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ABSTRACT OF THE DISCLOSURE

A telephonic switching system (11) with a switch (10)
controlled by a central processing unit (12) to interconnect
interior communication units (14) and exterior telephonic
units (16) in accordance with data in a shared data memory
(18) with data that is alterable in response to signals
generated by the communication units. A data memory access
system (23) periodically shifts access to the data memory (18)
from one special process to another successive special process
in a process memory (20). The data memory access system (23)
prevents the normal periodic shifting of access to the data
memory (18) during a period when the special process with
access is enabled to access and alter shared data.
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BACKGROUND OF THE INVENTION

d the Invention

This invention relates generally to telephone switching
systems and methods and more particularly to telephonic
switching systems and methods in which access of different
speclal processes to a shared data memory is controlled to
prevent access to shared data by one special process when the
data is in the process of being altered by another special
process.

din nformatio

Description of the related a inc
disclosed under 37 CFR §1.97 - 1.99

In modern computer controlled communication switching
systems there are a plurality of different special functions
which must be performed. While these special functions can
each be performed by separate devices or by separate processes
of a single central processing unit. In either event, often a
plurality of special processes require access to a single data
wemory which is shared on a time slicing basis between all the
special processes. 1In performing their special functions,
some of the special processes alter the data which is shared
with other special processes. In known telephonic systems,
the access to the shared data memory is automatically,
periodically shifted successively from one special process to
another without regard to whether the shared data is being
altered and is incomnplete at the time for the periodic shift
in access. This disadvantageously can result in erroneous
reading or storage of data and consequent malfunctions of the

telephonic system,

This periodic shifting of access is commonly known as
"time slicing". 1In a central processor based system, the
concept of time slicing relates to the allocation of central
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f processes reguesting
CPU time, When a time slice occurs, access to the data stored

in a data memory through the CPU is shifted from the special
process currently accessing the data to another special
process which has requested access to the data. The operating
system of the central processing unit allocates read lines to
the central processing unit from the number of processes
requesting access to data through the central processing unit.
As noted, the processing of an event can require the updating
of multiple pieces of data. If a time slice occurs in the
middle of this updating interval, it is pos=sible that another
process could read this data erroneously after the occurrence
of a time slice and cause a software failure.

The Xnown solution to this problem in a CPU controlled
telephonic switch is to administer data access flags to

processor unit time across a number o

deternine when a piece of data can be accessed.
Disadvantageously, with this known approach to time slicing in
a multiuser or multiprocess system, humerous extra data bits
in the data itself are required as flags. When the operating
system indicates that time allocated to process time has
lapsed and access to the CPU has shifted upon a time slice,
these extra flag bits are needed to direct the special process
to return to its last completed step when it is allowed to
resume processing. These extra data bits, or semaphores,
assoclated with the accessed data are also used to inform
other special processes by signalling a flag to indicate that
the data involved or associated with these data bits are
possibly in the act of being changed and that the other
processes should not use the data as it is not necessarily
accurate at that moment.

This known flag technique disadvantageously requires the
expenditure of a substantial amount of real-time overhead in
administering semaphores for every access of data to prevent
multiple accesses to the data as a result of time slicing.
This leads to undesirable real time utilization. The known
multiprocesses systems require the special processes to
account for the possibility of being time sliced at any point
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in their execution through the use of software protocols

between the processes which access shared data. This makes
the interaction between application processes which share data
more complex.

Referring to Fig. 1, a block diagram of the known method
for multiple processes to access data from the same data area.
In step 5, when a special process attempts to access data, the
special process will ask 1f the data area of the data memory
has been locked, because data is being accessed by another
process.

In step 6, if the data memory area is not locked by another
process, the special process will begin execution by first
setting a data access flag or locking the data area, itself.
In step 7, the special process will then access the data from
the data area of the data memory. Finally, after the process
has completed all the accessing of its requested data, the
flayg associated with the data will be removed and the data
area will be unlocked in step 8. If the data is being
accessed by another special process, in step 9 a delay will
result because the gpecial process will read a flag associated
with this data indicating that the data is locked by another
process and therefore no further access to this data may
result until the other process completes its access ©of the
data and unlocks the data area. Therefore, if a time slice
occurs while a special process is still accessing data thereby
locking the data area, the next process which is allocated a
read line through the CPU as a result of the time slice will
not be able to access the data area because the originally
accessing process which was time sliced has kept the data area
locked.

