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meani ng ContentIrkﬁgrsynckronlzatlon of the data processing systems
10 which are interconnected in a network.

In the process, the type of synchronization may
be subject to various requirements. On the one hand,
the synchronism required of the computers in a network
may be predominantly of a time nature. In this case, if

15 possible, the computers should operate in parallel,
that is to say the processing of the instructions in a
program which is running should as far as possible
always be at the same processing state at any point in
time. Thus, if possible, the computers should all be

20 processing the same processing sequence at all times.

Going beyond pure time parallelity, the
synchronism of computers in a network may be subject to
the additional requirément that the respective

. processing sequences in the computers should also, if

25 possible, have the same meaning content in terms of
data technology. This means that the computers in a
network should also achieve result values which are as
identical as possible, with approximately concurrent
instruction processing based on initial values which

30 are as identical as possible. In such a case, the
comparison of original values and selected current
processing values from the individual programs on the
computers is advantageous in the process of time

synchronization.
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This is particularly important if the computers
in a network are intended to form a so-called high-
availability or fail-safe system. Examples of this are
so-called “one of two” or “two of two” systems.

15 In the case of a “one of two” system, for
example, two connected computers with identical
programs are intended to process the same original
data, such as measurements for example, subject to the
boundary condition of high computer system

20 availability. It is necessary to ensure regularly that
the processing states of the two computers do not
diverge too severely in the medium term owing to
processing speeds which, under some circumstances, are
also slightly different. Furthermore, it 1is necessary

25 to ensure regularly that both computers have matching
processing results. In the situation in which the two
‘computers are used, for example, for controlling a
technical process which requires high availability, and
one of the two computers fails, this is a precondition

30 for the other computer to be .able to continue to
control fhe' technical process virtually without any
discontinuity. Thus, in the case’ of such a “one of two”
system, the two computers involved must be synchronized
in time by means of special synchronization measures.

35 Furthermore, their current processing contents must be
regularly checked for equivalence.
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st em . avai bility on the one

the stop state. Further processing of the safety-
relevant process is no longer possible since it is
impossible to decide which program on which of the two
computers had the still “correct” processing results at
the moment when the non-equivalence suddenly occurred.
Comparable boundary conditions also exist in a
so-called “two of three” system; In this system, the
requirements for high system availability on the one
hand and high data processing reliability on the other
hand can be satisfied at'the'same time. In such a case,
three connected computers can process the same original
data, using identical programs. Once again, it is
necessary to ensure at regular time intervals that the
processing states of the three computers have not
diverged too severely and that, in particular, each
computer is producing the same processing results. If
any non-equivalences are detected during a comparison
of current processing results, then one computer may be
regarded as being defective, and must be excluded from
the network if its current processing result suddenly
and permanently deviates from the matching processing
results from the two other computers. The system as
maintains both processing reliability and availability
if one of the three computers fails. This process is
also called majority decision. Following such a
situation, the original “three of two” system then, in

practice, reverts to a “two of two” system or a “one of

two” system depending on whether the two
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10 required for such synchronization are intended to have
as little adverse effect as possible on normal
operation of each computer involved and, at least, to
run as quickly as possible.

The invention is thus based on the object of

15 specifying a method, which is as simple and robust as
pbssible and, in particular, «consumes as little
processing time as possible, for éynchronization of at
least two programs, in particular user programs, on

- computers which are connected to one another.

20 The object is achieved by the synchronization
method specified in claim 1. Further, advantageous
embodiments of the invention are specified in the
dependent claims.

The invention will be explained in more detail

25 with reference to exemplary embodiments which are
illustrated in the figures that are described briefly
below and in which: '

FIG 1: 'shows, by way of example, two computers which
30 form a network by means of a communications
link which is set up via a databus,

FIG 2: shows, by way of example, two compﬁters which
interchange data by means of so-called broad-
casts via a databus,

35 FIG 3: shows a first timing diagram, on which the
sequence of the synchronization method accord-
ing to the invention is explained using the

example of two computers in a network,
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the process, the neasures which are 10 required for such synchronization
are intended to have as_little adverse effect as possible on

nor mal opefBt P6nPoB388cR conputer invel Ved and, at least, to run as
qui ckly as possi bl e. The invention is thus based on the object
of 15 specifying a nethod, which is as sinple and robust as possi bl e

and, in particular, wh@ehUr&smpwtserd ithhe form paocsssidigldd ntoae of
possi bl e, for synchronizat,i on Q

at | gast rogr , Ln,particular
user programs, on EgﬁpuPﬁrSEWﬁi8ﬁ 5re cSﬁﬁ%@?gg ?gsggg'aﬁg her. 20
The object is &Hi évedsbpwshea syedonshi taming diagmamod inspebifhedchen
claim 1. Further,  adiaOLaogous or  egROd MBghentbntibachiOHent it ke
specified in the dependent cl al ns, i ) The invention w |l be
expl ai ned i nore det aRrFcosdingt o r Eher divention ek nSrRLPLINERD I Mt s

\an: ch ag e vvh! | |hust r ghed e}::{(‘?ﬂiﬁ[ﬁé f Eﬁuras%éélaboﬁplgtdescr:‘}:bed iéwidyk,

el ow and in i ch: , . Shows, by of exar . twq.conmputers
whi ch 30 f or mwﬁllﬁgt VPP e 80 o%lova’é“ CSm%F%%ﬁ%%s S

link which is set up vichreefatalpster syBkém2: shows, by way of exanple,
two conputers which I nt erchange data by neans of so-called

br oad- casts via a databus, 35 FIG3: shows a first tinmng
diagram ¥h which tHégure 1 shows seqfithee eKamRéesPicir REBERHPA Tt hod
accor d- tions MNGK bdHiedIVeRd| 8AtAS pP¥Rledisiad WSistend)e called

exanple of two conputers jn a_ net ,
i comgﬁters in the %gifowing text, for short. In this

case, a first computer A, which can be operated via a
keyboard and a screen 4, is connected to a databus 1

15 wvia a first coupling 3, and a second computer B, which
can be operated via a keyboard and a screen 6, is
connected to the databus 1 via a second coupling 6. A
permanent communications link 8 is set up between these
two computers, and is indicated in Figure 1 by a dashed

20 line 8. Such a permanent, connection-oriented communi-
cations link <can be used to interchange data
continuously and directly between. the two computers.
FEach computer is set up to send data just to the other
computer and to receive data from it.

