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(57) ABSTRACT 
This invention relates to a data processing system, spe 
cially for real-time applications. This system comprises 
a processor having a relatively small number of regis 
ters, and safeguard storages consisting each of a stack 
of sequentially addressable registers. When a program 
being performed is interrupted, all the information 
contents of the processor registers are transferred to 
at least one safeguard storage. The transferred infor 
mation are subsequently extracted, upon resumption 
of the interrupted program, from the safeguard stor 
age, in a sequential order reverse with respect to the 
order in which they had been previously transferred. 
This system is specially adapted for controlling indus 
trial processes. 

6 Claims, 2 Drawing Figures 
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DATA PROCESSING SYSTEM, SPECIALLY FOR 
REAL-TIME APPLICATIONS 

FIELD OF THE INVENTION 

The present invention relates to data-processing sys 
tems, and in particular to such systems which are in 
tended for real-time applications requiring a relatively 
low processing capability. 
Typical real-time applications as contemplated for 

the data processing system according to this invention 
may include, inter alia: controlling industrial processes, 
instrumentation, scientific computations, teletransmis 
sion, the distribution of television programs, education 
and professional training, and some real-time manage 
ments or administrations, such as the real-time man 
agement of stocks. 

DESCRIPTION OF THE PRIOR ART 

The data processing system according to the present 
invention was developed mainly for filling a gap exist 
ing till now in the means available for controlling indus 
trial processes. At present, these means are of a first 
and a second type 
The first type comprises computers of moderate size, 

usually referred to as mini-computers, which are never 
theless very expensive and must therefore be restricted 
to use for the control of complex industrial plants. 
Moreover, these mini-computers are poorly adapted 
for this function, which requires dealing with a consider 
able number of inputs and outputs, but processing only 
operations which are relatively simple and infrequent. 
Yet, a mini-computer operated for controlling an in 
dustrial plant is literally overwhelmed due to the prior 
ity assigned to input and output processing, so that only 
very short operating time is left for performing the 
other necessary processing operations; under these 
conditions, it is clear that such mini-computers are ill 
suited for such applications. 
For controlling simpler industrial plants the use of 

mini-computers was abandoned in favor of a second 
type of automatic devices, comprising electromagnetic 
relays or equivalent logic components. However, it is 
obvious that such automatic devices are objectionable 
on account of a very restricted versatility, since they 
comprise but read-only memories, so that their pro 
gram cannot be modified during operation. 

Finally, there is a wide range of medium-sized indus 
trial plants, for the control of which using a minicom 
puter would be too expensive, whereas a highly sophis 
ticated and poorly reliable automatic device would be 
required. 

SUMMARY OF THE INVENTION 

A primary object of this invention is to provide a data 
processing system having a relatively low processing 
capability, and, consequently, reduced manufacturing 
and operating costs, so that said system is particularly 
well suited for controlling mean-sized industrial plants. 
Due to its moderate cost, said system may also be used 
advantageously for controlling the simplest industrial 
plants, as a substitute for automatic devices used up to 
now, over which it has the important advantage of 
affording a higher control flexibility inasmuch as, like 
every data processing system, it is controlled by an 
easily modifiable program. Moreover, since said system 
has a modular structure which permits increase of its 
processing capability at will, it can be also used for 
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2 
controlling the largest industrial plants, as a substitute 
for the mini-computers used up to now to this end, with 
further advantages to be depicted hereinafter. 
A second object of this invention is to provide a data 

processing system for real-time applications, said sys 
tem comprising means for producing successive pro 
gram interrupts, which permits the performance of a 
predetermined sequence of subprograms as requested 
for the contemplated real-time application, and, upon 
completion of one subprogram, means for resuming the 
previously interrupted program or subprogram exactly 
at the point where it was interrupted. 
Another object of this invention is to provide a data 

processing system comprising a processor having a 
relatively small number of registers, abour a half-score 
or so, said processor being connected through at least 
one bus line to one and preferably a plurality of Safe 
guard storages consisting each of a stack of a number N 
of independent, sequentially adressable registers, 
means for transferring the contents of all the registers 
of said processor to one or a plurality of said safeguard 
storages in a predetermined sequential order when a 
program or subprogram is interrupted, and means for 
re-charging the registers of said processor by extracting 
the information from the safeguard storages in the 
sequential order when the previously interrupted pro 
gram or sub-program is resumed opposite to said pre 
determined sequential order. 
With the mini-computers used for real-time applica 