As a result, all other successive special processes which

desire to access the locked data have their execution delayed
because they will not be able to access the data required to
run the process until the system eventually gets back to the
original accessing process and the speclal process completes
jts access from the data area and finally unlocks the data
area by removing its flag. Thus, in addition to the necessity
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of needing a high real-time overhead, the known method of Fig.
1 leads to long response times for real time events still due
to the fact that when a process is time sliced upon accessing
data, access by no other process can occur until the process
with access returns to execution and completes the access.
Since there is no integration of time slicing with the
prevention of accessing shared data, the time slicing of
processes actually adds to delays and long response times.

BUMMARY OF THE INVENTION

It is therefore the principal object of the present
invention to provide a computer controlled telephonic
switching system with a system and method in which access to a
shared memory is controlled to prevent time slicing at
inappropriate times and thereby avoid the problems of delay,
inefficiency and the introduction of error in known systems.

This objective is achieved in part through providing a
telephonic switching system having a switch controlled by a
central processing unit to interconnect interior communication
units with exterior communication units in accordance with
communication data in a communication data memory which is
alterable in response to signals initiated by said
communication units in accordance with an operating system
having a plurality of special processes which share the data
with a shared data memory access system, with means for
periodically shifting access to shared data in the data memory
successively between said plurality of special processes and
means for controlling the access shifting means to prevent
said access shifting means from shifting access to the data
memory from one of saild plurality of special processes to

another one of said plurality of special processes during a
period when the one of said plurality of special processes
with access to the clata memory is enabled to access shared
data.

The objective is also achieved by providing such a
telephonic switching system with a method of controlling
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access of the special processes to the shared data comprising
the steps of normally periodically shifting access to the
alterable data memory between said plurality of special
processes except when prevented, determining when one of saild
plurality of special processes has access to shared data in
said alterable data memory and preventing periodic shifting of
access away from the one of said plurality of special
processes with access during a period when it is determined
that shared data is being ac¢cessed by the one special process

with access,

"BRIEF DESCRIPTION OF THE DRAWING

The foregoing objects and advantageous features of the
jnvention will be explained in greater detail and others will
be made apparent from the detailed description of the
preferred embodiment of the present invention which is given

with reference to the several figures of the drawing, 1in

which:
Fig. 1 is a flow chart jllustrating the PRIOR ART method

of time slicing access between a plurality of special

processes;
Fig. 2 is a functional block diagram of a preferred

embodiment of the telephonic switching system with the shared
data memory access system of the present invention;

Figs. 3A, 3B and 3C are operating system flow charts of
the preferred embodiment of the method for controlling access
to a shared data memory of the telephonic switching system of
Fig. 2;

Fig. 4 is a flow chart of the preferred embodiment
j1lustrating the seguence of events for a speclal process
controlling access to a data memory of the telephonic

switching system of Fig. 2; and
Fig. 5 is a table illustrating an exanmple of how the

preferred embodiment of the telephonic switching system of
Figs. 2, 3A, 3B, 3C and 4 functions in different situations.
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6
DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Fig. 2, a block diagram of the
preferred embodiment of the telephonic switching system 11 of
the present invention is seen to include a multiport switch 10
which is controlled by a central processing unit 12 to
interconnect a plurality of interior communication units 14
with a plurality of exterior communication units 16. An
exterior communication unit 16 provides a signal to the switch
10 which directs this signal to the central processing unit
12. The central processing unit, or CPU, 12 accesses data in
a data memory 18. The central processing unit 12 has
associated with it a processes memory area 20 which contains
control for a plurality of special processes and an operating
system 21 which manages the amount of time which each special
process has to access data from the data memory 18.

These special processes in the processes memory 20
are triggered by a signal either coming from the exterior
telephonic or other communication units 16 or an interior
telephonic or other communication unit 14. Upon being
activated by a signal, the special processes of process memory
20 require access to the data in the data memory 18. Some
special processes require that the data be altered in order
for the special process to carry out its particular function.
The data memory access system 23 associated with the operating
system 21 of the CPU 12 prevents a successive special process
from accessing data which has been manipulated or altered by a
speclal process with access when the operating system attempts
to time slice the special process with access in order to

allow access of this data to a successive waiting special
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process that request access to the data.