25 Figure 2 shows a further example of a communi-
cations link between the two data processing systems A
and B. In this case, no permanent communications link
is set up between the two computers. Instead of this,
this communication is based on the so-called “broadcast

30 principle”. In this case, the computer A, for example,
when required feeds a message 10, that is to say a so-
called broadcast, into the databus 1. All the other
computers which are connected to the databus 1, in the
example in Figure 1 the computer B and possibly other

35 computers that are not illustrated in Figure 1, are in
an operating mode which allows data reception via the
databus 1. All the other computers first of all receive
the
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set up bet vveerif’:tlhe%‘éth tYPﬁB e thé’ﬁ’d jLlusiiattre dir nFigygaee 1.by a
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cations [link b sed to .int er.cha dat . nt i nuaysly and
directly bet we’éha{}hee f%f St RS o ST =" X %ompzlre i gﬁg]tg‘tﬁ)e ?% send
data just to the otherIn the timing diagram in Figure 3, a general
10 time axis 14 which timing marks Tl ...Tl1ll is shown on
the left-hand side. These times represent the starting
points of processing states of the two computers A and
B, which occur during the sequence of the
synchronization method according to the invention.
15 These processing states are represented in the form of
function boxes on a time axis 15, located to the right
of the general time axis 14, for the computer A and on
a time axis 15, located on the extreme right of Figure
3, for the éomputer B. In principle, the time axes 15,
20 16 for the computers A, B symbolize the sequence and
the progress in the processing of instructions in
programs which are running, in particular in user
programs, which are called task A for the computer A,
and task B for the computer B. The processing states
25 required for the synchronization method according to
the invention are inserted into the natural sequence of
processing the instructions for tasks A and B and thus
each result in an at least temporary interruption in
the processing sequence of the command instructions for
30 tasks A, B. The method according to the invention has
the advantage that the additional processing states
which are <caused by the synchronization and are
inserted into the sequence of the individual tasks are
as short as possible.
35
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for computer B. In order to simplify the explanation of
the invention, it is first of all additionally assumed,
by way of example, that the tasks A and B running in
the computers A and B each comprise matching chains of
15 command instructions, that 1is to say that, in
consequence, the samé user programs are being processed
by the computers A, B. This means that, for example,
the processing states associated with the synchroniza-
tion times [lacuna] and T6é = syncpoint Y have identical
20 contents in the respective tasks A, B. However, in the
example in Figure 3, the processing of these tasks on
the computers A and B has taken place at different
times, that is to say the processing is no longer being
carried out approximately at the same time or
25 synchronously. This can be seen in Figure 3 from the
fact that the syncpoint X in task A at the time T2
occurs earlier than the corresponding syncpoint Y in
task B at the time T6.
The synchronization process which is initiated
30 at the time T2 is thus necessary. This is thus
initiated, according to the invention, in that that
computer in the network, for example the computer A in
Figure 3, as the first to reach a synchronization point
during the processing of the corresponding task, that
35 1is to say during instruction processing reaches an
instruction which requests synchronization with another
computer or the other computers in the network
[lacuna].
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Particularly in the course of feeding in the
synchronization data set from the program of the
transmitting computer, no reception of acknowledgment
messages from the programs on receiving computers in

15 the network is expected for completion of the feeding-
in process. Instead of this, after feeding in the
synchronization data set, a changeover is immediately
made to a data receive state, and the further
processing of the current task is interrupted until the

20 arrival, in particular, of a corresponding synchroniza-
tion data set from a program of another computer in the
network. In Figure 3, this is symbolized by the
processing block 19 denoted by “receive wait” on the
time axis 15 of computer A.

25 In order to reduce the amount of data to be
interchanged and to be compared during synchronization,
so-called signature formation can be used to
considerably reduce the amount of data to Dbe
transferred. When a signature is being formed, a data

30 set is reduced by a type of compression to



In this case, at the time T2, the further processing of the instructions
I rt the user program which is running Is interrupted first of all by the

conputer A a _ t, one set of sygchronization data for at |east
onhe 5 ot her c&%p?l%serP é?eﬁep network is fe% into the data GR 96 P
- 8-

3368 P interface. In the exanple in Figure 15, this is
represented by the processing block 17, which is denot ed "send syncdat a
x", and has ara amioguesky idewntvifyyingi haaf wbicht may be of a yeryraueh to

the invention,gpdmedigtLl ipfd he dad£editng i n the synchroni zation data
set, the conputer which initiates the s nchrﬁgizatifg sm&hches directly
’

to a receive state, tPRTIT { FRLS (RFOTE %t i PPFHHde LER atPows
t he recepti on dénatosd a&spohck el viatwa St sardd midy oalserbgr asgarded akhar

computers i n o L0e ) N WAk  seaRAl WA aELYaihBsst 1S SO FSer, Obne
feeding in The _synchronization ‘data’ se rom the program of e
transmtting durRRessingio afecépei ohnatruckhonbediperihe usedssRFOIrEMom t he

prograns on recgisi g CeBRELANSs! bnlthd NEomSa YL KBl SrflPast eghéOk ime
compl etion of {he Teedlid s corklsBORSERT shiithead: OLet Bhoe Bl CLnlege N0
in the ’ ’
is denoted by “syncpoint Y”. According to the
10 invention, the computer B now also interrupts the
processing of the command instructions in the user
program which is running, and feeds a synchronization
data set into the databus. This is symbolized in Figure
3 by the processing block 20, which is denoted by “send
15 syncdata Y”, on the time axis 16 of computer B and an
arrow 36 originating from it. As soon as the
synchronization data set has been fed in, the computer
B preferably switches to a state for receiving data.
Since the computer A (which is the other computer in
20 this example) in the network has already fed in its
synchronization data set at the time T2, no “wait”
phase occurs after computer B has switched over to the
“receive” operating state, but the computer A can
immediately receive the synchronization data set
25 'syncdata x which is already present. This is symbolized
in Figure 3, at the time T8, by the processing block
26, which is denoted by “receive/receive syncdata x“,
on the time axis 16 for computer B.
On the other hand, once the transmission time
30 represented by the arrow 36 in Figure 3 has passed, the
synchronization data set which is sent by the computer
B is immediately received by the computer A, which is
locked in the ™“receive” operating mode, which is
symbolized by the processing block 22, which reception
35 is denoted by “receive syncdata y”, on the time axis 15
of computer A. This thus results in its “wait” state
ending. On the basis of the transmission duration,
which is relatively short as a tule, of the



synchroni zati on data set, a changeover is imrediately made to a data
receive state, and the further processing of the current task is
interrupted until the 20 arrival, in particular, of a corresponding
synchroni za- GR Gfo® $H68 Fet from a prodgPam of another conputer in the
network. In Figure 3, this is.synbolized by the processi ng bl ock 19
denoted by "receive wait" on the time axis 15 of conputer A 25

