s
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are incorporated herein by this reference. The use of cache subsystens _
i n mcroconput er systems | eads to a number of attractive operatiRGMP's cofY
advant ages. B@caﬂﬁﬁaﬁt he advant ages which are derived fromthe use of a
cache .subsystem depend, in part, on the size of the cache nenory, there is

a desire to increase the size of the cache menory. M croconputer systens
enpl oyi ng cache subsystems ar e in effect dual bus m croconput ers. The CPU
and cache subsyst em ar BERORPMEVTIER SYSTEM HFPLQ eferred to as a
CPU | ocal bus. SepafcahRrdu QmmmzﬁﬁUThQ@WMDI @Ac&msmmm Bumcrey Whi ch

ot her devices (1/0O devices, additional nenory, efc.) can be connected. The
presence of the cache subsystem relieves the systembus from any read

menory accesEESCAIPTEONext ent that the information sought is also found in

t he cache subsystem Because not all desired information will be found in
the cache subsystem and wite operations are usually directed to both the
cache subsyst éfneaprkseot nimventyion helatesuse sohicwmersmties systemcawhacte on

bet ween the ﬁéﬁﬂi@&igyi§ EB“; EE@E&@E&bdég%aLyJ¥gﬁ'employing a cache subsystem with

an 82385 cache controller, which cache subsystems include at least 64KB

cache memory.

This epplication is related to the following copending applications,

all assigned to the assignee of this invention.

European Patent Application No.89302135.2 Publication No.0343768, in
the names of Ralph M. Begun, Patrick M. Bland and Mark E. Dean,
entitled "Method and Apparatus for Selectively Pesting Write Cycles
Using the 82385 Cache Controller"; i

" European Patent ApplicationlNo.89302162.6 Publication No.343770, in
the names of Patrick M. Bland, Mark E. Dean and Philip E. Milling,
entitled "System Bus Preempt for 80386 when ﬁunning in an 80386/82385

Microcomputer System with Arbitration®;

European Patent Application No. 89305306 & Publication No.0343©88, in
the names of Patrlck M. Bl iand, Ralpn M. Begun and Mark E. Dean,
entitled "Control of.Plpellned Operation in a Microcomputer System
Employing Dynamic Bus Sizing with 80386 Processor and 82385 Cache

Controller"; and

Eurcpean Patent Application No.89305307.4 Publication No.0343989, in
the names of Ralph M.  Begun, Patrick M. Bland and Mark E. Dean,
entitled "Delayed Cache Write Enable Circuit for a Dual Bus

Microcomputer System with an 80386 and 82385".
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Caching data froma menory device to support fast access times froma given.
CPU is not a new idea. Many systens containing first and second | evel '
caches have been devel oped and mar ket ed. Because CPU cl ock speeds are

I ncreasi ng, WeRc®-4035turn is reducing the = ninumcycle tinmes, caches are
bei ng -devel oped for personal conputer systens to nmaximze their

performance. Many conpanies (Intel, Htachi, NEC, Toshiba, etc.) are

devel opi ng and marketing cache controller chips and subsystems. Mst are
limted by theThadiscloturgvef Ithe| foreggimnrrariacersmerahed heypody Bhifaxi num
of 32KB of caGherdrica RAM - A popul ar class of dual bus mcroconputers

i ncl udes the 82385 cache controller. As sold by the manufacturer, the 82385
cache controller is limted to handling cache nemory of up to 32KB. It

woul d be desi r ahé aiseOof NEKRAE SERbERE i@ PAE i ¥rcompliiee rC 8gdtemaeDadd¢ td ssuch

m Crocc”nDUternumber of attractive operating advantages. Because the advantages
which are derived from the use of a cache subsystem depend, in part, on
the size of the cache memory, there is a desire to increase the size of
the cache memory. Microcomputer systems employing cache subsystems are
in effect dual bus microcomputers. The CPU and cache subsystem are
connected together via what can be referred to as a CPU local bus.
Separate from the CPU local bus is a system bus to which other devices
(I/0 devices, additional memory, etc.) can be connected. The presence
of the cache subsystem relieves the system bus from any read memory
access to the extent that the information sought is also found in the
cache subsystem. Because not all desired'information will be found in
the cache subsystem, and write operations are usually directed to both
the cache subsystem and to memory, there must of course be some

connection between the system bus and the CPU local bus.

Caching data from a memory device to support fast access times from a
given CPU is not a new idea. Many systems containing first and second

level caches have been developed and marketed.

Because CPU clock speeds are increasing, which in turn is reducing
the minimum cycle times, caches are being developed for personal
computer systems to maximize their performance. Many companies (Intel,
Hitachi, NEC, Toshiba, etc.) are developing and marketing cache
controller chips and subsystems. Most are limited by the amount of
available tag RAM and can only support a maximum of 32KB of cache data
RAM.

A popular class of dual bus microcomputers includes the 82385 cache
controller. As 'sold by the manufacturer, the 82385 cache controller is
limited to handling cache memory of up to 32KB. It would be desirable

to increase the capacity of the cache memory in such microcomputer



3 systens beyond 32KB. The 82385 specifications and functional description
can be found in the Intel "Mcroprocessor and Peripheral Handbook" and in
82385 High Performance 32-Bit Cache Controller" (1987). S ; :
"I ntroducti oRCPPALS 80386" and the 80386 Har dwar e Ref er gnc i%iﬁglﬂ%&%m
also fromintel. It is an object of the present inv i onHERLACE

anel i orate one or nore di sadvantages of the prior art. - According TO
one aspect of the present invention there is provided a nulti-bus

M cr oconput e SYSYRISPRYOBAPIZES: nFheaB823RT gperificatives sands fenasdrrainnect ed

together by aeéddiptosiabahuse F&@id 16 a0he 18td1SYai &BpEodsudl Nadr&AGHE a1
tem bus neans connectin al d cache

controller apnd g caghe .nemyr S [ S c

control l er t a%‘ﬁ?ogﬁg&ﬂdab%e é3§152¥‘6?§/ BerGomanre 34-BLY %Fh%lgiﬂ“é’é%léﬁlre
functional urfLe8s).wheseehbscs dAtcRbcham EPUNIBDIBES| A @Hé BOBSe angasakdd
cache contro | I_nput.s; ans connecting sone of said
CPU addr essi Eég%rﬁpgﬁt@gg%fzgﬁgg’ofﬂg%i%oggg}dcgggi ng i nputs of said cache
controller so that said some of said CPU addressing outputs are not
connected 10 og LERARANED% AUEHESRL O AP So0lrciBhd LAGLE pigNtrol ler.
According to another aspect of the present invention ere1s provided a
mul ti-bus ni BRERGAPRIIEGF SYHeBMaydnpranpangtusa tCRYcaprse suprirged idsshet em
connect ed t 0gehdig wikked thd\dabRE FonbHSi1es Al 8 RnSY %ﬁéﬁ%ﬁamrnb?ée{&aa“
82385 cache controller and a cache nenory; said CPU including CPU

addr essi ng oﬁ?%lﬁ LMy afidPacdhhect i ng sone of said CPU addressing outputs to
addressing .inputs of said 82385 cache controller so that said CPU
addressi ng outputs are not .connected to correspondi ng 82385 cach

control I er ad rneggf%deaflﬁ%u l(s‘z‘g WP PERT s”ﬁ’v?&ﬁ% rt’og*\%’%t 'rlﬁg“°§'a¥’ﬁ°‘§'§§§5a cache
control | er tsukti-bnsloicaosepster spsyemodnerisingala CBU ahd ad daels ahbsystem
functi o_nal P@bﬁﬁct@&@bﬁé&éx’oﬁ G Qsﬁefo%td?rbdgeagéidi QL 1%9@%%[5[1-_219 He1uding, a
addressifAg input to sard cac menory, neans connect | ng a "east —one of
sai d CRU addFed Rentoielper Snf @ sarbe MEPLSs al sxftemgeiremeansy copnactingmaid

rreags 3';<':’oEneCE£<E}Qa CBA 300 %] £ 0-aRHbR Wcsetd meRbsy GAGNE pTBFARIYy &Nd wherein
sal cache

addressable functional units, wherein sajd CPU has addressing outputs
and said cache controller has addressing-inputs, means connecting some
of said'CPﬁ addressing outputs to some of said addressing inputs of
said cache controller so that CPU addressing outputs are not connected
to corresponding addressing inputs of said cache controller, and means
connecting at least one addressing output of said CPU to address logic
denerator means for generating addressing inputs té said random access

memory which are not generated by said CPU.

An embodiment of the present invention to be described later provides
-an architecture and a method for increasing the cache RAM supportable
by an 82385 cache controller to at least 64KB. This architecture can
also be used on any cache controller designed to support a given amount
of cache RAM and provide the capability of at least doubling that cache
RAM. The technique described herein to increase or double the cache
RAM size does not require additional tag RAM and only requires a

minimal amount of additional sipport logic.

This Sheet Has Been

TR



mendry has a capacity of at |east 64 Kbytes. An enbodi nent of the
present invention to be described |ater provides an architecture and.a

met hod for increasing the cache RAM supportabl e by an 82385 cache
control | er BE2®2-Ptast 64KB. This architekture can also be used on any
cache -control l er designed to support a given anount of cache RAM and
provide the capability of at |east doubling that cache RAM The techni que
described herein to increase_or double the cache RAM si ze does not_require

addi tional t aiPRERFSHd iBFAERaL Y iipgtudesforaemeonstti. ofneddreT dnstudsFoport
| ogi c. an 81369-Ballbus interface, interfacing to tHe microcdiufedB&9stem

internally, includes .four conponents. -The 82385 incl ydes a 85 | ocal -
bus | nter § aBEE (SRR figo R RFOLOETHo SRS EBE b IAL eSS i DR POPAe BnFEoL
processor | bues ftheee iisnaerdchei digetbothehB80386s cimptitolbobhsfromhihe 8038& cache

directory wyj &tbsiéaﬁu% .%BU‘B{anL "EohOfd h‘én&%*’*%sagﬂé ‘”ﬁi%a?%&?, PRedfliks gs from
the "snoop us and Tinally, there s a cache control, to actually control
t he cache neache cosinpde thacturlly aenye} the cagher memorve tHiece2@sscache

physi cal |y obRigl B8 &:ltersd1Z@c0fhd BE3SAC PRy JTRAPIY chandibbYeid BiBd Igdehy the
organi zati on of 't he cache . . . '
cache memory is only inhibited by the organization of the cache

directory, which is internal to the 82385 and hence not alterable.

The internal cache directory of the 82385 provides space for 1024
tags. In a 32KB cache, each tag represents 32 bytes. Because of the
32-bit data bus, a single main memory reference can (and does) access
not one byte, but four; the four bytes which are accessed are called a
line. Accordingly, each tag represents eight lines. Since the cache
directory is internal to the cache controller and therefore cannot be
altered, in accordance with the invention cache memory capacity is
increased by increasing the line size. 1In a preferred embodiment, the
line size has ﬁeen doubled from fdur bytes to eight, i.e. 64 bits. By
doubling the line size, the tags still represent eight lines, but now

each line is eight bytes, not four.

Because the tag directory capacity cannot be increased, then each tag
must represent 64 bytes, as opposed to 32 bytes. In the embodiment to
be described later, this is accomplished by shifting the significance
of the address lines in the tag organization by one bit.

Specifically, CPU addressing outputs A3-A30 are connected to addressing
inputs AZ-AZS of the cache controller and the CPU addressing output A2

is connected to the address logic generator means.

