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1
Terms and Definitions

Introduction

There seems to be a lack of general Assembly Language books available today. You can
find information on the Internet for specific processors, but not much for learning how to
program in Assembly Language in general terms. It is my hope that this book will at least
partially fill this vacuum. The goal of this book is to get the reader to the point where
he/she is reasonably familiar with the concepts of Assembly Language programming — not
to make him/her an expert. Expertise only comes with practice, and becoming an expert
in Assembly Language takes quite a bit of work.

Although my formal schooling was in Electrical Engineering, | have been programming in
Assembly Language for most of my professional career, starting with the Hewlett Packard
2100 series, the 8008, 8080, 6800, 6805, 6811, PDP8™, PDP11™, VAX™, PIC™and most re-
cently the Rabbit™ series. Each has taught me more about Assembly Language program-
ming programming, and thus I've become a better programmer. Each processor has
advantages and disadvantages.. The instruction sets have varied from fairly simple to
quite complex.

The selection of a programming language should be based on the application’s require-
ments. Typically, engineers choose Assembly language for a project when speed is a pri-
mary concern. Another valid reason is program size. Even though compilers are getting
better at code generation, there are still applications for which hand coding yields a more
efficient program. In today’s embedded systems there is usually a combination of both As-
sembly Language and a higher-level language.

Development time should also be a consideration. Any given task will probably take lon-
ger to develop in Assembly Language than in a higher-level language. If you project is
time-constrained, you should consider using a higher language for the bulk of the pro-
gram and Assembly Language only where absolutely necessary. If you are more con-
strained by program size, then Assembly Language may be a necessity.



1 TERMS AND DEFINITIONS

The primary goal of this book is to teach Assembly Language and not to focus on a specific
processor. With that goal in mind, | present a fictional processor with its own hardware
and instruction set. Subsequent chapters cover various features and details of the proces-
sor used in this book. A number of references in this chapter and the next refer to features
of “this processor.”

Just another thought before you proceed — Assembly Language is probably not a good
choice as a first programming language to learn. It is as close to the hardware of the pro-
cessor as you can get. A good Assembly Language programmer will likely have a reason-
ably good understanding of hardware. If you have no previous programming experience, |
highly recommend that you review a language such as C or BASIC in order to get an under-
standing of programming fundamentals.

Abbreviations
A number of abbreviations are typically used to describe features of processors and pro-

gramming. The following abbreviations are used throughout this book. Learn them now if
you don’t already know them:

ALU Arithmetic Logic Unit
CPU Central Processing Unit
IPL Interrupt Priority Level
ISR Interrupt Service Routine
LSB Least Significant Bit
MMU Memory Management Unit
MSB Most Significant Bit

PC Program Counter

PSR Processor Status Register
RAM Random Access Memory
ROM Read Only Memory

SpP Stack Pointer

CPU Architecture

There are many topics that can be addressed when discussing processors and program-
ming them. In this section I describe some major CPU architecture features.

The starting point for learning how to program any processor in Assembly Language is its
CPU architecture. The term CPU is often used to refer to the entire processor, but here |
will use a more narrow definition which refers to the processor “core,” where all of the
high-speed logic is contained such as: the logic for the PC, instruction decode and execu-
tion, the ALU, etc. The ALU contains the logic for all of the arithmetic and logical opera-
tions.
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2
What is Assembly Language?

Assembly language is generally considered as the lowest level of programming lan-
guages'. Sometimes it is referred to as machine code; however, machine code is really the
1I’s and 0’s that make up the binary values which the processor actually executes. For any
given processor there is a 1:1 relationship? between assembly language and machine
code — every assembly language statement has exactly one machine code equivalent and
every machine code value has exactly one assembly language equivalent.

Assuming there is no operating system, when you program in Assembly Language you are
in complete control of the processor and what it is doing. Your program has to do every-
thing. You cannot simply add two numbers and print the result. You have to write the

step-by-step instructions to get the numbers, add them and then display the sum. The fol-
lowing example gives you an idea of the details involved.

As an introduction to Assembly Language here is a very simple C program followed by an
explanation of the assembly language statements the compiler generated:

main ()

{
int int aj;
long long_a;
float float_a;

int_a = 1;

’
long a = 1;
float a = 1; /| the compiler automatically
1 The only possible exception would be that of microprogramming. Very simply put, microprogram-

ming is a technique for implementing assembly language instructions using even lower level instruc-
tions. Each assembly language instruction consists of one or more micro-instructions. However, [ am
not aware of any current processors that use microprogramming. You can find several discussions on
the Internet about microprogramming, but all the ones I found pre-date 1995.

2 In some very rare cases, one assembly language statement can have two machine code equivalents.

25



2 WHAT IS ASSEMBLY LANGUAGE?
/| "promotes" the integer 1
/| to a floating point value

float a = 1 + int_a; /| the compiler automatically...

