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ABSTRACT

The Box Structure Method (BSM) of analysis and design provides a framework that
can be used to introduce formality into the requirements specification stage of software
development. A method of requirements specification is presented which integrates the Z
notation with BSM. The requirements specification is confined to the top level black box
specification and the corresponding top level state box specification. We describe criteria
for good requirements specification and we explain advantages of our integrated method
for achieving them. Summary introductions are given to both BSM and Z followed by
an examination of the relationship between the two methods. We explain our integrated
method and illustrate it using a simple birthday reminder system.

This method has been used to give a mathematical model of a tool called the Box
Structure Assistant (BSA). The Box Structure Assistant is a planned system to provide
tools for managing, editing, and printing system designs using the C Design Language.
The BSA black box and state box requirements specifications are presented in a case
study. Finally, we discuss issues that have emerged from the use of this method and
indicate areas for future research.
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CHAPTER 1

Introduction

This paper reports on our experience in integrating the Box Structure Method (BSM)
[18] with the Z notation [24] for specifying system requirements. We are limiting the scope
of this paper to specifying system requirements of a problem to be solved as opposed to
designing a solution.

We propose developing a two stage specification: a top level black box specification
followed by a state box specification. The black box and the state box describe identical
external behavior. The black box behavior is described using stimulus histories, while the
state box behavior is described by referencing an internal system state.

The black box view represents the system as a device that accepts a stimulus and
produces a response before accepting the next stimulus. There are no references to internal
state data or implementation procedures. The response is uniquely determined by the
system's stimulus history—the sequence of stimuli previously accepted by the system.

The state box utilizes the Z notation to represent state data and state box transition
rules. The Z notation is a formal specification language developed at the University of
Oxford and is based on set theory and predicate calculus. State data are encapsulated
from the black box and represented using abstract data types such as sets, relations,
functions and sequences. The Z notation is used in the state box for representing state
data, invariant conditions, and state box transition rules. Transition rules for required
operations are expressed implicitly in terms of pre- and post-conditions.

This integrated method is used to present a requirements specification for the Box
Structure Assistant. The Box Structure Assistant (BSA) is a tool intended to assist a
designer in creating, editing, viewing and printing box structured designs.

For the purpose of specifying requirements, we have found that using the Z notation
with BSM has advantages over using either method alone. By defining the black-box
behavior first, we postpone a commitment to specific state data until we understand the
state data requirements. The black box view allows us to focus on what needs to be done,
not how to do it. Using Z notation to describe the state box allows us to introduce state
data at an abstract level. The precisely defined syntax and semantics of the Z notation
provide a level of formality needed to verify correct designs and implementations.

This paper is organized as follows:

• In chapter 2, we will describe what we consider to be good characteristics of a
requirements specification and indicate methods to achieve them.

• In chapter 3, a brief overview of the Box Structure Method is given.

• In chapter 4, an introduction to the Z notation is provided.



• In chapter 5, we explore how BSM and Z axe related and explain our method for
integrating them.

• Chapter 6 provides an example.

• Chapter 7 gives an introduction to the Box Structure Assistant case study.

• Chapter 8 is the black box specification of BSA.

• Chapter 9 is the state box specification of BSA.

• In Chapter 10, we summarize the proposed method and consider directions for future
work.



CHAPTER 2

What is a good specification?

The requirements specification is an important artifact of the software development
life cycle. It serves as a basis for communication among various interested parties of
a software system. Between the client and the specifier, the specification serves as a
contract and facilitates an understanding of what is to be done. For the designer, the
specification forms a basis for the development and verification of system designs. For the
programmer, the specification may be used to validate the implementation. For the tester,
the specification is used to prepare test cases and to evaluate their executions. For the
documentor, the specification is a starting point for preparing user guides and reference
manuals. What characteristics should a requirements specification have to effectively
support these various roles?

2.1 What, not how

Most will agree that a specification should describe what is to be done, not iiow to
do it. Unfortunately, there is less agreement on the division between what and how. In
general, what refers to a specification that concisely and precisely describes the functional
requirements and nothing more. That is, the specification should avoid bias toward any
possible implementation. This implies that the requirements specification should avoid
procedural descriptions, explicit data structures, and unnecessary early commitment to
other implementation details. The requirements specification should be confined to defin
ing the problem to be solved, not to describing possible solutions.

Explicit data structures may be avoided by using history-based specification methods.
These methods specify behavior by using transition rules on stimulus histories [18,17], or
by using logic assertions [2,9] on sequences of access program calls.

Procedural descriptions may be avoided by using functional mappings or implicit spec
ification methods. Implicit specifications use predicate calculus to specify pre-conditions
that input arguments must satisfy and post-conditions that outputs must also satisfy
[13,24].

Ideally, the requirements specification should be independent of a particular human-
computer interface or of a particular operating system and hardware platform. The con
cept of dialogue independence suggests that we separate the specification of the dialogue
from the computational components of the software.

Dialogue independence is an approach in which design decisions affecting only
the human-computer dialogue are isolated from those affecting only applica
tion system structure and computational software. In practice this means



that the appearance of the interface to the end-user and choices of interaction
styles (e.g., command languages, menus, forms) used to extract inputs from
the end-user are not known to the computational software. [7]

2.2 Correctness

The most important characteristic of a good specification is that it be correct. Errors
committed in the specification stage of software development are often the most difficult
to detect and costly to remove. Specification errors are not likely to be discovered until
very late in the life cycle or after the system has been delivered to the customer. Yet,
these early stages of development are rarely handled in a disciplined manner. Formal
methods can help eliminate errors at this early stage by making the specification more
precise. Hall gives this account of using formal methods to eliminate errors:

In an informal specification, it is hard to tell what is an error, because it
is not clear what is being said. When challenged, people try to defend their
informal specification by reinterpreting it to meet the criticism. With a formal
specification, we have found that errors are much more easily found—and, once
they are found, everyone is more ready to agree that they are errors. [6]

2.3 Clear communication

A specification is a medium of communication between the specifier and the customer.
Since the customer must validate the specification, it is important that the specification
be understandable by the customer. Natural language specifications can impair this com
munication since they can be verbose, vague, contradictory, incomplete and ambiguous.
On the other hand, mathematical specifications can help improve this communication in
a number of ways. Mathematical notations are precise and concise with unambiguous
and well-defined definitions. It is easier to reason in mathematics. Formal specifications
allow a specifier to systematically develop the theory of the application domain and to
ask deeper questions about the properties of the system than would be possible with a
natural language specification.

Formal specifications are often criticized as requiring too many mathematical skills
for sponsors and users to understand. However desirable for sponsors to read and vali
date formal specifications, it is impractical to expect this level of involvement from most
customers. Several actions may be taken to mitigate these concerns.

• Provide a separate external specification to the user that paraphrases the formal
internal specification in natural language. Cobb and MiUs proposed using a three
part specification which includes an expected-usage profile along with an external
and internal specification [3].

• Use formal reasoning to demonstrate the consequences of the specification. When a



specification is expressed formally, one can use formal reasoning to demonstrate to
the user that the specification meets certain requirements.

• Animate the specification. Build prototypes to explore requirements issues and
record the results in the formal specification. Some specification methods are exe
cutable giving a direct prototyping capability.

• Provide training in discrete mathematics and the formal notation. For example, the
Z notation requires a background in set theory and predicate calculus.



CHAPTER 3

The Box Structure Method

BSM organizes a system design into a usage hierarchy of abstractions. Each abstrac
tion consists of a black box, state box and clear box representation. Each of these three
box structures defines identical external behavior, but with increasing levels of internal
visibility.

3.1 The black box

The black box represents each abstraction as a function mapping the current stimulus
and the stimulus history to a response.

bb : S X seq S R

We use S to represent the set of all possible stimuli, seq 5 to represent the set of all
possible sequences of 5, and R to represent the set of possible responses. We can use the
Box Design Language (BDL) to define this function. BDL was introduced as a "language
for recording, communicating, and analyzing box structures among developers, users, and
managers of information systems." [18]

The BDL organizes a black box into three parts: stimulus, response, and transition.

define BB {BB name)
stimulus

(stimulus) : (type)

response

(response) : (type)

transition

(transition rule)

The stimulus section identifies the domain set of stimuli and the response section
identifies the range set of responses. Ecich stimulus or response is described by listing its
name and data type. The (type) specification identifies a set of permissible values from
which the stimulus may be drawn. The transition section is used to define transition
rules between stimuli and responses. Each transition rule defines a mapping between a
stimulus-response pair by defining the stimulus histories that are valid for that mapping.



An advantage of using stimulus histories to define the stimulus-response mappings is that
it avoids a premature commitment to invented state data abstractions.

In BDL, the stimulus history of a black box has the form

{stimulus).0, (stimulus).!, ...

where (stimulus).!! names the current stimulus and (stimulus).i refers to the ith stimulus
prior to the current stimulus. For example, the black box for a simple device that displays
the sum of the current stimulus and the previous stimulus can be defined as follows:

define BB Add2

stimulus

5 :IN

response

iE:IN

transition

R := 5.0 -H 5.1

This box accepts stimulus 5 of type IN (IN denotes the set of natural numbers) and, for
each stimulus received, produces a response named R which is equal to the sum of the
current stimulus (5.0) and the previous stimulus (5.1).

BSM allows transition rules to be expressed at any level of formality, as Mills stated
for the black box function /:

For especially simple data abstractions, / can be given in closed mathematical
notation. For large abstractions, it may be necessary to give / in the nat
ural language of a problem domain, often a mixture of formal and informal
language. Whatever the notation, the black box description is a function. [17]

3.2 The state box

The state box view of the system differs from the black box view by introducing state
data abstractions to encapsulate and replace the stimulus histories. A special and simple
form of the state box is a finite-state machine derived from the black box. The stimulus

history of the black box can be regarded as the state. But the black box is not a finite-
state machine since the stimulus histories are unbounded. The state box can also be

represented as a function which maps stimuli and old states to responses and new states.
Let T represent the set of all possible states. The state machine is given by the function
sb as follows:

sb : S X T Rx

This special form of a state box will be sufficient for the specification problem.
The BDL syntax organizes the state box into four parts: stimulus, response, state,

and machine.

Tor simplicity, we adopt the view of the classical state machine instead of the state box function in [17]
(3 : 5* X r* —► iJ X T) whose domain contains stimulus and state histories.



define SB {SB name)
stimulus

(stimulus) : (type)

response

(response) : (type)

state

(state data) : (type)

machine

(SB transition rule)

The stimulus and response sections of the state box match the stimulus and response
sections of the black box. This equivalence formally implies the following predicate:

dom (dom bb) = dom (dom sb) A

rng bb = dom (rng sb)

That is, the set of stimuli that can be recognized by the black box is equal to the set of
stimuli that can be processed by its corresponding state box. Further, the set of possible
responses that are produced by a black box is equal to the set of possible responses that
can be produced by its corresponding state box.

The state box differs in two ways from the black box. First, state data are identified
and recorded to meet requirements implied by the stimulus history based transition rules
of the black box. Secondly, the transition rules of the state box must be revised to refer
to the state data instead of the stimulus histories.

In illustration, the Add2 black box can be expanded into the following state box:

define SB Add2

stimulus

5 rlN

response

R:1N

state

T :IN

machine

R:=S + L
L:=S

In this example, the state variable L is introduced to record the previous stimulus.
Both the black box and state box representations accept the same set of stimuli and
produce the same set of responses. But the state box transition of Add2 refers to the
state variable L instead of the stimulus history 5.1.



While the black box is a procedure-free and state-free description of external behavior,
the state box expansion is a procedure-free but state-defined description of the same be
havior. Thus, state data of the state box must encapsulate the unbounded set of stimulus
history into a finite set of internal states that lets a finite-state machine mimic the black
box behavior. The state box expansion introduces multiple design possibilities since there
are multiple state boxes that can satisfy the behavior required by a single black box.
However, there is only one black box that behaves like a given state box.

3.3 The clear box

BSM also provides a clear box view in which control structures are introduced to
describe the processing of the stimulus and state [17]. The clear box can introduce new
black boxes allowing a decomposition of the system into a usage hierarchy of modules.
The general form of the state box permits state data to be pushed down into the new black
boxes. For purposes of requirements specification, we do not use the clear box view since it
introduces algorithmic descriptions and imposes a particular module decomposition that
goes beyond specifying what needs to be done. BSM can be used to design a solution
where use of the clear box is appropriate, but that is outside the scope of this paper.

One disadvantage of avoiding the clear box view, is that we lose one method of subdi
viding the problem into manageable pieces via stepwise refinement. To help compensate
for this loss, we define the stimuli and responses at an abstract level. For purposes of re
quirements specification, we restrict our attention to the functions required of the software
as we attempt to avoid bias toward any possible implementation. For example, instead
of defining our stimulus set as every keystroke typed by the user, we define the stimuli
as a set of functional commands. This method of abstraction wiU be described further in

chapter 5.



CHAPTER 4

The Z notation

The Z notation was developed during the early 1980's by the Programming Research
Group at the Oxford University Computing Laboratory. The original work includes papers
by Abrial [1], Sufrin [26], and Morgan [20]. We follow the notation as defined in the
reference manual by Spivey [24].

The Z notation is a mathematical notation for expressing and communicating the
specifications of computer programs. Z uses conventional notations of logic and set the
ory organized into expressions called schemas. Mathematical data types (such as sets,
relations, sequences and functions) are used to model the data in a system. The use of
these abstract data types suppresses implementation details and allows us to use mathe
matical laws to reason about them. The notation of predicate calculus is used to implicitly
describe the effect of each operation on the system. A brief summary of the set theory
and predicate calculus notations is provided in Appendix A.

4.1 Z schemas

A schema is a named unit consisting of a signature (a declaration of variables) together
with a predicate relating the vaxiables of the signature. A schema S may be represented
either horizontally

S = [si : Ti; S2 : T2; ■ ■ ■ ; Sn : Tn I /i A /2 A ■ ■ ■ A fm]

or vertically

^ S —

Si : Ti

S3 : Ta

Sn  •' Tn

fi

f.

fm

where s,- : Ti{i = 1.. n) is the signature and the conjunction of /,(i = 1.. m) represents the
predicate of the schema. The set of 5,(i = 1.. n) are called variables and the T,(i = 1.. n)

10



are types.

Each /,• represents a first order formula on the variables in the declaration part. (Note
that in the vertical form of the schema the logical and-connective (A) separating each /,
is omitted, but implied when no other connective is present.)

4.2 States and operations

Schemas may be used to describe both static and dynamic aspects of a system. The
static aspects are described by state space and initial state schemas while dynamic aspects
are described by operation schemas. In a state space schema the signature is used to
describe the state data of the system. Invariant conditions that must be maintained by
the operations of the system are given by the predicate.

An initial state schema has the same signature as a corresponding state space schema.
The predicate part is used to give initial values to the state data.

Each operation schema can introduce four kinds of variables in their declaration part:

1. input variables (decorated (suffixed) by '?'),

2. state data variables before the operation (no decoration),

3. output variables (decorated by '!'), and

4. state data variables after the operation (decorated by "').

The relationship among the input, before-state, output and after-state variables is given
by the predicate. Preconditions specify acceptable values for the input and before-state
variables. Postconditions specify how the output and after-state variables will be affected
by the operation provided the precondition holds.

4.3 Schema inclusion and decoration

A previously defined schema S may be included into a new schema T by listing S
in the declaration part. In this case the declarations of S and T are merged and their
predicates are conjoined.

If a schema name is suffixed with a decoration, then all the components of the schema
are suffixed with the same decoration. For example, if 5 is a schema, then 5' is the same
as S, except all of the component names are suffixed with the decoration '.

Schema inclusion and decoration are illustrated in sections 5.1 and 6.2.

4.4 The A and H conventions

The A and E conventions make the introduction of before-state and after-state vari

ables into an operation schema more convenient. If State is a previously defined state

11



space schema, then AState is implicitly defined as the combination of State and State',
unless a different definition is explicitly given:

AState

State

State'

The introduction of AState into an operation schema implies that the state data may
be changed by the operation.

For operations that only access state data without changing them, EState is implicitly
defined as

. Estate

AState

QState ~ OState'

The expression QState — OState' in the predicate records the equality relationship
between the corresponding before and after state variables.

4.5 Axiomatic descriptions

An axiomatic description appears in the form

Declaration

Predicate-, • • •; Predicate

where the declaration part is used to introduce one or more global variables. Any con
straints on these variables are listed in the predicate. Axiomatic definitions are in effect
for the remainder of the specification.

An example of an axiomatic description is given by the following definition of the min
function.

min : IPi 2 -H- 2

min = {S -. WI Z-,m : Z \

m G 5 A (Vn : S • m < n) • S m}

4.6 Schema operations

Schemas can be combined in various ways to produce new schemas. The most fre
quently used schema operators are conjunction (A) and disjunction (V).

12



Two type compatible schemas S and T may be conjoined by the expression SAT. Two
schema^ are said to be type compatible if every variable common to both schemas has the
same type in each signature. This operation has the effect of merging their declarations
and conjoining their predicates.

Two type compatible schemas S and T may be disjoined by the expression 5 V T. This
operation has the effect of merging their declarations and disjoining their predicates.

Examples of these schema operations will be provided in subsequent chapters.

13



CHAPTER 5

Z and the Box Structure Method

In this section we will first explore the relationship between Z and box structures
by using the Z notation to model a black box. We will then explain our approach to
integrating the two methods. The reader is advised to refer to the previous chapter and
to the appendix for unfamiliar notations.

5.1 Modeling box structures with Z

The Z notation can be used to give an abstract model of the Box Structure notions of
stimulus, response, stimulus history, and black box transitions for a given system. First
we define sets containing all responses, commands, and parameters as basic types of our
model.

[RESPONSE, COMMAND, PARAMETER]

The use of basic types allows us to name a set of objects without having to specify the
details of those objects. We define STIMULUS to be an abbreviation for the Cartesian
product of COMMAND and a sequence of parameters:

STIMULUS == COMMAND x seq PARAMETER

By modeling a stimulus as a parameterized command (instead of as a single token or
keystroke), we hope to achieve a level of abstraction that is appropriate for the specifica
tion of requirements.

We can now represent the concept of a Stimulus-History with a schema:

Stimulus.History

stim.hist : seq(STIMULUS)

mrs : STIMULUS

stim.hist ̂  () A mrs = last stim.hist V

stim.hist = {) A mrs = undefined

The schema consists of the schema name [Stimulus.History) followed by declarations
of variables before the dividing line, and a predicate part below the line which gives
a relationship among the values of the variables. The stimulus history of our system
{stim.hist) is declared as a sequence of stimuli. The most recent stimulus (mrs) is defined
as the last stimulus in stim.hist if stim.hist is not equal to the empty sequence (()).
Otherwise, mrs is undefined.

14



The concept of a black box for a system may also be represented by a schema:

Black.Box

known.stimuli : JP STIMULUS

known.responses : P RESPONSE

traces : P (seqSTIMULUS)

transition : seqSTIMULUS RESPONSE

known.stimuli — rng (dom transition)

known.responses = rng transition

traces = dom transition

P indicates that the variables known.stimuli and known.responses each contain a set
of values. The known.stimuli contains the set of all stimuli recognized by our system.
The set known.responses represents all possible responses that may be produced. The set
traces represents all the possible sequences of stimuli that are recognized by our system.
The concept of a transition is represented by a function which maps a sequence of stimuli
to a response. The invariant condition records the fact that the sets known.stimuli,
known.responses, and traces can be derived from the transition function.

We use the following initial state schema to specify that the stim.hist is equal to the
empty sequence when the system is first started.

. Init.Stimulus.History

Stimulus-History

stim.hist = ()

The first declaration is a reference to the schema Stimulus.History. When a schema
name is referenced as a declaration, it includes all the declarations and predicates of the
referenced schema into the current schema. Thus the variable stim.hist is defined because

of the reference to the schema Stimulus-History.
The concept of a black box transition can be represented by the following operation

schema:

. BB.transition

EBlack.Box

A Stimulus.History

current.stimulus'! : STIMULUS

responsel : RESPONSE

stim.hist " {current.stimulus'!) G traces

stim.hist' = stim.hist " [current.stimulus'!)

15



response! = transition{stim.hist')

The reference to the EBlack.Box schema indicates that its components are accessed, but
not changed by the black box transition operation. The AStimulus.History reference
introduces stim.hist, stim.hist', mrs and mrs' into the schema. The operation accepts as
input the current .stimulus! and produces the output responsel. A pre-condition to the
operation is that the current.stimulus! concatenated to the stim.hist must be an element
in traces. If so, this concatenation becomes the new stim.hist' and the responsel is defined
by applying the function transition to the argument stim.hist'.

