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Abstract

Existing benchmark datasets for recommender systems (RS) either are created at a
small scale or involve very limited forms of user feedback. RS models evaluated
on such datasets often lack practical values for large-scale real-world applications.
In this paper, we describe Tenrec”, a novel and publicly available data collection
for RS that records various user feedback from four different recommendation
scenarios. To be specific, Tenrec has the following five characteristics: (1) it is
large-scale, containing around 5 million users and 140 million interactions; (2) it
has not only positive user feedback, but also true negative feedback (vs. one-class
recommendation); (3) it contains overlapped users and items across four different
scenarios; (4) it contains various types of user positive feedback, in forms of clicks,
likes, shares, and follows, etc; (5) it contains additional features beyond the user IDs
and item IDs. We verify Tenrec on ten diverse recommendation tasks by running
several classical baseline models per task. Tenrec has the potential to become a
useful benchmark dataset for a majority of popular recommendation tasks. Our
source codes, datasets and leaderboards are available at https://github.com/
yuangh-x/2022-NIPS-Tenrec.

1 Introduction

Recommender systems (RS) aim to estimate user preferences on items that users have not yet
seen. Progress in deep learning (DL) has spawned a wide range of novel and complex neural
recommendation models. Many improvements have been achieved in prior literature, however, much
of them performs evaluation on non-benchmark datasets or on datasets at a small scale by modern
standard. This has led to severe reproducibility and credibility problems in the RS community.
For example, [34] showed that many ‘advanced’ baselines reported in previous papers are largely
suboptimal, even underperforms the vanilla matrix factorization (MF) [21], an old baseline proposed
over a decade ago. [33] further demonstrated that with a careful setup dot product is superior to the
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Figure 1: Data sources of Tenrec. Tenrec contains four recommendation scenarios: QK-video,
QK-article, QB-video, and QB-article, where there are some percentage of overlapped users and
items between every two or three scenarios.

learned similarity, e.g. using a multilayer perceptron (MLP) [15]. Recently, [9, 22, 41, 18, 8,7, 1]
also questioned some recognized progress in RS from the dataset and experimental setup perspectives.

A large-scale and high-quality datasets have a significant impact on accelerating research in an area,
such as ImageNet [11] for computer vision (CV) and GLUE [44] for natural language processing
(NLP). However, it is often difficult for researchers to access large-scale real-world datasets for
studying recommendation problems due to security or privacy issues. Despite that, there still exist
several popular datasets for regular recommendation tasks. For example, movieLens” (ML) datasets,
including ML-100K, ML-1M and ML-10M, etc have become the stable benchmark datasets for the
rating prediction [21] task. Other popular datasets, including Netflix [30] for movie recommendation,
Yelp [6] for location recommendation, Amazon [14] for product recommendation, Mind [49] for
news recommendation, Last.fm [56] and Yahoo! Music [13] for song recommendation, also appear
frequently in literature. One major drawback of these datasets is that user feedback data has very
limited forms, for example, most of them include only one type of user feedback (either rating, or
clicking, or watching), or are collected from only one recommendation scenario. This severely limits
the research scope of real-world recommender systems.

To foster diverse recommendation research, we propose Tenrec, a large-scale and multipurpose real-
world dataset. Compared with existing public datasets, Tenrec has several merits: (1) it consists of
overlapped users/items from four different real-world recommendation scenarios, which can be used
to study the cross-domain recommendation (CDR) and transfer learning (TF) methods; (2) it contains
multiple types of positive user feedback (e.g. clicks, likes, shares, follows, reads and favorites),
which can be leveraged to study the multi-task learning (MTL) problem; (3) it has both positive user
feedback and true negative feedback, which can be used to study more practical click-through rate
(CTR) prediction scenario; (4) it has additional user and item features beyond the identity information
(i.e. user IDs and item IDs), which can be used for context/content-based recommendations.

Owing to these advantages, Tenrec can be employed to evaluate a wide range of recommendation
tasks. In this paper, we examine its properties by ten recommendation tasks, including (1) CTR
prediction [62, 63], (2) session-based recommendation [16], (3) MTL recommendation [28], (4) CDR
recommendation [61], (5) user profile prediction [55], (6) cold-start recommendation [43], (7) lifelong
user representation learning [57], (8) model compression [40], (9) model training speedup [45], and
(10) model inference speedup [2]. Beyond these tasks, we can easily integrate some of the above
characteristics to propose additional or new tasks. To the best of our knowledge, Tenrec is so far one
of the largest datasets for RS, covering a majority of recommendation scenarios and tasks. We release
all datasets and codes to promote reproducibility and advance new recommendation research.

2 Dataset Description

Tenrec is a dataset suite developed for multiple recommendation tasks, collected from two different
feeds recommendation platforms of Tencent”, namely, QQ BOW (QB) and QQ KAN (QK)." An item

“https://grouplens.org/datasets/movielens/
“https://www.tencent.com/en-us/
“The names of the two production systems have been anonymized (email us if you want to know their names).
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Table 1: Data Statistics. avg #clicks denotes the average number of clicks per user; #exposure denotes
the number of exposures to users (a.k.a. impressions), including both positive and negative feedback.

Name QK-video QK-article QB-video QB-article
#users 5,022,750 1,325,838 34,240 24,516
#items 3,753,436 220,122 130,637 7,355
#click 142,321,193 46,111,728 1,701,171 348,736
#like 10,141,195 821,888 20,687 /
#share 1,128,312 591,834 2,541 /
#follow 857,678 62,239 2,487 /

#read / 44228593 / /
#favorite / 316,627 / /
#exposure 493,458,970 / 2,442,299 /

avg #clicks  28.34 34.78 49.69 14.22

in QK/QB can either be a news article or a video. Note that the article and video recommendation
models are trained separately with different neural networks and features. Thus, we can think that
Tenrec is composed of user feedback from four scenarios in total, namely, QK-video, QK-article,
QB-video, and QB-article (see Figure 1). We collect user behavior logs from QK/QB from September
17 to December 07, 2021. The procedure is as follows: we first randomly draw around 5.02 million
users from the QK-video database, with the requirement that each user had at least 5 video clicking
behaviors; then, we extract their feedback (around 493 million), including both positive feedback (i.e.
video click, share, like and follow) and negative feedback (with exposure but no user action); finally,
we obtain around 142 million clicks, 10 million likes, 1 million shares and 0.86 million follows,
alongside 3.75 million videos. Besides, there are age and gender features for users, and the video
type feature for items. We perform similar data extraction strategy for QK-article, QB-video, and
QB-article. In this paper, we regard QK-video as the main scene, and other three as the secondary
scenes, used for various CDR or TF tasks. The dataset statistics are shown in Table 1.

