
THE UNIVERSITY OF LIVERPOOL

AN INVESTIGATION INTO THE AUTOMATION 

OF TIG (Tungsten Inert Gas) WELDING

Thesis submitted in accordance with the requirements of the 
University of Liverpool for the degree of Doctor in Philosophy 
by EDWARD MORRIS

Department of Electrical Engineering and 
Electronics

September, 1984.



A CKNOWLEDGEMENTS

I would like to thank Dr. J. Lucas for his help and guidance as 

supervisor of this research work. I also wish to express my gratitude 

to Professor J.H. Leek, Head of the Department of Electrical Engineering 

and Electronics, and to all the other department members for providing the 

facilities needed and for their assistance.

The work has been supervised financially by The Welding Institute 

and the Science and Engineering Research Council under the CASE award 

scheme. I am greatly indebted to Dr. W. Lucas of The Welding Institute, 

who acted as Industrial Supervisor, for the equipment and welding expertise

he has provided.



CONTENTS

Page No.

CHAPTER 1 : INTRODUCTION

1.1 Arc Welding 1
1.2 Robots for Arc Welding 5

CHAPTER 2 : DESIGN ASPECTS OF A TIG WELDING SYSTEM

2.1 Kinematics 20
2.2 Path Representation And Manipulation 22

CHAPTER 3 : EXPERIMENTAL ROBOTIC TIG WELDING SYSTEM

3.1 Robot 50
3.2 TIG Welding Power Supply 54
3.3 System Controller 56
3.4 Robot Calibration 59
3.5 System Software 60

CHAPTER 4 : TIM 3 WELDS 88

CHAPTER 5 : CONCLUSIONS 96

REFERENCES 98

APPENDIX Software listings and memory map



ABSTRACT

The TIM robot has been designed for use with high precision welding 

using the TIG (tungsten-inert-gas) process. Details are given of the design 

and construction of a five degrees of freedom machine, having cartesian and 

wrist movements. Details are also given of the operating features and the 

microcomputer and electronic hardware necessary to achieve the design. An 

Intel 8085 8-bit microcomputer was used to control the welding operation. The 

workpiece position and movement and the time sequence of the welding cycle 

could be controlled in accordance to a programmed set of parameters stored 

in memory.

The approach adopted for software development is also described. 

Emphasis is placed on the use of a high level language to achieve flexibility, 

with subroutines in assembly language for faster response. Path entry was 

carried out by moving the torch around the joint and recording by the point to 

point technique. Complex joint paths, for example, circular, square and 

triangular paths can be accurately reproduced and such welds have been used 

as illustrations of the flexibility of the machine.
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CHAPTER 1

The subject of this research work is the automation of the 

Tungsten-Inert-Gas (TIG) welding process. This is a continuation of 

prelimary w ork ^  at Liverpool University, relating to the control of the 

TIG process. In order to highlight the features which need to be considered, 

Chapter 1 gives basic background information on the TIG and similar arc 

welding processes and describes the fundamental features of robots which 

may be used.

1.1 ARC WELDING

1.1.1  General Arc Welding Considerations
(2)Arc welding is fusion process for joining metals , where the 

heat needed for melting is supplied by an electrical arc. A pool of molten 

metal is formed under the arc and extends down into the workpiece, as 

shown in figure 1.1. It is usual to surround the weld pool with an 'inert' 

gas to prevent oxidation. If the metal thickness is not excessive (say less  

than 5 mm) then the joint may be achieved by simply melting the workpiece 

along the join, thus forming a weld seam.

For thicker metal the obtainable penetration may be less  than the 

thickness. In this case it is usual to carry out the weld in several stages 

(passes) as shown in figure 1.2. The weld preparation, figure 1.2(a), 

allows the first pass, figure 1.2(b), to fully penetrate. Subsequent passes, 

figures 1.2(c) and 1.2(d), require metal to be fed into the weld pool as the 

weld progresses, in order to fill-in the joint. The filler metal is usually 

a similar material to that of the workpiece and takes the form of a wire or
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rod. There are many variations of the multipass technique, but the above 

illustrates the basic procedure for welding thicker materials.

The heat input to the weld pool is an important factor, since it 

has a major influence on the resulting weld. A higher heat input rate gives 

deeper penetration and a smaller weld pool, and the subsequent cooling rate 

will be lower. Too low a cooling rate gives rise to a coarse metallurgical 

grain structure, and hence a less ductile seam. Too high a cooling rate 

may give rise to cracking. The heat input rate is governed by the setting of 

the welding power source and the rate at which the arc is traversed along 

the weld.

1 .1 .2  The Metal-Inert-Gas (MIG) Process

(3)This process is illustrated in figure 1.3(a). An arc is struck 

between a metal electrode and the workpiece. Usually the electrode is in 

the form of a continuous wire, of material similar to that of the workpiece. 

The heat of the arc causes the electrode to melt and the molten metal to 

transfer across to the weld pool. At the same time the electrode is fed 

towards the weld. Under normal conditions the rate of melting (burn-off) 

and feeding balance. A shielding gas, usually carbon dioxide, is supplied 

through the torch. Figure 1.4(a) shows the V/I curve for a typical MIG 

arc. Figure 1.5(a) shows a MIG power source’s V/I curve, with long and 

short arc characteristics superimposed. Regarding figure 1.5(a), when 

the wire feed rate is  increased the arc length will initially decrease. This 

shorter arc length causes an increase in current and h&ice an increase in 

bum-off rate, tending to lengthen the arc. In this manner the arc length 

adjusts itself to balance feed and burn-off rates.
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The manner in which metal transfers across the arc is an 

important factor, since it determines the quality of the resulting weld.

Three modes of transfer can be characterised, i .e .  short-circuit, droplet 

and spray transfer.

In the short-circuited mode the operating current is relatively 

low. Large droplets of metal form on the tip of the electrode, eventually 

short-circuiting the electrode and workpiece. When this occurs the current 

rises rapidly, causing very rapid melting and the drop to detach.

At higher operating currents the droplet, although still relatively 

large, detaches before causing a short-circuit. This is  the droplet transfer 

mode.

At higher currents still the droplets detach from the electrode

before reaching an appreciable size and this is known as spray transfer.
(4)An improved method, Synergic welding , allows the transfer mode 

to be controlled. Here instead of using a constant supply setting the current 

is  pulsed between two levels, i .e .  peak current (Ip) and background current 

(1 )̂ (where I is greater than 1^). The higher current pulse Ip is chosen so 

as to detach a metal droplet every time it occurs. Thus, by choosing I and 

I and their timings the metal transfer mode may be selected for a given feed 

rate (mean current).

The MIG process is widely used for general fabrication work, due 

mainly to its high level deposition rate, the low cost of the equipment used 

and the relative simplicity of the process. It is mainly used for welding 

steels and accounts for 23% of welding p r o c e ss^ .
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1 .1 .3  The Tungsten-Inert-Gas (TIG) Process

This process^6) is illustrated in figure 1.3(b). An arc is struck 

between a tungsten electrode and the workpiece. The heat generated forms 

a weld pool, in the workpiece, but is not sufficient to melt the tungsten.

It is usual for the polarity of the electrode to be negative, with respect to 

the workpiece, since about twice as much heat is generated in the anode 

region as in the cathode region. A shielding gas, usually argon, is  supplied 

through the welding torch. If filler wire is required it is added externally.

Figure 1.4(a) compares a typical TIG arc V/I characteristic to 

that of an MIG arc. Figure 1.4(b) shows the variation in arc voltage with 

arc length. Figure 1.5(b) shows long and short arc characteristics super

imposed onto the V/I curve of a TIG welding power source. It can be seen 

that the ’constant current’ characteristic of the supply allows variation in 

the arc length without causing drastic changes in arc current and 

thus allows manual control of arc stability.

Pulsed T IG ^  is a development of the basic (D.C.) TIG process. 

Here the welding current is pulsed between two values I and L (see figure 

1.6). 1̂  is chosen to maintain a stable arc but without causing any melting, 

whilst Ip is chosen to cause enough melting for the required penetration.

The resulting seam takes the form of a series of overlapping beads where 

the bead size and degree of overlap is determined by the pulse parameters. 

This method allows greater control over weld penetration than does D.C. 

TIG welding.

The TIG process is used where precision, high integrity welds 

with good finish are required. It can be used on a wide variety of metals, 

e .g . steels, aluminium, copper, and is widely used in the nuclear and
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aircraft industries. TIG welding accounts for 17% of welding process 

with a predicted usage of 20% by 1985^ .

1 .1 .4  The Plasma Arc Welding Process
(7)

This process is illustrated in figure 1 .3(c). In many respects 

this is similar to TIG welding. The arc is however constricted by an 

orifice in the torch, and an additional stream of inert gas is  passed 

through this same orifice. The constriction and increased velocity of the 

arc plasma causes higher temperatures to be achieved, and thus gives 

increased heat input rates.

This process is used where very high heat input rates are required, 

e .g . for welding very thin metals and for 'flame cutting'.

1.2 ROBOTS FOR ARC WELDING

Before considering the suitability of particular robots for arc 

welding, let us review the general characteristics of robots.

1 .2 .1  Robot Configurations

For the purpose of arc welding a robot is  a programmable device 

for manipulating a welding torch. Robots may be grouped into four 

categories, according to how this manipulation is achieved, i .e .  XYZ, 

Cylindrical, Polar and Jointed-arm. Figure 1.7 illustrates these categories 

and shows the three basic movements (degrees-of-freedom), i .e .  travel, 

elevation and reach, for each type. The welding torch is held in a 'wrist' 

attached to the end of the reach arm, and figure 1. 8 shows the movements 

of a three degrees-of-freedom wrist.

The portion of space which the torch can reach is known as the
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working envelope and depends not only on the size of the robot but the 

amount of movement allowed on each degree-of-freedom.

1.2.2 Drives

Two types of actuators, ( i.e . hydraulic and electric) are used for 

welding robots. Hydraulic actuators have a much greater power to 

weight ratio than electric but cannot generally achieve the same positional 

accuracy. Also the equipment required (hydraulic pump, reservoir, 

cooler and plumbing) make hydraulics a less attractive proposition. Thus 

hydraulic robots are used mainly where greater loads (say above 50 kg) 

are being manipulated or where very high speed is required.

1 .2 .3  Programming and Path Control

Nearly all robots have a pendant type keyboard to allow the user 

to enter a position by manually directing the robot towards it. In this 

manner a path may be programmed as a succession of positions. When 

commanded to reproduce the path the robot moves from one point to the 

next in a straight line, at the required speed. This procedure is known 

as 'point-to-point motion with linear interpolation'. Under this scheme 

a curved path must be entered as many points at small intervals.

In order to alleviate this problem some robots (e.g . the Kawasaki- 

Unimate Puma 700) allow circular arcs to be defined as three points 

(i.e . the starting and ending points of the arc and some arbitrary inter

mediate point on the arc). When commanded the robot will produce the 

complete arc, smoothly, at the required speed. This is known as circular

interpolation.
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1 .2 .4  Requirements of the TIG Welding Robot

The dimensions of practical weld seams (down to less than 1 mm) 

and arc lengths (less than 2 mm ) require the torch to be positioned with 

an accuracy greater than 0.1 mm. The Cylindrical, Polar and Jointed 

arm configurations suffer from the fact that accuracy varies with position 

(e.g . accuracy is less when arms are extended more), and it is  difficult 

to achieve a required value throughout the working envelope. A given 

accuracy is much more readily obtained with an XYZ configuration.

TIG welding speeds are in the range 1 m m /s to 10 mm/s and need 

to be controlled with an accuracy of 1 % of the required value. These speeds 

are relatively low and easily accomplished, however higher speeds are 

useful to non-welding motions in order to reduce process time.

Welding torches, with associated cable drag, are normally less  

than 1 kg in weight and the robot should be capable of handling this load 

throughout its working envelope.

The control of path trajectory is an important feature of automated 

welding system s. Speed has to be maintained along the path and provision 

made for the programming of arbitrary three dimensional space curves.

1 .2 .5  Practical Welding Robots

Table 1.1 summarises the characteristics of the more notable
( 8)

robots which have been applied to arc welding. Although all have been 

used for MIG welding the accuracy of the systems does not allow them to 

be used in all classes of TIG welding.

1 .2 .6  Project Aim

The project described in the following chapters was set up in
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order to research the problems associated with the automation of the 

TIG welding process, to a degree where it can be used on very small 

job batches (say a single job). The construction of a practical system  

was specified in order to assess ideas and to provide a test-bed for 

further work. The system produced combines the welding current control 

methods of Sloan ^  with an XYZ robotic manipulator.

Sloan showed how a microprocessor may be interfaced to TIG 

welding equipment, in order to control the welding process, and his 

system is outlined in figure 1.9. The controller is based on an Intel 8080 

microprocessor with 8 k of RAM and 4 k of EPROM. A keyboard and 

monitor are provided to facilitate user interaction. A D.C. TIG welding 

power supply and a simple linear traverse unit are interfaced to the 

controller and allow current modulation and torch motion to be achieved. 

The operator may recall sets of welding parameters from memory, display 

them and if necessary make modifications. A welding sequence may then 

be initiated. Figure 1.10 shows the variable parameters associated with 

this sequence.

Figure 1.11 depicts the system resulting from the present project. 

The controller is  based on an Intel 8085 microprocessor with 32 k of RAM 

and 20 k of EPROM. A VDU allows the user to enter welding parameters 

and system commands. A D.C. TIG welding power supply provides the 

welding current and an XYZ robot allows torch manipulation. A pendant 

keyboard allows the programming of weld paths. Welds are executed 

at constant speed with point-to-point linear interpolation path control.
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(a) TYPICAL WELDING ARC V /l CHARACTERISTICS

VOLTAGE
(VOLTS)

( b) ARC VOLTAGE/LENGTH CHARACTERISTIC 
(thoriated tungsten electrode at 5ÓA)

figure 14 ARC CHARACTERISTICS



- 12 -

VOLTAGE
(VOLTS)

VOLTAGE
(VOLTS)

(b) CONSTANT CURRENT POWER SOURCE (TIG)

(a) CONSTANT VOLTAGE POWER SOURCE (M IG

fig u re  1.5 POWER SORCE V / l  CHARACTERISTICS!



CURRENT

figure 1.6 PULSED TIG CURRENT PARAMETERS



(b) CYLINDRICAL

\
\

/
/

(d) JOINTED ARM



- 15 -

■<-----------► -4---------------*► -M-----------------
1st DOF 2nd DOF 3rd DOF
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figure 1.9 A TIG PROCESS CONTROL SYSTEM
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M ANUFACTURER MODEL CO N FIG U R ATIO N DEGREES OF 
FREEDOM

DRIVE REPEATABILITY INTERPOLATION LOAD
(kg)

SPEED
(m m /s)

ASEA (SWEDEN) IRb-6 Jo in te d -A R M 5 or 6 ELECTRIC + 0.2mm LINEAR 6 750

CINCINNATI 
M ILACR O N (USA)

T3-726 Jo in ted -A R M 6 ELECTRIC + 0.15mm LINEAR 6 1000

YASKAW A
(JAPA N )

GKN
LINKM AN

Jo in ted -A R M 5 ELECTRIC + 0.2mm LINEAR 10 800

SHIN MEIWA 
(JA P A N )

Robel J- 
RJ65

Jo in ted -A R M 5 ELECTRIC + 0.2mm LINEAR 
+ CIRCULAR

10 *

H A L L  AU TO M ATIO N 
(U K )

MERLIN Polar 5 HYDRAULIC + 1.0mm LINEAR 13 150

HEAD WRIGHTON 
M AC H IN E Co. (U K )

VR15 XYZ 5 ELECTRIC + 0.2mm LINEAR * * 400

H ITAC H I (JAPAN)

i

LANSING
ROBOTS-
PROCES3
ROBOT

Jo in ted -A R M CV ELECTRIC + 0.2mm LINEAR 10 1000

K A W A S A K I- 
U N IM ATIO N  (JAPAN)

PUMA-
750

Jo in ted -A R M 5 ELECTRIC + 0.1mm LINEAR 
+ CIRCULAR

10 1000

NO TES:- *NOT SPECIFIED

**N O T  APPLICABLE, UNIT COMPLETE W ITH WELDING EQUIPMENT

TABLE 1.1 REVIEW OF ARC WELDING ROBOTS USING THE MIG PROCESS
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CHAPTER 2

DESIGN ASPECTS OF A T .I.G . WELDING SYSTEM

2.1 KINEMATICS

A manipulator is a device consisting of one or more actuated 

joints, connected via links. The links serve to maintain a fixed relation

ship between one joint and the next. The object to be manipulated is 

attached to the final link. In order to control and use manipulators we 

need to understand their kinematics, i .e .  the relationships between the 

various actuator positions and the corresponding object position.

Consider the case of a welding torch manipulator consisting of a

cartesian manipulator and 'wrist’ manipulator combined. This is shown,

in a simplified form, in figure 2 .1 . The frame (X,Y,Z) is the world

co-ordinate frame and it is usual to express the position of objects with

respect to this. The frame (X *, Y*, Z*) has been assigned to the wrist

manipulator and is referred to as the torch co-ordinate frame.

(9)Using the notation of Paul we can formulate the relationship 

between the world and torch co-ordinate frames

X ~x*

Y
Z

i  _

= Trans(K ,K ,K ) Rot(X,0) Rot(Y,0 ) x y z
Y *

X*

1

The translation term Trans(K ,K ,K ) is due to the cartesian manipulator.x y z

The rotation terms Rot(X,0) and Rot(Y,0) are due to the rotational motions 

of the wrist manipulator about the X * and Y* axes respectively.



Re-writing (2.1) in full matrix form :

~x~ ~1 0 0 K "X _ 1 0 0 0~ Cos0 0 Sin0 0 X*
Y = 0 1 0 KV 0 Cos0- Sin0 0 0 1 0 0 Y *

Z 0 0 1
J

Kz 0 Sin0 Cos0 0 -Sin0 0 Cos0 0 Z*
1 0 0 0 1 0 0 0 1 0 0 0 1 1

1 0 0 KX
0 1 0 K

y
0 0 1 Kz
0 0 0 1

Cos0 0 Sin0 0" X*

Sin0 Sin0 Cos0 -Sin0 Cos0 0 Y *

-Cos0Sin0 Sin0 Cos0Cos0 0 Z*

_0 0 0 1 1

CosJS 0

Sin0Sin0 Cos0

-Cos0Sin0 Sin0

0 0

X*Cos0 + Z*Sin0 

X *Sin0Sin0 + Y*Cos0 

-X*Cos0Sin0 + Y*Sin0 
1

Sin0 KX X*

-Sin0Cos0 Ky Y *

Cos0Cos0 Kz Z*

0 1 1

+ Kx
- Z*Sin0Cos0 + K

y
+ Z *Cos0Cos0 + K

(2 . 2 )

Thus if we measure any point in the torch co-ordinate frame we can

determine the world co-ordinates of the same point by substituting in (2.2).

Now the position of the torch tip in the torch frame is  given by

TORCH . (0, h, — I ) and in the world co-ordinate frame as tip

WORLDt.p(x ,y ,z).
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Where

X - I.Sin0+ K
X

y = hCos0 + 1 Sin0Cos0 +
z hSin0 — 1 Cos0Cos0 + Kz

1 1

K^, Ky, Kz represent the settings of the X, Y and Z axis actuators 

of the cartesian manipulator and 9 and 0 represent the position angles 

of the wrist manipulator.

Hence (2.3) expresses the position of the torch tip for any given 

actuator settings.

2.2 PATH REPRESENTATION AND MANIPULATION

In automating the welding process we are concerned with the 

representation of three dimensional space curves, and with the manipulation 

of these curves to account for differing manipulator-workpiece orientations 

and workpiece dimensional tolerance.

2 .2 .1  Linear Interpolation

Consider figure 2 .2 . This shows a three dimensional space curve

between the points P0(X0,Y Q, ZQ) and Pn(^n» Yn» z n) which we require to

represent mathematically. Linear interpolation provides what is possibly

the simplest scheme. Here we choose intermediate points P ...........P1 n-1

and represent the curve by straight line segments P_ P ,, . . .  ,P P .0 1 n-1 n

Consider the segment P ^  shown in detail in figure 2 .3 .
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LetX 2 -X  = AX 

Y2 "Y , = AY 

z 2 - z i = AZ

Now AS = (AX2 + AY2 + AzM

If the welding speed is v ms then the time interval At from P to P 

is given by : -

At = AS

Now x = AX _ 
At

AX v 
AS

• AY AY v
y = At AS

• AZ AZ vz = At AS

(2.4)

(2.5)

(2 . 6)

(2.4), (2.5) and (2.6) give the mathematical relationship, between position 

and time, required to trace the space curve. Although these relationships 

are simple there is a major disadvantage in the fact that many intermediate 

points (P . .Pn _1) are needed to represent, with sufficient accuracy, 

practical weld seams.

2 .2 .2  Cubic Spline Interpolation

We wish to represent a function f(u) as a continuous mathematical

equation by inserting a few values at non-equally spaced positions

u. ( j = 0 .. .n). Such a curve is shown in figure 2 .4 . The function z = f(u)

may be approximated, piecewise, over the intervals h. and h. by 0.(u) and
J J+l J

0. (u) respectively, where 0(u) is a cubic equation.
j+ 1
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For a smooth, continuous curve the following conditions apply

W  = 
W  ■ 

07 V  -

Let S. = 
J

V i (uj)

0'j+1<V

0"(U.)

(equating first derivatives)

(equating second derivatives)

Since 0 .(u) is  cubic then 0.(u) will be linear, hence over the interval h
J 1 j

0".(u) = S. , + (u - u. ,) (S. - S. ,)  J j-1 j - r  v j 1-1
(u. - u. .) 

J J-1

= S (u. - u. . )+  (u - u. , )(S. - S. , ) 
1-1 J J-L v J-1 .1 1-1

u. - u. . 
J J-1

= S. (u. - u)+ S.( u - u. ) 
J “ 1 J_________ 1________L ±

Integrating gives : -

0’ (u) = S. _: (u. - u)2 + S.(u - u .^ )2 + Cx

2h.
J

Integrating again gives : -

0.(u) = S .^ u .  -u )3 +S.(u  - u. . 1)3 + C 1u + C 2

6h.
J

(2.7)

Substituting 0 (u ) = Z. into (2.7) gives

Z, = S.(u. - u. y  + C.U.+ c_ 
J J J J-1 1 J 2

6h.
J

= S.h. + C, u. + C0 
J J 1 J 2
6

(2 . 8)
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Substituting 0.(Uj-1) = into (2.7) gives

Z. = S. (u. -u . J 3 + C u. . + C 
J-l .1-1 .1 1-1 1 J-l 2

6h.
J

S. h. + C u. , + C„ 
J-l J 1 J-l 2 (2.9)

(2 .8) - (2.9) gives : -

Z. - Z. , = h 2 (S. -S . ,)+  C (u. -u . ,)  
J J - l  J .  J J - l  1 J J - l  

6

= h2 (S . -S . _) + C h .
O. J J-l 1 J 
6

thus C = ( Z. - Z. ,)  + h.( S. , - S. ) 
1 J J-l J J-l J 

h. 6
J

(2.8) - u. (2.9) gives
—i*L
u.
j - l

(2 . 10)

Z. - u.Z. . 
J J J-l

h 2 (S. - u.S. .)+  C. (u. - u. u. ,)+  C0(l - u, ) 
_1 J 1 J-l 1 J J J-l 2 V _J_

u
J-l

u.
j - l

u
j - l

u.
j - l

= hi (Sj ' UJS1-1)+ C 2(U1 - l - Ui>  

6 Uj-1 Uj-1

(S. - u. S. ,)  - C.h. 
JL J J J-l _ 2 j
6 u. u. ,

J-l J-l

Thus C. = h. (S. u. - u. S. )+  u. Z. , - Z. u.2 1 J  J -l J J-l J J-l J J-l
h.
J

(2 . 11)



- 26 -

Substituting (2.10) and (2.11) into (2.7) gives

0.(u) = S. (u. -u )3 + S .(u -u .  )3
J 1 " 1 .1  J J“1

6h. 6h.
J J

+ (Z. - Z. )u + h.(S. , - S.) u
J J " 1 J _ i l i ____ L

h. 6
J

+ h.(S. u. , - u. S. ,)+  u. Z. , - Z. u. ,
j j j - 1 j i i i  j j -1___ i n

6 h.
J

Thus

Vu) = s.  . (u. - u)c 
J “ 1 J

6h

+ S.( u - u. .)"
J _____

6h.
J

+ (Z. - h. S ) (u. - u)
J"1 3 J-l J

+ (Z. - h.S.) ( u - u. .)
_1 JL L  J’ 1
h. 6 
J

(2.12)

(2.12) is the interpolating cubic, over the span h., in terms of the values

S , and S.. Thus in order to form our approximation we must solve 
J"1 J

for S , and S..
J-l J

Differentiating (2.12) gives

0y u ) .  - y / u .  -u>2 + s . ( u - V l )2 • y 1 ^ l V l , V h1s |

2h. 2h. h. 6 h. 6
J J J J
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at u = a. : - 
J

0'. (u.) = S.(u. -u . ,)2 - Z.  , +  h.S. + Z.
J J _1_J___ H i. _ J l i  J J -1 _1

2h. h. 6 h.
J J J

= S.h. + Z. - Z. , + h.S. , - h. S.
_ u  _J___ n i  j  j : .1 j  i

2 h. 6 6
J

6

= Z. - Z. + h. S. + S.h.
_J___ 1Z1 J_l_

h. 6 3
J

(2.13)

From (2.12) the interpolating equation 0l_^(u) for the interval h ^ may

be written :

W ^ W l  -u )3 + Si+ t <u - u.)3
6h

j+  1
6h

j+1

^ V V i V  V " >
h. . 6

+ (Z. - h S ) ( u - u. )
J+1 J+1 J+1 J

hj+l 6
Differentiating gives : -

0 ' . +  j(u) = - S,(uj + 1 - u ) 2 + S)+ 1 ( U -  u ,)2

2h
j+1

2h
j+1

Z1+ h|+ 1 Sj + Zi+ 1 hi + l Sl+ i

Vi 6 Vi 6
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At u = u. : 
J

S.(u. , -u. )  + Z.^ - Z. + h . , S -h.  S ,
J J+l  J _J±!___ I ■ J+ 1 J J + l J+ l
2Vi Vi 6 6

- S.h. + Z. - Z. + h S. - h S.
J J + l  3 + 1  J J + 1  J J +  l  J + l
2 h. , 6 6

J+ l

Z. , , -Z . - S.h “ h S 
1+1 1 1 1+1 J+ l J+ l

h. , 3 6
J+ l

(2.14)

Equating (2.13) and (2.14) :-

Z. - Z. _ + h. S. . 
1 J-l J J'.1 

h. 6
J

J J
3

I t !
- Z. 

___J

V l

S4tr , "h-j. ,  S.At 
J J+l  J+l  J + 1 

3 6

Thus :

h. S _x + 2(h. + hj+  p  S. + hj+  lSj+ x = 6(Zj + 1 - Z j ) + 6(Z. - Zj )  (2.15)

j + l J

If we have n + 1 points (j = 0. .n) then equations such as (2.15) may be 

written for the n-1 internal points (j = 1 .. .n-1). This gives n-1 equations 

in n+ 1 unknowns (SQ. . .S^). In order to obtain solutions for SQ. . .S^ we 

need to formulate another two equations. This is  achieved by choosing 

boundary conditions, i .e .  specifying properties of the curve at, and beyond, 

the end points. Three possible boundary conditions are Periodic-Spline, 

Natural-Spline and Built-in-Ends-Spline, as described below.
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Periodic Spline

In this case it is  assumed that the curve repeats beyond j = n, i .e .

s = s S , = Sn-1 n n+ 1 0

z  , = z Z , = z 0-1 n n+ 1 0

h_ = h h = K0 n n+ 1 i

Hence the two additional equations given by (2.15) are

for ] = 0, h S n+  2(hn+  h l)S 0+ hlS1+ hlS l = 6(Zl - 6 ^  - Zq>

for j = n ,  h S  + 2(h + h ) S  + h S =  6(Z - Z )+  6(Z - Z )J ’ n n-1 n I n 1 0  0 n n-1 n'
h, h1 n

Figure 2 .5  shows th en +  1 equations written in matrix form.

Natural Spline

Here the curve continues beyond the end points as straight lines,

with no curvature at u_ and u ( i.e . Sn = S = 0). Thus we do not have toO n  U n

solve for S„ and S , and now have n - 1  equations in n - 1 unknowns O n

(Sj . . .  Sn _^). As shown in figure 2 .6 .

Built-in-Ends Spline

In this case the curve continues beyond the end points as straight 

lines but with fixed gradients,

i .e .  :- J3’(u0) = gQ

= gn

From (2 .14 ):- = Z1 " Z0 " S0hl " hl S1
ĥ  3 6~

2hl S0 + hl S l  = 6 Ẑ 1 " Z0> " ^ 0hence :
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From (2.13) :-

hence

+ h S + S h n n-1 n n
6 3

2h S + h S n n n n- 1 6(Z , - Z )+  6gv n-1 n ' en
hn

Thus we now have n+  1 equations in n + 1 unknowns (S^. ,Sn).

Figure 2.7 shows these equations in matrix form.

Having chosen appropriate boundary conditions we need to solve 

the resulting matrix equation for S^. .S^. This can be done using Gauss 

Jordan elimination.

Supposing we have the equation

ai l  ai2 a i3 ai4 s o b r

a21 a22 a23 a24 S1 = b2

a31 a32 S33 a34 S2 b3

_a41 a42 a43 a44_ _S3_

or in short-hand notation :- A S = B

If we find a set of operations which act on A to give the identity 

matrix I and apply corresponding operations to B to give B' then the Result 

i s : -  I S = B’

i .e .  B’ is the solution matrix for S.

Starting at the top row of A we divide by a ^  giving : -

1 X ,  x „  x „ s „ X  .
1 2  3 0 4

3 â _ _ a . _ a s . - b _
21  22  23  24 1 2

a 31 a 32 a 33  a 34

cs
CO CO

XX

a 4 l  3 42  a 43  a 44

z
n

co
co

_ b 4_
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where : - = a  ̂ , X3 ai4 ’

11

We can now subtract a multiple °f t îe first row from the second 

giving : -

1 X1 X2 X3 o
___

__
1 1------

1____

0 *1 y2 y3 S1 = y4

S31 a32 a33 a34 S2 b3

a41 a42 a43 a44 _S3_ _b4 _

yi = a 22 " a21Xl * y2 = a23 ' a21 X2

y3 = a24 “ a21 X3 ’ y4 = b2 " a21 X4

By repeated application of the two above procedures to successively 

lower rows we can manipulate the equation into the form

1 k l  * 2  k 3 s o

1-------__

°  1 k 4 k 5 S1 FT oo

0 0 1 k 6 S2 k 9
0 0 0 1 s 0 k ,  „3 10

Now by starting at the next to bottom row of this equation and working 

upwards, then by subtracting multiples of the row below we may achieve

1 0  0 0 s o b*1
0 1 0  0 S1

=

0 0 1 0 s2 b'3
0 0 0 1 s 0 b \3 4

which is the solution for S
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Having solved for S^. ,Sn , we can substitute into (2.12) and 

obtain then interpolating cubics (^(u).. .0n(u).

The above presents a method of piecewise approximation of two

dimensional curves. This needs to be extended to three dimensions

and account taken of the difficulties which arise due to infinite gradients.

Figure 2 .8  shows a two dimensional (y,z) closed curve which we

wish to approximate using cubic splines based on the points (knots) P . .  .P .u o

Clearly the sections P P and P P cannot be satisfactorily represented
J■ JL O U

by cubic functions of y, since they have places of infinite gradient. This 

problem can be overcome by expressing y and z in terms of u, where u 

is the distance from PQ, measured along the straight line knot to knot 

path. Spline curves 0y(u) and 0z(u) may now be calculated using the 

values of x , y and u at the knots.

This technique is readily extended to three dimensions giving 

0x(u), 0y(u) and 0z(u).

2 .2 .3  Path Manipulation

Having defined a weld path as a three dimensional space curve and 

having represented this path by a set of data points (knots) and interpolating 

functions, we now wish to consider manipulation of the path as an entity 

in order to cope with practical situations. It is usual to have several 

similar objects to be welded. The weld path is defined according to some 

nominal data, this same path being used for each object. There will, 

however, be some variation both in dimensions and orientation between 

the nominal and each object. The procedure below is prescribed as a
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method of dealing with this situation.

Let three reference points Rq • • ^  defined for the nominal

object. By measuring the positions of the corresponding points P . .P onu z
the actual object we can correct the path data.

Consider figure 2 .9 , which shows the case where there is 

dimensional variation in the object.

Let SR1 ( ^ R l  ' XR0) + ^ R l  '  YR0) + (ZR1 '  ZR0J ^  

SR2 = ( ^R 2  " X R1* + (YR2 '  YR1> + (ZR2 " ZR1) ^

SR3 * ^RO " XR2  ̂ + <YR0 " YR2  ̂ + ẐR0 ’ ZR2* '

S, = ( (Xj - X0)2 + (Y1 - Y0)2 + (Z1 - Z0)2 )*

>2 = < « 2  - Xl> + ( V  V  + <Z2 - Zl> >

S3 M (X 0 -X 2)2 + (Y0 -Y 2)2 + (Z o -Z 2 r )

? ) *  

2 A

If k is  the relative difference in size between the object and the 

nominal, then we may form a measure (E) of the error, due to measure

ment and/or distortion in the object.

E = E12 + E 22 + E 32

where Ej = (SR1k - , E2 = (S ^ k  ' s 2) , E3 = (SR3k - Sg)

Then : - E = <SR1k - S^ 2 + (SR2k - S2>2 + (SR3k - S3>2

Thus d |  -  2(SR1k - Si)S r i+  2(SR2k - S2)SR2 + 2(SR3k - S3)SR3
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For minimum error dE = 0
dK

then (S RI + S R2 + S R3̂  k ~ S1SR1 + S2SR2 + S3SR3

giving : - k=  S1SR1+ S 2SR2+ S 3SR3 (2.16)

S R l+ S R2+ S R3

(2.16) gives the value of the scaling factor k to be applied to the nominal 

data for use with the object.

Considering the object triangle PqP ^  2 .9  we can derive

a set of manipulations which transform to the origin, onto the Y axis 

and P2 onto the XY plane, i .e .

Rot(Y,a9 Rot(Z,0) Rot(X, 0) Trans (-xQ, -yQ, -zQ) P ^ ^  (2.17)

Similarly, we can derive a set of manipulations which transform R  ̂to 

the origin, Rj onto the Y axis and R2 onto the XY plane

Rot(Y,nR) Rot(Z,0R) Rot (X, 0R) Trans (-xR0>-yR0. "zro)RQR1R2 <2 *18)

If we now scale the result of (2.18) by the factor k we have the same 

triangle as given by (2.17).

Hence PqPjP2 = Trans (xg* y0» z 0̂  Rot(z » _0) Rot(Y, -cv)

Scale (k) Rot(Y, aR) Rot (Z, 0R) Rot (X, 0R )

Trans <-xR0> '  yR0- "ZR0 R0R1R2 

Where Scale(k) is  the scaling transformation, by a factor k.

Hence we can determine the transformation matrix A where : -

P P P 0 1 2 A R0R1R2

The transformation A is that which when applied to the nominal path gives
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the path for the object.

The angles of rotation are given by :

0 = tan -1
(Z1 " Z0)
(y, y o>

= tan (zR1
(yR1

)

3

0 = sin -1
<xi '  V ilR = Sin ‘ 1<XRl - XR0>

R1

-1a = tan (z2 - z 0) cos 0 + (y2 " y0) sin 9
(x2 - xQ) cos0 - (y2 - yQ)sin0cos0 + (z.̂  - zQ) sin0sin0

= tan (ZR2 '  ZR0> C0S ®R + (yR2
y _) sin 0_ 'R(7 R

<XR2 ' XR0> C0S 0R '  (yR2 '  > W Sini,RCOs9R + (ZR2 ‘ zRO>SinilRsineR

Trajectory Control

In order to produce a required weld path, time varying position 

demands need to be generated for each of the manipulator axes. Sections

2 .2 .1  and 2 .2 .2  have shown how we may represent a path, piecewise, by 

mathematical functions. We now consider how to use these representations 

to generate the path with a manipulator.

2 .3 .1  Linearly Interpolated Trajectory

Here, between successive point (knots), the cartesian velocities 

are given by (2.4), (2.5) and (2.6). From these we may obtain the 

position equations

x = Ax v t+  C (2.19)
AS X

y = v t+  C,
AS

(2 . 20)
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z = Az v t + C 
AS

z (2 . 21)

where: - t is  time

C is the X ordinate of the first knotx

C is the Y ordinate of the first knot
y

C is the Z ordinate of the first knot z

By substituting into (2.19), (2.20) and (2.21) at equal intervals 

of time ( A t) we can obtain the position demands to be sent to the cartesian 

actuator/servos.

We can simplify this procedure by using forward-difference 

techniques to eliminate the need for repeated substitution.

Consider the equation : -

x = mt+ c

at t = t^, then x  ̂ = mt  ̂+ c

at t = , then x

thus x0*2 * * i * m« 2 ' tl )

Now, if (t2 - tx) = At

then: x2 - = mAt

Thus having determined x we may evaluate x . .  ,x  by successivei a n

additions of the factor m A t.
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2 .3 .2  Cubic Spline Interpolated Trajectory

In this case we have a cubic (0x (u), 0y(u), 0(u))for each of the 

cartesian axes, between successive knots.

Thus each ordinate is expressed in terms of the parameter u, 

where u is the straight line knot to knot distance measured from the first 

knot. We would like to re-parameterise these equations in terms of 

time (t).

Consider figure 2.10, this shows a curve P^.. ,P^ based on the 

knots P ,P ,P0 and P . Using the parameter u and the techniques 

described in section 2 .2 .2  we can obtain a set of interpolating cubics 

0x: (u) 0x2 (u) 0x3(u)

0y1(u) 0y2(u) 0y3(u)

0z1(u) 0z2(u) 0z3(u)

Having obtained these, we can find the true path distance (S) from PQ 

to any point on the curve by intergrating : - 

S = (X 2 + y 2 + Z 2f

Hence we can obtain the values of S (SQ,S 1,S2 ,S3) at the points PQ,P1,P2 

and P3 respectively.

Since the welding speed is constant then S is proportional to t.

and t3 at which the torch 

passes through the points P^, P , P2 and Pg respectively. These values 

of t may now be used to form a new set of interpolating cubics, 

parameterised in terms of t : -

Thus, we may calculate the times t^, t^,
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0 ^ ( 0 0 * 2 (t) 0 x 3 (t)

0 Y 1 (t) 0 y 3 (t)

0 Z j ( t ) 0 z 2 (t) 0 z 3(t)

In order to reproduce the path on the manipulator we may substitute 

into the 0x(t), 0y(t) and 0z(t) equations at equal intervals ( A t) of time 

and feed the results to the actuator/servos.

Forward difference techniques may be used to eliminate the need 

for repetitive substitution.

Consider the four points x^, x ,̂ x2 , and x^ of the function 

3 2x = at + bt + ct + d

Let (t1 - tQ) = (t2 - tp  = (t3 - t2) = At 

Now

x o " ato + bt o + cto + d (2.22)

x 1 = a(t0 + At)3 + b(tQ+ A t)2 + c(tQ+ At) + d (2.23)

x2 = a(tQ+ 2 At)3 + b(tQ+ 2 At)2 + c(tQ+ 2At)+ d (2.24)

x3 = a(tQ+ 3At)3 + b(tQ+ 3At)2+ c(tQ+ 3At)+ d (2.25)

writing t  ̂= t for clarity then : -

(2.23) - (2.22) = a(3t2A t+3tA t2 + A t3) + b (2tAt+At2) + c t  (2.26)

(2.24) - (2.23) = a(3t2At+ 9tAt2 + 7At3) +b(2tAt+ 3At2)+  cAt (2.27)

(2.25) - (2.24) = a(3t2At + 15tAt2 + 19At3) + b(2tAt+ 5At2)+  cAt (2.28)

(2.27) - (2.26) = a(6tAt2 + 6At3)+  b(2At2) (2.29)

(2.28) - (2.27) = a(6tAt2 + 12At^ + b(2At2) (2.30)

(2.30) - (2.29) = a6At3 (2.31)

(2.31) shows that the third differences for cubic equations are constant and
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determined by the coefficient (a) and the step size ( a t).

Thus, when interpolating using a cubic equation we need only find the 

first three interpolated values by direct substitution. Successive values 

may be obtained by summing the first, second and third differences, 

the first and second differences being updated with each step. This 

technique can give significant reduction (greater than an order of 

magnitude) in the computation time required.
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figure 2.1 WRIST KINEMATICS



figure Z2 LINEAR INTERPOLATION
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figure 2,3 LINEAR SEGMENT ANALYSIS
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h l 2 ( h 1+h 2 ) h 2 0 0 0 o 0

0 h 2 2 ( h 2 + h 3 ) h 3 0 0 0 0

0 0 0 0 h -, n - 2 2 ( ' h n - 2 +

hn-1>

h n - l 0

0 0 0 0 0 h in -1 2 ( h n - l +

h n>

h n

h l
0 0 0 0 0 h n 2(h  + h 1 ) n 1

V Zo + Z - Z  n o

h i h
n

Z 2 - Z l + V z i

h 2 h i

Z 3 - Z 2 + z r z 2

h 3 h2

z  1+zn - 1  n  ̂ + z  3 —z  ^- 2  n - 3  n - 2
h , n - 1 h -  n - 2

z  - z  ,n n - 1 + Z Z 1 n - 2  n -1
hn h ,n -1

FIGURE 2.5 PERIODIC SPLINE MATRICIES
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0 0 0 0 0 0 0 0
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FIGURE 2 .6  NATURAL SPLINE MATRICIES
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FIGURE 2.7 BUILT IN END SPLINE MATRICIES
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figure 2.8 CLOSED CURVE APPROXIMATION
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finure 2.9 OBJECT DIMESIONAL VARIATION



figure 2,10 SPLINE RE-PARAMETERISATION
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CHAPTER 3

AN EXPERIMENTAL ROBOTIC T .I.G . WELDING SYSTEM

This chapter describes the robotic TIG welding system built as 

part of the present research project. This system is depicted in figure

3.1 and the following sections describe each of the major hardware 

components (i. e. robot, power supply and controller). Finally, the 

system operation (system software) is  outlined.

3.1 THE ROBOT

The robot built has an XYZ configuration with a two degree-of- 

freedom p .O .F .)  wrist, and is shown schematically in figure 3 .2 . A 

table (Y-axis) provides support and movement of the workpiece and a linear 

track system (X and Z axes), running on a gantry support, moves the torch. 

Figures 3.3 and 3.4 show the actual robot. All motions are actuated by 

stepping motors driven by high performance bipolar-bilevel drivers 

The linear axes are coupled to their respective motors via ground lead- 

screws with recirculating-ball nuts, giving minimum backlash and friction.

The Wrist

From figure 3.5 the relationship between the position angles, A 

and B, of the wrist motors and the torch angles 0 and 0 (as used in the 

analysis in section 2 .1) can be seen as :-

0 = Nx (A - B)

6 = N (A+B)
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where :

A and B are the motor position angles

Nj and N2 are the number of gear teeth on the differential gears (as shown 

in figure 3.5).

For the wrist constructed = 36 and N2 = 50.

Since the resolution of the stepping motors is 0 .9°, and a gearbox with a 

ratio N : 1 was used, then the resolution of the torch rotations -Band 0 is 

given by : -

N1 o * 1Wrist resolution = —  x 0.9 x —N2 n

= 0.65° x jjj (N = 1)

The Linear Axes

In considering the speed performance of the linear axes we need 

to know the loads presented to the motors.

The total inertial load ( Itotaj) on a motor is given by

I , = I + I + I total motor screw load

where :

I is the moment of inertia of the motor’s rotor,motor

I is the moment of inertia of the leadscrew. screw
I, , is the effective moment of inertia of the load, referred to the motor load

shaft.

I is given in the manufacturer’s data for a particular motor,motor
I can be calculated (approximating the screw by a cylinder)^1 ,̂ i .e .screw ’
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, 4  . , 2.j = ( kgm )
screw 2

where :

p = density of the material of the screw ( kgm )

1 = length of the screw (m) 

r = radius of the screw (m).

(12)I, , can be calculated from : load

■load ■ M < rJ<kS” 2)

where :

M = mass of load (kg)

L = lead of the screw (m).

Table 3.1 summarises the above parameters for each of the linear axes 

of the robot.

When using stepping motors we need to ensure that the motor

position angle remains in synchronism with the applied stepping pulses, in

order that permanent positional errors do not occur. In particular there

is a critical angle for the lag between the motor response and the applied

(13)pulses which if exceeded will cause a loss of synchronism . For the 

motors in question this angle is 3 .6°, i .e .  corresponding to four stepping 

pulses.

We are particularly interested in knowing the maximum rate of 

pulses which may be applied to a motor at rest without losing synchronism. 

This pulse rate is known as the Start/Stop speed of the motor. Consider 

the case of accelerating the motor from rest to a speed of W steps per

-3
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second, the torque (T) required is given by

T = S t a t ic + W  <Nm> V -»
t  1 oU

where

a is the step angle of the motor ( = 0. 9°)
2

I _ , is the total inertial load on the motor ( Nm ) total

T is any static torque applied to the motor ( Nm )
S u l  LlC

t is the time taken to reach the final speed (s).
-2 -i

We require a Start/Stop speed of 10 ms , minimum, on each of

the linear axes. On the X and Z axes this corresponds to a stepping pulse
3 3rate of 10 steps per second, and on the Y axis a rate of 0. 8 x 10 steps

per second. Using an acceleration time t = 4/W will ensure synchronism.

Thus, (3.1) becomes

T = T . + I , W2 it 0 .9  ( Nm)static total -------

T . + I , W2 n static total_____
8 00

( Nm) (3.2)

The required motor torques may be calculated by substituting into

(3.2) , using the above values and values from table 3 .1 . The results

obtained are shown in table 3 .2 . These results may be compared with the

actual motor torques obtained at the given stepping rate (as given in figure

3.6). These comparisons are given in table 3.2 and it can be seen that in

all cases the actual motor torque is greater than that required, indicating
-2 -1that the Start/Stop speed of 10 ms is obtainable.

Further, by repeatedly increasing the value of W substituted into

(3.2) until the required torque becomes equal to the actual value, then
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an indication of the maximum Start/Stop speed obtainable on each axis 

may be found. Table 3.2 also shows these values and it can be seen 

that they are at least 50% higher than the required value, thus ensuring 

adequate performance. Also it should be noted that if required the Start/ 

Stop speeds could be increased by increasing the acceleration time (t) 

used.

Working Envelope

Table 3.3 shows the range of movement allowed on each axis of 

the robot and effectively defines it's working envelope. Also the resolution 

of each axis is  stated.

3.2 TIG WELDING POWER SUPPLY

The power supply used is fundamentally a conventional series-pass 

regulator current source, as shown in figure 3 .7 . Here a smoothed, 

unregulated D.C. source ( Vdc) is  derived from the mains A .C . supply 

using a transformer (Tl), a full wave bridge rectifier (Dl) and a smoothing 

capacitor (Cl). Vdc provides the collector voltage for the series-pass  

transistor (TR1) which controls the output current. The base of TR1 is 

driven by an error amplifier which compares a reference voltage (V ^ )  

and a feedback voltage (V^) (taken from across the current shunt 

resistor (Rl) ).

When V~ is less  than V , the drive to TR1 is increased. This fb ref

causes TR1 to pass more current through the load, thus increasing 

V ^. Under operating conditions settles to V ^ .

Now, V = I Rl (V) fb

where :
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I = load current (A) 

Thus, I =

R1

The output current (I) may therefore be controlled by varying the 

reference voltage (V j).

It should be noted that the open-circuit output voltage ( i.e . for 

an infinite impedance load) is equal to V ^ .

The actual supply used was based on a Welding Institute Fifty 
(14)Amp Polypack and is outlined in figure 3. 8. Here the series pass 

element consists of fifty bipolar transistors connected in parallel.

The reference input to the error amplifier is derived from a digital-to - 

analogue converter (DAC), which is detailed in figure 3 .9 . The inputs 

to the DAC are active low, thus an input of 11111111 (binary) gives zero 

output current whilst an input of 00000000 gives fifty amps. 'Pull-up' 

resistors on the input lines ensure zero output current whenever no 

external input is  connected, thus giving a 'fail-safe' condition.

Power supply sequencing is controlled by the /START (where the 

'/' signifies that the signal is  active-low) input and is shown in figure 3.10. 

A low-going level on /START disables the main supply, enables the pilot 

supply and turns on the shielding gas. After a delay Tpr e _pUrge the high 

frequency (H .F.) arc starting unit is enabled. This establishes an arc, 

powered by the pilot supply. When arc current is  sensed the H .F . unit 

and pilot supply are disabled and the main supply enabled. The procedure 

of starting on the pilot supply is necessary since the series regulator
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cannot withstand the superimposed high frequency (about 1 MHz)

oscillations of the arc starting unit.

When /START goes from low to high the main supply is disabled

and after a delay T the gas is turned off. In this mannerpost-purge

shielding gas is  maintained until the weld cools sufficiently. Figure 3.11 

shows the arc detection circuitry added to the power source. Here the 

arc voltage is used to control the ’ARCON’ switch (SW1). The switch 

will be open for arc voltages greater than 21V  and closed for lower 

voltages. Thus the switch closes only when an arc is established.

3.3 SYSTEM CONTROLLER

The controller used is based on the Quamdon QMS^*^ series of 

microcomputer boards. The computer and user interfaces are housed in 

a single 3U, nineteen inch rack mounting unit, and consists of the 

following items : -

(a) a QMS 8511-85B 8085 based microcomputer board.

(b) A QMS 00-1419-3 AMD95ll^16  ̂based arithmetic 
processor board.

(c) A QMS 00-1201-D 32K byte dynamic RAM memory board.

(d) A QMS 00-1400 Prototyping board (user interfaces). 

Figure 3.12 shows the layout (and IC type number cross references) 

of the interface board, the circuit details of which are shown in figures 

3.13 to 3.16.

The user interfaces are discussed individually in the following

paragraphs.
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Wrist Motor Interface

Stepping pulses for the wrist motors are generated by direct 

digital output (IC21, IC25 figure 3.15). The time delay between pulses 

is given by a counter/timer (counter 2 on IC1, figure 3.14), which 

produces an interrupt (/RST6.5) at the end of the delay.

Linear Axes Interface

Figure 3.20 shows, functionally, the linear stepping interface.

Each motor (X, Y and Z) has associated with it a divider and a counter.

The divider determines the frequency of the stepping pulses, and hence 

the motor speed, whilst the counter counts these pulses and thus measures 

distance moved. Also, each motor has an /ENABLE signal which enables 

motion.

When the controller requires a movement on a linear axis it 

firstly loads the corresponding divider with a speed value. Then it loads 

the counter with the distance of the required movement and sets the /ENABLE 

signal active. As the motor is stepped the value held in the counter is 

decremented. When zero is reached the counter output ('=0') disables 

further movement, by inhibiting the divider, and generates an interrupt 

(/RST6.5) to inform the computer.

Thus, in order to obtain a linear point-to-point motion the 

controller needs only to load the associated dividers and counters and 

set the /ENABLE signals. The controller is  then free to carry out further 

processing and will be informed (/RST6.5) when the motion is complete.

The motor directions are set by direct digital output (IC4, figure

3.14).
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Figures 3.14 and 3.15 show the stepping motor interfaces 

schematically. All signals are electrically isolated from the motor 

drivers by opto-isolators.

Power Source Interfaces

The signals for controlling the power source are derived from 

digital output ports as shown schematically in figure 3.16. /PSUDO to 

/PSUD7 (IC19, IC23) are the power source current level control lines, 

and /START (IC23) controls the power source sequencing. Again the 

computer is electrically isolated by opto-isolators (IC19, IC20 and IC23).

The arc detection signal (/ARCON) is sensed by both a digital 

input (IC22, figure 3.13) and an interrupt (/RST7.5, figure 3.13).

Pendant Keypad Interface

The pendant keypad is configured as a matrix of keys, shown 

schematically in figure 3.19, which are strobed and read by the I/O ports 

of the 8155^17  ̂of the QMS 8511-85B microcomputer board. Also a set 

of light emitting diodes are provided to give visual status indications.

Figure 3.18 details a wiring modification implemented, on the 

QMS 8511-85B, in order to use port C of the 8155 as an output port.

Tape Interface

Audio cassette data storage is achieved using a Quamdon QMS- 

lOOÔ 1^  cassette interface. Figure 3.17 shows how this unit is  

connected between the microcomputer and the VDU. Data sent to the 

VDU from the microcomputer may be stored onto tape, and data may 

be read from tape to the microcomputer. Normally the microcomputer 

communicates with the VDU at a rate of 1200 Baud. When it wishes to

read or write to take it changes speed to 300 Baud.
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3.4 ROBOT CALIBRATION

The main requirement of the robot was to move the welding torch with 

a constant speed over the workpiece to be welded in order to test out the 

controller. The robot was designed to give a positional accuracy of better than 

0.1 mm at any position within its working envelope, and to have a speed accuracy 

of better than 1% in the range 10 (mm s 1), to 0.5 (mm s *). The following 

paragraphs outline some of the tests carried out to ensure these values were 

achieved.

Axis Alignment

It was necessary to ensure that the robot X, Y, Z axes were all orthogonal

and the worktable was parallel to the X and Y slides. The worktable was set
(22 )horizontal using a spirit level and laser beam . The Y and Z slides were 

also adjusted by using a spirit level, laser beam and plumb-line. The overall 

accuracy was examined and finely adjusted by attaching a dial gauge to the robot 

Z axis and then moving the gauge over the worktable. The dial gauge readings 

were used to confirm that correct alignment had been achieved.

Axis Calibration

A fixed number of pulses were applied to each axis motor and the 

distance traversed measured. It was confirmed that each step produced 

movements of 0.010 mm (X and Z axes) and 0.0125 mm (Y axis). Backlash 

in all cases accounted for less than 0.03 mm. By pulsing at a fixed rate speed 

measurements were carried out and better than 1% accuracy was confirmed.

