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LOI CAM DOAN

T6i xin cam doan luan van nay la do t6i thuc hién, dugc hoan thanh trén
co s& tim kiém, thu thap, nghién ctu, tong hop phan ly thuyét va cac phuong
phap ki thuat duoc trinh bay trong cac tai liéu duoc céng bd trong nudc va trén
thé gigi. Céc tai liéu tham khao déu duoc néu ¢ phan cudi cua luan van. Luin
vin nay khong sao chép nguyén ban tir bat ki mot ngudn tai liéu nao khéc.

Néu c6 gi sai s6t, toi xin chiu moi trach nhiém.

Hoc vién

Ninh Hoai Anh
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DANH MUC CAC KY HIEU VA CHU VIET TAT

TT | Ky hiéu Tiéng Anh Giai thich theo tiéng Viét

01 | ARFF Attribute - relation file binh dang tap tin thudc tinh -
format guan hé

02 |CDA Confirmatory data analysis | Phan tich dir liéu khang dinh

03 | CPU Central Processing Unit B vi xtr ly trung tm

04 | DOM Document Object Model | M6 hinh ddi tuong tai liéu

05 | EDA Exploratory data analysis | Phan tich dir liéu tham do

06 | ESS Explained sum of squares | Tong binh phuong hoi quy

07 |HTML | Hypertext markup Ngdn ngit danh dau siéu vin ban
language

08 |OLS Ordinarry least square Phuong phap binh phuong tdi

thiéu

09 |PRF Popolartion regression Ham héi quy tong thé
function

10 |RSS Residual sum of squares | Tong binh phuong sai s6

11 |SRF Sample regression function | Ham hdi quy mau

12 | TSS Total sum of squares Téng binh phuong toan phan
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.
MO PAU

Ngay nay, gan lién véi su phét trién cua Internet, mang xa hoi va cac thiét
bi di dong 14 su gia tang dir liéu khong nging trén toan cau. Dit liéu duoc sinh ra
ting pht, ting gidy, c6 & khap moi noi va ching cé thé chi cho ta thay nhiéu
diéu. Tuy nhién, 1am thé nao dé dir lidu tré nén cé y nghia lai trg thanh mot van
dé khéng nho ddi véi nhitng c& nhan, to chic s¢ hitu nhitng khéi dit liéu nay.
Trén thuc té, nhiéu doanh nghiép chua duoc trang bi, wng dung hé théng cong
nghé thdng tin can thiét giup khai thac dir liéu hiéu qua, tir d6 dua ra nhiing
quyét dinh sang suét dua trén nhitng phan tich cé chat luong thay vi dua trén
truc giac hay kinh nghiém trong qué kht.

Véi quy md dir liéu da dang, phong ph, dit liéu c6 thé phan anh théng tin
tir nhiéu khia canh ctia doi sdng xa hoi hién dai. Vi du, céc vi tri dia 1y déu duogc
dir liéu hoa, dau tién 1a bang kinh do, vi d6 va gan day 1a thong qua cac hé thong
dinh vi toan cau GPS (Global positioning system). Nhitng cubn sach, tai liéu
gidy da duoc s6 hoa thanh ebook, cac file tai liéu s6 voi nhiéu dinh danh nhu
pdf, txt, rtf. Ké ca nhitng mdi quan hé ban bé, su ua thich “like” ciing duoc dit
liéu héa qua cac mang xa hoi nhu Facebook, Zalo,... Nhitng loai dit liéu nay
duoc sir dung dé phan tich nho vao sy giup d& cua nhiing bo may tinh véi chi
phi thap, nhitng phép toan théng minh, dua trén nhitng kién thuc toan hoc duoc
vay muon tir kién thic théng ké. Thay vi day cho may tinh c6 thé 1ai xe hoic
phién dich mot ngdn ngit, ching ta cé thé cung cap du dit liéu dé may tinh co thé
tinh toan ra x4c suat cua tat ca moi thir ma chding ta mudn tinh toan.

Phan tich dix liéu (Data analysis) la khoa hoc kham pha dix liéu thd nham
rat ra két luan tir nhitng dit liéu dy. Phan tich dit liéu dugc sir dung trong nhiéu
nganh cdng nghiép dé hd tro cac cong ty, té chic dé dua ra quyét dinh kinh
doanh tét hon hoic trong céc nganh khoa hoc dé xac nhan hay bac bo cac mé
hinh, ly thuyét hién c6. Qué trinh phan tich dir liéu bao gom cac budc kiém
dinh, 1am sach, chuyén doi, mé hinh hoa va phan tich dit liéu véi muc dich tim
théng tin hitu ich, cho thay két luan hoic hd tro ra quyét dinh dua trén bo dir
liéu hién co.

Vén dé nghién ctru va tng dung phan tich di liéu vao céc linh vyc rat phd
bién va phat trién trén thé gisi. Tuy nhién, tai Viét Nam, van dé nay con chua
duoc tng dung rong rai, nhat 1a trong linh vuc kinh doanh thwong mai. Trén co
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s& cac nghién ciru di co, luan van tap trung vao cac muc tiéu va cac van dé can
giai quyét sau:

Muc tiéu va pham vi nghién ctu:

Luan van tap trung nghién ciu vé mé hinh hdi quy tuyén tinh, phuong
phap sir dung mé hinh hdi quy tuyén tinh trong phan tich dix liéu, tim hiéu cong
cu hd tro phan tich dit liéu Weka.

Muc tiéu chinh cua luan van la dua trén cong cu WEKA xay dung duoc
md hinh hdi quy tuyén tinh du doan gia cua mit hang may tinh xach tay trén thi
truong Viét Nam théng qua viéc phan tich dit liéu ban hang caa Cong ty c6 phan
thuong mai Nguyén Kim. Tir d6, hd trg cac doanh nghiép, nha phan phéi may
tinh xach tay dua gia ban canh tranh nhat trén thi truong. Bén canh do, ciing
gitip ngudi tieu dung wdc luong chi phi dé mua mat chiéc may tinh xach tay phu
hop v&i nhu cau caia ban than.

Phuwong phap nghién ciru:

Trong pham vi luan van nay, t6i da sir dung 03 phuong phap nghién cuu
khoa hoc dé tiép can va l1am rd nhitng van dé cua dé tai ma minh da lua chon.
Do 1a cac phuong phdp nghién cuu sau:

- Phwong phdp phdén tich va téng hep Iy thuyét: Nghién cau céc tai lidu
khac nhau vé mé hinh hdi quy tuyén tinh, phan tich dit liéu va cong cu WEKA:
phan tich dé tim hiéu sau sac ddi véi mdi van dé va tong hop dé cé cai nhin tong
quan, day du vé cac van dé can tim hiéu.

- Phwong phdp thuc nghiém khoa hec: Cha dong tién hanh thu thap, xu
ly dix liéu ban may tinh xé&ch tay; sir dung céng cu WEKA xay dung mé hinh hoi
quy tuyén tinh dé du bao gia.

- Phwong phdp phdn tich, tong két kinh nghigm: Nghién ctu, phan tich
va danh gid cac mo hinh da xay dung dé ting budc xay dung md hinh phi hop
nhat v&i do tin cay, chinh xac cao hon.

B cuc cia luin vin:

Luén vin duogc trinh bay véi bd cuc gdm 04 chwong véi nhitng noi dung

chinh nhu sau:
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Chuwong 1 - Dit van dé: Phat biéu bai toan, lya chon mién tng dung va
gidi thiéu cac phuong phap va cong cu dé giai quyét bai toan

Churong 2 - M6 hinh hdi quy tuyén tinh va cong cu hd tro WEKA: Trinh
bay co s& ly thuyét caa mé hinh hdi quy, di vao cu thé vai md hinh hdi quy
tuyén tinh. Dong thoi, gioi thiéu vé cong cu WEKA, xay dung mé hinh hdi quy
tuyén tinh véi sy hd tro cia WEKA.

Chwong 3 - Thuc nghiém va danh gia két qua: Str dung cong cu WEKA
dé xay dung mé hinh hdi quy tuyén tinh du bao gia ban may tinh xach tay cua
Cong ty c6 phan thuong mai Nguyén Kim. Tién hanh phan tich, xay dung mé
hinh va danh gia két qua thu duoc.

Chwong 4 - Két luan: Trinh bay két qua dat duoc cua luan van va dinh
huéng phét trién trong tuong lai.



10

Chuwong 1
PAT VAN PE

1.1. Bai toan phan tich dix liéu

Dit liéu duoc tao ra tung gidy, timg phut trong doi séng xa hoi hién dai.
Chuing c6 thé 1a dix liéu web, dir liéu tir cAc cam bién, céc tép luu nhat ky, dit
licu ca nhan, dir liéu tir c4c thiét bj thong minh,... Tir khéi dir liéu ndy ma ching
ta c6 thé tim kiém, khai thac va trich xuét ra nhitng thdng tin hiru ich. Lam thé
nao dé co6 dugc nhitng thong tin iy 1a van dé duoc dit ra. Phan tich di liéu 1a
mét trong nhitng chia khoa gilp ching ta giai quyét van dé néu trén. Vay phan
tich dr liéu la gi?

Phan tich dir lieu la mot trong nhitng (ing dung thuc tién cua ki thuat khai
pha dir liéu (Data mining). Phan tich dit liéu 12 mot qua trinh trich xuat thong tin
hitu ich tir tap dir liéu duoc cung cap. Cac bude co ban cua qua trinh phan tich
dir liéu bao géom: Kiém dinh (Inspecting), 1am sach (Cleaning), chuyén doi
(Transforming), mé hinh héa (Modeling) va phan tich (Analysing) dit liéu nham
muc dich tim kiém thong tin, cho thay két luan, hd trg dua ra quyét dinh.

[ Kiém dinh ] [ Lam sach ] [ Chuyén doi ] [ Mo hinh h()a] [ Phin tich ]

Hinh 1.1. Cac budc cua qué trinh phan tich dir liéu

Trudc khi c6 may tinh, nhiéu phwong phép phan tich cho tap dir liéu nho
da phat trién va tap trung phan tich ting bién riéng 1é. Ngay nay, khi kha ning
tinh todn ciia may tinh di phat trién vuot bac, phan tich dir liéu da phan tich
ddng thoi quan hé cua nhiéu bién.

Phén tich dir liéu duoc chia thanh phéan tich dir li¢u tham do EDA va phén
tich dir liéu khang dinh CDA. Phan tich dit liéu tham do dung dir liéu dé xac
dinh méi quan hé gitra céc bién doc 1ap véi bién phu thudce hay xac dinh cac bién
dugc dua vao mo hinh. Phan tich dir liéu khang dinh sir dung dir liéu dé khang
dinh gia thiét 1a dung hodc sai. Hai phuong phap nay khong tach roi nhau ma
ludn di cing nhau dé tim ra nhitng théng tin hitu ich tir tap dit liéu da co. Trudc
hét, ching ta sir dung phuong phap EDA dé xay dung md hinh phu hop tir tap



11

dir liéu da c6. Sau 6, st dung phuong phap CDA dé khing dinh nhiing thdng
tin chdng ta nhan dinh 1a dang hoac sai.

