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MO PAU
1. Tinh c4p thiét caa dé tai

Ngay nay, nganh hang khong 1a mot nganh cong nghiép vo cling phét trién, no phuc
vu nhu cau di lai, giao thuong giita c4c qudc gia, ciing voi dé 1a sy phét trién kinh té cua cac
nudce cd dudng bay quéc té. Theo du doan, vao nim 2035, lugng hanh khéch sir dung dich vu
hang khong sé& dat 7,2 ty luot, ting gan gip ddi con sb 3,8 ty trong nim nay (sd liéu do Hiép
hoi Van tai Hang khong Qudc té (IATA) cung cép). Ong Alexandre De Juniac, Tong Giam
dbc diéu hanh caa IATA nhan xét nhu ciu di lai bang duong hang khéng trong hai thap ky
t6i s& gap doi. Ciing theo du béo trén, IATA cho ring khu vyc chau A - Thai Binh Duong s&
13 noi c¢6 nhu cau di chuyén bang duong khdng cao nhat thé giéi. Pé dap tng nhu cau phuc
vu hanh khach mét cach tbt nhat, viéc phai ¢ mot hé théng du doan lwong hanh khach di
may bay 14 rat can thiét.

2. Tong quan vin dé nghién ciru

Theo du bao cua IATA, dng Alexandre De Juniac da dua ra ba kich ban dy bao vé linh
vuc hang khong trong giai doan 20 nim téi. Kich ban thi nhit dy bao ting gip d6i lugng
hanh khach. Kich ban tht hai dua ra nhip do tang truong hanh khach hang khéng gan gap ba
lan so voi ndm 2016. Kich ban cudi cung wdc tinh 7,2 ty luot khach st dung dich vu hang
khong vao ndam 2035.

cung véi dé, thi trudng hang khdng Trung Quéc s& thay thé My tro thanh thi truong
hang khong 16n nhat thé gisi (tinh ca duong bay noi dia va quéc té) vao nam 2029. An Bo
cling s& thay nudc Anh chiém vi tri thir ba vao nam 2026, trong khi Indonesia sé& lot vao top
10 trong danh sach cua IATA.

Nhan thay nhu cau quan trong cua viéc du doan luong hanh khach c6 nhu cau di lai
bang duong hang khong, toi dé xuat mot phuong phéap st dung ¢éng nghé LSTM dé du doan
lwong hanh khach di may bay quéc té.

3. Muc dich nghién ctru
- Nghién ctiu vé van dé dy bao chudi thoi gian, &p dung du doan lwong hanh khach di
may bay qudc té.
- Nghién ciru va ung dung cong nghé LSTM.
4. Pbi twong va pham vi nghién ciru

4.1. Poi twong nghién ciru



- Cong nghé LSTM (Long Short-Term Memory).
- Vén dé du bao luong hanh khac dudng bay qudc té.
4.2. Pham vi nghién cau
- Gi6i han nghién ciru vé cong nghé LSTM (Long Short-Term Memory).
- Nghién ctru bai toan dy doan chudi theo thoi gian.
5. Phwong phap nghién ciru
5.1. Phwong phap nghién ciru ly thuyét
- Poc va phan tich tai liéu vé cong nghé LSTM, nghién ciru van dé du doan chudi thoi
gian thuc.
5.2. Phwong phap thuc nghiém
- Xay dung ng dung xem Xét van dé dy doan lugng hanh khéach quéc té.

- Thua nghiém, danh gia két qua.



CHUONG 1
TONG QUAN MANG NO-RON HOI QUY

Trong chuong nay t6i s& gigi thiéu vé co s& ly thuyét vé mang no-ron nhan tao, cach
thac hoat dong cua mang no-ron, cac phién ban mo rong cia mang no-ron nhan tao.
1.1 Mang no-ron nhan tao
1.1.1 Kién tric mang no-ron nhan tgo

Mang no-ron nhan tao (Artificial Neural Network — ANN) la mdt mo hinh xt ly théng
tin dugc md phong dua trén hoat dong cua hé thdng than kinh cuaa sinh vat, bao gém sb lugng
I6n cac No-ron duoc gan két dé xur ly thong tin. ANN duoc gidi thiéu nam 1943 boi nha than
kinh hoc Warren McCulloch va nha logic hoc Walter Pits, ANN hoat ¢6ng giéng nhu b ndo
ctia con ngudi, dugc hoc bai kinh nghiém (thdng qua viéc huan luyén), c6 kha ning luu gitr

cac tri thire va st dung céc tri thirc d6 trong viéc du doan céc dit liéu chua biét.
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Hinh 1.2 Qué trinh xir ly thong tin cia mot mang no-ron nhan tao.

