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5 KGRO OF THE INVENTION
Field of the Invention | '

The present invention relates to disk drive
systems and, more specifically, to an apparatus for
determining if space is available in a WRITE data

10 buffer for a WRITE operation and if the sectors are
‘available for transfer in a READ data buffer for a READ -
operatlon.

Descriptior 1a t .
| In some present disk drive systems a READ buffer
15 and a WRITE buffer are used to buffer data being
tran‘sferred” betvfe‘en the host and the disk. These
buffers may ‘be separate 'RAMs or can be a single RAM
that is partitloned into the two separate buffers. The
use of the READ and WRITE buffers allows the disk drive
20 system to receive data from the host for storage in the
WRITE buffer while, at the same time, retrieving data
from the disk for storage ':i.n the READ buffer, or for
transferring data from the WRITE buffer to the disk
while, at the same t:.me, transferr:.ng data from READ

25 Dbuffer 1 to the host.

In disk drive systems that use READ and WRITE
buffers it becomes' necessary to mon:.tor the amount of
¢ data available in the READ buffer for a requested READ
operat:.on and the amount of space available in the
* 30 WRITE buffer for a requested WRITE operatlon. A sector
of data, 512 bytes of’ data, is the basic unit of
transfer of data in many disk drive systems. Since in
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The disk drive system has a microprocessor,-under
program control, which controls the overall operation
of the disk drive system. One function performed by

the microprocessor is to determine if a requested‘WRITE :

operation can be performed that is, the availability
of space within the WRITE buffer for a requested WRITE
operation. If a requested. READ operation can be
performed, that is, the availability of sectors in the

READ buffer for a requested READ operation and if the

READ or WRITE operation can be performed, to generate
an OK TO TRANSFER signal indicating the same in the

disk drive system '_ The processing overhead on the.

micro- processor for'performing this function can become
large enough to degrade the overall disk drive system'
performance and efficiency characteristics.

SUMMARY OF THE INVENTION
Accordingiy, it' is an cbject of the present
invention to provide a data buffer monitor apparatus
which monitors the space availability in the WRITE
buffer and the number of sectors available for transfer

. in the READ buffer, and to generate the OK TO TRANSFER

30

signal when a requested READ or WRITE operation from
the host can be processed by the disk drive system.

It is another object of the present invention to
provide a READ and WRITE buffer monitor apparatus to

reduce the processing overhead on the microprocessor,-
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t'o nonitor the anount of data avai | abI e _i.n_ the READ buf fer quest ed
READ 3 O owgﬁlon and the anmoyint,-of- space ava| I able in }%&%@%‘} uffer
for a fequested s -

2 & VWRI TE operation..: A se 2,bytes of data, is the
basic unit of transfer of <7 data in many di sk“drive systems. Since
in a READ and WRI TE operation nore than = 3 - one sector may be
~transferred, the host wll provi-de the disk drive_systemw th the
" nunber of sector ShexehY¥ { (HRCTRAFERT DABE | SOVRERLA | PRRECREARFENd 388 TE
i buffers 5 eﬁ;&eeheys criaeeeteaﬁledit&s‘ eff Qe HiNlie dpive SySHO8mi o
:+ 3,000 sectors. 1 th db ﬁ stem has a_m cro.pro essor,
under program control, W%hano er 00JE€6 hBT&P |1“a’;5’-é°r CAD D

~the disk drive spsbvtdemeREMCananp.é{rrEobmﬁtellynmIm.tor apparatus that
’ 5 continuously monitors ~the transfer of data sectors
between the READ and WRITE buffers, and the host and
the disk. '

Briefly, the data buffer monitor apparatus

_ comprises a READ buffer monitor, a WRITE buffer monitor

10 and a transfer controller. The READ buffer monitor -
monitors the total number of sectors stored in the READ

- buffer and the number of sectors in the READ buffer

available for transfer to the host, and generates a

READ OK TO TRANSFER signal if the READ monitor

15 determines that the sectors for a requested READ
operation are stored in the READ buffer and can be’

transferred to the host. The READ buffer stores both

sectors that are available for transfer to the host and

sectors which are being held in the READ buffer after

20 the sector has been transferred to the host. The READ
buffer monitor also determines if the READ buffer is '

full and will generate a BUFFER FULL signal when such

is the case to prevent the overwriting of sectors in

the READ buffer by the disk drive. The WRITE buffer

25 monitor monitors the total number of sectors in the

WRITE buffer and generates a WRITE OK TO TRANSFER

signal if the WRITE monitor determines that a requested

WRITE operation can be performed by the disk drive

system. The WRITE buffer stores sectors released to be

30 transferred to:-the disk and unreleased sectors which

R are being accumulated in the WRITE buffer for the WRITE
request being processed, which will be released after

. - all the sectors for the WRITE operation have been

_ transferred to  the WRITE buffer. The transfer
35 controller, in response to either the READ OK TO
-
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on the microprocessor. : Coe _

Another advantage of the hardware data buffer
monitor apparatus is the ability to maintain -up;to-date
records of the status of the READ and WRITE buffers

.such that a decision  can be efficiently and quickly -
made as to when a requested READ oOr WK_ITE operation of

a given block size of sectors can be undertaken by the
disk drive system for the transfer of sectors to and
from the disk drive system. '

BRIEF DE PTION OF DRAWINGS

The invention will be described with respect to
the particular embodiments thereof and references will
be made to the drawings, in which:

FIGURE 1 is a diagram of a. disk drive system
including a data buffer monitor apparatus f which
includes a READ buffer monitor, a WRI'I_'E:-buffer monitor
and the transfer controller; : ' : -

FIGURE 2 is a logic diagram of the transfer
controller; . : :

FIGURE 3 is a logic diagram of the WRITE buffer

monitor; and . S -
FIGURE 4 is a logic diagram of the READ buffer -

monitor. _
Been Replaced

i

L)



transfer of one or nore sectors of data |ssued by said host to said disk
dricve systWRps25298 sai "BIJTJ'ér mppitioring syst emPCHMPEFHY: -

a WRI TE, buffer nonitor for né'r*atlng a held cotint indicative of the nunber
30 » of sectors presently st red |n$ald YRLTE:- buffer that have not been
rel eased for 3

- transfer to said disks, a reI eased count tnBieative of the present nunber
of sectors presently stored in said WRI TE buffer that have been

rel eased and awaiting tDESCRIRTION OF THE) PREFRERRE ) | EMBODREMBNTS t he di sk
iand for receiving a BLOCK COUNT i ndi cative of the nunmber of sectors

~to_be transferred fromthe host to said \ARng%fo and f,or
generating as a functi BRCHREsZ Fhowsy the pve 855@&386@1% ofhdtRe; d

. BLOCK COUNGiskV\BrireOsyEehRANDOERIAGUBRE pPdsenti Dgvéhtiofai ARl TE
- buffer has host exchangeé data and control signals with host
5 interface 2 via bus 25 in the disk drive system. The
disk exchanges data and contrql- signals with disk
interface 3 via bus 26. Microprocessor 5 communicates
with host interface 2 via bus 16 to control the
transfer of  data from READ buffer 1 to host interface
100 2 wvia bus 10, and the transfer of data from host
interface . 2 to WRITE buffer 4 via bus 12.
Microprocessor 5 communicates with disk interface 3 via
bus 17 to control the transfer of data from WRITE
buffer 4: to disk interface 3 wvia bus 13, and the
15 transfer of data from disk interface 3 ‘to READ buffer
1 via bus 11. | | '
'Host.interface 2 generates a SECTOR TRANSFER FROM
- HOST signal on line 14 to the WRITE buffer monitor 6
_ each time a sector is transferred from the host to the
20 WRITE buffer 4 in the disk drive system, and a SECTOR
TRANSFER TO HOST signal on line 15 to READ buffer
monitor 8 each time a sector is transferred from the
READ buffer 1 in the disk drive system to the host.
_ Disk interface 3 generates a SECTOR TRANSFER TO
25 DISK signal:on line 18 to the WRITE buffer monitor 6
each time a sector is transferred from the WRITE buffer
4 to the disk and a SECTOR TRANSFER FROM DISK signal on
line 19 to READ buffer monitor 8 each time a sector is
-transferred from the disk to READ buffer 1.

; 30 Microprocessor 5 communicates control signals with
_ _ WRITE buffer monitor 6, READ buffer monitor 8 and
. ©  transfer controller 7 via bus 21. The control signals

" on bus' 21 include a WRITE BLOCK signal on line 21-3,
which release the  sectors accumulated in the WRITE

I
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PhoPUBERE, doniEes dacoeberopexitis Yrow Ehe' Whad
retention mode, a MULTIPLE BLOCKS signal on line 21-7
- indicating. to READ buffer monitor. 8 whether one or more

than one sectors.areu:equested for transfer during a
READ-operationfand a READ:MODE signal on line 21-1 to
the transfer controller 7 -indicating whether ‘the
requested.operatibn{is.a'READ or: WRITE operation.

WRITE buffer monitor 6 maintains the total number

of sectors stored in the WRITE buffér 4, the number of
stored sectors released for transfer to the disk and
the number of stored sectors not released for transfer
to the disk. - WRITE- buffer monitorzé will generate a
WRITE OK TO TRANSFER signal on line 23 to transfer

.controller 7 if the WRITE buffer 4 has sufficient space

25

to receive the number of sectors indicated by the BLOCK
COUNT signal for the pending operation..

READ Buffer monitor: 8 maintains the total number
of 'sectors stored:in the READ buffer 1,: the number of

. stored sectors available for transfer to the host and

30

35

the number of:seCtorS'after'havihg been transferred to
the host are being held : ‘in the READbuffer 1. .READ

buffer monitor 8. will:generate a 'READ OK TO 'TRANSFER
© signal on line 24 to_transfer.controller '7- if the READ

buffer 1 has a sufficient number of sectors available
to be transferred to the host as:indicated by the BLOCK
COUNT . signal for .the pending. READ operation. - READ

‘buffer monitor 8 generates a BUFFER FULL signal on line
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data fromsaid disks for tr§ ST al host and control neans for
gener at i rMOA5/25298 pl ural it anaws. for cont r ol FEHYSISHRTT3
transf'er of sectors of data Nill*host and said di sk drive
system'in response to READ and VR S fifor the 3 0 transfer of one
or nore sectors of data issued by said host To sai d disk drive system

4 said data buffer noifitoring system conprisi‘hg: a

. WRITE buffer nonitor for receiving a BLOCK COUNT indicating the

| nunber of sector20t dtde diminsfdrtenfanel Bor tgerprevémyy - £haRl THSIK Foom

TRANSFER ‘?@ﬂg TE.D e S che % acé
. to store the toté rmgﬂﬁbgéetwhec%{lopégr ggggs%%g%%)% % %F E%nggén;ﬁns-p
i ssued by said HaffesaldiprEytl. - buffer nonitor conprises:

Transfer controller 7 generates an OK TO TRANSFER
5 signal on line 22 to host interface 2, if the operation
is a READ operation, and a READ OK TO TRANSFER signal
is received from READ buffer monitor 8, or the
operation is a WRITE operation and a. WRITE OK TO
TRANSFER signal is received £from WRITE buffer

10 monitor 6. '

- TRANSFER CO LLER

- Referring to Figure 2, transfer controller 7
includes AND 31, AND 32 and OR 33. AND 31 is
conditioned by the coincidence of the READ MODE signal
15 . being high from microprocessor 5 on line 21-1 of bus
21, indicating the READ mode and the READ OK TO
TRANSFER signal being high on line 24 from READ buffer
monitor 8. AND 31 when so conditioned causes a OK TO
TRANSFER signal to be high on ' line 37 which is
20 connected to OR 33. AND 32 is conditioned by the
coincidence of the READ MODE signal being low from
microprocessor 5 on line 21-1 of bus 21, indicating the
WRITE mode and the WRITE OK TO TRANSFER signal being
high on line 23 from WRITE buffer monitor 6, and when
25 so conditioned causes an OK TO TRANSFER signal to be
high on line 38 which is connected to OR 33. OR 33
causes an OK TO TRANSFER signal to be high on line 22
to host interface 2 whenever an OK TO TRANSFER SIGNAL
is present on either lines 37 or 38, thereby indicating
30 the requested transfer of sectors for a requested READ
. or WRITE operation from the host may be processed by

the disk drive system.
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a held counter for muintaining the count of the nunber of sectors of dat‘a
st or ecwionsasios V\RI TE buf fer whi een rel easecbémsgsyoamfer to .
sai d di sk; arele S¢ﬂ|3€§k&f§1€}ﬁgé@l’ mai. nt ai ni ng the count of "the
nunber of sectors of data 10 stor egepnasabd WRI TE buffer which have been .
rel eased for transfer to said dsk; = . a buffer size register for
storing the count of the maxi mum nunber gof. sectors of data that can
be stored in said WRI TE buffer; a transfer neans for

generating sﬁﬁlﬁEmT@ MER si gnal when the sum of said held
count in sai %gl ster us _said r éea d count in said 15 rel eased
counter plus said R& 5§éﬂ‘gBL@]<Fé@5ﬁF i ?59 r o2y <204, #R8 count
in said buffa@ycliie G@gmsétrl,l.zaﬁdrm a state mac:hﬁ‘téitﬁoﬂagénéfatﬁmgaddl ng

sai d count in sajid. c t cQun | e d
counter and %oréggk thgﬂgggﬁF ?%gggig ?\’ (t}coun eﬂﬂ%ﬁ%%\'e% Lﬁ%?% when
t he =>sec1ts)rsoancmdeacen batiwveeir| theb WRISE t BROCRemignatl r bednged for

transfer 1o Spidh dbﬁkiz.%eo 21-A Cof ebﬁés%‘i fa&idtﬁﬁash@‘r tDme@ 81ghal
a READ buffer ronitor g%leratl ng TO TRANSFER si gnal

when sai d REAISIRE fl'g,gthagn %?of‘?ag@ytﬁﬁrﬁuﬁﬁEFCBPrséét-ors of data
avail able for - ANDY armsfﬁ é@dﬂﬂoﬁ@étb&h%hev%ﬂrﬁﬂﬂéﬂ@i &Pr theansfer

control o 1 SEEESEOCR SHaRbk Rotngy Rk G ghife: 313 PLAMPORL

neans i ni8ai cul sthelrNOE ZEROesighai beu.chg\/\lilfgh lnrff.‘etnemﬂltby gerer-at es
fgagest and\/\%e-@:e%%g -SEZN(;IS Sgﬁ??gr or :%gnera es sallb(}%EK IC]-I<-ETO
TRANSFER si grmlease the sectors being held in WRITE buffer 4 for
transfer to the disk. The NOT ZERO signal is high on
line 51 whenever zero detector 44 detects that the
15 count in  held counter 45 is:' greater than zero,
indicating that sectors are being held in WRITE buffer
4. AND 41 gates the CLOCK signal on . line 21-4 to
‘cyclic counter 42 when AND 40 .is- conditioned. Cyclic
.co{mter-.42 counts in the following sequence:
20 _ 000
001
011
010
| _ 110
25 : . 111
101
© 100
000.

Cyclic counter 42 is.a three stage counter which counts
30 in the above sequence such that only one stage changes
state.in response to a CLOCK signal,; thereby improving
the settling time of cyclic counter 42 such that cyclic
counter 42 can be stepped at the frequency of the CLOCK
signal. The count in cyclic counter 42 is monitored by
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and 'shid host has issued a READ request_3.0 . wher eb i r ol
neans in WOPBAYE to said K T IEYAN&:ER sigpal . YeTdkshI

5 - contro! s the transfer thg----num‘;ea) of siectors of data from.either
sai,d host to said VWRI TE t TE*- request was i ssued by said
host or from said READ buf fer. - to said host if ‘a READ request was

| | ssued by said host. 5 Accdding to a third aspect of the

. invention, there is provided a data buffer nonitoring s stemln a

| disk drive systeANDs4Rd diddW® &3 wiildy sraise neheRELEASHREFgnal on line

57 during the time that cyclic counter 42 contains the

count of 001 as indicated on lines 54, 55 and 56,

respectively. Line 57 is connected to the DOWN input of

5 held counter 45 and the UP input of released counter

47. . , '

' The SECTOR TRANSFER FROM HOST signal on line 14

from host interface 2 is connected to the UP input of

held counter 45. The count output of held counter 45

10  is connected by bus 58 to zero detector 44 and adder

46. The SECTOR TRANSFER TO DISK signal on line 18 from

disk interface 3 is connected to the DOWN input of

released counter 47 and decreases the count by 1 each

time the SECTOR TRANSFER TO DISK signal is received by

15 released counter 47. The count output of released

counter 47 is -connected by bus 59 to adder 46. Adder

46° combines the counts " from held counter 45 and

released counter 47 to form a sub-total count output on

bus 60 which indicates the number of sectors presently

20 being used in WRITE buffer 4. The sub-total count

output of adder 46 is connected via line 60 to adder

48. The BLOCK COUNT signal on bus 21-5 is connected to

adder 48. ' ADDER 48 combines the number of sectors to

be transferred as represented by the BLOCK COUNT signal

25 and the sub-total count from adder 46 to produce a

total sector count output on bus 62 to the B input of
comparator 50. '

Buffer size register 49 contains the count of the

maximum number of sectors that can be stored in WRITE

30- buffer 4. - The count value ‘of buffer size register 49

is connected via line 63 to the A input of comparator

50. When the total count on line 62 is less than or

equal to the buffer size register 49 count, then

comparator 50 will raise the WRITE OK TO TRANSFER
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buffer for storing a plurality of sectors of data received froma host for
st or agW®MW2529%8  disks in said disk drive system-a READPOIrUS®E02078 storing .
a plurality of sectors of 10 data from ,Lsks for transfer to said
host and control neans for generatin ~— & %lurality of control signals |,
for controlling the transfer of QBN of dﬂa/t"/a, bet'ween said host and
said disk drive systemin respon &'t -REi WRI TE requests for the
transfer of one or nore sectors Of}b&  ssued by said host to said disk
drive systemsignal send ime R¥ rehichn isricgnsected TP Hr@indEerl S

a WRI TE bUffeEEEHBE#’?'QE fgr generating a WRITE OK TO TRANSFER si gnal

when said WR has sufficient avail able space to store the total

nunber of sedfhe sopexyabiondofy WRIMR tm fifey awdni tseried b;tlaalmb host ;
a READ bUfferdéBEi:"iBédefr Gﬁéeféii&ﬂ;ﬂ% r@‘eé O TRANSFER l he
e nurber- of ‘sectdrs or data

when said ng er has in stora
avai | abl e % ort9 °"’i'-P3n§Pé'-r afo copditipensy h%Hev\ﬁ@uﬁéqmésbu&fﬁGr sdizensfer by

- a READ requestegisteg hy 4@ d’.OOO th®Séousi fn REARREEACEoRREYO 7
conpri si ng: a held couElg 5 for maintainjng the count of the

number of sect®r208r &he “eotint tfo i FOURteTRERD M Per thRi BHOCK e been
rel eased for- ‘E@Téli'gf sighelshas leostalarel mﬁeloo a WRITE bpeeakedn Hissaid

READ buffer; c t n the count of

the nunber of s c?%’f:gd Py, %‘éeﬁé& ?‘gfae?f WQM fgpals 0y count

i ncl udi ng% helF@bRE-3fig ckewr s Widentheass ngndltlorllselthel subaitdtBREAD

buf fer .and t heownEbes aBABeC e aéstdb?tta?n&tﬁié’dzééhfaéHuBEABf B.dfi,[e Luffer
er

that are avaléélble faor. transfer to said si ze

register ‘for %Y orithg %coumﬁrﬁﬁé’rrra§pnﬂmm' ofw%"é"?ﬁoroé( TO
: TRANSFER signal on line 23, which is connected to

- ~transfer controller 7, is high since the total count of

15 600 from adder 48 is less than the buffer size count of
.2000." AND . 32 . will be conditioned in transfer

controller 7 thereby:..-qausing- the OK TO TRANSFER signal

to be high on 1line 22 to  host pi:'ocessor"z. Host

. processor 2, -upon receiving the OK TO TRANSFER signal,

20 will initiate the process of transférring sectors from

“the host to the disk drive for the WRITE request. Each

- time a sector is -transferred from the host to the disk

- drive system, host interface 2 will generate a SECTOR

TRANSFER - FROM HOST signal on 1line 14 which will

25 .increase by 1 the count in held counter 45. After the

last of the 100 sectors of the WRITE request have been

transferred, the count in held counter 45 will be 100

and'.the count in released counter 47 will be 500.

.. Microprocessor 5:will raise the WRITE BLOCK: 8ignal on

30 :line:21-3. The NOT ZERO signal on line 51 will be high

- ~since held counter 45's count is not equal to zero.

