GRAPE: An Expert Review Assignment
Component for Scientific Conference
Management Systems

Nicola Di Mauro, Teresa M.A. Basile, and Stefano Ferilli

Dipartimento di Informatica, University of Bari, Italy
{ndm, basile, ferilli}@di.uniba.it

Abstract. This paper describes GRAPE, an expert component for a sci-
entific Conference Management System (CMS), to automatically assign
reviewers to papers, one of the most difficult processes of conference
management. In the current practice, this is typically done by a manual
and time-consuming procedure, with a risk of bad quality results due to
the many aspects and parameters to be taken into account, and on their
interrelationships and (often contrasting) requirements. The proposed
rule-based system was evaluated on real conference datasets obtaining
good results when compared to the handmade ones, both in terms of
quality of the assignments, and of reduction in execution time.

1 Introduction

The organization of scientific conferences often requires the use of a web-based
management system (such as BYU [6], CyberChair [2], ConfMan [1], Microsoft
CMT [3], and OpenConf [4])! to make some tasks a little easier to carry out, such
as the job of reviewing papers. Some features typically provided by these pack-
ages are: submission of abstracts and papers by Authors; submission of reviews
by the Program Committee Members (PCM); download of papers by Program
Commiittee (PC); handling of reviewers preferences and bidding; web-based as-
signment of papers to PCMs for review; review progress tracking; web-based PC
meeting; notification of acceptance/rejection; sending e-mails for notifications.
When using these systems, the hardest and most time-consuming task is the
process of assigning reviewers to submitted papers. Usually, this task is manu-
ally carried out by the Program Committee Chair (PCC) of the conference, that,
generally, selects 3 or 4 reviewers per paper. Due to the many constraints to be
fulfilled, such a manual task is very tedious and difficult, and sometimes does
not result in the best solution. It can be the case of 300 submitted papers to be
assigned to 30-40 reviewers, where some reviewers cannot revise specific papers
because of conflict of interests, or should not revise papers about some confer-
ence topics due to their little expertise in that field; additionally, through the

L A list of other software, often developed ad hoc for specific events, can be found at
http://www.acm.org/sigs/sgb/summary.html
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bidding process reviewers generally express their preference in reviewing specific
papers, and should be ensured some level of satisfaction in this respect. The
more papers to be reviewed and constraints to be fulfilled, the more vain the
hope to obtain a good solution is. Unfortunately, currently available software
provides little support for automatic review assignment. Sometimes, they just
support reviewers in selecting papers they wish to review, giving the PCC the
possibility to use these preferences.

This paper describes GRAPE (Global Review Assignment Processing Engine),
an expert component developed to be embedded in scientific Conference Man-
agement Systems (CMS). GRAPE, a successful real-life application, fully im-
plemented and operational, performs a management activity by automatically
assigning reviewers to papers submitted to a conference, additionally assessing
the quality of the results of this activity in terms of profitability and efficiency.
This system will become part of a web-based CMS, currently at prototype stage,
whose main goal is to provide an easy-to-manage software package that features
the traditional conference management functionality (e.g., paper submission, re-
viewer assignment, discussion on conflicting reviews, selection of papers, mailing
to all actors, etc.) and addresses the weaknesses of other systems (such as auto-
matic support for reviewers assignment, conference session management, etc.).

This paper is organized as follows. Section 2 introduces the main features of
the CMS prototype in which GRAPE is embedded. In Section 3 the Reviewers
Assignment Problem and its context are introduced, and some known systems
that tackle it are presented. Section 4 describes GRAPE, whose experimental
evaluation is discussed in Section 5. Finally, Section 6 will conclude the paper,
with remarks and future work proposals.

