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Libraries 

Library.  A module whose methods are primarily intended for use 

by many other programs. 

 

 

Client.  Program that calls a library. 

 

API.  Contract between client and 

implementation. 

 

Implementation.  Program that 

implements the methods in an API. 

 

Random Numbers 

Jon von Neumann (left),  ENIAC (right) 

The generation of random numbers is far too important to  

leave to chance.  Anyone who considers arithmetical methods 

of producing random digits is,  of course, in a state of sin.  ” 

“ 

Random Numbers 
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Standard Random 

Standard random.  Our library to generate pseudo-random numbers. 
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publi c cl ass StdR ando m {  
 

   //  bet ween  a a nd b  

   pu blic  sta tic doub le u nifo rm(d oub le a , do uble  b) {  

      ret urn a + Math .ran dom( ) * (b- a);  

   }  

 

   //  bet ween  0 a nd N -1  
   pu blic  sta tic int unif orm( int N) {  

      ret urn (int ) (M ath. rand om()  * N);  

   }  

 

   //  tru e wi th p roba bili ty p  

   pu blic  sta tic bool ean bern oull i(d oubl e p)  {  

      ret urn Math .ran dom( ) < p;  

   }  

 

   //  gau ssia n wi th m ean = 0,  std dev  = 1  

   pu blic  sta tic doub le g auss ian( )  

      /* see Exer cise  1.2 .27 */  

 
   //  gau ssia n wi th g iven  mea n an d s tdde v 

   pu blic  sta tic doub le g auss ian( dou ble mean , do uble  std dev)  {  

      ret urn mean  + ( stdd ev *  gau ssi an() );  

   }  
 

   .. .  

} 

Standard Random 
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publi c cl ass StdR ando m {  

   .. .  

 

   pu blic  sta tic void  mai n(St ring [] args ) {  

      int  N =  Int eger .par seIn t(ar gs[ 0]);  

      for  (in t i = 0;  i <  N; i++)  {  

         StdO ut.p rint f(" %2d " , uni form (100 ));  

         StdO ut.p rint f("% 8.5f  ", uni form (10. 0, 9 9.0) );  

         StdO ut.p rint f("% 5b "   , ber noul li(. 5));  

         StdO ut.p rint f("% 7.5f  ", gau ssia n(9. 0, . 2));  

         StdO ut.p rint ln() ;  

      }  

   }  

} % jav a St dRan dom 5  

 61 2 1.76 541  tru e 9. 3091 0  

 57 4 3.64 327 fals e 9. 4236 9  

 31 3 0.86 201  tru e 9. 0636 6  

 92 3 9.59 314  tru e 9. 0089 6  

 36 2 8.27 256 fals e 8. 6680 0  

Unit Testing 

Unit test.  Include main() to test each library. 
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Using a Library 

publi c cl ass Rand omPo ints  {  

   pu blic  sta tic void  mai n(St ring  ar gs[] ) {  

      int  N =  Int eger .par seIn t(ar gs[ 0]);  

      for  (in t i = 0;  i <  N; i++)  {  

         doub le x  = S tdRa ndom .gau ssi an(0 .5, 0.2) ;  

         doub le y  = S tdRa ndom .gau ssi an(0 .5, 0.2) ;  

         StdD raw. poin t(x,  y);  

      }  

   }  

} 

% jav ac R ando mPoi nts. java  

% jav a Ra ndom Poin ts 1 0000  

use library name 
to invoke method 

Statistics 
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Standard Statistics 

Ex.  Library to compute statistics on an array of real numbers.  

mean sample variance 
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public class StdStats { 
 

   public static double max(double[] a) {     

      double max = Double.NEGATIVE_INFINITY;   

      for (int i = 0; i < a.length; i++)       

         if (a[i] > max) max = a[i]; 

      return max; 

   }    
 

   public static double mean(double[] a) { 

      double sum = 0.0;  

      for (int i = 0; i < a.length; i++) 

         sum = sum + a[i]; 

      return sum / a.length;   

   }   

 

   public static double stddev(double[] a) 

     // see text 
 

} 

Standard Statistics 

Ex.  Library to compute statistics on an array of real numbers.  Modular Programming 
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Modular Programming 

Modular programming. 

 Divide program into self-contained pieces. 

 Test each piece individually. 

 Combine pieces to make program. 

 

Ex.  Flip N coins. How many heads? 

 Read arguments from user. 

 Flip one fair coin. 

 Flip N fair coins and count number of heads. 

 Repeat simulation, counting number of times each outcome occurs.  

 Plot histogram of empirical results. 

 Compare with theoretical predictions. 
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publi c cl ass Bern oull i {  

   pu blic  sta tic int bino mial (int  N)  {  

      int  hea ds =  0;  

      for  (in t j = 0;  j <  N; j++)  

         if ( StdR ando m.be rnou lli( 0.5 )) h eads ++;  

      ret urn head s;  

   }  

 

   pu blic  sta tic void  mai n(St ring [] args ) {      

      int  N =  Int eger .par seIn t(ar gs[ 0]);  

      int  T =  Int eger .par seIn t(ar gs[ 1]);  

 

      int [] f req = ne w in t[N+ 1];  

      for  (in t i = 0;  i <  T; i++)  

         freq [bin omia l(N) ]++;  

 

      dou ble[ ] no rmal ized  = n ew d oub le[N +1];  

      for  (in t i = 0;  i < = N;  i++ )  

         norm aliz ed[i ] = (dou ble)  fr eq[i ] / T;  

      Std Stat s.pl otBa rs(n orma lize d);   

 

      dou ble mean  = N  / 2 .0, stdd ev = Ma th.s qrt( N) /  2.0 ;   

      dou ble[ ] ph i  =  new  dou ble[ N+1 ];  

      for  (in t i = 0;  i < = N;  i++ )  

         phi[ i] =  Gau ssia n.ph i(i,  me an, stdd ev);  

      Std Stat s.pl otLi nes( phi) ;  

  }  

} 

Bernoulli Trials 

theoretical prediction 

plot histogram 
of number of heads 

perform T trials 
of N coin flips each 

flip N fair coins;  
return # heads 
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Dependency Graph 

Modular programming.  Build relatively complicated program by 

combining several small, independent, modules.  
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Libraries 

Why use libraries? 

 Makes code easier to understand. 

 Makes code easier to debug. 

 Makes code easier to maintain and improve. 

 Makes code easier to reuse. 

Extra Slides 
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Discrete Distribution 

Discrete distribution.  Given an array of weights (that sum to 1), 

choose an index at random with probability equal to its weight.  

public static int discrete(double[] p) { 
    

   // check that weights are nonnegative and sum to 1 
 

   double r = Math.random(); 

   double sum = 0.0; 

   for (int i = 0; i < p.length; i++) { 

      sum = sum + p[i]; 

      if (sum >= r) return i; 

   } 

   return -1; 

}  something went wrong 

p = {  0, .1, .1, .1, .1, .1, .5 }  

0.2 0.3 0.4 0.5 1.0 0.0 0.1 

2 3 4 5 6 1 


