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PROGRAMMABLE CONTROL OF LOCK FUNCTI ON The present invention rellaTbg M
m croconput er systemand nore particularly to a mcroconputer system

enpl oyi.ng a cache subsystem and provides for programabl e control. over
LOCK fiunct i onpcd+ss-0s& of cache subsystensiin m croconputer- systems Ieads
to a nunber of attractive operatl ng advant ages. M croconputer systens

enpl oyi ng cache subsystems are in effect dual bus nicroconputers. The CPU
and cache. subsystem are connected t-egether via a CPU |ocal bus. .Separate - .
fromthe CPU local bus is a Byadt 8ps MISROCOMRITER) SusTEW wrmvi ces (1/ O devfces?

addi ti onal” nmenory, etc.) capg CE&Ror N RbES &9 t he cache ;
subsystem relieves the syst M

The present invention relates to a microcomputer system and more

particularly to a microcomputer system employing a cache subsystem, and

provides for programmable control over a 1OCK function.

The use of cache subsvstems 1n microcomputer systems leads to a

number of attractlve operating advantages. Mlcrocomputer systems
- employing cache subsystems are in effect dual bus microcomputers. The
CPuU and cache subsystem are connected together wia a CPU local bus.
Separate from the CPU local bus is a system bus to which other devices
(1/0 devices, additional memory, etc.) can be connected. The presence
‘of the cache subsystem relieves the system bus from any reaa.ﬁemory
access to the extent that the 1nformatlon sought is also found in the
“cache subsystem. Because not all 6951red 1nformatlon“§111 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.

Under some circumstances, however, the CPU and/or the cache
controller is arranged to inhibit cache operations for some commands.
For example, the 80386 CPU includes a LOCK signal for multiprocessor
and multimaster designs. The signal tells other bus masters that the

-Processor is-performing a multiple bus cycle operation that must_not.be
ihterrupted. The 80386 for example automatically asserts LOCK when it
updates the segment descriptor and page tables, during interrupt

. aCknOWquQe bus_cygles, and when it executes the Exchange instruction.
The manufacturer of the 80386 recommends that the LOCK output of the
80386 be tied to a LOCK input of a cache controller. The cache

concrollev, since it has visibility of not only the CPU loczl bus (on

RS

which the cache memory re51des) but also the system bus (on which main
anc other memory.resides) has the capability of allowing a cache

Operation or inhibiting the ‘tache operation. Typlca ly, the cache
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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 cach
subsystem and wite operations are usually directed to bo \
subsyst em andgtggEgiyy Y, there nust of cougse be some conn
the system bus and the CPU | ocal" bus. Under sone circunstafc
the CPU and/or the cache controller is arranged to inhibit cache operations
for some commands. For exanple, the 80386 CPU includes a LOCK signal for
-mul ti processocorgirdliad (suhs berandezisgnswillhpreaiegad chetld Spoidtaen [Fee amst ers
that the proc r I cycl e operation that gust =
not be inter rg q?%dmjl %ﬁg%6§%%¢gr?ﬂ£%n%% gggﬁ%%aat ically asserts LOCK “when
"it updates the segment descriptor and page tables, during interriupt
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"Microprocessor and Peripheral Handbook", "82385 High Performance

32-Bit Cache Controller" and "Introduction to the 80386" and the 80386
Hardware Reference Manﬁal, all published by Intel. The "82385 High
Performance 32-Bit Cache Controller" indicates (Section 3.4.2) that
when the LOCK output (of the 80386) is asserted, a sequence is run on

". the system bus regardless of whether any-locations referenced in the
sequence-rgside in cache.l In other words, a read hit will be run as if

. it were a read miss. -

. Notw1thstandlng the foregoing, however, in most Personal Computer
(PC) environments, descrlptors are not shared between system
processors. As a result, the effect of ‘assertion of the LOCK signal

 causes a significant performance degradation, especially when operating
in an 80386 proﬁect mode. This performance degradation comes about
because the 82385 cache controller treats all locked operations as

non-cacheable.

An aim of the_present invention is to overcome the the aforementioned
problem of performance degradation by selectively disabling any
relationship between an 80386 LOCK output and an 82385 LOCK input.

