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Software Quality
*52.'676#/$8." *
*

9)",:1$"3%)" &)/ +96,#-.$I#/(1");* .
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+008/*62)&/6*=45@BH#"I807*B.22* "&*C2*D2&S$)(1*

9)",:1$"3%)" &)/ +96,#-.$I#/(1"); *



N N Shooting Down of Airbus 320
F14*#6#G ons

+ US Vicennes shot down Airbus 320
* Mistook airbus 320 for a F-14

+ 290 people dead

* Why: Software bug - cryptic and
misleading output dnsplayed by The
tracking software

Mars Climate Orbiter

* Purpose: to relay signals
from the Mars Polar
Lander once it reached &,
the surface of the planet [

- Disaster: smashed into
the planet instead of
reaching a safe orbit

* Why: Software bug -
failure to convert English |u
measures to metric values

- $165M

THERAC-25 Radiation Therapy

+ THERAC-25, a computer-
controlled radiation-therapy
machine

- 1986: two cancer patients at
the East Texas Cancer Center
in Tyler received fatal
radiation overdoses

* Why: Software bug -
mishandled race condition
(i.e., miscoordination between
concurrent tasks)

H* 9)",:1¢
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0/6#)"3%)6*.*1'3/* (%6400, *KSU&' (#*&/LI2% K8/ "#*
0/6#*],,/(#)LI"166*%."&*6%, #-. $I*M' 2)#4* 1 $&*#%*8/.6'S/*
"(Y%8K2/H#IA¥)" %$8.2%."&*(1."3)"3*6K/(),) (.#)%"6*
NYo-"6#$/.8*(%6#*%, *='36*)6*/"%$8%'6*

O.(*%, *6K/(*."&*) 8K 2/8/"H#.#) %" *#/6#)"3*#% % 26*
"#13$.#) %" #6#)"3*.($%66*K$%& (#*3$%'K6*

P #(1)"3*")31#8.$/*

Q/$6)%"6*/RK2%&)"3*

9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *
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» )'K'#H6* » *I"#/$WK/$.=)2)#4*
14=%.$&* D((/66*
8%'6/UK/"* OR(/2*
2&%(AHBA*?R82A*V* >7S*

» HK'HO*WEX+IFXYZ* QB*

P$)"#/$6* +1.$/P%)"#*
&)6K2.46* y TH1/$*,/.#'5/6*
&Yo(ABBA*?RB2A*V* HJ*#%%2=.$6*

» L.$).=2/6* <[[6*%,*(%88."&6*
0" G*&).2%36*
#/8K2.#/6*
2."3'.3/6*

&) (#)%".$)/6*
6#42/6*

T 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *
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11. EXCLUSION OF INCIDENTAL, CONSEQUENTIAL AND CERTAIN
OTHER DAMAGES. TO THE MAXIMUM EXTENT PERMITTED BY
APPLICABLE LAW, IN NO EVENT SHALL MICROSOFT ORITS
SUPPLIERS BE LIABLE FOR ANY SPECIAL, INCIDENTAL, INDIRECT,
OR CONSEQUENTIAL DAMAGES WHATSOEVER (INCLUDING, BUT
NOT LIMITED TO, DAMAGES FOR LOSS OF PROFITS OR
CONFIDENTIAL OR OTHER INFORMATION, FOR BUSINESS
INTERRUPTION, FOR PERSONAL INJURY, FOR LOSS OF PRIVACY
FOR FAILURE TO MEET ANY DUTY INCLUDING OF GOOD FAITH OR
OF REASONABLE CARE, FOR NEGLIGENCE, AND FORANY OTHER
PECUNIARY OR OTHER LOSS WHATSOEVER) ARISING OUT OF OR IN
ANY WAY RELATED TO THE USE OF OR INABILITY TO USE THE
SOFTWARE PRODUCT, THE PROVISION OF OR FAILURE TO
PROVIDE SUPPORT SERVICES, OR OTHERWISE UNDER ORIN
CONNECTION WITH ANY PROVISION OF THIS EULA, EVEN IN THE
EVENT OF THE FAULT, TORT (INCLUDING NEGLIGENCE), STRICT
LIABILITY, BREACH OF CONTRACT OR BREACH OF WARRANTY OF
MICROSOFT OR ANY SUPPLIER, AND EVEN IF MICROSOFT OR ANY
SXI\PA'Z%EE[; HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH

N* 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *



\$%8*YPO*

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE
COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM
"AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO
IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO
MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED
ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE
PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH
HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

* 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *
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» a%#bM)#/b$)31#*."6-/$6*
S.:/*6'$/*)#*8Y0/6" cH*($.6 1
0/3$/66)%"+#/6#)"3*e"%*"/-*="36*
S.:/*6'$/* 4% *8/[H#1/*6 K/ (*
S.:/*6'$/*4%* 8% cH#*1.LI*1.$8,'2*6)&/*], | (#6*

» D(#'.2*3%.26*

d/L/.2*, 246+

96#.=2)61*(%",)&/"(/*

>2.$), 4*%S*SIKS/6/"##1*6K/(),) (H#)%"*
A0b* =BY2'H/*(ISH.) " #Af

9)",:1$"3%) &)/ +96,#- $I#/(1"); *
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0/6#)"3*(."*%"24*61%-*#1/*K$/6/"(

