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Abstract

In the context of existing graphical representations of structural information
found in the software engineering domain, this thesis is concerned with the logi-
cal extension of a structured flowcharting technique known as Nassi-Shneiderman
(N-S) charts so that they become sufficiently expressive to represent the static
aspects of fine structural detail to the level of the programming language Pas-
cal. As well as procedural structure, declarative structures including those per-
taining to data definition and value are represented using the same graphical
system, differing only slightly in the semantics of sequence. It is also suggested
that the data structure view, in combination with procedural structure may be
used to represent dynamic program state during its execution. In combination
with procedure flow tracing, a method by which expression evaluation can be
animated and monitored in N-S terms is described.

Using extended N-S diagrams as a basis, a programming support environ-
ment called GRIPSE is described which consists of a graphically orientated,
template-driven, syntax-directed editor, interpretive execution and debugging
facilities, and an experimental mutation testing system. The program editor
supports the top-down generation of syntactically and contextually correct Pas-
cal programs. Structural templates take the form of N-S diagrammatic units.
The editor is also responsible for providing an interface to the debugging facil-
ities of the interpreter by using a chart overlay mechanism for specifying the
range and content of monitoring controls. The interpreter executes program
structure directly and is designed around a tree linearising engine. The overlay
mechanism used for debugging purposes is also used to specify controls for the
firm mutation testing methodology which measures the suitability of test data
in detecting small changes in original program structure.
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Chapter 1

Introduction

1.1 Graphical Representation.

It is generally accepted that the machinery of the human mind is strongly
visually orientated [27,63,62,70]. From an evolutionary viewpoint, such visual
acuity has been necessary in perpetuating the species; life or death situations
in both pre-historic times and in modern day demand immediate responses to
situations that are reported to us via vision. It is therefore not too surprising
to discover that humans acquire information at much higher rates of transfer
by manipulating graphical and visual relationships in images than one would

gain by reading the equivalent textual description.

The author’s occasional interest in fractal geometry (merely as an art
form) considers the problem of Clarke [14] attempting to describe the Man-
delbrot set whose iterative schema is eloquently (and completely abstractly)

described in mathematical terms as:
Zn — zn-—lz +k

where z,,k € R? and zy = 0. k is set to each point in the Mandelbrot plane
to be calculated. Clarke, using two attempts, tries to describe it first as a
“plump turtle, crossed with a swordfish, festooned with bizarre marine growths
with baby turtles of assorted sizes” and then in topographical terms. Neither

the description or its definition prepares the viewer for the rather stunning
4



visual presentation of the Mandelbrot set, especially when in colour. Although
the image of the M-set is quantitatively meaningless, its qualities indicate the

chaotic but fundamentally structured nature of the underlying mathematics.

In the world of software engineering, the control of software development
consists of five distinct phrases [54] dealing with software planning, requirements
analysis and its specification, the development of the software and its testing
and maintenance. Graphical methods are used throughout many of the phases.
Raeder [55] notes that human visualisation is set up for “real-time image pro-
cessing” capable of instant appraisal and immediate access to any part of a
picture with the automatic ability to zoom in to recognised features. Pictures
are two dimensional entities whereas text (a much more recent invention) exists
in a single dimension, a sequence of lexical packets whose structure is a func-
tion of its syntax and semantics, punctuation participating only minimally by
comparison. Text does spill over into two dimensions in the form of paragraphs

of text on a page, but the reader still has to scan it sequentially.

As the bulk of specification and programming languages persist in textual
form, a number of textual enhancements have entered into common practice.
Several programming languages use keywords that are reserved for language-
designed purposes only. Such keywords, through practice, are easy to spot
and provide an initial structural framework for understanding. Program text
is often formatted and indented to show the range and scope of particular pro-
cessing constructs. Some language processors, editors and standalone systems
offer pretty printing facilities whose prose analogue would be the word proces-
sor. Further work in textual enhancement [6] considers seven design principles
including page characteristics and layout, typography, typesetting, symbology,
colour and texture, and machine generated text (metatext) by which a pro-
gram can be made more readable beyond the use of indentation. Some prose
text processing systems, notably TeX’s Tgrind and TROFF’s Vgrind, offer fa-
cilities whereby extracts from program source may be augmented for inclusion
into documents. Knuth’s WEB system for combining program text and type-

setter quality documentation into single modules or files is notable in that it



replaces lexical elements in the constrained lithography of, for example, the
ASCII character set, by well-formed mathematical symbols. For example, the