In order to check that no pulses were 'lost' when accelerating from rest 

to maximum speed it was necessary to measure the distance moved for a small 

number (one hundred) pulses, using a dial gauge. Using this method a start/ 

stop speed greater than l O m m s  1 was confirmed.
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3.5 SYSTEM SOFTWARE

This section describes the operating procedures for the robotic

TIG welding system, and hence shows the facilities provided by the

system software. Appendix A contains a complete set of source listings

for the programs used. These are mainly written in P L M 8 0 ^ \ with

( 1 9 )some interrupt routines being in ASM80 . All program development

was carried out on an In te llec t^  series II microcomputer development

(2 1 )system, using the ISIS-II operating system.

Operating Procedures

Basically the user is allowed to enter sets of welding parameters 

and to program a weld seam by moving the torch along the required 

trajectories. These welds may then be performed by the robot.

Welding Parameters

A set of welding parameters consists of the following items (as 

defined in figure 1.10 ) : -

(a) Pulse current 0-50 (A)

(b) Background current 0-50 (A)

(c) Pulse time 0-655 (s)

(d) Background time 0-655 (s)

(e) Welding speed 0-10 (10"3m s_1)

(f) Fall time (slope out) 0-655 (s)

(g) Pre-traverse time 0-655 (s)

Up to two hundred and fifty six sets of parameters may be defined, each 

set being identified by it’s set number (0-255).
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Weld Path

A single path may be held in the system memory. This path may 

consist of up to sixty separate weld seams. These seams will be 

executed in turn with the controller starting and stopping the welding 

power source at the beginning and end of each seam. The torch begins 

and ends the path at the same point. This point is called the 'rest- 

position' and is programmed along with the path.

Torch Positioning

The pendant keypad allows the user to move the welding torch.

Two keys are provided for each of the robot's motors, giving forward 

and reverse action when pressed. Also the motor speeds may be increased 

or decreased by pressing the FAST or SLOW keys, respectively.

The ENTER key is used to record the present torch position. The 

START and STOP keys are used to inform the computer of the positions 

of the beginning and end of weld seams, allowing welding and non-welding 

movements to be distinguished.

Light emitting diode (LED) lamps are provided to indicate the 

keypad status. The ACTIVE LED is illuminated whenever the keypad is 

enabled by the controller. Pressing a key when this lamp is off will 

have no effect. The SEAM LED is illuminated when the present torch 

position corresponds to a welding position. Each of the wrist motors 

has an LED associated with it (RO and Rl). These are illuminated when 

the corresponding motor has been moved, and remain on until the motor 

position has been 'entered'. These are needed since the controller does 

not permit simultaneous wrist and linear axis motion, and serve to remind

the user.
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System Commands

Figure 3.21 is a simplified state diagram for the system software. 

At 'power"on, the RESET state is entered. The user is prompted to 

define the system origin and power source current range. Only when valid 

values for these have been entered will the MONITOR state be entered.

The origin is a cartesian reference point, within the robot's 

working envelope, which is to be taken as (0 ,0 ,0). Using the pendant 

keypad the user should position the torch-tip at the required origin and 

press the ENTER key.

The current range is  the full range current value (in Amps) for 

the welding power source used. For the source described previously 

this is fifty.

Figure 3.22 shows the VDU screen, having entered the MONITOR 

state. The user may now enter any of the command states (as shown in 

figure 3.21) by typing a valid command name followed by a carriage- 

return ( ^CR> ). These commands are summarised below.

Parameter Command

This command state is entered from the MONITOR level by typing 

PARAM <CR> .

The user is prompted for a parameter set number (0-255). The 

program will only accept a value if all preceding values have already 

been entered.

Having accepted a set number the program displays the present 

values, if any, of all the parameters in that set, and prompts for a new 

value for each in turn. The user should type each new value followed 

by <(CR,> . If a parameter was previously defined then typing <CR>
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without a value will leave it unchanged. All values are checked on entry 

and only those found to be valid will be accepted.

When a complete set of parameters has been entered the program 

will prompt for another set number. The user may enter a set number 

and repeat the above process or return to the MONITOR level by typing 

<CR> without a value.

Sequence Command

This command state is entered from the MONITOR level by typing 

SEQU <CR> .

A weld path may contain up to sixty seams. Each of these seams 

must be assigned a set of weld parameters by assigning a set number 

to the seam.

The user is prompted for seam number and corresponding parameter 

set numbers. The user may return to the MONITOR level by entering 

<CR> without a value when prompted for a seam number.

Position Command

This command state is entered from the MONITOR level by typing 

POSIT <CR> .

Using the pendant keypad the user may move the welding torch 

to any required position. When finished the user may return to the 

MONITOR level by pressing ENTER on the keypad.

Limit Command

This command state is entered from the MONITOR level by 

typing LIMIT <̂ CR> .

The user will be prompted to set motion limits on the linear
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axes. This is done by moving the torch to the required limit position 

and pressing ENTER on the keypad.

Once the limits are set the controller will not allow further 

movement beyond those lim its.

Path Command

•This command state is entered from the MONITOR level by 

typing PATH <jCR> .

The user is prompted to type a name (followed by <CCR> which 

can latter be used as a reference to the path.

Having entered a name a weld path may be programmed by 

moving the torch (using the pendant keypad) from one point to the next 

along the path, and pressing ENTER at each point. Start points of weld 

seams should be recorded using the START key instead of ENTER, and 

end points recorded using the STOP key.

The final point entered for a path should not be on a weld seam 

and should be recorded using the STOP key. Under these conditions 

the controller will prompt the user to enter *Y' at the console to confirm 

that the point is  the last required. If the final point is within two centi

metres of the rest-position then the controller will return the torch to 

there. Otherwise the user is prompted to return the torch to the rest- 

position (within two centimetres).

Weld Command

This command state is entered from the MONITOR level by 

typing WELD <CR  ̂ .

The WELD command will only execute if a path has previously
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been entered and all the sets of parameters assigned to the weld seams 

have been defined. If these conditions are not fulfilled then an 

appropriate warning will be given and the MONITOR state return to

If the command executes then the user will be prompted for a 

choice of path tracing or welding. A reply of ’T <(CR>’ will cause the 

previously entered path to be traced by the robot, without any welding 

taking place. A reply of 'W <(CR> ' will cause the robot to carry out 

the welding sequence defined by the entered path.

Dump Command

This command state is entered from the MONITOR level by 

typing DUMP ^CR^ .

The user should then switch the cassette tape machine to 

'record'. The path, weld parameters and motion limits (if any) will 

be dumped onto tape from memory.

Load Command

This command state is entered from the MONITOR level by 

typing LOAD <\CR .

The user should then switch the cassette tape machine to 

'replay'. Previously 'dumped' data will then be reloaded into memory. 

The user will be informed of any data errors which may occur during 

loading. If an error does occur then the data in memory is taken to be

invalid.
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t o r c h
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FIGURE 3.3 THE TIM 3 ROBOT
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2â
22

 3 
5D

20
0-

F 
3



■̂1
c

figure 3.5 WRIST MOTOR ANGLES



M
O

TO
R

 
TO

R
Q

U
E 

(N
m

)



+ 50V

- 72 -
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F igure. 3.11, ARC DETECTION.
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F igure. 3.7 SERIES PASS REGULATOR CURRENT SOURCE.
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Figure. 3 8. TIG W ELDING POWER SUPPLY.
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INTERGRATED CIRCUIT REFERENCES
REF TYPE
IC1 8253
IC2 8253
IC3 8253
IC4 74LS75
IC5 7416
IC6 74LS02
IC7 74LS04
IC8 74LS75
IC9 74LS32
IC10 74LS02
IC11 74LS138
IC12 7416
IC13 7416
IC14 7416
IC15 ILQ74
IC16 ILQ74
IC17 74LS75
IC18 74LS75
IC19 ILÛ74
IC20 ILÜ74
IC21 74LS75
IC22 74LS365
IC23 IL074
IC24 74LS75
IC25 ILQ74
IC26 7416

Faure, 3-12. USER INTERFACE BOARD LAYOUT AND I.C. TYPE CROSS REFERENCE,
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Figure, 3-13, A D D R E S S  D E C O D IN G  A N D  DIGITAL IN P U T
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X = Y
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PULSE ON TIME =
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PROGRAM MONITOR

Z =
R2= R3=

IGNITION:-
CURRENT INCREMENT =
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WIRE:-

FALL TIME =

CPatI

FIGURE VDU SCREEN LAYOUT
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A X I S

X Y Z

LE
AD

 S
CR

EW

Lead

10‘3m
4 5 4

Diameter

10'3m
6 16 6

Length 

10 3m
1000 1000 250

Inertia 

I0"3Kg m2
0. 0010 0.0510 0.0003

M
OT

OR

Type(1) 21.3437
D200
F075

21.3437
D200
F075

20.2235
D200
F3.7

Rotor
inertia

IQ-3 Kg m2
.0.119 0.119 0.026

(2)Load Inertia 

10'3 Kg m2
0.0033 0.0675(3) 0.0035

(2)Static Torque 
Nm 0.000 0.000 0.054

Total Inertia^  

10"3 Kg m2
0.1233 0.2375 0.0298

1. Sigma Instruments Inc., Braintree, M ass., USA.
2. Referred to Motor Shaft
3. Workpiece mass = 75 kg

Table 3.1 : Linear Axes Parameters
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AXIS

X Y Z

REQUIRED TORQUE 
Nm

0.48 0.60 0.17

ACTUAL TORQUE 
Nm

1.50 1.50 0.85

MAXIMUM
START/STOP
SPEED

10~3ms-1
18 15 27

Table 3.2 Linear Axes Perform ance

AXIS

X Y Z e- 0

RANGE 0.5m 0.6m 0.2m 180° 360°

RESOLUTION lxlO -3 m 1.25xl0- "im lx lO - ^m

Table 3.3 Robot Working Envelope
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CHAPTER 4

TIM 3 WELDS

This chapter describes the welding tests carried out in order to assess  

the ability of the TIM3 welding robot.

The TIM 3 system is an open-loop welding system, i . e .  the weld is 

carried out using pre-set values of speed and current. Here it is necessary 

to know the required parameter values when programming the weld. The main 

application of the TIM3 robot is envisaged as being the welding of stainless steel 

components. Hence a series of weld tests were carried out using the TIM 3 

robot both at Liverpool University and The Welding Institute, in order to determine 

empirically the required parameters for various thicknesses of stainless steel 

material.

These tests consisted of executing a straight line 'melt-run' along a 

stainless steel plate, according to a set of weld parameters. The resulting 

'seam' was then examined and the parameters judged as acceptable or not 

depending on the quality of the weld. Particular attention was given to the weld 

penetration. Lack of penetration being signified by the failure of the weld pool 

to extend through the plate to the reverse side throughout the seam length. 

Over-penetration showed up as bulging beads or even blow-through holes 

on the reverse side. Figure 4.1 shows a good weld both from the front and 

reverse side. In order to prevent the reverse side of the test plate from 

oxidising during welding a backing gas of argon was applied. This was achieved 

by bolting the test plate to the robot worktable using 10 mm x 10 mm steel strip 

as spacers between worktable and plate. Argon was passed through the resulting
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space between plate and worktable.

Figures 4.2,  4.3 and 4.4 summarise the results using pulse currents 

of 50A, 10QA and 15QA respectively. The background current was in all 

cases 1QA and the shield gas was 95% argon/ 5% hydrogen. The extended 

currents (100A and 150A) were obtained using an uprated Polypack welding 

supply at The Welding Institute.

The outlined areas in figures 4.2,  4.3 and 4.4 show the range of 

parameters which give acceptable welds for the corresponding material 

thickness. The best set of parameters may be taken as those given at the 

geometrical centre of the figure. For instance in figure 4.2 the optimal 

parameters for welding 1 .0  mm material (Ip = 50A, 1  ̂ = 1QA) are TP = 1.5S 

and V,p = 3 .5  mm/S. From the results suitable parameters may be chosen 

for any material thickness from 0 .8  mm to 3.5 mm.

Figure 4.5 shows three geometrical melt run patterns. This is included 

to indicate the degree of control that may be obtained using point by point path 

entry.

Figures 4 .6  and 4 .7  show tube to plate welds, both before and after 

welding, carried out on the TIM 3 robot. Here a tubular section is welded 

around its end to a plate through which it passes. For figure 4 .6  the tube 

thickness is 1 mm and for 4.7 it is 1.5 mm. The weld parameters were

chosen from figure 4.2.
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FIGURE 4.5 SPECIMEN WELD PATTERNS

FIGURE 4 .6 A CIRCULAR TUBE TO PLATE WELD
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( b) after welding

FIGURE 4.7 RECTANGULAR TUBE TO PLATE WELD



CHAPTER 5

CONCLUSIONS

This research project has demonstrated that a cartesian robot may 

achieve the required degree of accuracy for carrying out TIG welding. This 

has been proved both by 'calibration' measurements and by the execution of 

various welding tasks.

By performing various intricate welds the technique of linearly - 

interpolated three-dimensional space curves has been shown suitable for the 

representation of weld seams. A further method of representing space curves, 

i .e .  the method of cubic splines, has been presented which has the prospect of 

reducing the number of points required to define a curve by a factor of at least 

an order of magnitude.

The project has proven that currently available micro-computers are 

suitable for the control of TIG welding. The computing power of the 8085 system 

Used was sufficient to provide simultaneous control of arc current and torch 

position and speed. Also the controller has demonstrated its ability to operate 

reliably under the severe electrical disturbances associated with h .f. arc 

starting.

The robot developed is of the open loop type. Here welding is carried 

out according to a pre-defined path and with preset welding parameters. In 

order to reduce the failure rate due to component variations closed loop systems 

are beginning to be investigated.

A closed loop system is one where the weld seam is monitored and 

the results used to control the welding process. Both the weld position and 

quality may be sensed. The great difficulty in producing a closed loop system



would seem to be in obtaining sensors that can produce useful information 

and cope with the wide variety of seam types and surface finishes.

At present it would seem to me that the ultimate welding system will 

be a hybrid open/closed loop system. Here the weld path and parameters 

would be pre-defined, but sensors would be used to compensate for variations. 

The system could switch between the closed and open loop modes during 

operation. In particular the system would revert to open loop mode whenever 

situations were encountered where the sensors might prove unreliable,, This open 

loop mode could use the pre-stored data modified according to previous sensor 

readings. Also comparison between the pre-stored data and sensor readings 

would give an indication of acceptability and highlight possible malfunctions.

In order to produce a system such as that above a great deal of effort

needs to be invested in software. The system can readily be broken down into

distinct tasks such as motor control, welding power control, sensor monitoring,

mathematical positional translations, etc. This suggests that a real-time-multi-
(24)

tasking software operating system should be used. . Such an operating 

system allows tasks to be programmed as separate entities, and for the tasks 

to be executed apparently simultaneously. Thus the system development may 

be undertaken task by task. Also several people can be assigned different tasks 

to develop knowing that at the end of the day these can be brought together, 

provided that the operating system rules have been adhered to.
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APPENDIX

MEMORY AND I/O MAPS

SOFTWARE LISTINGS 

1. TIG Weld

2. Set Parameters Procedure

3. Position Procedure

4. Welds Procedure

5. Real Time Interrupt Procedure

6. Sequence Procedure

7. Path Procedure
8. Set Origin Procedure

9. Power Source ControL Procedures

10. Set Limits Procedure

11. Tape I/O
12. Reset System Procedure

13. Motor Calculation Procedure
14. Arithmetic Procedures
15. Motor Control Routines
16. Interrupt Routines

17. Arc Interrupt Routine

18. Interrupt Mask Routine

19. Interrupt Vectors
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pL/H-BO COMPILER TIStWELD WELDING CONTROL PROGRAM VER 3.00 DATE 04/07/81 RASE 1

ISIS'U  PL/M-80 V3.1 COMPILATION OF MODULE TIGWELD 
“BJECT MODULE PLACED IN : FI:MELD1.OBJ
C°MPILER INVOKED BY: PLMBO :F1:WELD1.PLM DEBUG HORKFILES(: FI :,: FI:) PRINT <: Fl :WELD1.LST)

♦TITLE (’TIGiWELD WELDING CONTROL PROGRAM VER 3.00 DATE 04/07/81') 
TIGiWELD: DO 5

/m t m m m m m m t m m t m m m m m m m m m m m m m m m m m t m m m t m t
TTTTT I I I I I 6 6 GG W W EEEEE L DDDD

T 1 6 W W E L D !
T I G GG6 WWW EEE L D 1
T I G 6 W W W E L D I
T I I I I I G6 GG W W EEEEE LLLLL DDDD

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

A PLM80 PROGRAM TO CONTROL TIG WELDING.
THE CONTROLER HARDWARE CONSISTS OF :- 

OMS 85-1185 MICROCOMPUTER 
OMS 00-1491 ARITHMETIC PROCESSOR 
OMS 00-1201 32K DYNAMIC RAM

SPECIAL PURPOSE HARDWARE IS USED TO INTERFACE TO 
X, Y AND Z AXIS STEPPING MOTORS 
50 AMP TRANSISTORISED TI6  WELDING POWER SOURCE 
6 AS SOLENOID

A NEWBURY 7008 VDU IS USED AS THE SYSTEM CONSOLE
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♦EJECT
I t  SYSTEM MEMORY MAP

I I
I I
I I
I 32K 1

1 DYNAMIC RAM 1

I (QMS 00-1201) I
I I
I I
I I
I I

I RAM 015 U16 I

I RAM U14 U17 I

I 1

I I
I I

I UART I

I STACK RAM 1

I I
I I
I I
I I

I APU PR0M4 I

I APU PR0M3 I

I APU PR0M2 I

I APU PRONI I

I PR0M5 I
I I

I PR0M4 I
I I

I PR0M3 1

I I

I PR0H2 I
I I

I PR0M1 I
I I

FFFFH

8000H

7800H

6802H-6803H

6000H-6100H

6000H

5800H

5000H

4000H

3000H

2000H

1000H

OOOOH
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♦EJECT
I t  10 MAP

-  FFH
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I

I 8155 I/O TIMER I
— 30H-38H

I I

I ARITHMETIC PROCESSOR I
— 20H-21H

I I
I INTERFACE I
I HARDWARE I
I I
I I

OOH
M



N-/H-80 COMPILER TIGSWELD WELDING CONTROL PROGRAM VER 3.00 DATE 04/07/81 PAGE 4

♦EJECT
/ t  SYSTEM COMMANDS 

POSITION
ALLOWS THE USER TO REPOSITION THE TORCH.
THE MAIN USE OF THIS IS TO ENABLE THE TORCH TO BE RETRACTED TO A CONVENIENT 
POSITION SO THAT THE WORKPIECE MAY BE LOADED AND UNLOADED.

PATH
ALLOWS THE USER TO ENTER A THREE DIMENSIONAL PATH INTO THE SYSTEM MEMORY.
ALL PATHS MUST START AND END AT THE REST POSITION.

LIMITS
THIS ALLOWS THE USER TO SET UPPER AND LOWER LIMITS, IN EACH DIRECTION,
BEYOND WHICH THE TORCH IS NOT ALLOWED TO MOVE.
THESE LIMITS SHOULD BE SET SUCH THAT THE TRAVERSE DOES NOT MOVE BEYOND ITS 
MECHANICALY SAFE OPERATING REGION.

PARAMETERS
THIS ALLOWS THE USER TO MODIFY THE PRESENT SET OF WELDIN6  PARANETRS. 
i.e. WELDING SPEED

BACKGROUND CURRENT 
PULSE CURRENT 
PULSE ON TIME 
PULSE OFF TIME 
PRE-TRAVERSE TIME 
FALL TIME

THE USER HAY ASSIGN VALUES TO EACH PARAMETER INDIVIDUALY.

WELD
THIS COMMAND INSTRUCTS THE CONTROLER TO CARRY OUT A WELDING SEQUENCE 
ACCORDING TO THE PRESENT SET OF PATH AND WELD PARAMETERS.

DUMP
THIS COMMAND ALLOWS THE USER TO SAVE THE PATH, PARAMETERS AND 
POSITIONING LIMITS FROM MEMORY TO MAGNETIC TAPE.

LOAD
THIS COMMAND ALLOWS THE USER TO LOAD A PATH, PARAMETERS AND POSITIONING LIMITS 
FROM MAGNETIC TAPE INTO SYSTEM MEMORY.
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«EJECT
f t  ARITHMETIC CONVENTIONS

THE SYSTEM SOFTWARE PROCESSES THREE TYPES OF ARITHMETIC DATA i.e .:- 

SINGLE PRECISION FIXED POINT
THIS IS A 16 BIT REPRESENTATION OF INTEGERS IN THE RANGE -32,768 TO +32,767.
THEY ARE STORED IN MEMORY AS TWO CONSECUTIVE BYTES, THE MSB AT THE LOWER ADDRESS.
PLM80 SYMBOLS USED TO REPRESENT THIS TYPE OF VARIABLE ARE GIVEN THE PSEUDO EXTENSION ’SINGLE’ .
E.G. FIVEISIN6 LE

DOUBLE PRECISION FIXED POINT
THIS IA S 32 BIT REPRESENTATION OF INTEGERS IN THE RANGE -2,147,483,648 TO +2,147,483,647.
THEY ARE STORED IN MEMORY AS FOUR CONSECUTIVE BYTES WITH THE MSB AT THE LOWER ADDRESS.
PLM80 SYMBOLS USED TO REPRESENT THIS TYPE OF VARIABLE ARE NOT GIVEN A PSEUDO EXTENSION.
E.G. :- FIVE

FLOATING POINT
THIS IS A 32 BIT REPRESENTATION OF REAL NUMBERS IN THE RANGE +-I2.7EE-20 TO 9.2EE+18) AND ZERO.
THE MOST SIGNIFICANT BIT REPRESENTS THE SIGN OF THE MANTISSA.
THE LEAST SIGNIFICANT 24 BITS REPRESENT THE MAGNITUDE OF THE MANTISSA.
THE REMAINING SEVEN BITS (BITS 24 TO 30) REPRESENT THE EXPONENT AS A 2’S COMPLEMENT NUMBER.
THE 32 BIT WORD IS STORED IN MEMORY AS FOUR CONSECUTIVE BYTES, THE MSB BEING AT THE LOWER ADDRESS. 
PLM80 SYMBOLS USED TO REPRESENT THIS TYPE OF VARIABLE ARE GIVEN THE PSEUDO EXTENSION ’FLOAT’ .
E.G. :- FIVEIFLOAT

SYSTEM INTERRUPTS 

RESET
CAUSES A TOTAL RE-INITIALISATION OF THE SYSTEM.
ALL WELDING PARAMETERS ARE CLEARED.
THE GAS SOLENOID IS SET TO OFF.
THE TIG POWER SOURCE IS SET TO START=INACTIVE STOP=INACTIVE.
THE POWER SOURCE CURRENT IS SET TO ZERO.
THE VDU SCREEN IS INITIALISED.
THE SYSTEM POSITIONING SPEED, ORIGIN AND
POWER SOURCE CURRENT RANGE MUST BE SET UP BY THE USER
BEFORE THE SOFTWARE ALLOWS ANY OTHER COMMANDS TO BE EXECUTED.

RST 6.5
THIS IS USED AS A TRAVERSE INTERRUPT.
THE POSITION CONTROL INTERFACE ALLOWS THE SOFTWARE TO SET A TARGET POINT.
THE HARDWARE WILL HOVE THE TORCH TO THAT POINT WITHOUT ANY FURTHER SOFTWARE INTERVENTION. 
RST 6.5 BECOMES ACTIVE WHEN THE TORCH REACHES ITS TARGET.

RST 5.5
THIS PROVIDES A REAL TIME INTERRUPT OF PERIOD 10»S.
THIS IS USED FOR TIMING OF CURRENT PULSES DURING WELDING,
AND OTHER REAL TIME EVENTS.

INTERRUPT PRIORITY
WHILST RST 6.5 IS BEING SERVICED RST 5.5 WILL BE ENABLED. 
WHILST RST 5.5 IS BEING SERVICED RST 6.5 WILL BE DISABLED. 
RESET AND TRAP ARE ALWAYS ENABLED.



Pl-/H-80 COMPILER TIG$WELD MELDING CONTROL PROGRAM VER 3.00 DATE 04/07/81 PAGE 6

♦EJECT

H  SYSTEM STATUS FLAGS
FLA6 S ARE USED TO COMMUNICATE THE STATUS OF THE SYSTEM BETWEEN ROUTINES.
ANY ROUTINE MHICH CHANGES THE STATUS MUST ALSO UPDATE THE APPROPIATE FLAGS.

CURRENT♦INCREMENTiSET
INDICATES THAT THE USER HAS SET A VALUE FOR THE CURRENT INCREMENT.

PATHINAMEiSET
INDICATES THAT THE USER HAS ENTERED A PATH NAME .

REST$POSITION$SET
INDICATES THAT THE USER HAS DEFINED THE RESTPOSITION.

MUPPEWLIHITISET +
X$LOWER$LI«IT«SET +
Y$UPPER$LIMITiSET + THESE FLAGS INDICATE THE STATUS OF THE POSITION LIMITS
Y$LOHER$LIMIT$SET +
2$UPPER$LIMIT$SET +
Z$LDWER$LIHIT*SET +

M
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♦EJECT
I t  EXTERNAL PROCEDURES 8 / 
♦ INCLUDE (: Flï HELD.EQU)

= m i  ST

74 J
75 2

U  J
77 2

78 i
79 2

80 i
81 2

82 i
83 2

84 J
85 2

86 i
87 2

88 J
89 2

90 j
91 2

92 j
93 2

94 j
95 2

96 ]
97 2

98 i
99 2

100 J
101 2

102 J
103 2

♦ INCLUDE CFÜHATH.EQU)
♦NOLIST
♦ INCLUDE CFÜWELD.EDS)
♦NOLIST

RESET«YSTEH: PROCEDURE EXTERNAL 5 

END RESENSYSTEM i

SEQUENCE: PROCEDURE EXTERNAL Î 
END SEQUENCE ;

SETNNTERRUPTIMASK: PROCEDURE EXTERNAL 
END SENINTERRUPNNASK;

SENLIHITS: PROCEDURE EXTERNAL !
END SEW.IHITS 5

SETMRIGIN: PROCEDURE EXTERNAL 5 

END SETMRIGIN ; ■

POSITION: PROCEDURE EXTERNAL i 
END POSITION !

PATH: PROCEDURE EXTERNAL 5 

END PATH 5

SEWARANETERS: PROCEDURE EXTERNAL 5 

END SEUPARAMETERS 5

NELO«EQUENCE: PROCEDURE EXTERNAL 5 

END WELOtfEQUENCE 5

SEWIRECTI0N8C0NTR0L: PROCEDURE EXTERNAL 5 
END SEHDIRECTIONttONTROL ;

STROBEttONTROLMEYS: PROCEDURE EXTERNAL ; 
END STROBE$CONTROL»KEYS ;

UNDER$RAN6E$ERR0R: PROCEDURE EXTERNAL 5 

END UNDER̂RANBÊERROR ;

OVER̂RANBÊERROR: PROCEDURE EXTERNAL ;
END OVERttANGEttRROR ;

LOAD: PROCEDURE EXTERNAL 5 

END LOAD ;

DUMP: PROCEDURE EXTERNAL !
END DUMP 5
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104 J

105 1
106 J

107 J
108 J

10? J 

110 i

111 ]
112 i

113 i

114 J

♦EJECT
/» EXTERNAL DATA 4/

DECLARE PARAMETER$GROUPtTABLE 1256) STRUCTURE (PULSEiCURRENTtFLOAT (4) 
BACKGRQUND$CURRENT$FLOAT (4) BYTE,
PULSE$ON$TIHE*FLOAT (4) BYTE,
PULSEIOFFÍTIMEÍFLOAT 14) BYTE,
WELDING$DIVISOR$FLOAT (4) BYTE,
PREURAVERSEÍTIHEÍFLOAT (4) BYTE,
FALLtTIMEIFLOAT (4) BYTE,
R*0$DIVIS0R$SIN6LE 12) BYTE,
R$ltDIVISQR*SIN6 LE (2) BYTE,
R$2$DIVIS0R*SINGLE (2) BYTE,
RI3$DIVIS0R$SINGLE (2) BYTE,
TOUCHtSTART BYTE)

DECLARE 6R0UP4NUMBER BYTE EXTERNAL ; 
DECLARE(ONE,

FOUR,
FIVE,
TEN ) (4)

DECLARE TEN5IN6LE (2)
DECLARE (ZERQÍFLOAT,

0NE4FL0AT,
TENtFLOAT,
TEN$THDUSAND*FLOAT, 
THD$FIVE$FIVE$FLOAT )

DECLARE (CURRENT♦INCREMENT$FLOAT« 
CURRENTÍRANGEÍFLDAT 

DECLARE (XIORDINATE,
YI0RD1NATE,
2$0RD!NATE )

DECLARE RiORDINATES (4)
DECLARE (PATHÍNAME4SET,

CURRENT*INCREHENT4SET)
DECLARE <HAIN*DIVlSOR*FLOAT,

RTC*DIVISOR*FLOAT )
DECLARE RTC*DIVIS0R*SIN6LE

BYTE EXTERNAL 
BYTE EXTERNAL

(4) BYTE EXTERNAL

) (4) BYTE EXTERNAL

(4) BYTE EXTERNAL ;
STRUCTURE (ORDINATE (4) BYTE) EXTERNAL

BYTE EXTERNAL

(4) BYTE EXTERNAL 
(2) BYTE EXTERNAL

BYTE,

EXTERNAL |
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115 1

116 1
117 i
118 1

119 1

120 J

121 1

122 i

123 i

124 i

125 i

126 i

127 j
128 j

129 !

130 j

«EJECT
/» PUBLIC DATA 4/ 

I t  DISPLAY DATA 1/
DECLARE EDITtBUFFER (84) BYTE PUBLIC !
DECLARE ASCII (1 1 ) BYTE PUBLIC ;
DECLARE BUFFERtPQINTER ADDRESS PUBLIC 5

DECLARE DIGIT (t) BYTE PUBLIC
DATA P01234567B9’ ) ;

DECLARE NUHBERiFLDAT (4) BYTE PUBLIC !

f t  CONSOLE MESSAGES »/
DECLARE UNITStSEC (t) BYTE PUBLIC

DATA (’ Sec’ , EOT) ;
DECLARE UNITStHMtPERtSEC (t) BYTE PUBLIC 

DATA (’ M/S’ , EOT) ;
DECLARE UNITStAMP (») BYTE PUBLIC

DATA (’ Aip', EOT) ;
DECLARE OVERFLONtMESSAGE (t) BYTE PUBLIC 

DATA (’m i l ’ , BELL, EOT) 5 

DECLARE QVERtRANGEtMESSAGE (t) BYTE PUBLIC 
DATA (DELETEtLINE,

’VALUE TOO LARGE’ , EOT) J 
DECLARE UNDERtRANGEtMESSAGE (I) BYTE PUBLIC 

DATA (DELETEtLINE,
’VALUE TOO SMALL’ , EOT) ;

DECLARE LIMITStHARNINGtHESSAGE <t) BYTE PUBLIC
DATA (DELETEtLINE, BACKGROUNDtON, BLINKtON 

’LIMITS NOT SET’ ,
BLINKtOFF, BACKGROUNDtOFF, EOT

I t  UART ADDRESSES 1/
DECLARE UARTtSTATUS BYTE PUBLIC AT
.DECLARE UARTtDATA BYTE PUBLIC AT

/I PONER SOURCE CURRENT RAN6 E LIMITS »/
DECLARE MAXtCURRENTtRANGEtFLOAT (4) BYTE PUBLIC 

DATA (ONEtTHOUSANDtREAL) i 
DECLARE MJNtCURRENTtRANGEtFLOAT (4) BYTE PUBLIC 

DATA (ZEROtREAL) ;

(06802H) 5 

(06803H) !
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♦EJECT
H  LOCAL DATA »/

131 1 DECLARE I BYTE ?
132 1 DECLARE <TEMP$RE6*1,

TEhPtREG$2 ) (11) BYTE i
133 1 DECLARE BUFFER BASED BUFFERtPOINTER BYTE ;
134 1 DECLARE (WORDiSTART,

WORDiEND ) ADDRESS Î
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♦EJECT

135 1

136 2

137 2
138 2

139 2
140 3 

Ml 3
142 2

143 2
144 3

145 3

146 3

147 3

148 2

149 2
150 3

151 3

152 3
153 3

154 3

155 3

156 4

157 4

158 3

159 2

160 J
161 2
162 2

163 3

164 2

165 2

166 J
167 2

168 2
169 3

170 4

»1 3

»2 3

/I DISPLAY ROUTINES »/

CONVERTtTOiASCII: PROCEDURE (VALUEIADDRESS) PUBLIC 5 

DECLARE VALUEiADDRESS ADDRESS !
DECLARE VALUE BASED VALUEtADDRESS (4) BYTE 5 

DECLARE (I, J) BYTE !

DO I = 0 TO 3 ;
TEMP$RE6$1(I) = VALUE!I) }

END ;
IF TEMPiREBi1fNEBATIVE 
THEN

DO !
CALL NEGATE (.TEHPIREGtl) 5 

CALL STOREtRESULT (.TEMPiREGtl) \
ASCII 10) = ;

END ;
ELSE

ascii(0 ) = '+’ ;
DO I = 1 TO 10 ;

CALL DIVIDE <.TEMP*REG»1, .TEN) 5 

CALL STOREtRESULT (.TEMP»REG«2) 5 

CALL MULTIPLY (.RESULT, .TEN) i 
CALL SUBTRACT (.TEMPtREBtl, .RESULT) ;
ASCI1(11-1) = DIGIT(RESULT(3)) ?

DO J = 0 TO 3 Ï
TEMPtREGtl(J) = TEMP»REG»2(J> i 

END ;
END ;

END CONVERWOÌASCII 5

CONSOLEÌOUTPUT: PROCEDURE (CHARACTER) PUBLIC ?
DECLARE CHARACTER BYTE ;
DO WHILE UARTÌTRANSHITÌREGISTERtFULL ;
END ;
UARTSDATA = CHARACTER ;

END CONSOLEÌOUTPUT }

CONSOLESINPUT: PROCEDURE BYTE PUBLIC i 
DECLARE READtDATA BYTE ;
DO FOREVER 5

DO WHILE UARTIRECEIVEtREGISTERtEHPTY 5 

END ;
IF UARTIRECEIVEiERROR <> 0 
THEN

READtDATA = UARTtDATA I /»DUMMY READ OF UART TO CLEAR ERRORS »/

173 j

»< 3 
175 2

ELSE
RETURN UARTtDATA MASKINBtOFF BITt7 !

END ;
END CONSOLEtINPUT !
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176 1

177 2

178 2
179 2
180 3 

181 3 

182 3

183 2

184 1

185 2

186 2

187 2
188 2

189 2

190 1

191 2
192 2

193 3

194 3

195 4

196 4

197 4

198 5

199 5

2 0 0 5  

201 4

202 3
203 3

204 2
205 2

«EJECT
HRITEtHESSAGE: PROCEDURE (HESSAGEtADDRESS) PUBLIC 5 

DECLARE HESSAGEtADDRESS ADDRESS ;
DECLARE CHARACTER BASED MESSAGEtADDRESS BYTE i 
DO MHILE CHARACTER <> EOT |

CALL CONSOLEtOUTPUT (CHARACTER) ?
MESSAGEtADDRESS = MESSAGEtADDRESS + 1 }

END ;
END NRITEtMESSAGE Î

POSITIONtCURSOR: PROCEDURE ( COLUHNtNUMBER, LINEtNUMBER) PUBLIC 5 

DECLARE < COLUHNtNUMBER,
LINEtNUMBER ) BYTE ;

CALL CONSOLEtOUTPUT (MOVEtCURSOR) !
CALL CONSOLEtOUTPUT (COLUHNtNUMBER + 20H) \
CALL CONSOLEtOUTPUT (LINEtNUMBER + 20H) ;

END POSITIONtCURSOR i

DISPLAYtASCIItBUFFER: PROCEDURE (FIRST, LAST, BLANKINStENABLE) PUBLIC ; 
DECLARE (FIRST, LAST, BLANKINGtENABLE, I) BYTE !
DO I = FIRST TO (LAST-1) ;

IF' BLANKINGtENABLE 
THEN

DO ;
IF ASCII(I) = ’O’
THEN

CALL CONSOLEtOUTPUT(SPACE) ;
ELSE

DO ;
CALL CONSOLEtOUTPUT (ASCI I (ID ;
BLANKINGtENABLE = FALSE $

END ;
END ;

ELSE
CALL CONSOLEtOUTPUT (ASCII(I)) 5

END ;
CALL CONSOLEtOUTPUT (ASCII(LAST)) ;

END DISPLAYtASCIItBUFFER }
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206 1 

207 2 
20fi 2
209 2

210 2
211 3
212 j

213 2

214 2

215 j
216 3

217 3
218 3

219 2

220 2
221 3
222 3
223 3

224 3
225 3

226 3

227 4

228 4

229 3

230 2

♦EJECT
CONVERTtSIHGLEtTOtASCIl: PROCEDURE (VALUEtADDRESS) PUBLIC Î 

DECLARE VALUEtADDRESS ADDRESS ;
DECLARE VALUE BASED VALUEtADDRESS (2) BYTE 5 

DECLARE (I, J) BYTE !

DO I = 0 TO 1 !
TEMPtREGtl(I) = VALUE<I ) 5 

END ;

IF TENPtREGtltNEGATIVE 
THEN 

DO ;
CALL NEGATEtSINGLE (.TEMPtREGtl) 5 

CALL STOREtRESULTtSINGLE (.TEMPtREGtl) ;
ASCII(0) = ;

END ;
ELSE

ASCII(0) = ’+’ ;
DO I = 1 TO 5 {

CALL DIVIDEtSINGLE (.TEMPtREGtl, .TENtSINGLE) }
CALL STOREtRESULTtSINGLE (.TEMPtRE6t2) ;
CALL MULTIPLYtSINGLE (.RESULTtSINGLE, .TENtSINSLE) 5 

CALL SUBTRACTtSINGLE (.TEMPtREGtl, .RESULTtSINGLE) ', 
ASCII(6-1) = DIGIT (RESULTtSINGLE(D) 5 

DO J = 0 TO 1 5

TEMPtREGtl(J) = TEHPtRE6t2(J) 5 

END ;
END ;

END CONVERTtSINGLEtTOtASCII 5
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231 1

232 2

233 2
234 3

235 3

234 2
237 2

238 2 

23? 3 

240 3

»1 3
242 4

243 4

244 5

245 5

244 5

247 6
248 4

249 6

250 4
251 4

252 5

♦EJECT
READiLINE: PROCEDURE PUBLIC 5 

DECLARE ( CONSOLEiDATA,
I ) BYTE 5

DO I = 0 TO 83 5

EDITIBUFFER(I) = SPACE 5 

END ;
CONSOLEiDATA = SPACE 5 

I = 0i
DO NHILE I(CONSOLEiDATA <> CARRIGEIRETURN) AND (I < 83) AND (CONSOLEiDATA <> ESC)) 5 

CONSOLEiDATA = CONSOLEiINPUT 5 

IF I (CONSOLEiDATA > 1FH)
OR (CONSOLEiDATA = CARRIGEiRETURN)
OR (CONSOLEiDATA = ESC)
OR (CONSOLEiDATA = SPACE)
OR (CONSOLEiDATA = RUBiOUT) )

THEN
DO ;

IF CONSOLEiDATA = RUBOUT 
THEN 

DO ;
IF I = 0 
THEN

CALL CONSOLEiOUTPUT (BELL) i 
ELSE 

DO ;
1 = 1 -15
EDITiBUFFER(I ) = SPACE ;
CALL CONSOLEiOUTPUT (CURSQRiLEFT) 5 
CALL CONSOLEiOUTPUT (DELETEiCHARACTER) 5

END 5

END 5
ELSE

253
254
255 
254
257
258
259
240

241
242
243
244
245 
244

4
5 
5 
5 
5 
4 
3 
2

2
3
3
3
3
2

do ;
EDITiBUFFER(I ) = CONSOLEiDATA 5 

CALL CONSOLEiOUTPUT (CONSOLEiDATA) 5 

1 = 1 + 1}
END 5

END ;
END 5

IF ((CONSOLEiDATA <> CARRIGEiRETURN) OR (CONSOLEiDATA <> ESC)) 
THEN 

DO 5

EDITiBUFFER(83) = CARRIGEiRETURN 5 

CALL CONSOLEiOUTPUT (BELL) 5 

CALL CONSOLEiOUTPUT (CARRIGEiRETURN) 5 
END 5

END READiLINE 5
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»EJECT
2 i7  1 DISPLAY»!N»NDRMALISED$UNITS: PROCEDURE (VALUEtADDRESS) PUBLIC i
288 2 DECLARE VALUEiADDRESS ADDRESS }
269 2 DECLARE I BYTE ;
270 2 CALL CONVERT»TO$ASCII (VALUEiADDRESS) ;
271 2 CALL CONSOLEtOUTPUT (ASCIHO)) ?
272 2 CALL DISPLAYtASCII»BUFFER (1, 8 , ENABLEtBLANKING) i
273 2 CALL CONSOLEtOUTPUT (’ . ’ ) 5

27< 2 CALL DISPLAYtASCIIiBUFFER (9, 10, DISABLEtBLANKING) 5

275 2 CALL HRITEtMESSAGE ( .( ’■■’ , EOT)) }
276 2 END DISPLAY»IN»NORHALISED»UNITS 5

277 1 NORMALISEiYtORDINATE: PROCEDURE PUBLIC 5
278 2 CALL MULTIPLY (.YiORDINATE, .FIVE) ;
279 2 CALL DIVIDE (.RESULT, .FOUR) 5
280 2 END NQRMALISE»Y»QRDINATE ;

281 1 DISPLAY«*: PROCEDURE PUBLIC ?
282 2 CALL POSITIONÎCURSOR (*»FIELD) i
283 2 CALL DISPLAY«IN«NORHALISED»UNITS (.XtORDINATE) }
284 2 END DISPLAY«* ;

285 1 DISPLAY«Z: PROCEDURE PUBLIC }
286 2 CALL POSITIONÎCURSOR (Z«FIELD) 5

287 2 CALL DISPLAY«IN«NORMALISED»UNITS (.ZiORDINATE) 5

t8B 2 END DISPLAYiZ 5

289 1 DISPLAY«Y: PROCEDURE PUBLIC 5
290 2 CALL POSITIONÎCURSOR (YiFIELD) {
291 2 CALL NORHALISE«Y«ORDINATE I
292 2 CALL DISPLAY»IN»NDRHALISED»UNITS (.RESULT) Î
293 2 END DISPLAY»Y }

29< 1
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315 
3H 
317

2
2
2
3
4 
4 
4
3
4 
4 
4
3
4 
4 
4
3
4 
4 
4 
3 
2 
2 
2

DISPLAYtfi: PROCEDURE IRtNUMBER) PUBLIC I 
DECLARE RtNUMBER BYTE 5 

DECLARE ORDINATEtADDRESS ADDRESS 1 

DO CASE RiNUMBER ;
DO ;

CALL POSITIONÎCURSOR (RÎOÎFIELD) 5 

ORDINATEtADDRESS - .R«ORDINATES(0).ORDINATE 5 

END ;
DO ;

CALL POSITIONÎCURSOR (RtlîFIELD) ; 
ORDINATEtADDRESS = .RtORDINATES(1).ORDINATE 5 

END ;
DO ;

CALL POSITIONÎCURSOR (RÎ2ÎFIELD) ! 
ORDINATEtADDRESS = .RtORDINATES(2).ORDINATE ; 

END ;
DO ;

CALL POSITIONÎCURSOR (RÎ3ÎFIELD) i 
ORDINATEtADDRESS = .RtORDINATES(3).ORDINATE ', 

END ;
END ;
CALL CONVERTtTOtASCII (ORDINATEtADDRESS) Î
CALL CONSOLEtOUTPUT (ASCI1(0)) 5

CALL DISPLAYtASCIItBUFFER (1, 10, ENABLEtBLANKING) }
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3 1S 2 END DISPLAY« ;

319 1 NEXTtCHARACTER: PROCEDURE ADDRESS PUBLIC ;
320 2 DO WHILE BUFFER = SPACE 5

321 3 BUFFERtPOINTER = BUFFERtPOINTER + 1 5

322 3 END 5

323 2 RETURN BUFFERÌPOINTER !
32< 2 END NEXTtCHARACTER \

325 1 NEXTtSPACE: PROCEDURE ADDRESS PUBLIC;
326 2 DO WHILE (BUFFER <> SPACE) AND (BUFFER <> CARRIGEtRETURN) ;
327 3 BUFFERtPOINTER = BUFFERtPDINTER + 1 }
328 3 END i
329 2 RETURN BUFFERtPOINTER ;
330 2 END NEXTtSPACE ;

331 J
332 2

333 2

334 2
335 2

336 2

337 2

338 2

339 2
340 2

341 3

342
343
344
J45 3

346 2

347 2

COHPAREiWORDS: PROCEDURE (POINTER* 1, WORDtltEND, POINTER«, W0RD424LENGTH) BYTE PUBLIC ; 
DECLARE ( POINTER«,

P0INTER$2,
WORD« (END,
WORDtltLENGTH,
W0RDt2tLEN6TH ) ADDRESS ;

DECLARE CHARACTER* 1 BASED POINTER« BYTE }
DECLARE CHARACTER« BASED P0INTERS2 BYTE î
DECLARE STATUS BYTE 5

WORDtltLENGTH = WORDtltEND - POINTERtl ;
IF (WORDtltLENGTH > W0RDt2tLEN6TH) OR (WORDtltLENGTH < 4)
THEN

RETURN FALSE J 
STATUS = TRUE }
DO WHILE POINTER« < WORDtltEND ]

IF CHARACTER« <> CHARACTER*:
THEN

STATUS = FALSE ;
POINTER*! * POINTER« ♦ 1 5 

P0INTER»2 = POINTER« + 1 5 

END ;
RETURN STATUS ;

END C0HPARE*W0RDS |

1 CLEARtERRQRtFIELD: PROCEDURE PUBLIC ;
ÎJJ 2  CALL POSITIONtCURSOR (ERRORtFIELD) J

2  CALL CONSOLEtOUTPUT (DELETEtLINE) ;
51 2 END CLEAR*ERROR*FIELD ;

1 CLEAR*PROMPT*FIELD: PROCEDURE PUBLIC 5

: ^ 3 2 CALL POSITIONtCURSOR (PROHPTtFIELD) 5
2  2 CALL CONSOLEtOUTPUT (DELETEtLINE) ;

55 2  END CLEARtPROHPTtFIELD ;

356 î
357 J 
35b 2 
359 2

CLEARtWARNINGtFIELD: PROCEDURE PUBLIC 1 

CALL POSITIONtCURSOR (WARNINGtFIELD) ; 
CALL CONSOLEtOUTPUT (DELETEtLINE) }

END CLEARtWARNINGtFIELD ;
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«EJECT

360 l
361 2

362 2

363 2
364 2

365 3

366 3

367 3

368 3

369 3

370 3

3/1 3

372 3

4 
4 
4

373
374
375

376 3
377 4

378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395

396 
39?
398
399
400

4
5 
5 
5 
5 
4
3
4 
4 
4
4
5 
5 
5 
4 
4 
4 
3

3
4 
4 
4 
4

/< CONSOLE NUMERIC I/O t /

READ«REAL«NL)MBER: PROCEDURE BYTE PUBLIC 5 

DECLARE (FORMATIERROR,
READISTATUS,
NEGATIVEÎSI6 N,
CHARACTER ) BYTE !

DECLARE (1NTEGERIFL0AT,
FRACTIONIFLOAT,
DENOMINATORIFLOAT ) 14) BYTE !

FORMATIERROR = TRUE ;
DO «HILE FORMATIERROR i 

READÎSTATUS,
NEGATIVEISIGN = FALSE ;
CALL STOREINUMBER (.INTEGERîFLOAT, .ZEROiFLOAT) |
CALL STOREINUMBER (.FRACTIONIFLOAT, .ZEROIFLOAT) ?
CALL POSITIDNICURSOR (CDMMANDIFIELD) ;
CALL WRITEIMESSAGE ( . (DELETEILINE,

EDT)) i
CHARACTER = CONSOLEIINPUT }
IF CHARACTER = ’+’
THEN

DO ;
CALL CONSOLEIOUTPUT (’ ♦’ ) 5 
CHARACTER = CQNSOLEIINPUT ;

END ;
ELSE

DO ;
IF CHARACTER = (’ - ’ >
THEN

DD ;
CALL CONSOLEIOUTPUT (’ - ’ ) 5 

NE6 ATIVEISIGN = TRUE 5 
CHARACTER = CONSOLE*INPUT 5 

END I
END ;

DD «HILE I (CHARACTER >« ’O’ ) AND (CHARACTER <= ’9’ ) ) ;
CALL CONSOLEtOUTPUT (CHARACTER) ;
READISTATUS = TRUE Î
CALL REALIMULTIPLY (.INTEGERIFLOAT, .TENIFLOAT) 5 

DO WHILE CHARACTER <> ’0' i
CALL REALtADD (.RESULT, .ONEIFLOAT) 1 

CHARACTER = CHARACTER - 1 5 

END ;
CALL STOREIRESULT (.INTE6ERIFL0AT) J 
CHARACTER = CONSOLEIINPUT 5 

END ;
IF CHARACTER = V  
THEN

DO ;
CALL CONSQLE*OUTPUT (V )  !
CHARACTER * CONSOLE*INPUT 5

CALL STOREINUMBER (.DENOMINATORIFLOAT, .TENIFLOAT) ;
DO WHILE ( (CHARACTER >= ’O’ ) AND (CHARACTER <= ’9’ ) ) 5
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401 5
402 5
403 5
404 5
405 6
406 6
407 6
408 5
409 5
410 S
411 5
412 5
413 5
414 S
415 4
416 3
417 3
418 3

419 3
420 4
421 4
422 4

423 4
424 4
425 4

426 3
427 3
428 2
429 2

CALL CONSOLEIOUTPUT (CHARACTER) 5 

READ$STATUS = TRUE 5

CALL STOREINUMBER (.RESULT, .ZEROIFLOAT) ;
DO WHILE CHARACTER <> 'O’ 5

CALL REALIADD (.RESULT, .ONEIFLOAT) }
CHARACTER = CHARACTER - 1 i 

END }
CALL REALIDIVIDE (.RESULT, .DENONINATORIFLOAT) { 
CALL REALIADD (.RESULT, .FRACTIONiFLOAT) 5 

CALL STOREIRESULT (.FRACTION$FLOAT) }
CALL REALIMULTIPLY (.DENOMINATORIFLOAT, .TENIFLOAT) 
CALL STOREIRESULT (.DEN0N1NAT0RIFL0AT) i 
CHARACTER = CONSOLEIINPUT 5 

END ;
END ;

CALL P0SIT10NICURS0R (ERR0RIF1ELD) I 
CALL CONSOLEIOUTPUT (DELETEIL1NE) !
IF CHARACTER = CARRIBEIRETURN 
THEN 

DO ;
FORNATIERROR = FALSE 5

CALL REALIADD (.INTE6 ERIFLQAT, .FRACTIONIFLOAT) 5

IF NEGATIVEISIGN
THEN

CALL REALINEGATE (.RESULT) 5 
CALL STOREIRESULT (.NUHBERIFLOAT) 5 

END ;
ELSE

CALL NRITEINESSA6 E (.( ’ERROR IN NUMBER FORMAT’ , EOT)) 5

END ;
RETURN (READISTATUS) 5 

END READIREALINUMBER ;
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430 1

431 2

432 2

433 2

434 2
435 2
436 2

437 2 

43B 3

439 3

440 3

441 2
442 2

443 2

444 2
445 3

446 3

447 2

448 2

449 2
450 3

451 3

452 2

453 2

454 3

«5 3

456 3

457 2 
45B 2

459 2

460 3

461 3

<42 4 

<63 4 

<64 4

<65 3

<66 2
<67 2

<68 2 

<69 2 

<70 2

♦EJECT
DISPLAY$REAL$NUMBER: PROCEDURE <FLOAT$NUMBER$ADDRESS, DECIHALIDIGITS, DECIMALtPLACES) PUBLIC ; 

DECLARE (DECIMAL6 DIGITS, DECIHALIPLACES, I) BYTE |
DECLARE (FLOATtNUMBERiADDRESS) ADDRESS ;
DECLARE (NUMBER,

REMAINDER,
TEMP4FL0AT ) (4) BYTE ;

CALL STOREiNUNBER (.TEMPIFLOAT, FLOATiNUMBERIADDRESS) ;
CALL FIX (.TEMPIFLOAT) 5 

IF MATH$OVERFLON 
THEN

DO ;
CALL NRITEIMESSA6 E (.0VERFL0H4MESSAGE) ;
RETURN ?

END ;
CALL STORESRESULT (.NUMBER) 5

CALL FLOAT (.NUMBER) J
CALL REALSSUBTRACT (.TEMPiFLOAT, .RESULT) }
DO I = 0 TO (DECIMALIPLACES-1) 5

CALL REAL4MULTIPLY (.RESULT, .TENIFLOAT) 5 

END i
CALL FIXJROUND (.RESULT) 5 

CALL ST0RE4RESULT (.REMAINDER) 5 

DO I = 0 TO (DECIMALIPLACES-1) 5 

CALL DIVIDE (.RESULT, .TEN) 5 

END I
IF NOT (MATHtZERO)
THEN

DO ;
CALL ADD (.NUMBER, .ONE) (
CALL STOREtRESULT (.NUMBER) 5 

END ;
CALL CONVERTtTOtASCII (.NUMBER) 5 

CALL CONSOLEWUTPUT (ASCI 1(0)) 5 

DO I = 1 TO (10 - DECIMALODIGITS) *,
IF ASCII(I) <> ’0'
THEN

DO ]
CALL NRITEIMESSAGE (.OVERFLONOHESSAGE) 5 

RETURN ;
END ;

END I
CALL DISPLAYiASCIKBUFFER ((10 - DECIMALIDIGITS), 10, ENABLE0BLANKIN6) }
CALL CONSDLEIOUTPUT <’ .')  }
CALL CONVERTITOIASCII (.REMAINDER) ?
CALL DISPLAYSASCI1 ♦BUFFER ( (11-DECIHALfPLACES), 10, DISABLEiBLANKING) !

