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6.2.5 Animation sequences.

The aim of the animation sequences is to give an animated graphic
representation of each interpretation of the electrocardiograph.
When the expert system shell reaches a valid decision
(interpretation), the user is asked if he wishes to see this

animated.

If the answer is affirmative the animation procedure is entered.
The procedure searches for the picture files (on disk)
corresponding to the decision number. It will display these files
sequentially until no further files in the sequence are found,
and then repeat the sequence until interrupted from the keyboard.
The animation procedure then returns control to the expert system
shell. If no picture files are found corresponding to the
decision number, the user is informed of this and control is

returned to the shell.

The described method of implementation has many advantages, but
also some drawbacks. The animation sequence is selected solely by
the decision number. It has no logic showing which knowledge base
generated that number. Hence decision number one will produce the
same animated graphic sequence for both the Wolff-Parkinson-White
or the Infarct knowledge bases, even though the interpretation

corresponding to decision number one differs.

The modification to make the animation sequence knowledge base
specific can be easily implemented by utilizing knowledge base
specific names, i.e calling a picture frame WPW_Dl.a, rather than
simply Dl.a. It is more difficult to incorporate the logic to
tell the system that decision number one in one Kknowledge base

requires the same animation sequence as decision number forty-
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eight in another, say, without making the writing and

modification of knowledge bases a complicated business.

6.3 THE ANIMATION MODULE

Animation requires that a series of images are created (drawn),
and then displayed onto the screen in rapid succession. While
many commercially available drawing programs exist (e.g. PC-
Paintbrush, GEM-Paint) difficulty was experienced in accessing
the drawings produced by other packages from the Turbo-pascal
environment. The problem is due to the fact that bit-mapped
graphics consume considerable amounts of storage space. To
improve on this, drawing packages employ data compression
algorithms when they store their pictures. I was unable to find
documentation which described the algorithm required to
decompress the pictures produced by any of the commercially
available drawing packages. I therefore wrote my own drawing

program, and incorporated it in the animator.

The package consists of two modules:
The picture drawing module.

The data compression module.
6.3.1 The picture drawing (screen painting) module

The picture drawing module allows the user to create a series of
drawings on the screen, and then to display them in rapid
succession to achieve the effect of animation. The screen-
painting module offers none of the user-friendliness found in
commercial screen-painting packages, and few of the more advanced

functions, but it serve its purpose.

The module offers the following screen painting functions:-
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6.3.1.1 Turtle graphics

A triangular marker, approximately 1cm by 1lcm, appears on the
screen. This is the turtle. It appears in the current drawing
colour. It can be moved anywhere on the screen, either by moving
along co-ordinates (north, south, east and west) or by rotating
to face any direction and then moving forward or backwards. In
the drawing mode a line, one pixel wide, will be drawn behind the

moving turtle.

6.3.1.2 Circle
The circumference of a circle can be described once the centre

and any point on the circumference are marked.

6.3.1.3 Rectangle
A solid rectangle of any available colour can be drawn once
diagonélly opposite corners are marked. This is intended mainly

as a method for painting over (deleting) areas of the picture.

6.3.1.4 Irregular shapes.
Shapes outlined can be filled in any available colour. The turtle
must be placed inside the shape to be painted in, and the entire

outline must be in the current drawing colour.

6.3.1.5 Copying rectangles.
Any rectangular area of the screen can be copied to any position
on the screen. Rectangles cannot be rotated, and will obliterate

whatever lies underneath thenm.

6.3.1.6 Colour.
The animator supports the colour graphics mode of the IBM CG
card. Four colours may be used simultaneously on the screen. The

animator allows the choice of four palettes:-
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Black, Green, Red, Brown.
Black, Cyan, Magenta, Light Gray.
Black, Light green, Bright red, yellow.

Black, Light cyan, light magenta, white.

6.3.1.7 Saving drawings.

The drawing currently on the screen can be saved to a file on
disk. Files can have any legal name but must have a single legal
ASCII character as a dot extension. Any file with the same name

already present on the disk will be over-written.

6.3.1.8 Retrieving drawings.

Picture files stored on disk can be loaded onto the screen for
further revision or modification. They can be saved to disk, but
will be saved under the same filename. The dot extension,

however, can be changed to any legal ASCII character.

6.3.2 Control functions for screen-painting module.

These control functions assume that the keyboard will be used for
input. If a mouse is available, it can be used instead of the

arrow keys.

shift <Tab> Place an old drawing on the

screen (load a picture file).

PgUp Rotate turtle clockwise

PgDn Rotate turtle anti-clockwise
End or Home Point turtle Northward

Up Arrow Point north and move north
Down arrow Point south and move south
Left arrow Point west and move west
Right arrow Point east and move east
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Alt <Up arrow> Move forward

Alt <Down arrow> Move backwards

Fl Select the first colour for
drawing

F2 Select the second colour for
drawing

F3 Select the third colour for
drawing

F4 ‘ Select the fourth colour for
drawing

F5 Pen down (drawing mode)

F6 Draw-a-circle mode. In this mode:-
Up arrow Move turtle north
Down arrow Move turtle south
Left arrow Move turtle west
Right arrow Move turtle east
Ins Select circle centre
Delete Select

circumference and
draw circle, exit
circle mode (or
exit only if

centre not

selected).
F7 Clear the screen, lose drawing
F8 Don't display the turtle
F10 save drawing to disk
Del Selects first corner and begin

paint-rectangle mode. In this mode:

Up arrow Move turtle north
Down arrow Move turtle south
Left arrow Move turtle west
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Ins

Shift F1

Shift F2

shift F3

Right arrow Move turtle east

Del Selects diagonal
corner and fills the
rectangle with the
current drawing
colour, then exits
paint rectangle.

Selects first corner and begin

copy-rectangle mode: -

Up arrow Move turtle north
Down arrow Move turtle south
Left arrow Move turtle west
Right arrow Move turtle east
Del Selects diagonal

corner, defining
rectangle to copy.

Ins Selects new position
for the south-east
corner and copies the
rectangle to this
position, then exits
this mode.

Fills the shape bounded by the

current drawing colour with colour

number 1.

Fills the shape bounded by the

current drawing colour with colour

number 2.

Fills the shape bounded by the

current drawing colour with colour
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number 3.
Shift F4 Fills the shape bounded by the

current drawing colour with colour

number 4.
Shift F5 Pen up. (non-drawing mode)
Shift Feé Reverse colours (invert screen)
shift F7 Select new palette.
shift F8 Hide the turtle
shift F10 Quit

Animation begins automatically once the user leaves the drawing
module. The pictures (frames) stored on disk are displayed
sequentially. It is assumed (in this version of the animator)
that the user chose ".a" to be the extension on the first picture
file saved, ".b" for the next, etc. (A single letter extension
implies that a maximum of 26 frames can be produced for any one
series. This was not a limitation in the developmental stage, as
no series exceeded 26 frames. MSDOS allows a maximum of three
characters in a dot extension. Should longer series be desirable,
a three character extension, which would allow a maximun of over
17 000 frames, could be used.) The choice of the ".a" extension
for the first picture works well in practice as the first picture
created becomes the first frame of the animation sequence. The
first picture is saved with the ".a" extension. The first
picture is then modified to become the second frame, which is
saved with a ".b" extension, and so on. The animator will
continue to display frames until the last frame created in the
current session 1is reached. It will then display the frames

backwards and forwards until a key is pressed. The animator then

terminates.
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6.3.3 Storage and data compression.

There are various strategies which can be employed to transfer an
image from the screen to a disk file. Turbo Pascal provides two
functions (putpic and getpic) which copy the contents of a
rectangular area of the graphics screen into an area of the the
data segment of RAM, and vice versa. These functions proved much
faster than other methods of transferring data between RAM and
the screen (e.g. storing the commands used to generate the
picture in the draw screen module, and then re-drawing the screen
from the stored command sequence proved exceptionally slow).
While the putpic/getpic functions work faster with smaller
rectangles than with large rectangles, this difference in speed
is small. It is much faster to transfer one 4x4 rectangle than
two 2x4 rectangles. It was therefore decided to consider the
entire screen as one rectangle, rather than divide it up into

smaller rectangles which could be updated selectively.

The amount of RAM required to store any rectangle is given by the

formula:
Size = ((width+3)/4) x height x 2 + 6 bytes.

Using the IBM Colour Graphics standard of 320 x 200 pixel
resolution, the above formula gives 32 kb. This is fairly large.
If the animator could display pictures at the motion picture rate
of 24 frames per second, a 20 megabyte hard disk would be able to
hold just 26 seconds of movie, but this may be improved upon by

data compression.

6.3.3.1 Mode of operation.
The data compression module is a stand-alone module, and does not

interface with the animation module. It functions by reading a
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series of picture files, and writes another series of the same

files in compressed form.

The data compression module begins by confronting the user with a
prompt asking for the name of a picture file. Once this 1is
provided it asks the user to indicate the beginning of the
series. It reads a single ASCII character, which becomes the dot
extension for the picture file name requested earlier. It then
reads in this file. If the file is not found the program

terminates.

It then reads in the picture file with the same name but the next
dot extension, i.e. if the name of the picture file is "D1", and
the series began at "a", the program will first read in Dl.a,
then D1.b. The compressed version of D1.b will then be written to

disk under the name Dlc.b.

Dl.c will then be accessed, and a compressed version Dlc.c
created. The process will continue until no further files in the

series are found.

A verification procedure will then display the picture contained
in the first (decompressed) file on the screen - in this case
picture Dl.a. It will then read in the compressed files,
beginning at Dlc.b in our example, and decompress this to display
picture Dic.b. If this is identical to picture D1.b then all is
well. Thus a series of pictures will be displayed until no
further pictures in the series are found. The verification
procedure will be repeated until a key is pressed. Thus an
animation sequence is displayed on the screen, which is running

as fast as is possible.
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In practice animation using compressed pictures ran at roughly

the same speed as animation using decompressed pictures, at 2 to

3 frames per second. This is because:-

a) Less data was read off disk. Since disk access is slow, even
off a hard disk, *this represents a time saving.

b) The compressed picture has to be decompressed before it can be
displayed on screen, and the required computation uses up the

time saved in accessing less data.

6.3.3.2 Data compression algorithm.

The delta data compression algorithm is used. 1In this
implementation the first picture of the series is considered the
"root" frame. The second frame is compared to the first frame.
Any differences between frames are recorded, and this record
becomes the compressed version of the second frame. The second
frame is then compared to the third frame, and the differences

stored as the compressed version of the third frame, and so on.

6.3.3.3 Efficacy of data compression.
The following table gives the size, in bytes, of the picture

files in the D1 animation series from B to Z.
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Picture Size Size after compression.

D1.B 32768 512
D1.C 32768 128
D1.D 32768 3456
D1.E 32768 3328
D1.F 32768 1280
Dl1.G 32768 2048
D1.H 32768 512
D1.I 32768 3584
D1.J 32768 1152
D1.K 32768 7040
D1.L 32768 5248
D1.M 32768 4992
D1.N 32768 3072
D1.0O 32768 5888
Dl1.P 32768 6272
D1.Q 32768 2432
D1.R 32768 128
D1.S 32768 128
D1.T 32768 128
D1.U 32768 2432
D1.V 32768 9984
D1.W 32768 3840
D1.X 32768 6656
D1.Y 32768 8320
D1.2Z 32768 9856
Total 850 k 120 k

Table 6.1 : Sizes of picture files before and after

compression.

Since the "root" picture is not included, 33k must be added to

both totals. This gives

Decompressed 883k
Compressed 153k

Compression ratio 17.3%

The above compression ratio offers significant savings in data
storage. With compressed files it is possible to store the entire
sequence of 26 frames on a single floppy disk, and this

simplifies transferring sequences from one computer to another.

A second data compression algorithm, the "string" algorithm, was
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also investigated. 1If the picture file is considered as a one
dimensional array, it can be stored by noting the type of pixel
and the number of times it recurred, i.e. the length of the
string of that pixel type. This would not offer much reduction
in size if the pixel type changed often, but as the pictures used
in this project consisted largely of areas of a single colour,

the algorithm may offer significant data compression.

The algorithm has two advantages over the delta data compression
algorithm. As each picture is compressed independently of
preceding pictures, any pollution of data would affect only the
one picture, not the entire series that followed. The string

algorithm is also much simpler to code.

In practice, it was found that the picture compression ratio
using the string algorithm was, on average, two to three times

worse than that of the delta compression algorithm.

6.3.4 Flowchart.

The flowchart for the program is contained in appendix I.
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CHAPTER 7
CONCLUSION AND RECOMMENDATIONS
7.1 CONCLUSION

A new computer interpretative electrocardiograph is described

which offers explanatory and teaching functions, and so can be

used as a tutoring system as well as an interpretative systemn.

Explanatory functions consist of:

a) The display of the electrocardiograph trace, with facilities
for reviewing and overriding the system's identification of
individual waves.

b) The display of the interpretation in the form of an animated
graphic.

c) The trace of the logic which led to a particular conclusion.

The prototype system developed has demonstrated that all these
three.objectives can be achieved. The system described requires
superior graphics, and the IBM PC used was not equal to the task.
The IBM PC also lacked the speed required of an interactive

system.

The prototype system was not interfaced to the required ECG
amplifier, and a suitable pattern-recognition algorithm was not
implemented. The knowledge bases written for the system only

covered a small part of diagnostic electrocardiology.

Past projects to develop computerised ECG analysis systems (e.qg.
the ECAN project) required considerable funding over a number of
years. While much of this development is in the public domain,
and so need not be repeated, development of the ECG Tutor into a

viable system would still require a large effort by a team with
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skills in cardiology, computer science, computer animation and
signal processing. Such an effort is probably beyond the

capabilities of a small department with limited resources.
7.2 RECOMMENDATIONS

While the development of the ECG Tutor, capable of recording and
interpreting ECG traces from a patient in a manner comparable
with existing ECG analysis systems, is a fairly large project, it

can be broken into more manageable stages.

The first stage involves the development of a system solely for
the purpose of computer aided instruction. I suggest the

following:

a) As the system is required for instruction purposes only, it is
not.necessary to be able to record ECG tracings. The "front
end" of the system, i.e. the ECG amplifier, A-D conversion
card, and signal processing and pattern-recognition modules,
as well as the expert system module, are not required.

b) ECG tracings be entered into the system, not as an electric
signal, but in graphic form. This entails first obtaining a
high quality ECG tracing on a paper. A page scanner is then
used to enter the ECG into the system.

c) A database of scanned ECG tracings be built up in this manner.
Each ECG trace in the database should be associated with an
interpretation, a series of questions particular to that ECG,
and each question must be associated with a correct answer.

d) A second database, consisting of animation sequences, must be
created. An animation sequence must exist for each
interpretation in the database of ECG tracings.

e) The system must have the ability to allow the student to
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select a scanned ECG trace from the database. The ECG trace
selected must then be displayed on the screen. The dquestions
associated with that ECG then appear on the screen 1in
sequence. The student is required to enter an answer to each
question, and if the student's answer corresponds to the
correct answer (which already exists in the database), the
next question in the series particular to the ECG selected is
asked.

f) If the student answers all the questions corfectly, the
interpretation (which also already exists in the database) is
displayed, and the animation sequence associated with that

interpretation shown.

This system requires little computational power. What is required
are high quality graphics and animated graphics, and enough on-
line storage to hold the databases. The Commodore Amiga
(developed primarily as a games-playing machine) is one machine
which 1is relatively cheap and can support animated graphics.
Software for the creation of animation is also available for the

Amiga.

Should such a system prove popular as a teaching tool,
consideration can be given to the development of a system capable

of recording and interpreting ECG signals.

108



REFERENCES

ADLASSNIG KP, KOLARZ G.

1986

Representation and Semiautomatic Acquisition of Medical Knowledge
in CADIAG-1 and CADIAG-2

Computers and Biomedical Research, 19:63-79

ANONYMOUS

1984

Why can't a doctor be more like a computer?
(Editorial) The Economist 1984 Dec.1: 69-71.

ANONYMOUS

1985

Recommendations for measurements standards in quantitative
electrocardiography.

(Editorial) European Heart Journal, 6: 815-825.

BARR RC, SPACH MS.

1977

Sampling rates required for digital recording of intracellular
and extracellular cardiac potentials.

Circulation 55(1) :40-48.

BERNARD P, CHAITMAN BR, SCHOLL JM, VAL PG, CHABOT M.

1983

Comparative diagnostic performance of the Telemed computer ECG
program.

Journal of Electrocardiology, 16(1):97-102.

BERSON AS, WOJICK JM, PIPBERGER HV.

1977

Precision requirements for electrocardiographic measurements
computed automatically.

IEEE Transactions on Biomedical Engineering BME, 24(4):382-385.

BLUM BI

1985

Artificial intelligence and medical informatics.
Journal of Clinical Engineering, 10(2):109-120.

BODEN M.

1977

Artificial Intelligence and Natural Man.
Harvester Press Ltd, Brighton, England.

BONNER RE, CREVASSE L, FERRER MI, GREENFIELD JC.

1978

A new computer program for comparative analysis of serial scalar
electrocardiograms: description and performance of the 1976 IBM
program.

Computers and Biomedical Research, 11:103-118.

BONNER RE, CREVASSE L, FERRER MI, GREENFIELD JC.
1983

The influence of editing on the performance of a computer program
for serial comparison of electrocardiograms.
Journal of Electrocardiology, 16(2):181-189.

109



BONNER RE, JACKSON LK, HOOPER JK, SMITH CH, HSIEH KC.

1979

A method for testing performance in Electrocardiographic
interpretation.

Proceedings of the 1979 Engineering Foundation Conference on
Computer Interpretation of the ECG IV, pp 128-151.

CACERES CA.

1973

The case against electrocardiographic automation.
Computer, July 1973 :15-21.

CACERES CA.

1976

Limitations of the Computer in Electrocardiographic Interpretation.
The American Journal of Cardiology, September pp 362-376.

CERUTTI S, GATTI E, MASCIADRI L.

1980

Digital filtering and baseline-drift correction algorithms in
the computerized pre-processing of ECG tracings.

pp. 231-235 In: Lindberg/Kaihara eds. MEDINFO 80. North-Holland
Publishing Company.

CLINICAL MICRODATA SYSTEMS, INC,.

1985

Introducing the multivariate digital cardiograph.

Clinical Microdata Systems,Inc. Melbourne Florida. (Brochure.)

COOMBS MJ (ed).

1984

Developments in Expert Systems.
Academic Press, London.

CRITCHFIELD GC, WILLARD KE, CONNELLY DP.

1986

Probabilistic sensitivity analysis methods for general decision
models.

Computers and Biomedical Research, 19:254-265.

DOUE JC, VALLANCE AG.

1985

Computer-aided ECG analysis.
Hewlett-Packard Journal, 36(9):29-34.

DRAZEN E.

1980

How to Decide Among Alternative Computerised ECG Systenms.
Arther D. Little, Inc. Cambridge, Mass.

DUDECK J.

1980

The impact of new technology on automatic ECG processing.
pp.313-319 In: Rienhoff O, Abrams ME. eds. The Computer in the
doctor's office. North-Holland Publishing Company.

110



FORSYTH R, NAYLOR C.

1985

The Hitch-Hikers Guide to Artificial Intelligence.
Chapman and Hall Ltd, London.

GOETOWSKI CR.

1977

The Telemed System.

in:Trends in Computer-processed Electrocardiology, van Bemmel JH and
Williams JL (ed) pp 207-210, North-Holland.

GOLD RG.

1985

Do we need a new standard for electrocardiographs?
British Heart Journal, 54:119-120.

GOLDING J

1986

cardiac rhythms and arrhythmias: a teaching program
Computer Methods and Programs in Biomedicine, 23:331-336

HARMON P, KING D.

1985

Aritificial Intelligence in Business
John Wiley and Sons, Inc. New York.

HEWLETT-PACKARD COMPANY.

1984.

PageWriter interpretive cardiograph Model 4760AI.
Technical Information brochure from Hewlett-Packard.

HORBAR JD.

1985

A computer simulation of medical decision strategy performance.
Computer and Biomedical Research, 18: 563-575.

JOSIN G.

1987

Neural network Heuristics: Three heuristic algorithms that learn
from experience.

Byte November 1987: 183-192.

LAKS MM.

1980

Computers in Cardiology. Characteristic Features Making It a
Useful Adjunct to the Electrocardiographer.

In: Computer Systems for the processing of Diagnostic
Electrocardiograms, IEEE Computer Society Press, New York.

MILLER PL.

1986

The evaluation of artificial intelligence systems in medicine.
Computer Methods and Programs in Biomedicine, 22:5-11.

MILLER RA, POPLE HE, MYERS JD.
1982

INTERNIST-I, an experimental computer-based diagnostic consultant
for general internal medicine.
The New England Journal of Medicine, 307(8):468-476.

111



MILLIKEN JA, HENDERSON J.

1978

Assessment of the technical quality of electrocardiograms.
CMA Journal, 119:327-333.

MILLIKEN JA, PIPBERGER H, PIPBERGER HV. et al.

1983

The impact of an ECG computer analysis program on the cardiologist's
interpretation. A cooperative study.

Jiurnal of Electrocardiology, 16(2):141-149.

NAYIOR C.

1983

Build your own Expert System
Sigma Technical Press, U.K.

PIPBERGER HV.
1977.

The ECG computer analysis system developed in the U.S. Veterans
Administration.

In: Trends in Computer-processing Electrocardiograms pp 125-132,
North-Holland.

