Introduction to Software Systems (308-206B)
Assignment 1: a hashed string pool

Winter Term2001

Practical information

e Duedate: Thursday8 Februarybefore23:59. Submissionsfterthe duedatewill bediscarded.

e Submissiomedium: VisualCM. Submitone file: hashpool . ¢, notyour input/output. Beware: your submission
is for 206B, not for 206A!

o |ndividual solutionsandsubmissionsl will (pseudo-)randomlgheckwhetheryou canexplainyour“own” assign-
ment.

e You may develop your codeon ary platform. Your codewill however be evaluatedon a SOCSUNIX machine.
Make certainit runscorrectlyona SOCSUNIX machine.Compileyour codewith

gcc -Vall -g -ansi -0 hashpool hashpool.c

e Your codewill be evaluatedby comparing(usingthe UNIX diff) its outputwith correctoutput. Be certainto
generatexactly thesameoutput(includingblanklines)asin the examplesbelow !

Objectives

e Thoroughunderstandingf C arrays andstrings.

¢ An exercisein top-davn and/orbottom-updesign. A gooddesignwill beelegantandincludeall specialcasege.q.,
noinput,too muchinput).

e Thoroughtesting of code:print outandinspectinternaldatastructurestestall specialcases.

e An exercisein coding style. As no functionsareused,it is necessaryo commentandindentproperlyto tackle
compl«ity. Make the codere-usableby including requirementanddesigninformationin the commentsaswell
asby makinguseof namedconstantgratherthaninline constants).

Assignment

A programhashpool needsto be built which keepsaskingthe userto entera string until the empty string (immediate
returnpressedpr thestring“halt” is entered.You mayassumeghemaximumnumberof charactergnterecdby a userwill
be100(andmustresere enoughmemoryaccordingly).lt is left unspecifiedvhatwill happerif morethan100characters
areinput. You shouldspecify(in commentshow your programwill handlethis caseandimplementthis specification.
Any “reasonable’behaiour is allowed.

Eachnew stringenteredshouldbe addedto a stringpool, if it is notalreadypresenin the stringpool. Thestringpoolis
acharactewvectorof length150. If thestringis alreadypresenin the stringpool, thisis mentionedo theuser

To avoid having to scanthewhole stringpoolto checkif anenteredstringis alreadypresenta hashtableor stringindex
table (of integers)with 5 buckets (rows) and chainlength 3 (columns)is used. The hashtableis initialized to all -1
elementsNon-najative valuesareusedasindicesin the string pool, indicatingthe startof a string. An enteredstringis
“hashed’into aninteger. Thisintegerindicatesarow (a“bucket”) of the hashtable.Eachelementof therow is

e eitheranon-ngatie integer, indicatingthe startof a previously storedstringin the stringpool,



e orangjatieinteger(-1) indicatingthatthe stringis not presenin the stringpool.

Theenteredstringis comparedvith stringsin the stringpool pointedat by thenon-neative entriesin therow. If anequal
stringis found,theuseris told soandtheenteredstringis notaddedo thestringpool. If noneof thenon-ngative entries
in therow (if any) pointto a stringequalto theenteredone,theenteredstringis addedto the string pool (behindthe last
addedone;addingstartsfrom position0).

Hashingis donebasedon the ASCII valuesof the charactersn the stringasdemonstratetelow:

int hash_val ue=0;

i nt index;

for (index=0; index<strlen(string); ++index)
hash_val ue = (hash_val uetstring[index]) % 5;

After theuserfinishesenteringstrings,thetwo maindatastructuregstringpoolandhashtable)mustbe outputin exactly
theformatasgivenin theexamples.Notehow a’ \'t’ is usedto separatelementsn thehashtable. Also, theformatting
directive %38d is usedto print positions.

Someextrarequirements:

e The solution shouldbe codedas one large nai n() function. The problemshouldnot be split up into smaller
functions(thoughthatshouldin thefuture always bedone).

¢ |t shouldbe easyto changehesizeof the stringpool andhashingable.

e Array overflow of the string pool andthe hashingtable mustbe detected.If eitherof theseoccur the program
shouldprint a messagandexit. Theexiting programmustreturnal to the caller (the shell)in caseof stringpool
overflow anda2 in caseof hashingableoverflon. Make sureto testfor overflow before it occurs.

