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ABSTRACT 

The theory, algorithms, and operation of a continuous- 

time, linear control system design computer program is 

presented. The program, LCS-CAD, was developed to 

demonstrate automated transfer function block manipulation 

in conjunction with such classical control design 

techniques as Bode, Nyquist, single and two-parameter root 

locus, and time domain response. Both numeric data and 

high-resolution graphs are available to the user. The 

software, which is completely Interactive and menu driven, 

is written in structured Pascal to be run on the IBM-PC 

microcomputer. 
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I.  LINEAR CONTROL SYSTEM COMPUTER 
AIDED DESIGN (LCS-CAD) 

A.  INTRODUCTION TO LCS-CAD 

LCS-CAD is a software tool to aid in the analysis and 

design of continuous-time, linear control systems. It was 

designed to allow a user who is familiar with the 

"classical" design tools, such as Bode, Nyquist, and root 

locus, to apply these methods while eliminating much of the 

iy* tedium. 

The software  system  is  completely menu-driven  and 

M attempts to  be user-friendly  in a number of ways.  First, 

the hierarchical menu structure is only two levels deep at 

an:»- point so the user will not become "lost" in the 

irogram. Second, user inputs are systematically verified 

and validated. Third, the user has access to a powerful 

"change" facility that allows erroneous system information 

to be changed easily. Finally, the program makes use of 

the concept of "transfer function blocks" for data entry 

and manipulation. 

B.  LINEAR CONTROL SYSTEMS AND BLOCK DIAGRAMS 

The behavior  of many physical systems can be described 

by linear differential equations, or at  least approximated 

this way.  Of these, many may be described as single-input, 

*£* single-output  systems.    For  example,  simple electrical 
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circuits are often modelled as linear systems with single 

inputs, say Vin, and a single output, Vout . It is possible 

to think of these systems as "black boxes" being acted on 

by an input and producing an output. Inside tbase boxes, 

then, would be a function to translate the innut "signal" 

to the output. This so called "transfer function" is very 

convenient when dealing with system models. 

After the differential equations for a linear, time- 

invariant system with zero initial conditions are 

determined, the Laplace transform can be applied yielding 

algebraic equations in the complex variable "s". After 

some manipulation, the equations can be written as a ratio 

of output to input. This is the standard transfer function 

form. 

Unfortunatelyr very large systems can have extremely 

complex transfer functions which are difficult to work 

with. Often, however, such problems can be divided into 

smaller sub-problems, and these sub-problems can be 

modelled as independent transfer function blocks. The 

blocks can then be analyzed separately, if necessary, and 

later recombined for overall system analysis. 

Recombination, or reduction, of transfer function blocks is 

done  in  accordance  with the  rules  of  "block  diagram 

<r.    >_     _._    .....    ...    _„,,   ...„.   ,...■.-.■   .■•-,.-..•...,.,....■.' 
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algebra", or alternatively, by applying "Mason's rule".! 

LCS-CAD is a loop-based system. That is, the program 

operates on a single path or closed loop at a time. This 

simplifies the computations required to automatically 

reduce the loop's blocks to single equivalent block 

transfer function. Since the reduction is done 

automatically, the user is free to concentrate on analysis 

and design and not the tedious process of manipulating 

block transfer functions. 

C.  PROGRAM FEATURES 

LCS-CAD is a large program and requires at least 256K 

of memory to run. It will run on any IBM-PC or compatible 

"MS-DOS" computer and requires a standard IBM Color 

Graphics Adapter (CGA). It will run on either monochrome 

or color monitor, but the menus are color coded and are 

easier to work with if a color monitor is available. The 

graphics are in high-resolution (640x200) mode and only 

appear in white~on-black. The graphics can be dumped to an 

IBM-Graphics, Epson, or compatible printer. 

The program is written in Turbo Pascal (tm) and, due to 

its limitation to 64K code and data segment  sizes, LCS-CAD 

N was compiled  as a  single main  executable program and six 

a "chain" files.   The  chain files  are essentially programs 

'' compiled without  a  run-time   support module.    They, 

1 These block  reduction  techniques  are  described  in 
detail in virtually all elementary control theory textbooks 

8 



'!??!!^?^ 

therefore,  are  not  themselves executable.  These program 

modules include: 

(1) CAD.COM {the executable main module} 
(2) INPUT.CHN {the input and change routines} 
(3) FREQ.CHN {Bode and Nyquist modules} 
(4) TIMERESP.CHN {the time response simulation module} 
(5) TWOPARAM.CHN {the two parameter root locus module} 
(6) UTILMENU.CHN {the utilities menu and routines} 
(7) HELPMENU.CHN {the help menu and all help screens} 

In addition to these files, there are two additional 

"system" files needed to run the program, 4x6.FON, and 

ERROR.MSG. The .FON file is a graphics lettering font used 

hy the graphics routines to print letters and numbers on- 

screen. The ERROR.MSG file is a Turbo Pascal file 

containing various error messages. 

The next chapter presents a detailed example using the 

LCS-CAD program to analyze and design a controller for a 

simple motor. From that discussion, many of the features 

of the program can be examined. The third chapter details 

each individual program module and outlines the theory and 

algorithms used to construct the LCS-CAD program. Chapter 

Four summarizes the work done already in LCS-CAD and 

proposes additions and further work which would make the 

program more useful and versatile. 
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II.  COMPUTER-AIDED SYSTEM DESIGN STEPS 

A.  DEVELOPING A MODEL 

The first step ir. the successful design of a linear 

system is to formulate a mathematical model which describes 

the system. Once modelled, the system can be analyzed and 

a suitable control system can be designed. 

Consider, for example the simple armature controlled dc 

motor driving a load as shown in Figure 2-1. The left side 

of the figure shows the armature circuit including its 

resistive and inductive components. The mathematical model 

for this part of the motor can be derived from Kirchhoff's 

circuit law. The mechanical side of the arrangement, shown 

on the right, includes the motor generated torque, the load 

inertia, and the viscous damping effect. Newton's laws 

will provide the basis for modelling the mechanical portion 

of the motor/load combination. 

The cifferential equation for the armature circuit is: 

La di + Ra i + eb = ea (2.1). 
dt 

Similarly, the description of  the mechanical  system is a 

differential equation in  shaft  angle,  but this  time of 

second order. 

j d^_e + f d_e = T (2.2) . 
at2    d t 

'A 
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ea = 26 volts (excitation input) 
Ra = 23.5 ohms (armature resistance) 
La << 1  (armature inductance) 
Kb = 0.008 volt/rad/sec (back emf constant) 
K =7.08 in-oz/amp (motor gain) 
•J = 3.01 x 10-■* oz-in-secZ (moment of inertia) 
f = 0.6 x 10-3 oz-in/rad/sec (viscous friction) 

Figure 2-1. Schematic Diagram of the 
Armature Controlled DC Motor 

Knowing that for an armature controlled dc motor the 

field current, i£ , is constant and, therefore, the magnetic 

flux is constant, the motor torque is directly proportional 

to the armature current 

T = kia (2.3). 

Also, under constant flux conditions, the back electro- 

motive force, eb, will be directly proportional to the 

motor shaft's angular velocity 

eb = kb ü (2.4). 
dt 

These equations are sufficient to mathematically 

represent the dynamical behavior of the tic motor.  If  zero 

11 

us   s   ,'   v w" / -'   .' .' *>,•-■•■ •  "V*' '" '-• '-* .■ -" n"   -* 'N* "■' "n', -* '■(■ '**   -" * ' '." '-" "-" '-' 'IAS**  "«" ~.' "-* '-'"-■■ *^* "■" '-,'  ",*,,., V>'',' ",■ "'*'' « H* ''«'• 'J  V Jy 



xm1. VfWWi nmmmz mmwrtwm' ̂ m^ "/[KvTlNV.'^iv ^^^!ITO^P^^^H!^/IMIWPW^^.^ 

i/j 

initial conditions are assumed, then the differential 

equations can be written in their Laplace transform 

representation: 

(Js2 + fs) 9(s) = T(s) - Kla(s)      (2.5). 

(Las2 + Ra ) Ia(s) + Eb (s) = Ea(s) (2.6). 

Kb sS(s) = Eb(s)        (2.7). 

With the armature voltage as input and the motor shaft 

angle as output, the transfer function relation of the 

system can be formulated as shown below 

= K  BLsi 
Ea (s) S C LaJs2 + (Laf + RaJ) s + Ra f + KKb ] (2.8) 

i: 

Since the typical armature  inductance of  this type of 

dc motor is very small, it will be neglected.  This greatly 

simplifies  the  transfer  function without  inducing much 

error due  to the  approximation as can be seen in Equation 

2.9 below. 

9(s)   =   Km  (2.9) 
Ea (s)     s ( Tm s + 1 ) 

where  Km =  K / (Raf + KKb)    Motor gain constant 

Tm =  RaJ / (Raf + KKb )  Motor time constant 

Using the  numerical  values  for  the  motor  given in 

Figure 2-1 the transfer function becomes 

9(s) 
Ea(s) 

100 
s ( 0.1 s  + 1 ) 

(2.10) 
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B. . ANALYZING THE MODEL 

Now that the system has been modelled, the next step 

is to examine the model's behavior before a controller is 

designed and installed. This step will tell the designer 

whether the system will require stabilization or simply 

"fine-tuning" to meet the design specifications. The 

computer can be used to assist in the analysis process. 

The first step, of course, is to enter the model into 

the computer program. Working from the system's block 

diagram, shown in Figure 2-2, we begin the computer 

program. From the opening menu of LCS-CAD, shown here in 

Figure 2-3, we choose the "Input/Change Transfer 

Function(s)" option to bring us to the secondary menu shown 

in Figure 2-4. 

ea + 
 ( -\ 100 

e 
J 

s   (   0.1   s     +   1   ) 

Figure 2-2. DC Motor Equivalent Block Diagram 
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*** MAIN  MENU *** 

<I> Input/Change Transfer FunGtion(s) 

<b> Location of Char. Eq. Roots 
<F> Frequency Analysis 
<R> Root Locus Analysis 

<P> Two-Parameter Root Locus 
<T> Time Response 
<ü> utilities 

<H> Help 

<Q> Exit Program 

Press Your Selection 

Figure 2-3. Main Menu 

*** INPUT/CHANGE MENU *** 

<I> Input Block Transfer Function(s) 
<C> Change Block in Current Loop 

<A> Add a Block to Current Loop 
<D> Delete a Block from Current Loop 

<S> Save Current Loop to Disk File 
<R> Retrieve Problem from Disk File 

<H> Help 
<Q> Exit to Main Menu 

Press Your Selection 

Figure 2-4. Input/Change Menu 

14 
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To initially enter the transfer function of the motor, 

select the <I> Input Block Transfer Function(s) option. 

The next screen will prompt for number of blocks in the 

current loop (only one in the case of the motor), and 

whether the block will be input from the keyboard or from a 

disk file. Since this is the initial input for this 

problem, it must be from the keyboard. Next, the block 

input page, as shown below in Figure 2-5, will appear. 

Block Input 

Block 1: 
Is block in Forward (F) or Feedback (B) Path? 

What is the order of the Numerator? 0 

What is the order of the Denominator? 2 

What is the block gain constant? 100 

Will you enter the block in Factored (F) 
or Coefficient (C) form? ■J 

Figure 2-5. Block Input Screen 

The options here allow input of both forward path and 

feedback path blocks in any order. An input block can have 

numerator and/or denominator polynomial up to ninth order. 

There is provision for overall block gain input, and 

finally, the user is allowed to input the transfer function 

for the block in either coefficient or factored form. 

15 

.v.-» 
k-^vlji^ 



TVTT' l^u^^m^^^ 

The limitation of a block to order nine is artificial 

here, and systems up to thirtieth order can be input by 

breaking the block transfer functions into smaller order 

blocks.  For example, if the transfer function were 

(S2 + 4s + 1011s + 2)2 
S5  ( S4 + 2s3 + 6s2 )(s2 + 1) 

then the function could be divided into two or more blocks 

as shown here 

(S2 + 4s + 10)   x 
(si + 2s3 + 6s2 ) 

Lg + 2)2 
S5 (s2 + 1) 

with each block less than order nine and  system order less 

than thirty. 

The next screen shown will vary depending on whether 

the input is to be in factored or coefficient form. Figure 

2-6 shows the factored input screen, and Figure 2-7 shows 

the  coefficient form input screen. 

***Block Transfer Function Input*** 

DENOMINATOR Transfer Function Input -- FACTORED Form 

s = +j  

s =    +j   

Press <F1> to change previous entry 

Figure 2-6. Factored-Form Input Screen 

16 
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***Block Transfer Function Input*** 

DENOMINATOR Transfer Function Input -- COEFFICIENT Form 

0.1  s2 + 1  si + 0  

Press <F1> to change previous entry- 

Figure 2-7. Coefficient-Form Input Screen 

For the dc motor example, the transfer function lends 

itself more easily to coefficient form input, and Figure 

"2-7 shows what the screen should look like after the entry 

is made. Notice that on both screens, the bottom line 

directs the user to press the Fl function key to move back 

to the previous entry. This facility can greatly enhance 

the capability to edit previous entries which may have been 

input incorrectly. Another error correction facility in 

the LCS-CAD program is the Change option executed from the 

Input/Change Menu (see Figure 2-4). This option will allow 

the user to select which block to change, then brings back 

the block input screens in the sequence discussed above 

except that the previously entered numbers are shown and a 

second message-prompt  appears at the bottom of the screen. 

17 
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This message directs the user to press the F10 function key 

to edit any item on the page. In addition to changing only 

the numbers previously entered, the user can also change 

the structure of the block by changing the order of the 

numerator and denominator. 

Now that the system transfer function has been entered 

into the program, the analysis can begin. First, a quick 

check of the system's stability can be made.. From the Main 

Menu, the selection 

<L> Location of Char. Eq. Roots 

will provide a listing of the unity-feedback closed loop 

characteristic equation roots. If all these roots are in 

the left-half of the s-plane, i.e., if all roots have 

negative real parts, then the system will be stable. As 

can be seen from Figure 2-8, the dc motor and load are 

stable. 

*** Block Transfer Funct ion Cloi sed- -Loop Root ,s *** 

ZEROS: 

POLES. 

s[13 = - - 5.000 + j  -31 225 s[2] = - 5.00C ) +j 31.225 

Press any key t o continue or [Shift] [PrtSc] for hardcopy 

Figure 2-8. Root Locations 

.<..' 
18 
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Frequency domain analysis can be accomplished with LCS- 

CAD by selecting the 

<F> Frequency Analysis 

choice from the Main Menu. This selection will enable the 

user to prepare either a Nyquist (polar) diagram, or Bode 

(logarithmic) plot with user-selected radian frequencies. 

Figure 2-9 shows the on-screen selections for the Nyquist 

plot, and Figure 2-10 is the Bode selection screen. Both 

ask for the range of frequencies to be plotted. The first 

frequency should be an even power of ten. The range of 

frequencies is calculated based on the number of decades of 

frequency the user requests. That is, if the user selects 

0.01 as the starting frequency with 4 decades, the end 

frequency will be 100 radians/sec. 

fS»>. 

***Bode/Nyquist Plotting Routine*** 

Bode (B) or Nyquist (N) Plot? N 
See the 3IG (B) picture, or select your Window (W) ?  W 
Open (0) or Closed (C) Loop Plot?      0 

What is the first frequency to be plotted? 
(e.g. .01, .001, 1000, etc. )       .01 

How many decades do you want plotted? 

Figure 2-9. Nyquist Plot Parameter Selection 

19 
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***Bode/Nyquist Plotting Routine*** 

Bode (B) or Nyquist (N) Plot? B 

Open (0) or Closed (C) Loop Plot? 0 

What is 
(e. 

the 
g. 

first frequency 
.01, .0C1, 1000, 

to be plotted? 
etc.)       .1 

How many decades do you want plotted?   3_ 

Figure 2-10. Bode Plot Parameter Selection 

The "BIG picture" choice for the Nyquist simply causes 

the program to automatically select a broad range of 

frequencies and use a large scale plot. This can be a good 

initial selection if the user does not know how large a 

window will be needed to show the plot. The user may also 

choose an open or closed loop plot. If closed loop is 

chosen, a negative unity-feedback path is added around the 

overall block diagram, an equivalent transfer function is 

calculated, and the corresponding diagram is drawn. 

For the do motor example, both the Nyquist plot and the 

Bode diagram are shown in Figures 2-11 and 2-12 

respectively. 

20 
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Figure 2-11. DC Motor Nyquist Plot 
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From the Bode diagram it can be seen that the phase 

margin is low, only about ten degrees. The gain crossover 

frequency is near thirty radians per second. This means 

that the uncompensated system will be stable, but probably 

will have a long settling time. 

Next, the root locus can be examined. With two real 

roots, it may be expected that with increasing gain, the 

roots will, converge along the real axis, then separate and 

move in opposite directions parallel to the imaginary axis. 

To verify this, the program is used to generate the root 

locus graph. 

From the Main Menu the selection now will be 

<R> Root Lccus 

and will produce the screen shown in Figure 2-13. 

I 

t"«H 

*** ROOT LOCUS PLOTTING ROUTINE *** 

What STARTING value for variable gain do you wish?: .001 

What ENDING value for variable gain do you wish?: 1 

*** VIEWING COORDINATES FOR ROOT LOCUS GRAPH *** 
X-Minimum:    -10 
X-Maximum:    1 
Y-Minimum:    -20 
Y-Maximum:    20 

Positive or Negative Feedback? (P or N):    N 

Any changes to these parameters? (Y or N):  N_ 
Press <F1,S to change previous entry 

Figure 2-13.  Root Locus Parameter Input Screen 
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The program requests starting and ending values for the 

variable gain. This gain is multiplied by the block gain 

for the system, that is, for the dc motor if variable gain 

of 0.001 to 1 is chosen, then the actual gain the system 

will be varied through will be 100 x .001 to 100 x 1, or 

0.1 to 100. The program computes the unity-feedback closed 

loop transfer function for an increment of gain then 

calculates and plots the location of all the roots. This 

process continues through the user-supplied range of gains. 

[ The user is also asked to provide maximum and minimum 

^ values for X and Y plot axes.  Knowing that the closed loop 

roots (with unity variable gain) are at -5.000  ± j 31.225, 

the X axis values of -10 to 1 can be expected to provide an 

ifö! £& adequate window.  Y axis values of ± 20 may be adequate to 

I m 

show the  root  behavior.    Once  the required values are 

entered, the program will begin computation and plot a 

graph like the one shown in Figure 2-14. 

'L- Finally  in the  analysis,  it is desirable to see the 

•y system's response  in the time-domain to  a typical input. 

For a dc motor, such an input may well be a step. This so- 

called step response can be calculated and plotted with the 

LCS-CAD program as can the system response to a sinusoid, 

ramp, or impulse input. All these inputs have user- 

selectable amplitudes and if the ramp input is selected, 

i the user may select slope and dc-offset.   In the case of 

the sinusoid,   the  radian frequency  may be selected. 

& 23 1 
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Figure 2-15 shows the time response parameter input screen 

and Figure 2-16 shows the unit step response curve for the 

dc motor. It can be seen from the time response that the 

motor's response overshoots excessively and has a 

relatively long settling time (as anticipated from the Bode 

diagram), although the system is, stable and has no steady- 

state error. 
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Figure 2-14. DC Motor Root Locus Diagram 

*** Time Response Plotting Routine *** 

What is the input to your system? STEP (S) 
RAMP (R) 
SIN WAVE (W) 
IMPULSE (I)     S 

Input amplitude?  X. 

Open (0) or Closed (C) Loop simulation? Q 

How many seconds of simulation would you like to see? Z 

Figure 2-15. Time Response Parameter Input Page 
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Figure 2-16. DC Motor Step Response 
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C.  APPLYING THE SPECIFICATIONS 

To use the motor in a larger system, the designer must 

either determine or be given the performance specifications 

for the motor. These specifications will usually outline 

the minimum acceptable performance the designer can 

tolerate from the system component. 

For the example motor, suppose that the motor- 

controller combination must have a settling time of no more 

than 0.4 seconds and a first-overshoot of less than fifty- 

percent of the input signal when subjected to a step input. 

These constraints will allow demonstration of LCS-CAD in 

designing a simple cascade (series) compensator. 

££. 
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To assist the designer, curves for general second-order 

system response are available in virtually any basic 

control theory textbook. From these curves we can 

determine that for a fifty-percent overshoot, the required 

zeta(z), or damping factor, must be greater than 0.23. It 

then follows that a required phase margin $ must be 

$m =  tan-i ( 2z / 4   -2z2 + ^4z4 + 1 ) 

im >  25.9 0 . 

Also, to mec^ the other specification of a settling time of 

0.4 seconds, we need the relationship between settling time 

(ts) and natural frequency (wn).  This connection is 

ts < 0.4 = 4 / zwn  , 

or     wn > 43.5 rad/sec   (since z > 0.23) 

Since wn is difficult to plot on the Bode graph, a more 

convenient frequency is needed. This is bandwidth 

frequency, or -3dB frequency, wb. 

wb > wn -f 1 + 2z2 + -CZT^ Az2   + 4z? 

or      wb > 65.1 rad/sec. 

Armed with the appropriate wb, the compensator design 

can be attempted. On a large printout of the uncompensated 

Bode diagram as in Figure 2-17, which can be obtained using 

the "print screen" option {press the keys <Shift> and 

<PtrSc> (Print Screen) simultaneously}, locate the wb point 

26 
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and draw a -20 dB per decade asymptote through it. This 

will mark the crossover frequency and should provide good 

closed loop response. For simplicity, the compensator 

should only have one pole and one zero. This can be 

accomplished if the zero is located at the intersection 

point of the asymptote and the uncompensated system curve. 

As seen on the Bode diagram of Figure 2-17, the zero can be 

placed at w = 20 rad/sec. The pole can be placed at w = 

100 rad/sec to give the -20 dB asymptote a reasonable 

length to ensure a large enough phase mart,' i ($m) and 

consequently, a good closed loop response. 

Having determined pole and zero locations for the 

compensator, we can input the design into the LCS-CAD 

program and verify the solution quickly. From the Input 

Menu the option to "Add a Block" can be selected and the 

compensator input as block number two. In order not to 

change the motor gain, and therefore the steady state 

error, the compensator itself should have a an offsetting 

gain of 100/20 or 5.0. Once entered, system analysis can 

begin as before. 

The open loop Bode diagram shown in Figure 2-18 shows 

that indeed the crossover frequency was increased to 

approximately 45 rad/sec and the phase margin to near 50 

degrees. According to the earlier calculations, these 

parameters should ensure that the system is well within 

specifications.  The root  locus plot  of Figure  2-19 also 
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helps to confirm this. As a final, conclusive check, 

however, the system response to a unit step, shown in 

Figure 2-20, can be seen to have a settling time of less 

than 0.2 seconds and a very small first overshoot. The 

design is, therefore, probably satisfactory. Since the 

compensated system performance is considerably better than 

the original specifications, it may be more costly to build 

than one that has slightly worse, but still satisfactory, 

performance. If this is the case, or -.iad the first pole 

and zero placement not produced a satisfactory system, 

additional design trials could have been run quickly and 

easily with LCS-CAD. 

FREOUEHCV (nd/stc) 

Figure 2-18. Compensated Open-Loop Bode Plot 

29 

SSi^ 'r-X 



1 -' 
VKv mmmm^mmmmmmmmmmm^^^^^m^m 

i 

:v 

3.00- 

•1.00- 

1.00- 

3.00- 

5.00- 
-1 

.^..soo.t-toeuft.v.- 

CoHpenHtid jysttM root IOCUJ 
with '«risbl» ^sin froH 0.01 to 1.0 
5c(J) = 5(J t 20) / (5 • 100) 

iimniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii um ir httt 1111 i i iiiiiiiiiiiiiiM B 

X 
/ 

tt! t» 

 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
00 -0.73 -Q.V -0.20 10 

Figure 2-19, Compensated System Root Locus 
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Figure 2-20. Compensated System Time Response 
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'<> D.   SUMMARY 
Of 

In this chapter, a review of system design and an 

overview of LCS-CAD was provided. Several noteworthy 

program features -re listed below. 

* The Input/Change Routines enable  the user to 
conveniently input and change transfer function block 
descriptions. 

* The automatic block manipulator synthesizes the user's 
input blocks into an equivalent loop transfer 
function, 

$ * The user has  the ability to  quickly and easily 
xj generate     Bode,  Nyquist,  Root   Locus,  and  Time 

Response plots. 

U Additional  program features  are available which were 

not discussed here, most  importantly,  the  "two parameter 
r- 

fC-l root locus".   This  procedure as well as the other program 

ai features will  be  discussed  in detail  in the following 
■     - ■ 
yf chapter. 

jut 

s 

v. 
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III.  DETAILED PROCEDURE MODULE DESCRIPTIONS 

A.   PROGRAM OVERVIEW 

LCS-CAD has a hierarchical, menu-based structure that 

allows the user general freedom to choose which design tool 

he wishes to use. The "Main Menu" is the starting point of 

the program and all other menus and utilities are available 

from here. In fact, the body of the main program, 

"CAD.PAS", simply calls the procedure "MainMenu" repeatedly 

until the user indicates that he is finished by typing <Q>. 

The main menu procedure simply displays the menu shown 

in Figure 2-3, and provides for branching to other 

subroutines as requested by the user. A hierarchical 

representation of the Main Menu structure is shown in 

Figure 3-1 below. 

1 
MAIN MENU 

1 1 
INPUT 
MENU 

Freq. 
Analysis 

Root 
Loct'n 

Root 
Locus 

2-Param 
Root L. 

Time 
Resp. 

UTILITY 
MENU 

- 

1 
Bode 
Analysis 

Nyquist 
Analysis 

Root_ 
Finder 

Parser 
& Comp. 

Matrix 
Routn. 

PlotBode PlotNyqs Plot Plot Plot 

1 
Figure 3-1.  Main Menu - Functional Block Diagram, 
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Ry5 - As  seen  in Figure  3-1,   the  routine MainMenu    can  invoke 

y two other menus, the  Input Menu and the utilities Menu. 

These will be discussed  in detail  later in  this chapter. 

Also reachable  directly from the Main Menu are the major 

analysis tools provided by the program,  namely, frequency 

analysis,  both  single and two parameter root locus, and 

time response procedures.   The frequency analysis portion 

of the program offers both Bode and Nyquist plots.  The 

former represents  system response  as  curves  of  phase 

(degrees)  and  magnitude  (dB)  versus  radian frequency 

(logarithmic  scale),   and the  latter  displaying this 

information as  a polar plot of imaginary and real parts of 

the magnitude. 

The root locus programs include the classical "gain 

locus" where the system gain is varied over a user- 

selectable range. The two-parameter root locus allows the 

user to input the coefficients of a system's characteristic 

equation with two unknown parameters. The program then 

increments each of the parameters through ranges specified 

by the user and plots the resulting family of root locus 

curves. 

The time response routine allows the user to select 

from a number of typical system inputs including step, 

ramp, impulse, and sinusoid as inputs to the current loop. 

The program then calculates the system's response to the 

input and plots it. 
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B.  INPUT/CHANGE MENU ROUTINES 

1.  Input Menu Hierarchy 

The input and change routines are a collection of 

procedures which allow the user to input and change the 

block transfer functions of his system. There are thirteen 

functional Pascal routines and. numerous utility procedures 

which implement the input, change, and block manipulation 

functions. Figure 3-2 shows the hierarchy of these 

functional procedures within the larger input routine. 

INPUT MENU 

Trans_Funct 
Input 

Change. 
Block 

Add_ 
Block 

Delete. 
Block 

Block_Inp 

Save_ 
Block 

Retrieve 
Problem 

Make_Geq 

Input_ 
Factored 

Expand_Poly 

Make_Geq 

Figure 3-2.  Input Routine Functional Block Diagram. 
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2.  Input Utility Functions 

One of the more difficult tasks in making a program 

"user-friendly" is validation of the user's input. This 

includes, but is not limited to, checking for the correct 

type of input (e.g., numbers, letters, or symbols), range 

checking numeric input, and checking to ensure that the 

answer makes "sense" (i.e., a "K" input does not satisfy a 

^ "Y"  or  "N"  question).    If the validation  fails,  an 

j- intuitive and graceful procedure must alert the user that a 

"j 

'j mistake has been made and re-prompt for a  proper response. 

Ü Some  of these tasks have been accomplished in LCS-CAD 

-" through a group of very useful input routines  available in 

.\- the  public  domain.      The routines  used  include  a 

menu-generation procedure ("MainMenu"), procedures to write 

and center messages on the screen ("Msg" and "Center"), and 

pS two very powerful  input  routines  called   "Input"  and 

"Input_Handler" . 

The procedure "Input" is a simple procedure which 

can be called by the programmer, but serves as the base 

routine for the more sophisticated routine "Input_Handler". 

Alone, Input will prompt for a  single user-supplied entry, 
LV 
Dv' \i check it for type  and length,  and even provide a default 

answer  if  so  programmed.    Additionally,   the  routine 

provides  the  user  with  rudimentary  text  editing 

capabilities such as backspace,  insert, and delete during 

.A 
Hi 
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keyboard entry.   The  syntax for a call to Input is given 

below: 

Input(type, deiault, col, row, length, uppercase, Fl, F10); 

where  type = 'A' for alphanumeric, 
'N' for numeric, 
'F' for formatted (not used in LCS-CAD) 

default = text string to display default value 
col,row = column and row on screen for prompt 
length = number of character spaces in prompt field 

uppercase = boolean. True to convert input to all u.c. 
Fl.FlO = boolean. True if function keys Fl or F10 

pressed. Used only for Input_Handler 
calls. 

Type checking is automatically performed by the 

procedure and if the user attempts to input an alphabetic 

character in a numeric (N) field, for example, a "beep" 

will be generated to alert the user and the character will 

not be accepted. Once a valid input is supplied to the 

procedure and the <Return> key is pressed (signalling the 

end of user input), the routine returns the user's input in 

the global variable "Answer". Answer is always returned as 

a string-type variable, so if a number is expected, the 

programmer must provide for conversion to a numeric type 

via the built in Pascal function "val". 

The procedure "Input_Handler" is a sophisticated, 

full-page, input editor. The programmer is required to 

predetermine each page lay-out and generate the necessary 

textual prompts. A set of array elements describing the 

desired input format is then generated in the form shown 

below: 
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P[n]   where n is limited to 40 elements 

The .contents  of  each  P[]  element  is  a coded, column- 

dependent, descriptor field explained below: 

Column Numbers Description 

1-2 column for input field to start 
3-4 row for input field 

input type - A 
N 
F 
$ 

alphanumerics, 
numeric, 
formatted (not used), 
dollar (not used) 

6-8 length of the input field 
9-10     element of the output global array 

Filvar[] to store the user's input 
11 set to T if Caps Lock is to be- set 
12-13 default item number 
14-15 prompt item number 
16-17    validation number 

* 

Default, prompt, and validation numbers call the 

procedures "Get_Default", "Say_Prompt", and "Do_Validation" 

respectively. The procedures are primarily comprised or 

Pascal "case" statements that use the associated item 

numbers to perform some programmer defined default, prompt, 

or validation written into the case-statement. These 

procedures will be described more fully when discussing the 

LCS-CAD routines which use them. 
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Input_Handler can now be called with the syntax: 

Input_Handler( '5-character string' ); 

where String Column Description 

1 . . . . N : new entries 
C : changes to old entries 
D : re-display of entry (not used) 

2-3. . . . first element of P[] array to use 
4-5. . . . last element of PC] array to use 

If calling the procedure with "N" for new entries, 

the contents of the corresponding output array element, 

"FilvarC]", is cleared and readied for new input. If "C" 

is used, the old value of the associated Filvar variable is 

displayed cs the default input for the field. This is 

essential for full-screen editing of inputs. Input_Handler 

calls the Input routine as described above, but uses the 

boolean variables Fl and F10 for access to all fields on a 

screen. In the "N"- new entries mode, a user prompt is 

displayed in the lower left corner of the screen 

instructing the user to press Fl to edit the previous entry 

on the screen. If in the "C" - change mode, an additional 

prompt tells the user to press F10 to discontinue editing 

on that screen. By using the Fl, <Return>, and F10 keys, 

the user can quickly and effectively edit previously 

entered screens of data to either change a problem or 

correct erroneous entries. 
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Input_Handler returns the use-r's input to the 

calling program in the global variable array "Filvar". As 

with the Input routine's Answer variable, all the Filvar 

elements are string-type and must be converted if numeric 

input is needed. 

These utility routines were helpful in developing 

LCS-CAD and are used extensively throughout the program for 

user input. Several other subroutines are available in the 

package either for programmer use or to be called by the 

routines described here. Appendix A is a descriptive 

excerpt from the user's guide supplied with these 

subroutines. 

3.  Blocks Record 

LCS-CAD uses the transfer function block as the 

basic foundation element of the program. Not only does 

this have the advantage of being intuitive to the designer 

accustomed to classical block manipulation design, but 

facilitates algorithm design which is also simple for the 

engineer to follow. Pascal handles this block-by-block 

design particularly well with its "record" structure. Each 

transfer function block in the user's current loop is 

described by one corresponding Pascal record. Each record 

is a logical grouping of all the parameters necessary to 

describe the block. This record structure is shown below 

in Figure 3-3. 
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BLOCKS = record 
1                    NZeros, NPoles : integer;           \ 

K :   real; 
RealPartZero, 
ImagPartZero, 
RealPartPole, 
ImagPartPole : PolyArray; 
NumCoeff, 
DenCoeff : PolyArray;         ( 
LeadNumCoeff, 
LeadDenCoeff : Real;             | 
FeedBack, 
Factored : Boolean; 

Figure 3-3. Blocks Record Structure 

'.- 

m 

I 
i.- 

The record contains the order of the numerator and 

denominator polynomials in the variables NZeros and NPoles 

respectively. The coefficients of the polynomials are 

contained in the arrays (of type PolyArray) NumCoeff and 

DenCoeff. The factors of the numerator polynomial are held 

in the arrays RealPartZero and ImagPartZero for the real 

and imaginary portions of the complex conjugate factors 

respectively. Likewise, the denominator factors are stored 

in RealPartPole and ImagPartPole. 

"LeadNumCoeff" and "LeadDenCoeff" are used to 

"normalize" and "un-normalize"the leading coefficients of 

the polynomials. That is, for calculations, the routines 

require polynomials whose leading coefficient is one, but 

for display, the polynomials must be converted back to the 

original input form. These two real variables facilitate 

those conversions. 
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"FeedBack" is a boolean variable that is true when 

the block is in the feedback path and false when it is in 

the forward path of the loop. "Factored" is true if the 

transfer function was initially input in factored form and 

false if the input was in coefficient form. 

If the user inputs a block transfer function into 

the program in coefficient form, the routine "RootFinder" 

is called to generate the factors of the polynomials and 

store them in the appropriate record variables. In the 

case of factored input, the routine "Expand_Poly" provides 

the coefficients of the expanded polynomials and stores 

them in the record variables "NumCoeff" and "DenCoeff". 

RootFinder and Expand_Poly will be discussed later. 

Once all the blocks in a loop have been input, the 

procedure "Make_Geq" is invoked which reduces the transfer 

functions of all the blocks in the loop into a single 

"equivalent" block with an identical record structure as 

all the other blocks. Most plotting functions and analysis 

tools use this equivalent block record for all their 

computations. 

4. RootFinder Module 

One of the most important routines in LCS-CAD is 

the procedure called "RootFinder". This sub-program's 

function is to find the factors, or roots, of any given 

polynomial. The procedure is used by the Input routine to 

find the poles and zeros of a transfer function input  as a 
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quotient of two polynomials. It is also called by the 

root-locus and two-parameter root locus programs to find 

successive roots of the transfer function while changing 

the system gain or other parameters. 

