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GREEDY(A)
S—1}
while —solution(S) do
r «— select(A)
if feasible(.S,x) then

S— SuU{z}
A— A—A{x}
return S

<laisl (V)

z «— select(A)
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GREEDY(A)
S —{}
while —solution(S) do ‘ ‘ ‘ ‘ ‘

T «— select(A) — {(500,1), (500,2),
if feasible(.S,x) then (250, 1) (250 2)7
S— SuU{z} (100,1), (100,2),
A— A—-{z} (50,1), (50,2), (50,3),
return S (1071)7 (1072)7 (1 ’ ) }
i€ o DA 5 5 LA de pana 4wl o (s 54 ol (V)
((Blassa) als silassls sladsi (lie Hul, (5501 (o Ao S (glasw) €T «— Select(A)
CaniS uA | Jw adl 95 e S ol QAL L GJ-“-‘ULS"“;“‘JJ" (Y)
(Sasdi et i J oo JS 5 LadSas (a5, ¢ gans L'T) feasible(.S,x)
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A Loyt 951 ko g > 15b0
() daga S id g2 S 9 A gline
A = {(500,1), (500,2), el L L, 570 o S usa idua
(250,1), (250,2),
o) ) .‘.'.
(50,1), (50,2), (50,3),
(10,1), (10,2), (10,3),}
x < select(A) | feasible(S,x) S — Su {z} SOlutlon(S)
0 (500,1) {(500,1)} No
{(500,1)} (500,2) No No
~ {(500,1)} (250,1) No No
= {(500,1)} (250,2) No No
o {(s00,1)) (100,1) No No
S {(500,1)} (100,2) No No
S {(500,1)} (50,1) Yes {(500,1), (50,1)} No
~{(500,1), (50,1)} (50,2) No No
- {(s00,1), (50,1)} (50,3) No No
= {(500,1), (50,1)} (10,1) Yes {(500,1), (50,1), (10,1)} No
S {(500,1), (50,1), (10,1)} (102) Yes {(500,1), (50,1), (10,1), (10,2)}  Yes
e

o
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x < select(A) | feasible(S,x)
{} Yes

(120,1)
{(120,1)} (100,1) No
{(120,1)} (50,1) No
{(120,1)} (10,1) Yes
{(120,1), (10,1)} (10,2) Yes
{(120,1), (10,1), (10,2)} (10,3) Yes
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{(120,1)} No
No
No
{(120,1), (10,1)} No
{(120,1), (10,1), (10,2)} No
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MINIMAL SPANNING TREE (MST)

(a) A connected, weighted,
undirected graph G.

ot G Siien GILE

(c) A spanning tree for G.

(b) If (v4,v5) were removed from this subgraph,
the graph would remain connected.
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GREEDY-MINIMAL-SPANNING-TREE( G)

Sl <
Fe{} .
while —solution(F) do u({— (V. E)
ouls ste gane: V
T «— select(FE) s e oot E
if feasible(F,z) then ) ~
F— FU{z}
FE— F—{x}
return

<laisl (V)
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(Somn b aiS o alanl 590 Jb gl Hu S Ll L) feasible(F,z)

oA b ol Li g oa 50 S waa sladl (s4e gane LTS W3S o faaal J2oly 02 (Y)
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PRIM-MINIMAL-SPANNING-TREE( G)

Ve tu) G=(V.E)

while —solution(F) do Ly sde same s V
(z,y) < select(V -Y,Y) UL sie sane:
Y— YU {z}

F— FU{(zy)}
E— E- {(xay)}
return F

wladal (V)

((Slaasa) s s o LAY 4 Gl G 5au 3 V =Y 5) 2« select(V -V, Y)

Td b aiS e slagl a0 S Ladl (sde seae LTS WS o (aanS INTRERTIGI LY RRERRUN g o
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9 . feasible( F,x)
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Determine a minimum 1. Vertex v, is selected first. 2. Vertex v; is selected because
spanning tree. it is nearest to {v;}.

3. Vertex v; is selected because 4. Vertex v, is selected because 5. Vertex v, is selected.

it is nearest to {v;, v,). it is nearest to {v;, vy, v3).
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KRUSKAL-MINIMAL-SPANNING-TREE( G)

F—{} RS
while —solution(F) do G=(V.E)
e «— select(F) gl siesana s V
if feasible( F',e) then Ll st sane: B
F— FU e}
B — E—{e} LadbL o9 W
return [

z oo AT (5 b GLA] 4 gans 0wl <€ guns Jb oLl (V)

o ((Blanon) s i oo clal gaas Jb (3 386 S) e «— select(E )

# G b S e alal 2250 K Ladl (ste pone LTS S e s [JEEECTEE P ECN Q)
g (So2d b aiS oo alaal 590 Jb ool G S Ll L) feasible( Fe)
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Determine a minimum
spanning tree.

