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CONVERT BURST OPERATI O\IS | NTO PI PELI NED OPERATI ONS The present invengthpl g copl
nelates to a conputer systemand, nore particularly,’ fo data processing -
4ystems in which a mcroprocessor, operable in a burst node, can be used in
a systemoprimril y desi gned to operate in a pipelined node. The IBM (TM
PS/2 (TM Mbdel 5, @ comrercially available personal conput er that
uses a 32 bit, 8038 n1croprocessor commercially available fromIntel
Cor poration. Such a conputer provides relatively high performance due at
|l east in part to a design in which data is transferred over a bus in
I pelined fashion. As is well known, the operation of a conputer is cyclic
n that a clock divides the operation into clock or nachine cycl es which

Lime the various operati ong&Opdoblsmid QbratRTR GEANS wﬂcdaeﬁ&egu?aequencel In
The address T memory of vher o CREVEPS N5 TEBEG PRI 0 or read from
is first placed on the bus during one cycle, followed shortly thereafter in
the next cycle by the dméaréghtignhtidedelited k6 mputwgfstswaﬁaslﬁrye units
of data are particularly, to data processing systems in which a microprocessor,

operable in a burst mode, can be used in a system primarily desiéned to

operate in a pipelined mode.

The IBM (TM) PS/2 (TM) Model 70 386, is a commercially available
personal computer that uses a 32 bit, 80386 microprocessor commercially
avaiiable from Intel Corporation. Such a computer provides relatively
high performance due at least in part to a design in which data is
transferred over a bus in pipelined fashion. As is well known, the
operation of a computer is cyclic in that a clock divides the operation
into clock or machine cycles which time the various operations so that
they can occur in proper sequence. In order to transfer data between
memory and a microprocessor, for example, the address in memory of
where the data will be written into or read from, is first placed on
the bus during one cycle, followed shortly thereafter in the next cycle
by the data being placed on the bus. When successive units of data are
to be transferred, a non-pipelined transfer mode can be used in which
successive addresses and data units are transferred on successive
cycles without_there being any overlap. In a pipelined mode of
operation, the address of a subsequent data unit is placed on the bus
while the preceding data unit is being transferred so that data units
are transferred on successive machine cycles,instead of on every other

cycle.

Recently, a newer 32 bit microprocessor has become commercially
available from Intel Corﬁoration, it being known as the 80486
microprocessor. This microprocessor includes a central processing unit
(CPU), a cache unit,a floating point unit, and a memory management unit
formed on the same chip. In contrast, the latter three units were

provided as separate chips in the personal computer described in the

preceding paragraph.
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to be fransferred, ‘a non- plpellned transfer node can be used in which
stccessi ve addresses and data units are transferred on successive cycles
‘Wi t hout there being any overlap. In a pipelined node of operation, the
.address of a subsequent data unit is placed on the bus while the preceding
‘data unit is being Bembsfoezred so that data units are transferred on
successi ve machine cycles,instead of on every other cycle. Recently, a
newer 32 bit mcroprocessor has become commercially available fromlntel
Corporation, it being known .as the 80486 m croprocessor. This

.m croprocessor includes a central processing unit (CPU), a cache unit,a
floating point unit, and a nenory nmanagenent unit fornmed on the sane chip.
I n contrast, the | atterTtehgodes wivromovasse Py oreradd iase begshmadeamhgps in the
personal conputer destbhdaeGoid) tiencRFREQIIINE, RA=AM bbed ontBERe 8 022

2 The 80486 microprocessor,d 5 00LABLE 1A £AnblLS boPHS R athaximm rate of -
one data unit every two clock periods or cycles. Such data units

comprise 32 bits (4 bytes) of information. During a burst cycle,

sixteen bytes are fetched from system memory in one continuous stream

or packet of information. This requires that four double words (32

bits or 4 bytes) be strobed onto the bus in as few as four successive

clock cycles. The burst cycle thus provides four 32 bit accesses using

a single address strobe (ADS) at the beginning of the cycle, and the

cycle generates a predictable sequence of four memory accesses. There

are two primary advantages to the burst cycle. First, it allows the

system memory interface to see a single address strobe for a packet of

16 bytes that follow a predictable sequence, thus possibly eliminating

the time required to strobe each of the four double words into the

memory as separafe cycles. Second, the burst cycle provides a
" convenient means for the microprocessor to f£ill the on-chib cache.

Such cache has a line size of 16 bytes and the burst cycle can f£ill the

cache one line at a time by providing therequired 16 bytes.

Given the objective of converting a personal computer using a
80386 microprocessor into a higher performance system using the 80486
microprocessor, a problem arises because the 80486 does not support
pipelining and the existing memory interface will not operate

efficiently; thereby limiting system performance.

An aim of the present invention is to provide a personal computer
having a bus system operable in a pipelined mode and and including a

microprocessor operable in a burst mode.

In accordance with the present invention there is now provided, a
computer system comprising: a procéssor; a system memory; a bus
operable in a pipelined mode for transferring-data between the
processor and the memory; characterised in that, for the processor

being operable in a burst mode, the system further comprises: logic



non- bufst node. In non-burst node, data is strobed onto the bus between the
m‘croprocessor and a menory controller at a maxi numrate of one data unit
levery two clock periods or cycles. Such data units conprig 4
bytes) of information. During a burst cycle, sixteen byteg HEEEHQQ
system nmenory in one continuous streamor packet of inforfmti orREP[hCED
requires that four double words (32 bits or 4 bytes) be strobed©
bus in as few as fdUP ¥i%essive clock cycled. The burst cycle t hus
provi des four 32 bit accesses using a single address strobe (ADS) at the
begi nning of the cycle, and the cycle generates a predictabl e sequence of
four nenory accesses. There are two primary advant ages to the burst cycle.
]Ic:i rst, itkallovvs the system rrem)ry interface to see a single address strobe
or a packet of 16 that fo | ct abl.e. sequence, thus .SSI
‘elimnating the ti n“é g ?%‘Herttbn ?lrs EhITF T he B gﬁe PESabIe °§ong 9 nt o
ithe nenory as separ# Y—:}I‘*CWF’%@deSéé‘E)r‘iEF“f ﬁég“lﬂhsr §ff1&$7‘€ltéemlﬁ‘t}ﬁ?f€sm°ée' and
.conveni ent neans f ofortdueputt g Cfpe Geams Gigals bhtd tHehimis Oe- tlei gystmalesorySuch
‘cache has a line sigg.&f dhfa @y&@%ratgangterwfﬁh Y GlyStel dRndry | do dnBe cache
one line at atinme b Lrov dl[l?[g t here lek sytes G ven the objective
of converting a pers%‘h AroTcatpin BIewSihg©ac pirio

This has the advantage that a new microprocessor can be‘

substituted for the old microprocessor in the computer system to

achieve higher performance operation without having to make extensive

hardware changes.

