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User/Item based RBM (U-RBM/ I-RBM)

RBM for CF(Salakhutdinov et al.)

Figure 1: RBM with multinomial visible units

• User-based : use different RBM for each user.

• Ratings as multinomial variables.
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User/Item based RBM (U-RBM/ I-RBM)

User based RBM model

Figure 2: The user based RBM model with real-valued visible units.

• For N users, M items, F hidden units,

• {v1, v2, · · · , vM} : M real-valued visible units.

• {h1, h2, · · · , hF} : F binary hidden units.

• It has modeled the correlation between item ratings only.
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User/Item based RBM (U-RBM/ I-RBM)

User based RBM model

• Conditional Bernoulli distribution for modeling ”hidden” user feature:

P(hj = 1|V) = σ(bj +
M∑
i=1

Wijvi )

.

• Conditional normal distribution for modeling ”visible” rating :

P(vi |h) = N (ai +
F∑
j=1

Wijhj , σ
2
i )

where σ2
i is the variance of the ith visible unit, bias ai for the visible unit vi ,

and bias bj for the hidden unit hj .

• For prediction, v̂i = ai +
∑F

j=1 Wijhj .

Boyoung Kim (SNU) non-iid RBM for CF January 10, 2017 5 / 13



.....
.
....

.
....

.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....

.
....

.
.....

.
....

.
....

.

User/Item based RBM (U-RBM/ I-RBM)

Item based RBM model

• {v1, v2, · · · , vN} represent all ratings for an item.

• It has modeled the correlation between user ratings only.
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Hybrid non-IID RBM (UI-RBM)

Non-IID Hybrid RBM model

• Combination of the two RBM models into a single unifed model.

• Takes into account both item-item and user-user correlations.

• Let vij be the visible unit that corresponds to the rating of user i on item j .

• The unit vij is connected to two independent hidden layers - one user-based

and another item-based.
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Hybrid non-IID RBM (UI-RBM)

Non-IID Hybrid RBM model

Figure 3: User-item based RBM model.
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Hybrid non-IID RBM (UI-RBM)

Non-IID Hybrid RBM model

• Let the upper index U/I be related to the user-based/item-based hidden

layer.

• For example, for the upper index U,

• FU : size of the user-based hidden layer

• W U
jk : weight between item j and user-based hidden unit k

• aUi : bias for the user i

• bUk : bias for the user-based hidden unit k
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Hybrid non-IID RBM (UI-RBM)

Learning/ Prediction

• ”Contrastive Divergence”(CD) :

∆W U
jk = ϵ

1

N

N∑
i=1

(< vijh
U
k >data − < vijh

U
k >T )

∆W I
ik = ϵ

1

M

M∑
i=1

(< vijh
I
k >data − < vijh

I
k >T )

• We average the predictions of two models :

r̂ij =
1

2

aUi +
FU∑
k=1

W U
jk h

U
k + aIj +

F I∑
k=1

W I
ikh

I
k

 .
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Neighborhood method boosted by I-RBM (I-RBM + INB)

Neighborhood method boosted by I-RBM

• Combine the predictions of an RBM model with those of a standard

neighborhood-based model.

• Let r ′ui be rating of user u for item i by the I-RBM model.

• let ri be average rating for item i.

• Pearson correlation

Corrij =

∑N
u=1(r

′
ui − ri )(r

′
uj − rj)√∑N

u=1(r
′
ui − ri )2

√∑N
u=1(r

′
uj − rj)2

• Prediction

r̂ui = ri +

∑M
j=1(ruj − rj)Corrij∑M

j=1 |Corrij |
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Experimental Results

Experimental Results with MovieLens data (100k)

Table 1: Comparison (on 100k) of the prediction quality of various CF models and our

RBM-based models (in bold).

ν Error comp. : U-RBM > I-RBM > SVD > I-RBM+INB > UI-RBM
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Experimental Results

Experimental Results with MovieLens data (1M)

Table 2: Comparison (on 1M) of the prediction quality of various CF models and our

RBM-based models (in bold).

ν real U-RBM/I-RBM > multinomial U-RBM/I-RBM > real I-RBM+INB

ν multinomial UI-RBM > real UI-RBM
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