4. Edge (v3,v5) is selected.

1. Edges are sorted by weight.

(v, 1)
(vs, %)
(v, v3)
(v, 13)
(v, 1)
(v, )
(v, v4)

O Ul W WN PR

5. Edge (v, va) is selected.

JBGs

2. Disjoint set are created.

ONNO

O
O

6. Edge (1. v3) is selected.

3. Edge (v, v) is selected.

@ 1
O

ONO

O

7. Edge (vs,v,) is selected.

1 O
Va
4 @
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SINGLE SOURCE-SHORTEST PATH (SSSP)
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DIJKSTRA ALGORITHM

Jﬂwﬁjﬂdjgmwa\jdb‘Mh&Jﬁ‘
(£) Ladl 5l (5 e sano ) £
(V) laguls ) (o5 stesanasas ¥
(Y = {1} Woe) ssdi oo S5 0500 Tase (il s S sl Y lail o
€ oS o suin LV =Y suusa s Gusin 0 V1 5 (ola e g
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DIJKSTRA-SINGLE-SOURCE-SHORTEST-PATH( G, ;)

F—{} RS
Y« {v} uGi: SCV, E~)V
while —solution(F) do e

v «— select(v,, Y,V -Y)
e «— the edge on shortest path that touches v to F

Y— YU {v}
F— FU{e}
return F'
Lo o SATI] o g LA de gans 4wl oS guas il wladal (V)

saliiul V50 a8l Slae Gu i,y 51 b8 «S 0 s oo ATV =V 51 0 Ll )
((4.:‘_443\);) J.:I.-Lsu_o 'Ul Jlx.‘mu:a‘):alsji LS‘J‘JJ d.ssu_o

v« select(v, Y,V -Y)

Spi(lsel cwy s (Y)

feasible( F',x)
Cul oud lin gy sen B dlials pasi oo L 4 03 1o yuaa Jaoly sy (V)
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Compute shortest paths from v;. 1. Vertex vy is selected because 2. Vertex v, is selected because it
itis nearest to v;. has the shortest path from v, using
E B only vertices in {vg} as intermediates.
Y = {U17U5} Y = {Ul’y5’1)4}
Uy, U
v 5)} F = {(1)1705)7(057'04)}

3. Vertex v, is selected because it 4. The shortest path from v, to v, is
has the shortest path from v, [vy, Vg, Va4, Vo]
using only vertices in {v, vs}
n as intermediates. E

Y = {01,115,1)4,1)3}
F = {(Up7)5)7(7)57”4),(7)17”3)}

L]
’U};b/

Y = {v,v,v,,0;,0,}

F = {(v,v5),(vs,v,),(v),05),(v,,05) }
7
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0

f:25

a:16

1

e:10

d:17 a:16 d:17] [f:25
0 1 0
c12 c:12
0 1 0
@) b:5 e:10 ®) b:5
Character Frequency  Cl(Fixed-Length) C2 (Prefix) _
a 16 000 10 00
b 5 001 11110 1110
C 12 010 1110 110
d 17 011 110 01
e 10 100 11111 1111
f 25 101 0 10

1358 slaaS Sl aulin il b ohe ayS oS (gl a 3Y ey slaal

Bits(C1) = 16(3) + 5(3) + 12(3) + 17(3) 4+ 10(3) + 25(3) = 255
Bits(C2) = 16(2) + 5(5) + 12(4) + 17(3) 4+ 10(5) 4 25(1) = 231

Bits(C3) = 16(2) 4 5(4) 4+ 12(3) + 17(2) + 10(4) + 25(2) =[212

&
&
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OPTIMAL JOB SCHEDULING

JHWUJ(WJJJW)JSULOJDH“?B“ %‘U‘JL&SJK

Job Service Time . . -
s ge JS Ole) [17273] 5 55 sl

2 10 (5) +( 5 +10)+(5+10+4) =39
3 4 Job 1 Job 2 Job 3

Job Time in the System

1 S (service time)
2 S (wait for job 7) + 10 (service time)
3 S (wait for job 1) + 10 (walt for job 2) + 4 (service time)
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Job Service Time

1 5
2 10
3 4
Schedule |Total Time in the System
[1, 2, 3] 5+(5+10)+(5+10+4) = 39
[1, 3, 2] 5+(5+4)+(5+4+10) = 33
[2, 1, 3] 10+(10+5)+(10+5+4) = 44
[2, 3, 1] 10+(10+4)+(10+4+5) = 43
[3, 1, 2] 4+(4+5)+(4+5+10) = 32 oz 2l
[3, 2, 1] 4+(4+10)+(4+10+5) = 37
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GREEDY-SCHEDULING(A)
S []
while —solution(S) do

