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Abstract 

This article presents the PPP (Phenomena, Processes, and Programs) environ- 
ment. PPP is based on a development strategy for information systems and consists 
of a diagrammatical language, a method, and a support tool. The strategy follows a 
top-down approach where specifications are developed in an incremental and iterative 
manner. Furthermore, we emphasize on integrating analysis and overall design. 

A PPP model is created using four sub-languages; Process Model (PrM), Phe- 
nomenon Model (PhM), Process Life Description (PLD), and User Interface De- 
scription (UID). 

Some particular aspects of the method are dicussed, namely real-world modelling 
in the knowledge acquisition phase, the integration of analysis and design, and the 
verification and validation cycle throughout systems development. 

The tool has a layered system architecture and supports the diagrammatic lan- 
guages as well as the method. 

1 I n t r o d u c t i o n  

During the last few years there has been a dramatic increase of Computer Aided Software 
Engineering (CASE) tools. Rock-Evans estimates in [Rock 89] that the size of the CASE 
market was nearly $400 million (totalled over USA, UK, France, and Germany) in 1989. 
This explosive growth must be seen upon as an attempt to eliminate the socalled software 
crisis which has lasted since the early seventies. By automating parts of or the whole life- 
cycle of information systems, one hopes to increase both the quality of the final systems 
and the productivity of the projects. 

Since the technology is still rather immature, there are severe drawbacks with the existing 
commercial tools, despite their superior user-interfaces: 

Most CASE-tools support old traditional diagrammatic languages like ER, DFD, 
Structure Charts, etc. Due to their lack of formality, there is a danger in making 
imprecise or inconsistent specifications. Consequently, verification and validation 
of specifications are poorly supported, whereas automatic manipulation of models 
is extremely difficult. 
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• By using the above-mentioned languages there tends to be an information gap 
between the various parts of the specification. One can therefore claim that several 
tools have an integration problem during IS development. 

Recognizing these drawbacks, we believe more emphasis should be placed on: 
4t 

• Increased formality of the employed languages in order to support early verification 
and validation of the representations. This will also facilitate automatic translation 
between models and code generation. 

• Higher degree of integration between the languages. 

Clearly, introducing formality and model integration tend to increase the complexity of 
the formalism. We believe, however, that the benefits of this approach by far exceeds 
the problems of less intuitive models. 

Decide automation 
boundaries 

Figure 1: Information systems development strategy 

1 .1  I n f o r m a t i o n  s y s t e m s  d e v e l o p m e n t  s t r a t e g y  

Our strategy for developing information systems is illustrated in Figure 1. The strategy 
follows a top-down approach, where specifications are developed in an incremental and 
iterative manner. The strategy starts out by establishing a conceptual model of the 
real world system in question. Both the existing manual information system and its 
environment is modelled by creating a real world model. As the developer gains new 
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knowledge about the domain in question, details are added during decomposition of 
various parts in order to formally specify their properties. Some parts of the domain 
can obviously be complex and imperceivable for both developers and domain experts. 
To handle this complexity, it is important to have an expressive language formalism in 
order to support verification and validation for ensuring quality and obtaining common 
consensus on the developed specifications. 

Since we perceive development of computerized information systems as a mapping be- 
tween a manual system and a system supported by computers, a functional analysis of 
the manual system will also cover a design of the computerized system. We therefore 
believe that analysis and overall design is highly integrated, a point which is also moti- 
vated by Wand in [Wand 88]. The main issue will be stating which parts of the manual 
system should be automated by making the automation boundaries. Having decided on 
these boundaries, the automated parts can further be decomposed and specified on a 
level of formality from which target code for the computerized information system can 
be automatically generated. 

During development, it is worth mentioning that we emphasize on both static (data, 
physical objects, etc.) and dynamic (activities, events, etc.) aspects of the real world 
and integrate the aspects whenever this is appropriate. 

1.2 Scope of the article 

In this paper we will present the PPP  (Phenomena, Processes, and Programs) environ- 
ment which is based on the abovementioned strategy. In Section 2 we introduce the 
diagrammatical formalism for PPP. An overview over how the formalism is used and in- 
tegrated is given in Section 3, whereas Section 4 outlines the system architecture for the 
PPP  support tool. The example in Section 5 illustrates the languages and the method 
as they are supported by the tool. 

2 The P P P  Language 

The PPP language is formed by integrating four basically independent sub-languages, 
each having its own diagrammatic notation. In spite of their adaptation to the PPP envi- 
ronment, the sub-languages are still grounded on widely accepted modelling approaches. 
Thus, the final PPP model is a structured unity of well-known approaches to information 
systems engineering. As opposed to most traditional modelling approaches, the PPP lan- 
guage is suitable for representing a wide range of real or artificial system. That is, the 
PPP approach can be used to model the information system's internal architecture, the 
communication between parts of the information system or between information system 
and environment, and even the environment of the information system I. A particular 

1In [Wino 79] these domains of modeUing are called the implementation domai~ the interaction domain 
and the subject domain, respectively. 
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PPP model can therefore represent both the future computerized information system 
and its environment. 

The model can be interpreted as complete at several levels of detail. Besides, having 
both a strictly formal definition and an intuitively understandable notation, the model 
is useful both to communicate with customers and to document system architecture. 

In a P P P  model, the system is represented by means of four basic concepts. These are: 

Sta t ic  ob jec ts  Static objects denote natural or artificial objects that characterize im- 
portant static aspects of the information system and its environment. To specify 
those objects and their interrelations, the Phenomenon Model is used. 

