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COMPUTER SYSTEM

The present invention generally relatés to a computer system

and more particularly relates to the interfacing of a central

processing unit and a peripheral devices such as an input/oufput or

memory devices.

Typically, in a computer system, communication between a

central processing unit such as

a microprocessor (MPU) ané a

peripheral device ocecurs in connection with data transfer cycles.

In interfacing an MPU and a peripheral device timing is an important

consideration. Examples of two

critical timing parameters are read

and write access times. These are the times needed for internal

address decoders to locate the correct byte in memory. To

accommodate these access times),

"it is"well known to make wait

states part of the nominal transfer cycle. BAlso, a handshake

protocol between the MPU and the peripheral device is commonly

employed to insert additional wait states into the transfer cycle in

order to ensure a particular peripheral device has available to it

the needed access time. For this purpose, most MPUs inciude a READY

input which when deactivated serves to add wait states to a transfer

cycle up to some predetermined maximum number of consecutive states.

Other timing parameters are, of course, associated with the

tra ns;er of" data between an MPU

and peripheral during a transfer

cycle. Historically, however, these other timing parameters have

not required special consideration in large part because they were

typically not of the same order

period of the transfer cycle.

‘of magnitude as the nominal time

Therefore, special precautions to prevent violation of these
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Special situations exist,

arameters has not been necessary.

however, where a peripheral device

is characterized by a timing parameter that is cf the same order of

magnitude as the transfer cycle.
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order to ensure a particular peripheral device has available to it the
needed accéss tinme. For this purpose, nost MPUs include a READY i nput
whi ch when deactivated serves to add wait states to a transfer cycle up to
sonme predeterm ned maxi num nunber of consecutive states. Qher timng
paraneters are, of course, associated with the transfer of data between an
MPU and peripheral during a transfer cycle. Historically, however, these
other timng paraneters have not required special consideration in |arge
part because they were typically not of the same order of nagnitude as the
nomnal time period of the transfer cycle. Therefore, special precautions
to prevent violation oBctBEs8&l paraneters has not been necessary. Speci al
situations exist, however, where a peripheral device is characterized by a
timng parameter that is of the sanme order of magnitude as the transfer
cycle. For exanple, ingiJagstéh @@Qn IBM Personal System/2 model 50, {'Personal System/2'

is a trademark of IBM Corporation) 60 or 80, a digital-to-analog
converter (DAC) contains a color look-up table (CLUT) which allows
eight (8) bit_pixel valves to be translated into six (6) bit red,
green and blue components before the digital-to-analog conversion
takes place, allowing up to 256 colors out of a possible 256K colors
to be displayed. The CLUT can be written to and read from the MPU
by its performing write and read commands to certain input/cutput
(1/0) addresées. One of the timing parameters of the video DAC
places a limitation on how soon the leading edge of a read or write
strobe can occur after the trailing edgé.of a previous read or write
strobe. This timing parameter is related to the asynchronous
relationship between the pixel stream and the system clock. 1In
order to ensure the pixel stream is not_?%;ggg?gd_?u;}pg aﬂ;gﬁd”or
write command, the timing-ééréﬁeféé.}ééuires up to six (6) pixel or
dot clocks (e.g., 480 nanoseconds) as a minimum separation between

the trailing edge of one signal and the leading edge of the next.

With increasingly faster microprocessors, instruction and
transfer cycle times have decreased dramatically. With these
increasing microprocessor speeds, timing parameters of peripheral
devices such as that of the aforementioned video DAC are violated
unless sofﬁware delays are inserted between consecutive transfer
“cycles. These software delays, however, may not continue to be
effective as machine speeds continue to increase and operating

systems become more sophisticated.

An aim of the present invention is to provide a computer
system that can be programmed free of any considerations concerning
the relative speeds of the central processing unit (CPU) and a

peripheral.

In accordance with the present invention, there is now
provided a logic circuit connected between a microprocessor unit

(MPU) and a peripheral device for waveshaping read or write strobe
; - . s
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2 subsystem of an [IBM Personal System 2 nodel 50, ('Personal

System 2' iS a trademark of |BM Corporation) 60 or 80, a digital- to-anal og
converter (DAC) contains a color |ook-up table (CLUT) which allows eight
(8) bit pixel valves to be translated into six (6) bit red, green and bl ue
conponents before the digital-to-anal og conversion takes place, allow ng up
to 256 colors out of a possible 256K colors to be displayed. The CLUT can’
be witten to and read fromthe MPU by its performng wite and read
commands to certain input/output (I/0O addresses. One of the timng
paranmeters of the video DAC places a limtation on how soon the | eading
edge of a read or wite strobe can occur after the trailing edge of a
previous read or wjte,strobe. This tinmng raneter is related to the
asynchronous rel atlons?n p between the pi xel 'stream and the

signals in a transfer cycle between the MPU and the peripheral
device, characterised in that the logic circuit comprises: a first
gate having an input for receiving first and second read or write
strobe signals from the MPU and an output for passing the signals to
the peripheral device; first means for disabling the first gate for
a predetermined time period following the passing of the first read
or write strobe signal to the peripheral device by the output of the
first gate; and second means for sensing the occurrence of the
second read or write strobe signal during the predetermined time
period and, in response thereto, ﬁroviding a wait signal to the MPU
for the purpose of instructing the MPU to extend the transfer cycle

associated with the second read or write strobe signal.

This advantageously ensures compatlblllty between existing_
software and new hardware systems having system clocks running at
speeds significantly faster than the system clocks of the hardware

for which the software was originally designed.

Viewing the present invention from a second aspect, there is
now provided an interface interposed between a microprocessor unit
(M¥PU) and a peripheral device for waveshaeping read or write strobe
signals in a transfer cycle between the MPU and the periphéral
device,the interface also cooperating with the MPU to extend
selected ones of the transfer cycles between the MPU and the
peripheral device, the interface comprising: a first gate having an
input for receiving first and second read or write strobe signals
from the MPU and an output for passing the signals to the peripheral
device; first means fof disabling the gate for a predetermined time
period following the passing of the first read or write strobe
signal to the peripheral device by the output of the first gate; and
second means for sensing the occurrence of the second read or write .

- strobe signal during the predetermined time period and, in response
thereto, providing a wait signal to the MPU for the purpose of
instructing the MPU to extend the transfer cycle associated with the

second read or write strobe signal.

This Sheet Has Been Re laced

AV




systemclock. In order to ensure the pixel streamis not disrupted during a
read or wikte command, the timng paraneter requires up to six (6) pixel or
dot clocks (e.g., 480 nanoseconds) as a mni mum separati on between the
trailing edge of one signal and the | eading edge of the next. Wth
increasingly faster mcroprocessors, instruction and transfer cycle
times have decreased dramatically. Wth these increasing

m croprocessor speeds, timng paraneters of peripheral devices such as that
of the aforenentioned video DAC are violated unless software del ays are

I nserted between consecutive transfer cycles. These software del ays,
however, nmay not continue to be effective as nachi ne speeds continue to

i ncrease and operating systens becone nore sophisticated. SUWARY OF THE
INVENTION It is aﬁcﬁﬁ?6§¥ of the present ifivention to ameliorate one or
nore di sadvantages of the prior art. '

Viewing thg present invention from a third aspect, there is
now provided a video éubsystem for use in a computer system having a
microprocessof unit (MPU), the video subsystem including: a video
digital—to—analég converter (DAC) having a color memory; a video
frame memory; a graphics'controller for interfacing the video memory
with the video DAC; an interface between the MPU and the video DAC
for receiving consecutive read or write strobe signals from the MPU
in consecutive transfer cycles between the MPU and video DAC, the

interface including:

a) input lines for receiving signals from the MPU, including the

read or write strobe signals;

b) first means for waveshaping the read or write strobe signals

to provide consecutive waveshaped read or write strobe signals

separated by at least a predetermined interval;

c) output lines for delivering the waveshaped read or write

strobe signals to the video DAC; and

d) second means for causing the MPU to extend a seccnd of the
consecutive transfer cycles if the consecutive read or write strobe

signals are separated by less than the predetermined interval.

Viewing the present invention from a fourth aspect, there is
now provided a peripheral subsystem for use with a central
processing unit (CPU) in a computer system, the subsystem
comprising: address input lines; data input and output lines;
control input lines including read and write strobe lines; circuitry
responsive to selected address and control input lines for ex§cuting
transfer cycles in conjunction with the CPU wherein data is
trensferred between the CPU and a memory device of fhe subsystem on
the data lines; and means for masking the read and write strcbe
lines for a predetermined time period in response to rsceipt by the

circuitry of a first read or write strobe signal during a first
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Accordjng to one aspect of the present invention there is provided a
conputer system which optinizes processing and input/output throughput
while at the sane tine ensuring reliable transfer of data between a
processi ng unit and associ ated peri pheral devi ces, said conputer
system conpri sing: a mcroprocessor unit (MPU) having a cl ock
cycle, the MPU being coupled to a system bus whose bandw dth provi des for
hi gh- speed nonmi nal transfer cycles; a peripheral device responsive to read
or 3 amnnmmtine period to separate presentation to an input to the
peri pheral device of a second read or wite signal following a first read
or wite signal in consecutive data transfers executed by the MPU and the

peri pheral device; s@-pebsipheral interface s

transfer cycle between the memory device and the CPU so as to delay
receipt of a second and subsequent read or'write strobe signal
during a second transfer cycle between the memory device and CPU.and
prevent the sec&nd read or write strobe signal from being received
by the circuitry during a time required by the circuitry to respond
to the first read or write strobe signal and prepare to receive the

second read or write strobe signal.

Viewing the present invention from a fifth aspect, there is
now provided a system for use in transferring information between a
memory or input/output device and a central processing unit (CPU) in
accordance with a nominal transfer cycle, the system comprising:
means for waveshaping signals on a selected line from the CPU to
the devicg";n_qqﬁg;_to prevent the device from receiving first and
second signals of consecutive transfer cycles within a predetermined
time period; a wait state generator for generating a wait signal to
the CPU only in response to the presentation of the second sicnal to
the device within the predetermined time period; and the CPU
including means responsive to the wait signal for extending the

transfer cycle beyond that of the nominal transfer cycle.

Viewing the present invention from a sixth aspect, thére is
now provided a method for ensuring at least one input of a device
responsive to a central processing unit (CPU) in a computer system
receives successive instructions at a rate which can be accommodated
by the response time of the device without unnecessarily reducing
the bandwidth of the bus communicating the CPU to the device, the

.method comprising the steps of: generating on the bus a first
instruction for the device; receiving the instruction from the bus
at the input to the device and executing the instruction in
accordance with a nominal transfer cycle time; and masking the input
of the device for a predetermined time period after receivi ng the

first instruction.
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i nt er posed between the MPU and the peripheral device for ensuring the
timng paraneter of the peripheral device is not violated and del aying an
MPU transfer cycle when necessary, said peripheral interface including: a
timng circuit for neasuring a tinme period after the peripheral  device
receives the first read or wite signal, the tine period being at |east as
great as the timng paraneter and established by a cl ock signal having a
period established i ndependently with respect to the clock cycle for the
MPU, and a synchroni zation circuit, which is responsive to the timng
circuit, for sensing the transm ssion by the MPU the second read or wite
signal before the tine period associated with the first read or wite
signal has elapsed and in response, transmitting a signal to the MPU
for extending a‘gﬁégdﬁ Ytransfer cycle as§OC|ated with the second read or
wite signal fromthe MPU, and a bus interface coupling the systembus to

the peripheral interface.
Viewing the present invention from a seventh aspect, there is

now provided a computer system which optimizes processing and
input/output fhroughput while at the same time ensuring reliable
transfer of daté, the system comprising: a central processing unit
" (CPU) and an associated ‘bus whose bandwidth provides for high-speed
nominal transfer cycles; a peripheral device responsive to read or
write signals from the CPU and having a timing parameter
restricting how quickly a second read or write signal follows a
first in consecutive transfer cycles; and means for extending a
second transfer cycle of the consecutive transfer cycles if the

second read or write signal violates the timing parameter.

In an example of the present invention there is provided a
computer system in which a CPU_is allowed to operate at its fastest
speeds while also ensuring the CPU reliably communicates with slower

peripheral devices.

Specifically, the speed of communications between a CPU and a
peripheral device is optimised without violating timing parameters
.of the device (e.g., the command precharge time). instruction
cycles of the CPU are closed only when necessary to prevent
violation the timing parameters in a peripheral device. Furthermcre,
the nominal instruction cycles of the CPU selectively extendswithout
imposing a performance penalty on slower CPUs or software having

programmed delays.

In an example of the present invention to be described later,
a device having at least one input for receiving signals from a
central processing unit (CPU), there is provided an apparatus
independent of the CPU for waveshaping signals to the device input
such that any two consecutive signals are always separated by a
predetermined time éeriod. By separating the signals, a second
signal is not received before processing of the first is complete,
thereby ensuring the device's specifications are not violated tv the

generation of consecutive signals to the input of the device. By
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Accorqing to anot her aspect of the present invention there is provided in a
conputer system having a source of commands and a peri pheral device coupled
to the source of commands, the peripheral device having a |limted conmand
response tinme, a nmethod for ensuring an input of the peripheral _device
.receives successive commands at a rate which can be accommodated by the
peri pheral device while maintaining a desirable throughput for the
peri pheral device and the source of commands, said nethod conprising the
steps of: transmtting by the source of <commands to an interface
di sposed between the source of commands and the input of the peripheral
device a first coggmpdyd,or the peripheral device; forwarding by the
interface the first command to the-peripheral device;, masking by the
interface the input of the peripheral device for a tine period established
by a timng circuit, to ensure that a timng paraneter of_ the peripheral
device i s not vi ofeHEBERINE HE® PN 9B F e Gi iecﬂ'ﬁfﬁgﬂa“{fl Beldegicgnal
i ndependent of a gﬁng@ke@bgmm CPU within the predetermined time periods is

effectively deieyed and only received by the device after expiration

of the predetermined time period. 1In order to account for the

delayed receipt of the second signal, the apparatus also provides

for sensing the presentation of the signal to the device by the CPU

during the predetermined time period and, in response thereto,

generating a signal for the CPU instructing it to extend the

instruction or transfer cycle associated with the second signal in

order to accommodate the delayed receipt of the signal by the

device. In the foregoing manner, the CPU is slowed only in response

to the occurrence of an actual condition (i.e., consecutive signals

too close) which could possiblylcause an unknown condition at the

device. o

Preferably, the apparatus and method of the invention extend
the instruction or transfer cycle associated with the second signal
by an amount approximately equal to the delay of the signal being
received by the device. In this regard, because the delay is
asynchronous with respect to the system clock, the extended cycle

is also asynchronous.

More particularly, the invention provides an interface between
a CPU and a peripheral device comprising a gate for receiving read
or-write strobe signals from the CPU and passing the signals on to
the peripheral device in a metered manner, meaninc consecutive
signals are separated by at least a predetermined time interval.
The gate achieves this function in cooperation with a first group
of circuitry which disables the gate for the predetermined time
period following the passing of a first read or write strobe through
the gate and to the peripheral device. A seconé croup of circuiiry
in the interface senses the occurrence of a second read or write
strobe during the time the gate is disabled and, in response

thereto, provides a wait signal to the CPU for the purpose of

L
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for the source of commands; transmtting by the source of commands to the
i nterface and second connand within the tinme period; transmtting by the
gnterface to the source of commands a ready signal after the expiration of
‘he time period; and inserting wait states by the source of comyands to
F¥tenporarily delay execution of the second command until the source of the
. conmands receives the ready signal fromthe interface. According to stil
anot her aspect of the present invention there is provided a conmputer system
provi di ng enhanced i nput/output throughput and maintaining reliable
transfer of data on a bus between a processor having a clock cycle and a
set of one or noees-pebpheral devices, saé8d conputer systemincluding: a
peri pheral device responsive to read or wite signals and having a timng

+

instructing the MPU to extend the instruction or transfer cycle

associated with the second read or write strobe.

The apparétus and method of the invention extend an
instruction or transfer c¢ycle only when necessary and only by an
amount necessary to ensure timing parameters of the device are not
violated. While ensuring reliable completion of.instruction and/or
transfer cycles, the invention also allows the CPU to run at its
fastest speeds and only slows execution of a cycle when needed. No
performance penalty is imposed on slower CPUs since their cycles
will be extended only if required to ensure timing parameters are
not violated. Similarly, software including programmed delays is

not penalized.

In a preFe*rea emnoalment .thn 1nventlon is employea in a
video subsystem of a personal computer. Specifically, the preferred
embodiment illustrated and described in detail hereafter
incorporates the invention in a video interface of a video subsystem
in order to provide an interface between a microprocessor unit (MPU)
of the personal computer and a video digital—tc-anglog converter
(DAC). As previously mentioned, a timing parameter of the video DAC
demands a minimum separation time between the trailing edge of a
first read or write strobe signal and the leading edge of the next
read or write strobe signal. In this preferred embodiment, the
invention ensures this parameter is met while only extending
transfer cycles between the video DAC and the MPU when necessary to

avoid violation of the parameter.

An embodiment of the present invention will now be described,
by way of example only, with reference to the accompanying drawings

in which:

FIGURE 1 is a bleck diagram of an exemplary video subsystem cf

a computer system of the present invention;
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parametier requiring a mnimumtinme period to separate presentation to an

I nput to the peripheral device of a second read or wite signal following a
ffrst read or wite signal in consecutive data transfers executed by the
peri pheral device; a peripheral interface interposed between the peripheral
:device and the bus for ensuring the timng paraneter of the peripheral
device is not violated and del aying an MPU transfer cycle when necessary,

said peripheral interface including: a timng circuit for
period after the peripheral device receives a first

with respect to the clock cycle for-the processor;

circuit, which is responsive to the timng circuit,

nmeasuring a tinme

read or wite signal
the tine period being at | east as great as the timng paranmeter and

established by a ciQcds gi,gnal having a perigpd established independently
and a synchroni zation

for sensing the
before the tinme

transm ssion by a source the second read or wite signal bef
period associ ated withFfffe 2 178t2BrBaPLBFF MaTFEs AfghyFdeRStEFss®d and in
response, t ransm tvidacg digital-to-analog converter (DAC) which are two major

components of the video subsystem shown in FIG. 1;

FIGS. 3A-3E are tiﬁing diagrams illustrating the timing

relationship between consecutive read/write strobe signals in an

instruction for writing or reading color data to or from the video

DAC;

FIGS. 4A-4C are schematic timing diagrams illustrating three

possible sequences of transfer cycles between a central processing

unit in the form of a controlling microprocesscr (MPU) and the video

subsystem in accordance with the invention;

FIG. 5 is a flow diagram illustrating the microprocramming

employed by the MPU in conjunction with the invention;

FIG. 6 is a circuit diagram of an interface incorporated into

the video interface of FIG. 2A for implementing the invention in

accordance with a preferred embodiment; and

FIG. 7 is a timing diagram illustrating the states of various

important input and 6utput lines in the circuitry of FIG.

& over two

consecutive transfer cycles between the CPU and the video subsystem.

Turning to the drawings and referring first to Figures 1 and

2A-2C, a computer system is illustrated incorporating an exemplary

video subsystem having a video interface 11, a bit map memory 13, a

video digital-to-~analog converter (DAC) 15 and, of course, a raster

scan display unit such as a color cathode ray tube (CRT) 17. 1In a

conventional manner, a central processor in the form of a system

controlling microprocessor (MPU) 19 communi

subsystem along a three-state system bus 21.

i

LaL

es with the video

The three-state

system bus 21 is interfaced to the video ' subsystem by a bus

interface 23 of well-known design. From the bus interface 23,
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signal to the source of the second read or wite signal for extending a
second transfer cycle associated with the second read or wite signal from

the source; and a bus interface coupling the bus to the peripheral
interface. DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) An embodi pent of the
present invention will now be described, by way of exanple only, wth
reference to the acconpanying drawings in which: FIGJRE 1 is a bl ock

di agram of an exenpl ary video subsystem of a conputer system of the present
i nventi on; S FIGS. 2A and 2B are block diagrams of a video interface and
video digital -to-anal og converter (DAC) which are two ngjor

BC9-89-051 10

address and data buses 25 and 27, respectively, and control lines 29
are fed to the video interface 11 and the video DAC 15. Within the
video interface 11 and the video DAC 15 are registers that are read
from or written to by the MPU 19 as explained more fully

hereinafter.

The video DAC 15 is a color graphics controller which
generates electrical signal values for respective color inputs to .
the color CRT 17 in response to a succession of pixel values derived
from the bit map memory 13 which stores pixel values for a scanning
sequence. The video DAC 15 includes a éolor loock-up table (CLUT) 31

- which is arranged to receive 8-bit pixel values PO-P7 on an 8-bit
pixel bus 33 from the bit map memory 13 via the video interface 11
at a pixel frequency determined by a pixel clock (PIXEL CX). The
CLUT 21 and a éroup of digital-to-analog converters (DACs) 35
convert the pixel values into analog electrical signals on output
lines 37, 39 and 41 which are connected respectively to the red,
blue and green guns of the color CRT 17. The CLUT 21 comprises a
RAM memory which is used to look up a color value for each of the
pixel values received from the bit map memory 13. In other words,
the contents of the pixel do not directly drive the DACs 35 of the
video DAC 15; instead, they are addresses for color data stored in
the CLUT 31. The MPU 19 controls the color values stored in the
CLUT 31 for each of the 256 possible pixel values contained in the

bit mep memory 13.

