'1 Communi cati on System [ Background of the Invention]
1.. Field of Invention The present invention relates to
a.communi cati on systemand a conmunication contro
met hod wherein stations are connected to buses to
comruni cate with each other through the buses. 2.
Description of the Prior Artl In a conputi ng system
the whole circuitry of a systemis typically divided
into CPU sections, storagemmihicaeibhoBystierput/ out put
~interface sections, and so on, and a plurality of
printed wire boards conprising these sections is
installed in the system These printed wre boards
are interconnected by connecting between connectors
attached to the boards through a bus. A board provided
Wi th connectors and a bus is generally called a
backpl ane. A communi cation systemis built using a
[BakRgKAImNert ehenalkgt i nted wire boards in the system
to conmunicate with each other. The prior art and its
1. ﬁﬁ@bﬂéﬁ%lﬁtmnﬂiqnn a conmmuni cation system where
Th $ anes were adOfted are described separately in
o REF 3 6ﬂf?ﬁfﬁ$§r5§ Hptvs tPad QQ?mPB}Ca%?ﬁFafYﬁ$?%na%&rF
con@ﬂﬁlﬁtggheg&lé%ioﬁéﬁ;ﬁj WWE:I:%J.T! tstla@1§n§%%“€bﬁ@édﬁ:%ﬁ to buses to
system conprising nmaster and slave stations
conpamitete At atavhenthidie thiratgloridel Busdd.en duplicated in
order to increase conmunication reliability. In such
a dual -redundant bus system the two redundant buses
are used alternately as |long as both buses are
2. BevIRdPties afhdhefPrine Bgses fails, the other normal

us i s, used toQ continu omuni ¢ati on,
In computlng system, the w cge clrcugtry of a system is typically

divided into CpPU sectlons, storage unit sections, input/output
:_%nterface sections, and so on, and a plurality of printed wire boards
'comprising these sections is installed‘iﬁ the system. These printed
wire boards are interconnected by connecting between connectors
attached to the boards through a bus. A board provided with connectors
and a bus is generally called a backplane. A communication system is
built using a backplane to enable printed wire boards in the system to
communicate with each other. The prior art and its problems found in a
communication system where backplanes were adopted are described

separately in the following paragraphs (a) to (e).



Meanwhi | e, concurrent conmmunication is carried out in
order to check periodically whether or not the failed
bus has recovered. Another problemwth the -
above- nenti oned exanple of the prior art is that
mast er - sl ave communi cati on does not take place unless
a processor in a nmaster st&ion is aware of the

status of the redundant buses. More specifically, the
of_yst. he aware_of which of the two redundant
(%ngggis%%@ngc?ﬁ}’ PoisPoroThecd 1 wdby tbus. Yet
TRND LORA AR bsddiabofantial AL rgd put; 40
switch from one %us t 0- the éther eé:ngg‘lgt leaﬁ%of'g?%léjrrﬁs’ a bus
cdrmiecsind/dietamen hre prablem iis bhedn Wap1icdwer KhyYoder to
.transferred data is checked by addi ng check bits to
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b) Prior Art and Probl ens Asééoci ate Wltdﬁ’l ItH ia%f the buses
faddhmiricc athen mymaéneys tisensedirt® vant Dk COARMRISC MY .
wpveforn1of a _bus signal may becone distorted, as

th
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Is connected to a bus 1 in a nultidrop configuration.

that, MaFHpr s ave GOPRURisarial cdues notttrleaphact herless a processor
the equivalent circuit of

o BB B, L P L DL LGS e
Mot e (iRt anLEen 1y NEhs Igd¥es AP HsE 2PC Cvlare of which of the two
redundant buses is_ the active bus or the standby bus.

Yet another problem is that control must be carried out to switch from
one bus to- the other when either of them fails.

Yet another problem is that the integrity of transferred data is
checked by adding check bits to the data. Although this check using

- ctheck bits can examine the integrity of data on the bus, it cannot

examine the integrity of data in areas other than the bus, such as bus

interfaces, bridges and repeaters.

(b) Prior Art and Problems Associated with It
In communication systems, there are various reasons why the waveform of
a bus signal may become distorted, as described in the following

paragraphs.



When any of the units is connected to the bus, the
circuit inpedance decreases because of the
- . capaci tance conmponent of the unit itself.
. Accordingly, a signal transferred through the bus to
the unit reflects at points,where other units are
ec Far, ex le, if a signal is.sent fromthe
e zﬁ%tdso % ﬁ%h%mﬁ.%ngzﬁé%eseﬁ.ta & Fhopig &t 84T &fs the
@REliguit ibheof AN RRGVENDL RRL NESmAT LRSI MNidStef2 1O 2n.
Fi gure-3 shows the waveform of a signal at point B.
Reifgrbing reof Fewtned 1, by plweralibit soR23nties 21 reach poiddhnBeted to a

bef pre the fig al recejved by the wunit 22 changes ‘
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) o ' Is fromthe units 23 to 2n
W88 Wdon bifies gﬁﬂr%ﬁ%ﬁd%}ﬁée%ﬁé o as shown in

are superpose recei ved signal,
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distortion. This may cause the receiving unit 22 to
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cgfaé.ll%ncsu er posed refl ected signals exceeds the

BWT8VEF Threshold. In order to avoid this pr obl em
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. be reduced. 4 It is required to control the effects
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becone distorted. In a communication system the

Fiquxfshi t¥aflected (A itgnells soamirt at stheprounamdion phimts of the units
2;_clrtiov%lrl I C that sends out signals to a bus. If any one

Figure-3 shows the waveform of a signal at point B. §Signals reflected
by the units 23 to 2n reach point B before the signal received by the
unit 22 changes from a high-level state to a low-level state. As a
result, the reflected signals from the units 23 to 2n are superposed
with the received signal, as shown in Figure 3, thus increasing the
degree of waveform distortion. This may cause the receiving unit 22 to
malfunction. In the example in Figure 3, the magnitude of the
superposed reflected signals exceeds the low-level threshold.

In order to avoid this problem, the following restrictions are applied

in the prior art.

" Special devices having low capacitance should be used with units.

- The number of connected units should be reduced.



bit, anong the bits input to the driver IC is kept

static and all other bits are switched at the sane

~ tinme, the ground potential of the driver IC

i ncreases. This phenonenon i s known as ground bounce;

noi se may be induced at the static bit due to the

effects of the ground bounde. This noise is known as

T5j HuIregreis towreriodg thei effectaurt ysuctiatef Isteblesignals without
d.due, to the, sinultaneous sw tching noise.

) b%%ggi%ﬁiééﬁwﬁﬁngh%%ﬁﬁf@tﬁggﬂfgf'it t akes sonme tine for

the ground potential to return to zero. This results

in an increase in the conmmunication delay time. For

dhese Feasonsy bicH egul I reduce the effects of
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configuration of a standard comruni cation System in

bys gipeals may becemenidistertsid.cuit 11 and a recei ver

i reut 12 ?re connected to a transm ssion line 10
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Once the ground bounce occurs, it takes some time for the ground
potential to return to zero. This results in an increase in the
communication delay time.
For these reasons, it is required to reduce the effects of the ground

bounce.

(d) Prior Art and Problems Associated with It

Figure 4 is a échematic configuration of a standard communication
system.

In Figure 4, a transmitter circuit 11 and a receiver circuit 12 are
connected to a transmission line 10 that constitutes a bus. Data is
transferred from the transmitter circuit 11 to the receiver circuit 12

- through the transmission line 10.



faster than the data transfer rate for the receiver
circuit to sanple the data. Normally, as a high-speed
clock, a clock having a frequency approxinmately 16
tinmes the data transfer rate is used. If data needs to
be transferred using clock zynchronization t hat sends
data together with a cl ock gnhal, this :
- IsyHwhconmuatdasion ssyatemedest tipedwabdieng thbet rialsai 086€ circuit 11
intg a FIFO circuit in the receiver circuit using the
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provided with a clock that operates at speeds higher
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transm ssion. rate nust be |ower than the frequency of
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In data transfer based on start-stop synchronization, the receiver
circuit must be provided with a clock that operates at speeds higher
than the data transmission rate. As a result, the data transmission

. rate must be lower than the frequency of the clock available for the
receiver circuit. For this reason, high-speed signal transfer has been
difficult to achieve.