POPPL SJ.

1980

Development of microcomputers (Dedicated ECG-systems).
pp.299-311 In: RIENHOFF O, ABRAMS ME, eds. The computer in the
doctor's office. North-Holland Publishing Company.

PRYOR TA, DRAZEN E, LAKS M.
1980

Computer systems for the processing of diagnostic electrocardiograms.
IEEE Computer Society Press, New York.

QUAGLINI S, STEFANELLI M.
1986

ANEMIA: An Expert Consulting System
Computers and Biomedical Research, 19:13-27

RENNELS GD, SHORTLIFFE EH.
1987

Advanced Computing for Medicine
Scientific American, 257(4):146-153

RICHARDS B, BRAY CL, JEFFERY C, KHADR N.
1980

An assessment of the accuracy of the Bonner/IBM ECG analysis program
when compared with autopsy evidence.

pp.244-248 In: Lindberg/Kaihara eds. MEDINFO 80. North-Holland
Publishing Company.

SCHAMROTH L.

1980

The Wolff-Parkinson-White syndrome.

Postgraduate Medical Services, Cardiovascular 3(1):1-35.

SHEFFIELD LT, PRINEAS R, COHEN HC, SCHOENBERG A, FROELICHER V.
1978

Quality of electrocardiographic records. Task Force 2.
American Journal of Cardiology, 41:146-157.

112



SHRIDHAR M, STEVENS MF.

1979

Analysis of ECG data, for data compression.

International Journal of Bio-Medical Computing, 10:113-128

SPIEGELHALTER DJ, KNILL-JONES RP

1984

Statistical and knowledge-based approaches to clinical
decision-support systems, with an application in gastroenterology.
Journal of the Royal Statistical Society Series A (General),
147(1):35-77.

SPIEGELHALTER DJ.

1984a

Computer aided decision making in medicine.
British Medical Journal, 289:567-568.

TAILMON JL, HASMAN A.

1980

An evaluation of algorithms for QRS-typification.

pp.249-253 In: Lindberg/Kaihara eds. MEDINFO 80. North-Holland
Publishing Company.

TAYLER DI, VINCENT R.

1983

Signal Distortion in the Electrocardiogram Due to Inadequate
Phase Response.

IEEE Transactions on Biomedical Engineering, 30(6):352-356.

TORASSO P

1985

Knowledge based expert systems for medical diagnosis.
Statistics in Medicine, 4:317-325

TUINSTRA CL, RAUTAHARJ PM, PRINEAS RJ, DUISTERHOUT JS.

1982

The performance of three visual coding procedures and three
computer programs in classification of electrocardiograms according
to the Minnesota Code.

J. Electrocardiology, 15(4):345-349.

WEISS SM, GALEN RS.

1986

An expert system for diagnosis of myocardial infarction.
pPp.219-221 In: Salamon R, Blum B, Jorgensen M, eds. MEDINFO 86
North-Holland: Elsevier.

YU BC, LIU CS, LEE M, CHEN CY, CHIANG BN.
1985

A nonlinear digital filter for cardiac QRS complex detection.
Journal of Clinical Engineering, 10(3):193-201.

113



ADDITIONAL SELECTED READING

ADLASSNIG KP, KOLARZ G, SCHEITHAUER W, EFFENBERGER H, GRABNER G.
1985

CADIAG: Approaches to computer-assisted medical diagnosis.
Computurs in Biology and Medicine, 15(5):315-335.

ADLASSNIG KP, KOLARZ G, SCHEITHAUER W.

1985a

Present state of the medical expert system CADIAG-2.
Methods of Information in Medicine, 24 (1) :13-20

ADLASSNIG KP, KOLARZ G.

1986

Representation and semiautomatic acquisition of medical knowledge
in CADIAG-1 and CARDIAG-2.

Computers and Biomedical Research, 19:63-79.

ADLASSNIG KP.

1986

Fuzzy Set theory in medical diagnosis.

IEEE Transactions on Systems, Man and Cybernetics,
SMC-16(2) :260-265.

AMSTERDAM J.

1985

An analysis of sorts. How to choose one sorting algorithm over
another.

Byte, Sept.1985 105-112

ANONYMOUS

1985

Recommendations for measurements standards in quantitative
electrocardiography.

(Editorial) European Heart Journal, 6: 815-825.

ANONYMOUS

1986

Expert systems and Artificial intelligence.

Nixdorf Computers (South Africa) (promotional literature)

ANONYMOUS
1986a
Shelf-based expert system.

Understanding Computers, Time-Life Books, Chicago (promotional
literature)

ANONYMOUS

1987

Three Neural-network programs
(Editorial) Byte, November 1987: 45.

ANONYMOUS.

1987

Turn your AT into a Neurocomputer
(Editorial) Byte, November 1987: 46.

114



BAILEY JJ, HORSTON M, ITSCOITZ SB.

1974

A Method for Evaluation Computer Programs for Electrocardiograph
Interpretation.

Circulation, 50: 88-93.

BALDA RA, DILLER G, DEARDOFF E, DOUE J, HSIEH P.

1977

The HP ECG Analysis Program.

pp 197-205, In: Trends in Computer-processed Electrocardiograms,
North-Holland.

BANTA RA, DORWARD PH, SCAMPINI SA.

1985

New cardiograph family with ECG analysis capability.
Hewlett-Packard Journal 36(9):23-28.

BERNARD P, CHAITMAN BR, SCHOLL JM, VAL PG, CHABOT M.

1983

Comparative diagnostic performance of the Telemed computer ECG
program.

Journal of Electrocardiology, 16(1):97-102.

BLACKBURN H, KEYS A, SIMONSON E, RATAHARJU P, PUNSAR S.
1960

The electrocardiogram in population studies.
Circulation, 21:1160-1175.

BORROW DG, STEFIK MJ.

1986

Perspectives on artificial intellengence programming.
Science, 231:951-967.

BYLES T.

1984

Computer animation shows inner workings of the human body.
IEEE Computer Graphics and Applications, Dec 1984 pp 68-69

CERUTTI EG, MASCIADRI L.

1982

An automatic procedure for the pre-processing ECG/VCG signals.
International Journal Bio-Medical Computing, 13:329-341.

CLEMONS EK, GREENFIELD AJ.
1985

The SAGE System Architecture: A system for the Rapid Development
Graphics Interface for Decision Support.

IEEE Computer Graphics and Applications Nov 1985 pp 38-49.

COLEMAN JD, BOLTON MP.
1979

Microprocessor detection of electrocardiogram R-waves.
Journal of Medical Engineering and Technology, 3(5):235-241.

CRECINE JP.
1986

The next generation of personal computers.
Science, 231:935-950.

115

of



D'AMBROSIO B.

1985

Expert systems - myth or reality?
Byte, January 1985: 275-282.

DEERING MF

1985

Architectures for AI. Hardware and software for efficient processing.
Byte, April 1985, 193-206.

EDDY DM, CLANTON CH.

1982

The art of diagnosis. Solving the clinicopathological exercise.
The New England Journal of Medicine, 306(21):1263-1268.

EVANS AL, SMITH DC, WATTS MP.

1984

Microprocessor-controlled signal generator for the functional
testing of electrocardiographs.

Medical & Biological Engineering & Computing 22:468-470.

FEINER S.

1985

APEX: An Experiment in the Automated Creation of Pictorial
Explanations.

IEEE Computer Graphics and Applications, Nov 1985: 29-37

FISHHOF TJ.

1982

Electrocardiographic diagnosis using digital differentiation.
International Journal of Bio-Medical Computing, 13:441-446.

FOLEY JD, WALLACE VL, CHAN P.

1984

The Human Factors of Computer Graphics Interaction Techniques.
IEEE Computer Graphics and Applications, Nov 198: 13-48

FONTAINE D, LE BEUX P.
1986
An expert system for computer assisted instruction simulations.

pp.878-882 In: Salamon R, Blum B, Jorgensen M, eds. MEDINFO 86.
North-Holland: Elsevier.

FUGLEBERG S.

1986

Computer-Assisted Diagnosis of Acute Azotaemia.
Computers and Biomedical Research, 19:103-105

HELDER JC, SCHRAM PH, VERWEIJ H, ROBLES DE MEDINA EO, MEIJLER FL.
1980

Integrated processing of electrocardiograms in a hospital
information system. (Abstract).

p.-274 In: Lindberg/Kaihara eds. MEDINFO 80. IFIP, North-Holland
Publishing Company.

HEWLETT-PACKARD COMPANY
1976

A compendium on automated arrhythmia detection.
pPpP.1-37 Hewlett Packard brochure 5952-5333 6/78

116



HEWLETT PACKARD COMPANY

1979

HP ECG analysis program. Physician's guide.
Hewlett Packard brochure 05600-91911 1/80.

HEWLETT-PACKARD COMPANY

1984

PageWriter Measurements Cardiograph. Model 4760AM
Technical Information pamphlet from Hewlett-Packard.

HEWLETT-PACKARD COMPANY

1984a

PageWriter Alphanumeric cardiograph Model 4760A.
Technical Information brochure from Hulett-Packard.

HEWLETT-PACKARD COMPANY.

1984b.

PageWriter interpretive cardiograph Model 4760AI.
Technical Information brochure from Hewlett-Packard.

HEWLETT PACKARD COMPANY.

1984c.

Plug-in application modules for PageWriter cardiographs. Model
series.

Technical Information brochure from Hewlett-Packard.

HEWLETT-PACKARD COMPANY.

1985

The PageReader. A collection of electrocardiograms recorded by
Hewlett-Packard's PageWriter Cardiograph.

Hewlett-Packard Andover Division, Massachusetts,

brochure 5953-4941 2/81.

HULTING J, BLOMQVIST P, NYGARDS ME.

1977

Computer-based ECG analysis in acute myocardial infarction.
Acta Medica Scandinavica, 201:439-447.

IVEY SL, BERGERON BP

1986

A computer simulation for teaching clinical cardiology.
p.1152 In: Salamon R, Blum B, Jorgensen M, eds. MEDINFO 86.
North-Holland: Elsevier.

JACOB VS, GAULTNEY LD, SALVENDY G.

1986

Strategies and biases in human decision-making and their
implications for expert systems.

Behaviour and Information Technology, 5(2):119-140.

JESSE MJ.
1985.

Advances in cardiology and escalating costs to the patient.
Circulation, 17(3):423.

JOHNSON AT.
1985

Microcomputer program for the design of digital filters.
Computer Methods and Programs in Biomedicine 21:203-210.

117

47600



KORS JA, TAIMON JL, VAN BEMMEL JH

1986

Computerized ECG interpretation: A knowledge engineering view.
pp.68-70 In: Salamon R, Blum B, Jorgensen M eds. MEDINFO 86
North-Holland: Elsevier.

KOWALSKI R.

1982

lLogic for Problem Solving.

Elsevier North Holland, Inc. New York.

LENFANT C, ROTH CA.

1985

advances in cardiology and escalating costs to the patient: a view
from the government.

Circulation 17(3):424-428.

LOVELL N, CELLER B.

1986

CARDIOSYS: An ECG Analysis Package.

Engineering and the Physical Sciences in Medicine Conference, Sydney
August 1986.

MACFARLANE PW, MACFARLANE DK, PODOLSKI M, LAWRIE TDV.
1984

The ECG analysis program for the MINGOCARE systenm.
Electro Medica, 52:126-136.

MASARIE FE, MILLER RA, MYERS JD.

1985

INTERNIST-I Properties: Representing common sence and good medical
practice in a computerized medical knowledge base.

Computers and Biomedical Research, 18:458-479.

MATHIASSEN 1., MUNK-MADSEN A.

1986

Formalizations in systems development.

Behaviour and Information Technology, 5(2):145-155.

MEIJLER FL, ROBLES DE MEDINA EO, HELDER JC.
1980

Future of computerised electrocardiography.
British Heart Journal, 44:1-4.

MICHAELSEN RH, MICHIE D, BOULANGER A.

1985

The technology of expert systems. Transplanting expert knowledge to
machines.

Byte, April 1985: 303-312.

O'KANE KC

1986

An expert systems facility for MUMPS.

Computers in Biololgy and Medicine, 16(3):205-213.

RAUTAHARJU PM, OKAJIMA M.
1980
Computerized electrocardiography: old problems and new challenges.

pp.228-230 In: Lindberg/Kaihara eds. MEDINFO 1980. Pub. IFIP,
North-Holland Pub. Co.

118



RICHER MH, CLANCEY WJ.

1985

GUIDON-WATCH: A graphic interface for viewing a knowledge-based
system.

IEEE Computer Graphics and Applications Nov 1985 pp 51-64

RICHER MH.

1986

An € luation of expert system development tools.
Expe. . Systems, 3(3):166-182.

RIOS J, SANDQUIST F, RAMSETH D, STRATBUCKER R, DRAZEN E, HANMER J.
1977

Cost effectiveness of the Electrocardiogram.
The American Journal of Cardiology, (April): 65-73.

RUBEL P, VARROT M, MORLET D, BLOCH JR, ARNAUD P, FORLINI MC

1980

The Lyon microcomputer based portable ECG processing system.
p.1345 In: Lindberg DAB, Kaihara S eds. MEDINFO 80. North-Holland
Elsevier.

SHAHEIN HI.

1983 .

Computers in health education.

Computer Programs in Biomedicine, 17:213-224.

SILVA J, HAGAN AD.
1974

An economic analysis of an automated system for interpreting
electrocardiograms.

Computers and Electrical Engineering, 1:559-571.

SIX P, CHAUVET G.
1986

An efficient structure for a medical information database in a
general hospital.
International Journal of Bio-Medical Computing, 18:213-227.

SPELLER GJ, BRANDON JA.

1986

Ethical dilemmas constraining the use of expert systems.
Behaviour and Information Technology, 5(2):141-143.

STERNBERG RJ.

1985

Human intellengence: The model is the message.
Science, 230(4730):1111-1118.

TAIMON JL, KORS JA, VAN BEMMEL JH.
1986

Algorithms for the detection of events in electrocardiograms.
Computer Methods and Programs in Biomedicine, 22:149-161.

TAYLER DI, VINCENT R.
1985

Artefactual ST segment abnormalities due to electrocardiograph
design.

British Heart Journal, 54:121-128.

119



THOMAS RA, BOWYER AF.

1986

Development of electrocardiographic teaching materials using an
MC68000-based, interactive graphics microcomputer.

Computer Methods and Programs in Biomedicine, 22:87-91.

THOMPSON BA, THOMPSON WA.

1985

Inside an expert system. From index cards to Pascal program.
Byte, April 1985: 315-330.

THOMPSON T

1986

The Commodore Amiga.

Byte, November 1986: 231-237.

TRIM JC, KORS JA.

1986

A personal ECG analysis system.

p-1159 In: Salamon R, Blum B, Jorgensen M, eds. MEDINFO 86.
North-Holland: Elsevier.

VOSE GM

1987

Introduction: Heuristic Algorithms
Byte, November 1987: 148.

YAZDANI M.

1986

Intelligent tutoring systems: An overview.
Expert Systems, 3(3):154-162.

ZYWIETZ C, & WORKING GROUP 3 OF IFIP TC4.

1980

Procedures and recommendations for computerized ECG analysis: report
on a TC4 WG4.3 working document.

pp.269-273 In: Lindberg/Kaihara eds. MEDINFO 80. North-Holland
Publishing Company.

120



APPENDIX I

PROGRAM FLOWCHARTS
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APPENDIX II
DOCUMENTATION OF PROGRAM SOURCE

Procedures and functions which are defined by Turbo Pascal 3.0
are not mentioned, while those defined in the Turbo Graphix
Toolbox are listed. Full documentation for these routines can be
found in the Turbo Graphix Toolbox user's manual. All other
procedures and functions are listed in alphabetical order under
the program in which they occur. The syntax of the routine is
provided if the routine takes arguments. A complete listing of

all modules is contained in Appendix II.
INPUT MODULE

Main Program

The Turbo Graphix Toolbox routines are initiated, and default
settings selected via the set default procedure. Data for the
ECG are read and traced on the screen by the get 12lead data
procedure. The pop-up menu is called ( Menu procedure) and
returns a selection. The procedure appropriate to the selection

is called. The pop-up menu call is repeated until the Quit

option is selected.

Subroutines.

caliperl
Deletes all calipers from the displayed screen by copying the
contents of a virtual screen represented in RAM into the
actual screen. The set calip procedure is called to draw the
first caliper onto the new screen. The update position
procedure is called to determine the new position for the

caliper, and the process of deleting all calipers and
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redrawing the first caliper is repeated. This creates the
illusion of the caliper moving across the screen.
caliper2
As for caliperl, but the first caliper is displayed and the
second caliper moved.
caliper3
As for caliperl, but the first and second calipers are
displayed and the third caliper moved.
caliper4
As for caliperl, but the first, second and third calipers are
displayed and the fourth caliper moved.
cal 1 2
As for caliperl, but the first and second calipers are moved
together.
cal 3 4
As for caliperl, but the first and second calipers are
displayed and the third and fourth calipers moved together.
cal all
As for caliperl, but all four calipers are moved together.
DefineHeader
see Turbo Graphix Toolbox user's manual.
definewindow
see Turbo Graphix Toolbox user's manual.
defineworld
see Turbo Graphix Toolbox user's manual.
display_12 lead
Restores the display of the twelve lead ECG to the screen.
display measurements

Displays the identification of the P, QRS and T waves. Not

implemented.
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display rhythm_strip
Restores the display of the rhythm strip to the screen. Not
implemented.

dolline
Syntax : dolline(integer);
Dolline is called by scrdump to send the line of the screen
specified by integer to the printer.

do2line
Syntax : do2line(integer):;
As for dolline. The procedure is repeated to increase the
vertical scaling as the screen resolution of 640 x 200 pixels
would otherwise give a long, thin printout.

drawbox
Syntax: drawbox(height, length, line, column):
Drawbox draws the outline of a rectangle of the height and
length specified. The top left corner of the box is in the
line and column specified. As the procedure works with text
characters it assumes a screen of 80 columns by 25 lines. It
is used to outline the menu choices in the pop-up menu
routines.

drawline
see Turbo Graphix Toolbox user's manual.

drawpoint
see Turbo Graphix Toolbox user's manual.

drawwave
Syntax : drawwave(array) ;
Drawwave plots 2.5 seconds of a single lead, digitised at 250
Hz, on the screen.

draw_background

Draws the template for the 12 lead ECG. i.e. draws twelve
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boxes each with the appropriate heading.

getheadings
Defines the headings to be used by all the sub menus.

get 12lead_data
Reads data for eight of the twelve ECG leads from disk, and
calculates the remaining four leads. The values are scaled to
read in millivolts. The draw background procedure is called,
and the twelve lead ECG is plotted by calling the drawwave
procedure.

get rhythm data
Similar to get 12 lead data. Not implemented.

intro message
Displays an introductory message. Not implemented.

Menu
Syntax : Menu(new choice, old choice) ;
Menu calls the main menu and sub menu procedures to set up
the pop-up menu. It sets the pop-up menu to the choice
previously selected. It returns the new choice as a two digit
decimal integer. The first digit represents the choice from
the main menu, the second digit that from the sub menu.

moveHor
see Turbo Graphix Toolbox user's manual.

moveVer
see Turbo Graphix Toolbox user's manual.

print_ screen
Print screen calls the scrdump procedure, then sets the
choice from the menu back to what it was before the

Print_screen procedure was called.
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pulldown mainmenu
Syntax : pulldown mainmenu(old choice, new choice, show
submenu, quit):;
This procedure defines the choices available on the main

menu, and calls the sub menu when required.

restorewindow
see Turbo Graphix Toolbox user's manual.
scrdump
Scrdump sends a scaled copy of the screen to the printer. It
is specific for EPSON compatible printers, and is much faster
than the standard PrtSc keyboard function.
selectscreen
see Turbo Graphix Toolbox user's manual.
selectwindow
see Turbo Graphix Toolbox user's manual.
selectworld
see Turbo Graphix Toolbox user's manual.
setbackground
see Turbo Graphix Toolbox user's manual.
setforegroundcolor
see Turbo Graphix Toolbox user's manual.
setlinestyle
see Turbo Graphix Toolbox user's manual.
setVstep
see Turbo Graphix Toolbox user's manual.
set_calip
Syntax : set_calip(positionl, position2);
Draws the two calipers at the position specified. If the

position specified is zero then the caliper is not drawn. The
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procedure detects whether zoom or standard mode is selected
and draws the appropriate calipers.

set defaults
Initial values for variables are defined. The size and
scaling of the windows used to draw the 12-lead ECG, for Zoom
mode and for the pop-up menu system are defined. Pop-up menu
variables are set, and all calipers are set to appear on the
left of the 12-lead ECG trace.

storewindow
see Turbo Graphix Toolbox user's manual.

submenu
Syntax : submenu(submenu number, new choice, o0ld submenu

choice, quit);

Sets up the submenu indicated the submenu number, and returns
the new choice selected.

unzoom.
Adjusts the position of all the calipers for the twelve lead
ECG, and calls the display 12 lead procedure to restore the
display of the twelve lead ECG to the screen.

update position
Syntax : update position(position, tab, next key):
This procedure updates the position of a caliper. If the left
or right arrow key is pressed continuously the position is
changed in steps of ten, if pressed intermittently then the
change occurs in steps of one. Each step consists of one
pixel in zoom mode and four pixels in standard mode.

zoom2
Syntax : zoom2(call, calz, cal3, cal4, 1lead number, lead

title);

Displays the lead number selected on a full size screen, and
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scales the caliper positions accordingly.
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EXPERT SYSTEM MODULE

Main program

The program displays the title screen and calls the Initialise

procedure. A knowledge base is compiled into memory via the
ReadInput procedure, and checked for errors via the Audit

procedure. The MainMenu procedure 1is then called. If errors
have been detected in the knowledge base, the MainMenu call is
repeated. This gives the user the opportunity to select a new

knowledge base.

