M assachusetts I nstitute of Technology
6.170 Laboratory in Software Engineering
Spring 2001

Quiz 2
Wednesday, April 11, 2001

Name: Solutions

Athena username;

Also write your username and section on thetop of pages 6-11.

Section (circle one):

Section 1, Felix Klock Section 5, Jeffrey Sheldon Section 9, Kenneth Lu
Section 2, Allison Waingold Section 6, Andreas Hofman Section 10, David Maze
Section 3, Matt Deeds Section 7, Jeremy Nimmer Section 11, Delphine Nain
Section 4, Sameer Ajmani Section 8, John Holmes

This quiz is 50 minutes long. It contains 44 questions (you will answer 35 questions on this sheet,
and will answer the remainder elsewhere) and 12 pages (excluding this one). Please check your
copy to make sure it is complete before you start. You may separate this sheet from the rest of
the test, but turn in all answer pages, together, when you are £nished. Write your username and
section on thetop of pages 6-11.

Please write neatly; we cannot give credit for what we cannot understand.

The problems are weighted as follows:

true-false : multiple-choice : short-answer :: 1:2: 6

Expect to spend (on average; some problems are easier, some are harder) about 30 seconds per true-
false question, 1 minute per multiple-choice question, and 3 minutes per short-answer question.

Good luck!
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Write your answers to these questions on the answer page, not on this page.

True/False[1 point each]

A w NP

o

10.

11.

Mutable objects cannot be interned. True.
Decentralized organization permits meetings to proceed effectively without aleader. False.
A good design does not rule out any future extension to a project. False.

It is typically preferable to alow a project to slip gradually rather than enduring a single
large dlip in the schedule. False

The Composite pattern is useful for operations on hierarchical data structures. True

When examining a data structure using the Procedural pattern, the examining class must do
its own type dispatching on the possible types of the data structure. True. (By contrast, the
I nterpreter pattern requires each data type to have a method per operation.) See sidebar
15.10 on page 393 of the text.

A Java interface should include an abstraction function. False. Interfaces don’'t defne
representations.

Introducing interfaces can increase the total number of dependences. True
Introducing interfaces can help to eliminate dependences. True

A weak dependence of class A on class B implies an arrow from class A to class B in the
code object model. False

A strong dependence of class A on class B implies an arrow from class A to class B in the
code object model. False



Write your answers to these questions on the answer page, not on this page.

For questions 12—15, consider the following code fragment:

/** An IntSet is a nutable set of integers.

Exanples include: {} , {1, 2, 3}, { 4, 5, 6, 7, 100 }
*/
class IntSet {

REPTYPE nuns;

/1 RI(c):
[l AF(c): { i | i is in nums }
}

Note that questions 12-14 use the term “sensible”’, while question 15 uses the term “ neces-
sary”.

12. If REPTYPE is HashSet , “No duplicate values in c.nums’ would be a sensible clause to
include in the representation invariant. False. The HashSet abstraction already implies
that values will not be duplicated.

13. If REPTYPE is HashSet, “0 in c.nums = (0 instanceof Integer)” would be a sensible
clause to include in the representation invariant: True. HashSet s can contain arbitrary
object types, and therefore it is sensible to constrain the object type in this representation.

14. If REPTYPE is| nteger[], “oinc.nums = (0 instanceof Integer)” would be a sensible
clause to include in the representation invariant. False. The type system ensuresthat o is
an | nt eger, becauseitisinan | nt eger array.

15. If REPTYPEis| nt eger[], “No duplicate valuesin c.nums” would be a hecessary clause
to include in the representation invariant. False. One could write an | nt Set implemen-
tation that allowed for duplicated valuesin the representation during execution.



Write your answers to these questions on the answer page, not on this page.

16.

17.
18.
19.

20.
21.
22.
23.
24,

25.
26.
27.
28.

The representation of an ADT is exposed if one of its methods returns a mutable object.
False. Returning a mutable object in the rep does expose the rep. See page 111 of the
book.

A code object model describes the state of the heap at runtime. True
A snapshot describes the state of the heap at runtime. True

In a problem object model, the nodes represent classes and the edges represent relations or
subtyping. False

“Requirement speci£cation 50% completed” is a good milestone. False.
“Module A coding completed and unit-tested” isagood milestone. True.
“Project design completed and reviewed” is agood milestone. True.
“Module A unit testing completed” is a good milestone. True.

“Module A speci£cation completed” isagood milestone. True.

