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QuestionsS1

This documentcontainsstudyquestionsto help in studyingthe material covered in the textbook,The
scienceof computing. Mostquestionscomefromprevioustestsgivenby theauthor.

Each question's labelhastwo partsseparatedby a dash.Question3.2–1,for example, is the�r st study
questionfor thematerialcoveredin Section3.2of Thescienceof computing.

Question 2.1–1: (Solution,p S16) For eachof the following circuits, write a truth table tabulating the
circuit's outputfor eachcombinationof inputs.
a.

x

y

b.

y

x

c.
x

z

y

Question2.1–2:(Solution,p S16) How deepis eachof thecircuitsappearingin Question2.1–1?

Question 2.2–1: (Solution,p S16) For eachof the following circuits, write the Booleanexpressionthat
mostcloselycorrespondsto thecircuit.

a. Thecircuit of Question2.1–1(b)

b.

y

x

c. Thecircuit of Question2.1–1(c)

Question2.2–2:(Solution,p S16) Draw acircuit representingeachof thefollowing Booleanexpressions.
a. �

�����

�

b. �

���

�

�

Question 2.2–3: (Solution, p S16) For eachof the following Booleanexpressions,write a truth table
tabulatingtheexpression's valuefor eachcombinationof variablevalues.
a. �

�

�

���

b. �

���

�

���

Question 2.2–4: (Solution,p S17) For eachof the following, draw a smallercircuit (i.e., fewer gates)
accomplishingthesametaskasthecircuit given.

a.

x

y

b.

y

x

z



S2 Questions

Question2.2–5: (Solution,p S17) What is theunsimpli�ed sum-of-productsexpressionfor thefollowing
truth tables?(Usemultiplicationfor AND, additionfor OR.)
a. �

�

out
0 0 1
0 1 0
1 0 1
1 1 0

b. �

�

out
0 0 1
0 1 1
1 0 0
1 1 1

c. �

� �

out
0 0 0 1
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 0

Question 2.3–1: (Solution,p S17) Simplify the following sum-of-productsexpressions.For thosethat
cannotbesimpli�ed usingthetechniquefrom Section2.3,youmaysimplystatethis fact.
a. �

� �

�

���

�

�

b. �

� � �

�

� � �

�

� � �

�

� �

c. �

� � �

�

� � �

�

� � �

�

� � �

�

� �

Question2.3–2: (Solution,p S17) Constructasimpli�ed Booleanexpressioncorrespondingto thefollow-
ing truth table.

�

� �

output
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

Question3.1–1: (Solution,p S17) How many bits do you needto representsevendifferentvalues?Nine?
Twelve?Thirty?

Question3.1–2:(Solution,p S17) How many bitsarein akilobyteof memory?

Question3.1–3:(Solution,p S17) Performeachof thefollowing conversions.
a. 101101����� to decimal
b. 1010101����� to decimal
c. 23���	��� to binary
d. 95���	��� to binary

Question3.1–4:(Solution,p S17) Performeachof thefollowing conversions.
a. 1010101����� to octal
b. 1010101����� to hexadecimal
c. 101101����� to hexadecimal
d. 560��
�� to binary
e. CAB ���	��� to binary
f. 1B2���	��� to binary
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Question3.2–1:(Solution,p S17) Representeachof thefollowing in asign-magnituderepresentation.
a. � 1 � �	��� in aseven-bitsign-magnitudeformat
b. � 20� �	��� in aseven-bitsign-magnitudeformat
c. 20� �	��� in aseven-bitsign-magnitudeformat
d. � 300� �	��� in twelve-bit sign-magnitudeformat

Question3.2–2:(Solution,p S17) Representeachof thefollowing in a two's-complementrepresentation.
a. � 1 � �	��� in aseven-bittwo's-complementformat
b. � 20� �	��� in aseven-bittwo's-complementformat
c. 20� �	��� in aseven-bittwo's-complementformat
d. � 300� �	��� in twelve-bit two's-complementformat

Question3.2–3:(Solution,p S18)

a. What is the smallest(mostnegative) numberyou canrepresentin seven bits usingsign-magnitude
representation?Giveboththebit patternof thenumberandits base-10translation.

b. Answerthesamequestionfor aseven-bittwo's-complementrepresentation.

Question3.3–1:(Solution,p S18) Converteachof thefollowing decimalnumbersto the8-bit �oating-point
representationdescribedin Section3.3.
a. 1.0
b. 0.25
c. 10.0
d. � 2.5
e. 0.0625

Question3.3–2: (Solution,p S18) Accordingto the�oating-point representationdescribedin Section3.3,
whatnumberdoeseachof thefollowing bit patternsrepresent?Expressyour answersin base-10,eitheras
adecimalnumberor asa fraction.

a. 00110101
b. 11011001
c. 10111110
d. 11010101

Question3.3–3:(Solution,p S18) Supposewede�ne asix-bit �oating pointsystemwith onesignbit, three
exponentbits (usingexcess3), andtwo mantissabits.

a. Representeachof thefollowing decimalnumbersin thissix-bit system.

5 � �	���

� 2 � �	���

b. For eachof thefollowing bit patternsin this six-bit �oating-point system,expressits base-10numer-
ical equivalentasadecimalnumberor asa fraction.

000110
111001
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Question3.3–4: (Solution,p S18) Supposewe de�ne a nine-bit �oating point systemwith onesign bit,
� veexponentbits (usingexcess15),andthreemantissabits.

a. Representeachof thefollowing decimalnumbersin thisnine-bitsystem.

1 � �	���

� 6 � �	���

b. For eachof thefollowing bit patternsin thisnine-bit�oating-point system,expressits base-10numer-
ical equivalentasadecimalnumberor asa fraction.

