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Description 

BACKGROUND OF THE INVENTION 

s 1. Field of the Invention 

10 

This invention relates to a programmable controller for processing finite state applications programs which control 
the states of operation of machines and/or processes. The invention also relates to debugging a machine and/or process 
which allows for easy diagnostics of the finite state applications program. 

2. The Prior Art 

In the 1960's, programmable controllers were developed to replace relay control systems which used electromag­
netic relays to control the operation of industrial machines or processes. These programmable controllers were designed 

1s to work as if they contained relay circuits, even though the circuits were actually programs in a computer. The relay 
circuit designs, emulated by these programmable controllers, were called ladder diagrams because of their general 
appearance. Ladder diagrams are excellent for designing combination logic control problems, where outputs or actions 
are directly dependent on the states of inputs or conditions. However, for sequential control problems, where the control 
acticns are time-dependent, the ladder diagram approach becomes cumbersome, difficult to design and fault-find. Lloyd, 
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Control Engineering (Oct 1985). 

In order to emulate ladder diagrams, a programmer strings together long lists of Boolean equations in the form of 
software commands either in text form or graphically. Each command controls an internal or external signal. Debugging 
or fault-finding in such a system usually involves observing an unexpected condition, and then intuitively searching back 
through some or all possible combinations of factors that could have caused the unexpected condition. Because all of 
the ladder diagram is scanned each scan cycle it is not possible to eliminate any part as definately not containing the 
problem. . 

Another drawback of the ladder diagram controllers is that in order to determine the causes of the unexpected 
condition it is desirable to record information related to the cause of the problem. However the ladder diagram system 
does not have any mechanism to differentiate between relevant and irrelevant changes in system variables and condi­
tions, and this leads to the need to store an impractically large amount-of data which would be very difficult to analyse 
and sort. 

Furthermore, ladder diagram controllers are cumbersome to program. By their very nature, ladder' diagrams are 
difficult to understand. Additionally ladder diagrams do not clearly show the broader, macro functionality they are de­
signed to provide, particularly sequential functions. What they show is in effect a circuit that provides that functionality. 
For many years, machine design and manufacturing engineers, who were unfamiliar with ladder diagrams, could not 
easily develop control systems for their machines or processes. Instead, they relied on specialised control engineers to 
program their control systems. 

In an effort to simplify programmable controllers, systems were developed which enable engineers to use high level 
languages to emulate "state diagrams;• A state diagram is a graphical representation of the states of operation and the 
conditions which change the status of the states of operation in a machine or process. In graphical form, a state diagram 
is a series of nodes with interconnecting arcs. Each node represents a particular state of operation and each connecting 
arc represents a transition function which causes the status of the state to change. State diagrams are easy to understand 
and easy to design by all types of engineers. The current systems which emulate state diagrams, however, are difficult 
to program, and difficult to debug. 

An example of one such system is disclosed in United States Patent 4, 562,529 to Drummond. Drummond discusses 
a method and apparatus for controlling the states of operation of a machine or process by using •state logic variables.• 
A "state logical variable" uniquely represents each operating state of the machine or process. The "state logical variable" 
can only be one of two values; either TRUE or FALSE. TRUE meaning that the state is active and FALSE meaning that 
the state is inactive. By using the methods as disclosed the Drummond system operates very similarly to the ladder 
diagram controllers. Several problems are present in the Drummond method and apparatus. 

First, the entire finite state applications program must be cyclically scann.ed in order for the Drummond system to 
properly process the "state logical variables•. To make assignments to state variables, which is necessary to make 
changes of state, or to carry out state dependent actions Drummond must evaluate many expressions containing state 
variables. His disclosure discusses simplified ways for doing this, however the process is still inefficient and can be 
eliminated altogether. 
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Second, programming the Drummond controller to emulate state diagrams is a cumbersome process. The language 
diselosed in Drummond does not lend itself for easily converting the state diagrams into program code. This occurs 
because the condition statements which effect the status of the "state logic variables• cannot be lumped into specific 
areas of program code and require explicit Inclusion of state variable terms on the left-hand sides. Additionally, virtually 
every statement in the oocle requires a •state logical variable" to be assessed, in order to determine whether a state 
assignment should be made or whether an action should be carried out. As a result, much extra code must be drafted 
in order to perform simple functions. 

Lastly, oecause every statement in the finite state applications program must be scanned each scan in order to 
evaluate the status of the state logical variables, the system operates very inefficiently. This drawback severely limits 
throughput and limits the recording of system activity information for debug purposes. Also, Drummond does not disclose 
an adequate strategy or structure for keeping track of the multiple operating tasks to be controlled simultaneously. 

Note should also betaken of the commercially available GRAFCET systems based on French standard NFC 03-190. 
GAAFCET does not restrict a state diagram to only having one active state at one time and so knowing the identity of 
one active state in a GRAFCET state diagram does not totally define the conditions and operations associated with that 
state diagram at that time. This has significant disadvantages during program debugging. 

Thus programmable controllers have been programmed by a means known as ladder diagrams, or an equivalent 
means, from the early days. As more and more functionality has been added to the language, (in the form of available 
ladder diagram symbols and structure), it has become apparent that there are limitations to the ladder diagram that can 
only be addressed by a change to the basic approach to programming. This is particularly apparent when programmable 
controllers are used for the control of machinery in flexible automation schemes. The functioning of such schemes relies 
significantly on the ability of the controller to sequence the machinery in a complex and flexible way with regard to both 
the activities carried out and the functions that step the sequence on and with regard to the ability of the programmable 
controller to control many essentially independent sequential processes at the same time. Such things can.and are done 
with ladder diagram programmable controllers. However such programmes require a translation process to generate a 
ladder diagram from the definition of the sequencing.which may be in the form of a written specification or a flow chart. 
When the ladder diagram is inspected, the functions carried out are not obvious and the program and the process of 
debugging the program are cumbersome. Much of the information inherent in the spec or flow chart is lost or obscured 
in the translation process which converts the functional requirements into a relay circuit that fulfils those requirements. 

Over the last few years there has been much interest in improving this situation. Sequencing methods have been 
developed which aim at improving the generation, debugging, and comprehension of such programs. The French 
GRAFCET effort has been notable and this has been accepted internationally as a useful technique. Related French 
and West German standards exist. Several programmable controllers using variations of the GRAFCET methods of 
describing sequences using standardised flow charts are on the market. However, there are further issues to address 
to reach an optimum form of control systems programming and these are not addressed by any currently l<,nown system. 

The problems that need addressing call for improvements in · 

program structure and form 

to focus on the relevant 
to simplify understanding of complex systems 
to suit to high levels of functionality 

for minimisation of transformations 
for avoidance of side effects 

45 to reduce cost of hardware 
being self explanatory to widest range of people and user friendly 
minimisation of training needs · 
maximisation of assistance with debugging 

so The present invention seeks to provide a control method and apparatus that reduces or eliminates the disadvantages 
referred to above, and is more readily and freely used by control, manufacturing and design engineers. 

The following is a preliminary explanation of terms which will assist the reader to more fully comprehend the nature 
of the invention that is described in this specification. 

55 1. "State(s) of operation" means a particular combination of conditions and operations which exist for a finite time 
interval in a machine or process; only a subset of the machine's or process' signals or values are at particular defined 
values. The "state of operation• of a machine or process can be thought of as being a particular task or subset of 
tasks presently performed by the machine or process. 
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2. "Controller" means a device for exercising control over a process or machine or activity, which includes means 
for discerning the "state of operation.• For this purpose, the controller must be kept informed of variations in the 
values and the status of the machine or process. 

3. "Program state• means a particular block of one or more statements of program code used for evaluating, main­
taining and controlling a "state of operation.• 

4. The terms "machine• or "process" are systems which proceed in real time from one specific operating state to a 
next operating state. The controller reads signals from the machine or process, monitors the operation of the machine 
or process, tracks the necessary operating states by way of its own internal states, and provides necessary output 
signals to put the machine into the necessary operating states based on the algorithms embedded in the applications 
program. 

5. The term multitasking means a method of asynchronously running separate programs or separate tasks contained 
in the same program by only one controller such that all appear to be running simultaneously with relation to one 
another. 

It is the concept or a 'state' that allows one to say that a machine, or a section of a machine, is in a particular state, 
and that allows the structuring of a program so that a state is defined in one contiguous block only within the program 
with some form of state delimiting statement or means. From this follows the ability to say that while a particular state 
exists, the only possible relevant part of the program related to that loop is the block defining the state. A class of outputs 
is provided as part of the. language where no outputs of this type exist from a system, other than those defined in the 
states active in each loop. This type of output is typically used for activating motors, or valves. A state can therefore 
also be said to exist in the sense that It produces real world outputs while it exists, and these outputs are functions of 
the state only, i.e. they are activated conditional on nothing other than the existence of the state. 

It may be advantageous to allow qualification of those outputs based on other conditions present in the system, but 
this would be an optional extension of the system. 

It should be noted that it may be advantageous to also provide a class of output that can be activated in one state 
and deactivated in another, used for instance for driving displays or registers. 

It is also the existence of explicit state type statements that allow subclasses such as 'break state', and 'pause state' 
to be provided for the purpose of controlling the flow of the program. 

Debugging and comprehension of the control activity can therefore be based on a 'state structure' as follows : 

an identification of the states that exist and what major control function they provide e.g. while a state may activate 
several outputs, do some timing, interrogate inputs, print, and eventually take the decision to char:ge to another 
state, it can also be said to carry out some macro function; e.g., the controller for an elevator might have a state 
that performs the macro function 'go up one floor', which consists of activities like these noted above. The state 
could therefore be called GoUpOnefloor as a single word symbolic name in our system, and this provides structure 
to the program and broad understanding without the need to consider the lower level operations necessary to carry 
out the macro function ; 
examination of the flow of control through the various states that existed previously, that ultimately led to the overall 
existing state of the machine, (i.e. tracing); 
enabling the flow of control until a particular state is reached, i.e. trapping with a break state, with subsequent 
diagnosis of the activity to that stage, or pausing a particular loop with a pause state. 

It can therefore be seen that it is mosi advantageous for a loop, program, group program or whatever It is called to 
be able to be said to be in some state, and for that state to be defined unambiguously, and to be a function that can be 
said to exist or not, that can be detected and/or recorded. 

For tracing to be effective, the concepts or states and loops must both exist. 

SUMMARY OF THE INVENTION 

Accordingly, in one aspect, the invention may broadly be said to consist in a programmable controller which executes 
a finite state applications program and facilitates debugging of said program characterised in that said finite state ap-

55 plications program comprises two or more ·program loops, each of said program loops emulates a state diagram and 
has two or more blocks of statements, each block when executed by the controller being a program state, and each 
program state being active only when one or more conditions or operations cause said program state to occur, and said 
programmed controller includes: 
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(a) means for enabling two or more of said program loops to become active for execution and means for enabling 
only one block of said blocks within any active program loop to become active for execution at any one time; 
(b) means for recording said occurrences of each said program state for later display; and 
(c) means for recording for later display said one or more conditions or operations causing the occurrence of each 
said program state. 

In a second aspect, the invention may broadly be said to consist in a programmable controller which executes a 
finite state applications program and facilitates debugging of said program characterised in that said program is stored 
in pseudo code and executed by a pseudo code interpreter program, said finite state applications program comprising 
two or more program loops, each of said program loops emulates a state diagram and has two or more blocks of state­
ments, each block when executed by the controller being a program state, and each program state being active only 
when one or more conditions or operations cause said program state to occur, and said programmed controller includes 
means for enabling two or more of said program loops to become active for execution and means for enabling only one 
block of said blocks within any active program loop to become active for execution at any one time. 

A preferred embodiment of the invention includes a programmable controller.for emulating one or more state dia­
grams and for controlling the states of operation of at least one machine or process. The controller performs an appli­
cation-type program which comprises a plurality of blocks of statements. Each of these blocks of statements when 
executed is a program state defining an internal controller state which corresponds to one of the machine or process 
states of operation. Each block of statements defines the next blocks of statements one of which may replace the existing 
block as the active block if the defined transition conditions are satisfied and actions to be taken during the corresponding 
state of operation by the machine or process. 

Program states are organised into two or more program loops which represent independent sequential control 
schemes for an entire machine or process or for a sub-section of the machine or process. Each program loop essentially 
emulates a state diagram. 

The controller can activate two or more program loops simultaneously, however, each program loop can only allow 
one of the program states within the program loop to become active. To keep track of the active program loops and the 
associated active program states, a variable Is associated with each active program loop. The variable stores an identifier 
of the active program state or the address ofthe start of the active program state. The variable also has an identifier 
which indicates within which active program loop the particular program state resides. The controller also has a task 
table which stores the variables for the active program loops. The task table enables the controller to perform several 
active program loops asynchronously and it determines the sequence of execution of the active program loops. Essen­
tially, the task table keeps track of which program loops and which program states are active and of the order and 
sequence each program state will be processed. 

A method and apparatus are also provided for facilitating "debugging" of the finite state applications program. Means 
are provided for recording information about the activity of each of the active program states. Specifically,' the controller 
traces a history of the order and occurrence of each program state and the conditions responsible for each occurrence 
of tne program state. Display means are also provided for enabling the programmer to evaluate the recorded information. 

Significantly, the present invention allows a control, manufacturing or machine design engineer to more freely un­
derstand and even design high-level applications programs representative of state diagrams. The specific design ad­
vantage of the present invention is that the programmer is able to organize all program statements related to a particular 
state of operation into a contiguous segment of program code or block of statements and none of the statements are 
related to any other state of operation. In this way, the programmer is able to compartmentalize all of the various con­
ditions dependent on each state of operation without having to worry about any of the other states of operation. This 
procedure does away with "state logical variables" and it facilitates techniques for programming in an organized and 
structured format. Furthermore, program loops representative of overall state diagram structures are easily designed 
into code by simply connecting the compartmentalized code together with conditional GOTO statements or the like 
contained within program state blocks. 

The present invention is more efficient than the prior art because all of the statements in the applications program 
do not have to be scanned each time a particular state of operation needs to be controlled. Instead, only those statements 
in the particular program state associated with the particular state of operation which is active are scanned. This tech­
nique enables the controller to process very quickly anci it allows the present invention to more efficiently process a 
multitude of tasks at the same time. The preferred embodiment of the invention also has a task table for keeping track 
of the various sequences of tasks to be performed simultaneously and/or determining the order that each sequence of 
task will be performed. 

Lastly, because the applications program is designed with program states, pin-pointing the causes of unexpected 
events Is greatly facilitated. Means are provided for rec:Ording the sequential order of occurrence of each active program 
state as they occur and one or more conditions responsible for transitions occurring from each program state to the next 
or responsible for initial activations or program states. By analysing a display of the occurrences of each of the program 
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states and by analysing the conditional statements causing the transitions to occur the analyst can quickly determine 
the location and the cause of the unexpected event in the program. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a programmable controller for controlling the operation of a machine or process in accordance with 
the present invention and also shows a simple machine or process being controller; 
Figure 1 a is a state diagram for a controller for apparatus and controls similar to figure 1; 
Figure 1 b is a ladder diagram for a controller for apparatus and controls similar to figure 1; 
Figure 2a is a different state diagram of the various states of operation of an elevator and the conditions which 
cause transitions to occur between states; 
Figure 2b is a diagram of blocks of statements corresponding to the states of operation of the state diagram in 
Figure2a; 
Figure 2d is a more complicated diagram showing several independent state diagrams; 
Figure 3a is a diagram of a program loop pointer; 
Figure 3b is a diagram of the task table; 
Figure 3c is a diagram of a task table pointer; 
Figure 4 is a logical representation of a trace table shown in the form of an endless loop; 
Figure 5 is a schematic block diagram of the subroutine called START PROGRAM; 
Figure 6 is a schematic block diagram of the subroutine FIRST OPERATOR; 
Figure 7 is a schematic block diagram of the subroutine ADVANCE P-CODE POINTER; 
Figure B is a schematic block diagram of the subroutine ADVANCE TASK TABLE REGISTER; 
Figure 9 is a schematic block diagram of the subroutine NEXT OPERATOR; 
Figure 10 is a schematic block diagram of the subroutine GO TO; 
Figure 11 is a schematic block diagram of the subroutine START; 
Figure 12 is a schematic block diagram of the subroutine GO SUB; 
Figure 13 is a schematic block diagram of the subroutine RETURN; 
Figure 14 is a schematic block diagram of a subroutine called STORE HISTORY; 
Figure 15 is a schematic block diagram of a debugging routine called DISPLAY HISTORY; 
Figure 16 is a schematic block diagram of a debugging routine called DISPLAY LINE; 
Figure 17 is a schematic block diagram of a debugging routine called DISPLAY PROGRAM STATE; 
Figure 18 is a schematic block diagram of a debugging routine DISPLAY LOOP; 
Figure 19 is a schematic block diagram of a debugging routine FOUND LOOP. 

DETAILED DESCRIPTION 

Before considering the description and implementation Of the language interpreter software we will describe the 
4Q principles on which the language is based and give examples of how programs according to the invention are constructed. 

The Loop-State structure is the single most important feature of the language system which enables simple man­
agement of the complex and changing requirements for control in complex systems. 

The simple concepts are as follows. Consider an elevator such as may be used to raise/lower a platform on a 
building site. It has an Up button and a Down button at the top and an the ground. It can be said to be in the states of 

45 Stopped, Going Up, or Going down, but only in one of those at any one point In time. Its operation can be described 
with the help of the state diagram in figure 1 a. 

The following should be noted 

the states with their numbers and names included in circles; 
so the transition conditions defined in words and shown beside the arcs that show which state the condition causes to 

change to which; 
the way in which a state diagram description minimises and defines what is relevant; e.g. in Going Up, what is 
happening to the 'Down buttons', 1 or 2, is quite irrelevant. 
Similarly the way all relevant activities are shown associated with the state they relate to E.g. 'Energise motor down' 

55 in GoingDown. 
The ease with which the operation of the elevator can be understood. E.g. if it is stopped and up button 1 is pushed, 
it goes up, but if it is going down and up button 1 is pushed, it ignores it. 
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The program using our language which is functionally equivalent to the above state diagram is 

Stopped 

s Brake ON 

IF Up8utton1 ON OR Up8utton2 ON GOTO GoingUp 

IF Down8utton1 ON OR DownButton2 ON GOTO GoingDown 
10 

GoingUp 

UpMotorON 

15 If Up8utton1 OFF AND Up8utton2 OFF GOTO Stopped 

.~·20 

Going Down 

DownMotor ON 

IF Down8utton1 OFF AND Down8utton2 OFF GOTO Stopped 

The only parts omitted from this program are defining statements that allocate particular names to particular varia­
bles, i.e. that define Up8utton1 as connected to input terminal 21 say. 

25 The ladder diagram equivalent is as shown in figure 1 b 
In the ladder diagram 

] [ is a normally open contact 
)/( is a normally closed contact c30 () is a relay coil 

Note how although the circuit operation is relatively easy to follow, what it actually does functionally is far harder to 
deduce. There is no structure to show that is relevant at any one point in time. 

A state diagram with 100 states instead of 3 still has stales as simple as the 3, and each may be understood in tum. 
35 Aladder diagram with 100 rungs is very difficult to understand. ' 

The principles of our loop-state structure are: 

Programs are organised into (two or) more than two separate loops that represent independent sequential control 
schemes for sections of the machine. A loop can be processed independently of the rest of the program, or can 

40 handshake and synchronise with other loops via flags etc. 
Loops are formed cf sequences of states. I.e. they are in effect state diagrams representing state machines having 
outputs which may be conditional/unconditional on the inputs etc. 
Each state machine, i.e. loop, has one and only one state active at any point in time that the loop is active. If the 
loop is not active then there is no state active in that loop. Active loops can therefore be said to possess a state 

45 variable, the value of which is the number/name of the stale active at that point in time. This can be accessed and 
used for handshaking, diagnostics etc. This is also the mechanism that focuses the observer onto a particular part 
of the program as being relevant for a particular purpose, and EXCLUDES the possibility that any other part is 
relevant. This exclusion is most important because it says 'look here, and DON'T LOOK ANYWHERE ELSE'. 
A class of outputs is provided as part of the language where no outputs of this type exist from a system, other than 

so those defined in the states active in each loop. This type of output is typically used for activating motors, or valves. 
A. state can therefore also be said to exist in the sense that it produces real world outputs while it exists, and these 
outputs are functions of the state only, i.e. they are activated conditional on nothing other than the existence of the 
state. The output setting statement in the language effectively says 'While in this state this output is on and will go 
off when this state becomes inactive'. It does not say 'set this output on', and does not need any additional statement 

55 to turn the output off again. 
Transition conditions are a function of the state they cause to be deactivated. They say 'change the active state 
from this to another', where the other is given as a parameter of a GOTO statement. They therefore appear in the 
state block of which they are a part. 
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State blocks are contiguous segments of program, starting with a state statement and ending at the next state 
statement. They contain all the code related to that state, and none related to any other. 

We see therefore that 

for one section Of a machine, only one loop is relevant; 
for that section of the machine at a particular point in time in the sequencing of the section, only one state in that 
loop is relevant 

We have therefore focussed down in the program to a segment representing one state, probably e.g. 10 lines out 
of 2000, and we can be sure that that is the only part that is relevant. 

To do this we need only determine the section of the machine associated with the problem or other event of interest 

which is a physical association only, and the point in the sequence that the problem occurs. Trapping and tracing 
provide the means for determining the point in time in the sequence if this is not obvious from the program. The 
specifics of trapping and tracing are described later in this specification. 

Documentation is made easy by the textual form of the program, as opposed to a graphical form. 
Figure 1 depicts a programmable controller and a computer program which form programmed controller 10, for 

emulating state diagrams. A finite state applications program is stored at 14 in the memory portion 1 OA of the programmed 
controller 10. A central processing unit ("CPU") 70 performs mathematical and logical functions for the finite state ap­
plications program ("applications program"). A task table or set of pointers 68 keeps track of active program loops. A 
trace table 82 contains a temporary history of the activity of the applications program. The programmable controller is 
equipped with a debugging monitor 74 for enabling a user to easily pin point errors in the applications program. The 
trace table 82, the task table 68, and debug monitor 7 4 are all stored in memory 10A. Other operating system software 
for controlling miscellaneous features of the programmable controller are stored at 76. Terminal 80 is provided to enable 
a user of the controller to program the applications program and debug the system on terminal 80. 

Figure 1 shows a programmsd controller 10 connected to machine or process such as elevator 12. The programmed 
controller 10 emulates the applications program at 14, for controlling the operation of the elevator 12. Finite state appli­
cations programs are high-level programs representative of state diagrams (See Figure 2a). State diagrams are pictorial 
representations of the states of operation of the particular machine or process to be controlled. A programmer controls 
the machine or process represented by the state diagram by first designing a finite state applications program and; 
second, processing it on the control to emulate the state diagrams and control the order and sequence of occurrence 
of each task or operation to be performed by the machine or process. 

A simplified application of the programmed controller 10 is monitoring, evaluating and controlling the' operations of 
elevator 12. Elevator 12 consists of a reversible motor and brake 16, pulley 20, and an elevator compartment 18. A 
fundamental principal of the elevator is that only one state of operation of the elevator can be activated at any one point 
in time. The elevator's states of operation are Stopped, GoingUp, or GoingDown. 

Buttons 22 in elevator compartment 18, cause the elevator to change from one state of operation to another state 
of operation. For example, when the Up button is closed and the Dowri button is open, the elevator compartment 18 
goes up. When the Down button Is closed and the Up button is open, the elevator compartment 18 goes down. When 
the Up button is pressed while GoingDown or when the Down button is pressed while GoingUp the elevator compartment 
18 is stopped. Figure 2a is a state diagram or graphical representation of these states of operation and the conditions 
which effect changes to occur from one state to another. More particularly, a state diagram is a series of nodes 24, 26 
and 28 with Interconnecting arcs 30, 32, 34 and 36. Each node represents a particular state of operation and each 
connecting arc represents a condition or transition function which causes the status of a particular state to change. 