In the manufacturer's documents address bus lines are described as
connected to corresponding éddress output pins on the CPU. The address
lines are connected to corresponding address input pins of the cache
controller and in this fashion an address output pin of the CPU is

connected to the corresponding address input pin of the cache



diréctory, which is internal to the 82385 and hence not alterable. The
I nternal cache directory of the 82385 provi des space for 1024 tags. In a
32KB cache, each tag represents 32 bytes. Because of the 32-bit data bus, a
single main g@gﬁﬁxo%gference can (and does) access not one byte, but four;
the four bytes I Ch”are accessed are called a line. Accordingly, each tag
represents eight lines. Since the cache directory is internal to the cache
controller and therefore cannot be altered, in accordance with the

i nventi on ca ity S ' ' A is si ze.
o b of or ¢ COPBAREY 1600 Vo o ifEeE7 oMb RAC TAREOM, RCeniBh b T

to eight, i.&ec@weppf theppddrsap|liing shidt) idi&ferent nempmclafgyresvill bpeiadsent

ei ght lines, ugid PaRViRAGR1Y ida8rdss Ltk PUisLor el cPOWill be iBOMA¥SEat he
tag directory, capacity cannaot be increased, then each taggg&;t [ epresent 64

bytes, as opHitbdiEcPiesiny hs. te COREPRARGIENEMESES Hiedot AP LRIATeas o
this i s accorpltiziasethd\idehtfdal nepflebencd ghaddctanqanoé isheomadtesmall)i.nes in

the t i zat i : bit.. Specgifically, CPU add ' t

3. A30 ar o cORRRISE BT RAHIRECh G Ph U AP aP LIRS COAOr T
and the CPU adth esSCOY prafput Speteamsbeo rdduodssdlimest hee dddnetiieliogith a "BA"
generat or Meghgeix ang!dsthf BBNMACLMEY o5 dBEHTBALS AUl e5gpPuS ddsges are

descri bed as“connectedto correspondi ng address output pins on U. The
address lines are connected to correspondi ng address input pins of the

cache More particularly, address pins A3-A30 from the 80386 are connected
to address pins CCA2-CCA29 in the 82385 (addréss input CCA30 of the
82385 is grounded and address output CCA31 of the 80386 is connected to
input A31 of the 82385). At the same time, the line size of the 64KB
cache memory is increased from four bytes to eight. Given‘the single
read cycle éapacity of 32 bits (in an 80386/82385 machine), there
arises a need to create an extra read cycle for every read miss. The
extra read cycle is required to ﬁéintain the 80386 interface to the
system. In other words, the 80386 and.82385 are designed to access a
line per read miss cycle. Because the new line is eight bytes (not
four), some changes are necessary to maintain this interface.‘ The
change effected is to generate a second read cycle (transparent to both
the 82385 and 80386) to access the second four bytes of the line. The
first read cycle extracts half (four bytes) of the new line size,
whereas the second read cycle extracts the other four bytes (the
remaining 32 bits) of the new line size. 1In one of the two read
cycles, an address is generated by added logic which is not an address
supplied by the CPU. More particularly, address line A2 (from.the
80386) is inverted and used to fetch an initial four bytes which are
stored in the cache RAM. Thereafter, line A2 (non-inverted) is again
passed to the system to address a second group of 32 bits. Thg data
read during the second read cycle is presented to the processor and
also stored in the cache RAM. The second cycle is created by
generating an alternate address strobe signal (/MISS1). /MISS1 is used
by the system bus interface unit (Micro Channel (TM) or other system

bus) and local bus memory interface as an alternate /BADS signal (the



controller and in this fashion an address output pin of the CPUis
connected to the corresponding address I nput pin of the cache

BC9- 89- 015 5 controller. In order to accurately
descri be t heq9r8%d1i5 i nventi on, because o6 the address line shift,
different nonenclature will be used. Mdre particularly address output pi ns
of the CPUWwII| be identified with the prefix "A", the correspondi ng
address line of the address bus carries the identical reference character

(this is corfPRPididarys steoksler TRRISESYY AYRke pPoks dfke erérgiiéetontrol | er

will be i derﬁﬂofcéegbﬂ/vcwl@to@ﬁe By SAfenX intRY- 84648, b UBhedd€605,S ok t S /8IS or
identified a "BA "%Preflx gnd %y tembus data lines are identified with
PardYy;

a "BD' prefi %1351 a0t Feiz € ad8F ¥t APFFNAAVAIE FRo PP 86836
are connect esf hOsétdﬁHEEésdpt:YkSleCOﬁih Ge¥Rdnterfdee 62388 rMemday oksricapidn BEA30

,?]; the 823851nlc§:egsreca'ngggng 33”90 %qdbecss O'i’gls alterngg'.woef, lt'lgv?eVBeg?’BWQlisrecq%qgg cted
fast DRAMs and SRAMs because of an extra cross-over buffer needed to
gate the proper data to the 80386. This variant would significantly

improve performance over the 82385 cache interface.

As will be described, it is preferred that the READY signal to the
82385 and the 80386 is held active until the end of the second read
miss bus cycle. The first 32 bits (the first read cycle) is stored in
the cache RAM by pulsihg SRRMCS2 chip select. This signal is tied to
an active high chip select input of the SRAM. SRAMCSZ is normally
active and goes inactive at the end of the first read cycle of a cache

or a read miss. It goes active again one CLK2 clock cycle later.

In order to accommodate SNOOP operations, the snoop - -address must also
be shifted by one bit. This is implemented by connecting system bus
address signals BA3-BA23 to the 82385 snoop address terminals SA2-SA22,
respectively. The signal ADRNABLE is connected to the 82385 snoop
address signal SA23. ADRNABLE is low for all snoop addresses less than
16 megabytes and is high for all snoop addresses greater than or equal
to 16 megabytes. This allows cache invalidate cycles to function
properly for system masters capable of 24-bit addressing or 32-bit
addressing. The use of ADRNABLE as a snoop address does limit the
maximum snoopable memory space to 32 megabytes. ADRNABLE is required
as an input to the 82385 because system masters driving only 24 bits of
address do not drive SA24-SA31, which would have limited the snoopable
address space to 16 megabytes. These inputs (SA24-SA31) on the 82385

are connected to ground (or are low).

It should also be apparent that the technique of offsetting the

relationship between CPU address outputs and cache controller address



input A31 of the 82385). At the sane tinme, the line size of the 64KB cache.
‘menory is increased fromfour bytes to eight. Gven the single read cycle
capacity of 32 bits (in an 80386/82385 machine), there arises a need to
create an extra read cycle for every read mss. The extra read cycle is
required to A&l #PaP#° t he 80386 interface tlo the system In other words, the
80386 and 82385 are designed to access a line per read mss cycle. Because
the newline is eight bytes (not four), sone changes are necessary to
maintain this $h uterfrg;l e. et%e chan e effecteg% nerate a_sec gnd read
cycle (transp@EnRt ST PBoticd AR ¥% FEFRsY38 )catc 5'85% PREEICORT f our
byt es of thecaq:hees:omtr@liexrssbth@adthenycﬂhe 82asbact s half (four bytes) of the
new | ine size, whereas the second read cycle extracts the other four bytes
(the remaining 32 bits) of the newline size. In one of the two read

cycl es, an addieosespegéing srbeflipentcatedrdingi to witecinventian, &re £33B%ss
suppl ed by £h&n<CBbht MR Er RAG 11N 881 Y ad@HlhRSScdorBinAZwifH @R 111Rs80386) is

inverted and used to fetch an initial four bytes which are stored in the
cache RAM THBYSHAPR Broyidrs ASYsteh- ‘F%\‘?‘BPQ‘E&)al%‘*KEg%"‘ICI}i‘epassed to the system
to address a second gr oup of 32 bhits. The data read during the second read
cycle is presented t g rocessor and | so s)%ore n thebc? RAM The
second cycle i SR d y §eﬁ]é?s§f’ Ja‘i”t UHHafgY c?dPSi%rg r"()Jbe1 si gnal
(/MSS1). / Mc&Bfrense us:euhmacr:h@as!ysn@rdrbumgsnmmcle unit (M cro Channel
(TM or other system bus) and |local bus nenory interface as an alternate

/ BADS signal (the
Fig. 1 is an overall three-dimensional view of a typical

microcomputer system employing the present invention;

Fig. 2 is a detail block diagram of a majority of the components of a

typical microcomputer system employing the present invention;

Fig. 3 is a block diagraﬂ showing the internal construction of a

cache controller such as the 82385; 1

Fig. 4 shows the contents of a typical tag regfster in the cache

directory of Fig. 3 for a prior art direct mapped cache organization;

Fig. 5 shows the contents of a typical tag register of the cache
directory of Fig. 3 for direct mapped cache organization when using the

present invention;

Fig. 6 shows the contents of typical tag registers in directory A and
directory B of the cache directory of Fig. 3 for a prior art two-way

set associative cache organization;

Fig. 7 represents the contents of typical tag registers for directory
A and directory B of the cache directory of Fig. 3 for a two-way set

associative cache organization in employing the present invention;



BC9: 89- Q15 6 82385 address strobe). The second
cycle looks like a pipelined processor cycle to the systeminterfaces.
Therefore, either /BADS or /MSS1 can initiate a bus cycle. As an

al ternati veBC®-83t01generati on of a secon®dread cycle, the data interface to
the menory device can be increased from32 to 64 bits. This alternative,
however, will require fast DRAMs and SRAMs because of an extra cross-over

buffer needed to gate the proper data to the 80386. This variant woul d
si gni fi cant | yFigmpPole apéetaidnbinck diagrapmt s2msdiencfeFigt @r shying the Ag

W Il be desghtbebnnédtios ﬁ%@rdp@dzwatcaéﬂaeca%@n& gea! éa@.h& heem 2y &xsand

the 80386 is _held active until the end of the_second read -m_ss bus cycle.
The first 3¥1BRt@piderr e FERigmCRRY apd iaddsd drgde Gt he BgcFl GRANEHY
pul si ng SRAI\/CSZ chip select. This si gnal | s tied to an act ive high chip

sel ect input e, SRAM _ S ast | ve active at
the end of th l?l ?sf's raélaax%'gifeo Fklée 5‘8’ﬁ°er ¥ead Fa‘%‘ s% CP? %5’ SE%%'[IVG
agai n one CICRR wencémplpyimy thé erinciplesnobittie rpiesenic domemdane SNOOP
operations, the snoop address nust also be shifted by one bit. This is

i npl ement ed by connecting system bus
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 intefconnected together.
More particularly, a system unit 30 is coupled to and drives a monitor
20 (such as a conventional video display). The system unit 30 is also
coupled to input devices such as a keyboard 40 and a mouse 50. An
output device such as a printer 60 can also be connected to the system
unit 30. Finally, the system unit 30 may include one or more disk
drives, such as the disk drive 70. As will be described below, the
system unit 30 responds to input devices such as the keyboard 40 and
the mouse 50, and input/output devices such as the disk drive 70 for
providing signals to drive output devices such as the monitor 20 and
the printer 60. Of course, those skilled in the art are aware that
other conventional components can also be connected to the system unit
- 30 for interaction therewith. In accordance with the present
invention, the microcomputer system 10 includes (as will be more
particularly described below) a cache memory subsystem such that there
is a 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/0
devices such as the ke&boara 40, mouse 50, disk drive 70, monitor 20
and printer 60. Furthermore, in accordance with the present invention,
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/output devices, memory, etc.

Fig. 2 is a high level block diagram illustrating the various

components of a typical microcomputer system in accordance with the



address .si gnal s BA3-BA23 to the 82385 snoop address term nals SA2- SA22,
respectively. The signal ADRNABLE is connected to the 82385 snoop address
signal SA23. ADRNABLE is |low for all snoop addresses |ess than 16 nmegabytes
and i s hi ghséwisoabls snoop addresses greateer than or equal to 16 negabytes.
This allows cache invalidate cycles to function properly for system nmasters
capabl e of 24-bit addressing or 32-bit addressing. The use of ADRNABLE as a
snoop address does limt the maxi mum snoopabl e nenory space to 32

megabyt es. AﬂﬁﬂﬁBLﬁMesticequiAemuakocai bup @80 t (rompreisBA3 8athe caddsress ysidem

masters dri ga,ﬁ%eQ”éa{n xPJ %:3{ 1899%%%5&%%8 ecq_%ﬁ’ %fsﬁic%ce%éxc Bowoul d .

have limte Shoo ess space t se 1 nputs
( SA24- SA31) (#ieht pe 681258!335drrea ceshe craagreb 2@9 o(mhéd(l cyraYauecuuéw)an 82389 t

shoul d al sochehcappR @it )Naba teh?:aﬁ&&:hﬁbé’é& Qéc}{éf hafdty 945 t hgy delabpashi p
bet ween CPU address outputs and cache control |l er address
BC9- 89- 015 ©n 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 connected to a bus control and timing
element 265 and a DMA controller 325. An arbitration control bus 340
couples the bus control and timing element 265 and a central
arbitration element 335. Memory 350 is also connected to the system
bus 250. The memory 350 includes a memory control element 351, an
address multiplexer 352 and a data buffer 353. These elements are
interconnected with mémory elements 360 through 364, as shown in Fig.
2. i

. ) ! "

A further buffer 254 is coupled between the system bus 250 and a
planar bus 270. The planar bus 270 includes address data and control
components, respectively. Coupled along the planar bus 270 are a
variety of I/0O adaptors and other components such as the display
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/0O operations), a printer adaptbr 295 (which can be used to
-drive the printer 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 interface between
system bus 250 and an optional feature bus such as the Micro Channel
(TM) bus 320 represented by tﬁe Micro Channel (TM) sockets. Devices
such as memory 331 may be coupled to the bus 320.