1.2. Lwa chen mién @&ng dung

Hién nay, xung quanh ching ta 1a mot bién dit liéu khéng 16 va khéng
nging mo rong. Khéi dit liéu nay lién quan dén tat ca cac khia canh cua doi
séng x& hoi. Dap tng nhu cau hiéu biét vo tan cua con nguoi, gidi hoc thuat
d3 nghién ctru vé phan tich dix liéu nham chit loc nhitng théng tin can thiét,
b ich dbi vai mdi ca nhan, mdi tap thé, mdi linh vuc, mdi quéc gia,... Gidi
kinh doanh ciing khong thé bo qua coéng cu hiru ich ndy dé ting cuong loi
nhuan caa doanh nghiép tirng ngay, tham tri tirng gio. T do, nhiéu giai phap
cong nghé da duogc nghién ciru véi muc dich hd tro cac cong ty, doanh nghiép
dua ra cac quyét dinh kinh doanh hop ly, sang subt. Thuc té, cac cong ty, tap
doan 16n da chuyén dan tir ché tao san pham sang cung cap dich vy phan tich
kinh doanh. Truéc ddy, tdp doan IBM ché tao, san xuat cac san pham cong
nghé nhu mdy chu, may tinh xach tay, mdy tinh dé ban, thiét bi cho ha tang
cong nghé thong tin. Nhung, ngay nay, tip doan IBM dang quan tdm nhiéu
hon va cung cap thém dich vu phan tich kinh doanh.

Trong khudn kho luan van nay, tac gia tap trung nghién cuu, tng dung
phan tich dir liéu vao linh vuc kinh doanh. Dt liéu ban hang cua cac cong ty
dién may 1a khéi dir liéu do so véi da dang cac loai mit hang cua nhiéu nha cung
cap dugc bay ban véi muc gia ¢ thé thay doi theo thoi gian va timg chuong
trinh khuyén mai khéac nhau. Khéi dir liéu nay duogc thé hién day du va dang tin
cay trén website ciia cac cong ty dién may va cd thé duoc thu thap mot cach
chinh xéc thdng qua cac cdng cu san cd. Tac gia lay dix liéu ban hang cua Cong
ty C6 phan thwong mai Nguyén Kim 1a dién hinh. Phan tich dir liéu ban hang
ctia Cong ty c6 phan thuong mai Nguyén Kim dé hd tro cac cong ty dién may du
doan va dua ra gia ban canh tranh nhat cho mat hang may tinh xéach tay trén thi
truong Viét Nam.

1.3. Phwong phap va cong cu
1.3.1. Lwa chon phwong phap

Phan tich dix liéu khang dinh 1a lya chon khong thé bo qua dé hd tro dua
ra quyét dinh kinh doanh sang suét. Mot mé hinh di liéu duoc xay dung dua
trén tap di lieu lich sir. Nhiing thuat toan hoc may duoc str dung dé xay dung
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mé hinh dix liéu an giau trong tap di liéu nay. Sau khi mé hinh dit liéu duoc xéac
nhan, né dugc coi la tong quét hoa kién thic va co thé du doan tuong lai. Bang
cach ndy, cac doanh nghiép co thé du doan cac nguy co tiém an trong tuong lai
dé hoach dinh chién luoc kinh doanh pha hop.

Théng ké cung cip cac phuong phap, ki thuat xay dyng mé hinh toan
hoc dé phan tich dit liéu. Hai phuong phap théng ké chinh dugc sir dung
trong phan tich dit liéu 1a: Théng ké mé ta (Descriptive statistics) va thong ké
suy dién (Inferential statistics). Dir liéu théng ké thuong duogc thu thap dé tra
loi cac cau hoi duge dinh trude. Théng ké md ta tom tat dir liéu tr mot mau
thi nghiém con thong ké suy dién rat ra két luan tir dir liéu. Ngay nay, véi su
phat trién khong nging vé kha ning tinh toan cua may tinh, thong ké dugc st
dung nhiéu trong hoc may (Machine learning) nham xay dung cac md hinh
toan cho céc thuat toan hoc may. Théng ké suy dién duoc sir dung nhiéu trong
phan tich dix liéu khang dinh.

Trong khuén khé luan vin nay, tac gia tap trung nghién cau mé hinh hoi
quy tuyén tinh trong thong ké véi muc dich xay dung mé hinh hoc may cho bai
toan phan tich dir liéu dé dy doan twong lai.

1.3.2. Lwa chon cong cu

Hién tai, cac cong cu hd tro phan tich dit liéu da xuat hién nhiéu nhu R,
SPSS, WEKA, ... Tuy nhién, tac gia lya chon va nghién cau phan mém WEKA.
Pay 1a phan mém duoc phat trién bang Java nham phét trién cac ky thuat hoc
may va ap dung chlng vao cac bai toan khai pha di liéu trong thuc té.
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Chuwong 2
MO HINH HOI QUY TUYEN TiNH
VA CONG CU HO TRQ WEKA
2.1. M6 hinh hdi quy tuyén tinh
2.1.1. Ly thuyét vé md hinh hdi quy
Phan tich hdi quy nghién cau sy phu thudc cua bién phu thudc vao mot
hay nhiéu bién doc lap dé udc luong hay du doan gid tri trung binh cua bién phu
thudc trén co so C4c gid tri biét trudc caa bién doc 1ap. Phan tich hdi quy dugc
mo hinh hoa thong qua dudi dang:
Y =f(X) +¢ 2.1)
Trong do:
- X 14 bién doc lap
-'Y 14 bién phu thudc
- £ 1a sai s6 ngau nhién
- f(X) = E(Y|X) 1a ham hdi quy tong thé PRF cho biét gia tri trung binh
cua bién Y sé& thay d6i nhu thé nao khi bién X nhan céc gia tri khac nhau
Mo hinh (2.1) duoc goi 1a mé hinh hoi quy. Bé khao sat md hinh héi quy
nguoi ta tién hanh quan sat cac bo sé (Xi, Yi). O lan quan sat thr i, bién X nhan
gia tri Xi, bién Y nhan gia tri Yi va sai s6 ngau nhién 12 &i. Khi ¢6, m6 hinh (2.1)
tro thanh:
Yi = f(Xi) + &i = E(Y|Xi) + & 2.2)
ei 1a do chénh léch giira gia tri quan sat Yi caa bién phu thuoc Y vai gia
tri trung binh caa Y khi bién doc 1ap X nhan gia tri Xi. € ton tai boi nhiéu yéu to
tac dong. Mot yéu té quan trong 1a do ngoai cac bién doc lap X da duoc dua vao
mo hinh c6 thé con c6 céc bién khac chua duoc xem xét téi ciing anh huong dén
gia tri cua bién phu thudc Y nén ¢ dai dién cho phan anh huang ay.
Te(22)taco: & = Yi-f(Xi)
= e€20& Yi-f(Xi)>0
Néu &i 6 gié tri cang nho thi bién phu thudc Y cang quan hé mat thiét hay
cang phu thudc vao bién doc 1ap X. Vi vy, € dong vai tro quan trong trong viéc
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danh gia chat luong cia md hinh hdi quy. Viéc xay dung md hinh hdi quy tét
thuc chat 1a xac dinh ham hdi quy téng thé f(X) sao cho sai s6 ngau nhién ¢ cua
md hinh nhan gia tri nho nhat. Khi do, ta c6 thé uwdc lugng hay du doan gia tri
ctia bién phu thudc Y trén co so cac gia tri biét trude cua bién doc 1ap X voi mot
d6 tin cay nhit dinh.

Trong nhiéu trudng hop, ta khong ¢ diéu kién dé xét toan bo téng thé cua
mot van dé. Khi do, ta co thé ude lwong gia tri trung binh cua bién phu thudc tir
tap s6 lieu mau. Théng k& hoc cung cip phuong phap diéu tra chon mau cho
phép Iy tap s6 liéu tong thé mot sé mau s liéu dé nghién ciu, phan tich va dua
ra két qua cho tong thé véi do tin cay cho trude. Viéc xay dung ham hoi quy
tong thé dugc thyuc hién thong qua viéc xac dinh ham hdi quy mau SRF, ding né
dé udc luong va kiém dinh cac gia thiét tir d6 xay dung ham héi quy tong thé.
Ham hoi quy mau dugc xay dung dua trén tap sé liéu mau.

M6 hinh hdi quy duoc chia 1am 02 loai:

- M6 hinh héi quy don véi ham héi quy tong thé chi ¢ 1 bién doc l1ap

- M6 hinh héi quy boi véi ham hoi quy tong thé co tir 2 bién doc lap tra 1én

2.1.2. M6 hinh hai quy tuyén tinh

M6 hinh hoi quy tuyén tinh 1a mé hinh hoi quy ma trong d6 ham hoi quy
tdng thé c6 dang tuyén tinh

f(Xi) = E(Y|Xi) = Bo + BuXui + BaXoi + ... + BuXn (2.3)

Trong do:

- Xi | gi4 tri cua cac bién doc 1ap X ¢ quan sét thi i

- E(Y|Xi) la gia tri trung binh cua bién phu thudc Y khi bién doc lap X
nhan cac gia tri Xi ¢ quan sat thir i

- Bo, B1, B2, ..., Bn 12 cac tham sb hdi quy. Tham sé hdi quy Po con dugc
goi 1a hé sb ty do, né cho biét gia tri trung binh caa bién phu thudc Y 1a bao
nhiéu khi bién doc lap X nhan gia tri “0”. Tham s6 hoi quy B; con dugc goi la
cac hé sé gdc, n6 cho biét gia tri trung binh cua bién phu thuoc Y s& thay doi
nhu thé nao khi gia tri cua bién doc lap thir j X;i ting mot don vi véi diéu kién
cac bién doc 1ap khac khong thay doi gia tri.

That vay: Gia su Xit = Xji + 1
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=> E(Y|Xi)! = Bo + BuXui + B2Xai + ... + BXit + ... + BpXni
= Bo + BrXai + PaXoi + ... + Bj(Kji + 1) + ... + BoXni
= Bo + BrXai + PaXoi + ... + BXji+ ... + BoXai + Bj
= E(Y[Xi) + B
=> fj = E(Y|Xi)* - E(Y[Xi)

Néu Bj > 0 thi E(Y|Xi)' > E(Y|Xi) tic 1a gia trj trung binh cua Y ting.
Nguoc lai, néu Bj < 0 thi E(Y[Xi)! < E(Y|Xi) tic 1a gia trj trung binh caa Y giam.

Thuat ngir “tuyén tinh” c6 thé duoc hiéu theo hai nghia: tuyén tinh voi
tham s6 va tuyén tinh d6i vé6i bién s6. Tuy nhién, ham hdi quy tuyén tinh ludn
duoc hiéu 12 véi tham s, n6 ¢6 thé khdng tuyén tinh vai bién sé.

Nhu di trinh bay & phan trudc:

- Néu f(Xi) = E(Y|Xi) = Bo + BoXi thi md hinh duoc goi 1& md hinh hoi
quy tuyén tinh don.

- Néu f(Xi) = E(Y|Xi) = Bo + BuXui + BoXoi + ... + BaXoi Vi n >= 2 thi md
hinh dugc goi 1a mé hinh hdi quy tuyén tinh boi.