For this model, we are assuming that the data in the Black.Box schema has been
pre-defined. Of course, defining the sets of known.stimuli, known.responses, and the
transition function is the task of the specifier in developing a black box specification.
The known.stimuli and known.responses sets can be defined either by explicitly naming
their members or by giving rules (such as a formal grammar) for defining them. It is
impossible, in general, to enumerate all the members of the transition function since
the stimulus histories may be unbounded. Instead, this function may be characterized by
defining a partition 11 : P (/ P seqSTIMULUS) of the domain of transition such that
all elements within any given member of 11 will map to the same response in transition.
In Z, we can state this idea a.s follows:

n partitions dom transition |

Vt : n • Vf,j : rngt •

transition{i) = transition{j)

Our organization of the black box transition rules, as described in the next section, is
based upon this partition.

5.2 Specification method

The subsections that follow explain our approach for using Z and Box Structures
together to develop a requirements specification. The specification is developed in two
distinct and complementary stages. In the first stage the black box functionality is spec
ified using a combination of natural language and formal notations. The specification is
organized by stimulus-response pairs in a way that facilitates a rigorous analysis of the
specification. The correctness of the specification must be validated by the customer. The
black box specification forms a basis for the development of the second stage state box
specification which is written using the formal Z Notation.

16



5.2.1 Specifying the blcick box

Our goal in specifying the black box transition function is not to achieve full formality,
but to organize the specification in a way that will conveniently allow various levels of
formality to coexist. The requirements specification is a communication medium which
evolves during the requirements analysis process. It is subject to many changes as new
facts are made available and as the application domain is better understood. We want
to be able to formalize parts of a system without having to model the entire system. A
change to formalize one part of a specification should have minimal impact on the rest of
the specification.

Our black box specification is divided into the standard three sections of stimulus,
response, and transition, but we make changes within each of these sections to handle
requirements specification.

define BB {BB name)
stimulus

{stim.defn)

response

{response-defn)

transition

{transition rule)

We define a stimulus to be a command followed by an optional list of parameters.
Each parameter may be assigned a type.

{stim.defn) ::= {command) [ {param-defn) • • •]
{param defn) ::= {var.name) [: {type)]

The response section lists what is known about desired responses of the system. This
section describes output displays, reports and user messages. BNF (for Backus-Naur
Form) may be used to specify the syntax of these outputs. These descriptions should focus
on the content of the information to be displayed or printed, not its exact appearance.

The black box transition section describes functional responses to current stimuli in
terms of stimulus histories. This section is organized by listing all known stimuli and their
transition rules.

transition

{stimulusl)
VI: {valid.histories 1.1)
TZl: {responsel .1)
V2: {valid.histories 1.2)
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1^.2: {response 1.2)

{stimulus2)
VI: {validMstories2.1)
TZl: {response2.1)

For each current stimulus 5,(i = l..n), we list all known responses in subsections
labeled 7Sj(j = 1.. m). Each Hj section is preceded by a subsection labeled Vj: where Vj:
lists conditions to identify the set of legal histories (traces) that lead to the response iden
tified in TZj:. This organization defines the transition function in the form of a conditional
rule:*

(«5i A Vi.i 7^1.1 I <Si A Vi.2 —7^1.2 1 • • •

S2 A V2.1 —>■ 7^2.1 I <^2 A V2,2 7^2.2 I ■ ■ ■

«5n A V„.i —> Ttn.l I • • ■ I A Vn.j 7^n.j)

This rule can be read as "if Si and Vi.i then 7l\.i] else if <Si and V1.2 then 7^1.2; else . .
if $2 A V2.1 then 7^2.1; • • • •"

Formal assertions in the black box

The black box can be expressed at any level of formality or using a mixture of different
levels of formality. The Z notation can be used to make formal assertions about valid
stimulus histories {traces). The abbreviation mrs stands for the most recent stimulus
and stimJiist represents the stimulus history sequence. The expression stim.hist = {)
states that stim.hist is equal to the null-sequence. This means no valid stimuli have
been received since the system was first initialized. As defined in [27], the relations

("prefixes"), "—>■ ("suffixed by"), and ("contains") are useful for describing con
straints on traces as is the function Prefixes which maps a sequence to all its prefixes.

*A conditional rule as defined in [16] consists of a sequence of (predicate —► rule) pairs separated by
vertical bars (pi —► ri | p2 —► ''2 | | —► r/,)- For the fi rst predicate, pi, which evaluates to true, if
any, the rule r; is used.
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seq E seq E

seq£^ seq JE'

seq£' <-+ seqE'

Prefixes : seq E JP seq E

s ̂  t (3r : seq E • s~ r = t)

^  s (3r : seq E • r s = t)

t  s (3r, r' : seq £'«r~s"r' = <)

Prefixes t = s : seq E \ s t

For example, if we let Trace represent a set of traces, then to make the assertion
"Every delete k must be preceded at some stage by an insert F'

Vt : Trace • t {delete k) ̂  3p : Prefixes t • p {insert k)

It would be possible to express a black box specification entirely in a closed mathe
matical notation such as Z. In practice, however, we find it more convenient to specify the
black box using a combination of natural language and formal notations. If the specifier
intends to use the black box specification as a communication tool with the user, the level
of formality must be limited to what the user can understand.

5.2.2 Specifying the state box

The top level state box requires the addition of the state, and machine sections to our
specification.

state

{state schema 1)
{state.schema S)

machine

{operation.schema 1)
{operation.schema2)

Once the black-box behavior has been defined, state data requirements are identified
by examining those responses that are dependent on stimulus histories. State data are
defined and recorded using Z state space schemas in the state data section.

The machine section is to record the state box transition rules using initial state and
operation schemas. These new schemas can be derived from the black box transition rules
but reference the state space schemas defined in the state section instead of the stimulus
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history. An initial state schema specifies the inital state of the system along with invariant
conditions that must be maintained by each operation. An operation schema is developed
for each black box transition rule as follows. The parameters of the stimulus command
become input variables to the schema. The response variables produced by the black box
from the stimulus command become the output variables of the schema. Each black box
conditional statement (labeled V,) corresponds to the pre-conditions of the operational
schema. Black box commands that produce delayed effects cause updates to the state
data. A delayed effect means that a command will alter the responses produced by the
subsequent execution of other black box commands.
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CHAPTER 6

The birthday reminder example

Spivey [24] uses an example of a birthday book system to illustrate Z notation concepts.
We have used a similar birthday card system in classroom exercises to illustrate the Box
Structure Method. This simple problem is presented below to illustrate how the Z notation
can be integrated with box structures.

The birthday reminder is a system to maintain a list of names and birth dates, and
to issue reminders when the day arrives. The functions required by the system are as
follows:

• Add a name and birth date to the system.

• Delete a name and birth date from the system.

• Find the birth date for a specified name.

• Issue reminders of names of people having birthdays on a specified date.

6.1 Design the black box

According to the problem statement, we will need to deal with names and dates. We
also assume various information messages will be displayed to the user. At this stage
we can suppress the detail of the exact form these names, dates, and messages take by
declaring them as basic types of our specification.

[NAME, DATE, MESSAGE]

To shorten the length of our transition rules, certain states of our stimulus history are
abbreviated. We will use the phrase "name known to system" to stand for "the name was
previously added to the system and was not subsequently deleted". The phrase "name
not known to system" will stand for "the name was not previously added unless it was
subsequently deleted".
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define BB Birthday Reminder
stimulus

InitSystem
Add ( name: NAME, date: DATE )
Delete ( name: NAME )
FindBirthday ( name: NAME )
Remind ( today: DATE )

response

{add.confirm) : MESSAGE
{already.known) : MESSAGE
{delete.confirm) : MESSAGE
date : DATE

{not.known) : MESSAGE
reminders : IP NAME

transition

1. InitSystem
VI: true

TZl: null response {stim.hist = ())
2. Add ( name: NAME, date: DATE )
VI: Name not known to system
TZl: {add.confirm)
V2: Name known to system
TZ2: {already.known)

3. Delete ( name: NAME )
VI: Name known to system
TZl: {delete.con firm)
V2: Name not known to system
TZ2: {not.known)

4. FindBirthday ( name: NAME )
VI: Name known to system
TZl: date a birth date is displayed which is the date entered for the name

V2: Name not known to system
TZ2: {not.known)

5. Remind ( today: DATE )
VI: true

TZl: reminders Display every name known to system such that the birthday
corresponding to the name is equal to today.

Note that reminders, the response to the Remind command, has a power set data type
IP NAME. Thus the result of this command is a possibly empty set of names with birth
days corresponding to the specified date.

6.2 Design the state box

The next step is to determine the state data needed to encapsulate the stimulus his
tories. The transition rules for the Add, Delete and FindBirthday commands all indicate
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that we must represent what names are known to the system. The response TZl: to the
FindBirthday command tells us that we must be able to associate at most one birth date
for a specified name. But the response to the Remind command indicates that we may
need to associate several names with a given date. These observations lead us to the
following representation of our state data.

state

BirthdayBook

known : P NAME

birthday : NAME -h- DATE

known = dom birthday

In this state space schema we represent the state data with the variables known and
birthday. The variable known is a set of names with birth dates recorded and birthday
is a function which maps names to birth dates. By describing the variable birthday as
a function we have implicitly asserted that each person can have at most one birthday,
and that two people can share the same birthday. The invariant condition states that the
variable known can be derived from the value of birthday. It would be possible to specify
the system without any reference to known at all. However, giving a name to the concept
known makes the specification more readable. Since we axe describing an abstract view
of state, we are not committed to explicitly representing known in an implementation.

Notice we have avoided implementation details, such as placing a limit on the number
of birthdays that can be recorded, or specifying the exact format of the names and dates.

From the MESSAGE responses that can be elicited from our system, we wiU use the
following free type definition to define MESSAGE as a set containing exactly these four
values:

MESSAGE ::= add.confirm \ delete.con firm |

alreadyJcnown | not.known

We can now turn our attention to the state box transition rules which we will represent
as Z schemas in the machine section of the state box.

machine

1. InitSystem

InitSystem

BirthdayBook
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known = 0

This schema specifies the initial state of the system. It describes state of the system before
any stimuli have been received. The predicate says that the set known is empty and—as
a consequence of the BirthdayBook invariant—the birthday function is empty too.

2. Add

We will construct a specification for the Add command using two subschemas: AddSuccess
and AlreadyKnown.

AddSuccess

ABirthdayBook

name"! : NAME

datel : DATE

result] : MESSAGE

namel ̂  known

birthday' = birthday U {name? datel}

result] = add.confirm

The declaration ABirthdayBook lets us know that the AddSuccess operation wiU change
the state data. Note that the input parameters name and date correspond to the pa
rameters for the black box Add command. The state box transition rule is given by the
predicate below the central dividing line. The first line gives a precondition that the name
must not be known to the system. Note how this directly corresponds to the VI: black
box condition for the Add command. If the precondition is true, the second line says that
the birthday function will be extended to map the new name to the given date. The third
line says that the user will receive a confirmation message which corresponds to the 7Z1:
black box response.

The AddSuccess schema only handles the VI: black box condition. For the V2: black

box condition we introduce the AlreadyKnown schema.

AlreadyKnown

EBirthdayBook

namel : NAME

result] : MESSAGE

namel G known

result] = already .known

The EBirthdayBook declaration specifies that the state of the system wiU not change. Note
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that the precondition corresponds to the VS: condition of the Add black box command,
and the postcondition corresponds to the 7Z2: response of that command.

Using the Z schema calculus we can combine these two schemas into one robust version
of the Add command:

Add = AddSuccess V Already Known

Add is formed from schemas AddSuccess and AlreadyKnown by merging their declarations
and disjoining their predicates. This new definition of Add will handle properly both the
VI: and V2: conditions listed in the black box transition rule.

3. Delete

The operation to delete a name is specified using subschemas DeleteSuccess and Not-
Known.

DeleteSuccess

ABirthdayBook

namel : NAME

result] : MESSAGE

namel G known

birthday' = {name?} birthday

result] = delete .confirm

To delete the entry for namel it must be in the system as specified by the first line of the
predicate. The resulting function birthday' is set equal to the original birthday function
with namel deleted from its domain.

To specify the V2: and TZ2: transition rule for the Delete command we introduce the
NotKnown schema.

NotKnown

EBirthdayBook

namel : NAME

result] : MESSAGE

namel ̂  known

result] = not.known

The robust delete schema can now be specified as

Delete = DeleteSuccess V NotKnown
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4. FindBirthday

The FindBirthday black box command is specified using the subschema FindBirthday-
Success and the previously defined NotKnown subschema.

FindBirthdaySuccess

SBirthdayBook

namel : NAME

datel : DATE

name'! G known

datel = birthday^name!)

The inclusion of EBirthdayBook indicates that the state data does not change as a result
of this operation. If the precondition is met, the output datel is the value of the birthday
function at argument name"!.

The robust version of FindBirthday uses the NotKnown schema as follows:

FindBirthday = FindBirthdaySuccess V NotKnown

5. Remind

The Remind black box command can be specified with one schema.

Remind

EBirthdayBook

today"! : DATE

reminders] : P NAME

reminders] = {n : known \ birthday(n) = today"!}

This operation has one input today!, and one output, reminders], which is a set of names.
The output reminders! is specified to be equal to all values n drawn from the set known
such that the value of the birthday function at n is today!.
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CHAPTER 7

The Box Structure Assistant

In this chapter we will explain the background, objectives and informal system require
ments for the Box Structure Assistant (BSA) design tool.

7.1 Background

BSA is based upon an earlier effort, the Box Structure BDL Generator, as specified
in [22]. The specification for that program used a state machine format for specifying the
human-computer interface (the dialogue component), but used informal text for describing
the system functions (the computational component). The ambiguity and incompleteness
in the natural language descriptions led to problems during system design and verification
activities. The experience from that development led us to investigate the use of formal
specification notations for specifying the system functionality.

7.2 Specification Summary

The following subsections summarize functional, performance and interface require
ments of the BSA.

7.2.1 Functions

The purpose of the Box Structure Assistant is to provide a software design tool to
support the development and management of software designs written in the C Design
Language (CDL). BSA reinforces the stepwise refinement of the Box Structure design
process by imposing the methodology on the users of the tool. BSA must support the
following general capabilities:

• Structure editor for entering and editing CDL designs

• Display of CDL designs

• Printing CDL designs

• Maintain project designs in a library

• Support reusable design libraries

• Print Usage Hierarchy representations
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7.2.2 Performance

BSA must meet the following performance criteria:

Correctness The resulting software must be validated to ensure it meets all the require
ments specified in this document.

Reliability The system must consistently perform its intended function with a high
degree of reliability. A reliability goal must be established and the software
must be certified to meet the goal through the process of statistical testing.

Efiiciency The system must efficiently use computing resources, but not at the expense
of maintainability, usability or flexibility software quality factors.

Usability The effort required to learn, operate, prepare input, and interpret output
should be minimized by providing appropriate user instructions, on-line help,
consistent user prompts, validation of inputs, facilities for user correction of
inputs, and appropriate error messages. The Box Structured Assistant must
adhere to IBM's Common User Access standards.

Maintainability The effort required to locate and fix software errors will be minimized
by meeting the criteria of consistency, simplicity, modularity, and self-descrip-
tiveness. Consistency implies uniform design and implementation techniques
and notation. Simplicity implies practices such as top down design, structured
programming, and limiting complexity of modules. Modularity implies that
the resulting software be composed of independent objects. Self-descriptive-
ness implies that the resulting software should contain adequate comments,
meaningful variable names, and adhere to indentation and formatting stan
dards. The criteria of consistency, simplicity, modularity, and self-descriptive-
ness are all supported by the Box Structure Method.

Testability The effort required to test the system to ensure that it performs its intended
functions will be minimized by adhering to modular design principles, limiting
module complexity and utilizing defensive programming techniques.

Flexibility The time required to enhance system capabilities will be minimized by a
modular design and by attention to future requirements.

Reusability Modules will be developed in such a way that they can be reused in other
applications or on different systems. Criteria related to reusability includes
generality, modularity, software system independence, machine independence
and self-descriptiveness.

7.2.3 Interface Specifications

The following subsections summarize the specifications for the user, hardware and
software interfaces.
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User Interfaces

The user interface standards as specified by IBM's Common User Access: Advanced
Interface Design Guide [10] and the OSF/Motif Style Guide [21] should be followed as
closely as allowed by the terminal hardware capabilities. The standards described in
Common User Access: Basic Interface Design Guide [11] should be followed for providing
support for nonprogrammable terminals.

Software Interfaces

• Indirect interface to T^X [14] by allowing designs to be output in a Te]X source file
format.

• The software should run under either OS/2 or DOS 3.0 and higher. However, oper
ating system dependencies should be hidden and localized to allow for the possibility
of porting to other operating systems (such as UNIX).

Hardware Interfaces

• Primary platform shall be for an IBM PC, however, the code should be developed
for the possibility of porting to other hardware platforms (e.g., SUN and DEC
workstations).

• The system should be compatible with either EGA or VGA monitors in color mode.
However, display dependencies should be localized to support future portability to
other display devices ranging from VT220 style devices to X-windows terminals.

• The software should provide mouse support according to the IBM CUA standards
if a mouse is available. All functions of the system must continue to be available
from the keyboard interface for users who choose not to use the mouse interface.

Allow printing compatibility with both dot matrix (Epson) and laser (HP) printers.
Localize specific printer dependencies to printer configuration files.

7.3 Functional Requirements

The following subsections will describe each functional requirement of BSA in terms
of its purpose, and the general capabilities that are desired or required.

7.3.1 Structure design editor

Purpose

Traditionally programs and design specifications are written and manipulated with text
editors. Most programs and designs however are not purely text. In particular, a CDL
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design is a hierarchically structured collection of design objects including black boxes,
state boxes, clear boxes, stimulus-response lists, data types, clear box procedures and
various procedural constructs. An editor that allows the user to directly create and
manipulate a program or design in terms of these objects or language constructs is called
a syntax-directed, language-sensitive or structured editor. The reasons for providing such
an editor with the BSA include the following:

• Reduce typing effort and minimize the errors that may be introduced by typing
mistakes

• Guarantee that generated designs are syntactically correct

• Allow editing operations to be performed by referencing the CDL design constructs
(e.g., move to a selected black box, delete the if-then-else construct at the cursor).

• System knowledge of the design structure will allow more of the design process to
be supported and automated within a design development environment.

Of course, BSA must also provide many standard text editing operations (e.g., data
descriptions or black box transition rules). Also certain standard parts of the design shall
be entered using form based entry techniques such as fill-in-the-blank for variable names
or selecting a data type from a pick list (icon menu).

Requirements

A Box Structure design shall be defined as follows:

{Design.Unit) ::= {Black.box)
(State.box)
{Clear.box)
[{Design.Unit)]

That is, a Box Structure design shall be considered a tree of design units where each
design unit consists of a black.box followed by a state.box followed by a clear.box. The
first design unit, called the top level design box (level 0), shall be considered the root
node of the tree. The clear box of the root node may reference n other design units by
use BB statements. Each of these BB references defines level 1. Each design unit, except
for the top level box, must be previously referenced by a use BB statement within the
clear box of its parent design unit.

{Black.Box) ::= {Stimulus)
{Response)
{Transition)

{State.Box) {State)
{Machine)

{Clear.Box) ::= {Data)
{Procedure)
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Any one design unit shall be organized into the following sequence of design parts
where the user is allowed to view or manipulate up to two design parts at a time:

Design.part.sequence :: {Stimulus,
Response,
Transition,
State,
Machine,
Data,
Procedure)

Design Navigation Move operations must allow the user to easily position the dis
played window among the various design units (boxes) and parts within the design as
follows:

Move to next part This command allows the user to move the displayed window to the
next paxt in the sequence.

Move to next design unit This command causes the black box of the next design unit to
be displayed. The visitation order will be the same order in which boxes have
been opened during a session.

Move to previous part Move the display window to the previous design part in the current
design part sequence.

Move to previous design unit Select the last part in the design part sequence of the previ
ous design unit. The visitation order for move to previous design unit should
be the reverse order of the move to next design unit operation.

In addition to having operations for moving to previous or next design parts, the user
should also be provided with commands for moving directly to a design part within the
current design unit and/or moving to other design units within a project design.

Move to selected design part This command will allow the user to move to a selected
design part within the current design unit. The user selects the desired part
for viewing from an icon menu (pick list).

Move to selected design unit This command allows the user to select a desired design unit
for viewing from an icon menu.

Invariant conditions and rules:

• A move to next part followed by move to prev part should result in no change in
position.

• In general, an operation followed by its mirror operation should result a final state
that matches the original state.

• Move commands do not change the "content" of the design.
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Design manipulation Other commands that operate on design units include the fol
lowing:

Change box name User is allowed to rename a black box design unit.

Delete box User is allowed to delete a black box and all lower level successors.

The design parts should be presented to the user with the following kinds of interactive
forms:

data Jtem_form This form allows the user to enter a list of data name, description,
data type triples, (e.g., {BB.Stimulus), {BB.Response), {CB.Machine.Data) parts have
this type). This is a composite object used by a user to add, change or delete variable
names, types and variable descriptions (comments). The commands available to the user
should include:

Insert {char) Insert characters into a field on the form.