Viewing the present invention from a second aspect, there is now
provided a computer system having a system memory and a bus for
transferring data from the memory in a pipelined mode of operation, the
combination therewith comprising: a processor operable in a burst mode
of operation; and means connecting the processor to the bus, the means
including logic means for converting signals from the processor during
the burst mode of operation into signals defining the pipelined mode of
operation, the logic means outputting the latter signals onto the bus
to the system memory whereby data items are transferred from the system

memory to the processor during successive clock periods.

. In a prefered embodiment of the present invention, there is
provided a personal computer having a microprocessor that operates in a
burst mode, with means for converting such burst mode of operation
into,'a pipelined mode so that no changes need be made to existing

memory interface logic.

In a particularly prefered embodiment of the present invention to
be described later there is provided, a personal computer having
additional logic connected between the microprocessor and the memory
logic and bus system which logic performs the functions of converting
the burst mode as seen by the microprocessor into a pipelined mode as

seen by memory logic.
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80386 ‘mi croprocessor into a hi gher performance system using the 80486

m cropr.ocessor, a problem arises because the 80486 does not support
.pipelining and the existing menory interface will not operate efficiently,
|thereby limting system performance. An aimof the present invention is to
‘provide a personal conputer having a bus system operable in a pipelined
node and and including a m croprocessor operable in a burst node. In
accordance with thesg-esesmt invention there ks now provided, a conputer
system conprising: a processor; a systemnenory; a bus operable in a
ipipelined node for transferring data between the processor and the nenory;
icharacterised in that, for the processor being operable in a burst node,
‘'the system further conprises: logic means for converting first. signals
!generated by the processor operating in the burst node into second signals
'defining the pipelined modeyplard therrresshputtentign Wikl s@ClN desskipadsthont o t he
ibus to the system NedfREAhIRERED YAty ink GBwiddL inf @isf.erred fromthe system
inennry to the _ .

Fig. 1 is a schematic block diagram of a personal computer

embodying the invention;

‘Fig. 2 is a schematic diagram useful in in understanding operation
of programmable array logic (PAL) used in the invention shown in Fig.

1; and

Fig. 3 is a timing diagram illustrating various signals used in

the operation of the invention.

Réferring now to the drawings, and. first to Fig. 1, a personal
computer 10 includes a microprocessor 12 connected to conversion logic
14 by a bus 16. Micropro;essor 12 is a 80486 microprocessor
commercially available from Intel Corporation and described in a
publiéation, "i1486 (TM) Microprocessor", dated April 1989, Order number
24040-001. The conversion logic 14 is described in more detail below,
and generally functions to convert the burst mode of operation
generated by microprocessor 12 into a pipelined operation as seen by
the rest of the system. Microprocessor 12 includes.an on-chip CPU 11
and cache 13. The remaining elements now to be described are the same
as corresponding elements of the above-mentioned mode 170 386 personal
computer, and only so much of their function and operation as is useful
in understanding the operation of the invention, need be described.
Logic 14 is connected to a buffer 18 by a bus 17. Such buffer is
connected to memory controller 20 via bus 22. A random access memory.
24 is connected to controller 20 by bus 26. Memory 24 serves as the

system memory.

Conversion logic 14 comprises conventional PAL means programmed to
operate in the manner described in detail below relative to Fig. 3.
Before describing details of ‘such logic, a discussion of the logic

étatements will be helpful. PALs are known devices in which AND, OR,
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processor during sutcessive cl ock periods. This has the advantage that a
néw m croprocessor can be-substituted for the old microprocessor in the
|conputer systemto achieve higher performance operation w thout having to
-make extensive hardware changes. Viewi ng the present invention froma
‘'second aspect, there is now provided a conputer system having a system
menory and a bus for transferring data fromthe nenory in a pipelined node
of operation, the cagbisaadzbon therewith conprésing: a processor operable in
a burst node of operation; and nmeans connecting the processor to the bus,
.the neans including |ogic neans for converting signals fromthe processor
‘during the burst node of operation into signals defining the pipelined node
cof operation, the |ogic neans outputting the latter signals onto the bus to
‘the system nenory whereby data itens are transferred fromthe system nmenory
-to the processor duriNvERTSandCRSEFie Righc kixpeits Gas .custonized e fageardanceriyddhi ment

?of the present i nver&bqgsang,ﬁcl ST}Q{SO\(,&CL%Q ofl REPIONAg. COBRME Qr sebtih kg a
m croprocessor that og rat es, gwo zﬂﬁ) ur 32 am; 34 n%L%UIQ%veartl ng
t

such burst nmode of Jp a?FBﬁml%ﬁ t-no_changes  need
‘be made to existi ng invert circuit 33, and a fllp flop 38 are connected to provide an

output 51gnal E, responsive to a clock signal CLK, that is a logical

combination of input signals A-D. This logic can be represented as

follows:
E := A & IB (1)
# C & D; (2)
In statement 1, the characters ":=" act as a delimiter signifying '

that the output signal E of flip flop 38 isformed by the logical
combination of the succeeding signals. There is one statement per AND
circuit. Y&" represents a logical AND combination, "#" represents an

OR combination, and "!" is the NOT or invert function.

Conversion logic 14 is formed from two PAL devices. The first

device receives the following input signals having the indicated

functions:
SIGNAL FUNCTION
CLK 25 MHZ CPU CLOCK
aDs ~CPU ADS
CPURDY -CPU RERDY
BURSTRDY -CPU BURST CYCLE READY
BLAST -CPU BURST LAST
RESET +RESET
MISS1 BUS ADS FOR BURST CYCLES
NACACHE PIPELINE REQUEST FOR NEXT ADDR
CNTO : BURST COUNT LSB
A2 CPU A2
i A3 CPU A3
i CACHERBLE -CACHEABLE MEMORY READ CYCLE

BUSCYC486 -CPU BUS CYCLE



nqnnry‘interface logic. In a particularly prefered enbodi nent of the
present invention to be described |ater there is provided, a personal
lcomput er havi ng additional |ogic connected between the mcroprocessor and
the nenory | ogic and bus system which |logic perfornms the functions of
converting the burst node as seen by the m croprocessor into a pipelined
node as seen by ne d%g Io&@c 3a According to still another aspect of
the present inventi T¥e is provided in a 8ata processor system having a
system nenory conprising a multiplicity of addressable nenory |ocations for
storing a multiplicity of data itens, bus means including a data path
connected to said systemnenory for transferring data into and out of said
system nenory, and a nenory controller connected to said bus nmeans and

being operative in r_espQrEse%usQ_ [ ZP%I?V"’Q e, %%ﬂéswtmsggtl gss{)fna(%l pelined system
addresses on successi ve 0 conve gach st é dress into a

correspondi ng nenory address and transmt each such nenory address to said

system nenory for readi ng &i®erLi es of roaymni tens from said
f DELAYED NA TO HOLD NEWA2
LATCHED A3