In data trénsfer based on clock synchronization, the data is once
written into a FIFO circuit in the receiver circuit using the
transmitted clock signal. For this reason, faulty data may be written
into the FIFO circuit if the waveform of a received clock signal is
distorted. The waveforms of signals that propagate between circuits

connected to a transmission line that constitutes a bus are distorted



fromthe respective bus masters to use the bus may

fall into contention. If this happens, sone neans of

control nust be used to decide which bus master

shoul d use the bus first. Bus arbitration is carried
out for this purpose. Figure 5 is an exanple of the

schemati ¢ configuration of the conventiona
- deenhentlzatepacsyiskeiwad fFERereransnbesi st 86 SoBknkOeffects of
3n _arg connected to a data bus 42 and an arbitration
PRyEe fhatpeaters the Fransndpsiqmipne; dllsisomalyes uiti Wisfikult to
L84 t t he data bus 42. An arbiter 45 is
aFﬁ%:%‘sr:eggfrl g@ égﬁj?eﬁﬂe%g Slos%enf: h%l%’ﬁi ﬁﬁ%’i‘%{%'sl to 3n. The

arbiter 45, after having gone through an arbitration
procedure using the arbitration bus 43, permts the

b i , [ Py the right to use the
(e ah e raa® AR Wl aF trar hac
Igca)uiomednideet ioing By stel wherd Revodat andis pvid ARIdeSs share the same
access to the slave 44. Figure 6 is a schematic
SYFe SBRPHETSSn SHOMWiatg Stoeadseaites tdfrobble a common bus, requests

ni catji on system shown in Fggure 5.
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_succession in the order of t us nmaster
degide3@hidtebudimastert Bheul @eesthe usathidy.at BaB &8it@Btion is
[ an arbitration bus 43 takes place each tine the

'°4ﬁ%§E8 Wt JO& this pgEPFRd. 7 In this exanple of the
‘ tq | ' ' t h . .Wh
et o RAAHILILE AR RYRAET coRf T arian g Dot o

us master t S acquire

cangent htnadatamminisad@eh NsysRefliCCESSIi ON, the arbitration
action al so takes place even if no other bus master

In gﬁﬂl‘é’éq @ (uBBs Jghagtiys d3k &obds . aten coheeeahpbea ﬁmmpis N42 and an
ar?&%fgéié% %@?réﬁf'“i ?iE%éTﬁitEﬁ,:¥%r“§§§m$fgf gaéﬁhfggi ggit and is
connected to the data bus 42. 2an arbitef 45 is incorporated in each of
the bus masters 31 to 3n. The arbiter 45, after having gone through an
arbitration procedure using the arbitration bus 43, permits the bhus
master, which has acquired the right to use the data bus 42, to do so.
The bus master that has acquired the right to use the data bus 42 gains
access to- the slave 44,

Figure 6 is a schematic representation showing the behavior of the
conventional communication system shown in Figure 5.

In the example shown in Figure 6, bus masters 31 and 32 acquire the
right to use a data bus 42 in succession in the order of the bus mastér
31 then 32 and 32 then 31. 1In this process, an arbitration action
using an arbitration bus 43 takes place each time the right of use is

acquired.



consecutive rounds, the arbitration action takes place

each tinme the bus nmaster acquires the right of use.

This nmethod of arbitration involves a waste of tine

and | eads to the problem of system perfornmance

degradati on. The anobunt of wasted tine increases

especially when one particilar bus master al one uses

the data bus very often. As described above, there
Inpblis l?é‘éﬁP%%rqfoﬁgep‘Fweéﬁ%OWJt FORBRRAGHtiGRaPYStem, however, when
a BSE”HQ} g?t{ %¥§tacqu1r% L Lpe Invgﬁ%é(ﬁJ ulgethe data

present |nven i on avoi d'%thé

bugeﬁﬁaﬂnbﬁﬂ édbceﬁ@i@&rfﬂ%@SafE@tﬂdiléﬁ)aéﬂ%E%ealso takes place even
Accordingly, it is an object of the present invention

ift oo mtdek devs reshuuNicames b w3 péntmdiatenbuni cdhni dhe example
control  net had whereby conmuni cation can be carried

showR iR FAGWES KeAgTe atxﬁﬁr BugmasteT sfHtusegt the data bus in two
coﬁgéﬂutﬂggafgﬁﬁ$§ bpiga Jgﬂgt%so FLEY &f +f 3E§a¢%}ceaggéﬁ time the

other th "bus” can e exam ne
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achieved. [Brief Description of Drawings) [Figure 1]
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schemati c waveform of a signal observed at™ point B.

"As[désgulbedﬂabﬁwgurthetelsatéubeanhemfﬁdus epoblegisr &ttbrnocwiventional

a standard comruni cati on
communication systems.

[Summary of the invention]

The present invention is intended to avoid the problems described in
paragraphs (a) to (e) above. Accordinglf; it is an object of the
present inveﬁtion to provide a communication system and communication
control method whereby communication can be carried out without being
aware of the state of a dual-redundant bus; the integrity of data in
areas other than the bus can also be examined; and high-speed, highly

reliable communication can be achieved.

[Brief Description of Drawings]

© [Figure 1]

Figure 1 isrthe schematic configuration of an example of a conventional
communication system.

[Figure 2}



system [Figure 5] Figure 5 is an exanple of the
schemati c configuration of a conventi onal

comuni cation system '[Figure 6] Figure 6 is a
schematic representati on show ng the behavi or of the
exanpl e of the conventional conmunication system shown
in Figure 5. [Figure 7] Fi glﬁe 7 is a schematic

SN FOYr QL di ment of the present

m%ntl on. ?{& Eu&’@%] %gogﬁlr;%u déa%raérbﬁgnﬁ’t‘? cPus shown in Figure
Lepresentation show ng the behavi or of the

comruni cati on procedure control unit shown in Figure

FFiquregdde 9] Fi gure 9 is another schematic

sent atiion _showi ng t he behavi or of the
f'otf‘lﬁn‘%n?;ca? DR BrOTEthIFe" GBI °hirft SigharPhserveguat point B.

(FigulEl gyre 10] Figure 10 is a schematic configuration
of anot her enbodi mrent of the present invention.
Tigiugar ﬂﬂjthEl§nﬁema£1clGoﬂﬂmﬁuﬁﬁiﬁﬂﬁabtcaVEB&ﬂHﬁE81égmﬁhnlcatlon
sngnal observed at point D. 9 [Figure 12] Figure 12 1s
Eﬂemﬂtl c representati on show ng an exanpl e of the
t|on of the bus shown in Figure 10. [Figure
? Fi g re 13 is a schematic representati on show ng

Hlb&r@CHﬁﬂngﬁaéiéM%lefof the schematic configuration of a conventional
communication system.
" [Figure 6]
Figure 6 is a schematic representation showing the behavior of the
example of the conventional communication system shown in Figure 5.
[Figure 7]
Figure 7 is a schematic configuration of one embodiment of the present
invention.
[Figure 8]
Figure 8 is a schematic representation showing the behavior of the
communication procedure control unit shown in Figure 7.
[Figure 9} |
Figure 9 is another schematic representation showing the behavior of
the communication procedure control unit shoﬁn in Figure 7.
[(Figure 10}
Flgure 10 is a schematic configuration of another embodiment of the
present invention.
{Figure 11}

Figure 11 is the schematic waveform of a signal observed at point D.



yet anot her enbodi nent of the present invention.
[Figure 14] Figure 14 is a schematic representation

showi ng an exanple of the configuration of the
transmtter circuit shown in Figure 13. [Figure 15]

‘Figure 15 is a schematic ex | e of a conversion table
for coding. [Figure 16] Figﬂfe 16 is a schematic

(Bpgwrsedfati on showi ng an exanple of the
%onfig%ration of the receiver circuit shown in Figure
égur[e':i 6‘»&% aiﬂchglp@fdrce represenyasgpieriowéng an example of the

LEPF8360E A4 | he contiguration of yet
anoﬁ%@r é%%og?néﬂ?w%ggfhgmbf@%%ﬁgw?ﬁJ@ntion. [ Figure
(®)gulreguse 18 is the timng chart of signals used in

t he exanple of the enbodi ment shown in Figure 17.
FHYger &3 15 aFsgienati® repressoheniin choebfd giheatbhfigiration of

t angﬁherné odi ment. of the present invention.
if/ GUPE"DoPTRPYRD 2 6Li Ehey RERRRMRtiWeaBI®R gur at | on of

[ art of the enbodinent of Figure 19. [Figure
QuiBi 1y g g
211 10 lgure 21 is a schenmatic representation

Eilyoweniy tise aopeticaiaitad oépridient MRl ABMnPhn LR 18 the

[ Description of the Preferred Enbodi ments] The present

qomd éFtr s onsof dder ithaushiditew wiiangtt eowrr donpamyteng 3.

[Figure 15]

Figure 15 is a schematic example of a conversion table for coding.
[Figure 16]

Figure 16 is a schematic representation showing an example of the
configuration of the receiver circuit shown in Figure 13.

