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Six months ago we started this column with a detalled look
at what goes on ‘‘under the hood' of an Apple II. For the most
part, you had to accept this description on faith unless you are
one of the few whd thoroughly understands the Apple's sche-
matic diagrams and flrmware listings.

This month we will delve a little deeper Into what makes the
Apple tick. To ald in our investigation, we will present two
hardware devices that can be used to strip away some of the
mystery behind the computer, One of these devices Is known as
the Applethrottle. The complete schematic is included here for
those who may wish to bulld thelr own.

The Applethrottle can be used to slow down or stop the oper-
ation of the cpu. This makes it possible to watch the computer
work in slow motion. What normally takes place in the wink of
an eye can now be examined in all of its detall.

To enable us to watch even closer, we can add a display
board such as the one avallable from John Bell Engineering.
This board contalns a series of lamps that constantly monitor
the address and data buses. By slowing the computer down to
almost a standstill, we can actually watch the cpu executing a
program-—fetching instructions, loading and storing data, per-
forming branches and jumps, and so on. Even experienced
hardware and software experts are sure to find this quite in-

teresting.

Whoa . . . Apple! Since the Apple is constantly performing
between two hundred thousand and five hundred thousand op-
erations per second, it is normally impossible to watch how the
computer functions. It is possible, however, to build a device
which will slow down the computer to a human pace. This is
done by controlling the ReaDY line of the 6502. When this line is
brought low, the cpu will halt after it finishes Its current read
or write operation. It will then just sit there and walt until the
RDY line goes high agaln. This capability of a microprocessor
is generally used when the cpu is connected to slow memory
devices. On the Apple II, this signal is normally held high. Al-
though the RDY line is available on all of the 1/0 slots, It is
very rarely used by other peripheral boards. We can use I,
however, to bulld a handy tool for understanding how the com-
puter works.

Figure 1 shows the schematic diagram of the Apple-
throttle. At the top are two blocks labelled Ul and UZ2. These
blocks represent two ICs which are known as 555 timer chips.
Although U1 and U2 are both 5558, they are connected in slight-
ly different ways to perform different functions. Ul Is con-
figured as an oscilldtor; that is, it puts out a contiriuous stream
of pulses.
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Figure 1,
Schematic of the Applethrottle.
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Possible waveforms at the output of U2. Overall ob-
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cle of this signal which is the ratio of on -time to off-
fime.

The frequency of these pulses (how many per second) s de-
termined by the external resistance of paddle 1. The output of
U1 (at pin 3) is fed into U2 which is set up as a ‘‘one-ghot’’ mon-
ostable circuit. This means that for every pulse coming in from
U1, U2 will put out a pulse of its own.

The width of this pulse is variable and depends upon the set-
ting of paddle 0. Furthermore, there Is another signal coming
into U2 at its reset pin. Whenever this signal s low It forces
the output of U2 low. When the Applethrottle is engaged, the
output of U2 will control the state of the Apple's cpu. When U2
is high, the cpu will run at full speed. When U2 is low, the cpu
will stop.

The overall observed speed of the computer will depend up-
on how often the cpu is running versus how often it is stopped.
Figure 2 shows how the various controls affect the waveform
at U2's output and thus the computer’s operation. The ratio of
on to off time is known as the duty cycle of the waveform. Al
though both paddles can be used to vary the speed over a wide
range, paddle 0 can be replaced by a fixed resistor for simpler
operation.

On/off control of the Applethrottle is taken care of by U3
and U4 which provide a collection of NAND gates. To follow
the logic of this circuit, remember that both Inputs of a NAND
gate must be high for its output to go low. Two of these gates
(the ones on the right) are cross connected to form an RS (Re-
set/Set) latch. The output at U4 pin 8 will go low when the in-
put at U4 pin1 goes low. The output will then remain low until a
low signal is sent into U4 pin 5. The inputs to this latch are
basically derived from the two push-button inputs. Therefore,
pressing the button on paddle 1 will engage the slow motion
mode, while pressing the button on paddle 0 will restore nor-
mal speed operation,

Two other signals are worth mentioning. The reset signal
from the Apple bus is also fed into the control circult to make
sure that the Applethrottie is turned off whenever a reset I8
performed. Another output from the slow switch (button
1) is fed into U2, This causes the cpu to halt whenever button 1
is held down. R2 is a pull-down resistor to ensure that the
Applethrottle is turned off when no paddles are connected.