010000010
110011110

Question 3.4–1: (Solution,p S18) Supposea digital camerausesa
���

MB disk to storepictures. How
many ����� -inch photographscanit storein 24-bit color at the standardprinter-quality resolutionof 300
pixelsperinch?(You'll needacalculatorfor thisone.)

Question3.4–2: (Solution,p S18) We examineda compressiontechniquecalledrun-lengthencodingfor
black-and-whiteimages,in whicheachbyteincludesfour bitssayinghow many adjacentblackpixelsthere
areandfour bits sayinghow many adjacentwhite pixelsthereare. As we saw, this compressiontechnique
sometimesactuallyexpandsapicture.Whatis themaximumpossibleexpansionfactor?

Question4.1–1: (Solution,p S18) Draw two truth tablesillustratingtheoutputsof a half-adder, onetable
for the �
	�� outputandtheotherfor the 

�����
� output.

Question4.1–2: (Solution,p S18) Fill in thetruth tableat right for thefollowing circuit. Ignorerows not
includedin thetable.

half
adder

half
adder

 carry

 sum

 sum

 carry

y

x

c

b

a

� � �

�

�

0 1 1
1 0 1
1 1 0
1 1 1

Question4.1–3:(Solution,p S18) Whatdistinguishesthebehavior of ahalf adderfrom thatof afull-adder?
(Thatis, aretheir inputsor outputsdifferent?Is therelationshipbetweeninputsandoutputsdifferent?)

Question4.1–4:(Solution,p S19) Draw a truth tablediagramminga full adder's �����
� output.

Question4.1–5:(Solution,p S19) Designafull adderusingonly half adders.Yourdesignmustnot include
any logic gates,suchasAND, OR,andNOT gates.

Question4.1–6: (Solution,p S19) Usingonly four-bit adders,constructaneight-bitadder. Eachfour-bit
adderhastwo four-bit inputsandone� ve-bit output.Your eight-bitaddershouldhave two eight-bit inputs
andaoneeight-bitoutput(don't worry abouttheninthoutputbit).
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Question4.2–1:(Solution,p S19)
For thecircuit below, �ll in thetruth tableat right to representhow
the valueof � changesbasedon the inputs � and

�

. Notice that
youshouldignoretwo of therows.

Q

x

y

�

�

old � new �

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0 (ignore)
1 0 1 (ignore)
1 1 0
1 1 1

Question4.2–2:(Solution,p S19) How is aD �ip-�op' s behavior differentfrom aD latch's behavior?

Question4.2–3:(Solution,p S20)
SupposetheupperD �ip-�op in thebelow circuit wereholding1
andthelowerD �ip-�op held0, while the � inputwere0. At right,
tabulate how the circuit's output changesas the input � toggles
between0 and1.

Q
0

Q
1

Q 

Q 

x

 D Q 

 D Q 

1

Q
0

Q

� �

�

�

�

0 1 0
1
0
1
0
1
0
1

Question4.2–4:(Solution,p S20)
Supposethat both of the �ip-�ops in the below circuit currently
hold 0. Tabulatehow the circuit at left changesas the input 
��

togglesthroughtheinputsat left.

ck

Q
1

Q
0Q

0Q 

 D Q 

Q
1Q 

 D Q 


�� �

�

�

�

0
1
0
1
0
1
0
1
0
1
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Question4.3–1:(Solution,p S20) Draw acircuit with asingleinput � andasingleoutput,wheretheoutput
togglesto a differentvalueeachtime � changesfrom 0 to 1. (Your circuit may incorporateD �ip-�ops.)
Thefollowing tableillustrateshow yourcircuit wouldchaneg.

� � explanation
0 0
1 1 � changesto 1, so � changes
0 1 � changesto 0; � remainsat1
1 0 � changesto 1, so � changes
0 0 � changesto 0; � remainsat0
1 1 � changesto 1, so � changes
0 1 � changesto 0; � remainsat1
1 0 � changesto 1, so � changes

Question 4.3–2: (Solution, p S20) Designa circuit that takes a single input 
�� and outputstwo bits
�

�

�

� , whosevaluescycle to thenext numberof the sequence
� ��� ������������� ��� � ��� ������������� ���
	�	
	

eachtime

�� changesfrom 0 to 1. (Notethatthis is nota two-bit counter:11 comesafter10.)

Question5.1–1: (Solution,p S20) De�ne thefetch-executecycle asit relatesto a computerprocessinga
program.Yourde�nition shoulddescribetheprimarypurposeof eachphase.

Question5.1–2: (Solution,p S20) Explain in detailwhat theHYMN CPUdoesduringthefetchphaseof
the fetch-executecycle. (Your explanationshoulddescribehow the computeraccessesvaluesin registers
andmemory.)

Question5.1–3:(Solution,p S20) Translateeachof thefollowing HYMN instructionsinto machinecode.
Expressyouranswersin binary.

a. HALT

b. ADD 14 � �	���

c. LOAD 12 � �	���

d. JUMP 03 � �	���

Question5.1–4:(Solution,p S21) SupposethattheHYMN CPUbeginswith thefollowing in memory.

addr data (translation)
00000 10000100 LOAD 00100
00001 11000101 ADD 00101
00010 11100100 SUB 00100
00011 10100111 STORE00111
00100 00000101 HALT
00101 00000110 HALT

a. Show the hexadecimalvaluestaken on by the registersas this programexecutes. (Stop oncethe
computerexecutesaHALT instruction.)

PC 00
IR 00
AC 00

b. Whatmemorylocations,if any, change?Whatvaluesarestoredin theselocations?
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Question5.2–1:(Solution,p S21) SupposethattheHYMN CPUbeginswith thefollowing in memory.

addr data (translation)
00000 10011110 LOAD 11110
00001 10111111 STORE11111
00010 11011110 ADD 11110
00011 10111111 STORE11111
00100 11011110 ADD 11110
00101 10111111 STORE11111
00111 00000000 HALT

If theusertypedmultiplesof 25 startingat 25 (25, then50, then75,.. . ) whenprompted,whatwould the
computerdisplay?