-AND 40.is conditioned thereby allowing CLOCK signals to

be gated to 'cyclic counter 42. Each" time cyclic

. +countexr 42 has the count of 001, a RELEASE signal is

35 generated on line 57 which will decréa’_se the count in

///

as Been ep\aced

i \\ \\\\\\




3.0 of data that can be st'or o

ch—i -sald READ buffer

6, . _we951252g§ adder for gn‘m SHAAL | on count eqlL m%9glog'llj7% said
count 'in said hel d regi r pf};u;fhe Qﬁ*‘”\t in a BLOCK COUNT signal ;

and ' . a transfer nes éﬁebatl ng,,sal d READ OK TO TRANSFER
| 5|gnal when t he nunber: .of sectors ol ~a~v‘equested for transfer to
| sai d host by a READ request 5 i ssued by Xhid host is equal to or |less

- than the nunber of sectors of. data jin sai r.that.are

d READ
avail abl e for trdekdcquntay #5808 widd increase the’ 5°§P§té N hehPRESH,,
reduci ng sai d coyduritesait. sewheﬁ neaat ebmdmas:olmtdeweased tai theel d

ca'd retained selOHEE GTE i 5% Nof Bg e ignse Sl L Ebe Bh ok £ BE ToWe"

provi di ng the thereby decond:.t:.on:.ng AND 40 resulting in no further
’ 5 CLOCK signals being gated to cyclic counter 42. At
this time the count in held counter 45 will be 0 and

the count in released counter 47 will be 600.
Further, released counter 47 . includes an
arbitration circuit that deals with the situation of a
10 RELEASE signal and a SECTOR TRANSFER TO DISK signal -
being p'resented to released counter 47 at the same
time. The arbitration circuit will first process the
RELEASE signal and then the SECTOR TRANSFER TO DISK
signal before the time of issuance of the next RELEASE
15 signal. The cyclic counter 42 is used to allow
settling time for the held counter 45 and the- released

counter 47 after being change'd.'
. Next assume the following set of conditions: the
count in buffer size register 49 is 2000, the count in
20 released counter 47 is 1500, the count in held counter
45 is 0, the BLOCK COUNT signal has a value of 600 and
a WRITE operation is requested by the host. Under
these conditions the sub-total count of adder 46 is
1500 and the total count of adder 48 is 2100. The
25 WRITE OK TO TRANSFER SIGNAL on line 23 from comparator
50 will be low since the total count of 2100 from adder
48 is greater than the buffer size of 2000. Each time
a sector is transferred to‘the -di-sk} disk interface 3
will generate a SECTOR TRANSFER TO DISK signal- which
30 will decrease the count by 1 in released counter 47.
In this example, once 100 sectors have been transferred
to the disk from the write buffer 4, comparator 50 will
raise the WRITE OK TO TRANSFER signal since the total
count of 2000 from adder 48 is equal to the buffer size
35 of 2000. The pending  WRITE - request can then be
-

et Has Been Replaced -
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10 | ocati ons occupled by said re
st or ag VO PS/ARAs sectors of d
transfer controller for generatin

tﬁHlsfbw@ﬂ—lE&B@Emu f er poanskesn2773

means in said disk drive system wiem-either=sa-e—WRFTE buffer nonitor

gener at es said WRITE OK TO TRANSFER si gnal and said host has issued a
VWRI TE request or 15 sai d READ buffer. npnitor generates said READ K TO
TRANSFER si gnal and said host has issued a READ request,

wher eby sai d paoicesiseteasince reh@pesdd onewi erdugi® TRMNSFER

controls the
host to said
or fromsaid
sai d host.

there is provided a data buffer

system said
plurality of

di sks in id disk ste a READ buffer for storing a plurality of
) aﬁé \if'%?ﬁ? acﬁ’s‘?&hPErtY’Paﬂg 8% 13 LeREePHHR WP cont r ol

means for gensndtiangring modepl uilal ithe afevemtion mbdegnl selcvorgonire! | i ng

sectors of”

the transfer

WRDPE
blu2¥eblls Fo ot "PRE Bhor 80E é%azéﬁ‘é%&ia:éiﬂ‘ﬁtheéaéﬁ' host

REAleafﬁEETZ(requeBSaJd.host i f-a READ request was issued hy
According to a fourth aspect of the invention,

nmonitoring systemin a disk drive

di sk drive systemincluding a WRITE 2 5 buffer for storing a

READOBYFFERIMoNTTERig/ed from a host for storage on

actots-—of —data avail able for the

! an OKgd(OuMTRANSFER] signal to said cont’ro

4

st ,and sai dISk drive
systemin resg%ﬁgg%t (%%%EXSI% % %qi@lﬁ florr'ot% e host an

10

15

20 -

25

maintained in the READ buffer 1 until released. The.
retention allows the READ operatlon to ‘be completed
while all the transferred sectors are still available
in the READ buffer 1 for transfer to the host if the
host should so require re-transfer of the sectors.
This mode thereby saves the time of retrieving those
same sectors from the disk to the READ buffer 1. Once
it is determined that the sectors can be released, the
location of those sectors in the READ buffer 1 are made
available for storage of new sectors retrleved from the
disk. 1In the ring mode sectors are transferred to the
disk and the sector’s location -in READ buffer 1 is
immediately made available'for storage of a new sector
retrieved from the  disk. The retention mode is
1nd1cated by the READ BLOCK signal being low and the
ring mode by the READ BLOCK signal being high.
Referring to Figure 4, AND 70, 71, 74 and 75 and
cyclic counter 72 form a state machine for genérating

. -a series of RELEASE signals on:line 99 whenever there

30

is coincidence between the READ BLOCK signal being high

on line 21-6 of bus 21, the NOT ZERO signal being high

on line 92 and the NOT ZERO signal being high on line
102. | ' L _

'AND 70 is conditioned by the coincidence of the
READ BLOCK signal being high on line 21-6 of bus 21 and
the NOT ZERO signal being high on line 92. The READ

: ThlS Sheet Has Been Reilaced
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3:0 *transfer of one or nore

led by said host to said

disk dri weo9ses9m THIS SHEFT {AS BEEN || PCT/US95/02773
7 ~ said data buffer nltoﬁiﬁgAgybten1conprising.
. a WRITE buffer nonitor for rec H fromthe host

i indicating the nunber of sectors to be transferred and for generating a
| WVRITE K TO TRANSFER si gnal whenigai-d WRI'TE buffer has sufficient
. avail abl e space to store +5 the total nunber of sectors requested by
- a WRITE request nneomdsbgnamﬁsfmisedat@l add the couti B lhsa‘]fdelcqmﬁetror
conpri ses: cgHn t

of selfof8 BpcligF,Colfiter"80"kflen GackRrd 3 petester ety

t he nunber buffer: mhlch
have not been rewereecbefing thedsfin RBABapuffezkl and to indicate the

~rel eased counter iy HB48t 3f NoPera Lo QUNTheINdT ZERORI gred1 S@e tioife G2 dat a
: 5 is high whenever sectors are being held in READ buffer
1, indicated by held counter 78 having a count greater
than zero. When AND 70 is conditioned AND 71 gates the
 CLOCK signal on line 21-4 to step the cyclic counter
72. Cyclic counter 42 counts in the following
10 sequence:
000
001 -
- 011
010
15 110
111
101
100
000.

20 Cyclic counter 72 is a three stage counter and counts
in the above sequence such that only one stage changes
state in response to a CLOCK signal. . This method of
counting improves the settling time of cyclic counter
72. such that cyclic counter 72 can be stepped at the

25 frequency of the CLOCK signal. The count in cyclic
counter 72 is monitored by AND 74 which will préduce a
RELEASE signal on line 98 during the time that cyclic
counter 72 contains the count of 011, as indicated on
lines 95, 96 and 97 respectively. AND 75 will gate the

- 30 RELEASE signal on line 98 onto line 99 when sector
counter 80 has a count greater than zero such that zero
detector 76’s NOT. ZERO output~signal on line 102 is
high thereby conditioning AND 75.- Line 99 connects the

This Sheet Has Been Replaced




10 stored in said WRI TE buffer which hav
sai d dWel95/25298 : a buff

el eased for transfer to "
NG @bt gr f or BCWU$IIP2Te count

of the maximum nunber of secton§_ g sHE EV.0f datad that can be stored in
said WRI TE buffer; and 1 "La‘,%er means for generating .
said WRI TE OK TO TRANSFER si gnal\s ==""" when the sum of said held count
in said held register plus the rel easedggount in said 15 rel eased

counter plus said received BLOCK COUNT is equal to or |less than the count
in said buffesutgute s£gANDer5 8odthe DOWN input of keld ateuneebi ne for

addi ng sai d count | CQuN ' u in said

rel eased coun ﬁl(? aﬂh% @*’gn’ﬁ%ﬁ% é)ﬁeégéﬁég ?gﬁgggg _ﬁgl'd counter equal to
zero when the The SECFOROTRANSFBR! TOiHOSRisiaRi I ®rhlfine 16h&romer e not
rel eased for S [ S 0 r ef@g% sfer to
"sai d disk; ﬁRI:‘i\% {)ﬁé?{‘fhéﬁ%n?t grh Fgmggﬁépatlon il 1 %Rk%%é

signal 5 count@en78ai d TRS\CCBURE cPUERML P tBF&@e thﬂﬁrb'éﬁ 48 sectors
of data avai |c?th'hfeé@éd by bus 10br 88Skzerd Aetdctdiosta | h@newasmpauested

for transfer READ 1 equest ued by said st , | d READ
buf f er noni tcﬁé/cﬁﬂ‘BP?Eﬁgog 77 r!ff A ARy ebuAddeT ?ﬁ'l rral B4Pni ng t he
count of the detrdestonf73ewiblsraisdathe NOT ZERO signan on 3inhd BEAD

buf fer whi ch r?ex?&e”t%gsgﬁ?f Eﬁr nE13" Yotindet SA 4 d %te &Q% rHan

being retained Tn sal ounter for

mai nt ai niflg t#BX@ount of the nunber of sectors of ~data stored in.
sai d READ buffer, sfledgweuw: QMniﬁggr %nsaqct s1Phediba being
30 hel d in_sai d_READ buffer and t%g nunber seCtors &? datg stored in

sai d READ from disk interface 3 is connected to the UP input of
sector counter 80 and increases the count by one each
time the SECTOR TRANSFER FROM DISK signal is received

15 by sector counter 80.° The count in sector counter 80
is the total number of sectors stored in READ buffer 1,
that is the number of sectors already transferred but
being held in READ buffer 1 plus the number of sectors
awaiting to be transferred from READ buffer 1. The

20 output of sector counter 80 is cenne_cted by bus 102 to
the A input.-of comparator 77, to the A input of
comparator 79, to zero detector 76, to the A input of
comparator 85 and to the B input of comparator 91. The

.. BLOCK COUNT on bus 21-5 is connected to the B input of
25 adder 81. Adder 81 combines the number of sectors to
be transferred as represented by the BLOCK COUNT signal
with the number of sectors being held in READ buffer 1

as indicated by held counter 78 to form a retention

_ count. 'The retention count output of adder 81 on bus
30 104 is connected to the B input of comparator 79.
MULTIPLE BLOCKS signal on line 21-7 when high partially
-conditions AND 82 to indicate that more than one sector

.is to be transferred by the pending READ request, and
when low partially conditions AND 83 to indicate that

-
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8 +. —-buffer that are available for transter—+e=5aid host;

a buffer sWOREBster for storing|f hgcoiiess BRENmRx| rmum FOHBERS7 7

sect ors of data that can be gtoredpERt88ER READ|buff er;

antadder for generating a sunmatio 5-sum sai d count in said

5 hel d regi ster plus the count in said BLOCK COUNT si.gnal; and

a transfer means for generating said READ-OK5TO TRANSFER si gnal when

. the nunber of sectors of data.requested for transfer to said host bé READ

| request ~ issomliyb} sertokods Fe bguhrapsierredsbyt ks PREHG
. sectors of data |£Je€§égtREAD buffer that are available for transfer
- to said host; and 1

" TRANSFER signal to sai PWorR¥ oﬁizrgngég{w%g%gt§ﬁl95{152‘8{15&%%?{:3%}’83?%2%
ei ther said WR TEmfuifam idey @Enseetoss that can be stored in READ
5 buffer 1. The count output of buffer size register 90
is connected via bus 110 to the A input of comparator
91. When the count output of sector counter 80 on line
102 is equal to the count output of buffer size
register 49, then comparator 91 will raise the BUFFER

10 FULL signal on line 20 to the disk interface 3. The:
BUFFER FULL signal being high will inhibit the transfer
of sectors from the disk to the READ buffer 1, thereby
preventing any sector stored in READ buffer 1 from
being overwritten.

15 | Comparator 77 determines if the count on line 100
(the number of sectors being held in held counter 78$
is less than the count on 1line 102 (the number of
sectors in sector counter 80 or the number of sectors
in READ buffer 1) and if such is the case the output

20 signal from comparator 77 on line 101 is high. The
RETENTION SINGLE OK TO TRANSFER output signal of AND 83
will be high when both the output signal on line 101 is
high and the MULTIPLE BLOCKS signal is low on line 21-
7, indicating that only one sector is to be transferred

25 in the retention mode and at least one sector is
available for transfer in READ buffer 1. The RETENTION
SINGLE OK TO TRANSFER signal on line 106 is connected
to OR 84. - -

Comparator 79 détermines_ if the count output of

30 adder 81 on line 104, indicating the sum of the number
of sectors being held in held counter 78 plus the
number of sectors requested to be transferred count, is
less than or equal to the count output of sector
counter 80 on line 102, indicating the number of

35 sectors in the READ buffer 1. If such is the case, an

- This Sheet Has Been Re laced

- [ I




i ssued a WRI TE request
o D OKpE@UEBSRNENER si gnal
pEEERENS TI5 " | wher eby sai d
control neans in response.to sai TEERANSEER signal controls the
transfer of the nunmber of sectors romeither said host to said

WRI TE buffer if a WRITE request was issygd_by said host or fromsaid READ
buffer - to said host if a READ request was issued by said host. 20

BRI EF DESCRI PEth:hﬂ:sI E?E?R&Woﬂﬁ%omparator n.17)9 w1iIJtBédfﬁ’i.ghh%:tn tlfi‘i'le

i nvention nig nts o

I nvention w I?bg Bﬁ#w ﬁi}?ﬁgﬁt‘ﬁp ‘glg ﬁﬁ/ TRANBFERf m to the
2 5 accorrpaaygngldm/\nhgse LOSWofhAND 82 will be HigWREhéni &l—&}r di agram -
of a disk dri | ugi,n a [ [.af us
whi ch i ncl udeéﬁaﬁ%%@ Qh 9_ ed ia?'\/\élérér%ﬁ? «?&fg Eh?oP‘LQ-FF e
transfer SontBLPFES: sigmal is hlghl @IREL tnes Zi--l'bgll:ndlagti\ngofthate
transfer contekéethan one sector is to be transferred and at least

the number of sectors requested for transfer are
available for transfer in READ buffer 1. The RETENTION
MULTIPLE OK TO TRANSFER signal on line 105 is connected
10 to OR 84.
The RETENTION OK TO TRANSFER output signal of OR
84 is connected to AND 88 via line 107 and will be high
when either the RETENTION SINGLE OK TO TRANSFER signal
is high or the RETENTION MULTIPLE OK TO TRANSFER signal
15 is high. The RETENTION OK TO TRANSFER 'signal on line
107 will be gated through AND 88 -to OR'89 via line 112
~ when the READ BLOCK signal is low on line 21-6.

Comparator 85 determines if the number of sectors
to be transferred by the pending READ request as
20 indicated by the BLOCK COUNT signal on bus 21-5.is less
than or equal to the count of the number of sectors in
the READ buffer 1 count on line 102 and, if such is the
case, the output signal from comparator 85 on line 109
will be high. The RING OK TO TRANSFER output signal of
25 AND 86 will be high when both the output. of comparator
' 85 on line 109 is high, indicating that the number of
sectors in the READ buffer 1. are greater than the
number of sectors requested to be transferred from the
READ buffer 1, and the ZERO signal on line 93 is high,
30  indicating that no sectors are .being held .in READ
buffer 1 and that all sectors in READ buffer 1 are
available for transfer. The RING OK “TO TRANSFER signal
on line 108 is gated through AND 87 to OR 89 wvia line

111 when the READ BLOCK signal is high on line 21-6.

said WRITE OK TO TRANSFER si gnal and said host has
or WO 85(25298READ buf f er nonitor
and said host has issued a

—_—
- This Sheet Has B

I Wit



9 . FIGURE3|sang|c dlaqramof the WRITE buffer
moni t or; WiRP5/25298 FI QIRE 4. 15, tagr am oPCTRNEFEAT
buf f er’ nmoni tor. 5 - ) “"'f'"‘;'. i SCRI PTI ON OF

EMBODI VENTS ngs, FIGURE 1 shows
the overall block diagramof the

- 17 -

The READ OK TO TRANSFER output signal of OR 89 on
line 24 is high when either the RING OK TO TRANSFER
signal on line 111 is high or the RETENTION OK TO
TRANSFER on line 112 is high.

5 The operation of the READ buffer monitor 8 will be
explained by the following examples. First, assume
that a READ request has been made for the transfer of
1 sector from the READ buffer 1 to the host in the
retention mode, the BLOCK COUNT signal equals 1, the

10 count in held counter 78 is 0, the count in sector -
counter 80 is 0 and the MULTIPLE BLOCK signal is low.
Under these conditions the output of compai‘ators 77, 79
and 85 will be low and the READ OK TO TRANSFER signal
will be low on line 24. When the disk retrieves the

15 next sector from the disk and stores that sector in
READ buffer 1, the disk interface 3 will generate a
SECTOR TRANSFER FROM DISK signal on line 19 which will
step the count in sector counter to 1. Now the output
of comparators 77, 79 and 85 will all be high causing

20 the RETENTION SINGLE OK TO TRANSFER signal on line 106
to be high, the RETENTION OK TO TRANSFER signal on line

-~ 107 to be high and the RING OK TO TRANSFER signal on
line 108 to be high. The READ OK TO TRANSFER signal on
line 24 will be high since AND 88 will be conditioned

25 by the READ BLOCK signal on line 21-6 being low and the

_ RETENTION OK TO TRANSFER signal on line 107 being high.
Transfer controller 7 will raise the OK TO TRANSFER
signal to high on line 22 from transfer controller 7 to
host interface 2.

30 . - Host interface 2 will then initiate the processing
of: the READ request and one sectoi:- will be transferred
from READ buffer 1 to the host. Host interface 2 will
generate.a SECTOR TRANSFER FROM HOST signal on line 14
which will increment held counter to 1. At this time

35 the count in held counter 45 is 1 and the count in

-
eet Has Been RTlaced
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di sk drive system enbodying the present invention. The host exchanges data -
and W095/25298control signals wth host 2 vi a pUNUSB2T73t he di sk -
drive system The disk 10 nigg‘sH;slatB&Eb}nl control signals with'
disk interface 3 via bus 26. M Ffb"ﬁ "‘_wr‘% || communi cates with
host interface 2 via bus 16 to {ton Famst er of data from

READ buffer 1 to host interface via- byg 10, and the transfer of data from
host interface 2 to WRITE buffer 4 via bus 12. M croprocessor 5
comuni cat es relidastdcounter 47 :antLer findécdting bhatl¥htoseonbroint he

13 "5na e A HAE Y R g rdiennerdd o B BRRF A O

vi abus 11. there are no elbben nsectore 2Zinjetdhent READ SBUFERrTRANSFER
FROM HOST si gRalii@bie for tr?ﬁéf‘érléotenéhﬁo%' TE buffer nonitor 6 each

tlrreasector Is - transferred fromthe h to the WRITE buffer 4
in the diBk drive Ng¥teASHHEE o thpET(Fha RAQSEERLaRNes anetheyRERDGna| on
:?:Ezf) l%5“50 Rl ﬁermnlzruﬂé)r reteaticn ”ﬁioﬂesﬁfber t?ahéﬁéi‘i:&hgedsfr%m L he
uf fer i sk qniv ost S
interface 3 & E%Rﬁ? R‘%Sggﬁtf% gfs Ogitdi hERt:| nelUngder

to the WRI TEﬁhe‘s‘ear uondtlud.oﬁseacﬁhel meutpaest orwild t rbasf droved foem t he

VRI TE K q@n F K signal
on line 19 toomﬂ%é%fér%&% g#lamg%l gg%rgggq;%w sec@ﬁ%ﬁ_
transf ert@d fHCOnTRANSHEBK ﬁl&ﬂi:_JA[Dn line 24 ptof &e 1low. The host -

M croprocessqmiQe SERINECoiel T 'PttampPats. \Mﬁa&s\ﬂ@rTFaﬁwés&taﬁal tor

6, .READ buffer nmonitor_8 and transfer controller 7 via bus 21. The control
signals on from the,RERD) TRl atARERS BIORK: si $FaISRFFITHCATE. 3,
whi ch rel easedd¥ieafsd Offom the disk and stored in READ buffer 1,

disk interface 3 generates a SECTOR TRANSFER FROM DISK
15 signal after each sector . is transferred on line 19
which will increment the count in sector counter 80 to
increase by 1. As soon. as the .sector counter reaches’
. the count of 2, the output' signal on 1line 101 of
.comparator ‘77 will be: high since the count of 2 in
20.. sector register 80 is. greater than the count of 1 in
held counter 78. The output of AND 83 will be low
because multiple sectors are -being transferred,
therefore the MULTIPLE BLOCKS signal 'is high on line
21-7. Therefore the READ OK TO TRANSFER s:Lgnal on line
25 24 will remain low. .
. When the sector counter 80 reaches the count of 6
-.the output signal of comparator 79: .will ‘be high,
resulting in the RETENTION OK. TO: TRANSFER Ssignal on
line 107 being high. Since the retention mode is being
30 - used, the READ BLOCK signal is low on:line 21-6 of bus
.-21 which will gate the RETENTION OK TO TRANSFER signal
through AND 88 to OR 89. The READ OK: TO TRANSFER
signal will be .high on line 24 and the OK TO TRANSFER
signal on line 22 to host interface 2 will be high.

n Replaced
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3-0- *accunulated in the WRITE buffe[‘____ém:a WRLTE operation for

transfer wo dsihe208 SHEET HAS BEEN PCT/US95/02773 10
di sk, ‘a BLOCK COUNT signal on bus 21Lénﬂ§ﬁ£%$gﬁé;5 e nufrber of sectors
requested to be transferred. dulting—a-reguested=READ or WRI TE
operation, a CLOCK signal on - line 21-4 for controlllng timng, a READ

BLOCK signal on line 21-6 which indicates 19 . either a READ retention
mode or a READ ring node of operation for READ nonitor 5 8, and rel eases

the location of held %@rﬁt&fﬁewmmf fifl ciaeEt @hed pridcuissiid ioly

f t he READ retent d MJLTI PL
ndi cat i ng to RABPOBRAB TRSHART EXORERE RORS APidrar cSBRERZBn ¥ a2

are I lrequeStednéﬁérh:eanfﬁnm tiié IREAD RAffepel atoothen thom tREADIADE
signal on line

t he requested op%?&?rgl-l t \tﬁggbt rg%qu%‘r €odl %@d’r’éﬁz rRARSFRR' 39 P!
signal on 11ne 15 to increment held counter 78 after
each sector has been transferred to the host. After
the READ request has been processed by microprocessor
5 the held counter 78 has a count of 6 and the sector
counter has a count of 6, thereby indicating that all

10 the sectors in READ buffer 1 have been transferred to-
the host and no sectors are available in READ buffer 1
for transfer to the host. '

Next assume that the host issues a READ request
for 10 sectors in the ring mode. When this READ

15 request is received the READ BLOCK signal on line 21-6
will be high, the BLOCK COUNT signal on line 21-5 will
have a value of 10 and the MULTIP1E BLOCK signal will
be high since more than one sector is requested to be
transferred to thé host.. Under these conditions the

20 outputs of comparators 77, 79 and. 85 are all low sinee
the count in the sector counter is less than 10 and,
therefore, the READ OK TO TRANSFER signal on line 24
will be low and the OK TO TRANSFER signal on line 22
will be low. Host interface 2 will not initiate the

25 transfer of sectors from READ buffer 1 from the host.
Disk interface 3 will initiate the retrieval of the
requested sectors from the disk and will store the
_requestedjlo-sectors in READ buffer 1.

