CS 410/584, Algorithm Design & Analysis: Lecture 2

ﬁ Algorithm Design & Analysis \
[ ,,} §( Memoizing \

" Dynamic Programming in a recursive (top-
"o down) framework

* Whenever you compute the value of a
subproblem ) Slore it A lafer \oolt,wf:\

£ becomes@g plus MEMO table

mf (x)
it MEMO[X& defined then ii
else Memo [x) & £

return memolx\

Replace all calls to £ by calls to mf
-includes ownes iw Hae body of £
-but not g e o mf

(

A
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Problem 16-2 Te X \

Pretty Paragraphs |
words w,, w,,.. w, i Countr

lengths [, |, Lo... /L
separated by spaces on lines of length M

If w,, .., w, onaline, then extra spaces

pad(i,3) =M — (j-0) - 2,
=i
Minimize (pad (i, 7) )rﬁover' all lines but the
last
pad(i,n) =
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\

this0is0an®000
example{group?

ofOwords

M= Iy

(

M=1Y Example \\\

3
pad(1,3) = ¢4 () ¢
pad(4,5)- [ Uy |

) _§es
iy
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Recursive Solution \

(

Decompose W
| ] first line
rest of words
~N_ gesT
—
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Calculating Cost \

Let BEST[i,n] be the cos‘r of the bei . \
P ,w..:

layout of words Wi - (o md
BEST[1i,n]
~ min (pad(i,k)) + BEST[4l ;v 1J)
1=} &P

How big is largest p we must consider?

21

(

A
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Strategy \

Compute
BEST [n, n]
BEST [n-1,n]
BEST [n-2,n]

BEST[1,n)
helps if BEST [n+1,n] = O

How long does each one take?

- k ranges over O(m)
-BEST [k+1,n] loskbep
-pad (i, k) might seem like 0(Mm)
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\

Computing pad(i,j)

But notice
‘;JMA pad(l’l+l) = pad(i,i)/[[-” “/
" pad(i,ie2) = pad (i,i+1)- Leo - |
1 ...I ) | ) /f //
pad(llp) = pad(l,p l) P

so time complexity is 0O (n*M)

(
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\

Greedy Algorithm

A series of locally optimum choices
produces a globally optimum solution

What is needed:

* Greedy choice property — of all the optimal
solutions, at least one o /s Jo s
i

- Optimal substructure — as with

A\7AW”’"‘\" P MW9

(
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Greedy Example \

Activity Selection
Have a set of possible activities to do

What isﬁ/m ) P (am. atent L ol
Have start and finish times ” e
¥ romainiy
Order by ol e § P PO bk disk B
LIST A % 3)2 D & o &
2-5 1-6 3-6 6-8 5-9 10-11 10-12

Sched = {A}DXF }

(

A
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Schedule Algorithm \

Jive
Sched < (W2 gl bt
for each ACT in LIST do

IT ACT compatible with Sched
then Sched « Shut U i’“TS

O(Sof*{' + ”\->
Complexity: )
Correct?

Let LIST = A, AL~ A,
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Greedy Choice \

- Suppose sched is a maximal legal schedule that
Does ok melmde, Al (M (y(/w{u,>
- Let A, be the activity in sched with
Wlf%L enk 'H‘”‘C
- Thena,.finish £ A fwak

_50 sched’ = sobut-TAR U A 3 is also a
maximum legal schedule.

[_A: lG Iﬁ ]:z
A ]

(

—
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Optimal Substructure \

- Assume sched is maximal legal
schedule for A Ay, - An

Wl jucludes A [

- Let 2, be the first activity with
MM’\ ‘4[.5M = /4/.74"/11.'(£L

- Then sched - {a,} is a maximal legal
schedule for 4 =
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Huffman Codes \

\

O A E H N R S T A%
000 001 010 011 100 101 110 111 42
gy uits

THEORATOSATOATOTHEOHENORESTQ. |
Frequencies
2 4 4 3> 1 2 76
¢ A E H N R S
00 100 ol oo oo oo il ) '
) i 2 L o o - B3
CCon‘rmbu‘rion (»\\o‘rﬂ o
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(

Prefix

code word is 3éﬁ¥°£“WMMV'
01001001011010011 --

l:_L_]:) ,——JLEJL_J\,——————J
T
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Greedy Algorithm for Code Generation \
y gcwow Brtiuimeits EM-}Z,_S

Start with n separate {—char'acfer' codes

Merge two codes with lowest frequencies

A

2
Frequency of merged code is { +{,

Until Were (s only ot Cols

(

A
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[ Huffman Code Example \
7
0
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/ Huffman Code Example 2 \
7
0
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[ Huffman Code Example 3 \
7 9

0 /\ / \

N R
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f |G Huffman Code Example 4
o \
12
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Huffman Code Example 5
y\

WN &Y\
EOAl HOAl
K3

A

-

Why does it wor'k?

(
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Greedy Choice
. Thore 1§ am Of\"‘”‘*j
* Greedy choice — e e T, anfrer
L/DP‘}'MWQ whe W ! .
frce g T
\Mx' VWLL-:!
ﬁ%im \
S, W_ S1 % 0 1 Sz
AVP\&X [ ) [
S3 Sy S Se
31 meoﬁoﬁ:f' haviitr § 52 7.[93 S
, -
dmax . *Ll’ M oC #ﬂ i 7{; 7[;, 3 79
?’( AL W

[ Greedy Choice 2
f3.dmax + f4.dmax + fl.dl + f2.d2 Oli
CC\ .dmax + 'Fﬂ-.dmax + g‘s.dl + jCL{.dZ hoe
old (f5-dy. + £,°dy)
new (£1-d,., +ﬂ/
subtract A
(-5_3"';:\)'AMAY + (‘\‘gl'{ss )
e G
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[ Optimal Substructure

Let s be the set of symbols
optimal optimal T
for S for S’

O

$'=§- {s sLSost

e o °
Cegunk /u e
1 S = qre (l.)
et cost (T) = cost (T’) &KC o) :JCS; !
+ M[SII 5:"“& }

~

- o o
\ IC dhuwefra T L &'y g e s | -S 2//3
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