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QuestionsS1

This documentontainsstudyquestiongo helpin studyingthe material covered in the textbook, The
scienceof computing Mostquestionsomefrom previoustestsgivenby the author

Ead questiors label hastwo parts sepaatedby a dash.Question3.2—1,for example is the r st study
qguestiorfor thematerialcoveredin Section3.2 of Thescienceof computing

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

o
=1 -
T ﬂyj

Question2.1-2: (Solution,p S16) How deepis eachof the circuitsappearingn Question2.1-17?

Question 2.2-1: (Solution,p S16) For eachof the following circuits, write the Booleanexpressionthat
mostcloselycorrespond$o thecircuit.

a. Thecircuit of Question2.1-1(b)

o

c. Thecircuit of Question2.1-1(c)

Question2.2—-2: (Solution,p S16) Draw a circuit representingachof thefollowing Booleanexpressions.
a.

b. T

b.

Question 2.2-3: (Solution, p S16) For eachof the following Booleanexpressionswrite a truth table
tatulatingthe expressiors valuefor eachcombinationof variablevalues.

a.

b.

Question 2.2—4: (Solution, p S17) For eachof the following, drav a smallercircuit (i.e., fewer gates)
accomplishinghe sametaskasthe circuit given.

a. b.

S ID




S2 Questions

Question2.2-5: (Solution,p S17) Whatis the unsimpli ed sum-of-product&xpressiorfor the following
truth tables?Usemultiplicationfor AND, additionfor OR.)
a. out C.
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Question 2.3-1: (Solution,p S17) Simplify the following sum-of-productsxpressions.For thosethat
cannotbe simpli ed usingthetechniquerom Section2.3,you maysimply statethis fact.

a. -

b. ~ - - T

C.

Question2.3-2: (Solution,p S17) Construciasimpli ed Booleanexpressiorcorrespondingo thefollow-
ing truth table.

output

1

P FRPPFPRFPROOOO
P FRPOORFRPKFR OO

P OPFRPORFROPFrO
P OORFr, ORFr O

Question3.1-1: (Solution,p S17) How mary bits do you needto represensevendifferentvalues?Nine?
Twelve? Thirty?

Question3.1-2: (Solution,p S17) How mary bits arein akilobyte of memory?

Question3.1-3: (Solution,p S17) Performeachof thefollowing cornversions.
a. 101101 todecimal

b. 1010101 todecimal
C. 23 tobinary
d. 95 tobinary

Question3.1-4: (Solution,p S17) Performeachof thefollowing cornversions.
a. 1010101 tooctal
b. 1010101 tohexadecimal
c 101101 to hexadecimal
d. 560 tobinary
e CAB  tobinary
f. 1B2 tohbinary



Questions S3

Question3.2-1: (Solution,p S17) Represengachof thefollowing in a sign-magnitudeepresentation.
a. 1 in asesen-bitsign-magnitudéormat
b. 20 in aseven-bitsign-magnitudéormat
C. 20 in aseven-bitsign-magnitudéormat
d. 300 in twelve-bitsign-magnitudéormat

Question3.2-2: (Solution,p S17) Represengachof thefollowing in atwo's-complementepresentation.

a. 1 inaseren-bittwo's-complementormat
b. 20 in aseren-bittwo's-complementormat
C. 20 in aseren-bittwo's-complementormat
d. 300 in twelve-bittwo's-complementormat

Question3.2-3: (Solution,p S18)

a. Whatis the smallest(mostnegative) numberyou canrepresenin seven bits using sign-magnitude
representation@ive boththebit patternof the numberandits base-1Qranslation.

b. Answerthe samequestionfor a seven-bittwo's-complementepresentation.

Question3.3-1:(Solution,p S18) Corverteachof thefollowing decimalnumbergo the8-bit oating-point
representatiodescribedn Section3.3.

a. 10

b 0.25

c. 100

d. 2.5

e 0.0625

Question3.3-2: (Solution,p S18) Accordingto the oating-point representatiodescribedn Section3.3,
what numberdoeseachof the following bit patterngepresentExpressyour answersn base-10githeras

adecimalnumberor asafraction.
a. 00110101

b. 11011001
c.10111110
d. 11010101

Question3.3-3: (Solution,p S18) Supposeave de ne asix-bit oating pointsystemwith onesignbit, three
exponenthits (usingexcess3), andtwo mantissabits.

a. Represengachof thefollowing decimalnumberdn this six-bit system.

5
2

b. For eachof thefollowing bit patterngn this six-bit oating-point systemgexpressts base-1thumer
ical equivalentasadecimalnumberor asafraction.

000110
111001



S4 Questions

Question 3.3—4: (Solution,p S18) Supposeave de ne a nine-bit oating point systemwith onesign bit,
ve exponentbits (usingexcessl5), andthreemantissabits.

a. Represengachof thefollowing decimalnumberdn this nine-bitsystem.

1
6

b. Foreachof thefollowing bit patternsn this nine-bit oating-point systemexpresdts base-1(humer
ical equivalentasadecimalnumberor asafraction.

