RADIO-ELECTRONICS

N
=4

The
IMSAI 8080.

A commercial
yet personally

affordable
computer.

If you thought you could never afford
a computer at home, think again. The
IMSAI 8080 is built for rugged industrial
performance. Yet its prices are competitive
with Altair’s hobbyist kit. Fully assembled,
the 8080 is $931. Unassembled, it's $599.

The IMSAI 8080 is made for
commercial users, and it looks it. Inside
and out. The cabinet is attractive, heavy
gauge aluminum. The heavy duty lucite
front panel has an extra 8 program
controlled LED’s. It plugs directly into
the Mother Board without a wire harness.
And rugged commercial grade paddle
switches are backed up by reliable
debouncing circuits.

The system is optionally ex-
pandable to a substantial system with

22 slots in a single printed circuit board.

And the durable card cage is made of
commercial-grade anodized aluminum.

The IMSAI 8080 power supply
produces a true 28 amp current, enough
to power a full system. You can expand
to a powerful system with 64K of software
protectable memory plus an intelligent
floppy disk controller. You can add an
audio tape cassette input device, a
printer plus a video terminal and a
teletype. And these peripherals will
function with an 8-level priority interrupt
system. BASIC software is available in
4K, 8K and 12K.

Get a complete illustrated
brochure describing the IMSAI 8080,
options, peripherals, software, prices
and specifications. Send one dollar to
cover handling to IMS. The IMSAI 8080.
From the same technology that developed
the HYPERCUBE Computer architecture
and Intelligent Disk systems.

Dealer inquiries invited.
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IMS Associates, Inc.
14860 Wicks Boulevard
San Leandro, CA 94577

(415) 483-2093 Dept. RE-11
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KONMPUTER KURNER

A look at the arithmetic/logic instructions and processor
flags of the 8080 microprocessor

TIM BARRY

WE PREVIOUSLY DISCUSSED' THE DATA-TRANS-
fer instructions that can be performed by the
8080. This month we will continue on with
this presentation by examining the arith-
metic/logic instructions that the 8080 uses to
operate upon the data located in its registers
and the system memory. (You may wish to
refer to the previous column for an explana-
tion of some of the notations used to repre-
sent various register groups, data types, and
data transfers.)

Arithmetic /logic instructions

Any computer instruction that modifies the
contents of a register, memory location or
flag by any arithmetic or logic operation is
considered to be a member of this group. As
with data-transfer instructions, we can con-
sider arithmetic/logic instructions in the
context of data sources and data destinations.
The execution of an arithmetic/logic opera-
tion causes the contents of one or more data
sources to be operated upon by the comput-
er’s arithmetic/logic unit. The result of the
operation is then placed into the data desti-
nation. The contents of the data sources used
in the operation are called operands. Most
computer arithmetic/logic operations use
one, two or occasionally three operands. The
8080 uses arithmetic/logic operations that
require either one or two operands.

Processor flags

Intimately related to the concept of arith-
metic/logic instructions is the concept of
processor flags, or simply flags. A flag is an
internal logic element (usually a flip-flop)
that indicates the state of the processor. Some
of these flags are set and reset based upon the
result of the various arithmetic/logic oper-
ations. These flags can then be tested and
their state used to determine whether or not
some operation is to be executed. For exam-
ple, the operation to take place after an
addition operation has been performed may
depend on whether or not the result of the
operation was zero. If the processor has a flag
that is set if the result of an operation is zero,
it could be tested and the next step based on
whether or not it was set or clear. Without
flags to set and test, the ability of the
computer to modify its operation based upon
the results of operations performed would be
lost, and with it the flexibility of programmed
control.

The 8080 provides four flags that are
affected by arithmetic/logic operations and
they are tested under program control. These
are the carry flag, the zero flag, the sign flag
and the parity flag. The conditions that are
indicated by these flags are described
below:

Carry flag: The carry flag is set or reset under
the following conditions:
1. Set if the result of an addition is
greater than 256
2. Set if the result of a subtraction
is less than 0

3. Cleared by all logic operations
(AND, XRA, ORA)
4. Set or cleared by the rotate
instructions
In addition, there are two 8080 instructions
that can be used to directly modify the state
of the carry flag. Each instruction is listed
below (in bold) followed by the data-transfer
notation and the meaning.

