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PROGRAMVABRE EXFERNAL STORAGE CONTROL APPARATUS e

DESCRI PTI ON Field of the Tnvention

The present invention relates to a progranmabl e external storage control 5
apparatus, and nore particularly to an external storage control apparatus
havi ng a program f orsagemztoasl | i ng operati onal sequences of reading and
writing of an external storage such as a disk drive. A conput er
systemis generally provided with an external storage for storing a

| arge vol une of data, which i EROGREMARIE| EXTERNGL SEQRACE, ENIRAL. ARPARRTHEF age devi ce
(DASD). When data are transferred between a host and the ext er nal

storage in such a conputer system a buff erpdsogrpioged adj ust ment IS
conventionally interposed therebetween, since the host and external

storage have different data transfer ra}:ﬁ?d OER'Le %‘gerl{piloxe), in a personal

The present invention relates to a programmable external storage control

5 apparatus, and more particularly to an external storage céntrol apparatus
having a program for controlling operational sequences of reading and
writing of an external storage such as a disk drive.

A computer systém is.generally provided with an external storage fér
storing a large volume of data, which is typically a diréct access

10 storage device (DASD). When data are transferred between a host and the
external storage in such a computer system, a buffer for speed adjustment
is conventionally interposed therebetween, since the host and external
storage have different data transfer rates. For example, in a personal
computer system, data transfer between a hard disk drive (HDD) used as a

1S DAaSD and a host is pérformed through a buffer (usually called sector
buffer) having the capacity of about 32K to 256K bytes. The sector

i buffer is physically provided on the side of the HDD and a hard dikk

controller (HDC) reads and writes the sector buffer under the control of
a microprocessor. '

20 In the past, a sector buffer stored only data to be transferred
between a host and a disk, but a technique has been developed to access
the. sector buffer by a microprocessor controlling the entire HDD when the
host-disk data transfer is not performed. For example, Japanese
Published Unexamined Patent Application 2-51724- teaches that a path for

25 connecting data and address buses from a microprocessor to a data buffer
RAM is provided in a file data processor of a disk controller, in which
the data buffer RAM is used not only as a data buffer at the time of disk
access, but also for intelligent command processing for SCSI (small
computer system interface) for Storing error handling programs therefor,

. 30 and as a work area of the microprocessor. The micfoprocessér may access

the data buffer RAM when a disk is not read or written. A program that
allowé_the file data processor to read or write is stored in a read only
memory (ROM) of the microprocessor.
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conﬁuter"system data transfer between a hard disk drive (HDD) used as a 15
DASD and a host is performed through a buffer (usually called sector
buffer) having the capacity of about 32K to 256K bytes. The sector

buffer is physically provided on the side of the HDD and a hard di sk
controller (HDC) reaas9zmd8 wites the sector bauffer under the control of

a m croprocessor. 20 In the past, a sector buffer stored only data to be
transferred bet ween a host and a di sk, but a techni gue has been

devel oped to accessIt is alpe knewtthat sulidsgy ohy on matecpayppherds deyicesoinciuling ng
the entire HDD whendidkedrive, meSé mierdisratassdridcedssfLsharad ndbrpecdoodingdo £or
exanpl e, Japanese predRtddhineh §eidMEX ardopeitalgat 01s. ARBIHtCABENB302 afsbTeds a

teaches that a pathfar. .2 td data ansd..sdd ESnidofity 2
R O s e i Rt ab e A0
processor of a disklcontroller, "In e e dat urrer MTS“used
not only as a data BERutéquipnt defiices;thiough the Jespective dpputloutpyty deyicey f of
intelligent commandcenrtodides s thasr da8CIirafsfam it perfornsdhetieen the dhpytfoutput
interface) for storicagces aar a mantlhérogy PE QO hasVBCPU heert 41 prodéssaiturdt) ahidbk
area of the nicroprQCResOhemody Budll Gihe HufR SieRbry Y rdChiRSehly datd BEpdat a

buf fer RAM when fo dit%si’e%répghrg@g%dthgrlo%i SnLneoQ%r b&,pﬂ&gh%“n& Lroc ssogI | ows
b

the file data processor to ggaagbi rowrite 15.S o;fgd I n

programs. a buffer contr%l rg?t?e atorgy ¥iecides
nmenory (ROM) of thePRi%T6pr otésSeor.
2 vwhich device may access the buffer memory. Also European Patent

Application EP-A 374114 (Japanese Published Unexamined Patent Application
2-158824) discloses a similar storage controller using a shared memory.

15 The shared memory is partitioned into a microprocessor data storage area,
a disk data storage area, and a host data storage area each of which is
selectively accessed according to a predetermined priority.

Operational sequences for data transfer through such a buffer were
conventionally controlled by logic of a controller such as HDC or.a

20 microprocessor program: The former method using the hardware logic has a
disadvantage of less extendibility and flexibility since the hardware is
designed to fit an external storage to be controlled ahd, therefore, it
should be redesigned if the external storage is changed. In case of the
program control, the program may be merely rewritten when the external

25 storage is changed, but a microprocessor can not do any other job during
the data transfer which requires microprocessor intervention all the
time. Accordingly, a data transfer control system having the advantages
of both prior systems is desired.

It is an object of the present invention to provide a programmable
30 external storage control apparatus in which the microprocessor

intervention may be minimum and which has more extendibility and
flexibility.

Another object of the present invention is to provide a programmable
external storage control apparatus in which a data transfer control
35 program is stored in a buffer for data transfer, and read out and

executed by a hardware sequencer independent of the microprocessor.
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It is al’so known that a host, one or nore peripheral devices including a

di sk drive, and a m croprocessor access a shared nenory according to a
predeterm ned priority. For exanple, U S. Patent 4,987,530 discloses a data
processi ng systemin which a single input/output controller including a

m croprocessor andamobwdbéer nmenory controls 3 plurality of input/output

devi ces through t'he respective input/output device controllers so that data
transfer is performed between the input/output devices and a nain nenory of
a host CPU (cent r al fusthee cobdeqtgofiHiet reséntoinybntaor bt 4 previde gn ishterndlhe buf f er
menory st ores not stdiaye dpdtam tifcln@inglsuab fagrexednélnseugde ¢dnerdlapparan@snory bus,
but al so microprocessor programs. An arbiter included in a buffer control
gate array deci des, WaL. gy 6 Wne ST aRLERS Snb Eodibinbble LROBRY seflagh EUropean
Pat e.n t A.ppl Ication %E&f‘ 337a4élt]ﬁ§ atcc?rggnnefoe tlEeszl'elsén engnvel%rl?g(nan%mgggef % b%gger

Appl i cation 2- 15882 dl,gpcfoses ST [ar s?ora%e con roE r_ysing a shared
menory. The shat ed®WEHASHY FrOring fate tonke Srameesrse rﬁet'f‘i'e(?grao ?fés’ﬁ‘a a&aeg‘ée'é’fjorage
area, a di sk dat asteregeged fyrsher shoring poseoramter smdroddingadesy teasferof whi ch
is selectively acbessed tiscbatdindgthe Gxdeppk dedregeri qpatiopmeansi for. controlling
Operational sequUERREIadaOtrafisred bl b fthé hbiy MagtheSdxtérnal Rudrbgd by\@Efling
C_Onvent' onal l'y CO@I‘JmOHeean?yr erbgé:&cmin tﬁ@'&h{aouaﬁs{fels Wkt r8h pwag‘amqrana a

M o1 Opr 0Cessor y pr  Aocddatr LPITL IGO0 NP Wlths! e JBIAVAL Gk Uhsblds. 2

di sadvant age of® | BELORIGFERAT SIEFY 2Rd Frex BTty Sine e hardware is
designed to fit af®HXPePTRIFa"siHFeRPe othad EBMe? SF%'/“eH‘ea‘?‘f’d,t' therefore, it
shoul d be redesigned if the external storage is changed. In case of the
program control, trhenfrogoaessnn\indledayes aknory etpring éie Wiryn-meftd omedt datmal
storage i s changedranbidr éonbidllgREammSadditian toithdlOpr@gyamdithade ¢xabutddibiyng

the data transfer gWhi,ehof SOsEESadl £aQP tRE AIEOLrahdte £ IYRRbL BFogBin £lchCnb i ME.
Accordingly, a gata tran f%{e gantro tﬁé’sctimeemop%\’ftQQ't g advant ages f both

. 1 emory into er a
prior systenms i'S ("1'_e3|¥e . . NTI ON
It is an object ofifrARrofssssee drRbfR FThS TUSh Afeierts SEr Brdhily thfpFtrol
di sadvant ages of reanspisi eeceling the dataatwapsfgl rgntrel pragralspect of the present
invention there is provided a programmabl e external storage control
apparatus for contirolling an external storage in response to a conmmand from

a host, conprising: a buffer tegRanaidel YorStn@ dr8QntdhdntAnbe transferred
bet ween said host and said external storage and further storing a program

for controlling data transfer between said host, said buffer, and, said

ext ernal storage; *ERETE) onEERFSPOE OB Y "dHPRFoaEtSEr CPUREET? by
readi ng from sg‘? d eBkerRadr stentpecSoBtinl WPIPATT Pt GFHTfer betveen an external

storage apparatus such as a hard disk and a host may be performed
independently of a microprocessor and i_.t is possible to cope with various
external storage apparatuses by merely rewriting programs to be loaded
into a sector buffer. '

25 Brief Description of the Drawings

FIG. 1 is a block diagram showing an example of a computer system

implementing the present invention.

FIG. 2 is a block diagram showing the configuration of an external
storage control apparatus according to the present invention..

30 FIG. 3 is a block diagram showing an illustrative configuration of a host
interface circuit in the external storage control apparatus of FIG. 2.
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whi'ch centrols said data transfer between said host, said buffer, and said
external storage; and a nicroprocessor starting said control neans in
readi ng said programin response to said command from sai d host.

Accordi ng to another aspect of the present invention there is provided an
external storage sy2fer?9 which data is read*or witten by a command from
a host, conprising: an external Storage for storing said data; a buffer
that tenporarily stores data.t 2] : . . . . :

3 transferred bet 8&n ¥ 8%’58‘% Qla?ﬁ‘ﬁf"‘s%hlmﬂmgxat"e?lrll‘é Lo g8 Ana rurther
stores.a program f drereignenbroli GigeHhtis thearieopl SEAT AR APt B g RRBkAL S 5;Fe-
buffer, and said exd-ernal storage; control neans for controlling said data
transfer by reading fromsaid buffer.and executing said program which

control s said data gpans{£h Hi6dK\@RGrahdHdwingSdn, 11306 teatavd koeiguathos dEth disk
external storagey and.d,Md ¢ AROGEBROLxd P SeBfald Gnc2 dpGPRMuE Qg FHBANRS 10

reading said programin response to sald comran rom sal d host.
According to still another aspect of the present invention there is
provi ded a nethod fE&F- ot p SPGkndiagrameshowing mn YHEREVS forfdspatise of ¢ a
command from a hostseqeapnpr irsithey extisenajpttihrage coreeliterpratus»f HE: 23

m cr oprocessor |oading a programinto a buffer for controlling data

transfer between said, HOgfows seeimglemﬁff Eime SABFing alcékse HoldsNBr §ls0¢REDutrer.
controlling said data transfer by reading fromsaid buffer and executing

sai d program i ndependent from said _m cr.oprogcessor. d starting of said
control Iing step by*&aifg*shf é&%‘b?‘b‘éé%ﬁf“‘&ﬁ 1(5%8?115%0 o) r§5‘?ﬁ°nc§5%hﬁ‘h°8ral’"r'om
sai d host. Brief Description of the Drawi ngs Fig.

1 is a block di a@r &esifois adflemncarhmbbringfe secesnpplf edf Wy steadncprfyble REIFdmg
the present invention.

Detailed Description

FIG. 1 shows a schematic configuration of a computer system including an
external storage contrdl apparatus according to the present invention.
In the present embodiment, the external storage is assumed to be a hard
15 disk drive, but the present invention may be applied to any external
storage which performs data transfer with a host through a buffer.

The computer system of FIG. 1 may be, for example, a personal computer
system and includes a host 10 and an external storage system connected to
the host 10 through a host bus 12. Though not shown in the figure,

20 peripheral devices such as a display and a keyboard are connected to the
host 10. The external storage system comprises a hard disk apparatus 14
to be read or written in response to a command from the host 10, a sector
buffer 16 temporarily storing data to be written into the hard disk
apparatus 14 from the host 10 or data to be read from the hard disk

25 apparatus 14 to the host 10, a hard disk controller (HDC) 18 performing
data transfer through the sector buffer 16, and a microprocessor 20
controlling the entire external storage system, wherein the sector buffer
16, the HDC 18, and the microprocessor 20 form the external storage -
control apparatus according to the present invention. In the following,

30 the external storage control apparatus of the present invention will be
described by taking as an example a personal computer systemlin which the



Fi g 2 ts a block diagramshow ng the configuration of an external storage
control apparatus according to the present invention. Fig. 3 is a block

di agram showi ng an illustrative configuration of a host interface circuit
in the external storage control apparatus of Fig. 2.