In order to regyeRHriidEYn Odatdt 8ekO \bsechdaﬂa_nt grehanged aodebeibg
conpar ed durlnqi nchr oni z so-called sighature formation can

tion,
be used to eWhﬁ%idé?&EE? r ApRER* IRk ¥y e ghi®e tof8he
transferred. Wsgmchrongisat ubetwesebeithg fproeessingatsaal@ssedfi sheeduwed by
a type of conpr i 0 R 3368 B . - 9-. a
uni quel y ident ic% %‘?}r‘ll%%trtas% %?%% %a?ag;no?’ ello ev%‘r ya“r%ﬁlc%ved %%%??’élr’m%}t%%yt han
the data se?. and furthepyringtructionoieasigpiockhus thkes iplace

denoted by "recairteafaif " aBGnEBYréhEPyPe aeArdethgs a n30-cahledyoyai t
state with readiness tg receive”, the . processing of the instructions in

the user progr&frchronizatien adm iifueshd®verde conputer B and, at the time
T6, reaches a correspomdithy cypivery zalvatdddtms Mhigdrh catsy &eposrd by

" syncpoi nt Y"and%§éﬂﬁi89 éﬂ% Eggbectively received synchronization

10 data set, at the time T10. For the computer A, this is

represented on the time axis 15 by the processing block

24 “processing sync data y”, and for the computer B,

this 1is represented on the time axis 16 by the

processing block 28 “processing sync data x”. These two

15 processing activities also take place virtually
concurrently.

The contents of thé respective synchronization
data set are irrelevant for the synchronization method
according to the invention. In the simplest case, the

20 synchronization data sets syncdata x and syncdata vy
transmitted backwards and forwards may each comprise,
for example, a single bit whose function is to act as a
time marker. Even this allows time synchronization of
the processing states of computers to be achieved using
25 the method according to the invention. Furthermore, the
synchronization data sets mayj of course, contain any
desired additional information which can be used, for
example, for matching the processing results from the
_two'computers. In the example in Figure 3, for example,
30 depending on the comparison result from a comparison of
the synchronization data set sYncdata x from computer A
with the synchronization data set syncdata y from
computer B in the processing block 24 (“processing
syndata y”) it is either possible to initiate continua-
35 tion of the processing of the command instructions in
the interrupted task A (“return to / ... : task A”), in



10 invention, the conputer B now also interrupts the processi ng of the

cormmand instructions in the user program which is running, and feeds a

synchroni zati on - data set into the databus. This is synbolized in Figure
3 by the proceSBi 8§ Bl 88828, which isddfe ed by "send 15 syncdata Y', on

thé time axis 16 of conputer B and an arrow 36 originating fromit. As

soon as the synchroni zati on data set has been fed in, the conputer

i E)\rMej eL abl yt ﬁ%&fﬁemhe élftStéit _ﬁ\ai:gh IFC et 1y nﬁwglats@nc_hrotn%iz'&(fqtotnhqil(&‘@émm er
I C IS e er conputer I.n 1 S exanp 1 N e nhnet wor as
al ready fed insF$§ Bassy EﬁPonFQBPgonEﬂgfgnggt aﬁgthﬁb?irﬁFhﬁf rRngﬁit"

phase occurs apteticadpuligr if hasrewisched-egalvabehbe, the"receive"
operating state, but the conputer A can i medi ately receive the
synchroni zation data set 25 syncdata x which is already present. This is
synbol i zed in Figure 3, at the time T8, by the processing bl ock 26,
whi ch is denoted by "receivel/receive syncdata x", on the tinme axis 16
for conputer B. On the other hand, once the transm ssion time 30
represented by the arrow 36 in Figure 3 has passed, the synchroni zati on
data set which is sent by the conputer Bis imediately received by the
conputer A which is | ocked in the "receive" operating node, which is
synbol i zed by the processing block 22, which reception 35 is denoted by
"receive syncdata y", on the time axis 15 of conputer A This thus
results inits "wait" state ending. On the basis of the transm ssion
duration, which is relatively short as a rule, of the



GR 96 P 3368 P 10 synchroni zation data set "syncdata y",
thiks reception | i kewi se starts approximtely at the time T8.
Synchroni sm beh‘ﬁegg gh§3gr80§essi ng states 9f_the t wo computers A and B
has now been achi éved approxi mately, 5 and further instruction pr ocessing

t hus takes pl ace virtual ly concurrently, SO t hat t he desired
synchroni zation aimis achi eved. . Both conputers advantageously
each carry out fagther prgcassing cpe rkspéstevsnptedcdwenosystantedat i on

10 data set, abafihe {*ne. TJzO.sﬂ?SrS_t:ha;bé:Q{rpl knm;r, 254ntlah§ | Same wé@ﬁrc atn;ed
on the time axis_15 by t rocessin 0ocC "processin

y", and for thg%@ggﬁ&¥‘gr Q%eo synq%ﬁogrqﬁiz?trzeo& i efi® nstyﬁé’dfait%e %M 6 by
t he pr ocessemgultesc B Mthpmthlteewmrljpmpirzactatom datallexste dymweddta z
rocessin acCtlpWiph | o t . CO rrenfdy.
'FI)'he cont e%tss O%E;éﬁtélvrggsp%??vgogéﬁgﬁfgﬁlzgﬂ o%hé wcflaég/eas Ssle_gcagggjcg‘.rg evant
for the synchr dnPFRERSSL1REt Hothcdatayck0l di A§ tis t Pesshbdat iton. initidfee

si npl est case, etikhe20 a syortiMtZiddd OFf dehe pebees8YRGURIFA thdNchmwditgat a

transmtt rds and_forwards may each_conpri sg, for
gxarrpl e, a si né‘?‘gt%ﬁ{%%ﬁé‘ge *nunspﬁoﬁq%eﬁr&%ﬁfagaﬁgn% fiﬁ%t‘ﬁ’éﬁ‘ k&P. £Even
this allows tine-syachtasikzaBi”dn ofor td hefipraddessitwrmsiradtas ofurthgkt er s

to be achigyedp¥siceds?ag t(he . meyhgdoaccordipagko the invention. _
Furt hernore, the ss %ct%roni zgt?oﬁﬁdatagsetg y, of course, contain any

desired additional infdPRateihashi 2FCeEding Hedhe oinvention has the
particular advantage that the synchronization can be

carried out particularly quickly, since the computers

in the network which feed synchronization data into the

15 data interface are not required to produce and wait for

any acknowledgments, for example of correct reception

of this data by another computer in the network.

