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Abstract

As an emerging secure learning paradigm in lever-
aging cross-silo private data, vertical federated
learning (VFL) is expected to improve advertising
models by enabling the joint learning of comple-
mentary user attributes privately owned by the ad-
vertiser and the publisher. However, there are two
key challenges in applying it to advertising sys-
tems: a) the limited scale of labeled overlapping
samples, and b) the high cost of real-time cross-
silo serving. In this paper, we propose a semi-
supervised split distillation framework VFed-SSD
to alleviate the two limitations. We identify that: i)
there are massive unlabeled overlapped data avail-
able in advertising systems, and ii) we can keep a
balance between model performance and inference
cost by splitting up the federated model. Specif-
ically, we develop a self-supervised task Matched
Pair Detection (MPD) to exploit the vertically
partitioned unlabeled data and propose the Split
Knowledge Distillation (SplitKD) schema to avoid
cross-silo serving. Empirical studies on three in-
dustrial datasets exhibit the effectiveness of our
methods, with the median AUC over all datasets
improved by 0.86% and 2.6% in the local and the
federated deployment mode respectively. Overall,
our framework provides an efficient solution for
cross-silo real-time advertising with minimal de-
ploying cost and significant performance lift.

1 Introduction

Immediate personalized auction (such as RTB[Yuan ef al.,
2014] and the oCPC[Zhu et al., 2017]) is the predomi-
nant payment mode in online advertising [[Yuan et al., 2013;
Google, 2011]l, where advertisers bid in real-time for every
impression or click to show their ads on ad platforms. The
bidding price is usually calculated based on the click-through
rate (CTR) and the conversion rate (CVR), which are usu-
ally estimated by machine learning models trained on data at-
tributes of ads, users, and contextual information. As two key
agencies in advertising systems, the advertiser and the pub-
lisher (i.e. advertising platforms) own complementary fea-
tures of user preference. Taking a smartphone user as an ex-
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Figure 1: Two challenges of applying VFL in advertising systems.

ample, the advertiser (e.g. a game company) knows his usage
and consumption activities on all its own products and the
publisher (e.g. a social media platform) knows his browse
and click history on all kinds of ads, products and other con-
tents impressed on its platform. Jointly leveraging both two
side of these features could provide a more comprehensive
understanding of user preference, and produce more precise
CTR and CVR models thus improving the profit of both agen-
cies. However, these data can not be directly aggregated due
to privacy and intellectual property issues [Voigt and Von dem
Bussche, 2017

As an emerging paradigm for privacy-preserved distributed
learning, vertical federated learning (VFL) [Yang er al.,
2019b; [Kairouz et al., 2021|] provides a promising solu-
tion for data-sensitive cross-silo business scenarios. De-
spite its wide application in areas of healthcare and finance
[Vepakomma et al., 2018}, (Ceballos et al., 2020; [Webank, a}
Webank, bll, related explorations have been given less atten-
tion to the recommendation and advertising problems [Yang
et al., 2020]. We identify that VFL can help advertisers and
publishers to leverage their complementary data to train a bet-
ter joint model while keeping data privately, thus benefiting
entities. However, there are two major challenges in applying
it to online advertising (as depicted in Figure I)):

¢ The limited scale of labeled samples: Since user
preference can experience temporal shifts due to spe-
cial events, new campaigns, seasonality, and other fac-



tors (e.g., the COVID19), advertising models are of-
ten trained on the latest timely data and retrained at a
weekly or daily cadence [Muhamed et al., 2022]. While
supervised VFL further decreases the scale of available
samples, it is only applicable to the labeled overlapping
samples between two parties. The two requirements of
timely labels and intersected data significantly restrict
the volume of training data, which increases the risk of
overfitting and especially intensifies the cold-start prob-
lem in advertising [Pan et al., 2019].

¢ Challenges of cross-silo real-time inference: A con-
temporary ad bidding system typically receives million-
wise QPS (query per second) at peak times [Shen et al.,
2015] and its business process including audience iden-
tification, auction and ad display, need to be finished in
10 ~ 100ms [Yuan et al., 2014]. Such a strict high
throughput and low delay restriction crucially require
the high speed of model inference. However, VFL mod-
els slow down the inference by taking extra time in en-
cryption and intermediate feature transfer (e.g., network
latency typically costs around 50ms [Shen et al., 2015]),
let alone the high coordination and operational cost be-
tween agencies [Kairouz et al., 2021].

To address these obstacles, we propose the Vertical
Federated Semi-supervised Split Distillation framework
(VFed-SSD ), which is motivated by:

 Utilizing unlabeled data: In advertising dataset, dif-
ferent data attributes shows significantly different tem-
poral shifting cadence [Muhamed et al., 2022], and the
label of click or conversion is almost the most volatile
and usually noisy [Wu e al., 2022]]. Although the out-
dated samples (due to its outdated label) are discarded in
training, we argue that the attributes of these samples are
more stable to temporal shifts and contains valuable in-
formation. Therefore, we develop a self-supervised task
MPD for VFL to exploit the unlabeled federated data
to provide a robust initial representation. By extending
the learning fashion to semi-supervised learning, we can
leverage the massive history data in advertising to en-
hance the timely updated serving models.

