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Tém tit

Véi sw phat trién ciia cong nghé théng tin, dir liéu
hang hdi lon dang la xu hwong ngay cang tang
cia cdc g dung nham xit Iy ma khong di bo nhé
chinh cua viéc phan tich di liéu lon dang la bai
todn thdch thite hién nay. Péi véi vmg dung
chuyén sau, di lieu hang hdi lom, thudt ngi
“MapReduce” gan ddy da thu hit sw chii y ddang
ké va bdt ddu dirgc nghién civu dé phan tich ma cé
thé xir Iy hang petabyte dit liéu AIS cho hang triéu
tau thuyén. MapReduce la mét mé hinh ldp trinh
cho phép dé dang phat trién cdc img dung song
song c6 thé mé réng dé xit Iy dir liéu I6m trén cdc
cum may tinh [1]. Trong bai nghién curu nay, mot
thudt toan gom cum duoc goi la K-means dya trén
mé hinh MapReduce dé xir 1y dit liéu hang hdi tau
bién tai khu vuc mién Nam, Viét Nam. Voi két qua
thu duoc, chung toi dua ra suy ludn hodc dy dodn
vé dir liéu gom cum ma chung dwoc thu thap va
sau dé la hién thi dit lidu ciia cdc hang hdi tau
bién, bao gom quy mé, hwéng va phdn bé khong
gian.

Twr khéa: M6 hinh MapReduce, K-means, dir liéu
AIS, khai pha dir liéu.

Abstract

With the development of information technology,

the maritime big data is an increasing trend of
applications being expected to deal with big data
that usually do not fit in the main memory of an
analyzing big data is a challenging problem today.
For such data intensive application, the maritime
big data, the “MapReduce” framework has
recently attracted considerable attention and
started to be investigated for analysis which can
handle petabyte of AIS data for millions of vessels.
MapReduce is a programming model that allows

easy development of scalable parallel

applications to process big data on large clusters
of commodity machines. This study, a standard
clustering algorithm called K-means is based on
the MapReduce model to be processed the marine
traffic data in southern region, Viet Nam.
According to the main results obtained, we
concerned with making inference or prediction the
clustering data which were collected and were
shown the dashboard of maritime vessels traffic,
including the scale, the trend of change and the
spatial distribution situation.

Keywords: MapReduce, K-means, AIS data, data
mining.

1. D3t van dé

Vi su phat trién manh m& cta kinh té bién, véi
mat do tau thuyén day dac, dac biét la tap trung cac
cang bién 16n c6 kha ning tiép nhan cac tau trong tai
lén t6i 160,000DWT, didu nay da tao ra dir liéu I6n
hang hai [2]. Dt liéu hang hai duogc thu thdp tu hé
théng thong tin nhan dang tu dong (AIS, Automatic
Identification System) [3], cung cp nhiéu thong tin
thoi gian thuc vé hang hai tau bién va da sir dung dé
nhan thic tinh hudng hang hai (MSA, Maritime
Situation Awareness) va giam sat dai dwong. Sy phd
bién cta hé thong AIS ddng nghia v6i cung cAp mot
ngudn dir lidu phong phu dé khai pha dit liéu phuc vu
phan tich giao thong hang hai tau bién, theo thong ké
lugng dir liéu dugc thu thap tir hé thong AIS trong
nam qua la rt 1on (tai khu vuc mién Nam, Viét Nam
da thu thap hon 100GB) - Trong nghién clru nay,
chung t6i ldy mau dit liéu ngay 13/9/2019. Puoc thé
hién trong Hinh 1.

Dir li¢u hang hai 1a dir li¢u duoc thu thap qua hé
théng AIS chira nhidu thong tin tau bién (thoi gian, tén
tau, MMSI - Maritime Mobile Service Identity , COG-
Course Over Ground, SOG - Speed Over Ground,...).
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Hinh 1. Bin d6 div lidu hang hii tau bién trong ngay 13/9/2019 (c6 6.310.956 thong bdo AIS)

Viéc phan tich va nghién ctru cac dir liéu 16n hang hai
nay c6 thé tim ra hanh trinh cta tau bién nhu vi tri,
hanh vi diéu hudéng tau mot cach nhanh chéng, tu
dong va thong minh. Qua dé, cac td chtrc hang hai
dinh huéng cho su phat trién hiéu qua hoat dong cua
nganh hang hai, dong gdp vao su phat trién kinh té
bién. Tir cac dit lidu duoc thu thap, trong d6 mot s6 dir
liéu duoc lap lai cung véi dir li¢u 16n vi tri cua tau bién
dan dén hai thach thuc ddi véi viée sir dung dir lidu:
Mot 1a thao tac dit liéu trén khdi lugng dit lidu 16n, hai
la khai pha d6 do phtrc tap cua dir liéu.