Procedure RootFinder uses Bairstow's method to find 

the roots of a polynomial with real coefficients 

numerically [Ref. 1]. This algorithm iteratively searches 

for a quadratic factor of a given polynomial and, when it 

finds the factor, deflates the original polynomial and 

repeats the process. The algorithm is outlined in Figure 

3-4. Procedure RootFinder is called and passed the order of 

the polynomial (N), the polynomial coefficients (Coeff) in 

array form, the initial guesses for P and Q (PI and Ql), 

and returns two arrays of real and imaginary roots 

(RealPartRoot and ImagPartRoot). RootFinder first 

normalizes the input polynomial to have a leading 

coefficient of one and loads the polynomial into an array 

A. The B and C arrays are initialized to contain all 

zeros. 

The procedure checks the input polynomial order and 

handles the simple cases of a zero, first, or second order 

polynomial. If higher order, the procedure invokes the 

Bairstow algorithm and computes a quadratic factor. When a 

factor is found RootFinder calls a supplementary procedure 

named Solve_Quadratic to determine the complex conjugate 

roots using the classical quadratic equation.  With the "B" 

I 
Sri 
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Given an nth   degree polynomial: 

asxn   +a4xn-l    +   .    .    .   +an + 2x   +   an + 3    , 

and  the   initial  coefficients  P and Q  of   the  quadratic 
factor: 

x2   -  Px  -  Q   , 
then 

Set Bd), B(2), C(l), and C(2) = 0. 
DO WHILE DeltaP > epsilon (tolerance value), or 

DeltaQ > epsilon, 
DO FOR J = 3 to n + 3 step 1, 

Set B(J) = A(J) + P * B(J-l) + Q * B(J-2). 
Set C(J) = B(J) + P * C(J-l) + Q * C(J-2). 
Set DENOM = C(N+1)2 - C(N+2) * C(N). 
IF DENOM = 0 THEN 

Set P = P + 1. 
Set Q = Q + 1. 
Repeat from beginning. 

ENDIF. 
Set DeltaP = [ -B(N+2) * C(N+1) + B(N+3) 

* C(N) ] / DENOM. 
Set DeltaQ = [ -C(N+1) * B(N+3) + C(N+2) 

* BfN+2) ] / DENOM, 
Set P = P + DeltaP. 
Set Q = Q + DeltaQ. 

ENDDO. 
ENDDO. 

Figure 3-4. Bairstow's Algorithm 

array now holding the deflated polynomial of order n-2, 

theprocedure checks again for the simple low-order cases 

and solves the remainder of the problem or continues 

searching for another quadratic factor. To look for 

another quadratic factor, the B matrix coefficients are 

loaded into the A matrix and the entire procedure is 

repeated. 

RootFinder operation is affected by two parameters 

which are   somewhat  arbitrarily  selected.    These  are 
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Epsilon, the acceptable error, and IterationCount, the 

number of times the procedure will repeat the search for a 

factor. If Epsilon is chosen to be very small, and 

IterationCount very large, the accuracy of the solution 

should improve, but the execution time of the procedure 

will be degraded. Currently, Epsilon is 0.00001 and 

IterationCount is 40. In program tests against known 

results these two constants have provided satisfactory 

results without noticeable execution time degradation. 

5.  Polynomial Expansion Routine 

The procedure Expand_Poly takes as input a set of 

real and complex conjugate factors and expands them into a 

polynomial with real coefficients. There are numerous 

algorithms to accomplish this, but the most intuitive one 

was selected for use in LCS-CAD. The process here follows 

closely the steps one would take if performing the 

operation long-hand. The steps are outlined in 

Figure 3-5. 

The process is best explained by example. Assume 

that the following set of factors is to be operated on by 

the subroutine Expand_Poly algorithm. 

(s + 1 + jl.414)(5 + 1 - jl.414)(s + 4 + jO) 

The first two factors constitute a complex 

conjugate pair since their real and imaginary parts have 

the same magnitude with the imaginary parts differing in 

sign.  When these two factors are multiplied together, the 
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result  will be a real-coefficient, quadratic polynomial. 

For this  particular example  the product  of the conjugate 

pair will be 

( s2 + 23 + 3 ). 

The program will recognize that, since there is a 

non-zero imaginary part of the first factor, a complex 

conjugate pair is present in the problem and resolve this 

first by forming the quadratic as above. To accomplish 

this, TEMPC1] will be set to 12 + 1.4142 or 3.0, and 

TEMP[2] will be set to (2 * 1) or 2.0, in accordance with 

the algorithm. 

Assignments to POLY will be identical and the order 

of the system, originally three, will be reduced to one. 

This will leave only the (s + 4) factor to deal with in the 

subsequent step. So the program will examine this next 

factor and determine it to be real. H0LD[1] will be set to 

three and H0LD[2] will be set to zero. This initial setup 

is shown in Figure 3-6. 

Now the polynomial in POLY is shifted left one place 

to simulate multiplying it by the unity coefficient of the 

s-term in the (s +4) factor. Finally, the contents of 

TEMP are multiplied by H0LD[1] and added to the shifted 

POLY contents as seen in Figure 3-7. 

The addition indicated in Figure 3-7 yields the 

polynomial with coefficients 

ls3 + 6s2 + 11s + 12 . 

45 

LÜ 



^fWffVV^ 

These coefficients are stored back into the array TEMP and 

the process continues if there are more factors. 

g 

Given n real or complex factors of a polynomial: 

(s + ai ± jbi)(s + a2 ± jb2)...(s + an ± jbn ) 

where a's are real and jb's are imaginary or zero, 
then 

Set TempCi] and Poly[i] =  0.  {for all i to n} 
order = n. 

IF b = 0 THEN    {real value} 
Set TEMPCI] = POLYCl] = ai. 
Set TEMP[2] = P0LY[2] =  1. 

Decrement order by 1. 
ELSE 

Set TEMPCI] = POLYCl] = ai2 + bi2 
Set TEMPC2] = P0LYC2] = 2 * ai. 
Set TEMPC3] = P0LYC3] = 1. 
Decrement order by 2. 

ENDIF. 

{conjugate mult} 

WHILE order > 0 DO 
IF b = 0 THEN 

Set H0LDC1] = ai . 
Set H0LDC2] =  0. 
Set POLY = ShiftLeft(POLY). 

Set POLYCl] = 0. 
Set POLY = POLY + (TEMP * H0LDC1]). 
Set TEMP = POLY. 
Decrement order by 1. 

ELSE 
Set H0LDC1] = ai2 + bi2. {conjugate multiply} 
Set H0LDC2] = 2 * ai . 
Set HOLDC3] = 1. 

Set POLY = ShiftLeft(POLY). 
Set POLYCl] = 0. 
Set POLY = POLY + (TEMP * H0LDC2]). 
Set POLY = ShiftLeft(POLY). 
Set POLYCl] = 0. 
Set POLY = POLY + (TEMP * HOLDC1]). 

Set TEMP = POLY. 
Decrement order by 2. 

ENDIF. 
ENDDO. 

Figure 3-5. Expand_Poly Algorithm 
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n n-1     7 6 5 4 3 2 1 index 

<-POLY 

<-TEMP        [ 

<-HOLD 

0 0 . . . 0 0 0 0 1 2 3 

° 0 0 0 0 0 1 2 3 

0 0 4 

Figure  3-6.      Initial  Array Contents 

n n-1     7 6 5 4 3 2 1 index 

<-POLY 

<-TEMP 

<-HOLD 

0 0 . . . 0 0 0 1 2 3 0 

+ + + + 

0 0 0 0 0 0 4 8 12 

0 0 4 

1 

'-1 

Figure 3-7. Array Contents After Third-Factor Operation 

: 

In the actual program implementation, the conjugate 

multiplication is developed as a separate procedure called 

"Conjug_Mult" for program readability. Also, the 

coefficients in the final result stored in the POLY array 

are reversed to conform to the established storage order 

protocol. 
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6.  Building the Equivalent LOOP Block 

An essential element of the LCS-CAD program is the 

"Make_Geq" procedure. This routine calculates the 

equivalent block transfer function from all the blocks in 

the user input loop. Conceptual!/, the process is a simple 

one, and because of the block record structure, the 

algorithm, too, is relatively straightforward. 

For a given loop each of the transfer function 

blocks will be in either the forward or feedback path. The 

first step will be to condense these blocks into single 

forward and feedback blocks. To combine blocks in the same 

path the transfer functions are multiplied, or more simply, 

the factors of the transfer functions are just lumped 

together as shown below in Figure 3-8. 

fs   +  aHs  +  b) fs  +  c) 
(s  +  d)(s  + e)(s  +  f) (s  +  g)(s  + h) 

Figure 3-8a. Two Path T.F. Blocks 

fs ±  aUs + bHs + c) 
(s + d)(s + e)(s + f)(s + g)(s + h) 

Figure 3-8b. Equivalent Block Diagram 

Figure 3-8. Transformation of Two Path Transfer Functions 
to a Single Equivalent Transfer Function Block 
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Once the forward and feedback path blocks have been 

reduced to two equivalent blocks, they can easily be 

reduced to one single block by application of Mason's rule. 

This is demonstrated in Figure 3-9. 

The Make_Geq procedure closely follows these steps 

to reduce the loop block to a single "G-equivalent" block. 

The simplified algorithm is shown below in Figure 3-10. In 

the actual implementation, additional arrays and temporary 

variables were required to hold the real and imaginary 

parts of each pole and zero, and the forward and feedback 

block gains. 

o— 
Dl 

Gl(. 3) 

N2 
D2 

G2( s) 

Ni *D2 
Nl *N2 + Dl *D2 

Geq(s) 

If N's are numerator and D's are denominator polynomials, 
then by Mason's Rule the equivalent transfer function is: 

Geq(s) = Gils) 
1 + Gi (s)G2(s) 

{Multiplying through by 
Di *D2 gives the right- 
hand block expression.} 

Figure 3-9.  Reduction of a Forward and Feedback Block 
to a Single Equivalent Block 
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Given NBlocks transfer functions 

then 

Initialize Fwd_Zero_Count, Fwd_Pole_Count, 
Feedback_Zero_Count, Feedback_Pole_Count = 0. 

FOR i = 1 TO NBlocks STEP 1 do 
IF FeedbackBlock THEN 
COLLECT(Feedback_Zeros and _Poles) in Feedbck_Array. 
INCREMENT(Feedback_Zero_Count & _Pole_Count). 

ELSE 
COLLECT(Forward_Zeros and _Poles) in Forward_,Arra7. 
INCREMENT(Forward_Zero_Count & _Pole_Count). 

ENDFOR. 

WITH G_eq DO 
{construct Geq Zeros} 
COLLECT(Forward_Array_Zeros & Feedbck_Arra7_Zeros) in 

Geq_Zeros. 
{construct Geq Poles} 
COLLECT(Forward_Array_Zeros & Feedbck_Array_Zeros) in 

Tempi. 
EXPAND(Tempi) {to Polynomial and store} in TempPolyl. 

COLLECT(Forward_Array_Poles & Feedbck_Array_Poles) in 
Temp2. 

EXPAND(Temp2) {to Polynomial and store} in TempPoly2. 

Set Geq_Denominator_Coefficients to TempPolyl+TempPoly2 
FACTOR(Geq_Denominator_Coefficients) in Geq_Poles. 

ENDWITH. 

Figure 3-10. Make_Geq Procedure.Algorithm 

7.  Input Procedure. 

The basic input program relies on four separate 

procedures, namely, Trans_Function_Input, Block_Input, 

Input_Factored, and Input_Coeff. Trans_Function_Input is 

the procedure invoked from the Input Menu. It serves two 

functions: 
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(1) Query the user for number of blocks in the loop, 
then execute repeat a call to Block_Input until 
all the blocks are entered, 

(2) Call the Make_Geq procedure after all blocks are 
input to form the equivalent transfer function. 

The Block_Input procedure is the heart of the input 

routine. It queries the user for block attributes like 

number of poles and zeros, block gain, and whether the user 

will input the block transfer functions as factors or 

polynomial coefficients. Block_Input relies heavily on the 

services provided by the procedures Input and Input_Handler 

described earlier. These utility procedures give -the user 

a great deal of flexibility with their built-in error 

checking and validation and the full-screen editing 

capabilities. 

Based on the user's choice of factored or 

coefficient form input, Block_Input calls Input_Factored or 

Input_Coeff respectively. These routines display user 

prompts for their particular kind of input and also use the 

Input_Handler routine extensively. 

An unusual segment of the program implementation 

worthy of note involves the coefficient form of input. If 

the leading coefficient input by the user is not unity, 

then the program will normalize the polynomial. This 

involves dividing the polynomial through by the leading 

coefficient, then correcting the block gain to compensate 

for the change. Several algorithms in LCS-CAD, in 

particular  the   Root_Finder procedure,  expect a unity 
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leading coefficient on a block polynomial. The 

normalization process does produce unwanted side-effects, 

however. Jf the user decides to view or change a transfer 

function that was entered in coefficient form, then he 

could be confused by the changes to block gain and the 

normalized polynomial. To alleviate these problems, two 

variables for each block, LeadNumCoeff and LeadDenCoeff, 

hold the original values of the user input leading 

coefficients of the numerator and denominator polynomials 

respectively. If the user chooses to change the block, the 

normalization process can be reversed and the coefficients 

and gain restored to their input values. 

8.  Change Procedures. 

One of the most important features of the LCS-CAD 

user interface is its ability to allow changes to the block 

descriptions quickly and easily. The major tool which 

supports this facility is the Input_Handler procedure 

discussed earlier. The LCS-CAD input and change procedures 

expand Input_Handler's full screen editing support to 

include the capability to change the actual structure of s 

previously entered block. That is, the user can change the 

order of the block transfer function as well as the 

coefficients or factors that were previously entered. This 

very powerful combination facilitates both input error 

correction and changes made during the design process. 
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To make these changes possible, the procedure 

Change_Block sets a boolean variable called "Change" to 

true when the procedure is entered. This alerts the 

Block_Input procedure, which is also used for initial user 

input, that changes are to be made to the block whose index 

is passed as a parameter. The Block_Input routine then 

reinitializes the appropriate Filvar[] array elements to 

the previously entered values and uses them as default 

values to each query (see Section 2. Input utility 

Functions for Filvar explanation). The process then 

continues exactly as for first-time input. 

9.  Add and Delete Blocks 

The procedure Add_Block allows  the user to add a 

block to the current  loop.  The routine simply increments 

the block counter variable,  NBlocks, and calls the block 

input procedure,  Block_Input.  On return from Block^nput, 

a new G-equivalent is calculated. 

Delete_Block is a slightly more complicated 

procedure. It must first ask the user to identify the 

block number of the block to delete, check that the block 

exists, and then remove it from the current loop. The 

block is effectively removed from the loop by deleting its 

block index number and adjusting the remaining block 

indices. A new G-equivalent block is computed after a 

block is deleted. 

i 
Eve 
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10. Save Blocks to Disk 

The procedure used to store a problem to a floppy 

or hard disk file is 3ave_Block. It queries the user for 

drive designator (A through D), and filename for the loop 

blocks to be saved. Only the first eight characters of an 

MS-DOE filename are allowed; the program appends a filename 

extension of ".BLX" to each loop. This extension is used 

to later to limit the disk search for legitimate block 

files when retrieving the data. Once a drive and filename 

are supplied the procedure opens the file and stores the 

loop data. The data file is a sequential file of records 

stored as illustrated in Figure 3-11. 

Geq Block Block-l Block-2 Block-n 

^ 0       n        ~2         ^3      ~n-l 
sequential record pointer 

Figure 3-11. Block Storage Scheme 

Note from Figure 3-11 that the equivalent block, 

Geq, is stored first at the zero file-pointer position. 

This is convenient since, regardless of the number of 

blocks in the loop, the equivalent block description is 

always at position zero and easy to access. There are two 

opportunities to read this  file  during the  program, the 

v' 
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first available from the single block input routine when 

the program asks whether the block will be read from a file 

or from the keyboard. If the file option is taken, then 

only the Geq block is accessed. The other time the file 

can be read is from the "Retrieve Problem from Disk File" 

option on the Input Menu. This option will read all the 

blocks into memory, including the Geq block. This option 

is discussed in detail in the next section. 

11.  Retrieve Problem from Disk File 

Like the Save_Block procedure, the 

Retrieve_Problem procedure first queries the user for the 

data drive where the block descriptions are located. Once 

this is done, the program calls another public domain 

procedure called "Directory". This routine uses MS-DOS 

function calls to query the disk drive and read the 

directory listing. It then displays the directory in a 

window on screen with a moveable cursor activated with the 

arrow keys on the numeric keypad. The cursor can be moved 

to point to the desired file and, when the <Return> key is 

pressed, the filename is returned to the Retrieve_Problem 

procedure. Retrieve_Problem then opens the file and reads 

the contents. 

The Directory procedure will only request the disk 

filenames with the MS-DOS extension ".BLX". This 

eliminates the possibility that the user can attempt to 
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read in a block that is not a data block (recall that the 

Save_BloGk procedure automatically appended this extension 

onto the user-supplied filename). 

12. using Input Routines to Build Complex Systems 

The tools described thus far should be sufficient 

to build arbitrarily complex systems if the proper approach 

is used. The powerful block manipulator is capable of 

reducing a loop with up to nine blocks. Block size is 

limited to a ninth order numerator or denominator, due to 

screen display limits, and overall system size is limited 

to a polynomial of thirtieth order, based on the compiler- 

imposed memory size limit. The greatest limitation of the 

LCS-CAD program for the designer is the ability to only 

handle one loop in memory at one time. This can be 

overcome by working a complex problem "from the inside- 

out" . 

Given a complex problem like the one shown in 

Figure .1-11, the problem can best be solved by the 

following steps: 

(1) Enter block B and C as a system and save i .  disk; 

(2) Enter block D from the keyboard and the BC 
equivalent from the diskfile. Save result to disk; 

(3) Enter blocks A, E, and F from keyboard and the 
BCD equivalent from diskfile.  Analyze the system. 

If this were a typical feedback design problem, the 

engineer would need to  analyze the interior loops for 

stability before proceeding to the outer loops as a 
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standard practice, so the inside-to-out limitation would be 

minimized. At any rate, this limitation is at worst an 

annoyance and should have no serious effect on overall 

design performance. 

-O B D 

E 

Figure 3-lla.  Complex Block Diagram 

n A  n ■on D     [■ 
i 
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Figure 3-lib.  Reduced BC Loop 

-0- BCD 

E 

Figure 3-lib.  Reduced BCD Loop 

ABCDEF 

Figure 3-llc.  Equivalent Block. 

Figure 3-11.  Reduction of a Complex Block Structure 
with LCS-CAD 
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C.   LOCATION OF CHARACTERISTIC EQUATION ROOTS 

As discussed in Chapter 2, one way to quickly check the 

stability of a system is to examine the closed-loop roots 

of the system's characteristic equation. If all the roots 

are in the left-half of the S-plane, i.e. real parts of the 

roots are negative, then the system is stable.2 

The extreme usefulness of such a utility was the 

impetus for placing it in the Main Menu. Once the user has 

input his block diagram and returned to the main menu, only 

a keystroke is required to check the loop for stability. 

If the loop is not stable, then the user knows immediately 

that compensation is required and can begin the- design 

process. 

The procedure which computes and displays the closed- 

loop roots is called "ShowRoots". Negative unity feedback 

is used to close the loop on the system. The algorithm is 

shown in Figure 3-12. Recall that in a unity feedback 

system, the closed-loop denominator polynomial is equal to 

the sum of the open-loop denominator coefficients and the 

block gain times the numerator coefficients, since 

Gel(s) = Goi (s) 
1   + Goi (s) 

The closed-loop zeros are identical to the open-loop zeros. 

2 It can be established for a stable, causal system that 
the roots will  all be  in the 
Since,  from  an engineering 
realizable   systems  will  be 
generalization can be made. 

left-half  of the S-plane. 
standpoint,  all  physically 

causal,   therefore  this 
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Given the G-equivalent block for the system: 

CALCULATE the on-screen display position. 
DISPLAY Geq.NumCoeff ROOTS.{C.L. zeros = O.L. Zeros} 

SET ClosedLoopPoly = (Geq.NumCoeff * K) + Geq.DenCoeff 
CALL RootFinder. 
DISPLAY ROOTS of ClosedLoopPoly. 

Figure 3-12.  ShowRoots Algorithm. 

D.  FREQUENCY ANALYSIS 

Frequency-domain analysis is essentially the 

examination of a system's response to input sinusoids of 

varying frequency. Not only can this so called "frequency 

response" can be computed analytically from the system 

transfer function, but the model of a complex physical 

system can be obtained experimentally by injecting input 

sinusoids and observing the output resonse. For these 

reasons, frequency domain design techniques have been 

developed and used for many years. 

Among the most popular design tools in the frequency- 

domain are graphical techniques known as Bode and Nyquist 

plots. Historically, the graphical methods allowed the 

engineer to visualize the system's behavior. He could then 

apply various heuristic methods and approximations to 

obtain a qualitative "best guess" at how the system would 

respond to a given input. The other alternative of 

deriving the quantitative response was often mathematically 

complex and time-consuming if it was possible at all. 
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Now with thie advent of digital computers, and 

especially the desktop "personal computer", the engineer 

has a device that can provide the quantitative information 

while still providing the familiar graphical tools that he 

is accustomed to designing with. The end result should be 

faster, easier, and more accurate designs. 

1.  Nvquist Plot 

The Nyquist plot is a graph of the magnitude of 

G(jw) versus the phase angle of G(jw) as w is varied 

through a range of frequencies. The graph is plotted in 

polar coordinates. For each frequency, the phase and 

magnitude is calculated and plotted on the Nyquist plot. 

Figure 3-13 shows a graphical interpretation of magnitude 

and phase. 

I mag 
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Figure 3-13.  System Magnitude and Phase 
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For computation purposes the magnitude of  a single 

pole or zero can be written as 

ß 

I 

Magn = -T (RealPart)2 + (w - ImagPart)2 

and its phase is 

Phase = tan-i[ (w - ImagPart) / RealPart ]. 

For multiple  poles or zeros, the magnitude and phase are 

simply computed for each individual pole or zero,  then the 

magnitudes multiplied and the phases and added together. 

The the overall system magnitude can be computed as 

Magns y g t e m = Magnz e r o a / Magnp o 1 e s 

and the overall system phase is 

Phases ys tem = Phasezeroa - Phasepoies. 

The LCS-CAD procedure Bode performs precisely these 

calculations to compute both the Bode and Nyquist system 

response. The algorithm is outlined in Figure 3-14. Once 

the system phase and magnitude are computed, the simple 

transformation into cartesian coordinates is required to 

plot the information. 

The user is given several options to select from 

regarding the plotting and calculation parameters for the 

Nyquist plot. The beginning frequency can be selected as 

can the number of decades to be plotted. The user can 

choose to manually select a window size (maximum and 

minimum values on the plotting scale) or can alternately 

choose to  see the  "big picture".  This option will plot a 
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Given the poles and zeros of a transfer function: 

G f s) = (s + ai ± .i bi H s + a2 + ,1 b2 ). . . f s + am ± .i bm ) 
(s + ci ± j di ) ( S + C2 ± j d2 ) . . . (s + cm ± j dm) 

and a range of frequencies wi .. wk , then 

WHILE w < wk DO 
SET ZMagn = PMagn = 1.0; SET ZPhase = PPhase = 0 0; 
FOR i = 1 TO m STEP 1 DO  {compute for zeros} 

SET ZMagn = ZMagn * SQRT( ai2 + (w - bi )2 ). 
SET ZPhase = ZPhase + ArcTan((w - bi )/ -ai ). 

ENDFOR. 
FOR i = 1 TO n STEP 1 DO  {compute for poles} 

SET PMagn = PMagn * SQRT( ci2 + (w - di )2 ). 
SET PPhase = PPhase + ArcVan((w - di )/ -ci ). 

ENDFOR. 
SET Magnsys = ZMagn/Phagn. SET Phasesys = ZPhase -PPhase. 
SET PlotX = Magnsys * cosineCPhasesys). 
SET PlotY = Magnsys * sine(Phasesys). 
INCREMENT w. 

ENDWHILE. 

Figure 3-14. Nyquist Algorithm 

range of frequencies frorc 10-3 radians/second to 10*5 

radians/second and automatically plot the resultant 

Nyquist graph on a 50 x 50 scale. The user may also choose 

to plot open-loop or closed-loop response. If the open- 

loop response is desired, the G-equivalent block is used. 

If the closed-loop response is selected, then the procedure 

described in Section C. is used to compute the equivalent 

unity-feedback, closed-loop system transfer function prior 

to calculating the Nyquist response. 

The  program   implementation  consists   of  two 

procedures, "Bode" and "Plot_Nyquist".  As described above, 
TV 
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the procedure Bode doubles as both the Bode and Nyquist 

calculation procedure. The routine Plot_Nyquist actually 

implements the graphics which plots the Nyquist numbers 

generated in the Bode subprogram. 

Within the Plot_Nyquist routine is a call to the 

procedure "Graph_Menu". Graph_Menu is called by all 

procedures which produce a graph. It provides a pop-up 

menu offering the user the opportunity to add a title to 

the graph just plotted, print the graph on a printer, print 

the numbers used to generate the graph, or quit and return 

to the Main Menu. 

If the user elects to title the graph, the plot is 

swapped onto a "virtual screen" in memory and a text screen 

appears offering the user three blank lines to type in his 

title. When the title is completed the plot is returned 

tothe physical screen and a window is drawn with the title 

text inside. Since there is no way to tell a priori where 

on the screen the important part of the plot will be 

located, the title block can be relocated anywhere on the 

screen by using the cursor arrow keys. When the title box 

is where the user wants it, the <Return> key is pressed 

thus freezing its position and recalling the graph options 

menu to the screen. The option which allows the user to 

print the graph will first remove the menu options block 

from the graph and dump the remaining screen information to 
W 
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the printer.  If the  user decides to  instead  print the 

numbers, the procedure is slightly more complicated. 

The "dump numbers" mode saves the current graphics 

screen and offers the user a choice to print the data to 

the printer or a pre-selected data filename on disk. For 

most of the graphics routines, the number of points is too 

large to store in a matrix when they are computed to plot 

the graph. Therefore, when the option to print the numbers 

is selected, the same computations are repeated again, and 

the numbers are printed or stored to a disk file rather 

than used to plot the graph. The user should be cautioned 

that because of the large number of points calculated and 

plotted, the length of the printer listing can be 

excessive. If only a few data points are of interest, the 

print to a file option is the better choice. Then the user 

can scan that file with a word processor or the MS/DOS 

"type" command and examine the points of interest. 

2.  Bode Plot 

Most of the features of the Bode algorithm has been 

discussed in the above explanation of the Nyquist plot. 

The major difference between the Bode and Nyquist routines 

is the manner in which the information is displayed. The 

Bode graph displays two separate plots of magnitude and 

phase versus radian frequency. The magnitude plot is 

converted to decibels using the relation 
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MagndB =   201ogi o (Magn) 

and the phase is converted to degrees by computing 

Phasedeg = (ISO/TT) (Phase) . 

The frequency is plotted on a logarithmic scale along the 

abscissa. The plots of magnitude and phase are 

superimposed on the same graph with the ordinate values of 

-180° phase and OdB magnitude aligned. This is convenient 

for the designer when reading gain and phase margin from 

the graph. Since phase margin is read at the zero 

crossover of the magnitude curve and gain margin is read at 

the -180o crossover of the phase curve, these values can be 

read directly without shifting either curve up or down. 

The program implementation is much like that used 

for the Nyquist procedure. The Bode routine calculates the 

numbers required for the plots and the procedure 

"Plot_Bode" then converts the numbers to a graphical 

display. The same procedure applies with regard to the 

supplemental graph options menu as with the Nyquist 

routine. 

E.  ROOT LOCUS 

The root locus procedure implemented in this routine is 

a "single parameter", or "gain locus". It graphically 

represents the movement of the roots of the system's 

closed-loop characteristic equation on the S-plane while 

varying the  system gain.    Since the  location  of the 
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characteristic roots is an indication of the system 

response, the designer can examine the effect of increasing 

gain on system behavior. 

The algorithm is straightforward as can be seen in 

Figure 3-15. The user selects the range of variable gain 

values to use in the computation and the display window 

size. The program then plots the roots of the open-loop G- 

equivalent block as zeros and begins to iterate through the 

range of variable gains while computing the roots of the 

unity-feedback, closed-loop system. These roots are then 

plotted. 

Given an open-loop equivalent transfer function: 

Go. i. ( s) = K P(s)   where P(s), Q(s) are polynomials. 
Q(s) 

and 

Gc. i. (s) = KKv   P(s)       where Kv is the variable 
Q(s)+K*P(s)    gain. 

then 

PLOT {open loop} Zeros. 

WHILE Kv < Kmax THEN DO 
SET ClosedLoopPoly = DenCoeff + [K * Kv * NumCoeff]. 
CALL RootFinder(ClosedLoopPoly). 
PLOT Poles. 
INCREMENT Kv. 

ENDWHILE. 

Figure 3-15.  Root Locus Algorithm 
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F.  TWO-PAEAMETER ROOT LOCUS. 

The two-parameter root locus is one of the more 

interesting routines in the LCS-CAD package. It is useful 

in a number of design situations including the most simple 

case of designing a cascade compensator. An example is 

given in Figure 3-16. The system is to be compensated with 

a single cascade compensator with one pole and one zero. 

If the blocks are combined into a single equivalent block 

and the closed loop characteristic equation is derived, the 

resultant polynomial will be a function of two unknown 

parameters "a" and "b". These two parameters define the 

location of the pole and zero of the compensator and as 

they are varied, the response of the system is changed. If 

a locus of the roots is plotted, the designer can see the 

effects of changing the compensator pole and zero on the 

overall system response. 

The LCS-CAD procedure works in much the same manner as 

in the preceding example. The program must, however, be 

able to parse the user's characteristic polynomial 

coefficient equations in order to "understand" the 

relations and be able to iteratively substitute in values 

for a and b. The simplified algorithm is outlined in 

Figure 3-17. 

The user is requested to provide the desired limits on 

the parameters a and b and to decide whether to "step" a or 

b. 
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Given a system G(3) and a compensator Gc(s) 

G(s) = 100 Gc (s ) =  s + a 
s + b s(0.Is + 1) 

then the closed loop equivalent transfer function is 

Geq(s) = 1000(s ± a) 
1000(s + a) + s(s + 10)(s + b) 

and the characteristic polynomial is 

C.P. =  s3 + (10 + b) s2 + (10b + 1000) s + 1000a 

If "a" is to be varied from, say, 10 to 20 and "b" from 

50 to 200 then, substituting the initial values into the 

characteristic equation yields 

C.P. =  s3 + 60 32 + 1500 s + 10000 

the roots of which are 

(s + 10)(s + 25 ± J19.37). 

These roots are plotted and a or b is incremented and 

the process repeated through the range. 

Figure 3-16.   Two-parameter Root Locus Example 

This input page is shown in Figure 3-18 for the example 

problem given earlier. The parameter that is stepped is 

varied through five discrete values within its range and 

for each of these values, the other parameter is 

incremented fifty times. This produces a "family" of locus 

curves.  Either a or b may be stepped at the user's option. 
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Given a system's characteristic polynomial: 

C.P. = Ens" + En-isn-l + . . . Els + Eo 

where En,En-i, etc. are algebraic expressions in a and b, 
Also a is to be stepped from ai to az   and b varied from 
bl to b2. 

Then 

SET a = ai .  SET b = bi . 
SET deltaA = (a2 - ai)/5. SET deltaB = (b2 - bi)/50. 
WHILE a < a2 DO 

WHILE b < b2 DO 
FOR i = 1 TO n STT.,P 1 do  {for each coefficient} 

CONVERT Ei fvom INFIX to POLISH. 
SUBSTITUTE values for a and b. 
COMPUTE Ei . 

ENDFOR. 
CALL RootFinder. 
PLOT Roots. 

SET b = b + deltaB. 
ENDWHILE. 
SET a = a + deltaA. 

ENDWHILE. 

Figure 3-17. Two-Parameter Root Locus Algorithm 

*** Parameter Selection Page *** 

You will be varying the two parameters,A and B,through a 
range of values you select.  You will also choose to STEP 
either A or B which means the chosen parameter's range 
will be divided into five (5) equal increments to plot; 
the other parameter varies smoothly through its range 

A- 
A- 

-rainimum: 
-maximum: 

10 
20 

B- 
B- 

-minimum: 
■maximum: 

50 
200 

Step A or B? :A_ 

Press <F1> to change previous entry 

Figure 3-18.  Two-parameter Root Locus Parameter Input Page 
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b 
Next the user must provide a window size for viewing 

the root locus. This is handled in much the same manner as 

described for the single-parameter root locus routine. 

Finally, the coefficient equations must be input. Figure 

3-19 shows a completed page for the example third order 

system equation input. 

*** Two Parameter Root Locus - Coefficient Input *** 

3 
s =  1 
o 
CM 

s =  10 + B 
1 

s =  (10*B)+ 1000 
0 

3 =  1000*A 

Press <F1> to change previous entry 

Figure 3-19.  Two-parctineter Root Locus Coefficient Input 

Note that the equations are input in algebraic, or 

"infix" notation. The available operators include (+) 

addition, (-) subtraction, (*) multiplication, (/) 

division, and (") exponentiation. These operators follow a 

hierarchical precedence with exponentiation operations 

being done first, followed by multiplication and division, 

and finally  addition  and subtraction.   Operations like 
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multiplication and division which have the same precedence 

are performed from left to right when conflicts arise. To 

change this order of precedence, parentheses may be used 

around any set of operations. These parenthetical 

expressions have the highest priority and, when nested, the 

innermost operations within parentheses are done first. 

This scheme follows closely the protocol used in most 

calculators and high level programming languages. 

Infix notation, while convenient for the program user, 

does not lend itself well to computer manipulation. A 

better way to represent equations for the computer is the 

so called "reverse Polish notation". In reverse Polish 

notation, the operands of an equation are entered first 

followed by the operator. \For example i the infix 

expression 

3*4 + 5 

would be represented as 

3 4*5 + 

in  reverse  Polish  notation.    The  numbers  3 and 4 are 

entered and multiplied, then 5 is entered and  added to the 

previous  result.    Using the concept  of  a "stack" the 

reverse Polish expression is easy to evaluate. 

Recall that a stack is a last-in-first-out queue whose 

operation is analogous to a stack of trays. To operate the 

stack, the program calls a "push" procedure to place an 

item on the stack, and a "pop" procedure to remove the top 
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item. Now, using the example given above, an arithmetic 

evaluation procedure can be illustrated. Figure 3-20 

demonstrates such an implementation. 

3 

<-stack-> 

4 (4,3 *)= 12 

{pop4} 
{pop3} 

{multiply} 

5 (5,12 +)=17 

{pop5} 
{popl2} 
{add} 

17 

3 12 

{P' ash 3}     {push 4}          {push 
{push 

12}     {push 17} 
5} 

itV 

Figure 3-20.  Stack Operation Example 

The basic equation evaluation algorithm can be outlined 

then in three steps: 

(1) Scan the reverse Polish equation term-by-term. 

(2) If the term is a constant then push it onto the 
stack. 

(3) If the term is an operator then pop the first two 
items off the stack, apply the operator, and push 
the result back onto the top of the stack. 

When the algorithm  is   completed the  answer to the 

expression will be on the top of the stack. 