tions of the type mentioned hereinabove, when a pro 
gram or subprogram is interrupted, only the contents of 
some of the processor registers can be transferred to 
random access live storages, since these transfers and 
the reverse transfers, when resuming the previously 
interrupted program or subprogram, require that some 
registers of the processor are charged with the ad 
dresses of the transfer areas in said live storages. In 
contrast thereto, with the system of this invention, it is 
possible to transfer the contents of all the registers of 
the processor to the safeguard storages, since no one of 
the processor registers is required for storing the 
adresses of said safeguard storages; this results from 
each safeguard storage consisting of a stack of indepen 
dent registers, which are sequentially addressable, so 
that their respective addresses are not to be stored in 
the processor. Under these conditions, it is clear that 
featuring the system according to this invention, a pro 
cessor having a small number of registers is permitted 
by the use of safeguard storages of said specific type; in 
addition, since the applications contemplated for the 
data processing system according to this invention only 
require a relatively moderate processing capability its 
processor can be embodied with a small number of 
large scale integrated circuits, so that it can be manu 
factured at a very low cost, considerably lower than 
that of known mini-computers. 
The use of special safeguard storages in the system 

according to this invention does not result in any unde 
sired increase of the total cost of the system, since on 
the one hand savings are made on the safeguard storage 
areas which, otherwise, would have to be provided for 
in live storages, and on the other hand these special 
safeguard storages, consisting each of a stack of sepa 
rate, sequentially addressable registers, are particularly 
simple, reliable and cconomical. 

Still another object of this invention is to provide a 
data processing system of the type previously indicated, 
wherein the incidence of the special safeguard storages 
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on the total cost of the system is further reduced in 
inserting at least some of its safeguard storages, under 
time-sharing conditions, in channels adapted for the 
exchange of information between the processor and 
rapid peripheral units, according to a copending U.S. 
Pat. application Ser. No. 468,298 filed by the Appli 
cant on May 8, 1974 for a "Channel for exchanging 
information between a computer and rapid peripheral 
units', since this time-sharing use of said safeguard 
storages increases strongly the duty factor of said stor 
ages. Moreover, the processor is thereby relieved al 
most completely of the input and output processing 
concerning the rapid peripheral units, which is particu 
larly time-consuming, as already mentioned in the fore 
going, in the case of mini-computers used for control 
ling industrial processes. Consequently, the data pro 
cessing system according to this invention is much 
better suited than hitherto known mini-computers for 
controlling industrial processes, inasmuch at its rela 
tively moderate processing capability is utilized under 
substantially full-time conditions for the process con 
trol operations, since the processing of the peripheral 
units, and in particularly of the rapid peripheral units, 
which is the most time-consuming, requires only spo 
radic control operations from the processor, as de 
scribed in detail in said copending patent application. 
A further object of this invention is to provide a data 

processing system of the type previously indicated, 
wherein at least some of the safeguard storages are also 
used under time-sharing conditions as temporary stor 
ages for storing intermediate processing results, sub 
program parameters, etc.; in addition to thereby in 
creasing the duty factor of the special safeguard stor 
ages and to thereby reducing the total cost of the sys 
tem, this feature results in further savings being ob 
tained as a consequence of the possible reduction in the 
capacity of the live storages to be provided for the 
temporary storing of intermediate processing results 
and of subprogram parameters. 
A still further object of this invention is to provide a 

data processing system of the type previously indicated, 
wherein read-only storages for storing program and 
subprogram instructions and live storages for storing 
program and subprogram parameters are connected to 
the bus line. The last-mentioned feature facilitates 
greatly the use of the system according to this invention 
and makes it accessible even to unskilled personnel, 
which is particularly advantageous for many industrial 
applications; in fact, the possibility of modifying the 
program and subprogram parameters, for example by 
setting adjustment members on the system control 
board (which is within the capability of any operator 
even if not conversant with information processing) 
imparts to the system according to this invention a 
versatility amply sufficient for the industrial applica 
tions contemplated herein, since the instructions stored 
in read-only storages can easily be modified each time 
the controlled industrial plant or installation is stopped 
for any reason; in contradistinction thereto, the versa 
tility of all the automatic devices which were hereto 
fore used for small plants, was incomparably lower than 
that of the system according to this invention, whereas 
minicomputers require highly skilled personnel for 
programming them. 