Pascal expression a[i] <= a[i+1] and not found would be rendered thus:

a; < aj41 A ~found

However a page of text is augmented, graphics in the form of pictures
or diagrams offer a much better way of representing information because they
offer a more direct route to the real actions and objects in the real world that
software is trying to model, whereas text (as demonstrated by Clarke) can only
describe. Improvements in interactive display technology have enabled designers
to move away from command-orientated, teletype-style I/O interfaces towards

direct manipulation systems using highly pictorial units of reference [3,7].

1.2 Traditional Graphical Notations.

There are many graphical notations that can be used in program and
system design. The graphical method used often works in partnership with a
particular design methodology. The partnership helps to enforce the correct
use of both the notation and the underlying method. In general terms, most
graphical representations of this type are variants of line or arc notations, boxed
notations or a combination of both. They can often be viewed as a graph whose
arcs and nodes are used to represent flow of control and operation, or flow of

information and transformation.

1.2.1 Data-flow diagrams.

Systems and programs transform data from one of several input formats
through one or more stages into a final output form. A dataflow diagram is a
pictorial technique that shows the path of data through the program or system
as it moves from input to output [80]. The basic alphabet in the data flow
diagram can be seen in figure 1.1. Information flow between the processing

bubbles is indicated with arrows. Two horizontal strips indicate a source or
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Level 1

D1

D2 3 > 03

Stored Data

Figure 1.1: Dataflow diagrams.



destination for data that is stored, rather than processed or gathered from
outside the system; the dataflow diagram shows only the flow of data and
cannot represent control or synchronisation aspects such as time. Processing
bubbles may be refined into more complicated flow diagrams. The types of
information which can be represented using arrows is non-specific: there is no

need to specify data structure.

There seems little scope for being able to make dataflow diagrams more
dynamic so that they can be animated. Detailed mapping would be required
in order to link dataflow to procedural information. However, the example of
figure 1.2 shows one possible way of animating expressions whose components

have no side-effects, ie. are purely functional.

Figure 1.2: Flow of data in an expression.

Modifications to the basic ideas of dataflow diagrams can be seen in
SADT [61] which uses SA diagrams, the diagrammatic unit of which is shown in
figure 1.3. A box represents the processing unit, but unlike dataflow diagrams,
the class of information input is determined by the direction of input. Control
and mechanistic input are received from above and below the processing box.

Data input and output are at each end of the box. The SADT method permits
8
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1Mcchanism

Figure 1.3: The SADT graphical unit.

two models using the same graphical representation: the actigram uses the
boxes to represent processes and the lines to represent data or things whereas

the datagram’s view of the system is the exact opposite.

1.2.2 Hierarchical Representation.

Hierachical structures are always present in software engineering in stages
from the software requirements analysis through to maintenance and documen-
tation. Hierarchies of data as well as program structure exist so it is not sur-
prising that the following examples of hierarchical notations can be used for
both the representation of data and software. A basic hierarchical structure is
shown in figure 1.4, representing a structural unit “A” as being composed of

three subsidiary units “B” through “D”. No order of importance or sequence

Figure 1.4: A hierachical structure.

is necessarily attached although a left to right ordering is implicit. “A” may
be considered as a unit of data whose structure consists of three separate units

which may be further refined. Alternatively, “A” may represent a sequence of
9



processing operations. The duality of such a diagram is exploited in Jackson
Structured Programming and Jackson System Development [37]. Particular se-
mantics are assigned to substructures, based upon the content of the boxes.

Figure 1.5 shows how sequence, selection and repetition are represented. JSP

0] 0) (0)
B c D

““A consists of either B or Cor D"’

B

‘A consists of B repeated as necessary”’

B C D

““A consists of B followed by C...."”"

Figure 1.5: JSP diagrammatic units.

diagrams have been successfully animated using a tool described in (1] which
enables designers to execute JSP specification diagrams producing results in

the same graphical form.

The hierarchy diagram is also present in HIPO charts [66] where it is used
as a documentation aid in combination with input-processing-output charts

which are developed and maintained in parallel.

