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A course hased on this lext can extend over 25-30 Jecture hours and
should be supplemented by discussion sessions and a laboratory project.
The aim of the project should be 1o take the student through various stages
aof the design cycle and then 1o fahricate what he has designed. The stress
ghould be more on conceptualization and fess on detailed design. While we
believe this course should be taught at the very beginning of an engineer's
education, if it s included at a later stage, care should be taken to empha-
size the design process nsell rather than the analytic and detailed design
aspects which the students get in their pther courses anyway.

We feel that the contents of the book may also be of some value to
practising designers in systematizing the practices which they may already

be following.
We wish 10 €XPress our sincerest appreciation to Dr Santosh Gupta who
d in Ible ways 1o the lor of this text; to Dr. LK.

Ghelawat and Dr. M. Voo Oppen fur contributions to Chapters 9 and 13
respectively; 1o many students and teachets ¢ g¢ “Introdoction 10
Design’; und 1o the C o Centre, Quality Improvement
Programme, &t the Indian Institule of Technolog

financial assistance for the preparation of the manuscript.
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For the convenience of students, the present work is divided into two
sections - Section A dealing with financial markets and Section B dealing
with financial services, This book owes its consummation to various
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I'l..u Find a sequence of admissible moves for the two-level heuristic searc! In Figure
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11,26 Becanse there are no tie positions in the 3 % 3 % 3 tic-ac-toe game, the first player has a
winning stratcgy, Find a winning sirategy for the first player.

i y i feValue| X, NumLevels, | Vaalue, NodeVah Bnd) for
21,27 Design a recursive function D alue| X, 8
deep alpha-heta pruning. The al inwve of N4 ANadeVirlue should have ParentValue
= = and NodeValugLowBrid = ==,

1338 Redo Excrcise 23.22 for deep alpha-beta pruning. Indicate any pruned nodes that were not
pruned by alpha-beta pruning,
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PROBABILISTIC AND
~ RANDOMIZED ALGORITHMS

The algorithms that we have considered so far {with the exception of the Karp-Rabin string
matcher) are deterministic; that s, they leave nothing to chance. Running a deterministic algorithm
time after time with the same input produces identical results each time, On the ather hand, a prob-
abfistic algorithm contains steps that make random choices by invoking a random (or psevdaran-
dom} number generator. Thus, they are subject to the laws of chance. In particular, a probabilistic

i «can perform difl y for two runs with the same input.
Probabilistie plgorithms fall it lour main design ¢ ! fomi; ol d i
lgori Munte Carlo algorith Las Veyas algoril and numerical probabilistic algorithms.
A i ol a de inistic algorithm occes when cenain steps that made canonical

choices are replaced by steps that make these chaices in a random lashion. Randomization is dong
to break the connection between a particular input and worst-case behavior and thereby homoge-
nize the expected behavior of inputs 1o the algorithm.

The exp 1 bek ol a domi Igorithm over all inputs is no better than the
average behavior of its associated deterministic algorithm and s usually a linde worse dug 1o the
vverhead of calls to a random number generator, among other faciors. Monie Carda algorithms

often produce solutions very quickly but only g with high prot A Las
Vegas algorithm mever outpuis an incorrect salution but has some probability of reporting a
failure to produce a solutlon, In practice, obtalning solutions with high ¥ is almost as

¥ as the fi pravided by a deterministic algorithm. For many important
problems, such as prime testing, the most efficient algorithms currently known for thelr solutions
are probabilistic.
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ence of admissible moves for the two-level heuriytic search iHustrated in Flgure
3% 16 that leads to a loss for player A In 3 % 3 tic-tac-toe

d —8 1o rerminal nodes that are wins, ties, or

PROBABILISTIC AND
RANDOMIZED ALGORITHMS

The algorithms that we have considered so far (with the exception of 1he Karp-Rabin string
matcher) are deterministic that is, they leave nothing to chance, Running a deterministic algorithm
time after time with the same input produces identical results each time. On the other hand, a prob
abiliseic algorithm contains steps that make random choices by invoking a random {or pseudaran-
dom) number generator. Thus, they are subject to the laws of chance. In particular, a prababilistic
algorithm can pedform differently lor two runs with the same input.

Probabilistic algorithms fall into four main design caregories: randomizations of deterministic
algorithms, Monte Cardo algorithms, Las Vegas algorithms, and numerical probabilistie algorithms
A randomization of a deterministic algorithm occurs when certain sieps that made canonical
chiices are replaced by steps that make these choices in a random lashion, Randomization is done
10 break the connection between a particular input and worst-case behavior and thereby homuoge-
nize the expected behavior of inputs to the algorithm.

