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COMPUTER DRUMS
by John S. Simonton, Jr.

Are you ready for a computer peripheral that's fun, instructive,
low in cost and provides an: impressive demonstration that even your
least technically inclined friends can urderstand? How about this one
~ a computer controlled drum sety

Yes, there are a lot of automatic percussion units available and
yes, they're pretty much a drag. Useful, under just the right set of
circumstances, but even then their incessant BOOM~chick-chick can
really turn into a BUMMER.

Now, think about computer drums. You're not forced into using what
somebody else thinks is a chlia~chaj you write your own rhythm pattern
‘for the specific thing you're doing, even if it's in 7/16 time. and
the real world niceties like bridges amnd intro's? They're simply not

. possible with conventional electronic drummers. But with drums tied to
a computer - no sweat.

If you're interested, we've got a lot of ground to cover; drum
circuits, interfacing and programming., Let's get oa with it.

DRUM OSCILLATORS

Most drum units generate their percussicn sounds. using a simple
active filter ‘section like that shown in figure 1. There are two ways
‘to think of this ¢ircuit. Either it is almost an oscillator which
when excited by a pulse "rings" for a short period of time; or, it is
a high @ filter section which extracts from a pulse excitation
function a single sine wave component. Either of these explanations is
valid. Either produces an accurate description of what happens. When
you hit the circuit with a pulse it responds by generating a damped
sinusoid, which is the electrical analog of the mechanical action of a
drum head.

Table 1°'shows a realization of this circuit when using one stage -
of an LM3900 type quad current differencing amplifier as well as the
compottent values required to generate a number of different
drum/percussion sounds,

Figure1- Typical Drum ==
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Snare drums: and cymbals require a keyed noise source with
filtering. Figure 2 shows a circuit that works well for snares - and
don't forget that a drum circuit must be used at the same time to
produce what is konown as the "strike tone".

Building a complete drum set is
simply a matter of duplicating
these circuits for as many
different sounds as you require
and resistively mixing them all
together to 2 common audio buss.

INTERFACE

2206 10K 500pt There is only one difficulty with
using drum circuits like those
shown as a peripheral to a
computer and that is that the
computer is just too fast.
Our filter circuits like a
#selected tornoise  trigger pulse that is at least
several milli-seconds long whereas
the average write cycle of a
= Figuro 2 - Keyed Noise Sourse micr?processor {and we will be
re 2, playing these drums by "writing”
to them) is on the order of a few
micro-gseconds. The typical response
of our drums to 2 wicro-secoand
long pulse looks like this:

™ Dut

As you cam see, it doesa't strain even my nom-existant artistic
abilities.

If you own one of the computers that's gll pretty and boxed up,
you can refer to a section of your systems manuals entitled "slow
peripherals”, In the parlance of the field that's what the drums are,

I'm going to assume that you're going to be using someone's low
cost "evaluation™ unit, And further, that your manuals are typical of
most of the ones that I've seen in that they tell you just enough to
make sure that.your level of confusion is appropriate to this
“complex" field. My comments here are specificly for National's SC/MP
evaluation kit, but with slight modifications are applicable to most
others. : ST

Figure 3 (shown on the following page) shows an extremely simple
interface adapter that has performed well for me. As you can see, it's
nothing but three packages of quad CMOS NOR gates. Here's what
happens. i

As I said before,; playing the drums from a program standpoint will
be & wmemory write operation from the processors accumulator to the
memory location occupied by the drum set., When the program says write
{sctually STROBE) the group of ones and zeros which we will have
loaded into the accumulator to produce the drum sounds that we want
are put out on the machine's data lines while the address of the
memory location into which we are going to write appears on the



processor's address lines. Very shortly after the valid address and
data appear on their respective processor lines, the machine issues a
WRITE command (in the SC/MP, the NWDS line goes. to ground indicating a
write). As we shall see shortly, when the machine issues both a write
command and the address that we've selected for the drum card at the
same time it causes the SEL (select) line on the interface to go high
which is buffered by gates Gl and G2.

