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1 Practical

• Deadline: 2nd December 2022, 22h00

• Submission: A zip file with your report and Yakindu model files.

• The assignment is to be made individually.

• This assignment will be graded on the quality of the presented work
and its correctness. The quality of the report itself is of lesser impor-
tance.

• The necessary files can be found on Blackboard:

– Book store Z specification.pdf

– BuyBook.tex

– Z-refman.pdf

– Z notation specification.pdf

– light switch series.zip

• We use the toolYakindu for creating statecharts. You can download it via
https://www.itemis.com/en/yakindu/state-machine/download-options/.

2 Context

Formal specifications allow us to create a precise, unambiguous, and mathematically-
sound specification of a software product. Such specifications have a number of
powerful advantages:

• automatic generation of code (synthesis),
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• checking whether a software system conforms to a certain specification
(verification),

• finding interesting test cases (Black box testing),

• finding useful contracts (Design by Contract),

• proving the correctness of an algorithm,

• etc.

As such these techniques are used in industry for safety-critical applications
and they are also a subject of study in scientific research. Due to the importance
of formal specifications, we think it is necessary that students of this course
are capable of understanding and creating such specifications. Therefore these
exercises count for 50% of the total score for the practical part of this course.

In this assignment you will have to demonstrate that you can both un-
derstand and create specifications using the Z-language and state-charts using
Yakindu.

3 Assignment

3.1 Assignment 1 – Reverse Engineer

In this assignment you will need to demonstrate that you understand the Z-
language. In the theory slides (slide 28 and further) you can find an explanation
of how Z-schemas work. On Blackboard you can find two manuals in which the
Z-language is explained: Z reference manual.pdf and Z notation specification.pdf

1. Study the description of a small bookstore which you can find on Black-
board (Book store Z specification.pdf).

2. Describe in detail how the last scheme (BuyBook) works. Explain for every
single line what it does and how this is presented in Z. On Blackboard you
can find a copy of the LATEX code that was used to produce this schema
(BuyBook.tex). Include this explanation in your report.

3.2 Assignment 2 – Creating your own online store

For the second assignment you will need to show that you can create your own
schemas in Z, based on a number of requirements. Do not use quantifiers
(∀,∃) in your model. The oz package can be used to create Z schemas
in LATEX. For inspiration, you can look at the bookstore specification of the
previous exercise, as well as the two manuals. Include these schemas in your
report.

1. Model the next entities in Z, read the descriptions carefully and choose
the appropriate data structures to store the information in.
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• A Catalog containing Items: Every item has a name and a unique
ID which can be used to uniquely describe the item. An item also
has a price (positive float) and a category.

• Cart: A cart keeps track of the item IDs of items present in the cart
together with their quantities.

• Order: An order keeps track of the item IDs of items present in the
order together with their quantities and the client. Also, the state of
the order is kept (Open, Paid, or Delivered). It also keeps track of
the date on which the order has been placed.

• Client: A client keeps track of the address information and the order
history of the client.

• System: Keeps a list of all items, orders and clients. A cart is
supposed to be kept at the client and is therefore not part of the
system.

2. Make sure you can perform the following queries:

• Get the ID from an Item given the name.

• Get the price of an Item given the ID of an Item.

• Get the price of an Item given the name of an Item.

• Get the total cost of an Order.

• Get all Orders which are not paid yet.

• Get the total income from all paid Orders that have been placed
between two dates.

3. Ensure you can perform the following operations:

• Add an Item to the System.

• Add an Item (+ quantity) to a Cart, given the item ID.

• Transform a Cart into an Order

• Change the Orders status from Open to Paid and from Paid to De-
livered. Use a single schema to represent both transitions.

• Remove a certain amount of an Item from a Cart.

4. Convert your schemas to a basic UML diagram and indicate the different
invariants, pre- and postconditions (theory slide 36).

5. Explain your choices in your report, also indicate how you used your
schemas to create the UML diagrams.
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3.3 Assignment 3 – Introduction to Statecharts

For the third assignment, you will have to open a few existing state charts using
the Yakindu tool. You will then study and explain these in your report to show
that you can read and understand existing statechart models.

1. Open the statecharts provided on Blackboard (light switch series.zip)
using Yakindu:

(a) Start Yakindu.

(b) In the sidebar, click on “Import projects...”.

(c) Click “General” → “Existing projects into Workspace”.

(d) Click “Select archive file” and navigate to the zip file.

(e) Click “Finish”.

The project structure in the sidebar will contain the statecharts in a folder
called “model”.

2. Study the statecharts.

3. Explain in your report all elements used in the statecharts.

3.4 Assignment 4 – Statecharts for your online store

In this last and final assignment, you will show that you can make your own
statecharts based on a number of requirements. For this create a new project
and implement everything in a single .sct file. Motivate all assumptions and
interpretations you made during the implementation in your report.

1. Model the following pages and possible transitions between pages:

• Home: standard page that shows when a user enters the site

• Catalog: the Catalog containing all the available Items (you do not
have to model the filtering of Items)

• Item: a generic page showing an Item.

• Cart: an overview page of the items currently in your Cart.

• Order: the page that transforms your Cart into an Order. This page
exists out of the following sub-pages:

– Cart-overview: give an overview of what is in the Cart that is
about the be ordered

– Information: asks the basic information needed from a Client

– Payment: lets the user choose how to pay for the Order

– Confirmation: confirm that the order has been placed and pay-
ment has been received

• Log-in: page that allows a user to enter their username and password
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• Profile: page containing all information about a registered user

• Admin: page that has all the administrative tools

2. A user can be logged in or not. When a user is not logged in, they can
choose to go to the Log-in page at any time. After a successful login
attempt they get redirected back to the previous page they visited. If
a user is not showing any activity for 5 minutes, they automatically get
logged out.

3. There exist two different kinds of registered users:

• Only a registered user can visit the Profile page

• Only an administrator can visit the Admin page

4. Add Operations that show the functionality of each page.

5. Make sure no inconsistent states can occur.

6. Use the appropriate statechart constructions to model the different aspects
of the system.

7. Use your model to determine different test cases in order to test all tran-
sitions present in your model. Clearly indicate in your report why a par-
ticular test case is important to add and to what part of your model it
corresponds (theory slides 47 and 48).

8. Explain the different design choices you made in your report.
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