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Abstract 

The rapid pace of hardware development has presented 

education with a new generation of hardware having vastly improved 

capabilities. There is now room to fit generai-purpose programs 

inside these machines which are capable of operating in more than 

one knowledge domain. with more than o~e styie or at more than one 

I eve I. in addition. it is now possible to afford programming time 

to insulate the user wel i from the intricacies of running the 

machine and to provide help for him in a reasonably complex way. 

Controlling these packages. configuring them and teaching 

using them is far more complex than using educational software 

which operates in only one knowledge domain or at one level. The 

question ftwho should control the software" is the subject of some 

academic debate at present. and some methods are advanced in this 

project. 

This project describes FLOY. a software package which has 

potentially wide appiication in the sphere of mathematics. from 11 

years old to A level. FLOY is intended to provide a useful 

classroom tool. and as a testbed of methods of allowing the 

teacher to confi@ure the software to allow precisely the functions 

he or she wants available to the student. 

to 

FLOY is intended as a general purpose package to allow users 

1) Generate FLOWchart models of functions of one variable 

and relate these modeis to key presses on a calculator. 

2) Use the "pro@ramming language" of FLOY to investigate 

conve!gence and iterative methods. 
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1 Configurability and educational software: the need 

It has been recognised for some time that not al I learners 

achieve their aim by working in the same way. The proponents of the 

ideas generally grouped together as matching theories try to 

identify the characteristics of the learner in order to identify the 

required treatment. The ideas are grounded in psychology. For 

instance. Lewin's rather mathematical treatment of this area states 

that the behaviour of a person is a function of both the person 

himseii and his environment. As software authors. we have 

consistently failed to address either of these two variables. 

producing software which is not adaptable in any way by anyone to 

different learning strategies. In fact. most existing software 

assumes that the behaviour is a function of nothing a constant 

function! It is surprising to find evidence of this in the 

commercial software scene. but it is there. Take for instance. 

Lansde I 1 (1988) who. in a review of a prototyping tool for the 

Macintosh series of machines. states " .. have someone responsible for 

the user interface design to decide if the program interacts with 

the user in the most effective way", (my emboldening on "the"). 

Surprising on two counts: firstly. he assumes that the programmer 

or program team has the sole responsibility for the user interface. 

and secondly. he seems to suppose that there is only one way which 

is "the most effective" for all users. Put this way. that we ever 

expect educational software to succeed in its aims is rather 

surprising! Shackel(l9811 sums this up neatly :"Computer designers 

are primarily and quite rightly concerned to improve the performance 

of the computer hardware and software: they otten forget what 

matters most is efficiency ,and performance of the total man-computer 

FLOII Page 1 Revision 1.02 
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If one examines the theory behind matching in more depth one 

finds that the experimental investigations are at a rather crude 

level. Generally. only one (necessarily psychometric) quantity is 

measured. and is plotted against "treatment". Cronbach & Snow 

(1977). for instance. used IQ scores looking for -disordinal 

responses to treatments (that is. significantly different responses 

to differing teaching treaimentsi. They did not find differin~ 

responses. and concluded that IQ was an inadequate psychometric 

measurement for this purpose. There are a number of other instances 

ot research too numerous to consider here. My point is that although 

nearly all of this research points to the conciusion that the 

learning outcome and efficiency is a function of both the person and 

his learning environment. research is not at a stage where it will 

provide a constructive method of tailoring a piece of software. We 

must look elsewhere. bearing in mind that the motivation is provided 

by the work on matching. 

Chandler(1984) and others describe what they call the "locus of 

control" of a program. The locus stretches trom one extreme (the 

programmed instruction learning machines of the behaviourists) to 

the other ( the investigative environments. like LOGO). Are al I 

learners optimising their learning rate on the same software 

presented in the same way? It seems highly unlikely in the light of 

the matching results. In addition. the level of student control is 

not the only factor in the game. We ought to consider at least 

teacher control and program control. which may be seen as sitting at 

the three corners of a triangle. a sort of three-cornered joystick 

where currently the programmer decides the placement. 

FLOII Page 2 Revision 1.02 
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Uho should decide the appearance of the program i J,R, Hartlev 

(1951) for instance, says "Cieariy there are diiiicuities in 

aJlowing student control when the learner has an inaccurate view of 

his own competence and processing style n , Recent researches into 

learning style have suggested that a level of matching is important, 

and thus a program wi th one fixed structure wi I I not be idea I for 

all students, Uatson(1987)' makes another equally important point: 

"The task of desi~ning an appropriate screen and associated user 

interface is made harder by the fact that the end-users. the 

teachers and pupi is. are composed of a combination of individual's 

who wi J I have their own idiosyncrasies and preferences of how to 

view a program. tt Thus some means of chan~ing the style or 

presentation of the program is desirable from both a practical 

'ueveloping CAL : Co.puters in The Curriculum, page 120, 
section entitled 'The User in Control', 

FLOU Page 3 Revision 1,02 
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point of view we are all idiosyncratic. and also from a point of 

view of matching program style to student in the sense of trying to 

optimise learning rate. 

If we are suggesting we ought to structure the program to 

optimise the learning rate. we need to be aware of a point that 

systems psychologists make quite forcibly. Take. for instance De 

Greens (1970): ItDptimum design of t.he man-machine package alone does 

not guarantee the effectiveness we desire ... and our success ... may 

introduce problems that seem iess easy to handie". Perhaps we ought 

to consider the methods of Systems Psychology more when constructing 

large educational programs which are intended to "work" across a 

broad spectrum of pupils and teacher styles. The current generation 

of educational software seems to have paid scant regard to these 

ideas. Proi. Edmonds' plea' to consider Human Factors early in the 

design cycle is worth remembering .. but balanced with his warning 

that as yet we know little about the human components in a system. 

He states three points made by Shacke!. which. he considers. should 

be embodied in any program design stage. one of which is especially 

relevant in educational computing and in particular here Shacke I ' s 

first precept is that the design should be "User centred". 

Flexibility should be built in and should in fact be the central 

concern. rather than the fundamental algorithms of the progra.m. 

Bearing in mind Hartley and other's work mentioned earlier. the 

level of control and configurability available to the user should 

depend to some extent on decisions made by the teacher. Most 

Talk at Loughborough University of iechnology. November 
1988. entitled 'The Hu.an-Conputer Interface" 
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teachers would probably agree that the user control provided by a 

IIIMP environment is fine. and likely to be weil-used. provided one 

is prepared to spend time teaching the user how to use \lIMPs! In 

order to be able to drive the package after a short period of time 

the student must be presented with an environment which is as 

familiar as possible to him. This means that the program must use 

terminology and graphics which are drawn from the particular course 

which the student is following. and which conform to the choice of 

words as used by the teacher. Few. if any. packages have allowed 

this level of configurabi I ity (Iow though it is) in the past. and 

those that do have also allowed the student (or user) perhaps too 

much freedom to experiment. 

lie are left. then. with a dilemma. Too much student control of 

a program is undesirable. but there is a need to enable a 

substantial level of configurability by the teacher. The ievel of 

control by the program is likely to be low in a program which sells. 

Proper program control suggests techniques of arti f icial 

intelligence. and this is unlikely to appear in commerc i a 1 

educational software whilst the techniques involved are still 

essentially experimental. Although "expert systems" are used in 

business the topics to which they are devoted are rather less 

abstract than most topics in mathematics (not intending to place the 

subject on a pedestal: it is abstract). In fact. reliable toois for 

representing the interrelationships between knowable facts must be a 

precursor to any such controi by a program. Research into such 

methods is occurring (e.g. Pask '" Pangaro 1982). but is not yet 

widely used. Host teachers I have spoken too would be unhappy with 

software which made strategic decisions behind their backs using 

methods of which they were unaware. Practically then. we must 
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look at methods of allowing teacher control. Teacher control has a 

number of advantages built in to it. The teacher presumably knows 

both the pupils and the course welJ. He is in the privileged 

position of being able to identify pupil requirements and being able 

to adjust the program to match pupil and course. even if the formal 

methods for such adjustments are the subject of hot academic debate. 

Such adjustments may range from the relatively trivial (notation 

used. words used for key concepts. colours. speed. difficulty. 

adjustments to printer type. and 50 on) to fairly major 

configurations of the user interface such as the graphical styie of 

the program. terminology used and functions provided by the program 

which are visible to the user. Of course. if he is to make these 

adjustments successfully then (slhe must be familiar with the 

software and with the methods used to configure it. 

FLOW. the subject of this dissertation. is intended primarily 

as a testbed of mechanisms for setting up teacher control. The 

actual features control led are not of major significance. although 

they have been chosen from features which my immediate colleagues in 

the subject have found irritating about packages in informal 

discussions with one another. Notation is a good example: does the 

course use exp(xj or e- for instance? Does sinh(x) appear in the 

software before it has been introduced in the course? Does the 

program round its answers without indicating that this has been 

done? Does it provide 10 decimal places when the teacher always gets 

worked up about un rounded answers? These are al I trivial points. but 

they do cause endless frustration with practising teachers. The 

programmer is not in a position to make value judgements about which 

approach is right. and should therefore permit the teacher to make 

fLOW Page 6 Revision 1.02 
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the decision. on an individual basis for each pupil. if necessary. 

The next problem (and this is not tackled herei is one of 

teacher naivety. Even in 1989 there are a number of teachers who are 

positively frightened by computers. They may be sufficiently 

confident to use them in the classroom and use them effectively. 

but cannot or will not delve below the application level. How do 

these people "configure" software for other users? This area needs 

investigation. There are at least two potential pitfalls 

Firstly. the teacher is unlikely to be a programmer. He may 

have some experience in using computers. but to talk of "setting 

environment variables". or of "configuring the .SYS file" is likely 

to put most teachers off. The configurabiiity must be easy. The 

obvious solution is to set the program up through a "front end" 

which eliminates the need for the teacher to get his or her hands 

"dirty". 

Secondly. the teacher is unlikely to have much time available. 

Again. we need a quick method of configuring the software. 

My experience suggests that even the use of a friendly text 

editor is unlikely to be taken up since the syntax imposed by such a 

system would be rigid the equivalent of an old "command-line'! 

interface. A tentative suggestion seems to be some sort of natural 

language interaction with the machine in which the teacher is 

grilled about the nature of the configuration required. Here. 

document a package which has the potential for reconfiguration by 

the teacher. but the method used in this software will consist of 

environment variable settings. miscellaneous text files and so on. 

FLOW Page 7 Revision 1.02 
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This is not the end of the story! 

2 Outline of the software and its function 

2.1 General description 

January 1990 

FLOW is intended to provide the teacher and pupil with an 

environment in which experimentation with simple functions of a 

single variable is possible using a notation which is familiar to 

the pupil and which is used within the pupil's GCSE or A level 

mathematics course. FLO~ is intended to be easy to use and quick to 

learn. It is intended to be used without extensive time spent in 

studying a manual on how to run the program and on how the program 

works. Given limited time availability in the current school 

timetable. extensive instruction in the use of one program nowadays 

is Simply not possible. Any use of technology must have as one of 

its spin-offs the high probability of saving time. with this in mind 

the old non-WIMP systems (such as the BBC B or the RML series of 

machines) do not provide an al luring environment in which to deveiop 

software for educational use within the secondary school. 

Accordingly. the requirement wag for software which would run 

rapidly. reliably and with a minimum of time spent learning the 

package. and which conforms as closeiy as possible to a standard 

presentation. The notation used needs to be as familiar as possible. 

and the operations required to run the package need to be as 

intuitive as possible. The WIMP environment provides a modern 

interactive environment in which users feel familiar and find easy 

to use. Although criticised for being difficult to learn. the 

environment is almost standard across differing machines and may be 

regarded as a standard interface to which educational software 

should conform. 

FLOW Page 5 Revision 1.02 
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have not used symbolic icons within the program. but have 

replaced them with textual ones. In my experience. students of this 

age range do not find symbolic icons particularly meaningful. 

Textual icons provide a sensible halfway house. allowing the use of 

the UIMP environment without obliging students to learn what the 

icons stand for. 

FLOW allows the user to build flowcharts by tapping keys on a 

simulated on-screen calculator. Once flowcharts have been completed 

they can then be run with numbers input to investigate their etrect. 

convergence. and other properties which the teacher may be 

interested in. A number of facilities are provided to help the user. 

It is possible to obtain graphical output easily. and a record of 

runs made is kept without any action on the user's part. On-line 

help has been seen as essential for this package. and provision has 

been made for it to be teacher configurable. 

2.2 Interactive HELP 

The problem with on-line help in educational software has 

always been that it could only be present in small amounts because: 

(1) Cailing it up would destroy amounts of the screen which 

the user required. 

FLOU 

(2) Screen "bandwidth" has been limited. and much textual 

abbreviation has taken place when placing the help within 

the program structure. 

(3) It has not been possible to include graphics within the 

help system. 

(4) A "flat" system of filing the help is inadequate. It does 

not seem to correspond to the structures we have in our 

Page 9 Revision 1.02 
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minds of the subject so far. 

The ~IMF environment gets round the first of these problems. 

and allows the programmer to pop up items on the screen without 

destroying the underlying screen contents. 80 column screens have 

made an improvement in the screen bandwidth. Tt ee -str uctur ed 

directories on both Acorn and Apple ~IMP systems allows a structured 

fi I ing approach to "help". This is used in this software. 

The "help" facility should be regarded as an integral part of 

the program and also as configurable by the teacher. FLOW's heip 

facility is both integral and configurable. Under FLO~'s help it is 

possible to call up help on any topic at any stage without losing 

either details of runs or of flowcharts. The help window will 

disappear when closed by the user. leaving ail beneath intact. In 

addition. the help topics are stored and presented hierarchically. 

The menu structure within help reflects the layout on the disk. Thus 

the top level of help consists of further options (usually general 

ones. like "windows". "flowcharts". and so on ) which if seiected by 

moving the mouse rightwards over the arrow wi II reveal a further 

level. and so on until a "leaf" topic is selected. The leaves on 

this particular tree correspond to text files in the help area on 

disk. The non-leaves correspond to directories. 

Help files themselves are straight text files though it is 

possible to incorporate graphics in them (in a number of different 

ways) because of the way the Acorn "terminal" works. Thus the 

teacher can juggle with the help files. rearrange them. create her 

own and so on. No programming experience is needed. merely the 

ability to use an editor. This I see as vital. Teachers differ in 

their opinion on the presentation and language in these packages. 

FLO~ Page 10 Revision 1.02 
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The solution is not to argue about it. but to allow individuals to 

change the package to suit their needs. It is possible to create 

multiple different help facilities with the package to use with 

different ability ranges or years within a school. The user would 

not even be aware or the ability to change the help setup. 

The files are placed in directories which are rooted in a 

designated "help" directory. whose name can be defined in the 

configuration of the program. The teacher. if he or she is familiar 

with the operation of a word processor or text editor. can 

completely redesign the help files supplied with the system. and can 

rearrange them too. The structure is copied into the program as a 

treed menu structure. the user merely flips through until he finds 

the topic required (on a leaf of the help treel. and selects by 

pressing SELECT on that item. The help window opens. displays the 

text. and is closed in the usual way by clicking on the cross. 

FLOW Page 11 Revision 1.02 
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2.3 Screen photographs of FLOW 

A short section intended to demonstrate the appearance of some 

aspects of FLO~ whilst it is running. 

'I r t r 

lill l.:!J I!ll ~ 
l!l ~ !1J ;3 

l!J II.I .. c.:::! 
0 [iJ ULl c.:::! 
llil El UJ D 
U D U D 
D U D 11 
D D D D 
D 11 m:I 

Editing in FLOIol 

The user is about to add "SIN" to the end 01 the current 

flowchart. Ft. as box 3. 
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Entering a function 

The user has just added ATN to the flowchart as the last box . 
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HU 
DU 
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Alias for RCL or a named variable 

January 1990 

Although the user typed "lambda" as the box contents . the 

system has worked out that this is a named variable. and the user 

intends to RCL its value. 
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lliJ 13 I1lI ~ 
l!..l tiI III ~ 
l!.J l!.J 11 t3 
U G llil t:.3 
llil El lLJ D 
U U U D 
D U U a 
D D D 0 
U 11 m::I 

Another Alias 

A~ain, the system has changed the users input, The user typed 

"=Iambda", which has been interpreted as "STD lambda", 

FL()~ Pa~e 15 Revision 1.0£.. 
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Alias for 10' 

I f the user types "10." at the keyboard. this wi i I be 

interpreted as 10' 
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Alias for ,Ix 

The user can type. for instance. "SQRT". and the system will 

spot that this is intended to be ,Ix 

FLOIJ Page 17 Revision 1.02 
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January 1990 

taIl ~ ac [mJ tE 0 ,i t ::,1 
~----------------

Leve I 1 Boxed I tor 

FLOII can be configured to operate at several levels. Level 1 

has a very restricted range of functions available. and is intended 

to be used with younger children. 
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Variables window 

If the variables window is open . it will reflect the derined 

named variables within the system. and also the contents or the 

anonymous store on the calculator. Using the Variables window menu. 

,obtained by depressing HENU over this windowl the user can alter. 

create and destroy named variables. 
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Running without AUTO SWAP 

In this aode. FLOW does not use the output or one run as the 

input for the next one. The old input is retained. unless the user 

types another number as input. 
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• 

I ~' I 

Running with AUTO SWAP 

Here. FLOW will use the output from one run as the input tor 

the next run automatically. The output box is not usea. 
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Dialogue box : EXIT 

FLOW uses dialogue boxes extensively to communicate problems or 

to ask the user questions. Here. the user has clicked on "EXIT" on 

the control panel. FLOW is making sure the user does want to .eave. 
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This file alreadtJ fXlsts -
Sh.11 I ",I." It? 

Saving existing FILE 

J anuarv 1990 

Another example of a dialogue box. The user has chosen to save a 

file. but FLO~ has spotted that the file exists already. Note that 

not all users are allowed to save. depending on the settings the 

teacher has made. 
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Tree menu structure:RENAME 

.anuary 1890 

FLOW uses nierarchical menus to select various options within 

the packa2e. This is one of the deepest in FLOW. 
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Preferences 

January 1990 

Certain user preferences may be set this way . The teacher has 

an alternative way of controlling these options. and others. 
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IT: 

Graphln, a chart 

Flow provides an easy way ot graphlng a runction represented as 

a t lowchart. The 'j axis seal ing is automatic. 
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The Graph and Info windows 

The Graph window can show up to four curves superimposed. The 

Graph Info window can be popped up permanently (must be closed 

explicitly by the user), or temporarily (closes as pointer moves off 

the window) and gives most information the user requires about the 

graphs and axes , 
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• 

The GRAPH window 

Shown with curves superimposed on another. The option to 

superimpose is contained in the Graph Menu. 
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Graph menu 

Showing the options available to the user. Into pops up the 

lntormation window permanently if lNFO itselt is clicked on. and 

temporarily it the arrow is travelled over. Clear clears ano closes 

the graph window. and superimpose allows a user to add another curve 

to the graph. 
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HELP : the HENU 

January 1990 

Flow has an extensive help system. completely conri~urable bv 

the teacher. The menu tree reflects the help dlrectorv structure. 
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HELP lIindow 

Help windows can be lert on screen whilst other operations are 

carried out 
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Error message (1) 

January 19<;,0 

Error Ilessa~es are intended to be as rull and helpful as 

possible, and wi II generally indicate the box causing the problem, 

it it is a run time error. 
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Errors (4) 
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3 A comparison of similar software 

consider here only the mathematical content of packages which 

may allow some modelling of functions of one or more variables. 

There is little software available in this field for education 

at present. and it is accordingly difficult to find much with which 

to compare the package. Many software packages attempt to cover a 

specific point. or attempt to enable the student to model a specific 

idea in an unusual way in order to make a teaching point. This is 

not entirely surprising, since memory and graphics limitations on 

earlier machines made the manufacture of a multiple or general 

purpose package which operated satisfactorily in more than one 

knowledge domain or mode difficult to achieve. Now that graphics 

have improved. and memory constraints are less severe it is easier 

to manufacture packages which are not specific to one educational 

model and which allow the user to "expiore" a world and to model in 

it. 

Logotron's Numerator is such a package. It has been developed 

to run on the BBC range of machines. and an extended version is 

avai lable for the Archimedes. This package bears a strong 

resemblance (in terminology) and slight resemblance in terms of 

control to a well-established package for the Macintosh series of 

machines. Stei la Modei ler'. 

Both these packages encourage the user to build machines which 

operate upon numbers. Stella is a particularly powerful package 

allowing the user to investigate large. complex systems of 

interacting variables. to model differential equations and hence 

'Reviewed by Weber. November 1989 
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solve problems of flow. growth. decay or change using a particularly 

effective graphical analogy: that of flow along pipes. Thus the 

user can set or change flow rates by applying a tap to a pipe which 

is controlled by another "process" elsewhere on the desktop. 

Numerator uses a similar terminology (Tanks. and pipes) but is 

nowhere near as powerful. Indeed. those who market the package have 

not aimed the software at the secondary school user (for some odd 

reason) but have chosen instead to aim at the junior area of 

education. With some modifications. the package would be very useful 

in the secondary classroom in order to allow the student to explore 

a problem by building a model to represent it. through Numerator. 

Both packages allow the user to create processes ( my own term. 

not one specific to the packages under discussion) which to some 

extent model some real world problems. In particular. it is 

reiatively straightforward to produce functions of one variable in 

each package. and to graph them. 

The terminoiogy used in these two packages is not common in 

schools. For instance. before Numerator become educationally 

productive it is necessary to spend some time expiaining exactiy how 

number tanks. pipes. operator tanks and so on fit together. Once a 

period or so is used. then the package begins to become useful. No 

attempt has been made to use standard GCSE classroom terminology. 

The same is true of Stella. although in neither case is this a 

criticism of the software. since neither package is aimed at the 

GCSE school student. Neither package is configurable in the sense 

that the teacher can change ·the appearance or scope of the package 

in a sUbstantial way. For instance. in Numerator he cannot add or 
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remove operators (though the student can choose to do so). add 

tools. or restrict the facilities available to the user. Neither 

package draws an analogy between a function of one variable and a 

sequence of keystrokes on a calculator. though of course this is 

merely a different approach. not a criticism. 

FLOW has been bui I t from the start to use a language iami liar 

to the SMP GCSE student. The flowchart is a common way of expressing 

algorithms. Even though the method has limitations it is still 

widely used and has the advantage of being easily interpreted even 

if the user is not familiar with the method. in addition the SHP's 

habit of considering each (functional) box of a flowchart as an 

operator. a ttmachine" with on~ input and one output. is preserved 

here. FLOW allows the user first to build flowcharts by tapping keys 

on a simulated calcuiator and then to run and investigate properties 

of the flowcharts. 

The calculator image as a representation for various concepts 

in educational software has been used before. Fox (1980) describes a 

design for a visual calculator for arithmetic which uses a screen 

display of a calculator. The author (in the paper! states that his 

next stage is to implement a prototype on a Macintosh system. so it 

is unclear whether this system is running yet. In any event. the 

calculator is not used in the same way as in FLOW. Fox's program is 

intended to be used by children in helping them to understand 

arithmetic. To this end. the calculator is used in three ways (Fox. 

pS) : 

FLOW 

Ca) by demonstrating how answers can be obtained .... 

(b) By enabling children to carry out addition and 

subtraction by their own methods ... 
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(c) By substituting for an ordinary calculator 

The calculator is never used in the mode used in FLOW: it is 

used only as an editor in the construction of a stored program. 

Evertsz. Hennessey and Devi {1956j have produGed a language. 

GADL. which is intended to facilitate the description of mental 

arithmetic processes. The concept is that manipulation ot numbers 

and expressions is made possible in a graphical way using tools 

provided by the system. They report (pU that" In general, children 

learn to use the interface very quickly .•. ~e argue that this is is 

due to the appropriateness of Direct Hanipulation in this domain, 

which in turn is dependent on the success of numbers-as-ob,iects 

metaphor". It would seem to be a good idea to try to concretise the 

concept of a function as an object. and in particular. to use the 

same method as is already used in existing course textbooks. ihe 

representation in Evertsz et ai's work uses box-like objects (either 

single digits or operatorsi which are hooked together horizontally 

by the user. The concept is not functional. but the analogy is 

compel I ing. certainly for lower school work. At the secondary level 

a clearer distinction is required between numbers and operators 

which their notation does not provide. The flowchart - box - sausage 

machine analogy has been around for some time and is already 

familiar to most students of mathematics. certainly to students 

following SHP courses. 
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4 System chosen for the project software 

FLOW runs under the WIMP environment on the Acorn Archimedes 

computer requiring a minimum of 1 Megabyte of RAM in which to 

run. It conforms to the suggested Acorn guidelines for (non­

multitaskingi UIMP based software and accordingly presents to the 

user familiar with these machines a standard interface. The 

Archimedes was the computer of choice tor a number of reasons 

11 It is becoming available in schools 

2) It is cheap (especially the newer 3000 series; 

full colour. unlike the original Macintosh. 

and offers 

3) It is much faster than the Macintosh in almost every 

respect. The rate of redraw on the Macintosh is slow and 

users have found this to be irritating. 

Although the software has been written for the Archimedes the design 

is modular in the sense that it is possible to rewrite the "Iow 

level" modules (the interface to the WIMP. for instance; and leave 

the high level modules alone. The program should then work. Although 

modularity was felt to be useful. I have not made the compartments 

completely watertight and some modifications to the high level 

modules will be required in order to run. for instance. on a 

monochrome set up. Ultimate portability without complete rewriting 

is possible since the program is written almost entirely in ANSI C 

using only one non-standard library (The Acorn RISCOS library in 

order to use the WIMP). Most of the RISCOS UIHP functions are called 

only in one module. w_shell. and only a few others are used in the 

other modules. 
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The software allows the user to construct and run flowcharts in 

a fashion analogous to the style used in the SNP GCSE courses. The 

user builds the flowcharts by tapping keys on what appears to be a 

calculator. in an exact analogy of evaluation of a function in "real 

life". As the user presses the keys (using the mouse or by typing) 

the flowchart builds up in the other window. Rudimentary editing 

functions are provided to allow the user to erase boxes. edit boxes 

and so on. When the user has completed a flowchart he can then "run" 

numbers through the flowchart and record the results. They 

correspond mathematically to functions of one variable although 

using a contorted method involving named variables the user can 

construct a function of more than one variable. This is not intended 

to be used frequently, The named variables are provided in order 

that the teacher can. if it is wished. demonstrate the similarity 

(and differences) between a sequence of key presses on a calculator 

and a stored program. 

The core of the program is a simple language interpreter and 

editor. but the presentation of the program "listing" and the method 

of editing it is an obvious difference from standard interpreters. 

As is normal with educational programs. the core interpreter is 

small. simple and straightforward. The surrounding presentation is 

complex and involves (probably) 80% of the source code. the help 

system accounting for a substantial portion of code and text fiies. 

Configurability is not. of course. limited to help contents and 

structure as examined earlier. Many of the features of the package 

are wholly configurable. The package. when it runs. looks for a 

configuration settings in system variables. placed there by the file 

starting FLOW. It adopts these settings. which the user is 
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subsequently unable to change. Thus the teacher may disable features 

such as the availability of the trigonometric functions SiN. COS. 

and TAN with a class of 11 year olds. Later on. complex facilities 

such as named variabies. hyperbolic functions and so on can be 

introduced easily. by using a different configuration file. Trivial 

but no less important features such as colour are completely 

programmable by the teacher in a standard way (using the !palette 

file of the archimedes. which is easily editable from the desktop). 

Further features are controlled by environment variables set by a 

boot file before starting. 
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5 Hethod of use 

Clearly the exact method of using this package depends on the 

teacher involved. It is intended as a package in which the user is 

able to explore mathematical ideas. but can easily be adapted to 

work in the manner of an electronic blackboard. Uorksheets can be 

constructed and a sample collection is attached. Care needs to be 

exercised in constructing worksheets since the terminology must 

agree with both the program and the course being followed. 

The program pursues an analogy between presses of keys and 

progress through a flowchart. This analogy is found in many 

elementary courses in mathematics 4 and is the source of some 

frustration for less mathematically inclined pupils. The ability to 

relate function key presses to parts of a functional flowchart is 

important. In addition. the program permits investigation of more 

complex ideas such as convergence and iteration. The "language" used 

is based upon the keys found in many elementary scientitic 

calculators although additions and alternatives have been provided. 

The major omission as far as teaching programming is concerned is 

that no loop or decision-based flow control is possible. This does 

not detract from the programs usefulness in elementary model ling of 

simple mathematical functions is concerned. It merely prevents it 

from being used to teach elementary programming graphically. It is 

in any case arguable that flowcharting is a good way of teaching it. 

'e.g. The S~P GCSE course. SHP New Book 3 part I. New Book 4 
Part 
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6 USER DOCUMENTATION 

This documentation details FLOW v1.20 

6.1 Terminology 

Some jargon is unavoidable. and 

January 1990 

assume some slight 

familiarity with WIHP systems in general. The following are brief 

notes documenting some peculiarities of the Acorn system. 

Upon turning the machine on. the bar across the bottom of the 

screen is known as the ICON BAR. Devices appear at the left hand end 

of the bar. "managers" at the right. 

The mouse has three buttons. Holding the mouse with the cable 

emerging away tram the user. the left hand button is cal led SELECT. 

the centre one HENU. and the right hand one is ADJUST. Thes8 names 

are generally indicative of the function the button is intended to 

perform. FLOW does not make much use of ADJUST. When the pointer is 

placed over an icon. window or the desktop background. pressing HENU 

will generally pop up a menu indicating what options are available 

to the user. With SELECT. one press generally "selE?i~ts" SOffi03thing. a 

second press following on rapidly irom the tirst will "run" it .. the 

nature of "run" depending on the object selected. It you pause too 

long. a second press will "deselect" the object. 

The package makes extensive use of windows. The way the system 

deals with of menus and keypresses depends on the position of the 
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pointer in relation to the windows on screen. The novice user is 

actively encouraged to experiment with moving the windows around on­

screen. if the user examines a normal window. he wiii find.3 buttons 

along the title bar at the top of the window. The left-hand most 

symbol. rather like a sheet of dark paper aimost covering a light 

sheet. wi 11. if cl icked on with SELECT. send the window to the bac.k 

of the pi le of open windows. The cross. to its immediate right. wi II 

close the window. The button in the top right hand corner wi II 

toggle the window to full size. or shrink it. In the bottom right 

hand corner is a button resembling a sheet of paper with a corner 

missing which if dragged (by holding SELECT down and moving the 

mouse)will resize the window. The bars along the bottom and up the 

right hand side scroll the window around over the full work area. 

Clearly a description of the window environment is two 

paragraphs is less than full. and a suitable description can be 

found in the Acorn User Guide (1989). It is recommended that users 

new to the system spend some time trying these buttons out with (ior 

example) directory viewers before trying applications 

6.2 Starting the package. 

Insert the disk provided into the disk drive. label uppermost. 

Cl ick once with SELECT on the disk drive icon in the lower left hand 

corner at the screen. This should open a window onto the disk 

contents. Click SELECT twice in rapid succession on the FLOw 

application icon. which is a green flowchart box and a letter "t". 

The text "!flow" appears nearby. FLOU chart tiies consist of a 

similar icon. but with a number of linked boxes in. one of which is 

red. They may be started by double-clicking SELECT on them in an 

essentially similar way - FLOU itself is loaded automatically. 
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followed by the flowchart file. 

There will normally be a short pause during which FLOW installs 

itself. probably accompanied by the appearance of an hourglass on­

screen. The software wiii present itself to the user with no windows 

open initially. and ani:; a menu bar (most conveniently thought of as 

the "control panel") across the bottom of the screen. 

6.3 THE CONTROL PANEL 

: : .. : :: :. : .. : 

There are 5 icons towards the left hand end of the control panel 

which. when clicked on with the SELECT button (the left hand button; 

will normally open windows which have functions as indicated by the 

text on the bar. Cl icking HENU, the middle button. anywhere. wi 11 

open the Edit menu. from which selections can be made. unless the 

pointer is over the HELF icon. in which case the HELP menu will be 

selected. ADJUST has no effect. unless over the help menu. 
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Clicking ONCE with SELECT (left hand button; on 
the iCON Will. .. 

EXIT Wi 11 exit from the program compJetely. back into 

the desktop. after a prompt of the "Are you 

sure" variety. 

RUN W i I I open two windows. the runentry window. and 

the runrecord window. The runentry wi ndow is 

used to enter numbers as input to flowcharts. 

The runrecord window is used to record the 

results of the last thirty runs. The Run windows 

cannot be used to edit the contents of 

flowcharts themselves. 

FLOWS Opens the flowchart window. This window is used 

to display currently stored flowcharts. 

EDIT Opens the bOKeditor window (the "calculator") 

and the flowcharts window. ready for editing or 

creating flowcharts. 

HELP Opens a menu containing help items. The precise 

nature of the help available depends upon the 

configuration of files on the supplied disk. and 

wi 11 vary considerably. In fact cl icking ANY 

button on this icon will open the help menu. 

unlike the other icons on the panel. The 

philosophy here being that if the user needs 

help at this stage he is unlikely to know which 

button on the mouse to press! 
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SAVE SCREEN Is intended mainly for program deveiopment. and 

for the production of the illustrations. It may 

prove to be a useiIJi facility for teachers 

developing their own documentation and 

worksheets. The entire screen area is saved to 

disk as a sprite called "screen!!, in a fi le 

called "screen". This icon wi 11 only be present 

it flow$advancea is set on (see later; 

6.4 A QUICK GUIDED TOUR 

6.4.1 Tutorial (1) a simple flowchart 

FLOW 

• Click SELECT (the left mouse buttoni once whUst the 

pointer is over the EDIT icon on the control panel. This 

will open both the flowchart and boxeaitor windows. The 

user can then edit and construct a flowchart. 

11' I f necessary, scroll the windows unti I you can see the top 

boxes in the flowcharts. If the box labelled Fl does not 

have the word CURRENT above it. click SELECT on the grey 

header box. containing the text "F1". It should become the 

current flowchart. Any modifications or additions wil I 

only affect this flowchart. 

• Enter "x 1.83" into the boxeditor by clicking SELECT on 

the required keys in succession. and watch the box 

contents build up in the boxeditor window. When you have 

finished. click with SELECT on the ENT (short for ENTeri 
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button to transfer the contents into the flowchart. Any 

typing errors found wi 11 be indicated at this stage. and 

the box wil I not transfer. If you make a mistake. click 

SELECT on OK in the error dialogue box. then CLR on the 

BoxEditor window. and start again (there are better ways 

of editing: see later;. 

• Tap the middle mouse button. HENU. and move the pointer 

down to "Run" in the menu. Click SELECT on "Run". This 

should open the RunRecord and RunEntry windows. 

• Ensure the pointer is over one of the two RUN windows. 

Type the digit "5". and follow this by depressing not 

RETURN. but the red key F 1. The flowchart shou I d run. and 

the output should be the results of multiplying 5 by 1.83. 

displayed to the preset precision. 

• w.uit FLOW by cl icking SELECT over Exit. on the Control 

panel. then click SELECT on "Ok" in the dialogue box. 

6.4.2 Tutorial (2) Loading and running a flowchart 

FLOW 

• Start up FLOW in the manner described above. Depress the 

middle mouse button. HENU anywhere over the main screen. 

The Edit menu should pop up. Move the mouse pointer over 

"Fi i ingn, and then carefully to the rilght over the right­

facing arrow. Follow that with the same operation over 

"Load". and click SELECT over the item "nr" irom the 

Load menu. 

• Open the tlowchart window by clicking SELECT on "FLOWS". 

it the window is not already open. 
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FLOII 

~ After a short pause you should see the ilowchart window 

resize itself. and the flowchart appear in the window. You 

should be able to see most of the flowchart (which 

calculates ~ using the well-known Newton-Raphson method. 

A sample worksheet is included later in this volume; by 

scrolling the window. or resizing it. 

• Cl ick HENU anywhere over the windows or background. Clnd 

then cl ick SELECT over "Run" in the menu. 

• Cl ick SELECT on "AUTOSIIAP". which has the eriect of 

placing the output from one run of the flowchart back into 

the input. 

* Ensure the pointer is over either the RunEntry or Runlnfo 

windows. 

• Type in an initial guess (say 10;. 

• Depress Fl repeatedly, and watch the iteration build up in 

the Runlnfo window. 

• Click MENU whilst the pointer is over a window or the 

background. Hove the pointer to the right over "Clear" and 

its associated arrow. and then click SELECT over "AI I 

Charts". to clear the flowcharts. Repeat the operation. 

this time clearing the "Run Record n
, 
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6.4.3 Tutorial (3) Graphing a flowchart 

FLO~ 

• Load FLO~ in the usual way. if you have not already done 

so. 

* If you had flow loaded from the previous exampie. Click on 

"AUTOS~AP" to ensure it is turned off. 

* Click HENU over the main area above the control panei. 

select "Filingtl. tlLoad" as in the previous example. and 

eventually seiect the file tlvolbox". Thi s f i owchar t 

calculates the volume of a box which is obtained by 

cutting a variable sized square (which is the input to the 

flowchart> out of each corner of a rectangular sheet of 

cardboard of dimension 297 x 210. Examine the flowchart by 

scrolling the flowchart window over it. 

1t Cl ick I1ENU again. this time moving to ITGraph". I-love the 

pointer over the right pointing arrow. and down to the 

first RED entry in the menu. This entry is writeabie. as 

indicated by the presence of the I-shaped caret in the 

box. Using the DELETE key (in the group of six. just to the 

right of the main keyboard group) erase the defauii entry 

and insert "I" (by merely typing on the numeric keys) 

underneath the "Chart Number" entry (do NOT press RETURN 

when you have finished!>. Deleting and inserting as 

necessary, type "0 11 underneath "x min". and "100 ft 

underneath !Ix max". 

• Cl ick SELECT on "do it". The graph window should appear. 

and a graph of the dimensions of the missing sguare x 
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axis) should be plotted against the resulting volume y 

ax is)' 

6.4.4 Tutorial (4) Editing a flowchart 

FLOW 

• Load FLOW as documented. and Load "volbox". as shown 

above. 

• Cl ick SELECT on the Edit icon on the control panei. 

• Click SELECT on (say) "SIN" In the boxedltor. then clld: 

SELECT on ENT In the boxedltor. The contents will be 

transferred across to the end of the current flowchart. 

You have "appended" a box to the current flowchart. 

• Scroll the window up by dragging the scroll-bars until you 

can see bOK 4. "+ 210.000" 

• Click SELECT over this box. It will turn Green. indicating 

that it is the currently selected box. Its contents are 

transierred across to the boxeditor. 

• Click nENU whilst the pointer is over the ilowcharts 

window. then SELECT on "Overwrite". 

• Hove the pointer into the boxeditor. and click the pointer 

between the "1" and the "0· of "210". The Caret should 

appear. 

• Depress the DELETE key. then type "5". The number should 

have changed to "+ 250.0000" 

• Cl ick SELECT on "ENT" t6 transier the contents back to 
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the chart. The original box will now have changed to read 

"t 250.000" 

• Drag the scroll bars down until you can see box 12. the 

SIN box you added to the chart. 

• CLick SELECT whiist the pointer is over this box. 

followed by lfENU to pop up the Edit Menu. Finally. cl ick 

SELECT over "Deleie Box", You have removed Cl bOl( irom the 

chart. Had this box been in the middle of the chart. the 

one above and the box below would have joined up over the 

gap. 

6.4.5 Tutorial (5) Named variables 

FLOIJ 

• Load. as before. the flowchart file "QROOTS". 

• Examine its contents by scrolling around the window 

(making it full sized by clicking on the top right-hand 

corner button may help youi. You will see that Fl computes 

the discriminant . .J(b 2 -4ac) of a quadratic equation 

• 

ax:'+bx+c = 0 

and that F2 and F3 compute the roots of this equation. 

using Fl as a "subroutine". 

Open the Edit Henu by clicking lfENU. move down to 

"Variables". and click SELECT over this - moving over the 

right pointing arrow wiij open the window. but only 

temporarily. that is unti I the pointer moves of f it. 

Cl icking on it opens the window unti I it is explicitly 

closed by the user. 
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FLOII 

Click IfENU whilst the pointer is over the variables 

window. This opens the variables menu. 

* Hove to "Create Var". and over the right pointing arrow . 

., Type in "a". and over the n8Kt arrow. Type in "I" here. 

and press RETURN. 

* Repeat the above process to create variables "b n = "5" and 

"e" = !I_at! 

• Send the variables window to the back of the pile by 

clicking SELECT on the icon in the very top leit hand 

corner (to the left of the crossj, 

• liove the pointer over the f loweharts window. cl iek IfENU. 

click SELECT over RUN. 

• Depress F2 (no input is required). The output.lo275. is 

one root of the quadratic equation 

K' t 5x - 8 = 0 

expressed to 4 st. 

• Depress F3 to obtain the other root. -6.275 

• Juggle with the windows. closing if necessary unti I you 

can see the variables window. 

• You should see that the variable "disc" has been 

created. and has a value currently of 7.549634. 
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6.4.6 Tutorial 6 : Configuring FLOW 

FLOW 

* Open a directory viewer showing the !FLOW appiication. On 

the supplied disk this should also have the 

application visible. 

!EDl T 

• Double cl ick SELECT whi 1st the pointer is over the !EDiT 

icon. The icon should reappear on the right hand end of 

the icon bar. 

• Whilst holding down the SHIFT key. double click SELECT on 

the !FLOWapplicatiDn. Instead Df installing it (which 

wDuld have occurred without SHIFT) you will now be able to 

see the contents of the application. 

• Drag the !RUN fi le icon by depressing the SELECT button 

over it. and dragging with SELECT pressed. until it (in 

fact. the pointeri is over the !EDIT icon on the icon bar. 

and let go of SELECT. This "loads" the text into the 

editDr. 

• Make the window ful I-sized by clicking SELECT on the 

tDggle tD full-size icon in the top right hand corner of 

the window. 

• The Caret. an I-like pointer. should be visible in the top 

left hand Corner of the window itself. This responds to 

clicks with SELECT. which will position it. and alsD to 

cursor key movements. Iiove it down until it is positioned 

at the end of the line which starts 

set flow$oplevel 5 

• Delete the 5. by tapping the DELETE key. and replace it 

with a 1. This configures FLOW to work at its lowest 
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• 

• 

• 

• 

• 

operation ievel. ai Jowing oniy the basic 4 functions. and 

is documented fully later 

Click I1ENU on the mouse. move down to "save", and over the 

right facing arrow. 

Click on OK in the box which opens. 

Close the EDIT window by clicking on the cross in the top 

left hand corner. 

Unload the EDIT app I i ca ti on by clicking I1ENU. whilst the 

pointer is over the EDIT icon on the icon bar (the pen and 

ink) . then Click SELECT on "Q.uit". 

Now load FLOII. and examine the boxeditor. You wi I1 see 

that only the basic 4 functions remain. 

6.4.7 Tutorial (7) Editing and adding to the HELP facilities 

FLOW 

• Open a directory viewer onto FLOW. 

• Hold down the SHIFT key and double-click SELECT to get 

"inside" the FLOW application. 

• Double click SELECT on the Help folder (coloured bluei. 

• Suppose we want to edit the help filed as "editing ;) 

syntaxlf. Double click on the "editing" folder. 

• Now either drag the syntax icon to !EDIT. or double click 

on it (EDIT recognises it as its file. so there is no need 

to drag. unlike !RUN in the previous tutoriali. The text 

will be loaded into EDIT. and can be saved as previously 
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described. If you choose to create new folders (Use the 

HENU button over a directory vieweri or new appl ications 

(use ·CREATE =) Text file" in the EDIT menu obtained by 

clicking HENU over EDIT on the icon bari then the menu 

structure inside FLOW is adjusted automatically. 

6.4.6 Adding and editing general points 

To add or edit a flowchart's boxes there must be two windows 

open on screen the Flowcharts window. and the boxeditor window. 

These may be opened (if they are not already open) by clicking 

SELECT on the appropriate icon on the panel at the bottom of the 

screen. Clicking SELECT on the EDIT icon will open both windows. 

clicking SELECT on FLOWS will open only the flowchart window. The 

Flowcharts window will open initially to the left of the editor 

window. The editor window appears rather like a calculator. 
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Fig (U 
The flowchart window 

The window can be manipulated as described earlier. it can be 

reopened by clicking on the FLOWS icon at the bottom of the screen. 

on the control panel. The work area of the window will grow 

vertically as longer and longer flowcharts are constructed. and will 

shrink to its initial state if all flowcharts are cleared. The 

window may of course be resized and scrolled over the work area in 

the usual way. 

