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CS1723,Data Structur es
Fall Semester, 1998

Programming Assignment1, DueSeptember4, 1998
The 3/2 Problem

The Assignment: Thereis a famousgameone can play with integers: start with any
positiveinteger � , andcarryout thefollowing replacementstep:

if � is oddthen replace� by
��� �����	��

�

elseif � is eventhen replace� by ��

� .
This stepis repeatedover andover again.For example,if we startwith ������� , thegame
producesthefollowing sequenceof integers,which I call a run, of length10:

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

In this caseand in every othercasethat individualshave tried, the sequenceendsin 1.
(Notice that 1 is replacedby 2 andthenby itself, so nothingmorehappensafter oneof
thesesequencesgetsto 1.) Researchersconjecturethatthesequenceconvergesto 1 for any
startingpositiveinteger � , but noonehasbeenableto prove this.

For thisassignment,youareto write aprogramto investigatethisgame.Morespecifically,
youshould

❁ Producethe runsfor startingintegers � from 1 to 100 000 (but don’t print the re-
sults!). Your programshouldusescanf to readin the limiting valueof 100 000
fromstdin. Youshouldassumethatall runswill endin 1,andin factyoucanwrite
theprogramsothat it would go into an infinite loop if a 1 wasnever producedin a
run.

❁ For these100 000runs,keeptrackof thenumberof timeseachrun lengthoccurs,
andkeeptrack of the maximumvalue that occursin all runsof a given length. (It
turnsout thatthelongestrunhaslength221,for �����	�
���
�
� .)

❁ Useprintf to print the resultsonstdout. You shouldprint threenumbersto a
line: therun length,thenumberof timesthatrun lengthoccurred,andthemaximum
valuethatcameup in all runsof thatlength.Do notprint a line if therewerenoruns
of thatlength.

❁ Youcankeeptrackof thedatain a tablewhich is, in C terms,anarraysof structs
whereeachstruct consistsof two ints: thecountandthemaximumvalue.

Your C Program: Youmayorganizetheprogramasasinglefile.

Early in theprogramyouwill needa structdeclarationof theform:

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

int counts; /* num times run occurred */
int max_val; /* max val, runs of this length */

}; /* struct declaration */
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This tellsC whatthenameEntry tag refersto.

In thefunctionmain youcandeclaretheactualarrayof structsasfollows:

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

Yourprogramshouldusethefollowing four functions,in additionto main(), andthelist
of prototypesbelow shouldappearearlyin your C sourcefile, but it mustappearafterthe
struct declaration:

void run(int, int *, int *);
int next_value(int);
void stats(int, int, struct Entry_tag s[]);
void print_stats(struct Entry_tag s[]);

✭ Hererun(n, &length, &maxi) producestherun for theintegern andreturns
the run lengthin thelength parameterandthe maximumvalueof the run in the
maxi parameter.

✭ The functionnext value shouldbe usedby run to generatethe successorto a
giveninteger, usingtheruleat thebeginningof thiswriteup.

✭ A call to stats(length, maxi, s) will enterthegivenrun lengthandmaxi-
mumvalueinto thetableusedby thisprogram.

✭ Finally, acall to print stats(s) will print out theresults,asstoredin thetable.

Notice that the tableis passedasa parameter. TheC codewould beslightly simplerif it
useda globaldeclarationfor this table,withoutneedingto passit to thetwo functionsasa
parameter, but thereareimportantreasonsto avoid globalvariables.

As analternative method,you couldusethefollowing equivalentdeclarationof thetable.
(But don’t mix up thedifferentmethods.This is morein thestyleof theD & S book,but
C programmerstendto preferthefirst styleabove.)

#define MAXS 230 /* runs < 230, n < 100000 */
typedef struct {

int counts; /* num times run occurred */
int max_val;/* max val, runs of this length */

} Entry_type;

Now thedeclarationof thearrayof structswouldhave theform:

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

without theextrakeywordstruct. Similarly thetwo prototypeswith thetableasparam-
eterwouldhave theform:
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void stats(int, int, Entry_type s[]);
void print_stats(Entry_type s[]);

For a value of i (= run length) between0 and 229, the two fields in this table can be
accessedby: s[i].counts, ands[i].max val. (Wewon’t usetheindex i == 0.)

The make Utility: Createa new directoryassign1 for your program,usingmkdir.
Nameyoursourcefile th.c. Createafile namedmakefile with thefollowing contents:

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

cc -p -g -o th th.c
lint: th.c

lint -m -u th.c

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

runner% make lint

to checkout theprogram.Thentype

runner% make

to compilethe program.Themake utility will invoke the C compiler(cc) with options
-p to produceprofiling information,-g to includea run-timesymboltablefor debugging
with thedbx utility, and-o th to nametheexecutablefile th.

Executethisprogramwith

runner% th
100000

Required Output: Your outputshouldlook roughly asfollows, but with the extra lines
includedandyour own nameprinted.My programthatproducedthis outputassumedthat
runsterminatedwhena1 wasreached,andthatinitial value ����� producedarunof length
1. I includedthefinal 1 in thelengthof all runs.If youmakedifferentassumptions,you’ll
getslightly differentoutputbelow, but thatdoesn’t matter.

Three/halves program written by <your name here>.
Limit value for n: 100000
Run length: 1, Count: 1, Maximum value: 1
Run length: 2, Count: 1, Maximum value: 2
Run length: 3, Count: 1, Maximum value: 4
... (Many lines omitted)
Run length: 211, Count: 3, Maximum value: 296639576
Run length: 212, Count: 1, Maximum value: 296639576
Run length: 214, Count: 1, Maximum value: 53179010
Run length: 215, Count: 1, Maximum value: 53179010
Run length: 222, Count: 1, Maximum value: 10966508
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Execution Profile: The executionof this programalso producesinformationregarding
the function calls—informationstoredin the file mon.out. Thentheprof utility will
usethis informationto producean executionprofile, showing the numberof timeseach
functionwascalledandtheCPUtimeconsumedby eachfunction.Usethecommand:

runner% prof th

The dbx Utility —Location of SegmentationFaults: Finally, you shouldtry to usethe
debuggerin caseof a segmentationfault (= addressout or range).Add thefollowing line
to yourprint stats function:

s[1000000].counts = 1;

Thisstatementtriesto accessamemorylocationfarbeyondyourown permittedportionof
memory. It will producea segmentationfaultandacoredump.Theexamplebelow shows
arun,with thefaulterrormessageandtheuseof dbx to locatethefault. (Hereboldface
representscharacterssuppliedby thesystem.)

runner% dbx th
... lots of stuff printed ...
(dbx) run
Running: th
(process id 2268)
100000
... all the normal output...
Signal 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”, thedebuggerwill tell you the line numberof the fault’s location(line 61
in this case),andtheline numberfrom which thefunctioncontainingthefault wascalled
(line 32),andsoon if thereis adeepernestingof calls.

What To Turn In: Youshouldturn in asinglelisting containingyoursourcefile (th.c in
this case),your output,andtheprofile information,all concatenatedtogether. (You do not
needto turn in anything relatedto yourexperimentationwith thesegmentationfault.) One
way to producesucha listing is thefollowing:

runner% make
runner% th >th.output
100000
runner% prof th >th.profile
runner% cat th.c th.output th.profile >th.print
runner% lp -d SCF1 th.print