BRIEF DESCRIPTION OF THE DRAWING 

By way of example, a typical embodiment of the data 
processing system according to this invention will now 
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4 
be described with reference to the attached drawing, in 
which: 
FIG. 1 is a block diagram of the data processing 

system, and 
FIG. 2 is a more detailed block diagram illustrating a 

typical embodiment of one of the safeguard storages 
incorporated in the system of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The data processing system according to this inven 
tion, of which the general diagram is illustrated in FIG. 
1, has a modular structure, whereby its capacities can 
be adapted without any difficulty to the magnitude of 
the industrial equipment or plant to be controlled 
thereby; it may also be used without requiring major 
changes for any other real-time applications, notably 
those mentioned or suggested in the foregoing. 

Its processor Pr is characterised essentially in that it 
comprises but a small number of registers, notably 
seven registers R to Rs; of course, it incorporates all 
the necessary circuits for performing the various pro 
cessing operations contemplated in a data processing 
system of this type, i.e., logic operations, mathematical 
operations, and the like, together with an instruction 
counter. Obviously, a detailed description of these 
various circuits is not necessary, since different known 
arrangements thereof are well known to those conver 
sant with the art; it is only sufficient to point out that 
the small number of registers and the low processing 
capability contemplated for the processor Pr made it 
possible to construct this processor in a considerably 
more compact form than that of processors equipping 
hitherto known mini-computers, due notably to the 
use, as a basic component of such processor, of a cir 
cuit characterized by a very large integration scale, of 
the MOS type, such as the integrated circuit of the type 
LSI 8008 sold by the INTEL Company. Of course, the 
large scale of integration thus obtained affords a sub 
stantial reduction in the final cost of the processor Pr. 
By virture of this extreme miniaturization it was thus 
possible to assemble all the circuits of processor Pr on 
a common card and to fit as a complement, on the same 
card, the special clock necessary for real-time applica 
tions, as well as all the means required, as far as the 
processor is concerned, for obtaining eight stepped or 
graded levels of interruption of the program or sub-pro 
gram being performed, and even a device for starting 
the data processing system automatically, these various 
component elements are also known per se and there 
fore do not require a detailed description herein, but 
their incorporation in a single and common processor 
card constitutes one of the advantages characterizing 
the system according to the present invention com 
pared with the known mini-computers used up to now 
for the same applications. 
The processor Pr is adapted to exchange information 

with the other units of the data processing system 
proper, and also with the peripheral units connected 
thereto, in a manner known per se, via at least one bus 
line L. in FIG. 1 it will be seen that this bus line L has 
connected thereto, in parallel, the data processing sys 
tem control console Cl, a storage unit or memory M., a 
set of slow peripheral units Pl, the program interrupting 
device In, together with one or a plurality of safeguard 
storages such as M, M . . . M. The connections be 
tween the bus line L and these various elements are 
shown diagrammatically in FIG. 1 in the form of two 
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point arrows, this indicating that the exchange of infor 
mation can take place in both directions through these 
connections. It is pointed out that the same applies to 
bus line L, which is intended only for the bidirectional 
exchange of information between processor Pr and 
anyone of the above-listed other units of the data pro 
cessing system; it may be emphasized that these infor 
mation exchanges are not influenced in any manner by 
the distribution of the various connections along the 
bus line L, since this distribution in space was used in 
FIG. 1 only with a view to make it clearer, without any 
physical meaning. In fact, this bus line, in the data 
processing system according to this invention, is em 
bodied as a single printed circuit providing the neces 
sary connections between the processor Pr and the 
other units of the data processing system, without any 
wiring. A plurality of cards each carrying such a printed 
circuit, corresponding in fact to a bus line, may be 
provided for in the embodiments of the data processing 
system of this invention which have a greater capacity. 
According to the present invention, all the conduc 

tors of said bus line L lead to each connector of said 
line, to which the various units Cl, Mm, Mmv, Pl to Pl, 
M to M of the data processing system are connected, 
and all these connectors are identical with each other, 
so that anyone of the above-mentioned units of the data 
processing system can be connected to any of them; 
this standardization of the connectors of said bus line L 
ensures a perfect modular structure of the data pro 
cessing system according to this invention, while facili 
tating its flexible adaptation to the specific application 
contemplated. 

