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Abstract

We discuss a hybrid strategy for implemanting global commne operations on distributed
marory MIND mol t1 commters. A theoretical anal ysis is given and results fromits impl enan
tation on the Trtel iPSC/860 are reported.

1 Idrodixtion

this paper, we address the implementati on of the combi ne operation when vectors of data to
be combined are distributed among the processors (nodes) of a M MD h;

Several solutions to this problemhave appearec

that combi nes two of t
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2 Assumptions

Target architectures for our al gorithmare distri buted menmory hypercube mu
ing Multiple Instruction Multiple Data (M MD) -

NCUBE2 and Transputer bas
For our theoreti
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Figure 2: Version 2 on 4 nodes

3.2 “ersion?2

Asecond approach, described in [4], Section 14-5.4, starts by
contents of vector z; withits neighbor in di
with the content
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Figure 3:

Version 3 on 4 nodes

This process proceeds for directiond—2,...,0, where the size o

communi cated and combi ned is hal ved at each s

vector that results f1



combi nes of the partial result on subcubes of dimension d—1. This suggests a fa
strategies that combine Versions 2 and 3.

W cangenerate 2%separate strategies by co

indicates that for the s



Proof: The first four results followimmediately fromthe definitionof T(S5, n, d). Th
fromthe observation that the time of the first 5 steps of

time for thelast d —7 steps. Hc

whert



Since T(§,2-(=i=Vp,

) >T(S, 276W=n, ) >0 and T(S, n, d) <T(R, n,d), we conclude th
a+27 (5 44) <20 +27Dn(28 +4)

and hence

s [ (87
n<29I = <l Tk <odmkh___ —
v v k(B +7) +v
whi ch contradicts the defini tion of k.
Case 2b: j <k. Then S=(S, ..., 9, 1,...,1)and
d—k—1
T(S, n,d) = Z (2042 Fn( 26 +
=1
However,

d—k—1
T( S, n, d) = Z (2a—|—2_}
=

and, by Case 1 above,
I(

which ag



hybridCOMB(n, x, y, d, S)
begin
if Sq1=0 % then
send (n, x, ngbr(i,d-1))
recv (n, y, ngbr(i,d-1))
combine (n, x, y)
if d-1 > 0 call hybridCOMB(n, x, y, d-1, S)
else
let x0 = x[0,...,n/2-1], x1 = x[n/2,...,n]
if bit(i,d-1)=0 then
send(n/2, x1, ngbr(i,d-1))
recv(n/2, y, ngbr(i,d-1))
combine(n/2, x0, y)
if d-1>0 then call hybridCOMB(n/2, x0, y, d-1, S)
send(n/2, x0, ngbr(i,d-1))
recv(n/2, x1, ngbr(i,d-1))
else
send(n/2, x0, ngbr(i,d-1))
recv(n/2, y, ngbr(i,d-1))
combine(n/2, x1, y)
if d-1>0 call hybridCOMB(n/2, x1, y, d-1, S)
send(n/2, x1, ngbr(i,d-1))
recv(n/2, x0, ngbr(i,d-1))
end

“In Section 4 it will be shown that an optimal hybrid strategy can be obtained by
deleting S fromthe calling sequence and repl acing this condition by

n<2a/((d=1)(B+7) +v)

Fi gure 4: Hybrid gl obal combine routine
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Figure 5:

5 Combi ne-to- Root
Some al gorithms require the result of the global combine toonly be known
loss of generality, we can take this node to be Py.
The first approach prog



hybridCOMB2R(n, x, y, 4)
begin
ifn <mthen
if bit(i,d-1)=1 then
send (n, x, ngbr(i,d-1))
else
recv (n, y, ngbr(i,d-1))
combine (n, x, y)
if d-1 > 0 call hybridCOMB2R(n, x, y, d-1)
else
let x0 = x[0,...,n/2-1], x1 = x[n/2,...,n]
if bit(i,d-1)=0 then
send(n/2, x1, ngbr(i,d-1))
recv(n/2, y, ngbr(i,d-1))
combine(n/2, x0, y)
if d-1>0 call hybridCOMB2R(n/2, x0, y, d-1)
recv(n/2, x1, ngbr(i,d-1))
else
send(n/2, x0, ngbr(i,d-1))
recv(n/2, y, ngbr(i,d-1))
combine(n/2, x1, y)
if d-1>0 call hybridCOMB2R(n/2, x1, y, d-1)
send(n/2, x1, ngbr(i,d-1))
end

Figure 6: Optimal hybrid global combine-to-root routine
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Fgure 7: Predicted (left) and observed (right) tine as a function of vector length n on 64 nodes
when o =52husec, S =2usec, and v =. 35usec.

6 Experinents on the Intel i PSC/860

To test our theoretical results, we inplemented the various gl obal conbine operations on t

Intel i PSC/860. Qur experinents centered around a specific gl obal conbine operation, th
sumation of single precision floati ng point vectors.

The Intel iPSC/860 is a commercial parallel processor that consists of

connected in a hypercube topol ogy. Al though this nachineis sonewhat

inSection 2, it can be programmed i n such a way that all assunpti.

In[3] it is shown that the cost for commnicating a flo

i PSC/860 i s roughl y gi ven by Assunption 5, with a=13(

to single precision floati ng poi nt nunbers is v =.

25 or less are communi cated, the commni ca

this conplication, we padded all conmuni

floati ng poi nt nunbers. There is so

general bookkeeping, yiel di ng

overhead: 3 =2.0usec.

The first series of

proaches desci

conmuni
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Figure 8: (bserved tine as a function of vector length n on 64 nodes. In this version, the length
of vectors being commumni cated has not been adjusted, and the al gorithmhas been nodified as
described in Section 6, with a = 480usec, § =2usec, and v =.35usec.

commini cated is less than 25. Wile there is a dramatic dropin execution tine for \ersic
2 when n < 25, Version 3is particularly aided by the reductionin startup tine, si

bei ng commni cated are hal ved at each step. For exanple, on a cube of di nens

vector is of length 512, the vectors commni cated during the last tw

8, respectively, thereby reducing the execution tine. This d

in Section 4. The follow ng nodi ficati on appears to

optimal choice as described in Section 4

each stage until the vector lengt

vectors thereafter, is us

net hod shows si

7 Conc
The inpl ene
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to be combined and conmuni cated are partitionedinto d (the di nension of the cube) equal parts,
where one part is exchanged in each direction. This kind of approach to increasing the utilization
of the communi cation networkis discussedin [4], Chapter 21. The effect is to reduce the con
muil tiplying the 8 termin the tine conplexities of Versions 2 and 3 by a factor d, v
carried through to reduce the execution tine of the hybrid al gorithmas well.
the scope of this paper.
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