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Understanding the Sample Dump Standard

IN THE AUGUST 1990 ISSUE OF
Percussive Notes, there was a reference to
the MIDI Sample Dump Standard. This portion
of the MIDI specification was developed to
provide a method for swapping sample data between
different samplers, even if they were produced by differ-
ent manufacturers. Yes, it is possible to take samples
from your friend’s Ensoniq EPS and move them to your
own sampler.

In order to accomplish this little feat of magic, you're
going to need a few things. In addition to a sampler, you'll
need a computer with software that is designed to work
with the messages that make up the Sample Dump Stan-
dard. One method would be to hook your friend’s sam-
pler up to your computer and use the software to
download a sample and store it to disk. Then connect
your own sampler to the computer and upload the same
sample. Easy!

Another method of swapping samples involves the
use of a modem to down-
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between the two loop types. In an open loop, the sending
unit (often called the “source”) sends messages but gets
no response from the receiving unit (often called the
“destination”). Communications in a closed loop system
(often called “handshaking” move in both directions.
Handshaking improves the speed of transmission and
insures proper error recovery. In a closed loop system,
the destination unit sends its own information back to the
source. In other words, the two units are constantly
talking to one another—as if a little conversation were
going on between the two devices. In Figure One, the
source is the keyboard sampler and the destination device
is a computer.

The Sample Dump Standard consists of seven differ-
ent commands, and follows an exact series of messages.
The seven commands are shown in Example No. 1.and
the ordering of messages is shown in Example No. 2. All
Sample Dump Standard messages begin with the system
exclusive command of 1111 0000, followed by the 1.D.

number used for all univer-

load samples from a music
bulletin board. Then you can
send these samples to your
own machine, granting you

sal non-real-time messages
(7E in hex format or 126 in
decimal). Next follows a byte
which designates the device

access to literally thousands
of samples!
There are many different

channel. The device chan-
nel should not to be con-
fused with the normal MIDI

parts to the MIDI specifica-

voice channels. There are 16

tion, and the Sample Dump

MIDI woice channels, but

Standard is a sub-set of “sys-

tem exclusive” messages. In
fact, they fall under another
sub-set called “universal non-
real-time” system exclusive
messages. What this means

I a closed loop. information moves in both directions: from the sampler
to the computer, and frem the computer back to the sampler.

there are 128 different device
channels. In a monster elec-
tronic music system, a single
command unit (most likely
a computer) could handle all
the non-real-time messages
for 127 different MIDI de-

is that these messages are
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“universal” (they will work
for all MIDI gear that adheres
to the MIDI specification)

vices (numbered from 0-
126). If the number in this
position was 127 (7F in hex),

and they don’t operate in

then the message would be

“real-time”—i.e. as the music

is being played.

When working with the
Sample Dump Standard, two
different hardware configu-
rations are possible: a closed
loop, or an open loop. Fig-
ure One shows the difference

In an epen loop, information moves in only one direction: lrom the sampler
to the computer. The computer sends no data back to the sampler.

directed to all devices con-
nected in the system.
Following the device
channel byte, there is a “Sub-
LD.” byte which specifies
one of.the seven sample
dump messages. After the
Sub-I.D. comes the data.
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There can be any number of data bytes contained in this
section depending upon the message type. Last, but cer-
tainly not least, is the “end of exclusive” command of F7H
(numbers written in hex format are usually followed by a
capital “H”) which lets every device in the system know
that the system exclusive messages are completed.

Now, let’s get down and dirty with the seven differ-
ent Sub-L.D. commands that have been defined in the
MIDI specification.

SAMPLE DUMP HEADER—01H

The sample dump header (See Example No. 3) is sent
one time at the beginning of the sample dump. This
header has only one purpose, to tell the receiving device
everything it needs to know about the data that is going to
follow. Using the information contained in the header, the
receiving device can determine if it has enough memory
to accept the dump, and learns how to interpret all of the
digital bits and bytes that describe the sample. Let’s break
this thing apart, analyze it, and see what makes it tick.

Whenever you're reading owner’s manuals or techni-
cal information about MIDI messages, you might see things
that look like “##,” “yy,” “pp,” “xx,” or any other type of
weird letters. These

real-time system exclusive commands (the message that
signifies the Sample Dump Standard).

00-7F—This is the device channel number. It can
specify any or all of 127 different devices that might be
hooked up to the system.

01—This is the Sub-I1.D. number which specifies the
sample dump header.

##— These two bytes are the indication of the sample
number. All current samplers can store several sounds,
and this command specifies which sample you are going
to work with. Because this is a two-byte command, this
message can isolate any one of 16,384 different samples.

bb—This stands for “significant” bits, and can be any
number between 08H to 1CH. Samplers use different
“resolution” rates to measure the sounds they are digitiz-
ing. Resolution is one of the measurements of how accu-
rately the sampler is doing its job.