While daﬁa for cache writes may be derived from memory 350, such data
may also be derived from other memory such as memory installed on the

Micro Channel (TM) bus.



i nputs can be used to increase supported cache nenory capacity for cache
control lers other than the 82385. In one specific enbodi nent according
to the invention, the 82385 cache controller and the |ogic added in
accordance with the present invention provides a systemto support a 64KB

cache. PEPBRaPPl e of the present invd®tion will now be descrbed with
reference to the acconpanyi ng drawi ngs i n which: Fig. 1 is an overal
t hree-di nensi onal view of a typical mcroconputer system enploying the

pr esent |nvent|on3 Fig. 2 is a detail_ block diagramof a major of
t he_ conponent&i%f 3alt ?p]PJc%’Ik ﬁa&rﬂoﬁﬁﬁﬁ%rfrgg)sﬁ%% By HgatiRn pF%%ﬁe%t
i nvention; High Pegforfahe azbi;nc badhagbaﬂ&oihew r(gga’n)e. | Pifr Bakhaw@nshatuct i on
of a cache co trnoHe*er uﬁ;g as e582%8 eng ;Q %fbt Qe q:o entsaof a
Cypioal tag PEUPELLF T PHECCURAIESe MRt SPPPRIeRPG. 3070 BH° pPIear Far
di rect nmappeptoamshbe imtgeficeata aarhe control and a cache directory.
Significant to the goal of the present invention, to increase the
capacity of the cache memory, is the fact that the cache directory is
internal to the 82385. This means that the capacity of the cache '
directory cannot be altered. Furthermore, and just as significantly,
there can be no alteration between the contents of the cache directory
and the information applied to the cache directory from the 80386

address bus.

The prior art evidences many techniques for organizing a .cache and
selecting the relationship between the cache memory and main memory.
One popular technique is referred to as direct mapping, another popular
technique is referred to as two-way set associative. The 80386 address
bus is 32 bits wide and thus the 82385 has addressing inputs
CCA0-CCA3l. In a direct mapping mode, the cache directory includes
1024 26-bit registers. Each register of the 1024 is partitioned as
shown in Fig. 4. Bits 0-7 (eight bits) are created by the cache
control element. These are line-valid bits, one for each line in the
cache. The Intel recommendation for the 82385 using a 32KB cache (the
maximum allowed) associates one entry in a direct mapped tag field
directory with eight lines of data, where each line is four bytes. Bit
8 is the tag valid bit, also created by the cache control. Bits 9-25
correspond to address bits A31-A15, which are stored directly as
provided over the 80386 address bus. In the Intel-recommended
architecture, addressing output bits A2-A31 from the 80386 are
connected directly to corresponding address inputs of the 82385, i.e.
CCA2-CCA31. However, as will be described below, in accordance with
the present invention, that recommendation is not followed and in fact
there is a "offset" or shift between some of the 80386 address output

bits and the address bus input terminals on the 82385. -



Fig' 5 shows the contents of a typical tag register of the cache directory .
of Fig. 3 for direct mapped cache organi zati on when using the present

i nventi on; Fig. 6 shows the contents of typical tag registers in
directory AB gd dlrgctory B of the cache directory of Fig. 3 for a prior
art two-way ciative cache organi z&tion; Fig. 7 represents the

contents of typical tag registers for directory A and directory B of the
cache directory of Fig. 3 for a tvvo-vvay set associ ative cache organi zation

[N enpl oyi ng hRG SR ah fuen 35 Fam

8 Fig. 8T a deta fﬂ %%c %ilugacrlatrcﬁ S?drfsﬁoi% ?lg FHF e B oW AE S he
-skilled ln the art will recognize that these ten bits are sufficient to
select one out of 1024 registers. Address bits A4-A2 (three bits) are

used to select one of eight lines.

Fig. 6 illustrates the organization of the cache directory for
two-way set associative organization. In this organization the 1024
registers are divided in half to provide 512 27-bit registers in a
directory A and another 512 27-bit registers in a directory B.
Referring initially to the typical register for directory A, bits 0-7
are again eight line valid bits, created and stored in fhe cache
directory by the cache controller. Each line valid bit represents a
4-byte line. Bit 8 is again a tag valid bit and bits 9-26 correspond
to 80386 address bits A31-Al4 which are stored directly to indicate a
selected page. Address bits Al3-AS (nine-bits) are sufficient to
select one register from the 512 in the directory. Directory B is
organized in a similar fashion. BAgain, as was the case in the
organization described with reference to Fig. 4, address bits A2-A4
(three bits) are sufficient to select one of the eight lines
represented by the taé (again, a line is four bytes). Finally, for
each tag pair, there is a LRU bit (Least Recently Used). The bit is
set or reset by the cache controller to indicate whether the next entry

should be made to directory A or directory B, respectively.

Given this fixed organization and fixed capacity of the cache
directory and given the necessity to maintain an unchanging
relationship between 80386 addressing output bits and main memory, the
goal of the invention is to fashion an architecture for supporting a
64KB cache. With the direct mapped tag architecture, each of the 1024
directory entries represeﬁt eight lines. Since each line is four '
bytes, those skilled in the art can see how the maximum capacity of the
cache memory using this architecture is 32KB. The two-way set

associative architecture (Fig. 6) yields the same result.



I nt erconmection of the CPU 225, cache controller 260, cache nenory 255 with
each other, the system bus and added logic Cl1, C2 and Gl-G/; and Fig. 9
is an exanple of three nmenory read commands executed by the CPU when

enpl oyi ng th&g%b- igpl es of the present iq ention. Fig. 1 shows a
typi cal m croconput’er systemin which the %resent -invention can be

enpl oyed. As shown, the m croconputer system 10 conprises a nunber of
conmponents which are interconnected together. Mrre particularly, a system

unit 30 1's COUR BledrAafel viEh W3R Prdlaf! Olvehlichs UG dond LG00VRR! pop! Vi deo

di splay). The systemunit 30 is also coupled to inpu evi ces such as a
keyboard 40 #fF98d iFe8ef By, byeso e Rrikghliev Fde- Suehowss the marpesronding £ache so

be connect edair@ctbsy DygheiPabibl £30.a Aibadd Mapddaetsy Hiena Unnt HowHBin iFagl ude
one or nore gl S:k drives ch as the dl"’fi drive 70. w ||l be described
5

..Su (0. As L
bel ow, the systehfhi’t s’é’dﬁ'r ESRFSFERt (99 e @it RitsacHese PHE RESboard 40
and t he nouseriifenadnd réypitttenthyuthd @ache softitdl , asntirelgitsknsbdreat Ad the

provi di ng si I 0 | t pu evi ces ch.as the jtor. 20 angd.the
b inter g0 O SR sdeh {308 el pB RS B PREet Rab PRABe ot
convent i onal iz s¥pbhentsg cadid|sid . beRatban ddies distiogthid ssitrdnteriefled9 o or

I nteraction | 1 Lt r.e (S nt.i t
m cr oconput eir'ﬂ%;?gté\iegn{% %n%%%g{eog'a?g% %I %b%ggnt%r?ef%%r't i%yul%aﬂa%ﬁgés%ﬁsbed

bel ow) a cacheAiendrey usehspsaddnesacrralrtarst hertde) gaghechiracseny (Bos
i nt er connect &gt rasPreC ens Ase 6F HAEHASCRIY Q! s 8n Gaghes yTENREQbrdih iy, CPU

| ocal bus is co;égl ed via a buffer to a systemﬁgia ‘{)hl%ss stembus is

i nt er connect B COTEHPTY M 2RT4RF 1 % 1orRTY £y 16-A31. The

foregoing data then occupies bit positions 0-24, leaving bit position

25 empty.

Fig. 7 illustrates a similar relationship.to Fig. 6 as Fig. 5 had to
Fig. 4. More particularly, each tag register still has eight line
valid bits, although these eight 1ine valid bits each represents 8-byte
lines as opposed to 4~byte lines. Bits A3~A5 are used to select a
given 8-byte line. The eighth bit again is the tag valid bit. Bits
A6-Al4 are now used to address the tag registers_(as opposed to the use
of bits AS5~Al3 in Fig. 6). Accordingly, bits A15-A31 {instead of
Al4-A31) are stored directly to indicate the selected page.

Reference is now made to Fig. 8, a detailed block diagram of a

. portion of Fig. 2, showing the relationship of relevant signals and
interconnections between the several components shown in Fig. 8. More
particularly, Fig. 8 shows the CPU 225, the cache controller 260, the
address latch AL and data latch DL, parts of the buffer 240 (see Fig.
2), the cache memory 255 and several additional logic components.

These additional logic components include PAL Cl, PAL C2, a set, G1-G7,
of two input AND gates, an OR gate 01l and latch D1.

Although Fig. 8 shows the discrete logic elements Cl, C2, 01 and
G1-G7, those skilled in the art will realize that there is wide

latitude in packaging different logic functions in different discrete



devi ces such as the keyboard 40, npouse 50, disk drive 70, nonitor 20 and
printer 60. Furthernore, in accordance with the present invention, the
systemunit 30 may al so include a third bus conprising a Mcro Channel (T™M
bus for inte QQEFQ%éon bet ween the system_bus and other (optional)

I nput / out put eV|c menory, etc. Fid@ 2 is a high level block diagram
illustrating the various conponents of a typical m croconputer systen1in
accordance with the BC9- 89- 015 pr esent

[ nvent i on. | AoCEldkacalmus, 23014 CHBRLLS ln%lgatélsaﬂgfee%rgga@ggg gl

conponent s) prOV| connecti on of m Cr opr ocess such as an
80386), a caehelaghienendetrscripicionnthan fey uaetmtsmanMéomﬁw er)

and a randomagLe $aneichs 1EWREMerdn®. adcsoL QUhidsOn the CPU | ocal bus 230
is a buffer 240. The buffer 240 is itself connected to the system bus 250,

al so conprising address, data and control conponents. The system bus 250
ext ends bet weetwd hﬁj&ufdﬁetirﬁztﬁons between the architecture of Fig. 8 and that

recommended by the manufacturer of the 82385 are found in the cache
memory 255 and the relationship between the outputs of the CPU 225 and
the cache controller 260. More particularly, whereas the manufacturer
of the 82385 makes it clear that the maximum capacity of the cache 255
is 32KB, the cache memory 255 {(or Static Random Access Memory - SRAM)
has a capacity of at least 64K bytes, divided into 32KB bank A and a
similar 32KB bank B.

As shown at the top in Fig. 8, address output bits A3-A31 of the CPU
;25 are connected to addressing inputs CCA2-CCA29 and CCA31 of the
cache controller 260, More particularly, Fig. 8 is intended to
represent that bits A3-A30 are connected to terminal CCA2-CCA29 and
terminal A31 is connected to terminal CCA31. As shown in Fig. 8,
terminal CCA30 is grounded. Address bit A2 forms an input to the PAL
: €2 and the iatch D1. One output of the PAL C2 is a signal NEWA2 which

is input to the address latch AL so that the address latch AL can
output bits BA2-BA31, where output bits BA3~BA31l correspond identically
to input bits A3-A31 and output bit B2 corresponds to input bit NEWA2.

