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Symbol Table ADT

Symbol table: key-value pair abstraction.
. Insert value with specified key.
. Search for value given key.

Example: key = URL, value = IP address.
. Insert URL with specified IP address.
. Given URL, find corresponding IP address.

Web Site IP Address

www.cs.princeton.edu| 128.112.136.11
www.princeton.edu 128.112.128.15
www.yale.edu 130.132.143.21
www.harvard.edu 128.103.060.55
WWw.simpsons.com 209.052.165.60
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Other Symbol Table Applications

Other applications.

Online phone book: look up a hame to find telephone number.
Spell checker: look up a word to find if it's there.

DNS: look up name of web site to find IP address.

Java compiler: look up variable name to find its type and value.
File sharer: look up song to find host machines.

File system: look up file name to find location on hard drive.
University registrar: look up student to find grades.

Web traffic analyzer: look up host to find number of hits.

Symbol Table Client: DNS Lookup

DNS lookup client program.
. st.put(key, value) inserts a key-value pair into symbol table.
. st.get (key) Searches for the given key and returns the value.

public static void main(String[] args) {
SymbolTable st = new SymbolTable() ;

st.put ("www.cs.princeton.edu", "128.112.136.11");

st.put ("www.princeton.edu", "128.112.128.15") ;
st.put ("www.yale.edu", "130.132.143.21");
st.p;t("www.simpsons.com" , "209.052.165.60") ;
st["www.simpsons.com"] = "209.052.165.60"

System.out.println(st.get("www.cs.princeton.edu")) ;
System.out.println(st.get ("www.harvardsucks.com")) ;
System.out.println(st.get ("www.simpsons.com")) ;

st["www.simpsons.com"]

128.112.136.11
null
208.216.181.15




Symbol Table Client: Remove Duplicates

Remove duplicates (e.g., from commercial mailing list).
. Read in a key.
. If key is already in the symbol table, do nothing.
. Otherwise, print out key and insert it into symbol table.

Symbol Table: Linked List Implementation

Maintain a linked list of key-value pairs.
. Insert new key-value pair at beginning of list.
. Key = string, value = object.
. Use exhaustive search to search for a key.

Symbol Table: Linked List Implementation

Linked List Implementation: Performance

Advantages: not much code, fast insertion.

Disadvantage: search is hopelessly slow for large inputs.
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Hashing

Hashing.
. Goal: speed up search by a factor of M by making lists shorter.
. Array st of M linked lists (or chains).
« Map from string key to integer i between O and M-1.
- put key-value pair in it linked list

Choosing a Good Hash Function

Goal: scramble the keys.
. Each table position equally likely for each key.
thoroughly researched problem
Ex: Social Security numbers.
. Bad: first three digits. 4 573 = california, 574 = Alaska
. Befter: last three digits. @ assigned in chronological order within
a given geographic region
Ex: Strings.
. Bad: first few letters (converted to an int).
. Good: do calculation involving all characters

s = "call";
h = s.hashCode() ;
hash = h % M; [ §
3 B 3045982
7121 8191

insert call into chain 7121

Symbol Table: Hash Table Implementation

Hash Table Implementation: Performance

Advantages: fast insertion, fast search.
Disadvantage: hash table has fixed size.
easily corrected

Hash tables improves ALL symbol table clients.
. Makes difference between practical solution and no solution.
. Ex: Moby Dick now takes a few seconds instead of hours.




Question

Current code searches for an IP address given a URL.
. "DNS lookup."

What if we want o search for a URL given an IP address?
. "Reverse DNS lookup."
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Symbol Table Summary

Symbol table: quintessential database lookup data type.

Different performance characteristics with different implementations.
. Linked list, hash table, . ..
. Java has built-in libraries for symbol tables.
- HashMap = hash table implementation.
- TreeMap = red-black tree implementation.

import java.util.HashMap;
public class HashMapDemo {
public static void main(String[] args) {

HashMap st = new HashMap () ;
st.put ("www.cs.princeton.edu", "128.112.136.11");
st.put ("www.princeton.edu", "128.112.128.15") ;
st.put ("www.simpsons.com", "209.052.165.60") ;
System.out.println(st.get("www.cs.princeton.edu")) ;

Summary

ADTs enable modular programming.
. Split program into smaller modules.
. Separate compilation.
. Different clients can share the same ADT.

ADTs enable encapsulation.
. Keep modules independent (include main() in class for testing).
. Can substitute different classes that implement same interface.
. No need to change client.

Issues of ADT design.
. Feature creep.
. Formal specification problem.




