
The HP 48SX Scientific Expandable 
Calculator: Innovation and Evolution 
Many of the features of this advanced handheld calculator 
have evolved f rom i ts  predecessors,  the HP 41 C and HP 
28S. Others, such as its unit management system, are new. 

by Wil l iam C.  Wickes and Charles M.  Patton 

SINCE THE INTRODUCTION OF THE HP 65 in 1974, 
Hewlett-Packard has developed a succession of cus 
tomizable scientific calculators of ever expanding 

capability. The HP 48SX scientific expandable calculator 
(Fig. 1) maintains this trend with an unprecedented com 
bination of features and flexibility. Its major features 
include: 
â€¢ An RPN-style calculator interface with a dynamic stack 

of arbitrary depth for operations on eighteen types of 
mathematical or logical objects (plus twelve additional 
object types used by system programs). 

â€¢ Numerous arithmetic, transcendental, and statistical 
functions, applied uniform 
ly wherever meaningful to 
complex as well as real 
numbers. 

â€¢ Vector and matrix opera 
tions on real and complex 
arrays of arbitrary size. A 
spreadsheet-like screen 
editor is provided for sim 
plified entry and editing of 
arrays. 

â€¢ Symbolic mathematics in 
cluding evaluation, expan 
sion, simplification, sum 
mation, differentiation, and 
integration. The Equation- 
Writer application provides 
graphical, "textbook" entry 
of expressions and equa 
tions. 

â€¢ String manipulations. 
â€¢ Binary integer operations, 

with arithmetic, bit, and 
byte manipulations, and a 
variable word size. 

â€¢ Numerical and symbolic 
equation solving. 

â€¢ Eight types of automatic 
mathematical and statisti 
cal plotting, including in 
teractive root finding, cal 
culus, labeling, and digitiz 
ing. There are also interac 
tive and programmatic line F ig .  1 .  HP 48SX sc ien t i f i c  expandab le  ca lcu la to r ,  show ing  

the Equat ionWriter appl icat ion. 

and arc drawing and creation of custom text and graphics 
displays. 
An integrated unit management system. Quantities that 
include physical units can be used in computations, 
solving, and plotting, while the calculator automatically 
performs unit conversions and dimension checking. 
Time management, including a clock/date display and 
appointment and program-execution alarms. 
Two-way communications via a wired serial port for con 
nection to personal computers, printers, and other serial 
devices or via infrared light for printing to the HP 82240A/B 
printer or for wireless transfers between two HP 48SXs. 

â€¢ Customization with plug- 
in 32K-byte or 128K-byte 
RAM or ROM memory cards, 
which may include com 
mand libraries for extend 
ing the built-in feature set. 
Libraries can also be im 
ported into RAM using 
either I/O mechanism. 

â€¢ A user-definable keyboard 
and custom menus. 

â€¢ Programming in the RPL 
language, which provides 
program-flow structures, 
recursion, global and local 
variables, passing proce 
dures as arguments, input 
prompting and output la 
beling, user and system 
flags, logical tests and oper 
ations, and user-defined 
functions. 
These features are sup 

ported by a hardware set that 
includes a vertical-format 
package with 49 keys, a 131- 
by-64-pixel LCD display with 
support for fast scrolling of 
virtual displays that are larger 
than the physical screen, two 
plug-in slots for memory cards, 
a four-wire serial communi 
cations port, and an infrared 
transmitter and receiver (see 
articles, page 25 and 35). 
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Design Objectives 
The fundamental design objective for the HP 48SX was 

to create a product that combines the software technology 
of the HP 28S1 with the hardware flexibility and customiza 
bility of the HP 41C.2 Although in many respects the HP 
28S was itself a descendant of the HP 4lC, its advanced 
capabilities and limited hardware have made its applica 
tion and range of customers somewhat different from those 
of the HP 41C. For example, in the academic field, the HP 
41C was very popular in college engineering departments, 
but it had little appeal to mathematics instructors. By con 
trast, the HP 28S has had a significant effect on mathematics 
instruction, with many colleges adopting it as a standard 
teaching tool. Engineering departments have been much 
slower to adopt the HP 28S, since it does not have the 
software exchange capabilities they are accustomed to with 
the HP 41C. Similarly, the HP 4lC was very popular with 
surveyors, but the HP 28S is of limited use in this field 
because of its lack of I/O capability. 