Instead of this, another computer in the network makes

a virtual “response” by itself feeding synchronization

20 data into the data interface. 1In this way, very

effective synchronization can be achieved with minimal

time losses and minimal additional load on the data

transmission path between for computers in a network,

on the  Dbasis of the additionally interchanged

25 synchronization data sets. In the example in Figure 3,

this synchronization which has been achieved or

reproduced is represented by in each case one further

synchronization time “syncpoint x+1” or “syncpoint y+1”

which occurs at the time tll, wvirtually concurrently,

30 both in the processing of the command instructions for

task A on the time axis 15 and in the processing of the
command instructions for task B on the time axis 16.

According to a further embodiment of the inven-

tion, after a computer has fed in at least one set of

35 synchronization data for at least one other computer in

the network, a timeout is advantageously started by

said first  computer and predetermined command

instructions are carried out by said one computer in



exanpl e, for matching the processing results fromthe

the exanple in Figure 3, for exanple, 30 depending on the conparison

result froma
from conput er

commput
ei t her

task A"),

rd SERﬂG f the synchrpnj zation data set syncdata
G%)W ]%Nit ét)hPe synchroni Za'tll on data set syncdata y from

er Bin the processing block 24 ("processing syndata y") it
possible to initiate continua- 35 tion of the processing of the
comand i nst r Ueht¢ ofd tiygtion  wWaenntidy r BpceBseRN "PRESiRlEo for  at

two conputers. In

X

i's

in least GHh@6 BtB328 Romputer -tdlOareceiwartasyl asekf asmatch
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'ptESkséidg I NorPiTud®Y, ™is measure is used, in

contrast, to ensure that, if a fault occurs in another
computer in the network, a computer requesting
synchronization is not permanently, and under some
circumstances in vain, waiting for the arrival of a
synchronization data set from this other computer. If a
computer which has requested synchronization by feeding
in its own synchronization data set has not been able
to receive a synchronization data set from another
computer by the time it reaches the end of the
predetermined timeout, then the requesting computer can
initiate suitable measures. It can, for example,
terminate the synchronization .attempt with other
computers in the network, and continue the processing
(which has been suspended for the duration of the
synchronization attempt) of the instructions of the
respective user program which is currently running.

This embodiment of the invention has already
been illustrated in the example in Figure 3. In this
case, on the one hand, computer A starts such a timeout
in the processing block 18 ™“start timeout A” at the
time T3 immediately after feeding in the synchroniza-
tion data set “send syncdata x”. Since it |has
nevertheless been possible to receive another
synchronization data set in good time, in the
illustrated example syncdata y from computer B at the
time T8 after a certain waiting time “wait” has
elapsed, the timeout is reset again on reaching the
time T10 in the processing block 23 “reset timeout A”.
In the same way, such a timeout is started by computer
B in the processing block 25 “start timeout B” at the
time T7 immediately after feeding in the synchroniza-
tion data set “send syncdata y”.



cdnparing t he synchronization data set syncdata y from conputer B with
the synchroni zati on data set syncdata x 5 received fromconputer Ain the

processi ng bl ock 28 ("processing syncdata x"), it is possible to
initiate eiGh &6 £ B8 Muation of thel4r otessing of the comand
instructions in the interrupted task B ("return to / ... = task B"),
or to finally termnate further 10 processing ("... / stop : task B").

The nethod accqididyg tfs thesi BYEBAHGNDRAS d¥PlainelRldddid arcafnardéAge t hat
t he synchroni zati on,can be carried out particul ar] ﬂglckl . Since the
computers  iGRR hETREERBFRLYNI TIFTRER SPRCHTIRFOEORLIATON IOREG t AEELS
data interface ssireedata reguivhédht d spraliteadyndraaentf ofrom computer A
acknow edgnent Sin ft%r ﬁ;&aéggtsesiq{g %q_rorcqﬁctze’r eception of this data by

it e networ 1o

anot her conputér in nst‘ead of this, another conputer in

t he networ kanakes a virtual "response" by itself feeding -

synchroni zation 20 data into the data interface. In this way, very
ef fective synchroni zati on can be achieved with nm ni nmal time | osses and
m nimal additional |oad on the data transm ssion path between for
conputers in a network, on the basis of the additionally

i nterchanged 25 synchroni zation data sets. In the exanple in Figure 3,
this synchroni zati on whi ch has been achi eved or reproduced is
represented by in each case one further synchroni zation time "syncpoint
x+1" or "syncpoint y+1" whi ch occurs at the tine t11, virtually
concurrently, 30 both in the processing of the conmand instructions for
task A on the time axis 15 and in the processing of the comand
instructions for task B on the tine axis 16. According to a
further enbodi ment of the inven- tion, after a conmputer has fed in at

| east one set of 35 synchronization data for at |east one other conputer
in



t he network, a tineout is advantageously started by said first

COApuUt er and predeterm ned conmand I nstructions are carried out by
said one conmputer in GR 96 P 3368 P -12 - t he
si'tuati on whenGR Ya® 3&68é&en possi bl e-f 38 at | east one ot her conputer
to‘receive any set of synchroni zation data by the end of the tineout,

I n particular a nessage is generated or normal instruction 5 processing
is continued. TS NMeagdbfti s mﬁgdlwel TR tot?ﬁeure Lhatthéf a
fault occurs in another I N ut er

requesting P§§Pﬁ@|1°’rsdﬁgzd?]r‘lﬁ1k|%7notre}§§Fnﬂﬁé‘PﬂQ‘&ﬁ d Gﬁﬁeralst@?éiy be

circunstances irg@seal.n, waiting for the arrival of a 10 synchronlzatlon'
data set fromthis oth conput er . co mhjc has re ed
synchroni zati on by feeg'rhr?g Teg Lﬁeﬁ‘ciets gﬁ/vn e ‘?I?’o? o] s’E‘f’ not
been able 5 wococeddnge aosyruhlaromnzantmnndawali;etbéroexpl\a)j_;ﬂned v_u.th
conputer by thedddiRalde régches tdg NG obst e 42 ﬁ{ie%%ﬁr ”&&ﬁ%"“t’

then the requestl n corrput er can Initrate SUI e neasur es
for exanple, Whichrisaidlusheategndpr FHiguns ohr Aprergitreen computéers