END DISPLAYtREALINUHBER 5
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« 1  1

472 2

473 2
474 2
475 2

476 1

477 2
478 2

479 2
480 2

481 1

482 2

483 2
484 2

485 2

486 2
487 3

488 4

489 4

490 3

491 2

♦EJECT
DISPLAY$CURRENT$INCRENENT: PROCEDURE PUBLIC 5

CALL P0SITI0N$CURS0R (CURRENT♦INCREKENT$FIELD) ;
CALL DISPLAY$REAL$NUMBER (.CURRENT$INCRENENT4 FL 0AT( 2, 4) } 
CALL WRITEtMESSAGE (.UNITStAHP) 5 

END DISPLAYiCURRENTtINCREMENT ;

DISPLAY$CURRENT$RANGE: PROCEDURE PUBLIC ;
CALL P0SITI0N4CURS0R (CURRENTtRANGEiFIELD) 5

CALL DISPLAY4REALINUNBER I.CURRENT$RANGE$FLOAT, 4, 1 ) 5

CALL WRITE4MESSAGE (.UNITSiAMP) ;
END DISPLAYSCURRENTIRANGE !

DISPLAY4PATH4NANE: PROCEDURE PUBLIC i 
DECLARE I BYTE }
CALL POSITIONICURSOR (PATH$NANE$FIELD) ;
CALL CONSOLEtOUTPUT (DELETE4LINE) }
IF PATHSNAHE4SET 
THEN

DO ;
DO I = 0 TO LAST(PATHiNAME) 5

CALL C0NS0LE40UTPUT <PATH$NAME <I )) 5 

END ;
END ;

END DISPLAY4PATH4NAHE 5
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«EJECT

«2 l
493 2

49« 2
495 2

496 2

497 2 
49B j

499 3

500 «
501 «

502 4

503 5

504 5

505 5

506 4

507 5

508 5

509 5

510 5  

5U 6

514
515
516
517
518
519
520
521
522
523
524
525
526

5
5
4
3
2
2
2
2
2
2
2
2
2

/* SYSTEM CURRENT RANGE DEFINITION »/

SETtCURRENTtINCREMENT: PROCEDURE 5 

DECLARE (DVERtRANSE,
UNDERtRANGE ) BYTE 5

CALL POSITIONtCURSOR (PROHPT«FIELD) ;
CALL MRITEIMESSAGE ( . (DELETEtLINE,

’ENTER POMER SOURCE FULL RANGE CURRENT IN Alps’ , EOT)) !
OVERtRANSE,
UNDERtRANGE = TRUE 5

DO MHILE (OVERtRANGE OR UNDERtRANGE) ;
IF READtREALtNUNBER 
THEN

DO ;
CALL REALtSUBTRACT (.MAXtCURRENTtRANGEtFLOAT, .NUMBERtFLOAT) \
IF RESULTtNEGATIVE 
THEN

DO ;
OVERtRANGE = TRUE 5 

CALL OVERtRANBEtERROR \
END ;

ELSE
DO ;

OVERtRANGE = FALSE !
CALL REALtSUBTRACT (.NUMBERtFLOAT, .MINtCURRENTtRANGEtFLOAT) 5
IF RESULTtNEGATIVE
THEN

DO ;
UNDERtRANGE = TRUE 5 

CALL UNDERtRANGEtERROR ;
END ;

ELSE
UNDERtRANGE = FALSE ;

END ;
END ;

END ;
CALL STOREtNUMBER (.CURRENTtRANGEtFLOAT, .NUMBERtFLOAT) i 
CALL REALtDIVIDE (.NUMBERtFLOAT, .TMOtFIVEtFIVEtFLOAT) ;
CALL STOREtRESULT (.CURRENT«INCREMENTtFLOAT) 5 

CURRENTtINCRENENTtSET = TRUE ;
CALL CLEARtERRORtFIELD 5 

CALL CLEARtPROHPTtFIELD 5 
CALL DISPLAY«CURRENT«RANGE ;
CALL DISPLAYtCURRENTtINCRENENT ; •

END SETtCURRENTtINCREMENT ;
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527 1

REJECT
/* INITIALISE SYSTEM 1/ 

CALL RESETSSYSTEM I
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528 1
529 1
530 1
531 1
532 i
533 i
534 2
535 2

♦EJECT

/> USER MUST ENTER ORIGIN AND CURRENT RANGE 4/

CALL POSITIONtCURSOR (LIMITS$WARNINGtFIELD) 5 

CALL MRITEtNESSAGE (.LIMITSIHARNINGtMESSAGE) ; 
CALL POSITIONJCURSOR (PROGIFIELD) i 
CALL HRITEIMESSAGE (.(’RESET’ , EOT)) 5 

CALL SETIORIGIN 5

DO WHILE NOT (CURRENT$INCREMENT$SET) ;
CALL SET$CURRENT$INCREMENT ;

END ;
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«EJECT

536 l
537 1

538 l
539 1

540 1

541 1

542 i
543 l
544 i
545 i
546 i

547 i
548 i
549 i

550 i
551 2

552 2

553 2

554 2

555 i

556 i
557 i

558 i
559 i

560 i
561 j

562 i
563 i

564 i
565 i

566 i
567 ,

568 j
569 j
570 ,

I t  COMMAND INTERPRETER */
Al: CALL POSITIONiCURSOR (PROG«FIELD) 5 

CALL NRITEtHESSAGE (.(DELETEiLINE,
’MONITOR’ , EOT)) |

CALL POSITIONiCURSOR (COMMANDiFIELD) 5 

CALL CONSOLE«OUTPUT (DELETE«LINE) !
CALL CONSOLEIOUTPUT (’>’ ) }
CALL READiLINE J
CALL POSITIONiCURSOR (ERRORiFIELD) 5 

CALL CONSQLEiOUTPUT (DELETEiLINE) ;
BUFFERiPOINTER = .EDIT«BUFFER i 
WORDiSTART = NEXTiCHARACTER i 
IF BUFFER = CARRIGEiRETURN 
THEN

GOTO Al •,
HORDSEND = NEXTiSPACE !
IF COMPAREiWORDS (WORDiSTART, WQRDiEND, .('POSITION'), 8 ) 
THEN

DO ;
CALL POSITIONiCURSOR (PROBiFIELD) ,’
CALL WRITEiMESSAGE (.(DELETEiLINE,

’POSITION’, EOT )) |
CALL POSITION J 

END ;
IF COMPAREiWORDS (NORDiSTART, WORDiEND, . ( ’PATH’ ), 4)
THEN

CALL PATH }
IF COMPAREiWORDS (NORDiSTART, WORDiEND, . ( ’LIMITS’ ), 6 )
THEN

CALL SETiLINITS 5
IF COMPAREiWORDS (NORDiSTART, WORDiEND, . ( ’PARAMETERS'), 10) 
THEN

CALL SETiPARAMETERS J
IF COMPAREiWORDS (NORDiSTART, WORDiEND, . ( ’WELD'), 4)
THEN

CALL WELDiSEQUENCE j
IF COMPAREiWORDS INORDiSTART, WORDiEND, . (’SEQUENCE’ >, 8 ) 
THEN

CALL SEQUENCE i
IF COMPAREiWORDS (WORDiSTART, WORDiEND, . ( ’DUMP’ ), 4)
THEN

CALL DUMP 5

IF COMPAREtWORDS (NORDiSTART, WORDiEND, . ( ’LOAD’ ), 4)
THEN

CALL LOAD ;
GOTO Al ;

END TIGiWELD ;

K0̂  INFORMATION:

CODE AREA SIZE = 0B20H 284BD
VARIABLE AREA SIZE = 00C9H 2 0 1 D
MAXIMUM STACK SIZE = OOOAH 10D
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1275 LINES READ 
0 PROGRAM ERROR(S)

END OF PL/M-80 COMPILATION
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ISIS'II  PL/M-80 V3.1 COMPILATION OF MODULE SETPARAMETERSPROCEDURE 
*KCT MODULE PLACED IN :F1 :WELD4.0BJ
COMPILER INVOKED BY: PLM80 :F1:WELD4.PLM DEBUS MORKFILES(:FI: ,:FI:) PRINT<:FI:HELD4.LST)

♦TITLE (’SETFPARAMETERSiPROCEDURE VER 3.00 DATE 01/08/BD 
SET$PARAMETERS$PROCEDURE: DO ;

I t  A PLM80 PROCEDURE TO ALLOW THE USER TO ENTER GROUPS OF WELDING PARAMETERS. 
EACH GROUP CONTAINS VALUES FOR

PULSE CURRENT 
BACKGROUND CURRENT 
PULSE ON TIME 
PULSE OFF TIME 
WELDING SPEED 
PRE-TRAVERSE TIME 
FALL TIME

UP TO 256 GROUPS OF PARAMETERS MAY BE ENTERED.
EACH 6R0UP IS IDENTIFIED BY ITS 6R0UPFNUMBER.
A GROUP MAY ONLY BE ENTERED IF ALL LOWER NUMBER GROPUPS HAVE BEEN ENTERED.

*/
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♦EJECT
f t  EXTERNALS tf 
♦ INCLUDE (:F1: HELD.EQU) 

= ♦NOLIST

♦INCLUDE (:F1:WEL01.EOS)
= ♦NOLIST

79 1 REAL4SUBTRACT: PROCEDURE (B4ADDRESS, ÂADDRESS) EXTERNAL 5

80 2 DECLARE (A4ADDRESS, B$ADDRESS) ADDRESS 5

81 2 END REAL4SUBTRACT !

87 1 REAL4DIVIDE: PROCEDURE (BSADDRESS, AMDDRESS) EXTERNAL
83 2 DECLARE (AlADDRESS, B«ADDRESS) ADDRESS 5

84 2 END REAL4DIVIDE 5

85 1 REALMULTIPLY: PROCEDURE (B4ADDRESS, A$ADDRESS) EXTERNAL 5

86 2 DECLARE IAMDDRESS, B̂ADDRESS) ADDRESS i
87 2 END REAL4MULTIPLY }

aB 1 FIX4164BIT: PROCEDURE (AiADDRESS) EXTERNAL 5

89 2 DECLARE A*ADDRESS ADDRESS ;
90 2 END FIX4164BIT ;

91 1 ST0RE4RESULT4SIN6LE« PROCEDURE IST0RE4ADDRESS) EXTERNAL ?
82 2 DECLARE ST0RE4ADDRESS ADDRESS i
93 2 END ST0RE4RESULT4SIN8LE J

94 1 FL0AT«1N6LE: PROCEDURE WADDRESS) EXTERNAL 5

95 2 DECLARE A4ADDRESS ADDRESS ;
96 2 END FL0ATISIN6LE 5

97 1 FIX*8 *BIT: PROCEDURE (AtADORESS) EXTERNAL 5

98 2 DECLARE AiADDRESS ADDRESS 5
99 2 END FIX484BIT 5

ÎJ° 1 FIX*SIN6LE«R0UND: PROCEDURE (A4ADDRESS) EXTERNAL 5

:! 2  declare a*address address ;
02 2  end fmsinglemound ;

. ° 3 1 ST0RE4NUMBER: PROCEDURE (DESTINATI0N4ADDRESS, SOURCEÍADDRESS) EXTERNAL
2 DECLARE ( DESTINATI0N4ADDRESS, S0URCE4ADDRESS) ADDRESS !
2 END STOREWUHBER 5

lOé j
107 j 
lOB 2

ST0RE4RESULT: PROCEDURE (STOREMDDRESS) EXTERNAL !
DECLARE STORESADDRESS ADDRESS ;

END ST0RE4RESULT ;

1 STOREIRESULT♦SINSLE4ADDRESS: PROCEDURE (STORESADDRESS) EXTERNAL !
2 DECLARE STORESADDRESS ADDRESS 5

1 2 END ST0RE«RESULT*SIN6LE«ADDRESS 5

112
113
114

DECLARE RESULT (4) BYTE EXTERNAL i
DECLARE RESULNSIN6 LE (2) BYTE EXTERNAL !
DECLARE (TEN4TH0USAND4FL0AT,

TN04FIVE4FIVE4FL0AT,
ONEMILLIONtfLOAT,
ZERÔFLOAT ) (4) BYTE EXTERNAL {
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I t  PUBLIC DATA t /

115 1 DECLARE PARAHETER<GROUP$TABLE (256) STRUCTURE <PULSE<CURRENT<FLDAT
BACKGROUND<CURRENT<FLOAT (4)

116 i
117 J
118 i
119 i

DECLARE
DECLARE
DECLARE
DECLARE

120 J DECLARE

121 J DECLARE

122 j DECLARE

123 J DECLARE

124 j DECLARE

125 J DECLARE

126 J DECLARE

127 , DECLARE

128 j DECLARE

129 ! DECLARE

130 j DECLARE

131 j DECLARE

132 j DECLARE

133 j DECLARE

134 j DECLARE

PULSE<ON<TINE<FLOAT
PULSE<OFF<TIME<FLOAT
NELDIN6<DIVIS0R<FL0AT
PRE<TRAVERSE<TINE<FLOAT
FALL<TIME<FLOAT
R<0<DIVIS0R<SINGLE
R<1<DIVIS0R<SINSLE
R<2<DIVIS0R<SINGLE
R<3<DIVIS0R<SINGLE
T0UCH<START
HIRE<FEED

GROUPiNUHBER BYTE PUBLIC ;
PARANETERS<SET<FLAG (256) BYTE PUBLIC ;
BYTEÍVALUE BYTE PUBLIC 5 

<PULSE<ON<TINE<FLOAT,
PULSE<OFF<TINE<FLOAT,
FALL<TINE<FLOAT,
PRE<TRAVERSE<TIME<FLOAT «
NELDING<SPEED<FLOAT,
PULSE<CURRENT<FLOAT,
BACKGRDUND<CURRENT<FLOAT,
CURRENT<INCRENENT<FLDAT,
CURRENT<RANGE<FLDAT ) (4) BYTE PUBLIC 5

NAX<NELDING<SPEED<FLDAT (4) BYTE PUBLIC
DATA (TEN<REAL) 5

HIN<NELDING<SPEED<FLOAT (4) BYTE PUBLIC
DATA <POINT<ZERO<ZERO<SEVEN<EIGHT<READ { 

NAX<R<SPEED<FLOAT (4) BYTE PUBLIC
DATA <ONE<HUNDRED<REAL) ;
NIN<R<SPEED<FLOAT «) BYTE PUBLIC
DATA <P0INT<ZER0<2ER0<SEVEN<EIGHT<READ \

(4)
(4)
(4)
(4)
(4)
( 2 )

(2)

( 2 )

( 2)

NAX<PULSE<ON<TINE<FLOAT 
DATA (TENSREAL) ; 
HIN<PULSE<ON<TIHE<FLOAT 
DATA (ZERO$REAL) ; 
HAX<PULSE<OFF<TINE<FLOAT 
DATA (TEN<REAL) 5 

HIN<PULSE<OFF<TIHE<FLOAT 
DATA <ZERO<REAL) ; 
HAX<FALL<TIHE<FLOAT 
DATA <ONE<HUNDRED<READ ; 
HIN<FALL<TIHE<FLOAT 
DATA (ZERQ<REAL) 5 

HAX<PRE<TRAVERSE<TIHE<FLOAT 
DATA <ONE<HUNDRED<READ ;
HIN<PRE<TRAVERSE<TINE<FLOAT 
DATA (ZER04REAL) ; 
NAX<PULSE<CURRENT<FLOAT 
DATA<ONE<THOUSAND<READ ; 
NIN<PULSE<CURRENT<FLOAT 
DATA (ZERO<REAL) ; 
HAX<BACKGROUND<CURRENT<FLOAT 
DATA <ONE<THOUSAND<READ S

<4) BYTE PUBLIC

(4) BYTE PUBLIC

(4) BYTE PUBLIC

(4) BYTE PUBLIC

(4) BYTE PUBLIC

(4) BYTE PUBLIC

(4) BYTE PUBLIC

14) BYTE PUBLIC

(4) BYTE PUBLIC

(4) BYTE PUBLIC

(4) BYTE PUBLIC

¡4) BYTE, 
BYTE,
BYTE,
BYTE,
BYTE,
BYTE,
BYTE,
BYTE,
BYTE,
BYTE,
BYTE,
BYTE,
BYTE (PUBLIC 5



pL/H-80 COMPILER SETÍPARAHETERSÍPROCEDURE VER 3.00 DATE 01/08/81 PASE 4

135 i

136 i

137 J

DECLARE HINtBACKGROUND$CURRENT$FLOAT (4) BYTE PUBLIC 
DATA (ZEROSREAL) ;

I t  LOCAL DATA 1/
DECLARE <OVER$RANGE,

UNDERÍRAN6 E,
FLAG,
I ) BYTE I 

DECLARE BLANKIDATA U) BYTE 
DATA (’

CURSORtLEFT,
CURSORSLEFT,
CURSORtLEFT T 
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
CURSORtLEFT,
EOT ) ¡
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138 1

139 2

MO 2 
Ml 3

M2 3 

M3 3 

144 3 

M5 3 
Mi 3 

M7 4

148 4

149 4
150 5

151 5
152 5

153 4
154 4

155 4
156 4

157 4

158 4

159 4
160 4 
161 4
162 4
163 3
164 3

165 3

166 2

♦EJECT
READIBYTEIVALUE: PROCEDURE BYTE PUBLIC 5 

DECLARE (ERRORSSTATUS,
ENTRYISTATUS,
CHARACTER ) BYTE i 

DO FOREVER }
ERRORISTATUS,
ENTRYISTATUS = FALSE 5 

BYTEIVALUE = 0 î
CALL POSITIONICURSOR (COHHANDIFIELD) 5 

CALL CONSQLEIOUTPUT (DELETE$LINE) 5 

CALL CONSOLESOUTPUT (’! ’ ) i 
DO HHILE NOT (ERRORISTATUS) 5 

CHARACTER = CONSOLE*INPUT j 
IF CHARACTER = CARRIGEIRETURN 
THEN

DO ;
CALL CLEARIERRORIFIELD !
RETURN ENTRYISTATUS \

END ;
ELSE

CALL CONSQLEIOUTPUT (CHARACTER) 5 
IF ((CHARACTER > ’9’ ) OR (CHARACTER < ’0’ )) 
THEN

ERRORSSTATUS = TRUE ;
IF BYTEIVALUE > 25 
THEN
ERRORISTATUS = TRUE \
IF ((BYTEiVALUE * 25) AND (CHARACTER > ’5’ )) 
THEN

ERRORISTATUS = TRUE !
BYTEIVALUE = (BYTEIVALUE i  10) + (CHARACTER - ’O’ ) 
ENTRYISTATUS = TRUE 5 

END i
CALL POSITIONICURSOR (ERRORIFIELD) 5 

CALL NRITEIMESSAGE ( . (DELETEILINE,
'BYTE VALUE ERROR’ , EOT)) ;

END ;
END READIBYTEIVALUE ;

167
168
169
170
171
172
173
174
175
176
177
178

1
2
2
2
2
3
3
3
2
3
3
2

DISPLAYIBYTE: PROCEDURE (BYTEIVALUE) PUBLIC f 
DECLARE BYTEIVALUE BYTE 5 

DECLARE TEMPIREG (3) BYTE 5 

DECLARE I BYTE 5 

DO I = 0 TO 2 i
TEMPIREG (2-1) = BYTEIVALUE HOD 10 5 

BYTEIVALUE = BYTEIVALUE / 10 }
END ;
DO I = 0 TO 2 ;

CALL CONSOLEIOUTPUT (TEHPIREG(I) + ’O’) 5 
END ;

END DISPLAYIBYTE 5
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179 1

180 2 

181 2 

182 2 
183 2

♦EJECT
OVERiRANGEiERROR: PROCEDURE PUBLIC ;

CALL POSITIONICURSOR (ERRORtFIELD) i 
CALL HRITESMESSAGE (.OVER<RANGE$HESSASE) 5 

OVERiRANGE = TRUE ;
END OVER$RANGE$ERROR i

184 1

185 2
186 2

187 2
188 2

UNDER$RANGE$ERROR: PROCEDURE PUBLIC ;
CALL POSITIONiCURSOR (ERRORtFIELD) ;
CALL HRITEtHESSASE (.UNDER♦RANGESMESSAGE) ; 
UNDERiRANGE = TRUE 5 

END UNDERtRANGEtERROR ;

L.
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189 l
190 2

191 2
192 3

193 4
194 4
195 4

196 3

197 4

198 4

199 4

200 3
201 4

202 4
203 4

204 3

205 4

206 4

207 4

208 3

209 2
210 2 
211 2 

212 2

♦EJECT
DISPLAY$R$SPEED: PROCEDURE (RtID) Î 

DECLARE (RtID) BYTE i 
DO CASE RtID 5 

DO ;
CALL FLOATtSINGLE (.PARAHETERtGROUPtTABLE(GROUPtNUMBER).RtOtDIVISORtSINGLE) 5 

CALL POSITIONtCURSOR (RtOtSPEEDtFIELD) ?
END ;
DO ;

CALL FLQATtSIN6 LE (.PARANETERIGROUPtTABLE(GROUPtNUHBER).Rt1tDIVISDRtSINGLE) ? 
CALL POSITIONtCURSOR (RtltSPEEDtFIELD) !

END ;
DO ;

CALL FLOATtSINGLE (.PARAMETERtGROUPtTABLE (GROUPtNUHBER).Rt2tDIVISORtSINGLE) i 
CALL POSITIONtCURSOR (Rt2tSPEEDtFIELD) ;

END ;
DO ;

CALL FLOATtSINGLE (.PARAHETERtGROUPtTABLE(GROUPtNUMBER).Rt3tDIVIS0RtSINGLE) J 
CALL POSITIONtCURSOR (Rt3tSPEEDtFIELD) 5 

END ;
END ;
CALL REALtDIVIDE (.DNEtMILLIONtFLOAT, .RESULT) 5 

CALL REALtDIVIDE (.RESULT, .HAINtDIVISORtFLOAT) !
CALL DISPLAYtREALtNUHBER (.RESULT, 4, 1) }

END DISPLAYtRtSPEED }
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213 i
»EJECT

DISPLAYtNIREtFEED: PROCEDURE ;

214 2

215 2
CALL POSITIONtCURSOR (NIREtFIELD) 5

IF PARAMETER$SROUP$TABLE(BROUPtNUMBER).NIREtFEED
THEN

216 2 CALL NRITE$NESSA6 E (.( ’ON EOT)) 5

ELSE
217 2
218 2

CALL NRITEtHESSAGE (.( ’OFF’ , EOT)) } 
END DISPLAY»HIRE$FEED 5

219 J
2 2 0 2 

221 2 

222 2

CLEARtNIREtFIELD: PROCEDURE PUBLIC 5 

CALL POSITIONICURSOR (NIREIFIELD) 5 

CALL NRITEiNESSAGE (.BLANKSDATA) ! 
END CLEAR»NIRE$FIELD i

223 i DISPLAY$GROUP$NUHBER: PROCEDURE ;

224 2
225 2

226 2

CALL POSITIONtCURSOR (GROUP$NUNBER»FIELD) ; 
CALL DISPLAYiBYTE (GROUPtNUMBER) i 

END DISPLAY»GROUP»NUMBER ?

227 !
228 2

229 2
230 3

231 3
232 3

233 3

234 3

235 2

236 2

CLEAR»R»FIELD: PROCEDURE (R»ID) PUBLIC i 
DECLARE R$ID BYTE !
DO CASE RtID

CALL POSITIONtCURSOR (RtOtSPEEDtFIELD) 5 

CALL POSITIONtCURSOR (RtltSPEEDtFIELD) J 
CALL POSITIONtCURSOR (Rt2tSPEED»FIELD) 5 

CALL POSITIONtCURSOR (Rt3tSPEEDtFIELD) î 
END ;
CALL HRITEtHESSAGE (.BLANKtDATA) ;

END CLEARtRtFIELD ;

237 i
238 2

239 2

240 2

CLEARtNELDINStSPEEDtFIELD: PROCEDURE PUBLIC ! 
CALL POSITIONtCURSOR (NELDINGtSPEEDtFIELD) I 
CALL NRITEtHESSAGE (.BLANKtDATA) 5 

END CLEARtNELDINGtSPEEDtFIELD |

241 ,
242 2

243 2

244 2

CLEARtBACKGROUNDtCURRENTtFIELD: PROCEDURE PUBLIC ; 
CALL POSITIONtCURSOR (BACKGROUNDtCURRENT»FIELD) { 
CALL NRITEtHESSAGE (.BLANKtDATA) )

END CLEARtBACKGROUNDtCURRENTtFIELD ;

245 i
246 2

247 2

248 2

CLEARtPULSEtCURRENTtFIELD: PROCEDURE PUBLIC } 
CALL POSITIONtCURSOR (PULSEtCURRENTtFIELD) 5 

CALL NRITEtHESSAGE (.BLANKtDATA) ;
END CLEARtPULSEtCURRENTtFIELD ?

* *  1
250 o
251 2

252 2

CLEARtPULSEtONtTIHEtFIELD: PROCEDURE PUBLIC \ 
CALL POSITIONtCURSOR (PULSEtONtTIHEtFIELD) ; 
CALL NRITEtHESSAGE (.BLANKtDATA) 5 

END CLEARtPULSEtONtTIHEtFIELD 5

253 «
254 2

255 2

256 2

CLEARtPULSEtOFFtTIHEtFIELD: PROCEDURE PUBLIC ! 
CALL POSITIONtCURSOR (PULSEtOFFtTIHEtFIELD) ! 
CALL NRITEtHESSAGE (.BLANKtDATA) i 

END CLEARtPULSEtOFFtTIHEtFIELD !
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257 1

258 2

259 2
260 2

261 i
262 2
263 2

264 2

265 1

266 2
267 2

268 2

CLEAR$PRE$TRAVERSEÌTIHE$FIELD: PROCEDURE PUBLIC ; 
CALL POSITIONÌCURSOR (PRE*TRAVERSEITIHE*FIELD) } 
CALL HRITESMESSA6 E (.BLANKiDATA) J 

END CLEAR*PRE$TRAVERSE*TIHE$FIELD 1

CLEAR$FALL$TIHE$FIELD: PROCEDURE PUBLIC 5 

CALL POSITIONICURSOR (FALLITIHEtFIELD) 5 

CALL NRITE$HESSA6 E (.BLANKiDATA) ;
END CLEAR$FALL$TIHE$FIELD J

CLEAR$I6NITI0N$FIEL0: PROCEDURE PUBLIC 5 

CALL POSITIONtCURSOR (IGNITIONIFIELD) ;
CALL NRITEÌHESSABE I.BLANKSDATA) ;

END CLEAR$IBNITION$FIELD 5
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«EJECT
2 4 9 1 DISPLAYtIGNITION: PROCEDURE PUBLIC }

270 2
271 2

272 2

273 2
27« 2

CALL POSITIONiCURSOR (I6NITI0NfFIELD) !
IF PARAHETERt6R0UPtTABLE(GRDUPtNUMBER).TOUCHtSTART 
THEN

CALL NRITEtHESSAGE (.( ’TOUCH’ , EOT)) ;
ELSE

CALL NRITEtHESSAGE ( . (’H«F ’ , EOT)) Î 
END DISPLAY«IGNITION !

2 7 5 1 DISPLAY«HELDIN6 «SPEED: PROCEDURE PUBLIC ;

276 2 CALL POSITIONtCURSOR (NELDINGtSPEEDtFIELD) J
277 2 CALL REALiDIVIDE (.TENtTHOUSANDtFLOAT,

.PARAHETERtGROUPtTABLE(GROUPtNUHBER).NELDINGtDIVISORtFLOAT) ;
278 2 CALL REALSDIVIDE (.RESULT, ,HAIN«DIVISOR«FLOAT) 5

279 2 CALL DISPLAY«REAL«NUHBER (.RESULT, 2, 4) 5

2 8 0 2 CALL NRITEtHESSAGE (.UNITS$NH«PER«SEC) 5

281 2 END DISPLAYtNELDlNG«SPEED i

2 8 2 1 DISPLAY«PULSE«CURRENT: PROCEDURE PUBLIC {
283 2 CALL POSITION«CURSOR (PULSE«CURRENT«FIELD) 5
284 2 CALL DISPLAY«REAL«NUHBER (.PARAHETERt6R0UPtTA8LE(6R0UP«NUNBER).PULSE«CURRENT«FLOAT, 4, 1) }
2 8 5 2 CALL NRITE«HESSAGE (.UNITS»ANP> 5

286 2 END DISPLAY«PULSE»CURRENT }

287 1 DISPLAY«BACK6R0UND«CURRENT: PROCEDURE PUBLIC 5

288 2 CALL POSITIONICURSOR (BACKGROUNDtCURRENTtFIELD) 5
289 2 CALL DI5PLAY«REAL«NUHBER (.PARAHETER«GROUP«TABLE(6R0UPtNUHBER).BACKGROUNDtCURRENTtFLDAT, 4, 1) ;
290 2 CALL NRITEtHESSAGE (,UNITS«AHP) 5

291 2 END DISPLAYtBACKGROUNDtCURRENT J

292 1 DISPLAYIPULSE«ON«TIHE: PROCEDURE PUBLIC ;

293 2 CALL POSITIONtCURSOR (PULSEtONITIhEtFIELD) 5
294 2 CALL DISPLAYtREALtNUHBER (.PARAHETER«GR0UPtTABLE(6R0UP«NUHBER).PULSE«0N«TINEtFL0AT, 2, 3) !
295 2 CALL NRITEtHESSAGE (.UNITStSEC) ;
294 2 END DISPLAYtPULSEtONtTIHE !

297 1 DISPLAYtPULSEtOFFtTIHE: PROCEDURE PUBLIC 5

2? 8 2 CALL POSITIONtCURSOR (PULSEtOFFtTIHEtFIELD) 5

: : 9 2 CALL DISPLAYtREALtNUHBER (.PARAHETERtGROUPtTABLE(GROUPtNUHBER).PULSEtOFFtTIHEtFLOAT, 2, 3) {
;r° 2 CALL NRITEtHESSAGE (.UNITStSEC) ;
i0 1  2 END DISPLAYtPULSEtOFFtTIHE *,

î 0 2  1 DISPLAYtFALLtTIHE: PROCEDURE PUBLIC 5

Î?3 2 CALL POSITIONtCURSOR (FALLtTIHEtFIELD) 5
¿J 2 CALL DISPLAYtREALtNUHBER (.PARAHETERtGROUPtTABLE(GROUPtNUHBER).FALLtTIHEtFLOAT, 3, 3) 5

2 CALL NRITEtHESSAGE (.UNITStSEC) 5

06 2 END DISPLAYtFALLtTIHE i

307 1 DISPLAYtPREtTRAVERSEtTIHE: PROCEDURE PUBLIC i
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308 2

309 2

310 2

311 2

CALL POSITlONtCURSOR (PRE$TRAVERSE«TIHE«FIELD) 5

CALL DISPLAY$REAL$NUHBER (.PARAMETERI6R0UPtTABLE(6R0UPtNUI1BER).PREITRAVERSEITIIIEIFLOAT* 3, 3) i 
CALL «RITEÍHESSAGE (.UNITStSEC) 5 

END DISPLAY$PRE«TRAVERSE$TIHE !

i.
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«EJECT
312 1 DISPLAY$PARAMETER«6R0UP: PROCEDURE PUBLIC i

313 2

314 2

315 2
316 2
317 2
318 2

319 2
320 2

321 2

322 2

323 2

324 2

325 2

326 2

327 2

328 2

329 3

330 3

331 3

332 3 

j33 3

334 3

335 3

336 3

337 3

338 3

339 3

340 3

341 3

CALL DISPLAY«GROUP«NUHBER !
CALL CLEAR«PULSE«CURRENT<FIELD }
CALL CLEAR«BACKGROUND«CURRENT«FIELD 5 

CALL CLEARtPULSE<ON«TIHE«FIELD 5 

CALL CLEAR<PULSE40FF<TIHE<FIELD ;
CALL CLEAR<NELDIN6 <SPEED<FIELD 1 

CALL CLEAR$PRE$TRAVERSE$TIHE*FIELD i 
CALL CLEAR<FALL<TIHE<FIELD i 
CALL CLEAR<J6NITI0N<FIELD ?
CALL CLEAR<NIRE«FIELD ;
CALL CLEARmFIELD (0) ;
CALL CLEAR<R<FIELD (1) i 
CALL CLEAR<R<FIELD (2) ;
CALL CLEAR$RfFIELD (3) 5 

IF PARAHETERS<SET<FLA6 (8 RQUP<NUHBER)
THEN 

DO i
CALL DISPLAY<PULSE«CURRENT }
CALL DISPLAYiBACKGROUND«CURRENT ; 
CALL DISPLAY«PULSE«DN»TIHE 1 

CALL DISPLAY«PULSE«DFF$TII1E \
CALL DISPLAY<HELDING<SPEED 5 

CALL DISPLAY«PRE*TRAVERSE«TIHE 5 

CALL DISPLAY«FALL«TIHE \
CALL DISPLAYtIGNITION ;
CALL DISPLAY«HIRE«FEED ;
CALL DISPLAYJRiSPEED (0) 5 

CALL DISPLAY«R«SPEED (1) {
CALL DISPLAY«R«SPEED 42) ;
CALL DISPLAY«R«SPEED (3) 5 

END ;
END DISPLAY»PARANETER«6R0UP {

k.
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344 1
345 2

346 2
347 2

348 2
349 2
350 3
351 3
352 2

353 2
354 2

355 2

356 2
357 2
358 2
359 2

360 1
361 2

362 2
363 2

364 2
365 2
366 3
367 3
368 2

369 2
370 2

371 2

372 2
373 2
374 2
375 2

♦EJECT
SETSIGNITION: PROCEDURE BYTE PUBLIC !

DECLARE CHARACTER BYTE 5

CALL POSITIONSCURSOR (PROHPTIFIELD) !
CALL WRITE$MESSAGE ( . (DELETESLJNE,

’TOUCH START ?’ , EOT)) ;
CHARACTER = CONSOLEIINPUT ;
DO WHILE ((CHARACTER <> ’Y’ ) AND (CHARACTER <> ’N’ ) AND (CHARACTER <> CARRIGEiRETURN)) 5 

CHARACTER = CONSOLES INPUT 5 

END ;
IF CHARACTER = CARRIGEIRETURN 
THEN

RETURN TRUE 5 

IF CHARACTER = ’Y’
THEN

PARAMETER*GROUP$TABLE(GROUPINUMBER).TGUCH$START = TRUE 5 

ELSE
PARAMETER$GROUPiTABLE(GROUP*NUMBER).TOUCH«START » FALSE {

CALL DISPLAYIIGNITION ;
RETURN TRUE 5 

END SETSIGNITION 5

SETMIRESFEED: PROCEDURE BYTE PUBLIC 5 

DECLARE CHARACTER BYTE ;

CALL P0SITI0N4CURS0R (PRONPTSFIELD) }
CALL WRITEtMESSAGE (. (DELETESLINE,

'WIRE FEED ?’ , EOT)) J 
CHARACTER = CONSOLE*INPUT ;
DO WHILE ( (CHARACTER <> 'Y'J AND (CHARACTER <> ’N’ ) AND (CHARACTER O CARRI6 EIRETURN) ) 5 

CHARACTER = CONSOLESINPUT }
END 5
IF CHARACTER = CARRI6 ESRETURN 

• THEN
RETURN TRUE 5 

IF CHARACTER = T  
THEN

PARAMETERtGROUPiTABLE(GROUPSNUNBER).NIRESFEED = TRUE 5 

ELSE
PARANETERSGROUPITABLE(GROUPSNUNBER).NIRESFEED = FALSE )

CALL DISPLAY$NIRE$FEED 5 

RETURN TRUE 5 
END SETSMIREIFEED ;
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♦EJECT
376 1 SET*NELDING$SPEED: PROCEDURE BYTE }

377 2 CALL P0SITIQN4CURS0R (PRQMPTiFIELD) }
378 2 CALL WRITEtHESSABE ( . (DELETE4LINE,

’ENTER WELDING SPEED IN •■/Sec’ , EOT)) 5

379 2 0VERIRAN6E, 
UNDER4RANGE = TRUE I

380 2 DO NHILE (OVERtRANGE OR UNDER4RAN6E) i
381 3 IF NOT (READtREALtNUHBER) 

THEN
382 3 RETURN FALSE ;
383 3 CALL REAL4SUBTRACT (.HAXtHELDINGtSPEEDfFLOAT, .NUHBERtFLOAT) }
384 3 IF RESULT4NEGATIVE 

THEN
385 3 CALL OVERIRANGEtERROR ; 

ELSE
386 3 DO ;
387 4 OVERIRANGE = FALSE !
388 4 CALL REAL4SUBTRACT (.NUHBERtFLOAT» .HINtHELDINBtSPEEDfFLOAT) ;
389 4 IF RESULTINEGATIVE 

THEN
390 4 CALL UNDER4RAN6EIERR0R ;

ELSE
391 4 UNDERtRANGE = FALSE ;
392 4 END ;
393 3 END \
394 2 CALL REALtDIVIOE (.TENITH0USAND4FL0AT, .NUHBERtFLOAT) 5

395 2 CALL REALtDIVIDE (.RESULT, .HAIN»DIVISOR«FLOAT) |
396 2 CALL ST0RE4RESULT (.PARAHETER$6R0UP$TABLE(GROUPtNUMBER).NELDIN6tDIVIS0R$FL0AT)
397 2 CALL CLEARtERRORtFIELD ;
398 2 CALL CLEAR4PR0MPT4FIELD }
399 2 CALL DISPLAYMELDINGISPEED J
400 2 RETURN TRUE *,
401 2 END SET $WEL DING*SPEED 5
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402
403

♦EJECT
SETIRISPEED: PROCEDURE (RIID) BYTE 5 

DECLARE RIID BYTE ;

404 2

405 2

40¿ 2
407 3
408 3

409 3 
<10 3
411 3
412 2

413 2

CALL POSITIONICURSOR (PROMPTIFIELD) !
CALL NRITEIMESSA6 E ( . (DELETEILINE,

’ENTER R’ , EOT)) !
DO CASE RIID ;

CALL CONSOLE!OUTPUT (’O’ ) 5 

CALL CONSOLEIOUTPUT (’ !’ ) |
CALL CONSQLEIOUTPUT (’2’ ) 5 

CALL CONSQLEIOUTPUT (’3’ ) 5 
END ;
CALL NRITESMESSA6 E ( .( ’ SPEED IN S/Sec’ , EOT)) ; 
OVERIRANGE,

414 2

<15 3

<16 3

<17 3
<18 3

<19 3

<20 3 
<21 4 
<22 4
<23 4

<24 4

<25 4 

<26 4
«7 3 
<28 2

<29 2 
<30 2 

<31 2 

<32 3  

<33 3

<3< 3
<35 3 

<36 3 

<37 2  

<38 2 

<39 J 
<40 2 
441 2

UNDERIRAN6 E = TRUE ;
DO WHILE {OVERIRANGE OR UNDERSRANGE) 5 

IF NOT (READ$REAL$NUMBER)
THEN

RETURN FALSE 5

CALL REALISUBTRACT <.MAX$R!SPEED*FLOAT, .NUMBERIFLQAT) ;
IF RESULTINEGATIVE 
THEN

CALL OVERIRANGEIERROR 5 
ELSE

DO ;
OVERIRANGE * FALSE ;
CALL REALISUBTRACT (.NUMBERIFLOAT, .MINIRISPEEDIFLOAT) ;
IF RESULTINEGATIVE 
THEN

CALL UNDERIRAN6EIERR0R 5

ELSE
UNDERIRANGE « FALSE ;

END ;
END ;
CALL REALIDIVIDE (.ONEIMILLIONIFLOAT» .NUMBERIFLOAT) 5 

CALL REALIDIVIDE (.RESULT, .HAINIDIVISORIFLOAT) }
CALL FIXI16IBIT (.RESULT) 5 

DO CASE RIID ;
CALL STOREIRESULTISINGLE (.PARAMETERIGROUPITABLE(GROUPINUMBER).RIOIDIVISORISINGLE> ? 
CALL STOREIRESULTISINGLE (.PARAMETERIGROUPITABLE(GROUPINUHBER).RIIIDIVISORISINGLE) 5 

CALL STOREIRESULTISINGLE (.PARAMETERIGROUPITABLE(GROUPINUMBER).RI2IDIVISORISINSLE) 5 

CALL STOREIRESULTISINGLE (.PARAMETERIGR0UPITABLE(GR0UPINUHBER).RI3IDIVIS0RISINGLE) 5 

END ;
CALL CLEARIERRORIFIELD !
CALL CLEARIPROMPTIFIELD 5 

CALL DISPLAYIRISPEED (RIID) ;
RETURN TRUE }

END SETIRISPEED i
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442 1

443 2
444 2

445 2

446 2

447 3

448 3
449 3

450 3

451 3

452 3

453 4

454 4

4 5 5 4

456 4

457 4

458 4

459 3

460 2

461 2

462 2

463 2
464 2

465 2

»EJECT
SET$PULSE$CURRENT: PROCEDURE BYTE !

CALL POSITIONiCURSOR (PROMPTÎFIELD) 5 

CALL HRITEtMESSAGE ( . (DELETEiLINE,
’ENTER PULSECURRENT IN Alps’ , EOT)) ;

OVERSRANGE,
UNDERtRANGE = TRUE 5
DO WHILE (OVERiRANGE OR UNDERiRANGE) ;

IF NOT (READiREALiNUMBER)
THEN

RETURN FALSE ?
CALL REALiSUBTRACT <.HAX$PULSE$CURRENT*FLOAT, .NUMBERiFLOAT) )
IF RESULTiNEGATIVE 
THEN

CALL OVERtRANGEiERROR I 
ELSE 

DO ;
0VERÎRAN6E * FALSE 5

CALL REALtSUBTRACT (.NUMBERiFLOAT, ,MIN»PULSE»CURRENT»FLOAT) 5

IF RESULT»NE6 ATIVE
THEN

CALL UNDER»RAN6E»ERR0R 5 

ELSE
UNDER»RAN6 E * FALSE 5

END ;
END ;
CALL STOREINUMBER (.PARAHETER»GROUP»TABLE(GROUPtNUMBER).PULSEICURRENT»FLOAT, 

.NUMBERiFLOAT) 5

CALL CLEAR«ERROR«FIELD J 
CALL CLEAR»PROMPT»FIELD 5 
CALL DISPLAYtPULSEiCURRENT 5 

RETURN TRUE j 
END SET»PULSE»CURRENT 5
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466 i

467 2

468 2

469 2

470 2

471 3

472 3

473 3

474 3

475 3

476 3

477 4

478 4

479 4

480 4

481 4

482 4

483 3

484 2

485 2

486 2

487 2
488 2

489 2

»EJECT
SET$BACK6 RQUND$CURRENT: PROCEDURE BYTE Î

CALL P0SIT10N»CURS0R IPRQMPT»FIELD) !
CALL NRITEtMESSA6 E ( . (DELETEtLINE,

’ENTER BACKGROUND CURRENT IN Alps’ , EOT)) ;
OVERtRANBE,
UNDERtRANGE = TRUE ;
DO WHILE (OVERtRANGE OR UNDERiRANGE) 1 

IF NOT (READ«REAL»NUMBER)
THEN

RETURN FALSE 1

CALL REAL»SUBTRACT (.MAXtBACKGROUNDtCURRENTtFLOAT, .NUMBERtFLOAT) 5

IF REBULT$NEGATIVE
THEN

CALL QVER$RANGE$ERROR ;
ELSE

DO ;
OVERIRANGE = FALSE ;
CALL REALISUBTRACT (.NUMBERtFLOAT, .MINtBACKGROUNDtCURRENTtFLOAT) i
IF RESULTtNEGATIVE
THEN

CALL UNDERtRANGEtERROR ;
ELSE

UNDERtRANGE = FALSE 5

END ;
END ;
CALL STOREINUMBER (.PARAMETERtGROUPtTABLE(GROUPtNUMBERI.BACKGROUNDtCURRENTtFLOAT, 

.NUMBERtFLOAT) i

CALL CLEARtERRORtFIELD 5 

CALL CLEARtPROMPTtFIELD 5 
CALL DISPLAYtBACKGROUNDtCURRENT ;
RETURN TRUE ;

END SETtBACKGROUNDtCURRENT ;
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490 1

491 2
492 2

493 2

494 2
495 3

496 3
497 3

498 3

499 3

500 3

501 4

502 4

503 4

504 4

505 4

506 4

507 3

508 2

509 2

510 2

511 2

512 2

513 • 2

»EJECT
SETtPULSEtONtTIHE! PROCEDURE BYTE ;

CALL POSITIONtCURSOR (PROMPTtFIELD) 5 

CALL NRITEtMESSAGE ( . (DELETEtLINE,
’ENTER PULSE ON TIME IN Secs', EOT)) ;

OVERtRANGE,
UNDERtRANGE = TRUE ;
DO WHILE (OVERtRANSE OR UNDERtRANGE) ;

IF NOT (READtREALtNUMBER)
THEN

RETURN FALSE 5

CALL REALtSUBTRACT (.MAXtPULSEtONtTIMEtFLOAT, .NUMBERtFLOAT) ;
IF RESULTtNEGATIVE 
THEN

CALL OVERtRANGEtERROR ;
ELSE

DO ;
OVERtRANSE = FALSE 5

CALL REALtSUBTRACT (.NUMBERtFLOAT, .MINtPULSEtONtTIMEtFLOAT) 5

IF RESULTtNEGATIVE
THEN

CALL UNDERtRANGEtERROR ',
ELSE

UNDERtRANGE * FALSE 5

END ;
END ;
CALL STOREtNUMBER (.PARAMETERtGROUPtTABLE(BRDUPtNUMBER>.PULSEtONtTIHEtFLOAT, 

.NUMBERtFLOAT) ;

CALL CLEARtERRORtFIELD ;
CALL CLEARtPRDMPTtFIELD ?
CALL DISPLAYtPULSEtDNtTIHE ;
RETURN TRUE ;

END SETtPULSEtONtTIME ;
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514 1

515 2
516 2

517 2

518 2

519 3

520 3

521 3

522 3

523 3

524 3

525 4

526 4

527 4

528 4

529 4

530 4

531 3

532 2

533 2

534 2

535 2
536 2
537 2

♦EJECT
SETÎPULSEÎOFFÎTIME: PROCEDURE BYTE ;

CALL POSITIONÎCURSOR (PROMPTÎFIELD) !
CALL NRITEÎMESSAGE ( . IDELETEÎLINE,

’ENTER PULSE OFF TIME IN Secs', EOT)) ;
0VERÎRAN6E,
UNDERÎRANGE = TRUE ;
DO WHILE (0VERÎRAN6E OR UNDERÎRANGE) ;

IF NOT (READÎREALÎNUMBER)
THEN

RETURN FALSE ;
CALL REALÎSUBTRACT (.MAXÎPULSEÎOFFÎTIMEÎFLOAT, .NUMBERÎFLOAT) ;
IF RESULTÎNEGATIVE 
THEN

CALL 0VERÎRAN6EÎERRDR ;
ELSE 

DO 1

0VERÎRAN6E = FALSE ;
CALL REALÎSUBTRACT (.NUMBERÎFLOAT, .MINÎPULSEÎOFFÎTIHEÎFLOAT) )
IF RESULTÎNE6 ATIVE 
THEN

CALL UNDERÎRANGEÎERROR ;
ELSE

UNDERiRANGE * FALSE 5

END ;
END ,’
CALL STOREÎNUNBER (.PARANETERÎGRQUPÎTABLE(GROUPÎNUMBER).PULSEîOFFîTIMEÎFLQAT, 

.NUMBERÎFLOAT) 5

CALL CLEARÎERRORÎFIELD 5 

CALL CLEARÎPROMPTÎFIELD ',
CALL DISPLAYÎPULSEÎOFFÎTIME î 
RETURN TRUE J 

END SETÎPULSEÎOFFÎTIME 5
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538 l

539 2
540 2

541 2

542 2
543 3

544 3

545 3

546 3

547 3

548 3

549 4

550 4

551 4

552 4

5 5 3 4

554 4

555 3
556 2

557 2

558 2

559 2
560 2

561 2

♦EJECT
SET$FALL$T1«E: PROCEDURE BYTE ;

CALL POSITIOHÌCURSOR (PROHPTIFIELD) 5 

CALL HRITEtHESSASE ( . (DELETE$LINE,
'ENTER FALL TUIE IN Secs’ , EOT)) i

OVER*RANGE,
UNDER4RANGE = TRUE 5

DO WHILE (OVERIRANGE OR UNDERSRANGE) ?
IF NOT (READ$REAL$NUMRER)
THEN

RETURN FALSE S
CALL REAL$SUBTRACT (.HAX$FALL*TIHE$FLOAT, .NUHBER$FLQAT) 5

IF RESULT$NE6 ATIVE
THEN

CALL 0VERIRANGE1ERR0R J 
ELSE

DO ;
OVERiRANGE = FALSE 5

CALL REAL4SUBTRACT (.NUHBERÌFLOAT, .HIN<FALL$TIHE$FLOAT) ;
IF RESULTINEGATIVE 
THEN

CALL UNDERtRANGE«ERROR i 
ELSE

UNDERIRANGE = FALSE 5

END ;
END ;
CALL STOREfNUNBER (.PARAMETERtGROUPÌTABLE(GR0UP4NUMBER).FALLiTIMEIFLOAT, 

.NUMBER4FL0AT) ;

CALL CLEARIERR0R4FIELD 5 

CALL CLEARtPROMPTiFIELD 5 

CALL DISPLAY«FALL*TINE 5 
RETURN TRUE {

END SEHFALLÌTINE ?

f
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542 1

543 2

544 2

545 2

544 2
547 3

548 3

549 3

570 3

571 3

572 3
573 4

574 4

575 4

574 4

577 4

578 4

579 3

580 2

581 2

582 2

583 2

584 2

585 2

♦EJECT
SETIPREITRAVERSEITIHE: PROCEDURE BYTE ;

CALL POSITIONICURSOR (PROMPTIFIELD) i 
CALL HRITESHESSAGE ( . (DELETESLINE,

’ENTER PRE-TRAVERSE TIME IN Secs’ , EOT)) ;
OVER*RANGE,
UNDER$RANGE = TRUE ;
DO WHILE (OVERIRANGE OR UNDERSRANGE) ;

IF NOT (READIREALINUMBER)
THEN

RETURN FALSE 5

CALL REALISUBTRACT (.NAXIPREITRAVERSEITIMEIFLOAT, .NUMBER!FLOAT) J
IF RESULTINE6 ATIVE
THEN

CALL OVERIRANGEIERROR }
ELSE 

DO ;
OVERIRANGE = FALSE ?
CALL REALISUBTRACT (.NUMBERIFLOAT, .MINIPREITRAVERSEITIMEIFLOAT) ;
IF RESULTINEGATIVE 
THEN

CALL UNDERIRAN6EIERR0R ;
ELSE

UNDERIRAN6 E = FALSE ;
END ;

END ;
CALL STOREINUMBER (.PARAMETERIGROUPITABLE(6R0UPINUMBER).PREITRAVERSEITIHEIFLOAT, 

.NUMBERIFLOAT) ?

CALL CLEARIERRORIFIELD ;
CALL CLEARIPROMPTIFIELD 5 
CALL DISPLAYIPREITRAVERSEITIKE 5 

RETURN TRUE 5

END SETIPREITRAVERSEITIME }
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586 1

587 2
588 2

58? 2
590 2

591 2
592 2

593 2
594 2

595 2
596 3

597 3

598 3

599 3

600 2 

601 2

602 2

603 3

604 3

605 2

606 2
607 2

608 2

609 2

610 3

611 2

612 3

613 2

3
615 2

616 3 
617 2

618 3
619 2

620 3

421 2

624
625

♦EJECT
SETIPARAMETERS: PROCEDURE PUBLIC 5 

CALL POSITIONICURSOR (PROGIFIELD) ;
CALL WRITEIHESSA6 E ( . (DELETEILINE,

’EDIT PARAMETER GROUP’ , EOT)) ; 
A10: CALL POSITIONICURSOR (PROMPTIFIELD) 5 

CALL WRITEIMESSAGE ( . (DELETEILINE,
’WHICH PARAMETER GROUP ?’ , EOT)) I 

CALL POSITIONICURSOR (COMMANDSFIELD) 5 

CALL CONSOLEIOUTPUT (DELETEiLINE) 5 

CALL CONSDLESOUTPUT (’«’ ) 5 

IF NOT (READIBYTEIVALUE)
THEN

DO ;
CALL CLEARIPROMPTIFIELD i 
CALL CLEARIERRORIFIELD i 
RETURN ?

