi tuin va nhitng ngay nghi 1&. Ngoai ra, sw bién thién c6
tinh mua dwoc nhan dién véi théi doan 1a mot tuan 1é.
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D& phat hién tinh mua cta b6 dit liéu nay, ching tdi 4p dung phwong phip di dwoc mé ta & Tiéu muc I1.D va da
phat hién chudi thoi gian nay cé tinh mua véi do dai mua 13 7. Biéu dd ACF ma trén do6 ching toi xac dinh dwoc
do6 dai mua ciing dwgc trinh bay & Hinh 5. Chung toi xay dwng dwoc biu do ACF cho chudi thoi gian nay véi sw
hé trg clia phan mém R.
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Hinh 4. Pwdng biéu dién Iwong bénh nhdn cdp citu hang ngdy trong mét thdng tir ngay 01 thdng 01. 2018 dén ngay 30
thdng 01. 2018
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Hinh 5. BJ dai mia ctia bd div liéu va biéu do ACF twong ting

IV. KET QUATHU’C NGHIEM

Nhuw di dé cap & Muc II, mé hinh ARIMA c6 tinh mua, mé hinh Holt-Winters va mé hinh SANN dwoc hién thuc va
thir nghiém trong c6ng trinh nay. Ching t6i hién thwc cd ba m6 hinh bing ngdn ngir R. R 1a mdt ngdn ngtr va moi
trwong 14p trinh cho nhitng tinh todn xac xuit, d6 hoa va cung c4p nhiéu cong cu phan tich dit liéu chudi thei
gian [21]. Lwu y, chi dw bdo mdt bwéc (one-step ahead forecasting) dwoc thwc hién trong nghién ctru nay.

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

Trong nghién ctu nay, sai s6 phan trim tuyét ddi trung binh (mean absolute percentage error - MAPE) duoc
dung lam tiéu chi danh gia. Sai s6 MAPE dwoc dinh nghia nhu sau:

mapg =131l (11)
n'= Y

v&inla s6 diém dit liu cta chudi thoi gian, y, gia tri thwe s tai thoi diém ¢ va P, 1a gia tri dw bao tai thoi diém ¢.
Sai s6 MAPE l1a mot d6 do twong ddi. MAPE 1a mot gia tri thong ké bat bién d6i véi bién do clia chudi thoi gian ma
biéu dién sai s6 nhw 12 mot tri phan tram (percentage). M6 hinh sé& dat dd chinh xac dw b4o cang cao khi MAPE
cang tién gin dén 0%.

B. XAC PINH THONG SO CHO CAC MO HINH

Viéc x4c dinh nhirng gia tri thong s6 tét nhit cho md hinh ARIMA dwoc thwc hién bang cach phan tich biéu do
ham tw twong quan (autocorrelation function - ACF) va biéu d6 ham ty twong quan riéng phan (partial
autocorrelation function -PACF). V&i sw hé tro cia hAm AUTO.ARIMA() trong phan mém R, ching tdi xac dinh
dwoc mo hinh thich hop nhat cho tip huln luyén cta dit liéu lwgng bénh nhan cip ctu la (1,0,1)(1,0,0)[7]. Cling
sw hd trg clia phan mém R, ching tdi xac dinh dwoc ba thong s6 «, fva ¥ cho md hinh Holt-Winters d6i véi dit
liéu lwgng bénh nhan cdp ctu. Gia tri thdp cia a ( =0.11922) cho thdy bd dit liéu c6 tinh ngiu nhién
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(randomness) kha cao, gia tri rat thip ctia B (= 0.00225) cho thiy xu hwéng (ting hay gidm) cia bo dir liéu
khong dang ké va gia tri trung binh cta y (= 0.06) cho thiy bo dit liéu nay thwc sy c6 tinh mua. V&i cd ba mé
hinh, chiéu dai mua dwgc gan gia tri 7 nhw da néu & Muc II1. S6 don vi & ting nhip ciia mang SANN ciing dwoc
gan gia tri 7. S6 don vi & tAng 4n cta SANN dwogc xac dinh thong qua nhiéu lAn thwe nghiém. Cac gia tri thong so
thich hop nhit cho cd ba mé hinh dwoc trinh bay & Bang 2. Kién tric clia mang no ron SANN dwgc minh hoa &
Hinh 6.

Chubi thei gian lwgng bénh nhan cip ciru hang ngay dugc chia lam hai phan: phan huin luyén va va phan kiém
thtt. Ching toi str dung 80% diém dit liéu dau tién trong chudi th&i gian cho phan huin luyén va 20% con lai cho
phan kiém thir. CAc mo hinh dw bdo dwoc kiém thit trén phan kiém thi va tinh ra dd do hiéu qua du bao.

