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Wine data

Analyzing the relationship between chemical properties and wine
quality will contribute to better wine’s price valuation. In this study, we
use an availabe online dataset on white wines that produced from the
"Vinho Verde" region in Portugal, which contains 11 variables
measuring the chemical properties of white wines and 1 variable
represents the quality of wine (ranked from 0 to 10 according to the
sensory assessment of the wine tasters). The goal is to find chemical
property variables that influence the wine quality classification. To
achieve the goal, we propose to use principal component analysis in
correlation and classification assessment. The results showed that PCA
performs relatively well in classifying white wine based on its chemical
properties. Chemical compositions such as residual sugar, total sulfur
dioxide, density, alcohol, pH, and fixed acidity play an important role
in the flavor of white wine. On the other hand, it was found that
Alcohol and pH contributed highly to quality of the wine.

PHAN TiCH THANH PHAN CHINH VA UNG DUNG
TRONG PHAN TiCH DU LIEU RUQU VANG

TOM TAT

Phén tich mdi quan hé giita cac dic tinh hoa hoc va chat lugng ruou
vang s giup chuyén gia dinh gia ruou vang dugc t6t hon. Trong nghién
clru nay, chung t6i st dung b dir liéu vé ruou vang tring duoc san xuit
tai khu vyc "Vinho Verde" & B6 Pao Nha, trong d6 ¢6 11 bién do ludng
cac déc tinh hoa hoc cua rugu vang tra‘ing va 1 bién thé hién chét lugng
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cta ruou vang (duoc xép hang tir 0 dén 10 theo danh gia cam quan cua
ngudi ném ruou). Muc tiéu 14 tim cac bién dic tinh hoa hoc co anh
huéng dén phan loai chat lwong rugu vang. Dé dat dwoc muc tiéu,
ching toi dé xuat sir dung phuong phép phan tich thianh phan chinh
trong danh gi4d mdi twong quan va phan loai. Két qua cho thiy PCA
hoat dong twong ddi tot trong phéan loai rugu vang tring dua trén cac
dac tinh hoa hoc cua n6. Cac dic tinh hoa hoc nhu lwgng duong du,
téng luu huynh dioxit, ty trong, nong do Cf)n pH, do axit ¢b dinh thé
hién cho mui vi ddc trung cua ruou vang tring. Ddng thoi két qua phan
tich cting chi ra ruou vang trang chat luong cao sé co ndng do con va do
pH 16n hon ruou vang tring chat lugng thap.
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1. Gi6i thiéu

Nganh cong nghiép ruou cho thiy xa hoi ngay cang quan tim dén chat lwong va gia ca cua
ruou vang. Gia ruou phu thude vao cac danh gia cam quan cia nhimg ngudi ném ruou, y kién
cua ho tac dong manh dén sy thay doi gia ruou. Dinh gia ruou vang phu thudc vao mot yéu to
bién dong nhu vay & mot mae do nao do. Mot yéu té quan trong khac trong ching nhan va danh
gia chat lwong rugu 1a cac xét nghiém hoéa 1y dua trén co s¢ phong thi nghiém va c6 tinh dén cac
yéu t6 nhu d6 axit, do pH, duong va cac déc tinh hoa hoc khac. Déi vai thi truong rugu vang, sé
rat dang quan tim néu ta tim dwoc mdi lién quan gitra chat luong ruou theo danh gia cam quan
clia con ngudi va cac dic tinh hoa hoc cta rugu dé qué trinh ching nhan, danh gia chat luong
duge dam bao ciing nhu duoc kiém soat nhiéu hon.