Specifically, the state diagram in Figure 2a has nodes 24, 26 and 28 which respectively represent the states of 
operation GoingUp, Stopped, and GoingDown. The conditions which effect the status of the states are the arc connectors 
30, 32, 34 and 36 between the nodes. Each arc defines its own set of transition conditions, origin and destination state. 
Arc 32 has switch condition and action 42: 

If the Up button is on and the Down button is off then state of the elevator 18 changes to GoingUp. Arc 30 has 
switch condition and action 38: 

If the Up button is off or the down button is on then the state of the elevator 18 changes to Stopped The rest of 
the conditions and actions can be discerned from Figure 2a. 

An applications program representative of the state diagram in Figure 2a is: 

GoingUp UpMotor ON IF UpButton OFF OR DownButton ON GOTO Stopped 
Stopped Brake ON IF UpButton ON AND DownButton OFF GOTO GoingUp 
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If UpButton OFF AND DownButton ON GOTO GoingDown ____ : _ 
GoingDown DownMotor ON IF DownButton OFF OR UpButton ON GOTO Stopped 

The three blocks of statements above are called program states and each block corresponds to both a particular 
state of operation of the elevator 12 and to a particularnode in the state diagram (Figure 2a). Each of the program states 
consists of a state delimiting statement. GoingUp, Stopped, or GoingDown, which signifies to the controller the end of 
one program state and the_ beginning of a new program state. The state delimi. ting statement is followed by a series of 
statements consisting of none, one or more compound statements which can cause actions or cause transitions to occur 
from a currently processing or active program state to another program state. A compound statement consists of a 
condition part and an action part. If the condition part is satisfied, then the action part is executed. If the action part 
contains a GOTO, GOSUB or RETURN statement a transition to a new program state occurs. If the action part contains 
a START statement then a new program loop is initiated with an additional newly active state. Stated differently, these 
statements determine what the program state changes or initiations will be and the type of actions to be taken by the 
machine or process during the currently active state of operation. All three program states above have compound state­
ments which include GOTO which cause the program states to shift processing to another program state in the same 
state diagram. 

By gathering all statements which are associated with a particular state of operation into only one contiguous seg­
ment of code, the system can scan only these statements to initiate actions required by the state of operation of the 
machine or process and to determine if a particular set of conditions have been satisfied in order to initiate a new state 
of operation. Whereas, the Drummond system evaluates every statement in the applications program to determine 
whether to change state activity or carry out an action, ahd in the course of this has to evaluate many state variables. 
The structural difference in the program enables the present invention to operate much more efficiently by eliminating 
the need to evaluate state variables. 

Figures 2b are pictorials of the program states. Block 48 refers to the sequence of code for the program state 
GoingUp; block 50 represents the sequence of code for _the program state Stopped, and block 52 represents the se­
quence of code for the program state GoingDown. Arcs 54, 56, 58 and 60 (Figures 2b and 2c) corresond to the arcs 
30, 32, 34 and 36 of the state diagram (Figure 2a). Arcs 54, 56, 58 and 60 show how the flow of activity in the applications 
program can be affected by the compound statements. 

Arc 58 of Figure 2b demonstrates that when the condition part of compound statement: 
"IF Up Button OFF OR Down Button ON GOTO Stopped" is true, then a transition from the GoingUp program state 

to the Stopped program state occurs. Likewise, arc 60 demonstrates that when the condition part of compound statement: 
"IF Up Button OFF AND Down Button ON GOTO GoingDownd is true, then a transition fr0m the Stopped program 

state to the Going Down program state occurs. 
The connections between the programm states Going Up Stopped and Going Down logically create a program loop 

46. The program loop 46 controls the sequence of operations to be performed by the elevator 12. In' the preferred 
embodiment, a program loop can· only have one active program state at any one time. In this way, the controller can 
keep track of the sequential processing of an individual scheme of tasks. The program loop 46 in Figure 2b exhibits the 
characteristic of having only one program state active at any one time in order to make the algorithms involved in program 
execution and debugging more efficient and to reduce ambiguity in the system. 

In more complex machines, a single program loop will only represent the control of a particular independent subpart 
of the machine or process. Usually, multiple program loops are required to independently control several subparts of a 
complex machine or process. Figure 2d, shows a more complex machine represented by a plurality of state diagrams 
62, 64 and 66. Each state diagram represents a program loop depicting the sequential control scheme for a section of 
the machine or process. The present invention emulates these diagrams by processing program loops which control 
three hypothetical subparts of a machine asynchronously (also called multitasking). A particular program loop can be 
processed independently of the rest of the program loops or it can "hand shake" and synchronize with the other program 
loops using some convenient mechanism such as flags or a statement of the type "IF LOOP N AT STATE M" which tests 
the value of the active state in a different loop. This multitasking capability of the controller is largely transparent to the 
programmer, and the operating system and language provide a simple means to implement it. 

To facilitate the execution of program states within a program loop, the preferred embodiment provides a program 
loop-record for each of the active program loops. Referring to Figure 3a; the program loop-record 90 has fields 92 and 
94 which hold simple variables. The first simple variable 92 is an identifier of the program loop. The second simple 
variable 94 is an identifier of the active program state or an address in memory of the start of the active program state. 
Both the address or the identifier of the program state can be easily converted to the other. The remaining portion at 96 
of the pointer 90 contains other less important status information about the program loop. The real purpose for the 
program loop record 90 is to keep track of which program state within a particular program loop is active at any one 
point in time. 

When a particular program loop becomes active, a program loop record 90 is associated with the loop. As various 
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program states become active within tha•program•loop, simple variable 94 is overwritten with the new program state 
address or identifier. The program loop reoord 90 enables one program loop to handshake by interrogating a second 
program loop to determine which state is active in the second program loop. Furthermore, the program loop record 90 
can be accessed by terminal 80 to allow programmers to display or modify the active program states; 

5 In the preferred embodiment, the program loop records are all stored in a task table Figure 3b which is stored in 
memory 1 OA {Figure 1 ). The task table functions primarily to enable processing of several program loops all at the same 
time. The program loop records are packed in the task table so that all non-empty records are at the start of the table 
and they are arranged in the numerical order of their respective program loop identifiers {Figure 3a at 92). Referring to 
Figure 3b, the first program loop record 100 in the task table has the lowest loop identifier {e.g., 1) and therefore, is first 

10 to be scanned during a program scan because scanning occurs in numerical order of the program loops, scanning and 
processing the active state only in each program loop, scanning and processing each statement in each active state in 
the order it appears in the state block. Loop record 102 has the second lowest loop identifier in the .table and it will be 
processed second. Loop record 104 has the third lowest loop identifier e.g., 3) associated with it and it will be processed 
third. Loop record 106 has the next lowest identifier (e.g. 34) and it will be processed fourth. 

15 Also associated with the task table is a task table register 112 {Figure 3c) which points to the program loop record 
which is currently controlling the execution of an active program loop. To scan and process the program loops in the 
task table, the controller writes the address of the active program loop record 90 into the task table register 112. 

When the controller executes the program loop associated with record 100, only one block of statements in the 
program state associated with program loop 100 is executed or activated. Then, the controller will process the next 

\_.,.·20 program loop (e.g. 2) and only one program state.associated with it will be processed. The controller repeats this pro­
cedure for every active program loop. When the task table register points to program loop record 108 (Figure 3b) which 
has a zero associated with the loop identifier, the controller is alerted that it has reached an empty program loop record. 
When this happens, the operating system of the controller points the task table register back to the top of the task table 
and executes the next program state of the first program loop in the table. This procedure is an endless process unless 

2s a terminal interrupt or the like occurs. 
Because only a few lines of program code are processed for each program state, the controller can jump very quickly 

from one program loop to the next. in this way, the controller appears as if it is processing multiple program loops or 
tasks all at the same time. 

In order to show that a program loop has been activated, the controller will assign a program loop record to the 
. 30 activated program loop and insert the new program loop record (Figure 3aat 90) into the task table. The system evaluates 
l..,,· the numerical value of the new program loop identifier (Figure 3a at 92) and rits the program loop record into position 

in numerical order within the task table corresponding to the numerical value. For example, if the numerical value is 
greater than 34, the new record will. replace record 108 in the task table (Figure 3b). However, if the new program loop 
identifier is between 3 and 34; then the program loop record 108 will be swapped with the record at 106 and the new 

35 program loop record will be inserted at 106. Because the present embodiment of the task table can hav'e a maximum 
of 31 program loop recotcls in the task table, the contents of the task table must be evaluated to ensure that there is 
space available for the new record. The controller will alert the programmer when the task table has reached capacity 
or when an overflow condition in the task table has occurred. 

Referring to Figure 4, a logical representaton of a trace table 82, which is stored in the memory portion 10A of the 
40 controller (Figure 1 ). The trace table is a linear table in memory which is made to function as a wrap around •endless 

tape" storage bUffer. The trace table 82 works quite similarly to an aircraft flight recorder. An aircraft flight recorder 
provides a "playback" of what happened to the airplane just prior to when the airplane •crashes•. likewise, the trace 
table records what happens to the states of a machine or process just prior to an event requiring investigation. Stated 
differently, the playback can be used to find out exactly what decisions were made by the controller just prior to that time. 

46 A trace table register 84 stores the address of the last recorded location in the trace table 84. Figure 4 shows register 
84 pointing to record 7 4 as the last location to be filled in the trace table 82. When the trace table has been filled at 86, 
the system will continue to store new data and overwrite old data. 

The following is a detailed description of the preferred embodiment for processing finite state applications programs 
and for faciliating diagnostics of unexpected conditions in the finite state applications program. 

so Figures 5, 6, 7, 8, 9, 10, 11, 12 and 13 are flow diagrams that represent routines which together with the program-
mable controller control the processing of an applications program. Particularly, in Figure 5, routine START PROGRAM 
initializes the various pointers and tables of the programmable controller. In Figure 6, routine FIRST OPERATOR eval­
uates the first statement in a program state. In Figure 7 ADVANCE P-CODE POINTER controls a standard applications 
program pointer (p-code pointer). This pointer points to the address in memory of the current statement being executed 

55 by the controller. ADVANCE TASK TABLE REGISTER in Figure 8 effects which record the task table register points to. 
In Figure 9 routine NEXT OPERATOR evaluates all statements other than the first statement of the program state. 

GO TO in Figure 10 changes which state is active in the program loop it occurs in. START initiates a change of 
state, or establishes an active state in the loop specified in the start statement. GOSUB in Figure 12 and RETURN in 
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Figure 13 provide a subroutine call and return facility which operates at the state level. 
Referring to Figure 5, a flow block diagram for START PROGRAM is shown. This routine initializes the program 

controller. Specifically, at block 122, the controller initialises the task table (Figure 4b), the task table register (loop 
pointer) (Figure 3C), and the p-code pointer. The task table is initialised with a program loop record that points in memory 
to the first active program loop. Also, the program loop record is initialised to the first program state in that program loop. 
The p-code pointer is initialised with the start address of the first active program state i.e. the first statement. The system 
is now ready to process the first active loop. In block 124, the system calls subroutine FIRST OPERATOR to evaluate 
the first statement pointed to by the p-code pointer. 

The block diagram in Figure 6 depicts routine FIRST OPERATOR. At block 128, the controller analyzes the type of 
statement pointed to by the p-code pointer. The first statement encountered can only be a state type statement either: 
a STATE statement, a PAUSESTATE statement, or a BREAKSTATE statement. A STATE type statement is a program 
state delimiter which symbolizes the beginning of a program state. A PAUSE statement also causes its own program 
loop to pause but allows processing of other active program loops. A BREAKSTATE statement also causes the entire 
system to stop running and return to the monitor in order to alert the programmer that the controller has discontinued 
processing. If a STATE statement is encountered at 130, the controller will advance the p-code pointer to the next 
statement address in the program state by entering routine ADVANCE P-CODE POINTER at 132. If the statement 
encountered in the program state is a PAUSESTATE statement at 134, the system will enter ROUTINE ADVANCE TASK 
TABLE REGISTER at 136 to advance processing to the next active program loop. If the statement encountered is a 
BREAKSTATE type, routine GO TO MONITOR at 138 is entered. 

GO TO MONITOR places a message on the terminal to alert the user of the programmable controller that a BREAK­
S TATE statement has been reached and that execution of program code has been halted, 

Referring to Figure 7, a detailed block diagram of the routine ADVANCE P-CODE POINTER is shown. At block 142 
the p-code pointer is incremented to the next statement in the active program state. The controller processes the next 
statement by entering routine NEXT OPERATOR at 144. 

When the PAUSESTATE statement is encountered by FIRST OPERATOR (Figure 6), routine ADVANCE TASK 
TABLE REGISTER is entered. The purpose of this routine is to ignore the current loop and switch to the processing of 
the next program loop. Figure 8 shows a detailed block diagram of this routine. At block 148, the task table register is 
advanced to the address of the next program loop pointer in the task table. Routine FIRST OPERATOR is entered at 
block 150 to process the active program state of the next program loop in the task table. 

When a STATE statement is encountered at 128 (Figure 6) the controller proceeds to routine ADVANCE P-CODE 
POINTER 140 (Figure 7). As mentioned above, this routine advances the p-code pointer to the next statement in the 
program state and then enters routine NEXT OPERATOR at 144. The first statement of a program state is always 
evaluated by FIRST OPERATOR. 

Figure 9 is a schematic block diagram of the routine NEXT OPERATOR. The purpose of this routine is to evaluate 
any type of simple statement in a program state, other than the first statement. At block 154, the controller reads the 
next statement pointed to by the p-code pointer. If the next statement encountered is either a STATE statement, a 
PAUSESTATE state statement, or a BREAKSTATE statement, the controller will enter routine ADVANCE TASK TABLE 
REGISTER at 158 (Figure 9) because the end of the state block has been reached. If the statement encountered is not 
one of the three above, then the controller will evaluate whether the statement is a GOTO statement at 160. If the 
. statement is a GOTO statement, then the routine GO TO is entered at 162. This routine will be discussed in more detail 
below. 

If the statement is not a GOTO statement, then the controller will advance to block 164 and determine whether the 
statement is a START statement. If the statement is a START statement, the controller will enter routine START at 166. 
We will discuss this routine shortly. 

If the statement is not a START statement, the controller will advance to block 168 and determine whether the 
statement is a GOSUB statement. If it is a GOSUB statement, the controller will enter routine GO SUB at 170. Assuming 
that the statement is not a GOSUB statement, the controller will determine whether the statement is a RETURN statement 
at 172. If it is a RETURN statement, the controller will enter routine RETURN at 174. 

If the statement is not a GOTO, START, GOSUB OR RETURN type, then the controller will advance to block 176 
and evaluate the statement as a normal control statement. Normal control statements do not affect the status of the 
program states, or stated differently, the program state continues to process with out changing which state is active in 
the current or a different program loop. Whereas, the statement types: GOTO, START, GOSUB AND RETURN, all 
potentially affect the status of the program state and/or the corresponding active program loop. As discussed earlier, 
these types of statements affect the status of a particular program state if a set of conditions is satisfied. Once the 
controller has evaluated the normal control statement at 176 (Figure 9), it will enter routine ADVANCE P-CODE POINTER 
to evaluate the next statement in the active program state. 

Figure 10 is a block diagram of the routine called GO TO. The GO TO routine determines if a particular set of 
. conditions are satisfied, and if so changes the active state in the loop currently being processed to the new value des-
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ignated in the GOTO statement and then advances processing to the next program ioap in the task table. GOTO provides 
the basic state changing function whereby transition· conditions for active states which are true cause a new specified 
state to become active in place of the currently active state. Once a GOTO statement is actioned in a state, then no 
further statements are processed in that state. 

At block 182 of Figure 10, the controller evaluates the condition flag status resulting from the evaluation of the 
condition part of the compound GOTO statement. If the set of conditions in the compound GOTO statement are not 
satisfied, the controller will enter routine ADVANCE P-CODE POINTER at 184. If the condition is satisfied, the controller 
will call subroutine STORE HISTORY at 186. STORE HISTORY saves a "decision point" address and the program loop 
identifier into the trace table of the current loop being processed (Figure 4). 

The decision point is the address of the simple statement in the program at which the controller found the conditional 
part of the compound statement containing the GOTO was true. At block 188, the current program loop record in the 
task table is updated so that simple variable 94 (Figure 3a) points to a new program state address. ADVANCE TASK 
TABLE REGISTER at block 190, is then called to update the task table register so that it points to the next program loop 
pointer in the task table. 

Figure 11 is a block diagram of the subroutine called START. The purpose of START is to initiate processing of any 
other program loop at a state specified in the START statement. By comparison, the GO TO subroutine can only advance 
processing to the next state in the current program loop. 

At block 194 of Figure 11 the condition flag status resulting from the evaluation of the condition part of the compound 
START statement is evaluated. If the condition flag does not indicate a true going edge the controller enters routine 
ADVANCE P-CODE POINTER at 196. If the condition shows a true going edge, then the controller advances to block 
198 andprocesses subroutine STORE HISTORY. STORE HISTORY saves the address of the decision point and the 
program loop identifier for the current loop.· At block 200 the controller determines whether the specified program loop 
is presently active and stored in the task table. If the program loop is already active, then at block 202, the controller 
overwrites the address currently stored in simple variable 94 of the program loop record (Figure 3a) with the address of 
a new program state to be activated. However, if the program loop is not presently active, then the system will slot a 
new program loop record into the task table at 204. The new program loop record will be placed in numerical order in 
the task table via the numerical value of its program loop identifier. At block 206, the address of the new program state 
will be written into the program loop record. At block 208, the controller will enter routine ADVANCE P-CODE POINTER 
and so go on to the next statement. 

Figure 12 is a block diagram for GO SUB. GO SUB affects the processing of the active program loop. This routine 
enables a new state to be activated in the current program loop and status information to be saved so that a corresponding 
RETURN statement can return control to the state containing the GOSUB statement at the next statement following the 
GOSUB statement. This provides a subroutine call and return function at state level. 

Referring to block 212 of Figure 12 the condition flag status resulting from the evaluation of the condition part of the 
compound GOSUB statement is evaluated. If the condition has not been satisfied, then the controller wm enter routine 
ADVANCE P-CODE POINTER at 214. However, if the condition statement is satisfied, then the controller will call sub­
routine STORE HISTORY at 216. This subroutine will save both the decision point and the program loop identifier in 
the trace table. At block 218, the controller will temporarily save in memory the present address stored in the p-code 
pointer, the address of the currently active program state, and other necessary status information for use by a corre­
sponding RETURN statemerit. At block 220, the address of the new program state is written into simple variable 94 of 
the program loop record 90 (Figure 3a), and this address will also be stored in the p-code pointer. The controller will 
initiate activity in the new program state by entering routine FIRST OPERATOR at 222. 

Figure 13, is a detailed schematic block diagram of routine RETURN. The purpose of the RETURN statement is to 
get the controller to return to the program state which contained the GOSUB statement. In other words, once the specified 
program state or state diagram called by GO SUB (Figure 12) is completed execution, the controller will return control 
to the old program state which was active when GOSUB was executed. This requires that the status values stored by 
GO SUB be restored. 

Referring to Figure 13 at block 224, the controller evaluates the condition flag status. resulting from the evaluation 
of the condition part of the compound RETURN statement. If the condition has not been satisfied, then the controller 
will enter routine ADVANCE P-CODE POINTER at block 226. However, if the condition is satisfied, then the controller 
will call STORE HISTORY at block 228. This routine saves the address of the decision point and the loop identifier in 
which it occurred. At block 230, the controller will restore the values saved at block 218 of GO SUB (see Figure 12). 
ADVANCE P-CODE POINTER at block 232 is then entered to continue processing in the old program state. 

Figures 14, 15, 16, 17 and 1 B are block diagrams of programs which facilitate debugging of application programs. 
Specifically, Figure 14 is a block diagram of STORE HISTORY which is a subroutine for updating the trace table (Figure 
4) with information and is called by the routines, GO TO, START, GO SUB and RETURN. The remaining figures are 
essentially diagrams of subroutine utilities which enable a programmer on his own command to view information stored 
in the trace table, the task table or the active program states. Specifically, Figure 15 is a block diagram of a subroutine 
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called DISPLAY HISTORY which displays the information stored in the trace table on terminal BO. Figures 16 and 17; 
respectively are subroutines DISPLAY LINE and DISPLAY PROGRAM STATE. These routines are responsible for dis­
playing the statements of a particular program state and illustrate e.g. where within the program state was the decision 
poirit at which the controller decided to execute the GO TO, GO SUB, START or RETURN statement that caused the 

5 change of state. Figures 1 B and 19 respectively, are DISPLAY LOOP and FOUND LOOP which display the active pro­
gram states and associated active program loops which are stored in the task table. 

STORE HISTORY is called whenever the status ofa program state changes. STORE HISTORY is called. in sub­
routines GO TO (Figure 10at186), GO SUB (Figure 12at 216), START (Figure 11at198), and RETURN(Flgure 13 at 
228). As discussed above, STORE HISTORY essentially saves into the trace table the address of the decision point in 

10 the active program state and the loop identifier of the program loop being processed. 
At block 236 in Figure 14, the address stored in the trace table pointer 84 (Figure 3) is evaluated. If the address 

pointed to by the trace table pointer is at the end of the trace table, the trace table pointer will be automatically set to 
the beginning of the trace table at block 240. This step makes the trace table appear as if it is an endless loop (see 
Figure 4). Whether the pointer is at the end of the trace table or not, the address of the decision point will be written into 

1s the record pointed to by the trace table pointer. Additionally, at block 244, the controller will also save the program loop 
identifier of the loop being processed into the record. At block 24B, the controller will return to the calling routine. 

Subroutine DISPLAY HISTORY enables a programmer to evaluate the history of program states which occurred 
during the processing of an applications program. The programmer initiates this program when he wants to see a display 
of what was stored by the trace table. This subroutine displays the contents of the trace table in a two axis table. The 

\...__; 20 horizontal axis presents the program loop identifier and the program state corresponding to the GOTO GOSUB RETURN 
or START statement that made the entry in the trace table. The vertical axis represents the sequential order of the 
program states and program loops with the newest states at the top~ DISPLAY HISTORY is a subroutine that is initiated 
directly by user at tenninal BO (Figure 1). A typical printout of the DISPLAY HISTORY might be: 

25 DISPLAY HISTORY 
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; display the history table 

; program states and loop 

identifiers 

; line O shows state 2 

exited C lo<.ap 2 l 

; line l shews state 3 , 

exited (loop l). 

: line 2 shows state 2 

exited 

: l!ne 3 shews state 3 

exited 

; line 4 shows state 2 

exited 

: line 5 shows state 200· 

exited (loop :Z) 

; line 6 shows state l 

exited 

; line 7 shows loop 2 

started (oldest) 

; no more entries in the 

trace table 
Note that the command DISPLAY HISTORY is shown first on the screen. Second, across the top are the words 

"active program states• and "active program loops". The two columns beneath these statements refer respectively to 
the active program states and the active program loops. A short comment is provided in this specification on the 
right-hand side to explain each line. The program state which caused a state change last is shown in line 0. Program 
state 2 in program loop 2 was the last to make a change. The first program state to cause a change and the program 
loop in which it resided is shown on line 7. Line 8 shows the end of the trace table. 

If an unexpected condition occurred altering the expected flow of active states in the applications program, a pro-
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grammar could easily narrow down which program state the unexpected condition occurred in by viewing the sequence 
of program states that occurred during processing. For example, assume the program state 3 should not have occurred 
in loop 1 (line 3 in the table) in the applications program. The unexpected condition must have occurred in program state 
2 the previous state in loop 1 which caused the status of program state 2 to change to program state 3. The programmer 
can more closely analyze program state 2 and the conditions which caused program state 2 to change to program state 
3 by calling DISPLAY LINE (Figure 16). This program will be discussed shortly. 