The output of G2 is coupled by the time delay circuit Rl amd €1 to
the input of 63, The output of G3, which was in a high state,
awitches low as soon as the SEL line is activated and produces two
major results. First, any of the data lines which have a zero on them,
when NORed with the output of G3, will cause the outputs of thier
respective gates (G4-Gl0) to change state. These gates changing state
cause the drum ocsilator attached to that gate to sound.
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Figure 3 - Drum Interface

Also, the output of G3 is routed back to a pin on the processor
called NHOLD. This is an interesting input to the processor, because
when this pin is grounded it causes the machine to STOP with the data
and address lines held in the same state they were when the hold
command was issued. This has the effect of latching the address and
data lines of the processor for as long as NHOLD remains low {a time
determined by the R1, Cl time constant) and serves to stretch the
micro-second write cycle out to the few milli-seconds required by the
drums. : . co

We need to discuss programming some, but before we do let's
consider for a moment which memory location{s) we wamt the drum set to
occupy.. If you are using one of the larger systems:by SWIP, IMSAI or
MITS {or even some smaller systems such as the F-8), the problem is
academic. These machines have provisions for cutput ports and you will
use them - why fight the system. In these cases the SEL and NHOLD
lines can be used for the handshaking "data ready" and "data accepted"
lines respectively.



On smaller systems you will want to
‘base your decision on what the cost (both
financial and emotional) will be of using °

- a specifie location or group of locations.
May I make a suggestion that might not

occur to you otherwise? Use the same "8

group of addresses that is occupied by ToDrum,
whatever ROM your system has. This is not SEL
"prdinary" (you never write into the ROM NWDS

locations with the usual programming
because it won't do anything - they're
READ OKLY MEMORY) but, there's
“nothing wrong with it and they have the
tremendous advantage of being locations
that are already decoded. On the SC/MP
this is accomplished as shown in figure 4,

PROGRAMMING

Figure 4 - SC/MP Address Decode

There's another big plus to using the PROM locations as an output
port, this one from a programming standpoint. And we're both going to
have to go slowly here because it can be confusing otherwise

ROM, even in minimal systems,.represents a chunk of memory -
ordinarily at least 256 bytes., This means that in a machine like the
SC/MP which has 16 address "lines" (some are multiplexed onto the data
bus, but forget that) only the most significant 8 bits are required to
address the output port.

Most machines have a scheme of addressing memory which is refered
to as "indexed" and they have, internally, one or more 16 bit wide
"index" registers that can be used to "point" te a specific memory
location. Since most of the processors used by hobbyist work on only 8
bits of information at & time it is obvious that it will take two
“groups" of instructions to load the 16 bits into the index register -
one group to load the "low order™ 8 bits and a second group to load
the"high order"8 bits, But if we're using 256 bytes of memory occupied
by ROM as a single output port, we don't have to worry about the low
order 8 bits, they can be anything and we will still be addressing the
output port. Since they can be anything and still work, we don't have
to worry about leading them, and as a2 result we've saved at least
three (and probably much more in a complete program)} lines of program
code.

Programming for the drums can be as simple or elaborate as you
like.Regrettably, there is sufficient space here for only a few tips.
The imstructions for the experimenter's kit goes into much greater
detail with sample program listings for a variety of machines.

Let me point out a few hardware considerations that will affect
programming. Each bit of data in the accumulator at the time of the
‘write operation will determine whether a specific drum sounds or
doesn't sound. A typical coding arrangement was shown in figure 3 and
with this arrangement the drums would be coded like this (remember
that a 0 sounds the drum).



drum sound binary hex octal

heavy bass 11111110 FE © 376
light bass 11111101 FD 375
snare 11111011 FB 373
tom-tom 11110111 F7 367
conga ' _ 11101111 EF 357
clave 11011111 DF 337
wood block - 10111111 BF 277

This is confusing. It would be much easier if when we were
programming we could just write a 1 for the drum we want to sound. We
can do that if we write a program that reads a byte of drum data but
before writing it to the drums does an Exclusive Or Immediate with FF.
As many of you will realize, this has the effect of complementing
every bit of data so that the drum sounds we want can be written in
memory in this more logical form:

drum sound : binary hex octal
heavy bass 00400001 (43 001
light bass 000460010 02 002
snare 00000100 04 004
tom=tom 00001600 08 010
conga 00010000 10 020
clave ’ 00100000 20 040

wood block 01000000 40 100

This is particularly easy if we want to sound two drums
simultaneously; for example a heavy bass down beat and a snare drum at
the same time would be in binary 00000101.

For very simple repeating patterns, this complementing action even
has an advantage in that we can use FF as a repeat indicator that is
stored along with the drum data, Program flow would be 1) load drum
data, 2) complement (XOR IMM, FF) 3) check for zero (11111111
complemented is 00000000) and if zero start again, 4) if not zero
write accumulator to drums, 5) delay (tempo), 6) get next data and go
to 2, :

- Various machines have an amazing variety of ways toc test the
accumulator (test for zero, not zero, pos., neg., carry, overflow,
ect.) but one thing they all have is a test for zero.