[Figure 17] |

Figure 17 is a schematic representation showing the configuration of
yet another embodiment of the present invention.

[Figure 18}

Figure 18 is the timing chart of signals used in the example of the
.embodiment shown in Figure 17,

[Figure 19]

Figure 19 is a schematic configuration of yet another embodiment of the
present invention.

[Figure 20}

Figure 20 is a schematic configuration of the main part of the

embodiment of Figure 19.

[Figure 21]



draw ngs. Enbodinents 1 to 5 descri bed bel ow are those
of communi cation systens that are free fromthe
probl enms di scussed in paragraphs (a) to (e).
Enmbodi ments 1 to 5 are described separately in
. paragraphs (1) to (5). (1) Enbodinent 1 Figure 7 is a
schematic representati on shd® ng the configuration of
-EgabreggpQQigggt of the present .i.nvention. IE Fi qure 7,
F sdundafit “BIFE8E G SFPEREEAES 18P S ROMTEc tRY qRpration of the

eﬁggaﬁﬁnmsbgtfgﬁuéogg'Buses 151 and 152 are connected

to two redundant buses 171 and 172 through rel ay

equi pnrent 161 and 162, respectively. The buses 171

and 172 are connected to a slave station 500. The
{Desenyipteghi Pt 2Bdsaandd lobodi@bneXpnpl e, are bridges

or repeaters. The relay equi pnent 161 and 162 nay be
TBR CPUfFEHtf Pmnthps Bnidedimidrad belbw udiay thseccbmpesying
d151.and 152 are identical to buses 171 and 172. In a
A%t ¥ st ati on 100, a processor 110 controls the

B aji a : I r ' . .
e D coaeTatPe et SF NG ol belnbnicasion, systens
ti3] aaedf1&2 frThetsequenteafs HQchssdi Qvi gethgdabsaca) to (e).
conmuni cation unit 121, a communicati on procedure
Egatimgnteint o1 3 2akmdlesanikath saphrmaterly128, patagrbphavilor to (5).
of which are described later. In a slave station 500,

a subordinate unit 510 is a device that operates

' nde he conmmand and control of a master station 100
(ghgmﬁggﬁﬂﬁnﬁménory in the exanple shown in Figure 7. A

Ff%%%' EACES D Z0nbfatGAN i d {8 ~
t"hrough bus i nt earii‘riacggﬁé%%nghgl(%g%%%¥%é&st@%ug%’gégur'gféon of one
ent®dpmeni ded thet preseaoniiiEngabhon unit 521 and a

communi cation procedure control unit 522, the

Iy ERGUFRr7 oftvihTedingret dutsesi bel dndt 862 arFheobrértsdoro a master
s{:%ftiggelwmmgisgsatlisqnagcp nltsrzo'arg ycsotn%g]cti:gd E:ioglt'l:xrvg Zec;usndant buses
171 and 172 through relay equipment 161 énd 162, respectively. The
buses 171 and 172 are connected to a slave stétion 500. The relay
equipment 161 and 162, for example, are bridges or repeaters.

The relay equipment 161 and 162 may be excluded from this embodiment.
‘In that case, buses 151 and 152 are identical to buses 171 and 172.

In a master station 100, a processor 110 controls the master station as

~ a whole. A sequencer 120 is connected to buses 151 and 152 through bus

interfaces 131 and 132. The sequencer 120 is provided with a

- communication unit 121, a communication procedure control unit 122 and
an annunciator 123, the behavior of which are described later.

In a slave station 500, a subordinate unit 510 is a device that

operates under the command and control of a master station 100 and is



descri bed as follows. The communication unit 121 in
t he sequencer 120 sinultaneously sends out two
conmand frames having the sane content to the buses
151 and 152. The command franes contain added test
" bits. The transmtted connqqd frames travel through
t he buses 151 and 152, relay '‘equi pnent 1161 and 162,

NERRY pifs ddie1 examd@ shovn dnr Baghre He Shaseushabi 206A8. connected
t he. communi cation unit 521

I
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recei ves the comman
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command frames. Figure 8 is a schematic represen 6

PsResduTe chetbwhawnior52¥%, the batorupi @ﬂtwhqahpaﬁé:ei@@b@med later.
Tﬁ n%rol .unit_522. The communi cati on procedure contro

Ri PeBY40h 0% dilifs CHTIId Cab o, MOy ToY svEteRaks fRiguLs| gis

dg§@¥abegug§ A hg. contents of the two command framnes
that the sl'ave station receives through the buses 171

Thenccohifidnicanicdnexait neg meiﬂtersegﬁeﬁ@r tlaﬁ QMI%QB&O@JIY sends
the received two command franes match
Ot itiPn FemRansh fEﬁ’@%‘%d@rfen@ oriter shme mdnttehent@mubegeé &1 and
bed bel ow depending on the results of

Q%ocgﬁgegodes
R PR inTREdeR casteBitdHnt dhestransmitted

test a

coiRakesr il QLERIS Y e ans, Of :

| redundazcy scheck 5 Du&‘? t)he P@E@éme%%d (?erfr’%s' V\£¥%Heq“lpme“t

“16dr erflutigid tmenblmmr el dna meanso qfeat:hetnec@qskebééa%mn 500.
recei ved throu h both buses and the contents of

Ay ﬁ'g FHYS FEAtiib S8 comapRicatdbohunithé21 receives the

omi on cedure control 12 unit_acts as
i 5?2?% ;l? th'@{eg]dm%}énac RH 3+ SR PRATSIT Sefightrol unit 522
[ 2]

proceponsasie hevdivedt BemEAE s LNt to both buses.
If a command franme, which is judged to be normal by

Figure 8 §F ahachessadt Pipresensatienestieditd rasgbeltiviBer of the

‘ comnlctatﬁo% Oprwrpé'lcrgeld%%ta | gor}ltpcrogcl?gfg e522

The communication procedure control unit 522 performs a test of valid
data transfer using check bits on the contents of the two command
frames that the slave station receives through the buses 171 and 172,
’ gnd examines whether or not the contents of the received two command
. frames match. The communication procedure control unit then executes
the processes described below depending on the results of the test and
examination. The received contents are checked for errors by, for
example, means of a cyclic redundancy check (CRC).

[1] If command frames, which are judged to be normal by means of the
check bits, are received through both buses and the contents of the

received two command frames match, the communicaticn procedure control



control unit acts as dictated by the command and
returns a normal -end response to only the bus that
réeceived the command frane. [3] |If command franes,
which are judged to be normal by neans of the check
bits, are received through both buses but the contents
the recej ved two conmant?frames do not match, the

- @awm Scafi GIFteFadetiurtde eFMAangl 2B fetughs eeTiHgend responses
nGPML RS Ofnd fb%neg.gqefqgaa%o@mu@%tsums abnor mal - en?4]

responses having t me content to both buses

[P B eopumndchd faake, Whieh iéS judgeeted %ebﬁoﬂﬁﬁlnﬁsly R¥ans of the

means of the check bits, is not received through

cheqhdrtsf ithaesaiead theuglc sivhar dats onhpr owmiwieation procedure
It does ny response to either

c§§¥£ﬁ%ghgﬁ€ §5t5|ﬁst$h§£§ $t¥§é§$83c°qqﬁ?dn8P?oﬁ?tqﬂﬂﬁn%h%Prmal end

ddmRs., t | f the
TOJIRIRE YTy 2"‘?&*5"%2%*"- 2c8tved P oplilalF Fhane!

[3) afesomnand grenyed wandhtde fadged obeexafidlabyOfleans of the

usi ng the check bits are nornal Meanwhi | e, the
’l&tﬁ’ﬁrgh‘F%atﬁr@nraﬁ?Weslth%b@m husesohse ﬁhﬁaﬁ@gtents of the

T e RN A58 I T —

cdhi&SlCﬁhiﬂ<1§hb§e§(%hthoﬁﬁéﬂ%Qn§§ tHQ'%EEﬁaﬁHﬂ:%Eﬁ tdturns abnormal-
sends themout. At the master station 100, the

enso FREPOTRES) OAVDRD dddusane gontabt ti botRDuswesni t or s for
[géeﬁgonses fromthe slave station 500. Figure 9 is
C

rAtTETRBE r BTGy at PR dfovwiHRPS ke BRHRFTEL BY reeﬁ@s of the
cHeBWTBHY £ ati L 0Ro P,QGE LS t(iﬁgﬁél?leﬂ:ﬂl %: %Zthe]'%u gge tfhor

communi cation procedure cont moni tor's
com@spireeEsn proraduie sbev@lstAiti AdedOhoanttaxaCaieSekbbnse to
processes descri bed bel ow dependlng on the results of

©3EBRT (2 fidg. buses -

In these processes, the notion "command frames, which are judged to be
" normal by means of the check bits, are received" means that the command
frames are received and the results of examination using the check bits
are normal.