Pbi vai md hinh hoi quy tuyén tinh, ham hoi quy mau cé dang:
Vi=fo+ ByXai+ X0 + ... + B X (2.3)
Trong do:
- B; 1a udc luong diém cua P;
- Yi 12 u6c luong diém cua Yi
Khi d6, sai s6 ei = Yi - ¥i. Minh hoa bang hinh 2.1.

\7

Hinh 2.1. Sai s6 ei giita Yi va Yi
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Nhu vay, viéc xay dung md hinh hdi quy tuyén tinh tré thanh viéc xéac
dinh cac f8; sao cho sai s6 ei nho nhat tic 12 ¥i cang gan véi gié tri Yi cang tot.

2.1.3. Phuwong phap binh phwong tdi thiéu dé wéc lwong cac tham sé
ciia mo hinh hdi quy tuyén tinh

Phuong phap binh phuong tdi thiéu OLS dugc dua ra boi nha toan hoc
Carl Friedrich Gauss 1a phuong phap duogc sir dung phd bién nhét trong théng ké
dé xac dinh céc B; sao cho tong binh phuong cac sai s ei gira gia tri quan séat
Yi véi gia tri Yi tinh theo ham hdi quy mau 1a nhé nhat. Noi dung phuong phap

cu thé nhu sau:

Xét trudng hop, ham héi quy tong thé cd dang:

f(Xi) = E(Y[Xi) = Bo + PuXi

va c6 mot mau gdm n cap quan sat (Xi, Yi)vsii=1,2, ..., n.

O 1an quan sét tht i, ta co:

- Ham héi quy mau: Vi=f,+ piXi

- Sai so: e; =Yi-Yi=VYi-f,-piXi

- Tong binh phuong cac sai sb ei:

el = 7l'1=1(Yi — By — ﬁlXi)z

Viéc can lam 1a xac dinh B, va 3, sao cho téng binh phuong cac ei 1a nho

nhat. Tuc la:
(B0, B1) = Z?=1(Yi — By — ,31Xi)2 =>min

Vi f(B,, B;) 1a da thuc bac 2 cua 2 bién B, f; nén diéu kién dé né dat cuc

tiéu Ia:

af(ggfl) = 22?:1(“ - /’30 - B1Xi)(_1) =0

Po (2.4)
ot (Bo, : 5 5 v :
o =25, (Yi - By — BuXi)(=XD) = 0
Giai h¢ phuong trinh (2.4) ta duoc:
- Bo=Y-BX

B, = = Xi-X)(Yi-7) _ YL, YiXi-nXY
1 1L (Xi - X)2 Y1 Xi2 - n (X)2
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Trong do:
- X lagiatri trung binh cuia X, X = %
-Y lagiatritrung binhcaayY,Y = %

Céc gid thuyét co ban ciia phirong phdp binh phirong toi thiéu:

- Gia thuyét 1: Quan hé giira X va Y 1a tuyén tinh, cac gia tri Xi cho trudc
va khong ngau nhién

- Gia thuyét 2: Céc sai s6 e; 1a dai lugng ngau nhién cé gia tri trung binh
bang 0 tic la E(e;|Xi) =0

- Gia thuyét 3: Céc sai so e; 1a dai luong ngau nhién c6 phuong sai khong
d6i tic 1a Var(e;|Xi) = 8% = const

- Gia thuyét 4: Khong c6 su twong quan giira C4c e; tic 1a
Cov(e;|lej) =0 véi i #j
- Gia thuyét 5: Khong co su tuong quan giira e; va Xi tac 1a
Var(e;|Xi)=0

Pinh Iy Gauss — Markov: Khi céc giai thuyét 1 dén 5 dugc dam bao thi
cac u6e luong cta phuong phap OLS 13 cac ude luong tuyén tinh, khéng chéch
va c6 phuong sai nho nhat trong 16p cac ude luong tuyén tinh khong chéch.

Déi véi ham hoi quy 2 bién thi B,, B; tuong tmg 1a cac ude luong tuyén
tinh, khdng chéch va co phuong sai nho nhét cua o, Pi

Hé sé xdc dinh r? (coefficient of determination) do dé phu hep cia ham
hoi quy mau:

- Tong binh phuong toan phan TSS: 14 tong binh phuong cua tat ca cac sai
Iéch gitra gia tri quan sat Yi vai gia tri trung binh cua ching

TSS=Y" . (Yi— Y)2=3",Yi? - n(Y)? (2.5)

- Toéng binh phuong hdi quy ESS: 1a tong binh phuong tat ca cac sai léch
giira gia tri caa Y tinh theo ham hoi quy mau va gia tri trung binh

ESS =Y, (Pi— V)" = ()" Tr,Xi? — n(X)? (2.6)
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- Tong binh phuong sai s6 RSS: 14 tong binh phuong tit ca cac sai léch
gia tri quan sét Yi véi gia tri cua Y tinh theo ham hdi quy mau

RSS=Y",e2=Y" (Yi— 7i)° (2.7)
Va TSS = ESS + RSS, minh hoa bang hinh 2.2.
X.M

SRF
] e e R PO

22 TSS

e e e g e 2

X X
Hinh 2.2. Méi quan hé giira TSS, ESS va RSS

- Hé sb xac dinh r? duge xac dinh boi céng thuc:

5 _ . RSS _ESS _ ;5 \2 X Xi%?— n(X)?
ri=1-10=ins (A) BTG
TSS TSS Y, Yiz=n(Y)?

(2.8)

=0<7r?<1

-Néu r2 = 1 : Ham hdi quy mau I1a phu hop, tat ca cac sai léch cua Yi
S0 V&i gia tri trung binh Y déu dugc giai thich bang mé hinh héi quy

-Néur? - 0 : Ham hoi quy mau Ia khdng phu hop, bién phu thudc Y
khong phu thudc vao céc bién doc lap X

Hé sé twong quan r (coefficient of correlation) do dé twong quan giira
bién phy thuge Y va bién déc ldp X: duge xac dinh bai cong thic:
Y, (Xi- X)(Yi-Y)

r =
\/Z?=1(Xi— X)? Y, (Yi-Y)?

(2.9)

- C6 thé chimg minh dugcC: r = =+ Vr2
=> D4u cua r tring voi dau cua B,
- Céc tinh chat caar:

+ Gid tri cua r nam trong khoang {-1;1}
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+ Néur>0: X va 'Y c6 mbi twong quan thuan
+ Néur < 0: X vaY c6 mbi trong quan nghich

+ B, = 0 thi r=0 va nguoc lai, cd thé can ctr vao dau caa f; dé xac dinh
tinh thuan nghich cua méi twong quan

+ |r| — 1 thi mdi twong quan gitta X va Y cang chat chg, néu |r| = 1 thi
X va'Y c6 quan hé ham sé

+ |r| — 0 thi mdi twong quan giita X va Y cang long 1éo, néu |r| = 0 thi
Xva'Y doc lap véi nhau

2.1.4. Ung dung md hinh hoi quy tuyén tinh vao phan tich dir ligu

Trén thuc té, khi phan tich dit liéu, ching ta phai xac dinh moi quan hé
gitta mot bién phu thudc vao nhiéu bién doc. Vi du nhu, cac yéu té anh huong
dén téc doc caa chiéc xe gin may dang chay trén duong khéng chi phu thuoc
vao phan khéi caa dong co ma con phu thudc vao do ma sat cua mit duong, suc
can cua gid, trong luong hang hoa trén xe,... Vi vay, chlng ta can xem xét cac
mo hinh héi quy tuyén tinh nhiéu hon 1 bién doc lap.

Khi d6, ham hoi quy tong thé véi k bién doc 1ap ¢ dang:
FOXi) = E(Y|Xi1) = Bo + BoXai + P2Xaoi + ... + BrXd
Véi n quan sat ta co:
Vi = Bo+ BiX11 +BoXon + o + BrXia + €4
Y, = Bot+ BiXiz2 + BaXon + . + BrXia + €

Yo = Bo+ B1Xin + B2Xon + o + BiXin + €n

Ky hiéu:
Y ,30 €1 1 X1 Xo1 o X1
Y=Y2;ﬁ='81;e=eZVé.X= 1 X, Xp2 o Xi2
Yo B €n 1 Xy Xon o Xin

Taco:Y =XB + e
Ham héi quy mau c6 dang:

Vi= Bo+ BiXu+ BoXoi + ot BiXi
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Céc ude lwong OLS tim duoc bang céch tim cac f3; sao cho:

n n
A a ~ A 2 .
ef = Z(Yl — Bo— B1Xii — BaXoi — . — .Bkai) => Min
=1 i=1

l

Goi XT, YT, BT, eT lan luot 12 ma tran chuyén vi cua X, Y, B vae:

r 1 1 T |
Xll X12 Xln

XT == X21 X22 in , YT = [Yl Y2 s Yn]
X1 Xiz Xien

et = ele = (v—xp) (v - xp)

= (YT = BTXT)(Y — Xp)
= YTY — YTXB — BTXTY + BTX"Xp
= YTy — 2B7XTY + BTXTXPB

Hé phuong trinh c6 dang:

0 (eTe .
( - )=0 =>—2XTY + 2XTX3 =0
ap
= XTy = X"Xp
=B = X"X)"1xTy (2.10)

Trong d6 ma tran X7 X ¢6 dang nhu sau:
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_ n n n B
o) K ) X e ) X
i=1 i=1 i=1
n n n n
DX Y NE D XaXa e ) Kuiig
XTX = i;l 7i1:1 i=711 ijll
DXu D Xk DXt X
i=1 i=1 i=1 i=1
DX ) XXu ) XaXa ) Xl
-i=1 i=1 i=1 i=1 i

Két qua: Céc hé sb hdi quy duoc udc luong theo cong thie (2.10)

Hé s6 xac dinh r? dugc dinh nghia nhu 1a ty 18 (%) sy bién dong cua bién
phu thudc Y duoc giai thich bang céc bién doc 1ap X.

r2=1-25-5% g < 42 < 1)
TSS TSS
Voi:
L o2
-RSS=3Y",e?=3",(Yi— ¥i)
-ESS=Y7,(Pi- 7)*
- TSS=TSS=¥N (Yi— 7)?
- n 14 6 1an quan sét
Hé s6 twong quan r ndi 1&n mdi twong quan giira bién phu thudc Y va céc
bién doc 1ap X.
r=+vVrz (-1 <r <1)

Hé s6 xac dinh da diéu chinh 2 dé xac dinh c6 nén thém 1 bién doc lap
vao méi vao mo hinh hay khong. Thuong thi gia tri cua r2 c6 sy khac biét rat it
so v&i r2. Ching ta c6 thé quyét dinh them mat bién doc 1ap méi vao mé hinh
néu 2 tang 1én khi ting bién do.

n—1
n—k

r2=1-(1-r?)