Func t iona l  s t ruc tu re s  Functional structures show the decomposition of systems into 
subsystems, the interactions between subsystems, and the transformation of data 
in a particular system or subsystem. They document the internal functional archi- 
tecture of a system. That is, the structures explain the functions of a system, and 
(lescribe how these functions are constructed by combining other functions. The 
Process Model is employed to form functional structures in PPP. 

Algor i thms  The overall dynamic structure of the information system is described using 
a hierarchy of functional structures. Though, when the internal structure of a 
function is sufficiently simple, an algorithmic description of the function may be 
appropriate. These descriptions are specified as Process Life Description models. 

User  in terfaces  The specification of user interfaces is ideally independent of program- 
ming environment and only partly dependent on the functional structures of the 
computerized information system. How the interface can be represented formally, 
however, is not clear at the time of this paper. The User Interface Description 
model, which is not yet defined, will be used for these specifications. 

In the rest of this section, the sub-languages of PPP  will be explained. To simplify the 
presentation we shall restrict ourselves to the representation of only the computerized 
information system. The presentation will be informal, but all the main features of the 
languages will be mentioned. 

Finally, we shall see how the sub-languages are integrated to form the P P P  language and 
how a PPP  model can be useful at several stages of the modelling process. 

2 . 1  P h M  - -  P h e n o m e n o n  M o d e l  

The Phenomenon Model (PhM) [Solv 77,Kris 88] is based on the classical Entity Re- 
lationship model (ER model, see [Chen 76]). Still, while ERomodels are purely data 
models, the PhM language is able to describe both real world objects 2 and their in- 
formation counterparts. In this presentation, the information aspects of PhM will be 
emphasized. 

2phM models are in fact static reality models 
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Language  domain  

The PhM diagrams are used to describe the static properties of the problem domain and 
the static objects of the information system. They give a general picture of the problem 
characteristics, but are also used directly when constructing databases. Thus, the model 
is useful both in the analysis and design phase of the project. 

Basis 

entity class relationship class 

~ peL"$on 

~ at~t name 

caE 

a t t r i b u t e  data  type 

\ 

Figure 2: Simple ER model in PhM notation 

The ER language includes concepts like entities, relationships, attributes and data types. 
An entityclass denotes a certain class of static objects. Relationshipclasses relate entity- 
classes to each other. Data types are attached to entities using the attribute concept. 

Figure 2 shows an ER diagram in PhM notation. A person is characterized by his last 
name and age. L a s t  n a m e  is an attribute of type n a m e .  Moreover, a person owns cars. 
The I:M mapping between p e r s o n  and car tells us that one person can have many cars, 
but a certain car cannot be owned by several persons. Other possible mappings are 1:1 
and N:M. 

Extens ions  

The PhM language exploits the simplicity and elegance of ER diagrams. The notation 
is somewhat different, as Figure 2 shows, but the general structures are the same. 

Though, to improve the expressive power of the language, some few additions have been 
made. 

The  a t t r i b u t e  relat ions The attribute relations are extended to give a more accurate 
description of entity and relationship properties. Both entityclasses and relationship- 
classes may be related to data types through attribute relations in PhM. In Figure 3 the 
owns relation is described by the date of purchase. 

The attribute relations are further characterized by their types: 
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Figure 3: A more sophisticated PhM model 

Ident if iers  An entityclass must have exactly one identifier attribute. The corresponding 
data type shows the possible values of the identifier. An instance of an entityclass 
is uniquely determined by that value. That is, the identifiers of two instances of 
the same entityclass cannot have the same value. Also, an entityclass cannot have 
several identifier attributes. Relationshipclasses are not allowed to have their own 
identifiers. 

Diagrammatically, identifiers are marked with the letters id. In Figure 3, the 
entityclass person and car have identifiers last name and number, respectively. This 
implies that last names are unique keys for instances of person. 

A t t r i bu t e s  Ordinary attributes are used to give entityclasses and relationshipclasses 
some kind of properties. An entityclass or a relationshipclass may have an arbitrary 
number of attributes. In addition to this, attribute values are not supposed to be 
unique within an entityclass. The concept of attributes in the original ER model 
corresponds to this type of attribute relations. 

In Figure 3 attributes are marked with the letters a t t .  Age is an attribute charac- 
terizing a property of person, whereas bought is an attribute of the relationshipclass 
OtOnS. 

Repea t ing  groups  A property of an entity may be given by a set of values. If these 
values are taken from the same data type, the property can be modelled as a 
repeating group. A repeating group associates an entityclass or a relationship class 
with a data type, indicating that the specified property consists of a possibly infinite 
set of values. 

Repeating groups are marked with the letters rep, as in Figure 3. As the figure 
shows, a person can have an arbitrary number of favourite colors. 

Quali t ies A quality is an aspect of an entityclass as a whole, and not of particular entity 
instances. Thus, entity instances may not be quality-related to any data type. 

The concept is perhaps best understood by an example. Using Figure 3 again, we 
notice the quality relation average income. That relation states a property of the 
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entityclass person, and not of a specific person. The property is given by treating 
all persons as a unity, calculating the average income value from a set of individual 
values. 

P rope r t i e s  of  re la t ionships  In traditional ER models the relationships have a cardi- 
nality specification. The I:M mapping from Figure 2 is an example of such cardinalities. 

PhM extends the expressive power of relationships by adding a coverage specification. 
Each entityclass in a relationshipclass is either 

• full, meaning that all entity instances of the class must participate in some rela- 
tionshipclass instance, or 

• partial, if this is not necessarily the case. 

The owns relationship from Figure 3 is given a cardinality and a coverage specification. 
The coverage specification adds the following information: 

Not  every person owns a ear, but every car is owned by someone.  

Subclasses Subclasses are used to model subsets of entityclasses or subsets of other 
subclasses. If an entityclass has a subclass, all instances of the subclass are instances of 
the entityclass. However, an instance of the entityclass is not necessarily an instance of 
the subclass. 