To get the infix equation into reverse Polish form is a 

bit more difficult than  simply evaluating the Polish 

expression.    Of  special  consideration when building the 

Polish form of the equation are the operator priorities and 

the use of parenthesis  to change those priorities.  A set 

of  rules  can be written which outline  the conversion 

procedure [Ref.  2].  These rules are listed in Figure 3-21 

along with an illustrative example of their application. 
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Given the infix expression: 

6+(5-4/2)*3 

and the following operator priority table: 

Operator Priority 

*,/ 
+ ,- 

operands 
(,),spaces 

2 
1 
0 

Using a result string called RPN, and an operator stack 
the rules for infix to reverse Polish conversion follow: 

RULE 
(1) 
(2) 

(3) 

(4) 

(5) 

If an operand is encountered, move it to RPN. 
If an operator is encountered, move all higher 
priority operators on the stack to RPN and push 
the new operator onto the stack. 

If a left parenthesis is encountered push it onto 
the stack. 

If a right parenthesis is encountered, pop all 
operators off the stack and append them to RPN 
until a left parenthesis is encountered.Discard 
both parentheses. 

When finished with the infix expression, pop all 
remaining operators from the stack and append 
them onto RPN. 

Applying these rules to the example problem above gives 

RPN 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

3 
3 * + 

STACK 

/ 
/ 

INFIX 

6+(5 
+ (5 
(5 
5 

4 
4 
4 
4 
4 
4 

2)*3 
2)*3 
2)*3 
2)*3 
2)*3 
2)*3 
2)*3 
2)*3 
)*3 
*3 
3 

RULE 

1 
2 
3 
1 
2 
1 
2 
1 
4 
2 
1 

Figure 3-21 Rules for Conversion from Infix 
to Reverse Polish 
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The LCS-CAD routine to compute and display the two 

parameter root locus is called "TwoParameterRootLocus". It 

calls several sub-programs including "Infix_to_Polish" 

which does the conversion of the coefficient expressions to 

the reverse Polish form, and "Compute_Polish" which 

evaluates the reverse Polish expressions. Other 

procedures, like "Coeff_Input", "Select_Parameter_Range", 

and "Select_Window_Size" , prompt the user for information 

required by the program. 

Figure 3-22 shows the two-parctineter family of curves 

generated by the program for the sample problem introduced 

at the beginning of this section. The designer wishes to 

place the system poles at a specific location on the S- 

plane, the plot will enable him to see qualitatively 

whether or not it is possible with a given set of 

parameters varying over specified ranges. A printout of 

the numbers used to generate the plot can then be examined 

for the values of a and b necessary to place the poles in 

the desired locations. 

As with all the other graphing routines, the options 

menu appears after the plot is generated giving the user 

the opportunity to title the graph or print the graph or 

its corresponding numbers. An additional window appears on 

this graph to show a legend for easy curve identification. 
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T 1 1 1 1 1 1 1 r-^—i 1 1 1 1 1 1 r 
-5.00 -J.66 -2.34 -0.3? 

Figure 3-22.  Two-parameter Root Locus Family of Curves 

G.  TIME RESPONSE 

The time response module gives the user the capability 

to see how the system will respond to a "standard" input in 

the time domain. The user can subject his system to a 

choice of step, ramp, impulse, or sinusoid inputs. Since 

most design work will be done in the frequency domain, this 

module will give the designer a tie-in to the time domain 

and thereby a physical interpretation of the system's 

response. 

The time response algorithm first converts the 

continuous-time, input-output description of the system 

into a discrete-time, state-space equivalent. The states 

of the system at any time and the output can then be 

generated knowing only the  input and the previous system 
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states. This process is repeated for discrete time steps 

until the desired end time is reached. This method is, of 

course, not the only approach available. Numerical 

differential equation solvers, particularly the Runga-Kutta 

method, are often used to solve this type of problem. The 

"sampled-data" method was compared to the Runga-Kutta and 

performed favorable when using a small step size and a 

large number of samples. 

The first step in solving the time-response problem is 

to convert the input-output representation into a matrix 

form. An example of this conversion procedure is shown in 

■ Figure 3-23. The form of the A-ruatrix is always the same 

with one's along the upper co-diagonal and the transfer 

function denominator coefficients along the bottom row. 

This is the so-called "companion form" [Ref. 3]. Likewise, 

the C-matrix contains the coefficients of the dci.ominator 

polynomial. The single B-matrix entry indicates that the 

system only has one input as expected. 

To convert the system to a  discrete-time equivalent, 

the continuous-time system 

X(t) = Ax(t) + Eu(t) 

y(t)   =  Cx(t) 

must  be   "mapped"   into  the   system 

X(k+1)   =  ^(k)   + Iu(k) 

y(k)       =  Cx(k). 

A."- 
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Figure  3-23(b).   Flow Diagram of  G(s). 

1                                          A B 

10          1         0 0 0   j 
!             x = !   0         0         1 

10          0         0 
-40     -28     -10 

0 
1 ' 

-5 

X             + 0 
0 
1 

u 

y =       12       16       9 2   1   x 

c 
Figure  3-23(c).     State-Space Representation. 

Figure 3-23.  Conversion of Input-Output Block Diagram to 
State-Space Matrix Form 

Knowing the relationship between the two systems, it can be 

shown that 

« = I + A JJI(T) 

and T = JJI(T)B  
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where T is the sampling period and u. is defined as 
t 

= J  eA<T da  = T  S  (k+1) ! 
0 k = 0 

M(T) 

I 

l 
LI - 

This infinite series expansion for JJL can be approximated 

by taking enough terms to ensure precision to some 

acceptable value. Once the JJ. matrix has been computed, 

then the f and F matrices can also be calculated. Assuming 

zero initial conditions for all the states at time t=0 

gives a starting point from which the states at t = 0 + t 

may be computed, and so on until t = tmax. Since the 

output of the system is simply one of the states, it can be 

extracted from the computations and plotted. 

The LCS-CAD procedure which implements the time 

response module is called "TimeResp". The algorithm is 

outlined in Figure 3-24. The actual program implementation 

appears more complex because of the mechanics of performing 

the matrix and vector operations. This is simplified 

somewhat by the procedures "Matrix_Multiply" which 

multiplies two sq are matrices together, 

"Matrix_Vector_Mult" to multiply a matrix and a vector 

together, and "Scalar_Mult" which multiplies each of the 

elements of a matrix by a scalar constant. 

The time increment is set to a constant value of 0.0005 

seconds giving 2000 calculation increments. Because of the 

time required to plot all these increments, only one in 

five points are actually graphed. 

m 
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Given  a  closed-loop transfer  function  of  the  form: 
G(s)   =   K     ans"   +  an-:s"-i   +   ..■   +   ai s  +  ao 

bmsm   +  bm-ls^-l    + + bi s  + bo 

where m > n and K is block gain.  If T is to be 
the sampling time, then 

*** Fill the A-matrix *** 
FOR i,j = 1 TO m DO 

IF j = i+1 THEN SET ACi.j] = l.{l's in upper 
ELSE SET A[i,j] = 0.  co-diagonal} 

ENDIF. 
ENDFOR. 
FOR i = 1 TO m DO 

ACm.i] = -bi .  {denom. coeff along bottom row} 
ENDFOR. 

*** Fill the C-matrix *** 
FOR i = 1 TO n DO 

SET CCi] = ai * K. 
ENDFOR. 

*** Initialize Psi and Atemp *** 
SET Atemp = A. 
SET Psi = I + (A * T/2).{this is first term in series} 

*** Compute additional series terms *** 
WHILE  Maxrowsum >0.1% DO {check contribution of next 

term in series} 
SET k = 2. 
SET Psi = Psi + (Ak * Tit)/(k + 1) ! . 

ENDWHILE. 
SET Psi = Psi * T. 

*** Calculate the Phi Matrix *** 
SET Phi = I + (A * Psi). 

*** Calculate the Gamma Vector *** 
SET Gamma = PsiCi.m] {since input vector U is 

[0 0 ... 0 IjT, Gamma is last 
column of Psi matrix} 

*** Compute the next state vector *** 
SET xold =0. SET t = 0. 
WHILE t < tmax DO 

SET xnext = Phi * xold + Gamma * input. 
SET y = C * xold. 
PLOT y. 
SET xold = xnext 
SET t = t +  t. 

ENDWHILE. 

Figure 3-24. Time Response Module Algorithm 
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H.  UTILITIES 

Several utility procedures are available from within 

the LCS-CAD program. These enable the user to display the 

current loop blocks in either polynomial or factored form, 

or to enter an arbitrary polynomial and have the program 

find and display the roots. There are three procedures 

which implement these functions. The first is 

"ShowFactors" which, as the name implies, allows the user 

to view the loop blocks in factored form. The procedure is 

essentially an on-screen formatting routine since the 

factors of every block have already been calculated and 

stored in the block record. 

The second procedure is "ShowPoly". It is the 

complementary routine to ShowFactors. It formats the 

polynomial form of the loop's block transfer functions on- 

screen for viewing. Here too, no numeric calculation is 

required as the block polynomial coefficients are available 

in the block record. 

The third procedure is called "UserPoly". This routine 

allows the user to input the coefficients of a polynomial 

and then calls the subprogram "RootFinder" (discussed 

earlier) to find the roots of the polynomial. The program 

then displays the factors in much the same manner as the 

ShowFactors routine. 
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I.  HELP SCREENS 

LCS-CAD has on-line help available from any of the 

three menus. The help screens are invoked from menus which 

resemble the program menu. From the help menus the user 

may select any of the choices normally available to him 

from the program menus and help screens will be displayed 

with help information specific to the function selected. 

From the Main (program) Menu, the user may select 

<H>-HELP. This will bring up the Main (help) Menu. If the 

user select help with the <I> Input/Change function, a 

second help menu is displayed much as it is with the main 

menu selections. From there, the user may select any of 

the input menu choices and one or more help screens for 

that choice will be displayed. A similar secondary help 

menu is displayed if the <ü> Utilities help is requested. 

unlike the Main Menu help, which can get help for any 

of the other menu items, if the user is in the Input Menu 

or the utilities menu and calls for help from there, only 

the Input Help Menu or Utilities Help Menu respectively 

will be displayed. Figure 3-25 shows the relationship of 

the help screens to the program menus. 
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Figure 3-25.  Help Available within LCS-CAD 
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IV.  SUMMAEY AND RECOMMENDATIONS 

The LCS-CAD program is a useful and powerful tool for 

the designer and a simple and easy to use package for the 

student. The program supports most of the major design and 

analysis tools required for continuous-time, linear control 

system work including Bode, Nyquist, single- and 

two-parameter root locus, time response, and automatic 

transfer function block manipulation. 

The program does, however, have its shortcomings and 

areas where improvements are possible. Several of these 

areas are discussed below. 

(1) Currently, the program's size is constrained by the 
limits of the Turbo Pascal compiler. The routines 
could be made to run faster and the code size 
streamlined if the code were translated into another 
language which supported memory usage beyond the 64K 
limit imposed by Turbo Pascal. This would eliminate 
the need for chaining program segments into and out 
of memory to disk. This project should not be 
undertaken lightly, since Turbo Pascal is unique in 
its support for low-level system calls and in-line 
assembly language  code, both of which are used in 

|-i LCS-CAD routines.    The best potential alternative 
choice for a language now appears to be Modula-2. 
It is similar to Pascal in construct, but allows 
full memory use and at least one such compiler now 
available (LogiTech Modula-2) appears to support 
most Turbo Pascal functions. 

(2) Additional modules could be added to the software. 
A Parameter Plane  module,  for  instance,  could be 
added to enhance the value of the package.  This is 
yet another tool which  is a bit more sophisticated 
and can be applied to more difficult design problems 

{' than the tools currently  in   the LCS-CAD system. 
Another possible  candidate nodule  for inclusion in 
the  package   is   the   "Function  Minimization" 
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subroutine. This routine allows the user to select 
a "cost function" and the program will vary the 
parameters of the problem to minimize the cost 
function.  This is a type of optimal control method. 

(3) Several improvements to existing routines could be 
made. These are listed below in no particular order 
or significance. 

m 

i 

■>.' 

Adding a raoveable cursor to the 
graphics screens to allow the user to 
"point" to an area of interest on a 
curve and have the important parameters 
printed on-screen. For instance, in 
the Bode routine, the user could move a 
cursor to the gain crossover point and 
have the frequency and the phase margin 
printed. 

Adding the ability to handle the state- 
space form of input. Currently, only 
the input-output description of a 
system is allowed, although the state- 
space form is used extensively in the 
time response module for computation. 
This would add even greater flexibility 
to the user's choice of in^ut. 

Additional error trapping routines need 
to be added to the program. Fairly 
extensive efforts have been applied to 
keep user inputs from "bombing" the 
program, however, when an error occur? 
and aborts the program, it can be most 
frustrating to a user. DOS-level 
interrupt handlers can be written to 
take care of most common error like 
divide-by-zero and I/O faults. These 
programmed interrupt handlers can 
override the default DOS handlers which 
issue a cryptic message and abort to 
the operating system. 

A "zoom" feature is needed on the 
graphics routines which will allow the 
user to change the plotting scales 
without rerunning the entire graphics 
routine again. This may be 
accomplished with strategically placed 
IF/THEN statements. 

--. 1/ 
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e. A more sophisticated input routine may 
be devised to allow the user to input 
the ENTIRE block diagram with multiple 
loops. The difficulty of implementing 
this option is to maintain a user 
interface which is simple and 
intuitive. Block interconnections and 
feedback path descriptions can easily 
become confusing and ambiguous. 

f. Add the capability of the program to 
handle discrete time systems described 
by Z-domain functions. 

These suggestions for future improvements to the LCS- 

CAD program represent specific changes as well as areas for 

broader, more in-depth work. The modular nature of the 

program structure and its menu-driven format make it a 

simple matter to append additional subroutines. The Pascal 

language with its inherent top-down structure makes for a 

more readable program and enables follow-on programmers to 

quickly and easily understand the algorithm implementation 

and alter it to suit their needs. 

LCS-CAD is a full-featured engineering program written 

to operate on the most popular des/.-top computer available 

today. With periodic maintenance and updates, this program 

can meet the needs of control system designers and student 

for many years to come. 

i 

;■>: 
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APPENDIX   A.      INPUT   UTILITIES 

p 

HDaendix A is an eKcervt froin the user's docamentation tcr a set o- 

Turbo Pascal input and m e n u i n g utilities. These utilities, called 

T U^ B 0-ü T,P A S were written by; 

Donald R. Ramsey 

Larry Romero 

727 Bunker Hill #70 

Houston, T e ;■; a s  77024 

and distributed  through the  public domain.   The  u 111 i t a s consist o -f a 

number o-f procedures and functions which  allow the  programmer to eas: 1 ■-■■ 

writs sophisticated  m e n uip q systems and input routines.  These utilities 

w ere used s ;■; t e n s i v e 1 y in building L C S - C A D . 

The following  documentation describes  how the  programmer should us? 

the procedures  and function  in a  program including calling ffsethods ;nd 

parameter constraints. 

D 0 C Ü M E M T A T i Q N FOR H; 

The procedures will be given in the following fo•"m; 

P r o c e d u re n a m e (V a r i a b i e 1 ,    C type v a r : descnptio n o f v a r i 

I 
Variable  n ) (   type   var:   description  of   ■.' a'"   } 

Description   of   routine   and   calling   method. 
Discussion   if   necessary, 
w n a t   is   returned   to   the   main   D r o q r a m. 

n 

' R0Ct D URES: 

1 sq i String i   str: string to be displayed  } 
Col,Row' ( int; Column I   row for display! 

Description: Display a message at the specified co 1 u(ün 
rid row of the ■/1 dso . 
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m ; 15 r ' b t r I n Q .       1 s t r ; 51 r i n q t c 0 E 
Co 1,Row ,      [ i n t; Col ^ r0w 10 
Lirid length)   i int: length o-f li 

D9s"'' 1 p t i 0n ; c 1 esr the line to c9nter 0 
to the iine-ienqth, then Center the s 

G 1 3 p I 5 V S 0   / 

center on  ' 
n p f Q     r = p f c r  n p 

n :rori the CDI .•'ü\" 

tr1Rg on this line. 

r.'-' 

1 n v V1 a e 0 ■; String )    { 51 r : String to a 1 s p 1 a y in inverse v i d e i 
Description; d i 3 p 1 a v A   string in inverse video and r s t'.; r n 

to the calling r 0 u t i .n e w i t h the b a c k g r 0 u n d set to b 1 a c I- 
and the text white. 

I 
I 

CQ10r(B ac kGnd ,     { 1nt; the desired bac kqr 0uno col 
Tit )        { int; the color tor the text 

Description; color the video as desired. 

S 

Al , t 1 , l int 

!< 2 , Y 2 , C int 
d i v 1 d e r ) { i n t 

Be;;' Xi,vl,  C int; uocsr I sit col h  row for frame } 
lower right col k  r0 w } 
the row position for a dividing 11n e1 

Description: draw a bc" that ' has an optional line as a 
divider. It you do not wish to have the extra line 
divide the box . just set Z = VI, 

h 
0 f t i 0 n s 

Descr 1 D 11 0n : a 11 0w the user to press a k ev and ret'.!rn 
that character 3 =. an i p p e r character to the c a i i i n c 
routine. 

Returned : Ch ( upper case ) 

ß&a 

:■-. 

in spaces trQin e 1 itr 1 pS0ace s '■ String,   { 31r ■ string to s11 
NewStr '  { str; variable to r< 

Dssc r 1 0 11 ■;n ; Strip spaces t r 0(n the end of 
Ret u. r n e d   : M e w 31 r i s a v amiable parameter that is r e t u r: 

to the calling routine. 

n 1 

t r 1 n a 1 
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IN 

c.o 

;i ri'inc '   X1 . Y 
X2 , Y! 

i n t!   u p o s r   i a + f     n t   ares   to Ü     L i S c^ 

{ i nt: lower r icjht of   area to clear '■ 
Description: this is an alternate method to that of 
defining a w i n d aw and doing a C L P S C R tor that win d ow. 
The advantaoe of this fnethod is that the original 
window is  left intact and operations can o e par forced w11 h a; 

keeping track of tne original window. Tne disadvantage is 
that it is a little slower than CLRSCR. 

m 
i a ,' s 3 c r e e r 

üesi 

flash o a c 
; a v e a '•■■ idee d i s p 1 a 
w hen "i e c e s s a r y . 

in inemorv tor a gu 

MA 

:v 

1 a s h 3 c r e e ri 

Description! this routine will r e-dis p1 a y the s c r e e r 
by the SaveScresn procedure. 

Beep1 Tone,    { int.: the tone to sound (Ex: 350 ) ; 
D u r a c i o n i [ int; the time to delay {E >;; 500 ) } 

Description; turns on a tone for the desired dura11on 
then terminates the s0una. Ycu may test tne sounds 
b v r u n n i n q T S T 3 ü Ü N D. 10 n. 

P 11 c n :   d i s D 1 a' 
. n e   c u r ? n c   s t a i u s  o t   the  u H I- 

i r e   D t    L n e   s ^ 
NUH.    Ins   key 

.V 

3et _cap_nu;Ti (   Caps,           { ch :   set   to   ' C     for   caps J 
N um,             { c h :   s e t   t o     N '   f o r   n u. HI S } 
!ns j             { ch;   set   to   'I'    for   insert   } 

D e s c r '. G 11 o n ;   set   tine   k e ^ cad   as   des i r e d   b v   the p r o g r a si E s ■ 
Ex:   3 e f __ c a D ., n u iü' ' C ,   N   ,   I   i 

will   set   the cap   1 oc';,   the   n uID   1 oc k , a id   turn 
insert   or, 

will   set   only   the   nuffl   ;ocL. 

R'>yrj.->' 
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J e s L -1 c 

7 ••   ' 

! 0 r' h   >-ai:tire 

etc.;    or 

■d ? t s ^ iii; ri e 

' j^ n p n 

. f   an 

o n   k B v   w a 3 ■ a c c Q f 

C i ;■ c u s ; i o R ; IBM ret u rr. 3 3 c ,.J 0 byte s t f ; n cj 

or function key that is prsssed, in ora 

2 byte string you m u 51 >'e a d t h e k e v b 0 a r 

fc h s second byte for the edit c r f u n c t i 0 

y01' j;u51 read the KBD *Qr a characte*' a 

pressed, call the routine ' t fi s 0 r o c e d u r 

READ ' k b d , ch ' 1 . fit present, only the ed i 

10 function keys are checked. However. 

9:: p a n a the procedure t Q' C heck the shift 

E :< a 'n p 1 9 call; 

READikbd.ch); 

if k ey pressed C k _ e d i t _k ey(Chi; 

T i 

6 '' 

0 ' 

t k 

v 0 u 

w 1 
e y v 

1 -i   a 
n Q ■•- 

e v 5 
r r, n 

«t e = 

. V s d 11 

: , t e S t 1 ' 

1 tey is 

the sec: 

and the 

lid e a s; . 
01". 

, s t u r n B d  ; t h e. p r 0 c e d u r e will modify the •■•' a •■ 1 a b 1 s- 

Ch if one of the edit or function kevs was D■"essed 
leave Ch as it was in the first READikbd.ch) 1 * no 

function ke y was pressed. Y 0 u should loo k a t the r ( 

to 0 e t e r in i n e what C h will return if it has been % c; 
' ! alwavs h a ye to lock, but, I   know the function •-: i 

w ill ret urn jr ' 1 -', tor ry. 

tsfflplatsl   1311 oi ats  nu n 
tempi ate   ) 

. n 0 u t D I 

1 n t! the n u 1T1 b e ' o I ; h e t e ^ c 

str: var 1 ab 1 e retumod to : 
i .M 1 a.? o i a t e * 0 r use i : the 

ch 

,- 
.-,-> 

■or a 1 D h a n u TI r: 

' N ' f 0r numbers 

'F' ior   formatted entries 1 

default, [ 51r1 the default string t h? t w ill be d 1 sp 

1 n the inpu.t field '. 
c Q1 , r c w , { 1 n t; the position f c >'   t h 5   1 n c u t 
I e n q t n . n T •  th° f ^ B I d  1 Q n i 11* n 

r n p r «"^ it n ' .^ ^ P P ■ t 'H n e r 1 * ■" 
L D D e r c a s e ' b c c ! t' u e f 0 r uppercase ', ':r *■ ■ 

false 01 h a ■" w 1 s 9 1 

El       [ boo: variable returned trna 
was pressed for the entrv .' 

F 1 0 '     {boo; v a r 1 a b 1 a ret u ' n s d tr'-' e it t h e 

w a. s p r s s 5 e d for the a n t r ■,■ ] 

the  E! 
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ffi 

sen pti 
a   u. H s r 
key 

Th? 

15   is   th9   nain   procedure  for   petti 
•i u. i1! e r i c   k 9 y p ä d ,   the   ins   key,   s n d   t 

are  set   as   desire H h\ p r D g r a in ra e r a r 
are constantly Rionitored to see if their s 
changed by the user. The key status is dis 
25th line of the screen in inverse video, 
configured, the status of these three keys 
et any time by the user, 

The routine ai1ows the user to use th 
would n o r fn a 11 y e ;■; p e c t, The a r r o w k eye fun c 
NUII lock is not set. the Hone and End keys 
the cusor to the start or end of the inDut 
Ins key state' will allow a letter to be in 
string if it is set to ON. 

Returned : the entry of the user is return 
procedure in the global variable ANSWER. 

tatu 
p 1 a y 
As o 

can 

e ke 

t i D n 

res 

lin 

s e r t 

ng i npi 

ha CAP 

these ' 

s h a s 
ed ei 

resent 

be ch 

vhosrd 

when 
pond t 

e, ana 
p rl in 

I 0 C L.' 

k P v s 
n a a n 

the 

i y 
a n q e d 

the 
o send 
the 

" h p 5 ,1 D! 

to the calling 

• oinpt ( str i nq 1,   ( str : string to be displayed on line 22 j 
string2 )  { stri string to be displayed on line 23 } 

Description: clear line 22 and 23 of the video then display 
strinql and strina2 there. 

Li ■< 

:'ay_prompt ( profflpt_nuffl )  ■ i nt: the prompt to display } 
Description; specify strinql and string2 to be dispalysd 

in the Prompt procedure. This is used primarily bv the 
Input handler. 

Iki 

is 

b e t _ a e t a u i c ( u e 

De 

i on: 

;h9 In 

U o v a i i d a 11 o n ( 

c r i p t; 
for H 
11 d a t 

11 _ n u m , { i n t: the 
It i { str: the 
vide the defaults t •; 

tau 
f au 
pro 
put_ 
V a 1 i d _ n u m ,  { i n t 

Val id DOO 

ues en pt 
uf  p f" Q 

i n v a 1 

i on: 

made 

id a1"' 

r e q a i 

the 

v a 1 i 

var i 

i nva 

t o v a 

i: P t, l r P = H 

f 8 

t n e 

vide a routine 
ID the i n o u t _ h a n d 1 e r . 
turn from this p r o c e 
the u, s e f t c r e - e n t e r 
boolean variac1e VA 

dst 
v a r 
di 

num 
dat 
abl 
lid 
lid 

I f 

dur 

th 

Li D 

aul 

lab 

spi 

Per 

i on 

e r 

en 

ate 

t 

le 

ay 

o 

r 

et 

tr 

a 

i s 

th 
i at 
• r 

for 
r e 
i n 

f t 
out 
urn 

V ' 
nv 
en t 
e I 
,3 , 

an 

turn 

the 

ne 

i ne 

ed f 

entr 

ry i 

n p Li t 

i n p u t i 
ed   ] 

i n p u t 

al59 if 

lee that 

e t u r n e! 
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. n p ij. t h a n d s e r ! string, 

IN 

Escape ) 

. t r ; 5 character string (E ;■;: ' N0 1 OB ! 

1 st ch;   N  tor n s w e n t r!es 

C  tor cnanges 

D  tar r ?-d i s p i a y 

n u (ii s i - 2 : first s 1 a ai e n t n u Hi D S r 

PCI a r r a y t o u s a 

n u in s 3 - 4 : last element c -f t n e 

P[ 1 array to use ) 

boo: variable r e t u r n e a t r u e it < F 1'. 
pressed at the first en trv } 

Description: this handler provides f! 

user inputs, provides a ■neans tor 
redisplays a record, 

full screen e d 111 n q c+' 

anging entries, arc 

Discussion ; the programmer must provide the P[ ] array, 

specifying each input that is required. The form for 
c[] is 

PCI] := ■2505A025017010102' 

Pun]  where n is limited to 35 i 

£ a c h element of P[] is defined below; 

entries per p a q > 

element No. 

1-2 

3-4 

Description 

the column f o f 

the row for 

type input- 

inpui 

input 

.A for a 1 ph anum 

N for n u. m b e r s 

F for foramtte 

I for dollar e 

he input fie 

s n u in b e r i ■,* 

■1 0 

11 

12-13 

14-15 
I A - I 7 

tne length of 

the tempi a 

entry, 

array element of Fi1var[ ] a 

Fi1vari] is the global 

"eturnea to the 

d e n t r i e i 

n t r i e s 

Id or 

r r a y . 

■-■■ a r i a b I e 

that is 

routine 

set to T if 

the default 

the prompt number 

the validation N i 

y o u wish the Cat 

number ' see G e ^ 

see Say 

see Do 

lock si 

e f a u 11 

p r o m p 

a n ( 

i n 

_ v a 1: 

The programmer must also provide far d e f a u11; 

validation. The placement of these procedures 

i a utilitv. 

: i '.:■'. 

n ;" 0 i 
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E!; a m p 1 s : the fallowing procedure will call the h a n d i 

procedure Get i n put s; 
procedure G e t _ varia b1e s; 
begin 

PCI] := '2 5 0 5 N 0 0 8 01F 010201'; 
P[2] := '2607H02502T020203,; 

end; 
begin 

6 e t _ v a r i a b 1 e s ; 
input _hand1 er( ' MOi 02 ' ); 

end; 

y 
y 

iV 

This example will provide input tor two variables, Q n 
return from the handler, FILVARC1] will contain the input 
from the parameters specified in P[1] and FILVARC2] will 
contain the input from P[2]. 

Changes  är Pe »ade to Filvar[i..n] bv calling the 
handler in tns change mode, For example, if there were 
variables in the Fi1var array, the call 
1 nout _hand1er('C0207 ') would allow changes to Fi1var[2 3 tnru 
Fi1varC73 ( note that Filvartll was skipped by this call ■ , 

The handler in a ' also be called in the D i s p 1 a v m ode. 
It will then display all variables execpt the numbers, T^e 
numbers may be displayed formatted using the FMT_REAL func t i on 

Returned   : global variables F11v a r[ 1,.n 3  ( max n - 35 ; 
variable ESCAPE will return true if 

■.F1 > was pressed at the Ist f i e 1 a of input. 

1.3. innen a 

Description: provide a skeleton for a main menu. The procedure 
will draw a box around the menu, items and verify the choice 
of the user. All that is required of the programmer, is the 
menu selections and a list of OK choices ( Ok choices is a list 
of all the choices that may be selected bv the user ) 

F U N C TIG N S 

F iB t _ R e a 1 i number , 
is^ht , 

decimal 

rea 1 : number to format 
p. h the total length 

and the decimals 1 
the number of decimal place 

the digits, c o m " a s 
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g 

•A 

Description: a function to fartnat a real number with a com: 
and t n s d e c i ITI a 1 = a. 5 d s s i r s d . 
: K a ITI p i e ; F <n t _ R ( 101 W 0 u ■ e t u r n U 1U . Z ■: 

1 pca5eStr iS)   i str! string to convert to upper case ) 
Description: to convert any string to upper case character: 

This function (Bay be useful when using the Tu.rbo Too 1 bo;•; 
convertinq an index string to all upper case 1e11ers. 

B 

Const3tr( Character,   { the cahracter to fill the string with '. 
Number)      ■[ the number of characters in the string ] 

Description; fill a string with the character of the prografflaiers 
choice. This would be useful for drawing a line of characters 
the screen. 
Example: g o t c'/ Y '' 1 , 4 .• ; w r i t e i C o n s 151 r ( ' = , B 0 ) ) ; 

This e;;anipis would draw a line of equal signs at line 4 c 
the video. 
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APPENDIX B 

V". 
ON 

Appendix B is a listing of the Pascal source code which 

makes up the major modules of the LCS-CAD program. In 

general, driver programs are included first followed by 

their supporting subprograms. Not included in the listings 

are the source modules for the Borland International Turbo 

Graphix Toolbox and the input routines described in the 

thesis text and in Appendix A. 

V-i 

W 
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File: CflD.PftS CrosB-Reference k Block Listing Date: 9/10/86 Page 1 

1 

2 
3 
4 

5 

6 
7 

B 

? 
10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
21 
25 

26 
27 

7S 

21 
30 

31 
32 
33 
34 
35 

J6 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 

{HHH»m«m»mHHHm«mmHmHH«mH»»HmmmH) 

{♦» Prograni Control JflD contains the calls for the main nenu proc H) 

{»» and also the files for the single-paranieter root locus program»») 
{H»HH»nmmH»»»»t»»Him»»«n»»n»»«m»n»»t»»»»»»H»n) 

program Control_CAD; 
{»»tt)»t»»ltf}H}»Ht«HH»mi»»}»H»tmHHHH»t**»HtttHH*) 

{♦♦ The following indude-files contain routines and procedures ») 
{»» to handle graphics calls froa the main procedures of this »») 
{♦» program. They are a part of Borland International's Turbo «♦) 
{»»   Graphix Toolbc^, a casniercially available product. »») 
{iHiiiiii!im»imiiiiiMimi{»t»mmmmt«*tiHiHtHtt(iHH) 

{II typedef.sys) 
{$1 graphix.sys) 
HI kernel.sys) 
HI windows.sys) 
($1 polygon.hgh) 
($1 axis.hgh) 

{ittitf*mHttHf{tm*HHf»fitt»mittH»(ft*tmfHtHtfmtHt) 
{»» These include files are utility procedures and functions to »♦) 
'»»   facilitate input handling.   They are public domain procedures»») 
{Hl»»H»»»tt»«»)»»HtHHtt»»»»»»»»»»H»t»»tH»»»»I»>»i»«>«»»»t»tl 

m UT-HODOl.INC ) 
Hl UT-I10D02.1NC ) 
H] UT-ffi]D03.1NC ) 

{»♦»»»»»♦»mf»t»»»{»f»»j»»»n»»»»»i»«»H»»»»»»»»»»»»»»»ni»»»»»»»») 

{»» GrapHenu contains procedures to open a window on each graphic »») 
{»» screen with a nenu of use' options. The selections allow »») 
{»» printino a hardcopy of the graph on a dot-matrix printer, »») 
'»* dumping the data points to the printer, or constructing and »») 
{»» placing a title block on the graph. »») 
{{tf{ttt»»»tit<f»»<Htt»{HiHtittt»<»»tt(l»»itiH»»t»»»»lttt»tlt»«() 

it] GrapHenu.inc) 

{»»»»»»»»»H»»»»»»»n»»»»»»H»mm»»fmi»»»»»»»»»»i»»»»n»»»»«»H) 

{»» The include-file Roots.Inc is a set of procedures to find «») 
{»» fhe roots of a given polynomial in coefficient form. The »♦) 
{»»   algorithm use is a modified version of the Bairstow method.   »») 
{l»tt»<t»t»H(»»HI»t»IHHHHmtt»<»t<»«t»H»««Ht»«»»(>«»»tt»»»») 

(11 Roots.INC ) 

{>»»tt»*»t»t(miiHm<«»>»»»ti»Hmtfm«»«»i»»H»Httt»Hmm) 

{»»   The Include-file SHOWROOT.inc will display the input or       »») 
{»»  calculated roots of the G-equivalent block diagram, Both      »») 
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File: CfiD.Pfla Crass-Reference 4 Block Listing Date: 7/10/86 Page 2 

57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 E 

{»♦ poles and zeros will be displayed. ♦♦) 
{mHHmH}mmHmHmmHm»»mm»HHH»«HmHHJ») 

{$1 Showfioot.inc) 

{»»«»»«HHtHHHHHHHfHHHHHHHHHfCHHHHHHHHfH) 

{H The indude-flie RQ0TL0C.INC is a procedure to draw the »] 

{»» plot of a single-parameter root locus through a user-suppled »♦) 
{H  range of gain (K). »») 
{»HmHHHHHttUHHHH{*HHHfHtm*m»H>fH*{**fHH*ftt) 

(11 RootLoc.inc) 

Procedure HainHenu; 
var 

I,Tab ; integer; 
Dkchoices : set of char; 
Helpfil» : file; 

procedure ProgramExit;   (displays warning about program about to end) 
—begin 

Clrscr; Center('This Program is about to end',1,11,00); 

highvideo; Center('Verify Ok (Y/N)',1,13,80); lowvideo; 
 repeat 

Option; if not (Ch in [T,'N']) then beep(350,150); 
 until Ch in ['Y'/N'l; 
—end; 

90 
91 
92 
93 
94 
95 

96 E- 
97 
98 
99 B 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

procedure Henulte!ii(pick!char;dB5cription!str80;color:integer); 
(alloMS easyselection of menu colors) 

—begin 
textcolortalor); 
wite(":Tab,,<'); textcolordthite); Krite(pick); 
textcolor(color); writelnO ',description); 

—end; 

-begin (HainHenu) 

ClrScr; TextColor(White); 
6otoXY(l,24); Write!'Revision date: 9/04/86'); 

Center('HHIfilN  MENU«»   ',1,4,80): (display main menu) 
for I:= 1 to 4 do  witeln!"); 
Tab:= 23; 

Menulteml'I','Input/Change Transfer Function(s)',green); 
writeln; 

HenuiteisCL',location of Char. Eq. Roots',green); 
Henulte«!'F', 'Frequency Analysis',green); 
MenuItemCR'/Root Locus Analysis',green); 
witeln; 
HenuItefll'P','THO Parameter Root Locus',green I; 
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File: CAD.PfiS Cross-ReferencE k Block Listing Dates 9/10/B6 .Page 3 

t«V 

ä 
W 

114 

115 

116 
117 

118 
119 
120 

121 
122 

123 

124 

125 

126 
127 

128 
129 
130 

131 

132 

133 

13-4 

135 

134 
137 

135 

139 
140 

141 

142 

143 

144 
145 

146 
147 

148 
149 
150 

151 

152 
153 

154 

155 
156 
157 

158 
159 
160 
161 

162 

163 
164 
165 
166 
167 
168 
169 
170 

MenuitBal'T'/Tifie Response',green); 
HenulteulT,'Utilities'^reen); 
wileln; 
HenuItBfflCH'.'Help'iblue)) 
Henulteal'Q'/Exit Prograff'^ightnagenta); 
HiqhVidEo; 
TextColorlYelloKl; 

BQx(2012l65l23li);HritBln("); 

Bet_Cap_NuiiirC'1' ',' ');Say_Cap_Nuiii; 
TextColDrlHMte); CenterCPress Vour Selection',21,22,38); Lo^ideo; 

(sets legal choices depending on whether user has entered 
block information or not) 

if notlNBlocks in U..9]) then DKchoices i^ fl'/U'/H'/Q',?'] 
else DKchuces := ['r,,L','F,

I'R,
I
,lJ',,T,,'H'1

,Q,
I?

