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1) 15.4-4

Show how to conpute the Iength of an LCS using only 2 * m n(
m n) entries in the c table plus (1) additional space.
Then show how to do this using mn(m n) entries plus Q1)
addi ti onal space.

2 * mn(m n) + 1):

The nethod of table building described in the text stores c|
i,j] entries in a table c[0..m O0..n] and a second table b
[1..m1..n]. Elements in table b point to the opti nal
subprobl em sol uti on chosen when conputing c[i,j]. Any
given c[i,j] depends only on c[i - 1, j - 1], c[i - 1, j]
and c[i, j -1]. That is table entries only need to be
stored in 2 rows for i, j, i - 1, j -1 at any given tine.
This is true since we wll not be reconstructing the

el enents of the LCS. Basically we will construct the table
as was done in the book howeever each row w | be
overwitten. Note that the length of the LCS is still
returned fromthe lower right corner of the table. W wll
call these two current rows RO and R1:

G ven: 2 sequences X, Y (elenents in each sequence are
represented as | owercase X, YY)

LCS-Length ( X, Y)
m <- | engt h( X)
n <- length(Y)
for j fromO to mdo
RO[j] < O
R1[0] <- O
for i froml to n do
for j <- 1 to mdo
if xj =yj then
R1[j] <~ RO[j - 1] + 1
else if RO[j] > R1[j - 1] then
Ri[j] < RO[j]
el se
Ri[j] <- RI[j - 1]
for k froml to mdo
RO[ k] <- R1[Kk]
return R1[n]

mn(m n) + Q(1):
Bui | di ng off what was devel oped above: we see that RO's



elenents 0..] are only needed until R1[j] is calcul ated.
That is we are only using O0..)] elenents in RL and j..n
elements in RO. Since this is the case we can now
calculate the LCS in mn(m n) + 1) by nodifying the
above psuedocode to store all elenents in a single row
which we can call R W nust add 2 variables to mark

i ndi ces (both previous and current) since we are using only
a single row W wll call these p and u respectively.
Not e that although we are returning the "rightnost” el enent
froma single rowit is the same as returning the | ower
right fromthe original nmethod utilizing a full table

al though it may appear counter intuitive. Only slight

nodi fications to the above psuedocode are required to use a
single row and the new i ndex pointers.

LCS-Length ( X, Y)

m <- | engt h( X)

n <- length(Y)

for j fromO to mdo
Rj] < 0

for i froml1l to n do

for j <- 1to mdo

u<- Rj]

if xj =yj then
Rj] << p+1

else if Rj] < Rj - 1] then
RIj]1 < Rj - 1]

p <-u

return R n]

2) 15.4-5

Gve an (n*2)-tinme algorithmto find the | ongest
nont oni cal Iy i ncreasi ng subsequence of a sequence of n
nunbers.

This probl em can be treated as a LCS search to achieve this
type of runtine. Consider a given sequence X. Sort X and
create a second sequence Y. An in-place sort can be used
but a copy of the original sequence nust be nmade if this is
the case. This sorting can be done in anything from Q(n"2)
to Qnlgn) for this algorithm This runtine will be
dropped in calculating the sumtotal of the runtines as
long as it is less then O n"2). This sorted sequence may
contain duplicates and since the sequence we are | ooking
for is "nonotonically increasing” we nust renove any
duplicates fromthis sequence. This process can actually



be added to the sorting algorithmw thout significantly

i mpacti ng performance. Now we run LCS-Length on X, Y and
build the LCS table. W can not use the space optim zed

al gorithms descri bed above however since we nust be able to
reconstruct the elenents of the LCS. |If we follow the

al gorithm described in the book to create the table we w |
be able to reproduce the LCS that is nonotonically

I ncreasing in Q(n"2).

3) 15-4

Prof essor Stewart is consulting for the president of a
corporation that is planning a conpany party. The conpany
has a hierarchical structure; that is, the supervisor
relation fornms a tree rooted at the president. The
personnel office has ranked each enployee with a
conviviality rating, which is a real nunmber. In order to
make the party fun for all attendees, the president does
not want both an enpl oyee and his or her immedi ate
supervi sor to attend.

Professor Stewart is given the tree that describes the
structure of the corporation, using the left-child, right-
sibling representation described in Section 10.4. Each node
of the tree holds, in addition to the pointers, the nane of
an enpl oyee and that enpl oyee's conviviality ranking.
Describe an algorithmto make up a guest list that
maxi m zes the sum of the conviviality ratings of the
guests. Analyze the running tinme of your algorithm

Red- bl ack tree exhibits sone of the properties we need
to describe in our tree so we will start by coloring al
nodes in black. Any enployee that will be comng to the
party will have his/her representative node changed to red
with the limtation that any red node nust have a bl ack
node for a parent. The coloring nust be done to maxim ze
the sumof the covivality ratings for the red nodes.

We can use recursion for calculating covivality by
cal culating the sumof the covivality at each subtree.
There are two cases to consider here:

The nost sinple case is when the node the node is a
leaf. If it is a leaf and red the covivality of that
subtree (actually only a single node) is marked as the
covivality of the node. |If the node is black the
covivality should be marked as O.

The second case is slightly nore conplex. |If the node
Is colored red then the covivality of this particular node
Is the sumof the covivality of it's white child
(recursively... soit's child' s children's vivality etc).



"I't's white child" is inportant here because since the node
is red only children of it's white child may al so be
attending the party. However, if the node is white, the
vivality of this node is the recursive sumof the naxi num
of it's red and white children. Since it's white the color
of it's child doesn't matter.

Leaf: V(x, ¢) =v iff x is red; O otherw se
Non-leaf: V(x, c): v + Sum(V(child, white)) if node red
Sum(max(V(child, white), V(child, red) ))

By calling maxim zing root max(V(root, red), V(root, white)
) we will optimze this tree recursively. The runtine of
this algorithmis Q(n).

4) 15-7

Suppose you have one machi ne and a set of n jobs
al,a2,....an to process on that machine. Each job aj has a
processing tinme tj, a profit pj, and a deadline dj. The
machi ne can process only one job at a tine, a job aj nust
run uninterruptedly for tj consecutive tinme units. |f job
aj is conpleted by its deadline dj, you receive a profit
pj, but if it is conpleted after its deadline, you receive
a profit of 0. Gve an algorithmto find the schedul e that
obtai ns the nmaxi nrum anount of profit, assum ng that al
processing tines are integers between 1 and n. Wat is the
running time of your algorithm