END 5

FLAG = TRUE |
IF BYTE*VALUE (> 0 
THEN

DO I <= 0 TO (BYTE*VALUE - 1) 5
FLAG = FLAG AND PARAMETERS*SET*FLA6 (I ) 5 

END ;
IF NOT FLAG 
THEN

60T0 A10 ;
GROUPiNUMBER = BYTEiVALUE }
CALL DISPLAY*PARAMETER*6R0UP ;
DO WHILE NOT (SET*PULSE*CURRENT

OR PARAMETERS*SET*FLAG(GRDUP*NUMBER)) }
END ;
DO WHILE NOT fSETIBACK6R0UNDICURRENT

OR PARAMETERS*SET*FLAG(BROUP*NUMBER)) J
END ;
DO WHILE NOT <SET*PULSE*ON*TINE

OR PARAMETERS*SET*FLAG(GROUPiNUMBER)) 5

END ;
DO WHILE NOT (SET$PULSE$OFF*TIHE

OR PARAHETERS*SET*FLAG(GROUPINUMBER)) 5

END ;
DO WHILE NOT (SETIWELDINGISPEED

OR PARANETERSISETIFLAG(GROUPINUMBER)) !
END ;
DO WHILE NOT (SETIPREITRAVERSEITIHE

OR PARAMETERSISETIFLAG(GROUPINUMBER)) 5

END ;
DO WHILE NOT (SETIFALLITIME

OR PARAMETERSISETIFLA6 (GROUPINUMBER)) ;
END ;
DO WHILE NOT (SETIIGNITION

OR PARAMETERSISETIFLAG(GROUPINUMBER)) 5

END ;
DO WHILE NOT (SETIWIREIFEED

OR PARAMETERSISETIFLAG(GROUPINUMBER)) 5

END ;
DO WHILE NOT (SETIRISPEED(0) OR
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628 3
629 2

630 3
631 2

632 3
633 2

634 3
635 2
636 2
637 2

638 1

PARANETERStSET$FLA6(6R0UP$NUMBER)) 5

END ;
DO WHILE NOT (SET$R$SPEEB(1> OR

PARAMETERSJSET4FLAG(6R0UP4NUMBER)) ;
END ;
DO WHILE NOT (SET$R$SPEED(2) OR

PARAMETERS$SETIFLAG(GROUP$NUMBER)) 5

END ;
DO WHILE NOT (SET$R$SPEED(3) OR

PARAMETERSISET4FLAG(GR0UP4NUMBER)) ;
END ;
PARAMETERS$SET$FLAG(6R0UP*NUMBER1 = TRUE }
60T0 A10 ;

END SET4PARAMETERS ;

END SET$PARAMETERS4PR0CEDURE 5

,,0DULE INFORMATION:

CODE AREA SIZE = 0 E6 EH 3694D 
VARIABLE AREA SIZE = 2737H 10039D 
HAXIHUM STACK SIZE = OOOAH IOD 
1191 LINES READ 
« PROGRAM ERROR(S)

?® 0F PL/M-80 COMPILATION 
H 10039D

maximum S
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ISIS-II PL/H-00 V3.1 COMPILATION OF MODULE POSITIONPROCEDURE 
OBJECT MODULE PLACED IN :F1:NELD2.0BJ
COMPILER INVOKED BY: PLM80 : F1 : WELD2. PLM DEBUG HORKFILES ( :F1 :, :F1 : ) PRINTCFr.NELD2.LST)

♦TITLE(’POSITI0N1PR0CEDURE VER 3.00 DATE 03/07/81’ )
1 P0SITI0N1PR0CEDURE: DO 5

I t  A PLM80 ROUTINE TO ALLAN THE USER TO MOVE THE NELDING TORCH FROM THE 
HAND HELD CONTROLER.

»/
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«EJECT
I t  EXTERNALS */ 
«INCLUDE CFI : HELD.EQU) 

= «NÛLIST

79 1

80 2 
81 2

82 1

83 2
84 2

85 1

86 2
87 2

88 i
89 2

90 2

91 Ì
92 2

93 2

94 1

95 2

96 2

97 1 

’ 8 2
99 2

100 i
101 2 
102 2

103 i
104 2
105 2

106 j
107 2
108 2

109 J 
HO 2 
H i 2

112 !

113 J

«INCLUDE (: Fl :WELD1.EDS)
«NOLIST

ADD: PROCEDURE (BtADDRESS, A«ADDRESS) EXTERNAL 5 

DECLARE (AtADDRESS, BtADDRESS) ADDRESS ;
END ADD ;

SUBTRACT: PROCEDURE <B«ADDRESS, ««ADDRESS) EXTERNAL }
DECLARE (««ADDRESS) B«ADDRESS) ADDRESS ;

END SUBTRACT }

ADD«SIN6LE«T0«D0UBLE: PROCEDURE (DOUBLE«ADDRESS, SIN6 LE«ADDRESS) EXTERNAL ;
DECLARE (DOUBLEÌADDRESS, SIN6 LE«ADDRESS) ADDRESS 5 

END ADD»SIN6LE«T0«D0UBLE 5

MULTIPLY«SINGLE: PROCEDURE (BtADDRESS, ««ADDRESS) EXTERNAL {
DECLARE (AtADDRESS, BtADDRESS) ADDRESS ;

END HULTIPLYtSINGLE 5

DIVIDEtSINGLE: PROCEDURE (BtADDRESS, AtADDRESS) EXTERNAL 5 
DECLARE (AtADDRESS, BtADDRESS) ADDRESS ;

END DIVIDEtSINGLE ;

NEGATEtSINGLE: PROCEDURE (AtADDRESS) EXTERNAL i 
DECLARE AtADDRESS ADDRESS ;

END NEGATEtSINGLE ;

STOREtRESULT: PROCEDURE (STOREtADDRESS) EXTERNAL 5 

DECLARE STOREtADDRESS ADDRESS ;
END STOREtRESULT ',

STOREtRESULTtSINGLE: PROCEDURE (STOREtADDRESS) EXTERNAL î 
DECLARE STOREtADDRESS ADDRESS ;

END STOREtRESULTtSINGLE 5

STOREtRESULTtSINSLEtADDRESS: PROCEDURE (STOREtADDRESS) EXTERNAL 5 
DECLARE STOREtADDRESS ADDRESS ;

END STOREtRESULTtSINGLEtADDRESS ;

STOREtNUHBERtSINGLE: PROCEDURE (STOREtADDRESS, SOURCEtADDRESS) EXTERNAL ;
DECLARE (STOREtADDRESS, SOURCEtADDRESS) ADDRESS 5 

END STOREtNUHBERtSINGLE ;

STOREtNUHBER: PROCEDURE (STOREtADDRESS, SOURCEtADDRESS) EXTERNAL ;
DECLARE (STOREtADDRESS, SOURCEtADDRESS) ADDRESS }

END STOREtNUHBER !

DECLARE (RESULT,
TNG,
TEN,
ONE ) (4) BYTE EXTERNAL !

DECLARE (RESULTtSINGLE,
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ONEÍSINGLE, 
HINUS*ONE«SINSLE, 
FOUR$SINGLE, 
FIVESSIN6 LE ) I

1 DECLARE (XtUPPERtLIMIT,
X$LOWER$LIHIT, 
YÍUPPERÍLINIT, 
YILQHERILIHIT, 
Z$UPPER«LIHIT, 
ZtLOHERtLIHIT )

115 1 DECLARE DELAYtCOUNT ADDRESS EXTERNAL 5

J16 1 SET$INTERRUPT$HASK: PROCEDURE EXTERNAL 5

117 2 END SET$INTERRUPT$NASK }

2) BYTE EXTERNAL ;

(4) BYTE EXTERNAL ;
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118 1

119 1

120 1

121 1

122 1
123 i
124 1

125 i

♦EJECT 
/< PUBLIC 

DECLARE 
DECLARE 
DECLARE

DATA M
SPEED$STATUS BYTE PUBLIC 5 

MOTDRSSRUNNING BYTE PUBLIC 
(RtOtENABLED,

RMENABLED,
RÍ2IENABLED,
R$3*ENABLED,
C0NTR0LLER4ACTIVE,
ONtSEAN ) BYTE PUBLIC

DECLARE INORDINATE,

DECLARE
DECLARE
DECLARE

RtORDINATES 
RÌDIVISORÍSINBLE 
(NPOSSKEY, 
YÌPOSÌKEY, 
ZÌPOSÌKEY» 
RÌOÌPOSÌKEY, 
R$1$P0S$KEY, 
RI2ÍP0SÍKEY, 
R$3$P0S$KEY, 
FASTÌKEY,

YiORDINATE,
ZiORDINATE ) (4) BYTE PUBLIC 5 

(4) STRUCTURE (ORDINATE (4) BYTE) PUBLIC } 
(2) BYTE PUBLIC 5 

NNE6 ÍKEY,
YiNEBIKEY,
ZINEGIKEY,
R$0$NEG$KEY,
RMNEGIKEY,
RÌ2ÌNEBÌKEY,
R$3$NEG$KEY,
SLOHtKEY,

STARTIHELDÍKEY, STOPIHELDtKEY, 
ENTERIKEY

DECLARE (ROTATION$ENABLED,
LINEARSENABLED

) BYTE PUBLIC

) BYTE PUBLIC
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♦EJECT
I t  LOCAL DATA »/

126 1 DECLARE (KEYIRDHtlt
KEY$R0W$2,
KEY$R0H$3,
KEY$R0H«4,
KEY$R0W$5 ) BYTE i

127 1 DECLARE POSITIONÍDIVISOR (10) STRUCTURE ( Ü (2) BYTE,
Y (2) BYTE,
Z (2) BYTE, 
R (2) BYTE )

I t  «DIVISOR / Y$DIVISOR / ZtDIVISOR / RIDIVISOR 1/
DATA ( OOOH, OMH, OOOH, 085H, OOOH, 064H, OOSH, 040H,

OOOH,- 082H, OOOH, OADH, OOOH, 0B2H, 008H, 020H,
OOOH, 0A9H, OOOH, 0E1H, OOOH, 0A9H, OOAH, 090H,
OOOH, ODCH, 001H, 025H, OOOH, ODCH, OODH, OCOH,
001H, 01EH, 001H, 07DH» 001H, 01EH, 011H, OEOH,
001H, 073H, 001H, OEFH, 001H, 073H, 017H, 030H,
001H, 0E3H, 002H, 084H, 001H, 0E3H, 01EH, 030H,
002H, 073H, 003H, 045H, 002H, 073H, 027H, 030H,
003H, 030H, 004H, 040H, 003H, 030H, 033H, OOOH,
004H, 024H, 005H, 086H, 004H, 024H, 042H, 040H ) ;

120 1 DECLARE TEHPSREG (4) BYTE 5
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129 1

130 2

131 2
132 2

133 2
134 2
135 2

136 3

137 2

»EJECT
RUN$HOTORS: PROCEDURE PUBLIC 5 

HOTORS»RUNNING = TRUE i 
CALL SET$DIRECTION»CONTROL ? 
RST»615»MASK = FALSE !
CALL SET»INTERRUPT»HASK } 
ENABLE 5

DO NHILE HOTQRStRUNNING ;
END ;

END RUNSHOTORS ?
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138 1

139 2 

HO 2

Hi 2
142 3

143 3
144 3

145 3

146 3 

H7 3

148 2

149 3

150 3
151 3

152 3

153 3
154 3

155 2

156 2
157 3

158 3

159 3

160 2 
141 3 
162 3

163 3

164 3
165 3
166 3
167 2

♦EJECT
SET$UP$X: PROCEDURE (STEPSADDRESS) PUBLIC ;
DECLARE STEPSADDRESS ADDRESS i
IF ESPOSITIVE
THEN

DO ;
CALL ADD INORDINATE, STEP*ADDRESS> ;
CALL STOREÌRESULT I.TEHPfREG) i
IF X$UPPERILIHIT$SET
THEN

CALL SUBTRACT <.X*UPPER*LIHIT, .TEMP$REB) }
ELSE

RESULT(0) = FALSE ?
END ;

ELSE
DO ;

CALL SUBTRACT INORDINATE, STEPIADDRESS) 5 

CALL STORESRESULT I.TEHPIREG) ;
IF X$LOHER$LIHIT$SET 
THEN

CALL SUBTRACT I.TEMPtREG, NLONERÌLIHIT) 5

ELSE
RESULT(0) = FALSE 5

END ;
IF RESULTSNEGATIVE 
THEN

DO 5
((♦ENABLED = FALSE ’,
CALL CONSOLEiOUTPUT IBELL) 5 

END *,
ELSE

DO ',
CALL SUBTRACT (STEPÌADDRESS, .ONE) !
OUTPUT (CDUNTERSHDDE) = SETTING (SELECT*0

AND HODEtO
AND READtLOADSLSBSMSB 
AND BINARY) ;

OUTPUT IXICOUNTER) = RESULT(3) 5 

OUTPUT IXtCOUNTER) = RESULT(2) !
CALL STOREINUNBER (.»ORDINATE, .TEHPÌRE6 ) 5 

END ;
END SETIUPiX 5
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16B 1

169 2
170 2

171 2
172 3
173 3

174 3

175 3

176 3

177 3

178 2
179 3

180 3

181 3

182 3

183 3

184 3

185 2

186 2

187 3

188 3

189 3

190 2
191 3
192 3

193 3 

W4 3
195 3

196 3

197 2

♦EJECT
SETIUPIYJ PROCEDURE (STEPIADDRESS) PUBLIC ;
DECLARE STEPIADDRESS ADDRESS 5

IF YIPOSITIVE
THEN

DO ;
CALL ADD (.YIORDINATE, STEPIADDRESS) ;
CALL STOREIRESULT (.TEHPIRE6 ) 1

IF YIUPPERILIMITISET
THEN

CALL SUBTRACT (.YIUPPERILIMIT, .TEMPIREB) i 
ELSE

RESULT(0) = FALSE 5

END ;
ELSE 

DO ;
CALL SUBTRACT (.YIORDINATE, STEPIADDRESS) 5 

CALL STOREIRESULT (.TEMPIREB) 5 

IF YILOWERILIMITISET 
THEN

CALL SUBTRACT (.TEMPIREB, .YILOWERILIMIT) 5 

ELSE
RESULT(0) = FALSE {

END ;
IF RESULTINE6 ATIVE 
THEN

DO ;
YIENABLED = FALSE ;
CALL CONSOLEIOUTPUT (BELL) 5 

END ;
ELSE

DO ;
CALL SUBTRACT (STEPIADDRESS, .ONE) 5 

OUTPUT (COUNTERIMODE) * SETTING (SELECTI1
AND HODEIO
AND READILOADILSBIMSB 
AND BINARY ) ;

OUTPUT (YICOUNTER) = RESULT(3) !
OUTPUT (YICOUNTER) = RESULT(2) 5 

CALL STOREINUMBER (.YIORDINATE, .TEMPIREB) J 
END ;

END SETIUPIY |
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19B 1

199 2
200 2

201 2
202 3

203 3

204 3

205 3

206 3

207 3

208 2

209 3

210 3

211 3

212 3

213 3

214 3

215 2

216 2

217 3
218 3
219 3

220 2
221 3
222 3

223 3

224 3

225 3

226 3

227 2

«EJECT
SET«UP«Z: PROCEDURE (STEP«ADDRESS> PUBLIC 5 

DECLARE STEPiADDRESS ADDRESS }
IF ¡«POSITIVE 
THEN

DO ;
CALL ADD (.¡«ORDINATE, STEP«ADDRESS) j 
CALL STDRE«RESULT <.TEHP«REG) 5 

IF Z«UPPER«LINIT«SET 
THEN

CALL SUBTRACT (.¡«UPPER«LIMIT, ,TEMP«REB) \
ELSE

RESULT(0) = FALSE 5
END ;

ELSE
DO ;

CALL SUBTRACT «.¡«ORDINATE, STEP«ADDRESS) }
CALL STOREtRESULT (.TEMP«REG) 5

IF ¡«LOHERiLIMITiSET
THEN

CALL SUBTRACT (.TEMP«REG, .¡«LONER«LIMIT) 5

ELSE
RESULT(0) = FALSE i

END ;
IF RESULT«NEGATIVE 
THEN

DD ;
¡«ENABLED = FALSE i
CALL CONSOLE«OUTPUT (BELL) ;

END ;
ELSE

DO ;
CALL SUBTRACT (STEPtADDRESS, .ONE) 5 
OUTPUT (COUNTER«MODE) * SETTING (SELECTI2

AND H0DE«0
AND READ(LOAD«LSB«HSB 
AND BINARY ) i

OUTPUT (¡«COUNTER) = RESULT(3) !
OUTPUT (¡«COUNTER) * RESULTS) }
CALL STORE«NUMBER (.¡«ORDINATE, .TEHPiREG) }

END ;
END SET«UP«Z !
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228 1

229 2

230 2

231 2
232 2

233 2
234 2
235 2
236 2
237 2
238 2

239 2

241 2
242 2

244 2

245 2

247 2
248 2

250 2

251 2

253 2
254 2

256 2

257 2

259 2
260 2

262 2 
263 2

265 2

266 2

268 2 
269 J

271
272

274
275

277
278

2
2

2
2

280 2 
281 2

283 2

»EJECT
STRQBE»CONTROL»KEYSi PROCEDURE PUBLIC ! 

OUTPUT (CONTROLLERISTROBE) = BITIO ; 
KEY»R0N$1 = INPUT <CONTROLLER»̂ YS> 5 

OUTPUT <CONTROLLER»STROBE) * BIT»1 ! 
KEY»R0H»2 = INPUT (CONTROLLERtKEYS) ; 
OUTPUT (CONTROLLERISTRQBE) = BIT»2 ; 
KEY»R0H»3 = INPUT (CONTROLLERIKEYS) 5 

OUTPUT (C0NTR0LLER4STR0BE) = BITI3 5 

KEY$R0N»4 = INPUT (CONTROLLERtKEYS) 5 

OUTPUT (CONTROLLERISTROBE) * BITI4 Î 
KEY*R0H»5 = INPUT (CONTROLLERtKEYS) ; 
IF KEYtROWt1
THEN FASTtKEY = FALSE ?
ELSE FASTtKEY = TRUE 5

IF ROR (KEYtRONtl, 1)
THEN ZtPOStKEY = FALSE |
ELSE ZtPOStKEY = TRUE 5

IF ROR (KEYtROHtl, 2)
THEN YtPOStKEY = FALSE ?
ELSE YtPOStKEY = TRUE }
IF RDR (KEYtROHtlr 3)
THEN XtPOStKEY = FALSE !
ELSE XtPOStKEY = TRUE {
IF KEY*R0H$2
THEN SLOMtKEY = FALSE J
ELSE SLOHtKEY «= TRUE !
IF ROR (KEYtR0Mt2t 1)
THEN ZtNEBtKEY = FALSE i
ELSE ZtNEStKEY = TRUE !
IF ROR IKEY*R0H»2, 2)
THEN YtNES»KEY = FALSE {
ELSE Y»NE8$KEY *  TRUE ;
IF ROR (KEYIR0N2, 3)
THEN XtNEStKEY = FALSE J

ELSE XtNEBtKEY = TRUE 5

IF KEYIR0HI3
THEN RtOtPOStKEY = FALSE 5 

ELSE RtOtPOStKEY = TRUE 5 

IF ROR (KEYIR0NÌ3» 1)
THEN RtltPOStKEY » FALSE 5 

ELSE RtltPOStKEY = TRUE 5 

IF ROR (KEYtR0Ht3) 2>
THEN Rt2tP0StKEY = FALSE ;
ELSE Rt2tP0StKEY = TRUE ?
IF ROR (KEYIR0HÌ3, 3)
THEN Rt3tP0StKEY = FALSE 5 
ELSE R$3»P0StKEY = TRUE ?
IF KEYtR0Ht4
THEN RtOtNEGtKEY = FALSE 5 

ELSE RtOtNEGtKEY = TRUE 5 

IF ROR (KEYtR0Nt4, 1)
THEN RtltNEGtKEY = FALSE ;
ELSE RtltNEGtKEY = TRUE 5 

IF ROR (KEY»R0N*4, 2)
THEN Rt2tNEGtKEY = FALSE ;
ELSE Rt2tNEGtKEY = TRUE ;
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284 2 IF ROR (KEYÌR0HÌ4, 3)

281,
THEN R$3$NEGtKEY = FALSE |

2 ELSE R$3$NE6$KEY = TRUE 5
287 2 IF KEYÌR0NI5

289
THEN ENTERtKEY = FALSE !

2 ELSE ENTERIKEY = TRUE 5
290 2 IF ROR (KEYÌR0NÌ5, 1)

292
THEN START*HELD$KEY = FALSE ;

2 ELSE STARTIHELDtKEY = TRUE i
293 2 IF ROR (KEY$R0H$5, 2)

295
THEN STOP$HELD*KEY = FALSE ;

2 ELSE STOPINELDÌKEY = TRUE i
296 2 END STROBE$CONTROL*KEYS 5
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297 1

298 2

299 2
300 2

301 2

302 2

303 2

304 2

305 2
306 2

307 2

308 2

309 2
310 2

311 2

312 2

313 2

314 2

315 2

316 2

317 i
318 2

319 2

320 3
321 2

♦EJECT
VERIFY$CONTROL$KEYS: PROCEDURE BYTE PUBLIC 5 

DECLARE STATUS BYTE 5 

STATUS = TRUE i
OUTPUT (CONTROLLERÎSTROBE) = BIT40 i 
IF (INPUT(CONTRQLLERtKEYS) O KEYSRONtl) 
THEN

STATUS = FALSE !
OUTPUT (CONTROLLERSSTROBE) = BIT« 5 
IF (INPUT(CONTROLLERSKEYS) O KEYSR0WS2) 
THEN

STATUS = FALSE ;
OUTPUT (CONTROLLERSSTROBE) = BITS2 5 

IF (INPUT(CONTROLLERSKEYS) O KEYSR0MS3) 
THEN

STATUS = FALSE 5

OUTPUT (CONTROLLERSSTROBE) = BITS3 !
IF (INPUT(CONTROLLERSKEYS) O KEYSR0WS4) 
THEN

STATUS = FALSE 5

OUTPUT (CONTROLLERSSTROBE) = BITS4 5 
IF (INPUT(CONTROLLERSKEYS) O KEYSR0NS5) 
THEN

STATUS = FALSE 5 
RETURN STATUS }

END VERIFYSCONTROLSKEYS ;

RELEASESKEYS: PROCEDURE PUBLIC ?
KEYSR0HS1,

KEYSRDHS2,

KEYSR0HS3»

KEYSR0HS4»

KEY*R0W$5 = OFFH J 
DO WHILE NOT (VERIFYSCONTROLSKEYS) ;
END ;

END RELEASESKEYS ;
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♦EJECT

322 1

323 2

324 2

SET$CONTROLLER$INDICATORS: PROCEDURE PUBLIC ¡
OUTPUT (CONTROLLERS INDICATORS) = ( (R$0$ENABLED

END SET$CONTROLLER$INDICATORS ¡

OR BUSO) AND
<R$lfENABLED OR BITÍ1) AND
(RÍ2IENABLED OR BIT$2) AND
(R43IENABLED OR BITI3) AND
(C0NTR0LLER4ACTIVE OR BITI4) AND
<ON$SEAM OR BIT$5)

1



fUh-BO COMPILER POSITIONIPROCEDURE VER 3.00 DATE 03/07/81 PAGE 14

325 1

326 2

327 2

328 2

329 2

330 2

331 2
332 2

333 2

334 2

335 2

336 2

337 2

338 2

339 2

340 2
341 2

342 2

343 2

344 2

345 2

346 2

347 2

348 2

349 2
350 2

351 2

♦EJECT
STEPSLINEAR: PROCEDURE PUBLIC 5 

IF XIPOSIKEY XOR X$NEG$KEY 
THEN

¡(«ENABLED = TRUE ;
ELSE

XtENABLED = FALSE i 
IF YIPOSIKEY XOR YINEGIKEY 
THEN

YIENABLED = TRUE 5 

ELSE
YIENABLED * FALSE i 

IF ZIPOSIKEY XOR ZINEGIKEY 
THEN

ZIENABLED = TRUE !
ELSE

ZIENABLED = FALSE ?
IF XINEGIKEY 
THEN

XIPOSITIVE = FALSE ; 
ELSE

XIPOSITIVE = TRUE |
IF YINEGIKEY 
THEN

YIPOSITIVE = FALSE 5 

ELSE
YIPOSITIVE = TRUE I 

IF ZINE6 IKEY 
THEN

ZIPOSITIVE = FALSE \ 
ELSE

ZIPOSITIVE * TRUE 5 

IF XtENABLED 
THEN

CALL SETtUPtX (.TEN) 5 

IF YIENABLED 
THEN

CALL SETIUPIY (.TEN) ; 
IF ZIENABLED 
THEN

CALL SETIUPIZ (.TEN) } 
CALL RUNIMOTORS 5 

END STEPILINEAR i
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332 1
353 2

354 2
355 2
356 2
357 2
358 2

359 2
360 3
361 3
362 3
363 3

364 2
365 3
366 3
367 3
368 3
369 2
370 2
371 2
372 3
373 3
374 3
375 3
376 3
377 3
378 3
379 3
380 3
381 3
382 3
383 4
384 4
385 4
386 4
387 4
388 3
389 3
390 3
391 4
392 3
393 2

♦EJECT
ROTATE: PROCEDURE (RiNUMBER, DISPLACEHENT4ADDRESS) PUBLIC ;

DECLARE (RfNUMBER,
DIRECTION ) BYTE 5

DECLARE DISPLACEMENTIADDRESS ADDRESS i 
DECLARE (I, J) ADDRESS I
DECLARE KBYTE (2) BYTE AT (.1) i
DECLARE DISPLACEMENKSINGLE BASED DISPLACEMENTtADDRESS (2) BYTE !
IF ROL (DISPLACEHENTISINGLE(0)> 1)
THEN

DO 5

DIRECTION = FALSE 5

CALL NEGATEJSINGLE (.DISPLACEHENTtSINGLE) !
CALL ST0REÌRESULT4SINGLE*ADDRESS (.1) }

END }
ELSE 

DO ;
DIRECTION * TRUE 5

I tB Y T E (0 )  = D ISP LA C EM E N TtS IN G LE (1 )  J 
I tB Y T E (1 )  = D ISP LA C EM E N TtS IN G LE(O ) ;

END ;
CALL ADDtSIN6LEtT0tD0UBLE (.RtORDINATES(RtNUNBER>.ORDINATE, DISPLACEHENTtADDRESS) } 
CALL STOREtRESULT (.RtORDINATES(RtNUMBER).ORDINATE) J 
DO J = 1 TO I ;

OUTPUT (RtDIVIDER) = RtDIVISORiSINGLE(l) J 
OUTPUT (RtDIVIDER) = RtDIVISORtSINSLE(0> {
RtENABLED = TRUE 5 

RtPOSITIVE = DIRECTION J 
NOTORStRUNNINB = TRUE j 
CALL SETtDIRECTIONfCONTROL 5 

RSTt6t5$HASK = FALSE ;
CALL SETtINTERRUPTtMASK }
ENABLE ;
CALL TIME (1) !
DO CASE RtNUHBER ;

OUTPUT (ROTATION) = 01H ;
OUTPUT (ROTATION) = 02H 5

OUTPUT (ROTATION) = 04H ;
OUTPUT (ROTATION) = OBH 5

END ;
CALL TIME (1) 5 

OUTPUT (ROTATION) » OOH }
DO NHILE MOTORStRUNNING ;
END ;

END ;
END ROTATE ;

C.H
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394 1
395 2
396 2

397 2
398 3

399 3
400 4
401 4
402 4
403 3

404 3

405 3

406 3
407 2

408 2
409 3

410 3

411 4

412 4

413 4

<14 3

415 3

416 3 

<17 3
418 2

419 2
420 3

<21 3
422 4

423 4

424 4

<25 3

<26 3

<27 3 
<28 3
429 2

430 2

<31 3

<32 3  

<33 a
434 a
435 a

»EJECT
STEPtROTATION: PROCEDURE (AUTOtDISABLE) PUBLIC ;

DECLARE AUTOtDISABLE BYTE i
IF (IRtOtPOStKEY XOR Rt0tNE6tKEY) AND RtOtENABLED)
THEN

DO ;
IF AUTOtDISABLE 
THEN 

DO ;
RtltENABLED, Rt2tENABLED, R$3$ENABLED = FALSE ? 
CALL SETtCONTROLLERtINDICATORS 5 

END 5

IF RtOtPOStKEY 
THEN

CALL ROTATE (0, .ONEtSINGLE) ;
ELSE

CALL ROTATE (0, .HINUStONEtSINGLE) 5

END ;
IF KRtltPOStKEY XOR RtltNEGtKEY) AND RtltENABLED)
THEN

DO ;
IF AUTOtDISABLE 
THEN 

DO I
RtOtENABLED, Rt2tENABLED, Rt3tENABLED = FALSE 5 

CALL SETtCONTROLLERtINDICATORS 5 

END ;
IF RtltPOStKEY 
THEN

CALL ROTATE (1, .ONEiSINGLE) 5 

ELSE
CALL RDTATE II, .HINUS*ONE*SINGLE> }

END ;
IF  <<R $2*P 0S *K E Y  XOR R$2*NEB*KEY> AND R *2*ENA B LED )

THEN
DO 1

IF AUTOtDISABLE 
THEN

DO ;
R$0$ENABLED, RtltENABLED, R»3*ENABLED = FALSE 5 

CALL SETtCONTROLLER»INDICATORS 5 
END ;

IF R»2$P0S$KEY 
THEN

CALL ROTATE (2, .ONEtSINGLE) }
ELSE

CALL ROTATE (2, .HINUSfONEiSINGLE) }
END ;

IF ((R»3»P0S$KEY XOR R«3$NEG«KEY) AND R«3*ENABLED>
THEN

DO ;
IF AUTOtDISABLE 
THEN 

DD i
RtOtENABLED, RtltENABLED, R$2tENABLED = FALSE ? 
CALL SETtCONTROLLERtINDICATORS }

END ;
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436 S

437 3

438 3

43? 3

440 2

IF R$3$P0StKEY 
THEN

CALL ROTATE (3, .ONEISINGLE) j 
ELSE

CALL ROTATE <3, .NINUStONEtSINGLE) 5

END ;
END STEPiROTATION ;
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441 1

442 2

443 2
444 3
445 3
446 3

447 3
448 3
449 3

450 3
451 3

452 3

453 3
454 3
455 3
456 3

457 3
458 2

♦EJECT
ACCELERATE: PROCEDURE PUBLIC }

IF (SPEEDSSTATUS > 1)
THEN

DO ;
SPEEDSSTATUS = SPEEDSSTATUS - 1 5 

OUTPUT (XSDIVIDER) = POSITIONSDIVISOR(SPEEDSSTATUS).X(1) ; 
OUTPUT (XSDIVIDER) = POSITIONSDIVISOR(SPEEDSSTATUS).X(0) 5 

OUTPUT (YSDIVIDER) = POSITIONSDIVISOR(SPEEDSSTATUS).Yil) 5 

OUTPUT (YSDIVIDER) = POSITIONSDIVISOR(SPEEDSSTATUS).Y(0) } 
OUTPUT (ZSDIVIDER) = POSITIONSDIVISOR (SPEEDSSTATUS). Zd) ; 
OUTPUT (ZSDIVIDER) = POSITIONSDIVISOR(SPEEDSSTATUS).Z(0) 5 

RSDIVISORSSINGLE(O) = POSITIONSDIVISOR(SPEEDSSTATUS).R(0) 5 

RSDIVISDRSSINGLE(1) = POSITIONSDIVISOR(SPEEDSSTATUS).R(1) i 
DELAYSCOUNT = 50 ;
DELAYSFLAG = TRUE ;
RSTS5S5SHASK = FALSE i 
CALL SETSINTERRUPTSMASK 5 

END ;
END ACCELERATE ;

459 1

460 2

461 2

462 3

463 3
464 3
465 3
466 3
467 3
468 3

469 3
470 3

471 3
472 3

473 3
474 3
475 3
476 2

DECELERATE: PROCEDURE PUBLIC ;
IF (SPEEDSSTATUS < 10)
THEN

DO ;
SPEEDSSTATUS = SPEEDSSTATUS ♦ 1 ¡
OUTPUT fXSDIVIDER) = POSITIONSDIVISOR (SPEEDSSTATUS) .Xd) ; 
OUTPUT (XSDIVIDER) = POSITIONSDIVISOR(SPEEDSSTATUS).X(0) i 
OUTPUT (YSDIVIDER) = POSITIONSDIVISOR(SPEEDSSTATUS).Y<1) ! 
OUTPUT (YSDIVIDER) = POSITIONSDIVISDRISPEEDSSTATUS).Y(O) { 
OUTPUT (ZSDIVIDER) = POSITIONtDIVISOR(SPEEDSSTATUS). Z(1) 5 

OUTPUT (ZSDIVIDER) = P0SITIONSDIVIS0R(SPEEDSSTATUS).Z(0) { 
RSDIVISORSSINGLE(0) = POSITIONSDIVISOR(SPEEDSSTATUS).R(0) 5 
RSDIVISORSSINGLEd) = POSIT IONSDIVISOR (SPEEDSSTATUS). R < 1 ) } 
DELAYSCOUNT = 50 5 

DELAYSFLAG = TRUE 5 
RSTS5S5SMASK = FALSE {
CALL SETSINTERRUPTSMASK ;

END ;
END DECELERATE 5
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477 1
478 2
479 2
480 3

481 3

482 4

483 4

484 3

485 3

486 4

487 4

489
490
491
492
493
494
495 
486 
497 
49fi

499
500

501

502

503
504

505
506
507

4

5 
5 
5 
5 
5 
5 
5 
5 
5 
4

3

4

4

5

5
5

5
5

509

♦EJECT
MOVE: PROCEDURE (AUTO$DISABLE) PUBLIC 5 

DECLARE AUÏÏXDISABLE BYTE !
DO FOREVER ;

CALL STROBE<CONTROL«KEYS ;
NOT <X<POS<KEY OR

OR Y«POS«KEY OR
OR Z«PDS«KEY OR
OR R«0«P0S$KEY OR
OR R<1<P0S<KEY OR
OR R«2«P0S$KEY OR
OR R<3<P0S<KEY OR
OR FAST<KEY OR
OR START<<IELD<KEY OR
OR ENTER<KEY

CALL STROBE<CQNTROL<KEYS 5

X<NE6 <KEY
Y«NEG«KEY
Z$NEB$KEY
R<0<NEG<KEY
R<1<NEG<KEY
R<2<NE6<KEY
R<3<NEG<KEY
SLOMIKEY
STOP<NELD«KEY

END ;
IF ( ( START<HELD<KEY AND ( NOT<STOP$UELD$KEY OR ENTERSKEY)> 

OR
( STOP<HELD<KEY AND ( NOT<START<HELD<KEY I 

OR
I ENTER<KEY AND ( NOT<START<NELD<KEY OR STOP«NELD«KEY)>

THEN
DO ;

CALL TIME (200) }
IF VERIFY«CONTROL«KEYS 
THEN

DD ;
CALL DISPLAY«* 5 

CALL DISPLAYIY 5 
CALL DISPLAYS 5 

CALL DISPLAY<R<0) 5 

CALL DISPLAY«R(1) ;
CALL DISPLAY«R(2) 5 

CALL DISPLAY«R<3) 5 
RETURN 5 

END {
END ;

ELSE
DO ;

IF (NOT DELAYSFLAG)
THEN 

DO ;
IF FASTIKEY 
THEN

CALL ACCELERATE ;
IF SLOMKEY 
THEN

CALL DECELERATE 5

END ;
IF <R<0<P0S<KEY OR R<0<NEB<KEY OR 

R<1<P0S<KEY OR R<1<NEG<KEY OR 
R<2<P0S<KEY OR R<2<NE6<KEY OR 
R«3$P0S«KEY OR R<3<NEG<KEY ) 

THEN
DO ;

IF ROTATIDNiENABLED

? ENTER»KEY>) ) 

) )

L
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510 5
511 6

512 6

513 7 

5H 7
515 7

516 6

517 ¿
518 5

51? 4

520 5

527
528 
52?
530
531
532
533
534
535

536
537
538 
53? 
5<o 
541
512
513

513
516

THEN
DO ;

IF AUTOtDISABLE 
THEN

DO ;
LINEARtENABLED = FALSE i 
CALL STEPtROTATION (TRUE) 5 

END ;
ELSE

CALL STEPtROTATION (FALSE) 5
END ;

END ;
ELSE 

DO ;
IF ( XtPOStKEY OR X*NE6 «KEY

OR YtPOStKEY OR YtNEStKEY
OR ZtPOStKEY OR ZtNEGtKEY)

THEN
DO ;

IF LINEARtENABLED 
. THEN

DO ;
IF AUTQtDISABLE 
THEN

DO ;
ROTATIONfENABLED,
RfOtENABLED,
RfIfENABLED,
Rf2fENABLED,
Rf3fENABLED = FALSE 5 

CALL SETfCONTROLLERf1NDICATORS ; 
END ;

CALL STEPtLINEAR ;
END I

END ;
END ;

END ;
END ;

END HOVE I

POSITION: PROCEDURE PUBLIC 5 

SPEEDfSTATUS = 3 ;
OUTPUT (XfDIVIDER) = POSITIONtDIVISOR(SPEEDtSTATUS).XU) I 
OUTPUT (»DIVIDER) = POSITIONtDIVISOR(SPEEDtSTATUS). X(0) 5 

OUTPUT (YfDIVIDER) = POSITIONtDIVISOR(SPEEDtSTATUS).Y(l) ;
OUTPUT (YtDIVIDER) = POSITIONtDIVISOR(SPEEDtSTATUS).Y(0) 5 

OUTPUT (ZfDIVIDER) = POSITIONtDIVISOR(SPEEDtSTATUS).Z(1) ;
OUTPUT (ZtDIVIDER) = POSITIONtDIVISOR(SPEEDtSTATUS).Z(0) |
RtDIVISORtSINGLE(0) = POSITIONtDIVISOR(SPEEDtSTATUS).R(0) 5 

RtDIVISORtSINGLE(1) = POSITIONtDIVISOR(SPEEDtSTATUS).R(1) ;
ROTATIONtENABLED,

RtOtENABLED,
RfltENABLED,
Rt2fENABLED,
Rf3fENABLED,
CONTROLLERtACTIVE,
LINEARtENABLED = TRUE 5
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547 2 ONtSEAM = FALSE 5
548 2 CALL SETtCONTROLLERtINDICATORS ;
549 2 DO FOREVER !
550 3 CALL HOVE (FALSE) !
551 3 IF ENTERtKEY

THEN
552 3 DO ;
553 4 CALL DISPLAY« 5
554 4 CALL DISPLAYtY 5
555 4 CALL DISPLAY« J
556 4 CALL DISPLAYtR(O) !
557 4 CALL DISPLAYIR(l) 5
558 4 CALL DISPLAY$R(2> i
559 4 CALL DISPLAYtR(3) !
560 4 RtOtENABLED,

561
562
563
564

4
4

4
3

565 2

566 1

RtlSENABLED)
Rt2tENABLED,
RI3IENABLED,
CONTROLLER*ACTIVE Y 
ONtSEAM = FALSE 5

CALL SETtCONTRDLLERtINDICATORS ; 
RETURN ;

END ;
END ;

END POSITION J 
END PDSITIONtPRDCEDURE

HodULE INFORMATION:

CODE AREA SIZE = OAOAH 2570D 
VARIABLE AREA SIZE = 0055H 85D
MAXIMUM STACK SIZE = 0008H 8 D
1069 LINES READ 
0 PROGRAM ERROR(SI

END OF PL/H-80 COMPILATION
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« IM I PL/M-80 V3.1 COMPILATION OF NODULE HELDPROCEDURE 
OBJECT MODULE PLACED IN : Fl :WELD11.OBJ
ÉPILER INVOKED BY: PLM80 : Fl : HELD11. PLH DEBUS WORKFILES ( : FI :, : FI : ) PRINT C FI sHELDll.LST)

»TITLE(’HELMPROCEDURE VER 3.00 DATE 08/07/81’ )
1 «ELDtPROCEDURE: DO ;

I t  A PLM80 PROCEDURE FOR THE CONTROL OF THREE DIMENSIONAL TI6  «ELDS.
THE PATH IS DEFINED BY THE TORCH DISPLACEMENTS IN DISPLACEMENWABLE. 1/

I t  EXTERNALS */

»INCLUDE OFl:«ELD.EQU)
= tNOLIST

3 1 DECLARE RESET*ARC»FLIP»FLOP LITERALLY ’RSTFF’ ;
»INCLUDE CFltHATH.EQU)

= »NOLIST

5 1 MOTOR»CALCULATIQNS: PROCEDURE (TABLEtADDRESS, DIVISOR»FLOAT«ADDRESS » UPDATE) EXTERNAL }
6 2 DECLARE (TABLE«ADDRESS, DIVISOR«FLOAT*ADDRESS) ADDRESS 5
7  2 DECLARE UPDATE BYTE 5

0  2 END HOTDR«CALCULATIONS j

9 1 REALÌSUBTRACT: PROCEDURE (B«ADDRESS, A»ADDRESS) EXTERNAL 5

10 2 DECLARE (A»ADDRESS, B»ADDRESS) ADDRESS 5

11 2 END REALÌSUBTRACT }

12 1 NEGATEÌSINBLE: PROCEDURE (AtADDRESS) EXTERNAL 5
13 2 DECLARE ««ADDRESS ADDRESS 5

14 2 END NEGATE«SINGLE 5

*5 1 ADD»SINGLE: PROCEDURE (B«ADDRESS, A«ADDRESS) EXTERNAL 5

N 2 DECLARE (««ADDRESS, B«ADDRESS) ADDRESS ;
17 2 END ADD«SIN6 LE ;

18 1 STORE»NUHBER«SINGLE: PROCEDURE ISTOREtADDRESS, SOURCEtADDRESS) EXTERNAL ;
19 2 DECLARE (STOREtADDRESS, SOURCEtADDRESS) ADDRESS {
2 0  2 END STORE«NUMBER«SINGLE 5

21 1 FIX«B«BIT: PROCEDURE (DATA«ADDRESS) EXTERNAL 5

22 2 DECLARE DATAtADDRESS ADDRESS 5

23 2 END FIX«8 «BIT 5

24 1 FIX»SINGLE«ROUND: PROCEDURE (DATAtADDRESS) EXTERNAL !
25 2 DECLARE DATAtADDRESS ADDRESS ;
26 2 END FIXtSINGLEtROUND 5

27 1 STOREtRESULTtSINGLEtADDRESS: PROCEDURE (STOREtADDRESS) EXTERNAL }
28 2 DECLARE STOREtADDRESS ADDRESS ;
29 2 END STOREtRESULTtSINGLEtADDRESS ;

30 1 STOREtNUMBER: PROCEDURE (STOREtADDRESS, SOURCEtADDRESS) EXTERNAL 5

3j 2 DECLARE (STOREtADDRESS, SOURCEtADDRESS) ADDRESS ?
32 2 END STOREtNUMBER i
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33 I
34 2
35 2

36 1

37 2
38 2

39 1

40 2
41 2

42 1

43 2
44 2

«  1

46 2
47 2

48 1

49 2
50 2

51 1

52 2

53 2

54 1
55 2
56 2

57 1
58 2
59 2

60 J
61 2 

62 2

63 1

64 2
65 2

66 J
67 2
6 8  2

69 J
70 2

71 2

72 1

73 2

74 2
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REALIADD: PROCEDURE (BtADDRESS, AtADDRESS) EXTERNAL ;
DECLARE (AtADDRESS, BtADDRESS) ADDRESS ?

END REALtADD i

REALtHULTIPLY: PROCEDURE (BtADDRESS, AtADDRESS) EXTERNAL 5 

DECLARE (AtADDRESS, BSADDRESS) ADDRESS 5 

END REALtMULTIPLY ;

REALtDIVIDE: PROCEDURE (BtADDRESS, AtADDRESS) EXTERNAL ;
DECLARE (AtADDRESS, BtADDRESS) ADDRESS }

END REALtDIVIDE !

REALtNEBATE: PROCEDURE (AtADDRESS) EXTERNAL ;
DECLARE AtADDRESS ADDRESS }

END REALtNEBATE 5

SUBTRACTtSINGLEt PROCEDURE (BtADDRESS, AtADDRESS) EXTERNAL 5 
DECLARE (AtADDRESS, BtADDRESS) ADDRESS ;

END SUBTRACTS IN6 LE ;

SUBTRACT: PROCEDURE (BtADDRESS, AtADDRESS) EXTERNAL ;
DECLARE (AtADDRESS, BtADDRESS) ADDRESS ;

END SUBTRACT 5

FLOAT: PROCEDURE (AtADDRESS) EXTERNAL ?
DECLARE AtADDRESS ADDRESS J 

END FLOAT

FLOATtSINBLE: PROCEDURE (AtADDRESS) EXTERNAL 1 

DECLARE AtADDRESS ADDRESS ;
END FLOATtSINBLE ?

FIXtl6 tBIT: PROCEDURE (AtADDRESS) EXTERNAL i 
DECLARE AtADDRESS ADDRESS ;

END FIXtl6 tBIT ;

SQUAREtROOT: PROCEDURE (AtADDRESS) EXTERNAL !
DECLARE AtADDRESS ADDRESS ;

END SQUAREtROOT ;

STOREtRESULT: PROCEDURE (STOREtADDRESS) EXTERNAL 5 

DECLARE STOREtADDRESS ADDRESS ;
END STOREtRESULT ;

STOREtRESULTtSINGLE: PROCEDURE (STOREtADDRESS) EXTERNAL *, 
DECLARE (STOREtADDRESS) ADDRESS ;

END STOREtRESULTtSINGLE 5

HULTtBYt2tPI: PROCEDURE (DATAtADDRESS) EXTERNAL ;
DECLARE DATAtADDRESS ADDRESS 1 

END HULTtBYt2tPI 5

TANGENT: PROCEDURE (DATAtADDRESS) EXTERNAL I 
DECLARE DATAtADDRESS ADDRESS !

END TANGENT ;
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75 1

76 2

77 2

78 1

79 2

80 2

81 1 
82 1

83 i

84 1

85 2

86 l
87 2

8 8  1

89 2

90 i
91 2

92 1

93 2

94 J
95 2

96 j
97 2

98 ,
99 2

100 2

101 2

102 i
103 2

104 2
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COSINE: PROCEDURE (DATA$ADDRESS) EXTERNAL j 
DECLARE DATAiADBRESS ADDRESS !

END COSINE ;

SINE: PROCEDURE (DATAiADDRESS) EXTERNAL 5 

DECLARE DATAiADDRESS ADDRESS 5 

END SINE 5

DECLARE HATHtSTATUS BYTE EXTERNAL !
DECLARE (FOUR,

FIVE,
FOURÌFLOAT,
FIVEiFLOAT,
ONEiFLQAT,
HINUStONEtFLOAT,
FIVEtHUNDREDiFLOAT,
FIFTYÌFLOAT,
ONEiHILLIONiFLOAT,
ZEROiFLOAT,
ONEiHUNDREDiFLOAT,
ONEiTHOUSANDiFLOAT,
FOURiHUNDREDtFLOAT,
RESULT ) (4) BYTE EXTERNAL 5

DECLARE (ONEiSINGLE,
HINUSiONEiSINGLE,
ZEROiSINGLE,
RESULTÌSINGLE > (2) BYTE EXTERNAL ! 

SETilNTERRUPTiNASK: PROCEDURE EXTERNAL J 
END SETiINTERRUPTiHASK ;

SETiPDNERtSDURCEiCONTROLi PROCEDURE EXTERNAL 5 

END SETiPOHERiSOURCEiCONTROL !

RESETtARCiFLIPiFLOP: PROCEDURE EXTERNAL 5 

END RESETiARCiFLIPtFLOP 5

SETiDIRECTIONiCONTROL: PROCEDURE EXTERNAL 5 

END SETiDI RECT IONiCONTROL *,

SETiCONTROLLERtlNDICATORS: PROCEDURE EXTERNAL 5 

END SETiCONTROLLERtlNDICATORS î

POSITION: PROCEDURE EXTERNAL 5 
END POSITION ;

STARTtHOTORS: PROCEDURE EXTERNAL 5 

END STARTtHOTORS ;

ROTATE: PROCEDURE (RtNUNBER, DISPLACENENTiADDRESS) EXTERNAL i 
DECLARE RtNUHBER BYTE 5 

DECLARE DISPLACENENTtADDRESS ADDRESS 5 

END ROTATE 5

POSITIONÌCURSOR: PROCEDURE (COLtNUHBER, LINEiNUHBER) EXTERNAL ?
DECLARE (COLtNUMBER, LINEiNUHBER) BYTE 5 

END POSITIONtCURSOR ;
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105 1 DISPLAYIBYTE: PROCEDURE (BYTE<VALUE) EXTERNAL }
106 2 DECLARE BYTEIVALUE BYTE !
107 2 END DISPLAY<BYTE !

108 1 CONSOLE!INPUT: PROCEDURE BYTE EXTERNAL 5

109 2 END CONSOLEÜNPUT ;

HO 1 NRITEIHESSABE: PROCEDURE (MESSAGESADDRESS) EXTERNAL i
Hi 2 DECLARE MESSASESADDRESS ADDRESS ;
112 2 END NRITEiHESSAGE i

113 1 HOMESTORCH: PROCEDURE EXTERNAL {
1M 2 END HOMESTORCH 5

US 1 CLEARSPROMPTSFIELD: PROCEDURE EXTERNAL 5
HA 2 END CLEARSPROMPTSFIELD ;

112 1 DECLARE DISPLACEMENTSTABLE (HAXSPOINTS) STRUCTURE (IDENTIFIER BYTE,
DISPLACEMENTSISSINGLE (2) BYTE,
DISPLACEMENTS2SSINGLE (2) BYTE, 
DISPLACEMENT'SINSLE (2) BYTE ) EXTERNAL 5

UB 1 DECLARE PARAMETERSGROUPSTABLE (256) STRUCTURE (PULSESCURRENTSFLOAT (4) BYTE,
BACKGROUNDSCURRENTSFLOAT (4) BYTE, 
PULSESONSTIMESFLOAT (4) BYTE , 
PULSESOFFSTIMESFLOAT (4) BYTE, 
HELDIN6SDIVIS0RSFL0AT (4) BYTE,
PRESTRAVERSESTIMESFLOAT (4) BYTE, 
FALLSTIMESFLOAT (4) BYTE,
RS0SDIVIS0RSSIN6LE (2) BYTE,
RS1SDIVISORSSINGLE (2) BYTE,
R<2<DIVIS0R<SINGLE (2) BYTE,
R<3<DIVIS0R<SIN6LE (2) BYTE,
T0UCH<START BYTE,
HIRESFEED BYTE ) EXTERNAL 5

1 DECLARE MAIN<DIVISOR<FLOAT (4) BYTE EXTERNAL ;
l2 0  1 DECLARE SEQUENCESTABLE (256) BYTE EXTERNAL ',
12J 1 DECLARE R<ORDINATES (4) STRUCTURE (ORDINATE (4) BYTE) EXTERNAL ;
122 1 DECLARE (X<ENABLED,

Y<ENABLED,
ZSENABLED ) BYTE EXTERNAL 5

2 3  1 DECLARE ONSSEAM BYTE EXTERNAL Î
24 1 DECLARE PARAMETERS<SET<FLAG (256) BYTE EXTERNAL 5

125 1 DECLARE RST<7<5<NASX BYTE EXTERNAL !
26 1 DECLARERST<5<5<NASX BYTE EXTERNAL 5

l t 7  1 DECLARE (PULSE<DN<FLAG,
PULSE<OFF<FLAG,
DELAY<FLA6 ,
FALL<FLAG,
FALL<DELAY<FLA6 ,
PRE<TRAVERSE<FLAG ) BYTE EXTERNAL 5 

iB 1 DECLARE (START<ENABLE,
STOP<ENABLE,
6 ASÍENABLE,
NIRESENABLE ) BYTE EXTERNAL 5 

29 1 DECLARE (RTC<DIVISOR<FLOAT,
PULSE<CURRENT<FLOAT,
BACKGROUND!CURRENT<FLOAT,
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CURRENT 11NCREI1ENT iFLOAT ) (4) BYTE EXTERNAL i
130 1 DECLARE DISPLACEhENTtERROR BYTE EXTERNAL ;
131 1 DECLARE SEAMÍCOUNT BYTE EXTERNAL ;
132 1 DECLARE POINTICOUNT BYTE EXTERNAL !
133 1 DECLARE NOTORS$RUNNING BYTE EXTERNAL ;
134 1 DECLARE R$DIVISOR$SINGLE (2) BYTE EXTERNAL ;
135 1 DECLARE PATH4SET BYTE EXTERNAL }

i
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136 1

137 1

138 1

139 1

MO 1 

141 1

142 i
143 1

144 1

145 i

♦EJECT
/* PUBLIC DATA */

DECLARE RATI040 (4) BYTE PUBLIC
DATA (03H) 80H, OOH, OOH) ¡

DECLARE RATION (4) BYTE PUBLIC
DATA I03H, 80H, OOH, OOH) ;

DECLARE ARCtDIED BYTE PUBLIC ;
DECLARE BACK6R0UND4CURRENT$BYTE BYTE PUBLIC J
DECLARE PULSEtCURRENT$BYTE BYTE PUBLIC ;
DECLARE (DELAYÍCOUNT, DELAYSCOUNTER,

FALLSCOUNT, FALLSCOUNTER,
FALLSDELAYSCOUNT,
PULSESONSCOUNT,
PULSESOFFSCOUNT,
PRESTRAVERSESCOUNT, PRESTRAVERSESCOUNTER ) ADDRESS PUBLIC 

DECLARE REMAINDERSSINGLE (2) BYTE PUBLIC 5

DECLARE POSITIQNINBSDIVISORSFLOAT (4) BYTE PUBLIC
DATA (07H, OAOH, OOH, OOH) 5 

DECLARE P0SITI0NIN6SDIVIS0RSSIN6LE (2) BYTE PUBLIC 
DATA (OOH, 64H) ;

FALLSDELAYSCOUNTER,
PULSESONSCOUNTER,
PULSESOFFSCOUNTER,

DECLARE FALLSCOUNTSFLOAT (4) BYTE PUBLIC
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H6 1

147 1

148 1

149 1

150 1

151 1

152 1

153 i
154 i

155 i

156 1

157 i

158 i

159 i

160 J

»EJECT
/» LOCAL DATA 1/

DECLARE UPDATE LITERALLY ’TRUE’ ,
NO»UPDATE LITERALLY ’FALSE’ i

DECLARE (X$SQUARED«FLDAT,
YISQUAREDÍFLOAT,
DISPLACEMENTtFLOAT,
Y»VECTOR»FLOAT,
Y»VECTOR»FLOAT,
Z»VECTOR»FLOAT ) (4) BYTE ¡

DECLARE VECT0RÍSIN6LE STRUCTURE (X»VECTOR»SINGLE (2) BYTE,
Y»VECTOR»SINGLE (2) BYTE,
Z»VECT0R»SIN6LE (2) BYTE > 5

DECLARE SEAH»TIHE»FLOAT 14) BYTE 5

DECLARE (THETAÍFLDAT,
PHIÍFLDAT,
COS»THETA»FLOAT,
TAN»THETA»FLOAT,
TAN»SQUARED»THETA»FLOAT,
TAN»PHI»FLOAT ) (4) BYTE !

