OPIC

OFFICE DE LA PROPRIETE

INTELLECTUELLE DU CANADA t‘.

CIPO

(CANADIAN INTELLECTUAL

PROPERTY OFFICE (21) (A1)

(12) (19) (CA) Dem ande-Application

2,310,709

22) 2000/06/06
43) 2000/12/08

(72) KOLBLIN, ROBERT, DE
(72) BOTT, WOLFGANG, DE
(71) ENDRESS + HAUSER GMBH + CO., DE

1) Int.C1.” HO4L 7/08

30) 1999/06/08 (199 26 075.3) DE
54y METHODE DE COORDINATION TEMPORELLE DE LA

TRANSMISSION

DES DONNEES PAR BUS

34 METHOD FOR TIME COORDINATION OF THE

TRANSMISSION

OF DATA ON A BUS

18

5| g = z
> 8 = | =
- Data t
Adaplation transmitter transmitter I]g |
module k=1 k=9 recelver

16

(57) In a method for time coordination of the transmission of cyclic data values on a bus to which data transmitters and
data recervers are connected, each data transmaitter 1s assigned a cycle time 1 which 1t periodically transmits 1ts data
values, wherein the cycle times are imteger multiples of a minimum cycle time. Furthermore, each data value 1s
to the start of the cycle time of its data transmitter. A synchronization message 1s

assigned a delay time related

transmitted via the bus to each data transmitter with a period corresponding to the cycle time of

transmitter and has a phase w.

he respective data

1ch 1s specific for the data transmitter with respect to the start of t!

time. The reception of its sync
with the respective delay time.

1€ minimum cycle

aronization message in each data transmitter initiates the transmission of 1ts data values
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Method for time coordination of the transmission

of data on a bus

Abstract

In a method for time coordination of the transmission

.

of cyclic data wvalues on a bus to which data

transmitters and data recelvers are connected, each

data transmitter 1s assigned a cycle time 1n which it

periodically transmits 1ts data values, wherein the

P

cycle times are 1integer multiples of a minimum cycle

time. Furthermore, each data value 1s assigned a delay

y—

time related to the start of the cycle time of 1ts data

transmitter. A synchronization message 1s transmlitted
via the bus to each data transmitter with a period

corresponding to the cycle time of the respective data

transmitter and has a phase which 1s specific for the

data transmitter wilith respect to the start of the
mlnlimum cycle time. The reception of 1ts
synchronization message 1n each data  transmitter

ﬁ

initliates the transmission of i1its data wvalues with the

respective delay time.
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Method for time coordination of the transmission

of data on a bus

FIELD OF THE INVENTION

The 1invention relates to a method for time coordination

y

of the transmission of cyclic data values on a bus to

which data transmitters, which c¢yclically repeatedly
transmit a predetermined number of data values, and

data receilvers are connected.

BACKGROUND OF THE INVENTION

F

Digital devices are used for serial transmission of

data 1n technical fields. For example, this appliles to

data transmission 1in motor vehilcles and in measurement

and control engineering for information 1nterchange
between measurement devices (data transmitters) and
controllers (data receivers). The bus used 1n thilis case

1s a so-called CSMA/CA Dbus, that 1s to say a bus

referred to in the speclalist literature as a Carrier

Sense Multiple Access/Collision-Avoilidance bus. A Dbus

which generally has two conductors 1s used for serial

data transmission. During typilical operation of the Dbus,

a large amount of data 1s transmitted cyclically from

the measurement devices to the controllers. Apart from
measurement devices, actuators such as pumps, valves

and the like may also be connected to the bus. With the

present bus standard, there 1is no control of the timing

ﬁ

of accesses by individual bus subscribers to the Dbus.

Fach subscriber just waits for a minimum time when the
bus 1is quiet, and transmits its data message once this

time has elapsed. This can lead to so-called "bursts”,

that 1s to say a very large number of messages are

transmitted in a very short time. Such a flood of data

can lead to the ©processor modules 1n some  bus
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subscribers being overloaded. In an extreme situation,

this can even lead to loss of data, since recelived

messages are not received.

SUMMARY OF THE INVENTION

pr—v
p—

The invention 1s based on the object of specifylng a

method using which data values can be transmitted 1n a

time-coordinated manner while avolding overload

slituations.