Naturally, an entityclass or a subclass may have several subclasses. A subclass, on the 
other hand, has exactly one superclass. 

A subclass may be described by attributes, repeating groups and/or qualities. The iden- 
tifier is inherited from the superclass. Except from the missing identifiers of subclasses, 
they are treated just as ordinary entityclasses. 

In the PhM-diagram from Figure 3 car has subclasses sports car and fami ly  ear. Although 
not necessary, the subclasses of the same superclass may be specified as being disjoint 
or as forming a partition of the superclass. If every car is either a sports car or a family 
car, we may mark the subclasses as a partition of car. 

2.2  P r M  w P r o c e s s  M o d e l  

The underlying philosophy of the Process Model (PrM) is structured analysis and data 
flow diagrams. The PrM language itself is an extension of the data flow diagram language 
[Gane 79]. Roughly speaking, the expressive power of the language is improved by adding 
temporal constructs and a more precise specification of data and control flows. 
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Language  domain  

Process models are effective when analyzing functional aspects of information systems. 
The system is viewed as a transformational system, in which data flows and processes are 
the main components. The process concept enables a dynamic specification of system 
properties; that is, the data flows connected to a process describe the external effects of 
carrying out that particular process. 

Moreover, the functional aspect of an information system is assumed to be decomposable 
to the functional aspects of some subsystems and their interconnections. Consequently, 
the PrM language supports a hierarchical analysis of the problem domain. 

Basis 

Ordinary data flow diagrams (DFDs) are taken as a basis for PrM. They include the 
fundamental concepts of processes, data flows, stores and external entities. In PrM these 
concepts play an equally important part. 

Also, in DFDs a process is decomposed by describing its contents by a DFD of its own. 
As a result, a DFD model is really a hierarchy of data flow diagrams. The PrM approach 
supports the principle of decomposing processes in a similar manner. 

Figure 4 shows the basic concepts of PrM. 

Extens ions  

When defining the PrM language the following additions were made to the traditional 
data flow diagrams: 

• Resources and timers are included in PrM, while the external entity concept of 
DFD is substituted with an agent concept. 

• Formal auxiliary concepts are added to improve the precision of data flow descrip- 
tions. Specifically, they allow the modelling of control flows. 

• DFD models are defined as purely data flow. The semantics of PrM is extended to 
cope with both data and materials. Still, in this presentation we shall ignore the 
specification of material flows. 

A brief description of these features is given below. The PrM language itself is defined 
formally in [Opda 88]. 

Resources ,  t imers ,  and  agents  A resource contains items that are needed for pro- 
cesses to run. The state of a resource is given by the number of these items. The items 
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Figure 4: Basic concepts of the PrM language 

themselves are only useful due to their existence, and are not associated with any infor- 
mation aspect. They are added to or removed from a resource by the processes connected 
to that particular resource. 

Using resources in PrM, we are able to model a situation in which a process needs a 
certain number of items of a specific type in order to run. When the process terminates, 
it may return these items to the resource. 

Timers extend the temporal expressive power of PrM. They are divided into two types: 
clocks and delaya Clocks are used to model events that are to occur at specific moments 
in time. Input flows to the clock activate or deactivate the clock, while an output flow 
denotes the specified clock signal. Delays are used to model events that are delayed with 
respect to time. They have at least two flows, one input and one output flow. A real 
value associated with the delay determines the time period between arrival of input signal 
(flow) and sending of delay signal (output flow). 

Agent8 are used instead of external entities, emphasizing the dynamic properties of the 
entities. The graphical notation is somewhat different, although there is no semantic 
difference. 

Figure 4 shows the graphical notations of resources, timers, and agents. 

Auxi l ia ry  concepts  The auxiliary concepts enable the representation of control flows 
and logical relations between inputs and outputs, and are explained below: 

1. Triggering and  Termina t ion  The notions of triggering and termination makes it 
possible for us to introduce the modelling of control flow. An input flow that is 
triggering can only be received when a process in not active (i.e. idle), and the 
receipt of a triggering flow will cause a process to change its state from idle to 
active. Similarly, the sending of a terminating flow will cause a process to change 
its state from active to idle. The triggering and terminating flows thus decide when 
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Figure 5: Auxiliary concepts of PrM 

the process will start and stop. Non-triggering/non-terminating flows, on the other 
hand, may be sent at any point of time between the start and the stop of a process. 

Consider the process presented in Figure 5a. Triggering/termination is shown by 
the inclusion of a T, providing the following information: The receipt of a starts 
the execution of the process. When c is sent, the execution is concluded. The 
sequence of actions taken by the process must thus be the following: first receive 
a, then receive b and send d in any order, and finally, send c. 

2. Po r t s  To define logical relations between inputs or outputs, we introduce input and 
output ports, respectively. The symbols are the same both for input and output 
- -  the only difference being that input ports are placed inside the process while 
output ports are placed outside. There are three basic kinds of ports, as shown in 
Figure 5b: 

• the AND-port, meaning that all member flows (or flow groups) are going to 
be received/sent, 

• the XOR-port, meaning that one and only one member flow (or flow group) 
is going to be received/sent, and 

• the OR-port, meaning that one or more of the member flows (or flow groups) 
are going to be received/sent. 

Moreover, a port may have the additional property of being: 

• condi t ional ,  meaning that the flows (or flow groups) within it need not be 
received/sent 

• repeat ing,  meaning that the flows (or flow groups) within it will be received/sent 
several times during one process execution. 
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Conditionality is added to a port by means of a dotted line, while repetition is 
added by means of an unbroken line. In Figure 5c we have depicted the conditional, 
repeating, conditional repeating, and repeating conditional AND-port m the style 
of corresponding XOR and OR constructs should be obvious. 

