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1. A data processing machine comprises a plurality of elementary machines

disposed in a plurality of levels, there being at ieast three levels, and an event
presentation device responding to tihe arrival of an event by identifying the
lowest machine level that is active and by identifying a first active elementary
machine that is active in this lowest active machine level, the event presentation
device presenting th~, event to said first active elementary machine, wherein
each of the elementary machines at the highest level or any intermediate
machine level include lower level activation means capable of responding to
certain events by activating a lower elementary machine in the next lower
machine level, each elementary machine other than elementary machines at the
highest level including means for responding to certain other events that are not
processed by the elementary machine by sending them up to a higher level,
thereby enabling an event to be transferred to an active higher elementary
machine in the machine level immediately above the machine level to which said
first active elementary machine belongs, each elementary machine also including
deactivation means enabling it to respond to a particular event by deactivating
itself and simultaneously deactivating any lower level elementary machine that it
may previously have activated.
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This invention relates to a data processing machinc structure.

A data processing machinc is a device possessing a plurality of states and de-
signed to process input events. In each of these states, it responds to any input cvent
by accomplishing a sequence of predetermined data processing opcrations, which sc-
quence may include initialising output cvents, some of which may causc the machinc

to pass to another statc.

More specifically, such a machinc may be constituted by a computer provided,
inter alia, with a finite state program having a stale indication capable of taking up
as many values as therc arc stales. Input cvents arc signals of external origin input
via input/output means of thc computer, or clsc they are signals of internal origin,
crcated by program. They arc combined with the state indication Lo generate output
cvents by executing a program corresponding to cach combination, which output
cvents are signals transmitted cxternally from the computer by the input/output
means or are processcd by other programs in the computer, and some of the output
events may causc a change of state in the machine.

For cxample, if the machinc is to perform analysis and dccision functions in a
telephone installation, then it will have as many slates as such telephone processing
may requirc (line free, line busy, sending dial tone, receiving first digit, cte.). In cach
state, the expected cvents arc not only those to be cxpected in the normal coursc of
sctting up a call (sending digits, lincs or circuits availablc or busy, onc party or the
other hanging up), but also cvents that arc abnormal or rare (failurc of some picce
of equipment, hardwarc or soflware, shortage of resources, carly termination of on-
going dialogue, ctc.). It will be understood that this can lead Lo a large number of
states, with cach of them being associated with another large number of cvents. The
machine becomes large, and thus expensive Lo design and develop, test, maintain, etc.

To improve this situation, thought has already been given to using a plurality
of sub-machines instcad of a singlc machine, with cach sub-machine including somc
of the states of the machinc as a whole, such that the total number of states is re-
duced, cg. by giving a single machinc a scrics of stages that appear iteratively becausc
they correspond to a function that is performed scveral times over while processing
data. The number of events to be processed in cach state remains unchanged. Fur-
thermore, it is necessary to provide additional functions to allow the individual ma-
chines to dialogue with one another and an additional switching function to direct
input cvents to the appropriate machine(s). Thesc addi'ional dispositicns are expen-
sive, in particular in processing time.
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The present invention therefore secks to provide a data processing machine
structure that cnables both the overall number of states and the number of events to
be processed in cach state to be reduced.

According to the present invention, the data processing machine compriscs a
plurality of clementary machines disposcd in a plurality of levels, and an event pres-
cntation device responding to the arrival of an cvent by identifying the lowest ma-
chine level that is active and by identifying the elementary machine that is active in
this lowest active machine lcvel to present the cvent to said active clementary ma-
chine, an active clementary machine at any intermediate machinc level comprising
lower level activation mcans making it possible to respond to certain cvents by acti-
vating the next lower machine level and Lo actlivate a lower clementary machine in
said lower machinc level, and mcans for responding to certain other cvents that are
not processed by said active elementary machine by sending them up to a higher level,
thereby cnabling an cvent to be transferred to an active higher clementary machine
in the machinc level immediately above the machine level to which said active cle-
mentary machine belongs, said aclive clementary machine also including dcactivation
mecans cnabling it to respond to a particular event by decactivating itsell and simul-
taneously deactivating any lower level clementary machine that it may previously
have activated.

