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Low-Latency Message Communication Support for the AP1000
Tosuiyukl Suimizu,! Takesur Horie? and Hiroakr Isuimartat

Low-latency communication is the key to achieving a high-performance parallel computer.
In using state-of-the-art processors, we must take cache memory into account. This paper
presents an architecture for low-latency message communication and implementation, and
performance evaluation. We developed a message controller (MSC) to support low-laten-
cy message passing communication for the AP1000, to minimize message handling over-
head. MSC sends messages directly from cache memory and automatically receives mes-
sages in the circular buffer. We designed communication functions between cells and eval-
uated communication performance by running benchmark programs such as the Pingpong
benchmark, the LINPACK benchmark, the SLALOM benchmark, and a solver using the
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scaled conjugate gradient method.
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Offset Field Size
0 Routing header 4 Bytes
4 Message length 4 Bytes
8 Alignment of message 4 Bytes
12 Cell IDx of sender 4 Bytes
16 Cell IDy of sender 4 Bytes
20 not used 4 Bytes
24 Message ID for trace 4 Bytes
28 Message type 4 Bytes
32 Message body Any®@
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}
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;3 LSEND(p) :
st %r0,[%rl-+%r2];; %rl==p, %r2==0xec000000
;3 LSENDE(p) :
st %r0, [ %rl+%r2];; %rl==p, %r2==0xf0000000
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2 — U MRIRNEAICIE NULL %E4.

recvs (cid, type)
{
Return NULL if no message has been received ;
Pick up a header from top of the ring buf. (RDP);
forever {
if header is marked "USED’ {
Invalidate this message area;
Increment RDP to skip this message;
} else if message is found |
Mark a header 'USED’;
Wait until the whole message is received;
Copy data only if wraparound occurred;
Return the message address;
}
if no more messages|
Return NULL ;
}

Pick up the next message header;
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Table 2 Summary of overhead (microseconds).

Mode Overall latency | 108 | 108
Normal P, Ss,N4,Sr,D, X, S 112 1590
LS | PN&S,maz(LS,D), X, S | 111 | 507
BR P, Ss,Na, D, X, S 6.3 | 1550
LS+BR | P Namax(LS,D),X,S | 32.8 | 401

Ss=A+E+C+1, Na=Network delay, Sy=F+A+I+T
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Table 3 Performance results.
LT ()
NYF2—7 kNVH HEpy 4 X
Normal LS BR LS+BR

LINPACK 8x8 1000 8.73 7.95(90.4,18.9) 6.65 4.83(98.0,2.69)
8x8 2000 35.8 33.0(95.4,12.8) 31.4 26.2(97.4,2.12)
8x8 4000 197 187(96. 4, 8. 38) 186 170(97.0,1.72)
16x 16 1000 7.44 6.51(95.8,25.1) 5.12 3.05(98.9,2.43)
16x16 2000 21.0 18.5(88.7,18.9) 15.8 10. 8(98. 3, 2. 30)
16x 16 4000 80.4 71.7(95.1,12.6) 69,2 54.9(97.7,1.66)

SCG 1616 100 1.65 1.70(99. 9, 28.5) 0.93 0.61(100,11.8)

16 16 200 4.22 4.21(99.9,14.5) 2.69 1.98(100, 6. 48)
16x16 400 14.3 13.7(99.9,5.48) 11,58 9.97(99.9,1.41)

16x32 100 1.71 1.76(99.8,27.8) 0.93 0.58(100, 15. 3)

16x32 200 3.89 3.98(99.9,24.5) 2.29 1.63(100, 16.4)
16x32 400 12.2 12.4(82.9,13.3) 9.34 7.51(65.5,9.62)
SLALOM 4% 4 1067 64.9 65.4(99.2,30.5) 61.9 59.8(99.3,6.17)

8x8 1666 66.9 67.7(99.2,27.8) 63.2  60.1(99.5,10.22)
16x16 2205 68.3 70.2(99. 2, 28.5) 64.7  60.2(99.2,11.2)
No¥FRZhZThEe v PR D, 79 7F B 2577,
o LINPACK ¢ SLALOM EROTHEET - 1BAIC 60 B
o EET 500 FRTH D, FIEED

0
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Fig. 8 Normalized performance results.
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