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An Interface for Data Transfer Between CDC
3000 Series Computer and a 4051

by David Bruning
Lockheed Electronics

At the White Sands Test Facility, Lockheed Electronics
has designed and built an interface that facilitates
communication between a CDC 3200 computer and the
TEKTRONIX 4051 Graphic System. A GPIBinterfacing
mode is used, as is necessary for computers like the 3200
that are not RS-232 compatible. This interface is used
primarily to transfer data stored on the CDC 3200s 1/2
inch magnetic tape to a 4924 Tape Drive for storage on

cartridge tapes. The 4051’s interactive graphics
capabilities are later used to plot the data, off-line from
the 3200.

The cover photo and Fig. 1 show front and top views of
the interface, which is centered around MC344]
transceiver chips. Its two main functions are reducing the
data from a 12-bit byte structure to an 8-bit byte, and

coordinating the handshake of data transfer and manage-
ment lines between the two machines. This discussion
centers around the CONNECT, WRITE and
DISCONNECT functions of the 3200, and the SRQ
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TALK and EOI functions of the 4051. Note the interface’s
front panel and thumbwheel switches; these switches
permit off-line testing of the handshake timing and logic.

Fig. 1. Top view of the interface.

To transmit data from the 3200, a CONNECT is first
necessary. This is a function that logically attaches the
interface to the 3200 for I/O purposes. The action
prompts an SRQ signal on the GPIB, telling the 4051 to
prepare to receive data. The 4051, in turn, places the
interface in TALK and the 4924 in LISTEN. The 3200 can
then pass data, using a WRITE function.

Upon completion of the data transfer (which has been
accomplished with WBYTE commands at the 4051), the
interface sends a disconnect signal to the 4051. This signal
is created on the 3200 by a CONNECT to another device;
it prompts an EOI signal which terminates the WBYTE
transfer. Fig. 2 shows the program used to activate the
4051 data transfer. On-line plotting could be ac-
complished by placing the 4662 Digital Plotter in
LISTEN, instead of the 4924.

ASCII is used for data transfer. This means a conversion
from floating point to integer, integer to BCD, BCD to
ASCII, and the insertion of an ASCII decimal point (the
original number had been scaled for this purpose) is
necessary. A bit shift is also required to match transmitted
lines for the 12-bit to 8-bit reduction. The 3200 handles
this conversion, since it is essentially idle due to the 1100
byte-per-second transfer rate. Although the interface is
presently a one-way data communication from the 3200
to the 4051, it can be easily modified for two-way
interaction. The handshake logic is already present.

Fig. 3 shows a sample plot of data that has been
transferred to the 4051 by this process. Each grid line
corresponds to 10 GDU; the data is plotted at 50 points
per 10 GDU. All annotations, titles, axis limits, etc., are
passed with the data, although they may be changed
interactively with User Definable Keys. The number of Y
axis grid lines to be drawn is chosen by the 4051 on the
basis of axis limits. Plot symbols are staggered to increase
the clarity of the plot.

Copyright © 1978, Tektronix, Inc.
All rights reserved

lEB REM--THIS FROGRAM PERMITS YHE EXCHANGE OF DATR EYTES FROM THE
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REM - PROGRAM ASSUMES PERIFHERAL DEUICE NUMBERS ARE:

REM - INTERFQCE‘g

REM -

REM - THE FIRST INFORMATION TO BE PASSED IS THE HEADER(ASCII)
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LEOO®

INIT

PRINT "LCOC 3280 TO 4851 INTERFACE PROGRAM" <
PRINT JInsut new tape in the 4924 - press RETUPH to comtinuz"i
INPUT

REI’I = SET FILE COUNTERS

L=
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K‘l
REM - TEST STATUS OF THE TAPE
OH SRQ THEN 7@e
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WBYTE @63, 95:

PRlNT " J4851 READY FOR DATA TRANSFER"
REM - START DATA TRANSFER CYCLE

REM - WAIT FOR SRQ

ON SRQ THEN 288

GO TO 366

POLL M,W;8;2

IF M<>1 THEN 700

49@ REM - PUT _INTERFACE IN TALK, 4924 IN LISTEN
418 REM - WAIT FOR EOI

420 ON EOI THEN 576

438 HEYYE /Gl.l’7y34 188:

w
000 I OV N B G R = @40 €0 ~J O L 4 (o 10 = @ L0 G~ Y

450 IF K<=2 THEN 520

460 PEM - SIGHAL OPERATOR FOR KEYBOARD ENTRY
478 GOSUB 61@

450 REM - b0 TO_HEW DRTA FlLE LHECk FOR NEW DATH THPE
490 PRINT "Hew Tape? (Y or

S89 INPUT Ms

S1 k=l

520 L=L+1

S$38 FIND @2

S40 IF M$=" HEN 178

550 REM - RETUPN FRON SR@ INTERRUPT

RETUR
570 WBYTE ©63,95:

