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DUAL BUS MICROCOMPUTER SYSTEM WITH ' S
PROGRAMMABLE CONTROL OF LOCK FUNCTION

ALY

~

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 subsystems in microcomputer systems leads to a

number of attractive operating advantages. Microcomputer systems

- employing cache subsystems are in effect dual bus microcomputers. The

CPU 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 read memory

access to the extent that the 1nformatlon sought is also found in the

“cache subsystem. Because not all 6951red J.nformatlon"'lvll1 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

interrupted. The 80386 for example automatically asserts LOCK when it
updates the segment descriptor and page tables, during interrupt
acknowledge bus cycles, 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

w

controller, since it has vi isibility of not only the CPU local bus (on
»

which the cache memory re51des) but alse the sysLem bus (on which main

ancé other memory.resides) has the capability of allowing a cache

Operation or inhibiting the ‘tache operation. Typlca ly, the cache
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controller (such as an 82385) will 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 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_gontroller having a LOCK input, said cache controller including
means for treéting 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 .

»,

. “

This Sheet Has Been Re

T T !lllﬂ i



REPLACED

[;fﬂs SHEET HAS BEE

'

L ——

- pco-89-016 - 3

| means including a control input fbr disabliﬁg any relationship betwéep'

.-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 appreciatéd 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, fhe invention
is applicable to any multi-bus microcomputer system including a cache
subsystem wherein the CPU includes a LOCK signal which is respbhded to

" by the cache controller to inhibit cache operations.

In a 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
assertéd, its effect on the logic is to disable any relationship
- between the LOCK ocutput (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'én inactive state, the logic allows the LOCK input of
the 82385 to follow the states of the LOCK output of the 80386.

- Accordingly, thg state of the selected bit.of the 1/0 port either

enables the LOCK function_of the hicrocomputér syétém or disables the
- LOCK function. '

Preferably, the'LQCK_inputs and outputs are active low, the
additional logic”éombfises a single OR gate. In this embodiment, the
- Lock function is disabled by a high control input to the OR gate from
_' the Partlcular bit of the I/O 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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- By providing programmablllty of the coentrol input to the addltlonal

logic, the mlcrocomputer system can be allowed to operate as if the -
additional logic were not present when the partlcular bit of the I/O
port (the control bit) is low. On the other hand, when the particular
bit or control input is high, then the LOCK functions are disabled. It
: wiil be appreciated that control over the LOCK function is thereby
' plaéed in the software which controls the status of the particular bit
of the selected I/O port.

. n

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 controllernlnhlblt 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 microcompuﬁer system employing the pfesent invention; and

Fig. 3 shows thé'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
. _—
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20 (such as a conventlonal v1deo dlsplay) The system unit 30 is also

coupled to 1nput aev1ces such as a keyboard 40 and a mouse S50. An L

output device such as a prlnter 60 can dlso 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 €0. Of course, those skilled in the art are aware that

other conventionél'components”ean 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 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 via 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

D
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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.
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
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couples the bus control and timing element 265 and a central
.afbitration element 335. Memory 350 is also connected to the system J;

~ bus 250. The memory 350 includes a memory control elément 351,‘an
address multiplexer 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 1/0 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 interrupt controller 310 and
read only memory 315. The buffer 253 provideé 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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In a preferred embodiment, the CPU 225 comprises an 80386, the cache

controller 260 comprises an 82385. The control 1nput terminal to the

" OR gate 01 can be'cohnected to any particular bit from any selected 1/0
port. When so connected, the state of that I/0 port bit will determine
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 fundtion
characteristics of the 80386/82385 is a c¢andidate for application of
the present inQention, 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-by 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,

:". #whereas a low control bit disables the LOCK input.
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While a preferred embodiment of the invention has been described

’

" herein, it'should_beVépparent 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.
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1. A multi-bus microcomputer system comprising;
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CLAIMS

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

associated with an active LOCK input as a2 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

.claim wherein the CPU is an 80386 CPU.

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

activé'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
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7. 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, 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 CpPU 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
e : . - . _

s input as a non-cacheable cyclé. and
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logic means coupled between said LOCK output of said . CPU ahd-said

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 ré;ited 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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