Because the relationship between the cache directory and
microcomputer system address structure has been offset, attention must
also be paid to the snoop bus. Those skilled in.the art are aware that
in order to maintain cache coherency, the cache controller 260 must
have visibility of memory writing functions. Of course, it has
visibility of memory writing functions originated in the CPU 225 due to
its connection to addressing and control outputs of the CPU 225.
However, in typical microcomputer systems, other devices may also write
to memory and hence the cache controller 260 is provided with a
snobping function to monitor writing to main'memory'by other devices.

In order to maintain the already offset relationship, the snoop input



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 couples the bus control and timng el enent 265 and a

central arbitration elenent 335. Menory 350 is al so connected to the system
bus 250. TheBGPeR®T4L5350 i'ncl udes a menpryléontrol el ement 351, an address
mul tipl exer 352 and a data buffer 353. These el enents are interconnected
with menory el enents 360 through 364, as shown in Fig. 2. A further

buffer 254 is cqu e e tem bus 250_and a 70. The
lanar bus SAFAHEIS, ABE SAH s SR SRR PEBTIEE) 260h 56 PEC o b AFEet |
Coupl ed al origitishBAPIBARZ asushsdmOimFdga 8.ari ety of |/ O adaptors and ot her
conponents such as the display adaptor 275 (which is used to drive the

nonitor 20), a clock 280, additional random access nenory 285, an RS 232
adapt or 290 ( dd&bovalr ngtereixpliditTy oyherat irobBy pracedingt BiguardapteoB2E®athi ch

can be used dodlyl Ak ifrBa ¥ ALbAY ondiehleqides 31U SiPoR O 305

(whi ch cooperates w t di sk drive , an‘interrupt contral 310 and
read only rre*Fﬂ&&eyeBllE*rheT%Bbﬁﬁ@érmmYp? reesirgs 1heddressénpdihéen system

bus 250 and mraséir@nghf&ﬁaiwnesm _s.aoélgaSs tikepMvakea PianneloutpM JEusnsd20

frggrﬁzegf)ﬁ& ﬁ"yotcﬁ‘omc Hécb?r 0:’&%%{‘-%14) ™ é)d%lgiosn, cache 885 wireding lipat >

A0/ (a 13th bit) is provided from CACAZ output of €2. Finally, the
effect of a 14th bit is the bank selection created by the cache
controller generating either cache enable A (COEA or CWEA) or cache
enable B {COEB or CWEB).

Typical microcomputer systems employing cache confrollers use a
4-byte line size at least partly because of the width of the data bus,
i.e. 32 bits. The wiath'of the data bus means that on a given memory
cycle, 32 bits can be extracted from the memory and thus in response to
a cache read miss, four bytes or one line of updated information can be
written to the cache on a given read cycle: The consequence of .
changing the line size, as is the case in the present invention, from
four bytes to eight, suggests that in order to maintain updating one
entire line on a cache read miss, other changes must be made. In a
preferred embodiment of the present invention, the additional logic
provided by the PAL Cl and PAL C2 provide for a second or hidden memory
cycle. This memory cycle is hidden to the extent that ;t is invisible
to the CPU 225 and cache controller 260. Thus, a read miss generates
two memory cycles. In a first of the two memory cycles, the address
output A2 is inverted (NEWA2) and used along with address bits A3-A31
in a 32-bit memory fetch. The data in that memory cycle is stored in
the cache 255. Thereafter, the effect of output A2 is again passed to
the system (NEWA2) and the cache RAM 255 (along with bits A3-A31). On
this cycle, however, the effect of A2 is not inverted to address a
second set of 32 bits from memory. The data read during the second
cycle is presented to the processor 225 and is also stored in the cache

255. The additional éycle is created by generating an alternate



Wi I'e data for cache wites may be derived fromnenory 350, such data may
al so be derived fromother nenory such as nenory installed on the Mcro
Channel (TM bus. BC9- 89- 015 10 Fi g.
3is a bl ock@i_gg_r taken fromthe Int e% publication "82385 Hi gh

Per f or mance t che Controller" (198 5’ Fig. 3 shows that internally
the 82385 includes four conponents: a |ocal bus interface, a processor

i nterface, a cache control and a cache directory. Significant to the goal

of the presegdarbBy Qb sifRall HHESASE tﬁh%s‘iaﬂ,a%éd b9f tidg E@&A“Suére”m y, is
the fact that the cache directory is internal to 238?& Thi s means t hat

the capaci t y''beriare pathdMarrehaniplc Aforr tﬁ@:h&Ftﬁ%ﬂm g t ank Aesal baAd

just as si gnhdrogarintyreddecae aexaalmnaeeaﬂszgrpézbes ahﬁ'&-&\&ﬁ@ti' cepdmnls of

tﬂg ggggg gh@ﬁ%tsgé%&agr?af gg hl%dgrrl nc’%{cllgnloo}ng i?{% 5091%2 ine C[r;x?ocelsrsc?x9 tc?raf from

to the system interfaces and therefore either BADS or MISS1 can

initiate a bus cycle.

Although MISS1 is used to create an additional or hidden cycle in
accordance with the preferred embodiment of the preéent invention, an
alternate arrangement would be to provide a 64-bit wide data bus so
that the additional or hidden cycle would be unnecessary, i.e. a single
memory cycle would fetch 64 bits of data corresponding to an 8-byte
line. B disadvantage.of using a 64-byte memory interface Would be a
requirement for faster DRAMs and SRAMs because of an extra cross-over

buffer needed to gate the proper data to the CPU 225.

{ In order to maintain the hidden cycle transparent to the CPU 225 and
cache controller 260, the BREADY signal (from the system) is held
active until the end of the second read miss bus cycle (both the cycle
created by BADS and the additional cycle created by MISSl1l). The first
32-bit set of data read on the first read cycle is stored in the cache
255 by pulsing SRAMCS2 (chip select) as developed in the PAL C2. This
signal is tied to the active high chip select input of the cache 255.
SRAMCS2 is normally active, and goes inactive at the end of the first
read cycle of a cacheable read miss. It goes active again one CLK2

clock cycle later.

The signals NEWAZ2, /MISS1, /NEWLA2, /CPUNA, SRAMCS2, /CACA2 and
NACACHE are defined below in the eight logic equations.

The logic equations which have been referenced above are reproduced
immediately below. In this material the symbols have the following

meanings associated with them:



The-prior art evidences many techni.ques for organizing a cache and
selecting the relationship between the cache nenory and main nenory. One
popul ar technique is referred to as direct mappi ng, another popul ar
technique is referred to as two-way set associative. The 80386 address bus
is 32.bits wscesB9antst hus the 82385 has ad@ressing i nputs CCAO CCA31. In a
di rect mappi ng node, the cache directory includes 1024 26-bit registers.
Each register of the 1024 is partitioned as shown in Fig. 4. Bits 0-7
(eight bits) are created by the cache control elenent. These are line-valid
bits, one for each line in the cache. The Intel recommendation for the
82385 using a 32KBymanhe (Fden{@shnum allowed) associates one entry in a

di rect mapped tag~t d—dfTectory with eight lines of data, where each line
is four bytes. BiY 8is t RegebiPval i d bit, also created by the cache

control. Bits 9-2%=correspordgifteaddriaes, Righsy A31- A15, which are stored
directly as provided over the 80386 %ggress bus. In the Intel-recomended
architecture, addiessing JUEPIRIMBTPEIBOomy ¢ Fhe 80386 are connected
directly to correspondi ng Iaddesgisanpnput s of the 82385, i.e. CCA2- CCA3L.
However, as will he descrihed belgw in accordance with the present

i nvention, that reconnendéfﬁon is not followed and tn fact there is a
"of fset" or shift $bet ween Ingaealbfexthesi883IF6 (¥Rl ess out put bits and the

address bus input termnals on the 82385. :

@

NEWA2 = CA2 $ (NCA & /CWR & MISS1 & SRAMCS2)

/MISS1:=

MISS1 & BUSCYC385 & CPUNA & /BADS & /(BW/R) & CLK & NCA

+ MISS1 & /BUSCYC385 & /BADS & /(BW/R) & CLK & NCA & /BREADY
+ /MISS1 & /CLK

+ /MISS1 & BREADY

/NEWLA2 := /CA2 & MISS1 & CPUNA & CLK

+ MISS1 & /BUSCYC385 & /BADS & /(BW/R) & CLK & NCA & /BREADY & /CA2
+ /NEWLA2 & /MISS1 & CIK

+ /NEWLA2 & MISS1 & /CPUNA & CLK & BREADY

+ /NEWLA2 & /CLK

+ /NEWLA2 & MISS1 & /CPUNA & CLK & BUSCYC385

/CPUNA := /MISS1 & CLK & CPUNA & /NACACHE

+ /MISS1 & CLK & CPUNA & /BREADY & /BUSCYC385
+ /CPUNA & /CIK '

+ /CPUNA & /MISS1 & CLK

+ /CPUNA & CLK & BREADY

+ /CPUNA & CLK & BUSCYC385 & NACACHE

SRAMCS2 :
SRAMCS2 & /MISS1 &-/BREADY & /BUSCYC385 & CLK



BC9- 89- 015 11 Address bits Al14-A5 are used to
address the tag RAMdirectory. Those skilled in the art wll recognize
that these ten bits are sufficient to select one out of 1024 registers.
Address bit gc8dgf\pi6three bits) are used to sel ect one of eight lines.

Fig. 6-illustrates the organi zation of the cache directory for two-way set
associ ative organi zation. In this organization the 1024 registers are
divided in half to provide 512 27-bit registers in a directory A and

anot her 512 ZAch? t= yRgiiabes S/dronR sdmiget ory B. Referring initi ally to the
typi cal regi S%‘g{%‘{?m ;Ii re(itory A, bits 0-7 are again eight line valid bits,
n

created and s H&icache di rectory by the cache controller. Each

line valid bit/CA2@r #3831 & @Pubabytekl ine. Bit 8 is again a tag valid bit and
bits 9-26 coyr Zgﬁpﬁ{}d&tﬁsgg%q:l,gggr&ezé its A31-Al4 which are stored

directly to indicate a selected pagé.” Address bits A13-A5 (nine bits) are
sufficient to/YEVIdet & JHESLeyiCPUBA & VM the 512 in the directory. Directory
Bis organized in a simlar fashion. Again, as was the case in the

organi zation described with reference to Fig. 4, address bits A2-A4 (three

bits) are sutPCRFEnE (GRSEBTRct one of the eight |ines
+ /MISS1 & /CMD

+ RESET

where:

/CASGATE indicates active main memory cycle, active low, and

/CMD indicates an active cycle on a bus other than the system bus (such

as Micro Channel), active low.
In the foregoing:

BREADY is a signal from the system bus (active low) indicating that

the cycle on the bus has been completed.
CA2 represents the A2 output of the CPU 225,'

BADS is the Intel-defined address strobe (active low) from the cache
controller 260, '

CLK represents an Intel-defined clocking signal,
RESET is the Intel-defined reset signal (active high),

NCA represents a Non-Cacheable Access as defined in the copending

applications,
BUSCYC385 is another signal defined in the copending applications.

Fig. 9 is an example of several CPU read commands, the results

produced at the cache directory, and particularly the line wvalid byte,



represented by the tag (again, a line is four bytes). Finally, for each tag
pair, there is a LRU bit (Least Recently Used). The bit is set or reset by
the cache controller to indicate whether the next entry should be nmade to
directory A grodig—@gsory B, respectively. ;8 Gven this fixed organi zation
and fixed capacity of the cache directory and given the necessity to

mai ntai n an unchangi ng rel ati onshi p between 80386 addressi ng output bits
and main nmenory, the goal of the invention is to fashion an architecture
for supportirg 9eB4KB ttechesulWind dpeeaidioneciTheagEpaglé af Aighiot éstproeideiach

of the 1024 dj rect,ory ﬁgE L £ [ Ines.. Sin c [ IS
four bytes, tngglg tgl i 776 b {l:lno'%t Eg%?% ?é%ﬁ%s%%h%wﬁ%hga%x?’%{'J%%cg%%a%tg 9 of
the cache nerfdpghedsiang thireforechy iaxctoraiepsl IpgBentine diweciery detinvalid.

associ ative architecture (Fig. 6) yields the sanme result.