,]i 
-repeat 

Option; if not ICh in DKchoices) then 
 begin 

Beep(350,150); TextCoiorlKtiite); 
if NBlocks <= 0 then 
 begin 

msgCHflRNING : First INPUT the block descriptions!',1,25); 
—end; 

-end; 
-until Ch in ^choices; 
-case Ch of 
— T : Begin 

AssigndnputFile/Input.chn'); 
Chain(lnputFile); 

 end; 
'R' : RcH]t_Locus(B.eq) ; 

-?' : Begin 

Assi gn (TmParanFi 1 e,' TwoParam, chn'); 
Chain(THoParamFile); 

 end; 
1' ; ShowRootslBjq) ; 

—'F' : Begin 
Assign(FreqFile,'Freq.chn'); 
Chain(FreqFile); 

 end; 

—T : Begin 

Assign (TiineFile/TimeResp.chn'); 
ChaindiffleFile); 

 end; 

— 'U' : Begin 
fts5ign(Utilfile,'UtilHenu.chn'); 
Chain(Utilfile); 

 end; 
-'H' :   Begin 

fi5siqn(Helpfile,'HelpMenu.chn') ; 
Chain(Helpfile); 

 end; 
'B' ;   begin 

ProgramExit; if Ch='Y' then Exit := true; 
 end; 

-end; 
E   en[j. 
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171 
172 
173 
174 
175 
174 
177 
178 
179 
180 
181 
182 
1BJ 
184 
185 
186 
187 

CroBB-Reference k Block Listing Date: 9/10/86 Page 4 

{mHHH«mim»HH*}HfHHmHtHHft»t>»H*tm*) 

'» F^ogram Starts Execution ') 

-begin 
InitGraphiciLeave6raphic;ClrScr; (initialize screen) 

Fill char(5,100,11205); S:= copylS,l,B0)j (use special character to draw line) 

Exit:=fal5ej    (initialize boolean) 

—repeat 
MainHenu;    (repeatedly call main menu until user Hants to quit) 

—until Exit = true; 
Set_Cap_Nu»(' ',' ',' ');Say_Cap_Nuri;   (set caps, insert, and nu« lock off) 
NBlocks := 0;   (reset problea) 

-end. 
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File: IHPUT.PAS 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
IB 
17 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

CrosB-Reference k Block Listing 

Program Inputlinpu^output); 

Date: 9/10/86 Page 1- 

(11 TYFEDEF.SYB) 
{*! DIRECTRY.1NC ) 
{II UT-mD01.INC ) 
{»I UT-m02.INC ) 
($1 UT-MmiNC) 
{$! EXPAND.INC ) 
UI R00TB, INC   ) 
itl HAKEEEB.INC) 
($1 INFUTHUMNC) 

{prograi type d variable definitions - same as CAD.PftS) 

(displays directory of available blocks) 
(input utility routines) 

(expands factors into polynonials) 

(finds factors Iroots) of polynomials) 
(confines loop blocks into single equivalent block) 
(help screen driver) 

(IHiHHHHmmmiHHHHmH^mHHIHIHHiHmHHHHHmmH) 

{»* Block input is called fros input, add, and change procedures to input  ») 
{« a single block, »♦) 
(mHHHmmmmmHmHHHmMmfmmmmHHHHHHHHHH) 

Procedure Blockjnputlvar Block_Description:Block5;BlockIndex:integer;readErrDr!booleanl 

{i,j: loop counters; code; error code fron Var proc) 
(temporary holding var for input) 

i,j,CDde integer; 
taspjtBiapZ char; 
VertPos, 
HorizFos, 

PosCounter integer; 
Exponent slringCZj, 
Specification stringCS); 
Strg 5tring[2]; 
Filename «trTO; 
ReadFile aleof BI 
NZeros_old, 
NFoIes old intener; 
test real; 

(screen prompt positioning variables) 
(exponent of S for coeff input for» display) 
(Input_Handler calling string) 

(file name for storing block data) 
ile of Blocks; (file for reading in block filenames) 

(Usporary variable to hold results of "val' 
(until conversion is validated) 

{»tHH»mm«m«miHmHHHm»H»»HmH«m»iH«HmHiHH) 

(»»     Begin processing Factored for« Input-Internal routine »») 
(mfmmmmmHHHHiHimmimtHmmmHmHiHHttHtH) 

Procedure Input_Factored (Zero5_or_Poles:Str5;NFactor5:integer;var RealPart, 

IragPart; Polyflrray); 
var 
i,j     : integer; 
test    ; real;        (holds "val" results until conversion is validated) 

-b'gin 

Pill) := ■0905N01011-Oö010r; (set up input handler control strings) 

99 

Wi 

)■'■r.'^ T-rS >.'■■'■ 
\&K&:*&^h^}^^ 



w& mw^m^m^nim^mrmv!^ 

i 

File: IfPUT.PflS 

57 
58 
59 
60 
61 
62 
63 
M 

65 
66 
67 
68 
69 
70 
71 
72 
73 
71 
75 
76 
77 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 

Crass-Reference i Block Listing Date: 9/10/86 Page 2 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

PC 121 
P[13] 
P[14] 
Ptl5] 
nm 
pirn 
PUB] 
P[19] 
P120] 
P[21] 
PC22] 
P[23] 
P[24] 
PC25] 
P[26] 
P[27] 
P128] 
P129] 
P13Ö] 

(for factored for» input — odd strings) 
real parts, even strings for inag) 

:= '2505^1012-000101'; ttor tactoreo tor« input — ODO S 
:= '0907N01013-00010r; {for real parts, even strings for 
!» ■2507N01014-00010r; 
.-- •0909N01015-O0010r; 
:= '2509^1016-000101'; 
:= '0911N01017-O0010r; 
:= '2511IW1018-00010r; 
!= '0913^1019-000101'; 
:= '2513N01020-00010r; 
:= '0915N01021-<l0010r; 
:= '2515^1022-00010''■ 
:= '0917N01023-00010i , 
:= '2517N01024-00010r; 
:= '0919N01025-O0010r; 
:= '2519N01026-O0010r; 
:= •0921N01027-00010r; 
:= ,25Z1N01028-000101'; 
:= ,0923N01029-O0010r; 
!= '2523N01030-00010r; 

ClrScr; TextColor(Hhite);    {»dte screen titles) 
CenterCwBlock Transfer Function Input"*',1,1,80); 
HighVideo; 

HritBln;Mriteln(s);TextColorlgreen); 
if ZBros_or_Pole5 = 'ZEROS' then 

witelnCNUHERATOR Transfer Function Input - FACTORED Forn') 
else 

HritelnCDENOHINATOR Transfer Function Input - FACTORED Forn'); 

HighVideo; 

for j;=l to NFadors do    (type prompt strings) 
 begin 

witelnC    s = +j'}; 

witeln; 
-end; 

5tr((NFactors»2+10):2,5trg) (select proper input handler) 
(control strings based on NFactors) 

if Change then specification ;= concat('Cir,strg)   (builds string to call) 
else specification •,= concatCNU^strg); (input handler) 

Input_handler(specification, escape);   (call the input handler) 

for j:= 1 to NFactors do (ccmpute the zero values fro«) 
 begin (input handler string Filvar) 

val(filvar[2*j+9 ],test,code); 

if code = 0 then RealPart[j];=test; (val conversion successful if code) 
vallfilvar[2tj+10],test,code); (=0, error otherHise) 
if code - 0 then IniaqPart[j]!=te5t; 

-end; 
-end; (procedure Input_factorBd) 
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File: INPUT.FAS CrDBB-fieferenre !t Block Listing Date: 9/16/86 Page 3 

m 

F>J 

8\V 

114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
14V 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

{»mfHm»««HHtmm»»» wmmmmi tHmimmmmmHiH) 

{H  Begin processing Coefficient for» Input-Internal procedure  »») 
{H»t»»»»»»»H»t»»»»»mn»»»»»»»»n»t»»»nt»»»»m»»m»n»»»»»»m»»«») 

Procedure Input_Coeff(Zero5_Dr_Pole5.,Str5; NCoeff:integer; 
var Coeff: Polyarray); 

var 

iiJ, 
NCoeff.old 
test 

(counters) 
; integer; (holds old poly order if changing order) 
: real;   (holds "val" results until validated) 

-begin 

P[21] 
P[22] 
P123] 
P[24] 
F(25] 
F[26] 
F[27] 
F[28] : 
PE29] 
P[30] : 

= ■0406N01021-00010r; (Input-Handler descriptors for coeff) 
= ,1806N01022-0(i010r; (forn input) 
= ■3206N01023-00010r; 
- ■4606N01024-{)0010r; 
= •040BN01025-00010r; 
i= '1808^1026-000101'; 
= '3208N01027-00010r; 

!= ■4608N0102B-O0010r; 
= ■0410N01029-00010ri 
= '1810N01030-00010r; 

NCoeff.Dld:= NCoeff; 

ClrScr; TextColor(White); (print screen titles) 

Center!'»»Block Transfer Function Inputm',1,2,80); 

writeln; Hritelsl; 

TextColor(lireen); 

if Zeros.or.Poles = 'ZEROS' then 

HrilBlnl'NUMERATOR Transfer Function Input - COEFFICIENT Form') 

else 

NritelnCDENOMINATOR Transfer Function Input - COEFFICIENT For«'); 

HighVideo; 

(Adjusts the coefficients if CHANGING nu^er-zeros in block) 

if NCoeff > NCoeff.old then 

—begin 

for j:=l to NCoeff.old - NCoeff do 

for i:=NCoeff.old + 1 dcmto 1 do 

Fitvar[i+1] := Filvarfil;   (shift the coeff dorn to 1 

(location proper exponent) 

 end; 

if NCoeff '. NCoeff.old then 

—begin 

for j;= 1 to NCoeff.old - NCoeff do 

for i:= 1 to fCoeff.olii t 1 do   (shifts the coeff up to proper expon) 

Filvarli] := FUvrti+l]; 
—end; 

VertPo5:=4; (positions prompts on screen) 
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Fiki imm Cross-fie^erencB i Block Listing Date: 9/10/B6 Page 4 

Z<'. 

Ki 

I 

171 I 
172 I 
173 I 
174 I 
175 I 
176 I 
177 I 
17B I 
17? 1 
1B0 I 
1B1 I 
1B2 I 
183 I 
1B4 I 
1B5 I 
IBi 1 
187 I 
18B I 
189 I 
190 1 
19! I 
192 I 
193 I 
194 I 
195 I 
196 i 
197 E- 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 B 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 

for is^NCoeff+l domto 1 do 
—-begin 

j:=NCoeff+l - i; 
PosCounter := l.j nod 4) + 1; HorizPos ;= PosCounter » 14; 
If PosCounter = 1 then VertPos := VertPos + 2| 

(pronpts for coeff input) if i<> 1 then 
—begin 

usgl's +'1HorizPos,VertPos); 
5tr(i-l:2,Exponent); 
(«sg(ExponBnt,HorizPo5+l,VertPo5-l); 

-end; 
-end; 

5tr((20+NCoeff+l):2,strg); (sets up and calls input handler) 

if Change then specification ;= CDncat!X2r,5trg) 
else specification := concatCN2r,strg); 

Input _hwdler (specification escape); 

for js* NCoeff+1 downto 1 do 
 begin 

val(Filvar[NCo6ff+22-j],te5t1CDde); 

if cade = 0 then Coeff[j]:=test; 
-end; 

-end; 

{mimmmmHmmmHmtmmHmmmuitmimmmmmm) 
{*'   Begin the Block Input Routine .   This allows input of a generic block ») 
{«♦   from either input or change routines, ») 
{HmHHmHHHHmmHHmtmtHHHmHtlHHtHOHHmHHmH} 

-begin (procedure Blockjnput) 
with BlDck_DEscription do    {Block_Description is Blocks-type variable) 
 begin (passed to this routine) 

Clrscr; 

if Change then tenip2 := T   (if Change option alnays fro« keyboard) 
else 

 oegin 

gotoxy(l,7); textcolor(Green);HritB('Block No. ',BlockIndex); 
textcolor(yellDM); 
«sgCHill you input this block fro« the Keyboard (K) or Diskfile (D) ?',1,10); 
 repeat 

InputCA'/K1,73,10,2,1^6^1^10);   (validate for T or T) 
temp2!::copy(answer,l,l); 
if not(lB(iip2 in ['K'/D']) then beep(350,150); 

—until teiip2 in ['K'/D']; 
-end; 

if tenp2 = 'D' then       ( if input from diskfile, then prompt for drive) 
—begin { and display directory of blocks available) 
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File: INPUT.FftS Cross-Rsference k 'Hock Listing Date: 9/10/86 Page 5 

228 
22? 
230 
231 
232 
233 
234 

235 
236 
237 
230 
239 
240 
241 
242 
243 
244 
m 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
25B 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
2B4 

Clrscr; HighVideo; 
HegC»«Current Data Drive is  . Press <e5C> to change it!»»»'t10,il)i 

-repeat 
inputl'ft ,copy(drive,l,l),36,ll,2,true,Fl,F10)i 
ch:= cnpylanswer,!,!); 
if notlch in ['fl'/B'/C'/D']) then beep 1350,150); 

-until ch in ['fl'/B'/C'/D']; 

Drive := CDncatlch,'!'); 

highvideo; 
DirectDryldriveiextEnsiDn^ilenaine^eaderrorl^call Directory djjspk/) 
if   not(readerror) then 
 begin 

Assign(Readfile^ilename);      (open the selected file passed back) 
ResetlReadfile); {fro« Directory in variable Filename} 

Readlreadfi)B,block_dB5cription); 
clrscr; 
«sgCIs the block read froi disk in the Forward (F) or FeedBack IB) path?',1,10); 

 repeat 

InputCfl'/F',75,10,1,true,Fl,F10); . 
zh:- copy!answer,!,1); 

if notlch in ['F'/B']) then beep 1350,150); 
-until ch in ['F'/B']; 
if ch = 'B' then FeedBack ;= true 

else FeedBack := false; 

-end 
else 
—begin 

debyllSOO); (wait until directory error is displayed) 
NindoH(l,l,80,25); (expand out of directory window) 
clrscr; 

—end; 
-end 

else 

-begin {begin Keyboard input) 
ClrScr; TextColorlHhite); 
Centerl'Block input Segment',1,2,80); HighVideo; 
writeln; writelnls); writeln; TextColorlGreen); 
writelnl'Block ',Blockindex,': '); 
HighVideo; 

P[l] := •60O7fi00201T00O110'; (Fbk/Fwd path block) 
nil := '6011N00202-OO0102'; (NZeros prompt) 
F(3] := '6013NOÖ203-000102'; (NPoles prompt) 
P[4] := '6015^0904-000101'; (Block gain prompt) 
P[5) := '601811002057000111'; (Fact, or Coeff. form input) 

msgl'ls block in Forward IF) or Feedback IB) Path?',1,7); 
risgl'Wtiat is the order of the Numerator?',^!!); 
irisgl'What is the order of the Denominator?',10,13);   (I poles) 
msgl'Wiat is the block gain caistant?',10|15); 
if notlChange) then 
 begin 
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ES 

y. 

File: INPUT.FAS 

2S6 
287 
2B8 
2B9 
290 
291 

292 
293 
294 
295 
296 
297 
29B 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
31B 
319 
320 
321 
322 
323 
324 
325 
326 
327 
32B 
327 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 

E- 

Cross-Reference k Block Listing Date: 9/10/86 

Bsql'Hill you enter the block in Factored IF)',10,17); 

msgCor Coefficient (0 for«?',28,IB); 
-end; 

if Change then Input_HandlerrC0104',escape) 
else InputJfandlerCNOlOS'jescape); 

if ccpy(Filvar[01],l,l) = 'B' then Feedbacks true 
ehe FeedBack:= false; 

val(Filvar[02],NZero5,code); (convert Nzeros to number) 
val(Füvar[031,NPole5,CDde); (convert NPoles to number) 
val(Filvar(04],tB5t   ,cDde); (convert gain to number/validate) 
if code = 0 then K:=test; 

If copy(Filvar[0j],l,l) - T then Factored:- true 
else Factored:1 false; 

if Factored then     (set up to call Input factored routine) 
—begin 

if Change then   (if Changing an old entry, then put all old values) 

(intn associated Filva;[] to be displayed) 
for j:=l to NZeros do 
 begin 

str(PealPartZero[j]:10:2,filvar[2»j+9]); 

5tr(IinagPartZero(j]:10:2,filvar[2tjtin]); 
-end; 

if NZeros = 0 then NuinCoeff[l]:=1.0 (if order zero, then assign ) 
else (unity coefficient and go on) 
 begin (othermse proupt for input) 

Input _Facta-ed I' ZEROS',NZeros,RealPartZero, ImagPartZero); 

Page 6 

(expand factors to polynomial and store in NumCoeff array) 
Expand_Poly(RealPartZero,luagPartZero, 

NuaCoeff,NZeros); 

-end; 

if Change then (repeat above process for Polesldeno«) input) 
for j:=l to NPoles do 
 begin 

str(Real PartPole(j]:10:2,f i1var[2tj+9]); 
5tr(;jiagPartPole[j]:10:2,filvar[2»j+10]); 

-end; 

if NPoles = 0 then DenCoeff[l]:=1.0 
else 
 Begin 
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I 

% 

342 I 
343 1 
344 I 
345 I 
346 i 
347 
348 
349 

350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
T.77 

: 9 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 

392 
393 
394 
395 
396 
397 
398 

E-- 

Input .Factored! mE5',WolE5,lklPartPDle,lmagPartPolB)i 

Expand.FolylRealPartPolBjIaagPartfQlB, 
OenCoeff^oles); 

-end: 
LeadNumCoeff;1 1.0; LeadDenCoeff;= l.Oj (expanding factors will always) 

(create unity leading coefficients. These variables are) 
(used in Coeff Jnput to assist in normalizing/denorialuing) 

(coefficients for display/change and computation) 

-end 

else 

{»«HHHiBegin Coefficient fors input»«»"«"HHJW«) 

-begin 
if Change then    (if changing entries, restore normalized coeffs to) 

(orig. forr - doesn't confuse user. Then restore into) 
(proper FilVarH for display) 

for ji^NZeros+l downto 1 do 
 begin 

NuuCoefftj] := NuaCoefHj] » LeadNumCoeff; 
str(NuiiiCoeff[j):10!2,filvar[NZBros+22-j]); 

-end; 

Input _CoeffrZEf;DS',NZBros,NuitiCoeff); (call Input .Coeff routine) 

LeadNuitCoeff;= NumCoefHNZeros f 1); (normalize polynoBial) 
for ]:= 1 to NZeros + 1 do 

NumCoefkj) := NumCoefHj] / LeadNumCoeff; 
K := K » LeadNumCoeff;   (milt K by leading numerator coeff to keep) 

(polynonial's numeric integrity) 

RootFinderlNZeros^fumCoeff^ealPartZero^magPartZero^.O^.O); 
(factor for real and imag roots) 

if Change then (repeat above process for denominator) 
for J!=NFole5tl dowito 1 do 
 begin 

DenCoeffljl := DenCoeffCjl » LeadDenCoeff; 
5tr(DBnCoeTf[j]:10!2,filvar[NPole5+22-j]); 

 end; 

Input.Coeff(■POLES',NPoles,DenCoEff); 

LeadDenCoeff:1 DenCoefHNPoles + 1); (normalize polynonial) 
for j:= 1 to NFoles + 1 do 

DenCoefHjl := DenCoefftj] / LeadDenCoeff; 
K := K / LeadDenCoeff;   (divide K by lead Denom. coeff to keep) 

(polynomial's numeric integrity) 

RootFinder(NFoles,DenCDeff,RealFartPole,lmagPartPole,0.0,0.0); 
-end;(else) 

 end; (if) 
—end; iwith) 
-end; (procedure) 
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ill 
400 
40! 
402 
403 
404 
405 

406 
407 
400 
409 
410 
411 
412 
413 
414 
415 
456 B— 
417 
08 

42C 
421 
422 
423 
424 
425 
426 
427 
423 
429 
430 
431 
432 
433 
43* : 
435 I 
436 I 
437 I 
43B I 
439 1 
440 I 
441 I 
442 1 
443 I 
444 ! 

445 ! 
446 I 
447 I 
44B I 
449 I 
450 I 
451 I 
452 I 
453 I 
454 E- 
455 

{»» This procedcre prompts for the number of blocks in the loop    *») 
(»♦ and iterates through calling the block input routine as ») 

(H required  to allw input c* all blocks for analysis. ») 

Procedure Trans/unctionjnput; 

var 
ijijOHte : integer; 
InputErr ; boolean; 
LoopFeedBack    : boolean; 

-begin 
Changes false; 
Clrscrj 
TextColra-IHhit?"! 
Center('»HTia\sfBr Function Input Routine«*',1,2,80); 
HighVideo; 
Fillchar(5,100,1205); S:= copy(S,1,80):(construct horizontal line on screen) 
writeln; witelnls); writeln; 

(begin user prompts} 

«sgCHoN many blocks in this loop?',10,6); 
Input(T,T,43,6,2,true,Fl,F10); 
vaKflnsHer.NBlockStCode); 
LoopFeedBack := false; 

for 1:= 1 to NBlocks do 
 begin 

 repeat 
Block_lnnut(Block[i],i,InputErr); (call Block_input until no error) 
 until rjt(inputErr); (and all loop blocks have been «ade) 

if Block[iI.Feedback then LoopFeedBack := true; 

Clrscr; 
 end; 

if LoopFeedback then 
 begin 

«sgl'Is the Loop FeedBack Negative (N) or Positive IP)?',1,10); 

—repeat  (validate input answer) 
InputCAV',55,10,2|true,Fl,F10); 
ch:=copy(an5Her,l,l); 
if not (ch in C'r,?']) then beep(350,150); 

—until ch in ['N'/P']; 

if ch ='((' then NegFeedback := true 
else NegFeedback := false; 

-end; 

First_run := false; 
Hal;e_Geq;    (once loop finished, compute equivdlent single block) 

-end; 
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E 

456 
457 
45B 
459 
460 
461 
462 
463 
464 
465 
466 
467 
46fl 
469 
470 
471 
472 
473 B- 
474 I 
475 I 
476 I 
477 I 
478 I 
479 I 
480 I 
481 I 
482 1 
483 I 
484 I 
485 I 
486 i 
487 : 
488 I 
489 1 
490 I 
491 1 
492 1 
493 I 
494 I 
495 1 
496 1 
497 I 
',98 1 
499 I 
500 I 
501 1 
502 I 
503 I 
504 I 

505 ! 
506 I 
507 ; 
508 I 
509 1 
510 I 
511 1 
512 I 

{smHmmmmHHHHHHHHHH SHHHHHmmm»««»»«) 
{» The folIüHinq pracedure allows the user to change the contents») 
{H of a blocl; in the existing loop structure, it will not only ») 

{»» allow changes to existing coefficients or factors of the user ») 
{« polynomial, but changes to the order of the polynomial as well») 
CH»»iHH»HH»»H»f»J»H»»f»»H»H»»«HH»»H*t«»HHHHHHH») 

Procedure Changejlock; 

var 
iJ^ode^lockjiLW ! integer; 
inputerr : boolean; 

-begin 
if NBlocks > 0 then   (if there are no blocks to change don't) 

—begin 
Change:= true;   (sets Change boolean to true) 
Clrscr; 
TextColor(White); 
Center ('»»»Transfer Function Change Routine»»»',1,2,80); 

HighVideof 
writeln; writelnis); writeln; 

{pronpts for block to change) 
rsgCWiich Block do you wish to change?',10,6); 

—repeat 
Input('N','r,43,6,2,true,Fl,F10); (inputs and validates block within range) 

val(flnsHer,Block_num,Code); 
if not(Block.nun in [1..NBlocks]) then beep(350,150); 

—until Blockjiu« in [1..NBlocks]; 

(Initialize the Input.handler holding variables to those of the block to) 
(be changed) 

with BlocktBlockjium] do      (restore all FilvarU values prior to display) 
 begin 

if Feedback then FilvarlOlh^B' 
else FilvarfOlh^F'i 

Etr(NZeros:l,Filvar[021); 
strWoles^FilvarKW); 
K := K »(LeadDenCoeff/LeadltaCoeff);   {de-nor«alize poly for display) 
str(K:10:2,   Filvart04]); 

if Factored then Filvar[05]:= T' 
else Filvar[05]:= 'C; 

-end; 
-repeat 

Block_Input(Block[Block_Nuin],Block_Nuiii,inputerr); (Call Blockjnput to change) 
-until not(inputerr); 

if BlocktBlockjiun).Feedback then 
 begin 
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513 

514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
52B E- 
527 
530 
531 
532 
533 
534 
535 
536 
537 
538 
53? 
540 
541 
542 
543 
544 « 
545 I 
546 I 
547 I 
548 1 
54? I 
550 I 
551 1 
552 ; 
553 ; 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 E- 
566 
567 
568 
56? 

Crtrcs-faference V Blod Listing        Date: ?/10/B6 

Bsgl'Is the Loop FeedBack Negative (N) or Positive (P)?',!,^); 

Page 10 

-repeat  (validate input ansHer) 
if NegFeedBack then ch:= 'N'; 
InputCAVh,55,10,2,^1^1^10)1 
ch^copylanswefiliDj 
if not (ch in ['N',?']) then beep(350,150); 

-until ch in ['N'/P']; 

if ch -%' then NegFeedback ;= true 

else NegFeedback := false; 

-end; 

Hake_Geg; (recalculate equivalent block after changes are iiade) 

-end; 
-end; 

(HHH«H»m«»»««mm»HH«««mt»m««H«H«HHHHH») 

(»» The folloHing procedure adds a block to the existing loop by »♦) 
(H increicentinq the block counter, prompting for all required »») 
(»»  inforMtion abo<jt the block, and then forning the new Geq.      ») 
{HHmHHtHHHHHimfmHHHiHtHHtmtmtHHHHHHH*) 

Procedure fiddjlock; 

var 
Inputerr : boolean; 

-Begin 

Change := false; 
NBlocks := NBlocks + 1; (pick next block) 

—repeat 
Block.lnputiBlockWBlocks],NBlocks,Inputerr);(input next block) 

—until not(inputerr); 

if BlocklNBlocksl.Feedback then 
 begin 

«sgCls the Loop FeedBack Negative (N) or Positive (P)?',l,10); 

-repeat       (validate input answer) 

InpulCfl',",55,10,2,1016^1/10); 
ch^copy (answer, 1,1); 

if not (ch in [T,?']) then beep(350,150); 
-until ch in ['N',?']; 

if ch ='N' then NegFeedback := true 
else NegFeedback := false; 

-end; 

Make_Beq; {compute new equivalent block) 
-end; 

{»»HHm»m»HHH»m»H»tmHHmmHmmm»HHmHH»u) 
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570 
571 
572 
573 
574 
575 
576 
577 
57B 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 E- 
594 
595 
596 
597 
590 
599 
600 
601 
602 
603 
604 
605 
606 
607 

{♦» The following procedure deletes a block from the current loop H) 

{»» and shuffles the block indices to close the 'gap" left by the »»1 
'»»removed block. Then the r:-* Geq is found. ♦♦) 
{mHH»HHHHmHm»H»HIHmHHmm«HH«Hm»HH»«») 

Procedure Deletejlock; 
var 

cDde,BlockNuiiiber,i       linteger; 

Begin 
if NBlocks O 0 then 

—begin 
drscr; Highvideo; {proiipt for block to delete) 
msgCHhich Block do you wish to delete fro« this loop? [" 0 '' to cancel]',1,10); 
inputl'N',",75,10,1,true,F1,F10); 
val(answer(BlockNumber,codB); 
if BlockNumber in [1..NBlocks] then     (if legal block) 
 begin 

NBlocl!S!=NBlocks-l;   {remove block and adjust block indices accordingly) 
for i:= BlockNumber to NBlocks do  Block[i]:=Block[i+l]i 
Hake_Geq;   (compute new equivalent block after deletion) 

-end; 
-end; 

—end; 

{»HHmmm*HiHmwHmH»mHHm*HH«HHH»imHm) 
{H The following procedure allows the user to save the current »») 
{« loop to a disk file. »♦) 
{»»HiHm»t«»H»«tH»»H»»»HH»»HHH»HHH*HHH»H»»HH»») 

Procedure Save Block; 

Blockfile : file of Blocks; 
filename : 5tr20; 
Fnr    : integer; 

609 
610 
611 
612 
613 
614 
615 
616 
617 
610 
619 
620 
621 
622 
623 
624 
625 
626 

—begin 
drscr; HighVideo;     (let user change drive if necessary) 

llsgI'»»»Current Data Drive is     . Press (esc) to change it!»»»',10,11); 
 repeat 

input('A',copy(drive,l,l),36,ll|2|truelFl,F10); 
ch:= copy(answer,!,1); 
if notlch in ['ft','B','C','D']) then bBep(350,150); 

 until ch in ['fl','B','C','D']; 
Drive := concatlch,':'); 

drscr; (prompt for filename to store blocks) 

Bsgl'Diskfile name to store the current blocks?',1,10); 
Hriteln; writeln; 
writeln('»»»En5ure that your DATA disk is in drive ',Drive,'»»»'); 
inputl'A',",45,10,0,true,F1,F10); 
filename;5 concat(Drive|Copy(answer, 1,0)/.OLD; 

A55ign(BlDckfile,filename); (Open file and save G_eq block first, then loop) 
FfliRlTE(Blockfile); (blocks) 
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627 
628 
629 
630 

631 
632 
633 
634 

635 
636 
637 
638 
639 

640 
641 
642 
643 
644 
645 
646 
647 

648 
649 
650 
651 
652 
653 
654 
655 
656 
657 

653 
659 

660 
661 
662 
663 
664 
665 
666 
667 
668 

669 

670 

671 
672 
673 
674 

675 
676 
677 
678 
679 
680 
681 
682 
683 

,lritB(Blocl;file,G_eq);   {store Geq at pointer position 0 in the file) 
{This allows block input routine to load) 
{the equivalent block as a single block} 

for pnr:=l to NBlocks do    {store other block information sequentially) 

 oeqin 
seekiBlockfile^nr); 

witelBlockfile^locktpnr]); 

-end; 

TextColor(Green);   (alert user that loop has been saved) 
Centerl'The current problem loop has been 5toredl',l,20,80)j 
beep(350,150);HighVideo| 

delay(200); 

doselBlockfile);   {close the file) 
-end; 

(mHHiHHmiHmmmtHHHimHmmtHHtHHtHmHHf) 
{H  The following procedure allows the user to get the current    ») 

{«  loop to a disk file. «) 
(mHHmHmmm»mmHm«HH»m»»HHHH«»HH»mm) 

Procedure RetrieveJ'robleii; 
var 

Readfile      : file of Blocks; 
filename      ; str20; 
readerror     : boolean; 

-begin 
Clrscr; HighVideo;   {allow change of disk drive if desired) 

Ifegt'»«Current Data Drive is     . Press <esc> to change it!»»*',10,11); 
--repeat 

inputCA'jCopydJrive,1,1),36,11,2,1^6^1/10); 
ch:11 copy (answer,), 1); 
if noUch in ['A','B','C',*0']1   then beEp(350,150); 

—until ch in ['fl'/B'/C,*!)']; 
Drive :- cDncaUch,':'); 

(call Directory to display eligible files) 
Directory(drive,extension,filename,readerror); 

if not(readerror) then 

 begin 

Assign(Readfile,filename);   (open the file and retrieve contents) 
Reset(Readfile); 
Read(readfile,6_eq); 
NBlocks := 0; 
while not EOF(readfile) do 
 begin 

NBlock5:= NBlocks+l; 
Seek(readfile,NBlocks); 
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■B 

684 
665 
6G6 
6B7 
688 
669 
690 
691 
692 
693 
694 
695 
6?6 
697 

699 
700 
70! 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 E- 
716 
717 
718 
719 B— 
720 1 
721 I 
722 I 
723 ! 
724 1 
725 I 
726 I 
727 I 
728 I 
729 I 
730 I 
731 I 
732 I 
733 I 
734 1 
735 I 
736 I 
737 I 
738 I 
739 I 
740 I 

Readlreadfile.BlockCNBlocks]); 

-end; 

-?nd 

else 

—tegin 

delayll500);{elEe wait for Directory error message and continue) 

mndCM(l,l,80tZ5)i 

drscr; 

—end; 

-end; 

{HimHHmmHmmtmmHmHHHHHHHHtHttHHmm} 
{H The follwinq procedure provides the secondary proqra« menu ♦») 
'»» for all the block input and «anipulation routines. It is »♦) 
{»» called from the main menu block input/change choice. ♦♦) 
{«HmHWHH»Hmmm«»HHHfH»mmmHHmmmH»H) 

Procedure InputHenu; 

var 
ijab      : integer; 
Okchoices ; set of char; 

procedure I1enulteffl(pick:char;description!str80;color!integer); 
—begin (displays wiu items in colors desired) 

textcolor(color); , 

KriteC'.'Tab,''!'); textcolorlNhite); witelpick); 

textcolor (color); witelnC) ^description); 

—end; 

-begin (PROCEDURE INPUTHENU) 

ClrScr; TextColor(Nhite); Finished != false; 

Center!'»» INPUT/CHANGE MENU »«   ',1,4,80); 

for i:- 1 to 4 do   writelnC); 

Tab:= 25; 

HenuItenCr,'Input Block Transfer Function!5)',green); 

Menu!ten!'C','Change Block in Current Loop',green); 

writeln; 

HenuIteffll'A'/fldd a Block to Current Loop',green); 

KenultefflCD','Delete a Block from Current Loop^green); 

writeln; 

HenultemCS'i'Save Current Loop to Disk File',green); 

Henultenl'R','Retrieve Problei frotn Disk File',green); 

writeln; 

Menultei»!'!!','Help',blue); 

HenuIteiiCß'/Exit to Main Henu'^ightmagLnta); 