Unfortunately, the output of U2 cannot be fed directly onto
the Apple's bus because of a timing requirement of the 8502.
The specifications of this cpu require that the RDY signal
change only during the phase one clock time. This means that
the pulses coming out of U2 must be synchronized with the
Apple's system clock. This is the job of Us, which consista of
two D-type flip-flops. The first section ia uged to control the out:
put to the e via the preset signal (pin 10). When this pin I8
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high, it allows the variable pulse slgnal from U2 to pass
through to the cpu. When the pin goes low (notlce the small cir-
cle at pin 10 indlcating that this is an active low input), the pre-
set action causes the output to remain high regardiess of the
variable pulse signal. This allows the computer to operate in a
normal fashion, that 1s, at full speed. The second half of Ub
clocks the final output to the Apple bus at the tralling edge of
the phase zero clock. This satisfies the timing requirements of
the 6502. Finally, the ReaDY output is connected through a di-
ode to present only an actlve low signal. This s necessary 80
that other boards connected to the bus can pull the RDY line
low.

Bullding an Applethrottle. You can bulld your own Apple-
throttle using the schematic in figure 1. Start with a blank
“prototyping board,” avallable from Apple and other sources.
Install the various components and connect them using point-
to-point wiring. It is highly recommended that you use sockets
for all of the ICs. For simpler operation, start with the fixed re-
sistor in place of paddle 0. Of course, if you've never picked up
a soldering lron before, you may wish to purchase an as-
sembled unit from the manufacturer.

Initlal Checkout. The Applethrottle requires a set of game
paddles for its operation. These paddles plug directly into a
socket on the Applethrottle. If you want to slow down games or
other programs that also use paddles, you will need another set
of paddles to plug into the Apple game I/0 socket. After con-
necting the paddles to the Applethrottle, turn off the computer
and remove the cover. The Applethrottle can now be inserted
into any slot. Slot 71s recommended since it is most likely to be
empty and because it will allow the paddles to be easlly
changed from the same I/0 connector to the Applethrottle.
Dress the cable through one of the rear cutouts and then re-
place the cover. '

Turn on the computer and type call —151 If necessary to get
into the Apple Monitor. If the computer seems dead or does not
operate properly when it is turned on, remove the Apple-
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throttle and check for any constructlon mistakes, solder
shorts, bad connections, and so on. After getting into the Mon-
ftor you can check normal operation of the computer by typing
E000L and viewing the disassembled listing. If your paddles
are not labeled, identify paddle 1 as follows:

While holding down the push button on one paddle, hit the
reset key. If the computer beeps as usual, repeat using the
other push button. The button which prevents a normal reset I8
button 1. This button can be labeled ‘‘slow/stop.”” Momentar-
fly press the other button to restore normal operation (this but-
ton can be labeled ‘‘normal'’).

Next rotate paddle 1 to its midrange positlon and momen-
tarily press button 1, Type L and hit return. Note that the list-
Ing 1s now slower and its speed can be varied by the paddie set-
ting. The listing can also be stopped at any time by pressing,
and holding, button 1. Press button 0 to restore normal speed
operation.

Using the Applethrottle. The Applethrottle can be operated
at any time to slow down or stop the computer. When engaged,
all computer functions except memory refresh and video gen-
eration are affected. Thus the Applethrottle can be used in ma-
chine language, Basic, Pascal, and 8o on. It may be called up-
on during the lst, trace, or run of any program. At slow
speeds, the video display produces a rolling effect each time a
new line of text Is printed. This provides a perfect example of
how the Applethrottle can be used to probe the workings of the
computer.