A2 TO 18 AND 20

DELAYNA
1a3
NEWA2

NEWA3 A3 TO 18 AND 20

The logic of the first PAL is given by the following statements

INACRCHE &

ICACHEABLE & DELAYNA &
BURSTRDY
IDELAYNA &
1ADS & 'IA3
1A3 & ADS;
IADS & !A2
INEWA2 & !BUSCYC486 & ADS &
CACHEABLE

INEWA2 & !CACHEABLE & NACACHE &
BURSTRDY & CPURDY

§ INEWA2 & !CACHEABLE & !DELAYNA
# NEWA2 & !NACACHE & !CACHEABIE &
" DELAYNA;

!DELAYNA

# !CACHEABLE & BURSTRDY;

#

INEWA2
#

#

!A3
!BUSCYC486 & ADS &

1ADS &
INEWA3 &
CACHEABLE

# !NEWA3 & !CNTO

# !NEWA3 & LA3 & !CACHEABLE
INEWA3 & !CACHEABLE & NACACHE &
BURSTRDY & CPURDY

# NEWA3 & LA3 & !CACHEABLE & CNTO &
INACACHE ;

{NEWA3

#



system menory and pl aci ng such data itenms on said.data path on successive
bus cycles whereby the first data items in said series is placed on said
'data path at a tinme after the time when the first one of said first series
of system addresses is received by said nmenory controller and whereby said
system addresses of data itens subsequent to said first data itens are
received by said nenory controller concurrently with readi ng of preceding

data itenms so as to BEeesdr@ pi pelining of addfesses with data,

said nmenory

control ler being further operative to generate a plurality of NACACHE
control signals for requesting pipeline addressing by said first series of
‘'syst em addresses and of BURSTRDY control signals indicating when data itens

thave been pl aced on sai d data pat h,

the conbination conprising: a.processor

operable in a burst node of operation to read said series of data items
from said system nenory T™s gpesnd P¥c 8e4eR rPRETEF NGPHe S92 S 0™ REAY R ARt act in
response to sai d NAGAGIHs sisgiealoes: sai d processor being connected to said
.bus nmeans and operative to generate during each burst operation and
transmt on said bus _neans a plltgU E% y of burst node signals conprising: a

single control si gnal™

RDS) for I

l'ating said burst node, a plurality of

control signals defifERg.a burses Mg TEEFLRd i ncl udi ng a BLAST si.gnal for

controlling term natizos of sai d-tmurais node,
‘addresses identifyingpgata itenscﬁﬂhﬁmyread

series being in a predg ﬁbn1ned Eﬁ
A% ddr esSes and Non- sequenti al addresses;

‘nodes by being sequeﬁP
‘processor being BLAST
RESET

KEN

PCD

MIO

R .

DC
CPULOCK
NACACHE
BOFF
OUTPUT
BADS
CACHEABLE
CNT1

CNTO
BUSCYC486
MISS1

and a second series of system
~said addresses in said second
ers during successive burst.

sai d
~CPU BURST LAST

+RESET
-CACHEABLE CYCLE DECODE
+CACHEABLE PAGE FROM 80486

CPU +MEMORY/-IO

CPU +WRITE/-READ

CPU +DATA/~-CODE

-CPU LOCK

~-PIPELINE REQUEST FOR NEXT ADDR
~CPU BACKOFF

FUNCTION

-BUS ADS

-CACHEABLE MEMORY READ 80486
MSB COUNTER BIT, BURST CYCLES
LSB COUNTER BIT, BURST CYCLES
-CPU BUS CYCLE

-BUS PIPELINED ADS

The logic of the second PAL is given by the following statements:

1BUSCYC486

'CACHEABLE

:= !ADS & !RESET & BOFF

# !BUSCYC486 & CPURDY & BURSTRDY &

'RESET

# !BUSCYC486 & CPURDY & BLASf &
!RESET;

:= 1BUSCYC486 & !WR & MIO & !PCD &



< .

further operative to receive said BURSTRDY signals and strobe data itens
Lronlsaid 3b data path into said processor in response to said BURSTRDY
ignals; and converter | ogic means connected to said bus nmeans and bei ng
operative to convert said burst node signals fromsaid processor into

pi pel i ned signals for operating said nenory controller, said |l-ogic neans
conprising: first mgagg.qperative in response;to said ADS signals and only
to the first one of saig second series of sys%en1addresses fromsaid
processor to generate said first series of system addresses that are
transmtted to said nenory controller with each subsequent system address
in said first series being generated and transmtted before correspondi ng
addresses in said second series are generated and transnmtted by said
processor, said first means bei nggf 4ridegdr YRBfaéd ¥© t0 generate a series of
M SS 1 signals signifying availqga%kg% to said nenory controller of said

second series of system addresses.
_ # !CACHEABLE & CPURDY & BURSTRDY &

IKEN & !RESET
# !CACHEABLE & CPURDY & BLAST & !KEN
& !RESET;

ICNT1 := IADS & !WR & MIO & !PCD & !RESET &
BOFF
# !CNT1 & CNTO & BURSTRDY & CPURDY &
!RESET
# ICNT1 & !CNTO & CPURDY & !RESET;

!CNTO ;= !ADS & !WR & MIO & !PCD & !RESET &

BOFF
# CNTO & !CNT1 & !BURSTRDY & CPURDY &
{RESET

# !CNTO & BURSTRDY & CPURDY & !RESET;
!BADS := !ADS & !RESET & BOFF;

IMISS1 := !CACHEABLE & BLAST & !KEN & !RESET
& !(CNTO & CNT1) & MISS1
# IMISS1 & BURSTRDY & CPURDY & RESET;

Before describing the operation of the system relative to the
timing diagram in Fig. 3, certain aspects of the operation of
microprocessor 12 are to be noted. When the on-chip cache is enabled,
read requests first look to the cache from which the data will be read
when a cache hit occurs. If no hit occurs, a read request for the data
will be made on the external bus. 1If the address is in a cacheable
portion of memory, microprocessor 12 initiates a cache line fill during

which a sixteen byte line is read into the cache.