Notice that the 8th data bit in the arrangements that I've shown
does not have a drum associated with it, There are two reasons, first,
we've got a bunch of drum sounds already and secondly, we can use the
8th bit in our programming as an indicator that the data we've lcaded
is not to be played as drums, but to be interpreted as am instruction.
A simple example would be to suppose that we have a rhythm pattern
that we wish to play 16 times and then stop. We can use a program
based on the flow chart shown ip figure 5 to accomplish this. Notice
that in this case the program reads the drum data, tests to see if it
is in fact an-instruction, and if not plays it. When it does get the
byte that is the instruction it decrements the "count", saves the dats
back in the locatien it got it from, and iterates the pattern. On the



last pass through the program the decrement operation on the
"instruction data" results in the last seven bits being 0, which tells
the machine that it is through {or to go to the next pattern, or
whatever). There are, of course, as many ways to handle this as there
are people to write programs.

INITIALIZE
LOAD DRUM
DATA

CHECK FOR 1
BIT |by SET
"3nd w/804g!

DECREMENT
ITERATION -—YES
COUNTER

YES LOAD DRUM
DATA
DONE i
NO

SAVE COUNTER

COMPLEMENT
I"exor” w/FFyel

WRITE TO
bRUMS

Figure 5 - Program Flow Chart using DI?EGEDMA'ETEY
8th drum data bil as instruction indicatur D;IN ER
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VALUE

47 obhm
470 obm
2200 ohm
6800 ohm
10K

15K

18K

22K

S 27K

33K

39K

47K

68K

82K

150K

220K

330K

1 Megohm
2.2 Megohm
3.9 Megohm

PARTS LIST

DESC. (alternate marking)

FIXED RESISTORS

brown-black~orange
browm-green—orange
brown-grey-orange
red-red-orange
red-violet-orange
orange-orange-orange
orange-white-orange
vellow-violet~orange
blue-grey-orange
grey-red-orange
brown-green~yellow
red-red-yellow
orange-orange-yel low
brown-black-green
red-red-green
orange-white-green



CERAMIC DISK CAPACITORS

.001 MFD. 102

7
7 .005 MFD. 502
5 .01 MFD. : 103
9 .05 MFD. 503

ELECTROLYTIC CAPACITORS
1 1 MFD./ 15V. Greater voitage ratings acceptable.
2 2.2 MFD./ 15V,
1 33 MFD./ 15V.

. SEMICONDUCTORS
2 1LM3900 (3401} QUAD "NORTON" AMPS
3 4001 QUAD NOR GATE PACKAGE
1 2N5129 OR 2N4124 TRANSLSTOR
1_ IN2712 DR 2N3391 NOISE TRANSISTOR
MISCELLANIOUS PARTS

6 50K ohm TRIMMER POTENTIOMETERS
1 OUTPUT CABLE WETH RCA PHORO PLUG
4 in. ADHESIVE FOAM TAPE
1 9 VOLT BATTERY CONNECTOR

ASSEMBLY

Assembly of the EK-2A computer ianterfaced drum set is fairly
straight-forward thanks to the fully imprinted circult Dboard. Begin
assembly by thoroughly cleaning the circuit board with a steel wool or
Scotch Bright (R} pad. The board must be bright and shiny to accept
the solder and failure to clean the board will result in poor solder
joints and will woid the warranty on the kit.

- Continue assembly by soldering all the resistors in place. Save
the lead clippings for use as jumpers in later steps.

PART VALUE - COLOR CODE

() rl 10K : brown-black—-orange
() RS _ 10K brown-black-orange
() R4i 10K brown-black-orange
() R4H 10K brown-black-orange
() rR57 10K - " brown-black-orange
{) R59 10K brown-black-orange
() Re1 LOK brown-black-orange
() R&3 10K : brown-black-orange
() R&5 10K ' brown-black-orange
() R68 10K : brown-black-orange
() R70 10K . brown-black-orange

() R2 6800 ohm blue-grey-red
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R3

R4

Ril
R12
R19
R20
R27
R28
R35
R36
R31

R6
RS

R14.

R22
R30
R38
R43

R52 |

R9

R17
R25
R33

R10
R18
R26
R34

R42

R13

R16
R24
R32
R56
R69

k21

R29
R58

R60

R62
R64

R37
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R&4

R&7

R49
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3.9 Meg
3.9 Meg
3.9 Meg
3.9 Meg
3.9 Meg

68K
68K
68K
68K

-6BK

220K
220K

2200 ohm

82K

470 ohm

red-red-green
red-red-green
red-red-green
red-red~green
red-red-green
red-red-green
red~red-green
red-red-green
red-red-green
red-red-green
red-red-green

brown-black=-green
brown-black-green
brown-black-green
brown-black~green
brown-black-green
brown-black-~green
brown-black-green
brown-black-green

brown—-grey-orange
browa-grey-orange
brown-grey-orange
brown~grey-orange

orange~-white-green
orange-white-green
orange~-white-green
orange-white—green
orange-white-green

orange-orange-orange

orange-orange-yellow
orange-orange-yellow
orange—orange—yel low
orange-orange-yel low

blae-grey-orange
blis<grey-orange
blde-grey-orange
blue-grey-orange
‘blue-grey-orange

brown-green-orange

red-red-yel low
red-red-yel low

red-red-red
grey-red-orange

yel tow-violet-brown
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R50
RS54
RS55
R53
R66
R67

R71

Next install the ceramic disk
except picofarad as indicated.