Questions 25-28 relate to the object model below, which describes a university (though not
necessarily MIT).

dept + + rofs +
Student H Department D 4 Professor

?

Undergrad GradStudent

Every student isin some department. True
Students may switch departments. True
A student cannot switch from undergrad to grad status. False

Every department has students. False



Write your answers to these questions on the answer page, not on this page.

29.

30.

31

32.

33.

Multiple choice [2 points each]

A Factory can:

(a) return asubtype of aclass where a supertype is expected
(b) return pre-existing objects rather than new ones

(c) encapsulate the creation of an object or set of objects

(d) (a) and (b)

() (&) and (c)

(f) (b)and (c)

(@) (&), (b), and (c)

G: all of the above.

Which of these patterns does not control sharing?

(@ Flyweight
(b) Interning
(c) Prototype
(d) Singleton

C. Prototype is not designed to control access to other instances.
A Singleton class has:

(&) apublic constructor and a public accessor for the single instance
(b) aprivate constructor and a public accessor for the single instance
(c) apublic constructor that throws an exception if called more than once
(d) aprivate constructor that throws an exception if called more than once

B. The accessor creates and returnsthe only instance of the class.
A Proxy:

(a) changesthe interface to an underlying class

(b) extendsthe functionality of an underlying class

(c) both changes the interface and extends the functionality
(d) neither changes the interface nor extends the functionality

D
Subjects and Observerg/Listeners appear in:

(@) the push model

(b) the pull model

(c) the publish/subscribe model
(d) al of the above

(e) none of the above

D. See book section 15.7 and sidebar 15.12.

4



Write your answers to these questions on the answer page, not on this page.

34. In awell-managed large project typically the least timeis spent on

(@ planning

(b) coding

(c) component testing
(d) integration testing

B

35. What are the three properties (from the list below) that aloop invariant must satisfy? (Write
down three answers, in aphabetic order, in the three boxes of the answer sheet.)
Assume that the loop is of the form

P{while (b) S} Q
where P is the precondition and Q is the postcondition; let | be the loop invariant.

@ P=1I

(b) P=Q

(© 1&&'b=0Q
d 1=0Q

e 1{S}Q

() 1&&b{S}I
(9 1&&P{S}Q
() 1{S} Q=1
@M I1{S}'b=0Q
G) Q=1P

k) Q=1

N Q=1

Theloop invariant I must satisfy:

e ()P=1
e (O &&!b=Q
o 1 && b{S}I



Username: Section number:

Short answer [approximately 6 points each]

36. (4 points) What isthe weakest precondition for statement composition, i.e., wp((S1; S2),Q)?
wp(S1, wp(S2, Q))

37. (6 points) The strongest postcondition sp is deEned analogously to the weakest precondi-
tion wp. The strongest postcondition is useful for forward reasoning about code. What is

sp((x=y+1;y=2%x),(y>10&& z > 0))?
r>11&& y=2x
The postcondition z > 11 && y > 22 isweaker; it is not the strongest postcondition.

38. (6 points) Give two guidelines for at what time a prototype should be discarded.

The previoudly set deadline for discarding the prototype is reached.
The speci£c questions which the prototype was intended to answer have been answered.



Username: Section number:

39. (5 points) Which sorts of projectsisthe waterfall model good for?

Projects where customer and vendor both understand the requirements; for example, in-
cremental releases or customizations.

40. (6 points) Give three reasons why adding people to a project is usually inef£cient.

The new members are not initially productive because of their learning curve.

The old members become less productive because they are helping the new members.
Communication overhead increases as members are added to a project.

In alarger project, thereis more likely to be repeated work.



Username: Section number:

41. (7 points) Write a decrementing function (as a legal Java expression) and a loop invariant
(which may be either formal or informal) for the following code fragment:

Precondition: sbuf f isacharacter array possibly containingaO character (" \ 0" ).
Postcondition: s isa St ri ng which is made up of the characters from sbuf f
up to, but not including, the £rst O character in sbuf f , if any.

String s = "";
for (int i=0; sbuff[i] '="'\0 &&% i < sbuff.length; i++) {
S += sbuff[i];

}

You may £nd it more convenient to consider the following equivalent code; the answer isthe
same regardless of which version of the code you use.

String s = "";

i nt i=0;

while (sbuff[i] !'="\0 && i < sbuff.length) {
S += shuff[i];
i ++;

}

(@) Loop invariant:

es.length() ==1i,and
e thefrsti charactersof sbuf f areequal to the £rst ¢ charactersof s. Formally,
0<j<i=s.get(j) == sbuff[j].