When the Apple is listing out a long program, it appears as
if it 1s scanning one long sheet of paper from top to bottom.
New text continually appears at the bottom of the screen while
the existing lines seem to glide up the screen until they dis-
appear at the top. This function of the video display is referred
to as scrolling and you've probably come to take it for granted.
But if you stop to think about i, this s not such a simple task.
Every time a new line is to be displayed at the bottom of the
screen, the lowest twenty-three lines must each be moved up
one line. Due to the Apple's memory-mapped video design, this
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amounts to moving 920 characters (23X40) and calculating
new base addresses forty-six times. Fortunately, the speedy
cpu can perform all this in a fraction of a second 80 we see a
rather smooth moving display. .

But when the Applethrottle is turned on, the cpu can be
slowed down to the point where this ordinary task of scrolling
now takes several seconds or more to complete, It then be-
comes obvious what actually happens every time a new line is
printed. Watching in slow motlon, you can see the cpu rewrit-
Ing each line, one at a time, from the top of the screen down,
Since the Information on the top line 18 no longer needed, it I8
replaced by the characters on the second line. The text from
the third line is then copled onto the second line and 8o on. It Is
also Interesting to note that the copylng is done from right to
left. This process continues until the bottom line 18 reached.
This line Is then changed to all blanks to erase the previous in-
formation. Finally the riew text 18 printed at the bottom of the
screen.

After watching the cpu perform this operation, you should
have a good grasp of what 1s Involved in printing text to the
screen. If you have a working knowledge of assembly lan-
guage, or especially If you're trying to develop such skill, you
can now look at the software routine that actually is responsi-
ble for what you saw. The scroll routine can be found at loca-
tion $FC70 in the Apple's Monltor. It {s actually part of the com-
plete video out routine, VIDOUT, which begins at location
$FBFD. Taking this back one more step, we find that VID-
OUT Is usually called by the Apple's character output routine,
COUT at $FDED. Study the Apple Monlitor listing to see if you
can follow the assembly language routine that scrolla the
screen. By understanding the software and being able to fol-
low it through in slow motion, you can begin to gain a better un-
derstanding of how the Apple works.

One of the best features of the Applethrottle is that it re-
quires no software and can be activated or deactivated at any
time. Therefore its uses are almost liml!tless. You can use it to
slow down or stop Applesoft program listings (no more typing
speed= over and over agaln). Of course, it also does the same
for Integer Basic and even gives you stoplist without the Auto-
start ROM. By adding a toggle switch in parallel with button 1,
you can also have a ‘‘freeze’’ control. This would be great when
you're playlng a game and get interrupted. Just flip the switch
and put the computer on hold while you take care of other
things. Some games have such a feature bullt into their pro-
gram, but this technlque wlill work for any program.

Speaking of games, have you ever wondered how a partic-
ular program produces those spectacular graphics on the hi-
res screen? Well, pop on the Applethrottle and watch the
figures belng drawn in slow motfon. The ultimate gaming use
for the Applethrottle is to slow down reaction-type games,
making them much easler to play. This has accounted for at
least one unbellevable score in Snoggle! No doubt you will
come up with many more uses for the Applethrottle.

Because the Applethrottle slows down the overall oper-
ation of the computer, certaln time-sensitive operations will
not work properly with the throttle engaged. Specifically, cas-
sette and disk I/O should not be performed when the Apple-
throttle is on. No harm will be done but an error message will
(eventually) be printed. Other real-time software routlnes
such as a serial printer driver (including the Apple High-Speed
Serial Interface Card, for example) may not function at sub-
normal speeds. Thus you should return the computer to nor-
mal speed before any of these operations are performed.

Another problem can arise when the Applethrottle is set for
very slow speed and you are typing at the keyboard. Since the
keyboard input routine is slowed down along with everything
€lse, it Is very easy to type too fast, causing the computer to
miss one or more keystrokes. To avoid this, you may wish to
return to normal speed, enter from the keyboard, and then re-
activate the Applethrottle before hitting return. Remember,
the Applethrottle will always disengage whenever the reset
key is pressed or if there are no paddles connected to it.