BC9- 89-022 - - .4 An exanple of the present invention
wi Il now be described with reference to the acconpanying draw ngs, in

|vvhl ch: Fig. 1 is a schematic block diagram of a personal conputer enbodying
the invention; Fig. 2 is a schematic diagramuseful in in understanding
operation of programmable array logic (PAL) used in the invention shown in
Fig. 1; and Fig. 3 igoasstddsi ng diagramillusteating various signals used in
t he operation of the invention. Referring nowto the drawings, and first to
Fig. 1, a personal conputer 10 includes a m croprocessor 12 connected to
-conversion logic 14 by a bus 16. M croprocessor 12 is a 80486

‘m croprocessor conmercially available fromlIntel Corporation and descri bed
iin a publication, "i486 (TM M croprocessor"”, dated April 1989, Order
'nunber 24040-001. The C@RY @8dksHas |of(iata 1dems Iraiasarred e ai hursDerldatai |

enrh S e Pop ALt DOVl S of il o5,
Z?est of theysyst emIO TS g%?bci’éesg’f’““i%mﬁ’ﬁglwﬁ’ife? ) 535'%‘1? ’adﬁbldﬁthe Y

: desired byte included in the read request, and subsequent doublewords

: are transferred in a predetermined order known as the "burst and cache
line £fill order". In the example used in connection with Fig. 2, the
burst order is the 8-C-0-4 double words.

Referring now to Fig. 3, the following description utilizes only

- the names of the signals to describe the operation. CLK 40 is the
sysfem clock where the rising edge of such signal is used to provide
timing synchronization. A cache line fill cycle requires ten clock
periods to transfer sisteen bytes into cache 11, the clock periods or
cycle being numbered 40-1 through 40-10. Various signals mentioned
above are omitted from Fig. 3 for simplicity, but need to be at
predetermined levels in order for the burst mode of processor 12 and
the pipelined mode of the memory interface to be effective. Thus, KEN
is low, CPURDY is high, RESET is low, and MIO is high to indicate a

memory access, throughout the illustrated timing interval.

i A cache line f£ill cycle begins when the CPU provides an active ADS
44 and the address ADDR 46 of the first double word to be read from the
memory into the cache and CPU. During ciock period 40-2, the CPU

5 activates BLAST 46 which remains active until the tenth cycle 40-10
when it falls to signify the end or last of the cycle. -ADDR 46
comprises address bits A31-24 which define the cache line of sixteen
bytes being fetched. Address bits A2 and A3 are provided by the CPU as
signals 48 and 50. The complete address (bits A31-A2) of the double
word being fetched are provided by the combination of signals 46, 48
and 50 , such address being random for the first data item being read.
After being initially provided, bits A2 and A3 are toggled in a

predetermined manner to provided the predetermined cache f£ill line

sequence, except that the active signals A2 and A3, after the first

set, are too late in the burst cycle to be of use in pipelining.



and cdche 13. The renmmining el enents now to be described are the sane as
correspondi ng el ements of the above-nentioned node 170 386 personal
lconputer, and only so nuch of their function and operation as is useful in
under st andi ng the operation of the invention, need be described. Logic 14
I's connected to a buffer 18 by a bus 17. Such buffer is connected to nenory
‘controller 20 via bus 22. A random access nenory 24 is .connected to
controller 20 by bussc8@s-dknory 24 serves as the system nenory. Conversion
flogic 14 conprises conventional PAL neans programmed to operate in the
‘manner described in detail belowrelative to Fig. 3. Before describing
Idetalls of such logic, a discussion of the logic statenents wll be
hel pful. PALs are known devices in which AND, OR, BC9- 89- 022
‘5 INVERT and FLIP FLOP logic circuits are custom zed in accordance with the
desired | ogic. Thus, byLegly &fingscxepiiscbitéing an@ A3 [fywing the £drtomsoivcke AL
COITDFI sing two AND Cdnﬁc'gléhérﬁtelizneanﬁdﬁs sadHA1 OREWAR 152 UdnBl NBRR3 54 therefrom.

While the active signals 52 and 54 are initially random in the same

manner as are corresponding signals A2 and A3, the subsequent active

signals 52 and 54 generated by logic 14 will bein accordance with the

cache line fill sequence. In the specific example, NEWA2 52 and NEWA3

54 represent the 8-C-0-4 fill sequence. Note that signals 52 and 54

are toggled or changed before corresponding signals 48 and 50.

NACACHE 56 is a signal from the external system, used for
pipelining. Each active (low) NACACHE 56 is a request from memory
controller 20 for the address of the next data item to be fetched.
Microprocessor 12h as no next address request input pin corresponding
to that of an 80386 microprocessor, with the consequence that processor
12 cannot directly support pipelining. However, logic 14 does use the
NACACHE 56 signals to give the appearance to the external system of
pipelining support. Thus, the external system generates four active
NACACHE 56 signals indicating the system memory is ready to accept new

addresses for read operations.

Memory controller 20 generates a BURSTRDY 58 signal which becomes
active when active data signals 60 are placed on the data bus, and-
signal 58 is used by the microprocessor to strobe the data into the
microprocessor for f£illing the cache line. The first data item 60-1
becomes active during the fourth clock cycle, and the succeeding data
items 60-2, 60-3 and 60-4 become actiQe during the succeeding clock
cycles 40-6, 40-8 and 40-10. It should be noted thaf.in accordance
with pipelining, the active signals NEWA2 and NEWA3 appear about one
bus cycle before the data items addressed thereby, and that the address

! : active addresses of subsequent data items are concurrent with active

i preceding data items.

The remaining illustrated signals will now be only briefly
discussed, since the more detailed operation is set forth in the above
description of the PAL logic. An active CACHEABLE 62 signal indicates
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invert circuit 33, and a flip flop 38 are connected to provide an out put
signal E, responsive to a clock signal CLK, that is a |ogical conbination
of .input signals A-D. This logic can be represented as follows: E = A
& 'B . (1) C&D (2) In statenment 1, the characters ":=" act
as a delimter signifying that the output signal E of flip flop 38 isforned
by the | ogical conbination of the succeeding signals. There is one
statenent per AND ciB®®Pt022 "&" represents a Yogi cal AND combi nation, "#"
represents an OR conbination, and "!" is the NOT or invert function.
Conversion logic 14 is formed fromtwo PAL devices. The first device
receives the follow ng i nput signals having the indicated functions: SIGNAL
FUNCTI ON CLK 25 MHZ CPU CLOCK ADS - CPU ADS CPURDY

- CPU READY BURSTRDY - CPU BURST CYCLE READY

acacheable memory read access is in progress. CNTO andCNT1 signals 66
and 64 are count bits that track which segment of the burst cycle is
active. BUSCYC486 68indicates microprocessor 12 is executing an
external bus cycle. DELAYNA 70 and LA3 71 (nét shown in Fig.3) signals
are internal latch items used by logi 914. MISS1 72 is a logic output

signal used by the external system as an additional address strobe
signal. Since the external memory interface always generates pipeline
. requests on cacheable memofy reads, no pipeline request input is
required into the MISS1 logic, it is assumed to be active. MISS1
strobe goes active for the second, third and fourth segments of the
burst cycle. Thus, of the four segments, the first will appear as a

non-pipelined cycle and the following three will appear pipelined.