PART

0
O
O
O
O

)
0
9
Q)
0
Q
O

O
O
()
QO
O
O
)

0
QO

are polarized and that one lead will have either a "+ or a

associated with it on the casé. Note also that one of the pair holes

Cl

Cil
C1l6
cz21
C36

c2

c3

cl2
c13
cl17
Cc18
c3z2

c4
co
Cis
c19
c22

c23

€35

C5

c10
Cc15
c20
C24
C25
c26
€31

37

Cé
c7
cg8
ca7

c28

150K
150K
150K

27K
47K
22K

47 ohm

VALUE

.01
.01
.01
.Gl
.01

.001
.001
.001
.001
001
.501
.001

.005
.005
.005
.005
-005
.005
. 005

05
«05

500 P¥D.
500 PFD.
500 P¥D.

500 PFD.
500 PFD.

brown-green-yel low
brown-green-yellow
brown-green-yellow

red-violet-orange

yellow-violet-orange

'red—red-orahge

yellow-violet-black

capacitors. Values are in microfarad

ALTERNATE MARKINGS

103
103
103
103
103

102
102
102
102
102
102
102

502
502
502
502
502
502
502

503
503
503
503
503
503
503
503
503

500
500
500
500
500

Next install the electrolytic capacitors, Note that these parts

symbol

in the circuit board is marked "+". If the "+" lead of the part is

11
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marked, it should go through this hele. If the "-" lead is marked, it
should go through the unmarked hole.

‘The capacitor must be installed with the proper orientation for
the unit to operate properly.

Note that the voltage specified is the minimum acceptable and that
parts supplied with individual kits may have higher working voltages
and still be the appropriate part.

PART VALUR
() cz29 2.2 MFD./ 15 VOLT
() ¢34 2.2 MFD./ 15 VOLT
() c30 1 MFB./ 15 VOLT
() ¢33 . 33 MFD./ 15 VOLT

Install the six trimmer potentiometers by pushing their solder
tabs through the holes provided in tbe circuit board

PART VALUE
() R7 50K TRIMMER
{) RIS 50K TRIMMER
() R23 S0K TRIMMER
() R31 50K TRIMMER
() R39 50K TRIMMER
() R48 50K TRIMMER

There are several wire jumpers on the circuit board which are
indicated by a solid line broken with the ‘letter "J". Using the
resistor clippings saved from previous steps or the bare wire
provided, form and install these jumpers.

The 1I/0 configuration jumpers marked with the dashed lines will be
installed in later steps.

QUANITY ORIENTATION
() 7 HORIZORAL JUMPERS
()4 VERTICAL JUMPERS

Install the two transistors QI amd Q2 following the parts
placement designators drawn on the circuwit board,

Note that transistor Ql has been selected for it's noise
characteristics and is easilly idemtified by it's missing center lead,

" All semiconductors, both tramsistors and the integrated circuits
which follow, are heat sensitive and care must taken during their
installation to prevent their being subjected to too  high a
temperature during soldering. The safest procedure is to graep the
lead being soldered with a pair of needle-nose pliers or hemostats
during this operation.



PART TYPE

() Q1 2N2712 DR2N3391 . SELECTED FOR NOISE
) Q2 2N5129 OR 2N4124

Install the integrated circuits. Note that orientation of the IC's
is keyed by an identifying notch which appears iether as one end of
the body of the part or by a recessed dot which is adjacent to and
identifies pin 1.

PART  TYPE

() 1Cc1 1M3900 OR CA3401
() 1c2 - IM3900 OR CA3401
() 1Cc3 4001 QUAD NOR GATE
() 1¢c4 4001 QUAD NOR GATE
() 1C5 4001 QUAD NOR GATE

() 1Install the output co-ax cable by stripping away aproximately 3/4"
of the outer covering to expose the shielding wire or braid. Carefully
unbraid the shielding wire and then twist the strands together. DO NOT
TIN. Strip 1/4" of insulation from the inner conductor and twist and
tin the exposed wire strands. Connect the center conductor of the
co—ax to the PC hole marked "QUT" and the sheild to the adjacent hole
marked with the ground symbol-( ). '

() Solder the RED lead from the battery comnector smap to the circuit .

board point marked "+9".
(). Solder the BLACK wire from the battery snap to "-9".