In the embodiment of the invention contemplated 
herein, the set of storages M has a total capacity of 16 
kilo-octets, with direct addressing; this assembly com 
prises: 

a. read-only memories or storages Mm utilized ac 
cording to this invention for recording the instructions 
concerning the programme and sub-programmes of the 
application contemplated; therefore, these instructions 
may be modified only during breaks or hold-up times in 
the data processing system operation and consequently 
of the industrial plant or equipment controlled thereby; 
each read-only storage module, having a capacity of 2 
kilo-octets, is embodied as a printed card carrying inte 
grated circuits of the MOS type; 

b. fast or live storages or memories Mv utilized ac 
cording to the present invention notably for recording 
the parameters of the programs and sub-programs, 
which parameters are fed either before starting the data 
processing system or at various steps of the perform 
ance of the program contemplated, and also for regis 
tering intermediate processing results; before starting 
the data processing system, some of these fast storages 
Mv may also be utilized for assembling and developing 
the programs; each fast storage module comprises for 
example an integrated-circuit card of the MOS type 
having a capacity of l or 2 kilo-octets; 

c. mixed storages or memories Mmv, of which each 
module comprises, on a same card carrying integrated 
circuits of the aforesaid type, for example a 256 octet 
fast storage and a 1792 octet read-only storage. 
The slow peripheral units, shown as a whole at Pl, are 

connected to the bus line L not directly but via cou 
plers, of which various types are contemplated, each 
type corresponding to a particular type of the slow 
peripheral units which are usually connected to the 
data processing systems contemplated for the above 
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6 
mentioned applications, notably for controlling indus 
trial processes. 
There are provided notably: 
a. couplers Pll comprising 32 digital inputs and 32 

digital outputs; 
b. input couplers Pl, comprising only 64 digital in 

puts; 
c. output couplers Pla comprising only 64 digital 

outputs; 
d. universal asynchronous couplers Pla consistent 

with the asynchronous codes utilized for instance in 
teleprinters; such coupler comprises for instance one 
teleprinter access t and one access m for a modem 
(modulator-demodulator); 

e. one or a plurality of special-purpose couplers, 
denoted Pls, notably an opto-electronic 32-input cou 
pler, a 32-output relay coupler, and various power 
couplers adapted to be connected between, on the one 
hand, couplers having digital inputs and outputs, and, 
on the other hand, peripheral units such as tape readers 
and punchers, printers, etc. 
A detailed description of the structure of each one of 

the aforesaid various types of couplers Pll to Pls is not 
deemed necessary, since the basic principle thereof is 
well known in the art; however, stress may be laid on 
the fact that the group of couplers suitable for the data 
processing system according to this invention is charac 
terized, on the one hand, in that it is standardized, i.e. 
comprises a limited number of coupler types, having 
notably a well-defined number of inputs and outputs, 
and that, on the other hand, the inputs and/or outputs 
of each coupler of said group are designed for common 
operation, i.e. some of the inputs and outputs of a cou 
pler may be utilized for connecting a peripheral unit of 
suitable type, whereas the other inputs and outputs of 
the same coupler are utilized simultaneously for con 
necting one or a plurality of other peripheral units of 
the same suitable type, without any risk of interfering 
or disturbing the processing of the inputs and outputs at 
the level of the coupler contemplated. To diagramma 
tize this specific and particularly advantageous feature 
of the coupler system equipping the data processing 
system according to this invention, in FIG. 1 the assem 
bly of slow peripheral units Pl is shown in the form of a 
single black box in order to avoid suggesting that the 
various couplers Pll to Pls and the various slow periph 
eral units are connected bi-univocally to each other, 
that is, in the conventional manner. It is clear that the 
standardization of the various types of couplers and the 
common use of their inputs and outputs as contem 
plated in the data processing system according to this 
invention, impart a specific flexibility in the operation 
of this data processing system inasmuch as, for the 
applications contemplated, and notably for controlling 
industrial equipments and plants, the number of units 
and the number of the various types of peripheral units 
connected simultaneously to the data processing sys 
tem will vary in most instances, not only from one 
industrial plant to another, but also according to the 
specific type of process to be controlled. 
The program interrupting device In comprises a se 