Referring more specifically to the production of analog color
signals from pixel data, the CLUT 31 of the video DAC 15 has 256
addressable locations, each holding an 18-bit word representing a
color value. Pixel values are supplied on the pixel bus 33 at the
pixel frequency determined by the pixel clock. Each pixel value is
an 8-bit pixel word which is stored in a pixel latch 42 aﬁd used as
an adcéress into the 256 color value locations of-the CLUT 31. Each
pixel value causes an 18-bit wide data value to be supplied to a bus

43 from the CLUT 31 to a decoder 45. The 18-bit data. value is.
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conponents of the video subsystemshown in FIG 1, FIGS. 3A-3E are timng
diagrams illustrating the timng relationship between consecutive

read/ wite strobe signals in an instruction for witing or reading col or
data to or fromthe video DAC, FIGS. 4A-4C are schematic tim ng di agrans
illustrating three possible sequences of transfer cycles between a central
processing unit in the formof a controlling mcroprocessor (MPU) and the
vi deo subsystemin accordance with the invention; FIG 5 is a flow diagram
illustrating the mcroprogramm ng enpl oyed by the MPU in conjunction with
the invention; FIG 6 is"a circuit diagramof an interface incorporated
into the video interface of FIG 2A for inplenenting the invention in
accordance with a preferred enbodinent; and FIG 7 is a tining diagram
illustrating the®$tT&t 8% of variqus inportdnt input and output lines in the
circuitry of FIG 6 over two

composed of three groups of six bits each representing an intensity
value for red, blue or green, respectively, and is fed to a
corresponding one of the DACs 35 through the decoder 45. Thus, the
18 bits of a daﬁa value can indicate any of 262,144 combinations of
color intensity values of red, blue and green. In this way, each
pixel value chooses one of 256 color values held in the CLUT 31. A
timing generator 47 in the video DAC 15 controls the timing
operation of the CLUT 31, decoder 45 and DACs 35 so that analog
output signals are supplied on lines 37, 3S and_41 at the same
pixel frequency. Also, a conventional BLANK signal from the video
interface 11 causes the DACs 35 to drivé their outputs to zero

during the retracing of the CRT's raster.

In order to take full advantage of the number of possible
color ccmbinations available, the MPU 1% can write different color
values into cne or more locations of the CLUT 31 throuch the data
bus 27 by use of an MPU interface 43. 1In this way, the 256
locations in the CLUT 31 can ‘be used to form a color palette which
by use of the MPU 19 and the MPU interface 49 can select 256
different combinations of.red, blué and green, esach such combination
being one of 262,144 different colors. The MPU 19 can also read
different color values from the CLUT 31. 1In this manner, one
palette may be momentarily substituted for another and thereafter
the first may be returned. Such a transfer of palette data
typically occurs in a multi-tasking environment when control of the

" screen image is transferred between programs being executed. Not
all presently available video DACs provide the capability for
reading from the CLUT 31. In this regard, apprlicants prefer an
IMS-G 171 video DAC manufactured by INMOS Corp. of P.O. Box 16000,
Colorado Springs, Colorado 80936 since it allows data to be both

read frcm and written to the CLUT.

In order to provide for operation at a high pixel frequency, a
fast cycle time in the aforementioned INMOS video DAC is achieved by

using a pipelined data access technique so that address decoding for
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consecutive transfer cycles between the CPU and the video subsystem
Turni ig to"the drawings and referring first to Figures 1 and 2A-2C, a
conputer systemis illustrated incorporating an exenplary video subsystem
having a video interface 11, a bit nmap nmenory 13, a video digital-to-anal og
converter (DAC) 15 and, of course, a raster scan display unit such as a

col or cathode ray tube (CRT) 17. In a conventional manner, a central
processor i'n the formof a systemcontrolling meroprocessor (MPU) 19
comuni cates with the video subsystem along a three-state system bus 21.
The three-state systembus 21 is interfaced to the video subsystem by a bus

interface 23 of well-known design. Fromthe bus interface 23, 6 address
and data buses 25 %ggsg%slrespectively, andlfontrol i nes 29

the CLUT 31 and ;eading and'writing of data from and to the memory
cells in the CLUT are each completed as a multi-stage opération over
two pixel clock cycles. In the illustrated video DAC 15, the MPU
interface 49 siﬁplifies communication between the vidéo DAC and the

MPU 19 and is totally asfnchronous to the pipeline pixel clock.

Inside the INMOS video DAC and as illustrated in FIG. 2B, an

8-bit address bus 51, connecting the pixel bus 33 from the bit map

memory 13 to the CLUT 31, is joined to an address bus.53 from the

MPU interface 49, the latter for providing 8-bit addresses for read

and write transfer cycles between the CLUT and the MPU i9. In

response to a pixel value on the address bus 51, the CLUT 31

determines the storage state.of the accessed memory cells.

‘Alternatively, a memory cell of the CLUT 31 identified by an_address = _.
) ;n bus 53 may be read from or written to by the MPU 19 via the MPU

interface 49.

Turning for a moment to a more detailed discussion of reading
from or writing to memory cell addresses, the MPU 19 and the MPU
interface 49 of the video DAC 15 coﬁmunicates by way of the data bus
27 (FIG. 1) and the video interface 11. The video interface 11
receives conventional control lines such as status control lines SO
and S1, command control line CMD and a RESET control line shown in
FIG. 1 and derives read and write strobe signals DACIOR and DACIOW,
respectively, which are delivered to the MPU interface 49 of the
video DAC 15. When a DACIOW strobe signal command is generated,
the MPU interface 49 receives on the eight data lines D0-D7 of the
data bus 27 four successive B-bit bytes representing an address
location.and the red, blue and green color values. When the four
bytes have been loaded into internal registers knot shown), the MPU
interface 49 controls the transfer of the color data so that at the
beginning of a new pipelined pixel cycle, a writing operation is

carried out at the address indicated.
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are fed to the video interface 11 and the video DAC 15. Wthin the video
interface 11 and the video DAC 15 are registers that are read from or
witten to by the MPU 19 as explained nore fully hereinafter. The video DAC .
15 is a color graphics controller which generates electrical signal val ues
for respective color inputs to the color CRT 17 in response to a succession
of pixel values derived fromthe bit map nenory 13 which stores pixel

val ues for a scanni ng sequence. The video DAC 15 includes a col or |ook-up
table (CLUT) 31 which is arranged to receive 8-bit pixel values PO P7 on an
8-bit pixel bus 33 fromthe bit map nenory 13 via the video interface 11 at
a pixel frequency determ ned by a pixel clock (PIXEL CK). The CLUT 31 and a
group of digitaIQ:QEQ | og converters (DAgs) 35 convert the pixel val ues
into anal og el ecttical “signals on.output Yines 37, 39 and 41 which are
connected respectively to the red, blue and green guns of the color CRT 17.
The CLUT 31 conprises a

3pecifically, changing a color stored in the CLUT 31 is a
multi-step process requiring read and/or write transfer cycles have
a plurality of transfer cycles. First, the starting pixel address
must be speéified while the video DAC 15 is.in a write mode (SO + S1
= IOW = 0). The MPU interface 49 stores this address in a
pixel-address register identified by the two least significant bits
55 of the address bus 25. The following three separate data words
for the red, blue and green color-definition data are collected in
color-value registers also identified by the bits 55 and
concatenated into an 18-bit word. The MPU interface 49 then points
to the memory cell to be changed by presenting the data in the
address register onto the address bus and transfers the 18-bit
concatenated word cntc an 13-tit data bus 57 in synchrcnization

with the pixel clock.

FIGS. 3A-3C illustrate four (4) possible timing situations
which can occur when the MPU 19 writes data to cr reads data from
the CLUT 31. FIGS. 3A and 2B illustrate a write instruction
followed by a read/write strobe signal of any follewing transfer
cycle, and FIGS. 3C ané 23D illustrate the same for a read
instruction. Specifically, in FIG. 33, the writs instruction .
comprises 4 write transfer cycles and is followed by a write strcbe
signal from any type of transfer cycle between the MPU 19 and the
video DAC 15. In FIG. 3B, the write instructicn is fcllcwed by a
read strobe signal from any type of read transfer cycle. Similarly,
the read instruction of FIG. 3C ccmprises one write ané three read
transfer cycles and is followed by any type of read transfer cycle
between the MPU 19 and the video DAC 15; whereas, FIG. 3D
illustrates any type of write transfer cvcle following the read
instruction. Finally, FIG. 3E indicates the status ci the data
lines D0O-D7 of the data bus 27 during either the rszad or write
instruction. . Address data is transferred onto the data lines DO-D7
by the MPU 19 during the first transfer cvcle, which is a write
cycle for both reaé and write instructions. Next, the colcr édata

" follows onto the data lines DO-D7 in three seguential bvtes. Each
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RAM meqory which is used to | ook up a color value for each of the pixel

val ues received fromthe bit nmap nenory 13. In other words, the contents
of the pixel do not directly drive the DACs 35 of the video DAC 15;

i nstead, they are addresses for color data stored in the CLUT 31. The MPU
19 controls the color values stored in the CLUT 31 for each of the 256
possi bl e pi xel values contained in the bit nmap nenory 13. Referring nore
specifically to the production of analog color signals from pixel data, the
CLUT 31 of the video DAC 15 has 256 addressabl e |ocations, each hol ding an
18-bit word representing a color value. Pixel values are supplied on the
pi xel bus 33 at the pixel frequency determ ned by the pixel clock. Each

pi xel value is an 8-bit pixel word which is stored in a pixel latch 42 and
used as an addressm?ﬁ?6°¥he 256 col or val ue*’ ocations of the CLUT 31. Each
pi xel value causes an 18-bit wide data value to be supplied to a bus 43
fromthe CLUT 31 to a decoder 45. The 18-bit data. value is

of the three color bytes are associated with the three write cr read
transfer cycles following the initial write transfer cycle. The
color bytes are placed onto the data lines by either the MPU 12 or
the video DAC 15, depending on whether a read or write instruction

is being executed.

Referring specifically to FIG. 3A, four write transfer cycles
to the video DAC 15 czuse a CLUT address location to be written into
the pixel adéress register (not shown) in the MPU interface 49 and
three sets of color data for red, greeh and blue to be written into
the color-value registers (also not sho&n). As can be seen ircn
Table 1, the treiling edge of each write signal in the write
instruction cof FIG. 2A must ke separated from the leading edge c¢f a
following write strobe signal by an amount WHWL1l. Table 1 indéicates
this amount must be at 1east.t2ree (3) pixel clock perioés. This
timing constraint allcws the execution of the transfer'cyq}e which
is asyachronous with respect to the flow of pixel informaticn tc
the color CRT 17 without disrupting the CRT image. FIG. 3A zalsc

shows a timing parameter between the rising edge of the write signal
£

for the blue color data and the falling edge for a write signe
eny following instruction. This timing parameter is designated as
WHWL2 and, as indicated in Table 1, must be at least six (5) cixel

clock cycles.

Like FIG. 37, FIG. 3B illustrates a series of write strcte
signals for executing a write instruction to the CLUT 31. Unlike
FI1G. 327, however, the rising edge of the last write signal for
transferring the new color data into the CLUT 31 is followed by the
falling edge of a read strobe signel in any type of following

_instruction to the video DAC 15. There is a minimum time pericd
between the rising edge of this last write strobe signal and the
falling edge of the read strcbe signzl, and it is indicated =zs
WHRL1 in FIG. 3B. From Table 1, it can be seen that this timing

parameter must be at least six (6) pizel clock cycles.
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7 conmposed of three groups of six bits each representing an intensity val ue
for red, blue or green, respectively, and is fed to a correspondi ng one of
the DACs 35 through the decoder 45. Thus, the 18 bits of a data val ue can
indi gate any of 262,144 conbi nations of color intensity val ues-of red, blue
and green. In this way, each pixel value chooses one of 256 color values

hel d |n t he CLUT 31.

A timng generator 47 in the video DAC 15 controls

t he Vrnlng operation of the CLUT 31, decoder 45 and DACs 35 so that anal og
out put signals are supplied on lines 37, 39 and 41 at the sanme pi xel
frequency. Also, a conventional BLANK signal fromthe video interface 11
causes the DACs 35 to drive thelr outputs to zero during the retracing of

the CRT's raster.

BC9-89-051 ' 15
. TABLE 1
TRANSITIONS PIXEL CLKS

WHWL1 (write/high to write/low) 3
WHWL2 (write/high to any write/low) 3
WHRL1 (write/hich té any read/low) 6
WHRL2 (write/hich to read)iow) 3
RHRL1 ({read/hich to read/low) 3
.RHRL2 (read/hich to any read/low) 6
RHWL  (read/high to write/low) 6

FIG. 3C illustrates a sequence of write and read stircke

signals associated with four (4) transfer cycles of a read

instruction for rszading a memory cell location from the CLUT 31.

Three different timing parameters are illustrated.

separation WHERLZ between the write signal for the address to be read

and the first read strobe signal for the color red data is three (3)

pixel clock cvcies as indicated in Teble 1. The separaticn RHERLL

between read signals for reading the color data is three (3) pixel

clock pulses. Finally, the minimum time between the trailing edge

of the last color read signal and the falling edge of a reaé strcks

signal frcm any tyce of following instruction to the video DAC 15 is

designated as RHRL2, and Table 1 indicates it has a minimum value cf

six (6) pixel clock cycles.
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In order to take full advantage of the nunber of possible color

conbi hati ons available, the MPU 19 can wite different color values into
one or nore |ocations of the CLUT 31 through the data bus 27 by use of an
MPU interface 49. In this way, the 256 locations in the CLUT 31.can be used
to forma color palette which.. by use of the MPU 19 and the MPU interface
49 can select 256 different conbinations of red, blue and green, each such
conbi nati on bei ng one of 262,144 .different colors. The MPU 19 can al so read
different color values fromthe CLUT 31. In this nmanner, one palette nay be
monentarily substituted for another and thereafter the first may be
returned. Such a transfer of palette data typically occurs in a

mul ti-tasking envicFORMEAt when control of %e screen image is transferred
bet ween prograns being executed. Not all presently avail able video DACs
provide the capability for reading fromthe CLUT 31. In this regard,
applicants prefer an |HE- @ LiThsthaden tiBASHmead atdtuycsibnbye FIIMA8CHFY. of

P. O, Box 16000, 15 as shown in FIG. 3C. However, a timing parameter REWL following
the trailing edge of the last color read strobe signal indicates
that the leadiné edge of any write strobe signal following the
trailing edge of the last color read must be separated by at least

six (6) pixel clock cycles as indicated in Table 1.

Turning to the video interface 11, it is shown in FIG. 2A
comprising its major component parts. It is for the most part
conventional in design, being substantially similar to the IBM vicdec
graphics array (VGA) found in the IBM Pérsonal System/2 models 50
ané 60. The video interface incorporates five (3) major ccmponents
as illustrated; thev are a CRT controller 61, a sequencer 63, a

pnlcs controller €5, an attribute contrcller €7, an zddress
éecoder €8 and contrcl logic 69. The CRT controller 61 generates
horizontal and vertical sfnchfonous timing (ESYNC, VSYNC ancé BLANX)
and refresh addressing by way of address bus 72 for the dynamic RAMs
of the bit map memory i3. In a manner well known in the art, the
bit map memory 13 is divided into four bit glane maps C-3. MAP0 is
the blue bit plane, ¥2F1 is the green bit plane, MAP2Z is the red bit
plane and MAP3 is the intensity bit plane. For writing to or
reading from the bit map memory 13, data is received frcm the
address bus 25 by a multiplexer (MUX) 74 and directed to the address
buses 76 and 78 for maps 0-3. Alternatively, during normal active
display times, address data from the CRT controller 61 is delivered

o the address buses 76 and 78 via the bus 72 and MUX 74.

The sequencer 63 generates basic memory timings for the bit
map memory 13 and the pixel clock for controlling regenerative
memory fetches. It also allow:s tha MPU 19 to access the kit map
mermory 13 during active display intervals by inserting dedicated MDY
cycles periodically between the display memory cycles.

The graphics controller €5 is the interface between the video

data contained in the bit map memory 13 =and 1) the zttribute
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Col orado Spr,ings, Col orado 80936 since it allows data to be both read from
and itten to the CLUT. In order to provide for operation at a high pixel
fr%q ency, a fast cycle tine in the aforenentioned | NMOS video DAC is

achi ¢ved by using a pipelined data access technique so that address

decodi ng for the CLUT 31 and reading and witing of data fromand to the
menory._cells in the CLUT are each conpleted as a nulti-stage operation over
two pixel clock cycles. In the illustrated video DAC 15, the MPU interface

49 sinplifies comuni cation between the video DAC and the MPU 19 and is
totally asynchronous to the pipeline pixel clock. Inside the I NMOS video
DAC and as illustrated in FIG 2B, an 8-bit address bus 51, connecting the
pi xel bus 33 fr&MBMe5hit map menory 13 to the CLUT 31, is joined to an
address bus 53 fromthe

controllex 67 during active display times and 2) the MPU 19 during
its execution of'read or write instructions to the kit mzp memory
13. During display times, video data from data buses 71, 73, 75 and
77 (MAPO, MAPl; MAP2, MAP3) is latéhed by the graphics controller €5
and sent to the attribute controller 67 by way of a daté bus 79.
When the MPU 19 writes or reads video data, the graphics controller
65 performs logical operations on the data-before it reaches the bir
map memory-lB or the system data bus 21. The attribute controller
67 takes in data from the bit map memory 13 via the crephics
controller 65 and formats it for display on the display screen of
the CRT 17. Data inccming is converted to an 8-bit output digital
color value or rixel &nd presented on the 8-kit pixel bus 33 which
delivers the pixel data P0-P7 to the video DAL 15, where it is used

as an address into the LU” 31 as brev1ous1v c scussad.

In order for the MPU 19 to write to or read frem the video TAC
15, the DAC address is decoded at the address ceccder €8 and a DAC
ADDRESS signal is appiied to the control lcgic 69 ané an interface
83. To generate read/write sicnals and to cc"trol =2 flow of data,
control signals of the contrcl -lines 29 are received by the video
interface 11 at the Icgic control 69. In a conventicnal manner,
read or write signals IOR cor ICW are generated by the video
interface 11 in respomse to signels on the ceontrol lines such as the
status strobe sicnals cn the lines S0 and S1 and the ccmmand strchs

signal on the line CMD.

In existing videso interfaces, such as the aforementioned IBM
VGA, the IOR and IOW signals are directly epplied to. the read and
write inputs of the video DAC 15. As discussed in connection with
PIGS. 3A-3C and Tabls 1, however, consecutive read or write strcte
signals to the video DAC 15 must satisfy certain timing constraints
concerning how close @ leading edge of one signal mav foilow the
falling edge of another. Generzlly, these timing constraints relate
to the precharge time of the video DAC 15, mezning the time required

by the device to prepare for receiving a read or write strobe signal
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MPU interface 49, the latter for providing 8-bit addresses for read and
wite transfer cycles between the CLUT and the MPU 19. In response to a

,\pi xel value on the address bus 51, the CLUT 31 determ nes the storage state
“lof the accessed menory cells. Alternatively, a menory cell of the CLUT 31

i dentified by an address on bus 53 may be read fromor witten to by the
MPU 19 via the MPU interface 49. Turning for a nonent to a nore detail ed

di scussion of reading fromor witing to nmenory cell addresses, the MPU 19
and the MPU interface 49 of the video DAC 15 conmuni cates by way. of the
data bus 27 (FIG 1) and the video interface 11. The video interface 11
recei ves conventional control lines such as status control |ines SO and S1,
command control Ilsches@D and a RESET contigl |line shown in FIG 1 and
derives read and wite strobe signals DACI OR and DACI ON respectively,
which are delivered to the MPU interface 49 of the video DAC 15. Wen a

DACI OWN st robe si %@%r SoIRN d preger]erat

Jous read ot write strobe signal. These
timing demands have in the past been satisfied by inserting a
software delaY so that at least several machine cvcles sepzarate
consecutive transfer cycles in a read or write instruction.

. However, such software délays do not ensure portability in the face
of ever increasing processor speeds and may in fact fail to maintain
the required timing separation if such software-delayed read and
write instructions are executed by high-speed computer systems

and/or sophisticated operating systems.

In accordance with the,invention,.the control logic €39 of the
video interface 11 is suprplemented by the interface circuitry 83
positioned between the conirel circuitry and the read and write
inputs to the videc DAC 15 for masking themipgqts for a _
predetermined time pericd after the video DAC has received a rezd or
write strobe signal. 32v masking the inputs, the invention ensures
that the timing parameters of FIG. 3 and Table 1 are not viclated.

f a second read or write strobe signal (IOR or ICW) to the vicdeo

(=

DAC 15 is generated while the read and write inputs to the video
DAC are masked following receipt of a first reaé or write strobe
signal, the interface circuitry 83 according to fhe inventicn

provides a DAC WAIT signal to the control logic &2. In response to
this DAC WAIT signal,

connected in a conventionel manner to a READY input of the MPU 19

ign
the control logic 69 relezsss a READY line

thereby causing the signal to go inactive and the MPU to insert wait
states into the transfer cycle associated with the second read cr

write strobe signal.

Referring to FIGS. 4A-4C, an exemplary instruction is shown
comprising three transfer cycles. In keeping with the invention,
when a second transfer cycle too closely fcllows & first, the second
is executed over & time period which is extended relative to a

rnominal time pericd Tl for the transfer cycle: 'The phrase "nominal
transfer cycle" is intended to define the approxziate time pericd
for a transfer cycle having only the minimum number of machine

-
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the MPU interface 49 receives on the eight data |lines DO D7 of the data bus
27 four successive 8-bit bytes representing an address | ocation and the
red, blue and green col or values. Wen the four bytes have been | oaded into
internal registers (not shown), the MPU interface 49 controls the transfer
of the color data so that at the beginning of a new pipelined pixel cycle,
a witing operation is carried out at the address indicated. 9
Specifically, changing a color stored in the CLUT 31 is a nulti-step
process requiring read and/or wite transfer cycles have a plurality of
transfer.cycles. First, the starting pixel address nust be specified while
the video DAC 15 is in awite node (SO + S1 = 1ON=0. The MPU interface

49 stores this address in a
-89-051 . 12

cycles necessary to execute the transfer. Following each transfer
cycle illustrated in FIGS. 4A-4C is a shaded area for indicating an
approximate time pericd T2 which when taken with the nominal time
period Tl corrésponds to the response time period required by the
peripheral device receiving the instruction. In the video DAC 15
having the timing parameters illustrated in FIGS. 3A-3E, for
example, the time period T2 is the time required for the video DAC
to pre-charge between the end of one read/write strobe and the
beginning of another, assuming the end of a read/write strobe
corresponds approximately to the end of a transfer cvcle. Althoucgh
the MPU 19 is released to execute anothér transier cvcle (possibly
for an unrelated instruction) at the 2nd of the ncminal transfer
cycle Tl as schematically shown by sach of the first transfer cycles
in FIGS. 4A-4C, the effective transfer cycle for the peripheral
Jdevice is Tl + T2 since the time T2 is neecded bv the device to

complete its response.

