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1. 

Start:

Number Leaf Nodes:

After Rake:

a=5b=4

c=(a*b)

e=(c*d)

d=2

f=4 g=2

h=f−g

i=2j=1

k=i+j l=2

m=k*l

n=h−m o=2

p=n*o q=1

r=p+q

s=e*r

a=5

3

b=4

2

c=(a*b)

e=(c*d)

d=2

1

f=4

7

g=2

8

h=f−g

i=2

5

j=1

4

k=i+j
l=2

6

m=k*l

n=h−m
o=2

9

p=n*o
q=1

10

r=p+q

s=e*r
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Left Compress:

Compress

b=4

2

c=(5*b)

e=(c*2)

g=2

8

h=7−g

j=1

4

k=5+j
l=2

6

m=k*l

n=h−m

p=n*2
q=1

10

r=p+q

s=e*r

c=(5*4)

e=(c*2)

h=7−2

j=1

4

k=5+j

m=k*l

n=h−m

p=n*2
q=1

10

r=p+q

s=e*r

l=2

6
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Simplify:

Number:

Rake:

e=((5*4)*2)

h=7−2

k=5+1

m=k*l

n=h−m

p=n*2
q=1

10

r=p+q

s=e*r

l=2

6

e=40

h=5

k=6

m=k*l

p=(h−m)*2 q=1

r=p+q

s=e*r

l=2

e=40

5

h=5

3

k=6

1

m=k*l

p=(h−m)*2
q=1

4

r=p+q

s=e*r

l=2

2
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Compress Left:

Compress Right:

Simplify

m=6*l

p=(5−m)*2
q=1

4

r=p+q

s=40*r

l=2

2

p=(5−(6*i))*2
q=1

4

s=40*(p+q)

l=2

2

p=(5−(6*2))*2

s=40*(p+1)
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Compress:

Simplify:

p=−14

s=40*(p+1)

s=40*(−13+1)

s=−480
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2.

The problem of reversing a list stored in a hypercube can be solved by transposing
the matrix holding the list twice. 

An algorithm which reverses a list stored in a hypercube is the following:

AllAllAllAllooooccccaaaatttte e e e tttthhhhrrrreeeee e e e vvvvaaaarrrriiiiaaaabbbblllleeees s s s ppppeeeer r r r pppprrrroooocccceeeessssssssoooorrrr; ; ; ; A A A A ffffoooor r r r hhhhoooollllddddiiiinnnng g g g tttthhhhe e e e ddddaaaatttta a a a tttto o o o bbbbe e e e 
rrrreeeevvvveeeerrrrsssseeeedddd, , , , aaaannnnd d d d B B B B aaaannnnd d d d P P P P aaaas s s s tttteeeemmmmppppoooorrrraaaarrrry y y y ssssttttoooorrrraaaaggggeeee....

RRRReeeeppppeeeeaaaat tt tt tt thhhhe e e e ffffoooolllllllloooowwwwiiiinnnng g g g ttttrrrraaaannnnssssppppoooossssiiiittttiiiioooon n n n ooooppppeeeerrrraaaattttiiiioooon n n n ttttwwwwiiiicccceeee::::

rrrreeeeppppeeeeaaaat t t t k k k k ttttiiiimmmmeeeessss, , , , ususususiiiinnnng g g g m m m m aaaas s s s iiiin n n n iiiinnnnddddeeeex x x x rrrruuuunnnnnnnniiiinnnng g g g ffffrrrroooom m m m 2222kkkk----1 1 1 1 tttto o o o kkkk
            ddddo o o o iiiin n n n ppppaaaarrrraaaalllllllleeeel l l l aaaas s s s     ttttaaaasssskkkkssss, , , , wwwwiiiitttth h h h u u u u hhhhoooollllddddiiiinnnng g g g tttthhhhe e e e nnnnoooodddde e e e nnnnuuuummmmbbbbeeeer r r r wwwwiiiitttth h h h u u u u bbbbeeeeiiiinnnng g g g 
iiiinnnnddddiiiiccccaaaabbbblllle e e e aaaat tt tt tt thhhhe e e e bbbbiiiit t t t lllleeeevvvveeeellll, , , , wwwwiiiitttth h h h     rrrreeeepppprrrreeeesssseeeennnnttttiiiinnnng g g g tttthhhhe e e e lllleeeeaaaasssst t t t ssssiiiiggggnnnniiiiffffiiiiccccaaaannnnt t t t bbbbiiiit t t t oooof f f f uuuu::::

            {{{{
    i    i    i    if f f f 

                    {{{{
                            
                    }}}}
            eeeellllsssse e e e iiiif f f f 
                    {{{{
                        
                    }}}}

            }}}}

                                            

2k

u0

um um q–≠

Bu m( ) Au=

um um q–=

Au m q–( ) Bu=
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3.

From a list of node traversals resulting from an Eulerian tour,
the descendant of a node of a tree can be determined by the
following procedure:

For a node X, the number of descendant is the position in the
tour of the traversal from X to it’s parent, minus 1, minus the
position of the traversal from the parent of X to x, divided by
two.