Referring to DISPLAY HISTORY in Figure 15 and at block 252, the controller prints the header which appears at 
the top of the screen as shown above. Next, at block 254, a copy of the trace table and a copy of the trace table pointer 
are stored into a buffer. By placing the trace table and trace table pointer in a buffer, a snapshot of what was stored in 
the trace table when the request for DISPLAY HISTORY was made is acquired and remains unchanged for as long as 
needed while allowing continued updating of the main trace table. The reason for this step is that the trace table is a 
dynamically changing table and it is constantly being updated. Only the status of the table at the time the request is 
made is required for purposes of analysis. At black 256, the system will get the address stored in the trace table pointer 
of the last record stored. At block 258, the controller will evaluate this address to determine whether the buffer is empty. 
If the buffer is empty, an end statement is printed and the controller returns to its original processing at block 260. 

If the buffer is not empty, the trace table is evaluated to determine if it points to the end of the buffer at block 262. 
If the pointer is at the end of the buffer, then the trace table pointer is set to the beginning of the buffer at block 264. In 
this way, the controller processes the contents of the trace table as if the trace table were an endless loop. Regardless 
of whether or not the trace table pointer is at the end of the buffer, the loop identifier and the state address are obtained 
from the buffer at block 266. The decision point address will be used as a starting point in locating the program state 
number which has been previously stored in the state delimiting statement of the program state. At block 268, the 
program state numbers and the program loop identifiers will be printed in their respective columns as shown above. At 
block 270, the trace table pointer is incremented to the next record in the buffer and the routine will continue processing 
at block 258. The program will iterate loop 271 until all of the program states, and the corresponding program loops, 
which were stored in the trace table, are printed. 

In our example above, the programmer'knew that program state 3 should not have occured. He also knows that an 
·unexpected condition must have occured during program state 2 on line 4 of DISPLAY HISTORY. The programmer can 
analyze more closely what occurred in program state 2 and determine exactly what caused the program state to change 
to program state 3, by calling the subroutine DISPLAY LINE. DISPLAY LINE generates a listing of the statements of the 
program state and indicates at which statement within the program state a decision was taken which caused the status 
of the program state to change. 

Referring to Figure 16, a detailed black diagram for the subroutine DISPLAY LINE is shown. This program is initiated 
directly by the programmer via a call from the terminal 80 (Figure 1 ). At block 27 4, the programmer will designate which 
line of the printout for DISPLAY HISTORY he wants to have expanded. For example because he is interested in what 
occurred from line 4 to line 3, the programmer will expand lirie 4 via the DISPLAY LINE. At block 274, tt·;e desired line 
number of DISPLAY HISTORY is set equal to the variable "Line Count•. At block 276, the controller will determine if the 
line number chosen falls within the valid range of numbers. If it does not, then the controller will return to its normal 
processing at block 278. Assuming that the line number is within a valid range, the last date entry in the trace table 
which contains data for line 0 will be pointed to by the trace table pointer at block 280. Next, the trace table pointer is 
incremented by one at block 290. At block 292, the controller will determine whether the trace table pointer points to the 
end of the trace table buffer. If it does, the trace table pointer will be set to the beginning of the trace table at block 294. 
Regardless of whether or not the trace table pointer points to the end of the butter, the controller will evaluate the "line 
count• to determine if it Is zero at block 296. lf "line count" is equal to zero, then the desired program state has been 
uncovered, and DISPLAY PROGRAM STATE will be entered at block 298. If "line count" is not equal to zero, "line count" 
is decremented by one and the trace table pointer Is incremented by one at block 290. Loop 301 iterates until "line count" 
is equal to zero at block 236, and the designated line is found. 

Figure 17 shows a detailed block diagram of the routine DISPLAY PROGRAM STATE. At block 304, the controller 
will determine if the record pointed to by the trace table pointer is empty. If the record is empty, then the system will print 
a statement on terminal 80 that the line requested is invalid and return to its normal processing at 306. Assuming that 
the record is not empty, the controller will extract the address of the decision point from the trace table and determine 
the starting address for the program state which encompasses the decision point at 308. In block 310, the controller will 
print the text for one simple statement of the program state. In block 312 the controller will check to see if it has reached 
the decision point in the program by comparing the address of the statement printed to the decision point address stored 
in the trace table. If the decision point is reached, then "**DECISION POINT**" will be printed at block 314. The controller 
will then step to the next statement in the program state at block 316. At block 318, the controller will then determine 
whether the next statement is a state delimiting statement; STATE statement, PAUSESTATE statement or BREAKSTATE 
statement. If any one of these three statements are encountered, the controller will return to its normal processing at 
block 320 because the end of the state block has been reached. If none of the three statements are encountered, 
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processing will continue via loop 322 uritil an the statements of the program state are printed. 
Figure 18, is a block diagram for DISPLAY LOOP. DISPLAY LOOP is a subroutine for displaying the contents of the 

task table. Referring to a typical screen display below, loop identifiers are presented in a horizontal axis and the active 
program state within each of the program loops is designated vertically beneath each of the program loop identifiers. 

s The following is a typical screen display of an output for DISPLAY LOOP. 
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Identifiers 1 2 3 4 5 ... 30 31 
Program State 

Identifiers 201 19 1 0 0 ... 0 0 

At block 324 of Figure 18, the controller is commanded to print the loop identifiers as shown in the first line of the 
screen display, as shown above. Block 326 sets the task table register to the first program loop pointer in the task table. 
A variable called LOOPCOUNT is set equal to zero at block 328. LOOPCOUNT is incremented by one at block 330. 
The controller then determines whether LOOPCOUNT is equal to·the maximum number of program loops plus one that 
can be stored in the task table. If this condition is true, then the controller will return to Its original processing at block 
334. If LOOPCOUNT is not equal to the maximum number of program loops plus one, then the controller will get the 
loop identifier from the relevant task table record. At block 338, the loop identifier is checked to determine if it is equal 
to zero. If the program loop identifier is equal to zero, then the system will return to its normal processing at block 340 
whether the loop identifier is equal to the LOOPCOUNT, then Sl.!broutine LOOP FOUND is called at block 344. If the 
program loop identifier is not equal to LOOPCOUNT, then the controller will tab across the screen to the next loop 
position at 348. LOOPCOUNT is incremented by one at block 350, and the blocks after block 328 will be iterated until 
no more active program loops are in the task table. 

Figure 19 is a detailed block diagram of subroutine FOUND LOOP. At block 354, the start address of the active 
program state stored in the program pointer will be accessed. The program state number is extracted from a prestored 
value in the state delimiting statement in the program state. At block 356, the task table pointer is incremented to the 
next program loop pointer and the controller returns to the routine DISPLAY LOOP at 346 of Figure 18. 

The invention has been described in an exemplary and preferred embodiment, but it is not limited thereto. These 
skilled in the art will recognize that a number of additional modifications and improvements can be made to the invention 
without departure from the essential spirit and scope. For example, a number of different software techniques and any 
number of different software languages would be suitable for implementing the disclosed invention. 

However by way of explanation practical applications of the invention may be useful. To put the invention into effect 
an interpreter now to be described Is used to execute an intermediate or •pseudo" code (P code). The interpreter enables 
an applications program to be written essentially in the form of one or more state diagrams each of whic~h defines op­
erations of a part of a machine or process whereby any individual state defines the output signals and other data trans­
mitted to the machine or process for a finite period of time. 

The following interpreter used an RCA 1802 microprocessor and is assembled using a cross assembler from 2500 
A.D. Inc. 

The interpreter is used to execute the applications program in which there are:-

1) a task table i.e. a table indicating the states active in each loop, and containing the loop variables 
2) a trace table which when displayed enables the state changes in the program run to be traced. 
3) In the following listings and examples a semicolor indicates that the rest of the line is commentary only. 

Details of the interpreter are as follows:-
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;R:::GZS~~R ASS!GNMENTS FCR CCS!NT4 

;RO not used 
5 

;P.l interrupt 

;.!U O stack ;itc 

10 rR.3 Program Counter 

:R4 Call inst:uction ptr 

15 
;RS Return inst:uction ?tr 

~R6 link for call 

25 
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40 
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; R9 

;RF 

;RC 

;33 

. , . 
I .. A 

. ., ,. 

ix, iJF' 

O?lil?SZ 

EP O 249 384 B1 

Haer cal! per 

Return address stack ptr 

Poines to P code 

Points :o Che :ask table 

?c;i nt: s eo :h. e data page 

Oec! sion r>O!.nt acc:tress 

?oi ni:s to the tr ace ta '!Jl e 

Can i)Oi:tt to the ca ta page 

is nor~ally se: tc a: 

is ~sed as the condition ~:a; 

must be ~rctecte~ tc preserve normal values 

!QU .2COOH 

SCH 

32 

!QU 32 

2T 

;:Ce :ir~e~ of the data ia .. "' .. ""··- ta~lc :a~le !'or each. !.oep is: 

::-:.co? E:QO a 
--s·J.--!. .:.. •• - .:.. ~u :-:~oc ? ... 1 

77CNC:: !:QU ::-S 7 A~:: .... z 
!7 ;..c::~ ~ ::QU :'':'ON C !:+- i 

r: .::x:.- :::1 ~~u !'':.ACC:J~ i 

~-c:~ ·-=-c::--. .. ---------.:\ !:QU r:-::x:-::~r+ t 

r:oN c=:s:?. ~QU 7-:'S T'.\!E:S:'&+-2. 

!T'::t'!."NAD !QU TTONCES!!t<-1 

:rt.!.~G ::-t !:Q CJ ':'':l!NAD+2 

18 
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;macros 

5 CAL[. MACRO AODRE:SS 

MACt.IST OH 

s :-::i 
. -· !Li 

10 ow ADDRESS 

HACC. IS T 0 FF 

15 ENDH 

a!'N MACRO 

MACt!ST. ON 
~20 

SEP. as 

·MACt.!ST' OFF 

25 ~'I!)~ 

LX1 MACRO REG, ADDRESS 

MACt.!ST ON 
30 

G LO! >AOOR£SS 

?H! RE:Ci 

35 LOI <AO DR ES~ 

?t.O REG 

40 MACL.!S T OFF 

::.~DH 

? A.G ::. MACRO NUMFROMEND 
45 

!FM~.\ ,. 
!:>S <(100H-<NU~FROMEND-<S) 

50 as:: 
OS <Cl OOH-<$) 

~DIF 
55 
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:=NDM 

; ~oor !N£S NOT L.IST£D 

;~At.t. 1s the RCA standard call routtoe mod!!ied 

;.:ttN 

; CA!...l. 

; C.AL:.. 

i CAI.:.. 

;CA!'..!... 

. , 

1 

;M.~Ca 

; ~J..ca 

;MA Ca 

~o pres~tve registers 

is tqe EtC4 standard retur:i rcu.tine modi!'!.ed 

as CALL. 

?R"!NT hal'"dware de:>enda.nt. - prints on· the terminal 

the text Str"it'lg ?Ointed :o l:y the f"ollcwing 

2 bytes 

T??!2D hardware de;iendanl;.- pr!nts ~ne decimal 

value c! ene ac<:i.:mula:or !l 

~V~f/ If ~ -.......... _ dec!~a: 

COM?!! ~ar-d~are depe:!C:ar:t. - pr-!::ts ou~ tne 

:f.nst:-::c tion p~inted :o by Ctil 

RS is corr!lpt ea 

3:-t:Y"" Cioe.s th.e 16 bit $Ubtrac;ion !3:r.RS-?.A 

!'F3:s! rec:Jrns OF se: 1!' ~eg:!.st.er :13:0 

i~struction {A) and ~stur~s :~e fcllow!ng: 

it!:> pointi:tg a~ the nex: ?-c:~d.e instruct~on 

<a>-
RS pointing to the p..code token ot (A) 

20 



5 

10 

15 

25 

. 30 

\...._,,· 

35 

40 

45 

50 

55 

; M.ACit SDIR 

EP 0 249 384 B1 

Df' set 1!' the P-code inatruct!.on CA) 

r-equir-es compiling 

D containing th,e tn·str~ction (A) length 

RC points to 2 bytes containing flags that 

describe the 1n.st.ruct:Lon type 

is a store :!.irect .. routine 

;PUSH, POPR push a register tG the staak and 

;?op ::!.tore 

"!NC: ?ROCS:SSES -STATE: 

;mul t!-loo; overhead 

CiLO 

ADI TTt.!:NGT?.-T!ONCC:,..TTSTATE 

·?C.O R£ 

GETS!?: 

LOA :t:: 

BNZ MORE ;Loop number greater tl:\an 0 

GE!STRl: 

;f'inisned. all active· toopa..- ao c:heck 1!" rman!.ng 

; Uncier- :aon!.t.OI" control 

r.xr RA, MONF't.AG 

t.ON RA 

::.a NZ z.f:JN:TOR1 ;go ta tne mon!tor 
-

ST ARTZ:!l:'ER: ; inter;:ir-e:er on-.y i-unn:!.r.g 

CAL!.. IO SCAN ;update all IO 

SDF" OFFL!NEX1 

21 
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j?U! ::xz:o VALUES BACK !N RD 

LO! >OP MAP 

?H! RD 

LX! RC, IN?OUT 

LCd. RC 

s~ . .. RZ 
: 

!.ON RC 

XOl\ 

3Z CSRC:NT 

3 

PH:l: RF 

;eneck tor a termi::al 1nter-:-upt 

;get input buff!r pointers 

;and compare them (:mea~s· 

22 
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. ?LO RF 

Pt.O 

INC 

RC 

RC 

EP 0 249 384 81 

;set up t?"ace initial· decision 

; point 

;TH! FIRST OPERATOR HUST BE STAT!, PAUSE STAT:; 

;CR SREA.K STATE AND THESE R~U!RE SPEC!AL TR£A!HtNT. 

~ SMr oo ;set OF rcr tirst e1~e 

25 

. 30 

G 

35 

40 

45 

50 

55 

LX! RA, ON CEM.AS1C 

C.D! 1 

STR RA ; 1. n1 ti al 1.% • the once mask 

I.DA RF 

;ON[.! 3 ·OPERATORS ARE C.ECiAL HERE. 

Pt.0 RA 

Xlt! <STATE 

c.az STATE!I 

Ci~O RA 

xar <PSST 

L3Z !NCT 

;?ROCE:SS A .S?:.E.A.KSTA'!:":: !SSTRUCTION 

:"??ST: 

~X! RA,STATESTORE 

t.OA RF 

STR RA 

INC RA 

23 
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; ?UT STA!S: Ntil'.OC:R !N 

; STAT£STORE 
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L.DN ilf" 

STR RA 
5 

DEC RF 

DEC RF ;DECR TO BREAK STATE OPERATOR 

. 1.X! RA, MON FL.AG 
10 

1.DI 2 

STR RA ; MONf"C.AG 

15 l..SR li()N!TOR 1 ;CiO TO MON!TOR 

020 
;Exit routines from each !"unction 

..... :~re Rf . .. . --· 
25 STA.'rC:!!: 

!2: INC RF 

!t: !MC RF 
30 v NXTO?R: L.OA Re ;se~ next TOt::N !'rom the p 

;Code-

35 
t..S it V3Rt 

PAGE. 

V3iil: PL.O R3 ;j!.im;> to t:h e !.nterpreter 

40 ; service rou;!.ne 

i INTE:it?P.E:TE:R TA.Dt.C: 

!T~?T:3t.: 
45 

A!FCi ta~ A!F'O! ;AND I?/FL.AG ON 

o--o ..... : .: LS~ O!FOI ;OR !?/F!'...lG ON 

50 I!FO I.BR IIFOI ;IF IP/FLAG ON ( 1) 

SOF: ta it SOFI ;SET OP /FL.AG 

55 
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GOTO: LBR GOTO! ;GOTO 

STATE:: taR STATEI ;STA!£ 
5 

PSST: LSR PSSTI. ; PAUSE STATE 

BRST: LSR 8RSTI ;BREAK STAT£ 

10 :\EM: L3R i£MI ;REMARK 

EALT: La P. HAL TI ;HALT !NS-!RU cr:oN 

START: L3R STAR TI ;START !HSTRUCT!ON 
15 

?AGE. 

;SIC!? TABLE 

Vo i (~h i:S must be in the same order" as the 

; int.er pr-et.or table) 

SIC!?: 08 0 
25 

BR StcIP2 ;AND IP/Ft.AG 08 ( 3 ?:Jy :.e 

; instruction} 

; (skip over ·tb.e next ~ by~es: 
·~ "-
(j 

NOP 

.3R SC?2 ;OR !?/Ft.AG 01 

35 NC? 

Laa VBR1 ; !?" I~/Ft.AG OM 

L.SR VBRl ;SC:!' OP ;rt.AG 
40 

t.aR V3R1 ;GO TO 

!.SR VBili ;STAT:: 

45 t.aR VSR1 ; PAUSE STAT~ 

!..SR VBR1 ;BRE:AiC STATE: 

L.aR V.SR1 ; RE?-'.ARK 
50 

LSR VBR1 ;HALT 

L..BR VBR1 ;STAR! 

55 
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SitI ?2: tHC itF 

SIC!P 1: INC RF 
5 

SKI PO: LDA RF 

PLO R3 
10 ;--SET OUTPUT, FLAG--

SOFI: BHF I2 

15 
'-DA RF 

?t.O RD 

LJ).N RD 

uo CR 

STR RD 

25 Bl !1 

;AND, OR, --J.~ --:P-~.~-i~AG~-•a1• 

Aif'OI: so;· II:OC ; ',\!JO' ~'ti?~ 
30 , .. sa I2 ;el~e exit lJ· 

OIFOI: !.aDF SICIP2 • 'OIP • • 
ENT!?: 

35 ··-ot ••r : SMI 00 • •tin ' . DTK~: set co nc'.i ti on 

;f'l~g 

IIFOC: GP.I RF rstore d•cision point 
4Q 

?HI RC 

Gi..O RF 

45 PLO RC 

4DA RF • ,,. t t . up tnput addr.ess 

PLO RO 
50 

LON RD 

AND ;do 1She teat 
55 
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SNZ !1 

ADI 00 

BK !1 

C..B?ff - NXTOPR 

;exit if input et:c = on 
; (flag= 1) 

;else set f'lag:: 0 

; then exit 

;1,nore the rcl~owing code it' 

; the condition ! .s true 

;THIS !S nlE END OF TH~ STATE, DO 'raE NEXT LOOP 

;--.--STATE---.. 

l.,_jo STATE:: 

25 

30 

G 

35 

40 

45 

50 

55 

;----PAUSE STATE----

PSST!: 

;----aP.EAK S!AT~---

SRST!: 

·t.BB 

; --GO TO CO KMAHS 

c;o:c:t: L.3NF 

CJL.t. 

DEC 

DEC 

L.DA 

.STR 

!NC 

LDA 

S.TR. 

INC 

~NCT 

:i:2 

STCR Elf !ST 

RE 

R! ;point to P CODE address 

RF 

RE ;cbange to new state 

RE 

RF 

RE 

RE 
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STOREJUST: 

RSTTPT6: 

L.DI 0 

STR RE 

t,IR INC't' 

DEC RE 

DEC RE 

DEC 

LDA 

RE 

tNC RE 

!NC 

STll 

ANZ 

SNZ 

R2 

NOT!AC£MSK 

STORUIIS!X 

S!X RS 

LON 

SNZ 

t.DI 

as 
RSTT!'T6 

?LO RS 

; F!RST SAVE ?CODE PO !NTER 

;clear ONCE t!ag 

;Loop n~:e~ 

i save loop nmber 

;-nabled1 

;t~ace table ?;tint•f 

;r.eset at t~e end. or table 

;THEN LOOP NUZ.C.St:R INFO into hi.storical trac:e table 

Gt.O RC : dec1 sion ;>otnt 

STXD 

GH! RC 

STXD 

LON R2 

STXD 

28 
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STCREH ISTX: 

CLO aa 
STR R2 

LDI <TR CT AB 

PL.O RS 

LD.N 

STR 

a2 

RB 

SEX RF 

RTN 

;------atMAaK COMMAND------

R£lif.I: LDA RF 

STR R2 

LOA RF 

?LO RF 

LON R2 

?HI ~F 

LBR NXTOPR 

;START COMMAND IS:-

;save current t.race· tat:le 

; pointer 

;JUMP CV c:a PRINT DATA BY 

;READ!NG ADOR£SS OF NEXT O?R 

;STOFEn IN P 010£ 

;ST.i\.RT, LOOP NUMBER, N~J STATE ADDR, NEXTO~R 

ST ART!: 

STTS: 

CALL ONCETEST 

I3 

29 



.• 

5 

10 

15 

25 

. 30 

G 
STAI TOK: 

35 

40 

45 

SEARCHT!: 

. 50 

55 

EP O 249 384 B1 

CAL.L STOR£HIST 

;fix up RE it necessary 

DEC RE 

DEC R£ 

DEC 

LDA 

RE 

R! 

INC Rt 

!NC IE 

ANI , HOT. ,.QT!4'C:EMll 

SD 

BDF STAl\TOI 

(it..O 

PLO a:: 

CAt.t. S£.AR~HTT 

LI>I >OPM4P 

PHI RD 

SMI 0 

S£X RF 

t.BR NX'!'OPR 

;ct~PI '' vi th 1000 be! ng 

;•t•r\t4 

iFIJf ISH '!WIS ST!P 

:•ear-ch thr-cugl\ tas~ table !ol" loop number 

;and set. ug • n•w loop 

SEX 

t.D! 

;use RA~ RB,. RD, an4 ·RF, sex RF 

RF 

NUM:JFL+1 

30 
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Pt.O R.B 

LDI >TT 
5 

PHI R.A. 

PHI RD 

10 L.J)I <TT 

?LO RA 

LOI (TT£ND 
15 

PLO RD 

1. ?FD: DEC RS 

(_,.,20 GL.O RS 

c..s·z NOV"AD 

LON tlA 
25 

BZ I..EQZ 

Alf'! • NOT~ NOTRACEMSK 

,· 30 so jCompare th is loop number w!.th 
l.) 

;CRtl 
BZ 1.EQZ 

35 

3NF . SHLP· 

GC.O RA 

40 ADI <TTt.ENGTH 

Pt..O RA 
..... LPFD 

45 

SHL?: SEX RI> 

50 GLO RD 

SMI <CTTLENGTH-1) 

PLO RA 
55 
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ca.a aa 
S!R R2 ; Store· count 

5 

SLPA: LDN R2 

SHI 1 

10 BZ t.EQZ 

ST~ RZ 

15 L.DI TTL;:HGTH 

?!..O ~a 

SL?A2: 
(_;20 

DEC RA 

t.ON RA 

25 STXD 

o::e RB 

GLO R.9 
. 30 

G SNZ St PAZ 

,ea SC.PA 

35 L.EQZ: Lt>~ a: 
STR RA 

!NC RA 
.40 

LOA RF 

STR RA 
45 !NC RA 

L.OA RF 

50 
STR RA 

GLO RA 

ADI <CTTt.ENGTH ... TTOICi!) 
55 

PLO RA 
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t-.or 0 

SEX RA 
5 

STXD 

STXD 

STXD 
10 

STXD 

STXD 

15 STXD 

NOVAD: 

I...O! 0 

?t.O RS 

25 ON Ct! E:ST : 

c:o 

;this routine called by the routines 

;that are only to occur ONCE after 

;the condition is true 

;E:X!T wi:.."1 nonzero if routine is to be run. 

35 ;a ONCE ¥.A.SK point3 to the c.urren.t bit. in :.ne loops 

40 

45 

50 

55 

; ONCE Ft.AG for the particular routine that called this routi :ie. 

;this mask is shifted left one bit each time th1s routine 

;is called : t.heref'ore for pract.ical reasons in t.ne herein 

;described form a maximum Of only 8 routines that use this 

;functt.on ar-e allowed in any STAT!:. 

;logic: 

; S E:T Z ERO : :: 0 

;OHCEBIT ::OMCEMASK • AND ... ONCErt.AG 

;!F (ONCES IT = 0 AND DF = 1} 
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. THEN 

ONCEBIT: :1 

ZERO : :1 

;IF (ONCESIT = 1 AND DF : 0) 

THEN 

ONCES IT: :0 

:ONCEM~SlC' : :ONCE MASK • SHIFTED LEFT. 