The HP 48SX project started, therefore, with a review of 
the strengths of its two predecessors. The HP 4lC's include 
plug-in memory ports, HP-IL I/O capability, a redefinable 
keyboard, and a vertical format convenient for handheld 
operation. The HP 28S's include extensive real and sym 
bolic mathematical capabilities, RPL operating system and 
user language, a graphics display, and a menu key system. 

At the same time, we focused on common enhancement 
requests from HP 28S owners. These include a bigger dis 
play, more graphics and plotting features, I/O capability, 
especially for importing or saving software, symbolic inte 
gration, and more help from the calculator in using some 
of its more complicated features. 

All of these strengths and enhancements are incorporated 
in the HP 48SX. In some cases, the implementation of one 
of these items evolved into a major feature that wasn't 
necessarily anticipated from the HP 28S/HP 4lC combina 
tion or a customer request. For example, the HP 28S's pow 
erful numerical integrator was obscured by an arcane syn 
tax for entering the integration arguments. Consideration 
of this problem in the HP 48SX investigation led to a review 
of the general problem of entering and recognizing mathe 
matical expressions, which ultimately led to the develop 
ment of the EquationWriter application (see article, page 
13). This solves the integration problemâ€” one enters an 
integral by "drawing" a textbook-like expression on the 
screen, including the integral sign, upper and lower limits, 
and integrand, all appropriately positioned. However, the 
scope and utility of the EquationWriter far exceed what is 
needed for this particular use. 

The HP 48SX also contains important features that derive 
more from "next bench" research than from HP 41C or the 
HP 28S strengths or from customer input. The prime exam 
ple of these is the HP 48SX's unit management. Simple 
one-to-one physical unit conversions have been available 
on calculators for years. Several HP 4lC plug-in modules 
improved on this by providing a general-purpose conver 
sion mechanism which could calculate any conversion fac 
tor from input and output units specified as text strings. 
The HP 41C Petroleum Fluids Pac incorporates this mech 
anism into its calculations so that the user can include 
units for the values entered for the programs, and ask for 

answers in particular units. The HP 48SX takes advantage 
of its multiple-object-type operating system and symbolic 
manipulations to provide a new level of unit management, 
in which numerical quantities can have physical units 
attached to them and carried throughout arbitrary calcula 
tions. The collection and cancellation of units and conver 
sions between dimensionally consistent different units are 
handled automatically by the calculator. For example, a 
problem such as, "How fast is an object traveling after 
accelerating at 1 m/s2 for half a minute, if its initial speed 
was 20 mph?" reduces to 

(1_m/s~2)* .5_min + 20_mph EVAL 

on the HP 48SX, which returns 87l.1_mph. In HP 48SX 
notation, the underscore _ acts as an object type identifier 
linking a floating-point number with a unit expression 
which can contain arbitrary products, powers, and quo 
tients of physical units. The HP 48SX has 121 units built 
into ROM, from which the user can construct arbitrary 
compound units. Unit objects are supported in numerical 
and symbolic calculations, plotting, equation solving, and 
integration. This HP 48SX capability removes a great deal 
of the drudgery from calculations involving physical units. 

In one aspect of the HP 48SX design it was not possible 
to satisfy both HP 4lC and HP 28S owners: programming 
language. To support its other design objectives, the HP 
48SX needed to use an RPL operating system and language 
similar to that used in the HP 28S. Unfortunately, this 
meant that the considerable body of programs written for 
the HP 41C would not be executable directly on the HP 48SX. 
To solve this problem, the plug-in HP 82210A HP 4lC 
emulator card provides a keyboard emulation of the HP 
41C and the ability to execute HP 4lC programs. The 
infrared port and the HP 82242A infrared printer module 
for the HP 41 C can be used to transmit programs from the 
HP 41C to the HP 48SX for execution with the emulator 
card. 