When all of the transfer cvcles of an instruction are
separated from one ancther by a relatively large time period such as
sucgested by the instructicn of FIG. 4A, each transier cycle is
cheracterized by a nominal cycle, thereby allowing the MPU 19 ‘to
execute the instruction at its optimum speed. Whan consecutive
transfer cycles are closely spaced as are the first and second
transfer cycles in FIG. 4B, the MPU 19 is effectively slowed by
extending the second transfer cycle in order to ensure the device
has sufficient time for responding to the instructicn.
Specifically, in FIG. 4B the second transfer cycle begins at a time
X after the end of the first transfer cycle, where X is less than
T2. To ensure the peripheral device has the full time T3 required

by it to respond to the first transfer cycle, the inventicn
effectively delays execution of the second transfer cycle by
masking the read/write input for a predetermined time period ané

alsc extends the second cycle in order to compensate for the delav.
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pi xel -address register identified by the two |east significant bits 55 of
t he address bus 25. The followi ng three separate data words for the red,
;bllue and green color-definition data are collected in color-value registers
also identified by the bits 55 and concatenated into an 18-bit word. The
MPU interface 49 then points to the nmenory cell to be changed by presenting
the data in the address register onto the address bus and transfers the
18-bit concatenated word onto an 18-bit data bus 57 in synchronization with
the pixel clock. FIGS. 3A-3Cillustrate four (4) possible tinmng situations
whi ch can occur when the MPU 19 wites data to or reads data fromthe CLUT
31l. FIGS. 3A and 3B illustrate a wite instruction followed by a read/wite
strobe signal of aqx?igélomﬁng transfer cygle, and FIGS. 3C and 3D

0

illustrate the safe a read instruction. Specifically, in FIG 3A the

wite instruction conprises 4 wite transfer cycles and is followed by a

wite strobe
Similar to the extended cycle in FIG. 4B, the second transier

cycle in the instruction of FIG. 4C is extended since the cycle
begins essentially immediately after the completion of the first
nominal transfer cycle. In keeping with the invention, the extended
transfer cycles are extended by only an amount necessary to
compensate for the delay in execution during the first portion of
the transfer cycle. Therefore, only the minimum number of wait
state machine cvcles are inserted into the extended transfer cycle.
Bccordingly, system throughput is minimally effected by the
invention. In the particular example of the second and extended
transfer cycles of FIGS. 4B and 4C, the seconé transifer cycle of
FIG. 4B is only extended by a number of machine cyclies which
approximate the required cdelay (T2 - X) and for the second transier
cycle of FIG. 4C the number of_inserteé machine cycles correspond

approximately to the delay which is the full time period TZ.

Finallv, in order to illustrate the possible seguence of
transfer cycles in the exemplary instruction of FIGS. 4A-4C, the
third transier cycles in FIGS. 4B and 4C are illusirsted as having
different spaced relationships with respect to the second and
extended transfer cycles. Specifically, the third transfer cycle oI
the instruction in FIG. 4B is characterized by a nominal time period
since it follows more than a time period T2 after the end of the
second and extended transfer cycle. 1In contrast to the third
transfer cycie in the instruction of FIG. 43, the third transfer
cycle in the instruction cf FIG. 4C begins before the end cf the
time periodé T2 following the second and extended transfer cycle.
Therefore, the third transfer cycle in the instruction of FIG. 4C
is extendeé in the same manner as the seconé transier cycles of
FIGS. 4B-4C. Specifically, the third transfer cycle begins after a

fier the end of the second extended transfer cycle,

o+

ime perioc 2

m

where 2 is less than T2. In order to acccmmodate the delay in
execution of the third transfer cycle, it is extended by a number cf

machine cvcles which apprcximate the time pericd T2 - Z.
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signal fromany type of transfer cycle between the MPU 19 and the video DAC
15. In FIG 3B, the wite instruction is followed by a read strobe signal
fromany type of read transfer cycle. Simlarly, the read instruction of
FIG 3C conprises one wite and three read transfer cycles and is foll owed
by any type of read transfer cycle between the MPU 19 and the video DAC 15;
whereas, FIG 3D illustrates any type of wite transfer cycle follow ng the
read instruction. Finally, FIG 3E indicates the status of the data |ines
DO D7 of the data bus 27 during either the read or wite instruction.
Address data is transferred onto the data |ines DO D7 by the MPU 19 during
the first transfer cycle, which is a wite cycle for both read and wite

i nstructions. NeXfgs-dd1§5:c0l or data foll-ows,;onto the data |ines DO-D7 in
three sequential bytes. Each :

Since the timing parameter T2 is_intended to separate
consecutive read/write signals of consecutive transfer cycles and
not the cycles per se, it will be appreciated that slower CPUs mav
in fact have nominal transfer cycles which result in the desired
separation time T2 between consecutive read/write signals regardless
of how closely one cycle follows another.  For these CPUs, the
invention imposes no penalty since the cycles are not extended
because the time T2 is measured from the trailing ecdge of thre
signal and not the end of the transfer cycle. As indicated atcve,
however, the beginnings and ends of the read/write strobe sicnals
are assumed for pufposes of illustratioh in FIGS. 4A-4C to

correspond to the beginnings and ends of the cycles.

As can be seen from an inspection of the schematic transier
cvc‘es in rICS. 4A~-4C, the overall time period for an instructicn is
three (T3) regardless cf the precise nature of the overlapping
between transfery cycles in an instruction: Specificzlly, an
extended transfer cycle is approximately equal tc the ncminzl time
period T1 plus the overlap time pericd (T2-X, T2 or T2-Z in FiIGS.
48B-4C). By extending cycles only to the degree recuired to
compensate for the delay, the overall instruction time pericd
remains approximately unaffected. However, the extended cycle plus
the <trailing time period T2 is only approximately egqual to the time
period T3 of the nominal transfer cycle plus the traiiing time
pericd T2 since as previcusly menticned the extended transier cycle
is asynchronous with respect to the system clock. Referrin
drawings, in FIG. 4B the second cycle is extended and has a
pericd T4 approximately equal to T1+(T2-X) or T3-X. The seccnd
cycle of FIG. 4C has an extended time pericd of TS approximately
equal to T1+T2 or T3, and the third cycle of FIG. 4C is extended o

have a time period of T6 approximately equal to T1+(T2-2) cr T23-Z.
in a conventional manner, the MPU 19 reacts to the

deactivarion of the READY lirne by executing wait state machire

cycles until the READY signal goes active again. Referrinc to the
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10 of the three color bytes are associated with the three wite or read
transfer cycles following the initial wite transfer cycle. The col or bytes
are placed onto the data lines by either the MPU 19 or the video DAC 15,
dependi ng on whether a read or wite instruction is being execut.ed.
Referring specifically to FIG 3A, four wite transfer cycles to the video
DAC 15 cause a CLUT address location to be witten into the pixel address
regi ster (nct shown) in the MPU interface 49 and three sets of color data
for red, green and blue to be witten into the col or-value registers (al so
not shown). As can be seen from Table 1, the trailing edge of each wite
signal in the wite instruction of FIG 3A nust be separated fromthe

| eadi ng edge of a followi ng wite strobe sigpal by an anount WHW.1. Table 1
i ndi cates this anoutf® 3t be at |east three?(3) pixel clock periods. This
timng constraint allows the execution of the transfer cycle which

flow diagram of FIG. 5 in this regard, the microcode of the MPU 19
fetches an instruction in step A which in this case is a read/write
instruction to the video DAC 15. A nominal transfer cycle is
executed according to steps B, C and D unless the READY line goes
inactive. If the READY iine goes inactive, the MPU 19 executes a
wait state cycle in step E and then returns to executicn of the
nominal cycle. The MPU 19 continues to execute the loop of steps B

and E until the READY 1line returns to active.

Turning to FIG. 6, a detailed schematic diagram of the
preferred embodiment of the interface 83 (FIG. Z3) of ths invention
is illustrated. Functionally, the interface 83 includes a gate 85
for metering the passage of read and write signals IOR and I
the video DAC 15. By metering the IOR and ICW signals through the
gate 85, they are waveshaped irto read and write sigrals DACI
DACIOW, respectively. The gate 85 comprises two OR gatss 37 and 8%.
A means 91 for selectively disabling the OR gates 87 and 89 is
provided by a binary counter 93 and AND gates S5 and ¢7. Upen
detection at the cutputs of either OR gates 87 or 82 zZ z read or
write strocbe signal, a MASK DAC R/WR line goes active, thereby
disabling the OR gates 87 and 89 and preventing passage ci any

further read or write strobe sigrals.

A sample and delay circuit 299 comprising NAND gzts 101 a&nd D
flip-flops 103, 105 and 107 provide a signal DAC WAIT which
indicates when a read or write, strobe signal (IOR/IOW) has been
received by the video DAC 15. This DAC WAIT signal is passed on to
a wait state generator comprising an AND gate 109 zné the control
logic 6%. When successive read or write strobe signals ICR or ICW
ere presented to the CR gates &7 or €9 separated by & credetermined
time period greater than any of the time perioés of Table 1, then
the AND gate 109 of the wait.state generator remains cisabled and
the DAC WRIT signal is not passed to thelccntrol logic €2 and on tc
the MPU 19 as a READY signal. If two consecutive reaé or write

signals are not separated by the predetermined time gperiod,
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I s asynchronous with respect to the flow of pixel information to the color
CRT 17 without disrupting the CRT image. FIG 3A also shows a timng

par anmet er between the rising edge of the wite signal for the blue color
data and the falling edge for a wite signal for any follow ng instruction.
This timng paranmeter is designated as WHAL2 and, "as indicated in Table 1,
must be at | east six (6) pixel clock cycles. Like FIG 3A FIG 3B
illustrates a series of wite strobe signals for executing a wite
instruction to the CLUT 31. Unlike FIG 3A, however, the rising edge of the
|l ast wite signal for transferring the new color data into the CLUT 31 is
followed by the falling edge of a read strobe signal in any type of

foll owi ng instructigglaéd-@si he video DAC 15. Fhere is a minimumtine period
between the rising edge of this last wite strobe signal and the falling
edge of the read strobe signal, and it is indicated as VHRL1 in FIG 3B.

From Table 1, it can be seen t
’ however, t ene over ab J.s eis.ecg:ec{q:)y %J.*cultry 116, the AND gate iC2

1 Vacd

is enabled and the DAC WAIT signal is passed on to the control logi

()

69 which in turn presents the signal to the MPU 139 as a READY signal
at its READY input. '

When the AND gate is disabled, its oﬁtput,ié low. -In a
conventional manner, the low DAC WAIT signal translates to an active
READY signgl at the output of the control logic 69 when the vicdeo
DAC 15 is being addressed. In this regard, the control lcgic 89
receives wait signal inputs from other devices in the video
subsystem &s indicated in FIG. 6. Well;known legic in the control
logic 69 allows oniy the wait signal for the device being adéressed
in the present transfer cycle to pass through the READY line.

Detailed operaticn of +he interface of FIG. 6 is descrized
hereinafter in connection with the timing diagram of FIG. 7. The
PIXEL CLOCX is received by a clock input CK of the binary counter
93. When the video DAC 15 is not being addressed, the output oi AND

. gate 95 is inactive; therefore, the inverted input for the reset
(RST) of ihe binary counter $3 is held active and the cutputs c<f the
counter are helé in a reset condition. In this reset conciticn, the
inverted cutput (8), indicative of an eighth count, enzbles the AND

gate 97.

When the binary counter 93 is released from the reset
condition, it counts pixel clock pulses. When the eighth clock
pulse is ccunted, the AND gate 97 is effectively disabled since ths
active 8 output is inverted as indicated and provides a logic zero

to one cf =he inputs to the AND gate.

With the foregoing operation of the binary counter 93 in mind,
when & transfer cycle is initiated, the DAC ADDRESS signzl from the
address Gecoder 63 (FIG. 2A) goes active (low). Each of the CR gats
27 and 8% receives the DAC RDDRESS signal at one of its thres

inputs. The second input receives the MASK DAC R/WR cignal from ANC
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paranmeter nust be at |east six (6) pixel clock cycles. TABLE 1

TRANSI'TI ONS Pl XEL CLKS WHAL1 (write/high to
witellow) 3 WHAL2 (wite/high to any wite/low)

3 WHRL1T (wite/high to any read/| ow) 6 WHRL2 (write/high to
read/ | ow) 3 RHRL1 (read/high to read/|ow)

3 RHRL2 (read/ high to any read/| ow) 6 RHWL (read/ high to
wite/low 6 FIG 3Cillustrates a sequence of wite and
read strobe signals associated with four (4) transfer cycles of a read

I nstruction for reading a menory cell location fromthe CLUT 31.

BCS-89-051 24

gate 97. Shortly thereafter, either the read or write strobe
signal, IOR or IOW, goes active (low). Prior to the beginning of a
transfer cycle, the MASK DAC R/WR signal is inactive (low), assuming
that more than é predetermined time period has passed since the last
cycle. During a transfer cycle between the video DAC 15 and the MPU
19, one of the OR gates 87 and 89 will have all three inputs low,
resulting in a .low input to AND gate 95. The low at AND gate 95
effectively arms the RST input to the binary counter 93, thereby
causing the counter to reset and not count the pulses from the PIXEL

CLOCK.

With & low input to the AND gate 35, it in turn presents a
low input to the AND gate 97 so that the latter cate sets the MASX
DAC R/WR 51c.=1 1nactive as 1nc1cated 1n rTg_”Z.__;ue.?AC ADCRZESS
signal (not shown in FIG. 7) essentlally lasts the entire
cyclé, so the timing of the binary counter 93, AND gates 35 andé $7
and OR gates &7 and 89 can be considered as contrclled by the ICW
and ICR strcke signals. In this regard, when the IOR cr ICW signal
goes inactive, a logical "1i" or high reappears at all three inputs
to the AND c¢ate 95. This high signal disables the RST input cf
binary counter 93 ané allows the counter to ccunt pulses Ircm the
PIXEL CLOCK. The high output of AND gate 95 also enables the AND
gate 97 to rass the output from the inverted 8 output of the pinary
counter 93. From being reset, inverted 8 output cf the binary
counter 93 is initially at a logic 1 state. Therefore, when the AND

gate 97 is enazbled as a result of a IOW or ICR signal going

-

inactive, it passes the logic 1 stazte of the inverted 8 cutput line
to the MASK DAC R/WR line. An active signal on the MASK DAC R/WR
line is effeciive to disable the OR gates 87 and 89 since thei

outputs will remain high regardless of the signels present on the

The MESX DAC R/WR line will remain gct ve and the CR gates 87
and 89 disaried while the binary counter 93 counis the pixzel cliock

pulses as indicated by the numbered pixel pulses in FIG. 7. When

TR




Three different timng paraneters are illustrated. First, the separation
WHRL2 ‘bet wéen the write signal for the address to be read and the first
read strobe signal for the color red data is three (3) pixel clock cycles
as indicated in Table 1. The separation RHRL1 between read signals for
reading the color data is three (3) pixel clock pulses. Finally, the

m nimumtinme between the trailing edge of the |ast color read signal and
the falling edge of a read strobe signal fromany type of follow ng
instruction to the video DAC 15 is designated as RHRL2, and Table 1
indicates it has a m ni num val ue of six (6) pixel cl ock cycl es. 12 FIG
3D illustrates the sane read instruction to the video DAC 15 as shomn I n
FIG 3C. However, Bf9t8nf%Ag par aneter RHW £8l | owi ng

the eighth pixel pulse is counted, the inverted 8 output of the
counter 93 goes low, thereby disabling the AND gate 97 and causing
the MASK DAC R/WR line to go inactive. Now the OR gates 87 and 89
are again able to pass IOR and IOW signals if the video DAC is being

addressed (i.e., the DAC ADDRESS line is active).

By disabling the OR gates 87 and 83 for a predetermined time
period after the end of a DACIOW or DACIOR strobe signal to the
video DAC 15, the interface meters the édelivery to the video PAC of
consecutive rezé or write strobe signals so that they are always
separated by at least the predetermined time period. The
predetermined -ime period is generated by the binary counter ©3

responding to the pixel clock pulses to clock the logic 1 tied :o

the data input 2 cf the counter.

Referring ncw more specifically to the timing dJiagram cf FIG.

7, the relevant signals of two consecutive transfer cycles are

cn
illustrated. The first and second transfer cycles are time reiatec
approximately in the manner schematically illustrated fer the first
and second cycies in FIG. 4C, meaning that the {irst transfer cycle
is of nominal lergth (T1), whereas the second is extended (TS) and

follows virtuz_.v immediately after the first.

In keeping with the invention, aiter the DACIOR or DACIOW
signal goes inactive at the end of the first cycle, the MASKX CAC
R/WR signal cces active for the predetermined eight (8) pixel clock
pulses. During this predetermined time period, the ICW/IOR signal
goes active for the second cycle. However, the gates 87 and 89 are
disabled and DRCIOW/DACIOR is not generated. 1iInstead, it is celayed
until MASK DAC 3/WR goes inactive after the éighth pixel pulse is
counted tv the tinary counter 23. As can be seen from an inspecticn
of the waveforms in FIG. 7, the second IOW/IOR signal has been
effectively waveshaped into a DACIOW/DACIGR signal that is separated

by an amount that does not violate any timing parameter of Tzatle 1.
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the trailing edge of the |ast color read strobe signal indicates that the
|.eadi ng edge of any wite strobe signal following the trailing edge of the
| ast col or read nust be separated by at |east six (6) pixel clock cycles as
indicated in Table 1. Turning to the video interface 11, it is shown in
FIG 2A conprising its major conponent parts. It is for the nost part
conventional in design, being substantially simlar to the |BM video
graphics array (VGA) found in the | BM Personal System 2 nodels 50 and 60.
The video interface incorporates five (5) major conponents as illustrated;
they are a CRT controller 61, a sequencer 63, a graphics controller 65, an
attribute controller 67, an address decoder 68 and control l|logic 69. The
CRT controll er 6iognenates horizontal ard vertical synchronous timng
(HSYNC, VSYNC and BLANK) and refresh addressing by way of address bus 72
for the dynam c RAMs of the bit map nenDry 13. In a manner well known in

}\/Rleaoa{g’ the bit mep; n%xch)el;:yto com;iaensg:l V%or t eiJ?eS.agreg %u'lrlvprlyttop Haenveldeo ps 0-3.

DAC 15 of the read/write command of the second transfer cycle, the
wait state generator causes the READY line to go inactive, therebv
resulting in thé MPU 19 inserting wait state machine cycles intc the
transfer cycle as discussed in connection with the flow diagram of
FIG. 5. Immediately after the OR gates 87 and 89 are enabled ard
the IOR/IOW strobe signal is passed on to the video DAC 15 as

DACIOR/DACIOW, the READY signal returns to an active state (see FIG.

7) and the MPU 1% returns to executing the machine cvcles of the

ih

nominal transfer cvcle. In this manner, the second transfer cyci
is extended by an amount which approximétely corresponds to the
delay imposed on the IOR/IOW strobe. 1In this regard, it should b=
noted that because the IOW/IOR strobe does not immediately go active
at the beginning ¢f & cycle, TS in FIG. 7 dces not necessarily

approximately equal T1+T2 as suggested in FIG. 4C.

In orcer to ceactivate the READY sicnal and thereby cause the
MPU 1% to insert wait state machine cycies into the transfier cvcle,
an active DAC WAIT signal must be generatsd by the sample anéd delzy
circuit 99. An active DAC WAIT signal will not be passed cato k2
control leogic 69 for deactivating the READY signal, however, unliess
the AND gate 109 is enabled. The AND gate 102 is enabled by an
active signal at the Q output of a latch i:1. The Q ocutput of the
latch 111 goes active when a high signal is passed to it from the
data input (D) of the latech in response to a low signal at the clock
input (CX) of the latch. The CK input raéeives the CMD control
signel. During the beginning of each transfer cvcle, the CMD line
is inactive or low as can be seen in FIG. 7. In response to the low
input at the CX irput of the latch 111, the signal at the outpu: cf
an AND gate 113 is passed from the data input D of the latch iii to
the Q cutput, and as long as the CX input remains low, the signal at
the data input is passed to the Q output. When the CMD line gees
active during the itransfer cycle, the Q cutpuit cf the laich i1l

F-4

holds the last sicnal passed to it from the data input D.
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the blue bit plane, MAPl1 is the green bit plane, MAP2 is the red bit plane
and MAP3 i:s the intensity bit plane. For witing to or reading fromthe bit
map nenory 13, data is received fromthe address bus 25 by a nultipl exer
(MUX) 74 and directed to the address buses 76 and 78 for maps O-3.

Al ternatively, during normal active display tinmes, address data fromthe
CRT controller 61 is delivered to the address buses 76 and 78 via the bus
72 and MJX 74. The sequencer 63 generates basic nmenory timngs for the bit
map nenory 13 and the pixel clock for controlling regenerative nmenory
fetches. It also allows the MPU 19 to access the bit map menory 13 during
active display intervals by inserting dedi cated MPU cycl es periodically
bet ween t he di spt@ysaresiory cycl es. The graphics controller 65 is the

i nterface between the video data contained in the bit map nenory 13 and 1)

the attribute
When the MASK DAC R/WR signal goes inactive and the

DACIOR/DACIOW.stfobe signal is generated'in the second transfer
cycle, the CMD line is active, releasing the flip-flcp 103 from i:is
reset conditioﬂ. The CMD line is passed to the inverted input (RST}
of the flip-flop 103 by AND gate 114. The AND gate 114 is usually
enabled since its second input is a RESET command line which is
normally high as discussed hereafter. With the command (CMD) line '
inactive, the flip-flop 103 is now free to clock in data from its D
input. In this regard, the NAND gate 101 is enabled since the ¢
output of the flip-fiop 103 is high, and it is one of the inputs to
NAND gate 101. The other input to NAND gate 101 is frcm the outzut
of AND gate 95 which coes low if a DACICR/DACIOW signal is present.
Therefore, when released from its reset condition by the CMD signal,
the flip-flcp 103 effectively samples tﬁg_ p@g;qg/:gq;qw lines zc
detect the presence of an active ieéd/write sigrnal to the video ZaC
15. The DACICR/DACICW lines are sampled at the frequency cof the

TIME BASE which may pe, for example, 25 MHz.

