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System 45

A New Breed of Friendly Computers Challenges the
Speed, Power, and Memory of Minis.

System 45is the first of a new type
of computing system. Challengingthe
speed, power, and memory of a mini-
computer, yetretainingthe
convenience and interactiveness of a
programmable desktop calculator, it
combines capabilities of both to meet
theincreasing demand for a system that
is sophisticated and powerful but still
easy to use and readily accessible.

Packaged into acompact, self-con-
tained unit are dual processors, a 12
in. (305 mm) CRT display, thermalline
printer, keyboard, four input/output
{1/0) ports, special function ROMs, up
to 64k bytes of user memory, enhanced
BASIC language, and the largest mass
memory storage system availableina
desktop computer system.

The scientist, engineer, designer, or
manager can use System 45 as a
problem solver, design tool,
management aid, or computing
controllerin aninstrument system.
System 45 is especially well suited for
those situations where upgrading from
adesktop calculatoris being
considered, or wherethereisaneedto
supplement, or evenreplace, an older,
large computer. ,

The “friendliness” of HP desktop
calculators and desktop computersis
retained, in both keyboard design and
language, with added improvements.
Forinstance, the keystroke on System
45isthesameasonthe 98310A.
9820A/21A, andthe 9830A/B —
very much like atypewriter's, The
keyboard and thermalline printer can
be ordered in German, Spanish. or
French.

System 45 uses conversational
BASIC language conformingto the
proposed American National
Standards [nstitute (ANSI) standard for
minimal BASIC and hasbeen
enhanced with many additional
programming features. Any program
conforming to the ANSlstandard can
berun on System 45, and the
additionalfeatures offer further help in
structuring programs and dataforthe
operator's — not the machine’s —
convenience.

Integrated System
Architecture

System 45is an integrated
computingsystem. lts componentsjoin
into one compact chassis the
computingtools required for the job at
hand: built-in CRT, optional thermal
line printer and tape cartridges(s) with
drivers and 98k byte operating system
inROM. up to 64k bytes of user
Read/Write memory. Computer-sized
problems are solved on site where the
problem exists



Overlapped Processing

There are two processors in System
45toincrease throughput. Oneis for
formatting dataand controllingl/O and
oneis for program execution. This
allows program execution and multiple
1/0 operations to occur concurrently.
Depending on the number of
peripherals and the program
structure, throughput can be
significantly increased — doubled,
tripled, even more.

Keyboard

The keyboard contains the full 128-
character ASCllset and hasthe feeland
configuration of an electric typewriter.
Optional character sets in German,
Spanish, and French are available. In
Space Dependent mode, BASIC key-
words and multi-character variables are
automatically changed to their proper
upper/lower case format, no matter
how they aretypedin.

There are 16 special function keys
(32 shifted) for use as typing and editing
aids and immediate execute, continue
or store commands. Allof the special
function keys may be redefined to user
requirements. Also, any special
function key can be defined to perform
interrupt operations — a subroutine
may be serviced like a peripheral.

Thekeyboard also contains keys for
CRT editing, program controland
editing, and the numeric pad. The
Recall and “Autost "keys are especially
significant. The Recall key buffer holds
344 bytes of prior entries, which, onthe
average, is 10lines. “Autost” isthe
System 45 auto-start key. When
latched down at power on, it auto-
matically loads a previously defined
program file and protects against loss
of program data due to power outages.

CRT Display

Thisisa 12in. (305 mm) diagonal,
dual, raster-scan, P31 green phosphor
CRT with adjustable brightness. The
color, contrast, size, and brillance were
chosen for maximum ease of viewing.
Brightness can be adjusted for varying
environments, from brightly lighted
areasto dark ones. Inverse video,
blinking, and underlining, which canbe
used in any combination, highlight
selected areas on the screen.

The CRT operatesin two modes,
alpha-numeric and graphic.

Executing a single statement produces a
hard copy of the graphics display on the
thermal line printer. The CRT also
operatesindependently of user
Read/Write memory. Thereisno
perceptibleflicker. In the alpha-
numeric mode, the CRT displays 24
lines 80 characters wide. The bottom
fourlines are for input and system
messages, and the upper 20 are used
for program listings and data.

Thermal Line Printer

Thethermalline printer provides
80-character-wide hard copies quickly
and quietly. It hastwice the speed of
previous HP thermal printers (up to 450
Ipm) and can underline, print
characters 150 % of normal height, and
generate special or unique symbols,
characters, and logos.
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Unified Graphics

Graphics programs can be outputto
the CRT screen, the 9872A Plotter, or
incremental plotters. Graphics
displayed on the CRT screen can be
transferred to the 9872A with a single
BASIC program statement. Vector
plotting speed onthe CRTis 80 in/sfor
quickly visible plotted data.

Portions of the image can be changed or
removed without erasing the entire
display. This allowsthe user to work
with a continual display until it is correct
and then transfer the imagetothe
thermalline printer dot for dot. By
changing one program statement and
rerunning the program, the image can
be plotted on the 9872A Plotter.

Data from the CRT can be digitized
and the cursor X-Y coordinates
returned to the program. This
interactive technique is very convenient
for design and image analysis. Used
with hard or floppy discs, graphics can
be transferred to the storage device
easily and quickly.

Unified Mass Storage

Data and programs can be stored
three types of media; the 217k byte
tape transport(s), 500k byte floppies,
and the 15Mto 50M byte fixed /re-
movable discs. As with Unified



Graphics, changingone BASIC
statement in the program willaccess a
different storage device, a particularly
useful feature when upgradingto a
larger or faster device.

As many as 10 mass storage buffers
canbe defined to considerably improve
throughput during sorts, database
searches, and other file manipulations.
Serial and random file organization
gives the operator the choice between
data compaction and fastfile access,
depending on the requirements of
the application. For verification and
data/program integrity, System 45
does three separate read-after-writes if
abit error occurs and maintains a
backup file directory automatically for
each storage device.

Peripherals

For system expansion and
versatility a variety of peripherals for
System 45is offered. Besidesthe
internal thermal line printer, the 9866B
Thermal Line Printer, 9871A Serial
Impact Printer, and 9881A Line Printer
are available for selection of hard copy
output suitable to the application.