TextColor(Green); 

Box(20,2,65l22,6);Hriteln("); 

SetCapJIumCC',' ',' ');Say_Cap,Nu»; 

TextColor(White); Centerl'Press Your Select!on',21,21,38); LowVideu; 

if NBlocks <= 0 then OKchoices := [T/A'/R'/H'/B'] 

else Okchoices := ['r,'C','A','D','S','R','H','B']; 
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741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751- 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
7f.? 
7>B 

769 
770 
771 
772 
773 

-repeat  (wait for user to input a keypress, check (or validity, branch) 
Oplioni if not (Oi in DKchoices) then 
 begin 

Beep 1350,150); TextColorlHhiteli 
if NBlocks <= 0 then 
 begi n 

«sal'WARNING : First INPUT the block description!',1,25); 
-end; 

-end; 

-until Ch in OKchoices; 

-case Ch of 

T ! Tran5_functionJnput; 

'C : Chanqe_Block; 

'A' : fldd.Block; 

T ! DeletE.BlDck; 

'S' ; Save.Block; 

'R' ! RetrieYe_ProblE«i; 

'H' : InputHenuHelp; 

'B' : Finished:1 true; 

-end; 

-end; 

-Begin (Main Program Input)   (due to large size of input routine, compiled as) 

Driven'A'; (a CHAIN program called from CAD.COM.   When       ) 

-Repeat (routine is complete, CAD.C0H is re-Executed.    ) 

InputHenu; 

-Until finished; 

AssignlCadFile/Cad.coffl'); 

Execute(CadFlle); 

-end. 
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le: UTILfiENU.FAS Cross-fieferBnce k Block Listing                    Datei 9/10/86 

1 Progran Utility_Henu (displays utility «enu on screen and brar 

2 
3 
4 

user-selected prograo) 

($1 typede^.sys) 

5 {$1 ut-md01.inc} 
6 {$1 ut-iicd02.inc) 
7 {*! ut-nnd03.inc) 

8 {$1 roots.ine) 
9 (II expand.ine) 

10 {$1 Showfoly.inc) 

11 {$1 StiowFact.inc) 
12 (11 UserPoly.inc) 
13 Hl UtilHelp.inc) 
14 
15 var 
16 through: boolean; 
17 
18 
19 
20 procedure ShowMenu; 
21 var 
22 l,Tab : integer; 
23 OVchoices : set of char; 
24 Input joutine : file; 
25 
26 
27 
2B procedure HenuIteiMpickicharjdescription'.strBO;color;integer); 

29 'makes Hri ting colors easy) 
7{\   n i 

JÜ    D—             Degin 
31   1 textcolorlcolar); 

32   1 Hriter'ilab,'<') ; textcolorlHhite); writelpicl;); 
33   1 textcolorlcolor); Hritelnl') ',description); 
34   E   end; 

Page 1 

35 
36 
37 B- 
38 I 
39 I 
40 1 
41 1 
42 I 
43 I 
44 1 
45 I 
46 I 
47 I 
48 I 
49 I 
50 1 
51 I 
52 I 
53 I 
54 I 
55 1 
56 I 

-begin (ShowHenu) 

ClrScr; TextColor(Hhite);   Through := false; 
CenterCH» UTILITIES MENU m   ',1,4,80); 

for Ii= 1 to 4 do   Hritelnl"); 
Tab!= 21; 

HenuIteinl'FVShoH Current Loop Blocks (Factored)',green); 
KenuItemCPyShow Current Loop Blocks IPolynomiaD^green); 
Hriteln; 

HenulteinCU','Factor a User-input Polynomal',green); 
witeln; 

HenuitenCH'/Help'-'ightblue); 
witeln; 

HenuIteoiCS'i'Exit To Hain ftenu'^ightnagenta); 
TextColorlYellcMl; 

Box (20,2,65,lB,6j;writeIn!"); 
Set_Cap_Nuiii('C',' ',' ');Sf/_Cap_Nuiii; 

TextColor(White); Centerl'Fress Your Selection',21,17,38); LowVideo; 
(sets legal choices if no blocks have been entered) 

If NBlocks (= 0 then DKchoices := ['H'/B'/U'l 
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File: 

57 
58 
5? 
60 
61 
62 
63 
64 
65 
66 
67 
68 
6? 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

UTILHENU.PAS        Cross-Reference & Block Listing        Date: 9/10/86 

else OKchoices != ['F'/P'/B'/U'/H']; 

82 E- 
81 
82 
B3 
84 
B5 
06 
87 
68 
89 
90 
91 
92 
93 

Page 2 

-repeat 
Option; 
if not (Ch in OKchoices) then 
 beqin 

8665(350,150); TectColor(White)i 
if «Blocks (= 0 then 
 begin 

nsgCHflRNING : First IfPUT the block description!',1.25); 
-end; 

-end; 

-until Ch in OKchoices; 

-case Ch of 
r 
?' 
'U 
■H 

; Shmjactoredjoots; 
: ShowPoly; 

: User_PolYncMial_RDot5; 
: UtilitiesHelp; 
; Begin 

through := true; 

assignlcadfile/cad.conT); 
e);ecute(cadfile); 

—end; 
-end; 

-end; 

{HtHiHHHmtmmmmHHHmtmHimtHmmH} 
{» Prcgran Starts Execution ♦) 
{HH{titH«HHH»tltH(tvHII»f«t»(»(»HtHH»fHliHH} 

-begin 

-repeat 
StiowMenu; 

-until through; 
-«nd. 
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File: FREQ.PAS Cross-Reference !( Block Listing Dater 9/10/86 Page I 

2 
3 

4 

5 
6 
7 
8 
? 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 E- 

{HmHmmHHHjmmHHJHmmmHHfHHHHmHHHHHHHHH) 

{»« FREGIENCY.RE5F0NSE is the driver program for the Bode and Nyqmst ft] 
{H plotting routines. It sioply invokes Bode and, when finished, returns«») 

{»»   control back to the main menu. »») 
{Hm»HH»mWHHHmHmHHHHHmHHH»»mmHHmmHHHH) 

Program FrequBncy_Re5ponse; 

(tl typedef.sys)   (graphics routines) 
{*! graphn.sys) 
HI kernel.sys) 
{$1 HindoHS.sys) 
it] polygon.hgh) 
($1 axis.hgh) 

m UT-MODOl.lNC ) 
m UT-flOD02.1NC ) 
{$1 ÜT-fraD03.INC ) 

(I! GrapHenu.inc) 
(tl PlotBode.inc) 
{$1 PlotNyqs.inc) 
($1 Roots.inc) 

III Bode.inc) 

(1/0 routines) 

(graph options menu) 
(Bode plotting routine) 
(Nyquist plotting routine) 
(RootFinder routine) 

(Bode routine) 

-begin 
BODE; (call the Bode calculation routine) 

Assignlcadfile,'CAD.CIF 
ExecutelcadHle); 

-end. 

(re-execute the main menu routines) 
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File: BODE.IW: 

1 
2 
3 

1 
5 
6 
7 

9 

10 
11 
12 
13 
14 
15 

16 B- 
17 I 
IB   I 
1?  E- 
20 
21 
22 B- 
23 I 
24 E- 
25 
26 
27 
28  B- 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3B 
39 

40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

CrosB-ReferencB It Block Listing 

pracedure Bode; 

Date: 9/10/B6 Page 1 

var 
Code,llCount1l(uBil)i.'DBcade5,StartDecadB1EndDecadB : integer; 
HI,Wo,Hi,Delta« : Real; 
BReal,B!nag,fiReal,AIfflag : Array[1..20] of real; 
PlotArrayl, PlotArray2 , «agPtiaseftrray : Plotflrray; 

ZHagn,ZFliaEe,FI1a9n,FFha5e,Phase : real; 
TempKJenp'i : real; 

CLGEB : blocks; 
te(«p : char; 
DpenLoop, Nyquist ,BigPic : boolean; 

function Log(X:rRal):real;      (coJiputes the base-10 logarithm of t) 

—Begin 
If 1(=0 then Log:=0 else 
Log := ui(K)/Lnll0); 

—End; 

function Expon(Y,X:rBal)!rrai;   Cconputes V raised to X power) 
 Begin 

Expon :=Bxpl I i (InlY))); 
-end; 

-begin 

ClrScr; TextColorlHhite); 
Center('»»BodB/Nyquist Plotting Raitine"»',1,2,80)] 
Nriteln;nritBln; 
BigPic:= false; 
TextColor(Green); 

MsqCBode (B) or Nyquist (N) Plof',5,5); 

-repeat 

lnput('ft',",45,5,2,truB,Fl,FlO); (sets flag Nyquist  if) 
teinp := copy(ansner, 1,1); (user selects the Nyquist) 

if notlteup in ['B','N']) then bBBp1350,150);   (option for plot ) 
-until temp in ['B*,'N'l; 
if teatp = T thBn Nyquist   := truB 

else Nyquist   := false; 

if Nyquist then 
 begin 

HsgCBeB the BIG IB) picture, or select your own HindoH IH) size7',5,6); 

—repeat 
inputCflV,65,6,2^0^1^10); 
temp := copy(answer,!,1); 
if notlteup in ['B'/H']) thBn beep(350,150); 

—until teuf in [T,'H']; 
if temp = 'B' then BigFic    := true 

else BigPic    ;= false; 
-end; 
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File: BODE.INC Ooss-Peference !< BlKk Listing Date: 9/10/86 Page 2 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
"1 
92 
93 
94 
95 
96 
97 
9B 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

HsgCOpCT (0) or Closed (0 Loop FloL?'^,?); 

-repeat 
input('A',",45,7,2,tru?,Fl,F10); (sets flag OpenLoop if) 
tatp := copylansner,!,!); {user selects the open) 
if noUtenp in ['0','C']) then beep(350,150);   (loop option for plot ) 

-until temp in ['D'/C'l; 
if lesp = '0' then OpenLoop := true 

else OpenLoop := false; 

if not(BigFic) then 
—begin 

flsgl'Khat is the first frequency to be plotted?',5,?); 
MsgCle.g. .01, .001, 1000, etc.)',10,10); 
InputCNV^lO^true^FlO); 
VaHanswer^o^ode); {Mo is the first platted freq) 

HsgCto many decades do you Hant plotted?',5,13); 
InputCN',",45,13,2^^6^1/10); 
Val(answer,NumberOecades,code); 

—end 
else 

—begin 
Ho:=0.001; 

lteberDecadBs:=8; 
—end; 

Clr5cr;TextColor(White); 
CenterC»»» Computing Points for Bode/Nyquist Plot - Flease Wait »»»',1,12,80); 

TextColor(Yellow); 

with G_eq do 'compute closed-loon (unity feedback) G equivalent) 
—begin (called CLGEB — which is also a blocks type record) 

CLEE0.K :- K; 'dosed loop K same as open loop K) 
aGEB.NZER0S:=NZero5;     (as are the zeros of the function 1 

for i:=l to maxorder do CLGES.DenCoeffU] := 0.0;     Unitialize) 

for i;- 1 to NZeros do 
—begin 

CLGEB.RealPartZerom ;= RealPartZeroLil;     (same zeros) 
CL6EQ. ImagPartZercli] := ImagFartZerodl; 

—end; 

for i:=l to NZeros + 1 do 
—begin 

CLGEB.DenCoeffül ;= NumCoeffdl » K;     (C.L. denominator equals the ) 

CLGEB,NuniCoefftil := femCoeffCi]; (sun of open loop denoninätor) 
—end; (and K times O.L. numerator   ) 

for i:=l to NFoles + 1 do CLGEB.DenCoefflil := CLGEO.DenCoefflil + 
DenCoefflil; 

if NPoles > NZeros then CLGEB.NFDLES:=NFoles   (NPoles should always be) 
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File: BGDE.INC 

114 
115 
116 
117 
118 
11? 
120 
121 
122 

123 
12t 
125 
126 
127 
12B 
129 

130 
131 
132 
133 
134 
135 
136 
137 
13B 
139 
140 
141 
142 
143 
144 

145 
146 

147 
148 
149 

150 
151 
152 
153 
154 
155 
156 
157 
15B 
159 

160 
161 
162 
163 
164 

165 
166 
167 
16B 
169 
170 

E— 

Cross-RefErence h Bleck Listing Date: 9/10/86 Page 3 

eise CLGE0.fF0L£B:=NZeros; {greater, but to be safe) 

{compute new denoBinator roots) 

rootfinderiaGEB.NPOLES^EEQ.DenCoefl^GED.RealPartPole, 
CLGEQ.IniagPartPole^O); 

-end; {mth) 

StartDecade ;= truncdoglHo)); {cDnpute linear scale to plot ) 

EndDecade := StartDecade ♦ NunberDecades;   (log numbers. Also figure step) 
Hf := Ho » Exponll0.0,ltefaerDecade5); 

DeltaW :=E!(pon((Hf/Wo),0.0125)! 
Mi := Ho; 

for Count := 1 to 01 do 
—Begin 

if OpenLoop then 
nith G_eq do 

—begin 

{do 100 iterations...arbitrary I) 

{compute bode numbers with G_eq if openloop) 

{and later Hith CLGEB if dosed loop ) 

ZHagn:=1.0;ZFha5e!=0,OiPI1agn:=1.0;PPhase:=0.0;   {initialize) 

for I := 1 to NZeros do    {compute «agn and phase of zeros for freq step) 
 begin 

ZHaqn:=ZHagn » SqrtlSqrlRealPartZeroiiJ+SqrlWHmaqPartZeron])); 
if RealPartZerolI) = 0.0 then ZPha5e:=ZPha5E+pi/2.0 else 

ZF1ia5e:=ZFhasB+ArcTan((Hi-lmagPartZBro[l])/(-RealPartZero[I]))i 
—-^end; 

for I := 1 to NFoles do {compute magn and phase of poles for freq step) 
 begin 

PHaqn:=FHagn » SqrtlSqrlRealPartPolellD+BqrlHi-liaaqPartPoleCl])); 
if RealPartPoletn = 0.0 then PFha5e:=PFha5e+pi/2.0 else 
FPiiase:=PFha5e+ftrcran((Wi-lmaqPartFDle[I])/(-RealPartF,ole[I)))| 

-end; 

—If Nyquist then Begin 
Phase := FracKZPhase - FFhasB)/i2»pi)) » i2*pi); 

{Phase "modulo" 2Pi) 
TempK := absllKfZlIagn/PllagnlfcDSIFttase)); 
TesipY := absl(KfZMagn/PI1agn)»sin(Phase)); 

;f IBigPic) and (TempX > 100) then TempX := 100; 

if IBigPic) and (TempV > 100) then TempY := 100; 

If Phased then Phase:= Pha5e+(2»pil; 
If ((Phase)lpi/2)) and (Phase-; (3tpi/2))) then 

TempX:= -TempX; 
If ((Phase/^pi) and (Pha5e<(2»pi))) then TempY := -TempY; 
HagFha5eArray(count,2] := Phase; 
HagFtiaseArraylcountil]   := K»ZMagn/Pmaqn; 
FlotArrayl[CDunt,l] := TempX; 

PlotArrayKCount^T :- -TempY; 
 en d 

else 

W 

-Begin 
PlotfrrayllCount,!] := Log(Ni);        {fill plotting matrix) 
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File: BODE.INC CrosE-Reference !( Block Listing Date: 9/10/86 Page * 

I 

171 
172 
173 
174 
175 
176 
177 
178 
179 

180 

181 
IS2 

183 
184 
185 
186 
187 
188 
1B9 
190 

191 
192 

193 

194 

195 

196 

197 

198 

199 

200 

201 
202 
203 
204 
205 
206 

207 

200 

20? 

210 
211 
212 
213 
214 
215 
216 

217 

218 
219 

220 

221 
222 
223 
224 
225 
226 
227 

(with magnitude values) 

Plotftrrayl[Count,2] := 20»LDglKKZHagn/PMagn)); 

Plotftrray2[CDunt1l] != Log(Wi); (fill phase matrix) 

PlatArray2[Count,2] := ll80/pi)»(ZFliasB-PPhasp); 

(next stit covers freq wap-around) 

if FlotArray2[CDunt,2] > 0 then 

FlotArray2[count,2]:=PlotArray2[rount,21-360; 

Hi :- Hi » DeltaH; {increment freq step) 

-end 

else with CLGEO do 

 begin 

{perform same steps as above if dosed loop requested) 

Zflagn:=1.0;ZFha5e:=0.0;PHagn:=1.0;PPhase!=0.0; 

for I != 1 to NZeros do 

 begin 

ZHagn:=ZHagn » SqrtlSqrlRealPartZerolID+SqrlHi-ImagPartZerotl])); 

if RealPartZeroEI] = 0.0 then ZFhase!=ZPha5B<-pi/2.0 else 

ZPhase:=ZPha5e+flrcTan((Hi-!«agFartZerom)/(-RealPartZernm)li 

-end; 

for i := 1 to NPoles do 

 begin 

PI1agn:=PHagn » Sqrt(Sqr(RpalPartPole[I])+Sqr(Wi-IinagPartPole[I])); 

if RealPartPoleri] = 0.0 then PFhase:=FFhase+pi/2.0 else 

PFhase^PPhase+ArcTanllHi-imagPartPoletlD/l-RealFartPoletl])); 

-?nd; 

-If Nyquist then Begin 

Phase := FracdZPhase - PPhase)/(2»pi)) » (2»pi)| 

{Phase "modulo" 2Pi) 

TespK := abs(IK»ZHagn/PHagn)»cos(Phase)); 

TeapY := abs(IK»ZHaqn/PI1agn)»sin(PhaEe)); 

if (BigPic) and (TempK > 100) then TempX := 100; 

if (BigPic) and ITempY > 100) then TempY := 100; 

If Phase« then Phaser F,hase+(2»pi); 

If (IFha5e>lpi/2)) and IPhase<(3»pi/2))) then 

TempX;:: -TempX; 

If l(FhasB>pi) and IF1iase<2«pi)) then TempY := -TempY; 

PlotArrayUCount,!] != TempX; 

PlotflrrayKCount^] != -TempY; 

 end 

else 

-Begin 

PlotArrayllCount,11 := LoglWi); {fill plotting matrix) 

{with magnitude values) 

PlotArrayl[Count,2] := 20«Log(K*(ZHagn/PHagn)); 

PlotArrayilCount,)] := Log(Hi); {fill phase matrix) 

PlotArray2[Caunt,2] := (IBO/pDHZPhase-PFhase); 

(next stmt covers freq wrap-around) 

if PlDtArray2[Count12] > 0 then 

FlotArray2[count12]!=PlDtflrray2[count,2]-360; 

-end; 
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File: BODE.INC Cross-Reference k Block Listing Date: 9/10/86 Page 5 

228 
229 
230 
231 
232 
233 
234 

535 
236 
237 
238 
239 
240 E- 

I   E- 
E— 

Hi := Hi » DeltaH; 
—end; 
-end; 

if Nyquist then 
PlotJyquistlStartDecade^dDecadeiNuirberDecades^lotflrrayl, 

MagPhaseArray^igPic^enLoop) 

else 

PlotBD(ie(StartDecadelEndDecad8,Nuiiit!erÖecades,Plotflrrayl,PlatArray2) 

OpenLoop )j 

-end; 

I 
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File: PLOTBODE.INC Cross-Reference k Block Listing Datet 9/10/86 Page 1 

procedure PlotBode(StartDecade,EndDecade,NuiiiberDecade5; Integer; 
Plotftrrayl,Plotflrray2!PlotArray;0pBnLoop! Boolean); 

{»»HHHH*t»»H«*«l»H»«*H»»H»t»«flHH»H»Hfl»tl»t*»H«»t) 

{»  Procedure to Plot the LIN-iDG chart for the Bade diagram.       ») 

9 
10 
11 
12 
13 
H 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24     ■ 
25 

26 
27 
2B 
29 B- 
30 1 
31 1 
32 E- 
33 
34 

35 B- 

36 I 
37 E- 
3B 
39 
40 
41   B- 
42 
43 
44 
45 
46 
47 
4B 
49 

50 

51 
52 
53 
54 
55 
56 

const 
Hagnflrray: array[1..12] of char = I'M'/fl'/B'/N'/r/T'/U'/D'/E',' ','d','B')) 

PhasArray: arrayC1..12] of char = CP'/H'/fl'/S'/E',' ',,t''i'e'i'9'i' 'i' 'i' ''i 
FreqArray: 5tring[19] = 'FREGUENCY (rad/sec)'; 

var i,],n 

ch 

Delta 
KagLabel 
PhsLabel 
DecLabel 
Titlel, 
Title2 
ßuiüp Graph 
N 

quit 
list 

!integer; 
:char; 

:integer; 
:real; 
: string[3]; 
; 5trinq[4]; 
: 5tring[3]; 

: stringlBOl; 
: Boolean; 
: real; 
; Boolean; 

! text; 

function LogUtrealhreal; 
—Begin 

If »=0 then LDg:=0 else 
Log :=Lnm/Ln(10); 

—End; 

function Expon(Y,K:real):real;   (computes Y raised to K power) 

 Begin 

Expon := exp( X » (ln(Y)!h 
 end; 

Procedure FrintGraphData;    {prints mwers to a file or printer) 
— Begin 

LeaveGraphic; 

Clrscr; 
CenterCH» TURN ON PRINTER AND ALIGN PAPER m',1,10,80); 

TextColor(green); 
ssgCpress <P> to continue, <F> to list to file», <Q> to quit print',1,13); 
TextColorlHhite); 
insgCtfile option prints numbers to a file named "B0DE.NUI1"',1,17); 
itsgl'on the current drive.   Browse this file off-line using the DÜ5 'type' cowtand.'tl,IB)j 

—repeat 
Readlkbd.ch); 

If ich = 'C'l or (ch = V) or (ch = ?') or (ch = 'p') then 
 begin 

If (ch = 'F') or (ch = 'f) then 
 begin 
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File; PLOTBODE.INC 

57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

:7:3)i 
75 
76 
77 
78 
79 

81 
82 

83 
84 
85 

B6 
87 

CroBB-Reference k Block Listing 

a55lgn(li5t1
,Bod8,Nm■) 

rewitBÜist); 
-end 

else 
—begin 

assigndist/LST:'); 

rewi tedist); 

Dates 9/10/86 

{assign file) 

'otherwise assign printer) 

Page 2 

-end; 

H (rad) Titlel:=r 
TitlB2:=('  
Hritelndistjitlel); 
Hritelndist1Title2); 
witelndist); writelndist); 
for i:= 1 to 81 do 
 begin 

H := expondO.O^lotflrrayin,!]); 
witelndist,'     ',N:11!3,' 

Gain Idb) Phase (deg)'); 

-■); 

',PlDtflrrayl[i,2]!S!3,' ',PlotArray:[i,2] 

if i= 50 then 
—begin 

writedi5t,chr(12)); 
Hritelndist); 
Mritelndistjitlel); 
witelndist1Title2); writelndist); Hritelndist); 

-end; 
-end; 

—end; 
-until ch in ['F'/f'/B'/q'/P'/p']; 
EnterGraphic; (when finished printing, gr ' jck to graphics »ode and) 
SHapscreen;   (display graph) 
dosedist); 

E- -end; 

;5 

90 
91 
92 
93 
94 B- 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

(set-up windows for display) 
-begin 

initgraphic; 
DefineWindDw(l,0,0,XMaxGlb,YhaxGlb); 
DefineHindDH(2,5,15,l(Ha);Glb-5,YMaxGlb-15); 
DefinBMinda«(3,5,15,)(ßaiiGlb-5,YHax51b-15); 

DefineWorldU,0,0,100,100); 
DefinBHorld(2,StartDecade160,End[)ecade,-60); 
DefinBHorldl3,StartDBcade,0,EndDecadB,-360); 
SBlectHorldd); 
SBlectHindoMil); 
SetBackgroundiO); 

SelectHorld(2); 
SeledHindaH(2); 
DrawBorder; 

SetLineStyled); 
For I:=l to 5 do        (draw horizontal graph linBs) 

DrawLine(BtartDecade,-60+(2OM),EndDecadB,-6O+(20»l)); 

For J:=0 to NumbBrüecadBS-l do      (draw vertical logarithmic graph lines) 
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File: FLOTBODE.INC Crass-ReferencE h Block Listing Date: 9/10/86 Page 3 

114 I 
115 I 
116 I 
117 I 
118 I 
119 1 
120 I 
121 I 
122 I 
123 I 
124 1 
125 I 
126 I 
127 I 
128 
129 
US) 
131 
132 
133 
134 
135 
136 
137 
136 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 I E  
161 I 
162 E  

-Begin 
For !:= 1 to 10 do 
 Begin 

l;elta:=StartDecade t (Log(l) + J); 
DraH:inelDelta,-60,Delta,60); 

-aid; 
-end; 

SelectHindonll); {y-axis titles) 
For I:= 1 to 12 do 
 Begin 

DranTextlS,55+6*1,l,HagnArray[n)) 
DrawText(630,60+6*1,l,FhasArray[11); 

-end; 

DrawText(250,195,l,Freqfirray); 

For h= 0 to 6 do 
 Bsqin 

{x-axis title) 

{y-axis scale label) 

Strl60-20*I:3,HagLal)el); 
DrawTextl12,13+28*1,1, HaqLabel); 

Str(O-60*I:4,Pti5Label); 
DrawText1600,13+28*1,l.FhsLabel); 

-end; 

For I:= 0 to ftaberDecades do 

 Begin 

{label the logarithmic scale) 

Slr(TrunclStartDecade)+l:3,DecLabel); 
DrawText(36+1570 div NunberOecades) *I,lB6,l,DecLabBl); 
DrawText(30+(570 div NiniberDecades) *I,190,1,'10'); 

-end; 

SetLine5tyle(0); 
SelectHindoH{2); 

DrawfolygDn(PlotArrayl,1,-81,0,1,0);     {plot the magnitude) 
SelectWorldC); 
SelectHindoH(3); 
SetLineStyleß); 

DraNPolygDnlPlotArray2,l,-81,0,l,0l;    {plot the phase) 
copyscreen; {save screen to menory) 

-repeat until keypressed; 
quit := false; 

-repeat '.call for graph options menu) 
H DpenLoop then Graph jlenuC Open Loop Bode Plot^DujtpGraph^uit) 

else GraphMenul'Closed Loop Bode',DuinpGraph,quit); 
H Du^Graph then PrintGraphOata;   {dump nunbers i( desired) 

-until quit; 
LeaveGraphic;      (leave graphics mode) 

—end; 
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File: FLOTNYQS.INC Cross-Reference k Block Listing Date: 9/10/B6 Page 1 

'■V 

I 

I 
2 
3 

5 

7 
B 

9 
10 

11 
12 
13 
14 
15 
16 

17 
IB 
19 
20 

21 
22 
23 
24 
25 
2L 

27 
28 
29 
30 
31 
32 
33 
34 
35 B- 
Zb   I 

37 E- 

{HHHWmmWmHHHHHmHHHH»HWmH«HHHHHHHmm») 

{H   F'lot_Nyqui5t is a routine to draH the Nyquist plot froai the data        ») 

{»  generated in the Bode procedure. ») 

{H{t«ffttHff<t{lttHHfHftf»if(l»HII»fttltH»llfH(»IHHHHHtHl{ti}) 

Procedure Plot.NyquistlStartDecade, EndDecade, NumberDecades:Integer; 

Plotfirrayl^agPhaseArrayrPlotArray; 
BigF'ic,OpenLoop!Boolean); 

var 
Xint/finr, 

i,j,n,code : integer; 
YininjYuax, 
Xmn,te   ; real; 
KLabel, 
YLabel       : String[3]; 
Titlel, 
Title2       : StringtBOl; 
DumpGraph, 

quit         : Boolean; 
H                   ! real; 

Miri.jYmnLi Real; 
GraphHidthX 
BraphHidthY- Real; 
Kexpment, 
Yexponent integer; 
KexpLabel, 
YexpLabel 5tring[3]; 
Graphflrray Plctfrray; 
List text; 

function Expon(Y,J(;real):rBal; (computes Y raised to X power) 
 Begin 

Expon :=exp( X » (InlY))); 
-end; 

^> 

39 
40 
41 
42 B 
43 
44 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
54 

Procedure PrintBraphData;  (dump data used to make graph to printer) 
—Begin 

LeaveGraphic; 
Clrscr; 
CenterCHf TURN ON PRINTER AND ALIBN PfiFER »H1,1,10,80); 
TextColorlqreen); 
nisqCpress <P) to Print, <F> to list to file »,<Q> to quit print',1,13); 
TextColorlMhite); 

 repeat 
Bsgl'fFile option prints nunbers to a file named ,NyßUIST,NlJt1'",),17); 
«sgCon the current drive.   Browse this file off-line using DOS "type" command,', 1,IB); 

Readlkbd,ch); 
If (ch = T') or Ich = T) or (ch = 'p') or ich = ?') then 

—begin 
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57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
6? 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 
81 
82 
83 

86 
87 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

if Ich = 'F') or Ich = T) then 
—begin 

aBBignüist/Nyquist.NLÜI'); 
rem-ite(li5t)| 

-end 
else 
—begin 

assign (list, IST; 

rewitedist); 
—end; 

Titlel:=('    w trad) 
TitlEZ:=r  

Magnitude Phase Irad) Kplot YPlof); 

m-itelndistjitlel); Hriteln(list)Title2); 
witelndist); Hriteln(list); 
for i:= 1 to 81 do 
 begin 

H := BKponüO.O/lotflrraylü,!]); 
uritBlndist,«!?^,'       '|KagPhasEflrray[i,n!U:3,' ^HagPhaseArra^ijZhlhJ, 

PlotArrayUi.nilOiJ,'      ^-PlotArrayKi^JrlO^); 
if i= 50 then 
 begin 

witelndist); 

Hrite(li5t(chrll2))| 
«■itelndistjitlel); 
Nritelndist,Title2); 
Kritelndist); writelndist); 

 end; 
-end; 

—end; 
-until ch in ['F'/f'/fi'/q'/P'/p'l; 
EnterEraphic; 
swapscreen; 
closedist); 

(prompt for nindoM parameters) 

-end; 

-Begin {Plot.Nyquist) 
if notlBigPic) then 
 begin 

Pt5J!= 'ISllNOOSOSKHOlOr; 
P[6]:= •1512NÖ0506-Ö1010r; 

Clrscr; TextColorlLightBlue); 
CenterC»« NYHJIbT PLOTTING ROUTINE »"',1,2,80); 
HighVideo; 

FillChar(5,100,»2i:P).;S:=CDpy(5)l1B0); 
Nriteln;Hrit8lnls)!Hriteln; 

tisgl'VieMing Coordinates for Nyquist Plat',1,61; 

TextColor(white); 
irsqCEnter X and V values (graph Hill span   -X to K, -Y to Y)',!,?); 
TextColor(yellow); 
writBln;HritBln;witeln;writeln; 

HritBlnd-Haxiitum; '); 
writelnCY-HaxiiMi; '); 
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File: PLÖTNYOS.INC Cross-Reference t Block Listing Date: 9/10/86 Page 3 

114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
12B 
129 
130 
131 
132 
133 
134 
135 
136 
137 
13B 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

{set default values for "big picture" plot) 

Input.HandlBr(,N0506,lEscape); 
witelniHriteln; 
writelnCflny changes to these parameters? (Y or N):'); 

InputCAV,45,14,2,1^1^10); 
If lan5Mer=T) or (Fl) then   Input_Handler 1X0506',Escape); 
Vallfilvar[5],l(iiax1codB); 

Va]lfilvar[6]|YBaX|CodB); 
kiniHMx; Yiiin:=-te; 

—end 

else 
—begin 

Mn:= -50; 
Xinax:=  50; 
Yinin:= -50; 
Ymax:1  50; 

—end; 

INITERftPHIC; (define wrld/windon and dran KM axes) 

DefineHindoHll^O^HaxGlbJHaxGIb); 
DefineWindoH(2,0,0,)(Hax61b,YI1axGlbl; 
Def i neHor 1 d (1, Km n, Yini n | Xuax, Ynax); 

DefineHorld(2,0,0,100,100); 
SelectHcrld(l)!BelectHindDHll);i)raHBorder; 
SETCL1PFING0N; 
DrEHLineOdniniO^inax^); 
[)raHLinB(0,Yfflin,0,Y!iax); 

n:=l; 
for i:=l to 80 do 
if (aislplotarrayUi,!)) > Knax) or (ab5(plDtarrayl[i,2]) > Ynax) then 

n:= n+1; 
if nOl then n:= n-1;    (use 1 extra point beyond graph border) 

üraKPolygDn(PlotArrayl,n,-80,0,1,0);   (draw graph on screen) 

(coinputB X k Y non-fraction labels with exponent) 

/(exponent ;= 0; 
graphwidthX := Kiax - Mn; KminL:- Äuin; 

while graphwidthX < 10 do 
—begin 

graphwidthK := graphmdthX * 10.0; 

(«inL := XninL » 10.0; 
Xexponent := Exponent -1; 

-end; 

Yexponent := 0; 
graphwidthY := Ynax - Yuin; YuinL := Yiiin; 
Khile graphHidthY < 10 do 

—begin 
graphwidthY ;= qraplwidthY ♦ 10.0; 

VsiinL^YninL »10,0; 
Yexponent := Yexponent -1; 

—end; 

str (l(Bxponent:3,)(expLabel); 
str (Yexponent:3,YexpLabei); 
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File: PLOTHYBS.IHC CrosB-ReferencB d Block Listing Date: 9/10/B6 Page 4 

171 
172 
173 
174 
175 
176 
177 
178 
179 

180 
181 
1B2 
183 
184 
!B5 
1B6 
187 
188 
189 

190 
191 
192 
193 
194 

195 
196 
197 

19B 
199 
200 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

l(int:=fiound(aniaxGlb+l)/10)i 
Yint:=RDund((YHa»Glb+l)/10)j 

Select'   ll(2); 
Select!-     KI2); 

For i:= i i ' 9 do 

 Beqin 

(label K,Y axes Hith scale) 

str(Round(Xiiii'iL+GraphHidthK/lO t U^XLabel); 

str(Raurtd(YitinUEfaphWidthY/10 » il^^abeDi 
DrawTextHHO » i,47,l,KLabell; 
if i 0 5 then 

DrawTextH(51110 » i,l, YLabel); 
-end; 

(print K exponent on graph) 

(print Y exponent on graph) 

if Xexponent <) 0 then 
 begin 

DrawTextH(92,43,l,'x lO'); 
DraHTextH(95,451lltepLabBl)i 

—end; 

if Yexponent O 0 then 
—begin 

DranTextWISS^Vx 10')! 
DraNlextH(5B,98,l,!(BxpLabel)i 

—end; 

DrawTe),tH(92,551l,'REflL');   (label real/imag axes) 
DrawText^l(441951l,•IHfl5•); 

-Repeat until Keypressed; (Put option menu on screen) 
quit:= false; 

—repeat 
if OpenLoop then GraphJtenuCOpen Loop Nyquist',DunpGraph,quit) 

else Graph_l1enul'Closed Loop Nyquist'iPuiupGraphjquit); 
if DumpGraph then FrintGraphData; 

—until quit; 
LeaveGraphic; 

-end; 
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File: ROOTLOC.INC Cross-Reference k Block Listing Date: 9/10/B6 Page i 

1 
2 
3 
4 
5 
b 
7 

B 

? 
10 
II 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

!_eq:blocks)i 

integer; 

Plotfirray; 

PolyArray; 

Procedure Raotj-DCiislG 
Label 

OnErr; 
Var 

Ii^code 
PlotPole, 
PlotZero 
TempPoly, 
HoldPoly, 
PlotRealPole, 
FlatlmagPole 
DeltaGain, 
StartBain, 
EndSain, 
VariableJ3ain, 
Mn,XBai(, 
Yinin,Yiax : Real; 
Negjeedback    ; Boolean; 
pg^g : real; • 
DuRp6raph,guit : boolean; 
list : text; 
LineCount   : integer; 

Procedure PrintEraphData;   (duups rootlocus data to printer) 
—Begin 

LeaveGraphic; 
CIrscr; 

CenterC«» TURN ON PRINTER AND ALIGN PAPER "♦',!,10,80); 
TextColor(green); 
»sgCpress CP> to Print, <F> to list to a file», <Q) to quit print',li^'i 
TextColorlwhite); 
85q('»File option prints numbers to a file named ■ROOTLOC.NUII"',!,^); 
msgCon the current drive.   Browse this off-line using DOS "type" caraiand.',1,16); 

 repeat 
Read(k,bd,ch); 

If Ich = 'F') or (ch = 'f) or Ich = ?') or Ich = 'p') then" 
 begin 

if (ch = T') or Ich = T) then 
 begin 

assign (list/RootLücNUH'); 
lewitellist); 

-end 
else 

—begin 
assigndist/LST:'); 
rewritellist); 

 end; 

LineCount := 0; 
M-itelnllist); 
Hritelnilist,'   ZEROS '); 
witelnllist); 
Nritellist,' 
Hritelnilist,'       REAL IMAGINARY'); 
witelnllist);    LineCount :- LineCount + 6; 
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File: ROOTLDC.INC 

57 
5B 
59 
60 
61 
62 
63 

64 
65 
66 
67 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
09 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
1.10 
111 
112 
113 E- 

CroBs-REference & Block Listing 

Nith Geq do 
, for i := 1 to NZeros do 
—begin 

writelndist,' 

Date: 9/10/86 Page 2 

■,RealPartZBra[i]:10:3| 
',Ii«aqf'artZero[i]:10:3l; 

LineCount := LineCount + 1; 

—end; 

writelndist); witeln(list); 
writelndist, ■   POLES'); 
witelndist); 
witedist,'       K 'I; 

writelndist,'       REAL 
witelndist); LineCount := LineCount + 7; 
Variable Gain :- StartGain; 

IflAGlNARY'); 

{compute root locations for varying values of gain and print then) 

DeltaGain := IEndEain-StartGain)/100;pg:=0;qg:=0; 
For J;= 1 to 100 do 
 Begin 

VariableGain := Variable_Gain + DeltaGain; 

With G_eq do 
 Begin 

HoldPoly := DenCoeff; 

If Neq_Feedback then 
For I: = 1 to NZerosM do 

HoIdPoIytll := HoldPolyll] t(K«Variable.Gain » 

NumCoeffll]) 
else 

For I;= 1 to NZeros H do 
HoIdPolylU := HoldFolyCI] t(K»Variable.Gain * 

NumCoeffm); 

RootFinderlNPoles,HoldPoly,FlotRealPole,PIotI«agFole,pg,qg); 
witelndist|Variable_Gain:10:4); LineCount := LineCount * 1; 
for i := 1 to tFoles do 
 begin 

writelndist,'       ',i:2,'   ^PlotRealPoleli]:^^, 
•,PlotIragPale[i1:10:3); 

LineCount := LineCount + 1; 
—end; 
writelndist);LineCount := LineCount + 1; 
if LineCount > 50 then 

—begin 
writelndist, chr(12)); 
LineCount := 0; 

—end; 
-end: 

-end; 
 end; 
—until ch in ['F','f'/B'/q'/p','?']; 

EnterGraphic; 
swapscreen; 
dosedist); 

-end; 
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File: OTHOCKC CrosB-Reference tt Block Li5ting Date: 9/10/86 Page 3 

114 
115 
116 
117 
118 
119 
120 
121 
122 B- 
123 i 
124 
125 
126 

\V 

128 
129 
130 
131 
132 
133 
134 
135 

134 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
1*7 

148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

15? 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

{ttmmHHHH* END of PrintGraphData Procedure HHHHIIHHHHH»»».'») 

