
1. [2pts] If your project has unstable requirements (i.e., that are prone to change), you should use a wa
terfall process model. 

a. True 

False 

2. [2pts] In iterative development, how long should an iteration generally be? 

a. 1 week 

G) 2-6 weeks 

c. 2-4 months 

d. 6 months to a year 

e. None of the above 

3. [12pts] On the next page, create a domain model (using class diagram notation) based on the follow
ing description. 

You have been contracted to build an ~sset-management system for a vampire-hunting company, 

Stake4Less. The organization consists of multiple teams of workers. Each team has a Q9de name. -- -
Each ~r belongs to one of the teams, and has an ID number, a first name, and a last name. --
There are two types of workers: ~ and support persgnnel. ~s have a skill level. Each 

support person assists exactly one !Lunter on the ~. Some .h!!ntels on the.leam ... may not be as-

signed a support person. The companx also manages an.arsenal of weapons. Workers of any type 

may check out up to 3 weapons from the.,grsenal. Each ~n has a ~rial number and replace-- --
lllent cost. There are two types of weapons in the 1!se~: projec..!lle and~. Erojectile weap-

.£llls have a range, and may come with an ammo pack. AnAmmo pack has an ammo type, and in---
cludes some number of rounds. Melee weapons have a weight. 
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(Write your answer here.) 
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0 •• 1 



4. [8pts] Draw a control flow diagram for this function. Label each node in the graph with a capital let
ter, and label each edge with a lowercase letter. 

int blammo(int u, int v) { 
int t; 
while (v ! = 0) { 

t U; 
u = v; 
v = t % 

if (u < 0) 
return U; 

v; II Recall that % computes remainder of t/v 

return -U; } 

I i.,+ +; 
wl.,ile. y J=-

f 

@T 



5. [5pts] Fill in the table below with a test suite that provides statement coverage of the code from ques
tion 4. In the covers column, list the relevant labeled items in your CFG that each test case covers. 
Some cells in the table may be left blank. 

Input 
Covers 

u v 

'2 A,B,C1E 

-1 0 A,ejD 

6. [5pts] Fill in the table below with a test suite that provides path coverage of the code from question 4. 
Cover no more than 1 iteration of the loop. In the covers column, list the relevant labeled items in 
your CFG that each test case covers. Some cells in the table may be left blank. 

u 

.... \ 

0 

-1 

1. 

Input 
v 

0 

0 

.... '2. 

1.-

O\,c. 
q,o\ 
b,e,(l\,C 

b,e.6~'o\ 

Covers 

"', (. 

~,~ 

b, fl, ~t C, 

6. e., "'lOt 



7. [2pts] Which of the following best exemplifies the single responsibility principle? 

a. Writing test code before you write the code under test 

b. Creating mock objects to stand in for other objects in the system 

c. Dividing each user story to be built next iteration into tasks and assigning each task to a de
veloper on the team 

For objects of a class C, creating a DAO (which knows how to read/write C objects to a data
base) instead of putting all that database accessing logic in the C class 

e. Collecting feedback from the customer at the end of each iteration, instead of waiting until 
the system is finally delivered 

8. [2pts] What type of attack did the parents in this XKCD comic perform? 

HI, THIS !S 
YOUR SON'S SCHOOL 
W'R'£ HAVING SOME 
COMPUTER mJBlE 

\~m 

OH~ DEAR -- DID HE 
BREAK EbMETIiIti1? 

IN\WAY-) 

~tn 
a. Cross-site scripting 

@ SQL injection 

c. Child endangerment 

d. Reverse lookup 

e. Mask and shift 

DID YOU REAllY 
Hir£YOOR SON 
Robert'); DROP 
TPi8LE 0 _Ieots·_~ '( 
~ VWJ , • 

..... DN, YES, U1T{..E 
B08BYTABLt:S, 
\.JE CAll. HIM. 

WEll, WE'VE LDSTTHrS 
YEARS 5Wl>ENT~D5< 
I HOPE YOU'RE /1I1PPY. 

~ 
AND I HOf£ 

'-yOU'vE t.EAR1Jro 
TO SMlmZE YOUR 
DA~ 1NPr,l'JS. 

9. [12pts] Given the following scenario, draw a system sequence diagram on the next page. 