The releasing of the D flip-flop 103 by the presence of 2 T
signal indicates & transfer cycle is in progress. If the active
read/write signal has not appeared on the DACIOR/DACIOW lines aftsr
the CMD line goes active, the output of AND gate 95 will ke higk.
This high signal will be clocked to the Q ocutput of the flip-floo
103 and then clocked to the Q outputs of the D flip-fiops 1085 and

107 upon successive pulses of the TIME BASE. The cutput of the 2

m

flip-flop 107 is the DAC WAIT signal, and it will c¢o active in
delaved relationship with the sampling at the flip-flop 103 of the
DACIOR/DACIOW line. The delay is intended to ensure the

DACIOR/DACICW have & minimum regquired width.

The latch 11 and AND cate 113 comprise a circuit 116 for
detecting when two consecutive transfer cycles create active signals
on the IOW/ICR lines that violate the predetermined minimum
separation time of two consecutive read/write strobe signals. wnan

the minimum timing is not violated, the output of AND gate 113 :is
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13 controller 67 during active display times and 2) the MPU 19 during its
execut'ion o0f read or wite instructions to the bit map nenory 13. During
fd|splay times, video data fromdata buses 71, 73, 75 and 77 (MAPO, MAPL,
MAP2, MAP3) is latched by the graphics controller 65 and sent to the
attrlbute controller 67 by way of a data bus 79. When the MPU 19 wites or
reads video data, the graphics controller 65 perforns |ogical operations on
the data before it reaches the bit map nenory 13 or the system data bus 21.
The attribute controller 67 takes in data fromthe bit map nenory 13 via
the graphics controller 65 and formats it for display on the display screen
of the CRT 17. Data.dReq@ging is converted tggan 8-bit output digital color
val ue or pixel and presented on the 8-bit pixel bus 33 which delivers the
pi xel data PO-P7 to the video DAC 15, where it is used as an address into
the CLUT 31 as preV|oust di scussed.

low, and when the CMD line is inactive, the low output of the AND
gate is passed from the data input D of the latch to the Q output,
thereby disabiing the BRND gate 109 and preventing passage of an
active DAC WAIT signal. When the minimum timing is violated,
however, the output of the AND gate 113 is high and the high is
passed to the Q output of the latch 111 when the CMD line is
inactive at the beginning of the second cycle as shown in FIG. 7.
The Q output holds the high from the AND gate 113 until the CMD
line again goes inactive. Referring to FIG. 7, the ENASLE waveform
corresponds to the signal which appears at the Q output of the latch
111. As can be seen, the ENABLE signal provides a high for the
entire second transfer cycle so that the BAND cgate 109 passes any
active DAC WAIT signal cenerated during that cycle. In ressponse to

the active DAC WAIT sicnal, passed to the control logic €3, the

}s
tx)
[
]
~J

READY signal goes inactive as indicated by the waveform in
for the READY signal. In contrast to the seccrd cycle, the first
cvcle is assumed to have begun well after any previous read/write
transfer cyvcle. Therefcre, the AND gate remains disabled for the
entire cycle and prevents the DAC WAIT signal from passing %o the
control logic 6°.

Turning to the inputs of the AND gate 113, the DAC ADCRESS
line and SO and S1 command lines essentially act to selectively
enable or disable the gate for passing the MASK DAC R/WR signal to
the latch 1il. The DAC ADDRESS, SO and Sl lines carry active
signals at the beginning of a transfer cycle, and when they are all
active they indicate the second transfer cycle is directed to the
video DAC 15. 1In response to this indication, the status of the
MASX DAC R/WR line controls the status of the output of the AND
gate 113. If the second transfer cycle begins before the erpiraticn
of the time period measured by the signal on the MASK DAC R/WR line,
all three inputs to the AND gate 113 will be high and the cutput ci
AND gate 113 will be high. During the bealn:ing of the transfier
cycle, the CMD line is inactive, so that hich at the output cf AMND

gate 113 is passed to the Q output of latch 131. Ag -previously
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In order for the MPU 19 to wite to or read fromthe video DAC 15, the DAC
address i s’decoded at the address decoder 68 and a DAC ADDRESS signal is
applied to the control logi.c 69 and an interface 83. To generate read/wite
signals and to control the flow of data, control signals of the-contro
lines 29 are received by the video interface 11 at the logic control 69. In
a conventional manner, read or wite signals IOR or |ONare generated by
the video interface 11 in response to signals on the control |ines such as
the status strobe signals on the lines SO and Sl and the comand strobe
signal on the line CVD. In existing video interfaces, such as the
aforementioned | BM VGA, the IOR and 1OV signals are directly applied to the
read and wite in t %_the video DAC 15.,/As discussed in connection with
FIGS. 3A-3C and however, .consecutive read or wite strobe
signals to the video DAC 15 nust satlsfy certain timng constraints

concerni ng how cl ose a | eadi ng edge of one S|%nal may followthe
sxplained, the presence of a high signal on the ¢ output of the

latch 111 enables the AND gate 109 to pass an active DAC WAIT signal
to the control'logic 69. BAn exclusive OR gate 115 is employed i
order to providé a single input to the AND gate 113 which is
indicative of the condition of both status lines SO and S1. In this
regard, the STATUS waveform in FIG. 7 corresponds to the signal
present at the output of the exclusive OR gate 115. Finelly, a
RESET line is provided for initializing the interface 83 in certain
situations such as, for example, power up. An active lcw on the
RESET line resets the binary counter 93 ané the D flip-flop 103,

causing the DAC WAIT line to assume an inactive initial conditien.

From the foregoing detailed description, it will ke
aprreciated that Lhn 1nvent'xon provides a system which ensures
compatibility Detwe°1 existing software for a peripheral éevice ané
new central processing systems which cperate at significantly Zaster
speeds than the systems for which the software was originally
designed. For example, read/write instructions to a celcr palette
in a& video DAC can be programmed without inserting scitware delavs
{e.g., no-op cycles cr jump commands) in an attempt to ensure timing
parameters are maintained. While ensuring timing parameters are
not violated, the interface 83 in the video interface 11 also
a2llows the MPU 19 to execute instructions as fast as the system
allows (i.e., the nominal cycle) and slows the system orly when

needed to prevent violation of timing parameters (i.e., the exisnde

o}

cycle). 1In this regard, slower systems are not cenalizedé by the
invention since the interface 83 causes wait stzte machine cycles to
be inserted into a transfer cycle only when the interface must
waveshape a read/write strobe signal so as to re-space it with

respect to the proceeding read/write strobe signal.

Although the present invention has been cdescribed with

refarence to in a video system, it w1ll be abnr cizted and

‘.

and in partlcular interfaces between peripheral devices and CPUs
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falling edge of another. Generally, these timng constraints relate to the
prechdrge tinme of the video DAC 15, neaning the tinme required by the device
to prepare for receiving a read or wite strobe signal 14 after receipt
of a previous read or wite strobe signal. These timng demands-have in the
past been satisfied by inserting a software delay so that at -least several
machi ne cycl es separate consecutive transfer cycles in a read or wite

i nstruction. However, such software del ays do not ensure portability in the
face of ever increasing processor speedsrand may in fact fail to nmaintain

t he required tinin%bse aration if such soffware-delayed read and wite
instructions are BXsBUfed by hi gh-speed conputer systens and/ or

sophi sticated operating systens.

that the present invention has much broader application and is not

intended to be limited to only video subsystems.

[N
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I n accordance with the invention, the control logic 69 of the video
interface 11 is supplenented by the interface circuitry 83 positioned

bet ween the control circuitry and the read and wite inputs to the video
DAC 15 for masking the inputs for a predetermined tinme period after the
vi deo DAC has received a read or wite strobe signal. By masking the

I nputs, the invention ensures that the timng paraneters of FIG 3 and
Table 1 are not violated. If a second read or wite strobe signal (I1OR or
ION to the video DAC 15 is generated while the read and wite inputs to
the video DAC are nasked following receipt of a first read or wite strobe
signal, the interface circuitry 83 according to the invention provides a
DAC WAI T si gnaPc:-8°1he control logic 691 1n response to this DAC VAIT
signal, the control |logic 69 rel-eases a READY |ine connected in a
conventi onal manner to a READY input of the MPU 19, thereby causing the
signal to go iwgaghive and the MPUto insert wait states into the transfer
cycl e associated with the second read or

1. A logic circuit (83) connected between a microprccesscr unit
(MPU) (19) and a peripheral device (15) for waveshaping read or
write strobe signals in a transfer cycle between the MPU (19) and

the peripheral device (15),
characterised in that the logic circuit (83) comprises:

a first gate (85) having an input for receiving first and
second read or write strobe signals from the MPU {1%) and &n output

for passing the signals to the peripheral device (1Z);

first means {91) for diszbling the first gate fcr =

predetermined time period folldWing the passing ©f the first read cr
write strobe signal to the peripheral device (15) bv the ocutput of

the first gate (83); and

second means (116) for sensing the occurrence cf the second
read or write strobe signal during the predetermined time period
and, in response thereto, providing a wait signal o the MPU (18
for the purpose of iInstructing the MPU (19) to extend the transfer

cycle associated with the second read or write strcbe signzl.

2. 2 logic circuit (83) as claimed in claim 1 wherein the first
means (S1) includes a counter (93) which is enablecé in response to
the passage of the first rs=ad or write strobe signal throuch the

first cate (85).

3. 3 logic current (B83) as claimed in claim 2 wherein the first
means (%1) &lso includes 1) a clock signal counteé ty the counter

. after the counter (93) is enabled and 2) a second ¢ate (27)
responsive to both a pradetermined count output of the counter (%3)
and the enablement of the counter for generati & mask signal which

disables the first gate (85) for the predetermired time period.
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wite strobe signal. Referring to FIGS. 4A-4C, an exenplary instruction is
shown “‘conprising three transfer cycles. In keeping Wwith the invention, when
a second transfer cycle too closely follows a first, the second is executed
over a time period which is extended relative to a nom nal tinme-period T1
for the transfer cycle. The phrase "nom nal transfer cycle" is intended to
define the approxiate tine period for a transfer cycle having only the

m ni rum nunber of machi ne 15 cycles necessary to execute the transfer.
Fol | owi ng each transfer cycle illustrated in FIGS. 4A-4C is a shaded area
for indicating an approximate tinme period T2 which when taken with the

nom nal time period Tl corresponds to the response tine period required by
t he BC9S-89-051 32

4. A logic circuit (83) as claimed in claim 3 wherein the second
means (116) includes 1) a latch (111) having a data input, 2) a
third gate (113) for enabling the data input for the predetermined
time period in response to the mask signal and 3) a wait state
generator (109, 69)responsive to an output of the latch (111) for

producing the wait signal.

5. A logic circuit (83) as clzimed in claim 4 wherein the
transfer cycle includes address, data and control signzls, the
latter including the read 'and write strobe signals, the zhird gate
(113) having at least cne input £or receiving an address signal
indicative of a transfer cycle between the MPU (19) ané =he

peripheral device (1i5), the adcérasss signal being passeé o the daia

input of the latch (111) when the third gaté'(ll3) is enzbled.

6. A logic circuit (83) as claimed in claim 5 wherein the latch
{111) includes a clock input for receiving at least one cf the
control signals in timed relaticnship with the presentation of the
address signal to the data input of the latch (1il) so as to allo
the address signal to appear at an output of the laéch {Zi1) when

the third gate (113) is enabled.

7. A logic circuit (83) as clzimed in claim 6 wherein the first

means (91) includes a memory arrzngement (99) for samplin

Q, N

output of the first gate (85) ané providing a time-delaved READY
signal to the wait state generzitcr (108, 99) indicative ¢f whether
the peripheral device (15) has received the first cr seccnd reaéd or

write strcpe si C"a‘

8. An legic circuit (83) as claimed in claim 7 whersin the wait

state generator (99, 109) includes a gating means (1i0%) ‘or

receiving the time-delayed READY signal and beccming enazled to cass
_ the time-delayed READY signal tc the MPU (18) in responsz 1o the

address signal at the output of the latch (111), the REALY signal
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peri pheral device receiving the instruction. In the video DAC 15 having the
timng par&neters illustrated in FIGS. 3A-3E, for exanple, the tine period
T2 is.the tinme required for the video DAC to pre-charge between the end of
one read/ wite strobe and the begi nning of another, assum ng the end of a
read/ wite strobe corresponds approximately to the end of a transfer cycle.
Al t hough the MPU 19 is rel eased to execute another transfer cycle (possibly
for an unrelated instruction) at the end of the nom nal transfer cycle Tl
as schematically shown by each of the first transfer cycles in FIGS. 4A-4C,
the effective transfer cycle for the peripheral device is T1 + T2 since
the time T2 is needed by the device to copplete its response. Wien all of
the transfer cycﬁgﬁaﬁﬁsgn instruction are“separated from one another by a
relatively large tinme period such as suggested by the instruction of FIG

4A, each transfer cycle is characterized by a nom nal cycle, thereby
all owi ng the MPUs&&itpto instruct the MPU (19) to extend the transfer cycle by

inserting wait states when indicating the first or second read or
write strobe signal has not been received by the peripheral device

. (15).

S. A video subsystem for a computer system having a

nmicroprocessor unit (MPU) (19), the video subsystem including:

a video digital-to-analog converter (DAC) (15) having a color

memory;
a videc frame memory (13

a graphics controller {11) ccnnected between the videc memory

with the vicdeo DAC;

a logic circuit (83) as clzimed in any preceding claim

connected between the MPU {19) ané the video DAC (1i5) fcr receiving

consecutive read or write strobe signals from the MPU (1S) in
consecutive transfer cycles between the MPU (1%) and the video DAC

(15) includéing:

10. A computer system comprising a video subsystem as claimed in

claim 9. -

11. A peripherzl subsystem comprising:
a memory (15);
address input lines (25);
date input and cutput lines (27);

control input lines (79) including rezd and write sircbe

lines; and
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execut e the Instruction at its optinum speed. When consecutive transfer
cycles are’closely spaced as are the first and second transfer cycles in
FIG 4B, the MPU 19 is effectively slowed by extending the second transfer
cycle in order to ensure the device has sufficient tine for responding to
the instruction. Specifically, in FIG 4B the second transfer cycle begins
at atinme -X after the end of the first transfer cycle, where X is |ess
than T2. To ensure the peripheral device has the full time T3 required by
it to respond to the first transfer cycle, the invention effectively del ays
execution of the second transfer cycle by masking the read/wite input for
a predetermned tine period and al so extends the second cycle in order to

conpensate for the del ay. 16
BCY-89-051 34

circuitry (11) responsive to selected address and éontrol
input lines for executing transfer cycles in conjunction with a
central processing unit (CPU) (19) in a computer system whersin data
is transferred between the CPU (19) and a memory device (15) on the

data lines (27);
characterised in that the subsystem further comprises:-

means (83) for masking the read and write strcbe lines for a
predetermined time period in response to receipt by the circuitry
(11) of a first read or write strobe signal during a first trznsfer
cycle between the meinory device {15) and the CPU (1%2) so as o delay
receipt of a second and subsequent rezd or write strobe signal
during a second transfer cycle between the memcry device ané £2U and
prevent the second read or write strcre signal from being received
by the circuitry (11) during a time required by the circuitry (11)
to respond to the first read or write strobe signal ané prepzrs to

receive the second read or write strobe signal.

12. A subsystem as claimed in claim 16 including a wai:t staze
generator (99, 10%9) for presenting a wait signal to the CDU.(?9) in
response to the initiation of the second read or write strcte signal
of the second transfer cycle within the predetermined time period

after the first read or write strobe signal.

13. A computer system comprising a subsystem as claixmed in claim
11 or claim 12, wherein the CPU (19) comprises protocol means
responsive to the wait signal for exisnding the second transizr
cycle beyond & nominal time period, thereby compensating for the
delayed receipt by the circuitry (1i) cof the sacond read or write

strcbe signal.

14. A methoc for ensuring at least cne input of a device
responsive to a central processing unit (CPU) in a tcmnuter svstem
receives successive instructions at =2 rate which can ke accommodated
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Simlar to the extended cycle in FIG 4B, the second transfer cycle in the
instruction of FIG 4C is extended since the cycle begins essentially

i mredi ately after the conpletion of the first nom nal transfer cycle. In
keeping with the invention, the extended transfer cycles are extended by
only an amount necessary to conpensate for the delay in execution during
the first portion of the transfer cycle. Therefore, only the m ni num nunber
of wait state nachine cycles are inserted into the extended transfer cycle.
Accordi ngly, systemthroughput is mnimally effected by the invention. In
the particul ar exanple of the second and extended transfer cycles of FIGS.
4B and 4C, the ggcéngkitransfer cycle of 55l G 4B is only extended by a
nunber of machi ne cycl es which approximte the required delay (T2 - X) and
for the second transfer cycle of FIG. 4C t he nunber of inserted nmachi ne
cycl es correspond approxi mat el which is the full tinme period

B nal v P Oporeepeet st b ST BUORI et R s

the bandwidth of the bus communicating the CPU to the device, the

method comprising the steps of:
generating on the bus a first instruction for the device;

receiving the instruction from the bus at the input to the
device and executing the instruction in accordance with a nominal

transfer cycle time; and

masking the input of the device for a predetermined time

period after receiving tHe first instruction.

generating a second instruction frcm the CPU cduring the

predetermined time period;

delaying receipt of the second instruction by the device

[o¥)

until after expiration of the predetermined time period; an

extending the transfer cycle assccidted with the second
instruction so as to te greater than the nominal transfer cycle in

order to accomrodate the delayed receipt of the second instruction.

masking the input to the device for a predetermined time
period after instituting the delayed receipt of the second

instruction.

generating a second instruction frem the CPU after expiraticn

of the predetermined time period; and

receiving the second instruction at the device in accordance

with the nominzl transfer cycle.
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transfer cycles in the exenplary instruction of FIGS. 4A-4C, the third
transfer cycles in FIGS. 4B and 4C are illustrated as having different
spaced rel ationships with respect to the second and extended transfer
cycles. Specifically, the third transfer cycle of the instructi.on in FIG
4B is characterized by a nomnal tinme period since it follows nore than a
time period T2 after the end of the second and extended transfer cycle. In
contrast- to the third transfer cycle in the instruction of FIG 4B, the
third transfer cycle in the instruction of FIG 4C begins before the end of
the tine period T2 followi ng the second and extended transfer cycle.
Therefore, the third transfer cycle in the instruction of FIG 4C is
extended in the sane ggmnner as the second transfer cycles of FIGS. 4B-4C.
Specifically, the third transfer cycle begins after a time period Z after
the end of the second extended transfer cycle, where Zis less than T2. In

order to accommobdate the delay in execution of the third transfer cycle, it
i s extended by &Snunlbgfthgql as set forth in claim 14 wherein the predetermined

time periecd i; approximately equal to the precharge times of the

device.
16. A computer system system compfiéing:

a central processing unit (CPU) (19) for génerating read and

write signals on an associated bus (29);

a peripheral device (15) responsive to the read or write
signals and restricted from responding to a second read or write
signal until a predetermined time period lapses after a first in

consecutive transfer cycles;

characterised in that the system further comprises
means (83) for extending a second transfsr cycle of the consecutive
transfer cycles when the second read or write signal has a duration

signal has a duraticn exceeding the timing.

17. A computer system claimed in claim 16 wherein the mearns
includes waveshaping circuitry (85, 116, 9i) for preventing the read
or write signal frcm being presented to the device (15) within the

predetermined time period after the first read or write signal.

