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Aids for Hand Assembling Programs

The program takes a 16 bit number ORigin and adds two to it. The new number
then is subtracted from another 16 bit number, DEstination. The difference, which
may be positive or negative, in two's complement, is stored in POINTL, The difference
is also examined to determine if it is larger than +127 {if positive) or smaller than —127
{if negative). If this is the case, FF is loaded into POINTH: otherwise 00 is loaded.
POINTH and POINTL are then displayed by transferring control to the (KIM) apera-

ting system.

BRAVEC

Listing 1! Progrum descrip-
tion for BRAVEC, This
description should be the
first step taken wwhen writ-
ing a program.
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Resident assembler programs and inter-
preters for high level languages are avail-
able increasingly  for  microcomputer
systems based on the more popular micro-
processors. Nevertheless, many operators
of small microcomputer systems arc unable
to use such programs because their systems
are not large enough to support them.
Unless they are lucky enough 1o have
access to a timesharing scrvice or to some
larger computer which supports a cross
assembler, their only way of developing
a usable object program is to assemble it
by hand.

While the mere idea of such an endeavor
might horrify any programmer who is
used to working with large machines, the
hand assembly of shorter programs for
8 bit microprocessors actually is not very
difficult. It has been my experience that
the assembly of programs can be greatly
simplified and the likelihood of errors can
be reduced by using some simple aids in
the assembly process,

One of these aids is in the form of hard-
ware and consists of a special program
assembly form. The software aids are several
short utility routines which run even on the
smallest microcomputer systems. Develop-

ment of the assembly method described in
this article is based on expericnce gaincd
from working with programmable calcu-
lators of the keyboard language Lype,
Matt Biever of the Pro-Log Corporation
has long been advocating some of the tech-
niques that | am using. The article's as-
sembly method is used for program develop-
ment for a KIM-1 microcomputer. [t can be
adapted easily for other microcomputer
systems as long as they use an 8 bit pro-
cessor. The assembly method will be demon-
strated with a sample program.

Before writing a program, it is a good
idea to put down in writing what the pro-
gram is supposed to do. Such a program
description, as shown in listing 1, might
state any limitations on the magnitude of
variables used or might indicate what
happens if these limitations are exceeded,

The next step is to develop a concepl of
the program in the form of a flowchart
as in figure 1. While the symbols used in
such charts are standardized, the chart's
degree of detail is a matter of personal
preference. From program descriptions and
flowcharts, one can determine how many
memory locations or registers will be nec-
essary to store data and temporary results.
These locations should be written in the
program register table as shown in table 1.
This table also contains the addresses of sub-
routines or registers of the monitoring
system that are called by the program, or
of PIA registers that will be addressed.
The table is similar to the symbol table
printed by the computer during the machinc
assembly of a program.



After a program description is developed
the actual writing of the program can begin.
The programmer, who writes a symbolic
listing for machine assembly, arranges a
program in the form of lines. Each line is
successively numbered, contains one
mnemonic for an operation (unless it is an
“all comment" line) and later will be punched
into one punch card for computer entry.
Because the operation described by the
mnemonic can have a length of one, two or
three bytes, each line eventually results in

one, two or three machine instructions,
Therefore, there exists no simple relation
between the line number and the address
at which the machine code is stored in the
computer memory. For the hand assembly
of programs, it is advantageous to use a
different format for the program listing in
which there is a one to one relationship
between program line and memory location.
The writing of the symbolic program and the
assembly into machine code is greatly simpli-
fied by the use of a special program assembly

Figure 1: Flowchart of the program de- Use Label Location
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form. The form | developed for our KIM-1
system is shown in fisting 2, (Similar forms
are available from the Pro-Log Corporation;
order Nr CF-1,) Each Iine of the coding form
corresponds to one memory location with
the least significant hexadecimal digit of
the address preprinted in the ADD column.
The form can be used with any computer
system that uses a hexadecimal machine
code. For octal notation, a different layout
is advantageous.

The programmer starts writing a program
by adding the other digits of the program
starting address in the ADD and Page

Listing 2: Program listing of BRAVEC using the author’s hand assembly form
for the KIM-1. This form can be used with any hexadecimaf based micro-
DProcessor.

Program: BRAVEC

Page 1of 2 Date: Programmer:
Page| ADD|OPC| Label MNE |Mode [Operand|N | Comment
00108 0RLO )
[ ORH/ { pam
2 OeLo {  REGISTERS
3 DEK(
4|/8 (224
5|49 LOA EX
6|lo2
7165 AC| Z | Okeo
8[/00 -
9{ 90 Bee vELD
Al 02 —
B|£G el =z | orwt
clov —
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Djo?
ElL pPL V1
Flo9g

VA-BECC Progrom Assembly Form



columns. It should be noted that the Page
column refers to memory pages while the
Page-of heading indicates pages of coding
forms. The program is written by entering
the mnemonic of the first instruction into
the MNE column of line 0. Many of the
instructions of a microprocessor can occur
in more than one addressing mode. During
machine assembly, the assembler program
deducts the addressing mode from the for-
mat of the operand or the definition of a
symbol. When hand assembling a program
it is advantageous to specify the addressing
mode in the Mode column. Immediate

