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Note: Array size is the number of array elements in single precision.

Case
Array
Size

(x106)

Data
Transfer

(DT)

Our algorithm Bipartite Matching

Schedule
(OST)

Ratio(%)
(OST/DT)

Schedule
(BST)

Ratio(%)
(BST/DT)

(a)
ℜ16(18,9,78)

0.809 21.5 0.165 0.767 7.59 35.30

8.09 49.5 0.165 0.333 7.59 15.33

16.2 71.4 0.165 0.231 7.59 10.63

(b)
ℜ16(30,15,66)

1.43 20.2 0.144 0.713 7.74 35.34

14.3 47.7 0.144 0.302 7.74 14.83

28.5 69.6 0.144 0.211 7.74 11.12

(c)
ℜ16(40,25,56)

0.896 19.60 0.173 0.883 10.18 51.94

8.96 35.4 0.173 0.489 10.18 28.76

17.9 46.80 0.173 0.370 10.18 21.75
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for (j=0; j<n1; j++) {
/* redistribution routine */
compute schedule and index set
node_tr[j] = 0;
for (i=0; i<n2; i++) {

if (source processor) { /* source processor */
pack message
ts = MPI_Wtime()
send message to a destination processor
node_tr[j] = tr[j] + MPI_Wtime() - ts

} else {                /* destination processor */
ts = MPI_Wtime()
receive message from a source processor
node_tr[j] = tr[j] + MPI_Wtime() - ts
unpack message

}
}
compute tavg from node_tr of each node
Tr[j] = tavg

}

compute Tmax = max{Tr[j]}, Tmin = min{Tr[j]},
Tmed = median{Tr[j]}, Tavg = average{Tr[j]}
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Our algorithm
Caterpillar algorithm

(a) ℜ16(18,8,78)

(c) ℜ8(40,18,56)

(b) ℜ16(30,8,66)
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P = 18, K = 9, Q = 78 on the IBM SP2

Our algorithm
Bipartite matching scheme
Caterpillar algorithm
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P = 30, K = 15, Q = 66 on the IBM SP2
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P = 40, K = 25, Q = 56 on the IBM SP2

Our algorithm
Bipartite matching scheme
Caterpillar algorithm

Our algorithm
Bipartite matching scheme
Caterpillar algorithm

(a) ℜ16(18,9,78)

(b) ℜ16(30,15,66)

(c) ℜ16(40,25,56)
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for (j=0; j<n1; j++) {
ts = MPI_Wtime()
/* redistribution routine */
compute schedule and index set
for (i=0; i<n2; i++) {

if (source processor) { /* source processor */
pack message
send message to a destination processor

} else {                /* destination processor */
receive message from a source processor
unpack message

}
}
node_time[j] = MPI_Wtime() - ts
compute tavg from node_time of each node
T[j] = tavg

}

compute Tmax = max{T[j]}, Tmin = min{T[j]},
               Tmed = median{T[j]}, Tavg = average{T[j]}
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Note:Ls < Q for thenonall-to-all communicationcase, andmi is themaximumtransfereddatasizein
communication stepi.

Non all-to-all communication All-to-all communication
with different message sizes

Data transfer cost
Scheduleandindex
computation cost

Data transfer cost
Scheduleandindex
computation cost

Caterpillar algorithm
[19]

Bipartite matching
scheme [4]

N/A N/A
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Schedule Table (Csend)
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message size = 2
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Generalized Circulant Matrix

(Circulant Matrix)
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(a) m = n = 4 (b) m = 3, n = 4 (c) m =4, n = 3
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Network

1. Index Computation

2. Schedule Computation

3. Message Pack/Unpack

4. Data Transfer

NI: Network Interface
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Key Features

Schedule & Index Computation Communication

PITFALLS
[19]

• No communication scheduling
• Index computation using a line segment

formalism

• Node contention occurs
• Does not minimize the transmission cost

BCC
[4]

• No communication scheduling
• Efficient index computation
• Source and destination sets are same

• Node contention occurs
• Does not minimize the transmission cost

Caterpillar
[18]

• Simple scheduling algorithm
• Index computation by scanning the array

segments

• No node contention
• Does not minimize the transmission cost

and the number of communication steps

Bipartite
Matching
Scheme

[5]

• Large schedule computation overhead
Schedule computation time:

O((P+Q)3.5)

• No node contention
• Stepwise strategy: minimizes the number

of communication steps
• Greedy strategy: minimizes the transmis-

sion cost

Our Scheme • Fast schedule and index computations
Schedule computation time:
O(max(P,Q))

• No node contention
• Minimizes the number of communication

steps and the data transfer cost
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Superblock 0

 (a) Array A, N=48

K = 2

Superblock 1

Q0 Q1 Q2 Q3 Q4 Q5

b0 b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12 b13 b14 b15 b16 b17 b18 b19 b20 b21 b22 b23

Q0 Q1 Q2 Q3 Q4 Q5

(c) CYCLIC(4) on Q=6 processors

(b) CYCLIC(2) on P=3  processors
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