Move[{left \ right)][{char \ field \ record)] Move left or right by units of characters, fields
or records.

Move[{up I down)][{record \ window)] Move up or down by units of records or by a window
full of data.

Delete[{left \ right)][{char \ field \ record)] Delete the character, field, or record to the im
mediate left or to the immediate right. The immediate right in practice would
actually be the character, field or record where the cursor is currently posi
tioned. Deletion to the left of fields and records are not required capabilities.

Pick.Item[{abbreviation \ cursor)] Allow the user to select items from an associated pick
list to fill-in fields on the form.

text-editor This form includes standard text editing forms (e.g., transition rules,
data and type descriptions). The commands available to the user here should include the
following:

Move[{left \ right)][{char | word | line \ text.area)] The user must be able to move left or
right by units of characters, words, lines, or by the entire text area (for moving
to the top or bottom of a text area).

Insert {char) Characters may be inserted into the text area.

Delete[{left \ right)][{char | word \ line | text.area)] The user must be able to delete the
character, word, line, or text_area on or to the right of the user's cursor or to
the left of the user's cursor.
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icon-menu The user is presented with a list of items (a pick list) where one of the
items is highlighted. Three main operations on this form: PrevJtem positions light bar to
previous item, NextJtem positions to next item, and select command selects the current
highlighted item for processing.

synt£ix_editor Used for CB Procedure. User is allowed to construct a CB procedure
using pick lists for CDL procedural constructs. The syntax-editor also inherits many of
the operations of the text.editor object.

A user creates references to lower level black boxes by inserting Use BB statements
into the clear box procedure.

If the specified box already exists, the user will be presented a template for the calling
arguments. For each argument in the called routine, if a variable exists in the calling
routine with the same name and type, then that variable will be inserted automatically.
The user may enter any remaining arguments, with the program validating that the data
types are correct.

If the user inserts a Use BB reference to a non-existent box, then the new box is

created. The user must specify the stimulus-response interface to the new box and specify
the project library where the box will reside.

7.3.2 Display of CDL designs

Purpose

The user is provided the ability to view a complete design unit (BB-SB-CB) within a
display-only scroU window. This capability will allow the user to verify the complete design
unit in a format that will match the printed copy. The display should use indentation
and key word holding to improve readability.

Requirements

The following commands should be provided to allow the user to view the design.

Scroll line forward IF the last line of design unit is visible
THEN message "You are already at the bottom"
ELSE scroU forward one line

Scroll line backward IF the first line of the design unit is visible
THEN message "You are already at the top"
ELSE scroU backward one line

Scroll window forward IF the last line of the design unit is visible
THEN message "You are already at the bottom"
ELSE move the last line in the window to the top
and display subsequent lines
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Scroll window backward

Move to top

Move to bottom

Search

IF the first line of the design unit is visible
THEN message "You are already at the top"
ELSE scroll the first line in the window to the bot

tom of the window and display preceding lines

IF the first line of the design unit is visible
THEN message "You are already at the top"
ELSE display the first n lines of the design unit
in the scroll window where n is the length of the
window.

IF the bottom line of the design unit is visible
THEN message "You are already at the bottom"
ELSE display the last line of the design unit on the
last line of the scroll window fill in the preceding
lines of the design unit.

This command will allow the user to search for te.xt

strings in the design box in either a forward or back
ward direction. If a search is successful, the cursor
will move to the new location and a portion of the
design surrounding the cursor will be displayed in
the scroll window.

7.3.3 Printing CDL designs

CDL designs may be printed to either a laser printer, a dot-matrix printer or to a text
file as either normal text or in a T^pC source file format. Indentation and key word holding
should be used to enhance readability. The user should have the option of printing page
numbers and line numbers as an aid for code verification. Options should be provided to
list a summary of the lower-level boxes used by a design box and to list all modules that
use a specified box.

7.3.4 Print Usage Hierarchy

Provide an option to print an indentation chart showing the usage hierarchy of the
system. The relative hierarchy numbers for each box should be listed.

7.3.5 Librarian capabilities

A system should support cooperative design work by allowing an individual to check
out modules for extended work. No other users will be able to work on modules that are
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currently checked out. The user must be able to later turn in the module and re-integrate
the module into the design. When this is done, the calling interface of the turned in
module and all uses of lower level black boxes by the module are verified.
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CHAPTER 8

The BSA Black Box Specification

In this chapter, we present the black box specification for the Box Structure Assistant
using the integrated method that we described earlier. The Box Structure Assistant (BSA)
is intended to assist a designer in creating, editing, viewing and printing box structured
designs. This document specifies the required functions of the Box Structure Assistant
without attempting to specify the exact "look and feel" of the human-computer interface.
BSA is specified first using a black box description. We attempt to avoid specific data
representations or procedures.

This black box specification consists of a stimulus section, a response section, and a
transition section. The definitions in the next section explain concepts needed for under
standing the subsequent specification. The stimulus section defines stimuli the software
will act upon and the response section lists responses produced by the system. The
transition section defines each response in terms of a stimulus history.

8.1 Definitions

This subsection defines concepts needed for understanding the subsequent Box Struc
ture Assistant specification.

box Refers to one entire design unit (black box, state box, clear box).

box library A box library is simply a collection of boxes associated with a project.

clipboard (user term) A user hold area that can store data for transfer from one part
of the BSA application to another. Data in the clipboard is available to other
applications.

cursor (user term) A visual cue that indicates the user's current position within a
BDL design document. The portion of the BDL design that is referenced by
the cursor appears on the users display.

dialogue box A window in which users provide information that is required by an ap
plication to perform a user request.

part Refers to one part or component of a box design unit. Each box consists of the
following sequence of parts: (black box stimulus-response, black box transition
rule, state box data, state box machine, clear box data, clear box procedure) .

project A project consists of a box library and a project structure.
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project structure A project structure is a description of how a collection of boxes are
related to one another in a usage hierarchy.

structure Refers to design language syntax structures.

8.2. define BB Box Structure Assistant

8.3. stimulus

We have organized related stimulus commands into groups. The commands in each group
are generally related by being part of the same submenu or because they perform opera
tions on the same kind of conceptual object. The following stimuli represent operations
on projects, boxes and box parts.

1. Begin Session
Commands to allow a user to begin a BSA session.

InvokeSystem User invokes BSA application.

Action.Select User selects an action to be performed from the Action_Menu. Choices
include: {Box \ Edit \ Project \ Part | Structure | Options \ Help).

2. Box Operations

The commands in this group allow the user to create, retrieve, modify, delete, print and
retrieve design boxes.

Box Invoke the Box_Menu. User selects one of the following actions to be per
formed: {New I Open \ Save | Rename | Delete | Print \ Next.Box \
Prev.Box | Exit)

New Create a new box.

Open Open a specified box.

Save Save the contents of the currently open box.

Rename Change the name of a box.

Delete Delete a box.

Print box [and children] to

(display
I  {laser\dot matrix) printer

I  {standard | TpjK) file)

The box operations of {Next.Box) and {Prev.Box) should be mapped directly
to a user gesture (e.g., a key press or a particular mouse action).
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Next.Box Open the next box in the design.

Prev.Box Open the previous box in the design.

Exit Command to exit the current BSA session.

3. Edit Menu Commands

The edit menu allows users to reorganize CDL design documents by cutting, copying, and
pasting sections of a design box to other locations within the same box or to other design
boxes. Since a CDL design is a structured document, care must be tahen to ensure that
every cut, copy or paste action wiU maintain a valid design structure.

Edit Invoke the Edit_Menu. User selects one of the following actions to be per
formed: {Undo I Cut I Copy | Paste).

Undo Undo reverses the most recently executed user action of {Paste), {Cut), or the
Structure menu's insert or modify construct commands.

Cut Copies the selection to the clipboard and removes it from the object being
edited. The space occupied by the removed text is compressed.

Copy Copy a selection to the clipboard without removing it from the object being
edited.

Paste Copy the contents of the clipboard into the object being edited.

4. Project Operations

Commands in this group allow a user to create, print or manipulate project libraries.
Commands are also provided to allow a user to reserve and replace boxes into the project
libaries.

Project Invoke the Project-Menu. User selects one of the following actions to be
performed: {New | Open | Delete | Print \ Reserve \ Unreserve \ Replace).

New Create a new project.

Open Open an existing project.

Delete Delete an existing project.

Print Print a project hierarchy chart for the current project to
{display |
{laser \ dot matrix) printer \
{standard \ T£]X) file)

Reserve Reserve a module from the project library.

Unreserve Unreserve a module from the project library without replacing it.

Replace Replace a reserved module into the project library.
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5. Part Operations

This group of operations allows a user to move from one part of a black box to another.

Part Invoke the Part_Menu. User selects one of the following actions to be per
formed: {Next-Part \ Prev-Part \ Stimulus \ Response \ Transition \
State I Machine \ Data \ Procedure).

Next.Part Move to next part in design sequence.

Prev-Part Move to the previous part in the design sequence.

Part operations of {Next.Part) and {Prev.Part) should also be mapped to
particular user gestures (keystroke or mouse action) to allow the user to bypass
this menu. (For example, accelerator keys should be provided as a fast way
to select these choices.)

The following commands allow the user to move the cursor to a specified design part
within the current box.

BB Stimulus Move to the black box stimulus design part.

BB Response Move to the black box response part.

BB Transition Move to the black box transition part.

SB Data Move to the state box data part.

SB Transition Move to the state box transition part.

CB Machine data Move to the clear box machine data part.

CB Procedure Move to the clear box procedure part.

6. Structure Menu Operations

The structure menu operations are available for inserting or modifying CDL syntax struc
tures when the user is editing the CDL clear box procedure part of a design unit.

Structure Invoke the structure menu. This pull-down menu lists the following submenus:
{Insert \ Modify). Note that the edit menu allows the user to delete struc
tures.

Insert Invoke an item menu listing CDL syntax structures from which the user may
choose one to insert into the CDL clear box procedure at the current cursor po
sition. The defined structures that may be inserted before a CDL statement in
the clear box include {ifthen), {case), {whiledo), {repeatwhile), {usc-BB), and
{C.statement). When the user picks a structure, a corresponding structure
template is inserted directly into the current cursor position. The cursor is
then moved to the first non-terminal placeholder within the inserted template.
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Modify Invoke an item menu listing commands that may be used to modify the syn
tax structure at the current cursor position. For example, if the cursor is
positioned over the {if) token of an (ifthen) statement, the possible Modify
menu commands would include: {delete), {sequence), {case), {whiledo), and
{repeatwhile). The {sequence) command would convert the ifthen structure
to a sequence by removing the outer syntax tokens {{if), {then), and {fi))
and the conditional expression of the ifthen statement but, would leave the
embedded statements within the {then) and {else) clauses. The {delete) com
mand would remove the entire structure between the {if) and matching {ft)
tokens. The {case), {whiledo), or {repeatwhile) command would convert the
ifthen structure into a case, whiledo, or repeatwhile statement, respectively.

7. Options Menu
The options menu is intended to allow the user to customize the application in various
ways.

New Structures Palette This option allows the user to keep a display on the screen listing
all available syntax structure choices. This display only appears while the user
is editing a clear box procedure.

Modify Structures Palette This option allows the user to keep a display on the screen
listing all possible commands for modifying the syntax structure at the current
users position.

Visitation Rules Invoke a sub-menu to specify options for box visitation order.

8. Help Menu

The user should be provided with the following options for requesting help at any point
in the application.

Context Help This command should be used for requesting specific information about the
item at the current cursor position.

Extended Help Command to request information about the tasks that can be performed
in the current application window.

Help Help Request for information about how to use the help facility.

Keys Help Request information about key assignments within the BSA application.

9. Data Item Form Operations

The data item form is a generic form used to allow user entry and editing of data definitions
such as the stimulus, response, state and data box parts. Each data item form consists of
a sequence of records, each record consists of a sequence of fields and each field consists
of a sequence of characters. A record contains a definition of one data item. The fields in
a record identify the data item and provide a list of attributes for the item. The following
general operations are available on each data item form.
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Insert (character) Insert a character into a field at the current cursor position.

Overstrike (character) Type over a character in a field at the current cursor position.

Ins.Ovr.Toggle Command to switch the current mode—either from Insert mode to Over-
strike mode or from Overstrike mode to Insert mode.

(left I right) Move (character | field | record) A family of operations to allow the user to
move the cursor in either direction from one character, field or record to the
next one.

(left I right) Delete (char | field \ record) A family of operations to allow the user to delete
the previous or next character, field or record.

Open (record) Command to open a record slot before the current record.

PickJtem An item menu is invoked for entering a field value by selecting from a menu.

10. Text Editor Operations

The text editor is a generic form used for editing text in transition rules, data descriptions
and procedural comments.

Insert (char)

Overstrike (char)

Ins.Ovr.Toggle Command to switch the current mode—either from Insert mode to Over-
strike mode or from Overstrike mode to Insert mode.

(left I right) Move (char \ word \ line \ text.area)

(left I right) Delete (char \ word \ line \ text.area)

11. Item Menu Operations

Item menus are used in the pull-down menus to allow the user to select from a small fixed
set of choices.

PrevJtem Position light bar to the previous item.

NextJtem Position light bar to the next item.

Mneumonic Position light bar to item by its typing its mneumonic letter.

Abbreviate Position light bar to the next choice that starts with a specified character.

Select Select the currently highlighted item

AddJtem Add a new item to a variable length item list.
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12. Box Display Operations
This set of operations allows the user to view a box design unit.

Move {line | page \ part \ box){forward \ backward)

Search {text.phrase) {forward \ backward)

8.4. response

The response section describes all required responses to be produced by the BSA system.

8.4.1 Display Forms

The following display forms may appear on the user screen at various points in the
processing;

WelcomeJ'orm The welcome form is displayed the first time users start the BSA appli
cation. The welcome form is removed automatically after 3 seconds or when
the user selects the OK pushbutton.

{cleanroom .logo)

Box Structure Assistant

Version {version.number)
{copyright.notice)

[OK]

Primary.Window Primary window for the Box Structure Assistant. This is the main
focal point for user operations. The title bar shows the application name (Box
Structure Assistant) and the name of the current project. On initial entry to
the BSA the name of the project is Untitled.

{Primary.Window) ::=

{title.bar)
{action.bar)
{client .area)
{user .message)
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{title.bar) ::=

BSA Project: {current.project) Box: {current.box)

{current.project) ::= current.project : PROJ-ABBR
Here we declare the response variable current.project to be of
data type PROJ.ABBR from which its values are drawn. This
variable will be used to show the user the abbreviation (acronym)
for the current project which is being accessed.

{current.box) ::= current.box : BOX.NAME
The name of the current box being edited.

{action.bar) ::=

Box Edit Project Part Structure Options Help

{user.message) ::= user.message : MESSAGE
A one line area at the bottom of the screen for displaying con
firmation and warning messages to the user. Designers may also
elect to implement a message box as defined in [10] for displaying
these messages.

{client.area) ::= {blank) \
{stimulus.response) |< transition >|
{state) 1 {machine) \
{data) I {procedure)

The client area is initially completely blank. After the user has selected or created
a project (using the Project menu), the client area displays forms for displaying and
manipulating box parts. The user should be able to view at least two box parts at a time
in the client area. (Designers should refer to [10, chpt. 11] for details on the multiple-
document interface.)
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{blank) client area:

-  BSA Project: Untitled Box: Untitled

{^it ^oject PaQt Structure

Black box {stimulus.response) and {transition):

BSA Project: <cur_proj> Box: <current_box_naine>

S°x S^it S^oject PaQt Structure Sp^^oi^ S^lp

Stimulus-Response Type Parm Mode Comments

Transition
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Example of filled-in black box:

BSA Project; SCROLL_LIB Box: PAGEUFORWARD

^x ̂ it ̂ oject PaQt ^ructure ^tions |^lp

Stimulus-Response Type Parm Mode Comments

num_recs int y i Total records available for display
m^uc_scroll int y i Size of scroll window

rec_lst_scroll int y io First record in window

rec_cur_scroll int . y ;:\i6::y Record associated with cursor line

Transition

(  (rec_lst_scroll + inax_scroll - 1 >= num_tecs) ==>
rec_cur_scroll' = rec_l8t_scroll + min(nuBi_recs, max_scroll) - 1) |

true.==>

rec_lst_scroll• = min( rec_lst_scroll + max_scroll - 1,
max(l, num_rec5 - max_scroll -t 1)

rec_cur_scroll' = rec_lst_scroll' + Crec_cur_scroll - rec^lst_scroll)

State box {state) and {machine):

BSA Project; <curjproj> Box: <current_box^name>

j^x ^it ̂ oject PaQt ^ructure ^tions ^lelp

State Type Comments

Machine
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Clear box {data) and {procedure):

-  BSA Project: <cur_proj> Box; <current_box_name>

^x 0dit Sroject PaQt §t tucture ions ^Ip

Type Comments

Procedure

Box-Menu The box menu lists commands which allow the user to select actions that

manipulate boxes as whole units.

New

Open

Save

Rename

Delete

Print

Next

Previous

Exit
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Open.Box Dialogue Panel:

-  BSA Project; <cur_proj> Box; <current_box_naine>

^x j^it [project PaQt ^ructure J^tions l^elp

OPEN BOX

Box name;

Project is;

Boxes

Projects

Cancel

Example of filled in Open.Box:

-  BSA Project; Untitled Box; Untitled

^x ̂^it S'^oject PaQt ^ructure ^tions 'X'^lp

OPEN BOX

Box name; *

Project is; PET

Boxes

ADD_DOCOMENT

APPROVE_PET
CHECK_DPD_ACCESS
COPY_PEr
DENY DFD ACCESS

Projects

BSA

ETM

ITS

SCROLL LIB

■■BBI

1  OK 1 ■ 1 Cancel ■
H
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Edit-Menu This menu provides cut, copy, paste and undo commands to allow the user to
reorganize a design document.

Undo

Cut

Copy

Paste

Project-Menu This menu allows the user to select actions to create or modify projects.
It also provides some limited project librarian functions.

New

Open

Delete

Print

Reserve

Unreserve

Replace

Fart-Menu The part menu lists commands that allow the user to reposition the cursor to
different parts within the box.

St imulus-Respons e

Transition
State

Machine

Data

Procedure

Next

Previous

Structure-Menu The structure menu allows the user to insert or modify syntax structures.

Insert

Modify

Insert The insert submenu allows the user to select syntax structures to be inserted
at the current cursor position.
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ifthen

case

whiledo

repeatwhile

use_BB

C-Statement.

Modify The modify submenu lists commands that can be used to modify syntax struc
tures at the current cursor position. The availability of these commands are
dependent on the location of the user's selection cursor.

delete

ifthen

case

whiledo

repeatwhile

sequence...

Option.Menu Menu to allow the user to customize the application. Options provided are
Modify Structures Palette, Insert Structures Palette, and Visitation Rules.

Insert palette

Modify pallette

Visitation rules

Help.Menu Menu to allow the user to request various kinds of help about the BSA ap
plication. Options provided are Help for help..., Extended help..., and Keys
help

Help for help

Extended help

Keys help

DataMiem.Form Generic form for entering stimulus-response, state data and machine
data lists. Appears in the client window of the primary window.

Text.Editor Generic form for entering text editing objects such as transition rules and
data descriptions.
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Item^Menu Generic form containing a list of items from which the user may position the
light bar to select a desired item. The action pull-down menus are instances
of item menus. This kind of menu is also used for data type selection and for
selecting projects, boxes, box parts, or syntax structures.

Structure.Editor Generic form that appears in the client area of the primary window to
allow viewing and syntax: editing of a clear box procedure.

ExiLForm Form displayed just before exiting the BSA application.

8.4.2 Printed Output

The printed output from the Box Structure Assistant includes printing a "pretty-
printed" CDL for one box or a group of boxes (See CDL Box), and printing a box usage
hierarchy indentation chart (see Usage Hierarchy).

Design A Box Design Language representation is printed according to the following
BNF rewrite rules. The BNF rules also represent the indentation used within
each construct.

{CDL.design) ::=

{CDL.Box)...