%.,* /3% IS0 A*" Yot *#1/)$*.=6/"(/*
D*9?FRYN; 6#:S

» g 9)",:1$"3*)"*&)/*+%,#-.$/#/(1"); *



B2.(:b=%R*0/6#)"3*

b QIP), 4% (LK) (1%, *," (#)%" . 2)#4*% *#1/*6A6#/8*
B2.(;b=0%RI*&%"CH*2%%0;* #*#1/*(Yo&/*
b +AGHS #)(*H6#)"3*
0/6#*/.(1%6/*(.6/*
0/6#*(%8=)" #)%"6*%, *," (#)%" . 2)#A W =06 2&*1*#.2) (*i*, %" #*i*6)j/ Z*
Y/I"1$.224%1 LI*#%*6.8K2/*& [*#%*(%8=)" #%$).2*/RK2%6)%"*
0/6#*)" (Yo$/ (H*'6/$*)"K #*
0/6#*/.(1*KIM)L.2/"(/*(2.661W6)8)2.$*)" K #U Y% K 'H#Z *
0/6#*"'(%88%"*(.6/6*
Y/'$.#)"3*.22*/$$%$*8/66.3/6*
16)"3*"(%688%"*, " (#)%". 2)#4*
0/6#*=%$&/$2)"/*(.6/6*
08&3/6*%,*$."3/6A*%6L/$,2%-*)"K'#BA* $$.4*%, *6)j/*[*%$*<*

<[ 9)",:1$"3%) " *&)/*+%0,#- $I#/(1"); *



OR.8K2/I*B2.(:0=%R*0/6#)"3*%,*B)".$4*+/.$(1*

b O)IU R LI $B. 4%

b B4 )H1*&K2)(H1*/2/8]"H#6*

b IBKHA* $$.4A%<b/2/8/"#* $$.4*

b IL"™L67*%&&*.$$.4*6)j/6*

b "G%SH&UBYSHI&* $F.4*
+K/(*6.46*.$35.4*8'6#*=/*6%$#/&*

b +8.22/$ %S 3/ HISH/LISA*/2/8/"#*)"* $$.4*

<<* 9)",:1$"3%) " *&)/*+%0,#- $I#/(1"); *
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» O%%;* ##1/*(%&/*W-1)#/b=%dry’to'&/stematically cause it
to fail
» S0L/$.3*(P)H/SP).1*.*-.4*H#%*=/*646#/8.#)(*
\" (#)%"*(%L/$.3/*
M.6*/.(1*, " (#)%"*=//"*IRI(#I&G*
+HE 81" (YoL/$. 3/*
M.6*/.(1*6#.#8/"#*)" #1/*K$%3$.8*=//"*/R/(‘#/&G*
9&3/*(%L/$.3/*
M.L*=%#1U.22%6)&/6*%,*/.(1*=$."(L*=/I"*#.;]"G*
>06"&)#)%"*(%L/$.3/*
M.6*/.(1*=%%2/ %6'=/RK$/66)98/L.2" #/&* #%*=Y#1*#$'[*."&* .26/G*

<E* 9)",:1$"3%)"*&)/*+ % H-.$/#/(1"); *
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» S00L/S.3/*(P)#H/P).1*.*-.4*#%*=/*646#/8.#)(*W(%"#)"/&Z*
P.#1*(%L/$.3/*
M.6%/.(1*K%66)=2/*$% #/*#1$% 311 /*(%&/*=/I"*IR/(#/&G*
aVLH/1¥)" )"V 8=$*%, *K #16f*
04K)(.2*(%8K$%8)6/I*[D<b8."4*2%%K*)#/$.#)%"6*
OR/$()6/*&.#.*6HS' (#'S/6*
9.(1%(%"(/K# . 2*6H #I* Y $*6IM " (/*%, *6# #/6*
» 04K)(.224*(.""%#*$/.(1*<[[n*(%L/$.3/*
96K/().224*#%'1*%, *K #16A*(%"&)#) %" 6*

» S."4*#%%26*/R)64#*#%*8/.6'$/*."&*L)6".2)j/* (% &/*(YoL/$.3/*%, *#/t
b OL/™#1%'31%(%L/$.3/4($)#$).*(."*=/*.KK2)/&*646#/8.#) (.224A*"Y
&1 )"V (%"(2'6)%"*.=%"#*#1/*M'.2)#4*%$*2.(;* %, *="36*(."*=/*
&3$.-"*,$%8*<[[n*0Xpb(%L/$.3/*
N)h:6#$.46$&) (#*6#)22*1%2&6*

<H* 9)",:1$"3%)"*&)/*+ % H-.$/#/(1"); *
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b \Tb('6*%6" 00" * " (#) %" U $*BY6& 2/ #* *#)8/*
S.4*"[|&*#%*(.22*%#1/$*," (#)%"6*,%$*6/#' K*
b 16'.224% "#%8 #/&*
b +HH'=6*%$*8%(;*%=h/(#6*6/SLIHY*$/K2. (/*8%&'2/6+6/&*
H1/*8Y0& 2/*HO*=/*HI6#/&*
b D*&S)LISH) "W). 2)i/6*#LIHH6H*"L)$%6" 8/ #*

NS$)L/$*."&*6#'=6U8%(;*%=h/(#6*#%3/#1/$*.$/*% #/tecR2/&*
fixture

b 1" HHBHE* Y0 #"6K/(),)/&*=4*&/LI2% K /S
D2-.46*)"*OR#$/8/*P$%3$.88)"3*

<J* 9)",:1$"3%)"*&)/*+ % H-.$/#/(1"); *
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<T*