BC9- 89- 015 12
Step 1 shows the CPU 255 executing a read command at address 0. 1In

the result column, Fig.-9 shows that two memory fetches are occasioned.
In one memory fetch, dword 0 (four bytes) is fetched and stored in the
cache. Thereafter, another memory fetch for dword 4 (again four bytes)
is also accomplished and stored in cache. The cache directory (see the
second column) has the tag valid bit set for directory address O and
the line valid byte, after updating by the cache controller, is
11111110.

Step 2 is a command executed by the CPU to read memory éddress 4. 1In
accordance with the prior art techniques, this would be a cache miss
since the initial memory fetch (at step 1) would have only fétched four
bytes (0-3). However, in accordance with the present invention, the
two read memory cycles implemented as a result of step 1 have now
provided the cache memory with the contents of the addressed memory
location. Accordingly, this command results in a cache hit, no changes
are made to the cache directory, and no further data is read from main

memory since the data is accessed from cache memory.

Step 3 shows a CPU read at address 8. This results again in two
memory cycles, first dword 8 (four bytes) and thereafter dword CH
(another four bytes). The cache directory has the line valid byte

updated as shown in the line valid byte column of Fig. 9.

Referring.to Fig. 8 and the logic equation for NEWA2, it should first
be apparent from Fig. 8 that the signals on the address bus (BA2-BA31)
output from the address latch AL include addressing bits A3-A31
directly from the CPU 225 and the signal NEWA2 on the A2 conductor.

The signal NEWA2 is generated in the PAL C2, and the first of the logic
equations defines that signal. Those skilled in the art will

understand from the foregoing description that the signal MISS1 is in



In accordance with the present invention, the line size has been changed
fromfour bytes to eight. Fig. 5 shows the correspondi ng cache directory
organi zation for a direct mapped tag field. As shown in Fig. 5, bits 0-7

still represent eight line valid bits; these bits are witten and rewitten
by the cachaceegg-0at, entirely transparenisto the fact that each |line now
represents eight bytes instead of four. Bit 8 is still a tag valid bit.

Rat her .than using bits A2-A4 to select a line, bits A3-A5 are now used to
select the line. As a result, bits A6-Al5 are used to address registers in
t he cache dioneceandjtiom duping ke hiddemanemsxy ghadicyslé\mnAlin agodleswn in Fi g.

4) . Accordi %%Mltltohe:ug'zreggtéy’CXeQQthpcdﬂéqe%t Anidad Leéaagﬁéﬂee' das Ri LS

Al6- A31. The foregoi ng data "t hen occupl es 05|t|ons | 'eavi ng bit
position 25 r@ﬁﬁ%"y while [they teml%ﬁ*ﬁllditee@%t% Ithe sianal iBWARI IS £8 ey, 6

as Fig. 5 hf&.@nb.@tﬂ%hgduﬁng'\@{eehﬂ@dérﬂ Qe&aarcwle aaghid a8 r&ﬁéﬁt&hdﬁﬁmH ikas
eight line valid bi thou h these_ei line valid bits gachreresents

8-byte |inefthE" IS5 s"e%‘f ¥t VN g‘B‘f Pothamanygried Ay bit DR
gi ven 8- byt eniddere cy¢he &dg&ltrbnbiﬁve&gadl M2 Bit be ¢ rVvitdnioty htdad &dl%sAG-IA14

are now used.toQ address t he .t reqi S 0] ose to _the u f

A5-A13 in Fi gs"e’é)worgc'c 31‘% a%‘gorblot%s% aéi%a( o YA %‘% %ar}gJ

st ored -di r edBRY-BE31| mhp@at@f tAm: geladdress waigd. is notF@éreremﬂebystheoﬁPWmde to
Fig. 8, a dehail Gﬂ nga%uﬁé@%amr@ [ e RAGELPRyO e Refin2 2 {ﬁom& t8€an

rel ationship of relevant sig ' nterconhect i ons bef ween the sever al
conponent s SK8HPES RiFinpt Ben%Féd bY the CPU 225.

It should be apparent from the féregoing that the necessity for the
hidden read cycle occasioned by a cache miss (and implemented by
/MISS1l) is a result of the fact that the data bus is not wide encugh to
accommodate the new line size (eight bytes). Accordingly, the hidden
bus cycle can be eliminated if the data bus were sufficient to

accommodate the line size.

The first two terms in the equation for /MISS1 show the conditions
for generating the "hidden" cycle. /NCA high indicates that the
asserted address is cacheable. /BADS active indicates either a cache
miss or a non-cacheable cycle. However the joint activity and of NCA
and /BADS are specific to a cache miss. Finally /(BW/R) active
indicates a read. Thus jointly the three signals are specific to a
cache read miss, just the conditions for creating the "hidden" cycle.
The first of the terms is operative for non-pipelined cycles (CPUNA)
whereas the second term is operative for pipelined cycles (BREADY). The
last two terms are operative to terminate /MISS1 at the appropriate

time.

Just as NEWA2 toggled on a given read miss from the CPU to create the
two addresses, one on the "hidden" cycle and the other for the read
miss initiated by the CPU (one address is created with NEWA2 high and:
the other address is created with NEWA2 low) so too the addressing to

the Cache 255 must toggle. In other words a cache read miss will result



parti cularly, Fig. 8 shows the CPU 225, the cache controller 260, the
address latch AL and data latch DL, parts of the buffer 240 (see Fig. 2),
t he cache nenory 255 and several additional |ogic conponents. These
addi tional 1ogic conponents include PAL C1, PAL C2, a set, Gl-G7, of two
I nput AND gat®-82R0TR gate 01 and | atch Dko Al t hough Fig. 8 shows the
discrete logic elenents Cl, C2, 01 and Gl-G/7, those skilled in the art wll
realize that there is wide latitude in packaging different |ogic functions
in different discrete BC9- 89- 015 13
el enents. Theimpeca¢he wshitav AYe iGPUFRZP a8dimcherantoellpur pihesinde they see
expl anati on BA6 T4y L W1 BT B! o154 FHGHI O MR diiPedL RACKBIGaARLS
functions in different discrete el ements. '
: bit from the CPU does not directly reach the address input of cache
255. Rather the effect on A2 is reproduced by the CACA2 bit. However
that bit will also toggle just as NEWA2 toggled the address on the
system bus. NEWLA2 is created to reproduce the A2 bit of the CPU. The

toggling of CACA2 occurs by the changing state of MISS1.

For a similar reason SRAMCS2 is also created. In addition to creating
an additional address input to the Cache (one not created by the CPU)
it is also necessary to make two control cycles to the Cache 255 out of
a single cycle created by the cache controller. That is the function of
SRAMCS2. SRAMCS2 toggles just at the end of the first, or the "hidden"

cycle to initiate the second cycle to the cache memory 255.

As defined in the copending applications CPUNA is the signal, which
when asserted, enables the CPU to pipeline a cycle.!MISSI is included
in the development of CPUNA to ensuré that the completion of the
"hidden" cycle does not allow assertion of CPUNA. This action prevents
the CPU from going off on a pipelineé cycle before the second half of

the read miss sequence (consisting of two cycles) can be completed.

While the preferred embodiment of the invention has been described in
connection with the 82385 cache controller, those skilled in the art
will understand that, employing the principles of the present
invention, the cache memory supported by other cache controllers can be
increased by the technique described herein, i.e. shifting the
relationship between the CPU address outputs and the cache controller
address inputs. This increase in supported cache memory does not
require alteration to the internal cache directory or other internal
components of the cache controller to the extent that the supported
cache capacity is increased by increasing the line size. 1In
microcomputer systems wherein the data bus can support single cycle
transfers at the new line size, then there is no necessity for using

the other technique of the present invention, i.e. the hidden read



Two.maj or distinctions between the architecture of Fig. 8 and that -
.recomrended by the manufacturer of the 82385 are found in the cache nenory
255 and the rel ationship between the outputs of the CPU 225 and t he cache
controller 260. More particularly, whereas the manufacturer of the 82385
makes it cl edBCAAtOUShe maxi mum capacity oRlthe cache 255 is 32KB, the
cache nenory 255 (or Static Random Access Menory - SRAM has a capacity of
at | east. 64K bytes, divided into 32KB bank A and a simlar 32KB bank B.

As shown at the top in Fig. 8, address output bits A3-A31 of the CPU 225
are connect edcc¥%eadfetls R§henand. dEadneease todurreksied slechaFapac e

gont rol | er 26ghquibes iﬂafédaiseub afhleylird @iz8 beGond 8 ddith Ooff emls enxfat bddat

its A3-A30 are cpnnected to ternin CCA2- 9 and. term nal A31 i.s
connected to T}betnnglheal%e‘afﬂﬁ? ‘l@"gh’é%‘i’cilﬂg B E}C‘f‘%n F&t Cﬁ‘éfé'(fi scgibed
grounded. Addiiexesnpidanf@ldoobasemphoyetpid dwertdbme RALs GRobhbem.t het |shbehd BlsoOne
out put of the_ PA .S S| | . EWA2 L.ch 1s_] | at ch
AL so that tﬁ%e ggﬁ%glst Fgﬁtclglg%% églh Suf %%%r%biéog rﬁﬁg&f#@gé‘ﬁ e%ceéqég?%ut bits
BA3- BA31 cor riesidendreaderidleals empéoyadout ItbiotherAyopds, wath eepperribte B2
corresponds t g3d QR4 lorBhée MEWARI tiple BRAGMS %g@:f@s J @ﬁ@tslugﬂ&hc'eﬁ aeiheesibdchiey

cache directory and m croconputer system address structure has been of fset,
attention nustafbscinseepigdiberrndneh’ 198p (fiursm 3R%8ske SEKB) cgsrriherehetaingr e

aware that in order to maintain cache coherency, the cache controller 260

TSt e VSTl L O SRIICNAh L SHGH 0%l iOM A% okt e gon
be made to the preferred embodiment described herein to increase the
supported cache capacity of a given cache controller within the spirit
and scope of the present invention. Accordingly, the spirit and scope
of the invention is to be construed not by the example described herein
but by the claims attached hereto.



in typical microconputer systems, other devices may al soiwi
and hence the cache controller 260 is pravided with a snoopi

. . . . Thi t Ha
I ts.connection to addressing and control outputs of the CPB"l E”l

noni tor witddddgd Qi N nenory by ot her dggi ces. In ordef to maintain the
al ready offset relationship, the snoop input BCP- 89> DUBET HAS BEEN
14 term nal s SA2- SA22 of the cache controller 260 are{conn®EPEACKD I
address bits BA3-BA23, as shown in Fig. 8. Al t hough not exXpritrty—I

shown in thecprasedi ng figures, a 32KB cache nenory (configured as 4-byte
entries) requires 13 addressing bits. However, the 64KB cache nenory 255
requires 14 addressing bits. Addressing information shown in Fig. 8 is

provi ded by the ouf pultdbusheidrdtemoudbr (dydtbht(200A3nBlddingkn addition,
cache 25.5 addr e%?%n(gzztss]pfllja:[viﬁ‘gola &&ug'a?ﬁ:[ir’g_ybci)g )adcii?espsg.ggiogl gugsr;om CACAZ out put
of C2. Finally} “the
a cache subsystem comprising a cache memory (255) and a cache
controller (260) having a plurality of addressing inputs;
a CPU local bus (230) for connecting the CPU and the cache subsystem
(260,255) ; |
a system bus (250) connecting the cache controller (260,255) to a
random access memory (350) and a plurality of addressable functional
units (330,340);
characterised in that the system further comprises logic means for
connecting a portion of the CPU addressing ocutputs to a portion of the
cache controller addressing inputs wherein the CPU addressing outputs
are not connected to the corresponding cache controller addressing
inputs.
i
2. A multi—busimicroccmputer system as claimed in claim 1, wherein
the logic means comprises an address generator {C2) for generating
addressing inputs Lo the randoﬁ access memory which are not generated
by the CPU; and wherein the address generator is responsive to at least

one CPU address output.