Trong d6: k 14 s6 bién doc 1ap dua vao mo hinh
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[ 1 2 3 4 5 6 7 8 9 10
X1 8 7 8 8 6 6 5 5 4 3
X2 2 3 4 4 5 5 6 7 8 8
Y 20 18 19 18 17 17 16 15 13 12

Bang 2.1. S6 liéu theo ddi dir liéu ban hang
Trong do:
- 'Y la s6 lugng hang ban duoc ciia mot loai hang (tan/thang)
- X1 la thu nhap cta nguoi tiéu ding (triéu dong/nam)
- X2 la gia béan cua loai hang nay (ngan ddng/kg)
Cantimhamhéiquy: ¥ = B + B1X; + B.X,
Loi giai:
Ta tinh duoc:
10 60 527171 39980 —3816 —3256
-(XTx)1 = [60 388 282] ﬁ [—3816 376 300 ]
52 282 308 —3256 300 280
165
-XTy = [1029]
813
A L 39980 —3816 —3256][ 165 14.99
=>f = o7 —3816 376 300 1029| = [ 0.76 ]
—3256 300 280 813 —0.59
Vay ham hdi quy can tim 1a: ¥ = 14.99 + 0.76X; — 0.59X,
Khi do6 ta co:

i 1 2 3 4 5 6 7 8 9 10
Y 20 18 19 18 17 17 16 15 13 12
Y |19.89|18.54|18.71|18.71|16.6 |16.6 |15.25|14.66 |13.31|12.55

RSS = 2.2886 ESS =56.1686 TSS =58.5
r2 =0.960147 r=0.979871 rZ = 0.955165
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Vay, véi ham hdi quy tim duoc, sy bién dong cua sé lugng hang ban ra
duogc giai thich theo thu nhap cua ngudi ding va gia ban cua san pham véi ty 1¢
96%. DBong thoi, s6 lugng hang ban ra ¢ twong quan chit ch& véi thu nhap cua
nguoi diing va gia ban caa san pham.

2.2. Cong cu hd tro xay dwng mé hinh hai quy tuyén tinh WEKA

2.2.1. Gi6i thiéu vé WEKA

WEKA (Waikato Environment for Knowledge Analysis) 1a mét phan
mém khai phé dit liéu ma ngudn mé duoc phét trién bai Dai hoc Waikato & New
Zealand. WEKA ciing 1a tén mot loai chim chi c6 trén mot hon dao cia New
Zealand. WEKA duoc xay dung bang ngdn ngit Java véi muc tiéu xay dung mot
cong cu hién dai phat trién cac ki thuat hoc may va ang dung vao céc bai toan
khai pha dit liéu trong thuc té.

Nam 1993, Pai hoc Waikato khoi dong du an nghién ctu va xay dung
phién ban dau tién cua WEKA. Nam 1997, Dai hoc Waikato quyét dinh xay
dung lai WEKA tir diu bang ngdn ngir Java va c6 cai dat cac thuat toan mé hinh
héa. Bén nim 2005, WEKA dugc nhan giai thuéng SIGKDD Data Mining and
Knowledge Discovery Service Award.

WEKA duoc chia Sé rong rai trén website
http://www.cs.waikato.ac.nz/~ml/weka/index.html. Hién tai, phién ban 6n dinh
méi nhat caa Weka la Weka 3.8. Ngoai ra, Pai hoc Waikato con cung cap phién
ban dang phat trién Weka 3.9. Doi véi mdi phién ban, Weka duoc cung cap day
da cac phién ban cho hé diéu hanh Windows, Mac OS X, Linux. Luu y, may
tinh can phai phién ban Java can thiét dé dé chay mot phién ban Weka cu thé.
Vi ban Weka 3.8 hién tai, may tinh can cai dat phién ban Java 1.7 tr 1én.

WEKA duogc xay dung véi hon 600 16p, t6 chic thanh 10 packages, mdi
package thuc hién mot nhiém vu trong qua trinh khai pha dir liéu. Cac 16p,
packages nay duoc mo ta mot cach chi tiét trong tai liéu huéng dan sir dung cua
nha cung cap. Giao dién d6 hoa ngudi st dung cia WEKA duoc phét trién theo
huéng truc quan va dé sir dung.


http://www.cs.waikato.ac.nz/~ml/weka/index.html

&) Weka GUI Chooser - O x
Program Visualization Tools Help
Applications
g "’a‘cﬁ : ,.- WEKA Explorer |
E The University -
of Waikato Experimenter |
KnowledgeFlow |
Waiksto Environment for Knowledge Analysis
Version 2.8.0 Workbench |
(c) 1999 - 2016
The University of Waikato Simple CLI |
Hamilton, Mew Zealand

a. Giao dién chinh
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&) Weka Explorer - o %
J Preprocess | classity | Cluster | Associate | Select atiributes | visualize |
l | Openfile.. || OpenURL. || OpenDB. | | Generate.. | Edit | Save... |
Filter
1
Choose |None Apply |
1
Current relation Selected attribute
Relation: Database_Chuan_Traini Aftributes: 13 Name: CPU_NhaCC Type: Nominal
Instances Sum of weights: 326 Missing: 0 (0%) Distinct: 6 Unique: 0 (0%)
Attribute No | Label | count | weignt
1 Intel Celeron & 6.0
2 Intel Pentium 7 7.0
| | i e | i 3 IntelCoreid a7 97.0
4 Intel Core i5 165 165.0
No. | | Name |
1L NhaCc 4| Class: MH_DPG_S (Num) J Visualize All |
2| | Gia
4[] CPU_TocDo
5[] CPU_Dem
6] Ram_DL
7| | HDD DL L]
e . — I
Status
oK Log ‘ o0

b. Giao dién chirc nang “Explorer”
Hinh 2.3. Mot sb hinh anh vé giao dién db hoa nguoi st dung cia WEKA
2.2.2. Cac chirc nang chinh caia WEKA

WEKA cung cip 5 mdi truong 1am viéc nham hd trg nguoi s dung hai
chic nang chinh 1a khai pha d@ liéu va thuc nghiém, danh gia cac moé hinh hoc
may. Cu thé:

- Explorer: Mbi trudng cho phép tién hanh khai pha dir liéu véi cac tinh
nang tién xu Iy dir liéu (Preprocess), phan 16p (Classify), phan cum (Cluster),
khai thac luat két hop (Associate). Ngoai ra, n6 con cung cap thém tinh nang hd
tro lya chon thugc tinh (Select attributes) va mé hinh hoa dir liéu (Visualize).

- Experimenter: Moéi trueong cho phép thuc nghiém (Setup, Run), so sanh,
phan tich (Analyse) cac md hinh hoc may.

- KnowledgeFlow: Méi trudng nay hd trg cac tinh ning co ban giéng nhu
Explorer nhung v&i mot giao dién kéo tha dé hd tro hoc tap gia ting.

- Simple CLI: Cung cap mdt giao dién dong lénh don gian cho phép thuc
thi truc tiép céac Iénh cia WEKA cho cac hé diéu hanh khong cung cap giao dién
dong Iénh riéng.

- Workbench: Mai truong nay 1a sy két hop cua 4 moi truong néu trén,
nguoi st dung co thé tly y chuyén doi ma khdng can phai quay lai cia sb
“Weka GUI Chooser”.
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2.2.3. Xay dung md hinh hdi quy tuyén tinh véi WEKA

Pé xay dung mot md hinh hdi quy tuyén tinh véi WEKA, can lya chon
Explorer véi cac tinh nang Preprocess, Classify va Select attributes. Qua trinh
xay dung md hinh hdi quy tuyén tinh voi WEKA duoc thyc hién theo 03 budc:
Tién xu ly dix liéu, lva chon céc thudc tinh, xay dyung va danh gia mé hinh.

Tién xur 1y Luwa chon Xay dung va
dir liéu thudc tinh danh gia mo hinh

Hinh 2.4. Cac budc xay dung mot md hinh hdi quy tuyén tinh voi WEKA

Trudc tién, dé tién xu ly dir liéu, can chon tinh ning Preprocess cua
Explorer. Tinh nang Preprocess cho phép lua chon va chinh stra cac tap di liéu
duoc sur dung dé khai pha. WEKA ¢6 thé tiép nhan dix liéu tir cac tap dir liéu, tir
cac dia chi URL va tir cac co so dir liéu SQL (thdng qua JDBC).

Dit liéu dau vao cua WEKA dugce dinh dang chuan ARFF véi phan mé
rong “*.arff”. Tuy nhién, WEKA cung cap bo chuyén doi dix lidu tir cac dinh
dang “*.csv”, “*.names”, “.data”, “* json”, “*libsvm”, “*.m”, ‘“* dat”, “*.bsi”
sang dang “*.arff’. Ngoai ra, ciing c6 thé b6 sung cac dinh dang khac bang cach
thém bo chuyén doi tap tin vao package “weka.core.converters”. Ngudi st dung
can mé tap tin dir liéu ban dau, thy chinh dit liéu roi lvu lai véi dinh dang

“* arff”.

Mot tap tin ARFF la mot tap tin van ban theo bang ma ASCII mé ta mot
danh sach céc thé hién (instances) cua tap céac thudc tinh. Mot tap tin ARFF don
gian co dang:

@relation 1

@attribute name {John,Peter,Marry}

@attribute birthday date "yyyy-MM-dd HH:mm:ss"
@attribute math numeric

@attribute sentence string

@data

John,"2014-07-02 12:00:00",7,'aaa’
Peter,"2014-07-03 12:00:00",8,'aa b’
Marry,"2014-07-04 12:00:00",5,'Acvc aal'
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Nhu da thay ¢ trén, mot tap tin ARFF gdm 02 phan riéng biét. Phan tha
nhat c6 thé goi 1a phan md ta. N6 chira thdng tin vé: tén cua quan hé, cac thuoce
tinh cua quan hé va dang dir liéu cia mdi thudc tinh. Phan tht hai 1a phan dix
liéu. N6 bat dau véi tir khoa “@data” trén mot dong riéng biét. Sau d6 1a cac thé
hién (instance) va mdi thé hién trén mot dong. Gia tri cac thugc tinh cia mot thé
hién phan cach nhau bang mot dau «,”. Gia trj cac thudc tinh xuat hién theo tha
tu duoc khai b4o & phan mé ta. Cac gié tri bi thiéu s& duoc thé hién bang “?.

Tén cua quan hé duoc khai béo ¢ dong dau tién cua tap tin véi cl phap:

@relation <Tén quan hé>

Mot thude tinh dugc khai bao véi cl phép:

@attribute <Tén thudc tinh> <Kiéu di liéu cla thudc tinh>

Tén quan hé va tén caa thuoc tinh 1a mot chudi ky tu khdng bat dau bang
cac ky tu dic biét “{”, “1”, «”, “%” va dugc dit trong dau nhay don néu chira
khoang tring.

Tap tin ARFF dinh nghia cac thudc tinh theo 4 kiéu chinh:

- Thudc tinh dang sé: @attribute math numeric

- Thudc tinh dang chudi: @attribute sentence string

- Thudc tinh dinh danh: @attribute name {<Gia tri 1>,<Gia tri 2>,<Gia tri 3>}

- Thudc tinh dang ngay thang: @attribute birthday date "<Binh dang ngay>",
dinh dang ngay theo tiéu chuan 1SO-8601. Vi du “yyyy-MM-dd HH:mm:ss”.