Meanwhile, the communication unit 521 sends out response frames
received from the communication procedure control unit 522 to the buses
171 and 172. The communication unit adds check bits to the response
frames before it sends them out.

At the master station 100, the communication procedure control unit 122
monitors for responsés from the slave station 500,

Figure 9 is a schematic representation showing the behavior of the

communication procedure control unit 122.



[1] If response frames, which are judged to be nornal
by neans of the check bits, are received through both
buses and if they are normal -end responses whose
- contents match, the comruni cation procedure contro

.unit infornms the processor 110 of the normal end of
access. [2] If a response fiddne, which is judged to be
: r ans of the check bits, js received

R SRl FERR pietilfre FOFFri waShol frmoagkors for responses
L1618 PITES 81 a b €5 1CRABH NS (1R L ANe RIAEEH U 15 GRBEEQ e Hebcribed below
informs the processor 110 of the normal end of
dgpendsiqg P thef reesponsd hoaimsinghi ch are judged to be

?ﬂﬂﬁﬁ' b% nmeans of the check bits, are received
[HhrdughsBott Bogwes pithitheaioitdned tof beheormadc by vineans of the
Lol reeRonse fka teh;. or If response
“tTames, whichrarggﬁﬁgggggﬁqﬁqéggﬁé?ﬁhS Bgdﬁggﬁ§e§f?f?u?ormal‘e“d
redpetkes bilicse 2bRt&RGCMYCEN | hﬁl@u%hmtihagﬂ&?%r%ggdﬂ# control

t hey are abnornmal -end responses whose contents match;
upyt Epferpsedhenpeotesses, 1ithicchths jamig@dend dfe anessel

lgﬁlgegnggo%mthe check bits, is received through either
STand TPOPPe | B aBRLTher- Andred sepbasiormpficby means of the

CHRETHIE S Atiis0 Re PE BFRRA W Borf@N bl L& Lbforas the
processor 110 of the abnor rra?ll'eefjngh%f hlgé:clefrs.ré?: {%)? fPrgal-end
rospopens eher aneminidgedos prvecavrs®onBYoIBalE 9hrd& the

check bits is not received through either of the '

PIRGEROT (HQ ebnthmineaRrbiendppbcatese- control unit
end_ of

' 110 of th b I
(3T 8552k M08 DUBAPRER L, S e or ene

access. e annuncl a
chedl bitisGhadé FdiRiabeVerroiBRt hAAIEHuEdS St the! ®odidheE NS the
access to the slave station fell under before it
Tegad¥Rf two response frames do not match; or
If response frames, which are judged to be normal by means of the check
bits, are received through both buses and if they are abnormal-end
responses whose contents match; or
If a response frame, which is judged to be normal by means of the check
bits, is received through either bus and if it is an abnormal-end
Iesponse;
the communication procedurg control unit informs the processor 110 of
the abnormal end of access.
. [4] If a response frame jﬁdged to be normal by means of the check bits
is not received through either of the buses, the communication

procedure control unit informs the processor 110 of the abnormal end of

access.



The conmuni cati on procedure control unit 122 sets a
status flag that indicates the "state of the bus 171,
state of the bus 172 and the <conformty of received
contents."” The processor 110 checks the status flag
when it diagnoses the states of buses. The advant ages
of fered by enbodinent 1 arelds fol |l ows: [1] It is

a e e fr cont r.ol
gﬁig&?gﬁ%ﬁc ﬁ‘g thg(g}?? gs%pat gq}éxclﬁar%lge cglh ° fPove-
attmoaeldomztsehel[m@e:fb uhetnmsi-ebsanth £havel Siaatshk@BSon fell under
W thout requiring the processor in the nmaster station

befqre éﬁﬂﬁ%@%@f the state of the dual - r edundant bus
ferngmnor acce %% In case where franmes are

recelved 1y 6uﬁhprb°&eﬁ“ s‘ié’é‘téf’le‘flllt’fellzzt?%tsﬂﬁs%?t‘b? flag that
Bl t8d alHeONs ek Rt byd nanes,pr qs\égtgooPetﬂéoﬁnqgl lﬁy&nd the

exam nation using check bits, the frames. "are judge

¢anfoenabn efmabcefved hehteraant entis $RoBOsIFRUED. cHdHKE the status
met hod of exam nation nmakes it possible to check the

flagelben y‘tofiliﬁé”%eécéh%eﬁjiaéeﬁt%t@seﬁ frames at

W Hae AR IPADE By Gy Darfett Rliou ng

ges, ere errors

[@heck 1§ possi{e E@s‘oeapﬂ%% datd HcRaddk IS of SGAERLLE a dual-

representati on show ng the configuration of another
refippdiitebusof Ashe pessint dana/esfmhangeldanFlbgueerﬁ:&,d aut between
glurallt of units from71 to 7n is connected to a bus

6 TH & nirYitATS EbHtigar Wt TREVIGING Fhageipcessor in the
mEB@elblé%aﬁgoﬁaéd sk Q@altéq%ff pid Qu fat«g t?:é) Nqjgt 'dggflredunda%if bus

f or mul a. (Transition tinme o ransm ssi on
dgnlmmsmﬁﬁ)lsm¢£sﬁe required for the transm ssion

% g:Pnal.a\ tcgsga wkh%rg ‘rfg,al.JnE]eds tenr*:ele pret«):%tl\ggg ntl}rvt\a?: llinllot S s

gh both buses at either
the master or slave station and both frames prove to be normal by
examination_using check bits, the frames are judged to be abnormal if
their contents do not match. This method of examination makes it
possible to check the integrity of the received contents of frames at

functional components, such as bus interfaces and bridges, where errors

could not be detected using check bits.

(2) Embodiment 2

Figure 10 is a schematic representation showing the configuration of
another embodiment of the present invention.

In Figure 10, a plurality of units from 71 to 7n is connected to a bus
60 in a multidrop configuration.

The line length of the bus 60 satisfies the following conditional

formula.



the shortest conmunication path) There is a backpl ane
bus as one exanple of the bus 60. In Figure 10, if a
signal is sent froma unit 71 to a unit 72 for
exanpl e, reflected signals are produced at the
connections of the units 72 _to 7n. Figure 11 shows
(diagssg en%tlc wavef or m opsefved, at _a point D. At the
POt IO" AR FlyRaFTRRELISFA" 5L 9RE BhiRUS7S0 marfdde required
froma high-level state to a |lowlevel state before
f°§| ﬁh%l*sfapéw%“cﬂtﬂéldswnqhewomh@ aignsd 3 pt bePyeareawh units with
oy sm9q£sE a result, as shown in the figure, the

Si ghal s re??@ﬂﬁﬂ%ﬁaBbDQiﬁ?tBﬁlts 73 to 7n never coincide
Thiské i d hephegnsinkl 88s ofs he éi:&%f’l ﬁ?ct% Eg s Dyp the unit

72 and are independent of eac 'S nmeans the
InnBgniteude, off suptgpasead sefit efiordasSignalis tdevehit 72 for
crosses the threshold of the |owlevel state and,
eXpRiSf GRELeRRE Siguadisyiang PFRGUCPY alovide pehdagtdoRenst the units

72FLgure 12 is a schematic representation showi ng an
exanﬁle of the configuration of the bus 60. As shown

Fidird-1gUERowe? thbhSchua® 68 iv§ve?ft05:k|c$15§e§4ehna@ azﬁ)géﬂg D. At the
wiring ?attern on a printed wire board 61.

Podite & dahe esiwneh Tedsddedeby theofinthel2 puengd=0fronhe high-level
line length_of _the bus 60 is determ ned so that the

SEH RS B B TPRR oTE e PAFRTR $4PBMLS drghartash byhehpather units
731 SROpL LN than.dfg b' neAgk%qlflcaE&Ft f QL rlggl%g]e in the figure, the

transm ssion signa e a round tween an

signadsofefleeteni bys. theA&nﬁté eRulh, 74 hevbr adindian it ok
a signal at any receiving unit passes before signals
trangitien of W%%wluﬁe@%we@aén thte ungtel¥iamg apmiindependent of

cochBLhEL! 358 AR 5P S S AP ssgmans
nevﬁ&|étwgﬁdsoﬂhﬂgthfgghﬁléLﬁﬁ3ﬁﬁésf§wlﬂ@@el state and, therefore, the
receiving unit 72 never malfunctions. '

Figure 12 is a schematic representation showing an example of the
configuration of the bus 60.

As shown in Figure 12, the bus 60 is structured in a zigzag wiring
Pattern on a printed wire board 61.

