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Tém tit

Trong béi canh dit liéu han ché, 1y thuyét hé thong
Grey cung cdp cdch tiép cdn dir bdo hiéu qua.
Nghién cvru nay ap dung mé hinh Grey GM(1,1) -
mot mé hinh d bao béc nhdt don bién - dé du
bdo nguén nhdn luc nganh hang hdi Viét Nam
giai doan 2020-2024 va mo rong dy bao dén nam
2029. Mé hinh dwoc trién khai trén Microsoft
Excel nham tén dung cac ham tich hop, thé hién
wu diém vé tinh don gian va tién dung. Két qua
cho thd'y GM(1,1) dat do chinh xdc cao
(MAPE<5%), khang dinh tinh kha thi va hiéu qua
ciia phirong phdp ndy trong di bdo sé6 heong
thuyén vién Viét Nam.

Tw khéa: Dy bao, mo hinh Grey, Microsoft Excel,
GM(1,1), mé hinh dy bao.

Abstract

In situations of limited data, Grey system theory
provides an effective forecasting approach. This
study applies the Grey GM(1,1) model - a
first-order one-variable forecasting model - to
predict Vietnam's maritime human resources for
2020-2024 and extend the forecast to 2029. The
model is implemented in Microsoft Excel using
built-in functions, demonstrating advantages in
simplicity and ease of use. Results show that
GM(1,1) achieves high accuracy (MAPE<5%),
confirming the feasibility and effectiveness of this
method in forecasting the number of Vietnamese
seafarers.

Keywords: Grey models, seafarers, prediction,
Microsoft Excel, GM(1,1).

1. Pit van dé

Ly thuyét hé théng Grey (Grey System Theory -
GST) duoc gido su Deng ngudi Trung Qudc dé xuat
vao nam 1982, nham nghién ctru cic hé thong thong
tin khong chic chin va khong day du véi luong dir

liéu nho [1]. Sau gan 30 nim phat trién, GST da tr&
thanh mot linh vuc khoa hoc doc lap, g6m cac
phuong phap phan tich, danh gia, mé hinh hoéa, du
doan, ra quyét dinh, diéu khién va tdi uu hoa. Diém
manh cua GST la kha nang xdy dung cac m6 hinh du
bao dang tin cay tir cac b dit li¢u han ché [2].

GST dugc g dung rong rii trong nhiéu linh vyc
nhur cong nghiép, giao thong vén tai, kinh té, gido duc,
moi truong, giup cai thién va nang cao hi€u qua quan
ly. Tai Viét Nam, mdc du GST dd duoc ung dung
trong mot s6 linh vuc nhim dy doan s licu quan ly,
nhung van chua phd bién rong rdi, gdy khé khan cho
giang vién va sinh vién trong viéc tiép can tai liéu.

Trong céac nghién ctru trudc, tac gia tung ap dung
mé hinh Grey GM(1,1) dé dw bao ngudn nhan lyc
nganh hang hai qua ting giai doan.

Tuy nhién, do chwa ¢6 phin mém chuyén dung
cho m6 hinh GM(1,1), nhom tac gia da xay dung
chuong trinh tinh toan dy bdo dwa trén Microsoft
Excel, gitip ing dung GST dé dang va hiéu qua hon.

Tai nghién cuu nay, nhéom tac gia xay dung mot
quy trinh tinh toan rd rang, tryc quan va dé dp dung
hon, duoc t6i uu héa riéng cho dir liéu lién quan t6i
linh vuc hang hai (ddc biét 1a s lidu vé nhan lyc
thuyén vién), diéu ma chwa c6 nghién ciru nao trude
day dé cap va thuc hién chi tiét.

2. Téng quan vé mé hinh Grey GM(1,1)

2.1. So sanh mé hinh dw bdao Grey GM(1,1) vdi
cdc mo hinh dw bdo khdac

Mo hinh GM(1,1) ¢6 uu diém nbi bat 1a kha ning
xtr 1y tt dir liéu nho, khong yéu cau chudi phai tuan
thi cac gia dinh thong ké nhu tinh dimg hay phan
phdi chuén. Pay 1a lgi thé rd rét khi so voi cac mod
hinh théng ké truyén thong nhu ARIMA hoic cac mo
hinh hoc may vén doi héi lwong dit liéu 16n va quéa
trinh huan luyén phtc tap.

ARIMA thuong can chudi dai va 6n dinh dé xac
dinh bac mé hinh va kiém dinh tinh dung. Trong khi
d6, mo6 hinh hoc may nhu mang no-ron (ANN) lai

SO 83 (08-2025)



TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

JOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

doi hoi tap dir liéu hudn luyén 16n dé tranh quéa khép
(overfitting). Nguogc lai, GM(1,1) chi can tir 4-5
diém dir liéu van c6 thé du bao hidu qua, dic biét
trong diéu kién dir liéu thiéu hodc bién dong khong
rd quy luat.

Tuy nhién, GM(1,1) ciing ¢6 han ché nhat dinh,
nhu gia dinh xu hudng don di¢u (tang hodc giam
déu) va chua phan anh tét nhimg dao dong manh
hoic thay ddi cau triic xu thé. Dé cai thién, c6 thé két
hop mé hinh GM(1,1) v6i cac phuong phap khac
nhu Markov hodc hdi quy.

Trong nghién ctru nay, viéc st dung GM(1,1) la
phii hop vé6i dic diém dir lidu thuc té vé sd lugng
thuyén vién Vi¢t Nam, gitip dat dugc do chinh xac
cao ma van dam bao don gian trong tinh toan, dic
biét khi trién khai bang Microsoft Excel.

