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COVER

Wingate personnel are shown working on the increasingly
complicated job of designing and installing heating, air condition-
ing and ventilating equipment. Like most companies, they are
looking for ways to uncomplicate the job and have chosen a 9830
System to help them toward that end.

OVERVIEW

In this issue we have articles geographically ranging from
Japan to Romania, from integrated circuit chips to mandolins in
subject matter. This broad spectrum clearly demonstrates the ver-
satility of HP calculators, which perhaps will give you added
insight on new ways your calculator can be used, and gives us a
better chance of reaching more of our audience, which is as ver-
satile as are our machines and their applications.

From Romania comes an article on integrated circuit design
using the LAYOUT-3 programs developed by and used at the
R&D Center for Electronic Components ICCE in Bucharest. The
importance of IC’s is still growing, as evidenced by their increas-
ing usage in new products.

Another important product these days is fertilizer. In 1974, the
year most Americans finally came to realize raw materials (and
thus finished goods) were not limitless, there was much concern
and speculation about a fertilizer shortage. Ken W. Lessey’s arti-
cle on the Reichhold Chemical, Inc. operation is an excellent
example of how one company has refined its resource use and
planning procedures for best utilization.

Dr. Akira Sakuma writes about drug testing at the Medical
Research Institute Department of Clinical Pharmacology of the
Tokyo Medical and Dental University. The primary application
through the four phases of testing is data analysis. Concerned with
the safety of drugs currently on the market and drugs proposed for
the market, the Department of Clinical Pharmacology makes an
important contribution to the health and well being of the people of
Japan.

Wingate, a small business, submits an article on the variety of
ways their 9830 System works for them. Estimating, inventory
control, payroll, accounts payable, and promotional pieces are
some of the applications. The system has a number of users doing
a number of jobs, and none of the users, except the consultant, has
any background in programming or programmable calculators.

“Don’t Fret” is an article for music lovers. Just as it was
considered a rather technical article for the original publication in
which it appeared, some may consider it less than technical for
KEYBOARD. But, as you can see from the introductory paragraph,
it was first published ““in the spirit of fun,’’ and that’s why we’re
publishing it also. Nobody wants to live by bread alone.

“‘Forum,’’ in its second appearance, contains a discussion of
an article previously published in KEYBOARD . “‘Crossroads’’ will
not appear this issue but will be back with us in Vol. 7, No. 4.
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COMMENTS ON “THE EIGEN-SOLUTION OF
LINEAR SYSTEMS”

Dr. James N. Shapiro was guest editor of ‘‘The Crossroads’
for Vol. 6, No. 5, in which he discussed the method of eigen-
solution applied to linear equations. Following are Mr. H.
Kishan’s comments on this article and Dr. Shapiro’s response.

We hope you find these two points of view interesting and
informative.

Dr. Shapiro’s article is commendable for drawing the attention
of users of programmable calculators and desk-top computers to
the method of eigen-solution of linear simultaneous equations. The
writer feels, however, that the suggestion that increased accuracy
in results is obtainable for error-prone input data by rejecting part
of the eigen-solution could be misleading if generalised for all
cases. The term ‘‘input data’ here refers to the vector on the
right-hand side of the equations. This is shown in the following by
reconsidering the illustrative example and by solving the equations
for another set of input data.

In a physical sense the simultaneous equations (Eq. 1) describe
a system which is one hundred times more flexible in the second
natural mode compared to the first (\1//A2 = 100)". The true input
data b is parallel to the first natural mode — and therefore orthog-
onal to the second natural mode — while the input error b’ - b)
contains components parallel to both the modes. The second-mode
component of the input error shows up in the results with hundred
times relative magnification, and hence very large errors in the
results. In general, however, both the true input data and the input
error would contain components parallel to both the modes. Con-
sider such a case with:

b= [110 ] andb’ = [ 109
410 a1t | .

The following solutions are obtained by any ordinary method: y1
= 8.088 and y2 = 2.353 corresponding to the vector b, and y1 =
6.914 and y2 = 2.654 corresponding to the vector b’. The latter
corresponds to the eigen-solution:

yi| =4.251 ['1] —6.063 | —4

yo V17 4 \ Y 1],
and, on rejection of the component parallel to the second mode as
suggested by Dr. Shapiro, one obtains y1 = 4.251/V 17 = 1.031
and y2 = 17.004/V 17 = 4.124. 1t is obvious that the last solu-
tion, rather than being an improvement on the ordinary solution
corresponding to the vector b’, is nowhere near either of the two
solutions (corresponding to the vectors b and b’, respectively).

The writer obtained similar results for many other sets of input
data.

It appears therefore that in general the eigen-solution of linear
simultaneous equations may not always be effective in increasing
the accuracy of results for error-prone data. The method remains a
powerful tool nevertheless, mainly because (1) the generalised
equations are uncoupled on the left-hand side and (2) for many
physical systems output results corresponding to the lower (stiffer)
modes are negligibly small; therefore it is sufficient to include a
smaller number of higher (more flexible) modes in the analysis,
thus reducing the total number of generalised equations required
for the solution.

H. Kishan

Engineer,

Bridge Design Section

Dept. of Main Roads, N.S.W.
Sydney, Australia

“Notations used by Dr. Shapiro have been adopted here.