This object i1s achieved according to the invention by a

P

method for time coordination of the transmission of

cyclic data values on a bus to which data transmitters,

which c¢cyclically repeatedly transmit a predetermined

number of data values, and data recelvers are

connected, 1n which

a) each data transmitter 1is assigned a cycle time 1n

which it periodically transmits 1ts data 1items,

wherein the cycle times are integer multiples of a

minlimum cycle time,

D) each data value is assigned a delay time which 1s

p— pa—

related to the start of the cycle time of 1ts data

transmitter,

C) a synchronization message 1s transmitted via the

bus to each data transmitter with a period

P

corresponding to the cycle time of the respective

' L

data transmitter and has a phase which 1s specific

p

"or the data transmitter with respect to the start

of the minimum cycle time, and the reception of

1ts synchronization message 1n each data
transmitter 1nitiates the transmission of 1its data

values with the respective delay time, and

d) monitoring times which are dependent on cycle

times are defined 1in each data receiver, 1n which
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monitoring times the data receivers listen to the
bus 1n order to receive the transmitted data

values.

The use of the method according to the invention avoids

the data transmitters starting to transmit thelir data

values to the bus virtually at the same time. Instead

o~

of this, the data values are transmitted wvia the bus

with a time delay corresponding to the associated cycle

and delay times and corresponding to the phase of the
respective cycle time with respect to the minimum cycle
time, so that sailid so-called bursts can no longer occur

which, although not regarded as a fault situation

according to the currently applicable standard,

nevertheless can lead to an excessive bus load, and in

P

some clrcumstances even to loss of data.

Advantagecus developments of the lnvention are

described 1n the dependent claims.

ﬁ

An exemplary embodiment of the method according to the

invention will now be explained 1n more detail, with

reference to the drawing, 1in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic 1llustration of a Dbus
having data transmitters and data receivers

connected to 1t,

Figure 2 shows a timing diagram to 1llustrate data

transmission from data transmitters wilith
di;

1)

ferent cycle times, and

Figure 3 shows a similar diagram to that 1n Figure 2,

for a specific numerical example.
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DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows a section of a bus 10 to which a

F

plurality of data transmitters 12, 14 and at least one

5 data receiver 16 are connected. An adaptation module 18

is also connected to the bus 10, and 1its purpose will

be explained later. For definition reasons, the data

transmitters 12, 14 are assigned the order designations

k =1, k =2, etc. to k =M, where M i1s the number of

10 data transmitters connected to the bus.

The data transmitters 12, 14 produce data wvalues which
they emit cyclically to the bus. These data values are
denoted by PV, 4, PVy,541, ... for the k-th data
15 transmitter 12, and PVyi1,9, PVis1,541, ... for the k+l-th

data transmitter 14.

ﬁ F

For time coordination of the transmission of data

P

values, the number of data wvalues PV which each data

20 transmitter 1S intended to transmit cyclically

repeatedly 1s first of all defined. Fach data

transmitter 1s then assigned a cycle time T¢x, that 1is

to say the cycle time T¢; 1s assigned to the first data

transmitter, Teo 1S assigned to the second data

25 transmitter, etc., wherein the cycle times T¢x may also

be equal. The cycle times are 1in this case 1nteger

F
e

multiples of a minimum c¢ycle time Tcpin wWhich 1S

assigned to the first data transmitter.

30 Each data value 1s then assigned a delay time T, which

defines the time from the start of the cycle time Tcx
assigned to the relevant data transmitter at which the

respective data value = PV, 4 1S intended to be

transmitted to the bus. Thus, for example, the first

35 data wvalue PV; ;1 of the first data transmitter 1s

assigned the delay time Ty; 1, and the second data wvalue

PV, , of the first data transmitter 1s assiligned the

delay time Ty; > ..., while the first data value PV;,,; of

the second data transmitter is assigned the delay time

--tmmmmumumm-"-- e v ¢ R TR P R P T N T . L S - S S, ' o4 P e e o N T RS A AN (T [ AAE RUILO T E e T Tt Tl Y b sl sy e AN R
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.
hrirde

Tv2,1, and the second data value PV, , of the second data

transmitter 1s assigned the delay time Ty, ..., etc.