The flowcharts window is opened initially to show the contents 

of flowchart 1. which will normally be empty unless the teacher has 
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set up an autoload sequence. 

The currently selected flowchart is distinguished from others 

by being surmounted by the word "CURRENT". In addition. it wi 11 

normaiiy contain a box which is coloured green. and has a heavier 

border (for colourblind and monochrome monitor usersi. This is the 

currentiy seiected box. FLOY does its best to keep this box visibie 

inside the Flowcharts window. in order that you do not need to 

serol i around to find it. Only the current flowchart and (in some 

edit modesi the currently selected box can be changed by the 

boxeditor. The "header box" for the flowchart. the top one. contains 

the number of the flowchart. and is coloured differently to the rest 

because it cannot be changed or deleted. It can be selected. but any 

attempt to overwrite the contents will cause an error. 

You can load a prepared flowchart for editing or running by 

opening the EDIT MENU. You do this by depressing HENU. the middle 

mouse button. anywhere over the background (it will work on most 

windows as weil>. ~love the pointer down to "filing". and over the 

right facing arrow (right facing arrows indicate the option leads to 

a sub-menui. Move the pointer over "Load". and select the chart you 

wish to load. All the FLOW charts found in the default area for 

saving and loading are listed. The red bar at the bottom is 

writeable. and you may type your own choice here. Alternatively. and 

safely for a first time load. simply click SELECT over one of the 

items in the load menu. 

To select a flowchart for editing you must make it the CURRENT 

flowchart . If you cannot see the flowchart in the window. scroll or 
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resize the flowchart window by draggingS the elevator bars in the 

reguired direction (the flowcharts run from 1 to 30 horizontally 

across the top of the window). or cl ick SELECT on the arrows unU I 

the one reguired is visible. Then click SELECT anywhere underneath 

the flowchart header box. or in the header box itself. This should 

result in the CURRENT indicator moving across to above your chosen 

flowchart. If you clicked in the header box itself then that wil I 

turn a lighter shade of grey, otherwise ciicking on any other box 

wi 11 turn it green with a heavier border. The colour and border 

change indicate the currently selected box. 

Pressing the middle mouse button. tfENU. whi 1st the pointer is 

anywhere within a window. or on the control panel. or on the desktop 

background will pop up a menu. This is almost always the HliT 

rIENU. the oniy exception being the Graph window menu which is 

documented later. 

The fi rs t four items on the ed i t menu. APPHm. OVERWii I TE. ADD 

AFTER and ADD BEFORE change the way the boxes are added into the 

flowchart. APPEND will always add new boxes on to the end of the 

currently selected flowchart and ignores the currently selected box. 

OVERWRITE will overwrite the currently selected box if there is 

one) wi th the boxedi tor contents. ADD AFTER wi II add after the 

currently selected box. and ADD BEFORE will add the box in before 

the currently selected box. unless the currently selected box is the 

header box. The edit mode currently seiected is indicated by a tick 

against the left-hand end of the menu entry. APPEND is the usual. 

default. method of working. Note that it is not possibie to enter 

any operations in the header box. the first one on the flowchart. In 

'Move the mouse wi th SELECT depressed 
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this version of FLOY this box merely indicates the flowchart number 

to the user. 

The next section of the edit menu (below the first dotted iinei 

contains two entries: uELETE BOX and CLEAR. 

DELETE BOX 

CLEAR 

Will delete the current(GREENi box. if one is 

currently selected. Use this if you make a 

mistake. 

Has a right pointing arrow after it. indicatin~ 

that it leads to a sub-menu. Moving the mouse 

pointer from left to right over the arrow will 

move the user into a sub-menu. entitled CLEAR. 

This has four options. documented in more detaii 

later. If you want to start with a clean sheet. 

click SELECT on ALL CHARTS. 

The first two sections of the edit menu are the only ones 

directly appropriate to editing flowcharts in memory. 

6.4.9 Entering boxes 

To enter a box into the currently selected flowchart the user 

may employ several different methods. (S)he may wish to enter box 

contents by clicking with the mouse on the boxeditor (calculatori 

buttons. This is the simplest way to begin with. and is the only 

method recommended for younger users. Alternativeiy the user may 

type the required contents directly. To do this. ensure that the 

boxeditor is highlighted (the title bar is coloured cream. not 

greyi ... no input will be accepted unless this is the case. The 
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boxeditor wi i I be highl ighted it the mouse pointer is ovef the 

boxeditor. or over the flowcharts window. Typing in directly is the 

only way to enter some more advanced operations: named variables and 

hyperbolics. for instance. can only be entered this way. 

I !!!. j ,'.', I 
I'D I!.';' I 

I i 
IGLRi 
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I 
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I 
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I IEAPI I 
I 

I [LOG! 
I IASHI I 

I iSIHi 
I i 7 
I W 
I L!J 

B 
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IRCLI 11lxi IlRCLI 
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fLH I rl I*RCL! 
i Resj rrrm r +RCL1 

• ! 

leOS] ITANI W S m --l 

! 5 I I 6 I L:J 
I 2 I 3 I + I I I 

I I 

n 1+/-1 

fig (2j 

The boxeditor 
(set at levei 4) 

Errors are generally caused by omitting numbers in operations which 

require them (e.g. +3.4 is ok. but + on its own is NOTj. or by 

including expressions where only numbers are allowed - for instance. 

~2.6 is not allowed. See the appendix ior error messages. 
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Note that if the contents of the box are too long to display in 

the flowchart bOK the right hand character in this box wiii be a 

right facing arrow. Clicking on a box will always transfer the 

contents into the boxeditor window. which is wider. Should this 

stiJ J fai I to display the entire contents of the box. cl ick SELECT 

inside the boxeditor screen (NOT just the boxeditor). This will 

place the caret (a red I-like character) inside the screen. The 

caret can be moved character-by-character with the cursor keys. and 

will scroll if necessary. and. incidentally. edited character-by­

character using the cursor keys and the deiete key. The full length 

actually stored should be ample for all user requirements. 

There are two buttons immediately underneath the boxeditor screen 

display. labelled GLl< and ENT: 

eLR wi II clear the contents of the boxeditor window 

completely. It will not affect the current flowchart 

unless the contents are transferred over to the flowchart. 

ENT transfers the boxeditor contents into the flowchart. using 

the currently selected method. after performing a syntax 

check. Pressing the RETURN key does the same job. Note 

that box contents are all "operators". being Ildone" on one 

input. and sending the output on to the next box in the 

chain. 

You may edit the contents of the boxeditor using the mouse by 

clicking SELECT whilst the pointer is over the box itself. This will 

cause an I-like pointer. called the caret. to slip in between the 

characters of the box. i'ou may use DELETE. and the left-right arrow 
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keys to move the caret about inside the string. Depressing a 

"printable" key will insert the corresponding letter at the caret. 

In addition to simply clicking on boxeditor buttons. you may 

type the function in directly. but you will not obtain editing 

functions with the caret uniess you can see the caret in the 

boxeditor box. Loading and saving is accomplished by seiecting the 

"Filing" option from within the Edit menu. and selecting the options 

required at each stage. Whenever a RED entry in the menu is 

encountered. the user may type in his own choice. and this is the 

only way of loading flowcharts outside the directory specified by 

the teacher. You should note that this ·writeable" option. together 

with renamin~ and deleting. is not always avaiiable to end users. 

and can be removed by the teacher. 

6.4.10 Running a flowchart General points 

Given F1 is set up with some sort of flowchart along the lines 

of the one in tutorial 1 above. we may run it by clicking SELECT on 

the RUN icon on the control panel. or alternatively (and 

equivalently) by popping up the EDIT menu by pressing the middle 

mouse button. and then clicking SELECT on RUN in the EDIT menu. Use 

whichever method is more convenient. 

Either way will pop up two windows over the previous two. the 

RUN info window. and the RUNRECORO window. 

input numbers to be run through flowcharts. 
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Fig (3) 

The RUNlNFO window 

Position the mouse pointer anywhere within either of the two 

run windows. and type a number. The number should appear in the box 

labelled INPUT in the Run lnro window. Tne input is error-trapped 

here. and the user may input only one non-leading decimal point. and 

may type a minus sign only in the initial position. Any attempt to 

input more than one decimal point. or a minus sign in other than the 

first place will be ignored. There is no need to press the return 

key when the number is complete. Ye may then run the flowchart by 
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pressing the red function key bearing the same number as the 

flowchart we wish to run. To run Fl. tap the key Fl! The machine 

responds by inserting the number of the flowchart just run in the 

Run info window in the F box. and the output in the output box. 

There are 30 flowcharts available. Flowcharts with numbers greater 

than 10 may be accessed with a combination of eithet the control or 

shift keys. Holding down the shift key and tapping a function key 

adds 10 to that keys number. holding control wil I add 20. Chart 11 

can be accessed either by SHiFT-Fl. or by Fll. and similarly with 

chart 12. 

In addition. after a run you should notice a record of that run 

appear in the Run Record window. along the lines of 

5 ---->---- Fl---->---- 9.150 

Depending on the initial settings of the program. this may have 

been rounded to a certain number of significant figures or decimai 

places. This will be indicated after the result in the runrecord 

window. but not in the runentry window. The runrecord window can be 

slow to update, and the operations can be speeded up considerably by 

closing the runrecord window and working with the Runentry window 

only (runs wi 11 sti 11 be recorded and can be viewed by opening the 

window). 

We may clear the input box tor a second run in several 

different ways. Nost obviously. typing a number immediately after a 

run will clear the input bOK automatically. Alternatively we may 

click SELECT on the icon labelled CLEAR towards the top of the run 

entry window. This clears all baKes in the run entry window (but not 

the run record). Equivalently. tapping the key labelled HOr-IE will do 

the same job. Pressing the COPY key once transiers output to input. 
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and ciears the output box. Depressing it a second time ciears both 

boxes. but not the flowchart selected box (the small middle one). 

Thus pressing the COPY key twice has the same effect as HOME. 

Passing output to input can be useful if the user wants to explore 

conver~ence. or iterative methods (but see AUTOSwAP ). 

Cl icking with SELECT on 

RUN will run the flowchart whose number appears in the 

small F box. 

IN(-OUT has the same effect as pressing COpy once. 

transferring output to input 

AUTOSWAP will toggle the AUTOSIIAP state. it has two states. 

Cl iclcing SELECT on the AUTOSilAP button turns it on if 

it was of f. and vice versa. Turning AUTOSIIAP ON re­

routes the arrowing at the bottom of the window. 

Running with AUTOSIIAP on will automatically put the 

output back into the input window every time. This 

mode of working is useful for testing convergence and 

so on. The output box is not used in this mode. 

If the user does not modify the input 

immediately before a run with AUTOSIIAP ON. the run 

record shows a series of 4 dashes where the input 

should be. This is intended to indicate that the 

input is taken from the previous output. 

if the variables window is open it wiil be updated as the 

flowchart runs to show the contents of all the variables. You may. 
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of course. use the variables window to "set Upff the input to a 

flowchart prior to a run. An empty input box is assumed to contain 

zero. 

FLOW Page 68 Revision 1.02 



rlark Twe 11 s MSc Programming Project January 1990 

6.5 A more Detailed examination of FLOW 

Note that in all the menus in FLOW. a red entry indicates that 

the user should type a name or value into the menu at that point. 

The caret will appear in the red box it the pointer is moved nearby. 

6.5.1 The EDIT MENU -

The first few items represent the "mode" of the boxeditor. One item 

wi 11 always be 

by clicking 

emerging from 

APPEND 

OVERWRITE 

ADD AFTER 

ticked (selected) and the others not. Select an item 

SELECT (th .. left hand mouse button wit.h the cable 

the far side ) on it. 

always add the box to the end of the current 

flowchart. even if its contents have been picked up 

from an ear I ier box in the chart 

Overwrite the currently selected box. If none is 

currently selected. this option will overwrite the 

last box in the current flowchart. or flowchart 1 if 

none is selected 

Add the box after the current box. This is the same 

as append if the current box is the end. This is 

principally of use in adding extra boxes in the 

middle 

ADD BEFORE Add the box before the current box. Some may prefer 

to do it this way! No additions to the chart will be 

made if the currently selected box is the header box. 
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You may set the mode by cl icking SELECT on the appropriate menu 

item. The current mode is indicated by a tick in the menu. 

FLOW 

DELETE BOX Will cause the currently selected box (coloured GREEN 

rather than RED. and with a heavy border) to be 

deleted from the flowchart. Succeeding boxes will 

move up. and the new currently selected box will be 

tne one above the deleted one. 

CLEAR Offers the user a submenu of options. 

ALL CHARTS 

THIS CHART 

GRAPHS 

RUN RECORD 

VARIABLES 

removes all charts from the flowchart 

window. and clears the graph window. 

Clears ONLY the currently selected 

chart. 

Clears the graph window. resets the 

scales and closes it if it was open. 

Clears the run record window of any 

previous results. 

Clears ai i variables from memory. Note 

that changes and single deletions can 

be made from the variables menu. 

RUN Pops up the runentry and runrecord windows. 

GRAPH Pops up a window which allows the user to draw the 

cartesian plot of a function tor a specified range. 

The y scale is automatically determined. Graphing is 
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documented in more detail below. 

In order to graph successfully the user need 

only enter the chart number required. and the minimum 

and maximum x values required for the plot. These 

should be typed in on the bars provided in the graph 

sub-menu. Finally. click on Do it. and the graph wiil 

appear. 

The autoscale options cope wei I with most 

functions. but functions containing singularities 

cannot be plotted successfuily. 

The help mechanism is initiated either by moving 

the pointer to the right over the arrow following 

help in the edit menu. or by clicking SELECT on the 

HELP icon on the control panel. Either method pops up 

a menu."HELP .. " which may consist of further sub­

menus. or of final help items. It is up to the 

teacher to arrange these how she feeis fit. The menu 

structure reflects the directory structure on the 

disk. and the files themselves are simpiy text fiies. 

Continue selecting by moving the pointer to the right 

until you come to an item with no right arrow. Ciick 

on this. and the help wi 11 be displayed in a 

resizabie window. You may leave this on-screen. 

resize it. or whatever until you get rid of it by 

clicking on X. You can thus have help "on-screen" 

whilst you are working. 
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FLOW 

PREFERENCES 

FILING 

The only way to set preferences from within the 

program is via the preferences menu. irom the edit 

menu. This has two sections. The upper section deals 

with angular measure. The ti cked item is the 

currently selected one. Cl ick SELECT on the angular 

measure you wish to use. 

The lower section ot the preferences menu is 

concerned with numeric accuracy. You may ask the 

program to round ai I output from i iowcharts (in the 

runrecord window only) by setting a tick against sig 

figs or dec pisces. Cl ick SELECT against whichever 

you prefer. You must then set the accuracy required 

by writing the number in the red section at the 

bottom of the menu. You do this by placing the 

pointer over the red section and using the caret. as 

beiore. The program will accept anything from 0 to 7 

digits oi accuracy. 

Has four subsections: 

RENAHE allows a rename of any flow chart file (no 

others). Type in the new name first. and select 

the file you want to be renamed. You cannot 

rename any other files from within the program. 

This pos i tion can oniy be se I ected if 

flow$advanced is set on in the !run iile. 

otherwise it is "shaded" and cannot be selected. 
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is seif-evident. and a~ain works only on 

flowchart files. Again. this taciiity can only 

be used if flow$advanced is set on in the !run 

f i le. 

will allow you to load any FLOII chart file 

within the flowchart directory. You will be 

presented with a menu containing a iisi of 

flowchart items from which the user selects one 

by clicking SELECT on it. The entries in this 

menu are taken from the directory tree specified 

in the environment variable ilow$fiowdirname. 

The red box at the bottom will allow users to 

load via a pathname. and wi i I scroll once the 

caret is placed in it by cl icking SELECT on it. 

saves all the i lowcharts. Cl ick SELECT on the 

red section to obtain the caret and type in the 

name at the bottom of the filing menu (the red 

section) and click SELECT on save. The user has 

no choice about where to save. Flowcharts can 

only be saved in the directory set in 

flow$flowdirname. 

is considered on pa~e 57. section 6.5.5 
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6.5.2 Flowchart Functions provided 

The following list details the acceptable contents of flowchart 

boxes. 

<num) represents; numeric parameter. floating point 

<input) represents the input to the flowchart box 

<output) represents the output from the flowchart box 

<var) 

<mem) 

Box contents 

'(num) 

-(num) 

t<numi x <num) 

i(nun) 

+(vari 

-(vari 

*(var) ,(var) 

;(var) 

. (num) 

FLOII 

represents a named variabie having a defined value. 

These can only be used if flow$namedvars is ON. 

is a single unnamed variable. corresponding to 

the store on a calculator 

precedes any acceptable alternative 

Output is 

<input)+<nuil) 

(input>-(num) 

<in~utit<num) 

(inpuiii(nulI) 

<input)t(vari 

(input)-(var) 

(inputit(var) 

(inputi;(var) 

<input)I ••• l 

Error condi tions 

none 

none 

none 

(numi=O 

<vari undefined 
na.edvars not enabled 

<var> undefined 
nameevars not enabled 

<var) undef ined 
namedvars not enabled 

<var)=O. 
(Vat) undefined 

(num) negative/' non-integral 
(inputi=O /, 
<nu;)=O 

iilN op 
Level 

<input)loItl <var> undefined 2 
(var) negative & non-integral 
<input>=O I< 

Page 74 Revision 1.02 



Mark Twells MSc Programming Project 

(vari=O 

(ih9 next two functions must be typed in and are not available 
fro. the Keyboard ) 

-li<nuEli 

"l/(v.r) 

ix : SQRT i<input) 

lix 11(jnput) 

• i - CHS -(input) 

Memory and variable reiated operations 

tRGL 

-RCL 

.RCL xRCL 

iRCL 

STD 

STO <var, • (vari 

RCL 

RCL (var) (v.r) 

(input)"(llell) 

(inputi-(lIem) 

(inputi t (09mJ 

(input>i(mem) 

(mem):(input). 
output'input 

(var)'(inputi 
output'input 

output·(me.i 
input irrelevant 

output'(var) 
input irrelevant 

<numi : 0 & (input)=O 
(num) negative 

<var) undeiined 
(var) negative 
(var,'O & (input)·O 

(input) ( 0 

(input)·O 

none 

(mell) undefined 

(Ilem) undefined 

(Dem) undefined 

(nell) undefined 
<.em) • 0 

(mem) undefined 

<vari undeiined 

january 1990 

2 

z 

2 

2 

4 

4 

4 

4 

4 

4 

4 

4 

"Me.ory" operations which don't aiiect the running of the flowchart directly (not available from the 
boxed i tor) : 

These cannot be used on the anonymous .emory (i.e. they MUST have a v.riable n.m, .iter the operation). and 
the variable MUST exist beiore one of these operations is used : 

STO. (var) (vari'(var)'(input) (var) undefined 4 
(outputi'(input) 

STD. <vari STDx (var) (vari'(var)'(input) (vati undefined 4 
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STG- (var) 

Trieonometric functions 

MSc Programming Project 

(var>=(var,j(input) 
(output)'(input) 

(var)=(var)-(inputi 
(output)'(input) 

(var) undefined 
input·O 

(var) undefined 

January 1990 

Sltl SltH(input») Gutsioe range which .achine 
degrees/rads depends on can cope with 
preferences setting 

COS cos (<i npu\») As SIN 3 

TAN TAN(input») As SIN 3 
Also error IIneartl 90D 

ASH Arcsin(input») (input) not in range 3 
-I to .1 

ACS Arccos(input») (input) not in range 
-I to .1 

ATN Arctan( <i nput») 3 

Hyperbolic functions 

(These functions are not avaiiable from the boxeditor 

keyboard and .ust be typed by the user) 

SINH sinh( (input» 5 

COSH cosh(input») 5 

TANH tanh((lnput) ) 5 

Other predefined functions 

EXP exp«input») 3 

LOG LOG" (input)) 

LN LOG, (input») (inpu\) (. 0 

Raise 10 to input power 3 

F (n) F (var) Behaves iike all 
of chart (n) 

(n) = cai ling chartnullber 5 

tlot on boxed i tor 
integer part of (var) used 
if necessary. 
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6.5.3 Working with named variables 

In addition to the "anonymous" store. accessed by usin~ STD. 

RCL. and the four operations +. - x. i coupled with RCL. there are 

a number of named variables. or stores. which can be accessed by more 

advanced users. provided flow$namedvars is set to on. The syntax is 

an extension of the syntax used for anonymous stores. IOU may not 

use reserved words (i.e. the functions outlined above) as named 

variables. and this is trapped by the program. "x" is a slightly 

awkward case. since it is a synonym for multiplication when in the 

first character position. This affects only recall of x. This 

variable (and this one alone) cannot be recalled by simply inserting 

the variable name in a box because this will be interpreted as a 

times 5 i gn on its own. You MUST type "RCL x· to recall 

K. Variable names must begin with an alphabetic character. but 

after that. almost any character is legal. Leading spaces before 

variable names are ignored. and it is possible to type operations 

involving named variables without any spaces. FLOW recognises the 

end of the operation and the start of the variable name. 

Assuming our variable is called "fred" (case IS significant) 

then we might choose to do the following 

=fred 

fred 

FLOW 

stores the current value in variable fred. 

creating trad if necessary. 

used if preferred) 

(STO fred may be 

Destroys the output from the previous box. and 

replaces it with the value of ired. If fred is 

undefined then an error occurs. Any name other 

Page 77 Revision 1. 02 



rlark Twells 

<fred 

-fred 

xfred 

Ifred 

MSc Programming Froject J anuar, 1980 

than simply "x" is ok here .. you cannot do this 

with "x". for reasons as noted above. 

Adds fred's value to the output from the previous 

box. Again. 

exist. 

it is an error if fred does not 

subtract fred's value from current vaiue 

multiply current value by fred's value. n.fred" 

may be used if preferred 

divide current value by fred's value 

6.5.4 Accessing named variables 

Named variables can only be accessed by directly typing the 

name into the boxeditor window. but you may use a mixture of 

methods to construct the final desired box contents. For instance 

you can click on boxeditor buttons to begin with and finish off by 

typing variable names if required. You should bear in mina when 

choosing names that you cannot use the names of the bui It-in box 

opera ti ons. 

Named variables are probably most useful in two cases. Firstly. 

where the algorithm expressed in this language requires the storage 

of intermediate results. and secondly when the user is attempting to 

build a flowchart to represent a function of more than one variable 

involved. Use another chart to initialise a value of a variable. and 

use the variable in the main flowchart. For instance. the following 

pair of charts will set up F2 to define a variable "slope". and Fl 

to multiply any input by slope 
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• slope = slope 

Thus the user can investigate families of curves without 

redefining a flowchart for each one. 

6.5.5 The Variables window 

The variables window is opened by clicking on the variabies 

entry in the Edit menu. Clicking on the entry will open the window 

until it is explicitly closed by the user by clicking SELECT on the 

cross. l'loving the painter over the right pointing arrow will open 

the window until the user moves the pointer off the window. Opening 

permanently is advisable for manipulating the variables. opening 

temporarily is acceptable for inspecting values at the end of a run. 

The variables window contains details of the variables currently 

known to the program. and also the contents of the anonymous store 

on the bo.editor calculator. Note that entering variable names into 

a flowchart will not create the variables. They will be created only 

when the flowchart containing the entries is run. 

Clicking I1ENU whilst over the variables window will open a menu 

with four entries: 

CLEAR ALL: 

DELETE ONE 

FLO\l 

Clears all the variables in the machine to 

uninitial ised. 

Moving the pointer over the right facing arrow 

wi II open a writeable box entitled "Name I". 
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CREATE VAR 

ADJUST: 

Enter the name ot the variable you wish to 

delete here. and click SELECT or press the 

return key. The variable will be deleted from 

the list. It is an error to try to delete a 

variable which does not exist. 

Allows the user to Create a variabie and 

initialise its value. Hove the pointer over the 

arrow. enter the variable name. move the pointer 

over the next arrow and enter a value. it is an 

error to create a variabie which already exists. 

Allows the user to change the value of an 

already existing variable. The method is exactly 

the same as CREATE VAR. except that it is an 

error to adjust a non-existent variable. 

Note that none of the variable windows and menus are available 

if flowSnamedvars environment variable is not set to "on", If this 

is set to "off" then the variables entry in the Menu will become 

shaded and unselectable. Also "variables" in the Clear menu changes 

to "memory", reflecting the fact that only the calculator 

"anonymous" memory is available in this case. 

6.5.6 Hemory Operations 

The following operations do not affect the output at all. 

b·ut complement the operations +RCL. -RCL .• RCL and IRCL. 

For al I of the memory operations the input is passed straight 

through. but there is a side-effect the value of an already-

existing variable is aitered. This allows the summation or a series 
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or an infinite product to be investigated. and al lows easier 

construction of a number of other algorithms. 

STD+ fred 

STD. fred 

5TO- fred 

STO/ fred 

Adds the input to the box to fred. Output is not 

affected. 

As previously. but multiplies. 

Takes input from tred (note the orderi, output 

is unaffected. 

Divides fred by the input. Output is unaffected 

6.5.7 The F <n> operation 

This allows users to construct "subroutines" which can be 

called by other flowcharts. The box containing an F operation will 

behave exactly as if is was the entire flowchart F n inserted at 

that point. No error is produced if the flowchart is empty. since 

output=input is produced in these cases. 

It is an error to call the flowchart currently running. since 

infinite recursion will result (there are no decision boxes in this 

version of the language) . and this mistake is thus trapped. 

No local variables are provided. so the user should beware that 

side effects may result from using the calculator store and other 

named variables. 

6.5.8 Graphin@ flowchart input and output 

Selecting the graph item on the Edit menu will allow you to 

draw a graph of the output of a flowchart against its input. &egin 

by Hoving the pointer to the right over the arrow in the GRAPH 

option in the Edit menu. Select the chart number (by default 1) 

move the pointer on to the red section underneath "chart number" and 

type in the reguired chart number. Then set xmin and xmax similarly. 
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Kmin and xmaK are the limits for the range of input, If the user 

gets these the wrong way round the program wi II spot the error. The 

graph will be plotted in 100 steps from Kmin to xmax. Finally. click 

anywhere on the menu with SELECT and the graph wi I I be drawn 

automatically. i axis scaling is computed by the program and there 

is no manual facility provided here. but note that this may cause 

difficulties if functions are drawn at. near or over discontinuities 

(beware of TAN. for example), Any errors encountered whilst 

evaluating the function to plot the curve wi II abort the graph 

plotting operation. The graph window may be left open. If you close 

the graph window then subsequently clicking on GRAPH. ra thar than 

moving the arrow over it to the right wi II reopen the graph window 

with its original contents intact. If you click on graph when no 

graphs have been plotted. an error 

reported. 

"No graph plotted" will be 

Note that FLOW remembers which graphs it has plotted and does 

not rework the tables of values unless the flowchart or ranges have 

been changed. This can cause some problems if a flowchart uses a 

named variable which is defined in another chart or set up 

eKternally by the user. since the change will not be noted by the 

graph plotting routines. If you use this method. clear the graphs 

yourself before plotting. 

Clicking I1ENU whilst the pointer is over the gra.ph window will 

open the graph window menu. which has 3 options: 

FLOW 

INFO provides the user with details of the graphs plotted. 

It wi 11 tell the user how tar apart the ticks are 

spaced. where the origin is. and how tar apart the 
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CLEAR 

dotted lines are. This will pop up and disappear if 

opened using the arrow. It will pop up and stay if 

the user clicks on INFO. and can then be moved around 

and left on - screen if desired. This window wiil 

also indicate which chart is associated with which 

line on the graph. The graphs are piotted in 

different colours on-screen. and the charts plotted 

are shown in the same colours within the into window. 

Will clear the internal record of any graphs plotted. 

and close the graph window. if it is open. 

SUPERIHPOSE Will superimpose another curve over the already 

existing ones. Scales will not be altered. so the 

order in which the graphs are plotted makes a 

difference to the areas visible. 

Plotting an empty flowchart will result in the line y=x. This 

is because the flowchart contains no operators. and therefore has no 

effect on any input. Evaluation. of course. produces the same 

result. 

6.5.9 CONFIGURING FLOW 

FLOW is configured upon loading by settings of various 

environment variables. This method is not particularly friendly. but 

it is relatively flexible. The environment variables are heid 

conveniently in a file called !run which is how the operating system 

starts the application. The installed !run can be viewed as follows: 

1) Open a direciory viewer onto the FLOW disk. by clicking 
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SELECT on the disk icon on the control panei with the 

flow disk in the drive 

2) Install !edit on the icon bar by double cl icking SELECT on 

it guickly 

3) IIhi 1st holding down SHIFT. double cl ick on !FLO~. This 

opens the application directory. allowing the user to 

examine the constituent iiles. 

4) Drag the file called !run (with the SELECT button pressed) 

onto the edit icon on the icon bar and iet go oi SE&ECT. 

It is probably convenient at this point to examine a model !run 

f i le: 

-----------------START OF !RUN FILE ------------------

l!run file for FLOW 
:This version 0.2 16/7/89 

rmensure ipemulator 2.70 rmload <Obeyidir).moduies.FPEmulator 
rmensure ipemulator 2.70 error Cannot find FPEmulator 
Iconsprites <Obey$Dir>. !sprites 
wimpslot 400K 

USE R ARE A 
User level configuration settings. All these optional 
and are set by the end user 
Modiiy only below this line to the note and not beyond 

set flow$boxnumbers on 
set flow$namedvars on 
set flow$master on 
set flow$advanced on 
set flow$printing on 
set flow$oplevel 4 
set flow$helpdirname $.help 
set flow$helpnamestyle * 
set flow$ilowdirname $.flows 
set flow$degmode deg 
set flow$editmode append 
set flow$acctype sf 
set flow$accuracy 4 
set ilow$autoload <flow$flowdirname).trig 
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END OF USE i< ARE A 
End of user level configuration settings 
Do not modify below this line 

run <Obey$Dir>.flow %-0 

----------------END OF !RUN FILE ---------------

J anUal y 1990 

We may conveniently ignore any settings bet ore the line 

labelled USER AREA. These lines merely ensure that all necessary 

resident software is installed before calling the program. The area 

in which appearance is considered is the user area itseif. There are 

a number of environment variables which can be set. with effects as 

fol lows; 
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Variabie 

f low$master 

flow$advanced 

f low$printing 

flow$oplevel 

MSc Programming Project j anuary 1990 

Value Effect 

on 
(anything else 
.. or nothing> 

Al jows "masier 
(Has no effect 
1. lOi 

level" ops 
in version 

default is to disallow 

on Allows advanced operations. 
e.g. file deletion. renaming 

(anything else> disallow advanced ops 
default disallow 

on 
(anything 

1 

2 

3 

4 

5 

Allow user printing 
else>disallow user printing 

default disallow 
This has no effect in v1.10 

Allows access 
operators only. 
• x and I 

to basic 
such as 1'.-

Highest levei. Al lows access 
to all operators. including 
only those which can be hand 
typed and cannot be accessed 
from the boxeditor keyboard. 

flow$oplevel has a direct effect on the appearance of the Box 

Editor window. as well as restricting legai operations. Here. for 

instance. is the appearance of a level 1 boxeditor window 
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I .. 
j f~i Box Edi tot' IIJ 

1 

I 
1 

fig (4i 

i Level 1 Editor 

! 
I 
I 

I \uRI IENTI I ! ; ! I 
1 
! 
I 
I 
i 
I 
I 
! 
I 
I 
I 

I 
I 
! 
I 

I / i 

I I 

[[J m 9 
I 

1 I X I I . I ! J 
I I 4 I S I 6 I 

I I ! I 
I m I LU 2 + i 
I 8 I.l 1+1_1 

I 
I I ~ ! 

(for comparison purposes. a level 4 boxeditor window was 

shown as figure 2 earlier) 

flow$namedvars on 

off 

flow$boxnumbers on 
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Allows the user to use named 
variables in the flowcharts. 
Also allows access to the 
variables window and the 
variable editing facilities. 

Denies access to named 
variables. or the variable 
editing facilities. 

Wi 11 print the bOK number of 
the box in the top left hand 
corner of the box. Can be 
useful if a chart does not 
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flaw$helpdirname 

flaw$helpnamestyle 

flaw$flawdirname 

flaw$degmade 

flaw$editmode 

f I awhcctype 

flow$accuracy 

set flow$autoload 

FLOII 

MSc Programming Project jan1Jary 1990 

of f 

wark as expected since the 
error report wi II contain 
the box number at which the 
error was detected. 

Disables printing of 
numbers. Makes the box 
less cluttered. and 

bax 
look 
less 

confusing for younger users. 

\a directory name> The name of the 

(a dirname) 

$.flows 

deg 
rad 

append 
Overwrite 
before 
after 

sf 
dp 

directory where help ii les 
can be faund. Default is 
"HELpn, with no path 

The style of the help files. 
This may be of use where 
other files are kept there. 
For instance. if all help 
files begin with "he' then 
set this variable to 'he" 
The default is "". i.e. all 
files 

The pa thname 
chart files. 
'FLOIIS'. with 

of the 
Default 

no pa th. 

Degree mode is used 
Radian mode is used 
Default is degree mode 

Edit mode is append 
Edit mode overwrite 

Default is append 

Accuracy is set to sf 
.. or dp 

flow 
is 

anything else .. or none 

o to 7 

\a tilename) 
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This number of places 
accuracy. Detaul t 3. This is 
irrelevant If ilow$acctype 
is not set to either sf or 
dp. 

Load this upon entry to FLOII 
This should be a flow chart 
tile. though not necessarily 
in the flow$flowdirname 
directory above. A tull 
pathname should be used. 
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6.5.10 Editing the HELP files 

As suppiied these tiles are found "inside N the application 

directory. To access the files insert the disk into the disk drive 

and open the directory viewer. Hold down the SHIFT key and double 

click on the !FLDW application with SELECT. This will open a second 

directory viewer of the inside of !FLOW. One entry (in the issue 

disk configuration) will be a blue folder entitled HELP. Double 

click on this with SELECT. and the help area will become visible. 

You can load any help file by double clicking on its icon (blue pen. 

over a page of text) with SELECT. Using !EDIT to edit the file is 

documented in the standard ACORN documentation. 
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6.6 Error reporting 

Errors are detected at two stages during processing 

flowchart: the stage when the box is input. and then when a chart is 

run. Yhen the box is input it is checked for syntax errors. and 

these will be reported to the user in a box which pops up In the 

middle of the screen. The user can do nothing until he has clicked 

on one of the options at the bottom of the screen. Some errors have 

only one option - "ok". which merely tell the user of a problem. 

The "ok"is meant to signify merely that the user acknowledges the 

problem. not that it is l1ok". This use. though possibly eccentric. 

is quite standard on this machine and is not easily configurable. 

Others have two - "ok" and "cancel" which give the user an opt~on. 

An example of where the user has a choice is obtained by clicking on 

the EXIT icon in the bottom left hand corner of the screen. Clicking 

on "okl1 here will cause an exit. Clicking on "continue" will return 

the user to the program. Questions where options are involved are 

carefully phrased to make clear the effect of clicking on the 

various icons. Single option menu entries are more common. 

6.6.1 Syntax errors 

Syntax errors are detected when the user tries to enter a box 

which the editor does not recognise. such as an operator on its own. 

for example "+". or "x" : FLOW will tell the user that it should be 

followed by a number or variable. if these are enabjed). Entering 

a number with two decimal points wi I I simi iar iy cause an error. FLOw 

wi 11 do its best to point out what the problem is. and if it cannot 

wil I report that it does not recognise the string. 
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6.6.2 Run-time errors 

Run-time errors are caused when the user runs a flowchart. The 

box syntax is ok. but the user has perhaps tried to divide by zero 

at some stage. or tried to find the angle whose sin is 5. or the 

square root of -4. All of these are run-time errors. and cannot be 

detected when the box is added to the chart. 

When a run-time error is detected the box number in which it 

occurred is reported to the user. and the box is made the current 

box. so can be picked up from the flowchart window easily (green 

colour), 

6.6.3 Operating system errors 

Other errors can be caused by the operating system. but are 

reported to the user in exactly the same way. via the box in the 

middle of the screen. Most of these errors are to do with filing 

perhaps a file is locked and cannot be overwritten. or perhaps the 

user has no read access to the file. A few errors may be encountered 

from other sources: for instance. opening a very iarge number of 

overlapping windows will cause an error. The computer may run out of 

memory given a very large flowchart. and this will be reported too. 

6.6.4 Error messages 

Error messages generated by FLOW. in alphabetical order. 

Note that other errors can occur. but these are generated 

externally to FLOY trom a variety of sources. and are consequently 

impossible to document. 
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o to the power 0 not defined! 
You tried to evaluate this. and is is not defined! 

ASN or ACS can only have inputs in range -1 to 1 
ASN or ACS cannot be used where the input was OUtSIOe the range -1 to 
+l,because the functions are not defined outside this range 

Accuracy (=7 please! setting to 7 
Accuracy can only be set within these limits. 

Accuracy )=1 please! setting to 1 
Accuracy can only be set within these limits. 

Box needs a number (or variable) after the operation 
User tried an operation on its own. which isn't allowed. 

Cannot delete header box 
The user attempted to delete the box at the top of a flowchart. which 
is not al iowed. 

Cannot divide by 0 
Durin@ the execution of a flowchart. a division by zero was attempted. 
The program will normally highlight the bOK. and will tell you the bOK 
number at which the error occurred. 

Cannot open help file 
Generally speaking the teacher has not told the program where to find 
the help files. or has not set public access. 

Cannot take Square root of negative numbers 
During the execution of the program. an attempt to find the square root 
of a negative number was attempted. The program will normally highlight 
the box. and will tell you the box number at which the error occurred. 

Cannot take log of negative numbers 
During the execution of the program. an attempt to find the log 
of a negative number was attempted. The program will normally highlight 
the box. and will tell you the bOK number at which the error occurred. 

Cannot take reciprocal of 0 
... The program will normally highlight the bOK. and will tell you the 
box number at which the error occurred. 

Cannot call same flowchart 
The user has a box in a flowchart wnlcn refers to the same flowchart .. 
Because there is no decision-taking machinery this would result in 
infinite recursion and is trapped by the program. 

Cannot evaluate TAN near 90 degrees 
The TAN function has a singularity near 90 degrees. 

Cannot open file: insufficient access?? 
The access string of the file the user tried to open did not allow 
read access. 

Cannot open file to save it : disk full, or exists and is locked?? 
Could not write over an existing file. Reasons are given 
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Floating point error : was FPE loaded 
The program will not work correctly if the Floating Foint Emulator is 
not loaded. It should be loaded in the supplied boot sequence. 

FLOW doesn't recognise ... 
FLOW cannot make sense of the operation you have entered. You may 
have made a typing mistake. or you may have misunderstood the syntax 

Illegal character in filename 
The iilename as typed contains an illegal character for the filing 
system in use. 

Illegal instruction: program may have crashed 
This error should not occur. but may be found it the program has not 
been set up or loaded via the suppiied boot sequences. or cannot find 
the resources it requires. 

Illegal value for environment variable 
A configuration setting (i.e. a flow$*** variable) has been set to 
contain a value which FLOW cannot use. 

Hove pointer over the =) symbol from left to right 
You selected a menu item which has a right facing arrow after it .. You 
should move the mouse pointer to the right over the arrow to open a 
sub-menu. 

Must be a name,not a number 
User probably typed a variable name when a number is required. 

No legal current box 
The user is in over type mode but has no current box selected. or has the 
header box selected. 

No filename given! 
You MUST give a filename for this operation (probably save) 

No graphs plotted 
You cannot open the graph window by clicking on GRAPH in the main menu 
when no charts have been selected for plotting. To select a chart for 
plotting move the pointer over the right facing arrow to the right of 
GRAPH. 

No more room for new variables! 
The variable space is tull. and no more may be created. 

No such variable 
An access of a non-existent variable was attempted. 

Not a FLOWCHART file 
The file the user tried to load is not a flowchart file. or has been 
corrupted such that FLOW does not recognise it. 

Number must have an operation before it 
.. in a box definition. the number must have an operator before. 

Only one +,-,x, / or A allowed 
You Cannot enter an expression in a flowchart box. only one operation 
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(in the first columni is allowed. 

Outside the range which this function can evaluate 

In any computer the range of values for which functions 
can be calculated accurately is limited. The range has been exceeded 
in the given box. and an error has occurred as a result. 

System ABORT: may not be able to recover 
The system has been closed down in an unexpected way. for an undisclosed 
reason. 

TAN is not defined for this input 
IOU may not take the TAN of the input given. The program vii I normally 
highlight the box. and will tell you the box number at which the error 
occurred. 

There must be something in the box 
User tried to insert an empty box into the flowchart 

The number is invalid 
It probably contains an illegal character. 

This memory is not defined 
An attempt was made to alter a memory which does not exist. 

This variable exists already 
An attempt was made to create a variable which already exists. 

Too many graphs 
You may plot a maximum of 4 graphs simultaneously in this implementation 

Two decimal points! 
The user typed two decimal points in one number. 

Unusual system error - may not recover! 
This should not occur. but HAY indicate that you are running short of 
memory (for instance. by attempting to install a number of other 
programs at the same time as FLOUi 

Unusual termination request from user 
The program has terminated in an odd way. 

Variable name too long- truncated 
The variable name is too long for the program. and has been shortened. 
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7 Educational approach 

FLOII is intended to be used as an exploratory tooi for 

investigation of functions of one variable. It is intended to be 

used by the student initially as an aid to working through problems. 

The intention is to get the student to relate pressing keys on his 

calcuiator to operators in a FLOW chart diagram of a function. To 

this end several test worksheets have been devised to test operation 

at various levels of learning. consider "All levei work tirst. 

Here the program is a convenient way of producing sequences and 

investigating convergence and oscillation. The Newton-Raphson method 

of producing an approximate value for a square root may. for 

instance. be simulated on FLOII without any difficulty. and this is 

presented after an investigation into chaotic behaviour. which may 

profitably be used with able mathematicians in the sixth form. 
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7.1 investigation 1 ; Chaos (Vivaldi (1969» 

Chaotic behaviour is currently in vogue in mathematics. We 

shall use FLOW to investigate one function which gives some 

surprising resuits and exhibits chaotic behaviour. 

Begin by setting FLOY up to iterate the function 

(the so-called "logistic mapfl 

using a named variable. "alpha", for IX. 

Set <X to 2. and iterate (set AUTOSYAP to ON) from x. =0.4. The 

result should be a comfortable convergence to 0.5. Can you predict 

this behaviour by constructing an equation and solving it ? 

Now iterate with the same starting value but with <X = lT~ 

(which of course needs to be evaluated before use .• 3.236). Can you 

predict the obtained behaviour? 

Now try a = 4 with the same Ko. Can this behaviour be 

predicted? Can you even begin to appreciate what is happening? 
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The mathematics here is non-trivial. 

if convergence occurs then the iteration shouid converge to a 

root of 

x = o:x(l-xJ 

=i x(ax - (a-1) = 0 

=) x=O or x = 

Uhich of course produces the correct result of 0.5 for a=2. but 

there is no hint of problems to come at a=1'45. and a more 

sophisticated analysis of stability is required. 

7.2 A look at Newton-Raphson 

The standard Newton-Raphson method provides us with the broad 

hint that the sequence 

x" • t = X" 

f' (x.) 

converges to a root of the equation f(x)=O 

The student may then be encouraged to produce the right hand 

side for an equation of the form x' - 5 = O. The result is. of 

course 

(Xt> + 5/x,,) 
2 

suggesting that the more generai result for x' - a = 0 is 

x" + 1 = (x .. t aix"). 
Z 
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The student then meets the problem of evaluating this 

expression repeatedly. Here. FLOU can be introduced rapidly. with 

the eventual production of a chart aiong the lines of 

STO 

1Ix 

x 5.008808 

+RCL 

/ 2.888909 
n 
" 

Which directly reiiects the key presses the student makes on 

the calculator in order to evaluate the expression (there is an 

implied "=" at the conclusion of each box in the chart. in 

accordance with SHP practice). He may then use this flowchart. with 

AUTO SWAP on. if necessary. to produce a sequence which clearly 

converges to the required result. The procedure is quick. suggestive 
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of the right I inks. and has been shown to be helpful in small 

informai classroom tests. 