Data Distribution. Figure2 (a) and (b) show the item popularity of QK-video in terms of the clicking
behaviors. Clearly, the item popularity follows a typical long-tail distribution, which has been widely
reported in previous recommendation literature [31]. (c) shows the session length distribution, where
the number of sessions with length in [0 — 20] accounts for 53% of all sessions. Similar distributions
can be observed on the other three datasets, which are thus simply omitted.

Data Overlapping. Tenrec contains a portion of overlapped users and items across the four scenarios.
Regarding overlapped users, we calculate them between QK-video and QK-article, QB-video, QB-
article given that QK-video covers the largest number of users, items and interactions. Specifically, the
number of overlapped users is 268,207 between QK-video and QK-article, 3,261 between QK-video
and QB-video, and 58 between QK-video and QB-article. Regarding overlapped items, 78,482 videos
are overlapped between QK-video and QB-video. Overlapped users and items can be associated by
their unique IDs. This property makes Tenrec well-suited for studying the TF and CDR tasks.

User Feedback. Tenrec is different from existing recommendation datasets, containing only one
type of user feedback, either implicit feedback or explicit ratings. As a result, the degree of user
preference in these datasets cannot be well reflected. As shown in Table 1, QK-video and QB-video
include four types of positive feedback, where clicking behaviors account for the largest number,
followed by likes, shares and follows. This finding is intuitive since likes, shares and follows often
denote much higher preference than clicks. Likewise, QK-article contains two additional types of
preference feedback, i.e. the article reading and favorite behaviors. Beyond various positive feedback,
Tenrec includes true negative feedback — i.e. an item is present to a user, but s/he has not clicked it.
Such negative feedback enables Tenrec to be more suited to CTR prediction, for which most existing
datasets involve only positive feedback.

Features. The format of each instance in QK/QB-video is {user ID, item ID, click, like, share, follow,
video category, watching times, user gender, user age}. Note that the timestamp information has been
removed required by Tencent, but we present all interaction behaviors according to the time order.
click, like, share, follow are binary values denoting whether the user has such an action. watching
times is the number of watching behaviors on the video. user ID, item ID, user gender, user age have
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Figure 2: Item distribution. (a) and (b) are item popularity plotted in raw and log-log scales; (c) is the
item session length distribution.

been desensitized for privacy issues. User age has been split into bins, with each bin representing a
10-year period.

The format of each instance in QK/QB-article is {user ID, item ID, click, like, share, follow, read, fa-
vorite, click_count, like_count, comment_count, exposure_count, read_percentage, category_second,
category_first, item_scorel, item_score2, item_score3, read_time}. The suffix “x_count” denotes the
total number of * actions per article. read_percentage denotes how much percentage the user has
read the article. category_first and category_second are categories of the article, where “_first” is the
coarse-grained category (e.g. sports, entertainment, military, etc) and “_second” is the fine-grained
category (e.g. NBA, World Cup, Kobe, etc.). item_scorel, item_score2, item_score3 denote the
quality of the item by different scoring system. read_time is the duration of reading.

3 Experimental Evaluation

In this section, we describe the applications of Tenrec in ten distinct recommendation tasks. We
briefly introduce each task and report results of popular or state-of-the-art baselines. We implemented
key baselines by referring to the official code, code of DeepCTR" and Recbole”.

3.1 CTR Prediction

CTR prediction is a classical recommendation task where its goal is to predict whether or not a user
is going to click a recommended item. We perform this task on the sampling version of the QK-video
dataset with 1 million randomly drawn users, referred to as QK-video-1M. More results of the full
QK-video dataset are present in Appendix Table 2.

The reason to perform sampling is simply because searching hyper-parameters for all baselines of the
ten tasks on the original dataset requires too much compute and training time. We will create a public
leaderboard for the original dataset.

DataSet. We keep all positive feedback and draw a portion of true negative feedback with posi-
tive/negative sampling ratio of 1 : 2. By doing this, we obtain in total 1,948,388 items and 86,642,580
interactions with 96.7% sparsity. Then we split the data into 8:1:1 as the training set, validation set,
and testing set.” The training example consists of the following features: user ID, item ID, gender,
age, video category, and user’s past 10 clicked items. We apply embedding for categorical features.

Baselines and hyper-parameters. There are a bunch of deep learning baselines for CTR prediction.
Among them, Wide & Deep [3], DeepFM [24], NeuralFM [15], xDeepFM [24], Attention FM
(AFM) [50], DCN [47] and DCNV2 [48] are some of the most well-known and powerful baselines
in literature [62, 48, 39]. A recent CTR benchmark [62] shows that many recent models (e.g.
InterHAt [23], AFN+ [5], and LorentzFM [52]) do not perform significantly better than these popular
baselines.

https://github.com/shenweichen/DeepCTR-Torch
fhttps://recbole.io
“We use the 8:1:1 data splitting strategy for all tasks in this paper.
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Table 2: Results for CTR prediction.

Model AUC  Logloss Table 3: Results for SBR.
Wide & Deep 0.7919  0.5100 Model HR@20 NDCG@20
DeepFM 0.7930 0.5083

GRU4Rec  0.04882 0.0192

NEM 0.7957  0.5080 NextItNet 005112  0.0199
xDeepFM  0.7931  0.5081

SASRec 005017  0.0194
AFM 0.7928  0.5090 BERT4Rec  0.04902  0.0185
DCN 07927  0.5092 : :
DCNv2 07932 0.5085

We perform hyper-parameters search on the validation set by evaluating embedding size (denoted
as d throughout this paper) in {16, 32, 64, 128}, hidden units (denoted as f) in {64, 128, 256}, and
learning rate (denoted as 1) in {le—3, 5e—4, le—4, 5e—5, le—5}. Finally, we set i to 5e—5, d
to 32 for all methods, set f to 256 for DeepFM, NFM, Wide & Deep and xDeepFM, and set the
attention factor to 8 for AFM. As for batch size (denoted as b), it performs in general slightly better by
using a larger one. We set it to 4096 for all models. We find regularization A has no obvious effects
on the results, probably due to much larger training examples, so we set it to 5e—5. We set the layer
number h to 1 for AFM and 2 for other models according to the optimal results in the validation set.