Pi c6 nhiéu cong trinh nghién ciu vé phan loai ruou vang theo cac yéu t6 trong nho nhu
gidng nho, ving dia 1y, loai dat [1], [2]. Hoac céac nghién ctru vé phén loai ruou vang trang va
ruou vang do dua trén cac yéu to hoa hoc véi cac mé hinh phén tich nhu nhan dang mau, mang
no ron nhan tao, phén tich phuong sai, phan tich phan biét... [3], [4]. Tuy nhién nghién ctu vé
mbi twong quan giita cac dic tinh hoa hoc cua rugu vang va chat luong cua rugu vang (dugc
danh gia theo cam quan cua cac chuyén gia tham ruou) van con han ché. Bai bao nay d& xuit sir
dung phuong phap phén tich thanh phan chinh, mot phuong phap thong ké nhiéu chiéu rat htu
ich trong phén tich dit liéu 16n, dé kham pha kién thire vé méi quan hé giita chat luong va cac yéu
t6 hoa hoc cua tap dit liéu rugu vang tring duoc trich xudt tir [5].

Y tudng cia phan tich thanh phén chinh (PCA) 1a giam s6 chiéu cua tap dit ligu, dong thoi
duy tri cang nhiéu “tinh bién thién” (tic 1a thong tin théng k€) cang t6t. Pé lam dugc diéu nay ta
can tim cac bién mai khong tuong quan voi nhau, 1a cac t6 hop tuyén tinh cua cac bién trong tap
dir lidu gdc, giup tdi da hoa phuong sai va hiép phuong sai. Viéc tim cac bién méi - goi 1a cac
thanh phan chinh (PC) nhu vay, s& din dén viéc giai bai toan gi tri riéng/vector riéng. Tai liéu
s6m nhit vé PCA co tir Pearson [6] va Hotelling [7], nhung phai dén khi may tinh dién tir tré nén
phd bién rong rdi thi viéc sir dung PCA trén cac tap dir liéu 16n méi dugc van dung nhiéu va kha
thi vé mit tinh toan. Ké tir d6 nhiéu bién thé ciia PCA danh cho cac loai dir liéu dic biét da duoc
nghién ciru va phét trién trong nhiéu linh vuc khac nhau. Mot s6 van dung cia PCA trong céc
linh vurc khoa hoc lién nganh nhu khi tugng hoc, khi hau hoc, sinh vat hoc, tin hoc (giai quyét bai
toan nhan dang khudn mat) c6 thé xem trong céc tai liéu [8] — [12].

Noi dung tiép theo ciia bai bao dugc cau trac nhu sau: phan 2 gidi thiéu qua vé ¥ tudng va mo
hinh ctia PCA, phan 3 trinh bay cu thé két qua phan tich dit liéu ruou vang dwa trén mé hinh PCA
va cudi cung phan 4 dua ra két luan cua bai béo.

2. Phuong phap phén tich thanh phan chinh

Dé c6 thé hinh dung duoc muc tiéu va ndi dung ciia PCA, chung ta cing xét mot vi du trong
khong gian hai chiéu nhu sau.

2.1. Vi du trong khéng gian 2 chiéu

Xét tap dit ligu gdm 50 diém trong khong gian hai chiéu twong ung véi 50 phép do trén mot
cap bién x, x,. Vi duy, X1, Xz €0 thé biéu thi nhiét do dat va nhiét do khong khi trong 50 ngay
khac nhau tai mét dia diém cu thé, xem Hinh 1(a).

Gia sir ta mudn giam sé chiéu cta tap dir liéu nay. Viéc thay thé cap bién bang ting bién
thanh phan x; hoic x, s& khong hop 1y vi néu bé qua mot trong hai bién s& 1lam mat di mot ty 1¢
khong hé nhé cua luong bién thién dit liéu (thong tin cua dit liéu) ban dau. Tuy nhién, ta nhan
thdy cac diém nam rai rac kha gan nhau trén mot dwong thang. Piéu nay ngu ¥ ring c6 mot ham
tuyén tinh ctia x;, x, giai thich mic do bién thién cua tap dir liéu tét hon hon dang ké so vai khi
chi xét riéng x; hoic x,. Ham tuyén tinh ti da hoa phuong sai nay 1a truc z;, duoc goi la thanh
phan chinh thtr nhit (PC1). Hinh 1(b) thé hién dd thi cia 50 quan sat d6i voi hai truc z; va z,,
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thanh phan chinh thir hai (PC2). Tir d6 thi ta c6 thé thiy rang gan nhu tat ca cac diém dit liéu déu
phan tan theo tryc z;, nghia 1a d6 bién thién cua tap di liéu goc duoc giit nguyén trong chiéu méi
duoc xac dinh boi z;.

