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Abstract. The e-Framework is arguably the most prominentaediag
framework currently in use. For this reason it wakected as basis for
modelling a programming exercises evaluation servihe purpose of
this type of evaluator is to mark and grade exerci;n computer
programming courses and in programming contestse®yosing its
functions as services a programming exercise et@lug able to
participate in business processes integrating réiffe system types,
such as Programming Contest Management Systemsrnihga
Management Systems, Integrated Development Envieatsn and
Learning Object Repositories. This paper formalites approaches to
be used in the implementation of a programming@serevaluator as a
service on the e-Framework.
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1 Introduction

In recent years several initiatives brought senacentation to e-learning. These
initiatives, usually called e-learning frameworlssipport the creation of flexible e-
learning systems using service oriented approadd&sed on a previous survey [1]
we identified the e-Framework as one of the mostnent e-learning framework
initiatives. The e-Framewotlsuccess results from a strong and active community
practice contributing with service definitions. Patial submitters are encouraged to
use the collaborative tools provided by the e-Fraark to share their contributions
and obtain feedback from the community.

In the research presented in this paper the e-&wank was used as basis for the
definition of service for marking and grading cortgruprograms. The computer
programs processed by this service are submittédabreby students in computer

1 Official website http://www.e-framework.org



programming courses, or by teams and contestanpgdgramming contests. The
proposed model reflects the experience gained byatithors with Mooshak and
EduJudge projects. Mooshak [2] is a contest managesystem for ICPC contests
that is being used since 2002 also as an e-Leatoiigin computer programming
courses. EduJudge [3] is a system developed fobliegathe use by Learning

Management Systems (LMS) of the collection of pamgming exercises of the UVA
on-line judgé. Both systems have automatic evaluation comporteatsif recast as

services could provide their functions to differgyes of e-Learning systems.

An implementation of the proposed service type @atals an attempt to solve a
programming exercise and produces a detailed rephid evaluation report includes
information to support exercise assessment, graatigor ranking by client systems.
The report itself is not an assessment, does ohtda a grade and does not compare
students. This kind of evaluation differs signifilg from evaluations supported by
most LMS, encoded in the IMS Question & Test Inpemability (QTI) specification.
The data model of QTI was designed for questiorth wiset of pre-defined answers
and cannot handle evaluation domains with speeidlizequirements, such as
programming exercise evaluation. For instance, namgiing exercises evaluations
requires tests cases, program solutions, compildiiees and other specific type of
metadata that cannot be encoded in QTI. To cope this problem the authors have
already extended IMS Content Packaging (CP) defmibf learning objects [4].

The remainder of this paper is organized as follaestion 2 details the evolution
of e-learning towards the e-learning frameworkse Tdilowing section introduces the
e-Framework and its technical model. Section 3 &dizes the approaches to be used
in the implementation of the programming exercigel@ator, as requires by the e-
Framework. As a contribution to the e-Frameworks tivork is a model of an
evaluation service rather than report on its im@etation. Nevertheless, we are
planning the implementation of an evaluation serviollowing this model using
virtualization, as explained in the final section.

2 Current trendsin e-learning

The evolution of e-learning systems in the last tiegades was impressive. In their
first generation, e-learning systems were develdped specific learning domain and
had a monolithic architecture [5]. Gradually, thesestems evolved and became
domain-independent, featuring reusable tools thathe effectively used virtually in
any e-learning course. The systems that reacHethéd of maturity usually follow a
component-oriented architecture in order to fea#ittool integration. An example of
this type of system is the LMS that integrates ssviypes of tools for delivering
content and for recreating a learning context (dagodle, Sakai).