1. Bank Customer inserts their Bank Card. 
2. The ATM displays the different alternatives that are available on this unit. 
3. The Bank Customer selects "Withdraw Cash". 
4. The A TM prompts for an account. 
5. The Bank Customer selects an account. 
6. The ATM prompts for an amount. 
7. The Bank Customer enters an amount. 
8. The ATM validates the withdrawal. 
9. Then money is dispensed, the Bank Card is returned, and the receipt is printed. 
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10. [2pts] Which question does non-functional requirements answer? 

a. What does the system do? 

b. When does the system do it? 

c. Where does the system do it? 

d. Why does the system do it? 

o How well does the system do it? 

11. [2pts] Which of the following should a user story not do? 

a. Describe one thing the software needs to do for the customer 

b. Be short 

G Discuss specific technologies 

d. Be written using language the customer understands 

e. None of the above 

12. [2pts] In the agile development process taught in class, the development team estimates each user sto
ry and decides the priority for each story. 

a. True 

G) False 

13. [2pts] What type of object is used to store "conversational state" with a user? 

a. Servlet 

b. Request 

c. Request Dispatcher 

d. Response 

0 Session 



14. [2pts J Which of the following is not a desirable quality of a unit test? 

a. No I/O 

b. Fast 

@ Non-deterministic 

d. Tests one property 

e. N one of the above 

15. [lOpts] Given the class Foo, complete the JUnit test below. The compute method of a Foo object 
with z = 10 should return 69 if passed the argument 7 (as x). Your test should verify this behavior. 
Don't forget the JUnit method fail, which takes a String comment as its argument. 

public class Foo { 
private int Zi 

} 

public Foo(int zarg) { Z = zarg; } 
public int compute (int x) { ... } 

public class FooTest { 
@Test 

} 

public int testCompute(int x) { 

tnt e1pc(.+(~ :: ~~ . 
I 

- rr.y Foo :. new Foo (10); roo 

i "'+ act~~ :. my too. Ct> ~pu"~ ( 7 ) i 

if (~av~ ! .: e..y. r~d('eA) t 
FAi' ("Test ~nei) i 

} 
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For each of the following multiple-choice questions, circle the (one) response that best answers 
the question. 

I. [2pts] What is the typical relationship between coupling and cohesion? 

a. There is no relationship between coupling and cohesion. 

b. As cohesion increases, coupling increases. 

o As cohesion increases, coupling decreases. 

2. [2pts] All else being equal, which is more desirable? 

a. Higher cohesion and higher coupling 

o Higher cohesion and lower coupling 

c. Lower cohesion and lower coupling 

d. Lower cohesion and higher coupling 

e. None of the above is more desirable than the others. 

3. [2pts] All " real" software contains bugs. True or fal se? 

@ True 

b. False 

4. [2pts] Generally, in practice, developers exhaustively test software. True or false? 

a. True 

@ False 

2 
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6. [IOpts) Imagine that you are tasked with developing a system for a pizza shop. Given the fol
lowing description, create a Domain Model (in the form of a UML class diagram). Include all 
conceptual classes, attributes, associations, and generalization relationships mentioned in the 
descriptions. Label all associations and include all multiplicities. 

A customer places orders. A customer has a name and phone number. There are two types 
of orders: pick-up and delivery. A pick-up order has a pick-up time. A delivery order has 
an address and deliver-by time. All orders consist of a set of items. There are two types of 
items: pizzas and drinks. All items have a price. A pizza has a size and a crust type. A piz
za also has a number of toppings. A topping has a topping type and a price. Some pizzas 
are special pizzas that have a name (e.g., "Hawaiian" or "Meat Lovers"). A drink has a 
brand and a flavor. 

(I, . ..L """ 

1 7 

(), .J. 

Rdl.-LlD (), I. }\,J: ... ..., (), ~. 
• • 

picw""p "itll"~----;I-__ --J-,JIJ(.J:i4 . .J:i,J'ICU·" ~L-" ___ _ 

de.Jiw..o'l tirnt. 

5 

T ..... "':...... ) 
II.,J -{ 

_____ --J---4-t.=.~~~ 

pn'(.t,. 



7. [ I3ptsl Reverse engineer a design class diagram for the Media"R"Us.com system (page 16). 
Include only the following classes/interfaces in your diagram: Item, Book, DVD, Com
pactDisc, Cart, and Stock. Model completely all attributes, operations, assoc iations, visibili
ties, multipl icities, generalizations, etc. You may omit constructors and simple getter/setter 
operations that do nothing more than return/assign an instance variable. 