In accordance with embodiment 2 of the invention, the line length of
the bus 60 is determined so that the transition time of a transmission
signal on the bus is shorter than the time required for the
transmission signal to make a round trip between any two of the units.
As a result, the transition time of a signal at any receiving unit
passes before signals reflected by other units reach the receiving

unit. The reflected signals are independent of each other, thus



effects of any reflected signal occurring on the bus.
Furthernore, since the bus is structured in a zigzag
wi'ring pattern on a printed wire board, the overal
line length of the bus can be increased by

' effectlvely u3|ng t he narro¥/space of the board. (3)
re 13 i,s a @chenatlc representation

Prﬁb’mlg“gt ?%se c%‘??%l&b?%ﬂndﬁ grom f@tlf‘éﬁ‘c‘f‘c’r%‘rlngnbo'ﬂ}lﬁe fAppresses the
@kcbh® d¥ aﬁfngemex@&s I QQnat no{ u%gg ebH
‘1 da? a bus

consi sts of a control si‘gnal

FéORhermown t sifel Shprme dedsﬂtddtu@eariﬂ“ﬂﬂbﬁggﬁg(ﬂﬂf@gbtpattern on

711 and a unit 72 is provided with a receiver circuit

a7piintget Hltr-%é’qalréns"?ﬁ@t PEprely dine Yarngtandittlee resecurrbe
ncorporated in ngle unit.

ki, £ 1A Breny BEThP O Samt S (o non y BRerd.

exanple of the configuration of the transnmitter

circuit 711. In Figure 14, a logic part 712 outputs

(§hqm&gag&gh:%lgnal CTL and data D3-0. These are bit
signals. In the exanple shown in the figure, data

F{pu@ 08 #s bl tscHahfticARefrEREREL IdD AGRHeStIlAlBnEEMration of
by the logic part 712 into a bit signal haV|ng a

Y§% ¥eQthewrirmbogingsit off She|Hreshetemmnqnheoshovw1| n the
is 4-bit data, is encoded

fi ure
|nt f%? &ﬁfcﬁ? chs%ﬁﬁﬁ PLJALGPILEPYFEITA] PUs o601 and a data

'bexaaple of a code conversion table. An encoder 713

encodes data D3-0 into data DATA4-0 according to this
A tualite? 1 Dot proAldwt @ichnd airaashittdr sivbeme 7quasid ta/ vnit 72 is
pggv1ggda$1€% ghggceg;gg égrgglie$2l}7
Both the transmitter circuit 711 and the receiver circuit 721 may be
incorporated in any single unit.
Figure 14 is a schematic representation showing one example of the
configuration of the transmitter circuit 711.
In Figure 14, a logic part 712 outputs the control signal CTL and data
D3-0. These are bit signals. In the example shown in the figure, data
DP3-0 is 4-bit data.
An encoder 713 encodes data sent by the logic part 712 into a bit
signal having a fixed number of bit 1's. In the example shown in the
figure, data D3-0, which is 4-bit data, is encoded into DATA4-0 which
is 6-bit data.
Figure 15 is an example of a code conversion table.
An encoder 713 encodes data D3-0 into data DATA4-0 according to this

table. Data DATA4-0 contains bit 1's whose guantity is fixed at either

two or three.



Referring back to Figure 14, a driver 1C 714 outputs
the control signal CTL and data DATA4-0 to a bus 60.
At this point, the nunber of bit 1's contained in the
data DATA4-0 supplied to the driver 1C 714 remains

“fixed at either two or thregseven if the states of
- jBELS D3-0 change sinul tanequsly while the .
stateéﬂbggggf%)F%gPﬁ%n%%nFTéﬁaﬁﬁrgﬁgf7 Puipatk dife control signal

cstaiid daBa BavesYl to a the g fects of ground bounce are
suppressed and the static bits of the control signa
AETHhig @opnbt ddieedumlgmi 08t bi ndusedomedis@d Fh ot d36a i SaTad-0

a schematic representation showi ng one exanple of the
S%ﬁﬁ%ﬁﬂat% fVEhelG dédi amaigpr Eirqd ARleitherFityorer three even

. ' o] it ' th trol _signal
T SRS B B AR ShER rdRpfSeRagheny Hile ehe
steesder B2 decenescdirtel IhA4-Orback kBho daka:-D3-4 4 result,

As a result, the data transmtted by a transmtter

the ffpety 19f igsonedthonede axd sgppromanctd Z24 4cOGESSRS bits of the
gnal CTL and data D3-0. The nunber of

e _.contral _sj : . J
cciﬁhctréali ﬁl%‘h"’tqa C@}ef%’iee PIRECEA%e rIR IR thdrdneed Meiganber of
Filjulrel 16 id sd8LRemfdir %@ﬂi b r than thase
%ggﬁfioned above, ﬁ% & oé%%%%?gg? %Pg@gébgﬂﬂgsgﬁ?mp & of the
cadnfiigntatgion bf avisniresbdrerdatiack st epagQded into a bit
signal having a fixed nunber of bit |'s before it is
‘I%ESBPF%&ﬁroaar%qwer Fizcuis 322 egktives tthies cposmilblségnal CTL
0 he _effects of ground bounce, (4)
an%n‘g%g?%%tﬁﬁﬁegnl}r ggiof]q%s tges%‘hse ti c® resPEsEnt 4t idgRodes data
DATRLL NN E8ITRlda0P3f, YRE a ARSI APedLIPN . QhitPEs by &

present invention. In Figure 17, a fransmtter circult
trgngptterr edr¢nidr 74l rtuidesBoree  @ODO@DE @Art072 processes the

co%L%erQfﬁigfnc%ﬂ g%dzggéa %%—0.

The number of bits in data before and after coding and the number of
bit 1's in data after coding may be other than those mentioned above.
In embodiment 3 of the present invention, transmission data is encéded
inte a bit signal having a fixed number of bit 1's before it is

supplied to a driver IC. As a result, it is possible to reduce the

effects of ground bounce.

(4) Embodiment 4

Figure 17 is a schematic representation of the configuration of yet
another embodiment of the piesent invention.

In Figure 17, a transmitter circuit 8 and a receiver circuit 9 are

connected to a transmission line 200.



In the illustrated exanple, only one each of the
transmtter circuit 8 and the receiver circuit 9 is
shown for conveni ence of explanation, though the
“nunber of these circuits not limted to that
menti oned herein. Inth ransmtter circuit 8, a
1ot EROSIMh b EEFatGlar e¥idp1@] SfNfoRUbadRicy tRATAdmmitter circuit 8
© transmission |ine ZPOO A multi-strobe generation
andi tlelirdec82vergenecatted as s dor Natvephenss gﬁalegplwatlonr
is an _integer) having different strohe timngs
Chovaind S SO PROBGY. CFHODIG 171 PO LRI EH ea fAk nehtioned
her?e nmul ti-strobe generation circuit generates three
T6be signals, i.e., SI, S2 and S3. The receiver
InCEKE WrhinOmi el OViSAGA W), til aSneRiytdaicdhceir Al sends out data
the nunber of strobe signals. In the illustrated
DATX arplae trawmmdssion ciinecRPui thsmuiti-strphe C‘F\ellﬁrlaéaﬂ Fircuit 82

901, 902 and 903, _are ro de
JeRPLATESI £F P2 PELN 5587 ?sgljsglf@ gsfgvjeﬁ ysre ar ed i:iemf’hge

dlkfé:&nltcb{féﬁet st_ug%s %Q%oaﬁ]ctx%ggmlééhénmlim@rﬂﬁf ah the

points In tinme 1, S2 and S3, respectively. If
111antaﬂeeﬁ1@tléob’elesmgmai-8ﬁtrbbe gemomitien cCirmuitt gémerates

provided with as many latch circuits. Qutputs of the
threg @¢rebe ctianslsnii-99025hnF0839aF % supplied to

ul I
Th@zgptcrlelg géﬁépﬁ;rlc%} 9192 E?ecgetjdg gh't%ufnlggg c?gguﬂ&d as the

nubbdd iRl 8XEde %iémal%lZ andeitl 30 1 heepaeid &ﬁiuypleandhﬁée latch
the sane tine feed their own outputs back to the

c1mmtt|5pl éxers lapcmeimicpl bx 10193982 | and $08nea%st prpEided. Data

out of the nultiplexers 921, 922 and. 923 t
sk CBUELF (LR EER SUECREY e SALSTIIE SSINER) G ianea in the

1a8id] Q‘.'chél'lf,g iy | 90 Yhal oR Ginf €Hid Jr¥erdeieaiiedNGoidds in time
starting point of conmuni ‘cation and set as tri gger ed

ofbyltlse aheisy edgeecefivalsir oifethsigrale Blstyobel spgidlsp the
95 synchroni zes the strobe signal SI_with fhe

receiver circuit is provided with as many latch c1rcu1ts

Outputs of the latch circuits 901, 902 and 903 are supplied to

multiplexers 911, 912 and 913.