3. A multi-bus microcomputer system as claimed in claim 1, wherein
the logic means comprises an address generator (C2) for generating
addressing inputs to the cache memory which ars not generated by the
CPU; and wherein the address generator is responsive to at least one

CPU address output.
4, A multi-bus microcomputar system as claimed in claim 3, wherein
the address generator (C2) further generates addressing inputs to the

random access memory which are not generated by the CPU.

5. A multi-bus microcomputer system as claimed in claim 2 or clai

3, the logic means comprises initiating logic means (Cl) for generating

RN




effeet of,a 14th bit is the bank selection created by the cache control
generating either cache enable A (COEA or CWEA) or cache enable B (CGEB or
CV\EB) . Typi cal m croconputer systens enploying cache controllers use a
4-byte line size at |east partly because of the wi dth of -
32 bits. The wp¢eglgb-@fs t he data bus neans thgt on a given
bits can be extracted fromthe nenory and thus in response
m ss, four bytes or one |ine of updated information can be witten
cache on a given read cycle. The consequence of changing the line size, as
is the case ia Hidéepnmesery readanicilenin frespnnkeuro bytahet teagi gids sdggajest s
that in order(ﬁl%s I ntain updating one entire |line on a cache read m ss,
ot her changes'nust "be nade. In a preferred enbodi nent of the present

i nvention, the additional |ogic provided by the PAL C1 and PAL C2 provide

for a second gr hi dﬁmlmrsym%k@m u'Ela&:S gg%amraé eVLiRal f Emﬁm bp élagm
extent that it is invisible to the and cache controller 260 hus,

a read niss gérdereds thaorartder wic Ry éédrﬁfsﬁl&g funB‘Etﬁ)FmPfP?é’tFM%%r‘?c e

cycles, the ag&ft&&§lé3:uta§&!r§esé2n¢ S.nbﬁﬂ@rltsegfﬂsuE\an@-ridlpuﬁ%ioﬁ'ﬂﬂag with
address bits A3-A31 a 321: EET%) B@ dat I n that ngrmry cycle
is stored in f%eéﬁ%lfénﬁﬁr e rcad?%émg'fl@ fr g ?Ftsdﬂﬁ HPYE- agai n

passed to the system (NEWA2) and the cache RAM 255 (along with bits

A3-A31). On this cygl ffe 4s.nat. d
address a second se}t? “glfltg%vl\% l‘tﬁ{crfctrco uerF\e(?rmr SFQJ'ﬁCidaf agrledag\igﬁ ?no;: lalm
second cycl e Bswhsretre §PBaddressimgproerdsch3 20 AW dre sopnegtedt by egche the
he esn ddy _ s ok3 203N ! eatredt & h
cache 255. Th@o@&@hiéﬁ%@hrés%%& inpufd gabed EXzéJ;e'&ﬁé%Ih'ePQirﬁ'&P@é&i&-&é&ﬁug

input A2 is connected to the address generator (C2}.

8. A multi-bus microcomputer system as claimed in any preceding claim

wherein the cache controller is an 82385 cache controller.

S. A multi-bus microcomputer system as claimed in any preceding claim
i

wherein the cache memory (255) has at least 64Kbyte addressable

capacity.
10. A multi-bus microcomputer system comprising:

a CPU and a cache subsystem connected together by a CPU local bus,
said cache subsystem comprising an 82385 cache controller and a cache
memory, system bus means connecting said 82385 to a random access

memory and a plurality of addressable functional units,
wherein said cache memory comprises at least 64 Kbytes.
- 11. A multi-bus microcomputer system as recited in claim 10 wherein:

said CPU has addressing outputs and said 82385 has addressing inputs,

and . -

,’l This Sheet
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BC9- 89- 615 15 address strobe si gnal (M SSl)

M SS1 is used by the systembus interface unit (Mcro Channel (TM or other’
system bus) and local bus mermory interface as an alternate BADS (82385
address strobe) signal. This additional or hidden cycl TH
pi pel i ned processor cycle to the systemi nterfaces and ther'i
BADS or M SSECEE?Ph?tiate a bus cycle. 4 Al t hough M-
create an additional or hidden cycle in accordance with the prefé€
enbodi ment of the present invention, an alternate arrangenent would be to

rovide a 64-bit_ w de a bus o) thaI diti.onal or hidden cy

Be unnecessary, éalm.secor?ineCE R &8 52 %P‘Z ?%gﬁfﬁswgt%lhtpgﬁs b1t §°8F < g:a?%ll
~cor r espondi ngdédxessingd-ipputs qunealdAsaii&aetvatrita&gePtbfadasesrs;na drtpbi¢ ereensr vy

‘interface vvo%gn&g: §f€06%££ ?fggg r{gogzgs%,shgér I;Bﬁl}? g&?% SRAMS because of an

‘extra cross-over nee to gate the prope to the CPU 225.

12. A multi-bus microcomputer system as rec1ted in claim 11 which

further includes:

address logic generator means for generating addressing inputs to
said random access memory which are not generated by said CPU and means
connecting at least one addressing output of said CPU to said address

logic generator means.

13. A multi-bus microcomputer system as recited in claim 12 which

further includes:

address logic generator means for generating addressing inputs to said
c%che memory which are not generated by said CPU means connecting at
least one addressing output of said CPU to said address logic generator

means.
14. A multi-bus microcomputer system comprising:

a CPU and a cache subsystem connected together by a CPU local bus,
said cache subsystem including a cache controller and a cache memory,
system bus means connecting said cache controller to a random access

memory and a plurality of addressable functional units,

wherein said CPU has add;essing outputs and said cache controller has

addressing inputs, and

means connecting some of said CPU addressing outputs to some of said
addressing inputs of said cache controller so that CPU addressing
outputs are not connected to corresponding addressing inputs of said

cache controller.

This Sheet Has Been Revi ced
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In orden to maintain the hidden cycle transparent to the CPU 225 and cache
control l er 260, the BREADY signal (fromthe system) is held active until
the end of the second read m ss bus cycle (both the cycl q‘gﬁx%g e ry—BAD!
and the additiggal, gysl e created by M SS1)._The first 32- B ' OF.

read on the firsSt read cycle is stored in tf2 cache 255 M |LA§EB5RA J2
(chip select) as developed in the PAL C2. This signal is tied to the actrve
hi gh chip select input of the cache 255. SRAMCS2 is nornmally active, and
goes 1 nactiveq8t g ?ﬂﬁl@ﬂ‘ﬂ)ugfmi&@c&hﬂu%grrﬁﬂq 1 Y ?e@iftea#%tj'.gﬁrpllﬁ wiaeh M SS.
It goes active agai n _one CLK2 clock cycle Fater . e Srgnals ,

/M SS1, [ NEW ASTEhezpipgludsssnves?, / CACA2 and NACACHE are defined below in
the eight |ogic equations. The | ogic equations which have been

ref erenced abovgaare %%Fr oduced, i medi ately below, In_this material the

synbol s have tREVFGFI OV oI TREARF IRy NeFRE JOF I T RF119 ffidnpssing inputs to said

random access memory which are not generated by said CPU and means

connecting at least one addressing output of said CPU to said address

logic generator means.

16. A multi-bus microcomputer system as recited in claim 14 or claim 15
wherein said cache controller is an 82385 and said cache memory has at

least 64 Kbyte capacity.

17. A multi-bus microcomputer system as recited in claim 12 or claim 15
which further includes hidden cycle initiating means responsive to a

cache read miss for generating a hidden memory read cycle.

18. A mﬁlti—bus microcomputer system as recited in claim 12 or claim 15
wherein CPU addressing outputs A3 through A30 are connected to
addressing inputs BA2 through BA29 of said cache controller and CPU
addressing output A2 is connected to said address logic generator

means.

19. A multi-bus microcomputer system as recited in claim 14 which

further includes: .

address logic generator meéns for generating addressing inputs to
said cache memory which are not generated by said CPU and means
connecting at least one addressing ocutput of said CPU to said address

logic generator means.
20. A multi-bus microcomputer system as recited in claim 10 wherein:

said address logic generator means also generates addressing inputs

to said random access memory whiéh are not generated by said CPU.

This Sheet Has Been Rerlaced
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BC9- 891015 16 ~-—Synbol Definiti on_
/ Negat i on = A registered term equal to =
A conbi natorial term equal to & Logi cal ~ . ,
Logi cal OR $ Logi cal excl usive OR (XOR) LV

ETAASSS
& /OMR & M SHCISBBRABCS2) /M SS1: = M SS12& BUSCYC385 & UNABEPUAEE@
/(BWR) & CLK & NCA + M SSL & /BUSCYC385 & /BADS & / (BWR) & CLR &
/ BREADY + /M SS1 & /CLK + /M SS1 & BREADY

21. In a multi-bus microcomputer system (200) including:

a CPU (225) having a plurality of addressing 6utputs;

a cache subsystem comprising a cache memory (255) and a cache
controller (260) having a plurality of addressing inputs;

a CPU local bus (230) for connecting the CPU and the cache subsystem
(260,255);

a system bus (250) connecting the cache controller (260,255) to a
random access memory (350) and a plurality of addressable functional
units (330,340); ’

a method for increasing the cache memory addressable bﬁ the cache
controller to at least 64kB comprising;

connecting a portion of the CPU addressing outputs to a

non-corresponding portion of the cache controller addressing inputs.

I — This Sheet Has Been R
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) ' ThlS Sheet Has Been Replaced
I NEWA2 :; = [CA2 & M SS1 & CPUNA & CLK + 85 & [ BADS &

[ (BWR) & CLK & NCA & /BREADY & /CA2 + / &.ClJ( + [ NEWLAZ &
M SS1 & / CPUNA & CLK & BREADY + [/ NEWLA2 Sl & /CPUNA &
CLK & BUSCY%%%A 4& = /MSS1 & CLK CPUNA & /NACACHE '

& CPUNA & / B /BUSCYC385 + /[ CPUNA &°/CLK + /CPUNA & /

/ CPUNA & CLK & BREADY + /CPUNA & CLK & BUSCYC385 & NACACHE -
SRAMCS2 & /M SS1 &-/ BREADY & /BUSCYC385 & CLK BCO- 89- 015

17 MICROCOMPUTER SYSTEM EMPLOYING ADDRESS OFFSET MECHANISM
TO INCREASE THE SUPPORTED CACHE MEMORY CAPACITY

ABSTRACT

The capacity of cache memory supported by a cache controller can be
increased by offsetting the relationship between CPU address output
terminals and address input terminals of the cache controller and
correspondingly doubling the cache line size. In some cases,
additional logic generates a hidden memory cycle so as to fetch from
memory that number of bytes equal to the new line size regardless of
the width of the data bus. The hidden memory cycle is initiated by a
read miss and further logic generates a memory address which is not
generated by the CPU. The hidden memory cycle is maintgined
transparent to the CPU and cache controller by inhibiting the change in
a READY signal until completion of both the normal memory cycle and the

hidden memory cycle.



/CACA2 =./ NEWLA2 & /CPUNA & M SS1 + NEWLA2 & /M SS1 + /CA2 & M SS1 & CPUNA
& CLK + /NEV\LA2 & MSS1-& CPUNA & /CLK + / NEWLA2 & M SS1 & CPUNA & / CA2

I NACACHE = / CASGATE + /M SS1 & /CVMD + RESET where: /CASGATE indicates
active main nenory cycle, active low, and /CMVD i ndi cates g

‘a bus other than the system bus (such as M cro Channel),

t he foregoing: BREADY is a signal fromylge system bug
i ndicating that the cycle on the bus has been conpl et ed.
the A2 output of the CPU 225,
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BC9- 89- 015 18This Shest H¥EHekn dje resulting
operation. The exanple of Fig. 9 is pr e assunption that
prior to step 1 the cache nenory has b mmmm t he re prior to
step 1 the entire directory is invalid. hows lim"

executing a read conmand at address 0. In the result col u FRng?]Sﬁ'L\g BREN
that two nenory fetches are occasioned. |IB/@gne nenory fet fmlr
bytes) is fetched and stored in the cache. Thereafter, anot her rrermry fetch
for dword 4 (again four b tesg is al so acconplished and stored in cache.