Véi dic diém nay, can thiét ké mot mo hinh gom
cum k nhoém theo trung binh cua dir liéu 16n hang hai
duya trén kién trac Hadoop hién thuc mé hinh

Dt liéu hang hai Phan hai

Tién xir ly

Thuat toan K-
means

Théng ké va truc
quan héa di¥ liéu

Két luan

Hinh 2. Quy trinh phdn tich va truc quan hoa dir liéu

MapReduce dé xac dinh sé lwong cum t6i wu va tinh
toan do 1éch chuin cua COG va SOG, cling 1a vector
dic trung khi tién hanh phan nhém. Tir két qua truc
quan dir liéu giup cho ngudi quan 1y c¢6 thé nhan thirc
bang théng ké va phan b tau bién tot hon. Cac cong
viéc thuc hién trong bai bao tdi uu dit liéu hang hai
gom cum k nhom trung binh dya vao méd hinh
MapReduce bao gdm: Chon trudng dit liéu hang hai,
tién xir Iy dir liéu, thudt toan K-means, théng ké va
truc quan hoéa dir li€u, két luan va phan hdi. Pugc thé
hién trong Hinh 2.

Theo quy trinh tai budc tién xt 1y dit liéu, 1 bao
gdm phat hién va loai bo 15i dir liéu, chuyén doi
dinh dang va trich xuat dit liéu ngudn. Sau budc
tién xtr Iy va chon truong dir liéu hang hai, dén budc
lra chon thudt toan K-means dé thyc hién budc gom
cum twong Gng va théng ké va truc quan hoa dit lidu.
Thong qua viéc tryc quan hda dir li€u ching t6i
phan tich cac két qua dé dwa ra két luan, dong thoi
lga chon ndi dung nham nang cao gia tri hién thi
thong tin hang hai tau bién.

2. Thuét toan K-means va kién tric Hadoop
hién thuc mé hinh MapReduce

2.1. Thudt toan K-means
Thuét toan K-means [4] dugc sir dung trong phan

tich tinh chit cum cua dir liéu. Pugc thé hién dudi
Hinh 3.
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Initial
cluster k

Trong tam
héng co
déi tugng
chuyén
nhém

Khoang cach
céc déi tugng
dén trong tam

Nhém cac d6i
tugng vao
cac cum

Hinh 3. Lwu dé phan tich thudt todn K-means
Phat biéu bai todn:
Input:
- Tap cac dbi tuong X = {xj|j=1,2, ..., N}, xje R¢
- Sb cum: k.
Output:

- Cac cum C; (i=1 = k) tach roi va ham tiéu chuan
E dat gia tri toi thiéu.

- Thuéat toan hoat dong trén 1 tap vector d chiéu,
tap dir liéu X gdm N phan t.

X={xj=12,..,N}

- K-means lap lai nhiéu 14n qua trinh:

+ Gan dit li€u;

+ Céap nhat lai vi tri trong tam.

- Qua trinh dung lap lai khi trong tAm hoi tu va mdi
doi turong 1a mot bd phan cua 1 cym.

Ham do d0 tuwong tu st dung khoang cach
Euclidean:

E= 3% 3% eq (Il —all’) (0

Trong d0, cila trong tdm cua cum C;.

Thuat toan K-means chi dinh mdi diém c¢; cho cum
¢6 trung tAm gan nhat, 1a gia tri trung binh cong cho
ting thir nguyén riéng biét trén tit ca cac diém trong
cum. Sau day la cac budc mo ta thuat todn K-means:
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4. k cum (bang cach gan mdi diém trung tim gin
nhét trong tap X).

5. Tim diém trung tim m&i cta k cum ¢, 9, ¢4, ..
)

; 112
6.i— Thcolleh — | @)

7. Két qua CO,

- Tinh toan khoang céch:

co= xill - "< I - <[
1,2, ..k} (3)

- Cap nhap lai trong tam:

i+ =

>

()= _1_
C X; 4
' ICgt)IinEngt) J “)

Thuat toan 1: K-means (X, k)

1. Vé6i i = Float. MaxValue; j=1.

2. Chon k 1a trung tdm tap X, v6i CO = ¢, ¢, ...
0

Ck.