A different form of hierarchy chart is that of the Warnier diagram [73]

which uses large left curly brackets as the means of grouping together subor-

10



dinate items of data or processing structure. Figure 1.6 shows the Warnier

analogue of the JSP structures shown in a previous figure.

/ / /
B B
@D
As € A= C A = B
® (1,N)
D D
N\ N\ \
Sequence Selection Iteration

Figure 1.6: Warnier diagrams.

1.2.3 Procedural Structure Charts.

The most widely used (and potentially abused) form of graphical no-
tation for program design is the flowchart which is a method for representing
procedural structure. It does not have an underlying methodology. A box is
used to represent a processing step, diamonds represent conditions and arrows
show the flow of control. Figure 1.7 displays the structured programming alpha-
bet in terms of flowcharting symbols. Extra symbols denote the start and end
of processing, multi-page connectors, and there are often special forms of the
processing boxes used to denote input and output from a wide range of device
types. The dotted boxes surrounding each of the structural entities in the figure
serve to show their single entry and single exit nature; they are not a part of
the diagramatic method. Consequently, the major problem with the flowchart
is that the user may violate structured programming principles because there

are no constraints on where arrows may go.

There are several variations of basic flowcharts whose basic structure is
similar to that of the flowchart. These are summarised in [69]. Many are termed
structured flowcharts and serve to restrict the way in which they are built up

so that only properly structured diagrams can be constructed. The class of

11



Repetition (WHILE) Repetition (UNTIL)

Figure 1.7: Structures using flowcharts.

structured charts based on nested boxes (no arcs and arrows) is detailed in the

following chapter.

1.3 Visual Programming.

The term visual programming has also been used to describe graphical
methods more in line with previous sections. However, in recent years, the
term and its partner program visualisation has come to be associated with a
style of graphical representation of information processing and software that is
somehow less abstract and therefore more directly mappable to the real-world
situation on which the software has been modelled [31,36]. The interest in
visual programming is a direct result of both the low cost of high-resolution
displays and interaction hardware, and the increasing use of computer systems
by non-technical users. Improved hardware frees information from a purely
textual representation or limited graphical one, into something that can be

made visually obvious both in terms of concrete information and the processing

12



operations which may be used to transform displayed information.

Visual programming deals with the use of a visual language which should
not be confused with a language for processing visual information. Rather, a
visual language is one which processes objects which may not have a direct
visual abstract representation and is capable of representing a user’s mental
concepts of processing and structure pictorially. The unit of graphical informa-
tion employed is called an icon [11] which can be used to represent an action or

process, or an object which represents data.

The iconic method of interacting with computer systems using graphics
is well known in the WIMP environments (windows, icons, mouse and popup-
menus) which allow users to manipulate facilities provided by the underlying
operating system without having to resort to textual commands typed at the
keyboard. Most systems, the Apple Macintosh for example, use a metaphor for
describing the operating system and its processing abilities. The display is called
the desktop upon which all work is performed. Windows represent the pieces of
paper upon which specific tasks are performed. Icons and widgets (which are
often aggregates of icons in the form of graphical switches, buttons and levers)
represent actions which perform specific tasks in relation to the desktop as a
whole or specific windows; some widgets will permit the movement of windows,

for example.

Icons also represent objects such as file systems, programs and iconified
windows whose contents are not needed at the time and therefore hidden. How
one manipulates an icon determines whether that icon takes an active or passive
role relative to others or the desktop. For example, the task of moving a file
from one disc to another is achieved by moving the icon representing the file
on top of the disc icon representing the file’s destination. A disc icon can be
treated in the same way amounting to the copying of one disc to another. A
disc-like icon called the trashcan is used to delete files. When the system is
forced to use text, in the form of menus, the metaphor continues: pull-down
menus are dragged from their hiding places. The mouse pointing device provides

direct access to any point on the display and is used to select specific icons for

13



activation (a task) or as a unit of data that will be processed.

Attempts to use the same kind of metaphor techniques directly in soft-
ware engineering environments have shown that the domain is too large and
diverse to permit this form of treatment. Systems such as PICT [30] attempt
to provide an environment in which real programs can be constructed pictori-
ally without having to resort to text at any stage in program development. Its
domain is restricted because its language level is quite primitive, being suitable
only for novice programmers. Programming By Rehearsal [26] has a power-
ful theatrical metaphor but suffers from greater constraints than even PICT

because only screen icons can be manipulated.