ries of circuits carried by at least one card and embody 
ing the means necessary for delivering to the processor 
Pr interrupt signals capable of producing eight graded 
or stepped levels of interruption of the program or 
sub-program in operation; however, devices of this 
kind were already known in data processing systems 
designed for real-time applications; therefore, their 
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detailed description is not deemed necessary, inasmuch 
as the present invention is by no means restricted to 
any specific embodiment thereof. It is only necessary to 
point out that, when the processor Pr has completed 
the performance of the last instruction of the interrupt 
sub-program being performed, the same processor Pr 
will deliver a release signal to the interrupting device 
In, said processor Pr subsequently resuming the per 
formance of the previously interrupted program or 
sub-program, exactly at the point where it was inter 
rupted. 
Each safeguard storage M to M is constructed as 

depicted in FIG. 2 in the case of storage M1, according 
to this invention; thus, this safeguard memory or stor 
age M. comprises essentially a number N of indepen 
dent registers r1, r. . . . ry, all identical with each other, 
and having notably the same capacity, for example 8 
bits (one octet). These various registers r to ry lend 
themselves to various embodiments, and may consist of 
magnetic cores; however, integrated registers of the 
MOS type are particularly well adapted for this specific 
application, due to their small dimensions (large-scale 
integration) and their very short access time. 
The writing-in inputs such as et of all the N registers 

are fed in parallel from the outputs of an OR-type logic 
circuit, of which a first set of inputs is connected to the 
wires of the bus line L which are intended for transfer 
ring information to the safeguard storage such as M, 
the second set of inputs of said OR-circuit being con 
nected to the wires of a bus line providing a channel 1 
of which the function will be explained presently, said 
wires corresponding likewise to the transfer of informa 
tion to the storage M. Similarly, the read-out outputs 
such as s of all the registers r to rv are connected in 
parallel to the inputs of a switching circuit A having a 
first and second set of outputs connected to the wires of 
bus lines L and l, respectively, provided for transfer 
ring information from storages such as M. The switch 
ing of information transmitted to the inputs of circuit A 
to its first or second set of outputs is controlled by 
information transmitted via wires a and a1, respec 
tively, of bus lines L and l. The adressing inputs such as 
ad of the various registers r to r are connected to the 
N outputs respectively of a decoder D having it inputs 
connected to the various stages of a binary counter Co., 
respectively, having a capacity at least equal to N. The 
binary counter Co comprises an incremental input i and 
a decremental input d, which are connected to corre 
sponding outputs of a control circuit A having a func 
tion to be explained presently. 
The data processing system illustrated in FIGS. 1 and 

2 of the drawing and described hereinabove operates as 
follows: 
When the processor Pr performs the program re 

corded in the storages Mim and receives at a given time, 
via a special wire of bus line L, a control signal for 
interrupting the program being performed, said inter 
rupt signal being transmitted from the interrupting 
device In, the operation progress in said processor is 
interrupted, generally immediately, via blocking cir 
cuits of a known type, not described herein since they 
are conventional in the art, then, suitable and likewise 
circuit means of said processor deliver successively the 
momentary contents of all the registers Ro to Rs of 
processor Pr to the already mentioned transfer wires of 
bus line L which are connected to the first set of inputs 
of the OR-circuit of FIG. 2; stated more in detail, this 
transfer takes place as follows: assuming that each 
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8 
register Ro to Rs of processor Pr can store a predeter 
mined number of octets, firstly the first octet contained 
in the first register Ro is transmitted via the aforesaid 
transfer wires of bus line L and, at the same time, a 
special circuit of processor Pr delivers via a wire b of 
bus line L, which is connected to a first control input of 
control circuit A, a rectangular pulse I of which the 
front or leading edge precedes slightly the beginning of 
the transmission of the aforesaid octet, the rear or 
trailing edge of said pulse appearing slightly after the 
end of this transmission. The control circuit A is so 
constructed, in a manner known per se, that a pulse is 
transmitted to the incremental input i of the binary 
counter Co when the leading edge of said rectangular 
pulse I appears on the wire b. Then, if before the trans 
fer involved the storage M is completely empty and the 
binary counter Co. is also empty (i.e., with all the stages 
thereof in the zero condition), the leading edge of the 
first pulse l fed via wire b from processor Pr causes a 
signal to be delivered via control circuit A to the incre 
mental input i of said counter Co, the first stage of this 
counter Co subsequently passing to state 1, thus acti 
vating the first output of decoder D and consequently 
the addressing input ad of the first register r of storage 
M. Under these conditions, it is in this register r that 
the first octet contained in register Ro of processor Pr 
is subsequently transmitted, during the time of said 
rectangular pulse I, via the corresponding wires of bus 
line L, said OR-circuit and the writing-in input e of 
said register r. The next rectangular pulse I delivered 
by processor Pr to wire b causes the binary counter Co 
to make another increment, thus activating the second 
output of decoder D, which addresses the second regis 
terr of storage M. Thus, the second octet contained 
in storage R of processor Pr, or the first octet of its 
next register R, if register Ro contained a single octet, 
is subsequently registered. In any case, when the first 
register Roof processor Pr has been discharged in the 
manner already described hereinabove, known auto 
matic means (not described herein) will transfer imme 
diately, without any gap, the content of the second 
register R under the above-defined conditions, i.e. in 
such a manner that the first octet contained in said 
register R be transferred to the register of storage M. 
having the next upper rank in comparison with the 
register having just registered the last octet contained 
in register Ro, this process will then continue automati 
cally for registers R to Rs of processor Pr. 

