22503117 METHOD OF TRANSFERRI NG BURST DATA IN A M CRCPROCESSCR FI ELD OF THE
I'NVENTI ON 5 The invention relates to the field of sem c%

m croprocessors. BACKGROUND OF THE INVENTi ON 10 The present

i nvention covers a q Bhr_.r ‘ ﬁ é ! h par ated Jin the bus

I nterfacing unit of ke B

m croprocessor, frequently ref er rMIBB@BBQ@ESzSIBH\/I processor. The 486

m crogrocessor is an inproved vefSton of tne 1ntel. 80386TM ni croprocessor
(commonly ref erred to as the 386TM processor) 15 which includes a 32-bit
I nternal data d | o] mfor t he 386 processor are described
I n numer oug p essor al so includes an on-chip nenory

managenent “unit. This uni t provi des addressing to, for exanple, a cache
menory, DRAMS, NBSSri @Uafifon etaesT&tﬂméome%‘t%@ﬁuémmr:tobqﬁcrdbrééusaors
application further I ncl udes an on-chip.20 cache nenory as well as an
on-chip floating point unit. (InteI 80486, 486, 80386 and 386 are
trademar ks of Intel por at i on. bus requests that require nore than a
si ngl e data cyAS 2190, JNVENHRIMNccept burst cycles instead of
normal cycles. A burst cycle transfers mul tiple bytes of data across the

b duri | f f bi
data i temfoross a B wp%‘dé%@w&%?émaﬁﬁ@eﬁpur%d GFelps. cach
g7 U, cont ai g bohfE T i ¥id AdBing G 6P riEchrocasder ki) abhe) TS

used by the proceSsor o cOo nin resses subsequent
data bytes. Wiynhteh 8086 RIS brdlfes@é’rr %gﬁyﬂlyera?ér?é&f&ﬁtheswﬁﬂ known in the
field, 30 there renmmins consi der abl e debate over the nost efficient way of
orderi ng t he tprecedsors GthedtB86micfoprobessor isanémprovedversion ohthecimtelce of

addresses for the ?ﬁ quence of nmultiple data cycles. One vi ous choice
enpl oyed i n t H0386'™ microprocessor (commonly referred to as the 386'M processor)

15 which includes a 32-bit internal data bus; details of the bus for the 386

procassor are described in numerous publications. The 388 processor also
in_cludes an on-chip memory management unit. This unit provides
ad,dressirtg to, for éxarnple. a cache me_mory. DRAMs, mass storage, etc.
The processor_desc_ribed in this applicé_tion further includes an on-chip
20 cache memory as well as an on-chip fioating point unit. (intel, 80486, 486,
80386 and 386 are tradémarks of Intel Corporation.)
For bus requests that require more than a single data cycle, many
v/ microprocessors can accept burst cycles instead of normal cycles. A burst
cycle transfers multiple bytes of data across the bus during one long
25 memory cycle. For example, a transfer of a 128-bit data item across a 32-bit
bus would normally occur in four groups, each group containing 4 bytes.
The initial address (e.g., the first byte) is used by the processor to compute
the remaining addresses for the subsequent data bytes.
While the concept of burst cycle transfers is well-known in the field,
30 there remains considerable debate over the most efficient way of ordering
the transferred data. The burst order refers to the choice of addresses for

the sequence of multipte data cycles. One obvious choice employed in the



-2- past has been to order the data sequentially starting fromzero. For

t he exanpl e gi ven above, a sequential burst order fromzero would first
transfer the 32-bit doubleword (also called a dword) residing at address
zero. The next transfers would be to the dwords at addresses 4, 8 and 12,
in that 5 -order. Another past approach was to initially transfer the dword
that the user wanted to operate on imediately; then increnment the address,
wr appi ng around the cache |limne. This~&pproach is known as the w ap- aro_L@'

burst (ni bblﬂ%r, x t%enttﬁ%?éég‘?ﬁe Bﬁh%ﬂ?erﬁ%ﬁ}‘ﬁhﬂﬂgtfm 2¢r8E FéPffe VANtS 1O

access 10 dwor d representing.” the 32-bit itemstored at address '
12, e.g., dwxamplelgivercasovas ageduerngial burstidstdersisem z8rodwauld fickt transfer