 Splitting up federated models: To deploy VFL in cur-
rent advertising systems with minimal system require-
ment and achieves the goal of real-time inference, we de-
velop the split knowledge distillation (SplitKD) schema
to transfer knowledge from the federated model to local
models. The enhanced local model can be deployed in-
dependently and does not need any input from another
party for inference, thus free from building a cross-silo
inference system.

Our contributions can be summarized as follows:

* We develop the first self-supervised pre-training task
MPD for vertically partitioned tabular data. It is easy to
implement in the VFL environment and performs effec-
tively well. Moreover, its strong association with nega-
tive sampling [Levy and Goldberg, 2014]] shows its the-
oretical principle in capturing cross-view correlations by
maximizing the pointwise mutual information.

* We design a new federated distillation schema SplitKD
that effectively enhances local models and avoids the
trouble of deploying split neural networks. It provides
a competitive new choice for applying VFL in current
real-time ad systems with minimal system requirements,
compared to the vanilla cross-silo deployment method.

The proposed methods are validated on three large ad-
vertising datasets (two privates and one open) showing
the significant results of 0.5% ~ 1.2% improvements
on AUC compared to vanilla local models. The private
datasets will be publicly available for the hope of pro-
moting related research.

2 Related Work

Federated Learning. To our knowledge, there is no exist-
ing work that accommodates the self-supervised VFL set-
ting for advertising problems, but closely related topics
can be found in the setting of horizontal federated learning
(HFL), such as HFL for recommendation [Lin et al., 2020b;
Muhammad et al., 2020] and semi-supervised learning for
HFL [Jeong et al., 2021]. FedMVTI[Kang et al., 2020] is
the pioneering work of exploring semi-supervised learning in
the VFL setting with splitNN-based models [Ceballos et al.,
2020]l. It proposed to use the non-overlapping data and val-
idated its effectiveness on multi-view image datasets, while
our method explores a different scenario of leveraging the
unlabeled overlapping samples and tailored for tabular data.
Excluding both the HFL setting and VFL setting, FedCT[Liu
et al., 2021all firstly studies the cross-domain recommenda-
tion problem in the federated transfer learning setting [Yang
et al., 2019all which requires a solution that is both horizon-
tally separated by sample and vertically separated by attribute
domains. However, it is neither suitable for the pure VFL sce-
nario nor capable of leveraging the unlabeled federated data.
Besides, these works do not consider the high cost of cross-
silo model inference, which is crucial in advertising.
Additionally, another line of work has also put efforts into
improving the privacy and security guarantee of the federated
learning system [Aono et al., 2017; [Liu et al., 2021b; [Sun
et al., 20215 Jin et al., 2021, especially the problem of label
leakagelLiu et al., 2021c¢; [Fu ef al., 2022; [Sun ef al., 2022;
Yang et al., 2022]. These ideas are complementary to ours
and can be combined to enhance security, so we focus on the
aspect of model training in this paper.
Unsupervised Pre-training. The deep pre-trained model
has recently achieved remarkable success in natural lan-
guage processing and computer vision [Devlin et al., 2018;
Liu et al., 2019; Clark et al., 2020] and is also making
progress in recommendation (such as the Correlated Feature
Masking technique [Yao er al., 2021])), but they are all limited
to the context of centralized machine learning. Some technics
like contrastive learning were also adopted in federated learn-
ing [Dong and Voiculescu, 2021]l, but only for the HFL and
image data, instead of the VFL setting and categorical tabular
data. It is still an open challenge to use extensive unlabeled
tabular data for vertical federated learning. While in this pa-
per, we take the first attempt to develop a self-supervised task
MPD for vertically partitioned tabular data.



Knowledge Distillation. Knowledge distillation (KD) [Hin-
ton et al., 2014 is widely applied to solve the model aggre-
gation problem in HFL [Li and Wang, 2019; [He et al., 2020;
Lin et al, 2020a]. These works require the input fields
of the student and teacher must be identical. While our
framework is significantly different, only part of the input
field of the teacher is accessible to a student. From an-
other viewpoint, This fashion can also be regarded as leverag-
ing privileged information, as in [Vapnik and Vashist, 2009;
Vapnik et al., 2015; [Xu et al., 2020|] and a concurrent work
[Ren er al., 2022|]. However, we further consider the problem
with unsupervised pre-training and tailor our method for VFL
tasks in particular. Overall, our final student model can lever-
age cross-domain correlation from both labeled and unlabeled
data and is capable of making predictions independently.

3 Method

3.1 Preliminaries

Problem Setting We focus on a typical two-party vertical
federated learning problem where an active party holding the
label and some attributes collaborates with a passive party
who provides additional attributes to train a federated model.
We consider both the CVR and CTR prediction problems in
this scenario. Since the label is usually the key asset of the
active party and is highly sensitive, the passive party is not
allowed to access the final prediction model (due to the la-
bel inference attack [Fu et al., 2022]). They usually ask for
money in return and do not need the final prediction model.
In the special case of CTR prediction, the passive party also
has the same label information so that has the right to access
the final model. But in practice, usually, the active party is the
only party who deploys the model, so we focus on discussing
the active party’s benefit in the following sections for brevity.
Results for the passive party are analogous.