The present generation values the interchange ashileg objects and learners'
information through the adoption of new standafdg brought content sharing and
interoperability to e-learning. In this contextyveeal organizations have developed
specifications and standards in the last yearssé tepecifications define, among

2 Official Web Site, http://uva.onlinejudge.org/



many others, standards for e-learning content [&nd interoperability [8]. In spite
of its adoption they have also been target ofaisitn. These systems based around
pluggable and interchangeable components, ledaostaed systems that are difficult
to reconvert to changing roles and new demands sashhe integration of
heterogeneous services based on semantic informatid the automatic adaptation
of services to users (both learners and teach@&ts)se issues triggered a new
generation of e-learning platforms based on seswvicat can be integrated in different
scenarios. This new approach provides the basisS&vice-oriented architecture
(SOA). In the last few years there have been tniga [9, 10] to adapt SOA to e-
learning. These initiatives, commonly named e-legyrframeworks, had the same
goal: to provide flexible learning environments fearners worldwide. Usually they
are characterized by providing a set of open iatar$ to numerous reusable services
organized in genres or layers and combined in cGenwsage models. These initiatives
use intensively the standards [6, 7] for e-learrdagtent sharing and interoperability
developed in the last years by several organizatfery. ADL, IMS GLC, IEEE).

Based on a previous survey [1], we conclude th&rasrework and Schools
Interoperability Framework (SIF) to be the mostmising e-learning frameworks
since they are the most active projects, both withrge number of implementations
worldwide. In the e-Framework we can contributepgogposing new service genres,
service expressions and service usage models. Brv&icannot make this type of
contribution to the abstract framework. However,caa contribute with new agents,
such as learning objects repositories.

3 TheeFramework

The e-Framework is an e-learning framework aimirgy facilitate technical
interoperability within and across higher educatad research through improved
strategic planning and implementation processes. &framework is an initiative
that was initially established by the UK's Joinformation Systems Committee
(JISC) and Australia's Department of Education, Byment and Workplace
Relations (DEEWR). In 2007, the two founding partnavere joined by the New
Zealand Ministry of Education (NZ MoE) and The Nathnds SURF Foundation
(SURF).

The e-Framework has a knowledge base to suppaetcitsmical model. A proposal
for a new component must use the internal compsneinthe technical model. This
proposal might emerge from a technical project wherany people with different
skills are connected such as vendors, developechinical people, IT Managers,
institutions, hardware and software specialistsndée it's crucial to the community
have a basic understanding about the e-Frameworhnieal Model before
contributing

The technical model of the e-Framework aims tolifaté system interoperability
via a service-oriented approach [11]. The modelviges a set of technical
components enumerated in Table 1.

A service genredescribes a generic or abstract service expressddrins of
behaviours (e.g. authenticate, harvest, searchkeice genre specifies what a



service should do without specifying how it shouldrk. This type of component is
usually described by IT Managers without any techinknowledge.

A service expression is a realisation of a single service genre by dpeation of
exact interfaces and standards used. Since thipaoent covers various technical
aspects is more suitable for programmers.

A service usage model (SUM) describes a model of the needs, requirements,
workflows, management policies and processes wihdomain. Hence, the expected
candidates to formally describe SUMs are those with domains’ knowledge. A
SUM is composed of either service genres or seexpeessions, but not a mixture.

Table1. Technical Model.

Components Description User role

Service A collection of related behaviours thatNo technical expert
Genre describe an abstract capability. (e.g. IT Manager)
Service A specific way to realise a service genre with Technical expert
Expression particular interfaces and standards. (e.g. Developer)
ServiceUsage The relationships among technical components Domain expert

M odel (services) used for software applications.  (e.g. Business Analyst)

Service genres are technology-neutral descriptadnthe behaviours of services.
They can be bound to specific technologies by onenore service expressions.
Service genres can also be abstracted from seexigpeessions. Service expressions
can be implemented in more than one way as seimipdementations, and these
implementations can be deployed in more than ore&eplas service instances.
Standards provide the interoperability of the datd messages used in the services.
Service implementations and instances may be mfecte by the e-Framework
through the technical model but are not part ofeff@amework Technical Model.