ON CE 1: 

ONCE~: 

LXI RA,ONCEMASK ;?c~nt ~.o or.ce mask 

SEX RA 

t.Dff 

AND 

BNZ 

RE 

ONCE1 

BNF ONCE2 

;only time to d~ it 

LON 

OR 

sra 

RE 

RE 

· LD! 1 

BR ONCE3 

30F ONCE2 

;get once !lag 

;te1t 

;on;e = 1 

;repl. ace once by'te 

;~eset oneeflag to ie~o 

C..ON RE 

XOR ;once = a 
STR RE 

L.DI 0 

34 
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SHL.C ;sav& ~ero and DF 

Pf.0 RD 

LON RA 

SHC.. ;sh1ft mask for next time 

sra RA 

GLO RD 

SHR ;restore %ero and OF 

SEX RF 

ilTN 

;This routine 13 depen4ant on the ha~dware 

; con!'1 gura t1on or ~he micro processor and is 

;therefore left to tbe reader to im;:ilement 

;the routine transfers the OPMAP contents to ~he 

;real wo~ld outputs and transfers the real world 

;inputs to the IPMAP 

;!he OPMAP and IPKAi=' are two contiguous blocks of 

;32 "Oytes withi:t o-fte 256 byte ;>age st.ruct'ured as 

;rollows: 

;Input bit. O is t.he least s1gnif'1cane bit 

;Crepresenttng t Hex) in the least significant 

; byte of the l:PHAP. 

;Input bt:. 1 is t.he next least signific::ant bit 

;(representing 2 Hex) in the least :significant 

;byte of the IPMAP, and so on up to 

; Input b1 t 255 ·is tne most :s1gnif1eant bit 

;(representing 80 Hex:) in ttie 32nd byte of' the 

; IPMAP. 
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;Similarly tor the ou.tput bit.I 

RTN 

;a sy .stem monitor program that can •1 tlte~ rqn the in=e~preter or 

; CAC.L any or the rcllcw!.ng routi;ieis: 

;D!SPHIS! 

;DIS PLINE 

;O:SPLOOP 

DIS PHIST: 

j9RINT rnz 

;D1aplay a table of the state cnanse.s tn each !.oop 

; in the order that tlt•J' occured. 

;Dj.splay one l!ne t'ram the ·~~· \altle ex,andec!. by 

; printing the relevant ;>rogl'am stat.a and 

;i.ndicating tbe ?OS1t!oft .ttu\ tne .t.,.anster 

; eq ga tion bee•• tru• 

iCi.spl.ay t."ie ClJrrent st• t;.es in e1cn loop 

CHANGES Tff,Ar HAVE BESI STOaE:> t• i'Hi TlCTU 

CALt. PRHTHE4Q; NOW PRINT H!Atll'.JIQS 

;NEXT TH£. CHANGES AS STORED IN !HE TRACE TA.at.!. 

t.X! RD, TRCTA.a 

I..ON RD 

?LO ao 
~DI 0 

PLO RC ;line numbel" coun c.er 

Ol:S PH IS!1: 

CALL. BREAK ;check inte,.rupti.p" :-~om. 

; terminal 

BNZ. DIS PH IS TR ;ez1 t 

Cit.O RC 

36 
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SMI (256/3) ; number Of steps i.n. trace 

;table 
5 

BDF DISPHISTX ;PRINT LINE NUMBER 

Gt.O RC 

10 CALL TYPE2D 

CIJ-L PR!N'T 

DW SPACE MSG 
15 

INC RO 

Gt.O RD 

.· 20 v BNZ DISPH!ST2 

OEC RD ;reset. the pointer af' ter wrap 

; around 
25 

L.D! 1 

Pt.O RD 

30 D!S?H.!:ST2: 

0 L.DN RD 

XR! )OFF"n ; empty ? 
35 

3Z DIS ?HIS TX 

1.DA RD ;GET LOOP NUMBER FROM TRACE 

40 ;TABLE 

PSH ;sa·ve 

;TYPE STATE NUMBER. 

45 
DISPH!ST~: 

GL.O itC 

PSH 
50 

CALL STPADR 

POP 

55 
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!'L.0 RC 

CA.t.L. TYPE4I ; t)' pa STATE nmber-
5 

; print a dot every S colmns -•cross the page 

;for the same nm~r or aa1'9•• •• tb• loop 

10 ;number 

POP ;get laop nmbe .. 

15 
PSH 

ADI 1 r••trrta •t•c• 
PLO RA ;loop oourater 

: 20 6 \_.; t.D! 

O!SPH!S'J.'5: 

25 Pt..O RS ·;do\ oounttr 

OIS?HIST6: 

DEC a.A. 
.. 30 u GC.O RA 

BZ DISPHtST8 ;found ,_. ri&ht loop 

35 DEC !! 

Gt.O · RS 

az DISPH!STT 
40 

CALL. PRINT 

ow S ?AC!MSCi 

45 .SR DIS?HISTS 

DIS PH !STT: 

50 
CALL. PR!NT 

ow DOT MSG 

L.DI 5 
55 

SR DISPKISTS 
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O!SPHIST8: 

POP 
5 

CALI: TYPE20· ;now print the loop number-

CILL PRINT 

10 ow CRHSG 

INC RC 

BR DIS Pfl"IS T 1 
15 

DISPH!STX: 

CJ\I.L PRINT 

vo DW ENOHSG 

CIS?HISTR: ;EXIT FROM TH~ ?R !NT TRAC:; aou::~u: 

25 'RTN 

?RNTH~AD: 

CAC..L. PRINT ;print the string whose 

cJ ; pointer ts roll owing 

D-W CR'HSG ;points to CR 
' 

0 

. 35 CALt. PR.!NT 

ow SPACE7MSG i 7 spaces 

CALL PRINT 
40 

ow ONEKSG ; 1 

t.D! 5 .: LOAD F!RS~ LOO? ~UMBER FOR 

45 ;·HEAD!NG 

?LO RD 

PRNTAE:AD 1: 
50 

GLO RD 

CAt.L TYPE2D ·CONlf ERT , TO DECIMAL. AND TY?=: 

55 ·OUT 
' 
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CALL ?RINT 

DW SPA.CE2HSG ;2 .spa9es 

GLO RD 

ADI 5 

PLO ao 
SMI NUJ:t) :t. ;mlK!mum number Of loops 

SNF P R.N THEAI> 1 

PR NTH !:ADX: 

CALL PR.INT 

DW CR MSG 

RTN 

;STPADR IS A CALLABLE ROUTL~E TO !XT!Aq" TH~ NUMB!! OF THE STATE 

;WH!CH APPL!::S TO ANY BUFFER ?O!Nt' VALUE • 

;ENTRY WHERE niE SEARCH ADDR IS OBl'A!NED FROM 

(RD). 

;EXIT IS W!TH RF PO!NT!NCi TO !HE .STATE NUMBER 

ST:'ADR: 

LOA Rt> 

PH;t RA 

LON RD 

?L.O RA 

DEC RA 

PUSH RD 

·t.~. RD, PGMSTT 

STPADR3: 

40 
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ST£PON 

STPA.DR4 

;TEST FOR STA?£, BREAlCSTATE. 01 

; PAUS.ESTATE 

;not compiled type 

INC RC 

LDN RC 

BZ STPADRZJ ;not a state tY?• 

jNEXT SAVE THE ADDR OF ANY S!AT~ FOUND 

STPAPR~: 

GLO RS 

?LO 

G ··~ r.• 

PHI 

RF 

a.a­

R F 

MACH SMillA 

SNF STPADR3· 

INC RF 

.POPR RD· 

RTN 

;compare 1;~e addresse:s 

; RB:R3-RA 

;not past the target address 

40 ; PRINT THE REASON WHY A CHANGE: OF STATE OCCURRED 

OISPL..INE: 

CALL GETPARM1 jget r eq, u! :-ed l !.ne number- in 
45 

; RA 

GLO RA. 

50 
SMI 84 

LBDF DIS"PLINEB ;IF MORE niAH LINE 84 ASKED 

;FOR PRINT QUERY 

55 
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LXI JD,Tl~AB 

t.DN ID 
5 

PLO RD 

; RD IS NOW PO IIT!I ro· ~ACE TABLE 

10 DISPL!H E 1: 

!NC ao 

15 
GLO RD 

BNZ DISPL.IXE2 ;I. !ND or TRACE ~ABLE? 

DEC ID 

t.D! 1 
' 20 
\...,..;' 

PLO RD· 

~ DIS?LINE~: 

30 

G 

35 

40 

45 

50 

55 

Ci!..O ~A 

BZ DISPLitfE3 

DEC IA 

INC ID 

INC RD 

3R n:SPLtRE1 

;HAVE GOT TO THE L.!ff! REQUESTED II !HI 'TIA.cl TULi 

; NEXT CHECK IF !T CONTAINS AN ¢FFH IHPrY IllDICATOI. 

i!F' IT DOES PR!NT QUERY 

;!F NOT TH::H CAJI Pll!ST STAT! ~Ql't'!IT$. 

DIS Pt IN E:3: 

L.DA RD 

xar ¢FFH 

LBZ OISPC.tlE! 

42 
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CALL. STPADR ;.TlACED ·v ALU~ OF P CODE :s !N 

5 
;RA, STATE. NUMBER IS POINTED 

;TO BY RF. 

·s-r:o IF 
10 Pt.O RD 

PLO RB 

CHI RF 
15 

PffI J.O 

PHI RB 

vo DEC RB 

DEC RO 

DIS Pt. :N E:JJ: 
25 

CA!.L. 3RE:AK 

LBNZ DIS ?t.!NEX" 

30 PU Sn RA 
(__; 

as PUSH 

CALL COMPRT i:?rint. out the instr-uct:!. on 
35 . 

POPR RS 

PG ea. iU: 

40 P'.XCit '!ff.A. ;liav e we passed the dec1 si on 

; point'? 

MACR L~?.SO" ~test RB:O· 

45 soi: DIS Pt. :::N E:5 ; no 

.CAI-itr .~R-iNT ;yes so pr!.nt so 

50 
OW OECISMSG 

DISPLINES: 

55 
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PUSH aD 

MACK ST!POM 
5 

POPI .JlD 

INC RC ;arae we at th• end c 

10 LDN RC 

AMI <STATEMASIC 

)NZ DISPL!HEX ;1es .so tin.teed 
15 

D!SPLIM!6: 

I.II CIS?L..1IM4 

·' ?O 
\J 

DZS PL IM£!: ;PRIHT QU!lt! 

CALL PRJ;llT 
25 

DW NV ALIZ>HSG 

O!S Pt.!N!I: ;EXIT FROM 'tltACE LIHE ROUTIIE 

.·· 30 u !Tl 

tl'IS PL!NX1: 

35 C~Ll. PRINT 

DW HISTHSG 

KT?I 
40 

D!SPLOOP: ; DIS PLAY LOOP R~TllE, 

;P!!NT EXIST!NO STAT! AfQMBiRS 

45 .CAI.I. Ptl'!:NT 

ow SP~Ct3MSG 

LX! RD,TT 
50 

l.DI 0 

PLO PJ! 

55 G£I'MT: DIC 18 

44 
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CH.O R.8 

SHI NUHJFt.+1 

5 BZ PR SEX 

t.1JlH· "RB ;iet: -loop numbe~ f"r-om task 

;table 
10 

sz - PR SEX 

NEXE: 

15 SEX RD 

GLO RB 

XOR ;com pa r-e current loop with. v?(J 
; desired 

az FOOK 

25 CALL PR!lv"T 

ow SPA c·t l.l MSG 

!NC RB 

c iU. NEXE ;TRY NE:XT ONE 

Fi:>OK: !NC RD ·;round so· print. loop number 

35 I.DA RD 

='H: RF 

L.DA. RO 
40 

?t.0 RF 
INC RF 

45 ;get fir-st 2. cU.gi ts 

~.\LL T?PE4! 

QL.0 RD 
50 

ADI < (TTt.ENGni-3) ; al ready incremented 3 times 

Pt.O RD ;move on to next task in table 

55 

45 
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aa 

PRSEX; SEX 

CALL 

DW 

arN 

;t.ext 

iJO!HSG cs 

S ?ACC:9 MSCi oa 
S?ACE8MSG DB 

S?ACr=7MSG OS 

S ?ACE6MSG OB 

S ?ACE:S MSG DB 

SPAC!41".SG oa 
S?ACE3MSCi DB 

S?AC£2!"iSG OB 

S PACEMSCi OS 

NTRACEMSG DB 

OEC!SMSCi OS 

£Nt>MSG DB 

CRMSCi DB 

DATA 

; !be Task Table 

TT: OS 

TTEND: DS 

EP O 249 384 81 

Ci =:7NT ;go look for next , 

R2 

PRINT 

CltHSC 

'"',0 

' I 

' ' 
r r 

I ' 
I I 

r 1 

, I 

I I 

r •,o 
1 NO TRACE' ¢DH 

1 ••DEC!S!ON POINT'* I ,8DH,¢DH 

'END' 

·¢DH 

TTL ENG 'Ii( •tw l1J FL-1 ; TEI E FIR sr PAR r 0 F TH :: 

jTJSK 

1 ; THE I.AST TASK TABLE: ENTR ! 

;THE ORDER OF THE DATA !N TH£ TJSK" TA3l..£ FOR EACH t.OOP !S 

46 
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;TTr..no=- D9 

;TTSTATE DB 

;TTONCE DB 

! T'!'ACCUM DB 

; TTEXTEN DB 
. ;TTSTATESTR DB 
;TTONCESTR DB 

;TTRTNAO DB 

ONCEMASK OB 

PAGE. 

;THE TRACE TABLE 

EP 0 249 384 81 

1) 

o,o 

0 

0 

a 
o,o 
0 

0,0 

0 ;used for- the ONCE: operation 

TRCTAB: iTtle first by~e is the low byte of' the 

; pointer to tile currer.t po s1 t1on in ~tie 

;table wher-e the storing of the 

;historical date is taking place 

;The format of tbe table is: 

;each entry is 3 bytes long 

;the table i:s f"illed from the top CTRCTABF) down t.owar-d:s the 

;bottom CTRCTAB+1). Whe·n it reaches the bot~om, it is wrapped 

;a round a ga1n to the top . -

;the three byte:s are :stored in the following order: 

; the low byt.e of the clecision point 

;the high byte of' tne decision po!nt 

; the loop nlllllber 

;NOTE THAT THE TRACE TABLE IS 255 BYTES LONG PLUS !T'S POINTEa 

PAGE. 1 

TRCTA.BF: 

47 
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PAGE .. 

;THE FOlt.OWIHG AREA IS USED BY TH~ KlNITOR. 

HON FLAG: DS 1 

STA!ESTOR£: z 

; t.ne input buffer and pointers 

IN POUT DB 0 

IN?IN DB 0 

ECHOOUT DS 0 

INPSUF DS !HPBUFSZ 

INPBUFND DB 0 

RATOP: DS fdAFH,<$ 

RAST!<: OS 1 

S2TOP: OS 

?AGE. , 
STK2: DS , 

PAGE. 

jO: running interpreter 

;1= running in monitor or from 

;a pwr up 

;2= trom bre.ak state 

;3: from a terminal halt 

i!tate number from a 

;BREAKS!AT£ 

rrom the terminal 

1 RETURN ADDRESS ST ACK - SUSS 

; CAN SE ii.o DEEP 

;-80 BYTES 

;THE NORMAL STACt<: W !TH REG 2 

; AS POINTER 

;THE: OUTPUT MAP STAR!S ON A PAGE BCU NOA.RY 

;OUTrUT MAP 

0 PHAP: 

OPMAPN: 

DS 

OS 

OPHAPSt-1 

1 

48 
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:INPUT MAP 

IPMAP: DS IPMAPSZ-l 

IPMAPN: 0$ l 

FGMAP: OS IPMAPs·z-1 

FGMAPN: OS l 

;THE P CODE AREA, THE INTERPRETER PRCGRAM 

MEMCRYSTT: 

PROGEHO: 

CHKSM: 

PROCNUM: 

COMFLAG:. 

l?GMSTT: 
' 

SCJFTCP: 

INTPGM: 

BUFBCT: 

END 

OS 

OS 

DS 

DS 

cs 

OS 

2 

2 

l 

l 

;stores the end of the 

7program 

1 (size info) 

;stores the checksum of the 

;program 

;PROCESSOR/PROGRAM NUMBER. 

;FLAGS PCOOE !S IN THE 

;COMPILED OR ONCOMPILZD 

;STATE 

;O= compiled run 

;l= uncompiled 

;the P CODE starts here 

RAMSIZE-$-l 

l 

Using the above interpreter code, an applications program code is executed. 
so The invention enables the following to be effected:- · 

1. Being able to use BREAKSTATE, PAUSESTATE or HALT statements in the program, and being able to run, 
pause or stop the program from the monitor: 

The control program written in a finite state type language can be run or stopped from the Monitor program. 
ss The control program, or part (s) of it, can also be paused, halted or stopped by instructions within the control program 

itself. The instructions that do these functions in the following examples are: 

PAUSESTATE causes that particular loop to pause or halt when control is passed to that particular state 

49 
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BREAKSTATEcauses the whole program to stop running and return to the monitor in either the "online• or the 
"offline" modes when control is passed to a particular state 

HALT is a conditional instruction that causes all instructions after it in its state to be ignored 

2. Being able to selectively or otherwise record the history of state changes of the program and being able to display 
these: 

The program is such that in the step of storing of the history: 
During the execution of each instruction that could influence the decision to change states, (any part of the 
transition function), a temporary record is kept of its location in the program. At such time that the transition 
function becomes true and control is passed to another state, the temporary information and information iden­
tifying the particular loop, is transferred to the historical changes table (the Trace Table). An example of this Is 
shown in the interpreter code at MORE, llFOC and STOREHEST. 

3. Displaying the historical changes and the action that caused the change: 

This simply requires the contents of the Trace Table or Task Table to be printed out or displayed in a convenient 
form. The examples below show three such methods. 
The first method displays the identifier of the currently active state in all of the active loops by deriving the 
required information from the task table. 
The second method displays the contents of the Trace Table as a two axis table. The horizontal axis represents 
the loop that the change took place in, while the vertical axis represents the time order of the changes. 
The third method displays the change that occured iri any selected line of the table from the second method, 
and the event or events that caused the change, by listing out the relevant part of the program and indicating 
the point within the listing where the decision to change states was finalized. 

Example I 

It is to be expressly understood, however, that the following listings are for illustration only and are riot to be construed 
.30 as defining the limits of the invention. 
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; ?:-qg:"a~ s~ar-i;. 

lsA~P~r ?RCG~A~ :o z~~~S7lAt~ 
i D ::3 UGG I :ICi :.IS : :~G 

! H!STOalCAC.. !ECO:l!>Z~IG 
SrA17 LOO? 2 ~~:~ 2QO ;s~.P~ ~~· '•eo~~ ::o~ a~ 

j S'L .:\!!: 200 

GOTO 

52:! O? .2 

~F :? 3 ON 

oa !? 1 ON 

GOTO 3 

51 

• .... ,..onl"!1.''- ~ ..... al ..... ,.... - 1; ........ . 
J 

• ,..,..s~ "'' .. , ...... ~"". !.!a'"',,. 4.,!"ln ·c .. _ .. ::» ... eans J ~· ........ - ........... _,_ - .... 

~ input) 
J 



--="'·-= 3 ,.;:) _,.., __ 

5 

10 

STAT? 200 

15 

S~A!E 201 

~i:::.AKST AT! 

25 

30 

(j i O!S?t.At' C::' 

> oc 
35 

40 

>or t:c? 

45 

2 2C2 

50 

55 
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sc:r oP 3 

--;..:_ I? , 5 ON 

GOTO 2 

r-.. i: t? !l ON 

GOTO 2 

GOTO 201 

:: !? 5 ON 

GOTO 2C2 

j Nexr. i'intte atat;e 

j 'nd rrarrsit!on. equat;!.on 

j 3:-d Trar.a!t1on equa;!.::i 

j ?rd Des~!.:ia ~!on 

• r ~ I _:;,op -

j Unc~ndi t!.onal t:-an.s!. t!.on 

2 C?. : Break point in the program 

r:£ ~:s:ai:CAL T1AC~ FOl !S~ .A.aOV~ i'!lCG i.AM . 

. s:a:~ ~~ eac~ ip6; 
' 

;loop 1 cur~ent~r a: s:a~e 2 

;anc loop 2 ac sta~e 202 
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_,_ ) 9\ - :.:'t .. 
LI ST4'-~~ 

0 20t 

3 

2 2 

3 ~ .. 

"' 
2. 

s 200 

& 1 

~ 

3 !~O 
DLLI 7 

l 5 t 0 1 s 20 

2 

1 

1 

z 

1 

1 

;display ~ne ~~s~orv table 
; Line, State and Loop numbers 

Cnewesc date ae ~ce 

; ta!? ) of table 

;line n snows sta~e 201 ex~~ed 

; l!.:ie -t silaws s::a :it r ex!.-:~d. 

;l!.:ie 2 shcws.sta:e z ·ex!. ~eci 

; :. ~:re .. !lnaws .1::.a:e j ax:.-:ec ,J 

;.l.!ci~ i.&. stc:w.s .seate 2 e:! -:a~ 

; :..:.:ie ; shows s :a::~ 200 e-:ie~ :ec! 

;·:aop z 
;::.:ie " S~Q'WI .s;a :e ' t·x:..:ae ..... ,. 

. ~ " ..... , --··- r sncwJ :.009 2 .s:.a:-:.·~:. 

. oldest data at the bottom , 
; N.O :aore ene:-~es :L!l ::ie :a.::-e 

••o::CISIOtf E'~It.rT•• ";;onconc1!.':'l.:):ta:. ~ec!.si~:? 

l" iO S4~?L! ?~CClAM TO !~LUS7~AT; 

"). ... -I.,_ 

.d ·:::::.3::ca:tlc us:~c; 

~ l ~1s:oa:c.\t.. ?::coaor~G· 

ST~~: LOO? 2 ~:TH 200 

GOTO 200 

-..-·--1. ... - -------. 
•• ~E:!s:oN ?O!~T •• 

~1 SAM~~~ ?ROO:UM !0 !~~US!RAT~ 
I 

Cl• CE3iJGCi:~G US!YG 

53 
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_ _,. :;i• 

~ ... """'··-
GOTO 

}o.:: ~r s 
ST J. :-:: 200 

LOOP 

•• O~CIS!ON.~O!~T •• 

GOTO 

>~:::: ;:.: !j. 

SLAr:: 2 
SETOP2 
:..: ! ? 3 ON 

ca:.: r.o~ 

GOTO 3 
_, - ... . .. -- -

.s~1:-:: ~ 
SET OP.3 -- -, --: ..... , 

GOTO 2 

-· :? a CN 

GOTO 2 

>.,---- -- .2 

SET OP2 

r: !:? 3 ON 

20t 

•• o~c:s:aN ?O!Y~ •• 

EP O 249 384 81 

54 

dis~lay li:te 5 ex~an~ec 

LOOP2 

; uncond!eional decision 

uncondit!onal eran~icio~ 

• ... ., ~,. -c:· .... .. _.,, .... -'-t. 

:o cna~g~ eo s:a:e 2 

; ·:!.n;:iut 3 comi:ig on ea used t::te 
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to change ~o state 3 

5 GOTO 3 

>!"\"" ·r 1" 
~- .... _ 
ST.\!! 3 

10 

Z:F !? 5 ON 

15 
GOTO 2 

!F !:' 4 Off 

ll 

GOTO 2 
,. 
; ~Q :~ar.ge :~ sca~e 2 

25 >::>: -- 0 

30 

() 

:ICM TH:: !aO'I!: ?!CC:t1!4 TH1T :s :~f~?!?!t!:!~ 3? :9:!! 
i 

. 35 

40 

to -:.ti~ !"cllow!.::g :oce .as ?-c:o:: (Pseudo ~=c:e~. 