STC (1)
Operation performed: 1-—C
The carry flag is set to 1.

CMC (1) =

Operation performed: C — C

The state of the carry flag is comple-
mented.

Zero flag: The zero flag is set to a logic-one
anytime an arithmetic or logic
operation results in a zero in the
accumulator.

Sign flag: The sign flag corresponds to the
sign of the two's compliment
number in the accumulator after
an arithmetic or logic operation
has been performed. If bit-7 of
the accumulator is a zero (the
number is positive), the sign flag
will be set to a logic-0. If bit-7 of
the accumulator is a logic-1 (the
number is negative), the sign flag
will be set to a logic-1.

Parity fiag: The parity flag is set or reset
based upon the number of
logic-1’s left in the accumulator
as the result of an arithmetic or
logic operation. If the number
of bits set to logic-1 in the
accumulator is even (even pari-
ty), then the parity flag will be
sct to logic-1. If the number of
bits set to logic-1 in the accumu-
lator is odd (odd parity), then
the parity flag will be set to
logic-0.

It is important to remember that the flags
are only set or cleared as the result of
arithmetic and logic operations. With one
exception, data-transfer instructions do not
alter the state of the flags. This means that to
test a value from memory or an input device,
you must perform an arithmetic or logic
operation with that value fo set the flags. The
act of transferring data, by itself, does not set
flags to correspond to the data transferred.

When using the 8080, the contents of the
accumulator and all flags can be treated as a
program status word (PSW). PSW can be
saved in the stack by using the PUSH PSW
instruction. This saves the status of the flags
when the push instruction is executed. This
status can then be restored later by using a
POP PSW instruction. (POP PSW is the data

_transfer-instruction that violates the general

statement that data transfers don’t alter
flags.)
continued on page 26




RADIO-ELECTRONICS

]
(-]

KOMPUTER KORNER
continued from page 24

Two-operand instructions

The 8080 provides nine basic two-operand
arithmetic/logic operations. Eight of these
are 8-bit operations and one is a 16-bit
operation. For the 8-bit operations, the two
data-sources are the A regmter and one of the
following: A single register (A, B, C, D, E, H,
or L), the contents of memory as addressed
by the HL register pair (M), or an B-bit
immediate data value (D8). The data destina-
tion is always the A register. For the 16-bit
operation, the two data-sources are the HL
register pair and one of the 16-bit register
pairs (BD, DE, HL) or the stack pointer (SP).
The data destination is always the HL
register pair.

ADDS (A) + (S)-—>A (1)
ADDM (A) + ([HL) — A (D
ADID8 (A) + D8 — A (2)

The above program adds the contents of the
specified data source to the contents of A and
the result is placed in A. All flags are
affected.

ADCS (A)+ (S)+ C-—A (1
ADCM (A) + ((HLD + C—A (1)
ACIDS (A)+ D8 + C-—A @)

The above program adds together the
contents of the specified data source, the
contents of A and the carry flag, and the
result is placed in A. All flags are affected.

SUB S (A) — (8) — A (1)

SUBM (A) — ([HL])) — A m
SUID8 (A) - D8 —A 2)
Here, the contents of the selected data source
are subtracted from the contents of A and the
result is placed in A. All flags are affected by
this operation.

SBBS (A)— (S)— C-—A (1)
SBBM (A)— (HLD —C—A (1)
SBID8 (A)— D8 — C-—A 2)

The contents of the selected data source and
the carry flag are subtracted from the
contents of A and the result is placed in A.
All flags are affected.

ANA S (A) A (S)— A (1)
ANAM  (A) A ([HL]) — A (D)
ANID8 (A) AD8-—>A )

The logic and operation is performed using
the contents of A and the selected data
source. The result is placed in A. All flags are
affected.

XRAS  (A)M(S)—A 1)
XRAM (A)™ ([HL) —A (1)
XRID8 (A) D8 — A @)

The exclusive-or operation is performed
using the contents of A and the selected data
source. The result is placed in A. All flags are
affected.