Driver

/

Module
to be
tested

N

Stub

Stub

RESULTS

Y

Interface

Local data structures
Boundary conditions
Independent paths
Error handling paths

cases

9)",:1$"3%)"*&)/*+%,#-.$/#/(1"); *
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public class OrderStateTester extends TestCase {
private static String TALISKER = "Talisker";
private static String HIGHLAND PARK = "Highland Park"';
private Warehouse warehouse = new Warehouselmpl();

protected void setUp() throws Exception {
warehouse.add(TALISKER, 50);
warehouse.add(HIGHLAND PARK, 25);

+

public void testOrderlsFilledlfEnoughlnWarehouse() {
Order order = new Order(TALISKER, 50);
order.fill(warehouse);
assertTrue(order.isFilled());
assertkEquals(0, warehouse.getlnventory(TALISKER));

+

public void testOrderDoesNotRemovel fNotEnough() {
Order order = new Order(TALISKER, 51);
order.fill(warehouse);
assertFalse(order.isFilled());
assertEquals(50, warehouse.getlnventory(TALISKER));



I"}#+0/6#6*

» O1/*6#42/*%,*#/6#)"3*%"*#1/*K$/L)%'6*629tate6/6*
verification™

F/*&#1$8)"1*-1I#1/$*#1/*IR/$()6/&*8/#1%E&*-%S;/&*
(%3P/(#24*=4*/R.8)")"3*#1/*6# . #/* %, *#1/*646#/8*" &/ S*H#/6#H*." &
V#6*(%22.=%$.#%%$6*. #/$*#1/*8/#1%&*-.6*/R/$()6/&?*

» Mock objects*/".=2/* *&),,/$/"#* . KKS%.(1*#%0*#/6#)"3*
S%(;6*'6/*behavior verification*

(LI(*), L% $8&I$*8. &/ #1I*(Yo$$I(H*(.226% % *#1/*- $/1%'6/7**

NOOHH1)6*=4*#/22)"3*#1/*8%(:*-1 #*HY*IRK/(#*&'$) "3*6/H#'K*."&*.6;)"3
H1/*8%(:*#Y0*L/$), 4*)#6/2,*&'$)"3*L/$),) (H#) %"

<_* 9)",:1$"3%) " *&)/*+%0,#- $I#/(1"); *



|")#*0/6#6*6)"3*S%(;*7=h/(#6*W<UEZ*

public class OrderlnteractionTester extends MockObjectTestCase {
private static String TALISKER = "Talisker";
public void testFillingRemovesinventorylfInStock() {
//setup - data
Order order = new Order(TALISKER, 50);
Mock warehouseMock = new Mock(Warehouse.class);

//setup - expectations

warehouseMock .expects(once()) -method("*hasInventory')
-with(eq(TALISKER),eq(50))
-will(returnvalue(true));

warehouseMock.expects(once()) -method(*'remove')
-with(eq(TALISKER), eq(50))
.after(""haslnventory);

//exercise
order.fill((Warehouse) warehouseMock.proxy(Q));

//verity
warehouseMock.verifty();
assertTrue(order.isFilled()); 1} ..



")#+0/64#6%'6)"3*S%(;*7=h/(#6*WEUEZ*

public void testFillingDoesNotRemovel fNotEnoughInStock() {
Order order = new Order(TALISKER, 51);
Mock warehouse = mock(Warehouse.class);

warehouse.expects(once()) -method(*'haslInventory'")
-withAnyArguments()
-will(returnvValue(false));

order.fill((Warehouse) warehouse.proxy());

warehouseMock.verify();
assertFalse(order.isFilled());

}

<g* 0)",:1$""3%) &) *+% #-. $/#/(1"): *



"#/3$5.#)%"*0/6#)"3*W10Z*
b 10%)B*#L/KL.6/%)"*6% #- . $/*#/6#)"3%)"*-1)(1*)"&)L)&' . 2*
6%, #-.$/*8%&'2/6*. $/*(%8=)"/&* " &*#/6#&* 6* *3$%'K*
b IEROL((S6*. IS HHI6H)"3* "8 =/ Yo$/*6AGHIS*#6H#)"3*
b P'SKY%6/1%L/$),4%," (#)%" . 2A*K/$, %$8." (JA*."&*$/2).=) 2)#4
$IM')S/8/"#6*K 2. (/8&*%"*8.h%$*&/6)3"*)#/86*
» 10¥'6/6*=2.(:b=0%6R*#/6#)"3*
b 10%00, #/"+6HS! (#'S/&* . 6*#YKD&Yo-"*10*% $*=06##%68b' K*10;
0%Kb&%-"*"//&6*6#' =6 A*=%##%8b'K*&%/6" c#*
F)#1*#%Kb&%-"A*8.h%$* (%" #E%2* " (#) %" 6*(."*=/*#/6#/8*].$:

E[* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



"#/3$.#)%"*0/6#)"3*e*0%K*N%-"*DKK$%. (1*

b I"H3$5.4) % K $%(/66%)6*K/$,%$8/&*)"* . *6/$)/6*%, *6#/K 6*

<2 S.)"(%"H#$%2*8%&'2/*)6*' 6/&*.6*#/6#*&S)LISA*6H'=6* 4
6'=6H)HHI&* %$*.22* (V8K " /"#6*8) S/ (H#24*6'=%$&)" #
8.)" (%" #$%2*8%& 2/