:cooo 
50 

55 

10 00 O~ ; STATI 1 

t9 :cc 1: 53~i~OSOAC ; ~ S.\M?r.:: ?ROCUM ro 
:r..:..us::u r:;;s 

!l5205052.it 

55 
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.:co1: 

XOJT 

x:;; 
:tosa 

:COOT 

:cc67 

;cc6~ 

:C07 3 

X076 

:C079 

:core 

xo1: 
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494C4C55 53 

5~52·~t51JIJ5 

19 ;co 3-~ 4'f.454255 41 ; ' DESUCC!~Ci us:~ 

1.i7~~oi::~120 

5553494i:4-7 

19 ;co ... a l.f.84953;44F ; ' H!STOR!C.U. :t::coao!~G • 

1: 02 XO ..,. .. 
1V ST A.it::" t.00? 2 ~:!':£ 200 

:o :c~ a: jOT·~ 2 

1 IJ 00 02 S':' A!:: 2 

0:\ iJC JtL sar O? 2 

C1 20 oa -- -:) 3 CN ' .. -· .... 
~.:i. 00 30 oa -:) ~ c~ .... I 

:~o XO ;:: !:iO'!'O 3 

10 00 03 S~ A:'::. 3 

OA 00 oa S': .... If'\ ::s. -. ,,,.,,.,.. g 

CT 20 20 -- ":"., 5 a~ .. -· -· 
CD .,,.._ 

A\J ts.F CiO:"O 2 

07 20 10 r: ! :' "' 
O~I 

00 :<O ll:' 
... ,,.. ... ,.., 

2 .... \,,I • ..., 

10 ao C3 STA.7!: 200 

OD XO 75 GO:"O 201 

10 00 C9 ST!!'!: 201 

01 zo rio . 
r IF !P 6 ON 

OD XO 7F GOTO 202 

16 00 CA a a::..\:<: srar:: zoz 
.... 
• :> 00 00 ?:tCGl .• U1 ::110 

; BREAK :ST A TE 0 
The following section shows how we structure a program written in our language. 
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The program functional structure can be defined as follows -

a program consists of one or more program (logical) loops 

s a loop consists of one or more states, only one of which can be active at one time. The set of states making up a 
loop is implied by the Sf ART, RESTART etc. loop initialising statements in the program and the GOTO, GOSUB, 
state changing statements in those states 

10 

15 

a state consists of a state delimiting statement, followed by a statement list 

a statement list consists of zero, one or more compound statements 

a compound statement consists of an optional condition part and an action part. The absence of a condition part 
implies a true condition and the actioh part would then be inconditionally executed. 

an condition part is a Boolean expression consisting of an initiallising part, one tenn (or more terms connected by 
OR operators), and terminates at the next action part 

an initialising part provides the functional equivalent to the connection to the power bus in a ladder diagram, and in 
(Jo our language is an IF statement. 

a term consists of one condition statement (or more condition statements connected by AND operators) 

an action part consists of one or more action statements The following diagram shows the structure of a compound 
25 statement. The meaning of the statement in the diagram is 'if input 10 is on or input 11 is off and timer 3 has timed 

for greater or equal to 23 time units, output 14 is on, and op 17 is on'. 

30 

() 

compound state~ent 
I 

···········.-~···~·····-=-·································· 
I ' 

~ondltion ;>art 
I 

sc:!. ~n "a:: 
i 

35 • • • • • • e • a • • • I • e • • e • • • • • • • • • • e • • e • • • • • • • e • 
e •• I~• e •• 

40 

45 

50 

I \I 

te:m 
I 

term 

............. ·• .............. . 
I \.:J \ 

\ 

IF IP 10 ON OR IP 11 OFF AND TIMER 3 GE 23 OP 14 OP 17 • r . . . 

initialisinq 
;art . 

i 

condition 
statement 

t ,. 
· condlt:!.Jn 

3tatemen:: 

OR 
oi;:ie::aco:: 

AND 
operator 

c:ondl':~on 
statement 

The method of evaluation of the condition part and execution of the action part is as follows: 

55 the statement is evaluated in the same order as it is read; 
IF sets a boolean condition flag to 1 (true) and this flag is used as a running record of the evaluation as it procedes, 
and as a record of the result when it has been fully processed; 
a condition statement is evaluated and if 0 (false) the flag is set to O; 
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an AND operator just procedes to the next evaluation of the next condition statement; 
an OR operator looks at the condition flag; 

- if the flag is 1, the whole condition part must betrue and so the remainder of the evaluation is skipped 
- if the flag is 0, the proceeding terms must all be untrue, so the flag is set to 1 and the evaluation procedes 
with the next term; 

an action statement executes and carries out it's function if the condition flag is true when the action statement is read. 

The method does not allow the use of brackets in the condition part, and a condition part is equivalent to multiple 
rungs on a ladder diagram, each consisting of any number or series connected input variables, all connected in parallel 
at the point where the rungs connect to the actuator, but with no parallel connections at any other point. This allows any 
necessary condition to be evaluated, although the parallel connections would have allowed this with less evaluations 
of input variables. However the method provides a very simply implemented way of recording which inputs resulted in 
a true evaluation and thus caused the decision to execute the action list. 

This is achieved by maintaining a pointer to the Pseudo P code representing the program that is being processed, 
and this is necessary anyway. Any OR operator which detects a 1 condition flag saves the value of that pointer before 
modifying it to skip to the action part. As we only have complete 'rungs' with no alternative or ambiguous paths in the 
condition part, the saved pointer value must point to the end of the first rung found to evaluate true. This is termed the 
'decision point', and is used in debugging. Should the evaluation proceed to the end of the last term, and thus past the 
last OR operator, this position becomes the decision point provided the last term yields a true condition, or the position 
of the action statement can serve equally well in this case. . 

Broadly a compound statement is equivalent to a rung on a ladder diagram which evaluates a condition, and if the 
condition is fo·und true, carries out some action. The detail of this part of the structure as defined above is of significance 
mainly from the point of view of easy recording and print out of the decision point in a trace of any one particular state 
change." The Program-loop-state structure is the thing of major significance because it is this structure that yields the 
greatest benefits in terms of easy designing of error free programs, and of understanding those programs. 

It is also true from another viewpoint that a program consists of one active state diagram (logical loop), which au­
tomatically starts with state 1 active, together with one or more potentially active state diagrams which can be activated 
from the first, and subsequently any state diagram can activate or deactivate any other. Code describing all potentially 
active state diagrams which can be activated from the first and subsequently .any st diagram can activate or deactivate 
any other. Code exists within the body of the program at all times, but a state diagram is not executed and is therefore 
functionally inactive until the state diagram is activated by the assignment of one of its states to a loop variable which 
subsequently keeps track of which state is active in that state diagram at any one point in time. The sys~ems software 
has code and variables which enable it to determine whether an assignment has been made, or whethe'r the loop has 
been deactivated. 

An example of a program using numeric (rather than symbolic) variable names is shown below. The program does 
not do anything, and is for the purpose of illustrating structure only. 
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STATE l. 

OP200N 

START TIMER 3 
ST ART LOOP 2 WITH 200 

IFIP 2 ON 

ORIP30N 
ANDIP50FF 
AND TIMER 3 GE 34 

GOT02 

if L~ 6 on 
goto 20 

STATE2 

EP 0 249 384 81 

Commentary 

; first $tate de11mitini; :state111ent. 
;the only compulsory state statement. 
;auto.mati.c s.tar:.t of loop l. 
;stai:t of ·first statement list·. 
;outi;Jut 20 ls on while l·n st:ate !.. 
;unconditional action statement. 
;can also be considered a compound 
;statement with no condition pa:t 
;and J action.st~t~ments in t~e 
;action part~'.· . 
;uncond~tional ~etlon statement. 
;starts a timer to count up from O. 

;defines state 200 as star~ (or ~es~a:ti 
;:stat~ of loop 2. 
;unconditional action sta:ement. 
;seart ~f first compound state~ent. 
;!nltiallsatlon part ('lf'), and first 
;and only condition statement Ln first 
; te:m. 
; lp means input. 
;start of second term. 

;last statement in second term 
;and in condition ~art. 
;_action stat:ement conditional on 
;re:su!.t of eval•.iatlon 'Of 
;~revlous condition pa:t. 
;if aceloned, causes loop one's active 
;s=ate to change from l to 2. 
/star~ ~£ next ava!uatlon. 
;if true chanqe active state to 
;state 20 else leave as state·l 
;end of fi=st. s~ate and ~~rst

1 

;statemenc ll.:3t. 

;second state delimiting statement,r 
;start of 3ec:ond state !~ program. 
;Processing order controlled o~ 
;scannlnq order and by 
;GOTOs,GOSUBs etc not order in l!..stinq 
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;~nd of ;Stat:e·2. 
;staz:t of state l. 

PRINT "Hold .state entered at " 
GOSUB 30 ; to pi= int: ~ne time. 

STATE JO 
READ CLOCK 

GET ~iou.r 
PRINT. "~ H:s. '' 

GET mi.n 
PRINT. "@ mil\s ·" 
RETURN 

STATE 200 

STATE 201 

C ~·a~~ .st'atement) 

; :nor e s t.at!'.S 

;start of a sin~le state sub:autine 
;<but could be mote than one stat~I. 
;:~ad the hou:s and mins etc shown on 
;:he cloc~ into the variables ca~~ed 
; nour and min. 

; 't' ls a Sli>e<:~.al symbol :oz: the t:nplie 
;variable dlscussed elsewhere. !.~. 
;what the hou: was 'qot' into. 

; \ .ls a .specia: symbol f:n:: 'new l!ne 
;unconditlondl tetucn to callin9 sta~ 

;the st:ate at ~hich loop 2 is 
;started. 

;more states 

;end -Jf ;iroq:am. 

. 45 In the program above, there is an interesting example of the time sequencing capabilities of the system stemming 
from the way all statements in a state are processed sequentially in one contiguous block. Part of a message is being 
printed in state 20, and the remainder is being printed in state 30. This is a suitable technique where there is no random 
printing by other loops than this dne. However, if other loops have states that could possibly print between "Hold state 
entered at• and "@ Hrs.•, this technique would cause a problem. The way round the problem is simple, just place all 

so associated print statements together in a single state and the operating system interpreter will guarantee to process all 
together, avoiding hold-ups In the control functions by placing characters in a print buffer to be down loaded to the printer 
one at a time by an interrupt routine as the printer becomes ready. 

It should be noted at this point that the functional structure is different to the structure as apparent from a listing of 
a program. A listing does not directly show the presence of loops, and a program listing consists of one or more state 

55 listings only, including the finer detail of compound statements ... action statements. The loop information is of course 
there, and can be found in the START statements, and the GOTO, GOSUB statements etc. 

The third statement in the example program, START LOOP 2 WITH 200 , defines the state to become active in loop 
2 on the next scan of that loop after the execution of the START statement. Other START statements would normally 
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be used to define initial states for all other loops used in the program. 
It should be noted here that there are two different meanings of the word loop in our system, and the word loop 

could be qualified and shown as 'logical loop' and 'physical loop'. Broadly the difference is the same as for instance 
'logical devices', and 'physical devices' in MSDOS (TM of Microsoft), i.e. a program can talk of printing on a 'theoretical' 
line printer without reference to where that line printer is, but at some stage the overall software must make the link 
between the theoretical line printer and the fact that such a device actually exists at some particular address or location 
in the hardware of the system running the program. Similarly, our program is designed In terms of (logical) loops which 
are effectively state diagrams and are termed loops because in most practical systems the state that is first active in the 
diagram will become active again each time the machine or process cycles. The process activity therefore typically 
cycles through a series of states arriving back where it started and therefore traverses a 'loop'. 

In order to enable the processor to run the program in the way desired, we must assign a logical loop to a physical 
loop. This consists of using a start statement, START, LOOP N WITH STATE M which associates state m with loop 
variable n, either directly storing M in loop variable N, or storing a pointer or other indirect reference. After executing 
one or more START statements we have one or more physical loop variables that are initialised with state references 
and the system software can read these in tum process the states, changing the references in response to GOTO, 
GOSUB, statements etc, and performing the necessary activities to control the machine/process. As noted elsewhere, 
which state in the program forms part of which logical loop(s) is determined by the START, GOTO, GOSUB, statements 
etc, and not by any means such as associating state blocks with larger subprogram blocks. 

It would of course be possible to define 'Loop Blocks' which initial states, and use a statement such as 'start loop 
block 3'. It is considered that the current method provides good flexibility and ease of use. 

We should also note that it is often desireable to have different logical loops associated with the same physical loop 
(one at a time) when performing different alternative control tasks. 

Normally the exact meaning of the word loop will be apparent from the context and so the word is not normally 
qualified with 'logical' or 'physical'. 

The details of which states form parts of which loops, and the interconnections between the various states in a loop 
can be readily determined by following the network through via the state changing instructions in the states, i.e. the 
GOTOs or GOSUB/RETURNS. 

In our example we can see that loop 1 starting at state 1 also has states 2 and 20 in it because state 1 contains 
GOTO 2, and GOTO 20 statements. We can follow through states 2 and 20 via their GOTO statements etc and find the 
complete network. Normally the programmer would define the structure of the network before the details of the states, 
and so this would be predefined. A utility program would normally be used to fist any loop network structure should this 
be necessary, rather than manual inspection. 

It can be seen from the above that the functional structure of the loops is built into the program but does not have 
any delimiting statements to define a contiguous block of code associated with any one loop. It would however be 
considered good programming practice to code loops using contiguous blocks of states, i.e. perhaps s{ates from the 
numerical range 200-299 for loop 2, 300-399 for loop 3, 400-499 for loop 4 etc. 

It should also be noted that assigning logical loops to physical loops provides a mechanism whereby a physical 
loop may control different processes at different points in time, in the sense that a process is represented by a network 
of states. This might occur where a section of a machine can make one of a number of different parts depending on 
requirements. When a particular part is required a particular loop is started at the start state for the state network which 
controls the making of that part. If a different part is required, the same physical loop is started at the start state for the 
different state network that controls the making of that different part. In this way a program can be struciured so that 
different subclasses of activities are controlled by different state networks, thus modularising the program and minimising 
the extent of the program code that is relevant under any particular circumstances, and simplifying the comprehension 
of the operation of the machine. 

This illustrates the principle that of all the combinations of input variables and states that exist in a system, only a 
very few simplified combinations are significant to the real operation of the machine, and at any one point in time, only 
a few of those few are significant. 

It Is also relevant to note that normal programming in this language, particularly of sequencing operations, often 
leads to all action statements (other than state changing statements, such as GOTO, GOSUB, etc), being unconditional, 
and the decisions made in the system thus are mainly related to changes of state. The lack of conditions qualifying 
actions such as turning on outputs etc. leads to a high degree of certainty as to what has or will happen when the system 
is in a particular state, and the system is therefore predictable. The user does not have to wonder what happened as 
he would if outputs were conditioned by inputs whose values were not known and are transient and not measureable later. 

It should also be noted that any one state can be said to represent a ladder diagram because the context of the 
state is a list of compound statements, each of which consists of a condition part and an action part. From this it follows 
that state changes actually represent the deactivation of a ladder diagram equivalent to the state being deactivated, and 
the activation of the ladder diagram equivalent to the state being activated. However it should also be noted that this is 
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done in a high level way using abstract concepts such as states and conditional GOTO statements, and does not involve 
the manipulation of any extraneous elements such as enabling or master relay contacts or connections from such con­
tacts to the various rungs of the dependent ladders, and in addition the activation of one state by a GOTO statement 
precludes, at the system level, the possibility of the state containing the GOTO statement still being active, because this 
action invoives the overwriting of the value held in the loop variable for that loop. 

It also follows from this that a program, only containing STATE 1 (and thus not having any state changing action 
statements) and where STATE 1 contains a list of compound statements, is in fact the functional equivalent of a ladder 
diagram program as used with a normal ladder diagram type programmable controller. Although this method of pro­
gramming would not normally be used when the more powerful state-loop structure is available, it is relevant to note the 
equivalence because it indicates the relationship of ladder diagrams to state machines of the type that have their outputs 
conditioned by system inputs. 

It follows that ladder diagram functionality is a sub-function of a state diagram, which is itself a subfunction of a 
program consisting of multiple state diagrams, and in our case where these state diagrams may be active or inactive 
depending on whether they have been started by a 'START LOOP .. WITH .. ' type of statement. (In our system, they 
may also be overridden, paused, stopped, etc). It is also worth noting that the loops could also be started by means 
other than statements in the program itself, by preallocation of loop starting state numbers, or a table driven system, 
from the system monitor, etc. 

It also follows that physical loops are not directly equivalent to particular state diagrams. They are system variables, 
members of a list, that hold the value of an active state, and by virtue of the structure of the various state diagrams 
emulated by the program, define which state diagram is being controlled via that loop. Which particular state diagram 
is being controlled via a particular loop depends on the START statement that started it, (or the subsequent GOSUB 
statements that swap in different 'sub state diagrams' until a 'RETURN' statement is encountered, etc). loop variables 
may be statically allocated in memory or dynamically allocated. 

In the above sense 'loop 2' refers to physical loop 2 or the value of the active state stored in loop variable 2. GET 
LOOP 2 in our language means get the number of the active state in the state diagram currently being controlled by 
physical loop 2 using loop variable 2. The word loop has also been loosley used to mean state diagrams, i.e. logical 
loops, and we have just seen that any one physical loop can be used to control different state diagram emulations at 
different points in time. The precise meaning should be determined from the context. The reason the same term has 
been used for two different but related concepts is that this assists in the intuitive understanding of program functionality. 

As we have seen, each active state is processed each scan. Statements such as 'START TIMER' do not need 
processing each scan. Depending on the approach to programming, it is necessary to process such statements 

either, in the first scan after activation of the state, 

.ss or; in the first scan after each tiine that the condition part of the compound statement involved becomes true, including 
the first scan through the state that it is true. 

Such processing is similar to the equivalent ladder processing together with the additional state qualification, and 
avoids timers beirig started repetitively each scan, thus being held at 0, and continual repetition of messages being 

40 printed each scan, etc. Most action statements require this type of processing, except for statements such as 'OP 22 
ON', which means 'output 22 is on in this state'. This needs repetitive insertion into a pre-zeroed output array each scan 
so that the output will automatically deactivate when the state is deactivated. 

45 
Symbolic Variables. 

A program using symbolic variables but otherwise identical to Listing 1 is shown below in Listing 2. 
Note that state 1 now has a list of define statements for loops, states etc. These may be manually inserted or 

automatically inserted by the operating system when a new variable name of a particular type is encountered during 
program entry, automatically allocating the next free number for the particular type of variable. These define statements 

so could be in state 1 or not (they could be in a separate block), hidden or explicit (as shown). 
The main point of note is that the program now has a great deal of user friendliness, and to a large extent is self 

explanatory and self commenting providing only that the reader has an understanding of the machine or process itself. 
The indenting of the text should also be noted as this conveys information indicating the positions of IF, OR, AND 

operators, compound statements, condition parts, action statements etc, and breaks the program up into groups of 
55 statements that are functionally related, again easing the task of comprehension. 
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t.istLng :. 

P:coq:am 

Initialise: 
DEFINE LOOP 
DEFINE STATE 

2 
2 
3 
4 
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= 
= 
= 
• 

Cutter_operation 
Infeed_ac:ti ve 
Infeed_countinq 
Inf eed_s lowdown 

20 = !nfeed_hold 

200 • Cutter_wait 
201 = Cuttez:_down 

Commentary · 

;~rede~Lned state l 

·DEFINEIP 2 = Infeed_staz:t_button 
3 = Auto_swi tch 
5 = P~use_switch 
6 = Ho ld_l::lutton 

DEFTNEOP 20 = !ni.tialise_lndlc:ator 
IrU t Lal ise_~_ndicator ON 
STARTTIMER J 
START cuttez:_ope:ation WITH Cutte:c_wai~ 

IF!nfeed_start_but=:on_ ON· 
OR"A.111:0 s·..ti tch ON 

AND ~;use_s•o11i.tch OFF 
AND TIMER 3 GE 3 4 
GOTO Infeed_active 

IF Hold button ON 
GOTO Ho ld_l :i .Ee ed 

tnfeed_active: 

I nfeed_countinc;: 

! n.Eeed_:slowdo...,n: 

no~d infeec: 
PRINT: ''Hold state ante:ced at " 
GOSUB E>:: int_Tim~ 

P:c int_time: 
READ CLOCK 
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GET HOUR 
PRINT "@ Hrs. " 
GET min 
PRINT"@ mi ns. \" 

RETURN 

Cutter_wait: 

cucter_down: 

(last statement) 

Our program is processed by the processor in a similar way to that of a standard programmable controller in the 
sense that it scans repetitively through the relevant statements, evaluating and actioning. In detail it differs. The scan 
only involves the statements contained in the active states. Which states these are is determined by reference to the 
loop variables. The processor reads the first loop variable in the list, determines from this where the beginning of the 
active state for that loop is in the program. It goes to that state and processes the statements in the state until it reaches 
the next state delimiting statement. This is the beginning of the next state in the program listing and marks the end of 
the current state being processed. The processor then goes to the next loop variable in turn and repeats the procedure, 
and ditto through the complete list of loop variables having active states. This activity together with various overhead 
activities common to programmable controllers makes up one scan. The scan repeats continually. 

GOTO, RESTART, RETURN and GOSUB statements change the value of the loop variables immediately when 
processed and processing of the statements in that state ceases when this occurs and the processor transfers to process 
the next state in the list. I.e. statements past the GOTO statement in that state are not processed in that scan. On the 
next scan it of course processes the statements in the new state that has been swapped in, and the old state which was 
overwritten is not active or processed. Order of processing statements in any state is in the same order as the program 
listing, and loops are scanned from 1 upwards in numerical order. 

Multitasking operating systems (MTOS) used as the basis for real time software are well known. They function in 
a similar way to our system in that they share processor time around the different tasks requiring attention, and we do 
the same with the different active states in the different loops. MTOS however do not necessarily impose the rigid order 
of processing on their tasks that is imposed by our order of scanning loops, processing each active state completely 
before going on to the next. MTOS normally can swap the processor from one task to another on the basis of task 
time-out, ready task priority, interrupt, etc. This means that the actual order of processing of tasks and even statements 
is not necessarily known to the programmer who writes the applications program although there are mechanisms pro­
vided to allow the programmer to control sensitive parts of the program or hardware system as deemed necessary. 

In a machine control or process control environment, it can be very advantageous to know the exact order of process­
ing, or to be able to predict or ensure that the response time of the processor to system inputs will be adequate. Machines 
particularly, require fast response, and with programmable controllers it is normal to specify the time for one full scan of 
the program, and this may be of the order of 1 to 20 miJJi-seconds. Our system provides a means of ensuring that all 
necessary activities are always carried out sufficiently quickly. 

The structure of our language thus establishes that one scan will take the time needed to process all the active 
states once, (but not any of the inactive states), plus some additional system overhead that is predictable. This provides 
for predictable scan times and because inactive states are not processed, scan times are short, or looked at conversely, 
a particular scan time can be achieved using our system and a lower ·power and cost processor, than can be achieved 
with a system such as ladder logic in which all statements are scanned every scan. 

It should be noted that there are ways for standard programmable controllers of avoiding scanning all ladder diagram 
statements every scan, but these are not as convenient as those provided with our system. 

The swapping in and out of active states together with the loop structure provides the programmer with facilities 
similar to an MTOS, but which are totally predictable. The programmer can control response time by ensuring that states 
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are coded so that no state takes too long for processing, or by using the loop variables to examine the other loops to 
ensure no long-winded processing can occur in one loop while a sensitive state is active. The system provides the 
necessary facilities in a very simple form. 