For each data transmitter, the adaptation module 18

applies a synchronilization message (which 1S

speclfically addressed to 1t) to the bus which, on

receptlion 1n the assoclated data transmitter defines
the start o©f the respective cycle time. These

synchronization messages have a predetermined phase

shift with respect to the synchronization message

transmitted for the first data transmitter, so that

each synchronlzation message has a specific phase with

respect to this start of the first synchronization

F

message. This means that the cycle times of the

individual data transmitters start with a predetermined

p—

phase shift with respect to the start of the cycle time

p— P d

of the first data transmitter. The cycle times of the

Various data transmitters thus do not start

simultaneocusly, but are likewlse phase-shifted

F

corresponding to the phase shift of the synchronization

—
p—

messages. The time 1i1nterval between the start of a

T

cycle time and the start of the cycle time assigned to

the first data transmitter 1s referred to 1n the

F

followlng text as the phase time tohise 0f the respective

cycle.

Flgure 2 uses a timing diagram to show, 1n general

form, how the cycle times, the delay times and the

ﬁ

phase times of two data transmitters and theilr data

values are located relative to one another on the time
axls. Thick vertical lines denote those times at which

the adaptation module 18 transmits the synchronization

message S1 for the first data transmitter (k = 1). The

transmission 1s made periodically 1n time with the

—

cycle time T, of the first data transmitter. The thin

vertical lines denote those times at which the

adaptation module 18 transmits the synchronization

messages SZ for the second data transmitter (k = 2).

These synchronization messages are transmitted

ne “"ﬁH:ﬁcnul'ummn,‘WMaMlﬂ@n-!“‘-’nﬂ!-m A ed TR Al Syt S
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periodically in time with the cycle time T¢; for the

——

second data transmitter. The cycle time T, of the first

data transmitter 1s the minimum cycle time Tcpin, and

the cycle time Te for the second data transmiltter 1s an

pre—

integer multiple of the minimum cycle time where, 1n

the described example:

Teo = 2 Temin = 2 Tecy.

As can be seen 1in Figure 2, the synchronization message

for the second data transmitter 1s transmitted with a

f—
p——

time offset of tphase With respect to the start of the

minimum cycle time of the first data transmitter.

For the schematic explanation, 1t 1s assumed that both

the first data transmitter and the second data

transmitter are each 1ntended to emit only one data

F

value to the bus. The data wvalue of the first data

transmitter 1s assigned a delay time Ty1,1, whilich means

that this data wvalue 1s always transmitted with this

time delay after reception of the synchronization

message. This 1s indicated by a small black dot on the

ﬂ

time axis. In the same way, the data wvalue of the

second data transmitter 1s also assigned a delay time

Ty 1 which means that this data wvalue 1s transmitted

—
p—

wlth a delay of Tyo 1 wlth respect to the

synchronization message that starts the time cycle Tgs.
This 1s indicated in Figure 2 by the large black dot on
the time axis.

—
—

Owing to the time offset of both the cycle times and

the transmission times of the data wvalues, 1t 1s no

longer possible for the bus to be overloaded by
numerous data values being transmitted virtually
simultaneously.

F
s

An explanation  will now be given  of how  the

coordination method described above can be used 1n

practice.

Eh 355 CA
- b - April 10, 2000
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Various definitions are reqgqulired for the described

exemplary embodlment for this purpose:

—

1. Definition of the cycle time

The minimum cycle time Tcemin 1S a multiple of a

reference time Terer, which 1s 10 ms. Thus:

In order to define the upper limit, 1t 1s 1mportant

that the timers 1n the processors do not have an

undefined dynamic with regard to the achievable

intervals and that the 1ndividual modules on the bus

r—

continue to operate autonomously if the synchronilization

messages from the adaptation module fail, and that the

p—

maximum number of data wvalues which can be transmitted

1s defined by the 1longest cycle for a given, fixed

p

pandwldth. If Tepin = 3 s, the maximum number of data

F
p—

values which can be transmitted 1n a given segment of

the bus 1s 3000 for an assumed basic transmission rate

(bandwidth) of one data value per ms.

pr—

The defined cycle time applies to each of the data

F

values of a module on the Dbus.

