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Figure 1: Illustration of user’s sequential interactions in
Movie and Book domains. Movie or book surrounded by
the same color reflects similar user preference, where the
green/red represent the “Romance”/“Fantasy” preferences.

1. Simply transferring the biased single-domain preference can be
intractable to describe precise cross-domain user preference, which
would easily lead to unstable and sub-optimal recommendation

results.

2. previous CDSR works ignore the inter-sequence relationship of
items, which provides valuable collaborative signal to generate

better user representation.

Intra-sequence item relationship and inter-sequence item relationshi

Sequence 1

Sequence 2

Sequence 3
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Figure 2: A toy illustration of item relationships. The green
boxes reflect the sequential pattern signal of intra-sequence
item relationships. The red boxes reflect the collaborative
signal of inter-sequence item relationships.
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Figure 2: A toy illustration of item relationships. The green
boxes reflect the sequential pattern signal of intra-sequence
item relationships. The red boxes reflect the collaborative
signal of inter-sequence item relationships.
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Single-X-Domain Input Cross-Domain Input Single-Y-Domain Input Figure 4: Illustration of our contrastive infomax. The hollow

r lue circles denote random items in domain X/Y.
Figure 3: A toy example of sequential training objective for green/b

CDSR. The red dotted lines indicate the next prediction item.
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Preliminaries GX
interaction sequence involves two domains, namely domain X and domain Y. S O-O~0O-C
(8X,SY,S), € S belongs to a certain user u. SY )
sX = [xl,xz,..._,x|5x|] and SY = [yl,yg,...,y|5y|]_ N O O
S = [yl,xl,xg,...,y|5y|,...,x|SX|]

AX € {0, 1}IXIXIX] AY ¢ (0, 1}VXIV] A e {0, 1} (IXHVDXIX+PD
where Al?g = 1if x; is the one next item of x;,
argmax,. . +PX (xilSX, sY, S) ,if next item € X’

(1)
argmaxijyPY (yleX,SY, S) ,if next item € )/
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P I _____ s~ 2T TTTT I _____ ~ s 777 1 _____ N
G{( = Norm(AX)GX, Gf =Norm(AY)GY, G;=Norm(A)G,, (2) :rAX\ ! :'Ai:géa E 'Ayii/ﬁ’
o o i o b
Norm(-) denote the row-normalized function . boe e B
\S¥0-0—0 _/\S 0-0-0-0-0; \SYOo——0 _

_______________________________

Single-X-Domain Input Cross-Domain Input Single-Y-Domain Input

GX = Mean(G?() +EX,GY =Mean (GIY) +EY,G =Mean(G;) +E. (3)

Figure 3: A toy example of sequential training objective for
CDSR. The red dotted lines indicate the next prediction item.

SX = [<pad>, x1, x2,<pad> x3]  SY = [y, <pad>, <pad>, y», <pad>| S = [yy,x1, X2, Y2, X3 ]

HX = AttEncoder™ (SX,GX), HY = AttEncoderY (§Y,GY),

(4)
H = AttEncoder(S, G),

HX € R|S|Xd’ HY e Rlled,H € R|S|Xd
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Single-Domain Item Prediction.

smgle Z Z ["'smgle (SX’ t)

sXes t

(8%, t) = —logPX

single

cx

smgle

8 Xt+1

P e (a1 [ -, x¢]) = Softmax (BX WX + b, W)

h)t( € RIXd,ht € Rl)(d w¥X ¢ Rd)(|?(|

Cross-Domain Item Prediction.

Lecross = Z Z Leross (S, 1),

Se§S ¢t

—IOgPX (xt ll[ylsxlsts"'sxt])s
Ecross (S’ t) _ { Cross +

_lochross(ytH [[y1, x1,%x2,...,x¢]),

Pgﬁoss (xt+1 | [yl, X1, X2, ..., X¢]) = SOftmaX(htWX)

Xp41’

PY o (yre1|[y1, x1, %2, ..., x¢]) = Softmax(h; W)

Yr+1’

(241 |[<pad>, x1, x2,<pad>, ..., x¢]),

©)

(6)

(8)

o .00 OO 00
G-'O—'O d"d"Q"O"O: oO—C __
o © o O
[ Next-X-ltem Next Item Next-Y-ltem ]
Attention Attentlon A“e"t"’" ]
[ GNN ] [ GNN ] [ GNN )
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_______________________________

Single-X-Domain Input Cross-Domain Input Smgle-Y-l)omain Input

Figure 3: A toy example of sequential training objective for
CDSR. The red dotted lines indicate the next prediction item.
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Single- and Cross- Domain Prototype Representations.