The 9872A Plotter with four-color
capability, 9878A 1/0 Expander,
9884A Tape Punch, and 9885 M/S
Flexible Disk Drive with 500k bytes per

disk are also available.

Four Input/Output Ports

System 45 accommodates bit-serial,
bit-parallel, BCD, or HP-IB {conforms
to IEEE Standard 488-1975) interfaces
and is equipped with four /O ports. It
can control or gather data from instru-
ments; 500k byte floppy disks or 15M
to 50M byte fixed /removable disc
systemscanbe added. System 45 has
15levels of programmable priority
interrupts.

Areal-time clock interface is also
available.

Enhanced BASIC Language

System 45’slanguage conforms to
the proposed ANSIstandard for
minimal BASIC and has additional
features providing more powerful
programmingtools and faster
execution. Strings can be aslongas 32k
bytes, and six dimensional numeric or
string arrays can be specified, each
dimension with its own upper and lower
subscript bounds. Element-by-element
multiply and divide, row and column
summation, and a function of each
elementin a numeric array or the sum
of the entire array are donein one
statement. To speed the process of
lookingfor a programmingbug,

System 45 selectively traces logic and
dataflow, which can also berecorded
onthe printer for later analysis.
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FORTRAN-like subprograms have
Dynamic Memory Allocation. Memory
is allocated when the subprogramis
entered and restored to the system
when it is exited. Since a subprogram
resides in a separate environment, the
variables used will not conflict with those
in the main program. Programming
projects may be broken into modules
and assigned to several programmers,
each using his or her own variable
designations, and the modules
combined into a complete package
without complications.

For clarity of program listings,
names using as many as 15 characters
can be ascribed toline labels, variables,
and subprograms. Lines can be
indented, and remarks can be made on
the same line as program statements.

Software

oUtility Library
*Numerical Analysis Library
eBasic Statistics & Data
Manipulation
*Regression Analysis
eWaveform Analysis
e Text Processing
sForecasting & Graphics
e[ inear Programming
e[nventory
ePayroll

The Utility Library package is
included at no charge with each System
45. It contains commonly used
computer routines for user
convenience and quick start-up.
Some of the programs included are
routines for numerical integration,
sorts, graphs and charts, and
regressions,

AllHewlett-Packard software
packages are designed to give the user
standard routines common to the
applicatior for smooth transition to

System45.



Applications

System 45is designed for the user
whose work requires on-site, no-delay
accessto acomputing system and
involves the following:

eScientific computation and data

analysis
*Engineering design
*Data acquisition and control
Scientific computationanddata

analysis. System45’sspeed, memory,
and graphics are important to these
applications, as are many of the
software packages available. Routine,
repetitive tasks are performed quickly
and simply. Investigation of alternatives
is also simplified using the CRT in
graphics mode for visual checks,
corrections, and confirmation.
Unwanted data or lines can be erased
and the finalized version dumped tothe
thermal line printer for a dot-for-dot
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hard copy record. Complex routines
are easily handled by System 45 with its
large internal memory and enhanced
BASIC language.

Engineering design. System45is
accessible when and where itis needed
—onthe engineer’sdesk orin the
engineering group — acomplete
design system. The graphics feature
is especially useful in design formu-
lation/analysis and in simulation. Sys-
tem45’s enhanced BASIC is powerful,
yet surprisingly simple. Customized
softwareis developed in a straight-
forward, easily understood manner.

Data acquisitionandcontrol. Five
interfaces and fourl/O ports offer
versatility and easy system expansion
and/or change. System 45 has 15
levels of programmable priority
interrupt for controlling the most
complex instrument systems.

Other applications. Management
science and business administration are
often of concern to the scientific/en-
gineering user too. Budget control,
forecasting, and job schedulingare a
few examples. System 45 and either
user-developed or HP-supplied
software easily handles such jobs. The
Forecasting & Graphics and Text
Processing software packages are
particularly useful for originating
reproducible managementreports
complete with plots and charts.

To learn more about this new type
of computing system — interactive and
accessible, yet with more power, speed
and memory than any other desktop
computing system — please contact
your nearest Hewlett-Packard sales
office or writeto KEYBOARD, P.O.
Box 301, Loveland, Colorado 80537,
U.S.A.

END
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Automatic Switch-off for
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Figure 1.

The members of our industrial
engineering department use the HP
9810A to solve numerous problemsin
research, chemical and system
engineering, economy, etc. Many
technical and match problems require
the use of various iterative or even
stochastic methods (including simula-
tion) that often are time consuming.
This limits our ability to take full advan-
tage of the calculator forimmediate and
direct problem solving by the greatest
possible number of users.

To meetthe situation, we shifted
the time-consuming calculations into
the evening hours. They now are
started near the end of the work day
and the calculation process takes place
after working hoursin the absence of an
operator.

The technical solution is based on
the factthatthe STATUS lightis
activated if anjnadmissible step
occurs. This signalis transmitted by a
photo resistance probe (Figure 1) toa
switch-off relay (Figure 3). Figure 2
shows the wiringscheme.

Afterthe program s started, the
photoresistance probe (removable) is
placed overthe STATUS indicator
light. The terminating program steps
take, for example, the following form:

........ CLR ........ 20

........ DIV ........ 35
thus stopping the calculation and
activatingthe STATUS light. The
circuitry then disconnects the
calculator.

Tﬂ«.é_— { 6

~ Calculator HP

- Status

- Photoresistance
Amplifier

oW N

Figure 2.

Another combination of program
instructions can be applied, of course,
for obtaining the sameresults.

About the Authors

Both authors are employees of
Severoceske chemicke zavody (North
Bohemian Chemical Works), Lovlsice,
Czechoslovakia.

Karel Prochazka has completed his
studies for Technical High Schooland
works in the field of value analysis. His .
hobbies are radio engineeringand
motoring.

Pavel Capek acquired the same
high school education and is engaged in
labor organization, especially in specific
organizational methods (MTM, etc.).
His hobbies are motoring and aquatics.
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Researching

Southem California Gas Company

Twenty percent of the energy con-
sumedinthe U.S. isusedinthehome
— half of it for heating and cooling
the interior, about 15% for water
heating, and the rest for appliances
and lighting. If home energy con-
sumption could be reduced by 50%,
300,000 barrels of oil a day could
besaved by 1985.