I read with great interest Mr. Kishan’s comments on my arti-
cle, “*Eigen-solution of Linear Systems’’ (KEYBOARD, Vol. 6,
No. 5, pp. 11-13). Mr. Kishan's interpretation in terms of natural
modes is a good one. Those familiar with the normal mode solu-
tion of mechanical systems will recognize the eigen-solution
method as an application of the normal mode technique to general
linear systems.

However, nowhere in my article did I say or try to suggest that
“‘increased accuracy’” would result from an eigen-solution or par-
tial eigen-solution as opposed to other methods for solving linear
systems. I did say that “‘for consistency (we should) neglect the
contribution to the solution which arises from those small eigen-
values A i, for which A i /Amax < relative error.”” The point is
that when the contribution to the solution from the eigenvectors
associated with the small eigenvalues gets magnified to such an
extent that the error in the input data changes the partial solution
by an amount of the same order as the partial solution, we should
not include these contributions.

I intended my example to be simple but not misleading, so |
chose b-liz = 0. More generally, if b = (b1, bs), the solution is:

1700y1 = (b1 +4be2) - 400(—4b1+bz),
1700yz = 4(b1+4b2) + 100(—4b1+b2),

where, in e_ach equation above, the first term arises from the com-
ponent of b along_in (A1 = 100) and the second term arises from
the component of b along uz (A2 = 1). If the error in b1 and bz is
large enough, around one part in a hundred or 1%, the magnifica-
tion caused by the small eigenvalue can cause the error in the
solution to become as large as the solution itself. Without an
eigenvalue analysis, it is impossible to separate the solution into its
eigen-components y ), and y ),. Lanczos* has developed a very
clever and powerful algorithm for successively solving linear sys-
tems iteratively so that the smaller eigenvalues are brought into
play gradually.

Also, Mr. Kishan’s last comment is irrelevent to the general
eigenvalue problem where the eigensystem is dictated by the prob-
lem.

I hope that my article stimulated others to consider linear sys-
tems in terms of eigensystems, as this is the only method which
offers a complete solution to linear systems.

Dr. James N. Shapiro

Assistant Professor of Geophysics
Texas A&M University

College Station, Texas

*Lanczos, C., lterative Solution of Large Scale Linear Systems, SIAM 6, 91, 1958.



WINGATE AND THE 9830A

Small companies face many of the same
problems large companies face but with the
added problems of more limited money,
space, and people. Wingate Air Condition-
ing and Wingate Air Conditioning Service in
Riverside, California, are two small, mutu-
ally owned companies. They’ve been in
business for 46 years. Total employment for
both companies is 42, and yearly revenue is
something over $2,000,000. The problem
Wingate faced was how to update several
office procedures in an affordable, cost-
effective, and usable manner. Some form of
computerization seemed to be the answer.

John Wingate, Jr. became interested in
using computers during an estimating semi-
nar he attended in 1971. After two years of
studying the products available from the
many major computer and calculator man-
ufacturing companies, John chose a
Hewlett-Packard calculator. The equipment
was priced within reach, it had the expansion

//>

Residential Sales Manager, Harold Weingart, uses the HP 9830 to
determine the size of an air conditioning unit required for a home of

a potential customer.

Small Business Finds
Many Uses for
Calculator System

by Fred A. Butler
Butler Advertising
Riverside, California

capability to be properly considered a mini-
computer, and it was an outright purchase,
an especially attractive advantage to John.
John originally bought a 9830A Cal-
culator and a 9866A Thermal Page Printer
and started writing programs for sheet metal
estimates. Then he added a String Variables
ROM, an Advanced Programming I ROM,
and a 9865A External Tape Cassette and
wrote a round-and-rectangular-duct estimat-
ing program that includes cost of materials
and labor from a single job input. The pro-
gram is coupled with a material cost printout
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and a cost update program using the defin-
able keys. Then a water and refrigeration
piping estimating program was written that
has the ability to compare installed costs
using various materials and coupling
techniques.

In January, 1975, Wingate purchased a
9880B Mass Memory, a Matrix ROM, and
an Advanced Programming II ROM, which
have added the capability of doing all the
accounting functions for both companies.
Wingate Air Conditioning Service is using
this equipment to post approximately 900
monthly service invoices and write weekly
payroll checks. In addition, this same
equipment gives labor job costing and flags
indirect and unapplied labor costs. An ac-
counts payable program is being written that
will furnish data for the other half of the job
costing program. Wingate is also working on
a program for individual inventory for each
service truck and their total backup inven-
tory.

The service and construction business is
using the printer as a sales promotion tool.
Personalized letters are written to customers
reminding them of maintenance due dates for
planned service on their home or business
heating and air conditioning equipment.
Each letter is an original, and the customer
response has been well beyond expectations.
There is even a choice of type faces to be
used for emphasis or to attract reader atten-
tion.

Wingate Air Conditioning is using a
modified version of the Hewlett-Packard
HVAC Pac to engineer heating, ventilating,
and air conditioning requirements. This
series of programs includes heat-loss/heat-
gain calculations, by the hour and by the
month, for their design and build work. This
has great potential because of the national
concern for energy saving and system
analysis.




