‘BOLZ;'lC Qmmun'\coﬁon PQMS — {)u\toQ\’nj 6{0'&\1&

. Y{r\a, Z'D*me&h, HC
* sF and CT ﬁou"\‘ng SC"\E’—MG,Q . L.(&X}Zﬁcj—\:on&l Qfﬂks

© processor con send on O"\j 1ok ot o time
7

. 'F}wcw_sw LN fecewe.

’ {0\’ SMO.M m, ‘Gmr\}fejn_ 'fque, f\M'\\Q)L {c{' <F & T
* P"“ ”L>>9., OQ\'SL_O—"\CQ, waeen F‘LOCQSSOVS uﬂfm‘)eﬂd;an“' (o( cT

One-to-all broadcast

M M M M
® 0@ ® 0@
ingle-node accumulation

Figure 3.1 One-to-all broadcast and single-node accumulation. [ oQu Q)S]
Copyright (r) 1994 Benjamin/Cummings Publishing Co.

. th 3-1:
l-—~> altt Q’LOO&CQQJ(— & S'mgjc_—noo\e. O_tCCumukdﬁor\

— malkix veden mu\ﬁf(\'ccihon
— G%qun e(\rh’mdkév\

- shedest Pqﬂ\
- veter. IPNei PJ'(DGQA.u::t

- ———
-

—

» [_s,q& BMOJC@'L * C:)LC—LLQQﬂz, QL\A\GX/
*all=> ol toadcast , neduckon ?Y‘egix sums

-

\oN

c[— o Pmcﬂ‘f‘&i‘v/}e,g Cornmunt >
e al—s ql] pexrom \3:,& COMMUnic ol Tom™




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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Figure 3.3 One-to-all broadcast in the multiplication of a
4 x 4 matrix with a 4 x 1 vector.
Copyright (r) 1994 Benjamin/Cummings Publishing Co.

Yy




@ |— ai Bhoqclcaz‘t N rew
@ l—”Q-m Q"LOchcag&' i~ Cei—umni Ta PCU?QQﬁe_Q

T
1= an

\I

Figure 3.4 One-to-allbroadcast ona 16-
processor mesh with SF routing.
Copyright (r) 1994 Benjamin/Cummings
Publishing Co.

Foro oo 2D mesh,
t_am: 3 (JCS T {wm)

\
FB
2~




3.2 One-to-All Broadcast A

1.  procedure ONE.TO_ALL BC(d, my_id, X) \
2. begin |
3. mask =27 - 1, /* Set all d bits of mask to 1 %/ {
4. for i :=d — 1 downto Odo /* Outer loop */
5. begin |
6 mask := mask XOR 2'; /* Setbiti of mask to 0 */ *
7 if (my_id AND mask) = 0 then ‘
/* If the lower i bits of my_id are 0 */

8. if (my.id AND 2') = 0 then
9. begin
10. msgdestination := my_id XOR 2/;
11. send X to msg_destination;
12. endif
13. else
14. begin
15. msg_source := my.id XOR 2/;
16. receive X from msg_source;
17. endelse;
18. endfor;
19. end ONE.TO_ALL.BC

phases on a

:’dmxer'lsion Program 3.1 One-to-all broadcast of a message X from processor 0 of a d-dimensional

imensional hypercube. AND and XOR are bitwise logical-and and exclusive-or operations, respec-

mesh with tively.
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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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3.2 One-to-All Broadcast 73 /,/ o

3
I
- 1. procedure GENERAL.ONE.TO_ALL BC(d, my.id, source, X) ! ;
2.  begin M
3. my_virtual id :== my_id XOR source; !
4, mask :=2¢ - 1; ‘
5. fori :=d — 1downtoOdo  /* Outer loop %/ :
6. begin
7. mask := mask XOR 2; /* Setbit i of maskto 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
to the label of the physical destination */
13. endif
14. else
15. begin
16. virtual source := my.virtual_id XOR 2;
17. receive X from (virtual.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 amessage X initiated by source in a d-dimensional
hypercube. The AND and XOR operations are bitwise logical operations.

e i

o ot [ 1 863

procedure SINGLE_NODE_ACC(d, my.id, m, X, sum)

L begin
s vevere ondes 4 for j := 0tom ~ 1 do sumlj] := X[j};
OQWT'QC_“OV\ P§ mj«?ﬁ_ mask =0,
fori:=0tod—1do

a

¢ Cormnm gﬂvm \U\oeS begin /* Select processors whose lower i bits are 0 */

WHNAnAE LN

. . - if my.id AND mask) = 0 then
fo L‘%:)Lﬁé‘t Rimenstpn lfy(my.id AND 2') % O then
begin |
10. msg_destination := myid XOR 2';
11. send swm to msg.destination;
12, endif
13. else
- 14, begin
15. msg.source = my.id XOR 2;
16. receive X from msg_source;
17. for j:=0tom—1do
18. sum[j) :=sum[jl+ X[j];
19. endelse;
20. mask := mask XOR 2/; /* Setbiti of maskto1*/
21. endfor;

22. end SINGLE.NODE.ACC

Program 3.3  Single-node accumulation on a d-dimensional hypercube. Each processor __4
conthibules a msg X comouming M , & processen
@ ‘¢ the dest 4 e sum. D 4 XoR, ore btdise
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Figure 3.6 One-to-all broadcast with CT routing on an
eight-processor ring.
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Figure 3.10 All-to-all broadcast on an eight-processor rﬂg_wit&drouﬁng. In addition
to the time step, the label of each arrow has an additional number in parentheses.
This number labels aﬁgssage and indicates the processor from which the message
originated in the first step.. The number(s) in parentheses next to each processor are
the labels of processors from which data has been received prior to the communication
step. Only the first, second, and last communication steps are shown.
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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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Figure 3.12 All-to-all broadcast on an eight-processor hypercube.
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procedure ALL_TO_ALL BC.HCUBE(my.d, my.msg, d, result)
begin
result := my_msg;
fori :=0tod -1do
begin
partner :=my.id XOR 2;
send result to partner,
receive msg from partner;
result := result U msg;
endfor; E
end ALL.TO_ALL BC_HCUBE |

WO N EWLWN ~

—
- e

Program 3.6  All-to-all broadcast on a d-dimensional hypercube.
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Figure 3.13 Computing prefix sums on an eight-processor hypercube. At
each processor, square brackers show the local prefix sum accumulated in a

buffer and parentheses enEbs;lTe contents of The outgoing message buffer
for the next step. ( Not ™334e ahe Shown).
Copyright (r) 1994 Benjamin/Cummings Publishing Co.

procedure PREFIX_SUMS_HCUBE(my_.id, my.number, d, result)
begin
result := my_number;
msg := result;
fori:=0tod —1do
begin
partner := my_id XOR 2;
send msg to partner;
receive number from partner,
msg = msg + number;
if (parmner < my_id) then result := result + number:
endfor;

13.  end PREFIX_SUMS.HCUBE

Program 3.7 Prefix sums on a d-dimensional hypercube.
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Figure 3.14 Contention for a channel when the communication step of Fig-
ure 3.12(c) for the hypercube is mapped onto a ring.
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