- 18. A computer system as claimed in claim 17 wherein the means
also includes a waii state generator (99, 109) for generating a wait
state signal to the CPU (19) only when successive instructiocns are
sent to the device by the CPU (19) within the predetermined time

period.

i8. A computer system as claimed in claim 1i8 wherein the
waveshaping circuitry includes a gate (85) fer receiving the reaé or
write signals zxn4 which is disebled feor the preédetermined time

period followinz receipt of the first read or write signal so as *o
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machi ne cycl es which approxinmate the tinme period T2 - Z 17 Since the
timng paranmeter T2 is intended to separate consecutive read/ wite signals
of consecutive transfer cycles and not the cycles per se, it will be
appreciated that slower CPUs may in fact have nomi nal transfer cycles which
result in the desired separation tinme T2 between consecutive read/wite
signals regardl ess of how closely one cycle follows another. For these
CPUs, the invention inposes no penalty since the cycles are not extended
because the tinme T2 is neasured fromthe trailing edge of the signal and
-not the end of the transfer cycle. As indicated above, however, the
begi nni ngs and ends of the read/wite strobe signals are assuned for

pur poses of illustsasigen in FIGS. 4A-4C tea7

mask the presentation to the device of the second read or write

signal for the pfedetermined time period.
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correspond to the begi nnings and ends of the cycles. As can be seen from an
I nspectiof of the schematic transfer cycles in FIGS. 4A-4C, the overal

time period for an instruction is three (T3) regardl ess of the precise
nature of the overl appi ng between transfery cycles in an instruction.
Specifically, an extended transfer cycle is approximately equal to the
nom nal _time period Tl plus the overlap tine period (T2=X;,- T2 or--T2-Zn
FIGS. 4B-4C). By extending cycles only to the degree required to conpensate
for the delay, the overall instruction tine period renmains approximtely
unaf fected. However, the extended cycle plus the trailing tine period T2 is
only approximately equal to the tinme period T3 of the nom nal transfer
cycle plus the tBar®r% tine period T2 sidfice as previously nmentioned the
extended transfer cycle is asynchronous with respect to the system cl ock.
Referring to the drawings, in FIG 4B the second cycle is extended and has
a tinme period T4 approximately equal to T1+(T2-X) or T3-X. The second

Abstract
' COMPUTER SYSTEM

A computer system is provided having apparatus (11) between a
central processing unit (CPU) (19) and a peripheral device-(15)
which ensures compatibility between existing software for the
peripheral device (15) and & CPU (19) of any speed. The apparatus
(11) waveshapes read or write st;obe_signals in a transfer cycle
between the peripheral device and the CPU (19) in order to ensure
timing parameters of the peripheral device (15) are not violated by
fast CPUs. If the waveshaping causes a change in the timing between
first and second consecutive read or write sfrobe signals, the
interface (11) provides a wait signal to the CPU for the purpose of

'instructing it td extend the transfer cycle of the second strobe
signal. 1In the illustrated embodiment, an apparatus (11) accoréing
to the invention is part of a video subsystem connecting a
microprocessor unit (MPU) (19) and a video digital-to-anzlog
converter (video DAC) (15). Writing or reading color data to or
from the video DAC occurs by way of the apparatus (11) o§ the
invention. The MPU (13) is slowed while it writes 6r reads color
data only when it is required to prevent violation of the timing
‘parameters of the video DAC (15). In this regard, slower MPUs are
not penalized.by_the invention since wait states are inserted into a-
transfer cycle only when it is necessary to re-space consecutive
read or write strobe signals to prevent the violation of timing

parameters.
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cycle of FIG 4C has an extended tine period of T5 approximately equal to

T1+T2 or T3, and the third cycle of FIG 4Cis extended to have a tine
period BT‘TB*apprOX|nately equal to T1+(T2-2Z) or T3-Z. In a conventional
manner, the MPU 19 reacts to the deactivation of the READY |ine by
executing wait state machine cycles until the READY signal goes active
again. Referring to the flow diagramof FIG 5 in this regard, the

m crocode of the MPU 19 fetches an instruction in step A which in this case
is aread/wite instruction to the video DAC 15. A nomi nal transfer cycle
is executed according to steps 3, C and D unless the READY |ine goes

i nactive. |If the READY |line goes inactive, the MPU 19 executes a wait state

cycle in step E and then returns to 43 ution of the nom nal cycle. The
MPU 19 continues to execute the |oop of eps B
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and E until the READY line returns to active. Turning to FIG 6, a detailed
schemati c di agram of the preferred enbodi nent of the interface 83 (FIG 2A)
of thesinvention is illustrated. Functionally, the interface 83 includes a
gate 85 for netering the passage of read and wite signals ITOR and IOWNtO
the video DAC 15. By netering the 10OR and | OWsignals through the gate 85,
t hey are waveshaped into read and wite signals DACI OR and DACI OV
respectively. The gate 85 conprises two OR gates 87 and 89. A neans 91 for
sel ectively disabling the OR gates 87 and 89 is provided by a binary
counter 93 and AND gates 95 and 97. Upon detection at the outputs of either
OR gates 87 or 89 of a read or wite strobe signal, a MASK DAC RFWR | i ne
goes active, thereby disabling the. OR g 87 and 89 and preventing
passage of any further read or wite strobe signals. A sanple and del ay
circuit 99 conprising NAND gate 101 and D flip-flops 103, 1(}9 and 107
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I ndicates when a read or wite strobe signal (IOR'1ON has been received by
the video DAC 15. This DAC WAIT signal is passed on to a wait state
generat dr comprising an AND gate 109 and the control |ogic 69. Wen
successive read or wite strobe signals IOR or IONare presented to the OR
gates 87 or 89 separated by a predetermined tine period greater than any of
the tinme periods of Table 1, then the AND gate 109 of the wait state
generator renmains disabled and the DAC WAIT signhal is not passed to the
“control -logic 69 and on to the MPU 19 as a READY signal. If tw consecutive
read or-wite signals are not separated by the predeternined tine period,
19 however, the overlap is detected by circuitry 116, the AND gate 109 is
enabl ed and the DAC WAI T signal is passed on to the control |ogic
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69 which in turn presents the signal to the MPU 19 as a READY signal at its
READY i nput. Wen the AND gate is disabled, its output is low. 1In a
conventi‘onal *manner, the | ow DAC WAIT signal translates to an active READY
signal at the output of the control |ogic 69 when the video DAC.15 is being
addressed. In this regard, the control logic 69 receives wait signal inputs
fromother devices in the video subsystemas indicated in FIG 6.

Vel | -known logic in the control logic 69 allows only the wait signal for

t he device being addressed in the present transfer cycle to pass through
the READY |ine. Detailed operation of the interface of FIG 6 is described
hereinafter in connection with the timng diagramof FIG 7. The Pl XEL
CLOCK is received by a clock input CK of[} bi nary counter 93. Wen the
video DAC 15 is not being addressed, the tput of AND gate 95 is inactive;
therefore, the inverted input for the reset (RST) of the binary counter 93
is held active and the outputs of the

FIG. 3A
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counter are held in a reset condition. In this reset condition, the

I nverted output (8), indicative of an eighth count, enables the AND gate
97. Wen the‘binary counter 93 is released fromthe reset condition, it
counts pixel clock pul ses. Wien the eighth clock pulse is counted, the AND
gate 97 is effectively disabled since the active 8 output is inverted as

i ndi cated and provides a logic zero to one of the inputs to the AND gate.
Wth the foregoing operation of the binary counter 93 in mnd, when a
transfer cycle is initiated, the DAC ADDRESS signal fromthe address
‘decoder 68 (FIG 2A) goes active (low). -- Each of the OR gate 87 and 89
recei ves the DAC ADDRESS signal at one of its three inputs. The second

i nput receives the MASK DAC R/ WR si gnal fisgm AND
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20 gate 97. Shortly thereafter, either the read or wite strobe signal, IOR
or 1OWN goes active (low). Prior to the beginning of a transfer cycle, the
MASK DAC RFWR signal is inactive (low), assuming that nore than a
predeterm ned tine period has passed since the |ast cycle. During a
transfer -cycl& between the video DAC 15 and the MPU 19, one of the OR gates
87 and 89 will have all three inputs low, resulting in a lowinput to AND
gate 95. The low at AND gate 95 effectively arnms the RST input to the

t her eby causing the counter to reset and not count the

bi nary counter 93,
pul ses fromthe Pl XEL CLOCK. Wth a low input to the AND gate 95, it in
| atter gate sets

turn presents a lowinput to the AND gate 97 so that the
the MASK DAC R/ WR signal inactive as indicatéd8in FIG 7. The DAC ADDRESS

signal (not shown in FIG 7) essentially lasts the entire transfer cycle,
so the timng .of the binary cou AND gates 95 and 97
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and OR gates 87 and 89 can be considered as controlled by the 1ONand | OR
strobe signals. In this regard, when the IOR or | ONsignal goes inactive, a
| ogi cal ™" 1" br high reappears at all three inputs to the AND gate 95. This
hi gh signal disables the RST input of the binary counter 93 and allows the
counter to count pulses fromthe PIXEL CLOCK. The high output of AND gate
95 al so enables the AND gate 97 to pass the output fromthe inverted 8

out put of the binary counter 93. From being reset, inverted 8 output of the
bi nary counter 93 is initially at a logic 1 state. Therefore, when the AND
gate 97 is enabled as ‘a result of a ONor |IOR signal going inactive, it
passes the logic 1 state of the inverted 8 puéput line to the MASK DAC RF WR
line. An active signal on the MASK DAC RVWR1%ne is effective to disable
the OR gates 87 and 89%jnce their outputs will remain high regardl ess of

t he signals present 0@2‘1’ 81 OR, |1 ON and DAC ADDRESS |ines as | ong as- MASK
DAC RRWR is active. T%&‘M&SK;E)AG RANRH i-re -w | +—r eraia—aet i ve and the OR
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and 89 di sabled while the binary counter 93 counts the pixel clock pul ses
as indicated by the nunbered pixel pulses in FIG 7. \Wen 21 the eighth
pi xel ptlsé Ts counted, the inverted 8 output of the counter 93 goes | ow,

t hereby disabling the AND gate 97 and causing the MASK DAC RRVWR |ine to go
I nactive. Now the OR gates 87 and S9 are again able to pass IOR and | OV
signals if the video DAC is .being addressed (i.e., the DAC ADDRESS line is
active). By disabling the OR gates 87 and 89 for a predetermned tine
period after the end of a DACI ONor DACI OR strobe signal to the video DAC
15, the interface neters the delivery to the video DAC of consecutive read
or wite strobe signals so that they aré/8l ways separated by at |east the

predeterm ned tinme period. The ‘ L\\ L\\ L\\ ({J k\
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' B soom-zggv
. predeterm ned tine- per| od s generat ed by the b| nary counter respondl ng

.to the pixel clock pulses to clock the logic 1 tied to the data input D of
the gounter. Referring now nore specifically to the timng W
. 7, the relevant signals of two consecutive tr Y _,_;-,_};ﬁrs‘r‘;ﬁFFfustr d.

. The first and second transfer cycles are tinetrel ﬁt*éb' gpfq&mretryr‘i}ﬁ e
manner schematically illustrated for the fjrst &h@%et’ nd f’; L;J,psr y%@ """

4C, neaning that the first transfer cycle & of thb "ﬁ’af IeagmB o4y paged . .
whereas the second is ;ﬁg gﬁm ollo j5.F2 |3gttelgaﬂa¢ter
the first. In keeping ﬂﬁﬂ%@g afte

S

BEAVERE :r~ E,

B hsbsiAey CRfor" ACI OW si gnal
goes inactive at the end t_cy¢le, the MASK DAC RIVR siighaftt goes
active for the predeterm ned ei ght (8) pixel cl o@gegm,ll(sre&' P Ayt RS
pr edet er m ne@bstrartperi od, the 1 ON I OR signal rve for the second

cycle. However, the gates 87 and 89 qhgufisabkeg, and DACIONVDACI OR is not
gener at ed. Instead it is del ayed

A computer system is provided having apparatus (11) between a
central processing unit (CPU) (19) and a peripheral device.(ls)
which ensures compatibility between existing software for the
peripheral device (15) and a CPU (19) of any speed. The apparatus
(11)-waveshapes read or write strobe signals in a transfer cycle
between the peripheral device and the CPU (19) in order to ensure
timing pafameters of the peripheral device (15) aie not violated by
fast CPUs. If the waveshaping causes a change in the tiﬁing between
first and second consecutive read or write strobe signals, the
interface (11) provides a wait signal to the CPU for the purpose of -

“instructing it tS extend the transfer cycle of the second strobe:
éignal. In the illustrated embod_ment an cpnaratus (11) according
to the invention is part of a video subsystem connecting a :
mlcroprocessor unit (MPU) (19) and a V1deo digital- -to-analog
converter (video DAC) (15).

FIG. 1
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" until MASK DAC R/WR goes inactive after the eighth pixel pulse is counted
by t-he binary counter 93. As can be seen from an inspection of the
~wavefornms in FIG 7, the second |ONIOR signal has been effectively
waveshaped into-a DACI OW DACI OR signal that is separated by an anmount t hat
does not violate any tim ng paraneter of Table 1. 22 In order to
conpensate for the del ayed delivery to the video DAC 15 of the read/wite
command of the second transfer cycle, th Bait state generator causes the
READY |line to go inactive, thereby resulting in the MPU 19 inserting wait
state machine cycles into the trpansfer cyctreas drscyssed i n connection
with the flow diagramof FIG 5.|Imediate\y after the OR gates 87 and 89

are enabled and the | OR/| OV strope siqqal'ks passed $f to6 fhe video DAC 15
as . ~ . &g )
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DACI OR/ DACI OW the READY signal returns to an active state (see FIG 7) and
. the MPU 19 returns to executing the machine cycles of the nom nal transfer
cycle. In this manner, the second transfer cycle is extended by an anount
whi ch approxi mately corresponds to the delay inposed on the I ORI ON strobe.
“In this regard, it should be noted that because the | ONIOR strobe does not
i medi ately go active at the beginning &/ & cycle, T5 in FIG 7 does not
necessarily approxi mately equal T1+T2 as.suggested in FIG 4C. In order to
deact'i vate the READY signal and. thereby cause the MPU 19 to insert wait
state machine cycles into the transfer cycle, an active DAC WAIT si gnal
must be generated by the sanple and delay circuit 99. An active DAC WAIT
signal will not be passed onto the control |ogic 69 for deactivating the
READY si gnal, however, unless the AND gate 109 is enabl ed. The AND gate 109
is enabled by an active signal at the Q output of a latch 111. The Q out put
of the latch 111 goes active when a high signal "is passed to it fromtheée
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dat.ainput (D) of the latch in response to a | ow signal at the cltgefé%hgtas
(CK) of the latch. The CK i nput receives the CVMD control signal. During the
begi nni ng of each transfer cycle, the CM¥line is inactive or |ow as can be
seen in FIG 7. In response to the low input at the CK input of the latch

111, the sigpal at the oytput.of an AND,ga 3,.0S e rom,t
|nput D of *PRe'Tateh 11 Fo Eﬁﬂ Q6 %onal Eﬁ e]m Ioﬁlgaég ?%J C{? ﬂg@sgﬁ‘&f‘
remai ns | oRystén/ x5 g:rﬁala dtradegayht af i I@}uthrs)OpaBm t6(9 tdre 80,06t ﬁaﬂltalﬁhen

the GVD | | C In e r.c t u i Of
0 P00 BE ULl s SieinipruCHer bl Qptaute olcton

Wien the MEBKCRARLFOWAR %‘19@ﬁal 8Yoliti pixsl vealyRS Fﬂeb?)A'éFa@@lﬁﬂeaowg?r%b’é
sianal is genepat efbd,N gridenS&Ed Bl e abfpdients before the digital-to-analog

conversion takes place, allowing up to 256 colors out of a possible
256K colors to be displayed. The CLUT can be written to and read
from the MPU by its performing write and read commands to certain
input/output (I/0) addresses. One of the timing parameters of the
video DAC places a limitation on how soon the leading edge of a
read or write strobe can occur after the trailing edge of a
previous read or write strobe. This timing parameter is related to
the asynchronous relationship between the pixel stream and the
system clock. In order to ensure the pixel stream is not disrupted
during a read or write command, the timing parameter requires up to
six (6) pixel or dot clocks (e.g., 480 nanoseconds) as a minimum
"separation between the trailing edge of one signal and the leading
edge of the next.

With increasingly faster microprocessors, instruction ‘{_ and
transfer cycle times have decreased dramatically. With i;hese
increasing microprocessor speeds, timing parameters of peripheral
devices such as that of the aforementioned video DAC are violated
unless software delays are inserted between consecutive traﬁsfer
cycles. These software delays, . however, may not continue to be
effective as machine speeds continue to increase and operating
systems become more sophisticated.

. 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 1is
prévided a computer system which’ optimizes processing and
input/output throughput while at the same time ensuring reliable
transfer of data between a processing unit and associated
peripheral devices, said computer system comprising: a
microprocessor unit (MPU) having a clock cycle, the MPU being
coupled to a system bus whose béndwidth provides for high-speed
nominal transfer cycles; a peripheré.l device responsive to read or
wirlteREEbﬁa,EéfBi*fbﬂb}%“S\dPU Sihd hiv1ng a timing parameter requiring
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cytle,:the CMD line is active, releasing the flip-flop 103 fromits reset
condition. The CMD line is passed to the inverted input (RST) of the
flip-flop 103 by AND gate 114. The AND gﬁe 114 is usual ly enabl ed since
its second input is a RESET command |ine which is normally high as

discussed BeReAlAGH: cindl fe:libE EOMUBAL: L MrebLAtad ACkLY 8n Eﬁgu{' L& Lhop
103 is now free to clock in data fromits Dinput. In this regard, the
NAND gate PBI'PREZHanf®d <6 mfe thecereflit pead ofrt HElte | pigpap foBlowing gh,
and it is anesof réde d)flpl]lczht":&d %MNDggﬁt Qprléb]outﬁmFd@i@?ﬁrdﬂDHIA'éFg?/@BAE‘é&&CI Oﬁat e
101 is from.t ou t o ate, iCc oes lowif a 3

si gnial i's gYeg—‘g}] . h%ﬁerael}dof\gge \?\/{?&ﬁlplg?ggsege‘%rc&rh i#s Heééé’f’e’é%ndil[‘lﬁﬁf%?ﬁ t he
CMD si gnal intéxpddedp-HetwpenO8hef ME@témbl,n,hesmtiphetddle d@&@b(ﬁbbA@hﬁMi\%@gs
to detect agki r LWL ' .10 e Vi .
The. DAt ORY %ﬁc?%ﬁ%é&g"re ggga%l L %ﬁéﬁgqﬁé@%‘% ip tt°g_¥\riﬁxgg. ERhi ch
may be, fofetXEiRd ean 2 Y transEero|WadEnghER (IRSEESATY p- PRbD DPOZibhexdie

presence OfinGef#dle including: a timing circuit for measuring a time period
after the peripheral device receives the first read or write
signal, the time period being at least as great as the timing
parameter and established by a clock signal having a period
established independently with respect to the clock cycle for the
MPU; and a synchronization circuit, which is responsive to the
timing circuit, for sensing the transmission by the MPU the second
read or write signal before the time period associated with the
first xread or write signal has elapsed and in response,
transmitting a signal to the MPU for extending a second transfer
cycle associated with the second read or write signal from the MPU;
and a bus interface coupling the system bus to the peripheral
interface. ' :
According to another aspect of the present invention there is
provided in a computer system having a source of commands and a
peripheral device coupled to the source of commands, the peripl;}eral
device having a 1limited command response time, a method for
ensuring an input of the peripheral device receives sucéessive
commands at a rate which can be accommodated by the peripheral
device while maintaining a desirable throughput for the peripheral
device and the source of commands, said method. comprising the steps
of: transmitting by the source of commands to an interface
disposed between the source of commands and the dinput of the
pe'fipheral device a first command for the peripheral device;
forwarding by the interface the first command to the peripheral
device; masking by the interface the input of the peripheral device
for a time period established by a timing circuit, to ensure that a
timing parameter of the peripheral device is not wviolated, the
timing circuit having a clock sigﬁal independent of a clock signal
for the source of commands; transmitting by the source of commands

to the interface and second command within the time period;
This is the replacement shect
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signal -1 ndi cates a transfer cycle is in progress. |If the active read/wite
signal has not appeared on the DACI OR/ DACIOWIlines after the CVD |line goes
active, the output of AND gate 95 wil| be*hi ah. This hi gh signal will be
cl ocked t]? the Q output of the flip-flop 103 and then clocked to the Q
out puts o Jdins fop 0 7 UGhBSsl [oTVIY f 4t VE
BASE. The &E{a%ﬁﬁl% irﬁleﬁ% 1? P%p§??%%f%%7 t:lle’:qj‘tﬂhhez DAC \E)\A}# Si gngﬁégaﬁdq?ta-%,\ﬁ |1
- go active iSi9RadepByRE the A¥DIFIRLPR @ HPeh&18anPrTing/ afnehdn$ ¢TI 813 1t03
of the DACIREPACLEIVEhE NSourcEh®fdebadands ittt @Bfpsrdrd 19NGELEy t &fecution of
DACI OR/ DACI have m ni numrequired width. The gatch 11 and_ AND gat e 113
conpri se a T ARCRE167BP™ e?%‘ic:]’[“]i n@“%ﬁﬂﬁlrfﬁoo of %cﬁf"f“{l/aencfér arsTer S ey EP8s
create actineady gighsl dromhehe Qifde@Ratenes that violate the predeterm ned
m ni nrum separ at,j on_i.i fot o] S ARY I Wei 4§ Strahe i ; en
the mninmumti r%crcfé)rlhégﬁo%ovi%‘ﬁaltclecr},ﬁ&#tgko%tsggggo AI\%igla}%e ﬁ% ?{S}R}e%tlow
there is provided a computer system providing enhanced input/output

throughput and maintaining reliable transfer of data on a bus
between a processor having a clock cycle and a set of one or more
peripheral .devices, said computer system including: a peri'pheral
device responsive té read or write signals and having a timing
parameter requiring a minimum time period to separate presentatiori
to an input to the peripheral device of a second read or write
signal following a first read or write signal in consecutive data
transfers executed by the peripheral devicé; a peripheral interface
interposed between the peripheral device and the bus for ensuring
the timing parameter of the peripheral device is not violated and
delaying an MPU transfer cycle when necessary, said peripheral
interface including: a timing circuit for measuring a time period
after the peripheral device receives a first read or write siénal,
the time period being at least as great as the timing parameter and
established by a clock signal having a period established
independently with respect to the clock cycle for the processor;
and a synchronization circuit, which is responsive to the timing
circuit, for sensing the transmission by a source the second read
or write signal before the time period associated with the first
read or write signal has elapsed and in response, transmitting a
signal to the source of the second read or write signal for
extending a second transfer cycle associated with the second read
or write signal from the source; and a bus interface coupling the
bus to the peripheral interface.
' DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

An embodiment of the present invention will now be described,
by way of 'example only, with reference to the accompanying drawings
in which:

FIGURE 1 is a block diagram of an exemplary video subsystem of

a computer system of the present invention;
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247 | ow,* and when the CMD line is inactive, the | ow output of the AND gate

I s passed fromthe data input D of the latch to the Q output, thereby

di sabling the AND gate 109 -and preventing passage of an active DAC WAIT
signal. When the mininumtimng is violated, however, the output of the AND
gate 113 is high and the high is passed to the Q output of the latch 111
when the CMD line is inactive at the beginning of the second cycle as shown
in FIG 7. The Q output holds the high from the AND gate 113 until the CVD
| i ne agai n goes i nartdsie2A Rekiees iarg blpdkl Gagiams hef ENABlde watwaffecenand

corresponds taq t"{?ﬁ%ﬁkg{a‘% ggg\;& g]t: (tdﬁﬁ)Qhﬂ#Bpé'} %ot%ogatch 111.

As can be seen, |gna prOVI or the entire second
transfer cycl caponénits PhethaNDi drat eulamtptassé@ynany Fagtile DAC WAl T si gnal
generated during that cycle. In response to

FIGS. 3A-3E are timing diagrams illustrating the timing
relationship between consecutive read/write strqbe signals in an
instruction for writing or reading color data to or from the video

DAC;

FIGS. 4A-AC are schematic timing diagramé illustrating three
possible sequences of transfer cycles between a central processing
ufit in the form of a controlling microprocessor (MPU) and the video
subsystem in accordance with the invention;

FIG. S5 is a flow diagram illustrating the microprogramming

employed by the MPU in conjunction with the invention;

- FIG. 6 is a circuit diagram of an interface incorporated into
the video interface of FIG. 2A for implementing the invention in

accordance with a preferred embodiment; and

FIG. 7 is a timing diagram illustrating the states of various
important input and dutput lines in the circuitry of F1IG. 6 over two

consecutive transfer cycles between the CPU and the video subsystem.