010000010
110011110

Question 3.4—-1: (Solution,p S18) Supposea digital camerausesa  MB disk to storepictures. How
mary -inch photographsanit storein 24-bit color at the standardoprinterquality resolutionof 300
pixelsperinch?(You'll needa calculatorfor thisone.)

Question 3.4-2: (Solution,p S18) We examineda compressiotechniquecalledrun-lengthencodingfor
black-and-whiteamagesjn which eachbyteincludesfour bits sayinghow mary adjacenblackpixelsthere
areandfour bits sayinghowv mary adjacentvhite pixelsthereare. As we saw, this compressionechnigue
sometimesctuallyexpandsa picture.Whatis the maximumpossibleexpansionfactor?

Question4.1-1: (Solution,p S18) Draw two truth tablesillustrating the outputsof a half-adderonetable
for the outputandtheotherfor the output.

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

a — half [sum X 0 1 1
b — adder carry —| half [som Yy 101

adder 110
Cc [carry 1 1 1 1

Question4.1-3:(Solution,p S18) Whatdistinguisheshebehaior of ahalf adderfrom thatof afull-adder?
(Thatis, aretheirinputsor outputsdifferent?ls therelationshipbetweernnputsandoutputsdifferent?)

Question4.1-4: (Solution,p S19) Draw atruthtablediagramminga full adders output.

Question4.1-5: (Solution,p S19) Designafull adderusingonly half adders.Your designmustnotinclude
ary logic gatessuchasAND, OR,andNQOT gates.

Question4.1-6: (Solution,p S19) Usingonly four-bit addersconstructan eight-bitadder Eachfour-bit
adderhastwo four-bit inputsandone ve-bitoutput. Your eight-bitaddershouldhave two eight-bitinputs
andaoneeight-bitoutput(dont worry aboutthe ninth outputbit).



Questions S5

Question4.2—-1: (Solution,p S19)
For thecircuitbelow, Il in thetruthtableatright to represenhow old new
thevalueof changedasedontheinputs and . Noticethat
you shouldignoretwo of therows.

(ignore)
(ignore)

P RPOORFRPEF OO
POPRFPORFOPFr O

Question4.2-2:(Solution,p S19) How isaD ip- op' sbehaior differentfrom aD latch's behaior?

Question4.2-3: (Solution,p S20)
SupposeaheupperD ip- op in thebelaw circuit wereholding 1
andthelowerD ip- op held0,whilethe inputwereO. At right,
tatlulate how the circuit's outputchangesasthe input toggles
betweerD and1.

L
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Question4.2—4: (Solution,p S20)
Supposehat both of the ip- ops in the belov circuit currently
hold 0. Talulate how the circuit at left changesasthe input
togglesthroughtheinputsat left.
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S6 Questions

Question4.3-1:(Solution,p S20) Draw acircuitwith asingleinput andasingleoutput,wheretheoutput
togglesto a differentvalueeachtime changedrom 0 to 1. (Your circuit mayincorporateD ip- ops.)
Thefollowing tableillustrateshow your circuit would chang.

explanation

0 O

1 1 changedo1,so0 changes
0 1 changed¢o0; remainsatl
1 0 changedo1,so0 changes
0 O changed¢o0; remainsatO
1 1 changedo1,so0 changes
0 1 changed4o0; remainsatl
1 0 changed¢o1,s0 changes

Question 4.3-2: (Solution, p S20) Designa circuit that takes a singleinput  and outputstwo bits
, whosevaluescycle to the next numberof the sequence eachtime
changedrom 0 to 1. (Notethatthisis not atwo-bit counter:11 comesafter10.)

Question5.1-1: (Solution,p S20) De ne thefetch-executecycle asit relatesto a computerprocessing
program.Yourde nition shoulddescribeheprimary purposeof eachphase.

Question5.1-2: (Solution,p S20) Explainin detailwhatthe HYMN CPU doesduringthefetch phaseof
the fetch-executecycle. (Your explanationshoulddescribenow the computeraccessesaluesin registers
andmemory)

Question5.1-3: (Solution,p S20) Translateesachof thefollowing HYMN instructionsanto machinecode.
Expressyouranswersn binary

a. HALT
b. ADD 14
c. LOAD 12
d. JUMP 03
Question5.1-4: (Solution,p S21) Supposdhatthe HYMN CPU beginswith thefollowing in memory

addr data (translation)
00000 10000100 LOAD 00100
00001 11000101 ADD 00101
00010 11100100 suB 00100
00011 10100111 STOREO0O0111
00100 00000101 HALT

00101 00000110 HALT

a. Shov the hexadecimalvaluestaken on by the registersas this programexecutes. (Stop oncethe
computerexecutesa HALT instruction.)
PC 00

IR 00
AC 00

b. Whatmemorylocations,f ary, changeVhatvaluesarestoredin thesdocations?