2.2. Ly thuyét hé thong Grey (Grey System
Theory - GST)

Ly thuyét hé théng Grey 1a mot 1y thuyét xir 1y
cac hé théng thiéu thong tin, khong chéc chin, duoc
phat trién nham hd trg phan tich va dy bao trong diéu
kién thong tin han ché [3]. Ly thuyét hé thdng Grey
chu trong vao nhiing tinh hudng khi cac thong tin chi
duoc biét mot phén, khong r6 rang, hodc dir li€u
khong du 16n dé ap dung cic md hinh thong ké
truyén thong [4], [5].

Céc yéu tb chinh cua 1y thuyét hé théng Grey:

Grey numbers (S6 Grey): Cac sb biéu dién
thong tin chua chic chan, khong rd rang hoic
khong day du.

Grey relational analysis (Phan tich quan hé Grey
- GRA): Phuong phap phan tich mic d¢ lién quan
giita cac yéu td khac nhau trong mot hé théng nham
dua ra quyét dinh hiéu qua.

Grey prediction (Dy bao Grey): St dung cac mo
hinh dy bao nhu GM(1,1) dé dy bao xu hudng twong
lai dua trén dir liéu it oi.

2.3. Mjt sé cong trinh nghién ciru 6 cdc linh
viee da ap dung mé hinh GM(1,1)

1. Dur bdo nhu cau dién nang

Nghién ctru cia Hsu & Chen (2003) trong
Applications of improved grey prediction model for
power demand forecasting cho thdy viéc di st dung
mo hinh GM(1,1) céi tién dé du bio phu tai dién
ning ¢ Pai Loan véi sai s6 thip hon 5% [6].

Nghién ctru nay c6 thé ap dung GM(1,1) trong
cac dia phuong chua co dir li¢u dién nang dai han dé
hd tro diéu d6 va quy hoach ngudn dién.

2. Dy bao luu lwong giao thong, phuwong tién

Nghién cuou cia Lu et al. (2009) trong The
forecast of motor vehicle, energy demand and CO;
emission from Taiwan's road transportation sector
cho thiy viéc ing dung GM(1,1) dé du bao s luong
phuong tién giao thong va murc phat thai CO: tai Dai
Loan [7].

Nghién ctru nay phu hgp véi cac d6 thi Viét Nam
khi dit liéu lich st chua ddy du, nhung can du bao dé
diéu chinh quy hoach ha tang.

3. Du bdo nguon nhan lic cdc nganh khéc

Nghién ctru cia Min-Chun Yu, Nguyen-Nhu-Y
Ho, Chia-Nan Wang (2016) trong A Grey
Forecasting  Approach  for the Sustainability
Performance of Logistics Companies thi GM(1,1) da
duge nhom tac gia ung dung trude diy dé du bao
nhan lyc trong nganh logistics, va cac nghién ctru
qudc té da dung Grey dé du bao luc lwong lao dong
trong y té, gido duc, nong nghiép [8].

Nghién ctru ndy rat hitu ich tai Viét Nam trong
bdi canh thiéu hé théng dir liéu déng bd vé nhén sy
nganh nghé - GM(1,1) ¢6 thé 1a cong cu khoi dau
cho hoach dinh ngudn nhén luc nganh gido duc, y té,
xdy dung,...

4. Dy bdo ton kho, san lwong, doanh thu trong
doanh nghiép

Nghién ctru ctia nhom tac gia Damur Rochman,
Didit & Akbar, Muhammad & Maulana, M & Hafizh,
Akbar & Kustiawan, Megasani (2021) trong
Application of Grey model GM(1,1) for forecasting
production of retail products in indonesian national
package delivery companies cho thiy cac doanh
nghiép nho khong ¢ hé thong dir lidu 1on c6 thé sur
dung GM(1,1) dé wdc lugng ton kho san pham theo
mua, san lugng ban ra, hay dong tién hang thang -
ddc biét khi chi c6 4-5 diém dit liéu du ky [9].

5. Dy bao cac chi tiéu moi truong hodc strc khoe
cong dong

Nghién ctru cia Wu X, Xiong P, Hu L, Shu H
(2022) trong Forecasting carbon emissions using
MGM(1,m|2,y) model with the similar meteorological
condition cho thdy GM(1,1) dugc ding dé du bao
lugng phat thai, 6 nhiém khong khi, ti 1¢ tir vong do
bénh trong diéu kién thiéu dit liéu dai han - déy la
céc chi tiéu c6 do tré va kho thu thap, rat phu hop véi
mo hinh dt li¢u nho nhu Grey [10].

Ngodi ra, mot s6 nghién ctru trude day da ap dung
mo hinh GM(1,1) tinh toén trén ph?m mém Microsoft
Excel dé tim két qua dya doan. Tuy nhién v6i nghién
clru ndy, nhom tac gia di c6 nhimg diém méi khac
biét vai cac tac gia trude ¢ nhiing ndi dung sau:
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Thir nhat, bai bao bd sung cach danh gia do chinh
x4c cua md hinh du bio GM(1,1) bing cac chi sb
RMSE, MAE, MAPE 15 rang trén Excel, dong thoi
dua ra huéng din cu thé va chi tiét hon so vdi cac
nghién ctru trude do6, gitip nguoi dung dé dang ap
dung truc tiép ma khong can cac phan mém thong ké
chuyén dung.

Thir hai, tinh khac bit con dugc thé hién & viée
tng dung mé hinh Grey GM(1,1) dé du bo cu thé

cho s6 lidu thuyén vién Viét Nam giai doan 2020-2029.

Pay 1a ndi dung hoan toan moi, lan dAu tién duogc
cong bd trong linh vuc nghién ctru hang hai, va chua
timg dugc cac nghién ctru trude dé cap hodc nghién
ctru chi tiét.

2.4. M6 hinh du bao GM(1,1)

Mb hinh Grey GM(1,1) chi ¢6 thé sir dung trong
chudi dir liéu duong, dé dang tinh toan va do chinh
xé4c cao. Pay 1a mot mo hinh du bao chudi thoi gian
va duoc thiét 1ap dya trén phwong trinh vi phan bac
nhat [3].