DECLARE RATI0»0»FL0AT (4) BYTE
DATA (03H, 80H, OOH, OOH) }

DECLARE RATI0»1»FL0AT (4) BYTE
DATA (03H, BOH, OOH, OOH) 5

DECLARE DIVISQRÍADDRESS ADDRESS 5
DECLARE (RtCOUNT,

«»COUNT,
CHARACTER,
RtID,
IDENTIFIER) BYTE 1 

DECLARE <P»COUNT,
I,
J ) ADDRESS 5 

DECLARE PARAHETERÍERROR BYTE }
DECLARE (RATIOÍFLDAT,

RATIO$DIVISORfFLOAT) (4) BYTE i 
DECLARE (I6NITI0N»ERR0R,

IGNITE,
ARC4FAIL,
FIRST»SEGHENT ) BYTE 5

DECLARE IGNITI0N»CURRENT»FLOAT (7) STRUCTURE (I (4) BYTE)
DATA <002H, OBOH, OOOH, OOOH,

006H, 0C8H, OOOH, OOOH,
004H, OAOH, OOOH, OOOH,
005H, OAOH, OOOH, OOOH,
005H, OFOH, OOOH, OOOH,
006H, OAOH, OOOH, OOOH,
006H, OCBH, OOOH, OOOH ) }

DECLARE IGNITION»CURRENT*BYTE (7) BYTE ;
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161 1 
162 2

163 2
164 3
165 3

166 3
167 4
168 4
169 4
170 4
171 4
172 4
173 4

174 4

175 4

176 5

177 4

178 3

179 4

180 4

181 4

182 4

183 4

184 4

185 4

186 4

187 4

188 4

189 4

190 3

191 2

192 1

193 2

194 2

195 2

196 2

«EJECT

REIPOSITION: PROCEDURE 5 

IF P$COUNT > 0 
THEN 

DO ;
PiCQUNT = PtCOUNT - 1 }
IF ROR<(IDENTIFIER := DISPLACEHENT«TABLE(P«COUNT>.IDENTIFIER), 2)
THEN

DO ;
CALL NE6ATE4SINGLE (.DISPLACEHENT4TABLE<P«COUNT).DISPLACEHENTil«SINGLE) 5

CALL ST0REIRESULT4SINGLE l.VECTORISINGLE.HVECTORISINGLE) 5
CALL NE6 ATESSINGLE (,DISPLACENENT$TABLE(P$C0UNT).DISPLACENENT«2«SINGLE) 1

CALL STORE«RESULT«SINGLE (.VECTOR«SINGLE.Y«VECTOR«SINGLE) 5
CALL NEGATE4SINGLE (.DISPLACEHENTtTABLE(PiCOUNT).DISPLACEMENT$3$SIN6 LE) 5

CALL STORE«RESULT«SINGLE (.VECTORiSINGLE.2$VECT0R*SINBLE) 5

CALL HOTORICALCULATIONS (.VECTOR*SINBLE.X*VECT0R$SIN8LE,
.POSITIONING«DIVISORIFLOAT,
UPDATE ) ;

CALL STARTIMOTORS 5 
DO NHILE N0T0RS4RUNNIN6 ;
END ;

END ;
ELSE

DO ;
CALL NE6 ATEISIN6 LE (.DISPLACENENT«TABLE(PICOUNT).DISPLACENENT«ltSINGLE) 5 

IF ROR (IDENTIFIER, 3)
THEN

R«ID = 0 ;
IF ROR (IDENTIFIER, 4)
THEN

R«ID = 1 ;
IF ROR (IDENTIFIER, 5)
THEN

R«ID = 2 )
IF ROR (IDENTIFIER, 6 )
THEN

R«ID = 3 |
CALL ROTATE (R«ID, .RESULT4SINGLE) 5 

END ;
END ;

END RESPOSITION \

ARCIOFF: PROCEDURE BYTE PUBLIC ;
IF INPUT(0)
THEN

RETURN TRUE 5 

ELSE
RETURN FALSE 5 

END ARC«OFF i
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197 1
198 2
199 2

200 2 
201 3

202 3

203 3

204 3
205 4
206 3

207 3

208 4

209 4

210 4
211 4
212 4
213 4

214 4

215 4

216 4

217 3
218 3

219 2
220 3 

'221 4 
222 3

223 3

224 3

225 3

2 2 6 3

227 3
228 3

229 3

230 3

231 3

2 3 2  3

233 3

234 3

235 3

236 2

tEJECT
DISPLACE$TORCH: PROCEDURE i 

DECLARE IDENTIFIER BYTE !
IF ROR (IDENTIFIER := DISPLACEHENTtTABLE(PtCOUNT).IDENTIFIER, 2)
THEN

DO ;
IF ONtSEAM 
THEN

CALL HOTORtCALCULATIONS (.DISPLACEMENTtTABLE(PtCOUNT).DISPLACEMENTtltSINGLE, 
.PARAMETERt6RQUPtTABLE(SEQUENCEtTABLE(HtC0UNT)).WELDIN6tDIVIS0RtFL0AT, 
UPDATE) 5 

ELSE
CALL HOTORtCALCULATIONS (.DISPLACEHENTtTABLE(PtCOUNT).DISPLACEHENTtltSINGLE,

.POSITIONINB$DIVIS0R*FL0AT,
UPDATE ) !

DO WHILE HOTORStRUNNING 5 
END ;
IF ARCtDIED 
THEN

DO 5
CALL NEGATEtSINGLE <.DISPLACEMENT$TABLE <P*COUNT).DISPLACEMENT«1*SINBLE) 5 
CALL STOREtRESULTtSINGLE (.VECTORtSINGLE.XtVECTQRtSINGLE) *,
CALL NE6ATE4SINGLE (.DISPLACEHENTtTABLE(PtC0UNT).DISPLACEHENTt2tSIN6LE> 5 
CALL ST0RE$RESULT$SINBLE (.VECTORtSINGLE.YtVECTORtSINBLE) 5 
CALL NEGATEtSINGLE (.DISPLACEHENTSTABLE(PtCOUNT).DISPLACEHENT$3$SIN6LE) 5 
CALL STOREtRESULTtSINGLE (.VECTORtSINGLE.I$VECTORtSINBLE) 5 
CALL HOTORtCALCULATIONS (.VECTORtSINGLE.XtVECTORtSINGLE,

.POSITIONINGtDIVISORtFLOAT,
UPDATE ) J

RETURN 5 
END ;

CALL STARTtHOTORS ;
END ;

ELSE
DO ;

DO WHILE HOTORStRUNNING i 
END ;
IF ARCtDIED 
THEN

RETURN ;
RtDIVISORtSINGLE(O) = DISPLACEMENTtTABLE(PtC0UNT).DISPLACEHENTt2tSIN6LE(0) ! 
RtDIVISORtSINGLE(l) = DISPLACEMENTtTABLEtPtCOUNT).DISPLACEMENTt2tSINGLE(1) i 
IF ROR (IDENTIFIER, 3)
THEN

RtID = 0 i
IF ROR (IDENTIFIER, 4)
THEN

RtID = 1 5
IF ROR (IDENTIFIER, 5)
THEN

RtID = 2 ;
IF ROR (IDENTIFIER, 6)
THEN

RtID = 3 5
CALL ROTATE (RtID, .DISPLACEMENTtTABLE(PtCQUNT).DISPLACEMENTtltSINGLE) I 

END ;
PtCOUNT = PtCOUNT + 1 }
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FIRSTÍSEGMENT = FALSE ;
END DISPLACE$TORCH 5

.
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239 l
240 2

241 2
242 2

243 2
244 2
245 2
246 3

2̂ 7 3
248 4
249 4

250 4
251 4

252 4
253 4

254 4

255 4

256 4

257 4

258 4
259 4

260 4
261 4

2 6 2 4

263 4

264 4

265 4

266 4

267 3

2 6 8 4

269 4

270 4

271 4

272 4

273 4

274 4

275 4

276 4

277 4

280 4

281 4
282 4
283 4

♦EJECT
CALCULATE$SEAM«TIME: PROCEDURE i 

DECLARE I ADDRESS ;
DECLARE FLAG BYTE i
CALL STOREiNUMBER (.SEAHiTIMEiFLQAT, .ZEROiFLOAT) ;
FLAG = TRUE j 
I = PiCOUNT ;
DO WHILE FLAG 5

IF ROR (IDENTIFIER := DISPLACEHENT$TABLE(I).IDENTIFIER, 2)
THEN

DO ;
CALL FLOAT!SINGLE (.DISPLACEMENTiTABLE(I ) .DISPLACEMENT!1$SINGLE) 5 

CALL REALiMULTIPLY (.RESULT, .RESULT) ;
CALL STORESRESULT (.X$SQUARED*FLOAT) }
CALL FLOATiSINGLE (. DISPLACEHENTITABLE <I ) .DISPLACEHENTI2$SINGLE) ]
CALL REALIHULTIPLY (.RESULT, .FIVEtFLOAT) ;
CALL REALIDIVIDE (.RESULT, .FOURIFLOAT) 5 

CALL REALiMULTIPLY (.RESULT, .RESULT) i 
CALL STOREiRESULT I.YiSQUAREDiFLOAT) \
CALL FLOATISINGLE (.DISPLACEHENT$TABLE (I ) .DISPLACEMENTS!SINGLE) \
CALL REAL!MULTIPLY (.RESULT, .RESULT) ;
CALL REAL!ADD (.RESULT, .Y!SQliARED!FLOAT) i 
CALL REAL!ADD (.RESULT, .X!SQUARED!FLOAT> ;
CALL SQUARE!ROOT (.RESULT) ',
CALL REAL!MULTIPLY (.RESULT,

.PARAMETER!BROUP!TABLE(SEQUENCERABLE(N!COUNT)).HELDING!DIVISOR!FLOAT) 5 
CALL REAL!MULTIPLY (.RESULT, .MAIN!DIVISOR!FLOAT) 5 
CALL REAL!DIVIDE (.RESULT, .OHE!HILLION!FLOAT) 5 

CALL REAL!ADD (.RESULT, .SEAM!TIME!FLOAT> {
CALL STORE!RESULT (.SEAM!TIME!FLDAT) }

END ;
ELSE

DO ;
CALL FLDAT!SINGLE <.DISPLACEMENT$TABLE<I >.DISPLACEMENT!1!SIN6LE) 5 
CALL STORE!RESULT (.D1SPLACEMENT!FL0AT) ;
IF ROR (IDENTIFIER, 3)
THEN

DIVISORiADDRESS =
.PARAMETER!BR0UP!TABLE(SEBUENCE!TABLE(N!COUNT)).R!O!DIVISOR!SINGLE ;

IF ROR (IDENTIFIER, 4)
THEN

DIVISORiADDRESS =
. PARAMETER!BROUP!TABLE (SEOUENCE!TABLE (H!COUNT)). R! 1 !D IVI SOR!S IN6 LE 5 

IF ROR (IDENTIFIER, 5)
THEN

DIVISORiADDRESS =
.PARAHETER!6R0UP!TABLE(SEOUENCEiTABLE(WiCOUNT)>.R!2 !DIVISDR!SINBLE \

IF ROR (IDENTIFIER, 6 )
THEN

DIVISORiADDRESS =
.PARAHETERiBROUPiTABLE(SEBUENCEiTABLE(WiCDUNT)>.R!3!DIVIS0R!SINBLE 5 

CALL FLOATiSINBLE (DIVISORiADDRESS) ;
CALL REALiDIVIDE (.DISPLACEHENTiFLOAT, .RESULT) ;
CALL REALiDIVIDE (.RESULT, .ONEiMILLIONiFLOAT) 5 

CALL REALiDIVIDE (.RESULT, .MAINiDIVISORiFLOAT) \
CALL REALiADD (.RESULT, .SEAMiTIMEiFLOAT) 5 

CALL STOREiRESULT (.SEAMiTIMEiFLOAT) ;
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284 4
285 3
286 3

287 3
288 3
289 2

END ;
I = I + 1 ;
IF ROR (DISPLACEHENTfTABLEII).IDENTIFIER, 1) 
THEN

FLAG = FALSE ;
END ;

END CALCULATEtSEANITIME 5



PL/N-80 COMPILER HELD<PRQCEDURE VER 3.00 DATE 08/07/81 PA6E 13

290 1

291 2
292 2

293 3

294 3
295 3

296 3
297 3
298 3

299 3

300 2

301 2

302 2

303 3

304 3

305 3

306 2

307 1

308 2

309 2

310 2

311 2

312 2

313 2

314 2
315 3

316 2

«EJECT
TRACE«PATHt PROCEDURE ;

ARCtDIED = FALSE !
DO WHILE PÎCOUNT < POINT«COUNT 5

IF (IDENTIFIER := DISPLACENENT«TABLE(P«COUNT). IDENTIFIER)
THEN

ONfSEAH = TRUE 5 

IF ROR (IDENTIFIER, 1)
THEN

ONiSEAH = FALSE 5 

CALL DISPLACEITORCH ;
CALL SET*CONTROLLER$INDICATORS 5 

END ;
CALL HOHE«TORCH 5 

IF DISPLACEMENT«ERROR 
THEN

DO ;
CALL POSITIONJCURSOR (ERRORJFIELD) 5 

CALL NRITEtMESSABE I.(DELETE«LINE,
’PATH CLOSURE ERROR’ , BELL, EOT!) 5

END ;
END TRACE«PATH ;

6 AS«PRE«PUR6 E! PROCEDURE 5 

RETURN ?
6 AS«ENABLE * TRUE 5 

START«ENABLE,
STOPtENABLE = FALSE ;
CALL SET<POWER<SOURCE<CONTROL 5 

DELAY«COUNT = BAS<PRE<PURBE<COUNT i 
DELAY<FLA6  = TRUE !
DO WHILE DELAY<FLA6  ;
END ;

END BAS<PRE<PURBE ;
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317 1

♦EJECT
IGNITEtHtF: PROCEDURE i

318 2 IGNITIONtERROR = FALSE 5
319 2 CALL GAStPREtPURGE !
320 2 STARTSENABLE = TRUE ;
321 2 STOPtENABLE = FALSE i
322 2 CALL SETtPOWERtSOURCEtCONTROL !
323 2 OUTPUT (CURRENTtCONTROL) = PULSEICURRENTtBYTE
324 2 DELAYtFLAG = FALSE j
325 2 DELAYtCOUNT = 500 5
326 2 DELAYtFLAG = TRUE 5
327 2 DO WHILE DELAYtFLAG 5 /»DELAY
328 3 END ;
329 2 DELAYtCOUNT = IGNITIONtTIMEtOUTtCDUNT J
330 2 DELAYiFLAB = TRUE 5
331 2 DO WHILE (ARCtOFF XOR (NOT DELAYtFLAG)) ;
332 3 END ;
333 2 IF NOT (DELAYtFLAG)

334 2

THEN 
DO ;

335 3 IGNITIONtERROR = TRUE ;
336 3 STARTtENABLE,

337 3
GAStENABLE * FALSE 1 

CALL SETtPOWERtSOURCEICONTROL }
33B 3 END ;

339 2

ELSE
DO ;

340 3 ARCtDIED = FALSE 5
341 3 END ;
342 2 END IGNITEtHtF
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343 1

344 2

345 2
346 2
347 2
348 2
349 2

350 2

351 2
352 2

353 2
354 2

355 2

356 2

357 2 

35B 2

359 2
360 2

361 2

362 2

363 2

364 2

365 2

366 2

367 2

368 2

369 2

370 2
371 2
372 2
373 2

374 2
375 2

376 2

377 2

378 2

379 2

380 2

381 2

382 2

383 2

384 2

385 2

386 2

387 2

388 2

389 2

390 2

♦EJECT
IGNITEITDUCH: PROCEDURE 5

DECLARE I6NITI0NIVECT0R STRUCTURE (XISINGLE (2) BYTE,
YISIN6 LE (2) BYTE,
ZfSINGLE (2) BYTE ) !

IGNITIONIERROR = FALSE 5

CALL FLOAT (.RIORDINATES(D) 5

CALL REALSDIVIDE (.RESULT, .FOURIHUNDREDIFLOAT) |
CALL REALIDIVIDE (.RESULT, .RATI0I1IFL0AT) }
CALL HULTIBYI2IPI (.RESULT) 5 

CALL STOREIRESULT (.THETAIFLOAT) }
CALL TANGENT(.RESULT) 5 
CALL STOREiRESULT (.TANITHETAIFLOAT) 5 
CALL REALIHULTIPLY (.RESULT, .RESULT) 5 
CALL STORESRESULT (. TANISQUAREDITHETAIFLOAT) !
CALL FLOAT (.RIORDINATES(O)) }
CALL REALIDIVIDE (.RESULT, .FQURIHUNDREDIFLOAT) ;
CALL REALIDIVIDE (.RESULT, .RATIOIOIFLOAT) ;
CALL HULT$BY$2*PI (.RESULT) !
CALL STOREiRESULT (.PHIIFLOAT) 5

CALL TANGENT (.RESULT) 5
CALL STOREiRESULT (.TANIPHIIFLOAT) 5
CALL REALIHULTIPLY (.RESULT, .RESULT) 5

CALL REALIADD (.RESULT, .TANISQUAREDITHETAIFLOAT) 5

CALL REALIADD (.RESULT, .ONEIFLOAT) ;
CALL S8UAREIR00T (.RESULT) 5
CALL REALIDIVIDE (.ONEITHOUSANDIFLOAT, .RESULT) 5

CALL STOREIRESULT (.ZIVECTORIFLOAT) }
CALL REALIHULTIPLY (.ZIVECTORIFLOAT, .TANITHETAIFLOAT) ;
IF HATHINEGATIVE 
THEN

CALL REALINEGATE (.RESULT) }
CALL STOREIRESULT (.XIVECTORIFLOAT) *,
CALL REALIHULTIPLY (.ZIVECTORIFLOAT, .TANIPHIIFLOAT) }

IF HATHINEGATIVE 
THEN

CALL REALINEGATE (.RESULT) {
CALL STOREIRESULT (.YIVECTORIFLOAT) 5 

CALL COSINE (.THETAIFLOAT) *,
CALL STOREIRESULT (.COSITHETAIFLOAT) !
CALL COSINE (.PHIIFLOAT) ;
CALL REALIHULTIPLY (.RESULT, .COSITHETAIFLOAT) 5

IF HATHINEGATIVE
THEN

CALL REALIHULTIPLY (.ZIVECTORIFLOAT, .ONEIFLOAT) ]
ELSE

CALL REALIHULTIPLY (.ZIVECTORIFLOAT, .HINUSIONEIFLOAT) 5 

CALL FIXI16IBIT (.RESULT) 5

CALL STOREIRESULTISINGLE ( .IGNITIONIVECTOR.ZISINGLE) 5 

CALL SINE (.THETAIFLOAT) ;
IF HATHINEGATIVE 
THEN

CALL REALIHULTIPLY (.XIVECTORIFLOAT, .ONEIFLOAT) 5 

ELSE
CALL REALIHULTIPLY (.XIVECTORIFLOAT, .HINUSIONEIFLOAT) 5 

CALL FIXI16IBIT (.RESULT) ?
CALL STOREIRESULTISINGLE (.IGNITIONIVECTOR.XISINGLE) 5
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391 2
392 ni.

393 2

394 2
395 2
396 2
397 2

398 2
399 2
400 2
401 2
402 2

403 2
404 2
405 2
406 3
407 2
408 2
409 2
410 2
411 2
412 2
413 3
414 2
415 3
416 2

417 2
418 2
419 2

420 2
<21 2
422 2
423 2
424 2
425 2

426 2
427 3
428 3
429 3

430 3
431 4
432 4
433 4

434 3
435 3
436 3
437 2
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CALL SINE (.PHItFLOAT)
IF MATHtNEGATIVE 
THEN

CALL REALtHULTIPLY (.YtVECTORtFLOAT, .ONEtFLOAT) j 
ELSE

CALL REALtMULTIPLY <.Y$VECTOR$FLOAT, .HINUS*ONE*FLOAT) ;
CALL FIX*16*BIT (.RESULT) }
CALL STOREtRESULTtSINGLE ( .IGNITIONtVECTOR.YtSINGLE) }
CALL HOTORtCALCULATIONS ( . IGNITIONSVECTOR.X*SINBLE,

.FIVEtHUNDREDtFLOAT,
NOtUPDATE ) 5

CALL 6 AS»PRE»PUR6 E 5 

STARTtENABLE = TRUE 5 

STOPtENABLE = FALSE 5 

CALL SET»POWER»SOURCE»CONTROL ?
DELAYtFLAG = FALSE 5 

DELAYtCOUNT = 500 ;
DELAY$FLA6  = TRUE }
DO WHILE DELAYtFLAG 1 /»DELAY FOR 5 Secs*/
END ;
OUTPUT <CURRENT»CONTROL) = I6 NITIQN»CURRENT»BYTE(0) ;
CALL STARTtHOTORS 5 

DELAYtFLAG = FALSE ;
DELAY$CDUNT = 5 5 

DELAYtFLAG = TRUE !
DO WHILE DELAYSFLAG ? /»DELAY FOR 50 «5»/
END ;
DO WHILE IHOTDRStRUNNING AND ARCIOFF) ;
END ;
«ENABLED,
YJENABLED,
ZtENABLED = FALSE 5 

CALL SET»DIRECTIONtCONTROL ;
CALL TIME (100) 5 /» DELAY 10«S */
IF ARCIOFF 
THEN

IBNITIONSERROR = TRUE ;
DELAYtFLAB = FALSE }
DELAYICOUNT = 1000 ; /»ELECTRODE WARN UP = 10 Sect/
DELAYtFLAG = TRUE 5

OUTPUT (CURRENTtCONTROL) = I6 NITIONICURRENT»BYTE(1) j 
IF (IGNITIONIVECTOR.»»SINGLE(0) OR I6NITI0N»VECT0R.X»SINGLE(1)) <> 0 
THEN 

DO ;
REMAINDERtSINSLE(1) = INPUT (»»COUNTER) \
REMAINDERtSINGLE(0) = INPUT (»»COUNTER) 5 

IF ROL (IGNITIONtVECTOR.»»SINGLE(0), 1)
THEN

DO ;
CALL ADDtSINGLE (.REHAINDER»SINGLE, .IGNITIONtVECTOR.»»SINGLE) 
CALL NEGATEtSINGLE (.RESULTtSINGLE) }

END ;
ELSE

CALL SUBTRACTtSINGLE (.REHAINDERtSINGLE, . IGNITIONtVECTOR.»»SINGLE) 
CALL STOREtRESULTtSINGLE ( .I6NITI0N»VECT0R.»»SINGLE) 5 

END i
IF (IGNITIONtVECTOR.YtSINGLE(O) OR IGNITIONtVECTOR.YtSINGLE(l)) <> 0
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43B 2
439 3
440 3
441 3

442 3
443 4
444 4
445 4

446 3
447 3
44B 3
449 2

450 2
451 3
452 3
453 3

454 3
455 4
456 4
457 4

458 3
459 3
460 3
461 2

462 2
463 3
464 2
465 2
466 2
<67 2
468 2
469 2
470 3
<71 2
<72 2
<73 2
<74 2
<75 2
<76 3
<77 2
<78 2
479 2
480 2
<81 2
<82 3
<83 2
<84 2
485 2
486 2

THEN
DO ;

REHAINDERISINGLE(l) = INPUT (YtCOUNTER) ;
REMAINDER$SINBLE(0) = INPUT (YiCOUNTER) ;
IF ROL (I6NITI0NtVECTQR.YtSINGLE(0)» 1)
THEN 

DO ;
CALL ADDtSINGLE <.REMAINDERtSIN6 LE, .IGNITIONtVECTOR.YtSINGLE) 5 

CALL NEGATEtSINGLE (.RESULTISELE) ;
END ;

ELSE
CALL SUBTRACTtSINGLE (.REMAINDERtSINGLE, . IGNJTIONtVECTOR.YtSINGLE) J 

CALL STOREtRESULTtSINGLE <.IGNITIONÌVECTOR.YtSINGLE) 5 

END ;
IF (IGNITIONtVECTOR.ZtSIN6LE(0) OR I6NITI0NtVECT0R.ZtSINGLE(l)) <> 0 
THEN

DO ;
REMAINDERtSINGLE(l) = INPUT (ZtCQUNTER) 5 

REMAINDERtSINGLE(O) = INPUT (ZtCOUNTER) 5 
IF ROL (IBNITIONtVECTOR.ZtSINGLE(0)» 1)
THEN 

DO ;
CALL ADDISIN6 LE t.REHAINDERISINGLE, . IGNITIONIVECTOR.ZtSINGLE) ; 
CALL NEGATEtSINGLE (.RESULTtSINGLE) ;

END ;
ELSE

CALL SUBTRACTtSINBLE (.REMAINDERtSINGLE, .IGNITIONtVECTOR.ZtSINGLE) ! 
CALL STOREtRESULTtSINBLE (.IGNITIONtVECTOR.ZtSINGLE) 5 

END ;
CALL MOTORtCALCULATIONS (.IGNITIONtVECTDR,

.FIVEIHUNDREDtFLOAT,
NOtUPDATE ) 5

DO WHILE DELAYtFLAG i /» ELECTRODE WARM UP TIME 1/
END ;
OUTPUT (CURRENTtCONTROL) = 16NITIONtCURRENTtBYTE(2) 5 

CALL STARTtHOTQRS 5 

DELAYtFLAG = FALSE }
DELAYtCOUNT = 25 } I t  250 aS DELAY t/
DELAYtFLAG = TRUE i
DO WHILE (DELAYtFLAG AND MOTORStRUNNING) ;
END *
OUTPUT (CURRENTtCONTROL) = IGNITIONtCURREKTtBYTE(3) ;
DELAYtFLAG = FALSE ;
DELAYtCOUNT = 25 ! /t 250 *S DELAY 1/
DELAYtFLAG = TRUE 5
DO WHILE (DELAYtFLAG AND HOT ORSIRUNNIN6 ) ;
END ;
OUTPUT (CURRENTtCONTROL) = IGNITIONtCURRENTtBYTEU) 5 

DELAYtFLAG = FALSE !
DELAYtCOUNT = 25 5 / I  250 aS DELAY 1/
DELAYtFLAG = TRUE 5

DO WHILE (DELAYtFLAG AND H0T0RStRUNNIN6) ;
END ;
OUTPUT (CURRENTtCONTROL) = IGNITIONtCURRENTtBYTE(5) i 
DELAYtFLAG = FALSE I
DELAYtCOUNT = 25 5 /t 250 aS DELAY t/
DELAYtFLAG = TRUE 5

i

PAGE 17



PL/H-80 c o h p i l e r WELD$PROCEDURE VER 3.00 DATE 08/07/81 PAGE 18

487 2
488 3

489 2
490 2
491 2
492 2

493 2
494 3
495 2
496 2
497 3
498 2

499 2

500 2

501 3

502 3

503 2

DO WHILE (DELAYiFLAG AND HOTORSiRUNNING) i 
END ;
OUTPUT (CURRENTtCONTROL) = I6NITI0N*CURRENT$BYTE<6 > ; 
DELAYiFLAG = FALSE i
DELAYtCOUNT = 25 ! /* 250 «S DELAY M
DELAYiFLAG = TRUE 5 

DO WHILE DELAYiFLAG ;
END ;
OUTPUT (CURRENTiCONTROL) = PULSEiCURRENTtBYTE 5 

DO WHILE HOTORStRUNNING i 
END ;
IF ARCtOFF 
THEN

IGNITIONiERROR = TRUE ?
ELSE

do ;
ARCiDIED = FALSE 5 

END ;
END IGNITEtTOUCH ;
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♦EJECT
504 1 HELDISEAM: PROCEDURE ;
505 2 DECLARE I BYTE ;

506 2

507 2
508 2

509 2

510 2

511 3

512 3

513 3

514 3

515 2

516 2

517 2

518 2

519 2

520 2

521 2

522 2

523 2

524 2

525 2

526 2

527 2

528 2

529 2

530 2
531 2

532 2

533 2
534 2

535 2

536 2

537
538
539
540
541
542
543

544

545
546
547

2
2
2
2
2
3
3

3
4 
4

548 4

CALL STOREtNUMBER (. PULSE$Cl)RRENT$FLOAT,
.PARAMETER*GROUP*TABLE(SEOUENCE*TABLE(««COUNT)).PULSE«CURRENT«FLOAT> 5 

CALL REALiDIVIDE (.PULSE$CURRENT«FLOAT, ,CURRENT*INCREMENT«FLOAT) 5 

CALL FIX*8 «BIT (.RESULT) ;
PULSE«CURRENT*BYTE = RESULTSSINGLE(1) !
DO I = 0 TO 6  5

CALL REALiDIVIDE (.IGNITION*CURRENT*FLOAT(I), .CURRENT$INCREHENT*FLOAT> ;
CALL FIX*B*BIT (.RESULT) }
IGNITION*CURRENT$BYTE(I) = RESULTtSINGLE(l) ;

END ;
CALL STORE*NUMBER (.BACKGROUND«CURRENT«FLOAT,

.PARAHETER*6R0UP*TABLE(SEQUENCE*TABLE(W«CDUNT)).BACKGRQUND*CURRENT*FL0AT) i 
CALL REALSDIVIDE (.BACKGROUND*CURRENT*FLOAT, .CURRENT*INCREMENT«FLOAT) 5 

CALL FIX*B*BIT (.RESULT) ;
BACKGROUND«CURRENT*BYTE = RESULT*SINGLE(1) 5

CALL REAL*MULTIPLY (.PARANETER*6R0UP*TABLE(SEQUENCE*TABLE(««COUNT)).PULSE»ON*TIME*FLOAT, 
.ONE*HILLION*FLOAT) 5

CALL REAL*DIVIDE (.RESULT, .RTC*DIVISOR*FLOAT) ;
CALL FIX*SIN6 LE*RQUND (.RESULT) j
CALL STORE*RESULT*SINGLE*ADDRESS (.PULSE*ON«COUNT) 5

PULSEJQNtCOUNTER = 0 5
CALL REAL*HULTIPLY (,PARAMETER*GROUP*TABLE(SEQUENCE*TABLE(««COUNT)).PULSE*OFF*TIME*FLOAT, 

•ONE*MILLION*FLOAT) {
CALL REAL*DIVIDE (.RESULT, .RTC*DIVISOR*FLOAT) 5 

CALL FIX*SIN6LE*R0UND (.RESULT) »
CALL STORE*RESULT*SINGLE«ADDRESS (,PULSE*OFF*COUNT) }
PULSE*OFF*COUNTER = 0 i
CALL REAL*MULTIPLY <.PARAHETER*BROUP«TABLE(SEQUENCE«TABLE(W*COUNT)).PRE*TRAVERSE*TIHE*FLOAT,

.ONE*MILLIOHtFLDAT > ;
CALL REALtDIVIDE (.RESULT, .RTC*DIVISOR*FLOAT> ;
CALL FIX*SIN6LE*R0UND (.RESULT) ;
CALL STORE*RESULT*SINBLE*ADDRESS (,PRE*TRAVERGE«CDUNT) ;
PRE*TRAVERSE*COUNTER = 0 !
CALL REAL*MULTIPLY (.PARAMETER*GROUP*TABLE(SEQUENCE*TABLE(««COUNT)).FALL*TIME*FLOAT, 

.ONE*HILLION*FLOAT) !
CALL REAL*DIVIDE (.RESULT, .RTC*DIVISOR*FLOAT) }
CALL STORE*RESULT (.FALL*COUNT*FLOAT) 5

CALL FIX*SINGLE*ROUND (.RESULT) 5

CALL STORE*RESULT*SINGLE*ADDRESS (.FALLJCOUNT) ;
FALLiCOUNTER = 0 5 

IGNITE = TRUE 5 

DO WHILE IGNITE ;
CALL CALCULATE*SEAH*TIME f
CALL REAL*SUBTRACT (.SEAM*TIME*FLOAT,

.PARAMETER*GROUP*TABLE(SEOUENCEiTABLE(«COUNT)).FALLTIME*FLOAT) }
IF RESULT*NEGATIVE 
THEN

DO ;
CALL POSITION*CURSOR (PROMPT*FIELD) j 
CALL HRITE*HESSAGE ( . (DELETE*LINE,

’FALL TIME TOO LONG ON WELD SEAM 
BELL, EOT)) J

CALL DISPLAY*BYTE (««COUNT) ;
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547 4
550 4
551 3
552 3
553 3
554 3
555 3
556 3

557 3

558 4
559 3

560 3
561 3

562 3

563 3

564 3

565 4

566 4

567 4

568 4

56? 4

570 5

571 5

572 5

573 5

574 5

575 5

576 5

577 6

578 6

579 6
580 6

581 5

582 5

583 4

584 3

585 3

586 3

587 3

588 4

589 4

590 4

591 3

592 4

596 4

CALL ST0RE$NUf1BER (.RESULT, .ZEROtFLOAT) i 
END 5

CALL REALtHULTIPLY (.RESULT, .ONEMILLIONÎFLOAT) !
CALL REALtDIVIDE (.RESULT, .RTCiDIVISORtFLOAT) ;
CALL FMSIN6LEIR0UND (.RESULT) }
CALL STOREtRESULTJSINGLEtADDRESS (.FALL*DELAY*CDUNT) i 
FALLIDELAYtCOUNTER = 0 ;
DELAYtCOUNTER = 0 5 
DO WHILE N0T0RSIRUNNIN6 5 

END i
RST$5$5*NASK = FALSE 5 

CALL SETIINTERRUPT4HASK 5 

0N4SEAN = TRUE 5

CALL SETICONTROLLERiINDICATORS 5 
IGNITIONtERROR = TRUE 5 
DO WHILE I6NITI0N4ERR0R \

IF PARAMETER*6R0UP4TABLE(SEQUENCEtT ABLE(WSCOUNT)).TOUCHSSTART 
THEN

CALL IGNITEtTOUCH 5 

ELSE
CALL IGNITE*H*F ;

IF IGNITI0N«ERR0R 
THEN

DO 1

GASfENABLE,
STARTÏENABLE = FALSE 5 

STOPiENABLE = TRUE 5 

CALL SET*PONER$SOURCE$CONTROL 5 

CALL POSITIONiCURSOR (PROHPTIFIELD) }
CALL WRITEIMESSAGE (.( DELETED I NE,

’ARC FAILED TO LIGHT, TRY AGAIN ?’ , 
BELL, EOT )) 5

IF CONSOLEtINPUT = ’N’
THEN

DO ;
ARCIFAIL = TRUE 5 

CALL CLEARtPRONPTIFIELD Î 
RETURN 5 

END ;
CALL CLEAR$PROHPT$FIELD !

END ;
END ;
PULSEiONSFLAG = TRUE ;
PREtTRAVERSEIFLAG = TRUE J
IF PARAHETER4GR0UP$TABLE(SE8UENCE$TABLE(W$C0UNT)).WIRE$FEED 
THEN

DO ;
MIREfENABLE = TRUE 5
CALL SET*POWER$SOURCE*CONTROL ;

END ;
DO WHILE PREtTRAVERSEfFLAG ;
END ;
FALL*DELAY*FLAG * TRUE 5 

FIRSTISEGNENT = TRUE ;
DO WHILE ( (PtCOUNT < POINTiCOUNT) AND (NOT ARCÎDIED) AND

(NOT ROR(DISPLACEMENT*TABLE(P*COUNT).IDENTIFIER, D) ) I 
CALL DISPLACEITORCH ;
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597 4

598 3
599 4
600 3

601 3

602 4
603 4
604 4

605 4

606 4

607 4

608 4
609 4
610 4

611 4

612 4

613 4

614 4

615 4

616 3

617 4

6 1 8 4

619 4

6 2 0 4

621 4

622 4

623 4
624 4

625 4

6 2 6  4

«7 5
6 2 8 4

629 4

630 4

631 4

632 4

633 4

634 3

635 2
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END ;
DD WHILE HOTORStRUNNING 5 

END ;
IF ARCtDIED 
THEN

DO ;
DISABLE !
OUTPUT (CURRENT4C0NTRQL) = 0 i 
FALLIDELAYiFLAG,
PULSEI0NÎFLA6,
PULSEÎ0FFSFLA6,
PREÎTRAVERSESFLA6 ,
FALL4FLAG)
DELAYÎFLAG = FALSE }
FALLÎDELAYÎCOUNTER,
PULSEÎONÎCOUNTER,
PULSEÎOFFÎCOUNTER,
PREÎTRAVERSEÎCOUNTER,
FALLÎCOUNTER»
DELAYÎCOUNTER = 0 5

RST*7«S«NASK,
RST<5<5<MASK = TRUE 5 

CALL SET<INTERRUPT<MASK 5 

ENABLE ;
STOPÎENABLE = TRUE | 
STARKENABLE)
WIREÎENABLE = FALSE 5

CALL SET<POWER<SOURCE<CONTROL Î
IF (NOT FIRSTÎSEGNENT)
THEN

CALL REÎPOSITION ?
IGNITE = TRUE 5 

END ;
ELSE 

DO ;
RST<7<5<MASK = TRUE 5 

CALL SET<INTERRUPT<MASK } 
STARKENABLE = FALSE 5 

STOPÎENABLE * TRUE 5 

CALL SET<POWER<SOURCE<CONTROL ; 
IGNITE = FALSE 5

DELAYÎCOUNT = POST<PURGE<COUNT 5 

DELAYÎCOUNTER = 0 ;
DELAYÎFLA6  = TRUE ?
DO WHILE DELAYÎFLAG ;
END ;
6 ASÎENABLE = FALSE ;
STOPÎENABLE = FALSE 5

CALL SET<POWER<SOURCE<CONTROL }
ON<SEAM = FALSE ;
CALL SETfCONTROLLERSINDICATDRS ; 

END ;
END }

END WELDISEAM \
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¿36 1

¿37 2
638 2

639 3

640 3

641 3
642 3

643 3
644 3
645 2
646 2

647 2
648 3
649 3

650 3
651 2

«EJECT
HELD: PROCEDURE ;

ARCtDIED = FALSE ;
DO HH1LE P4C0UNT < POINT«COUNT 5

IF (IDENTIFIER := DISPLACEHENT$TABLE(P«COUNT).IDENTIFIER) 
THEN

CALL NELD4SEAH ;
ELSE

CALL DISPLACE4T0RCH \
IF ARC4FAIL 
THEN

CALL TRACESPATH ;
END ;
CALL HOHE$TORCH 5 

IF DISPLACEHENT4ERR0R 
THEN

DO ;
CALL POSITIONÎCURSOR (ERRORiFIELD) 5 

CALL HRITE4HESSAGE ( . (DELETE4LINE,
'HELD PROGRAM PATH CLOSURE ERROR’ , 

BELL, EOT)) 5

END ;
END HELD ;
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¿52 1

653 2
654 T4.
655 2

656 2
657 3
658 3

659 3
660 3
661 2

662 2

663 2
664 3

665 3
6 6 6 3
667 2

6 6 8 2
669 3
670 3

671 3
672 3
673 2
674 2
675 2
676 3

677 3
678 4

679 4

680 4
681 4
682 3

683 3
684 4

685 4

686 4
687 4
688 3

689 3
690 4

♦EJECT
WELDiSEQUENCE: PROCEDURE PUBLIC 5 

CALL POSITIONICURSOR (PROGIFIELD) i 
CALL NRITEIMESSA6 E ( . (DELETEILINE, 'WELDISEQUENCE’ , EOT)) ;
IF NOT (PATHISET)
THEN 

DO ;
CALL POSITIONSCURSOR (ERRORIFIELD) 5 

CALL WRITEIMESSAGE I.(DELETEILINE,
’NO PATH IN MEMORY’ , BELL, EOT)) ;

RETURN 5 

END ;
PARAMETERiERROR,
ARCIFAIL = FALSE 5 

IF SEAMICOUNT <> 0 
THEN

DO J = 0 TO (SEAMICOUNT - 1) 5
IF NOT (PARAMETERSISETIFLA8 (SEQUENCEITABLE(J)))
THEN

PARAMETERIERROR = TRUE ;
END ;

IF PARAMETERiERROR 
THEN

DO ;
CALL POSITIDNICURS0R (ERRDRIFIELD) !
CALL NR1TEIMESSAGE ( . IDELETEILINE,

’PARAMETER SEQUENCE ERROR’ , EOT)) 5

RETURN ;
END }
ONISEAM = FALSE ;
PICOUNT, WICQUNT * 0 ?
DO WHILE PICOUNT < POINTICOUNT 5

IF ROR((IDENTIFIER := DISPLACEMENT<TABLE<P<C0UNT1.IDENTIFIER), 3)
THEN 

DO -,
IF ONISEAH 
THEN

DIVISORIADDRESS =
.PARAMETERIGROUPITABLEISEQUENCEITABLE(NICOUNT)).R<0<DIVIS0R<SINGLE

ELSE
DIVISORIADDRESS = .P0SITI0NIN6<DIVIS0R<SINGLE ;

END ;
IF ROR (IDENTIFIER, 4)
THEN

DO i
IF ONISEAM 
THEN

DIVISORIADDRESS =
.PARAMETER<GROUP<TABLE(SEQUENCE<TABLE(N<COUNT)).R<1<DIVIS0R<SIN8LE

ELSE
DIVISORIADDRESS = .POSITIONINGIDIVISORISINGLE 5

END ;
IF ROR (IDENTIFIER, 5)
THEN

DO ;
IF ONISEAM 
THEN
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691 4 DIVISORiADDRESS =
.PARAMETER$GROUP$TABLE(SEflUENCE$TABLE («COUNT) ).R»2»DIVIS0R$SINGLE 5 

ELSE
692 4 DIVISORiADDRESS = .P0SITI0NIN6$DIVIS0R$SINGLE 5
693 4 END 1
694 3 IF ROR (IDENTIFIER, 6 ) 

THEN
695 3 DO ;
696 4 IF ON*SEAM 

THEN
697 4 DIVISORiADDRESS =

.PARAMETER»6R0UP»TABLE(SEOUENCE»TABLE(«COUNT)).R»3$DIVISOR»SIN6LE 5 
ELSE

698 4 DIVISORiADDRESS = .POSITIONINGIDIVISORiSINGLE ;
699 4 END ;
700 3 IF NOT ( ROR(IDENTIFIER» 2)) 

THEN
701 3 CALL ST0RE»NUHBER»SIN6LE (.DISPLACEMENTITABLE(PiCOUNT).DISPLACEMENT»2»SINGLE,

DIVISORSADDRESS) ;
702 3 IF IDENTIFIER 

THEN
703 3 ONiSEAM = TRUE ;
704 3 IF ROR (IDENTIFIER, 1) 

THEN
705 3 DO ;
706 4 ONiSEAM = FALSE 5
707 4 «COUNT = «COUNT + 1 ;
708 4 END ;
709 3 PiCOUNT = PICOUNT + 1 5
710 3 END ;
711 2 CALL HOMEiTQRCH ;
712 2 DO WHILE DISPLACEMENTIERROR 5
713 3 CALL POSITIONiCURSOR (PROMPTIFIELD) J
714 3 CALL HRITEiMESSABE ( . (DELETEiLINE,

'MOVE TORCH TO REST POSITION’ , EOT)) 5
715 3 CALL POSITION 5
716 3 CALL HOMEiTORCH i
717 3 END ;
718 2 PiCOUNT = o ;
719 2 «COUNT, RtCOUNT « 0 5
720 2 CALL POSITIONICURSOR IPROMPTiFIELD) 5
721 2 CALL WRITEtMESSAGE ( . (DELETEiLINE,

'TRACE OR HELD PATH’ , EOT )) ;
722 2 CHARACTER = CONSOLEiINPUT ;
723 2 DO NHILE ((CHARACTER <> 'T') AND (CHARACTER <> ’«’ )) ;
724 3 CHARACTER = CONSOLE»INPUT i
725 3 END ;
726 2 IF CHARACTER = ’T’ 

THEN
727 2 CALL TRACEtPATH 5 

ELSE
728 2 CALL HELD 1
729 2 CALL CLEARIPROMPTIFIELD i
730 2 END NELDISEQUENCE ;
731 1 END HELDiPROCEDURE ;

PAGE 24



PL/H-80 COMPILER NELDSPROCEDURE VER 3.00 DATE 08/07/81

NODULE INFORMATION:

CODE AREA SIZE = 10FCH 
VARIABLE AREA SIZE = 0087H 
MAXIMUM STACK SIZE = OOOAH 
1285 LINES READ 
0 PROGRAM ERROR(S)

4348D
135D
10D

END OF PL/M-80 COMPILATION
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ISIS-II PL/M-BO V3.1 COMPILATION DF MODULE REALTIHEINTERRUPTPROCEDURE 
OBJECT MODULE PLACED IN : Fl :HELD12.OBJ
COMPILER INVOKED BY: PLM80 :FlsWELD12.PLH DEBUB N0RKFILES(:F1:,:FU) PRINTCF1:WELD12.LST)

«TITLE CREAL«TIME(INTERRUPT«PROCEDURE VER 2.00 DATE 07/04/81’ > 
1 REAL$TIME*INTERRUPT*PROCEDURE: DO 5

I t  A PLH80 PROCEDURE TO HANDLE TIMING OF REAL TIME EVENTS. (/

/ i  EXTERNALS >/
$ INCLUDE (: FI : HELD.EQU)

= ÌNOLIST

(INCLUDE CFUMATH.EfiU)
= (NOLIST

«INCLUDE CFliHELDl.EDS)
= ÌNOLIST

«INCLUDE <:F1:NATH.EDS)
= «NOLIST

183 1 SET(POHER«SOURCE«CONTROL: PROCEDURE EXTERNAL ;
18« 2 END SET*PONER«SOURCE«CONTROL }

185 I
186 1

187 J

188 i

189 J
190 J

DECLARE NIREtENABLE BYTE EXTERNAL !
DECLARE (PULSE*CURRENT«FLOAT,

BACK«GROUND»CURRENT (FLOAT»
CURRENT «INCREMENT«FLOAT,
FALL«COUNT«FLOAT ) Id BYTE EXTERNAL 5

DECLARE (PULSE«DNtCDUNT,
PULSE«OFF«COUNT,
FALL«COUNT,
FALL«DELAY*COUNT,
PRE«TRAVERSE«COUNT,
PULSE«ON«COUNTER,
PULSE«OFF«COUNTERj 
FALL«COUNTER,
FALL*DELAY*COUNTER,
PRE«TRAVERSE«COUNTER )

DECLARE <PULSE«CURRENT«BYTE,
BACK6R0UND«CURRENT(BYTE )

DECLARE MATH«IN(USE 
DECLARE <DELAY«COUNTER,

DELAY(COUNT ) ADDRESS EXTERNAL }

ADDRESS EXTERNAL ;

BYTE EXTERNAL 5 

BYTE EXTERNAL j
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191 1

192 2
193 2
194 2

195 2
196 3
197 3

198 3
199 4
200 4 
201 4
202 3
203 2

204 2
205 3
206 3

207 3
208 4

209 4
210 4 
211 4
212 4
213 4

214 3
215 2

216 2

217 3
218 3

219 3

220 4 
221 4

222 4
223 4

224 4

225 4

226 3
227 2

228 2
229 3

230 3

232 4
233 4
234 4

♦EJECT
REALiTIHE«INTERRUPT: PROCEDURE PUBLIC ;

OUTPUT (REAL4TIHE4CL0CK) = RTCtDIVISORiSINGLE(l) 5 

OUTPUT (REAL4TMEÎCL0CK) = RTCtDIVISORtSINGLElO) ;
IF PRE4TRAVERSE4FLAG 
THEN

DO ;
PRE$TRAVERSE$COUNTER = PRE$TRAVERSEtCOUNTER ♦ 1 i 
IF PRE4TRAVERSE4C0UNTER > PRE4TRAVERSEIC0UNT 
THEN

DO ;
PREITRAVERSEtCOUNTER = 0 ; 
PRE4TRAVERSE4FLAG = FALSE 5 

END ;
END ;

IF FALL$DELAY$FLAG 
THEN 

DO ;
FALL4DELAYIC0UNTER = FALL4DELAY4C0UNTER ♦ 1 ;
IF FALL4DELAY4C0UNTER > FALLtDELAYtCOUNT 
THEN

DO ;
FALL4DELAY4C0UNTER * 0 5 
FALLIDELAYIFLAG = FALSE ?
FALLfFLAG = TRUE ;
NIREIENABLE = FALSE ;
CALL SET4P0HER4S0URCE4C0NTR0L 5 

END ;
END ;

IF FALL4FLAG 
THEN

DO ;
FALL4C0UNTER = FALLtCOUNTER + 1 ;
IF FALL4C0UNTER > FALL4CÖUNT 
THEN

DD ;
FALL4C0UNTER * 0 5 

FALL4FLA6,
PULSEIONIFLAG)
PULSE40FF4FLAG = FALSE i 
PULSEIONiCOUNTER = 0 !
PULSE40FF4C0UNTER = 0 5 

OUTPUT (CURRENT4C0NTR0L) = 0 ?
END;

END;
IF PULSEI0FF4FLAG 
THEN

DO ;
PULSEiOFFtCOUNTER = PULSE40FF4C0UNTER + 1 ;
IF PULSE40FFIC0UNTER > PULSE40FF4C0UNT 
THEN

DO ;
PULSE$OFF$COUNTER = 0 ;
PULSE»OFF$FLAG * FALSE i 
PULSE$ON$FLAG * TRUE ;

235 IF FALL4FLAG

I

KJ
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236 4

237 4
23B 4
239 3
240 2

241 2
242 3
243 3

244 3
245 4
246 4
247 4
248 4
249 4

250 3
251 4

252 4
253 5
254 5
255 5
256 5
257 5
258 5
259 5
260 5 
261 5 
262 5
263 5
264 5
265 5
266 5
267 5
268 4
269 3
270 2

271 2
272 3
273 3

^  3
275 4
276 4

279 2
280 1

THEN
; H  DUMMY t l  

ELSE
OUTPUT (CURRENTtCONTROL) = PULSEtCURRENT$BYTE 5

END 5 
END ;

IF PULSEiONIFLAG 
THEN

DO ;
PULSEIONÌCOUNTER = PULSEtONICOUNTER + 1 ;
IF PULSEIONICOUNTER > PULSE*ON$COUNT 
THEN

DO ;
PULSEtONiCOUNTER = 0 ;
PULSEfONIFLAG = FALSE ?
PULSE*OFF*FLAG = TRUE \

OUTPUT (CURRENTÌCDNTROL) = BACKGROUND$CURRENT$BYTE ?
END ;

ELSE
DO ;

IF (FALLÌFLAG AND NOT(MATH*IM$USE)>
THEN 

DO ;
CALL REAL4SUBTRACT (.PULSE4CURRENTtFLQAT, .BACKBROUND*CURRENT$FLOAT) J 
OUTPUT (ARITHNETICtDATA) = LON (FALLtCOUNTER) 5 
OUTPUT (ARITHMETICSDATA) = HIGH (FALLICOUNTER) ;
OUTPUT (ARITHMETIC$COMMAND) = FLTS }
CALL NAIT«FOR<ARITHMETICOPROCESSOR }
CALL PUSH*DATA*TO$APU 1.RESULT) !
OUTPUT (ARJTHHETIMCOHNAND) = FHUL !
CALL NAIT<FOR!ARITHMETICOPROCESSOR 5 
CALL P0P*RESULT*FR0H4APU }
CALL REALIDIVIDE (.RESULT, .FALL4C0UNT4FL0AT) ;
CALL REAL4SUBTRACT (.PU LSE*C U R R EN T$FLO A T, .R E S U LT) {

CALL REAL4DIVIDE (.RESULT, .CURRENT!INCREMENTtFLOAT) 5 
CALL FIXIBtBIT (.RESULT) ;
OUTPUT (CURRENTtCQNTROL) = RESULTAMELE (1) ;

END ;
END ;

END ;
IF DELAYIFLAG 
THEN

DO ;
DELAYÌCOUNTER = DELAYICOUNTER + 1 ;
IF DELAYtCOUNTER > DELAYfCOUNT 
THEN 

DO I
DELAYÌCOUNTER = 0 5 
DELAYIFLAG = FALSE ;

END ;
END ;

END REALITINE4INTERRUPT ;
END REAL$TIHE*INTERRUPT!PROCEDURE 5

HDDijLE INFORMATION:
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CODE AREA SIZE = 016CH 
VARIABLE AREA SIZE = OOOOH 
MAXIMUM STACK SIZE = 0002H 
689 LINES READ 
0 PROGRAM ERROR(S)

eND OF PL/M-80 COMPILATION

364D
OD
2D
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ISIS-II PL/M-80 VÎ.1 COMPILATION OF MODULE SEQUENCEPROCEDURE 
OBJECT MODULE PLACED IN : Fl :WELD18.OBJ
COMPILER INVOKED BY: PLHBO :F1:WELD18.PLM DEBUS MORKFILESCFH,iFl:> PRINTIïFlsHELDIB.LST)

♦TITLE (’SEQUENCEtPROCEDURE VER 1.00 DATE 27/07/81’ )
1 SEBUENCESPROCEDURE: DO!

/ t  A PLM80 PROGRAM TO ALLOW THE USER TO SET THE SEQUENCE IN WHICH GROUPS OF 
WELDING PARAMETERS WILL BE USED DURING WELDING.
EACH WELD SEAM MAY BE ASSIGNED A GROUP OF PARAMETERS BY ENTERING THE 
CORRESPONDING GROUP NUMBER INTO THE RELEVANT POSITION IN THE ARRAY ’SEQUENCERABLE’ . 

M

/ t  EXTERNALS 1/
$ INCLUDE (:F1: WELD.E8U)

= 4NDLIST 
= •

3 1 WRITEtMESSAGE: PROCEDURE (MESSAGE*ADDRESS) EXTERNAL ;
4 2 DECLARE MESSAGE4ADDRESS ADDRESS ;
5 2 END NRITE4MESSA6E !