K=K+1

REM - RETURN FROM EOI INTERRUFT
680 RETURH

610 FOR I=1 10 2

€2 PRlNT "GGGGG"%

w
0

63 180
€4 NE T J

€56 PRINT "GG"j

660 FOR J 1 7o' 100
€70 NEXT

68 NEXT I

69

RETURN
788 PRINT "4924 REQUESTS SERVICE ** MESSAGE "
718 INPUT @2,38:A

720 PRINT A

7 IF A=7 THEN 76@

748 IF A=9 THEN 758

768 PRINT " Insert cartridge in 4924- press RETURN to continue"

840 GO TO 828

Fig. 2. Program listing.
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Fig. 3. Sample plot produced by the 4051 Graphic System. The data is
generated by the CDC 3200 and passed to the 4924 Tape Drive. The plot
is then produced off-line from the CDC 3200.
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4051 Controls Real Time
System for Micro-Mouse

Contest
by Miki Tokola

The classic scene of a researcher timing a mouse running
through a maze took an unusual twist in the Personal
Computing area of the National Computer Conference
(NCC) recently held in Anaheim, California. The squeak-
ing and sniffing rodent had an electronic substitute and a
4051 replaced the researcher.

The event was the preliminary time trials of the IEEE
Spectrum magazine’s “Amazing Micro-Mouse Contest”.

The contest is for electronic mice designed and built by
the contestanis. An entrant need not look like its natural
counterpart, and, in fact, may be much larger. The mouse
may be upto 10inches in width and length with no limit in
height. It must be completely self-contained and may
contain batteries, electric motors, mechanical springs,
memories Or MiCroprocessors.

9 Each mouse is allowed three runs through one of two
mirror image wooden mazes. The mazes consist of
elbows, tees, U’s, dead-ends, and straightaways. Like the

real thing, the mouse must physically negotiate the maze

IEEE Spectrum Magazine’s Amazing Micro- Mouse maze and timing equipment require sophisticated mice.

and can only use inside walls as a guide for physically
sensing the maze. Prizes are awarded for the fastest mcuse
first time through, the best learning mouse (the best time
in the last of the three runs), and special merit including
the one for the most ingenious design.

A tall "mouse” attempts the maze.

At the National Computer Conference, the substitute for
the researcher with a stopwatch was a real-time com-
puting system. The system was controlled by a
TEKTRONIX 4051, and included a TEKTRONIX 4924,
4025, two Fluke 1953A counter/timers, and two
CONRAC display monitors as shown in Fig. 1. The 4051
controlled the timers, maintained the data base, and
displayed the results immediately after each run.



Fig. 1. Micro-Mouse Timing and Display System.

Instead of the researcher visually noting the location and
time of a mouse in the maze, photo-electric sensors
embedded in the walls of the maze signalled the race start
and stop times. The portion of the 4051 program which
controlled the Fluke 1953A counter/timers is listed
below.

:EHNSETUP MAZE-1 COUNTER AT GPIB ADDRESS 3

500
PRINY 3:"C Fe*
PTlnT e3: 'FQ RS A-1 B-1 LA+2.8 LB+2.8 M1 H1"
PRINT @3:"F@ F4 T"
RETURN
REH MAZE-2 SETUP FOR CONTER AT GPIB ADDRESS 4

5 20
PRINT e4:"C Fo
PRINT 84: 'F4 RS A-1 B-1 LA+2.8 LB+2.2 M1 Hi"
PRINT @4:"F@ F4 T"
RETURN
REM MOUSE TlNXNG SYSTEM ACTIVE LOOP
ON SRQ THEN €6l
REM THIS IS HNERE THE SR
POLL BBy E SRQ°S GO
IF B=97 THEN
ER%NT COUNTER ERROR MAZE #"jA3" GGGGGG"

T0 A OF 6708,6808
REH ENTER SCORE FOR MAZE #1
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More sensors could have been used to record the time and
position of the mouse during the entire run, as well as its
entry into and exit from the maze.

In addition to its timing responsibilities, the 4051
maintained a data base containing the contestant’s
names, addresses, contest numbers, and race results.
Information was retrieved by pushing a function key and
entering a contestant number. Fig. 2 is a 4051 display of
the data base information for the eventual winner of the
trials. A contestant list was also available at the push of a
function key.

¥3% OFFICIAL MICRO-MOUSE CONTESTANT DATAR $%4%

COMTESTANT NUMBER: trr 1 ¥xx
WHO T1S: ART EULAND
FEPRESENTING: BATTELLE NURTHWEST =
PESIDING AT: RICHLRND WA.
PHONE:
EXREXITTRLREL TIMING RESULTS FEXEEIAXLHTX
RUN 1 RUN 2 RUH 2
e:si.4  aBORTED  ABORT

ABORTED ABORTED

COMMENTS: THIS PERSON WON THE FIRST PRELIMINARY TIME TRIALS!!

Fig. 2. 4051 records a winning mouse and owner.