Two experimental homesin
Southern California have been built to
demonstrate that homes using at least
50% less energy can maintain the living
standards and comfort enjoyed by the
typical U.S. family in a conventional
home. The project is called MED
(Minimum Energy Dwelling) and is
beingconducted by the Southern
California Gas Company, a utility
company; Mission Viejo Company, a
residential construction company; and
theU.S. Department of Energy. A
secondary goalis to encourage the
construction industry to adopt some or
all of the energy-saving features used in
the building of the MED homes. The
9825A is used to gather, reduce and
report test data from sensorsinstaltled
inside and outside the MED homes.

The two homes built for the MED
project are identical. One of the 1150
sq. ft. (106,8 m?), three bedroom,
Spanish contemporary style homes is
occupied by a “typical” U.S. family of
father, mother and child and the other
is open for tours for the building
industry and the general public.

ways to reduce e
energy use in the home

Energy usage of both MED houses
is measured and compared with the
energy usage from a sample of similar
homes not equipped with the MED
energy-saving features. Most of the
equipment and materials used are
currently available and are either cost
competitive or have homeowner
benefits that outweigh the additional
cost. The only exceptionis the experi-
mental solar-gas energy system, which
is more expensive than conventional
equipment at this time.

Some of these features are:

sinsulation of the concrete slab on
which the house is built to block heat
lossto the outdoors and underlying
earth.

eUse of mastic, a putty-like sealer,
between the concrete slaband the
house to prevent air seepage into the
house.

sExterior walls built of 2 X 6inch
studs spaced 24 inches apart instead of
the normal (inthe U.S.)} 2 x 4inch studs
spaced 16inches apart. The volume of
wood usedisthesame, butthe2x 6
inch studs allow more insulation to be
used. Theroof rafteringis 2 x 1Qinches
spaced 24 inches apartinstead of 2 x 8
inches spaced 16 inches apart for the
samereason. The greater depth of
insulation provides almost twice the
protectionin the walls and about 35%
more protection in the roof.

D Project

(Minimum Energy Dwelling)

*8 mil plastic, instead of standard tar
paper, used for moisture penetration
prevention. The plastic is also being
tested to determine if it provides a better
barrier against outside air filtration.
eVertical wings on each side of the

windows to reduce the amount of sun-
light hitting the panesand a 3 {t.

(1 m) roof overhangto further reduce
the amount of sunlight on the windows
and sides of the house. In Southern
California, more energy is used cooling
inside air than heatingit.

eOther shadingorreflecting
techniques. The patios are roofed to
help shade the house and the yard is
landscaped to take advantage of shade
thrown by trees, bushes and other
plants. The house is painted a light
colortoreflect sunlight.

¢ A vestibule with an inner and outer
door, something like an airlock, to
minimize exchange of inside, treated air
and outside air.

¢ A hollow steel entry door with a
plasticfoam insulated core. The dooris
fitted with a magnetic rubber gasket
doorstop like those used on refrigerator
doorsto keep conditioned air from
escaping.

*Wood-framed windows with
removable double glass inserts. Small
adjustable louvers, looking much like
Venetian blinds, fit between the panes
sothat sunlight can be blocked out.

e Aredtile roof, which waschosen
because it heats up slowly. Duringthe
day, theroof remainsrelatively cool
and thus does not contribute to the
need forcooling the inside



Exterior

Patio cover to shade large
windows and sliding glass

Solar collectors for solar-
assisted domestic water

heating and space heating
and cooling

Tile roof for
additional mass

Windows shaded L

. P s
Double-paned windows with »

shutters hetween panes

Advanced energy-saving
kitchen and laundry
appliances

Extra thick exterior walls
to allow for heavier wall
insulation

Membrane beneath stucco

Other energy-saving features: to eliminate air intiltration

@ house finished with light-
color paint

@ optimum use of landscaping
for shade

Workmen are blowing the first coat of stucco on one of the specially built MED homes.
Beneath the stucco is 8 mil plastic wrap — rather than standard tar paper — to help seal

the homes from outside air. Vertical shading wings reduce the amount of sunlight striking
the double-pane windows.

Other energy-saving features;

@ magnetic insulation strips
on all doors

@ furnace thermostats with
automatic setback devices

Interior

Waterflow control devices
on kitchen and bathroom
fixtures

Solar-assisted domestic
water heating and space
heating and cooling
equipment

Double entry doors to
reduce air infiltration

@ economizer cycle to cool
house during aight with
outside air.

temperature. During the night, when
heat may be needed, the roof will help
maintain the inside temperature.

*An economizer system, which
senses the inside and outside air
temperature and humidity. When the
outside temperature reachesa
predetermined level, the air
conditioner is turned off, afan drawsin
outside air, and arelief damperis
opened to flush the hot air from inside
the house. When the outside
temperature is not at acomfortable
level, the economizer system causes
the air conditioner or furnace to operate
and maintain a comfortable
temperaturein the house.

eHome appliances selected for their
energy-saving features. The gas
kitchenrange and clothes dryer have
no pilot lights. Self-energizing
starters light the range burners. The
range also has afan-driven convection
oventhatbakesand roastsin half the
usual time. The refrigerator is modified
so that heat from the compressor and
condensor is channeled outside during
the summer andinto the house in
winter. The clothes washer and dryer
are located behind weather stripped
doorstoisolate the heat generated
wheninuse.

*Pre-blended water of a specified
temperature chosen by pushbuttons.
Instead of hot and cold water faucet
handles, there is a panel of buttons from
which to choose the water temperature
needed. The water is mixed at the water
heater andisfed through asingle
insulated pipe.

eEach water outletin the house is
fitted with a water-saving device.



Day and night thermostatsand a
clock are used to control the demand
for heating and cooling.