4 1 POSITION*CURSORï PROCEDURE (COLUMNÌNUMBER, LINE*NUMBER) EXTERNAL !
7 2 DECLARE (C0LUHN4NUHBER, LINEÎNUMBER) BYTE !
8 2 END POSITIONtCURSOR 5

9 1 DISPLAYtBYTE: PROCEDURE (BYTE*VALUE) EXTERNAL !
10 2 DECLARE BYTE«VALUE BYTE !
11 2 END DISPLAYÌBYTE 5

12 1 READ*BYTE*VALUE: PROCEDURE BYTE EXTERNAL !
13 2 END READ*BYTE$VALUE !

14 1 DISPLAYIX: PROCEDURE EXTERNAL !
15 2 END DISPLAYS 5

14 1 DISPLAYS: PROCEDURE EXTERNAL !
17 2 END DISPLAYÎY !

18 1 DISPLAYtZ: PROCEDURE EXTERNAL 5
19 2 END DISPLAYSZ !

20 1 DISPLAY*Ri PROCEDURE (RtNUMBER) EXTERNAL !
21 2 DECLARE RINUMBER BYTE !
22 2 END DISPLAYÎR !

23 1 DISPLAY*CURRENT»RANGE: PROCEDURE EXTERNAL 5
24 2 END DISPLAY*CURRENT*RANGE 5

25 1 DISPLAY*CURRENT*INCREMENT: PROCEDURE EXTERNAL 5
24 2 END DISPLAY$CURRENT*INCREHENT 5

27 1 DISPLAYIPATHSNAME: PROCEDURE EXTERNAL !
28 2 END DISPLAY*PATH*NAHE ;

29 1 DISPLAY*REST*POSITION: PROCEDURE EXTERNAL !
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30 2 END DISPLAY$REST$POSITION ;

31 1 CONSOLEIOUTPUT: PROCEDURE (BYTEIVALUE) EXTERNAL \
32 2 DECLARE BYTEÍVALUE BYTE i
33 2 END CDNSOLEÍOUTPUT ;

34 1 DECLARE BYTEÍVALUE BYTE EXTERNAL ;
35 1 DECLARE SIGN$ON$NESSAGE BYTE EXTERNAL }

I t  PUBLIC DATA t/
36 1 DECLARE SEQUENCEtTABLE (60) BYTE PUBLIC 5

I t  LOCAL DATA 1/
37 1 DECLARE (I,

Jj
SEAN ) BYTE ;
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IEJECT
38 1 SEQUENCE: PROCEDURE PUBLIC ;
39 2 CALL HRITEIMESSA6E ( . (CLEARÎSCREEN,

CURSORIHOME,
’HELDIN6 PARANETER SEQUENCE’ ,
CRILF, CRILF,

’ SEAU GROUP 1 SEAM GROUP 1 SEAU GROUP 1 SEAM GROUP 1 SEAM GROUP 1 SEAU GROUP’ , EOT))
40 2 DO I = 0 TO 5 ;
41 3 DO J = 0 TO 9 ;
42 4 CALL POSITIONICURSOR ( <(11131+2), (J+3) ) ;
43 4 CALL DISPLAYtBYTE ( (10ID+J ) 1
44 4 CALL HRITEIHESSAGE (.( ’ ’ , EOT)) 5
45 4 CALL DISPLAYtBYTE <SEQUENCEtTA8LE((10tI)+J)) 5
46 4 END ;
47 3 END ;
48 2 DO FOREVER i
49 3 CALL POSITIONtCURSOR (PROHPTIFIELD) 1
50 3 CALL NRITEINESSAGE ( . (DELETEILINE,

’SEAN ? ’ , EOT)) j
51 3 IF NOT (READIBYTEIVALUE)

THEN
52 3 DO ;
53 4 CALL HRITEIHESSAGE (.SI6NI0NIHESSABE) ;
54 4 CALL DISPLAYICURRENT$RANGE 5
55 4 CALL DISPLAYtCURRENT$INCREHENT ;
56 4 CALL DISPLAYIPATHINAHE 5
57 4 CALL DISPLAYIRESTIPDSITION 1
58 4 CALL DISPLAY« \
59 4 CALL DISPLAY« 5
60 4 CALL DISPLAY« J
il 4 CALL DISPLAY«(0) 5
62 4 CALL DISPLAYIR(l) ;
63 4 CALL DISPLAY«(2) 5
64 4 CALL DISPLAY«<3) 5
65 4 RETURN j
66 4 END ;
67 3 IF (BYTEIVALUE < 60)

THEN
68 3 DO ;
69 4 SEAN = BYTEIVALUE ;
70 4 CALL POSITIONtCURSOR (PROHPTtFIELD) !
71 4 CALL NRITEtHESSAGE ( .( ’SEAN ’ , EOT)) 5
72 4 CALL DISPLAYtBYTE (SEAH) 5
73 4 CALL NRITEINESSAGE (.(' PARAMETER GROUP ? ’ , EOT))
74 4 IF NOT (READIBYTEIVALUE)

THEN
75 4 CALL CONSOLEIOUTPUT (BELL) ?

ELSE
76 4 DO ;
77 5 SEQUENCEITABLE (SEAM) = BYTEIVALUE I
78 5 CALL POSITIONtCURSOR < (<(SEAH/10)*13)+7),
79 5 CALL DISPLAYtBYTE (BYTEIVALUE) 5
80 5 END ;
81 4 END ;

ELSE
82 3 CALL CONSOLEIOUTPUT (BELL) 5
83 3 END ;
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84 2 END SEQUENCE 5
85 1 END SEQUENCEtPROCEDURE ;

MODULE INFORMATION:

CODE AREA SIZE = 01D3H 467D
VARIABLE AREA SIZE = 003FH 63D
MAXIMUM STACK SIZE = 0006H 6D
340 LINES READ 
0 PROGRAM ERROR(S)

END OF PL/M-80 COMPILATION



Pl/H-BO COMPILER PATHSPROCEDURE VER 3.00 DATE 20/08/81 PAGE 1

ISIS-II PL/N-80 V3.1 COMPILATION OF MODULE PATHPROCEDURE 
OBJECT MODULE PLACED IN : FI: HELD?.OBJ
COMPILER INVOKED BY: PLM80 :F1:HELD9.PLM DEBUG HORKFILESCFU, :F1 :) PRINTCF1:HELD9.LST)

«TITLE (’PATHOPROCEDURE VER 3.00 DATE 20/08/81') 
PATHSPROCEDURE: DO }

/» EXTERNALS »/
♦INCLUDE CFl:HELD.EQU)
♦NOLIST

80 1 
81 2 
82 2

83 l
84
85

2
2

86 1
87 2

2

89 1
90
91

2
2

92 1
93 2

94 1
95 2
96 2

97 1
98 2
99 2

100 i
101 2 
102 2

103 i
104 2
105 2

106 J
107 2
108 2

♦ INCLUDE OFUNATH.EQU)
♦NOLIST
♦INCLUDE <: Fl :HELD1.EDS)
♦NOLIST

MULTIPLY: PROCEDURE (BOADDRESS, AOADDRESS) EXTERNAL i 
DECLARE (A«ADDRESS, BOADDRESS) ADDRESS 5 

END MULTIPLY 5

DIVIDE: PROCEDURE (BOADDRESS, AOADDRESS) EXTERNAL $
DECLARE (AOADDRESS, BOADDRESS) ADDRESS ;

END DIVIDE 1

SUBTRACT: PROCEDURE (BOADDRESS, AOADDRESS) EXTERNAL 5 
DECLARE (AOADDRESS, BOADDRESS) ADDRESS {

END SUBTRACT ;

PUSHÎDATAOTOOAPU: PROCEDURE (DATAOADDRESS) EXTERNAL }
DECLARE DATAiADDRESS ADDRESS ;

END PUSHODATAOTOOAPU ;

HAITOFOROARITHMETICOPROCESSOR: PROCEDURE EXTERNAL |

END NAITOFOROARITHMETICOPROCESSOR j

SUBTRACT0SIN6LE: PROCEDURE (BOADDRESS, AOADDRESS) EXTERNAL ;
DECLARE (A4ADDRESS, BOADDRESS) ADDRESS 1 

END SUBTRACT0SIN6LE !

STOREORESULT: PROCEDURE (STOREOADDRESS) EXTERNAL ;
DECLARE STOREOADDRESS ADDRESS ;

END STOREORESULT 5

STOREORESULTOSINGLE: PROCEDURE (STOREOADDRESS) EXTERNAL Î 
DECLARE STOREOADDRESS ADDRESS 5 

END STOREORESULTOSINGLE 5

STOREONUMBEROSINGLE: PROCEDURE (STOREOADDRESS, DATAOADDRESS) EXTERNAL ;
DECLARE (STOREOADDRESS, DATAOADDRESS) ADDRESS ;

END STOREONUMBEROSINGLE 5

STOREONUMBER: PROCEDURE (STOREOADDRESS, DATAOADDRESS) EXTERNAL 5 
DECLARE (STOREOADDRESS, DATAOADDRESS) ADDRESS ;

END STOREONUMBER 5

109 i NEGATE: PROCEDURE (AOADDRESS) EXTERNAL 5
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110 2 
111 2

112 1
113 2
114 2

115 1
116 2
117 2

118 1

119 1

120 1

121 1 
122 2
123 2

124 1
125 2
126 2

127 1
128 2
129 2

130 1
131 2
132 2
133 2

134 1
135 2

136 1
137 2

138 1
139 2

140 1 
Ul 2
142 2

143 1
144 2

145 1
146 i

DECLARE AIADDRESS ADDRESS ;
END NEGATE ;

NEGATEISINGLE: PROCEDURE (AIADDRESS) EXTERNAL ;
DECLARE AIADDRESS ADDRESS i 

END NEGATEISIN6LE ;

FIXISINGLE: PROCEDURE <A$ADDRESS) EXTERNAL 5 
DECLARE AIADDRESS ADDRESS i 

END FIXSSINGLE }

DECLARE (FOUR,
FIVE,
RESULT,
THREEITWQISEVENISIXISEVEN,
POSITIONINGiDIVISORtFLOAT ) ( 4 ) BYTE EXTERNAL 5 

DECLARE (T«0$THOUSAND«SINGLE,
TNQISINGLE,
RESULTISELE ) (2) BYTE EXTERNAL 5 

DECLARE MATHISTATUS BYTE EXTERNAL 5

SETIUPIX: PROCEDURE (DISPLACEMENTIADDRESS) EXTERNAL ;
DECLARE DISPLACEMENTIADDRESS ADDRESS i 

END SETIUPIX }

SETIUPIY: PROCEDURE (DISPLACEMENTIADDRESS) EXTERNAL 5 
DECLARE DISPLACEMENTIADDRESS ADDRESS 5 

END SETIUPIY ;

SETIUPIZ: PROCEDURE (DISPLACEMENTIADDRESS) EXTERNAL \
DECLARE DISPLACEMENTIADDRESS ADDRESS ;

END SETIUPIZ {

ROTATE: PROCEDURE (RINUMBER, DISPLACEMENTISINGLEIADDRESS) EXTERNAL ; 
DECLARE RINUHBER BYTE ;
DECLARE DISPL ACEMENTISINGLEI ADDRESS ADDRESS ;

END ROTATE ?

RELEASEIKEYS: PROCEDURE EXTERNAL ;
END RELEASEIKEYS i

RUNIMOTORS: PROCEDURE EXTERNAL 5 
END RUNIHOTORS ;

POSITION: PROCEDURE EXTERNAL ;
END POSITION ;

MOVE: PROCEDURE (AUTOIDISABLE) EXTERNAL ;
DECLARE AUTOIDISABLE BYTE \

END MOVE Î

SETICONTROLLERIINDICATORS: PROCEDURE EXTERNAL !
END SETICONTROLLERIINDICATORS }

DECLARE HOTORSIRUNNING BYTE EXTERNAL !
DECLARE (XIORDINATE,

YIQRDINATE,
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147 1
148 1

Z40RDINATE ) (4) BYTE EXTERNAL 5 
DECLARE RiORDINATES (4) STRUCTURE (ORDINATE (4) BYTE) EXTERNAL 5 
DECLARE (R$0$ENABLEDi

R$1»ENABLED,
R$2fENABLED» 
R»3$ENABLED, 
CONTROLLERÍACTIVE, 
ONÍSEAM ) BYTE EXTERNAL 5

149 1 DECLARE (R0TATI0N4ENABLED,
LI NEAR»ENABLED,
FASTtKEY,
SLOMKEY,
ENTER4KEY,
START$NELD»KEY,
STOP$NELD»KEY ) BYTE EXTERNAL 5

I t  A PLM80 PROCEDURE TO ALLOW THE USER TO ENTER A WELDING PATH INTO SYSTEM MEMORY.
THE PATH IS ENTERED ON A POINT BY POINT BASIS, THE TORCH BEIN6 MOVED FROM ONE POINT TO 
THE NEXT USIN6 THE HAND HELD CONTROLLER..
ALL PATHS MUST START AND FINISH AT THE SAME POINT i.e. THE REST POSITION.
THE REST POSITION IS DEFINED BY THE USER WHEN HE ENTERS A PATH.

M

i
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»EJECT

/* PUBLIC DATA 1/
150 1 DECLARE DISPLACEMENTÍTABLE (1000) STRUCTURE (IDENTIFIER BYTE,

DISPLACEMENT$1$SINBLE (2) BYTE, 
DISPLACEMENT»2»SIN6LE (2) BYTE, 
DISPLACEMENT»3»SINGLE (2) BYTE) PUBLIC Î

I t  IDENTIFIER BIT»0 = START HELD
BIT« = STOP HELD 
BITI2 = LINEAR4ENABLE 
BIT»3 = ROÍENABLE 
BIT»4 = R1»ENABLE 
BIT«5 = R2»ENABLE 
BIT»6 = R3ÍENABLE

151 1
»/

DECLARE PATHNAME (16) BYTE PUBLIC i
152 1 DECLARE (REST$POSITION$X,

RESTIPOSITIONÍY,
REST»POSITION»Z,
REST»P0SITI0N*R*0,
REST»P0SITI0N»R«1,
REST»P0SITI0N4R»2,
REST*P0SITI0N«R<3 ) (4) BYTE PUBLIC

153 1 DECLARE (SEAMÍCOUNT,
DISPLACEMENTÍERROR) BYTE PUBLIC ;

154 1 DECLARE POINTtCOUNT ADDRESS PUBLIC 5
155 1 DECLARE D1SPLACEHENT4SIN6LE (2) BYTE PUBLIC 5
156 1 DECLARE DISPLACEMENT (4) BYTE PUBLIC 5
157 1 DECLARE ZERO»DISPLACEMENT BYTE PUBLIC {
158 1 DECLARE PATHÍSET BYTE PUBLIC }

159 1
/» LOCAL DATA 1/

DECLARE (LAST»XtORDINATE,
LAST»Y»ORDINATE, 
LASTtZiORDINATE, 
LAST*R*0»0RDINATE, 
LAST»Rtl»ORDÌNATE, 
LAST $R$2$0RDINATE, 
LAST»R*3»0RDINATE ) (4) BYTE 5

1*0 1 DECLARE (RIOtDISPLACEHENTÍSINGLE,
RÍ1»DISPLACEMENTÍSIN6LE,
R»2tDISPLACEMENT»SINGLE,
R»3»DISPLACEHENTtSINBLE) (2) BYTE ;

161 1 DECLARE (I,
IDENTIFIER ) BYTE

162 1 DECLARE DISPLACEMENTIDIRECTION BYTE
163 1 DECLARE (NELD4SEAM,

HELDINGtFINISHED ) BYTE
164 1 DECLARE ZEROiDISPLACEMENTtFLAB BYTE
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♦EJECT

165 1 SETIPATHINAME: PROCEDURE 5
166 2 DECLARE I BYTE ;

167 2 CALL P0SITIONICURSOR (PROMPTIFIELD) 5
168 2 CALL NRITEIMESSAGE ( . (DELETEILINE,

’ENTER PATH NAME’ , EOT)) i
169 2 CALL PQSITIONICURSOR (COMMANDSFIELD) J
170 2 CALL NRITEIMESSAGE ( . (DELETEILINE, EOT)) }
171 2 CALL READILINE }
172 2 DO I = 0 TO 15 i
173 3 IF EDITIBUFFER(I) = CARRI6EIRETURN 

THEN
174 3 PATHNAME(I) = SPACE i 

ELSE
175 3 PATHtNAME(I) = EDITIBUFFER(I) !
176 3 END ;
177 2 PATHINAMEISET = TRUE 5
178 2 CALL DISPLAYIPATHINAME 5
179 2 CALL CLEARIPROMPTIFIELD ;
180 2 END SETIPATHINAME 5

181 1 DISPLAYIRESTIPOSITION«' PROCEDURE PUBLIC 5
182 2 CALL PQSITIDNICURSDR (RESTIPOSITIONIFIELD) ;
183 2 CALL CDNSDLEIDUTPUT (DELETEILINE) 5
184 2 IF RESTIPOSITIONISET 

THEN
185 2 DO ;
186 3 CALL NRITEIMESSAGE (. (BACKGROUNDS,

'START X« EOT)) ;
187 3 CALL DISPLAY!ININORMALISEDIUNITS (.RESTIPOSITIONIX)
188 3 CALL NRITEIMESSAGE (.(' Y= ’ , EOT)) ;
189 3 CALL MULTIPLY (.RESTIPOSITIONIY, .FIVE) 5
190 3 CALL DIVIDE (.RESULT, .FOUR) 5
191 3 CALL DISPLAYIININORMALISEDIUNITS (.RESULT) ;
192 3 CALL NRITEIMESSAGE (.( ’ Z= ’ , EOT)) ?
193 3 CALL DISPLAYIININORMALISEDIUNITS (.RESTIPOSITIONIZ)
194 3 CALL NRITEIHESSAGE (.(CRILF, ’ R0= ’ , EOT)) ;
195 3 CALL CONVERTITOIASCII (.RESTIPOSITIONIRIO) \
196 3 CALL CONSOLEIOUTPUT (ASCII(0)) !
197 3 CALL DISPLAYIASCIIIBUFFER (1, 10, ENABLEIBLANKIN6)
198 3 CALL NRITEIMESSAGE (.<’ Rl= ’ , EOT)) ;
199 3 CALL CONVERTITOIASCII (.RESTIP0SITI0NIRI1) 5
200 3 CALL CONSOLEIOUTPUT (ASCII(0)) 5
201 3 CALL DISPLAYIASCIIIBUFFER (1, 10, ENABLEIBLANKING) i

202 3 CALL NRITEIMESSAGE (.( ’ R2= ’ , EOT)) 5
203 3 CALL CONVERTITOtASCII (.RESTIPOSITIONIRI2) 5
204 3 CALL CONSOLEIOUTPUT (ASCII(0)) !
205 3 CALL DISPLAYIASCIIIBUFFER (1, 10, ENABLEIBLANKING)
206 3 CALL NRITEIMESSAGE (.( ’ R3«= ’ , EOT)) 5
207 3 CALL CONVERTITOIASCII (.RESTIP0SITI0NIRI3) ;
208 3 CALL CONSOLEIOUTPUT (ASCII(0)) J
209 3 CALL DISPLAYIASCIIIBUFFER (1, 10, ENABLEIBLANKING) i
210 3 CALL CONSOLEIOUTPUT (BACK6R0UNDI0FF) {
211 3 END ;
212 2 END DISPLAYIRESTIPOSITION ;

C.H
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213 1
214 2
215 2
216 2
217 2

218 1
219 2
220 2 
221 2

222 2
223 2

224 2

225 2
226 2

227 2
228 3
229 3
230 3
231 3
232 3

233 2
234 3
235 3
236 3
237 2
238 2
239 2
240 2

241 2
242 2
243 2
244 2
245 2

246 1
247 2
248 2
249 2

250 2
251 3
252 3
253 3
254 3
255 3
256 3

257 2
258 2

ERROR: PROCEDURE 5
DISPLACEMENT$ERROR = TRUE 5
CALL POSITION$CURSOR (ERRDR$FIELD) ;
CALL NRITEÌMESSA6E ( . (DELETEtLINE, ’DISPLACEMENT ERROR’ , E0T1) ;

END ERROR 5

CALCULATEtDISPLACEMENT: PROCEDURE (THIS$ORDINATE$ADDR, LASTfQRDINATEtADDR) | 
DECLARE (THISIORDINATEIADDR, LASTIORDINATEtADDR) ADDRESS 5 
CALL SUBTRACT (THISSORDINATEtADDR, LAST$ORDINATE$ADDR) \
IF MATHSOVERFLOH 
THEN

CALL ERROR 5 
IF MATH4ZER0 
THEN

ZERD4DISPLACEMENT = TRUE 5 
ELSE

ZEROiDISPLACEHENT = FALSE 5 
IF MATHtNEGATIVE 
THEN

DO »
CALL PUSH$DATA*TO$APU (.RESULT) 5
CALL PUSH*DATA$TQ$APU (.THREE*TH0$SEVEN4SI »SEVEN) 5
OUTPUT < ARITHMETIC$COMMAND) = CHSD !
CALL HAITiFORIARITHMETICIPROCESSOR !

END ;
ELSE

DO ;
CALL PUSH$DATA$TO*APU (.THREE$TWO*SEVEN*SIXfSEVEN) 5 
CALL PUSH$DATA$TO$APU (.RESULT) 5 

END ;
OUTPUT (ARITHHETICICOMMAND) = DSUB ;
CALL HAITIFORtARITHNETIC4PR0CESS0R 5 
MATH4STATUS = INPUT (ARITHMETIC4STATUS) 5 
IF MATHINE6ATIVE 
THEN

CALL ERROR ;
CALL STOREIRESULT (.DISPLACEMENT) ;
DISPLACEMENT$SIN6LE(0) = RESULT (2) 5 
DISPLACEMENTISINBLE(l) = RESULT (3) 5 

END CALCULATEtDISPLACEHENT 5

CHECK$DISPLACEMENT: PROCEDURE (THIStORDINATEtADDR, LAST$ORDINATE$ADDR) PUBLIC ; 
DECLARE (THIStORDINATE(ADDR, LAST$ORDINATE$ADDR) ADDRESS i 
CALL CALCULATEtDISPLACEHENT (THISSORDINATEfADDR, LAST SORDINATE$ADDR) ;
IF ROL (DISPLACEMENT(0), 1)
THEN

DO ;
DISPLACEMENT ̂ DIRECTION = FALSE 5
CALL NEGATEiSINSLE (.DISPLACEMENT4SINGLE) ;
CALL STORE*RESULT«SINGLE (.DISPLACEMENTtSINGLE) 5 
CALL NEGATE (.DISPLACEMENT) ;
CALL STOREIRESULT (.DISPLACEMENT) }

END ;
ELSE

DISPLACEMENTiDIRECTION = TRUE i
CALL SUBTRACTISINGLE (.THOITHOUSANDtSIN8LE, .DISPLACEMENTtSINGLE) !
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259 2

260 2 
261 2 
262 2

263 2
264 2

265 1
266 2
267 3
268 2
269 2
270 2
271 2
272 2
273 2
274 2
275 2
276 2
277 2

278 2
279 3
280 3 
281 3 
282 3
283 2
284 2

285 2
286 3
287 3
288 3
289 3
290 2
291 2

292 2
293 3
294 3
295 3
296 3
297 2
298 2

299 2
300 2

301 2
302 2

303 2
304 2

305 2

IF MATHiNEGATIVE 
THEN

DISPLACEMENTIERROR = TRUE 5
CALL SUBTRACTISIN6LE (. DISPLACEMENTS INGLE, .THOISINGLE) ;
IF ( MATHINE6ATIVE AND (NOT ZEROIDISPLACEHENT) )
THEN

DISPLACEMENTIERROR = TRUE i 
END CHECKIDISPLACEHENT ;

HOMEITORCH: PROCEDURE PUBLIC ;
DO WHILE MOTORSIRUNNING ;
END ;
CALL FIXISINGLE (.POSITIONINGIDIVISORIFLOAT) ;
OUTPUT (¡(»DIVIDER) = RESULT»SINGLE(1) 1
OUTPUT («DIVIDER) = RESULTISELE(0) 5
OUTPUT RIDIVIDER) = RESULTISELE (1) 5
OUTPUT RIDIVIDER) = RESULTISELE(0) ;
OUTPUT (»DIVIDER) = RESULTISINGLE(l) ;
OUTPUT (»DIVIDER) = RESULTISELE(0) !
DISPLACEMENTIERROR = FALSE 5
CALL CHECKIDISPLACEHEHT (.RESTIPOSITIONIX, RIORDINATE) 5 
IF (NOT (DISPLACEMENTIERROR OR ZEROIDISPLACEMENT))
THEN

DO ;
»POSITIVE = DISPLACENENTIDIRECTION }
»ENABLED = TRUE 5 
CALL SETIUPIX (.DISPLACEMENT) 5 

END ;
CALL CHECKIDISPLACEMENT (.RESTIPOSITIONIY, RIORDINATE) j 
IF (NOT (DISPLACEMENTIERROR OR ZEROIDISPLACEMENT))
THEN

DO ;
YIPOSITIVE = DISPLACEHENTIDIRECTION 1 
YIENABLED = TRUE 1 
CALL SETIUPIY (.DISPLACEMENT) 5 

END ;
CALL CHECKIDISPLACEHENT (.RESTIPOSITIONIZ, RIORDINATE) 5 
IF (NOT (DISPLACEMENTIERROR OR ZEROIDISPLACEMENT))
THEN 

DO ;
ZIPOSITIVE = DISPLACEMENTIDIRECTION !
ZIENABLED = TRUE ;
CALL SETIUPIZ (.DISPLACEMENT) 5 

END ;
CALL CALCULATEIDISPLACEMENT (.RESTIPOSITIONIRIO, .RIORDINATES(O).ORDINATE) 5 
CALL STOREINUHBERISINGLE (.RIOIDISPLACEHENTISINGLE,

.DISPLACEMENTISIN6LE ) 5
CALL CALCULATEIDISPLACEMENT (.RESTIP0SITI0NIRI1, .RIORDINATES(l).ORDINATE) ? 
CALL STOREINUMBERISINGLE (.RI1IDISPLACEMENT»SINGLE,

.DISPLACEMENTISINGLE ) ;
CALL CALCULATEIDISPLACEMENT (.RESTIP0SITI0NIRI2, .RI0RDINATES<2).ORDINATE) 5 
CALL STOREINUMBERISINGLE (.RI2IDISPLACEMENTISINGLE,

.DISPLACEHENTISINGLE ) ;
CALL CALCULATEIDISPLACEMENT (.RESTIP0SITI0NIRI3, .RI0RDINATES(3).ORDINATE) 5 
CALL STOREINUHBERISINGLE (.RI3IDISPLACEMENTISINGLE,

.DISPLACEMENTISINGLE ) ;
CALL RUNIMOTORS i
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306 2 CALL ROTATE (0, .R$OfD15PLACEHENT$SINGLE) 5
307 2 CALL ROTATE (1, .RtltDISPLACEHENTtSINGLE) ;
30B 2 CALL ROTATE (2, .Rt2tDISPLACEHENTtSINGLE) }
307 2 CALL ROTATE (3, .R$3«DISPLACEMENT$SINSLE) 5
310 2 END HOMEHTORCH ;

311 1 ENTERtPATHtPOINT: PROCEDURE ;
312 2 ZER0tDISPLACEHENTtFLA6 = TRUE ?
313 2 IF (ROTATIONtENABLED XOR LINEARtENABLED) 

THEN
314 2 DO ;
315 3 DISPLACEHEHTSERROR = FALSE 5
316 3 IF ROTATIDNtENABLED 

THEN
317 3 DO ;
318 4 IF RtOtENABLED 

THEN
319 4 DO ;
320 5 CALL CALCULATEtDISPLACEMENT <.R«ORDINATES(0) .ORDINATE,

•LASTtRtOtORDINATE) 5
321 5 IDENTIFIER = OOOOtlOOOB J
322 5 END ;
323 4 IF Rdf ENABLED 

THEN
324 4 DO ;
325 5 CALL CALCULATEfDISPLACENENT (.RfDRDINATES(l).ORDINATE,

.LASTtRfIfORDINATE) \
326 5 IDENTIFIER = OOOlfOOOOB ?
327 5 END ;
328 4 IF Rf2tENABLED 

THEN
329 4 DO ;
330 5 CALL CALCULATEtDISPLACEHENT (.RtORDINATES(2).ORDINATE,

.LASTfRf240RDINATE) {
331 5 IDENTIFIER = OOlOtOOOOB ?
332 5 END ;
333 4 IF Rt3«ENABLED 

THEN
334 4 DO ;
335 5 CALL CALCULATEtDISPLACEHENT <.RtORDINATES(3).ORDINATE,

.LASTtRt3tORDINATE) J
336 5 IDENTIFIER = OlOOtOOOOB 5
337 5 END ;
338 4 ZEROtDISPLACEHENTtFLAG = ZEROtDISPLACEMENT }
339 4 CALL STOREtNUHBERtSINGLE (

•DISPLACEMENT tT ABLE(POINTfCOUNT).DISPLACEHENTt11SINGLE, 
.DISPLACEHENTtSINGLE) }

340 4 IF (NOT (DISPLACEHENTtERROR OR ZEROtDISPLACEMENT)> 
THEN

341 4 DO ;
342 5 DISPLACEHENTtTABLE(POINTtCOUNT).IDENTIFIER = 

(DISPLACEHENTtTABLE(POINTtCOUNT).IDENTIFIER) OR (IDENTIFIER)
343 5 POINTtCOUNT = POINTtCOUNT + 1 ;
344 5 END ;
345 4 END ;

ELSE
346 3 DO ;

PAGE B
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347 4
34B 4

349 4

350 4
351 4

352 4

353 4
354 4

355 4

356 4

357 4 
35B 5

359 5
360 5
361 4
362 3
363 3

364 3

365 3
366 4
367 4
368 4
369 4
370 4
371 4
372 4
373 4
374 4
375 3
376 2

CALL CALCULATEIDISPLACEIMENT (.XIORDINATE, .LASTIXIORDINATE) 5
CALL STOREtNUMBERiSINSLE <.DISPLACEHENTITABLEIPOINTICOUNT).DISPLACEHENTIHSINGLE,

.DISPLACEMENTISINSLE) 5
ZEROIDISPLACEHENTIFLAG = ZER0IDISPLACEMENTIFLA6 AND 

ZEROIDISPLACEHENT ;
CALL CALCULATEIDISPLACEHENT <.Y*ORDIMATE, .LASTIYIORDINATE) i
CALL STOREINUHBERISINGLE 4.DISPLACEÍ1ENTÍTABLE(POINKCOUNT).DISPLACE«ENT*2$SIHGLE,

.DISPLACEHENTISINBLE) 5
ZEROIDISPLACEHENTIFLAG = ZEROIDISPLACEHENTIFLAG AND 

ZEROIDISPLACEHENT J
CALL CALCULATEIDISPLACEHENT (.ZIORDINATE, .LASTIZIORDINATE) ;
CALL STOREINUMBERISINGLE (.DISPLACEMENT$TABLE(P0INTIC0UNT).DISPLACEHENTI3ISINGLE,

.DISPLACEHENTISINGLE) 5
ZEROIDISPLACEHENTIFLAG = ZEROIDISPLACENENTIFLAG AND 

ZEROIDISPLACEHENT 5
IF (NOT (DISPLACEHENTIERROR OR ZEROIDISPLACEHENTIFLAB))
THEN

DO ;
DISPLACEMENTITABLEIPOINTICOUNT) . IDENTIFIER = 

(DISPLACEMENTITABLE(POINTICOUNT).IDENTIFIER) OR (0000I0100B) }
POINTICOUNT = POINTICOUNT + 1 5 

END ;
END ;

CALL POSITIONICURSOR (ERRORIFIELD) 5
IF DISPLACEMENTIERROR
THEN

CALL NRITEIMESSAGE ( . (DELETEILINE,
’DISPLACEMENT TOO LARGE’ , BLINKION,
BLINKIOFF, BELL, EOT 1) ?

ELSE 
DO ;

CALL CONSOLEIOUTPUT (DELETEILINE) 5
CALL STQREINUHBER (.LASTIXIORDINATE, .XIORDINATE) }
CALL STQREINUHBER (.LASTIYIORDINATE, .YIORDINATE) ;
CALL STOREINUMBER (.LASTIZIORDINATE, .ZIORDINATE) !
CALL STOREINUMBER (.LASTIRIOIORDINATE, .RIORDINATES(O).ORDINATE) ,'
CALL STOREINUMBER (.LASTIRtllORDINATE, .RIORDINATESU).ORDINATE) I 
CALL STOREINUMBER I.LASTIRI2I0RDINATE, .RI0RDINATES(2).ORDINATE) \
CALL STOREINUHBER (.LASTIRI3I0RDINATE, .RtORDINATES(3).ORDINATE> 5 

END ;
END ;

END ENTERIPATHIPOINT 5
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377 1
378 2
379 2
380 2
381 2
382 2

383 2
384 2
385 2
386 2
387 2 
38B 2
389 2
390 2
391 2
392 2
393 2
394 2
395 2
396 2
397 2
398 2
399 2
400 2
401 2

402 2
403 2

404 2

405 2
406 2
407 2
408 2
409 2
410 3
411 3
412 2
413 3 
<14 3
415 3

416 3
417 4

418 4
419 4

420 4

421 5

♦EJECT
PATH: PROCEDURE PUBLIC i

CALL POSITION$CURSOR (PROBIFIELD) ?
CALL NRITEIHESSA6E ( . (DELETEILINE, ’PATH’ , EOT)) ;
CALL SETIPATHINAHE ?
CALL POSITIONICURSOR (PROHPTIFIELD) 5 
CALL NRITEIHESSA6E (.(DELETEILINE,

’HOVE TORCH TO REST POSITION’ , EOT)) }
CALL POSITION J
CALL STOREINUHBER <.RESTIPOSITIONIX, .»ORDINATE) 5 
CALL STOREINUHBER (.LASTIXIORDINATE, .»ORDINATE) }
CALL STOREINUHBER (.RESTIPOSITIONIY, .YIORDINATE) J 
CALL STOREINUHBER (.LASTIYIORDINATE, .YIORDINATE) 1 
CALL STOREINUHBER f.RESTIPOSITIONIZ, . ZIORDINATE) }
CALL STOREINUHBER (.LASTIZIORDINATE, .ZIORDINATE) 1 
CALL STOREINUHBER (.RESTIPOSITIONIRIO, .RIORDINATESIO).ORDINATE) 
CALL STOREINUHBER (.LASTIRIOIORDINATE, .RIORDINATES(O).ORDINATE) 
CALL STQREINUHBER <.RESTIPOSITIONIRI1, .RIORDINATES(l).ORDINATE) 
CALL STOREINUHBER (.LASTIRI1I0RDINATE, .RIORDIHATES(1>.ORDINATE) 
CALL STOREINUHBER (.RESTIP0SITI0NIRI2, .RIORDIHATES(2).ORDINATE) 
CALL STOREINUHBER (.LASTIRI2I0RDINATE, .RIORDINATES(2).ORDINATE) 
CALL STOREINUHBER (.RESTIP0SITI0NIRI3, .RIORDINATES(3).ORDINATE) 
CALL STOREINUHBER (.LASTIRf3I0RDINATE, .RIORDINATES(3).ORDINATE) J 
RESTIPOSITIONISET = TRUE ;
CALL DISPLAYIRESTIPOSITION 5
CALL POSITIONICURSOR (PROHPTIFIELD) 5
CALL NRITEIHESSASE (.(DELETEILINE,

’ENTER PATH’ , EOT )) 1
MELDISEAH = FALSE }
ROT ATIONIENABLED,
RIOIENABLED,
RI1IENABLED,
RI2IENABLED,

• RI3IENABLED,
CONTROLLERIACTIVE,
LINEARIENABLED = TRUE 5
HELDIN6IFINISHED,
ONISEAH = FALSE !
CALL SETICONTROLLERIINDICATORS 1 
PATHISET * FALSE ;
POINTICOUNT = 0 5 
SEAHICOUNT = 0 5 
DO I = 0 TO (HAXIPOINTS - 1) J

DISPLACEHENTITABLE(I».IDENTIFIER = 0 5 
END ;
DO WHILE POINTICOUNT < (HAXIPOINTS - 3) 5 

DISPLACEHENTIERROR = FALSE 5 
CALL HOVE (TRUE) J
IF (ENTERIKEY AND (NOT NELDINBIFINISHED))
THEN

DO ;
CALL ENTERIPATHIPOINT 5 
CALL RELEASEIKEYS 5 
IF (NOT DISPLACEHENTIERROR)
THEN 

DO ;
LINEARIENABLED,
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ROTATION$ENABLED,
R$0$ENABLED|
RtltENABLED,
R$2*ENABLED,
R$3$ENABLED = TRUE 5

422 5 CALL SET*CONTROLLER»INDICATORS 5
423 5 END ;
424 4 END ;
425 3 IF (STARTINELDIKEY AND (NOT (NELDINBtFINISHED OR HELD$SEAM>)> 

THEN

hO o- 3 DO ;
427 4 CALL ENTER*PATH*P0INT !
428 4 IF (NOT DISPLACEMENT$ERR0R> 

THEN
429 4 DO ;
430 5 WELDiSEAM = TRUE 5
431 5 IF ROR (IDENTIFIERS' DISPLACEMENT*TABLE(POINT*COUNT).IDENTIFIER 

THEN
432 5 DISPLACEMENT$TABLE(POINT$COUNT).IDENTIFIER =

IDENTIFIER AND HUtllOlB ;
ELSE

433 5 DISPLACEMENT$TABLE(POINT<COUNT). IDENTIFIER =
IDENTIFIER OR 000040001B 5

434 5 LINEARIENABLED,
R0TATI0N4ENABLED,
RIOIENABLEDi
R«1(ENABLED,
R$2tENABLED,
R434ENABLED,
ONfSEAM = TRUE *,

435 5 CALL SETICONTROLLERIINDICATORS 5
436 5 END 1
437 4 CALL RELEASEtKEYS 5

C
O

to 4 END ;
439 3 IF STOP$NELD$KEY 

THEN
440 3 DO ;
441 4 CALL ENTER4PATH4P0INT {
442 4 CALL RELEASEtKEYS 5
443 4 IF (NOT DISPLACEMENTiERROR> 

THEN
444 4 DO ;
445 5 IF (NOT NELDtSEAH) 

THEN
446 5 DO (
447 6 IF (NOT HELDINGfFINISHED) 

THEN
448 6 DO 5
449 7 CONTROLLER*ACTIVE = FALSE ;
450 7 CALL SET$CONTROLLER*INDICATORS 5
451 7 CALL POSITIONiCURSOR (PROHPTIFIELD) 5
452 7 CALL NRITEIMESSAGE ( . (DELETE4LINE,

’ANY NORE NELDS ?’ , 
BELL, EOT )) !

453 7 IF CONSOLEIINPUT = ’N’ 
THEN

454 7 DO ;
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455 8
456 8
457 8
458 8
459 8
460 8
461 8
462 8
463 8
464 8

465 8

466 8

467 7
46B 7
469 7
470 7

471 6
472 7
473 7

474 7
475 B
476 8

477 8
478 8
479 8
480 8
481 7
482 7

483 7
484 7
485 7
486 7
487 7
488 7
489 7
490 7

NELDINGtFINISHED = TRUE }
CALL D IS P L A Y «  }

CALL DISPLAY« 5
CALL DISPLAY« 5
CALL DISPLAYtR(O) i
CALL DISPLAY«! 1) 5
CALL DISPLAY«<21 5
CALL DISPLAY«(3) 5
CALL POSITIONtCURSOR (PROHPTtFIELD) \
CALL NRITEtNESSAGE UDELETEtLINE,

’MOVE TORCH TO REST POSITION’ , 
EOT)) 5

LINEARtENABLED,
ROT ATIONSENABLEDy 
RtOtENABLED,
RtltENABLED,
Rt2tENABLED,
R$3$ENABLED = TRUE 5

END i 
ELSE

POINTtCOUNT = POINTtCOUNT - 1 5 
CONTROLLERtACTIVE = TRUE !
CALL SETtCONTROLLERtINDICATORS *,

END ;
ELSE 

DO ;
CALL HOHEtTORCH }
IF NOT DISPLACEMENTtERROR 
THEN

DO ;
CALL CLEAR«R0MPT»F1ELD ;
RtOtENABLED,
RtltENABLED,
Rt2tENABLED,
Rt3tENABLED,
CONTROLLERtACTIVE,
ONtSEAN = FALSE ;
CALL SETtCONTROLLERtINDICATORS 5 
PATHtSET = TRUE ?
RETURN !

END ;
CALL POSITIONtCURSOR (PROHPTtFIELD) }
CALL NRITEtHESSABE ( . (DELETEtLINE,

’MOVE TO REST POSITION’ ,
BELL, EOT )) !

CALL DISPLAY« *,
CALL DISPLAYtY ;
CALL DISPLAYtZ }
CALL DISPLAYtR(O) ;
CALL DISPLAY« (1) ;
CALL DISPLAYtR(2) 5 
CALL DISPLAYtR(3) 5 
LINEARtENABLED,
ROTATIONtENABLED,
RtOtENABLED,
RtltENABLED,
Rt2tENABLED,
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491 7
492 7
493 6

494 5
495 6
496 6

497 6

498 6

R$3$ENABLED = TRUE i 
CALL SET$CONTROLLER$INDICATORS 5 

END ;
END ;
ELSE

DO ;
NELDtSEAM = FALSE 5
IF (IDENTIFIERS DISPLACEMENT$TABLE(POINT4COUNT).IDENTIFIER) 
THEN

DISPLACEHENT$TABLE(POINT$COUNT).IDENTIFIER =
IDENTIFIER AND 1111$1110B { 

ELSE
DISPLACEMENTiTABLE(POINTICOUNT).IDENTIFIER

499 6
500 6
501 6

502 6
503 6
504 5
505 4
506 3
507 2
508 2

509 2
510 1

IDENTIFIER OR OOOOIOOIOB i
SEAMICOUNT = SEAMSCOUMT + 1 5
ONISEAM = FALSE }
LINEARtENABLED,
ROTATIONtENABLED,
RtOIENABLED,
R$1$ENABLED)
R«2*ENABLED,
Rf3$ENABLED = TRUE {
CALL SET4C0NTRDLLER4INDICATORS 5 

END ;
END )

END ;
END 1

CALL POSITIONtCURSOR (ERRDRÌFIELD) 5 
CALL NRITEtMESSAGE ( . (DELETEILINE,

’TOO MANY POINTS’ ,
BELL, EOT )) ?

END PATH 5
END PATHtPROCEDURE 5

NODULE INFORMATION:

CODE AREA SIZE = 09B3H 2483D
VARIABLE AREA SIZE = 1BC3H 7107D
MAXIMUM STACK SIZE = OOOAH 10D 
1036 LINES READ 
0 PROGRAM ERROR(S)

E|M OF PL/M-80 COMPILATION
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ISIS-II PL/M-8Ô V3.1 COMPILATION OF MODULE SETORIGINPROCEDURE 
OBJECT MODULE PLACED IN : FI:«ELD3.OBJ
COMPILER INVOKED BY: PLH8Ö :F1 :«ELD3.PLM DEBUG WORKFILESCFl: ,:F1 :) PRINTCF1:HELD3.LST)

♦TITLE PSET«0RI8IN«PR0CEDURE VER 2.00 DATE 20/03/81’ )
1 SET«ORIGINSPROCEDURE! DO 5

I t  A PLM80 ROUTINE TO ALLOW THE USER TO RE-DEFINE THE X, Y, Z ORIGIN. 
THE USER MOVES THE TORCH TO THE NEW ORIGIN AND THE ROUTINE ASSIGNS 
THE CO-ORDINATES (0, 0, 0) TO THAT POSITION.
RE-ASSIGNING THE ORIGIN INVALIDATES ANY PRE-DEFINED MOVEMENT LIMITS 
AND THUS THE ROUTINE FORCES THE USER TO RE-ENTER ALL LIMITS.

M
I t  EXTERNALS t /
♦INCLUDE CFUNELD.EOU)

= ♦NOLIST

«INCLUDE ( : FI :HELD1.EDS)
= «NOLIST

«INCLUDE CFltMATH.EDS)
= «NOLIST

«INCLUDE CFlsNELD5.EDS)
= «NOLIST

♦ INCLUDE 0Fl:«ELD2.EDS)
= «NOLIST

I t  LOCAL DATA 1/
202 1 DECLARE ORIGIN«SET BYTE 5
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«EJECT
203 1 SETtORIGIN: PROCEDURE PUBLIC 5
204 2 0RI6INSSET = FALSE ;
205 2 DO WHILE NOT (ORIGINtSET) ;
206 3 CALL POSITIONtCURSOR (PROMPTtFIELD) !
207 3 CALL WRITEiMESSAGE MDELETEtLINE,

’MOVE TORCH TO ORIGIN’ , EOT)) ?
208 3 CALL POSITION ;
209 3 CALL POSITIONtCURSOR (PRONPTtFIELD) J
210 3 CALL NRITEtMESSAGE ( . (DELETEtLINE,

’ IS TORCH AT ORIGIN ?’ , EOT)) a»
211 3 IF CONSOLEiINPUT = ’Y’ 

THEN
212 3 DO ;
213 4 CALL STOREtNUMBER (.XtORDINATE, .ZERO) 5
214 4 CALL STOREtNUMBER (.YtORDINATE, .ZERO) 5
215 4 CALL STOREtNUMBER (.ZtORDINATE, .ZERO) ;
216 4 CALL STOREtNUMBER (.RtORDINATES(O).ORDINATE, .ZERO)
217 4 CALL STOREtNUHBER (.RtORDINATES(1).ORDINATE, .ZERO)
218 4 CALL STOREtNUMBER (.RtORDINATES(2).ORDINATE, .ZERO)
219 4 CALL STOREtNUMBER (.RtORDINATES(3).ORDINATE, .ZERO)
220 4 ORIGINtSET = TRUE ;
221 4 CALL DISPLAYtX 5
222 4 CALL DISPLAYtY j
223 4 CALL DISPLAYtZ 5
224 4 CALL DISPLAYtR(0) 5
225 4 CALL DISPLAYtR(1) }
226 4 CALL DISPLAYtR(2) 5
227 4 CALL DISPLAYtR<3) {
228 4 END ;
229 3 END ;
230 2 CALL CLEARtPROMPTtFIELD *,
231 2 END SETtORIBIN ;
232 • 1 END SETtORI6INtPROCEDURE 5

MODULE INFORMATION:

CODE AREA SIZE = 00C5H 197D
VARIABLE AREA SIZE = 0001H ID
MAXIMUM STACK SIZE = 0002H 2D
605 LINES READ
0 PROGRAM ERROR(S)

END OF PL/H-80 COMPILATION
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ISIS-II PL/H-80 V3.1 COMPILATION OF MODULE POHERSOURCECOMTROLPROCEDURES 
OBJECT MODULE PLACED IN ïFl :HELD22.OBJ
COMPILER INVOKED BV: PLM80 ¡Fi:WELD22.PLM DEBU6 H0RKFILES(:F1:,:F1:) PRINTCFl:HELD22.LST)

♦TITLE (’PONERtSQURCEtCONTROLtPROCEDURES VER 3.00 DATE 08/07/81’ ) 
1 POWERtSOURCEtCONTROLiPRDCEDURES: DO 5

/IPLM80 PROCEDURES FOR C0NTR0LIN6 THE POWER SOURCE FUNCTIONS.
M
♦ INCLUDE CFlsWELD.EQU)

= ♦NOLIST

3 1 DECLARE (STARTtENABLE,
STOPiENABLE,
BAStENABLE,
NIREtENABLE ) BYTE PUBLIC !

4 1
5 2
6 2
7 2

8 2
9 2

10 2 
11 2

12 2
13 2

14 2
15 2
16 2

SETtPONERtSOURCEtCONTROL: PROCEDURE PUBLIC ! 
DECLARE STATUS BYTE ;
STATUS = OFFH ;
IF STARTiENABLE 
THEN

STATUS = STATUS AND BITtO 5 
IF STOPiENABLE 
THEN

STATUS = STATUS AND BITtl ;
IF BASIENABLE 
THEN

STATUS = STATUS AND BIT« ;
IF NIREtENABLE 
THEN

STATUS = STATUS AND BIT$3 ;
OUTPUT (POWERtSOURCEtCONTROL) = NOT (STATUS) 5 

END SETtPOHERtSOURCEtCONTROL 5

17 1 RESETtPONERtSOURCEiCONTROL: PROCEDURE PUBLIC 5
18 2 STARTiENABLE,

STOPiENABLE,
BAStENABLE,
WIREtENABLE = FALSE }

19 2 CALL SETtPOHERtSOURCEiCONTROL \
20 2 END RESETiPONERtSOURCEiCONTROL 5

21 1 END PONERtSOURCEtCONTROLiPROCEDURES 5

MODULE INFORMATION:

CODE AREA SIZE = 005AH 90D
VARIABLE AREA SIZE = 0005H 5D
MAXIMUM STACK SIZE = 0002H 2D
252 LINES READ



O PROGRAN ERROR(S)

POHERÍSOURCESCONTROLÍPROCEDURES VER 3.00 DATE 08/07/81

M
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ISIS-II PL/M-80 V3.1 COMPILATION OF MODULE SETLIMITSPROCEDURE 
OBJECT MODULE PLACED IN : Fl:«ELD5.OBJ
COMPILER INVOKED BY: PLM80 : Fl:«ELD5.PLM DEBU6 «ORKFILES C F I î F l ï ) PRINT <ï F1ï WELD5.LST)

♦TITLE('SET$LIMITS$PROCEDURE VER 2.00 DATE 22/03/81’ )
1 SETILIMITSIPROCEDURE: DO

/» A PLM80 ROUTINE TO ALLON THE USER TO SET THE SYSTEM MOVEMENT LIMITS 
¡(UPPER 
XLOHER 
YUPPER 
YLONER 
2UPPER 
ZLONER

THE USER FIRSTLY ENTERS THE NAME OF THE LIMIT TO BE SET AND THEN MOVES THE
TORCH TO THE POSITION CORRESPONDING TO THAT LIMIT.
THE PROCESS OF ENTERING THE LIMIT NAME AND MOVING THE TORCH CAN BE REPEATED
UNTIL ALL THE REQUIRED CHANGES HAVE BEEN MADE.

THE ROUTINE IS EXITED BY PRESSING THE ’ESCAPE' INSTEAD OF ENTERING A NAME.
»/
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187 1

188 1 
189 1

♦EJECT

I t  EXTERNALS t f  
♦ INCLUDE CFUNELD.EQU)

= ♦NOLIST

♦INCLUDE CFKNELDl.EDS)
= ♦NOLIST

(INCLUDE CFI SNATH.EDS)
= (NOLIST

(INCLUDE CFl:HELD2.EDS)
= (NOLIST

/* PUBLIC DATA (/
DECLARE <X(UPPER(LINIT,

X(LONER(LIMIT,
Y(UPPER(LIHIT,
Y(LONER(LIHIT)
Z(UPPER(LIHIT,
2(L0WER(LIMIT ) Ml BYTE PUBLIC

/( LOCAL DATA (/
DECLARE BUFFER BASED BUFFER(POINTER BYTE ;
DECLARE (NORD(START> NORD(END ) ADDRESS ?
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190 1
191 2
192 2

193 2
194 2
195 2
196 2
197 2

198 1
199 2
200 2

201 2 
202 2
203 2
204 2
205 2

206 1
207 2
208 2

209 2
210 2 
211 2 
212 2
213 2

214 1
215 2
216 2

217 2
218 2
219 2
220 2 
221 2

222 1
223 2
224 2

225 2
226 2
227 2
228 2
229 2

230 1
231 2
232 2

233 2
234 2

♦EJECT
SETtXtUPPERtLIHIT: PROCEDURE PUBLIC ;

CALL POSITIONtCURSOR (PROHPTtFIELD) 5 
CALL NRITEtMESSAGE ( . (DELETEtLINE,

’HOVE TORCH TO X UPPER LIMIT’ , EOT)) 5 
XtUPPERtLIMITtSET = FALSE 5 
CALL POSITION ;
CALL STOREtNUMBER UtUPPERtLIMIT, .««ORDINATE) ; 
««UPPERtLIHITtSET = TRUE !

END SETtXtUPPERtLIMIT !

SETtXtLONERtLIHIT: PROCEDURE PUBLIC ;
CALL POSITIONtCURSOR (PROHPTtFIELD) ;
CALL NRITEtMESSAGE ( . (DELETEtLINE,

’MOVE TORCH TO X LONER LIMIT’ , EOT)) 5 
XtLONERtLIHITtSET = FALSE ?
CALL POSITION ',
CALL STOREtNUHBER UtLONERtLIMIT, .««ORDINATE ) 5 
XtLONERtLIMITtSET = TRUE {

END SETtXtLONERtLIHIT 5

SETtYtUPPERtLIMIT: PROCEDURE PUBLIC }
CALL POSITIONtCURSOR (PRQHPTtFIELD) 5 
CALL NRITE4MESSAGE I.(DELETEtLINE,

’MOVE TORCH TO Y UPPER LIMIT’ , EOT)) { 
YtUPPERtLIHITtSET = FALSE ',
CALL POSITION J
CALL STOREINUMBER I.YlUPPERiLIMIT, .Y«ORDINATE) ; 
Y$UPPER$LIMIT$SET = TRUE 5 

END SET«Y$UPPER$LIHIT ’,

SET«Y$LONER$LIMIT: PROCEDURE PUBLIC i 
CALL POSITIDNÎCURSOR (PROMPT«FIELD) 5 
CALL HRITEtMESSAGE ( . (DELETEÎLINE,

’MOVE TORCH TO Y LONER LIMIT’ , EOT)) ; 
Y*LONER«LIHIT«SET = FALSE ,'
CALL POSITION ;
CALL STOREtNUMBER (.Y«LONER«LIMIT, .Y«ORDINATE) 5 
Y«LONERiLIMIT«SET = TRUE j 

END SET«Y«LONERtLIMIT !