conputers in the net ﬂeﬂsorandwtsmﬁmﬁ@msmeshod a@eéaxfalda;as geen
suspended for e duration, of the 20 yncI’Lbegnl zation_ attenpt) t he

i nstructions & hetPVentithocfRle GISP prfyr aAPRALEA. i s Wahos | yanY

running. 10 1limitation, to a greater number of computers which are
interconnected in a network. In the example in Figure
4, the sequence of a user program “task A” is shown in
the left-hand region in a first processing block for
computer. A and, ..in particular, a synchronization
15 routine “sync routine A” constructed according to the
invention, the sequence of a user program “task B” is
shown in the central region of Figure 4 in a second
processing block for computer B, and, in particular, a
synchronization routine “sync routine B” constructed
20 according to the invention and, finally, the sequence
of a user program “task C” is shown in the right-hand
region of Figure 4 in a third processing block for
computer C and, in particular, a synchronization
routine “sync routine C” constructed according to the
25 invention. In particular, the computers are coupled to
one another in a network via a data network. In one
application, the user programs task A, task B and task
C may comprise identical command instructions, so that
the network illustrated in Figure 4 then represents a
30 computer network system which has already been
explained above, a so-called “two out of three” system.
During normal instruction processing, computers
A, B and C each reach a program item in which
synchronization with the other computers in the network
35 1is requested and initiated. In the processing blocks in
Figure 4, these are the program item “syncpoint X” in

the



Thi s enbodi nent of the invention has already been illustrated in the
exanple in Figure 3. In this case, on the one hand, conputer A starts
such a timeout 25 in the processing block 18 "start timeout A" at the
ti'me T3 i medi &Rel%p & 3368 &oding i n t hre BBachroni za- tion data set
"sénd syncdata x". Since it has neverthel ess been possible to
receive anot her synchroni zation data set in good tine, in the

30 illustrateqdeprieles o%'nft(aastlay'fr&{e Waﬁﬁ Hail ‘tiﬂfnc o:.ﬂﬁ e 1R

after a certain waiting . el apsed, ~the tineout is
reset again ontpghcmqﬁfQQEf CEIFtln'éas(']io Pn thénﬁr05€§élﬁfQﬂ¥ﬁ%:ZBtemeset
ti meout A". “slymctplmazﬁarm"wam theh seduemedit ofs Stasked’by eagputer 35

B in the processi tart, timeout  B" h time T7

i redi atel y af?%#g%%gﬁgﬁ§ %%lsﬁﬁcﬁﬁgﬁefglve&Y %Pg%oﬂgpabget "send
syncdata y"2 GR 96 P 3368 P -12a- Since, as has
al ready been expl ai ned above, conputer B can imedi ately receive the
synchroni zati on data set syncdata x, which is already. present, from
conputer A in the processing block 26, 5



GR 96 P 3368 - 13 - the timeout inmediately follow ng

thFs in t he processi ng block 27 "reset tinmeout B", can already be
reset. The sequence of the synchronization nmethod 5 according
to the inventi &R W@ IP 336k @ ai ned with- 14 reference to the exanple of a
second tim ng di agram which is illustrated in Figure 4, for three
conputers in a network. The synchroni zati on nethod according to t he
| nvention can also spgcanplieh YohBoHE Aifled ! MulAlddNsyhoqd ar eaber
nunber of conputers which are interconnected in a network. In the
exampl e in Fi guirite syngdatacyicte $Fihe uS¥RCHREYr am " F48ReAL1VE1¥mown
in the | ef tpiandrésglies LR aHd rstodéosessi 88 MRCkrdSectiveonpeker .

A and, in particular a _synchronization 15 outine "sync routine A"
construct ed ac?dr didvf B ‘E’ﬁetagk $n9%h??oﬁ?g?ﬁ’éugéﬁ§eﬁ%§’ ot “a*G¥9BF F5Pogr am
"task B" is5 tesippwany tlkdataentazé rémpifewnfstorpd e £om assbseqdent
processing blo r nut er and, .| tic : syn oni zagtion
routi ne "sync ﬁ%ﬁt?H% . cqnst?ﬂ%ted %%&ggégord?égé %é?%eginveggéon a%d,
finally, the ssthanizatign dakarspiodsapcdasak xE i"sSwmdata nyt her

ri ght-hand YAHURE FLoure fdgectitfiind prpsesgienarikeek Wy the
computer C and,” in rticular, a synchronization routine " sync
routi ne C' cons"cqliﬁﬁsé?fl-@&ﬁ dERPPEGEEN, 258 i et i DAL 1TSHaFEFBEFEE et he

conputers a0e couidlesbriirzation routine and for feeding into the data
interface.

The synchronization routine "“sync routine A”
from computer A comprises the following command
instructions. in the example in Figure. 4:

15
send C,x
send B, x
set timeout A
receive B,y
20 wait
receive C,z
wait
reset timeout A

O O 1 & U b W N =

bool = x eq y eq z
25
The synchronization routine “sync routine B”
from computer B comprises the following command
instructions in the example in Figure 4:

30 10. send A,y
11. send C,y
12. set timeout B
13. receive C,z

14. wait
35 15.  receive A,x
16. wait

17. reset timeout B
18. bool = x eqy eq z



one another in a network via a data network. In one application, the
usér prograns task A, task B and task C may conprise identical command
i nstructions, so that the network illustrated in Figure 4 then
represents a 3R &putd368 Fetwork systed® which has already been

expl ai ned above, a so-called "two out of three" system Duri ng
normal i1nstruction processing, conputers A, B and C each reach a

programitemin which The S¥RekhedniaktteBnW £but e OB LCOMRUEEHS | A~t he
net work 35 isefrg?lc]][gested apd initfiated. Jn the Rroce%sllln%’_bl ocks in

Figure 4, thesdZd%t tFe™BYHGFamy t FMREARSDI nERR owing, command R
96 P 3368 P instruk3d-ons in dmuexampdie "ina$ld giire tdhe programitem
"syncpoint Y" in t he sequence of "task B", and the programitem
"syncpoint Z" in the sequence of "task C'. Each of t hese programitens

i s respecti¥el yX-ol 1580t Bnz 5
20. send A,z

21l. set timeout C
22. receive A,x

23. wait
10 24. receive B,y
25. wait

26. reset timeout C
27. bool = x eq y eq z

15 The meanings of the individual command
instructions 1 to 28 in the synchronization routines

are explained as follows:

1. Computer A feeds a synchronization data set x,
20 which is addressed to the computer C in the
| network, into the data interface (see the

dashed arrow with the reference symbol 29).