The effect of running this flowchart several times using the 

AUTOSUAP facility is illustrated below: 

Run Recot'd I ~ I 
\' . 1 . 

r---' 1 e --lJ!1-----t, F 1 :.-1 II-IR -5 , 25 e se e -. --. . ~ ------- ~ ~ ---~ ~ ~ -. -- . ~ --. ----~ 

----~ fF 11 eo :3.1011'18 
r::-::""I 

------w~----~:,F .. 1~', .h ___ ~ ~~67~~ ----vu' !pi L ~ .j I,,;~ J I' 
----. --------------~ - -- -- - - - - - -- - - - -

r---, 

-{ilfiJ-------r: F 1 t+--2 , 236868 

Note that the convergence is clearly illustrated. and that the 

starting point for the iteration is visible. The student can count 

quickly the number of iterations necessary to reach a given level of 

approximation. 

By using a second flowchart and named variables the student can 

also simulate the general solution. involving a although FLOW does 

not cope quite as naturally with 2 variables. 
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7.3 Investigation 2 : Newton-Raphson and square roots 

You know now that in general. if x .. is a root of the equation 

f(.i=O then 

f (x .. ) 

x" + I = x" -

f I (x .. j 

is a "better" one. 

Construct a Newton-Raphson iteration to find a soiution to the 

equation 

x' = 5 

[Beware: this is not in the form f(xi=O !!! ) 

When you have developed an iteration. turn the computer on and 

start up FLOW. Build a flowchart using the calculator/boxeditor 

which wil I perform this operation. Try it out on an initial guess of 

5. 

Try other Initial guesses. 

What effect does the initial guess have on convergence of the 

iteration? Does it affect the rate of convergence? 

Can you find an initial guess for which the char t wi i I not 

converge? 

Now modify your working to solve the equation x' = a where a is 

a known number. Can you modify the flowchart in the computer to 

produce the iteration required? 

FLOW Page 100 Revision 1.02 



Mark Twells HSc Programming Project January 1990 

At this point a comparison with the NUMERATOR notation may be 

worth making. It is possible to simulate a Newton-Raphson iteration 

using the NUMERATOR package. but the limitations of the NUMERATOR 

notation become apparent. Here is a possible soiution using 

Numerator 

1". .:", Guess (-9) 

? 
• 

',l 

of.;'>. 

~::::::::::=l~~'~~'==~II"·~i 
':.I 11:' 

X 

". 
":.I 10:' 

• 

(5/g+g) /211 

28 236 =answel!''' 

It can be seen that the notation is more difficult to follow. 

although it is possible to construct probiems which are much easier 
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to solve or depict using the tank notation (for instance. any 

problem which involves a function of more than one variable is 

tricky in FLOW notation. but may be easier to follow in NUMERATOR 

There follows one investigation suitable for use with a 

competent GCSE year set : 
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7.4 Investigation 3 : Box volumes 

An open box is made irom a sheet of A4 card 297 x 210 mm by 

cutting squares of side x mm from its corners and then folding up 

the sides. 

a) Explain why the volume V mm~ of the box is given by the 

formula 

FLOW 

v = x(210-x)(297-x) 

bl Using FLOW, build a flowchart of this function. Why is it 

not easy to invert the flowchart? 

cl What are the largest and smallest values of x ? 

dl Get FLOW to draw the function. Find the largest possible 

value of V. For what value of x does this voiume occur? 

~ould you have guessed this value? 
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7.5 An investigation with 11 year aids 

Functional ideas cannot be introduced eariy enough into the 11-

16 curriculum. Here it is envisaged that the students would have 

been shown how to use FLOW. and will be familiar with the ideas 

involved in constructing flowcharts.either from sequences or from 

informal english descriptions. Here. the use envisaged is 

"emancipatory". in the sense that the program is merely carrying out 

computations for the student, although the use suggested in the 

worksheet is intended to formalise ideas in the student's mind. 

For this exercise FLOW would be configured to run at level 1 in 

order that just a basic rour-iunction calculator is availabie for 

use. A number of investigations can be constructed using only these 

simple operations. and a worksheet is included below to illustrate 

one idea. The iterative fiowcharis are included on the accompanying 

disk. Filed as SEQINVS. 
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7.5.1 Investigation 4 : Sequences and series 

You have spent some time discussing fiowcharis and calculators. 

Now try to guess what flowcharts will produce these sequences 

1) 2.4.0.15.32 .... 

2) 5.7.9.11.13 .... 

3) 1,-1,1,-1.1.-1.1 ..... 

4) 32.16.5.4.2 .... 

5) 3.7.15.31.63 .... 

Use FLOW to work out what the twentieth number in each sequence 

would be. 

Can you work out what key presses on a calculator would take 

you from one number in the sequence to the next? 
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7.6 Investigation 5 : formula construction 

(SMP New Book 4 part 2 page 26 q 7) 

January 1990 

On a dry road the shortest braking distance d metres of my car 

is given approximately by dividing the square of the speed in kmih 

by 200. 

1) Build. using FLOW. a flowchart to allow the user to input 

the speed in kmih and to output the braking distance in metres. 

2) Find the shortest braking distances from speeds of ao kmih 

and 60 kmih 

3) Urite down a formula connecting d and v. 

4) On a nasty evening visibility is down to 45 m. What speeds 

would be safe according to the formula? Uhy is the formula unlikely 

to be useable here 7 

5) Compare this formula and the one given in the highway code. 

d = v • v'/2 

Using the graphing facilities of FLOW. 
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9 Listings 

9.1 Preli.inary notes 

The bulk oi the program is written in C. Two small segments are 

written in Archimedes assembler language. There are severai sections 

to the source code : 

fylot 

f_asm 

Is a setup module. Host of this is. concerned with 

setting up window definitions. icons. sprites and so 

on. All of this module is executed early on. 

Provides the help system 

This module contains the function "main", which is 

the starting point for the suite. It contains general 

code for menus. window manipuiations and so on. 

i_main also contains the poll loop which is the 

interface between the program and the controlling 

UII-IP routine - al I input and output passes through 

this route. 

handles parsing of input. evaluation of flowcharts 

given input and 50 on 

handles the graph plotting. 

Is a small file containing a few lines of 

assembler. providing a few miscellaneous routines 

which would have been tiresome to write in C 

In addition there are a number of files which are used as an 

interface to the IIINP system: 

Provides a means or control ling the IIII-IF calls to 
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user functions. 

hourglass Allows the program to use the hourglass faciiity when 

busy. 

Header files 

Contains constants. global declar-:itions. macros and 

50 on for the f series of files 

Header for w_shell 

9.2 Software used in program construction 

The Acorn ANSI C compiler. release 2.01. latterly release 3 
was used for all sections written in C. 

RASM RISC Macro Assembler. various versions 
myself, tor the assembler code 

Acorn Linker to tie all object modules together, 

wr i t ten by 

Acorn !paint utility to process screen images for this 
document 

9.3 Program structure 

There follows the results of a standard analysis of the program 

including all FLOW modules. The WIMP system takes control at poll(). 

line 64. followed by a complete I isting of all the modules, 

9.3.1 Structural analysis of FLOW 

(including c.f_main.c.f_ops.c,f_setup and c.f.Jllot but not the "_, 
routines) 

I HAiti [static in c,f_mainl 
2 HLOn 
3 initialise [static in c,f_.ainl 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 

FLOW 

.alloc 
load_sprites [static in c, f _mainl 

make_sprite_area [static in c.t_main) 
.alloc 
do_error 
exit 

fextent 
swix 
winp_error 

setJaskname 
strcpy 
signal 
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16 
17 
lB. 
19 
20 
21 
22 
25 
24 
25 
26 
27 
25 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
46 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
65 
69 
70 
71 
72 
73 

FLOW 

lIIode 

MSc Programming Project 

getenv 
atoi 
setJrolil_env (static in c.t_mainj 

getenv 
strclip 
aD_error 

strc.p 
prefs_menu (static in c.l_main) 

unset_tick)tem (static in c.I_malnJ 
set_tick_ite. [c.t_main] 

setJick)te. 

redefine_characters {static in c.t_mainj 
vdU 

set-palette [static in c.!_nainl 
topen 
vdu 
getc 
tclose 

open_wimp 
set -paint _shape 
vimp _error 
setup_winds [c. i_setupl 

.alloc 
usr _create _vi nd 
setup_iile_.enu [st.tic in c.t_setup] 

ilia I loc 
strcpy 

setup-prets_menu [static in c.i_setup] 
setup_!raph_menu [static in c.i_setupl 

malloc 
sttCpy 

setup_super_menu (static in c.f_setupj 
mal lac 
strcpy 

setup_vars_.enu Istatic in c.t_setup] 
.alloc 

setup_dir_.enu_r ic.i_helpl 
setup _di r _menu2 

setup_dir_nenu Ic.t_help] 
setup _dir _.enul 

strcpy 
setuLrena.e_menu [c.i_h.lpl 

setup _di r _menul 
define_caic)cons (static in c.t_setup] 

make_text)con 
make_writeable_icon 

deiine-panel_icons istatic in c.t_setup] 
.akeJext)con 
allow_ior 

deiine_runentry_icons [static in cof_setup] 
mal lac 
strcpy 
make_text_icon 

initialise_functions [static in c.i_mainj 
background_.ouse_tunction 
ose-pressed_function 
window_redraw_!unction 
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74 
75 
76 
if 
78 
79 
80 
81 
82 
83 
84 
85 
66 
87 
8B 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

MSc Programming Project 

wino_enter Junction 
wind_leave_function 
cl ase _window )unct ion 
key-pressed_function 

initial ise_screen (static in c. I_lIainj 
usr _open_wind 
move _mouse _to 

clear_graphs [c.l_mainl 
clear_graphJndex [static in c.i_mainl 
usr_close_wind 

10adJ lowcharts [c. i _opsi 
iopen 

getenv 
HeOli 
system 
poll 

do_error 
Igetc 
felose 
Igetword [static in c.f_opsl 

fgetc 
Igetdouble [static in c.i_opsl 

tgetc 
malloc 
free 
set_winDow_extent 
is_window_open 
usr_ciose_wind 
usr _open_wind 

103 Edit_menu_decode [c.l_mainl 
104 item 
105 unset_all_ticks [static in c.i_mainl 
106 unsetJickJtem [see line 241 
107 set_tick_itea 
108 update_boxrecs [c.i_aainl 
109 lorce_update 
110 delete_box [c.f_mainl 
III do_error 
112 free 
113 redraw_current_flowchart [static in c.t_mainl 
114 redrawJlowchart_number [c.i_.ainl 
115 xco_flowchart 
116 force_update 
117 undo-plot_record [c.tjmainl 
118 find_index 
119 i'_window_open 
120 USf _close_wind 
121 clear_menu [static in c.t_mainl 
122 wipe_all_charts [c. i_.ainl 
123 wipe_chart [c. t_mainl 
124 tree 
125 undo-plot_record isee line 1171 

January 1990 

126 redraw_ilowchart_number [see line 1141 
127 ,et_window_extent 
128 
129 
130 

FLOW 

usr_close_wind 
USf _open_wind 
clear_lraphs [see line Bl1 
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i31 
132 
13'; 
134 
135 
136 
137 
136 
i39 
140 
141 
i42 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
166 
169 
170 
171 
172 
173 
Ji4 
175 
1i6 
Hi 
176 
179 
180 
181 
i62 
183 
184 
185 
186 
187 
186 

FLOW 

HSc Programming Froject 

wipe_chart isee iine n3) 
input _focus _off 
ciearrunrecord lc.I_opsi 

usr _update _wind 
clear_variables [c.f_opsj 

usr _update_wind 
prers_menu [see line 23] 
file_menu [static in c.i_maini 

iosd_menu [c,I_main] 
strcpy 
sprint! 
strien 
decode_menu 
willp_error 
iSjpathname [c,t_main) 

isalnum 
do_error 

ioaa_tlowcharts [see iine 84) 
c i ear _!raphs [see I i ne 811 

rename_menu [c. i_mainJ 
strcpy 
sprintt 
decode_menu 
str ien 
iSjpathname isee line 145) 
renameJile 
wimp_error 
do_error 

deiete_menu [c,t_main) 
strcpy 
sprintf 
decode_menu 
strien 
delete)ile 
whip_error 

save_fiowcharts [c,t_opsi 
strien 
do_error 
iSjpathname [see lin. 145) 
strcpy 
sprint! 
exists [static in c.r_opsj 

osfile 
wimp _error 

wimp_decision [c,t_ops) 

topen 
tpuic 

strcpy 
wimp_error 

tputwora [siaiic in c,f_ops) 
tputc 

length_of_fiowchart [c,t_ops! 
fputdoubi. isiaiic in c,t_ops) 

tpuic 
tciose 
seitype 

setup_dir_menu [see iine 55) 
seiup_rename_menu [see iine 58) 
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189 
190 
191 
192 
193 
194 
195 
196 
19; 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
206 
209 
210 
211 
212 
213 
214 
215 
216 
217 
216 
219 
220 
221 
222 
223 
224 
225 
226 
22; 
226 
229 
230 
231 
m 
233 
234 
235 
236 
23; 
236 
239 
240 
241 
242 
243 
244 
245 
246 

FLOW 
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ust_open_wind 
@raph_llenu [static in c,i_Oa1nJ 

do_graph [c.i_o.inl 

do_error 

atoi 
atof 

c1e.r-1raphs [see line 811 
aD_error 
find_index [static in c.f_mainj 
evaluate [c. f_ops] 

run_lilile_error [static in c.f_opsl 
sprintf 
do_error 
uS! _update _scro 11_"i nd 
lea) iowchart 
yco_Doxnum 

op_nulI"'params 
varval [static in c.i_opsl 

vat_exists {static in c.f_opsl 
strcmp 

run_time_error [see line 1961 
check_bounds [static in C.T_OpS] 

run_time_error (see iine 196J 
fabs 

sqrt 
pow 
d_to_r [static in c. i _ops i 
check_range [static in c.i_opsl 

sin 
cos 
modf 
tabs 
tan 

run_time_error [see line 196j 

t_to_d {static in c. f_opsj 
asin 
acos 
atan 
10gl0 
log 
exp 
store [c.f_ops] 

strlen 
do_error 

sinh 
cosh 
tanh 

vat_exists (see iine 204i 
strncpy 

evaluate «< recursive ») 

is_window_open 
uS! _update _vi nd 
usr _open_wind 

help_menu [c.f_helpl 
usr _close_wind 
sprint! 
decode_senu 
strlen 
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24i strcop 
248 is_a_dir 
249 free 
250 oalloc 
251 fextent 
252 fopen 
253 do_error 
254 fread 
255 fclose 
256 set_window_extent 
:25i usr_open_wind_scroli 

258 Igetname {c. f_opsJ 
259 fgetc 

261 key _on_runrecord (c. i_ops J 
262 key _on_runentry {c. i_opsJ 
263 is)unction_key [static in c.I_opsj 
264 sprintf 
265 update_ikey {static in c.i_opsJ 
266 force_update 
26i strlen 
266 strcpy 
269 run)lowchart [static in c.i_opsl 
270 read_dbl [c. f_opsJ 
2il strlen 
272 do_error 
2i3 s,canf 
2i4 evaluate [see line 1951 
liS sscanf 
276 do_error 
2;; strcpy 
2i6 strncpy 
li9 print_si 
280 str len 
261 print_dp 
282 sprint! 
.263 
284 strpbrk 
285 update_record {static in c.l_opsl 
266 sscanf 
2ei strcpy 
255 sprint I 
289 usr_update_wind 
290 update_input {static in c.f_opsJ 
291 force_update 
292 update_output [static in c.f_opsl 
293 force_update 
294 vdu 
295 atoi 

296 .ouse_elsewhere [c.f_"ainJ 
29i u,,_create_menu 

296 mouse_entersJunentry {c. f_opsJ 
299 input_locus_to 
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300 mouse_enters_runrecord {c.f_opsj 
301 is_window_open 
302 input)ocus_to 

303 oouseJeaves_runentry {c,f_ops] 
304 input)ocus_oii 

305 mouse_leaves_runrecord ic. f_opsl 
306 input)ocus_oif 

307 .ouse_on_flowcharts ic.i_oain) 
30d Dove_current_bol (static in c.f_mainj 
309 adjust_ta_origin 
310 flow_num 
311 .in 
312 ~, 

313 bo'_num 
314 force_update 
315 xco) lowchart 
316 yco_boxnu. 
317 setup_calc_screen ic. f_main) 
318 op_numJ'arams 
319 strcpy 
320 text_of 
321 spr i nt f 
322 update_calc_screen ic.f_main! 
323 force_update 
324 update_bo"ecs isee line 106i 
325 usr_create_Benu 

326 mouse_an_help ic.f_helpl 
32; usr_create_senu 

326 mouse_on_vartable ic.i_ops! 
329 usr_create_menu 

330 mse_on_runentry ic. i_ops! 
331 atoi 
332 strlen 
333 strcpy 
334 run_ilowchart isee line 2691 
335 update_fkey isee line 265) 
336 updatejnput isee line 2901 
337 update_output isee line 292) 
338 strpbrk 
339 update_record isee line 2651 
340 usr_update_wind 
341 usr_create_menu 

342 mse_on_runrecord ic. i_ops) 
343 usr_create_menu 

344 redraw_help ic.i_help) 
345 aove 
346 put_sprite 
347 gcol 
348 intersect 
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349 puts 
350 strlen 

351 redraw_runentry [c. t_opsl 
352 intersect 
353 lIove 
354 gcol 
355 puts 
356 drawby 
35; arrownead [static in c. i_opsl 
356 movebv 
359 plot 
360 draw 

361 redraw_runrecord [c. t_ops] 
362 gco I 
363 move 
364 charsize [c.t_mainl 
365 vdu 
366 puts 
36; str len 
368 moveby 

print! 
drawby 

369 
3;0 
3il arrowhead [see line 35il 
3il draw 
3i3 ipos-y [static in c.i_opsl 
374 swix 
375 winp_error 
3i6 strncmp 
3;; plot 

3i6 redraw_vartable [c.t_opsl 
3i9 .ove 
380 gcol 
361 puts 
362 printt 

363 stripspaces [c. t_opsl 

364 clearup [static in c.f_mainl 
385 do_error 

386 dbp [static in c.t_opsl 
36i floor 
388 log10 
369 fabs 

390 ensure_bo,_is_visible [static in c.I_Dainl 
391 get_wind)n!o 
392 wimp_error 
393 xco_llowchart 
394 yco_Doxnu. 
395 uS!_update_scroll_wind 

396 entering_boxeditor istatic in c.l_i.inl 
397 input_focus_to 
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396 enterin~_fiows (static in c.i_mainj 
:;99 is_window_open 
400 input)ocUS_to 

.01 Irac [static in c.l_opsl 
402 floor 
.0:; ceil 
404 fabs 

405 graph_window_menu [static in c.r_main) 
.06 uS! _open_wino 
407 clear_graphs [see I ine all 
40a graph_super _.enu [c. I _mainl 
409 do_graph [see line 1911 
410 atoi 
.11 atol 
412 uSf_update_wind 

413 key_on_bo,editor [static in c.l_mainl 
414 strlen 
415 synta,_ok [c. I _opsl 
416 .alloc 
417 tokenise [static in c.f_opsl 
418 is_token [static in c.f_opsl 
419 strncop 
420 strlen 
421 strlen 
422 unti I 
423 isdigit 
424 sscanf 
425 isalpha 
426 ma 11oc 
427 do_error 
426 strcpy 
429 strcpy 
430 check_syntax [static in c.i_opsl 
431 op _nu • ...Params 
432 op -' eve I 
4:;3 construct_error_message [static in c.l_ops] 
434 strlen 
435 strcpy 
436 op _nu • ...Para.s 
437 lotsa_ops [static in c. f_opsl 
438 is_op [static in c. i_opsl 
439 strcat 
440 sprinti 
441 do_error 
442 update_current)lowchart [static in c.i_oainl 
443 append_box [static in c.l_mainl 
444 mal 1oc 
445 overwrite_box [static in c.I_.ainl 
446 do_error 
447 insert_alter_box [static in c.t_mainl 
448 .alloc 
449 insert_belore_box [static in c.i_mainl 
450 insert_aiter _boK [see i ine 447j 
451 ensure_box_is_visible 
452 redraw_current) lowchart [see line 1131 
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453 unaoJPlot_record {see line 1171 
4.54 update_max [static in cot_main] 
455 set_window_extent 
456 usr _update_scroll_wind 
45; leo_flowchart 
4.58 yco_ooxnua 
459 Iength_ot_ilowchart 
460 update_boxrecs [see iine lOBi 
461 setup_calc_screen {see line 3171 
462 reset_caret (static in c.f_Min] 
46j 5wix 
4.64 whip_error 
465 update_calc_screen {see line 3221 
466 update_calc_screen {see line 3221 

467 Ieaving_boxeditor [static in c.t_mainl 
466 input_tocus_ott 

469 IeavinLflows {static in c.i_.ainl 
470 input )ocus _of t 

471 [see line 1l 

4i2 mouse_on_Doxeditor [static in c. f _maini 
473 oiicon istatic in c.i_mainl 
474 reset_caret isee I in. 4621 
475 strlen 
476 strcat 
4i7 syntax_ok isee line 4151 
478 update_current_f lowchart [see i ine 442J 
479 update_calc_screen [see line 3221 
480 usr _create_menu 

481 .ouse_onJPaneI istatic in c. i_mainl 
452 
483 
484 
485 
486 

usr _create _menu 
usr_open_wind 
IeaveJPro!ra. {c.i_mainl 

wimp_aecision isee line 1751 
close_wimp 

487 
488 
489 
490 system 

mode 
puts 
exit 

491 .ouse_onJPlotvindov istatic in c.f_mainl 
492 usr _create_menu 

493 print_ap [static in c. f_opsl 
494 sprinti 

495 print_si [static in c.t_opsl 
496 sprint! 
497 iabs 
495 iloor 
499 IoglO 
500 pow 
501 atot 
502 strcspn 
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503 strncpy 

504 redraw_boxeditor [siatic in c.r_Gainl 
505 move 
506 gcol 
SOi printf 
508 puts 

509 redraw_ilowcharts [static in c.i_mainl 
510 xco_flowchart 
511 yco_bo,nu. 

move 
gcol 

512 
513 
514 
515 
516 
51 i 
516 
519 
520 
521 
522 
523 
524 
525 
526 
52i 
526 
529 

charsize [see line 3641 
puts 
intersect 
dravbox (static in c.f_mainj 

move 
gcoi 
drawby 
.oveby 
plot 
printi 
strcpy 
text_of 
op_nulIJarass 
sprint! 
strlen 
strncat 

530 redrawjplotbox istatic in c.f_main! 
531 iraphjplot 
532 superjplot 

533 setup_dir_menu1 [static in c.i_help! 
534 oalloc 
535 add_tojpathname [static in c.f_help! 
536 strcat 
53i strncpy 
538 aenutexticon 
539 'trcpy 
540 read_directory [static in c. f_help! 
541 
542 
543 
544 
545 
546 
54i 
546 
549 
550 

5\1il 

willp_error 
wimp_error 
sprint! 
is_a_dir 
strlen 
menuwriticon 
free 
removeJast)romjpath [static in c.i_help! 

strlen 

551 valS_menu_decode [static in c.i_ops! 
552 item 
553 clear_variables [see line 1351 
554 remove_variable istatic in c.i_ops! 
555 var _exists [see line 2041 
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556 
55i 
555 
559 
550 
56! 
562 
563 
564 
565 
556 
55; 

FLOW 
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uSf_update_wind 
do_error 

new_vars_menu [static in c. f_opsi 
itelil 
create_variable_menu [static in c.I_opsl 

sscanf 
strlen 
do_error 
vat_exists isee line 204) 
item 
store [see line 22il 
usr _update _wind 
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9.3.2 indel to structural analrsis: 
Line in 

Function l\iIIIe Defined in ... Above iist 
Edi t _menu_decode c. f _oain 100 
add_toyathna.e static in c.f_heip 535 
append_box static in c.t_main 443 
arrowhead static in c.f_ops 357 
charsize cot_main 364 
check_bounds static in c.i_ops 207 
check_range static in c. i _op' 21,; 
check_syntax static in c. i_ops 430 
clear_graph_index static in cot_main 52 
ciear _graphs e,i_main 81 
clear_menu static in c.t_main 12i 
ciear _variabies c. i_ops 135 
clearrunrecord c.i_ops 133 
clearup static in cor_main 384 
construct _error Jl9ssage static in c.f_ops 433 
create_variable_menu static in c. i_ops 560 
d_toJ static in c. f _ops 212 
dbp static in c.f_ops 386 
def i ne _ca I c_icons static in c. f _setup 60 
deiineyanel_icons static in c. f _setup 63 
define_funentry_icons static in c. f _setup 66 
deiete_box c. t_main 110 
de i ete _menu cot_llain 159 
do_graph c. f _main 191 
drawbox static in c. i_main 51i 
ensure_box_is_visible static in cot_main 390 
entering_boxeciitor static in cof_main 396 
entering_f lows static in cot_main 398 
evaiuate c. f~ops 195 
exists static in c.f_ops 172 
fgetdoubie static in cot_ops 91 
igetnane c. f_ops 258 
fgehord static in c.I_ops 89 
f lie_menu static in c.tJlain 135 
find_inciex static in cof_main 194 
iputdoubie static in c. f_ops 153 
iputword static in c.i_ops 180 
frac static in c. f_ops 401 
gposy static in c. f _ops 3i3 
graph_menu static in cof_main 190 
graph_super_menu c.f_main 405 
graph_window_ciosing cot_main 260 
graph_window _menu static in c.f_main 405 
heip _menu c.f_heip 242 
initiaiise static in c.fJilain 3 
initialise_functions static in cot_main 70 
initialise_screen static in cof_main' 78 
i nser t _after _box static in c.f_main 447 
inser t _before _box static in c.fJaain 449 
i s_function_key static in c.i_ops 263 
is_op static in cor_ops 438 
isyathname c. i_main i45 
is_token static in c.i_ops 418 
key _on_boxedi tor static in c.f_main 413 
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FLOIJ 

key _on_runentry 
key _on_runrecord 
leave...progra. 
leaving_boKeditor 
leavinLilows 
length_oi_flowchart 
load _i lowcharts 
load_menu 
load_sprites 
lotsa_ops 
lain 
make _spr i te_area 
lIouse _e i sewhere 
mouse_enters_runentry 
lIouse _enters _funrecord 
mouse_leaves_lunentry 
mouse )eaves _lunrecord 
aouse_on_ooxeditor 
lou5e_on_£ lowcnarts 
.ouse_on_help 
mouse _on.,j)ane I 
mouse_on-plotwinoow 
lIouse_on_variable 
move _cur rent_box 
IiIse _ol'l_runentry 
mse_ol'l_runrecord 
new _var 5 _lIIenu 
oficon 
oyerwr i te _bOK 
prers_menu 
print_dp 
print_si 
r_to_d 
read_dbl 
read_directory 
redefine_characters 
redraw _boxedi tor 
redraw_current_flowchart 
redraw_flowchart_nuncer 
redraw_flowcharts 
redraw_help 
redraw"'plotboK 
redraw _runentry 
redraw_lunrecord 
redraw _var tab I e 
re.ove_last_fro • ...Path 
renove_var iab I e 
rename_menu 
reset_caret 
run_f lowchart 
run_tine_error 
saye_f lowcharts 
set_Irom_eny 
set"'palette 
set_tick_ite. 
setup _ca I c_screen 
setup_dir_menu 
setup _di r _&lenul 

c. I _ops 
c.f_ops 
c.f_Elain 
static in cof_main 
static in c.i_ilain 
c. i_ops 
c. f_ops 
c. I_llain 
static in c.t_main 
static in c.f_ops 
static in c.t_main 
static in c.l_aain 
cot_main 
c. l_OpS 
c. i _ops 
c.i_ops 
c. i _ops 
static in c.f_.ain 
c.t_main 
c.f_help 
static in c.t_main 
static in c.f_main 
c. i _ops 
static in c.f_main 
c. i _ops 
c. f _ops 
static in c.f_ops 
static in c.f_.ain 
static in c.l_main 
static in c.f_main 
static in Co i_ops 
static in c.f_ops 
static in c.l_ops 
c. f _ops 
static in c.i_help 
static in c.f_main 
static in c.i_oain 
static in Co i_main 
c. f_lIain 
static in c.f_main 
c.t_heip 
static in c.f_main 
c. i_ops 
c. f_ops 
c. f_ops 
static in c.f_help 
static in c. f_ops 
c.f_Dain 
static in c.t_main 
static in c.t_ops 
static in c. I_ops 
c. f _ops 
static in cot_main 
static in c.f_main 
c.f_main 
c.f_aain 
c.f_help 
static in c.i_help 
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262 
261 
464 
467 
469 
182 
54 
139 
5 
43; 

6 
296 
29& 
300 
303 
305 
4i2 
3Q; 
326 
481 
491 
32ii 
308 
330 
342 
556 
473 
445 
23 
493 
495 
220 
no 
540 
26 
504 
113 
114 
508 
344 
530 
351 
361 
37S 
549 
554 
150 
462 
269 
196 
166 
18 
30 
25 
517 
55 
533 
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FLOIi 

setup _oir _menuL: 
setup_dir_oenuJ 
setup_file_menu 
setup_!raph_menu 
setup Jrei s _menu 
setup_tename_menu 
setup _super _menu 
setup _vars Jaenu 
setup_winds 
store 
stripspaces 
syntax_ok 
takenise 
undoJlot_recard 
unset_all_ticks 
unset_tick_ite. 
update_boxrecs 
update_calc_screen 
update _current) I awcnar t 
update_ikey 
update)nput 
update_"ax 
update_output 
update_record 
var_exists 
vars_liIenu_cecode 
varval 
wililp_decision 
wipe_all_charts 
wipe_chart 

static in c.i_heip 
c.f_help 
static in c. i_setup 
static in c.f_setup 
static in c.i_setup 
c.i_heip 
static in c.i_setup 
static in c.i_setup 
c.i_setup 
c. i_ops 
c.i_ops 
c. i_ops 
static in c.i_ops 
c. i_lain 
static in c. f _main 
static in c.t_main 
cot_nain 
c.t_main 
static in c. f _main 
static in c. i_ops 
static in c.t_ops 
static in c. i_main 
static in c. I _aps 
static in c.l_ops 
static in c. i_ops 
static in c.t_ops 
static in c. I _ops 
c. i _OpS 

c. i_llain 
c.f_nain 
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S3 
41 
45 
44 
S8 
46 
51 
36 
22i 
363 
415 
41i 
lIi 
105 
24 
108 
322 
442 
265 
290 
454 
292 
265 
204 
551 
203 
li5 
122 
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9.4.1 H.FLOW 

/* >h.flow 

Q Q ~ Q ~ Q Q 

Q Q Q Q Q Q Q Q 

~ 0l0lGl0I0l Q Q Q Q Q 

Q Q - Q Q Q Q QQQQ 

Q Q - Q Q Q Q QQ QQ 

Q Q - Q ~ ~ Q Q 

*/ 

/***************************************************************** 
This File contains global constant and variable declarations for the 
collection of f_ files comprising the FLOW source. 
Note that h.flow itself includes h.winds, which is the global definitions 
for the winds (WIMP interface) file 

This verion 1.00 24/8/89 

*****************************************************************/ 
#define ARTHUR_OLD_NAHES 
#include <stdlib.h> 
#include <math.h> 
#include <ctype.h> 
#include <string.h> 
#include <stdio.h> 
#include <arthur.h> 
#include <lim;ts.h> 
#include <float.h> 
#include "winds.h" 
#include "windasm.h" 
#inclLK:le "h.hourglass" 

/* Variables ..•. */ 

/* defines for variable status ... */ 
/* not initialised: */ 

/* initialised to some value by user */ 

/*******General key definitions ********/ 

#define SCREENLENGTH 15 
#define DELETE_KEY Ox7F 
#define RETURN_KEY OxOO 
#define COPY_KEY Ox18B 
#define HOME_KEY OxlE 
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#define D_EPSILON 1E-9 /* kludge for floating point equality */ 

/****** Ensure that things which ought to be defined actuaLly are *****/ 

#ifndef NULL 
#define NULL (void*)O 
#endif 

#i fndef TRUE 
#define TRUE 
#endif 

#i fndef FALSE 
#define FALSE 0 
#endif 

#define until(x) while(l(x» 
#define forever while(TRUE) 

/* Constants for flow sub-programs .... 
... anything prefaced with D_ is a default value, stored in variable of 
same name with the D_ missing. This transfer is effected in f_main. 

*/ 
/* default contents of runInfo boxes ... *1 

#define DFLT_NUMINPUT 11 

#define DFLT_NUMOUTPUT 11 

#define DFLT_RUNFLO\INUM .. 1 11 

#define D_HELPDJRNAME "HELP" 
#define D_HELPNAMESTYLE u* .. 
#define HELP_WIDTH 1280 
#define HELP_HEIGHT 800 

#define D_FLCM>IRNAME IIFLO\IS" 
#define OS_GBPB_READENTRIES 8 
#define MENU_GAP 5 
#define I4AXJLOIIS 30 
#define NUM_OPS 33 
#define NUM_TOICENS 12 
#define FILE_VERS_NUM 
#define NUM_GRAPH]OINTS 100 

/* boxedi tor geometry * / 

#define CAlC_ROIJS 10 
#define CALC_COLS 4 
#define W_BOXEDIT_HEIGHT 800 
#define W_BOXEDIT_WIDTH 500 

/* variable table, size ... */ 

" 
" 

/* Path to help files */ 
1* Style for help file names */ 

/* pixeLs */ 

1* path to flowcharts saved *1 
/* code to read entries from current dir *1 

1* gap between menu entries */ 
/* Maximum number of fLowcharts available */ 

I*number of operations allowed, */ 

/*Number of distinct tokens */ 

/* version number of file type */ 
/* use 100 points in graph plot tables */ 

#define W_VARBOX_HEIGHT (NUM_VARS*CHAR_HEIGHT+50) 
#define W_VARBOX_WIDTH (30*CHAR_WIDTH) 
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/* flowchar windows, initial size .•. */ 

#define W_FLOWBOX_HEIGHT 300 
#define W_FLOWBOX_WIDTH 300*(MAX_FLOWS+l) 

/*initial height pixeLs of flowchart window*1 
/* width in pixels, same *1 

#define W_RUNENTRY_HEIGHT 850 
#define W_RUNENTRY_WIDTH 400 

/* pLotwindow sizes */ 

#define W_PLOTBOX_WIDTH 1100 
#define W_PLOTBOX_HEIGHT 900 

/* system geometry */ 

#define CHAR_HEIGHT 32 
#define CHAR_WIOTH 16 

/* Runentry box geometry */ 

#define IN_OUT_X 30 
#define IN_Y 360 
#define OUT_Y 60 
#define IN_OUT_HT 96 
#define F_X (IN_OUT_X+9*CHAR_WIDTH)-3 
#define F_Y «IN_Y+OUT_Y+IN_OUT_HT)/2-32) 

/* geometry of the graphical boxes for flowcharts ... */ 

#define LINE_LENGTH 
#define BOX_HEIGHT 
#define BOX_WIDTH 

50 
100 
200 

/* Height of one flowchart box in pixels */ 

/* when recording output from runs ... */ 

·#define HAX_REC_COLS 40 
#define MAX_REC_LINES (30) 

/* fLags returned by syntax checking routines ... */ 

#define NO_GOOD 0 
#define NOT_PERMITTED -1 

/**** TOKENS, produced when input line is crunched *****/ 

#define TOX_PLUS Ox80 
#define TOXjUNUS Ox81 
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#define TDK_TlMES Ox82 

#define TDK_D1V1DE Ox83 

#define TDK_REC1P Ox84 

#define TDK_SQRT OxSS 

#define TDK_POW OxM 

#define TDK_S1N Ox87 

#define TDK_COS Ox88 

#define TDK_TAN Ox89 

#define TDK_ASN OxSA 

#define TDK_ACS Ox88 

#define TDK_ATN OxSC 

#define TDK_LOG OxBD 

#define TDK_LN OxSE 

#define TDK_EXP Ox8F 

#define TDK_TENP Ox90 

#define TDK_STO Ox91 

#define TDK_RCL Ox92 

#define TOK_PLUSRCL Ox93 

#define TDK_M1NUSRCL Ox94 

#define TDK_T1MESRCL Ox95 

#define TDK_DIV1DERCL Ox96 

#define TDK_CHS Ox97 

#define TDK_SINH Ox98 

#deffne TOK_COSH Ox99 

#define TDK_TANH Ox9A 

#define TDK_SU8FLOW Ox98 

#define TDK_ROOT Ox9C 

#define TDK]STO Ox9D 

#define TDK_TSTO Ox9E 

#define TOK:..MSTO Ox9F 

#define TDK_OSTO OxAO 

#define TDK_NUM8ER Ox80 

#define TDK_VAR Ox81 

#define TDK_EN1ER Ox82 

I****WIMP keycodes for function keys .•. they always return these 
values from within the WIMP 

*' 
#define FN_O Ox180 

#define FN_l Ox181 

#define FN_2 Oxl82 

#define FN_3 Oxl83 

#define FN_4 Oxl84 
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#define FN_5 Ox185 
#define FN_6 Oxl86 

fldefine FN] Ox187 
#define FN_8 Oxl88 
fldefine FN_9 Ox189 

fldefine FN_l0 OxltA 
#define FN_ll OxlCB 
#define FN_12 OxlCC 

fldefine S_FN_O Ox19O 
fldefine SJN_l Ox191 
fldefine SJN_2 Ox192 
fldefine SJN_3 Ox193 
fldefine SJN_4 Ox194 
fldefine SJN_5 Oxl95 
fldefine S_FN_6 Oxl96 
fldefine S_FN] Ox197 
fldefine SJN_8 Ox198 
fldefine S_FN_9 Oxl99 

fldefine S_FN_l0 OxloA 
fldefine S_FN_ll OxloB 
fldefine S_FN_12 OxloC 

#define C_FN_O OxlAO 
#define C_FN_l OxlAl 
fldefine C_FN_2 OxlA2 
fldefine C_FN_3 OxlAl 
#define C_FN_4 OxlA4 
#define C_FN_5 OxlA5 
fldefine CJN_6 OxlA6 
fldefine C_FN] OxlA7 
fldefine C_FN_8 OxlA8 
fldefine C_FN_9 OxlA9 

fldef i ne C_FN_l0 OxlEA 
#define C_FN_ll OxlEB 
#define C_FN_12 OxlEC 

/* and add to these ... */ 

fldefine CONTROL Ox20 
fldefine SHIFT Oxl0 

/* plotting .•• */ 

/* maximum number of graphs allowed */ 

#define MAXGRAPHS 4 

MSc Programming Project 

/*******************************************************************/ 

/* MENUs: Miscellany *' /*********************************************** ••••••••• ** ••••• * ••• / 
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#define menutexticon(col1,col2) 

#define menuwriticon(col1,col2) 

Ji:(S.c Progranming Project 

TEXT+(col1«24)+(col2«28)+FILLED 

TEXT+INDIRECT+\ 
(col1«24)+(col2«28)+FILlED 

/*******************************************************************/ 
/* MENU decoding functions: positions in the menu of entries... */ 
/*******************************************************************/ 

/* Menu i terns 

/* 1> Filing menu 

#defi~ FM_RENAME ° 
#define FM_DELETE 
#define FM_LOAD 2 
#define FM_SAVE 3 
#define FM_SAVE_FILENAME 4 

/* 2) Edi t menu 

#define EM_APPEND ° 
#define EM_OVER 1 
#define EM_AFTER 2 
#define EM_BEFORE 3 
#define EM_OELETEBOX 4 
#define EM_CLEAR 5 

#define EM_RUN 6 
#define EM_GRAPH 7 
#define EM_HELP 8 
#define EM_PREFS 9 
#define EM_FILE 10 
#define EM_VARS 11 

'* 3) graph menu 

#define GM_FNUM 1 
#define GM_XMIN 3 
#define GM_XMAX 5 
#define GM_GO 6 

*' 
*' 

*' 

*' 

/* 4) graph window menu */ 

#define GWM_INFO ° 
#define GWM_CLEAR 1 
#define GWM_SUPERIMP 2 

/* 5) Graph superimpose menu */ 
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/. 6> Prefs menu 

#define PM_DEGS 0 
#define PM_RADS 1 

#define PM_SIG_FIGS 2 
#define PM_DEC_PLACES 3 
#define PM_NO_ACCURACY_SET 4 

#define PM_ACCURACY 5 

/* 7) Clear menu entries */ 

#define CM_ALL 0 
#define CM_CURRENT 
#define CM_GRAPHS 2 
#define CM_RUNRECORD 3 
#define CM_VARS 4 

/* 8) vars menu */ 

#define VM_CLEAR 0 
#define VM_DELETE 1 
#define VM_CREATE 2 
#define VM_ADJUST 3 

*/ 

/. possible values for accuracy_type ..•• , 

#define NDNE 0 
#define DEC_PLACES 
#define SIG_FIGS 2 

MSc Programming Project 

#define sprintfNULL(buf,fmt,string) buffer[sprintf(buf,fmt,string)]=NULL 

/. x coordinate of flowchart number nurn ., 

#define xco_flowchart(num) (BOX_WIDTH+(BOX_WIDTH+20)*(num» 

/* y coord_inate of box nUJber nun, top line of the box */ 

#define yco_boxnum(num) «FLOW_HEIGHT-l00)-(BOX_HEIGHT+LINE_LENGTH)*num) 

/* input pixet position relative to window origin, get box output : ., 

#define flow_num(x) (int)floor«float)(x-BOX_WIDTH)/(float)(BOX_WIDTH+20)+O_5) 
#define box_num(y) \ 

(int)floor«float)(FLOW_HEIGHT-l00-y)/(float)(BOX_HEIGHT+LINE_LENGTH» 

#define max(a,b) «a>b)?a:b) 
#define min(a,b) «a<b)?a:b) 
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/*********************************/ 
/* UNIV BLOCK Allocations for various 

routines. 
UNIV_BLOCK is the block used by POLL 
to pass infonmation to various functions 

MSc Programming Project 

(The functions always declare the univ block as *block) 
univ_block is defined in the ARTHUR system library, 

and is ~ed for passing data from WIMP to routines 

*' /*********************************/ 

/* for mouse button presses •... *, 
#define mousex (block->.W] ) 

#define mousey (block->. [1]) 

#define mouseb (block->. [2]) 

#define mouseicon (block->. [4]) 

/*for key presses ..•.•. */ 

#def i ne keyi con (block->. [1]) 

#define keycrtxoff (block->. [2]) 

#define keycrtyoff (block->. [3]) 

#define caretht (block->.[4] ) 
#define crtindex (block->.[S] ) 
#define keycode (block->. [6]) 

/* for menu select .•.•.......... */ 

#define item(i) (block->. [i]) 

/* redraw block bits */ 
/* this block is a redraw_block */ 

#define WA_XHIN (block->xO) 
#define WA_YHIN (block->yO) 
#define WA_XHAX (block->x1) 
#define WA_YHAX (block->y1) 

/*******************************************************************/ 
/*** Error codes encountered during the program *******************/ 
/*******************************************************************/ 

#define NOT_FOUND Ox10806 

Header files 

/* file not found error (GBPB)*/ 

typedef struct op_descrip { /* Internal description of operator */ 
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jnt level, 
nun J)arams; 

char *description; 
) op_descrip; 

extern op_descrip operation[NUM_OPS1; 

MSc Programming Project 

#define text_of(box) Operation[box·>op_num-OxS01.description 
#define op_level(token) operation[token-Ox801.level 
#define op_num-P8rams(token) operation[token·OxB01.num-P8rams 

typedef struct op_tokens ( 
char *text; 
int token; 
) op_tokens; 

Header files 

/* Marry token and text for token */ 

/* below, op_num is operation number, as given above, indexing operation[l 
box_nun is number of box in sequence. 
First box is 0 = header box 
so first box which does anything is #1 