C:.d __ _ 

"" j 

--------____ ;~·-_~ ____ ------________ ~i~------------_~-~----------------
I I I 
I I 

.L • • 
'R.-II. ~\I~ r, T l"'I:y, 

I 

- tiHr.: <L ... +:+1, : Stri..., ·+al. ~ 
- ?t" 'et.: bovbk. - !>rica.: t>oublc. : prl';': bOIl" 
~.r:i~ .t · .~~:"" _ ... r+: ri - , ..... ;,,0. 

... I J.: Jtri"~ '<t - St ' - _ +/lM.ks: 'n"" .,J ... t. rl"!) 
_ ill' T. . 

oJ 

. . -,booIts 6f1 i"..cWds .!-c.J.S 

\. / 

'" ~ / 
~ S±oc.k ~ -... 

6 



8. [12pts] Consider the object diagram (snapshot) of a running Media" R"Us system (page 19). 
Complete the following sequence diagram that models the interactions that would result from 
an execution of AddToCart's addO method when method parameter ids = ("7", "g"). Model 
only interactions among the objects given below- be careful not to miss any ! Expli citly 
model returns and return va lues, and execution specifications (aka activation bars). 

: AddToCart 

,u(( •. ,.~ "~hl .. ~ . 
..J. D 

~Ilr::l 

. \,..J 

!,-
,....Ie, 

...... '" .-1 ~ 

~. d"clC.) 
I' 

"ql.l 

J.... :'t'~ 

.~.t 

~ ,,'1". 
i' 

... ..LIL 

lJ' 
~ 

~'..I 

~ ":1" 
I~ 

~I.t 

, - "1l" 

stock : 
Stock 

, 
• 

• 
L' 
r 

, 
r 

I 

-. 

• 
• , 

J , 
I 

I 

• 
• 

;;(1........" r"J) 
I , 
I 

I 

! , 
• , 
• 
I 
I 

• 

book[O] 
: Book 

• • 
; 
, 
I , 
I , 
, 
I 
I 

, 
• 
I 

• 
I 

I 

.. I 

, 
• 
: , 
: 

1 

I 
, 
• 
I 

• 
r 

I 

; 

book[l] 
: Book 

j 
; 
I 

• 
I 

• 
• 

· , 

• · 
• 
I 

• 
• 
I 
I 

, 
I 

I 

I , 
I 

I 

I 
I 

• 
I 

• 
I 

. \ I nere is more roolTl on the next page.) 
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dvd[O] : 
DVD 

I 
I 

• , 
: 
I 
I 

• 
I 

i 
I , 
, 
• 
I 

I 

I 
· 
1 
• 
I 

• 
I 

: 
I 

• 

I 

• 

~ 
~ 

: 
• 
I 
I 

I , 
I 

• 
I , 
I 

I 

I 

: , 
• 
I 

, 

· I 
• 

L I 
,. 1-

L-...•• 

• , 
• 
I 
I 

• 
• 
• 
• 
I 

• 
• 
I 
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9. [5pts] Consider the total cost of customer's purchase of books, DVDs, and/or CDs. Which 
Media"R"Us class is an information expert with respect to the total cost? Why was that class 
chosen to be the information expert? 

pllr""~<J!L~. __ _ 

_ -"'G;",.rt"--'-............ ItJ,.".I.l'---'ckl""""""e"-I~~=bJ.io'--'~~""'u..'--'e='f<d:'F-"'"-'--'~!l..U.l...,.e. _ _ 

1b n, Ifill fU {U(XM-r;t';l ~ _____ litv;f i.t,-'L-",C~"r±LL-_ _ 

""ObU AlL tk Itc.hal i/\ a P-(}(GLvJ~J w,a e6c.'" 

't Ii u :.>.... ' ....I.... __ .J..1.L!(IIW\ 'YIOW r IT ~ IMI+ Co TL 

10. [2pts] To which component of an MVC architecture should the item, Cart, and Stock classes 
belong? Give the full name for the component (not just the letter). 

MM~ ________________________ __ 

9 



There are many different ways that you might want to store Media"R"Us items in persistent stor
age. For example, you might store items to an XML file, or store them in a DB (via the lDBC 
interface), or transmit them via TCP to some other type of server. Imagine that the Book class has 
a corresponding data access object (DAO) class for each storage technology, and each DAO class 
has a slightly different interface. For example: 

JdbcBookoao XmlBookoao Dd bcBookDao 

.. , JOBC-specific interface ... ... XML-speclfit interface ... ... DoBe-specific interface ... 