Results. Table 2 shows the results of different methods on the QK-video-1M dataset in terms of
Area Under Curve (AUC) [32]. We observe that in general these CTR models perform very similarly.
By contrast, NFM performs the best whereas Wide & Deep performs the worst with around 0.5%
disparity.

3.2 Session-based Recommendation

Session-based recommendation (SBR), a.k.a. sequential recommendation, aims to predicting the next
item given a sequence of previous interacted items in the session, One key feature of SBR is that the
interaction orders are explicitly modeled during training, which often yields better top-/V results.

DataSet. We report baseline results evaluated on QK-video-1M here. More results of the full
QK-video dataset are present in Appendix Table 3. Following the common practice [56], we simply
filter out sessions with length shorter than 10. Given that the average session length is 28.34, we set
the maximum session lengths to 30. Session length less than 30 will be padded with zero, otherwise
only recent 30 interactions are kept. After pre-processing, we obtain 928,562 users, 1,189,341 items
and 37,823,600 clicking interactions. We keep the last item in the session for testing, the second to
last for validating, and the remaining for training.

Baselines and hyper-parameters. We verify Tenrec by using four highly cited baselines: RNN-
based GRU4Rec [16, 42], CNN-based NextltNet [56], self-attention-based SASRec [19] and
BERT4Rec [38]. In the original paper, these models adopted different loss functions, sampling
methods and data augmentations [42], which are not comparable when evaluating network archi-
tectures. Hence, to perform a rigorous comparison, we apply the standard autoregressive [56, 54]
training fashion with the cross entropy loss and softmax function for GRU4Rec, NextItNet and
SASRec — i.e. only the network architectures of them are different. We train BERT4Rec with
the original mask token loss, which is used to compare with SASRec since both of them apply the
multi-head self-attention network architecture.

The hyper-parameters are searched similarly as above. 7 is set to 5e—4 for GRU4Rec and 1e—4 for
all other three models. b and A are set to 32 and O for all models. d, f and h are set to 128, 128
and 16 for NextltNet and BERT4Rec, while they are set to 64, 64 and 8 for GRU4Rec and SASRec.
This is simply because SASRec and GRU4Rec produce inferior results with larger d, f and & in the
validation set. The attention head is set to 4 for SASRec and BERT4Rec, which performs a bit better
than 1 and 2. We randomly mask 30% items in each session for BERT4Rec after searching in {10%,
20%, 30%, 40%, 50%}.

Results. We evaluate all baseline using the standard top- N ranking metrics, i.e. hit ratio (HR) [56] and
normalized discounted cumulative gain (NDCG) [19]. N is set to 20. Table 3 shows the results of the
four baselines. The obervations are as follows: (1) The unidirectional models GRU4Rec, NextItNet

https://doi.org/10.52202/068431-0834 11484



Table 4: Results for MTL. Table 5: Results of TF with and without pre-training (PT).

Model click-AUC like-AUC Model HR@20 NDCG@20
8E}y:lcllli§k 0.7/957 0 9/1 60 NextltNet w/ PT 0.12291 0.0489
Y : NextItNet w/o PT  0.11922  0.0473
ESMM 0.7940 0.9110
SASRec w/ PT 0.12612  0.0479
MMOE 07900 0.5020 SASRec w/o PT  0.11715  0.0445
PLE 0.7822 0.9103 : :

and SASRec offer better results than the bidirectional BERT4Rec on HR @20 and NDCG @20. This
is consistent with many recent works [60, 26, 10]. (2) With the same training manner, the three
unidirectional models perform similarly — NextItNet with temporal CNN architecture perform
slightly better than SASRec and GRU4Rec. Our results here are different from many previous
publications [38, 27, 51] where the best performed network architecture easily obtains over 50%
improvements over classical baselines.

3.3 Multi-task Learning for Recommendation

Multi-task learning (MTL) aims to learn two or more tasks simultaneously while maximizing
performance on one or all of them. Here, we attempt to model user preference of both clicks and
likes rather than only one of them. We use the same dataset and splitting strategy as described for
CTR prediction. The difference is that we have two output objectives for MTL with one for click
and the other for like. Given that Tenrec contains many types of user feedback, one can exploit
more objectives to construct more challenging MTL tasks, e.g. three-, four- or even six-task (i.e. by
combing clicks, likes, shares, follows, reads, favorites together) learning using QK-article.

Baselines and hyper-parameters. We evaluate two powerful MTL baselines on Tenrec, namely,
MMOE [28] and ESMM [29]. In addition, we also present the results of single task learning by only
optimizing like or click objective. We set 7, d, f, b and h to le—4, 32, 128, 4096, 2 respectively after
hyper-parameter searching.

Results. Table 4 shows the results of four methods on the QK-video-1M dataset in terms of Area
Under Curve(AUC) [32]. As we see, ESMM performs better than MMOE for both click and like
predictions. MMOE does not notably outperform the single objective optimization (SOO). Despite
that, MMOE can achieve a good trade-off for two or more objectives simultaneously whereas SOO
focuses only on one objective.

3.4 Transfer Learning for Recommendation

Transfer learning (TF) — by first pre-training and then fine-tuning — has become the de facto practice
in NLP [12] and CV [17]. However, it remains unknown what is the best way to perform TF for
the recommendation task [37]. In this section, we simply explore a basic way by first pre-training a
SBR model (i.e. NextltNet and SASRec) in the source domain, and then transferring parameters of
its hidden layer (i.e. CNN and self-attention) to the same model (with other parameters initialized
randomly) in the target domain. We will study other types of transfer learning by considering data
overlapping in the following sections.