HP 28S users have a smaller problem in program conver 
sion. The great majority of HP 28S commands can be exe 
cuted without modification on the HP 48SX. Only a few 
commands are different, primarily those associated with 
display operations (and the integral command, as men 
tioned previously), and the various system flags have 
changed. With optional software, the HP 28S can also use 
its infrared printer output to "print" its programs to the 
HP 48SX, where they can be executed after minor or no 
modification. 

Internal  Mechanisms 
The remainder of this article will discuss some of the 

mechanisms the HP 48SX uses to support its feature set. 
The memory maps shown in Figs. 2 through 7 illustrate 
the concepts discussed in this article. The implementations 
of many of the higher-level applications are discussed in 
the article on page 13. 

The fundamental basis of the HP 48SX system is the RPL 
operating system, which occupies about 18K bytes of the 
system ROM. This system first appeared in the HP 18C 
Business Consultant calculator in 1986. :! In brief, the system 
combines elements of Forth and Lisp, providing a multi- 
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Fig .  2 .  S t ruc ture  o f  a  ROMPART.  

object RPN stack and direct and indirect threaded execu 
tion, with both atomic and composite objects, temporary 
(lambda) variables, and the ability to pass unevaluated pro 
cedures as arguments. The objects are similar to Forth 
words, containing the address of the executable code that 
defines the object and the data that makes up the body of 
the object. The object types provided in the initial versions 
of RPL were: 
â€¢ Identifier class: identifiers (global names), temporary 

identifiers (local names), and ROM pointers (XLib 
names). These objects are used for storing and retrieving 
other objects. 

â€¢ Procedure class: secondary (program) and code objects. 
These objects are executable. 

â€¢ Data class: floating-point real and complex numbers, 
character and string objects, hexadecimal strings (binary 
integers), real and complex arrays, linked arrays, 
extended precision real and complex numbers, lists, 
symbolic (algebraic), unsigned short integers, library, 
RAM/ROM pair (directory). Under normal execution, 
these objects merely return themselves, as passive data. 
However, symbolic objects and lists are composite 
objects, and can be evaluated like procedure class 
objects. 
The body of a composite object is a sequence of other 

objects terminated by an end marker that serves as a pro 
gram return if the body is executed as a procedure. 

To support HP 48SX operations, several additional data- 
class objects were added to the above list: 
â€¢ Graphics object. These are LCD bit maps, used for storing 

and manipulating graphical images. 
â€¢ Tagged object. A tagged object contains a text string plus 

another object. The text is used to label the object. Oper 
ations applied to the tagged object ignore the tag and 
apply themselves directly to the "inner" object. Thus, a 
program might return the tagged object Speed:10_m/s, 
where Speed is the tag. Executing 10 * (times) then returns 
100_m/s. 

â€¢ Unit object. This consists of a floating-point real number 
combined with an algebraic expression representing 
physical units. 

â€¢ Backup object. This object is designed for the archival 
storage of a single object in an independently configured 
RAM port. The backup object contains a second object 
plus a name, a length field, and a checksum. The HP 
48SX contains commands for storing and retrieving 
objects from within backup objects when the latter are 
installed in RAM ports. 

â€¢ Library data object. This object provides a memory buffer 
for use by plug-in applications that need to preserve data 
between executions. 
In addition to the new object types, three object types 

that were present in the HP 28S are given more visibility 
in the HP 48SX: 

In the HP 28S, a user can create a directory object stored 
in a variable, but has no access to the directory as an 
object. In the HP 48SX, a directory has the same status 
as other objectsâ€” it can be recalled to the stack, edited, 
copied, stored, and so on. 