In accordance with the present invention, there is now provided a
multi-bus microéomputer system including: a CPU and a cache subsystem
connected together by a CPU local bus, said cache subsystem comprising
a cache controller and a cache memory, system bus means connecting said
cache controllér_to a random access memory and a plurality of
addressable functional units, said CPU having a LOCK output and said
cache_gontrol}er having a LOCK input, said cache controller including

¥ means for treating any cycle associated with an active LOCK input as a
non- cacheable cycle, and logic means coupled between said LOCK output

of sald CPU and said LOCK input of said cache conuroller, said loglc
T .
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The manmufacturer of the 80386 recomends that the LOCK output of the 80386
be tied to.a LOCK i nput of a cache controller. The cache FQJ si-nce

e
it has visibility of not only the CPU | ocal bus (on . whic hh%bEEEhHASBEHV
menory resides) but also the system bus (on which main and otherfﬂ&ﬁﬁE&
resi des)  has gehesse@ifabi | ity of allowi ng a3cache operation ©r inhibrtrng
cache operation. Typically, the cache 2 controller (such as an 82385)
wi Il prevent a cache operation for any cycle on which the LOCK input is

-asserted .The characteristics of_the 80386_and_82385 devi ces are descri bed
in means including a control input for disabling any relationship betwéen -

..-said 1OCK output and said LOCK input. Preferably the cache controllet
.is an 82385 cache conyroller and the CPU is an 80386 CPU. Howe;er, It
will be appreciated that the present invention can be applied to
.microcomputer systems which do not employ the 80386 CPU, the 82385
cache controller, or either of them. More particularly, the invention
is applicable to any multi-bus microcomputer system including a cache
subsystem wherein the CPU includes a LOCK signal which is respehded to

" by the cache controller to inhibit cache operations.

- Ina preferedaembodiﬁent of the preseht iﬁvent%pn to be described
later, there is provided additional logic coupled between a LOCK output
: (of the 80386 for example) and the LOCK input (of the 82385 for
' example). This a&ditidnal logic includes a control input terminal
which can be in'either'of two binary states. The control input
" terminal of the additional logic is driven by a particular bit of a-
selected I/0 port. When the particular bit of the I/O port is
asserted its effect on the logic is to disable any relationship
: between the LOCK output (of the 80386) and the LOCK input (of the
" 82385). More particularly, when the selected bit of the I/0 port is
active, the LOCK inpﬁt (of the 82385) is inactive, regardless of the
LOCK output of the 80386. On the other hand, with the selected bit of
-the I/0 port in'en inactive state, the logic allows the LOCK input of
the 82385 to follow the states of the LOCK output of the 80386.
- Accordingly, the state of the selected bit.of the I/0 port either
enables the LOCK function of the hicrocomputer syétem or disables the
- LOCK function. = |

Preferably, the'LQCK_inputs and outputs are active low, the
additional logic”eombfises a single OR gate. In this embodiment, the
- Lock function is disabled by a high control input to the OR gate from
3_?.the Partlcular blt of the I/0 port. On the other hand, when the
" Particular blt of the I/O port is in a low state, the LOCK functions

Operate as in the prior art.
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"M cropfocessor and Peripheral Handbook", "82385 Hi gh Performance 32-Bit
Cache Controller" and "Introduction to the 80386" and the 8038t~+ard

Ref erence-Manual , all published by Intel. The "82385 High PeerWSﬁhEg
32-Bit CachesdSesb+ald er" indicates (Sectign 3.4.2) that when/the
out put  (of the 80386) is asserted, a sequence is run on the sysStem
regardl'ess of whether any Iocatlons referenced in the sequence reS|de I n
cache. In other words, a read hit will be run as if it were a read m ss.
Not wi t hst andi Ry pt@iﬂénqa@mbgmmhbi/ﬂe\twqf ithe mostrdReisprtato Ghapaddit i¢daC)
envi ronnent s es t Sy QCeSSQr

result, the 1?9%3Cf{ﬂgpﬁgésrzgggrﬁ;ﬁ%%?&ﬁtﬂ%é@%&g% \g?g%a ?:%%ghpatg S gln ?ﬁ‘cant
per f or mance afgtaerali dpgiceuprec nat Ipreapn wberethe insgtionlan 180386 e ot /Sct
mode. This psaxftowweenﬁ%qr@p@t EON OB @Il?é)‘étthéle?@h@ewﬂé}? tﬁg%A faﬁiaf—'

controller treats all |ocked operations as non- cacheabl e.
| NVENTI ON blt or control 1nput is high, then the LOCK functions are dlsabled It

' will be appreciated that control over the LOCK function is thereby
 placed in the software which controls the status of the particular bit
of the selected I/0 port.

In an embodiment'of the invention, which is implemented in a PS/2"
“microcomputer system produced by the assignee of this application,
which is a single processor or single bus master'%ystem, disabling the
' LOCK function produces significant performance increases (up to 6%)
when operating under OS/2" operating system. The performance increases
.are attributed to achieving improvements in performance by use of the
cache subsystem _-In the absence of the present invention, the CPU and
cache controller 1nh1b1t use of the cache subsystem (and 1ts

- performance advantages) under the prescribed operating conditions.

