Assignment 4: Symbol Table

1. Introduction

In this assignment you will write a fifth implementation of the storage system used bgrth&equeng
program shan in lecture. The main part of the program and shell scripts to feed it input avedpdofor
you. Thesether parts will call on your functions to perform certain tasks.

This assignment will gk you practice using structs, arrays, and pointers irY@l will also need to use
some important system subroutines to perform string and memory allocation functions.

You will need to access a number of files werehgrepared for you to use in this assignmenhey all
reside in the directorilib113/hw/wf You can link to them by typing

% In -s " lib113/hw/wf/* . <-- there is a dot at the end

This gives you access to the filesutoyou will not be able to modify thenFor information about what
links are and hw they work, refer to the Unix book.

2. TheUnix Way to Get a Word Frequency Table

Consider the database of firstyear students inatidrvard. You might want to knev the number of people
in each dorm for a gen year A simple pipeline:

grep "CL=92" freshmen | cut -d: -f4 | cut -d= -f2

will generate a list of dorm names, one for each member of the class of\l@@2.dorm names are there,
and hev mary times does each name appeadit list looks something lék

straus
holworthy
grays
grays
thayer

grays
..etc..

We want a list that looks li

125 grays
23 greenough
160 holworthy
..etc..

That is, we wvant a list of the wrds that appeawe want the number of times eaclond appears in the
input (thefrequency, and we \ant the list sorted in alphabetical order

The Unix tools sort and uniq are often used to produce this fregtarie. Ty this:
grep "CL=92" freshmen | cut -d: -f4 | cut -d= -f2 | sort | uniq -c

The sort command reads in all the input lines and outputs them in alphabeticafmtdbe uniq -c com-
mand replaces each sequence of repeated lines with a count and the line.

This method has twproblems. Thdirst problem is that the input may not be split into oredaper line.
The second problem is that sortinggakime. A long list of words can tat a bng time to sort, it the
sorting is only being done to prepare the input for uniq -c.

3. A Proposal for a New Tool : wordfreg

The solution to these problems is to write & 1@ program, one that reads standard input, splits the input
into words, counts the evds, and prints an alphabetical list of all thards with their frequenciesThat is,
it produces the same result as sorting then uniq -c’imgywhhout the time required to sort all the input.
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4. Four Solutions So Far

In lecture, we loo&d at four implementations of theowdfreq filing system All the programs implement a
storage system that hold®wds and associated igers. Atable that associateslues with strings is called
asymbol table The programs prade functions to insert mesymbols into the table, retsie data from the
table, updatealues in the table, and to cursor through the table to see what is there.

All four solutions work but, but most hae limitations or vasted memoryThe fourth solution uses memory
efficiently and has no artificial limitationdt has one problem: it &s the slavest by &r.

Your project is to write a fifthersion of wifiler one uses lin&d lists it runs muchdster than ersion 4.

5. Speeding Up theLinked List Version

Version 4 uses a single, unsorted édlist to store all the ‘ms’ in the table.Any search for a wrd must
traverse this list. The list is unsorted, so the program has to go all thetarthe end to makaure a vord is
not on the list.

Your faster ersion will run about 50 timesi$ter by making the folaing changes to the storage:
1. Thesingle linked list will be replaced with 26 li lists, one for each letter of the alphab#t.the

words that start with the letter 'a’ will be on the first list, all therds that start with 'b’ will be on
the second list, etcThis change will reduce the search timedryaverage, adctor of 26.

2. Eachof those linked lists will be lept in alphabetical ordeBy doing so, you can write code that will
know when to stop looking for aevd without going to the end of the ligbn average, you will stop
searching halfay through the list, further reducing your search time tactof of 2.

Details of the structures and code fallo

6. An Array of 26 Linked Lists
What does an array of liek lists look like? Adiagram is:

The Array The Lists
+ + + + + +
ol | e I 4> INULL
+ + + + + +
+ + + +
1] | |---->| INULL |
+ + + +
+ + + + + +
2| | [---->| | “|---->| >
+ + + + + +
[ —— +
3| | N ULL|
[ S — +
+ + + + + +
41  IN UL | S I A
+ + + + + +

The entries in the table astructsthat contain the wrd, the frequeng and a pointer to the meéitem in the
list. If there is no nd item in that list, the pointer has thalwe NULL.