{CDL.Box)

{unitJd)
{CDL.Black.box)
{form.Feed)
{unit.id)
(CDL.State.box)
(form.feed)
{unit.id)
{CDL.Clear.Box)
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{CDL-Black.box) ::=

define-BB {declaration.specifiers) {box.name)
as

[ {tab) input
{tab) {tab) {parameter Jist} ...
{tab) {tab) {non.parameter.list} ...]
[ {tab) inout
{tab) {tab) {parameter.list} ...
{tab) {tab) {non.par ameter Jist} ...]
[ {tab) output
{tab) {tab) {parameter Jist} ...
{tab) {tab) {non.par ameter .list} ...]
{tab) transition
{tab) {tab) {transition.rules} ...
end_BB

{CDL.State.Box) ::=

define_SB {declaration.specifiers)
A c:

{box.name)
AO

[ {tab) input
{tab) {tab) {parameter.list} ...
{tab) {tab) {non.parameter.list}. •]
[ {tab) inout
{tab) {tab) {parameter Jist} ...
{tab) {tab) {non.par ameter Jist} . •]
[ {tab) output
{tab) {tab) {parameter Jist} ...
{tab) {tab) {non.par ameter .list} . •]
{tab) state
{tab) {tab) {parameter.list} ...
{tab) {tab) {non.par ameter Jist} . .]
{tab) transition
{tab) {tab) {transition.rules} ...
end_SB
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{CDL.Clear.box) ::=

define.CB {declaration.specifiers) {box.name)
as

[ {tab) input
{tab) {tab) {parameter Jist} ...
{tab) {tab) {non.parameterJist}...]
[ {tab) inout
{tab) {tab) [parameter Jist} ...
{tab) {tab) [non.parameter Jist} ...]
[ {tab) output
{tab) {tab) [parameter Jist} ...
{tab) {tab) [non.parameterJist}...]
{tab) state
{tab) {tab) [parameter Jist} ...
{tab) {tab) [non.parameterJist}...]
{tab) proc
{tab) {tab) {temp.data Jist)
{tab) {tab) {control.statement .list)
end_CB

Usage Hierarchy A project hierarchy chart is printed according to the following BNF
rewrite rules. The BNF rules also represent the indentation used within each
construct.

(Usage.Hierarchy) ::=

(Project .Identification)
{top .box .name)
[ {tabs) {box.name) }

{Project.Identification)

{new .line)
{new.line)

Usage Hierarchy Chart
[Project I Reuse Library] : {project.name)

{current.date)
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8.4.3 User Messages

This subsection summarizes the various information, warning and action messages
that may be provided to BSA users. The values listed in this section are of data type
MESSAGE.

already.at = "You are already at the" {first \ /as<] (obj.type)

A generic set of messages that are issued when the user attempts a move in
the left or right direction when they are already at the first or last object,
respectively.

alreadyJn = {item) "is already in" {list.name)

The user attempted to add an item to a list when the item was already in the
list.

box.already.known = (box) " already exists in project library"

box.already.reserved = (box) " is already reserved"

The user attempted to reserve a box that was already reserved.

box.deleted = {box) " deleted"

boxes.deleted = {box.deleted)[boxes.deleted]

The user has entered the {Delete.Box) command to delete a box and all eligible
descendents of that box.

box.locked = "Box is in use by another user."

The user attempted a modify operation on a box that was being used by
another user.

box.name.change = {old.box) " has been renamed to " {new.box)

A box has successfully been renamed. All modules that referenced the old box
are also changed.

box.not.known = {box) " not found in project library"

box.not.open = "No box has been opened; you must first open or create a box to perform
that operation"

The user attempted to perform an operation on a box or box part when no
box is currently open.

box.not.reserved = {box) " is not reserved"

box.read.only = "Invalid operation on a read-only box"

An operation was attempted on a box to which the user only has read access.
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box.reserved = {box) " is reserved by " {user)

The user reserved a box or attempted an operation that is invalid on a reserved
box.

box.replaced = {box) " replaced in " {proj) " library"

The user replaced a box in the library.

box.unreserved = {box) " no longer reserved by " {user)

box.saved = {60a;) " saved in " {proj) " library"

delete.confirmation = {proj.name) " deleted"

fieldJs.full = "field is fuU"

The user attempted to add a character to a field that was already at it's
maximum length.

file.not.found = {filename) " not found"

The user attempted an operation on a non-existent file.

new.box.confirm = {box.name) " created"

The user hcis created the definition to a new box.

new.project.confirm = {proj.name) "created"

The user has successfully created a new project.

no.fieldJielp.avail = "No help is available for this field"

no.window.help.avail = "No help is available for this window"

ok This is a special value in MESSAGE to represent a success condition. No
message is actually displayed.

only.in.proc = "That function is only valid in the clear box procedure"

The user attempted an operation which is only valid in the clear box procedure
part.

open.project.confirm = {proj.name) " selected"

The user successfully opened a project that is known to the system and is not
already open.

proj.boxes.in.use = "Boxes in this project are currently reserved or locked by other
users."

The user attempted to delete a project when some of the boxes in the project
were reserved by other users.

project.already.known = {proj.name) "is not a valid project"
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The user attempted an operation on a project that is not known to the system.

project.already.open = (proj.name) " is already open"

The user attempted an operation on a project that was already open.

project.not.known = [proj.name) " not found"

The user attempted an operation on a project that is not known to the system.

string.not.found = {search.str) "not found"

8.5. transition

In this section we will give a transition rule for every identified stimulus-response pair.
We wiU use a mixture of informal and formal notations.

In V predicates, for example, stim.hist is used to reference the stimulus history of
BSA and mrs refers to the most recent stimulus accepted by BSA for the current user.
TZ predicates may make assertions about response variables which are suffixed by !. For
example, the assertion user.messagel = at.first.box means that the message "You are
already at the first box" will be displayed to the user in the {user.message) area of the
{primary.window). When formal assertions are given in the V or 7^ sections, they will
be followed by informal explanations if needed. We will assume multiple lines that are
listed in V or 7^ predicates are separated by logical and-connectives{A) unless another
connective is present.

1. Begin Session

1.1 Invoke.Sysiem{user : USERNAME)

If possible, the identification of the user should be obtained from the operating system.
VI: stim.hist = () V mrs = Exit.Session

This predicate identifies the set of stimulus histories for beginning a user session
with BSA. Either the stimulus history is null or the most recent stimulus was an
Exit.Session.

TZl: Display Welcome.Form for 3 seconds or until the user presses the OK button.
Then display Primary. Window with a blank client.area and a current box name
of "Untitled."

The last project opened or created will be displayed as the current project unless
it was subsequently deleted. If no project has been opened or created then the
current project will be named "Untitled." current.boxl = "Untitled"
client.areal = blank

V2: stim.hist 7^ (} A mrs 7^ Exit
TZ2: [to be determined] Note: one possibility for this condition is that the user was

trying to begin a new session just after a power failure or some other abnormal
end to the previous session. The integrity of the system should be tested. If the
system state is valid, release all locks owned by the current user and allow the user
to continue. Otherwise, report a fatal error and exit.
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1.2 ActionSelect

VI: The user may invoke the ActionJSelect menu anytime the primary window is active.
This would be true when mrs = Invoke.System and when the user is not interacting
with a sub-menu dialogue.

TZl: The action menu bar menu shows the following selections:
{Box I Edit I Project \ Fart [ Structure \ Options | Help)

2. Box Operations

2.1 Box

VI: mrs = actionselect and a current project has been selected.
TZl: Display the box menu choices: {New | Open | Save | Rename \ Delete | Print \

Next.box I Prev.box | Exit)

2.2 New.box (box : BOX.NAME, proj : PROJ.ABBR)
The default value for proj is the current.project. Ordinarily, a box is created automat
ically when a user creates a reference to a new box when inserting a use BB statement
for a non-existent box.

VI: box is not a known box within the project proj
TZl: If a current box exists, the user is prompted to save any changes made to the

current box. The specified box becomes the current box and the first part of the
box is displayed in the client.area with the cursor positioned to the first entry field
in that part.
current.project\ = proj
current.box\ = box

V2: The stimulus history contains a {New.box) command that created the box. It was
not followed by a subsequent command to delete or rename the box.

TZ2: user.message! = box.already.exists

2.3 Open.box(box : BOX.NAME, proj : PROJ.ABBR)
The user will be able to select the box name from a pick list of all boxes for the
specified project or he may enter the box name directly. The current project is the
default project name, but the user may select a project from a pick list of known
projects or type in a project name.
VI: box is a known box within the project proj

box is not currently reserved or locked
The phrase "'box is a known box" means that it was previously created (by a
{New.box) or {Create.Box.Def) command) for the specified project (the current
project is the default) and was not subsequently deleted (by a {Delete.box) com
mand).
A box is reserved if the stimulus history contains a Reserve.Box command for the
box not followed by a Replace.Box or Unreserve.Box command.

TZl: current.project! = proj
current.box! = box

The client.area is updated to show the first part of the previously saved box. The
cursor is positioned to the first entry field within the first box part.
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V2: box is not known within the project proj
TZ2: user-message! = box.not-known

V3: box is currently reserved
TZ3: user-message! = box-reserved

2.4 Save-Box

VI: Modify access was granted for the current box
TZl: user-messagel = boxsaved

current-project' = current-project
current-box' = current-box

client-areal = client-area

This function saves all editing changes for the current box that were made since
the box was accessed. A user message is displayed to indicate the box has been
saved. The other information on the display remains unchanged.

V2: Modify access was not granted for the current box
712: user-messagel = box-read-only

2.5 Rename (old-box : BOX-NAME, new-box : BOX-Name)

Prompt user for the old box name (the default is the current box name). If the box exists
within current project then prompt user for new box name, validate that new box name
does not already exists, and rename the box (and aU references to the box).

VI: old-box = current-box

new-box is not known within current-project
TZl: current-box! = new-box

user-message! = box-name-change
The existing box is renamed to the new box name. All references to the old box
are also changed to the new box name.

V2: old-box ̂  current-box
old-box is known within current-project
new-box is not known within current-project
old-box is not on reserve

7Z2: user-messagel = box-name-change
The existing box is renamed to the new box name. All references to the old box
are also changed to the new box name. The response here is the same as TZl except
that the current-box does not change.

V3: old-box is on reserve

TZ3: user-messagel = box-reserved

V4: old-box is not known within current-project
TZf: user-messagel = box-not-known

V5: new-box is known within current-project
TZ5: user-message! = box-already-exists
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2.6 Delete.Box (box : BOX.NAME, proj : PROJ-ABBR)
VI: box = current.box

box and the descendent boxes of box are eligible for deletion
1Z1: current.boxl ="Untitled"

user .messagel = boxes .deleted
If a box is a member of the current project library and is only used by the specified
box or by other descendents of the specified box then the descendent box is eligible
for deletion. List box to be deleted along with all eligible descendent boxes for
deletion confirmation. If the user confirms, then delete the specified box and all
eligible descendent boxes.

V2: box ̂  current.box
all descendent boxes of box are eligible for deletion
box is a known box in project proj

TZ2: current.boxl = current.box

This response is the same as TZl except that the current box remains the same.

V3: box is not a known box in project proj
TZ3: user .messagel = box.not.known

2.7 Print.Box (box: BOX.NAME, dev. DEV.TYPE,
fmt : FORMAT)

VI: box is known within current.project
HI: Format the selected box Jiccording to the {CDL.BOX) syntax for the specified

output device. Transmit the formatted file to the specified device. If the device
is to display then allow the user to view the box. (i.e., Display the box provide
commands to scroll forwards and backwards through the file in units of one line,
one screen full or to the beginning or end of the file).

V2: box is not known within current.project
TZ2: user .messagel = box.not.known

2.8 Next.box

VI: A current box has been selected that is not the last box in the visitation sequence.
The visitation sequence is the order in which boxes are opened or created during
a session.

TZl: Prompt the user to save any changes made to the current box. Move the cursor to
the beginning of the next box. The next box is opened and becomes the current
box.

V2: The current box is the last box in the visitation sequence.
T12: user.message! = at.last.box

V3: The user has not selected a current box.

TZ3: The (Next.box) command is unavailable.
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2.9 Prev.box

VI: There is a previous box to visit (according to the user specified box visitation
rules).

TZl: Prompt the user to save any changes made to the current box. Move the cursor to
the beginning of the previous box. The previous box is opened and becomes the
current box.

V2: The current box is the first box in the visitation order.

"^,2: user.message! = at.firsLbox

V3: The user ha.s not selected a current box.

TZ3: The {Prev.box) command is unavailable.

2.10 ExiLSession

VI: true

TZl: if changes made to current box
then prompt user to Save_Box
fi

Display Exit.form
Exit BSA

3. Edit Menu Commands

3.1 Edit

VI: mrs = ActionSelect

Til: Display edit menu choices: (Undo \ Cut \ Copy | Paste)

3.2 Undo

VI: The most recently executed edit action was a {Cut)
TZl: The system is returned to the same state that it was in prior to executing the

{Cut) command. {Undo cut) re-inserts the text that was cut, selects the text, and
the contents of the clipboard are restored to what it contained prior to the {Cut).

V2: The most recently executed edit action was a {Paste)
TZ2: The system is returned to the same state that it was in prior to executing the

{Paste) command. {Undo paste) removes the text that was pasted and formats
the box part so it appears as it was prior to the paste. The selection state is
restored. The contents of the clipboard remain unchanged.

V3: The most recently executed edit action was a Insert Construct command (see the
structure menu commands).

TZ3: The system is returned to the same state that is was in prior to executing the
Insert Construct

V4: The most recently executed edit action was a Modify Construct command (see the
structure menu commands).

TZf: The system is returned to the same state that is was in prior to executing the
Modify Construct
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V5: The most recently executed edit action was not Cut, Paste, Insert Construct, or
Modify Construct.

TZ5: The undo command is unavailable to the user.

3.3 Cut

VI: The user has selected a sequence of text or structure data that has not been
subsequently de-selected.

IZl: The selected sequence is copied to the clipboard and then removed from the object
being edited. The space occupied by the removed text is compressed.

V2: Nothing has been selected to be cut from the object being edited.
TZ2: null response. In this case the {cut) command should not be available for the user

to invoke.

3.4 Copy
VI: The user has selected a sequence of text or structures from the object being edited

that has not been subsequently de-selected.
Ill: The selected sequence is copied to the clipboard without removing it from the

object being edited.
V2: Nothing has been selected.
11.2: The {Copy) command is unavailable to the user.

3.5 Paste

VI: The user has cut or copied a sequence of text to the clipboard and the clipboard
sequence is compatible [to be determined] within the current context.

TZl: Copy the contents of the clipboard into the object being edited at the current
cursor location. If the insertion is a structure which contains placeholders, the
cursor is moved to the first placeholder, otherwise the cursor is moved to the first
position following the insertion.

4. Project Operations

4.1 Project

VI: mrs = Action.Select

111: Display Project Menu Choices: {New) \ {Open) \ {Delete) [ {Print) | {Reserve) \
{Unreserve) \ {Replace).

4.2 New.Project (proj : PROJ.ABBR, reuse : BOOL)
VI: proj is not known
IZl: user.messagel = new.project.confirm

current.projectl = proj
current.boxl = "Untitled" client.areal — blank

V2: proj is known
IZ2: user .messagel = project .already .known

The phrase "'proj is not known" means that mrs = Action.Select and proj must
not have been previously created (by the New.Project command) unless it was
subsequently deleted (by the Delete.Project command). New .Project allows a user
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to create a new project. Certain projects will be designated as reuse projects. A
reuse project may contain boxes which may be used by boxes from other projects.

4.3 Open.Project (proj : PROJ-ABBR)
VI: proj is known to the system

proj is not currently open
TZl: user .message\ = open ̂project.con firm

current.project! = proj
current.box! = "Untitled"

client.area\ = blank

The selected project {projl) becomes the current project. The client.area will be
blank until the user has selected a box.

The phrase "proj is known" means it was previously created by a New.Project
command but not subsequently deleted by a Delete .Project command. A project
is "not currently open" if the most recent New.Project(pl, r) or Open.Project{pl)
command was not for the same project (i.e., pi proj).

V2: proj is already open
TZ2: user.message! = project .already .open

V3: proj is not known
TZ3: user .message! = project .not Jcnown

4.4 Delete.Project (proj : PROJ.ABBR)
VI: proj is known A proj is not open

No boxes in proj are locked
IZl: user .message! = delete .confirmation
V2: proj is known Aproj is open.
TZ2: user .message! — delete .confirmation

client.area! = blank (remove project from display)
return to untitled project
current.project! = "Untitled"
current.box! = "Untitled"

V3: proj is not known
TZ3: user.message! = project .not Jcnown

Vj: boxes in proj are locked or reserved
TZ4: user .message! = proj .boxes.inuse

4.5 Print.Hierarchy (device:DEV.TYPE, fmt:FORMAT)
VI: A current project has been selected. This means that within the current session,

the user must have selected a current project. A current project is the most
recent project selected by either the {New) or (Open) command, (but has not
been deselected by a subsequent {Delete) command).

Hi: Format a usage hierarchy indentation chart for the current project. Transmit the
formatted chart to the specified output media. If output media is display, then
allow user to view the result using the box display commands.
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4.6 Reserve.Box (box : BOX.NAME, proj : PROJ-ABBR,
user: USERNAME )

VI: box is a known box

box is not already reserved
IZl: user.messagel = box .reserved

This action reserves the box in the user's name and creates a file containing the
reserved box in the user's current directory.

V2: box is a known box

box is reserved

TZ2: user.messagel = box.already.reserved

V3: box is not a known box

TZ3: user.messagel = box .not .known

4.7 Unreserve.Box (box : BOX.NAME, proj : PROJ.ABBR,
user: USERNAME)

VI: box is a known box

box is reserved by user
TZl: user.messagel = box .unreserved
V2: box is a known box

box is reserved by different user.
TZ2: user.messagel = box.reserved

V3: box is a known box

box is not reserved

TZ3: user.messagel = box .not .reserved

Vj: box is not a known box

TZ4: user.messagel = box.not.known

4.8 Replace.Box (box : BOX.NAME, proj : PROJ.ABBR,
user : USERNAME )

VI: box is a known box

box is reserved by user
A file with same name as box name with .CDL extension exists in the user's current

directory.
The file is valid (contents are in the expected format and connections with other
boxes have same arguments and types)

TZl: user.messagel = box.replaced
V2: box is a known box

box is reserved by user
A file named (box).CDL exists in user's current directory
File is not valid

TZ2: A list of error messages listing unexpected or invalid expressions found in the
reserved file.
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V3: box is a known box

box is reserved by user
A file named (6oi).CDL is not found in user's current directory.

TZ3: user.messagel = file.not.found

V4: box is a known box
box is reserved by a different user

TZf: user.messagel = box.reserved

V5: box is a known box

box is not reserved

TZ5: user.messagel = box.not.reserved

V6: box is not known in the project
TZ6: user .messagel = box.not.known

5. Part Operations

This submenu allows the user to choose the next box part to be worked by using 'item
menu' commands (Prev.Item, Next.Item, Select). We use the variable current.part to
indicate which box part is currently being displayed in the client area. For example,
current.part = stimulus.response means the black box stimulus-response part is being
displayed. If no current box is selected then current.part = null. The values for this
variable are drawn from the set BOX .PART which contains the following values:

BOX.PART = {stimulus.response, transition,
state, machine,
data, procedure, null}

The order for visiting and displaying these box parts is described by the following
next.part function.

next.part = {{stimulus — response, transition),
{transition, state), {state, machine),
{machine, data), {data, procedure),
{procedure, stimulus — response)}

5.1 Part

VI: mrs = action.select and a current box has been selected.

TZl: Display the part menu choices: {Next.Part | Prev.Part \ Stimulus.response \
Transition \ State | Machine \ Data \ Procedure).

5.2 Next.Part

VI: current.part ̂  null
A current box has been selected.

TZl: current.part' = next.part{current.part)
Moves the cursor to the next part in the design part sequence.

V2: current.part = null
No current box has been selected

^,2: User.message! = box.not.open
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5.3 Prev.Part

VI: current.part ̂  null
A current box has been selected

TZl: current.part' = next.part~^{current.part)
We use the relational inverse operator which has the effect of reversing the ordered
pairs of the next.part function. This operation moves the cursor to the previous
part in the design part sequence.

V2: current.part = null
No current box has been selected

^,2: User.message! = box.not.open

5.4 Stimulus.response
VI: current.part ̂  null

A current box has been selected.

TZl: current.part' = stimulus.response
Move to the black box stimulus-response part

V2: current.part = null
TZ2: user.messagel = box.not.open

5.5 Transition

VI: current.part ̂  null
A current box has been selected.

TZl: current.part' = transition
Move to the black box transition part.

V2: current.part = null
TZ2: user.message\ = box.not.open

5.6 State

VI: current.part ̂  null
A current box has been selected.

TZl: current.part' = state
Move to the state box data part.

V2: current.part = null
TZ2: user .messagel = box.not.open

5.7 Machine

VI: current.part ̂  null
A current box has been selected.

TZl: current.part' = machine
Move to the state box machine part.

V2: current.part = null
TZ2: user .messagel = box.not.open
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5.8 Data

VI: current.part ̂  null
A current box has been selected.

TZl: current.part' = data
Move to the clear box machine data part.

V2: current.part = null
TZ2: user.messagel = box.not.open

5.9 Procedure

VI: current.part ̂  null
A current box has been selected.

TZl: current.part' = procedure
Move to the clear box procedure part.