In addition, as the statement list in each active state is processed in the order of the statements in the list, and all 
5 statements are processed before going on to the next loop, the programmer has a very simple way of guaranteeing that 

all necessary operations have been carried out once a list of sensitive operations has been started, and that no operations 
associated with some other state will intervene. Examples of when this might be important could be when using global 
variables or writing blocks of text to a terminal or when handshaking operations are involved. While this can be achieved 
using other techniques such as an MTOS, our structure which is all built in to a high level language provides a particularly 

10 simple way of achieving this. As well as being simple from the point of view of the programmer, it also is simple from 
the point of view of the systems software and hardware, and this translates into more economical means for controlling 
machines oi" processes. 

The applications program is stored as intermediates code or 'p code'. An interpreter program, which is pact of the 
systems software, takes this p code and interprets it carrying out the necessary evaluations, actions and overhead 

15 activities. Details of such software techniques are well known and standard techniques are used throughout. 
Facilities are provided so that the applications program can have access to the loop variables and so determine 

and use the information as to which state is active in any loop. Statements such as GET LOOP as shown above are 
typical. 

Discussing the various types of statements, 
(Jo the p code for all statements consists of two general categories of code 

25 

30 

0 

... 35 

40 

firstly, ooe or more bytes constituting an operator which defines the statement type and is used by the interpreter 
to select the service routine to be used. 
secondly, optionally data as required. 

The types of statements (shown with examples) that are of interest are: 

loop initialising statements 

START LOOP WITH STATE 200 
The p code for start loop, consists of the operator, the loop reference, and the state reference. The loop reference 
may conveniently be the address of the start of the loop data in the task table. The state refecence may con­
veniently be the address of the state in the program p code. 
The service routine consists of 

oncetest (see ONCETEST routine in this specification) and skip remainder if necessary 
transfer state address into the loop variable in the correct loop location in the task table 
set oncetest flags etc as· required 
save decision point data 
exit to process next operator 

. RESTART 3000 

similar to above but start loop 1 at state 3000 
45 zero flags, registers etc. as appropriate. 

save decision point data 
exit to start of scan 

state changing statements 
so GOT0201 

transfer new state address into loop variable in task table for loop currently being processed 
clear once flag 
save decision point data 

55 exit to process next loop 

GOSUB5000 
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oncetest then as GOTO, except save address of next operator and of address of state to be returned to in save 
area in task table for use by RETURN statement. 
save oncetest flag and mask 
save decision point data 
exit to next loop 

RETURN 

get saved addresses from save table so can process remainder of calling state 
10 restore oncetest flag and mask 

save decision point data 
set condition flag 
exit to process rest of calling state 

rs Two of the statements above are once only statements, namely start loop and gosub. Alf the other 3 function once 
only also by the nature of what they do, I.e. they change the active state in the loop in which they appear. Because 
they do this, they are not executed on the next scan through the loop. They thus have no need to refer to a ON­
CETEST routine and should not be classed as once only statements. The reason gosub has this need, is that 
although it alters its own loop, after the return from the subroutine the calling state will become active again possibly 

ro for many scans, and it would be inappropriate to call the subroutine every scan, but calling it on a 'once per state 
V activation' basis, with a return from a subroutine not counted as a state activation, or on an edge activation basis 

is logical. 
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once only statements. Most statements are once only statements. The following are some other examples which 
can be implimenred either as edge activated or once per state activation types as required. 

START TIMER 5 
INCREMENT REGISTER 17 

It will be readily apparent why it is desireable to start a timer or increment a register only once per state 
activation or when a condition comes true .. E.g. to start the timer every scan would just hold it reset but not 
running while in that state. instead of resetting to O and then allowing it to count the time that passes. 
The execution of these statements involves little more than writing a 0 into the appropriate timer which is 
then counted up once per time interval by an interrupt routine until it eventually sticks at timer overflow 
(255 for 3 bits), or adding, one to the number stored in the appropriate register. 

Once only operation. 

The ONCETEST routine in the source code disclosure shows how to implement routines that execute their 
function every time the function (their state is active and their condition part is true) becomes true. There 
is a simplified way of providing once only operation. This involves having a single Boolean flag per loop. 
This flag is setby any routine which alters the state that is active in that loop. It is reset at the end of the 
first scan through that loop just before moving on to process the next loop, and optionally for ease at the 
end of every scan through the loop. It is therefore true only during the first scan through a newly active 
state. It is used by the service routines for any once only statements, and these execute their function only 
H the flag is true. The net value of this technique depends on the trade-off between a simplified interpreter 
and more flexibility in the language. 
Under some circumstances it can be advantageous to be able to have a once only routine repeat the 
execution of its function every scan. For instance to hold a timer reset until the state becomes deactivated 
and then automatically release it. For this purpose, a REPEAT statement can be provided which when 
executed by the interpreter causes the next, or subsequent statements up to an 'end repeat' statement, to 
execute every scan which can be done by the interpreter selecting alternative entry points to the service 
routines for those repeating statements, which entry points ignore ONCETEST and the first scan flag. 

every scan statement. The prime example of this is the output statement. 

OP450N 
This statement says effectively 'output 45 is on while the state the statement appears in is active and subject 
to any condition applying to it'. The output automatically turns off when the state is deactivated. It does not say 
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'turn output 45 on', and need another statement to tum it off later. This is achieved by having all the bits in the 
output map set to 0 at the beginning of each scan, and providing a service routine for the statement that sets 
the appropriate bit in the map each scan the state is active and the condition part is true. 

5 miscellaneous statements. 

DEFINE 

10 A class of DEFINE statements is provided for variables or constants. These may be manually inserted into the 

15 

program or altered, or automatically inserted when a new name is recognised. They are of the form DEFINE STATE 5 
=This State and basically associate the name with the numerical value of the variable/constant, and amount to a symbol 
table stored as part of the program. They do nothing during program execution and are just skipped, and so do not slow 
the interpreter significantly but they are used during program listing by the print routines. 

Statements can be provided to test whether a particular state is active in some defined loop. This involves going to 
the loop variable for the loop ih question, extracting the loop reference, which may be the address of the p code for 
the state that is active, and if so going to the state p code and extracting the state number which may be stored as 
the second and third bytes of p code. A comparison is then carried out. The statements must be compatible in terms 

(_}o of variable types, and may be of the form 
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GET LOOP 
IF RESULT= 315 
GOT0350 
or 
IF STATE 315 IN LOOP 3 
GOT0350 

By way of additional disclosure for the sake of clarity, the following charts show the routines already described but 
in greater detail, and also some of the other supporting routines necessary to make such a controller a practical tool. 

Source code has been disclosed for implementing the key routines on a particular microprocessor. 
These following charts follow the source code disclosed closely if not exactly and use entry and exit points named 

similarly to the labels in the source code to assist with understanding of the code and cross referencing. 

Simplified Charts. 

The following charts show the broad flow of control for our implementation of the novel scanning methods disclosed. 
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STAR'!'PROG 
l 

Initialise task ~able to 
Loo·p 1, state I. only, 
loop pointer to loop l, and p­
code pointer to state 1. 
Initialise othe~ variables as 
necessary. 

i 
FIRS't'OP-------1 

I 
Read statement: 

STATE sta ternent? 

no 

PAUSESTATE 

no· 

~~s --·-------- ! 

yes 

25 I 
Ge to monitot 

() 

. 35 

40 

45 

50 

55 
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Read next statement vla p•code 
5 ~ointer 

10 

15 

25 

30 

u 
35 

. 40 

50 

55 

I 
STATE,PAUSESTATE 

BREAKESTATE? 

nq 
I 

or 
yes ·-- !~CT 

GOTO yes --~-~----~-~~~~---~~- GOTO I 

no 
1 

START? 

no 
I 

GOSUB? 

no 
r 

RETURN? 

no 
I 

yes -~~~-----~~~-~~~--~--- STARTI 

yes ~--------~~---~~------ GOSUBI 

ye~ --------------------- RETURN I 

Must be normal control 
statement, therefore ca:ry out 
the appcopriate functlon of 
evaluatinq a condition or 
carrylnq out some action 

I 
r ------ Advance p-code pointec to next 

statement ope~ator 
I 

N:CTOPR 
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!NCT 
I 
I 

Advance the loop i;>ointec and 
read address of next state 
block for processing from the 
loop variable indicated. 
(Advancement is from the first 
active loop through all active 
loops in nume=Lcal order of 
loop number to the last, and 
then back to the first, and so 
on repetitively. 

I 
FIRS TOP 
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Condition flaq true? -- no ----------I 

save 
loop 

write 
into 
beinq 

yes 
I 

decision point address 
number in trace table. 

I 
address of new state 

loop variable f o:c ttLe 
processed 

f 
INC'!' 

STARTI 
l 

Condition flag true 

and 

block 
loop 

qoinq transltlon detected? -- no ---I 

·yes 
I 

save decision point addre55 and 
loop number in trace table. 

l 
write address of new state bloc~ 
into loop variable foe the loop 
number specified in the start 
statement. er·: the specified loop 
is already active just overwrite 
=he existing value ~f state block 
address. If the loop is not 
actlve, slot a new loop vactable 
into the a:ray in numerical order 
and write ~oth the loop number and 
the address of the new state block 
Lnto the varLable). 

I 
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Gosuar 

Condit!.on Ela~ true 
transition detected? 

yes 

save decision point 
loop number in t:ace 

I 

address 
table. 

going 

and 

save value of ~-code pointer, 
value of current state block 
address, and condition flaq 
transition information for use by 
RETURN! processing later. 

1- -- . 
·..n:ite address of new state ~lock 
into loo~ variab1e for the loop 
being processed, and into p-code 
pointer 

F'!RSTOI? 

R.&:TURN.C 
I 

Condition fla9 true? -- no ---! 

yes 
l 

- no ---I 

save decision point add~ess and 
loop numbe: ln trace table. 

I 
res~o~e value of p-code pointer, 

and value ~f calllnq state block 
addre3s in loop variable, and 
transi~lon information, ~s sa\Led 
by GOSUBI processinq 

I 
I 

The above flow charts depend on the following data structure and assumptions. 

1. A program preferably stored in p-code, but possibly stored in some other form, consisting of at least a list of one 
so or more state blocks. 

2. Each state block consisting of a state statement delimiting the start of the block, or similar delimiting means, none, 
one or more statements defining control action to be carried out including control of active states and loops, and 
ending at the start of the next state block or at some other convenient delimiter. 
3. At least some of the statements available being able to define the static conditions that shall prevail while the 

55 state is active, as opposed to a list of procedural tasks to be carried, out. E.g. OP 10 ON means 'output 10 is on', 
and not 'turn output 10 on', (for later turning off by some other statement). Note output 10 will go off automatically 
when the state becomes inactive. Note that the repetitive scanning and other special operating system support 
combines with the language to provide this feature. 
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4. At least some of the statements being able to act once only when the state is activated, and to automatically skip 
execution on subsequent scans through that state while it stays active. 
5. A list of loop variables that may be active or inactive, and if active that associate a loop number with an active 
state, and where the numerical order of said loop numbers control th~ order of scanning of said active states. 

5 5. GOTO statements that can work from the necessary evaluation to change the active state in the loop in which 
the statement appears without there being any need to evaluate which state is active in that loop, and a program 
structure that allows this to occur. 

10 

15 

.' 20 

v 

25 

30 

G 
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55 

7. START statements to make a loop variable active and load a pointer to the active state block into the loop variable. 
8. GOSUB/RETURN statements that act AT THE STATE LEVEL as described. 

All Drummond's basic claims of 

1. Only one state active in a set at once. 
2. One becoming active makes remainder in set inactive etc., apply. 

Note except we can make loops active and inactive, and in the latter case make active states inactive without making 
any other active state in the same set active in turn. 

Detail Flow Charts describing Interpreter routines . 

Labels and variable names are shown in CAPITALS. 
Program starts at STARTINTER 
The flowcharts detail essential elements in the algoritms. They do not necessarily describe house-keeping activities 

included in the program listing, such as maintaining registers, because these activities are specific to particular imple­
mentations. 
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INCT 
I 

~~cate address of entry in task 
table for next loop 

I 
I 

Put in task table 
I 

------~---_ .. ___ , 
I 

Get loop number from table 
t 

pointez: 

Is it O? -- no --------- MORE 

ye:s 
I 

Get monitor fla9 
I 

ts it up? -- ~es ------- HONI~CRl 

:t(.) 

~ STAaTINTiR---------------l 

30 

0 

35 

40 

45 

50 

55 

I 
Do input output scan 

I 

Scan ~=:or1 -- yes------ OFFLINEXl· 

no 
I 

Character from terminal requests 
b:eak in scannin9? no -----

yes 
I 

t'laq that terminal. interrupthas 
occurred 

I 
MONITORl (Go to the monitor pro9ram> 

OFFLINEXl---- Flag that scan error has occu:ed -- HONITORi 
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CSRl~T 
I 
I 

In1t1&llse taak table polnt•t 
I 

Oet add:ess of task from task 
ca.bl• 
___ .., __ ._. __ ... _____ , 

I 
Set up ~-code pointer from addr4ss 
of task from task table 

I 
S•t decision point reqtster to.. 
LnLtLal value of task start 

I 
InLtlal1se cond~t1on fla9 

I 
Initialise ONCEMASK 

I 
Get first operator 1n state block 
{can onl~ be a state type) 

I 

STATE? 

no 
I 

PAUSESTATE? 

no 

(Must be BREAKSTATE) 
I 

--- yes ------- STAT!I4 

--- yes--~--~~-~------- INC~ 

3ave state number Ln STATESTORE 
~1th P-code pointer set to address 
of state operator 

I 
Flaq that a bceakst3te has been 
encountered 

I 
MONtTORl 
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ST~TE! ! .. , -... rz 
Il 

i 
?oint ;->-c::de 

I 
I 
I 
I 
I 
i 
I 

pointer at next operator 

{Amount of adjustment depends on 
:outine just finished and where it 
left the pointe:). 

NXTOPR-------------------1 
I 

Get operator 

VBRl---------------------1 

Skip function 

oo calculated jump into 
Lnter~rete: jump table using value 
of operatoc to de!Lne address in 
jump table 

Jump ~la j~mp =able to servlce 
routine for statement in program 
represented by the ~a~tlcula: 
ope~ator being pr~c~ssed 

I 
~ART!CU~AR SERVICE ROUTINE 
SERV!CE ~ARTtCULAR_opgRATOR 

TO 

Once a decision has been made that the condition required to carry out an action is true, then it is no longer necessary 

to continue evaluating the remaining terms in the condition statement because they can have no effect or: the net result 

of the statement overall. This situation arises when an OR type statement is encountered and the condition flag is true 

when the statement is read. As an example, in the statement 
IF IP 5 ON AND IP 6 ON OR IP 7 ON SET OP 66 ON 
if both inputs 5 & 6 are on, the statement SET OP 66 ON will be carried out independent of the state of input 7, and 

therefore the evaluation of input 7 (and any other condition evaluating statements following) may be skipped. A special 
algorithm is provided for this and is as follows. 
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SKI?2. 
I 

:nccement ~-code ~ointe~ to next 
ope:ator 

I 
Get operator .and load. l"t "nto low 
byte of ~cogcam counte: so causing· 
a jump into the jump table 

I 
In the jump table, do one of the 
following 

- if ..the jump was to an entry 
an IF or action operator, 
furthec to label VBRl 

for 
j11mp 

- l f ·the jump was to an entry for 
an OR or an AND opecator, jump 
!lac:k to SK!?2 

This algorithm relies on having the operators coded so that their binary values are the same as the low byte of the 

address in the jump table at which their respective entries reside, or the value could be equal to an offset for calculating 

the jump address into the table. 

Example Service routines. 

Routine to execute statements SET OP (set output) or SET t=LAG 

Statements are stored in memory as p-code and these statements may conveniently be stored as 3 consecutive 

byies -
byte 

1 - operator indicating kind of statement in this case meaning SET OP or SET FLAG 

35 2- address in internal output or flag map in memory which holds the byte containing this outpu'c!flag 

mask to select actual outpuVflag 

40 

45 

50 

55 

3 -

Note the same routine may be used for both flags and outputs and byte 1 is identical, only the address determines 

whether the variable is an output or flag. 

SOFT 
( 'SETOP' , 'SET FLAG' 

I 
I 

Condition f laq t:ue?--- no --------------- I2 

yes 
i 

Get vartable address from ~-code 
I 

OR bit s~ecit~ed in ~-code into 
val:iable; 

Il 

Service routine for AND IP (IP means input), 

77 



5 

10 

15 

25 

30 

() 

35 

40 

45 

50 

55 

ORIP 
"IFIP 
AND FLAG 
OR FLAG 
IF FLAG 

EP O 249 384 81 

p-code is as above - operator, ad?ress, mask. 

AIFO'l' 
\'AND IP; I 'AND FLAG' 

I 
l 

Condition t:ue?--- no ----------------- :2 

yes 
I 

IIFOC 

OIFO! 
'OR IP' and 'OR FLAG' 

I 

Condition true'?--- yes -------------- SKii?2 

no 
I 

!IFOI---------•------------1 
C 'IF IP' 

'IF FLAG' 
l ., 

Set condL~Lon ~:ue 
I 

IIFOC----~----~---~--------1 . 

HALT 

I 

Save value of p-code ~olnter as 
decis!.on polnr: Ln decision point 
reqi.ster. 

v~t address of Lnput ~yte ~n input 
map f:om p-code. 

I 
Gee :nask from p-code and test: 
correct blt Ln byte selected wL=h 
address 

Set: c:ondi.tion f;..aq t;o 
state of selected bit 

reelect 

HALT is a conditional operation which if activated causes transfer of processing to the next loop. 
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Condition t::ue? no --------------~I2 

ye3 
I 
INCT 

Note that during the processing of any one state, two state type operators are read and processed. One at the 
beginning of the state block and one at the end. How they are processed is different. The state type operators found at 
the beginning of a state block are processed as shown in the charts above. The operators found at the end of blocks 
are processed as below. They simply indicate the end of processing for this state, and transfer processing to the state 
that is active in the next loop. The operator at the end of a block is in fact the first operator in the next state block in line 
in the program listing. 

State type operators include STATE, PAUSESTATE and BREAKSTATE 

GOTO 

STATE 
?AUSEST.'i.TE 
SREAKST>.TE 

INCT 

The P-code for GOTO is~ operator, new state address (Le. address of state operator at beginning of new state 
so block in P-code in memory). 

(j 

35 

40 

45 

50 

GOTO I 
t 

Condition t~ue?--- no -------------- I2 

yes 
t 

Call STOREKIST to save the 
latest saved val\le of the 
decL:sLon polnt: in th• trace 
tabl.-e. 

Chan9e the taak table scate 
add~ess fo~ this loop to new 
v~lue !:om ~-code 

l 
Cl•ar task table TTONC:e: fo·r 
tl'l1.s loop :ecord 

I 
!NCT 

55 Subroutine 'StoreHistory' 

Uses the trace table which is a linear table in memory as a wrap around 'endless tape' storage buffer. A pointer to 
the last used/ next to be used location is saved as a separate pointer variable. Once the table has been filled, older data 
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is overwritten by new data. 

STORS:HIST 
I 

Tracing of this loop disabled? - yes - STCR~H!STX 

no 
I 

Oet saved value of trace table 
pointer 

I 
.If pointer indicates end of 
tabl~ has been reached then se~ 
pointer to beqinninq and wrap 
around 

Write address of decision 9oint 
into trace table (address is 
saved by all condition 
evaluating routines and the 
last saved value prior to the 
action routine calling this 
sub-routine Ls used). 

save loop number :~om task 
table into trace table 

I 
Save new value of t~ace table 
kJOint:er 

I 
I 

Return to calling routine. 

Note: Ln our implementation, a trace ~nable ::ag is sto~ed 
~needed into the loop number highest bit. This can be done 
oecaus~ we tmplement no mo~~ than 7~H loo~s ~needed in~o 9 bits. 

A se~arate variable could b~ used. This variable is used f~r 

the 'tracing of this loop disabled?' d~cision. 

REMARK 

The P-code for REMARK is - operator, address of next operator in program, remark character string, (next operator). 

REMI 
I 

Get address of next operator 
f com p-code and put in pcode 
lj)Ointer. 

I 
NXTOE'R 

55 START 

START is understood more easily by understanding the following: 
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The task table is an array of records, some of which hold data and represent active loops that have been started, 
and some are empty and represent loops that have not been started. The array is dynamic in the sense that all 
non-empty records are packed to the start of the table and are ordered in numerical order of the value of the loop 
variables in the records. Inserting a new loop record into the array involves inserting it in numerical order into the 

5 packed array and if necessary moving higher order loops down the array to allow this to be done. 

10 

15 

. 20 

G 

25 

30 

Each record is a loop record and has fields that hold the following simple variables -

TILOOP - The number of the loop the record represents, and that also decides the order in which active states 
are scanned. Loop numbers are mutually exclusive. In our representation valid loop numbers are all less than 
127. We store the loop number as 7 bits of an 8 bit variable, and use the 8th bit as a 'loop tracing disable flag', 
see STOREHIST. Both the loop number and the flag are stored in TTLOOP. 

TTSTATE - the address of the active state for the loop, i.e. the address in memory of the program p-code for 
the state operator which defines the start of the program state block for the active state. 

TIONCE - This is the onceflag variable used by ONCETEST 

TIACCUM - The intermediate result and data transfer register for this loop. It is used by statements that manip­
ulate numerical data . 

TIEXTEN - An extension for TIACCUM 

TTSTATESTR 

TTONCESTA 

TIRTNAD - Three variables for preserving information from TTSTATE, TTONCE and the p-code pointer respec­
tively for use by GOSUB and RETURN statements. 

(j The p-code for START is operator, loop number, new state address. 

35 
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START! 
I 

Call subroutine ONCETEST 
I 

oo routine this tLme? --- no ------------ IJ 

yes 
I 

call subroutine STOREKIST 
I 

Point at task table record for 
loop cur:ently beinq processed 

I 
Get cur=ent loop number from 
task table 

current loop number < loop 
number in START statement? --- Qo -------------!l 

yes 
I 
I 

.Call subroutine SEARCHTT 
I 
Il 
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Sii:ARCR~T 

I 
!ni.ti.alise 'n;,imber of 
counter' Initialise task 
polnter 

t.PFD-----------1 
Decrement counter 

C..oop counter 
searched 

no 
I 

value 
all 

!.oops 
record 

:3hows 
loops? 

~oop in recotd ~oi.nted at = O 
.i..e. empty 

no 

Loop Ln =ecor~ ~oint~c a: = 
number o= loop in START 
statement ~P·-code 

no 

Loop in reco=d ~o~nted at > 
numbe= 0£ ~o~ in START 
statement· ·&'·-code 

no 

!nc~~ment pointer to 
record ln task table 

I 
I:.C?FO 

next 

83 
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SHLP 
I 
I 
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Hove. whole block of records, 
fr:om that indicated by record 
pointec to last record but one 
Lnclusive, down ~ne ~ecord in 
.task table towards table end to 
make space for lnser.tio·n of new 
loop. ~ast loop ls ove:writtna 
but must be empty because 
program ran9e check1n9 on loop 
numbers precludes stactlnq of 
too many loops. 

t 
t.EQZ------1 

l 
Get loop number f:om ·~-code and 
put ln task table re~ord 
indicated ~Y point•r 

I . 

Gat state address f:om p-code 
and put Ln task table cecord 
lndLcated by poincer 

I 
!nitialise remalnde: of record, 
i.e. ACCUM1 EXT!N etc. 

I 
Return to caller. 
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ONCETE:ST 
I 
I 

Get ONCS:MASK 
I 

EP 0 249 384 81 

AND mask with TTONCE, the 
oncef laq for this loop record• 
The tesult is saved value of 
condition flag as i~ -was when 
this lnst:uction was processed 
last scan 

Condieion f!ag was ttue? -- yes 

no 

=ondlcion f :aq is now true 

yes 
I 

no -------

Set Onceflaq bit indicated oy 
mask to true, leaving rest of 
Onceflaq as it was on entry to 
sub-rout~ne. · 

3et va:ue returned to cal~e: to 
TRUE 

ONCEJ 

ON.CEl 
I 

Condition flaq ls t:ue? --- yes ---------

no 
I 

Se~ Onceflaq bit ~ndicated by 
mask to false, leaving rest of 
onceflaq as lt •as on ent:i to 
sub-routine. 