JA9- 92- 008 JR9-92-008 4 PIG 4 is a block diagram
showing an illustrative confi gurati on of a menory control circuit in
the external stora aratus of Fl

e cont
bl ock di agr am showf'%§ &H {ZI ﬁj§t 2 YePiont |s§iff"étll"blﬁge(§f 517 Htex °9§af%f"édr face
circuit in the ext#erdagonsisst 2§dve dutasorlthpyghrtht geesgrt fyvention may also by G 6
is a bl ock di agr anpsisbiedgnanther tarptteatsysemseonfi gurati on of a seqguencer
in the external storage control apparatus of FIG 2. FIG 7 shows

exanpl es of tine spay.ifdndie ARe SbRAGHtIdAkd xRPhall Wrorisk [@htrol apparatus in

5 more detail. In FIG. 2, the sector buffer 16 is partitioned into a data
storage area 16A and a program storage area 16B vhich is provided
according to the present invention. The sector buffer 16, which is
accessed word by word, has a capacity of 64K words (128K bytes) and the
storage areas 16A and 16B each contain 32K words (64K bytes).'

10 Accordingly, a start word address of the program storage area 16B is
X'8000!'. X denotes hexadecimal notation. Of course, these values are
for illustration purpose only and the present iﬁvention is not limited
thereto. The microprocessor 20 includes a random access memory (RAM) 30
and a read only memory (ROM) 32 which stores a program for controlling

15 data transfer through the sector buffer 16 in addition to other programs
for controlling the entire external storage system. Considering program
changes, the ROM 32 should be replaceable.

g
The data transfer control program is loaded from the ROM 32 into the
program storage area 16B;at the time of initialization such as power on

20 reset (this may be referred to as initial program load). Since the start
address of the program storage area 16B is pre&iously known (X'8000' in
the above example), the microprocessor 20 writes the data transfer
control program by sending to the sector buffer 16 addresses sequentially
incremented one by one from the start address. The data transfer control

25 program includes a read controlhprogram which controls reading from the
hard disk apparatus 14 to the host 10 and a write control program which
controls writing from the host 10 to the hard disk apparatus 14. In this
embodiment, it is assumed that the read control program is first
sequentially written beginning from the start address of the program

30 storage area 16B and then the write control program is sequentially
written beginning from, for example, address X'9000' although the order

of such writing into the program storage area 16B of the sector buffer 16
may be reversed.

In FIG. 2, the HDC 18 surrounded by dotted lines comprises a host
35 interface circuit 22 connected to the host bus 12, a memory control

circuit 24 for controlling access to the sector buffer 16, a disk

interface circuit 26 connected to the hard disk apparatus 14, and a



FIG 8 i5 a flow chart showi ng a first half of a read control program 10
FIG 9 is a flow chart showi ng a second half of the read control program
Det ai | ed Description FIG 1 shows a schematic configuration of a
conput er system i ncluding an external storage control apparatus
according to the pressnk-doaventi on. In thespresent enbodi nent, the
external storage is assuned to be a-hard 15 disk drive, but the present

i nvention may be applied to any external storage which perforns data
transfer with a hostsegyenearg?® Sorbednteqlling operatippal somstesrofsthet G B¢ Phe 1
may be, for exanpl ehost pitesfuealciedipzRednd the disis liearfare cirveitudesan badbosel0
and an external stonggeistal @BAveRNBRA! Aist.t @he hostl {hCerdtade cikOuithz0egHRarRyeflOSt
bus 12. Though not SJ;QWQnA @onﬁnt'.?asfmwtﬁe hgg: lp%f;aopéi.emlhoqﬁr\sh@% HGRcASe A

di splay and a keyboa reag reg s(ge%fe%nde :mterr %t cont o %Irc!]‘ﬂ: -E'ng mgﬁ(og9 rcgﬁt!rol

st orage system cofpr
in regponge to a f:rgrﬁ?’é‘ﬁ'ﬂtfzﬁo‘ﬁl‘iﬂé"%b"sf fg gﬁf’ofl"ce c"rcb’d‘f?z tr?ll‘f6‘9 sk

tenporarily storing igtarfaqegciyeuify 36, t s ‘ihﬁt%q‘!eﬁ%ﬁ'hﬁr dgrogkrols da%fpb%?f‘%&eﬁs 14
fromthe host 10 or bpd&dean ttbe Isectoe ddffer O 4ridethase dirdwidk. 2Bhe dispaimbergeceld t o
the host 10, a hard @iqukt @enhéidbeh etlD&howhScipasit EorpaForming dadvardiosn sder
through the sect Qb Q:chfkgﬁg J‘gqul%qse@wéﬂmcﬂ‘hgmap@@:?sioé’ppmtus 14 e tkOhdd 1€l thhe
entire external st ora se\és%aon%ad\s/\herelgpamt %1_‘% g\gﬁgg Emutg[,s store&Qn t}‘Qe HDC

18, and the mcroproc ssor
appar at us accor di ng PFRSTERSo2a% &Rt }‘ﬁ\/%frltt\"eoﬁ“t?r b‘ff & ?%I ?ﬁﬁ"ﬁ 5?) dahe

external storage cortransiferphrangt the sfctethbuifededpdependetiy ¢ WI"I“'E?@““S“’
descri bed by taki ng 2assham tex hnpl dish qpeasowmllé dompad er wisitsdrem i n whi ch t he

tten

15 In addition to the above circuits 22, 24, 26 and 28, the HDC 18 actually
includes well-known circuits which control a voice coil motor (VCM) for
moving a head of the hard disk apparatus 14 and a spindle motor for
rotating a disk, respectively, but such circuits are not shown in FIG. 2
since they do not relate to the present invention. Also, though not

i 20 shown in FIG. 2 to pr;vent the figure from becoming complex, the
microprocessor 20 is connected not only to the sequencer 28 but also to
all other circuits. Now, with reference to FIG. 3 to FIG. 6, the host
interface circuit 22, the memory control circuit 24, the disk interface
circuit 26, and the sequencer 28 are described, respectively.

25 The host interface circuit 22 shown in FIG. 3 may be a conventional one
" as described abové and includes plural registers selected by a register

select and interrupt control circuit 40, that is, a sector count register
42, an address register 44, a command register 46, and a data register
48. The sector count register 42 retains the number of sectors to be

30 read or written, the address register 44 retains a start address thereof
(relative blbck address RBA comprising a cylinder number, a head number,
and a sector number), the command register 46 retains a command code, and
the data register 48 retains data to be written from the host 10 to the
hard disk apparatus 14, or data to be read from the hard disk apparatus

35 14 to the host 10. These registers are selected by information provided
to the register select and interrupt control circuit 40 from the host 10
through the bus 12. At that time, the circuit 40 generates a signal Si
(i=1, 2, 3,2s) for selecting a certain register. Further, the circuit
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JAot 92-0b8 ¢ - 5 host bus .12 is a known AT bus,

a sector includes 512 bytes of data and a word consists of two bytes

al t hough the present invention may al so be practiced in other conputer
systens. FIG 2 shows the above-mentioned external storage control
apparatus in 5 nopse-ggieasl . In FIG 2, the sector buffer 16 is partitioned
into a data - storage area 16A and a program storage area 16B which is
provi ded according to the present invention. The sector buffer 16
which is acces 3@ paywes chnbinpuybetputl @8adis RAGKIACIR §r Dipub/idtpubrdstd 12RKL

bytes) and the 164 @fcagtheaioRfSo 1B uRNEkqlbBere 88 UndnOfleliodt 3GKMBY U5 wf-HAK
bytes). 10 Accordi pgd Xataareﬁig:ﬁt 480y gl%f%rcpiudttpe %:9 E@JTL&&:Q{ agetlggsea

16B is X 8000' . de cour se val ues
are for illust F’ 5t Fon par p&s em%ﬁ’? he fgta ﬁ%s‘lf)treés"‘@nta“fl rﬂ?%‘ﬁf‘feénaﬂd seﬁﬁ% to
limted t her’®t &2 t*r dpfebes s%ﬁ"aéom? e s Pupt Sershesadiesardsenor y
(RAM 30 and a(ﬂéaﬂwtehpy onesertpr | -ROW: BBt WPitcinsersregext grcogr dataflan

controlling 15 dareadsrsanséert tHermmaegls iheespeseoto thaf fnérrhfe kiynaddivi.i on to

ot her programns Jigahese OMbErd| AgpDitat A £A3706E a8l EDAh Sh1802 SVR CHBst
Consi dering prografereace NanQes, the ROM 32 shoul d be replaceabl e.

10 Although FIG. 3 shows only four registers required for understanding of
the present invention, more registers including a status register are
actually provided as described in the AT Attachment which is a proposed
standard of the AT interface.

The memory control circuit 24 of FIG. 4 includes three first-in first-out
15 buffers (FIF0): 54, 56 and 58 connected to a one word data bus 52 of the
sector buffer 16, three address counters 62, 64 and 66 connected to a one
word address bus 60 of the sector buffer 16, and a memory timing control
circuit 68 started by the microprocessor 20. The host FIFO 54 is
connected between the host interface circuit 22 arld the sector buffer 16,
20 the disk FIFO 56 is connected between the disk interface circuit 26 and
the sector buffer 16, and the sequencer FIFO S8 is connected between the
sequencer 28 and the sector buffer 16. These three FIFO's 54, 56 and 58
are buffers for compensating for speed differences and, therefore, are
desired to have capacities depending on data transfer rates of the host
25 10, the hard disk apparatus 14, and the sequencer 28, respectively.
Generally, the host 10 has the fastest data transfer rate, followed by
the sequencer 28, and the hard disk apparatus 14 is the slowest. In the
present embodiment, the host FIFO 54, the sequencer FIFO 58, and the disk
FIFO 56 have capacities of 8 words, 6 words, and 8 bytes, respectively.,
30 Of course, these capacity values are used for illustration purpose only,
and the present invention is not limited thereto.

Among the three FIFO's, the host FIFO 54 and the sequencér FIFO 58 are
accessed on a word basis while the disk FIFO 56 is accessed essentially
on a byte basis since the width of a bus between the disk FIFO 56 and the
35 disk interface circuit 26 is one byte. However, since the transfer
‘between the sector buffer 16 and the disk FIFO 56 is performed on a word
basis, the disk FIFO 56 is provided with a byte/word converter 57 at a



The' data*transfer control programis |oaded fromthe ROM 32 into the
program storage area 16Biat the tinme of initialization such as power on 20
reset (this may be referred to as initial programload). Since the start
address of the program storage area 16B is previously known (X 8000" in
the above exanple), 4% oprocessor 20 witds the data transfer ,
control program by sending to the sector buffer 16 addresses sequentially
i ncrement ed one by one frtomth% tatrt ddress. The data transfer control 25
program incl udes a r&ad comnt Foi %Foé‘?a FWRPE R2cotersreetitaal AfifroRtdnerd
hard di sk apparatus f%mt$etaetondufLeroleinfoatvprivies soshe simeppiovrisinake tie
controls writing fromskHEFQGStErdr) thepsedier haffdr db shdappahabtier Ibnd,| asseltilss
enbodi nent, it is assuwoeslfidiadonideativeatlo HPEs &ld AtREE Kk iverd ité The data bus 52
sequential |y writtsenadest efiengd ¢ieifgt e cnt MckordBHEES 56 Ront DR BIR W30

oL orage qrea, 168 andhs e o'k kil o ol SRR I

witten beginning from Tor exa oug

of such writing into™h¥® P8 ath &1 251?%fgg‘°a'}“§é°pi%°85?ﬂ’ nheansEiEehly BGFTsErthe 6
may be reversed. sectqmbyffer 16  Thig appyes 1ig regrired telddad yhed datackrabifaes

conprises a host 35 coteifpgemrasifirguithe ROM 82 fiabé edicrioprobéidoh @8 tinbdl Shel Brogiam
menory. control 10 Citofayetar2dl 160 bf @B sk Mok ibIgEeACIGERS titeOt fmB G FSHRE QN 1 fabidner
16, a disk interface circuit 26 connected to the hard di sk appar at us

14, and a As is well known in the art, the FIFO's 54, 56 and 58 are accessed by the

respective read pointers RP and write pointers WP. Each pointer is of a
wrap-around type, and returns to zero after a maximum address of the
associated FIFO is reached. Unless RP=WP and RP=WP+l, each FIFO can

15 perform a read operation using the RP and a write operation using the WP
simultaneously. RP=WP indicates that data to be read is not in the FIFO
and, therefore, only a write operation is permitted in that case.
RP=WP+1l indicates that the FIFO is full of data not yet read and,
therefore, only a read operation is permitted. These conditions are

20 checked by the memory timing control circuit €8. .