V2: current.part = null
TZ2: user.message\ = box.not.open

6. Structure Menu Operations

The structure menu operations are available for inserting or modifying CDL syntax struc
tures when the user is editing the CDL clear box procedure.

6.1 Structure

VI: current.part = procedure
The user is working on a clear box procedure part.
The user has modify access to the box.

TZl: Display the Structure-Menu. The choices on this menu are {Insert \ Modify).
The user may delete a construct using the edit menu's Cut command.

V2: current.part ̂  procedure
The clear box procedure is not shown in the client area.

TZ2: user.messagel = only.in.proc

V3: The user doesn't have modify access to the current box.
TZ3: user .messagel = box.read.only

6.2 Insert

An accelerator key should be provided to directly invoke this submenu.
VI: current.part = procedure

A clear box procedure part is shown in the client area.
TZl: Display an item menu listing CDL syntax structures. This menu lists the fol

lowing syntax structures: {ifthen), (case), (whiledo), (repeatwhile), (use.BB), and
{C .statement).

V2: current.part procedure
The clear box procedure is not shown in the client area.

TZ2: user .messagel = only.in.proc
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6.3 use.BB( box : BOX.NAME )
VI: box is a known box in current .project V

box is a known box in a reusable project library.
TZl: A dialogue box appears with a template for entering the box parameters. The

sequence and data types of the arguments are preset according to the called box.
Default variable names will appear if names and types match between the argu
ments of the used box and existing variables of the using box. The user can only
enter or modify the variable names for this usage. Any variable names entered
must be known variables in the stimulus-response, state, or data parts of the cur
rent box. Also, their data types must correspond to the calling parameters of the
used box.

V2: box is not a known box in current.project
box is not a known box in a reusable project library

TZ2: A dialogue box appears to allow the user to create the interface definition to the
new box. (See Create.box.def below.) The user enters a list of calling arguments
with variable names, data types, and in/out mode indicators. This has the effect
of creating and saving a new box for the current project.

6.4 User selects a syntax structure for insertion
VI: mrs = (Insert) A current.part = procedure
TZl: A corresponding structure template is inserted in front of the user's current state

ment. The cursor is then moved to the first non-terminal placeholder within the
inserted template.

6.5 Create.Box.Def( box : BOX.NAME, args : ARG.LIST )
This command is invoked when the user enters a use.BB to a box that is undefined either
in the current project or any project marked as a reuse project.

VI: box is not a known box in the current project
box is not a known box in a reuse project

TZl: user.messagel — new .box .confirm

6.6 Modify
An accelerator key should be provided to directly invoke this function.

VI: current.part = procedure
A clear box procedure part is shown in the client area.

TZl: Display an item menu listing commands that may be used to modify the syntax
structure at the current cursor position. For example, if the cursor is positioned
over the (if) token of an (ifthen) statement, the possible commands would include;
(delete), (sequence), (case), (whiledo), and (repeatwhile).

V2: current.part ̂  procedure
The clear box procedure is not shown in the client area.

TZ2: user.messagel = only.in.proc
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6.7 User selects a syntax modification structure
VI: mrs = Modify A current.part = procedure
TZl: Display the modified structure. (Note: at this point the user must be able to use

the edit menu's undo command to return the screen to the state it was in before the

modification.) As an example, the {sequence) command would convert the ifthen
structure to a sequence by removing the outer syntax tokens {{if), {then), and
{fi)) and the conditional expression of the ifthen statement but, would leave the
embedded statements within the {then) and {else) clauses. The {delete) command
would remove the entire structure between the {if) and matching {fi) tokens. The
{case), {whiledo), or {repeatwhile) command would convert the ifthen structure
into a case, whiledo, or repeatwhile statement, respectively.

7. Options Menu

The options menu is intended to allow the user to customize the application in various
ways.

7.1 Options
VI: current.part = procedure
TZl: Display the option menu consisting of the following options: {New Structures

Palette, Modify Structures Palette, and Visitation Rules).
V2: current.part ̂  procedure

The clear box procedure is not shown in the client area.
TZ2: user.messagel = only.in.proc

7.2 New Structures Palette

This option allows the user to choose whether to keep a display on the screen listing the
syntax structure choices for insertion. This display only appears while the user is editing
a clear box procedure.

VI: current.part = procedure
TZl: Display a dialogue box that would allow the user to choose whether the palette of

new syntax structures should remain accessible at all times.
V2: current.part ̂  procedure

The clear box procedure is not shown in the client area.
TZ2: user .messagel = only.in.proc

7.3 Modify Structures Palette
This option allows the user to keep a display on the screen listing all possible commands
for modifying the syntax structure at the current users position.

VI: current.part = procedure
TZl: Display a dialogue box that would allow the user to choose whether the palette of

syntax modification commands should remain accessible at all times.
V2: current.part ̂  procedure

The clear box procedure is not shown in the client area.
TZ2: user .messagel = only.in.proc
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7.4 Visitation Rules

VI: current.part = procedure
TZl: Invoke a dialogue box to allow the user to specify options for box visitation order.
V2: current.part ̂  procedure

The clear box procedure is not shown in the client area.
TZ2: user.messagel = onlyJn.proc

8. Help Menu

The user should be provided with the following options for requesting help at any point
in the application.

8.1 Context Help
This command provides specific information about the item on which the selection cursor
is positioned. Users invoke this function by pressing the {Fl) function key or by selecting
the {Help) pushbutton.

VI: Context help is defined for the user's current cursor position.
TZl: Display contextual help information about the item on which the selection cursor

is positioned.
V2: Context help is not defined for the user's current cursor position.
1^2: user.messagel = no.field.help.avail

8.2 Help
VI: true

TZl: Display the Help.Menu which displays the following options: {Help for help, Ex
tended help, Keys help).

8.3 Extended Help
Command to request information about the tasks that can be performed in the current
application window.

VI: Extended help information is available for the current window.
TZl: Display information about what tasks they can perform in the window from which

they requested Extended Help.
V2: No extended help information is available for the current window.
TZ2: user.message\ = no.window.help.avail

8.4 Help Help
VI: true

TZl: Display information about how to use the help facility.

8.5 Keys Help
VI: true

TZl: Display information describing the key assignments of the BSA application.

9. Data Item Form Operations

These commands are available for editing and navigation within a DataJtemJ'orm. The
box parts of stimulus-response, state, and data fit into this category.
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To simplify the definition of these commands, we will model each field as a pair of
finite sequences of characters left, right, such that left ̂  right is the complete field value.
A record consists of a fixed size sequence of fields. The data item form itself consists of a
variable size sequence of records. Pairs of sequences are used to model the user's cursor
position in a field or in the sequence of records. In each case, the left element of the pair
represents objects (records or characters) prior to the user's current cursor position and
the right element of the pair represents objects on or after the current cursor position.
The head of the right pair represents the current position. The set of characters which
may appear in a field will be denoted as CH. The specification methods applied below
were adapted from [26].

9.1 Insert.ch{ch : CH-,left,right : seq(Cif))
ch is the character to be inserted, left is the sequence of characters that precede the
text cursor, right represents the sequence of characters after the cursor position, with the
cursor considered to be in between left and right.

VI: true

Til: left' = left ~ ch
right' = right
For example, if /nserLch("p","Exam","le"j,
then after the operation left' ="Examp" and
right' ="le".

9.2 Overstrike.ch{ch : CH-,left,right : seq(Cff))
VI: true

HI: An overstrike character operation may be similarly defined;
left' = left ̂  ch
right' = tail(right)

9.3 Ins.Ovr.Toggle
VI: The Ins^Ovr.Toggle command has been pressed an odd number of times during

this user session.

Til: Future character key strokes invoke the Overstrike^ch command. The cursor
changes to a thin shape.

V2: true

T12: Future character key strokes will invoke the Insert-ch command. The cursor
changes to a thick shape.

9.4 Move (objJype : OBJ.TYPE, dir: DIRECTION)
This family of operations allows the user to move the cursor in either direction from one
charax;ter, field or record to the next one.

VI: Another object of type objJype exists in the current direction and the object at
the current location is acceptable.

Til: Move to the next object.
V2: The object at the current location is not acceptable.
112: Display appropriate error message.

The cursor location does not change.
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V3: There are no more object of type objJype in the current direction.
1Z3: user.messagel = already at [first \ last] (objJype)

The cursor location does not change.

9.5 DelJeft.ch{left, right :seqCH)
VI: left {)
TZl: left' = front(left)

right' = right
V2: left = {)
TZ2: nullresponse

9.6 DeLright.ch{left,right : seqCH)
VI: right 51^ ()
TZl: left' = left

right' = tail{right)
V2: left = {)
TZ2: nullresponse

9.7 Blank.field{left,right : seqC.ff)
This operation blanks out the current field.

VI: true

ni: left' = 0
right' = ()

9.8 Del.rec{left.recs,right.recs : seq RECORD)
This operation deletes the current record. The current record is the head record in the
sequence right.recs,

VI: true

TZl: right.recs' = tail{right.recs)
left.recs' = left.recs
cursor.field' = 1
cursor.char' = 1

The cursor is repositioned to the first character position in the first field of the
record following the deleted record. We introduce the variables cursor.field and
cursor.char to indicate the location of the cursor within new current record.

9.9 Open Je ft.rec{le ft.recs,right.recs : seq RECORD)
Command to open a record slot before the current record.

VI: true

TZl: right.recs' = blank.rec ~ right.recs
left.recs' = left.recs
cursor .field' = 1
cursor.char' = 1

The variable blank.rec is introduced to represent a record containing blank values
for all fields in the record.
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9.10 PickJtem

VI: true

Til: This user operation is designed for entering a value into the DATA-TYPE field of
a DATA JTEM-FORM. The user selects the data-type of a particular data item
by selecting from a predefined list of data types which are presented in an ITEM
menu. See the transition rules for the ITEM menu below. The selected value from

the ITEM menu is inserted into the form. The user is allowed to enter a new data

type if needed.

10. Text Editor Operations

Text editor have some of the same operations as the data item form.

10.1 Insert.ch (ch : CH; left, right seq CH )
VI: true

TZl: left' = left ̂  ch
right' = right

10.2 Overstrike.ch ( ch : CH; left, right seq CH )
VI: true

TZl: left' = left ~ ch
right' = tail{right)

10.3 Ins.Ovr.Toggle
VI: The Ins.Ovr.Toggle command has been pressed an odd number of times during

this user session.

TZl: Future character key strokes invoke the Overstrike.ch command. The cursor
changes to a thin shape.

V2: true

TZ2: Future character key strokes will invoke the Insert.ch command. The cursor
changes to a thick shape.

10.4 Move (obj : OBJ.TYPE, dir : DIRECTION)
VI: true

TZl: See similar data item form command.

10.5 Delete ( obj : OBJ.TYPE, dir : DIRECTIONS)
VI: true

TZl: See similar data item form commands.

11. Item Menu Operations

An item menu is used for selecting from a small number of finite choices. The term
selection cursor refers to a highlighted option in an item menu.

11.1 Prev.Item

VI: The selection cursor is not on the first item.

TZl: Move the selection cursor to the previous item.
V2: The selection cursor is on the first item.

IZ2: Move the selection cursor to the last item.
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11.2 NexLltem

VI: The selection cursor is not on the last item.

TZl: Move the selection cursor to the next item.

V2: The selection cursor is on the last item.

TZ2: Move the selection cursor to the first item.

11.3 Mneumonic(ch : CH)
This cursor positioning command is available where a unique mneumonic character is
assigned to each menu choice. The mneumonic character for a choice is always identified
by being underlined.

VI: c/i is a mneumonic for a choice in the item menu.

Til: Move the selection cursor to the corresponding choice.
V2: ch is not a mneumonic for a choice in the item menu.

112: The selection cursor does not move.

11.4 Abbreviate(ch : CH)
"In selection fields that contain a list of choices for which unique mnemonics cannot be
assigned, users can type a letter to move the selection cursor to the next choice starting
with that letter." [10, page 28] This technique assumes that this kind of item list always
in alphabetical order.

VI: There exists a choice in the item menu whose first character is ch.

Til: The selection cursor moves to the first choice in the item menu whose first character

is ch.

V2: true

112: The selection cursor does not move.

11.5 Select

VI: true

HI: Select the currently highlighted item.

11.6 Add.Item( item : seq (CH),
list : seq (seq (CH)) )

For some item menus, a function may be provided in the item menu to allow the user to
add an item to the list.

VI: item is not already in this item menu.
HI: Insert item in the item menu so that item menu remains in alphabetical order.
V2: true

H2: user.message] = already.in

12. Box Display Operations

12.1 Move ( obj : OBJ.TYPE, dir : DIRECTION )
VI: Another object of type obj exists in the dir direction.
HI: Move the cursor to the beginning of the next object in the dir direction.
V2: true

H2: user.message] = already.at

72



12.2 Search ( search.str : TEXT, dir : DIRECTION )
VI: search.str is found in the current box between the current cursor position and the

left or right end of the box depending on the direction of the search.
%!: Move cursor to beginning of the matching string.
V2: true

TZ2: user.messagel = string .not .found
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CHAPTER 9

The BSA State Box Specification

This chapter presents the BSA state box specification which consists of a state section
and a machine section. The state section presents abstract state data to encapsulate the
stimulus histories of the black box. State data will be represented using the Z notation.
Invariant relationships among these data and their initial states will also be presented.
The machine section will present the operations of the state box.

9.1. state

In the subsections that follow we will 1) list data types to be used in the Z schemas,
2) define mathematical tools that will be used to describe aspects of the state data and
operation schemas, 3) define the state data and invariant conditions, and 4) declare the
initial state of the system.

9.1.1 Data types

The following list defines all data types used in the state box specification. Basic types
are enclosed in brackets ([]). As a convention, data types are shown in all upper case
letters. Schema names are shown with the initial letters of each word in the schema name
in upper case. Variable names axe given in all lower case.

ACCESS read \ modify This type contains values that are used to control user access
to a box or box part.

BOX.NAME == WENT Identifiers that can be used to name boxes. BOX.NAME is
introduced to make the specification more readable, but both BOX.NAME
and WENT refer to the same data type.

BOXJD == BOXJ^AME x PROJJiBBR

This set is used as short hand for specifying a box in a particular project.

BOX.PART A fixed set used to identify the components of a box.

BOX.PART ::= stimulus.response \ transition \
state I machine \
data I procedure \ null
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BUTTON ::= yes \ no \ cancel \ OK \ save Describes the user's selection of a dialogue
push button.

[CH] Identifies the set of characters that may be entered into a CDL document (see
TEXT).

[DEV.TYPE] A set of possible media on which information may be output (disk file,
printer, display).

DIRECTION ::= left | right A set of values used to indicate the direction of movement
relative to the cursor.

DISPLAY The set of display forms that can appear on the user's screen. The values for
this type were defined in the Display Forms subsection (8.4.1) of the black box
response specification.

ED-CMD ::= cut | paste \ copy \ nil Type of edit actions.

ED.TYPE ::= text \ data \ proc \ nil Indicates the kind of information being edited.

[FORMAT] Format for printing a design (e.g., or standard).

[WENT] Set of possible identifiers that can be used to name boxes or data variables
(see BOX.NAME).

INS-OVR ::= insert \ overstrike This data type is used to indicate whether keyed char
acters will replace existing characters or will instead be inserted into the text.

MESSAGE Messages that may be displayed to the user. The values for this type were
defined in the User Messages subsection of the black box response specification.

MODE ::=| in | out | inout Set of values to indicate whether a parameter is a stimulus,
a response, or both.

[PRED] Basic type for the predicates used within conditional statements.

PROC Clear box procedure. This type is defined using the following free type defi
nition:

PROC ::= nilP \
statementP |
usebbP I
sequenceP{{seq PROC)) \
ifthenP{{PRED x PROC x PROC)) \
caseP{(PRED x seq{PRED x PROC) x PROC)) |
whiledoP{{PRED x PROC)) |
dountilP{{PROC x PRED))

The Z free type definition allows us to describe recursive structures such as lists and trees
and is equivalent to the following axiom definition:

75



[PROC]

nilF : PROC

statementP : PROC

usebbP : PROC

sequenceP : seq PROC ̂  PROC
ifthenP : PRED X PROC x PROC ̂  PROC
caseP : PRED X seq(Fi2£;D X PROC) X ^ PROC
whiledoP : PPPD x PROC ̂  PPOC

dountilP : PPOC X PPPP ̂  PPOC

disjoint ({siaiementP}, {use66P},

rng sequenceP, rng ifthenP, rng caseP,

rng whiledoP, rng dountilP)

VW : P PROC*

{statementP, usebbP) U se^uencePIJseq W[)

U ifthenP{PRED x W x W])

U caseP^PRED x seq{PRED x W) x Wj)

U whiledoP^PRED x W[)

U dountilP^^ X PRED) C W

=;> PROC C W

In this definition, statementP and usebbP are called constants and the re
maining declarations are called constructors. The predicate lists two axioms
constraining the constants and constructors. First, aU the constants are dis
tinct, and any constructor will not produce a constant or a result that could
be obtained from a different constructor. The second axiom says that the
smallest subset of PROC which contains all the constants and is closed

under the constructors is PROC itself.

[PROJ^BBR] Set of valid project abbreviations that are used to identify projects.

REUSE-IND yes \ no Used to indicate whether a project will serve as a reuse library.

TEXT == seqCJy Text is considered a sequence of characters.

[TYPE] Contains the set of CDL data types that may be assigned to variable identifiers.

[USERNAME] Contains names to identify users.
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9.1.2 Mathematical Tool-Kit Additions

By using generic and axiomatic descriptions, we can extend the standard Z tool-kit
(as listed in the appendix) to provide specialized tools for describing our system. In
this section we define some higher-order functions which we use later in defining state
invariants and state transitions. The Z generic constant construct allows us to define
these functions over a generic (unknown) data type. Generic constants are defined in a
box that has a double bar across the top with formal generic type parameters. The generic
type parameters axe usually instantiated implicitly from the type of the expression.

The nodup function is used to convert a sequence into an injective sequence. It works
by removing ordered pairs from a sequence if the range element has already been mapped
by a lower domain element.

nodup : seq X —*■ iseq X

Vs : seq X •

nodup S = {m : domS \ (Vn : 5~^(|5(m)|) • m < n)} <] s

For example, nodup{ T, E, N, N, E, 5,5, E,E) = {T, E, N, S).
The function strip provides a method to convert a sequence of order pairs into a

sequence of single elements.

P= [X, Y]
strip : seq (A x T) —»• seqX

Vs : seq (A X Y)»
strip{s) = An : doms •first s(n)

For example, strip((C,X),(A, Y),(T,Z)} = (C,A, T).
To model some of the edit menu commands we define the relation <-> ("suffixed by"),

and introduce the function truncate.

[X]
■—>: seq AT seq AT
truncate : (seq A" X seq A) seq A

Vs, t : seq A •

t  s 3r : seq X • r ^ s = t
"ir^s : seq A • truncate{r " s,s) = r

To illustrate, if t = {C,L,E,A,N,R, 0, 0,M) and s = {R, 0, 0,M) then 1 ^ s = true
and truncate{t,s) = {C,L,E,A,N).
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Given a sequence of characters and a set of special delimiter characters to find, the
distance to the next character following a delimiter is given by find.nt.

= [^] =========^^=============^^====_=

find.nt : (P X X seq X) IN

V/3 :PX;5 :seqX \ {3k : (3 • k £ mgS) •

find-nt{l3,S) = min{i : 2 .. #5 | S{i - 1) £ 0 A S{i) ̂  /?}

For example, find.nt{{sp, nl}, (yl, sp, nl, T,a,k,e)) = 4-
Given a sequence of characters and a set of special delimiter characters to find, the

distance to the last delimiter which preceeds a non-delimiter is given by findJd.

findJd : (PX X seqX) ̂  IN

V/3 : PX;5 : seqX I (3ifc:/? • ifc e rng5) •

findJd{f3,S) = max{i : 1 .. 41^3 - 1 \ S{i) ̂  A S{i + 1) £ P}

For example, findJd{{sp, nl}, {nl, H, O, W, sp, nl,S, 0)) = 6.
The generic function find.first is used to compute the index of the first occurrance of a

pattern with in a sequence and findJast computes the index of the last matching pattern
in the sequence.

find-first : (seqX x seqX) -<-»■ IN
findJast : (seqX x seqX) -h- IN

seqX *->■ seqX

Vs, t : seq CH •
{t s (3r, r': seqX • r - s " r')
t  s =>■

{find-next{s,t) = min{i : <?..(#< - #s) 1 (succ' ; t) ^ s} A
find-last{s,t) = max{i : 0. .{#t- #s) 1 (succ' ; t) s})

To illustrate,

find.first{{bad), {abadabado)) = 2
findJast{{bad),{abadabado)) = 6

The following schema is used to return the index of the first item in a list of items
which begins with a specified letter.
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p=m =====

first-match : {X X seq(seqX)) IN

: X;C : seq(seq X) | a G (rng £)(|i [) •

first.match(a,C) = min{i : 1 .. #£ | C{i){l) = a}

Suppose we have a sequence of character sequences L — {{C^A, T), {D, 0, G), {K, /, D)).
Then first.match{^''D^, L) = 2.