Other components such as specifications and stdsideug. IMS Metadata, LOM)
are used by service expressions but are not afswedéyy the e-Framework.

4 TheEvaluate - Programming Exer cise service expression

In the e-Framework a service expression is a simsti@n of a service genre
specifying the particular implementation approactee®e used. In this section we
define a new service expression, calledaluate - Programming Exercise, that
specializes the Evaluate service génraodelling the evaluation of an attempt to
solve an exercise defined as a learning objectmiples of this kind of exercise can
be drawn from different domains; in this servicpmssion we focus on the automatic
evaluation of programming exercises.

The e-Framework model contains 20 distinct elementsdescribe a service
expression, 9 of which are required elements, hadd@maining either recommended
or optional. For the sake of terseness the remaiwfdiis section concentrates on the
most significant of those elements.

3 We completed the definition of this service gesme we expect to publish it shortly.



4.1 Behaviours& Requests

The Behaviours & Requests element details technical information about the
functions and operations of the service expresdibm.three types of request handled
by this service expression are:
» ListCapabilities: provides the client systems with the capabilitefsa
particular evaluator;
» EvaluateSubmission: allows the request of an evaluation for a specific
programming exercise;
* GetReport: allows a requester to get a report for a speeifimluation using
a ticket.

The ListCapabilities function provides the client systems with the capabilités
a particular evaluator. Capabilities depend strpragi the evaluation domain. In a
programming exercise the evaluator capabilities eskated to the supported
programming language compilers or interpretershiEapability is described by a set
of features; for a programming language they maghledanguage name (e.g. Java),
its version (e.g. 1.5) and vendor (e.g. JDK).

The EvaluateSubmission function requests the evaluation of a program. The
request of an evaluation is based on three parasneteeference for a programming
exercise described as a learning object, an attenguilve the exercise and a specific
capability to be used in evaluation (e.g. compild axecute as a Java program). The
evaluator returns a report on the evaluation, i @dompleted within a predefined time
frame. In any case the response will include aeti¢k recover the report on a later
date.

The GetReport function returns a report for a specific evaluation usinticket.
The report contains detailed information on theleatton but should not be view as
an assessment, since it neither declares the dteengeceptable, nor does it include a
grade. The report sent to the client can be useth@ag for other systems (e.g.
classification systems, feedback systems). Thertépduded in this response may be
transformed in the client side based on a XML styéet. This way the client will be
able to filter out parts of the report and to chdteia classification based on its data.

4.2 Use& Interactions

The Use & Interactions element illustrates howftinections defined in the Requests
& Behaviours section are combined to produce a fimsfk An interaction involving
the evaluator and two other service types, usirg tthiee main functions of the
evaluator, is depicted schematically in Fig. 4 asUML sequence diagram. The
diagram includes three objects representing:
e Learning Management System - to manage the exsrsigtable to specific
learner’s profiles;
» Evaluation Engine - to automatically evaluate anédg the students'
attempts to solve the exercises;
» Learning Objects Repository - to store programnaregrcises and to retrieve
those suited to a particular learner profile.
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Fig. 1. Interacting with the evaluator.

The workflow presented in Fig. 1 starts with thenfiguration of an evaluation
activity in an LMS (e.g. Moodle with an evaluatigriugin). The configuration
involves the selection of programming exercises @ogramming languages and will
be carried out by a teacher. To select relevangraroming exercises the LMS
forwards the searches to a repository. To seleramming language the LMS uses
the ListCapabilities function of the evaluator.

During the evaluation activity itself the LMS itéea on the evaluation of all
submissions. In general each student is able termakeral submissions for the same
exercise and an activity may include several esesciEach evaluation starts with an
EvaluateSubmission request from the LMS to theuatal, sending a program and
referring an exercise and a programming language. dvaluator retrieves the LO
from the repository to have access to test capesjad correctors and other metadata.
The response to of this function returns a ticked @an evaluation report, if the
evaluation is completed within a certain time franidhe LMS may retrieve the
evaluation report using the GetReport function wlith ticket as argument.

