A Handheld Business Consultant
The latest model in HP's line of calculators designed for
business and financial applications features a menu-driven
user interface for selecting any of its many built-in functions
or custom equations entered by the user.
by Susan L. Wechsler
HP'S BUSINESS CONSULTANT (Fig. 1) is an ad
vanced handheld calculator that combines many of
the most popular features of the earlier HP-12C with
enhancements such as a menu-driven user interface, cus
tomization without programming, a four-line dot-matrix
display, and an infrared transmitter for sending data to an
optional cordless printer. Because the Business Consultant
uses the same CPU as the HP-71B Handheld Computer,1
its financial calculations run at least 15 times faster than
those on the HP-12C.
The major applications (menus) contained in the HP-18C
Business Consultant are (see Fig. 2):
â€¢ FIN â€” time value of money, cash flow analysis, interest
conversions
â€¢ BUS â€” percent change, percent total, markup
SUM â€” running total, one-variable statistics, forecasting
with one of four models
s TIME â€” date arithmetic, running clock with the ability to
set up to six alarms
''â€¢ SOLVE â€” new way for users to solve their own special
problems without programming.

What makes this product special is its ease of use. The
popularity of the HP-12C told us that its feature set met
customer needs, and yet we were confident that there were
ways we could improve the usability of those features. To
discover how, we contacted our customers through focus
panels on both coasts of North America, and our contingent
of sales representatives overseas. The response guided
many aspects of the design of the business consultant.
Localization

From outside the United States came significant feedback
regarding localization. Many people wanted a calculator
that communicates in their primary (or perhaps only) lan
guage. To do this, every message and softkey label was put
into a single table, thus eliminating the possibility of over
looking a message during the translation process. The idea
of a single table, as opposed to strings scattered throughout
ROM space, appealed to us for financial reasons also. To
expedite release of the product, the HP-18C's operating
system was initially stored in two 32K-byte ROM chips. It
was highly desirable to be able to accomplish localization

Fig. 1. The HP-18C Business
Consultant is HP's latest handheld
calculator designed for business
and financial applications. It fea
tures several built-in applications
accessed by a menu-driven user
interface, an equation solver, algebriac entry of formulas without the
need for programming, and an in
frared transmitter for sending data
to an optional printer.
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Fig. 2. Built-in application menu structures for HP-18C.
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by replacing only one of these two chips. By ensuring that
the message table did not cross a chip boundary, we were
able to meet this goal. So far, the Business Consultant has
been localized in German, French, Italian, and Spanish.
Soft key Menus

Many people in our target market disliked keyboards
cluttered with labels. We did not want to sacrifice function
ality to address this concern, so instead we added more
keys, both physical and virtual. The physical keys were
added by providing a second keyboard, using a clamshell
package design. The virtual keys were added by incorporat
ing a menu-driven interface, using six softkeys that are
positioned directly beneath the display. There are no labels
on these six keys. Instead, their functionality is indicated
by the labels shown directly above them. For example, to
get to the percent change application, the user presses the
softkey labeled BUS (Fig. 2a), which brings up a choice of
four menus: %CHG, %TOTL, MU%C, and MU%P. Pressing the
softkey labeled %CHG puts the user into the percent change
menu.
The Business Consultant is Hewlett-Packard's first
menu-driven calculator. The menu scheme was not free â€” it
came at a cost of approximately 5% of the ROM space. A
menu table and corresponding menu handler had to be
constructed to handle the changing execution address and
ASCII string bound to each softkey, and to deal with the
idiosyncrasies of each menu.
People are emphatic about wanting a calculator that they
can learn to use by merely pressing the keys. They want
an operating environment that is intuitive and consistent.
So, the Business Consultant provides help messages to
guide the user through the various applications, and within
any application, the same interface produces answers
quickly and simply. This generalized interface succeeds in
providing one consistent method for solving problems
throughout the machine. It is the same as the top-row-key
interface (Fig. 3) used to solve time-value-of-money prob
lems on the HP-38C and HP-12C. On these earlier HP finan
cial calculators, the n, i, PV, PMT, and FV keys provided a
great "what-if?" tool for time-value-of-money problems
such as loans, savings, and leasing. To store a value into
the number-of-periods register, the user keys in the desired
value and presses the n key. After storing values into four

