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Chapter 1
Organization, evaluation and delivery of the
assignment

This is the guide for the second laboratory assignment, in this document you can find:

• The learning goals of the assignment corresponding to the course syllabus

• The description of the problem that you will have to solve

• The points that you have to include in the report to deliver as the result of the assignment

• The weekly planning of the assignment including the goals to fulfill each week and the estimated
work load

• Evaluation rubric of the assignment

The assignment has to be solved by a team of three students. Do not try to solve the assignment
alone, if you can not find a teammate talk to your laboratory professor.

You must develop the assignment using the CLIPS language. How to use this language will be
explained in laboratory class. You have also additional documentation about this language on the
laboratory webpage.

It is important to plan the development of this assignment and do not do all the work at the last
moment. This assignment guide will give you directions about how to develop the assignment and
will help you to plan your work.

The grade will depend on the quality of the analysis of the problem, the adequacy of the coverage
of the ontology and the quality of the solutions that can be obtained. Read chapter about the
evaluation rubrics for a detailed description of the grading criteria.

The written report and the code are due by December 23rd, the delivery will be electronically
following the instructions that will appear in the racó.

There will be also a face to face presentation of the assignment during the days of January 9th,
10th and 11th, your laboratory professor will publish the schedule of presentations.
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Chapter 2
Goals of the assignment

The goal of this assignment is to deal with a problem that needs expert knowledge to be solved. To
solve the problem it is necessary to address problems of analysis and or synthesis

The specific goals of this assignment are:

• To analyze the nature of the problem and to identify the sources of knowledge that are needed
to solve the problem.

• To use the methodology for the analysis and implementation of knowledge based systems
explained in the theory classes.

• Formalize and represent the knowledge needed to solve the problem. A methodological ap-
proach to the building of the ontology has to be used ant the decisions taken have to be
properly justified. The result has to be an ontology that can be used for the solution of the
problem.

• To identify the kind of problem solving methodology more adequate for the problem and to
define the solution of the problem using this methodology.

• To implement the solution of the problem using a rule based language.

• To apply the software engineering methodologies for rapid prototyping and incremental devel-
opment

• To choose adequate and demonstrative test cases to show the functioning of the solution and
to explain the results of the tests.

• To have contact with languages for knowledge representation and knowledge based systems
development. A certain proficiency and maturity on the use of the CLIPS language has to be
shown.

With respect to the evaluation of the assignment, you have available a rubric with the criteria
that will be used and a description of the grade levels of each criteria.
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Chapter 3
The problem

In order to be prepared for the usual new year resolutions (get fit/lose weight), the gym chain No
pain no gain wants to develop a KBS able to recommend training programs for its future clients.

For the recommendation process, the first step is to stablish the general physical conditions of
the client. To do that we need a set of basic data like weight, height (from these two we can compute
the body mass index), age and blood pressure (high and low). We can also ask the client to perform
a set of simple exercises, like running fast during a minute or climbing stairs at a normal rhythm,
to obtain some information like the heart beat rate per minute, sensation of tiredness, dizziness or
muscular stress.

We want also information about their daily routine, we want to know about the types of physical
activities that the clients engage during work time (sitting, standing, walking, repetitive movements,
weight lifting, heavy muscular activity, ...), out work activities (static (watch television, reading, ...),
household activities (ironing, cleaning, dish washing, ...), displacements (walking while shopping,
leisure walking, walking pets, ...)). From all these activities we are interested on their frequency and
duration. To engage in more or less physical activity during the daily activities will give us an idea
about the initial intensity that the user can endure and what goals are already covered by the daily
routine.

We need also information about their health, like for example skeletal and muscular problems
(back pain, joints pain, cervical pain, ...) or diet habits (vegetables-fruit consumption, excess of salt,
eating between meals, ...).

Apart from this information it will be also necessary to know the goals of the exercise program,
for example to keep in shape, to regain shape, lose weight, gain muscle/strength, gain flexibility,
improve balance, ... We need also to know the time available to perform the exercises (at least 30
minutes per day).

The system knows about a set of exercises that can be performed inside a gym that can cover the
different goals that a user can look for (an exercise could cover different goals), such as exercises with
apparatus (static bicycle, running machine, rowing machine, stepper, weight lifting, ...), exercises with
or without weights for the different muscular groups, floor exercises, exercises for stretching/flexibility,
...

All these exercises have a set of characteristics and constraints, for example, the number of
calories burn for unit of time, duration (minimum, maximum), number of repetitions (minimum,
maximum), muscular groups trained, if it is not adequate for specific conditions (high blood pressure,
muscular/joint problems, ...), if it can alleviate certain conditions (back pain, limited mobility, ...),
if it is not adequate from certain age, ... We have also information about what exercises combine
better with other exercises. The difficulty of an exercise (moderate, normal, high) can be from the
exercise itself, related to the number of repetitions or related to the physical shape of the user (to
perform 5 abdominal curl-ups can be easy for somebody in a normal shape and slim, but difficult
for a over-weighted person)

The system has to generate a training program for a week, each day will consist of a sequence of
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exercises adequate for the time the user has available. The exercises have to be selected taking in
account the health and physical constrains of the user. The exercises should be mainly oriented to
fulfill the goal that the user has indicated, taking in account the initial physical shape of the user.
The exercises included have to diverse enough from day to day and during the whole week to avoid
monotony.

