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Stacks—what they are and
how they're used

TIM BARRY

MICROCOMPUTER USERS THESE DAYS ARE CON-
stantly bombarded with a bewildering supply
of new jargon. In addition to the normal
proliferation of new hardware terms, we now
have to cope with words from software
design, systems analysis, and a whole herd of
other less well defined disciplines. One of the
most commonly used (and abused) terms
these days is stack. The hardware represented
by this picturesque term is often endowed
with rather mysterious qualities. Vague utter-
ances about “pushing” and “popping” blend
together with questions about “balancing”
and “nesting” to create an ample atmosphere
of confusion. In this article we will look at
two principal types of stacks and how they
operate. In doing this we will hopefully dispel
some of the myths surrounding these ex-
tremely versatile devices.

What is a stack?

In the most general terms, a stack can be
considered to be any serial storage system. A
stack will have an input end and an output
end. All data placed into the stack must pass
one element at a time through the input end

of the stack. Once an individual data element
is in the stack, it can only be accessed by
removing preceding or succeeding data
elements until it reaches the output end of
the stack. The order in which data is placed
into and removed from the stack differen-
tiates between two different types. Figure I
illustrates the two different types.

FIRST DATA
FIRST DATA IN ouT
— FIFD =

a
LAST DATA IN

LIFO
FIRST DATA OUT
b
FIG1

The first type we will discuss is probably
the easiest to understand. In these days of
crowded facilities and long lines, we. as
people, all spend plenty of time in FIFO

(First In, First Out) stacks. The data entered
into the input end of a FIFO emerges from
the output end in the same order in which it
was entered. (See Fig. l-a,) The principal use
of FIFO’s is to store arriving data for later
use. The next time you are waiting in line,
you can reflect on the fact that you are
participating in a genuine computer buzz
word.

The second type of stack is less commonly
encountered in our day to day experiences. A
LIFO (Last In, First Qul) stack returns data
in the opposite order from which it was
entered. (See Fig. 1-b.) This means that all
the data in the LIFO must be removed before
the first data element entered can be recov-
ered. For example, consider an empty bus.
Assume that each passenger who gets on the
bus goes to the back and no one gets off
enroute. When the bus unloads, it should
behave like a LIFO, with the last passenger
that entered being the first one off. LIFO’s
are most commonly used in computer
programming to save program data and
subroutine return addresses.

continued on page 24
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If you can see a difference,
imagine what you’ll hear.
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Magnified, you can see record vinyl wearing away.
You're looking at the solu-

tion to one of the oldest prob-

lems in audio—how to protect

records from wear, while at

the same time preserving full

distortion as “mint condition”
discs played once.

A by-product of dry lubri-
cants developed for aerospace
applications, Sound Guard

fidelity. preservative is so smooth it
It’s called Sound Guard reduces friction, yet so thin
and it’s remarkable. ~ (lessthan 0.000003") it leaves

Independent even the most fragile groove
tests show thatdiscs modulations unaffected.
Len Feldman in Radio

treated with Sound
s Electronics reports “At last!
The long awaited
record-care product
has arrived.

g
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| sound
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i} Record
, Preservative

Preservation

Kit

Guard preservative played while reducing distortion and
100 times display the same
full amplitude at all frequen-
cies and the same absence of

surface noise and harmonic

safe for all discs, from precious
old 78’s to the newest LP’s.
Sound Guard preservative,

It preserves

response

surface noise’ It’s effective and

With
Sound Guard

With same magnification, record vinyl shows no wear.

in a kit complete with a non-
aerosol pump sprayer and

Test record played first time.

After 100 plays without Sound Guard.

Identical test record after
100 plays with Sound Guard.
velvet buffing pad, is avail-
able in audio and record
outlets.