The Mission Viejo Company
v 23 estimates that the added features, not
An array of solar collectors is mounted on the roof of each MED home. The collectors ~ including the solar system, increase the
capture the sun’s energy to provide heating, cooling and domestic hot water for the house. costofahomebyabout10%.

sNatural gas-assisted solar energy
system. The homesare heated and
cooled and the domestic water supply is
heated by solar energy. The heat
storage medium is water. Onclear,
sunny days the solar system provides all
the energy needed. Natural gasis used
only when solar energy is insufficient.
Heating and cooling are accomplished
by a single-coil air handler, which has
either chilled or heated water running
throughit. The hot wateris supplied ; i L - :
directly from the solar system’s 500- T sl . S 1 SO
gallon water tank, and the chilled water ? i : :
comes from a hot water-fired
absorption chiller. The domestic hot

water, after being pre-heated by solar 5 % I 5 Sy - e . ot
energy, isdelivered to an experimental - ¥ & ; e Y s Yo Y
heat pipe water heater, which willheat Many of the highly accurate sensors were built in during construction of the homes.
the water to the required temperature if More than 100 readings of temperature, flow, wind, humidity, and electrical usage are read
itis not already hotenough. into the 9825A every 30 minutes.
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The 9825A’s Role

Southern California Gas Company
isresponsible for data gathering and
analysis. Theresults will be shared with

other gas utility companies, construc-
tion companies, and the publicin
general.

The project’s purpose is to monitor
total energy usage atthe two MED
homes and to compare that data with
data gathered from the sampling of
conventional homes. 97 data points are
monitored — 51 temperatures; 24
water, air, and gas flows; 16 electrical
consumption; and 6 meteorological.

The data acquisition system
includes a Netf 620 Multiplexer, an
HP 98032A for interface to the 9825A,
a 9866B Printer, an HP 59308A Timer
and 59309A Clock, and 9825A
Desktop Computer with 24k bytes and
Generall/O, Extended /0O, Strings,
Advance Programming, and Matrix
ROMs.

Other systems were considered but
the combination of Hewlett-Packard
and Neff appeared to be the most
suitable for this project. The Neff Multi-
plexer is compatible with the 9825A
andrequires only afew simple
commandsto operate.

The 9825A can store the calibration
curves for all sensors so calculations can
be made at the site. Datais stored
permanently on the magnetic tape
cassettes, and the 9866B is used for
continuous data output. Thereal-time
Clock and Timer are used to control the
9825A and Multiplexerfor proper
sequencing of data collection.

The data acquisition procedure is
initiated by an interrupt command from
the Timer. During the nextsecond
morethan 100 channels of
temperature, flow, wind, humidity,
and electrical usage data areread into
the 9825A. After conversion to
engineering units, the datais
accumulated in the 9825A and another

Ever 30 minutes the 9825A gathers over 100 readings of temperature, flow, wind,
humidity and electrical usage.

interrupt occurs. Every 30 minutes the
dataisintegrated and stored on
magnetic tape.

Besides performing data
acquisition, the 9825A uses sub-
routines to ensure that the system is
maintaining the required 5%
cumulative accuracy on data measure-
ments. Using the 9825A to check
accuracy has significantly reduced the
cost of obtainingthe 5% accuracy.

Data can also be printed out on-
site without disrupting the data
gathering procedure, and servicemen,
using the display, can verify proper
operation of the mechanical plant of the
homes.

Since the data acquisition system is
on-site, portability and ease of
installation are primary advantages
appreciated inthe 9825A.
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Project Results

Because the 1976/1977 winter
was so mild in this part of the United
States, Southern California Gasdoes
not feel firm data has yet been obtained
onyear-round energy efficiency of the
two MED homes. However, their pre-
liminary findings show that, dueto
better construction and the energy-
saving features of the homes, a savings
of better than 50 % is beingachieved.
The project will continue through at
Jeast this winter to verify these findings.

Southem Califomia
Gas Company, 720 West Eighth
Los Angeles, Califomia 90017, U.S.A.

END



Record Ke

9830A

by Bryon L. Karren,
The British Columbia
Sugar Refining Co., Ltd.

The British Columbia Sugar
Refining Company purchased an
HP 9830Ain 1975 to establish an
automatic system for maintaining
processing and operatingrecords. This
system consists of interactive data input
through the 9830A keyboard using the
display as a prompting device, data
storage on the 9865A External Tape
Cassette, and report generation on the
986 1A Typewriter and 9862A Plotter.

Initially, the system was put into
service with 2k words of memory (3520
bytes Read/Write memory), a String
VariablesROM, and a Plotter ROM.
This system has now been upgraded
with the addition of a further 2k words
of memory and an advanced
programming (API) ROM. In 1976,
another complete system wasputintoa
similar service in another division of the
company located at Winnipeg,
Manitoba. This new system employs an
HP 9871A Printer instead of the 986 1A
Typewriter.

The majorreasons for selectingthe
9830A are:

®Theinitial cost vs. the final
capabilityis very attractive.

®Operating and programming are
easily carried out by the personnel
who maintained therecordsin the
manual system that hasbeen
replaced.

®The ability to produce graphical
plots to present large amounts of
datais considered to be extremely
important.

The application described in this
article is merely a subsection of the
entire system. It serves asagood
illustration of interactive datainput,
data storage, and dataretrieval for
report generation. A complete
description of the entire system may be
obtained from a paper presented at the

On-site record keeping on the 9830A system has two advantages. The responsibility for

eping on the

records remains within the department responsible for the work, and quick tumaround is
gained by not “‘fighting”” the more traditional jobs of the central data processing department

such as payroll.

36th annual meeting of Sugar Industry
Technologists held in San Francisco,
Californiain May of 1977. Thettitle
ofthepaperis “A Computer Approach
to Technical Records atthe B.C.
Sugar Refinery.”

Packaging Department
Record System

One of the major motivations
contributing to the decision to automate
therecordkeepingfunctionatB. C.
Sugar was the need to present datato
management in a more meaningful
manner. The packaging department
records demonstrate this new capability
very well.