Now, imagine some client code implements a media sales system and uses the ldbcBookDao 
class to create/read/update/delete stored Book objects: 

JdbcBookoao 

I -'" SomeClient I 
I , ... 

... JoBC-specific interface ... 

II. [5pts] What drawback does the SomeClientlldbcBookDao design have if the choice of stor
age technology tends to be an unstable design decision (i.e., prone to change)? 

0Dtr1t.c...,,·~_~ 

tL'~no\O~ ___________________________________ __ 
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12. [IOpts] How might you improve the design to overcome this drawback? Explain your design 
with both words and a design class diagram. Name two of the design patterns discussed in 
class, and explain how each contributes to your design. 

10 iMt>roJl1. +1..... dui~o I I !.'QUId. elf c.DJplc. ±N. SO ... !.c.l..UIt: 

~Jk,c.I\,.o "l4.srU .. by il\.s(rt;~ ~"r'cr c.Iu.1-..-li&. 
~ i[ : - (f''Itc("FAC.L>7 

I ,<)arn~_~ ... 
~ ...... 1\. 1 ~ • 

; ~it.cfAa.. ..• 

D 
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• I 

.J~Akpiu Y_I R,...ltl\.." AJ. _40 •. * 

, , 
~« II • ~u.\I , I -
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Rookt»" itli<rh",. 

• \'Objnw:p-\.iul'~-L~k.Mot*r i~. optnd-';"'r G&-f»~cpk,"-r 

So cA;Gtt..t rtz,r'~ t...:.lMo~i(J' 01,. bc.......s""'~ ,'l\..AtJ-1JI1: 

II 
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13. [IOpts] Draw a control flow graph (CFG) for AddToCart's addO method. (See the example of 
a for-loop CFG on page 20.) You may shorten long lines of code using ellipses (i.e., ""."5); 
for example: Book [I books 

~ \C-CJ Lx-,jy c ,;i 

CD"'~[)i.t' c.'J cd.s ·:. '" 
- _ DVb ["J tk.lds:;: ... 

illt i :::0; 

" -

icb ./CV\."}+L.. ~ 
. 

,-<. ~ 1++ • --...... ,. 
'" ~ 

IF il'\+ j ; 0; -'" . i <. L I ... . ~;' ~ • :H'T 

/ 
-" 7'F 

, 
1,. 

~ icb[i].eq,..w.~ 

,/ r ~~.~IJ. 
I 

.1 

r illt . _i~J k 
~ j~t~~.~~· j++ ~ 
./ ~T JF 

, 
/F j,hCi) .~/.- J 

/ 

-

-

-l-m+] ~{) 
"'. 

)- ~ ~.:sdlft.t.s~ 

. ~ 
,I <: otwu.l ... . ~1. I ~ ~ . u 

T 
- -' JT'~ 
~/'. 

'Ie 
V / 

i,Ht;J ... ~ .... le - 7" J ~ __ ... td-~_r_ I 
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In the next two questions, you will use your CFG to define test suites. Because the id is the only 
part of an Item we care about in these problems, you may use the following shorthand notation: 

• 

• 

• 

ids = (Hid 1 ", "id2", "id3") 
o Specifies an array of 3 id strings. 

cart = (' ~ id4", "idS") 
o Specifies a cart with two items with id="id4" and id=" id5", respectively. 

stock = ( Books -7 ("id6", "id7"), CDs -7 ("id8"), DVDs -7 ("id9", "id I 0") ) 
o Specifies a stock with 2 books, I CD, and 2 DVDs. 

To simplifY matters, you may omit the expected output from your text cases. 

14. [5pts] SpecifY a test suite that achieves statement coverage of AddToCart's addO method. 

lut <we. *'" 1.: 
• ..J I' II. I',. ,. to' 
101 = \"" 9! ~ b ~ "J 
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15. [5ptsl Specify a test suite that achieves condition coverage of the AddToCart's addO method. 