Hoat dong ctia mang no-ron nhan tao duoc thé hinh & hinh 1.2 vai 3 chu trinh:



Ham tong: Tinh tong trong s cua tat ca cac dau vao dugce dua vao mdi no-ron. Ham
téng caa mot no-ron ddi véi n dau vao dugc tinh theo cong thuc sau:

n
Y = inwi 1)
i=1

Viéc lya chon ham chuyén doi c6 tac dong lén dén két qua dau ra caa mang ANN.
Ham chuyén dbi phi tuyén duoc sir dung phé bién trong mang ANN Ia sigmoid hoac tanh.
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Trong d6, ham tanh 1a phién ban thay ddi ti 1é cua sigmoid , ttc 13 khoang gié tri dau
ra ciia ham chuyén déi thuoc khoang [-1, 1] thay vi [0,1] nén chdng con goi 1a ham chuén
hoa.

Ap dung lan truyén nguoc ta c6 cac dai luong:
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1.2 Céc thanh phan co ban ciia mang no-ron nhan tao
1.2.1 Don vi xw ly
Con duoc goi 13 mot no-ron hay mot nit, thuc hién mot cong viéc rat don gian: né

= a153

nhan tin hiéu vao tir cac don vi phia trugc hay mot ngudn bén ngoai va st dung ching dé tinh

tin hiéu ra s& dugc lan truyén sang cac don vi khac.
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Hinh 1.3 Pon vi xir ly



Trong do:
Xi : cac dau vao
Wiji : C4C trong s6 twong (ng Vi cac dau vao
0; : do lach
aj : dau vao mang
zj : dau ra ctia noron
g(x): ham chuyén (ham kich hoat).
1.2.2 Ham két hgp
MJ3i mot don vi trong mot mang két hop céc gia tri dwa vao no thong qua cac lién két
Véi cac don vi khéc, sinh ra mot gia tri goi 12 dau vao mang. Ham thuc hién nhiém vu nay goi
la ham két hop, dugc dinh nghia boi mot luat lan truyén cu thé. Trong phan 16n cac mang
noron, chiing ta gia sir ring mdi mot don vi cung cap mot bd cong nhur 1a dau vao cho don vi
ma no co lién két. Tong dau vao don vi j don gian chi la tong trong sé cua cac dau ra riéng 1é
tir cac don vi két ndi cong thém ngudng hay do léch 6;:
aj = Xisqg WjiX; + 0] (6)
1.2.3 Ham kich hogt
* Ham dong nhat
gx) = x )
Néu coi cac dau vao 1a mot don vi thi chling sé sir dung ham nay. P6i khi mot hang sé

duoc nhan véi dau vao mang dé tao ra mot ham ddng nhat.
g(x)
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Hinh 1.4 Ham dong nhat
* Ham buwoc nhi phan
Ham nay ciing duoc biét dén vai tén "Ham ngudng". PAu ra caa ham nay duogc gidi
han vao mét trong hai gia tri:

1,néu (x = 9)

90 = {O, néu (x < 0)



Dang ham nay dugc sir dung trong cac mang chi c6 mot I6p.  (g)

hinh v& sau, 6 dugc chon bing 1.
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Hinh 1.5 Ham bwéc nhi phéan
* Ham sigmoid
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Hinh 1.6 Ham Sigmoid
* Ham sigmoid luong cuc
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Hinh 1.7 Ham Sigmoid lud'ng cuc
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Ham nay c6 cac thudc tinh twong tu ham sigmoid. N6 1am viéc tot d6i véi cac ung

dung c6 dau ra yéu cau trong khoang [-1,1].