The packaging department records
consist of information on the
performance of about 37 different
styles or sizes of sugar packages
produced by B. C. Sugar. The
packaginglines operate on atwo- or
three-shift basis. Each operating day,
management reviews the performance
of each of these packaginglines in an

11

efforttolocate problem areas and
maintain maximum efficiency. For the
more active lines, major maintenance
shutdowns must be scheduled in
accordance with package inventory
and shippingrates. Since ordersare
generally filled immediately from stock,
inventory control is a major
responsibility of the packaging
department. They are often called
onto make decisions regarding the
scheduling of required maintenance or
extra packaging activity for particular
products. Therefore theyappreciate
up-to-date information on packaging
lineperformanceto make these deci-
sions. As well, the packaging
department utilizes a significant portion
ofthelabor, and it isimperative that
supervisors have information regarding
the performance of each station.

A manual system had been in
service foranumber of years. The
packaging performance was calculated
for each shift that a particular product
was packaged by expressing the output
as apercent of the theoretically possible



“standard pack” for the same number
of hours. These calculations were
carried outdaily, but no attempt was
made to provide weekly summaries or
historicalinformation due to the extra
workinvolved.

A new system utilizing the HP
9830A Calculator wasdeveloped to
make use of the basic informationin a
much more efficient way. Each day the
basic packaging information is entered
for each operating packagingline — the
number of hours worked and the
number of packages produced. The
datainputisin an interactive mode
usingthe LED display of the 9830A as a
prompting device.

Data entry relies on the use of the
Special Function keys and key overlays
for efficient data entry. Rather than
question the operation of all 37
packaginglines for all three shifts, the
Special Function keys are used to select
the operatinglines in arandom order. A
small amount of program coding
assigned to each specific keyfillsa
number of variables and then accesses
the main data request routine by use of
an HP BASIC defined function. This
avoids the unsatisfying task of a whole
series of null entries for non-operating
lines.

Simultaneously with data entry, a
hard copy record is produced on the
9861A Typewriter. Various correction
options are available during data entry,
again through the Special Function
keys. Once the data have been entered
to the operator’s satisfaction, they are
okayed, which initiates the generation
of the Daily Packaging Performance
Report (Figure 1) and storage of the
basic data. During the printing of this
report, every packaging line operating
below a set efficiency (80%) is high-

DAILY PACKAGING PERFORMANCE REPORT

DATE: AUG 19,1977

FILE: 224
DAY SHIFT
PACK HRS- %
MERRIFIELD-FINE 40KG 30 0.25 34
MERRIFIELD-OTH., 40KG
MERRIFIELD-SIG 40XG 587 2.00 84
5T, REGIS 40KG 1290 2.00 92
DELTA SEAL 10/2 KG
ICING 40 KG
ENVELOPES 450 7.50 83
NORTH WRAPPERS 44 3,00 92
CUBE TRAYS 2250 5.50 91
CUBE 30/454 381 7.50 85
BROWN 20/1KG 580 7.50 82
DEMERARA 20/1 XKG 469 7.50 114
MAN HR %
SHIFT EFFICIENCY 201 94
DAILY EPFICIENCY 278 92

710 2.75_ 74
327 1.00 47
1236 5,00 96

150 5.00 88
332 5.50 84
2175

397

5.00 97
7.00 95

MAN HR %

72 88 5 88

Figure 1. The underlined figures indicate packaging lines operating at less than 80%

efficiency.
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Figure 2. Bar graph of packaging performance.

lighted by underlining for rapid
recognition, A recentaddition has been
the printing of shift efficiencies and an
overall daily efficiency calculated by a
technique weightingeach packaging
line by the man hoursused. Thisisan
attempt to condense the information
into arelatively few numbers for
comparison purposes. The daily report
is produced each morning from the past
24 hours packagingrecords and
delivered to the Packaging
Department. They review the report
and may submit changes or
corrections. If necessary, a new report
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isprinted. The finished reportis
included on the agenda of a daily super-
visory meetingat 10:00a.m. This
rather tight schedule requires that all
steps progress smoothly without
unnecessary delays.

Thebasic dataare stored onan
appropriate data tape in the 9865A
cassette unit. Including the 9865A in
the system leaves the internal cassette
free for program linking and keeps
programs and data on separate tapes.
The ability to link sections of programs
from the program tape allows us to use
programs equivalent to many times the




actual memory size of the 9830A.
Programs progress through the entire
system without manualintervention,
going from one program to another
under control of the 9830A.

Assingle datatapeis used to hold the
data on a daily basis for one year. Now

thatthe data are stored, they are available

for the generation of many subsequent
reports and data plots, which have
become important tools in the manage-
ment process. Atthe end of each week,
aduplicate tape is updated for backup
purposes.

Attheend of every week a
summary is produced from the basic
stored information. The philosophy
behind this report is that daily fluctua-
tions may tend to mask the overall
results at each station. The weekly
report smoothes these fluctuations.
Thisreportincludes cumulative year-
to-date figures for comparison
purposes and acts as akey to the
general packagingactivityona
cumulative basis. Again, thisreport
uses the underlining technique to high-
light efficiencies below 80 % .

Two graphicalreports are produced
for the more active packaginglines to
provide management a means of trend
analysis and some historical
background. The firstis produced
everytwo weeksin the form of abar
graph givinginformation on a shift basis
(seeFigure 2). Thebargraphhasa
centerline of 85% so that efficiencies
exceedingthisgo up, and those below
godown. Thisprovides a rapid visual
indication of the relative performance
of each station.

Also, monthly graphs are produced
showing efficiencies for the past year on
aweeklybasis. The yearis divided into
quarters and average efficiencies for
each quarter are shown by meansof a
dotted line on the graph. Both
graphs provide management with

some historical depth for analysing the
performance of the packaging
equipment.

On aweekly basis a graphical plotis
produced toillustrate the Packaging
Department product distribution. This
plotemploystwo pie charts, one
showing distribution of packages
accordingto the weights packaged, and
the other accordingto the labor utiliza-
tion. This graph illustrates the flexibility
ofthe 9862A Plotter as well asbeinga
good example of the extraction of new
information from the basic data.

In ordertoschedule and record the
completion of the various activities, a
calendar plotting programis used. The
calendar shows the five work days of
the week. Regular repetitive jobs are
printed on their respective days. Per-
tinent information, such as week
numbers and month ends, are
automatically added by the program.
The plotis used by the statistician to
schedule work tobe completed and has
proved particularly useful should the
statistician be absent.