Ta c6 chudi dir lidu thé dwong dugc biéu thi nhu
sau:

X© = (xO(1),x92),..xOW);n = 4 (1)

Bing phuong phap tich lity tién ta xac dinh duoc
x:

X0 = (x00),x0(@), .xD(m); n 24 )

véi xD (k) =3k x°@);k=1,2,..n

Thiét 1ap md hinh dy bao Grey nhu sau:
®
204 axM(e) = b 3)
Trong d6 a va b 1a hai tham s6 chua biét, can wéc
luong tur dir lidu.
Khi xét trong mién roi rac tai tai cac diém k =
2,3, ...n ngudi ta ding phép xap xi:
dxD (1)

x©O (k) =~ xO(k) —xD(k—1) = —

“

t=k
DPong thoi, x (k) dugc iy gia tri trung binh
1an can giita 2 thoi diém dé 1am noi suy nhur sau:

2 (k) = % [xD0) +xP%k -] 6

Ap dung (4) va (5) vao (3) ta dugc:

xOk)+az®(k)=b (6)

Tir phuong trinh (6) véi k = 2,3,...n ta dua vé
dang tuyén tinh:

—zW).a+1.b = xO(k) (7)

Khi xét cho toan bd cac k tir 2 dén n, tap hop lai
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thanh hé phuong trinh:
[—z@)(z) 1] [x(0>(2)]
_Z(l)(g) 1 (0)(3)
- 5] =| ®
[EY (n) 1l Lx(© (n)J
Trong do:
x(o)(Z)
Vector Y = x0(3) ; ©
x© (n)
[-z®(2) 1]
Matrdn B = -zV(3) 1| (10)
l-z0@y 1

Tinh céc tham sé a va b theo phuong phéap binh
phuong tdi thiéu:

5] = @™B)BTY (11)

Cong thure tinh cac gia tri du bao ciia md hinh tai
thoi diém k:

X0 +1) = (O -2 e +2  (12)

Sau do, lfiy hiéu dé thu duoc gia tri du bao géc:
XOU) =XD (k) — XD (k - 1) (13)

Trong do:

X©: Chudi gia tri gbc (thuc té);

X@: Chudi tich liy cip 1 (AGO);

zMW(k): Gia tri trung binh gitta x@ (k) va
xD(k —1);

a, b: Tham s6 mé hinh (do suy gidm va gia tri dich);

X©: Gia tri du béo.
3. Xay dung cach tinh toin cia mo hinh dw
bao GM(1,1) trén Microsoft Excel

3.1. Tiéu chi danh gia dj chinh xdc cho cdc
mé hinh dy bdo

Dé kiém tra do chinh xéc, sai s phan trim
trung binh tuyét d6i (Mean Absolute Percentage
Error - MAPE) dugc sit dung nhu mét trong nhirng
thuéc do dugc st dung rong rai dé danh gia do
chinh xac cua phuong phap du bao [11]. MAPE
cang nho cho két qua du doan cang tét va cong
thirc tinh nhu sau:
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@) -% @)

1
MAPE = =37 *— 5

x 100% (14)

v6i n 1a s6 lwong gia tri quan sat, k = 0,1,2,3...n,
n+l,...

Céc tiéu chi MAPE dugc thé hién nhu & Béang 1.

Bdng 1. Cac tiéu chi MAPE

MAPE (%) KET QUA
<5% Rét chinh xéc
5%~10% C6 thé chép nhan
>10% Khong thé chép nhan duoc

3.2. Thu thip sé ligu va giGi thigu mét sé ham
str dung trén Excel trong qud trinh tinh todn

Bo dit liéu dau vao 1a téng s6 liéu thuyén vién
Viét Nam giai doan 2020-2024 duoc chi ra & Bang 2.

Bing 2. 86 lwong thuyén vién Viét Nam giai doan

2020-2024
Niam S6 hrgng thuyén vién (nguoi)
2020 47.312
2021 50.252
2022 57.539
2023 62.900
2024 65.033

Nguén: Cuc Hang hai Viét Nam

S6 lidu duoc théng ké trong vong 05 nim va
duogc chon d¢€ sir dung cho viéc tinh todn md hinh dy
bao GM(1,1) trén phan mém Microsoft Excel.

Sau khi ¢6 6 liéu, nhom tac gia nhap dir liéu vao
bang tinh Excel va sit dung mét sO ham lién quan
trong qua trinh tinh toan [12]:

* Ham TRANSPOSE

Chirc niang ciia ham TRANSPOSE la dé hoan doi
dir liéu tr hang thanh c6t cia mdt mang hodc mot
pham vi trén mdt trang tinh, va nguoc lai.

Cu phap: TRANSPOSE(array);

* Ham MMULT

Chtc nang ctia ham MMULT: La nhan hai ma
tran v&i nhau.

Cu phap: MMULT (array1, array2);

* Ham MINVERSE

Chirc nang ctia ham MINVERSE ding dé chuyén
d6i ma tran thanh ma tran nghich do.

