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Fig. 1: The partially overlapped CDR scenarios.

it is challenging to guarantee the multi-target cross-domain
recommendation performance with only quite a few over-
lapping users

users may be under-represented based on their observed
sparse interactions
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TABLE I: Statistics on the Amazon and MYbank datasets.

Dataset | Users Items | Ratings #Overlapping | Density
Amazon Music | 50,841 43,858 | 713,740 15.081 0.03%
Movie | 87,875 38,643 | 1,184,889 ’ 0.03%

Amazon Cloth | 27,519 9,481 161,010 16.337 0.06%
Sport | 107,984 40,460 | 851,553 ’ 0.02%

A Phone | 41,829 17,943 | 194,121 7857 0.03%
MAzZON - plec | 27,328 12,655| 170,426 ’ 0.05%
Loan | 147,837 1,488 | 304,409 0.14%

MYbank Fund | 65,257 1,319 | 86,281 6,530 0.10%

#Overlapping denotes the number of overlapping users across domains.
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TABLE II: Experimental results (%) on the bi-directional Music-Movie CDR scenario with different user overlapped ratio.

Music-domain recommendation Movie-domain recommendation
Methods Ku=01%  Ku=1% K =10% K u=50% K =90% Ku=01%  Ku=1% Ku=10% K =50% Ku=90%
NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR
LR 525 931 578 10,03 592 1140 736 1441 974 1858 31.36 47.08 3141 47.01 31.61 4762 31.66 4776 31.64 47.66

BPR 297 663 292 677 267 576 279 615 292 626 21.63 3559 21.65 35.61 21.79 3578 2200 36.09 2197 36.14
NeuM ﬂ 486 9.17 501 978 507 987 558 1118 6.00 1193 2879 4327 2896 42.84 29.02 4358 2932 4416 2921 4391

MMOE 6.60 1283 685 1425 695 1469 902 1830 1044 2070 3020 4854 31.15 47.12 3131 4777 3132 4784 3180 4807
PLE 6.66 13.12 6.89 1426 725 1460 900 1764 1008 1978 31.72 4747 31.83 4746 3196 4789 3204 4789 3202 48.03

CoNeI 7.03 1410 726 1440 748 1524 961 1947 1019 2075 31.06 47.07 31.26 4724 3130 4742 3140 4755 3137 4751

MiNet 519 1142 567 11.85 624 1243 884 1716 937 17.69 2995 4478 30.22 4525 2985 4501 2958 44.84 29.67 4513
GA-DTCDR 7.03 1403 7.7 1453 726 1460 954 1917 1016 1997 31.56 4736 31.61 4741 31.70 47.63 3190 4777 31.85 4781

DML W 6.81 13.08 732 1354 799 1558 9358 1866 1055 2033 2636 40.84 27.06 4147 2744 41.63 2736 41.76 2742 41.86
HeroGraph [11] 6.59 1340 744 13.89 7.02 1449 9.15 1855 1034 2033 32.05 48.14 32.22 4838 32.16 4840 32.23 4852 32.18 4843
PTUPCDR E 7.60 1495 7.75 1523 828 1658 9.89  20.08 1097 2131 31.80 47.31 3192 47.65 3192 4784 3190 4794 31.93 4796

NMCDR 8.29 16.28 843 16.52 850 17.00 11.26 21.58 12.28 23.19 33.39 50.22 33.57 50.67 33.70 5091 3396 51.13 3394 51.12
Improvement(%) 9.08 890 877 847 266 253 1385 747 1194 882 418 432 419 473 479 519 537 538 547 555
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TABLE III: Experimental results (%) on the bi-directional Cloth-Sport CDR scenario with different user overlapped ratio.

Cloth-domain recommendation Sport-domain recommendation
Methods K.=0.1% K.=1% Ku=10% K .=50% K =90% K.=0.1% Ko=1% Ko.=10% I =50% K, =90%
NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR

LR @ 502 11.03 564 1158 632 1240 6.65 1313 7.16 1418 924 1839 1001 19.14 1079 20.12 11.28 2115 1145 21.36
BPR E-j 252 565 260 570 270 587 266 593 274 593 238 513 244 533 264 588 274 604 279 6.04
NeuM ﬁ 288 7.02 348 765 420 875 435 882 435 916 619 1145 643 1243 671 1296 7.09 1362 752 1441