The expected behavior of a randomized algorithm over all inputs is no better than the
average behavior of its associated deterministic algorithm and s usually a little worse due to the
iverhead of calls to a random number generator, among other factors. Monte Carlo algorithms
often produce solutions very quickly but only guarantee correciness with high probability. A Las
Vegas algorithm never outputs an incorrect solution but has some probability of reporting a
failure to produce a solution. In practice, obining solutions with high probability is almaost as
satisfactary as the foolproof guarantee provided by a deterministic algorithm. For many impaortant
prablems, such as prime testing, the most efficient algorithms currently known for thelr solutions
are probabilistic.

Numerical probabilistic algorithms were among the first examples of introducing randomness
into the design of algorithms, A classical example is the estimation of = obtained by throwing dans
at a square and recording how many darts landed inside a cirde inscribed in the square.

1029 Show that by assigning the values 9, 0
Jasses, respectively, for player A, the wo-level search illusteated in Figure 23.16 never leads
10 & Ioss for player A,

Jh4 Recanse there are no lie positions in the 3 % 3 3 3 tic-tac-toe game, the first player has a
winning strategy. Find a winning strategy for the first player.

1047 Design a recursive function DABNodeValue{ X, NumLevels, PareniVialue, NodeVialueLowBnd) for
deep alpha-heta pruning. The initial invocation of DARNodeValue should have ParentValue
= m anycd NodeValueLowBnd = —=.

1038 Redo Exercise 23,22 for deep alpha-heta pruning. Indicate any pruned nodes that were not
pruned by alpha-beta pruning.

wisTiTTE OF TECHNOLOGY
SRINIVAS 1 ;
T
hot 0 S
Call NO.cesnness E’
SIT LIBRARY VALACHIL
RAcen No: XD2O113
Call No:@8d5.1 BER
_,—

WL A THA

I
1014 Find 3 sequence of admissible moves far the two-level heuristic search illustrated in Figure

2316 that leads toa loss for player A in 3 % 3 tic-tac-toe.
values 9, 0. and =9 to terminal nodes that are wins, ties, or

Show that by assigning the
; : 3 level search illustrated in Figure 23.16 never leads

Josses, respectively, for player A, the twa-
1o a Inss for player A.

s

-toe game, the first player has a

RBecause there are 10 tie pOsItions in the 3 = 3 x 3 tic-tac
winning strategy. Find a winning strategy for the first player.

Deslgn a recursive funcion DABNadeValuel X, NumLevels, ParentValue, NodeValueLowBnd) for
deep alpha-beta pruning, The initial invocation of DARNedeValue should have ParentValue
w = and NodeValueLowBnd = —=.

pha-beta pruning. Indicate any pru ned nodes that were not

1126

a7

2128 Reda Exercise 23,22 for deep al
pruned by alpha-beta pruning.
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PROBABILISTIC AND
RANDOMIZED ALGORITHMS

The algorithms that we have considercd so far (with the exception of the Karp-Rabin string
matcher) are deterministic; that is, they leave nothing 1o chance. ingad st

time after time with the same input produces identical results each time, On the other hand, a prob-
abilistic algorithm contains steps that make random cholces by invoking a random {or pseudoran-
dom) number generator. Thus, they are subject to the laws of chance. In particular, a probabilistic
algorithm can perform differently for two runs with the same input.

Probabilistic algorithms fall into lour main design caregories: randomizations ol deterministic
algorithins, Monte Carlo algorithms, Las Vegas algorithms, and numerical probabilistic algorithms.
A randomization ol a deterministic algorithm occurs when ceriain sieps that made canonical
choices are replaced by steps that make these choices in a random fashion. Randomization Is done
to break the connection between a particular input and worst-case behavior and thereby homoge-
nize the expected behavior of inputs 1o the algorithm,

The expected behavior of a randomized algorithm over all inputs is no better than the
average behavior of its associated deterministic algorithm and is usually a linle worse due 1o 1he
overhead of calls to a random number generator, among other factors, Monte Carlo algorithms
often produce solutions very quickly but only guaranice correctiness with high probability, A Las
Vegas algorithm never putputs an incorrect solution but has some probability of reponing a
faflure to produce a solution. In practice, ini lutions with high probability is almost as
satisfactory as the foalprool guarantee provided by a deterministic algorithm. For many important
problems, such as prime testing, the most efficient algorithms currently known for their solutions
are probabilistic.