The data memory access system 23 includes means for
periodically shifting access to the data in the data memory 1s
from a plurality of special process requesting access to this
data. As seen in Fig. 3C, this access shifting means includes
means for providing a periodic interrupt signal 40 which is
generated by the operating system 21. Commonly an interrupt
signal 40 is generated every ten milliseconds, as in Fig. 3C,
by the operating system 21 to request a time slice. However,
the operating system is enabled to be set to generate this
interrupt signal 40 at any chosen periodic interval. Upon the
triggering of each periodic interrupt signal 40, a time slice
occurs and the operating system allocates CPU tinme to the next
successive special process waiting to access data through the
CPU 12 to the data memory 18.

The shared data memory access system 23 also has means
for controlling the access shifting means; thus, time slicing
1s at certain times allowed and at other times is prevented by
the controlling means. The periodic interrupt 40 will
continue to be signalled at each interval when the access
surface 23 is operational. However, the access system 23
determines when a time slice occurs in response to a special
process accessing data which is shared between more than one
Bpeclial process.

The data memory access system 23 modifies the code of the
operating system 21 to include a utility routine which is
called by the special process in memory 20 in response to the
special process accessing data that is shared. When a special
process accesses data that is enabled to be shared by other
speclal processes, it has reached a critical section of the
data memory 18. As seen in Fig, 4, in step 72, in response a
special process entering a critical section, a subroutine is
called. As seen in Fig. 3A and 4, this subroutine of the

shared data memory access system 23 in the operating system 21
is called e_set _no time _slice 30. Since the special process
has entered into a critical section of the data, in step 72,

Fig. 4, the process will request the routine to set the
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no_time_slice flag. 1In step 32, a determination is made
whether a no_time _slice flag is being reguested to be set in a
first data bit of the request from the special process. 1In
step 34, when this flag is set, successive special processes
will not be permitted to be shifted in order to access shared
data from the data memory 18 upon the generation of the
interrupt signal 40 by the operating system. Thus, when the
flag is set in step 34, a time slice will not automatically
occur merely because a ten millisecond interrupt 40 has
occurred. The flag indicates to the other special processes
that a special process is accessing the shared data from the
data memory 18, Fig. 1, in a critical section of the data
memory 18 and thus the data has the possibility of being
manipulated or changed.

In order to avoid successive processes from accessing
data which 1s incomplete or inaccurate because the data is
being manipulated by the special process with access, the
no_time slice flay is set in step 34 to prevent an automatic
time slice from occurring when the periodic interrupt signal
40 is generated. Therefore, in step 74, Fig. 4, the special
process with access to the shared data in memory 18 continues
to execute its programmed tasks and continues to access the
data from the data memory 18. As a result of this, the
response times for completing events within a process are
greatly reduced. As seen in Fig. 3C, if in step 32 it is
determined that the nq_time_31ice flag has not been set, then
the special process with access is not accessing shared data
and thus a time slice will auntomatically occur in step 44.
The access to the data memory 18 will shift without long
delays to the next successive special process in response to
the ten millisecond interrupt signal being generated in step
40 by the operating system and then return in step 52 to
execute its assigned task.

Each time the periodic interrupt signal 40 the operating

system will ask if a no_time slice flag has been set in step
42, If the no time slice flag is set in step 42, a counted
tick value, also called the proc_tick _cnt, is generated in
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another, or second, data bit of the speclal process will
access data in step 46. This proc tick cnt value indicates
the number of times that the operating system has requested a
time slice to occur but no time slice has taken place due to
the no time slice flag being set in the first data element in
step 42. The proc_tick_cnt is used for two purposes. First,
the proc tick cont is used by the operating system 21 to
determine how long a special process has prevented from time
slicing. If a special process has prevented time slicing for
more than a preselected number of counted ticks, such as
twenty, in step 48 the operating system will trigger an
override action and abort the running of the special process
in step 50. This uses the proc tick cnt as a check to see if
there is an error in the process because the process has been
running for too great a period of time without allowing for a
time slice. The proc_tick _cnt is similarly used to signal

that a warning message is to be printed if the proc_tick cnt
has reached a preselected value, such as three ticks.

As seen in Fig. 3B, the proc _tick_cnt is also used by a
utility routine 60 in the operating system 21, called
ESCHED CHECK, to determine if the process should voluntarily
request a time slice. This is the second purpose for which
the proc_tick _cnt is used. In step 75, Fig. 4, when the
special process is accessing the data from the data menory,
the process calls the ESCHED CHECK subroutine 60 in the
operating system 21 upon the special process reaching a safe
point in the data.