Apart from your own experience and other sources of knowledge that you can access, you can
obtain information about exercises using Google, you can try with keywords like exercises & fitness,
exercises & calories, ... You can also have an idea about the possible solutions looking the keywords
exercises & routines. You do not have to be exhaustive with the list of exercises, but there have
to be enough to solve the different scenarios that you propose. The values of the attributes for the
exercises do not have to be exact (you can just made them up) but try to use values that make sense,
use your commonsense.

You have to implement this system and write a report about it that has to include:

• An analysis of the problem following the steps of the knowledge engineering methodology ex-
plained in class (identification, conceptualization, formalization, implementation and testing).
You have to detail these steps in your documentation. Think that the conceptualization and
formalization steps include the ontology, so, you have to explain with detail how it has been
designed.

• The ontology created to represent the knowledge that the system needs (you can generate the
description and the graphical representation for the documentation using Protègè)

• A set of non trivial tests that demonstrates how your program solves different cases.

Additionally to the documentation of the assignment you must include the commented source
code of the system you have implemented.

The grade will depend on the quality of the analysis of the problem, the adequacy of the coverage
of the ontology and the quality of the solutions that can be obtained. Read the evaluation rubrics
for a detailed description of the grading criteria.
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Chapter 4
Assignment Guide

First week: CLIPS/Assignment description (October 29th)
This first week has to be devoted to read and comprehend the assignment description and to have
the fist contact with the CLIPS language.

You have to use this week to read the documentation about the CLIPS language and to look
into the simple examples that you have available. You have a FAQ (in spanish/catalan) linked from
laboratory web page. This FAQ has been elaborated by past students from the course and probably
will answer the majority of your questions during the development of the assignment, you also have
some practical advice about how to develop your program.

You have to keep in mind that CLIPS is different from the programming languages you are used
to, because of that, is important that you get acquainted with the language as early as you can and
look into the examples. This will save you time when you start the development of the assignment.

While you are making yourselves comfortable with the language it would be interesting that you
start thinking about the domain of the assignment and on the ontology that you will need.

You can start designing it on paper, thinking about the concept and attributes that could be
interesting to have. You can read the paper “Ontology Development 101” that you have in the theory
web page on the additional material on theme 3 to have some points about what methodology use.

If it was important during the first assignment to plan your work ahead, in this assignment it is
even more important. Do not let the time pass and start working too late, seriously.

Second week: The specification of the problem (November
5th)
This week is assigned for the specification of the problem. You need to have a clear vision about the
elements that you will need to build the ontology for the domain of the assignment. Given that the
idea is to use an incremental development approach it has not to be the final ontology.

This week in the laboratory class the functioning of the CLIPS environment will be explained. It
is important that you look into the examples that you have available, specially the solutions of past
semesters assignments. You can also try to execute them, the description of the assignments they
correspond to are available on the “other material” web page.

This week the tool Protègè will also explained. It is fairly easy to use. You can use it to design the
ontology and to export it to the language that CLIPS uses. You can also generate the documentation
of the ontology exporting it to HTLM. It exports the ontology hierarchy and the description of the
classes and attributes. Obviously you have to include the documentation of every element in Protègè
first.

You can also browse the ontologies of past semesters assignments.
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Before beginning the development of the ontology read first the documentation available about
how to develop an ontology.

Third week: The ontology (November 12th)
During this week you should have a good idea of what are you going to include in the ontology. As
it was said before, it has not to be the final version, probably you will need to make some changes
while development advances.

You will need also to create some instances. It is not necessary to include all the instances you
need from the beginning. You can have as first goal to solve a limited set of simple problems and to
decide what concepts from the ontology will be required, creating the instances accordingly.

Keep always in mind the philosophy of incremental development, divide the problem in modules
and subproblems and focus on building an initial functioning prototype that you can extend to the
final system.

Fourth week: Subproblems decomposition/Initial prototype
(November 19th)
One of the key points in order to start the implementation of the system is to obtain a decomposition
of the problem in subproblems that give the different steps that lead to a solution.

You should keep in mind that some of the problem solving methodologies explained in theory
classes has to be applied in the implementation of the assignment. This means that the problem de-
composition has to be embedded in the phases of these methodologies. You can use the methodologies
as a guide form the decomposition.

When you write the assignment report you will have to explain the decomposition of the problem
(conceptualization) and how the subproblems are embedded in the problem solving methodologies
(formalization).

