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Abstract

This research report shows how the same software entity can be implemented either as
a Jackson System Development (JSD) process or as an Object Oriented Programming
(OOP) object, and how a CASE tool that generates the OOP code from its equivalent
Jackson process structure diagram ‘can be designed. The tool is designed to be used
when a system specification is available in JSD terms and it is desired to implement it
by means of OOP languages and techniques; a particular case in which this can be
convenient is indicated.

Since CASE tools that convert structure diagrams into code already exist, the shorter
approach of transforming process diagrams into object diagrams is also studied and
described. It is then shown how the reverse graphical transformation -- from object
diagrams to process diagrams -- is equally possible, this permitting systems specified in
terms of OOP to be implemented using the JSD methods.

Finally, it is seen how, by successive application of both transformations to its
diagrams, the services belonging to a process can be modified (by addition, deletion or
change), thus allowing implementation of inheritance and reuse in JSD based software
development.

Keywords: Jackson, Structure Diagrams, Jackson System Development, JSD, Object
Oriented Programming, OOP, Process, Object, Conversion, Transformation,
Inheritance, Reuse.
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1. Introduction

In the JSD! software development method a system is specified as a set of
interconnected, sequential, concurrently running processes, called specification
processes. Each process can communicate with other processes in the system, and with
the external world, through a series of messages (data streams, in JSD terminology).
They can also read the variables of other processes and of external entities (state
vector inspections). Each process either models an external entity or cooperates with
other processes in providing some system functions. Figure 1.1 shows a System
Specification Diagram (SSD), where

rectangles represent specification processes
circles represent data streams
rhombuses represent state vector inspections

triangles represent rough merges; this means that the reading process will take
records from the various input streams in the approximate order in which they

arrive.

)

! t-a-1

C
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Figure 1.1 -- System Specification Diagram (SSD)

1JSD was described in in 1983 in "System Development" (Prentice Hall International), written by
Michael A. Jackson on the basis of the work performed by himself and J. R. Cameron. It makes
extensive used of programing techniques previously established by Jackson in his "Principles of
Program Design" (Academic Press, 1975). Throughout this study we will use the acronysm JSD to
refer to either the book or the method.




Processes are specified by means of Jackson structure diagrams, which represent the
structure of a process on the basis of the time order of its incoming records; the
diagrams also include the actions that the processes perform in reaction to each record.
Computer tools are used then to convert the process diagrams into source programs,
which will be used to implement the system. Jackson Structure Diagrams can be seen
in figures A.1.1 through A.1.3, in the Appendix.

Basically, system implementation takes place by integrating sets of concurrent
specification processes into larger sequential implementation processes, which will run
as independent tasks. This reduces the number of required processors. Each task
includes an intra-task scheduler process (specifically designed for implementation
purposes) and several specification processes; the intra-task scheduler reads all of the
task inputs and decides which of the task specification processes has to run at any
time, on the basis of which of them are required to handle each input message; within
the task, the specification processes are inverted with respect their input or output data
streams and made subroutines of the intra-task scheduler process or of other
specification processes in the task. When the system is implemented on several
processors, either real or virtual, or through multitasking, there will be an intra-task
scheduler for each of the processors (real or virtual) or tasks. Figure 1.2 shows a
System Implementation Diagram where a system has been mapped into a single task;
program inversion is represented by a double straight line going from a calling process’
down to the inverted program. Other transformations, such as state vector separation
and process dismembering, also play important roles in JSD system implementation.
(See ISD chapter 11, "The implementation step", from where figure 1.2. is taken.)
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Figure 1.2 -- System Implementation Diagram (SID)




A piece of software implemented as a JSD process can also be implemented as an
object, in the meaning given to this term in Object Oriented Programming (OOP), as
we will see in section 2.5. And, in certain cases, we may choose, or need, to implement
a system specified in JSD by means of objects using OOP techniques and languages,
rather than by means of the JSD sequential inverted processes (for instance, when the
OOP implementation makes possible a higher degree of parallelism -- see section 2.3).

In such cases, a computer tool which is able to generate OOP source code for the
objects directly from the structure diagrams of their related specification processes,
would be highly convenient. Section 3 describes how such a tool might work.
Throughout the discussion frequent reference is made to a process named process file
ABC whose description is in the Appendix "Example 2", and may be worth reading
first. (As a sub product of this procedure, the State Transition Diagram (STD) of the
process/object can be drawn, and it is shown in section 4.)

Also, taking into account the fact that there are CASE tools that generate code from
Jackson structure diagrams, a tool that takes a process structure diagram and produces
the diagrams of the equivalent object, which can then be converted into code by one of
the existing tools, would be useful. Section 5 describes how to convert process
diagrams into object diagrams.