MMDE 6.03 1230 6.10 1246 620 1287 665 1373 7.03 1450 989 1899 997 19.08 1043 1984 10.89 20.81 11.39 21.76

PLE 585 1162 6.02 11.85 629 1251 7.00 1401 7.15 1435 998 1835 1001 1844 1049 1968 1131 20.87 11.39 21.05
Coth 6.02 1206 6.13 1252 626 1285 688 1402 733 1479 959 1830 968 1849 984 1863 1084 2052 11.23 21.35
L)

MiNet 507 1040 524 1061 541 1087 6.17 1251 6.66 1335 837 1605 862 1662 884 1698 972 1830 1058 19.96
GA-DTCDR 561 1213 568 1228 622 1290 7.04 1406 7.59 1485 10.71 2028 10.75 2034 1091 2055 11.63 21.86 1225 22.96

DML m 537 1063 544 1090 559 11.10 631 1257 655 1296 651 1242 653 1249 6.62 1273 7.05 1347 775 1499
HeroGrap m 6.21 1230 634 1253 637 1275 7.06 1390 751 1475 1045 1953 1052 1991 11.06 2074 11.77 21.73 1224 2275
PTUPCDR [12] 6.22 13.07 6.63 1324 6.79 1376 736 1478 758 1552 1066 1988 1091 2033 11.14 2077 11.79 2220 1218 22.95

NMCDR 8.40 1657 850 16.63 8.87 17.73 926 1833 954 19.05 1352 2536 13.79 2553 14.06 26.15 1491 2754 1517 28.10
Improvement(%) 35.05 26.78 28.21 25.60 30.63 2885 2582 24.02 2569 2274 2624 2505 2640 2552 2621 2590 2646 24.05 2384 2239
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TABLE 1V: Experimental results (%) on the bi-directional Phone-Elec CDR scenario with different user overlapped ratio.

Phone-domain recommendation Elec-domain recommendation
Methods Kau=0.1% w=1% w=10% Koy =50% Ku=90% Kou=0.1% Ku=1% w=10% Ko =50% Ko =90%
NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR
l 412 783 454 875 596 1203 1306 2329 1503 2658 1967 3143 1999 3191 1998 3248 2088 3383 21.29 3447

BPR 249 522 256 532 255 558 267 584 310 672 839 1535 847 1547 866 1576 980 1747 1079 19.07
NeuM 345 673 354 707 401 834 779 1436 1040 1865 1582 2525 1604 2612 1627 2617 17.12 2743 17797 28.60

MMoE 395 871 418 905 754 1556 1366 2485 1608 2867 20.16 32.07 2027 32.83 20.85 3324 2105 3405 21.64 34.88
PLE 424 913 482 992 727 1455 1384 2494 1622 2827 1995 3261 2032 3273 2075 3308 21.60 3444 2221 3560

CoNet 393 816 402 846 688 1423 1321 2426 1567 2823 19.65 31.57 1977 32.13 2020 3289 21.00 3410 21.56 35.02
MiNet n 356 7.58 366 790 722 1420 1323 2351 1583 27.63 18.22 28.61 18.99 28.64 1930 31.24 1989 3190 20.64 33.14
GA-DTCDR 370 770 441 918 754 1514 1413 2542 1636 2880 2039 32.85 20.55 3290 20.75 3377 21.08 3408 2220 3575

DML 1{] 456 939 462 988 7.08 1379 1276 2321 1464 2624 1570 2559 1572 2566 1609 2598 1693 2738 1754 2848
HeroGrap m 421 903 432 976 797 1571 1422 2582 1633 29020 19.09 31.27 1999 3191 21.11 3431 21.19 3431 2158 34.84
PTUPCDR m 429 888 4.65 918 824 1630 1451 25.82 16.84 2939 2051 3273 20.60 3294 2093 3389 21.80 3517 2231 35.86

NMCDR 6.29 12.27 646 1298 1082 2098 1744 30.87 1918 33.03 2349 37.61 2391 37.84 24.17 39.03 2445 3949 2460 39.84
Improvement(%) 37.93 30.67 3892 31.38 31.31 28.71 20.19 19.56 1390 1239 1453 1449 16.06 14.88 1450 1376 12.16 1228 10.26 11.10
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TABLE V: Experimental results (%) on the bi-directional Loan-Fund CDR scenario with different user overlapped ratio.