- e

By definition, a maximum of ten different cycle times

Tey (k=1 ... 10) 1s permissible 1n one bus segment.

pr—

The cycle times T of the modules are integer multiples

of the minimum cycle time Tcepnin, and they are quoted as

ﬁ

multiples of Terer = 10 ms, that 1s to say:

Tew = 1 Temin = 1 ¢V o Tearer., 1 = natural number
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The product 1 + v 1s a parameter that 1s transmitted
with the synchronization message.
For a maximum cycle time of Ter = 3 s and a reference
5 time Terer 0f 10 ms, the wvalue of 1 * v 1s between 1 and

300, that 1s to say, 1n principle, 300 different cycle

times are possible.

.

2. Definitions of the delay times for the data wvalues

10

Each data value 7 of a cycle time T¢x has an associated
delay time Tyk,y, where Ty, < Tcx. The delay time Tyy,5 1S

related to the respective synchronlization message and

may be an 1nteger multiple of 1 ms (integer multiples

15 of Tepin are not allowed 1n this case).

After recelving 1ts synchronlzation message, each data

transmitter resets 1ts 1nternal timer and railses 1T toO

the delay time for the first data value to Dbe

20 transmitted.

The data transmitter must not transmit the relevant

data value 7 until this delay time Ty,y has elapsed.

After this, the timer 1s railsed by the difference to

25 the next delay time and, once this difference time has

elapsed, the next data wvalue 1s transmitted. When the
last data value to be transmitted 1s reached, the timer
1s ralsed to the remalning time until the end of the
complete cycle time Ter plus the first delay time. This
30 results in the data transmitter being able to continue

ocperating even 1f there 1s no synchronization message.

3. Definitions of the monitoring time 1n the data

recelvers

39

For each data value y to be received by a data receiver

there 1s a monitoring time, which 1s derived from the

F

cycle time T of the data value X to be applied by a

data transmitter to the bus, as follows:
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Tog (y) = 2..3 Tex (X)
4. Definitions of the phase times for the

synchronization messages

Bach synchronization message assocliated with a cycle

time has a fixed defined phase and thus a fixed phase
time within the cycle Tcnin With the minimum cycle time.
The phase times are qguoted as multiples of 1 ms. The

F

numerical allocation of the times 1is carried out by

analyzing the load levels on the bus. The procedure for

data wvalue transmission coordination 1s based on the

proposed model that a certain bandwidth B 1s available

for transmilission of the data wvalues, and this bandwidth

B must be shared between the data values. In the case

f—

of a bus, for example a CAN bus, with 500 kBit/s and a

30% load level for cyclic wvalues (5 bytes of wanted

data), this results in B = 1/(time per data wvalue) =

approximately 1 data value/ms.

For a cycle time Tex = 1 ¢ Tepnin ©0f a data value with the

1-th multiple of the minimum c¢ycle time Tcmin this

results 1n only the 1-th element of the bandwidth B.

With regard to the bandwidth being shared between the

1ndividual cycle times Tex, 1t can thus be said that:

M
B> Z (number N¢x of PVs with the cycle time Tex)/ (cycle
k=1

Cime TCk) and

M
B2 Z Nex/Tex = Zy=1 Nex/ (ix * Temin) and
k=1

|

M
Temin 2 ), Nex/ (ix - B)
k=1
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In this case, M 1ndicates the number of different cycle
times (k=1 .. M £ 10).

- '

If this condition 1s contravened, tThen the bus 1s

overloaded, and the following options are available to

reduce the load level:

- 1lncrease the 1ndividual cycle times Tcx or else the

minimum cycle time Tecnin

- reduce the number Nex of data values 1n one cycle

time.
Example:
Bus load level analysis
Min. cycle fime
Tewin [ms]: 100
Cycle number Kk 1 2 3 4 7 6 7 8 9 10
Multiple Tepin (=1) 1 3 2 5
Cycle time [mS] 100 300 200 500
Number of data 50 10 25 90 0 0 0 0 O 0
values
Bus load level [%] 50 3.333 12.5 18 o0 0 O 0 O 0
M
Temin = 100 ms 2 Ne/ (1 ¢+ B)Y =
k=1

=50 PV/(1-1PV/ms) + 10 PV/(3-1PV/ms) + 25 PV/(2+-1PV(ms) +
90 PV/(5-1PV/ms)
=50 ms + 3.33 ms + 12.5 ms + 18 ms = 83.83 ms

1

Tt 1s evident from this that the load level of the Dbus

from cyclic data wvalues 1s not that great, amounting to
83.83 ms/100 ms = 83.83% of the allocated bandwidth.