The relative failure of the above two systems and those like it offers a clue
as to how visual programming systems could be more usefully employed: if the
programming domain #s limited in scope, but not necessarily in complexity then
visual languages can offer much. Consequently, notable visual programming
efforts have direct applications in information systems and databases. The
same pictorial verses text issues arise in that it may be much easier for a user
to relate to an object (data) selected and magnified from a picture of objects
(the database) than for a user to construct a lengthy predicate in one of several
query languages to search a textual database. Systems which are designed to
support visual programming include HI-VISUAL [34] which is exclusively iconic
in nature. SIL-ICON [12] uses an iconic methodology for information retrieval
in database work but also includes the idea of a fuzzy compiler that is capable
of visual reasoning from the relative spatial arrangement of icons and is thus
directly suited for constructing potentially complicated queries. The use of
visual attribute grammars [16] shows that although visual languages have no
textual component, the same kind of systematic parsing techniques that are

more usually applied to textual languages are equally applicable.

14



1.4 Aims and Concluding Remarks.

There are a wide range of methodologies and associated graphical no-
tations that are used at various stages of the software life-cycle. Most are
exclusively designed for their particular niche within the cycle and offer little
in the way of translation from one phase to the next. A major part of this
thesis is the construction of a graphical method that can be used consistently
throughout the lower end of the life cycle: program construction, debugging,
testing and documentation. The diagrammatic notation chosen is based upon
Nassi-Shneiderman charts and chapter 2 shows ways in which the basic notation
can be extended to represent procedural and declarative aspects of programs
statically, as well as participate during program execution through animation

to represent the data flow within expressions and assignments.

The remaining chapters describe a CASE tool called GRIPSE that in-
corporates the chosen graphical method consistently in program construction
through the use of a syntax-directed editor and in execution through the use
of an interpreter. A testing method more usually applied in batch-orientated

environments is then described.
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Chapter 2

Nassi-Shneiderman Charts

2.1 Introduction

This chapter describes a flowcharting system based upon the ideas of
Nassi and Shneiderman (Nassi-Shneiderman charts) [48] with significant ex-
tensions that allow them to be used to represent not only rough procedural
aspects of program flow, but also the finer qualities of expressions, declarative

information, data structure templates and their associated value structures.

Nassi-Shneiderman charts (abbreviated to N-S charts) demonstrated a

procedural flowcharting system capable of:

“modelling computation in simply ordered structures, each repre-
senting a complete thought possibly defined in terms of other thoughts
as yet undefined.”

where ideas ultimately define actual fragments, units and subroutines, using
no more than a rectangular box, within which, nesting of other rectangular
structures could take place. The flowcharting “language” consists of sentences
made up from a symbol set composing three members: sequence, selection
and iteration. It was felt that more traditional flowcharting techniques were
too powerful in terms of the structural representation facilities they offered

and could not guarantee that the principles of structured programming were

16



not violated. They also required several symbolic building blocks to construct

selection and iteration structures, thereby:

“losing the forest in the trees.”

N-S charts are much simpler in that a single chart symbol represents
selection or iteration, the scope or reach of which is clearly defined. Other
scoping considerations such as those of data objects are also obvious. Primarily,
arbitrary transfer of control is impossible. Most of these features are made
possible due to the overall form of an N-S diagram which is simply a rectangular
box, extending over the surface of a notional page. The basic symbol set of
the N-S language can be seen in the various units of figure 2.1 and consists
of four basic structural components: the generic process box (a), conditional
selection (b) such that either process A or process B is chosen based upon the
condition above. Two forms of iteration structure are shown, (c) and (d); the
former checks the condition prior to any iteration whereas the latter performs
at least one execution of process A before the condition is checked. A sequence
of processes is constructed by vertically stacking process boxes of any of the
former types (e). Execution proceeds from top towards the bottom. A minor
extension to the basic alphabet admits the possibility of selection from a number
of alternatives (a case structure). The two possibilities are shown in figure 2.2.
Unit (a) makes explicit use of nested binary conditional structures whereas (b)
offers a clearer indication of multiple selection taking place directly as a result

of the choice evaluation.

Also associated with basic N-S is the idea of an environment or BEGIN—
END bracketting structure shown in figure 2.3 which provides a means of col-
lecting a sequence of actions together for naming, or for other purposes not
specified by the original paper. Unit (b) of the figure shows one possibility,
that of binding a procedural structure with its environment of definitions or

declarations.