Finally, one can construct composite ports by putting ports inside each other (which 
necessitates the flow group parentheses above). An example showing the use of 
ports and triggering together is presented in Figure 5d. The figure illustrates the 
following situation: We definitely receives the triggering flow a. We also (AND- 
port) receive either b or c, but not both (XOR-port). Additionally we may (COND) 
send the flow d a repeated number of times (REP) u consequently, the output of 
d may occur zero, one or several times. The execution will always terminate by 
sending e. 

The input flows to a process must be specified using ports and triggers. Similarly, ports 
and terminators must be attached to output flows. Every process in a diagram may be 
decomposed, i.e. its internal structure may be specified as a new diagram of its own. 
This enables a gradually refinement of the system structure, since every process diagram 
is an abstraction of a set of more detailed diagrams. A process diagram describing a 
particular process, however, must be consistent with the ports and triggers/terminators 
of that process. 

2 .3  P L D  - -  P r o c e s s  L i f e  D e s c r i p t i o n  

A Process Life Description model gives an algorithmic sequential description of some 
behaviour pattern. Each pattern should be attachable to a process, and can involve 
interactions with other patterns as well as internal computations. 

Lan~age  domain 

The PLD model specifies the internal behaviour of a shnple semantic unit. That is, the 
unit must be naturally characterizable either by what is does or by what it is. This 
corresponds to the concepts of processes or entities, respectively. The behaviour pattern 
must be sequential and contain only 

• the exchange of data with other patterns 

* assignments, iterations and choices 

A simple procedure in a program may be describable by a PLD model, whereas a whole 
program probably will correspond to a set of communicating PLD models. 
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Basis and  extensions 

The PLD language is a program design language as described in [Trip ?6]. Its graphical 
notation and set of primitive concepts differ only slightly from what other languages 
offer, see for instance [Brow 83]. 

The main primitive concepts of program design languages are sequences, assignments, 
iterations and choices. In addition to these concepts, PLD includes the send and the 
receive concepts. Since the language is not a direct extension of any other language, we 
shall describe all the concepts of PLD here. 

A PLD primitive concept is the smallest meaningful unit of the language. A primitive 
concept PB succeeds concept PA if there is a link between the lower left corner of PA to 
the upper left corner of 10B, or if PB is drawn immediately below pa. A concept PR is 
right-connected to primitive concept p if there is a link from the upper right corner of p 
to the upper left corner of PR. 

The primitive concepts of PLD can then be explained an follows: 

S t a r t  The only purpose of the start concept is to indicate the beginning of the PLD 
model. It is only used at the top of the model, and is succeeded by a PLD block. 

Ass ignment  The assignment concept is a rectangle containing a written assignment. 
Also, the concept may be used to symbolize a PLD block or a subroutine call. It 
succeeds any primitive concept and can be succeeded by any concept but the start 
concept. 

Choice The choice concept consists of several parts, i.e. one selection part and a set of 
alternative parts. The selection part only indicates a choice construction and may 
be succeeded by any primitive concept but the start concept. The alternative parts 
are rlght-connected, and each contains a condition. They are all succeeded by PLD 
blocks. The concept specifies the choice between a set of alternatives. One and 
only one of the conditions of the alternatives should be true, and that particular 
alternative will be selected. 

I t e r a t ion  The iteration concept contains a condition telling when to stop the iterations. 
A PLD block must be right-connected to the concept. The execution of this block 
constitutes one iteration. The concept may be succeeded by any concept but the 
start concept. 

Send The send concept is used to send data to other PLD models, and may be succeeded 
by any concept but the start concept. The other PLD model must then include 
a corresponding receive concept. The send concept is also used to send data to 
stores, agents, timers and resources of the PrM model. The text inside the send 
box specifies the model to send the data to, and what data to send. 

Receive The receive concept is used to receive data from other PLD models, and may 
be succeeded by any concept but the start concept. It is also used to receive data 
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from stores, agents, timers and resources of the PrM model. The text inside the 
receive box specifies the model to receive data from, and what data to receive. 

s ta r t  receive 
,.* : s e l s c t i o n  . 

. . . .  • ° ,*' .° a s s i g n m e n t  
/ = t a r ~  , .~ '~ .~  .," .,* : a l t e m a t t v e  
~ ,  ~ece~.ve l:J, I . . . .  *" . "  / : i t e ra t i on  s e n d  
/ from P1 "| .... .o" t : : 

r e c e z v e  ¢Z"' . .... / / l > , r . ,  I ,- . . . . . .  . "  ; .' i 
f selection " ° ~  /F lag  I .... / e l s e  * L¢.** 

I ^ ; - 1 :  [ 

Figure 6: A simple PLD model 

Figure 6 shows how PLD primitive concepts are used. 

A complete PLD model consists of the start concept succeeded by a PLD block. Since the 
start concept merely tells where to start, the PLD block constitutes the real behaviour 
pattern. The behaviour is then described as the execution of primitive concepts. 

In principle, the PLD model is a simple algorithm. Every primitive concept denotes the 
execution of one or possibly several program statements. The flow of control can then 
be clarified by the following rules: 

Genera l  rule  o f  execut ion If PLD primitive concept PA succeeds primitive Ps, the 
termination of PA initiates the execution of pv. 

Choice rule  Let the condition of alternative a of choice concept p be true. Primitive p 
will terminate when the block succeeding a is executed and terminated. 

I t e r a t i on  rule Let PLD block b be right-connected to iteration concept p. The condi- 
tion of p determines how many times block b is executed, i.e. prior to each execution 
of b the condition of p is tested. Concept p terminates when that condition turns 
out to be false. 