Conversely, it may be convenient, or necessary, to transform a set of OOP objects into
JSD processes, and in section 6 we study how to do it in an automatic way. This
transformation would allow us to implement certain OOD specified systems with the
JSD implementation techniques, though we do not discuss the conditions required in
the OOD specified system to make this JSD implementation possible.

By means of the combined application of these two diagram transformations -- from
processes to objects and back from objects to processes -- it is possible to automate
the transformation of process diagrams to add, modify or delete the process's services.
This offers the basis for implementing inheritance in JSD processes and, in turn, it
paves the way for effective and intensive reuse in JSD based software development.

2. JSD processes and OOP objects

A piece of program code, which models a real world entity or provides certain
functionality, can be structured as a JSD process (a process, from now on in this
report) or as an object, in the sense given to this term in OOP (an object). Let us see
first what each of these software entities is, how they are similar and in what they
differ.

2.1. JSD processes

JSD processes are purely sequential and long-lasting, and they read records (messages
sent to them by other processes or by external entities) by means of read operations
placed at different points in their program texts. The program text following each of
these read operations determines

— which types of message can be accepted at that point

— which actions the process will take upon receiving messages of a certain type, and




- which new read operation in the text will the process execute after finishing this
message's processing, or if the process should end at this point.

The last two items will also depend, possibly, on the contents of the message and/or on
the current value of the process's internal values. The actions taken by the process may
result in changes to its internal variables (its attributes).

All this can also be expressed saying that:

- at each read operation the process is in a different state, identified by the value of
its text pointer at that point and further defined by the values of its internal
variables

— that only a pre-defined set of messages are valid at each state

— and that the actions taken by the process following each message -- as well as the
state in which the process will remain after processing it -- are determined by the
current state of the process and by the nature (and may be the contents) of the
message.

The state vector of a process consists of its text pointer and its attributes, and we have
seen it may change when an incoming message is processed. Otherwise, state vectors
can be inspected (read), but not directly modified (written) by other processes; this
inspection can take place only when they are in a consistent state, this is, when their
owner processes have updated them -- after receiving and processing a message -- and
are waiting for another message. 2

It is important to highlight that:

- each Jackson specification process is a single main one, that must be thought of as
running in its own processor

— specification processes do not use (call) and are not used by other processes in the
system, but all of them run in parallel and communicate with each other as
indicated before

— they are permanently running and, once started, they will continue until they finish;
they will only suspend its activity on read operations, to wait for the messages to
arrive

- input buffers have infinite capacity, so that no incoming message is lost

2In System Development, M. A. Jackson indicates that state vector inspection can also take place
when the owner process is inspecting another process's state vector or writing to a data stream. But in
fact, where parallelism exists, the inspection must take place through an inquiry to the owner process,
to avoid simultaneous attempts to inspect and update the state vector, the owner process will accept
and service the inquiry only when it has finished processing an incoming message and it is waiting
for another, so that its state vector is necessarily consistent. The only fact that the owner is writing or
inspecting a state vector does not imply its own state vector's consistency. For instance, after receiving
a message, and when it has updated only some of its attributes, it may need to write to another process
or to read its state vector; if its own state vector is inspected then, it will be found in an inconsistent
state. So, the owner must always be waiting for a new message, stopped at a read operation, when its
vector is inspected by means of an inquiry. Another obvious way of maintaining consistency is that
the owner writes its state vector to an external buffer every time it completes its update, and other
processes read it from the buffer, which takes care of mutual exclusion.




- the segments of code dealing with each specific type of message are scattered
around the process text, each one at the point where it must be executed; for
instance, process file ABC (figures A.2.1.1 and A.2.1.2) deals with message A
by executing A1_actions or A2_actions, depending on its state when message
A is received, and A1_actions and A2_actions appear in different places in the
process text.

As seen above, specification processes can not be called; they can be sent messages,
but they will take the initiative to read them. In this way, we could say they are
"active".

As seen in the Introduction, when several processes are implemented on the same
processor, they are integrated into larger sequential implementation processes, which
will run as tasks in the common processor. Each task includes an intra-task scheduler
process and several specification processes; the scheduler reads all of the task inputs
and gives control to the task specification process (or processes) required to deal with
them; within the task, the specification processes are inverted and become subroutines
of the task's scheduler process or of other specification processes in the task. They can
be called, as subroutines, by more than one process (for instance, in figure 1.2, which
shows one of these implementation tasks, ORD-2 is a subroutine of ORD-1 and of
ALLOCR). But, when a specification process has to be integrated in several
concurrent tasks, it cannot be called at the same time by two processes from different
tasks, as a second call would destroy the return address of the first one (JSD section
11.2, "Channels", page 276); the second call will have to wait until the first one is
completed, even if it is made within an execution thread with higher priority.