â€¢ Built-in commands in the HP 28S and HP 48SX are 
organized in libraries, which are similar to compiled 
directories in which the linked list of named objects is 
compiled to a table-driven organization. Name resolu 
tion of the objects within libraries is necessary during 
parsing, where text names are replaced by ROM pointers. 
The latter contain indexes into library object tables, 
which in turn provide for fast location of an object's 
name and executable code. In the HP 48SX, libraries are 
available as ordinary objects, so that a user can move 
libraries in and out of the calculator via one of the I/O 
ports or on plug-in memory cards. When a library is 
installed in HP 48SX memory, it extends the HP 48SX's 
language by adding its own internal commands to the 
built-in set. 

â€¢ ROM pointers are visible to the HP 48SX user as XLib 
name objects, the library analog of the global names that 
provide access to objects stored in global variables in 
RAM. Executing an XLib name executes the object within 
a library that is associated with the name. XLib names 

Interrupt System 

RPL Kerne l  ROMPART 

IRAM ROMPART 

Uni t  Management  ROMPART 

Address 00000 

Links from the start 
o f  one  ROMPART to  
the next. 

H i d d e n  R O M /  
Code 

Built- in RAM 
(overlaps the 
hidden ROM) 
Address 80000 
Merged Plug-in 
RAM (see Fig.  4)  

Free Plug-in 
RAM (see Fig. 7) 

Address FFFFF 

Fig. 3.  Overview of the address space layout of  the HP 48SX 
ca lcu la to r  w i th  one  merged  and  one  f ree  (unmerged)  RAM 
card. 
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can be compiled as stand-alone RPN objects or included 
within the definitions of algebraic objects. As long as 
the relevant library is present, an XLib name decompiles 
to the text name stored in the library. If the library is 
removed, the XLib name is decompiled to show the 
library number and command number within the library. 
As part of the strategy to maximize the use of ROM over 

RAM. the RPL system has included, from its inception, 
ROM-like structures that are analogs of the user's program 
and variable space (directories). These are called ROM- 
PARTs. By attaching ROMPARTs to subdirectories, the user 
can create a context-sensitive customization so that typing 
the same thing can have very different results depending 
on the context directory. ROMPARTs were designed to 
provide context-sensitive customization, localizations of 
keywords and messages, system extensions, and run-time 
linking. 

In the process of developing a set of programs, the user 
first creates programs and utilities in a customizing direc 
tory. When the programs are debugged and ready to keep, 
they can be transferred to a ROMP ART and loaded into 
ROM. Attaching the ROMP ART to the same directory pro 
vides the same functionality with less RAM use. 

RPL Plug- in  Management  
While the overall scope and function of plug-in manage 

ment did not change from the original RPL definition to 
its first released implementation in the HP 48SX, a number 
of design details did change in response to outside reviews 
of the system. Implementing these changes posed a number 
of design challenges. 
ROMP ART Structure. A large portion of the RPL plug-in 
management design is based on the concept of a ROMPART, 
which is not a standard RPL object in the same sense as 
complex numbers, directories, programs, and so on, but is 
instead a set of data-structure conventions. 

A ROMPART is a collection of RPL objects together with 
a field containing the name of the ROMPART, a ROMPART 
ID number which uniquely identifies the ROMPART, a 

-  Address 70000 

(see Fig. 5) 

Built-in 
RAM 

Merged 
Plug-in RAM 

System Variables 

ROMPART/L ibrary  
Configurat ion Table 

Graphics Data 
and 

Temporary Objects  

Avai lable  Memory 

(see Fig. 6) 
(see Fig. 6) 

" End of Merged 
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F ig .  4 .  Overv iew  o f  t he  l ayou t  o f  HP 48SX ma in  RAM w i th  
one  merged RAM card .  

pointer to a hash table for use in identifying objects by 
name, a pointer to a link table for use in identifying objects 
by their unique object numbers, a pointer to a message 
table containing messages specific to this ROMPART, and 
a pointer to configuration code which is executed whenever 
the ROMPART needs to be configured (see Fig. 2). 