Increment signals (+1) to the RP and WP are provided by the memory timing
control circuit 68 and associated circuits. For simplification, only one
increment signal from the memory timing control circuit 68 is shown in
FIG. 4, but actually an increment signal is individually provided to each

25 of the RP and WP. The RP and WP are incremented by the individual
increment signals from the memory timing control circuit 68 in case of
the transfer between the associated FIFO and the sector buffer 16, and
are incremented by the increment signals from the respective associated
circuit in case of the transfer between each FIFO and the associated

30 circuit. For example, the RP 70 is incremented by the input/output read
signal IOR from the register select and interrupt control circuit 40
shown in FIG. 3 when the contents of the host FIFO 54 are read out to the
host interface circuit 22, and the WP 72 is incremented by the
input/output write signal Iow when data from the host interface circuit

35 22 is written into the FIFO 54. Similarly, the RP 74 and WP 76 are
incremented by a byte signal from the disk interface circuit 26.in case
of the transfer between the disk FIFO 56 and the disk interface circuit
26, and the RP 78 and WP 80 are incremented by an increment signal from
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JAJ- 92- 008 ' 6 sequencer 28 for controlling
oper ati onal sequences of the HDC 18. The host interface circuit 22 and
the disk interface circuit 26 nay be those used in the conventional

HDC. The host interf Eqﬁ &brCU|t 22 exchanges data and commands with the
host 10 t hrough the hoSt 12 and incl udes 3 plural -registers and an

i nterrupt control circuit. The nmenory control circuit 24 is connected

to the host int erfatg,s s%g&eﬁu.%rt 28 %n csneeop"tfe transfer HeflekR GRe Ghduahdelr p%ﬁ gf a

t he sequencer 28 an %a trans bet ween the  sector

16 and these circui®g.® ‘rrféq‘tfr‘%% giterface circuit 26 includes a weII
known circuit for perform ng conversions and 10 checking required between
t he hard di sk apparTae pddreds Faehterre63HDed 268d 6 lape used twefdeerscthe 28 ctarauid fear
program and requi r ad. patieactherepgiioy of the skéwer buffepriegisasukSiopdade the ea 16B
of the sector buff @mboklndn®, GOIE-bLY addiEssddd Bequiredtfonneé &u1ll Mdawbdliing B, sect or
buf fer 16 i ndependggtle¢sQf Ja@x? aH&rQEQQ&Qﬁ@:SEQrof 1a-b13Qu&‘éﬂeanJ“i61%§£ Qdﬂie%(

apparatus 14 is read [ .t|o V& ST urts
25 24, 26 and 28, FHEvHER 5 v Tjﬁg"“s °°““SL’I“EId’ Fih °"’"\%n 355 PR s

whi ch control a voFBQ"“EdeF“ﬁBt"B?s‘(sVd}%“f Ywer ordep i bity. anthoUFUbTEd (Rt Ml d
di sk apparatus 14 &Ab addeeps g E0 DR dv faddress selegt Fignal) RAS @pd R, column address
respectively, baoo sebdectciimeli ¢tas froe theimegdrg\iiming doht®ol 2ircuit P Hedicateey do
not relate to the RhemC&HdréddVabdiag. crshOsted BEdIGthe Nalired® bus BOWNEidA ddafass?

to prevent the fi g%&tfnf qmehsmmaas ﬁ@:@RLrﬁéd b} Rntrol szansOPJoRCﬁé%%or%O s
connected not only to t equence

Now, with reference 1'nglﬁo re Clrculff' (3% "g' " dﬁ"aa ho tfa"Sferredqfetw 30%"03??%:% % 4 22

the frenory control F&§G g thepsectom Busfer 16; npt that time, thepemory fiming capigol he

sequencer 28 ar a5 dedrquiih 68 ser_%gdyb‘tqlq@quhigh and low for reading from and writing to
the: sector bhuffer 16, respectively. Additionally, the memory timing

control circuit 68 continuously checks the contents of each RP and WP and

determines access timing for the sector buffer 16 based thereon. Next, :

the access timing for the sector buffer 16 is described with reference to
20 FIG. 7. i i

FIG. 7 (A) shows standard access in a time sharing mode in which an
access cye1e of the sector buffer 16 is segmented into a host phase, a
disk phase,'and a sequencer phase. According to the access cycle,
transfer of a maximum of 8 words is first performed between the host FIFO

25 54 and the sector buffer 16 using the host address counter 62, then
transfer of a maximum of 5 words is performed.between the disk FIFO 56
and the sector buffer 16 using the disk address counter 64, and finally
transfer of a maximum of 6 words is performed between the sequencer FIFO
$8 and the sector buffer 16 using the sequencer address counter 66. The

30 hemory timing control circuit 68 repeats the cycle until data to be
transferred no longer exists. 1In each phase, an access time for the
first word 1 is longer, which occurs due to a page mode access. That is,
the first word should be accessed by sequentially supplying a row address
and a column address from the associated address counter to the sector

35 buffer 16 while the remaining words can be accessed only by column .
addresses. Fig. 7 (B) shows a case in which the host 10 has a faster
data transfer rate and a host phase for accessing 8 words is inserted
every second phase.



25 'The host interface circuit 22 shown in FIG 3 may be a conventional one
as descri bed above and includes plural registers selected by a register
select and interrupt control circuit 40, that is, a sector count register
42, an address register 44, a conmand register 46, and a data register
48. The sector cougde-¢28deSter 42 retains thewmunber of sectors to be 30
read or witten, the address register 44 retains a start address thereof
(relative bl ock address RBA conprising a cylinder nunber, a head nunber,
and a sector nunbers hosthdate dawranel ortedp She tinpgshaginginede ZigomfAHdBLothe, and
the data register weloryetming caatel tirchia ¢ priteenafmodmshdee byols) ab@ to t he
hard di sk appar at Ugitdthatdlly dpdais tihe BRsi @l ségubrited prasbar ch1db Ske appadstt us 35
14 to the host 10.,,.THESE oL CUSLERS1A hed &l RELRUIDYs LOUBIhORelpVi ded
to the register sseii.eng{gg AR LELL A CQDLAEL o LEULS pdlded 1OThIAE digst 10
t hrough the bus12. Pat tinme, the C|_r<iU|,t 40" gen rafes_a sirgnal Si
(i=l, 2, 3, [err] 787 dB1%BR PRy PR SPENTHTR r%‘@f’s"f‘é*g."“%cﬁ‘f%e?’}-taﬁe Net Peui t
JA9-92-008 February 1991, pp.193-1947describes gge%gégntﬁﬁl Fw'ﬁalt],eoﬁ?gwgh r ead
signal |1 OR or inputefoashput sipticeragi (FR&M). whichl @4s faobmequies hode rélresled he
sequencer 28 when dageveN@etl £50 theadstoprbupfdrt B$ but ittidCexfdisdve 8icaipefeadd of a
si ngl e word W A, wieR BRAE thtaﬁit@mw, & it b0BRes unabf 4 CARLAR cesdind NG of
the data register 4guANiaACREr &l ehe AdeSRAdSnbiCondie S M0%he 18 28 we,
interrupt signal | n that count, reaches 6 wWor ds .

the access in the phase is terminated at that time and new access is

started in the following phase.

Now, the access of the sector buffer 16 in the time sharing mode is
15 described in more detail in accordance to an example of reading from the
hard disk apparatus 14 to the host 10. Since data to be written to the
host FIFO from the sector buffer 16 do not exist at first, the memory
timing control circuit 68 sets the time sharing mode (C). Data read from
the hard disk apparatus 14 is written to the disk FIFO 56 byte by byte by
i 20 sequentially incrementiﬂé the WP 76 under the control of the disk interf-
ace circuit 26. When a difference between the RP 74 and the WP 76
- exceeds a predetermined value (e.g. 4), the memory timing contreol circuit
68 starts transfer from the disk FIFO 56 to the sector buffer 16 by
enabling the disk address counter 64, setting the R/W signal to the
25 sector buffer 16 low, and sequentially sending the RAS and CAS to the
sector buffer 16. Reading from the disk FIFO 56 is performed by
incrementing the RP 74 one by one by the increment signal from the memory
timing control circuit 68 and by converting consecutive two bytes into
one word in the byte/word converter 57. Writing from the disk interface
30 circuit 26 into the disk FIFO 56 and reading from the disk FIFO S6 into
the sector buffer 16 may be performed simultaneously as far as the values
of the RP 74 and the WP 76 satisfy the above condition.

When five words have been transferred from the disk FIFO 56 to the sector
buffer 16, the memory timing control circuit 68 starts transfer from the
35 sector buffer 16 to the sequencer FIFO 58 by changing the access of the
sector buffer 16 to the sequencer phase and enabling the sequencer
address counter 66. The sequencer address counter 66 is preset to a
start address of the program storage area 16B, that is, an address of the

-



(512 byt &s or one sector) The host 10 transfers a next sector data and
reads status of the HDC 18 in response to the interrupt signal |NT.
Japanese Patent Appli cation 3-337995 di scl oses an exanpl e of such a host
interface circuit. 10 Although FIG 3 shows only four registers required
for understandi ng t he present |nvent|9p nore registers including a
status register ar ctually provided as described in the AT Attachnent
which is a proposed standard of the AT interface. The nenory
control circuit 23? EJIstuc%;Jnn&JrHCL%Sthtekgng?e IﬁéaﬁsctonirGI plrsgi'tam QHd tile fm‘:fé%r S
(Fl FO) 54, 56 an gst CS wor re t1nu u akrgnslggrsreégoqfh sgguencer sect or
buffer 16, three aﬁﬁ? TSI e %f ﬂ" 85615 connect e wor d
address bus 60 of EIfR 58¢&i@t e ‘ﬁﬂ‘ﬁ“&?r &’H‘sean'ﬂ‘ed“eﬁ‘é"ﬁo?liy“’tq AHEP c?)’ﬁf‘fl('ilsa
circuit 68 start edpebfornfigush trangfied bysingrempringrishe peoyencey pdiirsgs jcqunter 66
connect ed bet wean dndethaipt 80i sriechyf e Ohérc bidiff2Pergn dbetvren IR RBr78banfifthe WPG,
20 the disk FIFO %eﬂée&wgﬁéab&dmma%m thg. 9) Skne mdmdry 8G@ng icortwés 26 and

the sector buffer 1804 &t gtufsgau&awm{g%gséﬁacﬁr Gpdanﬁ&ww%&mﬁearthe

sequencer 28 and t ctor S .54 and 58
are buffers for co%peﬂ‘ ‘étsF‘H’ﬁn‘i‘eBr si§ §gd ﬁﬂf?qg?ncer ??Foandgy lﬁcreh?'é”? e é’
desired to have calSagietbregnede WhefFg YAs darebIen ATarssrrrpd faem bhe f?‘fé"host 25
10, the hard dilok tmuffar th b thel sequenter [FEFG ethgerceety Yiging eopSecdt ¢iyeiy 68
General |y, the hosdhaddsshasint be thea8isgsthaskat a transfer rate, foll owed by

t he sequencer 28, and the hard disk apparatus 14 is the slowest. In the

present  enbodi mentyy, emeséaf Lo . W DS SPRGHENGEY nE) BQuSHic@Ackd bR di sK

FI FO 56 have capac] t 8 tes...lespgctdively. 30
Of course, these Capg u é"@:z.tqa rio error CTS a’ r ﬁ of QX acdess pt%

1UES A ustr a 'O”lP Ep %e iny,
and t he pr esent i ﬁl[npdtﬁdﬁ éc)nothel 'Tem'fyeamll?ﬁaf%\[tﬁd c1rcu1t 68 changes the time

15 sharing mode from (C) to (A) (or B) upon completion of the sequencer
phase so as to transfer the data to the host FIFO 54, and starts the
transfer from the sector buffer 16 to the host FIFO 54 by enabling the
host address counter 62. When eight words have been transferred from the
sector buffer 16 to the -host FIFO 5S4 by incrementing the host address

20 counter 62 and the WP 72 one by one, the memory timing control circuit 68

%9 -92- oog

changes the phase from host to disk. If a difference between the RP 70
and the WP 72 reaches a predetermined value (e.g. 4) during the transfer,
the memory timing control circuit 68 directs the host interface circuit
22 to read the host FIFO 54. In response thereto, the host interface

25 circuit 22 transfers the first.Qord to the data register 48, and then
interrupts the host 10. The host 10 responds to the interrupt by sending
a command to read the data register 48 to the host interface circuit 22.
The host interface circuit 22 reads the next word from the host FIFO 54
to the data fegister 48 by using the input/output read signal IOR

30 simultaneously sent from the host 10 as an increment signal for the RP
70, and interrupts the host 10. Similar operations are repeated
thereafter.

