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A. True/False (10 points, 10 questions)
Write TRUE or FALSE in the blank to the left of each question.

1

_TI

_F

1

9.

If type A isatrue subtype of type B, then all code that operates correctly on objects
of type B will operate correctly on objects of type A.

In aJava program, if class A is declared to extend class B, then A is atrue subtype
of B.

The primary purpose of an abstraction function is to indicate how the representation
data structure of an ADT isto be interpreted.

The only significant problem with exposing the representation of an ADT isthat
clients may write code that depends on the representation, making it difficult to
change the representation | ater.

There may be multiple concrete statesin an ADT that correspond to a single abstract
state of that ADT.

In a module dependency diagram, amodule A depends on amodule B if achangein
B’s behavior can change A’s behavior.

An object model is a graphical representation that indicates the objects in a program
and the references between them.

When following a bottom-up implementation approach, each module is implemented
after the modules that it depends on.

In his 6.170 guest lecture, Peter Schmidt stated that in his opinion, undocumented
code has almost no commercial value.

10. In a correct implementation of an ADT, the representation invariant will hold for all

objects of that ADT at all points during the program’s execution.
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B. Short Answer (7 points, 3 questions)

11. Why isit dangerous for the rep invariant of a subclass to be weaker than the rep invariant of the
corresponding superclass?

An inherited superclass method might fail if the subclass changes data fields of the superclassin
away consistent with the subclass rep invariant but inconsistent with the superclass rep
invariant.

12. When building a software system, sometimes it is appropriate to build a prototype. What are
two example questions you might ask about a design you are working on that would be best
answered by building a prototype?

There were many possible answers to this problem. See the lecture on prototyping. A clear
statement of each question was required to receive credit.
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In the following table, the first column is the specification of a method from ainterface A, and
the second is the specification of a corresponding method from interface B. In the third column,
write YES f interface B could potentially be atrue subtype of interface A, and write NO if
interface B could not be a true subtype of interface A.

Each row of the tableisindependent.

Method from A Method from B Could B bea
true subtype of
A?
void insert1(int x) void insert1(int x)
/[l nmodifies: this /[l nodifies: this
[/l effects: adds x to the [/l effects: if x is odd NO
contents of this adds it to this el se does
not hi ng
void insert2(int x) void insert2(int x)
// nodifies: this /!l nodifies: this
/] effects: adds x to the /] effects: adds x to the YES
contents of this contents of this and
prints x to the screen
voi d addZero() voi d addZero()
/lrequires: this is not /'l modifies: this
enpty /] effects: adds O to this YES
/[l nodifies: this
[/l effects: adds 0 to this




Y our name; SOLUTION

C. Object Models (7 points, 7 questions)
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There are no textual constraints, only the graphical constraints shown in the model.

For each of the following statements, answer A, B, or C:
A. The above OM indicates that this statement holds for all possible snapshots of the system.
B. The above OM indicates that this statement does not hold in any snapshot of the system.
C. The above OM indicates that this statement may hold in some snapshots and not in others.

A 14.No student is assigned to more than one final project group.
___C 15, Every student who is not alistener is assigned to afinal project group.
A 16. No two students have the same email address.
A 17.Every listener is a student.
A 18.NostudentisasoaTA.
Decide whether the following statements are TRUE or FALSE.

F 19. The OM indicates that a student’s email address may change over time.

__F 20. The OM indicates that it is possible for a student who was not a listener at the start to
change to become a listener.
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D. Reasoning about ADTs (8 points, 1 question)

Consider the | nt Set ADT implementation shown in the appendix at the end of thisquiz. Thereisa
bug in the implementation. A test case that exposes thisbug is

IntSet i = new IntSet(5);
.insert(2);

.insert(3);

.max(); Il =>3

.menber(2); [/ => true
.menber (3); [/ => fal se

i

i

i

i.remove(); Il =>3

i

i

i.max(); /1 =>3 bug!!

21. Write arepresentation invariant for this implementation. The rep invariant you write should
have three properties:

» It should be acomplete rep invariant; that is, it should constrain all aspects of the
representation that need to be constrained for the operations to function correctly.

* It should indicate that the bug isin max() and al other functions are correct.

* If you were to change nax() so that it iscorrect with respect to your rep invariant, the
resulting implementation of max() would not be substantially slower than the one shown in
the appendix.

nData # nul |
O nmData. |l ength > mvaxSi ze
0 0 < mNext Freel ndex < nMaxSi ze
O (0 £ mndexO Max < niNext Fr eel ndex)
O Oi: 0 < i < nmNextFreelndex, nData[nl ndexOrMax] = nDatali]
O (nmNext Freel ndex > 0)
O nodups (nData[0] ... nData[ nNext Freel ndex-1])
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E. Reasoning (8 points, 2 questions)

Consider the ADTs and proof shown in the appendix at the end of this test.