Ten people on the office staff, from En-
gineering, Sales, Service, and Accounting,
use the 9830 System to accomplish their par-
ticular jobs. John Wingate says, ‘*This is one
of the advantages of the programmable cal-
culator system. Anyone can sit down at the
keyboard and do any of several functions be-
cause the display works as a prompter. Yet it
has big computer advantages such as tape
drive, mass memory, and BASIC lan-
guage.”’ The employees can see the advan-
tage of speed, accuracy and efficiency, and
everyone enjoys using this equipment be-
cause of its simplicity of operation.

In 1974, Robert I. Pearce joined Wingate
Air Conditioning as a private consultant. He
programmed the accounting applications and
is now programming accounting functions
for other companies also. Pearce does all
training operations and all scheduling of cal-
culator time.

Jack Wingate, who founded the company
in 1929, says, ‘‘It means a lot to me to see
John and the others looking ahead and doing
things that mean continued good service for
our customers. The calculator keeps us in
step with today’s modern technology.’” The
9830 System has doubled the quantity of
work the Estimating Department is able to
bid without increasing personnel. Wingate
Air Conditioning can state with certainty that
accuracy has increased and paperwork flow
is faster, helping the company meet the de-
manding and competitive needs of the fu-
ture.

help protect our environment.

Most of the company’s fleet has been converted to clean burning fuel to

Service Department invoices are being entered by Lisa Rodriquez seated at the HP 9830 Calculator
while the actual document is being used to check against the original infor mation by Gloria Edwards.

h .
An inventory control program will be used in the calculator for the parts
in each vehicle and the backup inventory in the parts department.



During its initial year of operation, the
Department of Clinical Pharmacology at the
Medical Research Institute, Tokyo Medical
and Dental University, the first of its kind in
Japan, has been widely occupied in helping
the clinical investigators engaged in the as-
sessment of both available and new drugs.
Assisting in designing these clinical trials
and statistically analyzing the data from
them is a Hewlett-Packard 9830A Calculator
System.

The goals of clinical pharmacology in-
clude evaluating the efficacy and safety of
drugs and what specific good they can do for
the patient, and providing the clinicians with
the processed information concerning the
right selection and appropriate usage of the
drug which will bring forth the best benefit
to the patient.

CLINICAL TRIALS

Each new drug goes through three phases
in the clinical field during development be-
fore approval for manufacturing and market-
ing. Following the preclinical examinations
in a variety of animal models, Phase 1 con-
sists of the very first stage of trial of the drug
on human beings. It involves a rather small
number of healthy volunteers or patients and
is intended mainly to examine the safety of
tolerance of the drug in human beings at a
given dose range. In Phase 2, the phar-
macokinetics and pharmacodynamics of the
drug are studied. The drug is tested for ab-
sorption, distribution, biotransformation,
and excretion, as well as for the possible
mechanisms of pharmacologic actions as
presumed by the animal studies. Late in
Phase 2, more realistic considerations about
the clinical condition where the new drug is
to be applied are thoroughly exercised.

DRUG EVALUATION

by Akira Sakuma, PhD

In the clinical study, a patient ¢ may be
compared to a transformer which converts
the input (drug) into the output (response): R
= ¢ (D). Here, (1) classical pharmacology
lays stress on the internal mechanism of drug
response, and (2) the statistical approach
widely utilized in the clinical pharmacology
gives weight to the variability of drug re-
sponse. To be complete, the results obtained
by these two approaches should be compati-
ble with each other, and one should recog-
nize that the statistically extracted conclu-
sion is not directly applicable to the indi-
vidual patient.

In Phase 3, the test drug is assessed ac-
cording to a specified manner known as the
controlled trial. The controlled clinical trial
is structured on the principles of experimen-
tal design attributed to R. A. Fisher; namely,
increasing the size of experiment, random
allocation of the treatments, and the lécal
control or utilization of stratification
technique. In the simplest form, a group of
well-defined patients is randomly divided
into two subgroups, one of which is given
the test drug and the other an adequate stan-
dard drug. This concurrently-used standard
may be an active available drug, or it may be
an inactive placebo, depending on the condi-
tion and the purpose of the trial. The test
drug should always be assessed in compari-
son with the standard in order to avoid the
distortion due to the variety of sources of
bias. Furthermore, when the psychological
influence of the patient, as well as that of the
investigator who knows the drug used, is li-
able to contaminate the comparison, the con-
trolled trial is to be conducted according to
the double-blind technique in which neither
the patient nor the investigator knows
whether the test drug or the standard is being
used until the completion of the assessment.

Precautions must be taken in approach-
ing and conducting the clinical trial, both to
protect patients and to achieve medically
valid, reliable and sensitive results. At any
stage of the clinical investigation, one must
act according to the decision given by stand-
ing on the safer side, realizing that the pres-
ent level of medical knowledge on the dis-
ease process and the drug action is far from
complete. This seemingly timid attitude
meets the requirement of medical ethics, al-
though it may retard the new drug develop-
ment.