Subroutines.

abort
Syntax : abort(text message, integer);
This procedure displays the text message and integer
provided, and sets flags to indicate that the knowledge base
input has errors in it and cannot be used.

and_tree
The and tree function is called by the or tree function. If
the AND symbol is present, the function accesses the next
symbol via the NextSymbol procedure, and calls itself
recursively. If the AND symbol is absent the function calls
the not tree function.

Animate
This procedure searches the logged drive for the first
picture file in the series that corresponds to the decision
that has just been validated. If this file is not found an
error message is displayed and the procedure terminates. If
the file is present, the expand procedure is called

repeatedly until a key is pressed.
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answerto
Syntax : answerto(question pointer, expected answer);
This function displays the question referred to by the
question pointer on the screen, as well as all the available
answers. If the user enters a digit corresponding to one of
the available answers, the "question answered" flag is set
and the function returns this choice. If the "W(hy)" option
is selected, the text string on the top of the WHY STACK is
displayed. Further "wWhy" requests will display the next text
string on the WHY STACK. A choice of "0" sets the "Undo" flag
and exits the function. A choice of "Hint" displays the
"expected answer" provided. The "expected answer" is obtained
from the decision tree of the current rule, and is the answer
that will validate the decision currently pursued.

answer rec
Syntax : answer_ rec(answer pointer):;
This function reads the possible answers to a question. The
function calls the ReadStr function to read the text
associated with the answer, and returns a pointer to this
text.

Audit
The Audit procedure scans all the questions and decisions
stored in RAM, and compiles a set of questions declared and
decisions declared. The stored rules are then scanned, and a
set of questions and a set of decisions referred to by the
rules are compiled. If the sets of questions and decisions
declared do not exactly match the sets of all questions and
decisions referred to by the rules, an error results via the

Audit_error procedure.
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Audit condition
This procedure is called by the Audit procedure to move

through the decision tree of a particular rule.

Audit error
This procedure is called if the Audit procedure detects an
error in the stored knowledge base. The procedure determines
the nature of the error, e.g. questions declared but not
used, or questions used but not declared, and writes the
appropriate error message.
Be an_expert
This procedure controls the pseudo forward chaining search
strategy. The reset_memory procedure is called as previous
answers to questions are ignored. The first decision is
selected, and the decide function is called to return a
Boolean value which indicates whether the selected decision
is valid (true) or not. If the "undo" flag has been set (in
the answerto procedure, called by the satisfied function,
which is called by the decide function) the reset last
procedure is called to "unanswer" the most recently answered
question, and the decide function is called again. Once a
decision has been found to be true, the procedure calls the
animate procedure if requested to do so by the user. If the
decision is valid the user can also request that the next
decision be selected and the process repeated. If the

decision is invalid, the next decision is automatically

selected.
clearscreen
This procedure clears the screen and checks for I/0 errors.

If an error occurs, a message is displayed and the program

terminates.
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decide
Syntax : decide(decision pointer);
The decide function examines the status of the decision
indicated by the decision pointer. If the status is
undecided, the satisfied function is called and the status
set to "pending". The satisfied function may call the
decide function recursively if an intermediate decision is
present. When the satisfied function terminates, the
decision status is set to decided, and the decide function
returns a Boolean value to indicate if the decision referred
to is True or False. If the status is decided , the boolean
value for the decision referred to is returned without
further processing. If the status is "pending", this will
result in an error as it indicates a circular rule
definition.

decnnumber
This function calls the Expectnum function to ensure that the
decision number is 1less than the maximum decision number
permitted, and returns that number.

DTAtoDIR
This procedure is called from DynaDIR. It accesses the disc
directory and returns a record containing the extended
directory information on a disk file.

Dump
This procedure calls the printdecision, printquestion and

printrule procedures to output a listing of the current
knowledge base.

DynaDIR
Syntax : DynaDIR(Directory mask) ;

This function accesses a disc directory and returns a pointer
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to a linked list of records of ASCII characters which contain
the disk directory information. The procedure DTAtoDIR is
called to access each directory entry.

expand
This procedure is called from the animate procedure. The

expand procedure uncompresses the first picture file in a

series and displays the picture on the screen. The next call
to the expand procedure will display the next picture file.
When no further picture files can be found on .the logged
drive, the series is repeated. The coding for this procedure
in the listing provided in Appendix II assumes that picture
files have been compressed according to the "String
algorithm." Refer to the expand procedure in the Data
Compression Module for the coding to uncompress files
according to the Delta algorithm.

Expect
Syntax : expect(a symbol, error message);
If the latest symbol matches the "a symbol" provided, the
NextSymbol procedure is called. If not, an error message
results which is not ignored.

Expectnum
Syntax : Expectnum(whole number);
This function calls the Expect procedure to check that the
latest symbol matches the "number" symbol. If there is a
mismatch an error results which cannot be ignored. If no
mismatch is found, and the number is 1less than the "whole
number" provided, the function returns the number. If the
number is not less than the "whole number", an error results

which cannot be ignored.
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factor
The factor function is called by the not_tree function. If
the "left parenthesis" symbol is present, the function
accesses the next symbol via the NextSymbol procedure, and
the or tree function . An error results if a "right
parenthesis" symbol is not detected when control is returned
from the or tree function. If a "Question" or "Decision"
symbol is detected, the question or decision number are
entered in the decision tree. If other symbols are detected,
an error results.

Ignore
syntax : Ignore(a symbol);
If the latest symbol matches the "a symbol" provided, the
NextSymbol procedure is called.

Initialise
This procedure marks the position on the RAM heap. All data
stored on the heap above this mark belong to the current
knowledge base. Flags are set to default values and pointers
are set to nil.

InitialiseRead
This procedure asks the user to select the disk file
containing the knowledge base. A list of all files with a
.txt extension on the logged drive are displayed in a
numbered list. The DynaDIR function is used to obtain this
1ist. The user has the option of changing the logged drive
and the 1list will be changed to reflect the files on the
drive selected. Once a file is selected it is defined as the

current knowledge base file, and the first line in the file

is read.
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List Decisions
This procedure displays a list of all available decisions in
the current knowledge base. It 1is called from the
Be_an_ expert procedure.

MainMenu
The procedure requests the user to choose one of five
options. Selection of the backward chaining strategy ("Choose
an interpretation from a 1list") will result in a call to the
User_Validate procedure. The pseudo forward chaining option
("Get step by step guidance") will call the Be an expert
procedure. A request to display the current knowledge base
will call the dump procedure. A request to read in a new
knowledge base will release (delete) all data stored on the
RAM heap above the position marked in the Initialise
procedure, and call the Initialise procedure and then the
ReadInput procedure.

NextSymbol
This procedure converts the knowledge base language into
"symbols" understood by the inference engine. It determines
whether a character read from the knowledge base file is the
beginning of a key word, a quote string or an integer, and
calls the procedures ReadAKeyWord, ReadStr or Readnumber,
respectively. Other legal characters, e.g. "&" signs or
brackets, are interpreted. Unknown characters are noted in an
error messade, but ignored.

not_tree
The not_tree is called by the and _tree function. If the "NOT"
symbol is present, the function accesses the next symbol via
the NextSymbol procedure, and calls itself recursively. If

the "NOT" symbol is absent the "factor" procedure is called.
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or_tree

pop

The or tree function is called by the ReadRule procedure. If
the "OR" symbol is present, the function accesses the next
symbol via the NextSymbol procedure, and calls itself
recursively. If the "OR" symbol is absent the function calls

the "and tree" function.

Removes the top entry from the reason stack.

pop_decision

syntax :pop decision(whole number) ;
This function removes the top entry from the decision stack

and returns the pointer to this entry.

pop_dquestion

Syntax :pop_question(whole number) ;
This function removes the top entry from the question stack

and returns the pointer to this entry.

press_any_key

Displays the message "pPress any Kkey to continue.", and waits

for a key to be pressed.

press_one_of

syntax : press_one_of(set of characters);
This function reads the keyboard until a character is entered
which is in the set of characters provided. It returns this

character.

printcond

Syntax : printcond(pointer);
This is a recursive procedure which is called by printrule to

print out the rules stored in a decision tree.

printdecision

Syntax : printdecision(decision pointer);
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If the pointer is not nil, the procedure prints the word
"D :", followed by the line of text indicated by the
decision pointer.

printquestion
Syntax : printquestion(question pointer);
If the pointer is not nil, the procedure prints the word
"g :", followed by a line of text for the question. It then
calls the printwhy procedure to print out the reason for
the question, and then prints out the possible answers to the

question using the writelntext procedure.

printrule
Syntax : printrule(rule pointer);
If the pointer 1is not nil, the procedure prints the rule

indicated by the pointer. The procedure calls the procedures

printcond and printwhy.

printwhy
Syntax : printwhy(text pointer);
If the pointer is not nil, the procedure prints the word

"WHY :", followed by the line of text indicated by the

pointer.
push
Syntax : push(pointer):;

Puts the pointer onto the reason stack, and checks for stack

overflow.
push _decision
Syntax : push decision(whole number) ;

Adds the decision corresponding to the whole number to the

decison stack.
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push question
Syntax : push question(whole number) ;
Adds the question corresponding to the whole number to the
question stack.

guesnumber
This function calls the Expectnum function to ensure that the
question number is 1less than the maximum question number
permitted, and returns the question number if it is less.

ReadAKeyWord
This procedure is called by the NextSymbol procedure if the
character variable (ch) contains the first letter of a
knowledge base reserved word. The rest of the reserved word
is read with the ReadCh procedure. If unexpected characters
are encountered the error message "Unrecognised keyword" will
result via the SayError procedure. Abbreviations are
accepted, and do not result in an error.

ReadAnItem
This procedure examines the latest symbol, obtained from the
NextSymbol procedure. If this symbol indicates the beginning
of a question, a decision or a rule, the procedures
ReadQuestion, ReadDecision or ReadRule are called. If the
symbol is a full stop, the NextSymbol procedure is called.
If any other symbol is detected (e.g. an answer) it is
ignored, but results in an error message via the SayError
procedure.

ReadCh
This procedure is part of the ReadInput procedure. It reads
a line (eighty characters) of the file containing the
knowledge base when called for the first time. A dot is

placed on the screen as each line 1is read. It sets a
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character variable to equal the first character on the line.
If the first letter of the line is a small letter, it is
converted to a capital letter. When called again it will set
the character variable to the next character on the line.
when all the characters have been allocated in this fashion,
the next line will be read. If a character indicates that
what follows is a comment, the rest of the line is ignored
and the next line is read.

ReadDecision
This procedure is called from the ReadAnItem procedure. It
calls the function decnnumber . If no error results the
decision is read and the decision status set to "undecided".
If the decision is associated with text, this is read and the
decision classed as a final decision. If the text is absent
the decision is classed as an intermediate decision. If a
decision for the decision number has been read previously,
this results in an error.

ReadInput
This procedure first calls the InitialiseRead procedure. The
procedure ReadAnItem is called repeatedly until the symbol
which indicates that the end of the knowledge base has been
reached is encountered.

ReadInteger
syntax : Readinteger(screen line, prompt message, number,
maximum number) ;
ReadInteger displays the "prompt message" on the "screen
line" provided. It reads the keyboard until a whole number is
entered which is less than the "maximum number" provided. It

returns this whole number.
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ReadNumber
This procedure is called by the NextSymbol procedure when
the character variable contains a digit character. The digit
character is converted to an integer, and the ReadCh
procedure called. If this also returns a digit character,
both are converted to one integer. This is repeated until a
non-digit character is detected, or until the integer is
above an upper limit. The latter will result in an error
message via the Sayerror procedure.

ReadQuestion
This procedure calls the ReadStrStr procedure to read the
text associated with a question. The readwhy procedure is
called to read the explanation for the question, and the
answer_rec to return the possible answers to the question.
The answers are assembled into a linked list.

ReadRule
This procedure calls the rulenumber function to ensure that
the rule number does not exceed the maximum number of rules
permitted. It then checks to ensure that the rule number has
not been used before - defining two rules with the same
number results in an error. The decision tree is assembled by
calling the or tree function, which in turn will call other
functions if the "or" symbol is not present. The ReadRule
procedure calls the SayError procedure if the rule does not
begin with an "IF" symbol, and ends with a "THEN" symbol and
a "Decision" symbol.

ReadStoStr
Syntax: ReadStoStr(text pointer, error message, severity);
ReadStoStr calls the procedure StoreText if the latest symbol

indicates a text string. If the latest symbol indicates
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anything else, an error results via the SayError procedure.
If this is not severe it is ignored.

ReadStr
syntax :ReadStr (quotation character);
This procedure is called by NextSymbol to read a string of
characters enclosed in the quotes specified. The ReadCh
procedure is used. If the string length exceeds a line an
error message will result.

ReadWhy
Syntax : Readwhy(text string);
If the latest symbol matches the "why" symbol, the NextSymbol
procedure is called. The ReadStosStr procedure is called to
read the text string. The ReadWhy returns this string as the
"text string" variable.

Recover
This procedure calls the procedure NextSymbol repeatedly
until a full stop or end of file token is detected.

Reset last
This procedure sets the status of the question just answered
to "unanswered", and sets the status of the current rule to
"undecided." It is used to chain back to the previous
question.

Reset_memory
This procedure sets all questions to "unanswered" and all
decisions to "undecided".

rulenumber
This function calls the Expectnum function to ensure that the

rule number is less than the maximum rule number permitted,

and returns that number.
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Satisfied

Syntax :Satisfied (decision tree node) ;

The satisfied function evaluates the decision tree, beginning
at the decision tree node provided. If the node is a
question, the answerto function is called. If the node is an
intermediate decision, the decide procedure is called. All
other nodes result in the satisfied function moving through
the tree by calling itself recursively. The function returns

the value "True" or "False".

SayError

Syntax : SayError(message, severity) ;

This procedure clears the screen and writes out the last line
input. It indicates where an error has been detected in this
line, and writes the error message to screen. If the error is
not severe, it is ignored. If the error is severe, the user
can instruct the procedure to continue reading in the
knowledge base. In this case the Recover procedure is
called. If the user indicates that the procedure must not

continue, the program is terminated.

storetext

Syntax : storetext(string, pointer);
The string of characters is stored on the heap, and the

pointer is set to point to the string.

User_Validate

This procedure controls the backward-chaining search
strategy. The List decisions procedure is called, and the
user is requested to select an option from the 1list of
possible decisions. If previous answers to questions are to
be ignored, the reset_memory procedure 1is called. The

decide function is called to return a boolean value which
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indicates whether the selected decision is valid (true) or
not. If the "undo" flag has been set (in the "answerto"
procedure, called by the satisfied function, which is
called by the decide function) the Reset_last procedure is
called to "unanswer" the most recently answered question, and
the decide function is called again. Once a decision has been
found to be true, the procedure calls the animate procedure
if requested to do so by the user.

Worldmap
This procedure displays the title screen, which consists of a
map of the world with the title message across it.

writelndecn
Syntax : writelndecn(decision pointer):
If the decision indicated is not an intermediate decision,
write the comment associated with that decision, else write
empty parentheses. The screen cursor is then set to the
beginning of the next line.

writelntext
Syntax : writelntext (pointer);
If the pointer does not equal nil, the string that the
pointer points to is written to the screen. The screen cursor
is set to the beginning of the next line.

writetext

As for writelntext, but the screen cursor is not set.
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ANIMATOR - SCREEN PAINTING MODULE

Main program.

The program calls for the name of a picture series. The first
picture from the series is placed on the screen if a legal name
is provided. The drawscreen procedure is then called. When this
procedure terminates, the pictures created are displayed
sequentially from beginning to end and back, until a Kkey is

pressed.

Subroutines.

copywindow
This procedure allows the user to select the diagonally
opposite corner of a rectangle once the first corner has been
selected. The drawing contained in this rectangle is then
copied to another position on the screen, once the top left
corner of the new position has been defined.

deletewindow
This procedure allows the user to select the diagonally
opposite corner of a rectangle once the first corner has been
selected, and then to £ill the rectangle with a selected
solid colour. This deletes the drawing under the rectangle.

drawcircle
This procedure allows the user to select the radius of a
circle once the centre has been selected, and then describes
the circumference of the circle.

drawscreen
This procedure reads the keyboard, and calls the selected
procedure. Most of these procedures are standard procedures
defined by Turbo Pascal's extended graphics capabilities,

and some have been specially written. Facilities for saving a
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sequential series of pictures to disk are provided.
initialise

This procedure sets defaults for the colour and palette

selected, and positions the turtle in the middle of the

screen.
ANIMATOR - DATA COMPRESSION MODULE

Main program.
The program calls for the name of a series of picture files.
The first picture in the series is assumed to have the
extension "a". The compress and expand procedures are

called. The program then terminates.

Subroutines.

compress
The first picture file in the picture series is read, and
stored in a buffer. The second file is read into a second
buffer. The two buffers are compared byte by byte, and the
position and type of any bytes that differ noted in a data
puffer. The data buffer is stored as the compressed version
of the second picture file. The process is then repeated for
the rest of the picture series. The blockread and
blockwrite commands are used to increase the speed of data
transfer between memory and disk.

expand
The first, uncompressed file in the picture series is read
and the picture displayed on the screen. The first compressed
file (i.e. the second picture) is read. The picture is
recreated and displayed on the screen. The process is

repeated until no further compressed files are found in the
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series. When this happens the first picture is displayed

again, and the entire series repeated. This continues until a

key is pressed.
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APPENDIX 3

PROGRAM LISTINGS
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APPENDIX III

PROGRAM LISTINGS

INPUT MODULE

PROGRAM ecg;

{ }

{ These include files contain the standard routines }

{ of the TURBO GRAPHIX TOOLBOX }

{ }

{$! a:typece! sys}

{$! a graphix sys}

{$! a:kernel.sys}

{$! a-windows sys}

{ }

{ Data structures }

{ }

TYPE arays25 = ARRAY{1..625] OF REAL;
strng20 = STRING[20];

VAR data . ARRAY[1..12] OF array625,

option.pull_choice,old_choice current_screen,
¢1.c2.c3.c4 menu_i_Glb,zoom_offset: INTEGER;

sub_on.move_rt,move_Lttwelve_lead thythm_stnp BOOLEAN:

: CHAR;
. INTEGER

key
line_no

{

PROCEDURE set_defaults;

BEGIN
cl: =10;
c2:=10;
3. = 10;
c4: = 10;
menu_i_Gib. =0
move_rt: = FALSE;
move _It: = FALSE,
sub_on: = FALSE;
pull_choice: = 11;
old_choice. = 11;
key: ='[";
setlinestyle (0);
definewindow(1,1,7,11,16);
definewindow(4,0,0,19,57); {used in draw_background}
gefinewindow (7,0,10,79,57); {used to draw ecgs}
definewindow(5,0,10 + 62,79,57 +62); { }
definewindow(6.0,10 + 62 +62.79,57 + 62 + 62); { °
defineworld(6,0,-2000,2500,2000);
definewindow (8,0,0,xmaxg!b,ymaxgib-16); {12 lead ecg}
defineword(8,0,0,2500 ymaxglb-16);

p?g&ng;i&djcw(10.5l5.xMaxGb-5.YmuGlb-5); {used in zoom

defineworld(10,0,-2000.625,2000).

{used in main menu }

}
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definewindow(11,3,20,75,160);

END.

{ }

{ This procedure draws & rectangie in text mode }
{ }

gma%jgnmh,v_longth,h_oﬁut,v_ot‘set. INTEGER),
VAR i INTEGER;

BEGIN
IF h_ottsetQ THEN gotoxy(h_offset + 1,v_oHset);
write (chr(213));
FORi: = 1 TO H_length DO write (chr(205));
writein{chr(184));
(F h_otfsetO THEN gotoxy(h_offset + 1.v_ofiset+1);
FORj:= 1 TOv_length DO
BEGIN
write (chr(179));
FORi: = 1 TO H_length DO write (' );
writeln{chr(179));
IF h_otfsetO THEN gotoxy(h_offset+ 1v_oMset+1+]);
END;
write (chr(212));
FORi:= 1 TO H_length DO write (chr(205)};
writein(chr(190));
END;

{ }

§ this procedurs is a modification of the “hardcopy” procedure

}
}

{ found in the turbo graphix toolbox. It prints four pixels
{ per printer line |.e. scales the Y = axis up by two.