The contest attracted a great deal of interest. TV monitors
displayed contestant times and race information to the
is an example of the format
that was used. A cable from the RS-232(Option 1) output
of the 4051 was plugged into a 4025. The display monitors
were connected to the video output of the 4025, providing

1EEE SPECTRUM/COMPUTER MAGAZINES AMAZING MICKO-MOUSE MAZE CONTEST
FIRST PRELIMINARY TIME TRIALS AND EXHIBITION

NEXT TIME TRIALS: PHILADELPHIR,PA. AUG 24-27 AT “PEPSONAL COMPUTING 75°.

s
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Fig. 3. Micro-Mouse Monitor Display.

Over 5,000 people have registered for the contest, but only
a few mice actually ran at these trials, the first in the series.
The difficulty of the task is demonstrated by the fact that
only two mice completed the maze. The winning mouse
negotiated the 5 foot by 10 foot maze in 51.4 seconds.
Future contest dates and locations will be announced by
IEEE Spectrum.

The concept of having a 4051 control a real-time system to
measure and record the position of an object or to analyze
inputs from remote sensors has possibilities far beyond
controlling a hobbyist contest. Who know what other
classic scenes will soon have a 4051 replacing one of the
familiar characters?

TEKTRONIX employee Mike Cranford will re-enter his "mouse” after

further education.
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Modified 4051 Interfaces
with Hughes 639T Scan

Converter
by Pat Kelley

Tektronix customers are innovative. Provide them with
the intelligent, versatile 4051 and their ingenuity is
boundless. And some 4051 owners figured a 4051 could be
used in additional applications if it only had a hardware
modification. While the 4051 in its natural state is a most
“well rounded” desk top computer, if a lot of requests
come in for a particular custom design, our engineers take
a look at them.

Several users wanted to interface their 4051 to a Hughes
639T Scan Converter for display on Closed Circuit
Television (CCTV) monitors or systems. This would
enable them to take advantage of their 4051 graphic
screen in group presentations and for classroom instruc-
tion. To do this they needed special X, Y, Z outputs,
appropriate handshake and an erase signal from.the 4051.
As a result, Tektronix now has a modified 4051 which
enables the 4051 to connect with the Hughes 639T Scan
Converter.

The character or vector data signals are transmitted from
the 4051 to the 639T via the Hughes-supplied inter-
connector cable. This cable runs from a special connector
(J43) on the back of the 4051 to connector J7 onthe 639T.
The CCTV monitor connects to the Video Output on the

back of the 639T. No special set-up procedures are
required other than connecting the equipment as shown
in the diagram.

J43 CONN VIDEO INPUT CONN

/ — J7 CONN J2 CONN7 \
TEKTRONIX \ HUGHES' / Motm'on

4051
CABLE |639T SCAN CONVERTER[— e

Although X and Y signal gains and offsets are factory-set
to give correct aspect ratio and framing on a standard
525-scan-line monitor, requirements do vary. Provisions
are made for adjustment by detailed instructions and an
easy-to-use test pattern program in the manual. An
insulated screwdriver is theonly tool needed to make the
adjustment.

The changes required in the 4051 preclude retrofitting an
existing 4051 in the field. However, the modification may
be ordered on any new 4051. If this special interface fits
your needs, contact your local Sales Engineer. Ask about
the 4051 Mod AB.

4051 Tests Solar Cells
at JPL

In Pasadena, California, Jet Propulsion Laboratory is
using the 4051 Graphic System to control an innovative
test system. Dr. Jim Liu wanted to test the performance of
solar cells and solar cell material, and needed to use non-
GPIB devices to do. it. Dr. Liu chose the 4051 as a
controller, citing the GPIB and graphics capabilities as
prime reasons. The 4051 is connected, via the GPIB, to a
Hewlett-Packard 6940B Multi-Programmer. The Multi-
Programmer, in turn, is connected to such non-GPIB
devices as Digital Voltmeters, Variable Power Supplies,
Light Detectors, Monochromators, and Stepper Motors.
This forms the system shown in Fig. 1, which performs
laboratory tests of solar cells and materials far faster than
previous methods.

The Multi-Programmer outputs all of the required
device-dependent signals to the devices connected to it.
Additionally, it collects the input data from several
different experiments performed by the system, and
passes the results along to the 4051 over the GPIB. All

Multi-Programmer action is under control of the 4051
through the GPIB.

The system is used to test solar cells and solar cell
materials in several experiments. Tests measure the
output voltage and current as well as the spreading
resistance of the material. Solar cells are measured for
operating efficiency under illumination, and are tested in
the dark to measure their diode characteristics. The
system is used to measure diffusion length of carriers in
the materials, to provide spectral response curves, and to
gather and manipulate data that can be used to determine
the efficiency of solar cells and solar cell material. The
experiments are currently performed one at a time; the
goal is to perform several in parallel. This may be done by
gathering data from one test while the 4662 is plotting
results of another.