3. whilei>iydo  //vOi iy la bién hoi tu.

2.2. Thudt toan MapReduce
a) M6 hinh: Pugc thé hién trong Hinh 4.

Lap lai cho dén hdi tu

k méi
K 1 X 1 I 1 | khéa | cia |
| Bat dau | 1 _Map_F | Reduce | " tri
trung dau ra i [
tam Khéa | Gid | Téng
tri
¢, | Diém | NUM

Hinh 4. Gom cum K-means dwa vao moé hinh
MapReduce

b) Thudt toan:
- Thuit toan mapper:

Thuét toan 2: mapper (X, k)

Ngd vao: Bién trung tam, khoa k, X 1a tap ddi tuong.
Ng0 ra: <i, Diém, NUM>, trong do, i1a diém trung
tdm gan nhat va Diém la chuoi gia tri thong tin.
1. Xay dung kich ban mau tir cac gia tri X;
2. Khoang cach dist = Double, gia tri 1on nhat;
3. Chi s6 index = -1;
4. For i =0 to length.trung tdm do
Khoang cach = ham tinh khoang cach (miu
kich ban, trung tam (i));
IF khoang cach < khoang cach dist {
khoang cach dist = khoang céch;
chi s6 index = i;
)
5. Két thac vong l1ap For;
6. Xay dung gia tri Diém tir chudi gia tri tir kich ban;
7. Khoi tao bo dém NUM dé ghi cac tong sb miu
trong cung mdt cum;
8. While (Diém.hasnext ()){
Xay dung kich ban tir Diém.next();
Thém gia tri kich ban vao mang;
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NUM= NUM++;}
9. Ngé ra: cap <i, Diém, NUM>;
10. Két thic mapper(X, k).

- Thuit toan reducer:

Thuét toan 3: reducer (i, Piém, NUM)

~Ngé vao: Chi s6 cum i, Tap hop cac gia tri Diém,

Tong gia tri NUM,;
Ngd ra: <i, Ci>, trong do, i la chi muc cua cum

va Ci 1a gia tri trung tAm mai dai dién chuoi.
1. Khéi tao mang cac gia tri chfrg cung mot cum, vi
du: Kich ban trong danh sach Diém;
2. 7Chia cac muc cia mang cho NUM dé co toa do
dieém trung tam,;
3. 7X€1y dung gia tri mot chudi bao gém cac toa do
dieém trung tam,;
4. Ngd ra cap <i, Ci>;
5. Két thuc reducer (i, Diém, NUM).

Thuat toan s dung lai sau mot s6 hiru han vong 1ap.

2.3. Kién tric Hadoop hién thwc mé hinh
MapReduce

Chung t6i s& tap trung vao kién tric Hadoop
MapReduce, day la cach trién khai ma nguén mo phd
bién nhat hién thuc mé hinh MapReduce do Google
dé xuit. Kién tric Hadoop MapReduce chi yéu bao
gdm hai chirc ning do ngudi sir dung xac dinh: map()
va reduce(). Pau vao cua kién trac Hadoop
MapReduce 1a cap khoa - gia tri (k, v) va duogc goi
ham map () cho mdi cip nay. Ham dnh xa map () duoc
tao tir gia tri (0) hodc nhiéu cap trung gian khoéa - gia
tri (k’, v’). Sau do6, kién tric Hadoop MapReduce
nhém céc cdp trung gian khoa-gia tri ndy bang khoa
trung gian k’ va goi la ham reduce () cho mdi nhom.
Cudi cung, thuat toan reduce () dugc tao ra gia tri (0)
hodc nhiéu két qua tong hop. Véi kién triic Hadoop
MapReduce chi st dung 2 tac vu 1a dinh nghia ham
map () va reduce () dé thyc hién phan tich dit liéu quy
mo 16n. Tuy nhién, hiéu sudt Input/ Output cua kién
trac Hadoop MapReduce phu thudc vao hé théng phan
tan Hadoop (HDFS), 1a ban sao ma nguon mé ciia hé
thong Google.

Mot trong nhitng wu diém chinh cia kién triic
Hadoop MapReduce 1a dung may tinh thuong chay
cac tac vu phan tich trén dir li¢u hang hai 1on.

