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PROCESSI NG SYRIEMS )t TH DELAYED CACHE WRI TE,DESCRI PTI ON The pr e2EA| A | {k (3'
i nvention relaftes to data processing systens with del ayed cache wite

provi ding an inprovenent for increasing the tolerance to slow nenory
conponents for a cache read mss without inpacting wait state. paraneters.
Background i nformation respecting the 80386, its characteristics and its

use in mcroconputer systens including cache nenory subsystens are

described in "Introduction to the 80386", April 1986 and the 80386 Hardware
Ref erence Manual (1986)pATBhPratiESS PG SYSBEMSC ¥1TH GEOQRNYEDACACKE WRETHOr mance o

the 82385 are described 1n the publication "82385 H gh Perfornmance 32-Bit
Cache Controller” (1987). Al of these publications are produced by Intel
Corporation. In mcroconputer systens, as in other conputer systens, speed

of operations is an inmportant criterion which in nost cases has to be

bal anced agai nst system cost. Many features which were first introduced to
speed up operations in mainframe conput BESCRARPION nj conputers are now

finding their way into mcroconputer systens. These include cache nenory
subsystens. The use of cache nmenory subsystens results in a nulti-bus

conputer architecture. Mre particularly, in a mcroprocessor with a cache
menory subsystem a first bus, for convenience referred to as a CPU | ocal
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state parameters.. ér

'Background information respecting the 80386, its charactéristics and
its use in microcomputer systems including cache memory subsystems are
described in "Introduction to the 80386", April 1986 and the 80386
Hardware Reference Manual (1986). The characteristics and operating
performance of the B2385 are describéd in the publication "82385 High
Performance 32-Bit Cache Controller” f1987). All of these publications
are produced by Intel Cofporation.

In microcomputer systems, as in other computer systems, speed of

operations is an important criterion which in most cases has to be

balanced against system cost. Many featuges which were first
- introduced to speed up operations in ﬁainframe computers and. iw

minicomputers are now finding their way into microcomputer systems.

These include cache memory subsystems. The use of cache memory

subsystems results in a multi-bus computer architecture. More

particularly, in a microprocessor with a cache memory subsystem, a

first bus, for convenience referred to as a CPU local bus, connects the

microproceésor {for example an 80386), a cache control (which can

include an 82385 cache controller) amd a random access memory serving

as the cache memory. The CPU local bus may be interconnected via a

buffer with a second bus system, for convenience termed a system bus.



O her. conponents can be connected to the systembus (either directly or

i ndifectly) sRA9-8&WMA&in nenory, input- outplt equipnent, read only nenory,
etc. A prine reason for usjng a cache subsystemis to speed up nenory
operations by enabl.ing the processor to read fromthe cache nmenory
subsystemto-the extent the required information is stored therein. The
cache nenory subsystem usually has a speed advantage over the main nenory.
To the extent that nenory accesses can be restricted to the cache subsystem

then, the pro r t _requi t,g t em.bus. Thi s
significantl ycﬁiggsc-ug&t?%r{élgsf}sﬁ grgn %og'ggg%%s Eg etq’lenp’gsf%éfﬁuc?p ?%%legnés}re%]ry or
exanpl e i nput -indgrerRlybpmcht aomein Diemoryt dnputfhpytiud ewupment adeahoaye of

m croconput er wwskeMeewi th cache nenory subsystens. In order to maintain
orderly sequencing of the various operations that nust be perforned,
operations are divided into units of tine referred to as clock states. In a

m croconput er A peifdreafdro¥bRthsing £¥a0M SubdisteR RO tHI41ee8 Y mamsty82385
cache controller g;e f ast est. nenpr o$erations recg ire B_lvvo cl.ock cycl es,
each of two cl FEEAEITES BT eRpRAARGoENE RPPIRRECH o o AEPT dhRoFache L AgT

cl ock cycl es osubsystesr tecthoextenhathengequiatd nntbematdibn i storteddt elserstnch. i s

| to th Wi f i I ' ' for. th
oporati on and TcCraA By S8y bod QUBRAY s 8 B URBRAICTILE The BLia' ¢
zero wait statReporg nfe Hhsceytant thaly menarwsadapsaes jaspobe amstuicted rtoothe | t

i s an advant agfche fbsyéten BRdn, the I8c&Ho8NbodsCASE RbGui RAPEEAISSORS than be
fit into zero wai.t state-operatl ons as_op osed to one or two wait state

operations, et¥SteRHERS. o kbdsspignificaphly tirges o B SEFTSh Ui fOR #28 dMzero
wai t state opesthlerOdperations, for example input-~ output operations, DMA, etc. . ‘This

\ is another advantage of microcomputer systems with cache memory

subsystems.

'In order to maintain orderly sequencing of the various operations that
must be performed, operations are divided into units of time referred
to as clock states. In a microcomputer system employing for examble
the 80386 processor and 82385 cache controller, the fastest memory
operations require two ciock.cycles, each of two clock states. Other
operations which require more than two clock cycles are referred to as
having that number of wait states which is egual to the diffgrence
between the number of clqck cycles required for the operation and the
two clock cycles minimum (which is also rgférred to as a zero wait
state). | .

Since speed of operations is an important criterion, it is an advantage
to ensure that, to the extent feasiblé, operations can be fit into zero
wait state operations as opposed to one or two wait state operations,

ete.

Cache accesses are one type of operation which is a zero wait state

operation.
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BC9- 88- 006 ' - 3 While desirably as many nemory .-
accessesgas, go&&;ble are handl ed by thg cache subsystem it is of coursgx
necessary at trmes to access main nenory. One prlnC|pIe used in operating a;
cache subsystemis that in the event of a read mss, i.e. a read operation
in which the required information is not found in the ¢ache subsystem the

