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Franme-1 evel throughput and | atency nmetrics are discussed in this
contri bution.

There are two throughputs that are of interest to a user:

i. Zero loss (lossless) throughput - Its the maxi numrate at
whi ch none of the franes are dropped.

ii. Peak throughput - Its the maxi numthroughput without
considering the losses. In other words, the maxi numthroughput
can actually occur when the loss is not zero.
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Figure 1 - Graph of output count vs load (input count)

A nmodel graph of input count vs output count would be: Point X
defines the throughput w thout | oss and point Y defines the peak
t hr oughput .

Not e that the peak throughput may equal the | ossless throughput
in sone cases.

Thr oughput can be expressed in bits/sec, franme/sec or cells/sec.
Cells/sec is not a good unit for frame-Ilevel perfornance since
the cells aren't seen by the user. Bits/sec and frame/sec are
rel ated by the foll owi ng equation

Thr oughput (bits/sec) = Throughput (frame/sec) * Average frane
size (bits)

It is preferred to express the throughput in bits/sec, because
expressing it in frane/sec would require specifying the frane
size, which is a variable.

The | ossl ess throughput is the highest |oad at which the count of
t he output franes equals the count of the input franes.

Peak t hroughput is the nmaxi mumthroughput that can be reached
inspite of the |osses.

The tests can be conducted under two conditions - with background
traffic and wthout background traffic.

Hi gher priority traffic |like VBR can act as background traffic
for the experinent.

The franmes sent are of fixed length and they have a fixed
interfrane gap. The frames can be pictured as follows :

| Frame | Gap | Frame |



Figure 2 - Traffic used for testing

Procedure for both | ossless and peak throughput:

Data traffic is passed through the switch fromthe sources in the
absence or presence of VBR as background and then the franes that
are transnitted by the switch are counted. If the input and the
out put count are the same then the load is increased and the test
is conducted again. The throughput without loss is the highest

| oad at which the count of the output franmes equals the count of
the input frames and this is called |ossless throughput. Once
the | ossl ess throughput is reached and the input count is further

i ncreased then the throughput increases till it reaches a high
val ue and then further increase in load will result in a decrease
in the throughput. Instead, the |oad can be kept constant and

the frame size can be varied and its effect on the throughput can
be studi ed.

It should be noted that in the case of ABR, the generators should
follow traffic management mechani sms fromthe network.

Thr oughput for a n-to-1 configuration defined in [96-0519] may be
atnost equal to (or close) to the capacity of the sink. It is
noted that a well behaved switch would allow equal |oad from al
sources without giving preference to any source.

For n-by-n configuration [96-0519], in cases i and ii, the

t hr oughput may be equal to the sumof the host traffic. For
cases iii and iv, throughput may be equal to the 2 * sum of the
host traffic.

LATENCY

For a single bit, latency through a switch can be easily defined
as the tine between the input and output instants. For a frane,
both input and output are intervals and not instants. Therefore,
one has to carefully define the instants at which the frane

| at ency neasurenent begins and ends. Usually latency is neasured
as one of the follow ng four ways:

a. FIFO Latency = First-bit in to first-bit out
b. LIFO Latency = Last-bit in to first-bit out
c. LILO Latency = Last-bit in to Last-bit out

d. FILO Latency = First-bit in to Last-bit out

It turns out these definitions apply only for contiguous franes.
Wth ATMcells, the frames may not be contiguous since cells of
frames going to other destinations may be interm ngled. A so, the
frame duration at the input and output may be different due to
different input and output link rate. After sone thought, we have
cone up with the followi ng generalized definition of Frane

Lat ency:

Frame Latency = M n{LILO Latency, FILO Latency - Nominal frane
out put tine}

Wher e,

Nom nal frame output tine = Nunmber of Cells in the Frame/ Qutput
Link Cell Rate

Notice that FILO | atency includes frame output time along with



the switch latency. By subtracting the frame output tinme, we get
the switch | atency.

The rest of the this contribution is devoted to mathenatically
justifying this new definition of Iatency.

**** [|Interested readers should downl oad our presentation slides
fromhttp://ww. cse. wst!|.edu/~jain/atnforumhtm The slides
have a better explaination of latency then this text.] ****

DERI VATI ON OF THE LATENCY FORMULA:

of first bit in [in seconds]
of first bit out [in seconds]
of last bit in [in seconds]
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I time of last bit out [in seconds]
n = capacity of input link [cell/sec]
ut = capacity of output link [cell/sec]
= size of frame [in cells]

Assunption 1: No links have infinite capacity. W consider only

finite link capacities inplying t_li >t fi andt _lo >t _fo. It
is always true that t fo >=t fi andt _lo >=1t _|i (Cases

t fo=t_fi and t_lo=t _Ii for zero-latency switches). Any relation
between t fo and t_|i is possible, i.e. t fo >t Il or t _fo =

t i or t fo<t Ii.

