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An arithmetic expression formed by non-negative integers and the standard unary oper-
ation “—"" and the binary operations “+”, “—", “x”, and **/”, can be represented by a
binary tree as follows:

B An integer [ is represented by a leaf containing /.

m The expression —E, where E is an expression, is represented by a tree whose root
contains “—" and its single offspring is the root of a subtree representing the expression
E.

®m The expression E % F, where E and F are expressions and “x” is a binary operation,
is represented by a tree whose root contains “x”, its first offspring is the root of a
subtree representing the expression E and its second offspring is the root of a subtree
representing F.

Note that the symbol “—" stands for both unary and binary operations, and the nodes of
the tree containing this symbol may have outdegree either 1 or 2.

° 'fﬁﬁ%—"zj [ l_/\ EEXTF“ EI/J*X]L L} 7
(-2+3) X 6-(-4)
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e (-2+3) X 6-(-4)
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Design an algorithm that checks whether a given tree represents an arithmetic expression.
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Design an algorithm that calculates the value of an arithmetic expression, given its
tree representation. Note that division by zero is undefined.




Al . REMIEHRINA @

Extend your algorithm to first print the expression represented by the input tree,
followed by the equality sign “="" and its evaluation. The printed expression should
be fully parenthesized, i.e., a pair of matching parentheses should embrace every
application of a binary operation.
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We say that two arithmetic expressions E and F are isomorphic, if E can be obtained
from F by replacing some non-negative integers by others. For example, the expressions
(2+43)x6—(—4)and (7 +0) x 6 — (—9) are isomorphic, but none of them is isomor-
phic to any of (=2 +3) x 6 — (—4) and (7 +0) + 6 — (—9).

Design an algorithm that checks whether two expressions are isomorphic, given their tree
representation.
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An expression E is said to be balanced, if every binary operation in it is applied to
two isomorphic expressions. For example, the expressions —5. (1 +2) % (3 +5) and
((=3)/(—=4))/((=1)/(—=100)) are balanced, while 12 + (3 + 2) and 3 % (—=3) are not.

Design an algorithm that checks whether an expression is balanced, given its tree repre-

sentation.
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Number of Valid Strings

e String to be transmitted on the channel
e Length n
e Consisting of symbols ‘a’, ‘b’, ‘¢’
o [f “aa” exists, cannot be transmitted
e E.g. strings of length 2: ‘ab’, ‘ac’, ‘ba’, ‘bb’, ‘bc’,

ca’, ‘cc’, ‘cb’

e Number of valid strings?
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Divide and Conquer

° (n)=2f(n-1)+2f(n-2), n>2
*f(1)=3, f(2)=8
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|BJgR3: Making Change

e Problem: with certain systems of coinage,
how to pay a given amount using the
smallest possible number of coins
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Subproblems

e Suppose the currency we are using has available
coins of n different denotations, and a coin of
denomination i has d; units. The amount to be paid
1s V.

e One subproblem can be represented as [i,7], for
which the result is the minimum number of coins
required to pay an amount of j units, using only
coins of denominations 1 to i.

e The solution of the problem of making change 1s
the result of subproblem [z, N] (as c[n,N])




Dependency of Subproblems
° c[i,0]1s O for all i

* When we are to pay an amount j using coins
of denominations 1 to i, we have two
choices:

* No coins of denomination i is used: c[i-1, j]
* One coins of denomination i 1s used: 1+c|i, j-d]

* So, c[i,j] = min (c[i-1, j],1+c[i, j-d.])




Data Structure

Define a array coin[1..n, 0..N] for all c[i, j]

an example
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