£ +'=00$&)" HIFOH'=6% S/ SIK2.(/&*V0" [* #* *#)8/*-)#1*
(#.2%(%8K%"/"#6*

H? OI6HE* $I*(%" &' (#18&*.6%1.(1*(Yo8KY%"["#*)6%)"#/3$ #/&*

17 7" (%8K2/#)%"*%, *.(1*6/#* %, *#/6HOA* " Yot 1/$*6#'=%)6
SIK2.(J&*-)H1*#1I*$/.2%(%8K Yo" ["#*

E<* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



"#/3$.4#)%"*0/6#)"3*e*BYo##%8h' K*DKK$%. (1*

» +#/K6*
O%-b2/L/2*(%8K%"["#6*.$/*(%8=)"I&*)"#%*(2'6#/$6*#1.1#*
K/$,%$8*.*6K/(),)6'=," (#)%" *

D*&$)L/$*)6*-$)HHH " *H#%* (Y% $&)" #*1#6#* (.6/%)"K'H#*." &* %' #K
01/%(2'6#/$*)6*#/6#/&*
N$)L/S6*.$/*$/8%L/I&*."&*(2'6#/$6*.$/*(%8=)"/&*8%L)"3*
'K-.$&*) " #1/*K$%3$.8*6#$' (#'$/*

EE* 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *



+46#/8*0/6#*
b O/6H*I"#)S/*/" &hHY /" &*6A6#/8* " (#)%" . 2)#4*)"*=2 . (:b=%
6#42/*
b 7 H"%$3.")j/&*=4*6/*(.6/6*
b T HIE&D)LI"=4%6/K.$.H/*#/6#)"3*#/.8*
>'6#%8/$*U* ('6#%8/$*$IKS$/6/"#.#)LI*) " *oP*
b S.A%&), II"H* Y $86* Y0, *6A6H]S*H GHE*

Y]I54/64) " 3AX]6.=) 2 HA*#6H) "SAPI$,%$8." (/*4#/6#) "3A*
D((/66)=)2)#A4*#/6#)"3A*+H#$/66*#/6#) " SAXV/*

EH* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



D((/K#."(1*0/6#6*

» \"'(#)%". 2*#/6#6*# 1. #*#1/*('6#%8/$*'6/6*#%*/L.2" #*#1/*
M".2)#4*%,*#1/*646#/8*

EJ* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *
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b 9"6'$/*(YBKY"["HE* (" *=/*#I6#]8*)"*)6%2 .#) %"
S)")8)j/*&IKI"&1" (16*% Yot 1/ $*(Y8K Yo" /" #6*
P$O6L)&/* (%" 6HS (HUSE*HU6*6/#+ K*Yo=h/(#6* Y% $*#/6#)"3*
b N/B)3"#/(1")M/6*/R)6#*#%*].6/*#/6#.=)2)#4*
b 164" S, (/65H#%6*.22%-+'6.3/*%, *8Y%(: *%o=h/(#6*%$*6H# =6*
KNJK /" &" (41" 0/ (#) %" *
b +968/*PO6*K$Y%L)&/*6'KKYoS#* %$*#/6#)"3*
DBK/(HO6* $IM'"H24%6/&* Y% S #/6#)"3*

ET* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *
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» Goall*
1.L/A"%'31*" ) #*#/6#6*
(1/(;*#1/4c$/*,,I(#)L/*

EA* 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *
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» Methodl*#%*&/L/2%K*.*K$%3$.8*,$.38/"#*
FS)#/* *#/64*
+H#'=HL* )" (#) %" 2)#4*
0"6'$/*#1 A HLI*#I6H*.(#'.224%,.)26%e*),*" Yot A*H1/*#/6#*)6*" %0
$/6#3) (#)L/IA*))R*)#Hf*
1IBK2/8/"#*["%'31*," (#)%". 2)#4* Y% S*# 1 /*H#/6#*#%*6#.5#*K.66)
='#"no more
I#/$.#/*=4* &&)"3*8%$/*#/6#6*
+HWK*-1/"*#/6#6* %P (/*#1/*&/6)P/&*=/1.L) % S*#%*=/*
)BK2/8/"#/&*

E_* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *
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Resultl*

» -[*3/#*8%$/*(%",) &/ ([*#1.#*
22% " (#)%" . 2)#4*)6*#/6#/&A*=/(.'6/*-/*&%" c#*)BK2/8/"#*
VAH1)"3%-1)(1%)6* Vot 62 &F*
HI6HE*.(#'.224%(1/(;*-1. #*#1/4%61%'2&F*

» #/6#6*.5/*.*,%$8*%,*6K/(),)(.#)%"*W/6K/().224*)"*BNNA*

L.$)."#*%,*ONNZ*

» SUS/*#/6#* (Y&/IA*#1'6*.26%*8%F/*(Yo&/*#%*8.)"#.)"*

O1/$/*.$/*#/(1")M'16*#%*/.6/*8.)"#/"."(I*

» But*.3.)"A*"%*.=6%2'#/*3".$."#//*

E™>* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



N/B)3™*=4*>0%"#S$. (1#*

b Y/I$.2*8/. ") 3
FKI(), 4% (0" HS. (HF=#-1]"*(2)"#* "&*)8K2/8/"#.#) %"+ %, * *
8%6&'2/*
16)"3*K$/b*."&*K%6#b (%" &)#) %" 6*
+A46H/8*-%$:6%), *=0#1*K . $#)/6*,'2,)22*#1/)$*(%"#S. (#*
b +KI(),) (*6/##)"3*%, <#/6#)"3*
Q/$),4*KS$/h."&*KY66H#0 (%" &)#)%"6*-1)2/+$"™")"3*
D66)3"*=2.8/*=.6/&*%%"*-1)(1*%"/*,.) 26*
0'$"6* *6AGH/S R/('H)Y%"*) "HY%b* *6/H#+Yb, ") H*H#]6HE*