A safe point occurs when the special process determines
through its code that an event within the process has been
completed and that if a time slice were to occur, there would
be no possibility of a subsequent special process accessing

incomplete data. As seen in Fig. 3B, when the ESCHED CHECK
routine 60 is called, it reads the proc tick cnt to determine
if the value is equal to zero in step 62. If the
proc_tick_cnt is equal to zero, then the operating system has
not requested a time slice and the ESCHED CHECK routine will
return in step 68. In such event, no time slice will occur
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and the special process will continue to access shared data in
step 76, Fig. 4. As seen in Fig, 3B, if the proc_tick cnt, is
at a value not equal to zero, then the operating system will
reset the proc_tick cnt value to zero in step 64 and a
voluntary time slice automatically results in step in step 66.
This results in providing a shifting of access to the data
memory 18 from the special process with access to a successive
speclal process waiting for access. This voluntary time slice
66 is allowed under these conditions because the data being
accessed by the process is at a safe point. In other words,
the process has finished a sequence of accesses and thereby
completed an event of the process which leaves the accessed
data in a fully updated state.

When the operating system also requests a time glice
during the interim period which the no time slice than has

been set, the special process with access is aware that it is
safe for a time slice to occur, so the process with
voluntarily "gives itself up" in step 66 and allows the
operating system to shift access to the data memnory to another
special process before ESCHED CHECK 60 returns in step 68.
Thus, the special process, or user, controls the access to the
data in the data memory, since the special process with access
is what calls the ESCHED_CHECK utility routine 60 to determine
1f 2 voluntary time slice in step 66 is proper.

As seen in Fig. 4, in step 78, when a special process has
completed accessing shared data, and thus exits a critical
section of data, the process calls the e_set no time slice
routine 30, Fig. 3A, to reset the no_time slice flag.

Referring again to Fig. 3A, the e_set_no_time slice
utility routine 30 associated with the operating system 21
resets the no_time slice flag in the first data element bit of

the special process when the critical section of the process
has ended in step 36 if it is determined in step 32 that there
is no time slice flay being requested to be set in step 32.
After resetting the no _time slice flag in step 36, the

e _set no_time_slice routine 30 calls the ESCHED CHECK utility
routine 60 of Fig. 3B in step 37 to read the proc_tick cnt in
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" step 62 in the other or second data element bit of the special
process to determine if a user controlled voluntary time slice
is to o¢cur. Since the running process or process with
access, knows it 1s at a safe point at the end of the critical
section, it is an appropriate time to call ESCHED CHECK 60 in
step 37, Flg. 3A, and a time slice in step 66 automatically
results if the proc_tick _cnt value read in step 62 is
determined to have a value other than zero.

After the noﬁtime_slice flag has been reset in step 36,
the state of the value of the flag will be returned in step 38
to its prior value which the flag had before the no time slice
flag was set. This 1s done because many special processes
call other special processes as subroutines to execute their
tasks. If the special process with access has entered a
critical section, thereby having a no time slice flag value at
an "on" state, when it calls another special process as a
subroutine, the other called special process will have to

execute its own tasks. The called subroutine process has its
own e set no_time slice routine which turns on when it reaches
its own critical section upon accessing potentially shared
data and will then have a flag value, or state, of "off" at
the end of the critical section. However, when the called
subroutine special process turns off, jits e set _no time slice
routine 30 will also turn off the e set no time slice routine
30 for the original executing special process which called the
subroutine process. Therefore, when a no _time slice flag is
reset in step 36 at the end of the critical section, the value
of the no_time slice flag will be returned in step 38 to its
same prior state as exlsted before the flag was set. In this
case the flag value will be returned to an "on" state, since
the no_time slice flag was originally in an "on" state, since
it had entered a critical section when the subroutine was
first called. This is done to prevent the e set no_time_slice
routine 30 from being blindly turned off by a called

subroutine.
Referring to Fig. 5, the user controlled time slicing
table 70 illustrates an example of a sequence of events that
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shows how the process, also called the user, is utilized to
control when time slices occur within its process. At the
zero millisecond time the special process is activated by a
signal from the exterior communication units 16 or interior
communication units 14. The special process begins to execute
its assigned tasks and will access data from the data memory
18 through the central processing unit 12. At the zero

millisecond time the first data element bit, no time slice
flag is off and in a reset state, and the other or second data

element bit, the proc tick cnt, is assigned a zero value.