To To

A

o o T _".“,' ¥ '7 :I{l

() (b)
Hinh 1. (@) Biéu do phan tan dit liéu. (b) Mé ta hinh hoc PCA trong khéng gian 2 chiéu

Ta c6 nhan xét sau, Hinh 1(b) gidng v&i Hinh 1(a) ngoai trir cac truc d duoc xoay, sao cho
truc z; di qua gitra cac diém dit liéu va truc the hai, z, vudng goc vdi tryc dau tién. Nhu vay,
muyc ti€u cia PCA 1a sit dung mot phép bler} dbi truc giao qe bién §101 mdt tap dir liéu tr khong
gian nhicu chiéu sang khong gian méi it chiéu hon nham thé hién toi wu sy bién thién cua tap d
liéu. Trong khong gian mdi cac truc toa d6 méi dugce xay dung sao cho ching truc giao doi mét
Vai nhau.
2.2. M6 hinh todn hoc ciia PCA

Cho mot mau gdm n quan sat caa mot vector c6 p bién, X = (x;, x5, .-, Xp). Hay noi cach
khac, X 1a mot ma tran dit liéu c& n X p, trong d6 cot thir j biéu thi cac gia tri quan sat x; cua bién
tht j. Ta dinh nghia cac thanh phan chinh nhu sau:

Thanh phén chinh thir nhdt 1a t6 hop tuyén tinh cta cac bién x, x,, ..., Xp,

P
zi=alX = Z aix;

trong do, vector a; = (ay1,dz1, -, Ap1) duoc xéac dinh sao cho phuong sai cua z;, Var(z,),
1a 16n nhat. Tuong tu, thanh phan chinh thir k duoc dinh nghia 13 z, = alX = ZL 1 GikXis
trong do vector ay = (aq, Az, -, Ap) duge xac dinh sao cho Var(zy) lén nhét véi cac diéu
kién rang budc cov(zy,z) = 0vsimoi k > 1 > 1vaala, = 1.
Chua y rang Var(z,) = alSa,, trong d6 S 1a ma trdn hiép phwong sai mau cua cac bién
X = (%1, X, .., %p). Nhu vdy dé tim thanh phan chinh thtt nhét, ta can gidi bai toan tdi wu sau:
a; = arg max,, a;Sa,
‘7 Vi rang budc aja; = 1. (1)
Bai toan (1) c6 thé dugc giai bang phuong phap nhan tir Lagrange. Lagrangian cta bai toan (1) 1a
L(a;, ) = alSa; + A(1 — afay).
Nghiém cua bai toan (1) s€ thoa man hé phuong trinh

0L
a_a1=5a1_lal=0. (2)
oL r
a=1_a1a1:0. (3)
Tir (2) tacod (S—2Ly)a; =0. 4)

Diéu nay suy ra a, 1a mot vector riéng ctia S ing voi gia tri riéng A = A;. Nhan ca hai vé cua
(4) voi al taco
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alSa; = A

Nhan thiy vé trai ctia dang thirc trén, al Sa,, chinh 1a ham muyc tiéu trong (1). Vay ham myc
tiéu dat gia tri I6n nhat khi A dat gia tri 16n nhat. Suy ra A = A, chinh 14 gié tri riéng 16n nhat caa
ma tran S. Thanh phan chinh thtr nhat thé hién su bién thién cta tap di liéu nhiéu nhat.