Some of the first samplers used an eight-bit resolu-
tion, and could measure sounds by assigning a value
between 0 and 255. Twelve-bit samplers can assign val-
ues from 0 to 4,095, and sixteen-bit machines can work
with values between 0 to 65,535. If a sample was created
using eight-bit resolution, then the number at this posi-

tion would be 08H

are abbreviations, and
are just another way
of saying that the in-
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Hex Binary  Decimal
is a variable. o 00000001 001
Often, these letters o 00000011 0a3
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EXAMPLE NO. 1—The seven commands that make up the Sample Dump.

EXAMPLE NO. 2—Basic Format for all Sample Dump Messages.

EXAMPLE NO. 3—The Sample Dump Header (01H)

(0000 1000). A
sample that had six-
teen-bit resolution
would have 10H in
this position (0001
0000). The highest
value of 1CH would
be used for a sample
created with 28-bit
resolution.
pp—This is an
abbreviation for the
sample period in
nanoseconds. This
number is an indica-
tion of how fast the
samples were made,
and is often called
the “sample rate”, A
sampler working
with a rate of 40,000
samples per second,
take 40,000
sound measure-
ments for every sec-
ond of sound. The
Sample Dump Stan-
dard needs three
bytes to convey this
information that is
combined to express
a value between 0

Definition
Sample Dump Header
Sample Dump Data Header
Sample Dump Request
Wait
Cancel
Ack (Acknowledge)

Nak [Not Acknoledged)

Definition
System Exclusive Status Byte
LD. for Non-Real Time Commands
Device Channel Number
Sub-1.1, (the actual Sample Dump Command)
Series of Data Bytes
EQX [End of Exclusive] Status Byte

Definition
Systermn Exclusive Status Byte
1.D. For Non-Real Time
Device Channel Number
Sub-1.D. For Sample Dump Header
Series Of Data Bytes will
Sample Number LSB
Sample Number MSB
Significant Bits
Sample Period LSB
Sample Period NSB
Sample Period MSB
Sample Length LSB
Sample Length NSB
Sample Length MSBE
Sustain Loop Starl Point LSB
Sustain Loop Start Polnt NSE
Sustaln Loop Start Point MSB
Sustain Loop End Point LSB
Sustain Loop End Point NSB
Sustaln Loop End Point MSB

Loap Type
EOX (End of Exclusive) Status Byte
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and 2,097,151. In the example, you can see that the Least
Significant Byte is sent first, the “NSB” stands for “Next
Significant Byte,” and the Most Significant Byte is sent last.

II—The three data bytes in this position are the sample
length “in word as”. In words means that if the sample
resolution was twelve-bit, then one word would be twelve
bits long. A sampler that works at 32,000 samples per
second would send 32,000 twelve-bit “words” of informa-
tion for each second of sound. A sample that was three
seconds in length would contain 96,000 words. Again, in
order to express larger numbers, three bytes are combined.

ss—These three data bytes are combined to express
the sustain loop’s starting position. This is the sample
number, in words,

in this position, while data packet twenty-seven would
have 0001 1011. If there are more than 128 different data
packets, then this running count number starts over again
with zero.
dd—This is the data itself. Each data packet consists
of 120 bytes of information that can work together to form
either 30, 40, or 60 different “words”. The exact number of
words is determined by the sample format. If the sample
uses eight-bit to fourteen-bit resolution, then two data
bytes form a single word, and there will be 60 of these in
each data packet. A sample with fifteen-bit to 21-bit reso-
lution will require three bytes for each word (40 words
per packet), and samples that use 22-bit to 28-bit resolu-
tion will need four

where the sample
loop begins.
ee—These three

data bytes indicate o 13‘1“6'5’60 D%igml
the sustain loop’s 073.71? 8#}% s iE?
end point. As in the O RPN 00ORRE 002
sustain loop starting ] ey
position, the end T A

point is also ex-

pressed in words.
tt—Some sam-

plers can play their

loops in different Hex Binary  Decimal
iy e ‘ = FO 1111 QOG0 240
ways. This is an indi- 7E 01111110 126
5 00-7F Qe 2927 BT
cation of the loop 03 00000010 003
00-7F
type. If the number P oz 2277
oiE g o et 4 Q772 2207
00H is in this position F7 1000 0111 247

(0000 0000), then the

EXAMPLE NO. 4—The Sample Dump Data Packet (02H)