As described above, reading from the hard disk apparatus 14 to the host
10 is performed by repeating the access cycles in the time sharing modes

35 (A) or (B) and (C). Writing from the host 10 to the hard disk apparatus
14 is also performed in a similar manner. The sequencer 28 controls such
reading and writing by executing the program read from the sector buffer’
16 in the sequencer phase (details will be described later).
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Anong the three FIFO's, the host FIFO 54 and the sequencer FIFO 58 are
accessed on a word basis while the disk FIFO 56 is accessed essentially
on a byte basis since the width of a bus between the disk FIFO 56 and the
35 disk interface circuit 26 is one byte. However, since the transfer
bet ween the sect of%8#Pe& 16 and the di sk FI'BO 56 is performed on a word
basis, the disk FIFO 56 is provided vmth a byte/vvord converter 57 at a

JA9- 92- 008 cti ort fqr.the data
bus 52. The conveT*teeﬁlsS?"G?‘\fF‘Efe?'é%hz%'Pﬁn in ¥16 ? f‘%égaé’atral(ri hifier 16

into two bytes atserial convertef 8rforjqepvarbingfebyte o Rraltek ety Seemr tsndicke.
sector- buffer 16 Exfd,seotr sérdabidher andamderigbderpsraldel converten@t kof r om
consecutive two bydneértanglse@ihpuit fdor enverdrd Oiskhppdates Duso 22bytb oft t he
time of witing tgahiRiSRes.ONmHaldet 81 dfea framtengardiisk-tbl et &16converter $h1€
data bus 52 and t s@&déoeéée Pia 8% agsaré.lué%cmaesélﬁg ct,pvem% to analog

m cr opr ocessor 20 SO cess Lhe

sector buffer afs and sgguerﬁglaﬁg\?wn%?ﬁa %nto a %Pac.{heci ae{i‘or >ioca(E ?n
control progr am fPifﬁHeI‘lé‘a FOfr o thst Sﬁrh@ FH'B?’GW&C‘@Q%‘*GF“ZW i‘ﬁtsﬁ“t ﬁ‘babrIBQr am
10 storage area 16Bster 86hif &eds @rsdotdf &Y. d6sept tohkhetdine FEO Phiand afhiEg@t i on.
As is well known {erréheoraeéting heyikldithdtb4irchd 8mdf 38 iarerdhmerseddr by t he
respective read pgitat eLs iRRe8NtndvhimethRCird] Qr SecW¥?. 1DEAC ReddPddat 81 a i1sadihg @

portion of each sector in the hard disk apparatus 14 and contains an

address mark (AM) and a relative block address (RBA). An ID of a sector

to be accessed is previously set in the ID register 86 by the

15 microprocessor 20 and an error detect and compare circuit 90 notifies the

sequencer 28 of an ID error if the sector ID from the serial-to-parallel

converter 84 and the preset sector ID do not coincide wiﬁh-each other or’

if there is an error in the sector ID from the serial~to-parallel

i
converter 84.

20 If there is an egxror in fhe sector data read from the hard disk apparatus
14, the ECC'circuit 88, which is a well-known error correcting logic
circuit, outputs either a correctable or uncorrectable error signal
depending on whether the error is correctable or not and further outputs
signals indicating its error position and error pattern in case of the

25 correctable error. In response to these signals, the sequencer 28
corrects the error, For writing from the host 10, the ECC circuit 88
generates an ll-byte ECC codé for each 512-byte sector data sequentially
sent from the disk FIFO 56 and sends it to the parallel-to-serial
converter 82. Error checking is not performed for data to be written.

30 The serial-to-parallel converter 84 outputs a byte signal to a line 92
each time when conversion of a byte is completed. A counter 94 counts
the byte signal, generates a signal on a line 96 for loading the sector
ID into the ID register 86 while that sector ID is being outputted from
the serial-to-parallel converter 84 (e.g. the first to seventh bytes),

35 and generates a signal on a line 98 for loading the output of the serial-
to-parallel converter 84 into the ECC circuit 88 while the subsequent 523
bytes, that is, 512 data bytes and 11 ECC bytes are being outputted.
Further, the counter 94 activates a line 100 to condition an AND gate 102



wraf)- arolind type, and returns to zero after a maxi nrum address of the
associ ated FIFO is reached. Unless RP=WP and RP=WP+1, each FIFO can 15
performa read operation using the RP and a wite operation using the W
siermul t aneously. RP=WP i ndicates that data to be read is not in the FIFO
and, therefore, onlye@,Vobte operation is perpgtted in that case.
RP=WP+| indicates that the FIFOis full of data not yet read and,
therefore, only a read operation is permtted. These conditions are 20
checked by the menuhile €Hens120dadmitedl arGi BeGhl buthfited. A sedoREHAFRNIE SIRR S
8 ki abtec ot o L5 PO Byl MATTROIL) o sra” L
and associ ate LIC I, /
signal fromthe ne%%rey%#%lﬁn QE%E%,EQ;JEJ & raﬁunf '1% w‘l?lslzstr%(e)mﬁe‘ftﬁr data Pf &2 4,
but actual |y an i nE¥&tetft PEPGAETd From; tha Rerd diak SPPiasis dtd ThS iR figml anf
the RP and WP. ShéhRpinentP4E apmdiednte et @6l inFI6he aspahi incdemeht signal.
i ncrement si gnal s #hontheheeadingoofy 512 datapytonis cdmpbited,Uthe 6Bintdt 9N §énebites
the transfer betwearseche siyRacbberiné 166 addedabatsRcinersequdnter 24.6, 1and

are increnented by r&ﬁgngeng e e gﬂﬁLf, £4O0L0ghdiCed SSR ttéé’@s%%éoqcéo E .d
Fl 0

circuit in case of the transfer between each FO and he assoclate
circuit. For exanple, the RP 70 is increnented by the input/output read

signal | OR from t h&"s BYUSHEF Bethett ImBLC ArBTNESSt e Afr el 9oPFatar 21 4n
shown in FIG 3l%whadditis toptceriestishal peithrssic MdrRabeplambt (k) KAt Toputhe
host interface cir teithe 2y asndrdvitéed/ R o 2ini 55 régictee Mentaddl aby redidter 116 each
i nput/ out put Wri t eof ivgithl setrédd/ when ab@indlalts:0Mnahi s hagdut] 13t SlobARE o dotki t 35
_22 is wr ![ t Eieg i gt gréﬁgtéi;g E.g)f!.54ln8u§ gaeltgéif lsaﬁdrr%qspgernﬁgaéiﬁ 1|?i:gre}/\Fro%2dei%Lter8% Sae

r nt e - , ]
Icn?ct ﬁget r ansf )ér be%%x‘%e%??%@r ch%s f%}tgﬁsg%'e'écﬁﬂ atd%eessolf%ﬂ?%?rn?éﬁf'afé‘é' & Pediits
26, and the RP 78 SHHUWAs 509 FodtheARTERST BYdnsss Foratemehendiageak from

register selector 122. The work register selector 122 selects a work
register in response to an address from the address generator 112. "“Work
register" as used herein is a generic term and refers to every register
included in the HDC 18., This means that the sequencer 28 may access any

20 register in the HDC 18 and, hence, may control each circuit within the
HDC 18.

The A register 114 and the B register 116 receive data from the work
registers 118 or the sequencer FIFO 58 'shown in FIG. 4, and the code
register 120 receives a program instruction from the sequencer FIFO 58.

25 A decoder 124 decodes the program instruction and generates control

' signals on the lines 126 and 128 that cause the ALU 110 and the address
generator 112 to perform specified operations, respectively. 1In response
to the control signal on the line 126, the ALU 110 performs an arithmetic
operation such as addition, subtract'ion or the like, or a logical

30 operation such as AND, OR or the like. In response to the control signal
on the line 128, the address generator 112 increments the contents of the
sequencer address counter 66 by one and writes back thereto, generates a
register address for the work registers 118 or an address for retrieving
data from the sector buffer 16, using an address included in the program

35 instruction from the code register 120, or generates a new instruction
address by adding éhe addresses from the code register 120 and the
address counter 66.



JA9- 92- 008 9 t he sequencer 28 in case of the
transfer between the sequencer FIFO 58 and t he sequencer 28. The
address counters 62, 64 and 66 are used to address the sector buffer

16. Since the capacity of the sector buffer 16 is 64K words in the 5
embodi nent, a 16-BP1?253¥qress is required fot*its full addressi ng and,
therefore, each address counter is of 16-bit width. The 16- bit addr ess

is divided into ar a ress consj.stin e $pa0d .2

col urm addr ess co"ﬁ%i(')lwh of M ower e reﬁeg'eg o} °g'h£ mg&‘i'. {mn r°"' ?e “tHe" 8-

bit address bus GUEfeR ’f”o%‘rﬁ‘d‘ﬂ‘r Eesseguenser FLiogrial %e%na é"’cBF‘?ﬁ‘iﬁ“ address 10
sel ect signal CASnktryntioneopdefoingo tthericade E@Hﬁebllzﬁlsl@wﬂes%t? rdpdingea

whi ch address i s dakéctor 1BGAS switchel by erddthaeat]slignsls génesatéd onEadineatbdrigs s
counter is enagl agle aRbodeRQ2eEBNIRRE thY deQNEFRI theisgqahcerl FIRONSBNR aXaBreM
timng control cigc &%; Gélwnlﬂam eh%é emte%rﬁed Bl was-LAS 14t e at ed

FI FO and t he sectQr _Quf i contr 15
circuit 68 sets a?n ?J 1 a so ﬁent ta) F W?nbry conttgrﬁncu%/mtt {D per?Ml i3 Qh to

i

the sector buff deintgrs F‘g%e‘ﬁ‘f’l'&eﬁ’%ﬂf ABRPEUEREEF IFYFO F¥re menory tining
control circuit 68 continuously checks the contents of each RP and WP and
det er m nes acceswotiillwgritdng &heogesttorbeheebeed b§ thasequehbar 28na Next

the access ti HonGe1bwhatthes SRL hbYve Hdh{iBhedl Peald ScoRESL prdiReh ik tsRownciL FRICE t O
20 FIG 7. and FIG. 9.

to the sequencer 28 when a read command is received from the host 10.

The read control program is read from the sector buffer 16

The read command and related parameters, i.e. a sector count indicating
the number of sectors to be read and an address of a sector from which
15 reading is started, from the host 10 are received by the command register
46, the sector count register 42, and the address register 44 in such a
manner as described in the above Application 3-337995. The redister
select and interrupt control circuit 40 interrupts the microprocessor 20
when receipt thereof is completed. In response to the interrupt from the
20 register select and interrupt control circuit 40, the microprocessor 20
reads and decodes the contents of the command register 46. If decoded is
a read command, the microprocessor 20 loads a start address of the read
control program into the sequencer address counter 66, sends a start
signal to the memory timing control circuit 68 shown in FIG. 4, loads a
25 sector ID corresponding to the start address in the address register 44
of the host interface circuit 22 (FIG. 3) into the ID register 86 of the
disk interface circuit 26 (FIG. 5), and causes reading of the hard d{sk
apparatus 14 to be started. The memory timing control circuit 68 resets
the host éddress counter 62, the disk address counter 64, and all of the
30 read pointers RP's 70, 74 and 78 and write pointers WP's 72, 76 and 80 to
0, and starts accessing of the sector buffer 16 in the time sharing mode
{C) described above, in response to the start signal from the
microprocessor 20.