From this decomposition you can implement a few rules that solve a simplified version of the
problem. This will be the initial prototype that will allow you to evaluate the decisions taken so far
and give some guidance about how to extend and complete it. The goal of this initial prototype is
to detect in the early stages of development any problems in the ontology or in the design of the
system.

It is a good idea to choose some test cases that the system should be able to solve and focus the
development in creating the rules to solve them.

Fifth week: Extension of the prototype (November 26th)
At this time you should have a pretty good idea of the design of the system and should have validated
all the design decisions taken.

• The ontology should be final

• The problem decomposition should have resulted in the rule modules of the system

• You should have a set of test cases to develop the initial prototype and its extensions

From now on you have to extend the prototype to include new cases. The cases should be chosen
in order to obtain a set of test cases diverse enough to test the different possible scenarios of the
problem.
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Do not forget to work on the assignment report, it is not a good idea to wait until the last moment.
You can start documenting the final ontology, do not only describe its classes and attributes, explain
how you designed it, indicate the necessary justifications for your decisions and do not omit any
decision you have made.

Sixth week: Final prototype (December 3rd/December 10th)
At this time all the design decisions should be final.

You should think about the test cases and see that the result that the system gives are correct.
The test cases should be representative of the different scenarios that the problem can have and your
system can solve.

The test cases should be diverse enough respect the possible elements from the domain and their
complexity. You can use these test cases also as the test cases you will show in the documentation
of the assignment, so you are killing two birds with a stone. Save the results that you obtain and
document them adequately. You should be able to explain the results of the test from the knowledge
that has the system and the information that represent the case.

Do not forget about the documentation, do not let the time pass and think that it has to show
the work you have done.

Seventh Week: Test cases and documentation (December
17th )
This week you need to have the results of the test cases that you have decide to include in the
documentation. The results have to be documented adequately, explaining the test case and the
results that the system obtain.

The rest of the documentation has to describe the development of the assignment. The docu-
mentation has to be structured following the phases of the development methodology that has been
explained in theory class.
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Chapter 5
Task planning

This planning can be useful as an orientation about how organize and divide the work of the assign-
ment. Notice that a careful planning of the work will benefit the quality of the result.

The workload in hours of the assignment, considering the ECTS credits it has, is 25 for each
member of the team plus 7 hours of laboratory class. This make a total of 111 hours during six
weeks. Notice that these are ECTS hours, so this is the workload that the average student has to
use to solve the assignment to an acceptable level (lets say a B+ grade = 8 over 10 points) to obtain
an A grade (10 over 10 points) you will need some more hours of dedication.

This table includes all the task to be solved during the weeks described in this guide. The
approximate weekly hours of dedication of the group are also indicated.

Week 1 (3h lab + 8 hours of work)

1. Begin to learn how to program using the CLIPS language
2. Browse and run the examples
3. Read the CLIPS snippets document
4. Read and understand the description of the assignment
5. Think about the domain of the assignment from the expert point of view, look for sources

of knowledge

Week 2 (3h lab + 10 hours of work)

1. Look the flash presentation about how to use Protégé and the CLIPS environment
2. Build an informal version of the domain ontology (first each member of the group separatedly,

then merge both designs together)
3. Look into the solutions published on the web of the assignments of past semesters
4. Think about the resolution of the problem from the expert point of view

Week 3 (3h lab + 12 hours of work)

1. First version of the ontology in Protègè + its documentation also using Protégé
2. Find a set of problems that should to be solved by the final system and think about how the

experts would solve them
3. Describe some of these problems using the ontology
4. Plan the incremental development of the assignment from the the problem and decide the

goals of the first prototype
5. Document the problems and the development plan
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Week 4 (3h lab + 12 hours of work)

1. Think about the resolution of the problem from the knowledge engineer point of view (prob-
lem resolution methodologies, problem decomposition, modularization of the resolution pro-
cess)

2. Document the resolution methodology that will be used and how the problem decomposition
can be embedded in the methodology

3. Development of an initial prototype able to solve an instance of a simple problem

Week 5 (3h lab + 15 hours of work)

1. Extend the initial prototype to solve more problems

Week 6 (3h lab + 10 hours of work)

1. Complete the prototype
2. Generate the test problems with the problems used to develop the system
3. Decide some additional test problems and execute them on the system
4. Document the results (justify the test problems, explain their solution)

Week 7 (3h lab + 8 hours of work)

1. Complete the documentation of the test
2. Finish the documentation of the assignment

The two first hours of laboratory class will help you to understand how CLIPS and Protègè work.
The rest of laboratory classes have to be used to ask questions/doubts about the assignment, to
synchronize your work with your teammate and to develop the assignment.

It is important that the tasks of the assignment are divided fairly and adequately between the two
members of the group. Notice that most of the tasks can be performed in parallel. And remember
that three people in front of the same PC for an hour are just an hour of work, not three.
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Chapter 6
Evaluation Rubric

This is the evaluation rubric for the assignment. The grading of the assignment will use these criteria
and will follow the indication for each grade level.