respectivel y%é the received burst order would be 12 0, 4. 8_ In other
words, the dgB2:bit dewbleword (alsoscalied adwardliesidingat agdress7ere.of#8 ni ng i t ens

are transfery ' : i Al e ghpor d residing at
address 12 insegfrj‘é%%rféérrg]é@y%éﬁm%‘zﬁeﬂt%?g%%ge%‘%gﬁ?%’hg\t/\ords, e.g.,
0,4,8, ase ryedseted to fill the cache |ine even though they are not initially
referenced. The wrap-around burst nethod has an inportant advantage over

the burst from zAnetheepast@ppreach wagie initially trgnsfer the dward thatdhe uses 32-bi t
dwor d t ai_ni he data r.ef by.the | L CPU._ th | eti
the 20" bur S¥Eni o Sasialp Buimgrocialel g erme iy B ss. wilia ache,
However, a shélitid the ¥akhé! if\OTRIK approabfits kitvnisheWeadrddkl Bursiet hod cannot

be used to couple a 32-bit CPUtO a 64-bit nenory bus in an opti num manner.
The present (nibblemode)” transferseethed. aAssuming thatithet usey wantsite @asceasi or net hods;

provi di a fas d efficient nefhqd of. transferri d to an 25 -
Bl oned 1Pe g heord 4 ispieprung e B ATe Seirday afiest e aos o ¢ he L
rel evant da id 8. hivd 3 \ § 8 i cache line.
| nportantl yfd@([oﬁ']%sr%gv\? ‘%}l}?gtoﬁ%}r‘%g{r]g%ﬂg%%}% ?@d;gﬂgggﬁ%ﬁa@f mz;d332- bit CPU to
a 64-bit nemecejvdalburst orderdeould ba 1200,54) 801 Iniothprawdrds)thé dasimiddddta t r ansfer for
filling cache lines, the burst- order of the Jlo?res'ent i.nvention also has 30

advant ages itAm8rapsferad fist and tedpmainingtens agdeansiored in Figculdfst ens wi t h

sequential order. Whereas the dword residing at address 12 is referenced
15 immediately..thq remaining dwords, e.g., 0,4,8, are needed 1o fill the cache

line even though they are not ini:iélly_re'fékeﬁéed. o

" The wrap-around burst method has an important advantage over the

burst from zero method in its abillty o first reference the 32-bit dword

containing the data referenced by the intemal CPU, then completing the
20 burst with the rest of the cache line to fill in the cache. However, a

significant drawback is that the wrap-around burst method cannot be used o/

to couple a 32-bit CPU to a 64-bit memory bus in an optimum manner.

The present invention represents an improvement over these prior

‘methods; providing a fast and efficient method of transferring data to an
25  aligned region of main memory. The new burst order permits access to the .

relevant data first, then filling in the remaining part of the cache line.

importantly, the new-burst order supports the connection of a 32-bit CPU to

a 64-bit memory bus. In addition to supplying a high-bandwidth transfer for

filling cache lines, the burst order of the present invention also has

30 advantages in 486 CPU-based systems, and for use in future systems with



-3- wider busses and longer line sizes. These advantages are descri bed
later in the application. Qther prior art known to Applicant are the bus
signals associated with the Miltibus: |nc§ud| ng the Mul ti bus Il (Mil'tibus is

a tradenark of Intel 5 Cor oratlo tlonall , other rt known
Lo Appl i cant MIdSHRsSe ARSJRAR 5 Siset Thesendvastages araddssbeader (| | og