An example of the present invention will now be descrbed with

reference to the accompanying drawins in which:

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

microcomputer system employing the preseht invention;

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

. typical microcomputer system employing the pfesent invention; and

Fig. 3 shows the'relationship between a CPU, a cache controller and

the added logic according to the present_invention.

Fig~r 1 shows a typical microcomputer system in which the present
~finvention can be employed. As shown, the microcomputer system 10
comprises a numbef of components which are interconnected together.
~ More particularly, a system unit 30 is coupled to and drives a monitor
. _
This Sheet 1.
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It i's an object of the present invention to aneliorate one or nore
_dlsadvantages of the prior art. According to one aspect of the present

i nvention th ﬁf bs ﬂgOVlded a multi-bus niLcroconputer system conprising: a
- CPU and a cacfhie Su systen1connected together by a CPU |l ocal bus, said cache
subsyst em conpri sing an 82385 cache contr.oller and a cache nenory, system
bus' means connecting sai d 82385 -cache controller to a random access nennry

and a pl o %tlsél‘ ggh %@dé%%@m&oﬁéh.n h&p%[lsﬂﬂryyt)s ngg}]urﬁanﬁ)gllo IC nmeans

.'output and s 385 cache .control | having:a nput
with a contretublegiio isptddeviges Wé’ﬁn@s @omb@ér%épmmasm%%m( @lmt put of

said CPU and %uq &Ke | MRHLa0h HBindle B2388arf 3CLS b‘eoac;rfnguzﬁ to S@lelsy QQinC
nmeans produ0| ng, in response-to.a predeterm ned signal on said control

input, an in#Bts ge- S|F§|P%311Yt h?aF%StLeM@%tnB%tma@f l"é‘-&}l@e §288% BaEhéighnt rol | er
to di sabl e sajfeksORchngithofaisnidbiSe38R CREhell Pat a&ddrebed@BElow,Nthe '

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 €0. Of course, those skilled in the art are aware that
other conventionél'components”ean aiso 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 mehory 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 Qia a buffer to a system
bus. The system bus ie interconnected to and interacts with the I/0
devices such as the keyboard - 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 typlcal mlcrocomputer system in accordance with the
present invention. A CPU local bus 230 {comprising data, address and
control components) provides for the connection of a microprocessor 225
{such as an 80386), a. cache control 260 (which may include an 82385
cache controller) and a random access cache memory 255. Also coupled
on the CPU local bus 230 is a buffer 240. The buffer 240 is itself
'connected to the system bus 250, also ccmprlslng address, data and
control components. The system bus 250 extends between the buffer 240

and a further buffer 253.

L. 4
e 4

¥ 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



3 t 3 NOV 1997 absence of said predeterm ned
si.gnal, allow ng said LOCK inputs of said 82385 cache controller to follow
sai d LOCK out put "of said CPU. According to another aspect of the present

i nvention ther @_Bé_ 1er ovided a nulti-bus njcroconputer system conprising: a
CPU and a cdtfe Subsyst em connect ed-t ogether by a CPU | ocal~ bus, said cache
subsystem conprising a cache controller and a cache nenory, system bus
means connecting said cache controller to a random access nenory and a

plurality of dressable 1.4 anpal ' |, d avin LOCK out put
and said _cac?‘?ggcont_r olbt% eréﬁg\%jﬁg&?‘g i%&lser}f)ﬁ%lt szg:g)g’n?a%hcggg%n roller .
i ncl udi ng meanPd traron redamemy 33hy Ygmdry 3k dei alisedecwunehtedh tacthieyeysteaI€ i nput
as a. non- caghgabb® C¥id GemdYd35@Ahe10MRENS et SdnhiRh ERReRAI1LQEK out put
of said: CPU and said_LOCK i nput of said
_ address multlplexer 352 and a data buffer 353. These elements are
interconnected with memory elements 360 through 364, as shown in Fig.

- 2.

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/0 adaptors and other components such as the display
| adaptor 275 (which is used to drive the monitor 28), a clock 280,
additional random access memory 285, an RS 232 adaptor 290 (used for
sérial'I/O'OPerati6n3), a printer adaptor 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 inter:gpt controller 31Q 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 reprééented by the Micro Channel (TM) sockets. Devices
-such as memory 331 may be coupled to the bus 320.

While data 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.

Figs. 3 and 4 show application of the present invention to the
relationship between the LOCK ocutput of the CPU 225 and the LOCK input
" of the cache controller 260. The table in Fig. 4 is a state diagram
showing £he reiationship between.LOCK output;"the control input to the
OR gate Ol and the output of the OR gate 01, connected to the LOCK
input of the cache controller 260. The legend below Fig. 4 indicates
.;that the LOCK sigqalslgye active low, the LOCK function is disabled for
* high signals. The control signal in the low state enables the LOCX
input to-follow the LOCK output, whereas.in'the high state, the LOCX
input is disabled (high) regardless of the state of the LOCK output.