Fig. 3. Top-row-key interface for solving time-value-of-money
problems on HP-12C Calculator. On the HP-18C, the top-rowkey interface has become a more generalized softkey struc
ture where the key labels are displayed on the bottom of the
display above the keys.

of the five variables, the user simply presses the key corre
sponding to the unknown variable to solve for its value.
In this fashion, any variable can be derived after values are
assigned to the other four variables.
Through the use of the six softkeys positioned directly
beneath the HP-18C's display, the Business Consultant user
can bring up various built-in application menus that make
use of the same top-row-key interface. When a given appli
cation is in effect, its variable names come up in the display
directly above the associated softkeys. We call this general
ized top-row-key interface the Solve interface. Built-in ap
plications that use the Solve interface are listed in Table
I, along with their associated softkey labels.
Table I
HP-18C Applications Using Solve Interface

Using this standardized interface, functions that tradi
tionally have been confusing to use on previous calculators
become extremely intuitive. Two such functions are per
cent change and percent of total. To determine what percent
age 17.5 is of 67, press BUS and then press %TOTL. The
display shown in Fig. 4a appears. Then, pressing keys 6 7
TOTAL 17.5 PART %T results in the display shown in Fig. 4b.
As can be seen from Fig. 4b, the Solve interface has been
further enhanced by adding the labeling of values. When
a value is stored in a variable, a confirmation consisting

Fig. 4. Use of the HP-180's softkey user interface, (a) %TOTL
menu of BUS application, (b) Answer to determining what
percentage of 67 a value of 17.5 is.
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Cash Flow Analysis Using the HP-18C
An investor has an opportunity to purchase a piece of property
for $100,000 Yearly cash flows are anticipated as indicated in
Table I, and the investor expects to be able to sell the property
for $120,000 in 10 years. The investor would like an 1 1 .5% return.
Table I
Year
1
2
3
4
5

Cash Flow
$15,000
12,000
12,000
12,000
10,000

Year
6
7
8
9
10

Cash Flow

$10,000
9,500
9,500
9,500
120,000

1b. Note that the >â€¢ symbol has migrated down to the TIMES
prompt. Note also the 1.00 in the calculator line. This value is put
in the flow line whenever a flow Â¡s entered, so that if a flow
occurs once, only the INPUT key must be pressed to enter the
number of occurrences. This feature was added so that the inter
face for simple cash flow problems wouldn't pay a penalty for
the ease of use introduced for grouped cash flow problems.
Pressing INPUT causes the screen shown in Fig. 1c to appear.
To finish entering the data, press:
12000 INPUT 3 INPUT
10000 INPUT 2 INPUT
9500 INPUT 3 INPUT
120000 INPUT INPUT

Press the FIN softkey on the HP-18C to access its financial
application menu and then press the CFLO softkey to select cash
flow analysis. Then press keys 100000 +/- INPUT. The screen
shown series. Fig. 1 a appears, prompting for the first flow in the series.
A prompt is also given for the number of times a particular flow
occurs, simplifying grouped flow entry.
Pressing keys 15000 INPUT gives the display shown in Fig.

To calculate net present value and internal rate of return, press
the softkey labeled CALC. The screen shown in Fig. 1d appears.
To input the desired rate of return, press 11.5 l%. To get the
net present value, press NPV and the HP-18C displays NPV =
2,914.83. To calculate the internal rate of return, press IRR%, ob
taining a displayed result of IRR% = 12.01.

frFL.Ui.-K
#TIMES=
-100, 008. 00

T-; HEEDED
NPV, NUS,

MTIMES

TO CÃ±LCULRTE
flHD HFV

1 . 00

Fig. Prompt cash displays for cash flow analysis example, (a) Prompt display for first cash flow
entry, number After first entry of 15,000 is input, the display prompts for the number of times entry
occurs. for value of 1.00 is displayed as a default value, (c) Pressing the INPUT key prompts for
the next entry, (d) After completing the cash flow entries, pressing the CALC softkey gives this
display. of the desired interest value and pressing the 1% key then a/lows calculation of
the net present value, net uniform series, or net future value.