‘Since the READ BLOCK signal is high on line 21-6

30 and the NOT ZERO signal on line 92 is 'high, in that the
count in held counter 78 is greater than 1, AND 70 will
be conditioned which will allow CLOCK signals to step
cyclic counter 72. Each time cyclic counter reaches
the count of 011 the RELEASE signal on line 98 will be '

35 gated through AND 75 since the NOT ZERO signal is high
/ gna.
is Sheet Has Been Replaced
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.uf\f er noni tor 6 mai ntains the

10 or WRI TE operation. 1o}
e WRI TE buf f er pdT/ukdso2ngber of

total woistis2ey sectors stored |'i|’|-\i‘«f3Iﬁ‘at‘éh—‘fT
stored sectors rel eased for trinsferfg .t"he .disk and the nunber -of
stored sectors not rel eased for=tf¥ansfer to the disk. WRI TE buffer nonitor ,
6 will generate a WRITE OK TO TRANSFER signal on line 23 to transfer
controller 15 7 if the WRITE buffer 4,8as sufficient space to receive the

nunber of sectors i ndi cat ed by the BLOCK COUNT signal for the pending
operati on. on. line 1d¥AD1'¥1§:fﬁt:!H§“ tt?x"atB Eﬁé”té’éﬁ‘ﬁ%t hig t @eRlegpumber  of
sectors stored in the READ buf he nunb stqred_sectors

avai | abl e for CPHBEEKeB0: 38 |@XaRtQT a‘#&Frf h@ Each \REBEASE 83983dr O™af t er
havi ng been t1gfef 99rﬁﬂnodéb£eﬂneﬁt '6]!16 touty 1reneid ddithtkd 78 BRAD buf fer

1. READ buffer nitor 8. wl EAD TO TRANSF SI gnal
on line 24 tosFEEREf CPURERE, gpl‘er ?a:h ‘?@Kg( HurieRe @%iﬁ mf ci ent
number 5 willecber sdewanﬂa.lulmened be.hen:ebgf ebﬂ.ed.'ldimgt hé&hieos tCLOCK

i ndi cat ed by ggg?orgtkf tegp:.ngs't%@l GEEEE;C 7I3EAD R, tion.

READ buf fer ener at e n on line 20 to

di sk interfacBegtes &%ﬁrt% zearheso 2 29D ﬁe?-ﬁ/r p@gldgé'-@-meﬁ in the
READ buf f er ltl&@?éb%rhﬁlggﬁ@nguf:h%r RELEASEUEH nals from decr-éh@?ﬁ:fl '
controller 7 ﬂefs es an OK"TO ;II'RANSFER Si 8nal r | ine éﬁt}& host
interface 2, Pf JREexi df i NG REQYWpeFLRERT AR a o¥iid
TRANSFER19I gnnésumtre.nelt\tml Hedain dduhit el f 7@ rhaving oa Bount oife copaidtion is
7 o o CERBCPEEERR, BigR b Rl IR AR | uheg oo from
- After a sector is transferred from the disk into
READ buffer 1, disk 1nterface 3 will generate a SECTOR
TRANSFER FROM DISK s:.gnal on 11ne 19 which will
15 increment ' sector counter - 80. Sector counter 80
- includes an arbitration circuit: that deals with the
 situation of a RELEASE signal and a SECTOR TRANSFER
- FROM DISK signal being presented to sector counter 80
. at. the same time. . The ‘arbitration circuit will first
20 process the RELEASE signal and then the SECTOR TRANSFER
. FROM DISK signal before the time of issuance of the
next RELEASE signal. - The cycliccounter 72 is used to
allow settling time for the held counter 78 and the
sector counter 80 after being changed. '
25  When the count in sector counter 80 is greater
than the count in held counter 78, the RETENTION SINGLE
OK TO TRANSFER signal of comparator 77 will be high but
not gated through AND 83 since the MULTIPLE BLOCKS
. 8ignal on- line 21-7 is high. When the sector count
30 .reaches a-count of 10 and-the held counter has a count
of 0, the RETENTiON MULTIPLE OK -TO TRANSFER signal of
. comparator 79 will be high, resulting in the RETENTION
. -OK TO TRANSFER signal on:line 107 being high. The
- . RETENTION OK TO TRANSFER: signal will be blocked by AND
35 88 since the READ BLOCK signal is high, indicating a

- .This Sheet Has Been Re
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TRANSFER CONTROLLER m—————Referring=to Figure 2, transfer

control | ewoBshspesudes AND 31, | AND: F2camd QRSN i 33. ArCI/YS9503773
condi t'i oned by the coincidencg of tke-REAR MODE.isi gnal bei ng hi gh 5
from nicroprocessor 5 on |ine"2r=r6f~Has2F—rndi cati ng the READ node and
t he _ READ OK TO TRANSFER si gnal being high on line 24 from READ
buf fer nonitor 8. AND 31 when soggonditioned causes a K TO
TRANSFER signal to be high on line 37 which is connected to OR

33. AND 32 is copghyinsad &¥ bperaeibaidewhenothe seéctor coumtREeRdHERE
signal being | ow from m cropr.oces

i ndi cating the VR $EURBAOTarkd t \C;&'ﬂ"‘gEgrékllenﬁe e %&%:%né?’uggl r?fl-%l'gh
' the output signal on line 109 of comparator 85 will be
high, the RING OK TO TRANSFER signal on line 108 will
5 be high and the READ OK TO TRANSFER signal on line 111
will be high. The READ OK TO TRANSFER signal on line
24 from OR 89 will be high and the OK TO TRANSFER
signal on line 22 to host interface 2 will be high.
At this time the held counter 78 has a count of 0
10 and the _séctor counter 80 has a count of 10. Host -
interface 2 will initiate the transfer of the 10
sectors from the READ buffer 1 to the host. After each
sector is transferred to the host from READ buffer 1,
the host interface 2 will generate a SECTOR TRANSFER TO
15 HOST signal on line 15 to held counter 78. The SECTOR
TRANSFER TO HOST signal will increment held counter to
1 thereby raising the NOT ZERO signal on line 92 such
that AND 70 is conditioned. AND 70 being conditioned
will allow the cyclic counter 72 to be stepped by the
20 CLOCK signal. When cyclic counter reaches a count of
011 the RELEASE signal will be high and gated through
AND 75. The RELEASE signal will decrement the count in
sector counter 80 by 1 and will decrement the count in
held counter 78 to 0. Held counter 78 having a count
25 of 0 will result in AND 70 being deconditioned and the
CLOCK signal being removed from the cyclic counter 72.
Therefore, for each SECTOR TRANSFER TO HOST signal
received on line 15 for a READ ring mode operation
during the transfer of sectors from the READ buffer 1
30 to the host, held counter 78 will be incremented from
0 to 1 and then decremented from 1 to 0. After all 10
sectors have been transferred from READ buffer 1 to the
host, held counter 78 will have the count of 0 and
sector counter 80 will have the count of 0.
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so conditi oned causes ‘an

{{ne -38 whpclrusseemnected to-
ER signal to be high on li.ne

on line 23 from WRI TE buffer nonitor 6, and whe
OK TO wo 9525298 TRANSFER si gnal =01
OR 33. OR 33 causes { gﬁ FFR'A
22 to host interface 2 whenever“an gr—PLACED

present on either lines 37 ori 38 =--—--* ng 15 t he
requested transfer of sectors for a requested READ or WRI TE operation from
t he host may be processed by the disk drive system

2?' TEng{/:FFR MONI Tﬁ?lli the 1nver%tiion Fi@é,gr bééﬁ b&:?i%ﬁl?ﬂ y ABhbwR, 41 and

an clic er ate nmachige for ‘generating a

series of REE Eé 2)ge<8 57‘?%%‘?% t hEPe |t2"ec0|5’1’6$€%ﬁ€ ébet ween

the WRI TE BL%adimuﬂté)ethgréogh dre 1wkl 2be3 whdérst8dd by thoseand the

NOT ZERO si g i

AND 40 is co%ﬁﬁ?ﬁgg"ﬁﬁ%é&%m%cgé@é 48 At Sk nd eeat iRy

bei ng hi gh oirel imagie Llgexginueithouhddeparibngz Eroms ithen| sprity amdh on

line 51 by 44 ised to
o%ors 28 IRIERIUN 44 il Wi _WE f&er g uté 6f

rel ease the se eln held i1 n WR or transfer to
t he di sk. Th&SRSF Renﬁegm ainéi ﬁPSFPiSHC embodimentsnpcthe gpeReVRE zero

detector 44 dgieeCpotbetiohe soughti nideldéfioidd eby45thé UESELSwing
t han zero, |n<1| gating that sectors are being held in WRITE buffer 4. AND 41

gat es alffife CLOCK signal on 1ine 21-4 to cyclic counter 42 when AND
40 is conditioned. 30 Cyclic counter 42 counts in the foll ow ng
sequence:
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“f\iif\ii\\\\\\\\\\\\\\\\\



12 - - . 008 _ 001

011 WO 95/25298 4 TmetoEsT L»ASEBEEN o : 110 PCT/US95/02773
111~ - 104:PLACED ' 100

000. , 10 +¢ counter 42 is a three stage counter

whi ch counts.in the above sequence e

cams NN RI TN

What is claimed is:

1. A data buffer monitoring system in a disk

7
2 .drive system, said disk drive system including a WRITE
3 buffer for storing a plurality of sectors of data
4 received from a host for storage on disks in said disk
5 drive system, a READ buffer for storing a plurality of
6 sectors of data from said disks for transfer to said-
7 host and control means for generating a plurality of
8 control signals for controlling the transfer of sectors
9 of data between said host and said disk drive system in

10 response to READ and WRITE requests for the transfer of

11 one or more sectors of data issued by said host to said

12 disk drive system, said data buffer monitoring system

13 comprising:

14 a WRITE buffer monitor for generating a WRITE OK

15- TO TRANSFER signal when said WRITE X buffer has

16 sufficient available space to store the number of

17 sectors requested by either a. said READ or WRITE

18 request issued by said host;

19 a READ buffer monitor for generating a READ OK TO

20 TRANSFER signal when said READ buffer has in storage

21 the number of sectors of data available for transfer to

22 said host that was requested for transfer by either a

23 said READ or WRITE request issued by said host; and

24 transfer controller for generating an OK TO

25 TRANSFER signal to eaid-control means in said disk

26 drive system when either said WRITE buffer monitor

27 generates said WRITE OK TO TRANSFER signal and said

28 host has issued a WRITE request or said READ buffer

29 monitor generates said READ OK TO TRANSFER signal and

30 said host has issued a READ request

—_—
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such that only one stage change ] %E@?HEF‘THQSW to a CLOCK si gnal ,

t her ebwo 95725298 i mproving the IHgpLicE® of cVcl i c pOrUseN02%3 such
t hat cycl iC _CO-U-IQI—%I’——4-2—€—6:H——be—‘— ——stepped at "the frequency of the’

gnal . The count I N &E ic counter 42 is 15 noni tored by AND.

CLOCK
43. AND 43 Wi I“l!ll ll H SE signal on line 57 during the
time that cycl nt ai ns Lh agcount of 001 as indicated on |lines

54, 55 and respectively. |ne 57 is connected to the DOMN

i nput_of afel d counwefé%ﬁ@%l@%ontml meadf1@%sﬁn§§'t@%@ﬁ$@ﬁ“ er 47.
The SECTO? TRANSEER F

on lipe 14 fram host
i nterfacd22 | TOCORANBFER ?bgPﬁi SPnFﬁ L BPehEFﬁn(?%&ﬁt&f khe ﬂ?@g@d'unt
out put of3shel df sectors ofodata&r £46mi elchélﬁeeh&d hpsibutoSgalid WRTITElet ect or

44 and a The . SE FER T .SK a I| e 18
from di S%ql nt ‘I"FB%’@ 3’§ g%&r?e‘n‘ct]éﬁq?%s?h 1ssu %‘P%/%’\gﬁ t’ ggf el eased
count er 3% anfirdmwcsside REAR: fifier byo 1saidh hoate ifhea READ requ8BCTOR

TRANSFER3EO Q2K §égﬁ by k8¢8I yedeby rel eased counter 47. The count
25 out put of rel ease cgunt er 47 i1s connected by bus 59 to adder 46.

Adder 46 conbi nes : the counts fromheld counter 45 and rel eased
counter 47 to forma sub-total count : out put on bus 60 which

i ndi cat es . the numb of _sect.ors ent ei ng used in MRI TE
but o 4. Uhe sub-cor al T ABCR,BREESE TARUEREHRY P RATARLS OF a1 ne oo
to 2 hddheréﬂn The BLOCK COUNT signal on bus 21-5 is connected to

adder 48.4 3 0 g ?gﬁ%ﬁ%@&%ﬁoﬁf&?“ﬂﬁér&ﬁeﬁeﬁt BUFFER ML

transferréd as repres
4 signal to said control means in said disk drive system

5 . when said READ buffer is full of sectors of data such
6 that the storage of another sector of data in said READ
7 Dbuffer by said control means would overwrite a sector
8 of data that is available for transfer to said host,
9 whereby said control means in response to said
10 BUFFER FULL signal inhibits the further transfer of
11 said sector of data from said disks to said READ buffer
12 until said BUFFER FULL signal is deactivated by said
13 READ buffer monitor means.

1 3. The data buffer monitoring apparatus of Claim
2 1 wherein said data buffer monitoring apparatus
3 receives from said control means in said disk drive
4 system: '

5 a READ mode signal connected to said transfer
€ controller, said READ MODE signal when high indicates
7 a READ requesti from said host and when low indicates a
& WRITE request from said host;

g a WRITE BLOCK signal connected to said WRITE
10 buffer monitor, said WRITE BLOCK signal when high
11 indicates that sector of data stored in said WRITE
12 Dbuffer can be released for transfer to said disks;

\
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13 *.  BLOCK COUNT signal and the-sub-total count from adder 46 to

produce a sector couni DYkt -GN AsE f 0 the Berarvinmhs
conparat Oﬂ(ﬁ%ﬁisms Buf fefl si zeg. :r&:g@&@r %'bo%ai ns the count of

t he maxi mum nunber of sectors.: stared in WRI TE buffer 4.
The count value of buffer size register 49 is 5 conneﬁumnmua’

the A input of conparator 50. Wen the tot3| count on i mwlﬂ ﬁ
tgan 0{ heq\lj\??ll T'ItEoOt(h_?_ob_lIJ_ffer SIRZG reg: ster count, then corrpar fat 8r 50 Wi II
rai se e sign n_lj

transfer 13 cont rol?‘Ra\'\sEE sighaf cgmg#’ﬁgdope\m%l on %&mt%&jﬁ er
monitor 6 wil4d bemoddtoy lzadl laid NRITE dwf@enonon:et@npl es. First, assune

the foll ow set of cgQn n Uiﬁ.e t [ nglléf r 49
is 2000, the Tount in geﬁ*é'gggdegoun esq' db Jtﬁ? %co(z);brﬂttll nsa}%?gkgﬁnter

45 is 0, thel@LObRESEINTMONGEAK rﬁ%da%%eWBFTEO@ufaﬁqm mend £ora; | §RL
requested by;4he digiig ciitsirk hpi gl 1T A{&dt shg e Qumbere @f-Sectorsvof

Under 18 data that are being requested for transfer by either a

19 READ or WRITE request issued by said host;

20 a SECTOR TRANSFER FROM HOST signal connected to
21 said WRITE buffer monitor, said SECTOR TRANSFER FROM
22 HOST signal being generated after each sector of data’
23 is transferred from said host to said WRITE buffer;

24 - . a SECTOR TRANSFER TO HOST signal connected to said
25 READ buffer monitor, said SECTOR TRANSFER TO HOST
26 signal being generated after each sector of data is
27 transferred from READ buffer to said host;

28 a SECTOR TRANSFER FROM DISK signal connected to
29 said READ buffer monitor, said SECTOR TRANSFER FROM
30 DISK signal béing generated after each sector of data
31 is transferred from said disk to said READ buffer;

32 . a SECTOR TRANSFER TO DISK signal connected to said
33 WRITE buffer monitor, said SECTOR TRANSFER TO DISK
34 signal being generated after each sector of data is
35 transferred from said WRITE buffer to said disks;

36 a MULTIPLE BLOCK signal connected to said READ
37 Dbuffer monitor, said MULTIPLE block signal when high
38 indicating that more than one sector of data is
39 requested to be transferred by either a READ or WRITE
40, request issued by said host and when low indicating

- 41 that only one sector is requested to be transferred by
42 either a READ or WRITE request issued by said host; and
43 a READ BLOCK signal connected to said READ buffer
44 monitor, said READ BLOCK signal when high indicating a
45 ring mode of operation where the location in said READ
46 Dbuffer is immediately released for the storage of a new
47 sector of data after the sector of data at that
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Hn \II




t hese conditi ons the sub-total

of addefyodBpdppg 1S 600. Conpar B
signal on line 23, - whi ch i § ransfer control 7, is

“high since t adder 48 is less than t he

buf f er S|ze c 32 will be conditioned in transfer

controller m“lﬁm"jma@“g e OK TO TRANSFER signal to be high on line

22 to host prooes&orL Qrocessor 2°upon receiving the OK TO TRANSFER
si gn et r f r t he

nost to thE aiigeanibn’ Bh° crind¥eiiet ok CHE RERORICS S0’ BRTH, "

t ransf err49 f rmt: hansbswhep t howdi tRdicatingriae na,tarm;omomodmt erEf ace 2

wi Il geneggte &g SH{Sh THOREER gg%/em datg i8!fRfhr@inkhNinldathl ch
I

3} 500 and the total count *°

E Okpdfruds 3ER

“will increase count in count er Al
the 100 sBdto tbﬁﬁ@@%TP??EaEesﬁaH@vesﬁﬁﬁﬁrtr@ﬁsf@iFéd hage begnt |n

hel d 25 ggouiingferiéd PLohOSafadrEAD BQEfbri Bof sheas@dstounter 47 will

be 500. M croprocessor 5 will raise the WRITE BLOCK signal on line
21-3. The NOT ZERO signal on line 51 will be high since held counter
45's count is not equal to zero. AND 40 is conditioned thereby

al | owi ng G OCK Si gnﬁl S t%edggae&l%gig%ﬁwm 4 aetrus4g>5 Eiﬁgm I me

cyclic counter 42 has thé coun géener at ed
on |ine 572whikiwhereiniceatdsURTFE bufifieri monikorccompeises:and wi | |

3 a held counter for maintaining the count of the:
number of sectors of data stored in said -WRITE buffer
- which have not been released for transfer to said disk;
a released counter for maintaining the count of
the number of sectors of data stored in said WRITE
buffer which have been released for transfer to said
disk; _
10 a buffer size register for storing the count of
11 the maximum number of sectors of data that can be
12 stored in said WRITE buffer;
13 a transfer means for generating said WRITE OK TO
14 TRANSFER signal when the sum of said count in said held
15 register plus the count in said BLOCK COUNT signal is
16 equal to or less than the count in said buffer size
17 register. '

O o J 60 U b

5. The data buffer monitoring apparatus of Claim
. 4 wherein said WRITE buffer monitor further comprises:

a state machine for adding said count in said held
counter to said count in said released counter and for
making the count in said held counter equal to zero
6 - when the sectors of data in said WRITE buffer that were
7 not released for transfer to said disks are released
-8 for transfer to said disk.

Ok WiV
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14 ‘" increase the count in relea s _When held counter 45
girgnal on line 51 will

| s .decreased to the “~count Al Tg‘q1~hg—‘ (s RN :
. be | ow‘;‘ggrgg}agzs,gecondl tioning. AND ht-@@_,:‘rggul ting in nopé&pikégard-OCK
A —+tipe the count in

“signals being gated to cyclic:¢co
"held counter 45 will be 0 and the count in released CEEnter 47 will be

600. Further, released counter 47 includ m ml ‘um,’m
circuit that deals with the S|tuat|£,1;| of a REL
SECTOR TRANSFER TO DI SK si gnal bei ng presented to reI eased Eouht. er 47

at the sanme,tine. Th ar bi 2

RELEASE si g?‘lal and t €n t% sﬁﬁ%ﬁ%%ﬁ@@%ﬁﬁt@%%?%re t he
time of issBance whexrédnnext RELEASE signal. The cyclic counter 42 i's

used to al | gw settl | quhl r&afc%r :ﬁatauf}ré Cbérié?é@és“é 88¢ibheoreReatadE

counter 47 after bei n nﬁ%ﬁh Next assume the
fol | owi ng st (ﬁl‘-%]eﬁt?-gﬁ% eouRt hips Saig Aeldroupker when49 i s

2000, the cguntgdid IRREPEECBLOOKNEGn4Y g ¢h@BgedhEremliow rtcheti:cgh:ounter

45 is 0, 15 t he BLOCK signal has a val ue of, 60
operation i 8 request§ dC%JI\.[I;I cSuA {:er receives salc? !QEEEHS& s1gnals

7 and is decremented by one count for each said RELEASE
8 signal received; and ' '
9 said released counter receives said RELEASE
10 signals and is incremented by one count for each said
11 RELEASE signal received.

-v.——rA—- =)

7. The data buffer monitoring system of Claim 4
wherein |

said held counter receives said SECTOR TRANSFER
FROM HOST signals and is incremented by one count for
each said SECTOR TRANSFER FROM HOST signal received;
and .

said released counter receives said SECTOR
TRANSFER TO DISK signals and is decremented by one
count for each said SECTOR TRANSFER TO DISK signal received.