EXAMPLE NO. 5—The Sample Dump Request (03H)

bytes for each word

(30 words per
St packet). Information
S contained in these

System Exclusive Status Byte
1.D. For Non-Real Time
Device Channel Number
Sub-LD. For Sample Dump Packel
Series Of Data Bytes
Packet Count
Sample Data (120 bytes)
Checlksum of previous 124 bytes
EOQX [End of Exclusive) Status Byte

bytes is left-justified,
and any unused bits
are filled with a “0”.
xx—This is a
chitelc ki ssuem s
Checksums are a
form of error detection
used by computers.
This number is a re-
sult of the previous
124 bytes of informa-
tion. When the source
device sends this

Definition

System Exclusive Status Byte
1.D. For Non-Real Time
Device Channel Number
Sub-1.D, For Sample Dump Request
Series Of Data Bytes

Sample Number LSB

Sample Number MSB
EOX ([End of Exclusive) Status Byle

loop is forward. If this
number is 01H (0000 0001), then the loop is backward. A
value of 7FH at this position would indicate that the loop
was turned off.

F7—The EOX status byte.

SAMPLE DUMP DATA PACKET—02H

The sample dump data packet (See Example
Number 4) contains the actual sample data. After
receiving the sample dump header, the destination
device now knows how to interpret the flow of
information. Each packet consists of 127 bytes. By
using small packets, devices that don’t have a great
deal of internal memory can receive the data packet,
process it, and then ask for more data.

FO0, 7E, 00-7F—These are the same three bytes that
are used for all non-real-time commands. They are the
system exclusive status byte, the non-real-time Sub 1.D.,
and the device channel number.

02—This is the Sub-I1.D. number which specifies the
sample dump data packet.

cc—This number can be anything between 0 and
127. Itis a running count of the data packet number. As an
example, data packet number one would have 0000 0001
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checksum, the receiv-
ing device figures out
its own checksum. If the two numbers match, then
everything is OK. If the numbers don’t match, then the
receiving device will know that an error has occurred,
and will ask the source device to send the data packet
again.

F7—This is the EOX status byte that must end every
system exclusive message.

SAMPLE DUMP REQUEST—03H

The sample dump request (Example Number 5) sim-
ply asks the receiving device to dump the sample.

FO, 7E, 00-7F—These are the system exclusive
status byte, the non-real-time Sub-1.D., and the de-
vice channel number.

03—The Sub-1.D. number for a sample dump
request is 03H.

##—This is the sample number that is being requested.
After receiving this command, the sampler will check to
see if this sample number is valid. If it is, it will begin the
sample dump. If it isn’t, then the message is ignored.
Because this is a two-byte number, it can specify any of
16,384 different samples.

F7—EOX status byte.
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SAMPLE DUMP HANDSHAKING MESSAGES—7CH,
7DH, 7EH, 7FH

Looking at Example Number 6, you will see four
different types of handshaking messages. These messages
are sent from the destination device back to the source
device. They are used only in a closed loop system, and
serve to keep the source device informed about what is
happening inside the destination.

Except for the Sub-1.D. byte, the format for all hand-
shaking messages is the same. All messages contain the
system exclusive status byte, the non-real-time 1.D., the
device channel number, and a data packet number. At this
time, only four different types of handshaking messages
have been defined.

Wait (7CH or 0111 1100)—When the destination
device sends this message back to the source device, the
source will wait until it receives another instruction. In
English, this means “pause the dump until you receive
another message.” This command might be used when-
ever the destination device has to pause in order to transfer
data from its internal memory onto a disk.

Cancel (7DH or 0111 1101)—This message will stop
the dump. The packet number in this command is the
packet on which the dump is stopped.

Nak (7EH or 0111 1110)—Nak is a computer term
for “not acknowledged”. This message tells the source
device that a specific data packet was not received cor-
rectly, and to send that packet again.

Ack (7FH or 0111 1111)—The ack message means
that the specific data packet was received correctly, and
that the source device can send the next data packet. Ack
is another computer term for “acknowledged”.

out, then it assumes that there is an open loop configura-
tion, and will continue with the sample dump procedure.
Some MIDI devices require the closed loop in order to
operate. For example, the E-Mu Systems SP-12 drum ma-
chine will respond with a “No Disk Connected” message
if it finds an open loop and will go no further.

Now that we have taken a look at how devices com-
municate with non-real-time system exclusive messages
(closed loop or open loop), and we have torn apart all of
the currently defined Sample Dump Standard commands,
let’s see how this communication might actually take place.
Example Number 7 is a diagram of two devices, source
and destination, in the process of a sample dump.

Message One—The first message is the dump request
(03H or 0000 0011). It can come from the destination unit
through MIDI or it can originate from the front panel of
the source device.

Message Two—After receiving the sample dump re-
quest, the source unit sends the sample dump header.

