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Course
Chapters

as per the textbook

Introduction

Data Structures and Libraries
Problem Solving Paradigms
Graph

Mathematics

String Processing

Computational Geometry
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Chapter Three
Outline

in the textbook

1. Complete Search = Brute Force
a. Iterative Complete Search
b. Recursive Complete Search
c. Tips

2. Divide and Conquer
a. Interesting Usages of Binary Search

3. Greedy

a. Examples

4.  Dynamic Programming
a. DP lllustration

b. Classical Examples
c. Non-Classical Examples
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Greedy

having an excessive desire or appelite for food

having or showing an intense and selfish desire
for wealth or power
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Greedy

- an algorithm is said to be
greedy if

* it makes the locally optimal
choice at each step

* with the hope of eventually
reaching the globally optimal
solution

*in some cases
* greedy works

* the solution is short and runs
efficiently

- for many others
* it does not

- a problem must exhibit these
two properties in order for a
greedy algorithm to work:

- 1. optimal sub-structures

* optimal solution to the
problem contains optimal
solutions to the sub-problems

- 2. greedy property

- difficult to prove in time-
critical contest environment!

* if we make a choice that seems
like the best at the moment
and proceed to solve the
remaining sub-problem =2 we
reach the optimal solution

- we will never have to
reconsider our previous
choices
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Coin Change - The Greedy Version

- problem description - 2 ingredients :
* given target amount V cents, and

- list of denominations of n coins » 1. optimal sub-structures

* coinValueli] fori € [0..n-1]

* what is the minimum number of
coins that we must use to represent
amount V?

* assume unlimited supply

- example

* n =4; coinValue = {25, 10, 5, 1} cents
* 1-cent coin = can make every value

V=42 cents

- > greedy: select largest coin
denomination <= remaining amount

*42-25:17-10:7-5:2-1:1-1:0
* = 5 coins = optimal

* optimal solutions to sub-
problem contained within
solution

*17cents=10+5+1+1
* part of solution for 42 cents

- 2. greedy property

. usinF any other strategies will
not lead to an optimal solution

- however does not work for all

* list: {4, 3, 1} cents; V = 6;

- greedy =2 3 coins: 4,1, 1

* optimal = 2 coins: 3, 3!

- general version revisited in DP

13341 - 2019-2020 - Textbook:
Competitive Prog. 3 by Dr Halim

e}
>
(e}
O
(1]
T
>
c
>
o
-
C
<
—
[a)
o
—_
(1%}
i)
©
I
©
fo}
(%]
—
(&)

Qo




Load Bal
ancino:
ncing: JVa 410 - Stati
ion Balance

ill have some

o to write & program
n 2 Spec'\mens

ntrifuges {n its 1abs-
2 spcc'\mcns.
chamber contains

ins many ce

jonal Space Station conta’
ch of which can contain 0,1,

s eal
jmens 1O the cham
LANC Eis minimized-

The Tnternat
C) of chamber

spec
g express‘mn or

pumber
which assigns al

and the followin

nd is comp\\ted by summing the mMasses of the spec'\mens
s of all

where:
{ the mass

CcM; is the

ass'\g;ncd

Chamber Mass of chamber ia

to chamber -

s of the char
§ chambers

AM is the Average Mas nbers and 18 ('mup\\tod by dividing the sum ©
spw-'\mv\\s by the pumber ©
le sets of input- The first line of each seb will contain
fines the pumber of chambers in the centrifuge and the
{ spec g in the input sot. The second lin€ of

{ the spP i Bach gpecimen mass
\wg'n\u'mg, [or one Or

Inpv rogram will be @ file with multip
two pumbers: e first pumber < C<5) de
yumber <S5 <= 20) defines the pumber ©
ain S integers 1'(1)!'(‘50\\\'\1\{:, the
and 1000 and will be delim

@

Input

1t to this P
masses 0
ited by the and

will be petween

more blanks.

int a line SPY ifying the set pumber (starting with 1) in the format

amber pumber in column 1. a colon in colum and
- med to that chamber starting in ¢

plank.

n pumber 2,
olumn A.

e ch

is the computed

e dcc'\m-a\.

ample output format.)

th

The mas
recision to th

Your program * g e
jmbalance of ¥ - asignments printe g of P
The fina i ine. (Follow the s

13341 - 20

19-20

C - 20 -

ompetitive Prog. 3 ng);tEOIOk:
alim

o
>
o
O
(1]
T

>
c
>
[e]

2
C

<

—

o
(%]
—_
(1%}
©
©
T
©
2
(%]
—
(&)

©



https://onlinejudge.org/index.php?option=onlinejudge&Itemid=8&page=show_problem&problem=351

Load Balancing: [UVa 410 - Station Balance

- given
* 1 < C <5 chambers which can store
0, 1, or 2 specimens,
*1<S<2Cspecimens, and