January: 14, 1 ’ﬁgp Mc@&(ﬁ "Hi gh Speed Local Bus and Data Transfer Mt hod"
and i nyeopendi aagg on, Serial No. 227,078, filed August 11,1988,

entitled M cropr oc?ﬁﬂ; %deﬁéﬂﬁ ?&RPH?”&& : ﬂi]ehbﬁg siﬁhh%fhébsla?eﬂsmﬁed to

the 10 assignee o I nven l'ow ng prior art
patents are kmmtibu%ﬁﬁbludmttheWtﬂtlb&llf(MultlHQS is 4, thatlRn?R of 4ntéll 7, 878;
4,442, 484; 4,315, 308; and, 4,315, 310. -4- SUWMMARY OF THE | NVENTI ON An

i npr oved ndt h&orparahon)stAdditianauyanme;rprioetanammntmmmat lmnwlyifbus of
line length L and a mcro%rocesso.r havi n data bus of 5 wdth W(where L

and W are nea$QPeeding applisatiqn, Sesial Noye 5$ﬁ3 filad Januaenl 4198 'eﬁ new

il Ting i tnetidlhapaERATRCERR Dad Tl A BHARE. 450 fb0dRding 2., e

formul a. Theaggphé‘a%o? sreﬁﬁF‘NEer@ﬁé‘ﬁ ﬁﬁé&%ugb%oﬂqgéé aérjiﬁe@’ EXCLUSI VE- CR ng

the initial ess rel'evant dat rtemrtirst accessed) wth
a bit patterns Epﬂo&h@ﬂiréﬁds’mmaveSUM'bemmﬁbh@eTabelghﬂdab thengt h.

Prior to EXCLUSI VE-ORi ng, the bit pattern is shifted left by LO& (W8) bit
posi ti ons¥0Al tassuaaawémq presentioyention: ﬁ:nherrahmloilgmugjpmm patemtde f or ned

by EXCLUSI VE- ORI kg the initial address w.th
. are known to Applicant: U.S. Patent Nos. 4 570 220; 4,447,878, 4,442,484,

4,315,308; and, 4,315,310.



N .
quantity (i - (W8)), where i again represents a bit pattern which counts
form15 zero up to the burst length (the burst length can be witten

mat hematically as ((L/W-1)). One fea_tgr_e of the present invention is that
t he sequence of addresses of the burst “sequence for a line of length L. al so

represents-twwwmf a new burst sequence starting at
the initial address for a line having a length of L - 2'. An additional
feature allows the user to 20 accommmdate different size buses. An exgiple

i s provided wher effimprayedmethod of hycst datatransies getwpen aeReMahenpry bus.

desor i pt | on S1enuari/Bin SRS Bhotn\ At Wi BhiboRRF RAY AR B2 P L2 Nes The
present i BVeRji&AW (WhéreReardWeairs nadurgaiebits)| is ebenbaed: hedet ai | ed
description given bel ow and fromthe acconpanyi ng drawi ngs of the 5

preferred enfropiovemeniciomprises anew busst ordgring-whiply pesreits acerssilathfot be t aken
tolimt the invention to.the specific enbodi hut for expl anation
and under st aﬁ?JFY?d'tgﬁﬁﬁe_"l‘—'f'ﬁgf'ﬁ%gi'g%%f S H%?é&@%(ﬁagésgﬁé)show ng the
various unitgetdiainglo @ pro®tiiBed foriidfa, "THY §311e8 ©F F6iRkining iddidfedses ke & bl ock

di agram of the bus interface unit of the mcroprocessor. 1 5 Figure 3

i |l ustrates yenefatednisy EXCLUSBASORIdg tha initiat hddress (lienghe iedevard dataof t he
addresses. Figure 4 ill ussrat es . waveforns, for an i urst cycle.

_ _ , _ terrupted
20 10F; damdirst accesred) with a bit patta FUBP@EF“BGPE'IE}S 08 g“ﬂ/i“? %a convoluted -
order of addygsS5Gstlength. Prior to EXCLUSIVE-ORing, the bit pattern is shifted left by
LOG2 (W/8) bit positions. Alternatively, the sequence of remaining
addresses can be formed by EXCLUSIVE-ORing the initial address with the
quantity (i - (W/8)), where i again reprasents a bit pattern which counts form
15 zeroup to the burst length (the burst length can be written mathematically as
((LbLW)-1)). One feature of the present invention is that the sequence of
addresses of the burst sequenca for a line of length L also represents the
prefix, or first part, of a new burst sequence starting at the initial address for
a line having a length of L - 2. An additional feature allows the user to
20 accommodate different size buses. An example is provided wherein a 32 bit
CPU bus is coupled to a 64-bit memory bus.
Other aspects of the present invention are described in the detailed