1.3 Mang no-ron hdi quy

Mang no-ron hoi quy (Recurrent Neural Network - RNN) 14 mat trong nhitng mé hinh

hoc sau duoc danh gia co nhiéu uu diém trong cac tac vu xir Iy ngén ngit tu nhién
1.3.1 Khai niégm RNN

Y tuéng cua RNN d6 1a thiét ké mot mang no-ron sao cho c6 kha ning xu 1y duoc

thong tin dang chudi, vi du mot cau 1a mot chudi gom nhiéu tir.
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Hinh 1.8 M6 hinh mang no-ron h
1.3.2 Qua trinh xa ly théng tin ciza RNN
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Hinh 1.9 Qué trinh xi ly théng tin trong RNNs
Quaé trinh nay cd thé duoc biéu dién bang md hinh toan sau (Mikolov et al., 2014):
St= f(Uxt + Wst 1)
1.3.3 Céc #ng dung ciia RNN (12)
e MO0 hinh ngbn ngir va phat sinh vin ban

M6 hinh ngén ngit cho ta biét xac suat cua mot cau trong mot ngén ngir 1a bao nhiéu
(vi du Xac suat p(“hém qua |a thee ndm”) = 0.001; p(“ném thiz hdm la qua”) = 0). Pay ciing
la bai todn du doan xac suét tir tiép theo ctia mot cau cho truéc 13 bao nhiéu.

e Dich may

e Phat sinh mo6 ta cho anh (Generating Image Descriptions)
1.3.4 Cac phién ban me rgng ciia RNN

e RNN hai chiéu:

Dua trén y tuong dau ra tai thoi diém t khdng chi phu thudc vao cac thanh phan truéc
d6 ma con phu thudc vao cac thanh phan trong tuong lai. Vi du, dé du doan mét tir bi thiéu trong
chudi, ta can quan sat c4c tir bén trai va bén phai xung quanh tir ¢6. M6 hinh nay chi gom hai
RNNs nap chéng 1én nhau. Trong d6, c4c trang thai an duoc tinh ton dua trén ca hai thanh

phan bén trai va bén phai cua mang.
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Hinh 1.10 Mang RNN hai chiéu.

RNN hai chiéu sau
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Hinh 1.11 Mang RNN nhiéu tang

e Mang bd nhé ngan han (LSTM)
1.4 Két luan chwong 1
LSTM la mét budc tién 16n trong viéc sir dung RNN. Y tudng cua nd gidp cho tat ca
cac buéc cia RNN ¢6 thé truy van duoc thdng tin tir mot tap thong tin 16n hon, né giup giai
quyét van dé du doan chudi thoi gian. Cho nén trong d6 an nay ching toi tap trung nghién
ctru cho bai toan dy doan hanh khach luong hanh khach di may bay quéc té. Chi tiét mé hinh

mang nay duoc gidi thiéu trong Chuong 2.



CHUONG 2
UNG DUNG CONG NGHE LSTM CHO VIEC DU POAN
LUQNG HANH KHACH PI MAY BAY QUOC TE

Chuong nay s& gidi thiéu vé bai toan uée luong hanh khach di may bay qudc té va vé
mang cai tién LSTM: Kién triic, md hinh, quy trinh hoat dong. Py ciing 1a co s& dé xay dung
thuc nghiém trong Chuong 3.

2.1 Kién tric mang LSTM
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Hinh 2.1 Cu tric ciia md hinh LSTM
Trong hinh 2.2, ciu tric mang LSTM gom c6 4 tang va twong tac véi nhau mot céch
dic biét. Cot 18i caa mang LSTM bao gom trang thai nhé va cong. Trang thai té bao gidng
nhu bang chuyén, chay xuyén sudt qua tat ca cac nit mang gitip thong tin duoc truyén dat dé
dang, con cong 1 noi sang loc théng tin di qua nod, chung dwoc két hop bai mot ting mang
sigmoid.