Dataset, baselines, and hyper-parameters. We use the same dataset in the SBR task as the source
dataset, and QB-video clicking feedback as the target dataset. Regarding baseline models, we evaluate
the TF effects by using NextItNet and SASRec. Except 7, other hyper-parameters are set exactly
the same as described in the SBR task. 7 is set to 1e — 4 and 5e — 4 for SASRec and NextItNet on
QB-video.

Results. Table 5 shows the comparison results with & without pre-training. The key observation is
that both NextItNet and SASRec produce better top-N results with pre-training. This suggests that
parameters of the hidden layers learned from a large training dataset can be used as good initialization
for similar recommendation tasks when they have insufficient training data.
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Table 6: Results of user profile prediction.
Model Age-ACC Gender-ACC

DNN 0.67875 0.88531
PeterRec w/o PT 0.68671 0.88871
PeterRec w/ PT 0.69712 0.90036
BERT4Rec w/o PT  0.69151 0.89856
BERT4Rec w/ PT 0.69903 0.90082

Table 7: Results of cold-start recommendation.
Model HR@20 NDCG@20

PeterRec w/o PT 0.03571 0.0194
PeterRec w/ PT 0.04412 0.0221
BERT4Rec w/o PT 0.03555 0.0192
BERT4Rec w/ PT  0.04963 0.0239

3.5 User Profile Prediction

User profiles are important features for personalized RS, especially for recommendations of cold/new
users. Recently, [55, 2, 4, 36] demonstrated that user profiles could be predicted with high accuracy by
modeling their clicking behaviors that are collected from platforms where they have more behaviors.

Dataset, baselines, and hyper-parameters. We conduct experiments on the QK-video-1M dataset.
First, we remove instances without user profile features, resulting in 739,737 instances with the
gender feature and 741,652 instances with the age feature. We split each dataset into 8:1:1 as the
training set, validation set and testing set. We evaluate five baseline models for this task, namely, the
standard DNN model, PeterRec [55] and BERT4Rec with and without pre-training. The pre-training
and fine-tuning framework of PeterRec and BERT4Rec strictly follow [55]. Note that for PeterRec,
we use the unidirectional NextItNet as the backbone , whereas BERT4Rec is bidirectional. 7 is set to
le — 4, 5e — 5, 1e — 4 for DNN, PeterRec and BERT4Rec respectively. Other hyper-parameters are
set the same as in Section 3.2.

Results. Table 6 shows the results of the five baseline models in terms of the standard classification
accuracy (ACC). First, PeterRec and BERT4Rec outperform DNN, indicating that the CNN and
self-attention networks are more powerful when modeling user behavior sequences. Second, PeterRec
and BERT4Rec with pre-training work better than themselves trained from scratch.

3.6 Cold-start Recommendation

Cold start is an important yet unsolved challenge for the recommendation task. A main advantage of
Tenrec is that both user overlap and item overlap information is available. Here, we mainly investigate
the cold-user problem by applying transfer learning. Unlike Section 3.4, both the embedding and the
hidden layers can be transferred for the overlapped users.

Dataset, baselines, and hyper-parameters. We treat the QK-video as the source dataset and QK-
article as the target dataset. In practice, there are several different cold user recommendation settings.
For example, users tend to have very few clicking interactions in most advertisement recommender
systems, while both warm and cold users could co-exist in other regular recommender systems.
Hence, we perform evaluation for several different settings. Since cold users have been removed
in our data pre-processing stage, here we simulate a simple cold user scenario by extracting his/her
recent 5 interactions from these overlapped users between QK-video and QK-article. The training,
validation and testing set is split into 8:1:1. We have present many additional results for other
cold user settings in Table 5 of the Appendix. We use PeterRec and BERT4Rec as the baseline
given their state-of-the-art performance in literature [55, 57, 2, 38]. To be specific, we first perform
self-supervised pre-training on all user sequence behaviors in the QK-video dataset, then fine-tune
the model in interactions of these overlapped users between QK-video and the QK-article datasets
to realize the transfer learning. More details are given in [55]. Except 7 in the fine-tuning stage, all
hyper-parameters are set exactly the same as described in the SBR task. We set 1) to 1e — 3 and 5e — 3
for BERT4Rec and PeterRec respectively during fine-tuning.

Results. Table 7 has shown the results of cold-user recommendation. First, we find that both
PeterRec and BERT4Rec yield notable improvements with pre-training. Second, BERT4Rec with
pre-training shows better results than PeterRec. This is consistent with studies in the NLP field, where
bidirectional encoder enables better transfer learning than the unidirectional encoder.
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Table 8: Results of LL-based cross domain recommendation. NDCG @20 is the evaluation metric.

Model Taskl | Task2 | Task3 | Task4
Conure-NextItNet w/o PT - 0.0087 | 0.0162 | 0.0931
Conure-SASRec w/o PT - 0.0081 | 0.0160 | 0.0902
Conure-NextltNet 0.0177 | 0.0095 | 0.0167 | 0.1074
Conure-SASRec 0.0172 | 0.0086 | 0.0166 | 0.0959

Table 9: Results of model compression. ‘Cp’ is the CpRec framework. Para. is the number of
parameters in millions (M).

Model Para. HR@20 NDCG@20

NextltNet 305M  0.05112 0.0199
Cp-NextItNet  204M  0.05001 0.0195
SASRec 153M  0.05017 0.0194
Cp-SASRec 107M  0.04902 0.0191

3.7 Lifelong User Representation Learning

When transferring a neural recommendation model from one domain to another, parameters trained
for the beginning task tend to be modified to adapt to the new task. As a result, the recommendation
model will lose the ability to serve the original task again, termed as catastrophic forgetting [20].
[57] proposed the first ‘one model to serve all’ learning paradigm which aims to build a universal
user representation (UR) model by using only one backbone network. In this section, we study
lifelong learning (LL) by transferring user preference across the four scenarios, i.e. from QK-video
to QK-article to QB-video to QB-article.