SET«Z»UPPER«LIMIT: PROCEDURE PUBLIC }
CALL POSITIONtCURSOR (PROMPTiFIELD) 5 
CALL NRITE«MESSASE ( . (DELETE«LINE,

’MOVE TORCH TO Z UPPER LIMIT’ , EOT)) î 
Z»UPPER«LIMIT«SET = FALSE J 
CALL POSITION \
CALL STOREtNUMBER (,Z«UPPER«LIMIT, .ZtORDINATE) 5 
ZtUPPERtLIMITtSET = TRUE 5 

END SET«Z*UPPER*LIMIT ;

SETtZtLONERtLIMIT: PROCEDURE PUBLIC ;
CALL POSITIONtCURSOR (PROHPTtFIELD) 5 
CALL NRITE«MESSA6E ( . (DELETEtLINE,

’MOVE TORCH TO Z LONER LIMIT’ , EOT)) 5 
Z«LONER*LIMIT«SET = FALSE }
CALL POSITION !
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235 2
236 2
237 2

CALL STOREtNUMBER (.ZtLOWERtLIHIT, .ZÌORDINATE) ; 
ZiLOWERSLIMITtSET = TRUE ;

END SETtZSLOWERtLIHIT i
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238 1
239 2
240 2

241 2
242 2

243 2
244 2
245 2
246 2

247 2
248 2

249 2
250 3
251 3

252 3

253 3
254 3
255 3
256 3
257 2
258 2

259 2
260 2

261 2 
262 2

263 2
264 2

265 2
266 2

267 2
268 2

269 2
270 2
271 2

♦EJECT
SETILIMITS: PROCEDURE PUBLIC ;

CALL PQSITIONICURSOR (PROBIFIELD) 5 
CALL NRITEIMESSA6E ( . (DELETEILINE,

'SET LIMITS’ , EOT)) i
A2Q: CALL POSITIONICURSOR (PRQMPTIFIELD) ;

CALL NRITEIMESSAGE ( . (DELETEILINE,
'HHICH LIMIT ?’ , EOT)) 5

CALL READILINE ;
BUFFERIPOINTER = .EDITIBUFFER {
NORDISTART = NEXTICHARACTER 5 
IF BUFFER = CARRIGEIRETURN 
THEN

GOTO A20 5 
IF BUFFER = ESC 
THEN

DO ;
CALL POSITIONICURSOR (LIMITSINARNINGIFIELD) 5 
IF NOT (XIUPPERILIMITISET AND XILONERILIMITISET

AND YIUPPERILIMITISET AND YILONERILIMITISET
AND ZIUPPERILIMITISET AND ZILONERILIMITISET )

THEN
CALL NRITEIMESSAGE (.LIHITSINARNIN6IMESSAGE) J 

ELSE
CALL CONSOLEIOUTPUT (DELETEILINE) 5 

CALL CLEARtPROMPTIFIELD 5 
RETURN 5 

END ;
HORDIEND = NEXTISPACE J
IF COMPAREINORDS (NORDISTART, NORDIEND, . ( ’XUPPER’ ), 6) 
THEN

CALL SET*X$UPPER$LIMIT 5
IF COMPAREINORDS (NORDtSTART, NORDIEND, . XLONER’ ), 6) 
THEN

CALL SETIXILOHERILIMIT 5
IF COMPAREIHORDS (NORDISTART, NORDIEND, . (’YUPPERM, 6) 
THEN

CALL SETIYIUPPERILIMIT 5
IF COMPAREINORDS (NORDISTART, NORDIEND, . I’YLONERM, 6) 
THEN

CALL SETIYILONERILIMIT 5
IF COMPAREINORDS (NORDISTART, NORDIEND, .('ZUPPER'), 6) 
THEN

CALL SETIZIUPPERILIMIT \
IF COMPAREINORDS (NORDISTART, NORDIEND, .('ZLONER'), 6) 
THEN

CALL SETIZILONERILIMIT }
GOTO A20 ;

END SETILIMITS I

272 1 END SETILIMITSIPROCEDURE 5

MODULE INFORMATION:

CODE AREA SIZE * 02D1H 721D
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VARIABLE AREA SIZE = 001CH 2BD
MAXIMUM STACK SIZE = 0006H 6D 
670 LINES READ 
0 PROGRAM ERROR(S)

END OF PL/M-80 COMPILATION
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ISIS-II PL/H-80 V3.1 COMPILATION OF MODULE TAPEIO 
OBJECT MODULE PLACED IN : Fl :WELD25.OBJ
COMPILER INVOKED BY: PLM80 :F1:HELD25.PLM DEBUG HORKFILESCFl:, :Fl:} PRINTCFI:WELD25.LST)

♦TITLE (’TAPEtIO VER 3.00 DATE 16/04/82’ ) 
1 TAPEtIO: DO !

/ t  SYSTEM EQUATES 1/ 
«INCLUDE CFUNELD.EQU) 

= «NOLIST

I t  EXTERNAL PROCEDURES »/
3 1 CONSOLEtOUTPUT: PROCEDURE (CHARACTER) EXTERNAL 1
4 2 DECLARE CHARACTER BYTE 5
5 2 END CONSOLEtOUTPUT 5

6 1 CONSOLEtINPUT: PROCEDURE BYTE EXTERNAL }
7 2 END CONSOLEtINPUT |

8 1 POSITIONtCURSOR: PROCEDURE (COLUMNtNUMBER, LINEtNUMBER) EXTERNAL 1
9 2 DECLARE (COLUMNtNUMBER, LINEtNUMBER) BYTE !
10 2 END POSITIONtCURSOR 5

11 1 NRITEtMESSAGE: PROCEDURE (STRINBtADDRESS) EXTERNAL ;
12 2 DECLARE STRINGtADDRESS ADDRESS ;
13 2 END NRITEtMESSAGE 1

14 1 CLEARtNARNINGtFIELD: PROCEDURE EXTERNAL 5
15 2 END CLEAR«HARMIN6«FIELD ;

16 1 SETtINTERRUPTtMASK: PROCEDURE EXTERNAL ;
17 2 END SETtINTERRUPTtMASK 5

18 1 DISPLAYtPATHtNAME: PROCEDURE EXTERNAL |
19 2 END DISPLAYtPATHtNAME 5

20 1 

21 1 
22 1
23 1
24 1
25 1
26 1
27 1

28 1

29 1
30 1

H  EXTERNAL 
DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE

DECLARE

DECLARE
DECLARE

DATA «/
UARTtSTATUS BYTE EXTERNAL 5
UARTtDATA BYTE EXTERNAL ?
DELAYtFLAG BYTE EXTERNAL 5
DELAYtCOUNT ADDRESS EXTERNAL ;
RSTt5t5tMASK BYTE EXTERNAL J
LIMITSSWARNINS«MESSAGE BYTE EXTERNAL ;
PATHtSET BYTE EXTERNAL {
(XtUPPERtLIMITtSET, XtLONERtLIMITtSET,
YtUPPERtLIMITtSET, YtLONERtLIHITtSET,
ZtUPPERtLIHITtSET, ZtLONERtLIMITtSET ) BYTE EXTERNAL 1 
(XtUPPERtLIMIT, XtLONERtLIMIT,
YtUPPERtLIMIT, YtLONERtLIMIT,
ZtUPPERtLIMIT, ZtLONERtLIMIT ) (4) BYTE EXTERNAL 5 

PDINTtCOUNT ADDRESS EXTERNAL 5
DISPLACEMENTtTABLE (1000) STRUCTURE (IDENTIFIER BYTE,

DISPLACEMENTtltSINGLE (2) BYTE 
DISPLACEMENTt2tSINGLE (2) BYTE
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DISPLACEHENTI3IS1NGLE 12) BYTE) EXTERNAL
31 1 DECLARE (RESUPOSITIONtX,

REST$PQSITION$Y,
REST4P0SITI0N«,
RESTIPOSITIONtRIO,
REST4P0SITI0N4RI1,
REST4P0SITI0N4RI2,
REST*P0SITI0N$R$3 ) (4) BYTE EXTERNAL 5

32 1 DECLARE SEQUENCER ABLE (60) BYTE EXTERNAL ¡
33 1 DECLARE PARAMETER$6R0UPtTABLE (256) STRUCTURE (PULSEICURRENTIFLOAT (4) BYTE,

BACK6R0UND$CURRENT$FLOAT (4) BYTE, 
PULSEtONtTINEiFLOAT (4) BYTE, 
PULSEIQFF4TIMEÍFL0AT (4) BYTE, 
HELDINGtDIVISORIFLOAT (4) BYTE, 
PRE4TRAVERSE4TIME4FL0AT (4) BYTE,
FÄLLSTIHE$FLOAT (4) BYTE,
RSOSDIVISORfSINGLE (2) BYTE, 
RSISDIVISORfSIN6LE (2) BYTE, 
R42IDIVIS0R4SINSLE (2) BYTE, 
RS3SDIVIS0RSSIN6LE (2) BYTE, 
TOUCHSSTART BYTE,
MIRESFEED BYTE) EXTERNAL ;

34 1 DECLARE PARANETERSSSETSFLAG (256) BYTE EXTERNAL !
35 1 DECLARE PATHSNAHE (16) BYTE EXTERNAL i
36 1 DECLARE PATHSNAHESSET BYTE EXTERNAL !
37 1 DECLARE SEAHICOUNT BYTE EXTERNAL 5
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♦EJECT
/ t LOCAL DATA »/

38 1 DECLARE (HEXtNIBBLE,
BYTE»VALUE, 
TINE»COUNT, 
STATUS,
EOFtBYTE ) BYTE ;

DECLARE (6R0UP»C0UNT,
I ) ADDRESS ?

DECLARE HEMATAtERROR LITERALLY ’01H’ ,
TIMESOUTiERROR LITERALLY ’02H’ ,
LENGTHIERROR LITERALLY W ,
IDtERROR LITERALLY ’04H’ ,
CHECK»SUM$ERROR LITERALLY ’05H’ ,
PATH»READ»ERRDR LITERALLY W ,
SEQUENCE»READ»ERROR LITERALLY ’07H’ ,
PARAMETER$READ$ERROR LITERALLY W ,
LIMIT$READt ERROR LITERALLY W ,
EOFSERROR LITERALLY W ,
PATH$STATUS*ID LITERALLY MOH’ ,
PATH$NAME$ID LITERALLY ’ 11H’ ,
POINT»CDUNT»ID LITERALLY ’ 12H’ ,
DISPLACEMEHT$ID LITERALLY ’ 13H’ ,
REST $POSITIONtID LITERALLY ’ 14H’ ,
SEQUENCE»ID LITERALLY ’ 15H’ ,
GROUP»COUNT»ID LITERALLY ’ 16H’ ,
PARAHETERÌID LITERALLY M7H’ ,
LJHIT»STATUS*ID LITERALLY ’ 18H’ ,
LIHITtID LITERALLY M9H’ ,
EOF»ID LITERALLY MAH’ ,
SEAM»COUNT»ID LITERALLY MBH’ 5
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»EJECT

41 1 TXIEHPTYIDELAY: PROCEDURE ;

42 2 DELAYÌFLA6 = FALSE ;
43 2 DELAYICOUNT = 10 ;
44 2 RSTI5I5IMASK = FALSE ;
45 2 CALL SETIINTERRUPTIMASK ;
46 2 DELAYtFLAG = TRUE ;
47 2 ENABLE ;
48 2 DO WHILE DELAYIFLA6 i /» DELAY FOR 70 iS 1/
49 3 END {
50 2 END TXIEMPTYIDELAY 5

51 1 CONVERT*BINARY»TO»ASCII: PROCEDURE (NIBBLE) BYTE ;
52 2 DECLARE NIBBLE BYTE 5

53 2 IF NIBBLE < OAH
THEN

54 2 RETURN (NIBBLE + 30H) 5
ELSE

55 2 RETURN (NIBBLE + 37H) !
56 2 END CONVERTIBINARY»TO*ASCII 5

57 1 PUNCHIBYTEIHEX: PROCEDURE (DATAIBYTE) 5
58 2 DECLARE DATAtBYTE BYTE 5

59 2 CALL CONSOLEiOUTPUT ( CONVERT»BINARY*TO*ASCIUROL(DATAIBYTE AND 11110000B,4)) ) 5
60 2 CALL CONSOLEIOUTPUT ( CONVERTIBINARYITOIASCII(DATABYTE AND 00001111B) ) 5
61 2 END PUNCHIBYTEIHEX 5

62 1 PUNCHIRECORD: PROCEDURE (COUNT, DATAlADDRESS, IDENTIFIER) 5
63 2 DECLARE (I, COUNT, IDENTIFIER, SUM) BYTE 1
64 2 DECLARE DATAIADDRESS ADDRESS ;
65 2 DECLARE DATAIBYTE BASED DATAIADDRESS (256) BYTE ;

66 2 CALL CONSOLEIOUTPUT (CARRI8EIRETURN) ;
67 2 CALL CDNSOLEtOUTPUT (LINEIFEED) 5
68 2 CALL CONSOLEIOUTPUT (’ : ’ ) 5
69 2 CALL PUNCHIBYTEIHEX (COUNT) J
70 2 SUM = COUNT J
71 2 CALL PUNCHIBYTEIHEX (IDENTIFIER) *,
72 2 SUM « SUM + IDENTIFIER }
73 2 DO I = 1 TO COUNT }
74 3 CALL PUNCHIBYTEIHEX (DATAIBYTE(I-D) 5
75 3 SUM = SUM + DATAIBYTE(1-1) 5
76 3 END 5
77 2 CALL PUNCHIBYTEIHEX (NOT(SUM-1)) 5
7B 2 END PUNCHIRECORD 5
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»EJECT
79 1 CONVERT*ASCJI»TO»HEX: PROCEDURE (ASCIJtBYTE) BYTE
80 2 DECLARE ASCI KBYTE BYTE 5

81 2 IF (ASCI KBYTE > 2FH) AND (ASCI KBYTE < 3AH) 
THEN

82 2 HEKNIBBLE = ASCI KBYTE - 30H i
ELSE

83 2 DO ;
84 3 IF (ASCI KBYTE > 40H) AND (ASCIKBYTE 

THEN
85 3 HEX<NIBBLE = ASCI KBYTE - 37H {

ELSE
86 3 RETURN HEX»DATA$ERROR ;
87 3 END ;
88 2 RETURN 00 }
89 2 END CONVERT »ASCII»TOtHEX 5

90 1 READ»BYTE: PROCEDURE BYTE 5

91 2 IF CONVERT<ASCII<TO<HEX (CONSOLE»INPUT) <> 0 
THEN

92 2 RETURN HEX»DATA»ERROR ;
93 2 BYTE»VALUE = ROL (HEX»NIBBLE, 4) ;
94 2 IF CONVERT<ASCII<TO<HEX (CONSOLE<INPUT) <> 0 

THEN
95 2 RETURN HEX<DATA<ERROR ;
96 2 BYTEJVALUE = BYTE<VALUE OR HEX*NIBBLE {
97 2 RETURN 00 ?
98 2 END READ<8YTE ;
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99 1
100 2 
101 2 
102 2

103 2
104 2
105 3
106 3

107 3
108 3
109 2

110 2 
111 2 
112 2

113 2
114 2
115 2

116 2
117 2

118 2
119 2
120 2
121 3

122 3
123 3
124 3
125 3
126 2

127 2
128 2
129 2

130 2
131 2
132 2

♦EJECT

READiRECORD: PROCEDURE (BUFFERIPOINTER, LENGTH, ID) BYTE 5 
DECLARE BUFFERIPOINTER ADDRESS }
DECLARE BUFFER BASED BUFFERIPOINTER (256) BYTE ; 
DECLARE (LENGTH,

ID,
I,
COUNT,
SUH ) BYTE 5

TIHEICOUNT = OFFFFH ;
DO WHILE CONSOLEIINPUT <> ;

TIMESCOUNT = TIMEiCOUNT - 1 5
IF TIMEiCOUNT = 0
THEN

RETURN TIHEIOUTIERROR 5
END ;
IF (STATUS:=READ$BYTE) <> 0 
THEN

RETURN STATUS 5 
COUNT = BYTEfVALUE ;
IF COUNT <> LENGTH 
THEN

RETURN LENSTHIERROR i 
SUH = COUNT 5
IF (STATUS:=READIBYTE) <> 0 
THEN

RETURN STATUS 5 
IF BYTEIVALUE <> ID 
THEN

RETURN IDIERROR ;
SUH = SUH ♦ BYTEiVALUE ;
DO I = 1 TO COUNT 5

IF (STATUS:=READIBYTE> <> 0 
THEN

RETURN STATUS 5 
BUFFER<I-1) * BYTE!VALUE i 
SUH = SUH + BYTEiVALUE ;

END 5
IF (STATUSs =READiBYTE) (> 0 
THEN

RETURN STATUS 5 
SUH = SUH + BYTEiVALUE ;
IF SUH <> 0 
THEN

RETURN CHECKISUHIERROR ;
RETURN 00 5 

END READIRECORD 1
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«EJECT
133 1 TAPEÎREAD: PROCEDURE BYTE 5

134 2 DO I = 0 TO 15 5
135 3 PATHNAME(I) ;
136 3 END ;
137 n£ PATHÎNAMEÎSET = TRUE ;
13B 2 IF READÎRECORD (.PATH$SET, 1, PATHÎSTATUSÎID) <> 0 

THEN
139 2 DO ;
140 3 PATHÎSET = FALSE 5
141 3 RETURN PATH*READ$ERROR !
142 3 END ;
143 2 IF PATHÎSET 

THEN
144 2 DO ;
145 3 PATHÎSET = FALSE ;
146 3 IF READÎRECORD (.PATHÎNAME, 16, PATHÎNAMEÎID) <> 0 

THEN
147 3 RETURN PATHÎREADÎERROR 5
148 3 IF READÎRECORD I.POINTÎCOUNT, 2, POINTÎCOUNTÎID) <> 0 

THEN
149 3 RETURN PATHÎREADÎERROR ;
150 3 DO I = 0 TO PDINTÎC0UNT-1 \
151 4 IF READÎRECORD (. DISPLACENENTÎTABLE11 ), 7, DISPLACEMENT ID) <> 0 

THEN
152 4 RETURN PATHÎREADÎERROR ;
153 4 END ;
154 3 IF READÎRECORD I.RESTÎPOSITIONÎX, 28, RESTÎPOSITIONÎID) O 0 

THEN
155 3 RETURN PATHÎREADÎERROR 5
156 3 IF READÎRECORD (.SEAMÎCOUNT, 1, SEAMÎCOUNTÎID) O 0 

THEN
157 3 RETURN PATHÎREADÎERROR ;
158 3 PATHÎSET = TRUE 5
159 3 END ;
160 2 IF READÎRECORD I.SEQUENCEîTABLE, 60, SEQUENCEÎID) O 0 

THEN
161 2 RETURN SEQUENCEÎREADÎERROR ;
162 2 IF READÎRECORD I.6R0UPÎC0UNT, 2, BROUPÎCOUNTÎID) O 0 

THEN
163 2 RETURN PARAMETERÎREADÎERROR ;
164 2 DO I = 1 TO 6R0UPÎC0UNT ;
165 3 PARAMETERSÎSETÎFLAG(1-1) = FALSE î
166 3 IF READÎRECORD I .PARAMETERîBROUPîTABLE(1-1), 38, PARAMETERîID) O 0 

THEN
167 3 RETURN PARAMETERÎREADÎERROR ;
168 3 PARAMETERSÎSETÎFLAG(1-1) = TRUE î
169 3 END ;
170 2 IF READÎRECORD (.XUPPERÎLIMITÎSET, 1, LIMITÎSTATUSÎID) O 0 

THEN
171 2 DO ;
172 3 XÎUPPERÎLIMITÎSET = FALSE 5
173 3 RETURN LIMITÎREADÎERROR 1
174 3 END ;
175 2 IF XÎUPPERÎLIMITÎSET 

THEN
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DO ;
X*UPPER*L1HIT$SET = FALSE ;
IF READIRECORD UIUPPERILIHIT, 4, LIHITIID) <> 0 
THEN

RETURN LIHITIREADIERROR 5 
XIUPPERILIHITISET = TRUE }

END 1
IF READIRECORD UILOHERILIHITISET, 1, LIMTISTATUSIID) <> 0 
THEN

DO ;
XILONERILIHITISET = FALSE 5 
RETURN LIMIT$READ$ERROR ;

END ;
IF XILOHERILIHITISET 
THEN

DO ;
XtLDWER$LIMIT(SET = FALSE î
IF READIRECORD (.XSLOHERfLIMIT» 4, LIHITIID) <> 0
THEN

RETURN LIMIT$READ$ERROR {
XILOHERILIMITISET = TRUE ;

END ;
IF READtRECORD <.YtUPPERtLIMITtSET, 1, LIMITtSTATUStID) <> 0 
THEN

DO ;
YIUPPERILIHITISET = FALSE !
RETURN LIHITIREADIERROR }

END ;
IF YtUPPERtLIMITSSET 
THEN

DO ;
YIUPPERILIHITISET = FALSE i
IF READtRECORD 4.YtUPPERtLIMIT, 4, LIMITtID) <> 0
THEN

RETURN LIMITtREADtERROR I 
YtUPPERtLIMITtSET * TRUE 5 

END ;
IF READIRECORD (.YtLOMERtLIMITtSET» 1, LIMITISTATUSIIDI <> 0 
THEN

YtLONERtLIMITISET = FALSE } 
RETURN LIMITtREADtERROR ;

END ;
IF YtLONERILIMITISET 
THEN

YtLONERtLIMITISET = FALSE 5
IF READIRECORD t.YILONERILIMIT, 4, LIMITtID) <> 0
THEN

RETURN LIMITtREADtERROR ;
YILONERILIMITISET = TRUE 5

END ;
IF READIRECORD (.ZIUPPERILIMITISET, 1, LIMITISTATUSIID) <> 0 
THEN 

DO ;
ZIUPPERILIMITISET = FALSE ¡ 
RETURN LIMITtREADtERROR ¡
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222 3 END ;
223 2 IF ZtUPPERtLIHITtSET

THEN
224 2 DD ;
225 3 ZtUPPERtLIHITtSET = FALSE ;
226 3 IF READtRECORD (.ZtUPPERtLIMIT, 4, LINITtJD) <> 0

THEN
227 3 RETURN LINITtREADtERROR 5
228 3 ZtUPPERtLINITtSET = TRUE }
229 3 END ;
230 2 IF READtRECORD (.ZtLOHERtLIHlTtSET, 1, LIHITtSTATUStlD) <> 0

THEN
231 2 DO ;
232 3 ZtLONERtLIHITtSET = FALSE 5
233 3 RETURN LIKITfREADtERROR i
234 3 END ;
235 2 IF ZtLOHERtLIHITtSET

THEN
236 2 DO ;
237 3 ZtLONERtLINITtSET = FALSE !
238 3 IF READtRECORD (.ZtLOHERtLIHIT, 4, LIHITtID) <> 0

THEN
239 3 RETURN LIHITtREADtERROR ;
240 3 ZILONERtLIMITtSET = TRUE 5
241 3 END ;
242 2 IF READtRECORD (.EOFtBVTE, 1, E0F4ID) <> 0

THEN
243 2 RETURN EOFtERROR !
244 2 IF EOFtBYTE <> 0

THEN
245 2 RETURN EOFtERROR 5
246 2 RETURN 00 5
247 2 END TAPEtREAD ;
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248 1

249 2
250 3
251 3
252 2

253 2

254 2
255 3
256 3
257 3
258 3
259 4
260 4
261 3
262 3
263 3

264 2
265 2
266 2
267 2
268 3
269 3
270 2
271 2
272 3
273 3
274 2

275 2
276 3
277 3
278 3

279 2
280 2

281 2
282 3
283 3
284 3

285 2
286 2

287 2
288 3
289 3
290 3

291 2

♦EJECT
DUMP: PROCEDURE PUBLIC }

DO I = 0 TO 255 5 
CALL TIME (255) 5

END i I t  DELAY WHILST TAPE UNIT IS SNITCHED IN »/
UARTICONTROL = SETTING (DIVIDEI64 AND 

ALTIO AND
RTSILO AND
DISABLEIINT ) 5

IF PATHISET 
THEN 

DO ;
CALL PUNCHIRECORD (I, .(TRUE), PATHISTATUSIID) 5 
CALL PUNCHIRECORD (16, .PATHINAME, PATHINAMES) 1 
CALL PUNCHIRECORD (2, .POINTICOUNT, POINTICOUNTIID) 5 
DO I = 0 TO POINTICOUNT-1 i

CALL PUNCHIRECORD (7, .DISPLACEMENTITABLE(I ), DISPLACEMENTS) i 
END ;
CALL PUNCHIRECORD (28, .RESTIPOSITIONIX, RESTIPDS1TI0NIID) 5 
CALL PUNCHIRECORD (1, .SEAMICOUNT, SEAMICOUNTIID) i 

END ;
ELSE

CALL PUNCHIRECORD (1, .(FALSE), PATHISTATUSIID) 5 
CALL PUNCHIRECORD (60, .SEQUENCEITABLE, SEOUENCEIID) }
GROUPICOUNT = 0 5
DD WHILE (PARAMETERSISETIFLAS(GROUPICOUNT) AND (GROUPICOUNT < 256)) 5 

GROUPICOUNT = 8R0UPIC0UNT + 1 ?
END ;
CALL PUNCHIRECORD (2, .GROUPICOUNT, GROUPICOUNTIID) 5 
DO I = 1 TO GROUPICOUNT 5

CALL PUNCHIRECORD (38, .PARAMETERIGROUPITABLE(I -1), PARAMETER!ID) j 
END ;
IF XIUPPERILIMITISET 

THEN 
DO ;

CALL PUNCH!RECORD (1, .(TRUE), LIMITISTATUSIID) }
CALL PUNCHIRECORD (4, .XIUPPERILIHIT, LIMITIID) 5 

END ;
ELSE

CALL PUNCHIRECORD (1, .(FALSE), LIMITISTATUSIID) 5 
IF XILOWERILIMITISET 
THEN

DO ;
CALL PUNCHIRECORD (1, .(TRUE), LIMITISTATUSIID) ?
CALL PUNCHIRECORD (4, .XILOWERILIMIT, LIMITIID) 5 

END ;
ELSE

CALL PUNCHIRECORD <1, .(FALSE), LIMITISTATUSI1D) ;
IF YIUPPERILIMITISET 
THEN

DO ;
CALL PUNCHIRECORD (1, .(TRUE), LIMITISTATUSIID) 5 
CALL PUNCHIRECORD (4, .YIUPPERILIMIT, LIMITIID) }

END ;
ELSE

CALL PUNCHIRECORD (1, .(FALSE), LIMITISTATUSIID) 5



PL/H-80 COMPILER TAPEtIO VER 3.00 DATE 16/04/82 PAGE 11

292 2 IF YtLONERtLIHITtSET 
THEN

293 2 DO ;
294 3 CALL PUNCHtRECORD (1, .(TRUE), LIHITtSTATUStID) •}
295 3 CALL PUNCHtRECORD (4, .YtLONERtLIHIT, LIHITtlD) •>
296 3 END ; 

ELSE
297 2 CALL PUNCHtRECORD (1, .(FALSE), LI«IT*STATUS$ID) \

298 2 IF ZtUPPERtLIHITtSET 
THEN

299 2 DO ;
300 3 CALL PUNCHtRECORD (1, .(TRUE), LIHITtSTATUStID) !
301 3 CALL PUNCHtRECORD (4, .ZtUPPERtLIMIT, LIHITtID) •»
302 3 END ; 

ELSE
303 2 CALL PUNCHtRECORD (1, .(FALSE), LINITtSTATUStID) ?
304 2 IF ZtLOHERtLIHITtSET 

THEN
305 2 DO ;
306 3 CALL PUNCHtRECORD (1, .(TRUE), LIHITtSTATUStID) •

f

307 3 CALL PUNCHtRECORD (4, .ZtLOHERtLIHIT, LINITtID) ■>
308 3 END ;

ELSE
309 2 CALL PUNCHtRECORD (1, .(FALSE), LIHITtSTATUStID) 5
310 2 CALL PUNCHtRECORD (1, .(0), EOFtID) }
311 2 CALL TXtEHPTYtDELAY \ I t  DELAY WHILST TI RE6 EMPTIES*/
312 2 UARTtCONTROL = SETTING (DIVIDEtl6 AND 

ALTtO AND 
RTStLO AND 
DISABLEtINT) ?

313 2 END DUMP *,
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♦EJECT
314 1 LOADS PROCEDURE PUBLIC }

315 2 CALL POSITIONiCURSOR (HARNINGiFIELD) }
316 2 CALL NRITEiMESSAGE ( . IDELETEiLINE,

BLINKtON,
’LOADING TAPE’ ,
BLINKIOFF,
BELL, EOT)) ;

317 2 CALL TYiEMPTYiDELAY 1 /»DELAY WHILST TY REG EMPTIES»/
318 2 UARTICONTROL = SETTIN6 (DIVIDEI64 AND

ALTiO AND
RTSfLO AND
DISABLEfINT) 5

319 2 IF TAPEiREAD <> 0
THEN

320 2 DO 5
321 3 UARTiCONTROL = SETTING IDIVIDEI16 AND

ALTiO AND
RTStLO AND
DISABLEfINT) 5

322 3 CALL POSITIONiCURSOR (ERRORiFIELD) ;
323 3 CALL WRITE»MESSAGE UDELETEiLlNE,

’TAPE READ ERROR’ ,
BELL, EOT )) }

324 3 END }
ELSE

325 2 UARTiCONTROL = SETTING (D1VIDEI16 AND
ALTiO AND
RTSfLO AND
DISABLEfINT ) {

326 2 CALL CLEARiWARNINBiFIELD !
327 2 CALL POSITIONfCURSOR 4LIMITSfHARNIN6fFIELD) $
328 2 IF IXfUPPERfLIHITfSET AND YfLOWERfLIMITfSET AND

YfUPPERfLIHITfSET AND YfLONERfLIHITfSET AND 
ZfUPPERfLIHITfSET AND ZfLONERfLIMITISET )

THEN
329 2 CALL NRITEfMESSAGE ( . (DELETEfLINE, EOT)) ;

ELSE
330 2 CALL HRITEfMESSAGE (.LIMITSiHARNINGfMESSAGE) ;
331 2 IF PATHISET

THEN
332 2 CALL DISPLAYfPATHfNAME }
333 2 END LOAD ;
334 1 END TAPEflO i

MODULE INFORMATION:

CODE AREA SIZE * 07E3H 2019D
VARIABLE AREA SIZE = 0019H 25D
MAXIMUM STACK SIZE ’  OOOAH 10D
731 LINES READ 
0 PR06RAH ERROR IS)

END OF PL/H-80 COMPILATION
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ISIS-II PL/M-80 V3.1 COMPILATION OF MODULE RESETSYSTEMPROCEDURE 
OBJECT MODULE PLACED IN :F1:HELD21.OBJ
COMPILER INVOKED BY: PLH80 : Fl:«ELD21.PLM DEBUG «ORKFILES<: Flï, :F1ï ) PRINT CF1:WELD21.LST)

»TITLE (’RESET»SYSTEM»PRQCEDURE VER 1.00 DATE 12/11/81’ ) 
1 RESET»SYSTEM»PROCEDURE: DO 5

H  A PLM80 PROCEDURE TO RESET THE SYSTEM HARDWARE.
THE POSITIONING HARDWARE IS INITIALISED.
THE SYSTEM STATUS FLAGS ARE INITIALISED.
THE POWER SOURCE CONTROL PORT IS INITIALISED.
THE CURRENT CONTROL PORT OUTPUT IS RESET TO ZERO.
THE SYSTEM INTERRUPT MASKS ARE SET ACTIVE.
THE UART IS INITIALISED.

*/

/ t  EXTERNALS */
»INCLUDE OFlîHELD.EQU)

= »NOLIST

»INCLUDE CFl:MATH.EQU)
= »NOLIST

4 1 DECLARE UARTISTATUS BYTE EXTERNAL 5
5 1 DECLARE UARTtDATA BYTE EXTERNAL 5

6 1 NRITE«MESSA6E: PROCEDURE (NESSAGEtADDRESS) EXTERNAL ;
7 2 DECLARE MESSAGE»ADDRESS ADDRESS ;
8 2 END NRITE»MESSAGE ;

9 1 SET ̂CONTROLLERSINDICATORS* PROCEDURE EXTERNAL ?
10 2 END SET»CONTRDLLER*INDICATORS 5

11 1 RESET»PONER»SOURCE»CONTROL: PROCEDURE EXTERNAL ;
12 2 END RESET<POWER<SOURCE<CONTROL 5

13 1 SET»DIRECTION»CONTROL: PROCEDURE EXTERNAL !
14 2 END SET»DIRECTION4CONTROL }

15 1 SETtlNTERRUPTiMASK: PROCEDURE EXTERNAL !
16 2 END SET»INTERRUPT*NASK 5

17 1 FIX»SINELE»ROUND: PROCEDURE (DATAtADDRESS) EXTERNAL 5
IB 2 DECLARE DATA»ADDRESS ADDRESS ;
19 2 END FIX»SINGLE»ROUND ?

20 1 ST0RE»RESULT*SIN6LE: PROCEDURE (STOREÌADDRESS) EXTERNAL ;
21 2 DECLARE STOREÌADDRESS ADDRESS }
22 2 END ST0RE»RESULT*SIN6LE 5

23 1 DECLARE RESULT»SIN6LE (4) BYTE EXTERNAL ;
24 1 DECLARE PARAMETERS»SET»FLAG (256) BYTE EXTERNAL 5
25 1 DECLARE IR»0»ENABLED,

R»1»ENABLED,
R»2»ENABLED,
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R t3$ENABLEDi
CONTROLLERÍACTIVE,

ONISEANi

P A T H ÎS E T ,
NOTORSÍRUNNING ) BYTE EXTERNAL ;
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«EJECT
I t  PUBLIC DATA M

l \  SYSTEM STATUS FLAGS 1/
26 1 DECLARE «UPPERILINITISET BYTE PUBLIC ;
27 1 DECLARE «LOWERILIHITÍSET BYTE PUBLIC ;
28 1 DECLARE Y$UPPER«LIMIT$SET BYTE PUBLIC 5
29 1 DECLARE Y$LONER$LIHIT!SET BYTE PUBLIC 5
30 1 DECLARE ZtUPPER$LIMIT!SET BYTE PUBLIC J
31 1 DECLARE ZILONERtLIMITISET BYTE PUBLIC *,
32 1 DECLARE CURRENT!INCREMENTISET BYTE PUBLIC J
33 1 DECLARE PATHÍNANE1SET BYTE PUBLIC 5
34 1 DECLARE REST!POSITION!SET BYTE PUBLIC 5

/ t  INTERRUPT MASK FLAGS 1/
35 1 DECLARE RST!5!5!MASK BYTE PUBLIC J
36 1 DECLARE RST!6!5!HASK BYTE PUBLIC }
37 1 DECLARE RST!7!5!MASK BYTE PUBLIC i

/ t  TIMING DATA »/
38 1 DECLARE MAIN!DIVISOR!FLOAT (4) BYTE PUBLIC

DATA (05H, OAOHi OOH, OOH) 5
39 1 DECLARE RTC!DIVISOR!FLOAT (4) BYTE PUBLIC

DATA (TEN!THDUSAND!REAL) ?
40 1 DECLARE RTC!DIVIS0R!SIN6LE (2) BYTE PUBLIC

I t  REAL TIME INTERRUPT FLAGS 1/
41 1 DECLARE PRE!TRAVERSE!FLAG BYTE PUBLIC •!
42 1 DECLARE PULSE!0N!FLA6 BYTE PUBLIC •»
43 1 DECLARE PULSE!OFF!FLAG BYTE PUBLIC t»
44 1 DECLARE FALLÍFLAG BYTE PUBLIC •»
45 1 DECLARE DELAYÍFLAG BYTE PUBLIC •»
46 1 DECLARE FALLIDELAYÍFLAG BYTE PUBLIC 5

I t  DIRECTION CONTROL FLAGS */
47 1 DECLARE (RtENABLEDt

«ENABLED,
Y!ENABLED,
«ENABLED,
R1P0SITIVE,
«POSITIVE,
YIPOSITIVE,
«POSITIVE ) BYTE PUBLIC 5
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48
♦EJECT

DECLARE SI6N$0N$HESSA6E i t )  BYTE PUBLIC 
DATA ( PRINTIPORTIOFF,

CLEARISCREEN,
CURSOR$HOME,

’TIG HELD VER 3.0 LIVERPOOL UNIVERSITY / HELDING INSTITUTE’ , 
CRILF,
CR$LF,
’ I = Y = Z =’ ,
CR$LF,
’ R0= Rla R2= R3=’ ,
CR$LF,
CRILF,
’ PATH NAME 
CRILF,
’ 6R0UP IGNITION:-’ ,
CRILF,
’ CURRENT RANGE = CURRENT INCREMENT =’ ,
CRiLF,
CRILF,

PULSE CURRENT = BACKGROUND CURRENT =’
CRILF,
’ PULSE ON TINE = PULSE OFF TIME =’ ,
CRILF,
CRILF,
’ HELDING SPEED = HIRE:-’ ,
CRILF,
CRILF,
’ PRE-TRAVERSE TINE = FALL TIME *’ ,
CRILF,
CRILF,
CRILF,
’ PROGRAM’ , 
CRILF,
EOT

»

) 5
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«EJECT
/» LOCAL DATA 1/

49 1 DECLARE I ADDRESS }
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»EJECT

50 1
51 2
52 2
53 2
5» 2
55 2
56 2
57 2

58 2
59 2
60 2

61 2

62 2
63 3
64 3
65 2

66 2

67 2

68 2
69 2
70 2
71 2
72 2
73 2
74 2
75 2

76 2

RESETISYSTEH: PROCEDURE PUBLIC ;
«ENABLED, YIENABLED, /»ENABLED, R»ENABLED = FALSE ; 
«POSITIVE, YtPOSITIVE, ZÌPOSITIVE, R4PQSITIVE = TRUE ;
CALL SETtDIRECTIONtCONTROL 5 
CALL RE5ET»PQHER»S0URCE»C0NTR0L i 
OUTPUT (CURRENTICONTROL) = 0 ;
OUTPUT (ROTATION) = 0 5 
PRE»TRAVERSE$FLAS,
PULSEIONSFLAB,
PULSE»OFF»FLAB,
FALLÌFLA6,
DELAYiFLAB = FALSE 5
RST»5»5»HASK, RST»6»5»NASK, RST«7*5«NASK = TRUE \
CALL SETilNTERRUPTtHASK 5 
«UPPERiLIHITtSET,
«L0HER4LINITISET,
Y*UPPER»LINIT»SET,
Y»LONER$LIHIT»SET,
Z*UPPER»LINIT*SET,
Z*LONER»LINIT*SET = FALSE ;
CURRENT »INCREMENT» SET,
PATHtSET,
PATH»NAHE«SET,
REST»POSITION*SET = FALSE ;
DO I = 0 TO LAST(PARAMETERS»SET*FLA6) 5 

PARAHETERSISET»FLA6(I ) = FALSE 5 
END ;
OUTPUT (HAINtDIVIDERttlODE) = SETTING ( BELECTiO

AND H0DE»2
AND READ«LOAD»LSB»HSB 
AND BINARY ) I

OUTPUT (NAIN»OIVIDER»HODE> = SETTING ( SELECT»1
AND HODESO
AND READ»LOAD»LSB»NSB 
AND BINARY ) ;

OUTPUT (HAIN»DIVIDER»HODE) = SETTIN6 ( SELECTÌ2
AND H0DE«0
AND READ»LOAD»LSB»HSB 
AND BINARY ) ;

CALL FI«SIN6LE»R0UND (.HAIN»DIVISOR»FLOAT) 5 
OUTPUT (NAINÌDIVIDER) = RESULTtSINBLE(l) 5 
OUTPUT (HAINtDIVIDER) = RESULTtSINBLE(O) 5 
CALL FI«SIN6LE»R0UND (.RTC»DIVISOR»FLOAT) 5 
CALL ST0RE»RESULT»SIN6LE (.RTCtDIVISORISINBLE) }
OUTPUT (REALITIHEiCLOCK) = RESULT*SIN6LE(1) 5 
OUTPUT (REAL»TIHE»CLOCK) = RESULTiSINGLE(O) i 
OUTPUT (COUNTERSMODE) = SETTIN6 ( SELECT40

AND MODESO
AND READ»LOAD»LSB»MSB 
AND BINARY ) ;

OUTPUT (COUNTERSMODE) = SETTING ( SELECTSl
AND MODESO
AND READSLOADSLSBSMSB 
AND BINARY ) ;
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77 2 OUTPUT (COUNTERÌMODE) = SETTING SELECTI2 
AND MODEtO
AND READ$LOAD$LSB$MSB 
AND BINARY )

78 2

79 2

80 2

81 2 
82 2

83 2
84 2

85 2

86 2
87 2
88 2
89 1

OUTPUT (X$Y$Z$OIVIDER$HODE) = SETTING ( SELECT«
AND M0DEI2
AND READILOADILSBIMSB 
AND BINARY )

OUTPUT (XIYIZIDIVIDERIMODE) = SETTING ( SELECT41
AND M0DEI2
AND READ$LOAD$LSB$HSB 
AND BINARY )

OUTPUT (XIYIZIDIVIDERIMODE} = SETTING ( SELECTI2
AND M0DEI2
AND READILOADILSBIHSB 
AND BINARY )

OUTPUT (C0NTR0LI8155) = 0000I1101B ;
RIOIENABLEDy
RIllENABLEDy
RI2IENABLED,
RI3IENABLED»
CONTROLLERSACTIVE »
ONtSEAHy
HOTORSSRUNNING = FALSE ;
CALL SETSCONTROLLERfINDICATORS ;
UARTtCONTROL = SETTING (RESETSUART 

AND ALTSO 
AND RTSILO 
AND DISABLEIINT ) ;

UARTSCONTROL = SETTING (DIVIDEI1A 
AND ALT«
AND RTSILO
AND DISABLEIINT ) ;

MOTORSIRUNNING = FALSE 5
CALL NRITEINESSA6E (.SI6NI0NIMESSA6E) ;

END RESETISYSTEN }
END RESETISYSTENIPROCEDURE }

NODULE INFORMATION:

CODE AREA SIZE « 0359H 857D
VARIABLE AREA SIZE = 001EH 30D
MAXIMUM STACK SIZE = 0002H 2D
477 LINES READ 
0 PROGRAM ERROR(S)

END OF PL/M-80 COMPILATION
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ISIS-II PL/H-80 V3.1 COMPILATION OF HODULE MOTORCALCPROCEDURE 
OBJECT HODULE PLACED IN : Fl :HELD24.OBJ
COHPILER INVOKED BY! PLH80 :F1:NELD24.PLH DEBUG WORKFILES(: FI ! , :F1:) PRINT CF1:HELD24.LST>

♦TITLE (’HOTORICALCIPROCEDURE VER 3.00 26/01/82’ )
1 HOTORICALCIPROCEDURE: DO ;

/ t  A PLH80 PROCEDURE TO CALCULATE THE X, Y l  I HOTOR INTERFACE COUNTER 
AND DIVISOR VALUES FROH THE RELEVANT DISPLACEHENT AND SPEED VALUES. »/

$ INCLUDE CFliWELD.EQU)
' = INQLIST

♦INCLUDE CFÜHATH.EQU)
= SNOLIST

H  EXTERNAL ROUTINES 1/

4 1 REALIADD: PROCEDURE (BIADDRESS, AlADDRESS) EXTERNAL 5
5 2 DECLARE (AIADDRESS, BIADDRESS) ADDRESS J
6 2 END REALIADD ;

7 1 REALIHULTIPLY: PROCEDURE (BIADDRESS, AIADDRESS) EXTERNAL 5
8 2 DECLARE (AIADDRESS, BIADDRESS) ADDRESS 5
9 2 END REALIHULTIPLY J

10 1 REALIDIVIDE: PROCEDURE (BIADDRESS, AIADDRESS) EXTERNAL ;
11 2 DECLARE (AIADDRESS, BIADDRESS) ADDRESS (
12 2 END REALIDIVIDE ;

13 1 REALINEGATE! PROCEDURE (AIADDRESS) EXTERNAL 5
14 2 DECLARE AIADDRESS ADDRESS ;
15 2 END REALINEGATE 5

16 1 SUBTRACTISINBLE: PROCEDURE (BIADDRESS, AIADDRESS) EXTERNAL 5
17 2 DECLARE (AIADDRESS, BIADDRESS) ADDRESS $
18 2 END SUBTRACTISINGLE ;

19 1 ADDISINSLEITOIDOUBLE: PROCEDURE (DOUBLEIADDRESS, SIN6LEIADDRESS) EXTERNAL 5
20 2 DECLARE (DOUBLEIADDRESS, SINGLEIAODRESS) ADDRESS ;
21 2 END ADDISINGLEITOIDOUBLE J

22 1 FLOATISINGLE: PROCEDURE (AIADDRESS) EXTERNAL 5
23 2 DECLARE AIADDRESS ADDRESS !
24 2 END FLOATISINGLE ;

25 1 FIXI16IBIT: PROCEDURE (AIADDRESS) EXTERNAL 5
26 2 DECLARE AIADDRESS ADDRESS ;
27 2 END FIXI16IBIT 5

28 1 SOUAREIROOT: PROCEDURE (AIADDRESS) EXTERNAL ;
29 2 DECLARE AIADDRESS ADDRESS 5
30 2 END SQUAREIROOT 1
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31 1 STORE$RESULT: PROCEDURE (STORE$ADDRESS> EXTERNAL ;
32 2 DECLARE STORE$ADDRESS ADDRESS 5
33 2 END STORE$RESULT ;

34 1 ST0REÌRESULTISIN6LE: PROCEDURE (STOREiADDRESS) EXTERNAL i
35 2 DECLARE STOREtADDRESS ADDRESS 5
36 2 END STOREIRESULTtSINGLE i

H  EXTERNAL DATA M

37 1 DECLARE HATHtSTATUS BYTE EXTERNAL !
38 1 DECLARE (FOUR,

FIVE,
FOURSFLOAT,
FIVE4FL0AT,
0NE4FL0AT,
MINUS$ONE$FLOAT,
FIVE4HUNDREDIFL0AT,
FIFTYtFLOAT,
ONEIHILLIONIFLOAT,
ZER04FL0AT,
ONEfHUNDREDfFLOAT,
ONE$THDUSAND$FLOAT,
FOURIHUNDREDIFLOAT,
RESULT ) (4) BYTE EXTERNAL 5

39 1 DECLARE (ONEISINGLE,
HINUStONESSINGLE,
ZEROISINGLE,
RESULT4SINGLE ) (2) BYTE EXTERNAL !

40 1 DECLARE (XtORDINATE,
YtORDINATE,
Z40RDINATE ) (4) BYTE EXTERNAL 5

41 1 DECLARE NATHIINiUSE BYTE PUBLIC 1
42 1 DECLARE < XfDIVISORS5IN6LE,

XIC0UNT4SIN6LE,
YiDIVISORtSINGLE,
YICOUNTISINGLE,
ZtDIVISORtSINBLE,
Z4C0UNTISIN6LE ) (2) BYTE PUBLIC 5

43 1 DECLARE (XtZERO, YIZERO, Z$ZERO,
XIDIRECTIONIPOSITIVE,
YIDIRECTION$POSITIVE,
ZIDIRECTIONIPOSITIVE ) BYTE PUBLIC ;

I t  LOCAL DATA 1/
44 1 DECLARE < X$DISPLACEMENT$FLOAT »

Y«DISPLACENENT$FLOAT,
Z«DISPLACENENT$FLOAT,
X4VECT0R4FL0AT,
Y4VECT0RÍFL0AT,
Z$VECTOR*FLOAT,
X$S8UARED$FL0AT,
Y«SQUARED$FLOAT,
DIVIS0RIC0NSTANT4FL0AT,
DISPLACEHENTÍFLOAT ) (4) BYTE ?

45 1 HOTORÍCALCULATIONS: PROCEDURE (TABLEÍADDRESS, DIVISORíFLOATíADDRESS, UPDATE) PUBLIC 5
46 2 DECLARE (TABLEÍADDRESS, DIVISORtFLOATíADDRESS) ADDRESS 5
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47 2
48 2
49 2
50 2

51 2

52 2

53 2
54 3
55 3
56 3
57 2
58 2

59 2
60 3
61 3
62 3
63 2

64 2
65 2
66 2
67 2
68 2

69 2
70 3
71 3
72 3
73 2
74 2

75 2
76 3
77 3
78 3
79 2

80 2 
81 2 
82 2
83 2
84 2
85 2
86 2

87 2
88 3
89 3
90 3
91 2
92 2

DECLARE UPDATE BYTE ;
DECLARE TABLEiDATA BASED TABLEiADDRESS (6) BYTE } 
NATHilNiUSE = TRUE ;
««DIRECTIONiPOSITIVE,
YiDIRECTIONiPOSITIVE,
ZiDIRECTIONiPOSITIVE = TRUE ;
XiZERO»
YiZERO,
ZiZERO = FALSE }
IF UPDATE 
THEN

DO ;
CALL ADDÌSINGLEÌTOÌDOUBLE (.««ORDINATE, 
CALL STOREiRESULT (.««ORDINATE) 5 

END 5
CALL FLOATISINSLE UABLE»DATA(0>) 5
IF MATHÌNE6ATIVE
THEN

.TABLE«DATA10)> 5

do ;
CALL REAL«NEGATE (.RESULT) } 
««DIRECTIONiPOSITIVE = FALSE 5 

END ;
IF HATHiZERD 
THEN

«♦ZERO = TRUE ;
CALL STDRE«RESULT (.««DISPLACEMENT«FLOAT) ? 
CALL REALiHULTIPLY (.RESULT, .RESULT) 5 
CALL STDRE«RESULT (. X«SBUARED«FLOAT) ?
IF UPDATE 
THEN

DO ;
CALL ADD«SINGLE«TO«DOUBLE (.YÌORDINATE, ,TABLE«DATA(2)> 5 
CALL STORE«RESULT (.YÌORDINATE) !

END ;
CALL FL0AT«SIN6LE (.TABLEiDATA(2>) ;
IF MATHtNEGATIVE 
THEN

DO ;
CALL REALiNEGATE (.RESULT) 5 
Y«DIRECTION«POSITIVE * FALSE {

END ;
IF HATHiZERO 
THEN

YfZERO = TRUE ;
CALL STOREiRESULT (.Y«DISPLACEHENT«FLOAT) 5
CALL REALiNULTIPLY (.RESULT, .FIVEiFLOAT) 5
CALL REAL«DIVIDE (.RESULT, ,F0UR«FL0AT) !
CALL REALiHULTIPLY (.RESULT, .RESULT) }
CALL STOREiRESULT (.Y«SQUARED«FLOAT > 5
IF UPDATE
THEN

CALL ADD«SINGLE«TOiDOUBLE (.ZiORDINATE, .TABLEiDATA(4)) 
CALL STOREiRESULT (.ZiORDINATE) 5

END i
CALL FLOATÌSINGLE <.TABLE«DATA(4)) ; 
IF MATH«NEGATIVE
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93 2
94 3
95 3
96 3
97 2

98 2
99 n

4.