Numerical probabilistic algorithms were among the first examples of introducing randomness
into the design of algorithms, A classical example is the estimation of w obtained by throwing dars
at a square and recording how many darts landed inside a circle inscribed in the square.
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1h1d F rd a sequence of admiss
33,14 that leads to a Toss for player A in 3 % 3 tic-tac-toe

Show that by assigning the values 9, 0, and =8 1o terminal nodes that are wins, ties, or
|asses, respectively, for player A, the two-level search illustrated in Figure 2316 never leads

10 a loss for player A

|hl: moves for the two-level heuristic search [llustrated in Figure

ficcause there are no the positions in the 3 % 3 % 3 tic-tac-toe game, the first player has a

gy, Find a winning strategy for the first player.
devialuel X, NumlLevels, ParentValue, NodeVislueLow Brd) for
| invocation of DABNadeVatue should have ParentValue

winning strate;

Design a recutsive function DABNa
drep alpha-beta pruning. The initia
= = and NodeValueLowBnd = —=,

Redo Exercise 23.22 for deep alpha-beta pruning. Indicate any pru ned nodes that were not

pruned by alpha-beta pruning.
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PROBABILISTIC AND
RANDOMIZED ALGORITHMS

The algorithms that we have considered so far (with the exception of the Karp- Halnn mmn,
matcher) are determinissic; that is, they leave nothing 1o chance, ad ini |

time alter with the same input produces identical results each time. On the other ]1.1m1 a prok-
abiliztic algorithm contains steps that make random choices by invoking a random (or psewdoran-
dom) number generator. Thus, they are subject to the laws of chance. In particular, a probabilistic
algorithm can perform dilferemly for two runs with the same input,

Probabilistic algorithms fall into four main design categories: randomizations of deterministic
algorithms; Monte Carlo algorithms, Las Vegas algorithms, and numerical probabilistic algorihms
A lomizatlon of a d ini algorithm oceurs when certain steps that made canonical
choices are replaced by steps that make these choices in a random [ashion. Randemization is done
1o beeak the connection between a particubar input and worst-case behavior and thereby homoge-
nize the expected behavior of inputs to the algorithm.

The expected hehavior of a randomized algorithm over all inputs is no better than the
average behavior of its associated deterministic algorithm and is usually a lile worse due 10 the
overhead of calls to a random number generator, among other factors. Monte Carlo algorithms
often produce solutions very quickly but only guarantee correcmess with high probability. A Las
Vegas algorithm never outputs an incorrect solution but has some probability of reporting a
failure to produce a solution, In practice, obtaining sulunom wnlh high probability is almost as
satisfactory as the f by a dete ithm. For many important
problems, such as prime testing, the mtasl eflicient algorithms currently known [or their solutions
are probabilistic,

Numerical probabilistic algorithms were among the first examples of introducing randomness
into the design of algorithms. A classical example is the ion of w obtained by 1} g darts
at a square and recording how many darts landed inside a circle inscribed in the square.

L




nd a sequence o sthle moves for the wo-level heuriviic search lustrated In Figure

2316 that leads to a loss for player Ain 3 * 3 tic-tac-toe

Show that by assigning the values 9, 0, and =9 1w terminal nodes that are wins, ties, or
lowses, respectively, for player A, the two-level search illustrated in Figure 23,16 never leads

o a loss for player AL
211,14 Recause there are no tle posidons in the 3 % 3 % 3 tle-tac-toe game, the first player has a
winning strategy. Find a winning sirategy lor the first player.
20,27 Design a recursive functlon DABNode Vinlue (X, NumtLevels, ParentValue, NodeValueLowBnd) for
deep alpha-beta pruning. The initial invocation of DABNsdeValue should have ParentVialue
= = and NodeValuelowBind = —m,

1034 Redo Exercise 23.22 for deep alpha-beta pruning. Indicate any pruned nodes that were not

pruned by alpha-beta pruning.
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PROBABILISTIC AND
RANDOMIZED ALGORITHMS

The algorithms that we have considered so far (with the exception ol the Karp-Rabin siring
matcher) are dererministic; that is, they leave nothing 1o chance, Running a dererministic algorithm
time after time with the same input produces identical results each time, On the other hand, a prob-
abilistic algorithm comains steps that make random choices by Invoking a random (or pseudoran-
dom) number generator, Thus, they are subject 1o the laws of chance. In particutar, a probabilistic
algorithm can perform differently for two runs with the same input,

Probabilistic algorithms fall into four main design categories: randomizations of deterministic
algorithins, Monte Carlo algorithms, Las Vegas algorithms, and numerical probabilistic algorithms,
A randomization of a deterministic algorithm oceurs when certain steps that made canonical
choices are replaced by steps that make these choices in a random fashion, Randomization is done
to heeak the connection between a particular input and worst-case behavior and thereby homoge-
nize the expected behavior of inputs o the algorithm