Listing 2 continued:

Program: BRAVEC
Page 2of 2  Date:

Programmer:

Page|ADD|OPC|Label |MNE |Mode |Operand

N|Comment

20|49 | FLAG |LoA | # | HFF
lad —
55 sTA L Z |PunTH
FB “
4c IMP | ABS | sSTART
4F
i T~
10 | VEG |BPL FLAG
F7
A9 our |LDA |3 a4
00
5 STA| Z | PoiATH
FB
4c TJHMP| ABS | START

4F

/1C

R

MMO 0@ P @ ® I ~ND AL |GN —BNm o o> @@ iyio|unlslwunl—|a

VA-BECC Program Assembly Form
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mode addressing is commonly indicated by
the symbol #. For other addressing modes,
suitable abbreviations of the column head-
ings in the programmer's reference card
should be used. For operations which have
only one addressing mode, the Mode column
is left empty. The addressing mode deter-
mines how many address bytes will have to
follow the op code byte. After filling in the
Mode column, the programmer should cross
out the appropriate number of lines in the
MNE column. This rescrves the correspond-
ing memory locations for the address or
operand part of the instruction,

The Label column will carry an entry for
two conditions only:

® |f the line contains the start of a
subroutine.

® f (he line is the destination of a
conditional or unconditional jump or
branch instruction,

While assembly programs sometimes put
certain limitations on the choice of labels,
any suitable word or letter and number
combination can be used as a label for hand
assembly. However, it makes sense to pick
a word or abbreviation that indicates what

the subroutine or branch destination s
doing in the program, (ie: “WAITLOOP,”
“COUNT," or simply “LOOP 77},

The next column to fill in is the one with
the heading Operand. When writing pro-
grams for machine assembly, the program-
mer enters a symbolic label in this field and
leaves it up to the assembly program to
figure out what to do with i, When writing
for hand assembly, the programmer can
make the task easier by being a bit more
specific. The operand can be one of the
following things:

1. In the immediate addressing mode, it
is simply the number that is to be entered
by the operation. Rather than give this
number a symbolic name which is defined
somewhere in a symbol table, it is much
casier to enter it directly in the Operand
column. One has to be careful to remember
which number system is being used. A num-
ber without a prefix indicates decimal
notation. The prefix % indicates binary
notation. A bit mask for bit 2 and 0, for
example, would have the operand % 0000
0101, If the number is in hexadecimal
form, the prefix $ would normally be
used, but in this case it is much simpler to
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enter the hexadecimal number directly
in the OPC column of the following
line.

2. With a jump or branch instruc-
tion, the operand symbol indicates the
destination of the operation. The oper-
and of such an operation must have a
counterpart in the label column some-
where in the program. The only cx-
ception is when the program calls sub-
routines that are stored in read only
memory (as | do frequently with sub-
routines of the KIM monitoring sys-
tem). In this case, the operand symbol
has to have a counterpart in the stored
program.

3. With any other memory refer-
enced instruction, the operand must
symbolize a memory location. | have
found it useful to think of these loca-
tions as registers cven though, unlike
the registers of the processor, they are
physically located somewhere in mem-
ory. As a matter of fact, their loca-
tion, if possible, is in page zero of the
memory to take advantage of the
shorter addressing mode. For reg-
isters used in stock subroutines, |
have assigned locations which begin
at the upper end of page zero and
work their way downward. They are
listed in a master register list and
care has been taken that subroutines
that are likely to be uscd in the




same program do not occupy the same
register addresses. The symbolic names for
registers that will be used in the main pro-
gram are noted in a program register table
{table 1) with the addresses to be assigned
later. The symbols again should be words or
abbreviations which indicate the meaning
of the data contained in the register, such as
STARLO to mean starting address, low
order bytc.

The column N of the program assembly
form can be used to indicate the number of
cycles it takes to execute the instruction,
This is necessary, for example, to determine
the time of timing loops. In most cases,
however, this column will be left empty.

Finally, the Comment column should
be used to explain the function of the opera-
tion listed in the current line and sometimes
some following lines. While this information
may not be needed by the programmer, it
is tremendous help for any other person
trying to understand what the program is
doing. If the program has been flowcharted
first, which is highly recommended for all
but the shortest programs, the comment
can simply be a number which refers to an
equally numbered symbol on the flowchart.

In this way the programmer works

from the master register list to the program
register list. Then absolute addresses are
assigned to all other registers listed, making
sure that no duplication occurs. Registers
which contain the low and high order bytes
of numbers, or registers which contain
successive byles If multiple precision opera-
tions are used, have to be arranged in such a
way that their absolute addresses are ad-
jacent in increasing order (STARLO = B3,
STARHI = B4).

