
Assignment 2 --- tree-based data-bases (part 2)

In this assignment weÕll look to see what happens when two saved
games are merged to produce a single game tree which can then
be played.

The idea is if we have t1 saved from some play of the animal game,
and t2 saved from a different game, then merging the two trees
together to give Òt1+t2Ó should be a single tree so that any play
of  Òt1+t2Ó should have the following properties

¥ any sequence of questions/guesses should come from either t1 or t2

¥ if any guess in the merged game originates from t1, then the subsequence 
of questions/answers in the merged game should correspond to a 
sequence of questions and answers from t1 resulting in the same guess.  
(ie merged game and original games should be consistent). Similar for t2.

LetÕs play the game to see what these statements mean...



The two trees t1 and t2 are being merged into single game trees.
There are a number of cases we have to consider when combining
two types of node.

Call this type of node a Q node: 

And this type of node a G node: 
Is it a
bear?

yes no

NULL NULL

Does 
it eat yes no

.. ..



Combining different nodes in a merge. (Note, were writing Ò+Ó for the 
merge of two trees.)

Q + Q    --->  ?

Q + G    --->  ?

G + Q   --->  ?

G + G  --->  ?

NULL + Q --> Q  Merging any node with NULL does nothing.

NULL + G --> G

To decide what to do in each situation, letÕs try merging and playing
the merged game in each of the different cases.



Merging two question nodes: Q + Q    ---> 
Suppose the texts are exactly the same....

Eats
ßies?

yes no

a

yes no

Eats
ßies?

b dc

+

--->
Eats
ßies?

yes no

a + c b + d

Leave the 
question, and 
merge the rhs 
subtreestree 
with lhs subtrees.



Q + Q    ---> 
Suppose the texts are different ...

Eats
ßies?

yes no

a b

yes no

Eats
grass?

dc

+

--->
Eats
ßies?yes

no

a + b + 

yes no

Eats
grass?

dc

yes no

Eats
grass?

dc

Leave lhs 
question, and 
merge the rhs 
tree with both 
lhs subtrees.



Q + G    --->

Is it a
whale

yes no

NULL NULL

eats
ßies?

yes no

a

+

--->

b

eats
ßies?

yes no

a +
b + 

Is it a
whale

yes no

NULL NULL

Is it a
whale

yes no

NULL NULL

Leave question, 
and merge the 
rhs tree with 
both lhs 
subtrees.



G + G    --->

Here we donÕt have a readymade question, so we have to invent 
one.....

Is it a
whale

yes no

NULL NULL

+

---> Is it a
bear?

yes no

Is it a
whale

yes no

NULL NULL

Is it a
bear?

yes no

NULL NULL

NULL

Uh oh! WeÕve lost our invariant!
Can we salvage anything, and how will
we need to change the original
Play function which might have
depended on this?



This is all very well, but what would happen is we tried to
merge these two games, with the same question in different places?

does it 
eat
people?

yes no

shark? elephant?

does it 
eat
bananas?

yes no

ape?
does it 
eat 
people?

yes

lion?

no

koala?

+



Solving this problem means thinking about how to clean up the
resulting tree made by the merging process, so that questions are
not repeated.

¥ How do we remove questions whilst keeping the answers consistent?

¥ What information can we discard if we are already travelling down
a ÒyesÓ branch (say) and we encounter the same question.



Bucket sort is appropriate when you know that there is a Þxed
number k of different values.

Bucket sort maintains an array of counters, one for each of the k items,
and increments the appropriate counter whenever it encounters
an array item of the corresponding type of item.

This requires one pass of the array of length n so it has complexity
O(n).



 void bucketSort(int A[], int n, int Num[]) {
     for (int i= 0; i < n; i++){
      int k=A[i]; increment(Num, k);}
      int m= 0;
      int sofar= 0;
    for (int j = 0; j < length(Num); j++){
        for(; m< sofar + getVal(Num, j); m++)
            A[m]= j;
        sofar= m;
    }     
}



Radix sort

This kind of sort is appropriate when the items to be
sorted may be characterised by a Þxed number of independent 
ÒattributesÓ.