Péi véi dir lidu dau vao, can luu y véi nhitng thudc tinh 6 gia tri “0” va
nhiing thudc tinh chua c6 gia tri (missing value). Thudc tinh cé gia tri “0” khong

phai 1a thuoc tinh chua c6 gia tri. Nhitng thudc tinh chua c6 gia tri can duogc thé
hién mét cach rd rang bang dau “?”.

@data

John,"2014-07-02 12:00:00",0,'aaa’

Peter,"2014-07-03 12:00:00",8,7?

Sau khi tién xt ly dir liéu, can lwa chon cac thudc tinh quan trong, can
thiét dé xay dung mé hinh hdi quy tuyén tinh. Tap di liéu c6 rat nhiéu thuoc
tinh dé md ta day du cac khia canh cua dir liéu, tuy nhién khdng phai tat ca
cac thudc tinh dé& phu hop dé xay dung md hinh héi quy tuyén tinh. Néi cach
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khac, viéc lya chon thudc tinh chinh 1 lua chon tap hop cac bién hdi quy dé
xay dung mé hinh.

Trén linh vuc Kinh té luong thuan tdy, mé hinh hdi quy tuyén tinh dugc
xay dung trén tap dix liéu véi cac thuoc tinh nhan gié tri sb. Trén thuc té, tap di
licu khodng chi ¢é nhitng thuoc tinh nhan gié tri sé ma con nhitng thudc tinh nhan
gia tri chudi Ky tu, ngay thang,... Péi khi, nhitng thuoc tinh khong nhan gia tri
sb nay ciing dong vai trdo khong kém phan quan trong trong viéc xay dung mo
hinh hdi quy tuyén tinh. Chang han, ngoai thudc tinh vé dién tich, chiéu dai mat
tién, thuoc tinh vé loai nha (nha cap 4, nha cao tang, biét thu), thudc tinh vé vi
tri cua ngdi nha (trung tdm thanh phé hay & néng thén) ciing anh huong dén gia
ban cua ngoi nha. Nhirng thudc tinh nhu vay duoc goi la thudc tinh phan loai.

WEKA cung cap tinh ning Select attributes ciia Explorer dé hd trg nguoi
st dung lya chon cac thuoc tinh xay dung moé hinh hoi quy tuyén tinh. Tinh
nang Select attributes c6 nhiém vu tim tap con cac thudc tinh cua tap di liéu dé
xay dung duoc md hinh tin cay nhét.

Pé Iwa chon thudc tinh can thiét 1ap bon ddi twong cu thé sau:

- Lwa chon thudc tinh dugc du doan (bién phu thudc): Sir dung dropdown
liét ké tap thuoc tinh cua tap dir liéu.

Preprocess | Classify | Cluster | Associate | Selectatiibutes | Visualize

Attribute Evaluator

| Choose |CfsSubsetEval -F 1-E 1

Search Method

| Choose |BestFirst-D1-N5

|| Attribute Selection Mode Attribute selection output

(® Use full training set

() Cross-validation

( No class | j
No class v
(Nom) NhaCC
(Num) Gia [
(Nom) CPU_NhaCC
(Num) CPU_TocDo
(Num) CPU_Dem
(Num) Ram_DL
(Num)HDD_DL
(Num) SSD_DL

Result list (right-click for options)

Hinh 2.5. Lua chon thudc tinh dugc du doan



28

- Bo danh gia thudc tinh (Attribute Evaluator): Bé danh gia tap cac thuoc
tinh cua tap dit liéu. WEKA cung cip 9 phuong phap danh gia thudc tinh, gom:

+ CfsSubsetEval: Panh gia tap thudc tinh bang cach xem xét kha nang du
doan cua tirng thudc tinh riéng Ié va mic d6 du thira gitra chung.

+ CorrelationAttributeEval: Banh gia mot thudc tinh dua trén su tuong
quan vai 16p.

+ GainRatioAttributeEval: Banh gia mot thudc tinh dya trén ty I€ gia tang.

+ InfoGainAttributeEval: DPanh gia mot thugc tinh dya trén thong tin thu duoc.

+ OneRAttributeEval: Panh gida mot thudc tinh bang cach st dung bo
phén loai OneR.

+ PrincipalComponents: Thyc hién phan tich thanh phan chinh va chuyén
doi dit liéu.

+ ReliefFAttributeEval: Panh gia thudc tinh dya trén céc thé hién.

+ SymmetricalUncertAttributeEval: Panh gia mot thudc tinh dua trén bat
d6i xung.

+ WrapperSubsetEval: Banh gia tap thuoc tinh dya trén mét bo phéan loai
cung vai xac nhan chéo.

- Phuong thirc tim kiém (Search Method): Bé xac dinh phuong phép tim
kiém duoc thuc hién. WEKA cung cip 3 phuong thic tim kiém, gom:

+ BestFirst: Tién hanh ky thuat leo d6i tham lam két hop véi quay lui.

+ GreedyStepwise: Thyc hién tim kiém tham lam vé phia truéc hoic phia
sau thong qua khéng gian céac tap con thudc tinh.

+ Ranker: Xép hang cac thudc tinh theo danh gia trong sb cua ting thuoc
tinh. Sir dung két hop vai cac bo danh gia thudc tinh (ReliefF, GainRatio,...).

- Ché d6 lra chon thudc tinh (Attribute Selection Mode): Xac dinh ché do
lya chon thudc tinh sir dung tap huan luyén day du hoic tién hanh xac nhan
chéo. Bé xay dung md hinh hai quy tuyén tinh, can lya chon sir dung tap huan
luyén day du.
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Sau cung, dé xay dung va danh gia mé hinh, WEKA hd tro nguoi st dung
thong qua tinh ning Classify cua Explorer. Nguoi st dung can thiét lap ba dbi
tuong cu thé sau:

- B6 phén lop (Classifer): Lua chon functions/LinearRegression. Viéc xay
dung mé hinh hdi quy tuyén tinh dugc WEKA thyc hién trén co s& phuong phap
binh phuong téi thiéu. C6 thé thuc hién lra chon thugc tinh bang phuong thirc
tham lam sir dung loai bo lac hau hoidc xay dyng mét mé hinh day du tir tat ca
cac thuoc tinh rdi loai bo dan cac thudc tinh cho dén khi dat duoc tiéu chi cham
dut AIC. Ngoai ra, viéc xay dung mé hinh duoc thuc hién véi co ché phat hién
cac thudc tinh da cong tuyén va co ché 6n dinh cac truong hop thoai hoa, giam
tinh trang qua tai thong bang cach xu phat cac hé sé 16n

Tiéu chuan thong tin Akaike (AIC) cia Nha thong ké Akaike Hirotsugu
nguoi Nhat chi ra su phtl hop cia md hinh. M hinh c6 tiéu chuan nay cang nho
thi do thich hop cua dit liéu ddi véi md hinh cang cao. AIC Ia tiéu chuan dugc
st dung phd bién nhat trong cac phan tich chudi thoi gian va duoc tinh theo
cong thuec:

ESS

AIC = (—) e Zk/m)
n

- Céc thy chon kiém thir (Test options): Ty chon phuong phap kiém thir.
WEKA cung cap 4 phuong phéap, gom:

+ Use training set: St dung tap dit liéu ma bo phan loai da dugc huan luyén.

+ Supplied test set: Cung cap tap dir liéu kiém thtr. Nguoi sir dung c6 thé
lya chon tap dir liéu kiém thir bang cach nhay vao nut “Set...”

+ Cross-validation: Tién hanh xac nhan chéo.

+ Percentage split: Chia tap dir liéu thanh 2 phan, huan luyén trén 1 phan
va kiém thir trén phan con lai. Phan chia tap di liéu theo ty 1 phan trim do
nguoi St dung cai dat.

- Lya chon thudc tinh duoc dir doan (bién phu thudc).
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Chuong 3
THUC NGHIEM VA PANH GIA KET QUA

3.1. Phat biéu bai toan thuc té

Cong ty C6 phan thuong mai Nguyén Kim 1a mot thuong hiéu hang dau
trong nganh ban ¢ dién tir tiéu dung, dat nhiéu giai thuong trong nudc va qubc
té, dugc nguoi tidu dung tin tuéng va danh gia cao. V6i uy tin va thuong hiéu
ciia Cong ty, Nguyén Kim thudng xuyén gisi thiéu hang nghin mit hang thiét bi
dién tor to1 nguoi tiéu dung théong qua trang thong tin dién to
https://www.nguyenkim.com. Dy 1a ngudn dir liéu kinh doanh thiét bj dién tir
khdong 15, hoan toan c6 thé khai thac dé trich xuat ra nhitng théng tin hitu ich.

Véi muc dich néu trén, tac gia da tién hanh thu thap dir liéu kinh doanh
mat hang may tinh xach tay cia Cong ty C6 phan thuong mai Nguyén Kim, xay
dung md hinh hoi quy tuyén tinh trén tap dit liéu thu thap duoc dé du bao gia
ban san pham. Qué trinh thuc nghiém dugc tién thanh gém 04 budc:

https://www.nguyenkim.com
/may-tinh-xach-tay/

\T/"—_

Thu thap dir liéu Tap tin csv

Tién xir ly dir liéu Tap tin arff

Lwa chon thuéc tinh |=»| Xay dwng mo hinh

Hinh 3.1. Cac thuc nghiém xay dung mé hinh héi quy tuyén tinh dé du béo

Trong do6, dir liéu dau vao cia qua trinh thuc nghiém 12 nhiing théng tin
vé mit hang may tinh xach tay duoc cung cap trén trang thong tin dién tir cua
Cong ty C6 phan thuong mai Nguyén Kim. Dit liéu dau ra 1a mot mé hinh hoi
quy tuyén tinh vai bién phuc thudc 1a gia ban mat hang may tinh xach tay, cac
bién doc 1ap 1a cac théng tin vé cau hinh, nha cung cap san pham,... Thong qua
md hinh hdi quy tuyén tinh xay dung duogc, ngudi st dung c6 thé tinh toan gia
ban mat hang may tinh xach tay khi cd sy thay d6i vé cdu hinh hay nha cung cap
san pham.
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3.2. Tién hanh xay dwng mé hinh
3.2.1. Thu thap dit lidu

Diéu kién tién quyét dé xay dung dugc md hinh hdi quy tuyén tinh 1a can
phai thu thap mot tap dir liéu chinh xac, dang tin cay va cac thugc tinh nhan gia
tri s6. Do do, di liéu kinh doanh mat hang may tinh xac tay cua cac cong ty dién
may 1a mot lua chon phi hop véi nhitng wu diém nhu:

- Thudc tinh gia ban (bién phu thuoc) phu thuoc kha nhiéu vao théng sb
ky thuat cua tirng dong san pham (bién doc 1ap) ma céc thude tinh nay déu nhan
gia tri sb.

- Dit liéu ban hang duoc cac nha phan phdi cung cap day du trén website
thuong mai dién tur.

Tuy nhién, qué trinh thu thap dix liéu cling gap phai khong it nhiing kho
khan, dién hinh la:

- Théng tin san pham duoc cung cip mot cach khong théng nhat theo mot
khudn dang nhat dinh.

- Cac website thuong mai dién tir duoc thiét ké dé han ché va gay kho
khan cho viéc khai thac dir liéu.