RS ugre o B b s saaagle)
z «— select(A)

(g0 Catuat 43 (yun g puas Oloy caani

S «— [5, 1
A— A-{z}
return S
e GLAT (0 5t L) de gane 4 bl oS guns yumie ol (V)
((‘L‘L‘A:‘JA) S o oA s g 5w (Lo (B8l S L:‘JK) €T — Select(A)

S i0lsel oy 5 (V)
feasible(S,z)

(o) naSel o) e sa o dasly) Touni 2 3Y

§ua s el 6 ga3 o)y ot gde ganme LT 4S 0 o et [EVSSIREPTPREEN ()
(Swslond gusple) LasIS (s4aa LT) solution(.S)
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OPTIMAL JOB SCHEDULING WITH DEADLINE

o
&

ﬁ)‘ddﬁ&.omd&l@_ale)lsn
gpweu\@u;bb&ﬂuﬁs;\&ﬂ

Sl

45.3\9.45&9[5:\3‘L@J‘J‘&“Lﬁ‘.w#‘)JfL)LAS:JJ.wJJ‘\S(Sd.\.)ULOJJJLAJ‘SG‘LAA;.\.M:\J‘&JY)

Jj_gaILﬁJlscsu_&J‘gJ\gQLa‘}

Job | Deadline | Profit| | Schedule | Total Profit
1 2 30 [1,3] |[30+25 =55
-] 35 2.1] |35+30 = 65
3 2 25 = < —

4 1 40 [2’ 31 35+25 = 60
3,1 [25+30=55

ool 4,11 |40+30=70

[4,3] |40+25=65

(S aa KL |y US i

sl Jssa Gallae IS ¥ 1L

2Ro! slasansgle

C_\..me.ﬁ‘)fdeu&‘ [174] LSJ-UUL"JBUA)
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GREEDY-SCHEDULING-WITH-DEADLINE(A) FEURIPY
S— 1]
while —solution(S) do ol slbla
z «— select(A) :am%,,.,lSnS;Lr%»y .
if feasible(.S,x) then o mosm
A(j—A—{x} n? K neles °
return S T(n) € ©(nlogn) + 6(n*) = ©(n*)
s o OLATH 1 5 45l 4 pans 40 b &€ gus pumic ol (V)
(Gl ya ) 8 5o AT (Kas ciadin oy sidin b LIS) 7« select(A)

o o il (saisgle) 4 LIS Cpl G S GLAILT

)

SRR guy y (Y
5 pS e e s srm slaclee 8 3 G 15 5 u usa se slaIS) feasible(S5,z)
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(Suilonds o5 Lol (s4en LiT) solution(5)
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The final value of Sis {1,2,4}, and a feasible sequence for this set is [2,1,4]. Because jobs 1
and 4 both have deadlines of 3, we could use the feasible sequence [2,4,1] instead.

o
&

Job Deadline Profit

R i LS s s000 05

3 1 30 daly o i HL B G g e Gle )

4 3 25

5 1 20

6 3 15

7 2 10
: 1 Sissetto@.
-2 Sis setto {1} because the sequence [1] is feasible.
-3 Sissetto{1,2} because the sequence [2,1] is feasible.
-4 {1,2, 3} is rejected because there is no feasible sequence for this set.
-9 Sissetto{1,2,4} because the sequence [2,1,4] is feasible.
- 6 {1,2,4,5} is rejected because there is no feasible sequence for this set.

7 {1,2,4,6}is rejected because there is no feasible sequence for this set.

{1,2,4,7} is rejected because there is no feasible sequence for this set.
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FRACTIONAL KNAPSACK
S = {item,,item,,...,item_}
w, = weight(item,)
p, = value(item,)
W = total weight of knapsack
select A C §

&
&

maximize Z j
item, €A
subject to Z wr, <W
item, €A
where 0<z <1, 1<i<n
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0/1 KNAPSACK

S = {item,,item,,...,item_}
w, = weight(item,)
p, = value(item,)

W = total weight of knapsack

select A C §

maximize Z P,
item, €A
subject to Z wr, < W
item, €A
where . € {0,1}, 1<i<n
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ACTIVITY SELECTION PROBLEM

S o B (g9 srme S 0 LT OLL lagle) a5 1) cullas 1

h<hL<kK<..<},
i€ e olaml 1, 1 eallas s
Lacallad sl sl G
e3 g3 o ST cllad (AT OLL Gled b sbae b 53855 cullad (T 5 ole S
S e SLAT ] enllas T

Josss e 028 L ACTIVITY-SELECTION( S, f)