Sound Guard keeps your good sounds sounding good.
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TEST INSTRUMENTS

EICO 388 COLOR BAR GENERATOR
Pocket-size, battery operated with LED Indi-
cator. MOS LSI IC provides 9 digitally con-
trolled, stable patterns. Crystal controlled
chroma and timing oscillators. Simply con-
nects to TV's VHF antenna terminals.
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EICO 390 FUNCTION/SWEEP GENERATOR
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ibrated attenuator, VCO for External Frequency
Control; BNC Front Panel Qutput.
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CB ACCESSORIES

EICO 700 CB FREQUENCY COUNTER

Compact in-line mobile frequency counter for
the serious CB'er/Hobbyist, Operates auto-
matically on transmit. 10 Hz to 30 MHz. $99.95
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receiver sensitivity up to 20 db. Automatic
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Convert your FM radio or receiver to pick up
the official FCC-licensed background music
service (SCA). |C decoder/adaptor permits
hearing uninterrupted, commercial-free music
broadcast by many FM stations (For personal,
non-commercial use only).

IC PROJECT KITS NOW AVAILABLE
EC-5100 ESP Tester $10.95

EG-5200 ''Decision Maker" $39.95
EC-5400 Stereo Power Amplifier $10.85
EC-5500 Stereo Pre-Amp $9.956
EGC-5600 Elsctronic Lock $11.95
EC-5700 Universal Power Amp $8.95

HOBBY/AUTOMOTIVE

BW-300 ALPHA BRAINWAVE MONITOR
Lowest cost, battery operated, professional
Biofeedback System. IC Circuit design fea-
tures an active filter and 5-microvolt sensi-
tivity. Complete with stethescopic earphone,
electrode headband and instructions.

Kit $34.95 Wired $59.95

885 “TUNEMASTER” ENGINE ANALYZER
Automatic all-in-one test bench for all 6 or 12
volt ignitions—conventional or transistorized,
Giant 6/ meter with 6 color coded scales, Com-
plete with tune-up and trouble-shooting manual.
Wired $59.95

BURGLAR/FIRE ALARMS

©«% i Sws
a % 2

$5-500 BURGLAR/FIRE ALARM SYSTEM
Professional Security System designed for easy

FREE EICO CATALOG

The more you know about electronics, the
moare you'll appreciate EICO. Every EICO prod-
uct is designed to provide you with the most
pleasure and quality performance for your
money The fact that more than 3 million EICO
products are in use attests to their quality
and performance.

“BUILD-IT-YOURSELF"” and save up to 50%
with our famous electronic kits.

FIFO operation

FIFO stacks are most commonly encoun-
tered in computer 1/O systems and data
acquisition systems, They are used to match
the data transfer rates between two systems.
In this type of application they are often
referred to as storage buffers. The need for
these devices arises when data is transmitted
in bursts which are to fast for the receiving
device to process. The FIFO is used to store
the data in the order in which it arrives
during the entire burst. The receiver (usually
a computer) can then process the data from
the FIFO at its own rate, A common FIFO
application of this type is found in computer
disk systems. Data to be transferred to or
from a disk must be transferred at a higher
rate than most computers can manage. To
solve this problem, a FIFO buffer is used.
The disk transfers a block of data into the
FIFO at high speed. The computer can then
use the data at its own rate.

DATAIN
STACK
POINTER INPUT BUFFER!
(ADDRESSING)
|
WRITE
a
CONTROL STACK
& ]
TIMING FMORY
EMPTYl READ
FULL
QUTPUT
BUFFER
DATA IN ‘ DATA OUT

a
7
|
- |
=
A
8 |
||
PUSH
b)
FIG 2

FIFO’s can be implemented in either hard-
ware or software. Hardware FIFO's are
actually available as LSI integrated circuits
from several semiconductor manufacturers.
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KOMPUTER KORNER
continued from page 24

from the FIFO, the first data element in the
memory is pulled into the output buffer. All
other data in the memory is then moved
down one. If the FIFO becomes full or
empty. it sets flags (o indicate these condi-
tions. A graphical illustration of a FIFO
operation is shown in Figure 2-b.