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

Mo hinh Cac thong so

ARIMA c6 tinh mua | (1,0,1)(1,0,0)[7]

Holt-Winters a:0.119221, $: 0.002250993, y: 0.06212727
Chiéu dai mua: 7

SANN 7-7-1
Chiéu dai mua: 7
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Hinh 6. Kién tric cia mang SANN

C. KET QUA THU'C NGHIEM
Két qua thwc nghiém dwgc trinh bay & Bang 3. Cac sai s6 dw bAo MAPE ctia ba mé hinh dw bao dwoc ghi & c6t 2
cta Bang 3.
Tir két qua thwe nghiém, ching ta cé thé thiy hiéu qua dw bao cla cd ba mé hinh déu twong ddi t6t va sai sd dw
bao clia SANN la thip nhit. Sai s6 MAPE cta SANN 1a 12.74 %. Diéu d6 cho thdy mé hinh SANN la mé hinh tét
nhit trong s6 ba md hinh d€ chon d€ dw bao lwgng bénh nhan cip ctru hang ngay tai bénh vién. Ly do chinh cta
diéu nay 12 mo hinh SANN vé&i kha ning c6 thé ndm bt cac thanh phin tuyén tinh va cac thanh phin phi tuyén
trén chudi thoi gian da tao ra mot hiéu tng két hop va do d6 cai tién dwoc hiéu qua dw bao. Phat hién nay nhin
manh gia tri hiru ich cla viéc sit dung mang no ron SANN dé€ dw bao lwgng bénh nhin cip ciru tai bénh vién.

Bang 3. Két qud sai sé dw bdo ctia ba mé hinh

M6 hinh Sai s6 dw bAo MAPE

ARIMA cé tinh mua | 13.31109

Holt-Winters 12.84018
SANN 12.74151
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Hiéu qua duw bo ctia ba md hinh dwgc x€p thir tw nhw sau: SANN t6t hon Holt-Winters va Holt-Winters tét hon
ARIMA c6 tinh mua.

Ghi cht: Néu doc gia c6 yéu cau st dung bd dit liéu trong céng trinh nay dé nghién ctru, déc gia cé thé lién hé véi
mot trong hai tac gia cda bai bao nay.

V. KET LUAN

Nghién ctru nay cho thdy lwong bénh nhan cip ctru hang ngay dwoc dic treng héa bing nhirng bién thién c6 tinh
mua va mau bién thién hang tuin. Ngoai ra, nghién ctru nay cho thiy cac m6 hinh dw b4do ma c6 thé xtt 1y chudi
thoi gian ¢6 tinh mua déu c6 thé dwoc dung d€ dw bio lwong bénh nhin cip ciru tai bénh vién. D6 chinh xac dw
bdo tuy thudc vao moé hinh dw bdo dwoc st dung. Trong phin thwc nghiém véi bo dir liéu lwgng bénh nhan cip
ctru tai Bénh vién Pa khoa khu vuc Ca Chi, chiing t6i danh gi4 so sdnh ba mé hinh dw bdo va rit ra két luan: mé
hinh mang no-ron SANN dem lai chit lwong dw bdo t6t nhit so véi moé hinh ARIMA c6 tinh mta va m6 hinh Holt
Winters. Ngoai ra, mo hinh Holt-Winters dw bao t6t hon ARIMA c6 tinh mua.

Tuy nhién, nghién ctu nay chi mé&i thuc hién viéc du bdo mét bwéc (one step ahead forecasting) tic 12 thm dw
béo chi la mot ngay, nhw vy nhitng tim dw bao khéc ciing cin dwoc thwe nghiém dé xac nhan tinh hiéu qua cta
ba m6 hinh dw bdo néu trén véi nhitng tim dw bdo khac nhau nay. Ngoai ra, ba mo hinh dw bio néu trén ciing
can dwgc thuc nghiém thém véi cac bd dir liéu lwong bénh nhin cip cru tai mot sd bénh vién khac dé co thé
khang dinh hon nita tinh hiéu qua cia ba m6 hinh d8i v&i bai todn duw bao day thach thirc ndy. Ba 13, chung toi dw
dinh cai tién hon nita ba mé hinh duw bao néu trén bang cach ap dung chién lwoc phdt hién va khir bdt thwdng
(anomaly detection and repair) trwéc khi tién hanh dw bio vi bo dit liéu lwong bénh nhan cip cttu c6 thé chira
cac mAu bat thuong va digu nay thuong 1am suy gidm hiéu qua dw bao [22, 23].
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FORECASTING DAILY PATIENT ARRIVALS IN THE EMERGENCY
DEPARTMENT: A CASE STUDY
Nguyen Tan Phat, Duong Tuan Anh

ABSTRACT— The goal of this study is to analyze the performance of three forecasting models in predicting daily patient
arrivals in the emergency department (ED). Due to the fact that emergency patient flow is highly uncertain and
dynamic, this forecasting problem is a challenging task. We tested different time series models to forecast ED daily
patient arrivals at General Hospital of Cu Chi Area in Ho Chi Minh city, Vietnam. Forecasting models tested in this
work are seasonal multiplicative Holt-Winters (HW), autoregressive integrated moving average (ARIMA) and seasonal
artificial neural network (SANN). The experimental results show that all the three models bring out acceptable
predictive accuracy and SANN is the best model for forecasting emergency patient arrivals in the selected hospital. The
MAPE of SANN model is 12.74 %.

Keywords— forecasting, emergency patient arrivals, Holt-Winters, seasonal ARIMA, seasonal ANN.
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