Turning to the drawings and referring first to Figures 1 and
2A-2C, a computer system is illustrated incorporating an exemplary
.. video subsystem having a video interface 11, a bit maé memory 13, a
video digital-to-analog converter (DAC) 15 and, of course,.a raster
scan display unit .such as a color cathode réy tube (CRT) 17. In a
conventional manner, a central processor in the form of a system
controlling microprocessor (MPU) 19 communicates with the video
subsyétem along a three-state system bus 21. The three-state

system bus 21 is interfaced to the video subsystem bj a bus

interface 23 of well-known design. From the bus interface 23,
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the active DAC WAIT signal, passed to the control |ogic 69, the READY
signal goes inactive as indicated by the waveformin FIG 7 for the READY
signal. In contrast to the second cycle, the first cycle is assunmed to have
begun wel | after any previous read/wite transfer cycle. Therefore, the
AND.gate remains, disabled for the entire cytle and prevents the DAC WAI'T
si gnal fron1paSS|ng to the control logic 69. Turning to the inputs of the
AND gate 113, the DAC ADDRESS |ine and SO and S1 command |ines essentially

act to selecti \éehye@ahlaedTﬁra %‘Aﬁbg éﬁgzgg%%sﬁg&sl?@ﬁhggdgéﬁr%@ggl%g H VR
| to the latc 1 e DDRE an
:: 82; s at the® Egggerﬁl]%ﬁgufﬁ vides AREPEracey i} @ndabhe WASSP DREy Mre Withiackhese

they indicate tvlieezsemmdfatcreamsfaafd eyel e des uﬂg estad I—élgltsE/Sr\K%It?lS@ Q%Cr%édl I'n
response to thi ndi at t he at t e ine control s
thepstat us of tf%‘émootft %u Fﬂe n dlé?) 9% atlﬁﬁg)é‘I?GSnﬂ"ltlﬁ’ansfer cycl e
begi ns bef ore bheemaftent | on

The video DAC 15 is a color graphics controller which
generates electrical signal values for respective color inputs to
the color CRT 17 in response to a succession of pixel values derived
from the bit map memory 13 which stores pixel values for a scanning
sequence. The video DAC 15 includes a éolor look-up table (CLUT) 31
which is arranged to receive 8-bit pixel values PO-P7 on an 8-bit
pixel bus 33 from the bit map memory 13 via the video interface 11
at a plxel frequencymggtermlned by a plxel clock (PIXEL CK). The
CLUT 31 and a gééﬁéméf digltal -to-analog converters (DACs) 35
convert the pixel values into analog electrical signals on output
lines 37, 39 and 41 which are connected respectively to the red,
blue aﬁd green guns of the color CRT 17. The CLUT 31 comprises a
RAM memory which is used to look up a color value for each of the
pixel values received from the bit map memory 13. In other words,
the contents of the pixel do not diréctly drive the DACs 35 of the
video DAC 15; instead, they ére addresses for color data stored in
the 'CLUT 31. The MPU 19 controls the color values stored in the
CLUT 31 for each of the 256 possible pixel values contained in the

bit map memory 13.

Referring more specifically to the production of analog color
.. signals from pixel data, the CLUT 31 of the video DAC 15 has 256

addressable locations, each holding an 18-bit word representing a
color value. Pixel values are supplied on the pixel blus 33 at the
pixel frequency determined by the pixel clock. Each pixXel value is
an 8-bit pixel word which is stored in a pixel latch 42 and used as
an-adé;ess into the 256 color value locations of the CLUT 31. Each
pixel value causes an 18-bit ;ide data value to be supplied to a bus
43 from the CLUT 31 to a decoaér 45. The 18-bit data. value is
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of "the tine period neasured by the signal on the MASK DAC RRWR | ine, all
three inputs to the AND gate 113 will be high and the output of AND gate
113 will be high. During the beginning of the transfer cycle, the CVD |ine

is inactive,

so that high at the output of AND gate 113 is passed to the Q

output of latch 111. As previousiy. 25 expl ai ned, the presence of a high
signal on the Q output of the latch 111 enables the AND gate 109 to pass an
active DAC WAIT signal to the control logic 69. An exclusive OR gate 115 is

enpl oyed in O&gﬁfosteg H¥ Qyk-de oﬁﬁ.)é‘g:lfesif‘@:lﬂ:s Fé&cﬁh?eagé@e%tn% dd 3 neBh&ftyl S
SO and S1.

I ndi cative of the condition of both status |ines

In this regard,

the STATUS wave¥us &PF Fed CPLUE 081 9%sBontRSPEEEIRY sidiflals predsBRit® at the
out put of thec@f&@sﬁéhdfﬁlg%gaifetﬂéfbACs 35 throdghN@hd Vec8der 45. Thus, the

18 bits of a data wvalue can indicate any of 262,144 combinations of
color intensity values of red, blue and green. In this way, each .
pixel value chooses one of 256 color values held in the CLUT 31. A
timing generator 47 in the video DAC 15 controls the timing
operation of the CLUT 31, decoder 45 and DACs 35 so that analog
output signals are supplied on lines 37, 39 and 41 at the same
pixel frequency. Also, a conventional BLANK signal from the video .
interface 11 causes the DACs 35 to drivé their outputs to zero

da}ing the retracing of the CRT's raster.

In order to take full advantage of the number of possible
color combinations avéilable, the MPU 19 can write different color
values into one or more locations of the CLUT 31 through the data
bus 27 by use of an MPU interface 49. 'n this way, the 256
locations in the CLUT 31 can-be used to form a color palette which .
by use of the MPU 19 and the MPU interface 49 can select 256
different combinations of red, blue and green, sach such combination
being one of 262,144 different coloré. The MPU 19 can also read
different color values from the CLUT 31. In this manner, one
paletfe may be momentarily substituted for another and thereafter
the first may be returned. Such a transfer of palette data
typically occurs in a multi-tasking environment when control of the
screen image is transferred between programs being executed. Not .

all presently available video DACs provide the capability for

- reading from the CLUT 31. 1In this regard, applicants prefer an

IMS-G 171 video DAC manufactured by INMOS Corp. of P.0O. Box 16000,
Colorado Springs, Colorado 80936 since it allows data to be both
read from and written to the CLUT. '

In order to provide for operation at a high pixel frequency, a
fast cycle time in the aforementioned INMOS video DAC is achieved by

using a pipelined data access technique so that address decoding for
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RESET ‘I'ine is provided for initializing the interface 83 in certain
situations such as, for exanple, power up. An active |low on the RESET |ine
resets the binary counter 93 and the D flip-flop 103, causing the DAC VAI T
line to assune an inactive initial condition8 Fromthe foreaoing detailed
description, it will be appreciated that the”invention provides a system
whi ch ensures conpatibility between existing software for a peri pheral

devi ce and new central processing systenms which operate at significantly

faster speeds Eﬂé@h&eafﬁgep@a&%_m Ghiding sOf4MAr Br MRSne i Ditha! hehory
desi gned. For exanple, read/wite instructions to a color palette in a

vi deo DAC can Bell dgr Hhar€8URi atcoaech FoBPITRE 3D1a WAtEl FePAY LPEEaHIOR RBDp
cycles or junpyGOpTaRESdidch &Ftidit eny the ANEBELateld D BAGNES, CEhe MPE
mai nt ai ned. Whil e ensuring timng paranefers are not Vvi

X in | at ed, '
interface 83 i ARESREAGPAED SAAP & STUBHAT 18P | R eEhe ?JV’i‘geq bﬂgﬁ‘éiupée
i nstructions agpfiast ans ieosyRiyeas@ichewsous t6.thd bepehimenpixely eledk.and

sl ows the system only when
Inside the INMOS video DAC and as illustrated in FIG. 2B, an
8-bit address bus 51, connecting the pixel bus 33 from the bit map
memory 13 to the CLUT 31, is joined to an address bus.53 from the
MPU interface 49, the latter for providing 8-bit ad@resses for read
and write transfer cycles between the CLUT and the MPU i9. In
response to a pixel value on the address bus 51, the CLUT 31

determines the storage state of the accessed memory cells.

Alternatively, a memory cell of the CLUT 31 identified by an address . . ...

on bus 53 may be read from or written to by the MPU 19 via the MPU

interface 49.

Turning for a moment to a more detailed discussion of reading
from or writing to memory cell addresses, the MPU 18 and the MPU
interface 49 of the video DAC 15 coﬁmunicates by way, of the data bus
27 (FIG. 1) and the video interface 11. The video interface 11
receives conventional control lines such as status control lines SO
and S1, command control line CMD and a RESET control line shown in
FIG. 1 and derives read and write strobe signals DACIOR and DACIOW,
respectively, which are delivered to the MPU interface 49 of the
video DAC 15. When a DACIOW strobe signal command is generated,
the MPU interface 49 receives on the eight data lines D0O-D7 of the
data bus 27 four successive 8-bit bytes representing an address
location.and the red, blue and green color values. When the four
bytes have been loaded into internal registers (not shown), the MPU
interface 49 controls the transfer of the color data éb that at the
bqginping of a new pipelined pixel cycle, a writing operation is

carried out at the address indicated.
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needed to prevent violation of timng paraneters (i.e., the extended
cycle). In this regard, slower systens are not penalized by the invention
since the interface 83 causes wait state machine cycles to be inserted into
a transfer cycle only when the interface nu waveshape a read/wite strobe
signal so as to re-space it with respect to the proceeding read/wite
strobe signal. Although the present invention has been described with

reference to in a video system it will be appreciated and understood by
those skilled in thepakis 1%1@!@8Icaahwgcarambers@ygaem taeccivr parisi gul ar
I nterfaces between peripheral devices and - 26 that

t he seng
i nvention. has™ch SE?BaRﬁ?Feﬁi)ﬁ]eﬂﬁh’f’l“@nr%ﬁ‘?daf’g/%of'r’r"?ﬁ éﬁﬁ’éﬁfetrog%cgelsl Mied

to only video subSyale&tE.of transfer cycles. First, the starting pixel address
must be specified while the video DAC 15 is in a write mode (SO + S1
= JOW = 0). The MPU interface 49 stores this address in a
pixel-aadress register identified by the two least significant bits
S5 of the address bus 25. The following three separate data words
for the red, blue and green color-definition data are collected in
color-value registers also identified by the bits 55 and
concatenated into an 18-bit word. The MPU interface 49 then points
to the memory cell to be changed by presenting the data in the
Zxddress register onto the address bus and transfers the 18-bit
concatenated word onto an 18-bit data bus 57 in synchronization

~with the pixel clock. o

FIGS. 3A-3C illustrate four (4) possible timing situations
which can occur when the MPU 19 writes data to or reads data from
the CLUT 31. FIGS. 3A and 2B illustrate a write instruction
followed by a read/write strobe signal of any following transfer
cycle, and FIGS. 3C and 3D illustrate the same for a read
instruction. Specifically, in FIG. 3a, the write instruction
comprises 4 write transfer cycles and is followed by a write strobe
signal from any type of transfer cycle between the MPU 19 and the
video DAC 15. In FIG. 3B, the write instruction is followed by a
read strobe signal from any type of read transfer cycle. Similarly,
the read instruction of FIG. 3C comprises one write and three read
transfer cycles and is followed by any type of read transfer cycle

_between the MPU 19 and the video DAC 15; whereas, FIG. 3D
illustrates any type of write transfer cycle following the read
instruction. Finally, FIG. 3E indicates the status of the data
lines DO-D7 of the cata bus 27 during either the read or write
instruction. Address data is transferred onto the data lines DO-D7
by—thé MPU 19 during the first transfer cycle, which is a write
cycle for both read and write instructions. Next, the color data

follows onto the data lines D0O-D7 in three sequential bytes. Each
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27" CLAI'MS 1. A conputer system which optim zes processing and i nput/ out put
t hroughput while at the same tine ensuring reliable transfer of data

bet ween a processing unit and associ ated peripheral devices, said conputer
system conprising: a mcroprocessor unit (MRJ) .-having a clock cycle, the
MPU.bei ng coupled to a system bus whose bandw dth provi des for high-speed
nom nal transfer cycles; a peripheral device responsive to read or wite
signals fromthe MPU and having a tinmng paraneter requiring a mninumtine
period to sepafatie phesentdbr dytes are epgraiated mish prel phegearifes/iozeredd a

second read ()%rgﬂégé% é&éﬂgilféfﬁéw@ﬂ@rgbeaiﬁiﬂfﬁi &f%%g Hansfer cycle. The
color bytes are placed onto the data lines by either the MPU 19 or

the video DAC 15, depending on whether a read or write instruction

is being executed.

Referring specifically to FIG. 3A, four write transfer cycles
to the video DAC 15 cause a CLUT address location to be writtenninto
the pixel address register (nct shown) in the MPU interface 49 and
three sets of color data for red, green and blue to be written into
the color-value registers (also not sho&n). As can be seen from
Table 1, the trailing edge of =sach write signal in the write
instruction of FIG. 32 must be separated Zrom the leading edge of a
following write strobe signal by an amount WHWL1. Table 1 indicates
tﬁié aﬁéunt.mﬁst be ét least_three (3) pixel clock periods. This
timing constraint allows the execution of the transfer.éycle which
is asynchronous with respect to the flow of pixzel infonmation to
the color CRT 17 without disrupting the CRT image. FIG. 32 also
shows a timing parameter between the rising edge of the write signal
for the blue color data and the falling edge for a write signal for
any following instruction. This timing parameter is designated as
WHWL2 and, as indicated in Table 1, must be at least six (6) pixel

_clock cycles.

Like FIG. 3A, FIG. 3B illustrates a series of write strobe
signals for executing a write instruction to the CLUT 31. Unlike
FIG. 3A, however, the rising edge of the last write signal for

. transferring the new color data into the CLUT 31 is followed by the
falling edge of a read strobe signal in any type of following
_instruction to the video DAC 15. There is a minimum time period
between the rising edge of this last write strobe signal and the
falling edge of the read strobs signal, and it is indicated as
WHhLl-in FIG. 3B. From Table 1, it can be seen that this timing

parameter must be at least six (6) pixel clock cycles.
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wite-signal in consecutive data transfers executed by the MPU and the

peri pheral device; a peripheral interface interposed between the MPU and
t he peripheral device for ensuring the timng paraneter of the peripheral
device is not violated and del aying an MPU transfer cycle when necessary,
said peripheral interface including: a timiig circuit for neasuring a tine
period after the peripheral device receives the first read or wite signal,
the tine period being at | east as great as the timng paraneter and
established by a clock signal having a period established i ndependently
with respect to the clock cycle for tthetdRU, and a synchroni zation circuit,
which is responsive to the timng circuit, for sensing the transm ssion by
the MPU the second read or wite signal before the tinme period associ ated
with the first read OFRAWSIFEONS gnal has el apsed &RHEEL CLK&sponse,
transmtting a signal to the MPU for extending a second transfer cycle:

associated wth .
WHWL1 (write/high to write/lcw) 3

W

WHWL2 (write/high to any write/low)

[e)]

WHRL1 (write/hicgh to any read/low)

WHRL2 (write/high to read/lcw) 3
RHRL1 (read/hich to read/low) 3
o RHRL2 (read/ﬁigﬁ té anf ;éad/lé;i- o 6
RHWL (read/hign to write/low) 6

FIG. 3C illustrates a sequence of write and read strobe
signals associated with four (4) transfer cycles of a read
instruction for reading a memory cell 1ocation.from the CLUT 31. -
Three different timing parameters are illustrated. First, the
separation WHRL2 between the write signal for the address to be read
and the first read strobe signal for the color red data is three (3)
pixel clock cycles as indicated in Table 1. The separation RERL1
between read signals for reading the color data is three (3) pixel
clock pulses. Finally, the minimum time between the trailing edge
of the last color read signal and the falling edge of a read strobe
signal from any type of following instruction to the video DAC 15 is
designated as RHRL2, and Table 1 indicates it has a minimum value cf

six (6) pixel clock cycles.
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t'he second read or wite signal

the systembus to the peripheral interface. 2. The conputer system as

set forth in claiml wherein said peripheral interface further includes:
gating circuit, coupled to said timng ci rlc%it, for disabling the input to
t he.peri pheral device for the tine period.” 3.

-The conputer system as set

forth in claim2 wherein said gating 28 circuit conprises: a logic

circuit for:

a. providing a signal to enable the timng circuit when the

logic circuit receryes 3anienARke: & 4RalsaRESAGEAAL R Akt o RS i $ideo DaC

15 as Shown in FIG. 3C. However, a timing parameter RHWL following
the trailing eage of the last color read strobe signal indicates
that the leadiné edge of any write strobe signal following the
trailing edge of the last color read must be separated by at least

six (6) pixel clock cycles as indicated in TaBle_l.

Turning to the video interface 11, it is shown in FIG. 2A
comprising its major compqnent parts. It is for the most part
conventional in design, being substantially similar to the IBM video
graphics array (VGA) found in the IBM Pérsonal System/2 models SO
and 60. The video interface incorporates five (5) major components
as illustrated; they are a CRT controller 61, a sequencer 63, a
graphics controller 6?,_@3 at?ri%ute qopt;o%}er 67, an address
dgcoder 68 and control logic 63. The CRT controller 61 generates
horizontéi and vertical s&nchfonous timing (ESYNc; VSYNC and BLANK}
agnd refresh addressing by way of address bus 72 for the dynamic RAMs
of the bit map memory 13. 1In a manner well known in the art, the
bit map memory 13 is divided into four bit prlane maps 0-3. MAPO is
the blue bit plane, MAP1 is the green bit plane, MAP2 is the red bit
plane and MAP3 is the intensity bit piane. For writing to or
reading from the bit map memory 13, data is received from the
address bus 25 by a multiplexer (MUX) 74 and directed to the address
buses 76 and 78 for maps 0-3. Alternatively, during normal active
Qisplay times, address data from the CRT controller 61 is delivered

to the address buses 76 and 78 via the bus 72 and MUX 74.

The sequencer 63 generates basic memory timings for the bit
map memory 13 and the pixel clock for controlling regenerative

memory fetches. It also allows tha MPU 19 to access the bit map

memory 13 during active display intervals by inserting dedicated MPU '

cycles periodically between the display memory cycles.

The graphics controller 65 is the interface between the video

data contained in the bit map memory 13 and 1) the attribute
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réad or wite signal b. blocking an enable signal to the peripheral device
while the timng circuit perforns a delay substantially equal to the tine
period, and c. transmtting an enable signal associated with the second
read or wite signal after the timng circugt perfornms the delay. 4. The
conputer systemas set forth in claim3 wherein a clocking signal for the
peri pheral device conprises the second clock signal. 5. The conputer system
as set forth in claim4 wherein the timng circuit conprises a counter
circuit havi ngoateolldri Ay duatieg cetiveldiedldyy tihes sedohd tbk ot 38 ghaling6.

o a di opl ay tapneRiorigf o Boid dsleEtl Mot IOELGIEN L) N PELL IS fim¥e ¢

wher ei n t he sd@ondDwtisgkdsirdndl tigenpriises datpi kedm drbtr busegndl,. 78. 75Thed

conputer syst &M ?ﬁAﬁﬁt Mf-\?f,t Ili‘l}\_il?ﬁl, %ﬁﬁfnl% mh%hrbf@hg -graphics controller €5
and sent to the attribute controller 67 by way of a daté bus 79.
When the MPU 19 writes or reads video data, the graphics controller

" 65 performs logical operations on the data -before it reaches thg bir

map memOry.13 or the system data bus 21. The attribute controller
67 takes in data from the bit map memory 13 via the graphics
controller 65 and formats it for display on the display screen of
the CRT 17. Data incoming is converted to an 8-bit output digital
cBlor value or pixel and presented on the 8-bit pixel bus 33 which
delivers the pixel data PO-P7 to the video DAC 15, where it is used

as an address into the CLUT 31 as previously discussed.

In order for the MPU 19 to w?ite to or read from the video DAC
15, the DAC address is decoded at ithe address decoder 68 and a DAC
ADDRESS signal is applied to the control logic 69 and an interface
83. To generate read/write signals and to control éhe flow of data,
control signals of the control lines 29 are recéive@ by the video
interface 11 at the logic control 69. 1In a conventional manner,
read or write signals IOR or IOW are generated by the video
interface 11 in response to signals on the ccntrol lines such as the
étatus strobe signals on the lines SO and S1 and the command strcbs

signal on the line CMD.

In existing video interfaces, such as the aforementioned IBM

. VGA, the IOR and IOW signals are directly applied to the read and
write inputs of the video DAC 15. As discussed in connection with
FIGS. 3A-3C and Table 1, however, consecutive read or write strobe
signals to the video DAC 15 must satisfy certain timing constraints -
concerning how close a leading edge of one signal may follow the
failiﬁg edge of another. Generally, these timing constraints relate
to the precharge time of the video DAC 15, meaning the time requirez

by the device to prepare for receiving a read or write strobe signal
This is the replacement sheetl
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synchroni zation circuit includes an overlap detection circuit for

i ndi cating when a | eading edge of the second read or wite signal is
received by the peripheral interface within the tine period after the

peri pheral device receives a trailing edgg_of the first read or wite
signal. 9. The conputer system as set fdfth in claim8 wherein said
synchroni zation circuit includes a sanple and delay circuit for indicating
that the peripheral device has received the first read or wite signal. 10.

The conput er e .. sef-fo in_claiim 9 wherei,n said s ;1chrT ni zation
circuit i ncl-u%i%?rap%%% 'Iéjlf r %%%J#OQrS T%éing?nv{rtl?ﬁgs%os?gsrila?lngf‘o t'HeSfPU to

temporarily su¥peadiemcedathaie 6 theepekit heer sntiefiedsbydinateting &h t he

second read ofofhibié hapalo WHER N eeAUCELARIChGIHAN fhEEUdndafl cat es
the second read or wite signal was received by the peripheral interface

within the tiTRPSSENYOE® AFanscerneygdesi bhér 59ad pr evtidecinrstenrvian-t he fir st

-read or Wit ejowever, such sofiware délays do not ensure portability in the face
- " of ever increasing processor speeds and may in fact fail to maintain
the required timing separation if such software-delayed read and
write instructions are executed by high-speed computer systems

and/or sophisticated cperating systems.