A FIFO can be implemented using soft-
ware instead of hardware. In this case
subroutines are used to perform the push and
pull operations. The flow chart for the push
subroutine is shown in Fig. 3-a and the pull
subroutine is shown in Fig. 3-b. In actual use,
these two programs will both share a

common block of the computer’s main
memory for the FIFO stack. They will keep
track of where the data in the FIFO is by
using a stack pointer. A slack pointer always
indicates the memory address of the most
recent data element entered into the stack.
(This is true of both FIFO’s and LIFO’s.)
When the push subroutine is executed, the
stack pointer is incremented by one and the
new value returned to the memory, The data
passed to the subroutine is then transferred
mto the stack memory at the address now
indicated by the stack pointer, For a pull
operation, the stack pointer is first tested to
see if the stack is empty. If it is, an error flag
is set and the subroutine returns. If it is not
empty, the data at the first memory address
of the stack is obtained. The stack pointer is
then decremented by one and re-stored in the

Whenever You've Got To...
Tighten,

Hold,
Cut...Strip.

Drive,

You Need Help...

“'\y i

memory. All the data in the FIFO is moved
down one in the memory. The routine then
returns to the calling program with the

data.

GET STACK POINTER l

INCREMENT AND
RETURN TO MEMORY
r SAVE DATA AT M(SP]J

a

| GET STACK POINTER

YES
SET ERROR FLAG
NO

GET FIRST ELEMENT
IN STACK

‘

DECREMENT AND RETURN
STACK POINTER TO MEMORY

| MOVE ALL DATA DOWN DNEl

LIFO operation

The LIFO stack is most commonly
encountered in systems programming and
microcomputer subroutine systems. In sys-
tems programming (particularly language
processors), the LIFO is used to store data
and operands during the evaluation of arith-
metic and algebraic expressions. In micro-
computer subroutine systems, the LIFO is
used to hold program data and subroutine
return addresses.

Performnance features
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and fully backed by Tektronix
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TEKTRONIX GUARANTEE
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'scope for only $595. For easy, accurate viewing, the D61a features automatic triggering and bright,
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automatic triggering and 8 x 10 cm display for $375. This lightweight (14 Ib.) instrument has a
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If you're servicing pocket calculators, TV, radio,
microwave ovens, alarm systems or dozens

of other consumer products, Telequip-

ment 'scopes can do the job for :

you, Easy viewing and operating

make Telequipment ideal for

classroom use too.

TELEQUIPMENT...

THE CHOICE FOR YOU
Performance features at a price
you can afford, plus full backing
by Tektronix make Telequipment

a wise choice when you're looking
for low-cost oscilloscopes.

TelequipmenT

The hardware required to implement a
LIFO consists of the same basic hardware we
saw used in the FIFO. It is simply connected
together in a different configuration. (See
Fig. 4-a.) In operation, the data is received
into the input buffer just as before. However,
all the other data in the LIFO is now pushed
down one to make room at the top for the

OFTHEYLAN IV new element. For an output operation, the
| SEND FOR b :
L OUR top element of the stack is popped into the
)\ FREE output register and all the other data is then
. CATALOG moved up in the memory. These LIFO oper-
@ ations are illustrated in Fig. 4-b.

Implementing the LIFO can also be done
in software. The flowchart for the push
subroutine is shown in Fig. 5-a and the pop
subroutine is shown in Fig. 5-b. As with our
software FIFO, the software LIFO routines
will share a common memory area and stack
pointer. When the push subroutine is called,

continued on page 32
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the stack pointer is incremented by one and
the new value returned to the memory. The
data passed to the subroutine is then trans-
ferred into memory al the address indicated
by the stack pointer. For a pop operation, the
stack pointer is first tested to see if the stack