The expected bebavior of a randomized algorithm over all inputs is no better than the
average behavior of its associated deterministic algorithm and is usually a little worse due to the
overhead of calls 1o a random number generator, among ather lactors. Monte Carlo algorithms
often produce solutions very quickly but only guarantee correctness with high probability. A Las
Vegas algorithm never outputs an incorrect solution but has some probability ol reporting a
lailure to produce 3 solution, In practice, obtaining solutions with high pr y is almost as
satlslactory as the foolproof provided by a d inistic algorithm. For many by
problems, such as prime testing, the most efficient algorithms currently known for thelr solutions
are probabilistic.

RNumerical probabilistic algorithms were among the first examples of introducing randomness
into the design of algorithms. A elassical example is the cstimation of = obtained by throwi g dars
ata square and reconding how many darts landed inside a circle inscribed in the square,

AL =

14 Find a sequence of admissible moves for the rwo-leve] heuristic search [llustrated in Figure
21,14 that leads ta a loss for player A in 3 3 3 tic-tac-toe.

3% sl that by assigning the values 9, 0, and =9 to terminal nodes thar are wins, ties, gr
lisses, respectively, [or player A, the twa-level search illustrated in Figure 23.16 never leads
tir & loss for player A.

™

Because there are no tie positions in the 3 % 3 x 3 tic-1ac-1ne game, the first player has a
winning strategy. Find a winning sirategy for the first player.

Design a function DAE X, NumLevels, ParentValue, NodeValueLowBnd) :nr
deep alpha-beta pruning. The initial invocation of DABNedeValue should have ParentValue
= = and NodeValueLowBnd = ==,

Redo Exercise 23.22 for deep alpha-beta pruning. Indicate any pruned nodes that were not
pruned by alpha-beta pruning.
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PROBABILISTIC AND
RANDOMIZED ALGORITHMS

The algorithms thar we have considered so far (with the exception of the Karp-Rabin string
matcher) are deterninisti; that is, they leave nothing to chance. Running a deterministic algorithm
time after time with the same input produces identical results each time. On the other band, a prob-
alulistic algorithm contains steps that make random choices by invoking a random (or pseudoran-
dom) number generator. Thus, they are subject to the laws of chance. In particular, a probahilistic
algorithm can perform differently for two runs with the same input,

Probabilistic algorithms fall inte four main design categories: randomizations of deterministic
algorithms, Monte Carlo algorithms, Las Vegas algorithms, and numerical probabilistic algorirthms,
A randomization of a deterministic algorithm occurs when certain steps that made canonical
choices are replaced by steps that make these choices in a random [ashion. Randomization is done
to break the connection between a particular input and worst-case behavior and thereby homoge-
nize the expected behavior of inputs to the algorithm.

The expected behavior of a randomized algorithm over all Inputs Is no better than the
average behavior of iis associated deterministic algorithm and is usually a little worse due to the
overhead of calls to a random number generator, among other lactors. Monte Carlo algorithms
uften produce solutions very quickly but only guarantee correctness with high probability. A Las
Vegas algorithm never outputs an incorrect solution but has some probability of reporting a
Tallure to produce a solution. In practice, obtaining selutions with high probability is almost as
satisfactory as the foolprool guarantee provided by a deterministic algorithm. For many imporiant
problems, such as prime testing, the most efflicient algorithms currently known [or their solutions
are probabilistic,

Numerical probabilistic algorithms were among the first examples of introducing randommess
into the design of algorithms. A classical example is the estimation of 7 obtained by throwing dans
at a square and recording how many dants landed inside a circle inscribed in the square,

|




search i In Figure

e Find a seq of ad ble maves for the t
24 16 that leads 1o a Joss for player A in 3 % 3 tic-tac-toe.

Shiow that by assigning the values 9, 0, and —9 10 terminal nodes that are wins, ties, ar
lomses, respectively, for player A, the two-level search illustrated in Figure 23,16 never leads
1 a Inss for player A.

nn

Recanse there are no tie positions in the 3 % 3 % 3 tic-tac-toe game, the first player has a
winning steategy. Find a winning strategy for the first player.