Until approval for selling, the new
drug is used by the selected
investigators for the selected
patients under professional
controls. After approval,
however, the drug is placed
on the market and the
number and complexity of
patients taking the drug
rapidly increases. This

is when the drug may
cause unwanted effects

due to interaction with
other drugs or even with

diet, careless use by



the patients, and some imprudent prescribing
habits of physicians. This postmarket phase
is currently referred to as Phase 4.

In Phase 4, the monitoring of adverse
reactions to the drug is thus mandatory for
wise usage of the drug. It is also important to
assess the utility of the drug concerning the
final clinical endpoint. For many types of
drugs, the length of the clinical trial is rather
short in Phase 2 or 3. Long-term observation
is possible only in Phase 4 according to the
current system of drug development. The
present situation on this final phase is far
from ideal in Japan.

DATA ANALYSES

Random allocation of patients to drug
groups in the controlled trial is efficiently
carried out with the aid of the HP 9830 Cal-
culator, which generates a balanced series of
randomized drug codes in a table form.

The clinical data are generally of a mul-
tivariate nature. The data of a single patient
consist of: (1) background descriptions (age,
sex, etc.); (2) baseline data (initial blood
pressure, heart rate, etc.); (3) changes in the
target symptoms (blood pressure fall, de-
creased number of attacks, etc.); and (4)
global judgments (patient impression, doc-
tor’s general assessment, etc.). One way of
examining the validity of the doctor’s global
judgment and the importance of the target
symptoms is the stepwise regression analysis
with the help of the HP 9830 System. The
HP 9830 (8k) can easily process the data
consisting of 25 symptoms of 100 patients; it
may process more with some changes in the
program. The doctor’s global assessment, as
the response variate, is plotted against the
value predicted by the calculator to find out
some peculiar assessments. If the set of the
selected explanatory variables according to
the regression analysis explains the majority
of the variation in the global assessment, or
in other words, if the multiple correlation
coefficient R is 0.9 or larger, then the set of
the variables may be safely utilized in similar
trials. Quite often the number of variables
thus selected is much smaller than that of the
original variables deemed necessary in the
protocol.

In the case of comparing two drugs, A
and B, one may take the response variable as
0 or 1 depending on the drug. This type of
regression analysis is equivalent to a linear
discriminant analysis, which is helpful in
contrasting the profile of action of each drug.

From the preclinical phase to the post-
market phase of drug evaluation, the HP
9830 Calculator with the HP 9861 A Type-
writer, the HP 9862A Plotter, the HP 9865A
External Tape Cassette, and the HP 9866A
Thermal Page Printer can do a fine job on the
data analyses. Some selected examples are
parallel-line bioassay, nonlinear curve fitting
in pharmacokinetics and enzyme kinetics
studies (see Figure 1), block design
analyses, parametric and nonparametric
routines, analysis of covariance, time-series
analysis, logistic model analysis, and mul-
tivariate analyses.
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Figure 1. Nonlinear curve fitting example.

CURRICULUM VITAE

Akira Sakuma received a Bachelor of
Pharmacy in 1953 and a PhD in Pharmacy in
1958 at the University of Tokyo. In 1960,
after two years of postdoctoral study at the
University of Michigan, Department of
Pharmacology, Dr. Sakuma returned to the
University of Tokyo, Medical School, De-
partment of Pharmacology, as an assistant
professor. In 1963, he moved to the Tokyo
Medical and Dental University, Institute for
Cardiovascular Diseases, Department of
Pharmacology, as an associate professor. In
this capacity, he worked in 1969 and 1970 in
Switzerland for the University of Basel, De-
partment of Internal Medicine; he was lo-
cated in the Scientific Computing Center
(WRZ) in the J. R. Geigy Company. The
system of the institutes annexed to the Tokyo

g

Medical and Dental University was reor-
ganized in 1973, and the Medical Research
Institute was set up. In 1974, Dr. Sakuma
took professorship of the Department of
Clinical Pharmacology at this institute, the
first of its kind established in Japan.



INTEGRATED CIRCUIT LAYOUT DESIGN WITH
HP DESK-TOP CALCULATORS

Design, drawing, and digitizing of inte-
grated circuit layouts are tedious tasks usu-
ally accomplished with the aid of a computer
or a minicomputer. LAYOUT-3, a set of
programs, enables the design of bipolar and
MOS IC’s, both analog and digital, on the
HP 9100 Desk-top Calculator System con-
sisting of a HP 9100A Calculator, HP9101A
Extended Memory, HP 9125A Plotter, HP
9160A Marked Card Reader, and, optional-
ly, an IBM typewriter (with interface) or a
HP 9120A Printer.

LAYOQOUT-3 can handle geometries
(which will be referred to also as items) of
transistors, resistors, and other components
used in IC’s. The items may have the shape
of closed rectangular polygons, circles, or
straight lines closed by circular arcs. The
stored geometries (referenced to an arbitrary
origin) can be moved to a specified Eoint,
rotated through 90°, 180°, or 270°, or
mirror-imaged about the X or Y axis. The
same item can be drawn in different sizes on
the layout if a magnification or a reduction of
that item is required.