In addition to reducing the total number of states by using a machine built up
from a plurality of clementary machines, with cach clementary machinc being de-
signed Lo perform a sub-function whenever that is appropriate at the request of any
one of the activated clementary machines at the various different levels, the above
dispositions provide the possibility of limiting the number of cvents treated by cach
or somc of the clementary machines by making it possible to provide at least onc cl-
cmentary machinc that is specialised in processing common cvents that may occur at
any moment, or at lcast frequently, during the processing performed by the machine,
which common cvents wouid otherwise require processing in all or ncarly all of the
states of the clementary machines at lower level(s). The overall reduction in finite
state machine volume obtaincd by the factoring achicved both by crcating clementary
machincs of the sub-program Lype and by centralising common cvent processing T
higher levels makes it possib.c to simiplify design and rediice the costs of development,
validation, and mainlecnance.

In addition, the said active clementary machine at the lowest active machine
level is the machine which corresponds to the sub-function being performed. An
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event that occurs will usually belong to that sub-function and should be treated by
that active elementary machine. The invention makes it possible to process the ma-
iority of events dircctly by the appropriate clementary machine and without switching
cvents between the various sub-machines, while relatively rare cvents that do not be-
lonig to the current sub-function are processed at clementary machines at higher
level(s). This improves performance in the exccution of data processing.

Advantageously, said activation means serve Lo aclivate a sclected onc from a
piurality of lower clementary machincs in said lower machine level as a function of
the event presented and/or of the state of said active clementary machinc.

An embodiment of the invention is described by way of example with reference
to the accompanying drawings, in which:

Figurc 1 shows the structure of a data processing machine of the present in-
vention suitable for processing calls in a radiotclephone network; and

Figure 2 is a diagram showing sub-function linkage and showing how cvents arc
dirccted to the clementary machines, cg. in the context of the machine of Figure .

The machine whose structure is shown in Figurc 1 is designed to process calls in
a radiotelcphone network, and in particular to process the portion of such calls that
rclate to mobile terminals. This machinc comprises four levels: level 1, level 2, level
3, and level 4.

Level 1 includes a single elementary machine SUPMS whosc function is Lo su-
pervise the mobile terminal during the processing of a call relating to the terminal.
More preciscly, elementary machine SUPMS processes all cvents relating to the state
of the terminal and/or the other party to the call that should lead to the call being
released and that may occur at any moment during a call, such as:

mobile terminal hang up;

other party hang up;

communication protocol crror between the mobile terminal and the network;

a softwarc or hardware fault, whercver that may occur;

interruption of dialoguc between the mobile terminal and the basce station with
which it was in communication;

radio channel failure; cte.

This clementary machine SUPMS also processes requests for transferring a call
from onc basc station to another base station duc to the mobile station moving, which

requests may naturally occur at any moment during a call. Such call transfer requires
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new ground and radio resources to be brought into operation, while old resources arc
relecased.

Level 2 comprises three clementary machines, DEP, ARR, and PAG. As indi-
cated by the arrows running from elementary machinc SUPMS towards clementary
machines DEP, ARR, and PAG, onc of thesc threc clementary machinces is sclectively
activated by clementary machine SUPMS.

The function of clementary machinec DEP is to supcrvisc the sctting up of an
outgoing call, ic. a call coming from the mobile terminal scrved by the machine of
Figurc 1. In this context, it oversces authentication of the mobile terminal, ic. that
it is identificd by sccurity mecans described in greater detail below, it receives and
analyscs dialling, it determincs call routing, and it causcs ground and radio resourccs
o be made available until the called party starts ringing, at which point it dcactlivates
itself,

The function of clementary machine ARR is Lo supervise the sclting up of an
incoming call, ic. a call to a mobile terminal scrved by the machine of Figure 1. In
this context, it oversces determining the cell in which the mobile terminal is located
by means that are described in greater dctail below, it then oversees authentication
of the mobile terminal as mentioned above, and finally it makes ground and radio
resources available until the called mobile terminal starts ringing, after which it de-
activaics itsclf.