Since the sector ID is first read from the hard disk apparatus 14, it is
35 the sequencer 28 which first accesses the sector buffer 16 in the time

sharing mode C. Therefore, after refreshing the sector buffer 16 instead

of the first diék’phase, the memory timing control circuit 68 provides an



FIG 7 (A) shows standard access in a tinme sharing node in which an
access cycle of the sector buffer 16 is segnented into a host phase, a

di sk phase, and a sequencer phase. According to the access cycle,

transfer of a maxi mumof 8 words is first perforned between the host FIFO
25 54 and the seovoe-daffer 16 using the host address counter 62, then
transfer of a maximumof 5 words is perfornmed between the di sk FIFO 56
and the sector buffer 16 using the disk address counter 64, and finally"
transfer of a nmaehthlmdnagd tokhps siayenver faddneed comteveth andeetsey B&hetanaF| FO
58 and the sect ortobkfsertokfoufeemip hih &eauBoce resdidy.cSthes cuistiled bpthe The 30
menory timng Corhixlk siimsAllithe @qJeQ&ﬁ'a;cﬁlrésbecoﬁMﬁl'QGlHﬁEédts dat 2oht@nfle
transferred no |qn9.ef&hee§éa$l%ddée@s Q2CHhe RREF ContBY &%S%St LﬂEEaJdQéss a.

first word 1 i § l qugl[s'tt): ns ct:.o gv%rsé 1durea$ {I aﬁe?vro ram storage a%ea Bat 'S,

the first word sh uen a row atfir ess

n

and a col unm addr® %ge'fﬁ”ﬁl’f‘l“?%é lz?s %“éf’ ed furhs € té‘o't]‘%t t'r is fRetenetioy 35
buffer 16 while tAE FBMHEIESFHARiROT decatier Dl thrcewmenser EHIOShgpectbied by, the
addresses. Fig. ¥P(%8) (ishiaklyasatatreol.n WwhitehseghecéroBIF018, hardtiagfiatd ehe
data transfer ratreroassl asd Resling) BRS € fthd saReR28i28ChrS sdMNsnebss 1y s Lokl
every second @@a$ﬁly for the first instrdAo:2 451208 Then the memory t1m1ng contr 1 10
I'f host data has cEH.-Q;PUE ﬂ\&'eﬁngﬁs téhg%eﬁnggérngidpgg oEAtgi' GZ aguA)thg %)9 Qe

one to cause the next instruction word to be transferred from the sector

buffer 16 to the sequencer FIFO 53. )

In the sequencer 28 shown in FIG. 6, the data signal on the line 132 is
15 low so that the selector 130 passes the first instruction word from the

sequencer FIFO 58 to the code register 120. The decoder 124 decodes it

to generate necessary control signals and increment the RP 78 by one.

Thereafter, the sequencer 28 sequentially executes the read contrél

program shown in FIG. 8 and FIG. 9. Next, the read control program is
20 described step by step. i . i

A first step 201 writes parameters loaded into the sector count register
42 and the address register 44 in the host interface circuit 22 (FIG. 3)
"to particular locations of the program storage area 16B. The addresses
of the registers 42 and 44 and the locations for the parameters to be

25 written are specified by instructions.transferred from the program
storage area 16B to the code register 120 through the sequencer FIFO 58.
The decoder 124 decodes these instructions and first saves the contents
of the sequencer address counter 66 in a predetermined location of the
sector buffer 16. The register addresses are inputted to the work

30 register selector 122, the addresses of the locations to which the
parameters are to be written are loaded into the sequencer address
counter 66, and necessary directions are given to the memory timing
control circuit 68. Accordingly, the contents of the registers 42 and 44
are written to the sector buffer 16 through the sequencer FIFO 58. After

35 the parameters have been written, the contents saved in the sector buffer
16 are returned to the sequencer address counter 66.
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rrerrf)ry ti'ming control circuit 68 enters a node shown by (C) and
alternately repeats the disk and sequencer phases. Also, if disk data do
not exist as, for exanple, when a sector IDis read out, the nmenory 5
timng control circuit 68 refreshes the sector buffer 16 in the disk
phase in any node. J4BR4 ¥t hni cal Disclosure Bélletin, Vol. 33, No. 9,
February 1991, pp.193-194 describes a refresh control suitable for such
refresh. A static RAM ( SRAN%]} whi ch does not gw re to be refreshed,

may be used for thd "EECEEP i federmines fhel’t’:hF?‘ BY BE S §ECE IR Ghfpar ed 10
Wi th DRAM Addi ti ofrplgfed, A gesspibefrabovsn bt eeter dBrrepdifromatheckasidisk n a
certain phase due tmpatdtes abhcsechesietlibyndd owoedid¢tectnsnd campédecciiRBuianyd AP the
the access in the ghasmatérFadectivcnitt g5 (Bxc. tshadndtiitiRedild i86MWiQGH GRto &S
started in the f@'%&%dﬁﬂarpmereglster (eNQWre&ﬂ@eﬁccﬂ&%rﬁkgﬁh%@%&&'}m U£J er

16 h h
to ;‘2 Eax:rr::): I’erEOfS ?%%gg oUPQEe cgnt l?ts éjteﬁhe etﬁ%g re?(lsm ?o gﬁq_ermiﬁﬁ Fet%frh re 2‘29[ €

10. Since data to ??ct o 1P g5 1qqmpleted W&thF‘Tr frTBfﬁ FrRER TP peAsity 16
do not exist at fiPesformedily HBerdEy 110. Afitey fep ehsaking|ofchhe cagrtor6® hast beenhe
time sharing node ¢wpletBht ther 8lad doeome a steptw@3hard di sk apparatus 14 is
witten to the disk FIFO 56 byte by byte by 20 sequentially increnenting

the WP 76 underlot hﬁ:ecﬁ:@ 2@.’5 inerﬁ\:hx%s %géﬂei' Q:L@ I:d of tracﬁcﬁoﬂl E}éééehgp th en a

Slar Lgr (egcg bi; V\BtEEJést' hgs tor Akor wg:.cth c(?lecf'km? is. cox&ple e% in 3‘685!%% ?tsl.grﬁrﬁa:},gftér
fromthe disk FI Fde%“t g ghté'ag‘ect 8F SBEI'T“FeItD TBW&?S an EOR flag.j hdch Ae sat or
address count er 64forsietjant se¢her R/ Tessegrericer @8 tehecuPss thecttep 208ifblyeghediGng ow,
and sequenti al | y semdiontenthef RAS IancgABr 86 byhthe ALU 13@Ct IF theUEdTeis 16.
Reading fromths cieabhelt) fthd Fhov GoeR ol 9 s 200y where th@@ézﬁgﬁat‘ |2@9:.nﬁ:&@'uﬂ3 74

one by one by the tlh@(:nri@%p(;ceﬂog%l arfdr%£ Rfe {i¥%n at thLIemiQ:g &thsg or
circuit 68 and by g e@va{ﬁ%sfor\@@%ua' 8orl 10 ,LULRS deblida psterOfaalief the
byt e/ word converter 57 mthe di's er a%pe 26 PRt |nto

the disk FIFO 56 and ¥eXiri§ 1FRittthe Afi tet Ii‘I”FeO H18 Miffoprocessor faugss 3 fpad

buffer 16 may be p¥r tSrhaEd Spkapraatias sl (P b mewaf tasthe next sFasks If the EOT
20 is not reached, the flow goes to a step 206. i

The step 206 loads an ID of the next sector into the ID register 86 to
prepare for reading of the next sector. This is accomplished by reading
the start address included in the parameters written to the sector buffer
16 in the step 201 into the sequencer 28 and updating it by the ALU 110.

25 The sequencer 28 loads the updated address (RBA) into the ID register 86
and writes it back to the sector buffer 16.

A step 207 sets a disk start address (DSA), which is a start base address
at the time of writing data of the next sector into the sector buffer 16,
to a particular work register. A next step 208 compares the DSA with the

30 contents of the host address counter 62, HAC. (During the execution of
the read control program by the sequencer 28, the memory timing control
circuit 68 is performing data transfer from the sector buffer 16 to the
host FIFO 54 using the host address counter 62.) If DSA=HAC, it means

i that there is no data to be read from the sector buffer 16 to the host

35 FIFO 54. 1In that case, the flow goes to a step 209 which interrupts the
microprocessor 20 and waits until a sector of data is written to the
sector buffer 16 and the DSA is updated.



of the RP 74 and the WP 76 satisfy the above conditi on. When five

wor ds have been transferred fromthe disk FIFO 56 to.the sector buf fer
16, the menory timng control circuit 68 starts transfer fromthe 35 sector
buffer 16 to the sequencer -FI FO 58 by changing the access of the sect or
buffer 16 to the sequencer phase and enabling the sequencer addr ess
counter 66. The sed®®i¢®8address counter 66 s preset to a . start
address of the program storage area 16B, that is, an address of the

JA9- 92- 008 first instr L on rd of the
above read control Ig_rbcs)ﬁriﬁnﬁ’rﬁ?ltﬁ rfhan P% %’stthet &tov g°ess?:3<tahssfe? lr%g{ r ft‘}c‘:th \il%ﬁe%?eés
are continuously t “EFEFR et PRIt B cBrrent se¢rEds 8™ e TR d®ncer

phase. The menory tweeerpkiskasnir gheckingcyistatg Pt the ssebor rigmalseitputtediefthe by
i ncrementing the sainecnasefroadde adsnteo fdt GUG.H6). S fadvaplehed, /e 8@ctorecduyt dse.
When a difference Rpdaterand BenRP stép BNdchebis WRther anSthc6X@e@BSe arror has

predeterm ned val Ug £ &k baikd oh the TOAMNYs bE Thd1QroPHefRker whick 15Ok toOhe

starts transfer from,the.se qu&elr:ﬁg; Fe%é%g/th(a)s g@c%rrsegq_l{ggl ﬁ%’e‘_’ﬁﬁ t208a' S-%:peone

k registers
sequencer 28 reads “Phe"Sequencer Fncrenenting

by one. Wen six wt¥$® HAVRET Rt PaRPF e FEY 1 om the sector

If the uncorrectable error has not occurred, the flow goes to a step 213
10 wvhich determines whether a correctable error has occurred. This can also
be determined from the contents of the error register. If the
correctable error has occurred, the flow goes to a step 214 which
corrects the error using the error position data and error pattern loaded
into the work registers 118 from the ECC circuit 88 shown in FIG. 5. The
15 error position data identifies an erroneous byte. Accordingly, in
response to an error correction instruction, the sequencer 28 loads an
address of a word containing the error byte into the sequencer address
counter 66 and notifies the memory timing control circuit 68 of data
reading through the lime 132. In response thereto, the memory timing
20 control circuit 68 resets both pointers 78 and 80 of the sequencer FIFO
58 to 0 and performs reading from the sector buffer 16 to the sequencer
FIFO 58. The error byte read is loaded from the selector 130 into the B
register 116. The ALU 110 corrects the error by performing an exclusive
OR operation on the error byte and the corresponding error pattern which
25 has been loaded into the A register 114. The word containing the
corrected byte is written back into the original location of the sector
buffer 16 through the sequencer FIFO 58.

After the error correction is completed, the flow goes to a step 215
which determines whether the end of track (EOT) is reached. If the EOT

30 is reached, the flow goes to a step 216 and waits until the next track is
ready for being read. If the operation can be resumed or the EOT is not
reached, the flow goes to a step 217 which determines whether the read
sector is the last sector for this read command. This is accomplished by
comparing the sector count written into the sector buffer 16 by the step

35 201 with the sector count updated at the end of the step 210. In case of
the last sector, the execution of the read control program is completed,
otherwise the flow returns to the step 202.



10 ‘buffér 16 to thé_seqyencer FIFO, the nenory timng control circuit 68

changes again to the 'di sk phase. When a sector of data, that is,
512-byte data has been witten to the sector buffer 16 with no error as
aresult of the access in the tine sharing node (C), the nenory timng
control circuit olP3apges the tine 15 sharing node from (C) to.(A) (or B)
upon conpl eti on of the sequencer phase SO0 as to transfer the data to
the host FIFO 54, and starts the transfer fromthe sector buffer .16 to

wor ds _have been t the . sector bufter, 't he HoSt® FI FO
54 by incrementi nr%@ﬁé%%%egg %‘ég?&%s"fﬁué’gu‘%t&ea?a 6 SHd 1HhE&RPY 2" drke by one,
the menory timng COnfYEIctEM S0P 8% changes the phase from host to
disk. If a difference between the RP 70 and the WP 72 reaches a
predeterm ned value (e.g. 4) during the transfer, the nenory timng
control circuit 68 directs the host interface circuit 22 to read the
host FIFO 54. In response thereto, the host interface 25 circuit 22
transfers the first word to the data register 48, and then. interrupts
the host 10. The host 10 responds to the interrupt by sending a command
to read the data register 48 to the host interface circuit 22. The host
interface circuit 22 reads the next word fromthe host FIFO 54 to the
data regi ster 48 by using the input/output read signal 10R 30

si mul t aneously sent fromthe host 10 as an increnent signal for the RP

70, and interrupts the host 10. Sim/lar operations are repeated

t hereafter. As descri bed above, reading fromthe hard di sk apparatus
14 to the host 10 is perfornmed by repeating the access cycles in the
time sharing nodes 35 (A) or (B) and (C). Witing fromthe host 10 to the
hard di sk appar at us 14 is also perfornmed in a simlar manner. The
sequencer 28 controls such reading and witing by executing the program
read fromthe sector buffer

t he host FI FO 54 fgy Lpakl ié@&rkh%rogaam,h%t ba@gggge%&i%gy?hei%h{%ame Vhen eei ght



16 in the sequencer phase (details will be descri bed | ater).