. =N
* list M of the masses of the S H
H A=5
specimens C=3,5S=4M={5127}
Average mass / chamber

- determine which chamber ¢t c2 c3 A=(5+1+2+7)/3=5
should store each specimen in
order to minimize Imbalance

(Z3=1M))
. 4 = Him J/C

* average of total mass in each of the C
chambers
- Imbalance = Y5_,|X; — A|
+ sum of differences between the total
mass in each chamber w.r.t. A
* X; total mass in chamber i
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IMBALANCE =
|(7+5)-5| + |2-5| + [1-5| =
7+3+4=14
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Load Balancing: [UVa 410 - Station Balance

observation #1:

+ if 3 empty chamber = move one specimen
from a chamber with two specimens to the
empty chamber!

13341 - 2019-2020 - Textbook:
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observation #2:
* If S>C, then S - C specimens must be paired

with a chamber already containing other Dummy
specimens A=5 )(_,
* Pigeonhole principle! (next slide)
c1 c2 c3

. 4 specimens sorted
key |n5|ght by mass + two dummies

* solution simplified with sorting:
+ if S<2C, add 2C - S dummy specimens with

mass 0 A=5 IMBALANCE =
|(0+7)-5| + |(0+5)-5| + |(1+2)-5| =
- greedy strategy 2+0+2=4 (OPTIMAL)

. . L. If you swap any two specimens from two different
* pair specimens from two extremities and put chambers, you will always have worse/equal solution

them in chambers
Figure 3.6: UVa 410 - Greedy Solution

example, C=3,S =4,
- M=1{51,2,7}>C=3,5=6
* 2XC —S =2 ->add2zeros: M={5, 1, 2,7, 0, 0}
* sort specimens =2 {0,0,1, 2,5, 7}
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Pigeonhole principle

«in mathematics

*if nitems are put
into m containers

‘n>m

* then at least one container
must contain more than one
item

- 1624 by Jean Leurechon

- 1834 treated by Dirichlet

* Schubfachprinzip
- "drawer | shelf principle"

- pigeons in holes
* here there are n = 10 pigeons inm =
9 holes
* since 10 is greater than 9, the
pigeonhole principle says that at least
one hole has more than one pigeon
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Who are they?

Jean L
eur .
Jesuit pri echon was 5 French MATHEM, TIQVEs
Priest, astronomer and Comrosg g,
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https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&page=show_problem&problem=1323

Interval Covering: UVa 10382 - Watering Grass

- problem description
* n sprinklers in a strip of grass Lx W
* n <10000

* each sprinkler centered vertically in the

strip + given its radius & position:
distance from left end of center line

13341 - 2019-2020 - Textbook:
Competitive Prog. 3 by Dr Halim

- question:

* what is the minimum number of
sprinklers that should be turned ON in
order to water the entire strip of grass?

- example :

* answer =6
« 2> {A, B, D, E, F H} + 2 unused: {C, G}

H

e W'!},EE

¥ \L

|

- brute force strategy?

* try all p055|ble subsets of sprinklers to
be turned on?

- 2100005 infeasible ® e
- because 23° = 1,073,741,824 = 0 s o 1
giga
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Interval Covering: UVa 10382 - Watering Grass

« interval covering problem +
simple geometrictwist

- greedy:

- sort the intervals by
* increasing left endpoint
* decreasing right endpoint

* take interval that
* covers ‘as far right as possible
* uninterrupted coverage

* ignore already covered

circle centered

13341 - 2019-2020 - Textbook:
Competitive Prog. 3 by Dr Halim

7

° eX.

- take A, B

* ignore C (C c B)

takeD(BNE = @), EF

* ignore G & take H
*Glasfar& HNF # @

> min=6 0 s 10 15 20
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Interval Covering: UVa 10382 - Watering Grass

#include <bits/stdc++.h>
using namespace std;
const double EPS = l1le-9;
struct sp {
int x, r;
double x_1, x_r;
Y
sp sprinkler[10010];
bool cmp(sp a, sp b) {
if (fabs(a.x 1 — b.x_
return a.x_1 < b.x_
else
return a.x_r > b.x_r;
}

int main() {
int n, 1, w;
while (scanf("%d %d %d", &n, &1, &w)
for (int i = 0; i < n; ++1i) {

1) > EPS)
1;

I= EOF) {

scanf("%d %d", &sprinkler[i].x, &sprinkler[i].r);

if (2ksprinkler[i]l.r >= w) {
double d_x = sqrt((double)

sprinkler[i].rxsprinkler[i].r

- (w/2.0) * (w/2.0));
sprinkler[i]l.x_1 =
sprinkler[i]l.x_r =

¥

else
sprinkler[i].x_1

sprinkler[i].x-d_x;
sprinkler[i].x+d_x;

sprinkler[i].x_r
sprinkler[i].x;

