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W a r n i n g  

This squipmenl has been certified ro comply wi th the limits for a Class B computing devlce, pursuanl t o  

Subpan J o f  Part 15 of FCC Ruies. Only Computer certified to comply wi th the Class B l imits may be 

anached to thi, equipment. Operation wi th nonceni f ied computing device i s  l i ~ e l y  t o  result i n  interference 

to radio and TV reception. 

Radio a n d  T e l e v i s i o n  I n t e r f e r e n c e  

The equipmenr described i n  this manual generares 

and uses radio-frequency energy. I f  i7 is nor in- 

sralled and used properly, rhat is. in  srricr accord- 

ance wirh our instrucrions. ir may cause inrer- 

ference w i th  radio and relwision reception. 

This equipmenr has been resled anc complies wi th 

The l i m ~ r s  for i Ciass B computing d w ~ c e  in accord- 

ance wirh !he specificarions In Subpar? J. Parr i5. 
of  FCC rules. These ruies are designed ro provide 

reasonable prorecrion against such inrerterence in  

a residenrial installarion. However. rhere is no 

guarantee rhar rhe inrerference wil l  nor occur in  a 

parrlcular insrallar~on,especially i f  you usea "rabbir 

ear'' relevislon anrenna. ( A  "rabbir ear" anrenna IS 

the relescoping.rod Type usually contained on  T V  

receivers.) 

You can derermine whether your compurer is 

causing ~nrerference by rurning i t  off. I f  rhe inter- 

ference srops, ir was probably caused by rhe com- 

purer or 11s per~pheral dwices. To  furlher tsolare 

rhe probiem 

Disconnect 'rhe per~pheral owices and rheir 

inpur1ourpur cables one a1 a lime. I f  The Inier- 

ference srops. I: 18  caused b y  eirher the perlpher- 

a1 oevlce or 11s 110 cable. These devlces usually 

reouire shielded ! lo  cables. For Roland pe- 

ripheral oevices, you can obrain lhe proper 

shieloeo cable f r o m  your dealer. 

!! y3ur com?uier or 1:s per:@he:a: owlces oops 

~ i l s e  InleF;erenct ;o r io lo  or r e l e ~ ~ s ~ o n  rece?;lon, 

" 3 ~ '  i a 7  I rv  TC CorreC: ;he ~nie-:e~ence Sv  using 

one or more of the following measdres 

. Turn The T V  or radio anrenna unri l  the tnrer- 

ference srops. 

Move The compurer or its per~pheral devlces l o  

one side or :he orher of Ihe T V  or radio. 

Move the corn3urer or 17s per~pheral dwlces 

fariher awe? from the T V  or radio. 

Plug ine compurer or IIS per~pheral devices i n l o  

an ourler That is on a differenr c~rcu i r  lhan rhe 

T U  or radto. (Thar is. make cer;ain The com- 

puler or its peripheral dwices and The radio or 

felevisionser are on  circuirs conrrolled by dif fer- 

en1 circuit breakeri or fuses.) 

Consioer ~wra l l i na  a roofrop le iwis lon antenna 

wtrh coaxial cable lead-ln between rhe anrenna 

ano TV. 

I f  necessary, you should consulr your oealer or an 

expepienced raoiolreiev~sion rechn~cian for aodi 

rional suggeslions You may ftnd helpful The fo l low- 

Ing bookler. prepared by rhe Fede*al Commun'- 

carlons Commiss~on 

"How t o  ldenrlfy and Resolve Radio-TV in;er- 

ference Problems" 

Thts bookie: 1s avai ia~le fro-r ;he i'.S. Governmen1 

Fr~n i ing  ' j f i i c r .  Washinsion, 3C 20LC; .  s:ock 

r,u rriber OW3033334 52. 
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1. INTRODUCTION 
- - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  

1.1 
--- The Roland MPU-401 3IDI PROCESSING UNIT is designed using a CPU 
.and a c ~ s t o m  LSI hand-shake controller for the MIDI bus system. 

The MPU-401 connects to a HOST computer via the DATA bus and uses 
handshaking and interrupts. The MPU-401 may be used as a memory-mapped 
or i/O mapped device. 

~oland recognizes the difficulties and weaknesses of using a simple 
U A R T  or 'DUMB' interface to the MIDI bus and has decided to set out on a 
program to development this 'intelligent' microprocessor based MI D I  
interface. This led to the development of a special LSI hancishaking 
controller which drastically reduces the parts count in the interface. 
Connection to almost any kind of personal computer is now possible due 
to the simplicity of this hardware interface. The use of interrupts as 
opposed to polled port techniques greatly adds to the potential of MIDI 
software applications. 

1.2 ABOUT THIS MANUAL 
--- ----------------- 

~ h i s  reference manual is for -the version 1.5A ROM of the Roland 
MPLI-401 MIDI PROCESSING UNIT only. Differences between this ROM version 
and earlier ones are listed in the section 'MPU VERSION DELTA GUIDE'. 
All references in this manual to 'MPU-401' are applicable to all MPU 
units (i.e. MPU-APL, MPU-MSX, etc.) unless markes with ! ITEMS 
KITH THIS MARK APPLY TO THE MPU-401 ONLY. 



FEATURES OF THE MPU-401 
....................... 

a> The use of an intelligent interface for the MIDI system 
iilows the HCST computer to ?erfo;m o r  tjsks while the "PU-40i i.s 
lrecording and/or playing. The MFU-401 cperates as a 'backsround' 
processor using interrupts to the HOST conputer to send recorded data to 
the kiOST's memory and rezucsting data from the HOST to send out on the 
3191 OUT port. 

n 
S >  3ecaiice of the ~ b o v e ,  cprratlons such as disk I/O (if the 13 

HOST is usinc a 3 M A  controller), screen updates, user interface, or any 
other appiication functions nay be run c o n c ~ r ~ e n t l y  while recording or 
playing MIC? data. 

The MPU-401 functions as an 8 track MIDI data recorder, c>  
looking after all aspects of the recording and playing of musical data, 
except for HOST memory mazagement. Each track can b e  polyphonic a ~ d  
multichanneled. The only jcbs that rhe HOST computer must d o  to look 

R 
after rhe M P U - o B l  are: 1. The sending ~ n d  receiving of ccr-ixands to the 
MPU-401 and; 2. The reading and writing of MIDI data r o  memory, and 
orgsnization of memory. 

d> The MPU-401 looks after all external SYNC functions, including 
MIDITIMING CLOCKS iSF8), a Roland DIN SYNC output, an FSK tape sync . . 
port ( ! ) ,  and internal timing control. The internal 'TIMEi3ASE1 may be 
set to one of seven different divisions per beat; 48, 72, 96, 120, 144, 
168 or 192. lW 

e> The most commonly used functions are enabled a t  POWER UP as 
DEFAULTS, but these default values may be changed on the fly by the 
HOST. For example, the default TEMPO is 100 beats per minute (BPM), but 
chis may be changed in real time to any tempo within the range 
to 250 BPM. Also, t h e  R E L A T I V E  T E M P O  and R A T E  o f  T E M P O  CIikNGE 

Of Bp.vn 
( G ~ ~ D U ~ T I O N )  may h e  changed in real time, thus allowins the HOST to 
becone the 'CON3UCTOR1 of the MPU-401 by automatically changing tempo 
while recording or playing. 

I 

f> The MPU-401 contzins 1 RECORD COgNTER; 8 PL?.Y COUNTERS; 1 
CDflzsCTOR timer for timing special data; a h.rlDI I N  TAELE which flags 
e z c h  incoming F I D i  NO" ON ~ n d  clears it upcn zeceiving KOTZ OFF or ALL 
r .  r. m ;. 3 - 
L q L - - S  GF"  4 CCHLNNEL REFERPNCE TABLES which f l z g  2 - 1  315; :;CITE OEs 
; 3 l e y ? d  Si\l the M P 9 - - 4 @ l  2nd clears them when sending a NCT5 OFF, an A L L  

n I 
3CTT.ES C F F o o r  o STOP PLAY; a 8 ?LAY SUFFERS which hold the nexr MID? note 
event t o  he played in each track; a PROGRAM CHANGE B U F F R  which holds 
the last MIDI PROGRAM CHANGE since the most recent stop; a MIDI Channel 

I 
filter to allow only selected. MIDI channels to pass to the host; 
NZSSF.GE FILTER for screening out selected KID1 controllers; a U.L.2T a MODE H I D I F @  
for cpplications not requiring the inteiligence of the MPU-4D1; 2 
-c,rccrcrnmable audio EZTRONOME which will play any time signature; 
s y ? ~ ~ ~ ~ r o n i z a t i o n  system for M I D I  sync, goland SYNC 24 a n d  FSK ( ! )  L Y E . -  
m >  ? -  ~ \ . * r n  -r.rr. - -& ,L ;  and a full set of inte11icent csmxzncs w h i c h  m a y  5e ~ s e d  by 2 
zCSTzcppllcat:on to c r s ~ t e  any type of MI35 system. 



I 1 . 4  A NOTE TO P R O G R A M M E R S  
--- ..................... 

I programming the MPU-401 for various MIDI applications is not a 
difficult endeavor. Required however is a working knowledge of the 
following: 

A sound understanding of programming in the language of one's 
choice and at least a basic knowledge of the computer being 

I written for. 

b The ability to understand hexadecimal (base 16) arithmetic. 

I c i  
An understanding of interrupt handling by the host computer. 

A thorough knowledge of the entire MIDI 1.0 protocol. 

.rj good understanding of the MPU-4O1 interface by rezding this 
zeference in its entirety. 



2 .  C o n n e c t i o n  t o  t h e  HOST 

T h e  E T F - 4 0 1  c o n n e c t i o n  t o  t h e  HOST c o m p u t e r  m a y  b e  m e n o r y  o r  1 / 0  
n a p p e d .  C o n r ~ e c t i o n  i s  m a a e  t o  8 DATA B U S  l i n e s ,  1 R D * ,  1 W R * ,  1 R E S E T * ,  
i SELECT*,  3 ADDRESS, 1 Z S R * ,  2 GROUND a n d  2  VCC o f  5 v o l t  d c .  

T h e s e  c o n n e c t i o n s  a r e  m a d e  t o  a 2 5  p i n  f e m a l e  t y p e  'Dl c o n n e c t o r .  

P i n  C o n n e c t i o n s  

S i g n a l  F i n  # D i r e c t i o n  S i g n a l  ? i n  # D i r e c t i o n  
------ ----- ----- ---- 

.h 1 1 8  I 
P, 2 6 I 
RD* 9 I 
WR* 2 2  * 

I 

C S *  1 0  I 
DSR* # 2 3  0 
RES* 11 I 
+ 5 v d c  1 2  & 2 4  I 
GND 13  & 2 5  I 

K o t e . .  . 
------- # T h e  DSR* ( D a t a  S e t  R e a d y )  o u t p u t  i s  OPEN COLLECTOR.  

I t  i s  u s u a l l y  c o n n e c t e d  t o  t h e  HOST'S I N T E R R U P T  i n p u t .  

S i g n a l  D e f i n i t i o n  
----------------- 

C S *  A2 A 1  A 0  RD* WR* : 
--- -- -- -- --- --- 
0 X X 0 0 0 
0 X X 0 0 1 
0  X X 0 1 0 
0 x x 0 1 1 
0 x X 1 0  0 
E x x 1 0 A i 

E x x 1 1 @ 
a x x 1 ... I A I 

D e s c r i p t i o n  

I LLEGE.L 
R e a d  d a t a  (DATAPORT)  
Write d a t a  (DATAPORT)  
N O  o p e r a t i o n  
1LLEGP.L 
R e a d  s t a t u s  ( S T A T P O Z T )  
- VY, ,, i t €  a cornrriand (COMPSRT ) 

KO c p s r a t : o n  

a o a x x x P o r t  + E 
Q 0 1 x x x P o r t  = 1 
E 1 0 x x x P o r t  = 2 
0 1 1 x x x P o r t  t 3 
1 x x x x x Not s e l e c t e d  

Note.. . 
- - - - - - - $ STATPOilT 2 l t  7 : DSR* D i t  6 : DRR* 

? d o r m a l l y  t h e  A i  a n d  .L.2 m u s t  be z e r s e s ,  o s  t h e  h a r d w a r e  l n  t h e  
KPLI-4Ei  is c o n n e c t e d  a s  PORT a .  ( d ~ f a c l r )  
T h e  h a r d w a r e  i n  t h e  M P U - 4 0 1  c a n  b e  c h a n o e d  i f  t h e  L O S T  n e e d s  
t o  ilse m z r e  t h z n  2 ( u p  t o  4 )  s e t s  o f  t h e  M P U - 4 0 1 s  a s  p o r t  0 - 
1 
a. 



 his page shows the defined n a m e s  of data, commands and status used 
5 p g - 4 0 1 .  These words (MPU MESSAGE, MPU M A R K ,  etc.) a r e  used often 

i n  this manual. 

____-__-___------------------------------------------------------------  
WHILE RECORDING 

receives sends 

MIDI MESSAGE 
from M i D I  I N  

S T A T U S  . . . . . . . . . . . . . . . . . . . . . . . . . . .  to STATPORT 

1. a M I D I  MESSAGE with a leading timing byte 
2. an MPU MARK with a leading timing byte 
3. an MPU MESSAGE 

. . to DATAPORT 

1 
HOST 

transrnl ts receives 

MIDI  FESSAGE a n  MPU COMMAND . . . . . . . . . . . . . . . . . .  f r o m  COMPORT 
t o  M I D I  O U T  

I. a M I D I  MESSAGE with a leading timing byte 
2. an MPU MARK with a leading timing byte 
3. an OVER FLOW 

from DATAPORT . . .  
KHILE PLAYING 
___--___-_------------------------------------------------------------- 

___--__------_-__-_-------------------------_-------------------------- 
DAT.4 IN STOP MODE 

receives sends 

STATLIS. . . . . . . . . . . . . . . . . . . . . . . . . . .  to STATPORT 

1. e MI91 MESSAGE 
2. En MPU MESSAGE 

I -1 M 7 HOST 

transmits recelyL7es 

. . . . . . . . . . . . . . . . . .  a n  X ? U  COMMAND from COMPO2T 

. . . . . . . . . . . . . . . . .  a 3131 MESSAGE frcm DATAPC2T 

K.L.!<T T O  SEND D A T A  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



3 .  The MPU DATA FORMAT 
- - - - - - - - - - - - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . .  

The M P U - 4 B 1  sends data t o  the HOST while RECORDING, and receives 

s h o ~ i d  read or send the exact number of bytes defined. Reading or 
data from the HOST while PLAYING in the format shown here. The 

sending f e ~ e r  :?an expected will cause the M P U - 4 0 1  to experience a 'loopLI)I 
~roblen' as it vaits For 2 certain sized data packet. 

1st BYTS 2nd BYTE 3rd BYTE 4th BYTE DESCRIPTION 

MPU M E S S A G E  
t i m i n g  value = 2 4 0  

MPU MARK 

MPU MARK . 

I 1  $ F C  " *  YPU M A R K  
-_-----_-__--_--___-_---------_----------------------------------------- 

I I  $ 8 0  - $BF ' * *  $ 0 0  - $7F $ 0 0  - $7F M I D I  MESSAGE 

I1 $ C 0  - SDF * * *  $ 0 0  - $ 7 F  * * * *  
--_-_______________-----------------------_----------------------------- 

1 1  $ 0 0  - $7F $ 0 0  - $ 7 F  * * * *  M I D I  d a t a  bytes 

I t  $ 0 0  - $7F ( M I D I  running status) 
_---------__---____---_-_---------------_--------_---------------------- 

Next bytes are senc from the M P U - 4 0 1  only. See Secticn 4.1 

SFZ,  SF3 MPu MESSAGES 

S F ~ - S F ; , $ ? "  K a U  data reqJesr 

C Z - 2  
- A  - ~ F B  - < E ~  ( S E 0  - $7' . . )  2 M I D I  mess. f o l l c k s  
-------_---_-_----_-----------------------------------------------------  

NOTES ON MPL? DATA F0RMP.T:  

x 5SADING TIMING BYTE 

- The first 5yte (:!slues f r o m  $ a @  to $EF) & r e  T 1 , Y I N G  V k L ' J E S  
wh1zh r e c e G e  stanCzrd MI91 ,?$ESSA.GES cr 3 P U  h-'>.RKS. 

3 
- xhlie ~ ~ c P - F :  u - d ~ n c : :  when t h e  M P G - l @ i  receives a X h C I  Ir;lessc~e, 
the t i m i n c  ;:clue is copied f r o m  c n e  , y p ' J - 4 0 l ' s  RECOFZD COLKTER- 
h is t h e  c e a s e  by t h e  1 c:ock. ?nen : h e q  



recelved MIDI message bytes wlll follow. The SECORD COUNTER 
wlll be cleared after the process. If the MPU-401 does not 
recelve MIDI inessaoes and the reccrd counter reaches 2 3 6 ,  l t  

wlll send out the MPU MESSAGE SF8 'tlnlng overflow'. (See 
section 4). 

- Normally in the DATA IN STOP mode, leading timing bytes are 
not sent. (See MPU commands $8B and $34. ) 

- While playing: when the MPU-401 requests rhe next track 
data, the HOST MUST send it data; either a MIDI MESSAGE or an 
MPU MARK with a leading timing byte. The MPU-4G1 puts the 
timing value into the PLAY COUNTER of the track, then the 
counter is decreased by the internal clock. When the counter 
becomes zero the .MPU-401 sends the MIDI message out or 
executes the mark, and requests the next data for that track. 
If the leading timing value is zero, the MPU-401 will transmit 
the message out and request the next data immediately. 

- While playing: when the MFU-401 requests next track data, if 
the HOST sends an SF8 (timing overflow!, the play counter of 
the track in the MPU-401 is set to 240. When the counter 
reaches zero, the MPU-401 will send nothing and request the 
next track Gata. 

- When the HOST wants to transmlt a MIDI message to MIDI OUT 
uslng the MPU COMMAND of SDB to SD7 (Want To Send Dara), the 
data must be sent in standard MIDI format but wlthout 2 

leading timing byte. 

rn * *  MPU MARKS 

- Do not confuse MPU-401 MARKS with MPU MESSAGES which are 
ex?lained in the next section. 

- MPU ? A R K S  are sent while recoraing and nzy be used while 
playing by the HOST, They are preceded with a LEADING T I Y I N G  
byte, and do not have zny following bytes. 

- They are not csed in the DATA IN STCP mode, and can n c t  be 
ssed with the NANT TC SEND Llk.TA cozrnands ($3C to 537 2 n d  S Z F ; .  



NO OPERATION 

- W h i l e  r e c o r d i n g :  t h e  MPU-401 d o e s  n o t  s e n t  o u t  t h i s  m a r k .  

. - - i l h i l e  p l a y i n g :  t h e  M P U - 4 0 1  w i l l  s e n d  n o t h i n g  o u t  t h e  M I D I  1 
O U T  p o r t  i f  r e n t  t h i s  m a r k  a n d  t h e n  w i l l  r e q u e s t  n e x t  t r a c k  
Z a t a .  

.YEASURE E N D  

- W h i l e  r e c o r e i n g :  t h e  MPU-481 series M e a s u r e  Z ~ d s  a t  t h e  r a t e  
d e t e r m i n e d  by  t h e  $ E 6  c o n r n a n d ,  a n d  i s  e n a b l e d  w i t h  t h e  $89 
command.  

- W h i l e  p l a y i n g :  t h e  m e t r o n o m e  c o u n t e r  i n  t h e  M P U - 4 0 1  w i l l  
r e s e t  e p o n  r e c e i v i n g  a n  S F 9  a n d  t h e  m e t r o n o m e  w i l l  p l a y  i t s  
p r l m a r y  a c c e n t  i f  i n  E c c e n t e d  m o d e  ( $ 8 5 )  ( !  N o t h i n g  i s  s e n t  
t o  t h e  MIDI 0 3 T  p o r c  o f  t h e  MPU-4Pl. 

DATA EkD 

- W h i l e  r e c c r d i n g :  w h e n  t h e  MPU-401  ~ e c e i v e s  a S T O P  RECORD 1 
c o m m a n d  f r o m  t h e  HOST,  i t  s e n d s  t h e  n o s t  t h i s  m a r k  w i t h  a  
l e a d i n g  t i m i n g  b y t e .  

- W h i l e  p l a y i n g :  i f  t h e  MPu-401  r e c e i v e s  t h i s  m a r k  i n  a  t r a c k  I 
a s  t h e  r e s p o n s e  t o  a  REQUEST TRACK D A T A  ( S F 0  - $ F 7 ) ,  t h e  MPU- 
4 0 1  w i l l  s h u ~  d o w n  t h e  t r a c k  a f t e r  t h e  t i m e  q i v e n  b y  t h e  
l e a d i n g  t i m i n g  b y t e ,  a n d  w i l l  s t o p  r e q u e s t i n g  d a t a  i n - t h a t  

- t r a c k .  

- W h e n  a l l  t r z c k s  a r e  f i n i s h e d  p l a y i n g :  t h e  M P U - 4 0 1  s e n d s  a n  
$FC m e s s a g e ,  w i t h o u t  t h e  l e a d i n g  t i m i n g  b y t e ,  t o  l e t  t h e  EOST 
k n o w  a l l  t r a c i c s  a r e  f i n i s h e d  p l a y i n g .  T h e  HOST m u s t  s e n d  a 
STOP P L A Y  c o m z z n d .  ( S e e  s e c t i o n  5.) 

i x *  MIDI STATUS 

- K h i l e  r e c o r d i n g :  t h e  MPLI-401 c r e a t e s  M I D I  R U N N I G G  STATUS, sc 
M I D I  s t a t c s  b y t e s  a r e  n o t  a l w a y s  s e n t .  T h i s  m e a n s  t h a t  t h e  
EOST m u s t  r e m e m b e r  t h e  r c n n i n g  s t a t u s  w h i l e  r e c e i v i n g  t h e  X I S T  
m e s s a g e s .  T h e  %OST c a n  o t h e r w i s e  r n i s r e a d  m e s s a g e s ,  a n d  c z c s e  
t h e  M P E - 4 @ l  ' l ~ o p  t r o u b l e '  i f  t h e  h s s t  t r i e s  t o  a c c e p t  ~ C O  

many  o r  t o o  f e w  b y t e s .  R u n n i n g  s t z t u s  i s  u s e d  t o  k e e p  merncry  
u s a g e  Co a  m i n i m u m  a n d  t o  a v o i d  s e n d i n a  u n n e e d e d  d z t a  o v e r  t h e  

Y 
.hiIDS b u s .  

- W h l l e  p l a y l n q :  t h e  MPU-401 k e e p s  R U N N I N G  STATUS f o r  e a c h  
t r a c k  s o  t n a t  t h e  s t a t u s  b y t e  i s  n o t  a l w a y s  n e c e s s a r y .  T h e  
s z m e  c a u t l o n  ; ; l u s t  b e  u s e d  t o  a v o 1 6  l o o p l n g  p r o b l e m s ,  b u t  I f  
t h e  d a t a  r e c e : , , 7 e d  f r o m  t h e  M P U - ~ @ ~  1s s e n t  b a c k  t ? x a c t l y ,  t h i s  
h11? n o t  h a p p e y .  

m- 
Y 



@ * * * *  XIPI THIRD BYTE 

- With two byte MIDI messages such is S C n  and SDn, only 1 b ~ r r e  
of data is sent while recording or is requested while playing. 
( n is a value from $0 to SF which indicates iny MIDI channel 
1 to 16 1 .  



4 .  MPU-401 MESSAGES 
. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

'v7:r!ile r e c o r d i n g ,  v a l u e s  f r o m  S B 0  t o  SEF ~ r e  TIMING VALUES w h i c h  
? r e c e d e  ,PIC1 NESSAGES o r  MPU MARKS. I n  t h e  D A T A  IN STOP m o d e  ( $ B E ) ,  
t h e y  a r e  t h e  s t a t u s  b y t e s  ( S E B  - SEF) a n d  d a t a  b y t e s  ( $ 0 0  - $7F)  o f  MI91 
r n e s s z s e s .  ( S e e  s e c t i o n  3 ) .  