Cu phap: MINVERSE(array).
3.3. Xdy dwng cdc bwéc tinh todn trén
Microsoft Excel

Chi tiét cac budc thyc hién trén phﬁn mém

KHOA HOC - CONG NGHE

Microsoft Excel (minh hoa cac budc duoc thé hién
tai Phy luc) nhu sau:
Tao chudi ban dau:
X© = (47312;50252;57539; 62900; 65033)
Thyc hién phép cong don cép 1 (AGO) dé thu
duoc chuoi:
XM = (47312;97564; 155103; 218003; 283036)
XM =x©(1) = 47312
XM@) =x©O) + x©(2) =97564
XP(3) =XxO) + X©O2) + X©(3) = 155103
XD(4) =XxO1) + X©2) + XO3) + x©O(4)
= 218003
XD(G) =XxO) + XO2) + X©3) + X©O(4)
+ x©(5) = 283036

Tinh gia tri trung binh giita 2 thoi diém lan cén:

1
zM(2) = 5(47312 +97564) = 72438
1
zM(@3) = E(97564 +155103) = 126333.5
1
zM(4) = > (155103 + 218003) = 186553

1
zW(5) = > (218003 + 283036) = 250519.5

Dé tim a va b, cac gia tri chudi tai budc 2 va
budce 3 thay vao phuong trinh (6):

50252 +a x 72438 =0b
57539 +a x126333.5=5H
62900 + a X 186553 = b
65033 + a x 250519.5 =D

Chuyén doi cac phuong trinh tuyén tinh thanh
dang ma tran:

[ —72438

—126333.5|,
—186553 |’
|—250519.5

B =

)
I
—

bl

[50252
57539
62900
165033

Theo phuong trinh (11), 4p dung phuong phap
binh phuong tdi thiéu ta c6:

[Z] — 0= (B"B)"'BTY = [—0.082766216]

45774.39955
Sau khi tim dugc a va b ta ap dung vao phuong
trinh (3):
dx®

T (—0.082766216) x xM) = 45774.39955
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Pé tim gia tri du béo ta st dung phuong trinh
(12). Thay thé cac gié tri k vao phuong trinh (12) ta
duoc:

XM(1) = 47312

XM(2) =99116.5

XM(3) =155391.1

XM(4) = 216521.5

X(5) = 282926.7

XM (6) = 355061.9

XM(7) = 433421.5

XM(8) = 518542.5

sl il il il o i I o
Il
(A |V |h (W IN|—|O

XM (9) = 611008.4

o~
Il
Ne)

XM (10) = 711453.1

Két qua tinh toan két qua du bao theo cong thirc
(13) duoc ghi lai theo Bang 3 cho gia tri du doéan (P)
dbi véi cac nam da co6 du lidu gbe (2020-2024) va
cac 05 nam tiép theo giai doan 2025-2029.

Dé tang do tin cdy, tac gia tién hanh kiém tra cac
diéu kién ap dung GM(1,1) trén dit liéu va danh gia
sai s6 ndi tai cuia mo hinh:

Kiém tra ty s6 cap (grade ratio test) [13],[14]:
Pay 1a tiéu chi kiém tra nhanh tinh hop 1& cia mo
hinh GM(1,1). Véi diy sé goc x©@, 1a sé lidu
thuyén vién tai nam t, tinh cac ty s6 y, = x_4y/
x(© . Diéu kién dé GM(1,1) cho két qua tot 1a céc
¥, nam trong khoang (0.3, 3.0) [4],[5]. Poi véi dir
lidu thuyén vién:

Y2021 = 47312/50252 =~ 0.94;

Y2022 = 50252/57539 =~ 0.87;

Y2023 = 57539/62900 =~ 0.91;

V2024 = 62900/65033 = 0.97;

Tat ca déu nim trong khoang 0,3-3,0, tham chi
gan 1, chimg t6 chudi dir liéu c6 tinh don diéu twong
dbi va phu hop cho GM(1,1). Piéu nay dap ung gia
dinh vé& “hé thdng Grey” - tirc khong c6 bién dong
dot ngdt qua 16n phé vo xu hudng.
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H Value (V) = Prediction (P)

100,445

1
50,252
51,804
57,539
56,275
61,130
66,405
72,135
78,360
85,121
92,466

— 47

47
—
——— 62 900
I 65!()33

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Hinh 1. 6 liéu thuyén vién thuc té va duw dodn

Panh gi4 sai s6 noi tai: Nhom tac gia da tinh
MAPE trong ndi by giai doan 2020-2024 ma mo
hinh GM(1,1) hdi t6. Két qua MAPE khoéng 2,04%,
thugc murc “rat chinh xac”. Ngoai ra, tit ca sai sb
tuyét d6i cac nam 2021-2024 déu dudi 3%. Sai sd
thdp nay khing dinh m6 hinh GM(1,1) khép t6t voi
xu huéng dir liéu da c6. D9 tin cay cia mo hinh khi
ding dé ngoai suy vi viy & mirc chip nhan dugc cho
du bao ngén han (vai nim sau 2024).

Dua trén biéu dd so sanh s liéu thuyén vién Viét
Nam giai doan thuc té 2020-2024 va du bao 2020-2029
(Hinh 1) ching ta ¢6 thé thay dugc nhu sau:

- Twong ddng giita thyc t& va dyu bao: Trong giai
doan 2020-2024, duong du bao GM(1,1) bam kha sat
duodng quan sat thuc té, thé hién qua sai sb6 du bao
thép (khoang 2-3%). Diéu nay khing dinh mo hinh
Grey GM(1,1) du doan twong ddi chinh xac ngay ca
khi dit liéu déu vao han ché.

- Xu huéng tang truéng 6n dinh: Dit liéu thyc té
va duong du bao déu phan anh xu hudng ting déu
ctia s6 luong thuyén vién. Sau nim 2024, két qua du
bao tiép tuc duy tri quy dao di 1én, cho thiy kha ning
quy md nhan lyc hang hai s€ vugt mrc 70.000 nguoi
vao nam 2025 va c6 thé cham ngudng 100.000 ngudi
vao nam 2029.