I 
ONC!2---~-----~I 

I 
Sec value raturned to caller.to 

FALSE 
I 

ONCZJ----------1 
I 

Shift oncemask one bit 
I 

~aetur:n to caller. 
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Monitor routine to dlsplay history. 

OISPffISl' 
I 

Print '<CR,LF> Li State 
Print '<CR,L~>' . 

I 

l .. 
Copy trace table to buffer by 
callinq SETSNAP. CThe t:ace 
-table is changing all the time 
a program is running and 
c:ausinq changes of state. The 
monitor may also be running and 
printlnq past history. So that 
stable data is available ~o 
this routine the actual "table. 
ls copied Lnto a buffer and the 
printing uses the buffer as 
data. The buffer also has a 
copy of· ::he t:::a.ce table 
s;>ointer.> 

I 
Get value of copied trace table 
~ointe: adjust~d to be relevant 
to the copy buffe:. 

I 
Set line number counter to O 

I 
OISPHISTl-1 

l 

Terminal 
routine? 

request t:o .3bort 

no 
I 

?:r:inted maximum lines ~uc:er 
can hold7 

no 
I 

?:tnt line number and 
across 

I 

tab 

rf ~ointe: indicates end of 
buf Ee::: has been reached then 
sac pointe~ to beginning and 
wrai;;) acc:ound 

I 
I 
I 
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Loop number invalid & thus --------------- yes- OISPHISTX 
this buffer ent:y empty? 

no 
I 

G~t loop numbex f:om buffer and 
temporarily save 

I 
call subroutine STPAOR. t.o: get 
st:ate number. equivaLent · to. 
pointe~ value saved in buffer .. 
{The polntex pol~ts to the 
decision point which ls some 
way throuqh a state block. The 
state number req~lted is the 
number of th•t block> 

I 
Print state number 

I 
Use saved value of loop number 
to tab acrOS$ paqe to column 
equivalent to loop 

I 
Print saved 
number 

I 
r:nc:rement ·line 

I 
O.tSPKIS'I'l 

OISPHISTX 
I 

value of 

count 

?~i~t '2NO<CR,LF>' messaqe 
I 

loop 

~ O!S~H!STR-1 
I 

Return to caller 

Subroutine STPADR 
45 

50 

55 
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STPADR 
I 

Initialise pointer for 
~outine to first 
location in program 

i 
STPADRJ-------1 

Call subroutine STEPON 
I 

S't'EPON 
p-code 

If operator A is STATE. 
PAUSESTATE. or BREAKSTATE then 

save address of STATE operator. 
(See desc:i~tion of 3TE~ON f~: 
explanation of 
operator/inst:uction A> 

I 

?assed target addr~ss in p­
:;ode'? 

yes 
I 

:S:xt:act: addr~ss of state number 
for passing to calle=. 

I 
Return to caller 

U Monitor routine to display an expanded 'line' of the history table. 

40 

45 

50 

SS 
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s Set outstandinq_line_count to 
the numbe~ of the line to be 
displayed obtained as a 
pa~ameter from the monitor 
command lnLt1atin9 this coutLne 

10 ( 

Number in valid ~anqe? -- no -------------- OISPLI~ER 

yes 
I 

~ Polnt ~t trace table buffer 
first lo9ical entry, L.e. the 
Last data entered and that is 
pointed to by the table 
pointer stored wlth the trace 

r ~ table and co"ied to the buf fe: 
\.....) as the ouf ferr pointer 

25 

3Q 
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I 
:>rsEtt.are1----- r 

I 
tnccement pointer by one record 

l 
!f point•z: 
.buffer has 
set polnter 
·.n:ap ar::ound 

I 

!ndic:ates end ot 
been reached then 
to beqlnnLn~ and 

OutstandLnq_llne_count • O? 

no . 
I 

Decrement Outstandln9_line_count 
I 

OISPLIN2l 
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Record pointed to is empty; -- yes ---------- DISPLINER 

no 
I 

call STPAOR to qet address of 
state displayed in this line 
and use as p-code pointer 

i 
ors:?tI~E-t-----1 

I 
TeC':nina: 
routine? 

:equesl: t:o abo::t:: 

i NO 
Convert p-code for one 
s=a:ement ~o t~~t aMd ~;Lnt t~. 

tf at decision point 
print ·~ ... ~ec~slon poin~ 
<CR,C..~> 

then 
ilr'll' t 

Step on to next p-code ope:ator 
i 

:ts i. t a STATE' PAUSESTATE or 
BREAKSTATE 

no 
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Display Loops i.e. display those states that are active for each of the loops that are running. 
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no 
N!!XE--.--------1 

I 
Get loop n~mber f:om task ta~l~ 

.I 

Is loop number a 0 Lndicatinq 
passed end of lLst of running 
loops w1th actLve states? 

no 
I 

This loop numbe: = loop number 
Ln co1.intei::? 

no 
I 

Tab across ~age to next loop 
position 

Increment loo~ count~= 
l 

NZXS: 
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FOOK 
I 

Get state address from task 
table (address ls address of 
state operator at start of that 
state block in proqram p-code. 
The number of the state follovs 
the operator in the p-code.J 

I 
Get state number from p-code 
and print it. 

I 
Increment task table pointer to 
next task :cecord 

I 
GET NT 

PRSEX -------- Print <CR,LF> Return to caller 

1. A programmable controller (10) which executes a finite state applications program (14) and facilitates debugging 
of said program characterised in that said finite state applications program comprises two or more program loops 
(46), each of said program loops emulates a state diagram and has two or more blocks of statements (48, 50, 52), 
each block when executed by the controller (10) being a program state, and each program state being active only 
when one or more conditions or operations cause said program state to occur, and said· programmable controller 
includes: 

(a) means for enabling (68, 1 OA) two or more of said program loops to become active for execution and means 
for enabling (68, 1 OA) only one block of said blocks within any active program loop to become active for execution 
at any one time; 

1 

(b) means for recording (82, 10A) said occurrences of each said program state for later display; and 
(c) means for recording (82, 10A) for later display said one or more conditions or operations causing the occur­
rence of each said program state. 

2. A programmable controller as claimed in claim 1 wherein only one state can be active in each active program loop 
at one time; and the active state is indicated by the storage of a value in a variable (94) indicative of the active state 
block, that variable being assigned to indicate state activity. 

3. A programmable controller as claimed in either of claims 1 or 2 wherein said means for enabling comprises at least 
one said variable (100, 102, 104, 106, 110), each said at least one variable being associated with one said two or 
more active program loops for storing an identifier (94) of the start of the active block and said variable having an 
identifier (92) to indicate the active program loop which includes the active block. 

4. A programmable controller as claimed in either of claims 2 or 3 further comprising means for storing (68, 1 OA) each 
said variable associated with said two or more active program loops for facilitating multitasking of a plurality of said 
active program loops and for controlling the sequenc·e of execution of said active program loops. 

5. A programmable controller as claimed in any of the preceding claims wherein said means for recording (82, 1 OA) 
said occurrences of each said program state for later display comprises at least one second variable (70, 71, 72), 
each said at least one second variable being used to record an identifier indicative of a change in program state. 

6. A programmable controller as claimed in claim 5 wherein said conditions or operations causing a program state lo 
occur are indicated by said second variable (70, 71, 72) which stores an identifier of the statement where said 
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FDOK 
I 

Get state address from task 
table (address is address of 
state operator at sta~t of that 
state block in pro9ram p-code. 
The number of the state follo\otS 
the operator in the p-code.) 

I 
Get state number from p-code 
and print it. 

I 
Increment task table pointer to 
next task record 

I 
GET NT 

PRS~X -------- ~~int <CR,LF> 
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Return to caller 

1. A programmable controller (10) which executes a finite state applications program (14} and facilitates debugging 
of said program characterised in that said finite state applications program comprises two or more program loops 
(46), each of said program loops emulates a state diagram and has two or more blocks of statements (48, 50, 52), 
each block when executed by the controller (10) being a program state, and each program state being active only 
when one or more conditions or operations cause said program state to occur, and said programmable controller 
includes: 

(a) means for enabling (68, 10A) two or more of said program loops to become active for execution and means 
for enabling (68, 1 OA) only one block of said blocks within any active program loop to become active for execution 
at any one time; ' 
(b) means for recording (82, 10A) said occurrences of each said program state for later display; and 
(c) means for recording (82, 10A) for later display said one or more conditions or operations causing the occur­
rence of each said program state. 

2. A programmable controller as claimed in claim 1 wherein only one state can be active in each active program loop 
at one time, and the active state is indicated by the storage of a value in a variable (94) indicative of the active state 
block, that variable being assigned to indicate state activity. 

3. A programmable controller as claimed in either of claims 1 or 2 wherein said means for enabling comprises at least 
one said variable (100, 102, 104, 106, 110), each said at least one variable being associated with one said two or 
more active program loops for storing an identifier (94) of the start of the active block and said variable having an 
identifier (92) to indicate the active program loop which includes the active block. 

4. A programmable controller as claimed in either of claims 2 or 3 further comprising means for storing (68, 1 OA) each 
said variable associated with said two or more active program loops for facilitating multitasking of a plurality of said 
active program loops and for controlling the sequence of execution of said active program loops. 

5. A programmable controller as claimed in any of _the preceding claims wherein said means for recording (82, 1 OA) 
said occurrences of each said program state for later display comprises at least one second variable (70, 71, 72), 
each said at least one second variable being used to record an identifier indicative of a change in program state. 

6. A programmable controller as claimed in claim 5 wherein said conditions or operations causing a program state to 
occur are indicated by said second variable (70, 71, 72) which stores an identifier of the statement where said 
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condition or operation causing a change in program state was executed. 

7. A programmable controller as claimed in either of claims 5 or 6 wherein said second variable indicates the active 

program loop which includes said statement. 

8. A programmable controller as claimed in any one of claims 5 to 7 further comprising means for storing said second 

variable, said means for storing comprising a trace table (82). 

9. A p(ogrammable controller as claimed in any one of the preceding claims wherein said finite state applications 

program further comprises compound statements which consist of a conditional part and an action part, the condi­

tional part consisting of one or more simple condition evaluating statements, each evaluating whether some system 

condition is true or false and wherein the conditional part determines whether the actions contained in the action 

part shall be carried out. 

10. A programmable controller as claimed in claim 9 wherein syntax rules are provided in said finite state applications 

program for statements so that when the recording of said one or more conditions or operations causing the occur­

rence of each said program state includes the recording of the location in the finite state applications program at 

which a decision was taken that a conditional part of the state activity altering compound statement is true then 

such information defines all the necessary information to uniquely determine which term in which conditional part 

of which statement in which program state caused which transition in state activity when read in the context of the 

finite state applications program. 

11. A programmable controller as claimed in either of claims 9 or 1 O wherein the recording of said one or more conditions 

or operations causing the occurrence of each said program state includes the recording of the location of the simple 

condition evaluating statement in the finite state applications program at which a decision was taken that the con­

ditional part of the compound statement was true. 

12. A programmable controller as claimed in any one of the preceding claims wherein the recording of said one or more 

conditions or operations causing the occurrence of each said program state includes the time at which the transition 

in state activity occurred. 

13. A programmable controller as claimed in any one of the preceding claims wherein debugging functions are provided 

automatically such that they may be utilised by said programmable controller while executing said finite state appli­

cations program as a system servioe without the m~ed for user intervention and said debugging functions being 

initiated within the execution of said programmable controller. ' 

14. A programmable controller as claimed in claim 13 wherein said programmable controller has means which tum a 

program state into a BREAKSTATE which, when it becomes active, causes a predetermined debugging function to 

occur causing said finite state applications program to halt so that debugging and investigation processes may be 

initiated. 

15. A programmable controller as claimed in either of claims 13 or 14 wherein said programmable controller has means 

to insert an optionally conditional HALT statement into a program state which, when the HALT statement is executed, 

causes a predetermined debug function to occur causing a halt to the processing of the program loop containing 

that program state but does not affect the processing of any other program loops. 

16. A programmable controller as claimed in any one of claims 13 to 15 wherein said programmable controller has 

means which turn a program state into a PAUSESTATE which, when it becomes active, causes a predetermined 

debug function to occur causing a halt in processing of the program loop in which that program state occurs but 

does not affect the processing of any other program loops. 

17. A programmable controller as claimed in any one of the preceding claims having program structure means for 

eliminating the need to evaluate whether any particular program state is active for the purpose of taking state depend­

ent decisions or carrying out state dependent activities which depend on the activity of a program state in the program 

loop in which that state dependent statement appears. 

18; A programmable controller as claimed in claim 17 wherein said program structure means comprises rules whereby 

all the statements which involve state dependent evaluations or actions dependent upon a particular program state 
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are gathered within the block for thatparticular program state and executing means to execute only those statements 
that appear in the blocks of those program states that are active in the system whereby the need to evaluate whether 
a particular program state is active is eliminated by the fact that only active program blocks within active program 
loops are associated with said variable (100, 102, 104, 106, 110) and, iherefore, program blocks within program 

5 loops which are not associated with a variable (100, 102, 104, 106, 110) are inactive. 

19. A programmable controller as claimed in any of the preceding claims wherein said finite state applications program 
is stored in pseudo code which is executed by a pseudo code interpreter program. 

10 20. A programmable controller as claimed in any one of the preceding claims having delimiting means for delimiting the 
blocks of statements, said delimiting means consisting of state statements associating a state identifier with each 
block of statements. 

21. A programmable controller (10) which executes a finite state applications program (14) and facilitates debugging 
15 of said program characterised in that said program is stored in pseudo code and executed by a pseudo code inter­

preter program, said finite state applications program comprising two or more program loops (46), each of said 
program loops emulates a state diagram and has two or more blocks of statements (48, 50, 52), each block when 
executed by the controller (10) being a program state, and each program state being active cmly when one or more 
conditions or operations cause said program state to occur, and said programmable controller ihcludes means for 

. w enabling (68, 10A) two or more of said program loops to become active for execution and means for enabling (68, 
G 1 OA) only one block of said blocks within each active program loop to become active for execution at any one time. 

25 

30 

35 

22. A programmable controller as claimed in claim 21 having means for recording (68, 94, 104) said occurrences of 
each said program state for later display. 

23. A programmable controller as claimed in either of claims 21 or 22 having means for recording (82, 1 OA) for later 
display said one or more conditions or operations causing the occurrence of each said program state. 

24. A programmable controller as claimed in any of claims 21 to 23 which progresses said finite state applications 
program by taking from a first initialised variable the value in that variable indicative of the start of the first program 
state block to be processed, processing the first state block, modifying the value stored in that or another variable 
if modification is directed by the processing of said first state block, maintaining any required record of current state 
block activity, and wherein processing the finite state applications program consists of repetitively processing each 
of the active state blocks in like manner in desired order. 

25. A programmable controller as claimed in any one of claims 21 to 24 having delimiting means for delimiting the blocks 
of statements, said delimiting means consisting of state statements associating a state identifier with each block of 
statements. 

40 26. A programmable controller as claimed in any one of claims 21 to 25 wherein only one state can be active in each 
active program loop at one time, and the active state is indicated by the storage of a value in a variable (94) indicative 
of the active state block, that variable being assigned to indicate state activity. 

27. A programmable controller as claimed in any one of claims 21 to 26 wherein said means for enabling comprises at 
45 least one said variable (100, 102, 104, 106, 110), each said at least one variable being associated with one said 

two or more active program loops for storing an identifier (94) of the start of the active block and said variable having 
an identifier (92) to indicate the active program loop which includes the active block. 

28. A programmable controller as claimed in either of claims 26 or 27 further comprising means for storing (68, 1 OA) 
so each said variable associated with said two or more active program loops for facilitating multitasking of a plurality 

of said active program loops and for controlling the sequence of execution of said active program loops. 

29. A programmable controller as claimed in any one of claims 21 to 28 wherein said means for recording (82, 1 OA) 
said occurrences of each said program state for later display comprises at least one second variable (70, 71, 72), 

ss each said at least one second variable being used to record an identifier indicative of a change in program state. 

30. A programmable controller as claimed in claim 29 wherein said conditions or operations causing a program state 
to occur are indicated by said second variable (70, 71, 72) which stores an identifier of the statement where said 
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condition or operation causing a change in program state was executed. 

31. A programmable controller as claimed in either of claims 29 or 30 wherein said second variable indicates the active 

program loop which includes said statement. 

32. A programmable controller as claimed in any one of claims 29 to 31 further comprising means for storing said second 

variable; said means for storing comprising a trace table (82). 

10 Patentanspruche 

1. Eine programmierbare Steuereinheit (10), die ein Anwenderprogramm mit endlichen Zustanden ausfOhrt und eine 

Fehlersuche des Programms ermoglicht, dadurch gekennzeichnet, daB das Anwenderprogramm mit endlichen 

Zustanden zwei oder mehr ProgrammschleHen (46) aufweist, wobei jede Programmschleife ein Zustandsdiagramm 

1s emuliert und zwei oder mehrere Blocke von Anweisungen (48, 50, 52) hat und jeder Block bei einer AusfOhrung 

durch die Steuereinheit (10) ein Programmzustand ist und wobei jeder Programmzustand nur dann aktiv 1st, wenn 

eine oder mehrere Bedingungen oder Zustande bewirken, daB der Programmzustand auftritt, und wobei die pro­

grammierbare Steuereinheit aufweist: 

-;io (a) Mittel zum Freigeben (68, 1 OA) von zwei oder mehr der Programmschleifen tor ein Aktivwerden zur Aus-

V tohrung und Mittel zum Freigeben (68, 1 OA) lediglich eines Blocks der Blocke innerhalb jeder aktiven Programm­

schleife, um tor die jederzeitige Austohrung aktiv zu warden; 
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3. 

(b) Mittel zum Aufzeichnen (82, 10A) des Auftretens jades Programmzustands fOr die spatere Darstellung; und 

(c) Mittel zum Aufzeichnen (82, 10A) fOr die spatere Darstellung der einen oder der mehreren Bedingungen 

und Operationen, die das Auftreten jades der Programmzustande verursachen. 

Eine programmierbare Stei.Jereinheit nach Anspruch 1, wobei in jeder aktiven Programmschleife zu einem Zeitpunkt 

nur ein Zustand aktiv sein kann und der aktive Zustand durch das Speichern eines Wertes in einer Variablen (94) 

angegeben ist, die fOr den aktiven Zustandsblock indikativ ist, wobei die Variable dazu bestimmt ist, die Aktivitat 

des Zustande anzugeben. 

Eine programmierbare Steuereinheit entweder nach Anspruch 1 oder nach Anspruch 2, wobei das fV!ittel zum Frei­

geben wenigstens eine solche Variable (100, 102, 104, 106, 110) aufweist, jade der wenlgstens einen Variable einer 

der beiden oder mehreren aktiven Programmschleifen zum Speichern eines ldentifizierers (94) des Starts des akti­

ven Blocks zugehorig ist und die Variable einen ldentifizierer (92) hat, um die aktive Programmschleife, die den 

aktiven Block aufweist, anzugebeh. 

40 4. Eine programmierbare Steuereinheit entweder nach Anspruch 2 oder nach Anspruch 3, waiter mit einem Mittel zum 

Speichem (68, 1 OA) der Variablen, die den zwel oder mehr aktiven Programmschleifen zugehorig sind, zum Ermog­

lichen eines MehrprozeBbetriebs einer Mehrzahl der aktlven Programmschleifen und zum Steuern der Abfolge der 

Austohrung der aktiven Programmschleifen. 

45 5. Eine programmierbare Steuereinheit nach einem dervorangehenden AnsprOche, wobei das Mittel zum Aufzeichnen 

(82, 1 OA) des Auftretens jades Programmzustands fOr die spatere Darstellung wenigstens eine zweite Variable (70, 

71, 72) aufweist, und die wenigstens eine zweite Variable verwendet wird, um einen ldentifizierer aufzuzeichnen, 

der fOr eine Anderung des Programmzustands indikativ ist. 

so 6. Eine programmierbare Steuereinheit nach Anspruch 5, wobei die Bedingungen oder Operationen, die verursachen, 

daB ein Programmzustand auftritt, durch die zweite Variable (70, 71, 72) angegeben warden, die einen ldentifizierer 

der Anzeige speichert, wo der Zustand oder die Opera~ion, die eine Anderung des Programmzustands verursacht, 

ausgefOhrt wurde. 

55 7. Eine programmierbare Steuereinheit entweder nach Anspruch 5 oder nach Anspruch 6, wobei die zweite Variable 

die aktive Programmschleife angibt; die die Anweisung beinhaltet. 

8. Eine programmierbare Steuereinheit nach einem der AnsprOche 5 bis 7, waiter mit Mitteln zum Speichem der zwei-
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ten variable, wobei das Mittel zum Speichern eine AblaiJftabelle (82) aufweist. 

9. Eine programmierbare Steuereinheit nach einem der vorangehenden Anspriiche, wobei das Anwenderprogramm 

mit endlichen Zustanden waiter zusammengesetzte Anweisungen aufweist, die aus einem Bedingungsteil und 

einem Aktionsteil bestehen, wobei der Bedingungsteil aus einer oder mehreren einfachen Bedingungen, die Anwei­

sungen bewerten, besteht, die beurteilen, ob eine SysteiTibedlngung war oderfalsch ist, und wobei der Bedingungs­

teil bestimmt, ob die Aktionen, die in dam Aktionsteil beinhaltet sind, ausgefOhrt werden sollen. 

1 O. Eine programmierbare Steuereinheit nach Anspruch 9, wobei Syntaxregeln in dam Anwenderprogramm mit endli­

chen Zustanden vorgesehen sind tor Anweisungen der Art, daB dann, wenn das Aufzeichnen der einen oder meh­

reren Bedingungen oder Operationen, die das Auftreten jades Programmzustands verursachen, das Aufzeichnen 

des Orts In dam Anwenderprogramm mit endlichen Zustanden, an dam die Entscheidung getroffen wurde, das ein 

Bedingungsteil der den aktiven Zustand andernden zusammengesetzten Anweisung wahr ist, beinhalten, diese 

Information alle erforderlichen lnformationen bestimmt, um ausschlieBlich zu bestimmen, welcher Ausdruck in wel­

chem Bedingubgsteil welcher Anweisung in welchem Programmzustand welchen Obergang in eine Zustansaktivitat 

verursacht, wenn diese in dam Zusammenhang mit dam Anwenderprogramm mit endlichen Zustanden gelesen 

wird. 

11. Eine programmierbare Steuereinheit entweder nach Anspruch 9 oder nach Anspruch 10, wobei das Aufzeichnen 

der einen oder mehreren Bedingungen oder Operationen, die das Auftreten jades Programmzustands verursachen, 

das Aufzeichnen des Orts der die einfache Bedingung bewertenden Anweisung in dem Anwenderprogramm mit 

endlichen Zustanden, bei der die Entscheidung gefallen ist, daB der Bedingungsteil der zusammengesetzten Anwei­

sung wahr war, beinhaltet. 

12. Eine programmierbare Steuereinheit nach einem dervorangehenden Ansprilche, wobei das Aufzeichnen der einen 

oder mehreren Bedingungen oder Operationen, die das Auftreten jades Programmzustands verursacht, den Zeit­

punkt beinhaltet, zu dam der Obergang in die Zustandsaktlvitat aufgetreten ist. 

13. Eine programmierbare Steuereinheit nach einem dervorangehenden Anspriiche, wobei Fehlersuchfunktionen der­

art automatisch vorgesehen sind, daB diese von der programmierbaren Steuereinheit wahrend der Austohrung des 

Anwenderprogramms mit endlichen Zustanden als eine Systemleistung ohne das Erfordernis eines Eingreifens des 

Verwenders verwendet warden k6nnen und daB die Fehlersuchfunktionen innemalb der Ausfilhrung der program­

mierbaren Steuereinheit initiert warden. 