ORAS (A)V (S)—A (1)
ORAM (A)V ([HL]) — A (0
ORIDS8 (A)\vD8-—A (2)

The logic-or operation is performed using the
contents of A and the selected data source.
The result is placed in A, All flags are
affected.

CMP S (A)—(S) (1)
CMP M (A)—([HL]) 1)
CPID8 (A)-D8 @)

The contents of the selected data-source are
compared to the contents of A, The compar-
ison is made by subtracting the contents of
the data source from A, with the flags set
based on what the result would have been.
Neither A nor the data source is modified by
the aperation. All flags are affected.

DAD RP  (HL) + (RP) — HL )
The contents of the selected register pair are
added to the contents of the HL register pair.
The result is placed in HL. Only the carry
flag is affected.

Single-operand instructions

Single operand arithmetic/logic instruc-
tions use the same data resource as both data
source and data destination. These oper-
ations are used to modify the individual
registers, register pairs, and memory loca-
tions in the 8080 system.

RLC (A;) —C, (A) — A, (1)
(An) — Aty

RRC (Ag) — C, (Ag) — Ag (1)
(Ap) — Aqy

-RAL (A;) —C, C—A,, (1)
(An) '_)An+1

RAR (A;) —C, C—A, (1)
(A= An_y

These four instructions treat the A register
and carry flag as a serial rotation register.
The graphical representation of these rota-
tions is shown in Fig. 1. Note how RAL and

continued on page 28

a revolutionary concept in kit building...

THE PROGRAMMABLE

CLOCK KIT!

SYSTEN 5000 is the first full-feature timepiece
available in programmable form. After the circuit has
been assembled and tested, all that is necessary is to
add the appropriate switches and jumpers to easily
program the system for the desired functions. The
system may. be expanded or reprogrammed at any
time:

This represents a revolutionaly concept in adaptabil-
ity and flexibility. Build an Alarm/Clock/Calendar or
a full feature Desk or Radio Station clock. Use the
DUPLICATE TIME REGISTER to monitor GMT,
another time zone, or as an elapsed timer, Add the
optional relay to control AC or DC aceessories. The
passibilities: are limited only by your imagination.

add a new dimension to time itself...

$2795

features
TIVIE OF DAY REGISTER & DUPLJ
REGISTER # FOUR YEAR CALENDAR
or day/month format & ALARM WITH~
TONE OUTPUT e ADDITIONAL ALARM
“his and hers” alarm or activate an acee
preset time: & 10 MINUTE SNODZ
REMINDER e 3 FUNCTION ALAR
SELECT — tone, relay, or relay t
ONE HOUR DOWN COUNTER e« BR
ESCENT DISPLAY — .5" blue or areen
AM/PM e AUTOMATIC DISPLAY DIMMiNG
POWER FAILURE INDICATION e 12 & 24 HOUR
DISPLAY e BLINKING OR STEADY. COLON
PLE EORWARD AND REVERSE TIME SETTING!s

SERIES 2000 Decorator Clocks

BN

FACTORY ASSEMBLED — 1 YEAR WARRANTY
EC-2001 ‘Solid Acrylic “Time Capsule” 559,95
EC-2002 Acrylic & Hardwood 549,95

Ena e TR

A bright Fluorescent display provides easy to read
numbers that brighten and dim automatically ac-
cording to the light, The clear Acrylic tube with
Acrylic or Hardwood end blocks gives these clocks
a unique look of simple elegance. AM/PM & power
failure indication. Seconds display button. 3%" x
3% x 5%, 50/60 HZ

Specify blue or green display, 12 or 24 hour time,
and choice of Hardwood — Walnut, Zebrawood, or
Rosewood.