If the register ry of the safeguard storage M is ad 
dressed by the last output of decoder D before the last 
register Ra of processor Pr (or one of its preceding 
registers), has been emptied or discharged completely, 
a line M (in dash lines in FIG. 2) will transmit this ad 
dressing signal as a control signal to a switching circuit 
G (also shown in dash lines), whereby the inputs of said 
switching circuit G, which are connected to the outputs 
of the OR-circuit, instead of being connected to the 
writing-in inputs e to ev, of the N registers of storage 
M, as in the preceding case, are subsequently con 
nected to the writing-in inputs of the N registers of 
safeguard storage M. (FIG. 1), so that the residual 
contents of the various registers of processor Pr, nota 
bly of its last register Rs, are still transferred to said 
storage M., of which the various registers r to ry are 
themselves charged in succession, in their stacking 
order, as described in the foregoing with references to 
storage M. A plurality of other storages M3 to M may 
also be utilized for the same purpose. 
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It is pointed out that, with conventional mini-com 
puters, in case a program is interrupted, the contents of 
the processor registers, which must definitively be safe 
guarded in anticipation of a subsequent resumption of 
the thus interrupted program, are preserved by trans 
ferring said contents to a live storage; moreover the 
addresses of the various areas of said live storage, to 
which the contents of the registers of said processor 
had been transferred, should be preserved in the pro 
cessor proper to enable it to recover said information 
when resuming the interrupted program, so that some 
of the registers of said processor must remain occupied 
permanently by said addresses during the performance 
of the interruption sub-program. It will be readily un 
derstood that this last requirement is fully inconsistent 
with a substantial reduction in the number of registers 
of said processor with a view to reduce its cost and 
maintenance. In fact, if the processor of this mini-com 
puter contained for instance only ten registers, the 
rtmber of these registers which, during the perform 
ance if an interruption sub-program, would be occu 
pied by he information addresses necessary for resum 
ing the interrupted program, would be too small to 
ensure an efficient performance of said interruption 
sub-program. This imit to the possible reduction in the 
number of processor registers in a mini-computer is the 
more rapidly arrived at, as the number of graded or 
stepped interruption levels is larger; indeed, for in 
stance when performing a sub-program of upper grade 
level after the preceding interruptions of the program 
and then of two sub-programs of lower grade levels, a 
substantial number of processor registers is necessary 
for preserving all the safeguard addresses of the register 
contents at the times of the program interrupt and of 
the two sub-program interrupts of lower grade levels. In 
lieu thereof, when the program in progress through the 
processor Pr of the date processing system according to 
this invention is interrupted, it is the contents of all the 
registers R to Rs that can be transferred to one or a 
plurality of safeguard storages M . . . M., without hav 
ing to preserve corresponding addresses in some of said 
registers Ro to Rs for subsequently addressing said 
safeguard storages; in fact, the only address to be pre 
served after each transfer following a program inter 
rupt is the serial number of upper-staged register of the 
safeguard storage to which the last octet contained in 
register Rs was transferred, this obviously requiring a 
very moderate storage or memory capacity. 
When the processor Pr of the data processing system 