{ }
degganAle:v?r)g :mode:byte); { EPSON }
VAR i} top:INTEGER
Colorloc,PrintByte byte,

PROCEDURE dotiine(top:INTEGER);
FUNCTION ConstructByte(,i:INTEGER):byte;
CONST Bits: ARRAY [0..7] OF byte = (128,64,32,16,8.4.2.1);
VAR CByte k:byte;
BEGIN
=i SHLJ;
CByte: =0
FORk: =0 TO TRUNC (top DV 2) DO
IF PD{.i + k) THEN BEGIN
CByte: = CByte OR Bits[2°k].
CByte: = CByte OR Bits[2"k + 1],
END;



ConstructByte: = CByte,
END;
BEGIN
F mode = 1 THEN write (ist, ~ L)
ELSE write{ist, ~ ['*.chr(mode)),

y_rr‘ne (ist,chr {lo (XScreenMaxGIb + 1)) ehr(Hi (XScrnHMaxGlb +1))

FORj: =0 TO XScreenMaxGib DO
BEGIN
PrintByte: = ConstructByte(.i);
IF inverse THEN PrintByte: = NOT PrintByte;
write (ist,chr (PrintByte));
END;
IF moded THEN writein(st);
END;

PROCEDURE do2ineltop:INTEGER);
FUNCTION ConstructByte (i INTEGER).byte;
CONST Bits ARRAY (0..7] OF byte = (128,64,32,16,8,4,2,1);
VAR CByte k:byte;
BEGIN
=] SHL 3;
CByte: =0;
FOR k: =0 TO TRUNC(top DIV 2) DO
IF PD(.i +k+4) THEN BEGIN
CByte: = CByte OR Bis{2%k];
CByte: = CByts OR Bits{2"k +1];
END;
ConstructByte: = CByte;
END,
BEGIN
IF mode =1 THEN write(Ist, ~['L")
ELSE write(ist, ~ [',chr(mode));

rjr'ne (Ist.chr(io (XScreenMaxGib + 1)),chr {Hi (XScreenMaxGlib + 1))

FOR | =0 TO XScreenMaxGib DO
BEGIN
PrintByte: = ConstructByte (.i);
IF inverse THEN PrintByte. = NOT PrintByte;
write (Ist,chr(PrintByte));
END;
IF mode4 THEN writein (ist);
END;

BEGIN
©p. =7,
Colorloc: = ColorGlb;
ColorGib: = 255;
mode: = mode AND 7,
F (mode =5) OR (mode =0) THEN mode: = 4;
write(ist, ~ [3'#24);

dgﬂﬁ‘l.ﬁfgo%mwf.ﬁ&# 1) SHR 3)-1 DO BEGIN

I = ((YMaxGIb + 1) SHR 3);
F (YMaxGlb + 1) AND 70 THEN
A"%Eﬁlgﬁsynno((YMuGlb + 1) AND 7);do2line ((YMaxGib + 1)

writeln (ist, ~['2);

ColorGib: = ColorlLoc;
END;

{
PROCEDURE print_screen;

BEGIN
scrdump (FALSE,S);
pull_choice: = 0ld_choice;
END;

{ }
{ This procedure contains the pop-up (or pulidown, if you
{ prefer) menu system. }

{
SWES s AT SRl AR

}

CONST maxiength = 12,

TYPE
stringArray = ARRAY([1 .maxlength] OF STRING[15];

VAR quit: BOOLEAN,
newchoice subchoice mainmenu_choice INTEGER,;

:.-.--.utg-:-:.:':’t.zlz-.—.} T EEXTETXTBTEZC

cﬁc"iOCEDUF?E

| mainmer
.m,nemno&:lﬁ%&fﬁm e&%gmquit BOOLEAN);
VAR str:ARRAY([1 .. 7] OF STRING[11];
LINTEGER;
ch,ch2:CHAR,

BEGIN
str(1]): =" calipers ';
str{2]: =’ unzoom
st(3): =" z00m limb ',
st{4]:=' z00mV '
str[S). ="' new screen’;
st[6]: =" quit
su(7): ="' HELP
gotoxy(1,1);
drawbox(78,1,0,0};
gotoxy(2,2);write (str{1] str[2],str[3],str(4].str[5] str[6] su[7]);
copyscreen;
:=menmu_|_Gib;
selectwindow(1);
invertwindow;
IF move_rt THEN BEGIN

bmis1t;

IF 76 THEN BEGIN

L =77,
movehor (-86, TRUE),
END
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ELSE movehor(1 1, TRUE);
selectacreen(2);
copyscreen;
selectscreen(l);
invertwindow,;
read (kbd,ch);
END
ELSE IF move_it THEN BEGIN
:=i-11;
IF | THEN BEGIN
“Lmi+TT;
movehor (66, TRUE);
END
ELSE movehor(-11,TRUE);
selectscreen(2);
copyscreen;
selectscreen(1);
invertwindow,;
read (kbd ch);
END;
move_rt = FALSE;
move_it = FALSE;
IF NOT subon THEN REPEAT
IF (ch= ) THEN
BEGIN
read (kbd,ch2);
IF (ch2="M?)
THEN BEGIN

li=i+11;

IF i76 THEN BEGIN
| =77,
movehor(-66, TRUE);

END

ELSE movehor(11,TRUE);

selectscreen(2);

copyscreen;
selectacreen(t);
invertwindow;

read (kbd,ch);

END
ELSE IF ch2 = ('K}
THEN BEGIN

i =i-11;

IF i THEN BEGIN
ii=l+77,
movehor(68, TRUE);

END

ELSE movehor(-11,TRUE);

selectscroen(2);

copyscreen;
selectscreen(1);
invertwindow;

read (kbd,ch);

END
ELSE IF (ch2 ='P") THEN ch:=chr(13);

END

ELSE read kbd ch);
IF ch = 'p’ THEN print_screen;
UNTL (ch ")
ELSE ch: = chr{13);
mquit: = TRUE;
move_rt: = FALSE;
move_R: = FALSE;
menu_i_Gib: =|;
chaice: =i DIV 11 +1;
Newchoice: = choios;
IF ch = {chr(13)) THEN BEGIN
sub_on: = TRUE;
mquit: = FALSE;
END;
END;

}

{
R i : ‘
s;s mgg%% getheadings (menu_num INTEGER VAR

VAR i: INTEGER,

BEGIN
FOR i:= 1 TO maxiength DO
strfi ="
CASE menu_num OF
1:BEGIN
st{1]:="one ';
stf2] =" two
sr{3]: =" three "
str(4]: =" fowr
st{S]. = 'one and two ';
str(6): =" three and four’;
su7)="all
END;
2:BEGIN
st[1]) =% 12 lead ecg’;
str[2]: = ‘o rhythm strip’;
END;
3.BEGIN
st{1]:='Std lead | ';
su{2): ="'Stc lead Il ;
str[3). = 'Std lead iIl';
str{4] ="' aV’
st(S]: ='avr;
st(6): =" aVl;
END;
4:BEGIN
sy[1}=" Vi ';
su[2] =' V2,
su(3]: ="' V3"
st(4). ="' V4
su[S] ="' V5"
str{6]. ="' V8
END;
5:BEGIN
sy(1)l="'12ead’;
sv(2): =’ Rhythm strip ;|
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str{3]: =’ Dlagnose ',
END;
8.BEGIN
str[1].="yes ',
str[2].="no
END:
7:BEGIN
str{1]: ='not used ',
str{3] = 'not used '
str{4]. = 'not used |
str{5). = ‘not used ',
str[6]. = 'not used |
END;
END; {case}
END;

}

{
num,now_' ygééfmtgévaTEGER;
VAR sub_gquit: BOOLEAN),

VAR stArray sT/ nQarTEy,;
ix1x2.y1,y2menu_length wicdth INTEGER,
ch.ch2 CHAR;
first_time: BOOLEAN,

{the foliowing variabies are used:-
. num - number of this submenu.
menu_length-number of options in the menu.
width - iength of longest string.}

BEGIN

width: = 1;
menu_length: =0,
setVatep(8);
getheadings(num strArray),
REPEAT

menu_tength: =menu_length +1;
UNTIL strArray[menu_length]s" "
menu_length: = menu_length-1;
FORi: =1 TO menu_length DO

IF width gth(strArray(i}) THEN width: = length(strArray(i]),
writein;
x1:=(num*11-10);
x2: = {x1+width + 2);

definewindow (2.x1,(whereY) x2,iwhereY + (menu_length +3)*9))

storewindow(2);
drawbox (width,menu_fength.num*11-10,3);
FORi: =1 TO menu_length DO

BEGIN

gooxy(num*11-8,i +3);
write (srArray [il);

END;
copyscreen,;
I =0

ﬂg!incwindow(a,(nun-ﬂ'ﬂ +2.8%(2).{(num-1)*11 + width + 1,873
selectwindow (3);
first_time: = TRUE
ch:=#27;
REPEAT
iF fch=")
THEN
BEGIN
IF first_time THEN BEGIN
first_time: = FALSE;
ch2: ='P'
END
ELSE read(kbd,ch2),
IF ch2="P")
THEN BEGIN

Ii=i+8;

IF i8*menu_length THEN BEGIN
i:=-8*menu_length,
moveVver(-8*(menu_length-1) TRUE);

END

ELSE moveVer(8 TRUE),

selectacreen(2);

copyscreen;
seioctscreen(l);
invertwindow;

read (kbd,ch);

END
ELSE IFch2=('H)
THEN BEGIN

| =8,

iFiQ THEN BEGIN
=i+ B8 *menu_length;
moveVer (8*(menu_length-1) TRUE);

END

ELSE moveVer(-8 TRUE);

selectscreen(2);

copyscreen;
selectscreen(l);
invertwindow;

read(kbd,ch);

END
ELSE iF ch2 ="K’ THEN BEGIN
ch: =chr(26),

move_Lt: = TRUE,

END
ELSE IFch2 ="M’
THEN BEGIN
¢h: = chr(26),
move_Rt = TRUE;
END;
END

ELSE read (kbd,ch);

IF ch = 'p' THEN print_screen;
UNTIL {ch ™),
sub_quit: = FALSE;
sub_choice: = 0;
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IF en = (chr(13)) THEN BEGIN
sub_choice: = (i DIV 8);
sub_quit: = TRUE;

END
ELSE sub_on. = FACSE!
restorewindow (2.0.0);
ENO;

{ }

BEGIN
oldchoice: = finaichoice;
mainmenu_choice: = oidchoice DV 10;
subchoice: = olkdchoice MOD 10;
newchoice: = mainmenu_choice,
quit: = TRUE;
REPEAT

S:gundown_majnmenu (mainmenu_choice,newchoice,sub_On quit
IF (sub_On)

subm%ﬁ(mainmonu_choioe,newchoice,subchoica,qu‘n);
UNTIL quit;
finaichoice. = mainmenu_choice *10 + subchoice;

END,

{ }

{ This procedure plots the tracing. pairs of readingsare }
{ plotted as a single point to increase speed. }

{ : }

OVERLAY PROCEDURE drawwave (wave:arrayt25),

VAR n:INTEGER
a.b:REAL;

BEGIN
FORn: =170 311 DO
BEGIN
a = (wave[2*n] + wave[2™-1])/2.0;
b: = (wave[2°n + 2] + wave[2*n +1])/2.0;
¥ abs (a-b) THEN BEGIN
drawpoint(2*n,(a +b)/2);
END
ELSE drawiine(2*n.a,{2*n +2).b);
END,
END,

{ }
{ Procedures t©© manage the caliper system. }

{ }
POORRELER B AR VAR

VAR next_key:CHAR);

CONST osc = #27,

VAR key- CHAR
increase INTEGER;

BEGIN
IF current_screen = 10 THEN increase. = 1
ELSE increass . = 4;
read (kbd ey},
IF key = 'p' THEN print_screen;
next_key. = key;
IF key N [",".chr(27)] THEN
CASE key OF
" BEGIN
pos: = pos-abs (tab);
IF pos THEN pos: = pos + 2500,
END:
" BEGIN
pos: = pos + abs{tab);
IF pos2500 THEN pos: = pos-2500
END,
esc . BEGIN
IF NOT keypressed THEN
next_key ='Q’
ELSE BEGIN
read (kbd key);
IF keypressed THEN increase: = 10"increase,
IF (koy ="M)
THEN BEGIN
pOs: = pos +iNCrease;
IF pos2500 THEN pos: = pos-2500,
END
ELSE IF key = (K')
THEN BEGIN
POS: = POS-INCTeass,
IF pos THEN pos: = pos + 2500,
END;
END;
END;
END; {case}
END;

{ 1
PROCEDURE set_calip(k1.INTEGER k2:INTEGER);

BEGIN
IF current_screen = 10 THEN
BEGIN
{F (x10) AND (k1q) THEN drawtine(x1,-1900,k1,1900);
IF (20) AND (k2q) THEN drawline(k2,-1800,k2,1900);
END
ELSE
BEGIN
drawline (k1,6 k1,46);
drawline(k1,68,k1,108);
drawline (k1,130 k 1,170},
IF k20 THEN BEGIN
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grawline (x2,6.k2.46);
deawtine (k2,68 k2,108);
drawline (x2,130 %2170}
END;
END,
END;

}

{
! caliper1 (VAR k1:INTEGER; VAR
%E;;@YCPF&%%EDURE iper Y

CONST zero = 0;

BEGIN
restorewindow(current_screen 0.0);
selectworid (current_screen);
selectwindow (curment_screen);
sethnestyle (85);

IF new_key'q' THEN BEGIN
gotoxy(1,24) writs( ":80); {clear previous commentiine}
END;
copyscreen,
REPEAT
selectscreen(2);
copyscreen,
selectscreen(l).
set_cahp(ktzoro);
update_pos'nionm,10,new_key);
UNTIL new_key='qQ’,
setiinestyle (0);
END;

{
Qevfﬁwr&mwu% caliper2(VAR k1,k2: INTEGER; VAR

VAR a,b:INTEGER;

BEGIN
restorewindow(current_screen 0,0);
selectworid (current_screen),
seiectwindow (Current_screen),
setiinestyie (85);
restorewindow{current_screen,0,0);
set_calip(k1,0);
copyscreen;
WHILE (new_key'q)
DO BEGIN
seiectscreen(2);
Copyscreen,
sslectacreen(l);
seot_calip(2,0);
& =round (abs(k1-k2)*4),
¥ k1420 THEN b: = round (abs (15000 (k 1-k2)))
ELSEDb: =0,
Qotoxy(10,24);write (a," msec : 'b." per minute Y
update_position(k2,10,new_key),
END;

setinestyle(0);
END,

}
%}:yg%eouas cal_1_2(VAR K1 INTEGER VAR

VAR a.b,delta INTEGER;

BEGIN
resprewindow (current_screen,0,0);
setectworid (current_screen),
sesectwindow (current_screen);
setinestyle(85),
resorewindow (current_screen 0.0},
copyscreen;
detta; = (k2k1);
& =round (abs(delts)*4),
IF Ge'tad THEN b = round (abs {15000 {de'ta)))
ELSEb:=0;
Qotoxy(10,24);write(a,” msec b, per minute ),
WHILE (new_key'q’)
DO BEGIN
selectscreen(2);
copyscreen,;
selectscreen(l);
set_calip(k1k1+delta);
update__posmonmAde!ta,new_key),
END;
k2. = k1 +delta,;
setiinestyle(0),
END;

{ }

! i k1k ANT R, VAR
%-R“..};YCPmEDURE caliper3(VAR k1,k2 k3 INTEGER,

VAR ,b:INTEGER,

BEGIN
restorewindow (current_screen,0.0);
seiectworld (current_screen),
selectwindow(current_screen);
setinestyle(85),
set_caiip(k1,k2);
setinestyle(4);
gatoxy (50,24}, write ":30);
copyscreen,
& = round(abs(k 1&2)*4);
IF k120 THEN b: = round{abs {15000/ (k1-k2)})
ELSE b: =0;’
gotoxy(10,24);write(a,' msec : ',b.’ per minute ),
setiinestyle(4),
WHILE (new_key'q’)
DO BEGIN

selectscroen(2);

copyscreen,

selectscreen(l);
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set_calip(k3,0); gotoxy(10,24);write(a,' msec : ".b ' per minute )
update_position (x3,10.new_key}, setiinestyle(4);
END, deita: = k4-kJ,
setiinestyle {0); WHILE (new_key'q)
END, : . DC BEGIN
sslectacreen(2);
{ } copyscresn,
: RE caliper4 VAR selectscreen(l);
a\%zfmég&gﬂ?nm' .fuém" set_calip(k3,k3 +delta);
s = abs(delta*4);
VAR 8 b'INTEGER, IF Gelta0 THEN b: = round (abs (15000/(Gelta)))
BEGIN ELSE b:=0;
restorewindow(current_screen 0.0); gotoxy(SO.Zf},wﬁto (a."maec: °b, ?or minute );
update_positon k3 delta.new_key);
seiectworld (current_screen), END;
uifcfwi'\dow(curront.wnn); k4, = k3 + delta;
set!mest)lde{BS); setiinestyls(0);
restorewindow (current_screen . 0.C); END:
set_calip(k1,k2);
setlinestyle(4); {
set_calip(k3,0), }
a = round (abs (k142)*4); , , _
IF k1-k20 THEN b: = round (abs{1500C (k 1-k2}}} Q&E;ﬁdemeRE cal_al(VAR K1.K2.k3 k4:INTEGER VAR
ELSED: =0,
gotoxy (10,24);write{a,’ msec ' b, per minute ’); VAR a.b.deltat delta2 deita3. INTEGER;
copyscreen;
WHILE (new_key'q) BEGIN
DO BEGIN selectworid(current_screen),
selectscreen(2); selectwindow(curment_screen);
copyscreen; restorewindow (current_screen 0.0);
seiectscreen(l); copyscieen;
set_calip(k4,0); dettal: mk2-k1;
a = round (abs(k3-k4)"4); deita2: = k4-k3;
If k3-k40 THEN b = round{abs {15000/ (k3-k4))) delta3: =k3-k1;
ELSEb: =0, a: = abs(deitai®4);
Qotoxy(50,24);write 2, msec : "b,' per minute ') IF delta10 THEN b: = round (abs(15000/(delta 1)})
upcate_position (ké,10,new_key), ELSEb:=0;
END; gotoxy(10,24);write{(deltat*4),’ msec :'b,’ per minute ),
setlinestyle (O}, a: = abs(deha2*4);
END; IF deita20 THEN b: = round(abs(15000/ (k 1-k2}})
ELSEb: =0;
{ } gotoxy(50,24); write((defta274),' msec : ' b’ per minute );
! ! 3
S L o o)
VAR a.b,deita INTEGER, 0O BEGN
selectscreen(2);
BEGIN ) copyscreen,
restorewindow{current_screen C.O); ulwnn(1);
sslectword(current_screen); utlmu'tﬁc(ss);
sslectwindow current_screen); m_.cahp(khk! +detal);
setiinestyle (85); - ) utlmn.tylo(A);
set_calip(k1 k2); m_'ahp(ks.ka +deita2);
setiinestyte (4); setiinestyle (85),
copyscreen; update_position(k1,deltat new_key),
a = round(abs(k 14k2)*4); k3: =k1 + detta3;
F k1k20 THEN b: = round (abs {15000/ (k 1-k2))) ksN-D; +deltal:
ELSEb. =0, : !
k4: = k3 + deita2;
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END,

{ }

PROCEDURE intro_message, . .

BEGIN
END.