It should be easy to realize that these rules is only an awkward way of telling what is 
intuitively understood to be the semantics of the language: 

The flow of control is from left to right and from top to bottom. 

2 .4  U I D  - -  U s e r  I n t e r f a c e  D e s c r i p t i o n  

A specification of user interfaces may be crucial to get a satisfying computerized infor- 
mation system. If the specification is understandable from the user's point of view and 
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has a formal basis, it may be possible to unambiguously determine the best interface 
solution prior to any implementation. 

The UID language is planned as a diagrammatic formal language for specifying any user 
interface of interest. It will be used both to clarify user preferences and to generate 
executable code. 

Language  doma in  

The UID language will be defined to specify user interfaces of computerized information 
systems. The model will describe how to use the system, how to exchange information 
between user and system, and when to activate the various system functions. 

Desiderata for the UID language 

A user interface specification will include the following components: 

Static objects like windows, menus, input/output fields, etc. The objects may 
be atomic or composite. Their described properties determine appearance, func- 
tionality and relationships to other objects. Some of the properties are hardware 
dependent (e.g. size of window), others are not (e.g. items in pop-up menu). 

Dynamic aspects. These describe how the system should respond to user requests. 
Legal inputs from the user and corresponding system outputs are included. Addi- 
tionally, dynamic properties of interface objects, and control flows between objects 
or between object and system functions are necessary parts of the specification. 

The static properties of the user interface will be described in an object-oriented manner, 
while the dynamics will be based on event-driven rules. 

It is worth noting that the UID model necessarily must reflect parts of the PrM and 
PLD models. Still, it would be very di~cult and even unnatural to incorporate the UID 
model in either of these models. 

2.5 Establishing the PPP language 

The PPP language is grounded on the strategy presented in Section i.I. As mentioned 
earlier, the language is an integration of PrM, PhM, PLD and UID. The links between 
the various sub-languages can be explained as follows: 

* Among other things, the PhM model is used to specify the contents of PrM flows. 
Every flow in the PrM model must be characterized by means of the information 
it provides. Since that information is reflected in the PhM model, the flow will 
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Figure 7: PLD models describe the behaviour of PrM leaf processes 

be associated with certain entities, subclasses and/or relations in the model. Ac- 
cordingly, the PhM model specifies data to be processed and transformed in the 
system. The stores of the PrM model are views of the PhM model. 

A process in PrM that is not decomposed, is called a lea/process. What charac- 
terizes a leaf process, is that the nature of its behaviour is simple and sequential, 
see Section 3. To specify that simple behaviour,the PLD language is used. So, 
the behaviour pattern of each leaf process is described as a separate PLD model. 
Figure 7 shows how PLD models are connected to the process hierarchy of a PrM 
model. Naturally, the port structures of the leaf process must be consistent with 
the send and receive concepts used in the PLD model. 

The functionality of the computerized information system is mainly specified in 
the process model. The sequencing of human-computer interactions is found in 
the various PLD models. Surely, the user interface must be consistent with these 
system properties. The user interface is independent only when it comes to HOW 
human-computer interactions are conducted, WHAT information to exchange and 
WHEN to exchange it is also represented in the PrM and PLD models. Still, to 
promote the completeness of the UID model, it includes both the independent and 
the dependent parts of the user interface. 

The integration of PrM, PhM, PLD and UID is depicted in Figure 8. 
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Figure 8: PPP as an integration of submodels. Overlapping areas denote system prop- 
erties represented in several models. 

Mode l  as specification 

The PPP model serves as a system specification on several levels of detail. It is also 
suited for representing both real and artificial systems. In the context of traditional 
life-cycle models, the following remarks should be noted: 

Being able to represent real world phenomena, the model can be useful as a con- 
ceptual model of the problem domain. In the information gathering or knowledge 
acquisition phase the model can represent already known domain knowledge as well 
as give new insight into the problem. 

The four submodels cover primarily the analysis and design phases of information 
systems engineering. On the basis of the model's level of detail it can often be char- 
acterized as part of a requirements specification or a design specification. However, 
as some parts of the future information system have an obvious architecture while 
other parts are still vague and uncertain, the model will most of the time represent 
several levels of detail simultaneously. In the PPP method, outlined in Section 3, 
that fact is recognized by amalgamating the analysis and design phase. The design 
specification is considered just a refinement or an extension of the requirements 
specification. 

The PPP model exploits the advantages of formality. Due to the rigidly defined 
semantics of the language, automatic code generation is a straightforward process. 
Done at the early stages of the modelling task, prototypes of the final system can 
be generated and tested. Given the final PPP model, the complete computerized 
information system can be automatically generated. 

We have presented the PPP language as an integration of four originally independent 
sub-languages. Not surprisingly, the final PPP model may be a large and comprehensive 
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one. All of these sub-languages form complete models by themselves. Besides, some of 
the properties of the information system have to be represented in several submodels. 

However, an information system is inherently complex and difficult to specify. Exploiting 
models adapted to various domains, we are able to find expressive concepts for all aspects 
of the system. If only a single language should be employed, less efficient representations 
were likely to occur. Adding the fact that several submodels allow us to easily focus on 
specific parts or aspects of the information system, we have confidence in this approach. 

3 S o m e  a s p e c t s  of the  P P P  m e t h o d  

In the context of information systems development we consider a method to be a set 
of guidelines for arriving at verified and validated models of the information system. 
A method is not part of the languages, but rules for using the languages available for 
information systems modelling. Giving detailed rules for language use is difficult, but 
in general it is assumed that understanding the languages themselves will provide some 
rules intuitively. 

