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LogGPS: Modeling Message-passing Protocols
in High-level Communication Libraries

FumiHIKO INO,t NORIYUKI FujiMmoTOt and KENICHI HAGIHARA't

We present a new parallel computational model, named LogGPS, that captures message-
passing protocols in high-level communication libraries. The LogGPS model is an extension
of the LogGP model, which abstracts the communication performance on parallel machines.
Although the LogGP model captures long messages with the bandwidth parameter G, it has
not been taken care of the synchronization which is needed before sending a long message by
high-level communication libraries. Our model has one additional parameter S, which is the
borderline length between synchronous send and asynchronous send. We also show a com-
parison between measured and predicted times of an MPI program using both models. The
results indicate that the LogGPS model is more precise than the LogGP model, and analyzing

synchronization wait-time is important when improving parallel programs.
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Table 1 MPICH message-passing protocols.

Protocol Packet Synchronization
Short single no
Eager multiple no
Rendezvous multiple yes
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Fig.1 Behavior of MPICH message-passing protocols.
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Table 2 Relationship between message length and mes-
sage-passing protocols of MPI implementations.

Message length (Bytes)
Rndv.
128000~
1029~
16384** ~

Implementation Short Eager

~1023 ~127999
~1028 -
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#%: changeable by runtime option
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Table 3 Communication times under the LogGPS model.

Condition Communication time Ty ~ Ts0 Tl' ~ Té
k<s T, + Ty + T3 (1) T1:o’+k055 T{:O’Jrkosl
s<k<S | T1 + Ty + T3 (2) | T =kGs+ L Ty =3sGs+ (k—8)G, + L
k>S Ty + Ts + T + Ty + Ty (3) | Ts =0 +kO,s Ty =0 + kO
Ty = max{o’ + L,t, —ts} + 0’ Ts =0 +L+0

[ts1: send1 (k=2, Short)|  [Ts2: send2 (k=4, Eager)| [s3: send3 (k=5, Rendezvous) | [~ = 1byte messagd
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Fig.2 An example of message sends under the LogGPS model (s = 2, S = 4).
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Table 4 MPI routine execution times under the LogGPS model.

Routine Condition Execution time

MPI_Send | k< S T, (4)
k>S5S Ty + Ts + T4 (5)
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MPI_Recv k<s max{Th + T2 — (t, —ts),0} + T3 (7)
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k>SS max{o' + L — (t,r —ts),0} + o + Ts + T, + Ty + T (9)
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Table 5 LogGPS parameters for each machines.

L o’ Ogs Oy Gs Ogq O,y Gy s S

Platform
(ns) (ns) (ns) (ns) (ns) | (ns) | (ns) (ns) | (bytes) | (bytes)
Cenju-4 0.51x103 4.26x10% 19.61 1.98 0.04 7.02 0.28* 1028 1028
Myrinet 0.85x10°% 6.73x10°% 5.02 4.72 15.17 | 4.80 3.86 0.04 8191 16383
Fast Ethernet 24.58x10% 22.34x10% 12.37 11.53 188.77 | 9.73 9.89 65.09 1023 16383

*: Opp + G = 0.28
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Table 6 LogGPS Round Trip Time.
Condition Round Trip Time: RTT;
k<s max{Ty +2T> +T5 —w,0} + w+ T + T3 (12)
s<k<S | max{Th + 275 + T3 —w,0} +w+ Ty + T3 (13)
k>S5 max{Ty +T5+ 0 +L—w,0} +w+ 2T +T5 +T5+2T4 +2T5 — (o' + L) (14)
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Fig.4 Measured Round Trip Time for different message lengths.
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0 + 80, = 8.893013 x 10°
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07 00000000000 0OO00O0D0O0000O0O0 LogGPSO
Table 7 Measured and predicted times for the Gaussian elimination program (LogGPS).

matrix original code, S=16383 original code, S=65536 fragmented code, S=16383
Platform size Meas. Pred. Err. Meas. Pred. Err. Meas. Pred. Err.
n Tml Tpl g1 ng Tp2 g2 Tm3 Tp3 o3
256 0.047 0.050 6.4 0.047 0.050 6.4 0.047 0.050 6.4
512 0.121 0.129 6.6 0.121 0.129 6.6 0.121 0.129 6.6
Myrinet 1024 0.612 0.603 —-1.5 0.612 0.603 —1.5 0.612 0.603 —1.5
2048 7.668 7.587 —1.1 4.403 4.365 —-0.9 4.512 4.435 —-1.7
4096 62.038  62.137 0.2 | 35.902 33.324 —7.2 | 43.795 39.682 —9.4
256 0.210 0.214 1.9 0.210 0.214 1.9 0.210 0.214 1.9
512 0.489 0.492 0.6 0.489 0.492 0.6 0.489 0.492 0.6
Fast 1024 1.436 1.347 —6.2 1.436 1.347 —6.2 1.436 1.347 —6.2
Ethernet | 5548 9.455  9.144 3.3 | 6.426 5988 —6.8 | 6.903  6.361 —-7.9
4096 68.101  67.129 —1.4 | 39.565 37.135 —6.1 | 47.826  43.875 —8.3
Times in seconds, errors in percentage
[Wix(Erss B2EHS DamE4— R0 35 ]
100% r
90% — 1 e e N e B 1 1 I
80% 1 e e N e B —1 I
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(a) Tp1 (original, S=16383)  (b) Tp2 (original, S=65536) (c) Tp3 (fragmented, S=16383)
06 00000000 LogGPSO MyrinetO
Fig.6 Breakdown of predicted times (LogGPS, Myrinet).
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Table 8 Comparisons between the LogGPS model and the LogGP model (k: message length).
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Table 9 LogGP parameters for Myrinet.

Message length (Bytes)
Model Parameter < 8191 S 8192
L (ns) 7.46 x103
LogGP-1 o (ns) 0 7(a)d(b)
G (ns) 0 7(c)
L (ns) 7.00 x103
LogGP-2 o (ns) | 3.83 x10®  72.88 x10%
G (ns) 24.98 8.85
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Fig.7 LogGP-1 parameters for Myrinet.
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Table 10 Predicted times for the Gaussian elimination program (LogGP, Myrinet).
. original code, S=16383 original code, S=65536 fragmented code, S=16383
matrix LogGP-1 LogGP-2 LogGP-1 LogGP-2 LogGP-1 LogGP-2
swae Pred. Err. Pred. Err. Pred. Err. Pred. Err. Pred. Err. Pred. Err.
n Tpa o4 Tpr o7 Tps o5 Tps os Tpe o6 Tpo o9
256 0.069 46.8 0.043 —8.5 0.069 46.8 0.043 —8.5 0.069 46.8 0.043 —8.5
512 0.165 36.4 0.110 —9.1 0.165 36.4 0.110 —-9.1 0.165 36.4 0.110 —9.1
1024 0.668 9.2 0.551  —10.0 0.668 9.2 0.551 —10.0 0.668 9.2 0.551 —10.0
2048 4.528 —37.4 7.486 —2.4 4.528 8.9 4.225 —4.0 4.609 2.1 4.284 —5.0
4096 33.805 —45.6 | 61.591 —0.7 | 33.805 —5.8 | 32.764 —8.7 | 40.170 —8.3 | 39.129 —10.7
Times in seconds, errors in percentage.
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