ADDRESS INSTRUCTION
CALL SUB

RETURN ADDRESS

RETURN ADDRESS
SAVED HERE

“—

SUBROUTINE BODY

INDIRECT JUMP TO
SAVED RETURN ADDRESS

MINICOMPUTER SUBROUTINE ~ CALL/RETURN
a
ADDRESS INSTRUCTION

<~ FAETURN ADDRESS
\uro STACK

/—’

RETURN ADDRESS SAVED
ON TOP OF STACK

SUBROUTINE
BODY

RETURN TO
ADDRESS AT
TOP OF STACK
b
FIBR

I GET STACK POINTER -I

i

INCREMENT AND
RETURN TO MEMORY

i

SAVE DATA AT ADDRESS
INDICATED BY STAGK POINTER

RETURN

I GET STACK POINTER ‘

SET ERROR FLAG

GET DATA INDICATED BY
STACK POINTER

!

DECREMENT STACK POINTER
AND RETURN TO MEMORY

RETURN

FIG&
is empty. If it is, an error indicator flag is set
and the routine returns. If the stack is not

empty, the data at the address indicated by
the stack pointer is obtained. The stack
pointer is then decremented by one and the
new value stored in the memory. The routine
then returns to the calling program with the
data.

Stacks and microcomputers .

As mentioned earlier, many microcom-
puters use stacks to implement their subrou-
tine systems. This arose because of the un-
suitability of the normal minicomputer way
of saving return addresses. When a subrou-
tine is called, most minicomputers save the
return address of the calling program in the
top location of the subroutine called. A
return can then be executed by performing
an indirect jump to the first location in the
subroutine. (See Fig, 6-a,) This works great in
systems where the subroutines are located in
read/write memory. It's not so hot when the
subroutines are to be located in read only
memory. Since most microcomputers make
extensive use of ROM, something had to be
done. Enter the LIFO.

When a LIFO is used for the subroutine
structure everytime a subroutine is called, its
return address is pushed onto the stack.
When a subroutine return is executed, the
top address in the stack is popped into the
program counter, thus transferring control to
that location. (See Fig. 6-b.) Now this means
that all subroutines must be returned in the

DATA IN

INPUT BUFFER

QUTPUT
BUFFER
A

DATA OUT

TIMING
&
CONTROL

o |

EMPTY READ

(TR B
Ill =

opposite order in which they were called if
proper program operation is to be main-
tained. The number of subroutine -calls
executed before a return is executed is called
nesting. Thus the phrase, “My program is
nested five deep”, means that the program
has called five subroutines before the first
return has been executed.

Microcomputer designers took two basic
approaches to implementing the LIFO stack
for return addresses. The first way was to
build the LIFO in as part of the CPU
hardware. This method required no special

continued on page 86
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user operations and solved most problems
associated with the subrouline system. The
main drawback of this method was imposed
by the semiconductor processing technology.
With the stack on the same chip as the
processor, there wasn't a lot of room left. This
meant that the number of elements in the
LIFO had to be limited. The result was a
limit on the amount of program nesting that
could be performed without filling the stack
and losing return addresses. On most proc-
essors the user was limited to seven umre-
turned subroutine calls. This limitation also
meant that stack usage had to be limited to
subroutine return addresses alone. This
denied the user access to many of the other
features a stack can provide.

To solve these two problems, some manu-
facturers decided to implement the LIFO as
part of the system main memory. They
provided the stack pointer and the automatic
increment/decrement hardware. The user
then supplied the address of the memory
block to be used as the LIFO. This is
accomplished by loading the top address of
the selected memory block into the stack
pointer. From then on the stack functions
automatically.

This certainly solved the nesting problem.
Most systems have far more memory than a
properiy functioning program will ever need
for subroutine nesting. It also makes the stack
available for other uses. This allows you to
use the stack to save registers, pass data to

and from subroutines. and lots of other
useful functions. However, there is no such
thing as a free lunch. If you are going to
manipulate data in the stack you have to
balance the stack pointer.