of the variable name and its value is shown in the display.
In the percent change application, pressing 1 0 OLD 1 5
NEW %CH results in the display shown in Fig. 5. Whenever
a variable is recalled, stored, or solved for, a confirmation
is given. The Business Consultant maintains a history stack
of the last four such confirmations given. Up to three can
be viewed at a time; the fourth is easily accessed via the
scrolling keys | and J, . The idea of labeling results is
special to the Business Consultant.
Data entry for cash flow analysis, running total, and statis
tics is simplified by conceptualizing this data as number

lists. The user is prompted for each item in the list. Using
the scroll keys, the user can move up and down through
the list for reviewing or editing, and with a single keystroke,
items in the list can be inserted or deleted. Because the
list can be named, several lists can exist in memory at a
time (the exact number is limited only by available mem
ory). The example in the box above illustrates the simplicity
with which data can be entered for cash flow analysis.
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The Equation Solver Menu in the HP-18C
The user programming language of the HP-1 8C Business Con
sultant is equations. The user types in an equation using variable
names and the user's choice, traditional algebraic operators, and
any of the HP-18C's built-in set of advanced mathematical func
tions and conditional expressions. Several equations can be en
tered in the HP-18C, the number limited only by available mem
ory. A name can be typed at the beginning of each equation to
identify it for future recall. An equation is selected from the stored
list by moving a display pointer up and down the list of equations.
When the pointer points to the desired equation, pressing the
CALC menu key causes the HP-18C to interpret the equation and
bring up the variable names as softkey labels at the bottom of
the HP-ISC's display. The associated softkeys, or menu keys,
below the display are used to store and calculate solutions using
the relationships in the equation. The user enters values for all
but one of the variables and the HP-18C solves for the unknown
variable.
The programming characteristics of the equation solver are
enhanced by 26 advanced functions and conditional expressions
that can be used in formulating an equation. While trigonometric
functions are not provided, natural and base-10 logarithms, fac
torial, absolute value, minimum, maximum, pi, integer part, frac
tional part, rounding and truncation, modulo, sign, and square
root are available. Another six functions specific to finance
mathematics are available as are date and delta-days functions.
As a simple example, consider a formula that expresses the
economics of performing a tune-up on an automobile engine:

scroll-down keys f and I . The RAM Â¡n the HP-18C is sufficient
to store about ten equations of the length and number of variables
illustrated by the tune-up example above.
Direct Solution
The advantage of the HP-18C's equation solver as a program
ming language is evident â€” one equation with n variables does
the work of n traditional programs written to solve for a single
variable as a function of the n â€” 1 other variables. The equation
solver solves directly for any variable that meets all of the following
conditions:
â€¢ Appears only once in the equation
â€¢ Does not appear as an exponent
â€¢ Involves only the operators for addition, subtraction, multiplica
tion, division, and exponentiation
â€¢ The only functions, if any, in which the variable appears are
seven specifically identified functions such as logarithm, in
verse logarithm, and square root.
These conditions are met for COST, PRICEGAS, and BEMILES in
the example above.
Iterative Solution
The variables MPGBEFORE and MBGAFTER in the example do
not meet the above conditions for direct solution. The solution

COST x MPGBEFORE x MPGAFTER -i- (MPGAFTER - MPGBEFORE)
+ PRICEGAS = BEMILES

The equation includes five variables: cost of the tune-up, miles
per gallon before and after the tune-up, price per gallon of
gasoline, and break-even miles â€” the number of miles at which
the cost of the tune-up is recovered by the benefit of the reduced
gasoline consumption.
A user "programs" the HP-18C to solve the above equation
by pressing the SOLVE menu key, typing in the equation (Fig.,
1a), and then pressing the CALC menu key. When the CALC menu
key is pressed, the keys are customized to the above equation.
The variable-width character font for the softkey labels allows up
to five characters of the variable name to show as a label. In this
case, the labels are COST, MPGB, MPGA, PRICE, and BEMI (Fig.
1 b). However, when a variable name appears as a result in the
other lines of the display, the complete variable name is dis
played.
Solving this problem parallels that for solving problems using
the built-in functions of the machine. A solution can be calculated
for each of the variables in the equation, given values for the
other to A quick example using the tune-up formula is to
key in 28 and press the softkey labeled MPGB, key Â¡n 33 and
press softkey MPGA, key in 0.839 and press PRICE, and key Â¡n
15000 and press BEMI. Then press COST to solve the equation
and see displayed COST=68.10, (Fig. 1c), the cost of a tune-up
that would pay for itself by improved gasoline mileage for 1 5,000
miles. If the tune-up cost is $85, key it in, press COST, and then
press of to see displayed BEMILES = 18,722.29, the number of
miles that must be driven to break even on a tune-up costing
$85 and improving mileage from 28 to 33 miles per gallon.
Other equations can be typed in just as easily. Each additional
formula is added to the formula list in continuous memory. You
can see and select each formula by using the scroll-up and

