-1 - 2237435 MELODY- GENERATI NG M CROCOMPUTER The

pr esent invention rel.ates to a ni croconputer 5 having a nel ody generating
function and nore particularly to its nmelody play control. In known

m croconput ers having a nel od§igenerating function, a nelody generator

mainly conprises only an i nt erval gener*atl ng unit and its 0052237#
effected in 10 - accordance with a contr program for nel ody @5

pur poses. This program is stored in a nenory storing progranms for

controlling the mcroconputer. Thus, the known m croconputer of this

type has the followng p .15 1& Since the generation of nel odies

requires a great deal BATANE, Mﬂﬁ@%&ﬁ%&:ont rol s including
Irtse

t he cmﬁ_,rol of the m cr.oconputer ' qu . ry havi ng such | arge
capacity as to store a great deal of 20 prograns. This leads to an
increase in the thst pfeséatsysheent(idn Dufe hgtéde (0 ayd Ngnidfracompuads it
Is difficult to performany other control and thus it 1is inpossible to 25
pronpt| ys r espuingt 8 medodynerea { g efusctdbhny apkd trioeresy steamicullardiyher
words, a long nelody cannot be played. - 2-
to its melody play control.
In known microcomputers having a melody generating
furiction, a melody generator mainly comprises only an
b’ ' interval generating unit and its control is effécted in‘
10 accordance with a control program for melody generating
purposes. This program is stored in a memory storing
programs for ‘controlling the microcomputer. Thus, the
known microcomputer -~ of this +type has the following
problems.
15
{1) Since the generation of melodies requires a great
deal of control programs, the desired controls including
‘the control of the microcomputer itself requires a memory
having such large capacity as to store a great deal of
20 prograﬁns. This leads to an increase in the cost of the
system.
(2) During the piaying of a melody, it is difficult to
perform any other control and thus it is impossible to

25 promptly respond to a command applied externally of the

system. 1In 6ther. words; a long melody cannot 'be played.



The present invention has been made with a view to overcom ng the foregoing
deficiencies in the prior art and it is an object of the present invention
to provide a 5 m croconputer which is inexpensive and capabl e of pronptly
responding to any external command even during the playing of a

mel ody. In accordance wth one aspgct. of the present invention,
there is thus provi ded a mcroconputer 10 including a CPU for
processi ng various data, a nelody generator for generating a nel ody signal
and a data bus for transferring data which are to be inputted and outputted

fromthe CPU. THie pRlednyensvéheiohnNtdylebednMihadly U3ld "@MYHYWlSeofor
storing nelody data including at |east scale data, note duration data and

end dat a duehamiing ©ohet ferpyedeancdeffidivheisk oinathel pdigy awed, amd —~
interval generating unit for generating an interval signal in accordansd

wi th the iscalie data objadie e otye dgimgsen notimwurtatomon tgenpratvidg 28 unit
for generating a note duration signal in accordance with the note duration
data §n nimronanpiytemt uhighd ign iaddmessi ke uand Cepabdeciofi mrawpthyti al
address signal fromthe CPU to supply it as a reading address of the nel ody
dat a nenBlSERANAING outPut BPNg S FTfrlesseampandsyereadi fipning i nthe al
address signal as address signals of the nelody data nenory at the timng
of corred@v¥ding of a melody. : '

In accordance with one aspect of the present
invention, there is thus provided a microcomputef
10 including a CPU for process'ing various data, a melody
genefator for generating a melody signal and a data bus
for transferring data which are to be inpufted and
outputted from the CPU.
The melody generator includes a melody:  data memory
15 for sforing melody data including at least scale data,
note duration data and end data indicative_of the presence
of the end of a melody played, an interval generating unit
for generating an interval signal in accordance with the
scale data in the melody data, a note duration generating o’
20 unit for generating a note duration signal in accordance |
with the note duration data in the melody data, and an
addressing unit for receiving an initiai address signal -
from the CPU to supply it as a reading address of the
melody data memory and for outputting the addresses
25 succeedir;g the initial address signal as address signals-

of the melody data memory at the timing of corresponding



-3- 1 note duration signals. Initially, nmelody data is read fromthe

nmel ody data nmenory in accordance with the initial address signal fromthe
CPU so that the interval generating unit generates an 5 interval signal in
accordance with the scale data:in the nelody data thereby performng a

pl ayi ng operation. Also, in accordance with The note duration data in the
nel ody data n uratiagﬁﬁinerating unit generates a note duration

th t
signal séd thﬁP%Fn%E%@%Pﬁﬁhég' the note 10 duration signal the
dd [ it i vel di h | od
Gata from'the mel B3 aaRAMerbr soahd FHE | FERTRY GEraP Aty TH OGRERR es
i nt | si s ] th | e ' . dat
ead Kber b PAPF 8o it tace Wi b "apRC AR adutos TELGRKL "By
generator inghddepy 44 AL ik tﬂméﬁéﬁ’%@h@%@t& gﬁ%ﬁ@%éﬁ%{-é%s an

end of mel ody signal generating unit - generati ng end o ody si gnal

i n accor dancenebibatnd i f IAMdRS MR (3t MBI ¥ca08 A41A Cin the

duration™ signal from the note duration generation 20 wunit, an

i nterrupt gemelaliyndatei thdérubpppeyFogmangerd Piayiid Wpsraeioapt ahgaal
to the CPU in response to the end of nelody signal, and a control unit for

recei ving from tderdaRlamie | @dzh athel editecodtirakishgridta f o cxrraramdisgyt he

start or stop of playing by the nelody generator and 25 for receiving the

end of nel odgtsi giled nbhéeebjusabionngearnerapiorat umd tof géheraness & onotag

the el ody generqt or in ] .

3 : uration signal so that in accordance with the note
~ 10 duration signal the addressing unit updates the address
thus. successively reading the melody data from the melody
data memory and the interval generating unit genérates an
interval signal in accordance with the scale data in the
melody data read, thereby effect;ng the playing aperatibn.

15. Also, the melody generator includes, in addition to
the above-mentioned consfruction, an end of melody éignal
generating unit for generating an end of melody signal in
accordance with end data from fhe melody data memory and a

K,/ . note duration signal from the note duration generation
20 -unit, an. interrupt generating unit for applying_an_énd of

melody interrupt signal to the CPU in response to the ena
of melody signal, and a control unit fdr receiving from
the CPU at least a melody control signal .for commanding
the start or stop of playing by the melody generator and

25 for receiving the end of melody signal thereby starting

the operation of. the units forming the melody generator in



-4- response to the application of a start of play conmmand signal and
stopping the operation of these wunits I n response to the application
of a stop of play command signal and the end of nelody sighal. 5 The
end of mel ody signal generating unit generates an end of nelody signal in
accordance with the end data fromthe nglody data nenory and the note
duration signal fromthe note duration generating unit, and the interrupt

gener gt i ngedpbhseends athendppfl ideladn | BEerd Ugltashdnet Play OcbhifiakBU in
response to the application of the end of.nelody signal. The control
unit stargsghhe opedat sapppfinighe thei t spehrartiiong blife mhkedy gasesat Ohini n
response to the application of a start of play command signal fromthe CPU
and st opsrebpoager atoontlné tdmskiaatiion i wfr espossept ®ft hpldy apphaodt i-qn
of a stop of play command signal and the end of nelody signal. Al so, “he
addr essi ngignailt andhdhedend ofh meddtessigradster into which an initial
address signal is set fromthe CPU and_an address counter into which the
initid 20 addFess engrf 1elady sigaajgr ganeraling Wwrih genevanesdanp (or
counted down) each tine a _ signal according to a note duration signal is
appl i ed. €nfhe°f Meiedy %\bl%i?%%slgi gREPTAPDGS el tdpUhe ead dAten&rafdr ess

regi ster gg the.injtial address sia al in the address. register set as a
e

25 preset €y aMfd9FY (IR AMPBEEY ¢ 5 RS & %ﬁﬁﬁﬁ??nﬁlﬂnall%rom

the note duration .generating unit, and the interrupt
generating unit sénds an end of melody interrupt signal
10 to the CPU in response to the application of the end of
melody signal. The control unit starts the operation of
the units forming'the melody generator in response to the
application of a start of play command signal from the CPU
and stops the operation of these units in response to~the-
15 application of a stop of play command signal and the end.
of melody signal.
Also, the 'addressing unit includes an address -
register into which an initial address signal is set from
the CPU and an address counter linto which the ‘initial \J
20 address signal is set as a preset value which is counted
up (or counted down) each time a signal according to a
note duration signal is applied. The initial address
.signal from the CPU is set in the address register and the
initial address signal in the address register is set as a
25 preset .value in the address counter whereby each time a