Bdng 3. Két qud tinh todn ciia mé hinh GM(1,1)

.. o R . ; Sai s6 phin trim Sai s6

Nam Gia tri k Gia tri goc (V) Gia tri du doan (P) e AGO
(%) tuyét doi

2020 0 47,312 47,312 0.0000% 0 47,312
2021 1 50,252 51,804 3.0894% 1,552 97,564
2022 2 57,539 56,275 2.1975% -1,264 | 155,103
2023 3 62,900 61,130 2.8133% -1,770 | 218,003
2024 4 65,033 66,405 2.1100% 1,372 | 283,036
2025 5 72,135
2026 6 78,360
2027 7 85,121
2028 8 92,466
2029 9 100,445
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- Y nghia tmg dung: Viéc md hinh du bao bam sat
s lidu gbc cho thiy day 1a cong cu kha thi trong viée
udc tinh nguén nhan luc thuyén vién, hd tro cac bén
lién quan (nhu co quan quan ly, doanh nghiép van tai
bién) x4c dinh nhu cau dao tao va diéu phdi ngudn luc
trong tuong lai mot cach kip thoi va hiéu qua.

4. Thao lugan

4.1. So sinh két qui dw bdo ciia mé hinh
GM(1,1) véi mé hinh dw bdao ARIMA

Viée so sanh két qua dy bao voi it nhét 1 mo hinh
khac s€ 1am rd hiéu qua ctia phuong phap. Do dir liéu
thuc té chi c6 5 nam, chiing t6i tién hanh thir nghiém
so sanh GM(1,1) v6i mgt mo6 hinh ARIMA don gian
trén tap di li¢u nay. Cach thuc hién nhu sau: dung sb
liéu cac nam 2020-2022 dé huan luyén mé hinh, sau
d6 du bao cho 2 nam tiép theo (2023 va 2024) va so
sanh vai gia tri thuc té. Két qua thu dugc nhu sau:

Mo hinh GM(1,1): Dy bao nam 2023 1a ~65.748
ngudi (so voi thue té 62.900, sai sé tuyét ddi ~4,5%)
va dy bao nam 2024 14 ~75.267 ngudi (so véi thuc té
65.033, sai s& ~15,8%). MAPE (tinh trén 2 nim
2023-2024) ciia GM(1,1) khoang 10,2%. Sai sb nim
2024 tang cao do md hinh du bao ting trudng nhanh
hon thyec té.

Mo hinh ARIMA: Véi dit liéu it 01, ching toi
chon ARIMA(0,1,0) ¢6 tham sé trugt (twong duong
mo hinh xu thé tuyén tinh). M6 hinh nay du bdo nam
2023 1a ~62.652 ngudi (sai s6 ~0,4%) va nam 2024
1a ~67.765 ngudi (sai s6 ~4,2%). MAPE cho 2 nam
khoang 2,3%, thap hon so véi GM(1,1) trong thir
nghiém nay.

Nhin chung, trong tinh huéng dit lidu cyc ngan
han nay, ARIMA tuyén tinh c6 loi thé do xu huéng
gan nhu tuyén tinh. Tuy nhién, cdn lwu y ring
ARIMA(0,1,0) véi truot thuc chét da gia dinh trudce
xu thé ting déu mdi ndm. Két qua trén cho thdy néu
dung xu thé gan tuyén tinh thi phuong phép nay du
béo tét. Nguoc lai, md hinh GM(1,1) tu dong khai
thac toan bd ciu trac mi tir dit liéu: Véi 3 nam huén
luyén dau, GM(1,1) nhan thiy giai doan 2020-2022
¢6 tdc do tang kha nhanh (nam 2022 ting manh
14,5%), do d6 md hinh du phong xu hudng ting
nhanh cho cic nam sau. Khi thuc té 2023-2024 ting
cham lai, du bdo GM bi vuot cao hon thuc té, dan
dén sai s6 tang. Piéu nay khéng mau thuin véi két
qua dugc bao cao trong bai (MAPE ~2,04% cho giai
doan 2020-2024), boi sai sb 2,04% 1a sai sb noi suy
trong mau (in-sample) khi mo hinh héi t6 tron bo 5
nim. Con & day, tic gia dang danh gia sai s6 ngoai
suy (out-of-sample) khi dy bao vugt ra ngoai tap

huén luyén. Tir phép thir trén, c6 thé thdy rang véi dir
lidu qua it (3-5 diém), viéc danh gi4 mé hinh cén
than trong: GM(1,1) cho két qua t6t ngi suy trong
khoang dir liéu da co6, con ngoai suy xa hon c6 thé
kém chinh x4c néu xu thé thyc té thay déi.

Trén Hinh 2 ta c6 thé thay, trong giai doan noi
suy (2020-2024), hai mo hinh déu bam kha sat diém
thuc té (sai sb thip). Tuy nhién, khi ngoai suy dén
2029, GM(1,1) du bao xu hudng tang nhanh hon so
v6i tuyén tinh: dén 2029 dat ~100.444 thuyén vién,
cao hon dang ké so v6i ~82.353 thuyén vién theo xu
thé tuyén tinh. Su khac biét ndy phan anh gia dinh
khac nhau ctia hai mé hinh: GM(1,1) gia dinh téc do
tang truong co thé ty cai thién (ham mii nhe), con
ARIMA(0,1,0) gia dinh téc d6 ting ¢ dinh. Hién
chua ¢6 sb lidu dé kiém ching dy bao nao chinh xac
hon trong dai han, nhung wu diém cua GM(1,1) 1a
néu thuc té c6 yéu t6 thiic day lam tang toc do (vi du
chinh sach thu hut nhan lyc méi, ting trudng kinh té
bién cao hon), mo hinh s& nim bét dugc sy tang tde
d6. Nguoc lai, mé hinh tuyén tinh s& bo 1& (vi ludn
giit tbe d9 tang khong doi).