Assunption 2: Al cells of a frane are contiguous at the input.
When the source starts transmitting the first cell into the ATM
network, all cells of the frame will be transmitted in continuous
streamof cells, without any interruption by enpty cells or cells
fromother franes on that input. Mithematically speaking, t_li -
t_ fi = mdn.

Assunption 3: At the output, cells of a frame may or nmay not be

contiguous. |In other words, we have two possibilities for t lo -
t fo:

a. t lo-t fo > m Cout, when the output cell stream of the given
frame is intermxed with enpty cells or cells fromother franes.

b. t lo-t fo = mCout, when the output cell streamof the given
frame is contiguous.

The four traditional definitions of |atency can be expressed in
ternms of these tine instants as foll ows:

a. FIFO Latency = first-bit into first-bit out =t fo -t _f
b. LIFO Latency = Last-bit into first-bit out =t fo - t_I
c. LILO Latency = Last-bit in to Last-bit out =t _lo - t_lI
d. FILO Latency = first-bit in to Last-bit out =t lo - t_fi

We shall now consider each definition and in each one provi de one
case where correspondi ng definition does not produce expected
result.

FIFO The problemwith FIFOis that it provides delay of the
first cell of the frame but not of the whole frane. Consider the
foll owi ng scenario: The first cell of frame is delivered at the
destination very fast (zero delay nmay be possible), and then al
other cells exercise very |long delays due to internal queueing.



FI FO accounts for delay of the first cell (which is in this case
snmall) and gives a short frame delay (even zero), although the
frame has very |long delay because all other cells but first have
| ong del ays.

_li is possible (Assunption 1) inplying that LIFO

LIFO t _fo <t
t Ii) may be negative. This is not acceptable.

(=t _fo -

LI LO Consider the case when the input link rate is higher than
the output rate but the switch delay is zero. In this case:
t_fi =t _fo (zero delay in ATM net wor k)

t lo- t_fo = m Cout (Assunption 3b)

CGn>Cout =>t lo >t _li

Since the switch latency in this scenario is 0, the measured
value t lo-t _|i should cone out zero. However Cin > Cout inplies
t lo>t |Ii or LILO=1t lo - t_Ii >0. Thus, LILOlatency in this
case i s non-zero.

Fl LO Consi der again the case of a zero-latency switch. In this

_fo (zero delay in ATM net wor k)

_fo = m Cout (Assunption 3b)

t lo>1t |i >t fi (Assunption 1) inpliest lo >t fi or FILO
latency =t lo -t _fi > 0. Thus, the FILO |latency woul d be non-
zero in this case.

Proposed Definition

The proposed definition is:

Frame Latency = min {(t_lo-t Ii), (t_lo -t fi - mCout)}
=mn (LILO FILO m Cout)

G ven definition may be considered in the follow ng three cases:

1. If CGn = Cout then
t lo-t fi - mMCout =t lo -t fi - (t_li - t_fi)
=t lo- t_li

This inplies that both terms in the |atency expression are
identical and the frame | atency can be determnm ned by val ue of
either term

2. If Cn > Cout then
t lo-tli =t lo-tfi - mMCn>tlo-1t fi - mCout

This inplies that the first termin the |atency expression is

| arger than the second one and the frame |latency is determ ned by
t he val ue of the second term

3. If Gn < Cout, then

t_lo-t_fi - mMCout >t_lo- t_fi - mMCn=1t_lo- t_|i
In this case, the second termin the [atency expression is |arger
than the first and the frame latency is determ ned by the val ue

of the first term

For each case, all possible scenarios (timng diagrans) that
illustrate correctness of our definition may be presented.
However, here we present only two characteristic scenarios.

Scenario 1



t fi +

+t lo

Here we assume that GCn > Cout, the definition provided by frane
latency =t lo - t_fi - m Cout

Wt hout knowi ng precisely the relationship between C n and Cout
we can only state that t lo - t _fo >= m Cout.

W& now anal yze two cases.

Case a) If t lo-t fo =nmCout then, t fo =1t |lo - nm Cout and
Iatency:tfo-tf| =t lo- mCout - t_fi

which is in accordance with the definition.

Case b) If t lo-t fo > n100 t hen

latency =t fo -t fi + (t lo-t fo) - mMCout =t lo - t_fi -

m Cout
which is in accordance with the definition.

Scenario 2



+t fo

t_|| +*******************************L_ t_IO

If we assume Cn < Cout, the definition provided by frane | atency
istlo-t_li.

In this scenario, t_|li =t _lo inplies that we have a zero-del ay
network (because last bit is delivered instantaneously), so frane
| atency is zero. The definition of |atency al so produces
identical result.

Note that in this case, w thout knowi ng relationship between Cn
and Cout, we can state only that t lo - t_fo >= m Cout. If t lo
-t fo > m Cout then some nunber of cells not belonging to the
frame under consideration (including enpty ones) have been
delivered by the network. If t lo - t_fo = nlCout, then cells of
the given frame are not interl eaved. But regardl ess of cells of
the given frane being interleaved or not, frane latency is zero
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