signal according to a note duration signal is applied the



signal according to a note duration signal is applied the -5- 1 preset
value 1is counted up (or counted down) to update the readi ng address of
the mel ody data nenory. On the other hand, the control unit includes a
mel ody control register for receiving and storing at.least a 5 nelody
control signal for commandi ng:the start or Sstop of playlng by the nel ody
generator and an on/off control circuit for receiving an end of nelody
si gnal toist RTCERE Y¥PA&t i oS oFoUREEdni WP f 6PHI FPWHEtedeun) gditerupdaten
response to the application of a start of pl command 10 signal and to
stop the oper’dt® off@fingieaddressi pfy é§ﬁoﬁ'§é°§é dat@opeFori-ay command
signal and the end of nelog I.gna The nmel ody contraql regjster receives
for stqiage a nel df EBRt PSRBT (j\%&id'f th%o'?ﬁﬁm?igthé dpgdu & Jpebeay
pl ayi ng~by the nel ody generator fromthe CPU and the 15. on/off ontrol
circuit start®rHe g e‘gerﬁ’i%ifFrbf e R FSI ﬁ‘é’dt BAET NG ofY ﬁﬁﬁéra?or
in response |cat|o o] C d_si a
éﬁq%% g?n?EBH EOQ_EE% P P épé QPQHP 5@

stops theSopél 8 Ui n response e applTcatrof o sto

of play COW sen%g the n}]eld% gen@@ﬁ[ﬂo%n Apger Fal{ptoﬁ/g@gﬂ ééntrol

appl i ed, ress regi ster

si gnal COUGWW:{‘Q £Q hf’eé&ﬁ&'iﬁﬁ %ﬂﬁrsﬁa Ofo 8 Hé!ﬂbé{(' tsvldﬁapr%%etstart
mel odi es. this occurs e. plurality of

the operation of the units forming the melody generator

. in response to the application of a start of play command

~ 10- signal and to stop the operation of the units in response

to a stop of play command signal and the end of melody

signal.” The melody control register receives for storage

a melody control signal for commanding the start or stop

of playvying by the melody generator from £he CPU, and the

15 on/off control circuit starts the operation of the units
forming the melody generator in response to the
.application of a start of play command signal and stops
the operation of the units in respénse to the application

W, . of a stbp of play command signal.

20 Also, when an interrupt signal is applied,_the CPU
sends to the address registef an address signal
corresponding to lthe leading address of a plurality of
preset melodies. When this occurs, the. plurality of
melodies are played successively.

25 . . It is .to be noted . that with the microcomputer

according to the present .invention, the CPU, the data bus



mel odi es are played successively. 25 It is to be noted that
wth the mcroconputer * according to the present invention, the CPU, the
dat a bus - 6-1 and all of the above-nentioned units of t he

mel ody generator are forned on one chip. Al so, ei ther one or both of
the nel ody control register and the_address storage register may be forned
5 as storages arranged within the san® address space as the nenories

controII by, U, Al so re reQi. y ucted
to ifcl ugedar?ghF g;t z)trllége ?80%% ggqﬁl%zlfeg t%?/’ 0 adgggssggef or ?ﬁ mel ody

data.rmﬁggﬂérgggfeépgngbpgeﬁoohh n@’ d&figd n 10 which nelodies are to be

pl ayed, “are stored ress reglster' whereby each tine an

end of nelodyjsbgnaleitseaPiined tdie wyrrespandichg afdisay acsRt bRy A0
the order is set as a preset value in the address counter. \4 n

this casgegeetért i ath€nddadredsl osyosagalrethistier Agpl | & tdemed
corresponding address according to the order is set as a preset value

in the aasresoragunt errafigesl wittin ethetbamepl widdindss spdce nws odhes are
pl ayed successively in sequence, during the interval the CPU is not.
requi r ednemor eei gyentheldddr bysabei #P8orrespondence to 20 the nmelodies to

be played and the burden of the CPU is reduced.
‘Also, the address register may be . constructed to

include an FIFO storage so that a plurality of addresses
for the melody data memory, corresponding to.fhe order in
10 which melodies are - to be plaved, are stored in the
address register whereby each time an end of melody
signal is applied the corrgsponding address accérding to
the order is set as a ﬁreset value in the address
counter. ' In  this case, each-time an end of melody signal
15 is applied the corresponding address according to the
order is set as a preset value in the address counter.
" Thus, while the ©plurality of melodies are . plaved
- successively in sequence, during the interval the CPU is
not required to receive the addresses in correspondence to o/
20 the melodies to be plaved and the burden of the CPU is
reduced.

Further, the microcompufer according.to the present
invention ' includes a data selector for .receiving the
melody data from the melody data memory and the melody

25 data froﬁ the data bus so as to select and output one or

the other of the two data in accordance with a command



Further, the mcroconputer according to the present invention includes a
data selector for receiving the nelody data fromthe nel ody data nmenory
and the nelody 25 data fromthe data bus so as to sel ect and out put one
or the other of the two data in accordance with a conmand -7- 1 from
the CPU, and a tenporary “storage devwice for receiving the mel ody
data fromthe data selector to tenporarily store the data whereby scal e

data is applfesmto kihe SwPE, geannat i té@hpoRldyNOlsd dHigd | Cdedféd | $ob
applied to the note duration generating unit. The data sel ector receives
t he nel ody deéceivoHnyt hensel adyodyt a derer Eroml titee nediady daéae&tom t be
data so as to select and output one or the other of the two is
responsg;t o tenponanillfr Ghare €AY, deth t kberebyorsuagldOdasnorigeapptiede
applies scale data to the interval generating unit and note
duration data the shelenogendvaiingn yeher &ndgnatet durations dedy fhe
mel ody data from the nel ody data menory and the nelody data fromthe data
bus cans beappiiedztd thgi naseyduretipn gemenaging Hends. nel odi es havi ng
a high degree of freedom The_above and of her objects as well as

advant ageous featTR@s dgfta t BRIPRVEAL iTRFN YIS bEEBNPRYY cradp ixam t hae

foll oW ng desPiptigha LakShy 'dha CANLURSILED oMbl eoldhe A0S OIPAIYN%as
to select and output one or the other of- the two is
\,/ response to a command from the CPU, and the temporary
10 storage device applies scale data  to the interval .
generating unit and note duration data to the note
duration generating unit. In this way, the melédy-data
from the melody data memory and the melody data from the
‘data bus can 'be utilized suitably so as 'to play the
15 melodies having a high degree of freedom.

'The above and other objects as well as  advantageous
features of the invention will become more clear from the
following description taken in conjunction with the

N\ ‘accompanving drawings.
20 Reference will now be made, by way of example, to the
accompanying drawings, in which:

Fig. 1 is a block diagram showiﬁg the ‘hardware
construction of a microcomputer according to.an embodiment

of the present invention.

25 " Fig. 2-is a block diagram show1ng details of the

melody generator of Fig. 1.



20 Ref erence w Il now be nade, by way of exanple, to the
acconpanying drawi ngs, in which: Fig. 1 is a block diagram show ng
the hardware construction of a m croconputer according to an enbodi nent of
t he present invention. 25 Fig. 2 is a block diagram show ng
details of the nelody generator of f{ig. 1. -8- 1 Fig. .3 is a
schemati c di agram showing a format of nelody data. Fig. 4 is a block

di Ea{gram-showirgﬂ tBe £oN r dehienBtat tHLagOEM’ Bhdiddli & Pormat offigs. 5
an 6 are respectively a flow chart and timng chart show ng the
oper at m@lddy alsstangl e- nel ody play node. Figs. .7 and 8 are respectively
a flowchart and tinming chart showi ng the operation in a continuous play
10 node. FiRjg. 49 aadal®laok rdiswpesn vehgwangf tbe cohstiruartd dan mhg 2ﬁ§rt
showi ng the operation in a forced play node. Fig. 11 is a block Y

di agr arhheslegamitrpl apirewetpl ary construction of the address register. 15
Fig. 12 is a bl ock diagram showi ng anot her enbodi nent of the nel od
gererator. Figs4 iS5 &9 o8k a8F8gr BAFBAGHRANG¥he2haf HWr chart  anc

timing chart showing the operation in a single-melody play
mode.
Figs. 71 and 8 are respectively a flow chart and

timing chart showing the operation in a continuous play

10 mode. -/
Figs. 9 and 10 are_respectively a flow chart and
‘timing chart showing the operation in a forced_play'mode._ -
Fig. 11 is a block diagram showing .an exemplary
cénstruction of the address register. |
15 Fig. 12 is a block diagram showing another embodiment
of the melody generator.
Fig. 1 is‘ a block diagram showing the hardware \