The PPP sub-languages are mainly built from existing languages. It is only natural that 
the methods are generally the same, too. We assume that the reader is familiar with the 
structured analysis and design approach to systems development. We will therefore not 
go in detail on process and phenomenon modelling. However, we will focus on three main 
aspects that make our method different. These are both due to the languages themselves, 
and to the availability of a tool that supports systems development. 

These aspects are: 

* PrM as a real world model, and therefore suitable for the very first knowledge 
acquisition of the problem domain. 

* The intertwined analysis and design activity. 

• The emphasis on depth first modelling and the verification and validation cycle. 

Basically, the method can be depicted as in Figure 9. 

3.1 Knowledge acquisition through real world modelling 

In this stage the emphasis is on problem domain understanding. The PrM language is a 
real world modelling language, and therefore it may be used in the very early stages of 
problem understanding and formulation. The result of this activity should be top level 
diagrams of both static and dynamic aspects of the problem domain, and not merely of 
what will be a computerized system in the future. The environment of the information 
system is equally important, e.g. external agents or resources interfaced and used by the 
system. 
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Figure 9: The basic steps in the PPP method 

The static information covered in PhM includes the main information resources in the 
problem domain, and the dynamic information covered in PrM includes the main func- 
tions and their resource and information demands, as well as their interfaces to external 
agents in the environment. Detailed information on flows and ports in PrM, attributes 
and value domains in PhM is not required at this stage. 

When an overall understanding of the statics and dynamics in the problem domain is 
achieved, the activity of analysis and design may start. 

Analysis and design 

These traditionally separated activities are intertwined in our approach to systems de- 
velopment. At this stage all four sub-languages are used, each for a different subactivity: 

Func t iona l  requi rements  and  overall  design t h r o u g h  process  model l ing.  
The real world model of  the real world system and its environment is decomposed 
until it is possible to make the decision on what parts of the real system that is 
going to be computerized. To define this border accurately is very important as it 
addresses the question of interfaces to the computer system. The functional analysis 
then continues for the future computerized part. The decomposition stops when 
each low level process can be described easily through the PLD language. Some 
guidelines for when to start detailed design will be given. Trigger and termination 
information, as well as port logic should be introduced as soon as available. This 
information will both provide initial data for process decompositions, and serve 
as check points for testing the consistency between different levels of detail in the 
diagrams. The final PrM diagram is an architecture of an information system, 
giving program components and their structural interrelations. This is why the 
diagram also gives the overall design of the information system. 
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D a t a  model l ing.  PhM diagrams are further elaborated as data models, and 
complete diagrams are used for database schema generation. Links to the PrM 
diagrams must also be established, by specifying the contents of information flows. 

User  interface specification. The user interface is mainly based on the inputs 
and the outputs of the functions directly interacting with the user. A prerequisite 
for user interface specification is therefore information on the grouping of input and 
output flows given by a PrM diagram, and the exact contents of the flows, given 
by a PhM diagram. However, the full details of process functionality does not have 
to be available. 

Deta i led  design of  leaf processes.  We will give some guidelines on when to 
stop decompositions in PrM, and start describing process lives in PLD: 

- The process in question forms one semantic unit. 

- There is no concurrency inside the process. 

- It is straightforward to describe the process in a simple algorithm. 

- If the process ports are very complex, it may be an indication that the process 
should be decomposed. 

- Most processes at the lowest level will have three separate phases in their 
PLD: an input phase followed by some computation and an output phase. If 
inputs and outputs are mixed in large numbers, the process should probably 
be decomposed. 

By depth first analysis and design we mean the possibility of analysing and designing 
some part of the information system in detail, while other parts are overlooked. In a 
highly interactive information system the user interface is a critical aspect, and hence 
specifying and validating this interface should be done as early as possible, before the 
detailed design of leaf processes. In general, critical aspects should get attention very 
early. A critical function could be analysed in detail, while leaving others to a later stage. 

Depth first analysis and design is mainly a tool-dependent feature, because it makes sense 
when it is possible to generate running versions of information system models which are 
not fully completed. The feedback from running these early versions imposes changes 
in the models themselves, and thereby constitutes some validation facilities. This is the 
topic of the next section. 

T h e  v a l i d a t i o n  a n d  v e r i f i c a t i o n  c y c l e  

Verifying models means checking completeness and consistency. This must be done prior 
to generating executable models, but could be done at any time. Completeness does not 
necessarily mean complete against the final information system model, but could be com- 
plete against a model that has enough information to be executable. Consistency means 
both consistency inside a diagram and across different diagrams in different languages. 
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Validating models means checking that they are consistent with the users wishes and 
perceptions. Depth first analysis and design is a way to keep the end users involved 
throughout the development of the system. 

Both validation and verification will give feedback to the analysis and design activities, 
imposing modifications to the models. These modified models will again be verified and 
validated, and so we have an iterated verification and validation cycle. The iteration 
stops when we have an information system which fulfills the users needs. 

4 T h e  P P P  too l  

In this section we will give a brief description of the layered system architecure of the 
PPP tool which is illustrated in Figure 10. The architecture has the following layers: 

I SYSTEM DEVELOPERS DECENTRALIZED LOCATED 

I 
. . . . . .  . . °  

~ 'I USER LAYER 

APPLICATION LAYER 

I FUNCTIONAL LAYER 

REPOSITORY LAYER 

Figure 10: The system architecture of the PPP tool 

User  layer:  This layer consists of systems developer. We envisage a multi-user environ- 
ment where the analysts are decentralized located during development. 