Backbone Model Inspired by vertical split learning
[Vepakomma et al., 2018; [Ceballos et al., 2020]], we imple-
ment VFL by adopting a specific Two-party Vertical SplitNN
schema without the third-party coordinator. The federated
model consists of the bottom model and the top model. As
shown in Figure[1b} each party holds a bottom model and the
active party additionally holds a top model. Let’s use A to
denote the active party and use B to denote the passive party.
For conciseness, all the input attributes from a party are de-
noted as a vector x € R%,comprised by the concatenation of
categorical embedding vectors and numerical values. Thus,
the complete federated model can be denoted as a composite
function of partial models:

9= 9ga(fa(xa), fB(xB)),

where f denotes the bottom model, g denotes the top model.
The subscripts A and B denote the location of the func-
tions. To finish the forward propagation, the hidden output
hgp = fg(xp) of party B is sent to party A for the subse-
quent computation of g4 and loss function; For the backward
propagation, the gradient of loss over hp is sent to party B
for the subsequent gradient computation for fg. The trans-
mission process can be combined with encryption techniques
to enhance security, as we mentioned in section 2}

3.2 Self-Supervision for Partitioned Attributes

Task Description: Notably, in a vertical federated dataset,
every sample essentially meets the condition of “alignment”
and “multi-view”. Motivated by this, we propose the matched
pair detection (MPD) task to exploit this kind of self-
supervised signal of multi-view sample matching. It aims to
learn a binary classifier capable of distinguishing whether the
input attributes from two parties are matched. To do so, we
treat an original paired sample as a positive sample and re-
place its correctly paired half with a randomly sampled wrong
half to construct a negative sample.

Batch-wise Objective: For an efficient implementation free
from full-scale preprocessing, we dynamically perturb sam-
ples in each batch. Let’s use X € R™*< to denote a batch of
unlabeled inputs from a single party, then a complete positive
batch for pre-training can be denoted as a concatenated ma-
trix of two partial batches U = [X 4; X g]. Each row in U™
is a correct pair (x4, x’3) observed in the dataset, with the la-
bel assigned as y¢, = 1. For each positive batch, We construct
a corresponding negative batch by left-multiplying a random
row-permutation matrix [WikiPedia, 2022|| to the target half
of the positive batch, such that U~ = [PX 4; X ], where
P € R™*™ is restricted to hold a zero diagonal. The pertur-
bation (i.e., sampling) is guided by the number of times the
input vector appears in the local batch, as a coarse estimation
of its global distribution in the whole dataset. This kind of
distribution is analogous to the “unigram” distribution in lan-
guage models[Levy and Goldberg, 2014]l. Such perturbation
does not involve additional cross-silo coordination and can be
efficiently implemented by matrix multiplication operations,
which is very friendly for industry cross-silo scenarios. The
model is finally trained with both the positive and negative
batches:

£=1-[logo(g(U?)) +loga(~g(U)]" ()
Here g is short for the complete federated model. Once the
pre-training is finished, only the bottom models f4 and fp
are used as initialization in fine-tuning or distillation.
Theoretical Analysis: Despite its conciseness in implemen-
tation, we are also curious about the intrinsic learning prin-
ciple of MPD. Considering the MPD task is trying to maxi-
mize P(y, = 1|xa,xp) for correct pairs while maximizing
P(y, = 0|x%,xp) for randomly sampled “negative” sam-
ples. We can re-write the learning objective for a distinct
matched pair (h?;, h%;):

L; =loga(ga(h’y,hy))
+ k- Eny~pp, logo(—ga(hly, b)) )

where o(-) is the sigmoid function and % is the number of
“negative” samples, h* = f4(x%) is the hidden representa-
tion of a sampled negative half x% , drawn from the empirical

“unigram” distribution Pp(hs) = Pp(xa) = #I(B\A)

#(x 4 ) denotes the number of times x 4 appears in the dataset
D. If we analogously treat h 4 and hp as a word embedding
w and its context embedding ¢ in word2vec [Mikolov et al.,
2013], we can find that our equation (2)) is similar to equation
(1) of [Levy and Goldberg, 2014]. The only difference is the

. Here
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Figure 2: The overall framework of VFed-SSD . The left part shows the pre-training process of MPD and the right shows the process of
federated knowledge transfer. During pre-training, the two parts of an unlabeled sample are permuted to construct mismatched pairs, depicted
as mismatched colors. During distillation, both the teacher and student are initialed with pre-trained bottom models.

choice of similarity function where we use g4 and they use
dot-product. Analogously replacing « - € in their equation
with g4 (h, hp), we can get a similar revelation as in
land Goldberg, 2014]l:

galha,hp) = PMI(x4,xp) — logk. 3)

That is to say, the top model implicitly models the point-wise
mutual information (PMI) of the observed input pairs, with a
shifted constant log k. Specifically, when k = 1, the learn-
ing process of MPD encourages maximizes the mutual in-
formation between the hidden representations of two parties.
This learning principle of maximizing (shifted) mutual infor-
mation strongly supports the MPD pre-training task to learn
good cross-view representations. Due to the page limit, we

omit the proof and suggest readers refer to [Levy and Gold-
berg, 2014] for more detail.