Loan-domain recommendation Fund-domain recommendation
Methods Ko.=0.1% Kau=1% Ku=10% K =50% K. =90% K.=0.1% K.=1% K.=10% K =50% K. =90%
NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR

LR @ 4734 6759 4742 6773 4765 6788 4775 67.82 4787 68.08 2197 3457 22.08 3565 25.24 36.83 2970 46.14 3148 50.98
BPR #Lj 4293 6222 43.07 62.67 4320 6299 4324 6345 4337 6345 301 628 306 6.64 321 685 274 651 484 1044
NeuM ﬁ 46.20 66.66 4727 6721 4774 6792 4801 68.19 4795 6827 21.55 33.86 21.87 3407 2534 37.66 3078 4881 30.14 48.73

MMOE 45.23 6645 4586 66.88 4687 6758 4781 68.60 4792 6855 2049 3488 2059 3504 2070 3653 3192 5232 3584 57.20

PLE 48.93 69.01 4903 6928 4936 6940 4931 6959 4939 6979 21.82 36.09 2213 36.16 2291 3670 3302 5140 3502 5537
CoNet 4785 68.05 4806 6825 4823 68.63 4837 6839 4843 6865 1807 2947 18.60 3065 2029 3303 29.14 4906 3397 5495

MiNet 47.61 6759 4824 6846 4884 6878 4890 69.01 4886 6907 19.890 3404 2134 3582 2378 3775 3218 5261 3489 55091
GA-DTCDR 4594 6651 4765 68.00 4920 6926 4959 6986 49.63 6994 21.72 3251 23.05 3441 2540 38.00 33.19 5332 36.60 57.29

DML w 47.12 6784 4795 6856 49.01 6997 4887 69.50 4884 6956 21.01 3575 2280 3735 2584 39.04 3281 5144 3461 5474
HeroGraph [11] 48.89 6837 49.16 68.69 4945 69.17 49.71 69.64 49.85 69.66 19.07 30.77 19.63 3144 21.74 33.78 3223 S51.11 3540 56.41
PTUPCDR E 48.01 6848 4832 6884 4914 6932 4955 6991 4954 6993 2213 36.05 22.84 36,83 24.14 3775 33.24 53.03 3561 56.24

NMCDR 4947 6954 49.69 69.84 49.84 06997 49.89 69.98 4991 70.06 2532 3947 25.69 39.75 2638 4046 3524 55.03 37.29 58.54
Improvement(%) 1.10 0.77 1.07 080 079 029 036 010 012 017 1441 937 1145 643 209 364 6.02 321 189 218
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TABLE VI: Experimental results (%) on the bi-directional Cloth-Sport and Loan-Fund CDR scenarios under different density settings Ds.

Cloth-domain recommendation Sport-domain recommendation Loan-domain recommendation Fund-domain recommendation
Methods D.=10% D ,=50% D.=70% D.=10% D.=50% D ,=70% D,=10% D =50% D .=70% D ,=10% D =50% D .=70%
NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR NDCG HR

LR @ 241 538 287 620 321 695 247 542 261 579 420 8.61 2330 3284 31.03 4266 3890 53.03 1454 2303 18.33 2843 19.89 30.67
BPR E-j 252 561 248 541 245 549 253 563 245 558 266 584 2068 3070 2795 41.28 34.04 50.50 131 311 193 445 250 551
NeuM ﬁ 261 598 274 596 275 596 248 539 2.68 590 337 7.02 2362 33.13 3141 4504 37.55 54.66 1531 2343 1747 2579 19.17 27.84

MMoE 267 593 292 635 337 734 266 591 284 625 435 9.02 2340 3271 3034 4270 36.11 5224 1578 2525 1846 27.87 19.12 29.83
PLE m 251 551 278 6.12 331 7.10 257 564 273 591 426 874 2379 34.01 3198 4429 41.02 56.44 16.28 2455 17.57 27.89 19.75 29.23

CoNcl 283 6.1 281 6.1 340 7.09 251 560 276 618 422 868 2311 33.62 3138 4551 37.13 54.62 1453 2399 16.27 2847 18.07 29.42
L)