2. Computer A feeds a synchronization data set x,
25 which is addressed to the computer B in the
network, into the data interface (see the

solid arrow with the reference symbol 32).

3. Computer A starts a timeout A, within which it
30 waits to receive the synchronization messages
Y, z from the other computers B, C in the

network.

4. Computer A switches to a receive state and
35 - interrupts further instruction processing.



GR 96 P 3368 P -14 - an instructiOn routine entitled "wite
syAcdata x" “wite syncdata y" ‘or "wite syncdata z", respectively.
This results in the proceSS| ng of the respective task A, task B or task
C'being interr @ &f dhP368 Required, 5 i2amporary data are
buffer-stored for subsequent continuation of program

pr ocessi ng and synchroni zati on data set "syncdata x", "syncdata

y" or "syncdat g, Z Co %EQCIPI \&Qédélvéss a Wﬁ%ZMloﬂ h&ata set
correspondi ng conputer A, he respective 10 synchronizati on

routine and for feedingYi cthné'sdél ressgd,it rifceand had been fefein
synchroni zati on routi nebysyomputetlri Be A" from conputer A conprises the
foll owi ng command instructions in the exanple in Figure 4: 15 1.
send C, x 2. send B, x 3. set tinmeout A 4. receive B,y 20 5.
wai t 6. receive C, z 7. wait 8. reset tineout A 9. bool
=X eqyeqz?25 The synchroni zation routine "sync routine B"
from conputer B conprises the foll owi ng command instructions in the
exanple in Figure 4:



30 10. send Ay 11. send Cy 12. set timeout B 13. receive

C z 14. wait 35 15 receive A X 16. wait 17. reset tineout B
18. bool = x eqy GR 96 P 3368 P -15-

The synchronlz@ﬁ(ﬂﬁrﬂnﬁ3@&apsync routimel@" - from conputer C
cofiprises the followi ng conmmand i nstructions in the exanple in

Fi gure 4: 5 19. send B,z 20. send A z 21. set tineout C

22. receive A X 23. (wak! the Aid BV SRY the PofedBhile symbBBi
reset timeout C :

31).
6. Computer A remains in the receive state and
5 continues to interrupt instruction processing.
7. Computer A receives a synchronization data set

z which is addressed to it and has been fed in
by the computer C (see the dash-dotted arrow
10 with the reference symbol 30).

8. Computer A resets the timeout A Dbefore
reaching the ©predetermined timeout point
since, in the meantime, it has been possible

15 to receive the expected synchronization data
sets from computers B and C in good time.

9. Computer A carries out processing operations
on its own synchronization data set x and on
20 the received synchronization data sets y, z.
In particular, - the contents of the
synchronization data sets x, y, z are checked
to see if they are identical. If the desired
result is obtained from the processing
25 operations, then the further processing of
task a is continued. Otherwise, the instruc-
tion processing of task A on computer A
remains interrupted, and application-dependent
fault handling can be initiated.
30
10. Computer B feeds a synchronization data set vy,
which is addressed to the computer A in the
network, into the data interface (see the
solid arrow with the reference symbol 31).
35



27. bool = x eqy eq z 15 The neani ngs of t he i ndi vi dual

conmand instructions 1 to 28 in the synchronization routines are
expl ai ned as foll ows: 1. Conmputer A feeds a synchronization data
set x, 20 GR 9¢f 3°9%% Biddressed to PR Tonputer Cin the

network, into the data interface (see the dashed arrow with the
reference synbol 29). 2. Computer A feeds a synchroni zation data
set X, k25' ) C}.\llthi CiCdn@L?:(éd:r @Simédsﬁ 4 F@ym@mﬁﬁaﬁ?mdaﬁlﬁa set yr,1 ]
network, into the data ipt.erfac see. the solid aprow w t he
ref erence synbol 32). Which lgS%d%fgr?ﬁﬁpert% P& t%onéplftr%ogt v hi n
which it 30 wainegwor kyecdinke t tbesydebroninserfacresd{ages the

y, z fromthe other comuyi8is Brow Wlthen £ f k.
4. Conputer A switches to A receive state eécr?gc%sﬁ}%\é‘i 54)

i'nterrupts
further insPruction processing. .



Gé 96 P 3368 P - 15a- - 5. Conputer A receives a

syAachroni zati on data set y which is addressed to it and has been
fed in by conputer GR 96 P 3368 P - 16 -
(see the soli d%%lr 3368 f?e r ef er ence ~syrbol 31).

6. - Conputer A remains in the receive state and 5 continues to
I nterrupt instruction processing. 7. Conmputer A receives a

synchroni zation data Setomputer B starksVi dlineowdds esseehi® whidndipas
been fed in e conput er ghgsee t he ofa,sh dotted arrow 10

with the reference synb&’fn%ﬁ) receive rqnizatiqnpessages

timeout A Dbefore X, z from the other computers A, C in the
network.

13. Computer B switches to a receive state and

interrupts further instruction processing.

14. Computer B receives a synchronization data set
10 z which is addressed to it and has been fed in
-by the computer C (see the solid arrow with

the reference symbol 33).

15. Computer B remains in the receive state and
15 continues to interrupt instruction processing.

16. Computer B receives a synchronization data set
x which is addressed to it and has been fed in
by the computer A (see the solid arrow with
20 the reference symbol 32).

17. Computer B resets the timeout B before
reaching the predetermined timeout point
since, in the meantime, it has been possible

25 to receive the expected synchronization data

sets from computers A and C in good time.

18. Computer B carries out processing operations

on its own synchronization data set y and on

30 the received synchronization data sets x, =z.

In particular, the contents of the

synchronization data sets x, y, z are checked

to see if they are identical. If the desired

result is obtained from the processing

35 operations, then the further processing of
task b is continued.



reaching the predetermned - tineout point since, in the

nmeantine, it has been possible 15 to receive the expected
synchroni zation data sets fromconputers B and C in good tine.
9. Conputer AGRar%6 & 33f8 ® ocessi ng opeltzions on its own
synchroni zati on data set x and on 20 t he recei ved synchroni zation
data sets vy, z. I n particul ar, t he contents of t he
synchroni zation data seltnerwise? ¥ife COREKEGction process:.tn% chl? ?:Bs‘khey
are identical. If the desired result is tai'ne rom

the processing 25 B onypfORRWRE B heFemains fh?FﬁEFuPE?Gces§Pﬁg of
task a is continued. O kppliizatithedepehndenit fault handlihgn peacepei ng
of task A on conputer A, remai ns i nterrupted, and

appl i cati on- dependent initiated. fault handling can be initiated. 30

10. Conputed B feeds a synchronization data set v, which is
addressed to the conputer Ain the network, into the data
interface (see the - solid arrowwith the reference synbol 31).