W ® 3 6 LI b W N P

8. The data buffer moriitoring system of Claim 1
wherein said READ buffer monitor comprises;

. a held counter for maintaining the count of the
number of sectors of data stored in said READ buffer
which have been released for transfer to said host and
are being retained in said READ buffer;

a sector counter for maintaining the count of the
number of sectors of data stored in said READ buffer, '
said count including the number of sectors of data
being held in said READ buffer and the number of

O © 3 00 U b W
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by-the host. Under these congi ions the sub-tatal count of adder 46 is ‘1500

and the total count: of |afeersi4&Tiina6EN The R TE OK TO TRANSFER

S| GNAvOo®s25I98E - 23 fromjconparetoscBO Wil |1 be | Ow mimusesiopmst ot al
count . of —2400—from adder 48 i=— ——gFeatef—than the buffer size of 2000. ,
Each ti sector is transferred to the disk, disk 2 0 interface 3 will

_ generatg‘i i mﬂm ER TO DI SK signal which wll decreaset he
count by} ounter 47. In 4dis exanple, once 100 sectors have

been transferred Yo%t h& disk fromthe wite buffer 4, conparator 50 will
rai se the sectodtld Tof Odate® EHWNERERIAI gadld REwre bliefket alhatougte of 2000

from adder 48 i, equal_to.the buffer size of 2000. The pendi ng WRI TE

r equest? anatvﬁé'ﬁ'aﬁ’éteprftﬂ:’%;{'SW%er &9 R P85 s now enough roomin VR TE

buffer M to storeatbaffed sdzteonsegisuer afed storing tihet reowendofig VWRI TE

requesty,  the URE é\p\"o-Equéctors qf gaBaT ﬁEAlaaglpe}sé\tlon has
node and a ring node. In .

two nodes, a retention m e retenttion node,
sect or sLar e stoxest dn @i REAOWHEEX buffer 1 to the host and are

16 : an adder for generating a summation count equal to
17 sum said count in said held register plus the count in
18 said BLOCK COUNT signal; and

19 a transfer means for generating said READ OK TO
20 TRANSFER signal when the number oﬁ sectors of data
21 requested for transfer to said host by a READ request
22 issued by said host is equal to or less than the number
23 of sectors of data in said READ buffer that are
24 available for transfer to said host..

9. The data buffer monitoring apparatus of Claim
8 wherein said READ buffer monitor further comprises:

a- state machine for reducing said count in said
- sector counter by the count in said held counter and
for reducing the count in said held counter equal to
zero when said retained sectors of data in said READ
buffer are released thereby providing the locations
occupied by said retained sectors of data available for
the storage of new sectors of data in said READ buffer.

W O 3 0 Ut b W N R

10. The data buffer monitoring apparatus of Claim
9 wherein ;
said state machine generates a series of RELEASE
signals equal to the count in said held counter when
said READ BLOCK signal is change from low to high;
' said held counter receives said RELEASE signals.
and is decremented by one count for each said RELEASE

O N3 o6y s W

signal received; and
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15 ‘- mai ntai ned in the READ buffer 1 unt|I reI eg"‘sed The retention
al J.ows t-he READ ope?\atlon to-be co o)l -texall the transferred

sectors Wdostishdgl avail abl'e in thg === RE buﬁ"- 1 forpcrmsss/mno the
host if the ﬁgst shoul d so requirg r"éﬂftr”j P

node thereby saves the tinme of rethiev . sectors fr
disk to the READ buffer 1. Once it 1S determ ned that \giﬁl\lmg
rel eased, the | ocati on of those seci‘zgrs in the R r.e+ made
avallable for storage of new.s - sectorSretrieved f’fomt e dISk In the

ring node sectors are éi{‘@é&%fdﬁ; {5? Aives saAREIMANEHiYnbls

| ocation in Dbffer made avai |l abl e_for or.aqe
of a new sddl or andt disedatrengnted Qle‘RneTﬁ@uPEt ERE| @ﬁcﬁb(?@'%i 1?‘”?{8%%# ed by

the READ 1@ 4 ggﬁail ale jRRIGY | ow and the ring mode by the READ BLOCK
si gnal being hig Referring to Figure 4, AND 70, 71, 74 and
75 and cyclic counter 72 forma state machi ne for generating a series
of RELEASE signals on |ine 99 vvhenever t here i s coi nci dence between

t he READ BLQCK si gnal _ bei ng. hi gh f %ﬁ{ ZERO
si gnal bei ngl hi gh on }fne 'ga %%t %éﬁgt%r&nésaééaratﬁsgﬁf

line 102. 2 8AMBez@iirs condltloned by the coincidence of the READ BLOCK
signal be.' NG high 0N 5543 held counter receives said SECTOR TRANSFER TO

4 HOST signails and is incremented by one count for each

5 said SECTOR TRANSFER TO HOST signal received; and

6 said sector counter receives said SECTOR TRANSFER
7 FROM DISK signals and is incremented by one count for
8 each said SECTOR TRANSFER FROM DISK signal received.

1 12. The data buffer monitoring apparatus of Claim
2 8 wherein said transfer means comprises:

3 first méans for generating a RETENTION SINGLE OK
4 TO TRANSFER signal when the count in said sector
5 counter is greater than the count in said held counter
6 and said MULTIPLE BLOCKS signal is low;

7 second means for generating a RETENTION MULTIPLE
8 OK TO TRANSFER signal when the count in said sector
9 counter is equal to or greater then said summation
10 count in said adder and said MULTIPLE BLOCKS Signal is
11  high; | ' '
12 third means for generating a RETENTION OK TO
13 TRANSFER signal whenever either said - first means
14 generates said RETENTION SINGLE OK TO TRANSFER single
15 or said second means generates said RETENTION MULTIPLE
16 OK TO TRANSFER signal; ' ' '
17 fourth means for generating a RING OK TO TRANSFER
18 signal when said count in said sector counter is equal
19

to or greater than the count of said BLOCK COUNT signal

This Sheet Has Been Reﬂlac
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BLOCK S|gnal is raised to add the count- +ergocquiiter 78 to sector -
., count &0 gEi2sadeen sectors ar efg/asw that vier & bepogkedshri READ’
buffer 1 and to indicatethe—+ing| 3y wﬁé@mﬁizaﬂﬁiatlon “The NOT ZERO

gnal on l'ine 92 is high whenev r.s&etqﬁ§”are being held in READ
buffer memuunﬁlmllcounter 78 having a count greater than
zero. Vhen oned AND.74ggates the CLOCK signal on line 21-4
to step t fe byc i ¢ counter 72. Cyclic counter 42 counts in the
Bih'omﬂﬁg SeENg&ia coug&oln said held QUurder ﬁ% equal to zer@?! 111
30 21 and - 101

22 fifth means for generatlng a READ OK TO TRANSFER

23 signal when either said third means generates said
24 RETENTION OK TO TRANSFER signal and said READ BLOCK
25 signal is low or said fourth means generates said RING
26 OK TO TRANSFER 81gna1 and said READ BLOCK signal is

27 high.

1 13. The data buffer monitoring system of Claim 8

2 wherein said transfer means further comprises:

3 eighth means for generating a BUFFER FULL signal

4 when said count in said sector counter is equal to said

5 count in said buffer size register indicating that the

6 storage of another sector of data in said READ buffer

7 by said control means would overwrite a sector of data

8 that is available for transfer to said host,

9 whereby said control means in response to said
10 BUFFER FULL signal inhibits the further transfer of
11 said sector of data from said disks to said READ buffer
12 until said BUFFER FULL signal is deactivated by said
13 RE2ZAD buffer monitor means.

1 14. The data buffer monitoring system of Claim 3

2 wherein:

3 said WRITE buffer monitor comprises:

4 a held counter for maintaining the count of

5 the number of sectors of data stored in said WRITE

6 buffer which have not been released for transfer

7 to -said disk;

is Sheet Has Been Reilaced

i gh on |ine 92. The READ - -



16 - 100 ~000._ Cyclic
counter -72 is a three stage counter ‘Lxxnnn;F#QF?#ga afjove sequence 5

such t'hagy@sdpkene stage changes stat > THIB. Fesponse ESA Y CLecxrusogo2w73 Thi s
met hod of counting |nnrnves_the set t Fiffg &% of dyclic counter 72

such that cyclic counter 72- can=be b[EpDEd at_the frequency of the

e P RTRIMLI 57 7 s 09 T 0

cyclic counteh 72 cont &i n8 the count of 0 as indicated on lines 95, 96

and 10 respectively.; AND disdth | doniitir tHsr RELRASE Hipain@edime 98
onto line 9 when sect or counter 80 has a cog nt greater than Zer o
such that z& o detect®f thesnymper of sSASEOTRPhitd_FFnEFOTRY iR i's
hi gh therely conditi ofpee ANE fdr wHith Blve beencrelessead fer muamefert AND
75 to the EKN%llnput of hghg punter 78 and the DOM i nput of sector
counter 801115 to s&: OR TRANSFER TO HOST signal on line 15 from
host interfizce 2 i s a:dnlmﬂfeecbizetregiﬁtenrﬁmrcﬁtmm dienteQumts; The
ook o P43 'S T ELCHS Rl b DESHLECGH Sl b
be stored n sald WRITE buffer; and

15 a transfer means for generating said WRITE OK

16 TO TRANSFER signal when the sum of said count in

17 said held register plus the count in said BLOCK

18 . COUNT signal is equal to or less than the count in

19 said buffer size register; and

20 said READ buffer monitor comprises;

21 a held counter for maintaining the count of

22 the number of sectors of data stored in said READ

23 buffer which have been released for transfer to

24 said host and are being retained in said READ

25 buffer;

26 : a sector counter for maintaining the count of

27 the number of sectors of data stored in said READ

28 buffer, said count including the number of sectors

29 of data being held in said READ buffer and the

30 number of sectors of data stored in said READ

31 buffer that are available for transfer to said

32 host; '

33 a buffer size register for storing the count

34 of the maximum number of sectors of data that can

35 be stored in said READ buffer;

36 an adder for generating a summation count

37 equal to sum said count in said held register plus

38 the count in said BLOCK COUNT signal; and

39 a transfer means for generating said READ OK

40 TO TRANSFER signal when the number of sectors of

41 . data requested for transfer to said host by a READ

42 request issued by said host is equal to or less
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i nput of adder 8 1. Zero_ . ise the, NOT ZERO si gnal on’line’
92 whenever the count in hel'd counter 78 is greater than zero. 20, - -
MERANSFER FROM DJMl“l "ﬂﬂum;ﬂmum 19 from dipdarisssmeefiace , 3
’s’ﬂ@ﬂm@gted.io the UP inp er 80 and increases the count .
oneEp, | me the SECfOR*TRANSFER FROM DI SK si gnal is received by
sec \\:~=- r 80. The count in sector counter 80 is the total nunber
of sectors An READ bufferzgl,. that is the nunber of sectors
al ready transferréed but being held in 2 5 READ buffer 1 plus the nunber -
of sectgss aWaitiﬂEahOthé trrmzerdﬁdsééwa:BEAE) data iMfdeidalrEdbe out put

of sect counter ected by _bus., 102 9 t he ut_ of
conpar dtor ngeﬁ FCc &B&#ﬁpé griﬁﬁge etttt83496, to the
A 1 nputasf hoaparator 85 and to the B |nput of conparator 91. The

+ BLOCK COUNT on bus 21-- 5 is connected to the B input of adder 81.

Adder 81 conbi nes the nunber of sectors 3 0 to be transferred as
represented by the BLOCK COUNT signal with the nunber of

1 - 15. The data buffer monitoring apparatus of Claim
14 wherein said WRITE buffer monitor further comprises: .
a state machine for adding said count in said held

counter to said count in said released counter and for

making the count in said held counter equal to zero -
when the sectors of data in said WRITE buffer that were:
not released for transfer to said disks are released

for transfer to said disk.

o 32 60 ok wWwN

16. The data buffer monitoring apparatus of Claim
15 wherein

said state machine generates a series of RELEASE
signals equal to the count in said held counter when
said WRITE BLOCK signal is change from low to high;

said held counter receives said RELEASE signals
and is decremented by one count for each said RELEASE
signal received; and

said released counter receives said RELEASE
signals and is incremented by one count for each said
RELEASE signal received. :

W 0 ~3J 6.1 b W N W

B
= O

17. The WRITE buffer monitor of the data buffer
monitoring system of Claim 14 wherein:

said held counter received said SECTOR TRANSFER
FROM HOST signals and is incremented by one count for
each said SECTOR TRANSFER FROM HOST signal received;
and .

o N1 b W N

\\
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17 sectors being held in REAR buf er
78.-to forma retentNon count . [

on bus’ hRé osasmennect ed to the :
BLOCKS 'signal on line 21-7 when hig A Baﬂtf_blly cpndi
i ndi cate that nore than one sector is

READ request, and when | ow partially condl tions AND 83 t Bil‘ﬂm[m“

that only 1 sector is to be transferred. bysthe pending R

Buf fer size register 90 contains the count of the maxi num number of sectors

| t hat tcan 887stored iBaBEADMéa@éedb &'b%(ﬁ)@ﬂnt xﬁutaﬁ.lvbsof dgadd er SECTOR

" register i's connect e i a.bus to t.he or
When the cofint WE%f f%%cls&lgn@t}&nt%? ‘F?ﬁg‘%ﬁgg 06&2 gto t he

count outpuy ofcdutitf efoti zeaclkgisalicdd SBECTOR TRmsaEmo'marDiESﬁ gignall

f"as |ng|,_cat ed by hel d counter
=6R-—count out put of adder 81

rai se the FFER FU.L signal on line 20 to the disk i nterface 3. The
- BUFFER FUL bJ d'f%ﬁe%)e?%g high wll inhibit the transfer of sectors

fromthe di sk to the READ buffer 1, thereby preventing any sector stored in

READ buffer 1 from being overwitten. 15 ' Conpar at or 77

determines if the count on |line 100 1(:the nunper of sectors hel d

in held couhter 78) 8- edHq HAL3 AR EBTMORTITHRS f@?a(’fa}@‘%tﬂ?bgﬁ'
sectors 2 74 SReéLéin osdi @ READ Obuf bér mishetopf faethers compREABsbuf fer

U ne 101 i 5hi gh Thé bren TRering BkCRRetial Mo SRl CRE, Bh malt 10
of AND 83 wal | dmctoghcohatelrotby ttiee count 'in said held counter and
for reducing the count in said held counter equal to
zero when said retained sectors of data in said READ
buffer are released thereby providing the locations
occupied by said retained sectors of data available for

W o N 6

the storage of new sectors of data in said READ buffer.

19. The data buffer'monitoring apparatus of Claim
18 wherein _ '

said state machine generates a series of RELEASE
signals equal to the count in said held counter when
said READ BLOCK signal is change from low to high;

said held counter receives said RELEASE signals
and is decremented by one count for each said RELEASE
signal received; and

said sector counter receives said RELEASE signals
and is decremented by one count for each said RELEASE

W O I WN R

(TR
» o

signal received.

20. The READ buffer monitor of the data buffer
monitoring apparatus of Claim 14 wherein:

said held counter receives said SECTOR TRANSFER TO
HOST. signals and is incremented by one count for each
_ said SECTOR TRANSFER TO HOST signal received; and

o W N
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20 out put signal on Iine 101 is_Nhi
| ow on |ine 21-7, |nd|ca_
transvepsnRsto8n t he retention st” OETHES9502778 S

avai l abl e for transfer—i-a—READ & RETENTI ON SIGNAL OK TO

TRANSFER si gnal on |ine s connect ed to OR 84. Conpar at or
79 determ neﬁ“\“mmgl mt put of adder 81 on |ine 104, 25 I ndi cating
the sum of t ors beiinggeld in held counter 78 plus the
number of sector$ requested 0 be transferred count, is |less than or equal

to the canunt sa DAt et @@@ﬁ@ér&@&&ﬂe@@ﬁulsm@&mlmti ng the

nunmber t he buf f | f. such is the case, an
out put SI gn ?{b&; i)r#sﬁ(o aiﬁdvﬁ‘?l 1BSrﬁﬁ“§ﬂt8ﬂ?’P’néme cou tb?‘néi'he
RETENTI. @GN NHhEhPBElG(S’KCTDEAIME&EEER [(HROM iDIBK sighaherdéféiGéd. of AND 82 °
wi Il be high when the output signal on line 103 is high and the

Tl PLE BLOCKS signal i's
€ctor is to be - -

1 21. The data buffer monitoring apparatus of Claim

2 14 wherein said transfer means OF said READ buffer

3 monitor comprises:

4 first means for generating a RETENTION SINGLE OK

5 TO TRANSFER signal when the count in said sector

6 counter is greater than the count in said held counter

7 and said MULTIPLE BLOCKS signal is low;

8 second means for generating a RETENTION MULTIPLE

9 OK TO TRANSFER signal when the count in said sector
10 counter is equal to or greater then said summation
11 count in said adder and said MULTIPLE BLOCKS signal is
12  high;
13 third means for generating a RETENTION OK TO
14 TRANSFER signal whenever either said first means
15 generates said RETENTION SINGLE OK TO TRANSFER single
16 or said second means generates said RETENTION MULTIPLE
17 OK TO TRANSFER signal;
18 fourth means for generating a RING OK TO TRANSFER
19 signal when said count in said sector counter is equal’
20 to or greater than the count of said BLOCK COUNT signal
21 and said count in said held counter is equal to zero;
22 and | |
23 fifth means for generating a READ OK TO TRANSFER
24 signal when either said third means genefates said
25 RETENTION OK TO TRANSFER signal and said READ BLOCK
26 signal is low or said fourth means generates said RING
27 OK TO TRANSFER signal and said READ BLOCK signal is
28 high.

.\\\
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18 ‘+ _MJLTI PLE BLOCKS 5| gnal is. hrqh on |I ne 21- Z i ndi cating that nore
t han one sector is t0 be tran<'rl?.ms , -_ H/ LE t he nunber of
sectors wemsastogd for transfer .are %’ #g r trarmléﬁSHSNZ'READ
buffer 1. The RETENTI ON MULTI PLE O{L.TQ ARISEER

l

connected to OR 84. 5 The RETENTI ON OK TO TRANSFER out put 5|

of OR 84 is connected to AND 88 via |line 107 and \Mml tﬂg ' i"l

ei ther the RETENTI ON SI GNAL .CK. TO_TBANSFER si gnal

RETENTI ON MULTI PLE OK TO TRANSFER stgnal is high. The RE O( TO

TRANSFER signal on I3pe 1@ﬂeV&étEa liﬁhf:‘:‘er nﬁﬁtﬂ:@ﬂlﬁhl’goﬂgbtéhi[bﬁ&lé)lmﬁg via

line 112 when the READ BLQCK nal is

Conpar at or 85 U@Fv;rleﬁfh§§1fif tFﬁ gﬁﬁﬁb’@?aﬁ? %é&%@%@@i‘ﬁ%ﬁ%‘e?%y t he
pendi ng READ rchutmraszdmmm by the BLOCK COUNT signal on bus 21-5 is
| ess han or o] C t . e s READ
buffer 1 count on |I%%§%xtﬁ mg‘-ilgﬁ gﬁg 98}"%%?%% ?g%{:FaE?:Cﬁfth {hﬁﬁ
“signal frors comitmn'asandSEountl inesadd sectopecadntes i equal RT-‘N@QJ@ TO
TRANSFER 0 putc ne 1%& I%n gé’i‘ lds ﬁxfa @ﬁ@F&ndlcatﬂﬁﬁ heidee @ put  of

conparator 85 on atlngrat hat th nber_ of
sectors in 7 hesmgﬁijferaflma‘il%rg?%‘aF% ffa Fﬁelﬁuﬁéé-ld SFEAR pyfker

requested t® bey said Tdcaﬂ;&fcﬂ! mshris arodle cREARhHE & slecttar ¢hedaERO
TnIREAD bufd r thamd 4 rEiiable A LHrohr B R 1 e avall abl o
for transfes. The Rl wietEbFOSERANSEGRs0hnmeans in response to said

11 BUFFER FULL signal inhibits the further transfer of

12 said sector of data from said disks to said READ buffer

13 until said BUFFER FULL signal is deactivated by said

14 READ buffer monitor means.

_ This Sheet Has Been R,
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lihe 108 is gated through AND 87 to CR 89 via line 1l 1 when the READ BLOCK

signal i-s high on line 21°6.- : “The READ OK:TO TRANSFER out put
si gnal ofwéﬂyﬁggpn line 24 is hi gh when either the RPNGURESTHT3
TRANSFER signal on line 111 is high or the 25 RETENTI ON OK TO TRANSFER on
line 112 is high. The opeg1 EIOI‘I of the READ buffer nonitor 8
w Il be explained by the - follow g exarrpl es. First, assune that a _
READ request has been nade for the transyer of 1 sector fromthe READ
buffer 1 to the host in the retention{ nBEAD t h¢ BLOCK COUNT si gnal
equals 1, the count in held counter 7B BYFFER he count in sector 3 0
count er 80 is 0 and the MULTI PLE BLOCK si gna}I Is | ow. Under these
conditions the 10 X "o | 19
25 N — 26
HOST < I -
HOST INTERFACE | ~—12 | INTERFACE DISK
| 2 | ' 3
? T 13X 4
| WRITE
“—{ | |/® |BUFFER |7 B~ |19
LEE 20
N——16 ' _ /_
Y. Y
MICROPROCESSOR
22'\ ' . )
_, o1 l .
v vy v vy
WRITE | : READ
A B
M 1
23 24
6 7 B
WRITE 23
oK 10O 7
TRANSFER
ReAD  2H1>
MODE &
24— »AND N3 By Ov
READ
OK TO — 31| vy AND
TRANSFER OR 32
- B 75 —» OK TO TRANSFER




ouf put” of conparators 77, 79 and 85 will be |ow and the READ OK TO TRANSFER

sigral will be |ow on I|ne 24. \Wen the disk retrleves t he next sector from
t he di sk woo9sns@sd stores that sector in READ buffer 1, thectisespmmsrface
3 will generate a SECTOR TRANSFER FROM DI SK signal on line 19 which
will step the count in sector 5 co er to 1. Now the output of
conparators 77, 79 and 85 will all %ﬂlcau5|ng t he RETENTI ON