20 construction of a microcomputer according to aq_embodiment
of the present invention. A microcomputer 10 includes a
CPU 12, an RQM‘_14, an oscillator circuif 16, a system
reset control ‘circuit 18, an RAM 20, a melody generator
22, an interrupt generator 24, an I/0 port 26, an O port
25 28, a déta--bus 30, an address bus 32, an dinterrupt

control line 34 and a selective control line 36. It is to



20 construction of a m croconputer according to an enbodi nent of the
present invention. A mcroconputer 10 includes a CPU 12, an ROM 14, an
oscillator circuit 16, a systemreset control circuit 18, an RAM 20, a

mel ody generator 22, an interrupt generator 24, an I/O port 26, an O port
25 28, a data bus 30, “an- address gbus 32, -an interrupt control
line 34 and a selective control line 36. It is to -9- 1 be noted that

the mofoceeputestedd tHIY UdRe Otii¥rSEUWSUtELi 0AD. €ifc1udsD dIdMRSS,

clock tinmer, stopwatch tiner and analog conparators and ‘their
expl anat i oncons taidtiethssi neegt heyLt®y @ricredis eCE1BERT i in&R, t R dpwesdH 5
invention. Fig. 2 is a block diagramshowi ng details of the nel ody

gener atoy 22imer Aafid odpadddy ecompeorgers egirgl erthEir Explgimafion is
referre to as an address register) stores.a starting address of the
mel odi es soovigded ipinca( theyl digve dava dimsmt ybedadbng (drer theafprersent
referred to as a nmelody ROM. |In other words, the starting address of

t he nmel &di esVe@NHAA-en or read in accordance with a command fromthe CPU
12 through the data bus 30. A nelody address counter 104 _(hereinafter
referred to 15 &d%n 4ddt®s< cbdRcEr ) dipgrame ofhPEingordekai §fat?hg e
addr ess of thg | ody ROM 106 througgetggla dreag bus 105 and it has a
function ofSt8TNt i FTPEEAFREs 24 nere cdy address storage register

102 (hereinafter referred to as an address register)
Kb/ stores a starting address of the melodies stored .in a
10 melody data memofy 106 (hereinafter referred to as a
melody ROM). In other words, the starting address of the
melodies is written or read in accordance with a.command
from the CPU 12 through the data bus 30.

A melody address counter 104 (hereinafter referred to
15 as an address counter) is '‘a counter for designating an
address of the melody ROM 106 through the address bus 105
and it has é funcfion of counting address incremental
signals 117 to advance the address of the melody ROM 106
N by one address in response to each counting. Also, the
20 melody starting address set in the address register 102 is
written into the address counter 104 through a melody
address bus 103 as occasion demands. Where the melody ROM
106 is a memory of the type so that the .form. of .data
"written into each address contains the address to  be

25 executed.next; the address counter 104 is not necessary.

“0f the melody information to be generated, at least



.signals 117 to advance the address of the nel ody ROM 106 by one address in
response to each counting. Also, the 20 nelody starting address set in
the address register 102 is witten into the address count’er 104 through a
mel ody address bus 103 as occasi on demands. Were the nelody ROM 106 is a
menory of the type so that the form f§ data witten into each address
contains the address to be 25 execut ed next, the address counter 104 is

not negessgy - s&did henaeéoarb%%n%aow@ de x&@ma?t ¢dfodhake8at are - 10
- the scale, note duration and end of mel ody infor lon are stored in the

mel ody ROMd&éed Fixg the e Pod¢ ROMt 106 di agr am showi ng the data format of
one note stored in the nelody ROM 106. As shown in the 5 Figure, the data
format i ncludesFind 3latia, a schewalt igddiegs adntshowirg etuerdatanfdamata@
attack dat a. The note duration data is delivered to a note duration ¥ata

bus 115 amngff t¢me suate stdredsidatthe medodw RO 106 a shal shdwnaibushé21. 10

When an address increnental signal 117 is received froma note duration
generagi nFtgyneii t e afete t forawd ddneludss t rndre| dayarovirgervasd been
recei ved, an end of nelody signal ‘generating circuit 108 generates an end

of nel ody addyRss 168ten tﬁ@tﬁssﬁ}h‘ﬁﬁ‘?’tﬂpt Hata hangl Bt Fechl detatheThe

Correspondrlmntge M2 ra¥1haS a?tean 1s rgoelle:fx?edrea&d the SIn le duration data
bus 115 and the scale address data is delivered to a scale
data bus 121. : . -

10" When an address incremental signal 117 is received
from a note duration generating circuit 116 after the end
data from the melody ROM 106 has been received, -an_end of
melod-v signal generating circuit 108 generates an end of
melody signal 109 on the assumption that the playing of

15 the corresponding melody has been completed and the signal
109 is supplied to a control circuit 110 and a melody

interrupt generating circuit 118.

Fig. 4 is a block diagram showing the construction of

the control circuit 110. The control circuit 110 includes oo/

‘" 20 @ melody control register 140 for storing various data,
'e.g., melody start and stop information and an on/off
control circuit 142 which is subjected to on/off control -
in response to an end of melody signal and "1" or "O"
data of MELC register of the melody central register 140.

25 The melody control register 140 is connected to the data

bus 30 and its writing and reading are controlled by

-



109 is supplied to a control circuit 110 and a nelody interrupt generating
circuit 118. Fig. 4 is a' block diagram show ng the construction of the
control circuit 110. The control circuit 110 includes 20 a nelody control
regi ster 140 for storing various data, e.g., nelody start and stop

i nformation and an on/off coitaiol circui4 142~ whick is subjected to on/off
control |n response to an end of nelody signal and "1" or "0" data of MNELC
register t heonidrdly ofrun altheegiCGREr 1210, 2fhe Thautmittdyfomnt raxd - MELC
register 1 0 is connected to the data bus 30 and its witing and reading
are control | ecrdgister oflithe - medadundwnirain regdstepy 149, is Brrliead put

from an MELC register of the nelody control register 140 |s lied,
al ong (it h an akrng ofitkel ayesdgnaf, m?éoflﬁeséﬁ f dontthe ffi tcopgrol
which in turn generates an on control signal or off control signal

Also, a tenpdisitl 142 giRichs ’gbnE\“é‘PegeF’teSﬁlt&sTlﬁﬁD PByICORETOdn $3FRAMN ng
speed control signals are generated fro CLKCO.regi ster an
register. & fraquehfy ‘EF?‘W%FH’ &ieegi 1&%?%@ vEem Sﬂe SRl Tégngiee’tf

trol |s f t 110 and th k | s applj ed
Chrough a gat Senexared 15558 (TR | Eb3taR. e TaKLgS ) SBRRD: crrtap!

accordance w th, Ihe P YL GG RS Y %Ko aiasa%%xgeg&&ay Ytxe1

register.
A frequency divider circuit 112 receives the playing-
10 Speed control signals from the control circuit 110 and
the clock signals applied through a gate circuit 120 and
the clock Signal frequency is divided in accordﬁnce with
the playing speed control signals, thereby generating
" frequency divided signals. It is to be noted . that. an
15 on/off contfol;signal is applied as a gate control signal
to the gate circuit 120 from the control circuit 110 so
that when the gate control signal is off, no clock
signals are supplied to the frequency divider circuit 112

N\ and thus no playing is effected.

'220 : A tempo generating circuit 114 receives the frequency
divided output from the frequeﬁ&y divider circuit 112 and
the tempo contrél signal from the control circuit 110 so

" that clock signals of the frequency corresponding to the
tempo control signal are generated and applied to the note
25 duration generating circuit 116.

‘The note duration generating circuit 116 receives the



frequency divided signals. It is to be noted that an 15 on/off control -
signal is applied as a gate control signal to the gate circuit 120 fromthe

control circuit 110 so that when the gate control signal ™ is off, no
clock signals are supplied to the frequency divider circuit 112 and thus no
playing is effected. 20 A tenpo_generating circuit 114 receives the

frequency divided output fromthe frequency divider circuit 112 and the

tenpo cifO! aaie@Nat rdh OThbN G S §8La i baVIdath Opag t:p%_gbackcl%cq@a' s of

t he }requency corresponding to the tenpo control signal are generated and

appl i ed d GyAdIes N9b €agStoUybRELabe ACNRHRE! AArakicH ﬁi%lag-l .The note duration
generating circuit 116 receives the - 12 - note dafa fromthe note

dur ati onrflabe8nbys whkRAN e 4d10CkifEIRALS SinalSih e PR % rd sl iy azgn

signal. In other words, each tinme the'time interval corresponding to

not e datwo exipér A6 taN dadd XPp iy efftriddrssgnahcidehtal s sapplailed 1o t he
address counter 104 and the end of nelody signal generating circuit 108.
The got eiduappldredener athag adidresist ddtnteppriGLs and eshbt abh@ GoaINt er

whi ch receives as a set signal the note duration data fromthe note

dur at i omelebdy bes ght8 whenetyting codmecsiidp B8 h 1The tnote a dulrecid an gnal