We use the schema Sort.List for sorting injective sequences into sorted order. The
input and output of Sort.List are injective sequences of generic type X which has a total
order "<x" defined upon it. A total order <x is defined upon X if and only if for all
x,y,z : X the following are true:

-i(x <x x) A

((a: <x y) V (i = y) V (y <x a:)) A

((x <x y) A (y <x 2) => (x <x 2))

Sort_List[X]

m?, out! : iseq A

Vi,j : dom out! •

(i < j) (ou<?(z) <i out1{j))

rng m? = rng out!

9.1.3 State Schemas

From the black box description of BSA, we readily see the need to represent boxes,
projects, and parts. We begin by representing the contents of a box.

Box-Contents

box.name : WENT

proj-abbr : PROJ-ABBR

interface, stim.resp, state, data : iseq WENT

transition, machine : TEXT

procedure : PROC

box-data,parameters : IP WENT

data-access-mode : WENT MODE

data-type : WENT TYPE
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data.comments : WENT -h- TEXT

box.calls : seq{BOX-W x seq{WENT))

boxes-used : seq{BOX.W)

These declarations describe the parts of a box. The variable box.name gives the name
of the box and proj.abbr names the project library where the box resides. The sequence
of calling arguments that are needed to use this box are listed in interface. The black
box, state box and clear box data are represented as infective sequences of identifiers in
the variables stim.resp, state, and data, respectively. An infective sequence is a sequence
which contains no repetitions. The black box transition rules and the state box machine
parts are of data type TEXT. The clear box procedure uses the data type PROC.

The set box.data contains all variables defined within the box unit. The set parameters
contains the set of variables that are marked as parameters in the stimulus-response list.
The function data.access.mode gives the mode {in, out, or inout) of each identifier. Data
types of each variable are given by the data.type function. The function data.comments
maps identifiers to their descriptive comments. The box.calls sequence represents the
sequence of lower level boxes that are invoked from this box. The boxes.used injective
sequence lists the sequence of boxes used but eliminates the repetitions.

The next step is to describe static or invariant properties of the data within Box.Con-
tents using the schema Box.

Box

Box.Contents

{rng stim.resp, rng state, ing data) partitions box.data

box.name £ box.data ̂

{box.name G vng stim.resp A box.name 6 parameters A

data.access.mode{box.name) — out)

interface = stim.resp > parameters

rng interface = parameters

rng stim.resp C dom data.access.mode

dom data.access.mode C box.data

dom data.type = box.data

dom data.comments C box.data
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boxes-used = nodup{strip{box .calls))

rngrngrng 60a; _ca/fa C box .data

The partitions predicate states the property that variables declared in stim.resp, state,
and data are distinct and span the set box.data. According to the second predicate,
the box.name may be declared as a response parameter. The third predicate gives the
relationship between the box interface and the stimulus-response list. The interface to
the box is derived from the stim.resp list by filtering out any non-parameters.

The fifth predicate says that every stimulus-response variable must have a declared
data access mode. We leave open the possibility that other variables in the box could
have a declared access mode, but any variable with an access mode must be in box.data.
Every variable in the box must have a declared data type. As an option, variables in the
box may have descriptive comments associated with them.

We make use of the nodup and strip functions to show that boxes.used is derived
from box.calls by stripping the argument lists and eliminating the duplicates. The final
predicate says that the identifiers used in the argument lists of box.calls must be declared
in box.data.

Boxes are organized into projects as described by the following schema:

Projects

known.projects, reuse.lib, proj.lib : P PROJ.ABBR

repository : P Box

idBox : BOX.ID ̂  Box
box.proj : BOX.NAME ̂  PROJ.ABBR

box.reuse : BOX.NAME -h- PROJ.ABBR

reuseJib U proj.lib = known.projects

reuseJib D proj.lib = 0

idBox = {b : repository • {b.box.name, b.proj.abbr) i->- 6}

rng(dom idBox) C known.projects

rng box.proj C proj.lib

rng box.reuse C reuse.lib

box.proj U box.reuse = dom idBox

The set known.projects captures the black box notion of a project that has been created
but not deleted. The sets reuse.lib and proj.lib represent two kinds of projects. A reuse.lib
project contains boxes that may be used by other projects. The boxes in a proj.lib
project are used only by that project. The second declaration represents the collection
of all boxes in the system. The injective function idBox guarantees that no two boxes in
the system will have the same box identifier. The box.proj relation lists all boxes that
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are associated with project libraries. Note that box.proj could be defined equivaleiitly as
box.proj : P BOX-ID since BOX-ID is an abbreviation for BOX-NAME x PROJ-ABBR.
The box-reuse function contains box identifiers of boxes associated with reuse libaries. By
defining box-reuse as a function, all boxes in reusable libraries must have distinct names.
The first two predicates state that every known project can be categorized as either a
project library or a reuse library. The third predicate defines idBox as a function that is
derived directly from the repository of boxes. The fourth predicate limits our repository
to boxes associated with known-projects. It is permissible, however, to have projects that
do not have any boxes associated with them. Every box in box-proj is associated with
a project library and every box in box-reuse is associated with a reuse library. The final
invariant says that every box in the repository is identified in either box-proj or box-reuse.

The librarian commands provided by the project menu require us to recognize boxes
that have been reserved but not yet unreserved or replaced by another user. To support
cooperative project work, we also must provide a locking mechanism to prevent more than
one user from updating a box at a time.

Box-Categories

known-boxes, available, locked, reserved : P BOX-ID

reserved-by : BOX-ID -t-> USER-ID

locked-by : BOX-ID ̂  USER-ID

available U locked U reserved = known-boxes

available n (locked U reserved) = 0

locked = dom locked-by

reserved = dom reserved-by

The set known-boxes contains identifiers of all boxes that have been created but not

deleted. Boxes that are not locked or reserved are in the set available. The locked-by and
reserved-by functions records who has a box locked or reserved.

Our system is more than just a collection of boxes. It is structured into a usage
hierarchy; linked together by use-BB statements. The integrity of these links must be
maintained when use-BB statements are inserted or modified, when the stimulus-response
parts of existing boxes are modified, when boxes are deleted, and when reserved boxes
are replaced into the repository.

Usage-Hierarchy

uses : BOX-ID BOX-ID

used-by : BOX-ID ̂  BOX-ID

all-uses : BOX-ID ̂  BOX-ID

top-boxes : P BOX-ID

uses = used-by ^
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alLuses = uses'^

dom uses \ dom used.by C top .boxes

dom used.by n top.boxes — 0

The relations uses and used.by are inverses of each other and represent the usage hierarchy
from opposite points of view. The ordered pairs in the uses relation represent boxes that
directly use other boxes. The alLuses is the transitive closure of uses and describes both
direct and indirect usage relationships between pairs. All boxes that use other bo.xes but
are not themselves used by other boxes must exist in the set of top.boxes. Also, the set
top.boxes will not contain any boxes that are used.by other boxes.

The functions next.part and prev.part are used to define the usual order for visiting
parts.

next.part, prev.part : BOX .PART BOX .PART

next.part = {{stimulus.response, transition),

(transition, state), (state, machine),

(machine, data), (data, procedure),

(procedure, stimulus.response)}

prev.part — next.part'^

There are certain invariant properties that relate Projects, Usage.Hierarchy, and
Box.Categories. The set of known.boxes identifies all boxes that are contained in the
repository. Also, every box in known.boxes is either a top level box or it is used by other
boxes. Boxes cannot use other boxes from other project libraries, but they can use boxes
from reuse libraries. With these invariant conditions the Box Structure Assistant is partly
described by the schema BSA:

_ BSA

Projects

Usage.Hierarchy

Box.Categories

known.boxes = dom idBox

known.boxes = top.boxes U dom used.by

'ibp : uses | #rng bp > 1 • second(bp) G box.reuse

V6 : repository • rng b.used.boxes = used.byf\b.box.name X b.proj.abbr\)

The third predicate requires that every module that is used by a project other than its
own, must itself be a member of a reuse library. For example, if we let

uses = {((boxl,projA),(box2,projA)),
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{{boxl,projA),{box3,projB)),
{{box2,projA),{box4,projC))] and

box.reuse = {{box3,projB)}

then the first member of uses {bpi) is itself a relation:

6pi = {{boxl,projA),
{box2,projA)}

and #rng bp^ = 1 which does not meet the first condition. Thus, the element 6pi is not
covered by the quantifier. For the second element bp^, ifmg bp^ = 2, which meets the
first condition and {box3,pwjB) £ box.reuse, which meets the second condition. The
third element also meets the condition imposed by the first predicate but fails to satify
the second condition since (box4,projC) ̂  box.reuse. Therefore, the system would be
in an invalid state that is disallowed by the invariant. The final predicate is used to
show the relationship between the used.boxes sequence and the used.by relation. The Box
Structure Assistant allows the user to create new boxes or edit existing boxes, but the
changes do not become permanent until the Save.Box command is invoked. We define
the following buffer or temporary work area to represent histories where a New.Box or
Open.Box command has been issued but not yet followed by a Save.Box command.

Buffer

user : USERNAME

buffer.access : ACCESS

entry.mode : INS.OVR

cur.box : Box

current.part : BOX .PART

current.box : BOX .NAME

current.project : FROJ-ABBR

current.box = cur .box .box .name

current .project = cur .box .proj .abbr

Each box a user creates or opens during a session is recorded in a visit sequence. This
sequence is used to determine which box will be opened by the Next.Box and Prev.Box
commands.

Visit.Sequence

visits : iseq(BOX_/D)

rng visits £ known.boxes

Between the last Exit.Session command and the next Invoke.System command, the
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system must remember the Icist project that was opened by the user. To encapsulate this
set of stimulus histories we use a function mapping user names to current projects.

UserJnfo

user.project : USERNAME -++ PROJ.ABBR

9.1.4 Initial States

To correctly define a state machine, we must declare the initial state of the system.
First we define an initial state of a created Box and then use this definition to define the

initial state of the system.

Init-Box

Box

box.data = 0

transition = ()

machine = ()

procedure = nilP

Because of the invariant conditions for Box, setting box.data = 0 implicitly initializes
other box components to the empty set.

The BSA black box specification considered the condition of a null stimulus history
{stim.hist = ()). We use the following schema to represent this initial state.

Init.BSA ^

BSA

known.projects = 0

known.boxes = 0

The initial state of Buffer when the system stimulus history is null {stim.hist — ()) is
described by the following schema:

- Init.Buffer

Buffer

user = nil

buffer.access = read

current .project = "Untitled"

current.box = "Untitled"
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current.part = null

Ocur.box = OInit.Box

The initial state of the user.project function is the empty set.

. Init.User.Info

User.Info

user.project =

9.2. machine

In this section we will use Z operation schema.s to define the state box transition rules.

Each state box transition rule has a correponding black box transition rule that describes
identical behavior. The state box transitions, however, reference state data as defined in
Z state space schemas instead of the stimulus history.

1. Begin Session

1.1 Invoke.System( usr : USERNAME )
Our black box transition rule for this stimuli checks the condition mrs 7^ Exit.Session.
The most recent stimulus command for the current user is not equal to Exit.Session. To
detect this condition in the state box, we will check to see if the user owns any locks on
any boxes. This would only be possible if the user last exited because of a system failure.

Invoke.System

A Box .Categories

A Buffer

A Visit.Sequence

EUser.Info

usrl : USERNAME

disp.seq\ : seq DISPLAY

usrl e mg locked.by ̂  locked.by' = locked.by b- {usr?}

disp.seq\ = {welcome.form, primary.window)

{usrl 6 dom user.project => current .project' - user.project {usrl) V

usr? ̂  dom user .project => current .project' = "Untitled")

current.box' = "Untitled"

current .part' = null

user' = usr?

buffer .access' = read
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visits' = {)

We adopt a deliberately simple, non-detailed approach to specifying display output. Our
main focus is on the computational aspects of the system and at this stage we do not wish
to overly constrain possible user interfaces that could be implemented. The sequence
disp-seq! is used here to indicate that the system response to the Invoke^System stimulus
is to first display the welcome.form followed by the primary.window.

The current.project for the user is retrieved from the user.project function. If this is
the user's first session or if no project was open when the user last exited the system, the
current .project will be "Untitled". The current.box for the session is "Untitl6d"and
the current.part is nuU.

2. Box Operations

2.1 Box.Menu

The following schema simply says that the Box.Menu command will display the
box.menu.

Box.Menu

disp.forml : DISPLAY

disp.forml = box.menu

2.2 New.Box ( box : BOX.NAME, proj : PROJ.ABBR )
The New.Box command is used to create a new box for a project.

New.Box.OK

SBox.Categories

A Buffer

boxl : BOX.NAME

projl : PROJ.ABBR

{boxl,projl) ̂  known.boxes

Ocur.box' = OInit.Box

current .project' = projl

current.box' = boxl

current .part' = stimulus.response

buffer .access' = modify

The precondition for this command is that the specified box must not already be known
to the system. If the precondition is met, the components of the current box (cur.box)
are set to the components of Init.Box with the box name and project name specified by
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the command parameters. The current.part is used to describe what part of the box is
referenced by the text cursor in the client area of the primary window.

Our first schema does not say what happens if the precondition is not met. For that
possibility we use the schema Box^Exists.

Box.Exists

EBox.Categories

box? : BOX.NAME

prop. : PROJ.ABBR

user.messagel : MESSAGE

{box?,prop.) e known.boxes

user.messagel = box.already.exists

We define a special schema Success to indicate that a result was ok.

Success

user.messagel : MESSAGE

user.messagel = ok

If this command is successful the visit to the box is recorded.

Add.Visit

A Visit.Sequence

box? : BOX.NAME

prop : PROJ.NAME

{box?,prop.) ̂  xagvisits => visits' = visits ~ {box?,prop.)

By using the schema calculus, we can now specify a robust version of the New.Box
command.

New.Box = {New.Box.OK A Success A Add.Visit) V

Box-Exists

2.3 Open.box( box : BOX.NAME, proj : PROJ.ABBR )
The Open.Box command allows the user to recall a previously saved box into the

Buffer for editing or viewing.

I  Open.Box .Modify
I  EProjects
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A Box ̂Categories

ABuffer

box-! : BOX.NAME

prop. : PROJ.ABBR

requested.access! : ACCESS

(box!,proj!) G available

requested.access! = modify

current .project' = proj!

current.box' = box!

current .part' = stimulus.response

Ocur.box' = 9idBox{box!, proj!)

locked.by' = locked.by U {{box!,proj!) i-+ user}

buffer .access' — modify

The Open.Box.Modify describes a requested open box operation for modify access. If the
box is available, it is retrieved into the buflfer, the box is locked in the user's name, and
the user is granted modify access to the buflfer.

If the box is locked or reserved, the user may retrieve it for read only access.

Open.Box.Read

EProjects

EBox . Ca tegories

ABuffer

box! : BOX.NAME

proj! : PROJ.ABBR

requested.access! : ACCESS

user.message] : MESSAGE

{{box!,proj!) G reserved U locked V requested .access! = read)

current .project' = proj!

current.box' = box!

current .part' = stimulus .response

Ocur.box' = OidBox{box!, proj!)

buff er .access' = read

user .message] = box.reserved

The following schemas defines the response for the open box command if the bo.x is
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not known to the system.

Box.Not.Known

EBox . Categories

boxl : BOX.NAME

prop. : PROJ.ABBR

user.message] : MESSAGE

{boxl,prop) ̂  known.boxes

user.message] = box.not.known

The complete Open.Box specification is given using the schema calculus:

Open.Box = {Open J ox .Modi fy A Success A Add.V isit) V

Open.Box.Read V BoxJVotM{nown

2.4 Save.Box

The Save.Box command allows the user to save editing changes for the current box that
have been made since the last New.Box or Open.Box command.

Save .Box.OK

A Projects

A Box.Ca tegories

EBuffer

user.message] : MESSAGE

buffer.access = modify

idBox' = idBox ® {{current.box, current.project) cur.box}

user .message] = box.saved

Box .Read .Only

EBuffer

user .message] : MESSAGE

buffer.access = read

user.message] = box .read .only

Save.Box = Save.Box.OK V Box .Read .Only

2.5 Rename ( old.box : BOX.NAME, new.box : BOX.NAME )
The Rename command is used to rename a box including all references to the box.
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Rename Jox.OK

ABSA

old.boxl : BOX.NAME

new.boxl : BOX .NAME

user.messagel : MESSAGE

old.boxl = current.box =>• buffer.access = modify

{old .boxl, current .project) 6 known.boxes

new.boxl ̂  known.boxes~^l){current.projectl} U reuseJib\)

user .messagel = box .name .change

idBox' = {old.boxl^current.project) ̂  idBox U

{{new.boxl, current.project) idBox{old.boxl, current.project)}

known.boxes' = {known.boxes \ {{old.boxl, current.project)}) U

{{new.boxl, current.project)}

old.boxl = current.box =» current.box' = new.box

Box.is.Reserved

SB ox . Categories

EBuffer

boxl : BOX.NAME

projl : PROJ.ABBR

user.message] : MESSAGE

{boxl,projl) 6 reserved U locked

user .message] = box.reserved

To specify the robust version of the Rename.Box command we take advantage of the
schema renaming facility to enable us to reuse the previously defined Box.Exists and
Box.Not.Known schemas. If 5 is a schema that contains a variable t then 5[f/u] is the
schema S with all occurrences of u renamed to t.

Rename.Box = Rename.Box.OK V

Box.is.Reserved[old.boxl/boxl][current.pToject/projl] V

BoxJlxists[oldjboxllboxl][current.projectjprojl] V

Box JV ot.K nown[oldJboxl/boxl][current.project/projl]
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2.6 Delete.Box ( box : BOX.NAME, proj : PROJ-NAME )
A box may only be deleted after all references to the box and all of its descendents have
been deleted.

Delete.Box.OK

ABSA

boxl : BOX.NAME

prop. : PROJ.NAME

user.message\ : MESSAGE

V6 : used .by* ̂{boxtprop)^ •

b ̂  rng((6oa:?,proj?) ̂  all.uses)

boxl = current.box =>

{current.box' = "Untitled" A

current .part' = null)

known.boxes' = known.boxes \ used.by*(\{boxl,projl)\)

idBox' = used.by*^{boxl,proj 1)\) idBox

The first predicate uses the reflexive-transitive closure function to give the precondition
that members of the set of boxes to be deleted can only be used by the specified box or
by other descendents of the specified box.

Delete.Box = Delete.Box.OK V Box.Not.Known

2.7 Print.Box ( box : BOX.NAME, dev : DEV.TYPE,
fmt : FORMAT)

The Print.Box command formats the contents of a box and prints it on the selected
device. Keywords should be bolded. This feature is straight forward and will not be
specified formally with the Z notation.

2.8 Next.Box

The next box command wiU select the next box to opened, allow the user to save the
current box, and then open the selected box.

Since it is possible that a previously visited box has been deleted either by the current
user or concurrently by another user, we must first update our visitation sequence.

. Delete.Unknown.Visits

EBox .Categories

A Visit.Sequence

seq

visits' = visits t> known.boxes

The following schema determines the next box to select:
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Select.Next.Box

EVisit.Sequence

EBuffer

boxl: BOX.NAME

prop. ; PROJ-ABBR

({current.box, current .project) G visits(l .. (jf:visits — 1)\) A

(box\,proj\) = visits{visits~'^(current.box, current.project)-\- 1)) V

((current.box, current.project) = visits(jj:visits) A

(boxl,proj\) = visits(l))

If a next box is successfully selected the user will be prompted to save the current box.

Save.Current

EBuffer

save.request"! : BUTTON

buffer.access = modify

save .request! = yes

If Opl and Op2 are schemas then Opl ̂  Op2 describes their sequential composition.
This is a composite operation in which first Opl then Op2 occurs. The full Next.Box
command is a composition of several operations. First the deleted boxes are removed
from the visit list, then the next box is selected. The user is then given an opportunity
to save the current box before the selected box is opened.

Next.Box = Delete.UnknownMisits \ Select JText.Box \

(Save.Current A Save.Box) | Open.Box

2.9 Prev.Box

Select.Prev.Box

EVisit.Sequence

EBuffer

boxl : BOX.NAME

projl : PROJ.ABBR

((current.box!, current.project!) G visits(2 .. jf^visits) A

(boxl,projl) = visits(visits~^(current.box, current.project) — 1)) A

((current.box!, current.project!) = visits(l) A
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{box\,proj\) = visits{# visits))

Prev.Box = DeleteJJnknown.Visits ̂ Select-Prev-Box \

{Save.Current A Save.Box) | Open-Box

2.10 Exit-Session

When the user selects the Exit-Session command the system will prompt the user
whether to save the current box, then the exit-form will be displayed before the system is
exited. The system must remember the current project for the next session by this user.