Sau khi khao sat thyc té, dit liéu duoc thu thap tai website thuong mai
dién tr caa Cong ty c6 phan thuong mai Nguyén Kim voi dia chi
http://www.nguyenkim.com/may-tinh-xach-tay. Di liéu thu thap véi nhiing
thong tin chinh vé tén san pham, bo vi xa Iy CPU, ram, card man hinh, loai man
hinh va gia thanh san pham.

Website thuong mai dién tir cia Cong ty c¢6 phan thuong mai Nguyén
Kim duoc thiét ké trén nén tang HTML. Jsoup duoc lya chon dé phan tich va
khai thac dir liéu tir mot tai lisu HTML. N6 1a mot thu vién Java cung cap céc
API dé phan tich tai liecu HTML thanh danh sach cac phan ta va khai thac dix
liéu caa tirng phan ta. Nguoi str dung c6 thé tai truc tiép bo thu vien Jsoup dudi
dang tap tin “jar” tai dia chi https://jsoup.org/download.

Jsoup phan tich tai liégu HTML thanh mé hinh DOM. Ngudi st dung can
hidu rd bd cuc cua tai lisu HTML dé truy cap chinh xac dén ting phan tir cu thé
cua danh séch.


http://www.nguyenkim.com/may-tinh-xach-tay
https://jsoup.org/download
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' File Edit Format View Help <html>
<html>
. <head>
h<t;t1e>Hi</tit1e>
/hea
<body> <head> <body=>
<p>Hello</p>
<a href="https://jsoup.org”>1s0ur</a>
</body> ! |
</html>
<title> <p> <a>

b. M6 hinh DOM cua tap tin Dom.html

a. Tap tin Dom.html

Hinh 3.2. M6 hinh DOM cua tap tin HTML don gian

Jsoup bao gom nhiéu I6p ddi twong, nhung ba 16p ddi twong chinh va
quan trong nhit 1a org.jsoup.Jsoup, org.jsoup.nodes.Document va
org.jsoup.nodes.Element. Nguoi st dung c6 thé tim hiéu cu thé trén website
https://jsoup.orgq.

Dit liéu kinh doanh mat hang may tinh xach tay cua Cong ty co phan

thuong mai Nguyén Kim duoc thu thap véi nhitng thudc tinh tiéu biéu sau:

T Tén, Khuén_dang MB t
thugc tinh dir liéu

01 | NgayTT 4/4/2016 Ngay di li¢u dugc thu thap

02 | NhaPP Nguyen Kim Nha phan phéi san pham

03 | NhaCC Asus, Lenovo,... | Nha cung cip san pham

04 | TenSP E402SA WX043D | Tén san pham

05 | Gia 5.300.000 Gia ban cta san pham

06 | CPU_NhaCC Intel Celeron Tén nha cung cip CPU

07 | CPU_TocDo | 1.60 GHz, 800 MHz | Téc d6 CPU

08 | CPU_Dem 2 MB Cache Dung luong b nhé déém caa CPU

09 | Ram_Loai SDRAM DDR3 | Loai Ram

10 | Ram_DL 2GB Dung lugng Ram

11 | Ram_Bus 1600 MHz Tbc do bus cua Ram

12 | HDD_Loai SATA, SDD Loai & cung

13 | HDD_DL 500 GB,1TB | Dung lugng 6 cung

14 | Card_Loai Intel HD, GT 820M | Loai card man hinh

15 | Card DL 2GB, Share Dung lugng card man hinh



https://jsoup.org/
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16 | MH_Loai LED HD, Full HD | Loai man hinh
17 | MH_KT 14.0 inch, 15.6 inch | Kich thudc man hinh
18 | MH_DPG 1366 x 768 Pixels | Do phan giai man hinh

Bang 3.1. Danh sach thugc tinh cua tap dir liéu thu thap

Qua quaé trinh khao sat, chuong trinh thu thap dir liéu duogc cai dat trén co
s& ngdn ngit lap trinh Java c6 st dung bo thu vién Jsoup dé khai thac thdng tin
cua ting miat hang may tinh xach tay trén thuong mai dién tir cia Cong ty Co
phan thuong mai Nguyén Kim.

https:/ /wwi.nguyenkim.com/may-tinh-xach-tay/

!

] ] (]
Trang thong tin san pham thi 1 Trang thong tin san pham thi i Trang thong tin san pham thi n

\J [} v

[ Phan ti mang thong tin vé gid ] [ Phan ti¥ mang théng tin vé cau hinh san pham ] [ Phan ti mang thong tin vé tén san pham ]

Phan tw mang thong tin Phan t mang thong tin
vé toc do CPU vé dung lu'tmg RAM

Tap tin csv
e —————

Hinh 3.3. Qua trinh khai thac thdng tin tirng san pham

Qua trinh thu thap dix liéu duoc thuc hién lién tuc dé theo dbi sy thay doi
vé gia ban cua cac dong san pham may tinh xac tay theo cac thudc tinh dugc thu
thap. Cu thé, véi khoang thoi gian tir 04/4/2016 dén 19/7/2016, tap di liéu thu
thap ¢ dinh dang “.csv” vai 18 thugc tinh c6 5.527 dong dir liéu vai 327 dong
san pham cua 06 nha cung cap, 16 lan thu thap dir liéu.

3.2.2. Tien xir ly dir liéu
Nhu d3 trinh bay ¢ Chuong 2, dit liéu thu thap can phai tién xir Iy truéc khi

dua vao xay dung mo hinh. O day, viéc tién xu Iy dit liéu duogc tién hanh theo 02
giai doan:

- Giai doan 1: Loai bo céc dir liéu du thtra va chuan hoa khuén dang di
liéu @& WEKA ¢4 thé doc duoc tap tin di liéu “.csv”. Cu thé:
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Tén thugc Khudn dang Tén thugc Khuon dang
tinh ban dau | dir li¢u ban dau tinh méi dir lieu mei
NgayTT 4/4/2016 NgayTT 2016-04-04 12:00:00
Gia 5.300.000 Gia 5300000
CPU_NhaCC | Intel Celeron CPU_NhaCC | Intel Celeron
CPU_TocDo | 1.60 GHz, 800 CPU_TocDo

1.60, 0.8
MHz
CPU_Dem 2 MB Cache CPU_Dem 1,2,3,...
Ram DL 2GB Ram DL 2,4,...
Ram_Bus 1600 MHz Ram_Bus 1600, 1333,...
_ SATA, SDD, HDD SATA hoic dé trong
HDD_Loai e
SATA +SDD SDD SDD hoac dé trong
500 GB, 1 TB, HDD DL 0, 500, 1024
HDD_ DL
- 1TB +128 GB SDD_DL 0,128
Card_DL Card DL 1,2, 4,
- 2GB, Share - )
“0” véi card share
MH_KT 14.0 inch, 15.6 inch | MH_KT 14.0, 15.6
_ MH_DPG W | 1280, 1366, ...
MH_DPG 1366 x 768 Pixels
- MH_DPG_H | 768, 800....
Tat ca Cac gia tri chua xdc dinh dwoc biéu dién boi “?”

Bang 3.2. Danh séch céc thudc tinh da tién xu ly

Giai doan tién xir Iy ndy, chuong trinh dugc cai dat bang ngén ngir 1ap trinh
Java dé tu dong doc dir liéu tir tap tin di liéu ban dau, xir Iy cac gia tri cua ting
! |

dong dit liéu va ghi dir liéu vao mot tap tin mai.
ban dau i ) da qua xtr ly
(theo dong)

Hinh 3.4. Quéa trinh tién xir ly dit liéu giai doan 1

Xir 1y dir liéu

Ghi dir liéu

(theo dong)

Két thuc giai doan 1, tap tin dit liéu c6 21 thuoc tinh gdm: NgayTT, NhaPP,
NhaCC, TenSP, Gia, CPU _NhaCC, CPU TocDo, CPU Dem, Ram_Loali,
Ram_DL, Ram_Bus, HDD, SSD, HDD DL, SSD DL, Card _Loai, Card DL,
MH_Loai, MH_KT, MH_DPG_W, MH_DPG_H.
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- Giai doan 2: Tién hanh loc dir liéu dé loai bo cac ban ghi giéng nhau va
xu ly céc gid tri thiéu (missing value) bang céach sir dung céc bo loc dit liéu duoc

WEKA cung cap.

Dé loai bo cac ban ghi trung lap, st dung bd loc RemoveDuplicates cua
WEKA. C4c ban ghi dugc coi la tring 1ap néu ching nhan gia tri cta cac thudc
tinh hoan toan giéng nhau. Sau khi loc dix liéu 1an tha nhat, tap tin di liéu con

5.099 dong dir liéu.

€ Weka Explorer - o x € Weka Explorer - o >
Preprocess | Classity | Cluster | Associate | Select attibutes | Visualize | Preprocess | Classity | Cluster | Associate | Selectattibutes | Visuaiize |
Open file. | Open URL. | OpenDB.. |  Generate Undo Edit | Save. Openfile.. || OpenURL.. || OpenDB.. || Generate. | Undo Edit Save.
Fiter Filter
[onooss Choose.FemoveDuptcatos seoy
Current relation Selected attribute Current telation Selected attribute
Relation Database_Chuan_3 Atiibutes: 21 Name: NgayTT Type: Nominal Relation: Database_Chuan_3-we Attributes: 21 Name: NgayTT Type: Nominal
Instances: 5527 Sum of weights: 5527 Missing: 0 (0%) Distinct 16 Unique: 0 (0%) Instances: 5009 Sum of weights: 5009 Missing: 0 (0%) Distinct 16 Unique: 0 (0%)
Attributes No. Label Count Welght Attributes No. Label Count Weight
1 44201612 326 3260 i 1 4401612, 322 3220 .
2 47rR01612 332 3320 2 42016 12 328 3280
Al | None | Invert | Pattem 3 4110120161 233 1330 Al |__ None Invert |__Pattem 3 410120161 329 3290
4 419720161 221 2210 v 4 anoR016t.. 217 217.0 v
No. Name No. Name
4[] TensP l" | Class: MH_DPG_H (Num) 7] | Visuaiize A 4] TensP K‘ Class: MH_DPG_H (Num) || visualize All
5L Gia 5 Gia
6 [J CPU_NnacC 6 (] CPU_NhacC
7 ] CPU_TocDo 24 7 CPU_TocDo < e~ oo 32 e i 222
8] cPu_Dem 8 LJ crPu_Dem W 200
9 [J Ram_Loal . 9 (] Ram_Loai - . M
im BoEomem ool B iR
Status
oK Log '«\ x0 oK Log ‘“'h x0

a. Lua chon bo loc dir liéu

b. Dir liéu da qua xur ly cua b loc

Hinh 3.5. Loai bo cac ban ghi gidng nhau cua tap tin dit liéu

Pé xua ly cac gia tri thiéu, ngudi st dung can st dung bd loc
RepalceMissingValue cia WEKA dé thay thé céac gia tri thiéu dua trén nhiing
gia tri da biét cua tap dir liéu huan luyén. Céc gié tri thiéu s& duoc thay thé bang
gia tri trung binh cong nhitng gié tri da biét cua tat ca cac ban ghi.