16. [3pts 1 How may test cases would a suite have that does path coverage (with max of 1 iteration 
per loop) of addO? 

a. 

b. 2 

c. 4 

d. 7 

o More than 7 
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Media"R"Us.com Source Code 

The following source code belongs to the code base for a media sales system . You might use this 
code to build an online media store like this: 

D Wtlcome to Mtdla"R"Us.cofl )( 

Welcome 

o r am just browsing. 
OVOs 

Author 
Q 1be Voyaae of1beOawD TIalderC.s. Lewis 4.99 

D lJaux Oak Rel'euliI.... Scott Hawkin& 29$ 
o Let 1be Nalioas Be Gilld John PIPer", . 5.99 
O Treuwe Island Roben Louis SCpbeosoo 3.99 
Q How to Be a Great Guitarist Paul Hunniaell 17 .99 
o Hcan of a Hooligan Mu1bcna Paul AItazrajI 4.99 

Shogun James ClavcD 1299 

Sua Tzu 499 

Media items include books, CDs, and DVDs. The code includes functionality for a cart to which 
shoppers can add their candidate purchases, and functionality for keeping track of the store's 
stock of media items. 

p ublic interface Item { 
String getTitle(); 
double getPrice(); 
String getld(); 

} 

16 



public class Book implements Item{ 
IIInstance variables 

) 

private String title: 
private double price; 
private String author; 
private String id: 

//Methods 
public String getld(){ return id; } 
public String getTitle(){ return title; } 
public double getPrice(){ return price; } 
public String getAuthor(){ return author; } 

Ilconstructors 
public Book ( ) {} 

public Book(String t, double p,String a , String i){ 
title=t ; 
price=p: 
author=a : 
id=i; 

) 

public class DVD implements Item{ 
II Instance variables 
private String title; 
private double price; 
private String director; 
private String id; 

) 

//Methods 
public String getld(){ return id; } 
public String getTitle(){ return title; } 
public double getPrice(){ return price; } 
public String getDirector(){ return director; } 

Ilconstructors 
public DVD ( ) {} 

public DVD(String t, double p,String d, String i){ 
title=t; 
price=p; 
director=d; 
id = i; 

) 

17 



public class CompactDisc implements Item{ 
II Instance variables 

) 

private String title; 
private double price; 
private String artist; 
private int tracks; 
private String id; 

//Methods 
public String getld(){ return id; } 
public String getTitle(){ return t itle; } 
public double getPrice(){ return price; } 
public String getArtist(){ return artist; } 
public int getTracks(){ return tracks; } 

Ilconstructors 
publ ic CompactDisc(){} 

public CompactDisc(String t, double p, String a, 
int tr, String i){ 

) 

title=t; 
price=p; 
artist=a; 
tracks=tr; 
id = i; 

public class Cart { 

) 

private Item[] items = new Item[ O]; 

public Item[ ] getltems() { return items; 

public void setltems(Item item) { 
Vector v : new Vector(!); 
for (int i:O;i<items.lengthji++){ 

v .add (items[i])j 

v . add( item); 
items: (Itern[1)v.toArray(items); 

public void setReset() { items 

public double getTotal() { 
doub le total = 0; 

new Item[O); } 

f o r (int i =O;i<items.length;i++){ 
total+=items[i].getPrice(); 

return t o tal; 
) 
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public class Stock{ 

} 

private Book[) books; 
private CompactDisc [) c ds ; 
private OVO[l dvds; 

public Stoc k () { ... } 

public Book [] getBooks() { return books; } 
public CompactOisc[] getCds() { return c ds: } 
public OVO[] getOvds() { return dvds; } 

public c lass AddToCart { 

public void add(String[] ids, Cart cart, Stock stock) { 
Book[] books: stock . getBooks() : 
CompactDisc[] cds: stock.getCds(); 
OVO[] dvds = stock.getDvds(); 

for (int i = 0; i < ids . length; i++) { 
for (int j = 0; j < books.length; j++) { 

if (ids[i].equals(boo ks[j].getId(») { 
cart . setltems(books [ j]); 

} 
} 
for (int j 0; j < cds. length; j++) { 

if (ids [i] . equals (cds [j ] . getId ( ) ) ) 
c art.setltems{ c ds[j]); 

} 
} 
for (int j 0; j < dvds . length; j++) { 

if (ids[ i ] . equals(dvds[j].getId(») 
cart.setltems(dvds[j]); 

} 
} 

} 
} 

} 

Media"R"Us Object Diagram 

book[O] : Book 

title="Treasure Island" 
price=3.99 
author="Robert Louis Stephenson" 
id;;;"4" 

book[l! : Book 

ti t le="Shogun" 
price=12.99 
author="James Clavell" 
id;;; '7" 

(Note: This is not a class diagram . [t shows instances of classes .) 
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{ 

dvd[O] : DVD 

title="Snatch" 
price=18.99 
director="Guy Ritchie" 
id;;;lIg" 



Control Flow Example 

For loop 

before(); 
for (int i = 0; i < 10; ++i) ( 
doSomething(i); 

) 

Control Flow Graph 

before(); 
int i = 0; 
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