John Bell Engineering Apple II Display Board. Probing
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1 ] looking from the back) of R28 that was Isolated in the previous
[ 13 ¢ 2 11 5 1 step,

o5 :g E! 3. To add the diode, locate the trace that goes to pin 21 of the
edge connector. Follow it up to where it meets.a hole in the
board, flip it over, and note that this trace continues to pin 5 of

SWAP PINS 4 AND 10 IC6. Somewhere between the hole and pin 5, cut the trace. Then
— 4 & J connect the diode to the same two polnts; the cathode goes to
SR:U.;; pin 5, the anode to the hole. That's it!

Figure 3.
Modifications 1o the John Bell
Engineering display board.

even deeper into the internal workings of the Apple can be ac-
complished with the display board from John Bell Engineer-
ing. This board contains sixteen LEDs to monitor the address
bus and eight more for the data bus., These give a constant
readout on what information is present on their respective
buses. The board also has a three-position switch which can
start, stop, or single-step the cpu. Under normal operation the
LEDs liash on and off so rapidly that they appear to be on all
the time. But when slowed down or stopped by the switch on
the display board, they begin to reveal the true nature of how
data is transferred on the buses.

Before going any further, we must point out that our evalu-
ation board required two modifications to make it work. It
seems that the original design of this board contained a couple
of major flaws. Nevertheless, it turns out that both problems
can be casily solved with a few simple wiring changes and the
addition of one diode. The first correction involves the opera-
tion of the run/stop switch. Originally this switch was al-
lowed 1o control the 6502 RDY line asynchronously, that s,
without regard for the system clock phase as previously de-
scribed. This, of course, had the disastrous effect that half the
time the switch was operated the computer would hang up.
Fortunately, by moving the switch signal to a different Input
of the same IC, we can make it act synchronously. The other
problem was that the RDY output from the display board
came directly from a TTL logic device. This does not comply
with the Apple bus requirements that this signal be driven by an
open collector or active low circuit. This means that any given
peripheral board can pull the line low when needed, but should
otherwise not interfere with the signal. The display hoard's
TTL signal with its active high would prevent other boards
from controlling the RDY line, Again the fix is simple—add a
diode in series with the control line. These changes are shown
in figure 3,

The manufacturer stated that the boards currently being
sold have these corrections. For those of you that may have an
older board (and probably couldn't figure out why it didn't
work) we suggest you perform the following modifications. Be-
sides the ability to solder, all you need is one small signal di-
ode (1N914 variety), a sharp knife, and some small gauge wire
such as is used for wire-wrapping.

1. Start by cutting two traces. The first s on the component
side of the board and starts at the right side of R28, going down-
ward toward and under IC6, Using an Exacto knife or similar
tool, cut this trace cleanly so that there is no longer any con-
nection. The other trace to be cut is on the back side of the
board. It is the short one between pins 10 and 12 of ICS.

2. Using some small gauge wire, connect pins 4 and 12 of
IC6. Then connect pin 10 to the right side (the left side when

Using the Display Board. As an example of how to use the
display board, we will step through one of the shortest, yet by
far the most frequently executed, routines in the Apple Monl-
tor—the keyboard input routine. This routine is located at
$FD1B and is labeled KEYIN in the Monltor listings. When-
ever the computer is waiting for you to type something In on
the keyboard, this routine is being executed over and over
again. Aside from getting data from the keyboard, this routine
also performs one other task. It is constantly Incrementing a
two-byte counter in RAM which can be used as a random num-
ber generator,

Figure 4 shows the assembly language code for this routine.
To follow this routine as it is being executed by the 8502, turn
off the Apple and plug in the display board. Set the switch to
RUN and then turn on the computer. You do not need to boot
DOS, so if your drive starts spinning, just hit reset to stop It.
Now move the switch on the display board to STOP (or use the
Applethrottle). The computer will have stopped somewhere in
the KEYIN routine. Activate the single-step switch as many
times as necessary until the address bus shows $FD1B. This is
the beginning of the routine and the data bus should read $E8,
which 1s the contents of that byte in the Monitor ROM.

