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Abstract
Search engines train and apply a single ranking model across all 
users, but searchers’ information needs are diverse and cover a 
broad range of topics. Hence, a single user-independent ranking 
model is insufficient to satisfy different users’ result preferences. 
Conventional personalization methods learn separate models of 
user interests and use those to re-rank the results from the generic 
model. Those methods require significant user history information 
to learn user preferences, have low coverage in the case of 
memory-based methods that learn direct associations between 
query-URL pairs, and have limited opportunity to markedly affect 
the ranking given that they only re-order top-ranked items. In this 
paper, we propose a general ranking model adaptation framework 
for personalized search. Using a given user-independent ranking 
model trained offline and limited number of adaptation queries 
from individual users, the frame-work quickly learns to apply a 
series of linear transforma-tions, e.g., scaling and shifting, over the 
parameters of the given global ranking model such that the adapted 
model can better fit each individual user’s search preferences. Ex-
tensive experimentation based on a large set of search logs from a 
major commercial Web search engine confirms the electiveness of 
the proposed method compared to several state-of-the-art ranking 
model adaptation methods.
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I. Introduction
Search engine users’ information needs are diverse. Even for the 
same query, different users might express different preferences over 
the retrieved documents, resulting in distinct ranking requirements 
for search results. Prior research has demonstrated that users’ 
aggregated clicks are  informative for learning their preferences 
and developing global search result ranking models [1]. How-
ever, these models only reflect the common preferences across 
all searchers. Adapting the global ranking model towards each 
individual’s search preferences to maximize search utility for each 
single user is more desirable. Existing personalization methods 
require rich user history information to learn user preferences 
(meaning that they are slow to adapt to user interests and interest 
dynamics), have low coverage in the case of memory-based 
methods that learn direct associations between query-URL pairs, 
and have limited opportunity to accept the ranking given that they 
frequently only re-order the top-ranked items [3]. In this paper, 
we proposed a method that effectively learns to adapt a generic 
ranking algorithm on a per-user basis, and overcomes many of 
the aforementioned challenges faced by existing personalization 
approaches.

II.  Existing System
There are two major types of research closely related to our work 
in this paper, namely, ranking model adaptation and personalized 
search.
The major body of ranking model adaptation study in IR focuses on 
domain adaption, which can be categorized into three classes. One 

popular class is instance-based adaptation [6, 1], which assumes 
certain parts of the data in the source domain can be reused for the 
target domain by re-weighting. Chen et al. [6] weighted the queries 
in the source domain by a heuristically defined utility function. 
The second category of work is feature-based [5], where a new 
feature representation is learned for the target domain and used to 
transfer knowledge across domains. Chen et al. proposed CLRank 
in [5], which constructs a new ranking feature representation so as 
to reduce the distributional difference between source and target 
domains.
Memory-based personalization techniques learn direct associations 
between query-URL pairs (e.g., given this query, the current 
user consistently selects a particular URL), which can perform 
well given high revisitation likelihoods, but have limited query 
coverage. Shen et al,  developed a context-sensitive language 
model by introducing both click feedback and preceding queries 
for short-term personalization. However, these short-term models 
are specific to the current context and cannot generalize well to 
accommodate user’s general preferences. Once a model is learned, 
a common strategy for the application of personalization is to re-
rank the top-n results [3]. This means the personalized models do 
not have the opportunity to promote results of low general interest 
(i.e., outside of the top n), but of high interest to the current user, 
into the top-ranked results.
The approach taken here, quickly adapt the search engine’s generic 
ranking function on a per-user basis, and therefore overcome many 
of these shortcomings.

III. Proposed System
Inspired by the linear regression based model adaptation methods 
in speech recognition, we propose a general framework to perform 
ranking model adaptation. We assume that a global ranking model 
is trained based on a large user-independent training set. For each 
user, an adapted model is obtained by applying a set of learned 
linear trans-formations, e.g., scaling and shifting, to the parameters 
of the global model based on each individual user’s adaptation 
data, e.g., query with corresponding clicks.

A. General Framework
For a given set of queries Qu = {q1u, q2u, . . . , qmu} from 
user u, each query qiu is associated with a list of document-label 
pairs {(xui1, yiu1), (xui2, yiu2), . . . , (xuin, yinu)}, where xuij 
denotes a retrieved document represented by a V -dimensional 
vector of ranking features, and yiju is the corresponding relevance 
label indicating if the document xuij is relevant to user u (e.g., 
clicks). Since our focus of this work is on user-level ranking model 
adaptation, in the following discussions we ignore the superscript 
u to make the notations concise when no ambiguity is involved.
A ranking model f is defined as a mapping from a doc-ument xij 
to its ranking score sij, i.e., f : xij → sij, such that when we order 
the retrieved documents for query q by f, a certain ranking metric, 
e.g., mean average precision (MAP) or precision at k (P@k) [2], is 
optimized. Such rank-ing model can be manually set, or estimated 
by an automatic algorithm based on a collection of annotated 
queries. In this work, we focus on linear ranking models, which 
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can be characterized by a parametric form of linear combination of 
ranking features, i.e., f(x) = wTx, where w is the linear coefficients 
for the corresponding ranking features. 
Denoting fs(x) = wsTx as the given global ranking model estimated 
in a user-independent manner, the adaptation of fs(x) for each 
individual user is performed via the linear transformations defined 
by a V ×(V +1) dimensional matrix Au, by which three linear 
operations, i.e., scaling, shifting and rotation, can be encoded. 
More precisely,
fu(x) = (Auw˜s)Tx     (1)