2 The Conference Management System

Generally speaking, a CMS, among other basic services, can be seen as a sys-
tem collecting documents (submitted) in electronic form, in PostScript (PS) or
Portable Document Format (PDF), in a digital repository. The main character-
istic of our CMS lies in its ability to understand the semantics of the document
components and content. Intelligent techniques are exploited for the extraction
of significant text, to be used for later categorization and information retrieval
purposes. A preliminary Layout Analysis step identifies the blocks that make
up a document and detects relations among them, resulting in the so-called
layout structure. The next document processing step concerns the association
of the proper logical role to each such component, resulting in so-called logical
structure. This can enable a multiplicity of applications, including hierarchical
browsing, structural hyperlinking, logical component-based retrieval and style
translation. Our layout analysis process embedded in the CMS, sketched in Fig-
ure 1, takes as input a PDF/PS document and produces the initial document’s
XML basic representation, that describes it as a set of pages made up of ba-
sic blocks. Such a representation is then exploited by an algorithm, that collects
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WINE DOC

Fig. 1. Document Layout Analysis System

semantically related basic blocks into groups by identifying frames that surround
them based on whitespace and background structure analysis.

When an Author connects to the Internet and opens the conference sub-
mission page, the received paper may undergo the following processing steps.
The layout analysis algorithm may be applied, in order to single out its layout
components, and then to classify it according to a description for the accept-
able submission layout standards (e.g., full paper, poster, demo). A further step
locates and labels the layout components of interest for that class (e.g., title,
author, abstract and references in a full paper). The text that makes up each of
such components may be read, stored and used to automatically file the submis-
sion record. The text contained in the title, abstract and bibliographic references,
can be exploited to extract the paper topics, since we assume they concentrate
the subject and research field the paper is concerned with.

3 The Conference Review Process

The review process on the contributions submitted by authors to a conference
starts after the deadline for the paper submission phase. When the submission
phase ends, suitable PCM are selected, which will act as reviewers, in order to
evaluate the submitted papers. Hence, the PCC sends the collected submissions
with review forms to individual reviewers. The review form consists of a set of
questions to assess the quality of the paper, that the Reviewers must fill in and
return it to the PCC. Each submission is typically examined and evaluated by 2
or 3 reviewers. Generally, the review process ends with the Program Committee
meeting, where the papers are discussed on the basis of collected review forms,
in order to their acceptance or rejection for presentation at the conference. After
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this meeting, anonymous extracts of the review forms (reviewer’s comments)
are typically sent back to all the authors, so that they can improve their paper,
regardless of whether they were accepted or not. Finally, the authors of accepted
papers may submit a new version of their paper, in the so-called camera-ready
format, to the PCC, who will send them, together with the preface and the table
of contents of the book, to the publisher in order to have the proceedings printed.

3.1 The Reviewers Selection

The process of identifying the right reviewers for each paper represents an hard
task. In [7] O. Nierstrasz presented a small pattern language, that captures suc-
cessful practice in several conference review processes. In this work we follow
the patterns FxpertsReviewPapers and ChampionsReviewPapers, indicating that
papers should be matched, and assigned for evaluation, to reviewers who are
competent in the specific particular paper topics (ExpertsReviewPapers), and
to reviewers who declared to be willing to review those papers in the bidding
phase (ChampionsReviewPapers). As to the former pattern, the PCC can set
up, before the submission phase of the conference starts, a list of research topics
of interest for the conference. In order to get a match, generally, at first all re-
viewers are asked to specify which of the conference topics correspond to their
main areas of expertise. Then, during the paper submission process, authors are
asked to explicitly state which conference topics apply to their submissions. Such
an information provides a first guideline for matching reviewers to papers. As
to the latter pattern, as reported in [7], by distributing a list of titles, authors
and abstracts to all reviewers, they may perform the so-called bidding, i.e. they
may indicate which papers (i) they would like to review, (ii) they feel competent
to review, and (iii) they do not want to review (either because they do not feel
competent, or because they have a conflict of interest).

Finally, further information to match papers and Reviewers can be deduced
from the papers. For example, related work by some reviewer explicitly men-
tioned in the paper may represent an indication of the appropriateness of that
reviewer for that paper; conversely, if the reviewer is a co-author or a colleague
of the paper authors, then a conflict of interest can be figured out.