Question5.2–2:(Solution,p S21) SupposethattheHYMN CPUbeginswith thefollowing in memory.

addr data (translation)
00000 10011110 LOAD 11110
00001 11011110 ADD 11110
00010 01100001 JPOS 00001
00011 00000000 HALT

If we repeatedlytype the number32���	��� when prompted,how many times would we type it beforethe
computerhalts?

Question5.2–3: (Solution,p S21) Supposewe wantHYMN to reada number� from theuserandthen
output � ��� . Whatshouldbe in thecomputer's memorywhentheHYMN CPU begins? (Expressyour
answerin bits.)

addr data
00000
00001
00010
00011
00100

addr data
00101
00110
00111
01000
01001

Question 5.2–4: (Solution, p S21) What shouldwe placeinto memoryso that, when started,HYMN
displaysthepowersof two from 1 � �	��� to 64���	��� beforehalting?(Expressyouranswerin bits.)

addr data
00000
00001
00010
00011
00100

addr data
00101
00110
00111
01000
01001
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Question5.2–5:(Solution,p S21)
Supposethat theHYMN CPUbeginswith mem-
ory contentsat right.

a. List all new valuesstoredin memoryasthe
programexecutes.Expressyouranswersin
binaryor hexadecimal.

b. WhatvaluesdoestheAC hold in thecourse
of executingthis program? Expressyour
answersin binaryor hexadecimal.

addr data (translation)
00000 10001001 LOAD 01001
00001 01001000 JZER 01000
00010 11001010 ADD 01010
00011 10101010 STORE01010
00100 10001001 LOAD 01001
00101 11000000 ADD 00000
00110 10100000 STORE00000
00111 00100000 JUMP 00000
01000 00000000 HALT
01001 00000001 1
01010 00000010 2
01011 00000100 4
01100 00000000 0

Question5.3–1: (Solution,p S21) Translatethe following HYMN assemblylanguageprograminto ma-
chinelanguage.Expressyour answerin bits.

READ
top: WRITE

ADD one
JPOS top
HALT

one: 1

addr data
00000
00001
00010
00011
00100
00101
00110
00111

Question5.3–2: (Solution,p S22) Translatethe following HYMN assemblylanguageprograminto ma-
chinelanguage.

up: READ
JZER done
STORE n
JUMP up

done: LOAD n
WRITE
HALT

n: 0

addr data
00000
00001
00010
00011
00100

addr data
00101
00110
00111
01000
01001

Question5.3–3: (Solution,p S22) Write a HYMN assemblylanguageprogramthatreadsa number� and
displaysthevalue

�

�

�

� .

Question 5.3–4: (Solution, p S22) Write a HYMN assemblylanguageprogramthat repeatedlyreads
numbersfrom theuseruntil theusertypes5.
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Question5.3–5:(Solution,p S22) Write aHYMN assemblylanguageprogramthatdisplays100copiesof
thenumber0.

Question5.3–6:(Solution,p S22) Write aHYMN assemblylanguageprogramthatreadsanumber� from
the userandthendisplays � 's absolutevalue. (The absolutevalue of a numberis that numberwith any
negative signremoved.Theabsolutevalueof � � is 5, while theabsolutevalueof 3 is 3 itself.)

Question5.3–7: (Solution,p S23) Write a HYMN assemblylanguageprogramthatreadsa number� and
displaysthepowersof two thatarelessthan � . Yourprogrammayassumethat � is positive.

Question5.4–1:(Solution,p S23)
Translateeachof thefollowing pseudocodeproceduresinto HYMN' sassemblylanguage.
a.
Read� .
while �

�

�

�

, do:
Write

�

.
Read� .

endwhile
Stop.

b.
Initialize �
	�� to 0.
Read� .
while �

�

�

�

, do:
Increase�
	�� by � .
Read� .

end while
Write ��	 � .
Stop.

Question5.4–2: (Solution,p S23) Expressin pseudocodean algorithmto reada numberanddisplayits
absolutevalue.

Question5.4–3: (Solution,p S23) Expressin pseudocodeanalgorithmto read
� � �

numbersandthento
displaythemaximumamongthenumberstyped.

Question6.2–1: (Solution,p S24) Thetext describesthreepurposesof theoperatingsystem.Give two of
them.

Question 6.2–2: (Solution,p S24) Among the threepurposesof the operatingsystemdescribedby the
text is, “The operatingsystemabstractscomputerresources.” Explain what this sentencemeans,with an
example.

Question 6.3–1: (Solution,p S24) Describethe procedurean operatingsystemperformsto switch the
processrunningon aCPU.
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Question6.3–2:(Solution,p S24) Sayourcomputerhasa time sliceof 2 ms,andit takes1 msto perform
acontext switchand2 msto accessthedisk. Therearetwo processesin execution.

ProcessA ProcessB
compute1 ms compute1 ms
accessdisk accessdisk
compute3 ms compute1 ms

Completethefollowing tableto show how theoperatingsystemwill scheduletheseprocesseson theCPU.
Thefront of eachqueueis theleft end.Theremaybemoreblanksthannecessary.

time CPU ready disk
0 AB

Question6.3–3:(Solution,p S25) Supposeourcomputersystemusesvirtual memorywith 12pages,called
�

� ,
�

� , . . . ,
�

� � . Further, supposethatthesystemcontainssevenpageframes,whereeachframecontainsa
pageasfollows.

frame page
�

�

���

�

�

���

��� �

�

�
�

���

��� �

�	�

�

�

���

�
�

�

�

Draw adiagramof thepagetable.