X _ X Y _ Y
Osingle =Mean(H™), Osingle =Mean(H"), (9)

oX e R™4 and oY c R1xd

d:] : e B
single single _ : - =
X Y G D - 6g:{ross False
050ss =Mean({h; : S; € X'}),  04oss = Mean({h; : S; € V}), (10) . L%

Cross — Cross —

] Figure 4: Illustration of our contrastive infomax. The hollow

§% = Corrupt™ (S) = [71,x1, X2, U, - - - , tive In ,
(11) green/blue circles denote random items in domain X/Y.

ST = COFrUptY (S) = [yls 561:-‘7?23 Yz, ... ]’

L= A(Leross + Longie + Lhinge)  + (=D (LE +Ly) (19

single

’Cchsc = Z (ngDX(Osmg]es cross) +ng (1 - 'DX(Osmg]e, c}:fr'oss ))

($X,8Y §),eS Sequential training objective Contrastive infomax objective

(12)

X Y _ Y T PX (x;18%,5Y,s h
DX(OSing]e: Ocross) = o0 smglewdlsc(OCIOSS) ), (13) B e x (xl )’ where (15)

" e PX (x;]8, S, S) = Sof tmax (hjg WX + hjg W)
Wi € R
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dlSC

L=ALeross + Longe + Langte)  + 1= (L +Lg) (149

Sequential training objective Contrastive infomax objective

In the evaluation stage,

argmaxxiexPX (xi |SX,SY,S) ,  where

PX(xi |SX,SY,S) = Softmax(hfélwx + h|S|WX)x1.

1
_ £ ches

e . =y

=S Tee——— e

P - i sm le :
D D cross  False : % %
.—‘—‘—.—: O—0O—&—0O

Figure 4: Illustration of our contrastive infomax. The hollow
green/blue circles denote random items in domain X/Y.



ATAI
Advanced Technique of

Artificial Intelligence

@ Chongaing Lhiversity
of Technology

Method
Ogi(ngle = Mean(H™), O:ingle = Mean(HY), 9)

X =Mean({h; : S; € X}), 0. =Mean({h;:S; € V}), (10)

OCI‘DSS =
L) o
] B .. - - —— -

SX = Corruth(S) = [y1,x1, %2, Y2, . . . ], (1)
11

_ S - ) ntle [
SY - COI"I"UptY(S) = [yI, X1, X2, Y2, ... ]s [j C] () 0%oss False % %]
.4—‘—.—: O—(0O—E——C

EX = Z (log DX(Osmgle’ cross) +10g (1 o DX(Osmgle’ cross)))

disc
(8X,8Y 8),eS . ) ..
(12) Figure 4: Illustration of our contrastive infomax. The hollow

'n/blue circles denote random items in domain X/Y.

X Y X X Y
D* (Osingle’ Ocross) = | Osinglewdisc (Ocross) ')s (13)
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Y X Y
L= A(Leross + Esmgle + Lsmgle) + (1=4) (£d1sc + £d1sc) (14)
Sequential trainjng objective Contrastive infomax objective
X y True
argmaxxiexPX (x,-lS , S ,S), where JLJ [_:] o¢
(15) e

PX (x; 18X, 8Y, S) = Softmax (hig WX + g W™)_. [ . ‘
G G - 6i:{rclss False % %]

Figure 4: Illustration of our contrastive infomax. The hollow
green/blue circles denote random items in domain X/Y.
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Table 1: Statistics of Three CDSR scenarios.

Scenarios #ltems #Train #Valid #Test Avg.length

Food 29,207 2,722 2,747
411 91
Kitchen 34,886 34,117 5,451 5,659 9.9
Movie 36,845 2.032 1,978
’ 1 ’ ’ 11.
Book 63,937 28,515 5,612 5,730 %8
Entertainment 8,367 120.635 4,525 4,485 99.94

Education 11,404 2,404 2,300
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Table 2: Experimental results (%) on the Food-Kitchen scenario.

Food-domain recommendation Kitchen-domain recommendation
Methods
MRR NDCG HR MRR NDCG HR

@5 @10 @1 @5 @10 @5 @10 @1 @5 @10
BPRMF 4.10 3.55 4.03 242 451 5.95 2.01 1.45 1.85 0.73 2.18 3.43
ItemEKNN 3.92 351 397 241 4.59 5.98 1.89 1.28 1.75 0.58 1.99 3.26
NCF-MLP 4.49 3.94 451 2.68 5.10 6.86 2.18 1.57 2.03 0.91 2.23 3.65
CoNet 4.13 361 4.14 242 4.77 6.35 217 1.50 211 0.95 2.07 3.71
GRU4Rec 5.79 5.48 6.13 3.63 7.12 9.11 3.06 2.55 3.10 1.61 3.50 5.22
SASRec 7.30 6.90 7.79 4.73 8.92 11.68 3.79 3.35 3.93 1.92 4.78 6.62
SR-GNN 7.84 7.58 835 5.03 9.88 12.27 4.01 347 413 2.07 4.80 6.84
m-Net 7.68 7.32 8.13 5.25 9.25 11.75 3.53 2.98 3.73 1.57 434 6.67
PS]Net 8.33 8.07 8.77 5.73 10.28 12.45 4.10 3.68 432 2.14 5.17 7.15
MIFN 8.55 8.28 9.01 6.02 1043 12.71 4.09 3.57 4.29 221 4.86 7.08

C2DSR 8.91 8.65 9.71 5.84 11.24 14.54 4.65 4.16 4.94 2.51 5.74 8.18
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Table 3: Experimental results (%) on the Movie-Book scenario.