{ }

{ Another procedure to piot the trace. It averages two points, }
{ and draws aline Detween the is they are far apat,ora  }

{ point between then if they are close. }
!{PROCEDURE draw_wave(num,n,offset. INTE}GER);
VAR
4.b.INTEGER
BEGIN

a: =round((data[num,.2*n] +data[num.2*n-1})/2.0);
b =round{{data[num,2*n + 2]+ data{num,2*n + 1})/2.0),
IF abs(a-0) THEN BEGIN
drawpoint(2*n + offset (a + b)/2),
END
ELSE drawline(2*n + offset.a (2*n + 2) - offset,b);
END;

{ }

f This procedure draws the template for the 12 lead ecg trace.
{ }

PROCEDURE draw_background;

VAR titie: STRING(8];
ij.x_ottsety ottset:INTEGER;
BEGIN
clearscreen;
setheaderOn;
setHeadertoTop;
definewindow(4,0,0,18,57);
storewindow (4);
FORi= 0TO3D0
FORj:= 0 TO2D0O
BEGIN
x_offset: = {*20;
y_offset: = |*62;
restorewindow (4, x_otfset,y_offset);
selectworid(4);
selectwindow (4),
CASE (i*3+)+ 1) OF
1:ttle. ='Std I';
2:ttle. = 'St I';
J:title: = "Std M1';
4:title: = 'aVR’;
S title: = 'aVL’;

S:title: = ‘aVF;
7 title. = V1,
8tite: = V2",
9tite. = V3,
10titte: = V&',
11:tite. = VS,
12tive. = V8,
END {cass};
DefineHeader (4, title);
drawborder;
END;
END;

{ }

{ This procedurs reads the data for 8 leads, calculates the  }
{ remaining four, and then constructs the display ofaii 12}
{ leads }

{ }

PROCEDURE get_12lead_data;

VAR OK:BOOLEAN;
ij.k,oHsat1 Ottset2 INTEGER;
datum:INTEGER;
fianame newfile: STRING(8);
datafile. FILE OF INTEGER;

BEGIN
OK: = TRUE;
I:=0;
=0
drawbox (46,1,9,10);
REPEAT
IFi=0THEN
BEGIN
gotoxy(11,11);
write( enter name of 12 lead ecg... );
gotoxy(40,11);
read(fiiename);
END;
=i+t
IFjmQTHEN | =2
ELSEF j=2THEN | =3
ELSEF j=3THEN| =7
ELSE | =}+1;
newfile: = fllename +chriord (0" +i);
assign(datafile newfile);
{$+} resetidatafile); {$!+}
OK: = (I0resutt =0);
IF NOT OK THEN BEGIN
i:=0;
=0
gotoxy(11,11);
write (cannot find this ecg........ "filename,’ );
delay(3000);
END
ELSE BEGIN

{read std leads Il and lll.}
{then v leads into data[6..12]}
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gotoxy(11.11);
write( WAIT §K
gotoxy(1§,11);FOR k = 1 TO i DO write(.);
FORK: =1 TO 625 0O
BEGIN
read (datafile datum);
dam(jk]. = (Catum-2048)/0.205;
END;
ciose (Gatafile),
END.
UNTIL ((OK) AND (i =8)) OR (fiename = 'stop’);
BEGIN
FORKk: =1T0O 625 0O
BEGIN
IF (xk MOD 105) =0 THEN write(".);
{sta!} cata[1,k] = aata|2.k]-cata{3 k],

dataia bt = round((data[2 k] + dat(3Kk])3.0Cata[2 K]);

{avi} data[5 k): =round {(dataf2 k}-2*data[3.k])/3.0);
{avf} data[6.k]: =round((data{2 k] + data[3,k])/3.0)

END;
END;
draw_background;
seiectworid (6},
setheaderoff;
FORi:=0TO30D0O
BEGIN
offset1; =625,
FOR|=1T0 31100
BEGIN
selectwindow(7);
draw_wave(i*3+ 1,j0ffset1);
salectwindow (5);
draw_wave(i*3+2,j.ottsetl);
ssiectwindow (6);
draw_wave(i*3 +3,0ffset1);
END;
END;
selectwindow (8),
storewindow (8);
current_screen: = §;
END;,

{ }
OVERLAY PROCEDURE get_rhythm_data;

BEGIN
END;

{ }
OVERLAY PROCEDURE display_12_lead;

BEGIN
restorewindow(8,0,0);
END;

{ }
OVERLAY PROCEDURE display_rhythm_strip;

BEGIN
END;

{— }
OVERLAY PROCEDURE display_measurements;

BEGIN
END;

{ }
{ These procedures control the z00m mode functions }

{ }

OVERLAY PROCEDURE
zi?&gagmﬂEGER;lud_number:INTEGER,t'me string 20);

" VAR offset zchoice: INTEGER,

BEGIN
setforegroundcolor (yeliow);
seiectwindow(10);
current_screen: = 10;
selectworid(10);
setbackground(0);
setheaderOn;
defineHeader(10 title),
drawborder;
FORi: = 1TO 311 DO draw_wave{lead_number.i.0);
storewindow (10);
CASE iead_number OF
1,2,3:z00m_ottset. = O;
4,5,6:200m_offset. = 625,
7.8.9:200m_otfset: = 1250,
10,11,12.200m _offtset = 1775,
END:{case}
setlinestyie(85);
zchoice: = oid_choice MOD 10;
pull_choice: = oid_choice;
c1.=c1-zoom_oftset;
€2 = c2-z00m_otfset;
¢3: =c3-200m_ofteet;

. '%4‘:‘%‘332:8 .S?st; {the origin moved to the beginning of

CASE zchoice OF
0.BEGIN
END;

1:caliperi{ct key);
2:caliper2(c1,c2.key);
3:callper3(ct,c2.c3 key);
4:caliperd(c1,c2.c3,c4 key);
5:w_1_2(c1.c2.kcy);
8.cal_3_4(c1,c2.c3.04 key),
7:cal_all(c1,62,c3,04 key);
END {case};

END;
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OVERLAY PROCEDURE unzoom;

BEGIN
¢1: = c1+zoom_oftset,
€2 = c2 + 200m Offset;
¢3: = c3 + 700m_ottse,

o4: = o4 + z0om_otiset, {the origin moved back}

setlinestyle )

setioregroundcolor fwhite);

current_screen: =8,

cearscreen,

restorewindow(8,0,0);
END;

= MAIN PROGRAM
{$R+}
BEGIN

{if first_time then} initgraphic
{ eis8 entergraphic};

set_defaults,

get_12lead_data;

REPEAT
Manu(old_ehoieo‘pull_choico);
key: ='a’,

CASE pull_choice OF
11.caliperi(ct key);
12:caliper2{c1,c2 key);
13:caliper3(ct,c2.c3,key);
14:caliperd(c1,62,63,c4 key),
15.cal_1_2(ct,c2 key);
16:cal_3_4(c1,c2.c3,04,key);
17:cal_all{c1,c2,c3,04,key).

21.unzoom;

31:z00m2(c1,62,c3,c4,1,'Std lead Y}
32:700m2(c1,c2,c3,c4,2,'Sid jead I},
3:z00m2(c1,62,63.64,3,'Std lead [Ii);
34:200m2{c1,62,c3,c4,4,'av’);
35:z00m2(c1,62,63,c4,5 'avr’);
36:z00m2(c1,c2.c3,c4.8,'avt");
41:200m2(c1,c2,c3.c4,7,'v 1),
42:200m2(c1,c2.63.c48,'v2').
43:z00m2{c1,c2,c3,c4,8,'vV 3);
44:200m2(c1,62,c3,64,10,V 47;
48:200m2(c1,62,c3,.c4,11,v 5);
48:200m2(c1,c2,.c3.c4,12,Vv 87);

51.get_t2lead dasta;
52:.get_rhythm_data;
85 display_12_lead;
54.display_rhythm_strip;
53:;
61:exit;
71.print_screen;
4 gwplay_measurements;
END; {case;
UNTIL (putt_choice = 81);
leavegraphic;
END.
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EXPERT SYSTEM MODULE

{ }
{ This programis based on an exper: system shell writien in

}
){ UCSD pascal by Stephen Harris. I has been modified into .

; Tuf?o Pascal, and further modifications and additions have

{ madein customnising the program for the present purpose.

}
{ }
{ }

PROGRAM Expent_System;

}
i DATA STRUCTURES. }
{ }
{ note: stacks are arrays of pointers. }
{ answers to "questions” stored in a linked list. }
{ }
CONST

MaxNoOfQ = 200,
MaxNoOfD = 200,
MaxNoQOfR = 300,
MaxReasons = 100;

ScreenLength = 14;

TYPE

twine  =STRING([80};
whole =0..maxint;
extual = ~packstring;
packstring = RECORD

s STRING(80};
END;
dstatus = (undecided, pending, dlor, dagainst);
dkinds = (intermediate goal);
dentry = 1.MaxNoOfd;
drecord =RECORD

TEXT : textual;

status : dstatus;

kind : dkinds;
END;
sentry = ~arecord,;
aecord =RECORD

TEXT : textual;

next : aentry; )
END;

qentry  =1.MaxNoOfq;
grecord = RECORD
TEXT : textual;
reason : wxtual;

first : ssntry,
answer | whoie,;

END;
ctypes -(and_op,m_op,not_op.quos_op,docn_op);
centty = ~crecord;

crecord =RECORD

CASE ctype ctypes OF
urd_op.o«_op:(lha,rhs:conty);

not_op :foperand.centry);

ques op :(ques qentryansw :whole );
decn_op :{decn :dentry);

END;

renty = 1.MaxNoOfr,
mecord = RECORD
condition centry,
reason textual;
decision : dentry;

END;

stackrange = 0.MaxReasons,
= SET OF CHAR,

charset

namestring = STRING[20];

VAR
Expert. TEXT;

datastructures: ~ CHAR,
question  : ARRAY(qentry] OF ~grecord;
decision : ARRAY[dentry] OF ~drecord;
rule : ARRAY[rentry] OF ~rrecord;
dmryory : whole; { memory in bytes taken up by the

aborted,
badinput,not_opFRag,
evalactive undo : BOOLEAN,

whystack : ARRAY|stackrange] OF textual;

stackp : stackrangs;
ques_stack : ARRAY [stackrange] OF qentry;
stackp2 . stackrange,

decn_stack : ARRAY stackrange] OF dentry;
stackpd : stackrange;
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digits alphabet : charset,

bel. CHAR,

{ }

}{ VO eror checking routine and @rror message routine

{ b .
{ }

PROCEDURE abort(s:twine; ilINTEGER); FORWARD,

{ }
PROCEDURE clearscreen;

BEGIN
{$+}
window(1,1,80,24);
clrscr,
window(10,1,8C,24);
writeln;
IF iOresult0 THEN BEGIN
textcolor (lightblue);
writein(' Sorry, | wasn't paying attention’);
writein;
textcolor{white);
writein (Please run me again’,

halt;
END;
{$i+}
END:

{ }
Jrogf.’i‘ni‘%"” & retrieval routines. ¥ memory availibility

"o(gccuf they can be alleviated by moditying these routines to

{ the text in a file. }

{ }

moIIIIIzsIIIzIpTTTTmosETEETTS

PROCEDURE storetext(str:twine ;VAR TEXT:textual ),

BEGIN

new (TEXT),

TEXT ~ .8 = str;

memory: = memory + sizecf(str),
END,

{ }

PROCEDURE writetext{ttextual);

BEGIN
IF INIL THEN writet ™ .8);
END;

{ }

PROCEDURE writeintext(t:textual);

BEGIN
IF t= NiL THEN writein
ELSE writein{t ~ 8);
END;

{ }
PROCEDURE press_any_key;

VAR bucket CHAR

BEGIN

writeln;
writeln (Press any key to continue.’,
read(kbd bucket),

END;

{ }
FUNCTION press_one_of( s.charse! }:CHAR,

VAR ¢h:CHAR

BEGIN
REPEAT
read (kbd ch);
_ ‘9" THE
LECh - AND TR

UNTL chINg;

write (ch);

press_one_of. =ch;
END,

{

{ }
{ Procedures to handlie the reason-stack.
{ }
{

PROCEDURE push (reason:textual);

BEGIN
IF stackp = MaxReasons THEN

whystack(stackp]: = reason;
stackp: =stackp + 1;
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END. { push }

{ }

PROCEDURE pop;

BEGIN

F stackp0 THEN stackp: = stackp-1 )

ELSE abont('Bug in shell: why-stack popped too often.’,0);
END,

{ }
PROCEDURE push_guestion (G whoie),

BEGIN
ques_stack[stackp?] =q;
stackp2 =stackp2 +1;

END; { push }

{ }

FUNCTION pop_guestion (g whoie) qentry;

BEGIN
IF stackp20 THEN BEGIN
stackp2: = stackp2-1;
pop_queston: = ques_stack[stackp2];
END
ELSE pop_question: = g;
END,

{ }
PROCEDURE push_decision(d:whole);

BEGIN
decn_stack(stackp3] =d;
stackp3: =stackp3 + 1;

END: { push }

{ }
FUNCTION pop_decision:dentry;
VAR d dentry;

BEGIN
F stackp30 THEN BEGIN
stackp3: = stackp3-1;
pop_decision: = decn_stack[stackp3];
END,
END;

{ }
{ }

}( Procedures to print out the stored data structures.

{

{

PROCEDURE writeindecn(d dentry);

BEGIN
WITH decision[d]~ DO BEGIN

IF kind = intermediate THEN write ('(’);

writetext(TEXT),

IF kind = intermediate THEN write());

writeln;
END;
END;

{
PROCEDURE printcond (c:centry);

BEGIN
IF eNIL THEN CASE ¢~ .ctype OF
and_op : BEGIN

write (' (');

prcond{c ~ .hs);

wnte( & ');

printcond(c ~ .rhs);

write ());

END;

or_op : BEGIN
write ();
printcond{c ~ .Ihs);
write( OR ");
printcond (c ~ .rhs);
write()’);
END;

not_op : BEGIN
write( NOT );
write (();
printcond(c ~ .operand);
write()');
END;,

ques_op : write('Q',c ~.ques,'A'.c " answ),

decn_op : write('D'.c ~.decn);

END {case};
END;

{
PROCEDURE printwhy (w:textual);
BEGIN

IF wNIL THEN BEGIN
write( WHY ),
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PROCEDURE primmb(r:rm.try);

BEGIN
F ruie[r)NIL THEN BEGIN
write(R'1,' "),
printwhy(ruler] * .reason);
write( IF )
printcond(rule(r]~ .condition),

writein( THEN DECISION “rule{r] ~ .gecision,”’);

END;
END:

{

PROCEDURE primdecision(d.dentry);

BEGIN
F decision[d]NIL THEN BEGIN
write('D'd,': )
writeindecn(d);
END;
END;

{

PROCEDURE printquestion(q:qentry);

VAR a:aentry;

BEGIN
_F question[q] NIL THEN BEGIN

F (screeniength = whereY +1) THEN press_any_key;

write('Q'.q,":
writelntext(question[q] ~ text);
printwhy(question[q] © .reason);
a = question[Q] ~ first;
WHILE aNIL DO BEGIN
write( “12);
writeintext(a ™ .text);
a=a”.next
END;
END.
END;

{

PROCEDURE Dump;

VAR | INTEGER

choice :CHAR;

BEGIN
clearscroon;
writein( LISTING OF CURRENT RULE BASE’),

’.:ﬁ‘;'\;\t--.‘-------------.--;::::;:

writein;
FORI: =1 TO MaxNoOfd DO BEGIN
primdedision (i),
END;
writein;
press_any_key,
FORi: = 1 TO MaxNoQOfg DC BEGIN
primquestion {i);
END;
writeln;
press_any_key;
FOR i = 1 TO MaxNoOfr DO BEGIN
printrule (i),
END;
writein;
press_any_key,
END;

{ }
{  Procedures to read the knowledge base, check for syntax

}
d i t
&ucmo’r;%m l?d store the knowledge base in the data

{ }

_PFOCEDURE Readinput;

TYPE
tgkgg‘s' - (nul!,c_str.s_num.s_lnswer,s_md,s_decision,s_end 5_if

l_qucs.l_mio.s_mn.s_why.s_or.s_lparan,s_rpa:on,s_term),
severities = (nonfatal fatal),

VAR token : tokens,
P . whole,
line : STRING[80],
ch :CHAR
endofinfo : BOOLEAN,
lastnum : whole;
laststr : STRING(80];

{ }

PROCEDURE ReadAnhem; FORWARD;

{ }
PROCEDURE FeadCh;

{$R-} {Range checking off for speed reasons}
VAR skip : BOOLEAN;
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BEGIN
REPEAT .
skip : = TRUE;
F pgihline) THEN BEGIN
ch:=ne(p);
p=p+t;
skip := ch IN['%.,'"\');
END, .
F skip THEN IF eof(expert) THEN endofinto: = TRUE
ELSE BEGIN
readin (expert.line);
writs(.');
p=1
END,
UNTIL endofinfo OR NOT skip:

iIFeh IN[a'.'7’] THEN ch: =chr(ord(ch)-ord('a’) + ord (A"},

{$R+}
END; (* ReadCh *)

{ }
PROCEDURE NextSymbeol, FORWARD;

{ }
PROCEDURE Recover;

BEGIN
END;

{ }
PROCEDURE SayError(msg twine, severity severities);

VAR i:whole;
choice. CHAR,;

BEGIN
badinput: = TRUE;
clearscreen;
writein(line);
FORL=1TO p-2 DO write (' *);
writein(" ~ 9;
writein (bell,'*** ERROR ''msg);
writeln;
writeIn(Press acs 1o cortinus reading In, ', ary other key to quit);
read (kbd,choice);
IF choice' ' THEN halt; {program}
IF severity = tatal THEN recover;
END;

{ }
PROCEDURE NextSymbol;

{———1}
PROCEDURE ReadNumber;

VAR toobig: BOOLEAN;

BEGIN
lastnum: = Q;
REPEAT
lastnum: = 10*lastnum + ord (ch)-ord ('0");
ReadCh;
toobig: = lastnum 3000;

UNTIL wobig OR NOT(ch IN digits);

IF 1oobig THEN BEGIN
SayError((Number 100 big Number has been ignorec
,nonfatal);

WHILE ch IN digits DO ReadCh;
END;
END: { ReadNumber }

{———}
PROCEDURE ReadStr fterm:CHAR);

VAR oldp:whole;
short:STRING[1];

BEGIN
short. ="',
short{1]: = term;
oldp:=p;
p: = pos(short.copy(line,p length(line)-p + 1));
IF p=0 THEN p: = length(line)
ELSE p: =p +0idp-1;
IF ine[p] = term THEN BEGIN
laststr: = copy (line 0idp p-okdp);
p:=p+1, ReadCh;
END
ELSE BEGIN
ch:='",
SayError(
Text string too long. Quote possibly missing.'
JSfatal);
END;
END;

{————}
PROCEDURE ReadAKeyWord;

VAR full: STRING(8);
i whole;
error:BOOLEAN;

BEGIN

CASE c¢h OF

‘ABEGIN token: = 3_answer; tull: = ANSWERS', END:
'D:BEGIN token: = g_decision; full: ='DECISION’;, END;
‘E"BEGIN token: =g_end;  full: ='END’; END;
T.BEGIN token:=s_If;  full: ='IF;  END;
'‘N'BEGIN token:=s_not;  full: ='NOT;  END;
‘O"BEGINtoken:=g_or;,  full:='OR;  END;
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tull: = 'QUESTION"; END;
tull: = 'RULE", END;
full: = THEN'; END;
full: = WHY"; END;

Q' BEGN token: =s_gues;
R'BEGN token: =s_rule,
T:BEGIN token: =s_then;
W BEGIN token: =s_why,
BVCUFGUH
SUKLUM
JPUSTULYY
X7
END; {case}
I =1, emor: = FALSE;
WHILE {ch IN alphabet) AND NOT error
DC BEGIN
IF ilength(full; THEN error: = TRUE
ELSE IF fuli(Jch THEN eor. = TRUE
ELSE BEGIN ReadCh; i:=i+1; END;
END,
IF error THEN
BEGIN
I fult =" THEN
SayEror{('tlega' keyword. Has been ignored’,nonfatat)
ELSE SayError{concat
(‘Unrecognised keyword. ' full,” assumed.),
nonfstal);
WHILE ch IN alphabet DO ReadCh;
END, -
END; { ReacAKeyWord }

ful. = ";

BEGIN { nextsymbol }
token: =nult;
REPEAT
F endofinto THEN token: =s_end
ELSE
IFChIN[O.9, "™, " 0,
O VEALT
THEN BEGIN
CASE ch OF
UL ReadCh,
- : BEGIN
Read Str(ch);
token. =§_str;
END;
& : token: = 3_and;
't :token:=s_|paren;
'y :token:=g_rparen;
' : foken: =g_term,
0,'1',2,3,'4.%,
'6,7.8,'9": BEGIN
ReadNumber;
token: =g_num;
END;
‘ANB,'COEF,GH
JNVKCUMUN, O P
TUOURUSVTVULVY WX
Y.z : ReadAKeyWord;
END, {case }

IF token IN [s_and,s_lparen.s_rpasen,s_term]
THEN ReadCh;
END
ELSE BEGIN

SayError(Tiegal character ignored’ nonfatal);
ReadCh;

END;

UNTIL tokennull;

END; { NextSymbol }

{ }
PROCEDURE Expect(atoken:tokens, msg:twine);
BEGIN

IF token = atoken THEN NextSymboi
ELSE SayEmor(msg fatal);

END;
{ }
PROCEDURE ignore (it:tokens);
BEGIN

IF it=token THEN NextSymbol;
END;
{ }

FUNCTION Expectnum (max:whoie) whole;
VAR number:whoie:

BEGIN
number: = lastnum;
expect(s_num,'Number expected’):
IF (number = 1) AND (numbergx)
THEN expectnum: = number
ELSE Sayerror(Number out of range ' fatal);
END;

{ }
FUNCTION decnnumber.dentry,

BEGIN
decnnumber: = expectnum (MaxNoOtd);
END;

{ }
FUNCTION quesnumber.qentry;

BEGIN
Quesnumber: = expectnum (MaxNoOfq);
END;

{ }
FUNCTION rdenumber:rentry;
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THEN kind : = intermediate ELSE kind . = goal;

BEGIN END;
rulenumber: = expectnum (MaxNoOfr). END
END; END
ELSE Sayerror('Muitiple decision definition. ' fatal);
{ } END;
PROCEDURE ReadSeoStrVAR TEXT textual errormsg twine { }
;severty seventies),

PROCEDURE ReadQuestion;

BEGIN

IF token =g_str THEN BEGIN
storetext(laststr TEXT);
NextSymbol,
END
. NCT ~
F severity =fatal FUNCTION answer_rec aentry;
THEN SayEror(errormsg . fatal)
ELSE TEXT:=NIL,

END;

VAR number:qentry;

last .aentry;

VAR ans:aentry;

BEGIN
new(ans);
ans ™ .next: = NiL;
ignore(s_num);
ReadStoStr(ans ~ text, 'Answer option text expected fatal);

{ }
PROCEDURE ReadWhy (VAR TEXT textual);

BEGIN AnsSwer_rec: =ans;
TEXT : = NIL END: -
IF token =s_why THEN BEGIN '
NextSymbol;
Read StoStr (TEXT,'String expected ' fatal); BEGIN
N .
ENED‘D. NextSymbol;
' number: = quesnumber;
{ ) IF question[number] = NIL
THEN BEGIN
PR on;
OCEDURE ReaxDecision;, new (question [number)):
VAR number:whole; VNg(TDHBuné:'on[numbor]
BEGIN first: = NI,
answer = (;
NextSymbol; '
numb::?- decnnumber; f:adSthu(TEXT. - tatall:
IF decision{number] = NIL ro:dt:r/hy(ro:::)" text 10 ask." fatal);
THEN BEGIN '
new(decision[number]); ;m' (s_answer, .unswar expected’);
WITH decision{number] ~ Mj';’:"'—"c'
DO BEGIN e
status: = undecided; vgi;:;n N [s_nums_st]
IF token = s_lparen last ~ next .
THEN BEGIN ot ‘:':“A y n",'"-"c‘
NextSymbol; ENd = next;
Read StoStr (TEXT,” nontatal); END: '
oxpect(s_rpasen, END '
o )" expected after "'( ELSE BEGIN
kind : = intermediate; Sayerror{Multiple question definition." fatai);
END END;
ELSE BEGIN END;
Read StoStr (TEXT, " nonfatal);
IF TEXT = NIL { }
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PROCEDURE ReadRule;