At the ten millisecond time of Fig. 5, the operating
systenm will automatically time slice in step 44 the special
process with access in response to the triggering of the ten
millisecond interrupt signal 40, since the no _time _slice flag
has not been set, Therefore at this time, the operating |
system will shift access to the memory 18 from the specilal
process which was activated to the next successive special
process which was waiting to obtain access to the data memory
18. No modification is made to the proc_tick _c¢nt value or the
ne time slice flag value upon the operating system generating
the ten millisecond interrupt signal 40.

At the twenty millisecond time of Fig. 5, another
periodic¢ ten millisecond interrupt in step 40 occurs, and in
step 44 the process with access is time sliced. Then, the
operating system returns execution to the original special
process which was activated at the zero millisecond time.
Thus, the original special process now returns to access data
from the data memory 18. This sequence shown from zero
millisecond to twenty millisecond is a standard mode of
operation for processes that do not utilize the user
controlled time slice feature as seen in the known system
illustrated in Fig. 1. Again, the proc_tick cnt value remains

at zero, and the no time_slice flag has not been set.
As the special process continues to access data, at the

twenty-five millisecond period of Fig. 5, the accessing
process arrives at data that is shared with one or more other
processes. At this point the accessing process has reached
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the beginning of a critical section and thus upon recognizing
the possibility of accessing shared data, the process in step
72, Fig. 4, calls the e_set_no_time slice routine 30 in the

operating system to set in step 34 the no time_slice flag in
the first data element of the process. No time slice occurs
due to this action, and the proc_tick_cnt value remalns at
zero, while the special process continues to access data in
step 74, Fig. 4.

when the special process is accessing data in the
critical section, the process in time comes to a safe point 1in
the data. Upon coming to a safe point, a point where the
gpecial process has completed an event or series of events to
fully update the accessed data, the process will call the
ESCHED CHECK utility routine 60 which is a modification of the
operating system 21. This is seen in the table 70 of Fig. 5
at the twenty~seven millisecond time. Since the process Kknows
it is at a safe point in the access of the data, the
ESCHED CHECK routine 60 is called. The ESCHED_CHECK routine
60 checks the proc tick cnt value to see if the operating
system has requested a time slice 62, for if the operating
system has requested time slice by incrementing the
proc tick cnt in step 46, the accessing special process will
voluntarily "give itself up" in step 66 and allow the
operating system to initjate a time slice. At the twenty-
seven millisecond time on the table 70, no user controlled
time slice will occur due to the operating system not
requesting a time slice, as indicated by the proc tick cnt
value being zero. Therefore, the user or special process will
return in step 68 and thus continue to access data in step 76,

Fig. 4, from the data memory 18. The no time slice flag will
remain set.

At the thirty millisecond time of Fig. 5, another ten
mjillisecond periodic interrupt signal 40 is generated to

determine if a time slice 18 to occur. §Since the

no_time slice flag is set, no automatic time slice occurs, but
the proc tick cnt value is incremented in step 46 to a value
of one. This is done to indicate to the accessing special
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process that a time slice interval has elapsed. This is an

advantageous feature over the known time slicing methods in
that it avoids an automatic time slice at the thirty
millisecond time which would have occurred to cause a
subsegquent process to be delayed due to the data being locked.

Upon reaching the thirty-five millisecond time of Fig. 5,
the accessing process once: again has reached a safe point in
the data and thus once again calls the ESCHED CHECK routine 60
to see if a voluntary time slice is appropriate. At this time
the proc_tick_cnt is at a nonzero value. Since the time slice
flag has been set to request a time slice, a call to
ESCHED CHECK does result 1n a time slice in step 66. The
successive special process are then enabled to access the data
without any type of delay or without any inaccuracies in the
accessed data. Since a time slice has occurred, the
proc_tick cnt value is reset to a zero value in step 64.

At the forty millisecond time slice another periodic
interrupt signal is generated and results in step 46 in
incrementing the proc_tick _cnt value to a count of one since
the no_time slice flag is set. Again, because the
no_time_slice flag is set, no automatic time slice occurs.