. + e,
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‘cache.control l er, said | ogi ¢ nmeans including a control input, said |ogic
‘means generating a LOCK input signal in response to a signal on said
~control input, said LOCK input signal conprising either a signal equivalent
to said LOCK gugigytosgi gnal or conprising ap inactive LOCK input signal for
‘di sabl'ing said LOCK i nput, and | ogic nmeans responding to said control input
in a high state to thereby disable said:-LOCK input to control said LOCK

i nput to an inactive state regardl ess. of said LOCK out put, and respondi ng

to said controlrd apsefbfred babBashaite tie temmztsec&@rﬁséso% d0386) the dfhkow

-said LOCK out TI ON.OF THE D ENB NI'(,S)_An exanpl-e of
the present tﬁf’%eﬁc%do CORRRYSBR ‘—ﬁ‘eggﬁlg R FRMTR e’r"%’HEe %B”Ear}e o 'The
acconpanyi ng m aakagy tan \thi adnnefieah td ans partdveYsd bit iflreze-aﬁynﬁl}ébomll/m ew

.Of a typi Cal r'q:k g&%uéo CO?X ctterﬁn qﬂgls ff]tll_ga‘lp ent Inven}. Iaete ne2
is a detail bYO I'agram o amajor Ity Qf s cﬁ ]typlca )
' whether the LOCK input of the cache controller 260 does or does not
follow the state of.the LOCK output of the CPU 225. In the case where
the LOCK input of the cache controller 260 does not follow the state of
the LOCK output of the CPU 225, it is in a disabled or high state. 1In

this state, as is apparent to those skilled in the art, the cache
controller 260 will determine whether or not any cycle is cacheable
based on other parameters. On-the other hand, in ‘the event the control
bit is low (enabllng the LOCK) function, then the cache controller 260
will treat any cycle associated with a low state of the CPU 225's LOCK

output low, as non-cacheable regardless of these other parameters.

'Accordingly, the invention provides the ability for enabling or--
disabling the LOCK function under control of software and in a manner

which is entirely transparent to the CPU 225f

It should be apparent that while in a preferred embodiment the CPU
225 comprises an 80386 and the cache controller 260 comprises an 82385,
application of the invention is not limited to use in microcomputer
systems including.these devices. Rather, any microcomputer system

L. including a cache subsystem which replicates the LOCK funotion
characteristics of the 80386/82385 is a c¢andidate for application of
the present intention, It should also be:apparent that the invention
can also be applied in microcomputer systems wherein the LOCK signal is
active high rather than active low. For example, the active high
condition can be_tfeated-hy replacing the OR gate Ol with an AND gate
‘along with appropriate changes to the status of the control bit. With
active high signels, and using an AND gate as the additional logic, a
high <ontrol signal allows the LOCK input to follow the LOCK output,

AT

: rwhereas a low control bit disables the LOCK input.
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m croconput er system enpl oying the present invention; and Fig. 3 shows the
rel ati.onshi p- between a CPU, a cache controller and the added | ogic
according to the present invention. Fig. 1 shows a typical m croconputer
systemin which the present invention can be enployed. -As shown, the

m croconput er p&LgbeAel0 conprises a nunbergof conponents ~—-4 which are

i nterconnected together. Mre particularly, a systemunit 30 is coupled to
and drlves a m)nltor

Whlle a preferred embodlment of the invention has been described
" herein, it should be apparent from the foregoing that many changes can
be made within the spirit and scope of the invention. Accordingly the
invention should be. construed by the claims attached hereto rather than

.by the specific example described herein.

W
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BC9-89-016 20 (such as.a conventional video display). mmlmmﬂmmmmo is
also coupled to input devices such as a keyboard 40 an

out put devi ce ‘such as a printer 60 can al so be connected to t he system uni t
30. Finally She-gystemunit 30 may inclyde one or m kK.drives, such
as the di sk- 8r|ve 70. As will be described bel ow, thj TE&&EBEE]UH'

responds to input devices such as the keyboard 40 and t he REPERCEY
i nput / out put devices such as the disk drive 70 for prow slmile gu :
dri ve. out put ceemisces such as.the nonitor 20 and the printer 60. Of .cour se,.
‘those skilled in the.art are aware that other conventional conmponents,“can

al so be connected to the systemunit 30 for interaction -therewith. “In
accor dance wiit M tma@t pibas afiicrocomputer system comprising; )

a CPU (225) having a LOCK output;

a cache subsystem (255,260) having a cache memory (255) and a cache
controller (260) having a LOCK input and means for treating any cycle
_associéted Qith an active LOCK input as a non-cacheable cycle;

"a CPU local bus (230) for connectlng the cache supsystem (255,260) to
the CPU (225);

a system bus (250) connecting the cache controller (260) to a random
access memory (350) and a plurality of aquressable functional units;

characterised in that the system further combrlses logic means (01)
‘coupled between the LOCK output and the LOCK input for disabling any
relationship between the LOCK output and the LOCK input in response to

-~ a control input.