Question6.3–4:(Solution,p S25) Supposewehaveasystemusingpaging,andaprogramrequeststo load
memoryoccurringin page9 of virtual memory. Suppose,moreover, thatpage9 happenscurrentlyto bein
pageframe3 of RAM. Outlinetheprocessthesystemgoesthroughin locatingthedatarequested.

Question7.1–1: (Solution,p S25) Thegameof Nim proceedsby playerstakingturnsselectinga pile and
removing stonesfrom thatpile. Theplayerremoving thelaststonewins.
Draw a completegametreefor thegameof Nim beginningwith two piles,bothcontainingtwo stones.To
draw anode,list thenumberof stonesin eachpile; for example,thetopnodewill be“2,2.”
Do not includetheminimaxvaluesassignedto eachnodein your tree.
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Question7.1–2: (Solution,p S25) Labelall internalnodesof thefollowing tic-tac-toegametreewith the
valuethatminimaxsearchwouldcompute.I' ve alreadylabeledtheleaves.

100

100

00

-100

Question7.1–3:(Solution,p S26)
Supposea gameplayerhasconstructeda
gametreeasgiven at right. In this tree,
high numbersrepresentgoodboardsfor
X, andit is currentlyX's move. (As you
cansee,X hasthreepossiblemovesfrom
which to choose,labeled� , � , and � .)

a. Fill in all empty circles with the
valuesassignedthemaccordingto
theminimaxevaluationalgorithm.

b. Whichmovewill X choose?

-1 -5

9

5 6

3

BA C

2 4

Question7.2–1:(Solution,p S26) DescribetheTuringTestandwhy Turingproposedit (i.e., its purpose).

Question7.3–1: (Solution,p S26) Supposewe have a perceptronwith threeinputs,andtheperceptron's
currentweightsare �

��	

�

� ��	�� �

�

��	

��� .

a. Whatwould theperceptronpredictgiventheinput �

���

�

���

�

�

� ?

b. Supposethispredictionwerewrong.How wouldtheperceptronupdateits weightsif thelearningrate
were �

�

��	 �

?
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Question7.3–2:(Solution,pS26) Supposewehaveathree-inputperceptron,whereinput �

� is permanently
wired to a1 input.

a. Supposetheweightsof theperceptronwere �

��	 ��� ��	

�

�

�

��	 �

� , andwewereto giveit theinputs �

���������

� .
Whatwould theperceptronoutput?

b. Supposewe wantedto selectweightssothatourperceptronwouldbehave like theAND of theinputs
�

� and �

�

.

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

� �

�

�

� �

�

�

�

�

� � � �

Giveacombinationof perceptronweights�

� , �

� , and �

�

thatwould resultin thedesiredbehavior.

Question8.1–1:(Solution,p S27) Considerthefollowing context-freegrammar.

S � �

�

a Sb S
�

b Sa S

Giveaderivationof thestringaabbabusingthisgrammar.

Question8.1–2:(Solution,p S27) Considerthefollowing context-freegrammar.

S � V V
�

V

V � ( S)
�

x
�

y
�

z

Eachof thefollowing sentencesis eitherdescribedby this grammaror not. If it is, give eithera parsetree
with S at its rootor aderivationfrom S. If it is not,simplysayso.
a. x ( y ) b. x y z c. x ( y z )

Question8.1–3:(Solution,p S27) Considerthefollowing context-freegrammar.

S � T + S
�

T

T � F T
�

F

F � x
�

y
�

( S)

Draw aparsetreefor thesentencex ( x + y ).

Question 8.1–4: (Solution,p S27) Write a context-free grammardescribingeachof the following lan-
guages.

a. thesetof stringsof a's andb's beginningandendingwith thelettera

b. thesetof stringscontainingeitheronly a's or only b's

c. thesetof stringscontainingonly a's andb's with at leastonea andat leastoneb.

d. thesetof stringsof left-bracketsandright-bracketswherethebracketsmatch(youcanpairall brackets
sothateachpair includesa left bracket anda right bracket occurringafter it in thestring). Examples
include[[]][] and[[[][]]] .



QuestionsS13

Question8.2–1: (Solution,p S28) For eachof thefollowing, saywhethertheregularexpressiondescribes
a languageincludingthesentence.Youranswerwill beeither“yes” or “no.”

ab* includesabab?
(a|b)a includesaba?
a(a|b)*b includesabbbaaab?
(a|b)(ba|ab)* includesababab?
(a|b)(ba|ab)* includesabababa?

Question8.2–2:(Solution,p S28) Write a regularexpressiondescribingeachof thefollowing languages.

a. stringscontainingonly a's andb's whereall a's comebeforeall b's.

b. stringscontainingonly a's andb's in which “aab” somewhereoccursasanadjacentsequence(like
aabaaor baaba but notabbab).

c. stringscontaininganevennumberof a's (andno otherletters).

d. stringsthatcontaineitheronly a's or only b's.

e. binaryrepresentationsof positive evenintegers.

f. binaryrepresentationsof positive integersthatareat least4.

Question8.2–3: (Solution,p S28) Give an Englishdescriptionof a languagethatcanbe describedby a
context-freegrammarbut notby a regularexpression.

Question9.1–1:(Solution,p S28) Considerthefollowing �nite automaton.

a

a

a

a

b
bb

b

Checkthestringsthatarewithin thelanguageacceptedby this �nite automaton.

ab aabbb
bbb bbbabb
baaa aabaabaa
abba

Question9.1–2:(Solution,p S28) Considerthefollowing �nite automaton.

b b
a

a

a. Checkthestringsthattheautomatonwill accept.

b bab
a bbbb
aba baba

b. GiveanEnglishdescriptionof thesetof stringsacceptedby thisautomaton.
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Question9.1–3:(Solution,p S28) Draw a�nite automatonthatacceptsthestringsof a'sandb'sbeginning
with ana.