Questions S7

Question5.2—-1: (Solution,p S21) Supposdhatthe HYMN CPU beginswith thefollowing in memory

addr

data

(translation)

00000
00001
00010
00011
00100
00101
00111

10011110
10111111
11011110
10111111
11011110
10111111
00000000

LOAD 11110
STORE11111
ADD 11110
STORE11111
ADD 11110
STORE11111
HALT

If the usertypedmultiplesof 25 startingat 25 (25, then50, then75,...) whenpromptedwhatwould the
computerisplay?

Question5.2—-2: (Solution,p S21) Supposdhatthe HYMN CPU begginswith thefollowing in memory

If we repeatedlytype the number32
computerhalts?

Question5.2-3: (Solution,p S21) Supposave wantHYMN to reada number
. Whatshouldbein the computers memorywhenthe HYMN CPU begins? (Expressyour

output
answelin bits.)

addr

data

addr

data

(translation)

00000
00001
00010
00011

10011110
11011110
01100001
00000000

00000
00001
00010
00011
00100

LOAD 11110
ADD 11110
JPOS 00001
HALT

addr data

00101
00110
00111
01000
01001

when prompted,how mary timeswould we type it beforethe

from the userandthen

Question 5.2—4: (Solution, p S21) What shouldwe placeinto memoryso that, when started,HYMN
beforehalting?(Expressyour answetin bits.)

displaysthe powersof two from 1

addr

data

to 64

00000
00001
00010
00011
00100

addr data

00101
00110
00111
01000
01001



S8 Questions

Question5.2-5: (Solution,p S21)
Supposdhatthe HYMN CPU bgginswith mem- addr data (translation)
ory contentsatright. 00000 10001001 LOAD 01001

_ _ 00001 01001000 JZER 01000
a. List all new valuesstoredin memoryasthe 00010 11001010 ADD 01010

programexecutesExpressjouranswersn 545511 10101010 STORE01010

binaryor hexadecimal. 00100 10001001 LOAD 01001
b. Whatvaluesdoesthe AC holdin thecourse 00101 11000000 ADD 00000
of executingthis program? Expressyour 00110 10100000 STOREO0000
answersn binaryor hexadecimal. 00111 00100000 JUMP 00000
01000 00000000 HALT
01001 00000001 1
01010 00000010 2
01011 00000100 4
01100 00000000 O

Question5.3-1: (Solution,p S21) Translatethe following HYMN assemblyanguageprograminto ma-
chinelanguageExpressyour answeiin bits.

addr data
READ 00000
top:  WRITE 00001
ADD one 00010
JPOS top 00011
HALT
one: 1 00100
00101
00110
00111

Question 5.3-2: (Solution,p S22) Translatethe following HYMN assemblyanguageprograminto ma-
chinelanguage.

up: READ
JZER done
STOREN
JUMP up
done: LOADN
WRITE
HALT
n: 0
addr data addr data
00000 00101
00001 00110
00010 00111
00011 01000
00100 01001

Question5.3-3: (Solution,p S22) Write aHYMN assemblyanguagerogramthatreadsanumber and
displaysthevalue

Question 5.3—4: (Solution, p S22) Write a HYMN assemblylanguageprogramthat repeatedlyreads
numberdrom the useruntil the usertypess.



Questions S9

Question5.3-5: (Solution,p S22) Write aHYMN assemblyanguagerogramthatdisplays100 copiesof
thenumberO.

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

Question5.3—7: (Solution,p S23) Write aHYMN assemblyanguageprogramthatreadsanumber and
displaysthe powersof two thatarelessthan . Yourprogrammayassumehat is positive.

Question5.4-1: (Solution,p S23)
Translateeachof thefollowing pseudocoderoceduresnto HYMN' sassembljlanguage.

a. b.
Read . Initialize to 0.
while , do: Read .
Write . while , do:
Read . Increase by .
endwhile Read .
Stop. end while
Write
Stop.

Question5.4-2: (Solution,p S23) Expressn pseudocodan algorithmto reada numberanddisplayits
absolutevalue.

Question5.4-3: (Solution,p S23) Expressn pseudocodan algorithmto read numbersandthento
displaythe maximumamongthe numberdyped.

Question6.2—1: (Solution,p S24) Thetext describeshreepurpose®f the operatingsystem.Give two of
them.

Question 6.2-2: (Solution,p S24) Among the threepurposesf the operatingsystemdescribedoy the
text is, “The operatingsystemabstractscomputerresources. Explain whatthis sentencaneanswith an
example.

Question 6.3—1: (Solution, p S24) Describethe procedurean operatingsystemperformsto switch the
processunningona CPU.



S10 Questions

Question6.3-2: (Solution,p S24) Sayour computethasatime slice of 2 ms,andit takes1 msto perform
acontet switchand2 msto accesshedisk. Therearetwo processes execution.

Proces#\ Proces$
computel ms computel ms
accessglisk accesslisk
compute3ms computel ms

Completethefollowing tableto shav how the operatingsystemwill schedulgheseprocessesnthe CPU.
Thefront of eachqueuss theleft end. Theremaybe moreblanksthannecessary

time CPU ready disk
0 AB

Question6.3-3: (Solution,p S25) Suppos®urcomputersystenmusesvirtual memorywith 12 pagescalled
v e . Further supposéhatthe systemcontainsseven pageframes whereeachframecontainsa
pageasfollows.

frame page

Draw adiagramof the pagetable.