Figures A.2.1 (made up of A.2.1.1 and A.2.1.2) and A.2.3 show the structure diagram
of a process called process file ABC, and its text written in Jackson structured
notation; its detailed description can be seen in the appendix.

2.2, OOP objects

An object is implemented as a set of procedures or functions (called operations or
services), each of them designed to process only one of the several types of message
that the object can be sent. The object also encompasses a set of internal variables
(attributes) which are global to all of its operations. There is another object global
variable, the state variable, which plays a role parallel to that of the text pointer in
Jackson processes: it must be tested by the services, when they receive messages, to
check that they are valid at that time and to choose the text to process them. In
objects, as in Jackson processes, the state is identified by the state variable and further
defined by the attributes. The state variable and the attributes constitute the object's
state vector.

Though the state of a software entity is precisely defined by its state vector,
throughout the rest of our discussion we will use the term "state" with the meaning
"set of states corresponding to a single value of the state variable or text pointer".

The actions to be taken when a message is received -- and the state in which the object
will remain when its processing is finished -- are determined by the program text of the
service dealing with it, and by the value of the state variable when it is received; the
text may also take different paths, depending on circumstances occurring during its
execution, which in turn depend on the contents of the message and on the current




values of the object's attributes. The text of the service can then be seen as having the
standard structure of a multi-branch fork, with as many branches as states in which the
object is ready to process the message and another branch to be executed when the
message arrives at any other state, that is, when the message is not valid. This can be
seen in figure 2.2.1, where S1 to Sn are the states in which the message is valid, and
text_error deals with it when it arrives in any of the remaining states. Figure 2.2.2
shows the structure diagram of this service.

S1
3 texi-1 > set new state & return —>
S2
text-2 set new state & return —>
entry state —
variable
test I 9
Sn
> textn set new state & return —>

Serror
%‘ text-error return [ ——>

Figure 2.2.1 -- Fork structure of a service

Objects communicate with other objects through message passing. Messages request
an invocation of a service provided by an object, the data in the message forms the
parameters of the actual invocation. When a service ends processing a message, it
returns control to the calling object, and remains stopped, ready to be called again,
during its life in the system, a service will remain in this stopped position most of the
time.

Objects cannot inspect other object's state vectors by directly reading their internal
variables. If they need to know them, they have to call a service whose function is to
provide their values.

10




SERVICE-X

51 o 52 0 Sn o Semor  ©
process process process process
state | state 2 state n state ervor
] 1

text-1 text-2 text-n texd-

error
set new state set new state set new state
& return & return & return return

Figure 2.2.2 -- Structure diagram of the service in figure 2.2.1

In contrast with Jackson processes -- where each external or functional entity is
implemented by a single long-lasting process, and where the segments of code dealing
with each type of message are scattered around that process --, an OOP object consists
of a number of procedures or functions which never take the initiative to read their
incoming messages, and which run only for the time required to process a message
every time they are called. We can see the services as short-running "passive mini-
processes". All the code required to deal with each type of message is not scattered
around the object, but put together within the same service, the code to be executed at
each object state being placed in each of the branches of the procedure or function.

As an example we include in figure A.2.5 the program text of the service message_A
of the object implementation of our process file ABC. The object will not issue any
read file ABC operations; instead, it will be called by other objects with messages of
types A or B or C.

2.3. Possible concurrent execution of an object's services

In certain circumstances, since the services of an object are coded as independent
procedures, several of them can be concurrently executed within different parallel
execution threads. The required condition is that the subsets of object variables
accessed by the different concurrent services do not have common elements (figure
2.3.1) or that, if they do, none of the commonly accessed variables is modified by the
concurrent services (figure 2.3.2). In figures 2.3.1 and 2.3.2 the services P and R can
belong to two concurrent threads, i and j, but Q can not be entered when P or R are
executing (nor vice versa).
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Obviously, the state variable can neither be changed, which implies that either the
object has a single state, or that none of the concurrent services alters the object's

state.
thread i thread j
A "
service P service Q service R
entry entry
retum St
Beadrwkis readwrite readiwrite
! — = N
state ! ]
etk subsetp ! subset-g ' subset-r
[ J

Figure 2.3.1 -- Parallel execution of the services of an object (first case)

This is the reason why, in these circumstances, OOP objects can provide a higher

degree of parallelism than Jackson inverted processes. Figure 2.3.3 shows how, when

the entities in figures 2.3.1 and 2.3.2 are implemented as Jackson processes, they can

belong to only one thread at a time (there are as many possible logical entry points to

the inverted process as states, but only one is active at a time, and only one return

address is kept).
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thread i thread j
A
service P service Q service R
entry D el entry
return retum
readfwrite
read/write readiwrite
Tead read
tat N i Z .
33?31?"’ SHUNSEY || MibaRtq subset-s 1 subset-r
[ J