I nformati on when read fromnmain nenory is imediately witten to the cache.
subsystem By using this principle, the information read is thereafter

avail able in the cache subsystem (unless overwitten) so that subsequent

accesseswhilet Besﬁﬁaryla‘sf NANE ey 8EEk 58S aecgeeﬁmlitermma Py 4Rei N the
event of a.rea rati ons are requ accessi ng naln
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pr ocessomewaxy . ( Dnevprinchpld lwsecanhepamlasyg;taenauhet Bubdystemfis oBid AR | uSt
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event of a read m SS con 1 dn, " t'he accessed
from nai AnfArmetion dsmatefeund I“}f WV\MQheeﬂJhSNStm the Hafexnadjion ethepri or to

the tinmerbdflerbh XS indtSrfVial idtiRat Oy b?lt&reg(:&§ S:QE ca-EQE &ﬂb?swuﬁﬁm urer

recogni zes, this, condition and su%gests one of two alternatives, 1.€. either

sel ect sBFHI%ERIR Byinciple nding tich reast ieHdegarttexrpvaidahle dased and

nmade avathéllaehé GubbgstEa3dimleks fbvﬁrirfhﬁ:tbhn&onﬂi‘éi{s Sabsequeht actésRd valit
state op fromwhat would

atd Ggrease .the l.ength of e c e
nor nal | yg%e N g‘egu’inr H“%"%a‘iﬂeﬁlgn%td&f’f%fnﬁ?lwwgy Jl"é"(ss)maihenﬁ%%‘étsﬁfy Wi | e
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82385 necessarily ‘are nore expensive, §£ e secon atrve 1 ntroduces
del ay i n{® djtinsadhericsshe fabaysism B’ythi Fposinfgreatdon riushrreadafronst at es. \Ly
i's an obpgid mehodyle present invention to elimnate the necessity for this
choice so as to inprove systemtol erance to sl ower nenory

It is a characteristic of the 82385 that, in the event of a read miss
condition, the information which is to be accessed from main memory is
necessarxly rewritten to the cache subsystem prior to the time that it
must be available to the processor. The chip manufacturer recognizes
this condition and suggests one of two alternatives, i.e. either select
sufficiently fast main memory so that the data can be accessed and made
available to the 82385 within the time necessary for a fixed wait state
operation, or increase the ledqth of the cycle from what wouid normally
be required by adding edditional wait state(s) as necessary. While
either alternative is practical, the firse alternative impacts system
cost since the faster memories required to meet the timing : -/
specifications of the 82385 necessarily are more expensive.'and the
second alternative introduces delay into any read miss operation by

" imposing one or more wait states.

It is an object of the present invention to eliminate the necessity for
this choice so as to improve system tolerance to slower memory
components without impacting wait stafe parameters for read miss

operations.



conponents wi t hout |npact|ng wai t state paraneters for read m ss
operigtions.  BEc§SEME006 4 4 According to the
invention, there is provided a data processing system having a processor, a
cache a cache to-main menory interface and a cache controller adapted to
generate separate control signals for required activities in respect of the
cache, including cache wite enable signals, and in respect of the cache
interface in order to provide data access as required by the processor,

wherein | Ogl c ACS o&glrgd;]Q?S‘&t% ?&% t ef'; aC?ﬁpxﬁifnaétﬁ) S£taa g?c%.'ehs%lr(ff% gtem

recei ving cont 1ol € cache an
interface, inchamipag GEOEeSSAL taa cer:mbhenqng nal eachectatmp ity memerys Anterifgce he

presence of reggj \Aeéaaenmmupas a8ipte@ntd %nféa&eatépawéé eahtﬂﬁ elg%qéefor
read m ss. An enbodi nent of the invention Will now be descri bed %éﬂg

exanpl e, with Fevdred astiviting ifc £evRssH,Ph ShercamPAginciydifg; cache ‘F’f’d’—e
an overal | thremmdlspradonilrespesy 6f thet aarvheainﬁ&tsié&emﬂdef ﬁygimae data

| th t ti i g. t bI k f
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t he present |nven¢,ws1¢ IS a I'm ng d|aram|
different tim wgiﬁeg.qwnaéﬁem%delaw the @&@heincem PERSenceapd zteheived

i Cr Opr 0Cessor cofdidatidis: o RorfraiNoVyAlST Aldiefe Ry & NRchewWRAkI Wiksf Or read
m ss cache wites. as well as cache wites not caused by a read miss. Fig. 1

shows a typical m.croconputer systemin which the present invention can be
enpl oyed. As shpwWhbodineft 6 khE dipshtionsyElleAbd be described, by way of

\./' example, with reference to the accompanying drawings, in which:-

Fig. 1 is an overall three-dimensional view of a typical microcomputer

system employing the present invention; 1

- Fig. 2 is a detailed block diagram of a majority of the components of a

typical microcomputer system employing the present invention;

Fig. 3 is a detailed block diagram of a cache controller, a random
access memory, & logic circuit and buffers embodying the present

invention;

Fig. 4 is a timing diagram illustratiﬁg the different timing

requirements of the cache controller and the microprocessor{ and

Figs. 5A-5C show operation of the invention for read miss cache writes

as well as cache writes not caused by a read miss.

Fig. 1 shows a typical microcomputer system in which the present.
invention can be employed. As shown,.the microcomputer system 10
comprises a number of components which are interconnected together.

More particularly, a system unit 30 is coupled to and drives a monitor



conprises a nunber of conponents which are interconnected together. More.rs
parti cul acbygs-aoeystemunit 30 is couplsed to and drives a nonitor e
BC9- 88- 006 5 20 (such as a conventjonal video
di splay). The systemunit 30 is also coupled to input devices such as a
keyboard 40 and a nouse 50. An output device such as a’printer 60 can al so
be connected to the systemunit 30. Finally, the systemunit 30 nmay include
one or nore disk drives, such as the disk drive 70. As will be described
bel ow, the systemunit 30 responds to input devices such as the keyboard 40
and the ABu'ERcBoas gnEeRvieptiionddt piAeogdisrdar) sufhe fystem vait|30dis \adsg0 f or
provi di ngospipdats inputiidevEcedleitl adeN iKegBostiC B0 agndt Bandieai dnr a0 and the
printer t hose skille inthf a;:t are aware that other

60 course _
convent i 8%?“9;8 ReRtY 880 é’lréﬁtegeg%o‘fﬁ?eﬁ P8 CTRESTEAS ER FPENFYSEED 1 or
I nt er act woit t30er cRiinahly,| theé ystem nantc3tendy inbtudd onecanviecdisy st em 10

| ncl udes d(.'f\?e . Hﬁd{jgf e aP %E%alpl y A%eﬁﬂl' dideggkwd efo%lg h@hemam)r y
subsyst em'suc at there 1's a ocal” bus I'nterconnecting a processor, a
cache cosyseam unit 30cresponds tor inpati é¢ViCPE) sushats ivhe leybeaxdKldand a a

buffer 1@na %3k, 0sa 1Pt DuEhHNaRYEcdsSshdl 85 CHAN8ELCArivh 990ed Nt Eract s
with the I/0O devices such as the keyboard 40, npuse 50, disk drive 70,