VAR numberINTEGER
rulerec: ~ rrecord;

{ }
FUNCTION or_tree.centry;

FORWARD,

{ }
FUNCTION factor.centry;

VAR c:centry;

BEGIN
IF token IN [s_Iparen s_gues.s_decision]
THEN CASE woken OF
s_lparen :BEGIN NextSymbol;
c:=or_tree;
expect(s_rparen,
'), & of "OR” expected.’),
END;
s_ques :BEGIN NextSymbol;
new(c);
¢~ ctype: = ques_op,
€~ .ques: = quesnumber,
ignore(s_answer);
€~ ANSW. = O xpectiumi(§);
END;
s_decision :BEGIN NextSymbol;
new(c);
¢~ .ctype: =decn_op,
¢~ .gecn: =decnnumber,
END;
END {case}

ELSE SayError(" (", "QUESTION" or "DECISION"

expected’,
fatal);
factor:. =¢;
END; { func factor}

{————1!
FUNCTION not_tree.centry;

VAR c:centry;

BEGIN
IF token =s_not THEN BEGIN
NextSymbol;
new(c);
¢~ .ctype. = not_op;
¢~ .operand: = not_tree;
END
ELSE c: = factor;
not_tree: =C;

END; { not_tres}

{ }
FUNCTION and_tree:centry,

VAR c,cl:contry,

BEGIN
C.=not_Yee,
if token =s_anca THEN BEGIN
NextSymbol,
cl:mg;
new (c);
€~ .ctype: =and_op;
c”.hs =c1;
¢~ .rhs. = NIL: {secure bomb}
¢~ .rths. =and_tree,
END;
and_tree =¢;
END; { and_tree }

{——
FUNCTION of_tree {:centry};

VAR c.clicentry;

BEGIN
¢ =and_tree;
IF token =3 _or THEN BEGIN
NextSymbol;
cl:=c;
new (c);
c” .ctype: =0r_Op,
c” .hs =ct;
¢~ .ths: = NIL: {secure bomb}
c~.ths =or_tree;
END;
or_tree:=¢;
END; {or_tree }

BEGIN { read rule }

NextSymboi;

number: = rienumber;

IF rule{number]NIL THEN
Sayerror(Multiple rule definition.” fatal};

new (rulerec);

WITH rulerec ~ DO BEGIN
condition: = NIL; {secure if bombs}
ReadWhy(reason);
expect(s_K,IF™ for "WHY"} expected.):
condition: = or_tres;
oxpect(s_then,
"THEN" fofor "&" or "OR™")  expected.’);
expect(s_decision, "DECISION" expected.);
decision: = decnnumber,
END;

rule [numbec]: = rulerec;



END, {read rule}

{ }
PROCEDURE ReadAnikem;

BEGIN
CASE token OF
:_w,:_mm‘s_mw.t_md,s_if,
t_nou_hon,n_why.a_lpmn.

s_rparen.s_of ‘BEGIN
SayError(
‘Decision question o1 rule expected ignored fatal),
NextSymbol,
END.
s_decison ;readdecision;
3_ques :readquestion;
s_ruie rreacrue;
s_term ‘NexiSymbol,
s_end 5
END ("case *)
END, (* ReadAniem ™)
{ }
PROCEDURE InitialiseRead,;

TYPE
string80 = STRING[80];
TimeRec = RECORD
TimeComp : INTEGER;
Time String : String80;
Hours Minutes, Seconds, Hundredths | INTEGER

END.

DateRec = RECORD
DamComp :INTEGER
DawString : String80;
Year Month Day | INTEGER;
DayOfWeek : INTEGER

END,

string1S = STRING[15];
DiRPY = ~ DiRRFec;
DiRAesc = RECORD
FileName : String1S;
Arridb  : By,
FileSize : REAL;
Time Stamp : TimeRec;
DamStamp : DawRec;

Next : DIRPY,
END,
VAR pointer,baseptr «dirptr;
info :dirrec;

1].ineno num result :INTEGER,

—_—— A
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chich2 :CHAR

botch drivechanged :BOOLEAN:
knowi_base oidfiename :STRING[15);
drive newdrive :STRING(2]
heaptop 1~ INTEGER

}
The foliowing function accesses the disk directory and

retums the extended directory listing as a linked list }

}

FUNCTION Dyna iR (Riespec : String80) : DIRPr

TYPE
Stringg = STRING{S]:
Reg = RECORD
CASE BOOLEAN OF
FALSE : (Word : INTEGER),
TRUE : (LoByte HiByte : Byte)
END;

Regpack = RECORD
AX.BX.CX.DX,BP.SI,DI,DS ES. Rags : Reg
END;

OWord = RECORD
Lointeger Hiinteger : INTEGER

END;

VAR
[ . INTEGER;
Registers | RegPack,
Root : DIRPtr;
Current : DIRPtr,
Prior : DIRPtr;

ASCIIZ : ARRAY([1..81] OF CHAR;

{ }
PROCEDURE DTAtoDIR(VAR OutRec : DIRFec),

CONST
MonthTags : ARRAY [1..12] OF String8 =
(January’, February', March','April’, May', June' July’,
'Augun'.'Sophmbor'.'Octob«'.‘Novombor',‘Docember');
DayTags : ARRAY [1..7] OF Strings =
(Sunday’.‘Monday', Tuesday', Wednesday',
Thursday', Friday','Saturday’),;

TYPE
Strings = STRING[S}:
Dword = RECORD
Lointeger Hilnteger | INTEGER
END;



OTAPY = ~DTARec
DTARec = RECORD
Reserved : ARRAY[0..20] OF Byte;
Atyib : Byte,
TimeComp : INTEGER;
DawComp : INTEGER,
FileSize : DWord,
FileNarne | ARRAY[1.13] OF CHAR
END,

VAR
| 1 INTEGER
Temp1,Temp2 : StringS;
AMPM : CHAR,
inRec : DTARec;
Registers : Regpack;
CurrentOTA : DTAPY,

BEGIN
OTA ?.gisthWord .= $2F00; { Find current location of

MSDCS({Registers);

WITH Registers DO CurrentCTA 1= Ptr(ES Word BXWord),

InRec : = CurremDTA™;

WTH OutRec DO { Now extract and reformat data

}
BEGIN
=1 { Extract the fiie name fieid }
WHILE nRec FileName[l] Chr(0) DO
BEGIN
FileName[!] : = InRec FileName(l];
1= Succ(l)
END:
FileName (0] : = CHR(-1);
Attrib : = inRec.Attrib; { Extract the attribute field }
Next .= NiL; { Initialize the "next” pointer }
END
END:
BEGIN
dynadir: = NIL;

{First step is to convert Filespec sring 1o ASCHZ:}

Fw:‘;:cs?c:- Fiiespec + CHR(0); { Append binary zero to
Move Filespec|1] ASCILZ Sizect (Filespec)).
WITH Registers DO
BEGIN
AXWord := $4EQ0;  { $4E = Find First }
DS.Word : = Seg(ASCIZ); { Put address of ASCIIZ }
OX.Word := Of(ASCIIZ); {in DS : DX}
END,
MSOOS(Registers); { Make FIND FIRST DOS call... }
F Registers AX. Word = 2 THEN DynaDIR: = NiL
ELSE
BEGIN
New (Root);
DTAtoDIR(Root )
Prior : = Root,

{ Convert first find to DIR format }

IF Registers. AX Word 18 THEN
REPEAT
Registers AX Word : = $4F00;
MSDOS(Regiswers); { Maks FIND NEXT DOS call.... }
IF Registers. AX.Word 18 THEN
BEGIN
New (Current);
DTADIR(Current~); { Convert additional finds }
Prior ~ Next : = Current, { © DIRRec format }
Prior ;= Prior ~ Next
END
UNTIL Registers AXWord = 18,
OyraDiR - = Root;
END
END; {DynaDiR}

BEGIN
{si-}
memory : =sizeot(question) + sizeof(decision) + sizecf(rule);
botch. = FALSE;
ciose (Expert),
getdir(0,drive);
drivechanged. = FALSE;
REPEAT
cleasscreen;
writein;
getdir(0,newdrive),
_ writein(These are the question sets on the ",newdrive,’
dnvos;

writein;
in: Y.ritaln('PSuso choosae the question set you are interested

writeln:

textcolor (yellow);
write ('Q"10);
textoolor (white);
write('- )

writein (to Quit’);
writein;

pointer: = baseptr;
baseptr; = NiL;
mark (heaptop);
baseptr: = dynaDIR("*.txt);

bulfpgrmtmgod) AND (pointer = baseptr) THEN

pointer: = baseptr;
f=0
WHILE pointerNIL DO
BEGIN
WITH pointer ~ DO
BEGIN
|: = pos(. flename);
delete(filename.i 4);
jmj+y;
toxtcoior (yellow);
write (:10);
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wxicolor{white);
wrive( - ),
weiseln (flename);
END:.
poirmmec. = pointer ~ .next;
END,
F =0 THEN BEGIN
e xtoolor (yeliow); ]
writsin [ There are no question: sets on this drive ); ~
e xtookor (white);
END.
wrtein;
irenc: = wherey,; .
REPEAT
gooxy( lineno);write (' :80);
gotoxy.lineno),
cn-&"éw select your choice (110 '),') or (ABC)to

chi: =T,
ch2z =0,
read (kb cht)write(cht);
Gelay (800),
IF keypressed THEN BEGIN
read (kbd.ch2);
write {ch2);
END
£.SE BEGIN
c¢chZ = cht;
chl: =0,
END;
val{ch1 +ch2,num,result);
writeln;
drvechanged: = FALSE;
IFeh2 N [q','Q) THEN BEGIN
chdir{drive);
halt;
ENG;
Fch2N[a' b 'c/'C' B A}
THEN BEGIN
ch2 = upcass(ch2);
F (ch2) newdrive
THEN BEGIN
release (heaptop);
mark (heaptop);
drivechanged: = TRUE;
newdrive: mch2 +"';
ChDir (newdrive);
gedir {0,newdrive);
IF newdrivech2 + "' THEN
drivechanged: = FALSE;
END,

END,
am%éu’“ 1) AND (num0) AND (result = 0)) OR
F NOT drivechanged
THEN BEGIN

poirmer: = baseptr;
k=t

WHILE |_DC BEGIN
pointer: = pointer = .next;
ii=i+1,;
END;
knowi_basa: = pointer ~ filename;
assign (expert, (newdrive + knowl_base + "txt'));
reset(Expert);
botch: = ioresultC;
IF botch THEN BEGIN
writs|n textoolor (lightred);
writein (! cannot find ™ know!_base,".");
delay (2000); textcolor (white);
ENO;
END;
UNTIL (NOT botch) AND (NOT drivechanged);
release (heaptop);
{8i+}
chdir(drive);
line: =",
p:=2,
endofinfo: = FALSE;
ReadCh;
NextSymbol;
END;

{go back to the old drive}

{ }

BEGIN (" Read Input main procedure )
inttaliseRead;
REPEAT
ReadAnitem;
UNTIL token =3 _end;
END;

{ }
k"\owlma:o"?ling procedures check (audit) the stored

{ for logical and declarative errors.

{ }
{ }

PROCEDURE Awdit;

TYPE bloggs = SET OF 1..200;

{ . . { decisions referenced and
d\‘éﬁﬁg{o d_dct:bloggs; { decisi

q_ref.q_od:SET OF qentry,
d.dentry;

q:qentry;

rrentry;

{ }
PROCEDURE Audit_condition( cond:centry ),

BEGIN

173

}



IF condNIL THEN WTTH cond ~ DO
CASE ctype OF
and_op.or_op: BEGIN
Aucit_condition(ihs);
Audit_condition(rhs).
END;
not_op Audit_ocondition (operand),
ques op :q_ret. =q_ref+[ques];
gecn op :d_ret=d_ref+ {decn];
END, {case}
END; { audt condition }

{ }
PROCEDURE Audit_error,

VAR ddentry; q Qentry;

BEGIN
badinput: = TRUE;
clearscroen;
writein{

AJDIT ** The foliowing anomaiies have been found in
the question sat’);

writeln(

bl

writein,
IF (d_dcid_ref)[)
THEN BEGIN
w{ﬂeln('Th‘ following decisions are declared but not
used. ),

FOR d:=1 TO MaxNoOid DO
F dIN (d_dcid_ref) THEN write(d,' );
writein;

END;

IF (q_dclq_ref){]

THEN BEGIN

“dw)moln('Tho following questions are declared but not
) h

FOR q:=1 TO MaxNoOfg DO
IF qIN (q_dcl<q_ref) THEN write(q,’ '),
writeln;
END;
IF (d_ref-d_ddi)[]
THEN BEGIN
writein(The following decisions are not declared !');
FOR d:=1 TO MaxNoOld DO
F dIN (d_ref-d_dcl) THEN write(d,' ');
writein;
END;
IF (q_ref-q_dai)[]
THEN BEGIN
writein(The following questions are not declared !');
FOR q:=1 TO MaxNoOfq DO
F g IN (q_ref-q_dcl) THEN write(q,'');
wrhtein;
END;
press_any_key,
END;

BEGIN
d dd:=[); d_ref.=(]. q dd: =[], q_ret. =}
FOR d:=1 TO MaxNoOtd DO
IF decision[d]NIL THEN d_dd: =d_ddl + [d];
FOR q:=1 TO MaxNoOtq DO
IF question{g]NIL THEN q_dd:=q_dci +[q):
FOR =1 TO MaxNoOfr DO
IF e (eI
THEN BEGIN
d_ret:=d_ref + [rule(r] ~.dedcision];
Audit_condition {rule[r] © .condition);
END;
IF (d_ocid_ref) OR (q_dciq_ref) THEN Audit_error;
END; {audit}

{ }

R In ine:whole; “twine |
ﬁi‘,?%&%ﬁ&f,;"g'""”‘ ole; prompttwine VAR

VAR ch : CHAR;
valid | BOOLEAN;
reply : STRING{80];
i . INTEGER;

BEGIN
{$}
REPEAT
gotoxy(0 line) write (' :80);
gotoxy(0.fine + 1) write(' 80},
gotoxy(Q ine} write (prompt),
readin(n);
valid: = (ioresutt = 0) AND (1 JAND nax):
IF NOT valid THEN
BEGIN
writein;
uv‘vjiisoln(bdl,'l am expecting a number between 1 and

END;
UNTIL valig;
{$+}
END; { Readinteger }

{ }
FUNCTION answerto(q:qentry,expected whole): whole;

VAR 8 aentry;
Lwhy_line step ‘whole;
whyp stacirange;
ch :CHAR;
answered BOOLEAN,

BEGIN
IF question[q] = NiL THEN abont(There is no question '.q);
WITH question[q] ~ DO BEGIN
iF (answer = 0) AND evalactive
THEN BEGIN
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clearscreen;
writein "Question: ),
writeintext (TEXT);
a = first,
I:=Q;
WHILE aNIL DO BEGIN
L=i+1;
write (i:5,) )
writeintext(a ~ .text),
a=a”.next
END,
push (reason);
answered: = FALSE;
whyp: = stackp;
why line:=i+8,
step = 2,
writein;
write(' Press’);
te xtoolor (yeltow)write ' W);
textooior(white):write (' or ),
textooior (yellow) write(' ?7);
textoolor (white);write ( - for explanation. ),
texteolor (yeliow)write (' H );
textcolor(white) writeln( - for & hint. );
write (' Press '),
textcolor(yetiow) write{'0 ),
textcolor(white),
writein( - 10 go back to previous guesticn ),
writein;
REPEAT
gotoxy{0,why_line + 2),write( :80);
gotoxy (0.why_line +2),
write (' Press your selection );
ch: = press_one_of
(['1..chrord (07 +i), W, 7,0 'H]);
IF ch IN[W,?]
THEN BEGIN
REPEAT
F whypQ THEN whyp: = whyp-1
UNTIL whystack{whyp]NIL,
IF why_line

THEN why_line: = why_line + step;

step. = 1;
gotoxy(0.why_line + 1);write( :80);
gotoxy{O.why_line);writs( ".80);
gotoxy(O.why_line);
writelntext(whystack [whyp]);

END

ELSE IFch='H’

THEN BEGIN
write(int - 7);
IF not_opFlag THEN writs (" avoid )
ELSE write(" try );
texteolor (yellow);
write (expected);
delay(1000);
textoolor (white);

END
ELSE answered. = TRUE,
IF ch ='0' THEN undo. = TRUE
ELSE BEGIN
undo. = FALSE;
push_guestion(q);
END;
UNTK answered;
answer: = ord (ch}-ord(07);
pop;
ENO;
answerto: = answer;
END; { with }
END; { Answer_to }

{ }

FUNCTION decide(decn:dentry ) BOOLEAN;
FORWARD;,

{ }

ii }Pnturns the value of the supplied expression. Recursion

}{ used 10 evaluate the more COMplex expression trees.
{ }

{ }

FUNCTION Satisfied (cond:centry): BOOLEAN;

BEGIN
iIF NOT undo THEN
WITH cond~ DO
BEGIN
CASE cond "~ .ctype OF
and_op :IF satisfied(hs) THEN satisfied: = satisfied(rhs)
ELSE satisfied: = FALSE;
or_op :IF satisfed(hs) THEN satisfied: = TRUE
ELSE satisfied: = satisfied(rhs);
not_op :BEGIN
not_opFlag: = TRUE,
satisfied: = NOT satisfied(operand);
not_opFlag: = FALSE,
END;
Ques_op:satisfied: = (answerto(ques answ) = answ);
decn_op satisfied: = (decide(decn));
ENO;
END
ELSE satisfied: = FALSE; {default}
END; { satisfied }

{ }

’ .. The DEC}IDE tunction retumns TRUE if the supplied
sion 8

{ walig, FALSE if not valid }

){ and aborts if there ars no rules to determine the decision

o(n-or) (}This should never happen: proc. Audit should detect the
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{ }
{ }

FUNCTION {docido(dom:donuy)‘,booban; Declared forward.}

VAR ruteno:0. MaxNoOfr;
satsfaction found BOOLEAN;

BEGIN
push_decision(decn); ’ -
WITH decision[decn]”~ DO
CASE status OF
pending : abort(Cyclic rules tor decision ',decn);
dfor  : decide: = TRUE.
dagainst : decide: = FALSE
undeciced : BEGIN
status: = pending;
satisfaction: = FALSE,
tound: = FALSE:
ruleno: =0;
WHILE (rulenoMaxNoQOfr) AND NOT satisfaction 9,0)
BEGIN
rulenc. =rulenc + 1;
\F ruie{ruleno]NIL
THEN WITH rule{ruteno] ~ DO
IF decision = decn
THEN BEGIN
push (reason);
satisfaction: = satisfied (condition);
pop;
found: = TRUE;
END;
END:
IF NOT tound
THEN abort(
nsutficient information to validate decision ' decn),
decide. = satisfaction;
IF satisfaction THEN status: = gfor
ELSE status: = dagainst;
{F undo THEN status. = undecided,
END;
END; {case }
END. { decide }

{ }
‘{h The_ procedures reset_memory and reset_last ‘forget’ the
swers } - =

4“ m%l‘(‘n?y. 1 all questions or the most recently asked

{  respectivety. }
{ }

PROCEDURE Reset_memory;

VAR q:qentry,
d:dentry;

BEGIN

FOR q:=1 TO MaxNoOtq DO
IF question[q]NIL THEN
question{q] ~ .answer. =0;
FOR d:=1 TO MaxNoOtd DO
IF decision[d]NIL THEN
decision[d] ~ .status: = undecided,
END,

{ }
PROCEDURE Reset_last;

VAR q:whole;
d:dentry;

BEGIN
q: = pop_question(a);
IF question[g]NIL THEN
question[q] ~ .answer: =G,
WHILE stackp3 000
BEGIN
d: = pop_decision,
decision|[d] ~ .status: = undecided;

END;
END;
{ }
}{ This procedure lists all the possible decisions that can
{ bereached by the curment database. }
{ }

PROCEDURE List_Decisions;

VAR d .dentry;
count whole;
choice CHAR;
again :BOOLEAN;

BEGIN
REPEAT
Clearscreen;
again: = FALSE;
count: =0,
choice. =",
FOR d:=1 TO MaxNoOfd DO
IF decision[d]NIL
THEN BEGIN
count: = {count + 1) MOD 19;
( docic!g Afgrm.; gmo (NOT again) AND
THEN BEGIN
writeln;
write (Press °);
texicolor (yellow);
write (‘acey;
texwcolior (white);
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write( 10 continue fisting decisions,”);
e xtooior (yeliow);

wiite{ R);

W xteolor (white);

writein (" tc repeat the kst, ' );

writein (" or any other key if you are ready to choose.’);

read (kbd choice);

F ((choice = 'R) OR (choice = v'}} THEN again: = TRUE;

F choice =' ' THEN clearscreen
ELSE IF NOT again THEN exit;
END,
F (choice = ' ") AND
{decision[d] ~ .mextNIL) THEN BEGIN
write{d:3,' ),
writeintext (decision{d] ~ text);
END;
END,
IF (NCT again)
THEN BEGIN
writeln;
write ( Press ;
textcolor {yeliow);
write (' R );
textcolor fwhite);
writein (" 10 repeat the list, ' );
writeIn(" or arry other key if you are ready to choose.);
reac (kbd choice);
IF {{choice = 1) OR (choice = 'R)) THEN again: = TRUE;
END
ELSE count: = 1;
UNTIL NOT again);
END;

{ }
{$!b:graph.p} {inciude TURBO extended graphics}

{ }
Thi .
oﬁrtarmln’ p(c‘codun draws a map of the worid. It uses two

J). ﬁlr - ineinv draws very quickly. Worlkdmap.dat contains
Jb"m"o ?o«inahs. The procedure is derived trom a public

{ program written by Jet! Frestone. }
{ }

PROCEDURE Woridmap;

CONST
ArSize = 1280;
VAR
nxxlyyliy: NFEGER;
WordArray : ARRAY [0. ArSize] OF INTEGER,
{:FLE;
ch:CHAR

PROCEDURE line (a.b.c.d ¢ INTEGER), EXTERNAL 'line.inv',

PROCEDURE Readinfo;

BEGIN
FRiChar (WorldArray, sizeof(woridarray), 0);
assign(f, ‘worldmap dat’);

{F}reset(n); {1 +}
IF I0resuit0 THEN halt;
Biock Qead f, WorldArray, round((ArSize/128;*2));
ciose{l);

END;

BEGIN
graphcolormode;
Readinfo,
[N
n:= WordArray[i}; =i+ 1;
REPEAT
x1. = WorldArray(i] DIV 2. i =i+ 1;
yl. = WorldArray(i]: I =i+ 1;
x: = WorldArray[i| DIV 2. ii =i+ 1;
y .= WorldArray[i], i: =i+ 1;
line (x1,yt,x,y,1);
xl:= x;yl:= y,
FORj.= 3TONn DO
BEGIN
x = WorldArray(i] OV 2; i =i+ 1;
y .= WorldArray[i]; =i+ 1;
line (x1,y1. x.y, 1);
xt = x yl =y,
END;
n: = WordArray(i]; i:=i+1;
UNTIL (n 1);
line(171,72,174,82 3);
fillshape(171,82.3,1);
setpencoior(2);
Qotoxy(8.4);write (UNNVERSITY of CAPE TOWN),
gotoxy(12.6).writein('Medical School’);
gotoxy(1,24);write ('Press any key to start....');
read(kbd,ch);
textmode;
END;

{ }

{ This procedure controis the animation sequence.