Eg* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



OR.8K2/I*N/6)3"*=4*>%"#$.(#*'6)"3*#1/*C.L.*S%&/2)
0."3".3"*"WCSOZ*

/>0
public normal behavior
requires ! 1sempty();
ensures
elementsInQueue.equals(((JMLObjectBag)
\old(elementsInQueue))
-remove(\result)) &&
\result.equals(\old(peek()));

SESONOESOESOEONS)

@*/
Object pop() throws NoSuchElementException;

SO0 H#S. (H6* $/*(L/(,/&*&A" 8)(.224%) *#1/*(%&/*)6*(Yo8K) 2/&*-JH1*#1/*
CSO*(%8K)2/$*

H[* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



d/3$/66)%"*0/6#)"3*

b D*6' )%, “H#6#6*)6*$"*/LISA*H#)8/*#1/*646#/8*(1."3/6*

b Y%, 215 HYo* (H(1*."A* WG Z*"[-*="36*)"#$%& ' (/&*=4*(1."3/*
A/l & HYo* &&*HBHE* Yo$+"I-* " (H)%" . 2)#4*
BH*GH) 22 GHHL Y0628+, " (#) %" 2)#4* . 26 %% F*
A06H/1%) " *6Y8/*(.6/6A*Y 28 #I6H*(.6/6*61% 28 SIS ™ *&), /$/"
$/6'24A*&IK/" &) " 3* U0 HL/*(1."3/*H#1 #*-.6*8.&/*

H<* 9)",:1$"3%)"*&)/*+ % H-.$/#/(1"); *



2)31#24*B")28&6*

b B)2&)"3*.*$/2/.6/*%,* 2 $3/*KSYoh/(#+/LIS4*") 31+

> #(1/6%)"#/3%$.#) %" *K$%=2/86*-1/$/* *(1."3/*k=$/.;6*#1/*
=" 2&I*
B$/.)"3*#1/+=")28*)6* *BIY*&/.208.4*$/6'24#*)"*8) &") 31 #*(.226*
#1/*$16K%"6)=2/*/"3)"//$*

b 04K)(.224A*$"*$/35/66)% *#/6#*. #/$+=")28&)"3*
P20%6#+K$%3$/66%%0" *#/6#H6* 6L I$*#)8/*

HE* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



D&&*#I6#6* Y$*/.(1*&/ /(#*,)RI&F*

» 1¥/R)6#)"3*#/6#6*&%"c#*.2%/.&4* (Y L/S*H#1/*&/ [ (#*
[?3?2A%)H*- 6% %#*, %" &*#1$%' 31 *#/6#67*

» Goal:
0%*(1/(;*#1.#*#1/*&/ [(#*)6*.(#'.224* ) )R/&*
0%*KS/L/"#*#1/*&/ I (#*,$%8*=/)"3*$/)"#$% &' (/&*

HH* 9)",:1$""3%)"*&)/*+% #-. $I#/(1"); *



F1/"* $/*4%"*&%" *#/6#)"3G*

b S%6H*(%88%"
0" 00" #* %, *#)8/*%$*8%"/4*

b > HHSARHYR 6/*6H# 1) 6H) (.2*8%&/26*
7"24% 6+3%%&*.6+4%'$*(1.$. (/)] #) %" %o, *H1/¥)"K #*
F1)(1%)6%06, #/"M")#/*=.&*
OR(/KH)%"1*6#.=2/*646#/86* %$*-1)(1*4%"*1.LI*/8K)$)(.2*&.#.*
WH#/2/K1%"/6Z*
OR(/KH#)%"1*3%%&*8 . #1/8.#)(.2*8%&/2*W.L)%") (6 Z*

y >."*6//&*,.'2#6*
M.2#%-1/"% "*K &IM' #IFKIS(/"#.3/%)6* %" &*
18K 2) (#)%"1*6.8/*KIS(/"#.3/*%, " "%o-"*/$$% $6*, 96" &*
B'#*)6*#1)6*$/.224*#$'/G*

b d'2/%% HL'8=I*-1/"*/$$%$*&/H () %" *$ H#*&$YoK 6+

HJ* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



0/6#)"3*1" . 2)H#4*DHHS)='"#/6*

» 01$%'31K'#*
1"($/.6/*2%.&*6#/.8) 24*#1$% 31+ *6/$)/6* %0, *H#/6HE*"#) 2*
K/$,%$8."(/%)6*". (IK#.=2/*
0%.&*K$%,)2/*61%'2&*8 H#(1*.(#'.2*%K/$.#)%"*K$%,) 2/*%, *62
K+H#S/66*#/6#)" 314/ 6HE*H1/*6ABHIS*=/4%"8*) "#" &/&*&/6)3"*2)
O%%:* #*,.)2'$/*=/1.L)%$*

\&1"#),4*& ] | (HE6*$/2 H#I&*HY6* 1/ L4*2%.&*

HT* 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *



0/6#)"3*1" . 2)H#4*DHHS)='"#/6*

» d/2).=)2)#4*
d"* %S+ *K/$)%&*%, *#)8/*.3.)" 64 % K/$.#) %" . 2*K$%, ) 2/ A*/6#)
$/2).=)2)#4*8IH#$) (*
>1.22/"3/61*

M. $&*#%*;"%-*(% PP/ (#*K$%,) 2/*
ORK/"6)L/*#9%6*3/"/$.#1*K$%, ) 2/*
all&*2 $3I4H6H(.616*HU6*3[" 1S H/*6H #)6#) (. 2*(%" )&/ (I*
F1)(1%)6%)$$/2/L."#* " 4- 4%) *#1/*K$%,) 2/%)6*%, ,*
B.6)(.224*"%*3%%&*-. 4*#%0*&Yo*#1)6*
D2#/$" #)L/1*6#$/66*#/6#) "3A*.3.)"