Flip-flops 921, 922 and 923 are supplied with selected outputs of the

meltiplexers 911, 912 and 913, respectively, and at the same time feed

their own outputs back to the multiplexers.

A multiplexer 93 selects one of the outputs of the multiplexers 921,

922 and 923 to output it. This output serves as the synchronized data.

A flip-flop 94 is a circuit for detecting the starting point of

communication and set as triggered by the rising edge of a strobe

signal S1. A flip-flop 95 synchronizes the strobe signal S1 with the



19 receiver clock CLK. The receiver clock CLK has the

frequency equivalent to the transm ssion rate of data

DATA. A control circuit 96 receives the output of the

flip-flop 95 and the receiver clock CLK to contro

the switching of the nultlglexers 911, 912, 913 and

93 and resets the flip-flop 94 at the end of
rec—:@mﬁ;npéack OHK. Th'@hmetcﬁpV%R@rIS’CEquK dips | tha Freqyensy

p-fl 921, 922, 92 % and the

qu%Nﬁ%%?F E?réﬁ% trBBSSTIPR ( IRE s ?ﬂﬁl 3 Circuit that

A ééﬁ%ydiscgfﬁﬁiﬂ'9Eakéﬁgivbg iﬁﬁadu%bﬁb & el 51201 0p992 and the

and 903 using the receiver clock CLK having the
reté Baieplycle UKV abemintirolt tiee tswansmimgsicdnthe and taplebedtrd 911,

DATA, in order to synchronize the data wth the
91?60%1l3véf1d & coR. ra¥EHERaVEoP-61or met &bbut Al obf

re. 17 is described as follows. Figure 18 is a
%h% t?Hing chart for the enmbodi ment of Figure 17.

Thésmﬁttagbsxéﬁsg@qhs giie oerhad BBNtLis MApuitad weih 922, 923, 94
three signals, i.e., Si; S2 and S3. The strobe

andi gnaksdatle apnar¢igylrbEVEI9ﬁMnenStmtub@nnU$nmRﬂ@mGnCiEFult that

carried out. The_ npnent when a strobe é% gn ;
SaRpISR S2FB\EItEIBEd oot P RO RFe POt a2 PR0 KES using the

re%tii%ng\ir ok X &Ksﬁg@f}ﬁd tné f b}{@§ é‘alﬂlggh.énts 1 | ll:ﬁ@straznsmlss:;on

ree st e slgnals
rafd bfSdatd OATRGNSH drdelretol ar.tya:chﬂbnﬁer enei geta GiitbUutlie Geceiver
latch circuits 901, 902 and 903 retain data DATA at
clete timi ngs of strobe signals Si, S2 and S3. In the

o SRR B P Tk o] P, 200 PR R o gpiows

FiditleCRgCid QidigndPbindld ad908r ORNEnBo@inenthok dF:tghﬁe 17.
sane data until the strobe S|gnals make the next

As strobe signals, the embodiment is provided with three signals, i.e.,

1, S2 and S3. The strobe signals are at a high level when no

communication is carried out. The momenﬁ when a strobe signal changes

from a low-level state to a high-level state is the time data is

strobed.

A receiver circuit 8 drives data DATA and the three strobe signals,

i.e., 81, 82 and S3, to transmit the data.

At a receiver circuit 9, latch circuits 901, 902 and 903 retain data

DATA at the timings of strobe signals §1, 52 and S3.

In the example shown in Figure 18, data A, B and C are retained in the

latch circuits 901, 902 and 903. The latch circuits 901, 902 and 903

continue to hold the same data until the strobe signals make the next

state transition. For éxample, the latch circuit 901 retains data A



state transition. For exanple, the latch circuit 901
retains data A 20 and continues to hold it until
strobe signal Si changes to a | owlevel state. The
~sanpling circuit sanples ta retained by the latch
circuits 901, 902 and 903*sing the receiver clock
apl Kedreninngs t e nol @queney i1 egiiioral 80dnd10 sihendlidded to a low-level
transm ssion rate of data DATA to synchronize the
sgat@ with the receiver clock CLK. Al though the

T&?Ssﬁ%rt\fbsa glc%%ué gs iie?géa%g\%ggg%%%o%%hla?’écrhoggrcuits 901,
98Y NGy 90k z@d g@n tﬁé‘nre%te:iuar he R&hbgy afhBYgSanp! 4.4 u%%kgy

data retain in the latch circuits 901, 902 an
egsividenhets ethel deta talaaskiddiénbesios eft ldatdabmrchang@schronize

For exanple, data A may be sanpled ,using the ‘
the terith g cereimmr] 61ede ALKt chhltibogaht tlpp repgiver clock CLK

i I h b Af i
Hatd PR gl i Bebr SRR 1 B0 oy B apove-

meMbaBd f &fndneni £osionebak | AGH1GK {hiachieWe dabBling the data
synchroni zati on. The advantages of fered by "embodi nent

retagnefihin pgrhesdatch migntion Sdle 962 dndl Bodwsusiny] tAdereceiver
cé{ nsmtter circuit onI% has to_send data using N

GEX ?ﬁ%ﬁ?&lgh?yPQ§éqﬁ S-onkPhprafele agdakar dsy pe sampled
udfy Lh@NIVLLEF &iJc@cubf.K vg?. eDEnd ’E%'tSHEE‘IFéiﬁ%gtgol Oij retaining

virtually the same scale I ntegration as
thh@aconventfregaéndy 2081W4Tett €b rthd Hath 24 ralldmibselsr tRke of data

circuit is provided wwth N latch circuits in
DATEN A CERGIFIREE Heoughy Epk tdiegRereives eieck (FIfata aghiee the

n each of the strobe signals. erefore,
5131% LYRdJ Q00T each of th be signals. Therefo
ata retarned in any of these latch circuits remins

THEGBARGRGedNbE ol bot &tRRIRE SN 2l LREFL QM ehe jAﬁSMttion are as
a

|atch circuit makes the next state transition.
fqldewkt, the

{1] The traqsmitter circuit only has to éend data using N strobe
signals in sequence, one by one. As a result, the transmitter circuit
can be implemented on virtually the same scale of integration as that
of the conventional transmitter circuit.

t2] The receiver circuit is provided with N latch circuits in
connec;ion with N strobe signals to retain data at the activaticn of
each of the strobe signals. Therefore, data retained in any of these
latch circuits remains unchanged until the strobe signal allocated to
that latch circuit makes the next state transition. As a result, the
receiver clock used to sample data retained in the latch circuit can be
out of phase and asynchronous with the transmitter clock. Moreover, a

frequency equivalent to the data transmission rate is sufficient for



receiver clock used to sanple data retained in the

latch circuit can be out of phase and asynchronous

wi.th the transmtter clock. Mreover, a frequency

. equivalent to the data trapnsm ssion rate is sufficient
for 21 the receiver clocK. For this rg-ason, the

the ezeetivenvEmckon Hoeshhotreaseqyi tiee arbsgit sipgredtion does not
clock, whijch is faster than the data transm ssion

TPEES SuBHMSPRRAICIRSEd TRICTUAP AT 1T 4RS HIaR TP Hakedtpsmission

rac‘Ec-?,r Ehgh Of tﬁﬁégcgé 'f%?t LIiQtQat tégngn{s%ightba Ietd I % sta ﬁq—stop
unnecessary to reduce the _ransn133|on-ré§e_8elomf5 e

sfriaoaneyeieh.t hes i aekupt OVitded inhdcB8sak£GR ¥8Auce the
circuit, thus permtting high-speed comunication. [3]

tEppeniEE R (Teps Beibve dher Bfeavencyiaf ftde skl ipmgvided He the
receiver, circuit are all designed to operate on, the

TEHE OF eCHi Vet - cFtk PETHbE i ngs Mg Peat er B R PR LA

[ $0a9e NP1 L ILAE Na bl FQ QL e S s tirngI in the receiver
circuits that operate by using recerved 'strdbe signals

ciasutiheare @laclesighedotdidigirdte tdie theceimereckbi et tclock. That
Wil not malfunction even if the strobe signals,,

15va FEE oFFRCIBEE oPAr WLt dPee dofuecntRinhany fRIFSt sipfuigs or control

Ltive load or.noise in the transm ssi.on line, .
oRHIEL st RB8% A AUV Bptffed PRRGISFi%Rele M eheix clock.