Question 9.1–4: (Solution,p S28) Designa �nite stateautomatonthat will recognizethe languageof
stringsof a'sandb's containingat least3 b's. Examplesincludebbbbbandbbab, but notbba.

Question9.1–5: (Solution,p S29) Designa �nite automatonthatacceptsthe languageof all stringsthat
containabaa(suchasababaaba or aabaaaaa). You neednot worry aboutstringscontaininglettersother
thana's andb's.

Question9.2–1:(Solution,p S29)
Considerthe following Turing machine. (Note that the underscorerepresentsa
blankon thetape.)

a,b
>

b
a,<

a
b,>

_
<

0 1 2

At right, diagramthis Turing machine's computationasit goesthroughthestring
ababb. If you runoutof blanksin thetable,stop.

To representthemachine's initial positionin the tableat right, we write “

�

ababb
”. This representsa tapecontaining“ ababb ” (with blanksextendingin�nitely
bothways),wheretheTuringmachineis currentlyin state0 of its �nite automaton,
andits headis pointingto theinitial a.

�

ababb
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Question9.2–2:(Solution,p S29)
Considerthe following Turing machine. (Note that the underscorerepresentsa
blankon thetape.)

0

2 3

1

4

a,b,_

a,b,_a,b

<

_
< a

><
b

a,>

b,>

At right, diagramthis Turing machine's computationasit goesthroughthestring
ab. If you runoutof blanksin thetable,stop.

To representthemachine's initial positionin thetableat right, we write “

�

ab ”.
This representsa tapecontaining“ ab ” (with blanksextendingin�nitely both
ways),wheretheTuringmachineis currentlyin state0 of its �nite automaton,and
its headis pointingto theinitial a.

�

ab

Question9.2–3: (Solution,p S30) Designa Turing machinethat transformsa stringcontainingonly a's,
b's, andc's by replacingeachletterprecedingan a to a b. (Do not worry aboutthe casewhenthe string
beginswith ana.) Thus,bccbwould remainunchangedwhile caccaawould changeto bacbba. TheTuring
machineshouldalwayseventuallyenteranacceptingstateto terminate.

Question9.2–4:(Solution,p S30) RestatetheChurch-Turing thesisin yourown words.

Question9.3–1: (Solution,p S30) De�ne thehaltingproblemlanguage(the languagethatwe have seen
Turingmachinescannotsolve).

Question9.3–2:(Solution,p S30) Considerthefollowing choices.

A. the�rst is containedwithin thesecond

B. thesecondis containedwithin the�rst

C. neitheris containedwithin theother

D. thelanguagesareidentical

Choosewhichof thesechoicesbestdescribeseachof thefollowing pairsof languageclasses.

a. languagesdescribedby regularexpressions;languagesacceptedby �nite automata

b. languagesdescribedby context-freegrammars;languagesdescribedby regularexpressions

c. languagesdescribedby context-freegrammars;languagesacceptedby Turingmachines

d. languagesacceptedby �nite automata;languagesacceptedby Turingmachines
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Solution 2.1–1:(Question,p S1)
a. �

�

output
0 0 1
0 1 1
1 0 0
1 1 1

b. �

�

output
0 0 1
0 1 1
1 0 1
1 1 0

c. �

� �

output
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 0

Solution 2.1–2:(Question,p S1)

a. 2 (all pathsfrom � or
�

to theoutputgo throughtwo gates)

b. 3 (thelongestpathgoesfrom
�

throughaNOT gate,anAND gate,andanORgate)

c. 4 (thelongestpathgoesfrom
�

throughaNOT gate,anAND gate,anORgate,andanAND gate)

Solution 2.2–1:(Question,p S1)

a. �

���

�

b. � �

�����

�

c. � �

�����

��� �

����� �

�

���

Solution 2.2–2:(Question,p S1)
a. x

y

b. x

y

Solution 2.2–3:(Question,p S1)
a. �

�

output
0 0 1
0 1 0
1 0 1
1 1 1

b. �

� �

output
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1
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Solution 2.2–4:(Question,p S1)
a. This involvesanapplicationof theDeMor-
gan's law �

�

�

�

���

.

x

y

b. Thisinvolvesanapplicationof thedistribu-
tive law �

� �

�

�

�

� �

� �����

.

z

y

x

Solution 2.2–5:(Question,p S2) a. �

� �

�

�

b. �

� �

�

� �

�

�

c. �

� � �

�

� � �

�

� �

Solution2.3–1:(Question,pS2) a. �

���

b. cannotbesimpli�ed usingthetechniquefrom Section2.3.
c.

� � �

�

Solution 2.3–2: (Question,p S2) �

� � � � �

�

� �

is good. (One could go further, though,and write
� �

� � � � �

�

� �

or even �

� � �

�

� �

.)

Solution 3.1–1: (Question,p S2) You need3 bits for seven values,4 for nine or twelve, and5 for thirty
values.