description of the invention, o



-6- DETAI LED DESCRI PTI ON A net hod of burst data transfer for a

m croprocessor is described. In the follow ng description, nunerous
specific details are set forth, such as 5 specific nunber of bytes, etc.,
in orderr to provide a thorough understanding of the preferred enbodi nent of
the present | B¥ARE ¢ : ANLOFOMIPUPRAWNGRE . to one skilled in the
art that the present | nvention nmay be practlced wthout these specific
detai ks, In other instances, well-known circuits have not been shown in
detail in order noY¥hé presantirveaton Will bdsndemstodd morefully éoenthe detailéd on.
OVERALL BLOCK DI AGRAM OF THE M CROPROCESSCR Referring to Fi g'ure 1, the

ni cr opr ocessofeseriptiopgivan helownandfrem: tharascempasyingdrawingseotdhesent
invention is shown in._general. hlock diagram.l form_The Jvi croprocessor

i ncl udes buE’q?ﬁ’tr%q PQ%@dUH?'P‘ é}éﬁmﬁ‘%ﬂg- %Wgr gawpgerasggglg} qotgfgt ernal data
bus 30, and agdi.ti : I I . . ot her
control i nes@?“v@ ﬁﬂ%‘é%@é@?#ﬁéﬁ“?é@%ﬁ?ﬁ%@? :3;&)@%?? H?é{%@??éféﬁ%ﬁéﬂ e the
term"data is . indicate information transferred over the
data bus. Thi gﬂlﬁn or}n%txri]%’ﬁ&%ggﬁi ncl ude instructions, 20 constants,
pointers, etc.) The interface unit 10 is coupled by address and data buses
to a cache nenory controller 12. Controller 12 controls the accessing of

t he cache nenory 1Eigurad isongeoerabblock diagragushewing dhe ivariausiusits thatner at i on
unit 14; a paging unit 13 is also coupled between the address generation
unit 14 ah® cg@@ URARe TBICIRRTO8ESSOr.For 25  purposes of under st andi ng t he
present invention, the address generation unit may be assuned to be the
sane as that used in the conmercially available Intel 80386. The
segnentation and pegiypg igid snoER'aiat?d?Smlat:ﬁb bRSIRRAES uRRTItheed 1N
copendi ng application, Serial No. 744,389, filed June 13, 1985, entitled
Menory Managemicropfopesbbrr opr ocessor”, which 30 is assigned to the

assi gnee of the present invention. For purposes of understanding the
present invention, the specific configuration of a cache nenory 11 and

cache conjgoller 1z 28 Ifillstrates waveforms for a basic burst cycle showing the

order of the addresses.
Figure 4 illustrates waveforms for an interrupted burst cycle.

20 - Figure 5 illustrates an interrupted burst cycle with a convoluted

order of addresses.



-7- inportant. Signal flow between the controller 12 and interface unit 10
I nsof ar as-needed to understand the present invention are described in
conjunction with Figure 2. Wthin the_ng' croprocessor instructions are
coupled to the instruction 5 . decoder unit 15. The decoder unit operat.es
with a cont RETAILED DEGGRIRTION ocode instructions are stored; the
controller 19 proqvides sequences of control signals for the m croprocessor.

The instruction decoger it . 15.is_sho coupl ed t trall. . the:w
outputs fromthe @ﬁ&]"&l?ﬁﬁ“rﬂr‘%‘%ﬁﬁ?ﬁq%‘%fﬁ'@ETQD??Féegagﬁ%r&?fﬁhﬁd'o the ™

m cropr oces AT ' ' H ' h e (ALU) which
perforns ALEF? lfjorv(:tlo g&ﬁdﬁgbg.l ﬂnﬁ%@”ﬁ%ﬁ%@?'&? gﬁtllﬁo%gggggf?{orﬁﬁggh %§ the Intel
80386. Tge rﬂpecmbrmwmt bytespeicndh wridsr 10 grovids iahormight understaddingor
performng floating point conputations. The precise configuration of the
unit 17 i s mdthe prefered embodiment of thepresemdnvantionallt wid ghobvieusa| ock