3.3 Partial Knowledge Transfer

How could we avoid the high costs of serving the vertical
splitNN across silos while preserving the benefits of connect-
ing data silos? We propose a feasible solution of “semi-
federation” that combines party-coupled federated training
and party-independent local inference. Specifically, we de-
velop the Split Knowledge Distillation (SplitKD) scheme to
transfer knowledge from the federated teacher model to a lo-
cal student model. The student model is decoupled with the
federation while keeping advantages over the vanilla local
model with no federation. Its structure can be further simpli-
fied to achieve faster online inference. Let’s use superscript
T and S to denote the functions of the teacher and the student
respectively, taking the student of party A as an example, the
process of model splitting can be formalized as follow:

Ga = 953(f5(x4)), Irea = g4 (f3(xa), fE(x5)) 4
L5 =a-CE(y,ga) + (1 —a)  KL(Grea,Ja)  (5)

where yr.q, Y4 denote the predictions, y is the ground-truth
label from party A. g5 and f% denote the top part and bottom
part of the student. K L(-) denotes the KL divergence and

CE(-) denotes the binary cross-entropy loss. We use « as
a hyper-parameter to balance the effect of raw label and the
federated soft label.

Once the distillation is finished, the student model can be
independently deployed to existing local inference systems,
without any additional system requirements. We emphasize
that the deployment of our student model is the same as
a traditional local real-time model, as long as the current
inference system works in real-time (which is already satis-
fied), we can naturally meet the real-time requirement only by
adopting the same model architecture in the student model.

4 Experiments

We conduct experiments to answer three research questions
about our framework:

* (0I) How much does the vanilla vertical federated
model outperforms local models?

* (@2) How much does the vanilla vertical federated
model benefits from massive unlabeled data?

* (@3) How much does the local model benefit from VFL,
when both the labeled and unlabeled data are used?

Q1 and Q2 focus on the effectiveness of VFL and our self-
supervised task MPD without considering the cost of build-
ing a federated real-time inference system. While Q3 is the
most important question we are concerned that how much can
we still benefit from VFed-SSD when a federated real-time
bidding system is not feasible (or cost too much), whether
the enhanced local models outperform vanilla local models?
Note that comparing an enhanced model with its correspond-
ing federated model is unfair, as almost half of the features
are missed, which is expected to incur a drop in performance.
From a realistic viewpoint, we pursue the goal that the en-
hanced local models can outperform vanilla local models and
set the performance of the federated model as an upper bound.



Table 1: Dataset statistics information and model structure. M indi-
cates million and K indicates thousand. “#fields” denotes the num-
ber of data fields and ”#dim” denotes the total dimension of the in-
put features after hash embedding, they are both represented by two
segmented numbers, each corresponding to one federated party.

Item Game-Ad Game-Social | Criteo-NC
#no label SM SM SM
#labeled 640K 360K 1.5M

Ftest 25K 50K 0.5M
positive% 1:13 1:20 1:40

#tfields 51127 89|39 13126

#dim 2122|1017 166 | 298 13 ] 260
bottom-A 64 — 64 64 — 64 32 — 32
bottom-B 64 — 64 64 — 64 128 — 64

top 64 — 64 64 — 64 64 — 64

4.1 Datasets

We collect two real federated datasets from Tencent,
“the world’s largest video game publisher” called by the
Economist [Economist, 2020]]. They are inherently vertically
partitioned, multi-viewed, and privacy-sensitive. We also use
a well-known public dataset from Criteo [CriteoLabs, 2014]
and manually partition its attributes to simulate a vertical fed-
erated data setting. Details are summarized in Table[I]

1. Game-Ad CVR Dataset. This dataset comes from Ten-
cent game and a major advertising platform. The active party
provides the label of game account registration and user fea-
tures extracted from users’ behavior history in more than
100 games, while the passive party provides features such as
users’ profile, purchase level, and activity degree in all kinds
of products and media.

2. Game-Social CVR Dataset. This dataset comes from
Tencent game and a major social media platform. The so-
cial media platform provides rich user portrayals extracted
from massive social behaviors. The task is also to predict the
conversion rate of users for game ads, but for multiple games.
3. Criteo-NC CTR Dataset. Criteo is a public CTR bench-
mark dataset. We manually split its fields into the Criteo-
Numerical part and the Criteo-Categorical part for the active
and passive parties, respectively.

4.2 Baselines and Model Settings

We validate our method in two settings: the federated serving
setting and the local serving setting. The former assumes that
areal-time federated inference system is available and the lat-
ter assumes not. Specifically, two parties conduct online serv-
ing by independently deploying their local model in the local
setting but collaboratively deploying a federated model in the
federated setting.

The federated setting: We set 3 methods to validate the
advance of leveraging unlabeled data and the efficiency of
our pretext task MPD. (1) VFL: The vanilla VFL setting.
(2) VFL-ST: We adopt a practice method usually called self-
training [Blum and Mitchell, 1998; Nigam and Ghani, 2000;
Rosenberg et al., 2005 to leverage federated unlabeled data,
as a baseline to compare with our MPD task. Specifically,

a federated model pre-trained on the labeled data is used to
produce soft labels on the unlabeled data, then a new model
is trained with these soft labels. (3) VFL-MPD: We train a
federated model on the unlabeled data with the objective of
MPD, and then finetune it on the labeled data.