Finally, at the forty-five millisecond time of Fig. 5,
the special process with access comes to the end of its
critical section and in step 78 calls the e set no time slice
routine to reset the no time slice flag in step 36. Upon
resetting the flag, the special process in step 37 will also

call the ESCHED CHECK routine 60 to see if the process should
voluntarily "give itself up" and allow for a time slice to
occur. At the forty-five millisecond point in the chart, in
step 66 a voluntary or user controlled time slice will result,
since the proc_tick _cnt value is at a value which is not equal
to zero. The no_time slice flag value will be returned in
step 38 to the prior value it had before the flag was set,
which in this case is the "off", or reset, state.

The method for controlling access of a plurality of
special process to a shared data memory in a telephonic

switching system is done through the steps of normally,
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periodically shifting access to an alterable data memory
between the plurality of special processes except when
prevented; determining when one of said plurality of special
processes has access to shared data in sald alterable data
menory and preventing periodic shifting of access away from
the one of said plurality of special processes with access
during a period when it is determined that shared data is
being accessed by the one special process with access.

This is done by generating in step 40 a periodic¢ interrupt
signal from the operating system 21 to request a time slice.
The periodic shifting of access to the data from an accessing
special process with access to another successive process 1s
also controlled when the special process with access is
enabled to access shared data.

As seen in Figs. 3A and 4, the controlling of the
periodic shifting of access to the data i1s done in step 72 by
the accessing special process calling the e _set no_time_slice
routine 30, Fig. 3A, which is a modification of the operating
system, to set a flag in the no time slice bit of the
accessing special process in step 34. This
e set no time slice routine is asked to set a no_time_slice
flag in step 32 1n response to the process with access
reaching a critical section of data which has the possibility
of being data shared with other processes requesting access to
the data. In step 78, Fig. 4, at the end of the critical
section, e set no time_slice routine 30 is called to reset the
flag, since the speclal process with access is no longer
accessing shared data. After the no_time slice flag has been
reset in step 36, Fig. 3A, the state of the flag value will be
returned in step 38 to the same value which the flag had prior

to the flag being set.

In Fig. 3C, it is seen that during the interim period
from when the no time slice flag was set until the flag was
turned off, or reset, the controlling of the shifting of
access to the data includes the step 46 of incrementing the
counted tick value or proc_tick _cnt in a second data element
of the special process accessing data. This proc_tick_cnt is
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incremented upon each triggering of the periodic shifting of
access to data or each time slice requested in step 40 by the
operating system 21 when the flag is set. The step 46 of
incrementing this value is used to determine if the process
has been running too long without allowing for a time slice.
Thus, when the proc tick cnt reaches a preselected value, such
as twenty, in step 48 the running of the special process will
be aborted in step 50, so that any error can be corrected.
Additionally, if the proc_tick ¢nt value has reached a
preselected value, such as three ticks, the a warning message
is generated to show that a potential error may be occurring.
The preventing of an automatic time slice upon a periodic
interrupt signal from the operating system 21 is done by
modifying the operating system with the e_set no time_slice
routine 30 such that the periodic shifting of access to the
data memory 18 will be prevented when the no_time slice flag
is set in the no time slice data element bit of the accessing
special process, as illustrated in Fig. 3C. 1In Fig. 4, the
method of having a special process accessing data from the
data memory 18 is shown to include step 75 calling the
ESCHED CHECK utility routine 60, which is a code modification
of the operating system. As seen in Fig. 3B, when the
ESCHED CHECK routine 60 is called, it reads in step 62 the
proc tick cnt whenever the process reaches a safe point during
its access of data from the data memory 18, If the
proc tick cnt is a nonzero value, then the steps 64 and 66 of
resetting the proc tick_cnt to zero and voluntarily shifting
access to the data memory to the next successive special
process waiting to access data automatically will be taken.
The step of preventing a shifting of access to another process
will be taken if ESCHED CHECK routine 60 reads a zero value in

step 62. In such event, no time slice will occur, and the
special process in step 76 will continue to access shared
data.