For the above tree, the serves of traversals making up the
Eulerian tour are:

To demonstrate, I will compute the number of descendants of node 3, and the
number of descendants for node 1.

The parent of node 3 is node 1.
The location of the traversal from node 1 to node 3  in the tour is 6.
The location of the traversal from node 3 to node 1  in the tour is 9.

 so node 3 has one descendant

The parent of node 1 is node 0.
The location of the traversal from node 0 to node 1  in the tour is 5.
The location of the traversal from node 1 to node 0  in the tour is 12.

 so node 1 has three descendants.

0

12

3 4

5

6

0 2→( ) 2 6→( ) 6 2→( ) 2 0→( ), , ,
0 1→( ) 1 3→( ) 3 5→( ) 5 3→( ), , ,
3 1→( ) 1 4→( ), 4 1→( ) 1 0→( ), , 

 
 
 
 

1 3→( ){ }
3 1→( ){ }

9 1– 6–( )
2

------------------------- 1=

0 1→( ){ }
1 0→( ){ }

12 1– 5–( )
2

---------------------------- 3=
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4.

The following figure is a 16 node (4 bit language) De Brujin’s graph as the follow-
ing properties are true:

Each node is labeled with a symbol in a 4 bit language
Nodes which could act as a prefix for each other are linked.

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

1111
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5.

To solve  for  with inputs of  using parallell pre-

fix operations, for the instance 

zi zi 1–
2 ai

2+= 2 i N≤ ≤ a2 … aN, ,

ai i Z0, 0 N, 4= = ={ }
April 26, 2000 9



6.

With the str ing initially
stored in a hypercube as
shown: on the left, it can be
determined if the string is
balanced in  time
through the following:

EEEEaaaacccch h h h NNNNoooodddde e e e AAAAssssssssiiiiggggnnnns s s s iiiittttsssseeeellllf f f f a a a a 
vvvvaaaalllluuuueeee, , , , bbbbaaaasssseeeed d d d oooon n n n tttthhhhe e e e ssssuuuum m m m 
oooof f f f iiiittttsssseeeellllf f f f aaaannnnd d d d iiiitttt’’’’s s s s nnnneeeeiiiigggghhhhbbbboooorrrrs s s s 
((((ccccoooouuuunnnnttttiiiinnnng g g g ( ( ( ( aaaas s s s 1 1 1 1 aaaannnnd d d d ) ) ) ) aaaas s s s ----
1111....

EEEEaaaacccch h h h NNNNoooodddde e e e tttthhhheeeen n n n aaaassssssssiiiiggggnnnns s s s 
iiiittttsssseeeellllf f f f a a a a vvvvaaaalllluuuue e e e eeeeqqqquuuuaaaal l l l tttto o o o tttthhhhe e e e 
ssssuuuum m m m oooof f f f iiiitttts s s s vvvvaaaalllluuuueeee, , , , aaaannnnd d d d tttthhhhe e e e 
vvvvaaaalllluuuueeees s s s oooof f f f iiiitttts s s s nnnneeeeiiiigggghhhhbbbboooorrrrssss....

IIIIf f f f aaaall ll ll ll oooof f f f tttthhhhe e e e nnnnooooddddeeees s s s hhhhaaaavvvve e e e a a a a 
vvvvaaaalllluuuue e e e oooof f f f zzzzeeeerrrroooo, , , , tttthhhheeeen n n n tttthhhhe e e e 
ssssttttrrrriiiinnnng g g g iiiis s s s bbbbaaaallllaaaannnncccceeeedddd....

B)

000

(

001

(

010

)

011

(

100

)

101

)

110

)

111

)

O nlog( )
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7.

Letting  act as the input to an -halver, I will prove that the mini-

mal number of strangers for the subset  is  through

the following steps:

Ob s er ve  t ha t  t he  - ha lve r  d i v i d es   i n to  two  s e ts ,

. 

All elements in set  which are strangers shall be members of set 

All elements in set  which are strangers shall be members of set 

As a stranger is an element which should have been placed in one V set, but was
placed in the other, the statement  holds true.

Therefore, as , an element can be only in one of these two X sets, and
the total number of elements is M, the total number of strangers is limited to 2M.

S 1 … n, ,{ }= ε

1…M{ } M
n
2
---≤

 
 
 

M ε•

ε S

V1 1 2 3 … M, , , ,( )=

V2 M 1 M 2 M 3 … n, ,+,+,+( )= 
 
 

V1 X1

V2 X2

X1 X2=

X1 X2=
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8.

A)

The following Benes network preforms the desired permutation.

B) Yes, as the bernes network is capable of preforming an arbratary permutation,
if the switches are replaced with comparators, it is capable of preforming a sort.

C) Yes, If a network is capable of sorting an arbratary input sequence, it is capable
of preforming any permutation on it’s input values. By locking the decisions of
the comparators, and turning them into switches, we can convert a sorting net-
work into a network which preforms a permutation.
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