' d ~ l i e s  f r c m  S F 0  t o  SFF c r e  n o t  MIDI  MESSFGSS. T h e y  z r e  m e s s a ~ e s  - 
s e n d  by t h e  MPU-401 2s f o l l o w s :  

4 . 1  SINGLE BYTE MESSAGES 

SF8 TIMING OVERFLOW 

SFC 

- K h i l e  r e c o r e l a g :  when  t h e  RECORD TIMING COUKTZR r e a c h e s  240 
( S F C ) ,  c n  S F 8  i s  s u b s t i t u t e d  t o  i n d l c a r e  t h e  v a l u e ,  t h e n  ; h e  
r e c o r d  c o u n t e r  i s  c l e ~ r e d .  U 

- W h i l e  p l a y i n g :  when  t h e  MPU-481 r e q u e s t s  n e x t  t r a c k  d a t a .  o r  
c o n d u c t o r ,  t h i s  m e s s a g e  c a n  b e  u s e d  f o r  l o a d i n g  v a l u e  o f  2 4 0  
t o  p l a y  c o u n t e r  b y  t h e  HOST. I t  s h o u l d  b e  u s e d  a l o n e ,  a n d  n o t  
b e  c o n f u s e d  w i c h  t i m i n g  b y t e s .  A f t e r  t h e  p l a y  c o u n t e r  h a s  
z e r o e d  o u t ,  t h e  MPU-401 w i l l  r e q u e s t  m o r e  d a t a  t o  p l a y .  

A L L  EN3 

- When a l l  t r a c k s   re f i n i s h e d  p l a y i n g ,  t h i s  m e s s a g e  i s  s e n r  
t o  t h e  EOST w i t h o u t  a  l e a d i n a  t i m i n g  b y t e .  T h e  MPU-401 w l l l  
s t i l l  r e m a i n  i n  t h e  P L A Y  m o d e ,  b u t w i i l n o t  r e q u e s t  n e x t  t r c c ~  
d a t a .  Y h l s  m e s s a s e  i s  u s e d  a s  a  f l a g  t o  t e l l  t h e  h o s t  t h a t  
a l l .  t r a c k s  h c v e  f i n l s h e d  p l a y i n g  a n d  a  s t o p  s e q u e n c e  s h o u l d  be  
d o n e  by t h e  HOST.  

CLOCK T O  ZOST 1 

- T h i s  r - t e  ls s e t  s y  SE7, a n d  e n ~ S l e 5  b y  S95. ( 3 e f a u l . t  = 
~ ~ e r y  1 / S x ? 1  n c ~ e ) .  T c e  $FD FlESS2Gt c a n  5 e  u s e d  by t h e  h o s r  

- .  . . ~ r c ~ . r a n  2 s  a  c c c n t e r  f o r  I e a a - l n s ,  f o r  r e g u i a t i n g  a  c r c 2 r . l ~  
~ e r r o n c ~ e  o r  a n y  f c n c t i c n  d o n e  I n  e x a c t  i n c r e m e n t s  o f  52a t . s .  

A C K  (.k>'xNOWLEDG5 OF C O M M A N D )  

- T h e  A C K  i s  u s e d  b y  t h e  M F U - 4 0 1  t o  l e t  t h e  HOST k n o w  t h a t  z n y  
c o m m a n d s  s e n t  h z v e  h e e n  p r o p e r l y  r e c e i v e d  a n d  w i l l  b e  a c t e d  
o n .  A s  c n  e x a n n l e ,  w h e n  t h e  H O S T  s e ~ d s  a  S E T  T E M P O  c o m m a n d  c o  
t h e  K?U-4@1, r 3 e r e  i s  a  p o s s i b i ? i r y  t h z t  t h e  MFU-421 w i l l  
i m u l r z n e o u s l y  b e  s e n d i n g  a  b y t e  cf i n c o m i n g  MID: d a t -  

- ;z 
: : ? a t  c a s e  t h e  N s U - L B i  w o u l d  w z n t  t f . e  53ST t o  r e a d  t h i s  Syte 
a n d  i t s  f o l l o w l n c  L y t e s ,  e v e n  while :he HOST i s  w a i t l n c  t c  
s e n d  t h e  r e s t  of t h e  c o m m a n d .   his c z s e  c o u l d  c a u s e  b o t h  =he 
W P - 4 @ 1  a n d  r:",  ST g o  i n t o  ' I c c g '  c r o u b l e .  i t  m i l s :  h e  
p o s s i b l e  f o r  t h e  3 C S T  t o  a c c e p t  i n c s 7 , i n g  d a t a  w h i l e  s e n d i n 5  a 

13 



command a n d  t h e n  r e c e i v e  t h e  A C ~ .  

- When t h e  HOST s ~ n a s  a  c o m m a n d ,  i t  h a s  t o  w a i t  t o  g e t  a  d a t a  
S y t e  a n d  c h e c k  i f  i t  i s  a n  ACK ( S F E ) . ,  I f  t h e  b y t e  i s  n o t  A C K ,  
t h e  HOST m u s t  a c c e p t  t h e  d a t a  b y t e  a n d  f o l l o w i n g  b y t e s  f i r s t ,  
t h e n  w a i t  f o r  A C K  a g a i n .  

- An ACK w i l l  n o t  b e  s e n t  b a c k  u p o n  s e n d i n g  a SYSTEM RESET t o  
l e a v e  t h e  UART M O D E  ( $ 3 F ) .  

4 . 2  REQUEST-DATA MESSAGES (MPU REQUEST) 
--- _ _ - _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ - - - - - - - - - - - - - - - -  

SF0 - SF7 TRACK DATA REQUEST 

- W h i l e  p l a y i n g :  t h e  MPU-401 r e q u e s t s  n e x t  d a t a  o f  a l l  a c t i v e  
t r a c k s  b y  s e n d i n g  t h e s e  c o m m a n d s .  When t h e  p l a y  c o u n t e r  o f  a 
t r a c k  b e c o m e s  z e r o ,  t h e  MPU-401 w i l l  s e n d  m e s s a g e s  o f  S F @  t o  
S F 7  w h i c h  c o r r e s p o n d  w i t h  t r a c k  n u n b e r  1 t o  8 ,  t o  t h e  HOST. 

MESSAGE S F 0  S F 1  S F 2  S F 3  SF4 S F 5  S F 6  S F 7  
_ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ -  
TRACK 1 2 3 4 5 6 7 8 

- I t  t h e n  e x p e c t s  t h e  n e x t  d a t a  f o r  t h a t  p a r t i c u l a r  t r ~ c k  f r o m  
t h e  'tiOST a s  o n e  o f  t h e  f o l l o w i n g :  

1. a l e a d i n g  t i m i n g  b y t e  a n d  a MIDI VOICE MESSAGE. 
2 .  a  l e a d i n g  t i m i n g  b y t e  a n d  a n  MPU M A R K .  
3 .  a n  S F 8  ( t i m i n g  o v e r f l o w ) .  

CO!<DUCTOR DATA REQUEST 

- W h i l e  p l a y l n g :  when  t h e  CONDUCTOR 1s s e t  O N  a n d  =he c c c x t e r  
o f  t h e  P ? U - 4 0 1  CONDUCTOR z e r o s  c u t  t h e  YPU-401 w i l l  s e n d  a n  
SF9 t o  c h e  HOST. 

- I t  t h e n  e x p e c r s  a  l e a d i n g  t i m i n c  5 y c e  z n d  a n  P coir .sand 
f r o m  t h e  HOST. % o w e v e r ,  t h e  P ? U  command s h o u l d  b e  s e n t  a s  a  
d z t a  S y t e  c h r o u 5 h  DAT>.POF?T. T h e  M P U - 4 5 1  w i l l  l o a d  t h e  t i n i n g  

. v a l u e  t o  t h e  CONDZCTOR p l a y  c o u n t e r ,  r h e n  t h e  c o u n t e r  w i l l  a e  
d e c r e a s e d  b y  t h e  i n t e r n a l  c l o c k .  T h e  MPU-401 w i l l  n o t  s e n d  a n  
ACK f o r  c o m m z n a s  s e n t  a s  CCNDUCTCR d a t a .  

- N h e n  t h e  c c u n t e r  r e z c n e s  z e r o ,  t h e  MPU-4el s e n a s  a n o t c e r  SF9 
tc t h e  H O S T ,  a n d  t n e n  e x e c u t e s  t n e  i a t e s t  comrnond.  

- T h e  HOST c a n  a l s o  u s e  z n  ypU ZESSAGS $ F 8  f o r  l o a d l n q  v a l u e  
2 4 5  t o  t h e  c s u n t e r ,  a n  M P U  MARK S F C  w;th a  l e a d i n g  t i m i n o  h y ~ e  

,a, YPU M.z.RK SF9 &:=> 2 f o r  t h e  e n d  o f  z ? e  c o n d u c t o r  c a t -  
l e a d i n g  t i m i n g  b y t e  f o r  m e a s u r e  e n d ,  a n d  a n  M P b  MA2K SF8 wlL9 
e l e a d i n g  t i m i n g  5;qte f o r  N O  OPZXATIGN. 



SFF 

- When MPU COMMANDS ,$DO t o  $DF w h i c h  r e q u i r e  a f o l l o k i i n g  d a t a  mi 
S y t e  ( s u c h  as WANT TO SEND DATA) a r e  s e n t  t o  t h e  c o n d u c t o r ,  

'I 

o n l y  t h e  l e a d i n g  t i m i n g  b y t e  a n d  command s h o u l d  b e  s e n t  a t  t h e  
f l r s t  CONDUCTOR REQUEST. When t h e  t i m e r  h a s  c o u n t e d  d c w n  a n d  
i t  i s  t i m e  t o  e x e c u t e  t h e  c o m m a n d ,  t h e  CONDUCTOR w i l i  s e n d  
a n o t h e r  CONDUCTOR REQUEST ($F9) zt w h i c h  t l m e  t h e  d a t a  f o r  t h e  
c o n r n s n d  s h o u l d  b e  s e n t  f o l l o w e d .  b y  t h e  n e x t  t i m i n g  b y t e  a n d  
c o r n m a n c ,  ( S e e  S e c t i o n  7 . 3  NOTE * *  ; i n 6  S e c r l o n  8 P L A Y  k TRACK 
KITH CONDUCTOR : O N )  

DATA FOLLOWED MESSAGE 
..................... 

SYSTEM MESSAGE 

- MICI SYSTEM EXCLUSIVE, COMMON o r  REAL TIME m e s s a g e s  a r e  p r e c e d e d  
by the SYSTEM MESSAGE; M A X K  SFF. n 

a .  M I D I  E X C L U S I v E d a t a  b e g i n s  w i t h  a n  $ED, a n d  e n d s  w h e n  E O X  
( S F 7 )  o r  e n y  o t h e r  M I D I  STATUS i s  r e c e i v e d .  

5. MI31 COMMON m e s s a g e s  a r e  a s  s p e c i f i e d .  
c. M I D I  REAL TIME m e s s a g e s  a r e  s i n g l e  b y t e s .  
d .  M I D I  TIMING CLOCK ( $ F 8 )  i s  n e v e r  s e n t  t o  t h e  HOST. 
e .  ACTIVE SENSING ( S F E )  a n d  t h e  M I D I  m e s s a g e  RESET ($FF) are 

n e v e r  s e n t  t o  t h e  HOST. 

- 1st  b y t e  2 n d  b y t e  3 r d  b y t e  4 t h  b y t e  D e s c r i p t i o n  
--------------------------------------------------------------------- n 
S F F  S F 0  ( $ @ C ? - $ 7 F  ...) EOX $ F 7  M I D I  E x c l u s i v e  Mess. 

,CFF $ F 2  $ 0 0 - S 7 F  S O @ - $ 7 F  S o n g p a s i t i o n  P o i n t e r  

SFF SF3 SO@-S7F 

SSF SF6 

S o n g  S e l e c t  

T u n e  g e q u e s t  

Cz--=C 
..A - SFAT $FS, SFC KID1 R e a l  T i m e  m e s s .  
--------------------------------------------------------------------- 



5 .  MPU COMMANDS 
- - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  

A table cf a11 the MPU COMMANDS are listed in the back of thls 
reference manual. Be careful to never send an undefined command number 
to the MPU. 

5.1 Mode Commands $00 to $2B 
--- ........................ 

Command Format : 
(binary): 0Baabbcc 
where: aa, bb and cc control: 

1. aa (Bits 4 and 5) : Record MIDI data from MIDI IN. 
2. bb (Bits 2 and 3) : Play MIDI data to MIDI OUT. 
3. cc (Bits 0 and 1) : Transmit MIDI REAL TIME messages ($FA, $FB, 

SFC) to MIDI OUT. 

NOTE: Any one command may contain combinations of these 3 categories. 

Function Description. 
..................... 

Bit 5 4 
-------- 

0 0 : no functicn. 

0 1 : STOP RECORDING 
The MPU-401 stops increasing the record counter, then it 
stops sending MIDI messages received from MIDI IN to the 
HOST. 
It sends an MPU MARK SFC (En? of Data) with a leading 
timing byte to the HOST. Then the record counter is 
cleared. 

1 0  : START RSCORDING or RECORD STAND-3Y 
Thls prepares the MPU-401 to Segln recording sequence. 
For XECCRD STAND-3Y (no XIDI START) wlth REAL TIME 
AFFECTIOK : ON the MPU wlll walx untll i~ recelves elther 
a MIDI START ($FA) or MIDI COhTTINUE (SFB) from MI31 or 
another cozu-nand from the HOST whlch has MI31 START or 
CONTINLE before clearlng the record and play counrer 
and starting. Thls command 1s zlso used for puncn-:n 
sequences where the MPU may already be playlng. 

START FECORDING: 
a .  The MPU-4B1 clears the record councer. It t:rlen 

sends MIDI PROGRAM CHAtiGE messeges for all zcceptzble 
channels which have Seen received from MIDI I N  to the 
HOST since the lzst RECORD or PLAY STOP. This czn 're 
defeated by  sending a CLEP.3 FM command ($89) a f z e r  
settinq ~ c c e ~ t a b l e  channels ( S Z E  and SEF). Each rnesszqe 
is sent with a dummy leading t~rninc byte of $05. 1 no - .  , MIDI PP0GR.E.K C9ANGES were received then nothing wlli c'e 
sent to the HOST until new data is sent to the MIDI :N ;f 



the M P U - 4 0 1 .  3 
b. 3 e  MPU-401 wlll begln to lncrease lts lnternal 

RECORD COUNTER. if it recelves MIDI VOICE messages of 1 
any acceptasle channels from MIDI IN ~t wlll send them to 
~ h e  HOST. Zach messace is sent wlth a leading tln;ng byte 
which is calculated by the record counter based cn the 
current TIME BASE of the MFU-401. The recorz ccczter 
wlii then be cleared. This mezns that the leading timlng 
byte lndlcates the tlmlnc vslue from the last "I31 
nessage whlch was sent to the HOST, to rhe messzqe k ? ; c n  
the MPL;-CBl 1s now go:ng to send. 

If no MIDI messages come for & long time, the MPU- 
0 will send an MPU KESSAGE $F8 (timing overfloh) when 
the record counter reaches to 240 and the counter will be 
cleared. 

While recording: the HOST should read rhe exact 
ncmber of b y ~ e s  defined by r h e  MPU-401 dzta format. (See 
section 3.) 

1 
When the MPU-401 receives an ALL NOTES OFF nessace 

and all notes are OFF in that channel, it will nor send 
any message to the HOST. However, if some notes are ON in 
the MIDI IN TABLZ the MPU-401 will turn OFF these notes 
in the -rile n d  create NOTE OFF m e s s a g e  to send to the 
HOST, but the ALL IJOTES OFF message itself will not be 
sent. 

Normally, any MODE messages such as OMNI ON / OFF, 
MONO, POLY are not passe6 to the HOST. However the 
command $35 will zllow them to be passed. P 

E 
If the MPU-401 is set to MIDI SYNC mode with the $82 

conman? it will begin recording at a tempo based on 
incomlnq YIDI CLOCKS (SF8s). if the MPU-401 is in S K  

from t n e  TAPS IN jack. 
sync mo2e, ~t will wait for an inccming tape sync cone 

RECORD ST.L.KD-3Y: 
KPU-<@I executes ' c '  from abcve znd then waits 

far ~ n c c h e r  command which kzs 2 MlCI START or C9STISCZ 
from t5e HOST, or i f  in REAL TIME AFFECTIOK : OK node 
waits for a MIDI START (SF$-) or CONTINUE (SFB) messzse 
from MI'I  IN. 

1 : other comnan6 area. P 
7 

'4 
-- 
0 : no functlr?. 

Cr 
1 

A : STOP P L > . E : < G :  
The MF2-iCi will Giscontinue cecreasing the play counters 
SO t h a r  :t will not request zny zddltional track datz. 

. - 



1 1 1  

L E i t  1 0 

I t  w i l l  t r a n s x i t  t o  t h e  M I D I  OUT p o r t  o f  t h e  M P U - 4 0 1  t h e  
NOTE O F F  m e s s a g e s  ( w i t h  v e l o c i t y  z e r o )  o f  t h e  n o t e s  w h i c h  
h a v e  b e e n  t u r n e d  o n  w h i l e  i n  PLAY m o d e .  T h e  CHANNEL 
REFERENCE TABLES w i l l  b e  c l e a r e d .  

: START PLAYING 
T h e  M P U - 4 0 1  w i l l  s t a r t  t o  d e c r e a s e  t h e  PLAY COUNTERS f o r  
a l l  a c t i v e  t r a c k s .  I f  t h e  c o u n t e r  r e a c h e s  z e r o ,  i t  w i l l  
t r a n s m i t  t h e  M I D I  m e s s a g e  w h i c h  h a s  b e e n  r e c e i v e d  f r c m  
t h e  H O S T  r o  M I D I  OUT. I t  w i l l  t h e n  s e n d  t h e  MPU MESSAGE 
TRACK DATA REQUEST ( S F 0  - $ F 7 )  a n d  w i l l  w a i t  f o r  t h e  klOST 
t o  s e n d  t h e  n e x t  M I D I  d a t a .  T h e  H O S T  s h o u l d  s e n d  t h e  
e x a c t  n u m b e r  o f  b y t e s  d e f i n e d  b y  t h e  MPU d a t a  f o r m a t .  
( S e e  s e c t i o n  3 . )  

B y  c l e a r i n g  t h e  PLAY C O U N T E R S  ($B8) b e f o r e  t h e  S T A R T  
PLAY, t h e  M P U - 4 0 1  w i l l  n o t  t r a n s m i t  a M I D I  m e s s a g e  f r o m  
t h e  PLAY B U F F E R  a t  f i r s t ,  b u t  w i l l  i m m e d i a t e l y  s e n d  a  
TRACK DATA REQUEST t o  t h e  HOST. T h i s  is t h e  m o s t  t y ~ i c a l  
s e q u e n c e  f o r  T A R T  PLAY. N h e n  PLAY i s  s t o p p e d ,  r h e  PLAY 
B U F F E R S  ( t i m i n g  a n d  2 a t a )  a r e  n o t  c l e a r e d  s o  a PLAY 
CONTINUE c a n  be p o s s i b l e .  

A n  A L L  N O T E S  O F F  m e s s a g e  i s  c r e z t e d  i n  t h e  M P U - 4 0 1  w h e n  
a l l  n o t e s  a r e  t u r n e d  O F F  i n  t h e  c h a n n e l .  

: n o  f u n c t i o n .  

: n o  f u n c t i o n .  

: T r a n s m i t s  a  M I D I  S T O P  ( $ F C )  t o  M I D I  OUT. 
R e s e t s  D I N  SYNC s i g n a l  t o  l o w .  
S t o p s  t h e  FSK TONE m o d u l a t i o n  i n  TAPE OUT. (!I 
S a v e s  METRONOME COUNTER, MEASURE ZND COUNTER a n d  CLOCK TO 
HOST COUNTER f o r  n e x t  CONTINUE PLAY. 

. m y -  . , , c n s m i t s  c M I 2 1  START ($FA) L O  MI31 OLT. 
Z e s e t s  D I N  S Y N C  C L O C K .  S e t s  D I N  SYNC s ~ g n z l  t o  h i ~ h .  
S t a r t s  n o d u l a t i o n  o f  F S K  TONE a t  TAPE OUT. ( ! j  
C l e a r s  PZTROKOME COUNTER, Y E A S i j R E  EIGD COUNTER a n d  CLCCK 
TO HOST COUNTER. 

T r a n s m i t s  a M I D I  CONTINUE ($FE) t o  4 I C I  OUT. 
R e s e t s  D I N  CLOCK. 
S e t s  D I h  SYNC s l g n a l  t o  h l g h .  
S t a r t s  r n o d u l a r l o n  o f  FSK TONE a t  3." E S T .  
S o t s  D I N  COKTINUZ s l g n a l  t o  n l c n  t h e n  r e s e t  t o  l o w .  
2 e s t o r e s  " d ' l " j g ~ O f i S  COUNTER, YEASL'RE E N 3  COUNTER a n d  C 2 C Z ' -  
TO F O S T  C O U N T E R .  





I& N O T E S  : 

* Codes marked with '*Is are the most commonly used ones. The 
others are usually not used alone. 

* *  If the MIDI timing condition has already been started b y  
another MPU COMMAND (such as $ @ A ) ,  or by MIDI START ( $ F A )  or 
CONTINUE ($FB) from MIDI IN (with REAL TIME AFFECTIOE : ON), 
then these commands will turn RECORD ON. Otherwise, RECORC 
will go into STANDSY until the MIDI timing condition is set b y  
another MPU COMMAND or until MIDI START or CONTINUE is 
received (with REAL TIME AFFECTION : ON only). 



5 . 2  SWITCFES FOR INITIALIZATION 
--- ............................ 

T h e s e  c c m r c a n d s  s w i t c h  t h e  f u n c t i o n s  i n  o n l y  o n e  d i r e c t i o n .  T o  
e s c z ~ e  f r o m  t h e s e  r r , c d e s ,  o n l y  t h e  RZSET c o r n r n ~ n d  (SFF) c a r !  b e  u s e d .  
N o ~ r , a l i y  t h e s e  m o d e s  a r e  c h o s e n  w h e n  t h e  HOST'S a p p l i c a t i o n  p r o g r a m  
s t z r c s  o n l y .  

$ 3 E  ALL NOTES OFF : OFF 

- L i s a b i e s  t h e  MPU-401 f r o m  s e n d i n g  o d t  a MIDI A L L  XOTES OFF 
n , e s s e g e  ( $ E n  $ 7 ~  $ @ @ j  w h i c h  i s  c r e a t e d  b y  t h e  M I D I  I N  z n d  
C k A N N E L  REFERENCE TABLES when a l l  n o t e s  a r e  t u r n e d  OFF. 
- D i s a b l e s  t h e  M P U - 4 0 1  f r o m  s e n d i n g  o u t  a n y  M I D I  A L L  NOTES 
OFF m e s s a g e  r e c e i v e d  f r o m  MIDI I N .  

c 2 2 - - h;O REAL Ti.hiE 

- No MIDI r e a l  t i m e  r n e s s a q e s  ($F8, SFA, $FBI $FC) a r e  c r e a t e d  
t o  t h e  M I D I  O U T  p o r t  o f  t h e  M P U - 4 0 1 .  N o r m a l l y  ( b e f o r e  t h i s  I 
c o m m a n d  i s  s e n t )  M I D I  CLOCKS ( $ F 8 )  a r e  s e n d  t o  t h e  M I D I  OUT 
p o r t  o f  t h e  MPU-401 a t  a l l  t imes .  