H 9)",:1$""3%)"*&)/*+% #-. $I#/(1"); *



0/6#)"3*1" . 2)H#4*DHHS)='"#/6*

b\ 2HHY2/S. " (/*
P$Y63$.88.4)(.224%('6/* *,. ' 24+ "&*HIGHHL HH1I*6 A6H#/8*(."
$/(%L/$*

» +/('$)#4*
D, (;*#/.8*
b 16.5)2)#4*
S/.6'$/*'6/$*K/$,%%$8."(/*%"*6%8/*#.6;*
b PY%S$#.=)2)#4*
0/6#*.3.)"6#*8'2#)K2/*K2 #,%$86*
» 9L%2L.=) X4
N/6)3"*/R#/"6) %"

H_* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



N/, /(#0S.(;)"3*

» 7$3.M))/&*1."&2)"3*%,*&/,/(#6*
N/, /(#*&/6($)KH) %"
P$%%=2/8*.". 246)6*
P$%&' (#*."&*L/I$6)%"*.,,/(#/&*
7%$)3)" #%PA*7-"/$*
+ HBI* UK/ A* (%" ) $8/8&A* (2% 6/&*
+/L/$)#4*
N.#/*$/IK%S#H/&A*,)R/&*
» F)&/24*'6/&*)"*%K/"*6%'S(/A*)"&' 6#$4*
0%%26*8'Bf)22*

H* 9)",:1$""3%)"*&)/*+% #-. $I#/(1"); *



0/6#*P2."*

» +H#$.H#/34*
IYHGH"(#)%". 2G**F1)#/UB2.(;*=%RG*N/6)3"*=4*(%"#$.(#G*
N'$)"3*$/M")$/8/" #6G**B/,%$/*(%&)"3G**N'$)"3*#/6#*K1.6/G*
I 2)HA* #H#$S)="H*#6#)"3G*
a)31#24*=")286G*
>968K2/#/"166*($)#/$)%"G*
» NO%('8/"#*.((/KH."(/*#/6#6*
0. (/*/.(1*SIM)$/8I"#+HY%* %" [*U$*8YoB/*. (/KH." (/*#/6H6*
» 0%%26*
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» P/%K2/*
N/L/2%K/$*%$*&/&) (H#I&*#]6#I$6G*

Hg* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



>06&/*d/L)/-6*

J*

9)",:1$"3%)" &)/ +96,#-.$I#/(1"); *




d/L)/-6*."&*I"6K/(#)%"6*

» D*,.8)24*%,*#/(1")M'/6*

P.)$*P$%3%$.88)"3*

F.2:#1$%'316*

"6K/(#)%"6*

P/$6%".2*$/L)/-6*

\%6$8.2*#/(1")(.2*$/L)/-6*
v dIL)/-*U) 6K/ (#*

0%*/R.8)"/*(2%6/24*

F)#L* "4 #%- $&* (%SS! (#) %" *%$*. KKS.)6.2*
b PI%K2/AWKII$6Z* $1#1/*/R.8)"/$6*

J<* 9)",:1$"3%)"*&)/*+ % H-.$/#/(1"); *



F14*8%*(%&/*$/L)/-6G*
s > #(1)"3*/$$%6$6*
+%0%0"/$*
S%$/*."&*&),,IB/"#*
» 18K$%L)"3*(%88™)(.#)%"*
>$9%66)"3*0%6$3.")j.#)%"*=%"&.$)/6*
» P$%L)&)"3*/&'(.#)%"™*
» S.;)"3*6%.,#-.$/*L)6)=2/*

JE* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



d/6'2#6*

» > #(1)"3*8%6H#*$S%S6*=/, Yo$/*H#/6H#*

b AIL)/-*K2'6*46#%)6+8' (1% (1) KISH#1. N’ 664>
+.8K2/*$/6'2#61*
<[R*$/&(#)%"*)"*I$$%$6*$/. (1) 3*H/6#*
T[*b' [*n*#96#. 2* (%64 $1& (#) %™

b \I-IS*& J(#6*. #IS*$/2].6/*

b +'=6H."H). 2%(Y%6#*6.L)"36%)"*8.) "H#/"." (/*
FKKYSH&*=4*6H# &4* H*MP*Wd?*Y $.847*
0/6#)"3*/,,) ()" (4**W&J,/(#6* %" &*U*1%'$Z*

+AGH/8* 6/ PE<*
B2.(:*=%R*[?E E*
F1)#/*=%R*[?HEE*
d/.&)"3U)"6K/(#*<?[T_*

JH* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



P/$6%" . 2*d/L)/-*

» \.#'$/6%
1" %0$8.2*
NOO"/*=4*#1/*K$% & (/$*
b 18K2)(H)%"6*
a0b#* 6*%=h/(#)L/*
DL.)2.=2/*#%*."4*&/L/12%K/$*
N), /$/"H#*8)"&6/#+2)8)#6*6(S/I")"3*/,) )" (4*
a//&* %S $/L)/-*
P$9%& (#*(%8K2/#)%"*

JJ* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



P.)$*P$%3$.88)"3*

» \.#'$/6*
0-%*K$%3%$.88/$6*-%%;*#%3/#1/$* . #*%"*-%S$; *6# .#)%"*
7" [*HAKI6%) (Y &/*-1) 2*#1I*Y%#LIS*$IL)/-6*1.(12)" %, *(%&/*.6
V)6 HAK &
01/6/*#-%6*$%2/6%.$/*6-)H(LI&* $IM'/"#24*