The name field can contain any characters and is used 
only as information for the user. The ROMPART ID number 
uniquely identifies the ROMPART to the system and is in 
the range 000-7FE (hexadecimal). ID numbers 000-OFF are 
reserved for the RPL kernel and other built-in ROMPARTs. 
ID numbers 700-7FE are reserved for use by ROMPARTS 
providing application language extensions. 

The hash table provides a two-way correspondence be 
tween names and objects in the ROMPART. It is used dur 
ing the process of interpreting the characters typed in by 
the user to determine whether the characters name any 
object in the ROMPART, and then again to determine if an 
object should be displayed as a name rather than according 
to its internal structure. 

The link table provides a list (in object-number order) 
of all accessible objects within the ROMPART. 
Configuration. A ROMPART simply residing somewhere 
within the system does not provide for any of the services 
described above. The ROMPART needs to be registered 
with the system during the configuration process, which 
occurs in several stages. 

Whenever the machine is first turned on, a routine check 
is made to see if any cards have been plugged in or removed 
from the system and adjustments are made to compensate 
for the changes. Then a number of known areas are scanned 
for the presence of ROMP ARTs and a list of currently extant 
ROMPARTs and their locations is made and compared with 
the previous list. If no change is detected, the system con 
tinues the normal process of turning on the display and 
resuming the state it had when it was turned off. 

On the other hand, if a change is detected, the system 
performs its warm-start code. Among other things, the 
warm-start code resets any pointers that could be referenc 
ing ROMPARTs that are no longer present. This includes 
the data and return stacks, updateable system pointers, and 
the ROMPART pointers connected to the home directory. 
The system then rebuilds the table of ROMPARTs and their 

ROMPART/Library Count  

I D  #  S t a r t i n g  A d d r e s s  

I D  #  S t a r t i n g  A d d r e s s  ROMPART/Library 
Configuration 

Table 

Fig.  5 .  The ROMPART/ l ibrary conf igurat ion tab le.  Whenever  
the HP 48SX turns on.  a l l  ROMPARTs and l ibrar ies in  ROM, 
por t  0 ,  and other  unmerged p lug- ins are reg is tered here.  
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locations and restarts RPL execution. 
ROM Poll. One of the first things done when RPL execution 
is restarted is to proceed through the current list of ROM- 
PARTs, executing each ROMPART's configuration code in 
turn. At this point, the RPL system is in a valid, stable state 
and the full resources of the system are available for use 
by the configuration code. 

Although a ROMP ART can take over the system at this 
point (as is done, for example, by the HP 48SX demo ROM), 
typical tasks are much less ambitious. More typical exam 
ples of tasks done at the ROM poll include: 
â€¢ Attaching a ROMP ART to the home directory so that the 

names of objects within the ROMP ART are universally 
recognized. 

â€¢ Replacing the hash and/or message tables of other ROM- 
PARTs with versions localized for a particular language. 

â€¢ Creating a custom subdirectory structure for use with 
this ROMP ART. 

ROM Pointers. The RPL system's ROM pointer (ROMPTR) 
objects provide a name and location independent method 
of specifying an object within a ROMP ART. The data in a 
ROMPTR gives both the ROM ID number unique to a ROM- 
PART and the particular object's object number. 

As long as a ROMP ART has been registered as being 
present in the system, and independent of whether it  is 
attached to any directory, ROMPTRs referring to a ROM- 
PART can be converted to the object or objects they specify. 
In this process, the current address of the ROMP ART whose 
ROM ID is specified in the ROMPTR is found in the ROM- 
PART table, and the ROMPART's link table is found. The 
object number specified by the ROMPTR is used as an 
index into this table to find the actual current address of 
the specified object. 