Message Three—The third message is sent by the
destination unit during the source unit’s time out period.
This first time out period must last at least two seconds.
By having two full seconds to respond, the destination
unit has enough time to check whether or not it can
accept the sample. The destination unit's answer can be
one of three different defined messages of ACK, WAIT, or
CANCEL, send some other piece of information, or not
answer at all.

Message Four—The fourth message is sent by the
source device after it receives and processes the third
message from the destination. As Example Number 7
shows, a message of ACK or NONE will cause the source

to send the first data

packet. Receiving a mes-
sage of CANCEL or any

SAMPLE DUMP COM- EXAMPLE NO. 6—Sample Dump Handshaking Messages
MUNICATIONS
There is one more WAIT
4 - i S Hex Binary  Decimal Definition
term that we should de FO 1111 0000 240 System Exclusive Status Byte
fine before we continue 7E 0111 1110 126 1.D. For Non-Real Time
00-7F 077? 2772 T Device Channel Number

with the exploration of the
Sample Dump Standard.
There is a period of time
in which nothing happens
in the source device. This
is a waiting period during
which the source device
listens for the destination
device’s answer. This time
period is called a “time
out”. If the source device
hears an answer from the
destination device, it will
process the response and
do whatever the destina-
tion device asks. If the

source device doesn’t hear

anything during this time

7C 0111 1100 124
00-7F 0?77 2772 2
F7 1000 0111 247

Sub-1.D. For Wait
Packet Number
EOX (End of Exclusive) Status Byte

CANCEL
Hex Binary  Decimal Definition
FO 1111 0000 240 Systemn Exclusive Status Byte
7E 01111110 126 1.D. For Non-Real Time
00-7F QP7e PPP? 2?7 Device Channel Number
70 0111 1101 125 Sub-1.D, For Cancel
00-7F 077? P77 TET Packet Number
F7 1000 0111 247 EOX (End of Exclusive) Status Byte
NAK
Hex Bi Decimal Definition
FO 1111 0000 240 System Exclusive Status Byle
TE 01111110 126 1.D. For Non-Real Time
00-7F Qpe? ?P7? 2T Device Channel Number
TE 0111 1110 126 Sub-1.D. For Nak
00-7F QPe? ?97? e Packet Number
F7 1000 0111 247 EOX (End of Exclusive) Status Byte
ACK
Hex Binary  Decimal Definition
FO 1111 0000 240 Systemn Exclusive Status Byte
7E 01111110 126 1.D. For Non-Real Time
00-7F 07?7 2277 Tl Device Channel Number
TF 01111111 127 Sub-L.D. For Ack
00-7F Q??? ?777 9?7 Packet Number
F7 1000 0111 247 EOX (End of Exclusive) Status Byte

other message will cause
the sample dump to stop,
and a message of WAIT
will place the source unit
in a “holding stage” until
it receives another mes-
sage.

Message five—This
message is sent from the
destination unit during the
source unit’s time out pe-
riod. After the header’s
time out period of two
seconds, all other time out
periods last only 20 ms.
These messages can in-
clude all the ones that
were used before (ACK,
WAIT, CANCEL), and one
more. The NAK message
will tell the source device
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EXAMPLE NO. 7—Sample Dump Communications
SOURCE UNIT DESTINATION UNIT

MESSAGE 1 Receives Valid ( e=—————— Request)
Request
For Sample Dump

MESSAGE 2 Send Header e e el

MESSAGE 3

= Send Message
TIME OUT PERIOD ACK
(TWO SECONDS) WAIT
CANCEL
OTHER
NONE

MESSAGE 4 Process / Send Message g
ACK / Send Packet
WAIT / Wait For Next Message
CANCEL / Abort Dump
OTHER / Abort Dump
NONE / Send Packet

MESSAGE 5 - Send Message
TIME OUT PERIOD ACK
{20 ms.} NAK
WAIT
CANCEL
OTHER
NONE

MESSAGE 6 Process / Send Message ——mmmm——o0—m
ACK / Send Packet
NAK / Resend Last Packet
WAIT / Wait For Next Message
CANCEL / Abort Dump
OTHER / Abort Dump
NONE / Send Packet

that a specific data packet was not received correctly.

Message Six—The sixth message would be sent from the source device
after it has received and processed the information in message five. If the NAK
message was received, then the source device will send the same data packet
again.

If there are any more data packets remaining (and, you can be sure that there
will be), then message types five and six are repeated. During each time out
period of 20 ms., the destination unit sends its handshaking message and the
source unit then answers by sending another packet, sending the last packet
again, stopping the dump, or waiting. This continues until all of the data packets
are sent and received. The Sample Dump Standard suggests that there be one
final handshaking message following the last data packet.

So, there you have it...all the gory details of the Sample Dump Standard. I hope
that this article has taken some of the mystery out of the MIDI specification. L]
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