}

sort(sprinkler, sprinkler+n, cmp);
bool possible = true;
double covered = 0.0;
int ans = 0;

for (int 1 = @0; (i < n) && possible; ++i) {

if (covered > 1) break;
if (sprinkler[il.x_r < covered+EPS)
continue;

if (sprinkler[i]l.x_1 < covered+EPS) {

double max_r = -1.0;
int max_id;
for (int j = 1i; (j < n)

& (sprinkler[jl.x_1 < covered + EPS); j++)

if (sprinkler[jl.x_r > max_r) {
max_r = sprinkler[jl.x_r;
max_id = j;
¥
++ans;
covered = max_r;
i = max_id;
¥
else possible = false;
¥
if (!possible || (covered < 1))
printf("-1\n");
else printf("%sd\n", ans);
¥

return 0;

13341 - 2019-2020 - Textbook:
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Set cover problem

- classical question

* in combinatorics, computer _
science, operations research, and complexity
theory

- one of Karp's 21 NP-complete
problems

- "whose study has led to the
development of fundamental
techniques for the entire field"
of approximation algorithms

- given a universe {1,2,...,n}

* and a collection S of m sets.
whose union equals the universe,

* identify the smallest sub-collection
of S whose union equals the universe

- example
* universe U={1,2,3,4,5} and
5={{1,2,3},{2,4},{3,4},{4,5}}
* can cover with smaller number of
sets: {{1,2,3},{4,5}}

- some NP-complete problems

[ Circuit - SAT ]

SAT

[ 3-CNF SAT ]

(Clique Problem) (Subset Problem]

(Vertex Cover Problem)

[Hamiltonian Cyclej

[ Travelling Salesman )
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Sort the Input First: UVa 11292 - Dragon of
Loowater

13341 - 2019-2020 - Textbook:
Competitive Prog. 3 by Dr Halim

o)
=3
o
o}
@©
©
>
c
=3
e
=]
c
<
—
[a)
o
—_
©
S
©
I
©
Q
n
—
(&)

ek
©


https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&page=show_problem&problem=2267

Sort the Input First: UVa 11292 - Dragon of
Loowater

- problem description:

* n dragon heads & m knights
*1<nm<20000
* dragon head = diameter D
* knight - height H
ifD<H

* knight can chop dragon head

* 1 knight = 1 dragon head

13341 - 2019-2020 - Textbook:
Competitive Prog. 3 by Dr Halim

- given
* list of n diameters
* list of m heights

- gquestion
* is it possible to chop off all the
dragon heads?

- if yes, what is the minimum total
helght of the knights used to chop

off the dragons’ heads?
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Sort the Input First: UVa 11292 - Dragon of S E
O T
Loowater 55
O m
O od
s hi 1 1 typedef vector<int> vi; 38
bipartite matching problem  {ypecer veer iy
. . . . int n, m; N 2
pair in a maximal fashion while' (scanf("sd %d", &n, &m), (n || m) { 4%
vi D(n); o E
N vi H(m); e
greedy for (int d = 0; d < n; ++d)
. scanf("%d", &[d]);
dragon head ShO-UId be for (int k = @; k < m; ++k)
chopped by a knight with the s;legft()“%d"z)&Hékl )(:j())
. . sor .begin(), D.en ;
shortest height that is at least sort(H.begin(), H.end()); E
as tall as the diameter of the int gold = 8, d = 8, k = 0; £
dragon’s head while ((d < n) && (k < m)) { =
_ while ((k < m) && (D[d] > H[k])) ++k; =
- sort both lists: O(nlogn + if (k== m break; N
go += H ;
mlOgm) ++d; ++k; E
* O(min(n,m)) scan: if (d == n) £
printf("%d\n", gold); =
else a
printf("Loowater is doomed!\n");
}
return 0; 21

by
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Remarks About Greedy Algorithm in
Programming Contests

- seen 3 classical problems - greedy is risky = no TL but
solvable with Greedy algs ..., maybe WA
- memorize solutions © - - proof is time consuming

- important strategy - rule of thumb:

* if input size ‘small enough’ for CS
or DP use them

- else 2 greedy

* sort input data to elucidate
hidden greedy strategies

- 2 other classical examples: - however problem setters set
* Kruskal’s & Prim’s for MST input bounds ambiguous;
* Dijkstra’s for SSSP * contestants cannot quickly

. . LA
- + others determine required algorithm!

« luckily # novel Greedy
problems is low
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Dynamic Programming

The key skills that you have bto develop in order to
master DF are the abilities to determine the
roblem states and bo debermine the relabionshivs
or tramnsibions bebween current fvroblems and their
sub-problems.
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