3. Gom cum K-means dwa vao mé hinh
MapReduce

3.1. Phwong phap

Gom cym K-means dua vao mo6 hinh MapReduce
duogc gia dinh can thiét 1ap s6 luong k cum va lap lai
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qué trinh bang cach di chuyén diém trung tam cta cum
dén diém trung binh cua tap cum dir liéu cho dén khi
diém trung tdm cua cum hoi ty. Trong nghién cru nay,
ching t6i chia nho cac phan tir bén trong né, nghia la
lay mau tir tap dir lieu dau vao (X, k), v6i n,, diém
thudc tdm c,, fc; dai dién cho tam thir i cudi, véi i tix 1
dén k; Qua trinh nay dugc mo ta trong Hinh 5 dudi
day:

argmin Y, Trec,(lx — il (5)

1

ICil

erci X (6)

Trong d6, k 13 s6 cum, c¢; 1a diém trong tAm (trung
tdm) cia cum C;, x 1a vector dac trung quy dao cia
mdi tau bién.

Knoa | Gi

Knéa | Glatr |
tri +

o S, 1 1 [
L1 "1 H
Bau dau ra

X, k < r i
——— Ldymau '_r.a_ 4 Map v Reduce
L fap

Khéa | Gia Pau ra
tr i Reduce
i fc
f daura
(< Reduce T Map
< Map

Khéa | Gid | Téng
tr|

Khéa | Gid
tri

fc, |Diém | NUM

Hinh 5. Téi wu gom cum K-means dwa vio mé hinh
MapReduce

Dé xac dinh s6 cum k, chung t6i dung quy tic khuy
tay dé tinh s lwong gom cum t6i wu. Tai budc dau
tién, chung t6i tinh téng khoang cac Euclid tir moi
mau dén diém trung tdm ciia cum va tién hanh cac gia
tri khac nhau cta k. Tong khoang cach giam khi k tang,
vi vy n6 s€ hoi tu. Budc tiép theo, chiing t6i vé tai &
va tong khoang cach, vi tri ciia diém 16n nhét (khuy
tay) duoc xem 1a diém hoi tu.

3.2. Thir nghiém va phdn tich

Thong tin vé giao thong hang hai tau bién trong
khu vyc mién Nam, Viét Nam rat phong phii. Quy dao
cua cac con tau dugc xac dinh b%mg cach lién két
thong tin vi tri cua con tau dugc hé théng thong tin
nhan dang AIS thu thap giri vé trung tAm van hanh hé
théng. Tuy nhién, luong dir liéu AIS thu thap ctia mdi
tau khong dong déu, co thé tic nghén tin hiéu hodc
hong may phat tin hi¢u nhan dang va dugc xac dinh
qua danh tinh dich vu di dong hang hai (MMSI);
Trong trudng hgp nay, ching tdi loai bo thong tin cta
tau thu thap, vi khong day du thong tin hanh trinh cua
tau. Do léch chudn x = (speed, course) ((toc do,
hémg)), voi ‘course’ duge dbi tir do (°) sang radian
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trude khi chuin hoa, ciia mdi tau béng vector dac
trung Xehuin hoa = (SOG_lc, COG _Ic) dé danh gia mirc
d6 6n dinh cua tau. Va chuin hoa mau trude khi gom
cum, bang logarit nhu phwong trinh:

- Chay md hinh:

Xchuan hoa = 10g10 (X+1)/10g10(xmax+l) (7)
3.2.1. D¢ liéu
Tap dir liu thu thap AIS:
Tap dir ligu Doi twgn Truwon
Thai gian | (s6 mau di | . g 3 .Ag
. hang hai dir ligu
lieu)
13/9/2019 | 157.773.900 1089 25 Hinh 7. Thuc thi gom cum K-means dwa vao mé hinh

* P6i tuong hang hai (tau, thiét bi bdo hiéu tich MapReduce timg véik =5

hop AIS,..); - Két qua gom cym:

** Tryong dit liéu (gom thong tin di ddng, tinh ciia

doi tiwong hang hdi).