MiNet [6)] 274 574 283 6.19 3.14 681 249 561 2.69 596 395 831 2455 3545 3255 47.14 41.51 57.54 14.63 24.24 17.27 28.59 18.80 30.38
GA-DTCDR 281 603 3.00 644 348 750 247 548 2.87 6.17 447 924 2415 3453 31.87 4401 40.11 5749 1584 2590 19.35 31.75 22.17 32.96

DML W 260 564 284 623 3.19 685 241 536 2.87 626 354 T4l 2345 34.63 3239 4598 38.51 5539 16.28 24.60 20.00 30.88 22.62 33.52
HeroGrap m 262 568 298 642 333 T8 259 574 274 6.3 425 887 2461 3352 3243 4376 38.09 5444 1586 2512 18.05 30.13 19.81 2881
PTUPCDR [12] 277 6.03 289 621 3.62 772 238 535 282 634 432 883 2376 34.17 3226 45.67 4081 5397 1654 26.06 19.11 32.26 20.82 32.35

NMCDR 297 629 340 696 4.15 8.60 2.80 6.05 339 697 539 1046 2537 36.71 34.18 49.75 44.19 61.38 17.82 26.98 21.40 33.96 24.68 34.90
Improvement(%) 4.95 295 13.33 8.07 14.64 1140 526 237 18.12 994 2058 1320 3.09 355 501 554 645 667 946 353 7.00 527 911 412
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TABLE VII: Average statistics of online traffic logs for 1 day.

Dataset | Users Items | Ratings  #Overlapping | Density
Loan |45,263,394 48,282 | 778,136,734 0.04%
Fund 801,349 1,039 479,504 488,836 0.06%

Account | 4,856,675 9816 | 9,149,842 0.02%

#Overlapping denotes the number of overlapped users across domains.

ATAI
Advanced Technique of

Avrificial Intelligence

TABLE VIII: Experimental results of the online A/B testing from 12.1 to
12.15, 2022

Loan Domain Fund Domain Account Domain

Control Group  10.50% 6.12% 1.89%
MMOE Group 12.14% 6.45% 2.11%
PLE Group 12.57% 6.69% 2.27%
DML Group 12.93% 6.81% 2.43%
NMCDR Group  13.81% 7.13% 2.59%
Improvement 6.81% 4.70% 6.58%
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TABLE IX: Experimental results (%) with different model variants. w/o 3501 0 joe — 1| 2] = 256 1
denotes the model without the corresponding component variant. 32.5{ 3 512 29 B 512
[ 1024 1 1024
30.0 18
. . Model variants 275
Scenarios  Metrics wlolgm w/oCam w/oInc w/o-Sup QOurs . 16
Music  NDCG@10  10.28 9.30 1090 978 1126 225 I:
HR@I0 1928 1878 2089  19.16 2158 200 ﬁ_m 1
Movie NDCG@I0 328F 3196 3360  32.60 3396 NDCS10 oo 2 inceano R0
HR@10  48.73 48.01 5048  48.93 51.13 (a) Music&Movie (b) Cloth&Sport
Cloy  NDCG@10 914 7.35 8.95 838 9.6 30| — S — 7| s0l = 2ot ][]
HR@10  17.99 15.14 1765 1759 18.33 325] 03 512 = 512
Sport  VDCG@ID 1475 13.02 14.60 1398 1491 s00] — 02 s5{ — 1024
po HR@10 2694 2435 2686  27.04 27.54 s
phone NDCG@10 1650 1442 1705 17.09 1744 25.0 ”
HR@10  29.47 2537 2970 29.82  30.87 ros .
- NDCG@I0 23.75 2082 2410 2413 2445 200] gl
ec HR@10  37.95 33.87 3826 3843 39.49 L —— = 1]
NDCG@10 HR@E10
Loan  NDCG@I0 4969 4940 4976  49.67 49.89 tc) Phone&Elec (d) Loan&Fund
HR@10 69.83 69.32 69.89  69.79  69.98 Fig. 3: Impact of number of matching neighbors.
Fung NDCG@I0 3484 3477 3510 3490 35.24
un HR@10  54.84 5435 5491 5480 55.03
w/o-Igm: we remove the intra node matching component w/o-Sup: we remove the multiple supervisory signals

w/o-Cgm: we remove the inter node matching component

w/o-Inc: we remove the intra node complementing module
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Fig. 4: Impact of threshold of head/tail user discrimination.
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Fig. 5: The visualization of learned user representations for evaluating the
effectiveness of NMCDR’s each key component.
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