noni t or PEOEHENErFighals do. dryet reevien® s¥ghtastheinondterra§ andso i ncl ude
aht hi rd busbp‘zﬁ.ﬁﬁéi(-j sbn% oF %@zrs_e,(}&wsl 864ki1T8 iBusnd 3&1:!5&&&%@1@5& on bet \lfz\/_een
t he system bus _and other (optiopal) input/output vices, nenory, .etc. Fig.
s a ke SoRTenstone apneRFy IcknsiAg: bR Fobnee B £ d8e Dimen g o o
typi cal B#Rcfordnprisetisy sherawitbhodynnthisi airangemgntesehe micmeeotpwier A CPU

| ocal bu 0. s 3d ; | rovi des-
for the %g%t:%bé iso{n%g?é%g?nag?ggrl o%égg‘ég?%fgg%uggg# ggsgﬁ%gggg%%ﬁ) aapcache W
control 28ohg RRTeYY AubsYsher kpchathag2tlumrec g e CPU local bus ]

interconnecting a processor, a cache control and a cache memory which
CPU local bus is coupled via a buffer to a system bus. The system bus
is interconnected to and interacts with the I/O devices such as'the
keyboard 40, mouse 50, disk drive 70, monitor 20 and printer 60.
Furthermore, the system unit 30 may also include a third bus comprising
a Micro Channel (TM) bus for interconnection between the system bus and

other (optional) input/ocutput devices, memory, etc.

Fig. 2 is a high level block diagram illustrating the various
components of a typical microcomputer system embodying with the present
invention. A CPU local bus 230 (comprising data, address and control
components) provides for the ¢onnection of a microprocessor 225 (such O/
as an 80386), a cache control 260 (which may include an 82385 cache
controller) and a random access cache memory 255. Also coupled on the
CPU local bus 230 is a buffer 240. The buffer 240 is itself connected
to the system bus 250, also comprising address, data and control
components. The system bus 250 extends between the buffer 240 and a
further buffer 253.

-
The system bus 250 is also cqnnected to a bus control and timing

element 265 and a DMA controller 325. An arbitration control bus 340



contJol l er) and a random access cache nmenory 255." Also coupl ed on the CPU

| ocah_bus 230 BC2-8F00%fer 240.. The buffer 240 is itself connected to the
syst em bus 250, .al so conprjsing address, data and control conponents. The
system bus 250 extends between the buffer 240 and a further buffer 253. The
system bus 250 is al so connected to a bus control and timng el enent 265
and a DVA controller 325. An arbitration control bus 340 BCO- 88- 006

6 couples the bus control and timng el enent 265 and a central arbitration

el ement 335. NMogPies 2RO tud g%n%g?f%geg@g%gt&ew Sest &R P;J?enl%ggl The nmenory

350 includes a nenory contr ement an address nul'tipl'exer 352 and a
dat a buffer 333bitmpdden @lement 33%r cMppRyr 8Shiscelad gpnrechedioythd enstams 360

through 364, ausSisown tHe Resbry23so” thbiddag! a Mehbey BRfrdiSefisnteshibelyeen
t he systerm bus 250 and a pl anar,_bus 270, The planar bus 270 .i ncl udes

address data &% x"ﬁfnf“?b‘?‘*’@ﬁ’fﬁﬁﬁ@%t@? 3 data RuLFer 2530 FReed S4EBIRESt AE® pl anar
bus 270 are a intercnpecfed ARG 81626 tHtIBOr tINRVAPR BBAL Sass BhbwrA Int Higy.

di spl ay adapt%r 275 (which is used to drive the nonitor 20), a clock 280,
addi ti onal random access nenory 285, an RS 232 adaptor 290 (used for serial
|/ O operations), a printer adaptor 295 (which can be used to drive the.

prineer 80), & eiierHilheed s ke'dohip iR B flaeiOd WhLED, G0ORBEALES s ikt he

di sk drive 70), an |nterrugt controlTer 310 and read o menory

buf fer 253 pr GFde¥0-anThePérgarchup2ffcincluden addrmes 952 apd cRRtHP i onal

feature bus suehpéents MepécriChnanetodpivh Neng3efe pEsHa2SHEN o ket B
M cr o- Channel (TM. s Devi ces such as nenory 331 may be coupled to

ket s.
the bus 320. WRFt tnggaIe}PiPd??a'f&ﬁ% AR PEer L ErEgReRES FYY a8 Hhh ALTRIAY 350,

such data adaptor 275 (which is used to drive the monitor 20), a clock 280,
\—/ . additional random access memory 285, an RS 232 adaptor 290 {used for
. serial I/Q operations), a printer adaptor 295 (which can be used to
d:ive the_p;inter 60), a timer 300, a diskette adaptor 305 (which
cooperates with the disk drive 70), an interrupt controller 310 and
read only memory 315. The buffer 253 provides an interéace_between
system bus 250 and an optional feature bus such as the Micro-Channel
(TM) bus 320 represented by the Micro-Channel (TM) sockets. Devices
such as memory 331 may bé coupléd to the bus 320,

While data for cache writes méy be derived from memory 350, such data
may also be derived from other memory such as meﬁo:y installed on the
Micro-Channel (TM) bus.

In a conventional 80386/82385 microcomputer system, the user is faced
with selecting one of two unattractive alternatives in connection with

memory operations and particularly operations following a read miss.

In such a system, during a read cycle, the microprocessor 225 places ah
add:eés on the address component of the CPU local bus 230. The cache
control 260 responds to the address and determines whether the required
information is contained in the cache memory 255. In the event that

the information is found in the cache memory 255, the cache memory 255



may al so be derived fromother menory such as nenory installed on the "/
M cr o- Chagpeebs{obs) bus. I n a conventional 80386/ 82385 m croconputer sysitem
the user is faced with selecting one of two unattractive alternatives in «
connection with nmenory operations and particularly operations follow ng a
read miss. In such a system during a read cycle, the mcroprocessor 225

pl aces an address on the address conponent of the CPU | ocal bus 230. The
cache control 260 responds to the address and determ nes whet her the

required information is contained in the cache nenory 255. In the event
t hat the isnpPEdrAssPen iitsPIangRdthen dptre Bt dABNSPPPISDt 9héhe felofdtory 255

BCO- 88- 0Gkus where it is available to the micicpredédReSesh. | in RhaCéfenthenadata on
t he data congonent of the CPU |ocal bus where it is. %ggll ble to the