The function of clementary machine PAG is to locatc 2 mobile terminal in onc
of the cells of a location zone. It is activated by clementary machine SUPMS in the
cvent of a mobile location request from an opcrator command. It deactivates itsclf
after fulfilling its function.

Level 3 also comprises three clementary machines, comprising the machine PAG
alrcady described at level 2, and an clementary machine SEC which appcars twice
over. It should be obscrved that in this case, ciementary machine PAG is called
whenever there is a need Lo locale a mobile while setting up an incoming call. The
function of clementary machine SEC is to authenticate the mobile terminal identificd
by its international mobile subscriber identification (IMSI) number, which is assumed
to be known, then radio channel enciphering is put into opcration, a temporary mo-
bile subscriber identification (TMSI) number is allocated, and then clementary ma-
chine SEC deactivates itsclf. I authentication fails, then clementary machine SEC
brings clementary machine IDENT into operation which scrves, as cxplained below,
to obtain the international identification number IMSI from the mobile terminal it-
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sclf, after which a new authentication scquence is performed so that the processing
described above can be continued.

Level 4 compriscs the above mentioned machine IDENT which may be uscd
several times by the level 3 machine SEC as mentioned above. Its function is to re-
quest the international identification number IMSI of a mobile subscriber, cither
from the centre from which the mobile terminal used to depend and which it has left
while moving, or clsc from the mobile terminal itsclf, if the identification cannot be
obtained from the previous centre. It deactivates itsclf after it has fulfilled its func-
tion.

The functions described above arc well known in radiotelcphony and reference
may be made to the very numerous documents that have been published on this
subject. Usc of the clementary machines is illustrated in the context of an outgoing
call and of an incoming call only.

For an outgoing call from a mobile terminal subscriber and processed by the
machinc of Figure I, the machine, on taking charge of a call, marked pca, activates
machine level | and in level | it activates clementary machine SUPMS. Elementary
machine SUPMS supervises the state of the connection with the mobile terminal,
obscrves that an outgoing call is being made, activates machine level 2, and in ma-
chinc level 2 it activates clementary machine DEP. DEP begins with sccurity
authentication of the mobile terminal. To do this it activates machine level 3, and in
level 3 it activates elementary machine SEC. If nccessary for performing identifica-
tion per se, clementary machine SEC activates machine level 4 and in level 4 it acti-
vates clementary machine IDENT. Once identification has taken place, clementary
machinc IDENT deactivates itsell and machine level 4 is likewise dcactivated. Con-
trol is given back to elementary machine SEC in machine leve 3, which then installs
cnciphering on the radio channcl and, if necessary, rcallocates a temporary identifi-
cation number to the mebile terminal. Thercafter it deactivates itscll and machine
level 3 is likewise deactivated, such that clementary machine DEP takes over Lo re-
ceive the number of the called party, to analyse the number, to determine the appro-
priate routing, and to supervise the call until the called party (assumed to be frec)
starts ringing. At this point, given that the outgoing call sct-up stage has been ter-
minated, machinc DEP decactivates itself and machinc level 2 is likewisc dcactivated,

with the call being under the control only of clementary machine SUPMS at level 1,
which is the only machinc now active.
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For an incoming call, the call is initially superviscd by clementary machine
SUPMS at the sole active level, level 1. Level 2 is then activated, and in particular
machine ARR in order to supervisc the sctting-up stage of the incoming call. 1t is
first necessary to determine the cell in which the destination mobile terminal is lo-
cated, and this is done by activating lcvel 3, and in level 3 activaling clementary ma-
chine PAG. Once the terminal has been located, machine PAG dcactivates itsell and
level 3 is thus deactivated, only to be immediately reactivated by clementary machine
ARR activating clementary machine SEC. The function of clementary machine SEC
has alrcady been described, together with the way it makes usc of clementary machine
IDENT and level 4 to identify the mobile terminal in question. Thereafter, as alrcady
described, clementary machines IDENT, SEC, and ARR dcactivate themselves onc
after another, likewise deactivating levels 4, 3, and 2, with an established incoming
call finally being superviscd only by clementary machine SUPMS at level 1.

It remains to be mentioned that should the radio station request call transfer,
that cvent is received by and is controlled directly by clementary machinc SUPMS
regardless of the state of any clementary machines that may be active at lower levels.

