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Figure 3.2 One-to-all broadcast on an eight-processor
ring with, SF routing. Processor 0 is the source of the
broadcast. Each message transfer step is shown by a
numbered, dotted arrow from the source of the message
to its destination. The number on an arrow indicates the
time step during which the message is transferred.
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procedure ONE_TO_ALL BC(d, my.d, X)

begin ,
mask ;=29 - 1; /* Set all d bits of mask to 1 */
fori:=d —1downtoOdo /* Outerloop */
begin

mask := mask XOR 2'; /* Set bit i of mask to 0 */=—=

if (my_id AND mask) = 0 then
/* If the lower i bits of my_id are 0 */
if (myid AND 2') = 0 then
begin
msgdestination := my_id XOR 2';
send X to msg destination;
endif
else
begin |
msg_source := myJdd XOR 2';
receive X from msg_source;
endelse;
endfor;
end ONE.TO_ALL BC

tively.

Program 3.1 One-to-all broadcast of a message X from processor 0 of a 4-dimensional
hypercube. AND and XOR are bitwise logical-and and exclusive-or operations, respec-
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Figure 3.5 One-to-all broadcast on a three-dimensional
hypercube. The binary representations of processor la-
bels are shown in parentheses.
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i
- 1. procedure GENERAL.ONE.TO.ALL BC(d, my.id, source, X)
2. begin 4
i i my_virtual id := my.id XOR source,
4, mask :=2¢ - 1;
5 fori :=d — 1downtoOdo /* Quter loop */
6. begin
7. mask := mask XOR 2'; /* Setbiti of mask to 0 */
8. if (my.virtual id AND mask) = 0 then
% 9. if (my_virtual id AND 2') = 0 then
' 10. begin
11 virtual dest := my_virtualid XOR 2';
12. send X to (virtual_dest XOR source); /* Convert virtual dest
J to the Jabel of the physical destination */
13. endif
14, else
15. begin ;
16. virtual source := my._virtual_id XOR 2/;
17. recelve X from (virrual_source XOR source);
/* Convert virtual_source to the label of the physical source */
18. endelse;
19, endfor;

20. end GENERAL.ONE.TO.ALL_BC

Program3.2 _One-to-all broadcast of a message X initiated by source in a d-dimensional
hypercube. The AND and XOR operations are bitwise logical operations.

Lo
» Aol ( |-=>ald 8C‘> 1. procedure SINGLE_NODE-ACC(d, my.id, m, X, sum)
L 2.  begin
reveree ornden 4 3. for j :=0tom — 1 do sum[j] := X[j};
hor'QC‘\—\OT\ Qﬁ mses | 4, mask =0,

5. fori:=0tod —1do

» Cormi ., gﬁm \D\oe_s *’: 6. begin /* Select processors whose lower i bits are 0 */

. . -1 7. if (my.id AND mask) = 0 then
o l"kijﬂf;t dimensipn 8. if (my_id AND 2') # O then

9. begin
10. msg.destination ;= myJid XOR 2';
11. send sum to msgdestination;
12 endif
13. else
14. begin
15, msgsource := my.id XOR 2';
16. receive X from msg.source;
17. for j:=0tom - 1do
18. sum(j] i=sum[j]1+ X[JT;
19. endelse;
20. mask = mask XOR 2'; /* Setbiti of maskto1*/
21. endfor;
22. end SINGLENODE_ACC

Program 3.3 Single-node accumulation on a d-dimensional hypercube. Each processor
ortrioues @ Mg K oo, T b, b foceinen
@ e the dest ff the sum. A & XoR, are bifiuse
Iﬁ‘-ﬁjlt,oc\ﬁ?} op e io f
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Figure 3.11 All-to-all broadcast on a 3 x 3 mesh. The groups of processors commu-
nicating with each other in each phase are enclosed by dotted boundaries. By the end
of the second phase, all processors get (0,1,2,3,4,5,6,7) (that is, a message from each
processor).
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procedure ALL_TO_ALL BC_HCUBE(myid, my-msg, d, result)
begin
result := my_msg,;
fori:=0tod —1do
begin
partner :=myid XOR 2';
send result to partner,
receive msg from partner,
. result := result U msg;
0. endfor;
1. end ALL.TO_ALL BC_HCUBE

= =W oA WN =

Program 3.6  All-to-all broadeast on a d-dimansional hvnareuba.
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Figure 3,13 Computing prefix sums on an eight-processor hlgercube. At
each processor, square brackets show the local prefix sum accumulated in a
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[ 1. procedure PREFIX_SUMS_HCUBE(my id, my-number, d, result)
i 2. begin
3. result := my_number;
4. msg := result;
_ 3. fori:=0tod - 1do
; 7. partner := my_id XOR 2';
8. send msg to partner,
A receive number from partner; =
10. msg = msg + number, {f + U concet
11. if (partner < my_id) then result := result + number,
A > endfor;

13.  end PREFIX_SUMS_HCUBE

Program 3.7 Prefix sums on a d-dimensional hvnaraiha
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Figure 3.19 The distribution of messages at the beginning of each phase of all-to-
all personalized communication on a 3 x 3 mesh. At the end of the second phase,
processor ¢ has messages ({0,1}, ... ,{8,7}), where 0 < i < 8. The groups of processors
communicating together in each phase are enclosed in dotted boundaries.
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Figure 3.20 All-to-all personalized communication on a three-dimensional hypercube
with SF routing.
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Figure 3.21 Seven stepsin all-to-all personalized communication on an eight-processor
zgercube with[CT routing.
procedure ALL_ TO_ALL_PERSONALA(d, my.id)

begin
fori:=1t02?—1do

1

2

3

4 begin

5. partner :==my_id XOR i;
6 send My, _id, pariner 10 partner,

7 receive Mpariner,my_ia from partner,
8 endfor;

9 end ALL_TO_ALL PERSONAL
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Figure 3.22 The communication steps in a circular 5-shift on a 4 x 4 mesh.
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Figure 3.23 The mapping of an eight-processor ring onto a three-dimensional
hypercube to perform a circular 5-shift as a combination of a 4-shift and a 1-shift.
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tions 3.2-3.5 on different architectures with one-port communication and CT routing. The
message size for each operation Is m and the number of processors is p. The time for
one-to-all broadcast on the hypercube is not optimal, and, as shown in Section 3.7.1 and
Problem 3.24, can be improved to 2(t; log p + t,,m). In the hypercube expression for
circular g-shift, y (q) is the highest integer j such that g is divisible by 2/.

Ring 2-D Mesh Hypercube
Operation (wraparound, squars)

One-to-all broadcast
(¢ + tum)log p (s, +tum)log p (t, +r,m)logp
+(p—1) +2,( /P~ 1)
All-to-all broadcast
(4 +tum)(p—1) (/p-1)+t,mp-1) rnlogp+t.m(p—1)
One-to-all personalized
t +tum)(p—1) 2(yP—1D+tem(p—1) tlogp+tumip—1)
All-to-all personalized

(t; + tamp/2)(p — 1) (24, + tump)(/P — 1) (& + tym)(p—1)
+(t/2)plog p
Circular g-shift
(1, + tom) | p/2] t+1.m)2LJ/P/2)+1)  t+1ym

+tx(log p — ¥(q))

For SF, above vesuft one valid, except
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