With the completed program register
list onc can go over the program again.
For ecach memory referenced instruction
other than branch and jump instructions, the
program register list will contain an absolute
address ftor the symbol in the operand
column. This hexadecimal number is now
entered into the OPC column of the follow-
ing line. For registers located outside of page
zero (such as the registers in PlAs) the
address will be entered in two lines and care
has to be taken to enter the low order byte
first, followed by the high order byte.
During this pass | also check all lines with a
# in the Mode column and, if necessary,
convert the binary or decimal operand into
hexadecimal notation which is entered in
the OPC column of 1he following line.

down the lines of the program assem-
bly form. Every time a O is encount-
ered in the ADD column, (s) he adds
the most significant bit. If that addi-
tion makes the ADD column is also
advanced. Eventually the program will
be completed and the hand assembly
can begin. Like the computer, | do
this in a number of passes.

The first pass is the easiest one.
Using a listing of the instruction set, or
the programmer reference chart, the
mnemonic and the entry in the Mode
column is used to look up the op code
of the instruction, which is entered in-
to the OPC column of the line. A fre-
quent error during this operation is to
mistake an 8 for a B or vice versa, and
| double check op codes with these
sumbols. The programmer’s reference
cards supplied by the manufacturers,
although they fit nicely into a shirt
pocket, were apparently not intended
for use by programmers over 40 years
of age. The listing of the instruction
set in the data sheets or system man-
uals is usually printed ina more reason-
able letter size.

The second step is to assign absolute
addresses to the symbols of the program
register list. First, all registers and their
addresses used in stock subroutines to

be called by the program are transferred
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With this step completed, the OPC column
should show a hexadecimal number in most
lines. The next step is to pass over the
program listing another time.

Any line with an open OPC column
where the mnemonic indicates a branch
instruction will require that the branch
vector for the relative addressing mode be
calculated. For short forward branches
this poses no problem because the offset
can easily be counted off (beginning at the
second line following the one which contains
the branch instruction, and continuing to
the line which has the corresponding symbol
in the label column). Forlonger branches and
especially backwards branches, if memory
pages are crossed it is very easy to make a
mistake and miss by one count in either
direction. | have found it advantageous to let

the micraocomnuter nerform this gneration
the microcomputer periorm this operation

because, after all, it is much better in hexa-
decimal calculations than any programmer.

The example program BRAVEC receives
the origin and destination of a branch and
calculates the branch vector in two's comple-
ment notation. A flag is set if the relative
addressing range is exceeded. The program
is loaded from cassette tape beginning at
memory location 0000. Loading begins
here because this focation in the KIM-1
system can be addressed easily by pressing
the space bar of the connected terminal.
The first four locations are actually data
registers into which the low and high order
bytes of origin and destination of the branch
are entered.

When the program is executed beginning
at iocation 0004, it displays or prints the
branch vector in two’s complement as the
low order byte of the address field, The
high order byte of this ficld normally
shows 00, while FI indicates that the reach
of the relative addressing mode has been
exceeded.

While the program, as listed, is written
for the 6502 microprocessor, only instruc-
tions that have an equivalent in the instruc-
tion set for the 6800 were used, The pro-
gram, therefore, can be converted easily.
However, the registers POINTHI and
POINTLO, which are displayed as an address
in the LED display of the KIM-1 micro-
computer, are specific for this system.
For other computers the user will have Lo
find another way of displaying the result of
the calculation.

After all branch vectors have been calcu-
lated in this fashion and entered in the
appropriate lines, the only open spaces in
the OPC column should be the address parts

of jump instructions. For jumps within the
main program, it is easy to find the line
with a matching entry in the label column
and to enter the address of this line into the
OPC columns of the lines following the one
containing the jump instruction. For sub-
routines called from read only memory,
the address has to be looked wp in the
subroutine listing.

Stock subroutines which have been
written on some other occasion and which
can be loaded from magnetic or paper tape
frequently can be used. Normally such sub-
routines will be tacked on after the last
memory location occupied by the main
program. The KIM-1 system has a relocating
loading routine for loading from magnetic
tape. If this feature is not available, some
area in the memory should be set aside into
which the subroutines are loaded. A move
program then can be executed to pull up
the subroutine. For the 6502 processor |
use a program called MOVBLO which re-
quires only 14 program steps due to one
very convenient addressing mode of this
Processor.

Unless one is very pressed for memory
space, it is a good idea to have all subrou-
tines start in lines with a 0 as the least signi-
ficant digit because it is easier to keep track
of the starting address afier relocation. In
order to be relocatable, a subroutine may
not contain any absolute jump instructions
and only relative addressing within the sub-
routine is permitted.

After the last addresses for the stock
subroutines have been entered in the pro-
gram assembiy form, the hand assembly is
completed. | have never clocked the opera-
tion, but by following the methods de-
scribed, it goes much faster than onc would
expect. With all op codes being listed in a
single column it is much easier to enter them
into the machine, either from a hexadecimal
keyboard or from the keyboard of a ter-
minal. This is another occasion in which
operator errors can easily occur and |
proofread all programs after entry. This
operation is again greatly simplified by the
use of the assembly form which shows
address and op code in adjacent columns,

The assembly method and the assembly
aids described have been in use for several
months and have been found to greatly
reduce the likelihood of assembly errors.
Unfortunately, this method does nat protect
from programming errors and the debugging
of the program still is a time consuming
but necessary step to follow the assembly of
a program. =