Is applied fromthe tenpo generating circuit 114 and an address

i ncrenergenersayhag 1air¢wit 116 comprises a  presettable counter

which receives as a.set signal the note duration data from
the note duration data bus 115 whereby it counts up each
10 time a clock signal is appliéd from the tempo generating
- circuit 114 and an address incremental signal 117 is
generated upon reaching the preset value.
After it has been detected that the end data of the
‘melody data is set to "1", the end ' of melody signal
15 generating circuit 108 applies the previous mentioned end
of melody signal 109 to a melody. interrupt generating
circuit 118 and the control circuit_llo at the -timing of
the application of an address incremental signal 117. The
melody interrupt generating circuit 118 receives the end \o/
20 ~of melody signal 109 generated from the end of melody
signal generating circuit 108 at the end of each melody to
thereby apply an end of melody interrupt signal 119 to the
interrupt generator 24.-
The scale address data stored in the melody ROM 106
25 is appliéd as an address signal to a scale ROM 122 through

the ~scale:- data bus 121 so that the ' various scales



gener ated upon reaching the preset value. After it has been detected that
the end data of the nelody data is set to "1", the end of nelody signal 15
generating circuit 108 applies the previous nentioned end of nel ody signal
109 to a nelody interrupt generating circuit 118 and the control circuit
110 at the timing of the application of §4 address sisncremental signal 117.
The nel ody interrupt generating circuit 118 receives the end 20 of nel ody

si gnal ;109:gepekpotdidd 0t the b sl ogyasi aral aner abbRy Giv GHd
108 at the end of each nelody to thereby apply an end of nel ody interrupt

signal 119 aeet ppIiedr upt genehtbépvaldgehbeaiGalge ailekwss daba Hmnggh i n
the nel ody ROM 106 25 is applied as an address signal to a scale ROM 122
throug@&theasc&h&aﬁﬂ&n dasa 1Bhssd 2that THee imtevwsl sgahesatint circuit
corresponding to the address signal are read from it and are applied to an
i nterval geféfat cogpoiisms t a2€dunteugh presatttabdd dat a ugiMEn  Chant

I nterval generating circuit 126 conprises a counter presettable to a given
count 55 (ppeesetdisbd cogauatprandnd L&calersives ad8spresepPresele Yadiaue
interval data from the interval data bus 125, A frequenc

nul tiplier tBercipteryed Aats vEyom hthec| hekesyghal 421 Ar degh th%5gaté\
circuit 120 _so that the c|lock.signals, are, sub'g ted to frequen

mul tiplicat FORRWSFH0 BPPFARYILY ¢ IFE Gy vaJIl gené'reé'ﬁln"ge%i r(‘:ﬁét 2Aeck p

el ody signals through the gate circuit 120 so that the c¢lock
, signals are subjected fo fregquency multiplication and
~ 10 applied to the interval generating circuit 126. A melody
output control circuit 128 amplifies the output of the
interval generating circuit 126 or the interval output
and generates it as a melody output 129. Then, the melody
" output 129 causes a musical  instrument (not sﬂown) -to

15 perform a playing operation.

The microcomputer according to the present embodiment
is constructed as above described and it is capable of
performing for example the following melody controls with

o - the reduced load ' on the CPU 12.
20 " - {(a}) A single—-melody play mode (a continuing melody is
- automatically plaved once).

{b) A continuous play mode (a'continuing melody is
automatically played repeatedly or. a- .plurality of
continuing melodies are combined to thereby play a single

25 melody);.

(c)y A forced play mode (a forced melody . change or



output control circuit 128 anplifies the output of the interval generating
circuit 126 or the interval output and generates it .as a nel ody output
129. Then, the nel ody output 129 causes a nusical i nstrument. (not
shown). to 15 performa playing operation. The m croconputer according to
the present enbodi nent is constructedsgas_above described and it is capable
of perforning for exanple the followi ng nelody controls with the reduced

| oad , on gl GRU jesze')@ted dur:xﬁ@)t!‘x’e%[‘ﬁ?@nﬁ?' ody play node (a continuing
mel od1y |

S automatlcal y played once A continuous play node (a

continuing meldy tre wiRgRéiralbdy playeslogeepeatedly or a. plurality
of continuing nelodies are conbined to thereby play a single 25 nmel ody) .

(c) A forced pl ayigpdes(aid oacédonmelcibrchahgeitg the obperattiop it ~
effected during the playing). (a) The single-nelody play node: Fig. 5 Eﬁ a
fl ow charthesh@®hgl2 hénopdist | iagf mdve. CReAR, i nithiis gdswmeddehat Her e,
it is assunmed that 5 in order to forma continuing nmelody, the information
(see i gim3)omiexr heonfoem forarnid nuingetotydhayvthbedm figrimataen n( gdwe
successive addresses in a part_of the nel ody ROM 106) (it is assuned that
t he Saneﬂﬁqﬂi%g o6 ﬁm@lﬂqﬁgs forming the melody have been written

in the successive addresses in a part of the melody ROM
'106) (it is assumed that the same applies to the play
modes which will be described later).
10
{1) In accordance with a command from the CPU 12,
the melody starting address of the Aesired melody to be
played in the melody ROM 106 (the address in which is

written the information concerning the first note of the

15 continuing melody) is set in the address register 102.

(2) A "1" or melody starting information. is set

in the MELC register of the control .circuit 110 in
accordance with a command from the CPU 12. This melod§ \o’

20 starting information is outputted as a play start

signal through the on/coff control circuit 142. Then, as

for example, the gate circuit 120 is opened and c;ock

signals are applied to the frequency divider circuit 112

and the frequency multiplier circuit 124. Also, the

25 melody étarting address set in the address register 102

is written into the address counter .104 so that the



nﬂdes which will be described later). 10 (1) In accordance with a command

fromthe
pl ayed in
i nformati
in the ad
set in th

CPU 12, the.nel ody starting address of the desired nelody to
the mel ody ROM 106 (the address in which is witten the
on concerning the first note of the 15 continuing nel ody)

dress register 102.:¢2) A "1" -orlet ody starting information
e MELC register of the control circuit 110 in accordance wt

be
is set

i's
h a
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as a play start signal through the on/off _control cir
n, 323¥@PsSex@hpl Ehet ndeghredci PRLPEY1289 sPBpenBda¥RE cPBEK

i gnal s _ lied to the f y_diyider cirguit 112 and th
frequetdy MITTHFePT IR PPIoHy, 1o afagted noibsacchgraaye st

address s
counter 1
the start
pl ayi ng 8
witten i
of the

scale in

et i he ress,reqi ster .102 i.s itten,into the address
o nalofbcaffe GR8 el ShEL hE daidd Md i1 NG Addleos,

176, 299055% Pl NSl TEarEBLOTaolg, OF, A Hos 0

f the nelody is starte i n"accordance wth

N tdeasé8Et 189a3PdM@YS to® the scale ROMINS2 SGA e nhAHdERSSsc
designated addreSs is applied to the scale ROM 122 so that t

cuit-
the

hge

‘1o

tEQ?

ﬂ@&a
e

fygm

)
10
15
o
20
25

t hei@d@hesadayé@;p@épﬂwgﬂbﬁdahg 1@l en@ddease GAG-dss @aca
the scale ROM 122 and applied to t

e interval
read from the scale ROM 122 and applied to the interval

generating circuit 126 through the interval data bus 125.
Then, the output of the intérval generating circuit 126
is amplified by the melody output control ci:cuit 128 and
generated as a melody output 129, thereby playing  the
melody.

On . the other ﬁandr.the note. duration data of
the melody data stored in the designated_ address_ is
applied to the note duration generating circuit 116, in
-which the néte duration data is preset and present data
is counted down in response to the clock_signals_from,the

tempo generatihg circuit 114, thereby generating_ an

~address incremental signal 117 when the note duration data

is reduced to zero (or when the clock signals are copnted
up. thereby reaching a value corresponding to the_ note
duration 'data). The address counter 104 receives the
address incremental signal 117 thereby advancing :the
address.bf-the melody ROM 106 by one address. .