In accordance with the invention,-the control logic 69 of the
video interface 11 is supplemented by the interface circuitry 83
~positioned between the contreol circuitry and the read'ahd write
inputs to the videq_DAC'}S fQ?_P§$kin thgnipgq;s fqg a
predeteéﬁined-time period after the video DAC has received a read or
write strobe signal. 3y masking the inputs, the invention ensures
that the timing parameters of FIG. 3 and Table 1 are not violated.
If a second read or write strobe signal (IOR or IOW) to the video |
DAC 15 is generated while the read and write inputs to the video
DAC are masked following receipt of a first read or write strobe
signal, the interface circuitry 83 according to the invention
provides a DAC WAIT signal to the control logic 69. In response to
this DAC WAIT signal, the control logic 69 releases a READY line
connected in a conventional manner to a READY input of the MPU 19,
thereby causing the signal to go inactive and the MPU to insert wait

states into the transfer cycle associated with the second read or

write strobe signal.

Referring to FIGS. 4A-4C, an exemplary instruction is shown
comprising three transfer cycles. In keeping with the invenfion,
when a second transfer cycle too closely follows a first, the second .
is executed over a time period which is extended relative to a
nominal time pericd T1 for the transfer cycle. " The phrase "nominal
transfer cycle" is intended to define the apprcxiate time period

for a transfer cycle having only the minimum number of machine
eet
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29 si-gnal, and the sanple and delay circuit indicates that the peripheral
device has received the first read or wite signal. 11. In a conputer
system havi ng a source of comrands and a peri pheral device coupled to the
source of conmands, the peripheral device having a limted command response
time, a nethod for ensuring an input of thdSeripheral device receives
successive commands at a rate which can be acconmpdat ed by the peripheral
device while maintaining a desirable throughput for the peripheral device
and the source of conmmands, said nethod conpr%3|ng the steps of:

transmitting BYCLR® NE5EFRHF YofO cBifBRAS ' o LR ST o er?%)clé’de%p?ﬁ'SBdt‘t?é'ts\‘/\E'en t he
source of conrsgrie FNndstheddanputzick. tdze4perd phetfaded area for indicating an .

approximate time period T2 which when taken with the nominal time
period T1 corréspdnds to the response time period required by the
peripheral device receiving the instruction. 1In the video DAC 15
having the timing parameters illustrated in FIGS. 3A-3E, for
example, the time period T2 is the time required for the video DAC
to pre—éharge between the end of one read/write strobe and the
beginning of another, assuming the end of a read/write strcbe
corresponds apProximately to the end of a transfer cycle. Although
the MPU 19 is released to ezecute anothér transfer cycle (possibly
for an unrelated instruction) at the end of the nominal transfer
cycle T1 as schematically shown by each of the first transfer cycles
in FIGS. 4A-4C, the eifective transfer cycle fqr the peripheral
Jevice is Tl + T2 since the time T2 ié ﬁéédea Ey the device to

complete its response.

When all of the transfer cycles of an instruction are
separated from one ancther by a relatively large time period such as
suggested by the instruction of FIG. 4A, each transfer cycle is
characterized by a nominal cycle, thereby allowing the MPU 19 to
execute the instruction at its optimum speed. When consecutive
transfer cycles are closely spaced as are the first and second
transfer cycles in FIG. 4B, the MPU 19 is effectively slowed by
extending the second transfer'cycle in order to ensure the device
has sufficient time for responding to the instruction.
Specifically, in FIG. 4B the second transfer cycle begins at a time
-X after the end of the first transfer cycle, where X is less than
T2. To ensure the peripheral device has the full time T3 required
by it to respond to the first iransfer cfcle, the invention
effectively delays execution of the second transfer cycle by
masking the read/write input for a predetermined time period and

alsc extends the second cycle in ofder to compensate for the delay.
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device-a first conmmand for the peripheral device; forwarding by the
interface the first command to the peripheral device; nmasking by the
interface the input of the peripheral device for a tine period established
by a timng circuit, to ensure that a tiniQ% par anmet er of the peripheral
device is not violated, the timng circuit ‘ftaving a cl ock signal

i ndependent of a clock signal for the source of commands; transnitting by
t he source of commands to the interface and second command within the tinme

period; transmtting hy the interface to the i;oy]raccedgf tgjommnd g.ready
2L ¢ 45 71G 44

signal after the exprtatt o &f°tHEPFe “pers od; Phsert Thg Warto stat es

by the source ofclecimehdsinsirhenipor af i31¢. st dy exeoded ainoé theecgelzond

command unti | ﬁ%‘ir@o s%ﬁt?in h%%ﬁg@&dﬁaft?&eitﬁs REF {23dYe S*Jhg_“@irJtromthe

interface. 12. nmethod as sét torth 1n claim TUF T her i ncludi ng the step
nominal transfer cycie. In Zeeping with the invention, the extended
transfer cycles are extended by only an amount necessary to
compensate for the ds=lay in execution during the first portion of
the transfer cycle. Therefcre, only the minimum number of wait
state ﬁachine cycles are inssrted into the extended transfer cycle.
Accordingly, system throughzut is minimally effected by the
invention. 1In the particular example of the second and extended
transfer-cycles of FIGS. 4B and 4C, the second transfer cycle of
;iG. 4B is only extended by 2 number of machine cycles which
approximate the required delzy (T2 - X) and for the second transier
cycle of FIG. 4C the number cf inserted machine cycles correspongd
approximately to the delay wxhich is the full time period T2.

i
Finally, in order to illustrate the possible sequence of

transfer cycles in the exemplary instruction of FIGS. 4A-4C, the
third transfer cycles in FIGS. 4B and 4C are illustrated as having
different spaced relationships with respect to the second and
extended transfer cycles. Specifically, the third transfer cycle of
the instruction in FIG. 4B is characterized by a nominal time period
since it follows more than & time period T2 after the end of the
second and extended transfer cycle. 1In contrast to the third
transfer cycle in the instruction of FIG. 4B, the third transfer
cycle in the instruction of ZIG. 4é begins before the end of the
time period T2 following the second and extended transfer cycle.

- Therefore, the third transfer cycle in the instruction of FIG. 4C
is extended in the same manner as the second transfer cycles of
FIGS. 4B-4C. Specifically, the fhird transfer cycle begins after a
time period Z after the end cf the second extended transfer cycle,
where_Z is less than T2. 1In order to accommodate the delay in
execution of the third transfer CYCle, it is extended by a number cf

machine cycles which approximste the time period T2 - Z.
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of: reeeiving by the peripheral device the second command after the
expiration of the tine period associated with the first command. 13. A
nmet hod as set forth in claim12 wherein the tine period is on the order of
the pre-charge tine between the end of a read/wite strobe for the first
command and the beginning of a read/wite skt obe for the second conmand
required by a video digital to anal og converter (DAC). 30 14. A net hod
as set forth in claim 13 wherein a clock signal for the peripheral device
conprises the second. cl ock si.gnal. 15. A comuter, system providing enhanced
% St {51 SeeiRary

i nput / out put t hr oughput. 1 BPRPIT F e f&r S8fPHAra on a bus

bet ween a consecutive read/write signals of consecutive transfer cycles and
not the cycles per se, it will be appreciated that slower CPUs mav
in fact have nominal transfer cycles which result in the desired
separation time T2 between consecutive read/write signals regardless
of how closely one cycle follows another. For these CPUs, the
invention imposes no penalty since the cycles are not extended”
because'the time T2 is measured from the trailing edge of the
signal and not the end of the transfer cycle. As indicated above,
however, the beginnings and ends of the read/write strobe signals
are assumed for purposes of illustration in FIGS. 4A-4C to

é;rrespond to the beginnings and ends of the cycles.

As can be seen from an inspection of the schematic transfer
éféléé-in-fIGé. 4A~4C, the overall time period for an instruction is
three (T3) regardless of the precise nature of the overlapping
between transfery cycles in an instruction. Specifically, an
extended transfer cycle'is approximately equal to the ncominal time
period Tl plus the overlap time period (T2-X, T2 or T2-Z in FIGS.
4B-4C). By extending cycles only to ‘the degree required to
compensate for the'delay, the overall instruction time period
remains approximately unaffected. However, the extended cycle plus
the trailing time period T2 is only approximately equal to the time
period T3 of the nominal transfer cycle plus the trailing time
period T2 since as previously mentioned the extended transfer cycle
is asynchronous with respect to the system clock. Referring to the
drawings, in FIG. 4B the second cycle is extended and has a time

~period T4 approximately equal to T1+(T2-X) or T3-X. The second
cycle of FIG. 4C has an extended time period of TS5 approximately
equal to T1+T2 or T3, and the third cycle of FIG. 4C is extended to
have a time period of T6 approximately equal to T1+(T2-Z) or T3-Z.

In a conventional manner, the MPU 13 reacts to the -
deactivation of the READY line by executing wait state machine

cycles until the READY signal goes active again. Referring to the
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processor having a clock cycle and a set of one or nore peripheral devices,
sai d conputer systemincluding: a peripheral device responsive to read or
wite signals and having a tinmng paraneter requiring a mninmumtinme period
to separate presentation to an input to the eripheral devi ce of a second
read or wite signal following a first read Bt wite signal in consecutive
data transfers executed by the peripheral device; a peripheral interface

i nterposed between the peripheral device and the bus for ensuring the

timng paranet ‘%‘io@fdltat_?;?axﬁ’%f' pher & qet‘,“ :Ge- Jag%rﬁ()t N QL el aang an{;a}ydmggan
MPU transfer cycle whén necesSary, “sai'd periphéral” intectace including’ a
tining circuit fPehefeasuinstguatidménperspoll Wifickrin hhipersphts & reed/vwdte

receives a firshstRadiBh W khe widdBabac hbe ti RB-ORAI PFhReERG R .| gaSt as
great as the tim n% par aneter and established by a cl ock si aI havi ng a

peri od establ i SKBEGSIIBPATEAT | §P REEPS Pespetd P onlges cihGcREAR Léng GoeEhe

processor, inactive. If the READY line goes inactive, the MPU 19 executes a
. wait state cycle in step E znd then returns to executicn of the
nominal cycle. The MPU 19 ccntinues to execute the loop of steps B

and E until the READY line returns to active.

Turning to FIG. 6, a ¢éstailed schematic diagram of the
preferred embodiment of the Interface 83 (FIG. 2A) of the invention
Is illustrated. Functionally, the interface 83 includes a gate 85
for metering the passage of read and write signals ICR and IOW to
the video DAC 15. By metering the IOR and IOW signals through the
gate 85, they are waveshaped into read and write signals DACIOR and
DACIOW, respectively. The czte 85 comprises two OR catas 87 and 89.

i A means 91 for selectively &:sabling the OR gates 87 and 89 is
prpvided by a binary counter 93 and AND gates 95 and 97. Upon
detection at the outputs of sither OR gates 87 or 82 cf a read or
write strobe signal, a MASK DAC R/WR line goes active, theréby
disabling the OR gates 87 anc 89 and preventing passage of any

further read or write strobe signals

A sample and delay circuit 99 comprising NAND gate 101 and D
flip-flops 103, 105 and 107 mrovide a signal DAC WAIT which
indicates when a read or write strobe signal (IOR/IOW) has been
received by the video DAC 15. This DAC WAIT signal is passed on to
a wait state generator comprising an AND gate 109 and the control
logic 63. When successive rezd or write strobe signals IOR or IOW
are presented to the OR gates 87 or 89 ssparated by a predetermined
time period greater than any >f the time periods of Table 1, then
the AND gate 109 of the wait state generator remains disabled and
the DAC WAIT signal is not passed to the control logic 63 and on to
the MPU 19 as a READY éignal. Tf two consecutive read or write

signals are not separated by the predetermined time vperiod,
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and a‘'synchroni zation circuit, which is responsive to the timng circuit,
for sensing the transm ssion by a source the second read or wite signal
before the time period associated with the first read or wite signal has
el apsed and in response, transmtting a signal to the source of the second
read or wite signal for extending a second1fr ansf er cycle associated with
the second read or wite signal fromthe source; and-a bus interface
coupling the bus to the peripheral interface. 16. The conputer system as

set forth in claim15 erein sai.d ri.pheral interface.jncludes; a.gafing
circuit, coupl gaw?vc?réal‘ae AT Tit élsr%e%ef?efé’y wsab ng?tl e Whﬁpﬁ"?D tg%ttgh‘e }
peripheral deviiseerfabled rnd ihe DAEr VAIT. sighalThe resrpdtcar teygteenrairadetodion t h
inclaim16 whesein faid Qahi fRehtSUWht SYIBETELThe Adu09b Caslal Relidy CoMRhed
to the delay circuit for: _ :

at its READY input.

When the AND gate is disabled, itS'output_is low. .In a
conventional manner, the low DAC WAIT signal translates to an active
READY éignal at the output of the control logic 638 when the video
DAC 15 is being addressed. In this regard, the control logic 69
receives wait signal inputs from other devices in the video
subsystem as indicated in FIG. 6. Well;known leogic in the control
ibgic 69 allows oniY the wait signal for the device being addressed
in the present transfer cycle to pass-thrcugh the READY line.

Déféiiéanoéégétion of the interface of FIG. 6 is described
hereinafter in connection with the timing diagram of FIG. 7. The
PIXEL CLOCK is received bf a' clock input CK of the binary counter
93. When the video DAC 15 is not being addressed, the output of AND
gate 95 is inactive; therefore, the inverted input for the reset
(RST) of the binary counter 93 is held active and the outputs cf ths
counter are held in a reset condition. 1In this reset conéition, the
inverted cutput (8), indicative of an eighth count, enables the AND

gate 97.

When the binary counter 93 is released from the reset
condition, it counts'pixel clock pulses. When the eighth clock
pulse is counted, the AND gate 97 is effectively disabled since the
active 8 output is inverted as indicated and provides a logic zero

to one of the inputs to the AND gate.

With the foregoing operation of the binary counter 293 in mind,-
when a transfer cycle is initiated, the DAC ADDRESS signal from the
address decoder 68 (FIG. 2A) goeé active (low). Each of the OR gate
87 and 89 receives the DAC ADDRESS signal at one of its three

inputs. The second input receives the MASK DAC R/1R cigrnal from AND
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31" (a) providing a signal to enable the timng circuit when the |ogic
circuit receives an enable signal associated with the first read or wite
signal; (b) blocking an enable signal to the peripheral device while the
timng circuit perforns a delay substantially equal to the tine period; and
(c).transmtting an enabl e signal associated%ith the second read or wite
signal after the timng circuit perforns the delay. 18. The conputer system
as set forth in claim 17 wherein a clocking signal for the peripheral

dovi e, COTPT! et U8, SRS Rk L B HICL SRR S gl em R o

circuit havi ngigrl,cDORtornfoW r gbes active (low). Prior to the beginning of a
transfer cycle, the MASK DAC R/WR signal is inactive (low), assuming
that more than é predetermined time period has passed since the last
cycle. During a transfer cycle between the video DAC 15 and the MPU.
19, one of the OR gates 87 and 89 will have all three inputs low,
resulting in a .low input to AND gate 95. The low at AND gate 95
effecti&ely arms the RST input to the binary counter 93, thereby
causing the counter to reset and not count the pulses from the PIXEL

CLOCK.

With a low input to the AND gate 95, it in turn presents a
low input to the AND gate 97 so that the latter gate sets the MASK
DAC R/WR signal inactive as indicated in FIG. 7. The DAC ADDRESS
.siénai (not shown in FIG. 7) essentially lasts the entire transfer
cycle, so the timing of the binary counter 93, AND gates 95 and 97
and OR gates 87 and 89 can be considered as contrclled by the IOW
and IOR stroke signals. In this regard, when the IOR or IOW signal
goes inactive, a logical "1" or high reappears at all three inputs
to the AND gate:95. This high signal disables the RST input of the
binary counter 93 and allows the counter to count pulses from the
PIXEL CLOCK. The high output of AND gate 95 also enables the AND
gate 97 to pass the output from the inverted 8 output of the binary

‘counter 93. TFrom being reset, inverted 8 output of the binary
counter 93 is initially at a logic 1 state. Therefore, when the AND
gate 97 is enabled as a result of a IOW or IOR signal going
inactive, it passes the logic 1 state of the inverted 8 output line

" to the MASK DAC R/WR line. An active signal on the MASK DAC R/WR
line is effective to disable the OR gates 87 and 89 since their
outputs will remain high regardless of the signals present on the
IOR, IOW and DAC ADDRESS lines as long as MASK DAC R/WR is active.

The MASX DAC R/WR line will rema2in active and the OR gates 87
and 89 disabled while the binary counter 93 counts the pixel cliock

pulses as indicated by the numbered pixel pulses in FIG. 7. When
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contrdl-led by the second clock signal. 20. The conputer systemas set forth
in claim19 wherein the peripheral device is a display termnal. 21. The
computer systemas set forth in claim20 wherein the second clock signal
conprises a pixel clock signal. 22. The congyter systemas set forth in
claim 16 wherein said synchronization circuit includes an overlap detection
circuit for indicating when a | eading edge of the second read or wite
signal is received by the peripheral interface within the tine period after
t he peri pheral tRewigath Qii&ie!{&_ixlaetiﬁicbﬁmgadedﬂl& ijéflﬂe&f br@itpueadf CtrheWI‘i te
signal. 23. The corgpu%g st em t for In_claim rei

synchroni zat i ofi®#1Y¢urt 99 Itﬁi"es Hp?lés ﬁﬂn%épﬁw Péﬁ?t f 5P |°h‘5| C’%ﬂl ng
that the peri phks adAsﬂema:et/hmslmectm gedifdeeife s Showetd@ OR gatieke8BiagAa$y 24.
The computer Szxs'é ea@a?ﬁ éoelte fc_grntagslbeCEg‘cli TO%BS%%&EI:& %:%e video DAC is being

addressed (i.e., the DAC ADDRESS line is active).

By disabling the OR gates 87 and 838 for a predetermined.time
period after the end of a DACIOW or DACIOR strobe signal to the
video DAC 15, the interface meters the delivery to the video DAC of
consecutive read or write strobe signals so that they are always
separated by at least the predetermined-time period. The
predetermined time period is generated by the binary counter 93
responding to the pixel clock pulses to clock the logic 1 tied to

the data input D of the counter.

taf
-1
(a1

Referring now more specifically to the timing diagram of
7, the relevant signals of two consecutive transfer cycles are
illustrated. The first and second transfer cycles are time related
approximately in the manner schemétically illustrated for the first
and second cycles in FIG. 4C, meaning that the first transfer cycle
is of nominal length (T1), whereas fhe second is extended (TS) and

follows virtually

P4

immediately after the first.

In keeping with the invention, after the DACIOR or DACIOW

~ signal goes inactive at the end of the first cycle, the MASK DAC
R/WR signal goes active for the predetermined eight (8) pixel clock
pulses. During this predetermined time period, the IOW/IOR signal

. goes active for the second cycle. -However, the gates'87 and 89 are
disabled and DBCIOW/DACIOR is not generated. Instead, it is delayed
until MASK DAC R/WR goes inactive after the eighth pixel pulse is
counted by the binary counter 93. As can be seen from an inspection-
of the waveforms in FIG. 7, the second IOW/IOR signal has been
effectively waveshaped into a ﬁACIOW/DACIOR signal that is separated

by an amount that does not violate any timing parameter of Table i.
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synchroni zation circuit includes a logic circuit for transmitting a signal
to tenporarily suspend execution of the data transfer associated with the
second read or wite signal when the overlap detection circuit indicates
the second read or wite signal was receiveghby the peripheral interface
Wi t.hin the tine period after the peripheral interface received the first
read or wite signal, and the sanple and delay circuit indicates that the
peri pheral device has received the first read or wite signal.

BC9- 89- 051 .In order to compensatd? £4r the delaygl cdediivexy tto( BB vasee

claimed in cla,m {R V\A;:le§hea LeRS fw 1%C0c29n'gﬁg)o% (‘.ﬂ‘é@ec%@& Llf'gﬁ%xel') c@cleat ch (111)

havi ng a data IAﬁp for ena e data |nput for
the predeterniwaed state garerator wanespdhs ROVt Haenks lGOS iggrtlivandth®reay wai t
state resulting in the MPU 19 inserting wait state machine cycles intc the
transfer cycle as discussed in connection with the flow diagram of '
FIG. 5. Immediately after the OR gates 87 and 89 are enabled and
the IOR/IOW strobe.signa; is passed on to the video DAC 15 as
DACIOR/DACIOW, the READY signal returns to an active state (see riG.
7) and the MPU 19 returns to executing the machine cycles of the
nominal transfer cycle. In this manner, the second transfer cycie
is extended by an amount which approximétely corresponds to the
délay imposed on the IOR/IOW strobe. 1In this regard, it shoulé be
noted that because the IOW/ICR strobe does not immediately go active
at the beglnnlng of a cycle, TS5 in FIG 7 coes non necessarlly

approximately equal T1+T2 as suggested in FIG. 4C

In order to deactivate the READY signal and/ thereby cause the

MPU 19 to insert wait state machine cycles into the transfer cuvcle,
an active DAC WAIT signal must be generated by the sample and ée;ay
circuit 99. An active DAC WAIT signal will not be passed onto the
control logic 69 for deactivating the READY signal, however, unless
the AND gate 109 is enabled. The AND gate 109 is enabled by an
active signal at the Q output of a latch 111.. The Q output of the
latch 111 goes active when a high signal is passed to it from the
data input (D) of the latch in response to a low signal at the clock
input (CK) of the latch. The CK input receives the CMD control
signal. During the beginning of each transfer cycle, the CMD line

. is inactive or low as can be seen in FIG. 7. In respénse to the low
input at the CK input of the latch 111, the signal at the output of
an AND gate 113 is passed from the data input D of the latch 111 to
the Q output, and as long as the CK input remains low, the signal at
t@e dgta input is passed to the Q output. When the CMD line goes
active during the transfer cycle,  the Q output of the latch 111

holds the last signal passed to it from the data input D.
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.generator (109, 69)responsive to an output of the latch (111) for producing
the wait signal. 5. A logic circuit (83) as clained in claim4 wherein
the transfer cycle includes address, data and control signals, the latter
including the read and wite strobe signals,>8he third gate (113) having at
| east one input for receiving an address signal indicative of a transfer
cycle between the MPU (19) and the peripheral device (15), the address
signal being passed to the data input of the latch (111) when the third
gate (113) is enabl edher5.the MASK OBC R/URr<Cigntl (B8 asmcthiee med te cl aim 5

wherein the | atgljchidicidcludes aglock SBRULL AT 6561 Mgt Liggst one

of the control signals I ons resentation of the
addr ess signal €YrlehetlmtCHDi hingt l@factttiEGJ aeterging1yrs §las-flograldodrome ts

address si gnal zégeacpesx%t%nan T @ 19fe GBepdalghcd Jt%é)lm Bed hiexlptlt" (G

gate (113) is enabled logic circuit’ (83) as clained in alm6

whereln the fir<f the fllp flop 103 by AND gate 114. he AND gate 114 is usually
enabled since its second input is a RESET command line which is
normally high as discussed hereafter. With the command (CMD) liine
inactive, the flip-flop 103 is now free tc clock in data from iis D
input. 1In this regard, the NAND gate 101 is enablied sincé the Q
output of the flip-flop 103 is high, and it is one of the inpuis %o
NAND gate 101. The other input to NANﬁ gate 101 is from the output

-of AND gate 95 which goes low if a DACICR,/TACIOW signal is rresent.