100000+ A
- A
S 90000 -
< ) -
% 80000 ///,/
= it
o 70000 A
5 A&
s 60000} - Thuc e
w —— M hinh GM(1,1
—=—- Xu thé tuyén tinh
50000 2024 (két thic di liéu
2020 2022 2024 2026 2028
Nam

Hinh 2. So sanh mé hinh dy bao GM(1,1) vdi xu thé
tuyén tinh (ARIMA)

4.2. So sanh dj chinh xdc ciia mé hinh thong
qua cdc tiéu chi khac

Trong danh gia hiéu qua mo hinh dy bao, viéc chi
sit dung mot chi sb duy nhat nhu MAPE (Mean
Absolute Percentage Error) c¢6 thé chua phan anh day
dt moi khia canh cua sai s6 du bao. Do do, tac gia s
dung thém hai tiéu chi pho bién khac 1a RMSE (Root
Mean Square Error) va MAE (Mean Absolute Error)
dé kiém tra truc quan d¢ 1éch gitra dy bao va thuc té.

Két qua tinh toan:
n
MAE =~ Yo -5l
= £, Pt — Pt

_0+1552+ 1264 + 1769 + 1372

=1191.4
5
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RMSE =

1 n

- E _ 792

n (pe — Py)
=1

\/0 + 15522 + 12642 + 17692 + 13722
5

= 1342.99

Trong dé:

p.: Gia tri thyc té tai thoi diém £;

Pr: Gia tri dy doan tai thoi diém £;

n: sb lwong quan sat.

Qua viéc ap dung thém cac tiéu chi RMSE va
MAE ta c6 thé thay:

MAE =~ 1.192 ngudi cho thiy sai sd tuyét ddi trung
binh giita dy bao va thyc té 14 nho, phit hop véi quy
md dit liéu (trén 60.000 thuyén vién). Didu nay phan
anh muc d¢ chénh 1¢ch trung binh gitra gia tri dy bao
va gia tri thyc khong dang ké vé mit thuc tién.

RMSE = 1.343 nguoi, cao hon MAE nhung
khong dang ké, cho thay khong c6 sai s6 nao qué 16n
dé 1am méo mo6 két qua dy bao. Diéu nay ching to
md hinh khéng gap véan dé vé ngoai 1¢ hodc du béo
1éch nghiém trong tai bat ky thoi diém nao.

MAPE =~ 2,04% thudc nhom “rat chinh xac” theo
thang danh gia MAPE (dudi 5%), cho thdy mé hinh
GM(1,1) dy bao phu hop véi xu hudng thuc té va sai
sO phan trdm rat thap. Day 1a minh chimg cho tinh
hiéu qua va do tin cdy cao ciia md hinh trong bbi
canh dit liéu han ché.

4.3. Uu nhwoe diém ciia mé hinh GM(1,1) va
wng dung trong nganh hang hdi

Uu diém ciia mé hinh GM(1,1)

M5 hinh Grey GM(1,1) thé hién nhiéu wu diém
khi dy bao véi dit liéu han ché. Trude hét, d6 chinh
xéac du bao dat duoc rit cao - két qua nghién ctru cho
thiy GM(1,1) dat MAPE (Mean Absolute Percentage
Error) xdp xi 2,04%, tirc nim trong ngudng “rat
chinh xac”. Sai sd dudi 5% theo thang danh gia
MAPE dugc coi 1a du bao cé d6 tin cdy cao, khé“ing
dinh hiéu qua cia phwong phap. Thém vao do,
GM(1,1) hoat dong hi¢u qua v6i c& mau nho. Khac
v6i nhidu phuong phap théng ké truyén théng doi
hoi chudi s6 liéu dai va tuan tha cac gia dinh nghiém
ngit, md hinh Grey duoc thiét ké dé khai thac luong
dir lidu giéi han ma van thu dugc két qua dang tin
cay. biéu nay dac biét hiru ich trong bdi canh nganh
hang hai Viét Nam, noi dir liéu lich sir vé& nhan Iyc

L-JOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

thuyén vién c6 thé khong nhidu va lién tyc. Cudi
cung, tinh don gian trong trién khai 1a mot wu diém
n6i bat. M6 hinh GM(1,1) ¢6 cau tric toan hoc tuong
dbi don gian, v6i chi hai tham sé can wdc luong va
cac phép tinh dai s6 co ban. Nho do, viée tmg dung
GM(1,1) trén cac cong cu thong dung nhu Excel tro
nén kha thi. Thuc té, viéc xdy dung moé hinh trén
Excel trong nghién ctru nay cho thay ngudi dung c6
thé dé dang thyc hién dy bao ma khong can phé“m
mém phan tich chuyén sau. Su don gian nay giup mo
hinh d& hiéu va minh bach, tao diéu kién cho cac nha
quan ly nganh hang hai nhanh chong ap dung két qua
du bao vao thuc tién.