® ® ®
| t

Hinh 2.2 Cac mo-dun lap cia mang RNN chira mot lop
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Hinh 2.3 Cac mé-dun lip ciia mang LSTM chira bén l6p

Trong d6, cac ky hiéu stir dung trong mang LSTM duoc giai nghia Sau day:
- Hinh chir nhat nén vang la céc I6p an cia mang no-ron
- Hinh tron nén hong biéu dién toan tir theo ting diém
- Dbuong ké gop lai vai nhau biéu thi phép ni cac toan hang

- Vaduong r& nhanh biéu thi cho su sao chép tir vi tri nay sang vi tri khac

Neural Network Pointwise Vector
Layer Operation Transfer

Concatenate Copy

Hinh 2.4 C4c ki hi¢u sir dung trong mang LSTM
2.2 Qué trinh xwr ly thdong tin cia LSTM
Mang LSTM c6 kha nang thém hoac baét théng tin vao trang thai hat nhan, dugc quy
dinh mét cach can than bai céc ciu tric goi 1a cong. Céc cong nay 1a mot cach (tuy chon) dé

dinh nghia thdng tin bang qua. Chldng duoc tao bai ham sigmoid va mét todn tir nhéan theo

_®_

tirng diém.

Hinh 2.5 Céng trang thai LSTM.

Ham kich hoat Sigmoid c6 gia tri tir 0 — 1, m ta d6 Ion théng tin duoc phép truyén qua
tai mdi 16p mang. Néu ta thu duoc 0, didu nay c6 nghia 1a “khéng cho bét ky cai gi di qua”,
nguoc lai néu thu duoc gia tri 12 1, thi c6 nghia 12 “cho phép moi thir di qua”.

M6t mang LSTM gdm cd 3 cong dé duy tri hoat dong trang thai caa hat nhan.



11

ht
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Hinh 2.6 Bwéc thw 1 quy trinh xi ly cia LSTM

iy = o(W. [heoq, x¢] + b;)
C; = tanh(We. [he_q, %] + bc)

(13)

hey

Hinh 2.7 Bwéc thi 2 quy trinh xi ly cia LSTM
Tiép theo, ching tdi s& két hop hai thanh phan nay lai dé cap nhat vao trang thai hat

nhan. Pay 1a gia tritng vién mai, ti 18 s6 lugng gia tri ma chdng tdi mudn cap nhat £, cho mdi

trang thai.

C

- ¢ > CfixCooy +ix G (14)

Hinh 2.8 Bwéc thir 3 quy trinh xi ly cia LSTM
Cudi cing, ching tdi can quyét dinh xem thong tin dau ra |14 gi. Pau ra ndy can dua
trén trang thai hat nhan, nhung s& duoc loc bét thong tin. Dau tién, ap dung 16p sigmoid don
dé quyét dinh xem phan nao cta trang thai hat nhan s& ra dau ra. Sau d9, ta s& day trang thai

hat nhan qua (ddy gia tri vao khoang -1 va 1) va nhan véi mot cong sigmoid dau ra, dé giir lai
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nhirng phan ta muén ra ngoai.
he A

o = o(W,[he—1, x¢] + by)

(15)
h; = o; * tanh(C;)

Hinh 2.9 Buéc cudi cing quy trinh xi Iy cia LSTM
2.3 C4c ky thuat LSTM sir dung trong thwe nghiém

2.3.1 LSTM hai quy

Théng thuong dir liéu caa bai todn 12 tap dit liéu hai cot: cot dau tién chaa sb luong

hanh khach (t) cua thang nay va cot tha hai chira s6 luong hanh khach cua thang téi (t + 1),
duoc du doan.

i

® ® ®
- IAP—*IAP—»IAF—»
® é) - @

Hinh 2.10 Mang no-ron hai quy
Trong hinh 2.10, A la mang no-ron héi quy. N6 nhan mot dau vao x:, tién hanh xir ly
va dua ra dau ra hy. Piém dac biét cua A 12 n6 s& luu lai gid tri caa hydé sir dung cho dau vao
tiép theo. C6 thé coi mot mang neural hdi quy 1a mot chudi nhitng mang con giéng hét nhau,
mdi mang s& truyén thdng tin nd vira xir ly cho mang phia sau no.

one to one one to many many to one

many to many many to many
L1
Hitl (R (A

| OO0 B0l
Hinh 2.11 Hoat ddng ciia mang no-ron hai quy

SO s
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Kiéu hoat dong cua mang no-ron hdi quy dugc thé hién ¢ hinh 2.11. Mai hinh chir nhat
1a 1 vector va cac mili tén thé hién cac ham bién d6i. Vector dau vao c6 mau do, vector dau
ra ¢ mau xanh bién va vector trang thai thong tin trao di giira cdc mang con ¢6 mau xanh
la.