4.3 Applicable Standards

The Applicable Standards element enumerates thee:iaand versions of all the
domain and technical standards, specifications apulication profiles needed to
provide the functionality of the service expression



The pertinent e-learning content standards forghisice expression are the IMS
Content Packaging (IMS CP) [12] v1.1.4 final speaifion and the IEEE Learning
Object Metadata (LOM). We introduce also a speaifan from a previous work [4]
where we defined programming exercises as leawidjects based on the IMS CP.

An IMS CP learning object assembles resources agtd-gata into a distribution
medium, typically a file archive in zip format, Wwitits content described in a file
namedimsmanifest.xmlat the root level. The manifest contains four isest meta-
data, organizations, resources and sub-manifests. ffain sections are meta-data,
which includes a description of the package, argburces, containing a list of
references to other files in the archive (resoyraed dependency between them.

This standard was defined for LO in general, nactrally for programming
problems. In particular, the IMS CP schemata (idiclg the IEEE LOM) lack
features for describing all the resources requioeperform the automatic evaluation
of programming problems. For instance, there isvag to assert the role of specific
resources, such as test cases or solutions. FaetyniMS CP was designed to be
straightforward to extend it and thus we were ablese this standard for our purpose
of defining programming problems as learning olgect

Meta-data information in the manifest file usudtlows the IEEE LOM schema,
although other schemata can be used. Since thedattarelated to the automatic
evaluation cannot be conveniently represented usiadEEE LOM, it is encoded in
elements of a new schema - the EduJudge Meta-gatifisation (EJ MD).

The only e-learning interoperability standard relavto this service expression is
the IMS DRI specification [8]. It was created byetHMS Global Learning
Consortium (IMS GLC) and provides a functional d@etture and reference model
for repository interoperability. The IMS DRI prowid recommendations for common
repository functions, namely the submission, searath download of LO. The IMS-
DRI must be used by the evaluator with the LO répos

There are no e-learning standards for interopetabilith evaluators thus we
focus on general communication standards such @setrelated with web service
communication. There are two main web servicesoflas: Simple Object Access
Protocol (SOAP) [13] and Representational Staten3fea (REST) [14]. We propose
that the service expression supports both flavours.

SOAP web services are usually action oriented, asle when used in Remote
Procedure Call (RPC) mode and implemented by atthefshelf SOAP engine such
as Axis [15]. REST web services are object (resunriented and implemented
directly over the HTTP protocol, mostly to put agdt resources. The reason to
provide two distinct web service flavours is to em@ge the use of the evaluator by
developers with different interoperability requiremts. A system requiring a formal
an explicit definition of the API in Web Serviceg$&xription Language (WSDL) [13],
to use automated tools to create stubs, will seleetSOAP flavour. A lightweight
system seeking a small memory footprint at the egpef a less formal definition of
the API will select the REST flavour.



4.4 Interface Definition

The Interface Definition element formalizes theenféices of the service expression,
namely the syntax of requests and responses @dritgsions. This particular service

expression exposes its functions as SOAP and REST services. The syntax of

function requests in both flavours is summarizedable 2.

Table2. Service Expression function requests in SOAPRIEBST.

Function Web
Service
sOAP ERL ListCapabilities()

Syntax

ListCapabilities REST CET /evaluate/ > ERL

SOAP ERL Evaluate (Problem Attenpt , Capability)
REST POST /eval uate/ $Cl D?i d=LO D < PROGRAM > ERL
SOAP ERL Get Report (Ticket)

REST GCET $Ticket > ERL

EvaluateSubmission

GetReport

The remainder of this sub-section describes thasetibns in detail. All these
functions respond with an XML document complyinghwihe Evaluation Response
Language (ERL). The ERL is formalised in XML Scheamal covers the definition of
the response messages for the three evaluatoidnacihe diagram depicted in the
Fig. 2 includes two main elementsequest and reply. The former echoes the
request function and its parameters as receivetidgvaluation service and the later
contains the output to that request.