5 3 3 ALL THRU : OFF 

- T h i s  command e f f e c t s  t h e  way command $ 8 8  w i l l  w o r k .  I n  
i t s  d e f a u l t  m o d e ,  $88 i s  THRU OFF o n l y  f o r  a c c e p t a b l e  ( o r  
u n f i l t e r e d )  c h a n n e l s  ( s e e  command $EE a n d  S E F ) .  
- U s i n g  t h e  $33 command m a k e s  $88  THRU OFF f o r  a l l  c h a n n e l s .  
- A l s o ,  t h i s  command d i s a b l e s  s e n d i n g  M I D I  I N  SYSTEM COMMON 

Is 
m e s s a g e s  t o  M I D I  OUT. 

$34 WITH TIMING BY'S : O N  

- A dummy l e a d i n g  r i m i n g  b y t e  o f  z e r o  i s  s e n t  w i t h  a l l  HID1  
,3ICE m e s s a g e s  w h i l e  i n  DATA I N  STOP mode. 
- \ $ h e n  D A T A  ,TN S T C ?  m o d e  i s  a c t i v e  ( S e a )  MIDI  VOICE m e s s z s e s  
s e n t  t o  t h e  - 1 S T  n o r r i a l l y  d o  n o t  h e v e  a  l e a d i n g  t i m i n g  b y t e  mi 
c s s o c i a r e 2  w;th t k ~ x .  

- 
- - 2 1 s  commend a l l o h l s  u s e  o f  o n e  r 0 u t l r . e  t o  n r o c e s s  z:i 
l n c o m l n g  N i D :  d a t a  s e n t  to t n e  :-IOST r a r h e r  t h a n  o n e  t o  p r o c e s s  
MIDI d z t ~  w l t h  t l m l n g  b y t e s  l n  R E C O R D  m o d e ,  a n d  a n o t h e r  t o D  
p r o c e s s  MIDI d a t z  w l t h o u t  t l m l n g  S y r r e s  l n  DATA I N  STOP mode. 

Y O D E  MESS : O h  

4 
$35 

- N o r m a l l y  t h e  M P Z - 4 0 1  m a s k s  a l l  M O D E  MESSAGES r e c e i v e d  f r o m  
.MI191 IN. T h i s  c3mmznd a l l o w s  t h e  h o s t  t o  s e e  a l l  KODE MESSAGES 
( O M N I  O N  / OFF', PGLY, M O N O ,  L O C A L  G N  / OFF) e x c e p t  P A L L  N O T E  
OFF (SEn, S73, $638).  he I n '  i s  a  v c l i u e  f r o m  0 t o  SF w h i c h  
i n d i c z t e s  MIDI c h z r . n e 1  n u m b e r  f o r  t h e  mode m e s s a g e .  
- T h i s  m o d e  w o u l d  b e  u s e d  i f  t h e  HOST w a s  t o  b e  u s e d  a s  a 
s o c n d  g e n e r a t s r ,  s i ~ n t h e s i z e r  m o d u l e ,  o r  d i a c n o s t i c  t o o l .  



$ 3 7  EXCLUSIVE THR9 : ON 

- Thls allows SYSTEM EXCLUSIVE messages from MIDI IN to pass 
to MIDI OUT of the MPU-401. The command $97 wlll cancel thls 
mode. 
- On power up, rhe MPU-401 does not iet MIDI SYSTEM EXCLUSIVE 
messages to pass through to the MIDI OUT. 

C 2 8  
Y - '  COMMON TO HOST : ON 

- This will allow the MPU-401 to send MIDI System Common 
messages (Song Select, Song Position Pointer and Tune Request) 
received from MIDI IN to the HOST. They are sent with sn MPU 
SYSTEM MESSkGE (SFF) which will precede these messages. (See 
section 4.3). 
- In this made, when REAL TIME AFFECTION is ON (591). and .z 
Song Position Pointer (SFZ) or a SONG SELECT (SF3) is received 
from MIDI IN, the MPU-401 uill sutomatically clear the 
internal FLAY COUNTERS (the same as MPU-401 comrnznd 588). 

$39 REAL TIME TO HOST : ON 

- This allows the MPU-401 to send MIDI Real Time messages (1.e 
Start. Continue and Stop) received from KIDi IN to be sent to 
the HOST. They are sent with an MPU SYSTEM MESSAGE (SFF) whicn 
will precede these messages. (See section 4.3) 

5.3 SPECIAL FUNCTION SWITCH 

The next command will set the MPU-401 into a simple UART mode in 
~ h l c h  it will no lonqer recognize any of the MPU-401 commarZs except 
SYSTEN RESET (SFF). i l l  i~nctions, timers and tables are diszbled. 

S 3F UART mode. 

- The NPU-lQl will act as a simple UART. This fanciion i s  ~ s e c  
when the procriomer wishes to 2isable all M E U  functions, so 
tnat the MICI Scs can directly be accessed by the HOST. For 
example, dirirc debug sessions of KID1 hardware ;' sof~ware, 
or csing the MiCI )us just as a method of data cransrniss~zn 

To return from this inode back to normal MpU-401 operation c s e  
the SYSTEM XESET command (SF!?). m h  1;,e MPU-Gal wlll nct return 
an ACK (SFE) in this one case. 



5 . 4  CHANNEL REFERENCE TABLES 
- - -  ------------------------ 

Scme polyphonic synrheslzers use ~n assignment system whlch assl;ns 
cpe szme note to the sane volce nodule. To cornpenszte for thls resscn 
 he CHANNEL REFERESCE TASLES are ~ncorporated :nto the KPL-4P1's 
structure. 

..\ wnile playing, when MIDI NOTE ON events of the same key numher from 
cifferer!~ tracks usinq the sarrie MIDI chznnel OVERLAP, the C E A N N E L  
--.7,- ~,LLLRENCE TABLES are used to retrigger the note by sending a NOTE OFF m' 
and immediately sending a new NOTE ON. 

The CHANNEL REFERENCE TABLES are also used to wait until the notes 
of all tracks become OFF before trensmitting a NOTE OFF message to 
MIDI OUT of the MPU-401. (See diagram below.) 

Overlap Tlmlng Diagram 
...................... 

ON 

Track i jp ' ON 
S F F  

1 
T r a c k  5 1 L 

Y' 
1 

M I D !  OUT i Iixx ~ r a n s r n ~ r ~  - 
ON R E T R I G G E R  0 F F 

There are four REFERENCE TABLES provlded in the MPU-401 so the 

7, 
pltch overlapping of u~ to four MIDI channels may be supervised by the 
CPU-4Cjl. The least signlf~cznt 4 blts refer to the channel number (1 to 

L 
16). 

These C%AKN?L REFEgSNCE TASLES may be turned -ON- or -OFF- b y  USlnG 
:.ye ccmmsnds from S98 to $97. F o r  example, if the reference table A h z s  
5 switched OFF Sy SS8 comjnand, it be switchej ON autornaciczl~y 
b y  ':sing zny S4G - $4F comnan3. 

S < @  - s4F  

Sets C~.ANNEL REFERENCE TABLE A to control the MIDI channel 
2efined by LSEs cf the commacd. 

Sets CHANNEL REFLRENCE TA3LE 8 to control the MIDI channel 
Eef ;ned 5 ~ .  LSZs of the command. 

S C S  - $ 6 F  " L .- 
S?ts CHAKNEL REFEPENCE TABLE c to control the MIDI chaznel 
dtflned by LSZs of the command. 



$ 7 0  - S7F 
S e t s  CHANNEL REFERENCE T A B L E  D t o  c o n t r o l  t h e  M I D I  c h a n n e l  
d e f i n e d  b y  LSBs o f  t h e  c o m m a n d .  

5 . 5  SWITCHES 
--- -------- 

INT CLOCK 

- T h i s  a l l o w s  u s e  o f  t h e  INTERNAL c l o c k  o f  t h e  MPU-401 by  t h e  
HOST f o r  r e c o r d i n g  o r  ? l a y i n g .  INT CLOCK i s  u s e d  i f  t h e  K F C -  
4 0 1  i s  t o  b e  t h e  m a s t e r  c l o c k  o f  t h e  M I D I  s y s t e m .  T h i s  i s  t h e  
d e f a u l t  m o d e  o n  p o w e r  u p .  ( S e e  c o m m a n d s  S C 0  t o  $CE a n d  $ E 0  t o  
SE2). 

$ 8 1  FSK CLOCK ( ! )  

- T h e  MPU-4Dl w i l l  s y n c  i t s  i n t e r n a l  t i m e r s  w i t h  a n  i n c o m i n g  
FSK t o n e  f r o m  t h e  TAPE I N .  T h e  MPU-401  w i l l  g e n e r a t e  a n  FSK 
t o n e  t o  t h e  T A P S  OUT a u t o m a t i c a l l y  w h e n e v e r  a c o m m a n d  w i t h  
M I D I  START o r  M I D I  STOP i s  s e n t  ( i n  e i t h e r  RECORD o r  P L A Y ) .  
 his t o n e  c a n  be r e a d  b a c k  i n  FSK mode  t o  s y n c h r o n i z e  c u r r e n t  
r e c o r d i n g  o r  p l a y b a c k  w i t h  p r e v i o u s l y  r e c o r d e d  t r a c k s  o n  t a p e .  

$82 M I D I  CLOCK 

- T h e  MPU-401 e x p e c t s  M I D I  CLOCK (SF8) f r o m  t h e  MI91 I N  p o r t ,  
a n d  s y n c s  i t s  i n t e r n a l  c l o c k  w i t h  t h e  r e c e i v e d  M I D I  CLOCKS. 

$ 8 3  METROSOME : O N  - WITHOUT ACCENTS 

- T h i s  c o m m a n d  t u r n s  t h e  a u d i o  m e t r o n o m e  O N  b u t  w i r h  2 0  

s e c o n d a r y  a c c e n t s .  ( S e e  s e c t i o n  1 ) .  

s e c  M E T R O N O M E  : O F F  

- T u r n s  t h e  MPU-401 m e t r o n o m e  t o n e  OFF. 

$65 METRONOME : O N  - WITH ACCENTS ( ! )  

- T h l s  c c m m z n d  t u r n s  t h e  a u d l o  m e t r o n o m e  O N  w i r h  p r : n c r 3 \ .  
a c c e n t s  ( o n  t h e  b e a t )  a n d  s e c o n d a r y  ( o n  t h e  S a r )  a c c e n t s .  

S E 6  BENDER : OFF 

- T h i s  s w i t c h  p r e v e n t s  P I T C H  WHEEL ( p i t c h  b e n d e r )  a n d  
CONTINUOUS CONTROL m e s s a g e s  f r o m  t h e  i n s t r u m e n t  connected 1: 

MIDI I N  f r o m  r e a c h i n g  t h e  HOST.  L'se t h i s  comrriand w h e n  t h e  ECS7 
p r o g r a m  d o e s  n o t  w a n t  MIDI CONTROLLER m e s s a g e s  ( t o  s a v e  R A M ) ,  
2 n d  t h e  TRE.NSMITTER c c n n e c t e d  t o  t h e  M I D I  I N  c a n  n o t  c a ~ c e l  
t h e s e  m e s s a g e s .  

$57 S e n d e r  : O N  

- T h i s  a l l o w s  PITCH WEEEL a n d  CONTINUOUS CCiNTIiOL m e s s c g ~ s  :c 
r e a c h  t h e  EGST. 



C. 

Thls table s h o w s  t h e  e f f e c t  o f  c o m m a n d s  $ 6 6  a n d  $ 8 7  on l n c o m l n g  

fl 
';CICE MSSSAGES: 

V o l c e  M e s s a g e  $ 8  6 $67 

YiTfl- 
------------------- --- - - - 

$87 cote off e v e n t  O N  ON 
$917 note on e v e c t  CN ON 

l!R 
A note z f t e r  touch CFF ON 
T a n  c e n k r o l  c h a n g e  

0 - 6 3  OFF C tJ 

CI 
5 4  - 95 ON ON 

$Cn p r o g r a m  c h a n g e  O N  O N  
$En c h a n n e l  z f t e r  t o u c h  OFF ON 

m 
SEn p l t c h  w h e e l  OFF ON 

n ' s  z r e  LSBs ( $ O  y o  $F ) ~ n d l c a t i n g  YJDI c h a n n e l s  1 t o  1 6 .  
CI.1 



M I D I  THRU : 3 F F  

- D i s a b l e s  s e n d i n g  M I D I  IN VOICE: n e s s a c j e s  o f  z c c e ? c c b : e  
c h a n n e l s  ( S e e  S E E  a n d  S E F . )  t o  MIDI  OUT. 
- For d i s a b l i n g  all MIDI THRU c h a n n e l  v o i c e  m e s s a g e s ,  u s e  t h e  
$ 3 3  c c m m z n d .  

MIDI THRU : O N  

- E n a b l e s  t r a n s m i s s i o n  o f  a l l  M I D I  IN VOICE n e s s a g e s  t o  YIDI 
OUT. 

- T h e  M I D I  IN TP+BLE s u p e r v i s e s  a l l  M I D I  I N  NOTE EVENTS ( O N  / 
OFF) f o r  v e r i f i c a t i o n ,  s u c h  a s :  

a .  I f  2 n o t e  h a s  b e e n  t u r n e d  O N  i n  t h e  M I D I  IN TAELE f o r  2 

r e c e l v e d  NOTE O N ,  t h e  M P U - d @ l  w i l l  r e t r i g c j e r  t h e  n o z e  
(transmit a NOTE OFF t h e n  a  NOTE O N ) .  

5. ~f a  n o t e  in t h e  = a b l e  h a s  r i o t  Seen t u r n e d  O N  f o r  a 
r e c e i v e d  NOTE O F F ,  t h e  MPU-401  w i i l  n o t  t r a n s m i :  t h e  
NOTE OFF. 

c .  I f  t h e  M P U - 4 0 1  i s  p l a y i n g  a n d  NOTE O N  e v e n t s  o f  t h e  s a m e  
k e y  n u m b e r  a n d  c h a n n e l  c o m e  f r o m  t h e  HOST a n d  K I 3 I  I N ,  
t h e  CHANNEL REFERENCE TABLES a n d  M I D I  I N  TABLE a r e  u s e d  
t o  RETRIGGER t h e  NOTE a n d  t o  w a i t  b e f o r e  s e n d i n g  NOTE 
OFF m e s s a a e s  t o  M I D I  OUT u n t i l  the NOTES i n  b o t h  t h e  
H O S T - a n d  M I D I  I N  t u r n  OFF. 

d .  W h i l e  z h e  F P U - 4 0 1  i s  playlng, l f  z n y  n o t e s  a r e  O N  i n  t n e  
R E F E R E N C E  T A B L E S  w h e n  a n  A L L  NOTE O F F  m e s s a c e  1 s  
r e c e i v e d  f r o m  t h e  M I D I  I N  p o r t ,  t h e  ALL NOTE OFF 1s zc: 
p a s s e d  t o  t 5 e  MIDI OUT. 

e .  w h e n  a  , Y . I D I  ALL NOTES OFF I S  r e c e i v e d  f r a m  .h"lI,"I I N  :he 
M I D I  J1. j  TASLES a r e  c l e a r e d  2 n d  e a c h  NOTE OFF 1s  s e n r  :O 

MI21 OUT instead o f  :he ALL NOTES OFF l t s ? l f .  

O F F  

MIDI IN 
'il , , A L L  NOTES O F F  

ON 
. ,  
, , O F F  

A , < 1 

l a ,  

FROM HCST , , 
4 6 . 
, > 
, , 
0 L 

8 8 . , 

M IDI  OUT 
( n o t  s e n d )  

R E T R I G G E R  0 F F 



D A T A  IN STOP M O D E  : OFF 

D A T A  IN STOP MODE : ON 

- When t h i s  s w i t c h  i s  O N  t h e  MPG-4Pl w i l l  s e n d  Y I i I  i7Oim 
r n e r s e g e s  w i t h o u t  a  l e a d i n g  t i m i n g  b y t e  t o  t h e  HOST whi 
Z E C O R D  i s  i n  STOP. T h i s  n o d e  i s  u s e f u l  f o r  i n t e r r c p t  b i s e o  
n o n - s e q u e n c i n g  f u n c t i o n s  ( i . e .  c h a n n e l i  z e r s ,  e t c . )  
r e c o r 2 i n g  i s  n o t  u s e d .  
- U s e 6  z l o n a  w i t h  t h e  $ 3 1  c o m m s n d  a  l e a d i n q  t i m i n g  b y t e  
Z e r o  w i l l  b e  s e n t  w i t h  t h e  H i D i  V0IC"messages. 
u s e f u l  d u r i n g  a  L E A D - I N  s o  a n y  k e y s  s t r u c k  p r i o r  t o  t h e  STA- 
R E C O R D  c a n  b e  s t o r e d  b y  t h e  HOST. 

SEND MEASURE END : O F F  

S E N D  KEhS3RE EN3 : O N  

- I f  r i i s  s u i c c n  i s  O N ,  MEASURE E N D  MARKS ( $ F 9 )  w i t h  i e a d i  
I 

r l r n i n g  b y t e s  a r e  s e n t  w h i l e  i n  RECORD m o d e .  T h e  HPU-iE1 
c a l c u l a t e s   he t i m e  o f  t h e  m e a s u r e  e n d  b a s e d  o n  t h e  
SIGNATURE w h i c h  i s  c a l c u l a t e d  b y  tne n u m b e r  o f  m e t r o n o m e  b e e  
p e r  m e a s u r e  a n d  b y  t h e  n u m b e r  o f  MIDI c l o c k s  p e r  m e t r o n o m e .  
( S e e  $E4 ax2 $E6 c o m m a n d s . )  

CONDUCTOR : OFF 

CONDUCTOR : O N  

- W h i l e  i n  PLAY m o d e :  w i t h  theCONDUCTOR : O N  t h e  MPU-401 w i l l  a 

r e q u e s t  CONDUCTOR d a t a  by s e n d i n g  MPU MESSAGE $ F 9 .  When t !  
hOST r e c e i v e s  t h e  $ F g ,  1 i  m u s t  s e n d  c o n d u c t o r  d a i s  w h l  
s h o u l d  c o n s i s t  o f :  

a .  A l e a d l n q  k i m i n g  b y t e  o f  w h e n  t h e  cornmani !  
e x e c u t e d  f o l l o w e d  by:  

s h o u l d  

b. A commznd o y t e ,  b u t  SENT V I A  TEE 5 A T & ? 3 R T  i s  d a t a .  
C. 2.-y f o i l a w l n q  2 z t a  b y t e ( s )  :f t h e  c o r n n s n d  r e q u i r e s  

; e . c .  Z h a n 5 e  r e m p o ,  e t c . )  

- T n e  C O h . 3 i j c ~ O ~  : ~ p j  c o m m a n Z  . s h o u l d  o n l y  b e  s e n t  S E F ' C R E  
CLPAR P L A Y  COUNTERS command (S.38; h a s  S e e n  s e n t .  

REAL TIME AFFECTION : OFF 

REAL TIME P . F F E C T I O N  : ON 

- T h e  ? t P & - L B I  w i l l  r e s p o n d  t o  Yi;I 'EAL TIME m e s s l g e s  ($r.+i 
ST9, 5FC) i r c m  "191 I N .  ~ h e s e  will a f f e c t  t h e  PECORD and T l l r '  
f u n c t i o n s  s f  ~ h e  Mpu-401 i n  a n y  s y n c  mode.  
- i i l t h  PE.&I. ?:ME ;FFECTION : O K  
s t a r t  a n 6  s t o p  r e c o r d i n g  a n d  
8131 CEAL 'YSSEGE i s  r e c e i v e .  I t  i s  p o s s i b l e  t o  t Y ) a b m L  

L 



ne. I c a L  

and dlsasle R E A L  T i M E  A F F E C T I O N  ~ h l i e  ln RECORD or PLAY r t z 6 e s  
- This c o m m a ~ d  also allows M I D I  REAL T I M E  M E S S A G E S  ($FA, SF'S. 
$ F C )  to pass through from M I D i  I N  to M I D I  OUT of the Y P L - < ? l .  

F S K  T O  1NTERRP.L 

- Sets the resolution of the F S K  T A P E  SYNC clock ro thc 
I N T E R N A L  T I M E S A S E  of the MPU-401. (See corrmands S C 2  to SC8). 
The default of the T I M E B A S E  resolution is 126 divisions p e l  
beat. 

F S K  T O  M I D I  

- Sets the resolution of the F S K  T A P E  SYKC clock to M I D I  clcck 
rate, which Is 2 4  per beat. Both this command an6 command S9; 
affect both rhe F S K  IN and F S K  OUT clock rates. 

CLOCK T O  HOST : O F F  

CLOCK T O  HOST : ON 

- When this switch is O N ,  the MPU-401 CLOCK T O  H O S T  (SF,")  Is 
sent to the HOST at a rate determined by rhe S E 7  command. 

Z X C L U S I V E  TO HOST : O F F  

E X C L U S I V E  TO HOST : ON 

- If this switch is ON, the MPU-461 will send N I D I  E X C L U S I V Z  
r;l 'h '2 messages received from the M I C I  I N  port to the 3 O S T .  A . . L  

messages are always preceded with the MP'J-4@l S Y S T E M  MESS.C.GZ~ 
MASK ( S F F )  . (See section 4.3) 
- This commend is used when =:he KOST wants to handle E l 2 1  
E X C L U S I V E  messages from M I D I  such as sequencer data h7hick h z s  
been saved in another system, tone parameters sent from 
synthesizers etc. To send a MI" E X C L U S I V E  nessice, cse ;he 
K A K T  TO S E E D  SYSTE.Ni M E S S A G E  command ( S C F )  . 
- When the 5 O S T  uses K : D I  E X C L C S I V E  nessaGes received  fro*^ 
MIDI I N  ?he HOST may also want to send some M I D I  E X C L S S I - . =  > - 

messages to MIDl O U T .  For this reason this cermand w l - ~  
autcmaciczli~~ czncel the E X C L U S I V ?  T E R U  ON switch (5771. 

C E A G N E L  R E F E 3 S N C E  T A B L E  A : O F F  
CHANKEL R E F E F S N C E  T A E L E  A : OK 

CHANNEL R E F E ? E N C E  T A B L E  B : O F F  
CHANNEL R E F E Z S N C E  T A B L E  B  : ON 

CHANNEL R E F E S E N C E  T A B L E  C  : O F F  
CHANNZL 2 E 2 5 S Z N C E  "A.3LE C : ON 

CHANNEL REFS.?ENCE T.qELE D : O F F  
CH.L.NNEL R E F E F E S C Z  T A B L E  9 : ON 



-- The C H A N N E L  REFERENCE TABLES a r e  u s e d  by t h e  MPU-401 w h i l e  
p l a y i n g  S a c k  t r a c k  d a t a .  i f  m o r e  t h a n  o n e  i f  t h e  s a m e  M i D i  
k e y  nu imber  i s  s e n t  o v e r  t h e  s z n e  MIDI  c h a n n e i  ( e i t h e r  f r o r r  

w i l l  s u t c c a t i c z l l y  t u r n  t h e  n o t e  o f f  and t h e  r e t r i g s e r  

!a 
m u l t i p l e  t r a c k s  o r  f r o m  ' m e r q e d '  d a t a )  t h e  R E F S K E l N C E  TABLES 

i n .  K i t h  l a r ~ e r  p o l y p h o n i c  s y n t h e s i z e r  s y s t e m s  c o n n e c t e d  
t o  !:ID1 OUT t h i s  ma; n o t  b e  d e s i r e d ,  s o  t h e  o p t i o n  o f  s h u t t i n q  
:he TAELES o f f  i s  s r c v i d e d  by t h e  a b c v e  c o m m a n d s .  



hEhDING DA'T.4 
------------ 

When t h e s e  c o m r n z n d s  a r e  r e c e i v e d ,  t h e  MPU-401 w i l l  s e n d  1 a y t e  c 
d a t a  b a c k  t o  t h e  HOST. T h e  HOST MUST r e a d  t h e  MPU-401 d a t a  b y t e  i n  o r d e  
t o  c o n t i n u e  t h e  a c t i i 7 i t y  o f  e i t h e r .  