If the drum set interface is to be by means of dip-header
terminated c¢abling, as when connecting to the PAIA 8700 computer,
install the 14 pin dip socket as the location provided in the lower

left hand corner of the board.

() Install the 1/0 connector socket.

THIS COMPLETES ASSEMBLY OF THE EK-2A COMPUTER DRUM KIT

1/0 Connector

NO CONNECTION_lng - 70]—NO CONNECTION
HEAVY BASS__{~p, p,O+—BASS '
SRARE_cip,  D.,O+—TOM
CONGA__Lnp, DsOH—WOQD ﬂ.OCK
CLAVE__lnp, D,O+—- Sel for .‘iﬂ
digital Gnd._L0y Ol —ack tor ack?
analog Gnd __| | _+5V.

-O14 10
M

13



ted on

in

f arrow pr

irection o

d

im pots in

Adjust PC mount tr
board until sustained oscillation occurs, then back off until

*NOTE

ion just quits.

i1llati

[e2-308 &

A9 pVEE

£ED

E A

+ el AAA ot
e}

g

ssky

o0
@
A0S S homy 2z £

pr<T}

500" ROLE

19005 22y ¥0LBRE

——n
HLZ £5H

A

ME) SEY,

ity

En 0L WITBIY
XOmW BRI 05N
ey
Zl

— Ay

WL £

eiuoy

OIS oy 70
Ao
voo._s.l

£y =
2 L0
o O 15

WZEZ vd WCTEH

a6

[~}
HOG S Sop L pin s
Z

iy L.

AN
AHAL LY

FIT

NZ2 ¢lH WITLiH

Sow ;.s(/).

ET| ™o red
aek|

. -—4
ey
sseg MIP99H ¢

eBuay

weibeiqg JREWBYIG
sunag aandwan
vZ-M3

“u

14



DRUMSYS 0.6
DEVELOPMERTAL VERSION
USER'S NOTES

Load DRUMSYS 0.6 into the PAIA 8700 Computer/Controller using the
following entry sequence:

0-0-0-0-0-0-F-F-0-1-1-1~TAPE

When the program has loaded successfully the disblay will show
"AA", There are at least two copies of the program on the tape. If for
p
any reason the first one will not load, try the second.

When properly leoaded, begin the program running form the starting
location %0000 using this sequence:

0-0~0~0-RUN

With the program running, the control keyé of the 8700 take on
different meanings than that assigned by the PIEBUG Monitor, as
outlined below:

DRUM SOUNDS ARE CONTROLLED BY THE KEYS 0O-7
KEY# DRUM SOUND

REST {NO DRUM)
LIGHT BASS
HEAVY BASS
SKARE

TOM-TOM

CONGA

WOOD BLOCK
CLAVE

bt BN = ANV N o R UURY K e )

Pressing any of the drum sound keys (0-7) causes termination of
the current "mode" of operation and reversion to the "DRUM ENTRY"
mode. Note that while touching drum sound keys, the corresponding drum
sound is produced by the EK-2A and the displays count in hexadecimal.
The number shown in the display is the "event number” of the drum
sound produced.

In this version of the program, any of the keys 8-F cause the
system to be reinitialized. Any score saved in memory when one of
these kevs is touched will be erased,

The various modes of operation for Drumsys are activated by
touching one of the two rows of keys on the 8700 kevboard. Mode names
and the corresponding keys that select them are as follows:

KEY NAME MODE SELECTED
RUN : PLAY

DISP SET TEMPCO
BACK BACK SPACE
ENTER STOP/STEP

PCH © CONTINUE

PCL DUMP SCORE
TAPE LOAD SCORE
REL STROBE DRUM

15
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The actions produced by these various modes of operation are as
follows:

PLAY ~ causes the drum score currently in memory to be played at the
current tempo rate. Always starts af the beginning of the score {EVENT

#0).

SET TEMPO — changes tempo value. When touched, this key causes a
counter which will be the tempo value to begin counting. Counting is
terminated by touching any other control key. Typically, this control
would be used by touching first '"TEMPO SET" then "PLAY". The time
between touching these two keys is the time between events during
playback.

BACK SPACE - causes the program to step through the current score
backwards, for editing purposes. In all cases it is important to note
that the number shown in the 8700's displays is the event number of

the sound just produced.