Lap luan twong ty nhu vay ta tim dugc a, ciling la mdt vector riéng cia S Gng véi gia tri riéng
A = A, la gia tri riéng 16n thr hai cua S.

Tong quat, Var(z,) = akSay, = A, tic 1a gia tri riéng 16n thir k cua S 1a phuong sai cua
thanh phan chinh thi k. Thanh phan chinh th k, z, thé hién ty ¢ 16n thir k cua luong bién thién
dit liéu ban dau.

3. Ung dung PCA trong phén tich dix liéu rugu vang
3.1. Mo td dir ligu

Bang 1. Y nghia ciia cdc bién trong dit liéu rweou vang trang

Bién

Y nghia

1 - fixed acidity
(tartaric acid - g/dm?)

dd axit cé dinh (Céac axit ty nhién c6 trong nho, chu yéu bao gom axit
tartaric, malic, citric hodc succinic dugc st dung dé 1én men rugu. Cac axit
nay khong dé bay hoi).

2 - volatile acidity
(acetic acid - g/dm®)

tinh axit dé bay hoi (lvong axit axetic trong ruou vang ¢ muc qua cao co
thé dan dén ruou co vi glam chua)

3 - citric acid
(g/dm3)

axit xitric (dugc tim thay véi s6 lugng nho trong ruou vang, c6 tac dung
ting thém "dd tuoi mdi" va huong vi cho rugu vang).

4 - residual sugar
(g/dm?)

lwong dwong dw (1a lugng duong con lai sau khi qua trinh 1én men ngtrng
1én men. Hiém c6 nhitng loai ruou c6 lugng dudng du nhd hon 1 gam/lit.
Rugu c6 ham lugng duong du 16n hon 45 gany/lit dugce coi 1a ngot. Mat khac,
mot loai ruou khong ¢6 vi ngot dugc coi la rugu kho).

5 — chlorides (sodium
chloride - g/dm®)

lwgng Mudi trong ruou.

6 - free sulfur dioxide
(mg/dm?)

luu huynh dioxit ty do (dang SO, tw do ton tai ¢ trang thai cén bang gitra
phan tr SO, (nhu mot chat khi hoa tan) va ion bisulfit; n6 ngén chdn sy phat
trién cuia vi sinh vat va qua trinh oxy hoa rugu vang).

7 - total sunfur dioxide
(mg/dm®)

tong lwu huynh dioxit (lugng SO, dang tr do va lién két; & nong do thap,
SO, hau nhu khong thé phat hién dugc trong rugu vang, nhung ¢ nong do
trén 50 ppm SO, tré nén rd rang trong mui vi Clia rugu).

8 - density (g/dm?)

ty trong (rit gan vai ty trong cua nude, né phu thudc vao nong do con va
ham lugng duong trong rugu).

9-pH

PH (mo ta mirc do axit hoac bazo cua rugu trén thang tir 0 (rat axit) dén 14 (rat
bazo). Hau hét cac loai rugu déu nam trong khoang 3-4 trén thang d§ pH).

10 — sulphates (potassium sulphates (mot phu gia rugu vang hoat dong nhu mot chat chdng vi khuan va
sulphate - g/dm®) chdng oxy hoa).
11 - alcohol (% by volume) dd con (phan trim) cua ruou.
12 - quality (score between chat lwgng (diém tir 0 dén 10).
0 and 10)