Question6.3—-4:(Solution,p S25) Supposeave have asystenmusingpaging,andaprogramrequestso load
memaoryoccurringin page9 of virtual memory Supposeimorewer, thatpage9 happensurrentlyto bein
pageframe3 of RAM. Outlinethe procesghe systemgoesthroughin locatingthe datarequested.

Question7.1-1: (Solution,p S25) Thegameof Nim proceeddy playerstakingturnsselectinga pile and
removing stonesrom thatpile. The playerremaving thelaststonewins.

Draw a completegametreefor the gameof Nim beginningwith two piles, both containingtwo stones.To
drawv anode list the numberof stonesn eachpile; for example,thetop nodewill be“2,2”

Do notincludethe minimaxvaluesassignedo eachnodein yourtree.



QuestionsS11

Question7.1-2: (Solution,p S25) Labelall internalnodesof the following tic-tac-toegametreewith the
valuethatminimaxsearchwould compute.l' ve alreadylabeledthe leaves.

X|X

O|X

O|0
XXX X X
O|X X X
O|0 O O

/o><

XX
xo\ o|x
XX
o\xox
/o

X XX X XX
©) O[X[{X O O|X|0O
O|0 0|0|0 X|O0|0 X]|O|O
| @ |
X|X|O XIX[O XXX
O XX O[X|X  O[X|O
X|0|O X|0|0  X|O|O

g

Question7.1-3: (Solution,p S26)
Suppose gameplayerhasconstructec
gametreeasgiven at right. In this tree,
high numbersrepresenggood boardsfor
X, andit is currentlyX's move. (As you
cansee X hasthreepossiblemovesfrom
whichto chooselabeled , ,and .)

a. Fill in all empty circles with the
valuesassignedhemaccordingto
the minimaxevaluationalgorithm.

b. Whichmovewill X choose?

Question7.2—-1: (Solution,p S26) Describehe Turing Testandwhy Turing proposedt (i.e.,its purpose).

Question7.3—1: (Solution,p S26) Supposeve have a perceptrorwith threeinputs,andthe perceptrors
currentweightsare

a. Whatwouldthe perceptrompredictgiventheinput ?

b. Supposehis predictionwerewrong. How wouldthe perceptrorupdatets weightsif thelearningrate
were ?



S12 Questions

Question7.3-2:(Solution,p S26) Supposave have athree-inpuperceptronwhereinput  is permanently
wiredtoalinput.

a. Supposeheweightsof theperceptrorwere , andwe wereto giveit theinputs
Whatwould the perceptroroutput?

b. Supposeve wantedto selectweightssothatour perceptrorwould behae like the AND of theinputs
and

Give acombinatiornof perceptrorweights , ,and thatwouldresultin thedesirecbehaior.

Question8.1-1: (Solution,p S27) Considetthefollowing context-free grammar
S aSbsS bsSas

Give aderiation of the stringaabbabusingthis grammar
Question8.1-2: (Solution,p S27) Considetthefollowing context-free grammar

S VvV V
\% (S) xy z

Eachof the following sentencess eitherdescribedy this grammaror not. If it is, give eithera parsetree
with S atits rootor aderwvationfrom S, If it is not, simply sayso.
a.x(y) b.xyz c.x(yz)

Question8.1-3: (Solution,p S27) Considetthefollowing context-free grammar

S T+S T

T FT F

F Xy (S)
Draw aparsetreefor thesentencex (X + y).

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

a. thesetof stringsof a's andb's baginningandendingwith thelettera
b. thesetof stringscontainingeitheronly a'soronly b's
c. thesetof stringscontainingonly a's andb's with atleastonea andatleastoneb.

d. thesetof stringsof left-bracletsandright-bracletswherethebracletsmatch(youcanpairall braclets
sothateachpairincludesa left braclet andaright bracket occurringafterit in the string). Examples

include([l]ll - and([{[]]



Questions S13

Question8.2—-1: (Solution,p S28) For eachof thefollowing, saywhetherthe regularexpressiordescribes
alanguagencludingthe sentenceYouranswewill beeither“yes” or “no.”

ab* includesabals?

(a] b) aincludesaba?

a( a| b) *bincludesabbbaaal?

(a] b) (ba| ab) * includesababal®
(a] b) (bal ab) * includesababab®&

Question8.2-2: (Solution,p S28) Write aregularexpressiordescribingeachof thefollowing languages.
a. stringscontainingonly a's andb's whereall a's comebeforeall b's.

b. stringscontainingonly a's andb's in which “aald’ somevhereoccursasan adjacentsequencglike
aabaa or baata but notabbal).

c. stringscontaininganevennumberof a's (andno otherletters).
d. stringsthatcontaineitheronly a'soronly b's.
e. binaryrepresentationsf positive evenintegers.

f. binaryrepresentationsf positive integersthatareatleast4.