Conclusion

The HP9830A has become an
integral part of the management
process at B. C. Sugar, withthe
Packaging Department’s application
being only a small part of the total
involvement. Due to the ease of
programming and simple nature of the
equipment, it hasbeen possible to leave
these specialized data processing
functions within the department that
hasbeen traditionally responsible for
the manual system. This seemsto work
better than turning over the job to the
central data processing department
where this work would be dwarfed by
the more traditional applications such
aspayroll.

END
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Crossroads

by John Naim, PhD
Hewlett-Packard
Calculator Products Division

Here, atlast, are the solutionsto the
brain teasers presented in the 1977/1
issue of KEYBOARD, along with my
thanks to those fellow puzzle buffs
mentioned below who sentin solutions
to the various problems. [ hope that by
missing the Crossroads column in the
lastissue [ did not tax your patience too
heavily.

1. Inthe problem of finding the bag
of counterfeit coins, the bogusbag can
be determinedin one weighing. Thisis
done by labeling the bags with the
numbers 1 through 10 and placingon
the scale one coinfrombag #1, two
coins frombag #2, and so forth up to
ten coinsfrombag #10, giving a total of
55 coins onthe scale. If all of the coins
weighed 16 grams each, then the 55
coins on the scale should weigh 880
grams. But since one of the bags con-
tained 17-gram coins, the actual weight
willbe too heavy by one gramfor each
counterfeit coin on the scale. Thus, for
example, if the scalereads 887 grams, |
would know that there are seven
counterfeit coins on the scale and that
bag #7 contains the bad coins. Correct
solutionsto this problem were sentin by
Gustavo Avitabile, Ed Jaramillo,
Howard Mark, Ron Mifflin, Samuel C.
Mock, and G.D. Wedlake.

Becausel did not make it clear that
the weighings were tobe taken on a
scale, somereadersassumed that]
intended the use of a two-arm balance.
EarlF. Burkholderand C.S.
Narayanan correctly deduced that
three balancings would be required in
this case to detect the bag of counterfeit
coins.

2.lwas somewhat surprised to find
that no one submitted solutionsto the
two numeric sequences, from which |
concludethat]either made themtoo
difficult or that no onefinds the problem
of determiningthe next elementina
sequenceto beinteresting. Howard
Mark did mention that any infinite

sequenceof n + 1 values can be fitted
byann — th order polynomial and
extrapolated to the next value, but this
obviously wasn’t the solution [ had in

mind. h
Insequence A, the nt term, t ., is

the number of distinct prime divisors of
n. Thusthe 30th and the next termin
the sequenceis 3, since 30 hasthree
distinct prime divisors — 2, 3, and 5.

While sequence A is mathematical
in nature, sequence B should be more
readily apparentto computer
programmers. It is the representation of
the number 16in all possible base
systems that use the common digits as
symbols. Thus 10is 16inbase 16, 11 s
16inbase 15, andsoonuntil 121is 16
in base 3. The next (and last) term in the
in the sequence would be 10 000, which
is 16inbase 2.

Okay, puzzlefans, [ can take a hint.
No more sequences.

3. The geometric proof that all
angles equal aright angle received the
largest number of incorrect solutions,
with almost every step of the process
beingselected by someone as being the
candidate for the fallacy. Aswith most
geometric fallacies, the problem arises
fromanincorrectly drawn figure. When
drawn accurately, the intersection
point, I, lies far below the original
square and triangle EDl lies outside the
square. The apparent fact that angle
EDGisthe difference of angles EDl and
GDlis merely anillusion created by the
incorrect figure, and stepiisthe one
that cannot bejustified. Thanksto
Gustavo Avitabile, Earl F. Burkholder,
Howard Mark, Samuel C. Mock, Clay
K. Perkins, and G.D. Wedlake, Euclid
isstill resting in peace.

4. Alittle analysis shows that the
monarchwhotried toincrease theratio
of women to men in his kingdom isin
foradisappointment. Accordingto his
decree, since every family must stop
having children when they have their
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firstboy, there is exactly one boy per
family. If we look at the number of girls
in each family, one-half of the families
have no girls, one-quarter have one
girl, and soon. Thusthe average
number of girls per family is

1 1 1 1
G==(0)+—(1) + —(2) + —(3) +
2 4 8 16

oo+ N=D
2n

Summingthis series either
analytically or usinga computer
program, we find that G = 1, and so the
decree did nothingto alter the ratio of
girlstoboys. Correct solutions were
received from Gustavo Avitabile, Earl
F. Burkholder, Ken Campbell, Howard
Mark, and G.D. Wedlake.

5.1fIcometotheforkin theroad
andfind only atrutherand a liar, I can
determinethe correctroad to take in
only one question. I pick either of the
twomen and ask, “What would the
other man say if | asked him which road
totake?” Assume therightforkisthe
correctone. Iflask the question of the
truther, he knowsthe liar would say to
take the left fork and accurately reports
thisfacttome. If [ put the question to
the liar, he willlie and tell me the truther
would say to take the left fork. No
matter which onelask, [ will get the
wrong answer and should take the
oppositeroad. To putitin
mathematical terms, by the wording
of my questionl have forced both men
to operate on the answer with exactly
one inversion occurring.

The solution becomes slightly more
complex when the man who answers at
randomis added to the group. Notice
that in the version with only the truther
and the liar, we also could have asked
either man the question, “If someone
were to ask you which road to take,
what would you tell him?” The truther
would correctly say to take the right



fork. The liar would tell the inquirer to
take the left fork. Butsincel asked him
what he would tell someone who asked
him the question, he also lies about
what he would say (remember, he
alwayslies!), and so, hetellsmehe
would say theright fork. By posing the
question this way, I can get either the
truther or the liar to give me the correct
information. Now thatl am faced with
three men, if I can determine thatl am
nottalkingtothe randomIcanfindthe
correct road in one more question. |
begin by liningthe men up and calling
them A, B, and C. There are six
possible orderings as shown by Figure

1.
Q1

O UR N

e Bes R onlinnib s I Rie -2

[l les ey Rov R anll jov)

—Hrr ™30
Z.

Figurel.