Tap dit lidu dwoc kham pha 1a tap dir liéu vé ruou vang tring dwoc san xuét tai khu vuc
"Vinho Verde" ¢ Bd Pao Nha [5]. Tap di liéu gom 4898 mau. Mdi mau duoc thu thap dia trén
12 dic tinh khac nhau cua cac loai rirgu, mot trong s6 dé 1a chét luong, dua trén dit liéu cam quan
va phan con lai 1a cac dic tinh héa hoc cua rugu bao gém ty trong, do axit, ndng do con,... Tat ca
céc dic tinh héa hoc cua rugu vang 1a cac bién lién tuc. Chat luong 1a mot bién thir bac duge xéac
dinh boi nhiing ngudi danh gia cam quan, ho (ti thiéu ba nguoi) sé ném thir reou mot cach doc
lap va xep loai ruou theo thang diém chat luong tir 0 (rat t¢) dén 10 (xuat sic). Thu hang duoc 4n
dinh cudi cung 1a thtr hang trung binh do nhitng ngudi nem thir dua ra.
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Dé hiéu rd hon vé y nghia ctia cac bién, ching t6i di phan loai va mé ta cu thé trong Bang 1.
Muc tiéu cuia chung toi trong bai bao nay 1a van dung PCA dé phan tich moi twong quan giira
cac bién dac tinh hoa hoc va bién chat lwong cia rugu vang trang.

3.2. Két qud phén tich div liéu

Dé hd trg phan tich dir liéu, ching t6i sir dung ngdn ngir lap trinh R da tich hop mot s6 goi
[énh phti hop v&i mo hinh PCA. Két qua phan tich duoc thé hién trong Hinh 2 va Hinh 3.

PCA 1a mot cong cu toan hoc gitp lam giam chiéu dit liéu, 1am ting kha ning hién thi hinh
anh cua dir liéu va van gii lai nhiéu thong tin da c6 trong dit liéu gbc. Dé 1am diéu nay, PCA bién
d6i mot tap hop cac bién co thé twong quan thanh mot tap hop cic bién khong tuong quan mdi,
duogc goi 1a cac thanh phan chinh, PC. Budc dau tién cua viéc sir dung PCA dé phan tich dir liu
1a xay dyng ma tran twong quan cua tap dir liéu gom 4898 mau ruou va 12 dic tinh hoa hoc
(bién) twong &ng cua ching. Sau do, cc gia tri riéng va cac vecto riéng ciia ma tran tuong quan
dugce tinh toan. SO lugng cac thanh phﬁn chinh ¢ tdm quan trong dugc xac dinh béng cach su
dung cac gia trj riéng. Céc vecto riéng duoc xay dung tir su két hop tuyén tinh cia cac dic tinh
ban dau trong tap dit liéu. Cac hé s6 cua mdi dic tinh thé hién mic d6 dong gop cia cac bién do
trong cac thanh phan chinh. Cudi cung, dé hinh dung sy bién di cua cac dic tinh hoa hoc trén
cac PC da chon va dé danh gia tim quan trong tuong d6i cua ting bién, biéu db twong quan va
biéu dd phan loai duoc V3.

Céac gia tri riéng thu duoc tir ma tran tuong quan cua tap dir liéu duoc dua ra trong Bang 2.
Trong bang, cac gia tri riéng duoc sap xép theo thir tu tir cao dén thap. Ung véi mdi gia tri riéng
1a phan traim phwong sai tich Iily, thé hién su bién dong cua dit liéu theo timg thanh phan chinh. 5
thanh phan chinh dau tién thé hién 72,81% tong bién thién dit lidu, hay noi cach khac c6 72,81%
thong tin cua dir liéu duoc gitr lai trong khong gian mai. Mot cau hoi dat ra la ta nén gilr lai bao
nhiéu thanh phan chinh 1a tét nhat?