2.3.2 LSTM hoi quy si dung phwong thirc cira so

M6t md hinh du doan c6 nhiéu bién s6 mot lan dé dy doan budc tiép theo 1a phuong
thire cira s6. Vi du: gid tri tai t va gia tri tai t + 1 duoc sir dung dé dy doan gia tri tai thoi diém
t + 2, c6 thé duoc phat trién bang cach st dung thoi gian hién tai t va cac lan trudc t-1 1am
bién dau vao dé du doan t + 1. Khi duoc tao thanh md hinh hdi quy, bién dau vao la t-1 vat
vabiéndauralat+1.

90000 } | — training prediction
- testing prediction

L

80000 |

20 30 40 b 60

Hinh 2.12 LSTM sir dung phuwong thirc cira sé
2.3.3 LSTM hoi quy si dung bwéc thoi gian

Cac quan sat duoc thuc hién & ba bude truée (t-1, t-2, t-3) va duoc st dung 1am dau
vao dé du doan quan sét tai thoi diém hién tai (t). Dy doan sir dung budc da thoi gian theo
khai niém trinh tu dé trinh tu véi mot chudi dai hon. Trinh ty dwoc st dung trong nghién ctu

nay dugc thuc hién nhu sau:

January February March -2 April
February March April 2> May

March April May 2> June
April May June -2 July
Month t-2 Month t-1 Month t 2> Month t+1

Hinh 2.13 Trinh tw bwéc thoi gian
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real dataset

training prediction

|11

testing prediction

)t 3 A

Hinh 2.14 LSTM sir dung b nhé giira cac bwéc
2.3.4 LSTM swr dung bé nhe giita cac buwoc

Mang LSTM ¢6 bo nhé ¢d kha nang ghi nhé trong cac chudi dai. Thong thuong, trang
thai trong mang duoc dit lai sau mdi dot dao tao khi khép mo hinh, cling nhu méi Iénh goi
du doan hodc danh gia. Chlng ta cé thé gianh quyén kiém soét tot hon khi trang thai bén trong
ctia mang LSTM bi x6a trong Keras bang cach 1am cho 16p LSTM c0 trang thai. Diéu nay c6
nghia 13 n6 ¢ thé xay dung trang thai trén toan bo chudi dao tao va tham chi duy tri trang thai
d6 néu can dé dua ra dy doan. N6 doi hoi dir liéu dao tao khong duoc x&o tron khi lap mang.
N6 ciing yéu cau thiét 1ap lai rd rang trang thai mang sau mdi lan tiép xdc voi dit liéu huan

luyén bang cach goi dén trang thai dat lai.
2.3.5 LSTM xép chang si dung bé nhé gida cdc bwdc

Kién tric LSTM xép chdng 1a nhitng loi ich twong tu c6 thé dugc khai thac véi LSTM.
Cac mang LSTM hoat dong trén dit liéu chudi, diéu d6 c6 nghia 1a viéc thém cac 16p s& thém
cac muc do triru twgng cua cac quan sat dau vao theo thai gian. Trong thuc té, quan sat khic
dir liéu theo thoi gian hodc dai dién cho van dé ¢ quy md thoi gian khéc nhau. Sy kién xay
dung mot RNN sau bang cach xép chong nhiéu trang théai an lap lai 1én nhau. Céch tiép can
nay c6 kha niang cho phép trang thai an & mdi cap hoat dong & cac khoang thoi gian khac

nhau.
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Input

l

LST™M

l

LST™M

|

Dense

l

Output

Kién tric bé nhe dai
han xép chong Ién
nhau

Hinh 2.15 LSTM xép chéng sir dung b nhé giira cac bwéc
2.4 Nghién ciru van dé dw bao chudi thoi gian, lwong hanh khach di may bay quoc
t

