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CS1723,Data Structur es

Fall Semester1998
Programming Assignmentl, Due September4, 1998
The 3/2 Problem

The Assignment: Thereis a famousgameone can play with integers: startwith ary
positive integern, 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,whichl 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.
(Noticethat1 is replacedby 2 andthenby itself, so nothingmore happensafter one of
thesesequencegetsto 1.) Researchersonjecturghatthesequenceorvergesto 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.

[0 Youcankeeptrackof thedatain atablewhichis, in C terms,anarraysof st r uct s
whereeachst r uct consistof two i nt s: thecountandthe maximumvalue.

Your C Program: You mayorganizethe programasasinglefile.
Earlyin theprogramyou will needa structdeclaratiorof theform:

#defi ne MAXS 230 /* runs < 230, n < 100000 */
struct Entry_tag {

int counts; /* numtinmes run occurred */

int max_val; /* max val, runs of this length */
}; [/ * struct declaration */
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Thistells C whatthenameEnt r y _t ag refersto.
In thefunctionmai n you candeclaretheactualarrayof st r uct sasfollows:

struct Entry tag s[MAXS]; /* table to hold run data */

Your programshouldusethefollowing four functions,in additionto nmai n() , andthelist
of prototypeshelon shouldappearearlyin your C sourcefile, but it mustappearafterthe
st ruct declaration:

void run(int, int *, int *);

i nt next_val ue(int);

void stats(int, int, struct Entry tag s[]);
void print_stats(struct Entry tag s[]);

0 Hererun(n, &l ength, &maxi) producegherunfortheintegern andreturns
therunlengthin 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(length, maxi, s) will enterthegivenrunlengthandmaxi-
mumyvalueinto thetableusedby this program.

O Finally, acalltopri nt st at s(s) will printouttheresultsasstoredin thetable.

Noticethatthetableis passedisa parameter The C codewould be slightly simplerif it
useda globaldeclaratiorfor thistable,without needingo passt to thetwo functionsasa
parameterbut thereareimportantreasongo avoid globalvariables.

As analternatve method,you could usethe following equivalentdeclaratiorof the table.
(But don’t mix up the differentmethods.This is morein the style of theD & S book, but

C programmersendto preferthefirst styleabove.)

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

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

int max_val ;/* max val, runs of this length */
} Entry_ type;
Now thedeclaratiorof thearrayof st r uct swould have theform:

Entry_type s[MAXS]; /* table to hold run data */

withoutthe extrakeyword st r uct . Similarly thetwo prototypeswith thetableasparam-
eterwould have theform:
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void stats(int, int,
void print_stats(Entry_type s[]);

Entry type s[]);

For avalueof i (= run length)between0 and 229, the two fields in this table canbe
accesselly: s[i].counts,ands[i].mx_val . (Wewon't usetheindexi == 0.)

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

lint:

th.c

cc -p -g-othth.c
th.c

lint -m-uth.c

# makefile for the 3/2 program
t h:

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

runner % nake | i nt

to checkoutthe program.Thentype

runner % nake

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 differentoutputbelaw, but thatdoesnt matter

Three/ hal ves programwitten by <your name here>.

Limt value for
Run | engt h: 1,
Run | engt h: 2,
Run | engt h: 3,
... (Many lines
Run | ength: 211
Run | ength: 212,
Run | engt h: 214,
Run | engt h: 215,
Run | engt h: 222,

n: 100000

Count :
Count :
Count :
omtted
Count :
Count :
Count :
Count :
Count :

[ N

PRPRPPW

Maxi
Maxi
Maxi

Maxi
Maxi
Maxi
Maxi
Maxi

mum val ue:
mum val ue:
mum val ue:

mum val ue:
mum val ue:
mum val ue:
mum val ue:
mum val ue:

1
2
4

296639576
296639576
53179010
53179010
10966508



CS1723,Assignmentl: The3/2 Problem April 7,2001 Page4 of 4

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. Usethecommand:

runner % prof th

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

s[ 1000000] . counts = 1;

This statementriesto accesa memorylocationfar beyondyour own permittedportion of
memory It will producea segmentatiorfaultandacoredump. Theexamplebelon shavs
arun,with thefaulterrormessagandtheuseof dbx to locatethefault. (Herebol df ace
representsharactersuppliedby thesystem.)

runner % dbx th

... lots of stuff printed ...
(dbx) run

Running: th

(process id 2268)

100000

... all the normal output...
Si gnal SEGV ...
"th.c" ...

(dbx) where
=>[1] print stats(), line 61 in "th.c
[2] main(), line 32 in "th.c"
(dbx) quit

runner%rm core

At the “where”, the deluggerwill tell you the line numberof the fault’s location(line 61
in this case) andtheline numberfrom which the function containingthe fault wascalled
(line 32),andsoonif thereis adeepemestingof calls.

What To Turn In: Youshouldturnin asinglelisting containingyour sourcefile (t h. c 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% I p -d SCF1 th. print