Wwhen the critical section of data which the special
process with access comes to an end, the step 36 of resetting
the no_time slice flag is taken and the ESCHED_CHECK utility
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routine 60 is called by the special process to see if a user
controlled time slice is to be made. If the ESCHED CHECK
routine 60 reads a nonzero value for the proc tick cnt, then

in step 66 a voluntary shifting of access to the data memory
18 will be given from the special process with access to
another successive special process which 1s waiting to access

the data.
While a detalled description of the preferred embodiment

of the invention has been given, it should be appreciated that
many variations can be made thereto without departing from the
scope of the invention as set forth in the appended claims.
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I Claim:

1. In a telephonic switching system having a
switch controlled by a central processing unit to
interconnect interior communication units with exterior
communication units, said central processing unit
controls the switch in accordance with communication
data in a communication data memory which is alterable
in response to signals initiated by said communication
units in accordance with an operating system of the
central processing unit having a plurality of special
processes which share the data, the improvement being a
shared data memory access system, comprising:

means for periodically shifting access to
shared data in the data memory successively between said
plurality of special processes;

means for controlling the access shifting
means to prevent said access shifting means from
shifting access to the data memory from one of said
plurality of special processes to another one of said
plurality of special processes during a period when the
one of saild plurality of special processes with access
to the data memory is enabled to access shared data; and

means for stopping the special process
accessing data from continuing to access data after a
preselected time period.

2. The telephonic switching system of claim 1
in which said access shifting means includes

means assoclated with the operating system for
generating a periodic interrupt signal; and

means responsive to the interrupt signal to
shift access to the data memory from one to another of a
succession of the special processes.
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3. The telephonic switching system of claim 1
in which

the special process with access has a data
element, and

said means for controlling the access shifting
means 1ncludes means associated with the operating
system to set a flag in the data element of the special
process with access which 1s enabled to access shared
data.

4. The telephonic switching system of claim 3
in which said means for controlling the access shifting
means 1ncludes means associated with the operating
system to reset said flag in response to the special
process accessing data from the data memory which is not

shared data.

5. The telephonic switching system of claim 4
in which the access shifting controlling means includes
means for returning the state of a flag value after the
flag 1s reset to a same value which the flag had prior
to the flag being set.

6. In a telephonic switching system having a
switch controlled by a central processing unit to
interconnect interior communication units with exterior
communication units, said central processing unit
controls the switch in accordance with communication
data i1n a communication data memory which is alterable
in response to signals initiated by said communication
units in accordance with an operating system of the
central processing unit having a plurality of special
processes which share the data, the improvement being a

shared data memory access system, comprising:
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means for periodically shifting access to
shared data in the data memory successively between the
plurality of special processes; and

means for controlling the access shifting
means to prevent said access shifting means from
shirting access to data memory from one of said
plurality of special processes to another one of said
plurality of special processes during a period when one
of said plurality of special processes with access to
the data memory having a data element and another data
element is enabled to access shared data including means
assoclated with the operating system to set a flag in
the data element of the special process which is enabled
to access shared data and means for generating a counted
tick value in the other data element of the special
process accessing data in response to the periodic
access shifting means when the flag is set in the data

element of the accessing special process with access.

7. The telephonic switching system of claim 6
in which said operating system includes means responsive
to the counted tick value to stop the special process
accessing data from continuing to access data in
response to the counted tick value reaching a

preselected value.

8. The telephonic switching system of claim 6
in which said operating system includes means responsive
to the counted tick value reaching a preselected counted

tick value to signal a warning message.

9. The telephonic switching system of claim 6
in which said access shifting controlling means includes
means responsive to the flag for preventing the periodic

shifting of access to the data memory from the special
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process with access to another special process in

response to the flag being set in the data element of
the special process with access.

10. The telephone switching system of claim 6
in which said means for controlling the access shifting
means 1includes

means associated with the special process with
access to determine when reaching a safe point has been
reached during the accessing of data, and

means assoclated with the operating system and
responsive to the special process with access to read
the counted tick value in the other data element of the
special process with access.

11. The telephonic switching system of claim
10 in which said means associated with the operating
system to read the counted tick value includes

means for resetting the counter tick value to
zero, and

means for automatically shifting access to the
data memory from the special process with access to
another special process in response to an initial

reading of the counted tick value being nonzero.

12. The telephonic switching system of claim
10 in which said means associated with the operating
system to read the counted tick value includes means for
preventing a shifting of access to the data memory from
the special process with access to another special
process 1in response to a reading of the counted tick

value being zero.
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13. The telephonic switching system of claim
10 in which said means for controlling the access
shifting means includes

means assocliated with the operating system to
reset said flag in response to the special process with
access accessing nonshared data; and

means assoclated with the operating system to
read sald counted tick value in response to said means
assoclated with the operating system to reset said flag
and means to automatically provide a shifting of access
to the data memory from the special process with access
to another special process in response to said tick

value reading means reading a nonzero tick value.