Question 8.2-3: (Solution,p S28) Give an Englishdescriptionof a languagethat canbe describedoy a
contet-free grammairbut not by aregularexpression.

Question9.1-1: (Solution,p S28) Considetthefollowing nite automaton.

Checkthe stringsthatarewithin thelanguageacceptedy this nite automaton.

__ab ___aabbb
bbb ___bbbabb
___baaa ___aabaabaa
__abba

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

s

a. Checkthestringsthattheautomatorwill accept.

b __bab
__a ___bbbb
aba ___baba

b. Give anEnglishdescriptionof the setof stringsacceptedy this automaton.



S14 Questions

Question9.1-3:(Solution,p S28) Draw a nite automatorthatacceptghestringsof a'sandb's beginning
with ana.

Question 9.1-4: (Solution, p S28) Designa nite stateautomatorthat will recognizethe languageof
stringsof a'sandb's containingat least3 b's. Examplesncludebbbbbandbbah but notbba

Question9.1-5: (Solution,p S29) Designa nite automatorthatacceptghe languageof all stringsthat
containabaa(suchasababadba or aabaaag). You neednot worry aboutstringscontaininglettersother
thana'sandb's.

Question9.2—-1: (Solution,p S29)
Considerthe following Turing machine. (Note that the underscorgepresenta
blankonthetape.)

ababb

At right, diagramthis Turing machines computatiorasit goesthroughthe string
ababb If yourunout of blanksin thetable,stop.

To representhe machines initial positionin the tableat right, we write “ ababb
". Thisrepresenta tapecontaining* ababb " (with blanksextendingin nitely
bothways),wherethe Turing machines currentlyin state0 of its nite automaton,
andits headis pointingto theinitial a.




Questions S15

Question9.2-2: (Solution,p S29)
Considerthe following Turing machine. (Note that the underscoregepresenta
blankonthetape.) -

a,b,
a,>

At right, diagramthis Turing machines computatiorasit goesthroughthe string
ab. If yourun outof blanksin thetable,stop.

To representhe machines initial positionin thetableatright, we write “ ab .
This represents tapecontaining” ab " (with blanksextendingin nitely both
ways),wherethe Turing machineis currentlyin state0 of its nite automatonand
its headis pointingto theinitial a.

Question9.2—3: (Solution,p S30) Designa Turing machinethat transformsa string containingonly a's,
b's, andc's by replacingeachletter precedingana to ab. (Do not worry aboutthe casewhenthe string
beginswith ana.) Thus,bccbwould remainunchangeavhile caccaawould changeto bacbba The Turing
machineshouldalwayseventuallyenteranacceptingstateto terminate.

Question9.2—4: (Solution,p S30) Restate¢he Church-Tring thesisin your own words.

Question9.3-1: (Solution,p S30) De ne the halting problemlanguaggthe languagehat we have seen
Turing machinegannotsolwe).

Question9.3-2: (Solution,p S30) Considetthefollowing choices.
A. the rst is containedwithin thesecond
B. theseconds containedwithin the rst
C. neitheris containedvithin the other
D. thelanguagesreidentical
Choosewnhich of thesechoiceshestdescribegachof thefollowing pairsof languageclasses.
a. languageslescribedy regularexpressionstanguagescceptedy nite automata
b. languageslescribedy contet-free grammarslanguageslescribedy regularexpressions
c. languageslescribedy contet-free grammarslanguagesicceptedy Turing machines

d. languagesicceptedy nite automatalanguagescceptedy Turingmachines



S16 Solutions

Solution 2.1-1: (Questionp S1)

a. output c. output
0 0 1 0O 0 O 0
0 1 1 0 0 1 0
1 0 0 0O 1 0 0
1 1 1 0 1 1 0
b output 1 00 1
0 O 1 1 0 1 0
0 1 1 1 1 0 1
1 0 1 1 1 1 0
1 1 0

Solution 2.1-2: (Questionp S1)
a. 2 (all pathsfrom or totheoutputgothroughtwo gates)
b. 3 (thelongestpathgoesfrom throughaNOT gate,anAND gate,andanOR gate)

c. 4 (thelongestpathgoesfrom througha NOT gate,an AND gate,anOR gate,andanAND gate)

Solution 2.2—-1: (Questionp S1)

Solution 2.2-2: (Questionp S1)

a.X b'x

:>>DC>

i

Solution 2.2—-3: (Questionp S1)

a. | output b. output
0 O 1 1
0 1 0
10 1
1 1 1

P FRPPFPPOOOO
P PRPOORFRPFR OO
P OPFRPORFROPFrO
PP OOOFRFr O




Solutions S17

Solution 2.2—4: (Questionp S1)
a. Thisinvolvesanapplicationof theDeMor  b. Thisinvolvesanapplicationof thedistribu-
ganslaw ~~ tive law

- D

Solution 2.2-5: (Questionp S2) a. ~~ -
b.—— ~
c. .~ -

Solution2.3-1: (Questionp S2) a.
b. cannotbesimpli ed usingthetechniqugrom Section2.3.
C.