. Exit-Session-OK

EBuffer

A User-Info

disp-form\ : DISPLAYS

user-project' = user-project © {usr? i-> current-project}

disp-form\ = exit-form

The full command is given using schema composition.

Exit-Session = {SavejCurrent A Save-Box) 5 ExitSession-OK

3. Edit Menu Commands

The edit menu commands allow the user to transfer information between the current

box being edited and the system clipboard. The box being edited and the clipboard can
be ultimately be viewed as a sequence of characters.* The box text being manipulated
can be divided into three subsequences: left, selection, and right. The selection represents
either a selected area of the text or, if no selection is active, the last character that was
inserted into the document. The clipboard contains data that was cut or copied from the
text. The previous contents of the clipboard must also be represented to accomodate the
Undo Cut command.

Box-Text

text, left, right, selection : seq CH

clipboard : seq CH

prev-clipboard : seq CH

last-edit-cmd : ED-CMD

'The idea of modeling editor functions using sequences of characters is based upon work by Sufrin [26,27],
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text-type : ED.TYPE

clipboard-type : ED-TYPE

prev-clipboard-type : ED-TYPE

text = left " selection " right

Information in the clipboard must be compatible with the kind of text being edited
before the clipboard information can be copied into the text. For instance, a clipboard of
type proc would not be compatible with text of type data. To specify this compatibility
we define the global constant relation is-compatible.

is-compatible : ED-TYPE ̂  ED-TYPE

is-compatible = {text i-v text, data text, proc >->■ text,
data !-»• data,proc !-♦ proc}

Initially, text, prev-clipboard, and clipboard are empty.

Init-Box-Text

Box-Text

text = clipboard = prev-clipboard = ()
last-edit-cmd = nil

clipboard-type = prev-clipboard-type = nil

3.1 Edit-Menu

Edit-Menu

disp-form\ : DISPLAY

disp-forml = edit-menu

3.2 Undo
The Undo command reverses the most recently executed user action of Cut, Paste,

Insert Construct, or Modify Construct.
[Undo-Cut] re-inserts text that was previously cut, selects the text, and the contents

of the clipboard are restored to what it contained prior to the cut.

Undo-Cut

ABox-Text

last-edit-cmd = cut

selection = ()

95



clipboard-type is.compatible text.type

left' = left

right' = right

selection' = clipboard

clipboard' = prev .clipboard

clipboard .type = prev.clipboard.type

last.edit.cmd = nil

The (Undo.Copy) command restores the selection and the clipboard but does not
change the text.

Undo.Copy

A Box. Text

last.edit.cmd = copy

selection = ()

left '->■ clipboard
left' = truncate{left, clipboard)
selection' = clipboard
text' = text

clipboard' = prev .clipboard
clipboard .type' = prev.clipboard.type
last.edit.cmd' = nil

The {Undo.Paste) removes the text that was previously pasted and restores the se
lection.

. Undo.Paste

A Box. Text

last.edit.cmd = paste
selection ^ ()
selection <—> clipboard
selection' = truncate{selection, clipboard)
left' = left
right' = right
clipboard' = clipboard
last.edit.cmd' = nil
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3.3 Cut

The {Cut) command copies the selected sequence to the clipboard and then removes
it from the object being edited.

_ Cut

A Box-Text

selection ̂  ()

selection' = ()

left' = left

right' = right

clipboard' = selection

prev-clipboard' = clipboard

prev-clipboard-type' = clipboard-type

clipboard-type' = text-type

last-edit-cmd' = cut

3.4 Copy
The {Copy) command copies the selection to the clipboard without removing the

selected text from the object being edited.

Copy

A Box-Text

selection ̂  ()

text' = text

left' = left ~ selection

selection' = ()

clipboard' = selection

prev-clipboard' = clipboard

prev-clipboard-type' = clipboard-type

clipboard-type' = text-type

last-edit-cmd' = copy

3.5 Paste

The paste command copies the contents of the clipboard into the object being edited
at the current cursor position.
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Paste

A Box.Text

clipboard .type is .compatible text.type

left' = left ~ selection

right' = right

selection' = clipboard

clipboard' = clipboard

prev.clipboard' = selection

prev.clipboard.type' = text.type

last.edit.cmd' = paste

4. Project Operations

The project operations allow the user to select actions to create, modify, delete projects.
A project usage hierarchy report can be produced. The user can also reserve, replace and
unreserve boxes in the project library.

4.1 Froject.Menu

Froject.Menu

disp.forml : DISPLAY

disp.forml = project.menu

4.2 New.Project (proj : FROJ.ABBR, reuse : REUSE.IND)
The New.Froject command creates a new project and makes it the current project for

this user.

New.Project.OK

A Projects

A Buffer

projl : PROJ.ABBR

reusel : REUSE JND

user.messagel : MESSAGE

projl ̂  known.projects

(reuse? = yes =►
reuse.lib' = reuse.lib U {projl} V

reusel = no ^

proj.lib' = proj.lib U {proj?})
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current .project' = projl

current.box' = "Untitled"

current.part = null

Ocur.box = BInit.box

buffer .access' = read

user .messagel = new .project .confirm

Project.Exists

EProjects

projl : PROJ.ABBR

reuse? : REUSE JND

user.message\ : MESSAGE

(projl, reuse?) G known.projects

user .message\ = project.already.known

New.Project = {(Save.Current h Save.Box)\ New.Project.OK) y

Project JExists

4.3 Open.Project ( proj : PROJ.ABBR )
The open project command allows the user to open an existing project.

Open.Project.OK

EProjects

ABuffer

proj? : PROJ.ABBR

user.messagel : MESSAGE

proj? G known.projects

proj? ̂  current .project

current .project' = proj?

current.box' — "Untitled"

current.part = null

Ocur.box = OInit.box

buffer .access' = read

user .messagel = open.project.confirm
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Project-Already.Open

EBuffer

projl : PROJ-ABBR

user.message\ : MESSAGE

projl = current .project

user.messagel = project.already.open

Project.Not.Known

EProjects

projl : PROJ.ABBR

user.messagel : MESSAGE

projl = current .project

user.messagel — project.not .known

Open.Project = {{Save.Current A Save.Box) | OpenJ'roject.OK) V

Project.Already.Open V Project otJCnown

4.4 Delete.Project (proj : PROJ.ABBR)
The user will be allowed to delete a project as long as none of the boxes in the project's
library are locked, reserved, or are used by other projects.

Delete.Project.OK

ABSA

A Buffer

projl : PROJ.ABBR

user.messagel : MESSAGE

projl € known.projects

projl ̂  Tiig{locked U reserved)

projl 6 reuse.lib =>

V6 : box.reuse | second b = projl •

used.by'^()b\) > {projl} = 0

known.projects' = known.projects \ {projl}

known.boxes' = known.boxes > {projl}

user.messagel = delete.confirmation

100



The third predicate says that if the project is a reuse library, then no box in the library
may be used by other projects. If the project being deleted is the current project, then it
must be cleared from the buffer.

Clear.Current.Project

ABuffer

projl : PROJ.ABBR

projl = current .project

current .project' = "Untitled"

current.box' = "Untitled"

current .part' = null

buffer .access' = read

Ocur.box' = OInit.Box

The user is not allowed to delete projects if any of the project's boxes are locked or
reserved.

Proj.Boxes.Inuse

EBox . Categories

projl : PROJ.ABBR

user.messagel : MESSAGE

projl E TUg (locked U reserved)

user .messagel = pro j .boxes.in.use

Delete.Project = (Delete J'roject.OK A Clear.Current.Project) V

Project JSotJinown V Proj.BoxesMnuse

4.5 Print.Hierarchy ( device : DEV.TYPE, fmt : FORMAT )
The PrintJIierarchy command prints an indentation chart for a project. The first line
prints the top-level box of the project. Then the hierarchy is printed for each of the
used boxes of the top-level box. The child boxes of each parent are those specified by
the boxes.used injective sequence. The number of tabs that are used to indent each box
usage line is equal to the box's depth in the usage hierarchy tree. The sequence of lines
printed is determined by a depth first recursive printing order. To print a usage hierarchy
for a box, first print the line for a box and increment the tab level. Then print a usage
hierarchy for each box in the sequence of boxes used by that box. Finally, decrement the
tab level.

For convenience, instead of using standard Z, we specify this function using a recursive
BDL algorithm which references the Z defined state data.
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print-hierarchy (6oz : BOX.ID, d :JN)

EProjects

EUsageJIierarchy

hier.linel : seq CH

hierJinel = tabs^ ~ {first box)

i := 1

do while i < ̂{idBox {box).boxes.used)

let b = idBox{box).boxes.used{i)

print-hierarchy (6, d 1)

i := i + 1

od

where tabsk = An : IN \ n e 1 .. k • tab

4.6 Reserve.Box (box : BOX.NAME, proj : PROJ.ABBR)
This command reserves a specified box in the project library under the current username.

Reserve.Box.OK

A Box . Categories

EBuffer

boxl : BOX.NAME

prop. : PROJ.ABBR

user.message\ : MESSAGE

{boxl,prop.) G known.boxes

{boxl,proj"!) £ available

reserved.by' = reserved.by® {{boxl,proj'!) h-+ user}

user.messagel = box.reserved

When a box is reserved, the contents of the box are copied to a file in the user's current
directory. An output file consists of a sequence of bytes:

FILE = seq BYTE

The file storage system {SS) on a computer can be viewed as a partial function from
file identifiers {FID) to FILE. For our purposes, the name of the file identifier assigned to
an exported file will be the name of the box being exported, with a ".CDL" extension.
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_ ss

fstore : FID FILE

We leave the format of this file to be determined by the developers. However, it is an
obvious requirement that a reserve box command immediately followed by a replace box
command should cause no change to the system state.

. Export.Box

EProjects

EBuffer

ASS

boxl : BOX.NAME

prop. : PROJ-ABBR

let /name = {boxl) " ".CDL"

fstore' = fstore ® {fname i-»- cvt2file{idBox{box1,prop))}

where cvt2file is [to be determined]

We must specify what happens if the box is already reserved or if it is locked by
another user.

Box .Already .Reserved

EBox .Categories

boxl : BOX.NAME

prop : PROJ-ABBR

user.message] : MESSAGE

{boxlprop) G reserved

user.message] = box.already.reserved

Box.Inuse

EBox . Categories

EBuffer

boxl : BOX.NAME

prop : PROJ.ABBR

user.message] : MESSAGE

{boxl,prop) G locked.by ^ {userl}
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user.messagel = boxJocked

We can now use the schema calculus to specify the robust Reserve.Box command:

Reserve.Box = {Reserve Jox.OK A Export.Box) V Box.Already.Reserved V

BoxJnuse V BoxJ^otJ{nown

4.7 Unreserve.Box (box : BOX.NAME, proj : PROJ.ABBR)
This command allows a user to remove a box from reserve status without changing it's
contents.

Unreserve.Box.OK

A Box . Categories

EBuffer

boxl : BOX.NAME

prop. : PROJ.ABBR

user.messagel : MESSAGE

{boxl,projl) G known.boxes

user = reserved.by (boxl, projl)

reserved.by' = {boxl,prop) ̂  reserved.by

user.messagel — box .unreserved

It is possible the box is reserved by a different user or is not reserved at all.

Reserved.By J^nother

EBox-Categories

EBuffer

boxl : BOX.NAME

prop : PROJ.ABBR

user.messagel : MESSAGE

{boxl,prop.) G known.boxes

{boxl,proj?) G dom(reseri;ed_6j/ ̂  user)

user.messagel = box.reserved

Box.Not.Reserved .

EBox . Ca tegories

boxl : BOX.NAME
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prop. : PROJ-ABBR

user.messagel : MESSAGE

{hox1.,prop) G known.boxes

{hox'l,prop) ̂  reserved

user.messagel = box .not ̂reserved

Unreserve.Box = Unreserve Jox.OK V ReservedJby.Another W

BoxJVotJleserved V Box.Not.Known

4.8 Replace.Box ( box : BOX.NAME, proj : PROJ.ABBR )
The replace command returns a previously reserved box into the library.

. Replace.Box .OK

EBuffer

ESS

boxl : BOX.NAME

prop : PROJ.NAME

user.messagel: MESSAGE

{boxlprop) e known.boxes

reserved.by{boxl, projl) = user

reserved.by' = {boxl,projl) reserved.by

user.messagel = box.replaced

Import.Box

A Projects

EBuffer

ESS

boxl : BOX.NAME

projl : PROJ.ABBR

let fname = {boxl) ~ ".CDL"

fname 6 dom/store

is.valid.box{{boxl, projl), fstore{fname)) = true
idBox' = idBox ® {{boxl,projl) (->■ cvt2box{idBox{boxl,projl))}
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where cvt2box is [to be determined] and

is.valid.box is [to be determined]

The next schema accounts for the possibility that the box fails the validation tests:

Invalid.Box

EBox-Categories

ESS

boxl : BOX.NAME

prop. : PROJ.ABBR

user.messages\ = seq MESSAGE

{boxlprop) 6 known.boxes

reserved.by {boxl, proj1) = user

let fname = {boxl) " ".CDL"

/name G dom fstore

is.valid.box{{boxl ,projl),fstore{fname)) = false

user.messages\ = {error messages [<6d])

Another problem that could occur is that the file does not exist.

- File.Not.Found

EBox .Categories

ESS

boxl : BOX.NAME

prop : PROJ.ABBR

user.message] = MESSAGE

{boxl,prop) G known.boxes

reserved.by{boxl, projl) = user

let fname = {boxl) ~ ".CDL"

fname ̂  dom/store

user .message] = file .not .found

Replace.Box = {Replace Jox.OK A Import.Box) V

Invalid.Box V FileJVotJFound V

Reserved Jay .Another V Box.Not.Reserved V
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Box-NotJK nown

5. Part Operations

This group of operations allows the user to navigate among box parts.

5.1 Part

Fart-Menu

disp.forml : DISPLAY

disp.forml = part.menu

5.2 Next-Part

For this operation we utilized the previously defined constant function next-part.

Next-Part-OK

ABuffer

current.part ̂  null

current .part' = next.part{current.part)

Box.Not.Open

EBuffer

user.message\ : MESSAGE

current.part = null

user.messagel = box.not.open

Next.Part = NextJ'art.OK V Box.Not.Open

5.3 Prev.Part

For this operation we utilized the previously defined constant function prev.part.

Prev.Part.OK

ABuffer

current.part / null

current .part' = prev.part {current.part)

Prev.Part = Prev.Part.OK V Box.Not.Open

5.4 Stimulus.response
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Stimulus.response.OK

ABuffer

current.part ̂  null

current .part' = stimulus.response

Stimulus.response = Stimulus.response.OK V Box.Not.Open

5.5 Transition

Transition.OK

ABuffer

current.part ̂  null

current .part' = transition

Transition = Transition.OK V Box JVot.Open

5.6 State

State.OK

ABuffer

current.part ̂  null

current .part' = state

State = State.OK V BoxJVotjOpen

5.7 Machine

. Machine.OK

ABuffer

current.part ̂  null

current .part' — machine

Machine = MachinejOK V Box.Not.Open

5.8 Data
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Data.OK

ABuffer

current.part ̂  null

current.part' = data

Data = Data.OK V BoxJ^ot.Open

5.9 Procedure

Procedure.OK

ABuffer

current.part ̂  null

current .part' = procedure

Procedure = ProcedureJOK V BoxJ^ot.Open

6. Structure Menu Operations

The structure menu provides user commands to insert and modify syntax structures within
a clear box procedure.

6.1 Structure

The structure menu is only available when the user is working with a clear box procedure
part and has modify access to the box.

Structure.Menu.OK

EBuffer

displ = DISPLAY

current.part = procedure

buffer.access = modify

displ = structure .menu

Clear.Box.Only

EBuffer

user.messagel : MESSAGE

current.part ̂  procedure
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user.messagel = only .in.proc

Structure.Menu = Structure.Menu.OK V Box .Read .Only V Clear.Box.Only

6.2 Insert

The insert submenu allows the user to list an item menu containing CDL syntax structures
that may be inserted into the clear box procedure.

Insert.Menu.OK

SBuffer

disp\: DISPLAY

current.part = procedure

buffer.access = modify

displ = insert.menu

Insert.Menu = Insert.Menu.OK V Box .Read .Only V Clear .Box .Only

6.3 use.BB

The use.BB selection from the Insert.Menu will display a template of the box. If the box
doesn't exist, the user must first create the interface to the box.

Create .Box .Def

ABSA

EBuffer

box! : BOX.NAME

argsl : iseq{IDENT x (MODE x TYPE))

user.message] : MESSAGE

box? ̂  known.boxes~^(\current.project\)

box? ̂  dom box.reuse

idBox' = idBox ® {(box?, current.project) *->■ new.box}
user .message] = new .box .confirm
where new.box : Box •

box.name = box?

proj.abbr = current .project
stim.resp = strip(args?)
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interface = strip{argsl)

transtion = {)

machine = ()

procedure = nilP

box.data = mg strip{argsl)

data.access.mode = {f : rngargsl • Jirst{i) first{second{i))}

data.type = {i : rngargs'i • first{i) !-♦ second{second{i))}
data.comments = box.calls = 0

We rely upon invariant conditions to insert this box definition into the set of known
boxes. Note that in the where clause we allow ourselves to omit the schema selector
(e.g., new.box.box.name) since in this context it should be clear that we are referring to
the components of new.box.

Once the box definition has been created, the steps for inserting a use.BB structure
are the same as for an existing box. The next schema defines the constraints upon the
list of variables that a user can supply to a use.BB template.

Use.Existing.BB
A Buffer
EBSA

boxl : BOX.NAME

prof : PROJ.ABBR
box .template' ; seq{TYPE x MODE)

box? G known.boxes~'^^{current.project}\) ^
prof = current .project

box? G dom box.reuse =>

prof = box .reuse (box?)
let ub = idBox(box?,projl)
let arg = ub.interface
box .template' = Xn : N \ n S 1 ■ . ijarg •

{ub. data.type (arg {n)), ub.data.access.mode{arg{n))

The preconditions in the next schema define the validation of arguments for a use.BB
template given an argument list to validate and a box template to validate against. The
length of the argument list and the box template must be equal. Every identifier in the
argument list must be defined in the box data for the current box. The data type of every
argument must match the data types of the template. Also, if an identifier has a local
data access mode of read-only (in) then the mode of the interface must also be read-only.
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The postcondition partially describe how the current box {cur.box) is updated with the
new template.

. Update.Use.BB

ABuffer

hoxl : BOX.NAME

argJistl : seq WENT

box .template : seq{TYPE x MODE)

if^arg.listl = box.template

rngarg.listl C cur.box.box.data

Vn : IN I n e 1 .. ̂arg.listl*

{cur.box.data.type{arg.list1{n)) = first{box.template{n)) A

cur.box. data.access.mode = in =>

second{arg .list1{n)) = in)

cur.box.box.calls' = cur.box.box.calls ~ {{boxl,projl) i->- arg.listi)

Use.BB = {{CreateWoxWef \ Use.Existing.BB)y UseWxistingJBB) \

Update.U seWB

6.4 Modify
The modify submenu allows the user to list an item menu containing CDL syntax struc
tures that may be used to modify syntax structures in the clear box procedure.

Modify.Menu.OK

EBuffer

displ: DISPLAY

current.part = procedure

buffer.access = modify

displ = modify.menu

Modify.Menu = Modify.Menu.OK V Box .Read .Only V Clear .Box.Only

7. Options Menu

7.1 Options
The options menu allows the user to customize the application in various ways.
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Options.Menu.OK

EBuffer

displ: DISPLAY

current.part = procedure

buffer.access = modify

displ = options.menu

Options.Menu = Options.Menu.OK V Box.Read.Only V Clear.Box.Only

The commands in the option menu will not be specified formally since they deal mainly
with the user interface and also because they are not considered an essential part of the
system.

7.2 New.Structure.Pallette

This option lets the user choose whether the insertion item menu wiU remain on the
display at all times while editing the clear box procedure.

7.3 Modify.Structures.Pallette
This option allows the user to keep a display on the screen listing aU possible commands
for modifying syntax structures.

7.4 Visitation.Rules

Invokes a dialogue box to allow the user to specify options for box visitation order.

8. Help Menu

For the help menu options we assume that help information may be recorded for some or
all of the fields and windows. The following state schema will serve as a repository of this
help information.

Help.Information

known.fields : P WENT

known.windows : P WENT

known.keys : P WENT

field Jielp : WENT ̂  TEXT

window.help : WENT -h- TEXT

keys.help : WENT -h- TEXT

help.help : TEXT

dom field.help C known.fields

dom window.help C known.windows
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dom keysJielp — known.keys

helpJielp ̂  0

We assume the maintenance of this help information is performed by the developers using
text editors or other development tools. Note that in our invariant conditions we allow
help information to be missing for some of the fields and windows. However, help should
be provided on how to use the help facility and also on all key assignments used within
the application.