It should be obvious to those skilled in the art that the specific
number of clock cycles is a function of the system clock and circuit
speeds and can be varied. Other changes can be made in the details and
the arrangement of parts without departing from the scope of the

invention as defined in the appended claims.



BLAST‘ - CPU BURST L . +RESET M SS1 BUS ADS

FOR BURST CYCLES NACA vm\ QUEST FOR NEXT ADDR CNTO
BURST COUNT LSB A2 \\m‘ .
as

: CACHEABLE MEMORY READ C - CPU BUS
6 The first PAL provides the foI | owi ng out put si gnal s:

FUNCTI ON DELAYNA DELAYED NA TO HOLD NEWAZ LA3
NEWA2 A2 TGBcI®AND 20 NEWA3 12A3 TO 18 AND 20
CLAIMS

1. A computer system (10) comprising:
a processor (11);
a system memory (24);

a bus (17) operable in a pipelined mode for transferring data’

between the processor (11) and the memory (24);

characterised in that, for the processor (11) being operable in a

burst mode, the system further comprises:

logic means (14) for converting first signals generated by the
processor {11) operating in the burst mode into second signals defining
the pipelined mode, and for outputting the second signals onto the bus
(22) to the system memory (24) whereby data items are transferred from
the system memory (24) to the processor (1;) during successive clock

periods.

2, A computer system (10) having a system memory (24) and a bus (17)
for transferring data from the memory (24) in a pipelined mode of

E ‘ . ' operation, the combination therewith comprising:
a processor {(11) operable in a burst mode of operation; and

means (16) connecting the processor (11) to the bus (17), the.
means including logic means (14) for converting signals from the
processor (1ll) during the burst mode of operation into signals defining
the pipelined mode of operation, the logic means (14)'outputting the
latter signals onto the bus (17) to the systgﬁ memory (24) whereby data
items are transferred from the system memory (24) to the processor (11)

during successive clock periods.
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The | ogic of the fiTsSt PAL 1s given by the foIIowi.n'g statenments: ! DELAYNA
- = | CACHEABLE & DELAnmI ﬁl m’m BURSTRDY # | DELAYNA & ! CACHEABLE &

|BURSTRDY I'LA3 I'A3 & ADS; ! NEWA2 : .= 1 ADS

& A2 # | NEWA2 & ! BUSEY(486 &MADS & CACHEABLE # | NEWA2 & 4y

NACACHE & BURSTRDY & CPURDY # ! NEWA2 & ! CACHEABLE & ! DELAY %EEN

‘I NACACHE & ! CACHEABLE & DELAYNA; ! NEWA3 : = | ADS-&-A

|| BUSCYC486 & ADS &B%Q%I;EéI:;&LE # | NEWA3 & ! CNT%# | NEWA3 & LA3 & ! CACHEABLE
3. A computer system as claimed in claim 1 or claim 2 wherein:

the processor (11) is formed on a chip; and the chip further
comprises a cache (13}, the processor (1l1) being operable to fill the
cache (13) one cache line at a time during the burst mode, each cache

line containing a predetermined number of data items.
4. A computer system as claimed in claim 1 or claim 2 wherein:

the processor is operable to initiate the burst mode by outputting
an address of a first data item stored in the system memory and an

address strobe signal indicating the address is valid;

the logic means being operable to receive the address™and the
strobe signal and in response thereto outputting onto the bus during
successive cycles, addresses of a predetermined number of additional

data items related to the first data item.

_ 5. A computer system as claimed in claim 4 wherein thé system

{ includes a memory controller operably connected to send signals to the
logic means requesting the addresses of the next data items, and the
logic means is operable to output to the memory controller the

addresses of the predetermined number of additional data items.

6. A cbmputer system as claimed in claim 5 wherein each address
comprises a predetermined number of bits, and wherein the logic means
stores certain ones of the bits for use during téansferring the
predetermined number of data items, and the logic means is operable to
generate new bits for each succeeding data item, which new bits are

combined with the certain ones of the bits, to form the address of each

next data item.

7. A computer system as claimed in any preceding claim wherein the

i chip is a type 1486 microprocessor.
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# | NEWA3 & ! CACHEABLE & NACACHE & BURSTRDY & CPURDY # NEWA3 & LA3 &

I"CACHEABLE & CNTO & ! NACACHE; BC9- 89- 022 he
Isecond PAL device receives input signals and provi de outpu Tg{%ﬁHEETHAS BEEN
follows: | NPUT _ FUNCTI ON CLK 25 MHZ - CPU_CL OCRERDACED

- CPU ADS CPURDY - CPU READY BURSTRDY - CPU BURST

BLAST - CPU BURST LAST RESET +RESET KEN

- CACHEABLE CYCLE DECKSPEEoPd +CACHEKBLE PAGE FROM 80486

DATA PROCESSING SYSTEM WITH MEANS TO CONVERT BURST
OPERATIONS INTO PIPELINED OPERATIONS

ABSTRACT

A data processing system includes.é microprocessor operable in a
burst mode.to read data from a memory. The memory, its controller and
bus are 6perable in a pipelining mode. Array logic is connected
between the microprocessor and the remaining elements for converting

the burst mode to the pipeline mode.
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M.O | CPU +MEMORY/ -1 O WR : CPU +W\RI TE/ - READ DC
gCPU""+'f)ATA/ - CODE CPULCOCK - . -CPU LOCK NACACHE - PI PELI NE REQUEST
‘FOR NEXT ADDR BOFF - CPU BACKOFF OQUTPUT FUNCTI ON BADS
- BUS ADS CACHEABLE - CACHEABLE MEMORY READ 80486 CNT1 VBB
COUNTER BI' T, BURST CYCLES CNTO .. LSB COUNTER BI T, BURST CYCLES
BUSCYC486 - -CPU BUS CYCLE M SS1 . -BUS PI PELI NED ADS The | ogic
of the second PAL is given by the follow ng statenents: ! BUSCYC4A86

I'ADS & ! RESET & BOFF # ! BUSCYC486 & CPURDY & BURSTRDY & ! RESET # ! BUSCYCA486
& CPURDY & BLAST & ! RESET;