}
{ }
{ }

PROCEDURE Animate(number:whole);

TYPE datum = RECORD
value byte;
times byte;
END;
matrix = ARRAY[0000 .. MAXINT] OF byte;
bufmat = ARRAY|0..12000) OF datum;
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VAR
f ‘FILE OF bufmat,
i INTEGER,
jknm INTEGER,
bufter :matrix;
inname  :STRING[9]:
oK ‘BOOLEAN,
incex :CHAR

PROCEDURE expand;

VAR outbut ‘bufmat;

BEGIN
read (f outbuf);
closel(f);
k- = outbut{Q] times;
n: =0000,
FORmM:= 1 TO k"64 DO
BEGIN
filichar (butfer(n].outbuf{m].times outbut{m].value);
n. =n+outbuf(m]times,
END;
putpic(butfer.0,199);
index: = succ(index);
assign{f.(inname +'c.’ +index));
{S-}raset(); {$i+}
IF ioresutt0 THEN BEGIN
index: ='a";
assignff.(inname + 'c.’ +index)};
{$-}reset(f); {$!+}
END;
END;

BEGIN

str(number inname);

inname: = 'd’ +inname;

index: = 'a’;

assign(f,(inname +'c.’ +index));

{Sh}rosetff);{$1+}

OK: = (1Oresult = 0);

graphcolormode,

graphbackground (biue);

palette(3);

F NOT OK THEN BEGIN
writein(ANIMATION FOR THIS DECISIONY);
writein;
writein( HAS NOT BEEN FOUND);
delay(2000);

END
ELSE REPEAT
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sxpand
UNTIL keypressed,
closel(f),
IF keypressed THEN read (kbd index),
textmode;
END,

{

Thi it '
timog(; pr?coduro controls the backward chaning search
{ }

{ }

PROCEDURE User_Valiidate,

VAR choice ch:CHAR
decn,i 1whole,
outcome: STRING[11];
do_again: BOOLEAN,

BEGIN
clearscreen;
BEGIN
REPEAT
Ust_decisions;
Readinteger (20,
.’ Emer the ecision number (number, plus

,decn, 10000);
clearscreen;
UNTIL ( (CecngxNQQID! AND ‘gecisiopidecnthiil L
write (Would you like angwers 10 previous qQuestions !
Yo be ignored? (Y/N));
ch: = press_one _of(['Y"'N']);
IF ¢ch = "Y' THEN reset_memory,
IF decngxNQQID
THEN IF decision{decn]NIL
THEN BEGIN
REPEAT
do_sgain: = FALSE;
IF decide(decn)
THEN outcome: = 'CORRECT’
ELSE outcome: ='NOT CORRECT",
IF undo THEN BEGIN
reset_last
undo: = FALSE;
do_again: = TRUE;
END;
UNTIL NOT do_again;
clearscreen;
writsin{Decision 'decn,”’);
writeln;
writeintext(decision[decn] ~ text);
write{This interpretation is ',
outcome,’.)
wriwin;
press_any_key;




F outcoms = 'CORRECT’

BEGIN
clearscreen;
writein;
write
(Wouid you like tc see this animated? (Y/N)).
ch =press_one_of([Y''N']};
F (ch="TY)THEN
BEGIN
animate (decn);
END;
END,
END,
END;
END;

}

i re controis the do forward chainin
A.'ER'S 9'30'60 peey -}

strategy. }
}

s s G

PROCEDURE Be_ar_expert,

VAR d:dentry;
vaiid, found,extra, do_again:BOOLEAN;
ch:CHAR

BEGIN
reset_memory;
found: = FALSE;
extra: = FALSE;
FOR d: =1 TO MaxNoOfd DO
IF decision[d]NIL
THEN IF decision[d] ~ textNIL
THEN BEGIN
REPEAT
do_again: = FALSE;
vaiid: = decide(d);
IF undo THEN BEGIN
reset_last;
undo: = FALSE;
do_again: = TRUE;
END;
UNTIL NOT do_again;
F valid
THEN BEGIN
found. = TRUE;
extra: = FALSE;
dearscreen;
writeintext (Gecision [d] ~ text);
writein;
write
(Wouid you like to see this animated? (Y/N)?;
ch = press_one_of(['Y",'N);

IF ch= Y )THEN

BEGIN

animate(d);

END,
writein;
wittein (Press - ace o ssarch for adional interpretations. ),
writein{ - M for main menu.’);
ch.=press_one_of([','M]);
IF ch="M'" THEN exit;
extra: = TRUE;

END,
END;

IF NOT found
THEN BEGIN
clearscreen;
writein ('l was not able to find a valid interpretation.”);
END
ELSE IF extra THEN BEGIN
ciearscreen;
writsin(There are no more valid interpretations.’);
END;

press_any key;
END;

‘ )
‘chpi.sn%'ﬁcoduu sets the stack pointers to zero (empty
{ alf (pascal) pointers to nil. }

‘ )

PROCEDURE Initialise;

VAR ttextual;
l:whole;

BEGIN
mark{datastructures);
memory. =0Q;
bell: = chw (7);
storetext('| can''t explain any further.’, t};
stackp: = (;
stackp2: = 0;
push(t);

FORI: =1 TO MaxNoOtd DO decision[i]. = NI
FORi: = 1 TO MaxNoOtq DO question[i]: = NIL;
FOR [ = 1 TO MaxNoOfr DO rule(i]: = NIL;

dights: = [0..'9');
siphabet = ['A'..'Z);

badinput = FALSE;
undo: = FALSE;
not_opFlag: = FALSE;
cirscr;

END; { Initialise }
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{ }
The main meny allows the user to chose backward
aiNning, peeu ‘1
; forward ?hm‘ning modes, or to read in & new knowledge
. View

){ the current knowledge base, or to quit the module.

{ }

PROCEDURE MainMenu;

VAR choice choice2 : CHAR:

BEGIN
REPEAT
ciearscroen;
textooior (yellow);
writein; writein;
TL)%‘ES&U)';(WE"COME TO THE ELECTROCARDIOGRAPH

wrelin;
writein;
textcolor (white);
writeln( ‘Would you like:-');
writeln;
textcoior (yeliow);
write(' 17);
textcolor (white);
writein{'- To choose an interpretation from a list.’);
textcolor (yeliow);
write(" 2 7;
textcoior {white);
writeIn(’- Get step by step guidance ');
textcolor (yeliow);
write (' 37,
textcolor (white);
writein(’ - Display the set of rules.’);
writein;
textcolor (yellow);
write( Q%;
textcolor (white);
writeIn(’ - Terminate this session (Quit).);
writein;
writein;
textcolor (black);
textbackground (white);
write{' Press 1,2, 3, or0 3,
textcolor (white);
textbackground (black);
choice: = press_one_of(['1',2,'3','Q’});
Clearscroon;
IF badinput AND (choice IN ['r.20)
THEN BEGIN
writeln;
writein;
writein{bell, The input has errors and cannot be used.):
writeln;
press_any_key,

END
ELSE CASE choice OF
'3"BEGIN
clearscreen;
(Y/N),)\?rrfaln('WOJd you like to read in a new set of rules

choice2. = press_one _of([Y','N']);
IF choice2 = Y' THEN
BEGIN
releass (datastructures);
Initialise;
Readinput;
Audit;
END
ELSE dump;
END;
‘1:User_Validate,
'2" . Be_an_Expert;
Q'
END;
UNTIL choice ='Q";
END; { mainmeny }
{ }
PROCEDURE abort{s:string;i:integer};

BEGIN

writeln;

writein (bell, ‘Problems! ' bell 'Problems! ')
writein(v*™re* ABORT :' s, "i);

aborted: = TRUE;

badinput = TRUE;

press_any_key;

oxit;
END;
L'.-"It-"‘8“"‘8’3"’:’:"="=='=‘=8=======g===========
’-.-"'-'.--}

{ }

{ MAIN PROGRAM }

{ }
L----'-.--.’-“-:.-'--“’-l-.=.-'-==‘-g'=-==:=====:==
.---------..}

BEGIN (* main *);
woridmap;

clearscroen;

Readinput;

Audit;

REPEAT
aborted: = FALSE; { allow recovery via exit(MainMenu) }
MainMenu;

UNTIL NOT aborted;

clearscroen;

release (datastructures);

ENO.
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ANIMATOR - SCREEN PAINTING MODULE
PROGRAM animats; BEGN
penup;
showturtie;
{ - } x1, = 200;x2 = 200,
{ Include Tudc Pasca’ extended graphics.’ } . y1. =200 y2 = 200;
{ } REPEAT
{$! a'graph.p} read (kbd bucket),
IF bucket = #27 THEN
BEGIN
{ } read(kbd bucket);
{ Datastuctures } CASE bucket OF
{ } #75.BEGIN
setheading (270):
TYPE butfer = ARRAY([-1000 32306] OF byts; forwd (1);
picfile = FILE; END;
#77:BEGIN
VAR name n:STRING[11]; setheading (90);
num CHAR; forwd (1);
i INTEGER,; END;
cur_pic butfer; #72.:BEGIN
pichi_var:picfile; setheading (0);
forwd (1);
{ } END;
{  Choose default colours and palette } #80°'BEGIN
{ } setheading (180);
forwd (1);
PROCEDURE inftialise,; END;
#82. BEGIN
BEGIN x1: =xcor + 160;
y1. = 99-yoor,
graphColormode,; plot(x1,yt,cur_color);
paiette (2); END:;
sstpencolor(2); #83:BEGIN
showturtie; x2: = xc0f + 160;
home; y2: = 99-yoor,;
num:=’a"; fom{ (x1-x2)*(x1-x2)) + (y1-y2)*(y1-y2):
END; radius: =trunc(sqrt(abs(i}) )
plot(x1,y1,0);
{ } circle{x1,y1,radius cur_coior);
{ Screen painting procedures and functions } END;
{ } END;{case}
PROCEDURE drawscreen; END;
UNTIL bucket = #83;
VAR ch,ch2:CHAR; END;
angle.cur_color X Y:INTEGER,
speed INTEGER; {———}
PROCEDURE deietewindow;
{(———} VAR bucket: CHAR;
PROCEDURE drawcircle: xyw hx1,x2x3y1y2y3: INTEGER,
butter: ARRAY]Q..12000] OF byte,;
VAR bucket:CHAR;

ijx1,x2y1y2 radius INTEGER:

BEGIN
penup;
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showturtie;
X1l =(0x2 =0;
ylL=0y2 =0
x1: = xo0r + 160;
y1: = 98-yoor;
piot{x 1,y 1,cur_color);
REPEAT
read (kbd bucket),
F bucket= #27 THEN
BEGIN
read (kbd bucket);
CASE bucket OF
#59 BEGIN cur_color: = 0, setpencoior (cur_coior), END;
#60 BEGIN cur_color: = 1;setpencolor (cur_color),END;
#61.BEGIN cur_color: = 2:setpencoior (cur_color); END;
#62 BEGIN cur_color: = 3,setpencolor (cur_color},END;
#75 BEGIN
setheading (270);
forwd(1);
END;
#77 BEGIN
setheading (90);
forwd(1);
END;
#72 BEGIN
setheading (0);
forwd(1);
END,
#80:BEGIN
setheading (180);
forwd(1);
END;
#83 BEGIN
X2 = xcor + 160;
y2: = 98-yoor,;
plot{x1,y1,0);
IF x1x2 THEN BEGIN
X =x1;
x1 = x2;
X2 = x;
END
ELSEIF x1=x2 THEN x2 = x2+1;
IF y1y2 THEN BEGIN
y. =yl
yl=y2;
y2: =y,
END
ELSEiFylmy2 THENy2 my2+ 1;
graphwindow (x1,y1,x2,y2);
IF cur_oolor =0 THEN fillscreen(4)
ELSE fillscreen jcur_ooior-1);
@raphwindow (0,0,319,199);
END;
END; {case)
END;
UNTIL (bucket = #83);
END;

}

PROCEDURE copywindow;

VAR bucket CHAR;
x,y.whx1x2x3y1y2y3.INTEGER;
buther ARRAY[0..12000] OF byte;

/

BEGN

peonup;
showturtie;
X1 =0x2: =0
yl.=0y2 =Q,
x1: = xcor + 160;
y1: = 9-yoor;
plot(x1,y1,cur_cotor);
REPEAT

read{kbd bucket);

IF oucket = #27) AND keypressed THEN

BEGIN

read(kbd bucket);

CASE bucket OF

#75BEGIN
setheading (270);
forwa(1);

END;

#77:BEGIN
setheading (30);
forwd (1),

END;

#72:BEGIN
setheading (0);
forwd (1),

END;

#80:BEGIN
setheading (180);
forwd (1),

END;

#83:BEGIN
x2: = xcor + 160,
y2: = 99-yoor,
plot(x1,y1,0);

IF x1x2 THEN BEGIN
X =x1;
X1 =x2:
X2 =x;
END

ELSE IF x1=x2 THEN x2: mx2 + 1;

IF y1y2 THEN BEGIN
y- =yl
yt:=ye
y2 =y,

END

ELSEIFyl my2 THEN y2: my2 + 1;

getpic (butter x1,y1.x2 y2);
graphwindow (x1,y1,x2.y2);
graphwindow(0,0,319,199);
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END,
#82:BEGIN
X3, = xeof + 180,
y3: = 89-yoor;
putpic (butfer x3,y3);
END;
END; {case)}
END;
UNTIL bucket = #82);
END;

{ }

BEGIN
angie: =0;
cur_coior = 3;
REPEAT
read (kbd,ch);
IF {ch = #27) AND keypressed THEN BEGIN
read (kbd,ch);
IF keypressed THEN speed =20
ELSE speed. = 1;
CASE ch OF
#73.BEGIN angle: =angle +4;
setheading{angie);
END; .
#71:BEGIN angle. = heading4;
setheading (angie);
END;
#81.angle: =0,
#79angle: =0;
#175:forwd (speed);
# 183:back (speed);
#72.BEGIN
setheading (angle);
forwd (speed);
END;
#B80.BEGIN
setheading(anghe + 180);
forwd (speed);
END;
#77:BEGIN
setheading (angle + 90);
forwd (speed);
END;
#75.BEGIN
setheading (angle + 270);
forwd (speed);
END;
#58 BEGIN cur_color: = 0;setpencolor cur_color);END;
#60:BEGIN cur_color: = 1;setpencolor (cur_color), END;
#61:BEGIN cur_color: = 2:setpencolor(cur_color) END;
#62BEGIN cur_color, = 3,setpencoior (cur_color),END;
#84:BEGIN
showturtle;
penup;
forwd (speed);
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X = x00r + 159,
y: = 99-yoor,
filishape (x,y 0,cur_oolor);
pendown;
END;
#85 BEGIN
showturtie;
penup;
forwd (speed);
X =xo00 + 159;
y: = 99-ycor,
filshape(x,y,1,cur_color);
pendown;
END;
#86 BEGIN
showturtle;
penup;
forwd (speed);
X, = XCOf + 158,
y: = 96-ycor,
fillshape(x y.2,cur_color),
pendown;
END;
#87.BEGIN
showturtie;
penup;
forwd (1);
X = xcor + 159,
y: = 98-ycor,
fillshape (x.y,3,cur_colior);
pendown;
END;
#63: pendown;
#88 penup;
#64 drawcircle;
#82 copywindow;
#83.deletewindow;
#89:BEGIN
colortable(3,2,1,0);
fillscreen(-1);
colortable(0,1,2,3);
END;
#65 BEGIN
clearscreen;
homae;
END;
#30:pajetts (cur_color);
#66 showturtle;
#166,#15.BEGIN
ciearscreon;
writeln (enter number?);
read (kbd,ch2);
name: ='c:q.' + ch2;
BEGIN
assign (picfil_var name);
reset (picil_var);
blockread (picfil_var cur_pic,156);



close (pichil_var);
putpic(cur_pic,0,199).

END;
drawscreen;

END;

#91:hideturtie;

#68 BEGIN
getpic four_pic.0.0,320,200);
REPEAT

writein (enter numbes ?',num,’' 77;

read kbd,num);
UNTIL {pum '0) AND (num "),
putpicicur_pic,0.199);
name = 'c'+n+" +num;
Aum; = succ{num);
assgn (pichil_var,name);
rewrite (picfil_var);

biockwrite (picfil_var,cur_pic 256);

closs (prcfil_var),
END;
END: {case}
END;
UNTIL (ch=#83) OR (ch#120);
END;

{

{ MAIN PROGRAM
{

BEGIN
intiakise;

writein(ENTER NAME FOR PICTURE FILES);

read(n);
IF n'Q’ THEN BEGIN

name:='c:'+n+".' +num;
clearscroen;
F n='q THEN BEGIN
assign (picfil_var,name);
reset(pichil_var);
biockread (picfil_var,cur_pic,156);
ciose (pichi_var),
putpic eur_pic,0,199);
END,
drawscreen;
END
ELSE BEGIN read(num); n: = 'q",END;
j: = absford (num}ord (1)
REPEAT
num:='1’;
hideturtie;
FOR L =1TO | DO BEGIN
name:='c:'+n+""+num;
Pum: = succ(num);
assign (pichil_var,name);
reset(picfil_var);
blockread (picfil_var cur_pic,156);

close (picfil_var);
putpic(our_pic,0,196);
END;
FOR{: = DOWNTO 1 DO BEGIN
num: = pred (num);
name: ='c’+n+"+num;
assign (pxcfil_var name),
reset (pichil_var),
blockread (picfil_var cur_pic.256);
close (picfil_var),
putpic (aur_pic,0,199);
END:
UNTIL keypressed;
END.
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ANIMATOR - DATA COMPRESSION MODULE

PROGRAM compress, A
{ }
{ hciude Turbo Pasca! extended graphics
{ }
{8/ graph P}
{R+}
{ }
{ Data structures }
{ }
TYPE data = RECORD

index . INTEGER,

value byte;

END;

VAR

picbut 1 picbut2: ARRAY[1.21306] OF byte;

picfile :FILE,

datafile  FILE;

databut :ARRAY[0..6000] OF data;
r1r2ij INTEGER;

3 :INTEGER
fiename  :STRING[10];
oK :BOOLEAN;
chauffix CHAR

name :STRING (8]
realnum :REAL;

{

{ Deita compression aigorithm

{ }
PROCEDURE compress,

BEGIN dirser;

fiisname: =name + '’ +ch;

assign (picfile flsname);
{$+}reseat(picfile); {$! +}

OK: = (IOresult=0);

F NOT OK THEN halt;

r1: = round(sizeof (picbut 1)/128);

blockread (pichile picbuf1,r1);

dose(picfile);

REPEAT
ch: = succ(ch):
filename: = name +'.' +ch;
assign (picfile filename);
{8+-}reset(pictile); {$! +}
OK: = (I0resutt = 0);

IF OK THEN
BEGIN
biockread (picfile picbuf2 r1);
ciose {picfile);

graphmode;

i =21308;
k=0,
FOR|:=1TOIDO
IF prebut1 [jlpicbut2fj]
THEN BEGIN
kmk+1;
IF k MOD 300 = O THEN writein (k);
WITH databuf[k] DO
BEGIN
index: =},
value: = picbuf2(j];
END;
END;
write Ck = " k);
databut(0].index: = (k),
fiename. =name + 'dc.’ +ch;
assign{catafile filename);
rewrite (datafile);
realnum; = 3%k +3;
re = trunc(1 +realnum/128.0);
databuf(0] value: =r2;
blockwrite(datafile databuf r2),
close (atafile);
picbuf1: = picbut2;
END;
UNTK NOT OK;
END;

}

1 check the compression procedure.