Appl ica t ion  layer: This layer consists of the graphical editors for the four sub-languages, 
PrM editor, PhM editor, PLD editor, and UID editor. By using these editors we 
are able to create a PPP model. 
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F u n c t i o n a l  l aye r :  In this layer we find the main functions of the tool for manipulation 
of the P P P  model. Relevant functions are save/load, verification, validation, report 
generation, code generation, etc. 

W o r k s p a e e  l aye r :  This layer is used as a temporary storage during execution of the 
tool and hence development of models. 

V e r s i o n i n g  l aye r :  This layer controls the various versions and configurations of the 
model and its submodels created. 

R e p o s i t o r y  l aye r :  This layer is the backbone of the tool. We envisage the repository 
as a database where all specifications are stored during development. 

Based on this architecture we are a now implementing a prototype of the tool. We 
are using SUN work-stations under Unix and Sunview. BIM-Prolog interfaced with the 
graphical package PCE is used. 

The  running version of the prototype is concentrating on supporting transaction-oriented 
domains. In addition to general drawing features, verification as well as report  generation 
of the model has been realized. Furthermore,  we are able to automatically generate Ada 
and C code from the PLD specifications together with database schema from the PhM 
specification. 

5 A bank example  

The example problem domain is banking. In our bank, only four main kinds of trans- 
actions are possible: Add customer and account, Remove customer and account, Make 
deposit and Make withdrawal. 

When a new customer and account is added, information such as customer name and 
address is necessary, as well as accounting data  such as account number and interest 
given. If a customer is removed, so must all her accounts. The sum of all balances 
will be handed to the customer. If the customer is considered "bad",  this should be 
registered. 

A deposit can be made if the customer has an account. If the customer is new, he 
has to be registered. The information needed is the account number  and the amount  
to be deposited. A withdrawal is accepted if the balance of the given account covers 
the withdrawal amount,  or the customer has several accounts which together covers the 
withdrawal. If the transaction is accepted, it must  be registered, and a new balance 
computed. In either case, a s tatement  must be wri t ten to the customer. 
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Figure 11: Only parts of the dynamic aspects of the model are shown 

5 .1  M o d e l l i n g  t h e  d o m a i n  u s i n g  t h e  P P P  l a n g u a g e  

For the time being, the PPP tool supports the construction of PrM submodels, PhM 
submodels and sets of PLD submodels. Lacking the UID submodel, the tool-based model 
contains no specification of user interfaces. Assuming a very simple user interface,though, 
we can still generate executable code from the model. 

To avoid unnecessary details, only selected parts of the submodels of PPP are shown 
below. The top level of the PrM model is an essential part of the presentation, but only 
the decomposition of P$ Make withdrawal is included. Similarly, only the PLD model 
describing the content of P4.1 Accept withdrawal is shown. On the other hand, a complete 
PhM model is provided. 

As Figure 11 indicates, the selected parts of the example model emphasize the integration 
of submodels in PPP. 

The  P r M  Submode l  

Each transaction is considered a process in the top level process diagram. The clerk and 
the customer are agents, while the accounting information is kept in a data store. The 
top level Process Model is illustrated in Figure 12. 

Process P~ Make withdrawal is decomposed in Figure 13. Three processes are used to 
describe the behavior of P~: P~.I Accept withdrawal, P~.Z Register transaction and P~.8 
Make w_statement. The first one checks if the transaction can be accepted according to 
the rules given above. Register transaction stores the transaction and computes the new 
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Figure 12: The top level PrM diagram of the bank example 

balance, while Make w_statement issues a s ta tement  to the customer. 

T h e  P h M  S u b m o d e l  

The phenomenon model for the problem domain contains three entityclasses. 

A Customer is described by means of name, address, customer id and status.  A member 
of the entityclass has at least one account. The Account entityclass is given the attributes 
number,  balance and type 3. Several transactions can be made on one account, and each 
relation between an account and a transaction is t imestamped. Finally, a transaction 
has a transaction id, a description and an amount.  

The PhM diagram is depicted in Figure 14. 

T h e  P L D  S u b m o d e l  fo r  P4 .1 :  A c c e p t  w i t h d r a w a l  

The behavior of P~.I Accept withdrawal is given as a PLD diagram. The process is 
triggered by receiving a withdrawal from the bank clerk. This withdrawal information 
is an account number,  a date and an amount  to be withdrawed. After the arrival of a 

3written as scc_nr, acc_bal and ace_type, respectively. 
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Figure 13: The decomposed PrM-diagram P4: Make withdrawal 

withdrawal, the process checks to see if the given account has a balance to cover the 
amount. If not, it checks to see if the customer has other accounts which together covers 
the amount to be withdrawn (the conditional-repeat port). If the transaction is accepted, 
it is sent to P$.2 Register transaction. Otherwise, the rejected transaction is sent directly 
to P~.3 Make withdrawal. 

The PLD-diagram for process P$.1 Accept withdrawal is shown in Figure 15. 

5 .2  C o d e  G e n e r a t i o n  

As Figure 11 illustrates, both Ada code and Sql code may be generated. 

The PLD diagrams are implemented as Ada tasks. Every leaf process of the model 
corresponds to a particular task of the generated program. The program, thus, consists 
of a set of communicating tasks. 

The Ada code shown below is based on process P~.I Accept withdrawal. Note that the 
database operations are included to complete the code and should not be taken too 
literally. 

The PhM submodel is used to generate Sql code. Below follows the Sql code correspond- 
ing to the submodel in Figure 14. Here, it should be noticed that column attributes 
(datatypes and existence contraints) are specified using menus. 