}
The compiler used for this example is Dynamic C™, version 10.56, for a Rabbit™ 5000 pro-
cessor. The compiler will first generate Assembly Language statements and then pass
them to an Assembler. Below are the assembly language statements which were gener-
ated. Comments have been inserted that describe each statement as well as some explan-
atory notes.The compiler uses lower case letters for the registers — they have been
changed to upper case to make them easier to read. First, a few comments about the
statements that follow:
The syntax of each statements is: instruction argument one, argument two.
Some instructions do not have argument two.
The C source statements are on lines by themselves and are shown as comments.
Comments are indicated using a ;’

The first text on each of the generated lines is the assembly language instruction

add add the value of argument two to the value of argument one
leaving the result in the location specified by argument one.

Id copy the value of argument two to the location specified in
argument one

Icall call the function (or subroutine) indicated by the argument
clr clear (put a value of 0 into) the contents of the argument

The 16 bit registers are

SP Stack Pointer

HL The combined H and L registers (8 bits each), H is the MSByte
BC The combined B and C registers (8 bits each), B is the MSByte
DE The combined D and E registers (8 bits each), D is the MSByte

26



WHAT IS ASSEMBLY LANGUAGE? 2
The only 32 bit register is BCDE — the combined B, C, D and E registers (8 bits each),
B is the MSByte
“0x” is a prefix for hexadecimal values

add SP, -10 ;s make room on the stack for the auto
s variables

Since these are all auto variables, they will be placed on the stack. The compiler is inserting
code which allocates 10 bytes of stack space — int_a requires 2 bytes, long_a and float_a
both require 4 bytes. The Rabbit instruction set does not have a subtract instruction that
uses SP.

;3 int_a = 1;

1d HL, 0x0001 3 load an integer value of 1 into the
; HL register (16 bits)
1d (SP + 0x08), HL ;s store the contents of HL into

3 the auto variable location
; for int a

This processor does not have an instruction that loads a constant directly to a memory loca-
tion.

; long a = 13

1d BCDE, 1 ;3 load an integer value of 1 into the
;s BCDE register (32 bits)
1d (SP + 0x04), BCDE ;s store the contents of BCDE

;s into the auto variable
; location for long a

; float_a = 1;

1d BCDE, O s load a value of 0 into the BCDE
; register (32 bits)

1d BC, 0x3F80 ;3 load the most significant 16 bits of
;3 a floating point 1.0 into register
s BC

1d (SP + 0x00), BCDE ;s store the contents of BCDE

s into the auto variable
; location for float_a

The lower 2 bytes of a floating point value of 1.0 are 0. The compiler “knows” how to con-
struct the needed binary pattern.

27



2 WHAT IS ASSEMBLY LANGUAGE?

; float_a = 1 + int_a;

1d HL, (SP + 0x08) s load the contents of the auto
3 variable int a into register HL
1d DE, 0x0001 ;s load an integer value of 1 into
; the DE register (16 bits)
add HL, DE ; add the contents of DE to the

;s contents of HL

The compiler recognizes the two values being added as integers. It also recognizes that the
constant value (1) can be represented with 16 bits and is the same size as the variable so
they can be added without having to convert either of them to a compatible data type.

lcall Hi Bf ; convert the integer value in HL to
;3 floating point and store in BCDE

Since the values just added result in an integer value the compiler recognizes that the result
must be converted to floating point. The compiler will include the function Hi_Bf in the code
to do the conversion. From examining the statements we can conclude that the function
wants the integer value in HL and returns the result in BCDE.

clr HL ; offset on the stack for the auto
; variable float_a

add HL, SP ;s add the contents of the stack
; pointer to HL to get the address of
; float_a

Obviously, simply copying SP to HL will accomplish the same thing or even better — loading
BCDE directly to (SP). However, the code generator must handle the general case. I am not
a compiler writer but | imagine that optimizing the code for this case might prove to be
somewhat difficult.

1d (HL), BCDE ; store the contents of BCDE into the
; auto variable location for float_a

As you can see from the generated code, programming in Assembly Language is quite dif-
ferent from higher level languages. You have to do everything yourself. Even the code
shown above does not show all the code generated by the compiler (i.e., the code for the
Hi_Bf function). Also, since the code above was generated for a C environment there is
lots of other code that does not have anything to do directly with the C statements but
that are used to set up the target processor, debugging, etc.

When programming in assembly language, the programmer must think of every detail in-

volved in the process for the task at hand. The following outline shows exactly what this
means. The task is to add two numbers and display the result.
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WHAT IS ASSEMBLY LANGUAGE? 2

Get the first number

Get the second number

Add them

Display them
The outline seems simple enough, but exactly how do you program each of the steps? It
depends entirely on the processor: the instructions and hardware it supports. There are
questions which need to be answered:

What kind of numbers are they?

