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Gi0i thiéu

« Recommender systems con goi la cac hé khuyén nghi.

* Muc dich nham Iva chon cac san pham phu hop nhat véi ngudi dung,
ca nhan hda trai nghiém nguwoi dung.

e Dugc st dung rong rai trong nhiéu linh vuec.
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LO'iich

* Cai thién trai nghiém nguoi dung.

* TOi wu hdéa doanh thu qua up-sale, cross-sale...

* T3ng hiéu ning hoat ddng bang tv dong hoa.

* Bién khach hang tiém nang thanh khach hang that.
* HO tro business intelligence.



Téngquan

Cac thanh phan chinh:

* Tap hop nguoi dung.

* Tap hop san pham.

* Théng tin vé nguwdi dung, san pham.
* Lich st giao dich.

Gia thiét: m&rc 6 phu hop cdia moi san pham vd&i moi ngudi dung cé
thé s6 hda va mé hinh héda.



Chu trinh

* Thu thap di liéu.
e Thiét ké feature.

e Xay dwng mo hinh.

* banh gia mo hinh.
e Cai tién...
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banh gia recommender systems

Panh gid offline: st dung di liéu da thu thap san.

« Két qua tot la két qua trung khép vai dir liéu.

* C6 thé str dung cac dd do nhw MAE, RMSE...

 D{t liéu test co thé cung hodc khac loai vai dit liéu dé xay dung md hinh.

Panh gid online:th* nghiém mao hinh trén thuc té.
* A/B testing néu c6 diéu kién.

 Danh gid bang cac do do cdé y nghia thuc té.

Chu y: chinh xac chwa chac d3 tot!



MOt sO ky thudt bd trg’ recommendation

* Natural language understanding la mot chuyen nganh I&n vdi rat
nhiéu rng dung. Cac ky thuat quan trong cho &ng dung
recommendation co named entity recognition, topic modeling,

sentiment an

alysis...

* Dimensionality reduction phuc vu hai muc dich: giam khoi lwong di
liéu va giam d6 thwa cua di¥ liéu. Cac ky thuat thong dung co
clustering, PCA, hashing...

. Regression, C
learning, co t
hop. Cac ky t

assification la cac bai toan can ban trong machine
né u’ng dung truc ti€p vao du doan céc san pham phu

huat phd bién: linear regression, ridge regression, SVM,

random forests...



Content-based recommendation

e Dwa vao cac thuoc tinh cua san
pham.

e Manh vdi cac san pham giau noi
dung nhu trong linh vieec truyén
théng, quang cdo, vy té...

snmllar

recommend

* CA thé recommend san pham
mai, thich hop khi danh sach san

pham duoc cdp nhat lién tuc.



Cac buOc chinh

* Biéu dién moi san pham dwdi dang moét vector thudc tinh.
e Recommend cdc san pham twong ty nhau.

* Hodc xay dung profile ngudi dung theo cac thudc tinh sdn pham va
recommend san pham cd thudc tinh phu hop vdi profile ngudi dung.

ID Name Cuisine Service Cost
10001 Mike’s Pizza [talian Counter Low
10002 Chris’s Cafe French Table Medium

10003  Jacques Bistro French Table High



ThuOc tinh va d0 do trong tu

* Cac thudc tinh cé thé Ia s6 thuc, s6 nguyén hodc roi rac.
* Cac do do tuong tuw khac nhau doi hoi dang dit liéu khac nhau.
 Chuyén ddi tlr s6 sang r&i rac bang cach chia khoang.
 Chuyén nguoc lai bang one-hot encoding.

ID Gender ID Male Female Not Specified
1 Male 1 1 0 0
2 Female 2 0 0
3 Not Specified 3 0 0 1
4 Not Specified 4 0 0 1
5 Female 5 0 1 0




Cac dO do tuong tu

Similarity Distance Measure

f (2
=Cosine Similarity = Euclidean
Distance

= Manhattan distance
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Cac dO do tuong tu

Mahalanobis distance
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Cac dO do tuong tu

Hamming distance = 3 —
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Cac dO do tuong tu
KL divergence giita hai phan bo xac suat
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Collaborative filtering

* Dya vao lich st giao dich dé tim cac quy luat twong tac gitra nguoi
dung va san pham.

* Khéng can biét thudc tinh sdn pham.

* Co kha nang khai thac thong tin ngoai pham vi cla cac thudc tinh san
pham.

* Gia thiét can ban: ngudi dung twong tuw nhau quan tdm dén san pham
twong tu nhau.



Uu diém
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User-based vs item-based

User-based filtering Item-based filterin



User-based collaborative filtering

* Biéu dién moi ngudi dung bang mot vector cac san pham da twong
tac, co thé co trong so.

* Tinh d6 twong ty gilra cac vector dai dién cho nguoi dung.

* DAi v&i ngudi dung A, udc tinh dé phu hop clia sdn pham dua vao
lich st* cia nhdm nguwoi dung tuong tw nhu A.