Fig. 1. Displays during solution of tune-up cost study, (a)
Entry of tune-up cost equation, (b) Pressing CALC key assigns
labels to softkeys as shown, (c) Break-even cost for 15,000
miles with mileage improved from 28 to 33 mpg.
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for either of these variables in the equation solver uses an iterative
search process. The process systematically varies the value of
the subject variable until the value of the left side of the equation
equals the value of the right side of the equation. While this
search is taking place, the value used for each iteration is dis
played to give the user a sense of the progress toward a solution.
The user can start a search using one or two estimates of the
solution; otherwise, default values are used.
Because the iterative solution is numerical rather than analytic,
and because an arbitrary variable in an arbitrary equation may
have one solution, more than one, or no solution, the HP-18C
Business Consultant Owner's Manual describes some anomalies
that the user might encounter, as well as procedures for learning

SOLVE Application

We were told that most users of financial and business
calculators do not want to be bothered with programming
in the traditional sense. But at the same time, there was
no consensus by any focus panel as to desired functions.
Clearly some form of customization was called for, but not
in the guise of programming. The SOLVE application ad
dresses this need. It incorporates the same unknown-vari
able solution concept that was generalized for the built-in
applications, but extends it a step farther. The user types
in an equation that describes a particular problem. Several
variables can be used (the number is limited only by avail
able memory), and each variable name can have up to 10
characters. At the press of a key, the equation is interpreted,
and the variable names are extracted and used to label the
softkeys. Here, as elsewhere in the machine, when variable
names are assigned to the softkeys, the same Solve interface
is in effect. The user keys in values for all but one of the
variables, then presses the key corresponding to the un
known variable to solve for it. This ability to enter equations
and then solve for different variables is known as the Equ
ation Solver, a feature new to handheld calculators. (See
box on page 8 for more details and an example of the use
of the Equation Solver.)
Of all the decisions made by the design team regarding
the user interface, the one that was by far the most difficult
(as well as the most controversial) was the one that made
the HP-18C operation algebraic, rather than RPN. But, a
thorough survey told us that an algebraic HP financial cal
culator would appeal to new users, and algebraic notation
is consistent with the Equation Solver interface.
Print Option

We repeatedly heard that a printer would be a welcome
peripheral for our business/financial calculators. So, avail
able as an option is the HP 82240A Infrared Printer that
receives data from the Business Consultant via an infrared
beam, thus eliminating the need for wires between cal
culator and printer. All variables and data associated with
a particular application can be printed out, whether it be
an amortization schedule or the variable values associated
with a user-input equation. In TRACE mode, every keystroke
is printed to provide a complete record of what the user
has done.

values that might indicate minimum, maximum, or undefined
points in the equation.
Conventions
There are a few conventions that the user must learn to type
in general algebraic equations. For example, there are no implied
operators (Z = 3 Y must be typed Z = 3 x Y), and there are no
subscripts or superscripts (Y cubed must be typed v
Paul Swadener
Development Engineer
Handheld Computer and Calculator Operation