The point of aloop invariant is not merely to state facts that are true about the loop
body; it isto state properties that are useful in proving the loop correct.

(b) Decrementing function:
(sbuff.length - i)
Equivalently: (sbuff.length - s.length())
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42. Consider acollection class C with a representation made up of two integer arrays.

class C {
int[] a;
int[] b;
}
One concrete value is this one:
= [-2,4,8,3]
b = [1,4,10,6]

Hint: think about pairs, suchas(a[i],b[i]).

(8 Assumethat Ccan represent any set. Write arepresentation invariant and an abstraction
function for an implementation in which the concrete value represents the set

{—2,-1,0,1,3.4,5,6,8,9,10} .

(Hint: thisis similar to something you saw on a problem set.) Your answer may be
formal or informal, but must be clear.

representation invariant:

a # null && b # null
a.length = b.length
Vi.0 <i < a.length = ali] < b[i]

abstraction function: {e|3i.0 < i < a.length&&ali] < e < bli]}

(b) Assume that C can represent any multiset. Write a representation invariant and an
abstraction function for an implementation in which the concrete value represents the
multiset (bag)

{—2,4,4,4,4,8,8,8,8,8,8,8,8,8,8,3,3,3,3,3,3} .

Your answer may be formal or informal, but must be clear.
representation invariant:

a # null && b # null
a.length = b.length
Vi.0 <i < b.length = b[i| >0

abstraction function: The multiset containsb[ i ] copiesof eacha[i ] .
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43. (6 points) Complete the object model below in order to describe alien life forms. Aliens are
either male or female, and some aliens are £re-breathing. Aliens can have many heads, but
each alien must have at least one head. Heads are never destroyed, nor are new ones created.
After an alien dies, its head(s) detach and can at some later time become part of another alien
that is being born. But once an aien is born, it cannot gain new heads or lose any heads.
Aliens don’'t share heads. Your object model should not express any other properties about

aiens.
) ? heads |+
Alien Head

FireBreathing Male Female

10
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44. (6 points) You have been hired to review the design of the database for Mike's Bikes. To
analyze the quality of the design, you decide to construct a modul e dependence diagram for
this system.

Mike has outlined the code he plans to use; see page 12, which you may tear off for easier
reference. Unfortunately for you, the outline is incomplete, and with hardly any specifca
tions. Assuming the implementation is well-designed, with no unnecessary dependences,
construct an MDD by completing the below £gure.

You will have to make educated guesses as to how the classes are implemented and what the
methods do. In order to answer this question, you need to understand the classes at a high
level, but do not need to understand every nuance of the implementation.

Inventory H Warehouse H GenericSet

I Py ]

HasSimilar k— Bike

War ehouse doesnot depend on HasSi i | ar even though it presumably calls Gener -
i cSet . hasEl ement (HasSi mi | ar), sinceit calls it with a Bi ke. Warehouse only
weakly depends on Bike because it compares Bikes with Generi cSet . Generi cSet
doesn’t depend on Bike at all becauseit usesHasSi m | ar ’s spec for equality.

11



Write your answers to this question on page 11, not on this page.

Thisisthe code you will analyze for question 44, which is stated on page 11.

class Inventory { // nutable
/1 inmplenentation fields here

public Inventory();

public int addWarehouse(Warehouse r);

public void addBi ke(i nt warehouseNunber, Bike b);
publ i ¢ War ehouse get War ehouse(i nt war ehouseNunber) ;
publ i c Warehouse findBi ke(Bi ke b);

cl ass Warehouse { // nutable

Ceneri cSet bikes;

publ i ¢ War ehouse();
public void addBi ke(Bi ke b);
publ i ¢ bool ean hasBi ke(Bi ke b);

class GenericSet { // mutable
/{1 inplenmented via dynam cally resized array.

public GenericSet();

public void addEl ement (HasSim | ar obj);

/1l returns true if this contains an elenent e such that e.simlar(obj)
publ i ¢ bool en hasEl enment (HasSi m | ar obj);

}

interface HasSimlar {
/[l returns true if the "this’ and ’'obj’ cannot
/'l be distinguished based on calls to their observers.
publ i c bool ean simlar(HasSimlar obj);

}

class Bike inplenents HasSimlar { // mnutable
/1 various fields here

public Bike(/* various attributes here */);

[l getter and setter nmethods for attributes here
public bool ean similar(HasSimlar obj);
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