Dataset, baselines, and hyper-parameters. For GPU memory issues, we randomly draw 50% users
from QK-video-1M as the dataset for task 1. Then we use QK-article, QB-video and QB-article
for the following tasks. Given that TF and LL are more favorable to the data scarcity scenario, we
process QK-article to remain at most three interactions for each user. Regarding QB-video and
QB-article, we keep their original datasets because the amount of users and clicks is much smaller.
Conure [57] is used as the baseline model with NextItNet and SASRec as the backbone networks.
For the comparison purpose, we report results of Conure for task 2, 3, 4 without pre-training (PT) of
past tasks. Model-agnostic hyper-parameters are searched similarly as before. The pruning rates are
set to 60%, 33%, 25% for task 1, 2 and 3 respectively.

Results. Table 8 shows the recommendation results with continually learned user representations.
It can be clearly seen that Conure has offered performance improvements on task 2, 3 and 4 due to
PT from the past tasks. For example, Conure-NextItNet has increased NDCG @20 from 0.0081 to
0.0095 on task 2, from 0.0160 to 0.0167 on task 3, and from 0.0902 to 0.1074 on task 4.

3.8 Model Compression

Model Compression enables the deployment of large neural models into limited-capacity devices,
such as GPU and TPU (tensor processing unit). For RS models, the number of parameters in the
embedding layer could easily reach hundreds of millions to billions level. For example, [25] recently
designed a super large recommendation model with up to 100 trillion parameters.

Dataset, baselines, and hyper-parameters. We perform parameter compression for the SBR models
and use the same dataset as in Section 3.2. Despite significant research and practical value, very few
work have investigated parameter compression techniques for recommendation task. Here we report
results of the CpRec [40] framework, a state-of-the-art baseline in literature. We instantiate CpRec
with NextItNet and SASRec as the backbone models. Hyper-parameters are set exactly the same as in
Section 3.2. We patrtition the item set into 3 clusters with partition ratios as 25% : 50% : 25% ranked
by popularity according to [40].

Results. Table 9 shows that CpRec compresses NextItNet and SASRec to two thirds of their original
sizes with around 2% accuracy drop.
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Table 10: Results of model training speedup. ‘Stack’ denotes the StackRec framework.
Model Time HR@20 NDCG@20

NextItNet 66880s 0.05112 0.0199
Stack-NextItNet 24320s  0.05090 0.0202
Stack64-NextltNet  29380s  0.05215 0.0200
SASRec 45040s  0.05017 0.0194
Stack-SASRec 31528s  0.05080 0.0196

Table 11: Results of model inference speedup. ‘Skip’ means the SkipRec framework.
Model Time HR@20 NDCG®@20

NextItNet 308s  0.11922  0.0473
Skip-NextItNet 236s  0.12158 0.0472
Skip32-NextltNet 300s  0.12439  0.0484
SASRec 305s  0.11715 0.0445
Skip-SASRec 206s  0.11086 0.0431

3.9 Model Training Speedup

This task aims to accelerate the training process of very deep recommendation models. Unlike
shallow CTR models, SBR models can be much deeper. Recently, [45] revealed that SBR models
like NextItNet and SASRec could be deepened up to 100 layers for their best results.” To accelerate
the training process, they proposed StackRec, which learns a shallow model first and then copy these
shallow layers as top layers of a deep model. Similarly, we evaluate StackRec by using NextItNet
and SASRec as the backbone. Dataset and all-hyper-parameters are kept consistent with Section 3.2.

Results. Table 10 shows the results of training acceleration. Several observations can be made. (1)
StackRec remarkably reduces the training time for both NextltNet and SASRec; (2) Such training
speedup does not lead to a drop in recommendation accuracy. In fact, we even find that Stack64-
NextItNet with a 64-layer NextItNet is trained 2 faster than the standard NextItNet with 16 layers.

3.10 Model Inference Speedup

As the network goes deeper, a real problem arises: the inference cost increases largely as well,
resulting in high latency for online services. [2] showed that users in the recommendation model
can be categoried into hard users and easy users, where recommending items to easy users does not
pass through the whole network. As a result, authors proposed SkipRec, which adaptively decides
which layer is required for which user during model inference phase. We verify the effect of model
inference acceleration in QB-video. We evaluate SkipRec by assigning NextItNet and SASRec as the
backbones. Data pre-processing and hyper-parameters are set the same as Section 3.2.

Results. Table 11 shows the effect of SkipRec on QB-video. We see that the skipping policy in
SkipRec can largely speedup the inference time of the SBR models e.g. around 23% for NextItNet
and 32% for SASRec. In particular, SkipRec32-NextItNet with a 32-layer NextItNet is still faster
than the original NextItNet with 16 layers. Moreover, the recommendation accuracy of SkipRec
keeps on par with its original network.

4 Conclusions

We present Tenrec, one of the largest and most versatile recommendation datasets, covering multiple
real-world scenarios with various types of user feedback. To show its broad utility, we study it on ten
different recommendation tasks and benchmark state-of-the-art neural models in literature. We expose
codes, datasets and per-task leaderboards to facilitate research in the recommendation community, and
hope Tenrec becomes a standardized benchmark to evaluate the progress of these recommendation

“The authors also released a very large-scale SBR dataset, called Video-6M, which can be used to evaluate
very deep (128-layer) RS modes.
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tasks. Due to space limitation, we have not explored its full application potential. In the future, we
plan to (1) investigate Tenrec for more real-world recommendation scenarios, such as cross-domain
recommendation with overlapped items [35], feedback-based transfer learning (e.g. predicting likes
and shares based on clicks) [57], and item recommendation with negative sampling [53, 59]; (2)
release future versions of Tenrec with data that contains item modality information, such as the article
title, description, and the raw video contents so as to facilitate multi-modal recommendation [46, 58]".

Acknowledgement

This work is supported by the Research Center for Industries of the Future (No.
WU2022C030) and Shenzhen Basic Research Foundation (No. JCYJ20210324115614039 and
No. JCYJ20200109113441941).

References

[1] Vito Walter Anelli, Alejandro Bellogin, Tommaso Di Noia, Dietmar Jannach, and Claudio Pomo. Top-n
recommendation algorithms: A quest for the state-of-the-art. arXiv preprint arXiv:2203.01155, 2022.

