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1. [Modeling & UML Questions, 60 marks Total]

(a) [Composition vs. Aggregation — 5 marks] UML class diagrams
show relationships between classes. Two similar relationships between
classes are aggregation and composition. The diagram below, taken
from the lecture notes, illustrates these relationships:
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Figure 1: aggregation vs. composition

Describe the difference between aggregation and composition. You
may refer to the diagram if you like.
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(b) [Implementing Aggregation & Composition — 5 marks] Are
aggregation and composition relationships realized (implemented)
the same, or different, in typical object-oriented programming
languages? If different, how?
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(c) [Static vs. Dynamic modeling - 10 marks] Describe, briefly,
the differences between dynamic and static modeling, as it applies to
software systems. List some diagram types, UML or otherwise, used in
static and dynamic modeling.
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(d) [Name the Frame - 5 marks] Interaction frames, or
combined fragments, show groups of related messages in UML
sequence diagrams. The related messages are grouped to show
conditional, repeated, or otherwise different, flow in the sequence
diagram. Execution of the frame is determined by its (optional) guard
expression. The frame operators discussed in lecture, along with their
meanings, are listed below. Draw lines to connect the operator to its

DiAeS F Divasic e
T

meaning.
Operator Meaning

Frames execute in parallel.

Only the frame whose guard
expression is true will execute.

Only one thread can execute this
frame at a time.

Only executes if the guard
expression is true.

Executes multiple times, guard
expression indicates how many.
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(e) [Sequence Diagram - 15 marks] The Transmission Control
Protocol, or TCP, uses a “handshake” process to establish a connection
between client and server. The process (slightly modified) is described
on the TCP Wikipedia page as below:

TCP Connection Establishment

To establish a connection, TCP uses a three-way handshake.
Before a client attempts to connect with a server, the server
must first bind to and listen at a port to open it up for
connections. Once the server is listening, a client may initiate
a connection. To establish a connection, the three-way (or 3-
step) handshake occurs:

1. SYN: The connection is initiated by the client sending a
SYN to the server. The client sets the segment's
sequence number to a random value A.

2. SYN-ACK: In response, the server replies with a SYN-
ACK. The acknowledgment number is set to one more
than the received sequence number i.e. A+1, and the
sequence number that the server chooses for the packet
is another random number, B.

3. ACK: Finally, the client sends an ACK back to the server.
The sequence number is set to the received
acknowledgement value i.e. A+1, and the
acknowledgement number is set to one more than the
received sequence number i.e. B+1.

At this point, both the client and server have received an
acknowledgment of the connection, and the connection is
established.

On the next page, draw a UML sequence diagram representing the TCP
connection establishment process outlined above.
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[answer question 1(e) here]
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(f) [Use Case Diagram — 20 marks] An insurance brokerage has
contracted you to build an application allowing clients to apply for life
insurance online. The brokerage sells policies on behalf of the life
insurance company, ACME Life. A detailed use case for the brokerage
software is given below:

Apply for Life Insurance

Main Success Scenario:

1. customer selects desired insurance plan

2. system determines if client qualifies for selected plan

3. customer fills in the online application form

4, customer submits the application

5. validator checks that all fields are filled & data is valid

6. payment processor authorizes transaction with bank

7. payment processor performs transaction with bank

8. system saves the approved application

9. system notifies client & ACME Life of the new coverage
Extensions:

2a. client does not qualify, show error message
5a. data missing or invalid, show error message
6a. payment authorization failed, show error message

Complete the use case diagram for this detailed use case, which is
already started on the next page.

Some hints and suggestions:
* use the scratch paper at the back of this package to practice
laying out your diagram so you don’t make a mess
¢ you shouldn’t have more than a dozen (12) use cases in the
diagram in total — write them down before drawing

» assume this brokerage only allows credit cards for payment
o the “submit” use case will have the most «include»
relationships, and in general is the most interesting
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[answer question 1(f) here]
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2. [Software Architecture, 15 marks Total]

(a) [Coupling & Cohesion - 10 marks] Recall from the lectures
that a good software architecture minimizes coupling between
modules, and maximizes cohesion within modules. Explain what each
means and why they are important.
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(b) [2 & 3-Layer Architectures - 5 marks] A 2-layer software
architecture is usually referred to as client-server. A 3-layer
architecture is similar to a 2-layer architecture, but the application (or
business) logic is moved to a separate layer. What are some benefits
of doing this? (Hint: think of your answer to the question above)
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3. [Risk Analysis, 10 marks Total]

(a) [Calculating RRL - 5 marks] Risk Management is about
assessment and control of risks. In lecture, we discussed assessing
risk by calculating Risk Exposure (RE) and calculating the Risk
Reduction Leverage (RRL) of mitigating actions to help with control.
The formulas for RE and RRL are given below:

RE = probability of unsatisfactory outcome X associated cost

RRL = (REpefore = REaster) + cost of mitigating action
Suppose you have a software system that that costs $100,000 to
patch a bug found after release, and also suppose that there is a 10%
chance you will have to patch it. We calculate REpefore aS:

REpefore = 10% X% $100,000 = $10,000
You also know that 60% of the bugs are race conditions and 40% are
memory leaks. The software to detect (and allow you to fix) memory
leaks costs $2,000, and the software to detect possibie race conditions
costs $3,000. We calculate the RRL for buying the memory leak
software as follows:
REafter = 10% x 60% x $100,000 = $6,000
RRLmemory_leak_detector = ($10,000 = $6,000) ':_ $2,000 = 2

Perform the same calculation for buying the software that detects race
conditions:
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(b) [Using RRL to make decisions - 2 marks] Using the results of
the previous question, and assuming you have $4,000 to spend, which
software should you buy?
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(c) [Interpreting different RRL values - 3 marks] RRL can be
seen as a return on investment (ROI). RRL tells you how effective your
dollars spent on a particular mitigating action are at lowering your
potential exposure cost. Given the ROI view, how would you interpret
the following?
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The reduction in risk exposure equals the cost of the mitigating action.
Maybe not bother with this mitigating action, just pay the cost to fix if
it happens. If injury or loss of life is possible, we should probably do it.
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4. [Robustness Diagrams, 10 marks Total]
Indicate which interactions are NOT allowed in robustness diagrams,

and state why not.
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[scratch paper]
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[scratch paper]
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[scratch paper]