Solution 3.1–2:(Question,p S2) Thereare8,096bits in akilobyte:

8 bits
byte

�

1,024bytes
KB

�

8,096bits
KB

Solution 3.1–3:(Question,p S2) a. 101101� ���

� 45���	���

b. 1010101� ���

� 85���	���

c. 23� �	���

� 10111� ���

d. 95� �	���

� 1011111� ���

Solution 3.1–4:(Question,p S2) a. 1010101� ���

� 125� 
��

b. 1010101� ���

� 55� �	���

c. 101101� ���

� 2D � �	���

d. 560� 
��

� 101110000� ���

e. CAB � �	���

� 110010101011� ���

f. 1B2� �	���

� 110110010� ���

Solution 3.2–1:(Question,p S3) a. � 1 � �	��� 1000001
b. � 20� �	��� 1010100
c. 20� �	��� 0010100
d. � 300� �	��� 100100101100

Solution 3.2–2:(Question,p S3) a. � 1 � �	��� 1111111
b. � 20� �	��� 1101100
c. 20� �	��� 0010100
d. � 300� �	��� 111011010100
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Solution 3.2–3:(Question,p S3) a. Sign-magnitude: 1111111represents� 63���	���

b. Two's-complement: 1000000represents� 64���	���

Solution 3.3–1:(Question,p S3) a. 00111000 (1.0� ���

� 1.0�����

�

�

�

)
b. 00101000 (0.01� ���

� 1.0� ���

�

� � �

)
c. 01010010 (1010�����

� 1.010�����

�

�

�

)
d. 11000010 ( � 10.1� ���

�

� 1.01� ���

�

�

�

)
e. 00011000 (0.0001� ���

� 1.0� ���

�

� �
�

)

Solution 3.3–2:(Question,p S3) a. 0.8125���	��� or
�

�

�	� (1.101�����

�

�

� �
�

� 0.1101� ��� )
b. � 18���	��� ( � 1.001�����

�

�

� � �
�

�

� 10010����� )
c. � 1.75� �	��� ( � 1.110�����

�

�

�

�
�

�

� 1.110� ��� )
d. � 13���	��� ( � 1.101�����

�

�

�	� �
�

�

� 1101����� )

Solution 3.3–3:(Question,p S3) a. 010101 (101� ���

� 1.01� ���

�

�

�

)
110000 ( � 10� ���

�

� 1.0� ���

�

�

�

)
b. 0.375���	��� or

�


 (1.10�����

�

�

� �
�

� 0.0110� ��� )
� 10� �	��� ( � 1.01�����

�

�

� �
�

�

� 1010����� )

Solution 3.3–4:(Question,p S4) a. 001111000 (1.0� ���

�

��	 �

�

�

�

)
110001100 ( � 110� ���

�

� 1.10� ���

�

�

�

)
b. 2.5���	��� (1.010�����

�

�

�

� 10.1����� )
� 28� �	��� ( � 1.110�����

�

�

�

�

� 11100����� )

Solution 3.4–1:(Question,p S4) Thediskcanstore10pictures:

� � � sq.inches
picture

�

�

� �

� �

� �

pixels
sq.inch

�

� bytes
pixel

�

MB
�

� �

bytes
�

�

�

	����
MB

picture
���

MB
disk

�

picture
�

	����
MB

�

�

� ��	 �

pictures
disk

Werounddown to 10,sinceit doesn't make senseto storea fractionof apicture.

Solution 3.4–2: (Question,p S4) A checkboardpattern,whereevery otherpixel is black,would give the
maximumexpansionfactor. For suchasystem,eachrunwouldbeonly onepixel long,andthecompression
systemwouldusefour bits to encodeeachrun, for anexpansionfactorof four.

Solution 4.1–1:(Question,p S4) �

�

��	��

0 0 0
0 1 1
1 0 1
1 1 0

�

�


 �����
�

0 0 0
0 1 0
1 0 0
1 1 1

Solution 4.1–2:(Question,p S4) � � �

�

�

0 1 1 1 1
1 0 1 1 1
1 1 0 0 1
1 1 1 0 0

Solution 4.1–3: (Question,p S4) Whereasa half addertakesonly two input bits to add,a full adderadds
threeinputbits.
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Solution 4.1–4:(Question,p S4) ����� � � � �����

0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

Solution 4.1–5:(Question,p S4)
half

adder half
adder

half
adder

in
c  sum

b 

a 
out

c

Solution 4.1–6: (Question,p S4) The designof this circuit is similar in structureto the designof a full
adderusinghalf adders.

4-
bi

t a
dd

er
4-

bi
t a

dd
er

b

a4-7

4-7

4-
bi

t a
dd

er

b

a0-3

0-3

out0-3

 0

out4-7

Solution 4.2–1:(Question,p S5) �

�

old � new �

0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 (ignore)
1 0 1 (ignore)
1 1 0 1
1 1 1 1

Solution 4.2–2: (Question,p S5) In a D �ip-�op, thememoryvaluechangesonly at that instantthat the



���

 � input becomes1. In a latch, however, the memoryvalue continuesadoptingany valuesgiven as

long asits ���
	 input is 1. (In a D �ip-�op, if the � input changeswhile 


���

�� remains1, theremembered

valuedoesn't change.In a latch,however, a changeto the � input resultsin an immediatechangeto the
rememberedvalue.)
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Solution 4.2–3:(Question,p S5) � �

�

�

�

0 1 0
1 0 0
0 0 0
1 0 1
0 0 1
1 1 0
0 1 0
1 0 0

Solution 4.2–4:(Question,p S5) 
�� �

�

�

�

0 0 0
1 1 1
0 1 1
1 1 0
0 1 0
1 0 1
0 0 1
1 0 0
0 0 0
1 1 1

Solution 4.3–1:(Question,p S6)

 D Q 

Q 
Q

T

Solution 4.3–2:(Question,p S6)

Q
1Q 

 D Q 

Q
0Q 

 D Q 

Q
1

Q
0

ck

Solution 5.1–1: (Question,p S6) The fetch-executecycle is the processby which a classicalcomputer
executesinstructions.In thefetchphase,thecomputerdeterminesthenext instructionto becompletedby
fetchingthe instructionfrom memory. In the executephase,the computerexecutesthis instruction. The
computeralternatesbetweenthesetwo phasesaslongasit is on.

Solution 5.1–2: (Question,p S6) It looks into thePC for a memoryaddress,requeststhe informationat
thataddressfrom RAM via thebus,andstoresRAM' s responsein theIR.