You must follow these criteria when you write the report for the assignment to explain the work
that you have done and how you have done it.

11



X
X

X
X

X
X
X

X
X
X

X
X

In
di
ca
to
r

le
ve
l

In
ad

eq
ua

te
N
ee
ds

im
pr
ov
em

en
t

A
de
qu

at
e

U
se

of
th
e
de
sig

n
an

d
im

pl
em

en
ta
tio

n
m
et
ho

do
lo
gy

Id
en
tifi

ca
tio

n

•
T
he

de
sc
rip

tio
n
of

th
e
pr
ob

le
m

is
a
ve
rb
at
im

co
py

of
th
e
de
sc
rip

-
tio

n
fro

m
th
e
as
sig

nm
en
t.

•
T
he

de
sc
rip

tio
n
of

th
e
pr
ob

le
m

is
a
ve
rb
at
im

co
py

of
th
e
de
sc
rip

-
tio

n
fro

m
th
e
as
sig

nm
en
t.

•
A

br
ie
f
an

al
ys
is

of
th
e
vi
ab

ili
ty

of
th
e
co
ns
tr
uc
tio

n
of

a
K
B
S
fo
r

th
e
pr
ob

le
m

is
in
cl
ud

ed
.

•
A

cl
ea
r
de
sc
rip

tio
n

of
th
e
go
al
s

of
th
e
pr
ob

le
m

an
d
th
e
ex
pe

ct
ed

re
su
lts

fro
m

th
e
sy
st
em

to
be

im
-

pl
em

en
te
d
is

in
cl
ud

ed
.

•
T
he

de
sc
rip

tio
n

of
th
e
pr
ob

le
m

is
m
or
e
el
ab

or
at
ed

th
an

th
e
on

e
fro

m
th
e
de
sc
rip

tio
n

of
th
e
as
-

sig
nm

en
t

•
A

de
ta
ile
d
an

al
ys
is

of
th
e
vi
ab

il-
ity

of
th
e
co
ns
tr
uc
tio

n
of

a
K
B
S

fo
r
th
e
pr
ob

le
m

is
in
cl
ud

ed
.

•
T
he

id
en
tifi

ca
tio

n
of

th
e
kn

ow
l-

ed
ge

so
ur
ce
sis

in
cl
ud

ed
.

•
A

cl
ea
r
de
sc
rip

tio
n

of
th
e
go
al
s

of
th
e
pr
ob

le
m

an
d
th
e
ex
pe

ct
ed

re
su
lts

fro
m

th
e
sy
st
em

to
be

im
-

pl
em

en
te
d
is

in
cl
ud

ed
.

C
on

ce
pt
ua

liz
at
io
n

•
T
he
re

is
no

de
sc
rip

tio
n

of
th
e

co
nc
ep
ts

in
vo

lv
ed

in
th
e
do

m
ai
n

co
nc
ep
tu
al
iz
at
io
n.

•
T
he
re

is
no

de
sc
rip

tio
n

of
th
e

pr
ob

le
m
s

an
d

su
bp

ro
bl
em

s
in
-

vo
lv
ed

in
th
e
re
so
lu
tio

n
of

th
e

pr
ob

le
m
.

•
T
he
re

is
no

in
fo
rm

al
de
sc
rip

tio
n

of
th
e
w
ho

le
re
so
lu
tio

n
pr
oc
es
s.

•
D
es
cr
ip
tio

n
of

th
ec

on
ce
pt
so

ft
he

do
m
ai
n.

•
B
rie

fd
es
cr
ip
tio

n
of

th
e
pr
ob

le
m
s

an
d
su
bp

ro
bl
em

s
in
vo
lv
ed

in
th
e

re
so
lu
tio

n
of

th
e
pr
ob

le
m
.

•
D
es
cr
ip
tio

n
of

th
ec

on
ce
pt
so

ft
he

do
m
ai
n.

•
D
et
ai
le
d
de
sc
rip

tio
n
of

th
e
pr
ob

-
le
m
s
an

d
su
bp

ro
bl
em

s
in
vo

lv
ed

in
th
e
re
so
lu
tio

n
of

th
e
pr
ob

le
m
.

•
In
fo
rm

al
de
sc
rip

tio
n
of

th
e
w
ho

le
re
so
lu
tio

n
pr
ob

le
m

an
d
ho

w
th
e

pr
ob

le
m
s
an

d
su
bp

ro
bl
em

s
pa

r-
tic

ip
at
e
in

th
e
re
so
lu
tio

n.

12



X
X

X
X

X
X
X
X

In
di
ca
to
r

le
ve
l

In
ad

eq
ua

te
N
ee
ds

im
pr
ov
em

en
t

A
de
qu

at
e

Fo
rm

al
iz
at
io
n

•
T
he
re

is
no

ex
pl
an

at
io
n
ab

ou
t
ho

w
th
e
on

to
l-

og
y
ha

s
be

en
bu

ilt
.