Chi sb hang dir liéu

RangeIndex: 2443658 entries

Data

columns (total 25 columns):

type

Truong dir liéu.
tagblock_times

huan héa thanh
At ector dac trung
repeat i cinhaa = (SOG_Ic,
mmsi
o OG_lIc)
shipname
shiptype
callsign
band
ship_max_speed
length
beam
draught
grosstonnage
deadweight
build
destination

Kiéu dir liéu

int64(3), object(4)

Dbi tuong hang hai

Hinh 6. Thong tin chi tiét khung dii ligu AIS thu thép
3.2.2. Thuc hién chay gom cum K-mean dwa vao
mo hinh MapReduce

a) Lay ngau nhién 3 diém trung tm va két qua khi

k SOG_méi (speed) COG_méi (course)

1 0.1515723280061966 | 40.15723284380803
2 10.542187556624407 | 5.099999967962503
3 1.8082741391924422 126.4260651983998
4 5.346773882370912 | 286.8167981761306
5 0.8841017462988348 193.6729736813302

chay mo hinh:
k SOG_Ie¢ (speed) COG_lIc (course)
1 0.400000005960465 4.09999990463257
2 8.69999980926514 4.0
3 0.0 141.899993896484
4 0.0 233.1999969482424
5 0.0 187.0
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Hinh 8. Két qud gom cum K-means dwoc chuén héa wng
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Quy tac khuyu tay

Hinh 9. Gid tri ham muc tiéu vrng voi k=5

b) Lay ngau nhién 8 diém trung tAm va két qua khi
chay mo hinh:

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

k SOG_méi (speed) COG_méi (course)
7 14.876438070975322 | 349.73714159395746
8 0.6731448789578027 290.9056507555419

k SOG lIc (speed) COG _Ic (course)

1 0.400000005960465 4.09999990463257
2 8.69999980926514 4.0
3 0.0 141.899993896484
4 0.0 233.199996948242
5 0.0 187.0
6 12.0 187.100006103516
7 7.80000019073486 341.0
8 0.0 304.200012207031

- Chay mo hinh:

Hinh 10. Thuc thi gom cum K-means dwa vao mé hinh
MapReduce irng voi k =8

- Két qua gom cum:

k SOG_méi (speed) COG_méi (course)

1 0.1515723280061966 40.15723284380803
2 10.542187556624407 5.099999967962503
3 1.8082741391924422 126.4260651983998
4 0.2811068720433092 | 234.49637463984598
5 0.10534482568759343 | 193.94638006276097
6 10.10204080659516 | 190.43673488071985

s & ! ..
3 e & T : '
k. . .
Lg M. % "““ al
4 d : (i

i . PR 13
Jﬂ) P mﬂ’ s ﬂ, A “%&
e~ % - R N l %

i N ! i .

g 3 B ‘

S = S
i % - % I~ ¥ i . d

i E; i e

m‘b s "”ﬂ* X H': e
e~ % "/ -~ % - %l

Phan cum k-Means
(Vong lap = 19 Gia trj tap déi tugng = 1235.73 )
2.00 *

FRULR N |
3 * o oY
3 150 || r
2 4 %
T I'; ('
£ [l
© 100 3 . e ]
g " Py » ¢ . cum1l
2 0.75 .:' = : Cum 2
E B e . s Cum3
S 050 S, 058, . . cuma
Sowr Il e ? =
8 o025 7 R . Cumé

.. * % Cum 7

0.00 el .'g, i % Trung tam
0.0 02 0.4 0.6 08 10
SOG (Speed Over Ground)
Hinh 11. Két qud gom cum K-means dwoc chudan hoa

1240 4

12351

12301

Gia tri tap doi tugng

12101

12051

1200 1

12254

12204

1215

wng k =

8

Quy tac khuyu tay

Hinh 12. Gia tri ham muc tiéu wng véi k=8
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Dua vio két qua thu duoc, cing véi ham gia tri
muc tiéu (tng voi k = 5, k = 8) ching t6i xac dinh
dugc sb lugng cum ti uu (k = 5). Qua d6, ching t6i
thu hep pham vi tinh chit cum dé danh gi4 hang hai
tau bién.

4. Két luan

Trong bai nghién ctru nay, ching t6i da thyc hién
phan tich di liéu hang hai 16n bang phuong phap gom
cum K-means dya vao mé hinh MapReduce dé xir Iy
chc dic trung dir lidu (d6 léch chuan ciia cdp (speed,
course)) ctia mdi tau bién tir hé thong nhan dang ty
dong AIS duoc thu thap guri vé trung tam van hanh hé
thdng. Vi phuong phép nay, ngudi van hanh hé théng
6 thé giam sat, danh gia duogc sy 6n dinh giao thong
hang hai tau bién va dung dé phat hién sy bat thudng
trong hang hai tau bién dya vao tinh chat ciia cum. Tuy
nhién, thong tin AIS thu thap con cé nhiéu dic trung
ma chiing t6i chwa khai thac hét, cac dic trung trich
xudt van con don gian va co thé nang cao cho céc 4n
pham tiép theo trong twong lai.
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