The local setting: We set 4 methods to validate the effec-
tiveness of the overall framework VFed-SSD and the perfor-
mance contributions of MPD and SplitKD: (1) Baseline Lo-
cal: A simulation scenario without using federated learning
where each party trains a local model. The ground truth label
is assumed to be shared with the passive party for simulation.
(2) Local-MPD: The training of local models is similar to
“Baseline Local”, except that: a) the local bottom model is
initialized with its corresponding bottom part in a federated
model pre-trained by MPD. b) The bottom part is finetuned.
It’s a simplified variant of VFed-SSD to inspect the contribu-
tion of MPD. (3) Local-SD: The local models are acquired by
splitting up a federated model trained on the labeled data. It’s
referred to inspect the contribution of SplitKD to VFed-SSD .
(4) Local-SSD: This is the complete version of our method.
Compared to SplitKD, the federated teacher is additionally
pre-trained on the unlabeled data via MPD.

Following related works in advertising [Guo et al., 2017],
we use AUC (Area Under the ROC curve) as the evaluation
metric. The architecture details of our backbone model are
shown in Table[I] We use the Adam optimizer with L, reg-
ularization to avoid overfitting. The batch size is 10K and
5K for the pre-training task and downstream tasks respec-
tively. We use 1/20 of training data as the validation set
to conduct early stopping. We tune hyper-parameters for all
methods and report the best result among 3 repeated runs for
each. The main and fine-tune learning rates are chosen in
ne{1725x173}n € {1735 x 171}, and the distilla-
tion weight & € {0.5,0.9}, and the Lo penalty coefficient
A € {174,175}, All experiments are conducted via the FL
platform PowerFL[Tencent, 2020(with a Tensorflow back-
end [Abadi et al., 2015])).

4.3 Results and Analysis

Validity of Vanilla VFL

Although VFL sounds promising, it does not always improve
performance in practical (as results of vanilla-VFL shown in
[Kang er al., 20201), due to feature efficiency and segmented
network architecture. So we first check whether this funda-
mental requirement is satisfied with our dataset and back-
bone model. The difference in feature quality between the
two participants naturally leads to unbalanced model perfor-
mance (as details shown in line one of Table[3). As shown in
Table 2| VFL significantly outperforms local models of the
active party on all three datasets, thus we answered ques-
tion Q1. The significantly higher performance lift on the
Criteo-NC dataset is reasonable, for the active party uses only
13 of 39 total attributes.

Advantages of Self-Supervised Pre-training

As shown in Table |2} the two methods using the unlabeled
data get further improvements over vanilla VFL. Besides,
our MPD task outperforms “VFL-ST” by additional 0.98%,
0.19%, and 0.38% points on three datasets, respectively. It



Table 2: Results on the federated setting. 1t shows that the vanilla VFL outperforms local models in all the datasets and our self-supervised
task consistently outperforms all the baselines.“”” denotes the absolute AUC improvements compared to the baseline. “U” denotes the use of
unlabeled data. Terms in bold with blue denote the best.

Game-Ad Game-Social Criteo-NC
Method U. | AUCy, 0 AUCy, 0 AUCy, 1
Baseline Local X | 70.78 — 70.64 — 68.30 —
VFL X | 7212 134 | 7298 234 | 7594 7.65
VFL-ST v | 7232 155 | 73.11 248 | 7671 8.4l
Ours (VFL-MPD) | 7330 253 | 7331 2.67 | 77.08 8.79

%: values are shown in percentage for readability.

Table 3: Results on the local setting. Our method achieves the best result and its two simplified variants also significantly outperform the

baseline, indicating the validity of its two components.

Game-Ad Game-Social Criteo-NC
Method U. | AUCy 1 AUCy, 0 AUCy 0
Baseline Local X | 70.78 — 70.64 — 68.30 —
Local-SD X 71.01 023 | 7155 091 | 68.73 043
Local-MPD v | 7079 0.02 | 71.33 0.69 | 68.65 0.35
Ours (Local-SSD) v« | 71.67 0.89 | 71.87 1.23 | 68.77 0.47

Federated Setting

Local Setting
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Figure 3: Advantages of MPD. With pre-training by MPD, mod-
els can achieve the same AUC performance with outstanding fewer
training epochs on both experiment settings. The final performance
also significantly outperforms the others.

indicates that MPD can use unlabeled data more efficiently
and learns better representation, thus we answered question
Q2. Specifically, as shown in Figure (3| methods equipped
with MPD achieve the best performance at the endpoint and
achieves the second-best performance at very early epochs.
Besides, they also provide a higher starting point in most
cases. Though “VFL-ST” provides a higher point in the fed-
erated setting, its best performance is significantly lower than
ours, revealing its limitation in mining self-supervised knowl-
edge. Moreover, considering that the pre-training process of
“VFL-ST” used the same label information as in the fine-
tuning process, a higher initial point is under expectation. All
the values in Figure E] are calculated on the validation set,
starting from the first epoch, and ending at the epoch with the
best performance (identified by early stopping). Due to the
page limit, we only pick the Game-Ad dataset as an example.

Advantages of Partial Knowledge Transfer

In the setting of local serving, our focal point is the perfor-
mance of the active party and its improvement achieved by

other methods. We evaluate all methods by the absolute AUC
improvement over the vanilla local model. As shown in Table
[l our method significantly improves the local performance
with 0.89%, 1.23% and 0.47% over three datasets, respec-
tively. The superior performance gives us a sufficient rea-
son to replace the local vanilla model as the student model to
conduct online serving. Notice that, the gap between “Local-
SD” and “VFL” is natural, as the set of available features for
local models is significantly smaller than for the federated
model, as depicted in the middle part of Table[I] We also con-
ducted an ablation study to test the efficacy of the two compo-
nents of our method. As shown in Table [3} both “Local-SD”
and “Local-MPD” significantly outperform the local baseline,
but are weaker than “Local-SSD”. This suggests that the two
components are efficient and can achieve better performance
when combined. Thus we answered question Q3.