Balancing the stack pointer simply means
thal it must be pointing to the correct return
address when a subroutine return is executed.
Failure to do this can result in your program
accidentally using the data you meant to pass
back in the stack as the return address. This
type of error can result in some really inter-
esting program execution. Balancing the
stack requires that-you pay close attention to
the order in which data is entered and
removed from the stack. Under normal oper-
ations, the data must always be removed in
the opposite order in which il was entered.
You must also be certain that no programs
accidentally write data into the area you have
reserved as the stack. Tt is also a good idea Lo
make sure the stack doesn’t grow too large
and encroach on other program storage. The

easiest way to avoid most of these problems is |

to assign the stack to the top 100 bytes of
your system memory and leave it alone. This
will probably be far more stack than you ever
need and it will save you a lot of time you
would otherwise have to spend computing
exact stack usage.

Summary

Stacks provide you with a convenient way
to solve many design problems. The FIFO
and LIFO offer different characteristics for
use in different applications. They can both
save you much time and make it easier to
implement a variety of system- functions. If

your computer uses a memory LIFO stack
for subroutine return addresses, with a little
practice you will discover ways to use it to
make your programs more efficient. Whether
hardware or software, the stack is a useful
new tool for the designer. R-E

1977 CB sales will exceed all
previous years combined

More CB radios will be bought in the
United States in 1977 than in all of CB's
previous 28 years added together, says
John Sodolski, vice president of the
communications division of the Electronic
Industries Association (EIA). He expects
sales to approach the ten million mark for
1977, and estimates that retail sales of CB
radios, antennas and accessories should
top $2 billion for the year.

Only about three million CB radios were
sold between 1958—when the FCC allo-
cated 23 channels for Citizens radio—and
1973, when the sudden upsurge began.
Sales exceeded a million in 1973, then
doubled each succeeding year, hitting
nearly five million in 1975.

Unlike some industry predictors, Mr.
Sodolski believes that 23-channel radios
will continue to be popular, especially
during the earlier part of 1977, before the
supply of 40—channel sets catches up with
the demand. Favorable pricing and the
realization that the 23-channel radio satis-
fies the needs of a majority of the people
in many parts of the country are the
important factors that will keep the 23-
channel sets moving, he says. R-E

The com

WV-518B
$39.95

e All ranges and functions fuse-protected
against burnout, (Except 5A ac/dc current
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VIZ makes the industry’s most complete line

From our $9.95 Handyman VOM, all the way
to our new $267.00 3'.-digit autopolarity' mul-

timeter, VIZ VOMs and VoltOhmysts™ are

rugged, stable, and designed for long life and
top-notch service. '

/o8| There's a VIZ VOM to fit your need.

See them at your VIZ distributor.

\lIZ Test

EQUIPMENT REPORTS
cantinued from page 34

hold the penlight? You don’t; you hold it
between your teeth just as you always did.)

The model 175 is powered by self-
contained rechargeable batteries. All of the
very complex “works” are on only two
boards, one for the logic, and the other for
the display. A propretary LSI/MOS IC
performs all of the logic functions required
by the A/D converter. Due to the extensive
use of MOS circuitry, the total power
consumption is less than 1.0 watt when used
with the AC powered battery charger, and 0.6
watt on battery alone. The battery is good for
up to 6 hours of normal operation with a full
charge, and it can be recharged overnight; 12
hours. When the battery needs charging, the
decimal point of the display blinks contin-
uously!

The inherent high accuracy of the digital
multimeter is taken full advantage of here.
On DC volts, the accuracy is 0.1%. On AC
volts between 50 Hz and 500 Hz, the
accuracy 0.4%. To verify this, a complete set
of the final test calibration readings is packed
with every instrument. Specification limits
are given and the actual test reading logged.
On the 1,000 volt range of the one we
reviewed, for example, the spec was +998 to
+ 1002 volts. Anywhere between these limits,
OK. The actual reading was 1,000 volts. Each
instrument is given a burn-in test for 8 hours,
and the calibration is then rechecked.