2. A multi-bus microcomputer system as clzimeé in clzim 1 wherein
.the logic means sets the LOCK input to an inactive state in response to
a first state in the control input regardless of the LOCK output and
wherein the logic means permits the LOCK input to follow the LOCK

output when the control input is in a second state.

3. A multi-bus microcomputer system as claimedé in claim 2 wherein
‘the logic means comprises an OR gate and wherein the LOCK output is

active low.

4. A multi-bus microcomputer system as claimed in claim 2 wherein
the logic means comprises an OR gate and wherein the LOCK output is
active high. '

- A multi-bus microcomputer system as claimed in any preceding

. - ) s y - 5 > .
- claim wherein-the cache controller is an 82385 cache controller.

5. A multi-bus microcomputer system as claimeé in any preceding

.claim wherein the CPU is an 80386 CPU.

This Sheet Has Bee,

c HlllllHlllIHlIllll I

- ——
.



?

i'nvention, the m I m 10 includes as will be nore

particul arly desclﬁ“mﬁmalmrlm che nmenory subsystem such that there is a
CPU | ocal bus interconnéct®ngsa processor, a cache contrq
“-menory - -which gﬁ#_hﬂgal bus is coupl ed vi buffer to a §
syst em bus i 8¢9 ?erconnected to and interacts with the |
t he keyboard 40, nouse 50, disk drive 70, nonitor 20 and P _
Furthernore, in accordance with the present invention, the systemur
“may al so include a third bus conprising a Mcro Channel (TM bus for -

i nt erconnecti on between the system bus and other (optional) input/output .
devi ces, nenbr B mettd-byg gicrpcpmpuien giFteB\v@EMPBIUER: di agramill ustrating.the
vari ous conponents of a typical mcroconputer systemin accordance with the

present invention. A CPU |ocal bus 230 (conprising data, address and
a CPU and a cache subsystem connected togethér 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, said CPU having

a LOCK output and said 82385 having a LOCK input, and

- logic meané coupled between said LOCK output of said CPU and said
LOCK input of said 82385, said logic means inclu%ing a control input
for disabling any relationship between said LOCK output and said LOCK

input.

8. A multi-bus microcomputer system as claimed in claim 7 wherein said

logic.means comprises an OR gate.

9. A multi-bus microcomputer system as claimed in claim 7 wherein said
logic means, in response to said control input in one condition
disables said LOCK input and in another condition allows said LOCK

input to follow said LOCK ocutput.
10. a multi-bus microcomputer system comprising:

a CPU and a cache subsystem connected together by a CPU"local bus,
© said cache subsystem comprising a cache controller and a cache memory,
system bus means connecting said cache éontroller to a random access
memory and a plurality of addressable functional units, said CPU having

a LOCK ‘output

and said cache controller having a LOCK input, said cache controller
. including means for treating any cycle associated with an active Lock

s input as a non-cacheable cyclé. and

Y.
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~ control corrponenlﬁ"lﬁljmll |ﬂﬂ[| Iw the connection of a m croprocessor 225
(such as an 80386) 260 (which may include an 82385 cache

control l'er) and a random access cache menory 255. Al so '
. bus 230 | 358 Ruffer 240. The buffer 240 is itself ¢
syst em bus 286~ aI SO conprising address, data and contro
syst em bus 250 extends between the buffer 240 and a further buffer
'system bus 250 is al so connected to a bus control and timng el ement 265

and a DMA conticgli¢ @leals Zoup ¥l BethicehaddiaNatRNbiQPutbes s348 cpu &P 88 016

SHEQT HastBREN
congtaPtACED Th

LOCK input of said cache controller, said,lbgic means including a ol

4
-

control input for_disabling any relationship between said LOCK.output
and said LOCK input.

11. A multi-bus microcomputer system as recited in claim 10 wherein
said active LOCK output is low and said logic means comprises an OR

gate.

