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Figure 1.1: The Communication stack
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1  MPIR_Comm_rank ( comm, &rank );

2  MPIR_Comm_size (comm, &size)

3  if (barrier_number == 127)

4 barrier_number = 1;

5 else

6 barrier_number = barrier_number + 1 ;

7 if(size>1){

8 for (d =1; d < size; d<<=1){

9 destinaton = (rank ~ d);
10 set_rdma(l);
11 MPI1_Send(barrier_buffer, 1, MPI_CHAR, destination, 1, comm->self)
12 if ( barrier_number < 127)
13 while (barrier_buffer[destination] < barrier_number) dummy=1;
14 else
15 while ( ( barrier_buffer[destination] != 127 ) && ( barrier_buffer[destination] '=1) ) dummy = 1,
16 }
17  }

Figure 4.3: RDMA Barrier pseudo code for power of 2 nodes
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Quotient = Nodes/(k+1);
T_transmit = bytes * T_transmit _per_byte;
Best_time = Worst_time = 0;

while ( Quotient = 0) {
Sender_side = T_mpi + T_descriptor + T_startup + T_nic
If (T _transmit> (T_startup + T_nic)) then
Receiver_side =( T_transmit * Nodes ) + T_startup + T_nic + T_operation

Best_time += Sender_side + Receiver_side ;

Worst_time += Sender_side + Receiver_side + T_operation* (k -1)

else If (T_transmit < (T_startup + T_nic) ) then

If (T_transmit< T_startup ) then
Receiver_side = T_transmit + T_nic + (T_startup * k) + T_operation

else
Receiver_side = T_transmit + T_nic + (T_startup * k) + (T_transmit - T_startup) * (k-1) + T_operation

Best_time += Sender_side + Receiver_side

Worst_time += Sender_side + Receiver_side + (T_nic + T_operation ) * (k - 1)

Endif
Endif
Dividend = Quotient ;
Quotient = Dividend/(k+1);
Remainder = Dividend % (k+1)
End- while

If (Remainder != 1) then

Sender_side =T_mpi + T_descriptor + T_startup + T_nic
If ( T_transmit > ( T_startup + T_nic) ) then

Receiver_side = ( T_transmit * ( Remainder - 1) )+ T_startup + T_nic + T_operation

Best time += Sender_side + Receiver_side

Worst_time += Sender_side + Receiver_side + T_operation * ( Remainder - 2)
else if (T_transmit < ( T_startup + T_nic ) ) then

If (T_transmit< T_startup ) then

Receiver_side = T_transmit + T_nic + (T_startup * (Remainder -1)) + T_operation

e
Receiver_side = T_transmit + T_nic + (T_startup * (Remainder -1)) +
+ (( T_transmit - T_startup) * (Remainder -2 ) ) + T_operation

Best_time += Sender_side + Receiver_side ;
Worst_time += Sender_side + Receiver_side + ( T_nic + T_operation) * (Remainder - 2)

Endif

Endif
Endif
Worst Time += ( bytes * T_copy_rate ) * 2
Best_Time +=(bytes* T_copy_rate)* 2

Figure 6.16: Pseudo code for Optimal All Reduce Algorithm
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6.5.1 inomial message passing vs Degree-1 tree-based DM
11 educe cheme

1
1
log(N)
N
617
16 1
73% 4 93%
600 T N T T T
Binomial Msg AllReduce ———
Degree-1 RDMA AllReduce —<—
500 |
@
$ 400 |
(2]
=
> 300 |
(&)
S
= 200 ¢
-
100 r
O I I I I
4 16 64 256 1024 4096
Bytes

Figure 6.17: Comparison between Current message passing AllReduce and Degree-1 tree-
based RDMA AllReduce scheme
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Figure 6.19: Degree-k tree-based RDMA AllReduce Performance comparison for a 16
node cluster for message size (1024 to 4096 bytes)
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Figure 6.20: Degree-k tree-based RDMA AllReduce Performance comparison for a 8 node
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Figure 6.23: Degree-15 tree-based RDMA AllReduce Analytical and Practical comparison
for smaller bytes(512-4096 ) bytes
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Figure 6.24: Degree-7 tree-based RDMA AllReduce Analytical and Practical comparison
for smaller bytes(4-256 bytes) bytes
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Figure 6.25: Degree-7 tree-based RDMA AllReduce Analytical and Practical comparison
for smaller bytes(512-4096 ) bytes
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Figure 6.26: Degree-3 tree-based RDMA AllReduce Analytical and Practical comparison
for smaller bytes(4-256bytes) bytes
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Figure 6.27: Degree-3 tree-based RDMA AllReduce Analytical and Practical comparison
for smaller bytes(512-4096 ) bytes
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Figure 6.28: Degree-1 tree-based RDMA AllReduce Analytical and Practical comparison
for smaller bytes(4-256 bytes) bytes
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Figure 6.29: Degree-1 tree-based RDMA AllReduce Analytical and Practical comparison
for smaller bytes(512-4096 ) bytes
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Figure 6.30: Choosing the Optimal algorithm for varying configuration
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Figure 6.31: Comparison between various Degree-k tree-based message passing AllReduce
schemes in a 16 node cluster (4-512 bytes)
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Figure 6.32: Comparison between various Degree-k tree-based message passing AllReduce
schemes in a 16 node cluster (512-4096 bytes)
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Figure 6.33: Comparison between various Degree-k tree-based message passing AllReduce
schemes in a 8 node cluster (4-512 bytes)

700 :
Degree-1 Msg ———
600 | Degree-3Msg ——
Degree-7 Msg ———
’g? 500 |
[}
3 400 |
)
c 300 B
2
8 200 t
100 F
O ! !
512 1024 2048 4096

Bytes

Figure 6.34: Comparison between various Degree-k tree-based message passing AllReduce
schemes in a 8 node cluster (512-4096 bytes)
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Figure 6.35: Comparison between optimal Degree-k tree-based RDMA and optimal
Degree-k tree-based message passing AllReduce schemes in a 16 node cluster
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Figure 6.36: Comparison between optimal Degree-k tree-based RDMA and optimal
Degree-k tree-based message passing AllReduce schemes in a 8 node cluster
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Figure 6.37: Comparison between binomial message passing and the most optimal Degree-
k tree-based RDMA AllReduce schemes for a 16 node cluster
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Figure 6.38: Comparison between binomial message passing and the most optimal Degree-
k tree-based RDMA AllReduce schemes for a 8 node cluster
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