Nhuge diém ciia mé hinh

Bén canh vu diém, mé hinh GM(1,1) ciing ton tai
mdt s6 han ché vé& phuong phap luan. Thir nhit, tinh
tuyén tinh noi tai ciia md hinh c6 thé giéi han kha ning
md phong nhimg dién bién phic tap. GM(1,1) dugc
xdy dung trén co s& phuong trinh vi phan bac nhat véi
hé s6 ¢b dinh, do d6 nghiém ctia md hinh thuong biéu
dién mot xu hudéng mii (ting hodc giam don diéu). Piéu
ndy dong nghia v&i viéc mo hinh gia dinh khuynh
hudéng cua dir liéu s& tiép tuc theo dudng 16i 6n dinh da
¢6. Trong truong hop chudi thoi gian thyc & co phi
tuyén manh hoac chu ky bién dong, m6 hinh c6 thé
khong theo kip va du bao sai 1éch. Han ché tht hai 1a
nhay cam véi dot bién dir liéu. Mic du phép xtr ly tich
lily (AGO) trong Grey gitip 1am tron dit liéu, nhung néu
xuét hién bién dong bat thuong hodc budc nhay 16n
trong xu hudng (vi dy nhu sy sut giam hodc tang vot
dot ngot vé s6 luong thuyén vién do thay dbi chinh sach
hodc su kién bat kha khang), mo hinh GM(1,1) c6 thé
bi anh huong dang ké. Mot ngoai 1€ 16n trong dir liu
lich sir ¢6 thé 1am gidm do chinh x4c du béo, vi mo
hinh s& phan tmg chdm tru6c nhimg thay doi dot ngot
d6. Khi d6 can cac bién phap hiéu chinh, nhu 4p dung
co ché “truot ctra s6” (rolling) dé cap nhat tham sé mo
hinh theo dit liéu méi, hodc két hop v6i phuong phap
khac nham ting kha nang thich tmg. Thu ba, tinh linh
hoat bi han ché khi mo hinh héa cac hé théng phirc tap.
GM(1,1) 1a mé hinh mét bién, chi xét duy nhat lich sir
ctia ban than chudi can du béo. Trong thuc té, hé théng
nhén Iyc hang hai chiu tic dong bai nhiéu yéu t6 kinh té,
x4 hoi va chinh séch; do d6 mot mo hinh don bién khé
bao quat hét cac anh huong dan xen. Trong nhiing
truong hop hé théng mang tinh da nhan t6 va phi tuyén
cao, md hinh GM(1,1) khong thé phéat huy wu thé ctia
minh. Luc ndy, viéc mé rong mé hinh (ching han sang
GM(1,N) da bién) hodc sir dung cic phuong phép du
bao phi tuyén khac c6 thé can duoc xem xét dé cai thién
d0 chinh xac.
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Tinh vrng dung trong nganh hang hai

Mac du cé nhitng han ché néu trén, két qua dat
duoc cho thdy mé hinh GM(1,1) ¢6 tinh tmg dung thuc
tién cao trong linh vuc hang hai, dic biét vé hd trg lap
ké hoach nhan Iyc. Véi do chinh xac du béo cao
(MAPE = 2,04%), mé hinh cung cép thong tin tin cdy
vé xu hudng bién dong s6 luong thuyén vién Viét Nam
trong twong lai gan. Piéu nay gitp cac bén lién quan -
tir co quan quan ly, doanh nghiép vén tai bién dén cac
co so dao tao thuyén vién - ¢6 co s& khoa hoc dé hoach
dinh chién lugc nhan sy. Chang han, néu dy bao cho
thdy xu hudng thuyén vién ting truéng déu dan dén
nam 2029, cac truong hang hai ¢6 thé chu dong mo
rong quy mo dao tao, trong khi doanh nghiép van tai lén
ké hoach tuyén dung phu hop dé dap tng nhu ciu thi
truong. Nguoc lai, néu du bao xu hudng chiing lai hodc
suy giam, cac chinh sach khuyén khich nghé di bién va
chwong trinh gitr chan thuyén vién c6 thé dwoc chuén bi
kip thoi. Nhu vay, GM(1,1) t6 ra 1a cong cu hitu ich cho
viéc dy bao nhan lyc hang hai, cung cép thém mot kénh
théng tin quan trong hd tro ra quyét dinh. Diéu dang
chti ¥ 13 mé hinh nay dat hiéu qué trong bbi canh dix
liéu han ché, nén cac don vi c6 thé ap dung ngay ca khi
chua thu thap duoc nhiéu sd liéu qua khtr. Tinh don
gian ciia md hinh ciing dam bao ring viéc trién khai
khong doi hoi ngudn lyc ky thuat 16n, phu hop véi diéu
kién nganh hang hai Viét Nam hién nay.

5. Két luan

Mb hinh Grey GM(1,1) duoc trién khai trén Excel
da chung t6 1a mot phuong phap du bao kha thi va
hiéu qua cho ngudn nhén lyc nganh hang hai Viét
Nam trong diéu kién dir liéu han ché. Mb hinh dat d6
chinh xéc dy bao rit cao (MAPE~2,04%), khang dinh
tinh tmg dung cta 1y thuyét hé théng Grey trong bdi
canh nay. Phuong phap dé xuit da cung cdp mot cong
cu hitu ich cho cac bén lién quan trong nganh hang hai
dé dy bao xu huéng nhan lyc va hd tro cong tac hoach
dinh chién luge dén nam 2029.

Huéng phat trién tiép theo ciia nghién ciru nay
¢6 thé tap trung vao viéc mé rong va tmg dung mo
hinh Grey GM(1,N) nham xtr 1y dong thoi nhiéu
yéu t6 du bao lién quan, qua dé nang cao do chinh
xac va hiéu qua du bao. Ngoai ra, nghién ctru cling
¢6 thé xem xét két hop phuong phap Grey GM(1,1)
v6i cac mo hinh khac nhu mang neuron nhan tao
(ANN) hodc phuong phap hdi quy da bién nhim tan
dung tbi da wu diém cua timg phuong phap trong
viéc du bao dir liéu hang hai.

Lo&i cdm on
Nghién ctru ngay dugc tai trg bai Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.158.
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PHU LUC

CAC BUOC TINH TOAN TREN MICROSOFT EXCEL

Cong thirc mo
hinh GM(1,1)

Ap dung

trén phin mém Microsoft Excel

Chubi dir liéu tho
dugc biéu thi tai

cong thire (1).

BUOC 1:

S6 licu géc duoc nhap vao cac 6 B1, B2,
B3, B4, B5 biéu thi cho téng sé thuyén vién
Viét Nam tuong duong tir nim 2020 dén
nam 2024.

A B c D E
1 2020 47.312
2021 50,252 Insert Original Data Set
3 2022 57,539
4| 2023 62,900
2024 65,033

Nhdp chubi div ligu goc

Str dung phuong
phap tich liy tién
theo cong thuc
2).

DPéng thoi zM
duge lay gia tri
trung binh 1an cén
gitta 2 thoi diém

dé 1am noi suy.