The output of the program is a list of
coordinates and a drawing of each mask

by Andrei Vladimirescu and
Dorel Prisecaru

separately or of the whole layout. The listed
coordinates are given in mm and represent
the processed initial data (in pm) multiplied
by the desired scaling factor for the operation
of a manually-driven cut and strip machine.
It should be noticed that the drawing is made
on an enlarged scale, which is suited to the
plotter.

OPERATION MODE

The operation mode of the LAYOUT-3
program will be outlined for a bipolar IC,
which contains more transistors with the
same geometry (see Figure 1). The origin of
the reference is chosen for more convenience
on the isolation diffusion mask (the exterior
rectangle in Figure 1). The circuit layout can
be designed by means of an optimum ar-
rangement of the isolation diffusion geome-
tries.

The coordinates (in um) of the vertices
are input via marked cards, referred to as
‘‘coordinate cards,”’ four data on each card.
The four coordinates are separated by three
instructions that are compulsory for all cards
(see Figure 2). Each coordinate may contain
five digits and a decimal point.

The vertex coordinates must be input in
the order xi, yi1, X2, y2,...X n, ¥ n , follow-
ing the edges of the polygon and always
starting with a horizontal edge (see Figure
1). Any rectangular polygon with n vertices
will be described by n coordinates.

After all the different geometries of the
isolation diffusion mask have been stored,
every geometry as many times as it occurs on
that mask, a control card is input for each
item. The first two data of this card are the
coordinates in uwm of the point on the layout
where the origin of the geometry must be

Y2 — carono 1 — ,;'c";nn wo 1 :;
120 [ © Jovwia Nergnts
" ow xm e 200 % + 2 | T ewv__Jswi[40 2010« 31
o W 70 BN - ‘A[D‘d NN
1 =
g N U - -
N [ S o el
s S 4 (=D =
5 =N
i = § = 3O ool
B 3l 7 = o o
\ N ‘ 8 4 =R
@ Syt = == o
b %
8 53 | 2 ==
k] o I =R
& Y
$ J e
4 S = o o
é 5 = ==N=
s = = O
» Y 4 =) -
b N 2z = B
$ N J 1 o & BN
g N \‘\ A= -
-
EiR B 0 = =
i G N a = 1
3 Ik
%’ 3 BERAEE)
§ & 9 \.} a IS
RS ] Q e ————————————
3 ¥ - 53
(10,10 150 DI o VSl e
SIS 2 enase coupiereny uptra? Sf V| 2 erase coweLeteLy uptr27
o 4 ot tep 28 B w? ot tep 28
00 %0 E 3 e saz00m Ena Sion- 92 | E panwe sazom Cha Sion-32
Uy L) Fig.2  Coordinate card of the Fig.3  Control card of
Fig. 1 The geometry of the bipolar transistor Q1. diffusion isolation of transistor Q1.

transistor Q1.



moved. The third data is a string of two inte-
gers; the first represents the number of ver-
tices of the rectangular polygon and the sec-
ond, the transformation code (two digits).
Figure 3 shows the control card for all masks
of the transistor of Figure 1. This transistor,
which contains only rectangles (four ver-
tices), will be rotated through 90° (transfor-
mation code 20), as described by the third
data equal to 420; the origin (around which
rotations are always performed) is then
moved to the point x = 555.25 um, y =
482.5 pm.

Program execution proceeds with the
plot of the processed geometry. At this time
the final coordinates are stored in the place
of the initial coordinates input through
marked cards. The coordinates for the cut
and strip machine are printed or output on
the plotter (if no printer is available) after
completion of the drawing of stored geome-
tries.

START

Store starting,
address of
items

The remaining geometries are further
processed until all masks are plotted and dig-
itized. The number of coordinates processed
at one time varies from 100 to 160, depend-
ing on the number of loaded programs. The
program is segmented in such a way that a
number of subprograms can be deleted, e.g.,
if no rotation and no circles are needed, more
memory registers are available for data stor-
age.
The metalization mask usually contains
oblique lines also. A convenient mode for
designing this mask is to start from the con-
tact mask and digitize the metalization con-
tours (in wm). The LAYOUT-3-
POLYPLOT programs, which can process
any closed contour, are then used for the
drawing, verification, and listing of this
mask. Each vertex of the contour must be
described by two coordinates (x and y) on
the data cards. No control cards are used in
this program.

Cafnputer

Apussum

Rotation

Sh it coording-

tes one rey(.r{er

1 memory

Are all
dtems
stored ?

Store loading
address of
control data

Input
scale factor
of drawing

Store end Change signs T
address of coordinotes |
of actual idtem
. A
Move ctem
|

']

Multopl ly
coordinoter by

scale factor

Noym (fe-
cation or
Reduction’

Fig. 4

Plot the

polygons
of this ilem

PROGRAM DESCRIPTION

The flowchart of the LAYOUT-3 pro-
gram is given in Figure 4. Coordinates and
control data are input as described in the pre-
vious section. The scale d for the drawing is
computed as shown in the following exam-
ple. For a 250-times-larger plot than the cir-
cuit chip, the C coordinate (expressed in
units on the plot) corresponding to ¢ (in wm)
on the chip is

C =250e 20086 ce10” *mm =
mm

M

5c units.