This '~ operation  .is repeated soO. that, the



.generating circuit 126 through the interval data bus 125. 10 Then, the
output of the interval generating circuit 126 is anplified by the nelody .
output control circuit 128 and generated as a nelody output 129,

t hereby playing the nelody. On the other hand, the note duration data of
15 the nelody data stored in thiSQ§signated address is applied to
the note duration generating circuit I16, in which the note duration data
is preset : nt- is ed ;do jnr e tw he oc
signafs f?%ﬁrrﬁ egttﬁgrrp(r)nqu:}edé’er a??ﬁgg&ci rlglu;/\?tﬁglmf,ﬁéﬁteﬁzr el%;”& geln‘gé at ?ﬁg an
20 addreggebfist $EBRNG ¢l SEg%%d]-l? whabdhe nofe duight pandat gei s rpduced
to zero (or when the Clock signals are counted up- thereby reaching a
val ue cop{eseesdpigert0 the note duration data). The address i;
counter 104 receives the address increnental signal 117 thereby™
advancing the 25 address of the nel ody ROM 106 by -one address. This

operation is repeated SO that, the - 16 - 1 continuing nelody
storegd in the (8)oBefd¥d thebt costintdngt inetlddy ipl asnblevéd hoat
partici pation of the m croconputer. 5 (3) Before the

cont i nui ntPrebydystiep codpietimformatipn odsstsgt piay tihef MERE | pagisteet in
the MELC register of the control circuit 110 in accordance with a conmand
of the control circuit 110 in accordance with a command

from the CPU 12.
Fig. 6 shows the timing chart for such case. At the
10 "time of the settihg of this "0", no end of melody signal

has béen applied to the on/off control circuit 142 and

thus the playing operation is not stopped.

(4) ff a "1" has been set in the end data of the

15 melody data of the melody ROM 106 in the address

designated by the address counter 104, it is assumed that

the data repréSenté the final note address of the

continuing melbdy and'the end of melody signal generating

circuit 108 geherates an end of melody signal 109 at the \J

20 timing of the application of an address-iﬁCremental signal

117 from the note duration generating circuit 116 or at

the timing that the playing of the final note is
completed.

As a result, the on/off control circuit 142 receives

25 the end .of - melody sigpal 109 so that a stop of play

signal for stopping the playing is generated and the



fromthe CPU 12. Fig. 6 shows the timng chart for such case. At the 10
time of the setting.of tthis "0", no end of nelody signal has been applied
to the on/off control circuit 142 and thus the playing operation is not
stopped. (4) If a "1" has been set in the end data of the 15 mel ody
data of the nmelody ROM 106 in thel T addr ess desi gnated by the address
counter 104, it is assumed that the data represents the final note address
of the LontOPRTAEiaBl 0df abet.helrgwibs neR@dydey ipes darsiudedg ol r dlet
108 generates_an end of mel ody signal 109 at the 20 timing of the

appl i cati orm®}C8¥ ARPXRBLPRCcrEreAal SEPHRGA - 117A%. rGr*Het h82RBt et 17 at LS

generating ci it 116 or at the timng that the p of, the final note
i's confp)et éﬂeiﬂgya KA TPt hgeﬁ‘ﬁ/"@ftf“&)n?ﬁSFuél ch(ﬂa TRseiges vHRe28nd ( he

fhe ST ay Y PPl 20,408 b Séggiiesp'c,%%réw? fu, ﬂﬁfit%ﬁﬁcmts
and devices, %88#;0'? ceklupkNeciEhaty geger ahel, 2oL Shophads Al whie

same tife | ody PRt rrup generati ng crreur recel ves the end of
mel ody S|gn@élgg and applies to the CPU 12 an end of 5 nelody interrupt
signal 119 orming the end ‘of the nel ody.

The end of melody 1nterrupt signal 119 is applied

to the CPU 12 through the interrupt generator circuit 24

so thaf if the interrupt is allowed, in the CPU 12 a

10 jump is made to a melody subroutine and an interrup; flag

is read and cleared. Then, an enable condition is
established and a return is made.

As described hereinabove, the desired melody to be

-blayed-can be  played and ended,automaticaily by simply

15 setting the starting address of the desired melody in the

address register 102 and writing the start or stop

information of the melody 1in the MELC register of the

control circuit 110 in accofdance with the commands from

U the CPU 12 and therefore the load of the CPU 12 for

20 - Playing the melody is reduced greatly.

(b) The continuous play mode
Fig. 7 is a flow chart showing the operatiop of
the CPU 12 in this continuous play mode.

25

. (b—-1) Where a continuing melody is automatically



The end of nmelody interrupt signal 119 is applied to the CPU 12 through
the interrupt generator circuit 24 so that if the interrupt 1is allowed,

inthe CPU 12 a 10 junp is nmade to a nel ody subroutine and an interrupt
flag is read and cleared. Then, an enable condition is established
and a return is nade. As described _heyginabove, the desired nelody to be

pl ayed can be played and ended automatically by sinply 15 setting the
startj ng %ﬂéysas r@péar&diﬁ@rg@@ Mals0dio | Bet hencadl eeRakeqirst €414 031a9d

witing the start or stop information of the nelody in the MELC register of
the contrgbdei ke tpribldedst wg COf danee poirith onfse iITEEEIS By othéhgot€BY 12
and therefore the load of the CPU 12 for 20 playing the nelody is
reduced gléaeby. ipbFifhe 7cdrt iomiciteed) ay node-Fig. 7 is a flow chart . ~
showi ng the operation of the CPU 12 in this continuous play node. 25 (6éﬁ)
Where a continuing nelody is automatically . - 18 - 1 played repeatedly
(it is to be noted that in this play node the processing of the portions
encl osed by the dotted IlildesInj rrqterdameg aith eg) Gommand from the - (1)

In accordance with a command fn?n1the CPU 12 the starting address of the
desired ngFdeH%)EEF starting address of the desired melody to be

played repeatedly in the melody ROM 106 (the address in
which is written the information concerning the first
note of the melody to be repeated) is written into the

10 address resister 102.

{2) A "1" or melody start inforﬁation is
set in the MELC register of the control circuit 110 in
accordance with a command from the CPU 12. As the result

15 of - this -operation, the melody' start _information is
outputted from the on/off control circuit 140. Then; the
circuits and devices of the melody generator 22 are
conditioned to start the p;aying so that the melody
starting address set in the addfess register 102 is \_)

20 written in the address counter 104 to set the address of
the melody ROM 106 to the starting address of the desired
‘melody to be played and the playing of the melody is
started. The operation during the playing.of the melody
is the same with the - operation in the previously

25 mentioned mode.

.



pl ayed repeatedly in the nmelody ROM 106 (the address in which is witten

t he information concerning the first note of the nelody to be repeated)

is witten into the 10 address resister 102. (2) A "1" or nelody start

information is set in the MELC register of the control circuit 110 in

accordance with a conmmand fromthe CPU-139 -As the result 15 of this

operation, the nelody start information Is outputted fromthe on/off

control .circuit 140. Then(3}herge r dddressAnegs deMecafelddy HOM MBl6odys

generat&r 22 are conditioned to start the playing so that the

nel ody st ar tddiandstilr 86t omatically tde thddr esther ethet EinalOAddres® in

witten in the address counter 104 to set the address of the nel ody ROM 106

to the@t ar whigaddr ¢4¢' ofst Betddsi relge mehddydetta bis  geajgdaded,t hin pthgi ng

of the"nelody is started. The operation during the playing of the

mel ody is like sameerni 88 the poeriguisdy mﬁnttin@edpreodeusary gnd of

nment i oned node. - 19 - 1 ﬁz The address of the nel ody

ROM 1065 s awladed sd@nsrhat 102 | §Ssogeraratafe E% fihenl eaddr eds male@dvch
a"1" is set in the end data is desi nated in the |ike manner, as the

pr evi ousl y Mﬂﬁﬂne@eﬁﬁaétéﬁgeﬂliﬁ“%t hBBo@PSsi they S1998li s lien%?%%éﬁd

from the end of el gy, 2hg9% c9PSHR T 190°! LG  erk?® AULAP® PhelRLuptS

generating circuit 118. Due to the fact that at this time

‘the "1" or melody start information is set in the MELC

10 register of the control circuit 110 and a "0" or melody
stop information is not set, the control circuit 110
generates an on control signal for writing the address set
in the address register 102 into the address counter 104.

15 = o " At this time, the same address as when -
setting the melody start information in the MELC
register of the control circuit 110 is set in the
address register 102 and therefore the address data

U . delivered to the address bus 105 through the "address

20 counter 104 again becomes the starting address of the
desired melody to be repeated. In other words, the
desired melody is played repeatedly.