-Begin (RootJ-ocus Procedure) 

P[l]i= '5506101001-010101';      (input handler driver strings) 
P[2]!= '5508N01002-010103,j 
P[3]:= '1512N0050J-O1010r; 
P[4]!= •1513NO05O4-01OI03,i 
P[5]!= ■1514NO05O5-01010ri 
P[6]:= '1515^506-010103'; 
P[7]:= •4517fl00207T01010r! 

Clrscr; TextColorlHtiite); 
Centerl'm RGQT LOCUS PLOTTING ROUTINE »"',1,2,80); 

TextColorlYelloHl; 
FillCliar(5,100,ll205):S:=copy(5,l,80); 
Nrileln;HritelnlS);Hriteln; 
Te«tColar(green); 
HritelnCWiat STARTING value for variable gain do you Hish?:'); 
witeln; 
HritelnCHhat ENDING value for variable gain do you Hish?!'); 
TextColoriyelloH); 
witeln; writelnls); 
CenterCH» VIEWING COORDINATES FOR ROOT LOCUS GRAPH H»',!,11,80); 
witeln; TextColor(green); 
witelnn-Hinimuis: '); 
witelnCX-Haximum; '); 
witelnCY-Hiniinui«! '); 
witelnI'Y-tlaxiiiium! '); 
HritBln;witeln('Positive or Negative Feedback? (P or N):'); 

!nput_HandlBr('N0107',Escape);       (prompts for NEW inputs) 
witeln;witeln; 

witelnCAny changes to these parameters? (Y or N):'); 

InputCA',",45,19,2,^6^1^10); 
If ansHer='Y' then   Input_Handlerl'CD107',Escape); (pronpts for changes) 

Vallfilvar[l],StartGain,codB);    (converts input strings into) 
Val(filvar(2]lEndGain,code);       (nimeric values) 
Val(filvar[3],Xiiiin,code); 

Val(filvar[4)lÄmax,code); 
Val(filvar[5],Yi«in,code>; 
Vallfilvarlftl/fdax^cde); 

If copyifilvarm,!,!) 0 'N' then Neg.feedback := false 
else Negjeedback := true; 

INITGRAPHIC;        (define values for graphics routine) 
DefineWindoHd.OAXHaiiGlb.YllaxGlb); 
DefineWorld(l,)(Hin,!Hin,)(Max,YHax); 
SElectHindow(l);SelectHorld(l); 
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File: ROOTLOC.IMC        Cro55-Reference k Block Listing        Date: 9/10/B6 

DrawAxisiS,^,0,0,0,0,0,0,(3155); 

Paqe 4 

171 
172 
173 
174 
175 
176 

177 

178 
179 

180 
181 
182 
103 
;b4 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
195 
197 

198 
199 
200 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 I 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 

(»«H»»mm«mHm«mmmimH«mmmmHHm») 
{»» Begin computation d closed loop roots and build plotting ♦) 
{»* arrays. ») 
{HHmmmHHmHHmmmHHHmfHmHHmHHH») 

Kith G_eq do 

 Beijin {computes locations of zeros - PlotZero[2,x] 

and PlotZerü[3,x] are used because of a 

peculiarity in plotting routine that requires 

no less than 3 points to be plotted I ) 

For I:=l to NZeros d- 

Begin 

,iJ != RealPartZerolll; 

.u 011,2] != ImaqPartZerolI]; 

 .äse NZeros of 

0: ; 

 1 : begin 

PlDtZero[2,l]!=PlotZB'-[l,l]| 

PlotZero[2,2]!=PlotZero[l,2]; 

PlotZBro[3,n:=PlDtZero[lIl]; 

PlotZero[3,2]:=PlotZero[l,2]| 

DraHPolygon(PlotZera,l,-3,-3,3,0); 

^DraHPolygon is graphics routine to plot an array of points - PlotZero) 
 end; 

-2 ; begin 

PlotZero[3,l]:=PlotZBro[l,l]; 

PlotZero[3,2]:=PlotZero[l,2]; 

DrawPolygonlPlotZero,1,-3,-3,3,0); 

 end; 

else 

DrawPolygon (PlotZero,!,NZeros,-3,3,0)', 
-ends (case) 

-end; {with) 

{♦♦ Begin computing values of closed loop roots with varying gain H) 

Variable_Bain := SlartGain; 

DeltaGain := (EndEain-Start.GainWIOO;   (divide gain to plot 100 points) 

pg:=0;qg:=0;       (initial values for P and Q in rootfinder procedure) 

For hs 1 to 100 do   (calculate and plot 100 points per graph) 
 Begin 

Variable Gain := Variable Gain + DeltaGain; 

With G_eq do        (use G_equivalent block and oake closed loop - 

with unity feedback) 

 Begin 

HuldFoly := DenCoeff; 

If Neg/eedback then 

For I:= 1 to NZerosH do 

HoldPolyin := HoldPolyll] +(K»Variable_Gain » 

NumCoeffdl) 
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228 
229 
230 
231 
232 
233 
234 

235 
23A 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 

CrD55-Re<erence k Block Listing 

else 

Date: 9/10/86 Page 5 

For !:= 1 to NZeros +1 do 
HoldPolym := HoldPolytl] +(K»VariablB_Bain » 

NumCoemi]); 

RootFindBrWole5,HoldPoly,PlotRealPole,PlotlinagPolR,pg,qg)i 

{fill plotting matrix «ith poles) For I;=l to NPoles do 
 Begin 

Pl'otPoieCI,!] := PlotRealPoletl]; 
PlotPoletIt2] := PlotlBagPoleCUj 

 end; 
AxisGIb := true; 

-Case MPoles of   (artificially fill plotting array if fewer 
than 3 points) 

0: ; 
 1 ; begin 

piotPole[2,l]:=flotPole[l,l]; 
PlotPole[2l2]:=PlotPole[l,2]; 
PlotPole[3,l):=PlotPole[l,l]; 
PlotPoletS^J^lotPoleU^]; 
DrawPolygonlPlotPole,1,-3,-1,2,0); 

 end; 
-2 : begin 

PlotPoIe[Jtl]!=PlDtPolB[l,Ui 
PlotPole[3,2]:=PlotPDle[l,2]; 
DrawPolygon(PlotPole,1,-3,-1,2,0); 

 end; 
else 

DraHPolygon(PlotPole,l,-NPoles,-1,2,0); 
 end; 
-end; {nith) 

-end;     [root locus procedure) 

-Repeat until KeyFtessed; 

quit := false; 
-repeat 

GraphJtenui'Root Locus',DumpGraph,quit);    (calls print/title menu) 
If IXmpGraph then PrintGraphData; 

—until quit; 
LeaveGraphic; 

-end; 
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File: TIHERESP.PAS Cross-Reference tt Block Listing Date: 9/10/B6 Page i 

".V, 
LJ5 

fv 

2 

3 
4 
5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 

36 
37 
38 
39 
40 
41 

42 
43 
44 
45 
46 
47 

48 
49 
50 

51 
52 

53 
54 
55 
56 

Proqrau time/esponse; 
{$1 typedef.sys) 
Hl graphix.sys) 
{$1 kernel.sys) 
{$1 Hindows.sys) 

Hl axie.hgh) 
(tl polygon.hgh) 

{»I liNodOl.inc) 
(JI ut-iiod02.inc) 

W ttt-ioif03.ind 
Hl GrapMenu.inc) 

type 
BigHatris = array[l.,30,1..30] of real; 
BigVector = array[1..30] of real; 

var 
Psi ,Phi ,A,fite«ip        : BigHatrix; 
tenp, inputtype        : char; 
OHsetjSlopeJuax, 
RoNSuin^axRowSiaJ, 
Tl.OldHaxRuwSun, 
Plottif9e,Uinput,Ftil(, 
liold^'iiaxjYBinJPlot, 
Amplitude, Freq,y     : real; 
Factorial^lotindex, 
Nincr,code,i, 

J|li"i" integer; 
DuiiipBrapti,GoDdNiiiiiber5 
Clo5edLoQp,quit boolean; 
TRGEB blocks; 
C,Xold,i(nBst,Gaflii!a BiqVector! 
GraphArray,lnputarray plotarray; 

List text; 

Procedure PrintGraphData;       (dumps time-response data to printer) 
—Begin 

LeaveGraphic; 
Clrscr; 
CenterC«» TURN ON PRINTER AND ALIGN PAPER »«',1,10,80); 
TextColor(green); 

isgCpress <P> to Print, <F> to list to file » ,<Q) to quit print',1,13); 
TextColor(Hhite); 
«isgC» File option prints numbers to a file named "TIHEREBP.NUH1",!,!?); 

nsgCon the current drive.   Bronse the file off-line using the DOS "type" coifimand.',1,18); 

-repeat 

Read(kbdlch); 

If (ch = 'F'l or (ch = 'f') or (ch = 'p') or (ch = ?') then 
—begin 

if (ch = T) or (ch = f) then 
 begin 

assigndist/TiineResp.NUH'); 
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File: TIieEBF.PAS 

57 1 
58 1 
59 I 
60 I 
61 I 
62 I 
63 1 
64 I 
65 I 
66 I 
67 I 
6B I 
69 I 
70 1 
71 I 
72 I 
73 1 
74 I 
75 I 
76 I 
77 I 
78 I 
79 E- 

Cross-Reference k Block Listing 

rBwitedist); 
 end 

DatE! 9/10/B6 

else 
—begin 

assignüist/LST:')) 

rewritedist); 
—end; 

witelndist, chrl7B)l;    {skip over peroration in paper) 
Hritelndist); 
witedist); 
witelndist,'       T1HE Y (output) 
witelndist); 
trith G_eq do 
for i := 1 to 200 do 

witelndist,'      ',SraphArray[i,l]!lO:5,' 
^Inputflrrayti^]:^^); 

—end; 
-until ch in ['F'/f/B'/q'/P'/p'l; 
EnterGraphic; 
SHapscreen; 

dosedist); 

Page 2 

U (input)'); 

,BraphArray[i,2]:12:4, 

-end: 

c/ 

.•A 
•JA 

Bl 
82 
83 
B4 
85 
B6 
B7 
88 
89 
90 
91 B 
92 
93 
94 
95 
96 
97 
98 
99 

100 
10! E- 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 B- 
113 I 

Procedure Hatrix_l1ult(l1atrul,Hatrix2:BiqHatrix; var AnswerHatrixiBigHatrix; 

Order;integer); 
var 
i,j     : integer; 

-begin 
for i:=l to order do 

for j!=l to order do 
ftnsHerHatrixliij] := 0; (initialize the answer matrix) 

for i:= 1 to order do 
for j:= 1 to order do 

for L := 1 to order do 

finsHerHatrix[i,j] := AnsHerMatrixü,]] t Matrixl[i,ü»Hatrix2[Llj]; 

-end; 

Procedure Scalar_Hult(Hatrixl : BigHatrix; scalar ; real; 
var An5HerMatrix!BiqHatrix;(]rder:integer); 

var ij    : integer; 

-begin 
for i:= 1 to order do 

V.r 134 
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W 

114 I 
115 I 
116 E- 
117 
118 
119 
1?0 

121 
122 
123 
124 
125 
126 0 
127 
12S 
129 
130 
131 
132 
133 
134 
135 E- 
136 
137 
130 
139 
140 
141 B 
142 
143 
144 
145 
146 
147 
148 I 
149 1 
150 I 
151 I 
152 I 
153 I 
154 I 
155 I 
156 I 
157 I 
158 1 
159 I 
160 I 
161 : 
162 I 
163 I 
164 I 
165 I 
166 I 
li7 I 
168 I 
169 I 
170 I 

for j:=l to order do 
AnEWBrHatrixtiJ]:1 AnsHerHatrixliJl » scalar; 

-end; 

Procedure Matri)i_VectDr_Hult(Hatrixl :Bigl1atrixj Vector : BigVectori 
var AnswerVector: Bi qVector;Order:i nteger); 

var i,j    : integer; 

—begin 

for i:= 1 to order do 
 begin 

hold:= 0; 
for j:= 1 to order do 

hold:= hold t HatrixltiJliVectorEjl; 
AnsHerVector[i]:= hold; 

-end; 
—end; 

-Begin 
initgraphic;lBavegraphic; 

{HHHfHtHHf Prompt user for desired input/time limit »mwmmm«») 

drscr; 
TextColor(white); 
center!'»« Tiie Response Plotting Routine »«',!,2,80); 
fillcharls1100,»205); S:= copyls^^O); 
Hriteln; writelnls); writeln; 
TextColor(yellot*); 

BisgClfliat is the input to your systen?  STEP IS) ',1,6); 
usg I 
insgC 
nsgC 

RfiKP (R) ',1,7); 
SIN HAVE (H) ',1,8); 

IMPULSE II) ',1,9); 

-repeat 

Inputl'A','S',5O,6,2,true,Fl,F10); 
tejip := copy (answer,!, 1); 
if not (temp in ['S'/R'/H'/l']) then beep(350,150); 

-until tesip in T'S'/R','!*',']']; 
InputType := temp; 

usgCInput anplitude7 ',1,11); 
Input(,N','r!20,n,2,lnietFl,F10)i 
val(answer,Amplitude,code); 

-case InputType of 
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171 

172 
173 
174 
175 
176 
177 

178 
179 

180 
181 
182 
163 
184 

185 
186 
187 
168 
189 
190 
191 
192 
193 
194 

195 
196 
197 
198 
199 
200 
201 
202 
203 
204 

205 
206 
207 

208 
209 

210 
211 
212 

213 
214 
215 
216 
217 

218 
219 

220 
221 
222 
223 
224 
225 
226 
227 

■'R': begin 
«isgCDCoHset? ',1,13); 

Input CHVO'AIVjtruihFl.nOlj 
val (answer,OH set,code); 

«sgrSlope? ', 25,13); 
Input!'NVl',23,13,3,^116/1^10); 

val(answer,5lDpe,CDde); 

 end; 

'H'i begin 
insql'Frequency? (rad/5ec)',l,13)i 

Input! T,",23,13,5,1^6/1/10); 
val(answer,Freq,code); 

 end; 
-end; 

»sgCOpen (0) or CloEed (0 Loop siwlation? ',1,16); 
-repeat 

lnput('fl',,C',45,16,2,true,Fl,F10); 
teirp ;= copy (answer, 1,1); 
if not (temp in ['0','C']) then beep(350,150); 

-until temp in ['0',X']; 
if temp = 'C then ClosedLoop;:: true 

else ClosedLoop:1 false; 

«sgCHoH many seconds of simulation would you like to see? (99 max)',1,20); 
-repeat 

input('N',",65,20,5,true,Fl,F10); 
val(answer,Tmax,code); 

if Tmax > 99 then beep(350,150); 
-until Tmax <= 99i 

drscr; 
TextColor(white); 
centerC»»» Calculating the Time Response — Please wait Ht',i,l0,B0); 

TextCalor(yellow); 

with G_eq do 
for i:= 1 to NPoles do 

DenCoefflil := DenCoeffli]/ DenCoefUNPoles+ll;   {normalize polynomial) 

{»«»»♦»«»HHHHJHHi Hake Closed Loop G equivalent H»H»HHHIHH««) 

if ClosedLoop then 
—begin 

with Gjq do 
 begin 

(compute closed-loop (unity feedback) G equivalent) 
(called TRREQ — which is also a blocks type record) 

TRGEB.k := K; (closed loop K same as open loop K) 
TRGEB.NZEFDS:=NZeros;     (as are the zeros of the function ) 
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.•-:. 

1%K 

228 1 

229 ! 

230 I 

731   ! 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 
242 
243 
244 
245 
246 
247 
248 
249 

250 

251 
252 
253 
254 
255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 
281 

282 

283 

284 

for i:=l to iaxorder do TRBEQ.DenCoeffü] := 0.0;     (initialize) 

for i:=l to NZeros + 1 do 

—begin 

TRBES.DenCoefHi] := NumCoeffii] »Kj    {C.L denomnator equals the ) 

TRGEQ.NuinCoeffü] != NuuCoefUi]; {sum of open loop denominator) 

—end; (and K times D.L. numerator   ) 

for i:=l to NPoles + I do TRBEQ.DenCoeffü] := TRGEQ.DenCoefffiJ + 

DenCoeffti); 

if NPoles ) NZeros then TRGEI3.NP0LE5:=NPoles   (NPoles should always be) 

else TRGEQ.ff0tiS:=NZera5; (greater, but to he safe) 

 end; (Hith) 

—end 

else 

TRGEB := G_eq; 

{t«tH»ifHHf«HHt Fill the A-matrix ii«lHt«HK»*«««HHH} 

( A-natrix form: 

Hith TRGED do 

—begin 

( 

( 

10 100 
10010, 
1000 1 
I 
I rt* 

10000 
I ab c d 

00 I 
00 I 
00 I 

1 

0 1 I 
yz I 

Wiere a,b, ... 7,2 are neq. coeff of deno« poly) 

for i:- 1 to NPoles-1 do (fill all but the bottom row) 
for j;=l to NPoles do 

if j = i+1 then fl[i,j]:= 1 

else ftti,j]!»0i 
for j:^ 1 to NPoles do 

flCtftilBS.j] := -DenCoefftj]; 

(t»HHiHtt«HHHHH»t Fill the C matrix «♦*«I#««»HI«»»«M»»*M) 

for i:= 1 to NPoles do 
 begin 

if i > NZeros + 1 then C[i):= 0.0 
elseC[i]:=NumCoeff[i)»K; 

if NZeros = NPoles then Clil := CliJ + K 1 NumCoefHNZeros+DifttNPoles,!]; 
 end; 

(muHtHHHHtH Select a sampling time interval T »HHMHHHIHM») 

Nincr := 1000; 

T := I to/Nincr); 
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285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 

330 
331 
332 
333 
334 
335 
33^ 
337 
338 
339 
340 
34! 

{»Hmmmm«»»» Initialize Psi k Atemp H«HHH»HH«»H«I»«H»H») 

Atmp := A; 
Psi := A; {this Hill initialize psi to the value) 
Scalar_(1ult(Psi,T/2,P5i1NPolBs);      (of the infinite series after the first) 

for i:= 1 to NPoles do {two tens I + A»T / 21) 

Psi[i,i]:=P5i[i,i] + 1.0; 

{mmtttnt Compute more terms of the series k truncate »«««»H«»H«) 

Factorial := 2;   Ti := T;   DldmaxroHsuffl!1 0.0; 

-repeat 
 begin 

Factorial := Factorial » (Ul);   Tl != TI » T; 

t1atrix_HiiItlfi,ATeiiip,Phi (NPoles); {phi is used at temp) 
ATe»p:= Phi; {holding «atrix to   ) 
Scalar.HultlPhi.lTl/FactoriaDiPh^NPoles);    {large array ) 
for j:=l to Npoles do 

for »!= 1 to Npoles do 

Psi[j,in]!=Psi[j,iii] + Pfiitj,«]; 

HaxroNsui»!= 0.0; {computes «axroHSum as measure of change in) 
for j;s 1 to Npoles do {last series tern to be added.) 

—begin 
roH5im:= 0.0; 

for in:=l to NPoles do 
roHSUin:= rowsum t Psitj,«]; 

if roHsu« ) »axroHSuiii then naxroHsui» ;= roHsum; 
—end; 

if (abslmaxroHswi - oldmaxroHsuiil/iiiaxrowsui) < 0.001 
then finished := false 

{quit Hhen .IXchanqe) else finished := true; 

oldmaxroHSUJi := itaxroHsuu; 
—end; 
-until Finished; 

Scalar _l1ult (Psi,T,Psi,NPolesl 

{HHHHHtHHtHtt Calculate Phi matrix I«I«H»»«««H»H»H»»H«H) 

Matrix.HultlA^si^hi^oles); 
for i := 1 to NPoles do 

Fhi[i,i] := Fhi[i,i] + 1.0; 

ImmmHmtmmt Calculate Gamma vector Hiti»«*««»««»««»«««) 

for i:= 1 to NPoles do 
Garnnatil := PsiEi,NPoles);      (single input system Hith B vector:   ) 

{   B= [ 0000 ... 0 1)   (transpose)) 
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342 
343 
344 
345 
346 
347 
34B 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
m 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
TRP 

Cross-ReferencB I Block Listing Date: 9/10/86 Page 7 

389 

390 

391 

392 

393 

394 
395 

396 

397 

398 

{HHHHHHH Couipute the next state erf x given x(0) =0 HHHHHHH») 

PlottiinB := 0.0; Plotlndex := 1;   (initialize) 

for i!= 1 to NPoles do toldCih5 0.0;     Unit. prev. state) 

Yinax := 0.0; Ymn := 0.0; 

TextColor(white); 

gotoxydS^O); 

write!'♦»♦ Calculating 

TextColorlyellm); 

Points - Please wait »«'); (countdown) 

(or M := 1 to Nincr do     (begin calculating next state and y) 

—begin 

6oToXY(32,10);   writelNincr-NrS);    (display downcounter) 

(compute input at ti«e Plottine) 

—case Inputtype of 

'S' ; Uinput. := ftmplitude; 

'R' : Uinput := Plottine » slope t offset; 

T ; if plottime = 0 then Uinput := amplitude 

else Uinput != 0.0; 

'H' : Uinput := Amplitude » sinlfreq * plottime); 

 end; 

l1atrix_Vector_Hult(Fhi,Xold,)!Next,Npoles);   (coapute new states) 

for i:= 1 to Npoles do 

Xnext[i]:= Xnextti) + Gammad] »Uinput; 

(HHitftfHfHHK Compute the value for the output y immmimmm) 

y:= 0.0; 

for i:= 1 to Ifales do 

if abs(y) < 1.0E07 then y:= y + Cli) » Knextli) 

else y:= 1.0E07;   (max y Unit) 

if NZeros = NPoles then y := y + K » NumCoeffLNZeros+l] » Uinput; 

if y > Ymax then Ymax:1 y; 

if y < Yniin then Ymin;= y; 

if N mod 5 = 0 then   (plot every 5th point) 

 begin 

GraphflrraytPlotindex,!] := Plottime; 

GraphflrraytPlotindex^) != y; 

lnputArray[Plotindex,l] := Plottime; 

InputArraytPlotindex^l := Uinput; 

Plotindex := Plotindex t 1; 

 end; 

Plottime := Plottine + T; Xold := «next; 

-end; 

Ymax := 1.1 » Ymax; 
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&Ü 

rS- 

399 
400 
401 

402 
403 
404 

405 

406 
407 

408 
409 
410 
411 

412 

413 

414 

415 

416 

417 

418 

419 

420 
421 

422  E- 
423 
424 

Initgraphic; 
DefineHindDHÜ^O.mäxGlb.iHaxGlb)! 

llenneHwld(l,0,te,tBax,Y«in)iSBlBdHwld(l)i 
SelectHindow(l); DraHBarder; 
DrawAn5(5,-5,0,0,0,0,0,0,false); 

DraMPolyqon(Graphflrray,l,-(PlotindBX-l),0,0,0); 
DrawAxisIS,-5,0,0,0,0,0,0,false); 
SetLineStyle(l);   (dashed line for input signal) 

DrawPolygDn(lnputArray,l,-(F'lDtinde!(-l),0,0,0); 
betLineStylelO); 

-repeat until keypressed; 
quit ;= false; 

—repeat 

Graph_l1enu('Tiiie-Re5pünsB',lXi«pGraph,quit); 
H DunpGraph then PrintGraphData; 

—until quit; 

LeaveGraphic; 
-end; 

assignlcadfile/Cad.cou'); 

executelcadfile); 

(calls print/title menu) 

-end. 
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2 

3 
4 
5 

4 
7 
a 
9 

10 

u 
12 

13 

14 

15 

16 
17 

18 
19 

20 
21 

22 

23 

24 

25 

26 
27 
28 
29 
30 

31 

32 

33 

34 

35 

36 

37 

38 
39 
40 
41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
51 

52 

53 
54 

55 

56 

Program TNoParaBeterRootLocus; 

(11 grapdef.sys)   (graphics type declarations) 

const 
maxorder = 20;   {naximn order for tHoparaneter system) 

type 

slrSO        = 5tring[80]; 
stringarray = array[1..20] of strBO; 
PolyArray     = array[1..20] of real; 

answer         : str80; 
polish          ! strBO; 
eval            : real; 

InfixArray    : arraytl..20] of strBO; 
DeltaStep, 
Increm, 
a,b             : real; 
ij,border   : integer; 
xmas,xjiin, 
yiiiax,yjiin, 

amax,amin, 
bniax,biiin      : real; 
DuupGraph, 
Buit^hange, 

Stepfl          : boolean; 
EvalArray, 

Realfart, 
ImagPart       ; Poiyfirray; 
PlotPole      ; Plotfirray; 
symbol         : integer; 

hold strinqElO); 
Line            \ array[1..5] of stringfHl; 
twochars 5tring[2]; 
fivechars 5tringt5]; 
CadFile file; 

{$\ graphix.sys 
(11 kernel.sys) 
!II HindoHS.sys 
{fl polygon.hgh 
{JI axis.hgh) 

(11 in-müOO.inc)       (slightly rodified ve 
{11 ut-MdOl.in ) 
itl ut-«iod02.inc) 
{i\ tp-»od03.inc}       {customzed version o 
iü roots, inc) 

Procedure ln<ix_to_Polish(An5Her:5tre0; var RPN : strBO); forxard; 

{forward declaration of proc to convert infix notation to reverse Polish) 

Procedure Coirpute_Foli5h(Poli5h:strB0;a,b!real; var evalüation;real); forward; 
{forward declaration of the proc to evaluate the reverse Polish expression) 
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i 
.V 

R' 

Do 

5? 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
72 
7J 
74 
75 
76 
77 
78 
79 
SO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 E- 
104 
105 
106 8 
107 
108 
109 
110 
ill 
112 
113 

{II datadump.inc) 
{$1 grapuenu.inc) 

prograi file to print numbers used to generate graph) 
[graph menu options routine) 

{H«HHw»««mmmH»mHHfHmimf»»«H»«mHHiHHiH«m»} 

{H The procedure Infix_to_Polish converts an algebraic expression (infix) »») 
{»» to reverse Polish notation. This conversion allows one-pass parsing **) 
{» and evaluation of the expression which muld othermse not be possible.»») 
{»»H»»»;?H»mHHHHH«»»»mH«imf»HiHmmimHmm»»HH»HH) 

Procedure Infix to Polish; 
var 
Stack : ftrrayil..501 of char; 
Top.P.I : Integer; 
ch : char; 
Firstchar, 
Prev.Digit ; Boolean; 

{»»H»»H»««Hm»Hm»»»»»m»HHm»m«mH»im»»»H»»») 

{»» The function Priority sets the heirarchy for operations »») 
{»» by setting the priority of an operator to be placed m a ♦«) 
{»» stack. The function is used by and internal to the proc »») 
{»» Infix.to.Polish. »♦) 
{H**HtHHHimHlH*t}»tf>HH»*4HmHHmtl»lf»ttHmt»} 

Function Priority(Ch:char): Integer; 
 Begin 

-Case ch of 

'»■ 

V 
'+■ 

a . 
'A'. 

'0'. T 

Prioritv:1 4; 
Priority:1 3; 
Priority:= 3; 
Priority!» 2; 
Priority:» 2; 
Priority:» 1; 
Priority:» 1; 
Priority:» 1; 
Priority:» 1; 
Priority:» 0; 
Priority:» 0; 
Priority:» 0; 

—end; (case) 
-end; {function) 

(initialization) 

-begin   {procedure InfixJo_Poli5h) 

RFN :» "; (output string) 
Top :» 0;   (operator stack pointer) 
FirstChar := True;        (FirstChar helps to find unary ninus signs) 
Prev_Digit :» False;     (Prev_Digit keeps spaces out of nunieric constants) 

for i:= 1 to LengthlAnswer) do 
 beqin 
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114 
115 
1U 
117 
118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
I3B 
139 
140 
141 

142 
143 

.144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 E 
164 
165 
166 
167 
160 
169 
170 

CrosB-Reference 8; Block Listing Date: 9/10/86 

(scan the infix expression char by char) 

Page 3 

ch ;= copy(AnsHer,i,l); 
P;= Friority(ch); 
if Firstchar and ICh = '-') then P:= 1;   (unary minus sign) 

if P = 1 then      (if the character is part of a constant, or variable) 
 begin 

if Prev_digit then (suppresses blank spaces inside numeric) 

RPN := corcat(RPN,ch) (constants) 

else 
RFN ^concatlRPN/ \cM\ 

firstchar := False; Prev_Digit != True; 
 end; 

if P > 1 then        (if an operator) 
-begin 

(checks priority of operator and arranges it on the stack) 
while (Top > 0) and IPrioritylStackttop]) >= P) do 
 begin 

RPN :=concatlRPN,' ',StacktTop])j (if smaller priority, then) 
Top := Top - 1; (operator placed on stack) 

 end; (othermse operator on top is placed ) 
Top ;= Top + 1; (in output string and then current ) 
StackfTop] := ch; (operator is placed on stack) 
Firstchar := True; PrevDigit != False; 

--end; 

if ch - '(' then     (if opening paren then keeps inside stuff together) 
—begin 

Top := Top + 1; 
StacklTop] := T; 
FirstChar ;= True; Prevjigit :- False; 

—end; 
if ch = ')' then       (closing paren causes inside stuff to be put on ) 

—begin (output string together) 
Nhile StacktTopl 0 T do 
 begin 

RPN := concatfRPN," '.StacktTop]); 
Top := Top - 1; 

 end; 
Top ;= Top - 1; (skip over opening paren) 
FirstChar := False; FrBv_Digit != False; 

-end; 
-end; 
Hhile Top > 0 do  (put remaining operators on output string) 
 begin 

RPN^concatlRPN,' ',5tack[Top])i 
Top := Top - 1; 

-end; 

-end; {procedure infixjojolish) 

v. 
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ft 

171 
172 
173 
174 
175 
176 
177 

17B 
17? 

180 
131 
!B2 
183 
184 
185 
186 
187 

» Procedure Coitipute_Poli5h uses the string generated in Procedure 
» lnfix_ta_Folish to evaluate the numeric expression.   The process 
» uses a one-pass algorithn to analyze the expression and perfora 
» the appropriate stack or arithmetic operations. 