For example, a in pack of playing cards, each card may be 
identiÞed by a suit (Diamonds, Hearts etc.) and a rank (Ace, 
Jack, King etc.), or any integer less than 1000 in decimal 
notation may be identiÞed by three digits.

The idea of radix sort is to group items according to each of 
the (ordered) attributes in turn.  Once combined after the 
grouping, the items are ordered as a whole.



Sorting a pack of cards.

Suit :  �  <  �  <  �  <  � , and   

Rank: 2 < 3 < ... < Jack < Queen < King < Ace

Given a card, we identify it by a pair (s, r), and we say that

(s, r) < (sÕ, rÕ),  if s < sÕ OR (s=sÕ) and (r < rÕ)

(This then tells us how to sort a pack of cards, effectively a 
lexicographical order.)

We say that the rank is the least signiÞcant attribute (since
it only plays a part in ordering within the suits, which is 
therefore the most signiÞcant attribute).



This is how a radix sort would sort a pack of cards.

Starting with the least signiÞcant of the two attributes (namely 
the rank), we Þrst group all the cards together in piles of the 
same rank, and order the piles according to the rank order.

2Õs

{ � ,  � ,  � ,  � }

3Õs 10Õs Kings... ...

{ � ,  � ,  � ,  � } { �   � ,  � ,  � } { � , � ,  � ,  � }



{ � ,  � ,  � ,  � }

Next we group according to the most signiÞcant attribute, 
being careful not to disturb the work already done --- viz. that 
the relative orderings based on the rank does not change.

2Õs

{ � ,  � ,  � ,  � }

3Õs 10Õs Aces... ...

{ �   � ,  � ,  � } { � , � ,  � ,  � }

2 3 ... 10 Ace... � Õs pile:



Once we have formed four piles based on the most signiÞcant 
attribute, we Þnd that the whole pack of cards is sorted!

2 3 ... 10 Ace... � Õs pile:

2 3 ... 10 ... � Õs pile:

2 3 ... 10 ... � Õs pile:

2 3 ... 10 ... � Õs pile:

Ace

Ace

Ace



Sorting a set of integers, each one less than 1000.

In decimal notation, each number is similarly lexicographically 
ordered according to the digits used in the notation:

0 < 1 < 2 < 3 < 4 < 6 < 7 < 8 < 9

but we can think of the order on three-digitted numbers as 
follows:

            abc ≤ aÕbÕcÕ iff 

             a < aÕ , OR 
             a=aÕ AND b < bÕ , OR
             a = aÕ AND b = bÕ AND c ≤ cÕ  
  



Here we can apply a radix sort as follows:

1. Group the numbers according to the least signiÞcant digit (ie 
the ÒunitsÓ), ordering the groups according to the standard 
ordering on digits;

2. Group the numbers according to the next signiÞcant digit (ie 
the 10Õs), ordering the groups according to the standard 
ordering on digits, making sure that the relative ordering 
according to step 1 is not disturbed.

3.  Group the numbers according to the next signiÞcant digit 
(ie the 100Õs), ordering the groups according to the standard 
ordering on digits, making sure that the relative ordering 
according to steps 1  and 2 is not disturbed.



HereÕs the pseudo code. 

void radixSort (int A[], int n, int d) 
// PRE: n is the length of A, d is the maximum number of digits
// of the integers in A
// POST: A is sorted
{for (int j= 0; j < d 0; j++){  // sort each item according to digit
     set up 10 arrays, one for each group;
     set up ten counters, one for each group, 
     each initialised to 0;    
     for (int i= 0; i < n; i++) {// this is for each item
        place A[i] at the end of the appropriate
        group according to its jÕth digit;
        increment that groupÕs counter;
      } 
     copy all the items in the groups into A, starting
     with 0Õth group, then 1Õth etc.  
   }

}



void radixSort (int A[], int n, int d) 
// PRE: n is the length of A, d is the maximum number of digits
// of the integers in A
// POST: A is sorted
{for (int j= 0; j < d; j++){  // sort each item according to digit
     int G0[n]; int count0= 0;
     int G1[n]; int count1= 0; ...  // and so on 
     for (int i= 0; i < n; i++) {// this is for each item
        int k= digit(A[i], j); // gets the jÕth digit of A[i]
        switch (k) {
         case 0 : {G0[count0]= A[i]; count0++;}
         case 1 : {G1[count1]= A[i]; count1++; ...} // and so on
         }
        int y=0;  // copy back into A
        for(int x= 0; x< count0; x++) {
          A[y]= G0[x]; y++;
        }  
       for(int x= 0; x< count1; x++) {
          A[y]= G1[x]; y++;
        }  ...// and so on  
}}

}



 Analysis of radix sort

Count array lookups of A.