$ A @  - $A7 
R e q u e s t s  PL.2.Y COUNTER v a l u e  o f  t r a c k s  1 - 8 .  

R e q u e s t s  RECORD COUNTER t h e n  c l e a r s  i t .  

R e q u e s t s  VG2SION. 

- T h i s  w i l l  r e t u r n  a b y t e  i n d i c a t i n g  t h e  VERSION n u m b e r  ~ n  BC 
s u c h  a s  $ 1 5  f o r  t h e  v e r s i o n  1 . 5 .  

SF.9 R e q u e s t s  RZVISION. 

- T h i s  w i l i  r e t u r n  a b y t e  i n d i c a t i n g  t h e  R E V I S I O N  s u c h  a s  
f o r  ' A ' ,  2 f o r  'B', e t c .  I f  t h e r e  i s  n o  R E V I S I O N  n u m b e r ,  th 
MPU-401 w i l l  r e t u r n  a O. 

R e q u e s t s  TEZPO. 

- T h i s  w i l l  r e t u r n  t h e  c u r r e n t  TEMPO s e t t i n g  o f  t h e  M P L - < E l  
I n  M I D I  S Y K C  o r  TAPE SYNC ( ! )  m o d e s ,  t h e  t e m p o  t h a t  t h e  MC;'. 
4 0 1  i s  b e i n g  s e t  a t  f r o m  t h e  e x t e r n a l  s o u r c e  i s  g i v e n .  T h i  
i s  u s e f u l  f o r  d i s p l a y i n g  t e m p o  t o  t h e  u s e r  w h i l e  b e i n (  
e x t e r n a l l y  c o n t r o l l e d .  T h e  Tempo v a l u e  i s  i n  B e a t s  P e r  M i n u t e  



SBA 

C L E A R  FUNCTIONS 
--------------- 

R e s e t s  RELATIVE TEMPO 

- R e s e t s  t h e  RELATIVE TEMPO t o  t h e  r a t i o  1 / 1 w h i c h  i s ,  
e q u i v a l e n t  t o  t h e  command $ E l  $40.  

C L E A R  PLAY COUNTERS 

- I f  t h e  HOST w i s h e s  t o  b e g i n  p l a y i n g  MIDI d a t a  f r o m  t h e  
b e g i n n i n g  o f  t h e  t r a c k s ,  a l l  t r a c k  PLAY c o u n t e r s  m u s t  b e  

n 
c l e a r e d .  T h i s  c o m m a n d  c l e a r s  PLAY c o u n t e r s  o f  a l l  t r a c k s  a n d  
t h e  CONDUCTOR. I t  a l s o  c l e a r s  t h e  PLAY MAP s o  t h a t  t h e  MPU-401 
w i l l  n o t  t r a n s m i t  a n y  m e s s a g e s  f o r  t h e  f i r s t  t i m e .  Use t h i s  
command b e f o r e  a n y  START PLAY s e q u e n c e .  

C1 
- I f  PLAY i s  t o  b e g i n  f r o m  t h e  p o i n t  i t  l a s t  s t o p p e d  
( c o n t i n u e )  d o  n o t  u s e  t h i s  command  s o  t h e  MPU-401 w i l l  
r e m e m b e r  t h e  o l d  PLAY c o u n t e r  v a l u e s .  

m 
- C l e a r i n g  t h e  PLAY COUNTERS i s  t y p i c a l l y  d o n e  a t  t h e  e n d  o f  
t h e  START PLAY s e q u e n c e ,  j u s t  b e f o r e  START PLAY o r  START 
OVER-DUB. 

CLEAR PLAY MAP 

- When t h i s  c o m m a n d  i s  r e c e i v e d ,  t h e  MPU-401 w i l l  s e n d  NOTE 
OFF m e s s a g e s  t o  MIDI OUT b a s e d  o n  t h e  c u r r e n t  s t a t e  o f  t h e  
C H A N N E L  REFERENCE TABLES a n d  c l e a r  t h e - N O T E  O N s  i n  t h e s e  
t a b l e s .  I t  a l s o  c l e a r s  t h e  PLAY TABLES w h i c h  h o l d  t h e  t i m i n g  
a n d  MIDI m e s s a g e  t o  b e  s e n t  n e x t  by e a c h  c h a n n e l .  
- T h i s  command is  n e c e s s a r y  when t h e  HOST w i s h e s  t o  s e n d  d a t a  
t o  MIDI OUT b y  u s i n g  t h e  WANT TO SEND DATA c o m m a n d s  ($DO t o  
$D7) e i t h e r  w h i l e  PLAY i s  s t o p p e d  o r  on i n a c t i v e  t r a c k s .  The 
MIDI NOTE O N  a n d  OFF m e s s a g e s  s e n t  by  t h e  WANT TO SEND D A T A  
commands mzke  t h e  CHANNEL REFERENCE TABLES s e t  a n d  c l e a r .  T h i s  
i s  s i m i l a r  t o  t h e  e f f e c t  t h a t  MIDI VOICE MESSAGES a n d  MIDI A L L  
NOTES OFF f r o m  MIDI I N  h a s  s e t t i n g  a n d  c l e a r i n g  t h e  MIDI IN 
TABLE. 
- T h i s  Command a l s o  c l e a r s  t h e  PROGRAM C H A N G E  TABLE w h i c h  
s t o r e s  a l l  p r o g r a m  c h a n g e s  w h i l e  t h e  MPU-401 i s  n o t  r e c o r d i n g .  

C l s a r s  t h e  R E C O R D  COUNTER. 

- T h i s  command is  n o t  n o r m a l l y  u s e d  s i n c e  t h e  r e c o r d  c o u n t e r  
i s  a u t o m a t i c a l l y  c l e a r e d  when R E C O R D  i s  s t a r t e d .  



5.8 SET TIMEBASE 
--- ------------ 

$C2 - SC8 Sets Timebase. 

- These commands select the internal TIMEBASE of the MPU-401. 
Only one may be selected at a time. TIMEBASE refers to the 
number of clock pulses the counters will use per beat. 

COMMAND : $C2  $ C 3  S C 4  S C 5  5C6  S C 7  SC8 
------------------------------------------------ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TIMEBASE : 4 8  7 2  9 6  1 2 0  1 4 4  1 6 8  1 9 2  

- It is usually recommended to use a TIMEBASE of at lest 96 
for any real time sequencer applications to allow enough 
resolution of the incoming performance data. 



5 . 9  WANT TO SEND DATA 

When s e n t  t h e s e  c o m m a n d s ,  t h e  MPu-401 e x p e c t s  a  MIDI VOICE MESSAG 

w i t h  v e l o c i t y  v a l u e  = 5 5  i n  c h a n n e l  1 t h e  HOST w o u l d  s e n d  $ 9 0  $ 4 5  $ 3 7  
w i t h o u t  a  l e a d i n g  t i m i n g  b y t e .  F o r  e x a m p l e ,  t o  s e n d  MIDI NOTE ON # 6 9  on 

Each m e s s a g e  m u s t  c o n t a i n  t h e  p r o p e r  n u m b e r  b y t e s  d e f i n e d  b y  MIDI. 

$DO - $D7 WANT TO SEND DATA 

- T h e s e  c o m m a n d s  a l l o w  t h e  HOST t o  t r a n s m i t  a 
VOICE MESSAGE o n  a t r a c k  o f  t h e  M P U - 4 0 1 .  
s i g n i f i c a n t  3 b i t s  o f  t h e  c o m m a n d  n u m b e r  r e f e r  t o  t h e  t r a c  
n u m b e r  (1 t o  8 ) .  

TRACK : 1 2 3 4 5 6 7 8  
---------_________-----------------------  - -------___________----------------------  
LSBs : 0 - 2 3 4 5 6 7  1 

- WANT TO SEND DATA a l l o w s  t h e  HOST t o  S e n d  a MIDI  VOIC 
MESSAGE i n d e p e n d e n t l y  o f  t h e  PLAY p r o c e s s  i n  t h e  MPU-401. 

MESSAGE w h i l e  t h e  MPU-401 i s  n o t  p l a y i n g ,  o r  s e n d  m u s i c  d a t  
HOST a p p l i c a t i o n  p r o g r a m  m a y  w i s h  t o  s e n d  a  s p e c i a l  MIDI 

b a s e d  o n  a n  i n t e r n a l  t i m e r  i n  t h e  h o s t  p r o g r a m .  When t h  
r o u t i n e  u s i n g  t h e  WANT TO SEND DATA c o m m a n d s  h a s  s t o p p e d ,  t h  

t r a n s m i t  M I D I  NOTE OFF m e s s a g e s  o f  a l l  n o t e s  w h i c h  h a v e  b e e  

fl 
CLEAR PLAY MAP c o m m a n d  ( $ B 9 )  c a n  b e  u s e d  t o  a u t o m a t i c a l l y  

t u r n e d  ON d u r i n g  t h e  p r o c e s s .  rn 
- T h e  M I D I  VOICE MESSAGE w h i c h  f o l l o w s t h e  c o m m a n d  m i ? s t S e  i n  
s t a n d a r d  MIDI f o r m a t .  -MIDI RUNNING-STATUS c a n  b e  u s e d  f o r  e a c  
t r a c k .  ( S e e  S e c t i o n  3 . )  
- T h e s e  c o m m a n d s  m u s t . n o t  b e  u s e d  on  ACTIVE TRACKS w h i l e  the- 
MPU-401 i s  p l a y i n g .  

MESSAGE 1st  BYTE 2nd BYTE 3 r d  BYTE 
------------- 
N o t e  O f f  

N o t e  O n  $ 9 0 - $ 9 F  $00-S7F $01-$7F  
N o t e  A f t e r  T o u c h  SAB-$AF $ 0 0 - $ 7 F  $00-$7F  
C o n t r o l  C h a n g e  SB0-$BF $ 0 0 - $ 7 f  $00-$7F  
P r o g r a m  C h a n g e  SC0-$CF $00-$7F  
Ch A f t e r  T o u c h  $D0-$DF $ 0 0 - $ 7 F  
P i t c h  Wheel  $E0-$EF $ 0 0 - $ 7 F  $00-$7F  



WANT TO SEND SYSTEH MESSAGE 

- T h i s  command l e t s  t h e  HOST t r a n s m i t  t h e  SYSTEM EXCLUSIVE o r  
COMMON m e s s a g e  w h l c h  f o l l o w s  t h e  command t o  t h e  M I D I  OUT p o r t  
o f  t h e  MPU-461. 
- T h e  SYSTEM EXCLUSIVE m e s s a g e s  m u s t  b e  t e r m i n a t e d  w i t h  E O X  
( $ F 7 )  o r  b y  a n y  o t h e r  MIDI STATUS b y t e s .  

MESSAGE 
------------- 
~ x c l u s i v e  

1st BYTE 2 n d  BYTE 3 r d  BYTE END BYTE 
-------- -------- -------- -------- 

S F 0  $ 0 8 - $ 7 F  S 0 0 - $ 7 F  . . . . . S F ~  
S o n g  P o s i t i o n  S F 2  $ 0 0 - $ 7 F  $ 0 0 - $ 7 F  
S o n g  S e l e c t  S F 3  $ 0 0 - $ 7 F  
T u n e  R e q u e s t  SF6  

5 . 1 0  SET CONDITIONS A N D  VALUES 
---- ------------------------- 

When t h e s e  c o m m a n d s  a r e  r e c e i v e d , .  t h e  MPU-401 e x p e c t s  1 b y t e  o f  
DATA s e n t  f r o m  t h e  HOST. T h e  HOST m u s t  a l w a y s  s e n d  t h l s  b y t e .  

SET TEMPO 

- S e t s  t h e  TEMPO o f  t h e  M P U - 4 0 1 ' s  i n t e r n a l  c l o c k  i n  B e a t s  P e r  
M i n u t e .  

RELATIVE TEMPO 
- - 

- T h i s  command c a n  b e  u s e d  i n  PLAY m o d e  t o  c h a n q e  t h e  t e m p o  o f  
t h e  MPU-401  t e m p o r a r i l y .  T h e  d e f a u l t  i s  $ 4 0  w h i c h  p r o d u c e s  a  
r a t i o  o f  1/1. T h e  r a t e  o f  TEMPO c h a n g e  i s  p r e d e t e r m i n e d  b y  
GRADUATION ( $ E 2 )  . 
- T h e  r a n g e  o f  p o s s i b l e  t e m p o s  d e t e r m i n e d  by t h e  c o m m a n d s  SE0 
a n d  $ E l  w i l l  d i f f e r  d e p e n d i n g  o n  t h e  INTERNAL TIMEBASE a s  
f o l l o w s :  

TIMEBASE: 4  8 7 2  9 6  1 2 5  1 4 4  1 6 8  1 9 2  
...................................................... 
Max T e m p o  2 4 0  2 4 0  2 4 0  2 4 0  2 0 8  1 7 9  1 7 9  
M i n  Teinpo 3 2 1 6  1 6  8 8 8  8  

GRADUATION 

- S e t s  t h e  r a t e  o f  RELATIVE TEMPO c h a n g e .  

0 = IMMEDIATE 1 = SLOWEST $ F F  = FASTEST 

- T h i s  command s e t s  t h e N u m b e r  o f  MIDI CLOCKS ( S F 8 )  ? e r  
METRONOME BEEP. F o r  e x a m p l e ,  t h e  v a l u e  24  w i l l  m a k e  t h e  
m e t r o n o m e  b e e p  o n c e  e v e r y  1 / 4  n o t e .  



METRO/MEAS 

- This command sets the number of beats per measure, based on - 
the number of MIDI CLOCKS/HETRONOME 3EEP. For example, when 
the metronome is set to 1/4 notes and the value 4 1 s  
following this command it will set a measure at 4 beats. 

INT * 4 / CLOCK TO HOST 

value following this command will set the rate of CLOCK TO 
- Sets the Number of INTERNAL CLOCKS per CLOCK TO HOST. The - 

HOST. An $FD will be sent every N divisions of internal clock, 
where N equals B divided by 4, where B is following b y t e  of 
the command. 
- The default value is 240. This equals 60 internal clocks 
for every $FD sent to the HOST or twice per beat. 
- The MPU MESSAGES (SFD) are sent when the CLOCK TO HOST 
switch is ON ($95). The SFDs can be used for any purpose such 
as: 

a .  To control the timing of event in the HOST such as a beep 
or graphic metronome. 

b. To count lead-in measures before recording or playing. 
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ACTIVE TRACKS ON / OFF.  

- B i t s  0 t o  7 o f  t h e  b y t e  f o l l o w i n g  t h i s  c o m m a n d  s e  
t h r o u g h  8  t o  PLAY w h e n  s e t  t o  a 1. w h e n  t h e  b i t  i s  r 
t h e  t r a c k  i s  s e t  t o  O F F .  

B I T  0 1 2 3 4 5 6 7 _____-__--_---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - =  

TRACK 1 2 3 4  5 6 7 8 

- A C T I V A T E  TRACKS i t s e l f  d o e s  n o t  s t a r t  t h e  MPu 
r e q u e s t s ,  b u t  s e l e c t s  t h e  a c t i v e  t r a c k s  a f t e r  a STAI 
s e n t .    he a c t i v e  t r a c k s  w i l l  r e m a i n  f o r  a d d i t i  
STARTS, b u t  i t  i s  r e c o m m e n d e d  t o  s e t  ACTIVE TRACKS bc 
PLAY. 
- W h i l e  p l a y i n g :  t h e  M P U - 4 0 1  w i l l  r e q u e s t  t h e  HOS 
d a t a  o f  t h e  a c t i v e  t r a c k s  b y  a n  MPU MESSAGE S F 0  - 
HOST m u s t  s e n d  d a t a  a s  f o r m a t t e d .  ( S e e  S e c t i o n  3.) 
- T h e  ACTIVATE TRACKS ON/OFF c o m m a n d  w i l l  n o t  a f f e c t  
4 0 1  w h i l e  p l a y i n g .  T h e  n e w  t r a c k  s e t t i n g s  w i l  
e f f e c t i v e  a f t e r  t h e  CLEAR PLAY COUNTERS ( S B 8 )  a n d  a  
PLAY i s  s e n t .  
-   he M P U - 4 0 1  a u t o m a t i c a l l y  s h u t s  o f f  t h e  t h e  ti 

r e c e i p t  o f  a n  MPU MARK SFC w i t h  a l e a d i n g  t i m i n g  b y t t  

SEND PLAY COUNTER O N  / OFF 

- S e t s  t r a c k s  w h o s e  p l a y  c o u n t e r  v a l u e s  a r e  s e n t  wh 
ON i s  s e n t  w h i l e  PLAYING. - 
- B i t s  0 t o  7 a l l o w  t r a c k s  1 t o  8.  Use o f  t h i s  c c  
s i m i l a r  t o  ACTIVE TRACKS ON / OFF c o m m a n d .  I f  RECORD 
b e  s e n t  t o  t h e  M P U - 4 0 1  w h i l e  i t  i s  p l a y i n g  ( p u n c h - i  
b e  i m p o r t a n t  t o  k n o w  t h e  c u r r e n t  v a l u e  o f  p l a y  c o u r  
c a l c u l a t i n g  y o u r  p o s i t i o n  i n  t h e  m e a s u r e .  

ACCEPTABLE CHANNELS 1 t o  8 ON / OFF 

ACCEPTABLE CHANNELS 9 t o  1 6  ON / OFF 

- T h e  b y t e  f o l l o w i n g  t h e s e  t w o  c o m m a n d s  i s  a BIT-MA1 
w h i c h  i s  u s e d  t o  t u r n  ON o r  O F F  a n y  M I D I  c h a n n e l  whc 
m e s s a g e s  a r e  t o  b e  a c c e p t e d  i n  RECORD m o d e  o r  DATP 
m o d e .  (1 = ON, 0 = O F F )  

B I T  0 1 2 3 4 5 6 7 
................................................... ................................................... 
CHANNEL : 1 2 3  4  5 6 7 8 ( ;  

9 1 0  11 1 2  1 3  1 4  1 5  1 6  ( 1  

- M I D I  m e s s a g e s  i n  t h e  c h a n n e l s  w h i c h  a r e  t u r n e d  ON 
c o m m a n d s  a r e  n o t  t r a n s m i t t e d  t o  M I D I  OUT i f  t h e  MIDI 
t u r n e d  OFF by t h e  c o m m a n d  $88 .  
- ACCEPTABLE CHANNELS i s  t h e  same a s  a M I D I  c h a n n e l  f: 
i s  v e r y  u s e f u l  f o r  r e a l - t i m e  a p p l i c a t i o n s  w h i c h  m u s t  
t o  r e j e c t  s e l e c t e d  MIDI  c h a n n e l s .  



RESET 
----- 

RESET 

- Resets the MPU-401 to its POWER-UP condition. All switches 
and values will be cleared to default conditions. This 
command is useful for returning the MPU-401 to ~ t s  power-up 
condition. All buffers are reset by this command. The MPU-  
401 returns an ACK ( S E E )  when sent this command. 



1 

5.12 MIDI MESSAGE FLOW 
---- ----------------- 

The  f o l l o w i n g  t a b l e  shows t h e  e f f e c t  t h a t  MPU commands h a v e  on  t h e  
f l o w  o f  MIDI t h r o u g h  t h e  s y s t e m :  



--,--:-=---<- --n ; 

- -- %- - - - -- -- - - 
6 .  POWER UP DEFAULTS 

_ __- _.A -- - - - - - - - -_________- - - - - -  
- - - - - - - - - -_________- - - - -  

L- - - - , - y z  I-- -- 7 ----- --- - :---.= -c.-=- - -- - - - - - 
- .  T h e  f o l l o w i n g  l i s t  s h o w s  t h e  p o w e r - u p  c o n d i t i o n  of-; 

FUNCTION SWITCHES a n d  FUNCTION VALUES o f  t h e  MPU-401. 

MODES 

MIDI REAL TIME MESSAGE : STOP 
PLAY STOP 
RECORD STOP 

. . .  - - 
. - FUNCTION SWITCHES 

FUNCTION 
-------- 
S y n c  m o d e  
M e t r o n o m e  
B e n d e r  
M I D I  THRU 
Data  i n  s t o p  
S e n d  m e a s u r e  e n d  
C o n d u c t o r  
R e a l  T i m e  A f f e c t i o n  
FSK r e s o l u t i o n -  
CLOCK TO HOST 
E x c l u s i v e  t o  HOST 
R e f e r e n c e  t a b l e s  

CONDITION EOUIVALENT C, 

i n t e r n a l  
- - 

off $ 8 4  
o f f  $ 8 6  

o n  
o f f  

o n  
o f f  

o n  $ 9 1  - 
i n t e r n a l  
o f f  
o f f  

T h e  I N I T I A L I Z A T I O N  SWITCHES ( $ 3 0  t o  $ 3 9 )  o n l y  f u n c t i o n  by corn 
d e f a u l t  o f  t h e  s y s t e m  i s  o p p o s i t e  t o  t h e i r  f u n c t i o n  (REAL 
THRU : O F F  ( e t c . ) .  



DEFAULT VALUES 
-------------- 

FUNCTION 
-------- 
T i m e  b a s e  
Tempo 
R e l a t i v e  tempo r a t i o  
G r a d u a t i o n  
MIDI / METRO 
METRO / MEAS 
INT / HOST CLOCK 
A c t i v e  t r a c k  number 
S e n d  p l a y  c o u n t e r  
A c c e p t a b l e  c h a n n e l s  

R e f e r e n c e  T a b l e  A 
R e f e r e n c e  T a b l e  B 
R e f e r e n c e  T a b l e  C 
R e f e r e n c e  T a b l e  D 

VALUE 
----- 
1 2  0  
1 0 0  
1/1 
0 
1 2  
8 
6  0 
n o n e  
n o n e  
a l l  

EQUIVALENT COMMAND 
-----------------_ 

S C 5  
$ED $ 6 4  
$ E l  $ 4 0  . 
SE2 $ 0 0  
SE4 $0C 
SE6 $ 0 8  
SE7 SF0 
$EC $ 0 0  
$ED $ 0 0  
SEE SF!? 
$EF $FF  
$ 4 0  
$ 5 1  
$ 6 2  
$ 7  3 



7 .  OTHER FUNCTTONS - - -  - -  - - - . -  
_ _ - _ _ - _ - - _ - _ - - _ - - _ - _  _- - - - - - -_____- - - - - - -  

7 . 1  METRONOME OPERATION 

The MPU-401 p r o v i d e s  a n  a u d i b l e  m e t r o n o m e  f o r  use 
d u r i n g  r e c o r d i n g .  The b e e p s  r e f l e c t  t h e  number  o f  MIDI 
s e t  by t h e  b y t e  f o l l o w i n g  t h e  MIDI/METRO command $E4 .  

( !  The  m e t r o n o m e  h a s  t w o  m o d e s  o f  o p e r a t i o n .  I n  t h e  
by command  $ 8 5 ,  t h e  m e t r o n o m e  p r o d u c e s  t h r e e  d i f f e r e n  
h i g h e s t  p i t c h  i s  o n  t h e  d o w n b e a t  o f  e a c h  b a r .  T h e  r e s t  
t h e  m e a s u r e  w i l l  a l t e r n a t e  b e t w e e n  t w o  l o w e r  p i t c h e s .  

by  t h e  m u s i c i a n  rn 
CLOCK d i v i s i o n s  

- 
f i r s t  m o d e ,  s e t  
t p i t c h e s .  T h e m  
o f  t h e  b e a t s  in, 

( )  The s e c o n d  mode i s  s e l e c t e d  w i t h  command $83.    he m e t r o n o m e  w i l l  

t h e  m e a s u r e  a n d  a  s e c o n d  t o n e  - f o r  t h e  r e m a i n d e r  o f  t h e  m e a s u r e .  T h i s  

a 
now p r o d u c e  o n l y  t w o  d i f f e r e n t  p i t c h e s .  A h i g h e r  o n e  on  t h e  d o w n b e a t  o f =  

w i l l  b e  u s e f u l  f o r  b o t h  triplet meters  a n d  odd meters w h e r e  t h e  d i v i s l o n  
of a c c e n t s  i s  n o t  e a s i l y  d e f i n e d .  C 

The m e t r o n o m e  i s  s t o p p e d  w i t h  t h e  command $ 8 4 .  