1/2
12 ' 18
10— ' \
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I CACHEABLE := I BUSCYC486 & 'WR & MO & ' PCD & BC9- 89- 022

&' KEN & ! RESET & CPULOCK & CACHEABLE # ! CACHEABLE & CPURDY & BURSTRDY &
IKEN & ! RESET # ! CACHEABLE & CPURDY & BLAST & ! KEN & ! RESET; ! CNT1

'ADS & 'WR & MO & 'PCD & ! RESET & BOFF # ! CNT1 & CNTO & BURSTRDY & CPURDY
& ' RESET # ICNT1 & ! CNTO & CPURDY & ! RESET; ! CNTO = TADS & 'WR &
MO & 'PCD & ! RESET & BOFF # CNTO & ! CNT1 & ! BURSTRDY & CPURDY. &

BURSTRDY

2/2
CLK [—' W—' '_L e s T e N Oy Oy N O
| | ¢ | s | 6 | 7 | 8 | 9 | 10
ADS._ L L 4a :
BLAST I;f____l 457 . : ]
ADDR __< 46/ X X X
a2 b | I —
A3 E__l 50~/ —
NEWA2 Irf——f‘;j—l | | I _l_
L 8 c P .
| NEWA3 L 547 i
. wacacE 1d 567 | M M M
; | E—l 58—/ ] | L] ] ]

60 | | .

- .
CACHEABLE L— 627 |

CNT1 L 64

CNTO L 66 ] i

H
- BUSCYC486 L 687 | .
i L 7o 1 I 1
DELAYNA I— 70 _ .

| MISS1 L 727




I RESET # ! CNTO & BURSTRDY & CPURDY & ! RESET; ! BADS

'ADS &

I RESET & BOFF;, ' M SS1 : = 1 CACHEABLE & BLAST & IKEN & ! RESET &

T{CNTO & CNT1) M ??gN BURSTRDY & CPURD _

‘describing the pperaiy t ystemrelatlveto. VIR T IQENRe

Fig. 3, certain Qhe oger ati on of mcropr : £0)be

.noted. When the on-chip cache is enabl ed, read requ f D t he
&e@iﬁé’

.cache fromwhich the data will be read when a caché
occurs, a read request for the data will b made or
'the address is in a cacheable portion of nmenory, m

initiates a cache line fill during which a sixteenl

the cache. BC9- 89- 022
itens transferred in a burst cycle are .

flng hit
| f

cfoprocessor 12
} ; into
9 The addresses of data

DATA PROCESSING SYSTEM WITH MEANS TO CONVERT BURST
OPERATIONS INTO PIPELINED OPERATIONS

ABSTRACT

A data processing system includes a microprocessor (12) operable in a burst

mode to read data from a memory (24). The memory (24), its controller (20) and

bus (22) are operable in a pipelining mode. Array logic is connected between the

microprocessor (12) and the remaining elements for converting the burst mode to

the pipeline mode.

FIG. 1
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réfated and fall
cache line. The

byte included in the read request, and subsequent dﬁi* "f '
transferred in a predetermnm ned order known as the "| T
fill order”. In the exanple used in connection with|{F{g. 2, the bur bt

is the 8-C0-4 double words. Referring nowto Fig. 3, theﬁﬁﬂﬂm ng

description util

wWithin a sixteen byte aligned area corresponding to a
first double word to be transferred includes the desired

i zes only the nanmes of thegsignals foldescribe the

operation. CLK 40 is the systemcl ock where the rising €dge of such

IS used to provi

ten clock periods to transfer sisteen bytes into cache 11,

de timng synchronization. A cache Rine fill cvcle r

S
e

he

order

gnal

Jui res

periods or cycle being nunbered 40-1 through 40-10. Various signals
are omtted fromFig. 3 for sinplicity, but need to be at
pr edet er mi ned | eneehss £om convdering Firstheiontis stenerpthd Ryf therryoesssen cdeXating t he
pi pel i ned node ofn tHeeburet@bye iitoCsdcans sighaldedet iRy the/ pipelites moddNinas | OW,

BE%Ipdtﬁl Ome Qélgndvggnﬁﬁs éHtQ h:h$ gué E'&“tﬁéatsf‘s ?xr = y access,

‘menti oned above

CPURDY i s high,
t hroughout the il

when the CPU prd¥f

lustrated . ti mng interval cache line f

doubl e word to bofesser fiyning tshecessive clock periods.

This has the advantage that a new microprocessor can be
substituted for the old microprocessor in the computer system to
achieve higher performance operation without having to make extensive

. hardware changes.

Viewing the present invention from a second aspect, there is now
provided a i:omputer system having a system memory and a bus for
transferring data from the memory in a pipelined mode of operation, the
combination therewith comprising: a processor operable in a burst mode
of operation; and means connecting the processor to the bus, the means
including logic means for converting signals from the processor during
the burst mode of operation into signals defining the pipelined mode of
operation, the logic means outputting the latter signals onto the bus

t he cl ock

to the system memory whereby data items are transferred from the system-

memory to the processor during successive clock periods.

In a preféred embodiment of the present invention, there is
provided a personal computer having a microprocessor that operates in a
burst mode, with means for converting such burst mode of operation
into, a pipelined mode so that-no changes need be made to existing

memory interface logic.

In a particularly prefered embodiment of the present i-m-rention to
be described later there is provided, a personal computer having
additional logic connected between the micropr_ocessor and the memory
logic and bus system which logic performs the functions of converting
the burst mode as seen by the microprocessor into a pipelined mode as

seen by memory logic.

|l e beglns
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r;ermryi into the cache and CPU. During clock period 40-2 REMQEMEMtSH@E’B

*BLAST 46 which remains active until the tenth cycle 40-{lOjwhen it fallgt
isignify the end or last of the cycle. ADDR 46 conpri ses| apdr e$pER 1997 A31-
whi ch define the cache |ine of sixteen bytes being fetched. Address bitjs
and A3 are provided by the CPU as signal 48 and 50. The b S S
(bits A31-A2) of the double word being fetched are prov)jded by the
‘conbi nation of i : A5 - he The
First data it banaue KSRl ARl esplhe of HicploRA R S0P o i
are toggl egrodessorPSRER: SHaviped FRRALM r thpiRihg BemBltBARlG" &7 e
fill | igge g)equencg,ﬁexcept I{gﬁat%he ac‘%ﬂii)(\)/rg si gnal sgtAZ arfgﬂlA?f,? gﬁ?g@'etgﬁgfé
first set, memoryolochtidrs fon stdringoarmiltiplicityeof datheitepds, bae heunpiipEhdkNg data
CLAIMS 1. A conputer system conprising: a processor operable in a burst
‘mode; a syPatneonmecied;to said system memory for transferring data into and out of said system