Movie-domain recommendation Book-domain recommendation
Methods
MRR NDCG HR MRR NDCG HR

@5 @10 @1 @5 @10 @5 @10 @1 @5 @10
BPRMF 2.96 2.18 2.80 1.41 3.03 495 1.27 0.85 1.17 0.48 1.23 2.25
TtemKNN 2.92 2.17 2.88 1.26 3.13 5.35 1.26 0.86 1.10 0.48 1.25 2.00
NCF-MLP 3.05 2.26 2.96 1.41 3.13 5.30 1.43 1.06 1.26 0.62 1.39 2.18
CoNet 3.07 2.42 3.01 1.31 3.48 5.35 1.45 1.04 1.28 0.64 1.44 2.19
GRU4Rec 3.83 3.14 3.73 2.27 3.39 5.40 1.68 1.34 1.52 0.91 1.81 2.37
SASRec 3.79 3.23 3.69 2.37 3.99 5.20 1.81 1.41 1.71 0.95 1.83 2.75
SR-GNN 3.85 3.27 3.78 2.22 4.19 5.81 1.78 1.40 1.66 0.89 1.90 2.72
a-Net 4.16 3.72 417 2.52 4.75 6.11 217 1.84 2.03 1.43 2.25 2.84
PSJNet 4.63 4.06 4.76 2.78 5.30 7.53 2.44 2.07 2.35 1.66 2.58 3.28
MIFN 5.05 4.21 5.20 2.83 5.51 8.29 2.51 212 2.31 1.60 2.46 3.07

CZDSR 5.54 4.76 5.76 3.13 6.47 9.55 2.55 2.17 2.45 1.71 2.84 3.75
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Table 4: Experimental results (%) on the Entertainment-Education scenario.

Entertainment-domain recommendation Education-domain recommendation
Methods

MRR NDCG HR MRR NDCG HR
@5 @10 @1 @5 @10 @5 @10 @1 @5 @10
BPRMF 4597 47.38 50.11 35.98 57.65 66.08 46.50 4751 49.27 38.69 54.86 60.26
ItemKNN 4781 49.24 52.01 37.91 59.44 67.93 46.22 47.23 49 22 38.08 54.86 61.04
NCF-MLP 4494 47.57 50.61 31.66 61.73 71.08 46.24 48.73 50.66 35.17 60.56 66.43
CoNet 4576 48.31 51.63 32.30 62.45 72.68 47.83 50.11 52.22 36.60 61.65 68.04
GRU4Rec 4561 47.48 51.46 32.73 61.06 73.35 51.35 53.88 56.21 39.95 66.13 73.21
SASRec 50.44 52.67 56.10 37.05 66.39 76.92 53.69 55.87 58.64 41.86 68.04 76.56
SR-GNN 50.67 52.77 56.47 37.43 66.30 77.17 54.74 56.73 59.69 43.08 68.43 77.47
-Net 52.68 54.88 57.63 40.91 67.15 75.11 55.05 57.23 59.32 44.26 68.21 74.65
PS]Net 53.50 57.57 60.07 42.52 68.94 76.56 55.94 58.18 60.15 45.21 69.01 75.08

CZDSR 53.87 56.20 59.35 40.89 69.45 79.08 56.72 59.05 61.56 45.13 71.04 79.21
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Figure 5: The predictive results of single-domain and cross-domain representations on Food-Kitchen.
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Table 5: Variants results on Food-Kitchen.

Model Variants Food-domain Kitchen-domain
MRR NDCG@10 HR@10 MRR NDCG@10 HR@10

GRU4Rec 579 6.13 911 3.06 3.10 5.22
GRU4Rec++ 6.92 7.18 10.10 3.21 3.28 5.63
CEDSR(GRU%[REE}* 6.83 7.26 10.72 3.57 3.68 6.10
CEDSR(GRU%[REE} 7.68 8.02 11.60 3.92 4.02 6.54
SASRec 7.30 7.79 11.68 3.79 3.93 6.62
SASRec++ 509 8.70 13.11 4.20 4.45 7.55
CEDSR* 8.73 9.36 13.66 4.41 4.55 7.70

C2DSR 8.91 9.71 14.54 4.65 4.94 8.18
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Figure 6: Result of harmonic factor A.
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Figure 7: Impact of GNN depth L.
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