The r a t e  o f  t h e  m e t r o n o m e  ( q u a r t e r  p n t n  a ; n h c h  - - c -  L - - - i - j  

s i x t e e n t h ,  e t c . )  i s  s e l e c t e d  b.7 + h a  

command ($E4) .  F o r  e x a m p l e ,  s i n c  
t h e  command S E ~  Sap ( d o p i  m a ] -  3 7 \  

n o t e ,  

. U I  L z  f o l l o w i n g  t h e  MIDI/METRO 
e MIDI c l o c k  i s  a l w a y s  24 p e r  b e a t ,  i f  

, - - ,--- , - L - A . . t U I  i s  s e n t ,  t h e  m e t r o n o m e  b e e p s  e v e r y  1 / 8  
2 t i m e s  D e r  b e a t  I n n r e  ~ r ~ e r v  1 2 . M i D I  c l o c k s ) .  T h e  r a t e  o f  t h e  

. , ,Llow i ng t h e  M E T R O / M E A S U R E  command - i s  f n l ~ r  h e a t s  t o  t h e  m e a s u r e  a n d  t h e  

- -- - \ - - - - -  - -  - -  
d o w n b e a t s  i s  s e l e c t e d  b y  t h e  b y t o  fll 
(SE6) .  F o r  e x a m p l e ,  i f  t h e  me te1  - -  - - - -  - 
m e t r o n o m e  i s  s e t  t o  e i g h t h  n o t e s  ( $ E 4  $ 0 C )  c n e n  ~ n e  c o m m a n d  $ 
w i l l  s e t  t h e  d o w n b e a t  t o  e v e r y  f o u r  b e a t s  ( e v e r y  8 m e t r o n o m e  b e e p s ) .  

T h e  METRONOME COUNTER, t h e  M w n  c r T n n  n n r 7 * - - - -  
. . .  - -  - - 

COUNTER a r e  i n i t i a l i z e d  hv  p i t h o r  
I - l ~ t i ~ ~ ~ ~  L V U N I ' L K  a n a  t n e  CLOCK T O  H O S T  

- - - - -  -1 - -  o f  t h e  METRONOME : O N  commands  ($83 o r  
S 8 5 )  i f  t h e  MPU-401 i s  n o t  r l l n n i n n  T f  t h e  MPU h a s  b e e n  s t a r t e d  by  --  START ($FA) w h i l e  R E A L  TIME L* 

- - - - - - - -  
--=I- * A  L 

e i t h e r  a  M I D I  START f r o m  t h e  HOST n r  a M T n T  

.kFFECTION i s  O N ,  t h e s e  c o u n t e r s  ,.,, . I , L L L ~ L L L ~ U  K J ~  I Y L  

and t h e  m e t r o n o m e  w i l l  s t i l l  b e  s y n c h r o n i z e d  t o  t h e  b e a t  a n a  c n e  o a r .  1 
a v *  k l n m  ; n ; L : - . l  : - - A  L.. " " T R O N O M E  : 

- 7 0 ,  9 O N  6 

7 . 2  DIN SYNC 
--- -------- 

The MPU-401 p r o v i d e s  a  R o l a n d  S y n c  24 o u t p u t  ( 2 4  p u l s e s  p e r  q u a r t e r  
n o t e ,  5 v o l t  p o s i t i v e  p u l s e ) .    his o u t p u t  c a n  b e  u s e d  t o  s y n c h r o n i z e  any 

u d 

e x t e r n a l  d e v i c e s  t h a t  c o n f o r m  t o  t h e  R o l a n d  DIN S y n c  24  s t a n d a r d  ( a l l  - 
Roland Drum m a c h i n e s  a n d  s e q u e n c e r s  i n  a d d i t i o n  t o  many o t h o r  e l e c t r o n i c  
m c s l c a l  p r o d u c t s ) .  

-. 



7 . 3  THE CONDUCTOR 

w h i l e  p l a y i n g ,  i f  t h e  CONDUCTOR i s  S e t  O N  ( $ 8 F )  t h e  MPU-401 w i l l  
s e n d  t h e  MPU MESSAGE S F 9  t o  t h e  HOST t o  r e q u e s t  c o n d u c t o r  d a t a  i n  t h e  
s a m e  m a n n e r  a s  t h e  REQUEST TRACK DATA m e s s a g e s  (SF0  - $ F 7 ) .  When t h e  npu  
MESSAGE CONDUCTOR DATA REQUEST (SF9)  i s  s e n t ,  t h e  MPU-401 e x p e c t s  d a t a  
i n  t h e  DATAPORT f r o m  t h e i - i O S T  a s  f o l l o w s :  

1s t  b y t e  2nd  b y t e  3 r d  b y t e  
--------------- -----------_ ---- -------_____ 

Commands $ 0 0  - SEE $ 0 0  - S C 8  
t i m i n g  b y t e  MPU command 

Commands * $ 0 0  - SEF 
t i m i n g  b y t e  

Commands * *  $ 0 0  - SEF 
t i m i n g  b y t e  

$ 0 0  - $EF 
t i m i n g  b y t e  

M e a s u r e  End $ 0 0  - SEF 
t i m i n g  b y t e  

D a t a  End $ 0 0  - SEE - 
t i m i n g  b y t e  

$ 0 0  - $DF 
MPU command 

$ED - SEE 
MPU command 

SF8 
N u l l  

SF9 
M e a s u r e  End 

$PC 
D a t a  End- 

$ 0 0  - SEE 
f o l l o w i n g  b y t e  

Over  F l o w  SF8 
t i m i n g  o v e r  f l o w  

NOTES : 

* T h e  d a t a  b y t e s  f o r  t h e s e  commands  h a v e  t o  b e  s e n t  when t h e  commands 
a r e  e x e c u t e d  ( w h e n  t h e  HOST r e c e i v e s  n e x t  S F 9 ) .  

* *  T h e s e  commands  h a v e  t o  b e  s e n t  w i t h  a  f o l l o w i n g  d a t a  b y t e .  

T h e  c o n d u c t o r  a l l o w s  MPU-401 c o m m a n d s  t o  b e  s e n t ,  w i t h  a  l e a d i n g  
t i m i n g  b y t e ,  i n  s y n c h r o n i z a t i o n  w i t h  m u s i c  t h a t  i s  b e i n g  p l a y e d  o r  
r e c o r d e d .  

I f ,  f o r  e x a m p l e ,  t h e  d a t a  b y t e s  $ 7 8  $ E l  $ 8 0  were s e n t  a f t e r  a 
CONDUCTOR REQUEST ( $ F 9 ) ,  i t  w o u l d  c a u s e  t h e  MPU-401 i n t e r n a l  t e m p o  t o  
d o u b l e  a f t e r  o n e  q u a r t e r  n o t e .  $ 7 8  i s  t h e  l e a d i n g  t i m i n g  b y t e  i n d i c a t i n g  
v a l u e  1 2 0  o r  o n e  q u a r t e r  n o t e .  $ E l  w i l l  b e  e x e c u t e d  a s  t h e  MPU-481 
c o m m a n d  SET RELATIVE TEMPO. $ 8 0  i s  t h e  f o l l o w i n g  d a t a  b y t e  c f  t h e  
c o m m a n d  w h i c h  i n d i c a t e s  t h e  r a t e  b e i n g  d o u b l e  o f  n o r m a l  ( 2  So t h e  
c o n d u c t o r  i s  v e r y  u s e f u l  f o r  t e m p o  v a r i a t i o n s  w i t h i n  a  s o n g  
( a c c e l e r a n d o ,  r i t a r d a n d o ,  e t c ) .  I t  c a n  a l s o  b e  u s e  t o  c h a n g e  t h e  
me t ronome  a c c e n t s  f o r  m u s i c  w i t h  m i x e d  time s i g n a t u r e s .  



8. SAMPLE COMMAND SEQUENCES 
---------__-----------------  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - - - - - - - - -  

These are example sequences meant to illustrate the use of the 
command set of the MPU-401. They show only a few of the ways to use the 
system. 

There are only four ways to access the MPU-401: 

1> SEND A COMMAND Sn Cmd 
2 >  RECEIVE A REQUEST iic Req 
3 >  SEND DATA Sn Dta 
4 >  RECEIVE DATA Rc Dta 

The command sequences shown will use these four elements with the 
abbreviations on the right. Abbreviations for data will be: 

$tb timing byte (value between $00 and $EF) 
$ md MIDI data (any MIDI data or status from $00 to S E F )  

NOTES : 

1> The MPU-401 sends DATA and REQUESTS to the HOST in the same manner. 
They are shown as seperate functions in these examples to make their 
use clear. An MPU REQUEST is either a TRACK DATA REQUEST or a CONDUCTOR 
REQUEST. The HOST must decide if a message sent by the MPU-401 is a 
request Or is data. See 'RECEIVING MIDI DATA FROM THE MPU-401' near the - 

end of this section for more detail on this. 

> The '$md' symbol is used to represent a MIDI message set, not a 
ingle MIDI data byte. For example, a MIDI NOTE ON could be sent as $90 
44 $86. These three bytes would be shown as a single '$mdl in this 

section. 



RECORD A TRACK (INTERNAL SYNC) 
 his example wlll record a track with the metronome on. 

Sn Cmd $85 ; turn on the metronome 
Sn Cmd $ 2 2  ; RECORD START MIDI START - FSK ( ! )  and DIN ON 

; this command will clear the record counter, 
; clear the metronome counter, clear the beat 
; counter, send an $FA to MIDI OUT and start 
; recording. 

Rc Dta $ tb ; the MPU-401 will now begin sending data 
Rc Dta Smd ; with timing bytes to the HOST. They 

; should be stored to memory. 

$11 ; RECORD STOP MIDI STOP - FSK ( ! )  and DIN OFF 
; this will stop the recording, send an SFC to 
; MIDI OUT and nake the MPU-401 send a final 
; timing byte and DATA END MARK to the HOST. 

Sn Cmd $84 ; turn the metronome off 

Rc Dta $ tb ; final timing byte 
Rc Dta SFC ; MPU MARK 'DATA END' r -  



PLAY TRACKS (INTERNAL SYNC) 

A b i t - m a p p e d  b y t e  i s  c r e a t e d  w i t h  b i t s  f o r  t r a c k s  t o  p l a y  s e t  t o  1. 
For  t h i s  e x a m p l e  w e  w i l l  p l a y  b a c k  t r a c k s  1 , 2 ,  a n d  4  ( 0 0 0 0 1 0 1 1  o r  SOB). 

@ 
Sn Cmd $EC ; ACTIVATE TRACKS 
Sn Dta  SOB ; t r a c k s  1 , 2 ,  a n d  4  
SnCrnd 

m 
SB8 ; CLEAR PLAY COUNTERS 

Sn Cmd S0A ; START PLAY MIDI START - FSK ( ! )  a n d  D I N  ON 
m 

Rc Req SF0 ; TRACK DATA REQUEST f o r  t r a c k  1 
Sn Dta  $ t b  ; s e n d  f i r s t  t i m i n g  b y t e  
~n D t a  $md ; a n d  M I D I  d a t a  

Ct 
R c  Req S F 1  ; TRACK DATA REQUEST f o r  t r a c k  2 
~ n  D t a  $ t b  ; s e n d  t i m i n g  a n d  d a t a  
Sn D t a  Smd 

% 
e 

R c  Req SF3 ; TRACK DATA REQUEST f o r  t r a c k  4 
Sn D t a  $ t b  ; s e n d  t i m i n g  a n d  d a t a  f o r  t r a c k  4 
Sn D t a  Smd 

; c o n t i n u e  s e n d i n g  d a t a  a s  r e q u e s t e d  

~ n  D t a  $ t b  ; s e n d  f i n a l  t i m i n g  b y t e  o f - a  t r a c k  
S n D t a  $FC ; a n d  t h e  DATA END m a r k .  I f  t h i s  i s  t h e  l a s t  

; t r a c k  t h e  MPU-401 w i l l  s e n d  a n  $FC t o  t h e  HOST. 

; MPU-4B1 s e n d s  a n  A L L  END MESSAGE w h e n  t h e  HOST RcDta  $FC 
; h a s  s e n t  i t ' s  l a s t  DATA END m a r k  

Sn Cmd $ 0 5  ; STOP PLAY MIDI STOP - FSK ( ! )  a n d  D I N  OFF 
; t h e  M P U - 4 0 1  w i l l  s t o p  s e n d i n g  TRACK DATA 
; REQUESTS, w i l l  s e n d  a n  $FC t o  MIDI  OUT, a n d  w i l l  
; s a v e  t h e  m e t r o n o m e  a n d  b e a t  c o u n t e r s  f o r  a  
; CONTINUE PLAY. 

NOTES: 

1, I f  p l a y i n g  f r o m  t h e  b e g i n n i n q ,  CLEAR PLAY COUNTERS m u s t  ALWAYS b e  
d o n e  b e f o r e  a  START PLAY. T h e  c o m m a n d  ( $ B 8 )  s h o u l d  b e  s e n t  a f t e r  
ACTIVATE TRACKS a n d  b e f o r e  t h e  START PLAY a s  s h o w n  a b o v e .  

2 >  The MPU-401 w i l l  g e n e r a t e  a MIDI A L L  NOTES OFF m e s s a g e  when  a l l  t h e  
n o t e s  Of a  c h a n n e l  a r e  s h u t  o f f  e x c e p t  a f t e r  s e n d i n g  A L L  NOTES OFF : OFF 
( $ 3 5 )  command. 

3 >  When STOP ? L A Y  i s  s e n t ,  a n y  n o t e s  s t i l l  O N  i n  t h e  C H A N N E L  R E F E R E N C E  
TASLES w i l l  b e  s e n t  a s  NOTE OFFs t o  M I D I  OUT. 



4 >  The'  HOST may s e n d  MIDI RUNNING STATUS t o  t h e  MPU-401. When t h e  MPU 
g e n e r a t e s  a n  ALL NOTES OFF ( S B Q )  a n d  t h e  n e x t  b y t e  f r o m  t h e  HOST i s  
RUNNING STATUS, t h e  MPU-401 w i l l  a u t o m a t i c a l l y  g e n e r a t e  t h e  c o r r e c t  
s t a t u s  b y t e .  

5 > T h e  MPU-401 w i l l  s e n d  t h e  A L L  END MESSAGE (SFC) when a l l  t r a c k s  
h a v e  come t o  a n  e n d .  I f  t h e  HOST s e n t  a STOP PLAY ($05) b e f o r e  t h e  MPU- 
4 0 1  e n d s  p l a y i n g  a l l  t r a c k s  t h i s  t i m e  t h e  MPU-401 w o u l d  n o t  s e n d  t h i s  
m e s s a g e .  



C 

OVERDUB (INTERNAL SYNC) 
This example will record a track while playing another track back. 

m 
Sn Cmd $EC ; ACTIVATE TRACKS 
Sn Dta $01 

~n Cmd SB 8 

Sn Cnd $2.4 

. . 

; track 1 

; clear the PLAY COUNTERS 

; START RECORD START PLAY MIDI START - FSK ( ! )  and 
; DIN ON 

The MPU-401 will now send both TRACK DATA REQUESTS along with data. 
Upon receiving an interrupt, the HOST should look at the DATAPORT of 
the MPU-401. If the incoming message is from SF0 to SF7 it is a 
TRACK DATA REQUEST, otherwise it will be data from the MIDI IN of the 
MPU-401. The HOST'S interrupt routine should recognize this and go 
to the proper routine to either send or receive data. 
Playback could stop before end of record. There is no need to send 
any STOP until it is time to stop recording. 

Cmd $15 ; STOP RECORD STOP PLAY MIDI STOP FSK ( ! )  and DIN 
; OFF 

Rc Dta $ tb ; get final timing byte from recording 
Rc Dta $FC ; get MPU DATA END MARK 



R E C O R D  WITH L E A D - I N  (INTERNAL SYNC) 

~ o s t  o f t e n  t h e r e  s h o u l d  b e  a  o n e  o r  two m e a s u r e  l e a d - i n  w i t h  
metronome t o  p r e p a r e  t h e  m u s i c i a n  f o r  r e c o r d i n g .  D u r l n g  t h i s  t i m e  i t  i s  
a  good i d e a  t o  s t o r e  a n y  MIDI d a t a  t h a t  may come t h r o u g h .  The  f i r s t  
n o t e s  p l a y e d  may b e  j u s t  a h e a d  o f  t h e  down b e a t  o f  t h e  f i r s t  b a r  and 
would b e  l o s t  i f  t h e  HOST i s  n o t  recording. F o r  t h i s  possibility t h e r e  
1s t h e  D A T A  IN STOP mode. The  WITH TIMING B Y T E  command ( $ 3 4 )  w i l l  
g e n e r a t e  a  l e a d i n g  t i m l n g  b y t e  o f  $ 0 0  f o r  a l l  d a t a  r e c o r d e d  d u r i n g  the 
l e a d - l n .  CLOCK TO HOST i s  u s e d  t o  c o u n t  t h e  l e n g t h  o f  t h e  l e a d - i n  
m e a s u r e s ,  a n d  w i l l  b e  s h u t  o f f  d u r i n g  r e c o r d  i n  t h i s  e x a m p l e .  

; WITH TIMING BYTES t o  make l e a d - i n  d a t a  c o m p a t i b l e  
; w i t h  r e c o r d e d  d a t a  
; CLOCK TO HOST : ON t o  c o u n t  l e a d - i n  
; W a l t  f o r  CLOCK mark b e f o r e  c o n t i n u i n g .  T h i s  o n e  
; i s  n o t  c o u n t e d  i n  HOST'S l e a d  i n  c o u n t e r  
; METRCNOME : ON ( c l e a r s  t h e  m e t r o n o m e  c o u n t e r ,  
; n e a s u r e  c o u n t e r  a n d  CLOCK TO HOST c o u n t e r )  
; D A T A  IN STOP : O N  f o r  a n y  d a t a  d u r i n g  l e a d - i n  

; CLOCK TO HOST ( c o u n t  down) 

R c  D ta  $ t b  ( $ 0 B )  ; s t o r e  MIDI DATA. T iming  b y t e s  a r e  a l w a y s  $00 
; i n  DATA IN STOP MODE 

Rc Dta  $md 

$FD ; CLOCK TO HOST ( c o u n t  down) 

Rc Dta  $ED ; i f  f i n a l  CLOCK TO HOST - s t a r t  r e c o r d  

Sn Cmd $ 2 2  ; START R E C O R D  MIDI START - FSK ( ! )  a n d  DIN O N  
Sn Cmd $ 9 4  ; CLOCK TO HOST : OFF 
Sn Cind $8A ; D A T A  IN STOP : OFF 

Rc Dta  $ t b  ; r e c o r d  i n c o m i n g  M I D I  d a t a  
R c  Dta  $md 

Sn Cmd $11 ; STOP R E C O R D  MIDI STOP - FSK ( ! )  a n d  DIN OFF 
R c  Dta  $ t b  ; f l n a l  t i m i n g  a n d  DATA E N D  M A R K  
Rc Dta SFC 

$84 ; METRONOME : OFF 

NOTES : 

1) I t  i s  a l s o  p o s s i b l e  t o  u s e  t h e  CLOCK TO HOST SFDs w h i l e  r e c o r d i n g  
o r  p l a y i n g  a t  a l l  times t o  c o n t r o l  a  v i s u a l  metronome o r  o t h e r  f u n c t i o n s  
i n  t h e  HOST.  



PLAY A TRACK WITH CONDUCTOR : O N  (INTERNAL SYNC) 

T h e  CONDUCTOR i s  u s e d  t o  a s  a n  e v e n t  m a n a g e r  d u r i n q  R E C O R D  a n d  
- -  PLAY. I n  t h i s  e x a m p l e  t h e  CONDUCTOR i s  u s e d  t o  s e n d  a S E T - T E M P O  command 

t o  t h e  NPU-4Dl i n  t h e  m i d d l e  o f  a  m e a s u r e .  T h e  command a n d  f o l l o w i n g  
d a t a  a r e  sent  a s  DATA w i t h  a  l e a d i n g  t i m i n g  b y t e  t h r o u g h  t h e  DATAPORT 
when t h e  CONDUCTOR REQUEST i s  r e c e i v e d .  

Sn Cmd $EC ; ACTIVATE TRACKS 
S n  D t a  $01 ; t r a c k  o n e  i s  s e t  
S n  Cmd $8F ; CONDUCTOR : ON ( a l w a y s  b e f o r e  SB8 command) 
S n  Cmd $B8 ; CLEAR P L A Y  COUNTERS 
Sn Cmd $@A ; START PLAY MIDI START 

Rc Req SF0 
Sn Dta  $ t b  
Sn Dta  Smd 

Rc Req SF9 
Sn D t a  $  t b  
Sn D t a  SEB 
Sn D t a  S3F 

Rc Req SF9 

; TRACK DATA REQUEST 
; s e n d  t i m i n g  b y t e  
; a n d  MIDI d a t a  

; CONDUCTOR REQUEST 
; s e n d  t i m i n g  
; s e n d  SET TEMPO t o  t h e  DATAPORT 
; s e n d  t e m p o  d a t a  o f  6 3  t o  DATAPORT 

; when CONDUCTOR times o u t  i t  w i l l  e x e c u t e  t h e  
; command a n d  s e n d  t h e  ~ ~ X ~ - R E Q U E S T  

N O T E S  : . 

1> The  CONDUCTOR c a n  u s e  WANT TO S E N D  DATA (commands  SD0 t o  SD7) t o  
s e n d  MIDI d a t a  t o  t h e  MIDI OUT p o r t  o f  t h e  MPU-401. I t  s h o u l d  o n l y  s e n d  
d a t a  on  non ACTIVE t r a c k s  i f  t h e  MPU-401 i s  i n  PLAY mode .  When u s i n g  
\<ANT TO SEND DATA t h e  f o l l o w i n g  M I D I  DATA b y t e s  a r e  s e n t  when t h e  
CONDUCTOR t i n e s  o u t  a f t e r  t h e  command a n d  s e n d s  a n o t h e r  S F 9 .  T h e  NICI 
DATA i s  s e n t  a l o n g  w i t h  t h e  n e x t  t i m i n g  b y t e  ( o r  o v e r f l o w )  a n d  t h e  n e x t  
command. 

2 >  The CONDUCTOR : ON command m u s t  a l w a y s  b e  s e n t  b e f o r e  t h e  CLEAR PLAY 
COUNTERS command ( S B 8 )  . 
3 >  S e e  s e c t i o n  7 . 3  f o r  m o r e  i n f o r m a t i o n  o n  t h e  CONDUCTOR. 



MIDI SYNC MODE 

T h e  MPU-401 c a n  a l s o  b e  s e t  u p  a s  a  MIDI s l a v e  u n i  
c l o c k s .  I n  MIDI SYNC m o d e ,  t h e  MPU-401 c a n  b e  m a d e  t o  
b a c k  a t  t h e  r e q u e s t  o f  e x t e r n a l  d e v i c e s  s u c h  a s  d r u m  ma 
s e q u e n c e r s .  C a r e  m u s t  b e  t a k e n  s o  t h a t  e x t e r n a l  c o n t r o l  
t h e  MPU-401 f r o m  t h e  HOST. R E A L  TIME AFFECTION w i l l  I 
p r o b l e m .  I t  i s  b e s t  t o  k e e p  REAL TIME AFFECTION : 
b e g i n n i n g  o f  t h e  r e c o r d  r o u t i n e .  J u s t  b e f o r e  b e g i n n i n g  i 
and d i s a b l e d  a g a i n  when r e c o r d  i s  f i n i s h e d .  