ROMPTRs occupy a middle ground in terms of execution 
speed and flexibility between address pointers, which re 
quire no resolution but must be updated whenever memory 
moves, and ordinary identifiers, whose value can change 
in the course of execution but must be resolved by searching 
through the current context. Every programmable function 
and operation in the HP 48SX has an associated ROMPTR 
that specifies it. However, these are not normally used in 
programs since the address pointers will suffice. There is 
one case in which these ROMPTRs must be used, however. 
If the user stores a programmable function in a variable, 
what is stored is actually the corresponding ROMPTR, 
since storing an address pointer is contrary to the RPL 
conventions, and storing a copy of the object is clearly not 
what is desired. 

ROMPTRs are normally created in the process of convert 
ing typed-in text to RPL objects (parsing). If the currently 
considered piece of text is not an object delimiter, number, 
or other fixed-syntax item, it is considered to be a name 
whose meaning is determined by the current context. 
Names, ROMPTRs, and Localization. To determine the 
current interpretation of a name, the system first searches 
through all the variables in the current directory. If the 
name matches any one of these, the name is determined 
to be a variable name (ordinary identifier). If not, the system 
searches through the hash tables of the ROMPARTs attached 
to the current directory, if there are any. If a match is made, 
the name is determined to be a ROM word name, and it is 

converted to the corresponding ROMPTR. If no match is 
made, the search is continued with the parent directory, 
and so on.  If  the home directory is  searched without a 
match, the name is determined to be a formal variable (also 
an ordinary identifier). 

Every directory except the home directory can have at 
most one ROMP ART attached to it. The hash table used 
in searching such a ROMP ART is the one supplied with 
the ROMP ART. The home directory, on the other hand, 
can have multiple ROMPARTs attached to it .  Recorded 
with any ROMP ART attached to the home directory is a 
pointer to its hash table. This allows the hash table pro 
vided by a ROMP ART to be superseded by another hash 
table either in RAM or in another ROM (localization). Only 
ROMPARTs at tached to  the  home directory can be so 
localized. 
Structure of Plug-in Modules. The original RPL design pro 
vided for two kinds of plug-in modules: one associated 
with read-only devices (ROM) and one associated with 
read/write devices (RAM). Whenever a ROM device was 
detected, it was assumed that its data consisted of a linked 
list of ROMPARTs. The devices would be configured at 
some convenient but otherwise arbitrary address and the 
individual ROMPARTs would be registered as described 
previously. Whenever a new RAM device was detected, it 
was assumed that the device contained no viable data and 
the device would be configured to be a contiguous segment 
of the system's overall RAM, with current RAM contents 
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Directory Prologue Address 

ROMPART/L ibrary  Count  

I D  #  H a s h  T a b l e  A d d r e s s  M e s s a g e  T a b l e  A d d r e s s  

Home 
Directory 

ROMPART 
Attachment 

Table 

I D  #  H a s h  T a b l e  A d d r e s s  M e s s a g e  T a b l e  A d d r e s s  

User Variables 

Library or  Backup Object  

Library or  Backup Object  
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A r e a  

> -  P o r t  0  
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M e r g e d  
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Fig .  6 .  Layout  o f  the  USEROB area  and por t  0 .  A  l ib ra ry  o r  
ROMPART at tached to  the home d i rectory  ROMPART at tach 
men t  t ab le ,  e i t he r  by  t he  ATTACH command  o r  du r i ng  t he  
ROM po l l ,  w i l l  have i ts  keywords  recogn ized by  the  sys tem 
and can have both  i ts  keywords and i ts  messages loca l ized 
( for  example,  t ranslated into other languages).  
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shifted to ne\v positions as necessary. This process is 
known as merging RAM. After RAM has been merged, it is 
not possible to unplug the module without endangering 
the system integrity. \Vhen a merged RAM is pulled, a large 
area of the system and user variables could go with it. 