Fig. 8 is a timing chart showing the
" operation in such a case.
25 . Also, since an end of melody interrupt -

signal 119 is generated each time the desired melody to



to the control «circuit 110 and the nelody interrupt generating
circuit 118. Due to the fact that at this tinme the "1" or nelody start
information is set in the MELC 10 regi ster of the control circuit 110 and
a "0" or nelody stop information is not set, the control «circuit
110 generates an on control signal fopgweiting the address set in the
address register 102 into the address counter 104. 15

At this M&Erepbaaeaanﬁsawm aand@hesngedt idkce, t i NBhef¥ruptaris
information in the MELC register of the control circuit 110 is
set  inaggmeiadldress theegCpyer12 1&hd ante t gevef ore  iferemeiit£ssnglat a
delivered to the address bus 105 through the address 20 count er
104 agai muxdsmnrest tikagsant i ng address of the desired nelody - to be C;

r epeat ed. In other words, the desired nelody is played repeatedly
Fig. 8 is atimng chart shomﬁng "'"the operation in such a case. 25

Al so, since an end of nelody interrupt signal 119 is generated each tine
the 8esired melody tbS) Whem the napdsredofs Bﬂayéd Hndr%ﬁﬁhﬁﬁ(nﬁh? an

interrupt, is applied to_the CPU 12 and, the 2 _increments the

nunber ofdSsd ntugber of plays N-}gin ﬁﬁ?nCRQWQZnuﬁbep S BB n

reaches the desi red nunber qf pla¥§ N-1 i % U 12, .a "0" or stop
play information 1is s in t e E register of the

control circuit 110 in accordance with a command from the
CPU -lg. As - a result, after the desired melody being
10 played has been played, the melody generator 22 stops
the playing operation. .In this case, the same operations
as stated in (3) and (4) of the previously ﬁentioned

single—melddy play mode are performed.

15 {b-2) Where a plurality of continuing melodies are
combined to play a single melody: '

In the playing operation of the previously
mentioned (b-1) the address which is to be set in the
address regisfer 102 can be changed.after the generation \/

20 of an end of melody interrupt signal 119 to continuously
play a new melody instead of the repeated playing.

In other words, after a "1i" haé been set in the
MELC register as shown in Fig. 7, the CPU 12 preliminarily
sets the address of the next melody to be ' played in the

25 address register'loz via the data bus 30. Then, when the

playing of the first melody is completed so that the end



pl'ay informatioh is set in the MELC register of the control circuit

110 in accordance with a*conmand fromthe CPU 12. As a result, after
the desired nelody being 10 pl ayed has been played, the nel ody
generator 22 stops the playing operation,_ In this case, the sane

operations as stated in (3) and (4) 23t ~ the previously ment i oned
I | od d rf I I
of cont | Hui i SePBAPEY o8 LonBhoRER TS P Er A BO%%WerSI%Eg%L?aIIng
t f 1 mh '
oper Bt on O B Sl S OUIhalloH0RE the (ddtlonh "o WHOERBAN N Aoy 185 e

an end of mel éci‘t% Wit fgg@ﬁé?né%tt 01&0%52% éésolﬁgglfsgsw fi%'zodyl

lnstea e repeate playln ot her wor been se

in the IVELC IR SIS’ the HHWbdd Fb@ntdr 4bg QR tlr?adoral.érrhe%ak,y d%PctaS ésPe

address of the next nmelody to be played in the 25 address register

via the %atatmes §Qconah6ﬁbldﬂ'§?ntbh€bé)|ﬁ!b?édoﬁst heeddi $iroiE! OHY ROM 106
conpl eted so that the end - 1 of mel ody signal generating circuit

108 gener at eamh el Sécdmdiadgflsdgnah 08, reperaddiress ief pgikg gext nel ody
to be played which is then set in the address register 102 is set in the
address counter 104 so tha theeneladyexat haofl,5 tHée metodg nﬁlrm:bmhq:be
pl ayed is read fromthe ROM 106
generating circuit 108 receives the end of melody signal
109 to generate an end of melody interrupt signal 119
— 10 informing the end of the melody.

The end of melody interrupf' signal 119 is
applied to the CPU 12 . through the interrupt generator
circuit 24 so that when an interrupt is allowed, the CPU
12 causes a jump to the melody subroutine and the nuﬁber

15. ©of plays n is incremented. In accordance with the number

of plays n, e.g., n = 1 the address of the third melody

- to be played is set in the address register 102 through

the data bus 30 and also a tempo control signal is_set in

U - the _melody control register 140 of thg coptrql_ circuit
20 110.. Then, after the interrupt flag has been read and
cleared, an enable condition is established and a returnh

is made. "

When the number of plays n reaches a given

number N-1, a "O" is set in the MELC register so that when
25 next an end.of melody signa; is generated, an off contro;

signal is generated from the control circuit 110 and the



and the second nelody in the repertoire is played. On the other hand, the
nmel ody interrupt generating circuit 108 receives the end of nel ody signal
109 to generate an end of nmelody interrupt signal 119 10 * inform ng the
end of the nelody. The end of nmelody interrupt signal 119 is applied
to the CPU 12 through the interru@®2 -generator circuit 24 so that when
an interrupt is allowed, the CPU 12 causes a junp to the nel ody subroutine
and 1t he opebatidd ofHf theayselodys gepeeatored2 isn sloappethncéherebyt he
nunber of plays n, e.g., n =1 the address of the third nelody to be

pl ayed isompietangh&hgd@leydndegi ster ~ 102 through the data bus 30 and al so
a tenpo control signal is set in the nelody control register 140 of the
control -circuit 20 In11@therThgprdsaf@uringe the etiaxing | &f h§§0be§;%
read and c|eared, an epable condition is established and a return i s Mide.
Wien t he™RtABEr E‘Feplarfi}g'%s? e&thed aP§LO8K nbRbdre NPRaY¥Ed 0nexE sedSin the
MELC register_so that when 25 . next an.end of nelpdy signal .is generated,
an g1 CBREToRIBRAdy |SETRRE, 4PecS oHEPRE=CoRTHI= LT caPE 1D ARAS: ho

- 22 - o] t] f. .t.he | ody, tor . S sjpopped, .thereb

conpl et ilvrgl%yt E‘g{e& g?lﬂﬁéll}t% ogﬁe%q f\/\%ﬁ%?{tadg‘re ﬁ%é lters?e %ngichdd“%’fneeicry‘lc’

play a long continuing melody.

(c) Forced play mode:
10 ' Fig} 9 is a timing chart showing the operation of ‘J
the CPU 12 in this play mode. When it becomes necessary
to forcibly change or stop the melody being plaved by a
request made externally of the system, the request is
fulfilled by the following procedure.
15
(1) At the time of the occurrence of the request
externally of the system, the starting address of a
desired replacing melody whose information is stored in
the melody ROM 106 is set in the address register 102. ;J
20
'{(2) Immediately following the setting of a "0" or
melody stop information, a "1" or melody start information
is written in the MELC register of the control circuit
110. As a result, in response to the application of the
25 melody start information the address set in the address

register 102 is set in the melody address counter 104 so



~

nmel ody the address of a nelody to be played next Is 5 prelimnarily
stored in the address register and in this way the plurality of different
nmel odi es are conbined to play a |long continuing nmelody. (c) Forced play
node: 10 Fig. 9is atimng ch showi ng the operation of the
CPU 12 in this play node. When it becorfes necessary to forcibly change or

t th ' b t Qﬁgg RBWET 13l ¥ 5 h
tshgprequgsﬂrgad{u%ﬂélﬁggi%e%eéfgl Irtgl\?ﬁuﬁgne&ro edu-r-e.,_.;r.__.%gs( {)]ak F.st ﬁéSX?ﬁg@of
th : text I ; h '
addr oss of o R 1A "pEBRESS, OF FRRUdgeRed FepLabTy bR M Tinen,
mel ody ROM 146, | geifilrdd) fr%l%%qrrfgssmhgwdﬁ; 510815¢84(2) figedig) ey o

follom@g the setting of a "0" or melody stop inforimation, a "1" or nel ody
start inforr@in{fy i ScHatt! eRhokildE MAL regeshRiod! e GRIMH OlaCiéssb!

110. As a result, in response to the application of the 25 - nelody start
informatgon the address set . in the address register 102 is set. in the
mel ody address counter 104 so - 23 - that the address of the nelody

ROM 106 junps to (3heWheartingiaddieesirenf tdeadesmpadsheficaasied) sedpdy
and then the desired replacing melody is set _to a silent mellody,
e.g., a rest and the melody is stopped forcibiy.

Fig. 11 is a block diagram of an address
\-/ 10 register 102 including a pla-ying order or FIFO storage
for storing a"'p_l_urality of addr_-esseé of the melody ROM
106. The =address registér 102 includes an FIFO storage
144 connected to the data bus 30 so as to be written and
read in accordance with commanc-is. from the CPU 12 and an
15 address counter 146 for designating the addresses of the
FIFO storage 144. The address counter 146 receives an end
of melody signal 109 so as to advance the addresses of
the FIFO Register 144 by one addr_ess in response to each
\./' input. If the FIFO storage 144 is a storag_e_of suéh type
20 that the data written in each address contains the address .
which is to 'b,e execute‘d. next, the address coun.ter 146 1is
not needed. |
By virtue of th_is construction, the melody
playing burden of the CPU 12 can be reduced further. In
25 other words., the address of the melody ROM 106, which is

written in the address register 102 in response to. the



the desired replacing nelody is played. Fig. 10 is a timng chart
showng the operation in such a case. 5 (3) Wen it is desired to
acconplish forced stop, the desired replacing nelody is s€t to a silent

mel ody, e.g., a rest and the nelody is stopped forcibly. Fig. 11 is a

bl ock diagram of an address 10 registgg 102 including a playing order or
FI FO storage for storing a plurality of addresses of the nel ody ROM 106.