The scaling factor is
d=L=s5. )

In Eq. (1) the coordinate ¢, which is stored in
pm, is expressed in mm, and 20 1;1111_;:]5 repre-

sents the accuracy of the HP 9125 Plotter.
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Flowchart of the LAYOUT-3 program.



An interesting feature of the program is
the algorithm that performs rotations. For a
rotation through 907, the new coordinates x’
and y’ can be expressed as functions of the
given x and y using polar representation.

x' = pcos(6+ 90°) = —pcos[180° —
(0 + 907)]= —pcos(90° — 6)  (3)
=—psinf = —y,

y' = psin(@ + 90°) = psin[180° —
(6 + 90°)]= psin(90° — 6) (4)

= pcosf = x,
where the initial coordinates are:
X = pcosh, (&)
y = psiné. 6)

As shown in Figure 5, the rotation is
achieved in two steps; first the sign is
changed to all x and/or y of the processed
geometry, then all these data are shifted up-
ward one register. Data are stored beginning
with memory register 216. The coordinate
stored in the top memory register is saved in
the lowest register involved. The first step
represents a mirror image.

After completion of the drawing, the
stored data must be multiplied by the ratio
%’, where d' is the scale factor for the

rubylith. Since the listed coordinates must be
in mm and the initial data are in pwm, d’
always must be less than 1. Thus for a mag-
nification of 500 on the cut and strip
machine, d’ is 0.5 and the desired ratio is

4 _05_
404, Q)

supposing a magnification of 250 for the plot
d=25).

The layout of a MOS/MSI static shift
register designed with the aid of the
LAYOUT-3 program is shown in Figure 6,
and Figure 7 contains a list of coordinates of
the diffusion mask at the scale 500. The plot
of the layout of a bipolar IC is shown in
Figure 8.

EXPANDABILITY

The LAYOUT-3 program presented
above has been developed on a HP 9100 Sys-
tem, but full efficiency of its possiblities can
be achieved on a HP 9800 System. The HP
9830A Calculator and the 9880B Mass
Memory System, which enables a large
number of coordinates to be stored and pro-
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177.00 130
143.00 123.
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Fig. § Data updating for a geometry rotated through 90°.
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MOS/MSI IC layout designed with HP desk-top calculators.
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cessed, are the ideal hardware for this pro-
gram. The system must further contain a
Card Reader (9860A), Typewriter or Printer
(9861A or 9866A), and a 9864A Digitizer,
which is very useful for laying out the
metalization mask starting from the contact
mask. Further, a dimensional checking pro-

Bipolar IC layout designed and plotted with LAYOUT-3.

gram can be added, and a punched paper
tape can be output on a 2895B Tape Punch to
control an automatic drafting machine.

On a HP 9800 System, LAYOUT-3 rep-
resents a very powerful program for the de-
sign, plotting, verification, digitizing, and
artwork generation of integrated circuits.
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HP-81 REAL ESTATE AND INVESTMENT ANALYSIS
HANDBOOK

The HP-81 Real Estate and Investment Analysis Handbook , by

Dr. William Kinnard and Dr. Byrl Boyce of the University of
Connecticut, is now available. The 243-page handbook spells out
the step-by-step procedures for doing internal rate of return, de-
preciation schedules, discounted cash flow, present value calcula-
tions, cash flow projections, statistics, and more.

The HP-81, a desk-top, printing, preprogrammed financial
calculator, is more powerful than the hand-held HP-80. It is used
by managers in finance, engineering, construction, real estate, and
manufacturing. It is an excellent financial decision-maker’s aid.

To order the HP-8] Real Estate and Investment Analysis
Handbook, Part Number 00081-90020, price $15 in the U.S.A.,
contact your local Hewlett-Packard sales office; for further infor-
mation, ask for the HP-81 Real Estate and Investment Analysis
Handbook Application Summary, 5952-8993.



OPTIMIZING
THE OPERATION OF A CHEMICAL
PROCESSING COMPLEX

by Ken W. Lessey
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The world food shortage has put a burden
on fertilizer manufacturers to tighten their
belts and produce the very best mix of fer-
tilizer products. Reichhold Chemicals shares
this burden at its complex of fertilizer plants
at St. Helens, Oregon. The plants manufac-
ture steam, ammonia, urea, and a nitrogen
solution. The products in the plants can be
marketed through several different channels,
and there are alternate sources of raw mate-
rials.

PRODUCTION FACILITIES

The interrelationships of the steam, am-
monia, urea, and nitrogen solution plants are
shown in Figure 1. The product from the first
plant is used as a raw material in all the
others. The product from the second plant is
used in the third and fourth plants, and the
product from the third is used as a raw mate-
rial in the fourth plant. Also, energy pro-
duced in three plants is consumed in three
plants. The total energy consumed must
equal the total energy produced. This results
in a unification of all four plants. For exam-
ple, when the operating conditions in the ni-
trogen solution plant are changed, the opera-
tion of the steam, ammonia, and urea plants
also changes automatically.

MARKETING AND INVENTORIES

The fertilizer market is seasonal. This
fact, coupled with the sales contracts in exis-
tence and limited storage on inventories for
products, places some interesting minimum
and maximum limitations on production for
each product that must be met. The availabil-
ity of raw materials is also seasonal. Natural
gas is more available in the summer than in
the winter. Fuel oil and propane are season-
al, but they can be stored. There are very
large differences in cost in alternate raw
materials and sources of energy.