M cr opr oceEs SPEFTLIH FeHETEG it PP Hhfe PAPDARER 0P e iFR e €2 in
t he cachecopol 2685nablée rthelienfrae Biocssitthak @0 addrelskesan be gaské®r 240 so

that the addrgss be. pass fromthe CPU |0 b 2 t yst em bus
250. V\henéﬁoﬁ'e%ee(ﬁ:&gﬁeogaéﬁ’dlrseggo rtga%eessyf%eénuls’?/ss%ghf b@%?&ei ?e‘#“gga%ai | able -
t 0 nenor yaddBesare¢acliescthe systémduef230 b iscavaileble\tot memcghaddcerdi stics of

the menorye«dpl, ﬁeEfo@%‘i”@ﬁ%eQecﬂﬂt:@d%p@ﬁ’é $hPadtles a8 COTRENRAbrP! he _
system bus 250. "The data 1s coupled through the buffer 240 where 1t is then

avai | abl e3%%ot the @dgrResed (dptandpReRYyS 2005 th Fatd IORBORINE BhridecEBLN IS The
i nformat i 259 Wi te B&td!S80cdudblbdheIEIE tHB BUEYer 220t Ghe2@ ¥¢ iikt Efent herein so

that in the event the same infornmation_iLs required, .a.further a ss to
ronory SEPHEANTR PP 5P BRP caeREaIopss APCHS tORrRGERIC RIS fetory. on
t he pl anarhebtiisf&matixn ehll ive wygpdd dmaihel eather sengxry. 295 tbhee gatetenl t he
optional feabul & oys, §Qd£%s§.é f eh{BkLROTY if’ér&ﬂigheﬂ &E%&ﬂ%ﬁ uffer 253 to
menory on lfeehe optoi ona ea}f ur e l'B.'us.é_T%a%“an’f“rom such ‘menory 1 s coupl ed batks
t hr ough bfMrtber 28gesss kot Remoyls3505ds tnptt peguired. Similar operations can

occur with memory on the planar bus 270 or on the optional feature bus.

In the case of the optional feature bus, address information is coupled

through buffer 253 to memory on the optidnal feature bus. Data from

such memory is coupled back through buffer 253, system bus 250 to the

CPU lncal bus 230 via buffer 240.

As has been mentioned, however, the characteristics of the 82385

require that information extracted as a result of a read miss be

available at the CPU local bus for writing into the cache'memofy 255

before it is required by the processor 225. In other words, the timing
_requirements placed on the Memory 350 or other memory by the 82385 are -
more stringent than the timing requirements dictated by the 80386. The /

manufacturer of the 82385 thus suggests that the user can either:

1) select memory elements (such as the elements
361-364) in main memory 350 or other memory to
be fast enough to meet the timing requirements
of the 82385 with a specified wait state, or

2) ensure that the dual operation initiated by a

read miss occupies an additional wait state.



CPUd.ocal bus 230 via buffer 240. As, has been' nentioned, however, the

charégleristicﬁF%TF&f ¥ 82385 require that inPormation extracted as a result
of a read mss he available at the CPU |ocal bus for witing into the cache
menory 255 before i.t is required by the processor 225. 1In other words, the
timng requirements placed on the nmenory 350 or other nmenory by the 82385
are nore stringent than the timng requirenents dictated by the 80386. The
manuf act urer of the 82385 thus suggests that the user can either: 1)

sel ect menory t el De e L= : o k 350 or
ot her nmenory t% ?ge?-abscet ﬁgﬁléﬁ&tgghﬁwe'ettﬁt he t§> f%@#ﬁ?@ﬁ%%l@%&é@%ﬂ%e 82385
fald

with a specifi EREWIAPReNSt ke selpgt ope ofs fuguade amratipes by bm effect

initiated by aeligdfa€ingStRe Gupimentniaddy leqiflentits dibedda by the9%L8:006
8 As will be descrlg%% bel oy, &39 resent invention elimnates this

requi rement t oC¥BFBE12GnEC JhE I euRHDE, TRAVET SRGNEF RERCHR L Path, mepqry. 50

el i m nating t her sthengenbry iate np merplisteimens thant eicad dictabed agctire cont rol
260 so that the, {0l r ..ements placed on main nenory 350 or ot her _
menory are nohﬁ%%%ggggfﬁggﬁ?gfhan those dictated by the m croprocessor 225.
In order to inplenent the invention, the cache control 260 has added-to it

several |00giC gl FESE So BRYIRAGNL Qﬁemﬁtﬁmpﬂfé hohd lcbiiSlb & nhE ddala &
t he det al eg

Fig. 3 shows, in block diagramform conponents of the cache
control 260 anit tSe¥eraichegiferbeaensss Peyprd thari338a| dhipyas tigeiblysteatfdnde y
255 is coupl edrifn Bhe data el enent of the CPU |local bus 230 and via the
| atch 255L to the address conponent of the CPU | ocal
Fig. 3 shows, in block diagram form, the detailed components of the
\_/ éache control 260 and the cache mémdry 255. More particularly, the
_cache‘memory 255 is coupled to the daﬁa element of_the CPU local bus
230 and via_thé latch 255L to the address component of the CPU local
bus 230. 1
_ . : o
The cache control 260 includes the 82385 cache controller ag,well as a
ldgic element 261, Fig. 3 shows those output signals of the 82385
which are pertinenﬁ to cache write operations. Those include the cache
latcﬁlenable {CALEN), the cache write enables including CWEA (for bank
a4) and CWEB (for bank B) and the chip select signals CSO, CS1, CS2 and
Cs3.

As shown in Fig. 3, logic 261 receives, as inputs, the CWEA and CWEB
along with two clocking signals, CLK and CLK2 (the former is exactly
half ﬁhe rate of the latter) and BUSRD (indicating a system bus read).
BﬁSRD becomes active for operationé which take place on the system bus
250. Any memory (othei than cache) read takes place (at least in part)
on the system bus 250,

Logic 261 responds to its input signals and under the appropriate
circumstance generates DCWEA (Delayed Cache Write Enable A) or DCWER
- (Delayed CapheiWrite_Enable B). More particularly, in the event CWEA



bus 230. The cache control 260 i'ncludes the 82385 cache controller as weld
as a | ogigpochsrmegt 261. Fig. 3 shows thgse output signal's of the 82385
which are pertinent to cache wite operations. Those include the cache <
| atch enabl e (CALEN), the cache wite enables including CAEA (for bank A)
and CWEB (for bank B) and the chip select signals CSO, CS1, CS2 and CS3. As
shown in Fig. 3, logic 261 receives, as inputs, the CAEA and CWEB al ong
with two clocking signals, CLK and CLK2 (the forner is exactly half the
rate of the latter) and BUSRD (indicating a system bus read). BUSRD becones
active fois aptive: b BUGRD dis ectidaep(thve wmishekablytindibasingsd ready nenory