I now ask A the question, “If
someone wereto ask you, ‘Is B the
random?’, what would you tell him?”
Thelast column in Figure 1 shows the
answer [would getfor each
arrangement. Notice that if Aisthe
random, I could get eitherayesorano
to my first question. If the answerl get is
yes, C cannot be the random. If the
answerisno, Bcannotbetherandom.
Now thatIhave identified one man who
is definitely not the random, a second
question as given above will determine
the correctroad to take.

Many readers sent in solutions
involving three questions, but no one
succeeded in solving the problem in
two.

6. The final problem wasonein
which apparently not enough
information was given. Most readers
who concluded thisignored one
important piece of data; namely, |
guaranteed that enough information
was given. Since neither the radius of
the sphere northeradius of the hole
was given, and yet claimed there was
sufficientinformation, the only
conclusion to be drawn is the answer
must be independent of these radii.
Therefore, lamfreetochoose any
radius|like for the hole. So I will pick
the easiest one to work withand let the
radius of the hole be zero. Thisfixesthe
radius of the sphere at oneinch and
leavesthe volume of material
remaining equalto the volume of a one-
inchradius sphere, or47/3 cubic
inches.

If you are not convinced, you can
solve analytically using the methods of
either solid geometry or calculus, and
you willfind that all radii (both of the
sphere and the hole) cancel completely
out of the final expression. This
problem was correctly solved by
Gustavo Avitabile, Earl F. Burkholder,
Ken Campbell, and Irwin Tessman.

Many thanks to those other readers
who sent me some of their own favorite
brain teasers. | am always looking for
new and interesting problems. But
enough of these diversions for now.
Nextissue [ will get back to presenting
topics from the crossroads of mathe-
matics and computers.

END
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Programming

Tips

Obscure Uses ofthe RES
Register (9830A)

Submitted by William Zehner,
Seascope Electronics,
1022 Paton Lane,
Lynn Haven, Florida 3244, U.S.A.

The thrifty 3-line program below
causes the 9830A to display arunning
balance for use in balancing your
checkbook, etc.

10 INPUTA
20 DISPA +RES:
30 GOTO10

Its operation may not be obvious.
Theregister called RES always contains
the last number displayed or printed.
Hence, line 20 isreally equivalent to
two operations that accomplish the
running summation DISP A + RES;
RES = (RES + A).

If you are short of variable names or
memory, you can use the RES register
fortemporary storage. For example, to
interchange the values of two variables
without the use of a third temporary
variable,

10 INPUTA,B

20 DISPA (saves Ain RES)
30 A=B

40 B=RES

50 GOTO10

Another interesting use for the RES
register is to pass a number from one
program to another througha LOAD
{file) operation. Unlike other variables,
the valuein RESisnot altered by RUN,
LOAD, INITIALIZE, SCRATCH,
SCRATCHK, or SCRATCHUV. ltis
only altered by SCRATCHA orby
turning the machine off and on (both of
which initialize RESto 0), orby any
operation resultingin anumber being
displayed, printed, orsent toa peri-
pheral device. Hence, to pass the value
of avariable, say X, from program Ato
program B, the last lines executed in

program A should be
990 DISPX (savesXinRES)
1000 LOAD22,10
andthe first line in program B should
be
10 X =RES
(replaces RES into X)
Incidentally, ] wish to thank Mr.
Rahmann for hisingenious
KEYBOARD tip on obtaining non-
keyboard characters. [found it very
useful in writing ALGOL programsin
TEXT mode, because of the frequent
need for square brackets [Jand the \ |
whichis used for multiplication.

Synchronization Between

Timeshare and the 9830A
Submitted by Finn Hendil,
Philips Elektronik Industri Ak/S,
Jenagade 22, DK-2300
Copenhagen S, Denmark

When the 9830A isused as a
terminal for aremote timesharing
system having more than one fixed
transmission speed, the speed is
sometimes indicated from the 9830A
by transmission of one specific
characterrepeated severaltimes.

Inthe TERM mode of the 9830A,
the TRANSMIT function is terminated

with a Carriage Return, which disturbs
the proper synchronization to the time-
sharingsystem, and as there should be
atimeinterval between the transmitted
characters, we have found that this little
programme on one of the unused
Special Function Keys gives a perfect
synchronization each time:

10 FOR N=1TOS8

20 WRITE (4,e) “H”;

30 WAIT400
40 NEXTN
50 END

Afterthe 9830Aisinthe TERM
mode, the procedureis to press the key
when the characters aretobe
transmitted and proceed in the usual
way.
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Refill of Word-Oriented
Buffers (9825A)

Submitted by Sue Kolb
Heuwlett-Packard
Calculator Products Division

If you want to calculate a complex
series of words to be sent repetitively to
ablack box and perform other calcu-
lations at the same time, you can avoid
recalculating the series each time it must
besent.

Let’s say that “FOON"is asfollows:

“FOON"=B$= [XYZPQR][ |

T
Con- Point-
tents ers

Codeto /| dimB$(6 +16)

create buf “FOON”, B$, 2

buffer: \| wtb "FOON”, 882 1 8 + 89,

9002t 8+80,81e21t8+82

Since “FOON” is a word-oriented
buffer, we can think of its contents as
pairs of characters:

X1Y| wordl
Z| Pl word2
Q| R| word3

B$ references the same information
assingle characters:

char. 1
char. 2
char. 3
char. 4
char.5
char. 6

The wtb command tried to write
charactersinto a word-oriented buffer,
soithad to pad therest of each word
with blanks:

=lol o<

BiX
BiY
Blz

Notice that now only half of the old
contents willfit; the buffer overflows.
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The solution to the problemis as
follows:

“FOON" = [RYZPQR] |
5~

Retain two copies of the contents.
When the transfer is complete and the
buffer is empty, fill the buffer with
blanks to reset the pointers and then
copy TS into the buffer content area.
The bufferis thus refilled with the old
contents and can be again transferred.
The code to perform this operation, in
general, follows:

0: dimB$[2N + 16], T$[2N]
where N = number of words in
buffer.

1: buf“FOON”, B$, 2; oni2, “reset”
set up buffer; when device is through
with transfer, branch to service
routine “reset”.

2: 0-Q
Q is a fldg indicating end-of-transfer
and time to start again.