Integer

16 bits
32 bits

Floating point

Single precision
Double precision

Are they both the same kind?
Does the program have to support whatever numbers are entered?
How does the program get the numbers?
Constants embedded in the program
Operator entry
What protocol is used to communicate with the display

These questions need to be asked whatever the programming language, but in assembly
language the implementation is quite a bit more difficult.

That implementation depends on a number of factors based on the processor:

Does the processor have floating point hardware
What size are the registers

How many registers does it have

Is it an orthogonal instruction set

What kind of 1/0 devices does it have

29



2 WHAT IS ASSEMBLY LANGUAGE?

A higher level language allows the programmer to ignore most, if not all, of these ques-
tions. For instance — if the processor does not support floating point hardware, there will
be software functions available to handle the floating point operations (as in the above
sample). If the processor has only eight and/or 16 bit registers, the compiler will have
functions to handle the arithmetic operations that require more than eight or 16 bits.
Here is a more detailed outline that will probably suffice for a pure assembly language im-
plementation. The assumption is that both values will be entered via a serial interfaced
terminal and that the result will be displayed on that same terminal.

Define whatever memory configuration values are necessary

Allocate RAM for all variables — including terminal input

Allocate ROM for and define all messages to be sent to the terminal

Ask for the first value

This probably requires using a UART and the software driver necessary for ac-
cessing it

The driver needs to be written
Get the value
Again — this requires a UART and the driver which will have to be written
Determine the data type, convert and store the binary value accordingly
This is not as easy as it may sound:
Check for a leading ‘-’ to see if it is negative
Check for a leading ‘+’
Is there a decimal point — making it floating point?
Does the program have to support ‘E’ format?
Ask for the second value
Get the value

Determine the data type, convert and store the binary value accordingly

Add the two values based on their data type
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HIGH LEVEL LANGUAGE CALLING CONVENTIONS

Convert the sum to ASCII
Display a message with the result

As you can see there is quite a bit of detail involved in writing an Assembly Language pro-
gram. However, in most cases you will probably not be writing an entire program — you
will be writing one or more functions in Assembly Language. As stated elsewhere in this
book, one of the main reasons for writing in Assembly Language is execution speed. If
your application is written in C, or any other high level language, and it requires any high
speed processing you may need to consider writing some function(s) in Assembly Lan-
guage. This is especially true for Interrupt Service Routines which should be executed as
quickly as possible.

As is the case with most things, the only way to become proficient with Assembly Lan-
guage is to use it. There are several exercises later in this book which can be used to get
you started. Although this book is not about any specific processor, the skills acquired
learning the Assembly Language for any processor can be used immediately with any
other.

Basically you will need to learn the syntax of the new instructions, the register set and
processor architecture. This is not as difficult as it may at first seem. There are certainly
differences but usually once you have learned the Assembly Language for one processor,
learning the details of another processor is relatively easy.

High Level Language Calling Conventions

In many cases your Assembly Language code will have to interface to a higher level lan-
guage, sometimes abbreviated HLL. These interfaces will usually fall into one of two cate-
gories:

1 Stand-alone such as is found in an Interrupt Service Routine
2 Called from the HLL

There are a few examples of ISRs in Chapter 11 of this book. The main criteria you need to
consider in an ISR, as far as the HLL is concerned, is the preservation of registers. When
the interrupt occurs, your ISR code has no idea of how the HLL is using the processors reg-
isters so it is up to the ISR to both save and restore any registers it uses which may also be
in use by the calling function. All of this is discussed in more detail in Chapter 11.

When an Assembly language function is called from an HLL, it is up to the compiler, or in-
terpreter, to define the calling convention. In general, the HLL will allow the called func-
tion to use all available registers. However, there are strict rules for passing parameters
such as:
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2 WHAT IS ASSEMBLY LANGUAGE?

The first argument may be put into a specific register. The register that is used may
be dependent on the size of the argument and whether or not the argument is a
pointer.

All arguments, including the first, are usually pushed onto the stack. In most cases
the last argument is the first one pushed on the stack. This makes the first argu-
ment the last one pushed on the stack.

Some systems may put the number of arguments as the last value pushed. This will
only be required if the number of arguments is variable.

It is up to the called function to “know” the data type, size and stack offset for each
argument.

Global values can usually be accessed directly by referencing their names.

Local values, usually stored on the stack, will need to be accessed using a com-
piler/interpreter defined method.

See chapter 6 for definitions of Global and Local.
Keep in mind that the last item pushed onto the stack is the return address.

A return value will usually be put into a specific register.

You need to read the compiler/interpreter documentation and thoroughly understand the
conventions it uses for calling Assembly Language functions. Debugging Assembly Lan-
guage can be difficult but it will be considerably more so if these rules are not strictly fol-
lowed. Here are two possibilities for errors:

32

1 Using a register which must be preserved but you do not. Your function may
execute just fine but the program will eventually crash.

2 Using parameters off the stack with the incorrect size or retrieving them with
an incorrect stack offset will cause your function to execute incorrectly.
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