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Figure 6.8 Mean packet delay vs. packet size

Themodel isnow used toillustrate the case whenin 7 out. The number of input linksisvaried,
with the number of output links held constant at 32. The message sizeisvaried. Thethroughput
for each input link isshown infigure 6.9, and the corresponding expected packet delay is shown
in figure 6.10.
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Figure 6.9 Throughput per link vs. no inputs used (32 outputs)
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Figure6.10 Mean delay vs. no inputs used (32 outputs)

The asymptotic results for the case in 7= out describes the expected behaviour. The number of
output linksisheld constant, first at out = 32, then at out=8. The number of input linksisvaried,
for 32 byte messages. Thethroughput and delay are compared to the asymptotic curvesinfigures
6.11 and 6.12 with 32 output linksin use. Figures 6.13 and 6.14 show 8 output links in use.

@ _
@
3
=
x‘ _,—
£ 655
o)
o
5
£ 500+
(@]
>3
(@]
£
ol
= 330 T . asymptote
(m)] + model

16.5 +

0.0 | | | | | | | |

0 4 8 12 16 20 24 28 32
Number of input links used

Figure 6.11 Throughput per link vs. no inputs used (32 outputs)
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Figure6.12 Mean delay vs. no inputs used (32 outputs)
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Figure 6.13 Throughput per link vs. no inputs used (8 outputs)
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Figure6.14 Mean delay vs. no inputs used (8 outputs)

These graphs show that the limits of the expressions are actually avery good approximation to
the exact model aslong asthere are more than afew linksin use for both input and output. The

factor common to the expression for link throughput, and delay, is r( 1-eV r). Thisisplotted
in figure 6.15.
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Figure 6.15 Variation of f(1 — e~ ") with r

The approximation is dependent upon theratio of output linksto input links, and not the absol ute
number of input linksand output linksinuse. Thissuggeststhat thethroughput for each of 8input
links, choosing among 16 output links, will be about the same as the throughput of each of 16
input links, choosing between 32 output links.



In the expression for throughput, the value £/S describes the amount of datain time S: the data

throughput rate. Thefactor r(l —e ¥ r) describesthe proportion of output linkswhich areused.
1

The expression for delay depends on S, with thefactor r(1 — €~ /") determining the number of
dlot times which the packet takes to get across the switch.

6.3.7 Maximum Routing Delay

Finally we consider the effect of the very worst case contention on the transit time of a packet
through a C104. This means the time between the header arriving on an input link of the C104
to the time that the header is transmitted from the chosen output link.

In the worst case, 32 inputs contend for the same output29, so the unlucky packet must wait for
31 othersto be routed before it can proceed. The very worst case iswhen all 32 packets arrive
simultaneously; in all other cases some of the routing of the first packet will have been done by
the time the unlucky packet arrives.

Although every packet header must be received and the corresponding routing decisions taken,
this occurs concurrently for all 32 packets. So the unlucky packet is delayed only by the time
taken to receiveits own header and perform the corresponding routing decision. Theworst case
is with two-byte headers, which take 2 x 100ns + (link input latency) to receive. Making the
routing decision and performing the arbitration takes about 60ns; the first packet can then start
to betransferred acrossthe crossbar. Each successive packet will start to be transferred immedi-
ately after the previous one finishes; the whole processwill be limited by the speed of the output
link2L,

Thusatotal packet transfer time of 31 X Lp,cxer X 100nsisrequired before the unlucky packet
getsacrossthe crossbar; it then hasto reach the outside world through a FIFO and the link output
circuitry. The delay through the FIFO isminimal, but the link output latency should be consid-
ered.

Thusthetotal is: (Lyeader + 31 X Lpacker) X 100ns+4 x 20ns+ (total linklatency). InaT9000
system packets (in the worst case) are 32 bytes plus aterminator plus arouting header of length
Ljeader Plus(usually) avirtual channel header (typically another two bytes), so Lpacket istypically
at most 37. Thelink latency is small compared to the other terms, so this gives atotal of about
115us.

Notethat thisanalysisassumesthat the congested output link transfersdataat full speed thewhole
time. If thisisnot the case (for exampleif it isconnected to another C104, wherethereis conten-
tion for an output link...) then the time must be increased. Note however that the effect of this
multiplication is minimized by using large fan-out routers such as the C104.

6.4 Summary

A variety of model shave been devel oped to describe datathroughput onthe DS-Link and through
the C104 router. Thefirst takesinto account the overhead of acknowledge packetsand flow con-
trol, use of one or two byte headers, and unidirectional or bidirectional link use. Thismodel has
been used to give the asymptotic throughput of the DS-Link, asthe message size getsvery large.
For large messages and a maximum packet size of 32 bytes, the lowest throughput value of the
link is8.27 Mbytes per second. Thisoccurswhen two-byte headers are used along with bidirec-

20. Note that thisincludes the unusual - but not impossible - case that one packet is being routed directly back
out of thelink on which it arrived.

21. All thelinks are assumed to run at the same speed.



tional link use. Further models consider the effect of latency on bandwidth given the particular
protocols used, both at the token and the message levels of the protocol. The final models show
the effect of output contention in asingle C104, both in an average and aworst case.