according to this invention has completed an interrup 
tion sub-program and is authorized by the interrupting 
device In to resume the performance of the previously 
interrupted program or sub-program, at the very point 
it was interrupted, said processor Pr delivers via the 
wire a of bus line L (also leading to a second input of 
control circuit A), successive rectangular pulses I each 
adapted, on the one hand, throughout its duration, to 
switch the information available at the inputs of switch 
ing circuit A to its first output group, i.e., to the corre 
sponding transfer wires of said bus line L, and on the 
other hand, when its rear or trailing edge appears, to 
cause the decremental input d of binary counter Co. to 
be activated. Thus the front or leading edge of the first 
one of said successive pulses I will not influence the 
content of the binary counter Co., which, via decoder D, 
consequently still adresses the last, previously ad 
dressed register r; the content of this register r is then 
transferred via its reading outputs to the last record 
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10 
ing area of an octet in the last register Rs of processor 
Pr, through the medium of the switching circuit A and 
of the transfer wires of bus line L connected to the first 
output group of said switching circuit A. When the last 
octet previously recorded in the safeguard storage M1 
has been transferred completely to said processor, the 
rear or trailing edge of pulse I causes the decremental 
input of counter Co. to be activated, thus reducing by 
one unit the content of this counter; consequently, the 
register r- of said storage M is addressed via said 
decoder D. When the next pulse I appears on wire a, the 
second word recorded in said register re-1 is trans 
ferred to processor Pr under the above-defined condi 
tions, so as to re-record same in the penultimate re 
cording area of an octet in the last register Rs. 
The various octets previously "stacked' in the vari 

ous registers of said safeguard storage M are thus re 
introduced one by one into the various registers Rs to 
Ro of processor Pr, actually, each at the point it occu 
pied before the program or sub-program interrupt, 
which determined its transfer to a safeguard storage. 
Of course, considering the specific embodiment dis 

cussed herein, for which up to seven graded interrup 
tion levels are contemplated, when performing a sub 
programme of very high graded level, there may be up 
to seven different prior contents of the registers Ro to 
Rs of processor Pr, which are stacked in one or more 
safeguard storages or memories, the contents of said 
registers at the time of the last interrupt being recorded 
in the highest stages of the stack. However, whatever 
the number of successive interrupts, the resumption of 
the previously interrupted sub-programs and program 
is not subordinate to the use of addresses preserved in 
the meantime in one or several registers of said proces 
sor Pr since, for resuming the last program or sub-pro 
gram thus interrupted, it is only necessary to recharge 
all the processor registers, having for instance a total 
capacity of n octets, by using the contents of the m 
highest stages of the safeguard storage, and to repeat 
this operation upon each new resumption of a previ 
ously interrupted program or sub-program by address 
ing each time another group of m stages of said safe 
guard storage, located just beneath the one previously 
emptied for the preceding resumption of a sub-pro 
gram. 
The means necessary for carrying out these opera 

tions automatically in actual practice are not illus 
trated, and their detailed description is not deemed 
necessary, for they are within the knowledge of those 
skilled in the art. 

In FIG. 1, there are also shown seven rows of rapid 
peripheral units denoted Pio. . . P9, . . . Pro . . . Pig, 
which are connected to the stacked registers, respec 
tively, constituting the various safeguard storages M1 to 
M, through the medium of bus lines 1 to land control 
circuits Co to C9, adapted in turn to exchange infor 
mation with processor Pr via branchings L to L of bus 
line L, this shows that at least some of the safeguard 
storages according to the present invention can also be 
utilized under time-sharing conditions in channels for 
exchanging information between the data processing 
system according to the present invention and rapid 
peripheral units, as described in the aforementioned 
co-pending patent application. The corresponding 
means are illustrated in detail in FIG. 2, notably in the 
lower portion thereof, but their description is not 
deemed necessary in this Specification, since it can be 
found in said co-pending patent application. In the case 
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of real-time applications as contemplated for the data 
processing system of this invention, this last-mentioned 
arrangement is characterized by the important advan 
tage that the processor can be relieved nearly com 
pletely from the processing of inputs and outputs of 
said rapid peripheral unit, so that the processing or 
operating capability of the data processing system can 
be reduced considerably while adapting said capability 
exactly to the requirements consistent with the specific 
real-time application for which it is intended. 
On the other hand, at least some of the safeguard 