JA9- 92- 008 12 The di sk inferface cirtcuirt—26-
shown in FIG 5 includes a.parallel-to- serial conve

converting a byte of parallel data fromthe disk FI Fﬂmmﬂm‘m""m"gﬂfa
and a serial-to- pay, Q_Iglz_edo converter 84 for 19 converting Serfaltdatastr

the hard di sk appalbat 014 to a byte of 5 parallel data. The serial data
fromthe parallel-to-serial converter 82 is sent to the hard disk.

apparatus 14 after being converted to anal Q:%wls signals, and sequentially
witten into a specified sector |ocation. e paral l el data from the
serial-to-parallel converter 84 is sent to an ID register 86 if it is a
sector 1D, or sentl-to }mECHPEEbI® PemRlgTaragn PUkTol @Pryratus ofer (sptretiirmg
logic circuit) cirapuexte@8l jstorage i($4)oLnlirpspoysesece gommand foat & hosts (103 wel |
known in the art, -amm@eingt |D is recorded in a | eading portion of each
sector in the hard gifgk aPAtRpMSrY ARFingOAELRAILD DeHansterrdlBeBasn BRIK (AV)

and a relative bl qgke el 830 i Ulernd oL Bal (8968 ALtner stbAnDS ﬁsgﬁgsed s

previously set in e | eqgl ster the 15 . mcroprocessor an
error detect and c‘lc?ﬁﬁﬁ?tem%]ilg%&ﬁa 557 %{'i lfeit'é?"tﬁ%m“t @886@%58’# Y4B an 1D
error if the sect oy f(ddh t he serial -to-parallel converter 84 and the
preset sector |D dontrel mewmisnCliddefonicohtredlihg srivedatgrtransfer py trhwding ifsoman
error in the saot Glaid buffe®rué ) end execating GappBpedgkal; and
a hicroprocessor {20) starting said control means {18) in reading said
program in résponse to a command from said host (10).

2. The programmable external storage control apparatus according to
claim 1, wherein said microprocessor (20) has a memory k32) storing said

15 program and loads said program from the memory (32) into said buffer
(16B) a; the time of initialization.

3. The programmable external storage control apparatus according to

claim 21 wherein said buffer (16) is partitioned into data storage (163)

and program storage (16B) areas and said microprocessor (20) loads said

20 program from said memory (32) into said program storage area (16B) by
specifying a start address of said program storage area at the time of
said initialization.

4. The programmable external storage control apparatus according to
claim 1, 2, or 3, wherein said control means (18) comprises host

25 interface means (22) for exchanging data and commands with said host
{10), external storage interface means (26) for exchanging data with said
external storage (14), sequencer means (28) for executing said program,
and memory control means (24) connecting said host interface means (22),
said external storage interface means (26), and said sequencer means (28)

30 to said buffer (16) for controlling transfer between them and said
buffer.

S. The programmable external storage control apparatus acc6fding to .
claim 4, wherein said microprocessor (20) starts said memory control
means (18) in response to a command from said host (10) and starts
transfer between said buffer (16) and said host interface means (22).

-
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. 35



converter 84. 20 ‘I_f there is an error in the sector data readfromthe

hard di sk apparatus 14, the ECC circuit 88, which i ror
correcting logic circuit, outputs either a correct almmmm mvm“Lbl e

error signal dependi ng on whether the error is correctable or not +«and
further outputs IR A8 indicating its err® position and error pattern
In case of the 25 correctable error. |In response to these signals, the
sequencer 28 corrects the error. For witi n? fromthe host 10, the ECC
circuit 88 geneFAtLErtaat SRR ipterirasdiears F28d q Cd 534 BiAuenceE Medis (7 a
sequentialdy sed® 3 tiam shpeingimefle-F| FO 56 and sends it to the

paral |l el -to-seri al converter 82. Error checking is not perforned for

data to be written. 6. 30rhe PibgrMiabBd ext@rdl tbigh CARVELPRaBE RuddAsS &

byte signal to a4i @?a:ﬁ% wher &A1 § mBFor &rgpmgﬁgs(lZnglffognstIe txja§sfe
conpl eted. A counte

c t.S
line 96 for | oadi nggﬁ% " Qa,tﬁ jEfer (ﬁtﬁg R sal’%ﬁ ?59‘?‘55'{'”?5 22)\/\5?’1" e"ttﬁ?i‘f*l
sector IDis being Bfﬁrbﬁﬁ f"étﬂr‘faff)l'FFa“s (zpheag‘bﬁlél“ﬂ‘é?"fﬁafr%ﬁaF%I(Z%)oﬁVéPQ*’the84
(e.g. the first to &¥espesire bytes), 35 and generates a signal on a line 98
for | oading the out pinstoi tilket-ser befifers (54,t58- ayal |l el converter 84 into the
ECC circuit 88 while the subsequent 523 bytes, that is, 512 data bytes

and 11 ECC bytes;qar ¢, beimgg g Q%thaﬁﬁdexternal FHELBE ontg'gh.e a&p%pmgracgdfdi)h%t Lyates

a line 100 to condi ti 35 ans wgerem said sequencer means (28) comprises a decoder

(124) for decod1ng program instructions read from said buffer (16),
arithmetic means and address generating means (112) controlled by signals
from said decoder (124), and register selecting means (122) for selecting

15 a register in said control means based on an address from said address
generating means (112). :

8. An external storage system in vhich data is read or written by a
command from a host (10) comprising:
an external storage (13) storing said data;

20 a buffer (16) temporarily storing data to be transferred between said
host (10) and said external storage (14) and further storing a program
for coﬁtrolling data transfer between said host (10) and said external
storage (14);
control means (18) for controlling said data transfer by reading from

25 said buffer (16) and executing said program; and
a microprocessor (20) for starting said control means (18) in reading
said program in response to a command from said host (10).

9. The external storage system according to claim 8, wherein said
microprocessor (20) has a memory (32) storing said program and loads said

30 program from the memory into said buffer (16) at the time of
initialization. ’

10. The external storage system according to claim 9, wherein said

buffer (16) is partitioned into data storage (163) and program storage -

(16B) areas and said microprocessor (20) loads said program from said
35 memory (32) into said program storage area (16B) by specifying a start

address of said program storage area at the time of said initialization.

_—
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JA9-'92- 008 | , 13 whil e the a2 daLa ByTes—ar byt s
bei ng outputted. A second input of the AND -gate 103,”& , ,ﬂ, the
line 92 so that the AND gate 102 passes the byt e signra I”"b

to aline 104 while the sector data of 512 bytes i's being read fromh t he
hard di sk appar at’#3-22%°8The byte signal on 25 the line 104 is applied to

the WP 76 in FIG 4 as an I ncrenent signal . When the reading of 512
data bytes is co Iet e t he counter 94 generates ‘a sector on a
line 106 and sends: ot REnad ﬁ‘é‘ﬁ&é?s'ﬂ acgqyding tor glai fe Pt Y f‘heq?é&it“or

signal, the sequeﬁ‘}t‘él‘”’%%ﬂt{“é‘f 8} cowpEisF heafudnter face mearphe22y fqtiencer 28
shown in FIG 6 ieschanging data #ad cowmndsevich siabd hdst X1ph éfrermpdditoiam to a
conventi onal ari tinneaitace seads |(QE) €&l extharigifg\dth wifl) saidl eipeitmal storage (Lée ALU
are provi ded fgOrgegdenéer’ Bins(28) $ddesadGhidg BaiceptogtaR| add Ref@¢tontrol Glanshi Ch
serves as an accygyy %Bx%cuﬂaflaié ﬁosQUIrﬂWfaéém&EQ\(hﬂecLaE@ eWBrKa1 storhfRDi Sters

118. | npUt s tot h‘e (}ace meange(gg);d:a\r I’sau Zse g%r{sdgﬂ')__ftéosn;ig buff rc{lg?

reglster 120 and ¥ encer CcO n

output i s provi de??rtcdn’irﬁél%%cfﬁé'ﬁ(f%’r b%Fd&ﬁ"eE‘?“‘@Bﬁﬁf’élrb‘géerand a vvork

regi ster selector 122. The work register selector 122 selects a work
register in respanrse fig exteadcdrasegt rsynterwcadinewsclpémdil atvbereid 2aid' Wor k
regi ster” as ygeduibepPddasicy @Y QRRts Csal® oy dortediCidant A 28N B YedpogdeSter
included in the HDCouhSha eddhl élaﬂi.a&s<i£64ndtﬂer§eamsﬁse%emldme§s any 20

register in th 1 d ont. Lol t
e 1o | e e 30 pf Re ARYRARE ). B SR beclle AR o

S r ster
t he wor k reg|“§f‘ésrz 8’“8rsaf‘h§e°§'§'éfﬁé cEr ég}:C)"%ts cwA ™A FE 4, and
t he code
13. The external storage system according to claim 12, wherein said

15 memory control means (24) performs the transfer between said buffer (16)
and said host interface means (22), said external storage interface means
(26), and said sequencer means (28) through the respective first-in
first-out buffers (54, 56, 58).

; . ; ..
14. The external storage system according to claim 11, 12, or 13,

20 wherein said sequencer means (28) comprises a decoder (124) for decoding
program instructions read from said buffer (16), arithmetic means and
address generating means controlled by signals from said decoder (124),
and register selecting means (122) for selecting a register in said
control means based on an address from said address generating means

25  (112).

___—-—__—_________________
as Been Replaced
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regi' gt ért 120 recei ves a programinstruction fromthe sequencer FIFO 58. 25
A decoder 124 decodes the programinstruction and genérates control
signals on the lines 126 and 128 that cause the ALU 110 and the address
generator 112 to perform specified operations, respectively. In response
to the control signak-owa the |ine 126, the AU 110 perforns an arithnetic
operation such as addition, subtraction or the like, or a |ogical 30
operation such as AND, OR or the like. 1In response to the control signal
on the line 128, the afBpeRxNRIEr BEXTERNAL? STORAGE NGONTROLhAPRMWMIEAt s of t he
sequencer address counter .66 by one and w'ites back thereto, generates a
regi ster address for the work registers 118 or an address for retrieving
data fromthe sector buffer 16, using ar®BEI82EEs jncluded in the program 35
instruction fromthe code register 120, or generates a new instruction
address by addin h sses. fromth t 2 nd_the

addr ess count er 2\6% ggr x’zﬁrﬁl @6%%(1 cgﬁtg:loi §£pa]ra ug :gs prov:.ditg1
Usual Iy, the sequ@n@brréﬁﬁnnseemvn&mum pnoepreention tafuet Migroprosessny sadt or

buf fer 16t hr 040 ihdaRoSeuRAGRILEIAQ Sfa HME¥ELsey.f he program
instruction |oaded into the code register 120 specifies data reading, a

sel ector 130 is Shhi £BALYASH 2aPHsfer r(ééél i FroRTefate? &5285f¢he 132 by
5 the decoder 124ontrbhaprddi@mdah caddittivh > fegaencbe TdfdceBréd wditivaeh ed

to the A register, {14, apfhy N8aPat e &L8h1 1h0rad G193 2 r&2Y 31 P02 (18
_ which reads from the buffer (16) and executes the data
10 transfer control programs, and a miéroprocessor (20) which
starts reading of the pfegram from the buffer (16) to the
controller (18) in response to a command from the host (10).
" The controller (18) controls data transfer between the host
and the external storage independently of the microprocessor
15 (20) while the microprocessor (20) may execute other jobs.