To make it possible to have ROMPARTs without read 
only devices, an area within system RAM is set aside and 
given the same structure as a plug-in ROM, that is, a 
sequence of ROMPARTs. This RAM-based ROMP ART area 
is also searched during the configuration of ROMPARTs. 
This model for plug-in structure provides almost all avail 
able services automatically and requires only five user- 
level commands: to prepare the system for removal of a 
RAM module (FREE) by reversing the procedure used to 
merge the RAM module, to attach and detach a given library 
from a given directory, to include a ROMP ART (given in 
some object-coded form) in the RAM-based ROMPART 
area, and to remove such a ROMPART. 

Design Changes and Chal lenges 
In the evolution of the HP 48SX design, it became appar 

ent that RAM modules needed to be used as mass-storage 
devices as well as system RAM. By analogy to flexible disks, 
one would expect that such a mass-storage RAM module 
could be removed without first informing the system. These 
two tenets had significant impact on the HP 48SX plug-in 
management design. Other factors that affected the design 
were that the RAM modules have a switch that allows them 
to act as ROM, that there is no effective way to determine 
the size of a ROM module, and that the system cannot 
reliably detect the removal of a plug-in as it is happening. 
Backup Objects and Libraries. To use a RAM card as mass 
storage, we need to be able to store name/object pairs in 
the RAM card much as they are stored in variables in the 
main RAM. In addition, we need to be able to verify that 
the data on the card has not been corrupted in some way. 
This verification stage must be fast because it must happen 
at configuration time, that is, between the time the machine 
is turned on and the time the machine is available for use. 
Since no stand-alone object consisting of a name/object 
pair existed in the original RPL system, a new object type, 
the backup object, was invented for the purpose. A backup 
object, in addition to its prologue and length, consists of 
a name, an object, and a checksum. 

Since ROMPARTs can coexist with backup objects in a 
plug-in, they are also encapsulated with a prologue and a 
checksum to become library objects. 

The organization of the data in a ROM plug-in is largely 
dictated by the fact that the system can only determine the 
beginning of a ROM and not the end. This means that any 
data structure within the ROM must start at the beginning 
address and extend from there. The original RPL configura 
tion assumed just such a structure, so that converting the 
configuration from a linked sequence of ROMPARTs to a 
sequence of backup and library objects was relatively 
straightforward. The system determines the end of the 
sequence when it finds either an end-of-sequence mark, 
an object that is not a backup or library object, or an invalid 
checksum. In either of the last two cases, the user is warned 
of Invalid Card Data, but no further remedial action is taken. 

Since RAM plug-in cards can be converted to the equiva 

lent of ROM cards by simply changing a switch setting on 
the card, we decided that the structure of an unmerged 
plug-in RAM card should be the same as a ROM card, that 
is, a sequence of library and backup objects with the 
sequence starting at the lowest address of the card. 
Ports. The RPL directory structure is one of the most tightly 
integrated aspects of the system. Having been conceived 
of as semipermanent storage which could dominate the 
use of free memory in a memory-limited system, it is 
implemented as a self-contained unit containing no point 
ers that need to be changed as other parts of memory 
change. In addition, it is relegated to the high-address end 
of free memory. 

This highly integrated structure with no provision for 
referring outside itself precludes the inclusion of unmerged 
RAM cards as virtual subdirectories of the home directory. 
We decided to extend the mass storage analogy further and 
have separate data storage space locations analogous to 
flexible disk drives. Instead of drives A, B, and C, we have 
ports 1, 2, and 0. Ports 1 and 2 refer to the data contained 
in cards plugged into the corresponding plug-in slots. Port 0 
refers to an area in built-in RAM that acts like a permanently 
plugged-in card (see Fig. 6). Unlike personal computer mass 
storage, however, the current drive is never any of these. 
The port specification must be included in the information 
given to any operation involving the ports. 