Usually, the bidding preferences approach is preferred over the topics match-
ing one. We give more value to the latter since the topics selected by a reviewer
should refer to his background expertise, while specific preferences about papers
could be due to matter of taste or some vague questions (e.g., the reviewer would
like to revise a paper out of curiosity; the abstract that he has read is not very
precise or misleading). We believe that if a paper preferred by a reviewer does
not match his topics of expertise, this should be considered as an alarm bell.

3.2  Paper Distribution Systems

Most of the existent CMS, such as CMT [3] and CyberChair [2], provide tools
for web-based paper submission and for review management. Both CMT and
CyberChair have assignment functionalities. Specifically, CMT uses a greedy
algorithm to assign a paper to the reviewers who gave the higher preference, but
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limiting the number of papers assigned to a reviewer by means of a threshold.
When the system cannot find a reviewer for a paper, a matching of both the
reviewers and paper topics is used. If this fails the result is unpredictable.

CyberChair [9], after the paper submission deadline, generates a paper dis-
tribution proposal for the PCC exploiting graph theory. This is done by combin-
ing the reviewer’s expertise and willingness to review papers on certain topics
with the preferences indicated by the reviewers when bidding for papers. The
reviewer’s expertise is obtained by asking the reviewers their expertise on the
conference topics along with three levels: 1) expert on the topic, 2) not expert,
but knowledgable in the subject area, 3) an informed outsider. CyberChair col-
lects the bids, expertise levels and willingness to review papers on certain topics
and the conflicts of interest of the reviewers, and it is tuned to assign as much as
possible papers to reviewers based on their preferences. Each paper is assigned
to the k reviewers with the least number of papers assigned so far, by using a list
of the reviewers who indicated a high preference for the paper sorted according
to the number of papers they have already been assigned so far. In case there
are less than k reviewers, this process is repeated with the list of reviewers who
indicated a low preference for the paper. In case there are not enough reviewers,
the paper is assigned to the reviewers with the highest overall expertise.

An ad-hoc system is presented in [8], where the reviewers’ assignment problem
is compared to the more general problem of recommendation of items to users in
web-based systems, and proposed a recommendation method based on collabo-
rative filtering [8]. Such a method allows to compute a predicted rating for each
pair (reviewer, paper), using a multi-step process which improves continuously
the confidence level of ratings. In particular, each step consists of the following
operations: (a) for each user, a sample of papers whose rating is expected to lead
to the best confidence level improvement is selected, (b) each user is requested
to rate the papers from its sample and (c) a collaborative filtering algorithm is
performed to obtain a new set of predicted ratings based on the users ratings
made so far. Step (c) results in a new level of confidence. The basic assumption
is that each user provides a rating for each paper: Reviewers are required to rate
the submitted papers based on title, abstract and authors information. These
ratings are used by the algorithm to obtain the best possible assignment. This
system relies on a variant of known techniques for optimal weighted matching
in bipartite graphs [5], and delivers the best possible assignment. However, in
practice, the number of papers is often large and it is difficult to ask for a com-
prehensive rating. Users rate only a small subset of the papers, and the rating
table is sparse, with many unknown rating values. To overcome the problem in
order to use the automatic assignment algorithm, they must then predict the
missing rating values.

4 The GRAPE System

GRAPE (Global Review Assignment Processing Engine) is an expert system, writ-
ten in CLIPS, for solving the reviewers assignment problem, that takes advantage
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from both the papers content (topics) and the reviewers preferences (biddings).
It could be used exploiting the papers topics only, or both the paper topics
and the reviewers’ biddings. Its fundamental assumption is to prefer the topics
matching approach over the reviewers’ biddings one, based on the idea that they
give assignments more reliability. Then, reviewers’ preferences are used to tune
paper assignments. Moreover, reviewers’ preferences are useful because of the
unpredictability of the distribution of reviewers and papers over the list of top-
ics, which causes situations in which some papers have a lot of experts willing
to review them, while some others simply do not have enough reviewers.