Procedure Coitpute/olishj 

var 
i(Code inteqer; 
NusiStack       : arraytl..40] of real; 
T^ integer;   (NumStack pointer) 
Ch                     ! char; 
temp stringLZOl; 
Valuel,ValuB2 . 
Value3 real; 

BO 

190 
191 B- 
192 I 
193 I 
194 E- 
195 
196 
197 B- 
198 I 
199 I 
200 E- 
201 
202 
203 D- 
204 I 
205 E- 
206 
207 
208 
209 
210 B- 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 

Procedure FUSHINunibenReal);   (push a number onto numeric stack) 
—begin 

Top ;= Top t 1; 
NumatackCTop] ;= Number; 

—end; 

Procedure POPIvar NuinbBr!Real)j{pop a number off the numeric stack) 
—begin 

Numbers NunStackCTop); 
Top := Top ~1; 

—end; 

function ExponCt^reaDtreal;   (computes Y raised to I power) 
—Begin 

Expon := expl K » Un(Y))){ 
—end; 

—hegin   {procedure Compute_Polish) 
temp ;= ";Top := 0; (initialize) 
for i:= 1 to Length(polish) do (do one char at a time) 
 begin 

ch := copy(polish,i,l);      (get a character) 
-case ch of (and evaluate it) 

temp := concat(temp,ch);    (real constant) 
temp ;= cancat(temp,ch); 

begin 
if copy(poli5h)i+l,l) 0 ' ' then   (unary ainus) 

temp := cDncat(lBiitp,ch) 
else 
 begin (minus operator) 

FOP(Valuel); 
P0PIValue2); 
Value3 := ValueZ - Valuel; 
FLISHIValue3); 
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221   I 
230 1 
231 I 
232 I 
233 I 
234 I 

235 1 
236 I 
237 1 
23B I 
23? i 
240 I 
241 1 
242 I 
243 1 
244 I 
245 1 
246 I 
247 1 
24B I 
249 I 
250 ; 
251 I 
252 1 
253 I 
254 I 
255 I 
256 1 
257 I 
258 I 
259 I 
260 1 
26! I 
262 I 
263 I 
264 1 
265 1 
266 I 
267 I 
26G I 
269 I 
270 I 
271 I 
272 I 
273 1 
274 I 
275 1 
276 1 
277 I 
27B I 
279 E- 
2B0 
281 
282 
283 
284 

I E- 

E  

--end; 
-end; 

(Put variables a and b onto nuneric stack) PUSH(a); 
PUSHIa); 
PUEH(b); 
FUSH(b); 

Begin    (add tuo numbers) 

PQP(ValuEl); P0P(ValueZ)i 
Value3 := Value2 t Valuel; 
PUSmValuB3); 

-end; 

: Begin    {multiply two numbers) 
POPIValuel); P0PIValuB2); 
Value3 := Value2 » Valuel; 
FUSH(Value3); 

—end; 

: Begin     'divide two numbers) 
POPIValuel); P0PIValue2); 
Value3 := Value2 / Valuel; 
PUSH(Value3); 

—end; 

! Begin     (exponentiation) 

POPIValuel); P0PIValue2); 
Value3 := E):ponlValue2,Valuel); 
PUSHIValue3); 

--end; 

: Begin (space is divider between numbers/operators) 
U teinp 0 " then 
 begin 

valltedip^aluel^ode); 
PushlValuel); 
temp != "; 

 end; 
—end; 

 end; (case) 
—end; {(or) 

(lone constant in expression) if tesip O " then 
—begin 

val(temp,Valuel,code); 
FUSHIValuel); 

—end; 

POPIValuel);    {when finished answer will be top number on stack) 
Evaluation := Valuel; 

—end; (procedure) 

{HHHHmmiMHmHmiHmHiimiimfHHHHHmmmtHmmiu) 
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2B5 
286 
287 
283 
28? 
290 
271 
292 
293 
294 
295 
296 
297 

{♦♦ Coeffjnput allcNS the user to input the algebraic expression wtiicti ") 
{H describes the closed loop characteristic equation for the system with »1 
{»* up to two undeterfiined parameters called A and B.   The routine uses »») 
C» standard algebraic, or infix, natation with parenthesis allawed. ») 
{»» Operators can include +,-,», /, and A (exponentiation).   The unary »») 
{« dnus sign can be included in the expression. ») 
{H»»«HHHH»H»HH*H»HHHlHH»IIHIHf»H«H»HHHHHt»«»HfHH) 

Procedure Coef(_input| 
var 
code,i,linecDunt : integer; 
validated : boolean; 

■•> 

299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
351 
332 
333 
334 
335 
336 
337 
333 
339 
340 
341 

-begin 
Clrscr; TextColor(white); 
CenterC«» Two Parameter Root Locus »»',1,2,80)] 
Fillchar(s,100,»205); S:= copyls.l.BOHextColorlyellow); 
HritBln;writeln(5);writeln; 
msgCHhat is the higtest order coefficient in the Characteristic Equation?',1,8); 
nisgC (20 niaxiauin)',1,9)1 
inputCNWB,8,2,13159,Fl.FlO); 
val(answer,Order,code); 

clrscr; 
CenterC»* Two Faraineter Root Locus - Coefficient Input «»',1,1,80); 
writeln;writeln(s); 

Ptlh' ■0805fi07201T01010r; 
P[2]!= ■O8O7fl072O2T01010Z,j 
P[3]:= 'OB09fi07203T010103■; 
P[4]:= '081^07204^10104'; 
P[5]!= •0813A07205T010105'; 
F[6]:= ■i:ßl5fl07206T010106'; 
p[7]:= ,0817ft07206T010107'; 
P[8]:= ■OB19A07207T01010B,i 
P[9]:= '0321A07208T010109'; 
P(10]:= ,0823An7210T010110'; 
P[ll]:= ■0805A07211T0101ir; 
?U2h-  '0807A07Z12T010112■; 
P[13];= ■0809A07213TÖ10113,; 
F[14]:= '0811A07214T010114'; 
P[15]!= •(»13A07Z15TOIOI15,i 
P[16]!= '0815A07216T010116'; 
Ptl7]:= ■0B17A07216T010117■; 
P[18]:= '0819A07217T010118'; 
P[19]:= '082^07218^10119'; 
P[20]:= ■0823fl07220T010120'; 

for i:= 1 to order + 1 do 
 begin 

writelnC ',ordertl-i) 
writelnCs = '); 

 end; 
str(wderH:2,twachars); 
if order+l ( 10 then 

(writes prompts for coefficient input) 

{computes involiing string for inputjiandler) 
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^ 
fe 

342 I 
343 I 
344 1 
345 1 
346 I 
347 I 
348 1 

349 I 
350 I 
351 I 
352 1 
353 I 
354 I 
355 1 
356 I 
357 1 
353 I 
35? I 
360 I 
361 E- 
362 
363 
364 
365 
366 
3A7 
36B 
36? 
370 
371 
372 
373 
374 
375 
376 
377 
378 B- 
37? 
380 
381 
382 
383 
384 
385 
386 
387 
388 
38? 
390 
391 
392 
393 
394 
395 
396 
397 
398 

 beg^ 
deleteltHochars,!,!); 
inEertCO^tmchars,!); 

 end; 

if prder + 1 > 10 thai fivechars := 'WHO' 
else fivechars := CDncatCNOl'^Hochars); 

InputJiandlerlfivechoTs^scapelj       (call the inputjiandler) 

if order + 1 > 10 then (if greater than 10th order, write last 10 on next page) 

—begin 
fivechars := concatCNll^tMoctiars); 
clrscr; 
Center!'»" Two Parameter Root Locus - Coefficient Input »»♦',1,1,80); 

Kriteln^ritelnls); witeln; 
Input Jl.nidler If ivechars,escape); 

—end; 
for i i= 1 to order + 1 do 

InfisArrayCorder+2-i] := Filvarli); 
-end; {procedure Coeffjnput) 

{»»»»(tH»»H*»»»tm<»{Htm»mti»i»H»H»{Hm»«i»*mH>itm<i»»t<{i« 

{»♦   Select_ParaEBter_RangB prompts the user for values of A and B to be 
{«»  used for plotting the root locus.   One parameter is stepped through 
{»»  five equal increments of range and the other is plotted "saoothly" 
{»»  by computing and plotting fifty values. 
[H«»»»H)l»»t»«»H»««»H»»»»J»»»»»f »♦»»»»»»»»»»»»»»»»»»»»»»»»>»»»» 

Procedure Select_ParamBter_Range; 
var 
code    : integer; 

-begin 
Clrscr; TextColorlNtiite); 
CenterC«» ParauBter SsiBction PagB »»',1,2,80); 
Filkharis,100,1205); S:= copyls^.BOiaextColorlyellow); 
HritBln;Hriteln(5);Hriteln; 
TextColor(green);       (print message explaining input for 2para!i\ pro:) 

writelnCYou will be varying the tm parametBrs, A and B, through a rangs'); 
witelnCof values yoii selBct.   You will also choose to STEP either A or B'); 
HritelnCwhich means that the chosen parametBr"s rangB Hill bB dividBd into') 
witelnl'five (5) Bqual increments for plotting HhilB thB other parameter '); 
writelnl'varies smoothly through its range.'); 

writBln;writBln(s);writBln;writBln; 

Pm:= ■1516N01001-010103'; 

Pl2]i= '1517N01002H.11010r; 
F[3]!= ,1519N01003-010103'; 
P[4]:= '1520M01004-O1010r;- 
P[5]:= ■1522A00205T01010r; 

TextColor(Yellow); (prompt for user inputs of parameter values) 
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I 

399 I 
400 1 
401 I 
402 • 
40J I 
404 I 

405 1 
406 I 
407 1 
408 I 
409 I 
410 I 
411 I 
412 I 
413 I 
414 I 
415 I 
416 1 
417 I 
418 I 
419 I 
420 1 
421 E- 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 B- 
436 I 
437 1 
438 I 
439 I 
440 I 
441 I 
442 I 
443 i 
444 I 
445 I 
446 I 
447 I 
448 I 
449 I 
450 1 
451 I 
452 1 
453 I 
454 I 
455 I 

writelnCA-fflininus: '); 

HritelnCfl-fflaximuiii: '); 
writeln; 
MritBlnCB-irinisium; '); 
HritelnCB-siaximu«: '); 
witelniHritelnCStBp ft or B? s'lj 

Input_Handlerl,N0105',Escape);       {prompts for NEU inputs) 

-repeat 
ch := copyllilvaKOS],!,!); 
if notlch in ['A'/B']) then 

Input_Handler('C0505',Escape) j 
-until ch in CA'/B']; 
if ch = 'fl' then stepA := true 

else stepA != falsej 

Yal(filvar[01],aisin,CDde); 
val(filvar[02],aniax,codB); 
val(filvar[03],bininlcode); 
val (H lvar[04] (bmax ^ode); 

-end; 

{»tHm«»H*HH«mHHm»Hmm»HHHmmmmmmHm«imm) 
{♦»  Select_WindaH_Si2e prasipts the user for the BaxiBU« and niniiiuin values ♦») 

{"  of the plot in the x and y directions. ») 
{HmHHHmmHHmtHtHH»»mmmHtHH*HHHHmf*HHfmHH] 

Procedure Select_HindoH_Bize; 

var 
code    : integer; 

-begin 
Clrscr; TextColor(white); 
CenterCm HindoH Size Selection Page W,1,2,80); 

Fillchar(s11001»205); Si- copy(5,l,B0)iTextColor(y6lloH)i 
witeln;Hriteln(s);Hriteln;m-iteln;writeln; 

P[6]:= '150BN01006-010103'; 

P[7]J<= ■1510N01007-O1010r; 

P[8];= ■15I3N0100B-010103*i 

P[9]:= '^ISNOKKfl-OlOlOr; 

{prompts for Mindow size; 

» 

Mritelnl'J-KiiniffltiJi: '); 
witeln; 

m-iteln('l(-na);i(tuiii: '); 
witeln; 
witeln; 

witeln!'Y-mniraum: '); 
witeln; 

Hritelnry-BiMiauiiH '); 

If change then Inputjfandler 1X0609',Escape)       {prompts far CHANGE inputs) 
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456 

457 

458 

459 
460 

461 

462 

463 
464   E- 
465 

466 
467 
468 
469 
470 
471 

472 

473 

474 

475 

476 

477 

478 
47? 

481 

482 

483 
484 
485 

486 
487 

406 
489 
490 
491 

492 
493 
494 
495 
496 
497 
490 

499 

500 
501 

502 

503 

504 

505 

506 

507 

508 
509 
510 
511 

512 

Ooss-Reference i Block Listing Date: 9/10/86 Page 9 

else Input_Ha^dler(,110609',Escape);      {prompts for NEU     inputs) 

valHilvar[06],xiiiin,code); 
valUiIvar[07],xiiiaxlccde); 
vallfilvar[08],yfflin,CDdB); 
val(filvar[09],yaax,code); 

change := true; 

-end; 

{mHHHHmmHHHHHmmHm»iHmmHim»Hmm»»HHHm»M) 

{** HakeLegend draws a box on the screen and puts the graph legend inside ♦») 
{H to alert the user Hhich values of a and b are plotted using which »«) 
{»»  synbol.   The box may be noved mth cursor keys sare as title box. »») 
{»»HHm»m»««Hmm»»HmHHHmmmHH»HmfHi«mmmHH) 

Procedure HakeLegend; 
var 
linel, line2, line3, line4, lineS, line6    : 5tring[20]; 

-begin 
ccpyscreen; 
SetLineStylelO); 
DefineHindoHlZJ1,20,30,80); 
DefinBHorld(2,0,30l28,0); 
SelectWorld(2); SelectWindonlZ); 
DefineHeader12, legend'); 
SetBackgroundlO); 
SetHeaderOn;DraHBorder; 

(make a Minded) 

Linel :- concatl' 
Line2 := concatl' 
Line3 := concatl' 
Line4 := concatl' 
Line5 ;= concatl' 

m 

xxx 

000 
YYV 

■,linetl]); 
■,linB[2]); 
'(lineCJl); 
',line[4]); 
'.lineES]); 

(legend lines) 

Line6 Press Fl to Zoom' 

DraNTextHll,4,l,LinBl); 
DraHTextHll,8,l,Line2); 

DraHrextHll,12,l,Line3); 
[)raHTestHll,16,l,Line4); 

BraKTextHIl,20,1,LineS); 
DraHTextHll,25,llLinB6); 

SetBreakQff; SetHessageOff; 

{write lines to window) 

S€t_Cap_Nuiiil' '); Say_Cap_Nuiii; 

—repeat {get user key input) 
read(kbd,ch); 

—case ordlch) of 
72 ! HoveVer1-4,true); {up arrow) 
75 ; l1oveHorl-l,true); (left arrow) 
77 : MoveHorll,true); {right arrow) 
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US 

1^- 

^ 

I 

I 
| 

w ,.•. 

513 
514 
515 
516 
517 
518 
519 E- 
520 
521 
522 
523 
524 
525 
526 
527 
528 I 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
55B 
559 
560 
561 
562 
563 
564 
565 
566 
567 
56B 
569 

80 ; MQveVer(4ltruB); {down arronl 
-59 : begin quit != false; (Fl pressed indicating that user Hants) 

leavegraphicj (to change graph scales) 
 end; 

—end; 
—until (ordlch)= 13) or (ord(ch)=59);   {quit Hhen (return) or <F1> pressed) 
—end; 

{H»Hmm»mm«mH»HHHH»H»Hmmm»»»m»mmmHmmH») 
{H Start of nain program. This part increments through the ranges o< »») 
{H fl and B and plots the graph. The above procedures are called as ♦♦) 
{•»    needed by the main orögrai«. »») 
i»rtlStH«H»H«»H«t#Hil»mmiH»H«#»M*«»»HtHHHHHHH »»♦««»») 

-begin (Hain Program) 
InitGraphic; LeaveGraphic;    {initialize graphics routines d screen) 

Se!ect_Parameter_Range;   {prompt for A d B parameter ranges) 

if stepft then 
—begin 

DeltaStep := absKamax-aminlM); 
Increm     := absdbmax-bfiiinl/SO); 

—end 
else 

—begin 
DeltaStep != absübiiax-biiinlM); 
Increm     := absllamax-aminl/SO); 

—end; 

{set up steps and increments for A d B) 

Coeffjnput; (input the coefficients of the characteristic equation) 

Change := false;        {initialize change boolean) 

-Repeat 
Select JiindoH_Size;     {prompt for Nindow size - x and y «in's and max's) 

a- amin; b:= bmin;    {initialize a and b) 

INITBRAPHIC; (define values for graphics routine) 
DefineHindoMÜ^O.HlaxGlb.YllaxGlb); 
DefineWorldd^min^max^iiiaxjmin); 
SelBctHinduM(l);SelectHorld(l); 

DrawAxi5l5,-5,0,0,0,0,0,0,false); 

for j := 1 to 5 do     (step through 5 values of selected stepping parameter) 
 begin 

 case j of (select which graph symbol will be used) 
1 : symbol ■.= !;{ + ) 

2 ! symbol := 2; ( x ) 

3 : symbol := 7; ( » ) 
4 ! symbol := 8; ( o ) 
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570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 

584 
585 
586 
587 
588 
509 
590 
59! 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 

CrD55-Re<erBnce l Block Listing 

5 : symbol ;= 6; { Y ) 
 end; (case) 

Date: 9/10/B6 Page 11 

for k != 1 to 50 do { smoothly move through the other parameter) 
 begin (range in 50 increments) 

for i:= 1 to Order t i do  (compute each coefficient value) 
 begin 

infix_to_polish(InfixArray[i],polish); (parse infix ) 

Compute_Poli5h(polish,a,b,EvalArray[i]); (evaluate polish) 

-end; 

RootFinder(Order,Evalflrray,RealFart,lmagPart,0,0); (find eq roots) 

For 1:=1 to Order do    (fill plotting matrix with poles) 
 Begin 

PlotPoled,!] := RealPartdl; 
PlotPolB[I,2] := ImagParttll; 

 end; 

ftxisGlb := true; 
-Case Order of   (artificially fill plotting array if fewer 

than 3 points) 
0 : ; (& plot the array for one value) 

—1 ; begin (of a and b) 
FiotPole[21l]:=PlotPole[l,l]; 
PlotPole[2,2]:=PlotPole[l,2]; 
PlotPole[3,l]:=FlotPole[l,l]; 
PlotFolB[3,2]:=PMPole[l,2]; 
Dr at/Pol yqonlPlotPole, 1,-3,-symbol, 1,0); 

 end; 

begin 
FlDtPDlE[3,n:=PlotPole£l,I]j 
PlotPole[3,2]:=FlotPole[;,2]; 
OraMpolygonlPlotPole,1,-3,-symbol,1,0); 

-end; 

else 

 end; 
Drawfolyqon(PIotPole,l,-Order,-symbol,1,0); 

(increment one parameter) if stepA then b ;= b + increm 

else a := a ♦ increm; 

-end; 

if stepA then 
—begin 

5tr(a;10:4,hold); (build legend string) 
Line[j] := concatCA = ^hold); 

a:= a + DeltaStep; 
b;:- bmin; 

—end   (next step) 
else 

—begin 
strlb:10:4,hold); (setup legend string) 
Lineij] := concatl'B = ',hold); 
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427 
62B 
629 
630 
631 
632 
633 

634 

635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647  E 

Cross-Reference Si Block Listing 

b:= b + DeitaStep; 
a:= amin; 

 end; 

Date: 9/10/B6 Faqe 12 

—end; 
quit := true; 
Hakej-eqend;       (draw legend box on screen) 

-until quit;   {guit Htien finished with legend, repeat H user wants to ) 

{rescale graph by pressing Fl in HakB_Legend routine) 

guit :- false;   (this is a different use of quit - signalled when user) 
(done nith graph options renu) 

-repeat 
Braph_Henu (' 2-Fara«. Root Locus' ,DuinpGraph ,qui t); 
If DumpGraph then PrintGraphData; (dump numbers to printer or file) 

-until guit; 
LeaveGraphic; 

AssignlCadFile/Cad.COH');   (re-execute the «ain menu program when finished) 
Execute(CadFile); 

-end. 

i 

Ik ' 

,,■^.^ 
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File: TYPEDEF.SYS                    Cross-Reference & Block Listing Date: 9/10/86 

1 (»mmmiHHHmHHHmmimHmHmmmmH») 

2 1» ♦) 
3 (»                      TURBD GRAFHIX version 1.05ft                   ») 
4 1» ») 
5 (»                         Type definition module                        ») 

b (♦                         Hodule version 1.00ft                        ») 
7 (» t) 
B (»                         Copyright (0 19B5 by                        ») 

9 (»                        BORLftND International                        H 
10 I» ») 
11 

12 

13 

|HHH«H«»»H»mmH«HmHHHHmmH»HH«H») 

const HaxWorldsBlb =4; 
14 IteWindoHsGlb =16; 

15 HaxPiesSlb =10; 

16 MaxPlotGlb =500; 

17 HaxOrder =9; 
10 HaxBlocks =10; 

19 StringSizeGlb =80; 

20 HeaderSizeGlb =10; 

21 RainScreen61b:boolean =true; 

22 CharFilesstringlStringSi 2eGlb]= ■hUw; 
23 HaxF'rocsGlb =27; 
24 HaxErrsGlb =?! 
25 E>;tenBiDn:5tring[4] = '.bh'i 
26 type 

27 

28  1 

wkstring =string[BtringSizeGlb]j 
=record 1 Horiüiype 

29 xl,yl,x2,y2:real; 
30  f —i-  eno; 
31   i > .     ..    i.                               ...                                                 Uin^nnTimn record i                                         Hinoowiype 

32 xl|yl,x2,y2:inte(jer; 
33 header^rkstring; 
34 drawn,top:boolean; 
35 

36 

sizerinteger; 
—end; 

37 worlds =array [L.HaxHorldsGlbl of WorldType; 
3B HindoMS =array tl..HaxWindciwsGlb] of tfindowType; 
39 Plotftrray =array [1..MaxPlotGlb,!..2] of real; 
40 character =array [l.,3] of byte; 
41 Charflrray =array [32..126] of character; 
42 g p j gfypg record 
43 area:real; 
44 

45 

text:Hrk5tring; 
 „„At  eno; 

46 Piefirray =array CLJaxPiesGlb] of PieType; 
47 Backgroundftrray =array [0..7] of byte; 
48 LineStylefirray =array [0..7] of boolean; 
49 5tr255 =    5tring[255]; 
50 5tr80 =    strinqtBOl; 
51 str40 =    5tring[40); 
52 5tr20 =    5trinq[20]; 
53 strB =    stringtBl; 
54 strS =    string[5]; 
55 str4 =    5tring[4]; 
56 strZ =    5tring[2]; 

Page 1 
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File: TYPEDEF.SYS Cross-Reference k Block Listing Date: 9/10/86 Page 2 

<< 

8 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
B4 

87 

90 
91 
92 

93 
94 
95 
96 

97 
98 
99 

100 
101 

102 

103 
104 

105 

106 
107 

108 
109 
110 

PolyArray 

-Blocks 

=    array[l..l1ax0rder]Qf Real; 

=    record 
NZeros^oles: integer; 

K : real; 
RealPartZero, 
imagPartZero, 

RealPartPole, 
ImagPartPole :Polyflrray; 

NuiCoeH, 
DenCoeff       -.PolyArray; 
LeadNumCoefl, 
LeadDenCoeff :Real; 
FeedBack, 

Factored       sBoolean; 
 end; 

var 
)(lWldGlb1X2HldBlb1YlWldGli],Y2WldBlb)AxGlb,flyGlb1BxBlb,ByBlb!real; 
nRB<Blb,X2RefGlb,YlRefGlb1Y2RelGlb Unteger; 
LinestyleGlb.feHor'dBlb^asWindoHGlb^indowNdxGlb            iinteger; 
nGlb1X2GlbIYlGlb1Y2Glb : integer; 
nextGlb,YTextGlb,VStepGlb iinteger; 
PieGlb.DirectHodeGlbiClippingGlb.flxisGlbiHatchGlb              rboolean; 
HessageGlb^rkGlb^eaderGlbJopGlb^rafModeGlb                  :boolean; 
CntGlb,CDlarGlb :byte; 
ErrCodeGlb sbyte; 
LineStyleflrrayGlb iLineStyleArray; 
ErrorProc :array [O.-HaxProcsGlbl of 'HrkString; 
ErrorCode :array [O.-MaxErrsGlb] of 'HrkString; 
PcGlb !5tring[40]; 
AspectGl b :real; 
GrafBase iinteger; 
world iHorlds; 
windoHl iHindoNs; 
CharSet sCharArray; 
Ch i char; 
Answer,Previ 0U5_Answer,S ! strBO; 
Tempi ate : strBO; 
P,Filvar i array[1..35] of 5tr40; {menu Frompts) 
InsertOnjExit, 
Escape, 

F1,FI0, 
Use.Default, 
First Run : Boolean; 
NBlocks i integer; 
Block : Arraytl..Mocks] of Blocks; 
G_eq i Blocks; 
ConvergenceError i Boolean; 
Change i Boolean; 
Finished i Boolean; 
InputFile^adFileJimeFile, 
FreqFile, UtilFile, THoParauFile i File; 
Drive i str2; 
NegFeedBack : Boolean; 

154 
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File: ROOTS.INC CrosB-Reference i. Block Listing Date: 9/10/86 Page 1 

Frocedure RmtFinder (Ndnteger; var Coeff^ealPartRoot^magPartRoDt: PolyArray; P!,B1: Real); 

{» RootFinder solves (or the roots of an ») 

{» arbitrary real polynomial by BairstoH's       ♦) 

{* method. ») 
{»»tH»»«»«««H«i»t»»H»»m»im»«»»Htn«) 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 B- 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 E- 
52 
53   B' 

54 

55 

56 

Const 

Epsilon = 0.00001; (acceptable computation error) 

Var 
A,B,C PolyArray; (calculation arrays) 
P^DeltaP.DeltaE^Denon Real; {P|B: coeff of quadratic factor) 

(DeltaP^eltaQ; iteration increm) 
(Denon: Denofli used to compute ) 
{         DeltaB and DeltaP) 

IterationCount,* : Integer; (IteratiorCount: iteration counter) 
ü: misc. loop counter) 

finished : Boolean; (finished; flag to tell when done) 

PROCEDURE Bolve_Buadratic (var blc)reall,iiiiagl1real2,iiiag2;real); 

{l»H»»H»H»HHHM»HH«H»fHtH»t«H»} 

{» Solve_Quadratic solves a polynomial of    ♦) 

(t order 2 using the quadratic equation       ♦) 
{HmHHHHHHHmmHmmmHHHH) 

Var 

S,radical : real; 

-Begin 

S:= -b/2.0; 

radical := (h«b)/4.0 - c; 

if radical > 0 then 

 Begin (real roots) 

reall := S+sqrt(radical); 

real2 := S-sqrt(radical); 

imagl := 0.0; 

iniag2 := 0.0; 

 End 

(procedure solves quadratic equation 

(of the form; 

{ 

{ -M { bJ - 4ac 

( 2a 

( Kith a = 1. 

(  

else 

—Begin (imaq roots) 

reall := S; 

realZ ;= S; 

imagl :- sqrt(-radical); 

ifflag2 := -sqrtl-radical); 

-End; 

 End; 

-Begin (PROCEDURE ROOTFINDER) 

!mHHm»mH»mmmHHHHHHHmHm) 
I» Fill A matrix with user's coefficients, most ») 
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File: ROOTS.INC Cross-ReferencB 6 Block Listing Date: 9/10/B6 Page 2 

¥ 

SAA." 

& 

'JA 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
00 
81 
82 
03 
84 
85 
06 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

{» significant coefficient in /O], least signif») 
{» in Atn+3]. Initialize B and C matrices to 0.») 
(t mtHmHHHHmmtHmmtmHHmm} 

For i:=3 to N+3 do Alii :- CoefHNM-il/CoefHNU]; {normalize to unity 
highest order coeff) 

For i;=l to maxorder do Bin ;= 0.0; (initialization) 
C;=B;   IterationCount:=l;   finished := false; 
Pi^Fl; Q:=Q1;        (best guesses for initial starting values - normally 0 ) 

{ This section solves simple polynomials of order zero or one. 
{  

If N=0 then finished;1 true;    (quit if polynomial is order 0) 

(solve polynomial of form:   x + a = 0 ) If M then 
—begin 

RealPartRoot[l]:= -A[4]| 
kagPartRDot[l]:=  0.0; 
Finished := True; 

-end; 

If N=2 then       (solve polynomial of form:   xA2 + ax + b = 0  ) 
—begin 

Solve.Quadratic(A[4],A(5],RBalPartRoot[2],liiagPartRoot[2],RealPartRoot[l],IiiiagPartRoot[l]); 
Finished ;= True; 

-end; 

(HimmmmHHMimmmHmHHHHimHHH) 
(♦ Bairstoti's nethod searches iteratively for the ♦) 
(» quadratic factors of a given polynomial and uses •) 
{♦ that factor to reduce the order of the polynomial. ») 
(» The process is continued until a polynomial of ») 
H only order one or zero remains. ») 
{HtHHmmtmmtHHHHmfHmfmtHmmtff) 

.) 

IterationCount < 40) do 
(solves iteratively for quadratic coeff) 
(P and Q of factor: x; + Px +(3    ) 

While (not finished) and 
—Begin 

For i:= 3 to N+3 do 
 Begin 

BIL] := Alii -PiBU-U - Q»B[i-2]; 
cm := em - p«[i-i] - EnctHij 

 end; 

Denom := Ctn+l] * Cln+l] - (C[n+2]-BIn+2]) » CLn); 
If Denom <> 0.0 then 
—Begin 

DeltaP := IB[n+2]»C[n+l] - B[nt3]»c(n))/Deno(ti; 
DeltaQ := IC[n+l]»B[N+3] - IC[n+2]-B[n+2])tB[n*2])/Denom; 
P:= P+DeltaP; S := QtDeltaQ; 
If (abs(DeltaP) + ahslDeltafl)) < epsilon then 
 Begin    ( knoHinq P and Q solve the quadratic for roots) 

Eolve_Quadratic(P,Q,RealPartRoot[n],lfflaqPartRoot[n]1RealPartRoot[n-nlImagPartRoot[n-l]); 
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114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
DltH 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 

Cross-ReferencB I Block Listing Date; 9/10/B6 Page 3 

E-- 

-case n of (if deflated polynomial is order) 
{ 0,1. or 2 solve here ) 0: finished := true; 

-1: Begin 
RealFarlRootln] != -B[nt3]/B[nf2]; 
ImagParlRoounl := 0.0; 

finished != true; 
—end; 
-2: Begin 

Solvs.BuadraticlB[n+2],B[n+3],RealPartRDot[n],liiiagFartRoot(n],RealPartRoot[n- 

finished != true; 
 end; 

],linaqPartRo 

else 
For i!= 3 to N+3 do A[i] := BÜ1| fB is reduced order 

pol) oniial, Assign to 
A ani iterate again    ) 

IterationCount^l; 

-end 
else 

IterationCount ;= IterationCount+l; 

-end 
else 

—Begin 

P:=P+1;   B:=Q+1;   IterationCount:=l; bBepl350,150); 
—end; 

 end;{Hhile) 
-end; (procedure) 

L5 7 

jj^^^^^^^^i^^ 



wp^^ 

File: EPfiND.INC Cro55-Re(erence k Block Listing Date: 9/10/B6 Page 

i 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 B- 
27 I 
2B I 
29 E- 
30 
31 
32 B- 
33 I 
34 1 
35 1 
36 1 
37 I 
3B I 
39 I 
40 I 
41 I 
42 I 
43 1 
44 I 
45 I 
46 I 
47 I 
4B I 
49 I 
50 1 
51 1 
52 I 
53 ! 
54 I 
55 I 
56 I 

{HmmHmmmHmHimmmmmmmimm) 

(«» The routine Expand/oly takes real and coniplex    »♦) 
{»» conjugate factors of a polynomial and expands     »} 
{» the factors into that polynomal.   The routine    »♦) 
{» uses a shilt-iriultiplY-add algorith« for combining») 

{« the factors two at a time.   Complex conjugate     •♦) 
(H factors are pre-rultiplied in the procedure        "1 

{« ConjugHult co yield a real second-order sub-     »») 

{♦» polynodal and them combined with the remaining   »») 
{»» factors.                                                       H) 

{HiimmHHHHtiHiHHHmHHmHHmmtm»} 

Procedure E);pand_Poly(RealPt,IiiiagPt;Fo!yArray;var Poly:Polyflrray;0rdBr!integer); 

type 

Vec2 = firray[1..2] of real; 
var 

Temp ; Polyftrrayj 

Hold        : VBC2; 

1 ; Integer; 
flonomial   ; Boolean; 

Procedure Conjug_l1ult(R,l:real;var PoIl,Pol2:real); 
—Begin 

Poll := I»I + R»R;       (local procedure to expand a quadratic factor) 
Pol2 ;= 2.0 » R; (into a second-degree polynomial) 

—end; 

-Begin {Expand_Poly) 

!H«H««»«»mHmm«H»iH»H*HHHmmimm) 

{»» Polynomial factors are loaded and multiplied. If a ») 
{» conjugate pair, then the pair is expanded first to ») 
{»* a 2nd order polynomial then multiplied. ») 
{H I) 

{»» lax + b)(x t c) = ax) ♦ lb+c)x + be ») 
{»»♦»H«tHHH»HIH»»m»H»fll»»flHIHHm«tl»tHI) 

For h-1 to MaxOrder do 
 Begin 

Temp(n:=0.0; Poly[I]!=0.0; 
 end; 

If Order =0 then Polyll) := 1.0; 
While Order > 0 do 
 begin 

If ImaqPtlDrder] = 0.0 then 
 begin 

Tetuptll := -RealPtlOrder); 
TempCZl ;= 1.0; 
Polytl) := TempCl); 

15 8 

(initialize the Horking arrays) 

(load initial real into arrays) 
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File: EXPAND.INC Cross-fieferencB k Block Listing Date: 9/10/86 Page 2 

57 I 
58 1 
59 I 
60 I 
61 I 
62 1 
63 I 
64 1 
65 I 
66 I 
67 I 
68 I 
69 1 
70 I 
71 I 
72 I 
73 I 
74 I 
75 I 
76 I 
77 I 
78 I 
79 I 
80 1 
81 I 
82 I 
83 I 
84 I 
85 I 
86 I 
87 I 
88- I 
89 1 
90 I 
91 I 
92 I 
93 I 
94 I 
95 I 
96 I 
97 1 
98 I 
99 I 
100 I 
101 I 
102 I 
103 I 
104 I 
105 E- 
106 

Palytf] := Teinptf]; 
Order    := Order -1; 

-end 
(load converted conjugate into arrays) else 

—begin 
Conjug.Hult(-fiealPt[Drder],l!iagPt[0rder],Ieiiip[l]1Teiip[2]); 

Palyüi := Temptl]; 

Foly[2] ;= Tempm; 
Te»p[3] := 1.0; 
PoIy[3] != 1.0; 
Order := Order -2; 

—end; 

While Order > 0 do 
—Begin 

If InagPtLDrderJ = 0.0 then 
 Begin (load the next REAL factor) 

Monoaial := true; 
Holdü]   := -tealPttOrder); 

Holdm   := 0.0; 
 end 

else 
(load the next Conjugate-pair) -Begin 

Honomial := false; 

Conjug.l1ultl-RealPt[0rderJ,IiiiagFt[0rder]1Hald[niHold[2]); 
-end; 

If NotlMonomial) then {perform extra mult.required by 2nd order poly) 
 rBegin 

For I:=Hax0rder domto 2 do Poly[I]:=Poly[I-!]; 
Folyfl] := 0.0; 
For I:=l to flaxOrder do Poly[n:=Foly[I] + ITemplI] ♦ Holdt2])j 
Order := Order - 1; 

 end; 
{process Real factor or continue 
processing LSD of 2nd order factor) 

For 1:= HaxOrder downto 2 do Polytl) := Polyll-ll; 
Polytl] :=0.n; 

For I:=l to MaxOrder do Poly[I]:=Poly[I] + ITeupII) » Holdtl]); 

Temp := Poly; 

0rder:= Order - 1; 
-End {while) 

 End; (while) 
Temp := Poly; 

For I;= 1 to Order do Poly[0rderfl-n:= Teaptll; 

—End; (procedure) 
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File: HftKEGEQ.lfJC 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 

52 
53 
54 
55 
56 

Cross-fieference t Block Listing 

ProcEdure HakE_Geq; 

Date: 9/10/B6 Page 1 

Var 

FMd_caiint_Z, 
Fwd_count_P( 

Fbk_CHjnt_Z, 

Fbk_count_P 
RTsinpi ITeup, 

TeupPoly!, 
TMpFoly2, 
FKd_IZ,Fwd_!?Z, 
FwdJF.FHdJRP, 
Fbk.lZ,Fbk RZ, 
Fbk.lP.Fbk.RP 
FHdjain, 
Fbkjain 
count,CDunt2 

integer;      (general purpose loop indices) 

integer;      {pole and zero counters) 

Polyftrray;   (Geq factored for« holding arrays) 

Real; 
integer;  {temporary counters) 

FeedBackPathEiUsts; Boolean; 

-Begin 

Mj.mth- 0;   FHd_count_P!::0;    {initialize temporary holding variables) 
Fbk_count.Z:= 0;   Fbk.count.P!=0; 
Fifdjain :- 1;      Fbkgain != 1; 
FeedBackPathExists := false; 

For j!=l to NBlocks do {repeat for every block in the loop) 

-Begin 
with Blocktj] do 
 begin 

If Feedback then 
 begin 

For i:=l to NZeros do 
 begi n 

(if the block is in feedback path do this) 

{gather poles fc zeros for all feedback blocks — equivalent to multiplying 

block polynomials together) 

Fbk_count_Z:=Fbk_count_Z + 1; 
FbkJtttFbk.cpinÜ^RealPartZeroti]; 
FbkJZ[Fbk.countJ];= InagPartZeroli]; 

 en(j. 

