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Par�llhloi UpologismoÐ
Pin�kwn

• Anastrof  PÐnaka : A −→ AT

• Pol/smìc Pin�kwn : (A,B) −→ C = AB

• Pol/smìc PÐnaka me di�nusma :

(A,u) −→ v = Au

DÐktua EndoepikoinwnÐac
Parall lwn Upologist¸n

• Monodi�statoc pÐnakac (linear array)

• Orjog¸nio plègma (mesh)

• Dèndro (tree)

• Tèleio moÐrasma (perfect shuffle)

• UperkÔboc (hypercube)

Apeikìnish(mapping) Pin�kwn stouc epexergastèc: ephre�zei
shmantik� thn epÐdosh enìc par�llhlou sust matoc.

Araiìc: lègetai ènac pÐnakac ìtan èna shmantikì posostì twn
stoiqeÐwn tou (sun jwc > 80%) eÐnai mhdenik�.

Puknìc: eÐnai ènac pÐnakac pou den eÐnai araiìc.
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1. Anastrof  pÐnaka

αi,j: akèraioc, pragmatikìc, qarakt rac, k.a.

Akoloujiak  anastrof 

procedure TRANSPOSE(A)

for i = 2 to n do

for j = 1 to i− 1 do

αi,j ←→ αj,i

end for

end for

Par�llhlh anastrof 

Montèla par�llhlou upologismoÔ

• orjog¸nio plègma (mesh)

• shuffle (moÐrasma)

• shared-memory SIMD
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1.1 Anastrof  pÐnaka se dÐktuo (mesh)

'Enac pÐnakac A gia na anastrafeÐ
kataqwreÐtai se èna dÐktuo (mesh)

A, B, C kataqwrhtèc
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k�tw fr�gma qrìnou ektèleshc

Ω(n) = 2n− 2
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K�je epexergast c Pij èqei 3 kataqwrhtèc

1. Aij: qrei�zetai gia na kataqwreÐtai
arqik� to αij kai telik� to αji

2. Bij: qrei�zetai gia thn kataq¸rhsh twn
dedomènwn pou dèqetai apì ton geitonikì tou
dexi� Pi,j+1   ton geitonikì tou p�nw Pi−1,j

3. Cij: qrei�zetai gia thn kataq¸rhsh twn
dedomènwn pou dèqetai apì ton geitonikì tou
arister� Pi,j−1   ton geitonikì tou k�tw Pi+1,j
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An�lush

K�je stoiqeÐo αij (i > j)
pou brÐsketai k�tw apì th kÔria diag¸nio
diasqÐzei proc ta p�nw th st lh tou mèqri
na fj�sei ston Pjj kai sth sunèqeia diasqÐzei
th gramm  j mèqri na fj�sei ston Pji.

K�je stoiqeÐo αij (j > i)
pou brÐsketai p�nw apì th kÔria diag¸nio
diasqÐzei proc ta arister� th gramm  tou mèqri
na fj�sei ston Pii kai sth sunèqeia diasqÐzei
th st lh i mèqri na fj�sei ston Pji.

To makrÔtero monop�ti eÐnai ekeÐno pou diasqÐzei
to αn1 (  α1n) pou apaiteÐ

2(n− 1) b mata

qrìnoc ektèleshc: t(n) = O(n)

arijmìc epexergast¸n: p(n) = n2

kìstoc: O(n3) (ìqi bèltistoc)
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(aþ) INITIALLY (bþ) STEP 1

(gþ) FIRST ITERATION OF STEP 2 (dþ) SECOND ITERATION OF STEP 2

(eþ) THIRD ITERATION OF STEP 2

Sq ma 1: Transporting matrix using procedure MESH TRANSPOSE
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1.2 Anastrof  pÐnaka me Shuffle.

A n× n

n = 2q

pl joc epexergast¸n: n2

Epexergastèc: P0, P1, ..., P22q−1

αij kataq¸rhsh
−−−−−−−−−−→

PK

K = 2q(i− 1) + (j − 1)

Par�deigma

q = 2, n = 22 = 4, p(n) = 16

α33 −→ P10

giatÐ gia i = 3, j = 3 =⇒ K = 22(3− 1) + (3− 1) = 10

Met� apì q akrib¸c shuffle pr�xeic (moir�smata)

o epexergast c PK ja perièqei to stoiqeÐo αji.

Gia na doÔme autì upojètoume ìti:

An o PK sundèetai me ton Pm, tìte

o m prokÔptei apì ton K me mia olÐsjhsh

kuklik� proc ta arister� kat� mia jèsh thc

duadik c par�stashc tou K.
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Sto parap�nw par�deigma, ìpou q = 2

èqoume tic akìloujec sundèseic metaxÔ twn 24 = 16

epexergast¸n.
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Transposition
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'Estw ìti o deÐkthc K enìc epexergast 

apoteleÐtai apì 2q bits.

An K = 2q(i− 1) + (j − 1) tìte

q ta plèon shmantik� bits anaparistoÔn ton i− 1

afoÔ q ta ligìtero ≫ ≫ ≫ j − 1

Par�deigma q = 5, i = 5, j = 12

K = 25(5− 1) + (12− 1) = 128 + 11 = 139

Met� apì q shuffles (kuklikèc olisj seic proc ta arister�)

stoiqeÐo αij pou kateÐqe arqik� o PK ja

brÐsketai ston epexergast  PS me deÐkth

S = 2q(j − 1) + (i− 1)

Dhlad  to stoiqeÐo αij èqei metakinhjeÐ

sth jèsh pou kateÐqe arqik� to αji
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procedure SHUFFLE TRANSPOSE(A)

To procedure autì ekteleÐ q epanal yeic
stajeroÔ qrìnou kai epomènwc o qrìnoc ektèleshc
eÐnai

t(n) = O(log(n))

AfoÔ
p(n) = n2 to upologistikì kìstoc eÐnai

C(n) = O(n2 log(n))

to opoÐo den eÐnai bèltisto.

H endoepikoinwnÐa shuffle eÐnai taqÔterh
apì ekeÐnh sto orjog¸nio plègma.
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1.3 Anastrof  pÐnaka
se èna EREW SM SIMD upologist 

A −→ koin  mn mh

Epexergastèc Pij, 2 ≤ i ≤ n

1 ≤ j ≤ i− 1

Arijmìc epexergast¸n: P (n) = (n2 − n)/2

Me ìlouc touc epexergastèc na leitourgoÔn par�llhla
o epexergast c Pij antall�sei ta stoiqeÐa αij kai
αji tou A.

ApaiteÐtai stajerìc qrìnoc gia na antallagoÔn dÔo

stoiqeÐa ston k�je epexergast .

Qrìnoc ektèleshc t(n) = O(1)

AfoÔ P (n) = O(n2) to upologistikì kìstoc eÐnai

C(n) = O(n2) pou eÐnai bèltisto.
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Anastrof  pÐnaka n = 3

me to procedure EREW TRANSPOSE(A)
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