. SI GNAL OK TO TRANSFER si gnal on Iine 106 to be high, the RETENTI ON OK
" TO TRANSFER signal on |line 107 to be high and the RING OK TO TRANSFER

The READ OK T
will be conditi

signal on line 108 to [4-hi
24 will be higlyRiTEce AND
signal on |ineg

TRANSFER signal on line
by the READ 10 BLOCK
si gnal

on |ine 107 being high. Transfer troller 7 will raise the TO
TRANSFER signal to high on line ﬁ&ﬁjron1tr 7 Ito host
interface 2. Host i Sae 2 ‘@Y(DLFC‘@(DUNWEF@ e fthe
processi ng of the READ request gnfillo sector wll beltrfansferred
from READ buffer 1 to the b& Host i n ace 2 will #2 generate a
SECTOR TRANSFER FROM HOST signal on lin ijncrenment held
counter to 1. At this time fhe ceurty i »sS 1 and the

count in released counter 47 —3AND tur i n the READ
buffer 1 has een trans r. are jno ot her
sectors in theCkE%B?buff 5 gﬁia ailablelfor t ansfer to the host. 2 0

in the retenti on node
he host.| Under these

Next assume that the &bdt ssues anot her READ re
for transferring 5 sectors fromthe READ buffer
condi ti ons

57— .
ZERO
™ DETECT%R
SECTOR ‘HDOWN HELD 58 7
TRANSFER COUNTER >
5] 45 ADDER
FROM  ———>{Y | -
HOST 14 : — —;QX'P
RELEASED
%EgLCS)!BER L_“UP. COUNTER sg{: ADDER48 |
TO DlSK——X—b DOWN 47
18 52
E(L)%% S ' |—> B COMPARATOR
215 | BUFFER SIZE | A A>B 5D
REGISTER  4g 53_§
23
WRITE
OK TO
TRANSFER

FIG. 3



the outputs will be |ow for comparators 77, 79 and 83j, thereby causing the
READ OK~ TO TRANSFER signal on line 24 to be | ows The host interface 2
Wil notwetssemss to transfer any sectors fromthe RBPCI/US451027731 to
the host. As sectors. are retrieved from2 5 the disk and stored i n READ
buffer 1, disk interface 3 generates a SECTOR TRANSFER FROM DI SK
si gnal afREADeach sector is transferréd3on line 19 which will %@

e

| i ncrementBtOBEKe jcounter g0 — As sobn j7n
- sector o1 ar reachesyt$he c8¢ flQYCLIC QOUNTERI pnal of | ime—t91
. of conmparator 77 wifll be tAl}Ll}J“ gh sin the count ofp22 ih ct@r degisfer

80 is greater than |the.cou Th&ZEROput |of
AND 83 will be |ow beg%\ nuf(@ DETECTOR
20 97
21-4 A
7 AND g
CLOCK —» 71

73
O 74
‘ ‘I[J2l ZERO | ﬁ)

AND DETECTOR
39 76

5 X B COMPARATOR

SECTOR DOWN X A A8 77
TRANSFER HELD

COUNTER K' | (ITERN
TO HOST—-1— UP R 100

19 A" A COMPARATOR

. 102 ¢
SECTOR M| ofP — SECTOR | B AZB 79

FROM DISK COUNTER | Z103
MULTIPLE | T1DOWN 80

ST T [

L——»fA 104 AND | | AND OR
BLOCK | 318 ADDER g - —Z 1 | A5 | | 83

21-5 10

Y

v |

108
A" COMPARATOR AND % |
B A2B 85 Z* 86 v X!

TBUFFER SIZE 109 AND | | AND
REGISTER 90 8/ 88

A" COMPARATOR 1_}_4,5{

8 CAcB g o LY \— 12

Mo 89
1/—*24

10

e T

|

BUFFER FULL
READ OK

TO TRANSFER
FIG. 4 |



tr_a,nsférred, t herefore the MJULTI PLE BLOCKS signal is high on line 21-7.
Theref ore . the READ OK TO .TRANSFER signal on line 24 will remain |ow.

Wien the sector counter 80 reaches the count of 6 t}é, QULPUL,S] f
cohparator 79 will be high, resulting in the RETEﬂl[%ﬁ'&ET%?E?%?%
i

signal .5 on line 107 being high. Since the reten Ij)a?e)‘n?%ﬁdﬁ 1997ng |used,
ate . LA ULL. W

t he READ BLOCK 'signal is lowon |ine 21-6 of LCATWCT " dlat e

t he RETENTI ON OK TO TRANSFER si gnal through AND 88 to OR 89. The READ
OK TO TRANSFER signal will be high on Iine 24 and the OK TO TRANSFER

signal on line 22 to host interface 2 will be high. 10 Host

interface 2 will initi MONITORSYSHIMIFOR DETERMBHENG TERIest from t he host
and 5 sectors will be transferred fromth D buffer to the host. Host
interface 2 vviIIAg %@%@&%%ﬁiﬁ@ﬁé&ﬁﬁﬁ@i&r signal on line 15
to .increnent held en transferred
to the host. After tﬁg‘?{%& requ%%ﬁﬁ%ﬁgggﬁﬁ%?ggzggd by

m croprgcessor 5 the held counter 78 has a count of 6 and the 15 sect or
counter has a count of 6, thereby indicating that all the sectors in READ
buffer ‘1 have been transferred to the host and no sectors are

avai l abl e in READ buffer ﬁé@m‘_’gﬁ@ host .

Next assune that the host Mﬂiﬁ% sectors in the ring
node. When this READ request is received the READ BLOCK signal on line 21-6
200 will be high, the BLOCK COUNT signal on line 21-5 wll| have a val ue of
10 and the MULTI PLE BLOCK Ei . ien hi gh since nore than one

sector_is requested to be transferred to the host. Under these
condi t *8ns the out puts of conparators 77, 79 and

The present invention relates to disk drive systems and, more specifically, to

an apparatus for determining if space is available in a WRITE data buffer for a
WRITE operation and if the sectors are available for transfer in a READ data buffer
for a READ operation.

15

In some present disk drive systems a READ buffer and a WRITE buffer are
20 used to buffer data being transferred between the host and the disk. These buffers
may be separate RAMs or can be a single RAM that is partitioned into the two
separate buffers. The use of the READ and WRITE buffers allows the disk drive
system to receive data from the host for storage in the WRITE buffer while, at the
same time, retrieving data from the disk for storage in the READ buffer, or for
25  transferring data from the WRITE buffer to the disk while, at the same time,
transferring data from READ buffer 1 to the host.

In disk drive systems that use READ and WRITE buffers it becomes necessary
to monitor the amount of data available in the READ buffer for a requested READ
30 operation and the amount of space available in the WRITE buffer for a requested



85 are all
t her.ef or e,

|will not initiate the

| ow since the count in the sector counter is ,Less_than—:!;%&ad—;—:
: - t he READ OK TO TRANSFER si gnal on |ine :24:-w blientoszerd |
‘the OK TO 25  TRANSFER signal on line 22 will be | ow Host i nterface 2

|
transfer of sectors from READ -buf -fied.. Uu‘rlmthei,

hos®. Disk interface 3 will initiate t he retrievali-ef-the-reguested==i
sectors fromthe disk and will store theqyequested 10 sectors in READ
lbuffer 1. Since the READ BLOCK signal is high on line 21-6 and

theNOTZE

counter 78 s gre

counter 72.

5

10

15

20

25

30

erreghthe host will provide the disk drive system wi
number of sectors to be transferred. Data is stored in the READ and WRITE buffers
as sectors where each buffer can store up to 2,000 to 3,000 sectors.

The disk drive system has a microprocessor, under program control, which
controls the overall operation of the disk drive system. One function performed by the
microprocessor is to determine if a requested WRITE operation can be performed, that
is, the availability of space within the WRITE buffer for a requested WRITE

operation. If a requested READ operation can be performed, that is, the availability of

sectors in the READ buffer for a requested READ operation and if the READ or
WRITE operation can be performed, to generate an OK TO TRANSFER signal
indicating the same in the disk drive system. The processing overhead on the micro-
processor for performing this function can become large enough to degrade the overall
disk drive system's performance and efficiency characteristics.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a data buffer
monitoring system in a disk drive system, said disk drive system including a WRITE
buffer for storing a plurality of sectors of data received from a host for storage on
disks in said disk drive system, a READ buffer for storing a plurality of sectors of
data from said disks for transfer to said host and control means for generating a
plurality of control signals for controlling the transfer of sectors of data between said
host and said disk drive system in response to READ and WRITE requests for the
transfer of one or more sectors of data issued by said host to said disk drive system,
said data buffer monitoring system comprising:

a WRITE buffer monitor for generating a held count indicative of the number

of sectors presently stored in said WRITE buffer that have not been released for

a@% a%n éCfOiNBH% 512y of dta 13 3he Bdift diffiGtitranbeP 6t d

21 Wi | dath én menyldisk driee sysbind) Sihdd inal READ GnOORETE)opdratidnometedharcycl i ¢
Each time ﬁ(cl i c counter reaches the count of t?nltfi t he
RELEASE si gneite ssator may bgdraps e



gated through AND 75 since the NOT ZERO signal is high on line 102,

i ndicating that the count in sector counter 80§| sﬁgnga,IIg{_t i% “0 Each
' RELEASE signal on line 99 5 will decrenent the count 1 n held ¢ n‘fer

and sector counter 80. Wien held counter reaches 0, CANR 60| vido be
dec@ndi ti oned thereby bl ocking the CLOCK signal s from,. ..~ stepang t he
cyclic counter 72. Wen sector counter 8@ reaches O, AND 75 i s

decondi ti oned t hereby bl ocki ng the RELEASE signals from decrenenting held

.counter 78 aﬂgns?&%?&dgﬂggtaefgleg%d chithSin#chive Gk rebé?lthgﬁil 2 %e et er 78

having a 1 0 coun e sector counter count crenmented 6

tines. presently stoted &1 said ml‘buf&r thaths/fedeee rbldasadandewailingtransfer tdREAD
‘buffer 1, disk interface 3 generate_a SECTOR TRANSFER%&C%/I DI SK
si gnal on | i the disk fﬂhtfélﬁﬁf%tp the disk anq ﬂe&r@ms sBEOGK COUN e indiggtiv

counter 80 inp t he
situation of ‘i“‘%@i%&"‘g tghéﬁ' f%%f%&ﬁmw’&%%&%fSK si gnal
bei ng pr esenp@frdtinges aiffictiodWTssid held cvunt, B£id seleaed cotint aldSai@BRIOCK! i on
circuit will first ‘process the RELEASE signal and then the SECTOR TRANSFER

FROM DI SK S| @ﬁEJN'Bef\MREl‘E @momsmmmmammmmm besal

-(I:-gﬁnter 78 a 6 count ngacle fﬁf}mgqﬁ%efgf %ﬁq'&‘?f’ g}’é’qa%'r%el d

When the cou;gq%égls%ﬁgd%sﬁgﬁggter 80 is greater than the count in held
counter , the TENTI ON SI GNAL OK TO TRANSFER si gnal of conpar at or

77 will be ARFAID buffermonjtardor generatin am OK TAERANSFEBLsigmal E
count ot 80" HEP el NRAT bufer i n i e mumbe oF R Sbet FEATARERT| O -
MULTI PLE OK {6 FRANSHRROS! tﬂ%asnglfegfgﬁ%laﬁ'aﬁfsfer by a READ request issued by said
host; and
transfer controller for generating an OK TO TRANSFER signal to said control
means in said disk drive system when either said WRITE buffer monitor generates
15 said WRITE OK TO TRANSFER signal and said host has issued a WRITE request or
said READ buffer monitor generates said READ OK TO TRANSFER signal and said
host has issued a READ request whereby said control means in response to said OK
TO TRANSFER signal controls the transfer of the number of sectors of data from
~ either said host to said WRITE buffer if a WRITE request was issued by said host or
20 from said READ buffer to said host if a READ request was issued by said host.

According to a second aspect of the invention, there is provided a data buffer
monitoring system in a disk drive system, said disk drive system including a WRITE
25  buffer for storing a plurality of sectors of data received from a host for storage on
disks in said disk drive system, a READ buffer for storing a plurality of sectors of
data from said disks for transfer to said host and control means for generating a
plurality of control signals for controlling the transfer of sectors of data between said
host and said disk drive system in response to READ and WRITE requests for the
30 transfer of one or more sectors of data issued by said host to said disk drive system,



25 79 will be high, resulting in the RETENTION OK TO

i ne 107 bei ng hi gh. The. RETENTI ON OK TO TRANSFER/ g§.gn;

| bl ocked by AND - 88 since the READ BLOCK signal is lkgh i

'ring node of operation. When the sector count reaches a CoO == 10
~and<t he held counter has a count of O, the out put signal on line 109

-of conparator 85 will be high, the RI NG TO3 0 TRANSFER si gnal on |ine
i108 will be high and the READ OK TO TRANSFER '

| glzg nal on |i %aé& B%%Wmhm&%s@ ‘g’é‘%sm ’ Be -rll-ihgh Rgﬁc[i) tGrfeT(Q}(T"?gN'SI'EEESFER
signal on |ine 22,%NRITEbuffer monitor forirédedVihg s BLOOK ICOUNT lindjbating the
At this time the held counter 78 has a count of 0 _and the sector_ counter 80
has number of sectors to be transferred and for generating a WRITE OK TO TRANSFER _
signal when said WRITE buffer has sufficient available space to store the total
5  number of sectors requested by a WRITE request issued by said host, said WRITE
buffer monitor comprises:

a held counter for maintaining the count of the number of sectors of data
stored in said WRITE buffer which have not been released for transfer to said disk;

areleased counter for maintaining the count of the number of sectors of data

10 stored in said WRITE buffer whic_h have been released for transfer to said disk;

a buffer size register for storing the count of the maximum number of sectors
of data that can be stored in said WRITE buffer;

a transfer means for generating said WRITE OK TO TRANSFER signal when
the sum of said held count in said held register plus said released count in said

15 released counter plus said released BLOCK COUNT is equal to or less than the count
in said buffer size register; and

é. state machine for adding said count in said held counter to said count in said
released counter and for making the count in said held counter equal to zero when the
sectors of data in said WRITE buffer that were not released for transfer to said disks

20  are released for transfer to said disk;

a READ buffer monitor for generating a READ OK TO TRANSFER signal
when said READ buffer has in storage the number of sectors of data available for
transfer to said host that was requested for transfer by a READ request issued by said
host; and

25 transfer controller for generating an OK TO TRANSFER signal to said control
means in said disk drive system when said WRITE buffer monitor generates said
WRITE OK TO TRANSFER signal and said host has issued a WRITE request and
when said READ buffer monitor generates said READ OK TO TRANSFER signal
and said host has issued a READ request

30 whereby said control means in response to said OK TO TRANSFER signal



5 a count of 10. Host interface 2 wll initiate the transfer of the 10

LR SR

sectors fromthe READ buffer 1 to the host. Afff&f:83ch:, W15
transferred to the host from READ buffer 1, th %s’?ﬁ“‘%ﬁ@#%@%ﬁb }
wi |l generate a SECTOR TRANSFER TO HOST si gnal {Q ine 15 to held
counter 78. The SECTOR TRANSFER TO HOST signal wll b CAACH T

hel d counter to 1 thereby raising the ZERO si gnal on i ne9 ""such t hat
10 AND 70 is conditioned. AND 70 being conditioned will allow the cyclic

counter 72 ' j C counter
reaches a col Sﬁ?OISFh eﬂa&n@%‘%?fﬁk%ﬁﬁ:@r Wﬂ@%%éﬁ ﬁm\%@gﬁ%ﬁ%‘dand gat ed
t hrough AND WRITE befféiiE EAVRITE feqaést Wab issued by said hostlecfrémeaid RBADGwfef i n

sector counter 80 by 1 and will decrenent the count in held

counter 78 ttosgd hpgtjifia REAMD taquewt wagisshed by saidhestof 0 will result in AND 70
bei ng 15 decondi ti oned and the CLOCK signal being renoved fromthe
cyclic counter 72. Therefore, for each SECTOR TRANSFER TO HOST
signal regceived on line 15 for a READ ri ng node operation during
the transfer of sectors fromthe READ buffer 1 to ~ the host, held
counter 78 will beccordingtoeathird aspestofthe inventiory theneis preddedhedate buffeom

1to 0. After aJl, 10 sectors. have been trapsferred from Db l1to
the host " Shorgloging Sy 1 b ik SFive YSIHR SaHLL (HIE S IDGROmER WRITE; or
counter 80 Wylfer RRY Iﬁﬂ’dﬁf? : ¢ the data
buffer nonitor agjga%gthg? conp idg%gagmé)ég%agﬁ%e%vggﬁomahoé rfolsd1!rmn t%‘#, a WRI TE

buf f er noni tdisks dmnshid disk alnivé eystem,d REBADbuffer fisr siiriig dpltifatity of sectors of noni t or
nmonitors the total nunber of sectors stored . in the READ buffer and the

2 5  nlfberdatsrirom spididisks for transiarjasaid hest andigontioh means I9F SencEHIBA to t he
host, and g%ﬁﬂfye‘ﬁ' control signals for controlling the transfer of sectors of data between said

host and said disk drive system in response to READ and WRITE requests for the
transfer of one or more sectors of data issued By said host to said disk drive system,
said data buffer monitoring system comprising:

15 a WRITE buffer monitor for generating a WRITE OK TO TRANSFER signal
when said WRITE buffer has sufficient available space to store the total number of
sectors requested by a WRITE request issued by said host;

a READ buffer monitor for generating a READ OK TO TRANSFER signal
when said READ buffer has in storage the number of sectors of data available for

20 transfer to said host that was requested for transfer by a READ request issued by said
host, said READ buffer monitor comprising:

a held counter for maintaining the count of the number of sectors of data
stored in said READ buffer which have been released for transfer to said host and are
being retained in said READ buffer;

25 a sector counter for maintaining the count of the number of sectors of data
stored in said READ buffer, said count including the number of sectors of data being
held in said READ buffer and the number of sectors of data stored in said READ
buffer that are available for transfer to said host;

a buffer size register for storing the count of the maximum number of sectors

30 of data that can be stored in said READ buffer;



a READ OK TO TRANSFER signal if the READ nonitor deter mpes-that-the-—--

sectors for a requested READ operation are stjoree Atesber BEAD:
buffer and can be transferred to the host. The READ bgéfﬁtrw agg‘,es
both sectors that are available for transfer to the Detne L h t&ih R

sectors which are being held in the READ buffer after He-seetor-has=heen
3 0 transferred to the host. The READ puffer nonitor also determnes. if

t he READ buffer 23
is full and will %IEHE icgﬁlfl' i se to
prevent the ﬁ%@%ﬁf@%ﬁg@giec olrugﬁi n ﬁg%ﬁﬁﬁ%?g&ﬁmggﬁtsﬁg di sk
drive. The Weldhegistet plis the count I BLOCKNOOUNT sighdlgaridot al nunber of sectors
in the WRITE buffer and generates a - WRILTE OK TO TRANSFER signal if

the WRI TE roni t o terssier mcarssfor Benerafingsaid READLIK O TRANSESResigralgthegan be
per for med behet Irllu?nlgjér%lf sg:rtcj)rg ordia tre%ﬁ'estl&1 for Wahdfer to said host by a READ request

5 issued by said host is equal to or less than the number of sectors of data in said READ
buffer that are available for transfer to said host; and
a state machine for reducing said count in said sector counter by the count in
said held counter and for reducing the count in said held counter equal to zero when
said retained sectors of data in said READ buffer are released thereby providing the
10 locations occupied by said retained sectors of data available for the storage of new
sectors of data in said READ buffer; and
transfer controller for generating an OK TO TRANSFER signal to said control
means in said disk drive system when either said WRITE buffer monitor generates
said WRITE OK TO TRANSFER signal and said host has issued a WRITE request or
15 said READ buffer monitor generates said READ OK TO TRANSFER signal and said
host has issued a READ request,
whereby said control means in response to said OK TO TRANSFER signal
controls the transfer of the number of sectors of data from either said host to said
WRITE buffer if a WRITE request was issued by said host or from said READ buffer
20  to said host if a READ request was issued by said host.

According to a fourth aspect of the invention, there is provided a data buffer
monitoring system in a disk drive system, said disk drive system including a WRITE
25  buffer for storing a plurality of sectors of data received from a host for storage on
disks in said disk drive system, a READ buffer for storing a plurality of sectors of
data from said disks for transfer to said host and control means for generating a
-plurality of control signals for controlling the transfer of sectors of data between said
host and said disk drive system in response to READ and WRITE requests for the

30 - transfer of one or more sectors of data issued by said host to said disk drive system,



buffer stores sectors released to be transferred to the dlllﬂ;?—::%m;e

.

sectors whi ch are being accunul ated in the WRI TE bufjfer for the WRFFE |/
request being processed, which will be rel eased aft grpsab l_'“]t.iem,slqug?rs
for the WRI TE operation have been transferred to the= =-Quffer - |
Thestransfer controller, in response to either 10 the READ OK TO TRANSFER™
signal being generated by the READ buffergy nonitor I.f a READ operation
+has been requested, or the WRITE OK TO TRANSFER si gnal bei ng

gener at ed bys&i@ﬁa%hﬁgrﬂgkﬁ%%%&ﬁﬂﬂsﬂﬁg\ﬁ TE operation has been

requested, generates an Si g i ndi cating that the requested
READ or WRI TE opea3VRIFE buffervheiitop forvectiving a BLOCK JOENT thiom thedlostdr i ve
system may 15 be perforned by the disk drive.

