Forelasning 8 i ADK20

Algoritmkonstruktion: dekomposition

Stefan Nilsson
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Metod 3 - Dekomposition

(Divide and conquer, Sondra och héarska)

e Dela upp i mindre problem
e L&s delproblemen rekursivt

e Kombinera resultaten
Analys: Anvand en rekursionsrelation

Exempel: Matrismultiplikation
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Metod 3 - Dekomposition

(Divide and conquer, Sondra och héarska)

Matrismultiplikation

G (o2 Ann A\ (B B

C=AB< (C21 C22> B (A21 Azz) <B21 522)
function MUL(A,B,n)
if n=1 then return A- B
Ci11 = App( MUL(A11, Bi1, 35), MUL(A12, Bo1,
C12 = ADD( 1\/IUL(/4117 812, 2) L(A12, 822,
C21 = ApD( MUL(A21, Bi1, 5), MUL(Ax, Bar,
C22 = ADD( UL(A21, 812, 2) MUL(A22, 822,
return C

NISNISNISNIS
— — — —
~— — — —

Fungerar om n = 2k for nagot k
T(1)=1

Analys: T(n)=0O(n3
= T 8T (3) + (z)z}:‘” i
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Snabb multiplikation av 2 x 2-matriser (strassen)

a1 cr2\  (aur a2\ (b b2
01 2 a1t ax) \ba bx

Kan berdknas genom:

my = (a12 — a22) - (bo1 + b22) C11 = my + my — my + mg
my = (a11 + a22) - (b11 + b22) C12 = mg + ms
m3 = (a11 — a21) - (b11 + b12) C21 = me + my
my = (a11 + a12) - b C2 = mp — m3 + mg — My

ms = a1y - (bi2 + b22)
me = ax - (b21 + b11)
m7 = (a21 + a2) - bi1

Sammanlagt 7 multiplikationer samt 18 additioner och subtraktioner
Multiplikation av tvd n X n-matriser tar tid:

T(1)=1
T(n) =7T(3) +18 (5)2}

= T(n) ~ n*8!



Strassen i praktiken

e Anvand Strassens multiplikationsalgoritm for stora matriser (n > b)
e Anviand vanlig matrismultiplikation fér mindre matriser (n < b)

e Hur ska brytpunkten b viljas?

200 :
n =512
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Multiplikation av binara tal

n
° X:Xn—].Xn—Z"'Xng—l"'XlXO:a'2§+b

a b

¢ y:yn—lyfv—2"'Yg)/g—1"',Vl)/o=C-2§+d
< M

e xy = ac-2"+ (ad + bc)22 + bd

Anta att n = 2K
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Multiplikation av binara tal

function MULT(x,7,k)

if X = 0 then return x-y
else

[a,b] < x

[c,d] <y

p1 < MULT(a,c,k-1)
p2 < MULT(b,d,k-1)
p3 < MuLT(a,d,k-1)
ps < MULT(b,c,k-1)

return p; - 2" + (p3 +Pp4)22 +p,

b

T(1)=0e()

T(n)=4T (3) + e(n)} = T(n) = O("*) = O()
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Smartare multiplikation (Karatsuba)

e A=a-c

e B=b-d

e C=(a+b) (c+d)

e D=A-2"+(C—A—-B)-224+8B

e D=ac-2"+ (ad + bc)2: + bd =x -y
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Smartare multiplikation (Karatsuba)

function SMARTMULT(x,¥,k)

if kX < 4 then return x-y

else

[a,b] < x

[c,d] «+ ¥

A + SMARTMULT(a,c,k-1)

B + SMARTMULT(b,d,k-1)

C < SMARTMULT(a+b,c+d,k-1)
return A-2" + (C— A —B)23 +B

T(1) =e(1) o
T(n)=3T(3)+ @(n)} = T(n) = O(n'&3) = O(n*?)

(Basta kanda algoritmen: O(nlog nloglog n))
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