Figure 2.3.2 -- Parallel execution of the services of an object (second case)

thread 1

thread 2

thread n

logical entry 1

—

return 1

logical entry 2
—

attributes

Figure 2.3.3 -- A process can only belong to a thread at a time
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2.4. State transition diagrams

Both, JSD processes and OOP objects, can be regarded as implementing state
machines, which can be represented by state transition diagrams. These show

- all the states the machine can be in

— the set of message types that can arrive in each state

- the possible actions taken when each type of message arrives (the word "action"
includes here "logical actions", like tests and conditional branches required to
process the message) '

- and the possible states to which the machine may change after each message is
processed.

Figure A.2.4 shows the state transition diagram of process file ABC. A state machine
is completely defined by its attributes and its state transition diagram.

2.5. Equivalence between processes and objects

A given state machine can be implemented in two different ways, as a process and as
an object, and each of them must consist of the same defining elements: state transition
diagram and attributes. If we know the process implementation, we may try to derive
the object implementation from it.

The different pieces of the text of a service can be found in its equivalent process, and
every piece of the process text must map into one of the services. Consequently, an
object can be seen as the result of dismembering a process in a number of "mini-
processes" (its services or operations) which share the process's variables; they also
share a state variable which takes the role played by the process's text pointer.

The branches of the fork structures that form the text of the object's services are, as we
have seen, scattered around the process. For each state of the process a number of
different messages can arrive. There must be a piece of text in the process to deal with
each of these messages; execution of such a piece of text will finish with another read
operation representing the next process state. But, for a given state and message, there
may be several possible next states, and which one will actually be taken will depend
on conditions found while processing the message; the corresponding branch of the
service may be, in turn, another fork structure.

If we identify in the process diagram the piece of text (or, which is the same, the
sequences of actions and conditional branches) executed for each message at each
state, we can write each service program text as a single case structure: it tests the
object's state variable and, for each of its possible values, it executes precisely the same
piece of text as the process.

The service message_A has been built in this way. Some minor changes to the
process text were needed, as figures 2.5.1 and 2.5.2 illustrate

- the read operations ending the different execution segments have been replaced by
a sentence which assigns to the state variable the value corresponding to that read
operation and a return sentence; this can be seen in service line 1 and service
line 2, both of them derived from process line 1

- any Jackson structure (sequence, selection or iteration) starting within the service
text and interrupted by a return has been immediately closed after the return

14




statement, to have a meaningful text, and any text appearing in the process after
the read operation corresponding to this return and before the end of the structure
has not been included in the service text, for it would never execute; this is the case
of the structures process_A_and_B_and_read and read_two_records (which
start within the service, at open process structure 2 and open process
structure 3, and finish after the return placed at state VIl next, at close process
structure 2 and close process structure 3) and the group of lines marked as
process line set 1, which do not appear in the service text

closing statements corresponding to structures opened in the process text at a point
which precedes the read operation where a segment of the service text starts, have
been transformed into informative labels by addition of a colon; process structures
1 through 4 have been changed into service labels 1 through 4, for, in the process,
they are opened before the read operations corresponding to states IX and X
(marked as process line 2 and process line 3).

process_ABC_file:

process_current_key alt(ka=kb) pracess structure 1
ka=kb:
process_A_and_B_and_read seq open process structure 2
second_process_A: '
A2_actions;
second_process_B:
B2_actions;
read_two_records seq "~ open process structure 3
read_first_record:
read(A/B/C); --state VII-- process line 1
N:=N+1; process line set 1
read_second_record sel(A read) process line set 1 open process structure 4
A_read: process line set 1
read(B/C); --state VIII—- process line set 1
read_second_record alt(B read) process line set 1 process structure 4
B_read: process line set 1
read(A/C); --state IX-- process line set 1
read_second_record alt(C read) process line set 1 process structure 4
C_read: process line set 1
read(A/B/eof); —state X— process line set 1
read_second_record end process line set 1 close process structure 4
N:=N+1; process line set 1
read_two_records end close process structure 3
process_A_and_B_and_read end close process structure 2
process_current_key alt(ka>kb)
ka>kb:

process_only_B_and_read seq
first_process_B:
B1_actions;
read_after_process_B sel(A available)
A_available:
read(B/C), —state X|—-
read_after_process_B alt(C available)
C_available:
read(B/eof), --state XlI—-
read_after_process_B end
N:=N+1;
process_only_B_and_read end
process_current_key end close process structure 1
take_new_keys sel(A available & B available)

Figure 2.5.1 -- process file ABC text
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