The caehe directory (see econd colunn) has the tag valid bit set for
directory address 0 and the b , 2 pda g by the cache

controller, ﬁggglﬁéé 11:0 hc;)ﬂ‘.m.u exectit ;d‘ by gmm% 3

read nenory
woul d be a tep g mould have

. - o ] art
gﬁﬂj L'SII‘] ' e lfiqu
only fetcheBUSour. byt ee—p=>3)INTE i ad c%
Y CyCl € i 3 regul t of step 1

i nvention, WRBITRATIONd nermd S A5 o
have now pr 1y cache [MENDTy W T h FONt @ﬁs or}the addressed
menor y Ioca%\'%ﬁd ||_d1"ﬁgl"§ PRIGGE)é 40 (&sGAEHE n a CACHE n
changes 80386 LOCALS—T INTERFACE CONTROL CONTROL BUS

BUS DECODES

FIG. 3
TAG '

. BITS—25 | 987 0
SETS A31-A15 STORED DIRECTLY TO AL-A2 USED
0-1023|  INDICATE PAGE SELECTED TO SELECT LINE

; | L A U e s : =
l 17 TAG BITS (PAGE SELECTED) ! 8 LINE VALID
o , BITS
L - A14-AS USED TO ADDRESS SET | L-TAG VALID BIT
IN TAG RAM |
FIG.4
TAG |
BITS 2524 987 0
A31-A16 STORED DIRECTLY TO AS-A3 USED.
SETS | | INDICATE PAGE SELECTED TO SELECT LINE
0-1023 .
I N e e o e e e o e o = o e —— — — —— — .J: L —_-V———/
| 1% TAG BITS(PAGE SELECTED) | 8 LINE VALID
; | ! BITS
L A15-A6 USED TO ADORESS SET LTAG VALID BIT
N TAG RAM

'DIRECT—MAPPED TAG FIELD
FIG.5
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one condition during the hidden nenory ThasteechasBeendepladesh anot her conditi on
in read cycles other than the hidden rea result, while the

term CA2 may be constant, the signal | ondi tjion during the
hi dden read cycle and in the other condition In other read myg '
provides for both an inverted A2 bit in the hidden cycle gnd a
A2 bit on other nmenory read cycles. In othgygwords, nanip |
by C2 applies to system address bus (BA2-BA31 out put of AL) an addressS

which is not generated by the CPU 225 n impul ar, during the hidden
cycle NEWA2 = /A2, which is an addres%ogk EBN"I’P'U‘LE

t by the CPU 225.
It should be apparent fromthe foregbln@ISABLE t hE ess|{ty for the hidden
read cycl e occasi oned by Qﬁ@afhe m ssO€&NABLAYI ebeptdd by / M SS1) 2255{21 _

L~

result of the fact I&-EUL the—data—bts i s not wilte’ ehough fo acgompdate—tir
new | i ne si Ta2ly r31accord ngly, the hidden bus™cyctg- be -
elinminated | weBAZs 20 cirgrmt—totaccopmodareThe]A3ndl si ze.
The first two tet SAPe- 2auaBpd0ter |/ M SS) shov t he condi Jézns for
generating the "hi " cycle. éggA hi i ndr¢at es{that the apserted
address is cachedble. y BADS act T[hdicateqd ¢ithel a cache KBX{{SWIO
non- cacheabl e cydl e. wever the joijnt actiVi gyl ang of NCA an P/ are
specific to a cadhe mijss. 823851y /(BWR) adtive i hdeates—a—B8u31 Thus
jointly the thred signpls are speciflic to a _
READY 1 READY
- NCA .
BADS : LOCK
N 1A% coea |
COEB 80386
' CALEN |—
L BE
&3
' ; . NA
T | @ DELAY CWEA EB ]
G1{G2|G3| G4 G5G6|G7 _
l T - CWEA CPUNA
_ CWEB
: Ao P NEWA2
C1) A2 _|PAL CACA?2
BUSRDO,
READY | 1o, _ | Y2 TSRAMCS?
MISSY
NEWAZ WEB| OEB] OEA] WEA
~CE10-3
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. . o 2577
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: " - his Sheet Has Been Replaced
ache read miss, Y ust the conditions ¥

f "hi dden" cycle. The
first of the terns is operative for noﬂwllmwrﬂga | es. (CPUNA) wher eas
the second termis operative for pipeli I R

as NEWA2 toggled on a given read m'ss fro?the CPU to create t hdEPRHAC
addresses, one on the "hidden" cycle and ﬁ

other for the read m ss
initiated by the CPU (one address is created with NEWA2 hi gh and the ot her

address is created with NEWA2 | ow) so too theaaddressing to the Cache 255
must toggle. In other words ’%Qa‘che read ms& will result
BC9- 89- 015

in & eache wite. The CPU 225 and
cache controller 260, since @ey see onI y O

cle will create only a
si ngl e cache address. T, Qgress bit fro e CPU does not directly
reach the address input at

7¢]
(18]
.

EADY) '
ternms are operative to termnate /M SS1 at the appropriate ?—F{ﬁes{@s‘t Hé EN

FETCH d
FETCH da
FETCH d
FETCH d

i

11111110
11111100

LINE VALID BYTE
(1=INVALID 0=VALID)

[CACHE INITIALLY FLUSHED]
FIG. 9

CACHE HIT NO CHANGES

CACHE DIRECTORY
UPDATE LINE VALID

BYTE

'SET TAG VALIO AT
DIRECTORY AOR 0

(D CPU Rd 0
(@) CPURd &
() CPU Rd 8




255 Rat her t he ]e}ilSSheetHaSBeeR peee reproduced by the CACA2 N PRET
bit will also tog mm] m ! toggl ed the address on

NEWL.A2 .is created he A2 bit of the CPU. Thsg togglr A2
occurs by the changr ng state of- M SS1. For a simlar jr ifs
al so creat ed. THiﬁjSHEE)F\Ht-\b bhtddt i ng an additional addrdss input to the
Cache (one not ¢reat eREFﬂ)J\CEBe CcP it is also necessary tjo make two contro
cycles to the Ot a single cygl e created by lt-he cache
controller. That is the functron of SRAI\/CS@ SRAMCS2 toggl es just at the

end of the first, or the "hidden" -cycle to initiate the second cycle to t he

cechel mev\rrﬁry 0CO £ %g%w f 4] POFRSETM he
si gnal , ic en [ [ S
i ncluded in the devef ﬁm NA !FJ rlgjr‘%ﬁg at ﬁ’.r i?gn et gll of the

"hi dden" cycle does not allow assertion of CPUNA. This action prevents the
CPU from goi ng off on a pipelined cycle before the second half of the read
m ss sequerdBSTBALHI sting of two cycles) can be conpl eted. Wil e the
preferred enbodi nent of the invention has been described in connection with

the 82385 cH@\¢apacify 6D¢dchE meidt@$ €2557 supisttedbytd\éaché bomidller (2609 cah B8 dndréibd

enpl oyi ng the prrncrples of the present |nvent|on the cache nenory

Zggg(rjrrhgg h rer n, |g$:ﬁ’lg aﬁﬁ%ﬁﬂtﬁ% atronsﬁ vveen t;ﬂﬁ@%}a ress

outputs and the ca%h}ee : Ezgilitlro fer and correspondingly doublmg the cache line size. In some

cases, additional logic generates a hidden memory cycle so as to fetch from memory that
number of bytes equal to the new line size regerdless of the width of the data bus. The
hidden memory cycle is initiated by a read miss and further logic generates a memory
address which is not generated iiy the CPU. The hidden memory cycle is maintained
transparent to the CPU and cache controller by inhibiting the change in a READY signal
until completion of both the normal memory cycle and the hidden memory cycle.

Fig. 2

W A . ey



address inputs. This increase in supported cache nenory doJﬁW%ACEMEﬂﬁ}SHEET
alteration to the internal cache directory or other interngl]conponents of

t he cache controller to the extent that the supported cachg ¢a28 MaR 1996
increased by increasing the line size. In nmicroconputer sygtens wherein t
data bus can support single cycle transfers at 1{he new | i ng¢ Stze—trmen
there is no necessity for using the other technique of the|present
invention, i.e. the hidden read BC9- 89- 015 _
21 cycle. On the other hand, if increase to supported cache capacity
requires increasing the line size beyond the width of the data bus, then
the technique of introducing a hidden read cycle, as described herein, can
al so be enpl oyed to overcone this problem It should al so be apparent that
there is, in theory, no reason why only a single hidden read cycle is

enpl oyed. In other words, with appropriate address offset and nultiple

hi dden cycl es, the supported cache capacity can be increased beyond t he
100% (from 32KB t o 64KB) descrlbed her ei n.

v

J

//,10

O PRINTER

50 MOUSE

<o
-~ <«
) -
- —
: n{apood L
8’\{ .
O o oo —
X \ > 2
N = <
S - Nz =
— > >
= 2 w
S g
\\ o~
\_ — 0

DISK 70




In view of. t he foregoing,

ot
=3l
e2) S
m,m gef | = sng 135205 Add04/ 3113 08VH [~ 0%€
Bloa-fl = ——— 00" TINNVHIOUIIN 026 . —— EE
mmwwnm ] ¢ 9ld — VAVD AYOW3W L
S°| o2 -3 % — ~|\ ~gce[SLINI0S TINNVHI-0UDIN € || AUOWIN
mm o | clpa GIWZ TYNOILO =1 dIS WVIO[] m%m%%m R O €€
: [ =1ER . 49€ omm — SEEN
% ol EE gWz WNOLLAO L dis v % XOH d334na €S Y
C8TBs FEE> g | €9€ A |- L [FnouvaLiayy
Se5g8 SSef W2 TYNOLLAO 1 dIS WY (300330 | - zse| oL fee { %€ HOSIANIANS
Eog8s "osE 29€ = e |
o233 Iy Wz Jisva LdIs Wvaa HITI0ULNOD
c " "o nnwn . .\.. : K 70 0 VW0
~csg<s 8 P S g ROH o |
E2C.0 5328 OLE Oseg—1 1> (eze
O O..—0 C o ’
5SS G m 82 | oy | [ | P fuania {1avav) | avaw | wva || oo | |avay 5| 2
S%5ap Zo°E AN | SiSial INVHD| | INIEd) |ZE2SY | SOWD | | SOWD| | 1dSId Z |28
[ @ . (D) O0L® . X | m
232 mwm = el [Joue [ sod] [ Tood [ [sed] | | o2 | lss2’| | | 082 | [52") | fozaomg] B |* B2 L
no = o L0 g i
c8E.E 5% coumo- y T Gy
22,25 2,259 wv’ S | 6 . /o7 L /HN o sng
"EST ey Tz SSROOV SNG 0/1 YYNVd 0L/ o] LY3dd0e [ Cosz
=g08%- 080~ — vivd T04LNO)
(@) (&) - —_
cO> SSZET 00Z ssz/| M99 F—a= 3HIVI Ko
HAS . T 5] o5z
2762 8-52% L 0EZ SNA IVI0INAD
®s25 253582 40SST0Y¥d0]| | H0SSII0Ud
s =8 00 &5 HIVHW O4JIN K~
05 .Eoc T sz
© >20 ocoo .
“ >XNC oo N C .- —
Q.- NS O@A
VDO—- 00 I O® w0
c@Cmcoc. o [@27)]
- Q0 —Eoco
CNOVOT—O0C .~ —
COoVRVTw.-eT .
— — e novT OT
L0 OO0 o >3S0 ®©
VE L o<<wn—C
T oo 4+ O 0 C
ESC28-228%



wherein said CPU has CPU addressing outputs and said cache cagntroller has

addressing inputs; and means connecting sone of said C%&mt ' ey FFT
outputs to sone of said addressing inputs of said cache con}rgeHer—se—tHat="’
said some of said CPU addressing outputs are not connected .
correspondi ng addressing inputs of said cache controller. Z.j;Azﬁhﬂﬂﬁjgﬂ%

m croconputer systemas recited in claim1 which further inc es:

address | ogi c generator means for generating an addressing ijnput to said
random access nenory and means connecting at |east one of Sed—GRY

addressing outputs to said  address |logic generator neans. 3. A nmulti-bus
m croconputer systemas recited in claiml or 2 wherein said cache
controller is an 82385 cache controller, and wherein said cache nmenory .has
at |east 64 Kbyte capacity. 4. A multi-bus mcroconputer as recited in
claim 2 wherein the addressing input to 5 I d random access nenory
generated by said address | ogic generator neans differs

-8238.57 _

82385 LOCAL, | 57385 80386 ADDRESS
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in claim

addr ess

ecited

sai d random access nenory generated by

1bpis 28 MAR 1996

séi

nmeans al so generates an addressing input tofsard

" REPER CBMENT SHEET

A mul ti-bus
| east one of said CPUjagldressing

5.
nmeans for generating an addressing

“A nmul ti

6.

m croconputer systemas recited. in claimb5 wherein:

| ogi ¢ gener at or
access menory.

from address signals at said

neans.