It will be observed that the same clementary machine, cg. SEC, may be activated
by several different higher level clementary machines. In other words, the function
performed by the clementary machine SEC occurs in several different data processing
stages of thc machinc as a wholc and by using the same clementary machine in all
of these various stages, the total number of machinc states is reduced. The same ap-
plics to clementary machines IDENT and PAG.

It will also be obscrv~d that an clementary machine at a given level may sclec-
tively activate scveral different clementary machines at the next level down in order
to request execution of successive functions. This makes it casicr Lo split up functions
and to design clementary machines capable of taking part in different data processing
stages.

However, the reduction in the number of events gencrally processed by cach cl-
ementary machine comes from the way these cvents are allocated to the activated cl-
ementary machines, as appears from the following description made with reference
to Figurc 2.

Figurc 2 shows the flow of events belween the various clementary machirncs.

An cvent-prescnting device PTA referred to as a "preprocessor machine” receives ex-
ternal events, determines the lowest level of the machine in which an clementary ma-
chine is active, and presents Lhe received event to that clementary machine. Dashed
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line connections represent activation functions, whercas solid line connections repre-
scnt event transfer functions.

The way in which the various clementary machines arc activated is described
above. When the machinc takes charge of a call, the preprocessor machine activates
machine level 1 by default since no other machine level has yet been activated, and
it activates the machine SUPMS since that is the only machine defined at this level.
An arbitrary cvent EV submitted to the preprocessor machine PTA is thus attributed
to the active machine level, level I, and it is transmitted to the clementary machine
that is active at this level, ic. Lo elementary machinc SUPMS, and this is illustrated
by conncction evl. The machine SUPMS must be capable of processing the cvent in
question. During this processing, the clementlary machine may possibly generate
output cvents and it may possibly change state. On receiving a particular cvent
marking the beginning of a call, clementary machine SUPMS aclivates the appropri-
ate clementary machine, cg. clementary machine DEP, and this is illustrated by
conncction acl21. The machine context data dca is updated Lo show that level 2 is
now active.

If both machinc level 1 and level 2 are active when the preprocessor machine
PTA icccives an event EV, then it sciccts level 2 in preference to level | and transmits
the reccived event to that onc of the elementary machines in level 2 that is active, cg.
clementary machine DEP, and this is illustratcd by connection ev2l. Three circum-
stances can then arisc:

if the cvent needs to be processed by elementary machine DEP, then the corre-
sponding processing is performed, output cvents may possibly be generated, and ma-
chihc DEP may change statc;

if the event requires action from a different clementary machine, in particular
clementary machine SEC, then that machine is activated and where appropriate the
cvent in question is transmitled Lo it, as illustrated by connection ac23, with the ma-
chine context data DCA being updated to show that level 3 is now active; or

il' the event is not one of the events that is processed by elementary machine DEP
as in the lwo above circumstances, then it is sent up to the clementary machine
(SUPMS) that activated the elementary machine in question (DEP), with this being
illustrated by conncction rvi2].

As a result, the clementary machine in question (DEP) is designed to respond Lo
a limited list of cvents that have some bearing on the function it is required to per-
form. Somec specific events requiring a sub-function to be activated are performed
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by activating the clementary machine at the next level down (level 3) for performing
the sub-function (in this case machinc SEC), whercas other events are sent up (o the
higher machinc level (level 1) and in that level they are sent to the active clementary
machinc (SUPMS) that activated the clementary machine in question (DEP). The
processing performed by the active clementary machine at the higher machine level
may include decactivating the machinc that initially reccived the cvent.

The above applics cqually well to the active clementary machine at machine level
2 being clementary machine ARR. The only difference is that clementary machine
ARR may sclectively aclivate onc out of scveral clementary machines (SEC, PAG)
in the next lower machine level. The same applics again if the active clementary ma-
chine in the machine level 2 is machine PAG, cxcepl this time it has no lower level
clementary machines to activate.