14. Eine programmierbare Steuereinheit nach Anspruch 13, wobei die programmierbare Steuereinheit ;ein Mlttel auf­

weist, das einen Programmzustand in einen BREAKSTATE bringt, der, wenn er aktiv wird, eine vorgegebene Fehl­

ersuchfunktion ausfilhrt, die auftritt, um zu bewirken, daB das Anwenderprogramm mit en.dlichen Zustanden anhalt, 

so daB die Fehlersuche und Oberprotungsvorgange initiert warden konnen. 

15. Eine programmierbare Steuereinheit entweder nach Anspruch 13 oder nach Anspruch 14, wobei die programmier­

bare Steuereinheit ein Mittel hat, um eine optionale Konditional-HALT-Anweisung in einen Programmzustand ein­

zubringen, der, wenn die HALT-Anweisung ausgefOhrt wird, eine vorgegebene Fehlersuchfunktion verursacht, um 

ein Anhalten der Ausfilhrung der Programmschleife, die den Programmzustand beinhaltet, zu verursachen, jedoch 

die Verarbeitung jeder anderen Programmschleife nicht beeinfluBt. 

16. Eine programmierbare Steuereinheit nach einem der Ansprilche 13 bis 15, wobei die pi"ogrammierbare Steuerein­

heit ein Mittel hat, das einen Programmzustand in einen PAUSESTATE bringt, der dann, wenn er aktiv wird, eine 

vorgegebene Fehlersuchfunktion verursacht, um ein Stoppen der Ausfilhrung der Programmschleife, in der der 

Programmzustand auftritt, zu bewirken, jedoch die Ausfilhrung der anderen Programmschleifen nicht beeinfluBt. 

17. Eine programmierbare Steuereinheit nach einem der vorangehenden Anspriiche, mit einer Programmstruktur zum 

Vermeiden des Erfordernisses der Bewertung, ob ein bestimmter Programmzustand aktiv ist, zum Zwack des Aus­

fiihrens von vom Zustand abhangigen Entscheidungen oder zum Ausfilhren von vom Zustand abhangigen Aktivi­

taten, die von der Aktivitat des Programmzustands in der Programmschleife, in der die von elem Zustand abhangige 

55 Anweisung auftritt. 

18. Eine programmierbare Steuereinheit nach Anspruch 17, wobei das Programmstrukturmittel Regain aufweisen, 

durch die alle Anweisungen, die von dam Zustand abhangige BewertiJngen odervon einem bestimmten Programm-
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zustand abhangige Aktionen betreffen, in dem Block tor den jeweiligen Programmzustand zusammengefaBt sind 

und AusfOhrungsmittel"zum Austohren lediglich derjenigen Anweisungen, die in den Blacken der Programmzu­

stande auftreten, die in dem System aktiv sind, aufweist, wodurch das Erfordemis zur Bewertung, ob ein bestimmter 

Programmzustand aktiv ist, durch die Tatsache vermieden wird, daB nur aktiven Blocke innerhalb aktiver Pro-

s grammsmschleifen variable (100, 102, 104, 106, 110) zugehorig sind und daher Programmbl6cke in Programm­

schleifen, denen keine variablen (100, 102, 104; 106110) zugehorig sind, inaktiv sind. 

19. Eine programmierbare Steuereinheit nach einem der vorangehenden AnsprOche, wobei das Anwenderprogramm 

tor endliche Zustande in einem Pseudocode gespeichert ist, der von einem Pseudocode-Obersetzerprogramm aus-

10 gefOhrt wird. 

15 

20. Eine programmierbare Steuereinheil nach einem der vorangehenden AnsprOche, mit einem Begrenzungsmittel 

zum Begrenzen der Bl6cke von Anweisungen, wobei das Begrenzungsmittel aus Zustandsanweisungen besteht, 

das einem Zustandsidentifizierer mit jedem Block von Anweisungen zugehorig ist. 

21. Eine programmierbare Steuereinheit (10), die ein Anwenderprogramm (14) mit endlichen Zustanden ausfOhrt und 

eine Fehlersuche des Programms erlaubt, dadurch gekennzeichnet, daB das Programm in einem Pseudocode 

gespeichert ist und von einem Pseudocode-Obersetzerprogramm ausgefOhrt wird, wobei das Anwenderprogramm 

mit endlichen Zustanden zwei oder mehrere Programmschleifen (46) aufweist, die jeweils ein Zustandsdiagramm 

20 emulieren oder zwei oder mehrere Blocke von Anweisungen (48, 50, 52) aufweisen, die dann, wenn sie von der 

v Steuereinheit (10) ausgefOhrt warden, ein Programmzustand sind, und jeder Programmzustand nurdann aktiv ist, 

wenn eine oder mehrere Bedingungen oder Operationen bewirken, daB der Programmzustand auftritt und wobei 

die programmierbare Steuereinheit Mittel zum Freigeben (68, 10A) von zwei oder mehreren der Programmschleifen 

aufweist, damit diese fOr eine AusfOhrung aktiv warden und Mitteln zum Freigeben (58, 10A) lediglich eines Blocks 

2s der Bl6cke innerhalb jeder aktiven Programmschleife, um zu jedem Zeitpunkt tor eine AufOhrung aktiv zu warden. 
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22. Eine programmierbare Steuereinheit nach Anspruch 21, mit Mitteln zum Aufzeichnen (68, 94, 104) des Auftretens 

jades der Programmzustande tor eine spatere Darstellung. 

23. Eine programmierbare Steuereinheit entweder nach Anspruch 21 oder nach Anspruch 22, mit Mitteln zum Aufzeich­

nen (82, 1 OA) des einen oder der mehreren Bedingungen oder Operationen, die das Auftreten jades der Programm­

zustande verursachen, fOr eine spatere Darstellung. 

24. Eine programmierbare Steuereinheit nach einem der AnsprOche 21 bis 23, die das Anwenderprogr~mm mil endli­

chen Zustanden ausfOhrt, in dem von einer zunachst initialisierten variable der Wert, in der VariablE.1n, die tor den 

Start des ersten Programmzustandsblocks, der zu verarbeiten ist, indikativ ist, genommen wird, der erste Zustands­

blocks verarbeitet wird, der Wert, der in dieser oder einer anderen Variable gespeichert ist, modifiziert wird, wenn 

eine Modifikation durch die Verarbeitung des ersten Zustandsblocks veranlaBt wird, jade erforderliche Aufzeichnung 

der jewelligen Zustandsblocksaktivitat beibehalten wird, und wobei das Verarbeiten des Anwenderprogramms mit 

endlichen Zustanden aus elnem sich wiederholenden Verarbeiten jades der aktiven Zustandsblc5cke in derselben 

Weise in der gewOnschten Reihenfolge besteht. 

25. Eine programmierbare Steuereinheit nach einem der AnsprOche 21 bis 24, mit Begrenzungsmitteln zum Begrenzen 

der Bl6cke von Anweisungen, wobei das Begrenzungsmittel aus Zustandsanweisungen besteht, die einem Zustand­

sidentifizierer tor jeden Block von Anweisungen zugehorig sind. 

26. Eine programmierbare Steuereinheit nach einem der AnsprOche 21 bis 25, wobei lediglich ein Zustand in jeder 

aktiven Programmschleife zu einem Zeitpunkt aktiv sein kann und der aktive Zustand durch das Speichem eines 

Wertes in einer Variablen (94) angegeben wird, die fOr den aktiven Zustandsblock indikativ ist, wobei die Variable 

zum Angeben der Zustandsaktivitat zugeordnet ist. 

27. Eine programmierbare Steuereinheit nach einem der AnsprOche 21 bis 26, wobei das Mittel zum Freigeben wenig­

stens eine der Variablen (100, 102, 104, 106 110) aufweist, wobei die wenigstens eine Variable mil einer der beiden 

oder mehreren aktiven Programmschleifen zum Speichern eines ldentifizierers (94) des Starts des aktiven Blocks 

zugehorig ist und die Variable einen ldentifizierer (92) hat, um die aktive Programmschleife anzugeben, die den 

aktiven Block aufweist. 

28. Eine programmierbare Steuereinheit nach Anspruch 26 oder nach Anspruch 27, waiter mil Mitteln zum Speichem 
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(68, 1 OA) jeder der Variablen, die mit den beiden oder mehreren aktiven Programmschleifen zum Ermoglichen eines 

MehrprozeBbetriebs einer Mehrzahl der aktiven Programmschleifen und zum Steuem der Abfolge der AusfOhrung 

der aktiven Programmschleifen zugehOrig ist. 

5 29. Eine programmierbare Steuereinheit nach einem der AnsprOche 21 bis 28, wobei das Mittel zum Aufzeichnen (82, 

1 OA) des Auftretens jades Programmzustands fiir eine spate re Darstellung wenigstens eine zweite Variable (70, 

71, 72) aufweist, wobei die wenigstens eine zweite Variable verwendet wircl, um einen ldentifizierer aufzuzeichnen, 

der tor eine Anderung des Programmzustands indikativ ist. 

10 30. Eine programmierbare Steuereinheit nach Anspruch 29, wobei d_ie Bedingungen oder Operatiohen, die das Auftre-

ten eines Programmzustands verursachen, durch die zweite Variable (70, 71, 72) angegeben warden, die einen 

ldentifizierer der Anweisung speichert, bei der die Bedingung oder die Operation, die eine Anderung des Programm­

zustands verursacht, ausgefOhrt wurde. 

15 31. Eine programmierbare Steuereinheit entweder nach Anspruch 29 oder nach Anspruch 30, wobei die zweite Variable 

20 

v 

die aktive Programmschleife angibt, die die Anweisung beinhaltet. 

32. Eine programmierbare Steuereinheit nach einem der Anspriiche 29 bis 31, waiter mit Mitteln zum Speichem der 

zweiten Variable, wobei das Mittel zum Speichem eine Ablauftabelle (82) aufweist. 

Revendlcatlons 

1. Une commande programmable (10), executant un programme d'applications d'etat fini (14) et facilitaht le debogage 

25 dudit programme, caracterise en ce que ledit programme d'applications d'etat fini comprend deux boucles de pro­

gramme (46) ou plus, chacune desdites boucles de programme emulant un diagramme d'etat et ayant deux blocs 

d'instructions (48, 50, 52) ou plus, chaque bloc, lorsqu'il a eta execute par la commande (10), etant un stat du 

programme, et chaque stat de programme etant actif seulement lorsque une ou plusi~urs conditions ou operations 

provoquent !'apparition dudit stat de programme et ladite commande programmable comprenant : 
30 

35 

45 

(a) des moyens de validation (68, 1 OA), concemant deux ou plus desdites boucles de programme, afin de las 

rendre actives et permettre lei.Ir execution et des moyens de validation (68, 10A) n'operant que sur un bloc 

parmi lesdits blocs dans ladite boucle de programme active, afin de l'activer et d'en permettre !'execution a un 

moment donne quelconque; 

(b) un moyen d'enreglstrement (82, 10A) desdites manifestations de cliaque stat de programme en vue d'un 

affichage ulterieur; et 

(c) un moyen d'enregistrement (82, 1 OA) destine a un affichage ulterieur desdites une ou plusieurs conditions 

ou operations, provoquant !'apparition de chaque etat de programme. 

2. Une commande programmable salon la revendication 1, dans laqi.lelle un seul etat peut ~tre actif dans chaque 

boucle de programme active a la fois et l'etat actif etant indique par la mise en memoire d'une valeur dans une 

variable (94) indicative du bloc a l'etat actif, cette variable etant affectee pour indiquer l'activite d'etat. 

3. Una commande programmable salon l'une quelconque des revendications 1 ou 2, dans laquelle lesdits moyens de 

validation comprennent au moins une desdites variables (100, 102, 104, 106, 110), chaque dite au moins une 

variable etant associee a une boucle de programme active parmi les deux boucles ou plus, afin de stocker un 

identificateur (94) du debut du bloc actif et ladite variable ayant un identificateur (92) destine a indiquer quelle est 

50 la boucle de programme active comprenant le bloc actif. 

4. Une commande programmable salon la revendication 2 ou 3, comprenant en outre un moyen de stockage (68, 

10A) de chaque variable associee auxdites boucles de programme actives, qui sont au nombre de deux ou plus, 

afin de faciliter un fonctionnement multit&che d'une pluralite de dites boucles de programme actives et pour com-

55 mander la sequence d'execution desdites boucles de programme actives. 

5. Una commande programmable salon l'une quelconque des revendications precedentes, dans laquelle ledit moyen 

d'enregistrement (82, 1 OA) desdites manifestations de chaque etat de programme afin d'avoir un affichage ulterieur 
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comprend au mains une deuxieme variable (70, 71, 72), chaque dite au mains une deuxieme variable etant utilisee 
pour enregistrer un identificateur indicatif d'une modification dans l'etat de programme. 

6. Une commande programmable salon la revendication 5, dans laquelle lesdites conditions ou operations provoquant 
s la manifestation d'un etat de programme sont indiquees par ladite deuxieme variable (70, 71, 72) qui stocke un 

identificateur de !'Instruction a laquelle ladite condition ou operation provoquant une modification dans l'etat de 
programme a eta executee. 

7. Una commande programmable salon l'une des revendications 5 ou 6, dans laquelle ladite deuxieme variable indique 
10 quelle est la boucle de programme active qui comprend ladite instruction. 

8. Une commande programmable salon l'une quelconque des revendications 5 a 7, comprenant en outre un moyen 
de stockage de ladite deuxieme variable, ledit moyen de stockage comprenant une table de pistage-analyse (82). 

1s 9. Une commande programmable selon l'une quelconque des revendications precedentes, dans laquelle ledit pro-
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gramme d'applications d'etat fini comprend en outre des instructions composites constituees d'une partie condition­
nelle et d'une partie operationnelle, la partie conditionnelle etant constituee d'une ou plusieurs instructions d'eva­
luation de condition unique, evaluant chacune si une condition systeme donnee est vraie ou fausse et dans laquelle 
la partie conditionnelle determine si Jes actions contenues dans la partie oparationnelle vont etre effectuees. 

10. Une commande programmable selon la revendication 9, dans laquelle des regles de syntaxe sont prevues dans 
ledit programme d'application d'etat fini pour des instructions de sorta que lorsque l'enregistrement desdites une 
ou plusieurs conditions ou operations provoquant !'apparition dudit etat de programme comprend l'enregistrement 
de !'emplacement, dans le programme d'applications d'etat fini auquel une decision a ate prise dictant q'une partie 
conditionnelle de l'activite d'etat modifiant !'instruction composite est vraie, afars cette information definit la totalite 
de !'information nacessaire pour determiner de .maniere unique quel terme dans quelle partie conditionnelle de 
quelle instruction dans quel etat de programme a provoque quelle transition dans l'activite d'etat lorsqu'il a ate lu 
dans le contexte du programme d'applications d'etat fini. 

11. Une commande programmable salon l'une des revendications 9 ou 10, dans laquelle l'enregistrement desdites une 
ou plusieurs conditions ou operations provoquant la manifestation de chaque dit etat de programme comprend 
l'enregistrement de !'emplacement de !'instruction d'evaluation de condition unique dans le programme d'applica­
tions d'etat fini auquel une decision a ate prise dictant que la partie conditionnelle de !'instruction composite etait 
vraie. 

12. Una commande programmable salon l'une quelconque des revendications precedentes, dans laquelle l'enregistre­
ment desdites une ou plusieurs conditions ou operations provoquant la manifestation dudit etat de ·programme 
comprend le moment auquel la transition de passage a l'activite d'etat s'est produite. 

40 13. Una commande programmable-salon rune quelconque des revendications precedentes, dans laquelle les fonctions 

45 

50 

de debogage sont condultes automatiquement, de maniere que, lorsqu'elles peuvent etre utilisees par ladite com­
mande programmable tout en executant !edit programme d'applications d'etat fini, a titre de service du systeme, 
sans necessiter d'intervention utilisateur et lesdites fonctions de debogage etant initialisees dans !'execution de 
ladite commande programmable. · 

14. Une commande programmable salon la revendication 13, dans laqi.Jelle ladite commande programmable comporte 
des moyens qui provoquent le passage d'un etat de programme en un ETAT INTERRUPTION qui, lorsqu'il deviant 
actif, provoque !'execution d'une fonction de debogage predeterminee, faisant que ledit programme d'applications 
d'etat fini s'arrete, de sorte qu'il peut y avoir debut des processus de debogage et d'investigation. 

15. Une commande programmable salon l'une des reveridications 13 ou 14, dans laquelle ladite commande program­
mable comporte des moyens pour inserer une condition optionnelle ARRET dans un etat de programme qui, lorsque 
l'etat ARRET est execute, provoque !'execution d'une fonction de debogage predeterminee entrainant l'am~t du 
traitement de la boucle de programme contenant cat etat de programme mais n'affectant pas le traitement de l'une 

55 quelconque des autres boucles de programme. 

16. Une commande programmable salon l'une quelconque des revendications 13 a 15, dans laquelle ladite commande 
programmable comporte un moyen qui provoque le passage de 1'0tat de programme a I' ETAT PAUSE qui, lorsqu'il 
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deviant actif, provoque !'execution d'une fonction de debogage predeterminee provoquant l'arret du traitement de 
la boucle de programme dans laquelle cet etat de programme se produit, mais n'affecte pas le traitement de rune 
quelconque des autres boucles de programme. 

s 17. Une commande programmable salon l'une quelconque des revendications precedentes, ayant un rnoyen de struc-
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ture de programme destine a eliminer la necessite d'evaluer si un etat de programme particulier est actif dans le· 
but de prendre des decisions dependantes de l'etat ou d'executer des activites dependantes de l'etat, dependant 
de l'activite d'un etat de programme dans la boucle de programme dans laquelle cette instruction dependante de 
l'etat se produit. 

18. Une commande programmable selon la revendication 17, dans laquelle !edit moyen de structure de programme 
cornprend des regles, de maniere que toutes les instructions qui font appel a des evaluations dependantes de l'etat 
OU a des actions dependantes d'un etat de programme particuller soient collectees dans le bloc pour cet etat de 
programme particulier, et des moyens d'execution etant prevus pour n'executer que les instructions se manifestant 
dans les blocs des etats de programme qui sont actifs dans le systeme, de maniere que la necessite d'evaluer si 
un etat de programme particulier est actif soit eliminee par le fait que seuls des blocs de programme actifs dans les 
boucles de programme actives sont associes a ladite variable (100, 102, 104, 106, 110) et que, par consequent, 
las blocs de programme se trouvant dans des boucles de programme qui ne sont pas associees a la variable (100, 
102, 104, 106, 110) soient inactifs. 

19. Une commande programmable salon l'une quelconque des revendications precedentes, dans laquelle ledit pro­
gramme d'applications d'etat fini est stocke sous un pseudo-code qui est execute par un programme lnterpreteur 
de pseudo-codes. 

20. Une commande programmable selon l'une quelconque des revendications precedentes, ayant des moyens de deli­
mitation destines a delimiter les blocs d'instructions, lesdits moyens de delimitation etant constitues d'instructions 
d'etat associant un identificateur d'etat a chacun des blocs d'instructions. 

21. Une commande programmable (10) executant un programme d'applications d'etat fini (14) et facilitant le debogage 
dudit programme, caracterise en ce que !edit programme est stocke sous un pseudo-code et execute par un pro­
gramme interpreteur de pseudo-codes, ledit programme d'applications d'etat fini comprenant deux ou plusieurs 
boucles de programme (46), chacune desdites boucles de programme emulant un diagramme d'etat et ayant deux 
ou plus blocs d'instructions (48, 50, 52), chaque bloc, lorsqu'il est execute par la commande (10) etant un etat de 
programme et chaque etat de programme etant actif seulement lorsqu'une ou plusieurs conditions .ou operations 
provoquent !'apparition dudit etat de programme, et ladite commande programmable coriiprenant d~s moyens de 
validation (68, 10A), pour valider deux ou plusieurs boucles de programme afin de las rendre actives pour une 
execution et des moyens de validation (68, 1 OA) pour ne valider qu'un bloc parmi lesdits blocs dans chaque boucle 
de programme active afin de le rendre actif et permettre une execution a tout moment. 

22. Urie commande programmable salon la revendication 21, ayant un moyen d'enregistrement (68, 94, 104), destine 
a enregistrer les manifestations de chaque etat de programme en vue d'un affichage ulterieur. 

23. Une commande programmable salon la revendication 21 ou 22, ayant des moyens d'enregistrement (82, 10A), 
destines a un affichage ulterieur desdites une ou plusieurs conditions ou operations provoquant !'apparition dudit 
etat de programme. 

24; Une commande programmable selon l'une quelconque des revendications 21 a 23, provoquant la progression dudit 
programme d'applications d'etat fini en prenant depuis une premiere variable initialisee la valeur dans cette variable 
qui soit indicative de l'etat du premier etat de bloc de programme a trailer, en effectuant le traitement dudit premier 
bloc d'etat, la modification de la valeur stockee dans c~tte variable ou dans une autre si la modification est concemee 
par le traitement dudit premier bloc d'etat, le maintien de tout enregistrement requis de l'activite de bloc d'etat en 
cours et dans lequel le traitement du programme d'applications d'etat fini consiste en un traitement repetitif de 
chacun desdits blocs d'etat actifs d'une maniere analogue, dans l'ordre souhaite. 

25. Une commande programmable salon l'une quelconque des revendications 21 a 24, comportant des moyens de 
delimitation destines a delimiter les blocs d'instructions, lesdits moyens de delimitation etant constituas d'instructions 
d'etat associant un identificateur d'etat a chaque bloc d'instructions. 
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26. Une commande programmable salon l'une quelconque des revendications 21 a 25, dans laquelle seul un etat peut 
etre actif dans chaque boucle de programme actif a la fois, et l'etat actif etant indique par le stockage d'une valeur 
dans une variable (94), indicative du bloc d'etat actif, cette variable etant affectee pour indiquer l'activite d'etat. 

5 27. Une commande programmable selon l'une quelconque des revendications 21 a 26, dans laquelle !edit moyen de 
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validation comprend au moins une variable (100, 102, 104, 106, 110), chaque au moins une variable etant associee 
a l'une des deux boucles de programme actives ou plus, afin de stocker un identificateur (94) du debut du bloc actif 
et ladlte variable ayant un iclentificateur (92) destine a indiquer la boucle de programme active comprenant le bloc 
act if. 

28. Une commande programmable salon la revendication 26 ou 27, comprenant en outre un moyen de stockage (68, 
1 OA), destine a stocker chaque variable associee auxdites deux boucles de programme actives ou plus, afin de 
faciliter un travail en multita.che de la pluralite desdites boucles de programme actives et afin de contrOler la sequence 
d'execution desdites boucles de programme actives. 

29. Une commande programmable selon l'une quelconque des revendications 21 a 28, dans laquelle !edit moyen d'enre­
gistrement (82, 10A) enregistrant lesdites apparitions de chaque etat de programme en vue d'un affichage utterieur 
comprend au moins une deuxieme variable (70, 71, 72), chaque dite au moins une deuxieme variable etant utilisee 
pour enregistrer un identificateur qui est indicatif d'une modification dans l'etat de programme. 

(._.,, 30. Une commande programmable salon la revendication 29, dans laquelle lesdites conditions ou operations provo-

25 

quant la manifestation d'un etat de programme sont indiquees par ladite deuxleme variable (70, 71, 72) qui stocke 
un identlficateur de !'instruction a laquelle ladite condition ou operation provoquant une modification de l'etat de 
programme a eta executee. 

31. Une commande programmable salon l'une des revendications 29 ou 30, dans laquelle ladite deuxieme variable 
indique la boucle de programme active comprenant ladite instruction. 

32. Une commande programmable salon l'une quelconque des revendications 29 a 31, comprenant en outre un moyen 
30 de stockage de ladite deuxieme variable, ledit moyen de stockage comprenant une table de pistage-analyse (82). 
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