There are two major flaws in the reasoning. Neither flaw is a “typo” in the use of a logical symbol,
or an ambiguity in the use of language; they are bigger than that.

22.There is a flaw in the proof which makes it invalid. What is the flaw?

No base case for the induction.

23.There is a flaw in the assumptions made by the proof, so fixing the flaw in the previous problem
would not be sufficient to make the reasoning correct. What is the flaw in the assumptions?

The proof assumes that the color of each horse is immutable, but the horse ADT is mutable.

END OF TEST. THERE ARE NO FURTHER QUESTIONS.
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Codefor section D (page 1 of 2) You may detach this sheet from the quiz

class IntSet {
/1 An IntSet is a finite set of integers with an associ ated
[l maxi mum si ze maxsize. A sanple IntSet is {1, 2}, maxsize 10.

private int mvaxSi ze; /[l max # of elenments in the set
private int[] nData; /] stores values in the set
private int mNext Freel ndex; // how many ints are in the set
private int m ndexCf Max; /1 index of biggest el enent

public void IntSet(int naxSize)
/'l effects: make a new, enpty IntSet with maxsize = maxSi ze

{
nData = new i nt[ maxSi ze] ;
mvaxSi ze = maxSi ze;
m ndexOFf Max = -1;
m\ext Fr eel ndex = O;
}

public void size()
/'l effects: return |this|
{

}

public void insert(int elemn
/1 requires: |this|] < this.mxsize
/1 nodifies: this

/] effects: this post =this O {elem

return mNext Fr eel ndex;

{
if (!'nmenber(elem) {
nDat a[ nNext Freel ndex] = el em
mNext Fr eel ndex += 1;
m ndexOFf Max = -1;
}
}
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Codefor section D (page 2 of 2) You may detach this sheet from the quiz

public int max()
/1 requires: |this] >0
[/l effects: returns some a 0 this such that O b Othis, a>=0b

if (mndexOhMax < 0) {
m ndexOf Max = O;
for (int i=1; i<mNextFreelndex; i++) {
if (nData[i] > nData[m ndexOf Max]) {
m ndexOf Max = i ;
}

}
}
return nDat a[ m ndexOf Max] ;
}

public int renmove()
/'l requires: |this|] >0
/1 nodifies: this
/] effects: returns an arbitrary elenent a of this
/1 this post = this-{a}
{
int last = mData[mNextFreelndex — 1];
mNextFreelndex -= 1;
return last;

}

public boolean member(int a)
/| effects: return true iff a O this

{
for (int i=0; ikmNextFreelndex; i++) {
if (mData[i] == a) {
return true;
}
}

return false;

}
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ADTsand proof for Section E Y ou may detach this sheet from the quiz

cl ass Horse {
/! A Horse is a mutable colored horse. A typical Horse is [black].

public Horse(Col or c); /1l effects: makes a new Horse colored c
public Color color(); /1l effects: returns the color of this.
public void setCol or(Color c); /1 effects: this _post.color = c.

public bool ean equal s(Horse h); // standard definition of equal s()

}

cl ass HorseSet {
/'l A HorseSet is a finite nutable set of colored horses in which
/1 all menbers are of different colors. A typical HorseSet is
/1 {[black], [brown]}
public HorseSet ();
/'l effects: creates a fresh HorseSet = {}.
public void insert(Horse h);
Il effects: if Ohl O this where hl.color = h.color
I then this_post = this
I el se this_post this O h
publ i c bool ean nmenber (Horse h);
/'l effects: return true if O hl O this where hl. equal s(h)
public int size();
/'l effects: return |this]

Conjecture: [S|>10 (0 h1,h2 0 S[hl1# h2 0O hl.color # h2.color])

Prove the conjecture by induction on insert.

1. Induction hypothesis. Conjecture holdsfor S

2. Goal: Conjecture holds for S1 where Sl isthe result of inserting ahorsehinto S.

3. Meaning of insert: if Oh1 O Swhere hl.color = h.color then S1 =Selse S1 =S {h}
There are two cases, so analyze each case separately.

4. (first case) If (Uh1 O Swhere hl.color = h.color) then S1 = S, so Conjecture holds for S1 by
Induction hypothesis

5. (second case) If not (0h1 O Swhere hl.color = h.color) then S1 = S { h}. By the induction
hypothesis, we know that all horsesin S have different colors. Furthermore, we know by the case
we are in that none of those horses have the same color ash. Therefore we know that al horsesin
S1 have different colors, by the meaning of union.
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