•
T
he

on
to
lo
gy

ha
s
a
fe
w
co
nc
ep
ts
,a

fe
w
si
m
pl
e

at
tr
ib
ut
es

an
d
no

re
la
ti
on

s.

•
T
he

on
to
lo
gy

is
no

t
do

cu
m
en
te
d.

•
T
he
re

ar
e
no

al
go
ri
th
m
ic

ex
pl
an

at
io
n
ab

ou
t

w
ha

t
ea
ch

id
en
ti
fie

d
su
bp

ro
bl
em

do
es
.

•
T
he
re

is
ne
it
he

r
an

ex
pl
an

at
io
n
ab

ou
t
w
ha

t
pr
ob

le
m

re
so
lu
ti
on

m
et
ho

do
lo
gy

is
m
or
e
ad

-
eq
ua

te
no

r
a

de
sc
ri
pt
io
n

ab
ou

t
ho

w
th
e

su
bp

ro
bl
em

s
id
en
ti
fie
d

ar
e
em

be
dd

ed
in

th
e

m
et
ho

do
lo
gy

st
ep
s.

•
T
he
re

is
a
br
ie
f
ex
pl
an

at
io
n

ab
ou

t
ho

w
th
e

on
to
lo
gy

ha
s
be

en
bu

ilt
.

•
T
he

on
to
lo
gy

in
cl
ud

es
m
os
t
of

th
e
re
le
va
nt

co
nc
ep
ts
,
a
fe
w

si
m
pl
e
at
tr
ib
ut
es

an
d

so
m
e

re
la
ti
on

s.

•
T
he

do
cu
m
en
ta
ti
on

of
th
e
on

to
lo
gy

is
su
pe

rfi
-

ci
al

(o
nl
y
is
st
at
ed

w
ha

te
ac
h
co
nc
ep
tm

ea
ns
).

•
T
he
re

is
a
de
ta
ile
d
al
go
ri
th
m
ic

de
sc
ri
pt
io
n
of

ea
ch

id
en
ti
fie
d
su
bp

ro
bl
em

.

•
T
he

m
or
e

ad
eq
ua

te
pr
ob

le
m

re
so
lu
ti
on

m
et
ho

do
lo
gy

is
on

ly
m
en
ti
on

ed
.

•
T
he
re

is
a
de
ta
ile
d
ex
pl
an

at
io
n
ab

ou
th

ow
th
e

on
to
lo
gy

ha
s
be

en
bu

ilt
.

•
T
he

on
to
lo
gy

in
cl
ud

es
al
l
th
e
re
le
va
nt

co
n-

ce
pt
s,

al
lt
he

ne
ce
ss
ar
y
at
tr
ib
ut
es

an
d
al
lt
he

re
le
va
nt

re
la
ti
on

s.

•
T
he

do
cu
m
en
ta
ti
on

of
th
e

on
to
lo
gy

is
de
-

ta
ile
d

(a
ll

th
e
el
em

en
ts

of
th
e
on

to
lo
gy

ar
e

de
sc
ri
be

d)
,a

nd
a
gr
ap

h
of

th
e
co
nc
ep
ts

hi
er
-

ar
ch
y
is

in
cl
ud

ed
.

•
A

de
ta
ile

d
al
go
ri
th
m
ic

de
sc
ri
pt
io
n

of
ea
ch

id
en
ti
fie
d
pr
ob

le
m

is
in
cl
ud

ed
.

•
A

ju
st
ifi
ca
ti
on

of
th
e

pr
ob

le
m

re
so
lu
ti
on

m
et
ho

do
lo
gy

is
gi
ve
n

an
d

an
ex
pl
an

at
io
n

ab
ou

t
ho

w
th
e
su
bp

ro
bl
em

s
id
en
ti
fie
d
ar
e
em

-
be

dd
ed

in
th
e
m
et
ho

do
lo
gy

st
ep
s
is
in
cl
ud

ed
.

Im
pl
em

en
ta
ti
on

•
T
he

on
to
lo
gy

is
im

pl
em

en
te
d
in
ad

eq
ua

te
ly
.

•
T
he

re
so
lu
ti
on

of
th
e
pr
ob

le
m

is
no

t
m
od

u-
la
ri
ze
d.

•
T
he

re
pr
es
en
ta
ti
on

of
th
e
re
so
lu
ti
on

pr
oc
es
s

us
in
g
ru
le
s

do
es

no
t
fo
llo

w
th
e
st
ep
s
of

th
e

ch
os
en

pr
ob

le
m

re
so
lu
ti
on

m
et
ho

do
lo
gy
.

•
N
o
de
ve
lo
pm

en
t
m
et
ho

do
lo
gy

ha
s
be

en
us
ed
.

•
T
he

on
to
lo
gy

is
im

pl
em

en
te
d
ad

eq
ua

te
ly
.