» 18K2)(.#)%"6*
5"%-2/&3/*K.66/6*=/#-/"*K$%3$.88/$6*e*-)#1*
KK$9%68)6('%'61*K.)$)"3*#1$%'31*#1/*-1%2/*#/.8*
H&)/6* %" & #1 #*K )$*K$%63$.88)"3*&/($/.6/6*&/ [ (#6*."&*
)8KSUL/6*&)6()K2)"/*."&*KSY&' (#)L)#4*
A% KS/K.$.4)%"*SIM)SI&A*&S, . 24#*- 4+ % *(%&)"3*) "*ORHS/S/*
P$%3$.88)"3*

JT* 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *



F.2;#13$%'316*

» \.#'$/6*
0O/66*,%%$8.2*
PSR (/S KS/6/"#6* %S KSY6L)8/6%)" %6$8.#) %"

b 18K2)(H#)%"6*
O.$3/$*35%'KE*(."* /" &**W/&'(#) %" Z*
S%$/*8.#/%$). 2*K/$*8//H)"3*
O/66*K$/K.$.H#)%"*#)8/*
M. S&/SHYU*6/K.$.H/4RK2." #)%"*."&*N'6#),) (H#) %" A*KSY& (#*."&*KS/6/"#/$*

» 1999*<[E *$/(%88/"&6*#1$//*6K/().2)64*$%2/61*
O01/*Author b*K$/6/"#6*#1/*6%,#-.$/*K$% &' (#*)"*6#/Kb=4b6#/K*8.""/$* #*#1/*-.2;
#1$9%'31%8//#)"3A* ."&*)6*KS%=.=24*$/6K V%" 6)=2/* %$*(YSK2/4)"3*8%64*.(#)%
01/*Walkthrough Leader*b*(%6" &' (#6*#1/*-.2:#1$%' 31A*1."&2/6*.&8)")6#$.#)L/*
#.6;6A*."&*/"6'$/6*%P&/$24* (%" &' (#*W."&*-1%*)6*% #/"*#1/*D'#1%$Z*
01/*Recorder*h*'%o#/6*.22% "%8.2)/6*\WKYoH/"#). 2+ &/ |(HEZA*&I()6)%"6A*."&* ()
VHI86%) & H),)I&*&'S)" 31 /*-.2:#1$%'31*8//#)"362*

JN* 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *



"6K/(#)%"6*

» \.#'$/6%
0/.8*$/L)/-6*8.#/$).26*6/K.$.#/24*
0/.8*."&*K$%&' (/$6*8//#*#%*&)6('66*
S.4*3$/L)/-*6/2/(#/&*KS% &' (#*.6K/(#6*%"24*
b 18K2)(.#)%"6*
\%('6*%"+)8K % $H. "#*)66'/6*
|, 400" "0p-*-1 #*#1/4*.$/*
S%$/*8.#/$). 2*K/S*8//#)"3*
OI66*KS$/K.$.#)%"*#)8/*

J_* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



dIL)/-*=/,%%$/*8/$3)"3*

b 9.(1*(1."3/*8'6#*=/*$/L)/-18&*=/ Yo$I*.((JKH." (I*
b P$%61¥1)31/$bM'.2)#4*(1."3/6*
SUS/&/ /(16" %" &*
01/ #1%%$*)6*8%S/*(.$/,'2*
"&F&Yo('BIHEHHL* (Y& =[S
) >06"61*
62%-/$*&/L/12%K8/"t#H*"WGEZ*
$)6;*%,*/3%*K$%=2/86*W#%*8.".3/Z*
b 1618 Yo$F)"GH."(I* H¥Y %% 32/*."&*)"*3%%&*TK/"*+%'$(/*
K$%h/(#6*

J* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



\%$8.2*0/(1")(.2*d/L)/-*

» \.#'$/6*

\%$8.2*
+(LI&'21&*LI"#*
N/,)"/&*K$%o (/&' $/*
d/K%S$H#/&*$/6'2#*
0/(1")(.2*

a%oH*6(1/&'2/*

aYoH*='8 3/#*
"&IK " &I HSIL)/-*# . 8*
P$%&'(/$6*"Y%ot*KS$/6/"#*

Jo* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



\%$8.2*0/(1")(.2*d/L)/-*

b 18K2)(.#)%"6*
SUSHKSIK.$.#)%"#)8/*
O/66*8.#/$).2*K/$*8//#)"3*
PSOO& (H*8'6H*6H#. "&*Uo$*,. 22+ 06" VHE+0b-"+

T* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



0/.8*+/2/(#)%"*,%$*\%$8.2*0/(1")(.2*d/L)/-6*
» S.".3/$*.66)3"6*
QIBHI&X) " HISI6H*)"* *3%%6&* %' H(%8/*
dIL)/-*.6*&/2/3 #)%"*%%,*8." . 3/$C6*$/6KY%"6)=)2)#4*
b 0/(1")(.2*(%SKIH" (/*
b >SS/ HHH(1"%2%34*
» 7=hi(#)L)#4*
B/6#*='&&)/6*."&*k%'#6)&/$61*
b 16/$%)"L%2L/8/"#*

T<* 9)",:1$"3%)"*&)/*+ % H-.$/#/(1"); *



0/.8%+)j/*
» +8.22/$*%,%%*
\%('6*
+(1/&'2)"3*
d/.6%".=2/*%'#K'#*L%2'8/*K/$*K/$6%"b1%'$*
» O.$3/$*,%%*
ORK/$#)6/*
S.:)"3*$/L)/-+K'=2)(*
» a%"bK.$#)K.#)"3*%=6/$L/$6*
b 0/.8%6)j/*'6'. 224*=/H-I/"*H*."&* *