As you continue to single step through the program, you
should get results similar to what's shown in figure 5. After
pressing the switch twelve times (or possibly fourteen), you
should be back to address $FD1B, This sequence wlill continue
to loop around unless you press a key on the keyboard, Note
that the data in location $4E can be anything but that each time
through the loop it goes up by one. Also note that if you stop
with address $C000 on the bus, the data LEDs will be arbi-

Address Data
FD1B ES
FDIC 4E
004E Note 1
FD1D DO
FD1E 02
FDIF ES
FD21 2C
FD22 00
FD23 co
C000 Note 2
FD24 10
FD25 F5
FD26 91
FD18 E6

Repeats

Figure 5
Sample results of single-stepping through KEYIN routine.

Note 1: The value in location 4E will be random but will increment by one each time through the
loop.

Note 2: The data ot C000 (keyboard memory-mapped address) will depend upon the last key
pressed on the keyboard.
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trary. If you now type on the keyboard, the ASCII represen-
tation of each key pressed will appear on the LEDs. The high-
est-order lamp, D7, will also be lit. This bit i3 used to flag the
cpu that a key has been pressed.

If you take a close look at the results in figure 5, you should
be able to follow the cpu as it performs its monotonous task.
With each step, the 8502 puts out the contents of its program
counter onto the address bus. This indicates where the cpu ex-
pects to find the next byte of its program. The data at this lo-
cation s read i{nto the cpu and, assuming it is the first byte of
an instruction, is interpreted as the op-code for that in-
struction. In the case of location $FD1B, this data is $&£6 which
is the op-code for the INCrement zero page memory in-
struction.

The actual location to be incremented is found in the sec-
ond byte of the Instruction, which is fetched next. At $¥D1C
we read in a $4E, which is the desired location as shown in
source listing (the $4E shows up in the object code listing in the
third column; it is referred to in the source code by the label
RNDL). The next address put out by the cpu will be $4E with
one plus the old contents of this location appearing on the data
bus. This new value i3 then written into location $4E and the
cpu moves on to fetch the next Instruction from $§FD1D. Here It
finds a $DO followed by a $02, which stands for Branch if Not
Equal (to zero) ahead two bytes. There is only a one in two
hundred and fifty-six chance that this branch will not be taken.
Therefore, our sample results show this branch as belng taken.

But walt, you say! The next memory reference is to $FD1F.
That is the beginning of the next instruction which the cpu has
Just decided to skip past. It turns out that there is a very good
reason for this mysterious actlon which brings up one of the
finer points about the 6502. What you are witnessing is called
pipelining and it refers to the architecture of a cpu that allows
it to sort of think ahead.

In the case of our branch instruction, the 6502 must check
its internal flags to determine whether or not to perform the
branch. While it is doing this, 1t is also possible to put out the
next sequential address to start reading the next byte of code.
Therefore, if the 6502 decides that the branch is not to be taken,
it already has started to execute the next instruction—no
wasted time here! If on the other hand, the branch is to be
taken, then the 6502 must calculate the new address to place in
the program counter. During this time, the next sequential
byte is again being read. However, this time the byte is ignored
since the next instruction must now be fetched from the new lo-
cation.

Figures 6, 7, and 8 illustrate the possible branching actions
on a cpu cycle-by-cycle basis. If you are interested in such de-
tailed analysis of how the 6502 works, consult the 6500 hard-
ware and software manuals such as put out by Synertek. They
are highly technical but they reveal these subtle polnts about
the 6502's operation. In case you think that this is all ac-
ademic, there are many times when you may have to figure
out exactly how many machine cycles a particular routine will
take. Moving a program, even one that 18 completely relocat-
able, can have surprising results if relative branches now start

External Internal
Cycle  Address Bus Data Bus Operation Operation
| 0100 OP CODE Fetch Finish previous oper-
OP CODE ation, increment pro-
gram counter fo 101
2 0101 Offset Feich Interpret instruc-
offset tion, increment pro-
gram counter to 102
3 0102 Next Fetch next Check flags, increment
OP CODE OP CODE program counter to 0103
Figure 6.