Solution 2.3-2: (Question,p S2) =~ - is good. (One could go further though, and write
- T oreven — ~ J)

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

Solution 3.1-2: (Questionp S2) Thereare8,096bitsin akilobyte:
8bits 1,024bytes 8,096bits

byte KB KB

Solution 3.1-3:(Questionp S2) a. 101101 45

b. 1010101 85

C. 23 10111

d. 95 1011111
Solution 3.1-4:(Questionp S2) a. 1010101 125

b. 1010101 55

C. 101101 2D

d 560 101110000

e CAB 110010101011

f 1B2 110110010
Solution 3.2-1: (Questionp S3) a. 1 1000001

b. 20 1010100

c 20 0010100

d 300 100100101100
Solution 3.2-2: (Questionp S3) a. 1 1111111

b. 20 1101100

c 20 0010100

d 300 111011010100



S18 Solutions

Solution 3.2-3:(Questionp S3) a. Sign-magnitude: 1111111represents 63
b. Two's-complement;: 1000000represents 64
Solution 3.3-1: (Questionp 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: (Questionp S3) a. 0.8125 or— (1.101 - 0.1101 )
b. 18 ( 1.001 - 10010 )
C. 1.75 ( 1.110 - 1.110 )
d. 13 ( 1101 - 1101 )
Solution 3.3-3:(Questionp S3) a. 010101 (101 1.01 )
110000 ( 10 1.0 )
b. 0375 or- (1.10 - 0.0110 )
10 ( 1.01 - 1010 )
Solution 3.3-4: (Questionp S4) a. 001111000 (1.0 )
110001100 ( 110 1.10 )
b. 25 (2.010 10.1 )
28 ( 1.110 11100 )

Solution 3.4-1: (Questionp S4) Thedisk canstorel0 pictures:

sg.inches pixels bytes MB 86 MB
picture sq.inch pixel bytes picture
MB picture pictures
disk 86 MB disk

We rounddown to 10, sinceit doesnt make sensdo storeafractionof a picture.

Solution 3.4-2: (Questionp S4) A checkboardattern,whereevery otherpixel is black, would give the
maximumexpansiorfactor For sucha systemgachrunwould beonly onepixel long,andthecompression
systemwould usefour bits to encodesachrun, for anexpansiorfactorof four.

Solution 4.1-1: (Questionp S4) \ \

0O O 0 0 O 0
0 1 1 0 1 0
1 0 1 1 0 0
11 0 1 1 1
Solution 4.1-2: (Questionp S4) \
0 1 1|1 1
1 0 1|1 1
1 1 0/]0 1
11 1/]0 0

Solution 4.1-3: (Questionp S4) Whereasa half addertakesonly two input bits to add,a full adderadds
threeinput bits.
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Solution 4.1-4: (Questionp S4)

n

O 0 0| O

O 0 1| 0

0O 1 0| O

0O 1 1| 1

1 0 0] O

1 0 1] 1

1 1 O 1

1 1 1] 1

Solution 4.1-5: (Questionp S4)

C——————— half —————SuU"
a—— half — adder i paip — C
b__| adder adder

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

%3 — &
® outy o
e = 2| L
HSlL
p— & —— out
Y — § s 4-7
3 ok
=) :
e
0
Solution 4.2—-1: (Questionp S5) old new
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
10 0 (ignore)
1 0 1 (ignore)
11 0 1
11 1 1

Solution 4.2-2: (Questionp S5) In aD ip- op, thememoryvaluechangesnly at thatinstantthatthe
lo input becomesl. In a latch, however, the memoryvalue continuesadoptingary valuesgiven as
long asits et inputis 1. (InaD ip- op, if the D inputchangesvhile lo remainsl, theremembered
valuedoesnt change.In a latch, however, a changeto the D input resultsin animmediatechangeto the

rememberedalue.)
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Solution 4.2-3: (Questionp S5)

‘0] 1 O
110 O
0| 0 O
110 1
o[ 0 1
111 O
o1 O
110 O

Solution 4.2—-4: (Questionp S5)

o0 O
1|11 1
o1 1
111 O
o1 O
110 1
o0 1
110 O
o0 O
1|11 1

Solution 4.3-1: (Questionp S6)

Solution 4.3-2: (Questionp S6)

—e
ck ; 5 ii___

Solution 5.1-1: (Question,p S6) The fetch-executecycle is the processby which a classicalcomputer
executednstructions.In thefetch phasethe computerdetermineghe next instructionto be completedby

fetchingthe instructionfrom memory In the executephase the computerexecutesthis instruction. The

computeralternatedetweerthesewo phasesslongasit is on.

Solution 5.1-2: (Questionp S6) It looksinto the PC for a memoryaddressrequestghe informationat
thataddresgrom RAM via thebus,andstoresRAM' sresponsén thelR.