[2] Lei Chen, Fajie Yuan, Jiaxi Yang, Xiang Ao, Chengming Li, and Min Yang. A user-adaptive layer selection
framework for very deep sequential recommender models. In Proceedings of the AAAI Conference on
Artificial Intelligence, volume 35, pages 3984-3991, 2021.

[3] Heng-Tze Cheng, Levent Koc, Jeremiah Harmsen, Tal Shaked, Tushar Chandra, Hrishi Aradhye, Glen
Anderson, Greg Corrado, Wei Chai, Mustafa Ispir, et al. Wide & deep learning for recommender systems.
In Proceedings of the 1st workshop on deep learning for recommender systems, pages 7-10, 2016.

[4

—

Mingyue Cheng, Fajie Yuan, Qi Liu, Xin Xin, and Enhong Chen. Learning transferable user representations
with sequential behaviors via contrastive pre-training. In 2021 IEEE International Conference on Data
Mining (ICDM), pages 51-60. IEEE, 2021.

[5

—

Weiyu Cheng, Yanyan Shen, and Linpeng Huang. Adaptive factorization network: Learning adaptive-order
feature interactions. In Proceedings of the AAAI Conference on Artificial Intelligence, volume 34, pages
3609-3616, 2020.

[6

—_

Seri Choi et al. An empirical study identifying bias in Yelp dataset. PhD thesis, Massachusetts Institute of
Technology, 2021.

[7

—

Paolo Cremonesi and Dietmar Jannach. Progress in recommender systems research: Crisis? what crisis?
Al Magazine, 42(3):43-54, 2021.

[8] Maurizio Ferrari Dacrema, Simone Boglio, Paolo Cremonesi, and Dietmar Jannach. A troubling analysis
of reproducibility and progress in recommender systems research. ACM Transactions on Information
Systems (TOIS), 39(2):1-49, 2021.

[9

—

Maurizio Ferrari Dacrema, Paolo Cremonesi, and Dietmar Jannach. Are we really making much progress?
a worrying analysis of recent neural recommendation approaches. In Proceedings of the 13th ACM
conference on recommender systems, pages 101-109, 2019.

[10] Alexander Dallmann, Daniel Zoller, and Andreas Hotho. A case study on sampling strategies for evaluating
neural sequential item recommendation models. In Fifteenth ACM Conference on Recommender Systems,
pages 505-514, 2021.

[11] Jia Deng, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, and Li Fei-Fei. Imagenet: A large-scale hierarchical
image database. In 2009 IEEE conference on computer vision and pattern recognition, pages 248-255.
Ieee, 2009.

[12] Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina Toutanova. Bert: Pre-training of deep bidirec-
tional transformers for language understanding. arXiv preprint arXiv:1810.04805, 2018.

[13] Gideon Dror, Noam Koenigstein, Yehuda Koren, and Markus Weimer. The yahoo! music dataset and
kdd-cup’11. In Proceedings of KDD Cup 2011, pages 3—18. PMLR, 2012.

[14] ROHIT DWIVEDI et al. Product based recommendation system on amazon dataset. 2021.

“We would provide a high-quality multi-modal recommendation dataset with raw images and texts in [58].

11489 https://doi.org/10.52202/068431-0834



[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

Xiangnan He and Tat-Seng Chua. Neural factorization machines for sparse predictive analytics. In
Proceedings of the 40th International ACM SIGIR conference on Research and Development in Information
Retrieval, pages 355-364, 2017.

Balazs Hidasi, Alexandros Karatzoglou, Linas Baltrunas, and Domonkos Tikk. Session-based recommen-
dations with recurrent neural networks. /CLR, 2016.

Minyoung Huh, Pulkit Agrawal, and Alexei A Efros. What makes imagenet good for transfer learning?
arXiv preprint arXiv:1608.08614, 2016.

Yitong Ji, Aixin Sun, Jie Zhang, and Chenliang Li. A critical study on data leakage in recommender system
offline evaluation. arXiv preprint arXiv:2010.11060, 2020.

Wang-Cheng Kang and Julian McAuley. Self-attentive sequential recommendation. In 2018 IEEE
International Conference on Data Mining (ICDM), pages 197-206. IEEE, 2018.

James Kirkpatrick, Razvan Pascanu, Neil Rabinowitz, Joel Veness, Guillaume Desjardins, Andrei A Rusu,
Kieran Milan, John Quan, Tiago Ramalho, Agnieszka Grabska-Barwinska, et al. Overcoming catastrophic
forgetting in neural networks. Proceedings of the national academy of sciences, 114(13):3521-3526, 2017.

Yehuda Koren, Robert Bell, and Chris Volinsky. Matrix factorization techniques for recommender systems.
Computer, 42(8):30-37, 2009.

Walid Krichene and Steffen Rendle. On sampled metrics for item recommendation. In Proceedings of the
26th ACM SIGKDD international conference on knowledge discovery & data mining, pages 1748-1757,
2020.

Zeyu Li, Wei Cheng, Yang Chen, Haifeng Chen, and Wei Wang. Interpretable click-through rate prediction
through hierarchical attention. In Proceedings of the 13th International Conference on Web Search and
Data Mining, pages 313-321, 2020.

Jianxun Lian, Xiaohuan Zhou, Fuzheng Zhang, Zhongxia Chen, Xing Xie, and Guangzhong Sun. xdeepfm:
Combining explicit and implicit feature interactions for recommender systems. In Proceedings of the 24th
ACM SIGKDD international conference on knowledge discovery & data mining, pages 1754-1763, 2018.

Xiangru Lian, Binhang Yuan, Xuefeng Zhu, Yulong Wang, Yongjun He, Honghuan Wu, Lei Sun, Haodong
Lyu, Chengjun Liu, Xing Dong, et al. Persia: A hybrid system scaling deep learning based recommenders
up to 100 trillion parameters. arXiv preprint arXiv:2111.05897, 2021.

Chong Liu, Xiaoyang Liu, Rongqin Zheng, Lixin Zhang, Xiaobo Liang, Juntao Li, Lijun Wu, Min Zhang,
and Leyu Lin. C "2-rec: An effective consistency constraint for sequential recommendation. arXiv preprint
arXiv:2112.06668, 2021.