Status

OK

6 ] CPU_NhaCC
7 L) CPU_TocDo
8 ] CPU_Dem
9 || Ram_Loai
10 || Ram_DL
y

&9 Weka Explorer - o X
J Prepmcess] Classify I Cluster ] Associate ] Select attributes ] Visualize ]
| Openfile.. || OpenURL.. || OpenDB.. || Generate.. || Undo J | Edit.. J | Save... J
Filter
|\ Choose | fall I- —— Apply |
Current relation Selected attribute
Relation: Database_Chuan_3-we... Attributes: 21 Name: Ram_Bus Type: Numeric
Instances: 5099 Sum of weights: 5099 Missing: 91 (2%) Distinct: 4 Unique: 0 (0%)
Attributes Statistic Value
Minimum 1333
Maximum 2133
[ Al J| MNone || et || Pattem | Mean 1599.619
StdDev 38.968
No. | | Name
5] Gia

| Class: MH_DPG_H (Num)

v| visualize Al |

N

F T
1333 1733

[ ] p

i
2133

a. Lua chon bo loc dir liéu
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Home/| Insert | Page La| Formuli| Data | Review | View @

oy A7 T

% A = J & A % A b

F 2 R 53
Paste Font |Alignment Number Styles = Cells Paste

S 2| S : - |2 -

Clipboard Editing Clipboard ™ Editing

Al - fe | NgayTT
J K L M N o}

Font | Alignment Number Styles | Cells

D2 - ( fx | 'E402SA WX043D'

J K L M N

1600 SATA 2 1600 SATA 500

¥
Ram_DL Ram_Bus HDD HDD_DL SSD_DL 1 1 [Ram_DL Ram_Bus HDD HDD_DL SSD_DL

SATA

2

2 | 2 ATA 500

2 1600 SATA TRt 2 1600 SATA 500

2 1600 SATA _JI| | — 1600 SATA 500
SATA i 2ATA 500
2 1333 SATA 2 1333 SATA

‘ 2 1600 SATA <INl 2 1600 SATA

4 4 » » | Database_Chuan_3 %l | ||

| Ready I ElE] L _,13936“@49 —& :

b. Dir liéu da qua xu ly cua b loc
Hinh 3.6. Xu ly gi4 tri thiéu trong tap dir liéu

Cudi cung, dé hoan tat viéc tién xt ly dir liéu, nguoi st dung can luu lai
tap dir liéu vai dinh dang “*.arff”.

3.2.3. Lwa chon thugc tinh

Lua chon thudc tinh 1a budc dong vai tro quan trong trong qué trinh xay
dung mé hinh. Tap tin dir liéu thu thap sau khi dwoc tién xir 1y da co 21 thudc
tinh, trong d6 thudc tinh “Gia” duoc xac dinh 1 thudc tinh duoc du bao hay bién
phu thudc trong md hinh héi quy tuyén tinh. Nguoi st dung can sir dung tinh
nang Select attributes caa Explorer dé lwa chon cac thudc tinh doc 1ap xay dung
md hinh trong sb 20 thudc tinh con lai.

Phuong thac tim kiém tap con thudc tinh dwoc lwa chon théng qua
phuong phap BestFirst. Tap thudc tinh ban dau chua c¢6 thudc tinh nao dugc lya
chon. Tim kiém tap con thudc tinh bang co ché leo dbi tham lam két hop véi co
ché quay lui.

Phuong thire danh gia thugc tinh CfsSubsetEval duoc lya chon dé tim ra
tap con thudc tinh c6 d6 twong quan chat ché vai thudc tinh “Gia” duoc du doan.

Bén d6i twong cua tinh ning Select attributes dugc lya chon nhu sau:
- Thudc tinh dugc du doan: (Num) Gia

- Ché @6 lya chon thuoc tinh: Str dung tap huan luyén day du Use full
training set

- Phuong thirc tim kiém: BestFirst
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- B6 danh gia thudc tinh: CfsSubsetEval

Két qua 10 thudc tinh duoc lua chon, bao gém: NgayTT, NhaCC,
CPU_NhaCC, CPU_Dem, Ram_DL, SSD_DL, Card_Loai, Card_DL, MH_Loali,
MH_DPG_W.

Can loai bo céc thudc tinh khong duoc lya chon cua tap tin di liéu thu
thap va luu lai tap tin dir liéu dau vao sir dung dé xay dung mé hinh hdi quy
tuyén tinh.

3.2.4. Xay dung va danh gia mé hinh

Pé xay dung md hinh hdi quy tuyén tinh, nguoi sir dung can lya tinh ning
Classify caa Explorer va thiét 1ap cac ddi tuong nhu sau:

- Bo phén lop: Lya chon functions/LinearRegression. Ngoai ra, nguoi su

dung can thiét Iap thém tly chon outputAdditionalStats = True dé c6 thém
thong tin vé két qua mo hinh dugc xay dung.

J‘L‘ &3 weka.qgui.GenericObjectEditor X

_|

weka.classifiers.functions.LinearRegression

| About
i —

it

oot 0

Class for using linear regression for prediction. More J

3l | Capabilities

e
L a
(S

I attributeSelectionMethod

| M5 method

&

r batchSize 100

< |

debug |True

T doNotCheckCapabilities l_ False

<
—

eliminateColinearAttributes | True

< |
&3

minimal | False

| &

numDecimalPlaces 4

o m——0
outputAdditionalStats | True A I‘

ridge 1.0E-8 ‘
5

|
[ Open... J | Save... | | oK J | Cancel | ‘7

T ok v LD A e L ~soewdl

Hinh 3.7. Thiét l1ap bo sung théng tin dix liéu dau ra
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- Cé4c thy chon kiém the: Tién hanh kiém thir xay dung md hinh hoi quy
tuyén tinh 03 lan, mdi lan lya chon mot trong 03 tly chon Use training set,
Supplied test set va Percentage split. Trong do:

+ Use training set: St dung tap tin dit liéu dau vao.

+ Supplied test set: Chia tap tin dix liéu dau vao thanh 02 phan: Phan 1
gom dix liéu 15 lan thu thap dau tién dé huan luyén (4742 dong dit liéu ~ 93%
dix liéu), phan 2 gom dit liéu cua 1an thu thap cudi cling (357 dong dir liéu = 7%
di lieu) dé kiém thir.

+ Percentage split: Chia tap tin dit liéu dau vao thanh 2 phan: Phan 1 c6
66% dir liéu dé huan luyén, phan 2 ¢ 34% dix liéu con lai dé kiém thir.

- Lya chon thudc tinh dugc du doan: (Num) Gia

Két qua thu duoc:

Kiém thir Kiém thir Kiém thir

Use training set Supplied test set Percentage split
RA2 value 0.9655 0.9645 0.9655
Adjusted R"2 0.9651 0.96403 0.9651
F-statistic 2238.7534 1955.806 2238.7534
Correlation coefficient 0.9826 0.987 0.9828
Mean absolute error 837,146 879,776 838,952
Root mean squared error 1,138,025 1,158,829 1,125,783
Relative absolute error 20.6454 % 19.2251 % 20.9419 %
Root relative squared error 18.5656 % 16.1924 % 18.5856 %
Total Number of Instances 5,099 357 1,734

Bang 3.3. Két qua kiém thir md hinh
Panh gia mo hinh: Két qua kiém thtr d6i vai mé hinh hdi quy tuyén tinh
duoc xay dung bang WEKA trén tap tin dir liéu dau vao 1a chap nhan duoc. Cu
thé nhu sau:
- Hé s6 xac dinh r? qua 03 1an kiém thir déu dat gia tri 16n hon 0.96 cho
thay hon 96% su thay d6i ciia bién phu thudc “Gia” dugc giai thich boi tap cac
bién doc lap dugc lya chon.
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- Tur hé s6 xac dinh r? tinh dugc hé s6 trong quan qua 03 1an kiém thir déu
dat gié tri 16n hon 0.98 cho thay bién phu thudc “Gia” c6 mdi twong quan chat
ché vai tap céc bién doc 1ap dugc lva chon.

Tuy nhién, can phai thém cac bién doc lap chua duoc lva chon vao mo
hinh dé khao sat sy phi hop caa mé hinh da dugc xay dung. Qua trinh thém céc
bién doc 1ap dugc thyuc hién qua 05 1an, cy thé nhu sau:

- Lan tha 1: Thém bién doc lap “HDD DL”, mé hinh ¢6 12 bién gom
NgayTT, NhaCC, Gia, CPU_NhaCC, CPU Dem, Ram DL, HDD DL,
SSD DL, Card_Loai, Card DL, MH_Loai, MH_DPG_W.

- Lan the 2: Thém bién doc lap “Ram_Bus”, mé hinh c¢6 13 bién gém
NgayTT, NhaCC, Gia, CPU _NhaCC, CPU _Dem, Ram_Bus, Ram DL,
HDD DL, SSD DL, Card_Loai, Card DL, MH_Loai, MH_DPG_W.,

- Lan tha 3: Thém bién doc lap “MH_KT”, md hinh c6 14 bién gom
NgayTT, NhaCC, Gia, CPU_NhaCC, CPU _Dem, Ram Bus, Ram DL,
HDD_DL, SSD_DL, Card_Loai, Card_DL, MH_Loai, MH_KT, MH_DPG_W.

- Lan tha 4: Thém bién doc lap “Ram_Loai”, mé hinh c¢6 15 bién gom
NgayTT, NhaCC, Gia, CPU_NhaCC, CPU_Dem, Ram Bus, Ram_Loali,
Ram DL, HDD DL, SSD DL, Card Loai, Card DL, MH_Loai, MH_KT,
MH_DPG_W.

- Lan thir 5: Thém bién doc lap “CPU_TocDo”, md hinh c6 16 bién gém
NgayTT, NhaCC, Gia, CPU_NhaCC, CPU TocDo, CPU_Dem, Ram_Bus,
Ram_Loai, Ram DL, HDD DL, SSD DL, Card Loai, Card DL, MH_Loali,
MH_KT, MH_DPG_W.