AesaiadIR] BRE CHdLAGER! 8R4t Ow LDl R eufhcPiol Mren if the

present invention, it is possible to realize
stiyphh-Simreds ' congifornat besiogaadlistreanefiedue (tb) thabaftienent of a

5 Figure_ 19 is a schematic representation of the i
CaPBRITHR APPArPMYEE 10 A6 FEANUHEBHPHEPCof thif ensuring
coR8SEMe SRYRM 11QRAnstL Figure 19, bus masters 31 to 3n

are providéd with a pair of a nonitor 46 and an
Asanbsdribed7herddlm FRBbEdIngs 6o NENHJIRMENS | Q& Sh®pr@Bent invention,
carbitration bus 43. The arbiter 47, once a request to
1t,d8 RIE1IRAR atDealsz¢ Juighdspeasin chesistent signal transfer.

(5) Embodiment 5

Figure 19 is a schematic representation of the configuration of yet
another embodiment'of the present invention.

In Figure 19, bus masters 31 to 3n are provided with a pair of a
monitor 46 and an arbiter 47.

The monitor 46 monitors signals on an arbitration bus 43.

The arbiter 47, once a request to use the data bus is issued from the
bus master to which the arbiter belongs, executes the following
processes depending on the results of monitoring by the monitor 46.
[1] If no arbitration is carried out on the arbitration bus 43 after

the bus master to which the arbiter belongs has finished using the data



bus master to which the arbiter bel ongs, executes the
follow ng processes depending on the results of
nonitoring by the nonitor 46. [11 If no arbitration
iS carried out on the arbitration bus 43 after the
bus master to which the alBiter bel ongs has finished

i data 22 bus 42 the arbjt i he- .
ofF P HOE BPRE e Bttt CROE aPRg T BT Rt thoue

g&Yy Fth@&&gﬁﬁ tREOSAMULE L USH NEokbRguAS bjstihﬁt 4100 BUStfdion bus 43.
[2)if arbitration is carried out on the arbitration

[Dugf4d8rhiftiratitheis lpasrimdtert bo wE @rbiteatdobi bes 43 after the
bel ongs has finished using the data bus. 42, the,
bug FReERT dqiPttel threaFPHIAT PE10R%E thes §irishsdsuaineihe data bus
ayhng rhitratjaon o) u usy .
A{nEndlpr AT, SONEHEN BRE ol EEUISA CRE OGS BE  naving
gdRPRSEIYALheNafitrhei fMigtopaairdfustifg tiRThedi oRddical bus 43.
Figure 19. A bus naster 48 sends signal BR requesting
Figpracgliise at heheniaght repussenteahiorbgd the arriar patrterof4the
n the bus, nmast 35 receives signal BG for ,informng

wh
e"ﬁ’é’gbﬁ“%’?tt i%nFo9 % heé right, it transnits data using a
A GRkonbUS T 485 nrlalfséll%{%ﬁ(‘%i tﬂg‘ %%%%Stl\?\lﬁi g%bdctq‘ilﬂé%eb‘ﬂght to use

43 carries sig represent a
thecjuesto faqr atihiccar gt twhensehs sbmastmtaebyivedusignal BG for

. master 30, as well as REQQUT signal. Signals REQB to
- 1nREERy R ACARPEAtics ghatle tdhhe Budranghigs datarFing a data bus
4oREQOUT signal is an output signal from the bus
master. Qut put REQOUT signal is supplied to the signal
THel Begif1 19768 o tﬁbgé‘ﬁﬁ:ﬁtﬁgﬁnt&sRE@aﬁiQBaE%%ﬁ@REQ3 to REQO,

REQO are prioritized in the order of REQQO Ql, REQ
whigll REQ@seTher megbest dforsithmaridiitnés ugresdienus ade by a bus
b .52 S5, SHE0e DEOLAPTL,NELE) Rool Nt e snoue
sibRg1s RPERIUS %S§€éfkg%dagﬁlﬁﬂﬁoUT-signal is an output signal from
the bus master. Output REQOUT signal is 'supplied to the signal line of
one of signals REQ3 to REQO. Signals REQ3 to REQ0 axe prioritized in
the ordexr of REQ(O, REQl, REQ2Z and REQ3. The number of signal lines
need not be limited to the quantity mentioned herein.
:In this embodiment, arbitration is carried out according to the
procedure described below.
{A) Neutral State
If the bus master 30 is in a neutral state, there is no reguest from
that bus master to use the bus. In this state, the data bus 42 or the

output REQOUT signal is not driven from the bus master 30.

(B) Transmission of Bus Request



(A) Neutral State If the bus master 30 is in a neutra
state, there is no request from that bus master to
use.the bus. In this state, the data bus 42 or the
-out put REQQUT signal is ng driven fromthe bus master
30. (B) Transm ssion of B&sS Request 1 23 if a request
to_use the bus arises, the bus master 30 nakes its own

S
TREBDIAEPENE? U5t FUe Rist ﬁBbiesde[tél? bug magtepni] MakAg its own
b 4
"ot SUADR SR (O SRGl ML, e Himae nons
tAf REYO mndmmgammtraﬁemRE@m Salrgn@ﬁacﬁll%e bus master 30
ares each of signals REQB to REQO on the
(SPSF%F%@%@'E%E% Srttigneghn REQOUT signal to find

e ord riori and. then executes the follow ng
A5G Felilnd (ot H¥ pipboRE oS e TAD Hien Be T, FigPeares each of

Process

si@na’flssh.ﬁ@:@|bo REDH BRERS £&1t@§%&%1{1h%3%ﬂﬁ 5351 9 rEQOUT
bus 43, that has a higher priority than it

siuigmUtosf;pﬁahhet¢mﬂer|bftpwﬂurnay;I@hthhhdréwubutbs ONé following
REQOUT signal and enters a wait state. [2] If the bus

PIR{E$SEFSS0 finds there is only the REQOUT signal of its
0 t4i,0 3 hen i.t. nmeasures the
[@Qﬂ:ﬁfo %\t}glrs \Mgw %%a tohg%lp%sor?g‘aﬁ oir ‘Conti hUESA is YhYY REQ3 to
REG® bhetneasbietafion bls r£AChEst ahasSRCRi A Y‘i‘!::lf'lehy th8n its own
bus master acquires,the rlght to use the dafta
REQOPT| siquad , behe¢n¥§teemémrdhlﬁMSWiﬂhﬂIaWhexts|awnaRqup1ab;gna1 and
REQO on the arbitration bus 43, that

erﬁgya I%% Sﬁﬁ%rl ty than its own REQOUT signal, then
(21t eNtfd Hud M@éﬂezsgﬁtﬁr%!ut Rnbis i W%B%al e u%?@fl signal of its

hel d active. Thus, the bus naster
owgi gnathchavbhgratien besver3,pthed i ity ndhsaeans. pdsici0ORer which
as the_signal disappears, the bus
that conditidon continues. As soon as the measured period reaches a
specified value, the bus master acquires the right to use the data bus.
[3) If the bus master 30 finds that theré is a signal, among REQ3 to
REQO on the arbitration bus 43, that has a lower priority than its own
REQOUT signal, then it enters a wait state with its own REQOUT signal
held active. Thus, the bus master 30 waits until the signal having the
lower priority disappears. As soon as the signal disappears, the bus
master 30 returns to the condition described in item [2] above.
(D) Use of Bus
Once the bus master 30 acquires the right to use the data bus, the bus
master 48 transfers data using the data bus 42. While the data bus 42
is in use, the bus master 30 continues outputting the REQOUT signal.