A — {1}

g1

for : — 2 to n do

if s[i] > f[j] then

A— AU {i}
jo i

return A

Prepared by Kazim Fouladi | Spring 2025 | 39 Edition

&
&



Prepared by Kazim Fouladi | Spring 2025 | 39 Edition

¥o

Laculad GlATY galiue

Loty o- 5l Jlonsi g 110

ACTIVITY SELECTION PROBLEM
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ACTIVITY-SELECTION(S, f)

A — {1}

g1

for 1 < 2 to n do

if s[i] > f[j] then

A«— AU {3}
je

return A
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ACTIVITY SELECTION PROBLEM

S
&

JGs
: |1 2 3 4 5 6 7
siil |1 3 0 5 3 5 6
flij|4 5 6 7 8 9 10 11
i sld > f17] A |
1 {1} 1
2 flase —
3 flase —
4 true {1,4} | 4
5 flase — —
6 flase — —
7 flase — —
8 true {1,4,8} | 8
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15 Greedy Algorithms

Algorithms for optimization problems typically go through a sequence of steps,
with a set of choices at each step. For many optimization problems, using dv-
namic programming to determine the best choices is overkill, and simpler, more
efficient algorithms will do. A greedy algorithm always makes the choice that
looks best at the moment. That 15, it makes a locally optimal choice in the hope
that this choice leads to a globally optimal solution. This chapter explores opti-
mization problems for which greedy algorithms provide optimal solutions. Before
reading this chapter, vou should read about dvnamic programmnung in Chapter 14,
particularly Section 14.3.

Greedy algorithms do not always yield optimal solutions, but for many prob-
lems they do. We first examine, in Section 15.1, a simple but nontrivial problem,
the activity-selection problem, for which a greedy algorithm efficiently computes
an optimal solution. We'll amrive at the greedy algorithm by first considering a
dynamic-programming approach and then showing that an optimal solution can re-
sult from always making greedy choices. Section 15.2 reviews the basic elements
of the greedy approach, giving a direct appreach for proving greedy algorithms cor-
rect. Section 15.3 presents an important application of greedy techniques: design-
ing data-compression (Huffman) codes. Finally, Section 13 4 shows that in order
to decide which blocks to replace when a miss occurs in a cache, the “furthest-in-
future” strategy is optumal if the sequence of block accesses 1s known in advance.

The greedy method 1s quite powerful and works well for a wide range of prob-
lems. Later chapters will present many algorithms that vou can view as applications
of the greedy method, including numimmum-spanming-tree algorithms (Chapter 21),
Dijkstra’s algorithm for shortest paths from a single source (Section 22.3), and a
greedy set-covering heuristic (Section 35.3). Minimum-spanning-tree algorithms
furnish a classic example of the greedy method. Although vou can read this chapter
and Chapter 21 independently of each other, vou might find it useful to read them
together.
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The Greedy Approach

most greedy person ever, fictional or real. Recall that Scrooge never

considered the past or future. Each day his only drive was to greedily

grab as much gold as he could. After the Ghost of Christmas Past
reminded him of the past and the Ghost of Christmas Future warned him
of the future, he changed his greedy ways.

A greedy algorithm proceeds in the same way as Scrooge did. That 1s, 1t
grabs data items in sequence, each time taking the one that is deemed “best”
according to some criterion, without regard for the choices it has made
before or will make m the future. One should not get the impression that
there is something wrong with greedy algorithms because of the negative
connotations of Scrooge and the word “greedy.” They often lead to very
efficient and simple solutions.

Like dynamic programming, greedy algorithms are often used to solve
optimization problems. However, the greedy approach is more straightfor-
ward. In dynamic programming, a recursive property is used to divide an
instance into smaller instances. In the greedy approach, there is no division
into smaller instances. A greedy algorithm arrives at a solution by making
a sequence of choices, each of which simply looks the best at the moment.
That is, each choice is locally optimal. The hope is that a globally opti-
mal solution will be obtained, but this is not always the case. For a given
algorithm, we must determine whether the solution is always optimal.

A simple example illustrates the greedy approach. Joe, the sales clerk,
. often encounters the problem of giving change for a purchase. Customers
R.E_ Neapolltan’ usually don’t want to receive a lot of coins. For example, most customers

R . would be aggravated if he gave them 87 pennies when the change was $0.87.
Foundatlons Of Algorlthms’ Therefore, his goal is not only to give the correct change, but to do so with
.. . as few coins as possible. A solution to an instance of Joe's change problem
sth Ed]tlon’ Jones and Bartlett Publlshers’ 20 1 5_ is a set of coins that adds up to the amount he owes the customer, and an
optimal solution is such a set of minimum size. A greedy approach to the
problem could proceed as follows. Initially there are no coins in the change.

RICHARD E. NEAPOLITAN C harles Dickens’ classic character Ebenezer Scrooge may well be the

Chapter 4
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