Két qua thu dugc nhu sau:

M3 hinh Khio sat Khio sat Khio sat Khao sat Khio sat

ban dau lan thi 1 lan thi 2 lan th# 3 lan thi 4 lan thi 5

(11 bién) (12 bién) (13 bién) (14 bién) (15 bién) (16 bién)
0.9653 0.966 0.9661 0.9662 0.9673 0.9673
0.9651 0.96556 0.96567 0.96573 0.96679 0.96679
2238.7534 2306.3963 2241.6488 2211.3551 2034.0351 2034.0351
Correlation coefficient 0.9826 0.9828 0.9829 0.9829 0.9835 0.9835
Mean absolute error 837,146 822,784 819,228 819,648 809,546 809,546
Root mean squared error 1,138,025 1,130,546 1,128,590 1,127,447 1,109,028 1,109,028
Relative absolute error 20.6434 % 20.2912 % 20.2035 % 20.2138 % 19.9647 % 19.9647 %
Root relative squared error 18.3656 % 18.4436 % 18.4117 % 18.3931 % 18.0926 % 18.0926 %
Total Number of Instances 5,099 53,099 3,099 3,099 5,099 3,099

Bang 3.4. Két qua qua trinh thém bién doc 1ap vao mé hinh
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Qua 05 lan thém bién doc 1ap vao md hinh, cac hé sé ctia mo hinh déu
duogc cai thién. Trong d6:

- Hé s6 xac dinh diéu chinh r2 (Adjusted R*2) déu ting trong 04 1an khao
sat dau tir 0.9651 18n 0.96679

- Sai sb trung binh tuyét déi (Mean absolute error) déu giam qua 04 lan
khéo sat du tir 837,416 xudng 809,546

Tong két: Thém cac bién doc lap Ram_Bus, Ram_Loai, HDD DL,
MH_KT vao mé hinh la can thiét. Vay, mo hinh hoi quy tuyén tinh dugc thiét
lap vai 15 bién, gom:

- Bién phu thudc: Gia

- Bién doc lap: NgayTT, NhaCC, CPU_NhaCC, CPU_Dem, Ram_Bus,
Ram_Loai, Ram DL, HDD DL, SSD DL, Card Loai, Card DL, MH_Loal,
MH_KT, MH_DPG_W

3.3. Tinh toan thir nghiém d9 chinh xac dw bao

Sau khi xay dyng mé hinh héi quy tuyén tinh, WEKA hd tro ngudi su
dung khao sat d6 chinh xac du bao théng qua viéc so sanh gia san pham trén
thuc té va gia san pham duoc dy doan bang mé hinh héi quy tuyén tinh. Qua
trinh khao sat duoc hd tro thong qua tinh ning d6 thi hda sai sé6 caa mo hinh hoi
quy tuyén tinh.

E5]

Weka Expl v
€ Weka Explorer | x: Gia (Num) vJ | Y: predictedGia (Num)

[ Preprocess | classify | Cluster [ Associf | SelectInstance v

Classifier
| Clear || Open || Sae | Jitter O

| Choose |LinearRegression -5 0-R 1.0H

Plot: Database_Chuan_3-weka.filters.\ i instance.Removel i

Test options Ci
(®) Use training set
() Supplied test set
() Cross-validation
() Percentage split q e

i b+

More options | 9 3¢
- N o
J (um)Gia ./ ﬁ

L Start J o

Result list (right-click for options)

g Viewin main window

q Viewin separate window
Save result buffer
Delete result buffer

Class colour

r T
4930000 31430000

Load model N

Save model /
Re-apply this model's configufation

1 Visualize classifier errors

Status

oK

Hinh 3.8. M6 hinh héa sai s6 cia mé hinh
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Ngoai ra, WEKA con hd tro trich xuat két qua du bdo caa md hinh thanh
tap tin dir liéu két qua voi dinh dang “arff”. Tuy nhién, dé thuan tién cho viéc
danh gia va khao sét, ngudi st dung c6 thé mo tap tin dit liéu két qua dudi dinh
dang “arff’ baing WEKA va luu lai duéi dinh dang “csv”.

|m H ©-
S X |Calibri 1
| 5
@B~ B I U- A
Paste 3
. ~ - A~
Clipboard Font
$25 - fi
A B C

I~}

1 |NgayTT  NhaCC

10 |'4/4/2016 Dell
11'4/4/2016 Acer
'4/4/2016 Lenovo

predictedGia Gia

2 |'4/4/2016 Asus 5756454.414
3 '4/4/2016 Lenovo  5578298.527
4 |'4/4/2016 Asus 5756454.414
5 '4/4/2016 Lenovo 6404409.874
6 |'4/4/2016 Lenovo | 5578298.527
7 |'4/4/2016 Asus 6189935.942
8 |'4/4/2016 Dell 8044440.003
9 |'4/4/2016 Asus 7659459.774

9083754.192
8306228.055
8653980.903

13 |'4/4/2016 Lenovo 8653980.903

14 |'4/4/2016 Dell 8921268.319

15 '4/4/2016 Acer 8158426.901
KQ_Error [©)

|£ Viewer X
Relation: Database_Chuan_3-weka filters.unsupenvised.instance. RemoveDuplic...
Hq:, 1:NgayTT 2:NhaCC  3: predictedGia 4: Gia 5: CPU_NhaCC 6:
0] Nominal  Nominal Numeric Numeric Nominal P
|1 4/41201... Asus 5756454.413993 5300000.0 Intel Celeron A

2 4/4/201.. Lenovo 5578298.526691 5300000.0 Intel Celeron >

3 441201.. Asus 5756454.413993 5600000.0 Intel Celeron

4 4/4/201.. Lenovo  6404409.873679 5749000.0 Intel Celeron

5 4/4/201.. Lenovo 5578298.526691 5790000.0 Intel Celeron

6  4/4/201.. Asus 6189935.942175 6500000.0 Intel Celeron

7  4/41201... Dell 8044440.003303 6990000.0 Intel Pentium

8  4/4/201.. Asus 7659459.774013 6990000.0 Intel Pentium

9 4/4/201... Dell 9083754.191505 7490000.0 Intel Pentium

10 4/4/201... Acer 8306228.054586 7890000.0 Intel Core i3

11 4/4/201... Lenovo 8653980.90316 7990000.0 Intel Core i3

12 4/4/201.. Lenovo 8653980.90316 7990000.0 Intel Core i3

13 4/4/201... Dell 8921268.318607 7990000.0 Intel Pentium

14 4/4/1201... Acer 8158426.900736 8090000.0 Intel Core i3

15 4/4/201... Asus 9595435.988171 8290000.0 Intel Core i3

16 4/4/201... Acer 8143742.181689 8290000.0 Intel Core i3

17 4/4/1201... Asus 8408320.646119 8290000.0 Intel Core i3

18 4/4/201.. Lenovo 8653980.90316 8290000.0 Intel Core i3

19 4/4/1201.. Asus 8556121.799969 8490000.0 Intel Core i3

20 4/41201.. Asus 8408320.646119 8490000.0 Intel Core i3

21 4)4/201... Asus 9447634.83432 8490000.0 Intel Core i3

22 4)41201... Acer 8143742.181689 8490000.0 Intel Core i3 -
| 23 4/4/201... Asus 9296630.226776 8490000.0 Intel Core i3 v

« >

Add instance 0K Cancel

a. Tap tin “arff” m¢ bang WEKA

1

HOME = INSERT  PAGELAYOUT FORMULAS DATA REVIEW VIEW OFFICEREMOTE HoaiAnh... ~ m

E¢ |General ~| FE Conditional Formatting ~ IR
=k i -(m% ’ Eiormat as Table - Gl |Eiing
- 56 0 7 Cell Styles ~ - -
Alignment % Number 1 Styles ~
v
D E F G H | J |«
CPU_NhaCC CPU_Dem Ram_Loai Ram_DL Ram_Bus HDD_|
5300000 'Intel Celeron' 2 'SDRAM D 2 1600
5300000 'Intel Celeron' 1'SDRAM D 2 1599.619
5600000 'Intel Celeron’ 2 'SDRAM D 2 1600
5749000 'Intel Celeron' 3 'SDRAM D 2 1600
5790000 ‘Intel Celeron’ 1'SDRAMD 2 1599.619
6500000 'Intel Celeron’ 1'SDRAM D 2 1333
6990000 'Intel Pentium' 2 'SDRAM D 2 1600
6990000 'Intel Pentium' 2 'SDRAM D 2 1333
7490000 'Intel Pentium' 2 'SDRAM D 4 1600
7890000 'Intel Core i3' 3 'SDRAM D 4 1600
7990000 'Intel Core i3' 3 'SDRAM D 2 1600
7990000 Intel Core i3' 3 'SDRAM D 2 1600
7990000 'Intel Pentium’ 2 'SDRAM D 4 1600
8090000 'Intel Core i3' 3 'SDRAM D 4 1600 -

»

READY :::] M -—+—+ 100

Hinh 3.9. Tap tin dit liéu két qua

b. Tap tin “csv” mé bang Excel

Qua khao sat tap tin di liéu két qua, thu dugc mot s théng tin sau:

- Sai s6 16n nhat: 9.874.8984 cua 01 dong dit liéu.

NhaCC

predictedGia

Gia

Error

CPU_NhaCC

2406

Dell

28,115,101.01

37,990,000.00

9,874,898.99

‘Intel Core i7"

- Sai s6 nho nhat: ~ 0d véi gia thuc té 02 dong dir liéu

NhaCC

predictedGia

Gia

Error

CPU_NhaCC

4743

HP

42,990,000.00

42,990,000.00

5.99E-06

‘Intel Core i7'

5015

Lenovo

15,989,999.99

15,990,000.00

0.005004

‘Intel Core i5'

5099

HP

42,990,000.00

42,990,000.00

5.99E-06

'Intel Core i7"

- Sai s6 nho hon 500.000d: c6 2130/5099 dong di liéu chiém
- Sai 6 16n hon 2.000.000d: c6 344/5099 dong dix liéu chiém

~

41,77%.
6,75%.
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Chuwong 4
KET LUAN

Viéc tng dung phén tich dir liéu vao cong tac du bao la hudéng nghién cuu
c6 nhiéu trién vong, co thé &p dung cho nhiéu linh vuc trong doi sdng xa hoi. N6
c6 thé hd tro, chling ta hoach dinh nhitng chién luoc hay ké hoach dau tu phat
trién hop 1y. Bén canh d6, véi su phét trién khong nging cua Nganh cong nghé
thong tin, cac cong cu hd tro phan tich dir liéu ngay cang phong phi va hd tro
dic luc con nguoi trong cdng tac du béo.

Théng qua qua trinh nghién ciu vé md hinh héi quy tuyén tinh va cong cu
hd tro WEKA, luan vin d3 tién hanh giai quyét bai toan thuc té vé cong tac du
b4o. Cu thé, luan vin di di sau nghién ctu va lam ré nhitng noi dung sau:

- Pua ra co so ly thuyét vé mé hinh hoi quy tuyén tinh tng dung trong
viéc phan tich di liéu dé tién hanh du béo.

- Tim hiéu, nghién ctu cdng cu hd tro WEKA trong viéc xay dung mo
hinh hdi quy tuyén tinh dé tién hanh dy bao.

- Sir dung c6ng cu hd tro WEKA dé giai quyét bai toan thuc té vé phan
tich di liéu ban hang va dy bao gia ban san pham may tinh xach tay caa Cong ty
co phan thuong mai Nguyén Kim.

Luan van da cho thay su hiru ich cua viéc phan tich dir liéu dé ap dung,
giai quyét cac bai toan thuc té. Tuy nhién, do mét sé nguyén nhan khach quan
va chu quan, luan vin van con ton tai mot sé han ché sau:

- Dit liéu thu thap caa duy nhat mot don vi dan dén cong tac du bao méi
chi dung lai & pham vi cuc bo.

- Chua tim hiéu hét tit ca cac tinh ning cua cong cu hd tro WEKA dé giai
quyét cac bai toan thuc té.

Pé khac phuc nhitng han ché néu trén, trong thoi gian toi, luan vin sé& tiép
tuc nghién cttu mé rong pham vi thu thap dix liéu, tim hiéu rd cong cu hd tro
WEKA va cac cong cu hd tro khac dé tién hanh dy bao c6 tinh khai quat va

chinh xac hon.
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