The addr esgehe@atli®n 162 ieraawd@ﬁda&fFlmﬁ@raaeééﬁ?%’aoaagataad 1on the data
W

bus 307so as to be witten and read in accordance commands fromthe
CPU 12 andmanthionedldriass conéetiddb wothdeshgnapregidhelpddaestesnéd t he
FI FO storage 144. The address counter 146 receives an end of nel ody signal
109 so as t'qbadyancethdie plidyénges off tehe dingldegnslamiy 14¢higyugine SS
in response to each input. |If the FIFO storage 144 is a storage of sw€h
type 20 tlcombtimatdaira wfi t aen plumabitwnddfesconbinwing medoddesdss idi ch
Is to be executed next, the address counter 146 is not needed. By virtue

of thiss wwdgttenctiioto the BARCGysHPIggag bid ddefore hetapuing ctime be
reduced further. In 25 other words., the address of the_nel ody ROM 106,
which is wPleydRg n efie MARAAE r &G stEheralp | autenpbisally tHay a 24 -

continuing melddy. This operation will now be described.

1) Before starting the playing "of a continuing
10 melody, the addresses of the mel'ody ROM 106 whic'h ‘are
necesséry for the playing are writtén in order of playing

in the FIFO storage 144.

2) The playing of the melody is started in accordance

15 with the previously mentioned method.

3) The address which is to be played first is
delivered to the mélody address bus'103 and the address
co.unter 104 reads out the melody information written in u

20 this address és well as the succeeding addresses of the

melody ROM 106, thereby playing the melody.

4) At thé ‘end of the playing of this continuing
melody, an end of melody signal 109 is generated so ‘that
25 ‘the FIFO storage address ‘counter 146 advances -the address

bus of'thé”FI"FO storagé 142 by one address.

A
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1 Qeneration of each end of nelody interrupt signal 109 as nentioned in
connection with the previrously nentioned "(b-1) the playing of a
single nelody through the conbination of a plurality of continuing

mel odies”, is 5 witten into the FIFOQO storage 144 before starting the
playing of mnelody to thereby autoﬁh@@xﬂly play a continuing nelody.
This operation will now be described. 1) Before starting the playing

of a dontinuing 10 nelody,:: the addresses -of -the mel ody ROM 106 which
are necessary for_t | ayi,ng-are w.itten in order, of playing.,in the FIFO
storage 144. 2) e%%yi%ﬁgg?sﬁhgwﬁg%’odf itQ earptlt?d’?‘ﬂ Sa%"c?f?‘élaﬁﬁe 15 with
t he previousg tion ho . ddr es whi ch is to be
pIayed{,JirsEMiggﬂﬁgffggrggét8ggﬁ§§n85§%$s%dgwgéilﬁhs 103 and the address

counter 104 reads out the nelody information witten in 20 this address
as well as the succeedi ng addresses of the nel ody ROM 106, thereby playing

the nelqdy. 4) &) +he ebvimed o dYi89 ,0f(4hHhi sngonkhnyng P@ﬂ;g%edan

end of | ody signal 109 1s generated so that 25  the FI'FO storage address

counter 146 radranse1diei AgldagsEhbys cohtliha inlgrRestdaage 142 by one
addr ess. - 25 - 5)€#fe address which is to be plgied second is

delivered to the nel ody address bus 103.

7) The end of the playing can be detected by counting

the number of occurrence of end of melody interrupt

\“{10 signals 119, and the playing'can be ended by use of the
playing ending method described in connection with the
play mode of (b-2).
- Fig.- 12 -.is- a block . diagram . showing the
15 construction of another embodiment of the melody generator
22. This embodiment differs from the embodiment of Fig. 2
in . that a data selector circuit 130 and a temporary
data storage 132 are additionally provided. The data
gv/ selector circuit_130'is connected to the data bus 30 and a

20 data bus 107 of the'melody ROM 106 and it comprises for
example a selector having two inputs and one output to
select one or the other of the data busés and input the
‘data thereon in accordance with a control command applied
through the control 1line 36 from the CPU 12. The

25 temporary = data storage 132 comprises for e#ample a

register whereby the ;data applied through the data



5 6) The above-nentioned (3), (4) and (5) are repeated thereby

pl ayi ng anot her continuing nelody. 7) The end of the playing can be
detected by counting the nunber of occurrence of end® of mel ody
interrupt 10 signals 119, and the playing can be ended by use of the

pl ayi ng endi ng net hod described in copgection with the play node of (b-2).
Fig. 12 S a block di agram show ng the 15 construction of

anot her gghediternt cafrddie Nel3nly igenekrisimet?. tBporRIor) Neita difdeat s from
t he énbodi ment of Fig. 2 in that a data selector circurt 130 and a

t enpor ar gudpua test or@gehel3btearduratiiohi gealdrptimpoveilechit The =daia
selector circuit 130 is connected to the data bus 30 and a 20 data bus 107
of the nthedy RebRal1le6 aRGMit 122dnpriraspdativadnpl e Jis=l e(stuhseduazim@m
i nputs and one output to select one or the other of the data buses af¥

i nput t herdaas ioms earei nthecosamac@sy tthea evhoddmendmual abpdi e £ hr ough
the control line 36 from the CPU 12, The 25 tenporary data
storgge 132Theaqfiatses ther detanpiterss r egPsedithifer df QEE &8Ma Hbpl i ed
t hrough th q§%a - 22 - selector ¢ircuit, 130 .is retained

tenporar?P§ g Heh 60t RRT ePS "THETRBt T altPBn LRMRPERF¥g WY Ui t

o0t and h¥Brgpg F4 <uBln AR, oof EIRRRL RSN pnd"ao LY
circuit 130 so as to play a melody or melodies. As a
resu;t; the playing can be controlled by both of the
10 melody data from the ROM 14 or the RAMSZO and the melody b
data from the melody ROM 106. This means that where the
microcompute? finds its melody capacit? providéd by the
melody ROM 106 alone deficient in acbbrdance with the
purpose to which it is applied, the mélody' or .melodies
15 making good the deficiency c¢an be stored in the ROM 14 or
the RAM ZO.so as to effect the plaving.

Also, by so constructing as to output the data in the
temporary data storage 132 to the data bus 30, it is
possible to reduce the test time reéuired at the time of ;;)

20 shipping the melody ﬁOM 106.

It is to be noted that while, in the above-described
embodiments, the address counter_104 is'adapted to count
up, it 4is needless to say that there .are instances
where it is adapted to count down depending on the storage

25 method of the melody ROM 106. Further, either one or both

of +the address register 102 and the memory control



5 Therefore, the data stored in either of the ROM 14 and the RAM
20 can be witten into t.he tenporary data storage 132 through the data bus
30 and the data seléctor circuit 130 so as to play a nelody or nel odies.
As a result, the playing can be controlled by both of the 10 mel ody data
fromthe ROM 14 or the RAM 20 and the nejpdy data fromthe nmel ody ROM 106.
This neans that where the m croconputer finds its nelody capacity provided

by the nel ody, 1Q6 al one def:i cient in accordapce with the purpaose to
which it | SSHSBEFEd 14he Mhactpne qrmmseed 1o BRE . Arks b BLS 3R ancy
can be stocerstrutited BOMVag&itorcause Redt2éxampie thecRAMC20ite sprye rithe

Al so, by sguﬁggéh;e,‘ugg %%li?&somgeépe data in the tenporary data

storage 13 _ I's possible to reduce the test tine
requi red at the time of 20 shi ppi ng the nel ody ROM 106. It is to be noted

that whileg¢i njd hRokBaYeeKipSS WREdseMbERl "R "hB8%oaYH" Afs CBUBhCTudd i S

adapted to count up, it 1s needless to say that “there L are

i nst ances wREPBIhputs the (ERECLEicAtAPNIARr (ERBYEMENGS « HEhiS ok syD Jis

met hod of 1gbeettgl a%riﬂ@u w-n&lrérfw,iﬁg%h&inghamradiﬁdal ke tér}a:@kkms _
regi ster and .t mennry_contro -27-, register , i ar.
connected P f‘“}f?l&?ﬁa %‘ﬂ%"%%‘, E‘é{\ Béseoﬂﬁlrtlﬁﬁe]g‘%f' S%o%gégoog;&z\&mp&% e%%l e

t he RAM 20sbundeeffeche in games.



function or functions thereof. It is noted that, whilst the term"nel ody" *
has been used t hroughout the specification for convenience, this termis
herein defined as not only including an agreeabl e succession of nusical
sounds, but also imtation sounds of aninmals and sound effects in ganes.