5 Conclusion and Future Work

In this paper, we propose a semi-supervised VFL framework
VFed-SSD for cross-silo display advertising. We highlight
the existence of massive unlabeled overlapping data in adver-
tising and develop a self-supervised task MPD to exploit its
potential in representation learning. Meanwhile, we develop
a novel knowledge transfer schema SplitKD to meet the strict
system response time restriction of advertising systems. Ex-
periments on real industrial datasets show that our method
can significantly improve performance. Despite our focus in
advertising, our methods are also suitable to other tabular-
data-based VFL tasks and can be naturally extended to the
multi-party scenario. We are now testing our framework in
online advertising business of Tencent Game to evaluate its
effect on final profits. We also plan to further enhance its se-
curity, integrate cutting-edge advertising models, and explore
its flexibility to larger-scale datasets.



References

[Abadi er al., 2015] Martin Abadi, Ashish Agarwal, Paul
Barham, Eugene Brevdo, Zhifeng Chen, Craig Citro,
Greg S. Corrado, Andy Davis, Jeffrey Dean, Matthieu
Devin, Sanjay Ghemawat, Ian Goodfellow, and Others.
TensorFlow: Large-scale machine learning on heteroge-
neous systems, 2015. Software available from tensor-
flow.org.

[Aono et al., 2017] Yoshinori Aono, Takuya Hayashi, Li-
hua Wang, Shiho Moriai, et al. Privacy-preserving deep
learning via additively homomorphic encryption. TIFS,
13(5):1333-1345, 2017.

[Blum and Mitchell, 1998] Avrim Blum and Tom Mitchell.
Combining labeled and unlabeled data with co-training. In
COLT, pages 92-100, 1998.

[Ceballos et al., 2020] Iker Ceballos, Vivek Sharma, Ed-
uardo Mugica, Abhishek Singh, Alberto Roman, Praneeth
Vepakomma, and Ramesh Raskar. Splitnn-driven vertical
partitioning. CoRR, abs/2008.04137, 2020.

[Clark et al., 2020] Kevin Clark, Minh-Thang Luong,

Quoc V. Le, and Christopher Manning. Electra:
Pre-training text encoders as discriminators rather
thangenerators. In /CLR, 2020.

[CriteoLabs, 2014] CriteoLabs. The criteo
dataset for kaggle display advertising chal-

lenge. https://labs.criteo.com/2014/02/
download-kaggle-display-advertising-challenge-dataset/,
2014.

[Devlin et al., 2018] Jacob Devlin, Ming-Wei Chang, Ken-
ton Lee, and Kristina Toutanova. Bert: Pre-training of
deep bidirectional transformers for language understand-
ing. arXiv preprint arXiv:1810.04805, 2018.

[Dong and Voiculescu, 2021] Nanging Dong and Irina
Voiculescu. Federated contrastive learning for decen-
tralized unlabeled medical images. In MICCAI, pages
378-387. Springer, 2021.

[Economist, 2020] Economist. Tencent has
used stealth to become a gaming superpower.
https://www.economist.com/business/2020/06/13/
tencent-has-used- stealth-to-become-a- gaming-superpower,
2020.

[Fu et al., 2022] Chong Fu, Xuhong Zhang, Shouling Ji,
Jinyin Chen, Jingzheng Wu, Shanqing Guo, Jun Zhou,
Alex X Liu, and Ting Wang. Label inference attacks
against vertical federated learning. In USENIX Security
22, Boston, MA, August 2022. USENIX Association.

[Google, 20111 Google. The arrival of real-time bidding and
what it means for media buyers. Technical report, Google,
72011.

[Guo et al., 2017] Huifeng Guo, Ruiming Tang, Yunming
Ye, Zhenguo Li, and Xiugiang He. Deepfm: a
factorization-machine based neural network for ctr predic-
tion. In Proceedings of the 26th International Joint Con-
ference on Artificial Intelligence, pages 1725-1731, 2017.

[He er al., 2020] Chaoyang He, Murali Annavaram, and
Salman Avestimehr. Group knowledge transfer: Federated
learning of large cnns at the edge. NeurIPS, 33:14068—
14080, 2020.

[Hinton et al., 2014] Geoffrey Hinton, Jeff Dean, and Oriol
Vinyals. Distilling the knowledge in a neural network.
pages 1-9, 03 2014.

[Jeong et al., 2021] Wonyong Jeong, Jachong Yoon, Eunho
Yang, and Sung Ju Hwang. Federated semi-supervised
learning with inter-client consistency & disjoint learning.
In ICLR, 2021.

[Jin et al., 2021] Xiao Jin, Pin-Yu Chen, Chia-Yi Hsu, Chia-
Mu Yu, and Tianyi Chen. Catastrophic data leakage in
vertical federated learning. NeurIPS, 34, 2021.

[Kairouz et al., 2021] Peter Kairouz, H Brendan McMa-
han, Brendan Avent, Aurélien Bellet, Mehdi Bennis, Ar-
jun Nitin Bhagoji, Kallista Bonawitz, Zachary Charles,
Graham Cormode, Rachel Cummings, et al. Advances
and open problems in federated learning. Foundations and
Trends® in Machine Learning, 14(1-2):1-210, 2021.