Let P = {p1,...,pn} denote the set of n papers submitted to the conference
C, regarding t topics (conference topics, Tc), and R = {ry, ...,y } the set of m
reviewers. The goal is to assign the papers to reviewers, such that the following
basic constraints are fulfilled: 1) each paper is assigned to exactly k reviewers
(usually, k is set to be equal to 3 or 4); 2) each reviewer should have roughly the
same number of papers to review (the mean number of reviewers per reviewer is
equal to nk/m); 3) papers should be reviewed by domain experts; and, 4) review-
ers should revise articles based on their expertise and preferences. As regards
constraint 2, GRAPE can take as input additional constraints MaxReviewsPerRe-
viewer(r,h), indicating that the reviewer r can reviews at most h paper, that must
be taken into account for calculating the mean number of reviews per reviewer.

We defined two measures to guide the system during the search of the best
solutions: the reviewer’s gratification and the article’s coverage. The former rep-
resents the gratification degree g, of a reviewer r; calculated on his assigned
papers. It is based on: a) the confidence degree between the reviewer r; and
the assigned articles: the confidence degree between a paper p;, with topics T,
and the reviewer r;, with expertise topics T, is equal to number of topics in
common 7' = T}, UT; ; and, b) the number of assigned papers that the reviewer
chose to revise (discussed in more details in Section 4.2). The article’s coverage
represents the coverage degree of an article after the assignments. It is based
on: a) the confidence degree between the article and the assigned reviewers (the
same as for Reviewer’s gratification); and, b) the expertise degree of the assigned
reviewers, represented by the number of topics. The expertise level of a reviewer
r; is equal to T, /Tc. GRAPE tries to maximize both the reviewer gratifica-
tion and the article coverage degree during the assignment process, in order to
fulfill the third and fourth basic constraints. To reach this goal a fundamental
prerequisite is that each reviewer must provide at least one topic of preference,
otherwise the article coverage degree will be always null.

The two main inputs to the system are the set P of the submitted papers
and the set R of the candidate reviewers. Each paper p; € P is described by
its title, author(s), affiliation(s) of the author(s) and topics T},. On the other
hand, each reviewer r; € R is described by his name, affiliation and topics of
interest T;.,. Furthermore, the system can take as input a set of constraints C'S
indicating (i) the possibly specified maximum number of reviews per Reviewer
(MaxReviewsPerReviewer(reviewer, h)), (ii) the papers that must be reviewed by a
reviewer (MustReview(reviewer, paper)) indicated by the PCC. It can be also pro-
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vided with a set of conflicts CO indicating which reviewers that cannot revise
specific papers (CannotReview(reviewer, paper)) under suggestion of the PCC.
Furthermore, the set of conflicts CO is enriched by GRAPE by deducting addi-
tional conflicts between papers and reviewers. Specifically, a conflict is assumed
to exist between a paper p; and a reviewer r; if r; is the (co-)author of p;, or
the affiliation of r; is among the affiliation(s) reported in p;.

Definition 1. We say that a reviewer r; can revise a paper p; with degree

h>1 if the confidence degree between r; and p; is equal to h
0 < h < 1if the expertise degree of r; is equal to h

Definition 2. Given a paper p;, the number of candidate reviewers of p; is the
number of reviewers that can revise the paper with degree k > 1

4.1 The Assignment Process

The assignment process is carried out into two phases. In the former, the system
progressively assigns reviewers to papers with the lowest number of candidate
reviewers (first those with only 1 candidate reviewer, then those with 2 candidate
reviewers, and so on). This assures, for example, to assign a reviewer to papers
with only one candidate reviewer. At the same time, the system prefers assigning
papers to reviewers with few assignments. In this way, it avoids to have reviewers
with zero or few assigned papers. Hence, this phase can be viewed as a search
for reviews assignments by keeping low the average number of reviewers per
reviewer and maximizing the coverage degree of the papers. In the latter phase,
the remaining assignments are chosen by considering first the confidence levels
and then the expertise level of the reviewers. In particular, given a paper p;
which has not been assigned k reviewers yet, GRAPE tries to assign it a reviewer
r; with a high confidence level between r; and p;. In case it is not possible, it
assigns a reviewer with a high level of expertise.