Therefore, when released from its reset ccndition by the CMD signal,
the flip-flop 103 effectively samples the DACIOR/DACIOW lines o
detect the prgsencé of an active geéd/write signal to the wvideo DAC

15. The DACIOR/DACIOW lines are sampled at the fr squency cf the
TIME BASE which may be, for example, 25 MEz. °

The releasing of the D flip-flcp 103 v the presence of a OMD
signal indicates a transfer cycle is in procress. If the active
readywrite signal has not appeared on the DACIOR/DACICW lines aftar
the CMD line goes active, the output of AND gate 95 Qill be high.
This high signal will be clocked to the Q cutput of the flip-floo’
103 and then clocked to the Q outputs of the D flip-flops 105 and
107 upon successive pulses of the TIME BASE. The cutput of the D
flip-flop 107 is the DAC WALT signal, and it will go active in a
delayed relationship with the sampling at the flip-flop 103 of ths
DACIOR/DACIOW line. The delay is intended to ensure fhe
DACIOR/DACIOW have a minimum required width.

The latch 11 and AND gate 113 bomprise a circuit 116 for
detecting when two consecutive transfer cycles create active signals
on the IOW/IOR lines that violate the predetermined minimum
separation time of two consecutive read/write strobe signals. ihan

the minimum timing is not violated, the output of AND gate 113 :is
This is the replacement sheet
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meéans "(91) includes a nenory arrangenent (99) for sanpling the output of
the first gate (85) and providing a tine-delayed READY signal to the wait
state generator (108, 99) indicative of whether the peripheral device (15)
has received the first or second read or wi £ strobe signal. 8. An

l ogi.c circuit (83) as clainmed in claim7 wh in the wait state generator
(99, 109) includes a gating nmeans (109) for receiving the tinme-del ayed
READY si gnal and becomi ng enabled to pass the time-del ayed READY signal to

the MPU (19) i NAeSBANIReh &ﬂeheM@Ci%SSSS ﬁh%ﬁbeatth%h%&%%%\ﬁ%g,f— g;liee Agtch
(111), the READY sSignal This Sheet Has Been Repla

33 serving to i9¢ertetPaERed Nrom () detp dppeh® Pﬁethﬁr anhefociel @ deout,

thereby disabling the AND gate 109 and preventing passage of an
active DAC WAIT signal. When the minimum timing is violated,
however, the output of the AND gate 113 is high and the high is
passed to the Q output of the latch 111 when the CMD line is
inactive at the beginning of the second cycle as shown in FiG;'7.
The Q 6utput holds the high from the AND gate 113 until the CMD
line again goes inactive. Referring to FIG. 7, the ENABLE waveform
corresponds to the signal which'appears_at the Q output of the latch
111. As can be seen, the ENABLE signal provides a high for the
entire second transfer cycle so that the AND gate 109 passes any
active DAC WAIT signal generated during that cycle. 1In response to
the active DAC WAIT signal, passed to the control logic 69, the
READY signal goes inactive as indicated by the waveform in FIG. 7
for the READY signal. In contrast to the seccnd cycle, the first

* cycle is assumed to have begun well after any previous read/write
transfer cycle. Therefore, the AND gate remains, disabled for the
entire cycle and prevents the DAC WAIT signal from passing to the

control logic 69.

Turning to the inputs of the AND gate 113, the DAC ADDRESS
line and SO and S1 command lines essentially act to selectively
enable or disable the gate for passing the MASK DAC R/WR signal to
the latch 111. The DAC ADDRESS, SO and S1 lines carry active
signals at the beginning of a transfer cycle, and when they are all
active they indicate the second transfer cycle is directed to the

- video DAC 15. 1In response to this indicationf the status of the
MASK DAC R/WR line controls the status of the output of the AND
gate 113. If the second transfer cycle begins before the ewpiration
of the time period measured by the signal on the MASK DAC R/WR line,-
all three inputs to the AND gate 113 will be high and the output of
AND gate 113 will be high. During the beginning of the transfer
cycle, the CMD line is inactive, so that high at the output of AND
gate 113 is passed to the Q output of latch 111. As -previously
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i nserting wait states when indicating the first or second read or wite
strobe signal has not been received by the peripheral device (15). 9. A
vi deo subsystem for a conputer system having a m croprocessor unit (MPU)
(19), the video subsystemincluding: a videq digital-to-anal og converter
(DAC) (15) having a color nenory; a video f rive menory (13); a graphics
controller (11) connected between the video nenory with the video DAC, a
logic circuit (83) as clainmed in any preceding clai mconnected between the

MPU (19) and thepvidre, DAfe eééaeqfcerof QLRI B9 LANSRCUd YeoligRE OF tiki L e
strobe signals fromthe MPU (19) in consecutive transfer cycles between the

MPU (19) and t HE'Et ded Eﬂﬁé‘(e%*j“% AUP FHEALO91 B0 Pasa _pRSHEYE DEFSHATR signal
conprising a vicdeths tbaysdleMoasc ebai MBdekdlusive OR gate 115 is employed in

order .to provide a single input to the AND gate 113 which is
indicative of the condition of both status lines SO and S1. 1In this
regard, the STATUS waveform in FIG. 7 corresponde,to the signal
present at the output of the exclusive OR gate 115. Finally, a
RESET line is provided for initializing the interface 83 in certain
situations such as, for exarple, power up. 2An active low on ‘the
RESET line resets the binary counter 93 and the D flip-flop 103,
causing the DAC WAIT line to assume an inactive initial condition.
From the foregoing detailed description, it will be
apprec1ated tha; the 1nvent =on provides a system which ensures
compatibility between existing software for a peripheral device and
new central preocessing systexms which operate at significantly faster
speeds than the systems for which 'the software was originally
Gesigned. TFor example, read/write instructions to a color palette,
in a video DAC can be prograrmed without inserting software deleys
(e.g., no-op cycles cor jump commands) in an attempt to ensure timing
parameters are maintained. ¥Wwhile ensuring timing parameters are
not violated, the interface 83 in the video interface 11 also -
allows the MPU 19 to execute instructions as fast as the system
allows (i.e., the nominal cycle) and slows the system only when
needed to prevent violation cf timing parameters (i.e., the extended
cycle). 1In this regard, slower systems are not penalized by the
invention since the interface 83 causes wait stafe machine cycles to
- be inserted into a transfer cycle only when the interface must
waveshape a read/write strobe signal so as to re-space it with

respect to the proceeding read/write strobe signal.

_Although the present irvention has been described with
reference to in a video system, it will be appreciated and
understood by those skilled in the art of designing computer systems

and in particular interfaces between peripheral devices and CPUs
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claim9. 11. A.peripheral subsystem conprising: a nenory (15); address
input lines (25); data input and output |lines (27); control input |ines
(29) including read and wite strobe lines; and * cC L M s *

BC9- 89- 051 34 circuitry (11) responsive to
sel.ected address and control input |ines f of® execut i ng transfer cycles in
conjunction with a central processing unit (CPU (19) in a conputer system
wherein data is transferred between the CPU (19) and a nenory devi ce (15)

on the that the present invention has much broader applicztion and is not

intended to be limited to only video subsystems.
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data | ihes (27); characterised in that the subsystem further conprises:-
nmeans (83) for nasking the read and wite_strobe |lines for a predeterm ned
time period in response to receipt by thé'circuitry (11) of a first read or
wite strobe signal during a first transfer cycle between the nenory device
(15) and the CPU (19) so as to delay regghrpg of a second and subsequent
read or WWIte strobe sigal durlnqla second transfer cycle between the
memory devi‘ce AnFOEPYEEhdSPPERentHe WELBHRFS RFPOEFSHRT t 2Pt 1R /SUGRYF
from bei ng theceghma byhithe &t rehét Bymé lﬂ:).méiUéﬂlﬂg:ialgt el iapgel tedndFet her

circuitry resp ond to the flrst rea strobe sign and
prepar e toﬁ%é%e%ge He 2eRORT TR 5PN PR %?% ﬁi? g?gﬁ%flp .éiiaEV1ces'

subsysten1éslélG@mnutarnSESG@mnqp@prmshuﬂlng a wait state generator (99, 109)
for presenti ngaam\ﬂ@ﬂap:?dc%%brt&&@em@ﬁp ﬁé‘\%)ng] | 5?&&?@?@1&0 %ﬂée MR Fé%ﬁ on

of the second read or wite stobe signal of The second trans
within thecﬁl‘l@a%‘% cERi RefYSteR ﬁ:é‘lsl géose bandwidth provides for hlg -speed

nominal transfer cycles;

a peripheral device responsive to read or write signals from
the MPU and having a timing parameter requiring a minimum time
period to separate presentation to an input to the peripheral
device of a second read or write signal following a first read or
write signal in consecutive data transfers executed by the MPU and
theﬁperipheral device; -

a peripheral interface interpoéed between the MPU and the
peripheral device for énsuring the timing parameter of the
peripheral device is not violated and delaying an MPU transfer
cycle when necessary, said peripheral intérface including: _

a timing circuit for measuring g time period aftery the
peripheral device receives the first read or write signal, thestime
period being at least as great as the timing parameter  and
established by a clock signal having a period established
independently with respect to the clock cycle for the MPU; and

a synchronization circuit, which is responsive to the timing
circuit, for sensing the transmission by the MPU the éecond read or
write signal before the time period associated with the first read
or write signal has elapsed and in response, transmitting a signal
to the MPU for extending a second transfer cycle associated with
the second read or write signal from the MPU; and

a bus interface coupling the system bus to the peripheral
interface.

2. The computer system as set forth in claim 1 wherein said
peripheral interface further includes:

a gating circuit, coupled to said timing circuit, for disabling
the input to the peripheral device for the'time period.

3. The computer system as set forth in claim 2 wherein said gating
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after the first read or wite strobe signal. 13. A conputer system
conprising a subsystemas claimed in claim1l or claim12, wherein the CPU
(19) conprises protocol mneans responsive %0 the wait si gnal for extending
the second transfer cycle beyond a nom nal tine period, thereby

conpensat i R Qi t BSslalayed receipt by the circuitry (11) of the second
read or wite strobe signal. 14. A nethod for ensuring at |east one input

of a device redhdRIiGectFuitcéREral processing unit (CPY) in a conputer

system recei ves .SUGHRYIHYRy | ASELgEdl OtS eabdel @he Wihidy Canr k8 tagmepvdaLed

Thi s Sheet .Has 1.
n

the respons&€t Fﬁgggfﬁ%lﬁ%ﬂgﬁc}i"@g \%%tg ﬁg‘g{’g’ﬁ Felads APPPGiateflcTing the f?igsgy
read or write signal
b. Dblocking an~enab1e signal to the peripheral device while
the timing circuit performs a delay substantially equal to the time
period, and
¢. transmitting an enable signal associated with the sgecond
read or write signal after the timing circuit performs the delay.
4. The computer system as set forth in claim 3 wherein a clocking
signal for the peripheral device comprises the second clock signal.
5. The computer system as set forth in claim 4 wherein the timing
circuit comprises a counter circuit having a counting rate
controlled by the second clock signal.
6. -The computer system as set forth in c¢laim 5 wherein the
peripheral device is a display terminal.
7. The computer system as set fourth in claim 6 wherein the second
clock signal comprises a pi:iel clock signal. T
8. The computer system as set forth in claim 1 wherein 'said
synchronization circuit includes an overlap detection circuit for
‘indicating when a leading edge of the second read or write signal
is received by the peripheral interface within the time period
after the peripheral device receivés a trailing edge of the first
read or write signal.
9. The computer system as get forth in claim 8 wherein said
synchronization circuit includes a sample and delay circuit for
indicating that the peripheral device has received the first read
or write signal. |
10. The computer system as set forth in claim 9 . wherein said
syhchronization circuit includes a logic circuit for transmitting a
signal to the MPU to temporarily suspend execution of the data
transfer associated with the second read or write signal when the
overlap detection circuit indicates the second read or write signal
was received by the peripheral interface within the time period

after the peripheral interface received the first read or write
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t hé bantwi dth of the bus comuni cati ng the CPU to the device, the nethod

conprising the steps of: generating on the bus a first instruction for the
device; receiving the instruction fromtHe bus at the input to the device
and executing the instruction in accordance with a nom nal transfer cycle

time; and rpgang theai et eimifle daYi GRabor &xrerquet il ! | BRapOr

after receiving the_first instruction. %;ane a second instruction from
t he CPU duri?e'rﬁi'ppﬁéabr%ﬂé‘t"@r RARetPasivedpiehs éérséle#%?ﬁ ®§ vebs pigsplt he
second i I’lStIJLlCtIrOn abyccbdi;ﬁmﬂﬁw SestiM | hadfdpr aexgddrlel OBf OfcdriBnds and a

pr edet er m nedr t

Peéevm'e f% nd| the tra sfgr cle f_}ssom ated with
the second ANsStructt on a§°PB ) g‘?e?mﬁ?&n h& 9l CPFRETiRheT@d o
in order tcﬂ%@snnbd‘aing t e Ubhinedd cmq@t oéspgdnsesetcims, | ASt mechddN for
maski ng t hedhpyhgt &d hengdavi ge fok apequ‘f)qgi‘ﬂ Mh060d | BBceives successive
commands at a rate which can be accommodated by the peripher'a'l
device while maintaining a desirable throughput for the peripheral
device and the source of commands, said method comprising the steps
of:
transmitting by the source of commands to an interface disposed
between the source of commands and the input of the peripheral
device a first command for the peripheral device;
forwarding by the interface the first command to the peripheral
device;
masking by the interface the input of the peripheral device for
a time period established by a timing circuit, to ensure that a
timing parameter of tﬂe peripheral device is not wiolated, the
timing circuit hawving a clock signal independent of a clock signal
for the source of commands; :
transmitting by the source of commands to the interface and
second command within the time period;
transmitting by the interface to the source of commands a ready
signal after the expiration of the time period; and
inserting wait states by the source of commands to temporarily
delay execution of the second command until the source of the
commands receives the ready signal from the interface.
12. A method as set forth in claim 11 further including the step
of:
receiving by the peripheral device the second command after the
expiration of the time period associated with the first command.
13. A method as set forth in claim 12 wherein the time period is on
the order of the pre-charge time between the end of a read/write
strobe for the first command and the beginning of a read/write
strobe for the second command required by a video digital to analog

converter (DAC).
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period after instituting the del ayed receipt of the second instruction.
generating a second instruction fromthe U after expiration of the
predeterm ned tine period; and receiving e second instruction at the
device in accordance with the nom nal transfer cycle. BC9- 89- 051

36 15. A et o tneshogietast @etch fioRt ! @&h Ml vhier qiHarLhe Qreﬂsé@réflélf‘éi tdeE
recharge tines of the device.

Eg:r{)a?elrssy%g %ésﬁ%lﬁ%llc;%%g’?:cgf%%]‘Epr}gsggntflf%ls ﬁ?’&%é%lﬁcﬁgshﬂi‘l “( CPU) (19) for
gener ati ng ¥ead® apomyuticre sysheal oxvidings sobamtedd Higmit(38)put throughput
- and maintaining reliable transfer of data on a bus between a
processor having a clock cycle and a set of one or more peripheral
devices, said computer éystem including:

a peripheral device responsive to read or write signals and
having a timing parameter requiring a minimum time preriod to
separate presentation to an input to the peripheral device of a
second read or write signal following a first read or write signal
in consecutive data transfers executed by the peripheral device;

a peripheral interface interposed between the peripheral device
and the bus for ensuring the timing parameter of the peripheral
device is not violated and delaying an MPU transfer cycle when
necessary, said peripheral interface including:

a timing circuit for measuring a time period after the

- peripheral device receives a first read or write signal, the time
period being at 1least as great as the timing parameter and
established by a <clock signal having a period established
independently with respect to the clock cycle for the proceésor;
and

a synchronization circuit, which is responsive to the timing
circuit, for sensing the transmission by a source the second.read
or write signal before the time period associated with the first
read or write signal has elapsed and in response, transmitting a
signal to the source of the second read or write signal for
extending a second transfer cycle associated with the second read
or write signal from the source; and _

a bus interface coupling the bus to the peripheral interface.
16. The computer system as set forth in claim 15 wherein said
peripheral interface includes:

a gating circuit, coupled to said timing circuit, for disabling
the input to the peripheral device for the time period.

17. The computer system as set forth in claim 16 wherein said
gating circuit comprises:

a logic circuit coupled to the delay circuit for:
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a"f)eri pheral device (15) responsive to the read or wite signals and
restricted fromresponding to a second regd or wite signal until a
predeterm ned tine period | apses after a first in consecutive transfer
cycles; characterised in that the systemfurther conprises neans (83) for
extendi ng a secl@d grosiding ayelignal tdeerpisechubi temitqncifuity Gihea Whan

t he second l[éqg: %rlrgﬁiﬁ?rééegl%l hd%s enagyra%g%ln&ma%na lg@.s a q: r@é_‘ieorkirstn

exceeding t A conputer N cI aim 1
t he neans M?@Iduééswmﬁispﬁhg Ci rcwtry (85, 116, 91) for preventing the

read or wite siynalidokeAybehn@nBbesepihit @ o eed@ui-e¢nd ) au;vtlbaen vhﬂqe
predeterm ned tinge perjod after the first read or wite signa
conput er s;FS"Feltle%n | ARGt REEFOMA £7 IRARY TUPSERRE MRS egPed "r‘h(,tlkl?déslm&

wait state pmgededatand (99, 109) for generating a wait state signal to the

S0 18] o e SHBERIPLIG | BT EHADI AN SRl SRS Ll
read or write signal after the timing circuit performs the delay.
18. The computer system as set forth in claim 17 wherein a clocking
signal for the peripherél device comprises the second clock signal.
19. The computér system as set forth in claim 18 wherein the timing
circuit comprises a counter circuit having a counting rate
controlled by the second clock signal.
20. The computer system as set forth in claim 19 wherein the
peripheral device is a display terminal.
21. The computer system as set forth in claim 20 wherein the second
clock signal comprises a pixel clock signal.
22. The ‘computer system as set forth in claim 16 wherein said
synchronlzatlon circduit includes an overlap detection 01rcu1t for
1ndlcat1ng when a leading edge of the second read or write signal
is received by the peripheral interface within the time period
after the peripheral device receives a trailing edge of the first
read or write signal.
23. The computer system as set forth in claim 22 wherein " said
synchronization circuit includes a sample and delay circuit for
indicating that the peripheral device has received the first read
or write signal.
24. The computer system as set forth in claim 23 wherein said
synchronization circuit includes a logic circuit for transmitting a
signal to temporarily suspend execution of the data transfer
associated with the second read or write signal when the overlap
detection circuit indicates the second read or write signal was
received by the peripheral interface within the time period after
the peripheral interface received the first read or write signal,
and the sample and delay circuit indicates that the peripheral

device has received the first read or write signal.
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periogd. 19. A conputer systemas clainmed in claim18 wherein the
waveshaping circuitry includes a gate (85) for receiving the read or wite
signals and which is disabled for the predeterm ned tine period follow ng
receipt of the first read or wite signal szpas to BC9- 89- 051

37-mask the presentation to the device of the second read or wite signal
for the predeterm ned tine period. ' :

Abstract
COMPUTER SYSTEM

A computer system is provided having apparatus (11) between a
central processing unit (CPU) (19) and a peripheral device (15)
which ensures compatibility between existing software for the
periphefal device (15) and a CPU (19) of any speed. The apparatus
(11) waveshapes read or write strobe signals in a transfer cycle
between the peripheral device and the CPU (12) in order to ensure
timing parameters of tﬁe peripheral device (15) are not violated by
fast CPUs. 1If the waveshaping causes a change in the timing between-~
first and second consecutive read or write strobe signals, the
interface (11) provides a wait signal to the CPU for the purpose of
"instructing it td extend the transfer cycle of the second strobe
signal. 1In the illustrated embodiment, an apparatus (11) according
to the invention is part of a video subsystem connecting a E
microprocessor unit (MPU) (19) and a video digital-to~analog !
converter (video DAC) (15). Writing or reading color data to or
from the video DAC occurs by way of the apparatus (11) of the
invention. The MPU (19) is slowed while it writes dr reads color
data only when it is required to prevent violation of the timing
parameters of the video DAC (15). In this regard, slower MPUs are
i not penalized by the invention since wait stztes are inserted into a.

transfer cycle only when it is necessary to re-space consecutive

read or write strobe signals to prevent the violation of timing

parameters.
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