Hlustration of relative addressing branch not taken

Taker from Synertek’s SY6500/MCS 6500 Microcompuler Programming Manuol, August, 1974, Reproduced by
permission
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External Internal
Cycle  Address Bus Data Bus Operation Operation
1 0100 OP CODE Fetch Finish previous oper-
OP CODE ation, increment pro-
gram counter to 101
2 0101 +50 Fetch Interpret instruction,
Offset increment program
counter to 102
3 0102 Next Fetch next Check flags, add rela-
OP CODE OP CODE tive to PCL, increment
program counter to 103
4 0152 Next Fetch next Transfar results to
OP CODE OP CODE PCL, increment program
counter to 153
) Figure 7.
Mustration of relotive addressing branch positive taken, no crossing of page
boundaries

Taken rom Synerlek’s SY8500/MCS 6500 Microcomputer Pragramming Monual, August. 1974, Rep-oduced by

parmission

crossing page boundaries for example. Even knowing that a
branch instruction executes faster if the branch is not taken
can be useful in writing speed intensive routines.

'I"eamlng the Applethrottle and Display Board. The dia-
play board currently belng sold still has some trouble In the
single-stepping mode. One way to get around these problems is
to use the Applethrottle to slowly step the cpu. This adds the
convenience of variable speed and remote operation through
the paddle controls. Unfortunately, even at its slowest setting,
the Applethrottie allows the computer to execute many in-
structions per second. The LEDs on the display bodard stili
flicker too fast to watch, Adding a 22 MFD capacitor across C3
on the Applethrottle extends its range down to about one In-
struction per second. Note that this Is roughly three hundred
thousand times slower than normal. At this rate, the scrolling
operation previously described would take nearly four hours to
complete.

By combining the Applethrottle and the dlsplay board,
there are many other secrets that can be discovered. For ex-
ample, If you see something really interesting in a program
that you have, it might be nice to examine the code that per-
forms it. If the program Is In machine language, you can use
the Apple's built-In disassembler to view it. But how do you
know where to look? You might have some clue as to what the
code looks like (for example, If {t involves the speaker, key-
board, screen, DOS, and so on, you could look for references to
their corresponding addresses), but you would still have to run
through the entire listing. This might take several passes and
lots of time, and you stlll might not locate it. There is a better
way however. Just plug in the Applethrottle and display board
and run the program. When the routine of interest starts exe-

External Internal
Cycle  Address Bus Data Bus Operations Operations
1 0100 OP CODE Fetch Finish previous
OP CODE instruction
2 0101 —50 Fetch Interpret instruc-
offset fion
3 0102 Next Fetch next Check flags
OP CODE OP CODE add relative 1o
PCL
4 0182 Discarded Fetch dis- Store adder in PCL
Data carded dota  and subtract 1
from PCH
5 0082 Next Fetch next Put out new PCH
OP CODE OP CODE and increment PC
1o 00B3-
Figure 8.
lllustration of relative addressing—branch negative taken, crossing of page
‘ boundary

Taken from Synertek's SY6500/MCS 6500 Microcomputer Programming Monual, Augusl, 1976. Reproduced by
permission
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cuting, just stop the computer or slow-step it. One glance at the
display board will tell you what address in memory is being
executed. This should be close enough for you to find the be-
ginning of the routine later with the disassembler.

The Apple I1 Display Board is available from John Bell En-
gineering for $49.95, assembled. As a kit, the cost 1s $42.85. The
bare board alone can be purchased for $25.95,

Apple II Extender Board. Another handy tool for working
with Apple hardware is an extender board, This is simply a
small board that brings out, or extends, the peripheral con-
nector inside the computer. This makes it poasible to connect
test equipment to various parts of a peripheral board without
interference from other boards in adjacent slots. It can also be
used to raise up the display board for easier viewing.

Anyone who works on complex, modular electronic sys-
tems knows the value of an extender board. The Apple Il is no
exception, Of course, an extender board is only used when ex-
perimenting with or repairing a peripheral card. The extender
board pictured sells for $12.95 and i avallable from John Bell
Engineering.