4.2 The Bidding Process

The assignments resulting from the base process are presented to each reviewer,
that receives the list A of the h assigned papers, followed by the list A’ of the
remaining ones (both, A and A’ are sorted using the article’s coverage degree).
The papers are presented to the reviewer as virtually bid: the first h/2 papers
of the list A are tagged high, and the following h papers are tagged medium
(all the others are tagged low). Now, the reviewer can actually bid the papers
by changing their tag: he can bid at most h/2 papers as high (he would like to
review) and h as medium (he feels competent to review). Furthermore, he can
bid h/2 papers as no (he does not want to review). All the others are assumed to
be bid as low (he does not feel competent). Only papers actually bid by reviewers
generate a preference constraint, of the form Bid(paper, level).

When all the reviewers have bid their papers, GRAPE searches for a new
solution that takes into account these biddings. In particular, it tries to change
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previous assignments in order to maximize both article’s coverage and reviewer’s
gratification. By taking the article’s coverage high, GRAPE tries to assign the
same number of papers bid with the same class to each reviewer. Then, the
solution is presented to the reviewers as the final one.

It is important to say that, if the PCC does not like the solution, he can
change some assignments to force the system to give another possible assignment
configuration fulfilling these new preference constraints. In particular, he may: (i)
assign a reviewer to a different paper; (ii) assign a paper to a different reviewer;
(iii) remove a paper assignment; or, (iv) remove a reviewer assignment.

The main advantage of GRAPE relies in the fact that it is a rule-based system.
Hence, it is very easy to add new rules in order to change/improve its behavior,
and it is possible to describe background knowledge, such as further constraints
or conflicts, in a natural way. For example, one can insert a rule that expresses
the preference to assign a reviewer to the articles in which he is cited.

5 Evaluation

The system was evaluated on real-world datasets built by using data from a
previous European conference and from this International conference. In order
to have an insight on the quality of the results, in the following we present some
interesting characteristics of the assignments suggested by GRAPE.

5.1 European Conference Experiment

This experiment consisted in a set of 383 papers to be distributed among 72
Reviewers, with k = 3 reviews per paper. The system was able to correctly assign
3 reviewers to each paper in 152 seconds. Obtaining a manual solution took about
10 hours of manual work from the 4 Program Chairs of that conference.

Each reviewer was assigned 14.93 papers on average (min 8, max 16) by topic
(when there was confidence degree greater than 1 between the reviewer and the
paper), and only 1.03 papers on average (min 0, max 8) by expertise degree
(which is a very encouraging result). Table 1 reports the complete distribution
of reviewers’ assignments. The first row shows the number of assignments by
type (Topics-Expertise). Noticeably, GRAPE made many good assignments: in
particular, it assigned to 55 reviewers all 16 papers by topics (first row). The
other rows refer to the topics of expertise of reviewers: the last two rows indicate
that the system assigned an high number of papers by expertise to reviewers
that had few topics.

The reviewers with highest gratification degree were 792, 757, and rog. Indeed,
they are the three reviewers that chose a lot of topics (re2 selected 11 topics,
r57 selected 14, and rog selected 17). On the other hand, the reviewers with the
lowest gratification degree were rig that selected few (and very rare among the
papers) topics, and r5¢ that selected only two topics. As regards the papers,
the best assigned papers with a high coverage degree were the posg (concerning
topics 1, 4, 15, 39 and 42), pas1 (on topics 1, 2, 15, 30, 34 and 5), psos (topics
1, 9, 11, 32 and 36), and psss (topics 4, 15, 39 and 42). Table 2 reports the
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Table 1. Reviewers’ Assignments Distribution