A mul ti-bus mcroconputer as
476

6 wherein the addressing input to
nmeans differs

m croconputer systemas recited in claim1l which further
menory and neans connecting at
7.

address | ogi ¢ generat or

from address signals at said CPU addressi ng out puts.
cache

outputs to said address |ogic generator
sai d address | ogi c generator

CPU addr essi ng out puts.
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& A'milti-bus ni croconputer as recited in claimb5 wherei ‘REPLA@EMENTSSI@EET
input to said cache nenory generated by said address |ogi¢
differs fromaddress signals at said CPU addressing outpufs 6?2 #ﬁ 1994 :
mul ti-bus m croconputer system conprising: a CPU and|alc %é 3
subsystem connect ed together by a CPU | ocal bu§76 sai g m
conprising an 82385 cache controller and a cache nenory; said CPU
i ncl udi ng CPU addr essi ng out puts; mek{K A Fre—of—s-ai-d—ErPY
addressing outputs to addressing inputs of1=3I8ABLEB28SE;, Facle control ler so
that said CPU addressi ng out put SQ@re not CcE+ENABLEY orrespondl r2@58)2385
cache control | er addressi ng_rn“:,tS' system W€ freans |conr F o sary
82385 cache contr ol IapRNABL éﬁ%ﬁ'ﬂaocesw. menory andf{a pl drari Eg_g% :
addressabl e functional U 3{293" S [ ogl c{ gengerator nes r .
generating an addressi ngrmp pAibzgalﬁi‘\ﬂrdhe-._rm bry | nmeans—eedAgcting at |
| east one of sai'd CPU addiress]i ng out BA¥ #e—sai d addr ¢ss DIC,W/R,M/IO
82385 00-31
READY 1 [« READY
BADS : LOCK
= —BADS COEA —
COEB — . 80386
‘ CALEN |—
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l.ogi ¢ generator means,

cache nenory; and wherein said cache nenory has a

and nmeans connecting CPU addressing outputs to said

| east 64 Kbytes.
wherein the addressing input to said cache
address |l ogic generator neans differs from address
addressing outputs. 11. A nulti-bus mcroconputer systen

claim9 wherein: sai d address—egicC genera?or—neans
addressing input to said random ac&23s nmenory.

si gna

(=172 AT 0 gV
10. A multi-bus m croconputer as reci t efR A(MIEN'BMET

'y generpt Ed by said

s| at g miag 1B
ap recited in
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. . . . {REPLACEMENT SHEET
sai d ‘randem access nmenory generated by said address | ogi g gemerator—TEany. .
differs fromaddress signals at said CPU addressi ng out uts.;"'gl_ﬁp A'?W 11
mul ti-bus mcroconputer systemas recited in claim11l or Wh? h' Qr_ r
i ncl udes hidden cycle initiating neans coupled to said Uland to said
cache controller and responsive to a cache read mss idgntified by.said’
cache controller for generating a | dden nmenory read -

h : A
mul ti-bus i IssEsheyeRd 33KB, dhef2388 specilicafignsang ﬁﬁmqqorgi/ descriptionean kigrfound

addr essi ng outthel litel"MicRéproeRsardhd FeipheraN Hahdibok © afdl i 82385 Hikh PeFBrikinde
i ough CoASSR R caly eRbE S HR! et S iR U Btk 2 dooes
Hardware Reference Manual (1986) also from Intel.

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

According to one aspect of the present invention there is provided a multi-bus
microcomputer system comprising: a CPU and a cache subsystem connected together by
a CPU local bus, said cache subsystem including a cache controller and a cache memory,
system bus means connecting said cache controller to a random access memory and a
plurality of addressable functional units; wherein said CPU has CPU addressing outputs
and said cache controller has addressing inputs; and means connecting some of said CPU
addressing outputs to some of said addressing inputs of said cache controller so that said
some of said CPU addressing outputs are not connected to corresponding addressing
inputs of said cache controller.

According to another aspect of the present invention there is provided a multi-bus
microcomputer system coniprising: a CPU and a cache subsystem connected together by
a CPU local bus; said cache subsystem comprising an 82385 cache controller and a cache
memory; said CPU including CPU addressing outputs; means connecting some of said
CPU addressing outputs to addressing inputs of said 82385 cache controller so that said
CPU addressing outputs are not connected to corresponding 82385 cache controller
addressing inputs; system bus means connecting said 82385 cache controller to a random
access memory and a plurality of addressable functional units; address logic generator
means for generating an addressing input to said cache memory, means connecting at
least one of said CPU addressing outputs to said address logic generator means, and
means connecting CPU addressing outputs to said cache memory; and wherein said cache
memory has a capacity of at least 64 Kbytes.

An embodiment of the present invention to be described later provides an
architecture and a method for increasing the cache RAM supportable by an 82385 cache
controller to at least 64KB. This architecture can also be used on any cache controller
designed to support a given amount of cache RAM and provide the capability of at least
doubling that cache RAM. The technique described herein to increase or double the
cache RAM size does not require additional tag RAM and only requires a minimal
amount of additional support logic. '



BCO- 89-015 25  15. A nulti-bus ni
systemas recited in clai 4—whi ch furtherincludes: ad
generator neans for generati nﬂ addressing inputs to saidr

menory whi ch m m&m
one addr essi nmﬁ“mm\ ! CPU to said address | ogic genjefator neans.

16. A rulti-bus mecrbecohputer systemas recited in claim1l r—CHarmri5
wherei n said-cache controller is an 8238BAIMS sai d cache nory has at

D

nom access :
by said CPY,and means conneqtilng2 It AUG3I$I7

| east 64 Kbyte capacity. 17. A nulti-bus microconputer systemas recitea
in claim212 lorA eludtitbud mivdocadpter sysem comprisings hi dden cycle initiating
means responsive to a cache read mss for generating a hidden nenory read
cycl e. 18. A muCPU-andsa eachesubsysteme cornested togeathar dvyi 2 &Y hocal Bisyn seid eache
cl aim 15 wherein CPU addressing outputs A3 through A30 are connected to
addr essi ng iSHPYSEIBARCIpdIng, g hcasho ocontradlsy Andaa heache NEBOrk SESigmChyy means

connecting said cache controller to a random access memory and a plurality of
addressable functional units;
wherein said CPU has CPU addressing outputs and said cache controller has
addressing inputs; and
means connecting some of said CPU addressing outputs to some of said addressing
inputs of said cache controller so that said some of said CPU addressing outputs are not
connected to corresponding addressing inputs of said cache controller.
2. A multi-bus microcomputer system as recited in claim 1 which further includes:
address logic generator means for generating an addressing input to said random
access memory and means connecting at least one of said CPU addressing outputs to said
address logic generator means.
3. A multi-bus microfcomputer system as recited in claim 1 or 2 wherein said cache
controller is an 82385 cache controller, and wherein said cache memory has at least 64
Kbyte capacity.
4. A multi-bus microcomputer as recited in claim 2 wherein the addressing input to
said random access memory generated by said address logic generator means differs
from address signals at said CPU addressing outputs.
5. . A multi-bus microcomputer system as recited in claim 1 which further includes:
address logic generator means for generating an addressing input to said cache
memory and means connecting at least one of said CPU addressing outputs to said
address logic generator means.
6. A multi-bus microcomputer system as recited in claim 5 wherein:
said address logic generator' means also generates an addressing input to said

random access memory.



IREPLACEMENT SHEET|
addreSS| ng out put put A2 is lﬁﬁ@ d to said address | ogi c gepefator neans.
e

19. A nulti-bus stemas recited in claim1l4 whixh 4geer
i ncl udes: (\im\mmm Avs

rerator means for generating afldr essi i ng
i nputs to said cach& menory which are not giener ated by sai SPY:
connecting at | east one addressing output of said CPUto s i d address Iog| C

gener at or neans. 20. A multi-bus mcroconputer systemas recrtrted rn crarm
10 wherei n: 7. saAdmaliEbwsmidrocpmpuiemay eecited ireelain @ whergantheadddsessingriapai tog
nputs to Sas:acljd rrggddo?nma%&csgsgeggrr;o ;gne\;'\i]tédc r11)yasra?d ggéregseFoegEc? tggrcliergt)(ljr Slgéaclils Cclljlferrs
from address signals at said CPU addressing outputs.
8. A multi-bus microcomputer as recited in claim 5 wherein the addressing input to
said cache memory generated by said address logic generator means differs from address
signals at said CPU addressing outputs.
9. A multi-bus microcomputer system comprising:
a CPU and a cache subsystem connected together by a CPU local bus;
said cache subsystem comprising an 82385 cache controller and a cache memory;
said CPU including CPU addressing outputs;
means connecting some of said CPU addressing outputs to addressing inputs of
said 82385 cache controller so that said CPU address:ing outputs. are not connected to
corresponding 82385 cache controller addressing inputs;
system bus means connecting said 82385 cachie controller to a random access
memory and a plurality of addressable functional units;
address logic generator means for generating an addressing input to said cache
memory, means connecting at least one of said CPU addressing outputs to said address
logic generator means, and means connecting CPU addressing outputs to said cache
memory; and
wherein said cache memory has a capacity of at least 64 Kbytes.
10. A multi-bus microcomputer as recited in claim 9 wherein the addressing ioput to
said cache memory generated by said address logic generator means differs from address
signals at said CPU addressing outputs.
11. A multi-bus microcomputer system as recited in claim 9 wherein:
said address logic generator means generates an addressing input to said random

access memory.



BC9- 89- 015 J 21. I'n a multi-bys A croconputer
system (200) inclu 5) having a plurality of
out put s; a cache sing a cache menory (25d

controller (260) havi n@ & pMura&lity of addyessing inputs;
(230) for connecting the CPU and the cache subsystem (260,

{REPLACEMENT SHEET

Nall

lddz FSALE 9?197
a cacC

.- f‘nll Laoaal
o oot uuo

255) a system

N

‘bus (250) connecting the cache controller (260,255) to a random access
menory (350)12andA anyltitbua| micyocoinpackiras ecitedein folaimt 1 owhbreim thtesaddB38ing 48put to a
met hod for increasing the cache nmenory addressable by the cache controller
to at |east saitk Banslonpacesshgnemoryogenemted §y ssajsbaddress logic Benecxor aurane shiffers

outputs to a non-correspondi ng % ortion of the cache control
i nput s. from address signals at said CPU addressing outputs.

13. A multi-bus microcomputer system as recited in claim 11

includes hidden cycle initiating means coupled to said CPU and to

| er addressing

or 2 which further

said cache controller

and responsive to a cache read miss identified by said cache controller for generating a

hidden memory read cycle.

14. A multi-bus microcomputer system as recited in claim 11

or 2 wherein CPU

addressing outputs A3 through A30 are connected to addressing inputs"CCA2 through

CCA29 of said cache controller and CPU addressing output A2

address logic generator means.

is connected to said
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ABSTRACT

The capacity of cache memory (255) supported by a‘cache controller (260) can be increased
by offsetting the relationship between CPU address output terminals and address input
terminals of the cache controller and correspondingly doubling the cache line size. In some |
cases, additional logic genera'te_s a hidden memory cycle so as to fetch from memory that
number of bytes equal to tﬁe new line size regardless of the Width of the data bus. The
hidden memory cycle is initiated by. a read miss and mrtﬁer logic generates a memory
address which is not. generated by tpe CPU. The hidden memory cycle is maintained
transparent to the CPU and cache controller by inhibiting the change in a READY signal
until completion of both the normal memory cycle and the hidden memory cycle.

Fig. 2