•
T
he

re
so
lu
ti
on

of
th
e
pr
ob

le
m

is
no

t
m
od

u-
la
ri
ze
d.

•
T
he

re
pr
es
en
ta
ti
on

of
th
e
re
so
lu
ti
on

pr
oc
es
s

us
in
g

ru
le
s
fo
llo

w
s
th
e
st
ep
s
of

th
e
ch
os
en

pr
ob

le
m

re
so
lu
ti
on

m
et
ho

do
lo
gy
.

•
T
he

de
ve
lo
pm

en
t
m
et
ho

do
lo
gy

is
no

t
in
cr
e-

m
en
ta
l
an

d
no

in
te
rm

ed
ia
te

pr
ot
ot
yp

es
ha

s
be

en
im

pl
em

en
te
d.

•
T
he

on
to
lo
gy

is
im

pl
em

en
te
d
ad

eq
ua

te
ly
.

•
T
he

re
so
lu
ti
on

of
th
e
pr
ob

le
m

is
m
od

ul
ar
iz
ed

fo
llo

w
in
g
th
e
id
en
ti
fie
d
su
bp

ro
bl
em

s.

•
T
he

re
pr
es
en
ta
ti
on

of
th
e
re
so
lu
ti
on

pr
oc
es
s

us
in
g

ru
le
s
fo
llo

w
s
th
e
st
ep
s
of

th
e
ch
os
en

pr
ob

le
m

re
so
lu
ti
on

m
et
ho

do
lo
gy
.

•
A
n

in
cr
em

en
ta
l

de
ve
lo
pm

en
t

m
et
ho

do
lo
gy

ha
s
be

en
us
ed
,
in
te
rm

ed
ia
te

pr
ot
ot
yp

es
ha

ve
be

en
im

pl
em

en
te
d
an

d
al
l
th
is

is
ad

eq
ua

te
ly

de
sc
ri
be

d
in

th
e
do

cu
m
en
ta
ti
on

.

13



14



X
X

X
X

X
X
X
X

In
di
ca
to
r

le
ve
l

In
ad

eq
ua

te
N
ee
ds

im
pr
ov
em

en
t

A
de
qu

at
e

Te
st
in
g

C
ov
er
ag
e

•
A

fe
w

te
st

ca
se
s
(<

4)
an

d
al
lv

er
y
si
m
ila

r.

•
T
he
re

is
no

ex
pl
an

at
io
n
ab

ou
t
ho

w
th
e
te
st

ca
se
s
ha

ve
be

en
ch
os
en
.

•
A

fe
w
te
st

ca
se
s
(≥

4,
<
6)

bu
t
fa
ir
ly

di
ffe

re
nt
.

•
O
nl
y
th
e
us
e
ca
se
s
us
ed

in
th
e
de
ve
lo
pm

en
t

ha
ve

be
en

te
st
ed
.

•
T
he
re

is
no

ex
pl
an

at
io
n
ab

ou
t
ho

w
th
e
te
st

ca
se
s
ha

ve
be

en
ch
os
en
.

•
M
an

y
te
st

ca
se
s
(≥

6)
an

d
fa
ir
ly

di
ffe

re
nt
.

•
So

m
e
te
st

ca
se
s
ar
e
di
ffe

re
nt

fr
om

th
e
us
e

ca
se
s
us
ed

in
th
e
de
ve
lo
pm

en
t.

•
T
he
re

is
an

ex
pl
an

at
io
n
ab

ou
t
ho

w
th
e
te
st

ca
se
s
ha

ve
be

en
ch
os
en
.

E
xp

la
na

ti
on

s

•
O
nl
y
th
e
ra
w

ou
tp
ut

is
in
cl
ud

ed
.

•
T
he

ou
tp
ut

is
in
cl
ud

ed
an

d
on

ly
a
br
ie
f
ex
-

pl
an

at
io
n
of

th
e
re
su
lt
s
is

in
cl
ud

ed
.

•
T
he

ou
tp
ut

is
in
cl
ud

ed
an

d
th
e
re
su
lt
s
ar
e

ad
eq
ua

te
ly

ex
pl
ai
ne
d
fr
om

th
e
in
pu

ts
of

th
e

te
st

an
d
th
e
kn

ow
le
dg

e
th
at

th
e
sy
st
em

ha
s.

C
LI
P
S
im

pl
em

en
ta
ti
on

K
no

w
le
dg

e
of

th
e
la
ng

ua
ge

•
M
ai
nl
y
un

or
de
re
d
fa
ct
s
ar
e
us
ed
.

•
T
he

ru
le
s
ar
e
no

t
or
ga
ni
ze
d.

•
U
se

of
gl
ob

al
va
ri
ab

le
s.

•
D
ef
te
m
pl
at
es

an
d
ob

je
ct
s
ar
e
us
ed
.

•
T
he
re

ar
e
m
od

ul
es

an
d
ba

si
c
co
nt
ro
l
m
ec
h-

an
is
m
s.