memories or storages M, to M of the data processing 
system according to this invention may also be used 
under time-sharing conditions as temporary storages 
for keeping intermediate process results, parameters of 
sub-programs, and the like, which have access to said 
storages via said bus line L and OR-circuit or switching 
circuit A (FIG. 2). 
These two last-mentioned arrangements, although 20 

advantageous in that they increase strongly the rate of 
utilization of the safeguard storages and reduce conse 
quently the incidence of their cost, imply however a 
certain processing of the addresses of the various regis 
ters of said safeguard storages, inasmuch as the con- 25 
tents of said registers is no more homogeneous; never 
theless, this addresse processing remains extremely 
simple, since a single address, notably the highest num 
ber of the stages occupied thereby, is sufficient for a 
same information block whether it corresponds to a 30 
specific version of the contents of registers Ro to Rs of 
processor Pr, to a block of words from a rapid periph 
eral unit, or to an intermediate process result transmit 
ted from said processor. 
Anybody skilled in the art of data processing systems 35 

will readily understand that the above description re 
fers essentially to basic principles of the invention, and 
that various embodiments thereof may be imagined 
without departing from the scope of this invention as 
set forth in the appended claims. 
What is claimed as new is: 
1. Data processing system, particularly for real-time 

applications requiring a relatively moderate processing 
capability, which comprises: 

a. a processor comprising: 
i. a plurality of registers, 
j. means for interrupting a processing program or 
subprogram, 

k, means for performing said processing program 
or subprogram, and for performing at least one 
subprogram necessary for a real-time application 
upon the occurrence of an interruption caused 
by said interrupting means, and subsequently, 
upon completion of said subprogram necessary 5s 
for a real-time application, for resuming the per 
formance of the previously interrupted program 
or subprogram, 
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12 
b. a plurality of safeguard storages consisting each of 
a stack of N independent and sequentially address 
able registers, 

c. means for controlling a transfer of the contents of 
all the registers of said processor to at least one of 
said safeguard storages in a predetermined sequen 
tial order when a program or subprogram is inter 
rupted and for re-loading the registers of said pro 
cessor with said contents previously transferred to 
at least one of said safeguard storages in a sequen 
tial order reverse with respect to said predeter 
mined order when resuming said interrupted pro 
gram or subprogram, 

d. and at least one bus line connecting said registers 
of said processor to said safeguard storages for 
transferring said contents, and said interrupting 
means to said performing means for transmitting an 
interrupt signal from said interrupting means to 
said performing means. 

2. Data processing system as set forth in claim 1, 
further comprising a plurality of rapid peripheral units 
connected to the same said bus line, and channels con 
nected to said rapid peripheral units and to said proces 
sor through said bus line for exchanging information 
between said processor and said rapid peripheral units, 
at least some of said safeguard storages being inserted 
in said information exchange channels and connected 
to said processor through said bus line and to said rapid 
peripheral units for operation as buffer storages under 
time-sharing conditions. 

3. Data processing system as set forth in claim 1, 
further comprising safeguard storages connected to 
said processor through said bus line for temporarily 
storing, in at least some of these safeguard storages, 
immediate results and subprogram parameters in said 
predetermined sequential order and between two se 
lected steps of said program or of one of said subpro 
grams. 

4. Data processing system as set forth in claim 1, 
further comprising read-only storages connected to 
said bus line for recording the instructions of said pro 
gram and subprograms, and live storages connected to 
said bus line for recording parameters of said program 
and subprograms. 

5. Data processing system as set forth in claim 1, 
further comprising slow peripheral units having arbi 
trary numbers of inputs and outputs, and standardized 
couplers having all same predetermined numbers of 
inputs and outputs, each of said coupler inputs and 
outputs being adapted to be used for coupling any one 
of said slow peripheral units to said bus line. 

6. Data processing system as set forth in claim 1, 
wherein said bus line comprises a plurality of conduc 
tors and a plurality of identical connectors for connect 
ing storages and peripheral units to said bus line, each 
conductor of said bus line extending to each one of said 
ConnectOrS, 

k . . . 