Besides gathering and manipulating experimental data,
the 4051 performs other controller activities. For
instance, it can output commands through the GPIB to
operate the stepper motors and vary light intensity. The
stepper motors, in turn, can change sample placement
material, allowing another portion of the sample to be



tested. Other control outputs from the 4051 change wave
length in the experiment. This method makes the testing
virtually automatic.

Dr. Liu chose the 4051 Graphic System for this test
system because of its high-resolution graphics and its
GPIB capabilities. The 4051 draws data from the
experiments back through the GPIB and manipulates it
to provide useful results. These results take the form of
several different graphs of the characteristics of solar cells
and solar cell materials. Some typical outputs are
Spectral Response curves, Voltage vs. Current, and plots
of the conversion efficiency curve of the cells. In addition
to the plotted curves, the 4051 will provide a list of all of
the experimental data.

This test system is still being refined at Jet Propulsion
Laboratory. As it stands, the system already provides a
quantum leap in speed and efficiency over the previous
data gathering methods. As an example, prior to setting
this system in place, current vs. voltage data was
laboriously gathered and plotted by hand, point by point.
This method took between one and two hours to gather

and plot 20 data points. The test system can gather 50 data
samples in two minutes. As another example, Dr. Liu
cited the plotting of Spectral Response curves. This
operation previously took an entire morning of gathering
data by hand, followed by subsequent computer
reduction. The 4051-based test system completes the
entire operation, including graphic outputs, in nine
minutes. Time savings and high resolution graphics:
that’s what the 4051 is all about.
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Fig. 1. Solar Cell Test System.

PLOT 50 EE Vol. 1 Speeds
Circuit and System Design
from Audio to Microwave

Frequencies
by Dave Barnard

PLOT 50 Electrical Engineering Vol. 1 software permits
interactive modeling and analysis of circuit designs in the
frequency domain. From audio to microwave frequen-
cies, whether a prospective circuit is to perform amplifica-
tion, filtering, or impedance matching, this powerful
package will predict circuit performance and assist
designers in making decisions. A specialist working at
microwave frequencies will find the interactive Smith
Chart plots, impedance mapping and matching network
design routines particularly helpful; this is a major
emphasis in the software package. Audio and com-
munications equipment designers can use many of the
general purpose routines, as the article in TEKniques Vol.
1 No. 8 pointed out.

Extensive two-port manipulating capabilities allow
anything that can be modeled as a linear two-port
network to be analyzed. Circuits of active and passive
elements can be constructed from a menu of elementary
two-ports. The payoff is the ability to simulate a proposed
design quickly with a stand-alone 4051 system. Results
may be copied from the screen using a 4631 Hard Copy
Unit or plotted on a 4662 Interactive Digital Plotter.
Graphically portraying performance of circuits makes the

trade-offs obvious to the designer. It doesn’t replace
engineering intuition; it complements it.

4051 BASIC programming ability is not required as a
prerequisite to using EE Vol. 1. Function keys and an
overlay make software operation easy. Errors may be
edited out and changes made simply. Error messages are
in plain language rather than in error number format.

For an engineer with BASIC programming experience,
EE Vol. 1 makes a good companion to the collection of
routines that are probably already on hand.

You can get started with EE Vol. 1 by simply inserting the
tape and pressing AUTO LOAD. Whether the problem is
simple or complex, the ease of operation won’t let the
program get in the way; there is sufficient power to handle
demanding tasks.

Construct your circuits from the menu of two-ports which
includes elementary series or parallel resistors,
capacitors, and inductors. Tank circuit models—RLC—
are included. Current or voltage controlled I or V sources
permit modeling active device configurations. Specify
transmission line models by either physical or electrical
length plus impedance, dielectric and loss coefficients.

If a device (a transistor for example) has known
parameters, they can be entered simply and interactively.
The program converts the parameters to or from any
form desired. Transistor configurations can be converted
to or from common emitter, common base, or common
collector.

o
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Example

TEKniques Vol. 1 No. 8 first introduced EE Vol. 1
software to you. Let’s suppose that the design of a high
frequency amplifier (Fig. 1) was started following the
example discussed in that article.

200 Q

k/fQRF901

$ 2000

10pf -[— 100

Fig. 1. Amplifier from TEKniques with MRF901 Transistor.

Analyzing amplifier performance with a different tran-
sistor requires entering the device parameters via the
ENTER DATA function key. Fig. 2 shows how easily this
may be done. Data for the MRF901 was taken from the
Motorola RF DATA Manual and entered as shown.

ENTER DATA
Frequency Units (GHZ, MHZ, KHZ, or H2)>7 GHZ
Parameters (S, Y, 2, Hy, Gy 1/8, 1Y, or 17257 §
Polar, DB, or Rectangular form <P, D, or R)? P
Enter FREQ and 11, 12, 21, and 22 data

i 0.2 .45 -113 .82 53 17.2 114 .57 -33
8.5 .45 -162 .04 55 7.7 90 .
1.8 .47 166 .07 64 4.8 71 .35 -35
1.5 .51 148 .18 67 2.6 S8 .
2.8 .53 135 .13 68 2.8 46 .33 -62

U B WN -

Fig. 2. Device data entry.