Assignment |16-0|15-1|14-2|13-3|11-5|10- 5|8-8|8-6

# 55 1 3 [ 2|3 |3 1 141
Mean [5,73|2,67| 2,5 2,67|1,67| 1 [1,5|1
Min 2121221 1 (1|1
Max 181 3|34 2 1 1

Table 2. Reviewers per topic

Topic |1 2 4 911153032 34 36 39 42
Reviewers|17 14105 5 1211 5 3 7 2017

Table 3. IEA/AIE 2005 Topics Distribution

ID|Topic ##r|#a||ID| Topic f#r|#a
1 |Adaptive Control 3 | 11 |/18|Intelligent Interfaces 14|31
2 |Applications to Design 3 11919 |Intelligent Systems in Educ.|11|12
3 |Applications to Manufacturing | 2 | 12|20 |Internet Applications 12|24
4 [Autonomous Agents 18|28 |[21|KBS Methodology 7113
5 |Biolnformatics 9 | 8 ||22|Knowledge Management 16|30
6 |Case-based Reasoning 9 | 4 ||23|Knowledge Processing 11|25
7 |Computer Vision 3 |20 ||24|Machine Learning 17143
8 |Constraint Satisfaction 6 | 9 ||25|Model-based Reasoning 6|11
9 |Data Mining & Knowledge Disc.|24 |44 || 26 |Natural Language Process. | 5 |15
10|Decision Support 9 |58 || 27|Neural Networks 11(29
11 |Distributed Problem Solving 6 | 6 ||28|Planning and Scheduling 7127
12|Expert Systems 15|28 ||29|Reasoning Under Uncertain.| 4 |20
13|Fuzzy Logic 4 |13||30|Spatial Reasoning 719
14|Genetic Algorithms 5 129](31|Speech Recognition 218
15|Genetic Programming 2 | 6 ||32|System Integration 3114
16 |Heuristic Search 3 |16 ||33|Systems for Real Life App. [10|41
17 |Human-Robot Interaction 3 |14||34|Temporal Reasoning 11]10

number of reviewers experienced in some topics of the conference. As one can
see, there are lots of reviewers experienced with the topics appearing in papers
with a high coverage degree. Papers with a low coverage degree were p15 (3 rare
topics covered), pso (2 rare topics) and psrs (0 topics).

5.2 IEA/AIE 2005 Experiment

In this experiment the dataset was built by using data from this conference?,

consisting of a set of 266 papers to be distributed among 60 Reviewers. The con-
ference covered 34 topics as reported in Table 3, where #r represents the number

2 IEA/AIE 2005 - The 18" International Conference on Industrial & Engineering
Applications of Artificial Intelligence & Expert Systems
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of reviewers experienced with the topic, and #a represents the papers regarding
the topic. kK = 2 reviews per paper were required. In solving the problem, the
system was able to correctly assign 2 reviewers to each paper in 79.89 seconds.

GRAPE was able to assign papers to reviewers by considering the topics only
(it never assigned a paper by expertise). In particular, it assigned 10 papers to
38 reviewers, 9 to 4 reviewers, 8 to 6 reviewers, 7 to 1 reviewer, 6 to 9 reviewers,
5 to 1 reviewer, and 2 to 1 reviewer, by considering some MaxReviewsPerReviewer
constraints for some reviewers that explicitly requested ro revise few papers. The
reviewers with the highest gratification degree, with 10 assigned papers, were
ro4 (that selected 7 topics), r32 (that selected 8 topics) and 741 (that selected 6
topics). As regards the papers, those assigned with highest coverage degree were

D24, D31, D47, D67, D705 P785 P8Ls P1775 P181, P198, P242 and pago.

6 Conclusions

We presented the GRAPE expert system, specifically designed to solve the prob-
lem of reviewer assignments for scientific conference management. The proposed
rule-based system was evaluated on real-world conference datasets obtaining
good results when compared to the handmade ones, both in terms of quality
and user-satisfaction of the assignments, and for reduction in execution time
with respect to that taken by humans to perform the same process.

GRAPE is embedded in a web-based CMS in which we plan to insert some
tools able to automatically extract the paper’s topics from its title, abstract,
and references, and the reviewer’s topics by analyzing his previously written
paper and web pages. Furthermore, we are planning to insert in our web-based
CMS, a sessions manager system similar to GRAPE able to automatically propose
sessions for the conference and the presentations for each session.
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