C++ Searching 17

Sear ching
Searching generdly means finding one particular itemin alig. If you are looking for
everyone who worked overtime, or al itemsthat need to be reordered, thisis referred to
asan exception report, not a search. An exception report is straightforward: 1oop through
every item: if it matches the criteriag, print it out.

Congder thelist below. Only names are shown here, but thereis probably apardld array
with some information about these people, such as phone numbers, The information
about Karenisin pogtion 0, John in position 1, etc. We would search for Bill and find a
meatch in position 2 of the name array, then print the phone number or other information
from position 2.

Karen
John
Bill
Dave
Sam

Jay

O brrwWMNEFLO

Sequential Search

The namesin the ligt above are not in dphabeticd order. If we want to find Bill, thereis
no choice but to sart with item 0 and loop until we find Bill.
We might use an dgorithm such asthis:

For N=0to 5

{ If Name[N] = search_nane

Print Info[N]
} //end of for |oop

There are two problems with this dgorithm:
= |t kegpslooking after it finds that name;
= |t doesnot print anything if the nameis not found

This has abig problem:
For N=0to 5
{ If Nanme[N] = search_nane
print I nfo[N]
El se print "not found"
} //end of for |oop

Thiswill print

not found

not found

Bill's phone number
not found

not found

not found
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A better agorithm is shown below:
Found =-1
For N=0to 5
{ If Nanme[N] = search_nane
Found = N
} //end of for |oop
| f Found = -1
Print "Not found"
El se
Print | nfo[ Found]

This solves the problem of printing not found, but the agorithm till continues after
finding the item. In the next agorithm, the For loop is changed to a While loop.
Found =-1

N=20
Wiile N< 6
{ If Name[N] = search_nane
Found = N
N=N+1

} //end of for |oop
| f Found = -1

Print "Not found"
El se

Print | nfo[ Found]

Once we have the While loop, we can add to the while condition:

Found =-1
N=20
While N < 6 And Found = -1
{ If Nanme[N] = search_nane
Found = N
N =N +1

} //end of for |oop
| f Found = -1

Print "Not found"
El se

Print | nfo[ Found]

Experiment: Before you look at actua code on the next page, try implementing asmadll

array of names and some piece of information. (Y ear born, phone, etc.). When you find
the person, print the information.
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It isavery good ideato get asmal program working firgt, add the search when you know
the rest isworking.

O|//Initialize array and print

1| #include <iostream h>

2 | #i ncl ude <string. h>

3|void printAll (char names[][10], int year[], int count)
4|//receive array of nanmes, array of years, # in array
5|{ for(int n=0; n<count; n++)

6 cout <<nanes[n] <<"\t"<<year[n] <<"\n";

71} /lprintAll

8

9|void main()

10 | { char nanmes[20][10]= {"Karen", "John", "Bill", "Dave",
11 "Sam', "Jay"},;

12 i nt year[20] ={1955, 2000, 1972,1976, 1949, 1965};

13 int count = 6; //roomin the array for 20 people,
14 / /' but there are actually only 6

15 printAll (nanes, year, count);

16|} //main

Explanation: Thereisroom in the array for 20 people, but there are only 6 actudly there.
Arrays are usudly abit bigger than you think you need, just in case! It isimportant
however, that you only print those names that are actudly in the lig. In this program we
know that there are 6, but if you read these in from afile, until eof, you would not know
the count beforehand.

1,2: We dways need ether iostream.h or fstream.h. We will need string.h in the next part
when we compare strings.

3: printAll receivesthe 2 arrays and the count. The Size of the array is not necessary, but
the size of each gring is. C++ can not know where each name begins unlessit is given
the sze of each dement.

10: Aninitid list is given to get Sarted with the program. Later we may modify this so
that the names are read from afile. It isimportant to test one piece & atime.

15: The only thing in main right now isthe cdl to printAll passng the array of names,
years, and count.
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The program below prints out the list of names then searches for one name.

/l1nitialize array and print
#i ncl ude <iostream h>
#i ncl ude <string. h>

{ char | ookfor[10];
cout<<"Enter the nanme to | ook for:"
cin.getline(l ookfor, 10);
int found=-1;
i nt n=0;
whil e (n<count && found==-1)
10 { if (strcnp(nanmes[n], | ookfor)==0)
11 f ound=n;
12 n++;
13 } //while
14 if (found==-1)

©ooo~NOUTA~,WNE O

15 cout <<| ookf or <<" not found.\n";
16 el se
17 cout <<l ookfor<<" was born in "<<year[found]<<".\n

18|} //search

20 (void printAll(char names[][10], int year[], int count)

voi d search(char nanmes[][10], int year[], int count)

21 |//receive array of names, array of years, # in array

22 [ { for(int n=0; n<count; n++)

23 cout <<nanes[ n] <<"\t"<<year[n] <<"\n";

24 |} [/ printAll

25

26 | void main()

27 |{ char names[20][10]= {"Karen", "John", "Bill", "Dave"
28 "Sam', "Jay"},;

29 i nt year[20] ={1955, 2000, 1972,1976, 1949, 1965};

30 int count = 6; // roomin the array for 20 peopl e,
31 //but there are actually only 6

32 printAll (nanes, year, count);

33 sear ch(nanes, year, count);

34|} //main

Experlment Add each of the following one a atime:

Print the age of the person. Ask the current year just once, in main!