Configuration of the phase and delay times

ﬁ

1. Confilguration of the phase times
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—

The

of the synchronization messages are determined. This

following text describes how the phase times tonase,k

determination process 1s directly coupled to the bus
load level analysis. This means that the phase time ot

the synchronization message with respect to the cycle

time Tex reflects the already used element of the data

values from the previous cycle times 1n the bandwildth.

If Nex data values have to be transmitted with the cycle
time Tex, then the element of the data wvalues to be
transmitted in each minimum cycle time is exactly Nex/1.
Since this wvalue 1s not always an 1nteger, 1t needs to

S~

be rounded up, resulting 1n the element n¢x 0of the data

values with the cycle time T¢x which must be transmitted

P

in the minimum cycle (number of spaces to be occupiled

1n the minimum cycle).

f‘

N - div i for Noy mod 1 = 0
Nep divi+1 else

then, for the phase times:

tpha\se,,l = (
tphase,k = tPhase,k—l T Nck-1 / B
for k = 2 .. M, where M 1s the number of different

cycle times (M £ 10).

The phase time Cohase, M+1 thus reflects the total

bandwidth element used so that, for the bus load level

analysis:

Tohase,m+1 < Temin = load level satisfactory.

p—

2. Configuration of the delay times
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gr—

The process of determining the delay times for the Ngk

data values with the cycle time T¢r 1s carried out 1n
such a way that only ncx data values may be transmitted
within the minimum cycle corresponding to 1ts bandwidth
element. The ne data values are thus distributed over 1
minimum cycle times Tcpnin, and the assocliated delay

pre

times differ by a multiple o©of Tecpin. The determination

gr—
prpe—

of the delay time for the J-th data wvalue with the

cycle time Tex = 1 * Temin and thus the occupancy of the

bandwidth element may be regarded as occupancy of a

space Tg,s where tpnase,x < 7Tx,3 S tphase,k+1 11 the minimum

cycle. The space to be occupied 1s defined as follows:

1...Ncx
There are a maximum of B * Tecnin Spaces which can be

occuplied in the minimum cycle. Each space may 1n this

case be filled only with data values whose cycle time

18 Tex = 1+ Temin and this may be done up to 1-times,

F

that 1s to say with a maximum of 1 data values.

The delay time Tyx,3y for the J-th data value with the

cycle time Tew = 1 Tempin 1S related to the

synchronization message and 1s determined as follows:

Tok,5 = Tk, * (0 .. 1-1) * Tcmin — Tphase,x and
Tok,y = [(3-1) div nex] - Temin + [(J-1) mod nckl
lms + 1ms for 7 = 1...Ngy

In the above formulae, "mod" 1s the modulo operation

I

(for example 5 mod3 2y, and "div" 1s integer division

(for example 5 div3 = 1).

It can Dbe seen that each space 1%,y 18 occupled a
maximum of i-times or, in other words, a maximum of 1-1

data values remalin unoccupied 1n a used space, and may

be referred back to, 1f necessary, 1f the bus section

. -'..su.qm‘“ﬂm,y..;_“u... e
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Thus, for the entire occupled bandwidth

= maxy,y {Tx,5} where jJ

for the bus load 1

C occupled, total <

Temin = 100 ms

— 1°°-NCkr k = 1..M

evel analysis

Tcmin .

Tk

I

Delay time Ty, ;

1,2_,3,4 ms |

| Cycle time Tgy Ter = 100 ms Ter = 200 ms
rNumber PVs Ny Nep = 4 Ner = 3

Number PVsS ne in New = 4 Neo = 1nt (3/2+1) =
the minimum cycle 2

¢Phase time Conase,x Tohase, 1 = 0 ms Tonase, 2 = 4 ms
Space 1n min. cycle Tk=1,45=1,2,3,4 = Ty=1,9=1,2,3 — 9, 0,2 mMS |

Tvk=1,4=1,2,3,4

1,2,3,4 ms 1,2,101 ms

= Tvk=1,4=1,2,3

Thus, for the bus load level analysis (see above):

Tphase,M+1 — t«:>c:cupieci,total = ©6 ms < TCmin

Figure 3 show

values using

s the timing for t

= 100 ms.