•
T
he

co
ns
eq
ue
nt

of
th
e
ru
le
s
do

es
al
m
os
t
ev
-

er
yt
hi
ng

an
d
th
e
ru
le

de
cl
ar
at
iv
e
pa

ra
di
gm

is
no

t
us
ed
.

•
D
ef
te
m
pl
at
es

an
d
ob

je
ct
s
ar
e
us
ed
.

•
T
he
re

ar
e
m
od

ul
es

an
d

el
ab

or
at
ed

co
nt
ro
l

m
ec
ha

ni
sm

s.

•
T
he

im
pl
em

en
ta
ti
on

us
es

de
du

ct
io
n

ch
ai
ns

an
d
us
es

th
e
ru
le

de
cl
ar
at
iv
e
pa

ra
di
gm

.

Q
ua

lit
y
of

th
e
so
lu
ti
on

C
ov
er
ag
e

•
Su

pe
rfi
ci
al

co
ve
ra
ge
,o

nl
y
th
e
si
m
pl
es
t
ca
se
s

ar
e
tr
ea
te
d.

•
Av

er
ag
e
co
ve
ra
ge
,
on

ly
th
e
m
os
t
co
m
m
on

ca
se
s
ar
e
tr
ea
te
d.

•
A
dv

an
ce
d
co
ve
ra
ge
,
co
m
m
on

ca
se
s
an

d
ex
-

ce
pt
io
ns

ar
e
bo

th
tr
ea
te
d.

D
oc
um

en
ta
ti
on

•
B
ad

pr
es
en
ta
ti
on

,n
o
co
he
re
nt
ly

st
ru
ct
ur
ed
,

ex
pl
an

at
io
ns

di
ffi
cu
lt

to
un

de
rs
ta
nd

,
ca
re
-

le
ss
.

•
P
as
sa
bl
e

pr
es
en
ta
ti
on

,
co
he
re
nt
ly

st
ru
c-

tu
re
d,

no
t
m
uc
h

el
ab

or
at
ed

ex
pl
an

at
io
ns
,

im
pr
ec
is
e
an

d
va
gu

e.

•
G
oo

d
pr
es
en
ta
ti
on

,
ad

eq
ua

te
ly

st
ru
ct
ur
ed

an
d
fo
llo

w
in
g
th
e
st
ep
s
of

th
e
de
ve
lo
pm

en
t

m
et
ho

do
lo
gy
,
w
el
l
el
ab

or
at
ed

ex
pl
an

at
io
ns
,

co
nc
is
e
an

d
pr
ec
is
e.

A
dj
us
tm

en
t

to
th
e

as
si
gn

m
en
t

sp
ec
ifi
ca
ti
on

s
•

So
m
e
el
em

en
ts

of
th
e
pr
ob

le
m

ha
ve

be
en

si
m
pl
ifi
ed

•
N
ot

al
lt

he
co
ns
tr
ai
nt
s
of

th
e
pr
ob

le
m

ha
ve

be
en

ta
ke
n
in

ac
co
un

t

•
T
he

re
co
m
m
en
da

ti
on

s
ab

ou
t
th
e
im

pl
em

en
-

ta
ti
on

of
th
e
as
si
gn

m
en
t
ha

ve
no

t
be

en
fo
l-

lo
w
ed

•
T
he

as
si
gn

m
en
t
ha

s
be

en
de
ve
lo
pe

d
ac
co
rd
-

in
gl
y
to

th
e
do

cu
m
en
ta
ti
on

in
di
ca
ti
on

s

15



X
X

X
X

X
X
X
X

In
di
ca
to
r

le
ve
l

In
ad

eq
ua

te
N
ee
ds

im
pr
ov
em

en
t

A
de
qu

at
e

E
la
bo

ra
ti
on

of
as
si
gn

m
en
ts

do
cu
m
en
ta
ti
on

Sp
el
lin

g
an

d
gr
am

m
ar

•
T
he

do
cu
m
en
t
ha

s
lo
ts

of
m
is
sp
el
le
d

w
or
ds

an
d
gr
am

m
at
ic
al

er
ro
rs
.
T
he

do
cu
m
en
t
is

of
ve
ry

lo
w

qu
al
ity

in
th
is

as
pe

ct
.

•
T
he

do
cu
m
en
th

as
a
fe
w
m
is
sp
el
le
d
w
or
ds

an
d

so
m
e
gr
am

m
at
ic
al

er
ro
rs
.

•
T
he

do
cu
m
en
t
is

gr
am

m
at
ic
al
ly

co
rr
ec
t
an

d
ha

ve
no

m
is
sp
el
le
d
w
or
ds
.

O
rg
an

iz
at
io
n

•
T
he

do
cu
m
en
t
is

in
co
rr
ec
tl
y
or
ga
ni
ze
d.