-28- CLAIMS 1. A m croconput er ising: a CPU for processing various
data; a nelody (as herein before dé%ﬁ%ed) generator for generating a nel ody
signal; and a data bus for transferring input and output data of said CPU,
sai d ggkggg%generator i ncludi ng; nel ody data nenory means storing nel ody

dat a ing at | east. scal-e data, note duration.data and end data

i ndi cative of the presence orabsence of end of nelody; interval generating

means { or ggnﬁié£bagm§ﬁtégtgbﬁgglghggal i n accordance with scal e dat
said nel ody data, _note durati,on generatl neans for generating a not

duration siyn&PUi foxcPEPESAsdng; VATIGHS iion data in said mel ody data
and addr essangmetedasg foasreneréing nefonetldbf&dédQSSg&m@mahor for

generating a melody s1gna1'
and

a data bus for transferring input and output'data of said
CPU, |

said melody generator including;

melody data memory means storing melody data containing _
at least scale data, note duration data and end data indicative o/
of the presence or absence of end of melody;

interval generating means for generating an interval
signal in accordance with scale data in said melody data,

note duration generating means for generating a note
duration signal in accordance with note duration data in said
melody data, and | S

addressing means for receiving an initial address signal
from said CPU to supply the same as a reading address to said
melody data memory means and for applying addresses succeeding
said initial address signal as address signals to said melody
data memory means at the timing of corresponding note duration

signals. \J

2. A microcomputer according to claim 1, wherein said

UL



fromsaid CPU to supply the sane as a reading address to said nel ody data
menory nmeans and for,applyi ng addresses succeeding said initial address
signal as address signals to said nelody data nenory neans at the timng of
correspondi ng note duration signals. 2. A mcroconputer according to claim
1, wherein said - 29 - nelody generat @2 further includes: end of mel ody
S|gnal generati ng neans for generatlng an end of nelody signal in

accor dante We}Pdni geRREAYAFS FUE tREFodP AL r om sai d el ody data nenory
means and a 5 note durationsignal fromsaid note duration generatin
means; i nterrupte@‘éné’r at?‘ﬁ(}joﬁﬁar%lqrﬁl r BBBPY ARG "Gai R SPrrreg%’a?raﬁgam

to send__an end of ne erruy nal_to | d CPU

cont r ok_mrearf®  8P9r e efoﬁ%% ‘g gg?i qﬁel"’lﬁﬁpx‘c W?%IngSnilalfiorerb%n%ﬁal ng
the start or_gst f g o] rough
sai d data bugfasr?\'%l?)d r%%glgvi%ngg%% h'%q%d%g gés;"geﬁl"al ,@é?ng’% Jl 8
oper atiop ofn$@d d a@/d Oish neeaang@rw&n%aqdmwy aaps&%w géfled@t ing
response”to the application of "a start” of play comand signal and to stop .
the operatiqgediis said various ‘means in response to a stop of play conmand
signal and said end of nel ody signal.

interrupt generatlng means for receiving said end of

melody signal to send an end of melody interrupt signal
to said CPU; and

10 ' control means for receiving at least a melody control
signal for commanding the start or stop of playing by said
melody generator from said CPU through said dafa.bus and
for receiving said end of melody signal to start operation
of said various means 'forming said melody generator in

15 Tresponse to the application of a start _of play comménd
signal and to stop the operation of said various means in
response to a stop of blav command signal and said end

of melody signal.

20 3. A microcomputer according to claim 2, wherein said
addreséing means includes an address register for storing
an initial address signal from said CPU fhrough said data
bus, and an address counter into which  said initial
address signal in said address register is set as a preset

25 value to count up or down said preset wvalue each time a

signal according to each said note duration signal is

A



20 3. A m croconputer according to claim2, wherein said addressing
means i ncludes an address register for storing an initial address signal
fromsaid CPU through said data bus, and an address countér into which

said initial address signal in said address register is set as a preset 25
value to count up or down said preset value each tinme a signal according to
each said note duration signal is—= 30--30 - 1 applied. 4. A .

m croconputer according to claim3, wherein said control neans includes
a 1 neppyie€ontrol register for 5 receiving and storing said

mel ody  control signal indicative of the start or stop of playing by
sai d nel ody generator fromsaid CPU through said data bus, and an on/off
control circuit, for receiving said end of . nelo@ggsggnal to start operation

of sai8-var oJ& FEQRE™PBE RFng2EEOrddBgy F@I at B’Pe‘lrr?‘r‘bsﬁ W t he
app"Cé;, B3 Bttt Ol RlEYs COmTRNg, 2803 cANE: b9 SLaB LG oPgati on of
a stop O S|g al

said v IOUS means 1 n response to a ay comran &‘Sald

f 15 t
0 r%bﬁ%ﬁg@ugnadnd stbring M Cé%ﬁe e .fl 6a$CCOLdhPPohO. CEQF’HUpt i gnal

rein sai responS|ve to cation of an inte

to se@@lm@atﬁ@r&@stnél gralrt Y reeRenden 1a§1@.ngaﬂfaéjéﬂ§ addiRes  of
plurality of nelodies stored prelimnarily to said address register
througgendirétdat afrom said CPU through said data bus, and an
on/off control circuit for receiving said end of melody
signal to start operation of said various means forming
10 said melody generator in response to the épplication of a
start of play command signal and to stop the operation of

said various means in response to a stop of play command

signal and said end of melody signal.

15 5. A micré-—qomiouter according to cl'a.im 4, wherein said
CPU is responsive. to the application iof an interrupt
signal to send an address' signal corresponding to a
leading address of a plurality. of melodies stored
preliminarily'to said address register through said data LJ

20 bus.

6. A microcomputer according to claim 5, wherein said
CPU, said data bus and said melody generator are formed
on one chip.

25

7. A microcomputer according to claim 4, wherein said

R
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20 bus. 6. A ni croconmputer according to claimb5, wherein said CPU, said
data bus and said nglody generator are fornmed on one chip. 25 7. A

m croconputer according to claim4, wherein said - 31 - nelody
control register conprises a storage device arranged wthin the
sanme address space as nenories contr@led by said CPU. 5 8. A

m croconputer according to claim3, wherein said address counter
conpriseas @elady ageongseilce I‘%Q#%ﬁ@)%d gomP Sefe sane &FErREe spdevias
menories controlled by said CRU¥ A mi croconput er according to .
claiml, whé@T&Eanged dwéab‘r“é‘ss trhéﬁl s?@F‘el n@94RR_SP| ajPBFEer afenOPSNPELRS

for stoLlng a t dr of said nel ody data nenory neans
corresp_xmhrﬁfqg%égiéécé# ?ﬂlah §€§a plurality of mel odies are played

wher eby ‘each tinme said 15 end of nmelody signal is applied, corresponding
one of said stored addresses in said order is set as a preset value in

sali d address coupt e ro. aceqr ola ere
said ZOCE msael odyﬂgeﬁ%?gtggfméu% er&gggngzrllgégs ggt géis%r;éctegr 4'r‘r'ei%%‘sm}olnrég#&
receiving nglebeddt achiatesai dciRprdsdiat 3 "ERLY- 2R NYevice arranged

within the same address space as memories controlled by

said CPU.

10 A microcomputer according to claim 1, wherein said

— 9.
| address register includes play order memory means for
storing a plurality of addresses of said melody data

memory means corresponding to an order in which a
plurality of melodiés are played whereby each time said

15 end of melody signal is applied, corresponding one of

said stored addresses in said order is set as a preset

value in said address counter.

(U 10. _A._microcomputer according to claim 1, ﬂwherein said
20 melody generator further comprises data selector means for
receiving melody data from said melody data memory means

and melody data from said data bus to seiect and output

one or the other of the same in accordance with a command

from said CPU, and temporary storage means for receiving

25 the melody . data from said data selector means to

temporarily store the same and to thereby output scale

O O
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and nel ody data fromsaid data bus to select and out put one or the ot her of =
the same in accordance with a command fromsaid CPU, and tenporary storage
nmeans for receiving 25 the nelody data from said data selector

nmeans to tenporarily store the sanme and to thereby output scale - 32 -
1 data to said interval generating 3®ans and note duration data to said
note duration generating neans. 11. A m croconputer substantially as

her epnbedata deoswaisbdinmietvakf egenerattdngambagss shand hatéi guretidnto 11

or Figure 5 12, of the acconpanying drawi ngs. 10 15 20 25
data to said note duration generating means.

: N
1l. A microcomputer substantially as hereinbefore describedf
with reference to, and as shown in Figures 1 to 11 or Figure
5 12, of the accompanying drawings. B
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