STOP/STEP - when touched, produces a single step mode of operation.
Using the BACK SPACE and STOP/STEP keys allows editing of individual
drum sounds. Typical use would be to "STEP" through the score until
the drum sound to be replaced {(as indicated by sound and event number)
is reached. At this point, touching the "BACK" key causes the same
drum to sound again (Note that since this is the same "EVENT" as when
stepping forward, the displays will not change). The old drum sound
may now be replaced with the new simply by touching the proper drum
sound key.

CONTINUE - very similar to the "PLAY" key exceépt that the score will
pick up from the event currently in the displays.

DRUM SCORE - this command key allows scores in memory to be saved on
cassette tapes. When touched, there will be a couple of seconds of
apparent inactivity followed by a counting of the displays as the
score is transferred from computer memory to tape. Before touching the
"DUMP" key, place your recorder in the record mode and allow it te run
for several seconds to get beyond the sub-standard tape sections
typically found at the beginning of tape cassettes. Note that relays
for tape motion are controlled as outlined in the C5-87 manual.

LOAD SCORE - similar to DUMP SCORE except that the memory of the
computer is loaded from the cassette tape. Make sure that there is a
cassette to be loaded before touching this control as the computer
will wait for data transfer completion before continuing with any
further acticn. If this contro is inadvertently touched, you may
recover by pressing the teset key and running the program again. There
is a soft start location location of sorts at $014 which can often be
used to start the program running without desttoying the saved score.

STROBE DRUM ~ this special effect causes the score to be played at the
current tempc rate, but essentially strikes each drum event many times
rather than just once. The result is a very unusual bass instrument
sounding volice.



EK-2A /8700 Wiring Connections

Data Bit 700 PinNo.

For use with Drumsys Program

Pin No. EK=2A Inputs

see BY00 man.py.28

Used

+5v lor7 tor? +5v
’ Analog
GND | 8or 14 gortd____ | GND
GND _-T-_-_ 13 13 /;7 Digiltﬂg
To 9 9 SH
51 6 6 BL
Dy 10 10 - SN
By 5 5 ™
Dy " | Cl;l
Dg 4 4 wE
Dg 12 12 cL
Dy 3 3 BEL
SEL
Output Port J2 s 1| 7R

17
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L

paze

PEzE
Aa4e
2E50
eB6w
aa7e
PAS
BE9E
G158
149
2126
3178
QL@
2158
LEe
2178
B1an
a13@
aze8
B210
Bzza
236
Bz
a5
Bzea
B27a
azee
B
@306
831@
320
[338
%40
B2
aTEe
BT7E
@ze0
93190
B4O0
2410
a420
734320
D448
B45@
B4R
B47a
a4
@428
aSaa
Rsia

HEGE S 2 e Sl L S S 2 BBt B B o e e T

Tk #*
D DRUMEYS @ & *
b *
L EYBRRAEK~Z DRUM OFPERATING *
N SYETEM #*
Lok BY *
1 JOHM STMONTON *
. : . e
RCEy 1978 ~ PAIA ELECTROMICS, IMCH
o @
i L R s B s

. BREG
: DRUM SIGNATURES

. pODS

NG B b b o S S o
) ) i % e
T Rk e ke s o e b b PR T

THPE . HS FEBOSOGLABELAAGL
LSIG . HS FFFEFDFIF FEFDFEF
CRL . HS SRSDEDEPCESROCDIDDS2G

. QR 1BED
FARM . HS FF
. OR 1@F&
FARL . HZ F&FPFESFOFAFBFCFDFFoG



1888-
1abz-
1884

1805~

103G~
1098~
180A—
1 @B
A BEE~
1044~
1612
1014~
A1@L7~
16119
1818~
181D~
1@4F~

de2i-
18232
1825—
1628~
182A-
1620-
1828~
1E8I3-
1836—
1aZg~
183

1@ZE~
1840
1043—
1045~
1846~
1648-
1648
1@4D—
104F -

1852

1053~
1856
1a5e-
s b
1850
1850~
AESF~
1B L~
1Bz
AGE4—

AD GE

2%
ER
EA

A3
25
2
FiA
an
ES
Da
28
B
c2
Ba
ce
B8

A3
25
B3
A
N
24
a0
B:
a5
P
4c

A4
20
25
oe
[
Sk
ES
He
=123
=1%)

2a
Ba
Az
a5
&8

N 1

A
2
(51

- R

29

an
£3
2@

B

&8
ao
alt
EC

=8
EF

Fo

(512

Bl

18

16

=k
1@
1ia
e

29
e

a8

1=

B8

FF

SR
anze
BS54
anta
a5ea
aavea
= s
5 bkl
BEBG
Bela
BEze
BEZS
Bed 5
[ [t
AEEEH
aEva
BaEE
@528
Brea
ayin
arza

BFIa

Ggrae
B7Sa
area
B77a
a7
a7 38
BEae
aslia
BE28
R334
BE4G
a5y

- BREs
Bave

azea
=EERs )
as8aE
aziE

BEZE .