Destgn @ recursive function NABNadeValue( X, Numlevels, ParentValue, NodeValurLowBnd) for
deep alpha-beta pruning, The Inital invocation of DABNodeValue should have ParentValue
= = and NodeValueLowBnd = —=,

Redo Exercise 23,22 for deep alpha-beta pruning, Indicate any pruned nodes that were not
pruned by alpha-beta pruning,
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PROBABILISTIC AND
RANDOMIZED ALGORITHMS

The algorithms that we have considered so far (with the exception of the Kap-Rabin string
matcher) are deferministic; that is, they leave nothing to chance. Running a deterministic algorithm
time alter time with the same input produces identical results each tme. On the other hand, a prob-
abilistic algorithm contains steps that make random choices by invoking a random {or pseudoran-
dom) number generator. Thus, they are subject to the laws of chance. In particular, a probabilistic
algorithm can perform dilferently [or two runs with the same input.

Probabilistic algorithms fall into four main design categories: randomizations ol deterministic
algorithms, Monte Carlo Las Vegas algorith and numerical | algorithms.
A randomization ol a deterministic algorithm occurs when cenain steps that made canomnical
choices are replaced by steps that make these choices in a random fashion, Randomization is done
1o break the connection between a panticular input and worst-case behavior and thereby homoge-
nize the expected behavior of inputs to the algorithm,

The expected behavior of a randomized algorithm over all inputs is no better than the
average behavior of its associated deterministic algorithm and is usually a lintle worse due 1o the
vverhead of calls to a random number generator, among other factors. Monte Carlo algorithms
often produce selutions very quickly but only guarantee correciness with high probability. A Las
Vegas algorithm never outputs an incorrect solution but has some probability of reporting a
[ailure 1o produce & solution. In practice, obtaining with high g v is almost as
satisfactory as the loolproof ided by a deterministic algorithm. For many imporant
problems, such as prime testing, the mt!sl efficient algorithms currently known for their solutions
are probabilistic,

Numerical probabilistic algorithms were among the first examples of introducing randomness
{mo the design of al, A classical ple is the e of = obtained by throwing darts
at a square and recording how many dans landed inside a circle inscribed in the square,




level heuristic search illustrated in Flgure

14,34 Find a sequence of moves for the t v
23,16 that leads o a lass for player A in 3 ® 3 tie-tac-toe.

3125 Show that by assigning the values 9.0, and —9 10 terminal nodes that are wins, ties, of
losses, respectively. for player A, the pwo-level search llustrated in Figure 23,16 never leads
tis a loss for player A

1126 Because there are o the positions in the 3 3 3 X 3 tic-tac-toe game, the first player has a
winning strategy. Find a winning stratcgy for the first player,

11,27 Design a recursive function DA BNods Value| X, Numlevels, ParentValue, NodeValueLawBnd) for
I deep alpha-beta pruning. The | i of DABNodeValue should have ParentValue

= = and NodeValueLowlind = ==,
2328 Redo Exercise 23.22 for deep alpha-beta pruning. Indicate any pruned nodes that were not
pruned by alpha-beta pruning.
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PROBABILISTIC AND
RANDOMIZED ALGORITHMS

The algorithms that we have considered so far (with the exception of the Karp-Rabin string

matcher) are deterministic; that is. they leave nothing to chance. Running a deterministic algorithm

time alier time with the same input produces identical resulis each time. On the other hand, a prob-

abilistic algorithm contains steps that make random choices by invoking a randam (or pseudoran-

dom) number generator. Thus, they are subject to the laws of chance. In particular, a probabilistic
Igorithm can perform diff Iy Tor two runs with the same input.

Probabilistic algorithms fall into four main design categories: randomizations of deterministic
algorithms. Monte Carlo algorithms, Las Vegas algorithms, and numerical probabilistic algorithms
A ization of a d algorithm pocurs when certain steps that made canonical
chuices are replaced by steps that make these choices in a random [ashion. Randomization is done
o break the connection between a particular input and worst-case behavior and thereby homoge-
nize the expected behavior of inputs to the algorithm.

The expected behavior of a randomized algorithm over all inputs is no berter than the
average behavior of its associated deterministic algorithm and is vsually a linle worse due 1o the
overhead of calls 1o a random number generator, among other factors. Mente Carlo algorithms
often produce solutions very quickly but only guaraniee correctness with high probability. A Las
Vegas algorithm never outputs an incorrect solution but has some probability of reporting a
failure 1o produce a solution, In practice, obaining solutions with high probability is almost as
satisfactory as the lool { i algorithm, For many important

by a d
I i

problems, such as prime testing, the most efficient algorithms currently known for their solutions
are probabilistic,

p were among the first examples of introducing randomness
inea the design of al, A classical ple is the est of = obtained by throwing darts
ata squarc and recording how many darts landed inside a circle inseribed in the square.
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