Solution 5.1-3: (Questionp S6)
a. 00000000
b. 11010100
c. 10010010
d. 00100011
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Solution 5.1-4: (Questionp S6)

a. PC 0001020304
IR 0084C5E4A705
AC 00050B 06

b. Memorylocation00101 changego hold 06

Solution 5.2—-1: (Questionp S7)

? 25
25
? 50
75
? 75
-106

(This lastoutputis somevhattricky: In thelastADD instruction,the CPUcomputesr 7 , but
this exceedghe maximumeight-bittwo's-complemenhumber Sothe computemnwrapsaroundendsup at

6 6.)

Solution 5.2-2: (Question,p S7) It would readfrom the userfour times before halting (with the AC

progressingfrom to6 to 96 to

Solution 5.2-3: (Questionp S7)

8).
addr

data

(translation) (Of coursetherearemary other

00000
00001
00010
00011
00100
00101
00110

10011110
10100111
10000110
11100111
10111111
00000000
00000101

LOAD 11110
STOR 00111
LOAD 00110
SUB 00111
STOR 11111
HALT

5

solutionsfor all questionghatinvolve writing programs.)

Solution 5.2—4: (Questionp S7)

Solution 5.2-5: (Questionp S8)

Solution 5.3-1: (Questionp S8)

addr

data

(translation)

00000
00001
00010
00011
00100
00101
00110

10000110
10111111
10100111
11000111
01100001
00000000
00000001

a. address00000:
address01010:

b. AC:

addr

data

LOAD 00110
STOR 11111
STOR 00111
ADD 00111
JPOS 00001
HALT

1

8A 8B 8C
0306 0A
0103018A 0306018B040A 018C00

(translation)

00000
00001
00010
00011
00100
00101

10011110
10111111
11000101
01100001
00000000
00000001

LOAD 11110
STORE 11111
ADD 00101
JPOS 00001
HALT

1
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Solution 5.3-2: (Questionp S8)  addr data (translation)

00000 10001010 LOAD 11110
00001 01001000 JZER 00100
00010 10101011 STOREOO0111
00011 00101011 JUMP 00000
00100 10000000 LOAD 00111
00101 10101010 STORE11111
00110 00000000 HALT

00111 00000000 O

Solution 5.3-3: (Questionp S8)

READ
STOREN
ADD n
ADD n
ADD n
ADD v3
WRITE
HALT

n: 0

v3: 3

Solution 5.3-4: (Questionp S8)

top: READ
SUB v5
JZER done
JUMP top

done: HALT

v5: 5

Solution 5.3-5: (Questionp S9)

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

vO: 0

i 100

Solution 5.3-6: (Questionp S9)

READ
JPOS ok
STOREN
SUB n
SUB n

ok: WRITE
HALT

n: 0
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Solution 5.3-7: (Questionp S9)

READ
STOREN

up: LOADI
WRITE
ADD i
STOREI
LOAD n
SUB i
JPOS up
HALT

nn 0

i: 1

# repeat if

# display i

# double i

Solution 5.4-1: (Questionp S9)

a.

READ
STOREN
LOAD n
JZER done
LOAD v1
WRITE
READ
STOREN
JUMP while
HALT

vl 1

n: 0

while:

# Read n

# while n /= 0, do:

# Write 1.
# Read n.

# end while
# Stop.

Solution 5.4-2: (Questionp S9)

Read .
if > ,then:
Write
else:
Write
endif
Stop.

Solution 5.4-3: (Questionp S9)

Initialize =z to

repeat times:
Read .
if >z, then:
Change
endif
endrepeat
Write  z.

Stop.

z to be

n-1i>0

up:

done:

zero:
sum:
n:

LOAD zero
STORE sum
READ
STOREN
LOAD n
JZER done
LOAD sum
ADD n
STORE sum
READ
STOREN
JUMP up
LOAD sum
WRITE
HALT

0

0

0

Initialize sum to O

Read n

while n /= 0, do:
Increase  sum by n.
Read n

end while

Write  sum.

Stop.
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Solution 6.2—-1: (Questionp S9)
e Theoperatingsystemabstracteomputeresources.
e Theoperatingsystemprovideshardwarecompatibility

e Theoperatingsystemprotectsthe overall computersystem.

Solution 6.2—-2: (Questionp S9) Computeresourcesendto have comples interfaceswhicharedif cult to
use.Theoperatingsystencreatesa simplerinterface,andprogramsunningin the systemusethisinterface
instead Whenaprogramuseghis simplerinterface theoperatingsystemranslatesherequesto theproper
commanddor the hardware.

For example,a computedisplayknows nothingaboutwindows, but it is a corvenientconcepfor programs
to use.A programmighttell the operatingsystemto createa window, andthe operatingsystenwould tell
thedisplayto drawv eachindividual pixel within thatwindow's rectanglewhite.

Solution 6.3—-1: (Questionp S9) Supposeheprocessurrentlyusingthe CPUis process .

1. Theoperatingsystemstoresthe contentf all registers,includingthe programcounter(which holds
theaddres®f thenext instruction wishesto execute),nto memorythe OShasdedicatedo remem-
bering 'sregisters.