Finally, an example of sequence and iteration is demonstrated in fig-

ure 2.4 which performs matrix multiplication. The figure also shows how a

17



A Condition?
(a) A
Condition? (©)
TRUE FALSE
A
A B
Condition?
(b) (d)
A
B
C
©)

Figure 2.1: The Basic N-S Alphabet.
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Choice?
1 >1
Choice?
2 >2
A
B C
(a)
1 Choice?
=2
2
A
B C
(b)

Figure 2.2: Non-binary Alternative Selection Structures.
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Environment name Environment name
A D
a
(a) &
(b)

Figure 2.3: N-S Environment Structures.
series of individual charts are refined. Unit (¢) displays the combined result.

The example refinement exercise above demonstrates that N-S structure
diagrams consist of a collection of named, nested rectangles within which may be
placed prose comments, pseudo-code or actual program code fragments. Each
named structure or substructure may correspond to a module (procedure or
function) or may simply be a way of limiting the amount of detailed information

allocated to any one particular chart.

2.2 N-S Chart Usage.

The virtues of Nassi-Shneiderman charts and their variants have been ex-
panded in [79] and [40] and have appeared in several textbooks for programming
languages: BASIC [72], Fortran 77 [46] and Cobol [50], where they accompany
example programs as an aid to understanding their structure. They are of ob-
vious benefit in situations where high-level structured statements have to be
constructed from primitive facilities provided in such programming languages.

Chapin [13] describes their use in combination with HIPO charts.

Nassi-Shneiderman charts have also been used to introduce the notion of

20



Matrix-Multiplication

For each row

For each column

Compute sum result.

(a)

Compute sum result.

SUM=0

K=1.N

SUM = SUM + A(L,K) * B(K,J)

C(l,J) = SUM

(b)

Matrix-Multiplication

I=1.N

J=1.N

SUM=0

K=1.N

(c)

SUM = SUM + A(1,K) * B(K,J)

C(1,J) = SUM

Figure 2.4: Simple refinement of Matrix Multiplication
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structured programming, modularity and top-down design within a university
teaching environment [77] where two programming languages, Fortran 77 and
Algol 68 are used. A tool capable of converting source code in either of those
languages into N-S structure charts is described. The Algol 68 chart generator
is worthy of further comment in that it handles instances of selection structures
returning results which are a valid element of expressions in that language.
Extensions to the chart drawing tool permit the collection and display of ex-
ecution counts from suitable augmented programs within the generated N-S

chart representation.

2.3 Procedural Extensions to N-S Charts.

The matrix multiplication example in figure 2.4 highlights one of the
major limitations of N-S charts; they are capable of representing only gross
procedural structure and the finer details are left as textual additions in pseudo-
code. In order to represent all aspects of a real, fully specified program in N-S
structure diagram form, it should be possible to extend the basic alphabet so
that the need for prose English language insertions is limited. To this end:

e Symbols for assignment statements, procedure calls and expressions are
needed, particularly for expressions where many languages permit condi-

tional evaluation.

o Some relaxation of N-S strictures is necessary to represent the usage of
non-structured control facilities provided by the target programming lan-
guage such as labels and the GOTO statement. A more valid use for such
relaxations would be the representation of the Ada exception handling
mechanism [4], which offer a restrained and controlled version of non-

structured flow of control, particularly that of an asynchronous nature.

e Symbols for the representation of declarations are required, and therefore
of data type structures, especially where the target programming language

supports programmer-constructed data type specifications.
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¢ Binding symbols similar to the BEGIN END symbol are required to bind a
block’s procedural structure diagrams with its environment, ie. its declar-
ative structures in such a way that the join is obvious without resulting

in a semantic clash.

e A more symbolic representation for subprograms, procedures and func-
tions is required, rather than textual labelling of isolated structure charts
that, in the same way as the previous point, not only bind a subpro-
gram’s environment to its control structures but binds the whole block to

its interface with surrounding environments.

The above points address the other ma jor deficiency in the original presentation
of N-S charts; there are no declarative representations; all refer to procedural

aspects of a program.

