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Problem Set 8

MIT students. This problemsetis duein lectureon Wednesday, November 14.

SMA students: This problemsetis dueafterrecitationon Friday, November 16.

Reading: Chaptersl5, 16,23

Both exercisesand problemsshould be solved, but only the problems shouldbe turnedin.
Exercisesareintendedo helpyou masterthe coursematerial.Eventhoughyou shouldnotturnin
the exercisesolutions,you areresponsibldor materialcoveredby the exercises.

Mark the top of eachsheetwith your name,the coursenumbery the problemnumber your
recitationinstructorandtime, thedate ,andthenamesof any studentsvith whomyoucollaborated.

MIT students. Eachproblemshouldbedoneonaseparatshee{or sheetspf three-holgounched
paper

SMA students. Eachproblemshouldbedoneon aseparatsheefor sheetspf two-holepunched

paper

Youwill oftenbecalleduponto “give analgorithm”to solve a certainproblem.Your write-up
shouldtake the form of a shortessay A topic paragraplshouldsummarizethe problemyou are
solvingandwhatyour resultsare. The body of your essayshouldprovide thefollowing:

1. A descriptionof thealgorithmin Englishand,if helpful, pseudocode.

2. At leastoneworkedexampleor diagramto shav morepreciselyhow your algorithmworks.
3. A proof(orindication)of the correctnessf thealgorithm.

4. An analysisof therunningtime of thealgorithm.

Rememberyour goalis to communicate Graderswill be instructedto take off pointsfor corvo-
lutedandobtusedescriptions.

Exercise 8-1. Do exercisel5.4-4on page3560f CLRS
Exercise 8-2. Do exercisel6.2-2on page384of CLRS.
Exercise 8-3. Do exercisel6.2-3on page384of CLRS.
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Exercise 8-4. Do exercise23.1-8on page567of CLRS.
Exercise 8-5. Do exercise23.2-2on page573of CLRS.
Problem 8-1. Typesetting

In this problemyou will write a program(real codethatruns!) to solve the following typesetting
scenario.Because of the trouble you may encounter while programming, we advise you to
START THISPROBLEM AS SOON ASPOSSIBLE.

You have an input text consistingof a sequencef n words of lengths?y, 4, ..., ¢,, wherethe
lengthof awordis thenumberof character# contains.Your printercanonly print with its built-in
Courier10-pointfixed-widthfont setthatallows a maximumof M characterperline. (Assume
that/; < M foralli = 1,...,n.) Whenprintingwordsi andi + 1 on the sameline, onespace
characte(blank) mustbe printedbetweerthe two words. In addition,ary remainingspaceat the
endof theline is paddedwith blanks.Thus,if words: throughj areprintedonaline, the number
of extraspacecharactersit theendof theline (afterword j) is

J
M-—j+i=> t.
k=1

Therearemary waysto divide a paragraphnto multiple lines. To producenice-lookingoutput,
we wantadivision thatfills eachline asmuchaspossible.A heuristicthathasempirically shovn
itself to be effective is to chage a costof the cubeof the numberof extra spacecharactersat the
endof eachline. To avoid the unnecessarpenaltyfor extra spacesn the lastline, however, the
costof thelastline is 0. In otherwords,the costlinecost(z, j) for printing wordsi through; ona
line is givenby

00 if words: throughj do notfit onaline,
linecost(i, j) = { 0 if j =n (i.e.,lastline),
(M—j+i—%], Ek)g otherwise
The total costfor typesettinga paragraphs the sumof the costsof all linesin the paragraph.

An optimal solutionis an division of the n wordsinto linesin sucha way that the total costis
minimized.

(a) Arguethatthis problemexhibits optimalsubstructure.

(b) Recursvely definethe valueof anoptimalsolution.

(c) Give anefficient algorithmto computethe costof an optimal solution. Analyzethe
runningtime andstoragespaceof your algorithm.

(d) Write code(in ary programminganguageyou wisht) to print an optimal division of
thewordsinto lines. For simplicity, assumehataword is ary sequencef characters
thatarenot blanks. Thus,aword is a substringstrictly betweenwo spacecharacters
or boundedby the beginningor endof theinput.

IThesolutionwill bewrittenin C.