[Selected_Figure] FIG. 2

is'Sheet Has Been Replaced
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thqﬁi&ﬁé’lSZ is also sent to the nmenory control circuit 24 to reset both

poiters RP 78 and WP 80 of the sequencer FIFO 58. For illustrating a
programto be executed by the sequencer 28, a 10 flowchart of the above
mentioned read control programis shown in FIG 8 and FIG 9. The read -

to the sequencer 28

control programis read fromthe sector buffefl 6
, 18The read command

when a read command is received fromthe ho
and related paraneters, i.e. a sector count}indicating t he nunber of
sectors to be read and an address of a sect rSFqgﬁﬁmrich 15 reading is
started, fromthe host 10 are received by t heBUoHh

cortttang regi ster 46, the
sector count register 42, and the address rggister 44 in such a manner

as described in the above Applicatith 3-337995. [The regildter H4sel ect and
interrupt control circuit 40 interrdipts the _nicrioprocegssor_20 / when

recei pt’ thereof is conpleted.f In respokse tp the intgrrup§ fromthe}20
regi ster select and interruptf control ¢i , thg m sof 20
reads and decodes the contentjs oHO%he 1&3‘%&&&&6 ﬁ@odéd is
a read command, the m croprodessor gushart @ e fead
control programinto the seqd counter 6d, se a_star

signal to the menory timng control circpit 68 shown in FIG 4, |oads a 25
sector ID corresponding to the start adgress in the address register 44

of the host interface circuit 22 (FIG 3) ipto the Il}) register 86 of the
disk interface circuit 26 (FIG 5), and caupes readi fg~of the hard disk
apparatus 14 to be started. The nenory tim hgcomptessod] ci?Pcuit 68 resets

t he host address counter 62, the disk addreps counter] 64, and all of the 30
read pointers RP's 70, 74 and 78 and wite pormrers—wW's 72, FdGamd 80 to
0, and starts accessing of the sector buffer 16 in the tinme sharing node
(C) described above, in response to the start signal fromthe

m croprocessor 20. '

SECTOR BUFFER
. 16A
[ i .

12 @ §
: : | wost MEMORY DISK :
To HOST 10 <: INTERFACE CONTROL INTERFACE ::{>
: - . < ! To HARD
: : DISK 14
: 22 24 26 :
: 28 —] SEQUENCER :
MICROPROCESSOR
™20
RAM| |[ROM
7 < FIG. 2
30 32




Since the sector IDis first read fromthe hard di sk apparatus 14, it is 35
t he sequencer 28 which first accesses the sector buffer 16 in the tine
sharing node C. Therefore, after refreshing the sector buffer 16 instead

of the first disk phase, the nmenory timng control circuit 68 provides an

JA9-92- 008 . 15 enapl e signal to the
sequencer address counter 66 and sets .a RRWsig ' to the sector
buffer 16 high to indicate reading. Wen enabl ed by the enabl e signal,
t he sequencer address counter 66 outputs its contents, i.e. the start
address of the read control programto the address bus 60. 5 The first -
instruction word is read fromthe program storage area 16B in t he

sector buffer 16 and outputted to the data bus 52. This instruction

word is witten into a |location of the sequencer FIFO 58 specified by the
WP 80 (initially set to 0). In the sequencer FIFO 58, witing into the

FI FO 58 and reading out to the sequencer 28 are sinultqeeously performed 10
only for the first instruction word.12 Then the menory fi ning control

circuit 68 increnments the sequeTter addngss t he |pjP 80 by
one to cause the next instructi t REGSSBUBCEd from-thewsect or
buffer 16 to the sequencer FIFO|58 124 | INTERRUPT oW
“——" CONTROL I
To HOST 10 - 82‘L84 """""
° 0 ‘s1] "“s3
_ 42
! —>{ SECTOR COUNT [———
. V
. S2

| w0

—— |  ADDRESS

$3 |
.

—>
6
——>{ comaND  —>
8
—>

S4
‘L 4
/
™ DATA |




| ngt he sequencer 28 shown.in FIG 6, the data signal on-.the line 132 is 15
|l ow so that the selector 130 passes the first instruction word fromthe
sequencer FIFO 58 to the code register 120. The decoder 124 decodes it

to generate necessary control signals and increnment the RP 78 by one.
Thereafter, the sequencer 28 sequentially executes the read control
program shown in FIG 8 and FIG 9. Next, thg/gead control programis 20

descri bed step by step. A first | oaded
into the sector count register w in the
host interface circuit 22 (BRG "3) rcutar | ocatji o t he
program st orage ar éaalibs, s 60~ of} bhe registgrs nd 44 and
the locations for the par t 8P8Tt 0 bel2 W [t ten are spdcifli edf by
instructions transferr omAPRRESY ogtam st orage ared 14B tjo the code
regi ster 120 t hrough the se%encér Fl FO 58. The decodgr 324 |decodes
these instructions and firgtasaves the contjénip of t§4 BdaFncer
address counter 66 in a.pre¢det eéid$itned Lacatli ol sed buffer 16
The regi ster addresses areji nplEIREd t ofThe |\WO] regi ster s ctor 122,
t he addresses of the Iocatltns to whikh 3 hd r4 _arje tlo be
witten are | oaded into thelsequencerladdr gy [ 66, and necessary
directions are given td‘[t'tg“;;rnm) W8 Ng Fcuit 68.
Accordingly, the contents |Qf zae er s |4 are witjten to the
sector buffer 16 through #}hi seguenc Fl FQ t he parjaneters
have been witten, the cBht dnts saved)in 1H P I 1q are
returned to the sequencer address counter
64
Enable \ .4____+‘
T DIsK . !
T%] ADDRESS : : MEMORY
3 TIMING
56L : Eoabl CONTROL
. na e
| PTSK - ol | CIRCUIT
FIFO i i
! 1
+ +
—'» RP -—I-v wP > 68
M
74 t >
66 —*
Enable \
‘_*_—1’ SEQUENCER
Z»| ADDRESS B
58 [ )
\
———] SEQUENCER ||
FIFO ]
f [ s
+ +1
lre L—l —»{WP
/
w1
start flG.4

20 /I MICROPROCESSOR



JAQ-92- 008 16 - A next step 202 determ nes
whet her checki ng of fhe. 'sector IDis conpl eted. As described above,

the sector IDread fromthe hard disk apparatus 14 is checked by the
error detect and conpare circuit 90 in the disk interface circuit 26
(FIG 5) and its result is witten into a 5 pgrgicular work register

(error register). Accordingly, the sequencer 28 reads out the contents
of the error register to determ ne whet her reading of the sector IDis
conpleted with no error. This checking can be easily perfornmed by the
ALU 110. After the checking of the sector |ID has been conpl eted, the
flow goes to a step 203. 10 The step-203 determ nes whether the end of
track (EOT) is reached, that is, a sector for which checking is
conpleted in the step gf¥ki g the | ast sector in §ramgiE-torje segtor ID
contains an EOT flagiretse Pt -semet or . [The-
sequencer 28 executes the step 203 hy checki ng t s of theol#Arp
regi ster 86 by the ALU 110. If the ®OT qs 15 r«adhedszthe 84 ow goes| pos 14

U

step 204 where the sequencer 28 ingerTupts 1 Jor 20| and
stops the operation at the end of {haD BBGt ¢F y -~ JThe
operation is actually stopped aft ef=+eergh of {hqg :ata I's
conpleted. At that tine, the mcroprodqgssor cayges of the hard
di sk apparatus 14 to be npved to the neit track |;9ﬁ|u§ Or 20 is not

reached, the flow goes to @54%125651{301{ The|ktlep 206 odt¥¢€an ID of the

3
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prepare+«for reading of t.he next sector. This is acconplished by readi ng
the start address included in the paraneters witten to the sector buffer
16 in the step 201 into the sequencer 28 and updating it by the ALU 110. 25
The sequencer 28 | oads the updated address (RBA) into the ID register 86
and wites it back to the sector buffer 16. 5/8 A step 207 sets a disk
start address (DSA), which is a start base address at the tine of
writing data of the next sector into the sector buffer 16, to a
particular work register. A next step 208 conpares the DSA with the 30
contents of the host address counter 62, HAC. (During the execution of
the read control program by the sequencer 28, the nenory timng control
circuit 68 is performng data transfer fromthe sector buffer 16 to the
host FI FO 54 using the hos%ragcgr 'ﬁ@,gg%mt er 62.) If DSA=HAC, it neans
that there is no data to b I$§a§ r he sector buffer 16 to the host 35
FIFO 54. In that case, th oW goes to a step 209 which interrupts the
m croprocessor 20 and waits untjt a S|LMEMORY CONTROLS witten to the

p

sector. buffer 16 and the DSA is |pdatgIRcUIT 24 JA9-92-008
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I DSAis greater than HAC, the flow goes to a step 210 whi ch determ nes
whet her the data reading for the current sector is conpleted. This is
acconpl i shed by checking a state of the sector signal outputted to the

line 106 fromthe counter 94 (FIG 5). 1f conpleted, the sector count is 5
updated and then a step 211 checks mhether6ﬁp uncorrectabl e error has
occurred based on the contents of the error register which is one of the
work registers 118. If the error has occurred, the flow goes to a step

212 to interrupt the mcroprocessor 20. . | f the uncorrectable error
has not occurred, - T | ow goes to a step 213 10 which determ nes whet her
a correctable err occurred. This can al so be determ ned fromthe
contents of the error register. If the correctabl e error has occurred,
the flow goes to a{sfep 214 which corrects the error using the error
position data and error pattern | oaded into the work registers 118 from
the ECC circuit 88 showa_in EIG 5 The 15 _error position data identifies
an erroneous byfigprcaccordi ngl yyosp reﬁmnsisg@mmr or correction
instruction, the Sequencer{ 28 | oads an addréss of a word containing the
error byte into the sequencer address counter 6 notifies the

nd
menory timing copargl cirdujt].6 atla rFﬁ i ttﬂkjgh the line 132.
I n response thereto, the ﬁeko‘rz)géqu Ha%hd |44 gl 2??4 i%i 68 resets both

pointers 78 and 80 of the sequencer FIFO 58 to and perforns reading
fromthe sector buffer 160F9—Lhe—sequﬂccﬁss CYCLEIF€+%8r—$§e error byte read
is loaded fromthe selector 130 into the B regi ster 116. The ALU 110

(o

corrects the error b erform ng an exclusive OR operation on the error
byte and the correédénﬁing error pattern which 25 has been | oaded into the
A register 114. The word containing the corrected byte is witten back
into the original | ocat+eofr—ef—tfre—sees fyerf=f =t r-t-tre

T, urirmT el LU U ITl Uu—g_[
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whi ch determ nes whether the end of track (EOT) is reached. If the EOT 30
is reached, the flow goes to a step 216 and waits until the next track is
ready for being read. If the operation can be resuned or the EOT is not
reached, the flow goes to a step 217 which determ nes whether the read
sector is the last sector for this read cormmphg. This is acconplished by
conparing the sector count witten into the sector buffer.16 by the step 35
201 with the sector count updateée—sa reend of the step 210. |In case of
the | ast sector, the executi on control programis conpl eted,
otherw se the flow returns to tie ep~202. JA9F9%- 808

18 For a wite control program S baS| C operations are"tThe sane as in
the reading except that the ¢ data transfer is opposite and the
error correction is not done: WRITE
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1Q¢i CLAIMS 1. A progranmabl e
external storage control apparatus for controlling an external storage in
response to a command froma host, conpri sing: a buffer tenporarily
storing data to be transferred between said host and said external storage
and further storing a programfor controlling data transfer between said
host, said buffer, and said external storag@; control neans for
controlling said data transfer by reading fromsaid buffer and executing
said program. which controls said data transfer between said host, said

buffer, and said external storage;fgn a mcroprocesfgdha. Starting
said control neans i-n readi ng said ramin response to said conmand
fromsaid host. 2. The progranmablle external storage control apparatus
of claim1l, wherein said mcroprocegsor has a nenory where said programis
stored, and said m croprocessor |oa gram from said nmenory into
said buffer at initialization tine. . The prjogrammabl e external storage
control apparat us of.clain12,im9ere' ai d
_ IS
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OF DATA -
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bquer Is partitioned into data st orage - and progr»____-,_,
m croprocessor | oads said program from said memy vl .ri't‘m Sz Y(jqp :
storage area by specifying a start address of is af))/ i‘ m's‘tfgi é“’é’f*@‘é‘q; [
said initialization time. 4.  The progranmmablie sttGf é%ﬁ’tagﬁ """
apparatus of claim 1, wherein said cont2ol rreﬁns further conprises:

host interface neans for exchangi ng data and canmBAUE QFtRlEﬁﬁRTh.cﬂsﬁ LT

ext ernal sltds alge knowvarthatcehostadse dromofexgetiphedan ﬂe\dedsan&m&ihgwldk diive ol a
st or age;

contr o omicropREREH SRl 2 Mk m S SRRl aPbREFEMhirBA rigriy, FRIC"Y
i nterface mamle Bt Pafent 498i130edisclosess: data quoessing fsystemoin wbichr alsingie

transfer 49 Gitput REMrANG RRhig faf &ﬁcmgl%cessoff hfd P SERFTRGhGryS¥bRESR! a

iéf’éa?rinér&u%ﬁiw o fidaHpuf HeviedBraighilbe Espo AN R IO

that data transfer is performed between the input/output devices and a main memory of a
host CPU (central processing unit) through a local memory bus. The buffer memory
stores not only data to be transferred through the local memory bus, but also
microprocessor programs. An arbiter included in a buffer control gate array decides
which device may access the buffer memory. Also European Patent Application EP-A
374114 (Japanese Published Unexamined Patent Applicatioﬂ 2-158824) discloses a
similar storage controller using a shared memory. The shared memory is partitioned
into a microprocessor data storage area, a disk data storage area, and a host data storage
area each of which is selectively accessed according to a predetermined priority.