* Read the names and years from afile.

= Make amenu driven program that gives a choice of print lig, print dl of the
children (12 and under), print dl of the senior citizens(60 and older), look up one
person.

= Add another piece of information for each person. Adding another piece of
information means adding another array, passing the additional array to the
functions, and adding it to thefile.
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Binary Search
Consder the list below. The names are in dphabetica order. If the list of namesisin
aphabetica order we can use amuch faster agorithm.

Bill
Dave
Jay
John
Karen
Sam

abrhwWNEFLO

Let's suppose | am thinking of a number from 1 to 100. Y ou could guess the number
using asequentia search. Isit 1?Isit 2?1sit 3? Guessing the number sequentidly it
would, on average, take you about 50 guesses before you found it.

Usudly, that guessng game is done using abinary search:

Isit 507 No, higher.

Isit 75? No, lower.

Letslook at the dgorithm for this.
At the beginning, you know that the lowest valueis 1 and the highest is 100. Your first
guessis the average of low and high, or 50.

Low High
1 100

After you guess 50 and | say No, higher, you change these vaues. Y ou now know that
the lowest the number can possibly beis 51.

Low High
51 100

Y our next guess isthe average of low and high or 75. | say No, lower. Y ou now know
that the highest the number can possibly beis 74.

Low High
51 74

Y ou will continue to make guesses, each guessis the average of low and high.
If your guessistoo low, you set low to guess +1. If your guessistoo high, you set highto
guess-1.
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Let'stry it with the ligt of names.
Bill
Dave
Jay
John
Karen
Sam
To gart low is0 and High is 5. We will search for Karen. Thefirst guessis (0+5)/2=2
(Integer divison!) We compare Jay and Karen. Karen comes after Jay, so we change low
to guesstl, or 3. Low is3. Highis 5. Our next guessis (3+5)/2 = 4. Eurekal There's
Karen!

aabrrwWNEFLO

Now try searching for Debbie. Thefirst guessis (0+5/2)=2. Debbie comes before Jay, so
we change high to guess—1. Low is 0. High is 1. Our next guessis (0+1)/2=0. Debbie
comes &fter Bill, so we change low to guesst1. Low is 1. Highis 1. Our next guessis 1.
Debbie comes after Dave, so we change low to guess+1. Low is2. Highis 1. That's
impossible, so we know that when low > high the person is not on the list.

/1 Bi nary Search
#i ncl ude <i ostream h>
#i ncl ude <string. h>

{ char 1 ookfor[10];
cout<<"Enter the nane to | ook for:";
cin.getline(l ookfor, 10);
int found=-1;
int | ow=0;
i nt guess;
10 i nt hi gh=count;
11 whil e (|l ow= high &&% found==-1)
12 { guess=(I| ow+hi gh)/2;

O©CO~NOOOUITA~WNEO

13 I f (strcrmp(nanmes[guess], | ookfor)==0)

14 f ound=guess;

15 else if (strcnp(names|[guess], | ookfor)<0)
16 | ow=guess+1;

17 el se

18 hi gh=guess- 1,

19 } //while
20 if (found==-1)

21 cout <<| ookf or<<" not found.\n";
22 el se
23 cout <<| ookfor<<" was born in "<<year[found]<<".\n

24|} //search

26 |void printAll (char nanmes[][10], int year[], int count)

voi d search(char nanes[][10], int year[], int count)

27 |/ /receive array of names, array of years, # in array

28 |{ for(int n=0; n<count; n++)
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29 cout <<nanes[ n] <<"\t"<<year[n] <<"\n";

30} //printAll

31

32 |void main()

33 |{ char nanmes[20][10]={"Bill", "Dave", "Jay", "John",
34 "Karen", "Sani};

35 int year[20]={1972, 1976, 1965, 2000, 1955, 1949 };

36 int count = 6; // roomin the array for 20 people,
37 //but there are actually only 6

38 printAll (nanes, year, count);

39 sear ch( nanes, year, count);

40|} // main

Y ou can not do abinary search unlessthe array is sorted! If the array is sorted thisisa
much faster search.

Congder that there are 100 names on the list. Sequentidly it will take about 50 guessesto
reech it. (Sometimes it will be early in the list, sometimes late, but on average 50.)

Now congder the binary search. After the first guess there are only 50 names where it
could be. After the 2" guess only 25, after the 3 only 12. after the 4™ only 6, after the 5
only 3. You should be able to find the namein only 6 tries.

Experiment: Have afriend think of anumber from 1 to 1 million. Tell them that you can
guessit in 20 guesses of less. Or have afriend pick a name from the WHITE pages of the
phone book. Do the binary search by opening it up to the middle and guessing the name
on that page. Just do it by eye, plitting the number of pages that you are holding between
your fingersin haf each time. After just 5 or 6 guesses, you will know what page the
nameison. Would thiswork with the YELLOW pages?
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