* CS thé chon k nguwdi dung gan gidng A nhat, hodc chon tat cd nguoi
dung nhung thém trong s6 dé wu tién nhirng nguodi giéng A hon.



Cong thtrc tinh d0 phu hop

p3 (ry,k —my)sim(ux, uy)
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Cong thtrc tinh d0 phu hop

* pr, = d0 phu hop wdc tinh cla san pham k véi ngudi ding x

* m = do phu hop trung binh cla cac san pham véi nguoi dung x
*r,=dé phu hop cua san pham k véi ngudi dung y

* m,=dé phu hgp trung binh cta céc san pham véi ngudi dung y



Cong thtrc tinh d0 phu hop

Trong truwong hop gidi han k nguoi dung gan giong nhat:
* sim(u, u ) =1
* N =tap hop k nguoi dung gan giong x nhat

Trong truvong hop khéng gidi han nguoi dung tuong tu:

* sim(u, u ) =do twong ty gilra cac vector nguoi dung x va 'y, hoac mot
ham dong bién dwa trén do tuong tu

* N_=tap hop nguoi dung co it nhat mot san pham tuong tac trung vai
X



Khoi lwo'ng tinh toan

Gia st cd m ngudi dung va n san pham:
* Trong truvong hop xau nhat, dd phirc tap cua thuat toan la O(mn).

* Trén thuc té& phan I&n ngudi dung chi tuong tac vdi sé sdn pham gidi
han nén khoi lwong tinh todn cho nhdm nay la O(m).

* V&i sO it ngudi dung twong tac vai nhiéu sdn pham, khoi lugng tinh
toan cho nhom nay la O(n).

* Vay d0 phtrc tap trén thuyc té 1a O(m + n).



Ky thuat phu tro

* V&i so lwong ngudi dung Ién, cd thé phadn nhdm dé gidm khoi luong
tinh toan.

* Phan nhdm bang dimensionality reduction: anh xa tip hop nguoi
dung hoac tap hop san pham |én khéng gian it chiéu dé thu nho dir
lieu.

* Phan nhém bang clustering: chia tap hop ngudi dung thanh nhiéu
cum nho, khi recommend cho ngwoi dung nao thi xem xét cum do.

 Thay vi cdng thirc tinh trung binh, c6 thé dung cdc mé hinh
classification, regression dé tinh dé phu hop & budc cudi cung.



'tem-based collaborative filtering

e Biéu dién moi sdn pham bang mot vector ngudi dung.

* Tinh d0 twong ty gitra cac san pham.

* D3I v&i ngudi dung A, tim cdc san pham tuong tu véi cac san pham A
da tuong tac.

e Recommend san pham cho A tir cdc san pham néi trén, bang cac tiéu
chi nhu trong so6 cao, nhiéu nguoi twong tac...



Tinh d0 twong tu gitta cac san pham

V@i moi san pham A:
V@i moi ngwdi dung X d3 tuong tac vadi A:
V@i moi san pham B khac A ma X d3 twong tac:
Luwu dit kién [a mot ngudi dung da twong tac vai ca A va B.
V@i moi san pham B khac A d3 cé cung ngudi dung tuong tac :
Tinh d0 tuvong tw gitta A va B dwa trén cac dit kién da [wu.



Khoi lwo'ng tinh toan

 Khéi lwgng tinh todn I&n nhat nam & phan tinh d6 tuong tu gitra cac
san pham.

* Gid sir cd m ngudi dung va n san pham, thi dd phirc tap trong truong
hop xau nhat 1a O(nZm).

e Trén thuyc té do phirc tap thwong |a O(mn) vi dit liéu thua, dai da so
cac cap san pham khdng cé cung nguodi dung tuong tac.

* Tuy nhién budc nay chi can tinh moét 1an cho tat ca cac lvgt nguoi
dung.



Ky thuat phu tro

* DO twong tu gitta cdc san pham cd thé tinh trudc va thinh thodng mai
cap nhat.

* CS thé bd sung théng tin vé thudc tinh san pham khi tinh d6 tuwong
tw dé gidi quyét trwong hop san pham it twong tac.

* CS thé dp dung cac ky thuat phan nhdm, classification, regression...
nhw v&i user-based collaborative filtering.



Matrix factorization

* Ap dung duoc cho ca user-based va item-based collaborative filtering.

* Thudc loai latent factor model, mé ta ngudi dung va san pham bang
cac nhan to an.

e Cé tac dung giam so chiéu dit liéu (dimensionality reduction).



Cac buOc chinh

e Lap user-item matrix.

* Tach user-item matrix thanh hai thira s6: user matrix va item matrix.
* MOi nguwdi dung tuwong ng véi mot hang trén user matrix.

* Moi san pham tuong ng védi mot cdt trén item matrix.

e Udc tinh dd phu hop bang tich v huédng cda vector ngudi dung va
vector san pham.

« Udc tinh d6 tuong tu bang cach so sanh cac vector nguwdi dung voi
nhau (hoac cac vector san pham v&i nhau) néu cac ma tran thoa man
mot s diéu kién nhat dinh.