(other 1harsPAGRR: 43fe t%‘fépﬁ'a%&ecﬁn@toévﬁﬂsd‘unnbc?ade%r%dt hemsgsj;ﬁ@ bus

250. Logic 261 responds to its.input signals and under the appro ate
ci r cunst SREB1Gfn &R Jthes PERIRPAS (T PR\ ASHive (HEB IS vellfabhn asfite B

(Del ayed tmathge \ehet@pEaﬁﬁaQeB&mel\m&mpaﬁl o4l guneyatddn the event CV\EA
BC9- 88- 006 9 is active and BUSRD is active (thus

unm stakably indicating a read m ss), then at the appropriate time DCVEA
wi || be geheeledied261 puapttisk BCWESS Ahd IDCWEBR dalth g&roesemea ﬁipzantcacﬂheve CWEB as -

wel | as Q§§D h t p
gener at ecaigL %ﬁﬂtleﬁ R ia%u?gﬁftfr%pﬂ% E’)%%% prow ditla\4 a% ipsﬁﬁut to
t he assocﬁ%e@qnégnz igaee fZ‘eBM’Gr agpTRatedh ohtpift pﬁe@e 823853 hdesogrtecei ves a

cor r espongg3adhdd Res Jehep mﬁtaﬁm@a@i 8¢ @ithPalg Qhixdi8eB7633Onad 185 gat e 263A
has its other jnput provid by CWEA and |ikew se 263B has its other input

provi ded PpeEvimBut proydded lbéSn ‘the |l ogic gates 263A and 263B, the cache
control 260 further includes a buffer 262 conprising buffer el enents
262a- 262e, '

3

'Oggﬁtion to the logic gates 263A and 263B, the cache control 260
further includes a buffer 262 comprlsing buffer elements 262a—262e, one
for each of the signals CALEN, CSO, CSl Cs2 and CS3_ As shown in Fig.
3, each element of the buffer 262 is a logic gate which is permanently,
partially enabled (by one input being tidd to the appropriate
potential). The other input to the buffer element comes from the
corresponding ocutput of the 82385. The bufput of the buffer element "
262a is input as the control input ﬁo.the latch 255L. The cutputs of
the buffer elements 262b-~262e are directly input to the cache memory
255 as Cs0-Cs3. |

Before operation of the components of Fig. 3 is éescribed, reference is
made to Fig. 4 to illustrate appropriate timing. _ -
. : U
Fig. 4 shows three timing diagrams. Each of the diagrams'begins at the
time a system bus operation occurs, i.e. when BUSRD becomes active.
The line labeled 80386 shows that at a time MT1 following commencement
of a read miss, data output from memory is valid. The time MT1 is the
timing tolerance imposed on the memory by ti:~ requirements of the
80386.
-
On that line of Fig. 4 labeled 82385, the timing requirements im?osed
by the 82385 are illustrated. More particularly, the 82385 generates



for zeach of the signals CALEN, CSO ,CS1, CS2 and'CS3. As shown in Fig. 3,
each g ement FCor¥EO88ffer 262 is a Togic glte which is per manent |y,
partlally enabl ed (by one input being tied to the appropriate potential).
The other input to.the buffer elenent comes fromthe correspondi ng out put
of the 82385: The output of the buffer elenent 262a is input as the
control input to the latch 255L. The outputs of the buffer elenents
262b-262e are directly input to the cache nenory 255 as CSO CS3. Before
operation of t C fonk [ e e d

Fg. 4 10 [11 GaraapupoRanach srat hatle dued il BEuval SoaChih hindiD°6y e
di agrans. EaclFige ¥%{e gt%gﬁhrﬁb tbﬁﬁlh?fméﬁ vehid date is soanizad Mstbﬁ)@ﬁ’éﬁ-on .
occurs, i.e. whag BYORD HRGsMe A6td LerinkBAt [diRend %&bﬁ%&&@&ﬁwﬁhwtﬁ&at

at atime M1l follow ng commencenent _of read m ss, ,data output from
menory is val i%3%% rf'é’“‘?%’f’? o 1thesme%fe 1P’i"rﬁ"ﬁgt‘c“&F’8r%ﬁ%‘ér?“fﬁ§‘6§e@B@h h&E%renory
by the requirseseeis of the 80386. On that line of Fig. 4 | abel ed 82385,
the timng requirenments inposed by the 82385 are illustrated. l\/bre
particularly, the 82385 generates - BC9-88-006

10 CVEA and C\HEB. s4icllsb hebiows athede fifsick qnﬂs:hebls:gavamlablt@rfermtrmutmy-ybythehe

time M2, i.epchbadda/BF ook Rey@ld Seddet1bgid QEIP'J(%% ol st 00l Bn, Tus

Fig. 4 shovvs che nore stringent TIm ng requi renment e 82385
conmpar ed to tHWARY ceppiNamanty ofi the BR2RA-r et Ea{‘[lé’Piil)lyofﬂt%Bc‘@?SSBd/qﬁ g.

4 3} SO shovv% td%fs@{éz@c?e?fﬁea% ltﬁQ'é%JeZ?ﬂ!' shbin inaFid. C?”éH L:Ml}[\pétrgﬁ £COEA
and/ or DCWEB outputs. 0 e |ogic nore_| eni ent, tining
requirenments RS, T B’értthllﬁtﬁejta t%h@weé’ﬁdﬂﬂl "B\WCEB ar e

del ayed by t heregdetemen ts fufwahe 180586).axé R Omlﬁpitﬁ.ﬁihcj pedpiirements imposed on
/ . main memory 350 in the event of a read miss. This enables more
' inexpensive memory components to be used as compared to the components
which would have been :equlred for the 82385 in order to complete a
read miss within a specified number of wait states.

. i v
The 1nterna1 components of the logic 261 1mplement the following logic

equations:
/DCWEA: = /BUSRD & /CLK_& /CWEA
/DCWEB: = /BUSRD & /CLK & /CWEB

where the operator "&" is a logical AND, the operator “/" represents
negation and the other signal elements (aside from BUSRD) have already

been defined.

figs, SA-5C are useful in explaining the operation of the elements
shown in fig. 3. More particulariy, Fig. 5A shows a typical CWE
signal. The signal has two transitions, a first low going transition
and a second high going transition. The cache 255 is arranged to
effect a write event on the high going transition of CWE such as is
illustrated in Fig. 5A. '