R E C O R D  A TRACK (MIDI SYNC) 

t t o  o t h e r  MIDI 
r e c o r d  o r  p l a y  

c h i n e s  o r  o t h e r  
w i l l  n o t  ' g r a b '  

~ e l p  a v o i d  t h i s  
OFF u n t i l  t h e  
t c a n  b e  s e t  O N  

T h i s  e x a m p l e  w i l l  r e c o r d  a t r a c k  w h e n  c o m m a n d e d  f r o m  a n  e x t e r n a l  
M I D I  d e v i c e .  

- 

a SnCmd $ 8  2 ; XIDI SYNC MODE 
$EC ; ACTIVATE TRACKS 
$ 0 0  ; A l l  t r a c k s  o f f .  (REAL TIME AFFECTION : O N  w i l l  

; a u t o m a t i c a l l y  p l a y  a n y  a c t i v e  t r a c k s  w h e n  
; M I D I  START o r  CONTINUE i s  r e c e i v e d .  T h i s  w i l l  
; p r e v e n t  t h i s  f r o m  h a p p e n i n g  u n w a n t e d l y .  

$9  1 ; R E A L  TIME AFFECTION : O N  
$ 2 0  ; RECORD STAND-BY 

. 
; T h e  MPU-401 now w a i t s  f o r  a  MIDI R E A L  TIME b y t e  $FA ( s t a r t )  o r  $FB 

( c o n t i n u e )  t o  c o m e  i n  f r o m  t h e  MIDI I N  p o r t .  A t  t h a t  t i m e  i t  w i l l  
s t a r t  t h e  r e c o r d  t imer ,  s e t  FSK ( ! )  and  DIN O N  a n d  b e g i n  s e n d i n g  
d a t a  t o  t h e  HOST. 

Rc Dta  $ t b  
Rc Dta $md 

; MIDI d a t a  t o  b e  r e c o r d e d  

T h e  MPU-401 w i l l  c o n t i n u e  t o  s e n d  d a t a  t o  t h e  h o s t  u n t i l  a  MIDI 
; R E A L  TIME b y t e  $FC (STOP) i s  r e c e i v e d  f r o m  t h e  MIDI I N  p o r t  o r  

u n t i l  t h e  HOST s e n d s  a  STOP R E C O R D .  I n  t h i s  e x a m p l e  a n  $FC i s  
r e c e i v e d  b y  t h e  MPU-401 t o  t h e  H I D 1  I N  p o r t .  I t  i s  n o t  s e n t  t o  t h e  
h o s t  u n l e s s  t h e  HOST h a s  s e t  RT 0 HOST : O N  ( $ 3 9 )  u p o n  
i n i t i a l i z a t i o n .  

Rc Dta  $ t b  ; f i n a l  t i m i n g  b y t e  a n d  D A T A  E N D  M A R K .  
Rc Dta S F C  
Sn Cmd $ 1 1  ; STOP RECORD MIDI STOP - FSK ( ! )  a n d  DIN OFF 
Sn Cmd $9  0  ; R E A L  TIME AFFECTION OFF 

NOTES : 
1, T h e r e  a r e  s e v e r a l  variations f o r  r e c o r d i n g  i n  MIDI SYNC MODE. The 
e x a m p l e  a b o v e  a l l o w s  t h e  MPU-401 t o  b e g i n  r e c o r d i n g  a u t o m a t i c a l l y  by u s e  
o f  t h e  R E A L  TIME AFFECTION : O N  c o m m a n d .  By u s i n g  RT TO HOST : O N  ( $ 3 9 )  
t h e  i n c o m i n g  M I D I  R E A L  TIME b y t e s  may  b e  s e n t  t o  t h e  HOST. E a c h  R E A L  
TIME b y t e  i s  p r e c e d e d  by t h e  MPU SYSTEM MESSAGE $FF. T h e  MPU-401 may be 



operated by the HOST in MIDI SYNC mode by not using REAL .TIME AFFECTION 
: ON and reading incoming MIDI REAL TIME START, CONTINUE and STOP. This 
technique is not as recommendable as using REAL TIME AFFECTION : ON 
since there is a slight chance that a MIDI TIMING CLOCK ($F8) could be 
missed putting the system slightly out of sync. 

2 >  Placing the MPU-401 into MIDI SYNC MODE means the internal counters - - 
will all be synchronized to the incoming MIDI TIIYING CLOCK tempo. 

3 )  It is possible to turn REAL TIME AFFECTION : OFF while recording. 
  his is useful if the application wants the MPU-401 to start 
automatically from an incoming MIDI START ($FA) or MIDI CONTINUE ($Fa), 
but not be stopped by MIDI STOP (SFC). For example, a MIDI STOP could 
possibly come in the middle of a measure, but the HOST will want the 
final measure to be complete. This can be accomplished by turning REAL 

rr 
TIME AFFECTION : OFF right after the MIDI START (SEA) has been received 
(REAL TIME TO HOST must be turned on when the system is initialized). 
When the MIDI STOP ($FC) is received, the host can continue recording 

CI 
until the end of the measure and then perform a stop record routine. . h 



.. 

PLAY TRACKS (MIDI SYNC) 
- ---- - 

I n  t h i s  e x a m p l e  t r a c k s  1 a n d  3 w i l l  b e  p l a y e d  b a c k  i n  by 
b y  u s i n g  REAL TIME AFFECTION : O N .  

S n  Cmd $ 8 2  ; MIDI SYNC MODE 
S n  Cmd $EC ; ACTIVATE TRACKS 
S n  D t a  $ 0 5  ; t r a c k s  1 a n d  3 
S n  Cmd $ 9 1  ; REAL TIME AFFECTION: O N  

T h e  MPU-401 w i l l  n o w  w a i t  f o r  a n  i n c o m i n g  M I D I  REAL T I  

; TRACK DATA REQUEST f o r  t r a c k  1 
S n  D t a  - $ t b  ; s e n d  f i r s t  t i m i n g  b y t e  
S n  D t a  $md ; a n d  M I D I  d a t a  

-- --= - ---7 . - - .  
R c  Req SF2 ; TRACK DATA REQUEST f o r  t r a c k  3 

- 
Sn D t a  $ t b  ; s e n d  t i m i n g  a n d  d a t a  f o r  t r a c k  3 

-. - ............ - - - -  -. - 
*- - - . - .-- 

S n  D t a  $ma 
. . - - -- -. . 

- . 

; c o n t i n u e  s e n d i n g  d a t a  a s  r e q u e s t e d  

S n  D t a  S t b  ; s e n d  f i n a l  t i m i n g  b y t e  o f  a t r a c k  
..... S n D t a  $FC ; a n d  t h e  DATA E N D  m a r k .  I f  t h i s  i s  t h e  

; t r a c k  t h e  MPU-401 w i l l  s e n d  a n  $FC t o  thc 

R c D t a  $FC ; MPU-401 s e n d s  a  ALL END MESSAGE w h e n  l a s  
. . ; h a s  s e n d  i t ' s  DATA END MARK . -  - - 

I f  a l l  t r a c k s  a r e  f i n i s h e d  b e f o r e  t h e  MPU-401 r e c e i v e s  a  P 
(SFC) ,  t h e  MPU-401 w i l l  s e n d  a n  A L L  END MESSAGE (SFC). Ths 
MESSAGE s h o u l d  n o t  g e t  c o n f u s e d  w i t h  t h e  M I D I  MESSAGE s i  
a r e  SFC. T h e  M I D I  STOP w i l l  o n l y  b e  s e n t  t o  t h e  HOST w i t h  
TIME TO HOST : O N  command  ( $ 3 9 )  a n d  t h e n  o n l y  w i t h  a  p r e c e  
(SYSTEM MESSAGE) b y t e .  I f  a l l  t r a c k s  a r e  f i n i s h e d  t h e  1 
e i t h e r  d o  n o t h i n g ,  m a y  r e s e t  a d d r e s s  p o i n t e r s  t o  t h e  t o  
t r a c k s  a g a i n  w h i l e  w a i t i n g  f o r  a  n e w  M I D I  S T A R T ,  o r  may c 
s e n d  a  STOP PLAY c o m m a n d .  I n  t h i s  c a s e  w e  d o  n o t  w i s h  t 
MIDI  STOP t o  M I D I  OUT o f  t h e  MPU-401 s i n c e  t h e r e  i s  s t i l l  
s e q u e n c e r  w o r k i n g .  

S n  Cmd $04 ; STOP PLAY ( v e r y  i m p o r t a n t )  
Sn  Cmd $ 9 0  ; REAL TIME AFFECTION : OFF 

NOTES : 

1) When REAL TIME AFFECTION i s  s e t  O N ,  i n c o m i n g  $FAs w i l l  a u t o m .  
c l e a r  t h e  PLAY COUNTERS. 
2 )  I t  i s  i m p o r t a n t  t o  s e n d  t h e  STOP PLAY command a t  t h e e n d  o l  
s y n c  s e q u e n c e .  



OVERDUB (MIDI SYNC) 

This example will record a track while playing another track back 
in MIDI SYNC mode. 

Sn Cmd $82 ; MIDI SYNC MODE 
Sn Crnd $EC ; ACTIVATE TRACKS 
Sn Dta $0 1 ; track 1 
Sn Czd $91 ; REAL TIME AFFECTION : ON 

Sn Cmd $20 ; STAND-BY RECORD 

The MPU-401 will wait for an incoming MIDI START ($FA) or MIDI 
CONTINUE ($FB) before beginning the record/play process. FSK ( ! )  and 
DIN will go ON. 
The MPU-401 will now send both TRACK DATA REQUESTS along with data. 
Upon receiving an interrupt, the HOST should look at the DATAPORT of 
the MPU-401. If the incoming message is between SF0 and SF7 it is a 
TRACK DATA REQUEST, otherwise it will- be data from the MPU-401. The 
HOST'S interrupt routine should recognize this and go to the proper 
routine to either send or receive data. Upon receiving a MIDI 
STOP (SFC) the MPU-401 will send a final timing byte an DATA END 
MARK ($FC). In REAL TIME AFFECTION : ON the HOST can either wait 
for a MIDI CONTINUE ($FB) or may choose to stop the overdub. 

Sn Cmd $15 ; STOP RECORD STOP PLAY MIDI STOP - 

Rc Dta $ tb ; get final timing byte from recording 
Rc Dta $FC - - ; get DATA END mark 

Sn Cmd $90 ; REAL TIME AFFECTION : OFF in the event that any 
; more MIDI STARTS come when the HOST does not wish 
; to PLAY or RECORD. 



USE OF FSK MODE ( !  1 
- .- - 

When a  START RECORD o r  START PLAY w i t h  MIDI START i s  s e n t  t o  t h e  
M P U - 4 0 1  i t  w i l l  a u t o m a t i c a l l y  b e g i n  t o  m o d u l a t e  t h e  FSK ( F r e q u e n c y  
s h i f t e d  Key) p i l a t  t o n e  t h r o u g h  t h e  TAPE OUT j a c k .  T h i s  m o d u l a t e d  t o n e  
i s  f o r  r e c o r d i n g  o n t o  t h e  s p a r e  t r a c k  o f  a  m u l t i t r a c k  t a p e  r e c o r d e r .  
 he t a p e  i s  r e w o u n d  a n d  t h e  r e c o r d e d  t o n e  i s  p l a y e d  b a c k  i n t o  t h e  X P U -  
4 0 1 ' s  T A P E  I N  j a c k .  By p u t t i n g  t h e  MPU-401 i n t o  FSK M O D E  t h e  i n t e r n a l  
c o u n t e r s  a r e  t i e d  t o  t h e  FSK d e c o d e r .  R e c o r d i n g ,  p l a y i n g  b a c k  a n d  
a v e r d u b b i n g  a r e  d o n e  e x a c t l y  a s  t h e y  a r e  i n  i n t e r n a l  m o d e ,  b u t  w i t h  t h e  
a d d i t i o n  o f  t h e  FSK SYNC M O D E  command ( $ 8 1 )  b e f o r e  t h e  START. 

1 n  FSK M O D E  t h e  M P U - 4 0 l w i l l n o t  p u t  o u t  M I D I  REAL TIME CLOCK b y t e s  
( $ ~ 8 )  u n t i l  i t  r e c e i v e s  t h e  m o d u l a t e d  FSK t o n e .  M I D I  START ( $ F A ) ,  
C O N T I N U E  ( $ F B ) ,  a n d  STOP ( $ P C )  a r e  s e n t  o u t  w h e n  t h e  HOST s e n d s  t h e  
START a n d  STOP c o m m a n d s  t o  t h e  MPU-401. T h e  HOST s h o u l d  n o t  s e n d  a  
START t o  t h e  MPU-I01 u n t i l  t h e  p i l o t  t o n e  o f  t h e  FSK i s  b e i n g  r e a d  back  
i n t o  t h e  TAPE I N  j a c k .  - 

When t h e  FSK RESOLUTION i s  s e t  t o  i n t e r n a l  ( $ 9 2 )  t h e r e  w i l l  n o t  b e  
a n y  F S K  s i g n a l s  p u t  o u t  t h r o u g h  t h e  TAPE-OUT j a c k  w h i l e  t h e  MPU-401 i s  
l n  FSK mode.  T h i s  s h o u l d  h a v e  n o  e f f e c t  o n  a n  a p p l i c a t i o n  s i n c e  a  t a p e  
s y n c  s i g n a l  i s  c r e a t e d  w h i l e  i n  i n t e r n a l  s y n c  m o d e  a n d  i s  o f  n o  u s e  
w h i l e  s y n c h r o n i z i n g .  



RECEIVING MIDI D A T A  FROM THE MPU-401 

W h i l e  i n  DATA IN STOP o r  R E C O R D  m o d e s ,  t h e  MPU-401 w i l l  b e  s e n d i n g  
t i m i n g  b y t e s ,  MIDI d a t a ,  MPU MESSAGES a n d  MPU M A R K S  t o  t h e  HOST. 
t h e  HOST i s  f i r s t  i n t e r r u p t e d ,  t h e  r e g i s t e r s  o f  t h e  c o m p u t e r  a r e  s a v e d  Whenl 

. t o  t h e  s t a c k  a n d  t h e  DATAPORT o f  t h e  MPU-401 s h o u l d  b e  r e a d .  What  t h e  
HOST r e c e i v e s  w i l l  e i t h e r  b e  DATA o r  a n  MPU M E S S A G E .  T h e  f o l l o w i n g  
D r o c e d u r e  i s  a l o g i c a l  e x a m p l e  f o r  i n t e r r u p t  h a n d l i n g  r o u t i n e .  

1. R e a d  STATPORT. 
i f  DSR = 1 i n t e r r u p t  i s  n o t  f r o m  MPU-401 .  

o r i g i n a l  i n t e r r u p t  h a n d l e r .  
2 .  s a v e  r e g i s t e r s  on s t a c k .  
3 .  r e a d  DATAPORT. 
4 .  c h e c k  d a t a .  

a .  i f  d a t a  < S F @ ,  t i m e  v a l u e  f o l l o w e d  b y  MIDI D A T A  - 
b .  i f  SF0 < =  d a t a  <= SF7 TRACK D A T A  REQUEST 

II 
c .  i f  d a t a  = SF8 ,  TIMING OVERFLOW 
d .  i f  d a t a  = $ F 9 ,  CONDUCTOR REQUEST 
e, i f  d a t a  = SFD, CLOCK TO HOST 

I 
f .  i f  d a t a  = SFC, A L L  E N D  
g .  i f  d a t a  = $FF,  MIDI s y s t e m  m e s s a g e  

5 .  e x e c u t e  a p p r o p r i a t e  r o u t i n e  b a s e d  on r e s u l t s  o f  s t e p  3 .  
6 .  r e s t o r e  r e g i s t e r s  f r o m  s t a c k .  
7.  r e t u r n  f r o m  i n t e r r u p t .  

p o s s i b l e  a c t i o n s  f o r  s t e p  5:  

a .  s a v e - t h e  t i m e  v a l u e  a n d  MIDI d a t a  b e i n g  i n p u t .  R e a d  a g a i n  
by  u s i n g  ' g e t  d a t a '  r o u t i n e  d e t e r m i n e d  b y  t h e  MPU f o r m a t  
a n d  s a v e  s y s t e m .  
- T h e  f o l l o w i n g  p r o c e d u r e  may a s s i s t  i n  a c c e p t i n g  t h e  d a t a  
w i t h o u t  r u n n i n g  i n t o  a  ' l o o p  p r o b l e m '  w i t h  t h e  MPU-401. 

a-1.  S t o r e  t h e  l e a d i n g  TIMING BYTE 
a-2. G e t  t h e  n e x t  b y t e  o f  f r o m  t h e  DATAPORT 
a - 3 .  I f  t h e  d a t a  i s  a  M I D I  STATUS BYTE ( $ 8 0  t o  $EF ) :  

i >  Use t h e  u p p e r  f o u r  b i t s  a s  a n  o f f s e t  i n t o  21 t a b l e  t o  d e c i d e  how many b y t e s  t o  a c c e p t .  Each 
MIDI STATUS w i l l  h a v e  a s e t  n u m b e r  o f  b y t e s  
w h i c h  f o l l o w .  

i i >  S t o r e  t h e  number  f r o m  t h i s  t a b l e .  
i i i >  Use t h i s  n u m b e r  t o  l o o p  t h r o u g h  a ' g e t  d a t a '  

r o u t i n e  t h e  p r o p e r  n u m b e r  o f  t i m e s  t o  g e t  and 

I 
s t o r e  t h e  e n t i r e  MIDI p a c k e t .  

a - 4 .  I f  i t  i s  MIDI RUNNING STATUS ( $00  t o  $ 7 F  ) :  
i >  Use t h e  n u m b e r  d e r i v e d  f r o m  t h e  a b o v e  r o u t i n e ,  

l e s s  1 f o r  no  STATUS b y t e .  
i i >  P r o c e e d  a s  ' i i i '  a b o v e .  

I 



a-5 .  I f  i t  i s  a n  MPU M A R K  ( $ F 9 ,  SFC ) :  
i >  ~ n  S F 9  ( M e a s u r e  E n d )  s h o u l d  b e  s t o r e d  f o r  

p l a y b a c k  l i k e  a n y  o t h e r  MIDI d a t a .  I t  h a s  a  
l e a d i n g  t i m i n g  v a l u e  and i s  a  s i n g l e  b y t e .  

i i >  I f  l t  i s  a n  MPU DATA E N D  M A R K  SFC t h e n  g o  t o  a  
r e c o r d  s t o p  r o u t i n e .  

b. Go t o  p l a y  r o u t i n e  a n d  p l a y  f r o m  t r a c k  i n d i c a t e d  by 3 L S B S  
o f  t h e  m e s s a g e .  i . e .  SF@= p l a y  r e q u e s t  t r a c k  1, $ F 1 =  p l a y  
r e q u e s t  t r a c k  2 ,  $ F 2 =  p l a y  r e q u e s t  t r a c k  3 ,  e t c . .  S e n d  N 
b y t e s  by  u s i n g  ' p u t  d a t a '  r o u t i n e ,  w h e r e  N i s  d e t e r m i n e d  by 
t h e  MPU f o r m a t .  
-   he f o l l o w i n g  p r o c e d u r e  c a n  b e  u s e d  w h e n  s e n d i n g  p l a y  
d a t a .  

b-1.  G e t  a n d  s e n d  TIMING BYTE f r o m  m e m o r y  a n d  l o o k  a t  
n e x t  b y t e .  

b-2 .  Use t h e  m e t h o d  f r o m  RECEIVING M I D I .  D A T A  FROM THE 
M P U - 4 0 1  t o  d e t e r m i n e  t h e  number  o f  b y t e s  t o  s e n d  t o  
t h e  DATAPORT o f  t h e  .IY?U-401 b a s e d  o n  RUNNING STATUS 
o f  t h e  MIDI d a t a  b e i n g  s e n t .  

b -3 .  I t  w i l l  b e  n e c e s s a r y  t o  k e e p  a d a t a  s i z e  v a l u e  f o r  
e a c h  t r a c k .  

c .  s a v e  t h e  t i m i n g  o v e r f l o w  d a t a  b e i n g  i n p u t .  
d .  s e n d  c o n d u c t o r  d a t a .  
e .  u s e  c l o c k  t o  h o s t  f o r  C O U N T  I N  b e f o r e  RECORD o r  o t h e r  

D U K D O S e S .  ,. - - A  

f .  a l l  t r a c k s  a r e  f i n i s h e d  p - l a y i n g ,  d o . a c t i o n s  r e q u i r e d .  
g .  r e a d  N t i m e s  r e q u i r e d  by t h e  MIDI f o r m a t .  

- MIDI SYSTEM MESSAGES h a v e  no  t i m i n g  b y t e  a n d  a r e  
t y p i c a l l y  n o t  s t o r e d  i n  m e m o r y .  When t h e  H O S T  r e c e i v e s  
a n  $FF t h e  n e x t  b y t e  ( o r  b y t e s )  w i l l  b e  t h e  s y s t e m  
m e s s a g e .  ( S e e  s e c t i o n  4 . 3 ) .  

The ' i n t l '  i s  a  l a b e l  f o r  f i x e d  - e n t r y  f r o m  p r o g r a m  A and  p r o g r a m  D 
of  n e x t  s e c t i o n .  

Y4TES: 
M P U  MESSAGE  SF^ (OVERFLOW) s h o u l d  n o t  b e  c o n f u s e d  w i t h  t i m i n g  - 

b y t e s .  I t  i s  n e v e r  u s e d  t o  p r e c e d e  MIDI d a t a .  
2 >  T h e  MPU M A R K  S F 9  ( M E A S U R E  E N D )  i s  e n a b l e d  f r o m  c o m m a n d  $8D a n d  
d i s a b l e d  w i t h  c o m m a n d  $8C. When u s e d ,  t h e y  s h o u l d  b e  s t o r e d  a n d  s e n t  
back l l k e  a n y  MIDI d a t a .  
3 >  I t  i s  a d v i s a b l e  t o  n o t  s e n d  commands  t o  t h e  MPU f r o m  w i t h i n  y o u r  
i n t e r r u p t  r o u t i n e  i t s e l f .  T h e  p o t e n t i a l  f o r  e r r o r s  f r o m  c r o s s e d  A C K s  
and d a t a  i s  s m a l l  b u t  p o s s i b l e .  I f  a n  i n t e r r u p t  s u c h  a s  a CLOCK TO HOST 

m w h i c h  may s i g n a l  a  START R E C O R D  1s r e c e i v e d  i t  m a y  b e  s a f e r  t o  s e t  a  
f l a g ,  r e t u r n  f r o m  t h e  i n t e r r u p t  and t h e n  e x e c u t e  t h e  command.  
4 >  T h i s  r o u t i n e  a s s u m e s  t h a t  d a t a  h a s  b e e n  s t o r e d  i n t o  m e m o r y  l n  a  
' r a w '  f a s h i o n  a s  i t  w a s  g e n e r a t e d  b y  t h e  M P U - 4 0 1 .  I n  f a c t ,  t h e r e  a r e  
numerous  m e t h o d s  f o r  s t o r l n g  a n d  r e c a l l i n g  m u s i c a l  d a t a .  



9 .  PROGRAMMING SUBROUTINES FOR THE MPU-401 
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I n  t h e  e x a m p l e s  t o  f o l l o w :  
d 

DSR = b i t  7 of  MPU s t a t u s  b y t e  ( D a t a  S e t  R e a d y ,  a c t i v e  low ) . 
D R R  = b i t  6 o f  MPU s t a t u s  b y t e  ( Data  R e c e i v e  R e a d y ,  a c t i v e  low ) .  

fi 
T h e  MPU s t a t u s  b y t e  i s  r e a d  f r o m  STATPORT. 