2. Theoperatingsystemselectsvhich procesgo runnext. Supposehisis process .

3. Theoperatingsystenrestoreshe contentsof all registersfrom memorythe OS dedicatedo remem-
bering 'sregisters.

4. Theoperatingsystemumpsto the currentinstructionwithin

Solution 6.3-2: (Questionp 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

[
[Ny )
>
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Solution 6.3-3: (Questionp 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: (Questionp S10) The CPU rst looksatentry 9 of the pagetablein RAM, to determine
the pages location. If the entrywereblank (indicatingthatthe pageisn't in RAM), the CPU would force
theoperatingsystemo loadpage9 into RAM. In this casethough,it would nd “3” in theentry andsothe
CPUwould goto pageframe3in RAM to nd therequestedata.

Solution 7.1-1: (Questionp S10) -

o% | %,o
/N IS T T~/ N\
0,0 01 0,2 1,1 1,0 0,1 1,1 2,0 1,0 0,0

/N /N 11 /N /N

0000 0101 10 00 0001 10 1,0 0,0 0,0

0,0 0,0 0,0 0,0 0,0 0,0

Solution 7.1-2: (Questionp S11)

o

\
o
/

XXX X XX
O X (@] X O X
Q|0 (@) X|O[O
@ G\ SO\
X|X|O XX X[ X[O XX
OX|X OX|X O X OX|O
(e][e} (e][e]]e] X|O|O X|O|O
© @ |© @
X|X|O X|X|O XXX
OX|X O X|X OX|O
X|O|O X|O|O X|O|O

9
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Solution 7.1-3: (Questionp S11)

Solution 7.2-1: (Question,p S11) Turing proposedhat a personanda computerhide behinda screen
connectedvia a communicationlink to a humantester The testerposesquestionsto eachandtries to

distinguishwhichis the human.If thetestercant reliably determinewhichis thehumanthe computethas
“passedthetest.

R A
:,D’\ﬂ

The purposeof Turing's testis to be a speci ¢, meaningfulgoal toward which arti cial intelligencere-
searchersanstrive.

Solution 7.3—-1: (Questionp S11)

a. It would predictl. (Theweightedsumis 8 , which exceeds .)

b.

Solution 7.3-2: (Questionp S12)
a. 1 (Theweightedsumis 0.2, whichexceedd0.)

b. (Therearemary othercorrectanswers.)
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Solution 8.1-1: (Questionp S12)

asbs
aasShShSs
aabShS
aabls
aabba&hS
aabbals
aabbab

R A

4

[Note thatit is importantin a derivationto replaceexactly onesymbolin eachstep.Do notcombinesteps.]

Solution 8.1-2: (Questionp S12)
b. xyzis not describedby the c.

" S rammar S
VA 9 /A
/

x
<—<—un—<
x

Solution 8.1-3: (Questionp S12)

1
T
/N
Pl
N
S
/TN
1+3
Pl
0
y
Solution 8.1-4:(Questionp S12) a. S aTa
T aT bT
b. S AB
A aA
B bB
c. S TaTbT TbTaT
T aT bT
d S SS|[S]
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Solution 8.2—1: (Questionp S13)

ab* includesabals? no
(a] b) aincludesaba? no
a( al b) *b includesabbbaaal? yes

(a] b) (ba| ab) * includesababat? no
(a] b) (ba| ab) * includesababab® yes

Solution 8.2-2: (Questionp 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 numberghatareatleast4 musthave atleastthreebits. Thisregular
expressiondescribesll combinationof 0's and1's thatbegin with a1, have two morebits, andcan
have ary numberof bits thereaftei

Solution 8.2-3: (Questionp S13) Thelanguageof stringsof a's andb's containingthe samenumberof
eachis contet-free,but it is notregular

Solution 9.1-1: (Questionp S13) 4/ ab __aabbb
__ bbb / bbbabb
__baaa / aabaabaa
J/ abba o

Solution 9.1-2: (Questionp S13)

a. 1 b i bab
__a i bbbb
aba ___ baba

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

Solution 9.1-3: (Questionp S14)

Solution 9.1-4: (Questionp S14)
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Solution 9.1-5: (Questionp S14)

AN %

Solution 9.2—-1: (Questionp S14)

ababb

ababb

ababb

ababb

abatb

ababﬁ

ababs

abaBa

abaaa

abkaa
(At this point,themachinehasnowhereto go, andsoit stops.)

Solution 9.2-2: (Questionp S15)

ab

“ab

bab

bab

bab

bab

bab

bab

(At this point,themachinehasnowhereto go, andsoit stops.)
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Solution 9.2—-3: (Questionp S15)

Solution 9.2—4: (Questionp S15) The Turing machinemodelis computationallyaspowerful asary other
computationaiodel.

Solution 9.3-1: (Questionp S15) The halting problemis the setof stringsof theform M! whereM is
the stringrepresentationf a Turing machine andthis Turing machinedoesnot acceptthe string aspart
of thelanguaget recognizes.

Solution 9.3-2: (Questionp S15)
a. D. thelanguagesreidentical
b. B. theseconds containedvithin the rst
c. A. the rst is containedvithin thesecond

d. A. the rst is containedwithin thesecond