Operational sequences for data transfer through such a buffer were conventionally
controlled by logic of a controller such as HDC or a microprocessor program. The
former method using the hardware logic has a disadvantage of less extendibility -and
flexibility since the hardware is designed to fit an external storage to be controlled and,
therefore, it should be redesigned if the external storage is changed. In case of the
program cbntrol, the program may be merely rewritten when the external storage is
changed, but a microprocessor can not do any other job during the data transfer which
requires microprocessor intervention all the time. Accordingly, a data transfer control
system having the advantages, of both prior systems is desired. |

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. |

According to one aspect of the present invention-there is provided a programmable
external storage control apparatus for controlling an external storage in response to a
command from a host, comprising: a buffer temporarily storing data to be transferred
between said host and said external storage and further storing a program for controlling
data transfer between said host, said buffer, and said external storage; control means for
controlling said data transfer by reading from said buffer and executing said program,
which controls said data transfer between said host,  said buffer, and said external
storage; and a Imcroprocessor starting said control meaps in reading said program in

response to said command from said host. :

.- According to another aspect of the present invention there is provided an external
storage system in which data is read or written by a command from a host, comprising:
an external storage for storing said data; a buffer that temporarily stores data to be
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20 host and starts transfer between said buffer and saird host interface
nmeans, said external storage interface neans, and said sequencer neans in
a time sharing node. 6. The progranmabl e external storage contro
apparatus of claim5, wherein said nenory control means perforns transfer
between said buffer and said host interfate neans, said external storage
I nterface neans, and said sequencer neans through respective first-in
first-out brahdferred betiveen sdidchgst agd aaidwdxteznahstarageainds '?Lﬁrtlﬁg 80264 pRdgram for

appar at us C rises.

S lecoder FaUEEltn HASEE bnnshpiadEH SRE TR sld SR I0RGL Eoturo
arlthnetlanﬂﬂh fdﬁmmﬁﬂﬂmbgwig&ﬁdiﬂﬁﬁﬁQBMﬁ@ﬁ®gdbnnﬁ@ﬁﬂ@dﬁmyHQMQMGMBnﬁsmdn

said decogfjgraNGwhich confr88i sui® rda&ehﬁﬁféﬂ”‘get%éﬁ'%afdohoﬁelsﬁﬁt bulerd Anf9La3d ©"
in said control neans based qn an address from s ress genérating

means. extergl é&%&%aﬁn <4 GPCHOBTASGISOE Py ﬁtamgc??l%é’f’ﬁtf?lsmff@&dmo?eaﬁm& st by
S a commnd program in bespbnsectorspid onmgand from said host.

According to still another aspect of the present invention there is provided a
method for controlling an external storage in response to a command from a host,
corhprising the machine executed steps of: a microprocessor loading a program into a
buffer for controlling data transfer between said host, said buffer, and said external
storage; controlling said data transfer by reading from said buffer and executing said
program independent from said microprocessor; and starting of said controlling step by
said microprocessor in response to said command from said host.

Brief Description of the Drawings
Fig. 1 is a block diagram showing an example of a computer system implementing the
present invention.
- Fig. 2 is a block diagram showing the configuration of an external storage control

apparatus according to the present invention.
Fig. 3 is a block diagram showing an illustrative configuration of a host interface circuit
in the external storage control apparatus of Fig. 2.

o

This is the replacement sheet

oaec |7 0CT 1997



H

an external storage for storing said data; a buffer that tenporarily

stores data to be transferred between said host an_,&al_d_—ax{—er—ﬁal——sﬁ)rage

and further stores a programfor controlling data’ transf a|d
host, said buffer, and said external storage; “ mﬂl

cont roI ling said data transfer by readi nbgfrom sai d sexecutl ng
sai d program which controls said -data transfer betvveen sal d host, said
buffer, and said external storage; 'ar&AIMS a m croprocessor for starti ng
said control neans in reading said programin response to said comand

from sai d N1oStA pRgramhible Cit&naR stopdgd! 86Hrot Yapp&AnR! fot! drifolli r &it&mapi d
m croprocessor has a menory where said programis stored, and said

M cr opr ocessage iy éstponsei to aoREha fromn It ,Cbonipeigtngy | nto sai d buffer at

initialization time.

21 a buffer temporarily storing data to be transferred between said host and said
external storage and further storing a program for controlling data transfer between said
host, said buffer, and said external storage;

control means for controlling said data transfer by reading from said buffer and
executing said program, which controls said data transfer betweén said host, said buffer,
and said external storage; and - '
a microprocessor starting said control means in reading said program in response
to said command from said host.
2. The programmable external storage control apparatus of claim 1, wherein said
microprocessor has a memory where said program is stored,. and said microprocessor
loads said program 'from said memory into said buffer at initialization time.
3. The programmable external storage control apparatus of claim 2, wherein said
buffer is partitioned into data storage and program storage areas and said microprocessor
loads said program from said memory into said program storage area by specifying a
start address of said program storage area at said initialization time. |
4. The programmable external storage control apparatus of claim 1, wherein said
_ control means further comprises:
host interface means for exchanging data and commands with said host;
. external storage interface means for exchanging data with said external storage;
sequencer means for executing said program; and
memory control means connectfng said host interface means, said external storage
interface means, and said sequencer means to said buffer for controlling transfer between
them and said buffer.

5. The programmable external storage control apparatus of claim 4, wherein said

microprocessor starts said memory control means in response to a command from said

_This is the replacement sheet



10. The external storage systemof claim9, wherein sai
partitioned into data storage and program storage ar '

m croprocessor | oads said programfrom said nmenory EBM‘ Imq“ I‘H“‘
storage area by specifying a start addre of said pr 8r age #area
at said initialization tine. 11. The external storage system of claim 8,
wherein said control neans further conpri ses: host interface neans
f or exchaniyshgndi ataztsanahsferrbetwern saiid buffer shdhaait host interfagXineima|sailt sl

i nterface means for exchanging data Wth said external storage;

sequencer §ierage interfacemeansi and saifl dequengaranqansiirta time shariegrorodecont rol  neans
connecting_said host interface nmeans, said external storage _interface
means, andd- salrﬁh“s@%ﬁw Fﬁa&ﬁf}fftab SSQXF&P pentral rappavatusonf claimi fig whetain fsaid
between them and said buffer xt er nal storage system of claim

11, wher ei 08 cgptgqlomggtgqmgst H" ers ?Weelhéﬁ’ﬂrlyl ?Gnﬁlfoﬁalﬂsﬁﬁé intgrface |

d t and st er et ween sai
C2PONSe {3 e TR SRS 8 *hal Sid ' BRREL e R
means, arl‘és&:@h@e Y S ot BR8N @ tine sharing node.

7.  The programmable external storage control apparatus of claim 4, wherein said

sequencer means further comprises:

a decoder for decoding program: instructions read frorh said buffer; —

arithmetic means énd address generating means controlled by signals from said
decoder; and _

register selectmg means for selecting a register in said control means based on an
address from said address generating means. |
8.  An external storage system in which data is read or written by a command from a
host, comprising:

an external storage for storing said data;

a buffér that temporarily stores data to be transferred between said host and said
external storagé and further stores a program for controlling data transfer between said
host, said buffer, and said external storage;

* control means for controlling said data transfer by reading from said buffer and
executing said program, which controls said data transfer between said host, said buffer,
and said external storage; and

a microprocessor fof starting said control means in reading said program in
response to said command from said host.

9.  The external storage system of claim 8, wherein said microprocessor has a memory
where said program is stored, and said micropropessor loads said program from said

memory into said buffer at initialization time.
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13. The external storage systemof claim 12, wherein said nenory control
means perfornms said transfer between said buffer and said host i

means, said external storage interface nmeans, and sai dimulﬁmﬂi“ﬂbﬁj mE
through respective first-in first- ouf buffers. 14. Th R Ary
system of claim 11, wherein said sequencé! neans further conprises:

a decoder for decodl ng programinstructions read fromsaid buffer;

arithmet | c10eane 3B GRARK 5F L SoURSIGRBA Shber i PerictRd il 01

sai d deco nmeans

in said COE‘Lbfz@e aﬁiﬁ%ﬂﬁgﬂaﬁﬁﬁgrage afdds aﬁ&l%lﬁ%ﬁlcfdp%ﬂe% Fosd @é@ﬁo@ﬁﬁ?ﬁ%ﬁi §4d

neans.

memory into said program storage area by specifying a start address of said program
storage area at said initialization time.
11. The external storage system of claim 8, wherein said control means further
comprises: |

host interface means for exchanging data and commands with said host;

external storage interface means for exchanging data With said external storage;

sequencer means for executing said program; and -

memory control means connecting said host interface means, said external storage
interface means, and said sequencer means to said buffer for controlling transfer between
them and said buffer.
12. The external storage system of claim 11, wherein said microprocessor starts said
memory control means in response to said command from said host and starts transfer
bg:tween said buffer and said host interface means, said external storage interface means,
and said sequencer means in a time sharing mode. | |
13. The external storage system of claim 12, wherein said memory control means
performs said transfer between said buffer and said host interface means, said external
storage interface means, and said sequencer means through respective first-in first-out
buffers.
14. The external storage system of claim 11, wherein said sequencer means further
comprises:

a decoder for decoding program instructions read from said buffer;

arithmetic means and address generating means controlled by signals from said
decoder; and

register selecting means for selécting a register in said control means based on an

address from said address generating means.
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15. A nethod for controlling an external storage in response—te—a-comand

froma host, conprising the nmachi ne executed step'sc-m -
m croprocessor | oading a programinto a buffer for c "HI””l'!lJUEE&Jj"I
transfer Dbetween said host, said buffer, and said extermnal 'S -l

controlling said data transfer by readi n% fromsaid buffer and executing

said programindependent fromsaid m croprocessor; and starting of

sai d controfli Agmetiel RY coatr8llieCir BXRARP IVradeNin’ RIPOBE ol £ co dCiomeLd
fromsaid host. 16. The nmethod of claim 15, whereinh said |oading step

further chosprcongrising the machimepexecesd steps ofadi ng sai d program from menory of
said mcroprocessor into said buffer at initialization tinme. 17. The

met hod of cl ai mmmigropabesssimloading & quograg &tten buffehéor comtyolling latmit@nsfer

m croprocessor |oading said programfromsaid menory into a program storage
area wherkstieemysaid hosts é#ldibggfpbr@ﬂtsﬂ@rﬁ@mﬂtséﬂragﬁiata storage area and said

program storage area. 18 _The nethod of claim 15  wherein sai d controlling
step further c?ﬂ?&q?]é‘&r‘ald data tansfer By (T5ading from osaid hviise sangh execyting saisht ;

program independent from said microprocessor; and

starting of said controlling step by said microprocessor in response to said
command from said host.
16. The method of claim 15, wherein said loading step further Comprises said
microprocessor loading said program from memory of said microprocessor into. said
buffer.at initialization time.
17. The method of claim 16, wherein said loading step further comprises said
microprocessor loading said program from said memory into a program storage afea
wherein said buffer is partitioned into a data storage area and said program storage area.
18. The method of claim 15, wherein said controlling step further comprises:

exchziqging data and commands with said host;

exchanging data with said external storage; and

executing said program Eby a sequencer.
19. The method of claim 18, wherein said executing step further comprises:

decoding program instructions read from said buffer.

This is the replacement sheet

Date:

17 acr

[N:\LIBSG]5625840:vjp



exchangi ng data with said external storage; and executing said
program by a sequencer. 19. The nethod of claim 18, wherein said executing
step further conprises: decodi ng programinstructions read fromsaid
buf fer. JA9-92-008 23

PROGRAMMABLE EXTERNAL STORAGE CONTROL APPARATUS

ABSTRACT

A programmable external storage control apparatus iS'prévided
which requires minimum intervention of a m1croprocessor and

5 has more extendibility and flex1b111ty
It includes a buffer (16) which stores a data transfer
control program -in addition to data to be transferred between
a host (10) and an external storage (14), a controller (18)
which reads from the buffer {16) and executes the data

10 transfer control programs, and a miéroprocéssor (20) which
starts reading of the pf&gram'from the buffer (16) to the
controller (18) in response to a command: from the host (10).

| The controllér (18) controls data transfer between the host

and the external storag; independently Jf the microprocessor

15 (20) while the microprocessor (20) may execute other jobs.

[Selected'Figure] FIG. 2
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