Bang 2. Gid tri riéng cua ma trgn tuong quan

Thanh Gia tri Phan trim Phan trim
phin chinh riéng phwong sai phwong sai tich liy

1 3,22260270 29,2963881 29,2963881
2 1,57239552 14,2945047 43,59089
3 1,22164229 11,1058390 54,69673
4 1,01930424 9,2664022 63,96313
5 0,97407794 8,8552540 72,81839
6 0,93747708 8,5225189 81,34091
7 0,72703917 6,6094470 87,95035
8 0,60090010 5,4627281 93,41308
9 0,41447764 3,7679785 97,18106
10 0,28941175 2,6310159 99,81208
11 0,02067159 0,1879236 100,00000

That khong may, khong c6 phuong phép khach quan nao dugc chap nhan 1a tot dé quyét dinh
nén lya chon bao nhiéu thanh phan chinh 1a di. Piéu nay s& phu thudc vao timg linh vyc Gng
dung cu thé va ting tap dir liéu cu thé. Trong thyc té, chung toi c6 xu hudng xem xét mot 6
thanh phan chinh d4u tién dé tim ra cac ddc tinh tha vi trong dit liéu. Trong phan tich trén, néu
chung ta chon chi gitr lai hai thanh phan chinh thi tng bién thién cua tap dit liéu goc giam xudng
con 43,58%. Mot trong nhitng muc tiéu ciia PCA 1a giam chiéu di liéu nhung van thé hién dwoc
d6 bién thién ti da cua tap dir liéu gdc, do d6 chiing t6i quyét dinh rang ma tran dit liéu duoc mo
ta tbt nhat boi ba thanh phan chinh dau tién.
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Cac vecto riéng cua ma tran tuong quan dit liéu duge trinh bay trong Bang 3. Cac vecto riéng
dugc chia ty I€ tir +1 dén -1. Céc bien ¢6 cac gia tri duge in ddm trong bang mang y nghia thong
ké, nghia la thé hién mirc do dong gop cao hay thap cua cac bién ban dau lén thanh phan chinh

cua mo hinh PCA.

Bang 3. Vector riéng vmg Véi 5 thanh phan chinh (PC) dau tién

Pic tinh héa hoc (bién) PC1 PC2 PC3 PC4 PC5

Do axit ¢b dinh 0,28170958  -0,736891965  0,1395388  0,02923923  0,24205194
Tinh axit d& bay hoi 0,01046093  0,056721611  -0,6528882  0,30296682  0,62572265
AXxit xitric 0,25851826  -0,427953994 05621494  0,15358238  0,04774175
Luong dudng du 0,76728279  0,009553841  -0,2338992  -0,27470451  0,01398569
Luong mudi trong ruou 0,38123927  -0,010949766  -0,1190317  0,70132225  -0,34192941
Luu huynh dioxittwydo ~ 0,53907868  0,367844366  0,3039784  -0,30077880  0,20309459
Tong luu huynh dioxit 0,72996815  0,306353708  0,1343161  -0,04899785  0,30007321
Ty trong 0,91839827  0,005511851  -0,1403209  -0,02530880 -0,09247508
pH -0,22889888  0,730628512  0,1376832  0,09687477  -0,12809803
Sulphates 0,07843082  0,279385644 04777223  0,46577163  0,36220017
Do cdn cua ruou -0,78534976  -0,041782782  0,1170894  -0,12617547  0,34224014

Individuals - PCA

Variables - PCA

contrib Quallty

8

. . i . .
10 05 00 i3 10 | | | |
Dim1 (29.3%) 5 0 5 10
Dim1 (29.3%)

Hinh 2. D6 thi awong quan ciia dit ligu Hinh 3. 6 thi diém theo char hwong
ruou vang trdng cua dir ligu ruwou vang trang