A l l  MPU c o m m a n d s  a r e  s e n t  t o  COMPORT. 

A l l  MPU d a t a  b y t e s  a r e  s e n t  t o  o r  r e a d  f r o m  DATAPORT. 

* * *  IMPORTANT * * *  - 

A f t e r  t h e  r e s e t ,  DATAPORT o f  t h e  ICIPU-401 m u s t  b e  r e a d  t o  c l e a r  t h e  
DSR, b e f o r e  e n a b l i n g  i n t e r r u p t s .  

A .  S e n d i n g  a c o m m a n d  t o  t h e  MPU-401. 
m 

T h i s  r o u t i n e  c a n  b e  u s e d  w h e n  t h e  HOST w a n t s  t o  s e n d  a c o m m a n d  t o  
t h e  MPU-401. 

T o  s e n d  a c o m m a n d :  

1. t e s t  DRR T b i t  6 )  of  STATPORT. 
2 .  i f  b i t  6  = 1, t h e n  g o t o  s t e p  1. 

r 
3 .  d i s a b l e  i n t e r r u p t s .  _ 

4 .  s e n d  command  t o  COMPORT o f  t h e  MPU-401. 
5 .  t e s t  DSR ( b i t  7 )  o f  STATPORT. 
6 .  i f  b i t  7 = 1, t h e n  g o t o  s t e p  5.  
7 .  r e a d  DATAPORT. 

rb 
8 .  i f  d a t a  = a c k n o w l e d g e  ($FE), t h e n  s t e p  9 .  - 

e l s e  n o  a c k n o w l e d g e .  s o :  
a .  c a l l  i n t e r r u p t  s e r v i c e  r o u t i n e .  

- u s i n g  s o f t w a r e  i n t e r r u p t  ( m a c h i n e  d e p e n d e n t ) .  
b .  g o t o  s t e p  5 .  

9 .  e n a b l e  i n t e r r u p t s .  
1 0 .  r e t u r n  t o  c a l l e r .  



6 5 0 2  EXAMPLE 
= = = - - - - - - - - -  - - - - - - - - -  

TEMP 
c o m b f r  d s  
a c k  

1 
e q  u  SEE 

i n t l  e q u  f i x e d  - e n t r y  ; i n  t h e  c n r t i n n  o 

; s e n d  

S n - C m d :  

command t h r u  c o m b f r  

I d a  STATPORT 
a n d  # D R R  
b n e  Sn.Cmd 

s e i  
I d a  c o m b f  r 
s t a  COMPORT 
I d a  STATPORT 
briii S n  .Cmd2 

I d a  DATAPORT 
CmP B a c k  
b n e -  Sn.Cmd3 
c l i  

; g e t  s t a t u s  
; t e s t  b i t 6  
; i f  b i t  6 = 1  t h e n  
; k e e p  t r y i n g  
; m a s k  i n t e r r u p t s  
; g e t  command 
; s e n d  t o  t h e  MPU-401 
; g e t  s t a t u s  
; i f  b i t  7 = 1  t h e n  k e e p  
; c h e c k i n g  
; g e t  d a t a  f r o m  MPU 
; i s  i t  a n  a c k n o w l e d g e ?  
; t a k e  i f  n o t  A C K .  

s t a  
I d a  

t e m p  ; s a v e  a c c u m u l a t o r  
#>Sn .Cmd2 ; r e t u r n  t o  s e n d l . 1  

r t s  

; I f  n o  ACK ( S F E )  i s  r e c e i v e d  we m u s t  g e n e r a t e  a s o f t w a r e  i n t e r r u p t  
; b y  s i m u l a t i n g  t h e  r e s u l t  o f  a n  i n t e r r u p t  o n  t h e  s t a c k  

; w h e n  r e t u r n  f r o m  
; I n t e r r u p t  s e r v i c e  r t n .  

p h a  ; b y  p u s h i n g  a d d r e s s  o f  
I d a  # < S n . C m d 2  ; r e t u r n  o n  s t a c k  
p h a  

t x a  
p h a  
t y a  

I d a  t e m p  
p h a  . 

j mp i n t l  

; p u s h  p r o c e s s o r  s t a t u s  
; w i t h  i n t e r r u p t  d i s a b l e d  

; t h i s  i s  t h e  s a m e  a s  
; i n t e r r u p t  

; a d j u s t  s t a c k  l e v e l  
; j u m p  t o  f i x e d  e n t r y  
; i n t e r r u p t  s e r v i c e  
; r o u t i n e  



. . . . . . . .  . . .  . . . . . .  ..... :I; -. ........... - - - .-..... - -- 
. .- --*::.,-- -.:- -2 '17 . B .  S e n d i n g  d a t a  t o  t h e  MPU-401. 

-- - L -'- &:: :2 .-z--Tc=T~ -- ... :- *-----=:=y.: ...-- - - ---- -- . -..:. ..-.... r- -:.- ..-,  his- p r o g r a m  c a n  b e  u s e d  t o  s e n d  o n e  d a t a  b y t e  w h i c h  is:- 
- . -  

1. following t o  t h e  commands (SE0  - S E E ) .  
. - . . 2 .  t h e  p a r t  o f  d a t a  f o l l o w i n g  t o  t h e  commands ( $ D B  

3 .  t h e  p a r t  o f  a  m e s s a g e  w h i c h  i s  r e q u e s t e d  by M P  
s u c h  a s  'REQUEST NEXT TRACK DATA' o r  ' R F ~ ~ ~ F s T  - - 
DATA ' . 

To s e n d  d a t a :  

1. t e s t  D R R  ( b i t  6 )  o f  STATPORT. 
2 .  i f  b i t  6  = 1, t h e n  r e t u r n  t o  s t e p  1. 
3 .  e l s e  l o a d  t h e  d a t a  b y t e  t o  s e n d .  
4 .  s e n d  i t  t o  DATAPORT. 
5. e x i t  r o u t i n e .  

6 5 0 2  EXAMPLE 
------------ ------------ 

; d a t a  i s  i n  a c c u m u l a t o r  

S n . D t a :  t a x  ; s a v e  
S n . D t a 2 :  I d a  STATPORT ; r e a d  s t a t u s  

a n d  #DRR ; t e s t  b i t  6 
b n e  S n . D t a 2  ; i f  b i t  6 = 1  

; t h e n  n o t  r e a d y  
t x a  ; r e s t o r e  accumul  
s t a  DATAPORT ; s e n d  t o  t h e  MPU 
r t s  ; r e t u r n  t o  c a l l e  

C. R e a d i n g  d a t a  f r o m  t h e  MPU-401. 

T h i s  p r o g r a m  is  u s e d  i n  t h e  p r o g r a m  D a n d  E. 
To r e a d  d a t a :  

1. t e s t  DSR ( b i t  7 )  o f  STATPORT. 
2 .  i f  b i t  7 = 1, t h e n  r e t u r n  t o  s t e p  1. 

e l s e  c o n t i n u e .  
3 .  r e a d  d a t a  f r o m  DATAPORT. 
4 .  e x i t  r o u t i n e .  

6 5 0 2  EXAMPLE 
------------  ------------  

I d a  STATPORT ; r e a d  s t a t u s ,  
; b i t  7 = minus  f  

b m i  R c . D t a  ; i f  m i n u s  f l a g  = 
; t h e n  n o t  r e a d y  

I d a  DATAPORT ; e l s e  g e t  d a t a  
r t s  ; r e t u r n  t o  c a l l s  



D. S e n d i n g  a c o m m a n d  t o  t h e  MPU-401 t h a t  r e t u r n s  a  s i n g l e  b y t e  r e s p o n s e .  

 his p r o g r a m  c a n  o n l y  b e  u s e d  f o r  s e n d i n g  a c o m m a n d  ( $ A 0  - $ A F )  a n d  
r e a d i n g  a b y t e .  
T O  s e n d  t h e  c o m m a n d  a n d  r e a d  t h e  d a t a :  

t e s t  DRR ( b i t  6 )  o f  STATPORT. 
i f  b i t  6  = 1 t h e n  g o t o  s t e p  1. 
d i s a b l e  i n t e r r u p t s .  
s e n d  c o m m a n d  t o  COMPORT o f  t h e  MPU-401. 
t e s t  DSR ( b i t  7 )  o f  STATPORT. 
i f  b i t  7 = 1 t h e n  g o t o  s t e p  5 .  
r e a d  DATAPORT. 
i f  d a t a  = a c k n o w l e d g e  (SFE) t h e n  s t e p  9 .  
e l s e  n o  a c k n o w l e d g e ,  s o :  

a .  c a l l  i n t e r r u p t  s e r v i c e  r o u t i n e  
- u s i n g  s o f t w a r e  i n t e r r u p t  ( m a c h i n e  d e p e n d e n t ) .  

b .  g o t o  s t e p  5 .  
9 .  c a l l  R c . D t a  s u b r o u t i n e .  

1 0 .  e n a b l e  i n t e r r u p t s .  
11. r e t u r n  t o  c a l l e r .  

6 5 0 2  EXAMPLE 

; s e n d  c o m m a n d  t h r u  c o m b f r  - 

Sn.Cmd:  I d a  
a n d  
b n e  

s e i  
I d a  
s t a  

S n . C m d 2 :  I d a  
b m i  

I d a  
cmp 
b n e  
j s r 
c l i  
r t s  

STATPORT 
#DRR 
S n  . Cmd 

c o m b f  r 
COMPORT 
STATPORT 
S n .  Cmd2 

DATAPORT 
+lack 
S n .  Cmd3 
R c . D t a  

; g e t  s t a t u s  
; t e s t  b - i t 6  
; i f  b i t  6 = 1  t h e n  
; k e e p  t r y i n g  
; m a s k  i n t e r r u p t s  
; g e t  c o m m a n d  
; s e n d  t o  t h e  MPU-401 
; g e t  s t a t u s  
; i f  b i t  7 = 1  t h e n  k e e p  
; c h e c k i n g  
; g e t  d a t a  f r o m  MPU 
; i s  i t  a n  a c k n o w l e d g e ?  
; t a k e  i f  n o t  ACK. 
; g e t  i n f o .  

; I f  n o  ACK ($FE) i s  r e c e i v e d  we m u s t  g e n e r a t e  a s o f t w a r e  i n t e r r u p t  
; by s i m u l a t i n g  t h e  r e s u l t  o f  a n  i n t e r r u p t  o n  t h e  s t a c k  

s t a  
I d a  

t e m p  ; s a v e  a c c u m u l a t o r  
# > S n . C m d 2  ; r e t u r n  t o  s e n d l . 1  

; w h e n  r e t u r n  f r o m  
; i n t e r r u p t  s e r v i c e  r t n .  
; b y  p u s h i n g  a d d r e s s  o f  

# < S n  .Cmd2 ; r e t u r n  o n  s t a c k  



txa 
pha 
tya 
pha 
Ida temp 
?ha 

jmp i n t l  

; push processor status 
; with interrupt disabled 

; this is the same as 
; interrupt 

; adjust stack level 
; jump to fixed entry 
; interrupt service 
; routine 



1 0 .  ROM VERSIONS DELTA GUIDE 
----- - - - - -================- - - - - - - - - -  ---------- 

T h e  v e r s i o n  1.5A R O M  r e f l e c t s  n u m e r o u s  i m p r o v e m e n t s  and  
t o  t h e  c o n c e p t  a n d  a r c h i t e c t u r e  o f  t h e  MPU-401. Some c h a n g  
o n  f u n c t i o n  p r o b l e m s ,  a n d  o t h e r s  o n  r e c o n s i d e r a t i o n  o f  p r  
g u i d e  c a n  b e  u s e d  b y  t h o s e  p e o p l e  n e e d i n g  t o  c r e a t e  s o f t w  
u n i t s  d o n e  p r e v i o u s  t o  t h e  v e r s i o n  1.5A r e l e a s e  (5 /31 /85 ) .  

A .  FOR VERSION NUMBERS BELOW 1 .2B  

1. - Can n o t  r e c e i v e  SONG POSITION POINTER o r  SONG SE 
2 .  - No VERSION REQUEST o r  REVISION REQUEST commands. 

B. FOR VERSION 1 . 2 B  A N D  BELOW - 

3 .  - SYSTEM COMMON m e s s a g e s  e i t h e r  r e c e i v e d  f r o m  M I C  
MPU o r  s e n t  b y  t h - e  HOST d u r i n g  p l a y  w o u l d  c a u s e  
t h e  n e x t  M I D I  m e s s a g e  p l a y e d  w a s  R U N N I N G  STATUS. 

4 .  - EXCLUSIVE TO HOST : O N  ( $ 9 7 )  s h o u l d  n o t  b e  u s e d .  

C .  FOR VERSION 1 . 3  

5. - Add ALL NOTES OFF-  : OFF command ( $ 3 0 ) .  ( S e e  s e c t  
6 .  - Add COMMON TO HOST : O N  command ( $ 3 8 )  a n d  R E A L  TI 

: O N  c o m m a n d  ( $ 3 9 ) .  ( S e e  s e c t i o n  5 . 2 ) .  On p r e v i o  
M I D I  SYSTEM COMMON a n d  M I D I  REAL TIME m e s s a g e s  r e c e  
MPU-401 a r e  a l w a y s  s e n t  t o  t h e  H O S T .  

7 .  - I f  a  M I D I  SYSTEM-COMMON m e s s a g e  i s  s e n t  b y  u s i n g  t 
SEND SYSTEM COMMAND (SDF)  a n d  t h e  s a m e  MIDI n 
r e c e i v e d  t o  t h e  MPU a t  t h e  s a m e  t i m e  ( b e c a u s e  o f  MI 
a n  e x t e r n a l  d e v i c e ) ,  t h e  i n c o m i n g  M I D I  m e s s a g  
i g n o r e d .  
- When EXCLUSIVE THRU O N  i s  s e t ,  t h e  MPU c a n  n o t  s e r  
w h i l e  SYSTEM EXCLUSIVE d a t a  i s  p a s s i n g  t o  MIDI OUT. 
b e c a u s e  e a r l y  Y A M A H A  DX-7s s e n d  SF0  $ 4 3  ( n o t  f o l l o w  
a s  a n  ACTIVE SENSING b y t e  t h e  MPU v e r s i o n  1 .3  a n d  
f o r  t h i s  s e q u e n c - e  a n d  w i l l  c o n t i n u e  t o  s e n d  M I D I  d  
M I D I  OUT p o r t  a f t e r  2 0  m s  i f  n o  o t h e r  EXCLUSIV. 
r e c e i v e d .  
- I f  t h e  HOST s e n d s  m o r e  t h a n  s e v e n  c o n s e c u t i v e  M I I  
STATUS b y t e s ,  t h e  MPU w i l l  g e n e r a t e  t h e  STATUS t o  M I  
p r e v e n t  a n y  p o s s i b l e  d e v i c e  e r r o r  b y  t h e  r e c e i v e r .  
- T h e  MPU w i l l  i g n o r - e  S F 7  ( M I D I  E N D  OF EXCLUSIVE) i f  
p a i r e d  w i t h  a n  SF0  ( M I D I  EXCLUSIVE). 
- I f  REAL TIME AFFECTION i s  s e t  O N  ( $ 9 1 )  a n d  COMMON 7 
s e t  ( $ 3 8 )  t h e  MPU w i l l  a u t o m a t i c a l l y  c l e a r  t h e  PLAY 
when i t  r e c e i v e s  a  MIDI SONG POSITION POINTER o r  SONC 
- T h e  s i z e  o f  t h e  MIDI  I N  BUFFER o f  t h e  MPU w h i l e  i n  
( $ 3 F )  i s  e n l a r g e d  t o  a p p r o x i m a t e l y  1 , 7 0 0  b y t e s  f rom 8  
- SET TEMPO (SE0)  a n d  RELATIVE TEMPO ( $ E l )  a r e  i g n o r  
MPU i s  n o t  i n  INTERNAL SYNC MODE. 



14. - When no clock is received from T A P E  I N  in F S K  S Y N C  mode, 
requests T E M P O  should not be used. 

F O R  V E R S I O N  1.4 

1 5 .  - A  correction to timing in M I D I  S Y N C  M O D E  is made. Previous 
versions would ignore one incoming M I D I  C L O C K  ( S F 8 )  if MIDI  
S T A R T  ( $ F A )  was too close to the clock. It was also possible 
in earlier versions to respond slowly to M I D I  S T O P  ( $ P C )  if i t  

. was too close to the clock byte. 
16. - I f  the H O S T  has set E X C L U S I V E  T O  H O S T  : O N  ( $ 9 7 )  but is 

reading the D A T A P O R T  so slowly that the M I D I  I N  B U F F E R  starts 
to overflow, the M P U  will immediately generate an $ F 7  ( E O X ) .  

17. - A  problem that occured only in this version caused all 
F O L L O W I N G  DATA bytes of $ 0 0  to be changed to $ 0 1  for commands 
$ E 0  to $ E F .  

18. - When all tracks are finished playing and the M P U  sends the 
M P U  M E S S A G E  $ F C  ( A L L  E N D )  the H O S T  M U S T  send a stop command to 
the M P U .  (See section 4 . 1 ) .  

F O R  V E R S I O N  1 . 4 A  

19. - In all versions of the M P U ,  the M E T R O N O M E  C O U N T E R  and 
M E A S U R E  C O U N T E R  are saved to special background buffers if the 
M P U  is in M I D I  S Y N C  M O D E .  I f  a M I D I  C O N T I N U E  ($FB) is 
received from M I D I  I N  or the H O S T  sends a M I D I  C O N T I N U E  these 
buffers are recalled so sequencing timing may be continued. 
These buffers are now automatically cleared when the M P U  
receives M I D I  S O N G  P O S I T I O N -  P O I N T E R  ( S F 2 )  or S O N G  S E L E C T  
( $ F 3 ) .  These buffers are also cleared when the H O S T  sends the 

C L E A R  P L A Y  C O U N T E R S  command ( S B 8 ) .  
20. - A  correction is made to T E M P O  R E Q U E S T  ( $ A F )  when the F S K  

R E S O L U T I O N  was set to I N T E R N A L  ($92) and the M P U  was in F S K  
S Y N C  M O D E .  Previous versions returned the internal clock 
tempo. 

F O R  V E R S I O N  1.4B 

21. - A  correction is made for record mode in M I D I  S Y N C  or F S K  
S Y N C  modes. I f  S T A R T  R E C O R D I N G  is sent to the M P U  and no 
clock is received before sending a S T O P  R E C O R D I N G  the M P U  will 
send a D A T A  E N D  M A R K  ( $ F C )  with leading timing byte of $ 0 0  to 
the H O S T .  O n  versions 1.4 and 1.4A the M P U  sent nothing, and 
would send the M A R K  after switching back to I N T E R N A L  S Y N C  
mode. 

F O R  V E R S I O N  1.4 T O  1. 5 

22. - When in I N T E R N A L  S Y N C  M O D E  and R E A L  T I M E  A F F E C T I O N  is set 
O N ,  stand-by recording mode should not be used. 



H. FOR VERSION 1.5 

2 3 .  - MIDI REAL TIME BYTES $FA, $FBI a n d  $FC a r e  o n l y  a l l o w e d  t o  
p a s s  t o  MIDI OUT f r o m  MIDI IN o f  t h e  MPU w h i l e  REAL TINE 
AFFECTION i s  s e t  ON. 

2 4 .  - I f  REAL TIME AFFECTION i s  s e t  OFF, i n c o m i n g  MIDI REAL TIME 
m e s s a g e s  ($FA, $FBI $FC) w i l l  n o t  e f f e c t  t o  SYNC OUT a n d  FSK 
OUT. 

2 5 .  - A c o r r e c t i o n  i s  m a d e  f o r  a  p r o b l e m  t h a t  a f f e c t e d  WANT TO 
SEND DATA ($D@ t o  $D7). I n  p r e v i o u s  v e r s i o n s  t h e  f i r s t  
r e q u e s t  m a d e  a f t e r  STOP RECORDING o r  S T O P  PLAYING w a s  
o c c a s i o n a l l y  i g n o r e d .  

2 6 .  - A c o r r e c t i o n  i s  made t o  a  p r o b l e m  a f f e c t i n g  STOP RECORDING. 
~n p r e v i o u s  v e r s i o n s  i f  STOP RECORDING w a s  s e n t  d i r e c t l y  a t  
t h e  m e a s u r e  e n d ,  t h e  MPU MARK SF9 (HEASURE END) w o u l d  n o t  be 
s e n t .  

- 

I. FOR VERSION 1.5A 

27. - RUNNING STATUS ( f r o m  MPU-401 t b  HOST) 1s c l e a r e d  when START 
RECORDING a n d  STOP RECORDING. On v e r s i o n s  1 . 5  a n d  b e l o w  
RUNNING STATUS i s  c l e a r e d  o n l y  when START RECORDING. 



DELTA GUIDE T A S L E  
- - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  

1 2  1 2  1 1 3 1  i d ~  A 1 1 l j  , 3  
1 4  1 4  

A 8 A A 

1 SPP or SS X rece~ved 

2 Request Ver and Request Rev X 0 

Runnlng status problem aiter SYSTEM 1 COMMON 
X 0 

4 
EXCLUSIVE to HOST-ON do not use problemt~c 0 

16 

5 ALL  NOTES OFF-OFF X 0 

always I 
when COMMON [O t+OST-ON. R T  to 

6 SYSTEM mess ;o HOST HOST-ON 

7 / sarneCOMMON recognlzea Ignored 

8  ZOms, after SFO, $43 wairlng escape waltlng 

9 generate M l D l status X 0 

10 EOX not paired with EXCLUSIVE recognized ignored 
I 

1 1  clear PLAY COUNTER X when received SPP or SS 

12 MIDI IN Suffer ~n UART mode 83 Bytes 1700 Bytes 

SET TEMPO, REL TEMPO 
- 

recogn~zed ignored l 3  when nor In INT. SYNC mode - -  
14 request TEMPO do not use 0 

15 SF8 close to $FA, $FB, SFC problematic OK 

17 MPU corn (SEO to SEF) when data ~n 0 0 
- - 

18 I 
STOP com after ALL  END not necessary mus? send 

background METRO and MEAS COUNTER not cleared clared l9  when clear PC 

20 TEMPO request wnen FSK SYNC mode problemat~c OK 

21 DATA END MARK when no clock 1s corning 0 noth~ng 0 

STAND-BY RECORDING in INT. SYNC, RT 22 aff-ON 
0 do not use 0 

23 , THRU SFA, SFB. $FC only RT 
always arf-ON 

24 MIDI STOP whrle RT aff-OFF 

25 firs: WSD after play problemat~c OK 

25 final MEASURE END MARK not sen1 sen r 

R E C  
27 clear runnlng status to HOST wnen 8EC START S T A R T  {STOP 



Reference Glossary 
- - - - - - - - - - - - - - - - - -  ------------------  

e Acceptable Channel : 36 
While in RECORD mode or DATA IN STOP mode, MIDI messages 
in the acceptable channels received from MIDI IN are 
sent to the HOST. At power up all channels are 

#" acceptable. The MPU commands SEE and SEF with a 
following data byte for each can be used for setting 
each channel acceptable or not. 

ACK : 
Acknowledge. - 

Acknowledge : 13 
An MPU MESSAGE (SFE) sent to the HOST when an MPU 
command has been received and is going to be executed. 

Active Track : 36 
Any track which will send REQUEST TRACK DATA when START 
PLAY is sent. 

After Touch : 
Some keyboards support detection of keyboard pressure 
after keys have been struck. These values are transmit- 
ted by MIDI VOICE messages. (See MIDI message.) 

ALL NOTES OFF : 21 
A MIDI MODE message which can be used to turn OFF all 
notes in the receiver which have been turned ON b y  MIDI 
IN. 

Baud : 
Rate of serial communications. Bits per second. 

Bender : 24 
Lever or wheel on keyboards which changes the pitch of 
any notes being played. These values can be transinitted 
by MIDI VOICE messages. 