ARz
BA4E
Baze
B3s8
a3va
320
B25A
1e0a
118
1828
R
14
1658
1BER
lave
1680
1858
1168
1148
1128

SPHK

ZTRR

SLF@

LW e

TSETS

NTRY

R

LA
5TH
KOF
HOF

L.DA
5TH
STH
TH®
STA
THE
EMNE

ISR

BCS
CHF
BLCE
CHF
BCS

LA
5TH
L

W b

CTRL

RCTH

5TA
JER
JHP
LG

TR

JER
JMP

sk ek Ao Tk ok A

laag

S6 _
HACTH+EL

TSPARE HOQK KEYS B-F

USED ONLY TO RE-STRET

TENSTERM. IN LATER WERSIONS
THILL PROVIDE RDDITTIONAL

a
*PHTR
DER

FEATURES

PREPARE ACCUMULATOR AND
1 ZERG SCORE POINTER
CAMG DISPLAYS

‘PREFPRRE ¥ REG A5 POINTER

SUOR W

SLPBR
RDEY
ACTH
168
CTEL
Be
SPHE
ok
B8G
+BCTH4HAL -
LoiG. ¥
#PMTH
SCOR. W
FLAY
SLFL
=TeL. ¥
#ACTN+@1 -
DUy
SLPt

;PLH¥ SUBROUT INE

PLAY

PLAA

L.
TR
AL
DEY
BHE
5TH
INC
LD
STw
RTS

+EXP
OUTR
7F

CAND USE IT TO CLERR SCORE

LOOF UNTIL DONE

TG0 REAR THE KEYBOARD. ETC.
‘ARD IF HO HEW EEYS. BRAMCH
‘MEW KEY — B "CONTROL" KEYT?
WES — BRANCH TO COMTREOL.
(OME OF "SPARE" KEYS?

HES— BEANCGH

(DRELM ENTRY HMODE. GET LINK

SET LINK

(GET DRUM SIGHATURE

(GET SCORE POINTER

(SAVE DREUM SIG IN SCORE
(PLAY THE DRUM BEAT

(LOOP FOR MORE

(GET COMMAND ARDDRESS LINK

AND SET LIMNK IN JZR DUMYy

(GET EXFRESSION VARIABLE
OUTPUT CONTROL TO EK-2
:RESET STREDEBE BIT

DELRY FOR THE EXMP. TIME

PL.AG
QLTP
*FHTR
#PNTE
LSk

LGP UNTIL DONE

TAMD TURM ORLM "OFF"

P INCREMENT SCORE POINTER
PLACE IM ¥ REGISTER
TANG SHOW IN DISFLAYS

THEM RETURN

READ KEY-ALSO IMPORTANT TO TEMPQ

ROKY

LM
AT %
LELY

JER
BC=
LD
STe
RYS
L
LB

DEY

ENE
CeEris

DECD
oL

2
#ONTH

28
3F

PIEBUG KEYBOARD SUBROTIME
CEAME KEY - JUST DELAY

(ZERD TEMPD COUNMTER

SET ¥ OAND ¥ REGISTER
(DELAY PARAMETERS

THAND DO DELAY

DELY.

CAND GO TO COMMAND SUBROUTINE
:THEN LOOP FOR MORE

19
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1865~
16E7—
18&2~

168ER-
186C-
16&6E~
1ava—
1lava-
lavg-
ABTPY
1G73~
187 o~
ABTE~
1888~

deaz-
185 -

1B3s—

1887~
1ags-
jlezg-

1A80H~
1A5F -
1891~
1B9T—
LRSS

1096~
1B98—
1B89A~

1esC-~

1&20—
189F -

igAl-

1Az~
18RS
1Lan7—

1BAR--
18AR—
1BAC—
1aRE~
1EAF -

DA F&
E& EC

=

AS PO
25 29
AY aa
a5 ES
As E3
BD 88 o1
F3 FS
28 2E 18
AS EC
45 EA

DE &g

Fa EC

11328
1148
1156
118
1478
1126
1458
1288
1218

1226

1238
1248
iz258
1268
1278
1288
1298
1260
1218
1328
13320
1246
4358
1250

CAETE

A9 &6
8% 39
oB ES

(34
a5
Ce
(1)
(=2

AS
85
Cé
&6

RS

a5
A5
&85
E&
&0

Rz
BS
95
CA
L&

1Z88
1396
1460

1448

CoL426

3&
33
ES
B/ &

=1
x5
ES

#3
z3
2
EA
ER

ar
Fi

Fa

1436
1448
1454
14Em
1478
1488
1428
158
1548
1528
1538
1548
1558@
1568
157
1598
1558
1688
4618
1£28
p e