CWEA and CWEB. Thus, by this-delay, the npre lenient tinng requi rerrents,of
t he 80386gay-8slbws onI y timng requi remaats i nposed on main nmenory 350 iQr
the event of a read miss. This enables nore inexpensive nenory conponents «
to be used as conpared to-the conponents which woul d have been required for
the 82385 in order to conplete a read miss within a spéecified nunber of

wait states. The internal conponents of the logic 261 inplenent the
following |ogic equations: = /BUSRD & /CLK & / CNEA / DCVEEB: = /BUSRD & / CLK
& /| CWEB where the operator "&" is a logical AND, the operator "/"

r epr esent Bihe§ht showsatubichb GHERICWE apviithe| awkpnt oI bke¢ gate r(@ALBUSREZA have

al ready bgprnedg] ifeda fdalSmisr eofaidién VA owhnor?)ﬁpkﬂ'é%' Pohd, NenoORGEAL I ON Of
the el ements shown in Fi g b3 More particu y, Fi.g. SA shows a typi cal
S

CVE si gnaPiontleisidgRaratedsby whet§238s t AT aarF‘F‘? §'t’~s¥ FRngLFeg . t ™ignsi ti on
and a secodgicheUdned@i 76} Gerdyaitks Ghe DdWE @ardiRd2Hom ShélowBNgednt o ef fect a

wite event on the high golng tr I,tio h.as is illustrated in
Fig. 5A apprgegl%gf 86 Y. 'i'heg 1:{11.?:{1 ilne OQ:' Flg.qé\E ?lf% eél G%'E:)Sﬁg f: T)i cal
CVE, DCVEcetmhtt b2 thet ipriropfidtecgatat d2¢3A bhel63BP3AMore 2a3B)cflarliy thead ni ss

condi tion etlf& SQP‘;% ot b3 tas'é;ri‘?sw % GgWhanit 'ﬁirédfggﬂe{sa&exdesl&! glhe

82385. Una are SS con Ition, o IC € enerates the .
DCVE del ayécrhrerbwmenmawtann e(-'i!@ﬁ op¥heat @lﬁjﬁmwigm-b Wﬁ#?@eFlméuGh Fig.

5B (I abel b@ﬁlgGéIQsﬁMs thbegacaatmtpuefretmaen@aa&%aaaw oFatke 1403ApAE 263B).
More particularly the output of the gate 263 has a ov:/v%g%nqgﬁntranmtlon

produced 5£°% DFEEy| £tofs Pﬁ%y I"‘Sﬁf‘g%wﬁgg‘ﬁsah%?b( that che. © Ehedetei gnal

under goesgaedihgfh so that timing of the write event is occasioned by the high
going transition of DCWE. As is seen in the third line of Fig. 5B, the B

write event is delayed by the delay interposed by logic element 261 as
compared with the high going transition of CWE.

Fig. 5C shows the operation during a cacﬁé write other than cne
occasioned by a read miss. The first line of Fig. 5C (labelled CWE)
shows the CWE signal as canerated by the 82385, Becaﬁse Fig. 5C
illustrates a cache write not occasioned by the a read miss, the DCWE
shows no transition at all (BUSRD remains inéctive). Accordingly, the
ocutput of the gate (263A or 263B) is synchroqous with the CWE such that

the write event is not delayed at all.

In an embodiment of the invention actuélly constructed, the duration .
DELAY is on the order of 25 nanoseconds. : o/

The logic equations which have been referenced above are reproduced
immediately below. In this material the symbols have the following
meanings associated with them:



going transition, the gate output remains | ow because of the |low input from
DOWE. . It is ordcp-sdra@eDCVE goes high that th& output of the gate goes high
so tHat timng of the wite event is occasioned by the high going
fransition of DCWE. As is seen in the third line of Fig. 5B, the wite
event is delayed by the delay interposed by |ogic elenment 261 as conpared
with the high going transition of CAE. Fig. 5C shows the operation.during a
cache wite other than one occasioned by a read mss. The first line of

Fig. 5C (|l abelled CANE) shows the CWE signal as generated by the 82385.
Because Fig. 5C illustfRd o S2ERUNPEte not occasioned by the a read

m ss, the DCWE shows ng transi iNegatiain al | (BUSRD remai ns inactive).
Accordi ngly, the output_of the gate, 2 i.s synchronous with the
CVE such that the wité event iAsg%‘ths%g%ﬁfgémhgagﬁ .tgl n.an enbodi ment of
the invention actual | y=const r udt eembimatoxigdatéxmn ®MaAYtes on the order of
25 nanoseconds.- The | ogi ¢ equatjisgRsaMaksh have been referenced above are
reproduced i medi ately below. In"this material the synbols have the

fol | owi ng nmeani ngs. assdci at ed e8hcah&k BC9- 88- 006 -

12 Synbol Definition / Negation : = A registered term
equal to A conbinatorial term equal to &: Logi cal AND +
Logi cal OR Logi ¢ Equati ons /BUSRD: =BUSRD & BUSCYC385 & /BADS & / (BWR) &
CLK (1) + BUSRD & / pbdileChquiaE3gss & / (BWR) & CLK
/BUSRD:=BUSRD & BUSCYC385 & /BADS & /(BW/R) & CLK (1)
+ BUSRD & /PIPECYCLE385 & /(BW/R) & CLK
N\ + /BUSRD & BREADY

+ /BUSRD & /MISS1 + /BUSRD & /CLK

/BUSCYC385:=BUSCYC385 & /BADS & CLK ' (2)
+ BUSCYC385 & /PIPECYC385 & CLK , )

+ BUSCYC385 & /BT2 & CIK »

+ /BUSCYC385 & BREADY + /BUSCYC385 & /CLK

/PIPECYC385:=PIPECYC385 & /BADS & /BUSCYC385 & CLK & /BREADY (3)
+ PIPECYC385 & /MISS1 & BT2 & /BUSCYC385 & CLK & /BREADY
+ /PIPECYC385 & /CLK

/MISS1:=MISS1 & BUSCYC385 & CPUNA & /BADS & /(BW/R) & CLK & NCA  (4)
+ MISS1 & /BUSCYC385 & /BADS & /(BW/R) & CLK & NCA & /BREADY

+ /MISsl &'/CLK

+ /MISS1 & BREADY



+ /BUSRD & BREADY + /BUSRD & /M SS1 + /BUSRD & / CLK / BUSCYC385: =BUSCYC385
/ BADS & G g | (2) + BUSCYC385 & /Pl PECYC3SE
& CLK + BUSCYC3EY & /BT2 & CLK + /BUSCYE385 & BREADY + /BUSCYC385 & / CLK. |
/ PI PECYC385: =PI PECYC385 & / BADS & / BUSCYC385 & CLK & / BREADY (3) +

PI PECYC385 & /M SS1 & BT2 & / BUSCYC385 & CLK & / BREADY *+ /Pl PECYC885 & / CLK
/M SS1: =M SS1 & BUSCYC385 & CPUNA & /BADS & / (BWR) & CLK & NCA  (4) +