TE* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



F1.#*."&*F1/"#%*d/L)/-*

» D"4*6%, #-.$/* $H#),.(#*
$IM")$/8/ " HEA*8/6)3"BA*(Y6&IA**
&Ob('SI"H# ) %" A*KSY6 (/&' SI6AX)"#I$, (/6 A*? 27+
b dIL)/-6*61%'2&*=/* %$8.224*6(1/&'2/&* "&*1.L/* *
K$/&IHI$8)"18*&'S )%™

TH* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



d/L)/-*P$%(/66*

b P$%& (/$6*K$%L)&/*8.#/$). 26
b Of.&/$*6(1/&'2/6*8//#)"3*

b I"&)L)&' . 26*K$/K . $/*

b 0/.8*1%2&6*$/L)/-*8//#)"3*

b S.".3/$*3/H6*S/KYSH*

TJ* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



0/.8*0.6;*7L/$L)/-*

b P$%L)&/* *3%%6&*$/L)/-*
O1/*#.8%)6*$/6K%"6)=2/* %S #1I*$/L)/-A*" Yok #1/*KSY& (H+*\)
61%064#*#1/*8/66/"3/$Z*

b \)"&*)66'/6*
d.)6/*#1I8A*&%" CH*6% 2L /*#1/8*

b d/"&/$*."*.66/668/"#*&/()6)%"™
D((/K#A*D((/K#*-)#1*8)"%$*$/L)6) %" A**
d/L)6)%"*"//&I&A*d/N/(#*

]".")8%'6* KK$Y6L.2*$/M')$/&*
P$%& (#*$/h/(#)%"*=4*)"&) L) &".2*L[#%**

TT* 9)",:1$""3%)"*&)/*+% #-. $I#/(1"); *



0/.8*0O/.&/$*b*0.6;6*

» DLY%)&*KS$/8.#$/*$/L)/-6*

b >0006&)" H#1*.$$."3/8/ " H#6*
S.#$).26*&)6H$)="#)%"*
S/I#)"3*6(1/8'2/*
SIIH)"3*2%(H) %" "&*,.()2)#)/6*

b 9"6'S/*.*3%%E&*S/L)/-*
TS*SIKSHHL/*S/.6%" %o$*,.) 2'$/*

S.#/$).26*8)66)"3*
d/L)/-/$6*8)66)"3* %S+ Vot K$/K.$/&*

TA* 9)",:1$""3%)"*&)/*+% #-. $I#/(1"); *



0/.8*0O/.&/$*e*d" *#1/*S//#)"3*

b D(#*.6%(1.)$K/$6%"*
TKI")"3* "&*)"#S%& (#) %" 6*
P$%(/&'$/*3")&/**
>20/66)"3*

b D#*.6%,.()2)#.#%$*
>00"#$%622)"3*2/LI2*%, *K.$#) VK .#) %"

0"06'3L*="H*"Vo#*#% %8 (1*

>00", 2)(H*$/69%62'#) %"+

b O/S8)" H#IH1/*8/1#)"3%), *" KS%& (#)L/*

T * 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



d/L)/-/$6*b*0.6:6*

» P$/K.$/*=/,%%/*
01%$%'31*$/L)/-*%,*8 #/$).26*
» P.$#)OK.#/*
B/*#1/$/*
>068)"3*2.#/5*2/.L)"3%/.$24*
D(#*K$%,/66)%".224*
P/$6%".2*.3/"&.6*
B)3*/3%6*."&*614"/66*
b P%G6)H)LI*."&*"I3.#)L/*(%88/"#6*
B.2."(/s*(%'$#/64s*KP/6/$L)"3*-1.#C6*3% % &**

T* 9)",:1$""3%)"*&)/*+% #-. $I#/(1"); *



d/(%$&/$*

b H2/(H) %"
D"4*(%8K/#/"#*$/L)/-I$*
+)"32/*0%6$*8' 24K 2/*$/ (%6 $ 8/ $6*

A%b# . H#)"3*$I6K%"6)=) 2 #4*-)#1)"* *8//#)"3*
N%"cH#*(1%%6/*2/.&/$*.6*$/(%$&/S*
0%%*8'(1*#%*&%*
+K.$.#)%"%, *K%-/$*

b 0.6, XY /#¥)#*) " *-$)#)"3*

B.6)6%,%$*$/K%$#*

Tg* 9)",:1$"3*)"*&)/*+% #-.$/#/(1"); *



d/L)/-*d/K%$H*

» P'SK%6/*
0/22%8." 3IS6*#1/*%' #(%8/*
0.$24*-.$")"3*646#/8*,%%*8.h%$*K$%=2/86*
P$o6L)&/*1)6#%3$)(.2* S/ (%$&*
\%S$+K$%(/66*)8KSY6L/8/"1*
\%$*#3.(;)"3*K/%K2/*)"'L%2L/&*-)#1*K$%h/(#6*
» S00"#/"H#HE6*
+'88.$4*
P$%& (#+)66'/6*
T#1/$*$/2 #/&*)66'/6**

A 9)",:1$"'3*)"*&)/*+%,#-.$/#/(1"); *



+'88.$4*
b >0&/*dIL)/-6*.$/* ¥1)3124%/, [(#)LI#/(1")M' *#%*)8KS%L/
6%, #-.$/*M".2)#4*
D"&*8."4*%#1/$*=/"1,)().2*6)&/*/, | (#6*
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b NOo*)#*
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nex 9)",:1$"3%) " *&)/*+%0,#- $I#/(1"); *