Input/output behaviour

Ending the input
1. Endinginput by meansof emptystring (hashpool.end.emptyt)

hv@ ookf ar 136% hashpool
Enter a string:
String pool of |ength 150 contains:

End of string pool

5 x 3 string index table:

row 0: 1 -1 1
row 1 1 -1 1
row 2: 1 -1 1
row 3: 1 -1 1
row 4: 1 -1 1

End of string index table

2. Endinginput by meansof “halt” string(hashpool.end.halt.fxt

hv@ ookf ar 137% hashpool
Enter a string: halt



String pool of |ength 150 contains:

End of string pool

5 x 3 string index table

row 0: -1 -1 -1
row 1 -1 -1 -1
row 2: -1 -1 -1
row 3: -1 -1 -1
row 4: -1 -1 -1

End of string index table

Normal operation

1. Normaloperatiorwithout duplicatestrings(hashpool.normal.txt)

hv@ ookf ar 138% hashpool
Enter a string: abc
bucket number for "
Enter a string: 1
bucket nunber for "1" is 4
Enter a string: 2

bucket number for "2" is 0
Enter a string: 3

bucket number for "3" is 1
Enter a string: 4

bucket nunmber for "4" is 2
Enter a string: 5

bucket number for "5" is 3
Enter a string: 6

bucket nunber for "6" is 4
Enter a string: 7

bucket nunmber for "7" is 0
Enter a string: 8

bucket number for "8" is 1
Enter a string:

abc" is 4

String pool of |ength 150 contains:

At position 0, string "abc"
At position 4, string "1"
At position 6, string "2"
At position 8, string "3"
At position 10, string "4"
At position 12, string "5"
At position 14, string "6"
At position 16, string "7"
At position 18, string "8"

End of string poo

5 x 3 string index table



row 0: 6 16 -1

row 1: 8 18 -1
row 2: 10 -1 -1
row 3: 12 -1 -1
row 4. 0 4 14

End of string index table

2. Normaloperationwith duplicatestrings(hashpool.normal.duplitatx)

hv@ ookfar 141% hashpool

Enter a string: a conplete sentence

bucket number for "a conplete sentence" is 1
Enter a string: abcd

bucket nunber for "abcd" is 4

Enter a string: if

bucket nunber for "if" is 2

Enter a string: then

bucket number for "then " is 3

Enter a string: a conplete sentence

bucket number for "a conplete sentence" is 1
String already present in string pool

Enter a string: halt

String pool of Iength 150 contains:

At position 0, string "a conplete sentence"
At position 20, string "abcd"

At position 25, string "if"

At position 28, string "then "

End of string poo

5 x 3 string index table

row 0: -1 -1 -1
row 1: 0 -1 -1
row 2: 25 -1 -1
row 3: 28 -1 -1
row 4: 20 -1 -1

End of string index table

Data structure overflow

1. Stringpooloverflow (hashpool.stringpomverflow.txt)

hv@ ookf ar 148% hashpool

Enter a string: aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

bucket nunmber for "aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa’ is 0
Enter a string: bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbh

bucket nunber for "bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb" is 0

Enter a string: abcabc abcabc
bucket number for "abcabc abcabc" is 3
Enter a string: def def



bucket nunber for "def def" is 4
Enter a string: a very long ... ... sentence
bucket number for "a very long ... ... sentence" is 2

>>> Error: string pool overflow

2. Bucketoverflow (hashpool.bcket.overflon.txt)

hv@ ookf ar 144% hashpool
Enter a string: 1

bucket number for "1" is 4
Enter a string: 2

bucket number for "2" is 0
Enter a string: 6

bucket number for "6" is 4
Enter a string: 10

bucket number for "10" is 2
Enter a string: 13

bucket number for "13" is 0
Enter a string: 14

bucket number for "14" is 1
Enter a string: 17

bucket number for "17" is 4
Enter a string: 23

bucket number for "23" is 1
Enter a string: abc

bucket number for "abc" is 4

>>> Error: bucket 4 overflow

Resour ces

e Thetemplateto usefor your C code:template.c
e Be consistenin your indentation.Usingthe GNU tool “indent” canhelp. Below aresomereasonableommand-
line options(which you maywishto putin your.cshrcfile if you usecsh).

indent (GNU C beautifier)

-tsl: tab stop width =1

-bli0: block indent ({}) O

-c28: try to start code-line comments in colum 28

-cd28: try to start declaration-line conments in colum 28
-npcs: no space after function call names

-1 72: nmaxi mum non-conment-1ine |ength

-1¢72; maxi mum coment-line length
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alias indent 'indent -tsl -bli0 -c28 -cd28 -npcs -172 -1¢c72