MessageType ReplyType
& date dateTime @ date dateTime
[€] reply ReplyType ticket anyURD
1| [e] request RequestType & capabilities _ CapabilitiesType
;+ i [&] report ReportType
RequestType (listCapabilitiesType)
& date dateTime
[&] listCapabilities (listCapabilitiesType) (evaluateSubmissionType)
£l [€] evaluateSubmission  (evaluateSubmissionType) learningObject  anyURT
- [€] getReport (getReportType) capability o]
= [&] program string
(getReportType)

Fig. 2. The ERL schema.

Therequest element contains a different sub-element accortiindpe function
type. Thereply element includes two sub-elements representing pibgsible
responses of the service, more precisely,ctiygabi | i ti es andreport elements.
Thecapabi liti es element is used in a ListCapabilities responsés &ement has
severalcapability sub-elements each with sevefalat ure elements to describe it.
Theti cket attribute holds a ticket to recover a report dater date.



4.5 Usage Scenarios

The Usage Scenarios element characterizes the typesrkflows in which the
service expression is used. In our case these lworkfypes can be classified as
curricular and competitive learning. In this sulotgm we detail the requirements of
these different scenarios.

Curricular learning in computer programming requires the evaluation of
exercises in several moments such as practicaedaassignments and examinations.
A programming evaluation service can be used irnttalte cases. Its usefulness in
practical classes results from the instant feedlitapkovides to students, identifying
the failed test cases and providing hints to restitem. In programming assignments
combining automatic and human evaluation both faekitand grading are relevant.
In this scenario the student may submit multipfees, until a number of tests is
passed, and receive automated feedback in thegmdceexaminations grading is the
most relevant part and different grading policies de implemented by the client
based on the tests cases that were successfullyleimah.

Competitive learning relies on the competitiveness of students to aseetheir
programming skills. This is the common goal of sal/programming contests where
students at different levels compete such as:rtegriational Olympiad in Informatics
(I01)* for secondary school students; the ACM IntermaticCollegiate Programming
Contests (ICPC) for university students; and the IEEExtrémior IEEE student
members. Each programming contest type has its setrof rules. In some cases
students participate individually (as in 10l andEExtreme) in other cases they
participate as a team (as in ICPC). Moreover, eamitest has its own policy for
grading and ranking submissions. For instance, d€igas points to tests and ICPC
just accepts a submission if it passes all tests, gives a penalty for failed
submissions when an exercise is accepted.

An implementation of the proposed service expresgiteets the evaluation
requirements of this wide range of scenarios, froumricular and competitive
learning. The evaluation report does not compugeade, points or classification, nor
produces a feedback for any particular scenariovdver, all these can be easily
computed by clients using a XSL transformationfm XML formatted report.

5 Conclusion and ongoing work

This paper presents a contribution to the e-Framewonsisting of an evaluation
service for programming exercises. More precisely,add a new service expression
specializing an existing service genre refining litshaviours and requests, and
specified implementation approaches such as apdicatandards and interface
definitions.

4 10l Official Web Site, www.ioinformatics.org
5 Official Web Site, http://icpc.baylor.edu/
6 |IEEExtreme Official Web Site, http://ieeextremglo



We are currently developing an evaluation enginesetiaon this service
expression. This implementation is based on Virtddathines (VM) to execute the
programs on a safe and controlled environment artivided into five components,
two controlling the evaluation service and othee¢hsupporting the execution of the
programs on the VM. The five independent compongivs the evaluation engine a
higher scalability. The use of VM allows us to mgaa high number of capabilities
such as languages and programming environments diierent operating systems,
including obsolete versions.
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