COMPLETE KITS — 90 DAY WARRANTY

EC-2001-K Solid Acrylic NEW! $34.95
EC-2002-K Acrylic & Hardwood SPECIAL! $29.95

CIRCLE 77 ON FREE INFORMATION CARD

‘CDNTROL e HOLD AND RESET CONTR
. 50/6 HZ OPERATION e 700 WATT RELA

§a‘f8' N 5000 includes all components,
v es, and complete assembly

Contains 4 biack SPST pushbuttons, 2 black DPDT
pushbuttons, and 2 black SPST islide switches.
Programs all majar features,

Send. vour check or money_order today for fast
delivery. Add $1.00 per clock to cover shipping and
insurance. Money back guarantee on all products if
not fully satisfied. N.J, residents add 5% sales tax.
Use. your Master Charge or BankAmericard, Phone
orders accepted,

J{E% digikal concepks

DIGITAL CONCEPTS CORPORATION
249 Route 46, Saddle Brook, N.J. 07662

201/845-7101
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RAR actually include the contents of the
carry flag in the rotation. RLC and RRC
modify the carry flag but do not include it in
the rotation. No flags other than carry are
affected by these instructions.

INR S S)+1—8 (1)
INRM  ([HL]) + 1 —[HL] (1)
The contents of the selected data source are
incremented by one. All flags except carry are
affected.

DCR S
DCRM ([HL]) — 1 —[HL] (D
The contents of the selected data source are
decremented by one. All flags except carry
are affected.

INXRP (RP)+1—RP (D
The contents of the selected register pair are
incremented by 1. No flags are affected.

DCXRP (RP) — 1-—RP )

S —1—8 (e

The contents of the sclected register pair are
decremented by 1. No flags are affected.

DAA IF (Ag — A3) > 9, (€8]
then (A) + 6 -— A
If (A, — A7) =9,

then (A) + 60H — A

The DAA instruction is used to adjust the
hexidecimal contents of A into two BCD
digits. If the four least-significant bits of A
(commonly called the least significant nibble,
since a nibble is about half a byte) is a value
greater than nine, six is added to A. This
forces the least significant nibble into the
range zero to nine. The most significant
nibble is then tested. If it is now greater than
nine, 60H is added to A to force the value
into the range zero to nine. If the result of
adjusting the value in A results in a value
greater than 99 decimal, the carry flag is set.
All flags are affected by the operation.

CMA A—A (1)
The contents of the accumulator are comple-
mented. No flags are affected.

This column has presented a look at the
arithmetic/logic instructions offered by the
8080. In this short space it is practically
impossible to provide all the details of a
complex computer instruction set. We have
attempted instead to give a good overview
into the operation of these instructions. In
future articles we will use these instructions
as the building blocks of more complex
operations. If we need a more detailed anal-
ysis of the operation of a particular instruc-
tion, it will be presented at that time.

This article was the second in our series on

the 8080 instruction set, In a fufure column
we will conclude the presentation by exam-
ining the transfer of control and processor

control instructions. R-E
-

Optoelectronics now used in auto
ignition systems

As a new type of “breaker points’ for
the transistor auto ignition system, Siem-
ens is experimenting with what they call a
“light barrier”, or light switch, as being
simpler and longer lasting than systems
now in use. The first electronic ignition
systems simply used the breaker points
already on the car, on the basis that the
points might last indefinitely with the
negligible current drawn by a transistor
circuit. Later, magnetic pick-up systems
that require no physical contact of the
“breaker points’ have been used, and the
Siemens report also speaks of magnetore-
sistor sensors and Hall generators being
used to trigger the transistor ignition.

In the Siemens device, an LED transmits
the trigger signal for the ignition and a
phototransistor picks it up. Between the
light-emitting diode and the phototran-
sistor is a slotted disc that rotates on the
distributor shaft, allowing a narrow beam
of light to pass at the firing point. The
duration, or dwell, depends on the slot
width.

Before full-scale production can be
started, there are temperature and eco-
nomic problems to be ironed out. Metal
cases would be satisfactory at the temper-
atures to be withstood, but cost consider-
ations indicate the use of plastic. R-E

Build your own

Digital Clock!

[Berint LED readout
[8 Av-PM indicator

- 110 V operation

Step-by-step instruction
booklet

It's easy with the Calectro
Digital Clock Kit! The com-
plete kit with everything
necessary for fast, easy
assembly, including illustrat-
ed step-by-step instructions.
See the Digital Clock, TTL
Power Supply, Motor Speed
Control, DC Regulated
Power Supply and Burglar
Alarm kits at Calectro dealers
everywhere!
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Cateetzo Kitt-Ready to Asdentbte
Fur - Practical - Educational
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