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Transpozice matice

m Ctvercova matice nxn s prvky a;;

m Ctvercova matice n x n's prvky a;,
m Sekvencni reseni:
procedure TRANSPOSE (A)
for i=2 to n do
for j=1 to 1-1 do
a;y B ay;

17
endfor

endfor

m SlozZitost je t(n) = 0(n?)




VANV

Transpozice matice, mrizkova topologie

m Topologie, mrizkova n x n pro ¢tvercovou matici n x n

m Kazdy procesor ma 3 registry

- A-obsahuje a;, a; po ukonceni

ij,'
- B - hodnoty od pravého (horniho) souseda

- C- hodnoty od levého (dolniho) souseda




Transpozice matice, mrizkova topologie
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Step 1:
do steps 1.1 and 1.2 1in parallel
(1.1)
for 1 = 2 to n do in parallel
for 3 =1 to 1 - 1 do in parallel
Ci -1, 3) « (ayy, J, 1)
end for
end for /ﬁ
(1.2) /
for 1 =1 ton 1 do in parallel
for J = 1 + 1/to n do in parallel
B(i, 3 - 1)/« (ay5, 3, 1)
end for
end for.

(hodnota, cilovy x, cilovy y)




Transpozice matice, mrizkova topologie
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2.3

Pokud obdrZi hodnoty zdola, posilaji
dal

Pokud obdrzi hodnotu shora, a jsou
cilové, ulozi, jinak posilaji dal




Transpozice matice, mrizkova topologie
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Transpozice matice, mrizkova topologii
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Transpozice matice, mrizkova topologie,
analyza

m Pocet procesorl p(n) = 0(n?)
m Casova slozitost, k presunuti je tfeba 2 * (n — 1) krok( t(n) = 0(n)

m Cenac(n) =0(n3) coz neni optimalni




Transpozice matice, Perfect Shuffle

m Topologie
- Uzly propojené jako Perfect Sfuffle (dokonaly presun)
- Funguje pro matice n X n kde n = 24 pro néjaké prirozené ¢islo q
- Celkem tedy 20% = 224 7|
- Pro indexovani uzla je treba 2q bitu
m Uzel
- Muze preposlat hodnotu na uzel s indexem levé bitové posunutym
m (napr. 0101 -> 1010, 1100 -> 1001 apod.)
m Princip
- Pologn tedy q presunech kazdé z hodnot matice je matice transponovana




Transpozice matice, Perfect Shuffle

Uzel matice [i, j] je indexovan jako 29(i — 1) + (j — 1) j;;?]
procedure SHUFFLE TRANSPOSE (A) 29(i — 1) + '7/1) =2%2x%x1+2
for i = 1 to g do =6=0110

for k = 1 to 2%9—-2 do in parallel
P, ,sends the element of A it currently holds to [Ekmmﬂfm—ﬂ

end for /ﬂ

end for Levy shift




Transpozice matice, Perfect shuffle, priklad

Matice 4x4 neboli 22x22, gq=2
20(i— 1)+ (j—1) =29 —1) + (i — 1) (1,2) (24)

Pro [1,2] - [2,1], tedy (2,1)
221-D+2-1)-222-1D+1 -1

1 - 4,(0001 - 0010)

Pro [2,4] — [4,2], tedy (4,2)
2?22-1)+@-1)->2?4-1D)+2-1)

7 - 13,(0111 - 1101) 0001 =—3»> 0100 0111 = 1101

LT T LTI TTT T L)
S LLITT I




Transpozice matice, Perfect shuffle

m Pri prenosu nedochazi ke konfliktim -> kazdy odesilatel je unikatni a tedy i prijemce
po levém shiftu je unikatni

m Pocet procesorl p(n) = 0(n?)
m Casova sloZitost, k pfesunuti je tfeba log n krokd t(n) = 0(logn)

m Cenac(n) = 0(logn *n3) coz neni optimalni




Transpozice matice, sdilena pamét

m | pro EREW Ize provést transpozici v konstantnim ¢ase

m Potom cenaje c = 0(n?)

procedure EREW TRANSPOSE
for 1 = 2 to n do in parallel
for ;] =1 to 1 - 1 do in parallel
aij ++ aji
end for
end for

P21

32

31




Nasobeni matic

m Soucin matic A (m x n) a B (n x k) je matice C (m x k) kde:

Cij= ?=1ais*bsj 1SlSm,1S]Sk

Slozitost je O (n3)
Slozitost optimalniho algoritmu neni znama, je O(n¥), kde 2<x<3
Zadny algoritmus nema lepsi slozitost nez O(n2)

procedure MATRIX MULT (A, B, C)
for i=1 to m do
for j=1 to k do
ciy = 0
for s=1 to n do
Cijy=Ciy + (a5 *¥ b
endfor
endfor
endfor

sj)




Nasobeni matic - sdilena pamét

Nerealisticka varianta

procedure MATRIX MULT (A, B, C)
for 1=1 to m do in parallel
for j=1 to k do in parallel
cjy = 0
for s=1 to n do in parallel
< cymcis + (a3 * b)) >
endfor
endfor

endfor

Realisticka varianta

procedure MATRIX MULT (A, B, C)
for i=1 to m do in parallel
for j=1 to k do in parallel
ciy = 0
for s=1 to n do
Cij=Cy5 ¥ (a;s * b
endfor
endfor

endfor

sj>




Nasobeni matic ne mrizce i
S
bll b22 b33
MfiZka n x k procesoru b,, by, D
Prvky matic A a B se privadeéji do procesoru 1. radku a 1 sloupce b3, by sy
KaZdy procesor P(i,j) obsahuje prvek c; EM Ds.

dip dip di3 dig A

k
n dpq dpp dpz dpg dpg
b1l |B12|b13
all|al2|al2|Al14|al5
b21 | b22|b23 A3y dzp dzz dzyg dgzs

a21|A22|a22 |a24|a25
m n | |b31|b32|b33

a31|A32(a32|A34|a35 bl ba2 |ba3| 241 a2 s s ags
a4l (ad2|ad2|add | ads
b51 [ b52 | b54




VANV

Nasobeni matic ne mrizce

Algoritmus
procedure MESH MULT (A, B, C)
for i=1 to m do in parallel
for j=1 to k do in parallel
cijy = 0
while P(i,]) receives inputs a,b do
Cijy = Cy5 T (a * Db)
if i<m then send b to P(i+1l, 7J)
if j<k then send a to P(i, J+1)
endwhile
endfor

endfor

Analyza
Prvky a.; a b;, potfebuji m+k+n-2 kroku, aby se dostaly k poslednimu procesoru P(m, k)
t(n) = O(n) p(n) =0(n?) ¢(n)=0(n3) ... coz neni optimalni




Nasobeni matice vektorem

m SoucCin matice A (m x n) a vektoru U (n) je vektor V (m) kde:

v =Yaxu1<i<n

m Casova slozitost optimalniho sekvenéniho algoritmu je t(n) = O(m * n)
- Je treba pracovat s kazdym prvkem matice




Paralelni nasobeni matice vektorem

m Linearni pole m procesoru, kazdy obsahuje jeden prvek v,

P Xa
\VA e e all al2 al3 al4
Bl X
P2 1val o a21 222 223 224 A Xy
- v
P3 Al ... Gy ay —» P,
V3 a3l a32 a33 a34
QA ad€n an o » ﬁ :
ul ‘
u2
u3 *
ud Apn - A,z 2 ...j—" Pg
n-l




Paralelni nasobeni matice vektorem,
algoritmus a analyza

procedure LINEAR MV MULT
for 1=1 to m do in parallel
vi = 0
while Pi receives inputs a and u do
v, = v, + (a * u)
if i1>]1 then send u to P,_;
endwhile
endfor
Analyza
- t(n) =m+n-1 =t(n)=0(n) p(n)=0(n)
- ¢(n)=0(n?) — coZ je optimalni




Paralelni nasobeni matice Vi

V2

vektorem, stromova struktura

e Cas m+n-1 pfedchoziho algoritmu je

mozno zlepsit na m-1+log n pri
zdvojnasobeni pocGtu procesoru

e Architektura ma n listovych

procesoru P,...P, a n-1 nelistovych
procesoru
m Listové procesory nasobi, nelistové

o INT: u u u u

Scitajl P, Tl P, f f P, P, f
all al2 al3 al4
a2l a22 a23 a24




Paralelni nasobeni matice v

P v2
vektorem, stromova struktura VTs

do steps 1 and 2 in parallel

(1) for i=1 to n do in parallel
for j=1 to m do
send u;*d;; to parent

endfor

endfor
(2) for i=n+l to 2n-1 do in parallel
while P; receives two inputs do
compute the sum
U

if i<2n-1 then send result to parent

u, U, u,
else write result P, P, P, P,
endif

endwhile
endfor all al2 al3 al4
m Analyza a2l a22 a23 a24
- t(n)=m-1+logn=0(m) a3l a32 a33 a34

- ¢(n)=0(m*n) — coZ je optimalni