"' 
/* data types •••• */ 

#define NO_PARM 0 
#def i ne NUMBER 1 
#define VARIABLE 2 

typedef struct flow_box_type { 
int op_nLm, 

box_OlI1I, 
dtype; 

union.data { 
double param1; 
char *title: 
char *varname: 

} data; 

struct flow_box_type *prev, 
*next; 

'" FLOWCHART VARIABLES "' 

/* operation token, TOK_xxxx */ 
/* in sequence from start of chart */ 

/* var or number,defined above */ 

/* data is either number */ 
/* or name string */ 

/* or variable name */ 

/* double linked List */ 

typedef struct variable { /* user variables stored in these */ 

FLOW 

int status; 
double value; 
char name[151; 
} variable: 
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/* as in V_ constants above */ 
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extern variable var[NUM_VARS1; 

char inpt[6Q]; 
char output [60] ; 
int flownun; 

} rree; 

/* global variables ••• */ 

extern ckMJble EPSILON; 

extern char *HELPDIRNAME, 
*HELPNAMESTYLE, 
*FLOlolllRNAME, 
*sp_area; 

extern int w_run, 
w_flowcharts, 
w _ runent ry, 
w_runrecord, 
w_help. 
w_error, 
w_graphinfo, 
wJ>8nel. 
w""plotwirdow. 
w_vartable, 
w_boxedit, 

/* icon hardles ••••• */ 

FLOI/ 

calcscreen, 
clearbutton, 
enterbutton, 
calcbutton[401, 
set_op_level, 

runbutton, 
clearinbutton, 
swapbutton, 
autoswapbutton. 
autoswap, 

calcicon, 
runicon, 
flowicon, 
helpicon, 
screensaveicon, 

MSc Programming Project 
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/* run record store of previous results */ 

1* user sprite area for odd bits */ 

/* window hardles begin w_*/ 

/* in box editor */ 
/* ENTER, in box editor */ 

/* teacher defined op level set */ 

1* icon to toggle autoswap */ 

/* in error wirdow */ 

/* on control panel */ 
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exhicon, 

/* plotting items */ 

curve_colour(~GRAPHS], 

indexlMAXGRAPHSI. 
nextfree, 

MSc Programming Project 

/* "config" variables, affecting way routines work. , and access to 
routines •••• 

*' 
accuracy_type, 
degrees, 
master_status, 
advanced_status, 
vars_allowed, 
paths_allowed, 
printing_status, 
oldfilename.J>Os, 
max_box_lllIIber, 
current_box_nun, 
current_flowchart, 

. FLOI/_HEIGHT; 

extern flow_box_type 
fLowchartlMAX_FLOWS+11. 
*current_box; 

extern error *my_error; 

extern char *screen, 
*cbtext[CALC_ROWS*CALC_COLS1, 
*nuninput, 
*llI.IIIOUtput, 
*runflownun, 

1* writeabLe menu items ••••• *1 

*Loadfi lename, 
*savefiLename, 
*newf i l ename, 
*oldfi lename, 
*Xminnun, 
*XmaXI"I\B, 
*Fgraphnun, 
*Super J .... n, 
*deL_var_name, 
*crtvar_nBme, 
*crtvar_vaL, 
*Acclllllberi 

extern menu_bLock. Edit_menu, 
Prefs_menu, 
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/* SIG_FIGS, OEC_PLACES, or NONE */ 
1* boolean, degs or rads switch */ 

1* privilege settings *1 

/* highest box m .. I'Der on chart * / 
1* box current l y high lighted * / 

/* Height of flowcharts window, pixeLs */ 

1* Header boxes for each chart */ 

1* For machine SWls, in f_main *1 

I*boxeditor screen text *1 
1* Text for boxeditor buttons *1 

1* runentry input string *1 
1* runentry output string */ 

/* runentry box icons */ 

/*filename to load, string */ 
/* 12 characters long *1 

/* graph minimum x value */ 
/* ditto, max x value */ 

1* first chart nurber on graph */ 
/* second and subsequent nuti>ers * / 

1* variable name to delete */ 
I*created variable name */ 

I*created variable value */ 
/* String integer accuracy *1 
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Fi le_menu, 
Clear_menu, 
Graph_window_menu, 
Vars_menu, 
*Help_mer'Il.I, 
*108cCmenu, 
*Delete_menu, 
*Rename_menu, 
newn&me_menu; 

/******** ••••••••••••••••••••••••••••••••••• *****/ 
/**··E X T ERN ALP ROT 0 T Y PES *****/ 
/.* ••• ** ••• ** •• ** •• ***.************************.*/ 

extern void save_fLowcharts(char *filename), 
load_flowcharts(char *filename), 
clear_variables(void), 
charsize(int, int), 
read_dbl(char *buf,double *number), 
help_menu(univ_block *block), 
load_menu(univ_block *block), 
redraw_fLowchart_number(int num), 
redraw_graphinfo(redraw_block *block), 
redraw_vartable(redraw_block *block), 
redraw_help(redraw_block *block), 
mouse_on_help(univ_block *), 
mouse_on_vartable(univ_block *), 
Edit_menu_decode(univ_block * block), 
clearrunrecord(void), 
mse_on_runentry(univ_block*), 
mse_on_runrecord(univ_block*), 
graphJPlot(int nump,double *x, double *y,int horiz,int vert,int 
superjplot(int numpoints,doubLe *x,double *y,int colour), 
adjust_to_origin(int w_handle,univ_block *block), 
stripspacesCchar*), 
key_on_runrecordCuniv_block*), 
key_on_runentry(univ_block *), 
mouse_enters_runrecord(univ_block*), 
mouse_leaves_runrecord(univ_block .), 
mouse_enters_runentrYCuniv_block*), 
redraw_runrecord(redraw_bLock*), 
redraw_runentry(redraw_block*), 
mouse_enters_runentry(un;v_block*), 
mouse_leaves_runentry(univ_bLock*); 

extern menu_block ·setup_dir_menu(char *header, char *directory), 
·setup_dir_menu_r(char ·header, char ·directory), 
·setup_rename_menu(char *header, char ·directory); 

extern double evaluateCdouble input,int fnum,flow_box_type *box, int *err); 
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/* allows 

coLour), 

Header f i 1 es 

COlJlllllS in number */ ,* in f_help */ 
/* f_ops */ 

'* (plot *' 

,* f_help *' ,. 
f_help *' 

/* f.ops */ 

,* in f_ops *' ,* in f_ops ., 
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extern int syntax_ok(char* buffer, flow_box_type *box), 
length_of_flowchart(int number), 
wimp_decision(char *text), 
is-P8thname(char *filename), 
gr_origin_x(void), 
gr_origin_y(void); 
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Header files 

/*pass through chart*/ 

/* true if full pathname */ 
/* returns x pos of graphics origin */ 

/* ditto, y pos'n */ 
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9.4.2 H.HOURGLASS 

I*>h.hourglass 

*/ 

header for hourglass module 
VO.01 MT 11/9/89 

extern void HS_On(void), 
HS_Off(voidl, 
HS_Smash(void), 
Hs_Start(int delay), 
Hs_Percent(int percent), 
Hy_LEDs(int eor,int and); 

FLOW 

MSc Programming Project Header f; les 
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9.4.3 H.WINDASM 

/* h.windasm */ 
extern void setup_winds(void), 

settype(char* file,int type), 
8_open_wimp(yoid) , 
close_wimp(void); 

extern int fextent(char* pathname), 
i8_B_dir(char*.pathname); 

extern ·error *rename_fi le(char * old, char *new), 
*delete_file(char* name); 
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9.4.4 H.WINDS 

/*>h.winds 

a a a a a a a 
a a a a Q ss a 
ilOlOIOlOlOl a a a a a a 
a a ass assa a a 
a a ass ss ss a a 
a a ass a a a a 

*' 
/********************************/ 
/*******Oefault palette**********/ 
/********************************/ 

_fine white 0 
_fine grey1 1 
_fine grey2 2 
#def i ne grey3 3 
#define grey4 4 
_fine greyS 5 
_fine grey6 6 
#define black 7 
_fine dark_blue 8 
#define yellow 9 
#define green 10 
_fine red 11 
#define cream 12 
#def 1 ne dark_green 13 
#define orange 14 
_fine blue 15 

#define max_windows 30 
_fine WRITEABLE (15«12) 
_fine NOTIFY_APPLIC (3«12) 
_fine CAN_SELECT (9«12) 
_fine SELECT_NOTIFY (4«12) 
_fine CLICK_SELECT (5«12) 
_fine CLICK_DRAG_DBL (10«12) 

/* wimp_error flags */ 

_fine WE_OK 
_fine WE_CANCEL 2 
_fine WE_HILITE_CANCEL 4 
_fine WE_RETURN_IMMED 8 
_fine WE_NOERROR 16 
#define WE_NOCLICKRET 32 
_fine WE_SE LONE 64 

#i fndef TRUE 
_fine TRUE 
#define FALSE 0 

FLOI/ 

a a 
ss 
a 

MSc Programming Project Header files 

QQQQQ QQQQ 

a a Q 

a a QQQQ 

a a a 
a a a a 
QQQQQ QQQQ 

/* in window work area flags */ 
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#endif 

#define OH_TOP -1 

#define TITlE_FGCOl black 
#define TITlE_BGCOl grey2 
#define WA_FGCOl black 
#define WA_BGCOl grey4 
#define SB_FGCOl greyl 
#define SB_BGCOl grey2 
#define HL_COL cream . 

#define MENU_TIT_FGCOl black 
#define MENU_TIT_BGCOl grey3 
#define MENU_WA_FGCOl black 
#define MENU_WA_BGCOl white 

#define MENUTI_FGCOl black 
#define MENUTI_BGCOl white 

#define MENUWI_FGCOl white 
#define MENUWI_BGCOl red 

'* Standard coLours for windows ... *' 
#define stdeols() (char) TITlE_FGCOl, 

(char) TITlE_BGCOl, 
(char) WA_FGCOL, 
(char) WA_BGCOl, 
(char) SB_BGCOL, 
(char) SB_FGCOL, 
(char) HL_COL, 
(char) 0, 

(TITLE_FGCOl«24)+(TITLE_BGCOL«28) 

'* standard coLours for menus ... *' 
#define stdmencols() (char) MENU_TIT_FGCOl,\ 

(char) MENU_TIT_BGCOl,\ 
(char) MENU_WA_FGCOl, \ 
(char) MENU_WA_BGCOl, 

typedef struct wind_info_block 
{ 

FLOW 

int wincChandLe; 
int xO, yO, x1, y1; 
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'*titfg*' \ 
I*titbg*/ \ 
'*wafg*, \ 
I*webg *1 \ 

'*scroLL outer*,\ 
'*scrolL inner *'\ 
1* highlight *1\ 

'* aLways *' 

'* window handLe *' 
'* work area coordinates *' 
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int scx, scy; 
int winc:Cbehind; 
int flags; 
char coLours[n; /* coLours: foreground, background. 

* work area foreground, background, 

/* scroLL bar positions */ 
/* handLe of window in front*/ 

/* word of fLag bits */ 

* scroll bar outer/inner, title background 
* if window has highlight colour */ 

char reservedb; 
int exxO, exyO, exx1, exy1; 
int title_icon, work_icon; 
int reservedw[21; 
char titlel121; 
int initial_icons; 
int iconspace[20*321; 

/* reserved byte */ 
/* extent coordinates */ 

/* icon flags for title bar, work area */ 
/.* reserved space * / 

/* title string */ 
/* no. of icons in definition */ 

extern void usr_close_wind(int handle), 
usr_open_wind(int handle,int wind_behind), 
usr_open_wind_scroll(int handle,int wind_behind,int sX,int sy), 
usr_update_wind(int handle), 
usr_update_scroll_wind(int handle,int x,int y). 
force_updateCint handLe,int xL,int yL,int xh,int yh), 
usr _cr.eate_menu(meou_block*, int, i nt, voi d(*func)(univ_block*», 
input_focus_to(int handle), 
open_wimp(int bgcol), 
scroll_window(int handle,lnt xd,int yd), 
set_window_extent(int handLe,int xO,int yO,int x1,int y1), 
wputs(int handle,int xpos,int ypos,char* text), 

/* set up functions to respond to user actions ••• */ 

key-pressed_function(int.void(*func)(univ_block*», 
mse-pressed_function(int,void(*func)(univ_block*», 
window_redraw_function(int,void(*func)(redraw_block*», 
wind_leave_function(int,void(*func)(univ_block*», 
w;nd_enter_function(int,voidC*func)(univ_block*», 
close_window_functionCint,voidC*func)Cvoid», 
open_window_function(int,voidC*func)(void», 
background_mouse_function(voidC*func)Cuniv_block*», 
make_unselectable(int icon,int wind_handle), 
make_selectable(int icon,int wind_handle). 
put_caretCint handle.int x.int y), 
do_errorCchar *text). 
do_error_num(int errnum.char* errmess), 
set_taskname(char *name), 
poll(int mask), 
get_wind_info(wind_info_block*.error*), 

/* miscellany... */ 

FLOW 

move_mouse_to(int x,int y), 
mouse_bound_box(int xO,int yO,int x',int y1), 
mouse_unbound(void), 
confine-PQinter_toCint whandLe), 
put_spriteCchar* name,int action, char* userarea); 
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extern int usr_create_wind(wind_block*), 
make_text_icon(int window,int x,int y,char*, 

int buttype,int fg,int bg,int height), 
make_sprite_icon(int window,int x,int y,int wid,int ht,char *name, 

char *sblock,int type), 
is_icon_selected(int,int), 
wimp_error(error * e,int flags), 
is_window_open(int handle), 
is_window_fullsize(int handle), 
is_window_top(int handle), 
wimp_decision(char *message), 
intersect(redraw_block*,int xmi,int ymi ,int xma ,int yma), 
make_writeable_icon(int window,int x,int y,char*,int length, 

int height,int fg,int bs); 

extern char* sp_area; 
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'*error handl ing */ 

'* Dialog boxes ••• */ 
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9.4.5 C.F MAIN 

- a a a - a a 
a as as a a a as a 
a a a a a a a a aa a - a a a a a a a a a 
a a a_ a a a a 
a a a a a a a as 
a _a a a a -a a 

Collection of main top-level routines for Flowchart 
This section contains main() which is the first routine called 

*/ 

1* Local "include" ff lea 

tlinclude IIflow.hl! 
'incLude <signal.h> 
.include <arthur.h> 
/* Edit modes */ 

#defi ne APPEND 1 
#def i ne DVERWR lYE 2 
#define INSERT_AFTER 3 
#define INSERT_BEFDRE 4 

*/ 

/* file containing sprite definitions·/ 
#define SPRITE_FILE_NAME IIcObeySdir>.Flovspr" 

#define PARAM (box·>data.param1) 

/* MAXGRAPHS graphs allowed on-screen at once */ 

int curve_coLour (MAXGRAPHS] = { 
red,yellow,green,dark_blue 

>, 

/* Program gLobal manifests */ 

'* current colour of curve *' 
/* operation level at which we are currently working */ 

static int printins_boxnumbers=TRUE, 
edit_mode=APPEND; 

int index [MAXGRAPHSI , 
next free; 

char *boxinfo=II8XINf'l; 

static double x[MAXGRAPHS] [NUM_GRAPH_POINTS1, 
y[MAXGRAPHSI [NUM_GRAPH_POINTSI; 

/*********************************/ 

/* PROTOTYPES */ 

FLOW Page 143 

/* index of graphs plotted */ 

/* nuJber of graphs plotted */ 

/* name of sprite in user_area for boxeditor*/ 

/* x coordinates */ 
/* y coordinates */ 
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,.** •••• ******* ••• ***********.****/ 
/* 

These are documented in more detail 8S they occur in the program 
*/ 

void leave-program(void), 
wipe_chart(int chartnum), 
wipe_all_charts(void>, 
do_grapheint chartnum,double xmin,double xmax), 
delete_box(flow_box_type * this_one), 
update_calc_screen(void), 
graph_window_closing(void>. 
clear_sraphs(void), 

update_boxrecs(void), 
setup_calc_8creen(flow_box_type -box), 
undo...,plot_record(int num); 

static int find_index(int>, 

'* quit fran program */ 
/* clear this chart */ 
/* clear all charts */ 

/* plot a graph */ 
/* rmve box from chart */ 

/* replot calculator screen */ 
/* cope with window closing •• */ 

/* clear the graph windows of all bits, reset scales */ 

/* change indication of edit state */ 
It initial ise screen */ 

/* remove record that has been plotted */ 

ensure_box_is_visible(int cur_flow,int cur_box); 

/** ••••••• ***** •••••• ** ••••••• ****/ '* Data defs, this program */ 
,********** •• *** ••• *** ••• *********, 

flow_box_type flowchart [MAX_FLOWS+1l, 
Iw •• they continue as 8 linked list */ 

·current_box=&flowchart[1]; 

static char *ernmsg, 

/* initial boxes for each chart */ 

/* initially */ 

/* used to provide error reporting facilities */ 
*moveoverarrow = "Move pointer over the \x89 to select new name"; 

char 
*HElPDIRNAME, 
*HELPNAMESTYLE, 
*Fl(M)IRNAME, 
*newfilename, 
*oldfilename, 
*prog_sprites, 
*sp_areai 

double EPSILON; 

int current_flowchart=1, 
max_box_number=O, 
FLOW_HEIGHT=W_FLOWBOK_HEIGHT, 
current_box_~O, 

accuracy_type=NONE, 
degrees=TRUE, 
master_status=FALSE, 
advanced_status=FAlSE, 
printios_status=FALSE, 
vars_allowed=FALSE, 
path._allowed=FALSE; 

FLOW 

/* the name of the help directory *1 
/* the style of the help fi le names */ 

1* the name of the directory containing flowcharts *1 
/* filenames ••• */ 

/* program sprites area (sprites Nor defined in file) *1 
/* sprite area block (sprites defined in file) *1 

Page 144 

/* start with this flowchart *1 
1* highest box number present on chart *1 

1* current height, pixels, flowcharts window*/ 
/* start on this box */ 

/* sig, dp or none, default none */ 
/* True or false ••• *1 

1* allows "Master level" operations */ 
/* allows "advanced" ops e.g. file delete·/ 

/* printing allowed by user ./ 
/* User has named variables */ 

1* full paths allowed in filenames */ 
/* means user can move about freely */ 
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/**************** ••••••• **.**.*** •••••••• ***** •• ***** •• ***.** •••• **., 
1* MENU functions */ 
/* Including decoding menus , and miscellaneous functions to do *1 
/* Setting and unsetting ticks in menus */ 
/*******************************************************************/ 

static void unset_tick_itemCint num, menu_block -menu) 
( 

/* reroove the tick from item run in menu menu */ 

) 

static void unset_slL_ticks(menu_block -menu) 
( '* retJK)ve ticks from aL L items in menu menu */ 

int i; 
for(i=Oii<MAXlTEMS:i++) unset_tick_item(i,menu); 

) 

void set_tick_item(int num, menu_block -menu) 
( 

/* set tick item num in menu menu *' 
) 

int is-psthname(char .p) 
( 

1* TRUE is P is 8 pathname, else FALSE */ 

) 

int i=O,is-psth=FALSE: 
while(p[ill=NULL && isalnum(p[il» i++; 
if(p[ill=NULL) is-POth=TRUE; 
if(is-POth&&(lpaths_allowed» ( 

is-POth=FALSE; 
do_error(UIllegal character in filename ll ): 

) 

return( i s Jl8th); 

void loacUnenu(univ_block *block) 
( 

/* User is loading a flowchart file ••• 

/* non aLpha => pathname */ 

block[O] is the item number in the load_menu which the user has selected to load 

*' 

FUlII 

int i=Oi 
char filename[1681; 
textbuf *Pi 
if(block·>a[OI==oldfilename-POs) { 
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strcpy(fi Lename,oLdfi lename): 
my_error=NULL; 
p=(textbuf*)filename: 

> else ( 

> 

sprintf( ff lename, IIXs.", FLCM) I RNAME); 
p=(textbuf*)(filename+strlen(FLOWDIRNAHE)+1); 
decode_menu(Load_menu,blocic.,p,my_error): 
while(filename[ill=OxOD) i++; 
filenamelil =NULL; 

if(my_errorl=NULL) ( 
wimp_errorCmy_error,WE_OK): 

> else ( 
if(is-P8thname«char*)p» load_flowcharts«char*)p): 
else load_flowcharts(filename)i 
strcpy(s8vefiLename,(char*)p): 
clear_graphs(): /* all plot tables now invalid */ 

> 
> 

void delete_menuCuniv_block. *block) 
( 

'* User has opened and clicked the delete menu •• find the filename required and delete it *' 

> 

char filename[168]i 
if(block·>aIOl==oldfilename-POs ) ( 

strcpy(filename,oldfilename): 
my_error=NULL; 

} else ( 

> 

int i=O: 
sprintf(fi lename, IIXs. 11 , FLOW[) I RNAME); 
decode_menu(Delete_menu,block, 

(textbuf*)(fiLename+strlen(FLOWDIRNAME)+1),my_error): 
wh i leef i lename [i] I =OxOD) i ++; 
fi lename[i]=NULL; 

ifCmy_error==NULL) my_error=delete_fileCfilename); 
ifCmy_errorl=NULL) wimp_errorCmy_error,WE_OK); 

void rename_menuCuniv_block *bloek) 
{ 

/* User wishes to rename a fiLe. bLock[O] is the item number to be renamed */ 

int i=O; 
textbuf fi lename,newnamei 
if(block·>aI1ll=·11 ( /* on L y respond if user e L i eked on new name* / 

FLOW 

block:>a(1]=·1; 
if(block·>aIOl==oldfilename-POs) ( 

strepyCfilename.a,oLdfilename); 
my_error=NULLi 

} eLse ( 
sprintfCfi Lename.a,"Xs.", FlOWIRNAME); 
deeode_menuCRename_menu,bLoek, 

Ctextbuf*)CfiLename.a+strlenCFLOWDIRNAME)+l),my_error); 
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} 

} 

while(filename.a[ill=OxOO) i++; 
filename.a[il=NUlL; 

if(is-P8thname(newfilename» strcpy(newname.a,newfilename): 
else sprintf(newname. B, IIXs.Xs", FLOWDIRNAME,newfi lenamel; 
if(my_error==NULL) 

mv_error=rename_fi le«char*)fi Lename.a,(char*lnewname.a); 
if(mv_error) wimp_error(my_error,WE_OK)i 

) else do_error(moveoverarrow)i 

void graph_super _IDerU(univ_block ·block) 

< 

/* User has elected to superimpose 8 graph on existing axes */ 

/* determh'le graph nurber, and redraw ... *1 

} 

swftch(block->a[O]} < 
default: 
case (GSM_GO) 

} 

do_graph(atoi(Super_num),atof(Xminnum),atof(Xmaxnum»: 
usf_update_wind(wjplotwindow)i 
break: 

static void cleaf_sraph_index(yoid) 
< 

'* clear the list of flowcharts plotted */ 

} 

int i; 
nextfree=O: 
for(i=Oii<MAXGRAPHSii++) index[il=O: 

static void graph_window_menu(univ_block ·block) 
< 

/* User clicked on graph window menu, which has three options ... */ 

} 

FlOll 

sw;tch(block->a[O]) < 
case (GloIUNFO) 

case (GWH_SUPERIMP) 

default 
} 

usr_open_wind(w_graphinfo,ON_TOP); 
break; 

clear_graphs(); 
break; 

graph_super_menu«univ_block*)&block->a[1]); 
break; 

break; 
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static void greph_menu(univ_block *block) 
( 

/* Graph menu consists largely of writeabLe bits, e.g. 

*' 

) 

flow nuJber to plot, range, and only one selectable item, 
which will cause plot to occur. "default" ensures that user 
can cl ick anywhere on menu to plot. "GO" isn't necessary, but is reassuring 

switch(block·>a!O]) ( 

) 

default: 
case GM_GO 

do_graph(atoi(Fgraphnum),stof(Xminnum),atof(Xmaxnum»; 
break: 

static void file_menu(univ_block *bLock) 
( 

/* The MAIN file menu parsing routine .• loads and seves, mainly *' 
switch(block·>a[O]) ( 

cas. FM_DELETE 

case FM_SAVE : 

load_menu«univ_block*)&block->s[1])i 
break: 

rename_menu«univ_block*)&block->8[1]): 
break; 

delete_menu«univ_block*)&block->a[1])i 
break: 

cas. FM_SAVE_FILENAME: 
save_flowcharts(savefiLename); 
break: 

} 

/* ensure menus are up to date ••• */ 

if (advanced_status) ( 

Delete_menu=File_menu.m[FM_DELETE1.sub_menu= 
setup_di r _menu(IIDelete .. 11, FLCM>lRNAME); 
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setup_rename_menu(IIRename •• " I FLCM>IRNAME); 

} 

Load_menu=File_menu.m[FM_LOADI.sub_menu= 
setup_dir_menu(ULoad chartU,FLOWDIRNAME): 

} 

static void clear_menu(int choice) 
( 

,* User selected CLEAR from Edit menu. He has 4 options here ..• ·' 

8witch(choice) ( 

wipe_all_charts(): 
max_box_number=O; 

/* reset window dimensions •. *, 

/* clear all flowcharts */ 

FLOW_HEIGHT=W_FLOWBOX_HEIGHT; 
set_window_extent(w_flowcharts,O,O,W_FLOWBOX_WIDTH,FLOW_HEIGHT); 
usr_close_wind(w_flowcharts)i 
usr_open_wind(w_fLowcharts,ON_TOP)i 

'* and drop through to *' 
CBse CM_GRAPHS 

clear_graphs(): 
break: 

wipe_chart(current_flowchart); 
break: 

} 

case CM_RUNRECORD : 
input_focus_offC); 
clearrvnrecord(); 
break: 

} 

clear_variables(); 
break; 

static void prefs_menu(int choice> 
{ 

/* User selected preferences .•. from edit menu */ 
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/* clear only the current chart */ 

/* clear the runrecord */ '* remove the caret or highlight *' '* and remove all records' *' 
/* clear the variabLes space */ 
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Bwitch(choice) < 
/**** Degrees bft ****************************/ 

case PM_DEGS unset_tick_item(PM_RADS,&Prefs_menu); 
set_tick_item(PM_DEGS,&Prefs_menu): 
degrees=TRUE: 
break: 

unset_tick_itemCPM_DEGS,&Prefs_menu); 
set_tick_itemCPM_RADS,&Prefs_menu); 
degrees=FALSE: 

break; 

'**** Accuracy bit ************************ •••• , 

case PM_SIG_FIGS : unset_tick_itemCPM_DEC_PLACES,&Prefs_menu); 
unset_tick_item(PM_NO_ACCURACY_SET,&Prefs_menu); 
set_tick_item(PM_SIG_FIGS,&Prefs_menu)i 
accufacy_type=SIG_FIGS; 
break: 

case PM_DEC_PLACES : 
unset_tick_itemCPM_SIG_FIGS,&Prefs_menu); 
unset_tick_item(PM_NO_ACCURACY_SET.&Prefs_menu): 
set_tick_item(PM_DEC_PlACES,&Prefs_menu)i 
eccurecy_type=DEC_PLACESi 
break; 

case PM_NO_ACCURACY_SET 
unset_tick_item(PM_SIG_FIGS,&Prefs_menu); 
unset_tick._itemCPH_NO_ACCURACY_SET,&Prefs_menu); 
set_tick_item(PM_NO_ACCURACY_SET,&Prefs_menu)i 
accurecy_type=NONEi 
break; 

'* undo rads */ 
/* set degrees *' 

/* and tell program */ 

/* ditto here */ 

default break; 1* Clicking on writeable icon does nothing*1 

) 

) 

void Edit_meru_decode(univ_block "block) 
( 

1* Top level decode of edit menu. 

"' 

This will in a I'lI..IIber of cases, pass the decoding on to the preceding 
routines for further work before calling a routine that does something 
The order here follows the order in the menu itself 

switch(item(O» ( 

/******** Edit mode section **********1 

case EM_APPEND edit_mode-APPEND; 
unset_all_ticks(&Edit_menu); 
set_tick_item<EM_APPEND,&Edit_menu); 
update_boxrecs()i 
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break; 

edit_mode=OVERWRITE; 
mset_Bll_ticks(&Edit_mertU); 
set_tick_item(EM_OVER,&Edit_menu); 
update_boxrecs(): 
break: 

edit_mode=INSERT_AFTER; 
unset_Bll_t i cks(&Edi t_menu); 
set_tick_itemCEM_AFTER,&Edit_menu>; 
update_baxrecs(): 
break: 

edit_mode=INSERT_BEFORE; 
unset_Bll_ticks(&Edit_menu); 
set_tick_item(EM_BEFORE,&Edit_menu): 
update_bDxrecs(); 
break; 

/******** Delete and CLEAR section **********/ 

case EM_DELETEBOX : 
delete_box(current_box)i 
. break: 

case EN_CLEAR cLear_menu(item(1»; 
break: 

/******** Miscellany **********/ 
/* nearly all of these pass on for further work ••• */ 

prefs_menu(item(1»: 
break: 

case EN_FILE: file_menu«univ_block*)&bLock·>a[1]): 
break: 

usr_ope"_wind(w_runrecord,ON_TOP); 
usr_open_wind(w_runentrY,ON_TOP); 
break: 

CBse EM_GRAPH: if(bLock·>B[1] 1=·1) graph_menu«(univ_block*)&bLock·>a[1]); 
else ( 

/* user clicked on graphs rather than moved over arrow */ 

FLQIj 

if(nextfreel=O) usr_open_wind(w-plotwindow,ON_TOP)i 
else do_error(IINo graphs to plotU); 

} 

break.; 

help_menu«univ_block*)&block->a£1])i 
break; 

usr_open_wind(w_vartable,ON_TOP); 
break; 

Page 151 

'* more work-I 

/*more work *1 

/* more work *' 

Revision 1.02 



Sect 9.4.5 MSc Programming Project 

default break; 

} 

} 

/**.** ........ ** ••• *****.***** •••• ***.************************** ••• *, '* FLOWCHART functions *' /* These functions Bre concerned with manipulation of the */ 
/* Flowcharts themselves, their internal representations, and */ 
/* Their on-screen representations, but NOT evaluating flowcharts *1 
/* OR checking syntax of boxes */ 
/*************************.********************** ••• *.******* •• *****/ 

void charsize(int x, int y) 

( 

/* blow up characters to x and y pixel sizes */ 
/* default is 8 x 8 */ 
/* Bug in multiple VDU call in this compiler ••• have to call singly ••••• -I 

} 

vdu(23); 
vdu(17); 
vdu(7); 
vdu(6); 
vdu(x); 
vdu(O); 
vdu(y); 
vdu(O); 
vdu(O); 
vdu(O); 

void update_boxrecs(void) 
{ 

force_update(w_boxedit,220,500,500,700)i 
} 

void undo-pLot_record(int num) 
{ 

/* if the graph has been plotted then mark plot table invalid ( chart has been changed in some way) */ 

int i=find_index(num); 
if(il=·1) ( 

whi lee (i++)<nextfree) index [i] =index [i+l] : 
i ndex [nextfree--] =0: 

/* check if graph has been pLotted */ 
/* -1 indicates not been pLotted */ 

if(is_window_open(w-pLotwindow» usr_close_wind(w-plotwindow): 
} 

} 

void wipe_chart(int num) 
{ 
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/* clear the given flowchart number num */ 

flow_box_type ·nxt,*box=flowchart[~ .next: 
while(boxl=NULL) < 

nxt=box->next; 
free(box): 
box=nxt: 

) 
flowchart[nund.next=NULL; 
undojplot_record(num): 
redraw_flowchart_number(num); 

/* modified version hasn't been plotted *' 
) 

void wipe_all_charts(void) 
( 

1* clear ALL flowcharts *' 

) 

( 

int i; 
for(f=1;i<:MAX_FlOWS;wipe_chart(i++»; 

/* User has selected a different box to work with. Adjust all ••• */ 

int old_box, old_flow; 
adjust_to_origin(w_flowcharts,block)i 
old_flow=current_flowchart: 
old_box=current_box_num: 
current_flowchart=flow_nurn(mousex); 

/* ensure in range •••• */ 

FLOW 

current_flowchart=m;n(MAX_FLOWS,max(1,current_flowchart»: 
current_box=&flowchart[current_flowchartli 

while«current_box->box_numl=current_box_num)&&(current_box·>nextl=NULl» 
current_box=current_box->next; 

if(current_box==NULL) ( 
current_box=&flowchart£current_flowchartl; 
current_box_num=O; 

) 

force_update(w_flowcharts, 
O,FLOW_HEIGHT-90, 
~_FLOWBOX_~IDTH.FLOW_HEIGHT); 
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) 

force_update(w_flowcharts, 
xco_flowchart(old_flow)·300,yco_boxnum(old_box)·300, 
xco_flowchart(old_flow)+300,yco_boxnum(old_box)+300); 

force_update(w_flowcharts, 
xco_flowchart(current_flowchartl-300, 
yco_boxnum(current_box_num)-300, 
xco_flowchart(current_flowchart)+300, 
yco_boxnum(current_box_num)+300); 

) 

setup_calc_screen(current_box); 
update_ealc_screen(): 
update_boxrecs(): 

void mouse_on_flowcharts(univ_block *block) 
{ 

1* A mouse button has been cl feted whi tat on the flowchart window */ 

) 

switch (mouseb) ( 

case L_PRESSED : 
move_current_box(block); 
break; 

case "_PRESSED : 
usr_create_menu(&Edit_menu,mousex,mousey,Edit_menu_decode)i 
break; 

default: 
break: 

) 

static void drawbox(int flownum, flow_box_type *this_box, int xp,int yp) 

{ 

/* Main routine for drawing 8 box on-screen at xp,yp *' 
#define cbox (this_box·>box_nlD) 
#define box_is_current (cbox==current_box_num&&flownum==current flowchart) 

char contents[301; 
*contents=NULL; 
move(xp, yp); 

if(cbox==O) ( 

/* Setup editor screen */ 
/* if it's open ..• */ 

/* SELECT = new current box */ 

/* MENU . pop up edi t menu * / 

/* ADJUST does noth i ng here * / 

if (box_is_current) gcol(O,grey3)i 
else gcol(O,greyS); 

/* now correct if box ;s header */ 

FLOII 

) else ( 

) 

if (box_is_current) gcol(O,green); 
else gcol(O,red)i 

drawby(O,·LINE_LENGTH); 

1* non·header colours */ 
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moveby(·BOX_WIDTH/2,·BOX_HEIGHT); 
plot(97,BOX_WIDTH,BOX_HEIGHT)i 
geol(O,black); 
drawby(·BOX_WIDTH,O); 
drawby(O,-BOX_HEIGHT); 
drawby(BOX_WIDTH,O); 
drawby(O,BOX_HEIGHT); 
if(box_is_current) ( 

> 

moveby(4,-4); 
drawby(O,·BOX_HEIGHT); 
drawbyC-BQX_WIDTH,O)i 
IDOveby(4,-4); 
drawby(BOX_WIDTH,O); 
drawby(O,BOX_HEIGHT); 
moveby( -8,8); 

ff<printing_boxnuJt>ers && (cbox>O)) ( 
moveby(·BOX_WIDTH+10,·3); 
gcoLeO,white); 
moveby( -printf( "Xci", cbox)·CHAR_WIDTH ,3- (BOX_HE I GHT /2»; 
gcol(O,black); 

> else moveby(·BOX_WIDTH+10,·BOX_HEIGHT/2); 

/* rectangle, filled *' 

/* Skeleton now drawn, now determine what goes inside the box */ 

strcpy(contents,text_of(this_box»i 
if(cboxl=O) switchCop_num-PBrams(this_box->op_num» ( 

case 0 : 

case 1 

> 

break; 

switchCthis_box->dtype) < 

case( NUMBER) : 
if(this_box->op_num==TOK_SUBFLOW) 

/* param is 8 nurber *1 

'* caLL other flowchart */ 
sprintf(contents+strlen(contents) ,"Xci". (i nt>cthi s_box->data .param1»; 

/* else "normal" caL 1 */ 
else sprintf(contents+&trlenCcontents), "%.41", (thi s_box->data.param1»; 
break; 

case(VARIABLE) 
strncat(contents,this_box·>data.varname,10)i 
break; 

case(NO_PARM) 
break; 

> 
break; 

/* param is a variable (named) */ 

else sprintf(contents,"F Xd",flownun); 
if(strlen(contents)<=10) printf(contents); 
else < 

/* Must be the header box * / 
/* Won't overflow the box */ 

contents[10J=NUll; 
printf(IXs\x89",contents); 

/* truncate the string */ 
/* and indicate to user this has occured */ 

> 
#undef cbox 
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) 

static void redraw_flowcharts(redraw_block *block) 
< 

/* redraw all the flowcharts. This routine is called by the \lIMP, and not by the program "manually" */ 

int flownumF1,xco,yco; 
flow_box_type *this_box; 

wh it e( fl ownun<=MAXJLOIIS) < 
this_box=&flowchartlflownuma; 
while(this_boxl=NULL) < 

xco=xco_flowchart(flownum)i 
yco=yco_boxnum(this_box 6 >box_num)i 
if(flownumF=current_flowchart&&this_box·>box num==O) ( 

) 

move(xco-50,yco+50)i 
gcol(O,white)i 
charsize(8,16); 
puts("CURRENT")i 
charsize(8,8)i 

/* Only re-do it if it is on-screen •••• */ 

) 

) 

if(intersect(block,xco-300,yco-400,xco+300,yco+400» 
drawbox(flownum,this_box,xco,yco); 

) 

flownun++; 

/*******************************************************************' '* BOXEDITOR functions *' /*******************************************************************/ 

void redraw flowchart number(int num) 

< 
- ,-

/* Just update one flowchart, generally the current one */ 

) 

int xco=xco_flowchartCnum); 
force_update(w_flowcharts,xco-ZOO,0,xco+200,FlOW_HEIGHT); 

static void redraw_boxeditorCredraw_block *block) 

< 
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/* redraw the boxeditor window. Most is done by the WIMP */ 

> 
> 

move( 220.660 I; 
gcol(O,white): 
printf(IIChart :~II.current_flowch8rt); 
move(220,620): 
printf("box :Xd",currentJ)Ox_r'Un): 
move(220,580): 
printf("Mode :"): 
switch(edit_model ( 

case APPEND putsC"Appencf"); 

break: 
case OVERWRITE puts("OVerll ): 

break: 
case INSERT_AFTER puts(IIAdd after ll ): 

break; 
case INSERT_BEFORE: putsC"Add beforell ); 

static void redraw_current_flowchart(yoid) 
( 

/* redraw the current flowchart */ 

> 

void setup_calc_screen(flow_box_type -box) 
( 

/* Fill the boxeditor "screen'l with appropriate contents */ 

FLOII 

swi tch(op-"ll,ln-PBrams(box->op_nuD» ( 

case 0 : strcpy(screen,text_o1(box»: 
break; 

case 1 switch Cbox->dtype) ( 

case VARIABLE : 

sprintf(screen, 11%5%5 11 • text_ofCbox). box->data. varname); 
break; 

case NUMBER 
if(box·>op_num==TOK_SUBFLOWI 

spri ntf (screen, "F Xdll, (int)box->data .param1); 
else sprintf(screen, IIXsXf", text_of(box) ,box->data .param1); 
break; 

strcpy(screen,text_ofCbox»; 
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} 

} 

break; 

} 

break; 

void update_calc_screen(void) 
( 

/* redraw just the boxeditor screen, generally because the user has 
done something to it, other than typing characters */ 

} 

force_update(w_boxedit, 
8O,W_BOXEDIT_HEIGHT·4*CHAR_HEIGHT, 
8O+(SCREENLENGTH+5)*CHAR_WIDTH,W_BOXEDIT_HEIGHT·4*CHAR_HEIGHT+96); 

static void overwrite_box(flow_box_type *current, flow_box_type *box) 
( 

/* Overwrite the current box, *current, with what is in *box 

*' 

} 

•• note that current is 8 value parameter, not global variable 

if«currentf=NUlL)&&(current->box_numl=O» { 
current->op_num=box->oP_numi 
current->dtype=box->dtypei 
current->data.param1=PARAM i 

} else do_error(IINo legal current box"); 

void delete_boxCflow_box_type ·current) 
( 

'* delete the box *current (local variable, not necessarily the global 
"current", but Il'USt be in current flowchart. 