For each digit j, there are 2n passes through items of A;

There are d digits, so we do that d times.

Thus it takes about 2*d*n.

This is O(n), where n is the length of the array (since d is
a Þxed constant, and assumed to be much less than n).

This seems pretty fast, but what makes radix sort inappropriate
for a general-purpose sorting algorithm?



 Using recursion for backtracking

Backtracking is a technique which uses a systematic way to
search for a solution to the problem among a range of 
possibilities;  if one particular search does not yield a solution 
then the backtracking technique allows the search to pick up  
again from some earlier decision point.

The problem weÕll use to illustrate the idea is the eight queens 
problem:

Place eight queens on a chess board so that no queen may 
attack any other queen.

The reason this is a hard problem is that if you just tried all 
possible positions of the eight, it might take you up to 
4,426,165,368 guesses.  Using backtracking we can do better.



♛

♛
♛

♛
♛

Five queens that cannot attack eachother, but each square in the
6th column may be attacked by one of the Þve. 



♛

♛
♛

♛
♛

The idea of backtracking is that, once we have discovered that a
guessed placement of queens is not working, then we go back to the
very last last place that we had a decision point, and try again.  In this
case it is the 5th placement, so we remove that queen and try again. 

♛



♛

♛

♛

♛

Again this is a problem, but that was the last possibility for column 5,
so we must backtrack to column 4 and try again from there...

♛

♛

♛



Step 1: In the next empty column attempt to place a queen
           on a square that cannot be attacked by any other       
           queen.

Step 2: If that is not possible then remove the most recently
          placed queen in the previous column, and place her on
          the next available square that has not been tried. 
          Return to step 1.

Step 3:  If all the squares in the current column fail, then go
           back another column, and return to step 2.

 



void queens (bool board[8][8], int col, int row , bool & done) {
// PRE: Queens placed in columns 0..col-1 cannot attack 
//         eachother
//POST: Queens are placed in columns col...7, so that no 
//          Queen may attack any other queen.
   int r; // to remember the appropriate row  
   if (col >= 8) done= true; // Done if there are no more columns left
   else  { 
      for (int j= row; j < 8 && !done; j++) { 

// while still trying this col
               // try placing the Queen in the next square (j)
               // feasibility test: is this ok?                      
               // if it is ok then try next column, starting at row 0
               // if it is not ok then remove that queen from col
              }
        if (!done) {// if we canÕt place a queen anywhere this col
                        //  remove last queen 
                        // and backtrack...
                       }
          }
}



void putQueen(bool board[8][8], int col, int row); 
// Puts a queen in the board at (col, row)

bool testForAttack(bool board[8][8], int col); 
// tests whether the current conÞguration from column 0 through col
// is ok (no queen may attack any other queen)

void remove(bool board[8][8], int col, int &r);
// remove the only queen in column col, and puts its (former) row
// position into r.



void queens (bool board[8][8], int col, int row , bool & done) {
// PRE: Queens placed in columns 0..col-1 cannot attack 
//         eachother
//POST: Queens are placed in columns col...7, so that no 
//          Queen may attack any other queen.
   int r; // to remember the appropriate row  
   if (col >= 8) done= true; // Done if there are no more columns left
   else  { 
      for (int j= row; j < 8 && !done; j++) { // while still trying this col
               putQueen(board, col, j); // try next square
               bool ok= testForAttack(board, col); // feasibility test                      
               if (ok) queens (board, col+1, 0, done); // try next column
               else remove(board, col, r); // remove that queen from col
              }
        if (!done) {remove(board, col-1, r); // remove last queen 
                        queens(board, col-1, r+1, done); // backtrack...
                       }
          }
}



♛

♛

♛

HereÕs the answer!

♛

♛

♛

♛

♛