The normal STO, RCL, and PURGE commands, which nor 
mally store, recall, and delete variables in main memory, 
are extended to allow transfer of information to and from 
the ports. Tagging a name argument with :0:, :1:, or :2: indi 
cates to these commands that a port operation is desired. 
For example, if ABC is the name of an object in port 0, then 
:0:ABC RCL will return the object to the stack. 

Since the only kinds of objects allowed in a plug-in data 
area are backup and library objects, any other kind of object 
is first encapsulated as a backup object. Similarly, RCL of 
one of the backup objects will pry the object out of the 
capsule. 
Directory Management Extensions. The fact that the cur 
rent drive is always none of the ports has several conse- 

User Variables 

Library or Backup Object 

Library or Backup Object Free Plug-in RAM 
or 

Plug-in ROM 

Address FFFFF 

Fig. 7. Layout of an unmerged (free) plug-in RAM card within 
t he  HP 48SX add ress  space .  An  unmerged  p lug - i n  ca rd  i s  
either port 1 or port 2 and has the same structure as port 0. 
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quences. First, simply transferring a working set of related 
programs from a directory to a port will not result in a 
working set of programs in the port. This is because of the 
port-specific reference for names. If the program calls a 
subprogram by including its name, say SubProgl EVAL, then 
only the directory is searched when the name is to be 
evaluated. On the other hand, if the subprogram is called 
by including a port-specific reference, say :0:SubProg1 EVAL, 
then only the specified port is searched. To compensate 
for this, we have included a "wild card" port specifier, :&:. 
The sequence :&:SubProg1 EVAL will search for the subpro 
gram in all ports and then in the current directory before 
giving up. This calling sequence allows programs to be 
executed from directories or ports interchangeably. 

A second consequence of there being no current drive 
is the lack of access to objects contained in directories 
stored in a port. Normally, the method of accessing an 
object in a directory is first to change context to the direc 
tory and then to use RCL or some other command. Since 
it is not possible to change context to a directory stored in 
a port, this method is not available without first copying 
the directory back to main RAM. This is solved by using 
a list as a complete path specifier for recalling a variable. 
For example, if A is a directory object stored in port 0 and 
it contains a variable B, then :0:{ A B } RCL will recall the 
contents of B to the stack. Similarly, it is possible to recall 
from any location without changing the context directory 
by using a list to specify the path completely. 
Archive and Restore. With a method of mass storage avail 
able, it is natural to provide a means to archive the current 
contents of the calculator and later to restore this informa 
tion. The operation ARCHIVE produces a copy of the entire 
home directory encapsulated as a backup object. It delivers 
this copy either to a specified port or to another machine . 

Restoring from a backup copy of the home directory using 
the RESTORE operation reverses the archive process. 
Because of the potentially greater need for human interven 
tion, RESTORE will not automatically restore from another 
machine. Instead, RESTORE will use a backup (or any other) 
copy of the home directory no matter how it was obtained. 
RAM Recovery. With the large amounts of data that can 
be present in the machine, it is clear that additional data 
safeguards are necessary. One such safeguard is provided 
by the Recover RAM? operation. 

Whenever it is found that the structural integrity of RAM 
has been violated, the user is given the opportunity to 
either start with a clean slate or attempt to salvage some 
data. If the user chooses to salvage data, the machine first 
searches through RAM, locating library or backup objects 
whose checksums are valid. It collects all of these into a 
new port 0. 

It then searches for a directory object having the specific 
features of the home directory. If one is found, the RAM 
recovery operation verifies its structural integrity, and the 
operation is complete. To check the directory's structural 
integrity, the RAM recovery operation checks the structural 
integrity of each object within the directory (including 
recursively checking subdirectories) and removes any that 
are corrupt. If no home directory is found, the RAM recov 
ery operation begins searching for ordinary directory 
objects. When it finds a directory it checks the structural 

integrity of each object within the directory (including 
recursively checking subdirectories) and removes any that 
are corrupt. The resulting corrected directories are named 
D.O, D.1 , and so on, and are gathered together to form a new 
home directory, completing the recovery process. 
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