Al
oot he oY idicating She e of Biiars o b spaeteried and fargsnerating.s FARITETOK YO 95 o

processi ng oy&r ) F . . I nt age
b "the. har dudRANSFER BehlSybn SR RGEE Bter s sufficjont svglaplERpHE 0 FHET
mai nt ai n 81p- tHe-teal fumb&Tdectors réduestsd By 4 WRITE fequéedtiNsuaitsly 34R1 Héstafd er s

such 2 0 that_a decision can be efficiently and quickly made as to when a
request ed REMRGE buffer mopiipreomaprasest i on of a gi ven bl ock size of sectors

can be undertaken the disk drive. system.for th a of
sectors to and frﬁﬁﬁg]tdﬁé’uﬁﬁgg t _m*gﬁ?m*0%&enu%be}°F§fﬂh{°F£§f;(ﬁaEaenbodi ment
of the invenkioRdd il 38dWRITE Biffercihioh hivesdtd bBerPltased for tralféid bad divk{ h
references to the preferred features thereof, it will be understood by 25

those skilled in aheleased counder fohmaiaining thegountefthenumber ofsgctons ofdats
et A DO g R bl L R R e B 6B i B o "
‘general concept s apdeeP§sd fepiste? TRV the courl? 6f the maximum number of sectors
of data that can be stored in said WRITE buffer; and
a transfer means for generating said WRITE OK TO TRANSFER signals
when the sum of said held count in said held register plus the released count in said

15 released counter plus said received BLOCK COUNT is equal to or less than the count

in said buffer size register; and .

a state machine for adding said count in said held counter to said count in said
released counter and for making the count in said held counter equal to zero when the
sectors of data in said WRITE buffer that were not released for transfer to said disks

20  arereleased for transfer to said disk; )

a READ buffer monitor for generating a READ OK TO TRANSFER siénal
when said READ buffer has in storage the number of sectors of data available for
transfer to said host that was requested for transfer by a READ request issued by said
host, said READ buffer monitor comprises;

25 a held counter for maintaining the count of the number of sectors of data
stored in said READ buffer which have been released for transfer to said host and are
being retained in said READ buffer;

a sector counter for maintaining the count of the number of sectors of data
stored in said READ buffer, said count including the number of sectors of data being

30 held in said READ buffer and the number of sectors of data stored in said READ



scope of the protection sought is defined by the foll ow!i ‘"c'-l'-arﬁF-_ﬁ

24 CLAI M5 1. A data buffer nonitoringlis »iw‘a'“ﬁﬁskr "
drive system said disk drive system i ncluding a bufU ,jdqr |
storing a plurality of sectors of data received froma "““fr S

starage on disks in said disk drive system a READ buffer tor bLur%"
plurality of sectors of data fromsaid d4 sks for transfer to said host and

control neans for generating a plurality of control signals for
control I'i ngutB& ool data between said host and -
sai d di sk dr| ve &lata#ég%lr?gfreefgleonsgéttggﬂﬁmg’and VRI TE

a buffer size register for storing the count of the maximum number of sectors
of data that can be stored in said READ buffer;

an adder for generating a summation count equal to sum said count in said

5  held register plus the count in said BLOCK COUNT signal; and

a transfer means for generating said READ OK TO TRANSFER signal when
the number of sectors of data requested for transfer to said host by a READ request
issued by said host is equal to or less than the number of sectors of data in said READ
buffer that are available for transfer to said host; and

10 transfer controller for generating an OK TO TRANSFER signal to said control
means in said disk drive system when either said WRITE buffer monitor generates
said WRITE OK TO TRANSFER signal and said host has issue_d a WRITE request or
said READ buffer monitor generates said READ OK TO TRANSFER signal and said
host has issued a READ request,

15 whereby said control means in response to said OK TO TRANSFER signal
controls the transfer of the number of sectors of data from either said host to said
WRITE buffer if a WRITE request was issued by said host or from said READ buffer
to said host if a READ request was issued by said host.

20

In order that the invention might be more fully understood, embodiments of
the invention will be described, by way of example only, with reference to the -

25  accompanying drawings, in which:

FIGURE 1 is a diagram of a disk drive system including a data buffer monitor
apparatus which includes a READ buffer monitor, a WRITE buffer monitor and the
transfer controller;

30 FIGURE 2 is a logic diagram of the transfer controller;



requests for the transfer of one or nore sectors of data

host to said disk 10 drive system said data buffer no tGr!n'g s;ysﬁt;@gEET' :

conpri sing: a WRITE buffer nonitor for generati ng a held count
i ndi cative of the nunber of sectors presently storé‘d' i sand.)

buf ter that have not been released for transfer to lsai- 4-3!43;-_:—&“ -
rel eased count indicative of the present qwunber of sectors presently

'stored in said WRITE buffer that have been rel eased and awaiting transfer

to 15 the disk ﬁmukswfaqagaméghﬁndfﬁﬁ WRETE Bhfrér@RcHitor, da BLOCK COUNT

I ndi cative of the nmber of ~sectors to be transferred fromthe host
to said WRI TE buf FKEURE&lbwlogwdmgramnﬁﬂmtRE@buff&'tht on of said held
count, said rel eased count and said BLOCK COUNT a WRITE OK TO
TRANSFER si gnal indicating that said WRI TE buffer has sufficient

avail abl e space to store the total nunber of sectors requested by a WRI TE 2
0 request issued by said host; a READ buffer nonitor for
generating a READ OK TO TRANDESE ] DEMENdBd READ buffer has in

storage the nunber of sectors of data available for ‘transfer to said
host that was requested for transfer by a READ request issued by said

host; and 25 ind {88 Bl FICURE'] diBhs 4o el lalin T2 ARANSFER

e
Si gnal to said coRt rive sys en el

said WRITE bdfskﬂhvgﬁyﬁtélﬁrenﬁ@ﬂﬁhgﬂﬁﬁpresent invéritiod. Wﬁb'ﬁEstQ&c'ﬁﬁlgEBﬂhﬁEﬁﬂi si gnal
and said host has issued a WRI TE request or sai d READ buffer nonitor

gener at es sakaltmIAIEnd(WII@l spintreace 2ivigbys 26rin thedigk drive systess t Thedisk s s ued a
TRANSFERLS; g FEFPRBER det 0 Rap| SenalEFis sk SR ERGL e bFs 28 HFEPSrRaoR S ¥ r om
communicates with host interface 2 via bus 16 to control the transfer of data from
READ buffer 1 to host interface 2 via bus 10, and the transfer of data from host
interface 2 to WRITE buffer 4 via bus 12. Microprocessbr 5 communicates with disk
interface 3 via bus 17 to control the transfer of data from WRITE buffer 4 to disk |
15 interface 3 via bus 13, and the transfer of data from disk interface 3 to READ buffer 1
viabus 11.

Host interface 2 generates a SECTOR TRANSFER FROM HOST signal on
line 14 to the WRITE buffer monitor 6 each time a sector is transferred from the host
to the WRITE buffer 4 in the disk drive system, and a SECTOR TRANSFER TO

20 HOST signal on line 15 to READ buffer monitor 8 each time a sector is transferred
from the READ buffer 1 in the disk drive system to the host.

Disk interface 3 generates a SECTOR TRANSFER TO DISK signal on line 18
to the WRITE buffer monitor 6 each time a sector is transferred from the WRITE
buffer 4 to the disk and a SECTOR TRANSFER FROM DISK signal on line 19 to

25 READ buffer monitor 8 each time a sector is transferred from the disk to READ
buffer 1.
~ Microprocessor 5 communicates control signals with WRITE buffer monitor
6, READ buffer monitor 8 and transfer controller 7 via bus 21. The control signals on
bus 21 include a WRITE BLOCK signal on line 21-3, which release the sectors
30 accumulated in the WRITE buffer 4 during a WRITE operation for transfer to the



25 either said host to said WRITE buffer if aﬁm,ﬂ' 04 ?3% al
I ssued by said host or fromsaid READ buffer Jito salﬁléic ggazEAD

request was i ssued by said host. 2. The {jdasta : bu‘t.f.e.r....mm..t..o ing
apparatus of Claim5 wherein 5 said R TFernentor—
generates a BUFFER FULL signal to said control means in said disk

drive system when said READ buffer is fyg/l of sectors of data such
that the storage of another sector of data in said READ buffer by said

oL "R, pBOCKETNT N o B S YEE doBp ok tipla - |0
to sai d BUFéBRirEhdferrad duralg a nat;uéstedsREAD or WRITE operation, a CLOCK signal on

line 21-4 for controlling timing, a READ BLOCK signal on line 21-6 which indicates

either a READ retention mode or a READ ring mode of operation for READ monitor

5 8, and releases the location of held sectors in the READ buffer monitor 8 after exiting

from the READ retention mode, a MULTIPLE BLOCKS signal on line 21-7

indicating to READ buffer monitor 8 whether one or more than one sectors are

requested for transfer during 2 READ operation and a READ MODE signal on line

21-1 to the transfer controller 7 indicating whether the requested operation is a READ

10 or WRITE operation.

WRITE buffer monitor 6 maintains the total number of sectors stored in the
WRITE buffer 4, the number of stored sectors released for transfer to the disk and the
nurhber of stored sectors not released for transfer to the disk. WRITE buffer monitor
6 will generate a WRITE OK TO TRANSFER signal on line 23 to transfer controller

15 7 if the WRITE buffer 4 has sufficient space to receive the number of sectors
indicated by the BLOCK COUNT signal for the pending operation.

READ Buffer monitor 8 maintains the total number of sectors stored in the
READ buffer 1, the number of stored sectors available for transfer to the host and the
number of sectors after having been transferred to the host are being held in the

20 READ buffer 1. READ buffer monitor 8 will generate a READ OK TO TRANSFER
signal on line 24 to transfer controller 7 if the READ buffer 1 has a sufficient number
of sectors available to be transferred to the host as indicated by the BLOCK COUNT
signal for the pending READ operation. READ buffer monitor 8 generates a
BUFFER FULL signal on line 20 to disk interface 3 to prevent the disk from

25  overwriting sectors in the READ buffer 1 when the READ buffer 1 is full.

Transfer controller 7 generates an OK TO TRANSFER signal on line 22 to
host interface 2, if the operation is a READ operation, and a READ OK TO
TRANSFER signal is received from READ buffer monitor 8, or the operation is a
WRITE operation and a WRITE OK TO TRANSFER signal is received from WRITE

30  buffer monitor 6.
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10 the further transfer of said sector of data from saﬁ m@m@@;ﬁ?sgl' .
READ buffer until sai d BUFFER FULL signal is deact,nvat ed % “c']”
buf fer nonitor means. 3. The data buffer th;eyl n

vane
...................

of Claimb5 wherein said data buffer 15 nonitoring app
sai & control neans in said disk drive system a READ rmde
signal connected to said transfer controljer, said READ MODE si gnal
when hi gh indicates a READ request from said host and when |ow indicates a
VWRI TE request from said host; a WRI TE BLOCK si gnal connected
to said WRI TE buffer noni tor said 2 0 WRITE BLOCK signal when high

i ndi cat es t hARANSFER C6) BLERored in said. WRITE buffer can be

5 55D el e it e S
2a:3lao\(/:\KRl %%??W%%ﬁ%%g%ﬁgﬁw Wg cati %‘m%ﬂ% er of

sectors of dom miteéprocessdrs dﬁglnﬂemueafb@b 11Qlindi¢ating ey REXDanbdeandth&EAD or
WRI TE request i ssued bﬁ sai d host a _SECTOR TRANSFER
FROM HOST si Ok FOFRANSE Baﬁl@amnrghlgh on lineR4fram READ buffer menitor SECTOR

TRANSFER FROM ?@% 31 ivﬂ{éﬂlso %Sﬁ(ﬂﬁo&%nc%[l&ts %ch TO TRANSFER signal to be high on
line 37 WMch is connected to OR 33. AND 32 is conditioned by the coincidence of
the READ MODE signal being low from microprocessor 5 on line 21-1 of bus 21,
10 indicating the WRITE mode and the WRITE OK TO TRANSFER signal being high
on line 23 from WRITE buffer monitor 6, and when so conditioned causes an OK TO
TRANSFER signal to be high on line 38 which is connected to OR 33. OR 33 causes
an OK TO TRANSFER signal to be high on line 22 to host interface 2 whenever an
OK TO TRANSFER SIGNAL is present on either lines 37 or 38, thereby indicating
15 the requested transfer of sectors for a requested READ or WRITE operation from the

host may be processed by the disk drive system.

WRITE BUFFER MONITOR
Referring to Figure 3, AND 40, 41 and 43 and Cyclic Counter 42 form a state
20  machine for generating a series of RELEASE signals on line 57 whenever there is
coincidence between the WRITE BLOCK signal being high on line 21-3 of bus 21
and the NOT ZERO signal being high on line 51 by zero detector 44.
AND 40 is conditioned by the coincidence of the WRITE BLOCK signal
being high on line 21-3 of bus 21 and the NOT ZERO signal being high on line 51 by
25  zero detector 44. The WRITE BLOCK signal is raised to release the sectors being
held in WRITE buffer 4 for transfer to the disk. The NOT ZERO signal is high on
line 51 whenever zero detector 44 detects that the count in held counter 45 is greater
than zero, indicating that sectors are being held in WRITE buffer 4. AND 41 gates
the CLOCK signal on line 21-4 to cyclic counter 42 When AND 40 is conditioned.

30 Cyclic counter 42 counts in the following sequence:



30 after each sector of data Is transferred from sai d|ffio5t=to=sakd-\R| TE
buffer; REFLACERIL /Y SHEET
a SECTOR TRANSFER TO HOST si ghal connected to said READ puffer 14 OC q}g‘,
moni tor, said SECTOR TRANSFER TO HOST signal being gener tQé’éBa ftar.kad
seetor of data is transferred from READ buffer to said host
SECTOR TRANSFER FROM DI SK si gnal connected to said READ buffer 5
nonitor, said SECTOR TRANSFER FROM DI SK si gnal being generated after each
sector of data is traggferred fromsaid disk to said READ buffer;

a SECTOR TRANSFER TO DI SK signal connected to said WRI TE buffer

nmoni tor, said SECTOR OGIRANSFER TO DI SK si gnal being generated after each
sector of data is tra&slferred fromsaid WRITE buffer to said disks;

010
5 110
111
101
100
000.
10
Cyclic counter 42 is a three stage counter which counts in the above sequence
such that only one stage changes state in response to a CLOCK signal, thereby
improving the settling time of cyclic counter 42 such that cyclic counter 42 can be
stepped at the frequency of the CLOCK signal. The count in cyclic counter 42 is
15 monitored by AND 43. AND 43 will raise the RELEASE signal on line 57 during the
~ time that cyclic counter 42 contains the count of 001 as indicated on lines 54, 55 and
56, respectively. Line 57 is connected to the DOWN input of held counter 45 and the
UP input of released counter 47.
The SECTOR TRANSFER FROM HOST signal on line 14 from host
20 interface 2 is connected to the UP input of held counter 45. The count output of held
counter 45 is connected by bus 58 to zero detector 44 and adder 46. The SECTOR
- TRANSFER TO DISK signal on line 18 from disk interface 3 is connected to the
DOWN input of released counter 47 and decreases the.count by 1 each time the
SECTOR TRANSFER TO DISK signal is received by released counter 47. The count
25  output of released counter 47 is connected by bus 59 to adder 46. Adder 46 combines
the counts from held counter 45 and released counter 47 to form a sub-total count
output on bus 60 which indicates the number of sectors presently being used in
WRITE buffer 4. The sub-total count output of adder 46 is connected via line 60 to
adder 48. The BLOCK COUNT signal on bus 21-5 is connected to adder 48.
30 ADDER 48 combines the number of sectors to be transferred as represented by the



10 a MULTI PLE BLOCK signal connected to said |[READ QU nitoer,
sai d MULTI PLE bl ock signal when high indicating tjhat"nore"Ehiresoer
sector of data is requested to be transferred by bgper a, READ

. WRI TE request issued by said host and when | ow i m ﬁmﬁ.&ﬁ@@ﬁy
one: sector is requested to be transferred by either a T READOTE

. request issued by said host; and 15 13 a READ BLOCK si gnal connected
to said READ buffer nonitor, said READ BLOCK si gnal when high

i ndi cating HroHER @gﬁ'loéi ahid@fHeROb1SIET ®uhtoh@dadri 4810 ipfoduce a totalai d READ
buffer is inmediately relggdged for the storage of a newlpsector of data

after setter s@mt outpof omlaissb 240 theBtinpus oficoroparater $9.ansferred fromthe
READ buffer to sai d_host and

when | ow . indi cati.ng a retenti d f
O]Per ation where PWEESHE registgnddcqntaigs @e °°‘|'1‘Hi°|rt|] HE %‘%‘e@rﬁg%?%n?f gro
after said t Ja4 - Wﬂﬁ‘ ; ister@OAD buffer
to said hosﬁ?gtcg{lbgfsm%]% Qﬁgﬂ a{'gﬂﬁjﬁg{?&lﬁ%{ﬁﬂgﬁ%ﬁ%ﬁt us of Caim
1 wherei B sajondRtdNGa iné 631to & A inpatiof compacatpr 50s é8hen the total count on lingiel d

counter for maintaining the count of the punber of sectors o ta
stored in saﬁ'—’ds\lﬁﬁﬂ@lﬂﬁpﬂ\éﬂflt?\ﬂlech\‘fﬁ%%‘éem“%égm%@SE@‘&‘“PWI”FSQP@PH to

e ok« ne e RGO PRARSRUES o e JE S b SR 1
rel eased forednfreNeder to said disk;
The operation of WRITE buffer monitor 6 will be described by the following
10  examples. First, assume the following set of conditions: the count in buffer size
register 49 is 2000, the count in released counter 47 is 500, the count in held counter
45 is 0, the BLOCK COUNT signal has a value of 100, a WRITE operatioh is
requested by the host, and the WRITE BLOCK signal on line 21-3 is low. Under
these conditions the sub-total count of adder 46 is 500 and the total count of adder 48
15  is 600. Comparator 50's output, WRITE OK TO TRANSFER signal on line 23,
which is connected to transfer controller 7, is high since the total count of 600 from
adder 48 is less than the buffer size count of 2000. AND 32 will be conditioned in
transfer controller 7 thereby causing the OK TO TRANSFER signal to be high on line
22 to host processor 2. Host processor 2, upon receiving the OK TO TRANSFER
20 signal, will initiate the process of transferring sectors from the host to the disk drive
for the WRITE request. Each time a sector is transferred from the host to the disk
drive system, host interface 2 will generate a SECTOR TRANSFER FROM HOST
signal on line 14 which will increase by 1 the count in held counter 45. After the last
of the 100 sectors of the WRITE request have been transferred, the count in held
25  counter 45 will be 100 and the count in released counter 47 will be 500.
Microprocessor 5 will raise the WRITE BLOCK signal on line 21-3. The NOT
ZERO signal on line 51 will be high since held counter 45's count is not equal to zero.
AND 40 is conditioned thereby allowing CLOCK signals to be gated to cyclic
counter 42. Each time cyclic counter 42 has the count of 001, a RELEASE signal is

30 generated on line 57 which will decrease the count in held counter 45 and will



30 a buffer size register for storing the coll e Frecr
nunber of sectors ACEMENT SHEEY
27 - of data that can be stored in said WRI TE bufj T(jé T1997

a transfer means for generating said WRITE OK TO TRA 'srg_a :
the-sum of said held count in said held register plus sai d rere‘asmﬂt
in said rel eased counter plus a reggi ved BLOCK COUNT from sai d host
indicating the 5 nunber of sectors to be transferred to the WRI TE buffer

is equal 10 ficrdaSSthelcBat ih feased courf@UNt WherSiEId ciittdrS iS HéReds8DioSthe" -
count of 0, the NOT ZERO signal on line 51 will be low thereby deconditioning AND
40 resulting in no further CLOCK signals being gated to cyclic counter 42. At this

m .

S"",

.-

time the count in held counter 45 will be 0 and the count in released counter 47 will be
5 600.

Further, released counter 47 includes an arbitration circuit that deals with the
situation of a RELEASE signal and a SECTOR TRANSFER TO DISK signal being
presented to released counter 47 at the same time. The arbitration circuit will first
process the RELEASE signal and then the SECTOR TRANSFER TO DISK signal

10  before the time of issuance of the next RELEASE signal. The cyclic counter 42 is
used to allow settling time for the held counter 45 and the released counter 47 after
being changed. | _

Next assume the following set of conditions: the count in buffer size register
49 is 2000, the count in released counter 47 is 1500, the count in held counter 45 is 0,

15 the BLOCK COUNT signal has a value of 600 and a WRITE operation is requested
by the host. Under these conditions the sub-total count of adder 46 is 1500 and the
total count of adder 48 is 2100. The WRITE OK TO TRANSFER SIGNAL on line
23 from comparator 50 will be low since the total count of 2100 from adder 48 is
greater than the buffer size of 2000. Each time a sector is transferred to the disk, disk

20 interface 3 will generate a SECTOR TRANSFER TO DISK signal which will
decrease the count by 1 in released counter 47. In this example, once 100 sectors have
been transferred to the disk from the write buffer 4, comparator 50 will raise the
WRITE OK TO TRANSFER signal since the total count of 2000 from adder 48 is
equal to the buffer size 0of 2000. The pending WRITE request can then be processed

25  since there is now enough room in WRITE buffer 4 to store the 600 sectors associated
with the pending WRITE request.