•
T
he
re

is
no

t
an

in
tr
od

uc
ti
on

.
T
he

de
ve
lo
p-

m
en
to

ft
he

do
cu
m
en
td

oe
sn

ot
fo
llo

w
a
co
he
r-

en
t
lin

e
of

re
as
on

in
g.

T
he

do
cu
m
en
t
ch
an

ge
s

fr
om

a
su
bj
ec
t
to

an
ot
he
r
w
it
ho

ut
a
lo
gi
ca
l

or
de
r.

T
he
re

is
ne
it
he
r
a
fin

al
su
m
m
ar
y
no

r
a
co
nc
lu
si
on

s
se
ct
io
n.

•
T
he

or
ga
ni
za
ti
on

ha
s
so
m
e
as
pe

ct
s
th
at

ca
n

be
im

pr
ov
ed
.

•
T
he

in
tr
od

uc
ti
on

do
es

no
t

de
sc
ri
be

s
co
m
-

pl
et
el
y
th
e
pr
ob

le
m
,
or

th
e
di
ffe

re
nt

se
ct
io
ns

do
no

t
fo
llo

w
w
el
la

co
rr
ec
t
lin

e
of

re
as
on

in
g,

or
th
er
e
ar
e
no

fin
al

su
m
m
ar
y
an

d/
or

co
nc
lu
-

si
on

s.

•
T
he

do
cu
m
en
t
is

w
el
lo

rg
an

iz
ed
.

•
T
he

di
ffe

re
nt

se
ct
io
ns

of
th
e
do

cu
m
en
t
fo
llo

w
a
cl
ea
r
lin

e
of

re
as
on

in
g
an

d
m
ak

e
ea
sy

to
un

-
de
rs
ta
nd

th
e
co
nt
en
t
of

th
e
do

cu
m
en
t.

•
T
he

do
cu
m
en
t
ha

s
an

in
tr
od

uc
ti
on

de
sc
ri
b-

in
g
th
e
pr
ob

le
m
,s
om

e
se
ct
io
ns

de
ve
lo
pi
ng

th
e

pr
ob

le
m

an
d
a
fin

al
se
ct
io
n
su
m
m
ar
iz
in
g
th
e

re
su
lt
s
an

d
gi
vi
ng

th
e
fin

al
co
nc
lu
si
on

s.

C
la
ri
ty

•
T
he

do
cu
m
en
t
is

di
ffi
cu

lt
to

un
de
rs
ta
nd

;
th
e

se
nt
en
ce
s
ar
e

to
o

lo
ng

an
d

co
nf
us
in
g;

th
e

re
ad

er
fr
eq
ue
nt
ly

ha
s
to

re
re
ad

so
m
e
pa

rt
s
of

th
e
te
xt

to
un

de
rs
ta
nd

it
an

d
in

so
m
e
ca
se
s

he
do

es
no

t
un

de
rs
ta
nd

s
it
at

al
l.

•
T
he
re

ar
e
so
m
e
se
nt
en
ce
s
th
at

ar
e
to
o
lo
ng

an
d/

or
co
nf
us
in
g,

so
m
et
im

es
th
ey

ha
ve

to
be

re
ad

re
pe

at
ed
ly

to
fin

al
ly

un
de
rs
ta
nd

th
ei
r

m
ea
ni
ng

.

•
T
he

co
nt
en
ts

of
th
e
do

cu
m
en
t
ar
e
cl
ea
r.

•
T
he

se
nt
en
ce
s
ar
e
sh
or
t
an

d
ea
sy

to
un

de
r-

st
an

d.

U
se

of
gr
ap

hi
cs

an
d
fig

ur
es

•
G
ra
ph

ic
s
an

d/
or

fig
ur
es

ar
e
no

t
us
ed

to
m
ak
e

th
e
ex
pl
an

at
io
ns

ea
si
er

to
un

de
rs
ta
nd

,o
r
th
e

on
es

us
ed

do
no

t
cl
ar
ify

an
yt
hi
ng

.

•
In

so
m
e
pa

rt
s
of

th
e
do

cu
m
en
t
so
m
e
gr
ap

hi
cs

or
fig

ur
es

to
cl
ar
ify

th
e
ex
pl
an

at
io
ns

sh
ou

ld
ha

ve
be

en
us
ed
.

•
So

m
e
of

th
e
gr
ap

hi
cs

or
fig

ur
es

do
no

t
cl
ar
ify

th
e
ex
pl
an

at
io
ns

or
ar
e
un

ne
ce
ss
ar
y.

•
A
ll
th
e
gr
ap

hi
cs

an
d
fig

ur
es

us
ed

ar
e
ill
us
tr
a-

ti
ve

an
d
he
lp

to
th
e
ex
pl
an

at
io
ns
.

•
O
nl
y
th
e
ne
ce
ss
ar
y
gr
ap

hi
cs

an
d
fig

ur
es

ar
e

us
ed
.

16


	Organization, evaluation and delivery of the assignment
	Goals of the assignment
	The problem
	Assignment Guide
	Task planning
	Evaluation Rubric