12. A multi-bus microcomputer system as recited in claim 10'wherein
said logic means responds to said control_input'in a high state to

control said LOCK input to an inactive stéte reggidless of said LOCK

~output and in a low state allows said LOCK input to follow said LOCK

":"'\-

output.
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R Hll\l\llllll\l\llll\ I



" t

coupl es the bus control and timng elenment 265 and a central arbitration
el ement- 335. Menory 350 is al so connected to the system bus 250. The nenory

350 includes a.nenory control elenment 351, an address mult nd a
data buffer 3z8-eSHoese el ements are intercannected with ne . SHEERHAS
through 364, as shown in Fig. 2. Afurther buffer 254 is Jou | ediEPEA@mn

‘the system bus 250 and a pl anar bus 270. The planar bus 270 1 ncC
address data and control’ corrponents respectl vel y. Coupl ed al ong the planar
bus 270 are-a variety of f CROFAVPITEEReBYSTBMponent s such as the

di spl ay adaptor 275 (W%Cﬁdmﬁm}:tébﬁ&bﬂ%ﬁ gﬁéﬂB%%ZO) a clock,280,

addi tional random acc 90 (used. for “seri al
_I/O operations), a printer adaptor 295 (whi ch can be used to
' ABSTRACT

A dual bus microcomputer system including a cache subsfstem improves
performance undef certain circumstances by allowing programmable
control over the LOCK function. More particularly, additional logic is

. coupled between the LOCK output of the CPU and the LOCK input of the
cache controller. A control bit from an I/0 port is a seconé input to

- the additional logic. With the control bit in one state, the logic
allows the LOCK ;n?ut to follow the LOCK output? In the other state of
the control bit, the LOCK input is disabled regardless of the state of
the LOCK output,

~

_____/_____,__
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drive the printer 60), a tinmer 300, a diskette adaptor 305 (which
cooperates wth the disk drive 70), an interrupt controller 310 and read .
only menory 315. The buffer 253 provides an interface between system bus
250 and an optional feature bus such as the Mcro Channel (TM. bus 320
represented by the Mcro Channel (TM soF%$ Devi ces such as nenory 331
.may be coupled to the bus 320. Wiile da or cache wites may be derived
from nenory 350, such dat a may al so be derived from other nenory such as
menory installed on the Mcro Channel (TM bus. Figs. 3 and 4 show-
application of the present- invention to the relationship between the LOCK
out put of the CPU 225 and the LOCK input of the cache controller 260. The

table in Fig. 4 is a state diagram showi ng the rel ati onshi p between LOCK
out put, the control input-to the
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port. V\hen SO0 connected, the state of that I/O port bit will determ ne
whet her the LOCK i nput of t he cache controller 260 does or does not follow
the state of the LOCK output of the CPU 225. In the case where the LOCK

i nput of the cache controller 260 does_not follow the state of.the LOCK
output of the CPU 225, it is in a di sabl 8d or -hi gh state. In this state, as
is apparent to b:bose skilled in the art, the cache cg groller 260 wll
determ ne vvhetlz not any cycle is cacheabl e base on ot her paraneters.
On the ot her event the control bit is [ow (enablipg the LOCK)

function, therﬁp{(ﬂr{f cachej controller 260 will treat jny CPdle agsoci at'ed
with a | ow st@UNT(R‘OLtUE«R CPU 225's LOCK out put | ow, s non-cachgabl e
regardl ess of these _parameters. Accordi —f fGCK nventi ¢n provi des
the ability flor ena% or dilsabling the L funct g under qontrol of
software and{in a manhner
01
OR | SELECTED BIT
CONTROL FROM
[/0 PORT
FIG. 3 ‘
LOCK QUT CONTROL r LOCK IN
0 0 0
1 0 !
0 1 !
1 1 L

LOCK QUT, LOCK IN, ACTIVE LOW, DISABLED HIGH CONTROL-—

DISABLE LOCK - HIGH
ENABLE LOCK - LOW
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V\:hl chis entirely transparent to the CPU 225. It should be apparent t hat
while in a nt the CPU 225 conprises arpsssg m
cache cont r pTHIS SHEET meés an 82385, application of [fYER-{hEeHuY

not limtedlto ufEPLACER crocdnputer systens including tHede devices.
Rat her, any croconputer systemincluding a cache subsys erﬁ@ndimm&
repli cat es the LOCK function characteristijpcs of the 80386482385 is a
candi date for application of the present invention. It $houT T arso—be
apparent that the invention can also be applied in mcracaooputer systens
wherein the LOCK signal is active high rather than active low For
exanpl e, the active high condit acing the OR gate
01 with an AND gate al ong R}r}gﬂ* @&M@E@(@Mﬁﬁﬁ&&s&%ﬁﬂe status of the
control bit. Wth active high signals, and using an AND gate as the

addi tional |ogic, aWITH PROGRAMMABLE CONTROL OF LOCK FUNCTION

ABSTRACT

A dual bus microcomputer system including a cache subsystem (255, 260) improves

performance under certain circumstances by aﬂowing programmable control over the LOCK
_function. More particularly, additional logic is coupled between the LOCK output of the

CPU and the LOCK input of the cache controller (260). A control bit from an I/O port is a
- second input to the additional logic. With the control bit in one state, the logic allows the

LOCK input to follow the LOCK output. In the 6ther state of the control bit, the LOCK

input is disabled regardless of the state of the LOCK output.

