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PROGRAMMING NOTES FOR THE

The 6800 microprocessor IC is the
central processor (MPU or CPU) for the
Altair 680 computer. Other compo-
nents in the system, such as the mem-
ory and the terminal connected to the
1/0 port do not initiate data transfers.
They respond only to requests from the
MPU to send or receive data. Through
the interrupt facility, adevice (suchasa
terminal) can signal that it has com-
pleted a data transfer or that it has new
data available.

The MPU initiates a data transfer by
placing an address on the.address bus,
setting the read/write flag to signal
whether it is sending or receiving, rais-
ing a VMA (valid memory address), and
putting data on the data lines if it is
sending. A device on the bus must rec-
ognize when an address that refers to it
has been sent out and take appropriate
action. In the case of a read from a
memory address, the memory will ex-
amine the appropriate memory cells
and set the data lines, depending on
what is stored in those cells.

Ali data is 8-bits wide (eight binary
digits), which means that data has 256
(28) possible values. Addresses are
16-bits wide, giving the system up to
65,536 (2'%) possible locations to use
for memory locations and device regis-
ters. The idea of using addresses to
refer to |/O devices as well as memory
locations, as opposed to having spe-
cial I/O instructions and a special 1/O
bus, is relatively new. It has greatly
simplified the computer's structure.

The MPU has a number of internal
registers: the program counter (PC), A
and B registers, condition code flags,
index register, and stack pointer. The
16-bit PC is used to keep track of which
instruction the computer will execute
next. Once the computer is started and
the PC initialized, the MPU will start
executing instruction cycles. An in-
struction cycle begins when the PC is
sent out on the address lines. When
this data comes back to the MPU, the
instruction is decoded and the MPU
performs the appropriate operation.

There are 59 instructions, 197 of the
possible 256 codes being unassigned.
These 197 instructions are grouped
into 72 different types. Some instruc-
tions require one or two additional ar-
guments. These arguments occupy the
memory locations following the in-
struction. When the instruction is
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fetched, and as each argument is
fetched, the PCis incremented by 1, so
that afterall the arguments are fetched,
the PC will give the address of the next
instruction to be executed (unless the
execution of the current instruction
modifies the PC). When the current in-
struction is completed, a new instruc-
tion cycle is initiated. The MPU will
continue to execute instructions until

the RUN/HALT switch is set to the HALT

position or the power is turned off.

The MPU has two 8-bit ac-
cumulators, designated A and B. They
are called accumulators because they
are used for storing arithmetic results.
An example of some instructions that
operate on the accumulators and take
no additional arguments aside from
the instruction itself are:

FND FRT IDX FLIST Initializes index
register to point
at parts list

CMP A X See if A = con-
tents of location
index pointed to.
A 18 not changed,
but zero flag is
set if egual

BEQ HAVPRT If equal, check

count

ST X Set zero flag if in-

dex register points

at 0, which means

list ended
BEQ PERR If ao, zo to PERR
INX Point to next
INX ‘Part number

ERA FNDPRT Unconditionally
branch back,
search more

HAVPRT CMP B X 1,X gives address
of availability
count; see if enough

BIS PORDER If not, order more

PUSH A Save part number
DA A 1.% A = old stock count
SBA A=A - B = new

stock count

ST A 1, X Store mew count
POP A Restore part number
RIS Return %o caller

DEC A Decrement value of A by 1

TAB SetB = A

CLRB SetB =0

NEGA SetA=0-A

COM B Complement B [B = B —

(B +1)]

SBA A=A-B

ADD A=A+8B

Since only a small amount of data
can be stored in the MPU itself, there
are a number of instructions that
specify addresses in memory as
operands. The method an instruction
uses for specifying a memory address
is called the addressing mode of the
instruction. There are seven different
addressing modes for the 6800 chip.

The simplest addressing mode is ex-
tended addressing. An instruction that
employs the extended mode takes two
arguments and is, therefore, a three-
byte instruction. The first argument
gives the high-order eight bits of the
address to use and the second argu-
ment gives the low-order eight bits. For
example:

LDA A 3000 Load A with contents

of location 3000
CLR 2000 Set location 2000 to O
STA B 2001 Store B in location
2001

Extended addressing is the most
general form of addressing since it can
refer to any possible address. However,
instructions employing extended ad-
dressing require three locations in
memory; so, other less general but
more compact addressing modes are
provided.

In the direct mode of addressing, an
instruction takes a single argument,
which is taken to be the low eight bits
of the address of the operand. The high
eight bits of the address are assumed
to be zero.

In the Iimmediate mode, an
instruction’s single argument to the in-
struction is used as an operand of the
instruction. For example:

LDA A 30 Set A = 30

ADDB 20 Add 20to B

The indexed mode of addressing
takes a single argument that is added
to the 16-bit index register to give the
address of the operand. The index re-
gister can be loaded (LDX), stored
(STX), incremented (INX), decre-
mented (DEX), and compared with an-
other 16-bit quantity (CPX).