User-item matrix

* MOi ngudi dung trén mot
dong, moi san pham trén
mot cOt.

* C4 thé chuan hoda bang cach
truw di gia tri trung binh.

* Thwong la ma tran thua, vi
da sO cac cap user-item
khong co twong tac.

-— o (op) < (o)
- = - = -
2 2 2 2 2
User 1 0 3 0 3 0
User 2 4 0 0 2 0
User 3 0 0 3 0 0
User 4 3 0 4 0 3
User 5 4 3 0 4 0




Gia thiét

* Twong tac gilta ngudi dung va san pham chiu anh huwédng cla hai loai
tac nhan: cac quy ludt twong tac va cac yéu td ngau nhién (do ca nhan
nguoi dung, tac dong ngoai canh...)

e Cac yéu t6 ngau nhién khoéng thé du doan, nhung tong hiéu (rng trén
toan tap hop la nho.

* Cac quy ludt twong tac la tdc nhan chinh va cé thé md hinh héa.

* Muc tiéu la uoc tinh do phu hop theo cac quy luat tuong tac, bo qua
hiéu rng clia cac yéu td ngau nhién.



Gia thiét

* User-item matrix R=S+ N

* S |a hiéu &ng cua cac quy luat

* N 13 hiéu &ng cla cac yéu té ngau nhién
* N c6 bién d6 nho.

* S cd intrinsic dimensionality nho.



Intrinsic dimensionality
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Factorization

Gia st cd m ngudi dung va n san pham:

e User-item matrix R ~ U | kich thwéc m x n.
e U la user matrix, kich thwédc m x d.

* | |a item matrix, kich thuwdc d x n.

e d [a tham s&, nhd hon nhiéu so vdi m, n.

e S=UIIla matrén xap xi vdi R, cé intrinsic dimension d.



Factorization

Observed ratings

Bob's observed rating
for "baby stroller"

Users

Items |

Ull

Predicted ratings

Bob's predicted rating
for "baby stroller"

| Items

matrix factorization: fill in the two matrices on the right
so0 as to minimize the difference between these two

Users

Factors

User profiles Iltem profiles

weights for
user "Bob" weights for

item "baby stroller"

Factors

Items



U'drc tinh d0 phu hop

Pé udc tinh d6 phu hop clia sdn pham y véi ngudi dung x:
* Vector dai dién x la dong U* trén ma tran U.
* Vector dai dién y la cOt V, trén ma tran V.
e Udc tinh d6 phu hop bang tich v hudng:
Ux.V, =S, (phan tlr & dong x cot y cia ma tran S)

* Sy Mt phan con lai khi d3 loai bd cac hiéu rng ngau nhién, tic 1a
do phu hop cua y vdi x theo cac quy ludt twong tac.



Nhan xét

* Bang cach gidm chiéu dit liéu, ta loai bét thdong tin dé tranh viéc két
qua chi lap lai user-item matrix (S qua gan vdi R).

* Gia thiét quan trong la phuong phap factorization loai bo dung cac
hiéu &*ng ngau nhién.

* Moi vector ngudi dung hodc san pham cé d chiéu, &ng v&i d nhan to
an (latent factor).



SVD

* Thuat toan cho két qua chinh xac.

e Cac phan tlr trén ma tran S xép theo th& tu giam dan.
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Gidm chiéu bang SVD

* Loai bé thdng tin bang cach bo bét cac chiéu cudi cung.

* Phan con lai ddm bao la gan vdi X nhat trong tat ca cac cach
factorization.

X
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Factorization bﬁng tOi wu hda

* DUng t6i wu hda dé wdc tinh user matrix va item matrix truc tiép.

* Dai lwvgng can toi wu la sai so gitra d6 phu hop wéc tinh va dit liéu
that trén user-item matrix.

* DUng regularization dé loai bét théng tin.
* T6i wu bang SGD hoac ALS.



SVD hang nhai

min Y (rui—p—b; — by — g pu)® + A2 + 52+ [lail|* + ||pul )-

lePr (K Y N— —-_
/‘ T REGULAR[ZER
4

Ttk UBL TINH



SVD++

* M6i san pham cé thém mot vector phu.

e Udc tinh d0 phu hop dung ca gia tri vector phu cua tat ca cac san
pham nguoi dung dé d3 twong tac.

* Phai thém ca cac vector phu vao regularization.



SVD++
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DO twong tu gita nguo'i dung hodc san

poham

* C thé wdc tinh dd tuwong tu giltra cac ngudi dung bang cach so sanh
cac vector nguoi dung (thuwong dung cosine similarity).

* Tuy nhién can diéu kién: item matrix phai la orthogonal matrix.

* Nguwoc lai mudn so sanh vector sdn pham thi user matrix phai la
orthogonal matrix.

* Mt s6 phuong phap factorization khéng dam bao diéu kién trén,
nhung cé thé dung bién déi dai sé dé khac phuc.