Solution 5.1–3:(Question,p S6)

a. 00000000

b. 11010100

c. 10010010

d. 00100011
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Solution 5.1–4:(Question,p S6)

a. PC 00 01 0203 04
IR 00 84 C5E4 A7 05
AC 00 05 0B 06

b. Memorylocation00101����� changesto hold06���	��� .

Solution 5.2–1:(Question,p S7)

? 25
25
? 50
75
? 75
-106

(This lastoutputis somewhat tricky: In the lastADD instruction,theCPUcomputes��� � ��� �

�

�

�

, but
this exceedsthemaximumeight-bit two's-complementnumber. Sothecomputerwrapsaroundendsup at

�

�

�

�

�

�

�
�

�

� � �
.)

Solution 5.2–2: (Question,p S7) It would readfrom the user four times beforehalting (with the AC
progressingfrom �

�

to
� �

to � �
to �

� ���
).

Solution 5.2–3: (Question,p S7) addr data (translation)
00000 10011110 LOAD 11110
00001 10100111 STOR 00111
00010 10000110 LOAD 00110
00011 11100111 SUB 00111
00100 10111111 STOR 11111
00101 00000000 HALT
00110 00000101 5

(Of coursetherearemany other

solutionsfor all questionsthatinvolve writing programs.)

Solution 5.2–4:(Question,p S7) addr data (translation)
00000 10000110 LOAD 00110
00001 10111111 STOR 11111
00010 10100111 STOR 00111
00011 11000111 ADD 00111
00100 01100001 JPOS 00001
00101 00000000 HALT
00110 00000001 1

Solution 5.2–5:(Question,p S8) a. address00000: 8A 8B 8C
address01010: 03 06 0A

b. AC: 01 03 018A 03 0601 8B 040A 01 8C00

Solution 5.3–1:(Question,p S8) addr data (translation)
00000 10011110 LOAD 11110
00001 10111111 STORE 11111
00010 11000101 ADD 00101
00011 01100001 JPOS 00001
00100 00000000 HALT
00101 00000001 1
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Solution 5.3–2:(Question,p S8) addr data (translation)
00000 10001010 LOAD 11110
00001 01001000 JZER 00100
00010 10101011 STORE00111
00011 00101011 JUMP 00000
00100 10000000 LOAD 00111
00101 10101010 STORE11111
00110 00000000 HALT
00111 00000000 0

Solution 5.3–3:(Question,p S8)

READ
STORE n
ADD n
ADD n
ADD n
ADD v3
WRITE
HALT

n: 0
v3: 3

Solution 5.3–4:(Question,p S8)

top: READ
SUB v5
JZER done
JUMP top

done: HALT
v5: 5

Solution 5.3–5:(Question,p S9)

top: LOAD v0
WRITE
LOAD i
SUB one
STORE i
JPOS top
HALT

v0: 0
i: 100

Solution 5.3–6:(Question,p S9)

READ
JPOS ok
STORE n
SUB n
SUB n

ok: WRITE
HALT

n: 0
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Solution 5.3–7:(Question,p S9)

READ
STORE n

up: LOAD i # display i
WRITE
ADD i # double i
STORE i
LOAD n # repeat if n - i > 0
SUB i
JPOS up
HALT

n: 0
i: 1

Solution 5.4–1:(Question,p S9)
a.

READ # Read n
STORE n

while: LOAD n # while n /= 0, do:
JZER done
LOAD v1 # Write 1.
WRITE
READ # Read n.
STORE n
JUMP while # end while
HALT # Stop.

v1: 1
n: 0

b.
LOAD zero # Initialize sum to 0
STORE sum
READ # Read n
STORE n

up: LOAD n # while n /= 0, do:
JZER done
LOAD sum # Increase sum by n.
ADD n
STORE sum
READ # Read n
STORE n
JUMP up # end while

done: LOAD sum # Write sum.
WRITE
HALT # Stop.

zero: 0
sum: 0
n: 0

Solution 5.4–2:(Question,p S9)

Read� .
if ���

�

, then:
Write � .

else:
Write � � .

end if
Stop.

Solution 5.4–3:(Question,p S9)

Initialize � ��� to �

� ���
.

repeat
� � �

times:
Read� .
if ��� � ��� , then:

Change� ��� to be � .
end if

end repeat
Write � ��� .
Stop.
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Solution 6.2–1:(Question,p S9)

� Theoperatingsystemabstractscomputerresources.

� Theoperatingsystemprovideshardwarecompatibility.

� Theoperatingsystemprotectstheoverall computersystem.

Solution 6.2–2:(Question,p S9) Computerresourcestendto havecomplex interfaces,whicharedif�cult to
use.Theoperatingsystemcreatesasimplerinterface,andprogramsrunningin thesystemusethis interface
instead.Whenaprogramusesthissimplerinterface,theoperatingsystemtranslatestherequestto theproper
commandsfor thehardware.
For example,acomputerdisplayknows nothingaboutwindows,but it is aconvenientconceptfor programs
to use.A programmight tell theoperatingsystemto createa window, andtheoperatingsystemwould tell
thedisplayto draw eachindividual pixel within thatwindow's rectanglewhite.

Solution 6.3–1:(Question,p S9) SupposetheprocesscurrentlyusingtheCPUis process� .

1. Theoperatingsystemstoresthecontentsof all registers,includingtheprogramcounter(which holds
theaddressof thenext instruction� wishesto execute),into memorytheOShasdedicatedto remem-
bering � 's registers.