M SS1 & /BUSCYC385 & /BADS & /(BWR) & CLK & NCA & / BREADY + /M SS1 & / CLK

+ /M SS1 & BREADY BC9- 88- 006 13 / CPUNA: =/ M SS1
& CLK & CRiwRa&=/MISEAGHELK & CPUNA & /NACACHE (5) + /MS38)& CLK &
CPUNA & / C 5 /CPUNA & /M SS1 & CLK +

/[ CPUNA & %?é%ggh%E&¥% X%J %&é’%’é3 CACHE & CLK /BT2: =BUSCYC385
& Pl PECYCBYSPENA BADSLIE +C/GPUNABY 2/MISS1 & CLK (6) + BUSCYC385 &

/ Pl PECYC3_85 CACHE & BT2 + M SS1 & /BUSCYC385 & / BADS &

/[ (BWR) & é&u@éﬁ&%@-é DY + /M SS1 & / BREADY & /BUSCYC385 & CLK + /BT2

& BREADY & /QRUMCHEBUSGYCERS & NRIBCHEnS tHE f or egoi ng | ogi ¢ equations the
fol |l owi ng S|gnals are described or referred to in the cited Intel

publ i catly BADS
=BUSCYC385 & PIPECYC385 & /BADS & CLK & BT2 (6)

+ BUSCYC385 & /PIPECYC385 & BADS & CLK & NACACHE & BT2
+ MISS1 & /BUSCYC385 & /BADS & /{BW/R) & CLK & NCA & /BREADY
+ /MISSl & /BREADY & /BUSCYC385 & CLK )
+ /BT2 & BREADY & NACACHE _
+ /CLK & /BT2
| o

In the foregoing logic equations the following signals are described or
referred to in the cited Intel publications:
1

BADS
BREADY
{BW/R) actually referred to as BW/R, the

parenthesis are used to indicate that the

entire term is one signal
CLK |

BADS, when active indicates a valid address on the system bus 250,
BREADY is a ready signal from the system bus 250 to the CPU local bus </
230. BW/R defines a system bus 250 Write or Read. CIK is a processor

clocking signal which is in phase with the processor 235.



BREADY (BWR)B _ gg&qéally referred to gs BWR the parenthesis are used to
i ni cat e t hat heeC re termis one si gnal" " CLK BADS, when active indicates
a valid address on the system bus 250. BREADY is a ready signal fromthe
system bus 250 to.the CPU | ocal bus 230. BWR defines a system bus 250
Wite or Read. CLK is a processor clocking signal which is in phase with
t he processor 225. BC9- 88- 006 _ 14 Equati ons
(1)-(6) define: BT2 BUSCYC385 BUSRD CPUNA M SS1 PI PECYC385 in terns of the
defined signakguatiibes S190ed)sagesmeri bed or referred to in the cited Intel
publications and NCA and NACACHE. BT2 reflects the state of the system bus
250. The state BT2 is a state defined in the cited Intel publications.
BUSCYC385 al ser2zeflects the state of the systembus 250. It is high for bus
states BTI, B;&?C‘E}'&? and | ow for bus states BT2, BT2P and BT2l (again
these are bus™statés referenced in the cited Intel publications). /BUSRD is
active duringBbgRRds occurring on the systembus 250. CPUNA is a signal to
t he 80386 all e%\@fﬁ);g pi pelined operation. MSS1 is active defining the first
e c

cycle in a dou S ycle for handling 64 bit read to cacheabl e devi ces.
MI - :

PIPECYC385 in tefms of the defined signals, the signals described or
referred to in the cited Intel publications and NCA and NACACHE. BT2
reflects the state of the system bus 250. The staté BT2 is a state
defined in the cited Intel publications. |

) BUSCYC385 also reflects the state of the system bus 250. It is high for
bus states BTI, BT1l, BT1P and low for bus states BT2, BT2P and BT2I
(again these are bus states referenced in the cited Intel

publications). '
/BUSRD is active during reads occurring on the system bus 250.
CPUNA is a signal to the 80386 allowing pipelined operation.

MISS1 is active defining the first cycle in a double cycle for handling

64 bit read to cacheable devices.

PIPECYC385 is active during BT1P (whiéh is a bus state referred to in
the cited Intel publications.

NCA is a signal created by decoding the address component on the CPU
local bus 230 to reflect, whén active, a non-cacheable access.
Cacheability is determined by a tag component (A3l to Al7) and
programmable information defining what tags (if'any) refer to cacheable

as opposed to non-cacheable addresses,



PI PECYC385 is active during BT1P:(which is a bus state referred.to in the,
cited Intstodagbbdeati ons. NCA is a signal created by decoding the address.
conmponent on the CPU | ocal bus 230 to reflect, when active, a non-cacheable -
access. Cacheability is determned by a tag conponent (A31 to Al7) and
programmabl e i nformati on defining what tags (if any) refer to cacheable as
opposed to non-cacheabl e addresses BC9- 88- 006

15 NACACHE is a signal simlar to the BNA signal. BNA is a system generated
signal reguesting a next address fromthe CPU |.ocal bus 230, and is

r ef er enceWAGATHERES @ sigpafinsinilpnio Ehe iBYAsSimAEAENE 8 °f &¥stemr om BNA only

i n respechediratb® Jighil rRghe RNy i S nekealaddedDErar ene asive 10611l BudAGHCHE i S
created for_ g 64§cache .So long as_th callg‘:g'ec' n;am)ry is 32K, as cited in
the Intel *Plide EiaToReSt AR TBRCATHE IPtHaPUbEraFTRE -t YREFR LSHPEF Srom

repl aced bya tdndyBivAresgmpeal of ltheafawdnbitell BERtisactestlel yEqxOASK rdachecvhibe | 0gi C
el enment 2 in the form of pr.ogr a I i ray.. |t sho be
appar ent a\@%t fie rcrg?lféfdf Sﬁ e rsglf cha\f: gé'dg\g? goe{g (L:%géh%eg%csh gdm?m(?rﬁelrsf g %gﬁ t he ;
i dent i cal a§ iwicedoin the IHEE1l 3wb0OGtions the NACACHE signal referrk@ b Mek& 1. A
data processide USR8y df BuR'AGESE0N & CA6DARend LRGNyt O- M N menDry
interface and a cache controller a agted-t_o enerate separaté control
signal s f6pnstayatekghackasirtelegent) 26esinscin giet ™ At He PregraPaghify cache
wite enabbgucshgrdy).s, r1@nlloblt beSgRaked thhe dthebnant@ithageldgiicor der to

rovi de data access_ as required_by the processor, -~ . -
P gex?ic_:es can be usedqto perfoxXn t{;'e i%enticai %unction.