gkom

memory, and a memory controller connected to said bus means and being operative in
response to receiving a first series of pipelined system addresses on successive bus cycles
to convert 'each system address into a oorres;mnding memory address and transmit each
such memory address to said system memory for reading a series of data items from said
system memory and placing such data items on said data path on successive bus cycles
whereby the first data items in said series is placed on said data path at a time after the
time when the first one of said first series of system addresses is received by said
memory controller and whereby said system addresses of data items subsequent to said
first data items are received by said memory controller concurrently with reading of
preceding data items so as to provide pipelining of addresses with data, said memory
controller being further operative to generate a plurality of NACACHE control signals
for requesting pipeline addressing by said first series of system addresses and of
BURSTRDY contfrol signals indicating when data items have been placed on said data
path, the combination comprising: a processor operable in a burst mode of operation to
read said series of data items from said system memory, said processor lacking means to
receive and act in response to said NACACHE signals, said processor being connected to
said bus means and operative to generate during each burst operation and transmit on
said bus means a plurality of burst mode signals comprising: a single control signal
(ADS) for initiating said burst mode, a plurality of control signals defining a burst
request and including a BLAST signal for controlling termination of said burst mode,
and a second series of system addresses identifying data items to be read, said addresses
in said second series being in a predetermined -order that differs during successive burst
modes by being sequential addresses and non-sequential addresses; said processor being

further operative to receive said BURSTRDY signals and strobe data items from said



T 5 . {
a bus operable in a pipelined node for transferring dat HEET
processor and the nenory; characterised in that, for th rocessor bei ng
. operable in a burst node in the system the systemfurt cdhﬁECé@g7 llodi c
t means for converting first signals genergted by the processor operating ijn
" the burst npde into second signals defining the pipelirned node, and tor
outputting the second signals onto the bus to the syst nory wher eby

data itenmsdahPatll Mes §0d pestebiop i FdiPostE b Sdll BURSTRDY sigifild? 286 @66@irted Uodio d
successive clock periods. 2. A conputer system having a system nenory and

a bus for meamstenndcteg thasaidfbuwsmueines aminbeingi opesativeptel cormvdrinsaié bafrst mode
operation, the conbination therewith conprising: a processor operable in a
bur st nodesighals from saidrprogessomingm pipelingtbsighaly) fornepepatingeacb memory Icentoolder, t he
means including |ogic neans for converting sjignals fromthe processor
during t hesaiddegic mngas spmpHsing: i first means epegatiye dn gespprscy seifeARSptignale androde

he yst enRrh GeviaeF 0BG ARl PoeBd SE® oF Sl ARGIESSEY dTA HEs FeEEpR T y

ol ai o | nEGTEFn St L38) 3P ORHF G S IEoh, o 5o Fap i i8S HeERrD:

P e codheotlh 37 SRIPHoRGR e GG adbiohs B SHTTRR pobfl NP BhuBlG s
transmitted before corresponding addresses in said second series are generated and
transmitted by said processor, said first means being further operative to generate a
series of MISS1 signals signifying availability to said memory controller of said second

series of system addresses.



'receive the address and the strobe si gnal and in responge therﬁjgt 1997

each cache line containing a predeterm ned. nunber of data itenms. 4. A -

conputer systemras ctairmed imclaim1l or claim2 wherein: the processor is

operable to i t nmode by outputting an add S—~Of oISl
data item stH“m mm“ fm Eﬂﬂm menory and ,an address strm SHEET
th 1

I ndicating the a ressni s va e | 3g| c nmeans bei jg{opera

outputting onto the bus during successiggamys! es. addressrs of ‘
predet ermi ned nunber of additional data iItens reI ated t¢

item 5. A conpubBpuRy S¥sesth icBmptiging? 4 Wherein the systgmincludes a menmojy
control | er operably connected to send signals to the | oGl c TEams™ g
the addresses afprotessereopieraladd in 4 berssmodad t he | ogi c nmeans is operable to
output to the nenory controller the addresses of the predeterm ned nunber
of additional daysiecmtmegoryg. A corrput er systemas clainmed in claim5
wherei n each address conpri ses predeterm ned nunber of bits, and wherein
the | ogi c meand bysspemblein @pmebn@t mede feretransferring da@adhetwean; thg procgssor aandi ng
the predeterm ned nunber of data itens, and the logic neans is operable to
generate ndl BEMOTY:or each succeedi ng dat a item which new bits are

characterised in that, for the processor being operable in a burst mode in the
system, the system further comprises:

- logic means for converting first signals generated by the processor operating in the
b.urst mode into second signals defining the pipelined mode, and for outputting the
second signals onto the bus to the system memory whereby data items are transferred
from the system memory to the processor during successive clock periods.

2. A computer system having a system memory and a bus for transferring data from
the memory in a pipelined mode of operation, the combination therewith comprising:

a proceséor operable in a burst mode of -operation; and

means connecting the processor to the bus, the means including logic means for
converting signals from the processor during the burst mode of operation into signals
defining the pipelined mode of operation, the logic means oufputting the latter signals
onto the bus to the system memory whereby data items are transferred from the system
memory to the processor during successive clock periods.
3. A computer system as claimed in claim 1 or claim 2 wherein:

_the processor is formed on a chip; .and the chip further comprises a cache, the
processor being operable to fill the cache one cache line at a time during the burst mode,
each ééche line containing a predetermined number of data items.

4. A computer system as claimed in claim 1 or claim 2 wherein:
the processor is operable to initiate the burst mode by outputting an address of a
first data item stored in the system memory and an address strobe signal indicating the

address is valid;
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conblned with the-—certain ones ones of the bits, to formthe]la

next data item 7 nwum]stem as cI ainmed in any |prjece
wherein the chi pL!“ “‘\m croprocessor. 8. In
ressabl e

. system having a em yrerfor y corrprlsmgI multiplicity}o
, bus neans

menory | ocations for storing a nultiplicity of data ite

i ncluding a dah@ldpadé heafd BERE WpetdlS R fécéiyékmmraﬁdf S
into and out of sald system nenory, and a nenory controller conhnecte

sai d bus nespossernherb® RYPUNEIAoUE the) HueSOENRE shctesstweicytley addressss 6fnl es
of pipelined system addresses on successive bus cycles to convert each

syst em ad@redsteriminal sumberreydditidinapdate itemy related esthe dirst datamitemi t each such
menory address to said systemnmenory for reading a series of data itens
from sai d SsystAegomphisr\systam i1 elaimdt wiereird theasyisteaminchides ai menary Cpattmllm'n
successi ve bus_cycles whereby the first data itens in said series is_placed
on said dopsrapht ﬁomecg@ tqonfi,cnafstlwl% ke the; logic,means; Feguesting tthe addrssses 0Ty the; r st

aher aby s BEH SAJR B0 D id, egin 5 opetahlE o et e Sepricty sopirpller ther o
| h di f

pr eced; ng RS o8 1 w3 RkErPRaE mhyBRES! fdifinaf G HemEcr Loces wi ¢ h data,

sai d memigy CoNtiotelr Bitddd dsUbaiifidd R idh $CwhSreR 8P 28dss comprises a

predetermined number of bits, and wherein the logic means stores certain ones of the bits

for use during transferring the pfedefermined number of data items, and the logic means
is operable to generate new bits for each succeeding data item, which new bits are
combined with the certain ones of the bits, to form the éddress of each next data item.