[Kang et al., 2020] Yan Kang, Yang Liu, and Tianjian Chen.
Fedmvt: Semi-supervised vertical federated learning with
multiview training. ArXiv, abs/2008.10838, 2020.

[Levy and Goldberg, 2014] Omer Levy and Yoav Goldberg.
Neural word embedding as implicit matrix factorization.
NeurlIPS, 27, 2014.

[Li and Wang, 2019] Daliang Li and Junpu Wang. Fedmd:
Heterogenous federated learning via model distillation.
arXiv preprint arXiv:1910.03581, 2019.

[Lin et al., 2020a] Tao Lin, Lingjing Kong, Sebastian U
Stich, and Martin Jaggi. Ensemble distillation for robust
model fusion in federated learning. NeurIPS, 33:2351-
2363, 2020.

[Lin et al., 2020b] Yujie Lin, Pengjie Ren, Zhumin Chen,
Zhaochun Ren, Dongxiao Yu, Jun Ma, Maarten de Rijke,
and Xiuzhen Cheng. Meta matrix factorization for feder-
ated rating predictions. In SIGIR, pages 981-990, 2020.

[Liu et al., 2019] Yinhan Liu, Myle Ott, Naman Goyal,
Jingfei Du, Mandar Joshi, Danqi Chen, Omer Levy, Mike
Lewis, Luke Zettlemoyer, and Veselin Stoyanov. Roberta:
A robustly optimized bert pretraining approach. arXiv
preprint arXiv:1907.11692, 2019.

[Liu et al., 2021a] Shuchang Liu, Shuyuan Xu, Wenhui Yu,
Zuohui Fu, Yongfeng Zhang, and Amelie Marian. Fedct:
Federated collaborative transfer for recommendation. In
SIGIR, pages 716725, 2021.

[Liu et al., 2021b] Yang Liu, Zhihao Yi, Yan Kang, Yuangin
He, Wenhan Liu, Tianyuan Zou, and Qiang Yang. Defend-
ing label inference and backdoor attacks in vertical feder-
ated learning. arXiv preprint arXiv:2112.05409, 2021.

[Liu et al., 2021c] Yang Liu, Zhihao Yi, Yan Kang, Yuangin
He, Wenhan Liu, Tianyuan Zou, and Qiang Yang. Defend-
ing label inference and backdoor attacks in vertical feder-
ated learning. CoRR, abs/2112.05409, 2021.


https://labs.criteo.com/2014/02/download-kaggle-display-advertising-challenge-dataset/
https://labs.criteo.com/2014/02/download-kaggle-display-advertising-challenge-dataset/
https://www.economist.com/business/2020/06/13/tencent-has-used-stealth-to-become-a-gaming-superpower
https://www.economist.com/business/2020/06/13/tencent-has-used-stealth-to-become-a-gaming-superpower

[Mikolov et al., 2013] Tomas Mikolov, Ilya Sutskever, Kai
Chen, Greg S Corrado, and Jeff Dean. Distributed rep-
resentations of words and phrases and their composition-
ality. NeurlIPS, 26, 2013.

[Muhamed et al., 2022] Aashiq Muhamed, Jaspreet Singh,
Shuai Zheng, Iman Keivanloo, Sujan Perera, James
Mracek, Yi Xu, Qingjun Cui, Santosh Rajagopalan, Be-
linda Zeng, et al. Dcaf-bert: A distilled cachable adaptable
factorized model for improved ads ctr prediction. 2022.

[Muhammad et al., 2020] Khalil Muhammad, Qingin Wang,
Diarmuid O’Reilly-Morgan, Elias Tragos, Barry Smyth,
Neil Hurley, James Geraci, and Aonghus Lawlor. Fedfast:
Going beyond average for faster training of federated rec-
ommender systems. In SIGKDD, pages 1234-1242, 2020.

[Nigam and Ghani, 2000] Kamal Nigam and Rayid Ghani.
Analyzing the effectiveness and applicability of co-
training. In CIKM, pages 86-93, 2000.

[Pan et al., 2019] Feiyang Pan, Shuokai Li, Xiang Ao,
Pingzhong Tang, and Qing He. Warm up cold-start adver-
tisements: Improving ctr predictions via learning to learn
id embeddings. In SIGIR, pages 695-704, 2019.

[Ren et al., 2022] Zhenghang Ren, Liu Yang, and Kai Chen.
Improving availability of vertical federated learning: Re-
laxing inference on non-overlapping data. ACM Transac-
tions on Intelligent Systems and Technology (TIST), 2022.

[Rosenberg et al., 2005] Chuck Rosenberg, Martial Hebert,
and Henry Schneiderman. Semi-supervised self-training
of object detection models. 2005.

[Shen er al., 2015] Jiangiang  Shen, Burkay  Orten,
Sahin Cem Geyik, Daniel Liu, Shahriar Shariat, Fang
Bian, and Ali Dasdan. From 0.5 million to 2.5 million:
Efficiently scaling up real-time bidding. In /CDM, pages
973-978. IEEE, 2015.

[Sun et al., 2021] Jiankai Sun, Xin Yang, Yuanshun Yao,
Aonan Zhang, Weihao Gao, Junyuan Xie, and Chong
Wang. Vertical federated learning without revealing in-
tersection membership. arXiv preprint arXiv:2106.05508,
2021.