Handout?7: ProblemSet8 3

For part (d), you shouldturn in a printout of the codeyou have written and the output of your
programon the input sampleswhich are provided at the end of the problemset. Usetwo val-
uesof M (the maximumnumberof characterger line), namelyM = 72 and M = 40, on
eachinput sample. You can download theseinput samplesfrom the 6.046 webpage(ht t p:

/[/theory.lcs.mt.edu/cl asses/ 6. 046). If, for somereason,you needto type the
samplesn yourself,pleasebe carefulaboutreproducingtext accurately For example,substitut-
ing doublequotesin placeof two single quoteswill resultin a differentlayout. Remembethat
collaborationasusual,is allowedto solve problems put you mustwrite your programby yourself.

(e) Supposeansteadthatthe costof a line is definedasjust the numberof extra spaces.
Thatis, whenwords: throughj areputonaline, thecostof thatline is

00 if words: throughy do notfit onaline,
linecost'(7,7) = ¢ 0 _ if j = n (i.e.,lastline),
M —j+i->345_;¢ otherwise

andthatthetotal costis still the sumof the costsof all linesin the paragraphGive an
efficientalgorithmthatfindsanoptimalsolutionin this case.

Problem 8-2. Scheduling to minimize aver age completion time

Supposeyou aregiven a set S of n tasks,wheretask: requiresp; units of processingime to
completepnceit hasstarted.You have onecomputeionwhichto runtheseasksandthecomputer
canrunonly onetaskatatime.

A schedule assignswhich tasksrun during whattimeson the computer For any schedulelet ¢;
denotethe completion time of taski, thatis, thetime at which task: completegprocessing.Your
goalis to find a schedulghatminimizesthe averagecompletiontime, thatis, minimizing

1.7
E;CZ

(&) Supposeherearetwo taskswith p; = 3 andp, = 5. Consider(1) the schedulan
which task 1 runsfirst, followed by task2 and(2) the schedulen which task?2 runs
first, followedby task 1. In eachcase statethe valuesof ¢; andc, andcomputethe
averagecompletiontime.

(b) Give analgorithmthatscheduleshe taskssoasto minimize the averagecompletion
time. Eachtaskmustrun nonpreemptiely, thatis, oncetask: is started,it mustrun
continuouslyfor p; units of time. Prove thatyour algorithm minimizesthe average
completiontime, andstatethe runningtime of your algorithm.

Supposenow thatthe tasksarenot all availableat once. Thatis, eachtaskhasa release time r;
beforewhichit is not availableto be processedSupposealsothatwe allow preemption, sothat
ataskcanbe suspendedndrestartecat a latertime. For example,a task: with processingime
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p; = 6 maystartrunningattime 1 andbe preemptedat time 4. It canthenresumeat time 10 but
be preemptedttime 11 andfinally resumeattime 13 andcompleteat time 15. Task: hasrun for
atotal of 6 time units, but its runningtime hasbeendividedinto threepieces.

(c) Give analgorithmthatscheduleshe taskssoasto minimizethe averagecompletion
timein thisnew scenario Prove thatyouralgorithmminimizestheaveragecompletion
time, andstatethe runningtime of your algorithm.

Input sample 1. (FromA Capsule History of Typesetting, by Brown, R.J.)

Thefirst practicalmechanizedype castingmachinewasinventedin 1884by OttmarMergen-
thaler His inventionwascalledthe "Linotype”. It producedsolid lines of text castfrom rows of
matrices.Eachmatricewasa block of metal— usuallybrass- into which animpressiorof aletter
hadbeenengraed or stamped.The line-composingperationwasdoneby meansof a keyboard
similar to atypewriter. A laterdevelopmentin line compositionwasthe "Teletypavriter”. It was
inventedin 1913. This machinecould be attacheddirectly to a Linotype or similar machinego
controlcompositionby meansof a perforatedape. Thetapewaspunchedon a separat&eyboard
unit. A tape-readetranslatedhe punchedcodeinto electricalsignalsthatcouldbe sentby wire to
tape-punchinginitsin mary cities simultaneouslyThefirst major news eventto make useof the
Teletypeavriter wasWorld War I.

Input Sample2. (Froman 1882 issue of the London Graphic.)