35 GR 96 P 3368 P - l6a -



11.. Computer B feeds a synchroni zation data set vy, which is

addressed to the conputer Cin the network, into the data
interface (see the solid arrowwith the reference synbol 34). 5
GR 96 P 3368 PGR 96 P 334%.P +2.18 Conputer B starts a tinmeout B,
wi tthin which it waits to receive the synchronizati on nessages
X, z fromthe other conmputers A, Cin the network. 5

13. Conputer B s\t Chesmp dt(éretrf‘é@dé’ea §§lﬁéﬁroﬁ‘ﬂgatlon data set_z,
interrupts further instr tlon rocessin u

receives a synchroni zat "6h-<ht 4 @tddlr@ssed to the \Aﬂ’FP’EH’Iu‘F%rg%dr%%sMeto i t
and has been fed in network, Bhtde thepdata Cipteefake Sqlsked arhew

\rMeErgi ns in the recteih\e/ergsI%{e&ce S%’Sm%"ollth Prie reESTHS %Sessyﬁ?ﬁﬁt rﬁﬁ{otB
i nstruction3processing.

20. Computer C feeds a synchronization data set z,
which is addressed to the computer A in the
network, into the data interface (see the
dash-dotted arrow with the reference symbol

10 30).

21. Computer C starts a timeout C, within which it
waits.to receive the synchronization messages
X, y from the other computers A, B in the

15 network.

22. Computer C switches to a receive state and
interrupts further instruction processing.

20 23. Computer C receives a synchronization data set
x which is addressed to it and has been fed in
by the computer A (see the dashed arrow with
the reference symbol 29).

25 24. Computer C remains in the receive state and
continues to interrupt instruction processing.

25. Computer C receives a synchronization data set

y which is addressed to it and has been fed in

30 by computer B (see the dashed arrow with the
reference symbol 29).

27. Computer C resets the timeout C before
reaching the predetermined timeout point
35 since, in the meantime, it has been possible
to receive the expected synchronization data

sets from computers A and B in good time.



16. Conputer B receives a synchronization data set x which is
addressed to it and has been fed in by the conputer A (see the
solid arrow with 20 the reference synbol 32). 17.
Conmputer B rédet% Rhi86&Breout B befbla - reaching the
predeterm ned timeout point since, in the neantinme, it has
been possi ble 25 to receive the expected synchroni zati on data

sets from conputer 9gA anénputerdo@d ddrfBes out procjé%51 %) E@Btg @@r ries
out processing operations on its owl synchro |on

y and on 30 t P& i 08R SYRCREoRiZation cf%ﬁ%? s§?§ %, and on

I n particul ar, the thecariceived syhchroh@zation data se®¥n&hreni zation
data sets x, y, z are checked to see if they are identical.

| f the desired result is obtained from the processi ng
35 operations, then the further processing of

task b is continued. GR 96 P 3368 P - 17a -



Q her wi sé, the instruction processing of task B on conputer B

rerai ns i nterrupted, and appl i cati on-dependent fault handling
can be initiated. 5 GR 96 P 3368 P - 18-

19. Conputer CGReels B I/ oni zation datld set z, which is
addressed to the conputer B in the netvvork, into the data

I nterface (see the solid arrow with the reference synbol 33).

5 20. Conputer G eedﬁa@tﬁaawfom Zactﬂeon dabAtéRtsZ: of . the
which is addressed to the c ut.er Hi netvvork |ntothe
data interface (see theS¥YRC nlzatl@é‘s &t t 2R3 FowVni th ¥R FBeEkedce
synbol 10 30). to see if ZheyCoagmit fleftstalls IE ttWeodbsCrewi t hin
which it Mﬁl%%ul% regglv ﬁpg ) @ghrJgﬁ%at%%%e?aéiggggsing

X, y fromthe other corrputers A _
5 operatlons, then the further processing of

task c is continued. Otherwise, the
instruction processing of task C on computer C
remains interrupted, and application-dependent
fault handling can be initiated.

10

The exemplary embodiment illustrated in Figure
4 already takes account, according to a further
embodiment of the invention, of the fact that, in the
situation when more than two computers are connected or

15 can be connected via the data interface, each computer
A, B or C feeds in in each case one set of synchroniza-
tion data addressed to the other computers in the
network, and this computer waits, in the opposite
sequence to that previously used for feeding in, to

20 receive a corresponding set of synchronization data
from the other computers in the network. Thus, the
computer A in Figure 4, for example, feeds in in each
case one synchronization data set x (send C,x and send
B, x) which is addressed to the computer C and to the

25 computer B, respectively, in the network. In the
opposite sequence to this transmission sequence,
computer A then waits to receive the synchronization
data sets y and z from the computers B and C (receive
B,y and receive C,z).

30 The " synchronization method according to the
invention can also be used without any change if the
tasks of the connected computers do not comprise
identical sequences of command instructions but are set
up merely to interchange data in specific program

35 items, or even if only one computer is set up to
receive data from the other computer.



22. Conputer C switches to a receive state and ts
L

further instruction processing. 20 - 23.  Conputer C rla(r:]ltsileﬂﬁ:ﬂﬁﬂmu' “Ill |”“I
synchroni zati on_data set ' X which is addressed to s e

been fed in  GR 96 P 338 the conputer “-A20see the dashed arrow with

t he reference synbol 29). 25 24. Conputer Cremains in the receive
state and continues to interrupt instruction processing.

25. Conputer CraaaitvaSiaim/nchroni zati on data set y which is
addressed to it and has been fed in 30 by conputer B (see the
dashed arrow with the reference synbol 29). 27.

Conputer C reséts the tA meethod befosgnchronizationr edclhimgyrdie on at

predeterm ned jtd RO pQj L\nc i.n_t ant i.ne it has
been possi bl e 1ddB Hwo e?fgb}lggle:?vemt’ heB’e%)ec?%dasfr?rthrod: 'z T oH d&F S
sets from cenpRAEAathPB a0 RPpcenrcted to one another via a data

interface (1, 3, 6), in which case one computer (A) in
the network
a) interrupts the further processing of the
instructions in a program (task A) that is running
10 when, during the processing, an instruction
(syncpoint X, ...) occurs which requests
synchronization of the program (task A) in the
computer (A) to at least one program (task B, task
C) on at least one other computer (B, C) in. the
15 network,
b) "feeds into the data interface (1, 3, 6) at least
one set of synchronization data (syncdata x,...)
for the at least one other computer (C, D) in the

network,
20 c) after feeding in the at least one set of
synchronization data (syncdata x,...), switches to

the receive state (receivey, and
d) interrupts the further processing of the instruc-
tions in the program (task A) which is running
25 (wait) wuntil the computer (A) has received, via
the data interface (1, 3, 6), at least one set of
synchronization data (syncdata y, syncdata z) from
the programs (task B, task C) on at least one
other computer (B, C) in the network.