Vi dy, thanh phan chinh dau tién cung cip céc gia tri duong cao cho cd ty trong, lugng duong
du, tong luu huynh dioxit va c¢6 gia tri am cao cho lugng con trong rugu. Do do, PC dau tién cung
cép thong tin vé mui vi dic trung ciia rugu vang trang. Thuc té cho thdy, nong do con ciia rugu
tuong quan nghich véi ty trong cua rugu. Trong qué trinh 1€n men, do duong chuyén héa cham
thanh ruou nén néu dudng giam thi néng do rugu tang va ty trong chung giam. Do do6 rugu vang
trang c6 vi ngot hon so vdi rugu vang do va nong do con sé thap hon. PC thir hai lién quan dén
pH, dé axit c6 dinh, axit citric - cac bién lién quan dén tinh axit va bazo trong rugu. Nguoi ta tin
rang axit can cé trong rugu vang dé tang thém mui vi va dé két hop duoc voi nhiéu loai thirc an.
That thu vi khi thay rang chat luong va nong do axit trong ruou vang trang c6 moi twong quan
nghich, chat luong cua ruou vang trang cang giam khi ndng do axit ting 1én. PC tht ba dua ra
mdi quan hé vé tinh axit d& bay hoi va sulphates. Nhu vay PC thi ba dai dién cho tinh chét Chong
oxi hoa va tinh chéng nhlem khuan trong tirng loai rugu vang trang. Ba thanh phan chinh dau tién
dugc mo ta & trén cung cap mot sb thong tin co ban vé mui vi ddc trung cia rugu vang tring.
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Hinh 2 thé hién méi twong quan giita cac dic tinh hoa hoc cta ruwou Vi hai thanh phan chinh
dau tién trong mo hinh PCA. Nhiing bién nao c6 twrong quan cao v6i PC1 va PC2 thi bién d6
dong vai tro quan trong trong md ta dir liu, nguoc lai nhiing blen ¢6 twong quan thap thi co the
dugc loai bo ra khoi mé hinh. Trong hinh 2, cac bién nong do con, pH, luong duong du, axit cd
dinh, tong luu huynh dioxit c6 anh huéng Ion téi mé hinh PCA. Con céc bién tinh axit dé bay
hoi, luong mudi thi c6 anh huong nho. Hinh 2 cling minh hoa sy twong quan gitra cac bién.
Nhitng bién co m01 tuong quan thuan thi dugC xép thanh mét nhom. Nhiing bién c6 mbi tuong
quan nghich thi nam & cac goc phan tu dbi nhau. Chang han, nong d6 con va ty trong 14 hai bién
twong quan nghich, pH tuong quan nghich véi axit citric va axit ¢o dinh, ty trong va lwong duong
du twong quan thuén.

Trong Hinh 3, hau hét cac loai ruou vang trang chét luong cao (chét luong 6, 7 va 8) nam &
phia bén trai va ruou vang tring chit luong thap (Chat luong 3, 4 va 5) tap trung chu yéu & phia
bén phai cua d6 thi. Do d6, chiing ta c6 thé két luan rang rugu vang trang chat luong cao ¢ nong
d6 con va do pH 16n hon ruou vang tring chat luong thap.

4. Két luan

Bai béo nay trinh bay ngin gon y nghia va ndi dung cua mo hinh PCA, mot md hinh dugc su
dung phd bién véi muc tiéu lam glam s6 chiéu cua khong gian chura di li¢u gde. Uu diém cua
phuong phép PCA 1a trong khong gian méi ¢6 s6 chiéu nho hon khong gian ban dau, céac di liéu
khi dugc biéu dién khong bi tring lap, khong bi mat théng tin qua nhiéu. Pong thoi chung ta con
kham phé thém duoc nhiing thong tin quy gia méi khi ma tai chiéu khong gian cii nhitng thong
tin nay bi che mat.

Véi nhitng phan tich trén, chung t6i d& xuat st dung phuong phap PCA trong phan tich moi
tuong quan giira cac dic tinh hoa hoc va chit luong cia ruou vang trang Muc tiéu cua ching toi
la phan loai rugu vang trang dua trén cac dac tinh hoa hoc cua no. Két qua phén tich cho thiy cac
déc tinh hoa hoc bao gom: luong dudng du, téng luu huynh dioxit, ty trong, nong d6 con, pH, do
axit ¢ dinh thé hién cho mui vi dac trung cua rugu vang trang Dong thoi, rwou vang tring chét
lwong cao s& co nong do con va dd pH 1én hon rugu vang trang chat luong thap.
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