READ BUFFER MONITOR 8
The READ operation has two modes, a retention mode and a ring mode. In

30 theretention mode, sectors are transferred from the READ buffer 1 to the host and are



5. A data buffer nonitori ng systemin a disk drive syst__m__ggl_d__dl_sk
drive system 10 including a WRITE buffer for storing]| &q«ctors
of data received froma host for storage on di {é“fﬁi‘g pﬁg

sect ors YT data A'r om

system a READ buffer for storing a plurality o
sai d disks for transfer to said host and control mnean
a plurality of control signals for contr@kling the transfer of sectors of

data between said host and said disk drive systemin response to READ and

WRITE 15 T eAlfeha fhdhe READ baé 6t bolREd OThdRIASREIARSHRREIADA | ssued
by sai d host to sal d I sk drive system said data buffer nonitoring

syst em conpr opsratipn to be completed whilaallfie Tiankfefréd sectoys atetill favailabdecimithe ng a

BLOCK COUNT in nunber. of. sec to be trans err d and
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Referring to Figure 4, AND 70, 71, 74 and 75 and cyclic counter 72 form a
state machine for generating a series of RELEASE signals on line 99 whenever there
is coincidence between the READ BLOCK signal being high on line 21-6 of bus 21,
the NOT ZERO signal being high on line 92 and the NOT ZERO signal being high on
15  line 102.
AND 70 is conditioned by the coincidence of the READ BLOCK signal being high on
line 21-6 of bus 21 and the NOT ZERO signal being high on line 92. The READ
BLOCK signal is raised to add the count of held counter 78 to sector counter 80 when
sectors are released that were being held in READ buffer 1 and to indicate the ring
20 mode of operation. The NOT ZERO signal on line 92 is high whenever sectors are
being held in READ buffer 1, indicated by held counter 78 having a count greater than
zero. When AND 70 is conditioned AND 71 gates the CLOCK signal on line 21-4 to
' step the cyclic counter 72. Cyclic counter 42 counts in the following sequence:
_ 000
25 001
011
010
110
111
30 101
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Cyclic counter 72 is a three stage counter and counts in the above sequence
such that only one stage changes state in response to a CLOCK signal. This method
of counting improves the settling time of cyclic counter 72 such that cyclic counter 72
can be stepped at the frequency of the CLOCK signal. The count in cyclic counter 72
is monitored by AND 74 which will produce a RELEASE signal on line 98 during the
time that cyclic counter 72 contains the count of 011, as indicated on lines 95, 96 and
97 respectively. AND 75 will gate the RELEASE signal on line 98 ‘onto line 99 when
sector counter 80 has a count greater than zero such that zero detector 76's NOT
ZERO output signal on line 102 is high thereby conditioning AND 75. Line 99
connects the output of AND 75 to the DOWN input of held counter 78 and the
DOWN input of sector counter 80. ‘

The SECTOR TRANSFER TO HOST signal on line 15 from host interface 2
is connected to the UP input of held counter 78. The count output of held counter 78
is connected by bus 100 to zero detector 73, the B input of comparator 77 and the A
input of adder 81. Zero detector 73 will raise the NOT ZERO signal on line 92
whenever the count in held counter 78 is greater than zero.

The SECTOR TRANSFER FROM DISK signal on line 19 from disk interface
3 is connected to the UP input of sector counter 80 and increases the count by one
each time the SECTOR TRANSFER FROM DISK signal is received by sector
counter 80. The count in sector counter 80 is the total number of sectors stored in
READ buffer 1, that is the number of sectors already transferred but being held in
READ buffer 1 plus the number of sectors awaiting to be transferred from READ
buffer 1. The output of sector counter 80 is connected by bus 102 to the A input of
comparator 77, to the A input of comparator 79, to zero detector 76, to the A input of
comparator 85 and to the B input of comparator 91. The BLOCK COUNT on bus 21-
5 is connected to the B input of adder 81. Adder 81 combines the number of sectors
to be transferred as represented by the BLOCK COUNT signal with the number of

\
reI eased for

topansfer to said host that was requested for transfer
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Buffer size register 90 contains the count of the maximum number of sectors

that can be stored in READ buffer 1. The count output of buffer size register 90 is

connected via bus 110 to the A input of comparator 91. When the count output of

10  sector counter 80 on line 102 is equal to the count output of buffer size register 49,
then comparator 91 will raise the BUFFER FULL signal on line 20 to the disk
interface 3. The BUFFER FULL signal being high will inhibit the transfer of sectors
from the disk to the READ buffer 1, thereby preventing any sector stored in READ
buffer 1 from being overwritten.

15 Comparator 77 determines if the count on line 100 (the number of sectors
being held in held counter 78) is less than the count on line 102 (the number of sectors
in sector counter 80 or the number of sectors in READ buffer 1) and if such is the case
the output signal from comparator 77 on line 101 is high. The RETENTION
SIGNAL OK TO TRANSFER output signal of AND 83 will be high when both the

20 output signal on line 101 is high and the MULTIPLE BLOCKS signal is low on line
21-7, indicating that only one sector is to be transferred in the retention mode and at
least one sector is available for transfer in READ buffer 1. The RETENTION
SIGNAL OK TO TRANSFER signal on line 106 is connected to OR 84.

Comparator 79 determines if the count output of adder 81 on line 104,

25 indicating the sum of the number of sectors being held in held counter 78 plus the
number of sectors requested to be transferred count, is less than or equal to the count
output of sector counter 80 on line 102, indicating the number of sectors in the READ
buffer 1. If such is the case, an output signal from comparator 79 will be high on line
103. The RETENTION MULTIPLE OK TO TRANSFER output signal on line 105

30 of AND. 82 will be high when the output signal on line 103 is high and the
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MULTIPLE BLOCKS mgnal is high on line 21-7, indicating that more than one
sector is to be transferred and at least the number of sectors requested for transfer are
available for transfer in READ buffer 1. The RETENTION MULTIPLE OK TO
TRANSFER signal on line 105 is connected to OR 84, |

The RETENTION OK TO TRANSFER output signal of OR 84 is connected
to AND 88 via line 107 and will be high when either the RETENTION SIGNAL OK
TO TRANSFER signal is high or the RETENTION MULTIPLE OK TO TRANSFER
signal is high. The RETENTION OK TO TRANSFER signal on line 107 will be
gated through AND 88 to OR 89 via line 112 when the READ BLOCK signal is low
on line 21-6.

Comparator 85 determines if the number of sectors to be transferred by the
pending READ request as indicated by the BLOCK COUNT signal on bus 21-5 is less
than or equal to the count of the number of sectors in the READ buffer 1 count on line
102 and, if such is the case, the output signal from comparator 85 on line 109 will be
high. The RING OK TO TRANSFER output signal of AND 86 will be high when
both the output of comparator 85 on line 109 is high, indicating that the number of
sectors in the READ bﬁffer 1 are greater than the number of sectors requested to be
transferred from the READ buffer 1, and the ZERO signal on line 93 is high,
indicating that no sectors are being held in READ buffer 1 and that all sectors in
READ buffer 1 are available for transfer. The RING OK TO TRANSFER signal on
line 108 is gated through AND 87 to OR 89 via line 111 when the READ BLOCK
signal is high on line 21-6. _

The READ OK TO TRANSFER output signal of OR 89 on line 24 is high
when either the RING OK TO TRANSFER signal on line 111 is high or the
RETENTION OK TO TRANSFER on line 112 is high.

The operation of the READ buffer monitor 8 will be explained by the
following examples. First, assume that a READ request has been made for the
transfer of 1 sector from the READ buffer 1 to the host in the retention mode, the
BLOCK COUNT signal equals 1, the count in held counter 78 is 0, the count in sector
counter 80 is 0 and the MULTIPLE BLOCK signal is low. Under these conditions the

ER
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TO TRANSFER signal on line 108 to be high. The READ OK TO TRANSFER
signal on line 24 will be high since AND 88 will be conditioned by the READ

10 BLOCK signal on line 21-6 being low and the RETENTION OK TO TRANSFER
signal on line 107 being high. Transfer controller 7 will raise the OK TO
TRANSFER signal to high on line 22 from transfer controller 7 to host interface 2.

Host interface 2 will then initiate the processing of the READ request and one
sector will be transferred from READ buffer 1 to the host. Host interface 2 will

15 generate a SECTOR TRANSFER FROM HOST signal on line 14 which will
increment held counter to 1. At this time the count in held counter 45 is 1 and the
count in released counter 47 is 1, indicating that the sector in the READ buffer 1 has
been transferred to the host and there are no other sectors in the READ buffer 1
available for transfer to the host.

20 Next assume that the host issues another READ request in the retention mode
for transferring 5 sectors from the READ buffer 1 to the host. Under these conditions
the outputs will be low for comparators 77, 79 and 85 thereby causing the READ OK
TO TRANSFER signal on line 24 to be low. The host interface 2 will not attempt to
transfer any sectors from the READ buffer 1 to the host. As sectors are retrieved from

25  the disk and stored in READ buffer 1, disk interface 3 generates a SECTOR |
TRANSFER FROM DISK signal after each sector is transferred on line 19 which will
increment the count in sector counter 80 to increase by 1. As soon as the sector
counter reaches the count of 2, the output signal on line 101 of comparator 77 will be
high since the count of 2 in sector register 80 is greater than the count of 1 in held

30 counter 78. The output of AND 83 will be low because multiple sectors are being
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comparator 79 will be high, resulting in the RETENTION OK TO TRANSFER signal
5 online 107 being high. Since the retention mode is being used, the READ BLOCK |
signal is low on line 21-6 of bus 21 which will gate the RETENTION OK TO
TRANSEFER signal through AND 88 to OR 89. The READ OK TO TRANSFER
signal will be high on line 24 and the OK TO TRANSFER signal on line 22 to host
interface 2 will be high.
10 Host interface 2 will initiate the processing of the READ request from the host
and 5 sectors will be transferred from the READ buffer 1 to the host. Host interface 2
will generate a SECTOR TRANSFER TO HOST signal on line 15 to increment held
counter 78 after each sector has been transferred to the host. After the READ request
has been processed by microprocessor 5 the held counter 78 has a count of 6 and the
15  sector counter has a count of 6, thereby indicating that all the sectors in READ buffer
1 have been transfelre;l to the host and no sectors are available in READ buffer 1 for
transfer to the host. _
Next assume that the host issues a READ request for 10 sectors in the ring
mode. When this READ request is received the READ BLOCK sighal on line 21-6
20  will be high, the BLOCK COUNT signal on line 21-5 will have a value of 10 and the
MULTIPLE BLOCK signal will be high since more than one sector is requested to be
transferred to the host. Under these conditions the outputs of comparators 77, 79 and
85 are all low since the count in the sector counter is less than 10 and, therefore, the
READ OK TO TRANSFER signal on line 24 will be low and the OK TO
25 TRANSFER signal on line 22 will be low. Host interface 2 will not initiate the
transfer of sectors from READ buffer 1 from the host. Disk interface 3 will initiate
the retrieval of the requested sectors from the disk and will store the requested 10
sectors in READ buffer 1.
Since the READ BLOCK signal is high on line 21-6 and the NOT ZERO
30 signal on line 92 is high, in that the count in held counter 78 is greater than 1, AND 70
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After a sector is transferred from the disk into READ buffer 1, disk interface 3
will generate a SECTOR TRANSFER FROM DISK signal on line 19 which will
increment sector counter 80. Sector counter 80 includes an arbitration circuit that
deals with the situation of a RELEASE signal and a SECTOR TRANSFER FROM
DISK signal being presented to sector counter 80 at the same time. The arbitration
circuit will first process the RELEASE signal and then the SECTOR TRANSFER
FROM DISK signal before the time of issuance of the next RELEASE signal. The
cyclic counter 72 is used to allow settling time for the held counter 78 and the sector
counter 80 after being changed.

‘When the count in sector counter 80 is greater than the count in held counter
78, the RETENTION SIGNAL OK TO TRANSFER signal of comparator 77 will be
high but not gated through AND 83 since the MULTIPLE BLOCKS signal on line
21-7 is high. When the sector count reaches a count of 10 and the held counter has a
count of 0, the RETENTION MULTIPLE OK TO TRANSFER signal of comparator
79 will be high, resulting in the RETENTION OK TO TRANSFER signal on line 107
being h1gh The RETENTION OK TO TRANSFER signal will be blocked by AND
88 since the READ BLOCK signal is high, indicating a ring mode of operation.
When the sector count reaches a count of 10 and the held counter has a count of 0, the
output signal on line 109 of comparator 85 will be high, the RING OK TO
TRANSFER signal on line 108 will be high and the READ OK TO TRANSFER
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At this time the held counter 78 has a count of 0 and the sector counter 80 has
5 acountof 10. Host interface 2 will initiate the transfer of the 10 sectors from the
READ buffer 1 to the host. After each sector is transferred to the host from READ
buffer 1, the host interface 2 will generate a SECTOR TRANSFER TO HOST signal
on line 15 to held counter 78. The SECTOR TRANSFER TO HOST signal will
increment held counter to 1 thereby raising the NOT ZERO signal on line 92 such that
10 AND 70 is conditioned. AND 70 being conditioned will allow the cyclic counter 72
to be stepped by the CLOCK signal. When cyclic counter reaches a count of 011 the
RELEASE signal will be high and gated through AND 75. The RELEASE signal will
decrement the count in sector counter 80 by 1 and will decrement the count in held
counter 78 to 0. Held counter 78 having a count of 0 will result in AND 70 being
15  deconditioned and the CLOCK signal being removed from the cyclic counter 72.
Therefore, for each SECTOR TRANSFER TO HOST signal received on line 15 fora
READ ring mode operation during the transfer of sectors from the READ buffer 1 to
the host, held counter 78 will be incremented from 0 to 1 and then decremented from
1 to 0. After all 10 sectors have been transferréd from READ buffer 1 to the host,
20  held counter 78 will have the count of 0 and sector counter 80 will have the count of
0.

In summary, the data buffer monitor apparatus comprises a READ buffer
monitor, a WRITE buffer monitor and a transfer controller. The READ buffer
monitor monitors the total number of sectors stored in the READ buffer and the

25  number of sectors in the READ buffer available for transfer to the host, and generates
a READ OK TO TRANSFER signal if the READ monitor determines that the sectors
for a requested READ operation are stored in the READ buffer and can be transferred
to the host. The READ buffer stores both sectors that are available for transfer to the
host and sectors which are being held in the READ buffer after the sector has been

30 transferred to the host. The READ buffer monitor also determines if the READ buffer
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5 requested WRITE operation can be performed by the disk drive system. The WRITE
buffer stores sectors released to be transferred to the disk and unreleased sectors
which are being accumulated in the WRITE buffer for the WRITE request being

processed, which will be released after all the sectors for the WRITE operation have
been transferred to the WRITE buffer. The transfer controller, in response to either
10 the READ OK TO TRANSFER signal being generated by the READ buffer monitor
if a READ operation has been requested, or the WRITE OK TO TRANSFER signal
being generated by the WRITE buffer monitor if a WRITE operation has been
requested, generates an OK TO TRANSFER signal indicating that the requested
READ or WRITE operation transfer of sectors to and from the disk drive system may
15  be performed by the disk drive.
An advantage of the hardware data buffer monitor apparatus is the reduction of
the processing overhead on the microprocessor.
Another advantage of the hardware data buffer monitor apparatus is the ability
to maintain up-to-date records of the status of the READ and WRITE buffers such
20 that a decision can be efficiently and quickly made as to when a requested READ or
WRITE operation of a given block size of sectors can be undertaken by the disk‘ drive
system for the transfer of sectors to and from the disk drive system.
While an embodiment of the invention has been particularly shown and
described with references to the preferred features thereof, it will be understood by
25  those skilled in the art that changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims. Given the above disclosure of general concepts and specific embodiments, the

scope of the protection sought is defined by the following claims.
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CLAIMS

1. A data buffer monitoring system in a disk drive system, said disk drive system
including a WRITE buffer for storing a plurality of sectors of data received from a
host for storage on disks in said disk drive syétem, a READ buffer for storing a
plurality of sectors of data from said disks for transfer to said host and control means
for generating a plurality of control signals for controlling the transfer of sectors of
data between said host and said disk drive system in response to READ and WRITE
requests for the transfer of one or more sectors of data issued by said host to said disk
drive system, said data buffer monitoring system comprising:

a WRITE buffer monitor for generating a held count indicative of the number
of sectors presently stored in said WRITE buffer that have not been released for
transfer to said disks, a released count indicative of the present number of sectors
presently stored in said WRITE buffer that have been released and awaiting transfer to
the disk for transfer to the disk and for receiving a BLOCK COUNT indicative of the
number of sectors to be transferred from the host to said WRITE buffer and for
generating as a function of said held count, said released count and said BLOCK
COUNT a WRITE OK TO TRANSFER signal indicating that said WRITE buffer has
sufficient available space to store the total number of sectors requested by a WRITE
request issued by said host;

a READ buffer monitor for generating a READ OK TO TRANSFER signal
when said READ buffer has in storage the number of sectors of data available for
transfer to said host that was requested for transfer by a READ request issued by said
host; and

transfer controller for generating an OK TO TRANSFER signal to said control
means in said disk drive system when either said WRITE buffer monitor generates
said WRITE OK TO TRANSFER signal and said host has issued a WRITE request or

* said READ buffer monitor generates said READ OK TO TRANSF ER signal and said

host has issued a READ request whereby said control means in response to said OK
TO TRANSFER signallcontrols the transfer of the number of sectors of data from
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or greater tfram saldREADbuffef tessaidihést (RKREAD requ@eStiNas issupd dly sawdchostii d count
in said held counter is equal to zero; and fifth means for
generating a READ OK TO TRANSFER si gnal when eit her said third neans

generates sah fﬁé\]@g ' . i READ BLOCK
signal is | ow or sal ourth mans%@?@?ggeg%@ﬁﬁﬁgnm TO 2 0 TRANSFER

signal aml said WagmhtdrgeﬁarabsaBUFFERFUL]legnalﬂirsmddmhaobuffer
nmoni toring systemof C aim9 wherein said transfer urt her

conpri ses: 28ieans in said dlslgdu&ewymﬁghmcﬁmdg%ﬁéP%%%ﬁlﬂeﬁmrmEéatg skl
when said ¢ Ot tile rgto%ef‘gedof another sector of data in said READ buffer by said control means

would overwrite a sector of data that is available for transfer to said host,
whereby said control means in response to said BUFFER FULL signal inhibits
10  the further transfer of said sector of data from said disks to said READ buffer until
said BUFFER FULL signal is deactivated by said READ buffer monitor means.

3. The data buffer monitoring apparatus of Claim 5 wherein said data buffer
15 monitoring apparatus receives from said control means in said disk drive system:
a READ mode signal connected to said transfer controller, said READ MODE
signal when high indicates a READ request from said host and when low indicates a
WRITE request from said host;
a WRITE BLOCK signal connected to said WRITE buffer monitor, said
20  WRITE BLOCK signal when high indicates that sector of data stored in said WRITE
buffer can be released for transfer to said disks;
a CLOCK signal connected to both said READ buffer monitor and said
WRITE buffer monitor; "
a BLOCK COUNT signal conneqted to both said READ buffer monitor and
25  said WRITE buffer monitor, said BLOCK COUNT signal indicating the number of
sectors of data that are being requested for transfer by either a READ or WRITE
request issued by said host;
a SECTOR TRANSFER FROM HOST signal connected to said WRITE
buffer monitor, said SECTOR TRANSFER FROM HOST signal being generated
30 after each sector of data is transferred from said host to said WRITE buffer;



sector counter is equal to said count in said buffer
I ndi cating that—the storage of anot her sector
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buf fer by sai d overwite sect or
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nmeans in response to sai @ BIFFER FULL signal inhibi 1538 thef; -
transfer of said sector of data from saipg disks to said READ buf fer unti |
33 said BUFFER FULL signal is deactivated by said READ buffer

moni tor means. 3 SECTOR TRANSFER TO HOST signal connected to said READ buffer
monitor, said SECTOR TRANSFER TO HOST signal being generated after each
sector of data is transferred from READ buffer to said host;

a SECTOR TRANSFER FROM DISK signal connected to said READ buffer

5  monitor, said SECTOR TRANSFER FROM DISK signal being generated after each
sector of data is transferred from said disk to said READ buﬁ'elj;

a SECTOR TRANSFER TO DISK signal connected to said WRITE buffer
monitor, said SECTOR TRANSFER TO DISK signal being generated after each
sector of data is transferred from said WRITE buffer to said disks;

10 a MULTIPLE BLOCK signal connected to said READ buffer monitor, said
MULTIPLE block signal when high indicating that more than one sector of data is
requested to be transferred by either a READ or WRITE request issued by said host
and when low indicating that only one sector is requested to be transferred by either a
READ or WRITE request issued by said host; and

15 a READ BLOCK signal connected to said READ buffer monitor, said READ
BLOCK signal when high indicating a ring mode of operation where the location in

said READ buffer is immediately released for the storage of a new sector of data after
-the sector of data at that location is transferred from the READ buffer to said host and
when low indicating a retention mode of operation where a sector of data is
20  maintained in said READ buffer after said sector of data has been transferred from
said READ buffer to said host. '

4. The data buffer monitoring apparatus of Claim 1 wherein said WRITE buffer
25  monitor comprises:
a held counter for maintaining the count of the number of sectors of data
stored in said WRITE buffer which have not been released for transfer to said disk;
a released counter for maintaining the count of the number of sectors of data
stored in said WRITE buffer which have been released for transfer to said disk;

30 a buffer size register for storing the count of the maximum number of sectors



14. The data buffer nonitoring systemof Caim1l _wherein: 5
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mai nt ai ni ng the count of the nunber of sectors of data 20 stored in
said READ buffer, said count including the nunber of sectors of data being
held in said READ buffer and the nunber of sectors of data stored in said
READ buffer that are available for transfer to said host;

a buffer siz8. regAgiata buffer nwmitoring system iroadisk dfive systens,said diskndninecsnysiom

an addert or ingiinen PHTE tolf G g AR Bl AR R e e e P sa d

host for storage on disks in said disk drive system, a READ buffer for storing a

plurality of sectors of data from said disks for transfer to said host and control means
for generating a plurality of control signals for controlling the transfer of sectors of
data between said host and said disk drive system in response to READ and WRITE

15 requests for the transfer of one or more sectors of data issued by said host to said disk
drive system, said data buffer monitoring system comprising:

a WRITE buffer monitor for receiving a BLOCK COUNT indicating the
number of sectors to be transferred and for generating a WRITE OK TO TRANSFER
signal when said WRITE buffer has sufficient available space to store the total

20 number of sectors requested by a WRITE request issued by said host, said WRITE
buffer monitor comprises:

a held counter for maintaining the count of the number of sectors of data
stored in said WRITE buffer which have not been released for transfer to said disk;

_ a released counter for maintaining the count of the number of sectors of data
25  stored in said WRITE buffer which have been released for transfer to said disk;

a buffer size register for storing the count of the maximum number of sectors
of data that can be stored iﬁ said WRITE buffer;

a transfer means for generating said WRITE OK TO TRANSFER signal when
the sum of said held count in said held register plus said released count in said

30 released counter plus said reléased BLOCK COUNT is equal to or less than the count



hel d register plus the count in said BLOCK COUNT signal;.and
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34 Adata buffer nonitoring systemin a disk drlve

system sai dif including a WRI TE buffer for
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storing a plura data received froma
a state machine for adding said count in said held counter to said count in said

released counter and for making the count in said held counter equal to zero when the
sectors of data in said WRITE buffer that were not mleésed for transfer to said disks
5 arereleased for transfer to said disk;

a READ buffer monitor for generating a READ OK TO TRANSFER signal
when said READ buffer has in storage the number of sectors of data available for
transfer to said host that was requested for transfer by a READ request issued by said
host; and

10 transfer controller for generating an OK TO TRANSFER signal to said control
means in said disk drive system when said WRITE buffer monitor generates said
WRiTE OK TO TRANSFER signal and said host has issued a WRITE request and
when said READ buffer monitor generates said READ OK TO TRANSFER signal
and said host has issued a READ request

15 whereby said control means in response to said OK TO TRANSFER signal
controls the transfer of the number of sectors of data from either said host to said
WRITE buffer if a WRITE requést was issued by said host or from said READ buffer
to said host if a READ request was issued by said host.