*' 
flow_box_type *previous=&flowchart[current_flowchartl: 
if(current==previous) do_error(IICanlt delete header box"): 
else ( 

while(previous->nextl=current) previous=previous->next: 
previous->next=current->next; 
if (current->next) current->next->prev=previous; 

/* find the box */ 

/* delete it */ 

/* renumber the boxes */ current_box_num=previous->box_num; 
while(previous->nextl=NUll) { /* Just using previous as convenience here */ 

} 

} 

FLOW 

previous->next->box_num=previous->box_num+1; 
previous=previous->next; 

} 

free(current); 
current_box=previous; 
redraw_current_flowchart(): 
undo-plot_record(current_fLowchart); 
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static void update_max(int boxnum) 

< 

MSc Programming Project 

/* check if flowcharts window needs resizing as 8 result of users activity */ 

if (max_box_rurber<boxrun) ( 
max_box_rurber=boXI'UD; 
FLOW_HE I GHT=V_FLOInKlK_HE I GHT+max_box_number*TOT_BOX_HT; 
set_window_extentCw_flowcharts,O,O,W_FLOWSOX_WIDTH,FLOW_HEIGHT); 
usr_update_scroll_wind(w_flowcharts,xco_fLowchartCcurrent_flowchart>,yco_boxnum(current_box_num»; 

> 
> 

static void append_boxCflow_box_type *current, flow_box_type *box) 
< 

/* append the box at the end of the current chain */ 

while(current~>nextl=NULL) current=current->nexti 
current·>next=malloc(sizeof(flow_box_type»i 
if(current->next) ( 

current->next->box_num=(current->box_num)+1; 
current->next->prev=currenti 

/* set global pointer ••• */ 

> 
> 

current_box=current->nexti 
current=current->nexti 
current_box_~current->box_num; 

current->op_num=box->op_num; 
current->dtype=box->dtype; 
current->data.param1=PARAM; 
current->next=NULL; 

static void insert_after_box(flow_box_type *current,flow_box_type *box) 

< 

/* insert the box box after the box current */ 

flow_box_type *link=current->next; 
current->next=malloc(sizeof(flow_box_type»; 
current->next->prev=current; 

/* now play with the contents of the new box */ 

current=current->next; 
current- >box_run=current ->prev- >.box _1'lUDfo 1 ; 
current->next=link; 
current->op_run=box->op_num; 
current->dtype=box->dtype; 
current->data.param1=PARAM; 

/* set global pointer */ 
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'* find end *' 

/* make new box current */ 
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current_box=current; 

/* make inserted box current */ 

/* relfnk the box numbers in the chain ••• *' 

> 

while(current->nextl=NULL) ( 
current->next->box_numF(current->box_num)+1: 
current=current->next: 

> 

static void insert_before_box(flow_box_type *current,flow_box_type *b::Ix) 
( 

/* inserting before is equivalent of inserting after the previous! */ 

if(current->prevl=NULL) insert_sfter_box(current->prev,box)i 

> 

static void reset_caret(void) 
( 

'* move caret to start of writeable icon if it is inside one */ 

res_set regs; 
int block [30]; 
regs.r[11=(int)block: 
my_error=swix(Wimp_GetCaretPosition,&regs)i 
if(my_error) wimp_error(my_error,WE_OK); 
bLock!S)=O; 
regs.r[11=(int)block; 
if«bLock[O)I=-l)&&(bLock[l)!=-l» ( 

/* index into string */ 

/* if inside window and writeabLe icon then ••• */ 
regs_ r [0) =block [0) ; 

rego_r[l)=block[l); 
regs.r[41 c -1i 
regs.r[S1=O; 
my_error=swixCWimp_SetCaretPosition,&regs)i 
ifCmy_error) wimp_errorCmy_error,WE_OK)i 

/* window handle */ 
/* icon handle */ 

/* work out pixel position from string index */ 
/* string index is at start */ 

> 
> 

static void update_current_flowchartCflow_box_type *box) 
( 

/* high level routine, controlling the previous routines */ 

FLOII 

switch(edit_mode) ( 
case APPEND : 

current_box=&flowchart[current_flowchart1i 
appencCboxC current_box, box) i 
break; 

Pege 160 

/* else do nothing */ 

Revision 1.02 



Sect 9.4.5 MSC Programming Project 

case OVER~ITE : 
overwrite_box(current_box,box)i 
break; 

case INSERT_AFTER : 
insert_sfter_box(current_box,box)i 
break; 

case INSERT_BEFORE : 
insert_before_box(current_box,box); 
break: 

} 

if(lensure_box_is_visible(current_flowchart,current_box_num» 
redraw_current_flowchart()i 

undo-plot_record(current_flowchart>i 
update_max(length_of_flowchart(current_flowchart»i 
update_bo,recs(); 

'* Update the text in the BOX Editor ••• *' 

/* redraw the flowchart */ 
I*plotted points no longer valid*/ '* check if window size 

if(&flowchart[current_flowchertll=NULL) setup_calc_screen(current_box); 

*screen=END_OF_STRING; 
reset_carete): 
update_calc_screen(); 

/* put caret at start, if it is in use *' 
} 

static int ensure_box_is_visible(int cur_flow, int cur_box) 
( 

} 

wind_info_block wibi 
int xco,ycoi 
wib.wind_handle=w_flowchartsi 
get_wind_info(&wib,my_error); 
if(my_error) wimp_error(my_error,WE_OK); 
xco=xco_flowchart(cur_flow); 
yco=yco_boxnum(cur_box); 
if(!(xco>wib.scx && xco«wib.scx+wib.x1-wib.xO) && 

yco-100>(wib.scy-wib.y1+wib.yO) && yco<wib.scy» ( 
usr_update_scroll_wind(w_flowcharts, 

xco_flowchart(current_flowchart), 
yco_boxnum(current_box_num»; 

return(TRUE)i 
}else return(FALSE); 

static int oficon(int ihandle) 
( 

/* returns the item number in cbtext (text of buttons on calculator) -
of which ihandle is the icon */ 

register int i=O; 
while«calcbuttonlill=ihandle)&&(i<CALC_ROWS*CALC_COLS» i++; 
if(i<CALC_ROWS*CALC_COLS)return(i); 
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else return(O); 
} 

static void key_on_boxeditor(univ_block ·block) 
( 

/* The user has pressed a key whilst the pointer is over the boxeditor *' 

} 

flow_box_type this_one; 
int len,finished=FAlSEi 

switch{keycode) ( 

case DELETE_KEY 
if«len=strlen(screen»I=O) screen[len-11=NULLi 
break; 

case RETURN_KEY : 
finished=TRUEi 
break; 

default 

} 

if «keycode<Ox80)&&(strlen(screen)<SCREENLENGTH» { 
screen[len=strlen(screen)]=keycode; 
screen[len+1]=NULli 

} 
break; 

if (Cfinished)&&(syntax_ok(screen,&this_one») 
update_current_flowchart(&this_one); 

else update_calc_screen(); 

static void mouse_on_boxeditorCuniv_block -block) 
( 

/* User has clicked a mouse button over the boxeditor */ 

int finished=FAlSEi 
flow_box_type this_one; 
char *text=cbtext[oficon(mouseicon»); 
switch(mouseb) ( 

/* detenmirie icon, and act appropriately */ 

FLOW 

if(mouseicon==clearbutton) ( 
*screen=NUlL; 
reset_caret(); 

} 
else if(mouseicon==enterbutton) finished=TRUE; 
else if(strlen(screen)+strlen(text)<SCREENlENGTH) 
strcat(screen,text); 

if «finished)&&(syntax_ok(screen,&this_one») 
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/*post syntax check contents */ 

/*post syntax check contents */ 

/* SELECT */ 
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update_current_fLowchart(&this_one)i 
else update_calc_screenC); 

> 
break; 

case "_PRESSED '* MENU .. pop up EDIT menu *' 

clefaul t 

> 
> 

usr_create_menu(&Edi t_menu, mousex , mousey, Edi t_menu_decode) i 
break; 

break; 

static void entering_boxedftor(univ_block *block) 
( '* The poin~er is about to enter the boxeditor. Set input focus in there, 

or we won1t be able to detect any key presses 

*' 
> 

static void le8Ving_box~itor(univ_block *block) 
( 

/* Pointer leaving the boxeditor. Turn off input focus, so keys no longer go there *' 
input_focus_off(); 

> 

static void entering_flows(univ_block *block) 
( 

/* the pointer is entering the ·fLowcharts window */ 

> 

static void leavina_flowscuniv_block *block) 
( 

'* the pointer is leaving the flowcharts window */ 

> 

/**** ••• *********************************************.** •••••••••••• , 
,. Graph functions ., 
,. High-level routines connected with.graph-plotting. The low - ., 
,. level ones which actually do the work are in f-plot ., 
, •••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••••••••••• , 
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( 

/* clear all graphs aut and close windows *' 

) 

cleaf_graph_index(); 
usf_close_wind(w-plotwindow)i 
usf_close_wind(w_graphinfo)i 

void graph_window_closing(void) 
( 

/* unused,this version */ 
) 

static void mouse_onJ'lotwindow{lSliv_block *block) 
( 

/* Button pressed on graph •• only menu does anything here */ 

) 

sw; tch (mouseb) ( 

case L_PRESSED : 
break; 

case M_PRESSED : 
usr_create_menu(&Graph_window_menu, 

RKMJSeX,nKKlSey. 
graph_windOw_menu); 

break: 
case R_PRESSED : 

break; 
) 

static int find_index(int num) 
( 

/* find if this flowchart is already graphed. If not, return -, */ 

) 

fnt ;=0; 
whileC;<nextfree && index[ill=num) i++: 
return«(index[il==num)&&(i<nextfree»7i:-1)i 

void do_graphCint chartnum, double xmin, double xmax) 
( 

/* This routine sets up arrays to be plotted by pLotting routines.·/ 

FLOI/ 

static double lastxmin;O,lastxmax=Oi 
double xstep ; 
int i,j,error=FALSEi 
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xstep=(xmax-xmin)/NUM_GRAPH_POINTSi 
if(f(xmin==lastxmin&&xmax==Lastxmax» { 

,* nuJber of steps to plot (always NUM_GRAPH_POINTS> *1 

/* user has changed ranges, so replot everything */ 

> 

> 

clear _graphsC>; 
lastxmin=xmini 
Lastxmax=xmaxi 

if(nextfree>=MAXGRAPHS) ( 
el'"ror=TRUEi 
do_error(IIToo many graphs"); 

> 

j=find_index(chartnum)i 
if«j==·I)&&(nextfree<MAXGRAPHS» ( 

j=nextfreei 

> 

index[nextfree++J=chartnum; 
;=0; 
while«i<NUM_GRAPH_POINTS)&&(!error» ( 

> 

x[j] [n =xmin+xstep·i; 
y[j] [i] =eV8 Luate(x [j] [i] , chartnlln,&flowchart[chartnunl ,&error); 
i++; 

if (error==FALSE) ( 
if(is_window_open(wjpLotwindow» 

usr_update_wind(wjplotwindoW)i 
else 

} else ( 
index[--nextfreel=O; 

> 

static void redrawjplotbox(redraw_bLock -block) 
( 

1* This is called by the WIMP when opening plotwinc:low and when redraws are required */ 

int i; 

'* assert nextfree>O at this stage */ 

graphjplot(NUM_GRAPH_POINTS,&x[OJ[OJ,&y[OI [OJ,W_PLOTBOX_WIOTH,W_PLOTBOX_HEIGHT,curve_colour[OJ); 
for(i=1;i<nextfreeii++) super-plot(NUM_GRAPH_POINTS,&x[i] [O],&y[i] [O],curve_colour[i])i 

> 

/*******************************************************************/ 
/* Panel functions */ 
/* The panel is the bar across the bottom with the main program */ 
/* icons on it */ 
/*******************************************************************/ 

static void mouse_on-psnel(univ_block *block) 
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( 

/* User has pressed a mouse button on the panel *1 

/* Ye want HELP to respond to any button press •• user might not knowl */ 

if(mouseicon==helpicon) 
usr_create_menu(Help_menu,mousex,mouseY,help_menu)i 

else switch(mouseb) { 
case L_PRESSED 

/* NB can't use Switch here because RHSs are not constants */ 

} 

if (mouseicoo==calcicon) ( 
usr_open_wind(w_boxedit,ON_TOP); 
usr_open_wind(w_flowcharts,ON_TOP)i 

} 

else if(mouseicon==runicon) ( 

} 

usr_open_wi nd(w_runrecord, ON_TOP); 
usr_open_wind(w_runentrY,ON_TOP)i 

else if(mouseicon==fLowicon) usr_open_windCw_flowcharts,ON_TOP); 
else if(mouseicon==exiticon) leave-program()i 
else if(mouseicon==screens8veicon) system("SCREENSAVE screen"); 

break; 

case "_PRESSED 
usf_create_menu(&Edit_menu,mousex,mousey,Edit_menu_decode); 
break; 

defaul t 
break; 

} 

void mouse_elsewhere(univ_block -block) 
{ 

} 

/*******************************************************************/ 
/* INITIALISATION phase */ 
/*******************************************************************/ 

static char* make_sprite_srea(int size) 
( 

/* manufacture a sprite area of size size */ 

int *area; 
sp_area=malloc(size+16); 
if(sp_area==NULL) ( 

do_error(lItlot enough room for sprites"): 
exit(O): 

} 

area=(int*)sp_area: 
area[01=size+16: /* total size of sprite area */ 
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area[1]=Oi 
area [2] =16; 
area [3]=16i 
return«char*)area); 

static void load_sprites(cher *name) 

< 

MSc Programming Project 

/* number of sprites in area */ 
/* offset to first sprite */ 

1* ... & first free word */ 

/* load sprites requied by the program ••• program expects the sprite file to contain 
2 x sprites for HELP window, and one for dialog box 

*1 

sp_srea=make_sprite_srea(fextent(name»; 
regs. r [01=256+10; 
regs.r[1]c(int)sp_sres; 

,* load (user) sprite area with sprites·1 

> 

regs. r [2] =C int)namei 
my_error=swix(OS_SpriteQp,&regs); 
if(rny_error) wimp_error(my_error,WE_OK)i 

static void cLearup(int code) 

< 

/* Routine used in development •• shouldn't be calLed from now on */ 

> 

switch(code) ( 
case SIGABRT do_error("System ABORT: may not be able to recover ll ); 

breaK; 
case SIGFPE do_error(IIFloating point error: was FPE loaded 1"); 

break; 
case SIGILL do_error(lIlllegal instruction: program may have crashed"); 

break; 
case SIGSEGV 
case SIGSTAK do_error(IIUnusual system error· may not recover!"); 

break; 

case SIGTERM do_error(IIUnusual termination request from user"); 
break; 

> 

static void set-P8lette(char *file) 

< 

/* Grab palette definitions, and incorporate in this dispLay */ 

int i; 
FILE *f=fopen(fi le,"rb"); 
if (f) for(i=0;i<120;i++) vdu(getc(f»; 
fclose(f); 

> 
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static void set_from_envCint ·var, int dflt, char -envvar) 
( 

/* Set the variable vaf from envvar using default dflt if not set */ 

char *tq>; 
*var=dfl t: 
if«tmp=getenv(envvar»I=NULL) ( 

if« I strarp(t"", "on"» 11 
(lstrcup(t~.nON"») *vsr=TRUE; 

else if« Istr_(t"","off"» 11 
(lstrClJ1)( trrp, "OFF"» )*var=FALSE: 

else do_error(UIllegal value for environnent variable 'l ); 

> 
> 

static void initialise(void) 
( 

/* set up most things */ 

int i; 
char *screen=malloc(SCREENLENGTH): 
char *tl11li 

*screen=NULL; 
newfi lename=mal Loc(60): 
oldfi lename=malloc(60); 
*newfilerwune=NULL: 
*oldfilename=NULL; 

#define bit newname_menu.m[Ol.data.writeable 
bit.text_buff=newfilename: 
bit.vaL_string=(char*)-1: 
bi t • buf fl en=6O; 

#unclef bit 
load_sprites(SPRITE_FILE_NAME); 
ernmsg=malloc(100): 

for(i=O:i<=MAX_FLOWS:i++) < 
flowchart[i].prev=NUlL; 
flowchart[il.next=NULL i 
flowchart[i) .op_rlUlFNO_GOOO; 
flowchart[i].box_num=O; 
flowchart[;l.dtype=NO_PARM; 

> 

set_tasknameC"F towll ); 

strcpy( runflownun, 11' 11); 

/* preference defaults •••• */ 

FLOI/ 

signal(SIGABRT,&Clearup); 
signal(SIGFPE,&clearup)i 
signal(SIGIll,&clearup); 
s;gnal(SIGINT,&Clearup); 
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/* calculator screen icon text area*/ 

/* and make C think it's eq>ty */ 

/* get program sprites */ 

/* ensure flowcharts alL empty */ 

/* default flowchart number */ 
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8; gnal (SIGSEGV ,&Clearup); 
8; gnat (SIGTERM,&Clearup); 
slgnal(SIGSTAK,&Clearup); 

'* Now set up program from environnent variables */ 

HELPDIRNAME=malloc(80); 

'* where do we find the help files ••• *' 
If( (t~getenv("f low$helpdl rname"» I =NULL) strcpy( HELPDIRNAME, t",,); 
else strcpy(HELPDIRNAME,D_HELPDIRNAME); 

HELPNAMESTYLE=malloc(80); 

/* What do help file names look like? */ 

i fe (tqFgetenv("f lowShelpnamestyle" » I =NULL) strcpy(HElPNAMESTYLE, t"1l>; 
else strcpy(HELPNAMESTYLE,D_HELPNAMESTYLE); 

'* What operations" are penmitted ? */ 

set_op_level=5; 
i fe (trJ1)=getenv(lIf lowSoplevel "»! =NULl) set_op_level=atoi (tqJ> i 

FLOWDIRNAME=malloc(80); 
I f( (t~getenv("f I owSfl owdl rname"» I =NULL) strcpy( FLOWDIRNAME, t",,); 
else strcpy(FLOWDIRNAME,D_FlOWDIRNAME); 

set_from_env(&master _status, FALSE, IIf lowSmaster"); 
set_frOOLenv (&vers_allowed, FALSE, IIf lowSnamedvarsll); 
set_from _ env(&pri nt i 09_ boxl'lllJt)ers, TRUE, Ilf 1 owSboxrn..rJbers"); 
set_from_env(&paths_Bllowed, FALSE, IIf lowSpathsallowed"); 
set_ f ram _ env( &advancect status, FALSE, IIf 1 owSadvanced"); 
set_from_eny(&print ing_status, FALSE, "f lowSpri ntingll) i 

/* angular measure •••. */ 

i f«tn.,=getenv("flowSdegmodell»I =NUlL) ( 
if(l&trcq>(tq>,"rad"» < 

degrees=FAlSEi 
prefs_menu(PM_RADS); 

) else if(lstrcnp(tq>,"deg"» < 
degrees=TRUEi 
prefs_menu(PM_DEGS)i 

} 

} else ( 

} 

degrees=TRUE; 
prefs_menu(PM_DEGS); 

/* accuracy settings */ 

FLOW 

if«tnp=getenv(lIflowSacctype"»!=NULL) < 
if(lstrcq><tq>,lIsf"» < 

Page 169 Revision 1.02 



Sect 9.4.5 MSc Programming Project 

> 

Bccuracy_type=SIG_FIGS; 
prefs_menu(PM_SIG_FIGS); 

> else if(lstrClJ1)(tq:>,"dpI'» ( 
8ccurBcy_type=OEC_PlACES: 
prefs_menu(PM_DEC_PlACES): 

> 
} else ( 

> 

accuracy_type=NONE: 
prefs_menu(PM_NO_ACCURACY_SET); 

Accnumber=(char*)malloc(12): 

if(Bccuracy_type 1= NONE) ( 
if«t_etenv("flowSeccuracY"» I =NULL) ( 

strcpy(Accnumber,tmp); 
) else strcpy(AccnutDer,"3"): 

> 

if«t~getenv("flowSedi tmode"» I =NULL) ( 
if(fstrcq>(tq:>,"append"» < 

> 

edit_mode=APPENDi 
set_tick_item(EH_APPEND,&Edit_menu); 

else if(lstrcql(tmp,"overwrite"» ( 
edit_mode=OVERWRITE; 
set_tick_itemCEM_OVER,&Edit_menu); 

> 
else if(lstrcrrp(tllp,"beforell» ( 

edit_mode=INSERT_BEFORE; 
set_tick_itemCEM_BEFORE,&Edit_menu); 

> 
else if(lstrcq,(tll'p,"after"» ( 

edit_mode=INSERT_AFTER; 
se~_tick_item(EM_AFTER,&Edit_menu); 

> 
> else ( 

> 

edit_mode=APPEND; 
set_tick_item(EH_APPEND,&Edit_menu); 

EPSILON=O_EPSILON; 
forCi=O:i<MAX_REC_LINES;i++) ( 

*rec_line[il.inpt=NULL; 
*rec_line£il.output=NULLi 
rec_line[i].flownumFOi 

> 

static void initialise_screen(void) 
( 

/* Initial ise screen appearance by opening bottom control panel */ 
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} 

static void initialise_functions(yoid) 
( 

,. tell the WIMP shell about which function does which job ••• 

., 
This routine sets up the functions which are called in response to 
the window manager's requests for jobs to be done 

/* background */ 

/* 1) Flowcharts window: *' 
mse-pressed_function(w_flowcharts,mouse_on_flowchartS)i 
window_redraw_function(w_flowcharts,redraw_flowcherts)i 
wind_enter_function(w_flowcharts,entering_flows); 
wind_leave_function(w_flowcharts,leaving_flows)i 

,. 2) plot window ••• ·' 

mse-pressed_function(w-plotwindow,mouse_on-plotwindow)i 
window_redraw_function(w-plotwindow,redraw-plotbox); 
close_window_function(w-plotwindow,graph_window_cLosing); 

/* 3) Box Editor window: */ 

mse-pressed_function(w_boxedit,mouse_on_boxeditor)i 
keYjpressed_functionCw_boxedit,key_on_boxeditor); 
wind_enter_function(w_boxedit.entering_boxeditor): 
wind_leave_function(w_boxedit,Leaving_boxeditor): 
window_redraw_function(w_boxedi t,redraw_boxedi tor): 

/* 4) control panel : */ 

/* 5) help window : */ 

window_redraw_function(w_help, redraw_help): 
mse-pressed_function(w_help,mouse_on_help): 

/* 6) Run Entry window: */ 

window_redraw_function(w_runentry,redraw_runentry): 
wind_enter_function(w_runentry,mouse_enters_runentry): 
wind_leave_function(w_runentry,mouse_leaves_runentry): 
key-pressed_function(w_runentry,key_on_runentry); 
mse-pressed_function(w_runentrY,mse_on_runentry); 

/* 7) Run record window: */ 
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wfnd_ente,_function(w_runrecord,mouse_enters_runrecord)i 
wind_Lesve_function(w_runrecord,mouse_leaves_runrecord); 
window_redraw_functionCw_runrecond,redraw_runrecord)i 
key-pressed_function(w_runrecord,key_on_runrecord); 
mse~ressed_function(w_runrecord,mse_on_runrecord); 

'* 8) Graph window *' 

/* Make graph window option INFO open onto in10 window .•• *' 

1* 9) Varbox window *1 

wfndow_redraw_function(w_yartable,redraw_vartable)i 
mse-pressed_function(w_vartable,mouse_on_vartable); 

/* temporary pop-up of variables */ 

} 

/******************************* ••• *********************************/ 

/* EXIT functions */ 
/*******.********* •••• ******* •••••• *** •••• ***.**** ••••• ** •• ** ••••••• , 

void leave-program(void) 
( 

1* Come here if user requested to go */ 

int reply=wi",,_dedsion("Are yoo sure yoo want to leave?"); 
if(reply==ll ( 

close_wi""O; 
mode(12); 
puts("CClCl1Jleted ..... ); 
exiUO); 

} 

} 

static void redefine_characters(void) 
{ 

I~ The square root and superscript x are not part of the 
standard Archimedes character set. Redefine two unused ones 
to do the job. 

Also, set up line style for dotted lines 

*' 
static int chardefs[30] = { 
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) 

); 

int i: 

23,OXBE,3,3,6,6,118,28,12,O, 
23,OxBF,144,96,96,144,O,O,O,O, 
23,6,OxFO,O,O,O,O,O,O,O 

for(1=0:;<30;i++) vdu(chandefs(i]); 

static pshape_block dflt = (, 
1,(cher*)-1,12,12,O,12 
); 

, ••• *************.****** ••••• ** ••• **.******** ••• ***** •• **/ 
/************** M A I N R 0 UTI N E *** •• ***********, 
/************************* •• *********************** ••• ***/ 

int main(int arge, char *argv[]) 
( 

char *tnp; 
Hg_OnO; 
initial ise(): 
rnode(12);' 
redefine_characters(); 
set-PBlette("<obeySdir>.lpalettell): 
open_wimpCgrey4)i 
setJPOint_shape(&dflt,my_error); 
if(my_error) wimp_error(my_error,WE_OK)i 
setup_windsO; 
initialise_functions(); 
initialise_screen(); 
clear _graphs(); 

'* START UP file load : 

/* sq rt */ 
/* x superscr */ 

/* dot-dash line styLe */ 

/* Pointer shape ••• *' 

1* turn the hourglass on *1 
/* set up most things */ 

/* Set up graphics mode */ 
/* ••• characters I */ 

/* •.. palette */ 
/* .• more wimp */ 

/* •. pointer shape */ 

I* ••• FLOW windows *1 
/* •.. functions */ 

1* .•• screen appearance initially */ 

cl icicing on a flowchart icon, or a cornnend line spec takes precedence, 
else use the file specld in the I run file, if any. If none there, just load 
up with nothing in 

*' if(argc>l) load_flowcharts(argvll1); 
else. i f( (tQ1)=getenv( Ilf lowSautoloed"» I =NULL) load_f lowcharts(trrp); 

/* The main program now drops into the WIMP polling loop */ 
/* .. and in fact will never return from it */ 

) 

FLOW 

Hg_DffO; 
system(IIPOINTER 1"); 
poll (D); 

return(O); 
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/* turn hourglass off */ 
/* ensure the pointer is ON */ 

1* ••••• a prograaming uniceityU */ 
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9.4.6 C.F OPS 

~ ~~ -a a il a il il a 
a il il il il il - il a~ -a il a a il 
a a il a a a 
a 

__ a -
operations, definition and parsing routines for operation boxes, 

*' #include <errno.h> 
#include Ilflow.h" 

/* tokens used by tokenise to tokenise the input buffer */ 

'* for the moment ••• */ 

#define NOT_TOKEN ·1 

#define PI 3.1415926535 

'* some error messages which crop up frequently ••• e! 

static char 
*undefmem="Th i s memory is not def i ned l

' • 

*nosuchvsr=IINo such variablell • 

*inval idnuJpllThe nurber is inval id", 
*varexists="This variabLe exists already", 
*divbyzero="Can1t divide by 0", 
*reciperror=IICan l t take reciprocal of 0", 
*logrange="Can l t take log of nuibers <=0 11 , 

*sqrtrange="Can't take Square root of negative n~rsll, 
*atrigrange="ASN or ACS can onLy have inputs in range -1 to 1", 
*tanrange="Cannot evaluate TAN near 90 degrees", 
*namenotl"ll.lDerr=IIMust be a name,not a nunber", 
*reeurserr="Cannot call the same flowchart", 
*udzpz="O to the power 0 is undefined", 
*dom="OUtside the range which this fWlCtion can evaluate", 
*erange="The result is too large to stored by FLOW"; 

char outbuffer£S01; 

variable var[NUM_VARS1; 
rree rec_line[MAX_REC_LINES+11; 

static double memory; 

/* in which all other includes defined */ 

/* named variables stored here */ 
/* run record saved in these */ 

/* anonymous memory store */ 

static int memory_set=FALSE, 
dp_gone=FALSE, 

last_was_fkey=FALSE, 
next_var_free=O; 

/* the anonymous memory is defined */ 
/* decimal point is in numinput string */ 

/* last key on run areas was 8 function key */ 
/* next variable free in variable array */ 
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int autoswap=FALSEi /* Booteen switch, either swap in-out ~UtomatiC8lly, or not */ 

/********* Prototype functions, this block •• *******/ 

static char *print_dpCdouble number,int precision), 
·print_sf(double number,int precision); 

void key_on_runentry(univ_block *), 
reacCdbl(char *buf,double *number), 
store (double val,char *ident), 
clearrunrecord(void)i 

/* operation[TOK_xxx-OxBO).level gives level, 
• operation[TOK_xxx-OxB01.nun....,P8rams gives nurber of perms 
* operation[TOK_xxx-OxBO].label gives output description 
••• Must be kept in same order as TOK_ defines in order to preserve above 

"' 

FLOI/ 

{1,1,"+ "}, 

(1,1,1I- 11), 

(1,1,"x 11), 

0,1,"1 "), 

<2,O,1I1/X"), 
(2,O,u.lx"), 
<2,1,11" II}, 

(3,O,"SIN"). 
{3,O,"COS"}, 
{3,O,"TAN"}, 
{3,O,"ASNII}, 

(3, 0, IIACS"), 
(3,O,"ATN"), 

<3,O,"LOG"}, 
{3,O,ILN"}, 
{3,O,UEXP"}, 
{3,O,"1O,"}, 

{4,1,"STO It}, 

{4,1,"RCL "}, 

{4,O,"+RCL II}, 

{4,O,II_RCL II}, 

(4,0,"XRCL "), 
{4,0,II/RCL II}, 

(1,0,"+/- "), 

(S,O,"SINH "), 
{S,O,"COSH II}, 

{S,O,"TANH II}, 

(S,1,"F II), 

(2,1,11-11 II), 
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/* level, number of parameters */ 

," 

/* plus "' /* minus "' /* times */ 
/* divide */ 

reciprocal */ 

I*sqrt */ 
/* power */ 

," sin */ 

," cos */ 
," tan */ 
," asn */ 

," acs */ 
," atn */ 

/* LOG */ 
1* LN */ 

/* exp */ 
/* 10-x */ 

/* TOK_STO Store in memory */ 
/* TOK_RCL Recall from memory */ 

1* root, late ackIitionl */ 
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(4, ',"5TO+ ">, 
{4,1,1I510- ">, 
{4,1,uSTO* ">, 
{4,1,"STOI I'} , 

>; 

'* NUM_OPS plus duplicates, e.g. STO & =, • and x */ 

FLOW 

("+RCL 1', TOK_PlUSRCL), 
(n-RCL 1', YOK_MI NUSRCL), 

(lIxRCL",TOIC_TJMESRCL), 
("-RCL ", TOK_TIMESRCL), 

{1I/RCLu,TOK_DIVIDERCL>, 

{" ... /_I', YOK_eHS}, 

("CHS",TOK_CHS), 

("+",lOK_PLUS>, 
{"·",TCK_MINUS}, 
{"·",lOK_TIMES}, 
{I'X", TOte_TIMES>, 
("/",YCK_DIVIDE), 

{IIJ x" , TOK_SQRT>, 
{"SQRT",TOK_SQRH, 

<"POW ", YOK_POW>, 
{lIy'X", TOK_POW>, 
{"-I', TOK_POW}. 

{"SINH",TOK_SINH}, 
(I'COSH", YOK_COSH), 
{IITANH",TOK_TANH}, 

("SIN",TOK_SIN), 
(IICOS", TOK_COS}, 
{IITANIf,TOK_TAN}, 
("ASN",TOK_ASN), 
("ACS",TOK_ACS), 
(UATN",TOK_ATN), 

("LOG",TOK_LOG), 
(IILN", TOK_LN), 

(UEXP" , TOK_EXP} , 
(lIeAx",TOK_EXP), 
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,. add to variable */ 
/* subtract from variable *1 

/* multiply by variable */ 
/* divide variable by nurber */ 

/* aLias for xRCl */ 

/* alias for +/- */ 

/* typing at i85 for J x */ 

/* at ias */ 
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}; 

{"10·XII , TOIe_TENP>, 
{11,o, n, TOK_TENP>. 

(IIS10+", TOK_PSTO), 
{IISTo-n,TOIC_TSTO>, 
{"STO*II,TOK_HSTO}, 
{"STOx",TOK-'4STO}, 
("STO/", f,*_OSlO), 

{"STO",TOK_STO}, 
<"=11, TOK_STO), 
("RCL"',TOK_RCL), 

{IIF",TOK_SUBFLOW>, 
<"ENTER-,TCK_ENTER>, 

void stripspecesCchar *buf) 
( 

/* remove spaces from the string in buf, and terminate with END_Of_STRING 

*' 

} 

int i=O,j=O; 
do( 

U(buf[fJI=' ') buf[j++l=buf[i++l; 
else i++; 

} while(buf[i]); 
buf[jl=END_OF_STRING; 

static int is_token(char *buf) 
( 

/* return token number, or NOT_TOKEN */ 

} 

int k=O,reply=NOT_TOKENi 
while«k<NUM_POSS)&&(reply==NOT_TOKEN» ( 

if(strncmp(buf,token[kl.text,strLen(token[kl.text»==O) reply=kj 
Ie++; 

} 

return( repL y); 

static int tokeniseCunion data *dtB, char *buffer, char ·out) 
( 

/* tokenise the input string, returning any non-unit found 

to the caller *' 
int i=O,j=O,numread,reply; 
char *retvarname; 
int penm_type=NO_PARM; 

while(buffer[i]==' I) i++; 

FLOI/ Page lIT 

'* aUas */ 

/* +RCL collected through +, etc *' 

/* is not NULL *' 

/* skip Leading spaces */ 
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FLOI/ 

if«reply=is_token(buffer+i»!=NOT_TOKEN) < /* check first place, which may be a token from table */ 
out(j++)=token[reply).token: 
i+=strlen(token[replyl.text); 

} 

while(buffer[i] ==1 I) i++: 

until(bufferlil==END_OF_STRINGI ( 

} 

if( isdi 9i t(buffer [i] ) 11 buffer [i] ==' • ') ( 

outlj++I=TOK_NUMBER; 
sscanf(buffer+i ,IIXleXn" ,&(dts->param1) ,&nuDread); 
i+=nunread; 
parm_type=NUMBER; 
continue: 

} 

repLy=is_token(buffer+i): 

if«replyl=NOT_TOKEN)&&(tokenlreplyl.tokenl=TOK_TIMES» ( 
out(j++]=token[replyl.token: 
i+=strlen(token[reply).text): 
continue: 

} 

if(i.alpha(bufferlil» { 
if(j==OI { 

} 

out [j++]=TDK_RCl: 
} 

out [j++]=TOK_VAR: 
retvarname=buffer+i; 
dta->varname=malLoc(strlen(retvarname)+1); 
if(dta->vername==NUlL) ( 

do_error(IINo room Leftl"); 
) else ( 

strcpy(dta->varname.retvarname): 
i+=strlen(retvarname): 
parm_type=VARIABLE; 

} 

bufferlil=END_OF_STRING; 
continue: 

if(buffer[il==' I) i++; 
out [j++l =buffer li++l; 

'* variable on own=RCL */ 

'* deal with RCL with no variable name *' 
if(outlll==TOK_RCL) { 

outIOI+=TOK_PLUSRCL·TOK_PLUS; 
out III =END_OF_STRING; 
panm_type=NO_PARMi 

} 
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/* deal with leading minus to numeric parameter */ 

} 

if(outlll==TOK_MINUs&&out[ZI==TOK_NUHBER) ( 
int ;=1; 

} 

while(out[ill=END_OF_STRING) ( 
out (i]=out [;+1); 
i++i 

} 

dta e >param1=edta->param1i 

static int check_syntax(char *buf) 
( /* buf is a tokenised rep'" of the input with the nurber removed */ 

/* Return either the token of the operator involved, OR 
NO_GOOD if the string does not conform to the syntax 

*' 
This is hard-coded and hand-coded because it is a very 

simpLe syntax, and not difficult to code by hand 

int checkout,token=(int)*buf; 
if (((op_num-PBrams(token)==O)&& 

(buf[II==END_OF_STRING» 
11 

(((op_num-PBrams(token)==I)&& 
((int)bufl'I==TOK_NUMBER)&& 
(bufIZI==END_OF_STRING») 
11 

(((op_num-PBrams(token)==I)&& 
(((int)buf[II==TOK_VAR)II((int)buflll==TOK_RCL»&& 
(buf[ZI==END_OF_STRING») 
11 

(token==TOK_STO) /* these may have 0 params */ 
11 

int i=O: 
checkout=TRUE; 

while((buf[ill=END_OF_STRING)&&(buflill=TOK_VAR» i++; 
if(buflil==TOK_VAR && Ivars_allowed) checkout=FALSE; 

/* check for named variables */ 

if(((token==TOK_STO) 1 1 (token==ToK_RCL»&& 
(bufllll=TOK_VAR)&& 
(bufllll=END_OF_STRING» cheekout=FALSE; 

chec!c.out=FALSE; 

/* check for reserved words as variables */ 

) else 

if((checkout)&&(op_level(token»set_op_level» ( 
checkout=FALSEi 
returnCNOT_PERMITTED); 

) else return(cneckout?token:NO_GOOD)i 

FLOII Page 179 Revision 1.00 



Sect. 9.4.6 

static int is_op(char ch) 
( 

MSc Programming Project 

/* determine whether the given token is an operation */ 

) 

return( (ch==TOK_PLUSIII(ch==TOK_MINUSI 
I I (ch==TOK_DIVIDEI I l(ch==TOK_TIMESI 
II(ch==TOK_POWI I; 

static int lots8_ops(char *b> 
( 

/* check. if any operations found in b • true if yes, faLse if none found *' 

) 

int ret=FALSE,i=O; 
do 

if(is_op(b[i++]» ret=TRUEi 
while«lretl&&(blill=END_OF_STRINGII; 
return(ret); 

static void construct_error_message(char *message, chaf *tb, char *b) 
( 

/* tb is the tokenised buffer, look for certain obvious problems 

*/ 

) 

and report those if found, else just report that there is 8 problem 
b is the original text buffer 

if(strlen(bl==OI ( 
strcpy(message,"There IIIlSt be something in the box"); 

) 

else if(tbIOl==TOK_NUMBERI ( 
strcpyCmessage,"NUTber OlJst have an operation before it"); 

) 

else if«(tbIOl==TOK_STOIII(tbIOl==TOK_RCLII&& 
(tbllll=TOK_VARI&& 

) 

(tbllll=END_OF_STRINGII ( 
strcpyCmessage,"Reserved word used 8S variable namell ); 

else if«op_num-POrams(tbIOll>OI && tblll==END_OF_STRINGI ( 
strcpy(message,"Box needs 8 I'UJber (or variable> after the operationU ); 

) 

else if(lots8_ops(tb+lI1 ( 
strcpy(message,"Onlyone .,·,x, lor . allowed"); 

) 

else ( 

) 

strcpy(message,I'FLOW doesn't reeogni se \1111); 

strcat(message, b); 
strcat(message, "\" 11 ); 

FLClII Page 180 Revision 1.00 



Sect. 9.4.6 MSc Programming Project 

int syntax_ok(char *buffer, flow_box_type *box) 

< 

/* returns TRUE if syntax checks out 85 a valid buffer, else returns FALSE,giving the user some guide as to 
the probable source of error in err_report 

*' 
1nt retval: 
char *err_report=malloc(50)i 
box->dtype=tokenise(&box->dats,buffer,outbuffer); 
if«outbufferIOI<=YOK_DIVIDE)&&(outbufferlll==TOK_RCL» < '* deal with RCL with no variable name */ 

) 

box->data.vsrname=malLoc(4): 
strcpyCbox->data.vsrname,"RCL"): 

box->next=NULl: 
boX->op_numFcheck_syntax(outbuffer); 
if( (box·>op_num) > NO_GOOD) retval=TRUE; 

else { 
retval=FALSE; 
switch (box->op_num) ( 
case NO_GOCO : 

construct_error_message(err_report,outbuffer,buffer): 
break: 

case NOT_PERMITTED : 
spdntf(err _report,"FLOW does"' t recognise \"Xs\IIII,buffer): 
break; 

) 

) 

do_error(err_report): 
) 

return(retval): 

static double d_to_r(double x) 
< 

1* Convert x degrees to radians *1 

return(x*PI/1BO)i 
) 

static double r_to_d(double x) 

< 

1* convert x radians to degrees *1 

return(x*1BO/PI)i 
) 

1***************************************************1 '* VARIABLE routines *' 1***************************************************1 

static int var_exists(char *varname, int *index) 

< 
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/* return TRUE if variable exists, index in i. else return FALSE, index undefined *' 
int ;=0; 

} 

while«i<next_var_free) && (strcmp(var[i].name,varname)I=O» i++; 
*index=i; 
return«str~var[iJ.name,varname)==O)&&(~8r(i] .status==V_OK»j 

static void remove_variable(univ_block *block) 
( 

int i,j; 
if(var_ex;sts(del_var_name.&i» ( 

/*this line needed in case last variable in list, and not then overwrittenl ••• */ 

} 

var[i].status=V_UNINITi 
for(j=iij<next_var_free-1;j++) var[jl=var[j+1]; 
next_vsr_free--; 
usr_update_wind(w_vartable); 

} else do_error(nosuchvar)i 

static void create_variable_menu(univ_block *block, int newvar) 
( 

/* newvar==TRUE => we want to create new variable, newvar==FALSE=> We are modifying an existing one */ 

} 

int d,exists,eos; 
double value; 
sscanf(crtvar _val, "Xl fXn",&value,&eos); 
if(eosl=strlen(crtvar_val» < 

do_error(invalidnum); 
return; 

} 

exists=var_exists(crtvar_name,&d); 
if (exists && newvar) ( 

do_error(varexists); 
) else ff(lexists && Inewvar) < 

do_error(nosuchvar) ; 
} else switch(item(O» ( 
case 0 : 

defaul t 
} 

store(value,crtvar_name)i 
usr_update_wind(w_vartable); 
*crtvar_val=NULL; 
*crtvar_name=NULL; 
break; 

static void new_vars_menu(univ_block *block, int newvar) 
( 

} 

FLOII 

switch(item(O)} < 
case 0 : 

defaul t 
} 

create_variable_menu«univ_block*)&block·>a[11,newvar)i 
break; 
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static void vars_menu_decode(univ_block *bLock) 
< 

'* Mouse click on vers menu */ 

> 

switch(item(O» < 
case VM_CLEAR 

case VM_DELETE: 

case VM_ADJUST: 

> 

clear_variables(): 
break: 

remove_variable«univ_block*)&block->a[1]); 
break: 

new_vars_menu«univ_bLock*)&block->a[11,TRUE); 
break; 

new_vars_menu«univ_block*)&block->8[11,FALSE); 
break; 

void mouse_on_vartable(univ_block *block) 
< 

/* The mouse pointer is on the variable table window *' 
/* react only to menu button */ 

> 

switch(mouseb) ( 

case R_PRESSED 
case l_PRESSED break: 

case M]RESSED 

> 

usr_create_menu(&Vars_menu,mousex,mouseY,vars_menu_decode); 
break; 

void redraw_vartabLe(redraw_block *block) 
< 

/* Redraw the new version of the variable table *' 

FLOW 

1nt i,line=O: 
move(O,W_VARBOX_HEIGHT'10); 
gcol(O,grey2); 
if(next_var_free==O) ( 

> 

puts (liNo named variables"); 
line++; 

else for(i=O;i<next_var_free;i++) if (var[i).status==V_OK) ( 
gcol(O,grey2); 
move(O,W_VARBOX_HEIGHT'10'(line++)*CHAR_HEIGHT); 
printf("%15s = ",var[i).name); 
gcol(O,white); 
printf("%f", var [i] • value); 
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) 

) 

gcolCO,grey2); 
move(O,W_VARBOX_HEIGHT·l0·line*CHAR_HEIGHT); 
H(memory_set) printf("Calculator store = Xf\n",memory); 
else pJts("Calculator store unset"); 

void clear_varfables(void) 
( 

/* remove all trace of all variables */ 

) 

int i; 
forCi=O;i<NUM_VARSii++) ysr[il.status=V_UNINITi 
next_var_free=O; 
memory_set=FAlSE; 
usf_update_wind(w_vartable)i 

void store (double val, char *ident) 
( 

/* store value val in the variable name ident*/ 
int i=O; 

/* find the variable name ••• */ 

if(strlen(ident»14) do_error(IIVariable name too 1009- truncated"); 
if (var_exists(ident,&i» ( 

var[il.velue=vali 
var[i].status=V_OK; 

) eLse < - /* new variable */ 

) 

) 

ifCnext_var_free<NUM_VARS) < 
var[i1.value=vali 
var[il.status=V_OKi 
strncpy(var[il.name,ident,14)i 
var[il.name[14)=(char)O; 
next_var _free++; 

) else ( 
do_error(IINo more room for new variables!"); 

) 

static void run_time_error(char *ernmess, int fnum, ;nt boxnum,int *errflag) 
( 

/* an error has occured whilst the chart was running */ 

) 

FLOW 

char mine[120); 
sprintf(mine,"Xs at box Xd",errmess,boxnun); 
do_error(mine); 
current_box_num=boxnum; 
current_flowchart=fnum; 
usr_update_scroll_wind(w_flowcharts,xco_flowchart(current_flowchart),yco_boxnumCcurrent_box_num)·100); 
*errfLag=TRUE; 
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static double varval(flow_box_type *box, int fnum, int *evalerror) 
( 

/* Return the value attached to varname, or error if not found *' 
int f; 
double ret=1i '* Must be non·zero for divide call in evaluate */ 

} 

if(vaf_exfsts(box->data.varname,&i» ret=var[il.valuei 
else run_time_error(nosuchvar,fnum,box->box_num,evalerror)i 
return(ret); 

static double check_range(doubte n, double lower, double upper,int fnum, int bnum, int *evalerror) 
( 

} 

if(n<=lowerlln>=upper) { 
run_time_error(dom,fnum,bnum,evalerror)i 
n=O: 

} 

return(n); 

static double check_bounds(double nr int fnum, int bnum,int *evalerror) 
( 

} 

double res=n: 
if(errnol=O) 8witch(errno) ( 

} 

case(EDOM) : run_time_error(dom,fnum,bnum,evalerror); 
res=Oi 
break: 

case(ERANGE):run_time_error(erange,fnum,bnum,evalerror); 
res=Oi 
break; 

else if (Iabs(n) > HUGE_VAl) ( 
run_time_error(erange,fnum,bnum,evalerror); 
res=O: 

} 

return(res)i 

double evaluate(double input, lnt fnum. flow_box_type *box, 
int *evalerror) 

( 

/*returns the result of passing input through the boxes 

*' 
chained to box, until an end is reached. This is the core routine 
of the whole programl 

#define bourn box->box_num 
double result=input,param; 

FLOW 

*evalerror=FALSE: 
if(fnun<O 11 fnun>MAX_FLOWS) run_time_error(IINo such chart",fnum,bnum,evalerror): 
while«boxl=NUll)&&(I(*evalerror») { 
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FLO\I 

switch(box·>dtype) ( 

> 

case NUMBER 
param=box->data.param1 ; 
break: 

case VARIABLE : 
param=varval(box,fnum,ev8lerror); 
break; 

if (I(*evalerror» switchCbox->op_num) ( 

case YOK_MINUS: 

result=input+param: 
break: 
result=input-param; 
break: 

result=input*param; 
break: 

case YOK_DIVIDE: 
if (paraml=O) result=input/param; 
else run_time_error(divbyzero,fnum,bnum,evalerror): 
break: 

case TOK_RECIP: if(inputl=O) result=1/inputi 
else(run_time_error(reciperror,fnum,bnum,evalerror»: 
check_bounds(result,fnum,bnum,evalerror): 
break: 

case TDK_SQRT: if (input>=O) result=sqrt(input)i 
else ( 

run_time_error(sqrtrange,fnum,bnum,evalerror): 
result=Oi 

> 
check_bounds(result,fnum,bnum,evaLerror); 
break: 

if«input==O)&&(par&mF=O» ( 
run_time_error(udzpz,fnum,bnum,evalerror); 
break; 

} else < 
resul t=pow( input ,param); 
result=check_bounds(result,fnum,bnum,evalerror); 

> 
break; 

if«input==O)&&(par&mF=O» ( 
run_time_error(udzpz,fnum,bnum,evalerror); 
break; 