V\,herel n | ogi gedgglhber posed between the caghe controller and the cache,
recki;ving control signals that relate to both the cache and the cache
knterface, incliuding cache wite enable signals,to delay the sanme in the
presence of received conbinations of control signals indicating a cache
read mss. 2. , Asystemas clainmed in claim1, wherein the cache is a
multi-chip nmenory and the | ogic al so connects chip select signals fromthe
cache controller to the cache and further conprises buffer nmeans for

del ayi ng transmi ssion of the chip sel ect ggiagnsl s, the buffer means having
an input for each of the chip select signals and an output for each of the
chip select signals, outputs of the buffer means being coupled to chip
select termnals of the cache . 3. A systemas claimed in claim 2,
wherein the buffer means further includes an input for a cache Iatch enabl e
signal fromthe cache controller and an output coupled to an address | atch
of the cacheld. A faty Prefrssdng|sysHER hRHinthy PYRSEEERYTgactashfh MY eidn t he

Processor, Caabke-toandid ReryOidtRl ok ahdtL chake caﬁ&dlméﬁraaeﬁfmtsd by a
| ocal bus, and the interface connects to F’l \E/ us to. wh he mai n
ar, SR

menory is cofRBTIREE, SERTEA LSRR nﬂ%% afcitf"gft’ﬁﬁaﬁ‘fé rF%%ﬁf&ngfve
to a det ect edhe emetha) sinclwdiochigt cahef write nagsaduluem iragpeatf of rehki cacher om

the | ocal busnlg.dlie Syste tagngoeideawssasacggs euiPpd H0:f0Brocossor,

17 mai n nmenof Pesponsive to dat
retrieved frmrm ilms:nr Iirermtyrn h?h@amt@mouﬁe' pet dhegashgnder

control of ar@l:’énfzﬁadcdh@%i Q4 §éﬁn b¥\€ﬁ %h@&:éeﬂ&oaﬁdhﬁh&%ﬁgﬁe pl ace
when enabl ed b el aye cacevvrltonbia Ie Si A system as

claimed in c|la¥?ﬁf&°emf@rcé?#nsh%afé‘ys‘f%ﬂﬁebwqaés &S’pF%JcFYi Bh%lﬁaB?)tﬁnoH%?
featdre bus pRe¥dticehofl raBelVel ENDiALEichsCORIRbAEEIINsBYalls indicating a cache

read miss.

2. A system as claimed in claim 1, whe;ein the cache is a multi-chip
memory and ﬁhe logic also connects chip sélect signals from the cache
controller tb the cache wemesy and further comprises buffer means for
' delaying transmiésion of the chip select signals, the buffer means
having an input for each of the chip select signals and an output for
each of the chip select signals, outputs of the buffer means being

coupled to chip select terminals of the cache memess.

3. A system as claimed in claim 2, wherein the buffer means further
\_ includes an input for a cache latch enable signal from the cache

controller and an output coupled to an address latch of the cache

meMONYy

4. A system as claimed in any preceding claim, wherein the processor,
éache, cache controller and interface are interconnected by a local
bus, and the interface'connecté to a system bus to which the main
memory is connected, the cache controller including first means
responsive to a detected read miss condition for passing addresszng

information from the local bus to the system bus for addressing the

:\
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a way that the nenory device Can be addressed and data so accessed returne 9
to the | oB&P-#r0Gi a the system bus. 6.17 A systemas clained in clai m4-of
claim5, wherein the control signal conbination to which the Iagl Cc responds
to generate the del ayed cache wite enable signal is the concurrence of a
cache wite enable signal and a bus read signal. 7. A system.as 'l ai ned
in any one of the preceding clainms, wherein the cache includes a first and
a second nmenory bank and, correspondi ngl y, first and second wite enable

I nput s, r r a fi /vvr te &n out put
corresponH‘ nlg;qrtfeglgt% %P ?egct%g?fe“%ng %£%§ 5°s‘{§§%n° %hsé’ &f ?’8 Senabl e

out put coretsinyedi frem the mein @@GRHY rﬁemqnpbam( th cﬂattlaetqje:hayldcag

separ at el Xxn&@ﬁ%ﬂﬁ'&cﬂgofoa g iéaﬁséoﬂrofesqgﬂgl 5 hg 5 ;RUtS of
t he cache Jer tacgéoduoae first or sécond del aye Te “Wr i

enabl e si GRAENARL §}5€ﬁi@’i‘ﬁ§ﬁ fenakle sigradeond write enabl e input. 8.

A systemas clained in cI aim7, wherein the logic includes a gate

connecting to the first enab) e i nput and responsive to a first cache
wite enag’l e JuepEte™ Fﬁn‘f\%ﬁﬁe%d‘(‘,’h &5ty SPPEFIM Khe (Systen BE uis 6APIAS) ayed
cache wi tte anapkiormlgficdtulre lusabb evhiibl & memidrybaekicends acoPlé® IAOAHNNY
second gate,, l,ve d.cache enabl e out ut frogthe
control | etra nf§§gg§£r?\éu?ér“g’nt§ % ggeda%c%%haedw\fv?ﬁeg ae"r‘l%lﬁlf 2 & gﬁ‘é‘feslSS‘En nabl e t he
second bafrRtWinedt Fe t@ecmleblwol"ea itheusystem bus.

6. A system as claimed in claim 4 or claim 5, whereln thehcontroldre
. < L&)
signal combination to which the logic respondsbto generategaluelayed‘ j
. cache \/
write enable signal is the concurrence of é‘wrlte enable signal and a

bus read signal.

7. A 5ystem'as claimed in'any one of thd preceding claims, wherein
the cache memesy includes a first and a second memory bank and,

correspond1ngly, first and second write enable 1nputs, the cache
e
controller having a flrsﬁlwrlte %?able output correspondlng to the
. cache : :
first memory bank and a seconQ‘write'enable output corresponding to the

second memory b:ﬁf;fnd the delay logic separately rgsponding to the
first or second‘write enagiikgutputs of the cache controller to produce
a first or second delaye?‘wrxte enable signal at the corresponding
f%rst or second write enable input.

N/
8. A system as claimed in claim 7, wherein the logic includes a gate
connecting to the first write enable input and résponsive to a first cache
write e:gf&s output from the cache controller and to a concurrent
delayedlyrlte enable signal to enable the first bank and a
corresponding second gate responsive to a second‘wr1te enable output
from the controller and a concurrent de1a§:d£;r1te enable signal to

enable the second bank via the second.enable input.
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