by

________________________________

1989.

ABSTRACT

N P N= ,

from Ο( logP Ο(L+logP N exceeds P

shuffle N P N>P L = of P L i’th i.

P P − j j

σ σ^{− 1} EX

cessed.

and

N=P Ο N N= N P L elements, Ο( logN) ( logL + logP

Ο( logP

*logP +logP Ο(L + logP

in Ο(L + logP).

Ο(

N (N>P P

For L×P L<P Ο^2 P

Ο( log^2 P + logL P

8 log^2 P ( logP L≥P Ο( logP L L Ο(L+logP maximumoperation.

L×P bop

Ο( logP)

L + logP − ing: • • i i =1 logP 2^{logP − i} − • i L ≤ i ≤ L+logP P − 2^{i − L} + 1 P − The i σ^{− 1} neighbor. bop the i i j j i j− EX connec- i active. bop i

k k K_l (K_r K_r K_l K_r is

L=

L+logP

rop rop(x,y) l,r > x value y l,r

L Ο( • In (P − • + logP

Ο(L+logP Ο( logP Ο(L+logP

i T_i^R T_i^L

P − n, m n, n +m− / n +m+ / m.

i’th

i

T_i^L i L+logP T_i^R L L+ P P − L steps.

L+ P P −

L×P T_{rc} T_{cr} , i + + 1}_{j=0 L− 1} i contains + , + .

T_{rc} ≠ T_{cr} P^{1⁄2} × P^{1⁄2} Ο( logP L≥P L

123 456 789 abc transpose 159 26a 37b 48c

T_{rc}

T_{rc}

i,j] i = ,L− j= P − j i i′,j′ (1) i + j − ( j L <i,j> +j.

> j′ <i,j> L j′ P <i,j>. j to j′ P j (EX σ^{− 1}

L P P i j processor): j , j+ , j+P − sors, J = J =

i log i *log i− σ EX collision EX and

group i all EX none i *log i− EXconnection

EX changes j P − P j j EX log σ^{− 1} EX log *3

T_{cr}

T_{rc} j P + i − i′ j i j′ <j,i > j′ logP <j,i >.

P

P P

collision EX P. dest(A A, orig(A Aoriginated, loc_i (A A i EX A and B EX i + that loc_i (A loc_i (B

EX i + A Bjoins A • loc_i (A loc_i (B P − i − P − i − orig(A orig(B orig(A)− orig(B) 2^{i +1} 2^{i +1} − A and B dest(A)− dest(B) 2^{i +1}.

• loc_i (A loc_i (B i A B at i + B takes EX A loc_{i +1} (A loc_{i +1} (B i + i + dest(A) and dest(B dest(A)− dest(B) 2^{i +1}

C d(C). d A< > d(A)<d(B P σ^{− 1} σ

Ο( logP Ο( logP

ch = + ch = gets ch = P − ch ch P − P − ch_i ch i L i’th ch_i ch_i i j’th i ch =j logP steps. logP ( logP

C col,row > d(C d A≤ > d(A)≤d(B).

An Ο( logP

ch Ο( logP =1 L A_i X_i X_i L destination rows, i =1Σ L X_i ≤ L

A_i ≤ X_i + A_i

i =1Σ L A_i ≤ i =1Σ L (X_i + ≤ 2L L 4 logP ( logP).

far P −

4*logP 4*logP P such L.

L_{max} L_{min} D_{max} EX D_{max} ≤ L. Ο( logP

algorithm.

P i D_{max} EX D_{max} / L_{min} and L_{max} L_{min} = L_{max} L_{min}. L_{max} L_{max} σ^{− 1} L_{max} steps. σ^{− 1}

L ∼ 2 + 4^2 P steps L L ∼ logP + 4*log^2 P steps.

σ^{− 1}

P

Let L_{AV} L_{AV} P L_{AV}/

EX columns H_1 H_2

(1) H_1 H_2

(2) H_j H_1 H_2 Let i′ P − i S_i^{i′} m m P − 2^m i H_i =H_{imod2} S_i L_{l,i} l H_i k=^{i′} P − 2^{i′} (3) l =0Σ 2^{i′}− 1

( L_{k+l,i} − L_{AV}/ = 0 .

∼logP H

i H_{i −} H_i H_i EX i H_i k=^{i′} P − 2^{i′} (4) l =0Σ 2^{i′}/2− 1

( L_{k+2l,i} − L_{AV}/ = and (5) l =0Σ 2^{i′}/2− 1

( L_{k+2l + i} − L_{AV}/ = 0 .

σ^{− 1} in S_i S_{i +1} S_{i +1} quence.

σ^{− 1}) H_1 and H_2 i + H_i "supports" H_{i +} H_i i + H_{i +} i′ logP H_{i +} S_{i +1} H_i S_i H_i H_{i +} σ^{− 1}

* EX EX

US US

EX EX EX EX

US US US

takes ∼6i′ Ο^2 logL_{max} ).

positive.

Ο(log^2 logL_{max}

∼ L=L_{max} and

P^{17} P,

P =2^{25} L L P =

exception. P logP P

e e D =

all eΣ

D_i = Σ and L_i i

P)@T-help@T-help@T-simple

Then e to e_1 and e_2 and e_1 ′and e_2 .( − e_1 ′ columns, L_i D_i and D_j L_i and L_j P Ο + L before L >L Ο( logP + log^2 P

i j D L

D i i + • L

• For D_i > D_{i +1} Top(i i Bottom(i + i + Top(i) > Bottom(i + i i + until D_{i +1} D_i D_{i +1} > D_i PEi i + i D-hights equal. L L Ο(L Ο( logL + logP + log^2 P D-heights.

Aand B A × B <a,b > a A and b B.

P^{1⁄2} Ο( P A*B *logP A>Band A>P assume A P Aof A

Aand Bin Ο( P A*B B B 2*(B logP <a,b > a A every b in B P A*B steps.

= { A_1 ×B_1 , ,A_r ×B_r

cases: • r r <<P and r <<L. • B A A-group" A_j L_j B A_j i.e. G L_j A_j ×G •

B B

e A_j where A_j A L_j L_j. e j .<1 L_j> e

L_j

j .<x y> into e_1 and e_2 e e_{1 j} .<x z> and e_{2 j} .<z+1 y>.

A B ∼ L_A*logP + i =1Σ r ( B_i P B_i*A_i L_A

A-side".

L + logP)

L + logP)

*logP (2*logP

logP

Smoothing@ logP

Dup@Ο( logP + )

Aand B@ P A*B + 5*B

logP + Σ (B_i P B_i*A_i )

Ο( logP

P layers of P Ο P T_{rc} and T_{cr} Ο(L+logP

modes.

Ultracomputers

_______________

1986.

ers

Connection-Network

307-314.

T_{rc} T_{cr}