} else < 
result=pow(input,1/param); 
result=check_bounds(result,fnum,bnum,evalerror); 

> 
break; 
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FLOW 
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if(degrees) input=d_to_r(input); 
input=check_range(input,-5000.0,5000.0,fnum,bnum,evalerror); 
result=sin(input): 
check_bounds(result,fnum,bnum,evalerror); 
break: 

if(degrees) input=d_to_r(input)i 
input=check_range(input,-SOOO.O,5000.0,fnum,bnum,evalerror): 
result=cos(input>i 
check_bounds(result,fnum,bnum,evaLerror): 
break: 

double rembit,modbit: 
if(degrees) input=d_to_r(lnput); 
rembi t=modf( input/PI.&modbi t )·PI; 
if(fabs(rembit·PI/2)<1E·4) ( 

resut t=500; 
run_time_error(tanrange,fnum,bnum,evsLerror): 

} else resuLt=tan(input): 
check_bounds(result,fnum,bnum,ev8Lerror); 
break: 

) 

if(fabs(input»1) ( 
run_time_error(atrigrange,fnum,bnum,evalerror): 

break; 

) else ( 

) 

if(degrees) result=r_to_d(asin(input»: 
else result=asin(input)i 
check_bounds(result,fnum,bnum,evalerror): 

if(fabs(input»1) ( 
run_time_error(atrigrange,fnum,bnum,evalerror); 

) else ( 
if(degrees) result=r_to_dCacosCinput»; 
else result=acos(input); 

) 

break; 

if(degrees) result=r_to_d(atan(input»; 
else result=atan(input)i 
check_bounds(result,fnum,bnum,evalerror); 
break; 

if(input>O) ( 
result=logl0(input); 
check_bounds(result,fnum,bnum,evalerror); 

) else run_time_error(logrange,fnum,bnum,evalerror); 
break; 

if( input>O) ( 
result=log(input); 
check_bounds(result,fnum,bnum,evalerror); 

) else run_time_error(logrange,fnum,bnum,evalerror); 
break; 
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FLOW 

case TOK_TENP 

result=expCinput)i 
check_bounds(result,fnum,bnum,evalerror)i 
break; 

if(fabs(input»27) { 
run_time_errorCerange,fnum,bnum,evalerror)i 
resut t=O; 

) else { 

} 

break; 

result=pow(10,input)i 
check_bounds(result,fnum,bnum,evalerror)i 

case TOK_PLUSRCL: 
if(memory_set) result=result+memorYi 
else run_time_error(undefmem,fnum,bnum,evalerror)i 
break; 

case TOK_MINUSRCl: 
if(memory_set) result=result-memorYi 
else run_time_error(undefmem,fnum,bnum,evalerror)i 
break; 

case TOK_TIMESRCL: 
if(memory_set) result=result*memorYi 
else run_time_error(undefmem,fnum,bnum,evalerror); 
break; 

case TOK_DIVIOERCL: 

case TOK_STO 

i f(memorLset) { 
if(memoryl=O) result=result/memory; 
eLse run_time_error(divbyzero,fnum,bnum,evalerror); 

} 

else run_time_error(undefmem,fnum,bnum,evslerror); 
check_bounds(resuLt,fnum,bnum,evaLerror); 
break: 

sw;tch(box->dtype) ( 
case NO_PARM : 

memory_set=TRUE; 
result=memory=;nput: 
break; 

case VARIABLE : 
store(;nput,box->data.varname); 
break; 

case NUMBER : 
run_t;me_error(namenotnumerr,fnum,bnum,evalerror); 
resuLt=memory=;nput; 

} 

break; 

break: 
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FLOI/ 

case TOK_PSTO Bwitch(box->dtype) < 
case VARIABLE : 

&tore(input+param,box->data.varname); 
break; 

case NO _PARM : 
case NUMBER : 

run_time_error(namenotnumerr,fnum,bnum,evalerror); 
break; 

) 

result=inputi 
break; 

sw;tch(box·>dtype) ( 
case VARIABLE : 

8tore(input*param,box->data.v8rname)i 
break; 

case NO_PARM : 
case NUMBER : 

run_time_error(~tnumerr,fnum,bnum.evalerror); 

break; 
) 

result=inputi 
break; 

case YOK_TSlO switch(box->dtype) ( 

case TOK_VAR 
case TOK_RCL 

case VARIABLE : 
store(param-input,box->data.varname); 
break; 

case NO _PARM : 
case NUMBER : 

run_time_error(namenotnumerr,fnum,bnum,evalerror); 
break; 

) 

result=inputi 
break; 

switch(box·>dtype) ( 
case VARIABLE : 

if(inputl=O) store(par&mVinput.box->data.varname)i 
else run_time_error(divbyzero,fnum,bnum,evalerror); 
break; 

case NO_PAR" : 
case NUMBER : 

run_time_error(namenotnumerr,fnum,bnum,evalerror); 
break; 

) 

result=input; 
break; 

switch(box·>dtype) ( 
case NO_PARM 
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if(memory_set) result=memory: 
else run_time_error(undefmem,fnum,bnum,ev8lerror): 
break: 

case VARIABLE 
resul t=parami 
break; 

case NUMBER : 
break: 

} 

break: 

resul t=- inp..lt; 
break; 

result=sinh(input); 
checic_bounds(result,fnum,bnum,evslerror); 
break: 

result=cosh(input): 
check_bounds(result,fnum,bnum,evalerror); 
break: 

result=tanh(input)i 
check_bounds(result,fnum.bnum,evalerror)i 
break: 

case TOK_SUBFLOW : ( 
int sub=(int)param; 
ifCsub==fnun) ( 

run_time_error(recurserr,fnum,bnum,evaLerror): 
result=O: 

} 

else /* recursive call to this routine */ 

} 

default: 

} 

input=resul t: 
box=box->nexti 

} 

return(result)i 

result=evaluate(input,sub,&flowchart[subl,evalerror): 
} 

break: 

break; 

static void run_flowchartc;nt flownumber, char *input, char *output,int *err) 
( 

/* run the flowchart, taking input from input, and pLacing the resuLts in output */ 

doubLe in,out; 
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} 

int precision=Oi 
char buffer [30] ; 

read_dbt(input,&in)i 

*err=FALSEi 
out=evaluate(in,fl~r,&flowchart[flowraJQber],err); 

sscanf(AccnurDer, "Xu" ,&precis; on); 

if(precision>7) ( 

} 

do_error(IIAccuracy <=7 please!\nsetting to 7"); 
precision=7i 
strcpy(Accnurber r 07"); 

if(precision<l) ( 

} 

do_error(IIAccuracy >=1 pleasel\nsetting to 1"); 
precision=l; 
strcpy(Accnuiber,"l l1 ); 

if (*err) output=IIErrorlli 
else switch(8ccuracy_type) ( 

case SIG_FIGS strncpy(buffer,print_sf(out,precision),30); 

default 

strncpyCoutput,buffer,19); 
if(strlen(buffer»19) output[18]='\x89'i 
outpuUI91=NULL; 
break; 

strncpy(buffer,print_dp(out,precision),30); 
strncpy(output,buffer,19); 
if(strlen(buffer»19) output[181='\x89'i 
output [191 =NULL; 
break; 

sprintf(buffer, "Xf" ,out); 
strncpy(output,buffer,19); 
;f(strlen(buffer»19) output[181='\x89'; 
output [191 =NULL; 

} 

usr_update_windCw_vartable); 

/******************************************************/ 

,* 
,* 

Running a flowchart functions *' *' /******************************************************/ 

void mouse_enters_runentrYCuniv_block *block) 
{ 

/* Mouse is entering the runentry box .. set up input focus, so can detect keys */ 

} 
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void mouse_leaves_runentry(univ_block *block) 
( 

/* Turn off input focus .. no longer detect keys */ 
input_focus_off( )i 

> 

void mouse enters_runrecord(univ_block *block) 
( 

1* If mouse in rlrlrecord, then runentry needs the focus .. canlt type anything into runrecord */ 

> 

void mouse_leaves_runrecordCuniv_block *block) 
( 

> 

static int is_function_keyCint code) 
( 

/* determine whether the key pressed is a RED function key */ 

static struct de < int key,flownum; 
> fkeycodes[] = ( (FN_l,l>, 

UN_2,2>, 
(fN_3,3), 
<FN_4,4>, 
{FN_5 ,S}, 
{FN_6,6>, 
{FN_7,n, 
(FN_8,8>, 
<FN_9,9>, 
UN_l0,10>, 
(FN_ll,l1>, 
(FN_12,12>, 

/* shift = +10 */ 

/* control = +20 */ 

FLOI/ 

(SJN_l,l1>, 
(S_FN_2,12>, 
(S_FN_3,13> , 
(S_FN_4, 14>, 
(S_FN_5,15>, 
(S_FN_6,16>, 
(S_FNJ,l7), 
(SJN_8, 18>, 
(S_FN_9,19>, 
(SJN_l0,20>, 
(SJN_ll ,21>, 
(S_FN_12,22>, 

{C_fN_',21>, 
(C_FN_2,22>, 
(CJN_3,23>, 
(CJN_4,24>, 
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> 

>; 

{CJN_5,25>, 
{CJN_6, 26>, 
{CJN],2n, 
(C_FN_B, 28), 
{CJN_9,29>, 
(CJN_10,30> 

int ;=0: 
while(i<34&&fkeycodes[il.keyl=code) i++: 
if(;==34) return(NO_GOOD)i 
else return(fkeycodes[i).flownum): 

/********************************************.**/ 
/* Routines dealing with runrecord and */ 
/* RunEntry windows */ 
~ ~ 
/**** ••• *** •• ******* •• ** •••••••••••••••••• ******/ 

static void update_record(char -in, fnt cp, char ·out) 
( 

/* A flowchart has been run. Update the rW"lrecord wi th the I·transact i 0n" 

••• in, out are input and output of fLowchart # op 

*' 

> 

lnt i ,acc: 

for(i=Oii<MAX_REC_LINESii++) rec_line[il=rec_line[;+1J: 
sscanf(Accnurber. "Xd",&acc); 
strcpy(rec_line[MAX_REC_LINES1.inpt,in); 
rec_line[MAX_REC_LINES1.flownum=op: 
switch (accuracy_type) ( 
case SJG_FIGS : 

sprintf( rec_l ine [MA),-REC_ll NES] .output, IIXs(Xd sf)1I ,out, acc); 
break; 

case DEC_PLACES : 

case NONE: 
clefaul t 

> 

sprintf(rec_l ine (MAX_REC_LI NESl .output,"Xs(Xd dp)1I ,out,acc): 
break: 

sprintf(rec_l ine[MAX'_REC_LlNESl . output ,"Xs" ,out); 
break: 

void clearrunrecord(void) 
( 

/* User wants the runcrecord cleared */ 

FLOW 

int i; 
for(i=O:i<=MAX_REC_lINES;i++) { 

roc_lineliJ.inptIOJ=NULL; 
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) 

) 

rec _l i ne [i] • outp.lt [0] =NULL; 
rec_line(i).flownumFOi 

usr _update_windCw_runrecord); 

static void update_input(Yoid) 

< '* update only the input box of the runentry window *' 

) 

force_updateCw_runentry,IN_OUT_X. IN_Y, IN_OUT_X+20*CHAR_WIDTH, 
IN_Y+96); 

static void update_output(void) 

< 

'* Update only the output box of runentry window */ 

) 

force_updateCw_,unentrY,IN_OUT_X,OUT_Y,IN_OUT_X+20*CHAR_WIDTH, 
CllT_Y+96); 

static void update_fkey(void) 

< 

/* Update only the fuction key box in runentry window*1 

) 

void mse_Of'l_fUlentrycuniv_block *block) 

< 

/* The mouse is active on the runentry box •• ·/ 

FLOI/ 

int fkey_number,err=FAlSEi 

switch (mouseb) < 
case(L]RESSED) 
ifCmouseicon==runbutton) ( 

fkey_number=atoiCrunfLownum)i 
i fCstrlen(nuninput )==0) strcpy(nuninput, 110"); 
run_flowchart(fkey_number,numinput,numoutput,&err)i 
update_fkey( ); 
if(lerr) < 

if(autoswap) ( 

) 

strcpy(numinput,numoutput); 
*numoutput=NULL; 
i f(strpbrk(nuninput,".II» dp_gone=TRUE; 
else dp_90ne=FALSE; 

update_record(numinput,fkey_number, 
(autoswap?numinput:numoutput»; 

} else update_record(nuninput,fkey_l'Ulber,IError"); 
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} 

usr_update_wind(w_runrecord)i 
update_ i fllUtO; 
update_outputO; 
last_was_fkey=TRUEi 

) else if(mouseicon==clearinbutton ) ( 

*nuninput=NUlLi 
*numoutput=NUlLi 
update_ifllUt (); 
update_output 0; 
dp_gone=FALSE; 

) else if(mouse;con==swapbutton) ( 

8trcpyCnuminput,numoutput): 
*numoutput=NUlli 
update_ifllUt0 ; 
update_output(); 
if(strpbrk(nuuinput,"."» dp_gone=TRUEi 
else dp_gone=FALSEi 

) else if(mouseicon==autoswapbutton) { 

} 

break: 
case M_PRESSED 

case R_PRESSED 

} 

8utoswap=-autoswapi 
usr_update_wind(w_runentry); 

usr_create_menu(&Edit_menu,mousex,mousey, 
Edit_menu_decode); 

break: 

break: 

void mse_on_runrecordCuniv_block. *block) 
( 

'* Mouse is on the runrecord only MENU is active on runrecord & pops up edit menu */ 

} 

switch(mouseb) { 
case(M_PRESSED) 

defaul t 

} 

usr_create_menu(&Edit_menu,mousex,mousey, 
Edi t_menu_decode); 

brealc: 

break: 

void key_on_runentry(univ_block *block) 
{ 
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'* Key pressed whi tat on runentry window •. */ 

static int fkey_nurber=1,err=FALSEi 
char oldin[30]; 

/* User has tapped 8 red function key whilst on runentry, => he wants to RUN 8 fLowchart */ 

spri nttc runflownun, IIXciIl, fkeyJIt,lI'ber); 
update_fkeyO; 
if(strlen(nuninput)==O) &trcpy(nuninput,"O"); 
run_flowchart(fkey_number,numinput,numoutput,&err): 
if (Ierr) < 

ifCautoswap) ( 

} 

strcpy(oldin,numinput): 
strcpy(numinput,numoutput): 
*nunoutput=NULL: 
if(strpbrk(nuninput,"."» dp_gone=TRUEi 
else dp_gone=FAlSEi 

if(last_was_fkeyl < 

I"might be needed if not fkeY*1 

/* second function key in succession, use previous input */ 

FLO\I 

if(autoswap) update_recordC"---- II , flcey_number, 
(autoswap?numinput:numoutPUt»i 

else update_record(numinput,fkey_number,numoutput)i 
) else < 

} 

if(autoswap) update_record(oldin,fkey_number,numinput): 
else update_record(numinput,fkey_number,numoutput)i 

) else update_record(nuninput, fkey_nurber ,"Error"); 
usr_update_wind(w_runrecord); 
last_was_fkey=TRUE: 
update_inputo; 
update_oIJtputO; 

} else if(keycode==COPY_KEYI < 

strcpy(numinput,numoutput): 
*numoutput=NULL: 
i f(strpbrk(numinput, 11. 11 » dp_gone=TRUE: 
else dP_gone=FALSEi 
update_inputO; 
update_outputll; 
last_was_fkey=fALSE: 

/* Move output to input * / 

} else if(keycode==HOME_KEYI < /* clear the in/out buffers */ 

*numinput=NULL; 
*nunoutput=NULL: 
dp_gone=FALSE; 
update_inputO; 
update_output 0; 
last_was_fkey=FALSE; 

} else if«keycode>='O'&&keycode<='9'111 
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«keycode=='.')&&«ldp_gone)1 I (Iast_was_fkey») I I 
(keycode=='·'» ( 

int Pi 
ifClast_was_fkey) < 

*nuninput=NUlL; 
dp_gone=FALSE; 

} 

p=strlen(numinput): 
last_was_fkey=FALSE: 
if(keycode=='.') dp_gone=TRUEi 
if«atrlen(numinput)<14)&&I«keycode=='-')&&atrlen(numinput)I=O» ( 

numinput[pl=(char)keycode; 
numinput[p+11=NULL; 
update_input( ); 

/* start numinput again */ 

} else vdu(7): /* beep Bt user if too long */ 

} elae if«keycode==DELETE_KEY)&&(strlen(numinput»O» ( 

int p=strlen(numinput)-1: 
if(numinput[pl=='.') dp_gone=FALSE; 
numinput[p1=NUll: 
last_was_fkey=FALSE: 
update_i nputO; 

} else if(keycode==RETURN_KEY) ( 

run_flowchart«fkey_number=ato;(runflownum», 
numinput,numoutput,&err): 

if(lerr) ( 
if(autoswap) ( 

strcpyColdin,numinput): 
strcpy(numinput,numoutput): 
*nunoutput=NULLi 

I·might be needed if not fkeY*1 

} 

} 

} 

if(last_was_fkey) ( 
update_record("- - - _11, fkey_nuJber, 

(autoswap?numinput:numoutput»; 
) else ( 

} 

if(8utoswap) update_record(oldin,fkey_number,numinput); 
else update_record(numinput,fkey_number,numoutput)i 

) else up::tate_record(numinput, fkey-,"urber, IIError"); 
last_was_fkey=TRUE: 
usr_update_wind(w_runrecord)i 
update_inputO; 
update_outputO; 

void key_on_runrecord(univ_block *block) 
( 

/* a key has been pressed whilst on the runrecord window */ 

) 
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/******** ............. **.***********.*** •••• ******** •• **.***/ 
, •••• Routines connected with drawing runrecord entries .***/ 
/******* •• ***** .... **** •• ****.** ..... ************ ••• ********/ 

#define NORTH 0 
#define EAST 1 

#def i ne IlEST 2 

#define SOUTH 3 

static void arrowhead(int orient) 
( 

/* draw an arrowhead */ 

switch(orient) ( 
case NORTH : 

case SOUTH 

case WEST 

case EAST 

} 

} 

static int gp08_y(void) 
{ 

.lIIOveby(·8,·16); 
moveby(16,O) ; 
plot(81,·8,16); 
break; 

moveby(-B,16): 
moveby(16,O): 
plot(81,·8,·16); 
break: 

moveby(16,8)i 
IIIOveby(O,·16); 
plot(81,·16,8); 
break.; 

IIIOveby(·16,8); 
IIIOveby(O,'16); 
ploteS1,16,8): 
break: 

/* Return position of graphics cursor in y direction */ 

} 

FLOW 

int in[2],out[21: 
error -my_error: 
res_set regs: 
regs. r [0] =( int) in; 
regs.r[l]=(int)out; 
in[OI=139; 
in(1)=-': 
mv_error=swix(OS_ReadVduVariables,&regs); 
iferny_error) wimp_error(my_error,WE_OK); 
return(out[O)i 
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void redraw_runrecordCredraw_block *block) 
( 

/* redraw the run record window */ 

int i=O,rundone: 
geol (0, yellow); 
move(O.Y_RUNRECORD_HEIGHT·20); 
charsize(16,16); 
puts("Last 30 results ">; 
charsize(8,B); 
forCi=O;i<=MAX_REC_LINES;i++) < 

move(O,W_RUNRECORD_HEIGHT-CHAR_HEIGHT*«i«1)+5»i 
if (strlen(rec_lineli).inpt» ( 

gcol(O,white): 
moveby(O,6): I 
printf( 11 %s", rec_L fne [1] . inpt) i 
moveby(4.·CHAR_HEIGHT/3); 
gcoL(O,grey2): 
drawby(40.0); 
arrowhead(EAST): 
draw(300.gpos_y(»; 

moveby(4.CHAR_HEIGHT/2); 
gcol(O,white): 
l'1U1ldone=printf(!lF Xciii, rec_l i ne [11 • f lownlIJl) i 
gcol(O,grey2): 

/* box surround */ 
moveby(6.12); 

} 

} 

drawby(O.·(CHAR_HEIGHT+12»; 
drawby(·(CHAR_YIDTH*numdone+I2).O); 
drawby(O.CHAR_HEIGHT+12); 
drawby(CHAR_WIDTH*numdone+12,O)i 

moveby(·2.·12·CHAR_HEIGHT/2); 
drawby(40.0); 
arrowhead(EAST); 
draw(450.gpos_y(»; 
gcol(O,white): 
moveby(4.CHAR_HEIGHT/3+3); 
i f( I strne.,.,C rec_l ine [i] .output, IIErrortl ,5» gcol (0, red); 
if(strLen(rec_line[il.output» puts(rec_line[i].output); 
moveby(O.·6); 

>else putS(IIIt); 

gcol(O,grey2): 
plot(17.Y_RUNRECORD_YIDTH.O); 
putS(III1); 

void redraw_runentry(redraw_block *block) 
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( 

'* redraw the runentry window */ 

if(intersect(block,IN_OUT_X·10,IN_Y+IN_OUT_HT, 
IN_OUT_X+l0*CHAR_~IDTH, 

IN_Y+IN_OUT_HT+CHAR_HEIGHT» ( 
moveCIN_OUT_X-10,IN_Y+IN_OUT_HT+2*CHAR_HEIGHT); 
gcol(O,white); 
puts(nlnput :U); 

} 

if(inter8ect(block,F_X-CHAR_~IDTH,F_Y, 

} 

F_X+CHAR_~IDTH,F_Y+CHAR_HEIGHT» ( 
move(F_X·(int)1.5*CHAR_~IDTH,F_Y+CHAR_HEIGHT+4); 

gcol(O,red)i 
puts(IIFII)j 

if(intersect(block,IN_OUT_X·l0,OUT_Y+IN_OUT_HT, 
IN_OUT_X+10*CHAR_WIDTH, 
OUT_Y+IN_OUT_HT+Z*CHAR_HEIGHT» ( 

} 

move(IN_OUT_X,OUT_Y+IN_OUT_HT+CHAR_HEIGHT); 
gcol(O,white)i 
putS("OUtput :"); 

gcaLeD,white); 
move(F_X+(int)(1.S*CHAR_WIDTH),IM_Y)i 
drawby(O,·50); 
arrowhead(SOUTH)i 
draw(F_X+(int)(1.S*CHAR_WIDTH),F_Y+48)i 
move(F_X+(int)(1.5*CHAR_~IDTH),F_Y); 

ifClautoswap) ( '* not Butoswap.lndicate fact on diagram line Links alp & flp */ 

} 

drawby(O,-50)i 
arrowhead(SOUTH)i 
draw(F_X+(int)(1.5*CHAR_~IDTH),OUT_Y+IN_OUT_HT); 

} else ( 

drawby(O,ZO); 
drawby(50,O); 
drawby( 0,40); 
arrowheedCNORTH)i 
draw(F_X+(int)(1.5*CHAR_~IDTH)+50,IN_Y); 

} 

mov.(ZZO,~_RUNENTRY_HEIGHT·190+CHAR_HEIGHT); 

gcaLeD,white); 
H(autoswap) puts(IIOn 11); 

else puts(IOff"); 

,.** •••• ** •••••••••••••••• **** •••••••••••• * •••••••••• ****/ 

r ~ 
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/* General flowcharts functions ,. 

MSc Programming Project 

., ., 
/***************************************** •• ** •• *********/ 

int length_of_flowchartCint number) 
( 

/* returns number of boxes in flowchart *' 
flow_box_type *this_one=&flowchart[numberl: 
int count=1; /* always at least one header box I *' 

) 

while(this_one·>nextl=NULL) ( 
count++: 
this_one=this_one·>next: 

) 

return(cCUlt); 

/**.******.************* ••••••• *******.*******.**.***.***/ ,. 
/* SAVE and LOAD flowcharts functions ,. 

., ., ., 
/ ••• *** •••• ******************* •••• **.********* •• *****.*.*, 

'* FLOWCHART file specification 

., 

byte 

0·3 
4·7 
8-11 

for each flowchart 
4 bytes 
12 bytes 

for each box 
4 bytes 
4 bytes 
S bytes 
next box 

next flowchart 

contains 

"F","L'I ,"Oil ,"1111 

Version number of file fmt (1=0.1, etc ) 
number of flowcharts defined 

number of boxes, this chart 
title •• not used this version 

op_nuD 
box_nun 
data (param1 - title is above and only occurs x10) 

static void fputdouble(FILE *file, double num) 
( 

/* send a double number to file */ 

FLOW 

int i; 
union < 

char bytes[sizeof(double»); 
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double dbl; 
}fiddle; 
fiddle.dbl=nun; 

MSc Programming Project 

for(i=Oii<sizeof(double)ii++) fputc(fiddle.bytes[i],file)i 
} 

static void fputword(FllE *file, int num) 
{ 

'* send 8 word to file */ 

int i; 
union < 

char bytes(sizeof(int»)i 
int word; 

} fiddle; 
fiddle.word=nun; 
for(i=O:i<sizeof(int):i++) fputc(fiddle.bytes[il,fiLe)i 

} 

static double fgetdouble(FILE *file) 
{ 

'* get double from fiLe *1 

jnt i; 
union ( 

char bytes[sizeof(double»): 
double dbL; 

} fiddle; 
for(i=O;i<sizeof(double):i++) fiddle.bytes[il=fgetcCfile)i 
return(fiddle.dbl)i 

} 

void fgetname(FILE *file) 
( 

int i; 

for(i=Oii<16:i++) fgetc(file)i 
} 

static int fgetwordCFllE *file) 
( 

int i; 
union < 

char bytes[sizeof(int»)i 
jnt word: 

) fiddle: 
for(i=O;i<siz~f(int)ii++) fiddle.bytes[il=fgetc(file)i 
return(fiddle.word); 

} 

/* used in load_flowcharts and save_flowcharts */ 

#define vname (current->data.varname) 
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static int exists(char *fname) 
( 

MSc Programming Project 

/* detenmine whether fname is a file •• return TRUE if is, else return FALSE *' 

} 

oSfile_block block; 
error *e; 
int rv ; 
block.action=5; 
block.name=fnamei 
e=osfile(&block)i 
if(e) ( 

wimp_error(e,WE_OK)i 
rv=°i 

) else rv=(block.action==1): 
return( rv); 

int wimp_decision(char *text) 
( 

1* present user with choice, return his decision */ 

} 

error ei 
e.errnun=O; 
strcpyCe.errmess,text); 
returnCwimp_error(&e,WE_OK+WE_CANCEL+WE_NOERROR»i 

void save_fLowchartsCchar *fname) 
( 

/* save all the flowcharts in the file fname */ 

int i,j.resp=1; 
flow_box_type ·current; 
FILE *outfi Le; 
char filename(601i 

if(strlen(fname)==O) ( 
do_errorC"No filename given!"); 

} else ( 
if (is-P8thname(fname» strcpy(filename,fname): 
else sprintf( ff lename, "Xs.Xsu, FLCM)I RNAME, fname); 
i f(exists(filename» resp=wiRl'_decision(UThis fi le aLready exists 
if(resp==1) ( 

outf i Le=fopen(f i lename,"wb"); 
if(outfile==NuLL) ( 

- ShaL l I repLace it?"); 
/* i.e. YES */ 

do_error(IICannot open fHe to save it disk. fuLL, or exists and is lock.ed??"); 

FLOI/ 

returni 
} 

fputc( I F I ,outfi le); 
fputc('L',outfile)i 
fputc('O',outfile)i 
fputc('W',outfiLe)i 
fputword(outfile,FILE_VERS_NUH); 
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} 

} 

} 

} 

fputword(outfile,MAX_FLOWS); 

for(i=1;i<~_FLOWS;i++) < 
fputword(outfile,length_of_flowchart(i»; 

current=&flowchart[ili 
do{ 

fputword(outfile,current->op_num): 
fputword(outfile,current->box_num): 
fputword(outfile,current->dtype): 
switch(current->dtype) ( 
case NO_PARM : 

case NUMBER : 

case VARIABLE 

} 

break: 

fputdouble(outfiLe,current->data.param1); 
break: 

fputword(outfite,(int)strlen(vname»: 
for(j=Oij<strlen(vname);j++) 

fputc(vname [j) ,cutf i le); 
break: 

current=current->next: 
} while(current!=NULL): 

fcLose(outfile): 
settype(fiLename,OxF10); 

void load_fLowcharts(char *fname) 
( 

/* retrieve all the flowcharts from file fname */ 

FLOW 

int i,j,k,version,num_charts,num_boxes,len; 
flow_box_type *current,·previous; 
FILE *infile=fopen(fname,Urbll ); 

max_box_number=O: 

if(infile==NULL) ( 
do_error(IICamot open fi Le insufficient access??II); 
return; 

} 

if(fgetc(infile)!='F' 1 1 
fgetc(infile)I='L'11 
fgetc(infile)I='O' 1 1 
fgetc(infiLe)I='W') < 

fc Lose( infiLe); 
do_error(IINot a FLOWCHART fi Lell ); 
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return: 
) 

versfon=fgetword(infiLe): 
num_charts=fgetword(infile); 

/* version of file format *' 
for(i=1:i<=MAX_FLOWS:i++) ( 

previous=NUlli 
current=&flowchart[i]: 
current->next=NULL; 
num_boxes=fgetword(infile)i 
ifcmax_box_number<num_boxes) max_box_number=num_boxes; 

1* title not implemented this version·1 

for(j=Oij<num_boxesij++) ( 
current->op_num=fgetword(infile): 
current->box_num=fgetword(infile): 
current->dtype=fgetwordCinfile): 

switch(current->dtype) ( 
case NO_PARM : 

case NUMBER : 

case VARIABLE 

) 

break.: 

current->data.param1=fgetdoubleCinfile): 
break; 

len=fgetword(infile); 
vname=malloc( len+1): 
for(k=O:k.<len:k++) 

vname[k.]=fgetc(infile); 
vname [Len) =NULL: 

break: 

current->next=(fLow_box_type*)malloc(sizeof(flow_box_type»: 
current->prev=prev;ous; 
previous=current; 
current=current->next; 

/* reestabl; sh l; nks *' 
) 

free(current); '* undo the last one, (done in error)·' 

) 

if (prev;ousl=NUll) prev;ous->next=NUlL; 
) 

fclose(infile); 
FLOW_HEIGHT=W_FLOWBOX_HEIGHT+max_box_number*TOT_BOX_HT; 
set_w;ndow_extent(w_flowcharts,O,O,W_FLOWBOX_WIDTH,FLOW_HEIGHT); 
ifCis_window_openCw_flowcherts» ( 

) 

usr_close_wind(w_flowcharts); 
usr_open_wind(w_flowcharts,ON_TOP); 

static double frac(double num) 
{ 

'* return the fractional part of the number num */ 
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double ret=(num>O)?num~floor(num):ceil(num)-num; 
if(fabs(ret-1)<EPSILON) ret=Oi 
returneret); 

} 

static int dbp(double num) 

< 

/* return the number of digits before the decimal point */ 

return«int)floor(log10(fabsCnum»+1»i 
} 

void read_dbl(char *rawbuffer, double *pnum) 

< 

} 

char finbuffor[301; 
int i=O,j=O,dp_gone=FALSE; 
while(i<strlen(rawbuffer» < 

if(rawbuffer[i]=='.') ( 

} 

if(dp_gone) do_error(IITNO decimal pointsl"); 
else dp_gone=TRUEi 

if(rawbuffer(ill=',') finbuffer[j++]=rawbuffer[i++]i 
else i++; 

} 

finbuffer[jl=NULL; 
sscanf(f inbuffer ,"XLI" ,pnun) i 

static char ·print_dp(double number, int precision) 
< 

/* Print number to given precision·1 

static char fmt[301,output[lOl; 
sprintf(fmt, "XX1. XLlf" ,pree; s i on); 
sprintf(output,fmt,number); 
return(output)i 

} 

static char ·print_sf(double number, int accuracy) 

< 

/* floating point errors */ 

/* construct format */ 
/* print I'lUIber into output block*/ 

/* return formatted string which represents number to given accuracy. in sig figs ••• */ 

FLOW 

char b(30) ,acc_st";ng[10]; 
static char c[30); 
int i.llmlt,count=O.dp_Sone=FALSE; 
double mant,exp.s;gn; 

sprintf(acc_string. uXX.Xcil f",accuracy·1); 

if(llU!tler<O) < 
IlU!tler=fabs(llU!tler) ; 
sign=·1: 

) else sign=1: 
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} 

FLOW 

if(nuJt>erl=O) ( 
exp=floor(logl0(nuJt>er»; 
mant=number/pow(10,exp)i 
sprintf(b.8cc_string,mant)i 

,* exponent */ 

'* mantissa *' 
'* b contains string version of mantissa to required accuracy *' 

sprintf(c,"Xlf",sign*atof(b)*pow(10,exp»; 

limit=strcspn(c,"123456789")i 

for(i=Oii<limitii++) if(e[i]=='.') { 
dp_gone=TRUE; 
break; 

} 

while«count<accuracy)&&(c[limitll=NULL» ( 
if(c[limitll='.') ( 

count++; 
l imit++; 

) else { 
dp_gone=TRUE; 
l imit++; 

} 

} 

if (dp_gone) { 
eU imitl=NULL; 

} 

else c(strcspn(c,".")]=NULLi 
} else ( 

st rncpy( c, "0.000000000000" , accuracy+ 1 ); 
} 

return(c); 
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/* c contains number to accuracy *' 
/* limit indexes first non-zero digit */ 

/* check if dp in first section of f'UJber */ 

/* Ensure enough digits for accuracy */ 

/* must go up to decimal point */ 

'* number is 0 */ 

Revision 1.00 



Sect 9.4.7 MSc Programming Project 

9.4.7 C.F PLOT 

/* >c.fJ)lot 

~ ~ 

iI Q iI iI iIiIOliI -iI iI iI iI iI iI iI - ~ iI iI iI iI 
a a iI iI iI iI 

a a iI iI a a 
iI _a aaaaoJiI iIiIiIil iI 

provides graph plotting module with autoscaling 

*' 
flinclude "h.floWIl 

#define xco(va) 
#define yco(va) 

#define xval(x) 
_fine yval(y) 

«int)«vs-x_min)*x_scale» 
«int)«va-y_min)*y_scaLe» 

«dkMJble)(x*x_scale)+x_min) 
«double)(y*y_scale)+y_min) 

_fine ticklength(num) «num%5==O)?15:8) 
#define grid 1 

static int 
xe, 
ye, 
avei l_horiz, 
avei l_vert, 
x_originJ)ixels, 
y_origin-pixelsi 

static double 
x_min, 
y_min, 
x_max, 
v_max, 
x_scale, 
v_scale, 
x_range, 
v_range, 
x_origin, 
v_origin; 

1* prototypes ••• */ 

'* x tick every ••• pixels */ 
/* y tick every ... pixeLs */ 

/* number of points available in each dirtn */ 

/* position of origin */ 

/* x minimum value */ 

/* max values */ 

/* pixeLs per 111ft I horizontally */ 
/* ditto verticaLly */ 

/* range of x values *' 
/* y range */ 

/* origin position, not in pixels */ 

void graph-p1ot(int numpoints.double *x,double *y,int horiz.int vert,int colour); 

static void doplot(int numpoints,double *x,double *y,int col); 
static void calcparams(int num,double *x,double *y); 
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static void xaxis(void)j 
static void yaxis(Yoid); 

void graphjplot(int numpoints, double *x, double *y, 
int 

h~rtz, int vert, 
int col) 

( 

/* plot the points in the available size */ 

} 

8vail_horiz=horizi 
avaiL_vert=vertj 
calcparams(numpoints,x,y); 
xaxis(); 
yaxis(); 
doplot(numpoints,x,y,col); 

void superjplot(int num, double *x. double .y. int col) 
( 

/* superimpose the points on the existing plot */ 

doplot(num,x,y,col); 
} 

static void do_label(void) 
( 

/* put 8 coordinate point label on the graph */ 

} 

move(xco(x_origin),yco(y_origin)+32)j 
gcaLeD,white); 
printf(A(XO.Of,XO.Of)",x_origin,y_origin); 

static void doplot(int numpoints, double *x, double .y. int col) 
( 

/* this routine actuaLly does the plotting */ 

int i,xx,yy; 
9col(0,col); 
move(xco(x[O),yco(y[O)); 
for(i=1ii<numpointsii++) ( 

xx=xco(x[i] )i 
yy=yco(y[i) ); 
if(xx>·200O&&xx<2000&&yy>·2000&&yy<2000) draw(xx,yy); 

} 

do_labeIO; 
} 

static void calcparams(int num, double *x, double *y) 
{ 
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/*nYmber of points in set *' 

/* rudimentary truncate. Not used oftenl */ 
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/* initialisation •• calculate the plotting parameters for the given curve *' 
int i; 
x_max=x [0] ; 

x_min=x[O]: 
y_max=y[O] ; 

y_min--ylOl; 

for(i=1:i<num:i++) ( 
if(x(f]>x_m8x) x_max=x[i)i 
if(x[i]<x_min) x_min=x[il: 

) 

If(VIII.V_max) V_max=ylil; 
if(y[il<y_min) y_min--y[i]i 

y_min=floor(y_mfn); 
y_max=ceil(y_max)i 
x_min=floor(x_min): 
x_max=ceil(x_max): 

x_range=x_max'x_min; 
y_range=y_max-y_min: 

if(fabs(x_,ange)<1) x_range=': 
if(fabs(Y_fange)<1) v_range=1; 

x_scale=(avail_horiz/x_range); 
y_scale=(avail_vert/Y_fange)i 

x_origin=min(max(O,x_min),x_max); 
y_origin=min(max(O,y_min),y_mBx); 

x_origin-pixels=xco(x_origin); 
y_origin-pixels=yco(y_origin); 

) 

static void xaxis(void) 
( 

/* draw the x axis */ 

int i,dr,pp; 
gcol(O,grey1); 

/* maximum x value */ 
/* minimum x value */ '* maximum y value */ 

/* min y value */ 

/* find these four values */ 

/* •• & adjust to "nice" values */ 

'* avoid nasty effects with small scales */ 

/* determine origin position, within these scales */ 

xe=max«int)pow(10,(int)(log10(x_range)-1»,1); /* x tick every •••. */ 
if(y_origin-pixels<O) y_origin-pixels=O; 
move(O,y_origin-pixels); 
draw(avail_horiz,y_origin-pixels); 
dr=(y_origin-pixels<10)71:-1; 

for(i=1;i«int)«x_origin-x_min)/xe);i++) < 
pp=(int)floor(x_origin-pixels-i*xe*x_scale); 
move(pp,y_origin-pixels); 
draw(pp,y_origin-pixels+dr*ticklength(i»; 
if(grid && (iXS == 0» < /* if we need 8 longer tick (every 5 ticks) then do it */ 

move(pp,O); 
plot(21,pp,8vail_vert); 
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} 

} 

for(i=1ii<=(int)«x_max·x_origin)/xe)ii++) < 
pp=(int)floor(x_originjpixels+f*xe*x_scale); 
moveCpp,y_originjpixels); 
draw(pp,y_originjpixels+dr*ticklength(i»: 
if(grid && (i X 5 == 0» ( 

} 

move(pp, 0); 
plot(21,pp,8vail_vert); 

} 

move(avafl_horiz·32,y_originjpixels+dr*32)i 
putcher( 'X'): 

} 

static void yaxis(void) 
( 

/* draw the y axis more or less exactLy as x axis */ 

long i; 
int pp,dr: 
gcoleD,grey1); 
ye=max«int)pow(10,(int)(log10(y_range)·1»,1); 
if(x_originjpixels<O) x_originJPixels=O; 
move(x_originjpixels,O); 
draw(x_originjpixels,avail_vert)i 
dr=(x_origfnjpixels<10) ? 1:-1: 
for(i=1;i<=(long)«y_origin-y_min)/(float)ye);i++) ( 

} 

pp=(int)floor(y_originjpixels-i*ye*y_scale); 
move(x_originjpixels,pp); 
draw(x_originjpixels+dr*Cint)C1.5*ticklength(i»,pp); 
if(grid && (i X 5 == 0» ( 

} 

move(O,pp); 
plot(21,avail_horiz,pp); 

for(i=1;i<=(long)«y_ma~-y_origin)/(flo8t)ye);i++) < 
pp=Cint)floor(y_originjpixels+i*ye*y_scale); 
move(x_originjpixels,pp); 
draw(x_originjpixels+dr*ticklengthCi),pp); 
if(grid && (i X 5 == 0» ( 

} 

} 

move(O,pp); 
plot(21,sYail_horiz,pp)i 

} 

move(x_originjpixels+dr*32,avsil_vert); 
putchar( I y I); 

/* for redraw_grsphinfo ..• */ 

#define next_l ine(x) x=x-36;\ 
move(5,x) 
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static void in_betweeny(int ·x) 
( 

} 

next_l ine(*x)i 
move(O,*x); 
gcol(O,greyl); 
drawby(700,O>; 
*x=*x-10i 
move(S, *x); 
gcoleO,white); 

static void punfts(fnt n) 
( 

/* used only by redraw_sraphinfo */ 
gcaLeO,white); 

} 

prfntf(IIXdIl ,n); 
gcol(O,grey2)i 
if(nl=1.0) printf(" units"); 
else pdntf(" unit"); 

void redraw_graphinfo(redraw_block *block) 
( 

/* redraw the information box *1 

FLtJIj 

int x=380,i; 
move(5,x)i 
gcol(O,grey2)i 
printf("Odgin at 11); 

gcoLeO,white); 
pr; ntf("(X.3f r X.31)1I ,x_ori gin, v_or; Si n); 
in_betweeny(&x); 

gcol(O,grey2): 
printf("X tick every 11): 

punits(xe)i 
next_l ineCx): 
printf(IIY tick every 11): 
punits(ye): 
i "_betweeny(&x); 

gcol(O,grey2): 
printf(lIverticaL line every 11): 

pun; ts(xe*5); 
next_l ine(x); 
printfC"horizontal line every 'I); 

pun; ts(ye*5); 

in_betweenY(&X)i 
gcol(0,grey2); 
printf(1I )( axis from 11); 

/* small routine, used by redraw_graphinfo below */ 
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> 

FLOII 

gcaL(O,white); 
printf( "1..31", x_min); 
gcol(O,grey2)i 
printf(U to 11); 
gcal(O,white); 
printf(UX.3f" ,x_max); 
next_l ine(x); 
gcol(O,grey2); 
printf(U Y axis from 11); 
gcol(O,white); 
printf(UX.3f", y_mi n); 
gcol(O,grey2); 
printf(U to 11); 
gcaL(D,white); 
prfntf("S.3f", y_max)i 
in_betweeny(&x)j 
gcol(O,grey2); 
chars fze( 16,8); 
printf("Charts plotted ••• \nll); 
chars i zeeS,S); 
x=x·40i 
move(S,x>i 
for(i=Oii<nextfreeii++) < 

> 

gcol(O,curve_coLour[i]); 
printf("Chert Xd lI,index[il); 
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9.4.8 C.F HELP 

- a a_a ilOlililOIOl 

a a a 01 a a a 
a a 01 a a a a - -- a ilOlililOIOl 
a a a 01 a a 
a a a a a a 
a _a 01 __ 01 

*' 
#incLude IIflow.h" 
IHnclude "h.windasm" 

1* This file contains all the coding for the extensive HELP features 
of the program. This is interded to be general purpose. 

will make entries in the specified menu corresponding to 
files found in a directory called HELP, off the current 
directory. When the user selects one of these from the 
help menu, heLp_menu wilL be called and will display the 
text on the screen in 8 dialogue box •. 
BUGS 

prototypes 

*' 
static menu_block ·setup_dir_menu1(char *header,char *directory,int special), 

*setup_dir_menu2(char *header,char *directorY)i 

static char pathname[2501i 
static char filename[250]i 
static char· helptext=NULli 
static fnt filesize,help_heighti 

/* records pathname for help search */ 

fnt oldfilenameJPOsi 

static void add_t0-P8thname(char *directory) 

< 

'* Add this element of pathname to the already accumulated pathname to the selected help file *' 

> 

i f(*pathnamel =NULl) strcat(pathname, 11. 11 ); 

strcat(pathname,directory); 

static void remove_last_from-P8th(void) 

< 
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/* remove last element from the path to helpfile */ 

