COSC329 Examination Questions
Question 1 [25 marks for the whole question]

We generate n-combinations out of r different items where each item has its multiplicity, that is, we may have identical items in the given multiset.

Example. S = {1, 2, 3, 3, 4, 5}. Here the multiplicity of item 3 is 2, and those of other items are all 1.

If we generate 4-combinations out of set S in lexicographic order, we have the following.

       1 2 3 3        (1)

       1 2 3 4        (2)

       1 2 3 5        (3)

       1 2 4 5        (4)

       1 3 3 4        (5)

       1 3 3 5        (6)

       1 3 4 5        (7)

       2 3 3 4        (8)

       2 3 3 5        (9)

       2 3 4 5       (10)

       3 3 4 5       (11)

(A) [5 marks] Following this example, generate all 4-combinations out of S = {1, 2, 3, 3, 4, 4, 5} in lexicpgraphic order.

   Following Algorithm 12 in the notes, which generate n-combinations out of S = {1, ..., r} where 

S is an ordianary set, that is, all elements are distinct, we have the following algorithm for generating n-combinations out of a multiset. The multiplicity of item i is given by m[i].
In the initialization part, the initial combination is created in array “a”. In our example, it is

(1, 2, 3, 3).

In setting up the boundary array “b”, we have b = (3, 3, 4, 5). Those values are largest possible ones at each position.

In the main iteration, starting from the rightmost position, we check whether we have largest possible values for each position, by sweeping array “a” to the left. We stop at the non-largest value at position j. After increasing a[j] by 1, we renew the combination by setting array values minimum possible ones to the right by using the multiplicity of each item. That is, the value of a[j] is copied from position j to m[a[j]] places to the right, position j inclusive, and similar task will be done further to the right. For example, from (7) to (8) in the above example, the left most “1” is non-largest, and changed to “2”, and the rest is changed to the minimum
(B) [10 marks] Fill the vacant part given by underline in the program.

(C) [10 marks]   Trace the changes of value of “j1” when we go from combination (7) to (8) and from (10) to (11) in the above exmple.

int a[100], b[100], m[100];

int i,j,j1,k,n,r;

out(){

int i;

for(i=1;i<=n;i++)printf("%d ", a[i]);

getchar();

}

main(){

scanf("%d %d", &n, &r); getchar();

for(i=1;i<=r;i++)scanf("%d", &m[i]); getchar();

/*** Initialization for array a ***/

k=1;

for(i=1;i<=r;i++)

  for(j=1;j<=m[i];j++){

    a[k]=i; k++;

  }
/***　Setting up array b ***/

k=n;

for(i=r;i>=1;i--)

  for(j=m[i];j>=1;j--){

    b[k]=i;

    k--;

  }

/*** Main iteration ***/
j=n;

while(j!=0){

  out();

  j=n;  

  while(a[j]==b[j])j--;

  j1=j;

  while(j1<=n){

    a[j1]=a[j1]+1;

    k=j1;

    while(k<j1+m[a[j1]]){

      a[k+1]=_____;

      k++;

    }

    j1=k;

  }

}

}
Question 2 [25 marks for the whole question]. We consider bitonic sorting networks that sort the input numbers in increasing order. The following is a bitonic sorting network with 8 inputs. Stage i consists of the networks for merging a bitonic sequence of length 2i. The (+)-element sorts two elements in increasing order, and the (-)-element in decreasing order.
        stage 1        stage 2                stage 3

       ------------    --------------------    ----------------------------------

        8 +  7      +  6     +  5   　　+ 4     +　2    +  1

        7    8         7        6        5        4        2   

     6  - 6       + 5       + 7       + 3     +  1    +   3

        5    5         8        8        6        3        4    

     4　- 4   　  -　4      -  4      + 2 　   + 5     +　5 

        3    3        1         3         7       7       6

     2  + 1      -  3      -  2      +  1     + 6     +  7

        1    2        2         1        8        8        8

In this network, the bitonic sequence fed into stage 3 is a sequence, first increasing and then decreasing. The following network feeds stage 3 with a sequence first decreasing and then increasing. The upper structure in stage 1 and stage 2, which forms a sorting network is swapped with the lower structure.

          stage 1    stage 2                 stage 3

       ------------    --------------------       ----------------------------------

       8  - 8       -  8      -  8      + 1     +  1     + 1

        7   7          6        7        8        3       2   

    6  + 5      -  7      -  6      +  2    +  2     + 3

        5    6        5         5         7       4       4    

     4  + 3      + 2       + 1       + 3     +  6     + 5 

        3    4        3         2        6        8       6

     2  - 2      +  1      + 3       + 4      + 5     +  7

        1    1         4        4        5        7        8
(A) Following this example, draw a bitonic sorting network with 16 inputs that has stage 4 fed with a bitonic sequence, first decreasing and then increasing. Trace the network with the sixteen input values (16, 8, 15, 7, 14, 6, 13, 5, 12, 4, 11, 3, 10, 2, 9, 1). The network is supposed to output numbers in increasing order. [15 marks]

(B) In other stages, swappings of “+” and “-” are possible. How many networks can you construct with 8 inputs by changing “+”s and “-”s? Draw all of them. All networks are supposed to output numbers in increasing order at the end. Although you do not need to trace input values, you can check, by doing so, whether your answers are correct. [10 marks]