All of the common arithmetic and

POPULAR ELECTRONICS

logic operations can be performed
(that is, add, subtract, and, or,
exclusive-or). One of the accumulators
is specified as the first operand and
used to store the result. The second
operand can be specified using one of
the addressing modes. Arithmetic op-
erations also set/clear the condition
codes, depending on the result of the
operation. (That is, if the result of an
operation is zero, the zero flag is set; if
the result of an addition is greater than
256, the carry flag is set.) These condi-
tion codes can be used for multi-
precision arithmetic or for the condi-
tional branching described below. For
example:
SUB A 1456 Subtract contents of
location 1456 from A.
The zero flag will be
set if the result is 0.
EORB 11X SetB =exclusive-or of
B and contents of lo-
cation given by adding
1 to index register.
Unless a branch, jump, JSR, BSR, or
RTS instruction is executed, the com-
puter will execute instructions sequen-
tially out of memary. The jump and
branch instructions change the PC,
which changes the address from which
the next instruction will be fetched. A
jump instruction is unconditional and
stores its two eight-bit arguments in

the 16-bit PC, using the first argument
for the high-order bits in the PC.
Branching, which can be executed
conditionally, based on the state of the
condition codes, takes a single argu-
ment that is added to the PC. The ar-
gument is taken as a signed number,
which means you can branch to any
location that is less than 130 locations
beyond the current location or any lo-
cation that is less than 127 locations
behind the current location. For loca-
tions further away, the jump instruc-
tion must be used.

The 16-bit stack pointer (SP) can be
decremented, incremented, loaded,
stored, and transferred to or loaded
from the index register. The impor-
tance of the SP comes from its use in
the JSR (jump to subroutine), BSR
(branch to subroutine), RTS (return
from subroutine), PUSH (save an ac-
cumulator on the stack), POP (fetch a
value from the stack), and the handling
of interrupts. The PUSH A instruction,
which takes no arguments, stores A in
the address contained in the SP and
decrements the SP. By setting SP to
point to an area of free RAM, a prog-
rammer can save and restore tempor-
ary values with 1-byte instructions.
When aJSR or BSRis executed, the PC
is saved on the stack by storing the low
eight bits of the PC at the address the

SP contains, decrementing the SP,
storing the low eight bits of the PC, and
decrementing the SP again. Other than
pushing the PC onto the stack, BSR is
exactly like branch always, and JSR is
exactly like jump.

An RTS fetches the PC off the stack
in a similar manner. The use of the
stack for saving return addresses for
subroutine calls allows for subroutines
that call themselves and does not re-
quire that locations be set aside to
store the return address of every sub-
routine. The stack is invaluable in mak-
ing the programming of the Altair 680
easy.

The sample subroutine shown on
the preceding page is called with a
part number in the A register and the
number wanted in the B register. It
searches the parts list that starts at
memory location PLIST and consists
of a part number followed by the quan-
tity of that part in stock. If the desired
part is not in the list, the subroutine
branches to memory location PERR. If
the part is located in the list, the quan-
tity in stock is checked to make sure
there are enough of the part available.
If there is not a sufficient quantity in
stock, the sequence at location POR-
DER gains control. Otherwise, B is sub-
tracted from the number of parts in
stock and the subroutine returns.
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the need for 2 out of 3 tune-ups. Figure it out for yourself.
The first tune-up or two saved pays for the unit, the rest is
money in your pocket. No bunk!

“/, e Because the Mark Ten B keeps your
i / car in better tune, you actually can
save on expensive gasoline,

e With a Mark Ten B, spark plugs
‘stay clean and last longer . . . fouling
s is virtually eliminated.

| want to know moare about Mark Ten B GDI's. Send me complete
no-nonsense information on how they can improve the performance
of my car.
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Mark Ten B,
assembled . ..
Mark Ten B, kit . ...$49.95 ppd

DELTA PRODUCTS, INC.

P.O. Box 1147, Dept. PE, Grand Junction, Colo, 81501

303-242-9000

Standard Mark Ten,
...564.95 ppd

CIRCLE ND. 24 ON FREE INFORMATION CARD

assembled ......
Deltakit@® .. .. ..

ar to get an electronic ignitio@

Let's face it. After 37 years, even a Phantom Ill can use a
lift, That's why | put a Delta Mark Ten B Capacitive Dis-
charge Ignition on my Phantom . .
pit against any '75 model car. | went to Delta because they
aren’t Johnny-come-latelys. Delta's been making electronic
ignition systems for over a decade.
Whatever kind of car you drive, you can give it the same great
Delta performance | gave mine.
e Mark Ten B Capacitive Discharge Ignition Systems are
| manufactured by Delta Products, Inc., a company with a
' conscience, and with a proven record of reliability both in
E; product and in customer relations.

/ e The Mark Ten B really does save money by eliminating
/o

$49,95 ppd
$34.95 ppd