) 

int i=strlen(pathname)i 
while(pathname[i)!='.'&&i>O) i~·; 

pethname[i]=NULL; 

menu_block *setup_di r _menJ(char -header, char *di rectory) 
( 

/* build 8 menu structure reflecting 8 directory structure *1 

) 

mer"",-block ·rval; 
*pathname=NULli 
rval=setup_di r_menu1(header,directory, FALSE)i 
returnerval); 

menu_block ·setup_dir_menu_r(char -header, char -directory) 
( 

) 

men"Lblock ·rval; 
*pathname=NUlLi 
rval=setup_dir_menu2(header,directory); 
return(rval); 

menu_block *setup_rename_menu(char -header I char *di rectory) 
( 

) 

*pathname=NUlLi 
Rename_menu=setup_dir_menu1(header,directory,TRUE)i 
return(Rename_rnenu)i 

static error *read_directory(char *pathname, char *replyblock,int *pnumread) 
( 

1* Very machine-specific routine to read the contents of given directory into memory */ 

FLllII 

res_set ressi 
error *resul t; 
regs.r[1]=(int)pathnamei 
r09s.r[2]=Cint)replyblock; 
r09s.r[3]=MAXITEMS; 
regs.r(4]=Oi 
r09o.r[5]=2000; 
regs.r(61=(int)HELPNAMESTY LEi 
regs.r (01 =9i 
result=swix(OS_GBPB,&regs)i 
if(result) wimp_error(result,WE_OK)i 
*pnumread=regs.r(31; 
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/* where to put reply */ 
/* max nl.D'ber of menu entries possible */ 

/* offset to first item */ 
1* buffer length */ 

/* Pointer to name to match */ 

1* return value */ 
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return( resut t); 
} 

static menu_block ·setup_dir_menu1Cchar *header, cher *directory,int special) 
/* special T= submenu in place for all entries */ 
( 

char *thisentry, 
*buffercmalloc(300). 
*replyblockcmalloc(2000); /* room to put directory names */ 

men.Lblock *block=(menu_block*)malloc(s izeof(menu_block»; 
int i,j,numread; 

add_t0-P8thname(directorY)i 
strncpy(block->title,header,11): 
block->tlt_fcol=MENU_TIT_FGOOL; 
block->tit_bcol=MENU_TIT_BGOOL; 
block->work_fcol=MENU_WA_FGCOL: 
block->work_bcol=MENU_WA_BGCOL; 
block·>menu_width=200; 
block·>menu_height=40; 
block->vert_gap=MENU_GAP: 
block·>mIOI.menu_flags=LAST_ITEM; 
block->m[Ol.sub_menu:(special)7 &newname_menu:NO_SUB_MENUj 
block->m[Ol.icon_flags=menutexticon(MENUTI_FGOOL,MENUTI_BGCOL); 
strcpy(block->m[O] .data. text, IINone •• 11); 

thisentry=replyblock; 
my_error=read_di rectory(pathname, repLybLock,&numread)i 

if (my_errorl=NULL) ( 
if(my_error->errnuml=NOT_FOUND) 

wimp_error(my_error,WE_OK)i 
else 

return(block): 

) else < 

i=O; 
j=O; 
while(j<numread) ( 

block·>m[il.menu_flags=O; 
sprintf(buffer ,IIXs. Xs",pathname, th i sentry); 

if(lis_a_dir(buffer» ( 
block·>mliJ • suIUllenu=(special )?&newname_menu: NO_SUB_MENU; 
block·>m[il.icon_flags= 

menutexticon(MENUTI_FGCOL.MENUTI_BGCOL); 
strncpy(&block·>m[il.data.text[Ol,thisentry.11); 
thisentry +=strlenCthisentry)+1i 
f++i 

} 

j++; 
/* j= total count, files+directories in flow area, i=files count */ 

} 

FLOW 

if(paths_allowed) { 
block·>mlil.data.writeable.text_buff=oldfilename; 
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> 

> 

block->m[il.data.writeable.vaL_string=(char*)-1i 
block·>mlil.data.writeable.bufflen=60; 
block·>mlil.menu_flags=LAST_ITEM+MENU_WRIT; 
block->m[il.;con_flags=menuwriticon(MENUWI_FGCOL.MENUWl_BGCOL); 
block->mlil.sub_menu=(special)? &newname_menu:NO_SUB_MENU; 
oldfflename-POS=i; 

> else ( 
oldfilename-POS=·'; 

> 

if (i>D) block·>mli·'I.menu_flagsl=LAST_ITEM; 
else block·>mIDI.menu_flagsl=LAST_ITEM; 

free(replyblock); 
free(bJffer)i 
remove_last_from-psth (); 
return(block)i 

static menu_block ·setup_dir_menu2(char -header, char ·directory) 
( 

/* this routine is recursive. Sets up a menu structure 

*' 

exactly reflecting the structure of the files in the help area 
on the current filing system. User can then select the area 
he requires in 8 tree-structured manner, and the teacher 
can arrange the help files exactly how he requires them to be 

char *thisentry. 
*buffer=malloc(3DD), 
*replyblock=malloc(2DDD); 

menu_block *block=(menu_bLock*)malloc(s i zeof(menu_block»; 
i nt i, runread; 

add_t0-P8thname(directory); 
strncpy(block->tltle,header,11); 
block->tit_fcol=MENU_TIT_FGCOL; 
block·>tit_bcol=MENU_TIT_BGCOL; 
block·>work_fcol=MENU_WA_FGCDL; 
block->work_bcol=MENU_WA_BGCDL; 
block->menu_width=2DO; 
block·>menu_height=4D; 
block->vert_gap=O; 
block·>mIOI.menu_flags=LAST_ITEM; 
block->mIDI.sub_menu=ND_SUB_MENU; 
block->m[Ol.fcon_flags=menutexticon(MENUTI_FGCOL,MENUTI_BGCOL); 
strcpy(block->m[O] .data. text, "None •• '1); 

thisentry=replyblock; 
mv_error=read_directory(pathname,replyblock,&numread); 

if (my_errorl=NULL) ( 
if(my_error->errnuml=NOT_FOUND) 

wimp_error(my_error,WE_OK); 
else 

return(block) ; 

> else ( 

FLOW Page 217 

/* address of block created */ 

/* room to put directory names */ 
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} 

i=O; 
while(i<numread) ( 

} 

block->m[il.menu_flags=Oi 
sprintf(buffer,"Xs .Xs". pathname, thisentrY)i 
if(is_a_dir(buffer» ( 

block·>m[il.sub_menuF 
setup_dir_menu2(thisentry,thisentry)i 

) else block->m[il.sub_menu=NO_SUB_MENU; 
block->m[il.icon_fl8gs= 

menutexticon(MENUTI_FGCOL,MENUTI_BGCOL)i 
8trncpy(&block->m[i].data.text[O],thisentry,11>: 
thisentry +=strlen(thfsentry)+1; 
f++; 

if (i>O) block->m[i·ll.menu_flags!=LAST_ITEM; 
else block·>m[OI.menu_flags!=LAST_ITEM; 

free(replyblock); 
free(buffer): 
remove_last_from-P8th (); 
return(block) ; /* address of block created */ 

} 

void help_menu(univ_block * block) 
( 

/* decodes the help menu : filename is assigned the pathname 
of the file selected. Note that this MAY be 8 directory 

*' 
if the user selected an item which has 8 right arrow after 
it ... 

int ;=0, 
numt i nes=O; 

FilE *handle: 
usr_close_windCw_help); 
sprintf(f i lename, IIXs." I HELPO I RNAME); 
decode_menu(Help_menu,block,(textbuf*)(filename+strlen(HELPDIRNAME)+1),my_error)j 
while(filename(;) I=OxOO) i++j '* replace term CR with NUll *' 

FLOII 

fHename[i) =NUlli 
U(str~(filename+i·4, IINone"» < 

if(lis_a_dir(filename» ( 
if(helptextl=NULL) free(helptext); 
helptext=malloc(filesize=fextent(filename»i 
handle=fopen(f i lename,llr"); 
if(handle==NULL) ( 

do_error(IICan l t open help fi lell); 
returnj 

} 

fread(helptext,1,filesize,handle); 
fclose(handle) j 
for(i=O;i<filesizeii++) 

} 

if(helptext[i]=='\xOA') < 
runt fnes++; 
helptext[i)=NUlLi 
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help_height=numlines*CHAR_HEIGHT+SOO; 
set_window_extent(w_help,O,O,HElP_WIDTH,help_height)i 
usr_open_wind_scroll(w_heLp,ON_TOP,O,help_height)i 

) else do_error(flMove pointer over the \x89 synbol from left to right");I* user selected a directory I * 
} 

} 

void mouse_on_help(univ_block *block) 
( 

/* A mouse button was pressed whilst the mouse was on the help icon. Create the heLp menu */ 

switch(mouseb) ( 

defaul t 

} 

} 

usr_create_menu(He lp_menu. mousex,mousey, 
help_menu): 

break; 

break; 

void redraw_help(redraw_block *block) 
{ 

/* prints the contents of helptext (which is assumed to be a text file) on the screen */ 

} 

FLOW 

int i=O,numlines=Oi 
move(HELP_WIDTH·200,help_height·200); 
put_Bpri te("help" ,0, sp_area); 
move(HELP_WIDTH/2'200,help_height'200); 
put_Bpri te("hetptxt" ,0, sp_area); 

gcoL(D,white); 
while (i<fiLesize) < 

if(intersect(block,O,help_height-300'(CHAR_HEIGHT)*(numlines+3), 
HELP_WIDTH,help_height·300·(CHAR_HEIGHT)*(numlines·3») ( 

move(S,help_height-300'CHAR_HEIGHT*numlines); 

} 

puts(helptext+i); 
} 

i+=strlen(helptext+i)+1; 
runl ines++; 
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9.4.9 C.F SETUP 

- - __ a 
a 0lilaa0lil 

a a a a a a a a a 
a a a a a a a a - - - a a a 0lilaa0lil 
a a a a a a a 
a a a a a a a a 
a - - aOlilaaOlil a - a 

*/ 

'include Ilflow.h" 

/* 
The windows are referenced outside this module by the following 
identifiers ••••••• : 

*/ 

int M_flowcharts, 
w_runrecord, 
w_runentry, 
v_help, 
w_boxecHt, 
wJ)lotwindow, 
w_srephinfo, 
w_vartable, 
wJ)8nel, 

calcscreen, 
clearbutton, 
enterbutton, 
calcbutton[40] , 

/* in boxeditor window */ 

runbutton, 
clearililutton, 
swapbutton. 
8utoswapbutton, 

calcicon, 
rl.l"licon, 
flowicon, 
screensaveicon, 
helpicon, 
exit icon, 
err_ok_icOl'1; 

char *screen, 
*nuni npl.It, 
*nunoutp..lt, 
*runflownun, 
*Accnurber I 

FLOW Page 220 

/* flowchart representations */ 
/* record of running */ 

/* to enter input and flow choices */ 
/* help */ 

/* boxeditor screen handle (icon) */ 
/* clear the box editor input */ 

/* icon handles for boxeditor buttons */ 

'* in runentry window, tools */ 

1* in control panel */ 

/* boxeditor screen contents */ 
/* 20 characters */ 

/* also 20 characters */ 
/* rWlentry box icons * / 

/* Accuracy input from user */ 
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*del_var_name, 
*crtvar_n&me, 
*crtvar_val, 
*Xmaxnum,*xminnum,*Fgrephnum,*Super_num, 
*loadfflename,*savefilen&me; 

static wind_block flowcharts = { 
lOO, 
500, 
900, 
200, 
-I, 

/* extent coords *1 

TITLE_BAR+MOVEABLE+ 
V_SCROLL_BAR+ 
H_SCROLL_BAR, 
stdcolsO 

0, 
0, 
Y_FLOWBOX_YIDTH, 
Y_FLOYBOX_HEIGHT, 
Ox2D, 
NOTIFY_APPLIC+tit_bar_coLs, 
0, 
0, 
"Flowchartsll , 

0, 
}; 

static wind_bLock plotwindow = < 

/* extent coords *1 

FLaY 

0, 
Y_PLOTBOX_YIDTH, 
100+Y_PLOTBOX_HEIGHT, 
0, 

'1, 
TITLE_BAR+MOVEABLE+ 
V_SCROLL_BAR+ 
H_SCROLL_BAR, 
stdcolsO 

0, 
0, 
Y_PLOTBOX_YIDTH, 
Y_PLOTBOX_HEIGHT, 
Ox2D, 
NOTIFY_APPlIC+tit_bar_coLs, 
0, 
0, 
"Graph", 
0, 
}; 
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/* variable name to delete */ 
I*created variable name *' 

'*created variable value */ 

'* open window behind nothing *' 

/* button type */ 

/* open window behind nothing *' 

'* button type *' 
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static wind_block control~l = ( 
0, 

/* extent coards *1 

0, 
1280, 
96, 
0, 
0, 
-1, 

TRESPASS+REDRAW_OK, 
stdcolsO 

0, 
0, 
1280, 
96, 
Ox2D, 
0, 
0, 
0, 
1111 

0, 
>; 

, 

static wind_block runrecord = { 

'* extent coords * / 

1+W_RUNENTRY_WIDTH, 
150, 
800+1+W_RUNENTRY_WIDTH, 
1SO+W_RUNENTRY_HEIGHT, 
0, 
0, 
·1, 

TITlE_BAR+MOVEABLE+ 
V_SCROLL_BAR+ 
H_SCROLL_BAR, 
stdcolsO 

0, 
0, 
W_RUNRECORD_WIDTH, 
W_RUNRECORD_HEIGHT, 
Ox2D, 
NOTIFY_APPLIC+tit_bar_cols, 
0, 
0, 
"Run Record", 
D, 
>; 

static wind_block varbox = < 

FLOW 

300, 
150, 
300+W_VARBOX_WIDTH, 
1SD+W_VARBOX_HEIGHT, 
0, 
0, 
·1, 

TITLE_BAR+MOVEABLE+ 

Page 222 

'* work area coords *' 

/* scroll bars positions *' 
/* open window behind nothing */ 

'* button type */ 

/* work area coords *' 

'* scroll bars positions */ 

/* open window behind nothing */ 

/* work area coords */ 

/* scroll bars poSitions */ 

/* open window behind nothing */ 
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/* extent coords *1 

V_SCROLL_BAR, 
stdcolsO 

0, 
0, 
~_VARBOX_~IDTH, 

~_VARBOX_HEIGHT , 

MSc Programming Project 

Ox2D, 
NOTIFY_APPLIC+tit_ber_cols, 
0, 
0, 
"Variables", 
0, 
}; 

static wind_block runentry = < 

/* extent coorcls *1 

0, 
150, 
O+~_RUNENTRY_~IDTH, 

'50+~_RUNENTRY_HEIGHT, 

0, 
0, ., , 

TITLE_BAR+MOVEABLE, 
stdcolsO 

0, 
0, 
~_RUNENTRY_~IDTH, 

~_RUNENTRY_HEIGHT, 

Ox2D, 
NOTIFY_APPLIC+tit_bar_cols, 
0, 
0, 
"Run Info", 
0, 
}; 

static wind_block boxeditor = { 

1* extent coords */ 

FLClII 

700, 
200, 
700+~_BOXEDIT_~IDTH, 

200+~_BOXEDIT_HEIGHT, 

0, 
0, ., , 

TITLE_BAR+MOVEABLE, 
stdcolsO 

0, 
0, 
~_BOXEDIT_~IDTH, 

~_BOXEDIT_HEIGHT, 

Ox2D, 
SElECT_NOTIFY+tit_ber_cols, 
0, 

Page 223 

/* work area coords */ 

/* scroll bars positions */ 

'* open window behind nothing */ 

/* button type *1 

'* work area coords *1 

/* scroLL bars positions */ 

/* open window behind nothing */ 
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0, 
"Box Edi tor", 
0, 
>; 

MSc Programming Project 

static wind_block gfaphinfo = ( 

/* extent coords */ 

0, 
0, 
700, 
400, 
0, 
0, .', 

TITLE_BAR+MOVEABLE, 
stdcolsO 

0, 
0, 
700, 
400, 
Ox2D, 
tit_bar _cots, 
0, 
0, 
IIGraph infoll, 
0, 
>; 

static wind_block help_wind_block = { 
0, 

'* extent coords */ 

200, 
HELP_WIDTH, 
HELP_HEIGHT, 
0, 
0, .', 

TITLE_BAR+MOVEABLE+ 
V_SCROLL_BAR+H_SCROLL_BAR, 
stdcolsO 

0, 
0, 
HELP_WIDTH, 
HELP_HEIGHT, 
Ox2D, 
CLICK_SELECT+tit_bar_cols, 
0, 
0, 
"HELP", 
0, 
>; 

static menu_block Varval_menu = { 
"Value", 

FLOW Page 224 

/* work area coonds *' 

'* scroll bars positions *1 

'* open window behind nothing */ 
/* no title bar */ 

/* button type */ 

/* work area coords on screen */ 

/* scroll bars positions *1 

'* open window behind nothing *' 

1* button type *1 
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/* menu items ••• */ 

}; 

stdnencolsO 
240, 
50, 
MENU_GAP, 

MSc Programming Project 

LAST_ITEM+MENU_WRIT, 
NO_SUS_MENU, 
menuwriticon(MENUWI_FGCOL,MENUWI_BGCOL), 
udumryI' , 

static menu_block Crtvar_menu = ( 

'* menu items .0. *' 

); 

/* menu items ..• */ 

}; 

uName "', 
stdnencolso 
240, 
50, 
MENU_GAP, 

LAST_ITEM+MENU_WRIT, 
&Varval_menu, 
menuwriticon(MENUWI_FGCOL,MENUWI_BGCOLl, 
"name", 

"Change to .. ", 
stcinencoLs() 
240, 
50, 
MENU_GAP, 

LAST_ITEM+MENU_WRIT, 
NO_SUS_MENU, 
menuwriticon(MENUWI_FGCOL,MENUWI_SGCOLl, 
"duImyt' , 

static menu_block Name_menu = < 

/* menu items ... */ 

}; 

FLOW 

IIName 7", 
stdnencolsO 
240, 
50, 
MENU_GAP, 

LAST_ITEM+MENU_WRIT, 
NO_SUS_MENU, 
menuwriticon(MENUWI_FGCOL,MENUWI_BGCOL), 
"name", 

Page 225 

/*menu width·1 
'*meoo height·, 

/*gap betweenentries*/ 

I"sub """"'*1 

/*menLI width·/ 
/*menu height·, 

I*gap betweenentries*/ 

I"sub menu*1 

/*menu width·/ 
/*menu height·/ 

I*gap betweenentries*/ 

/*sub menu·1 

I*menu width·1 
I*menu height·1 

I*gap betweenentries*/ 

I"sub menu*1 
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/* menu items ..• */ 

}; 

"Variables", 
stdnencoloo 
240, 
40, 
MENU_GAP, 

0, 

MSc Programming Project 

NO_SUB_MENU, 
menutextfcon(MENUTI_FGCOL,MENUTI_BGCOL), 
"Clear aU", 

0, 
&Name_menu, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL>, 
"Delete ve,.", 

0, 
&crtvar_menu, 
menutexticon(MENUTI_FGOOL,MENUTJ_BGCOl), 
"Create ver", 

LAST_ITEM, 
&Crtvar_menu, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"Adjust ver", 

static menu_block save_menu = ( 

}; 

/* menu items •.. */ 

FLOW 

"Name 7", 
stdnencolsO 
240, 
SO, 
MENU_GAP, 

LAST_ITEM+MENU_WRIT, 
NO_SUB_MENU, 
menuwriticon(MENUWI_FGCOL,MENUWI_BGCOL), 
11durmy'1, 

'IF; ling", 
stdnencolso 
240, 
40, 
MENU_GAP, 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 

Page 226 

/*D'M!n.l width·/ 
/*menu height·1 

,*gap betweenentries*/ 

I*sllo merr.J*1 

I*sllo merr.J*1 

/*sub menu*/ 

/*menu width·1 
/*menu height·1 

I*gap betweenentries*, 

/*menu width·1 
/*menu height·1 

,*gap betweenentries*/ 

1*0110 merr.J*1 
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>; 

/* menu items .•. */ 

FUlII 

MSc Programming Project 

"Rename 11, 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_fGOOl,MENUTI_BGCOL), 
"Delete", 

DOT_LINE, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
aload", 

LAST_ITEM, 
&save_menu, 
menutexticonCMENUTI_FGOOL,MENUTI_BGCOL), 
"Save", 

"Preferences", 
stcinencols( ) 
200, 
40, 
MENU_GAP, 

0, 
NO_SUB_MENU, 
menutexticonCMENUTI_FGCOL,MENUTI_BGCOL), 
"Degrees" , 

DOT_LINE, 
NO_SUS_MENU, 
menutexticon(MENUTl_FGCOL,MENUTl_BGCOL), 
"Radiansll , 

0, 
NO_SUB_MENU, 
menutexticon(MENUTJ_FGCOL,MENUTI_BGCOL), 
"5i9 Figs", 

0, 
NO_SUB_MENU, 
menutexticon(MENUTl_FGCOL,MENUTl_BGCOL), 
IIDee Places", 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGOOL,MENUTI_BGCOL), 
"Hone", 

MENU_WRIT+LAST_ITEM, 
NO_SUB_MENU, 
menuwriticon(MENUWI_fGCOL,MENUWI_BGCOL), 
"dlnTly", 

Page 227 

'"soil rrreroJ*' 

/*menu flags */ 
'"soil rrreroJ*' 

'"soil rrreroJ*' 

/*menu width·1 
/*menu height·, 

,*gap betweenentries*/ 

I*~ flags */ 

'"soil rrreroJ*, 

/*menu flags */ 

'"sub menu*' 

/*menu flags *1 
'"sub rrreroJ*' 

/*menu flags * / 
'"soil rrreroJ*' 

/*menu flags */ 

/*sub menu*/ 

/* contents irrelev */ 
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}; 

'* menu items ..• *' 

}; 

aClearn, 
atclnencoJa() 
200, 
40, 
MENU_GAP, 

0, 

MSc Programming Project 

NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"All charts", 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"This chart", 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"Graphs", 

0, 
NO_SUB_MENU, 
menutexticonCMENUTI_FGCOl,MENUTI_BGCOL). 
"Run record", 

LAST_ITEM, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCDL,MENUTI_BGCOL), 
"Variables", 

static menu_block Super_menu = ( 
IISuperiq:x>sell • 

stcinencols( ) 
200, 

/* menu items ... */ 

FLOII 

40, 
MENU_GAP, 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOl,MENUTI_BGCOL), 
"chart nun: 11, 

DOT_LINE+MENU_WRIT, 
NO_SUB_MENU, 
menuwriticon(MENUWI_FGCOl,MENUWI_BGCOl), 
11durrny" , 

Page 228 

/*menu width·/ 
/*menu height·/ 

I*gap betweenentries*/ 

/*rtrerlJ flags *1 
l"alA> rrrenJ*1 

,*menu flags */ 
/*sub menu·/ 

'*menu flags *1 
l"alA> menu*1 

'*menu width·/ 
'*menu height·/ 

,*gap betweenentries*/ 

/*menu flags */ 
I".IA> rrrenJ*1 

/*menu flags */ 

I".IA> rrrenJ*1 
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); 

MSc Programming Project 

LAST_ITEM, 
NO_SUB_MENU, 
menutextfcon(MENUTI_FGCOL,MENUTI_BGOOL), 
'1()0 ;t", 

"Graph i ngll , 

stchencolsO 
200, 
40, 
MENU_GAP, 

DOT_LINE, 
NO_SUB_MENU, 
menutext;con(MENUTI_FGCOL,MENUTI_BGCOLl, 
"Into .. ", 

DOT_LINE, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGOOl,MENUTI_BGCOl), 
"Clear", 

LAST_ITEM, 
&SUper_menu, 
menutext;con(MENUTI_FGCOL,MENUTI_BGCOLl, 
IISuperirrpose" , 

); 

static menu_bLock Graph_menu = ( 
"Graph'l, 
stchencolsO 
200, 

/* menu items •.. */ 

FLOW 

40, 
MENU_GAP, 

0, 
NO_SUB_MENU, 
menutext;con(MENUTI_FGCOL,MENUTI_BGCOLl, 
"chart nun;". 

DOT_LINE+MENU_WRIT, 
NO_SUB_MENU, 
menuwriticon(MENUWI_FGCOL,MENUWI_BGCOL), 
11dumry*', 

0, 
NO_SUB_MENU, 
menutext;con(MENUTI_FGCOL,MENUTI_BGCOLl, 
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/*menJ width·, 
/*menu height·1 

,*gap betweenentries*' 

/* this is altered later */ 

/*menu flags */ 

/*sub menu*/ 

/*menu width·/ 
/*menu height·/ 

I*gap betweenentries*/ 

/*menu flags */ 

'·sub menu*, 

/*menu flags *' 
'·sub menu*' 

/*sub menu*/ 
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>; 

'* menu items ... */ 

FLOW 

MSc Programming Project 

DOT_LINE+MENU_WRIT, 
NO_SUS_MENU, 
menuwriticon(MENUWI_FGCOL,MENUWI_BGCOL), 
IldumJyI', 

0, 
NO_SUS_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"X max: ", 

DOT_LINE+MENU_~RIT, 

NO_SUB_MENU, 
menuwriticon(MENUWI_FGCOL,MENUWI_BGCOL), 
hdumJy", 

LAST_ITEM, 
NO_SUB _MENU, 
menutexticon(MENUTI_fGCOL,MENUTI_BGCOL), 
"00 it". 

liEd; t Menu", 

st-..cols( ) 
200, 
40, 
MENU_GAP, 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"Append", 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGOOL,MENUTI_BGCOl), 
"OVerwritell , 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"Add After", 

DOT_LINE, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"Add Before", 

0, 
NO_SUB_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"Delete box", 

0, 

Page 230 

/*menu flags */ 
'*sub ......... , 

'*sub ......... , 

'*menu flags *' 
'*sub ......... , 

/*menu width·1 
/*menu height·1 

,*gap betweenentries*/ 

/*menu flags *1 
I*sub menu */ 

'*text*/ 

I*menu flags */ 

'*sub menu */ 

'*text*' 

/*menu flags *' 
/*sub menu·, 

I*~ flags */ 

'*sub menu*/ 

/*menu flags */ 

'*sub ......... , 

'*menu fl8gs */ 
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'* 

*' 

); 

&clear_menu, 
menutexticon(MENUTI_fGCOl,MENUTI_BGCOl), 
"Clear-, 

0, 
NO_SUS_MENU, 
menutexticon(MENUTl_FGCOL,MENUTI_BGCOL), 
HR ....... , 

0, 
&GraptLmenu, 
menutext;con(MENUTI_fGCOl,MENUTl_BGCOL), 
aGraph·, 

0, 
NO_SU8_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_BGCOL), 
"HELP", 

0, 
&Prefs_menu, 
menutexticon(MENUTI_fGCOL.MENUTI_BGCOL), 
"Preferences" , 

0, 
&Fi le_menu, 
menutexticon(MENUTI_FGOOL,MENUTI_BGCOL). 
"Filing", 

LAST_ITEM, 
NO_SUS_MENU, 
menutexticon(MENUTI_FGCOL,MENUTI_8GCOL), 
"Variables", 

Two sets of text : one for icon defs, and the other for 
inserting in the boxeditor screen ••• 
cbtext[] is availabLe outside this module, and is therefore not static. 
cbtext is what appears in the screen for each button press 
cbtextdisp is used only to define the icons 

char* cbtext[CALC_ROWS*CALC_COLSI = 
UOII, 

11111, 

"4", 
11711 , 

"SIN", 
"ASN", 

{ .. .. , 
"2", 
"5", 
"8", 
"COS", 
"ACS", 

"+/.,, , 

"3", 
"6", 
"9", 
"TAN", 
"ATN", 

"" , 
"+", 
11.11 , 
"x", 
"I", 
"+RCl" , 

FLOW 

tllOG", ulN", IIAII, I*RCl", 

UEXP" , uJ X","1O,". "·RCl", 
"STO", IIRCl", "1/x","/RCl", 
"" 1111 "" uu , , , , 

Page 231 

/*menu flags */ 

'*slb rrrerMJ*' 

/*menu flags *1 
'*slb rrrerMJ*' 

/*meRJ flags */ 

'*slb rrrerMJ*' 

/*menu flags */ 

'*slb rrrerMJ*' 

'* file menu */ 

/* fi le menu *' 
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); 

static int oplevel[CAlC_ROWS*CAlC_COLS] = ( 
0,0,0,0, 
0,0,0,1, 
0,0,0,1, 
0,0,0,1, 
3,3,3,1, 
3,3,3,4, 
3,3,3,4, 
3,2,3,4, 
4,4,2,4, 

); 

static char· cbtextdisp[CAlC_ROWS*CAlC COLS] 
00 0 00 , " , 
00 1 " 2 " , , 
00 4 " 5 " , , 
" 7 " , 8 " , 
"SI Nil, COS" , 
"ASH", ACS", 
"LOG", IltN " , 

= ( 
"+/_", Ill. , 
00 3 00 00 + 00 , , 
11 6 fir " " , 
1'9 ", " X " , 
"TANIt, " , " , 
"ATN", "+RCllI, 

" 
. 

" "*RCl", , 
I'EXP", IIJX 11, "10, ", "-Rel ll , 

"STO", "Rel ll , "1/xn, 
1111 1111 1111 1111 , , , , 

); 

static void define_runentry_icons() 
( 

numinput=malloc(30): 
nunoutput=malloc(30) ; 
runflownun=malloc(4); 

strcpy(numinput,OFLT_NUMINPUT): 
make_text_icon(w_runentry, IN_OUT_X, IN_Y, 

numinput,O,grey6,white, 
IN_ClJT_HT); 

strcpy(runflownum,DFLT_RUNFLOWNUM); 
make_text_icon(w_runentry,F_X,F_Y, 

runflownum,O,red,black,O); 

strcpy(nunoutput ,DFL T_NUMOOTPUT); 
make_text_icon(w_runentry,IN_OUT_X,OUT_Y, 

numoutput,O,grey6,white, 
IN_OUT_HT); 

runbutton=make_text_icon(w_runentry, 
100, 
W_RUNENTRY_HEIGHT·100, 
IIRUN", 
4, 
dark_blue, 
white, 

"/Rel", 

FLOW Page 232 

'* 456· *' 
/* 789x */ 

/* SIN, COS, TAN, I */ 
/* ASN,ACS,ATN, +RCL *' 

/* Log etc */ 
/* expo sqroot, 10~x, ·RCL */ '* STO,Rel,'/x, fReL */ 
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} 

64); 

clearinbutton=make_text_fcon(w_runentry, 
200, 
Y_RUNENTRY_HEIGHT·l00, 
·CLEAR", 
4, 
dark_blue, 
white, 
64); 

swapbutton=make_text_iconCw_runentry, 
260, 
F _X+60, 
uIN<·ClJT", 
4, 
dark_blue, 
white, 
0); 

autoswapbutton=make_text_icon(w_runentry, 
50, 
Y_RUNENTRY_HEIGHT·200, 
"Autoswap 11, 

4, 
dark_blue, 
white, 
64); 

*numinput=END_OF_STRINGi 
*numoutput=END_OF_STRINGi 
*runflownum=END_OF_STRING; 

static void define_calc_icons() 
( 

FlOl/ 

1nt i,j,n; 
const int width=100, 

height=50, 
basex=50, 
basey=50, 
rows=CALC_ROWS, 
cols=CALC_COLSi 

for(i=Oii<rowsii++) ( 
for(j=Oij<colsij++) < 

n=j+i*cols; 
i f«*cbtextdi spIn] I =NUll)&&(oplevel In] <=set_op_level» 

calcbutton[nJ=make_text_lcon(N_boxedit,basex+j*width, 
basey+i*height, 
cbtextdisp[nl,4,dark_blue,white,O); 

else calcbutton[n]=·1i 
} 

} 
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} 

c8lcscr~ke_write8ble_icon(w_boxedit, 

8O,W_BOXEDIT_HEIGHT o 4*CHAR_HEIGHT, 
screen,SCREENLENGTH, 
96,dark_blue,white); 

clearbutton=make_text_icon(w_boxedit, 
30, W_BOXEDIT _HE IGHT· 7'*CHAR_HEIGHT ,"CLRn,4, 
dark_bLue,white,64): 

enterbutton=mak:e_text_icon(w_boxedit, 
1Z0,W_BOXEDIT_HEIGHY·7*CHAR_HEIGHT,"ENT",4, 
dsrk_blue,white,64): 

#define pas 10 
#define aLLow_for(x) 

static void define-PBnel_icons() 

( 

int cpr_icon: 
1nt xpos=10; 

exi t i con=make_ text_ i con(w...,P8nel, xpos, 10, "Ex; tll,4 ,dark_blue, whi te,64); 
xpos+=allow_for(4)i 
run icon=make_ text_ i con(W-PBnel, xpos, 10, IIRun ll ,4,dark_blue, wh i te,64); 
xpos+=allow_for(3); 
flowicon=make_text_i con(w-PBnel ,xpos, 10, "F lows",4 ,dark_blue,wh i te,64); 
xpos+=altow_for(5); 
calc; con=make_text_icon(wJl8nel ,xpos, 10, liEd; t" ,4,dark_bLue, wh; te,64) i 
xpos+=allow_for(4)i 
helpi con=make_ text_ i conCw...,PBnel ,xpos, 1 O. IIHelpll,4 .dark_blue. wh i te,64) i 
xpos+=allow_for(4)i 
if(advancecCstatus) < /* not normally allowed ••• */ 

screensayei con=make_text_ i conCw...,PBnel,xpos, 10, "Save screenll ,4, 
dark_blue,white,64)i 

xpos+=al low_forC 10); 
} 

cpr_icon=make_text_icon(w..,P8neL,SOO,10,Uy 1.20 - M. Twells 1989I1 ,4,dark_green,white,64)i 

} 

static void setup_file_menuC) 
( 

#define SF 8ave_menu.m[Ol.data.writeable 

FLOW 

savefilename=Cchar*)mallocCSO)i 

SF.text_buff=sayefilenamei 
SF.val_string=(char*)·1i 
SF .buffLen=50; 

strcpyCsavefi lename, "F lowf i lell ); 
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#undef SF 

} 

static void setup_graph_menu() 
< 

#define Xmin Graph_menu.m[GM_XMIN1.data.writeeble 
#define Xmax Graph_menu.m[GM_XMAX1.data.writeable 
#define Fnum Graph_menu.m[GM_FNUM1.data.writeable 

} 

Xminnum=(char*)malloc(12); 
Xmaxnum=(char*)malloc(12)i 
Fgr.phnum=(ch.r*)malloc(12); 

Xmin.text_buff=Xminnumi 
Xmin.vaL_string=(char*)-1; 
Xmin.bufflen=12; 

Xmax.text_buff=Xmaxnum; 
Xmax.val_string=(char*)-1; 
Xmax.bufflen=12; 

Fnum.vaL_string=(char*)-1; 
Frun.bufflen=12; 
Fnum.text_buff=Fgraphnumi 

strcpy(Xmil'V"Un,1l01l); 
strcpy(Xmaxnum, "10"); 
strcpy(Fgraphnum,u1 11 ): 

static void setup_super_menu() 
< 
#define Snum Super_menu.m[GSM_NUM1.data.writeabLe 

Snum.text_buff=Super_num: 
Snum.val_string=(char*)-1: 
Snum.bufflen=12; 

strcpy(Super _nun,II,'I): 
} 

static void setup-prefs_menu() 

< 

#define AccD Prefs_menu.m[PM_ACCURACY1.data.writeable 

/* Accnumber set up in initialise */ 

FLOI/ 

AccD.text_buff=Accnumber; 
AccD.val_str;ng=(cher*)·'; 
AccD.bufflen=12; 
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} 

static void setup_verB_menu() 
( 

#define entry Name_menu.m[Ol.data.writeable 
#define entry' Crtvar_menu.m[Ol.data.writeable 
#define entry2 Vafval_menu.m[Ol.data.writeable 

del_var_name=(char*)malloc(12); 
crtvaf_name=(char*)malloc(12); 
crtvaf_val=(char*)malloc(12); 

entry.text_buff=del_var_name; 
entry.veL_string=(char*)-1i 
entry.bufflen=12; 
*del_var_name=NUlli 

entry1.text_buff=crtvar_name; 
entry1.val_string=(char*)-1; 
entryl.bufflen=12; 
·crtvaf_name=NULLi 

entry2.text_buff=crtvsr_val i 
entry2.val_string=(char*)-1; 
entry2.bufflen=12; 
*crtvar_val=NULL; 

#undef entry 

} 

void setup_winds() 
( 

8cr~lloc(20); 

·screen=NULL: 
w_flowcharts=usf_create_wind(&flowcharts); 
w_runrecord:usr_create_wind(&runrecord); 
w_help=usf_create_wind(&help_wind_block); 
W-P8nel =usf_create_wind(&controL-PBneL )i 

w_boxedit=usr_create_wind(&boxeditor)i 
w_runentry=usr_create_wind(&runentrY)i 
w_sraphinfo=usr_create_wind(&graphinfo)i 
w-plotwindow=usr_create_wind(&pLotwindow)i 
w_vartabLe=usr_create_wind(&varbox)i 

setup_file_menu(); 
setup-prefs_menu()i 
setup_sraph_menu(); 
setup_super_menu()i 
setup_vars_menu()i 

Help_menu=Edft_menu.m[EM_HELP1.sub_menu= 
setup_di r _menu_r(IIHelp .• 11, HELPDIRNAME); 
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Load_menu=F i le_menu.m(FM_l0AD1. sub_men.F 
setLIP_di r _menu(IILoad chart", FLawDIRNAME); 

if (Ivars_allowed) ( 

I*change the word "Variables" in the clear menu to "Memoryll •• 
we are merely clearing the anonymous memory .•• 

*, 

) 

FLDII 

strcpyCClear _menu.m[CM_YARSl .data. text, "Memor)"·); 
> 

if( I advance'Cstatus) ( 
File_menu.mIFM_RENAMEI.icon_flagsl=NOSELECT; 
File_menu.mIFM_DELETEI.icon_flagsl=NOSELECT; 
Delete_menu=NULLi 
Rename_menu=NULL: 

) else ( 

Oelete_menu=File_menu.m[FM_DELETE1.sub_menu= 
setup_di r _menuC"Delete •• 11 , FLOWDIRNAME); 

File_menu.mIFM_RENAMEI.sub_menu= 

> 

define_calc_icons(); 
defineJt8nel_icons( ): 
define_runentry_icons()i 

setLIP_rename_menu(IIRename •• ", FLOIJO IRNAME); 
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9.4.10 C.W SHELL 

/*>c.w_shell 

a a -a a a a a a a aaaaaa a 
a a a a a a a a 
a a a - aaaaaa - a 
a a a a a a a a 
a a a a a a a a a 
aaaa - - a a aaaaaa aaaaaa 

Object IIICdJle to do all the hard work of 
policing 8 wimp environment 

a 
a 
a 
a 
a 
aaaaaa 

MAIN routine ;s poll(), which caLls routines 
according to user's actions 

*/ 

#define ARTHUR_OLO_NAMES 
#include <stdio.h> 
#include <arthur.h> 
#include <stdlib.h> 

#incLude <string.h> 
#include "winds.hlt 

#define lsb(x) (char)(x&OxFF) 
#define msb(x) (char)«x»8)&DxFF) 

/* reason codes returned by ~IMP from poll ... */ 

#define DO_NOTHING 0 
#define DO_REDRAW 1 
#define DO_OPEN 2 
#define DO_CLOSE 3 
#def i ne DO_LEAVE 4 
#define DO_E~TER 5 
#define DO_MOJSE 6 
#define DO_DRAG 7 
#define DO_KEY 8 
#define DO_MENU 9 
#define DO_SCROLL 10 

error *my_error; 

/****.******************** •••• ** •• , 
/* UNIV BLOCK Allocations for various 

routines. 
UN IV_BLOCK is the block used by POLL 

to pass information to various functions 
(The functions always declare the univ block 8S *bLock) 
The routines mayor may not use block. They may be 
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able to perfonm their tasks without referring to the 
information passed to them . . , 

/***** •••• ************************/ 

/* for mouse button presses .... *1 

#define mousex 
#def f ne mousey 
#def I ne mouseb 

(block·>. [0]) 
(block·>.[']) 
(block·>.[2]) 

#define mouselcon (block·>.!4]) 

I*for key presses •••••• *1 

#define keylcon (block·>. [1J) 

#define keycrtxoff (block·>. [21) 
#define keycrtyoff (block·>. [31) 
#define caretht (block·>.!4]) 
#define crtindex (block·>.[51) 
#def I ne keycode (block·>.[61) 

'* for menu select •••.....•..... */ 

#define I tem( I) (block·>.[i) ) 

/* for redrawing .••••• */ 

#define xmin 
#def; ne xmax 
#define ymin 
#def I ne ymax 

(block->xO) 
(block·>x' ) 
(block·>yO) 
(block·>y') 

, ••• ****.*******************************************/ 
/* Prototypes ., 
/********.*******.*.**** ••• ***.***** •• **************/ 

typedef struct poll_return 
( 

int reason: 
univ_block. block: 

}poll_return: 

static poll_return *one-POll(int mask): 
sta~ic poll_return prbi 

typedef struct wkldx { 

FLOII 

int wincChandle; 
void (*key_fn)(univ_block*); 
void (*mse_fn)(univ_block*); 
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void (*rdw_fn)(redraw_block*): 
void (*ent_fn)(univ_bLock*); 
void (*lve_fn)(univ_block*); 
void (*close_fn)(void): 
void (*open_fn)(void): 
> wkidx; 

ldefine max_run_windows 32 
wkidx wkey_fns£maxJ".In_windowsl; 

/* .. and redrawing the window*/ '* .. entering a window *' 
'- •• leaving 8 window */ 

le .• before closing *' 
/* before opening *' 

'-Hax 32 windows, this system*/ 

void (*menu_decode)(un;v_block*)= NULL: 
void (*claimpoll)(univ_block*)=NULL; 
void C*bg_mouse_fn)(univ_block*)=NULl: 

1* will be set to point to function to decode menu currently UP */ '* to point to function to be caLled on poll, if any */ 
/* mouse on background *1 

int max_wkidx = 0: 
static char *t8skname; 

,******************** •• ****************** •• *** ••• **/ '* Prototypes *' '***** •••• *****************************************' 

void check_errorCchar*,error*), 
do_errorCchar*), 

int 

redraw_windowCint), 
do_decode_menuCuniv_block*), 
get_wind_infoCwind_info_block*,error*), 
originlwaCint,int*,int*), 
adjust_to_originCint,univ_block*); 

extern void 
w_redrawCredraw_block*), 
m_selectCuniv_block*), 
usr_leave_windCint), 
usr_enter_windCint)i 

void open_winpCint bg) 
( '* initialise the WIMP environment. 