D>~

2.4.1 Phan tich yéu cdu

Luong hanh khach di may bay qudc té khong chi phu thudc vao nhu cau di lai thuc té
ctia hanh khach ma con chiu anh huong bgi nhiéu yéu td khac nhu tinh hinh kinh té, thoi tiét,
cac dip nghi I8, cac su kién dién ra trong nam... Hé théng dir bdo lwong hanh khach di may
bay qudc té duoc xay dung nham gidp hang hang khéng chuan bi dap ang voi luu lwgng hanh
khach trong tuong lai
2.4.2 M0 hinh tha nghiém

4

|
{ I | ] !
\ | |

!

|

Hinh 2.16 M6 hinh thuc nghiém hé théng dw doan lweng hanh khach di may bay



2.3.3 Céc budc xir Iy
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Hinh 2.17 Cac buoéc xir ly cia md-dun dy doan lwgng hanh khach di may bay
2.5 Cai dat wng dung

Thuc nghiém duoc tién hanh trén 1 may tinh véi cau hinh nhu sau:
- CPU Intel(R) Core(TM) i7-2600 CPU @ 3.40GHz

-RAM 2GB
-OS Windows 10
- Ngon ngtr lap trinh Python

Cac thu vién va phan mém hd trg hoc sau duoc st dung trong thuc nghiém Ia
Anaconda, Keras, Tensoflow va PyCharm.

B Anaconda Prompt (Anaconda3) - conda create -n tensorflow python=3.5 - pip ins%l --ignore-installed --upgrade tensorflow - O >

L
L
R R R b e e
AadnedA et s e At e e A A e AR A AR A A A s A e R A A e A

To activate this environment, use

4 conda activate tensorflow

To deactiwvate an active environment, use

4 conda deactivate

Hinh 2.18 Cai dat Tensorflow



17

Hinh 2.19 Méi truéng phat trién Tensorflow

W fie Edit View Navigste Code Refactor Run Jools VC5 Window Help tdatase - D x
Code Add Canfiguration_ Q
Pl Project I plotdataset.py
& Code 0|
a
= ven import pandas |
plotdataset.py import matplotlib.pyplot as plt -
Extemal Libraries da das.read_csv(international-airline-passengers.csv’, usecols=[1], engine="py
Seratches and Consoles
Installing packages.
Installing package ‘pandas'..
Installing collected packages: numpy, pytz, six, python-dateutil, panda
Installing packages
Installing package matpioib. .
g package ‘matplotiib’ ) vent L0g
Using cached hitpsy/files pythonhasted.org/packages/c3/13/a331b87 2 processes runn 421 UTF-8 4spaces Python 37 (Code) 2) W @

Hinh 2.20 Phan mém IDE Pycharm
2.6 Két luan chwong

Trong chuong 2, chung ta da tim hiéu dugc kién tric va quy trinh xu ly théng tin caa
mang LSTM. Vén dé duogc dat ra dé giai quyét bai toan du bao chudi thoi gian, luong hanh
khach di may bay qudc té. Chung t6i d néu ra dugc md hinh thir nghiém va cac budc xir ly
ctia mo-dun dy doan. Thir nghiém va danh gia két qua s& duoc chung t6i néu ra trong Chuong

3.
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CHUONG 3

THU NGHIEM VA PANH GIA KET QUA

3.1 Giéi thiéu bai toan wéc lwong hanh khach di may bay quéc té

Véi dir liéu dau vao mot tap sé lugng hanh khach di may bay quéc té theo thang va

nam, tir 07/2005 dén 03/2016, v4i 129 lugt quan sat. Bo dix liéu c6 san mién phi tir trang web

https://data.world/data-society/air-traffic-passenger-data dudi dang tép tin CSV.

air traffic passenger statistics1 - Excel Signiin

Insert Page Layout Formulas Data Review View Help LOAD TEST TEAM Q Tell me

Y . .| === K iti ing~ | &= o v AT
D % Calibri v VA A == - General WV Condltlonal Formatting &7 Insert x4
& - =E=E= $ - % 9 | [EPFormatasTable~ X Delete - - P~