INTUITIVE SOLUTION

Traditionally, the plant has been oper-
ated at a point that intuitively seems to be the
best one. Some rough calculations were used
to make small improvements in profit pic-
tures. With approximately 60 variables to
consider at one time, it is difficult to come

In the foreground is the urea plant. The structure at the
back is the urea prilling tower.



up with the very best solution. We now use
linear programming and the HP 9830A Cal-
culator to optimize the operation of the plant.
The potential impact on profits wasn’t really
appreciated when we began. As it has turned
out, the difference between the optimum
point and the intuitive point of operations has
had a very significant impact on profits.

LINEAR PROGRAMMING
SOLUTION

Linear programming is quite well
known, and the primary purpose is to find
the one optimum point of operation. For us,
this is really a secondary aspect. The primary
value of the system comes under what is
called sensitivity analysis. Here we can look
at a great number of alternatives and quickly
determine the consequences of each one.
The program also points out opportunities to
improve profits and to realize other advan-
tages in operations that are not evident with-
out the program. Another result of the pro-
gram that we had not really anticipated was
the deep understanding of the economics of
operations that comes from analyzing the al-
ternatives of plant operation. It is so easy to
evaluate different situations that you can get
many years of experience in one day by
using the calculator with linear program-
ming. Many times we found that the intui-
tively obvious balance in plant operations
was just the opposite of the actual optimum
balance.

OPERATION OF THE SYSTEM

The program is a modified version of the
Stanford HP Program GLPSAL. It is used to
simultaneously solve 32 equations and 60
variables covering energy consumption,
steam production and demand, ammonia,
urea, and nitrogen solution production and
demand, raw material supply, and inventory
levels.

The first step is finding an optimum solu-
tion to a given set of conditions which takes
about two hours on the calculator. The sec-
ond and primary step is evaluating alterna-
tives to the optimum solutions. Examples are
buying alternate sources of raw materials at
higher prices, expanding capacities of differ-
ent sections of a plant, putting in new
facilities to change the operating characteris-
tics of the plant (such as insulation to reduce
energy losses), determining the value of
facilities to increase production and the
value of facilities that would allow use of
new raw materials. Many alternatives can be
considered that would not be possible with a
manual system.

Evaluation of an alternative takes 2 to 10
minutes of calculator time for an accurate
answer. Manual methods take 8 hours for an
approximate answer. Some results have been
changes in budgeted production and a deci-
sion to de-bottleneck and expand the capac-
ity of one plant. It pointed out the value and
opportunity in switching to a very expensive
fuel during some periods of the year, which
had not been considered feasible before.

PRODUCT MIX & ENERGY BALANCE

ST. HELENS PLANT
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Q
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&
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Figure 1. Schematic of plant operations.
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DON’T FRET

Ask the Machine”*

*Reprinted from the souvenir program
for the National Folk Festival, August 1-4,
1974, Wolf Trap Farm Park, by permission
of the National Folk Festival Association,
Inc. The article was written by Jonathan
Eberhart.

Some may protest the inclusion of the fol-
lowing rather technological subject in the
program to an otherwise traditional festival,
but we've included it in the spirit of fun (it's
even a little practical). It's the brainchild of
Mike Rivers, a long-time picker, occasional
instrument maker and accomplished elec-
tronic engineer.

A surprising number of musicians and
instrument builders are also involved in
some way with computers, usually through
science, engineering or other mathemati-
cally-related professions. This article is for
them. It is simply a computer program that
draws properly spaced frets for the finger-
boards of instruments such as guitars, banjos
and mandolins.

There’s not much point in using it to pat-
tern a replacement fingerboard for an exist-
ing instrument, since it would be much
easier merely to trace the old one. It would
be more helpful in laying out the frets for,
for example, a newly-built instrument of an
unusual size or a hybrid instrument for which
no pattern is available. The program was de-
signed, in fact, simply as a diversion (com-
puter types are like that), an attempt to do
something musical with a computer (com-
puter music is a whole 'nother game, requir-
ing additional equipment). But it has its
uses.

The program, in a computer language
called BASIC, is based on the fact that in the
case of a fretted instrument, the distance
from the bridge (through which the strings
contact the ‘‘face’’ of the instrument) to any
given fret is equal to the distance from the
bridge to the next farthest fret divided by the
12th root of 2. This precise relationship re-
sults in the equal-temperament, or “‘well-
tempered,’’ tuning system that is now com-
mon to much of western music, in part
through the influence of Johann Sebastian
Bach’s series of compositions called ‘‘The
Well-Tempered Klavier.’’ (There are several
other systems, one of which is sometimes
used by dulcimer makers.)

The program was originally run on a
Hewlett-Packard 9830 Programmable Cal-
culator, equipped with a HP flatbed plotter
(which makes the drawing), but anyone with
reasonable experience ought to be able to
adapt it to his or her own equipment. In es-
sence, the operator begins by telling the cal-
culator the desired string length and the
number of frets. Otherwise, the poor cal-
culator would spend all its time drawing frets
at tinier and tinier intervals and would never
be able to stop and finish the sides of the
pattern. Next there is a subroutine (a sort of
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side-program) designed to make sure that the
resulting pattern will fit the size of the paper
on the plotter (in this case 15 inches). Larger
fingerboards can still be drawn — the plotter
can simply print the first octave (12 frets) on
one sheet and the second octave (which is
exactly half the length of the first) on
another.

