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In Part Two we will not only learn how to wite machine language
programs, we will also learn how the HP 48 memory is oganized. Eveny
programmer who really wishes to use his machine to its fullest potential
must have an excellent knowledge of its strecture. This knowledge makes
it possible to gain access to information needed—information that the
designers did not necessarly intend to be accessed.

This guided exploration of the HF 4B will be done i steps,
including the lowest level, whichis machine language. language
is the only language that the HF 48's processor cann ratand and
execute. We will also be studying the HP 48 ona hi el (the memory
omanization), with mention made of many obj by the HP 48.
Basically we will leam: @
+ Machine language: &
= What is machine language?,
= The acteal machine 13M by the HP 48's Satum
MICroproce ssor,
= Machine language i (grouped by function type).
+ The HP 48's objects &

h the user has access;
= Intemal obj mented by Hewlett-Fackand.

that contains the HP 48's internal information;

. I'!El'l"ﬂﬂ' that contains the objects created by the user
ams, vanables, etc.).

L rogram in machine language.
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Some of these chapters will contain tables describing the calculator's
memaory. |n onder to remain consistent, they will look like the following

table:
airess, CORIERS | f
adidress, CORMERIS | h,
adiress, CORLERLS | ngth
adelress,

in memaory of the contents contained”in the table boxes. These
addresses will always be orgamiged in this manner. fadiress ) <
{address ) < faddress ). Thetg 5 read from topto bottom. [ftheob-
jectlistedis not at a fived address, the symbol (@ will be used (often
indexed with the form & i more than one address is used) to indi-
cate the starting addme object. The last address (address )
indicates the addn first nibble following the last content
entry of the table.

The central col
the specified n

a bref description of what is contained in
area. The contents of this field are explained
in more d text accompanying each table.

The length {right column ) indicates, in decimal, the number of

nibbles of thé,table entry (note that a nibble is the basic memory

ele HPF 48). Thus, length | = address , — address . Thisfield
ond to a specific value in one of the object fields. For
th , can be contents .
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The first chapter of Part Two (Chapter 8) covers a generzl approach to
machine language. If you are somewhat familiar with machine language,
you will probably want to skip to Chapter 9.

Do not be overwhelmed by the vast amount of information found in Part
Two, asit is mainly a reference guide. To best understand ial,
the reading should be done twice. The first reading should
to give you a basic understanding of the difierent ideas

machine |angLage programiminsg On y our 0w &5 you go- will then find
that Part Two will be an excellent reference for future ine language
Programming. a ®

Infroduction &7
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If you are already familiar with what an assembler is and does, and you
basically know what machine language is, then you may skip to the fol-
lowing chapter. Otherwise, you will find this chapter useful.

To explain the concept of machine language, we will compare it to a higher
level language. Consider an analogy: alitle story about Mr. MAr.
Smith—two people each wish to install electrical outlets i i

Mr. Smith is not a handy man, so the most simple solutic
someone whois. He picks up the telephone and calls ._: ;
neighborhood. Later that aftemoon, the electrician fin2Wshows up at Mr.

1@ mmtnc:all

amith's house and does the work for him fmaﬁ? slderable sum of money
(materials + labor + travel + tips...). Mr. Smi : nujgjru;ﬂy because
the work was not done exactly as he wou ed.

Mir. Jones, on the other hand, is guite ith his hands, and he decides
to do the work himself. He makes a tri hardware store where he
buys a plug and some wire. Then, at installs the plug how and
where he wants it, all for a very mo of money.

You could say that in the first ma&% Smith used a high-evel language
by giving an order that resulted.inf@ number of elementary operations
being carred out (getting wing,_getting a pleg, installing, etc.). Mr. Jones,
ied aut these elementary tasks himself. He used
qtwWas directly executable. It closely resembiles

The storyillustrates4 types of language s in these other respects,
too: __
« Calling thé rician is easier than doing the work yourself be-
cause only to give the orders!
+ A high nguage is more costly in time [just as the electrician
re money).

a high-evel language seldom does not let you do exactly what
ant; you cannot ask for just anything (just as an electrician will
probably not come to change a light bulb for you).

& Machine Language 69
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Machine language gives you direct access to all the available resources
of the machine in an extremely fast but complicated way. It can do this
because itis composed of very basicinstroctions. It is thersfore necessary
to use many instructions to carry out even the simplest functions.

Machine language is the only language that the machine under-
stands (thus all high-level languages are broken down i to pro-
grams writenin machine language ). However, if a easily un-

derstood by the machine, it is absclutely unreadable uman being
» because it is composed of a seres of numbers. !

This is why we will introduce a third language;
consists of a symbolic representation of machi
mnemonics—abridged names that help
executed by the machine instruction (for

But since the machine cannot unders e symbols, itis necessary
to transfomm them into a sedes of nu are understandable. This

. This language
uage codes using
ber what function is
, P=8 instead of 28).

- Redistmibution or mirmoring stictly prohibited.

translation of assembly to machine e is called assembling. The
imrverse operation is called disas R, Thus we would begin by writing
a program in assembly, then we assemble it to make it executable
by the machine. i

For the HP 48, we can do the 3ssembling by hand, or automatically using
a mone powerful computer ™ There are at least two Satum assemblers:
g Aneuch for the IBM PC MLX machines, written by Pierre David and
Janick Taillandier, for the Atar St, Amiga, IBM PC and UNIX
ristophe Dupont de Dinechin). A disassembler
48 calculators is given in the library of programs.

Jananar conrhis.oom
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The last term to define is the "micropmcessor.” This is basically the heart

of the machine, the electronic entity that executes the machine language
instructions .

The basic unit of information recognized by the microprocessoris the bit
(which can only be avalue of Dor 1). Because the machine USe8sa binary
base, itis best for us touse abase thatis a power of 2, which S
16 (hexadecimal) is used. The digits of base 16 are: 0, 1™
89 A B C DE, F, 10, 11, etc. Therefore, the value "‘1'41-

' signifies
that the number is in hexadecmal) is equal to 35 indecimal (16 * 2 + 3).
However, itmay sometime s be nece ssary tostore indecimal. We
can use a notation called "binary coded ded is motation uses a
hexadecimal number as if it were decimal. ple, the number 15h
would be equal to 15 decimal. ™
This type of storage makes it necessa e two different calculation
mdes for the microprocessor: he mode, where the registers
contain hexadecimal numbers, and mode, where the registers

contain “binary coded decimal” n

The current mode determine "‘H'm'naru'ler in which the mathematical

operations are executed by roprocessor. |f you add the two num-
bers 9h and 3h in hexadecima ,the answer is Ch. If you add them
in decimal mode, the a is 12h, which corresponds to the decimal
value 12 in "binarny imal” notation.

\\ Exercises

a8

=

B8-1. these decimal numbers into hexadecimal: 1, 10, 25,

B-Iﬁmert these hexadecimal numbers into decimal: 123h, 10h,
100h, B52h, 3h.

& Machine Language T
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