where w˜s is an augmented vector of ws, i.e., w˜s = (ws, 1), to 
facilitate the shifting operation for parameter adaptation.
There are two major considerations in designing such a 
transformation matrix Au. First, a full transformation matrix has 
the number of O(V2) free parameters, which is redundant and 
even larger than the number of parameters needed to estimate 
a new ranking model for each user (i.e., O(V )). As a result, 
it is infeasible for us to estimate a full transformation matrix 
for every user. To reduce the size of free parameters in Au, we 
decide to only focus on the scaling and shifting operations for 
adapting the parameters in fs(x). This reduces the size of free 
parameters in Au from O(V2) to O(V ). Second, a more important 
consideration is how to alleviate the problem of sparse observation 
of rank-ing features in the limited adaptation data. Because some 
advanced ranking features used in modern search engines, e.g., 
topic category of documents, might not be trigged in the scattered 
adaptation queries, one will encounter missing feature values. 
In order to properly update the parameters for unseen features 
during adaptation, we organize the features in groups and share 
the same shifting and scaling transformations to the parameters 
within the same group.
Based on the above considerations, we design the trans-formation 
matrix Au to be the following specific form,
where g(·) is a feature grouping function, which maps V original 
ranking features to K different groups, au

k and bu
k denote the 

scaling and shifting operations applied to the linear coefficients 
ws of the source model fs(x) in group k. As a result, Eq (1) can 
be realized as,

K
fu(x) = (ak

uwi
s + bk

u)xi                            (2)
k=1 )=k
∑ g(∑i

The grouping function g(·) defines the transformation sharing 
among the original ranking features. It enables the observations 
from seen features to be propagated to unseen features within the 
same group during adaptation, which is critical in addressing the 
problem of sparsity in the limited adaptation data. 
Once the grouping function g(·) is given, another important 
component in our adaptation framework is the criterion to estimate 
the optimal transformation matrix Au. An ideal transformation 
should be able to adjust the generic ranking model to meet each 
individual’s ranking preference, i.e., maximizing the search utility 
for each user. In the study of learning-to-rank algorithms in IR, 
various types of objective functions, e.g., pair wise and list wise, 
have been proposed to realize the goal of optimizing ranking 
metrics. There-fore, to make the proposed framework generally 
applicable, we do not restrict our adaptation objective to any 
specific form, but instantiate it with the objective function from 
the ranking algorithm we choose to adapt.

Here to emphasize that although in the framework to utilize the 
objective function from the ranking algorithm to be adapted as 
the criterion to estimate the transformation matrix Au, it does not 
necessarily restrict the global model to being estimated by the same 
ranking algorithm. As long as the global model and adapted model 
share the same model structure, e.g., neural network structure in 
Rank Net and linear model in Rank SVM, the proposed adaptation 
framework is applicable.

IV. Ranking Adaption
Ranking adaptation is closely related to classifier adaptation, which 
has shown its effectiveness for many learning problems. Ranking 
adaptation is comparatively more challenging. Unlike classifier 
adaptation, which mainly deals with binary targets, ranking 
adaptation desires to adapt the model which is used to predict the 
rankings for a collection of domains. In ranking the relevance levels 
between different domains are sometimes different and need to 
be aligned. We can adapt ranking models learned for the existing 
broad-based search or some verticals, to a new domain, so that 
the amount of labeled data in the target domain is reduced while 
the performance requirement is still guaranteed and how to adapt 
the ranking model effectively and efficiently. Then how to utilize 
domain-specific features to further boost the model adaptation.

V. Explore Ranking Adaptability
Ranking adaptability measurement by investigating the correlation 
between two ranking lists of a labeled query in the target domain, 
i.e., the one predicted by fa and the ground-truth one labeled by 
human judges. Intuitively, if the two ranking lists have high positive 
correlation, the auxiliary ranking model fa is coincided with the 
distribution of the corresponding labeled data, therefore we can 
believe that it possesses high ranking adaptability towards the 
target domain, and vice versa. This is because the labeled queries 
are actually randomly sampled from the target domain for the 
model adaptation, and can reflect the distribution of the data in 
the target domain.

VI. Conclusion
From the paper, the proposed a general ranking model adaptation 
framework for personalized search. A series of learned linear 
transformations, e.g., scaling and shifting, were per-formed on 
the parameters of a generic linear ranking model in a per-user basis, 
such that the adapted model can better fit each individual user’s 
search result ranking preferences. By sharing transformations 
across features in a group-wise manner, unseen features can also be 
properly updated given only limited number of adaptation queries. 
We instantiated the proposed framework with three frequently used 
learning-to-rank algorithms, i.e., Rank Net, Lambda Rank and Rank 
SVM, and the adaptation method achieved significant improvement 
in, not only adaptation efficiency, but also ranking performance of 
the adapted ranking models, against several state-of-the-art ranking 
model adaptation methods in extensive experimentation.
In our current solution, the feature grouping function and 
transformation matrix are estimated independently. It would 
be meaningful to jointly estimate the two components for 
better adaptation performance. Besides, the proposed linear 
transformation based ranking model adaptation framework opens 
an interesting new direction for personalization: rich signals, e.g., 
user-specific profiles and features, could also be included to accept 
the transformation in order to better reflect users’ individual search 
interests.
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