Begin a non-multitasking program 

*' 

FLOW 

int i; 
forCi=Oii<max_num_windows;i++) ( 

wkey_fnsCil.wind_handle=NULLi 
wkey_fns[il.key_fn=NULLi 
wkey_fnsCil.mse_fn=NUlLi 
wkey_fnsCil.rdw_fn=NUlLi 
wkey_fnsCil.ent_fn=NULLi 
wkey_fns[il.lve_fn=NULLi 
wkey_fns[il.close_fn=NULLi 
wkey_fns[il.open_fn=NULli 

> 
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) 

vdJ(19); 
_(15); 
_(16); 
_(0.70); 
_(0.70); 
vdJ(O.70); 

int find_fn(int handle) 
( 

MSc Programming Project 

/* Find the function record relating to the window whose handle is given. 
return the index into the array of such records 

*' 

) 

int i=O; 
if(handle==·1) return(-1); 
while(i<=max_wkidx && wkey_fns[il.wind_handlel=handle) i++; 
if (wkey_fns[il.wind_handle==handle) return(i); 
else return(-1); 

void check_error(cher *name, error *errorp) 
( 

/* if there has been an error, report the fact to the user. 
name is printed in the title area 

*' 

) 

reg_set regs; 
if(errorp->errnuml=O) ( 

vdu(7); 

mode(12); 

) 

prfntf(IIXs :",name)i 
printf("Error XcI, %&\nll, errorp->errnun,errorp->errmess); 
swix(0x4000D,&regs)j 
exiteD); 

/ ••••• *************************** ••••• ***************/ 
/* ROUTINES to set up functions to perform tasks *' 
/* for each window in the user program */ 
1****************************************************/ 

void cla;m-POll_function(fn) 
void(*fn)(univ_block*): 
( 

/* fn is to be called on every poll loop from now onwards 

*' clain.,oll=fn; 
) 
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int handle; 
void (*fn)(void)i 
( 

MSc Programming Project 

/* tn is to be called when window whose handle is handle ;s about to close */ 

lnt ldx=find_fn(handle); 
if (idx---1) ( 

wkey_fnsOnax_wkidxl.wind_handle=handlei 
wkey_fns [max_wkidx++l .close_fn=fni 

) else < 
wkey_fns[idxl.close_fn=fni 

) 

) 

void open_window_function(handle,fn) 
int handle; 
void (*fn)(void); 
( 

'* tn fs to be called when window whose handle is handle is about to open */ 

) 

int idx=find_fn(handle)i 
if lidx==·1) ( 

wkey_fns[max_wkidxl.wind_handle=handLei 
wkey_fns[max_wkidx++] .open_fn=fn; 

) else ( 
wkey_fns[idxl.open_fn=fni 

) 

void keYJPressed_function(handle,fn) 
int handle; 
void (*fn)(univ_block*)i 
( 

/* assign the function to cover key presses for this window */ 

) 

'int idx=fir~Cfn(h8ndle); 
if (fdx==·1) ( 

wkey_fns[max_wkidx).wind_handle=handlei 
wkey_fns[max_wkidx++].key_fn=fni 

) else ( 
wkey_fns[idxl.kev_fn=fn; 

) 

void wind_enter_function(handle,fn) 
int handle; 
void (*fn)(l6liv_block*); , 
( 

/* call fn when the pointer enters the window */ 

int idx=find_fn(handle); 
if (idx-=-1) ( 

wkey_fns[max_wkidx1.wind_handLe=handLe; 
wkey_fns[max_wkidx •• 1.ent_fn=fn i 

) else { 
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} 

} 

void wfnd_leave_function(handle,fn) 
int handle; 
void C*fn)(univ_block*); 
{ 

/* call the fl.l1Ction tn when the pointer leaves the window */ 

Int idx=flnd_fn(handlel; 
if (idx==·1l { 

wkey_fns [max_wkidxl .wincthandle=handlei 
wkev_fnstmax_wkidx++l.lve_fn=fni 

} else { 
wkey_fnsl;dxl.lve_fn=fn; 

} 

} 

void window_redraw_function(handle,fn) 
fnt handle; 
void (*fn)(redraw_block*)i 
{ 

/* Function tn redraws the window whose hande is handle·1 

int idx=find_fn(handle)i 
if (idx==·1) { 

wkey_fns[max_wkidxl.wind_handle=handlei 
wkey_fns(max_wkidx++].rdw_fn=fni 

} else { 
wkey_fns[;dx].~_fn=fn; 

} 

} 

void menu_decode_function(fn) 
void (*fn)(univ_block*)i 
{ 

} 

'* tn is a function to decode menus */ 
menu_decode=fn; 

void background_mouse_function(fn) 
void C*fn)(univ_block*)i 
{ 

} 

void mse-pressed_function(handle,fn) 
int handle; 
void (*fn)(univ_block*)i 
{ 

/* assign the function to cover mouse button presses for this window */ 
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> 

int idx=find_fn(handlel; 
if (idx==·11 { 

wkey_fns [max_wki dx] .winc:thandle=handlei 
wkey_fns [max_wkidx++] .mse_fn=fn; 

> else ( 
wkey_fns[idxl.mse_fn=fni 

> 

static poll_retunn *one-POll(int mask) 
( '* call the WIMP poll routine once, and process the action according to functions 

defined in the prececHng section 

*' 

FLOW 

int idx; 

prb.reason=poll_wimpCmask,&prb.block,mv_error)i 
if(my_error) wimp_error(my_error,WE_OK); 
if(claimpolll=NULLI (*claimpolll(&prb.blockl; 
8witch(prb.reason) ( 

case OO_NOTHING: 
break; 

case DO_REDRAW: 
redraw_windowCprb.block.w.wind_handle)i 
break; 

case DO_OPEN: 
open_wind(&prb.bLock.w,mv_error)i 
if(my_error) wimp_error(mv_error,WE_OK)i 
break; 

case DO_CLOSE: 
idx=find_fn(prb.block.a[Oll; 
if«idxl=·11&&(wkey_fns[idxl.close_fnl=NULLII 

(*wkey_fns[idxl.close_fn)()i 
close_wind(prb.block..w.wind_handle,my_error)i 
if(mv_error) wimp_error(my_error,WE_OK)i 
break; 

case DO_LEAVE: 
idx=find_fn(prb.block.a[Oll; 
if«idxl=·11&&(wkey_fns[idxl.lve_fnl=NULLII 

(*wkey_fns[idxl.lve_fnl(&prb.blockl; 
break; 

case DO_ENTER: 

idx=find_fn(prb.block.a[Oll; 
if«idxl=-11&&(wkey_fns[idxl.ent_fnl=NULLII 

(*wkey_fns[idxl.ent_fnl(&prb.blockl; 
break; 
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case DO_MWSE: 

idx=find_fn(prb.block.aI31); 
/* found something .•• */ 

if((idxl=·1)&&(wkey_fnalidxl.mse_fnl=NULL» 
(*wkey_fnslidxl.mse_fn)(&prb.block); 

else if((prb.block.a131=··1)&&(bg_mouse_fnl=NULL» 
(*bg_mouse_fn)(&prb.block); 

break; 

case DO_DRAG: 
break; 

'* MOUSE Button press */ 

case DO_KEY: /* handle a key press •• check to see if we know what to do with keys *' 

> 

> 

idx=find_fn(prb.block.aIOl); 
if((idxl=·1)&&(wkey_fnalidxl.key_fnl=NULL» 

(*wkey_fnslidxl.key_fn)(&prb.block); 
break; 

case DO_MENU: 
if(menu_decodel=NULL) (*menu_decode)(&prb.block); 
break; 

case DO_SCROLL: 
break; 

default: 
break; 

return(&prb) ; 

void poll(int mask) 
( 

'* call poll repeatedly *' 

do one-POll(mask); while(TRUE); 
> 

void adjust_to_origin(int window, unfv_block ·block) 
( 

/* block contains graphics coordinates . . adjust to window coords *' 

> 

FLQIj 

int XCO,YCOi 

originLwa(window,&Xco,&yco); 
block·>a[Ol-=xco; 
block->a[1]-=ycoi 
block->s[21-=xCOi 
block->a[31-=yco; 
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void il"'lPJt_focus_toCint handle) 

< 

) 

caret_block cblock; 
mouse_block rmlock; 
getJPOint_info(&mblock,mv_error); 
cblock.wind_handle=handle; 
cblock.icon_handle=- 1i 
cblock.cx-mblock.mx; 
cblock.cy=mblock.my; 
cblock.height:-'; 
cblock.indexc -1i 
set_caret-PQS(&cblock,mv_error)i 
iferny_error) wimp_error(my_error,WE_OK); 

void redraw_window( int handLe) 

< 

) 

redraw_block block; 
int flag,xo,yo,idxi 
block.wind_handle=hendlei 
ori9in(0,0); 
fleg=redraw_wind(&block,my_error); 
iferny_error) wimp_error(rny_error,WE_OK)i 
whileCflag && Imy_error) < 

) 

xo=block.xO-block.sCXi 
yo=block.yl·block.scy; 
origin(xo,yo); 

block.gxO-=xo; 
block.gyO·=yo; 
block.gx1-=XOi 
block.gyl·=yo; 

idx=find_fn(block.wind_handle)i 
if(Cidxl=·l)&&Cwkey_fnsCidx).rdw_fnl=NULL» 

C*wkey_fnsCidx).rdw_fn)(&block); 
origin(O,O); 
flag=get_rectangle(&block,my_error)i 
ifCrny_error) wimp_error(my_error,WE_OK)i 

void originlwa(fnt handle, fnt *xco, fnt *yco) 

< 

) 

fLOW 

/* setup the origin of the local work area in *xco, and *yco */ 
wind_info_block wiblocki 
wiblock.wind_handle=handle; 
get_wind_info(&wiblock,my_error)i 
*xco=wiblock.xO·wiblock.sCXi 
·yco=wiblock.y1-wiblock.sCYi 
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void usf_close_wind(int handle) 

< 

/* Close the window whose handle is given */ 

close_wind(handle,my_error)i 
if(my_error) wimp_error(my_error,WE_OK)i 

} 

int usr_create_wind(wind_block *wblock) 
< 

/* create the window whose block is given, returning the window handle */ 

} 

int ret; 
ret=create_wind(wblock,my_error)i 
iferny_error) wimp_error(my_error,WE_OK); 
return(ret); 

void usr_open_wind(int handle, fnt wind_behind) 
< 

/* OPEN the window in the position given by wind_behind ON_TOP = on top *' 

} 

open_block oblock; 
get_wind_state(handle.&oblock,my_error)i 
Oblock.n_handle=winctbehind; 
open_wind(&Oblock,my_error)i 
if(my_error) wimp_error(my_error,WE_OK)i 

void usr_open_wind_scrollCint handle, fnt wind_behind, fnt SX, int sy) 
< 

} 

open_block oblock; 
get_wind_state(handle,&oblock,my_error); 
Oblock.n_handle=wind_behind; 
Oblock.x=sx; 
oblock.y=sy; 
open_wind(&Oblock,my_error); 
if(my_error) wimp_error(my_error,WE_OK); 

void get_wind_info(wind_info_block *wiblock, error *err) 
< 
/* Obtainm up-to-date information about the window */ 

} 

FLCllI 

rea_set regs; 
regs. r [1] =( i nt)wiblock; 
err=swix(GetWindowlnfo,&regs); 
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void move_mouse_to(int x, int y) 
< 

/* Move the mouse to the given screen coordinate */ 

> 

char block(101; 
res_set regsi 
block(OI-3; 
block (1] -lBb(x); 
block (21 =msb(x); 
block 131-lsb(y); 
block (41 =msb(y); 
regs.r[O]=21: 
regs.r[11=(int)block: 
swi(OS_Wond,&regs): 

void put_sprite(char -name, int action, char ·sp_area) 

< 

> 

rea_set regs; 
regs.r[O]=256+28: 
regs.r[1J=(int)sp_BreB; 
regs.r[Zl=(int)name: 
regs. r (3] cacti on; 
rega. r [5] =8: 
my_error=swix(OS_SpriteOp,&regs); 
if(my_errorl=NULL) < 

> 

wimp_error(my_error,WE_OK); 
exiteD): 

/***************************************** •••••••••••• *********/ 

/* Miscellaneous routines..... */ 
,**** •••• *** •••••• ************************************ ••••• ****/ 

void force_update(int handle, int xl, int yl, int xh, 1nt yh) 

< 

/* mark 8 portion of window 8S invalid, ready for replott;ng */ 

> 

FLOW 

redraw_block rblock; 
rblock.wind_handle=handle; 
rblock.xO=xl; 
rblock.yO=yl; 
rblock.x1=xh; 
rblock.y1=yh; 
force_redraw(&rblock,my_error); 
if(my_error) wimp_error(my_error,WE_OK); 
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< 

'* 

redraw_block rblock: 
wind_info_block wiblock: 

MSc Programming Project 

Mark the whole window as invalid, ready for redrawing (once returned to poLL loop) 

*' 

} 

wiblock.wind_handle=handlei 
get_wind_info(&wiblock,my_error)i 
ff(rny_error) wimp_error(my_errof,WE_OK): 
rblock.wind_handle=handle; 
rblock.xO=wiblock.exxO; 
rblock.yO=wiblock.exyO; 
rblock.x1=wiblock.exx1; 
rblock.yl=wiblock.exyl; 
force_redraw(&rblock,mv_error); 
if(rny_error) wimp_error(my_error,WE_OK); 

void uSf_update_scroll_wind(int handle, int topleft_x, int topleft_y) 
< 

-"_block oblock; 
wind_info_block wiblock: 

'* change position of scroll bars and redraw the window *' 

} 

wiblock.wind_handle=handlei 
get_wind_info(&wiblock,mv_error); 
if(rny_error) wimp_error(my_error,WE_OK); 
oblock.wind_handle=handle; 
oblock.xO=wiblock.xOi 
oblock. yO=wi block. yO; 
Oblock.x1=wiblock.x1i 
oblock.yl=wiblock.yl; 
oblock.x=topleft_x·200; 
oblock.y=topleft_y+150; 
Oblock.n_handle=-1i 
close_wind(handle,my_error)i 
open_wind(&oblock,my_error)i 
if(my_error) wimp_error(mY_error,WE_OK)i 

int intersect(redraw_block *block, int xO, int yD, int x1. int V1) 

< 

'* window extent, rel to window orig *' 

/* window extent, rel to window orig */ 

/* re-open window on top */ 

/* returns TRUE if the rectangle intersects the redraw block, else FALSE */ 

FLOII 

if«xO>block·>gxllll 
(xl<block->gxOlll 
(yl<block·>9yOlll 
(yO>block·>gylll return(FALSEl; 

else return(TRUE)i 
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> 

/* items checking window status ••. */ 

fnt fs_wfndow_open(fnt handle) 
( 

> 

/* return TRUE if the window is open */ 

open_block oblock; 
get_wind_state(handle,&oblock,my_error); 
if(my_error) wimp_errorcmy_error,WE_OK); 
return«Oblock.flags&oPEN)I;O)i 

int is_window_tap(int handle) 
( 

/* TRUE if the window ;s on top of the pile */ 

> 

open_block oblock; 
get_wind_state(handle,&oblock,my_error)i 
iferny_error) wimp_errorCmy_error,WE_OK)i 
return(Oblock.flags&TOPI=O)i 

int is_window_fullsize(int handle) 
( 

/* TRUE is the window is fullsize */ 

> 

open_block oblock; 
get_wind_state(handle,&Oblock,my_error)i 
iferny_error) wimp_errorCrny_error,WE_OK); 
return(oblock.flags&FULL_SIZEI=O); 

void set_window_extentCint handle, int xb, int yl, int xt, int yr) 
( 

'* change the size of the window work area to that given */ 

> 

redraw_block block; 
block.wfnd_handle=handle; 
block. xO=xb; 
block.yO=yl; 
block.x1=xt; 
block.y1=yr; 
set_extentC&block,rny_error)i 
ifCrny_error) wimp_errorCrny_error,WE_OK)i 

void scroll_windowCint handle, int xd, int vd) 
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( 

/* distance fs number of pixel rows,cols */ 

wind_info_block wiblock: 
redraw_block bLock: 
int flag: 
block.wind_handle=handle; 
wiblock.wfnd_handle=handle; 
get_wind_fnfoC&wiblock,mv_error): 
block.xO=w;block.exxO: 
block.yO=wiblock.exyO; 
block.x1=wiblock.exx1: 
block.y1=wiblock.exy1i 
flag=update_wfnd(&block,my_error): 
if(my_error) wimp_error(my_error,WE_OK); 
while(flag) ( 

/* rtn all visible rectangles */ 

move(block.gxl,block.gyl); 
move(block.gxO,block.gyO); 
plot( 185, xd, yd); 
flag=get_rectangle(&block,my_error): 
if (my_error) wimp_error(my_error,WE_OK): 

} 

} 

void put_caret(int handLe, int x, int y) 
( 

/* position the writeable caret somewhere */ 

} 

caret_block cblock: 
cblack.wind_handle=handle; 
cblock.;con_handle=-1: 
cblock.cx=x; 
cblock.cY=Yi 
cblock.height=32+(I«24); 
cblock. index=-'; 

/*************************************************************** •••• , 
,. ERROR functions ., , ..................................•..•••••••••..................••• , 
int wimp_error(error ·e, int flags) 
( 

,. There has been an error, the message is e, flegs determines what sort of box end 
what sort of response to get from the user 

*' 

FLOW 

reg_set regsi 
regs. r [0] =( int)ei 
regs.r[1]=flags; 
regs.r[2]=(int)taskname; 
swix(Wimp_ReportError,&regs); 
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return(regs.r[1»i 
} 

void do_errof_num(int num, char -text) 
( 

/* pass on error text, number num to the user *' 

} 

error Si 
8.errnun=nuni 
strcpy(a.ernmess,text); 
wimp_error(&e,WE_OK)i 

void do_error(char *text) 
{ 

/* Here, just the text is passed on *' 
} 

void set_taskname(char -name) 
{ 

/* Set the t8skname to given name, used for multitasking 
and other bits and pieces (e.g. error windows) */ 

taskname=namei 
} 

/**********.**********************. 
Icons 

***********************************/ 

void make_unseLectable(int icon, int window) 
{ 

/* blank out the icon *' 

} 

istate_block isblock: 
fSblock.wind_handle=window: 
fsblock.icon_handle=icon; 
isblock.a[OI=NOSELECT; 
isblock.a[II=NOSELECT; 
set_icon_state(&isblock,my_error)i 

void make_selectable(i"nt icon, fnt window) 
{ 

/* ensure icon can be selected */ 
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> 

istate_block isblock: 
isblock.wind_handle=windowi 
isblock.icon_handle=icon; 
isblock.aIOl=O; 
isblock.all1=NOSELECT; 
set_fcon_state(&isblock,my_error)i 

int is_lean_selected(int icon, int window) 
( 

/* returns TRUE if icon is selected *1 

> 

fstate_block isblock: 
i sblock. vi ncChand Le=wi ndow; 
isblock.icon_handle=icon: 
get_icon_state(&isblock,my_error); 
if (my_error) wimp_error(my_error,WE_OK)i 
return«isblock.a 141&SELECTEO) 1=0); 

int make_sprite_icon(int whandle, int XCO, int yeo, int width, 
int height, char *sname, char *scblock, int type) 

( 

/* turn the sprite into an icon *' 

> 

int ihandle; 
icon_block iblock: 
iblock.wind_handle=whandle: 
iblock. ixO=XCOi 
iblock. iyO=yco; 
iblock.ix1=xco+width: 
iblock.iyl=yco+height; 
iblock.flags=INOIRECT+SPRITE+(type«12)+(3«24)+(15«28); 
iblock.data.writeable.text_buff=sname; 
iblock.data.writeable.val_string=seblock; 
iblock.data.writeable.bufflen=strlen(sname); 
ihandle=create_ieonC&iblock,my_error); 
if (my_error) wimp_errorCmy_error,WE_OK); 
return(ihandle); 

/* EOR with this */ '* BIC with this first =Unset the bit·, 

int make_text_ieon(int whandle, int xeo, int yeo, ehar *text, int type, 
int fg, int bB, int height) 

{ 

/* turn the text into an ieon */ 

FLOW 

int ihandle; 
icon_block iblock; 
iblock.wind_handle=whandle; 
iblock. fxO=xeo; 

Page 253 Revision 1.00 



Sect. 9.4.10 MSc Programming Project 

) 

iblock. tyO=yco; 
iblock.ix1=xco+(strlenCtext)«4)+20i 

if(height<=48) tblock. ;yl=yc0+48; 
else ibloct.iy1=yco+height; 

iblock.flass=HOR_CENTRE+ 
VER_CENTRE+ 
FILLED+ 
TEXT+ 

BORDER+ 
INDIRECT+ 
(t_«12)+ 
(bg«24)+ 
(fg«28); 

iblock.data.writeable.text_buff=texti 
iblock.data.writeable.vaL_string=(char*)·1; 
iblock.data.writeable.bufflen=strlen(text); 
ihandle=create_icon(&iblock,mv_error)i 
if (my_error) wimp_error(my_error,WE_OK); 
return(ihandle)i 

int make_writeable_icon(fnt whandle, int Keo, int yeo, char *text, 
int length, int height, int fg, int bg) 

( 

/* create an icon into which the user can write things */ 

) 

'* 

int ihandle; 
icon_block iblock; 

length+=1; 
iblock.wind_handLe=whandle; 
iblock.ixO=XCOi 
iblock. iyO=ycoj 
iblock.ix1=xco+(length<<4)+16; 
iblock.;y1=yco+height i 

;block.flass=FILLED+TEXT+BORDER+INDiRECT+(15«12)+(fS«24)+(bg«28); 

iblock.data.writeable.text_buff=texti 
;block.data.writeable.val_string=(char*)-1; 
;block.data.writeable.bufflen=lengthi 
ihandle=create_icon(&iblock,my_error)i 
if (my_error) wimp_error(my_error,WE_OK)i 
return( ihandle) i 

Menus •••• 

FLOW Pose 254 
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========= 

*' 
void usr_create_menuCblock,xp,yp,fn) 
meru_block *block.i 
int XP,VPi 
void C*fn)(univ_block*); 

< 

MSc Programming Project 

'* create a menu, and set up the function to decode it *' 

} 

FLCllI 

mEtrI,ujecode_ fU1Ct i onC fn); 

create_menu(block,xp,yp,my_error); 
if (my_error) wimp_errorCmy_error,WE_OK); 
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9.4.11 ASM.F ASM 

;this version 1.00 26/8/89 (C) M. Twells 

iAssertbly language support for WIMP environnent" 

;These rouHnes are all hardware-dependent, and are here because 
;they are unpleasant to express in C, and are rather easier to deal 
;with here (requiring spurious structures in C) 
i • . moving them all here also removes some machine-dependence fran the 

C source code. 

module 
area CSCode,code,readonly 
inport do_error 
export close_wimp,is_8_dir 
export fextent,settype 
export a_open_wimp,rename_file,delete_file 

isoftw8re hooks ••• 

Winp_CloseDown 
Winp_lnitial ise 
OS_FSControl 
OS_File 

EQU&4000D 
EQU &400CO 
EQU &29 
EQU 8 

OS_ReadVduVadables EQU &31 

align 

i************** S TAR T OF COD E ***************** 

;close down WIMP environment 

swi Willf'_CLoseoown 
mov pc, lr 

ishut it all down 

;Open the WIMP environment up, for RISCOS 

mov 0,#200 
moY 1,fIO 
moY 2,fIO 

swf XWinp_Initialise 
movvc O,fIO 
mov pc, lr 

i-------------------------

iold file name in 0, new one in 

FLDII 

iThis wonlt work prior to WIMP version 2.00 
inot nLlltitasking (IITASK" here if is) 

ino need for name of task (- name if is ) 

;no error, make it nulL 
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mov 2,1 
mov 1,0 
mov 0,#25 
swi XOS_FSControl 
mavvc O,tIO 
mav pc, lr 

MSc Programming Project 

ishuffle parameters up one register 

i25 is code for renaming objects 
ierror returns as usual in RO 
iset NULL if no error 

i •••• --- ••• -- •••• - ••• - •••••••• 

ifile pethname for deletion in rO on call 

stmfd spl,<1·6,lr) 
mav 1,0 imove fi lename to 1 
mav 0,#6 
swi XOS_Fi le 
movvc O,tIO 

i6 is code for deleting objects, PRM vol I page 236 
ierror returns as usual in RO 
iset NULL if no error 

ldmfd spl,<1-6,pc> 

...... _ ..•...•.•• _ ........... . , 

settype 

ifilename pointed at by rO, file type in 1 

mov 2,1 
mav 1,0 
mov 0,tI&12 
swi XOS_File 
movvc 0,#0 
mav pc,lr 

iput file type in 2 
iput file name in 1 
iCode for set type 

i·_····· __ ···_····_······· __ ·· 

fextent 

irO = pointer to name 
ireturn with rO = length 

stmfd spl,<1·6,lr) 
may 1,0 
mav O,tIS 

ixfer name pointer to r1 
i=read catalogue info 

swi XOS_File 
maY 0,4 
ldmfd spl,<1-6,pc> 

i---················_·_······· 

irO=pointer to name 

ifile extent into 0 

ireturns TRUE if it is a directory, else FALSE 
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FLOW 

stmfd spl,{1-6,lr} 
mov ',0 
mov O,fIS 
swi XOS_File 
ClIP 0,112 
moveq 0,#1 
movne 0,110 
ldmfd spl,<1-6,pc} 

MSc Programming Project 

iset up parameters to 
iread catalogue info 

iFalse ... 
i TRUE 
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9.4.12 ASM.HQURGLASS 

i>ASM.hourglass 
iroutines for hourglass module 

III06.lle 
area CSCode,code,readonly 

;Void •.. 
export Hg_on 
export Hg_Off 
export Hg_Smasn 

;take one fnteger argument .•. 
export Hg_Start 
export Hg_Percent 

;take 2 integer arguments 
export Hg_LeDs 

Hourglass_on 
Hourglass_Off 
Hourglass_Start 
Hourglass_Smash 
Hourglass_Percentage 
Hourglass_LEDs 

eQU &406CO 
eau &406C1 
eQU &406C3 
eQU &406C2 
eau &406C4 
eau &406C5 

Hg_on SWI Hourglass_On 
mov pc, lr 

Hg_Off SWI Hourglass_Off 
mov pc, lr 

Hg_Smash 
SWI Hourglass_Smash 
IJI)V pc, lr 

Hg_Start 
SWI Hourglass_Start 
IJI)V pc, lr 

Hg_Percent 

FLOW 

SWJ Hourglass_Percentage 
IJI)V pc, lr 

SWI Hourglass_LEDs 
mav pc, lr 

MSc Programming Project Assembler files 
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9.4.13 Index to c routines in listings 
Index into LisHngs, by routine name : 
(Files are listed at about 50 lines per page) 

Function Name Line no. Defining file 

Edit_ ...... _decode 
add_to ...POthname 
adjust_to_origin 
allow_for 
appenlU'ox 
arrowhead 
background_mouse_function 
calcparams 
charsize 
check_bounds 
cheek_error 
. cheek_range 
cheek_syntax 
claimJPOll_function 
clear_graph_index 
clear_graphs 
clear_menu 
clear_variables 
clearrunreeord 
clearup 
close_window_function 
construct_error_message 
create_variable_menu 
d_to_r 
dbp 
define_calc_icons 
define-P8nel_icons 
define_runentry_icons 
delete_box 
delete_men..! 
do_error 
do_error JILIn 
do_graph 
do_label 
doplot 
drawOOx 
ensure_box_is_visible 
entering_boxeditor 
entering_flows 
evaluate 
exists 
fgetdouble 
fgetname 
fgetword 
file_menJ 
find_fn 
find_index 
force_update 

447 c.f_main 
45 c.f_help 

451 c.w_shell 
833 c. f_setup 
941 cof_main 

1400 c.f_ops 
335 c.w_shell 
113 c.f"plot 
537 c.f_main 
659 c.f_ops 
197 c.w_shell 
650 c.f_ops 
304 c.f_ops 
221 c.w_shell 
258 c.f_main 

1215 c.f_main 
357 c.f_main 
585 c.f_ops 

1150 c.f_ops 
1415 c.f_main 

230 c. w_shell 
369 c.f_ops 
484 c.f_ops 
440 c.f_ops 

1859 c.f_ops 
796 c.f_setup 
836 c.f_setup 
n7 c.f_setup 
901 c.f_main 
194 cof_main 
827 cow_shell 
815 c.w_shell 

1266 cof_main 
86 c.f"plot 
96 c.f"plot 

675 c. f_main 
10n c.f_main 
1175 c.f_main 
1191 c.f_main 
678 c.f_ops 

1682 c. f_ops 
1643 c. f_ops 
1658 c. f_ops 
1666 c. f_ops 
314 c. f_main 
184 c.w_shell 

1254 c.f_main 
620 c.w_shell 

First line of definition 

void Edit_ ...... _decode(univ_block *block) 
static void add_to-P8thname(char *directory) 
void adjust_to_origin(int window, univ_block *block) 
#define allow_for(x) (CHAR_WIOTH*x+30) 
static void appenctboxCflow_box_type "'current, flow_box_type *box) 
static void arrowhead(int orient) 
void background_mouse_function(fn) 
static void calcparams(int run, double *x, double *y) 
void charsize(int x, int y) 
static double cheek_bounds(double n, int fnum, int bnum,int *evaler 
void cheek_error(char ·name, error *errorp) 
static double check_range(double n, double lower, double upper,int 
static int check_syntax(char *buf) 
void claimJPOll_function(fn) 
static void clear_sraph_index(void) 
void clear_sraphs(void) 
static void clear_menu(int choice) 
void clear_variables(void) 
void clearrunrecord(void) 
static void clearup(int code) 
void close_window_function(handle,fn) 
static void construct_error_message(char *message, char *tb, char * 
static void create_variable_menu(univ_block *block, int newvar) 
static double d_to_r(double x) 
static int dbp(double num) 

static void define_calc_icons() 
static void define-P8nel_icons() 
static void define_runentry_icons() 
void delete_boxCflow_box_type *current) 
void delete_met"lU(univ_block *block) 
void do_error(char *text) 
void do_error_num(int num, char *text) 
void do_graph(int chartnum, double xmin, doubLe xmax) 
static void do_label(void) 
static void doplot(int numpoints, double *x, double *y, int col) 
static void drawOOx(int flownum, flow_box_type *this_box, int xp,in 
static int ensure_box_is_visible(int cur_flow, int cur_box) 
static void entering_boxeditor(univ_block *block) 
static void entering_flows(univ_block ·block) 
double evaluate(double input, int fnum, flow_box_type *box, 
static int exists(char *fname) 
static double fgetdouble(FllE *file) 
void fgetname(FILE *file) 
static int fgetword(FILE *file) 
static void file_menu(univ_block *block) 
int find_fn(int handle) 
static int find_index(int num) 
void force_update(int handle, int xl, int yl, int xh, int yh) 
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fp.ltdoo.tlle 1614 c.f_ops 
fp.ltword 1629 c.f_ops 
frae 1849 c.f_ops 
get_wind_info 571 c.w_shell 
gpos_y 1431 c.f_ops 
graph_ ....... 293 c.f_main 
graph...plot 61 c.f"'plot 
graph_super_menu 243 c.f_main 
araph_window_closins 1226 c.f_main 
araph_window_menu 268 c.f_main 
help_menu 257 c.f_help 
in_betweeny 232 c. f"'plot 
initialise 1466 c. f_main 
initialise_functions 1628 c.f_main 
initialise_screen 1617 c.f_main 
fnp.lt_focus_to 466 c.w_shell 
insert_Btter_box 965 c.f_lII8in 
insert_before_box 1000 cof_main 
intersect 683 cow_shell 
is_function_key 1064 c.f_ops 
is_iean_selected 880 c.w_shell 
is_op 346 c.f_ops 
is ,J)8thname 148 cof_main 
is_token 206 c.f_ops 
is_window_fullsize n3 c.w_shell 
is_window_open 71)0 c.w_shell 
iB_window_top 711 c.w_shell 
item 82 c.w_shell 
key_on_boxeditor 1105 c.f_main 
key_on_runentry 1271 c.f_ops 
key_on_runrecord 1382 c.f_ops 
key-pressed_function 262 c.w_shell 
leaveJ>rogram 17" cof_main 
leaving_boxeditor 1184 c.f_main 
leaving_flows 1200 c.f_lII8in 
length_of_flowchart 1569 c.f_ops 
load_flowcharts 1775 c.f_ops 
loact ....... 164 c. f_main 
load_sprites 1391 c. f_main 
lOtS8_OPS 357 c.f_ops 
lsb 29 c.w_shell 
main 1757 c.f_main 
make_selectable 865 c.w_shell 
make_sprfte_srea 1378 c. f_lII8in 
make_sprite_icon 894 c.w_shell 
make_text_fcon 917 c.w_shell 
make_unselectable 851 c.w_shell 
make_writeable_icon 951 c.w_shell 
menJ_ decode_ flnCt i on 328 c.w_shell 
mouse_elsewhere 1369 c.f_lII8ln 
mouse_enters_runentry 1035 c.f_ops 
mouse_enters_runrecord 1050 c.f_ops 
mouse_leaves_runentry 1044 c.f_ops 
mouse_leaves_runrecord 1058 c.f_ops 

static void fputdouble(FllE *file, double num) 
static void fputwond(FILE *file, int num) 
static double frac(double num) 
void get_wind_info(wind_info_block *wiblock, error *err) 
static int gpos_y(void) 
static void graph_menu(univ_block *bLock) 
void graphjplot(int numpoints, double *x, double *y, 
void graph_super_menu(univ_block "block) 
void graph_window_closing(void) 
static void graph_window_menu(univ_block *block) 
void help_rnenu(univ_block * block) 
static void in_betweeny(int *x) 
static void initialise(void) 
static void initfalise_functions(void) 
static void initfalfse_screen(void) 
void inp.lt_focus_to(int handle) 
static void insert_after_box(flow_box_type *current,flow_box_type * 
static void insert_before_box(flow_box_type *current,flow_box_type 
int intersect(redraw_block *block, int xC, int yD, int x1, int y1) 
static int is_function_key(int code) 
int is_icon_selected(int icon, int window) 
static int is_op(char ch) 
int iSjp8thname(char *p) 
static int is_token(char *buf) 
int is_window_fullsize(int handle) 
int is_window_open(int handle) 
int is_window_top(int handle) 
tldefine item( i) (block·>a [iJ) 

static void key_on_boxeditor(univ_block *block) 
void keY_Of'l_runentry(univ_block *block) 
void keY_Of'l_runrecord(univ_block *block) 
void key-pressed_funetion(hendle,fn) 
void leavejprogram(void) 
static void leaving_boxeditor(univ_block *block) 
static void leaving_flows(univ_block *block) 
int length_of_flowchart(int number) 
void load_flowcharts(char *fname) 
void loactmenu(univ_block "block) 
static void load_sprites(char *name) 
static int lotsa_0p8(char *b) 
tldefine lsb(x) (char)(x&OxFF) 
int main(int argc, char *argv[]) 
void make_selectable(int icon, int window) 
static char* make_sprite_area(int size) 
int make_sprite_icon(int whandle, int xco, int yco, int width, 
int make_text_icon(int whandle, int xco, Int yco, char *text, int t 
void make_unselectable(int icon, int window) 
int make_writeable_icon(int whandle, int xco, int yeo, ehar *te 
void menu_decode_function(fn) 
void mouse_elsewhere(un;v_block *block) 
void mouse_enters_runentry(univ_block *bLock) 
void mouse_enters_rlSlrecord(Lrliv_block *block) 
void mouse_leaves_runentry(univ_block *bLock) 
void mouse_leaves_runrecord(univ_block *block) 
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mouse_on_boxeditor 
mouse_on_flowcharts 
mouse_on_help 
mouse_on...,.PBneL 
mouse_on-pLotwindow 
mouse_on_vartable 
move_cur rent_box 
move_mouse_to 
msb 
mse_on_runentry 
mse_on_runreco~ 

mse-pressed_function 
new_vars_menu 
next_L ine 
of icon 
oneJ'Oll 
open_wl..., 
open_wi rdow_ funct i on 
originlwa 
overwrite_box 
poll 
prefs_menu 
pr I nt_dp 
print_sf 
punits 
put_caret 
put_sprite 
r_to_d 
read_dbL 
react di rectory 
redefine_characters 
redraw_boxeditor 
redraw_current_flowchart 
redraw_fLowchart_number 
redraw_flowcharts 
redraw_graphinfo 
redraw_help 
redrawJ)lotbox 
redraw_rl.l"tentry 
redraw_runrecord 
redraw_vartabLe 
redraw_window 
remove_Last_from....PBth 
remove_variable 
rename_menu 
reset_caret 
run_flowchart 
run_time_error 
save_flowcharts 
scroll_window 
set_from_env 
setJt8lette 
set_taskname 
set_tick_item 

1136 c.f_main 
654 cof_maln 
297 cof_heLp 

1332 cof_maln 
1231 cof_maln 
542 cof_ops 
603 c.f_main 
581 cow_shell 
30 cow_shell 

1192 cof_ops 
1254 cof_ops 
341 cow_sheLL 
511 cof_ops 
229 cof"'pLot 

1092 c.f_main 
358 cow_shell 
156 cow_shell 
246 c.w_shell 
511 cow_sheLL 
888 c.f_main 
441 cow_shell 
401 c. f_main 

1885 cof_ops 
1898 cof_ops 
246 co f"'pLot 
780 cow_shell 
599 cow_shell 
448 cof_ops 

1868 cof_ops 
98 cof_heLp 

1726 c.f_main 
808 c. f_mafn 
835 c. f_main 
798 c. f_main 
756 cof_maln 
257 cof"'pLot 
315 cof_heLp 

1312 cof_maln 
1505 cof_ops 
1449 cof_ops 
560 cof_ops 
483 c.w_shell 
55 cof_heLp 

469 cof_ops 
215 c.f_main 

1008 cof_maln 
978 cof_ops 
623 cof_ops 

1711 cof_ops 
752 cow_shel L 

1449 c.f_main 
1437 cof_maln 
834 c.w_shell 
140 cof_maln 

static void mouse_on_boxeditorcuniv_block *bLock) 
void mouse_on_flowchartscuniv_block *block) 
void mouse_on_heLp(unlv_bLock *bLock) 
static void mouse_on...,.PBnelCuniv_block ·block) 
static void mouse_on-plotwindowCuniv_block *block) 
void mouse_on_vartableCuniv_block ·block) 
static void move_current_boxcuniv_block ·block) 
void move_mouse_toCint x, int y) 
#define msb(x) (char)(x»8)&OxFF) 
void mse_on_runentryCuniv_block ·block) 
void mse_on_runrecordCuniv_block *block) 
void mseJ)ressed_functionChandle,fn) 
static void new_vars_merwJClrIiv_block *block, int newer) 
#define next_linecx) x=x-36;\ 
static int oficonCint ihandle) 
static poll_return *one-POllCint mask) 
void open_wlorpC Int bg) 

void open_window_functionChandle.fn) 
void originlwaCint hardle, int *xco, int *yco) 
static void overwrite_boxCflow_box_type *current, flow_box_type·bo 
void poLL(lnt mask) 
static void prefs_menucint choice) 
static char ·print_dpCdouble number, int precision) 
static char ·print_sfCdouble number, int accuracy) 
static void punitsCint n) 
void put_caretCint handle, int x, int y) 

void put_spritecchar *name, int action, char *sp_area) 
static double r_to_dCdouble x) 
void reactdblCchar ·rawbuffer, double .pun) 
static error *read_directorYCchar ·pathname, char *replyblock,int • 
static void redefine_charactersCvoid) 
static void redraw_boxeditor(redraw_block *block) 
static void redraw_current_flowchart(void) 
void redraw_flowchart_numberCint num) 

static void redraw_flowchartscredraw_block ·block) 
void redraw_graphinfoCredraw_block ·block) 
void redraw_help(redraw_block ·block) 
static void redraw-plotboxCredraw_block .block) 
void redraw_runentrycredraw_block ·block) 
void redraw_runrecordCredraw_block *block) 
void redraw_vartableCredraw_block ·block) 
void redraw_windowCint handle) 
static void remove_last_from-PBthcvoid) 
static void remove_variableCuniv_block *block) 
void rename_menucuniv_block *block) 
static void reset_caretcvoid) 
static void run_flowchartCint flo~r, char *input, char *output 
static void run_time_errorCchar *errmess, int fnum, int boxnum,int 
void save_flowchartsCchar ·fname) 
void scroll_windowC int handle, int xd, int yet) 
static void set_from_env(int *var, int dflt, char *envvar) 
static void setjp8letteCchar *file) 
void set_tasknameCchar *name) 
void set_tick_itemcint num, menu_block *menu) 
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set_windOw_extent 
setup_calc_screen 
setup_di r _menu 
setup_dir _men.!1 
setup_dir_meru2 
setup_dir_menu_r 
setup_ffle_mer'U 
setup_graph_menu 
setup-Prefs_mer'U 
setup_rename_menu 
setup_super_men.! 
setup_vars_menu 
setup_winds 
store 
stripspaces 
s_r...plot 
syntax_ok 
ticklength 
tokenise 
undO-plot_record 
LnSet_all_ticks 
unset_tick_item 
update_boxrecs 
update_calc_screen 
update_current_flowchart 
update_fkey 
update_Input 
update_max 
update_output 
update_record 
usr _close_wind 
usr_create_menu 
usr_create_wind 
usr _open_wind 
usr_open_wind_scroll 
usr_update_scroll_wind 
usr _update_wind 
var_exists 
vars_menu_decode 
varval 
wiR1l_decision 
will1l_error 
wind_enter_function 
wind_Leave_function 
window_redraw_function 
wipe_aLL_charts 
wipe_chart 
xaxis 
xco 
xval 
yaxfs 
yco 
yval 

736 cow_shell 
843 cof_main 
66 c.f_help 

119 c.f_help 
192 c.f_help 
78 c.f_help 

861 c.f_setup 
878 c. f_setup 
921 c.f_setup 
89 c.f_help 

908 cof_setup 
934 c.f_setup 
966 cof_setup 
598 c.f_ops 
192 c.f_ops 
77 c.f"'plot 

406 c.f_ops 
28 c.f"'plot 

220 c.f_ops 
562 cof_main 
132 c. f_main 
122 c. f_main 
556 c.f_main 
876 c. f_IDBin . 

1032 c. f_main 
1183 c.f_ops 
1164 c.f_ops 
927 c.f_main 

1173 c.f_ops 
1122 c.f_ops 
524 c.w_shell 
990 c.w_shell 
534 c.w_shell 
546 c.w_shell 
558 c.w_shell 
657 c.w_shell 
636 cow_shell 
460 c.f_ops 
520 c.f_ops 
638 c.f_ops 

1700 c.f_ops 
799 c.w_shell 
277 c.w_shell 
293 c.w_shell 
311 c.w_shell 
593 c.f_main 
576 c.f_main 
153 c.f"'plot 
22 c.f"'plot 
25 c.f"'plot 

191 c.f"'plot 
23 c.f"'plot 
26 c.f"'plot 

void set_window_extent(int handle, int xb, int yl, int xt, int yr) 
void setup_calc_screen(flow_box_type *box) 
menu_block *setup_dir_menuCchar *header, char *directory) 
static menu_block *setup_dir_menu1Cchar *header, char *directory,in 
static men"Lblock *setup_dir_menu2Cchar *header, char *directory) 
menu_block *setup_dfr_menu_rCchar *header, char *directory) 
static void setup_file_menuC) 
static void setup_greph_menu() 
static void setup~efs_menuC) 
menu_block *setup_rename_menuCchar *header, char *directory) 
static void setup_super_menuC) 
static void setup_vars_menuC) 
void setup_winds() 
void store Cdouble val, char *ident) 
void stripspacesCchar *buf) 
void superjplot(int num, double *x, double *y, int col) 
int syntax_okCchar *buffer, flow_box_type *box) 
#define ticklength(nun) «nunX5==0)115:8) 
static int tokeniseCunion data *dta, char *buffer, char *out) 
void undOjplot_record(int num) 
static void lnSet_all_ticks(menu_block *menu) 
static void lonIet_tick_item(int nun, menu_block *menu) 
void update_boxrecs(void) 
void update_calc_screen(void) 
static void update_current_flowchartCflow_box_type *box) 
static void update_fkey(void) 
static void update_inputCvoid) 
static void update_mBx(int boxnum) 
static void update_outputCvoid) 
static void update_record(char *in, int op, char *out) 
void usr_close_windCfnt handle) 
void usr_create_menuCblock,xp,yp,fn) 
int usr_create_windCwind_block *wblock) 
void usr_open_wind(int handle, int Wind_behind) 
void usr_open_wind_scroll(int handle, int Wind_behind, int sx, int 
void usr_upcIate_scroll_wind(int handle, int topleft_x, int topleft_ 
void usr_updete_wind(int handle) 
static int var_existsCchar *var~, int *index) 
static void vars_menu_decodeCuniv_block *block) 
static double varval(flow_box_type *box, int fnum, int *evalerror) 
int wimp_decision(char *text) 
int wimp_errorCerror *e, int flags) 
void wind_enter_functionChandle,fn) 
void wind_leave_functionChandle,fn) 
void window_redraw_function(handle,fn) 
void wipe_all_chartsCvoid) 
void wipe_chartCint num) 
static void xaxis(void) 
#define xcoCva) «int)«va-x_min)*x_scale» 
#define xvalCx) «double)(x*x_scale)+x_min) 
static void yaxisCvoid) 
#define ycoCva) CCint)C(va-y_min)*y_scale» 
#define yval(y) «double)(y"y_scale)+y_min) 
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