Pste o |BI U-|E-|8-A|=x» <o 00 &

. N € 3= H - 0 50 [27 Cell Styles ~ [W] Format ~

Clipboard Font S Alignment S Number [ Styles Cells Editing A
Al fr v

A B C D E F G H J K L M N -

1 .|Adjusted Passenger Count

2 |2005-7 160890

3 |2005-8 157700

4 12005-9 135944

5 |2005-10 138552

6 |2005-11 135008

7 |2005-12 130393

8 |2006-1 110409

9 |2006-2 101163
10 2006-3 124880
112006-4 141717 -
T air_ér;f%fcipassenger_statistic ‘ ® 4 »

H m - 1 + 100%

Hinh 3.1 Dir liéu diu vao s6 hanh khach di may bay quéc té

Cot dau tién 1a sb lieu thoi gian theo don vi thang (yyyy-mm)

Cot thir hai 12 s6 lugng hanh khach di may bay trong thoi gian thang ¢
3.2 Cac kich ban thir nghiém
LSTM hdi quy

LSTM hdi quy str dung phuong thirc cira s6

LSTM hdi quy sir dung budc thoi gian

LSTM str dung bo nhé gitra cac budc

LSTM xép chong st dung bd nhé giita cac budc

3.3 Mt s6 két qua thuc nghiém

3.3.1 Két qud thiz nghiém dg chinh xac duw dodn lwgng hanh khdch di mdy bay


https://data.world/data-society/air-traffic-passenger-data
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Y. So luong hanh khach di may bay thuc te - ] >

R ED> Q= E

So luong hanh khach di may bay thuc te

6
140000

=] =] =} =]
<] <] o <]

"
» o @ =] N
o c

o S o
=3 =] =3
o <] o

o 20 40 60 80 100 120 140
Thei gian

Hinh 3.2 D6 thi diu vao sé hanh khich di may bay quéc té
3.3.2 Phwong phdp LSTM héi quy
Theo phuong phap nay dau ra caa thir nghiém:
Epoch 98/100
- 0s - loss: 0.0020
Epoch 99/100
- 0s - loss: 0.0020
Epoch 100/100
- 0s - loss: 0.0020
Train Score: 22.92 RMSE
Test Score: 47.53 RMSE
Chung ta c6 thé thay rang mé hinh c6 13i trung binh khoang 22.92 hanh khéch (tinh
bang nghin) trén tap dir liéu huan luyén va khoang 47.53 hanh khéch (tinh bang nghin) trén
tap dir liéu tha nghiém.

4. LSTM for Regression — O b4
A D> PQ =R
LSTM for Regression
160000
140000 \h (\ \‘F (’1
120000
]
E 100000
80000
50000 +
40000
tI) 2 ICv 4‘0 6‘0 3‘0 ZLCID o lé o l"llO
Thoi gian

Hinh 3.3 LSTM hai quy
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3.3.3 Phwong phdp LSTM héi quy si dung phwong thirc cira o
Theo phuong phap nay dau ra cua thr nghiém:
Epoch 98/100
- 0s - loss: 0.0021
Epoch 99/100
- 0s - loss: 0.0022
Epoch 100/100
- 0s - loss: 0.0020
Train Score: 24.19 RMSE
Test Score: 58.03 RMSE

%, LSTM for Regression Using the Window Method — O

AaeC>I Q=B

LSTM for Regression Using the Window Method

160000 §
140000 L m‘ (M
120000 ~ \ L

100000 A

Harmm KIacrn

80000 A

60000 A

40000 +

T T T T T T T T
o] 20 40 60 80 100 120 140
Thoi gian

Hinh 3.4 LSTM hoi quy sir dung phwong thic cira s6
3.3.4 Phwong phdp LSTM héi quy si dung bwéc thoi gian

Theo phuong phap nay dau ra cua thr nghiém:
Epoch 98/100

- 0s - loss: 0.0021
Epoch 99/100

- 0s - loss: 0.0022
Epoch 100/100
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- 0s - loss: 0.0020
Train Score: 23.73 RMSE
Test Score: 58.79 RMSE