BUGC 2:

S6 liéu St dung phwong phap tich liy
tién cho cac 6 tir B11 dén F11. Trong do
B11=Bl1; C11=B1+B2; Dl1= B1+B2+B3;
Ell= B1+B2+B3+B4; Fll=
B1+B2+B3+B4+B5
Tinh z(M bing trung binh chung ciia 2 6
canh nhau trong AGO. Trong do:
C12=(BI11+C11)/2,..F12=(E11+F11)/2

8 c 3 F
6
7 AGO series
8
9
10 ) 1 2 3 a s
11 [x(1) 47312  97,564] 155,103 218,003 283,036 |
2y | | 72,4380 126,333.5] 186,553.0] 250,519.5|

Tinh XWyq ZzD

Xay dung ma trin
B va Y theo cong
thue (9), (10).

BUOC 3:

Ma tran B dugc xdy dung tir cac phén tir
—zM(2) dén —z®(n)va duge bidu thi ¢
cac 6 B15:C18. Trong khi Y ciing dugc liy
tir 6 thtr 2 cua dit lidu gdc B2 dén BS5.

o E

Matrix [B] is formulated in
cells B15 to C18

50,252
[ 57,539)
24 [ 62,900|

65,033

Tinh ma trgn Bva 'Y

Tinh céc tham sb
a va b theo cong
thire (11).

BUOC 4:

Dé tinh a va b tac gia da tim chuyén vi cia
ma trin B bing cich st dung ham
TRANSPOSE. Sau d6, ap dung ham MMULT
dé tinh tich cac ma trdn va ham MINVERSE
dé tinh nghich dao ctia ma tran.
=TRANSPOSE(B15:C18)
=MMULT(MMULT(MINVERSE(MMULT
(B29:E30,B15:C18)),B29:E30),B22:B25)

Transpose of Matrix (8]
28

BAT

2 -72438] -126334] 186553 250519.5
30 1

31
2[a 0.082766216
33 b | a5774.39955]

Tinh cdc tham sé a va b

[a,b] are calucated in

Tinh céc gia tri du
bao ciia mo hinh
tai thoi diém k
theo cong thirc

(12).

BUOC 5:

Céc gia tri du béo tai thoi diém k duoc
bidu thi tir 6 E35 dén E44. Ham tinh cho 6
E35 nhu sau:
=($B$47-($B$33/$B$32))*EXP((0-$B$32)*
B35)+($B$33/$B$32)

35 [

x0(1) 7312

Tinh gia tri dw doan tai thoi diém k

Gia tri du doan
gbc dugc tinh
theo cong thirc

(13).

BUGC 6:
Gia tri du doan cho cac ndm tuong ung
v6i cac 6 B50 dén B59 dugc tinh nhu sau:
B50=E35=B1;
B51=E36-E35;
B52=E37-E36;...B59=E44-E43

Residual
Prediction(?) | Error () | " Ao
47,312 | 0.0000% o w1
SLE01 | 30894% 1552 94564

56,275 | 21975%| 1,264 155,103
61,130 | 28133%| 1,770 218,003
66,405 | 211005 1372 283,03

?
7
7
7
7

59 X0{10]

Tinh gid tri dw dodn goc
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GIAO DIEN CACH TINH TOAN CUA MO HiINH GM(1,1) TREN PHAN MEM MICROSOFT EXCEL

M56 > I

A B | ¢ D E F G H
1| 2020 47312 =k
2 2021 50,252 Insert Original Data Set
3 2022 57,539
4 2023 62,900
5 2024 65,033
6
7 AGO series
8 -
9
10 1 2 3 4 5
11 X(1) 47,312 97,564 155,103 218,003| 283,036
12 (Z(1) 72,438.0| 126,333.5 186,553.0( 250,519.5
13
14
15 | -72,438.0 a4l . E
16 B -126,333.5 1 Matrix [B] is formulated in
17 -186,553.0 kL cells B15to C18
18 | -250,519.5 1
19 |
20
21
g o0.252 Matrix [Y] is formulated
23] yN 57,539 in cells B22 to B25 from
24 62,900
25 65,033
26
27 -\ Transpose of Matrix [B]
28 - |
29 BAT -72438| -126334 -186553 -250519.5
30 1 1 1 1
31
B =0.082766216/5 [a,b] are calucated in
33 b 45774.39955
34
35 0 X1(1) 47,3120
36 1 X1(2) 99,116.5
37 2 X1(3) 155,391.1
38 3 X1(4) 216,521.5
39 | K 4 X1(5) 282,926.7 X(2)(k+1) is set up and
40 | 5 X1(6) 355,061.9 calculated based on
41 | 6 X1(7) 433,421.5 o B bl
42 7 X1(8) 518,542.5 X (k+1):[x“”(1)—]e*"+—
43 8 X1(9) 611,008 4 o ¢
44 9 X1(10) 711,453.1 ) 1
45
46| xo(1) | 47,312
47 |
48 |

~|  Results Demonstrating Residual

. Year Value (V) | Prediction (P) | Error (%) AGO
49 Error
50 | X0(1) 47,312 2020 47312 47,312 0.0000% 0| 47,312
51 X0(2) 51,804 2021 50,252 51,804 3.0894% 1,552| 97,564
52 | X0(3) 56,275 2022 57,539 56,275 2.1975% -1,264| 155,103
53 | X0(4) 61,130 2023 62,900 61,130 2.8133% -1,770| 218,003
54 |X0(5) 66,405 2024 65,033 66,405 2.1100% 1,372| 283,036
55 |X0(6) 72,135 2025 72,135
56 |X0(7) 78,360 2026 78,360
57 X0(8) 85,121| 2027 85,121
58 1 X0(9) 92,466 2028 92,466
59 1 X0(10) 100,445 2029 100,445
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