The same also applics when machine level 3 is aclive after levels | and 2 have
been activated, while machine level 4 is still not active. An incoming cvent is then
transmitted cither to clementary machine SEC (conncction cv31) or to clementary
machinec PAG (conncction cv32), depending on which clementary machinc is active
at this level.

Assuming that an cvent has been transmitted in this way to clementary machinc
SEC, it responds in the samc way as higher level machines. It may be observed that
if the cvent is to be sent up to a machine at the next higher machine level (level 2),
the cvent is merely sent Lo the clementary machine at the next higher level which is
currently active, and that machine will indced be the machine thal activated the cle-
mentary machine in question (SEC) that initially reccives the event being sent up.

The same applics to clementary machine PAG, but more simply since returning
to the next higher machine level, level 2, can only lead to clementary machine ARR,

The same can be applicd to machine level 4 and its machiner IDENT.

Finally, it may happen that the ¢lementary machine at an intermediate level
cannot itsclf process an cvent sent up to it by an clementary machine {rom a lower
level. Naturally, under such circumstances, the event is sent up again to the aclive
elementary machine at the next higher level.

As a result, and in gencral, cach clementary machine only processes those cvents
that are normally cxpected in the coursc of that portion of the data processing that
is allocated thereto. This reduces the number of events that cach clementary machine
needs to be able to process practically to a minimum. The advantages that this pro-
vides have already been mentioned. In addition, these normally expected cvents arc
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the most probable events, and cvents that require sending up a level are relatively
infrequent, such that the mechanism described above for sending messages up a level
is ot expensive in processing time.



11

The claims defining the invention are as follows:
1. A data processing machine comprises a plurality of elementary machines
disposed in a plurality of levels, there being at least three levels, and an event
presentation device responding tc the arrival of an event by identifying the
5 lowest machine level that is active and by identfying a first active elementary

machine that is active in this lowest active mar.hin¢ level, the event presentation
device presenting the event to said firsz active elementary machine, wherein
each of the elementary machines a: the highest level or any intermediate
machine level include lower level activation means capable cf responding to

10 certain events by activating a lower elementary machine in the next lower

machine level, each elementary machine other than elementary machiries at the

highest level including means for responding to certain other events that are not
ol processed by the elementary machine by sending them up to a higher level,
70 thereby enabling an event to be transferred to an active higher elementary

e 15 machine in the machine level immediately above the machine leve! to which said

L first active elementary machine belongs, each elementary machine also including
deactivation means enabling it to respond to a particular event by deactivating

: itself and simultanecusly deactivating any lover ievel elementary machine that it

may previously have activated.

¢ e 20 2. A data processing machine as claimed in claim 1, wherein said activation

means serve to activate a selected one from a plurality of lower elementary

machines in said next lower machine level as a function of the event presented

and/or of the state of said active elementary machine.

3. A data processing machine substantially as herein described with

25 reference to the accompanying drawings.

DATED THIS NINTH DAY OF DECEMBER 1993
ALCATEL N.V.
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ABSTRACT

This invention relates to a data processing machine structure such as onc con-
stituted by a computer having a finite state program having a statc indication capable
of taking up as many values as there are states. The invention addresses the probiem
of minimising the number of states and, in cach statc the number of events to be
handled.

The processing machine of the present invention is a data processing »>chine
comprising a plurality of clementary machines (SUPMS, DEP, ARR, ...) cisposed in
a plurality of levels (level 1, level 2, ...), and an event presentation device (PTA) re-
sponding to the arrival of an cvent by identifying the lowest machine level that is ac-
tive and by identifying the clementary machine that is active in this lowest active
machine level to present the cvent to said active clementary machine. An active cle-
mentary machine at any intermediatc machine level comprises lower lcvel activation
mecans making it possible to respond to certain events by actlivating the next lower
machinc level and to activate a lower clementary machine in said lower machinc level,
and means for responding to certain other cvents that are not processed by said active
clementary machine by sending them up to a higher level, thereby enabling an cvent
to be transferred to an active higher elementary machine in the machine level imme-
diately above the machine Ievel to which said active clementary machinc belongs, said
active eclementary machinc also including deactivation means cnabling it to respond
to a particular event by deactivating itsclf and simultancously deactivating any lower
level clementary machine that it may previously have activated.
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