Once entered, the S-parameters may be recorded on the
4051internal magnetic tape by usingthe DATAON TAPE
function key.

Assuming data is saved in File 2, the code to analyze the
circuit should refer to that file as shown in line 5 (Fig. 3).

ENTER CODE
:  GHZ CoP
FE .1 18 20

7
=

NEXT
GAM G21-LO

18:
Code length = 84, Simple diagnostic (Y or ND? Y
Diagnostic completed. Errors are noted above.

-
DOD VNN NN =t = DOD IO NS LN

A listing of gammas (Fig. 4) was requested to facilitate
design of input and output impedance matching
networks.

FREQUENCY K GMAX GAMMA NS GAMMA ML

HZ DB MAG ANGLE MAG
1: .18 1.322 466 08.148 5€.399 W 151
2: .13 1.318 495 0.155 58.650 154
3: 1€ 1.313 .536 0.165 €1.866 168
4: .21 1.307 585 8.179 64,365 167
S: .26 1.304 592 9.204 72.132 1?73
€: .34 1.298 631 9.240 81.763 183
?: .43 1.281 794 9.2 94,037 198
8: .55 1.237 268 8.394 167.717 229
EH o 7 1.218 665 8.476 119.977 261
18: .89 1.180 10.217 6.587 139.198 294
113 1.13 1.164 10.573 0.636 163.364 326
12: .44 1.167 10.047 8.763 -172.542 418
13: .83 1.160 .973 8.790 -154.255 485
14: .34 1.196 .237 8.7 -145.223 478
19: .98 1.2088 .280 0.771 -141.3%8 457
162 .79 1.219 .874 8.762 -139.163 436
17: 4.83 1.229 .9e8 8.751 -136.947 437
18: 6.16 1.237 2737 0.740 -135.254 438
19: 7.85 1.244 7.588 8.738 -133.395 424
E:H 19.88 1.258 7.445 8.721 -133.08639 420

Fig. 4. Listing of amplifier gammas, gain and stability.

The graphic display of gain (Gy) permits rapid com-
parison with the previous design to aid the design decision
making process (Figs. 5 and 6).

16.080

GZ1-POLRR PLOT

-16.008
-16.000 2.000 PER DIV 1€.000
Fig. 5. Gain magnitude and angle.
100,008 —r . ~
G21-MAGNITUDE |
x x .

T
3
%
x
x
%
%

3.800 N
DECRDES |
Press RETURN -
to continue
] 3
E 3
L P
F p
L 4
L 4
8.180 . T | . aa
0.1088 .828 DECADES 19.2890

2
FREQUENCY (GH2Z>

Fig. 3. Code entry for an amplifier.

By executing this code the entire circuit is reduced to a
single set of two-port parameters which may be saved on
tape for future reference (Data File 4, for example) as the
circuit is built up.

Fig. 6. Gain—vs— Frequency.

Matching network design is as simple as depressing the
UTILITY function key and following the menu (Fig. 7
and Fig. 8). From two to four realizations of series and
shunt elements are given.



MATCHING NETHORK DESIGN
Enter Frequency in GHZ 1.0
PORT |

Termination (ZS, 2P, or GAM)? 2ZS
Enter F and X <ohms) Se 9
PORT 2

Termination (2S. 2P, or GAM:?
Enter Magnitude and An3gle

L1 SHUNT = 3.7656 NH
C2 SERIES = 12.98088 PF

C1 SHUNT = €.72€8 PF
LZ SERIES = 4.282 NH

Fress FETURH to do another design

GAN
.696 -162.364

23,6599 0HMS
-12.2688 OHMS

-23.6599 OHMS
26.49139 OHMS

KK WK

Fig. 7. Input impedance matching network.

MATCHING HETWORK DESIGH
Enter Freguency in GHZ 1.8

PORT 1

Termination (28, ZP, or GAM'7 GRM

Enter Magrnitude and Angle .336 -99.614
PORT 2

Ternination (ZS. 2P, or GAM)?
Enter F and ¥ (chms)

L1 SERIES = 1.544 NH
SHUNT = 15.5277 HH

SERIES = 8.8839 HH
SHUNT = 1.6313 PF

2
1
2
é SHUNT = 7.9184 NH
1
2

oy
ow
©

9.7814 OHMS
97.5621 OHMS

50.2899 0OHMS
-97.5631 OHMS

= 49,7022 OHMS
= -24.8198 OHMS

238.7815 OHMS
24.8198 OHMS

£33
"o

SERIES = 6.4124 PF

SHUNT = 37.9985 NH
SERIES = 3.9582 NH

Press RETURN to do another design

re or or r
MK XK AKX
[

Fig. 8. Output impedance matching network.