20
6. The data buffer monitoring apparatus of Claim 5 wherein;
said state machine generates a series of RELEASE signals equal to the count
in said held counter when a WRITE BLOCK signal is changed from low to high;
said held counter receives said RELEASE signals and is decremented by one
25  count for each said RELEASE signal received; and '
said released counter receives said RELEASE signals and is incremented by
one count for each said RELEASE signal received.

30 7. The data buffer monitoring system of Claim 5 wherein:
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whi ch have been rel eased for transfer to said disk; - 20 a

buf fer size register for storing the count of the maxi num nunber of sectors
of data that can be stored in said WRITE buffer; and a
“transfer neans for generating said WRI TE OK TO TRANSFER si gnal s

when t he sur& of Jhiedatadiufifer monitoring systeth 6&Cldim ¢ giterein sgil REAhbuffel eased

count in sa “rel eased counter plus said recei ved BLOCK COUNT is
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stored in said READ buffer which have been released for transfer to said host and are
being retained in said READ buffer;

a sector counter for maintaining the count of the number of sectors of data
15  stored in said READ buffer, said count including the number of sectors of data being
held in said READ buffer and the number of sectors of data stored in said READ
buffer that are available for transfer to said host; _
a buffer size register for storing the count of the maximum number of sectors |
of data that can be stored in said READ buffer;
20 an adder for generating a summation count equal to sum said count in said
held register plus the count in a BLOCK COUNT signal; and
a transfer means for generating said READ OK TO TRANSFER signal when
the number of sectors of data requestedl for transfer to said host by a READ request
issued by said host is equal to or less than the number of sectors of data in said READ
25  buffer that are available for transfer to said host.

9. A data buffer monitoring system in a disk drive system, said disk drive system
including a WRITE buffer for storing a plurality of sectors of data received from a
30 host for storage on disks in said disk drive system, a READ buffer for storing a
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35 when sai d READ buffer has @ storage the number of sectors of
data avail abl e for transfer to said host that was requested for
transfer by ﬂuﬁf%f@@%&fda%ﬂ@ﬁsQMcﬁﬁds%rtransfertosaﬂ‘ﬂésrtan Bdrifrd e U f er
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requests for the transfer of one or more sectors of data issued by said host to said disk
§  drive system, said data buffer monitoring system comprising:

a WRITE buffer monitor for generating a WRITE OK TO TRANSFER signal
when said WRITE buffer has sufficient available space to store the total number of
sectors requested by a WRITE request issued by said host;

a READ buffer monitor for generating a READ OK TO TRANSFER signal

10  when said READ buffer has in storage the number of sectors of data available for
transfer to said host that was fequested for transfer by a READ request issued by said
host, said READ buffer monitor comprising:

a held counter for maintaining the count of the number of sectors of data
stored in said READ buffer which have been released for transfer to said host and are

15  being retained in said READ buffer;

a sector counter for maintaining the count of the number of sectors of data
stored in said READ buffer, said count including the number of sectors of data being
held in said READ buffer and the number of sectors of data stored in said READ
buffer that are available for transfer to said host;

20 ~ abuffer size register for storing the count of the maximum number of sectors
of data that can be stored in said READ buffer;
- an adder for generating a summation count equal to sum said count in said
held register plus the count in a BLOCK COUNT signal; and

a transfer means for generating said READ OK TO TRANSFER signal when

25  the number of sectors of data requested for transfer to said host by a READ request
issued by said host is equal to or less than the number of sectors of data in said READ
buffer that are available for transfer to said host; and

a state machine for reducing said count in said sector counter by the count in
said held counter and for reducing the count in said held counter equal to zero when

30  said retained sectors of data in said READ buffer are released thereby providing the



a sector counter for maintaining the count of the nunber._of_ sectors of data

stored in said er, sai d count including the num:geréf_g—__ sof |

B . I’. . : PNy o 3 2T
data stored in s4||||||#%ﬂh5i|m||iﬁgi|; cr hai ore availabl o for ¢ fh<der 997
*» ¢ L M 9 BU

sai d host; fer size register forlstori-ng. tHe Eount
of the maxi mum nunber of sectors 31 of data that can be stored in
sai d READ buffer; _ an adder for generating a summation
count equal | Hid taindl afl1€ f6: 304 Sibfae BF Hiéw t he
count in sai E)QMW%%&{% ?n%CtorSOfldgtaav ' atra g er neans for
generati ng ssdctbribfdatdth shid REANIWHRersandnal when t he nunber of

sectors of data requested for transfer to said host by a, READ request
i ssued by said hoganslf@ceqmﬂertf%r@maegg@%TPM%@SM@M@HHPI dat a

I n said READ s oiq 1 s t . | [ i d host;
and Imeans in said difkrh éﬁt%rﬁgé&%‘@%ﬁégﬁgﬁf@ng‘%%&r&%@mmFER
signal t& saisld WRITEOOK TO TRANSFER sigfiall dhd Saidthosh 1k istiéd/ £ WRITEYeydseor

ei ther said WRI'TE buffer nonitor generates said WRITE OK TO
TRANSFER si gseid READ befifer menitor igererates said REARRDKETQ JRANSFER signal and said  saj d

READ buf fer nitor n s _said READ OK TO TRANSFER si gnal and said
“host has issﬁ%&hﬁﬂﬁﬁﬁg%ﬁgﬂuﬁ’ o wher eby said control
neans in responsewhgrebRsald hntidPnidandNphHelponk&idtdaid OK PO TRANSKFRE Sighalt he

transfer of the nunber” of sectors of data from elthe_r sai.d host to sai d
VRI TE buf f er canfrols thrbraasferefithe number of seatierd ofglata fiioth ¢ither said hostdersaidi d READ

PUTTEr 16 WRITE bulte? & s WRITE requedt was tebuiod By Sl hotor front sad REATS bierd*S!

to said host if a READ request was issued by said host.

10.  The data buffer monitoring apparatus of Claim 9 wherein:
15 said state machine generates a series of RELEASE signals equal to the count
in said held counter when a READ BLOCK signal is changed from low to high;
said held counter receives said RELEASE signals and is decremented by one
count for each said RELEASE signal recefved; and '
said sector counter receives said RELEASE signals and is decremented by one

20 count for each said RELEASE signal received.

11.  The data buffer monitoring apparatus of Claim 9 wherein:
said held counter receives SECTOR TRANSFER TO HOST signals and is
25 incremented by one count for each said SECTOR TRANSFER TO HOST signal
received; and
said sector counter receives SECTOR TRANSFER FROM DISK signals and
is incremented by one count for each said SECTOR TRANSFER FROM DISK signal
received.

30



30 16. The data buffer nonitoring apparatus of C aim 15 wherein:

36 _ said state machine generates a sgries=oh=REEEASE -
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counter receiviés §ai i RELEASE si gnhals and is increnmented by one
count for each said RELEASE signal received.

12.  The data buffer monitoring apparatus of Claim 9 wherein said transfer means
comprises: '
first means for generating a RETENTION SIGNAL OK TO TRANSFER
5  signal when the count in said sector counter is greater than the count in said held
counter and a MULTIPLE BLOCKS signal is low;
second means for generating a RETENTION MULTIPLE OK TO
TRANSFER signal when the count in said sector counter is equal to or greater than
said summation count in said adder and said MULTIPLE BLOCKS signal is high;
10 third means for generating a RETENTION OK TO TRANSFER signal
whenever either said first means generates said RETENTION SIGNAL OK TO
TRANSFER signal or said second means generates said RETENTION MULTIPLE
OK TO TRANSFER signal;
fourth means for generating a RING OK TO TRANSFER signal when said
15 count in said sector counter is equal to or greater than the count of said BLOCK
COUNT signal and said count in said held counter is equal to zero; and
fifth means for generating a READ OK TO TRANSFER signal when either
said third means generates said RETENTION OK TO TRANSFER signal and a
READ BLOCK signé.l is low or said fourth meanS generates said RING OK TO
- 20 TRANSFER signal and said READ BLOCK signal is high.

13.  The data buffer monitoring system of Claim 9 wherein said transfer means
further comprises: _
25 sixth means for generating a BUFFER FULL signal when said count in said
sector counter is eqﬁal'to said count in said buffer size register indicating that the
. storage of another sector of data in said READ buffer by said control means would
overwrite a sector of data that is available for transfer to said host,
whereby said control means in response to said BUFFER FULL signal inhibits
30 the further transfer of said sector of data from said disks to said READ buffer until
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a state machine for reducing said count ih said sector counter by the count
I n said held counter and for reducing the count in said held

counter equal to zero when said retai ned sectors of data in said
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5 said WRITE buffer monitor comprises:

a held counter for maintaining the count of the number of sectors of data
stored in said WRITE buffer which have not been released for transfer to said disk;

a released counter for maintaining the count of the number of sectors of data
stored in said WRITE buffer which have been released for transfer to said disk;

10 a buffer size register for storing the count of the maximum number of sectors
of data that can be stored in said WRITE buffer; and

a transfer means for generating said WRITE OK TO TRANSFER signal when
the sum of said held count in said held register plus the released count in said released
counter plus said received BLOCK COUNT is equal to or less than the count in said

15  buffer size register; and said READ buffer monitor comprises;

a held counter for maintaining the count of the number of sectors of data
stored in said READ buffer which have been released for transfer to said host and are
being retained in said READ buffer;

a sector counter for maintaining the count of the number of sectors of data

20  stored in said READ buffer, said count including the number of sectors of data being
held in said READ buffer and the number of sectors of data stored in said READ
buffer that are available for transfer to said host;

a buffer size register for storing the count of the maximum number of sectors
of data that can be stored in said READ buffer;

25 an adder for generating a summation count equal to sum said count in said
held register plus the cbunt in said BLOCK COUNT signal; and

a transfer means for generating said READ OK TO TRANSFER signal when
the number of sectors of data requested for transfer to said host by a READ request
issued by said host is equal to or less than the number of sectors of data in said READ

30  buffer that are available for transfer to said host.
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15. A data buffer monitoring system in a disk drive system, said disk drive system
including a WRITE buffer for storing a plurality of sectors of data received from a
5  host for storage on disks in said disk drive system, a READ buffer for storing a

plurality of sectors of data from said disks for transfer to said host and control means
for generating a plurality of control signals for controlling the transfer of sectors of
data between said host and said disk drive system in response to READ and WRITE
requests for the transfer of one or more sectors of data issued by said host to said disk

10  drive system, said data buffer monitoring system comprising:

a WRITE buffer monitor for receiving a BLOCK COUNT from the host
indicating the number of sectors to be transferred and for generating a WRITE OK TO
TRANSFER signal when said WRITE buffer has sufficient available space to store
the total number of sectors requested by a WRITE request issued by said host, said

15 WRITE buffer monitor comprises:

2 held counter for maintaining the count of the number of sectors of data
stoted in said WRITE buffer which have not been released for transfer to said disk;

a released counter for maintaining the count of the number of sectors of data
stored in said WRITE buffer which have been released for transfer to said disk;

20 a buffer size register for storing the count of the maximum number of sectors
of data that can be stored in said WRITE buffer; and

a transfer means for generating said WRITE OK TO TRANSFER signals
when the sum of said held count in said held register plus the released count in said
released counter plus said received BLOCK COUNT is equal to or less than the count

25  insaid buffer size register; and '

a state machine for adding said count in said held counter to said count in said
released counter and for making the count in said held counter equal to zero when the
sectors of data in said WRITE buffer that were not released for transfer to said disks
are released for transfer to said disk;

30 a READ buffer monitor for generating a READ OK TO TRANSFER signal
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5 stored in said READ buffer which have been released for transfer to said host and are
being retained in said READ buffer; |
a sector counter for maintaining the count of the number of sectors of data
stored in said READ buffer, said count including the number of sectors of data being
held in said READ buffer and the number of sectors of data stored in said READ
10 buffer that are available for transfer to said host;‘

" a buffer size register for storing the count of the maximum number of sectors
of data that can be stored in said READ buffer;
~ an adder for generating a summation count equal to sum said count in said
held register plus the count in said BLOCK COUNT signal; and
15 a transfer means for generating said READ OK TO TRANSFER signal when
the number of sectors of data requested for transfer to said host by a READ request
issued by said host is equal to or less than the number of sectors of data in said READ
buffer that are available for transfer to said host; and
transfer controller for generating an OK TO TRANSFER signal to said control
20 means in said disk drive system when either said WRITE Euffer monitor generates
said WRITE OK TO TRANSFER signal and said host has issued a WRITE request or
_ said READ buffer monitor generates said READ OK TO TRANSFER signal and said
host has issued a READ request,
whereby said control means in response to said OK TO TRANSFER signal
25  controls the transfer of the number of sectors of data from either said host to said
WRITE buffer if a WRITE request was issued by said host or from said READ buffer
to said hqst if a READ request was issued by said host.

30 16.  The data buffer monitoring apparatus of Claim 15 wherein:
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said held counter receives said RELEASE signals and is decremented by one
count for each said RELEASE signal received; and

5 said released counter receives said RELEASE signals and is incremented by

one count for each said RELEASE signal received.

17.  The WRITE buffer monitor of the data buffer monitoring system of Claim 15
10 wherein:
said held counter received SECTOR TRANSFER FROM HOST signals and is
incremented by one count for each said SECTOR TRANSFER FROM HOST signal
received; and
said released counter receives SECTOR TRANSFER TO DISK signals and is
15 decremented by one count for each said SECTOR TRANSFER TO DISK signal

received.

18.  The data buffer monitoring apparatus of Claim 15 wherein said READ buffer
20  monitor further comprises:

a state machine for reducing said count in said sector counter by the count in
said held counter and for reducing the count in said held counter equal to zero when
said retained sectors of data in said READ buffer are released thereby providing the
locations occupied by said retained sectors of data available for the storage of new

25  sectors of data in said READ buffer.

19.  The data buffer monitoring apparatus of Claim 18 wherein
_ said state machine generates a series of RELEASE signals equal to the count
30 insaid held counter when a READ BLOCK signal is changed from low to high;
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20.  The READ buffer monitor of the data buffer monitoring apparatlis of Claim 15
~ wherein:
said held counter réceives SECTOR TRANSFER TO HOST signéls and is
10 incremented by one count for each said SECTOR TRANSFER TO HOST signal

received; and '

said sector counter receives SECTOR TRANSFER FROM DISK signals and
is incremented by one count for each said SECTOR TRANSFER FROM DISK signal
received.

15

21.  The data buffer monitoring apparatus of Claim 15 wherein said transfer means
of said READ buffer monitor comprises:
first means for generating a RETENTION SIGNAL OK TO TRANSFER
20 signal when the count in said sector counter is greater than the count in said held
counter and a MULTIPLE BL.OCKS signal is low;
second means for generating a RETENTION MULTIPLE OK TO
TRANSFER signal when the count in said sector counter is equal to or greater than
said summation count in said adder and said MULTIPLE BLOCKS signal is high;
25 third means for generating a RETENTION OK TO TRANSFER signal when
said first means generates said RETENTION SIGNAL OK TO TRANSFER signal
and when said second means generates said RETENTION MULTIPLE OK TO
TRANSFER signal;
fourth means for generating a RING OK TO TRANSFER signal when said
30 count in said sector counter is equal to or greater than the count of said BLOCK
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said third means generates said RETENTION OK TO TRANSFER signal and a
READ BLOCK signal is low or said fourth means generates said RING OK TO
5 TRANSFER signal and said READ BLOCK signal is high.

22.  The data buffer monitoring sysfem of Claim 15 wherein said transfér means of
said READ buffer monitor further comprises:

10 sixth means for generaﬁng a BUFFER FULL signal when said count in said
sector counter is equal to said count in said buffer size régister indicating that the
storage of another sector of data in said READ buffer by said control means would
overwrite a sector of data that is available for transfer to said host,

whereby said control means in response to said BUFFER FULL signal inhibits

15 the further transfer of said sector of data from said disks to said READ buffer until

said BUFFER FULL signal is deactivated by said READ buffer monitor means.

23.  The data buffer monitoring apparatus of Claim 9 wherein said data buffer
20  monitoring apparatus receives from said control means in said disk drive system:
a READ mode signal connected to said transfer controller, said READ MODE
signal when high indicates a READ request from said host and when low indicates a
WRITE request from said host;
'a WRITE BLOCK signal connected to said WRITE buffer monitor, said
25  WRITE BLOCK signal when high indicates that sector of data stored in said WRITE
buffer can be released for transfer to said disks;
a CLOCK signal connected to both said READ buffer monitor and said
WRITE buffer monitor;
a BLOCK COUNT signal connected to both said READ buffer monitor and
30 said WRITE buffer monitor, said BLOCK COUNT signal indicating the number of
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sector of data is transferred from said disk to said READ buffer;
a SECTOR TRANSFER TO DISK signal connected to said WRITE buffer
monitor, said SECTOR TRANSFER TO DISK signal being generated after each
sector of data is transferred from said WRITE buffer to said disks;
15 a MULTIPLE BLOCK signal connected to said READ buffer monitor, said
MULTIPLE block signal when high indicating that more than one sector of data is
requested to be transferred by either a READ or WRITE request issued by said host
and when low indicating that only one sector is requested to be transferred by either a
READ or WRITE request issued by said host; and
20 . aREAD BLOCK signal connected to said READ buffer monitor, said READ

BLOCK signal when high indicating a ring mode of operation where the location in

said READ buffer is immediately released for the storage of a new sector of data after
the sector of data at that location is transferred from the READ buffer to said host and
- when low indicating a retention mode of operation where a sector of data is
25 maintained in said READ buffer after said sector of data has been transferred from
said READ buffer to said host.

24.  The data buffer monitoring apparatus of Claim 15 wherein said data buffer

30  monitoring apparatus receives from said control means in said disk drive system:
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§from said control nmeans in said disk drive system

40 - aREAD mode signal connected to said transfer controller, said READ MODE

| signal when high indicates a READ request from said host and when low indicates a
WRITE request from said host;

a WRITE BLOCK signal connected to said WRITE buffer monitor, said
5  WRITE BLOCK signal whén high indicates that sector of data stored in said WRITE
buffer can be released for transfer to said disks;

a CLOCK signal connected to both said READ buffer monitor and said
WRITE buffer monitor;

a BLOCK COUNT signal connected to both said READ buffer monitor and

10 said WRITE buffer monitor, said BLOCK COUNT signal indicating the number of
sectors of data that are being requested for transfer by either a READ or WRITE
request issued by said host;

a SECTOR TRANSFER FROM HOST signal connected to said WRITE
buffer monitor, said SECTOR TRANSFER FROM HOST signal being generated

15 after each sector of data is transferred from said host to said WRITE buffer;

a SECTOR TRANSFER TO HOST signal connected to said READ buffer
monitor, said SECTOR TRANSFER TO HOST signal being generated after each
sector of data is transferred from READ buffer to said host;

| a SECTOR TRANSFER FROM DISK signal connected to said READ buffer

20  monitor, said SECTOR TRANSFER FROM DISK signal being generated after each
sector of data is transferred from said disk to said READ buffer;

a SECTOR TRANSFER TO DISK signal connected to said WRITE buffer
monitor, said SECTOR TRANSFER TO DISK signal being generated after each
sector of data is transferred from said WRITE buffer to said disks;

25 a MULTIPLE BLOCK signal connected to said READ buffer monitor, said
MULTIPLE block signal when high indicating that more than one sector of data is
requested to be transferred by either a READ or WRITE request issued by said host
and when low indicating that only one sector is requested to be transferred by either a
READ or WRITE request issued by said host; and

30 a READ BLOCK signal connected to said READ buffer monitor, said READ
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‘the location in OR SYSTEM FOR DETE G THE

AVAILABLE CAPACITY OF A READ BUFFER
AND A WRITE BUFFER IN A DISK DRIVE SYSTEM

A data buffer monitor apparatus which monitors the space availability in

- 'WRITE buffer and the number of sectors available for transfer in the READ buffer
and generates the OK TO TRANSFER signal. The data buffers monitor apparatus
includes a READ buffer monitor, a WRITE buffer monitor and a transfer controller.
The READ buffer monitor monitors the total number of sectors stored in the READ
buffer, the number of sectors in the READ buffer available for transfer to the host and
generates a READ OK TO TRANSFER signal if the sectors for a requested READ
operation are stored in the READ buffer. The WRITE buffer monitor monitors the
total number of sectors in the WRITE bﬁffer and generates a WRITE OK TO
TRANSFER signal if the WRITE monitor determines that a requested WRITE
operation can be performed. The transfer controller in reéponse to either the READ
OK TO TRANSFER signal being generated by the READ buffer monitor if a READ
operation has been requested or the WRITE OK TO TRANSFER signal being
generated by the WRITE buffer monitor if a WRITE operation has been requested
generates a OK TO TRANSFER signal indicating the requested READ or WRITE
operatibn transfer of sectors to and from the disk drive.system may be performed by
the disk drive.

Figure 1
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