The processof electrotypingmay be briefly describedasfollows: The wood block or color
plateis placedin a bedof wax, which hasbeenmelted,andallowedto cool until it hasarrived
atthe properconsisteng. It is thensubmittedto a greatpressuren a pressof hydraulicor other
construction. In this way a facsimileof the original is producedbut with every detail reversed.
Thiswasimpressions thencoveredwith athin coatingof blacklead,suchbeingagoodconductor
of electricity, andis hungby meansof abrassrod in a large bathfilled with a solutionof sulfateof
copperandsulfuric acid. Sideby sidewith this bathis a powerful batteryof Smees construction,
thatis to sayzinc, andplatinizedsilverin dilute sulfuricacid. Thecurrentgeneratedby this battery
is put into connectionwith the wax mold hungin the bath,andalsowith a sheetof copperalso
hungsideby sidewith the mold. The effect of the electricityis in thefirst placeto decompos¢he
copperandin the secondplaceto attractthe particlesof copperto the mold. In ashorttime athin
coatingof copperhasformedalongthe mold, of which it is againthe reverse,andconsequently
the exact facsimileof the original block. The shell, asit is called, is thenfilled up at the back
with metalin orderto make the surfaceperfectlyhardandsuitablefor printing. After beingmade
smoothand uniform in thicknessby meansof lathesand planingmachinesjt is mountedupon
woodandis readyfor themachine.

Input Sample 3. (Of unknown origin.)

The InternationalTypographicalUnion, wasdescribedas, "the oldestunionin America,and
organizedo preventtheuseof laborsaving improvements. Theunionfoughthardfor its members
andwhentimeswerehardwould sendmoney andtrain fareto unemplyed Typesettersanddirect
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themto placeswhereprospectsverebetter Whenpresetadwertisingcopy beganto be provided
by adwertisers,in the late nineteenthcentury the union requiredthat this type could be usedas
recevedonly if aunionTypesettewasemployedto reset,print, proof, andthrow away the same
copy. Theunionleaderwho negotiatedthis requirements reportedo have beena Mr. Bogus,and
this redundantmake-work typesettingvascalled”bogus” type andaddeda word to the language.
(Thereare other explanationsfor the word, but none contradictsthis one). Even aslate asthe
1980s,mosttype was seton lead castingmachinesandthe productionmanagerat the SanJose
News complainedhathis reporters’storieswerebeingretypedby "400-dollaramonthsecretaries
who type 80 wordsa minuteanddon’t make mistakes,andthenretypedat 40 wordsa minuteon
Linotype machinesy 800-dollara month Typesettersvho do make mistales’

Input sample 4. (From Out of Their Minds, by Shashal.azere. SpringefVerlag, New York,
1995,page99.)

Throughouthis life, Knuth hadbeenintriguedby the mechanicof printing andgraphics.As
a boy at Wisconsinsummercampin the 1940s, he wrote a guideto plantsandillustratedthe
flowerswith a styluson the blue ditto paperthatwascommonlyusedin printing at thattime. In
college, herecallsadmiringthe typefaceusedin his mathtexbooks. But he wascontentto leave
the mechanicsf designingand settingtype to the experts. "I never thoughtl would have ary
control over printing. Printingwasdoneby typographershot lead, scarystuff. Thenin 1977,1
learnedaboutnew printing machineghat print charactersnadeout of zerosandones,just bits,
no lead. Suddenly printing was a computerscienceproblem. | couldnt resistthe challengeof
developingcomputertools usingthe new technologywith which to write my next books. Knuth
designedandimplementedieX, acomputedanguagdor digital typography He exploredthefield
of typographywith characteristithoroughnesskor example,hewrote a papercalled"The letter
S” in which he dissectghe mathematicakhapeof that letter throughthe ages,and explains his
severaldayeffort to find the equationthatyieldsthe mostpleasingoutline.

Hereis what Samplel shouldlook like whentypesetwith M = 50. Feelfreeto usethis
outputto delug your code.

Total cost=5304

[ 43] The first practical nechanized type casting

[ 38] machi ne was invented in 1884 by Ot mar

[ 42] Mergenthaler. H's invention was called the

[ 43] "Linotype". It produced solid |ines of text

[ 46] cast fromrows of matrices. Each matrice was a
[ 45] bl ock of netal -- usually brass -- into which

[ 46] an inpression of a letter had been engraved or
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[ 46] stanped. The |ine-conposing operation was done

[ 47] by neans of a keyboard simlar to a typewiter.

[ 43] A later developnent in |line conposition was

[ 46] the "Teletypewiter". It was invented in 1913.

[ 42] Thi s machi ne could be attached directly to

[ 41] a Linotype or simlar machines to control

[ 46] conposi tion by neans of a perforated tape. The

[ 45] tape was punched on a separate keyboard unit.

[ 46] A tape-reader translated the punched code into

[ 48] el ectrical signals that could be sent by wire to
[ 50] t ape-punching units in many cities sinmultaneously.
[ 45] The first major news event to nake use of the

[ 31] Tel etypewiter was World War |