3 fil FOON.........

4. ... .. using wtb. . ... .. ..

5: B$[1,2N]—=T$;buf “FOON"
setup T$; wipe out old FOON as
though transfer completed.

6: “cleanFOON”:fmtNx, z; wrt

“FOON”
fill FOON with blanks (sets pointers
to full).

7: “reload FOON”:T$— B$
replaceblanks with old contents.

8: tir “FOON”, 2
transfer FOON out to device 2.

9: fQ=0;jmp0
wait loop (could be other parts of
the main program calculations).

10: 0=+ Q;gto““clean FOON"
when interrupt has been acknow-
ledged, reload FOON and start
process again.

11: “reset”: 10— Q;iret
set Qflagto signalinterrupt.

Note: you must substitute a number for
Neverywhere inthe above program.

In summary, you can refill byte-
oriented buffers using:

wtb “Buffer name”, string variable
associated with buffer, but word-
oriented buffersrequirelines5, 6 and 7
above.

Increasing Storage Capacity
(9830A)

Submitted by Philippe Kent,
6 Chemin de Beau-Rivage,
CH 1006 Lausanne, Switzerland

A substantialamount of memory
may be wasted when storinglarge
numbers of experimental results in full
precision arrays. The values are often of
(rather low) constant relative precision
and/or of small dynamic range. The
use of split precision arrays will double
the storage capacity, but use of the
following procedure will double that
capacity again. The gain in access time,
if the values are stored on the tape
cassette, isalso considerable.

Thetrickisto use a signed, biased
logarithm of suitable base. The base
and bias are chosen such that the log of
the maximum absolute value
encounteredis 32767 and thelogof the
minimum absolute valueis 1:

log, (max|V1) +b=32767,

1oga(min|\/|) +b=1, or

a=(max|V|/min|V|)1/32766

b=1 -loga(minl\/]) with

logx =1/log,a)*log x.

The absolute experimental value is
then converted into its biased log,

signed asthe original value and stored
in aninteger precision array.
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Encodingisaccomplished by:

10 DEF FNC (X)

20 N=0

30 IFX=0THENS50

40 N=b+c*LOG(ABSX)

50 N=SGNXeINT

{(Ne(N>0)+0.5)

60 RETURNN

70 END
wherebisthe biasasaboveand cis
1/log,a.

1 e, s

R

Decodingis accomplished by:
80 DEF FND{(N)
90 X=SGNNeEXP
(d*(ABSN —b))
100 RETURNX
110 END
wheredislog,a. -

Forb = 16000, c = 2000 and
d =5E — 4, forexample, numbers
between +0.0003357 and +4374 as
wellas + 0 canberepresented, withan
accuracy greater than 3 partsin
10,000, by aninteger. The smaller the
dynamic range, the greater the
accuracy.

Properties of the coded value are
such that zero will always convert to
zero, an underflow resultsin zero, an
overflowinrecoverable Error 105 0n
attribution to the integer variable, and
therelational expressions
{ <,=,> )remainvalid between
variables coded with the samebase and
bias. Therelational expressions always
remain valid when one sideis zero.
Direct multiplication and division may
also be performed after separation of
the sign, but checks on sign, overflow
and underflow will nullify the gain in
execution time compated to decoding-
multiplication /division-encoding.

END



Update

9831A Analysis of Variance
Package, 09831-15030

Contains programs for 2-, 3-, and
4-way analysis of variance, split plot,
repeated measures with replicates,
contrasts, and orthogonal polynomials.
Requiresa 983 1A with Opt. 001,
98668 or 9871A Printer, and 98223A
or 98223B version of Matrix-Plotter
ROM. The 9869A Card Reader is
optional.

9831A General Statistics
Package, 09831-15000

Contains one-sample analysis,
paired-sample analysis, test statistics,
distributions, and multiple linear
regression. Requires a standard 9831A
and 9866B or 987 1A Printer. The
9862A or 9872A Plotteris optional.

9831A Stepwise Regression
Package, 09831-15020

Contains programs for stepwise,
forward, backward, and manual
regression analysis, with
transformations and plotting features.
Requiresa 9831A with Opt. 001 and
98668 or 987 1A Printer. The 9862A
or 9872A Plotter and 9869A Card
Reader are optional.

9825A 6800 Microprocessor
Assembler Package,
09825-13750

Provides means for developing
6800 Microprocessor assembly
language programs. The pack includes
Editor, Assembler, and routines for
transferring source program and object
code. Requires a 9825A with Opt. 001,
String-Advanced Programming ROM,
Generall/O-Extended |/OROM,
9866B or 9871A Printer, 9883A Tape
Reader Subsystem. The 9884A Tape
Punch s optional.

9825A Documentation
Package, 09825-10020

This pack contains programs for
annotating listings, complete cross
referencing, program comparison, and
calculating check sums without listing.
Requires a standard 9825A, General
1/0O-Extended /O ROM, String-
Advanced ProgrammingROM and
9866B or 9871A Printer.

'9815A Surveying Package
Vol. 4,09815-13530

Contains programs for triangle and
curve solutions, line and curve layout,
field reductions, earth work and map
check. Requires a 9815A with Opt. 001
and Opt. 002 and a 987 1A Printer.

98020A Soft Sound Enclosure

The 9802A Soft Sound Enclosure
isaninexpensive, compact accessory
that allows the HP 9871A Printertobe
used in a quiet office environment.
Installation of the soft sound enclosure
takes only a few minutes and requires
no specialtools. Since the 98020A is
designed to work best with printers
havingthe 98021A Formfeed
Mechanism, itisrecommended that the
98021A beinstalled on your printer.

9815A Blood Gas Analysis
Package, 09815-14260

Complete analysis and interpreta-
tion of laboratory blood gas (pH, PCO,,
PQO,) measurement for arterial and
mixed venous blood for bothinfants
and adults. Requires a 9815A with Opt.
001 and Opt. 002. The 987 1A Printer
is optional.

9815A Industrial Statistics
Package, 09815-15040

Containsthree control chart pro-
grams, basic statistics, and a histogram
program. Requires a 9815A with Opt.
001 and Opt. 002 and the 9862A
Plotter.
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