Using the results of this utility routine yields the circuit
shown (Fig. 9). Obtaining these results takes only a few
moments.

13pF 6.4pf
____4 k_______
S-param.
3.8nH in file 7.9nH
4

Fig. 9. Amplifier with matching networks.

To predict overall performance only requires cascading
the networks just designed with the composite S-
parameter black box previously saved. By building the
circuit up a step at a time and saving intermediate steps,
designed decisions are aided, steps may be re-traced and
other designs tried with a minimum of coding. The total
configuration (Fig. 9) is coded in a few steps (Fig. 10).

LIST CODE
11 GHZ
2. FE .1.10 20
2: LP 3.7656 CA
€S 12.2888 Ch
A

Code length = 83, Simple diagnostic (Y or N)?

Fig. 10. Simulation code for circuit (Fig. 9).

The end result can be the input and output S-parameters
Sii and S» as shown (Fig. 11, and 12) or gain versus
frequency (Fig. 13).

S11-SHITH PLOT

Press RETURN
to continue

Fig. 11. Input S-parameter.

§22-SHITH PLOT

Press RETURN
to continue

Fig. 12. QOutput S-parameters.
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9.100 " P 1 e PN
8.10e 2.8080 DECRWDES 10.000
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Fig. 13. Gain—vs— Frequency for whole amplifier.

Plot 50 EE Vol. 1 also contains routines that permit
including transmission lines in place of the lumped
impedance matching networks just designed, if better
bandwidth is desired. But this article’s purpose has been
to illustrate the ease of use and interactiveness of the




program, which permits design iterations to be made
simply.

In addition to this illustrated example, Plot 50, EE Vol. 1
(4050 A06) can facilitate:

e Filter design
® Impedance matching network design
® Minimum noise figure design

e Transmission line and strip line analysis

Is there enough room on the tape that comes with EE Vol.
1 for data, code and results? The answer depends on how
much data must be saved. The tape can store 25 different
two-ports (of 30 lines each), and 25 coded circuits plus 5
different sets of results. Storage is easily expanded with a
blank tape cartridge and the file marking and transfer

utility routines accessible via the function keys.

Don’t ignore EE Vol. 1 if your application doesn’t
approach the daylight bands of modern microwave
circuit design. Simulating designs before breadboarding
saves significant time even at audio frequencies.

Finally, if the task isn’t an EE problem but one which can
be solved as an analogue of the electrical models, EE Vol.
I could do the job. For example, the elementary tank
circuit (RLC) has a well known mechanical analogue
consisting of spring, mass, and friction elements.

We'd like to hear from anyone using EE Vol. 1 to simulate
mechanical, acoustical or other systems using the elec-
trical models only as analogues of the original problem.
Send a description of whatever you are modeling and
sample analysis using EE Vol. 1 to TEKniques. Our
address is on the back of each issue.

The 4051R06 Editor:

Searching Operations
by Cathy Cramer

In the last issue of TEKniques, we talked about the
4051R06 EDITOR and its applications. This time, we’ll
describe some special searching operations you can
perform using the EDITOR.

The 4051R06 EDITOR is a ROM pack. Installing the
ROM pack and typing CALL “EDITOR” turns the 4051
into an ASCII text editor that can handle text of any kind.
While the EDITOR is in control, you have 29 commands
at your disposal. All are specially designed for easy text
handling, but the most powerful are the searching
commands.

Searching commands simplify the editing process. They
quickly locate occurrences of a particular string of
characters in the text, and simultaneously replace, edit, or
delete those characters. Searching commands can make
one correction, or many corrections at once. They’re ideal
for major changes to programs and text. But they also
make simple everyday editing tasks go a lot faster and
easier.

The 4051R06 EDITOR has two searching commands,
SEARCH and NLSEARCH (No List SEARCH). Each
has several forms that share the same keyword, but differ
in syntax and function. SEARCH has four forms:
SEARCH and List Line, SEARCH and Replace String,
SEARCH and Edit Line, and SEARCH and Delete Line.
NLSEARCH has two forms: NLSEARCH and Replace
String, and NLSEARCH and Delete Line. The two forms
of NLSEARCH are like the equivalent forms of

SEARCH, but don’t provide a listing of the changed or
deleted lines. Table 1 summarizes the forms of the
SEARCH and NLSEARCH commands.

Command What it Does Example

SEARCH § "sET"

and List Line

SEARCH S "PRINT", "PRINT@33:"

and Replace String | with a

anged line ou can
listing to any cave storage or
printing devic

SEARCH Recalls 1i ontaining the string S 1,10 "Mr.";

and Edit Line to U\ I\n b ffer for editing

Th lines are alled and di pl ayed
ne 2

at a zme.