Bit : 
A single unit of binary logic. 

BPM : 
Beats per Minute. 

Buffer : 
Temporary storage space for data. 

Byte : 
8 bit number which can indicate values from 0 to 255, or 
$00 - $FF in hexadecimal 

Channel : 
Refering to the MIDI channel scheme. The MIDI protocol 
allows for VOICE and MODE messages to be sent on 16 
discrete channels. 

Channel Message : 
Part of MIDI messages including VOICE and NODE messages. 

Channel Reference Table : 23 
A system inside the MPU for keeping track over all NOTE 
ON and NOTE OFF events to prevknt the possibility of 
notes hanging if the MIDI messages are interrupted. 

Clear PC : 31 
Clear Play Counters. 

Clear RC : 31 
Clear Record Counter. 

CLK : 
Clock. 

Clock : 
This refers to the method which the MPU-401 uses to keep 
track of time between PIIDI events. 

CLOCK TO HOST : 
An MPU MESSAGE ( $ c D )  sent to the HOST at regular 
intervals when enabled. 

- 

CNT : 
Counter. 

Command : 
In this reference manual it is used to mean an MPU 
command that is a command to the MPU from the HOST. 

Common : 
Part of MIDI SYSTEM messages. 
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COMPORT : 7  
M P U - 4 0 1 ' s  p o r t  w h i c h  t h e  HOST c a n  s e n d  MPU c o m m a n d s  t o .  

C o n d u c t o r  : 4 2 
D a t a  s t r u c t u r e  i n  t h e  HOST w h i c h  c o n s i s t s  MPU commands  
w i t h  a  l e a d i n g  t i m i n g  b y t e  t o  c o n t r o l  t h e  MPU-401 i n  
s e q u e n c e .  

C o n t i n u e .  

CONTINUE : 1 6  
A MIDI REAL TIME m e s s a g e  ( S F B ) .  To r e s u m e  r e c o r d i n g  o r  
p l a y i n g .  

C o n t r o l  C h a n g e  : 3 3 
P a r t  o f  M I D I  VOICE m e s s a g e s  w h i c h  s h o w s  m o v e m e n t  i n  
c o n t r o l l e r s  s u c h  a s  m o d u l a t i o n  w h e e l s ,  d a m p e r  p e d a l s  a n d  
S O  o n .  

Da ta  : 
1. D a t a  b y t e .  ( b i t  7  = 0 )  C o n t e n t  o f  a M I D I  m e s s a g e  

w h i c h  i s  d e f i n e d  by a MIDI s t a t u s  b y t e .  
2 .  C o n t e n t  o f  a n  MPU c o m m a n d  w h i c h  i s  d e f i n e d  by t h e  

command. 

D A T A  IN STOP : - 27 
A mode i n  w h i c h  t h e  MPU-401 s e n d s  MIDI VOICE m e s s a g e s  i n  -. 

a c c e p t a b l e  c h a n n e l s  r e c e i v e d  f r o m  MIDI IN t o  t h e  HOST 
( n o r m a l l y  w i t h o u t  l e a d i n g  t i m i n g  b y t e s ) .  

DATAPQRT : 7  
B i - d i r e c t i o n a l  p o r t  o f  t h e  MPU-401 f o r  d a t a  t r a n s f e r .  

D e f a u l t  : 3 9 
T h e  p o w e r - u p  s e t t i n g s  f o r  f u n c t i o n s  o r  v a l u e s  o n  
c o m p u t e r s  a n d  c o m p u t e r  d e v i c e s .  

D R R  * : 7 
D a t a  R e c e i v e  R e a d y  ( a c t i v e  l o w ) .  T h e  HOST c a n  r e a d  t h i s  
s i g n a l  o n  b i t  6 o f  STATPORT. When t h e  D R R  * i s  l o w  t h e  
HOST c a n  s e n d  a  command o r  a  d a t a  b y t e .  

DSR * : 7  
1. D a t a  S e n d  R e a d y  ( a c t i v e  l o w ) .  T h e  HOST c a n  r e a d  

t h i s  s i g n a l  on b i t  7 o f  STATPORT o r  DSR * l i n e .  The  
MPU-401 w a n t s  t o  s e n d  a  b y t e  t o  t h e  HOST w h e n  DSR * 
i s  l o w .  

2 .  L i n e  f o r  DSR * s i g n a l .  

E O X  : 3 4 
MIDI End Of E x c l u s i v e  ( $ F 7 ) .  MIDI p r o t o c o l  b y t e  s e n t  a t  
t h e  e n d  o f  a n  e x c l u s i v e  m e s s a g e .  

6 8 



E x c l u s i v e  : 2 2  
One  o f  MIDI  SYSTEM m e s s a g e s  w h i c h  i s  i n t e n d e d  f o r  
s p e c i f i c  p u r p o s e  s u c h  a s  b u l k  d a t a  t r a n s f e r ,  s e n d i n g  
n o t e  p a r a m e t e r s ,  a c k n o w l e d g e  o f  r e c e i v i n g  b u l k  d a t a  e t c .  
T h i s  m e s s a g e  i n c l u d e s  a n  $ F 0 ,  a n  I D  n u m b e r ,  d a t a  b y t e s  
a n d  e n d  w i t h  a n  E O X .  

E x c l u s i v e  THRU : 2  2 
An MPU-401's -mode i n  w h i c h  t h e  E x c l u s i v e  m e s s a g e s  f r o m  
MIDI i n  a r e  t r a n s m i t t e d  t o  MIDI OUT. 

E x c l u s i v e  t o  HOST : 28 
An MPU-401's mode i n  w h i c h  t h e  E x c l u s i v e  m e s s a g e s  f r o m  
M I D I  I N  a r e  s e n t  t o  t h e  HOST. 

FSK: 
F r e q u e n c y  S h i f t e d  K e y .  A r e l i a b l e  m e t h o d  f o r  
r e p r e s e n t i n g  c l o c k  d a t a  o n  m a g n e t i c  t a p e .  

G r a d u a t i o n  : 
A s m o o t h  c h a n g e  o f  t e m p o .  

H e x a d e c i m a l  : 
M e t h o d  o f  c o u n t i n g  ( b a s e  1 6 )  t y p i c a l l y  u s e d  i n  c o m p u t e r  
p r o g r a m m i n g .  

d e c i m a l  : 0  1 2  3 4  5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
h e x a d e c i m a l  : 0  1 2  3 4  5  6 7 8 9  $A SB $C $D $E 

- - 

d e c i m a l  : 1 6  32 48  64  . 1 2 8  .. 255 2 5 6  
h e x a d e c i m a l  : $ 1 0  $ 2 0  $ 3 0  $ 4 0  .. $ 8 0  0 -  $FF $ 1 0 0  

HOST : 
T h i s  r e f e r s  t o  t h e  c o n t r o l l i n g  d e v i c e  c o n n e c t e d  t o  t h e  
MPU-401. ( i . e .  a  c o m p u t e r ! )  

ID number : 
I d e n t i f i c a t i o n  n u m b e r  b y t e  w h i c h  f o l l o w s  a  s t a t u s  b y t e  
S F 0  t o  s p e c i f y  t h e  e x c l u s i v e  m e s s a g e .  T h i s  n u m b e r  c a n  
o n l y  b e  o b t a i n e d  f r o m  t h e  M I D I  c o m m i t t e e .  T h e  R o l a n d  I D  
number  i s  $ 4 1 .  

INT : 
I n t e r n a l .  

I n t e r n a l  c l o c k  : 
C l o c k  c o n t r o l l e d  by  i n t e r n a l  t i r n e b a s e  a n d  t e m p o  v a l u e  o f  
t h e  MPU c o m m a n d s .  

I n t e r n a l  t i m e b a s e  : 3  2 
T h e  n u m b e r  o f  d i v i s i o n s  o f  t h e  i n t e r n a l  c l o c k  p e r  
q u a r t e r  n o t e  w h i c h  c a n  b e  s e t  b y  M P U  c o m m a n d .  

INT/HOST c l o c k  : 



A command to set the rate of CLOCK TO HOST. 

Input / Output. 

A method of interfacing peripheral devices to computers 
using special I/O instructions in the computers 
instruction set for information transfer. 

4 8 
Time before RECORD begins (usually 1 or 2 measures) 
which allows a musician to hear the metronome and adjust 
to the tempo before actual recording starts. 

~eading timing byte : 9 
~ i m i n g  byte preceding a MIDI message or an MPU MARK. 

LSB : 
Least significant bit (s) . 

ME : 
Measure End. - Measure end : 

Memory mapp-ed : 
A method of interfacing peripheral devices to computers 
which allows the peripherals to be accessed using load- 

C from-memory or store-to-memory operations. 

Message : 
Term which consists one or more bytes for an event, 
defined by MIDI forinat or MPU format. 

Metronoine : 4 1 
The sound reference on the MPU-401 which is audible when 
the METRONOME ON command $83 or $85 is sent. 

MIDI : 
~ u s i c a l  Instrument Digital Interface. 

MIDI bus : 
Hardware of MIDI for transfer. DIN cable, DIN connectors 
and circuitry for transmitter / receiver specified by 

i MIDI protocol. MIDI channel : 
MIDI is capable of sending musical data over 16 
different channels. They are identified by the last 
four bits of the MIDI STATUS BYTE. 



MIDI CLOCK : 
A MIDI REAL TIME ( S F 8 )  message sent over the MIDI bus to 
synchronize other equipment. It is sent at a rate of 24 
divisions per beat. 

MIDI IN : 
DIN female connector to receive MIDI messages. 

MIDI IN TABLE : 26 
Note table which supervises all incoming MIDI note 
events to the MPU. 

MIDI message : 
MIDI format message with which any MIDI information is 
sent with over the MIDI bus. 

MIDI OUT : 
DIN female connector to transmit MIDI messages. 

MIDI status : 
A byte which leads data bytes of a MIDI message to 
indicate the type of MIDI message and its channel 
number. 

MIDI THRU : 
An output on a MIDI device which sends an exact copy of 
the information coming into the device on the- MIDI IN 
input. 

Mode : 
1. MIDI - Refers to whether MIDI receivers are in 1. 

OMNI ON or OFF, and 2. POLY or MONO mode. 
2. MPU-401 - Condition of the MPU-401 such as RECORD, 

PLAY, STOP or UART mode etc. 

MODE MESSAGE : 
Part of MIDI CHANNEL messages. 

- MONO : 
1. One of MIDI MODE messages. 
2. A MIDI receiver mode, in which only one 

channel can be recognized by the receiver 
voice per 

MPU command : 16 
Information sent from the HOST to COMPORT of the 

MPU-401 which controls the operation of the MPU-401. 

MPU MARK : 11 
A message with a leading timing byte created by or 
recognized in the MPU-401. 



.. - 
.. ...--.-I. ..-.... _ _.-. --. - - .  " , _ _ _  ------ MPU message : - -- -- F-.- -- - = - ---zL-=; ;=-- - -==:=- ----- - ---- A message created in the MPU-401 to send a function t _ -_- - .. - -. . the HOST. (Wlthout leadlng tlming byte.) 

. . . . .  . .. MSB : 
~ o s t  significant bit (s) . 

NOTE OFF event : 
A MIDI message indicating a note on the keyboard h a  
been released. 

NOTE ON event : 
A MIDI message indicating a note on the keyboard ha 
been pressed. 

- - OMNI OFF : 
1. One of MIDI MODE messages. 
2. A MIDI recelver mode, in which voice messages i~ 

the receiver's channel are recognized. 

OMNI ON : 
1. One of MIDI MODE messages. 
2. A MIDI recelver mode, in which all voice message5 

in all channels are recognized by the recelver. 

PLAY : 
. . .  . . 1. An MPU mode. . . .  . . . .  . .- . 

. . .  . . . . . . .  
2. Transfer of NIDI VOICE messages from the HOST - t c  

. . . .  

.- 
MIDI bus through the MPU-401. 

Play buffer : 

. -. . . . 
Data storage area in the MPU-401 for next MIDI messa~ge 

.... transmission while PLAY mode. 
. . .  . . . . . . . .  . . . .  . . . . . . . . . . .  . . . .  . . . . . . . .  . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  Play counter : - . . . .  . . . . . . .  

Counter used in PLAY mode for timing REQUEST NEXT TRACK 
DATA cornrnands to the HOST. 

PLAY TABLE : 
Note table which supervises all PLAYING note events 

. . . . . . . . .  .- . - being sent legally. 
..... - 

POLY : 
1. One of MIDI MODE messages. 

- 2. A MIDI receiver mode. In POLY mode, polyphonic note 
events in each channel can be recognized. 

Program : 
Information stored in a computer which controls its 
operation. 

. . .  . . .  . . . .  Program change : 
Part of MIDI VOICE messages which is used to change the 
tone colors or other functions which are programmed in 
the receivers. 



punch-in : 16 
To update recorded music or music data from an 
intermediate point. 

Real time : 
One of MIDI SYSTEM messages used for controlling time 

. functions. 

Record : 16 
1. An MPU mode. 
2. 'Transfer of MIDI messages, which are received from 

MIDI IN, with leading timing bytes to the HOST. 

Record counter : 9 
Counter used in RECORD mode to get timing value for each 
period between MIDI messages. 

Reference table : 
Channel reference table. 

Relative tempo : 34 
An MPU command with following byte which controls the 
internal tempo relatively. 

Request : 
An action taken by a computer peripheral which has 
information to either send to or receive from the HOST. 

RT : 
MIDI Real Time message (s) . 

Running status : 
Current MIDI status which does not need to be sent for 
VOICE and MODE messages. 
If many MIDI VOICE and MODE mFssages of the same type 
and the same channel are sent over the MIDI bus, only 
the first message needs a status byte. With all the 
rest, a 'running status' is assumed. 

Rx : 
Receiver. 

Sequence data : 
A series of MIDI information with timing values stored 
n the HOST'S memory, which comprise a 'song'. 

. - 
Stand-by recording : ~b 

A mode of the MPU-401 which is ready to record, waiting 
for a start command from either the HOST or MIDI IN. 

START : l o  

One of the MIDI REAL TIME messages ($FA) . Start playing 
from the beginning of a song. 



STATPORT : 7 
S he M P U - 4 0 1  p o r t  t h a t  t h e  HOST c a n  r e a d  t h e  M P U - 4 0 1 ' s  
s t a t u s  b y t e  w h i c h  i n c l u d e s  D R R  * a n d  DSR *. 

S t a t u s  : 
1. MIDI s t a t u s  b y t e  ( b i t  7 i s  1) w h i c h  d e f i n e s  t y p e  o f  

t h e  MIDI messacje.  
2.  S i g n a l  s e n t  o u t  t o  STATPORT f o r  t h e  HOST. ( i . e .  D R R  w' * a n d  DSR * )  

STOP : 18  

"F' 
1. A MIDI  R E A L  T I N E  m e s s a g e s  ( S F C ) .  S t o p  p l a y i n g  o r  

r e c o r d i n g  
2 .  A mode t h a t  t h e  MPU-401 i s  n o t  PLAY o r  RECORD mode. 

vi' Sys tem MIDI : 
SYSTEM m e s s a g e  - SYSTEM EXCLUSIVE m e s s a g e s ,  SYSTEM 

C O M M O N  m e s s a g e s  o r  SYSTEM R E A L  TIME m e s s a g e s .  S e e  MIDI 
m e s s a g e .  

Sys tem m e s s a g e  : 
P a r t  o f  MIDI m e s s a g e s .  

Tempo : 3 4 
T h e  s p e e d  o f  t h e  MPU-401 's  i n t e r n a l  o r  e x t e r n a l  c l o c k  
w h i c h  c o n t r o l s  r e c o r d i n g  a n d  p l a y b a c k  o f  m u s i c .  

THRU : - - 
MIDI THRU 

T i m e b a s e  : 
The number  o f  c l o c k  p u l s e s  p e r  b e a t .  

T i m e  s i g n a t u r e  : 
T h e  n u m b e r  o f  b e a t s  p e r  m e a s u r e  o v e r  t h e  t y p e  o f  n o t e  
w h i c h  r e p r e s e n t s  o n e  b e a t .  - 

~ i m i n g  b y t e  : 
The p r e s e n t  v a l u e  o f  t h e  MPU-401 c l o c k  t h a t  a c c o m p a n i e s  
a l l  MIDI m e s s a g e s  o r  MPU m a r k s  t r a n s f e r e d  b e t w e e n  HOST 
a n d  MPU-401. S e e  L e a d i n g  T i m i n g  B y t e .  

Timing v a l u e  : 
T i m i n g  b y t e .  

T r a c k  : 
A d e s i g n a t e d  p a t h  f o r  MIDI m e s s a g e s  i n  t h e  MPU-401 a n d  
t h e  HOST. 

TX : 
~ r a n s m i  t t e r .  



UART : 2 2 
Universal Asynchronous Receiver and Transmitter.   he 
device which makes computer serial communication 
possible. 

voice message : 
Part of MIDI CHANNEL messages. NOTE ON, NOTE OFF, AFTER 
TOUCH, CONTROL C H A N G E S ,  PROGRAM CHANGES and BENDER mes- 
sages. They always belong to one of MIDI channels. 

W S D  : 2 2 

Want to Send Data. An MPU command which tells the M P U - 4 0 1  
to transmit a MIDI message following the command. 

$ : 
Sign of a number described in HEXADECIMAL. 
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Warning 
This equipment has been certified to comply with the limits for a Class B computing device, pursuant to 

Subpart J of Part  15 of FCC Rules. Only Computer certified to comply with the Class B limitJ may be 

attached to this equipment. Operation wirh non-cenifiad computing device i s  likely to rerult in interference 

to radio and TV reception. 

Radio and  Television l nterference 
The equipment described in this manual generates one or more of the following measures: 
and uses radio-frequency energy. I f  i t  i s  not in- 

stalled and used properly, that is, in  strict accord- . - Turn the TV or radio antenna until the inter- 
ance with our instructions. it may cause inter- ference srops. 

ference with radio and telev~sion reception. 
Move the computer or its peripheral devices to 

This equipment has been tested and complies with one side or the other of the TV or radio. 
the l im~ts  for a Class B computing device in accord- 
ance with the specifications in Subpart J, Part 15. * Move the computer or its peripheral devices 
of FCC rules. These rules are designed to provide - iar~her away from the T V  or radio. 
reasonable protection against such inrerference in  
a residential installation. However, there is no Plug the computer or its peripheral devices Into 
guarantee that the interference will not occur in a an outlet that is on a different circuit than the 
parricular installation, especially if you use a "rabbit TV or radio. (That is, make certain the com- 
ear" television antenna. ( A  "rabbit ear" antenna is puter or its peripheral devices and the radio or 
the teiescoping-rod type usually contained on TV televisionset are on circuits controlled by differ- 

receivers.) ent circuit breakers or fuses.) 

You can determine whether your computer is 
causing interference by turning i t  off. I f  the inter- 
ference stops, i t  was probably caused by the com- 
puter or its peripheral devices. To furrher isolate 
the problem: 

Disconnect the peripheral devices and their 
inpur/outpur cables one at a time. I f  the inter- 
ference stops. i t  is caused by either the peripher- 
al device or its I/O cable. These devices usually 
require shielded 110 cables. For Roland pe- 
ripheral devices, you can obrain the proper 
shielded cable from your dealer. 

I f  your computer or its peripheral devices does 
cause interference to radio or television reception, 
you can try to correct the interierence by using 

Consider ins;alling a rooftop telev~sion antenna 

with coaxial cable lead-in between the anrenna 
a n d  TV. 

I f  necessary, you should consult your dealer or an 
experienced radioltelevision rechnician for addi- - 
tional suggestions. You may find helpful the follow- 
ing booklet, prepared by the Federal Communi- 
cations Cornm~ssion.: 

"How to  Identify and Resolve Radio-TV Inter- 
ference Problems" 

This booklet is available from the U.S. Government 
Prinring Office. Washington. DC 20402, stock 
number 004-00G00345-4. - 

H,nmnt w r d  wun#tnsgl, d.0 d.r/dbe/d.r 
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Apart from the function as an interpreter. 

the b1PU-401 features the following 

functions. 

a. MlDl Clock Ou tpu t  
The MPU-401 sends out MlDl clock for 

synchron~zat~on w ~ t h  a rhyfhm mach~ne 

through the MlDl OUT Connector 

b. SYNC Signal  Ou tpu t  (SYNC 24) 
The MPU-401 also ssnds the signal 

(SYNC24) which synchronizes w ~ t h  the 

above bl lDl Clock, enabllng the device 

with DIN SYNC connector to synchronize. 

c. Tape Sync Funct ion 
For mult~track record~ng, the TAPE IN 

and OUT Connectors can be used to 

synchron~ze the first recorded sound 

wlth the later recorded one. 
- 

d. Me t ronome  Funct ion 

Metronome sound can be obtained in 

the tempo and time set v ~ t h  the computer 

Thls IS  exTremely useful for recording 

the music played on the keyboard iniO 

the computer If you find the metronome 

sound too small, connect a monitor 

ampilfler to the Metronome Out Jack 

NOTE 
The functioKof the ILIPU-401 available 

differs depending on the software used. 

Please read the instructions of each 

software. Also, for technical detalls of 

the MPU-401, read the Technical Refer- 

ence Manual. 

....-- 
. (. 

Speci f icat ions 

INPUT TERMINAL: POWER CONSUMPTION: DC 5V. 150mA 

MIDI IN ................................... 1 DlMlENSIONS: 

MIDI OUT ............................... 2 188(W) x 38(H) x 1 15(D) mm 

SYNC OUT .............................. 1 7% (W) x 1 'h (H) x 4% (D) in 

TAPE IN .................................. 1 WEIGHT: 650g!l Ib 702 

................................... TAPE OUT 1 

METRONOME OUT ..................... 1 

... COMPUTER BUS CONNECTOR 1 



II Discription (Fig. 1) 

COMPUTER BUS CONNECTOR 

A 
TO COMPUTER 

m m C Y ; I I Y M U h C T  
--LmsW-&m 

SYNC TAPE METRONOME 
I 

IU 
- 

OUT 
I 

OUT IN OUT OUT 
A V A T .I 

r, 

V, 

I 
METRONOME 

SYNC OUT TAPE OUT OUT 
I MIDI IN MIDI OUT TAPE IN I 

MlDl and MPU-401 

There are varlous ways of produc~ng 

music by using computers For example. 

a computer may play music data with its 

own sound source, and a robot may play 

the keyboard Instead of a man. The most 

common method of creating computer 

music, however. is playlng the electronic 

musrcal instruments featurivg MlDl by a 

host computer MlDl (tvlus~cal Insrru- 

ments Digrtal Interface) is an International 

standard for d~gltally communlcatlng 

muslcal ~nformation (e g. pressing keys, 

using bender, etc ) 

MlDl Processing Unit MPU-401 is an 

interface for a computer and MlDl 

instruments (sound source). The s~gnals 

used by computers and MlDl devices are 

both digital but totally different languages 

like English and Japanese. The MPU-401 

is a micro computer that works as an 

interpreter of a computer and b1IDI sound 

modules, allowing the host computer to 

concentrate specifically on the music. 



One more thing you need IS the Inter- 

face Kit and Software 

Depend~ng on :re Interface Kit and 

Software used, you can enloy a different 

k ~ n d  of computer music 

The aooroprlate blPU Interface Kit 

and Sofhvare differs aepend~ng on tce 

computsr you have Fig 2 snows me 

system setup of the MPU-401. MPLi 

Interface Kit and Software, computer 

and MIDI sound modules 

L 

B S e t  up Example (Fig. 2) 

- SYNC signal 

CJmoC3 
0 

MPU INTERFACE KIT 
- 

MU LTl 
TRACK 
RECORDER 

,c-.s. ~ R d . % d  
LC.-- -- 

- <.- .- ...- - . >' ". - A. r. . . . .  

< 

OUT IN THRU 

JUNO-106 

MIDI Keyboard MIDI Keyboard 
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