A64R

LESE
1663
1E7R
1aoa
1898
17es
ivie
1vza

BHNE WATH TLO0P UNTIL DONE
ING #UNTR CINCREMENT TEMPO COUNTER
BT DHND RETURM

(RUM SUBROUT INE

: Heke :

RUM  LDA FC CCOMMAND LINK TO "HWRIT"
STA =ACTH+E1 : SET COMMAND LINK

CYCL LDA 8o :PREPARE AMD ZET
2TH #PFHTR (SCORE POIMTER TO @

COMT LD *FMTR 'GET CURRENT SCORE POINTER
LDE SCOR, ¥ :GET CURRENT GRUM SIGHATURE
BER CYCL (EERD. EMD OF SCORE-BRANCH
J5R PLAY (GO PLAY DRUM SOUND. ETC

HMAIT LDR *#CNTR CGET - TEMPO COUNTER &iD
ECR *THMPO (COMPHEE TO TEMPO YARIGELE

BME RETH (IF NOT TIMEL OUT. RETURNM
QCHNT STH «CHTR (TIMED QT — ZEROQ COUNTER
BER COMT (BRRNCH ALWAYS TO PLAY. ETC.

RETN RTS : RETURN
L SINGLE STEF SUBROUTINE

M Hee
STEF LDA 86 COMMAND LINK TO "RETH"
STA +RCTH+A1 : SEY COMMAND LINK
-~ BHE CONT (BRANCH ALMAYS TO PLAY. ETC

| BRCKSPACE SUBROUT INE
: -

EHCK LDA P& CCOMMARD LINE TO "HEXT®
STA #ACTH+AL: SET COMMANMD L IHK

DEC #*FNTR CECORE POINTER BACK OMHE
BHE COMT (GO PLAY SCORE. ETC

RTS TAMD RETURN

: ok :

NEXT LDA 26 TCOMMAND LINK TO "RETH"
STH #ACTH+EL: SET  COMMRND LINK
DEC #FHTR SCORE POINTER BRACK ONE
KT (RETURN

TEMFO -

: i

THMF LDAR B3RS COMMAND LINE 7O “MET2"
STA +ACTH+EL  SET COMMAND LINK
LDA @3 CINITIALIZE TEMPD COUNTER
STH THPD CAND START COUNTIN

NETZ INC *=THMPO TUNTIL NEXT COMMRND
ETS :RETURN

;SET UF FUR THPE TRAMSFER

STTR LDK &7 TRAMSFER SEYEN BYTES

STF  LDR #TAFE, ¥ :GET FRRAMETER

STH BUFF, ¥ PLACE FARAMETER
DEX CFOINT TO HEXT
BHE STF (LOOP - UMTIL ALL TRAMSFERED



Ciapi—

1Bz
18E5—
1687
16g9-
16BC-
1esE—
81—

1ec4-
1ace-
1ECE-
1805 -
1BCT-

1aCh—
1@CF-

&8

28
A%
D
28
A2
=
za

AP
a5
1
29
[

Ch
4C

RS
Dol
@a
A
11
=5

AR

=1
39

ES
ra

16

16

aE
GE

&F

1g

17326
1748
1758
1768
1778
1vaa
1728
1388
1e81a
1828

18268

154@
185
1568
1578
1250
1896
1566
1918
1528
1928
1940
1956
1958
1578
1986
199@

RTS
;THPE IN

TAUT JSR
LO#
EME
TIH J&5R
LDA
(0B ] JER
JER

LER
TR
e

JER

KETS

:THEM RETURMN

AHD OUT ROUTINES

=TTP SET UF PARAMETERS
D0 (SET DUMP "SWITCHY
D0 :BRAMNCH ALMAYS
=TTR (SET UF PARAMETERS
11 (BET LOADR “SWITCH®
SHNEBT TURM OM RELAYS
CASS D CASSETTE ROUTINE
#ork
25 COMMAMND LINK TO "RETH"
#RCTHAEL :SET LINE
(FREFARE FOR BEEF
EEEF cTURM OFF RELAYS AND BEEP
© IAND RETURN

(STROBE DRUM EFFECT

=TrE DEC

#PNTR  PREPARE TD GET SAME DRUM
JHP CONT .PLAY DRUM
END . EM
NOTES
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