}

— A i

PROCEDURE expand;

BEGIN

cirscr;

graphmode;

REPEAT
ch: = suffix; .
fiename: =name +'.'+ch;
assign(picfile,filename);
reset (picfile);
r1: = round (sizeof (picbuf1)/128);
biockread (picfiie picbuf1 1),
close (picfile);
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putpic (pictut1,0,199);

REPEAT
ch: = succich);
fiename: = name + 'de.’ +ch;
assign (Catafile flename);
{$+}roset(Catafile). ($! +}
O = (I0result=0);
F OK THEN
BEGIN
biockread(catafile databuf,1);
r2: = databuf[0] value;
F databuf[0].index0 THEN
BEGIN
IF r21 THEN
BEGIN
{$+}reset{datafile), {$!+}
OK: = (IOresuft = 0);
blockread(datafile databuf r2);
END;,
dose(datafile);

FORj:=1TO databut[0].index DO
BEGIN
WITH databuf[j] DO
picbufifindex]: = vaiue;
END;
putpic(picbuf1,0,199);
ch: = succ(ch);
END;
END;
UNTIL NOT OK;
UNTIL keypressed,
textmode;
END;

{ }
{ MAIN PROGRAM

{ }

BEGIN

write (Enter name of file ),
read(name);

suffix:="a’;

ch: = guffix;

compress;

expand;

END.
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APPENDIX IV

LISTING OF KNOWLEDGE BASES

WOLFF-PARKINSON WHITE-SYNDROME

D1 'Ventricular pre-excitation WPW pattern type A'!
D2 'Ventricular pre-excitation WPW pattern type B!
D3 'Wolff-Parkinson-White syndrome not present'
D4.

Ques 1

'Are atrial flutter or atrial fibrillation waves present?'
answer 1 'Yes'

2 'No'.

Ques 2

'Are P waves present?!
answer 1 'Yes'

2 'No'.

Ques 3

'Are delta waves present in three or more leads?'
answer 1 'Yes!

2 'No',

Ques 4

'Ts the QRS area in lead V1:-!
answer 1 'Positive’

2 'Negative!'

3 'Neither'.

Ques 5

'Is the PR interval in Vv1:'
answer 1 '> 180 ns'

2 '< 180 ms but > 140 ms!

3 '< 140 ms .

Rule 1 : IF gla2 & g2al & g3al then d4.
Rule 2 : IF d4 & g4al & g5a2 then dl.
Rule 3 : IF d4 & g4a2 & g5a3 then d4d2.
Rule 4 : IF (not dl) & (not d2) then d43.
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MYOCARDIAL INFARCTS

D1

D2

D3

D4

D5

D6

D7

D8

D9

D10
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D30
D31
D32
D33
D34
D35
D36
D38
D39
D40
D41
D42
D43
D44
D45
D46
D47
D48
D49
D50
D51
D52
D53
D54
D55
D56
D57
D58
D59
D60
D61

'Cannot rule out anterior infarct. Possibly acute'
'Possible anterior infarction. Possibly acute!'
'Anterior infarction, possibly acute'
'Cannot rule out anterior infarction, age undetermined’
'Possible anterior infarction, age undetermined'
'Anterior infarction, age undetermined’
'Cannot rule out septal infarction. Possibly acute'!
'Septal infarction, possibly acute'
'Cannot rule out septal infarction, age undetermined'
'Septal infarction, age undetermined'
'Possible lateral infarct, posibly acute'
'Lateral infarct, possibly acute'
'Possible lateral infarct, age undetermined’
'Lateral infarct, age undetermined’
'Anteriorseptal infarct'
'Anteriolateral infarct'
'Anterioseptal infarct, possibly acute'’
'‘Anterioseptal infarct, age undetermined'
'Cannot rule out inf. infarct masked by l.ant.fasc.block!'
'Cannot rule out inferior infarct'
'Possible inferior infarction'
'Inferior infarction, age undetermined'
'Inferior infarction, possibly acute’
'Inferior infarction with posterior extention'
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Question 1

'Is the Q wave duration in V3!
answer 1 'less than 20ms'

2 'between 20ms and 30ms'

3 'greater than 30ms'.

Question 2

'Ts the Q wave deflection in V3!

answer 1 'absent, no Q wave!'

'less than 50uv!

'between 50uV and 75uv’

'between 75uV and 100uv!

'greater than 100uV but less than 200uv’
'greater than 200uv' .

AL WN

Question 3

'Is the Q wave duration in V4!
answer 1 ‘'less than 30ns'

2 'greater than 30ms'.

Question 4

'Is the Q wave amplitude in V4'
answer 1 'absent, no Q wave'

2 'less than 75uv!

3 'between 75uV and 100uv!

4 'greater than 100uv'.

Question 5

'Is the QRS complex'

answer 1 'negative in V1!

2 'negative in V2!

3 'nmegative in both V1 and V2!
4 'none of these'.

Question 6

'Ts the QRS complex'

answer 1 'negative in V3!

2 'negative in V4!

3 'negative in both V3 and v4'
4 'none of these'.

Question 8

'Ts the R or R' deflection in V3!

answer 1 'less than 25uV the R deflection in v2!
2 'less than the R deflection in V2, but not 25uv
3 'greater than the R deflection in V2!,

Question 9

'Is the total QRS complex duration in V3!
answer 1 'less than 50ms'

2 'greater than 50ms’'.

Question 10

'Is the R or R' deflection in V3!

answer 1 'less than 100uv!

2 'greater than 100uV but less than 200uv’
3 'greater than 200uv'.
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Question 11

'Is the total QRS deflection in V3!
answer 1 'less than 50uv'

2 'greater than 50uv’'.

Question 12

'Is the maximum R amplitude in V4'
answer 1 'less than 200uv'

2 'greater than 200uv’'.

Question 13
'Is the R or R' deflection in V4!

answer 1 'less than 25uV than the R amplitude in V3'
2 'less than the R amplitude in V3, but not 25uV less'

3 'greater than the R amplitude in V3'.

Question 14

'Is the total QRS duration in V4!
answer 1 'less than 50ms'

2 'greater than 50ms'.

Question 15

'Ts the total QRS deflection in v4'!
answer 1 'less than 50uv!

2 'greater than 50uV'.

Question 16

'Is the Q duration in V2!
answer 1 'less than 20ms'
2 'between 20ms and 30ms'
3 'greater than 30ms'.

Question 17

'Is the Q amplitude in V2!
answer 1 'absent - no Q wave'
2 'less than 200uv’

3 'greater than 200uv’,

Question 18

'Is the QRS duration in any lead'
answer 1 ‘'greater than 120ms'

2 'less than 120ms'.

Question 19

'Is this a low voltage E.C.G.?'
answer 1 'Yes!

2 'No'.

Question 20

'Are bundle branch blocks (left or right)
answer 1 'Yes'

2 'No'.

Question 21

'Is the T or T' deflection in V3!

answer 1 'more negative than -100uv (e.q.
2 'less negative than -100uv'

3 'positive'.
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Question 22

'Is the T or T' deflection in V4'

answer 1 'more negative than -100uv (e.g. -120 uv)'
2 'less negative than -100uv'

3 'positive'.

Question 23

'Is the S-T elevation in lead V3'
answer 1 'greater than 200uv!

2 'less than 200uv'

3 'S-T elevation not present'.

Question 24

'Is the S-T elevation in lead V4!
answer 1 'greater than 200uv'

2 'less than 200uVv'

3 'S-T elevation not present'.

Question 25

'Is the R deflection in V2'

answer 1 'more than 50uV less than the R deflection in V1!
2 'less than the deflection in V1, but not 50uV less'

3 'greater than the R deflection in V1'.

Question 26 '

'Is the R deflection in Vv2'
answer 1 ‘'greater than 50uv’
2 'less than 50uv!'.

Question 28

'Ts the Q deflection in V2!
answer 1 'less than l100uv!

2 'between 100uv and 200uv’
3 'greater than 200uv’'.

Question 30

'Is the S-T elevation in V1!
answer 1 ‘'greater than 200uv’'
2 'less than 200uv!

3 'no elevation'.

Question 31

'Is the S-T elevation in V2!
answer 1 ‘'greater than 200uv'
2 'between 200uV and 50uv!

3 'less than 50uv’

4 'no elevation®'.

Question 32

'Are the T waves in V1!
answer 1 'Positive!

2 'Negative'.

Question 33

‘Are the T waves in V2!
answer 1 'Positive!

2 'Negative'.
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Question 36

'Is the total QRS deflection in V5!
answer 1 'greater than 50uv!

2 'less than 50uv’'.

Question 37

'Is the R or R' deflection in V5!
answer 1 'less than 100uv!

2 'greater than 100uv'.

Question 38

'Is the total QRS duration in V5!
answer 1 'less than 50ms'

2 'greater than 50ms'.

Question 41

'Is the total QRS duration in Vve!
answer 1 'less than 50ms'

2 'greater than SOms'.

Question 42

'Is the QRS amplitude in Ve'
answer 1 'less than 50uv!

2 'greater than 50uv’'.

Question 43

'Is the Q duration greater than 25 in'
answer 1 'Std lead I

tavl!

IVSI

IV6|

'some of the above'

'all of the above'.

A WN

Question 44

'Is the Q deflection greater than 75uvV in®
answer 1 'sStd lead I!

tavl'!

lv5l

IV6I

'some of the above!

'all of the above'.
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Question 45

'Is the R deflection less than one fifth the Q deflection'
answer 1 'in Veé'

2 'in v5!

3 'both V5 and Veé'!

4 'neither?'.

Question 50

'Is the ST segment elevated by more than 100uv in®
answer 1 'Std lead I'

2 'avl'

3 'vs!

4 'Ve6!

5 'none of these'.
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Question 51

'Is the T wave positive in!
answer 1 'Std lead I and avl'
2 'V5 and Vve'!

3 'both!

4 'neither'.

Question 52

'Is the sum of the Q and R durations in avf'
answer 1 'less than 20ms!

2 'greater than 20ms'.

Question 53

'In std lead II, is the Q deflection'
answer 1 'less than 50uv!

2 'between 50uv and 75uv'

3 'between 75uV and 100uv'

4 'greater than 100uv',

Question 54

'In lead avVf, is the Q deflection'
answer 1 'less than 50uv!

2 'between 50uV and 75uv’

3 'between 75uV-and 100uv'

4 'greater than 100uv'.

Question 55

'Tn std lead II, is the Q duration'
answer 1 'less than 20ms'

'between 20ms and 25ms'

'between 25ms and 30ns'

'between 30ms and 35ns'

'between 35ms and 40ms'

'greater than 40ms'.

UL WN

Question 56

'In lead avVf, is the Q duration'
answer 1 'less than 20ms'
'between 20ms and 25ms'
'between 25ms and 30ms'
'between 30ms and 35ms'
'between 35ms and 40ms'
'greater than 40ms'.

AN

Question 57

'Is the Q wave minus the T wave deflection in Std lead II'
answer 1 'greater than one half of the R wave '

'greater than one third of the R wave '

'greater than one quarter of the R wave '

'greater than one fifth of the R wave '

'none of these'.
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Question 58

'Is the QRS axis'

answer 1 'less than -30 degrees'
2 'between -30 and +30 degrees'
3 'between +30 and +180 degrees'
3 'greater than 180 degrees'.
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Question 59

'Is the ST segment in aVvf'

answer 1 'elevated by between 50uV and 100uv'
2 'elevated by more than 100uVv'

3 'neither’'.

Question 60

'Is the ST segment in Std lead II'

answer 1 'elevated by between 50uV and 100uv'
2 'elevated by more than 100uVv'

3 'neither’'.

Question 61

'In Std II, is the ST segment ,immediately before
answer 1 '200uV or more above the T wave peak'

2 'between 100uV and 200uv’

3 'less than 100uV above the T wave!'

4 'T wave not inverted'.

Question 63

'Is the T wave deflection'

answer 1 'negative and more than 50uvV in avf'

2 'negative, and more than 50uV in Std lead II'
3 'both'

4 'neither’'.

Question 64

'Is the Q wave in V1!
answer 1 ‘'present'’

2 'absent'.

Question 65

'Is the R duration in V1!
answer 1 'greater than 40ms'
2 'between 30ms and 40ms'

3 'less than 30ms'.

Question 66

'Ts the QRS deflection in V2!
answer 1 'greater than 50uv!
2 'less than 50uVv’.

Question 67

'Ts W-P-W syndrome present'
answer 1 'Yes!

2 'No!'.

Question 68

'Is left ventricular hypertrophy present'
answer 1 'Yes'

2 'No'.

Question 69

'Is the R or R' deflection in Vveé'
answer 1 ‘'less than 100uv!

2 'greater than 100uv'.
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Question 70

'Is the Q duration greater than 30ms in'
answer 1 'std lead I'!

tavl'

IV5|

IV6I

'some of the above!

'all of the above'.

OO

Question 71

'Is a left facsicular block indicated!
answer 1 'Yes'

2 'No'.

Question 72

'Ts the Q wave minus the T wave deflection in avf'
answer 1 'greater than one half of the R wave '
'greater than one third of the R wave '

'greater than one quarter of the R wave '
'greater than one fifth of the R wave '

'none of these!'.

O W N

Question 73

'Is the T axis greater than 180 degrees'
answer 1 'Yes'

2 'No'.

Question 74

'Tn aVf, is the ST segment ,immediately before the T wave'
answer 1 '200uV or more above the T wave peak'

2 'between 100uV and 200uV'

3 'less than 100uV above the T wave'

4 'T wave not inverted'.

Question 75

'Is the R duration in V2!
answer 1 'greater than 40ms'
2 'between 30ms and 40ms!

3 'less than 30ms'.

Rule 1 : IF (gqla3 & (g2a3 or g2a4 or g2a4 or g2a6)) or
(g3a2 & (g4a2 or g4a4)) then d3o0.

Rule 2 : IF ((g2a5 or g2a6) & (g6al or g6a3d)) or
(g3a4 & (g4a3 or g4a4)) then d3l.

Rule 3 : IF (g5a3 & g68a2 & g8al & (not gloOa3) & g9al & glla2) or
((not glOa3) & g8al & g6a3 & g68a2 & glla2 & g9a2)
then d32.

Rule 4 : 1IF gba3 & g68a2 & gl2al & gl3al &gl5a2 & (gl4al or

qld4a2) then d33.
Rule 5 : IF gl6a2 & (not gqlal) & g2a6 & gl7a3 then d34.
Rule 6 : IF g68a2 & gl8a2 & gl7al & glOal & glla2z & (g9al or
g9a2) then d35.
Rule 7 : IF (g23al or g24al) & gl8a2 & g2la3 & g22a3 then d3s6.
Rule 8 : IF (D30 or D31 or D32 or D33 or D34 or D35) & D36 then
di.
Rule 9 : IF (d30 or d31 or d32 or d33 or d34 or d35) & not d36
then d4.
Rule 10 : IF (d30 or d31 or d32 or d33 or d34 or d35) & (not g2al) &
glo9a2 & g20a2 & d36 then d2.
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Rule

Rule

Rule

Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule

Rule

Rule

Rule
Rule
Rule
Rule
Rule

Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule

Rule
Rule

Rule

Rule

Rule

Rule

11

12
13

14
15
16
17
18 :
19 :
20
21

o oo

22 :

23

24
25
26 :
27
28

29
30
31
32

34 :

35

36
37
38
39
40

41 :

42 :

43

44 :

IF (d30 or d31 or d32 or d33 or d34 or d35) & (not g2al) &
(not g4al) & gl9a2 & g20a2 & (not d36) then d5.

: IF (d30 or d31 or d32 or d33 or d34 or d35) & gl2a2 &
g20a2 & ((g2lal or g22al) or (gla3 or g3a3)) & d36
then d4d3.

IF (d30 or d31 or d32 or d33 or d34 or d35) & gl2a2 &

g20a2 & ((g21lal or g22al) or (gla3 or g3a3)) &
(not d36) then dé6.

IF g67a2 & g20a2 then d38.

IF g25al & g26a2 & (not (dl or d2)) & g66al & d38 then d39.

IF glé6a3 & d38 then d40.

IF (not g28al) & ((g5a2 or g5a3) or g20al) & d38 then d41l.

IF (g30al or g3lal) & g32al & g33al then d42.

IF (d39 or d40 or d41l) then ds9.

IF d9 & ((g3lal or g32a2) or (g20a2 & g68az2)) & d42 then ds8

: IF d9 & ((g3lal or g32a2) or (g20a2 & gé68a2)) & (not

d42) then dilo.

IF g67a2 & g38a2 & g36al & g37a2 &

(not ((gla3 or g3a3) & ((g2a4 or g2a5 or g2aé6) or (g4a3
or qgd4ad))) & (not ((gla3 or g3a3d) & ((g2a4 or g2a5 or
g2a6) or (gq4ad4 & (g2a2 or g2a3))))) & (not (((g2a5 or
g2a6) & (g6al or g6a3)) or (g4ad & (g2a2 or gza3)))

& (not ((not glal) & (not gl6al) & gl7a3 & g2a6 & g37al
& g4la2 & g42a2) or ( g4la2 & g42a2 & g69a2)))) then
d4s3.

: IF (g6%al & g4la2 & g42a2) or (g4la2 & gd42a2 & g69a2)

then d44. :

IF (g43a5 or g43a6) then d45.

IF (g44a5 or g44a6) then d4e6.

IF not g45a4 then 4d47.

IF not g45a3 then d4s.

IF (d45 & (446 or d47 or d48)) or (d46 & (d47 or d48))
or (d47 & d48) then d49.

IF (not g50a5) & g5la3 & (not gl8al) then d50.

IF (d43 or d44 or d49) & 450 then dl2.

IF (d43 or d44 or d49) & not d50 then dil4.

IF (((g70a5 or g70a6) & (d46 or d47 or d48)) or (d46 &

(d47 or d48))) & d50 then di3.

IF (((g70a5 or g70a6) & (d46 or d47 or d48)) or (d46 &

(d47 or d48)))& (not d50) then dis.

IF (dl or d2 or d3 or d4 or d5 or d6) & (d7 or d8 or d9

or dl0)& (not (dl2 or dl13 or dl4 or dl5)) then dls.

IF (dl or d2 or d3 or d4 or d5 or d6) & (dl2 or dl3 or

dl4 or d1l5) then dl7.

IF (d4 or d5 or d6) & (d9 or dl0) & 416 then dil9.

IF d16 & (not d19) then dis.

IF g52al & g7lal then d20.

IF (not (g59a2 or g60a2) & g63a4 & gql8al) then d51.

IF ((not g53al) & not(g55al or g55a2) & g57a4) or
((not g54al) & (not (g56al or g56a2)) & g72a4) or
(not g53al & not g55al & (g58al or g58a4)) or
((g58al or g58a2) & g73al) then d21.

IF ((g53a3 or g53a4) & (g55a5 or g55a6) & g57a4) or
((g54a3 or g54a4) & (g56a5 or g56a6) & g72a3) then ds52.

IF ((g53a3 or g53a4) & not (g55al or g55a2) & g57a3) or
((g54a3 or g54a4) & not (g56al or g56a2) & g72a3)

then d53.

IF ((g53a3 or g53a4) & not (g55al) & g57a2) or
((g54a3 or g54a4) & not (g56al) & g72a2) then ds54.

IF ((g53a3 or g53a4) & g55al & (g63a2 or g63a3) or
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Rule

Rule
Rule
Rule

Rule

Rule

Rule
Rule
Rule
Rule
Rule

45

46
47
48

49

50

51
52
53
54
55

((g54a3
g63a3))

or g54a4)
) then d55.

& g56al & g56al & (g63al or

: IF ((g53a3 or g53a4) & g55al & (gé60a2) & (g6la2 or
or ((g54a3 or g54a4) & g56al & g59%a2)) then

IF
IF
IF

IF

IF

IF
IF
IF
IF
IF

g61a3)
dse.

d21 & (d52 or d53 or d54 or d55 or dS56) then d22.
d22 & ((g60a2 & g6lal) or (g59a2 & g74al)) then d4d57.

(g53a4
(q54a4
(g53a4
(g54a4
(gb3a4
(g54a4
(g59az2

(g55a6 or
(g56a6 or
(gb5a6 or
(gb6a6 or
or gé60az2) &

R

(d57 or 458 or d59
d21 & g20a2 & d61 then d24.

d21 & g20a2 & not d6l1 then d23.

g67a2 & (d21 & (gl7al or g64a2) & gl8al & q20a2) or
((g65al or g65a2) & (g75al or g75a2) & g5a4) then d25.

gs5a6 & (g57al or gb57a2 or g58a3)) or
gs6a6 & (g72al or g72a2 or g72a3)) then d58.

g55a5) & (g57al or gb7a2) or
gs56a5) & (g72al or g72a2))) then d59.
gs55a5 or gb55a4) & g57al ) or

g56a5 or g56a4) & g72al ) then d60.
gé63a4 & gl8al then de6l.

or d60) then d4z21.
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