30 2. The method as claimed in claim 1, in which case
a) after feeding in at least one set of synchroniza-
tion data (syncdata x,...) for at least one other

computer in the network, one computer (A, B, C) in
the network starts an internal timeout (timeout
35 A,...), and



GR 96 P 3368 P - 18a - 28. Computer C carries o i
oper ati ons on its own synchronization data set z andIﬂ nlmiﬁm““ﬂlw“e‘“‘
L M S *

recei ved sync | | a sets x, Y. _ GR 96 P

-19- f}ngrgga,% %Egzlft i cul ar, thze1 contents of t he

synchroni zation data sets x, y, z are checked to see if they
are identical. If the desired result is obtained from the

processing 5P)  in thgersitupisiont wBRn (M Selr thlr SYPCHEERdZa%ios:
task ¢ is corddtwleBas &Q@r WetRived hﬁrom at leasti N&ié Ueither
processing of task C on conp L& enai ns |nterrupt d fgnd

appl i cat i on- dependeriPuter B'f afly Hebil |°H§ CETPRRES i t(Pat
The exenpl ary enbodcameries | dust paeddtenmingdr command ahs@adsztu.ahss amcount,

according &0 a furtler,; cu1 HOodLAEPLOF the hayen éonaan/thefl %tll

in the situation when nore tThan two conputers are connecte can
be connected via t hEPEREEIRHS ethgcPTRRTS iMhpafethe l%StBuﬁFl@nFeéd’s in

in each case one seth®fpsyqeaioftZsk A) which Tatsumtithig@ssesfl to the ot her

conputers in tcL))e

otherwise, the one computer (A, B, C) resets the
internal timeout (timeout A) and continues to

10 process the instructions in the program (task
A,...) which is running.
3. The method as claimed in one of the preceding

claims, in which case, in the situation when more than
two computers are connected or can be connected via the

15 data interface,
a) one computer (A,...) in the network in each case
feeds in at least one set of synchronization data
(send 3,x, send 2,x%,...), which is directed at in

each <case one other computer (B, C) in the

20 network, and
b) this computer (A,...) waits (receive 2,x, receive
3,¥,...) for the reception of a corresponding set

of synchronization data from the other computers
~in the network, in the opposite sequence to that
25 previously used for feeding in.



network, and this conputer waits, in the opposite sequence to that
previously used for feeding in, to 20 receive a corresponding set of
synchroni zation data fromthe ot her conputers in the network. Thus,

t he conput &R R6 P B3R £ 4, for exanple, feeds in in each case one
syrichroni zati on data set x (send. C, x and send B, x) which is addressed
to the conputer C and to the 25 conputer B, respectively, in the
network. In taAMstractopposite sequence to this transm ssion

sequence, conputer A then waits to receive the synchronization dat a
sets y and z fromthe conputers B and C (receive B,y and receive C z).
30 Thelethmthifor zayhohronkthdbilonacedr inrugrans bhe diffepgafti on

can al so be us%n}ggut&% I (H& q:]gf t he tasks of the connected

conputers do not conprise entical sequences of command instructions
but are set up nerely to |nterchange data in specific program 35

items, or even if O Yth@N@aseONPHt @he ietiSd, VYRe t d i y¢ data
fromthe other conputer. 2 a’t(aent C al s © ;Proces ﬁfge met hod

for synchroni z&t’ﬁS&rF"(ﬂ‘tl@’bsgr akB orf at Program in  one c°mputer is
interrupted when, during the processing, an instruction

occurs which requests synchronization with a program on
another computer. A set of synchronization data for a
partner program on at least one other computer is then
fed into the data interface from each program involved,
a change is made to a receive state and the processing
of the instructions in a program is interrupted until a
set of synchronization data has been received from
programs in the other computers.

FIG 1
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GR 96 P 3368 P

I'east two conputers (A, B, C in a nétmork, which are 5 connected or can

be connected to one another via a data - interface (1, 3, 6), in which
case one conputer (A) in t he network a) interrupts the further
pr-ocessi ng of t he instructions in a program (task A) that is
runni ng 10 when, during the pldcBssing, an instruction

(syncpoi nt X ..0) occurs whi ch requests synchroni zati on
of the program (task A) in the conputer (A) to at |east one
program (task B, task C) on at |east one other conputer (B, C in
the 15 _ netmork, b) feeds into the data interface (1, 3, 6) at

| east one set of synchronization data (syncdata x,...)

for the at |east one other conputer ( D) in the network, 20 c)
after feeding1 in the at Ileast on set of synchroni zati on
dat a (syncdatl . i € 10 THE recwj ve state (receive),

0 %NSt ruc-

wait) until the
e ace (1, 3, 6), at
ata vy, Séncdata z)

and nterrup
tions'in the program (task A)
conputer (A) has received,
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b'%? i's running 25
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GR 96 P 3368 P
synchroni zati on
conmputer (A B, O,

21 -

b)

t he one conputer (A B, O

dat a has been received from at

carré¢gges out

in the situati on when no set of
| east one ot her

o«
ptredet erm ned conmand instructions, in 5 particular d€herates a 4
nessage and/or finally inte@Lds theeprocessong of\the. H
I nstructions in the program (task A) whixh is_renni ng,Xar c)gn
ot herwi se, the one conputer (A B, C resets the D M%n@l ti mo@
(tinmeout A) and continues to 10 process the 4 rggi n the
program (task A ...) which is running. %’n‘eﬁhod as
clainmed in one of the preceding clainms, in wy i & [situation
when nore than two conputers are connected or piet@d via the
15 data interface, a) one conputer (A ...) | = r,kg'r each
case feeds in at | east one set of synchrfo 17 W R
(send 3, sepnd 2,%x,...), which is directed at in o§1§ase one
ot her co % (B, © in the 20 net work, and 3\33@r ter
(A ...) itls W\receive 2,x, receive 3, ! ekl D) | ONNQS
a corres éing se of synchnront za{\0s- @ag o g L Ne gl
conput er in the network, in the opgtecetothat 25 %
previ ously used for feeding in. g_ >
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