100 2
101 2
102 2
103 2
104 2
105 2
106 2

107 2
108 3
109 3
110 3
111 3
112 2

113 2
114 3
115 3
116 3
117 3
118 2

119 2
120 3
121 3
122 3
123 3
124 2

125 2

126 2
127 2
128 2

129 2

130 2
131 2
132 2

133 2

134 2
135 2
136 2
137 2

THEN 
DO ;

CALL REAL4NESATE (.RESULT) 5 
Z$DIRECTION$POSITIVE = FALSE 5 

END ;
IF HATHIZERO 
THEN

Z4ZER0 = TRUE }
CALL STOREIRESULT (.ZIDISPLACEHENTIFLOAT) ;
CALL REALIHULTIPLY (.RESULT, .RESULT) 5
CALL REALIADD (.RESULT, .YISQUAREDIFLOAT) 5
CALL REALIADD (.RESULT, .XISQUAREDIFLOAT) 5
CALL SQUAREIRQOT (.RESULT) 5
CALL REALINULTIPLY (.RESULT, DIVISORIFLOATIADDRESS) 5
CALL STOREiRESULT (.DIVISORICONSTANTIFLDAT) ;
IF NOT XIZERO 
THEN 

DO ;
CALL REALIDIVIDE (.DIVISORICONSTANTIFLOAT, .X$DISPLACEMENT<FLOAT) }
CALL FIXI16IBIT (.RESULT) 5
CALL STOREIRESULTISINGLE I.XIDIVISORISINGLE) ;

END ;
IF NOT YIZERO 
THEN

DO ;
CALL REALIDIVIDE (.DIVISORICONSTANTIFLOAT, .YIDISPLACEHENTIFLOAT) 5 
CALL FIX$16$BIT (.RESULT) !
CALL STORE*RESULT«SINGLE (.YtDIVISORfSINGLE) i 

END ;
IF NOT ZIZERO 
THEN

DO *,
CALL REALtDIVIDE I.DIVISOR»CONSTANT*FLOAT, .Z«DISPLACEMENT$FLOAT) 5 
CALL FIX$16$BIT (.RESULT) }
CALL STOREiRESULTiSINGLE (.Z$DIVISORISINGLE) ;

END ;
IF X$DIRECTION$POSITIVE 
THEN

CALL SUBTRACTiSINGLE (.TABLEtDATA(O), .ONEtSINGLE) 5
ELSE

CALL SUBTRACTfSINGLE (.HINUS$0NE$SIN6LE, .TABLEtDATA(O)) !
CALL STORESRESULT$SIN6LE (.XttOUNTiSINGLE) \
IF YIDIRECTIONSPOSITIVE 
THEN

CALL SUBTRACT SSINBLE (.TABLESDATA(2), .ONESSINGLE) 5 
ELSE

CALL SUBTRACTSSINGLE (.HINUSSONESSINGLE, .TABLESDATA(2)) 5 
CALL STORESRESULTSSINGLE (.YSCOUNTSSINGLE) 5 
IF ZSDIRECTIONSPOSITIVE 
THEN

CALL SUBTRACTSSINGLE (.TABLESDATA(4), .ONESSINGLE) 5 
ELSE

CALL SUBTRACTSSINGLE (.NINUSS0NESSIN6LE, .TABLESDATA(4)) ;
CALL STORESRESULTSSINGLE (.ZSCOUNTSSINGLE) 5 
HATHSINSUSE = FALSE 5 

END HOTORSCALCULATIONS 5
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138 1 END NOTORtCALC$PROCEDURE {

NODULE INFORMATION:

CODE AREA SIZE = 0244H 580D
VARIABLE AREA SIZE = 0040H 64D
MAXIMUM STACK SIZE = 0002H 2D
466 LINES READ 
0 PR06RAM ERROR(S)

END OF PL/M-80 COMPILATION
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ISIS-II PL/H-80 V3.1 COMPILATION OF MODULE ARITHNETICPRQCEDURES 
OBJECT MODULE PLACED IN :Fl:NATH.OBJ 
COMPILER INVOKED BY: PLM80 sFÜHATH.PLH DEBUG

«TITLE (’ARITHMETIC4PR0CEDURES VER 2.00 DATE 03/04/81’ ) 
1 ARITHMETIC4PR0CEDURES: DO ;

/mmmmmmmmmmmmmmmmmmmmmmtmmtmmm
AAA RRRR I I I I I  TTTTT H H M M EEEEE TTTTT I I I I I  CCCC

A A R R I T H H M M M E T I c
AAAAA RRRR I T HHHHH M M M EEE T I c
A A R R I T H H M ME T I c
A A R R IIII1 T H H M M EEEEE T m u CCCC

MODULE OF PLM80 ARITHMETIC PROCEDURES 
M

I t  EXTERNALS M  
4INCLUDE UFUHELD.EQU)

= 4N0LIST

«INCLUDE CFlîMATH.EÔU)
= «NOLIST

/ t  PUBLIC DATA 4/
4 1 DECLARE MATHÍSTATUS BYTE PUBLIC !
5 1 DECLARE RESULT (4) BYTE PUBLIC i
6 1 DECLARE RESULT4SINGLE (2) BYTE PUBLIC 5

7 1 DECLARE ONEIMILLIONÍFLOAT 14) BYTE PUBLIC
DATA (14H, 0F4H, 24H.00H) 5

8 1 DECLARE ONE (4) BYTE PUBLIC
DATA (00, 00, 00, 01) ;

9 1 DECLARE 0NE4SINGLE (2) BYTE PUBLIC AT (.ONE + 2) 5
10 1 DECLARE MINUS40NE (4) BYTE PUBLIC

DATA (OFFH, OFFH, OFFH, OFFH) }
11 1 DECLARE MINUS40NE4SINBLE (2) BYTE PUBLIC AT (.MINUSIONE + 2) 5
12 1 DECLARE FOUR ' (4) BYTE PUBLIC

DATA (00, 00, 00, 04) 5
13 1 DECLARE TWO (4) BYTE PUBLIC

DATA (00, 00, 00, 02) ;
14 1 DECLARE TH04SINGLE (2) BYTE PUBLIC

AT (.TUO + 2) Î
15 1 DECLARE TNOIFLOAT (4) BYTE PUBLIC

DATA (02, BOH, 00, 00) ;
16 1 DECLARE THREE$SIX«ZERO$FLOAT (4) BYTE PUBLIC

DATA (09, 0B4H, 00, 00) 5
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17 1 DECLARE FIVEIHUNDREDIFLOAT (4) BYTE PUBLIC
DATA (09H, OFAH, OOH, OOH) j

IB 1 DECLARE FOURIHUNDREDIFLOAT (4) BYTE PUBLIC
DATA <09H, 0C1H, OOH, OOH) 5

19 1 DECLARE FIFTYIFLOAT (4) BYTE PUBLIC
DATA (06H, 0C8H, OOH, OOH) !

20 1 DECLARE ONEIHUNDREDIFLOAT (4) BYTE PUBLIC
DATA (07H, 0C8H, OOH, OOH) !

21 1 DECLARE THOITHOUSANDISINGLE (2) BYTE PUBLIC
DATA (07H, ODOH) *,

22 1 DECLARE FOURfSINGLE (2) BYTE PUBLIC AT (.FOUR + 2) 5
23 1 DECLARE FIVE (4) BYTE PUBLIC

DATA (00, 00, 00, 05) !
24 1 DECLARE FIVEISINGLE (2) BYTE PUBLIC AT (.FIVE + 2) 5
25 1 DECLARE TEN (4) BYTE PUBLIC

DATA (00, 00, 00, 10) 5
26 1 DECLARE TENiSINGLE (2) BYTE PUBLIC AT (.TEN ♦ 2) 5
27 1 DECLARE TENIFLOAT (4) BYTE PUBLIC

DATA (04H, OAOH, OOH, OOH) ;
28 1 DECLARE POINTIFIVEIFLOAT (4) BYTE PUBLIC

DATA (OOH, BOH, OOH, OOH) 5
29 1 DECLARE ONEIFLOAT (4) BYTE PUBLIC

DATA (01H, BOH, OOH, OOH) !
30 1 DECLARE HINUSIQNEIFLOAT (4) BYTE PUBLIC

BATA (81H, 80H, OOH, OOH) ;
31 1 DECLARE ZEROIFLOAT (4) BYTE PUBLIC

DATA (OOH, OOH, OOH, OOH) ;
32 1 DECLARE ZERO (4) BYTE PUBLIC AT (.ZEROIFLOAT) ;
33 1 DECLARE ZEROISINGLE (2) BYTE PUBLIC

AT (.ZEROIFLOAT + 2) 5
34 1 DECLARE SIXIFIVEIFIVEITHREEIFIVE (4) BYTE PUBLIC

DATA IOOH, OOH, OFFH, OFFH) 5
35 1 DECLARE TNOIFIVEIFIVEIFLOAT (4) BYTE PUBLIC

DATA (08H, OFFH, OOH, OOH) 5
36 1 DECLARE TNOIFIVEIFIVE (4) BYTE PUBLIC

DATA (OOH, OOH, OOH, OFFH) J
37 1 DECLARE THREEITNOISEVENISI»SEVEN (4) BYTE PUBLIC

DATA (OOH, OOH, 7FH, OFFH) ;
38 1 DECLARE TENITHOUSANDIFLOAT (4) BYTE PUBLIC

DATA (OEH, 9CH, 40H, OOH) 5
39 1 DECLARE FOURIFLOAT (4) BYTE PUBLIC

DATA (03H, 80H, OOH, OOH) |
40 1 DECLARE FIVEIFLOAT (4) BYTE PUBLIC

DATA (03H, OAOH, OOH, OOH) ;

41 1 DECLARE ONEITHOUSANDIFLOAT (4) BYTE PUBLIC
DATA (OAH, OFAH, OOH, OOH) 5
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♦EJECT

42 1 WAITIFORIARITHMETICIPROCESSOR: PROCEDURE PUBLIC i
43 2 DO WHILE (ARITHMETICIBUSYISTATUS) <> 0 ;
44 3 END 5
45 2 END NAIT$FOR$ARITHMETICOPROCESSOR 5

46 1 PUSH$DATA$TO$APU: PROCEDURE (DATAIADDRESS) PUBLIC i
47 2 DECLARE DATAIADDRESS ADDRESS 5
48 2 DECLARE DATAIBYTE BASED DATAIADDRESS (4) BYTE 5
49 2 DECLARE I BYTE J
50 2 DO I = 0 TO 3 ;
51 3 OUTPUT (ARITHMETICIDATA) = DATAfBYTE(3 - I) 5
52 3 END 5
53 2 END PUSHIDATAITOIAPU ;

54 1 PUSH$DATA$SIN6LE: PROCEDURE (DATAIADDRESS) PUBLIC 5
55 2 DECLARE DATAIADDRESS ADDRESS 5
56 2 DECLARE DATAIBYTE BASED DATAIADDRESS (2) BYTE ;
57 2 OUTPUT (ARITHMETICIDATA) = DATAIBYTEI1) J
58 2 OUTPUT (ARITHMETICIDATA) = DATAIBYTEIO) ;
59 2 END PUSHIDATAISINGLE J

60 1 POPIRESULTIFROMIAPU: PROCEDURE PUBLIC }
61 2 DECLARE I BYTE }
62 2 MATHISTATUS = INPUT IARITHMETICISTATUS) }
63 2 DO I = 0 TO 3 5
64 3 RESULT(I) = INPUT (ARITHMETICIDATA> !
65 3 END }
66 2 END POPIRESULTIFROMIAPU 5

67 1 P0PIRESULTISIN8LE: PROCEDURE PUBLIC ;
68 2 MATHISTATUS = INPUT (ARITHMETICISTATUS) 5
69 2 RESULTISINSLE(O) = INPUT (ARITHMETICIDATA) }
70 2 RESULTISINGLE(l) = INPUT (ARITHMETICIDATA) 5
71 2 END POPIRESULTISINGLE 5

72 1 ADD: PROCEDURE (BIADDRESS, AIADDRESS) PUBLIC ;
73 2 DECLARE (AIADDRESS, BIADDRESS) ADDRESS ;

74 2 CALL PUSHIDATAITOIAPU (BIADDRESS) !
75 2 CALL PUSHIDATAITOIAPU (AIADDRESS) ;
76 2 OUTPUT (ARITHHETIClCOMMAND) = DADD ;
77 2 CALL HAI T«FORIAR I THMET I «PROCESSOR ;
78 2 CALL POPIRESULTIFROMIAPU 5
79 2 END ADD ;

80 1 SUBTRACT: PROCEDURE (BIADDRESS, AIADDRESS) PUBLIC ;
81 2 DECLARE (AIADDRESS, BIADDRESS) ADDRESS i

82 2 CALL PUSHIDATAITOIAPU (BIADDRESS) ;
83 2 CALL PUSHIDATAITOIAPU (AIADDRESS) 5
84 2 OUTPUT (ARITHMETICICOMMAND) = DSUB $
85 2 CALL WAITIFORI AR I THMET ICIPROCESSOR 5
86 2 CALL POPIRESULTIFROMIAPU 5
87 2 END SUBTRACT 5
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88 1 MULTIPLY: PROCEDURE (BIADDRESS, AtADDRESS) PUBLIC 5
89 ni DECLARE (AtADDRESS, BIADDRESS) ADDRESS !

90 2 CALL PUSHIDATAITOIAPU (BIADDRESS) ;
91 2 CALL PUSHIDATAITOIAPU (AtADDRESS) ;
92 2 OUTPUT (ARITHMETIC!COMMAND) = DMUL 5
93 2 CALL HAITIFORIARITHMETICIPROCESSOR 5
94 2 CALL POPIRESULTIFROMIAPU 5
95 2 END MULTIPLY }

96 1 DIVIDE: PROCEDURE (BIADDRESS, AtADDRESS) PUBLIC 5
97 2 DECLARE (AtADDRESS, B!ADDRESS) ADDRESS ;

98 2 CALL PUSHIDATAITOIAPU (BIADDRESS) i
99 2 CALL PUSHIDATAITOIAPU (AtADDRESS) 5

100 2 OUTPUT (ARITHNETICICOHKAND) = DDIV 5
101 2 CALL HAITIFORtARITHMETICIPROCESSOR }
102 2 CALL POPIRESULTIFROMIAPU 5
103 2 END DIVIDE ;

104 1 FLOAT: PROCEDURE (AtADDRESS) PUBLIC j
105 2 DECLARE AIADDRESS ADDRESS ;
106 2 CALL PUSHIDATAITOIAPU (AtADDRESS) 5
107 2 OUTPUT (ARITHMETICICOMMAND) = FLTD 5
108 2 CALL HAITIFORIARITHMETICIPROCESSOR 5
109 2 CALL POPIRESULTIFROMIAPU 5
110 2 END FLOAT ;

111 1 FL0ATISIN8LE: PROCEDURE (AIADDRESS) PUBLIC 5
112 2 DECLARE AIADDRESS ADDRESS ;
113 2 CALL PUSHIDATAISINBLE (AIADDRESS) ;
114 2 OUTPUT 4ARITHMETICICOMMAND) = FLTS ;
115 2 CALL HAITIFORIARITHMETICIPROCESSOR 5
116 2 CALL POPIRESULTIFROHIAPU 5
117 2 END FL0ATISIN6LE ?

118 1 FIX: PROCEDURE (AIADDRESS) PUBLIC 5
119 2 DECLARE AIADDRESS ADDRESS ;
120 2 CALL PUSHIDATAITOIAPU (AIADDRESS) 5
121 2 OUTPUT (ARITHMETICfCOMMAND) = FIXD 5
122 2 CALL HAITIFORIARITHMETICIPROCESSOR }
123 2 CALL POPIRESULTIFROHIAPU !
124 2 IF HATHIOVERFLOH

THEN
125 2 RESULT(0), RESULT(l), RESULTS), RESULT(3) = OFFH ?
126 2 END FIX 5

127 1 FIX1SINBLE: PROCEDURE (AIADDRESS) PUBLIC ;
128 2 DECLARE AIADDRESS ADDRESS ;
129 2 CALL PUSHIDATAITOIAPU (AIADDRESS) ;
130 2 OUTPUT (ARITHMETICICOHMAND) = FIXS 5
131 2 CALL HAITIFOR!ARITHMETICIPROCESSOR 5
132 2 CALL POPIRESULTISINSLE 5
133 2 END FIXtSINGLE }

134 1 ADDISINGLE: PROCEDURE (BIADDRESS, AIADDRESS) PUBLIC 5
135 2 DECLARE (BIADDRESS, AIADDRESS) ADDRESS ;
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136 2
137 2
138 2
139 2
140 2
141 2

CALL PUSHtDATAtSINSLE (BtADDRESS) i 
CALL PUSHtDATAtSIN6LE (AtADDRESS) 5 
OUTPUT (ARITHHETICtCOMHAND) = SADD 5 
CALL WAITtFORtARITHHETICtPROCESSOR ! 
CALL POPtRESULTtSINGLE ;

END ADDtSINGLE ;

142 1
143 2
144 2
145 2
146 2
147 3
148 3
149 2

STOREtRESULT: PROCEDURE (STOREtADDRESS) PUBLIC ? 
DECLARE STOREtADDRESS ADDRESS J 
DECLARE STORE BASED STOREtADDRESS (4) BYTE 5 
DECLARE I BYTE 5 
DO I = 0 TO 3 ;

STORE(I) = RESULT(I ) 5
END ;

END STOREtRESULT j

150 1
151 2
152 2
153 2
154 2
155 2

STQREtRESULTtSINGLE: PROCEDURE (STOREtADDRESS) PUBLIC ; 
DECLARE STOREtADDRESS ADDRESS ;
DECLARE STORE BASED STOREtADDRESS (2) BYTE } 
STORE(0) = RESULTtSINGLE(O) 5 
STORE(l) = RESULTtSINGLE(l) 5 

END STQREtRESULTtSINGLE 5

156 1
157 2 
15B 2
159 2
160 2 
161 2

STDREtRESULTtSINGLEtADDRESS: PROCEDURE (STOREtADDRESS) PUBLIC 5 
DECLARE STOREtADDRESS ADDRESS ;
DECLARE STORE BASED STOREtADDRESS (2) BYTE 5 
STORE (0) = RESULTtSINGLE (1) 5 
STORE (1) = RESULTtSINGLE (0) 5 

END STOREtRESULTtSINGLEtADDRESS 5

162 1
163 2
164 2
165 2
166 2
167 2
168 3
169 3
170 2

STOREtNUHBER: PROCEDURE (DESTINATIONtADDRESS» SOURCEtADDRESS) PUBLIC ; 
DECLARE (DESTINATIONtADDRESS, SOURCEtADDRESS) ADDRESS !
DECLARE SOURCEtDATA BASED SOURCEtADDRESS (4) BYTE ;
DECLARE DESTINATIONtDATA BASED DESTINATIONtADDRESS (4) BYTE ; 
DECLARE I BYTE 5 
DO I = 0 TO 3 ;

DESTINATIONtDATA(I) * SDURCEtDATA(I) ?
END ;

END STOREtNUHBER 5

171 1
172 2
173 2
174 2
175 2
176 2
177 2

STOREtNUNBERtSINGLE: PROCEDURE (DESTINATIONtADDRESS, SOURCEtADDRESS) PUBLIC 5 
DECLARE (DESTINATIONtADDRESS, SOURCEtADDRESS) ADDRESS ;
DECLARE SOURCEtDATA BASED SOURCEtADDRESS (2) BYTE 5 
DECLARE DESTINATIONtDATA BASED DESTINATIONtADDRESS (2) BYTE { 
DESTINATIONtDATA(O) = SOURCEtDATA(0) ;
DESTINATIONtDATA(1) = SOURCEtDATA(1) 5 

END STOREtNUHBERtSINGLE ;

178 1
179 2
180 2 
181 2 
182 2 
183 2

FIXtROUND: PROCEDURE (AtADDRESS) PUBLIC ;
DECLARE AtADDRESS ADDRESS ;
DECLARE TEHPtFLOAT (4) BYTE !
CALL STOREtNUHBER (.TEHPtFLOAT, AtADDRESS) 5 
CALL FIX (.TEHPtFLOAT) ;
IF HATHtOVERFLON 
THEN

184 2
185 2

RETURN 5
CALL PUSHtDATAtTOtAPU (.TEHPtFLOAT) 5
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186 2 CALL PUSHtDATAtTOtAPU (.RESULT) 5
187 2 OUTPUT (ARITHMETICSCOMMAND) = FLTD 5
188 2 CALL HAITtFORtARITHNETICSPROCESSOR 5
189 2 OUTPUT (ARITHMET1CtCOMMAND) = FSUB 5
190 2 CALL HAITtFORtARITHHET1COPROCESSOR ;
191 2 CALL PUSHtDATAtTOtAPU (.POINTtFIVEtFLOAT) !
192 2 OUTPUT (ARITHHETICtCOHHAND) = FSUB 5
193 2 CALL HAIT«FOR*ARITHHETIC«PROCESSOR ;
194 2 NATHtSTATUS = INPUT (ARITHMETICtSTATUS) 5
195 2 IF NOT (HATHtNEGATIVE) 

THEN
196 2 CALL ADD (.RESULT, .ONE) 5
197 2 END FIXiROUND ;

198 1 FIXMtBIT: PROCEDURE (AtADDRESS) PUBLIC 5
199 2 DECLARE AtADDRESS ADDRESS ;
200 2 CALL FIXtROUND (AtADDRESS) ;
201 2 CALL PUSHtDATAtTOtAPU (.SIXtFIVEtFIVEtTHREEtFIVE)
202 2 CALL PUSHtDATAtTOtAPU (.RESULT) 5
203 2 OUTPUT (ARITHMETICtCOMHAND) = DSUB 5
204 2 CALL HA I TtFORt AR I THMET I CtPROCESSOR 5
205 2 MATHtSTATUS = INPUT (ARITHNETICtSTATUS) 5
206 2 IF HATHtNEGATIVE 

THEN
207 2 RESULTtSINGLE(O), RESULTtSINGLE(l) = OFFH 5 

ELSE
208 2 DO ;
209 3 RESULTtSINGLE(O) = RESULT(2) J
210 3 RESULTtSINGLE(l) * RESULTS) }

211 3 END ;
212 2 END FIXt16tBIT 5

213 1 FIXtBtBITs PROCEDURE (AtADDRESS) PUBLIC !
214 2 DECLARE AtADDRESS ADDRESS }
215 2 CALL FIXtROUND (AtADDRESS) ;
216 2 CALL PUSHtDATAtTOtAPU (.THOtFIVEtFIVE) *,
217 2 CALL PUSHtDATAtTOtAPU (.RESULT) 5
218 2 OUTPUT (ARITHHETICtCOHHAND) » DSUB {
219 2 CALL HAITtFORtARITHMETICtPROCESSOR !
220 2 HATHtSTATUS = INPUT (ARITHHETICtSTATUS) !
221 2 IF MATHtNEBATIVE 

THEN
222 2 RESULTtSINGLE(l) = OFFH 5 

ELSE
223 2 RESULTtSINGLE(l) * RESULT(3) 5
224 2 END FIXt8tBIT 5

225 1 FIXtSINSLEtROUND: PROCEDURE (AtADDRESS) PUBLIC 5
226 2 DECLARE AtADDRESS ADDRESS ;
227 2 DECLARE TEMPtFLOAT (4) BYTE !
228 2 CALL STOREtNUHBER (.TEMPtFLOAT, AtADDRESS) 5
229 2 CALL FIXtSINGLE (AtADDRESS) ;
230 2 IF NATHtOVERFLOH 

THEN
231 2 RETURN ;
232 2 CALL PUSHtDATAtTOtAPU (.TEMPtFLOAT) ;
233 2 CALL PUSHtDATAtSINGLE (.RESULTtSINGLE) }
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234 2
235 2
236 2
237 2
238 2
239 2
240 2
241 2
242 2

OUTPUT (ARITHHETIC$COMMAND> = FLTS ;
CALL WAIT$FOR$ARITHHETICÌPROCESSOR ;
OUTPUT (ARITHMETIC$COHMAND) = FSUB |
CALL NAITSFORSARITHHETICSPROCESSOR ;
CALL PUSHSDATASTOSAPU (.POINTSFIVESFLOAT) i 
OUTPUT (ARITHMETI«COMMAND) = FSUB ;
CALL MAITSFQRSARITHMETICOPROCESSOR 5 
HATHSSTATUS = INPUT (ARITHMETICSSTATUS) 5 
IF NOT (MATHSNEGATIVE)
THEN

243 2
244 2

CALL ADDSSIN6LE (.RESULTSSIN6LE, .ONESSINGLE) i 
END FIXSSIN6LESR0UND ;

245 1
246 2
247 2
248 2
249 2
250 2
251 2

NEGATE: PROCEDURE (ASADDRESS) PUBLIC ; 
DECLARE ASADDRESS ADDRESS I 
CALL PUSHSDATASTOSAPU (ASADDRESS) i 
OUTPUT (ARITHHETICSCDMHANB) = CHSD 5 
CALL HAI TSFORS AR I THMET ICSPROCESSOR 5 
CALL POPSRESULTSFROMSAPU 5 

END NEGATE 5

252 1
253 2
254 2
255 2
256 2
257 2
258 2
259 2

REALSMULTIPLY: PROCEDURE (BSADDRESS* ASADDRESS) PUBLIC i 
DECLARE (ASADDRESS, BSADDRESS) ADDRESS ;
CALL PUSHSDATASTOSAPU (BSADDRESS) ;
CALL PUSHSDATASTOSAPU (ASADDRESS) J 
OUTPUT (ARITHHETICSCOMMAND) * FMUL 5 
CALL «AITSFORSARITHMETICSPROCESSOR 5 
CALL POPSRESULTSFROHSAPU ?

END REALSMULTIPLY 5

260 1 
261 2 
262 2
263 2
264 2
265 2
266 2 
267 2

REALSDIVIDE: PROCEDURE (BSADDRESS, A$ADDRESS) PUBLIC ? 
DECLARE (ASADDRESS, BSADDRESS) ADDRESS ,'
CALL PUSHSDATASTOSAPU (BSADDRESS) \
CALL PUSHSDATASTOSAPU (ASADDRESS) 5 
OUTPUT (ARITHNETICSCOMNAND) = FDIV ;
CALL «AITSFORSARITHHETICSPROCESSOR I 
CALL POPSRESULTSFROMSAPU !

END REALSDIVIDE ;

268 1
269 2
270 2
271 2
272 2
273 2
274 2
275 2

REALSADD: PROCEDURE (BSADDRESS, ASADDRESS) PUBLIC ; 
DECLARE (ASADDRESS, BSADDRESS) ADDRESS ;
CALL PUSHSDATASTOSAPU (BSADDRESS) ;
CALL PUSHSDATASTOSAPU (ASADDRESS) !
OUTPUT (ARITHHETICSCOHHAND) = FADD J 
CALL NAITSFORSARITHMETICSPROCESSOR j 
CALL POPSRESULTSFROMSAPU \

END REALSADD ;

276 1
277 2
278 2
279 2
280 2 
281 2 
282 2 
283 2

REALSSUBTRACT: PROCEDURE (BSADDRESS, ASADDRESS) PUBLIC *, 
DECLARE (ASADDRESS, BSADDRESS) ADDRESS ;
CALL PUSHSDATASTOSAPU (BSADDRESS) !
CALL PUSHSDATASTOSAPU (ASADDRESS) 5 
OUTPUT (ARITHHETICSCOMMAND) = FSUB !
CALL NAITSFORSARITHMETICSPROCESSOR i 
CALL POPSRESULTSFROMSAPU 5 

END REALSSUBTRACT ;



PL/H-80

284
285 2
286 2
287 ;
288 2
289 :
290 2

291 1
292 2
293 2
294 2
295 S
296 2
297 :

298 1
299 2
300 2
301 2
302 2
303 2
304 2

305 1
306 2
307 2
308 2
309 2
310 2
311 2
312 2

313 1
314 2
315 2
316 2
317 2
318 2
319 2
320 2

321 1
322 2
323 2
324 2
325 2
326 2
327 2
328 2

329 1
330 2
331 2
332 2
333 2
334 2
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REALÌNEGATE: PROCEDURE (AiADDRESS) PUBLIC ;
DECLARE AiADDRESS ADDRESS ;
CALL PUSHiDATAtTOiAPU «AiADDRESS) !
OUTPUT (ARITHHETICtCOKHAND) = CHSF î 
CALL NAITiFORìARITHHETICiPROCESSOR \
CALL POPiRESULTiFROHtAPU ;

END REALÌNE6ATE ;

SQUAREiROOTt PROCEDURE (AiADDRESS) PUBLIC ;
DECLARE AiADDRESS ADDRESS 5 
CALL PUSHiDATAiTOiAPU (AiADDRESS) 5 
OUTPUT (ARITHMETICi COMMAND) = SORT 5 
CALL HAITiFORtARITHNETICiPROCESSOR ;
CALL POPiRESULTiFROMtAPU 5 

END SQUAREÌROOT i

NEGATEÌSINGLE: PROCEDURE (AiADDRESS) PUBLIC }
DECLARE AiADDRESS ADDRESS ;
CALL PUSHtDATAiSINGLE (AiADDRESS) Î 
OUTPUT (ARITHMETICiCOMMAND) = CHSSi 
CALL NAITiFORiARITHNETICiPRQCESSOR 5 
CALL POPiRESULTiSINBLE J 

END NE6ATEÌSINSLE ;

DIVIDEiSINGLE: PROCEDURE (BiADDRESS, AiADDRESS) PUBLIC ;
DECLARE (AiADDRESS. BiADDRESS) ADDRESS ;
CALL PUSHÌDATAÌS1N6LE (BiADDRESS) ;
CALL PUSHiDATAiSINGLE (AiADDRESS) ;
OUTPUT IARITHHETICÌC0M1AND) = SDIV 5 
CALL HAIT$FDRiARITHMETICiPROCESSOR !
CALL PDPiRESULTiSINGLE ?

END DIVIDEiSINGLE ;

MULTIPLYiSINGLE: PROCEDURE (BiADDRESS, AiADDRESS) PUBLIC 5 
DECLARE (AiADDRESS, BiADDRESS) ADDRESS 5 
CALL PUSHÌDATAÌSIN6LE (BiADDRESS) Î 
CALL PUSHiDATAiSINGLE (AiADDRESS) \
OUTPUT (ARITHMETICiCONMAND) = SHUL 5 
CALL WAITiFORtARITHMETICiPROCESSOR 5 
CALL POPiRESULTiSINBLE ;

END HULTIPLYiSINGLE !

SUBTRACTÌSINGLE: PROCEDURE (BiADDRESS, AiADDRESS) PUBLIC ;
DECLARE (AiADDRESS, BiADDRESS) ADDRESS ;
CALL PUSHiDATAiSINGLE (BiADDRESS) ;
CALL PUSHiDATAiSIHGLE (AiADDRESS) i 
OUTPUT (ARITHMETICtCOMMAND> = SSUB 5 
CALL MAITtFORiARITHMETICiPROCESSOR Ï 
CALL POPiRESULTiSINGLE 5 

END SUBTRACTÌSINGLE ;

ADDiSINGLEiTOiDOUBLE: PROCEDURE (D0U8LEÌADDRESS, SINGLEiADDRESS) PUBLIC 5 
DECLARE (DOUBLEiADDRESS, SINGLEiADDRESS) ADDRESS 5 
CALL PUSHiDATAiSINGLE (SINGLEiADDRESS) ]
CALL PUSHiDATAiSINGLE (.ZEROiSINGLE) i 
OUTPUT (ARITHMETICtCOMMAND) '  SADD 5 
CALL NAITiFORtARITHMETICtPROCESSOR ?
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335 2
336 2

337 2

338 2
339 2
340 2
341 2
342 2
343 2

HATHtSTATUS = INPUT (ARITHHETICtSTATUS) }
IF HATHtNEGATIVE 
THEN

CALL PUSHtDATAtSINGLE (.HINUStONEtSIN6LE) 
ELSE

CALL PUSHtDATAtSINGLE (.ZEROtSINGLE) ; 
CALL PUSHtDATAtTOtAPU (DOUBLEtADDRESS) !
OUTPUT (ARITHHETICtCOHHAND) « DADD 5 
CALL NAITtFORtARITHHETICtPROCESSOR f 
CALL POPtRESULTtFROHtAPU ;

END ADDtSINGLEtTOtDOUBLE {

344 1
345 2
346 2
347 2
348 2
349 2
350 2
351 2
352 2
353 2

HULTtBYt2tPl: PROCEDURE (DAT A4 ADDRESS) PUBLIC 5 
DECLARE DATAfADDRESS ADDRESS ;
CALL REALtHULTIPLY (DATAIADDRESS, .TNOtFLOAT) | 
CALL PUSHtDATAtTOtAPU (.RESULT) ;
OUTPUT (ARITHMETIC$COMMAND) = PUPI ;
CALL NAITtFORtARITHHETICtPROCESSQR 5 
OUTPUT (ARITHMETIC$COMMAND) = FMUL 5 
CALL NAITtFORtARITHHETICtPROCESSOR ?
CALL POPtRESULTtFROHtAPU 5 

END HULTtBYt2tPI ;

354 1
355 2
356 2
357 2
358 2
359 2
360 2

TANGENT: PROCEDURE (DATAfADDRESS) PUBLIC 5 
DECLARE DATAfADDRESS ADDRESS î 
CALL PUSHtDATAfTOfAPU (DATAfADDRESS) ; 
OUTPUT (ARITHMETICfCOMMAMD> = TAN 5 
CALL «AITtFORtARITHMETICtPROCESSOR 5 
CALL POPtRESULTfFROHtAPU I 

END TANGENT }

361 1
362 2
363 2
364 2
365 2
366 2
367 2

SINE: PROCEDURE (DATAfADDRESS) PUBLIC ; 
DECLARE DATAfADDRESS ADDRESS ;
CALL PUSHtDATAfTOtAPU (DATAfADDRESS) ; 
OUTPUT (ARITHMETICtCOMMAND) = SIN ? 
CALL KAITtFORtARITHNETICtPROCESSOR ; 
CALL POPtRESULTfFROHtAPU 5 

END SINE ;

368 1
369 2
370 2
371 2
372 2
373 2
374 2

COSINE: PROCEDURE (DATAfADDRESS) PUBLIC 1 
DECLARE DATAfADDRESS ADDRESS ;
CALL PUSHtDATAfTOtAPU (DATAfADDRESS) I 
OUTPUT (ARITHMETICtCOMMAND) = COS 5 
CALL NAITtFORtARITHMETICtPROCESSOR ? 
CALL POPtRESULTfFROHtAPU 5 

END COSINE ;

375 1 END ARITHHETICfPROCEDURES 5

NODULE INFORHATION:

CODE AREA SIZE = 0637H 1591D
VARIABLE AREA SIZE = 0079H 121D
HAXIHUH STACK SIZE = 0006H 6D



PL/h-80 COHPILER ARITHMETIC$PRDCEDURE5 VER 2.00 DATE 03/04/81 PASE 10

732 LINES READ 
O PROGRAH ERROR(S)

END OF PL/H-80 COHPILATION



ASMBO ïFl:WELDlá.ASM DEBUS M0D85

ISIS-II 8080/8085 «ACRO ASSEMBLER, V4.0 MOTOR PABE 1

LOC OBJ LINE SOURCE STATEMENT

1 jASSEMBLY LANGUAGE UTILITEIS TO HANDLE LOADING OF DATA TO THE STEPPING MOTOR
2 ¡INTERFACE AND SERVICE INTERRUPTS (RST6.5) GENERATED BY THE MOTORS.
3
4 NAME MOTOR
5 PUBLIC SETDIR, STRMTR, MTRINT
6 EXTRN XENBL, YENBL, ZENBL,
7 EXTRN XPOS, YPOS, ZPOS,
8 EXTRN XZERO, YZERO, ZZERÒ
9 EXTRN XDRPDS, YDRPOS, ZDRPOS

10 EXTRN MTRUN, H5K65, SETMSK
11 EXTRN XDIVSR, YDIVSR, ZDIVSR
12
13
14
15
16

EXTRN

CSEG

XCOUNT, YCOUNT, ZCOUNT

RPOS

17 ¡SETDIR
18
19

20 

21 
22
23
24
25
26
27
28
29
30

AN ASSEMBLY LANGUAGE ROUTINE TO SET THE DIRECTION/CONTROL PORT OF THE 
STEPPING MOTOR INTERFACE.
INPUTS

INPUT DATA IS PASSED AS A TABLE OF 6
BYTE 0 RENBL FF=ENABLE R MOTOR 
BYTE 1 ZENBL FF=ENABLE Z MOTOR 
BYTE 2 YENBL FF=ENABLE Y MOTOR 
BYTE 3 XENBL FF=ENA8LE X MOTOR 
BYTE 4 RPOS FF=R DIRECTION POS 
BYTE 5 ZPOS FF=Z DIRECTION POS 
BYTE 6 YPOS FF=Y DIRECTION POS 
BYTE 7 XPOS FF=X DIRECTION POS

DATA BYTES AS BELOH. 
00=DISABLE R MOTOR 
00=DISABLE Z MOTOR 
00=D1SABLE Y MOTOR 
OOaDISABLE X MOTOR 
00=>R DIRECTION NEG 
00=Z DIRECTION NEG 
00=Y DIRECTION NE6 
00=X DIRECTION NEG

0000 AF 31 SETDIR: XRA A
0001 47 32 NOV B, A ¡CLEAR RE6 B
0002 0E08 33 MV I C, 8 ¡LOAD BYTE COUNTER
0004 210000 E 34 LXI H, RENBL ¡POINT TO DATA TABLE
0007 CD1200 C 35 LOOP: CALL ROTATE ¡ROTATE LEAST SIG BIT OF DATA
OOOA OD 36 DCR C
OOOB C20700 C 37 JNZ LOOP ¡JUMP IF NOT LAST BYTE
OOOE 78 38 MOV A,B
OOOF D31D 39 OUT 1DH ¡DET DIRECTION/CONTROL PORT
0011 C9 40 RET

41
42 ¡ROTATE
43 ¡AN ASSEMBLY LANGUAGE ROUTINE TO ROTATE BIT 0 OF TABLE DATA INTO REG B AND
44 ¡POINT TO NEXT TABLE DATA BYTE.

¡LOAD REG A WITH TABLE DATA 
¡ROTATE LEAST SIG BIT INTO CARRY FLAG

¡ROTATE CARRY FLAG INTO LEAST SIG BIT

52
53
54

0012 7E 45 ROTATE: MOV A, M
0013 OF 46 RRC
0014 78 47 MOV A, B
0015 17 48 RAL
0016 47 49 MOV B, A
0017 23 50 INX H
0018 C9 51 RET

¡INCREMENT TABLE POINTER
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•OC OBJ LINE SOURCE STATEMENT

55 jMTRINT
56 ; AN ASSEMBLY LANGUAGE ROUTINE TO HANDLE MOTOR INTERRUPTS (RST 6.5)
57 ¡OUTPUTS s-
58 5 THE MOTOR RUNNING FLAG IS SET FALSE
59 i RST 6.5 IS MASKED IS SET
60 ¡ DATA IS STORED IN 8 BYTE TABLE AS BELON
61 ; BIT 0 RENBL = 00 INDICATING R MOTOR IS DISABLED
62 ; BIT 1 ZENBL = 00 INDICATING Z MOTOR IS DISABLED
63 ; BIT 2 YENBL = 00 INDICATING Y MOTOR IS DISABLED
64 ¡ BIT 3 XENBL = 00 INDICATING X MOTOR IS DISABLED
65 ; BIT 4 RPOS = FF INDICATING R DIRECTION IS SET POSITIVE
66 5 BIT 5 ZPOS = FF INDICATING Z DIRECTION IS SET POSITIVE
67 ! BIT 6 YPOS = FF INDICATING Y DIRECTION IS SET POSITIVE
68 5 BIT 7 XPOS = FF INDICATING X DIRECTION IS SET POSITIVE
69

0019 210000 E 70 MTRINT ï LXI H, RENBL ¡POINT TO DATA TABLE
0O1C AF 71 XRA A
Ö01D 77 72 MOV H, A ¡RENBL = FALSE
001E 23 73 INX H
001F 77 74 MOV M, A ¡ZENBL «= FALSE
0020 23 75 INX H
0021 77 76 MOV M, A ¡YENBL = FALSE
0022 23 77 INX H
0023 77 78 MOV M, A ¡XENBL = FALSE
0024 3EFF 79 MV I A, OFFH
0026 23 80 INX H
0027 77 81 MOV M, A ¡RPOS « TRUE
0028 23 82 INX H
0029 77 83 MOV M, A ¡ZPDS = TRUE

002A 23 84 INX H
Û02B 77 85 MOV M, A ¡YPOS = TRUE
002C 23 86 INX H
002D 77 87 MOV M, A ¡XPOS = TRUE
002E CDOOOO C 88 CALL SETDIR ¡SET MOTOR DIRECTION/CONTROL PORT
0031 AF 89 XRA A
0032 320000 E 90 STA MTRUN ¡MOTOR RUNNING = FALSE
0035 3EFF 91 MVI A, OFFH
0037 320000 E 92 STA HSK65 JMSK65 = TRUE
003A CDOOOO E 93 CALL SETMSK ¡SET RST6.5 MASK
003D C9 94 RET

95
96
97
98
99

100 
101 
102
103
104
105
106
107
108 
109

STRHTR
AN ASSEMBLY LANGUAGE ROUTINE TO LOAD THE COUNTERS, DIVIDERS AND DIRECTION/CONTROL PORT 
OF THE STEPPING MOTOR INTERFACE.
INPUTS!-

XDRPOS = FF IF X MOTOR IS TO MOVE IN POSITIVE DIRECTION.
= 00 IF X MOTOR IS TO MOVE IN NEGATIVE DIRECTION.

YDRPOS = FF IF Y MOTOR IS TO MOVE IN POSITIVE DIRECTION.
= 00 IF Y MOTOR IS TO MOVE IN NEGATIVE DIRECTION.

ZDRPOS = FF IF Z MOTOR IS TO MOVE IN POSITIVE DIRECTION.
= 00 IF Z MOTOR IS TO MOVE IN NEGATIVE DIRECTION.

XZERO = FF IF X MOTOR IS NOT TO BE STARTED.
= 00 IF X MOTOR IS TO BE STARTED.
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LOC OBJ LINE SOURCE STATEMENT

110 5 YZERO = FF IF Y MOTOR IS NOT TO BE STARTED.
i n  ; = 00 IF Y MOTOR IS TO BE STARTED.
112 ; ZZERÒ = FF IF Z MOTOR IS NOT TO BE STARTED.
113 ; = 00 IF Z MOTOR IS TO BE STARTED.
114 ; THE COUNT AND DIVISOR VALUES ARE PASSED IN A TABLE OF DATA AS BELOW
115 ; BYTE 0 X DIVISOR MSB
116 ; BYTE 1 X DIVISOR LSB
117 ¡ BYTE 2 X COUNT MSB
118 ; BYTE 3 X COUNT LSB
119 ; BYTE 4 Y DIVISOR MSB
120 ¡ BYTE 5 Y DIVISOR LSB
121 ; BYTE 6 Y COUNT MSB
122 ! BYTE 7 Y COUNT LSB
123 5 BYTE 8 Z DIVISOR MSB
124 ; BYTE 9 Z DIVISOR LSB
125 ; BYTE 10 Z COUNT MSB
126 ; BYTE 11 Z COUNT LSB
127 ;
128 ; OUTPUTS:-
129 ? MTRUN * FF INDICATES THAT THE MOTOR IS RUNNING.
130 ; = 00 INDICATES THAT THE MOTOR IS NOT RUNNING.
131

003E AF 132 STRMTR: XRA A
003F 320000 E 133 STA XENBL
0042 320000 E 134 STA YENBL
0045 320000 E 135 STA ZENBL
0046 210100 E 136 LXI H, ZCOUNT ♦ 1 5 POINT TO BOTTOM OF DATA TABLE
004B 3AOOOO E 137 LDA ZZERO
004E A7 138 ANA A
004F C26F00 C 139 JNZ TAB1 JJUMP IF ZZERO = TRUE
0052 7E 140 MOV A, M
0053 D31A 141 OUT 1AH 5 LOAD Z COUNTER LSB
0055 2B 142 DCX H
0056 7E 143 MOV A, M
0057 D31A 144 OUT 1AH {LOAD Z COUNTER MSB
0059 2B 145 DCX H
005A 7E 146 MOV A, M
005B D316 147 OUT 16H ;LOAD Z DIVIDER LSB
005D 2B 148 DCX H
005E 7E 149 MOV A, H
005F D316 150 OUT 16H ;LOAD Z DIVIDER MSB
0061 3AOOOO E 151 LDA ZDRPOS
0064 320000 E 152 STA ZPOS {SET Z DIRECTION
0067 3EFF 153 MVI A, OFFH
0069 320000 E 154 STA ZENBL {Z ENABLED = TRUE
006C C37200 C 155 JHP TAB2
006F 2B 156 TABI: DCX H
0070 2B 157 DCX H
0071 2B 158 DCX H {SET UP TABLE POINTER FOR Y DATA
0072 3A0000 E 159 TAB2: LDA YZERO
0075 A7 160 ANA A
0076 C29700 C 161 JNZ TAB3 {JUMP IF YZERO = TRUE
0079 2B 162 DCX H
007A 7E 163 MOV A, H
007B D319 164 OUT 19H {LOAD Y COUNTER LSB
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LOC OBJ LINE SOURCE STATEMENT

007D 2B 165 DCX H
007E 7E 166 MOV A, M
007F D319 167 OUT 19H
0081 2B 168 DCX H
0082 7E 169 MOV A, M
0083 D315 170 OUT 15H
0085 2B 171 DCX H
0086 7E 172 MOV A, M
0087 D315 173 OUT 15H
0089 3A0000 E 174 LDA YDRPOS
008C 320000 E 175 STA YPOS
008F 3EFF 176 MV I A, OFFH
0091 320000 E 177 STA YENBL
0094 C39B00 C 178 JMP TAB4
0097 2B 179 TABJ: DCX H
0098 2B 1B0 DCX H
0099 2B 1B1 DCX H
009A 2B 182 DCX H
009B 3A0000 E 183 TAB4*. LDA XZERO
009E A7 184 ANA A
009F C2BD00 C 185 JNZ TAB5
00A2 2B 186 DCX H
00A3 7E 187 MOV A, H
00A4 D318 188 OUT 18H
00A6 2B 189 DCX H
00A7 7E 190 MOV A, M
00A8 0318 191 OUT 18H
OOAA 2B 192 DCX H
OOAB 7E 193 MOV A, M
OOAC D314 194 OUT 14H
OOAE 2B 195 DCX H
OOAF 7E 196 MOV A, M
OOBO D314 197 OUT 14H
00B2 3A0000 E 198 LDA XDRPOS
00B5 320000 E 199 STA XPOS
00B8 3EFF 200 MVI A, OFFH
OOBA 320000 E 201 STA XENBL
OOBD 320000 E 202 TAB5: STA MTRUN
OOCO CDOOOO C 203 CALL SETDIR
00C3 AF 204 XRA A
00C4 320000 E 205 STA MSK65
00C7 CDOOOO E 206 CALL SETMSK
OOCA FB 207 El
OOCB C9 208 RET

209
210 END

PUBLIC SYMBOLS
HTRINT C 0019 SETDIR C 0000 STRMTR C 003E

EXTERNAL SYMBOLS
MSK65 E 0000 MTRUN E 0000 RENBL E 0000 RPOS
XDRPOS E 0000 XENBL E 0000 XPOS E 0000 XZERO
YENBL E 0000 YPOS E 0000 YZERO E 0000 ZCOUNT

{LOAD Y COUNTER MSB

¡LOAD Y DIVIDER LSB

¡LOAD Y DIVIDER MSB 

¡SET Y DIRECTION 

¡Y ENABLED = TRUE

¡SET UP TABLE POINTER FOR X DATA

¡JUMP IF XZERO * TRUE

¡LOAD X COUNTER LSB

¡LOAD X COUNTER MSB

¡LOAD X DIVIDER LSB

¡LOAD X DIVIDER MSB

¡SET X DIRECTION

¡X ENABLED = TRUE 
¡MOTOR RUNNING = TRUE 
¡ENABLE MOTORS TO RUN

¡UNMASK RST6.5

E 0000 SETMSK E 0000 XCOUNT E 0000 XDIVSR E 0000
E 0000 YCOUNT E 0000 YDIVSR E 0000 YDRPOS E 0000
E 0000 ZDIVSR E 0000 ZDRPOS E 0000 ZENBL E 0000



ZPOS E OOÛO ZZERÒ E 0000

ISIS-II 8080/80B5 MACRO ASSEMBLER, V4.0 MOTOR PAGE 5

USER SYMBOLS
LOOP C 0007 MSK65 E 0000 MTRINT C 0019 MTRUN E 0000 RENBL E 0000 ROTATE C 0012 RPOS E 0000
SETDIR C 0000 SETNSK E 0000 STRMTR C 003E TABI C 006F TAB2 C 0072 TAB3 C 0097 TAB4 C 009B
TABS C OOBD XCOUNT E 0000 XDIVSR E 0000 XDRPOS E 0000 XENBL E 0000 XPOS E 0000 XZERO E 0000
YCOUNT E 0000 YDIVSR E 0000 YDRPOS E 0000 YENBL E 0000 YPOS E 0000 YZERO E 0000 ZCOUNT E 0000
ZDIVSR E 0000 ZDRPOS E 0000 ZENBL E 0000 ZPOS E 0000 ZZERÒ E 0000

ASSEMBLY COMPLETE, NO ERRORS



ASM80 :F1:WELD13.ASM DEBUG H0D85

ISIS-II 8080/8085 MACRO ASSEMBLER, V4.0 INTRS PABE 1

LOC OBJ LINE SOURCE STATEMENT

1 ; ASSEMBLY LANGUAGE PROGRAM TO HANDLE INTERRUPTS.
2 5 ALL PROGRAM REGISTERS ARE SAVED AND THE APPROPIATE PLM80 ROUTINE CALLED.
3 ! ALL REGISTERS ARE RESTORED BEFORE RETURNING FROM INTERRUPT.
4
5
6 NAME INTRS
7 EXTRN MTRINT, TIMINT, ARCINT
8 PUBLIC INT65, INT55, INT75
9
10 CSEG
11

0000 F5 12 INT65: PUSH PSW
0001 E5 13 PUSH H
0002 C5 14 PUSH B
0003 D5 15 PUSH D
0004 CDOOOO E 16 CALL MTRINT
0007 Di 17 POP D
0008 Cl 18 POP B
0009 El 19 POP H
OOOA FI 20 POP PSW
OOOB FB 21 E!
OOOC C9 22 RET

23
OQOD F5 24 INT55: PUSH PSW
OOOE E5 25 PUSH H
OOOF C5 26 PUSH B
0010 D5 27 PUSH D
0011 CDOOOO E 28 CALL TIMINT
0014 D1 29 POP D
0015 Cl 30 POP B
0016 El 31 POP H
0017 FI 32 POP PSW
0018 FB 33 El
0019 C9 34 RET

35
001A F5 36 INT75: PUSH PSW
001B E5 37 PUSH H
001C C5 38 PUSH B
001D D5 39 PUSH D
001E CDOOOO E 40 CALL ARCINT
0021 D1 41 POP D
0022 Cl 42 POP B
0023 El 43 POP H
0024 FI 44 POP PSW
0025 FB 45 El
0026 C9 46 RET

47
48 END

PUBLIC SYMBOLS
INT55 C OOOD INT65 C 0000 INT75 C 001A

EXTERNAL SYMBOLS



ISIS-II B080/B0B5 MACRO ASSEMBLER,, V4.0 INTRS PASE 2

ARCINT E OOOO MTRINT E 0000 TIMINT E 0000

USER SYMBOLS 
ARCINT E 0000 INT55 C OOOD INT65 C 0000 INT75 C 001A MTRINT E 0000 TIMINT E 0000

ASSEMBLY COMPLETE, NO ERRORS



ASriBO CF1IHELD17.ASH DEBU6 M0D85

ISIS-II 8080/80B5 MACRO ASSEMBLER, V4.0 ARCINT PAGE 1

LOC OBJ LINE SOURCE STATEMENT

1 5 AN ASSEMBLY LANGUAGE ROUTINE TO HANDLE ’ARC OUT’ INTERRUPTS (RST<7$5)
2 NAME ARCINT
3 PUBLIC ARCINT
4 EXTRN MSK75» SETNSK, ARCDID, SPONER, STRTEN, STOPEN, NIRENB
5
6 CSEG

0000 3EFF 7 ARCINT: MVI A, OFFH
0002 320000 E 8 STA ARCDID { ARCIDIED = TRUE
0005 320000 E 9 STA MSK75 5 RSTI7I5IMASK = TRUE
0008 CDOOOO E 10 CALL SETHSK 5 SET INTERRUPT MASK
OOOB AF 11 XRA A
OOOC 320000 E 12 STA STRTEN 5STARTIENABLE * FALSE
OOOF 320000 E 13 STA NIRENB 5NIREIENABLE = FALSE
0012 2F 14 CHA
0013 320000 E 15 STA STOPEN |STOP$ENABLE = TRUE
0016 CDOOOO E 16 CALL SPONER 5 SET PONER SOURCE CONTORL
0019 C9 17 RET

18 END

PUBLIC SYMBOLS 
ARCINT C OOOO

EXTERNAL SYMBOLS
ARCDID E 0000 MSK75 E 0000 SETNSK E 0000 SPONER E 0000 STOPEN E 0000 STRTEN E 0000 NIRENB E 0000

USER SYMBOLS 
ARCDID E 0000 ARCINT C 0000 MSK75 E 0000 SETMSK E 0000 SPONER E 0000 STOPEN E 0000 STRTEN E 0000
NIRENB E 0000

ASSEMBLY COMPLETE, NO ERRORS



fiSHBO : Fi:WELD¿.ASH DEBUG H0D85

ISIS-11 8080/8085 MACRO ASSEMBLER, V4.0 SETHSK PAGE 1

LOC OBJ LINE SOURCE STATEMENT

1 ! A ASSEMBLY LANGAUGE PROGRAM TO ALLOW PLM80 PROGRAMS
2 i IF MSK75 = TRUE THEN RESTART 7.5 IS MASKED
3 i IF MSK65 = TRUE THEN RESTART 6.5 IS MASKED
4
C

5 IF MSK55 = TRUE THEN RESTART 5.5 IS MASKED
D
6 NAME SETMSK
7 EXTRN MSK75, MSK65, MSK55
8
0

PUBLIC SETMSK, RSTFF
7

10 CSEG
11

0000 17 12 ROTATE: RAL
0001 78 13 MOV A, B
0002 17 14 RAL
0003 47 15 MOV B, A
0004 C9 16 RET

17
0005 0601 18 SETNSK: MVI B, 1
0007 3A0000 E 19 LDA MSK75
OOOA CDOOOO C 20 CALL ROTATE
OOOD 3A0000 E 21 LDA MSK65
0010 CDOOOO C 22 CALL ROTATE
0013 3A0000 E 23 LDA MSK55
0016 CDOOOO C 24 CALL ROTATE
0019 78 25 MOV A, B
001A 30 26 SIM
001B C9 27 RET

28
29 ;AN ASSEMBLY LANGUAGE ROUTINE TO ALLOW PLMBO PROGRAMS TO RESET THE
30 ;RST 7.5 FLIP FLOP
31

001C 3E10 32 RSTFF: MVI A, 00010000B
001E 30 33 SIM
001F C9 34 RET

35
36 END

PUBLIC SYMBOLS 
RSTFF C 001C SETHSK C 0005

EXTERNAL SYMBOLS 
MSK55 E 0000 MSK65 E 0000 MSK75 E 0000

USER SYMBOLS 
HSK55 E 0000 HSK65 E 0000 HSK75 E 0000 ROTATE C 0000 RSTFF C 001C SETHSK C 0005

ASSEMBLY COMPLETE, NO ERRORS



ABUSO : Fi :HELD23.ASM DEBUG K0D85

ISIS-II 8080/8085 «ACRO ASSEMBLER, V4.0 VECTRS PAGE 1

LOC OBJ LINE SOURCE STATEMENT

1
2
3 5 
»

TI6SHELD INTERRUPT VECTORS

5 ; 0024H CONTROL IS PASSED TO 5000H
h ; 002CH CONTROL IS PASSED TO INTI55
7 ; 0034H CONTROL IS PASSED TO INT465
8 i 003CH CONTROL IS PASSED TO INT475
9 ;

n
12
13
14
15

27
28 END

NAME VECTRS
EXTRN INT55, INT65, INT75

0024 16 ORG 0024H
0024 C30050 17 JMP 5000H

18
002C 19 0R6 002CH
002C C30000 E 20 JMP INT55

21
0034 22 ORG 0034H
0034 C30000 E 23 JMP INT65

24
003C 25 ORG 003CH
003C C30000 E 26 JMP INT75

PUBLIC SYMBOLS

EXTERNAL SYMBOLS
INT55 E 0000 INT65 E 0000 INT75 E 0000

USER SYMBOLS 
INT55 E 0000 INT65 E 0000 INT75 E 0000

ASSEMBLY COMPLETE, NO ERRORS