7. A computer system as claimed in any preceding claim wherein the chip is a type
i486 microprocessor. ;
8. In a data processor system having a system memory comprising a multiplicity of
addressable memory locations for storing a multiplicity of data items, bus means
including a data path connected to said system memory for transferring data into and out
of said system memory, and a memory controller connected to said bus means and being
operative in response to receiving a first series of pipelined system addresses on
successive bus cycles to convert each system address into a corresponding memory
address and transmit each such memory address to said system memory for reading a
series of data items from said system memory and placing such data items on said data
path on successive bus cycles whereby the first data items in said series is placed on said
data path at a time after the time when the first one of said first series of system
addresses is received by said memory controller and whereby said system addresses of
data items subsequent to said first data items are received by said memory controller
concurrently with reading of preceding daﬁ items so as to provide pipelining of

addresses with data, said memory controller being further operative to generate a



{REXLACEMENT SHEET|

ng

14 pluralit | rol signals for requesting gideliné a
by said fi ri”! H mm’em addresses and of BURSTRDY dont rmﬁéigg@pl
i ndi cating wWiene s'save been placed on said datg gath, the _

conbi nati on conprising: a processor operable in a burst |ng
to read said series of data itens from said system nenorly, said processor
| acki ng npRefty Off RAT ACHENSbritfol siggxafseﬁp%hiﬁsﬁ% ppklnd\ fingS b R firste
processor bei ng connected to said bus neans and operative to generate
during easdridswrsystemedddidseds adcbft BURSTRD Yosont® gighals indetingavignuda itkis Of
burst node signals conprising: a single control signal (AD%) for initiating
sai d bur shaveobken plagedonadaid gate patho titer amtinagioalcompeifingt ng a bur st request
and including a BLAST signal for controlling term nation of said burst

mode, and a se@EoerEssurapstabls insg bursinmaederaf pperation 4o redd,said) sefias ofi dataritens be
read, said addresses in said second series being in a, predeterm ned order
that diffEem $aid Syem Jpernary; said precessordarkingpeans to gecsig aidiachin regponssdes

and non-se j.al dresses: .sai d processor being further operative to
ecel ve st NARB Ry SleRgRaruid BiireuBr G52 aanurciaofhsakt by el 208 CREYS
nto sai di Pl oLeoR Ofurkdy LRAPABS obactdt ShPHERHEP s ol BL ineans a pluratity of

burst mode signals comprising:

a single control signal (ADS) for initiating said burst mode,

a plurality of control signals defining a burst request and including a BLAST signal
for controlling termination of said burst mode,

and a second series of system addresses identifying data items to be read, said
addresses in said second series being in a predetermined order that differs during
successive burst modes by being sequential addresses and non-sequential addresses;

said processor being further operative to receive said BURSTRDY signals and
strobe data items from said data path into said processor in response to said BURSTRDY
signals;

and converter logic means connected to said bus means and being operative to
convert said burst mode signals from said processor into pipelined signals for operating
said memory controller, said logic means comprising:

first means operative in response to said ADS signals and only to the first one of
said second series of system addresses from said processor to generate said first series of
system addresses that are transmitted to said memory controller with each subsequent
system address in said first series being generated and transmitted before corresponding
‘addresses in said second series are generated and transmitted by said processor, said first
means being further operative to generate a series of MISS1 signals signifying
availability to said memory controller of said sécond series of system addresses.

9. A data processing system in accordance with claim 8 wherein:
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and converter;l!!\im“i !ﬁ m“m\nect ed to said bus neans EREPIMEMENBGS{EE’M

to convert si gnal s from said processor{ijnto prperine
signals for dj ard menory control ler, said |odfci neapgge i 4i fg:
first neans operative in response to sajd ADS signals d only to the
one of said second series of system addresses from sai{d
gener at e sai dsdid pRdceSsoF iisSforRkd onel @ip;addr esses that arfe transmtted to dai d
menory controller with each subsequent system address Th said T1T3U SErres
bei ng gener atad said ¢hiprfarthért esimprifesr cacher v di plgradicyd of Saele ilifes @ach
second series are generated and transmtted by said processor, said first
means bei bayiigiatdapacitypter stoieva predetprminest sumbes eofi data @tbmb) €6d psogpssursbeing
signifying availability to said nenory controller of said second series of
syst em adeiresatiesto Gl onescaghe dingras retinerdpringssaidhbusst mode rin aseerdapcehwithed m 8
wher ei n: 15 _said processqr is fornmed on a chip; and said chip further
conpri sesca&h%a@ﬁes?%\?f‘??g 8219| BRI P@n%fa Ao COTTRIRONAING, Ith JUMRET 4t 534k t y

t t det i ned ., Of .data |t id bei
oper at1 e TEReERIER RRRBRL LGRS s i o€ ok WidRicpdnee, o bur ot moae | n

accor dancgy W kN8 processing system in accordance with claim 9 wherein:

fir st

said cache fill sequence in each burst mode operation is for data items located at
sequential system addresses or at non-sequential system addresses dependent on the

system address in said series of the first data item being read.
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cache fill sequence, said series of data itens corresponding in nunber to
sai d predeterm ned nunber of data itenhs in one of said cache lines. 10. A

data processing systemin accordance with claim9 wheg : id cache f| |1
sequence in each burst node operation is for data ite Lgtgm
sequential system addresses or at non-sequential systpnjageres Jaafpendent
on the system address in said series of the first dath ten} BEICnﬁﬁe d.
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DATA PROCESSING SYSTEM WITH MEANS TO CONVERT BURST
OPERATIONS INTO PIPELINED OPERATIONS

ABSTRACT

A data processing system includes a microprocessor (12) operable in a burst
mode to read data from a memory (24). The memory (24), its controller (20) and
bus (22) are operable in a pipelining mode; Array logic is connected between the
microprocessor (12) and tﬂe remaining elepents for converting the burst mode to

the pipeline mode.

FIG. 1



