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[_ecture 14: Outline

\ariable-Size-Decrease Algorithms

Median and Selection Problem (cont.)
QuickSelect

[11.
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\ariable-Size-Decrease Algorithms
1.
In the variable-size-decrease variation of: decrease-and-

CONQUET; INStance Size reduction varies from one iteration to
another

Examples:
Euclid’s algorithm for greatest common divisor
partition-based algorithm for selection problem
Interpolation search
some algorithms on binary search trees
Nim and Nim-like games
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Interpolation Search (bonus/optional topic)

144

It

v u
Searches a sorted array.

similar to binary/ search
put estimates location of:
the search key in A[l..r] by
using i1ts value V.

Specifically, the values of

the array’s elements are

assumed: to grow linearly.

from A[l] to A[r]

1I'he location ofiV IS estimated as the x-coordinate of
the point on the straight line thirough (15 All]) and (r;
Alr]) whose y-coordinate Is V:

)= L= AL (= DA = AT A



Analysis oft Interpolation Search
rrs

rrau
Efficiency
average case: C(n) < log2 log2 n + 1
WOorst case: C(n)=n

Preferable to binary search only for VVERY large arrays
and/or expensive comparisons

Has a counterpart, the method of false position (regula
falsy), for solving eguations in one unknown (Sec. 12.4)
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Binary Search Tree Algorithms
I,
Several algorithms on BSH FeEqUITES FECUKSIVE PROCcessIng of
Just one of Its subtrees, e.9.,
Searching

Insertion ofia new key.
Finding the smallest (or the largest) key
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Searching in Binary Search Tree
rrs

rrau

Algorithm BTS(x, V)
[/Searches for node withr key equal to v in' BSI rooted at nocde
X

Ifx = NIL return -1

else ifi v = K(X) return x

else ifi v < K(X)' return BiiS(left(x);, V)

else return BIS(right(x), V)

Efficiency.
Worst case: C(n)=n
average case: C(n) = 2In n = 1.391og2 n
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One-Pile Nim
'yl

rrau
There i1s a pile ofin chips. Two players take turn by
removing firom the pile at least 1 and at most m chips. (‘'he
numpBer: ofichips taken can vary from moyve to move.) Tihe
WInner Is the player that takes the last chip.

\Who wins the game — the player moving first or: secona, It
poth player make the best moves possible?

It’s a good idea to analyze this and similar games
“backwards’, i.e., starting with n=0, 1, 2, ...



RPartial Graph of: One-Pile Nimwith mlzléll

\/ertex NUMPEKS Indicate n, the numier: ofichips in the
pile.

m= 4

1'he losing position for the player to move are circled.
Only winning moves from a Winning position are
shown (1N bold).
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One-Pile Nimwith m =4
I,
Winning posItions:
I1<n<m
m+2<n<2m+1

Generalization:

T'he player moving first wins iffin'i1s not a multiple of's (more
generally, m+1);

the winning moyve Is to take n mod S (n mod (m+1)) chips 6n eVErY.
MOVE.



N=piie Nim
[11.
Two players take turns removing 6bjects firom heaps, Which
are rows in this case.

On each turn, you can FEMOVE as many. Coins as you
(including all'ofithem) from one pile.
[he player that makes the last move wins.

Or: to think from' a different perspective, the player that cannot
make another move |0ses.
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