As an added touch, the program prints a
star at the twelfth fret to indicate the octave.
Then it goes on drawing the rest of the frets,
comes back around to draw the edges and
finally labels the drawing with the string
length and the number of frets.

Despite its semi-frivolous intent, the
program found a use almost as soon as it was
completed. Alberto Vazquez, a Virginia
banjo maker and picker, wanted to make a
five-string banjo neck for a petite, seven-
inch shell, or body, from a hybrid called a
banjo-ukelele (the original neck was too
short, lacked one string and had too few
frets). The problem was to end up with 22
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frets spaced for a string length that would
allow placing the bridge in a position that
would produce a good tone (the tone of a
banjo depends largely on the distance of the
bridge from the edge of the banjo’s head, or
skin).

The first step was to make an educated
guess at the string length and tell it to the
calculator, which then obligingly drew out a
fingerboard for it. The drawing was then laid
in a position next to a seven-inch circle
drawn to represent the shell, so that another
educated guess could be made about whether
the bridge was in a good spot (the bridge is
placed at exactly twice the length of the first
octave for a given fingerboard). Because the
bridge position came out a little too close to
the edge of the shell, a slight increase was
made in the string length, and presto, Al had
his fret pattern. (The illustration is a pattern
for a Gibson A-model mandolin, reduced by
the calculator from its actual 14-inch length
to fit on this page.)

ALE LEHGTH: "LE"IH. "
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EPILOGUE

When I made up this program, I did it
merely as a programming exercise while
playing with my new 9830, which is now
happily at work for the Naval Oceanographic
Office. Some of my friends who do more
building of instruments than I have picked up
on it and to this date one guitar and two
mandolins have been built based on the pro-
gram. In actual application, it was found that
the Hewlett-Packard 9862A Plotter with its
soft tipped pen did not draw lines fine
enough to use as an accurate pattern, so the
program was modified and run on a machine
with a CalComp drum plotter with a very
fine pencil on mylar. This made a dimen-
sionally stable and useful pattern. This pro-
gram generates a fret pattern of equal temp-
erament useful for conventional instruments
(such as the guitar) which can play in all
keys. For an instrument such as the fretted
dulcimer which plays in only one key with-
out retuning and is traditionally fretted ‘‘by
ear,”’ just intonation, based on pure
Pythagorean intervals, is appropriate. This
will give a sweeter tone in one key but will
be out of tune in others. A just-intonation
program has been written but has not yet
been applied.
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PROGRAIMIMING

tips

CALCULATIONS ON THE 9830A
DURING PROGRAM EXECUTION

Joe Armstrong of Hewlett-Packard submitted this program-
ming tip.

During the execution of a program, it is often necessary to
make calculations to answer certain program-prompted questions.
You can use the HP 9830A to perform these calculations by press-
ing either the up or down display keys (1,)) when the 9830 is
waiting for an input. This will put the 9830 in the calculator mode.
You can now perform any normal keyboard function.

Examples:
1. To check the status of A. Key in A and press EXECUTE.
2. To calculate A*B/C. Key in A*B/C and press EXECUTE.
3. To change the status of D(1,5). Key in D(1,5) = T*S and
press EXECUTE.

You can return to the input step where you exited the program
by pressing CONT and EXECUTE. The only disadvantage is that
the original display message will be replaced by a 7. Simply re-
member what the message was and enter the response as usual.

NOTE: Use the 9830 as a calculator only. Do not attempt to
edit, add, or delete any program lines during this procedure. To do
so would cause the 9830 to lose its pointer to the step in memory
where you exited the program.

SIGNALING THE END OF A PROGRAM
(9830A)

David M. Kuchta and Rona J. Newmark of Case Western
Reserve University, Cleveland, Ohio, submit this helpful pro-
gramming tip.

In the course of our programming on a Hewlett-Packard
9830A, we have developed the following method of signaling the
end of a program, or a particular segment of program, such as a
lengthy routine followed by an input by the operator. By inserting

10 A=91919191919191919191919191919
at the end of a segment, the calculator will emit its characteristic
beeping sound for ten seconds. Since this results in a recoverable
error (error message 100 — numeric overflow), program execu-
tion can be continued at the next line. Each time the expression is

raised to another power of 9, the machine will beep for another
second.

Printed in U.S.A.
September 10, 1975

TAPE DUPLICATION ON THE 9820A

Our thanks to William H. Clayton, College of Marine Sci-
ences, Texas A&M University, for the following programming
tip.

Here is a tape duplication program for the HP 9820A that does
not copy empty files, is not wiped out by a binary file, and copies
the files exactly. Also, it incorporates adequate explanatory mate-
rial concerning the use of the program and the copying of binary
files.

I have used this program several times and found it efficient
and trouble free. It may be that other people have run into the
problem of copying tapes and could use this program.
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