SEARCH and De L tes lines contain (ng tl stri ng, S @33:"NO REPLY"*
Delete Line fate the deleted Li

can send the listing to ny cape
storage or printing de

NLSEARCH Replaces occurrences of the string NL "ON ERROR", "ON STZE"
and Replace String | with another str lng (Does not

list changed lines.)

|

Deletes 11 ng the l ng. NL "TRACE"*

NLSEARCH co
ot l st de l l: d 14

and Delete Line (Doe

TABLE 1

Note: You can include line numbers in any SEARCH or NLSEARCH command, to specify

the portion of the text you want to search

Both SEARCH and NLSEARCH search the text, or
some portion of the text, for any character string you
want. You enter S for SEARCH or NLfor NLSEARCH,
then the string you want, enclosed in quotation marks.
Additional entries tell the EDITOR which form of the
command you want. (For example, a SEARCH com-
mand that ends with an asterisk is the SEARCH and
Delete Line form of the command. A SEARCH com-



mand that ends with a semicolon is the SEARCH and
Edit Line form of the command.)

A single SEARCH or NLSEARCH command can make
major corrections to programs or text injust seconds. The
same corrections might take hours to do from the
keyboard. For example, suppose you're working on
someone else’s subroutine, planningtoincorporateitinto
your own BASIC program. You know that both the
subroutine and your program use variable name Al, but
for different purposes. So you want to change Al to A2
everywhere it’s mentioned in the subroutine. Unless you
have an EDITOR ROM pack, you have to check all the
lines yourself, and find every mention of Al. For each
one, you have to press the RECALL LINE key, position
the cursor to Al, and type A2. You then move on to
correct another line. If you've been through this
procedure before, you know how slow and tedious it is.
But with the EDITOR ROM pack, the whole procedure is
reduced to just one command. You usethe SEARCH and
Replace String form of the SEARCH command. All you
do is enter S “Al1”, “A2”. (See Fig. 1.)
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REM SORT ROUTINE

FOR Al=1 TO N

X2=A1

FOR H2=A1 TO N

IF P(N2)>=>P(X2> THEN 2655
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NEXT N2
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FOR N2=A2 TO N
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NEXT A2
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REM SORT ROUTINE
FOR A2=1 TO H
%2=h2

FOR_N2=R2 TO N
IF P(N2>=>P(X2> THEN 2655
X2=N2

NEXT N2

*¥@=P(X2)
P(X2)=P(R2)
P(A2)>=X8

NEXT R2

RETURN
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Fig. 1. The EDITOR command S"A1”, "A2" replaces occurrences of
A2 with A2, and lists all changed lines. Initial and final listings are
obtained by entering L for LIST.

Another example: Suppose you're writing or debugginga
large program, and are having trouble keeping track of
how and where variable B$ is used. You could
painstakingly inspect the program yourself, and write
down on a piece of paper everything you find out about
BS$. But a much easier alternative is to use SEARCH and
List Line to obtain a listing of the lines that contain BS.
All you have todoistype S “B$”. The listingimmediately
appears on the display. (See Fig. 2.)

10

ag=r "
FOR N1=1 TO 22
READ BS

K$=R$

A=k 3LBS

NEXT Nt

DELETE B$.K$

Li=2

DIM FC93,Gv9)

GIM B$c125.C$025)

s "B$"
f READ BS

A$=K$LBS

DELETE BS$,K$

: 3299 DIM B$(123,C$(25)

Fig. 2. The EDITOR command S " B8" lists the lines that contain BS.
The initial listing is obtained by entering L for LIST.

When you finish debugging the program, you can delete
all SET TRACE and SET NORMAL statements using
two SEARCHand DeleteLine commands, S “TRACE” *
and S “NORMAL”x _If you need to correct lines
containing PRINT, but don’t want to make the same
change to each line, you can use SEARCH and Edit Line,
and enter S “PRINT”;. This successively recalls lines
containing PRINT to the line buffer, for you to edit
however you like using the keyboard keys. SEARCH and
Edit Line saves you time because the EDITOR not only
finds all the lines for you, but also automatically recalls
each one, just as if you had pressed the RECALL LINE
key.

There are literally hundreds of other uses for the
EDITOR’s searching commands. You can search for any
string, and list it, replace it, delete it, or edit it by hand.

L
:Brockway, Marius E.
:Carmichael, David -PAID
tEllis, Terry L.
:Foster, Alice -PAID
:Gardner, Keith H.
tHarvey, Richard A.
tHillstrom, A. A. -PAID
:Kearneys John D. -PAID
:Keller; Suzanne -PAID
:Lentz, Robert F.

FINS

PRI®3I3:LIST OF THOSE WHO PAID

Se33: "PAID"%x

L
:Brockway, Marius E.
tEllisy Terry L.
:Gardner, Keith H.
:Harvey, Richard RA.
tLentz, Robert F.

FINS

ELD
:LIST OF THOSE WHO PAID
H :Carmichael, David -PAID
: :Foster, Alice -PAID
H tHillistrom, A. A, -PAID
$ tKearney, John D. -PAID
: :Keller, Suzanne -PAID

Fig. 3. The EDITOR command S @33: "PAID"* deletes lines
containing PAID, and stores them on file 8 of the internal tape. An
initial listing is obtained by entering L for LIST. Then FIN8 and
PRI@33: LIST OF THOSE WHO PAID open file 8 for access. L for
LIST shows that the lines have been deleted; and FINS, OLD, and L
show that the deleted lines are now stored on the tape.