When the data bus is no longer in use, the bus master 30 releases the

data bus 42 and withdraws the REQOUT signal.



master 30 returns to the condition described in item
[2] above. (D) Use of Bus once the bus master 30
acquires the right to use the data bus, the bus
master 48 transfers data ?54 ng the data bus 42. Wile
the data bus 42 is in us the bus master 30

conti nues .outputti ng t he RE arrgnal when t he data
' (EL)JSM‘?%ltr%ngng‘é? ReAuee tor He b]i’f? 8%er 30 rel eases
shbge @&ayp%é%ﬂoﬂféowJshﬁsemﬁéﬂglaiﬁ}%ahggalma%n the
%/bmton ng for Request to Use Data Bus
aSbb’SJ&q:li@nt bys 4he mprirdcdhedGhudmab@es Hsgeal snREE3 stignals REQ3
REQO on the arbitration bus 43. |f another bus nmaster
tpsBERL, éﬁ? BPRiGiogN AP SPIRmES 1 qREQERS S tABNY ointesa neutral
ngs .t wn _bus master neutr al t
?ﬁ%‘f &Jéle%h?%ecar?gm mif@lgo]fces%f’f%esom%sbus rra‘%t %Psg%r 30 to
ehfer ecrﬂeeheﬁbfaln%%wl v%&]ahe SULR £l f;h@rb‘igﬁgl&hﬁncﬁiggﬂ@b§ to REQO
anong REQB to REQD has a lower priority than that of
hthea buwsremrapt B1ri39' showthREQEX Rhesbgnakastkl 3h'ss memuREQOUT
to use the bus is issued fromthe bus nmaster 30 itself
Sh@ddre any other bus nasters, the bus naster 30 uses
B dat
th e RaRgE o oEE) PUE S SUROUEILA UL A UHECIRR sesens
béfortemang atigly basquddwerEhetid Pk hostize 3bhes@l§:1tta1ebus$ again.
More specifically, the bus naster i mediately
: (&quulseso{fr%mi ght wi t hout going through the

rbitration t he arbltrné on_bus 43.
FaRin8 R, GRS R 12, the Ao e el Gt ache B REeoUT
{?ﬁﬂe rto3ﬂmédﬂt§bfsad¢%wg élh-:ﬁ dghe W%s82end laai@! BRSES wore
the data bus and then wthdraws the REQOUT signal to
spariificellips theqbestmaster ubenddietelht acgoiises et riight without

t he bus naster noves to the condition described in
geingthrough the arbitration procedure using the arbitration bus 43.
'This saves any wasteful arbitration time. When the bus master 30
finishes using the data bus 42, it releases the data bus and then
withdraws the REQOUT signal to monitor for requests to use the data

bus. That is, the bus master moves to the condition described in item

(E).



(E). 25 Figure 21 is a schematic representation of
t he behavior of the enbodinent of Figure 19. In the
enbodi ment of Figure 21, a naster station 32 uses a
data bus 42 in two consecygive rounds. If there is no
" request issued by other bus nasters to use the data
- bufurehen 106 MRELRLIS 3bhAULALa VPSS Jrendddha iU LH G he
second time, the master station I mediately acquires
ewdipght off FFigsee ti¥e -data bus wi thout going through
the arbitration procedure. This saves any wast ef ul
t giher SPHmenheot AdG8FRiHy RoMeFHATdiSHRRIOE 32anyegia/dlata bus 42
i.S.pern dt uire the right .to u
et PSS, 1 BRPEtGR phorafisthy 4pPesd By other bus

stees Ut ® Wil BPe td¥Raabhs tWidhi O MaSteklfsidtiBnCaSses the data
where the bus naster wuses the data bus again, no
Rishthe atgqendi simew thednanterabtayicnhdémediateagt acqiiaes the right

finished using the data bus. Subsequently, it is
%5048¢F bﬁée %P 2% YAilotadrdna | tEo8eh B¢ GiFbd ARt kgRg procedure.,

THAB' O¥Ee S Wil eRL A5, rg?d] . The .advant ages of this
enbodi ment gre part?cu a%??thﬁg?%gble in cases where
Agcpeding woaembothineRst £f dugegivddie baysmydier fEegaiiti¥d to acquire
As described above by referring to enbodinents | to 5,
thechithtngot BSe Hdie Préadms vinhawti oning tthrsugbsiieblagbitration

ut _c nication wthout _bheing aware of the
pEBEEd BRI R CRoh IO A Bri R Chae, ey by bus master

ubés Oetfed dak 8 Obid) 23R 8RS el BEKi dAR0hH NEs RILSri 88 %yt after the bus
| erl enent a conmmuni cation system and a conmmuni cat i on

mag¥Ry dlasnBimthedhasienshe eddtigghuspeeshbsehigitly, it is possible
trel%abgg comuni cation. Claims 26 1. A conmmuni cation
gyssat @m Fnggshetul arbit<atigetime and improve system performance.

The advantages of this embodiment are particularly remarkable in cases
where a particular bus master uses the bus very frequently.

As described above by referring to embodiments 1 to 5, according to the
present invention, it is possible to carry out communication without
being aware of the state of a dual-redundant bus, examine the integrity
‘of data also in areas other than the bus, and implement a communication
system and a communication control method that ensure high-speed,

highly reliable communication.



circuit and a receiver circuit are connected to a

transm ssion |ine and data is transferred between

said transmitter circuit and said receiver circuit,

said transmitter circuit 3ﬁgﬁrising: transmtter neans
c1ai@f transmtting data; an I'ti-strobe generation
-~ means for generating N strobe signals, wherein Nis

an i nteger, each of which has a different timng, and

wherein,data, s transmtted g¥e%ald éygtter MBans _ iirer

when sald stro e Sl gha s aré'sent sald recei ver
cirguitcurhdcenpresengr ac;o:tctmal | duye of:ohaé@ied:l t6@Uial Stransmission
1ineq%gb‘ un@gr 0 thg er.of N sgr be S|%naL§ and .

Tt cRebeTUe | HPabdferity aBu el bt nitter circui
andtéé&&ﬂﬁébbﬁﬁeﬁidinﬁuhtat each point in tine of sald N

strob [ wherein said plurality of |atch

[

ci FEtft's” therd%&?fqhﬁeﬁ°§8¥ﬁ§ﬁ¥ﬁed by a respective

strobe sigAghittdmean®l 1410 theaABS: f10mSagphi Nehalat a

r et ai ned bg said plur- ality of latch circuits using a

recei vefUeF beiC ek riieReRrégleMepnSediiy afeRfratd rgatth strobe
s:.gﬁi.‘?‘.;nsmlﬁegﬂeqrﬁ gt ?st QnSYLﬂEQ{;Qf” Zg;dat a¢ thk]chsﬂ‘lag a different

recei ver clock; said sanpling means conprising: a
Cimgidur and ywlaﬁrefunr statpulisi plrexenitied it ssebhnecaethitter means
whelﬁaéaﬁc?'s%éiaété’l faikabed glficuLpg, a plurality of first

lip flop circurts connected to said plurality of
fi petd meddipeexei roiitcgiotprigdimmecond nul ti pl exer

circuit _cq nec&eg to.said plurality of fi rsgLfAdA%er to the

ura clyrcu
flop ci Fedits! Sont ol neans for &GN roH
numieper ati an er&&& d51§]|1eﬁB:t and Sf@&onﬂld'ﬁdzlsbh.‘péfeixeﬁ:etalnlng data
cifcuits

sent by' sald transmitter circuit at each peint in time of said
N strobe signals, wherein said plurality of latch c¢ircuits retain
data when activated by a respective strobe signal; and
gampling means for sampling data retained by said plur-
ality of latch circuits using a receiver clock having a frequency
equivalent tc data transmission rate to synchronize data with
éaid receiver clock; said sampling means comprising:
a plurality of first multiplexer circuits connected
to said plurality of latch circuits;
a plurality of first f£lip flop circuits connected
to said plurality of first multiplexer circuits;
a second multiplexer circuit connected to said
plurality of first flip flop circuits; and
' control means for contrelling operation of said

first and second multiplexer circuits.

2. The communication system of Claim 1, further
comprising a second flip flop circuit connected to one of said
plurality of 1latch c¢ircuits and receiving gaid receiver clock

gignals and outputting signals to said control means.



2. The conmuni cation systemof Caim1, further

conprising a second flip flop circuit connected to one

of said plurality of latch circuits and receiving

said receiver clock signq#s and outputting signals to

said control neans. 27 3. “The conmuni cati on system of

claiml, wherein said strobe signals are set at a

hi §h | eVBF WheEHE ICEHhDRI catyti¥™ s €ar r FERfE®uUt .14, wherein
said NG pEURLERld o Sustem of 1ol MeBe1 WREF GbNBRREMcation is

when said strobe signal changés froma low level to a
carpiggh dquével , is a time when data is strobed. 5. The

comuni cation systemof claim1, wherein said

plurality of latch circuits retains a sane data until

a s$trobg&hesi gnatorapplicedic¢mer et aystikes t heohext claim 3,
whe%éiannsr%r%gitonwlflerrpm aP e Lrevbeel éo naa Otc earn legve r m6'a Tlfe 1 1

comuni cati oh system of “crai nt 12 erel sal'd oW Leve
to & aciejhvaevel pcks has iaef vlogieney whi edrdbedequi val ent to

the transm ssion rate of data. 7. The conmuni cation

systemof claiml1l, wherein said first flip flop

ci scui t shand gohturQlcatMB@ns sy caper aked dsd#g the  wherein

.same receiver circuit. _ .
sald plurality of latch circuits retains a same data until a strobe

signal applied thereto  makes the next transmission from

one level to another level.

6. The communication system ot ¢laim 1, wherein
said receiver clock has a frequency which is equivalent to the

transmission rate of data.

7. The communication system of claim 1,

wherein said first flip flop circuits and control

means are operated using the same receiver circuit.