Mill Update, Last November we reported on the Pascal
Speed-Up Kit from Stellation Two. This product, in conjunction
with the Mill 6809 processor board, offered signiticant speed
improvement for Pascal programs. However, we found that
one of our benchmark test programs actually ran slower after
installing the speed-up patches. This led to the discovery that
the mathematical functions were still being performed by the
Apple’s 6502 Instead of the 6809.

Since that time, we have recelved an additional package
which is referred to as the Floating Polnt Update for the Speed-
Up Kit. This transfers almost all of the computing power over
to the 6809 leaving the 6502 to handle the input/output functions.
Now the full power of the coprocessor can be utilized. Unfor-
tunately, the two processors still alternate control—they do not
operate simultaneously.

To test the speed improvement, we ran the same bench-
mark which calculated the squares of 10,000 numbers. The re-
sults from the previous test revealed that this program would
take 47.8 seconds to complete with standard Apple Pascal.
Adding the speed-up kit Increased the time to 54,0 seconds.
After Installing the floating point patches, however, this pro-
gram ran in 27.8 seconds. That's over 40 percent faster, which
is quite Impressive!

As aninteresting aside, we wrote a program in Applesoft to
accomplish the same task. In Applesoft this calculation takes
almost forty-four seconds. While one of the Applesoft compilers
could be used to speed this up, they would not offer much im-
provement to this program since it mostly involves mathe-
matical calculations. All of the Applesoft compllers rely on the
game 6502 math routines in ROM that are used by the inter-
preter, Thus the compiled program performs number-crunch-
ing at almost the same speed as the noncompiled program.

Installing the Floating Point Update is quite easy. All the
necessary changes are made by executing one program on the
REAL: diskette. Like the rest of the Speed-Up Kit, the im-
proved capabilities are iImmediately available. There s no
need to change any existing source or code files to make use of
the Speed-Up. Another sample program is also included on the
disk. This program makes extensive use of the floating point
routines and shows a 51 percent Improvement over the un-
modified Pascal. Speed increases of up to 80 percent have been
reported with this package. The Floating Point Upgrade sells
for $35.

Also just announced for the Mill s the O8-8 operating
gystem with Basle-09. This should greatly enhance the power
of the Mill while providing a superior operating system for the
Apple II. Watch this column for a complete review of this
system In the near future. | |

John Bell Engineering, Box 338 Redwood City, CA $4064; (415) 367
1187, Stellation Two, Box 2342, Santa Barbara, CA 95120; (805) 966-1140.
Symertek, 3050 Coronado Drive, Sunta Clary, CA 95051, (408) 988-5600.
West Side Electronics Inc., Box 636, Chatsworth, CA 91811; (£13) 884-
4794.

Meat and
Potatoes.

Hungry Apples cannot survive on chips alone. All the
RAM chips in Silicon Gulch will not make your computer
any more useful if it doesn’t have an informed owner.

The best way to learn about your Apple is to read
Softalk magazine. No other publication offers more
timely tutorials and more interesting fealures about the
Apple computer than Softalk.

Good cooking is hard to come by. So take advantage
of our trial subscription offer fo ensure Softalk agrees
with your Apple's digestive system.

If you've never subscribed to Softalk and you own an
Apple, you are eligible for a free trial subscription.
Send in your name, address, and Apple serial number
and we'll start sending you Softalk free of charge.

If you've been receiving Softalk regularly, you have
already gotien or will get soon a notice for paid
subscription.

Consider wisely before making your choice. Don't put
your Apple on a diet of chips. Give it some meat and
potatoes.

In addition, if you have a friend whose Apple is sick
from misinformation send in the name, address, and
serial number of your friend and we'll send you a free
back issue of your choice. The issues available are:

September 1980, April through August 1981, December
1981, and January through May 1982. All other issues
are sold out. '

If you're one of the lucky ones with a complete
collection of Softalk, you can get a one month extension
on your paid or trial subscription. A free month of
Softalk or a free back issue for every new name you
send. Such a deal!

Subscribe to Softalkl

Softalk Circulation
11021 Magnolia Boulevard
North Hollywood, California 91601
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