Malte Ludewig, Noemi Mauro, Sara Latifi, and Dietmar Jannach. Empirical analysis of session-based
recommendation algorithms. User Modeling and User-Adapted Interaction, 31(1):149-181, 2021.

Jiaqi Ma, Zhe Zhao, Xinyang Yi, Jilin Chen, Lichan Hong, and Ed H Chi. Modeling task relationships
in multi-task learning with multi-gate mixture-of-experts. In Proceedings of the 24th ACM SIGKDD
International Conference on Knowledge Discovery & Data Mining, pages 1930-1939, 2018.

Xiao Ma, Liqin Zhao, Guan Huang, Zhi Wang, Zelin Hu, Xiaogiang Zhu, and Kun Gai. Entire space
multi-task model: An effective approach for estimating post-click conversion rate. In The 41st International
ACM SIGIR Conference on Research & Development in Information Retrieval, pages 1137-1140, 2018.

Arvind Narayanan and Vitaly Shmatikov. Robust de-anonymization of large sparse datasets. In 2008 IEEE
Symposium on Security and Privacy (sp 2008), pages 111-125. IEEE, 2008.

Steffen Rendle and Christoph Freudenthaler. Improving pairwise learning for item recommendation from
implicit feedback. In Proceedings of the 7th ACM international conference on Web search and data mining,
pages 273-282, 2014.

Steffen Rendle, Christoph Freudenthaler, Zeno Gantner, and Lars Schmidt-Thieme. Bpr: Bayesian
personalized ranking from implicit feedback. arXiv preprint arXiv:1205.2618, 2012.

Steffen Rendle, Walid Krichene, Li Zhang, and John Anderson. Neural collaborative filtering vs. matrix
factorization revisited. In Fourteenth ACM conference on recommender systems, pages 240-248, 2020.

Steffen Rendle, Li Zhang, and Yehuda Koren. On the difficulty of evaluating baselines: A study on
recommender systems. arXiv preprint arXiv:1905.01395, 2019.

https://doi.org/10.52202/068431-0834 11490



[35] Xiang-Rong Sheng, Liqin Zhao, Guorui Zhou, Xinyao Ding, Binding Dai, Qiang Luo, Siran Yang, Jingshan
Lv, Chi Zhang, Hongbo Deng, et al. One model to serve all: Star topology adaptive recommender for
multi-domain ctr prediction. In Proceedings of the 30th ACM International Conference on Information &
Knowledge Management, pages 4104—4113, 2021.

[36] Kyuyong Shin, Hanock Kwak, Kyung-Min Kim, Minkyu Kim, Young-Jin Park, Jisu Jeong, and Se-
ungjae Jung. One4all user representation for recommender systems in e-commerce. arXiv preprint
arXiv:2106.00573, 2021.

[37] Kyuyong Shin, Hanock Kwak, Kyung-Min Kim, Su Young Kim, and Max Nihlen Ramstrom. Scal-
ing law for recommendation models: Towards general-purpose user representations. arXiv preprint
arXiv:2111.11294,2021.

[38] Fei Sun, Jun Liu, Jian Wu, Changhua Pei, Xiao Lin, Wenwu Ou, and Peng Jiang. Bertdrec: Sequential
recommendation with bidirectional encoder representations from transformer. In Proceedings of the 28th
ACM international conference on information and knowledge management, pages 1441-1450, 2019.

[39] Yang Sun, Junwei Pan, Alex Zhang, and Aaron Flores. Fm?2: Field-matrixed factorization machines for
recommender systems. In Proceedings of the Web Conference 2021, pages 2828-2837, 2021.

[40] Yang Sun, Fajie Yuan, Ming Yang, Guoao Wei, Zhou Zhao, and Duo Liu. A generic network compression
framework for sequential recommender systems. In SIGIR, 2020.

[41] Zhu Sun, Di Yu, Hui Fang, Jie Yang, Xinghua Qu, Jie Zhang, and Cong Geng. Are we evaluating
rigorously? benchmarking recommendation for reproducible evaluation and fair comparison. In Fourteenth
ACM conference on recommender systems, pages 23-32, 2020.

[42] Yong Kiam Tan, Xinxing Xu, and Yong Liu. Improved recurrent neural networks for session-based
recommendations. In Proceedings of the 1st workshop on deep learning for recommender systems, pages
17-22, 2016.

[43] Maksims Volkovs, Guangwei Yu, and Tomi Poutanen. Dropoutnet: Addressing cold start in recommender
systems. Advances in neural information processing systems, 30, 2017.

[44] Alex Wang, Amanpreet Singh, Julian Michael, Felix Hill, Omer Levy, and Samuel R Bowman. Glue:
A multi-task benchmark and analysis platform for natural language understanding. arXiv preprint
arXiv:1804.07461, 2018.

[45] Jiachun Wang, Fajie Yuan, Jian Chen, Qingyao Wu, Chengmin Li, Min Yang, Yang Sun, and Guoxiao
Zhang. Stackrec: Efficient training of very deep sequential recommender models by iterative stacking.
SIGIR, 2021.

[46] Jie Wang, Fajie Yuan, Mingyue Cheng, Joemon M Jose, Chenyun Yu, Beibei Kong, Zhijin Wang, Bo Hu,
and Zang Li. Transrec: Learning transferable recommendation from mixture-of-modality feedback. arXiv
preprint arXiv:2206.06190, 2022.

[47] Ruoxi Wang, Bin Fu, Gang Fu, and Mingliang Wang. Deep & cross network for ad click predictions. In
Proceedings of the ADKDD’17, pages 1-7. 2017.

[48] Ruoxi Wang, Rakesh Shivanna, Derek Cheng, Sagar Jain, Dong Lin, Lichan Hong, and Ed Chi. Dcn
v2: Improved deep & cross network and practical lessons for web-scale learning to rank systems. In
Proceedings of the Web Conference 2021, pages 1785-1797, 2021.

[49] Fangzhao Wu, Ying Qiao, Jiun-Hung Chen, Chuhan Wu, Tao Qi, Jianxun Lian, Danyang Liu, Xing Xie,
Jianfeng Gao, Winnie Wu, et al. Mind: A large-scale dataset for news recommendation. In Proceedings of
the 58th Annual Meeting of the Association for Computational Linguistics, pages 3597-3606, 2020.