RPL

The Business Consultant is one of the first HP calculators
(the HP-28C being the other) that has a major portion of
its operating system written in a high-level language â€” RPL.
This assisted us in reaching our ease-of-use goal. It allowed
us to prototype user interface changes quickly in response
to focus panel feedback and to test the newly implemented
modifications. Ironically, programming in a high-level lan
guage also provided us with one of our major implementa
tion challenges â€” minimizing response time. In many cases,
this meant careful review of RPL code to see where the
code could be optimized. In critical areas it meant rewriting
some sections in assembly code.
Throughout the design of the Business Consultant, we
were confronted with the delicate balance between ad
vanced functionality and ease of use. We devised ways to
provide the functionality without sacrificing the product's
short learning curve. Some of the techniques we use to
accomplish this are displaying numerous help messages,
asking for confirmation when attempts are made to clear
significant amounts of data, using the top-row-key interface
and history stack throughout the machine's many applica
tions, and providing an easy mechanism for entering and
modifying data.
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Fig. 5. Answer to percent change problem given in text.
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History and Inspiration of the Solve Interface
The equation solver concept and interface for the HP-1 8C and
HP-28C Calculators were developed one evening after midnight
in an effort to avoid the boredom of debugging the HP-71 Hand
held Computer's Circuit Analysis Pac.
I was attempting to solve an equation by hand to determine
whether the results of the Pac were correct. After three attempts
and three different results with the same equation, I decided
another approach was needed. Using the HP-71 and its Math
Pac, I wrote a small function to represent the equation and solved
for the this roots using the FNROOT function. At first, this
seemed to be as difficult as using the pencil-and-paper ap
proach. The variable in question needed to be isolated and
pointed at, and the function needed to be in a specific form.
Although I had used this feature before, it was necessary to read
the manual again to remember how to do it. But once the function
was completed, the roots were found quickly.
Once the mechanics were understood, it seemed simple to
repeat the process with other equations. While experimenting
with this structure, it became clear that the ability to select any
variable easily would be very useful. Then the same equation
could be solved readily for any of its variables.
Paul Swadener implemented a version that would accomplish
this on several HP calculators. The variable was usually selected
by specifying a number corresponding to the occurrence of the
variable as it mapped to a register in an RPN program that
represented the equation. He also accomplished this in the
BASIC language by using subscripted arrays in place of the
simple variables of the equations. The interface allowed a number
to specify the required subscript.
What seemed to be missing at this point was an intuitive inter
face that could be used easily without burdening the user with
the mechanics or strict requirements of the operating system.
This interface should allow the user to enter any equation and
solve for any unknown within that equation without requiring a
manual each time the interface was used. It should support any
additional operation that would contribute to using the results
obtained from the equation. The interface should also reassure
the user that the appropriate keys had been pressed and that
the specified answer had been obtained. Finally, the require
ments of a friendly equation solver interface became apparent:
It should be possible to assign values easily and independently
to all of the variables of an equation or formula.
â€¢ It must be possible to select any variable as the unknown to
be determined.
The keystrokes required to perform these operations should
be minimal in number, and intuitive to the lay person.
Output should be clearly labeled to confirm the solutions.

â€¢ The equation should not require any special processing by
the user before it is typed in.
Pondering these factors, I saw the similarities between the
requirements of general equation solving and the HP-1 2C's timevalue-of-money keys. The HP-1 2C uses an efficient interface that
supports the assignment and/or selection of any variable with
the fewest keystrokes possible. The only problems were that it
only worked for the variables that were printed on the keys and
the results were not labeled. Could this interface be applied to
any equation? The solution is to use a row of keys for the physical
interface and let them be used for all equations. The display
above them can be used to label the keys in a manner similar
to the softkey approach used on many terminals and computers.
This requires either a multiple-line display or a very long singleline they since the display must also show the values as they
are input or output.
The last missing piece was how to enter equations in the form
required for the root-finding program. The easiest solution for
the user would be simply to allow an equation to be entered in
any form whether or not an equals sign is present.
When all of these ideas were combined and labels were added
to the output, I was surprised at how easy the interface was to
use. As different equations were tried, certain additional en
hancements became desirable. Occasionally it was helpful to
be able to use the value of a variable from one equation as a
variable in another. To accomplish this, all variables are allowed
to be global. Thus, a variable maintains its value from one equ
ation this another unless it is recalculated or reassigned. At this
point, the ability to scroll up and down a list of equations was
added. This made it possible to solve for a variable, press one
key, and be in a different equation with the value for that variable
already assigned.
Once a working model of this interface was complete, simply
showing its use to someone was enough to generate excitement
and support, from both marketing and the lab. Here was an
interface that could help write programs for us, and clear up
some of the keyboard clutter that comes from many functions
on a few keys. By using at least two display lines, we could make
available many formulas or equation solutions without requiring
more keys. The softkeys could also be used for more traditional
menus, supporting the functions already found on our calculators
and computers, reducing keyboard clutter even further, and im
proving some of our more traditional user interfaces.

Grodd developed the RPL kernel. Paul Swadener was our
financial consultant, Chris Bunsen pioneered the SOLVE
user interface with his early prototype (see box above),
Anne Ellendman was our patient manual writer, and Shar
on Bolden was our quality assurance person with a seem
ingly endless supply of energy.
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