Fig.2 -

Thls Sheet Has Been Re

LT fill

eo,t“th VVW"G'{A



REPLACEMENT SHEET

hi gh control signal allows the LOCK input to followthe L output;
whereas a low control bit disables the LOCK i nput. BC9-{8 -Olg N

8 Wile a preferred enbodi nent of the invention has been degcri e&o\{lg?ge?l n
it should be apparent fromthe foregoing2that nany change
within the spirit and scope of the invention. Accordingly the invention
shoul d be construed by the clains attached hereto rather ttramby—tire
speci fi c eseatrpller (suele ps pe $2B8F)ewill prevent a cache operation for any cycle on which the

LOCK input is asserted.

The characteristics of the 80386 and 82385 devices are described in
"Microprocessor and Peripheral Handbook", "82385 High Performance 32-Bit Cache
Controller" and "Introduction to the 80386" and the 80386 Hardware Reference Manual,
all published by Intel. The "82385 High Performance 32-Bit Cache Controller” indicates
(Section 3.4.2) that when the LOCK output (of the 80386) is asserted, a sequence is run
on the system bus regardless of whether any locations referenced in the sequence reside
in cache. In other words, a read hit will be run as if it were a read miss.

Notwithstanding the foregoing, however, in most Personal Computer (PC)
environments, descriptors are not shared between system processors. As a result, the
effect of assertion of the LOCK signal causes a significant performance degradatién,
especially when operating in an 80386 protect mode. This performance degradation
comes about because the 82385 cache controller treats all locked operations as non-
cacheable.

SUMMARY OF THE INVENTION

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

According to one aspect of the present invention there is provided a 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 cache controller to a random access
memory and a plurality of addressable functional units, said CPU having a LOCK output
and said 82385 cache controller having a LOCK input; and logic means with a control
input, said logic means coupled between said LOCK output of said CPU and said LOCK
input of said 82385 cache controller, said logic means producing, in response to a
predetermined signal on said control input, an inactive signal to said LOCK input of said

82385 cache controller to disable said LOCK input of said 82385 cache controller and, in

mut T o/
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CLAIMS 1. A multi-bus mcroconputer systemconprising: a CHU ‘
subsystem connected together by a CPU | ocal bus, said cache |s bsyls}iﬁﬁg 7
conprising an 82385 cache controller and a cache nenory, sysjtgm b aﬁg
connecting said 82385 cache controller t® a random access ng
plurality of addressable functional units, said CPU havi ng q LOCK out put

and said 82385 ca he, conée rol l.er having. a LOCK | nput; and | g mEanTs—wrtir=a

control i npUFT%] aalfidﬁf" terniped signgh @liowine it LOGR) 1Em<°8§#'§u323§5 agghey

or oduci ng. CotES s REKPw B LRIk GRir o P8R ERIRR O oo dsi"oﬁt'rl‘é?'fngﬁf”san
' ' { t
i sl & sai o AR © B ofine eter DR ST ke TRl

sai d predeqferdtoRputst §ifm cShp¥hgd aS@PY and a cache subsystem connected-together by

a CPU local bus, said cache subsystem comprising 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, said CPU having a LOCK output and said
cache controller having a LOCK iﬁput, said cache controller including means for treating
any cycle associated' with an active LOCK input as a non-cacheable cych;; and logic
means coupled between said LOCK output of said CPU and said LOCK input of said
cache controller, said logic means including a control input, said logic means generating
a LOCK input signal in response to a signal on said control input, said LOCK input
signal comprising either a signal equivalent to said LOCK output signal or comprising an
inactive LOCK input signal for disabling said LOCK input, and logic means responding
to said control input in a high state to thereby disable said LOCK input to control said
LOCK input to an inactive state regardless of said LOCK output, and responding to said
control input in a low state to require said LOCK input to follow said LOCK output.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

An example of the present invention will now be described with reference to the
accompanying drawings in which:

Fig. 1 is an overall three-dimensional view of a typical microcomputer system
employing the present invention;

Fig. 2 is a detail blbck diagram of a majority of the components of a typical
microcomputer system employing the present invention; and

Fig. 3 shows the relationship between a CPU, a cache controller and the added
logic according to the present invention.