[50] Jun Xiao, Hao Ye, Xiangnan He, Hanwang Zhang, Fei Wu, and Tat-Seng Chua. Attentional factor-
ization machines: Learning the weight of feature interactions via attention networks. arXiv preprint
arXiv:1708.04617, 2017.

[51] Xu Xie, Fei Sun, Zhaoyang Liu, Shiwen Wu, Jinyang Gao, Bolin Ding, and Bin Cui. Contrastive learning
for sequential recommendation. arXiv preprint arXiv:2010.14395, 2020.

[52] Canran Xu and Ming Wu. Learning feature interactions with lorentzian factorization machine. In
Proceedings of the AAAI Conference on Artificial Intelligence, volume 34, pages 6470-6477, 2020.

[53] Fajie Yuan, Guibing Guo, Joemon M Jose, Long Chen, Haitao Yu, and Weinan Zhang. Lambdafm: learning
optimal ranking with factorization machines using lambda surrogates. In Proceedings of the 25th ACM
international on conference on information and knowledge management, pages 227-236, 2016.

11491 https://doi.org/10.52202/068431-0834



[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

Fajie Yuan, Xiangnan He, Haochuan Jiang, Guibing Guo, Jian Xiong, Zhezhao Xu, and Yilin Xiong.
Future data helps training: Modeling future contexts for session-based recommendation. In WWW, pages
303-313, 2020.

Fajie Yuan, Xiangnan He, Alexandros Karatzoglou, and Liguang Zhang. Parameter-efficient transfer from
sequential behaviors for user modeling and recommendation. In SIGIR, pages 1469-1478, 2020.

Fajie Yuan, Alexandros Karatzoglou, loannis Arapakis, Joemon M Jose, and Xiangnan He. A simple
convolutional generative network for next item recommendation. In WSDM, pages 582-590, 2019.

Fajie Yuan, Guoxiao Zhang, Alexandros Karatzoglou, Joemon Jose, Beibei Kong, and Yudong Li. One
person, one model, one world: Learning continual user representation without forgetting. SIGIR, 2021.

Zheng Yuan, Fajie Yuan, Yu Song, Youhua Li, Fei Yang, and Yunzhu Pan. Where to
go next for recommender systems?  id- vs. modality-based recommender models revisited.
https://openreview.net/pdf?id=bz3MAU-RhnW, 2022.

Tong Zhao, Julian McAuley, and Irwin King. Leveraging social connections to improve personalized
ranking for collaborative filtering. In Proceedings of the 23rd ACM international conference on conference
on information and knowledge management, pages 261-270, 2014.

Kun Zhou, Hui Yu, Wayne Xin Zhao, and Ji-Rong Wen. Filter-enhanced mlp is all you need for sequential
recommendation. In Proceedings of the ACM Web Conference 2022, pages 2388-2399, 2022.

Feng Zhu, Yan Wang, Chaochao Chen, Jun Zhou, Longfei Li, and Guanfeng Liu. Cross-domain recom-
mendation: challenges, progress, and prospects. arXiv preprint arXiv:2103.01696, 2021.

Jieming Zhu, Jinyang Liu, Shuai Yang, Qi Zhang, and Xiugiang He. Open benchmarking for click-through
rate prediction. In Proceedings of the 30th ACM International Conference on Information & Knowledge
Management, pages 2759-2769, 2021.

Jieming Zhu, Kelong Mao, Quanyu Dai, Liangcai Su, Rong Ma, Jinyang Liu, Guohao Cai, Zhicheng Dou,
Xi Xiao, and Rui Zhang. Bars: Towards open benchmarking for recommender systems. arXiv preprint
arXiv:2205.09626, 2022.

https://doi.org/10.52202/068431-0834 11492



Checklist

1. For all authors...
(a) Do the main claims made in the abstract and introduction accurately reflect the paper’s
contributions and scope? [Yes]
(b) Did you describe the limitations of your work? [No]|
(c) Did you discuss any potential negative societal impacts of your work? [No]|
(d) Have you read the ethics review guidelines and ensured that your paper conforms to
them? [Yes]
2. If you are including theoretical results...

(a) Did you state the full set of assumptions of all theoretical results? [N/A]
(b) Did you include complete proofs of all theoretical results? [IN/A |

3. If you ran experiments (e.g. for benchmarks)...

(a) Did you include the code, data, and instructions needed to reproduce the main experi-
mental results (either in the supplemental material or as a URL)? [Yes] The URL of
our benchmark dataset: https://github.com/yuangh-x/2022-NIPS-Tenrec.

(b) Did you specify all the training details (e.g., data splits, hyperparameters, how they
were chosen)? [Yes] See Section 3.1.

(c) Did you report error bars (e.g., with respect to the random seed after running experi-
ments multiple times)? [No| Since the datasets are much larger, random seeds are not
necessary.

(d) Did you include the total amount of compute and the type of resources used (e.g., type
of GPUgs, internal cluster, or cloud provider)? [Yes] See Section 3.1.
4. If you are using existing assets (e.g., code, data, models) or curating/releasing new assets...

(a) If your work uses existing assets, did you cite the creators? [Yes] See Section 3.1.
(b) Did you mention the license of the assets? [No]

(c) Did you include any new assets either in the supplemental material or as a URL? [Yes]
The URL of our benchmark dataset: https://github.com/yuangh-x/2022-NIPS-Tenrec.

(d) Did you discuss whether and how consent was obtained from people whose data you’re
using/curating? [Yes] See Section 2.

(e) Did you discuss whether the data you are using/curating contains personally identifiable
information or offensive content? [Yes]| See Section 2.
5. If you used crowdsourcing or conducted research with human subjects...
(a) Did you include the full text of instructions given to participants and screenshots, if
applicable? [N/A]
(b) Did you describe any potential participant risks, with links to Institutional Review
Board (IRB) approvals, if applicable? [IN/A |

(c) Did you include the estimated hourly wage paid to participants and the total amount
spent on participant compensation? [N/A |

11493 https://doi.org/10.52202/068431-0834