2. Theoperatingsystemselectswhichprocessto runnext. Supposethis is process� .

3. Theoperatingsystemrestoresthecontentsof all registersfrom memorytheOSdedicatedto remem-
bering � 's registers.

4. Theoperatingsystemjumpsto thecurrentinstructionwithin � .

Solution 6.3–2:(Question,p S10)

time CPU ready disk
0 AB
1 A B
2 B A
3 B A
4 A B
5 A B
6 A B
7 BA
8 B A
9 A
10 A
11
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Solution 6.3–3:(Question,p S10)

index contents
0 7
1 —
2 3
3 6
4 2
5 1
6 —
7 4
8 —
9 —
10 5
11 —

Solution 6.3–4: (Question,p S10) TheCPU�rst looksat entry9 of thepagetablein RAM, to determine
thepage's location. If theentrywereblank(indicatingthat thepageisn't in RAM), theCPUwould force
theoperatingsystemto loadpage9 into RAM. In thiscase,though,it would �nd “3” in theentry, andsothe
CPUwouldgo to pageframe3 in RAM to �nd therequesteddata.

Solution 7.1–1:(Question,p S10)

0,1

0,0

0,0

0,2

0,1

0,0

1,0

0,0

1,1 1,0

0,0

0,1

0,0 0,1

0,0

1,0

0,0

1,1

1,0

0,0

0,0

2,00,1

0,0

0,0

0,2

1,0

0,0

0,0

2,01,2 2,1

2,2

Solution 7.1–2:(Question,p S11)

100

100

00

-1000 0 100

0

100

-100
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Solution 7.1–3:(Question,p S11)

a.

-1 -5

9

5 6

32 4 6 -1

-132

3
BA C

b. �

Solution 7.2–1: (Question,p S11) Turing proposedthat a personanda computerhide behinda screen
connectedvia a communicationlink to a humantester. The testerposesquestionsto eachand tries to
distinguishwhich is thehuman.If thetestercan't reliablydeterminewhich is thehuman,thecomputerhas
“passed”thetest.

A
C

B

The purposeof Turing's test is to be a speci�c, meaningfulgoal toward which arti�cial intelligencere-
searcherscanstrive.

Solution 7.3–1:(Question,p S11)

a. It wouldpredict1. (Theweightedsumis
��	��

, whichexceeds
�

.)

b. �

��	 ��� ��	

�

�

�

��	 �

�

Solution 7.3–2:(Question,p S12)

a. 1 (Theweightedsumis 0.2,whichexceeds0.)

b. � �

��	

�

�������

� (Therearemany othercorrectanswers.)
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Solution 8.1–1:(Question,p S12)

S � aSbS
� aaSbSbS
� aabSbS
� aabbS
� aabbaSbS
� aabbabS
� aabbab

[Note thatit is importantin aderivationto replaceexactlyonesymbolin eachstep.Do notcombinesteps.]

Solution 8.1–2:(Question,p S12)
a.

S

V V

Sx ( )

y

V

b. x y z is not describedby the
grammar

c.
S

V V

Sx ( )

V V

y z

Solution 8.1–3:(Question,p S12)

T

F T

F

S

T S

TF

F

x

x

y

S

)(

+

Solution 8.1–4:(Question,p S12) a. S � a T a
T � a T

�

b T
�

�

b. S � A
�

B
A � a A

�

�

B � b B
�

�

c. S � T a T b T
�

T b T a T
T � a T

�

b T
�

�

d. S � SS
�

[ S ]
�

�
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Solution 8.2–1:(Question,p S13)

ab* includesabab? no
(a|b)a includesaba? no
a(a|b)*b includesabbbaaab? yes
(a|b)(ba|ab)* includesababab? no
(a|b)(ba|ab)* includesabababa? yes

Solution 8.2–2:(Question,p S13)

a. a*b*

b. (a|b)*aab(a|b)*

c. (aa)*

d. a*|b*

e. 1(0|1)*0

f. 1(0|1)(0|1)(0|1)* [Binary numbersthatareat least4 musthaveat leastthreebits. Thisregular
expressiondescribesall combinationsof 0's and1's thatbegin with a 1, have two morebits,andcan
have any numberof bits thereafter.]

Solution 8.2–3: (Question,p S13) The languageof stringsof a's andb's containingthesamenumberof
eachis context-free,but it is not regular.

Solution 9.1–1:(Question,p S13)
�

ab aabbb
bbb

�
bbbabb

baaa
�

aabaabaa
�

abba

Solution 9.1–2:(Question,p S13)

a.
�

b
�

bab
a

�
bbbb

aba baba

b. It acceptsstringsof a's andb's endingin ab.

Solution 9.1–3:(Question,p S14)

a
a,b

a,b

b

Solution 9.1–4:(Question,p S14)

bbb

a a a a,b
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Solution 9.1–5:(Question,p S14)

a b a a
b

a,ba b
b

Solution 9.2–1:(Question,p S14)
�

ababb

a

�

babb

ab

�

abb

aba

�

bb

abab

�

b

ababb

�

abab

�

b

aba

�

ba

ab

�

aaa

abb

�

aa
(At thispoint, themachinehasnowhereto go,andsoit stops.)

Solution 9.2–2:(Question,p S15)
�

ab
�

ab

b

�

ab

ba

�

b

b

�

ab

ba

�

b

bab

�

ba

�

b

(At thispoint, themachinehasnowhereto go,andsoit stops.)
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Solution 9.2–3:(Question,p S15)

_
>

a
<

>
b,c

a,b,c
b,>
a
>

Solution 9.2–4: (Question,p S15) TheTuringmachinemodelis computationallyaspowerful asany other
computationalmodel.

Solution 9.3–1: (Question,p S15) Thehaltingproblemis thesetof stringsof theform ��� � where � is
thestringrepresentationof a Turing machine,andthis Turing machinedoesnot acceptthestring � aspart
of thelanguageit recognizes.

Solution 9.3–2:(Question,p S15)

a. D. thelanguagesareidentical

b. B. thesecondis containedwithin the�rst

c. A. the�rst is containedwithin thesecond

d. A. the�rst is containedwithin thesecond