8.1 Context-Help
This command provides specific information about the item on which the selection cursor
is positioned.

Context.Help.OK

EHelp.Information

current.field! : WENT

help.display\ : TEXT

current .field! G dom field.help

help.display\ = field.help{current.field!)

No.Context.Help

EHelp.Information

current.field! : WENT

user.messagel : MESSAGE

current .field! ̂  dom field.help

user.messagel = no.field Jielp.avail

Context.Help = Context.Help.Ok V No.Context.Help

8.2 Help

This command is used to simply display the help menu.

^ Help

displ : DISPLAY

displ = help.menu
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8.3 Extended.Help
This command requests information about the tasks that can be performed in the current
application window.

Extended.Help.OK

EHelp.Information

current .window"! : WENT

help.display\ : TEXT

current .window! G dom window.help

help.displayl = window.help{current.window!)

No.Extended.Help

EHelp.Information

current.window! : WENT

user.message] : MESSAGE

current .window! ̂  dom window.help

user .message] = no.window.help.avail

Extended.Help = ExtendedJIelp.OkVNo.Extended.Help

8.4 Help.Help
This command displays information about how to use the help facility.

. Help.Help

EHelp.Information

help.display] : TEXT

help.display] = help.help

8.5 Keys.Help
Display information describing the key assignments of the BSA application.

Keys.Help

EHelp.Information

key! : WENT

help.display] : TEXT

help.display] = keys .help{key!)
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9. Data Item Form Operations

Definitions: We will model a DataJtem-Form as a pair of finite sequences of records
where each record consists of a pair of finite sequences of fields and each field consists of
a pair of finite sequences of characters. Pairs of sequences are used to model the user's
cursor position within the form. In each case, the left element of the pair represents
objects (records, fields or characters) prior to the user's current cursor position and the
right element of the pair represents objects on or after the current cursor position. The
cursor can be considered to be pointing to the head of the right element in the pair.

Text.Field

fid.len : IN

text : seq CH

left : seq CH

right : seq CH

text = left ~ right

fî text < fldJen

The length of each field must be less than or equal to a specified maximum length.

Record

record : seq{Text.Field)

left.fields : seq (Text.Field)

right.fields : seq (Text.Field)

record = left.fields " right.fields

V< : rng left.fields • t.left = ()

V< : rng tail{right.fields) • t.left = ()

The final two invariant conditions specify that the starting character position of every
field other than the current field is the far left character in that field.

Data.Item.Form

num.fields : IN

table : seq Record

left.rows : seq Table.Row

right.rows : seq Table.Row

table = left.rows " right.rows

Vr : rng table • fi:r.record = num.fields

Vr : rng left.rows • r.left.fields = {)
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Vr : mg tail{right.rows) • r.left.fields = ()

The second invariant condition requires that every record in the form must contain
the same number of fields. The final two invariant conditions specify that the starting
field of each record other than the current record is the far left field.

9.1 Insert.ch

Insert.ch

A Text.Field

EBuffer

chl : CH

buffer.access — modify

entry.mode = insert

left' = left " {chl)

right' = right

If the additional character would cause the field to overflow, an error message is issued.

. Field Js.Full

EText.Field

EBuffer

user.message] : MESSAGE

buffer.access = modify

H^text = fldJen

entry.mode = insert V right = ()

user.message] = field.is.full

9.2 Overstrike.ch

Overstrike.ch

A Text.Field

EBuffer

chl : CH

buffer.access = modify

entry.mode = overstike

left' = left " {chl)
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right' = tail(right)

The operation of typing a character inside a data item form is partially described by
the schema Enter.ch.

Enter.ch = {{Insert.ch\/ Overstrike.ch) A Success) V

FieldJsJ'ull V Box Jiead.Only

9.3 Ins.Ovr.Toggle

. Ins.Ovr.Toggle

ABuffer

entry.mode = insert => entry.mode' = overstrike

entry.mode = overstrike =>► entry.mode' = insert

9.4 Move

This family of operations allows the user to move the cursor in either direction from one
character, field, or record to the next one.

Move .right .ch
A Text.Field

text' = text

right' = tail(right)

Move.left.ch

A Text.Field

text' = text

left' = front (left)

Move.right.field
A Record

record' = record

right .fields' = tail (right.fields)
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Move Jeft-field

A Record

record' = record

left.fields' = front{left-fields)

Move-right.record

A Data-Item-Form

table' = table

right-rows' — tail (right .rows)

Move-left .record

A Data-Item-Form

table' = table

left .rows' = front (left.rows)

9.5 Del-left-ch

Del-left-ch _

A Text-Field

EBuffer

buffer.access = modify

left' = front (left)

right' = right

9.6 DeLright-ch

Del.right-ch

A Text-Field

EBuffer

buffer-access = modify

right' = tail(right)

left' = left

9.7 Blank-field
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Blank.field _

A Text.Field

SBuffer

buffer.access = modify

text' = ()

9.8 Del.rec

. Del.rec

A Data.Item.Form

EBuffer

buffer.access = modify

left.rows' = left.rows

right.rows' = tail {right.rows)

9.9 Open.left.rec
To open a row requires that we initialize a new record to default values. We use the
schema New.Rec to specify the initial state of a newly inserted record.

. New.Rec

Record

left.fields = ()

V/ : rng record • f .text = ()

All fields in a new record are initially set to empty sequences. By setting left.fields to the
empty sequence we are specifying that the cursor will be positioned to the left most field.

Open.left.rec

AData.Item.Form

EBuffer

New.Rec

buffer.access = modify

left.rows' = left.rows

right.rows' = {New.Rec.record) ~ right.rows
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9.10 PickJtem

This user operation is designed for entering a value into the data type field of a data item
form from a pick list. To model this command we must first specify a schema for the pick
list.

Pick.List

item.list : iseq TEXT

num.items : IN

^itemJist = num.items

Pick.item

A Text.Field

EBuffer

EPick.List

n1 : IN

buffer.access = modify

text' = item.list{nl)

left' = {)

10. Text Editor Operations

Text editor commands have some of the same operations as the data item form. For these
operations we shall use the Box.Text schema defined for the edit menu commands.

10.1 Entering characters
The operations of inserting or overstriking characters into a text field are given as follows:

Enter.ch.ed = Enter.ch[BoxTrext/Text.Field\

10.2 Move

In the text editor, the user should be provided with commands to move left or right
by units of characters, words, lines, or by the entire area of the text. To specify these
commands we need a to be able to recognize these significant locations within the text.
Using notations developed by Sufrin [26], we first define the constant nl to stand for a
new line character and sp for a space.

sp : CH

nl : CH

sp ̂  nl

Moving left and right by units of a character is specified as follows:
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Move.right.char _

A Box. Text

text' = text

right' — tail{right)

Move.left.char _

A Box.Text

text' = text

left' = front{left)

Move.right.word

A Box.Text

text' = text

let d = find.nt{{sp,nl}, right) - 1

right' = succ^ J right

Move.left.word

ABox.Text

text' = text

let d = find.ld{{sp,nl},left)
seq

left' = {1 . .d) <1 left

Move.right.line

ABox.Text

text' = text

let d = find.nt{{nl), right) - 1

right' = succ'' j right

Move.left.line

ABox.Text

text' = text

let d = find.ld{{sp, nl}, left)
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left' = {1 .. d) d left

MoveJop _

A Box. Text

text' = text

left' = 0

Move.bottom

A Box.Text

text' = text

right' = ()

10.3 Delete

Delete.right.char

A Box.Text

left' = left

right' — tail{right)

Delete.left.char

A Box.Text

right' = right

left' = front (left)

Delete.right.word

A Box.Text

left' — left

let d = find.nt({sp,nl}, right) — 1

right' = succ^ | right

Delete.left.word

A Box. Text

right' = right
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let d = find Jd{{sp,nl}, left)

left' = {1 .. d) <] left

Delete.right-line

A Box.Text

left' = left

let d = find.nt{{nl}, right) — 1

right' = succ'^ ̂  right

Delete.left.line

A Box.Text

right' = right

let d = find.ld{{sp,nl}, left)

left' = (1 .. d) <i left

11. Item Menu Operations

An item menu is used for selecting from a finite number of choices. An item menu may be
modeled as an injective sequence of items where each item is itself a sequence of characters.

ITEM -= seq CH

. Item.Menu

item.list : iseq ITEM

list.size : IN

highlight : IN

list.size = ̂item.list

list.size >= 1

highlight <= list.Size

highlight >= 1

The item menu has a fixed number of items as specified by list.size. The location of the
selection cursor within the item menu is given by highlight. The initial state of the item
menu is partially specified as follows:

. Init.Item.Menu

Item.Menu
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Highlight = 1

With this simple model, specifying the behavior of the Prev.Item and Next.Item com
mands is straight forward.

II. 1 PrevJiem

Prev-Item

A Item.Menu

highlight > 1 highlight' = highlight — 1

highlight = 1 ̂  highlight' = list.size

If the highlight is at the first item, wrap around to the last item in the list. Otherwise,
move the highlight to the previous item in the list.

11.2 Next.Item

Next.Item

A Item.Menu

highlight < list.size highlight' = highlight + 1

highlight = list.size => highlight' = 1

If the highlight is on the last item, wrap around to the first item in the list. Otherwise,
move the highlight to the next item in the list.

11.3 Mneumonic

If the item list contains a small number of items, unique mneumonic characters may
be assigned to each item. If the user types the assigned character, the highlight moves
immediately to the specified choice. The mneumonic assignments to each item it an
injective function.

Mneumonic.Menu

A Item.Menu

ch.item : CH ̂  ITEM

rng ch.item = rng item.list

ch.item = item.list

The invariants say that both ch.item and item.list map to the same set of items. Entering
a mneumonic menu command is defined by the schema

Mneumonic

AMneumonic.Menu
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cmdl : CH

cmdl 6 Aom. ch.item

highlight' = {fin : IN | chJtem{cmd1) = itemJist{n))

The mu-expression (/z) gives the unique value of n that maps itemJist to the same item
as chJtem{cmd1).

11.4 Abbreviate

The IBM Common User Access standard specifies a different method of positioning for
larger item lists where it is not practical to assign unique mneumonics. When the user
types a letter, the selection cursor moves to the next choice starting with that letter.
This kind of item selection assumes the item list is in alphabetic order. To specify this
operation we use the function first.match to return the index of the first item which begins
with the specified letter.

. Abbreviate

AItem.Menu

cmdl : CH

cmdl 6 (rng f<em_men«)(|f D

highlight' = first.match{cmd1, item.menu)

11.5 Select

The Select command simply returns the value of the highlighted item.

Select

EItem.Menu

select .value' : seq CH

select .value' = item .menu{highlight)

11.6 Add.item

A function may be provided to allow the user to add an item to the list.

— Append.Item

AItem.Menu

new.item? : seq{CH)

new.item? ̂  rng itemJist

list.size' = list.size + 1

itemJist' = itemJist ~ new.item?
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Since this operation would only apply to larger lists that would use the Abbreviate item
selection technique, our item list must be sorted into ascending order using the generic
Sort.List schema.

AddJtem = AppendJtem A SortJjist[ITEM][itemJistlin1,itemJ,ist' jouV.]

12. Box Display Operations

When a box is formatted for display output, it is converted into one text area (i.e., a
sequence of characters) containing representations of all the box parts.

12.1 Move

The move commands are the same as those for moving about within a text area in com
bination with the commands for moving among box parts.

12.2 Search

The search commands provides a means to move directly to the next or previous location
in text containing a specified pattern.

search.right

A Box. Text

pattern"! : seq CH

right pattern

let d = find.first (pattern, right)

right' = succ^ j right
text' = text

searchJeft

A Box.Text

pattern! : seq CH

left pattern

let d = find.last (pattern, left)

left' = 1 ..d <1 left

text' = text

127



CHAPTER 10

Conclusions

10.1 Summary

We presented a method for combining the Z notation with the Box Structure Method
to develop a two-stage specification consisting of a black box followed by a state box. In
the black box, transition rules are expressed by describing valid stimulus histories for given
stimulus-response pairs. In the black box, individual transition rules may be expressed
formally or informally, but must be partitioned according to stimulus-response pairs. By
developing a top-level black box first, we avoid a premature commitment to specifying
the state data until we have first identified the state data requirements.

State data are defined by examining the black box transition rules to discover state
data requirements. State space schemas are used to define state data variables as mathe
matical data types. Operation schemas are used to express state box transition rules.

Using a mathematical notation such as Z to express requirements offers many advan
tages over using informal text alone. The exercise of developing a mathematical model
helps the specifier to develop a better understanding of the application problem. Since
formal notations are more precise and concise than informal notations, they provide a
better bcisis for communication and verification.

Although we have not discussed formal verification of the state box in this paper, we
have shown a correspondence between the state box view and black box view that should
facilitate such methods.

10.2 Future work

The Box Structure Assistant is specified to support creating, editing, and printing
system designs using the C Design Language. This specification wiU be used by a Clean-
room team to code, verify and certify this system. This experiment will provide a realistic
appraisal of this specification method.

We plan to expand our use of the Z notation for expressing black box transition rules.
As we gain more experience in this technique, we hope to define more expressive relations
and functions for making assertions on traces that would be useful for the specification of
large complex systems.
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Glossary of the Z Notation

Definitions and declarations

Let X be an identifier and T be a set.

=  "is defined to be". E.g., LHS = RHS defines LHS as syntactically
equivalent to RHS.

== Defines an abbreviation (e.g., ident == expression). The identifier on
the left becomes a global constant with the same value and type as the
expression on the right.

X : T Declare x as a variable of type T. Values of x are constrained to lie within
the set T.

[j4, B] Introduce basic types.

Logic

Let P and Q be predicates and let £1 be a declaration.

true, false Logical constants.

-<P Negation: "not P".

P f\Q Conjunction: "P and Q".

PyQ Disjunction: "P or Q".

P ̂  Q Implication: "P implies Q" or "if P then Q".

"ix :T • P Universal quantification: 'for aU x of type T, P holds'.

3x : T • P Existential quantification: 'there exists an x of type T such that P'.

3!x : T • P Unique existence: 'there exists exactly one x of type T such that P'.

Sets

Let S, T and X be sets; t, tk terms; P a predicate and D declarations.

t e S Set membership: "t is an element of 5".

t ̂  S = -i[t G 5").
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0  The empty set.

{<1,^2, • • • ,^n} The set containing ti, t2,..., <„•

{x :T \ P) The set containing exactly those x of type T for which P holds.

{D \ P •t) The set of t's such that, given the declarations D, P holds.

{D •t} = I • 0

{h,t2,... ,tn) An ordered n-tuple whose components are <i, t2,...,tn-

Ti X 72 X • • • X r„ Cartesian product. The set of all n-tuples (h, t2,... , tn) where ti G Ti
for each i with 1 < i < n.

= {ti : Ti].. . ] tfi '• Tn * (ti,.. . , tn)}

first{x, y) Projection function to extract the first element from an ordered pair.
= X

second{x, y) Projection function to extract the second element from an ordered pair.
= y

IP S Power set: the set of all subsets of S.

IPi S Non-empty subsets
== {s :JP S \ s m}

S UT Set union

= {x : X I a; e 5 V X G T}.

S r\T Set intersection

= {x:X|xG5AxG T}.

S\T Set difference
= {x:X|xG5Ax^ T}.

0*5*5 Generalized union

= {x : X I 35 : 55.x G 5}

#5 The cardinality (number of distinct elements) of a finite set.

IF S The set of all finite subsets of S.

= {5:IPX|3n:lN •3/:l..n— rng f = S}

Fi S The non-empty finite subsets of 5*.
= IF5\{0}

134



Numbers

IN The set of natural numbers (non-negative integers).

INj The set of strictly positive integers.
= IN \ {0}

Z  The set of integers.

■m. .n The set of integers between m and n inclusive:
= {k : Z \ m < k < n}

min S The smallest number in a set of numbers.

max S The largest number in a set of numbers.

Hx :T \ P The unique x of type T which satisfies P.

Relations

A relation is a set of ordered pairs. Since a relation is a set, operators defined for sets can
be used on relations. Let X, Y, and Z be sets; x : X; y :Y; and R: X ^Y.

X ^Y

x Ry

X ^ y

dom R

rvi.gR

Ri ; R2

R\ 0 R2

R-1

The set of binary relations between X to Y. Each member relation is a
subset of X X Y.
= IP(X X Y).

X is related to y by R:
= (x,?/) 6 R.

= (a;,!/).

The domain of a relation:
= {x : X; ?/ : y I (x y) G R • x}.

The range of a relation:
= {x : X; y : y I (x H-f y) G • j/}.

Forward relational composition: given Rx : X
= {x ■. X\z : Z \ {3y \Y • xRxy A yR2z)}.

Relational composition:
= i?2 5 -Ri-

Inverse of relation R:
= {y : y;x : X I xRy].

Y-R2 .- Y^Z,
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id X Identify function on the set X:
= {x : X•(x,x)}.

The relation R: X X is composed with itself through k iterations:
BP = = RoRp.

R* Reflexive transitive closure:

= U{" : IN • R"}.

R"*" Non-reflexive transitive closure:

= U{" :INi -R"}.

S < R Domain restriction to S. Given 5 : PX,
= {x:X;t/:F|xG5A xRy}.

5 R Domain subtraction of S. Given 5 : P X,
= (X \ 5) O R.

R > T Range restriction to T. Given T : PT,
= {x:X;y:y|yGrA xRy).

R  Range subtraction of T. Given T : PF,
= R>{Y\T).

Rd^D Relational image given 5 : PX
= rng(5 < R).

Functions

X -+> y The set of partial functions from X to F.
= {/ : X ̂  F I (Vx : dom / • (3!y : F • x fy))]

X -^Y The set of total functions from X to F.

= {/:X-^^F|dom/ = X}

X  F The set of partial injections (one-to-one) from X to F.
= {/ : X -H- F I (Vy : rng / • (3!x : X • xfy))}

X —* Y The set of total injections from X to F. An injection is a function whose
inverse is also a function.

= {/:X'^F |dom/ = X}
X -B- F The set of partial surjections from X to F. The range of a surjective

function is the entire set from which the second elements of its pairs are
tahen.

= {/:XB.F|rng/ = F}

136



X —* Y The set of total surjections from X to T.
= (X ̂  y)n(x ̂  y)

X ̂  y The set of bijections from X to y. Bijections are both injective and
surjective.

= (X ̂  y) n (X y)

X HH- y The set of partial finite functions from X to Y. These are partial functions

whose domain is a finite subset of X.

= {/:X^y |dom/GFX}

X '^Y The set of partial finite injections from X to Y. These are partial finite
functions that are also injections.

= (X HH y) n (X y)

Xx :T \ P Lambda-notation.
= {x : T \ P • X 1-^ t}

f{x) Function / applied to argument x.
= Hy:Y \xfy

succ Function which returns the successor number of its argument.
= An : INi • n -|- 1

pred Function which returns its predecessor number of its argument.
= An : INi • n — 1

Sequences

seqX seqX is the set of finite sequences whose elements are drawn from A'.
= {>1 : INi -H X I (3n : IN • dom A = I.. n)}

iseqX iseqX is the set of finite injective sequences whose elements are drawn
from X. These are sequences which do not have repetitions.

= seqXn(lN X)

s" t The concatenation of sequences s and t.

#A The length of sequence A.

0  The empty sequence.
= 0

{xi,... ,Xn} The sequence containing xi,...,
= {1 hh a;i,...,n !-»• Xn}
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head A The first element of a non-empty sequence.
= i4 ̂  () => head A = A{1)

last A The final element of a non-empty sequence.
= A^ {) last A = AiH^A)

tail A A new sequence containing all of the elements of A except for the first.
= tail({x) " A) = A

front A A new sequence containing all of the elements of A except for the last.
= front{A " (i)) = A

disjoint A5 Pairwise disjoint: given AS": seq(lP A),
= (Vi,y : dom AS • i j ̂  ̂S{i) n AS{j) = 0)

AS partitions 5 The indexed family of sets AS partitions the set S if they are disjoint
and the union of all sets A5(i) is S.
= disjoint A5 A (Jrng A5 = S

squash F If F is a function whose domain is a set of natural numbers, then squash F
is the sequence formed by arranging the range elements of F in ascending
order of their corresponding domain values. For example, U F = {9
Z,4 X,6 Y} then squash F = (A, Y, Z).

8tq

A \> T Restrict the range of sequence A to the set T. The result is a sequence
restricted to just those elements that are in T, but in the same order as
in A.

= squash(A > T)

seq

T <i A Restrict the domain of the sequence A to the numbers in T.
= squash{ T <i A)
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