The lists of items are genized into an arrayThe array seen at the left of the diagram, is an array of
structs. Eaclstruct is the head of the listt doesnot contain a word. Thenext member of that struct
points to the list.If there are no wrds on that list, that head struct contains a NULL painter

7. TheData Structuresto |mplement the Symbol Table

How does this diagram translate into C codeihce there are twvthings in the picture, structs and the
array there must be tadefinitions:

The table consists ofavds and their frequenciegach item in the table, then, consists of a string and an
integer The items are strung together in a édklist. The links in the list are therefore structs that look
like:
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struct link
{
char *word,; [* a ptr to the word, in malloc()ed memaory */
int value; [* an integer value; the frequency */
struct link *next; /* points to next in list */
b
typedef struct link LINK; /* LINK is shorthand for ‘struct link’ */

Having thus defined the data type, the array of pointers is created with:
LINK table[ARRAY_SIZE]; [* an array of head structs */

This statement defines an array of pointers to things of iiyyge There areARRAY_SIZE structs in the
array

8. Codeto Implement the Symbol Table

The statement that defines the arrayARRAY_SIZE structs creates the array of head struats,does not
create ap symbols.

You only need to create storage foomds when the main program asks your packagesgrt a rew
symbol in the table.

The library subroutinenalloc() gets memory from the operating system and tells you where that memory
is. You tell it hav much you needTypical code looks lik:

LINK*Ip; /* plan to hold address in Ip */

Ip = (LINK *) malloc( sizeof(LINK) ) ;
if (Ip==NULL)
error-condition-code;

This asks for a chunk of memorydarenough to hold a link structhe pointedp contains the address of
this chunk of memory

You will then need memory for theaxd that will be stored in that link.

char*cp; /* plan to hold address in cp */
cp = malloc( strlen(the_name) + 1); /* room for null */
if (cp == NULL)
error-condition-here;
strcpy(cp, the_name); [* store name */

You then need to put the pointer to the name in the symbol:
sp->name =c¢p ;

The last part, figuring out where the symbol goes, and inserting it in its list is discussed belo

9. The Assignment

The symbol table manager you will write will\lieaa ymbol table that consists of 26 lists, one for each let-
ter of the alphabetA symbol will be assigned to a list based on its initial letteaich of these 26 lists will
be lept in alphabetical order

9.1. Functionality

Your program must implement all the functions in the sample prograifiler(l.c ...) from lecture.
The aguments, action, and returralues for those functions are all documented in the code for
wilfilerl.c
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Your program must implement one additional function:

word_delete(char str[])
This function is passed a string, and the function x@ndrom the table the item containing that
string. Your function must call the system functifree() to regcle the memory used by the
struct and by the string.

Your functions may assume that all the strings it vegbegn with a laver case letterYour functions do
not hare  check for \alid data.

Your program will be linkd with the programvimain.c  from lecture and must avk with test data we
shall pravide.

The program will also be lirdd with another test program, one that wikltreise its delete function.

9.2. Getting Started

Make aure you understand the operation of the sample programs from class and the purpose of the func-
tions. You may notice as you study those programs thaymfie functions are similar

For your net step, think about lwoto design a better systenGood programming style leads one to elimi-
nate duplicate code by calling a common helper functiba. example, the in_table(), lookup(), and
update() functions all do similar thing8Vhy not have a éngle function to search the table for a string, and
return a pointer to the strucfPhe caller can then decide what to do with that struct.

Finally, think through hav to implement each of the operations in thisviata structure Use the &ct that
the lists are sorted to speed up searchést is, do not search further than you need to.

9.3. Creating and Testing wor dfreq

You need to include "wl.h" in your file or filesYou need to compile wimain.c with your program wifiler5.c
and hiild wi5

% a wlmain.c wifiler5.c -o wi5

To see if your program arks, run the follwing shell script:
% “lib113/hwiwf/wf.test

9.4. ToHand In
Clean Code Pat of your grade will be based on your code pasgitg-Véll with no warnings or
errors. You will lose two points for eat warning that gcc reports about your pro-
gram.
typescript Submit a typescript of your program being compiled with gcc and being tested by the
test script.

Digital Handin  From the directory containing yourork, type
“lib113/handin wf

9.5. Extra Credit

What if you wanted to write a program that usedtaymbol tables?The wifilerX.c series presents an
interface to a single symbol tablén object-oriented approachowld be more figble. For ten points of
extra credit, write a ne file called wifiler6.c that prades the folloving enhancements:

(a) Define a data type called a symté), modify init_table() to be a constructaeturning a pointer to a
new, initialized symtab(c) modify all the other functions so heccept as an additionalgarment a pointer
to a symtab For example, in_table(symtab *tp, chaiovd[]) would search the table pointed totpyfor the
string stored irword.
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