For i:=l to NPoles do 
 begi n 

Fbk_count.P:=Fbk_count.P + 1; 

Fbk_RP[rbk_count.P]:= RealPartPoIet i]; 
Fbk.IP[Fbk_count>]!= ImagPartPoleCi); 

 end; 

Fbkjain := Fbkjain * K; 
FeedBackPathEidsts := true; 

-end 
else 

—begin 

{gather poles and zeros for all forward path blocks — sane multiplicative 

160 
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File: HfiUKQ.lNC CrüBS-Reference i Block Listing Date: 7/10/8Ä Page 2 

57 
5B 
59 
60 
61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
90 
01 
82 
83 
84 
85 
86 
87 
8B 
89 
90 
91 
92 
93 
94 
95 
96 
97 

100 
101 
102 
103 
104 
105 
106 
107 
108 
10? 
110 
111 
112 
113 

B  

.  effect) 

For i!=l to NZeros do 

 begin 

Fwd_countJ:=FHd_countJ + 1; 

Fwi_RZ[FHd_CDunt_Z]:= RBalPartZeroEi]; 
FHd_lZ[FHd_count_Z]!= luagPartZeroül; 

 end; 

For is^l to NPoles do 
 begin 

Fwd_co'jnt_P:=FHd-_CDunt_P + I; 

FwdjWMd.count >]:= RealFartPoleti ]; 

FwlJPCF(nlj:ount_Pl!= IniagPartPolelilj 

E— 

 end; 

Fwdjain := Fwdjain * K; 

-end; (else) 

-end; (Hith) 

-end; {(or) 

(Make the G_eguivalent block from poles and zeros gathered previously) 

Nith 6_eq do 

 begin 

For i:=l to HaxDrder do (initialize Geq factors) 
 j)Eqi n 

RealPartZeroti]:=0.0; IiiagPartZero[i]:=0,0; 

RealF,artPolB[i 1;=C.0; IttagPartFoleül^O.O; 

NuinCoeff(i]:=0.0;       DenCoefflils^.O; 
 en[j, 

NZeros:=0; 

{»mm Gjquivalent Zeros are product of Forward path zeros and immn) 

{ Feedback path poles. ) 

For i:= 1 to FwljxuntJ do 

 begin (collect forward path zeros) 

NZeros:^NZeros + 1; 

RealPartZerolNZerosl := FwHWil; 

IfflaqPartZerotNZeros] := FNd_IZ[i]; 

 end; 

For 1:= I to Fbk_CDunt_P do 

 begin (collect feedback path poles) 

NZeros^NZeros + 1; 

RealPartZerolNZerosl := Fbk.RPdl; 

ImagPartZerolNZeros] := FbkJFdl; 

-end; 

If NZeros = 0 then NunCoefHl] ;= 1.0 

else 

ExpandJolylRealPartZero, ImagPartZero, NumCoeff, NZeros); 

161 
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File: HAKEGEQ.INC Cro55-fiB<erBncB k Block Listing Date: 9/.10/86 Page 3 

114 

115 

116 

117 

118 

11'/ 

120 

121 

122 

123 

124 

125 
126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

13B 

139 

140 
141 

142 

143 

144 

145 

146 

147 

148 

149 

150 
151 

152 
153 

154 
155 
156 

157 

158 

159 

160 

161 
162 
163 
164 
165 
166 

167 

168 

169 

170 

{»«»«« Bjquivalent Poles are product of Fornard path zeros and »imm») 

{HHH Feedback path zeros added to the product o< Forward Path poles »♦"♦) 
{HftHttHmmmm and feedback path poles, IMI««»«»««»«««**«) 

count:^):   count2:=0; 

for i:=l to FNd_count_Z do 

 begin 

count:=cuunt+l; 

RTempCcGunt] := Fwd_RZ[i]; 

ITe«p[cDunt] !s FHd_lZ[i]i 

 end; 

For i:=l to Fbk_count_Z do 

 begin 

count:=coijiittl; 

RTemplcount] := Fbk.RZtil; 

ITempfcount] := FbkJHil; 

 end; 

Expand_PolylRteisp|Iteinp, TeupFoiyl, count); 

For i;=l to count + 1 do      {multiply zeros polynomal by gains) 

TespPolyiEi]',* TempPolyHi] ♦ Fwd^Gain »Fbk_Gain; 

{collect forward path zeros) 

fand) 

{combine Hith feedback path zeros) 

For i:=l to FwdjountJ* do 

 begin 

count2:=count2+l; 
RTe(np[cDi!nt21 :- FHd_RF[i]; 

lTeiiip[count2] := FwdJPli]; 

 end; 

{collect forward block poles) 

{and) 

For i:=l to Fbk_count_P do 

 begin {combine nith feedback block poles) 

count2;=CDunt2+l; 

RTe«ip(cDünt2] := Fbk.RPlil; 

IlempIcountZ] := Fbkjpiil; 

 end; 

if notlFeedBackPathExists) then 

—begin {if there are no feedback blocks, then) 

for i!=l to fwd_count_P do     (Beg poles are fwd block poles) 
 begin 

RealPartPoleli] := Fwl.RFü]; 

IfliagFartPoleliJ ;= FMdJPliJ; 

 end; 

NFoles := Fwdjrount/; 

Expand J'oly(fiealPartPole,l«agPartPolB,DenCoeff,NPDlB5)i 
 end 

else {otherNise add two temporary polynomials) 
 begin 

Expiid/olyIRtemp, 1 temp,TeupPoly2, count2); 

if count ) count2 then NPOIBS ;= count      fordBr of largest) 
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File: HftHGEB.lNC 

171 

172 
173 
174 

175 
176 

177 

178 
179 

180 

181 
182 
183 
184 
185 
186 
187  E- 

Cross-REference k Block Listing Date: 9/10/86 Page 4 

else Npoles ;- count2i   {poly is NFoles) 

For i!=l to NF'oles + 1 do 
If NegFeedBack then DenCoe<Ui]:=Te(iipPalyZ[i] + Tei-pPolyim 

else DenCDeff[i]:::Tei«pPoly2[i] - TempFolyKi]; 

RootFinder (NFoles,DenCoeff,Real PartPole^magPartPole^,01; 

-end; 

K := Fwdjain;     {G_eq block gain is combined forward path gains) 

FeedBack := fals«;     (set G_equivalent boolean flags) 
Factored ;= true; 

LeadNuiiCDeff:= 1; LeadDenCoeff:' 1; 

 end;   (Hith) 
-end; (procedure) 

'"V 

:<' 

i.u-» 

i 
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File: 3HOHRO0T.INC 

1 
2 
3 

5 
b 
7 

B 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 

30 

31 
32 
33 
34 
35 

34 
37 
tu 

Cross-Relerence 8: Block Listing Date: 9/10/86- Page 1 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
?0 
51 
52 
53 
54 
55 
56 

{»wmfm»mH«HmHHHm»«fHHmHHHH«mHHH»H) 
{»  ShtwRootä is the procedure called in the main menu to «) 
{»»   locate the dosed loop roots of the loop equivalent xfer     «) 
{H   function. «) 
{HHHH«H»HmHH»m«H»H»m«HH»H«HH»H«HHJHH) 

Procedure ShowRoot5(G_eq ; Blocks); 

Var 

I,N,Po5CDunter:   Integer; 

Real Root, 
ImagRoot, 
CIosedLoopPoly:   PolyArray; 
key,keyold      :   integer; 
not erased      :   boolean; 

-Begin 

Nilh G,eq do 
 Begin 

ClrScr; HiqhVideo: (on-screen titles) 
CenterCm Block Transfer Function Closed-Loop Roots »«',1,2,6 
witein; witelnls); witeln; 
witelnl'ZEROS: '): 

For I:=l to NZeros do    (position for output) 
 begin 

PosCounter := II mod 2) ; 

If PosCounter = 1 then Hriteln; 

LoNVideo;        (write zeros - note: zeros of D.L. system same as 

C.L. roots) 
HriteCsC,!,'] = ^RealPartZerotDMO^,' +j ^ImagPartZerodlMO^); 
Hritel' '); 

-end; 

witeln; writeln; HighVideo; 
nriteln('POLES: '); 

(Make closed loop, unity-feedback system) 
For I:=l to Haxorder do ClosedLoopPolytl) := 0.0; 

For I:=l to NZeros t 1 do ClosedLoopPolydl := NuBCoeffCI] « K; 

For I:=l to liPoles + 1 do CIosedLoopPoly!]] := CIosedLoopPoly! 11 + 
DenCoeff!]]; 

If Nfoles > NZeros then N := NPoles 
else N := NZeros; 

RootFinder(N,CIosedLoopPoly,RealRoot,ImagRoot,0,0); (find factors) 

For I:=l to N do 
 begin {compute on-screen position) 

PosCounter i= (I mod 2) ; 
If PosCounter = 1 then witeln; 
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File: SHOHRTOT.INC Cross-ReferencB tr. Block Listing Date: 9/10/86 Page 2 

ft 

57 
58 
59 
60 
61 
62 

64 
65 
66 
67 
-68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

LoHVideo; 
(output roots) 

KritB('s[',I,'] = ',RealRoot[n;10:3,' +j VmagRootmslO^); 
HriteC '); 

-end;(for) 

—end;{with) 

HighVideo; 
isg ('Press any key to continue or [Shift) LPrtSc) for hardcopy.',1,24); 

{check keyboard buffer for value change,   if number changes by 1 or 2 
indicates that shift key depressed.   If so, then rmne "Piess any key., 
prompt from screen so it won't print to printer) 

keyold :- BB(II[00OO:1047); not „erased := true; 
-Repeat 

key := i5esi[0000:1047); 

if ((key=keyold + 1) or (key=keyold + 2)) and (notjrased) then 
 begin 

GotoXY(l,24)j Hritel' ':e0); 
not_erased :- false; 

 end; 
-Until KeyPressed; 

-end;(Procedure ShcHRoots) 

I 
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File: SHOHFACT.INC CrDSB-ReferencB k Block Listing Date: 9/10/86 Page 

V 

1 
2 
3 

4 
5 
6 
7 
8 
? 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2l 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
30 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

B- 

Frocedure ShDN_Factored_Roat5; 

Var 
lA^PosCounter:   Integer; 

NomFact :   Real; 

kev,<ByaId        :   Integer; 
'.:jc_era5ed        :   Boolean; 

-Begin 

if NBlocks - 0 then     {print tfaming if no blocks currently in iMory) 
 begin 

clr5cr;TextCDlor(Red + Blink); 
centerl•WARNING',1,10,80); TextColorlHMte); 
center!'*« There are NO blocks currently loaded I m',1,12,80); 

—end; 

For m:= 1 to NBlocks do    (for each block in the loop) 
—begin 

With Blocktnl do 

 Begin {print screen titles) 
ClrScr; HighVideo; 
CenterC»« Block Transfer Function Roots »H',1,2,80); 

witeln; Hriteln(s);TextColDr(white); 
NorBFact:= LeadDenCoeff/LeadNunCoeff; 
HriteCBLOCKr,!!!,']'); 

HritelnC Block Gain = '.K» NonBFact:14:4); 
TentColor(green); 

witelnl'ZEROS: '); 

For I:=l to NZeros do     {write all zeros) 

 begin 

PosCounter := (I nod 2) ; {write 2 across screen) 
If PosCounter = 1 then writeln; 

LowVideo; 

write('s[',I,'] = ^RealFartZerolDiB^,' *i VfiiagPartZeroCI]^^); 
writer '); 

 end; 

writeln: writeln; TextColor(green); 
writelnI'FDLES: '); 

For IH to NPoles do    {repeat for poles) 
—-begin 

PosCounter := (I «od 2) ; 

If PosCounter = 1 then writeln; 

LowVidi.'o; 

writeCst',!,'] = ^RealPartPoletlhB^,' +j ',lfliagPartPole[l);8:3); 
write!' 

-end;{for) 
■); 

-end;(with) 
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File: SHOHFACT.INC Cross-Reference li Block Listing Date: 9/10/86 Page 2 

ft 

as 

hi 

57 i 
58 I 
59 
60 
61 
62 
63 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
08 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

HighVideo; 
«isg ('Press any key to continue or [Shift] [PrtSc] for hardcopy.',1,24); 

{Test keyboard buffer for shift key depressed (shift key changes buffer 
contents by 1 or 2).   If shift key is pressed, then a blank line is 
written over the nessage 'Press any key...' so it will not print) 

keyold := «[0000:1047];      (check initial value of buffer) 

not^erased := true; 

-Repeat 
key := meiitOOOO: 10471;   {repeatedly check buffer for changes) 

if ((key=keyold + 1) or (kBy=keyold * 2)) and (notjrased) then 
{if shift key pressed and message not previously erased then:) 
 begin 

Goto)(Y(ll24); witeC ^BO);      {overwite message) 
not erased ;= false; 
 end;   . 

—Until KeyPressed;  (if other key pressed then continue to next event) 

-end;{for) 

With G_eq do       {repeat entire process for G-equivalent block) 
 Begin 

ClrScr; HighVideo; 
CenterC»» Loop Equivalent Block Transfer Function n»',l,2,B0); 

writeln; witelnls);TextCoIor(white); 
witelnCS equivalent Block Block Gain = ',^14:4); 
TextColor(green); 
writeln ('ZEROS: ''); 

For h=l to NZeros do 
 begin 

PosCounter := (I «od 2) ; 
If PosCounter = 1 then writeln; 

LowVideo; 

writeCsr,!,'] = ^RealPartZeroUhB^,' +j ',IniagFartZero[l]:8:3); 
wrteC '); 

-end; 

writeln; writeln; TextColor(qreenl; 
writelnl'POLES: '); 

For I:=l to NPoles do 
 begin 

PosCounter := (I mod 2) ; 
If PosCounter = 1 then writeln; 

LowVideo; 

writeCsr,],'] = '^ealPartPoletlliB^,' +j ',]magPartPolB[I]:8:3); 
writeC '); 
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File: 

114 
115 
116 
117 
11B 
119 
120 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

BHOHFflCT.INC 

I E  
I 
t 

E  

CrosB-Reference & Block Listing 

 erd;(for) 

Dab: 9/10/86 Page 3 

—end;(with) 

HiqhVideo; 
Bsq ('Press any key to continue or [Shift] [PrtSc] for hardcopy,',1,241; 

keyold != item[0OO0:1047]; notjrased ;= true; 

-Repeat 

key := MC0000110473; 
if (lkey=keyold ♦ 1! or (key=l;eyoId + 2)) and Inotjrased) then 
 begin 

GotoXY(l,24); witeC '-M; 
notjrased := false; 

 end; 
--Until KeyPressed; 

-end;(Procedure ShowRoots) 

'.V 
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File: BHOHFOLY.INC Cross-Reference !t Block Listing Date: 9/10/B6 Page 1 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 B 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

49 
50 
51 
52 
53 
54 
55 
56 

{H Procedure ShowPoly is the utility routine to display the current loop »♦) 
{♦♦ blocks in polynomial for«. It first shows each block, then the Beg »♦) 
{" block. H) 

{HHHHfmHHHHHmtHHHifmtmtHHHHmHiHHHHHmmtm) 

FYocedure BhonPoly; 
Var 

VertPos, 
HorizPos, 
PosComiter, 
I,J              : Integer; 
Exponent       ; String[2]; 
Nortfact       : Real; 
Character      : Char; 
key,keyold    ! Integer; 
not erased    : Boolean; 

-Begin 

if NBlocks = 0 then    (print naming if no blocks in ineuory) 
—begin 

drscriTextColorlRed + Blink); 
centerCWRNING',1,10,80); TextColorlHhite); 
centerCw There are NO blocks currently loaded ! W,1,12,80); 

-end; 

For i;= Ito NBlocks do    {print each block in loop) 
 begin 

Hith Blockli] do 
 Begin 

ClrScr; HighVideo;     (screen title) 
CenterC»»» Coefficients of Block Polynomial »»»',1,2,80); 
witeln; writelnls); TextColor(Green); 

HriteCBLOCK I',Hi 
(return normaliied coefficients to state at input - won't ) 
(confuse user) 

Nortfact :=  LeadDenCoeff/LeadNumCoeff; TextColor(Nhite); 
writelnC 

TextColor(YBllo«);Nriteln('NW1ERAT()R: '); 
Block Gain = ', K» NoriiFact:14!4); 

(compute screen positions for coefficient display) 
VertPos: = 8; LonVideo; 
For I:- NZeros+1 domto 1 do 
 begin 

J:^Zeros+l - 1; 
PosCounter := (J nod 3)»1 ; (display 3 coeff across screen) 
HorirPos := PosCounter » 15; 
If PosCounter = 1 then VertPos := VertPos + 2; 

If I <> 1 then  (write "+ s" with proper exponent) 
 begin 

msqCs +',HorizPos,VertPos); 
str(I-l:2,Exponent); 
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File: SHOHPOLY.INC Cross-Reference k Block Listing Date: 9/10/B6 Page 2 

fi 
K 

4 

^5 

5/ I 
58 I 
59 i 
60 ! 
61 i 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
03 
B4 
85 
86 
87 
BB 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

E— 

nsq (Exponent ^izPos+^VertPos-l); 
 end; 

GaMV(HonzPa5-9,VertPas)) 
witBllLeadNiunCopff » Nu«Coef«n):8i3)i 

-end; 

HighVideo;Hriteln; witelnlsl; Kriteln; (do same for denomnator) 

writelnCDENOHlNATGR: ')) 

VertFos := 16; LowVideo; 
For 1:= NPoles+1 downto 1 do 
 begin 

J:=NPalBsH - I; 
PosCounter ;= IJ mod 4) + 1; HorizPos ;= PosCounter » 15; 
If PosCounter = 1 then VertPos := VertPos t 2; 

HI O 1 then 
 begin 

msgCs  +',HorizPo51VBrtPo5); 
5tr(I-l:2,Exponent); 
in5g(Exponent,HorizPo5+l,VertPo5-l); 

 end; (if) 

GoToXYIHorizPoB-9,VertPo5); 
witelLeadDenCoef« » DenCoeff[I]:B:3); 

-end; (for) 
«sg ('Press any key to continue or [Shift] [PrtScJ for hardcopy.',l,24); 

{check keyboard buffer for shift key (shift keys change buffer 
contents by 1 or 2). If shift key depressed, then the 
"Press any key..." «essage is erased fro« the screen so it 
won't print.) 

keyold ;= uemEOOOO;10471; (check initial condition of buffer) 
notjrased ;= true; (initialize boolean) 

-Repeat 
key := mentOOOO.'KMTlj (repeatedly check bufer) 
if Ukey^keyold + 1) or (key=keyold + 2)) and (not erased) then 

(if shift key depressed and the message has not already been erased) 
 begin 

Goto)(Y(l,24); witeC ':80); (wite blank line across message) 
not_era5Bd := false; (sets erased boolean) 

 end; 

-Until KeyPressed; (any other key Hill continue to next event) 

-end; (with) 

-°nd; (for) 

With G_eq do    (repeat entire process Hith G_equivalent block) 
 Begin 

ClrScr; HighVideo; 
CenterC»»» Coefficients of Block Polynonial ««',1,2,80); 
writeln; witeln(s); TextColor(Breen); 
witeCG-equivalent '); 
NornFact :=   LeadDenCoeff/LeadNumCoeff; TextColor(White); 
witelnC Block Rain = ', K« NormFact:14:4); 
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File-, SHÜHPOLY.INC 

114 
115 
116 
117 
11B 
119 
120 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 

m 

138 
139 

140 
141 
142 
143 
144 

145 
146 
147 
148 
149 

150 

151 
152 
153 
154 
155 

156 

157 
158 
159 
160 
161 
162 

163 
164 
165 

Ooss-Referencf? t Block LiE:fng Date: 9/10/B6 

TextColarlYBlloHljKritelnCNUteATOR! ')\ 

VertPo5:= 8; LmVideo; 
For 1:= NZeros+1 domto 1 do 
 begin 

J:=NZerosM - I; 
PoBCounter := (J mod 3)+l ; HorizPos := PosCounter » 15; 

If PosCDunter = 1 then VertPos := VertPas + 2; 

If 10 1 then 
 befji n 

fflsgl's   +',HorizPos,VertPos)', 
strd-l^Exponent); 
»sg(Exponent,HorizPos+l,VertPos-l) j 

Page 3 

 end; 
BoToKY(HorizPo5-9,VertPos); 
HTiteKLeadNuniCoeff » NuiCoef<[I]):8:3); 

-end; 

HighVideo;writeln; witelnls); witeln; 
HritelnCDENmiNATOR: '); 

VertPos := 16; LowVideo; 
For I:= NPolesH domto 1 do 
 begin 

JJ=NPO1BS+1 - I; 
PosCounter := IJ mi 4) + 1; HorizPo;. := PosCounter » 15; 
H PosCounter = 1 then VertPos := VertPos t 2; 

H I <> 1 then 
—begin 

»sgl's  +',HorizPos,VertPos); 
5lr(I-l:2,Exponent); 
msg(Exponent,HorizPos+l,VertPos-l); 

—end; (H) 
GoToKY(HorizPo5-9,VertPos); 
witedeadDenCoeff ♦ DenCoeff[11:8:3); 

 end; (for) 
«sg ('Press any key to continue or [Shift! [PrtSc] for hardcopy.',1,24); 
keyold := menlOOOO: 10471; not_erased := true; 

-Repeat 

key :=IWM[0000: 10471; 
if ((key=keyold + 1) or (key^keyold + 2)) and (notjrased) then 

 begin 
GatDXY(l,24); HriteC ^BO); 
not erased x- false; 

—end; 
-Until KeyFressed; 

 end; (with) 

-end;(Procedure ShoHfoly) 
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File: USERFHY.INC 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
IG 
19 
20 
21 
22 B- 
23 I 
24 I 
25 I 
26 I 
27 I 
2B I 
29 I 
30 I 
31 I 
32 I 
33 I 
34 I 
35 I 
36 I 
37 I 
TB 1 

Cross-Reference fc Block Listing Date; 9/10/B6 Page 1 

39 
W 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

(»» U5Br_Folyno«ial_RDot5 is a procedure to allow the user to input any ») 
(H arbitrary polynomial and automatically output the roots of that ») 
{" polyncmial.   It uses the standard input routines and RootFinder to «♦) 
{» cdupute the roots of the polynomial; »♦) 
{HHmHmmmiHmHtmtlHHmHtHHmiiHHttHHtHHHHmHt) 

Procedure User Polynomial Roots; 
Var 

PolyOrder, 
FosCounter, 
VertPos, 
HorizFos, 
l,K,codB 

FolyCoeff, 
Real Part, 
ImagFart 

Exponent 

Integer; 

Polyflrray; 

String[2]| 

-Begin 
ClrScr; HighVideo;      (TITLE) 
Center('»« ROOTS OF A USER INPUT POLYNOMIAL HI',1,1,80)J 
Fillchar(s,100,»205)! 5:= copyls.l.BO); 
m-iteln; witeln(s); witeln) 
writelnCPolynonial Coefficient Input; '); 
witeln; 

msgCHhat is the Order of the Polynomial? ',10,8); (prompt user for poly) 
inputIT,"^B^true^liFlO); 
val(Answer,PolyOrder,code); 
witeln; 

VertPos:1 12; (position prompts on screen) 
For I;= PolyOrder+l dowito 1 do 
 begin 

K;=Poly0rder+l - I; 
FosCounter ;= IK mod 6) + 1; HorizPos := FosCounter * 10; 
If FosCounter = 1 then VertPos := VertPos + 2; 

If I 0 1 then 
 begin 

«sgl's  +' 'lorizFos,VertPos); 
5tr(I-l:2,Exponent); 
msg(Exponent,HorizPos+l,VertPos-l); 

-end; 
input CNV^HorizPos-S^ertFos^true^l^lO); 
valI answer 1 Pol yCoef f(11,code); 

-end; 

ClrScr; Centerl'«» Computing Roots — Please Halt »«',1,10,80); (wait msg) 

RootFinderlFolyOrder,FolyCoeff.RealPart^magPart^O);   (solve for roots) 

ClrScr; HighVideo; Beep(350,150);   (alert user when finished) 
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File: USEimY.JNC Cro55-REference 4 Block Listing Date: 9/10/B6 Page 2 

57 I 
5B I 
59 I 
60 I 
61 1 
62 I 
63 I 
64 I 
65 1 
66 I 
67 I 
6B I 
6? 1 
70 I 
71 I 
72 I 
73 1 
74 I 
75 I 
76 E- 

CenterC»" Roots of the Folynomial HI',1,2,80);    (root display) 
Hriteln; witelnls); writsln; 

For. I:1! to PolyOrder do       {compute screen positions) 
 begin 

PosCounter := (! mod 2) ; 
H PosCounter = 1 then 
 begin 

witeln; witeln; 
 end; (display the roots) 

LoHVideo; 

NrUeCsC',!,'] » 'tReälPirtCDsB^,' fj ^IniagFartintB^); 
writeC '); 

—end; 
HighVideo; 
«sg ('Press any key to continue or [Shift] (PrtScl for hardcDpy.',l124); 

-REPEAT UNTIL KEffRESSED; 
-end; 
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File: GRAPHENU.INC 

1 
2 
3 
4 
5 
6 
7 

9 
10 

11 
12 
13 B- 
14 ! 

Cross-Reference l Block Listing Date: 9/10/B6 Page 1 

15 I 
16 I 
17 I 
IB i 
19 I 
20 I 
21 I 
22 I 
23 1 
24 I 
25 I 
26 1 
27 I 
2ß I 
29 I 
30 I 
31 I 
32 I 
33 I 
34 I 
35 E- 
36 
37 
38 
39 
40 B- 
41 I 
42 I 
43 1 
44 I 
45 I 
46 I 
47 I 
48 I 
49 I 
50 1 
51 I 
52 I 
53 I 
54 I 
55 I 
56 I 

{H BraphJIenu provides a mnim on screen and offers the user options to ") 
{" make a title, print the graph, print the nuu.bers from the graph, x »») 
{»♦   quit and return to the menu. H) 

{HHHHH»mH»H»mmHHHHm»»H«HYHm»m»HHHHimiHHHH) 

Procedure Graphj1enu(TitleWindoNNaiiie!Str20;var DuinpBraphData,guit ! boolean); 

var 
Line!, Line2, Line3   : 5tringt40];   (graph prompt lines) 

Procedure TitlePrompt;      (Prompts for user supplied graph title) 
—begin 

TextColor(White); 
CenterCH» Hake Graph Title »»',1,2,80); 

Pm:= 'lOlOfMlOl-OlOlOO'; 
P[2]:= •1012flO4002-O10100■; 
P[3]:= 'lOnfM^-OlOKKr; 

textcolor(yellow); 

msgCLine Ms'^jlO); 
«sgdine 12:',1,12); 
msgCLine 13:',1,14); 

textcolor(green); 
rsgCType in the title you wish for your graph.',6,3)); 

Input_handler('N0103',escape); 

Linel:=copy(filvar[l],l,40); 
LinB2:=copY(filvar[2],l,40)| 
Line3:= cDpylfilvar[3],l,40); 

-end; 

Procedure ShonTitle;      (uakes tilk Jlock and writes title to block) 

—begin 
copyscreen; 
SetLineStyle(O); 
DefineHindoH(3,ll,20,40,60); 

DefineHorld(3,0,16,40,0); 
SelectHorld(3); SelecWindoH(3); 
DefinEHeader(3,TitleWindowNaiiie); (puts header on box) 

SetBackground(O); 
SetHBadBrOn;DrawBorder; 
DraHTextHll^^^inel);    (draw title supplied by user) 

DraHTextH(l,8,l,Line2); 

DraHTextH(l,12,l,Line3); 
SetBreakOff; SetMessageOff; 

-repeat 
rBad(kbd,ch); 

—case ordlch) of (alloH user to move title box anywhere on screen) 
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File: GRflFtEW.INC Cross-Reference k Blod Listing Date; 9/10/86 Page 2 

fö 

V 

LNr 

57 
58 
59 
60 
61 
62 
63  E 

64 

65 

66 
67 B' 
68 I 
69 I 

70 1 
71 
72 
73 
74 
75 

76 
77 
78 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

E— 

72 ; HovBVer(-4,true); (up arrow) 
75 : ftaveHorH^ruB); (left arrt») 
77 ; MoveHorll,true); (right arrra) 
BO ! HaveVerH^rue); (dem arrtw) 

—end; 
—until ord(ch)= 13;   (freeze box and continue Hith <return) key) 
-end; 

(save underlying screen and display menu box) 

-begin 
DiiinpGraphData:1 False; 
copyscreen; SetLineStylelO); 

DefinBHindo«(41ll120,35l90); 
DBfinBttorld(4,0,20,20,0); 
SelectHorldM); SelBctHindoH(4); 
DefineHeader(4, 'Braph Options Henu'); 
SetHeaderOn; SetBackqro'jndlOljDraHBorder; 
DraHTBxtWll,4,l,'<P>  Print Braph'!;    (display menu options) 
DraMTextWd^.l,'':!)  Hake Title Block'); 

'<N>  Print Table of Numbers'); 
used to GeneratB Braph'); 

'<S> RBturn to Hain Menu)'); 

DrawTextH(l,10,l 
DraHTextHd.^.l 
DrawT6xtH(l,17,l 

-rspeat 
Option; 

—case ch of 
 ?': begin 

snapscreen; (redisplays screen without fim box) 
hardcopylfalse,!);, (print to printer) 
swapscreBn; (brings back screen with renu bux) 
ch := ?'; 

(interprst USBP input) 

-snd; 
-T bBgin 

leavegraphic; 
TitlePrompt; 
entergraphic; 
swapscreen; 

BhowTitlB; 
copyscreen; 
ch := 'T'j 

 end; 
N': begin 

DuispGraphData 
swapscreen; 

ch := T; 
 end; 

(leave graphics screen) 
(prompt for title) 
(rsturn to graphics node) 
(bring back graph) 
(display titlB box on scrBen) 
(savB graph with title box) 

True; (sets boolean to cause numbers to be printed) 
(bring back graphics screen) 

—end; 
-until ch in t'P'/T'/N'/Q']; 

if ch = 'Q' then Quit := true 
else Quit := false; 

-end; 
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File: DftTADUHF'.INC 

1 

2 
3 
4 

5 

6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
IG 
19 
20 
21 
22 
23 E- 
24 
25 
26 B 
27 I 
28 I 
29 1 
30 I 
31 I 
32 : 
33 I 
34 I 
35 I 
36 I 
37 I 
38 I 
39 I 
40 1 
41 I 
42 I 
43 I 
44 I 
45 I 
46 I 
47 I 
48 I 
49 I 
50 1 
51 I 
52 1 
53 I 
54 1 
55 
56 

Cross-ReferencB h Block Listing Date: 9/10/B6 

Procedure PrintBraphData;        (duirps rootlocus data to printer) 

Page 1 

LineCount,! liiM : inteaer 
FirstPage : boolean 

List : text; 

Procedure NeHPage; 
—begin 

If not(FirstPage) then 
Hritedist^hrUZ));     {formfeed for all but first page) 

Hntelndist,'   POLE LDCATIOHS'); {write titles) 
If Stepfl then writelnCist/fl = ',aniin;10!3) 

',biin;10;3); 
B        Pole') 
A        Pole1); 

IHAGINfiRY'); 
.'); {draw a line across page) 

else HTiteihdistt'B = 
If StepA then witedist,' 

else witedist,' 
iritelndjst,' I     REAL 
for I •.= 1 to 60 do witedist,' 

witelndist); 
FirstPage ;= False; 
LineCount !s LineCount + 5;    {keeps track of how many lines on a page) 

-end; 

-Begin 
FirstPage := true; 

LeaveEraphic; {display user prompts on screen) 
C'rscr;   . 
CenterCH« TURN ON FAINTER AND ALIGN PAPER »»',1,10,80); 

TextColor(green)j 
msqCpress <F> tr Vint, <F> to list to File ♦, <Q) to quit print',1,13); 
TestColor(WHITE); 
flisgC» File option prints numbers to a file named "TH0FARAH.NUH",1,17); 
msgCon the current drive.   Browse this file off-line using DOS "type" comnand',!,^); 

-repeat 
RBad(kbd,ch); {accept user input) 
If (ch = T') or (ch = 'f') or Ich = ?') or (ch =  p') then 
 begin 

if (ch = T") or (ch = 'f) then 
 begin 

assigndist/TwoFaram.NUH'l; (open a file for witing) 
rewiteilist); 

 end 
else 
 begin 

assign(list,'LST:');    (open the printer for printing) 
rewitedist); 

 end; 

NewPage; 
LineCount := 0; 
a:= aiin; b ;= bmin;   {compute 2-paraineter values for printing) 
for j := 1 to 5 do      {step through 5 values of sehtted stepping parameter) 

—begin 
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File; DATADLMP.INC Cross-Re.'erence k Block Listlnq Date: 9/10/B6 Page 2 

! J i 

521 

s 

ft 

57 
5B 
57 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7! 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
05 
86 
87 

90 I 
91 I 
92 I 
93 I 
94 I 
95 1 
96 1 
97 I 
98 I 
99 E- 
100 
101 

for k := 1 to 50 do    { aioothly «ove through the other parameter) 
—begin (range in 50 increments) 

tor i!= 1 to Order + 1 do      (conpute each coefficient value) 
—begin 

infix^tojKiIishllnfixArrayül,polish); 

ComputE/olishlpoliBh^jb^valArrayü]); 

—end; 

RootFinder((lrder,EvalArray,RealPart,IinagPart,0,0); {find eq roots) 

if stepAlhen Hritelnllist,'   'fi-Mll 
else witelnllist,'   ^AilOiS); 

LineCount:1 Linecount ♦ 1; 
For I:=l to Order do (write Roots to page printer) 

—begin 
writelndist,' ',1:2,'       ^RealPartühlO^, 

■,I«agPart[i]!lO:3)j 
Linef-ount := LineCount ♦ 1; 
If ILineCount «od 55) = 0 then NewPage; 

-end; 

if stepA then b :- b + incren 
else a != a + incre«; 

-end; (for) 

fincreaent one parameter) 

If stepfl then  (increment stepp'nq parameter) 
—begin 

a:= a + DeltaStep; 
b!= bmin; 

—end (next step) 
else 

—begin 
b:= b t DeltaStep; 
a:= amin; 

—^-end; 
-end; (for) 

-end;{if) 

-until ch in ['F','f'/B'/q'/P'/p'); 
dosedist); 
EnterGraphic;  (brings back graph to screpn) 
swapscreen; 

-end; 

(H»tHH««»»»H END of PrintGraphCata Procedure »»»»«»«»«»«»HHM) 
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