%, LSTM for Regression with Time Steps

“ED> Q=B

LSTM for Regression w

ith Time Steps

160000 4

140000 4

120000 4

100000 +

AT T

80000 +

60000

40000

I

T
20

T
60
Thoi gian

T
40

T T T T
80 100 120 140

Hinh 3.5 LSTM hdi quy sir dung bwéc thai gian

3.3.5 Phwong phdp LSTM s dung bg nhe gida cac buwoc

Theo phuong phap nay dau ra caa thir nghiém:

Epoch 98/100

- 0s - loss: 0.0017

Epoch 99/100

- 0s - loss: 0.0017

Epoch 100/100

- 0s - loss: 0.0017

Train Score: 20.80 RMSE
Test Score: 55.25 RMSE
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. LSTM with Memory Between Batches — O

aEe> Q=B

LSTM with Memory Between Batches

160000

140000

120000

100000 +

HalT KITdaCIn

80000 A

60000 H

40000 +

T T T T T T T T
o} 20 40 60 80 100 120 140
Thoi gian

x=130.893 y=105748

Hinh 3.6 LSTM sir dung b nhé giira cac buéc
3.3.6 LSTM xép chang si dung bé nhe giita cdc bwoc
Theo phuong phap nay dau ra cua thir nghiém:
Epoch 98/100
- 0s - loss: 0.0038
Epoch 99/100
- 0s - loss: 0.0037
Epoch 100/100
- 0s - loss: 0.0037
Train Score: 30.10 RMSE
Test Score: 79.68 RMSE
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Y. Stacked LSTMs with Memory Between Batches — [ >
aEd> Q=B
Stacked LSTMs with Memory Between Batches
160000 \\
140000
Ammﬂﬂmﬂ
uthhMVVM
5
]
¥ 100000 -
5
=
80000 -
60000 -
40000 -
o] 20 60 80 100 120 140
Thoi gian

Hinh 3.7 LSTM xép chéng sir dung bd nhé giira cac buéc

3.4 Két luan chwong

Tong két dix liéu 16i trung binh cua 5 kich ban cho ta Bang 3.1

Bang 3.1 Panh gia két qua dw doan hanh khach di may bay quéc té

L6i trung binh Li trung binh

(Tap huan luyén) (Tap kiém nghiém)
LSTM haéi quy 22.92 4753
LSTM hoi quy sir dung phwong 24.19 58.03
théc cira s6
LSTM hdi quy sir dung buéc 23.73 58.79
thai gian
LSTM sir dung bd nhé giira cac 20.80 55.25
bwéc
LSTM xép chang sir dung b 30.10 79.68
nhé gitra cac bwéc

)
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KET LUAN

Luén vin di trinh bay duoc khéi niém, kién thic co ban vé cong nghé LSTM, 4p dung
cong nghé mang no-ron nhan tao trong viéc dy doan lugng hanh khach di may bay qudc té.
Cac két qua cua Luan vin bao gom:

P dé xuat va thir nghiém phwong phap du doan lwong hanh khach di may bay ap dung
cdng nghé LSTM. Lam thé nao dé phat trién cac mang LSTM cho hdi quy, khung ctra s6 va
thoi gian dua trén cac vain dé du doan chudi thoi gian. Lam thé nao dé phat trién va dwa ra du
doan bang cach sir dung cac mang LSTM duy tri trang thai qua c&c qua trinh. Phét trién
tng dung ung dung trén hé diéu hanh windows.

V& han ché cua luan vin, do thoi gian va nguon lec va kién thirc caa hoc vién con co
han trong viéc nghién ciru nén céc két qua cua luan vin maéi thuc hién duoc viée du doan
hanh khach di may bay ciia hing. Chua thyc nghiém hé théng véi cac thuat toan khac dé co
co sO so sanh, danh gia hi¢u qua

Trong thoi gian t6i hoc vién mong muén nghién ciru sdu hon dé cai thién hiéu suit,
tang toc do xtr Iy dix liéu véi dit liéu 16n. Nghién ctru cac phuong phap nang cao d6 chinh xéac
dur doan luwong hanh khach di may bay. Xay dung hé théng hoan chinh véi tap di liéu I6n va

trién khai thir nghiém tng dung trén cac nén tang khac.