14. In a telephonic switching system having a
switch controlled by a central processing unit to
interconnect communication units in accordance with
entry in a data memory including shared data which is
alterable 1n response to signals initiated by said
communication units in accordance with an operating
system of the central processing unit, the operating

system having a plurality of special processes which

share at least some of the data, the improvement being a
method of controlling access of the special processes to
the shared data comprising the steps of:

normally periodically shifting access to the
alterable data memory between said plurality of special
processes except when prevented;

determining when one of said plurality of
special processes has access to shared data in said
alterable data memory;

preventing periodic shifting of access away
from the one of said plurality of special processes with

access during a period when it is determined that shared
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data 1s being accessed by the one special process with
access; and

stopping the special process accessing data
from continuing to access data after a preselected time
period.

15. The shared data access controlling method
of claim 14 in which the step of periodically shifting
access to the data memory includes the steps of

generating a periodic interrupt signal by
means assocliated with the operating system, and

normally shifting access to the data memory
from one to the next of the plurality of special

processes 1n response to the periodic interrupt signal.

16. The shared data access controlling method
of claim 14 in which the special process with access has
a data element and the step of controlling the periodic
shifting of access includes the step of

setting a flag in the data element of the
special process which is accessing the data.

17. The shared data access controlling method
of claim 16 1in which the step of controlling the
periodic shifting of access includes the step of

resetting the flag in response to the special
process accessing data from the data memory which is
nonshared data.

18. The shared data access controlling method
of accessing data of claim 17 in which the step of
controlling the periodic shifting of access includes the

step of
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returning the state of a flag value after the
flag i1s reset to a same value which the flag had prior
to the flag being set.

19. In a telephonic switching system having a
switch controlled by a central processing unit to

interconnect communication units in accordance with
entry in a data memory including shared data which is
alterable in response to signals initiated by said
communication units in accordance with an operating
system of the central processing unit, the operating
system having a plurality of special processes which
share at least some of the data, the improvement being a
method of controlling access of the special processes to
the shared data comprising the steps of:

normally periodically shifting access to the
alterable data memory between said plurality of special
processes except when prevented;

determining when one of said plurality of
special processes has access to shared data in said
alterable data memory in which the one special process
with access has a data element and another data element;
and

preventing periodic shifting of access away
from the one of plurality of special processes with
access during a period when it is determined that shared
data 1s being accessed by the one special process with
access by setting a flag in the data element of the
special process which 1s accessing the data and
incrementing a counted tick value in the other data
element of the special process with access from said
data memory 1n response to each periodic shifting of
access to the data memory when the flag is set in the

data element of the special process with access.
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20. The shared data access controlling method
of claim 19 in which the step of controlling the
periodic shifting of access includes the step of

aborting the running of the special process
accessing data 1n response to the counted tick value
reaching a preselected value.

21. The shared data access controlling method
of claim 19 in which the step of controlling the
periodic shifting of access includes the step of

signalling a warning message in response to
the counted tick value reaching a preselected value.

22. The shared data access controlling method
of claim 19 in which the step of controlling the
periodic shifting of access includes the step of

preventing the periodic shifting of access to
the data memory from the accessing special process to
another successive special process in response to the

flag being set in the data element of the accessing

special process.

23. The shared data access controlling method
of claim 19 in which the step of controlling the
periodic shifting of access includes the step of

causing the counted tick value in the other
data element of the accessing special process to be read
in response to the special process with access reaching

a safe point during the access of data from the data
memnory.

24. The shared data access controlling method
of claim 23 including the steps of
resetting the counted tick value to zero,

reading the control tick value, and




10

2095191

automatically shifting access to the data
memory from the special process with access to another
successive special process when the counted tick value

is read as being a value other than zero.

25. The shared data access controlling method
of claim 23 including the steps of

reading the counted tick value, and

preventing a shifting of access to the data
memory from the special process with access to another

successive special process in response to the read tick

value being zero.

26. The shared data access controlling method
of claim 23 in which the step of controlling the
periodic shifting of access includes the steps of

resetting the flat in response to the
accessing special process accessing nonshared data, and

causing the counted tick value to be read in
response to the resetting of the flag, and

automatically shifting access from the special
process with access to another successive special
process in response to reading a nonzero counted tick

value.
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