And don’t forget that the EDITOR lets you work with
any kind of text, not just BASIC programs. You can edit
FORTRAN, COBOL, data, free text—any set of ASCII
characters. Fig.3 showsasample use forthe SEARCH
command when the text is a list of names and notations
instead of a program. In this example, SEARCH and
Delete Line separates out a subset of the text, and stores it
on a different file. The command S @33:“PAID” deletes
the clients who’ve paid their bill, and lists (stores) them on
file 8 of the internal tape.

Special Characters

To help you with your searching operations, the
EDITOR provides four special characters. Allfour can be
used in SEARCH or NLSEARCH commands, and have
special meanings that make searching easier. The four
characters are ~, #, ] , and —by default, but you can cancel
or change these assignments at any time.

The first is a “wildcard” character that allows you to
search for any ASCII character. For example, you can
search for any character that is immediately followed by $
(like AS, BS, C$ and so on). The second is an “any digit”
character you can use to locate any of the digits 0 through
9. For instance, you can search for the character X
immediately followed by a digit (as in X1, X2, X3, and
X4). The third is an end-of-record character that allows
you to locate, delete, or insert CARRIAGE RETURNS
in the text. The fourth is an “all but” character that lets
you search for all but one specified character. For
example, you can find occurrences of @ that are not
followed by 3 (like @1 and @A).

As a practical example, suppose you've written a large
BASIC program, and used different string variable names
AS$, B$, C$, DS, and so on to store YES or NO responses
from the user. You realize that one variable name could
be used for all responses, so to conserve memory space,
you decide to change all string variable names to E$. You
could enter separate NLSEARCH and Replace String
commands; one to search for A$ and change it to ES,
another to search for B$ and change it to ES, another to
change C$ to E$, and so on. A simpler way is to use the
“wildcard” character ~, and enter a single command, NL
~§”, “E”.

Fig. 4 shows a simple example of how this works. The
EDITOR understands ~ to mean “any character,” and
looks for any character followed by $. It finds AS, B$, C$
and D$ and changes them all in one step to ES.

Now suppose there’s a bug somewhere in your program,
and you want to list and examine all numeric initializa-
tion statements like A=0, E=1.25, and X=1.0. If you've
used a lot of variables, you don’t want to have to search
for each one individually. And a command like S “A="
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RINT "IS
NPUT As$

7 THIS A CONTINUATION OF THE SAME PROBLEM?";
GOQUB 430
P

1

1

THEN 2140

5 DATA ON PROGRAM TAPE?"§

EF BS;"{" THEN 1358

2 (7=

¢ 185@ PRINT "IS DATA TO BE READ FROM EXTERMNAL DEUICE?":

: 1860 INPUT C$

1 1878 IF C$="N" THEN 1936

: 1888 PRINT “DO YOU WANT TO ENTER DATA FROM THE KEYBOMRD?"
I 1890 INPUT D$

HL "~$*,"E$"

L
: @ PRINT "IS
8 INPUT ES$
E$="Y"

THIS
THEN

DATA
H THEN
i 1840 E(7)=1
¢ 1858 PRINT "IS DATA
: 1868 INPUT E$
: 1870 IF E$="N" THEN 1930
: 1880 PRINT "DO YOU WANT TO ENTER DATA FROM THE KEYBOARRD?"
: 1890 INPUT ES

A CONTINUATION OF THE SAME PROBLEM?":
2140

ON PROGRAM TAPE?";

1950

TO BE READ FROM EXTERNAL DEUICE?":

Fig. 4. The EDITOR command NL" 8", "E$” changes A$, BS, C$,
and D$ to ES$. Initial and final listings of the text are obtained by
entering L.

finds extra statements you don’t want to look at yet, such
as A=A+V@. So you use the special “digit” character # and
enter S “=#”. The EDITOR understands the symbol # to
mean “any digit 0 through 9,” and looks for an equals sign
followed by a digit. It finds A=0, E=1.25, X=1.0, and so
on. (See Fig. 5.)

@ PRINT "ENTER # OF URLUES:"j
INPUT X

GOSUB 1€60

250 a=
268 E= l 25
“=1.08
§09T0 1038
4

GOSUB 2639
GO TO 1858
B(4>=B743+}
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Fig.5. The EDITOR command 8 "=#" locates and lists lines containing
an equals sign immediately followed by a digit. The initial listing is
obtained by entering L for LIST.

These are only a few of the ways you can use the
EDITOR’s searching commands and special characters.
If you have an EDITOR ROM pack, you've probably
found many other uses; ones that are tailored to your own
specific needs. Next month, look for a brief overview of
how to perform sorting operations using the EDITOR.






























