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The University of Texasat SanAntonio

Computer ScienceProgram
SanAntonio, Texas78249

CS 1723,Data Structures
Spring Semester1997
Programming Assignmentl, Due Jan. 22,1997
The 3/2 Problem

The Assignment: Thereis a famousgameone can play with integers: startwith ary
positiveintegern, andcarry outthefollowing replacemenstep:

if n is oddthen replacen by (3n + 1)/2
elseif n is eventhen replacen by n/2.

This stepis repeatedver andover again.For example,if we startwith n = 17, thegame
produceghefollowing sequencef integers,which| call arun, of length10:

17,26,13,20,10,5,8,4,2,1

In this caseandin every other casethat individuals have tried, the sequenceendsin 1.
(Notice that1 is replacedby 2 andthenby itself, so nothingmore happensafter one of
thesesequencegetsto 1.) Researchersonjecturghatthe sequenceornvergesto 1 for ary
startingpositive integern, but no onehasbeenableto prove this.

For this assignmentyou areto write a programto investigatehis game.More specifically
you should

[0 Producethe runsfor startingintegersn from 1 to 100 000 (but don't print the re-
sults!). Your programshouldusescanf to readin the limiting value of 100 000
fromst di n. Youshouldassumehatall runswill endin 1, andin factyou canwrite

the programsothatit would go into aninfinite loop if a 1 wasnever producedn a
run.

[0 For thesel00000runs, keeptrack of the numberof timeseachrun lengthoccurs,
andkeeptrack of the maximumvaluethatoccursin all runsof a givenlength. (It
turnsoutthatthelongestrun haslength221,for n < 100 000.)

[0 Usepri ntf to printtheresultsonst dout . You shouldprint threenumbergo a
line: therun length,the numberof timesthatrunlengthoccurred andthe maximum
valuethatcameupin all runsof thatlength.Do notprint aline if therewerenoruns
of thatlength.

Your C Program: Organizethe programasa singlefile, with (of course)
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#i ncl ude <stdi o. h>

atthetop.

Your programshouldusethefollowing four functions,in additionto mai n() , andthelist
of prototypesoelov shouldappeaearlyin your C sourcefile:

void run(int, int *, int *);
i nt next_val ue(int);

void stats(int, int);

void print_stats(void);

0 Hererun(n, &l ength, &maxi) producegherunfor theintegern andreturns
therun lengthin thel engt h parameteandthe maximumvalueof the run in the

maxi parameter

[0 Thefunctionnext _val ue shouldbe usedby r un to generatehe successoto a
giveninteger, usingtherule atthe beginningof this writeup.

0 Acalltostats(l ength, maxi) will enterthegivenrunlengthandmaximum
valueinto thetableusedby this program.

[0 Finally,acalltopri nt st at s() will printouttheresults,asstoredin thetable.

Thetableitself shouldbeglobal (definedbeforemai n() ortheotherfunctiondefinitions)
andshouldusethefollowing C datastructures:

#define MAXS 230 /* runs < 230, n < 100000 */

struct {
int counts; /* numtines run occurred */

int max_val; /* max val, runs of this length */
} s[MAXS]; [/* table to hold run data */

Alternatively, you could usethe following equvalentdeclarationof the table. (But don't
mix up thetwo of them. This is morein the style of the Krusebook, but C programmers

tendto preferthe previousstyle.)

#defi ne MAXS 230 /* runs < 230, n < 100000 */
t ypedef struct {
int counts; /* numtimes run occurred */
int max_val ;/* max val, runs of this length */

} Entry_type;
Entry_type s[MAXS]; /* table to hold run data */
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For avalueof i (= runlength)betweenl and 230, the two fields in this table canbe
accessebly: s[i].counts,ands[i].mx_val.

The make Utility: Createa new directoryassi gnl for your program,usingnkdi r .
Nameyoursourcdile t h. c. Createafile namedrakef i | e with thefollowing contents:

# makefile for the 3/2 program
t h: th.c

cc -p -g-othth.c
[int: th.c

l[int -m-uth.c

Be careful,thethird andfifth linesof this file muststartwith a singletab character. After
creatingyour sourcefile (usingtheeditorvi ), first type

runner$ nmake |int
to checkoutthe program.Thentype
runner$ nmake

to compilethe program. The make utility will invoke the C compiler(cc) with options
- p to produceprofiling information,- g to includearun-timesymboltablefor delugging
with thedbx utility, and- o t h to namethe executabldile t h.

Executethis programwith

runner$ th
100000

Required Output: Your outputshouldlook roughly asfollows, but with the extra lines
includedandyour own nameprinted. My programthatproducedhis outputassumedhat
runsterminatedvhena 1 wasreachedandthatinitial valuen = 1 producedarunof length
1. I includedthefinal 1 in thelengthof all runs.If you malke differentassumptionsyou’ll

getslightly differentoutputbelow, but thatdoesnt matter

Three/ hal ves programwitten by <your name here>.
Limt value for n: 100000

Run | engt h: 1, Count: ,  Maxi mum val ue: 1
Run | engt h: 2, Count: , Maxi mum val ue: 2
Run | engt h: 3, Count: ,  Maxi num val ue: 4

... (Many lines omtted
Run | ength: 211, Count:
Run | ength: 212, Count:
Run | ength: 214, Count:
Run | engt h: 215, Count:
Run | engt h: 222, Count:

Maxi mum val ue: 296639576
Maxi mum val ue: 296639576
Maxi mum val ue: 53179010
Maxi mum val ue: 53179010
Maxi mum val ue: 10966508

PRPPW RPRPP
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Execution Profile: The executionof this programalso producesnformationregarding
the function calls—informationstoredin the file non. out . Thenthe pr of utility will
usethis informationto producean executionprofile, shaving the numberof timeseach
functionwascalledandthe CPUtime consumedy eachfunction. Usethe command:

runner$ prof th

The dbx Utility —Location of SegmentationFaults: Finally, you shouldtry to usethe
deluggerin caseof a sggmentatiorfault (= addresout or range).Add the following line
toyourpri nt _st at s function:

s[ 1000000] . counts = 1,

This statementriesto access& memorylocationfar beyondyour own permittedportionof
memory It will producea segmentatiorfaultandacoredump. Theexamplebelon shavs
arun,with thefaulterrormessagandtheuseof dbx to locatethefault. (Herebol df ace
representsharactersuppliedby the system.)

runner$ th > /dev/ nul

100000

Menory fault(coredunp)

runner$ dbx th

Readi ng synbolic information for th
corefile read successfully

Readi ng synbolic information for ..
programterm nated by signal SEGV ...

(dbx) where

print stats(), line 62 in "th.c"
main(), line 33 in "th.c"

(dbx) quit

runner$ rmcore

At the “where”, the deluggerwill tell you the line numberof the fault's location(line 62
in this case)andtheline numberfrom which the function containingthe fault wascalled
(line 33),andsoonif thereis a deepemnestingof calls.

In the first commandabove,“t h > / dev/ nul | 7 will executet h, but will throw away
(into the bit budket) the standardutput. The erroroutputwill still goto theterminal.

What To Turn In: Youshouldturnin asinglelisting containingyour sourcefile (t h. ¢ in
this case) your output,andthe profile information,all concatenatetbgether (You do not
needto turnin anything relatedto your experimentatiorwith the segmentatiorfault.) One
way to producesuchalisting is thefollowing:

runner$ make

runner$ th >th. out put

100000

runner$ prof th >th.profile

runner$ cat th.c th.output th.profile >th.print
runner$ Ip -d SCF1 th. print