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
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LOCK i nputs of said 82385 cache controller to follow said L qut pyt, . of
said CPU. 2. A nulti-bus mcroconputer systemas recited in cljaijm 1

said | ogic means conprises an OR gate. 3. A nmulti-bus m crocofpudter_system
conprising: a CPU and a cache subsystem gonnected together byla CPU | ocal
bus, said cache subsystem conprising a cache controller and a _
system bus nmeans connecting said cache controller to a random access nenory
and a pl uriich are;intergennseted pgethesn dYlprsrparticlanls a system et 36 iy eonpled tocmd

out put and, said cache controller having a LOCK i nput, said cache controller
i acl udi ng F%NE PN, eating any cycle associated with an active LOCK i nput
as a non-cacheable cycle; and




10 | ogi ¢ neans--coupl ed between said LOCK out put of said CPU and sal d LOCK

i nput of said sal d logi c neans includi ’Gum‘ Acasy

said logic neaﬁgw q!‘\ i nput signal in respopiiEa 'SHEET"
said control in ;¢ sal fnput signal conprising eil ) _ L
equi val ent to said LOCK output signal or conprising an |nct|_ . npu

signal for disabling said LOCK i nput, and | ogi c neans =}'f’1 .

control input in a high state to ther SABMSapl e sai d ‘1'.‘
sai d LOCK mpué t1 n.inactive tate regar dl ess of sai djLOCK out put,
respendi ng "t o ‘8&¢ 6‘598‘0"?”??83 TSYSIEm CORPES EEe to requiTe S
to follow said LOCK output. 4. A multi-bus m croconputer systemas recited
in claim3 wherein said | ogic nmeans conprises an OR gate.

a CPU and a cache subsystem connected together by a CPU local bus; said cache

1 pl

and

subsystem comprising an 82385 cache controller and a cache memory, system bus means
connecting said 82385 cache controller to 2 random access memory and a plurality of
addressable functional units, said CPU having a LOCK output z_md said 82385 cache
controller having a LOCK input; and

logic means with a control input, said logic means coupled between said LOCK
output of said CPU and said LOCK input of said 82385 cache controller, said logic
means producing, in response to a predetermined signal on said control input, an inactive
signal to said LOCK input of said 82385 cache controller to disable said LOCK input of
said 82385 cache controller and, in absence of said predetermined signal, allowing said

LOCK inputs of said 82385 cache controller_ to follow said LOCK output of said CPU.

2. A multi-bus microcomputer system as recited in claim 1 wherein said logic means

comprises an OR gate.
3. A multi-bus microcomputer system comprising:

a CPU and a cache subsystem connected together by a CPU local bus, said cache
subeystem comprising a cache controller and a eache memory, system bus means
connecting said cache controller to a random access memory and a plurality of
addressable functional units, said CPU having a LOCK output and said cache controller
having a LOCK input, said cache controller. including means for treating any cycle

associated with an active LOCK input as a non-cacheable cycle; and



.-
A.\a_-x ‘ .\. ...&.A

| ogi ¢ means cou LOCK out put of said CPUjaijd said LOCK
i nput of said ca h LEW“ aid | ogi c neans including|a c5rﬁ@‘é|1993hpigt
for disabling a I"at1 oms *bet ween sai d LOCK out put 3ang said LOCK

input. 11. A rrulti-bus m croconput er syst®emas recited ifg claim I0 Wherein
said active LOCK output is low and said | ogic nmeans conpiises_an OR gate.

(ogi o mans. rdopb B GoBHPS beiEh SHATOGK gl of b GGt sl IR R IR o
LOCK | nputod g @0, hR3GHACSt AL 18S0MANERei0ing 3 hrbOPhAK! Bt 1888 dbarld | O

state allo nput
generating a LOCK input signal in response to a signal on said control input, said LOCK

input signal comprising either a signal equivalent to said LOCK output signal or
comprising an inactive LOCK input signal for disabling said LOCK input, and logic
means responding to said control input in a high state to thereby disable said LOCK input
to control said LOCK input to an inactive state regardless of séid LOCK output, and
responding to said cbntrol input in a low state to require said LOCK input to follow said
LOCK output. -

4. A multi-bus microcomputer system as recited in claim 3 wherein said logic means

comprises an OR gate.
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DUAL BUS MICROCOMPUTER SYSTEM

WITH PROGRAMMABLE CONTROL OF LOCK FUNCTION -

ABSTRACT

A dual bus microcomputer system including a cache subsystem (255, 260) improves

performance under certain circumstances by allowing programmable control over the LOCK

_function. More particularly, additional logic is coupled between the LOCK outp-ut of the

CPU and the LOCK input of the cache controller (260). A control bit from an I/O port is a
second input to the additional logic. With the control bit in one state, the logic allows the
LOCK input to follow the LOCK output. In the other state of the control bit, the LOCK
input is disabled regardless of the state of the LOCK output. |

Fig.2' '