he transmission of data

the parameters mentioned 1n the above

example. In this case, 1t 1s evident that, after the

start of the

transmitted s

first cycle T¢q,

four data wvalues are

uccessively, with the minimum cycle time,

gr—"
p—

and with delay times at 1intervals of 1 ms each. The

start of the cycle with the second cycle time Tq; starts

with a phase

thin the first minimum

cycle T¢;, that 1s to say with a phase shift of 4 ms

F

and, after the start of this

cycle, two data values

with the delay times 1 ms and 2 ms with respect to the

start of the

the second cycle time Teo.

cycle are first o:

- all transmitted, with

The third data value 1in the
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cycle with the cycle time T¢; 1s transmitted with a

gr— F

delay time of 101 ms with respect to the start of the

cycle time Te;. With respect to the start of the second

cycle with the cycle time T¢;, the transmitted third

data wvalue 1s located in fifth place after the four

data values which were transmitted after the start of

this second cycle.

As can be seen 1n the diagram 1n Figure 3, the data
values which are transmitted by a data transmitter with

the cycle time Tq are not transmitted 1mmediately one

after the other in the first cycle with the cycle time

T-1, but are distributed over a plurality of such

cycles. This 1leads to the bus 1load being distributed
petter.

s-ve

In the diagram of Figure 3, the thick black lines each

F

denote the start of the c¢cycle with the minimum cycle

time Tc1, with this start 1n each case being defined by

the synchronization message for the data transmitter to

which this minimum cycle time Tq; 1s assigned. The thin

F

vertical black lines denote the start of the cycle time

Tco which 1s assigned to a second data transmitter, with

the start being defined by the synchronization message

for this second data transmitter.

When the described method 1s 1n use, the data values

are transmitted by a plurality of data transmitters via

a bus with accurate time coordination, 1n such a way

that 1t 1s no longer possible for the bus to Dbe

overloaded by so-called bursts.
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A method for time coordinatiocon cof the transmilission

of cyclic data on a bus to which data

transmitters, which cyclically repeatedly transmit

—

a predetermined number of data items, and data

receilvers are connected, 1n which

a) each data transmitter is assigned a cycle time
(T.) 1n which it periodically transmits 1ts
data values (PV), wherein the cycle times (T¢)

P

are 1integer multiples of a minimum cycle time
(TCmin) /

b) each data value (PV) 1is assigned a delay time

(T,) which 1s related to the start of the cycle

time (T.) of 1ts data transmitter,

c) a synchronization message 1s transmitted via

the bus to each data transmitter with a period

corresponding to the cycle time (T.) of the

respective data transmitter and has a phase

(Lphase) which 1S speclfic for the data

P

transmitter with respect to the start of the

minimum cycle time (tcmin), and the reception of
its synchronization message 1n each data
transmitter 1nitiates the transmission of 1ts
data values (PV) with the respective delay time
(T,), and

d) monitoring times which are dependent on cycle

times (T.) are defined 1in each data receliver,
in which monitoring times the data recelvers
listen to the bus 1in order to receive the

transmitted data values (PV).

The method as claimed in claim 1, in which a timer

is started in each data transmitter after 1t has

received its synchronization message, and whereln



10

15

20

2D

30

L AR AN TS M B 3 1 Ua v sty ot =i e

CA 02310709 2000-06-06

Eh 355 CA
- 1o - April 10, 2000

the data wvalues (PV) of each data transmitter are
transmitted to the bus whenever theilir delay time

(Ty) matches the time reached by the timer.

The method as claimed in claim 1 or 2, 1n which,

1n order to achilieve a uniform bus load level by
the data values (PV)

which the cycle times

-

from k data transmitters to

Tex = K Tcmin

are assigned, within the minimum cycle time (Tcmin)

assigned to the first data transmitter only

-

N~ divi for Noy mod i = O
Ny divi+ld else

Dep =9

g—

Nerx:Number of data values (PV) to be transmitted by
the k-th data transmitter
i: Ratio of the k-th cycle time (Tex) to the

minimum cycle time (Tcemin) .,

data wvalues (PV) are transmitted, while the
remalning data values (PV) are distributed between

subsequent cycle times.

The method as claimed in claim 3, 1n which the

following condition 1s satisfied in order to avoid

overloading the bus:

M
TCmin- 2 NCk/(ik B)
k=1

where B 1s the bandwidth of the bus.

Smart & Biggar
Ottawa, Canada
Patent Agents
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