Everything else is automatic. The decimal
point is automatically positioned correctly.
On all DC measurements the polarity indi-
cator is automatic. As ‘is customary in
DMM’s, the resistance is read out in 1000
ohms, except for the very lowest range, 100
ohms. Overrange greater than 100% is indi-
cated by a blanked display, leaving only the
decimal point and polarity indicator lit.

Overload protection is provided as men-
tioned. If you accidentally go too far while
reading AC or DC currents, they have
provided a 2.0-ampere fuse located inside the
handle of the red test prod! Just unscrew the
black tip and the fuse pops out. Be sure to
use only fast-blow type fuses for replacement.
A spare fuse and push-on clips are also
provided. The whole thing—meter, charger,
test leads and all—can be stowed in a handy
zipper carrying case.

There is a small pull-out stand on the
underside of the case, to raise the front panel
to an easier viewing angle. This folds for
storage. A very detailed instruction manual
comes with each instrument. This gives not
only the correct method of operation, but a
circuit description, parts lists, calibration data
and a schematic with parts layout.

A very useful little instrument, and very
reasonably priced for one with this kind of
accuracy and reliability. R-E

Heath IP2718 Tri-Power
Supply

THE HEATH COMPANY HAS INTRODUCED QUITE
a range of power supplies for bench and

CIRCLE 50 ON FREE INFORMATION CARD

regulated by an IC voltage regulator that also
provides internal protection against overload,
short-circuits and high-temperature condi-
tions. Its current or voltage can be read on
the panel meter.

For analogue circuits requiring a positive
and negative DC voltage. there are two
completely isolated 20-volt DC supplies,
Each of these has a maximum output of 500
mA and can be continuously varied from 0 to
20 volts by the front-panel controls. Current
or voltage in each supply can be read on the
meter. These, too, are tightly regulated by
transistor voltage regulators. The regulation
is specified as less than 0.1% variation from
full load to no load. Filtering is good; the
maximum ripple level is only .005 V (5.0
millivolts RMS.)

All three of the DC supplies (one 5-volt
and two 20-volt supplies) are completely
isolated from each other and from the instru-
ment ground. They can be tied together in

continued on page 94
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external speakers saue
lost (B sound

Notice what happens to the high frequen-
cies? You lose them mounting the average
CB under the dash. The speaker points
down into the floor insulation. Sound s lost.
With the addition of an acoustically de-
signed “KRIKET®" external speaker, also
mounted under the dash but pointing at the
driver, the high frequencies come through.

iz Kriket. ...

World Wide Headquarters
Acoustic Fiber Sound Systems, Inc.
7999 Knue Road Suite 116
Indianapolis, IN 46250
(317) 842-0620

The consonant sounds are in the high
frequencies. And they spell the difference
between voice intelligibility and just plain
noise. That's why you hear remarkably
better with a “KRIKET®" external speaker.
It's the single best accessory you can add
to any CB transceiver—23 or 40
channel—to improve enjoyment of it.

Available at CB Dealers everywhere.

Exclusive Canadian Distributor
Persona Communications L. T.D.
1149 Pioneer Road
Burlington Ontario, Canada
(416) 629-5373

All AFS®/KRIKET® speakers are manufactured in the U.S.A.
using American materials and craftsmen.
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ranges) experimental use. A typical example of these Copyright 1976 Acoustic Fiber Sound Systems, Inc
is their new IP-2718 “Tri-Power” supply.
This supply is intended for general experi-
mental work in either analogue or digital
circuitry. TTL and similar devices use a 5-

volt DC power supply. The IP-2718 has one;

Formerly

, Instruments Group

e Taut-band meter with 30,000 @ /Vdc sensitivity : of VIZ Mfg. Co.

e New, modern styling, tilt stand, high-impact > 335 E. Price St., Phila. PA 19144
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