[Sun et al., 2022] Jiankai Sun, Xin Yang, Yuanshun Yao, and
Chong Wang. Label leakage and protection from forward
embedding in vertical federated learning, 2022.

[Tencent, 2020] Tencent. The angel powerfl. https://data.qq.
com/powerfl/, 2020.

[Vapnik and Vashist, 2009] Vladimir Vapnik and Akshay
Vashist. A new learning paradigm: Learning using priv-
ileged information. Neural networks, 22(5-6):544-557,
2009.

[Vapnik e al., 2015] Vladimir Vapnik, Rauf Izmailov, et al.
Learning using privileged information: similarity control
and knowledge transfer. J. Mach. Learn. Res., 16(1):2023—
2049, 2015.

[Vepakomma et al., 2018] Praneeth Vepakomma, Otkrist
Gupta, Tristan Swedish, and Ramesh Raskar. Split learn-
ing for health: Distributed deep learning without sharing
raw patient data. arXiv preprint arXiv:1812.00564, 2018.

[Voigt and Von dem Bussche, 2017] Paul Voigt and Axel
Von dem Bussche. The eu general data protection regu-
lation (gdpr). A Practical Guide, 1st Ed., Cham: Springer
International Publishing, 10(3152676):10-5555, 2017.

[Webank, a] Webank. A case of traffic violations insurance-
using federated learning. https://www.fedai.org/cases/.

[Webank, b] Webank. Utilization of fate in risk management
of credit in small and micro enterprises. https://www.fedai.
org/cases/.

[WikiPedia, 2022] WikiPedia. Permutation matrix. https://
en.wikipedia.org/wiki/Permutation_matrix, 2022.

[Wu er al., 2022] Xin Wu, Qing Liu, Jiarui Qin, and Yong
Yu. Peerrank: Robust learning to rank with peer loss over
noisy labels. IEEE Access, 10:6830-6841, 2022.

[Xu er al., 2020] Chen Xu, Quan Li, Junfeng Ge, Jinyang
Gao, Xiaoyong Yang, Changhua Pei, Fei Sun, Jian Wu,
Hanxiao Sun, and Wenwu Ou. Privileged features distil-
lation at taobao recommendations. In Proceedings of the
26th ACM SIGKDD International Conference on Knowl-
edge Discovery & Data Mining, pages 2590-2598, 2020.

[Yang er al., 2019a]l Qiang Yang, Yang Liu, Tianjian Chen,
and Yongxin Tong. Federated machine learning: Concept
and applications. TIST, 10(2):1-19, 2019.

[Yang er al., 2019b] Qiang Yang, Yang Liu, Yong Cheng,
Yan Kang, Tianjian Chen, and Han Yu. Federated Learn-
ing. Morgan & Claypool, 2019.

[Yang ez al., 2020] Liu Yang, Ben Tan, Vincent W. Zheng,
Kai Chen, and Qiang Yang. Federated Recommendation
Systems, pages 225-239. Springer International Publish-
ing, Cham, 2020.

[Yang er al., 2022] Xin Yang, Jiankai Sun, Yuanshun Yao,
Junyuan Xie, and Chong Wang. Differentially private label
protection in split learning, 2022.

[Yao et al., 2021] Tiansheng  Yao, Xinyang  Yi,
Derek Zhiyuan Cheng, Felix Yu, Ting Chen, Aditya
Menon, Lichan Hong, Ed H Chi, Steve Tjoa, Jieqi
Kang, et al. Self-supervised learning for large-scale
item recommendations. In Proceedings of the 30th ACM
International Conference on Information & Knowledge
Management, pages 4321-4330, 2021.

[Yuan er al., 2013] Shuai Yuan, Jun Wang, and Xiaoxue
Zhao. Real-time bidding for online advertising: measure-
ment and analysis. In Proceedings of the seventh inter-
national workshop on data mining for online advertising,
pages 1-8, 2013.

[Yuan ez al., 2014] Yong Yuan, Feiyue Wang, Juanjuan Li,
and Rui Qin. A survey on real time bidding advertising.
In Proceedings of 2014 IEEE International Conference on
Service Operations and Logistics, and Informatics, pages
418-423,2014.

[Zhu et al., 2017] Han Zhu, Jungi Jin, Chang Tan, Fei Pan,
Yifan Zeng, Han Li, and Kun Gai. Optimized cost per
click in taobao display advertising. In SIGKDD, pages
2191-2200, 2017.


https://data.qq.com/powerfl/
https://data.qq.com/powerfl/
https://www.fedai.org/cases/
https://www.fedai.org/cases/
https://www.fedai.org/cases/
https://en.wikipedia.org/wiki/Permutation_matrix
https://en.wikipedia.org/wiki/Permutation_matrix

	1 Introduction
	2 Related Work
	3 Method
	3.1 Preliminaries
	3.2 Self-Supervision for Partitioned Attributes
	3.3 Partial Knowledge Transfer

	4 Experiments
	4.1 Datasets
	4.2 Baselines and Model Settings
	4.3 Results and Analysis
	Validity of Vanilla VFL
	Advantages of Self-Supervised Pre-training
	Advantages of Partial Knowledge Transfer


	5 Conclusion and Future Work