It would be a tedious task indeed for a programmer using N-S structure
diagrams to refine the initial algorithmic idea from a single process box all the
way down to an N-S representation of real program code and then to simply
abandon the artwork by transliterating it into pure program text. However,
the extensions proposed to the basic N-S diagrammatic language assume that
the process need go no further than a graphical representation of real program
code. It is assumed that the programmer will be within an environment where
programs may be constructed, refined, executed and debugged in N-S graphical
form, only resorting to pure program text for the final finished product. Con-
sequently, the diagram per page metaphor no longer applies; one must consider
N-S diagrams as something more dynamic, easily changed and easily explored.
It is with this in mind that the proposed extensions to N-S diagrams are ex-

plained.

2.3.1 Expression Structure

Pagan charts [49] were proposed as the functional programming ana-
logue of N-§ structure diagrams capable of displaying nested expressions in the

same simple nested box fashion. The basic alphabet of Pagan charts is shown
23



in figure 2.5. Horizontally adjacent argument expressions are operated upon

Function
— f(al,a2,...an)
Arg 1 Arg2 ek Arg N
Operator *
— gl *32
Arg 1 Arg2

Figure 2.5: Basic Pagan Diagrams.

by a header box containing details of a function or operator name. Further,
more specialised diagrams were also introduced for the representation of condi-
tional expressions and functional composition but these need not be considered
here. One of the advantages specified in the original work was that the graphi-
cal notation was free from parentheses—precedence and associativity is shown
by the nesting structure—and therefore free from any particular programming
language’s default operation precedence tables. For example, unit (a) of fig-
ure 2.6 shows the Pagan representation of the expression a + b  ¢; the priority

of evaluating b ¢ before adding a is explicit in the construction of the diagram.

An initial attempt to add Pagan expression charts to the basic N-S alpha-
bet resulted in an immediate conflict of convention. In the absence of explicit
diagrammatic information to the contrary, N-S charts use horizontal adjacency
to specify selection of alternatives. It was felt that mixing the sequential nature
of expressions displayed in conditional form with procedural sequence would be

too confusing. The obvious solution is presented in unit (b) of figure 2.6; the
24



> A+B*C

(a)

(b)

Figure 2.6: Pagan Format For a + b ¢
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Pagan chart is rotated anti-clockwise by ninety degrees and rendered in N-S
environmental format. For function calls, monadic and dyadic operator usage,

expression diagrams now take the appearance of figure 2.7. The expected rota-

Monadic Operator Function Name

Argument Parameter 1

....................................

Argument

Dyadic Operator

Argument

(b)

Figure 2.7: N-S Normalised Expression Diagrams.

tion occurs in the Pagan diagram for a conditional expression so the meaning
of horizontal adjacency is preserved. The result of using a conditional element
within an expression is shown in figure 2.8 and could easily represent a fragment

of Algol68 source code:

if A then R else S fi := if B then X else Y fi.

The figure also displays the assignment operation in its functional aspect, and
provided that the operations of array slicing, record type field selection and
pointer type dereferencing are also given a functional perspective, their conver-

sion into N-S/Pagan diagrammatic form is quite natural.

26



A?
TRUE ALSE
R S
B?
TRUE ALSE
X b

Figure 2.8: Assignment Example With Conditional Expressions.

2.3.2 Non-structured Control Representation.

The original work on N-S charts proposes treatment for non-structured
control mechanisms present in languages such as BCPL and BLISS that allow
the programmer control over premature exit of looping structures, ie. the EX-
ITBLOCK or BREAK statement. The destination for such statements is clearly
marked by the end of scope for the innermost structure; this is an implicit
destination and easily missed, especially so because the position of the EXIT
statement is not prominently marked by a special symbol. In order to provide
a more general label and GOTO mechanism, a modification on the use of the
BEGIN—END bracketting N-S symbol is proposed in figure 2.9(a) that clearly
defines the scope of the label and, at the same time, the scope of executable
structures from which jumps to that label may occur. There is no special pro-
cess box for a GOTO statement, therefore the source of non-structured change
in flow is not obvious. The more restrained exception handler structure is dis-
played in 2.9(b) and looks similar to that of an iteration structure except that
the process list A through D is leftmost; the right hand side of the process list
suggests that a pathway always exists to the exception handler below, repre-
sented as a conditional structure where more than one condition type may be

processed. Again, the source of an interruption in the process sequence will not
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