Gene ra t ed  da t abase  schemas f rom P h M  d i ag ram 

c r e a t e  t a b l e  c u s t o m e r  
(cust_id int not null, 

a c c _ n r  i n t  n o t  n u l l .  
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Figure 14: The PhM-diagram for the bank example 

cust_name char(40) null,  
cust_adr char(40) null.  
cust_st char(lO) null) 

create table account 
(acc_nr int  not null,  
acc_bal f loat  null,  
acc_type char(40) null) 

create table transaction 
(trans_id int not null, 
trans_am float null, 

trans_desc char(40) null) 

create table has_trans 
(acc_nr int not null, 
trans_id int not null, 
trans_date date not null) 

I 

Generated Ada code from PLD diagram 

-- process : P4.1 
-- status : nonterminating 
-- task : accept_withdrawal 
-- input flow to process: 
-- from Al : withdrawal 
-- from Dl : old_balance 
-- from Dl : balances 
-- output flow from process: 



2q9 

w l t l ~ n a l  

~ FROM ~k 
a¢c n~: aae n~ t 

I FROM ~ommt 
a~mmt: mouat t; 

~ o ~  / 

• LECTION / 

(:=-:::I 
tot hal : -  O; 

FROM ~ I 

/ "~',*~ I / ~ 1 

i TO ,.~-.l_t:i~l~,~ I To ,l~._v.lt---t ~ 
Iw- - :  " ~ m t - t ; "  I ' - - : - - t t /  

I ~--~t:  ~mt:t; / .;.1: - - _ t ; -  

l a ~  -- .  

/ 

Figure 15: The PLD-diagram for process P$.1 Accept withdrawal 

- -  to  P4.2 : accepted_withdrawal 
- -  to  P4.3 : r e jec ted_wi thdrawal  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TASK accept_withdrawal is 
ENTRY withdrawal( varl : in acc_nr_t; 

var2 : in amount_t; 
vat3 : in date_t); 

ENTRY SHUT_DOWN ; 
END accept_withdrawal ;  

TASK BODY ACCEPT_WITHDRAWAL IS 
accept_w : BOOLEAN; 
a v a i l ,  b_amount, o_amount, t o t _ h a l ,  w_amount : amount_t; 
re turn_code : r e t code ;  
w_acc_nr : acc_ur_t ;  
w_date : d a t e_ t ;  
BEGIN 

TASK_CYCLE: LOOP 
SELECT 

ACCEPT withdrawal ( varl : in acc_nr_t; 
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v a r 2  : i n  a m o u n t _ t ;  
v a r 3  : i n  d a t e _ t )  DO 

w_acc_nr := varl; 
w_amount := v a t 2 ;  
w_da te  := v a t 3 ;  

END w i t h d r a w a l ;  
OR 

ACCEPT SHUT_DOWN; 
EXIT TASK_CYCLE; 

END SELECT; 
ADBCMD( DBPROC, "select balance from account "); 
ADBCMD( DBPROC, "where nr = w_acc_nr") ; 
ADBSqLEXEC(DBPROC) ; 
r e t u r n _ c o d e  := ADBRESULTS(DBPROC) ; 
IF  r e t u r n _ c o d e  = SUCCEED THEN 

ADBBIND( DBPROC, 1, o _ a m o u n t ) ;  
r e t u r n _ c o d e  := ADBNEXTROW(DBPROC) ; 

END IF ;  
IF o_amount  > w_amount THEN 

a c c e p t _ w  := TRUE; 
ELSE 

t o t _ b a l  := O; 
ADBCMD( DBPROC, " s e l e c t  b a l a n c e  " ) ;  
ADBCMD( DBPROC, "from customer, has_account, account " ); 
ADBCMD( DBPRDC, "where customer.name = w_name, "); 
ADHCMD( DBPROC, "has_account.user_id - customer.id, ") ; 
ADBCMD( DBPRGC, "has_account.acc_nr = account.n/ "); 
ADBSqLEXEC(DBPROC) ; 
r e t u r n _ c o d e  := ADBRESULTS(DBPROC) ; 
IF return_code = SUCCEED THEN 

ADBBIND( DBPROC, I, b_amount) ; 
END IF; 
WHILE r e t u r n _ c o d e  / =  N0_MORE_ROWS 

r e t u r n _ c o d e  := ADENEXTEOW( DBPROC); 
t o t _ b a l  := t o t _ b a l  + b_amount ;  

END WHILE 
IF t o t _ b a l  > w_amount THEN 

a c c e p t _ w  := TRUE; 
ELSE 

a v a i l  := t o t _ b a l  - w_amount ;  
a c c e p t _ w  := FALSE; 

END IF ; 

END IF ; 
IF a c c e p t _ w  THEN 

r e g i s t e r _ t r a n s a c t i o n ,  a c c e p t e d _ w i t h d r a w a l  (w_amount ,  w _ a c c _ n r ,  o_amount )  ; 
ELSE 

m a k e _ w _ s t a t e m e n t ,  r e j e c t  e d _ w i t h d r a w a l  (w_amount ,  o_amoun t ,  a v a i l )  ; 
END IF; 

END LOOP TASK_CYCLE; 
EXCEPTION 

WHEN TASKING_ERROR => TERMINATE; 
WHEN SYBASE_ERROR => ADBPERROR(ADHERRNO); 

END accept_withdrawal; 
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This paper has described the PPP environment. We have presented a formalism where 
several models are integrated and used during information systems development. An 
emphasis has been on trying to integrate analysis and overall design, in order to reduce 
information loss which often results from separation of these phases. So far, the results 
are encouraging. 

Here, it should be emphasized that the current PPP tool only supports a strict top-down 
approach to system modelling. Futher work will assess the feasability of including other 
life-cycle models and reusable system components. 

Moreover, we will concentrate on extending the functionality of the tool, by implementing 
the UID to generate more advanced user interfaces. Also, we will test the tool on new 
application domains, and further improve the validation functionality. 
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