transfers 15 required by.the unit 17 and the cache nenory 11 provi ded sone
of the i npethPWeavsf tPI?é‘epgi%'EBH't’ Iﬂ??ﬁ@ﬁ'ﬁ‘dﬁ? pigRent [fveBYRN PaYR& e r ed

embod et s bASAWIARRESOINC AFRAL o dikP s EAIdEE2RER A Know

met al - oxi de-'s chnol'ogy an trcular, wth

conpl enent argfr e natd/Ral bb&F BROWR S defaliGn lorddt ndt 3¢ ShnBteskalNllordcupet ter are
possi ble with current CMOS technol ogy. BLOCK DI AGRAM OF BUS®I NTERFACE UNIT

The ] qo'cqnpcpneg&m inferitiba. bus interface unit 10 of Figure 1 are shown in
Figure 2 between the dotted Iines 53 and 54. The cache 25 <controller 12
comuni cates with the interface unit 10 through the bus cycle buffer 45.

Al nenory addO34EBALL, #IQCGK JUAGRAM | QRaTHEMICROPROGESSOB entered. .
e Tl RS SR, SR B Bt BB OB >
SO0l L2", s AR e BRSO G o i conert B 2 o
15 form. The microprocessor includes a bus interface unit 10 which is coupled
to a 32-bit external data bus 30, and additionally is coupled to an address
bus 31 and several other control lines as will be _describéd in conjunction
with Figure 2. (Note the term “data” is generally used to indicate information
transferred over the data bus. This information may include instructions,
20 constants, pointers, etc.) The interface unit 10 is coupled by address and
data buses {0 a cache memory conirollef 12. Controlier 12 controls the
accessing of the cache memory 11. The controlier 12 is coupled to the
address generation unit 14; a paging unit 13 is also coupled between the ~
address generation unit 14 and cache c_ontroller'12 . For
25 purposes of understanding the present invention, the address generation
unit may be assumed 1o be the same as that used in the commercially
available Intel 80386. The segmentation and paging units for the Intel
80386 are described in copending application, Serial No. 744,389, filed
June 13, 1985, entitled “Memory Management For Microprocessor”, which
30 is assigned to the assignee of the present invention.
For purposes of understanding the present invention, the specific

configuration ot a cache memory 11 and cache controller 12 are not



buffer is "4 deep, thus permitting data frombuffer 45 for four CPU cycles
to -8- be tenporarily stored in one of the four stages of the buffer 41.
The output of the buffer 41 communicates directly with the data bus 30.
Al so stored in buffer 41 and associated- Vi th data stored in each of the

four stages asrﬁprérkmglsgﬁamoeﬁsétweeﬁ_th@eomwmzaékHmadsmmm cycle type
and length. 5 The signals representing bus cycle type, etc., are coupled

from the decoitmofardasneedéchtosuntierstand tiee prasieat inventionl ateodesaribedsincycl e
mul tipl exer and decoder 42. The bus cycle multiplexer and decoder 42.
sel ects ei t hecopiBCURRIWitbsFiguehdd s, bus type signals, etc., (i) fromthe

buffer 41 (lines 3 or,. (iL) directl 0 fromthe buffer 45 (lipes 39)
ond 11 nes 56 The DUVBAING micpioRssar i BicyonS Aot gpunge 1€ the Muatey s

| atch 43. dhe h ' ' rmg ' -bits of
addr ess an% 4@?‘%&5&%‘5@{ Lg'egghl%tgsg?égﬁ\‘gws? &g{n&g‘ﬁ@qgl an ﬁ%‘gﬁkﬁrﬁ%ﬁnes for
the memory onmiéesds nsticeliondate storsdthd eohtrblier 19 providescseepienges 6f t he bus
cycle decoder 44 15 to indicate the type of bus cycle. These bits indicate
up to 16 diff eomtno! signals farfthbumsicropedcessos uThe instmetion deceder, unitetisy write,
/O read/wite, prefetch, branch, |ocked read, |ocked wite, wite not

fini shed, in-§hewnicoupled tarcantrofier:t9;dhe quinuts fropmthercantrolieciamcaupled pagi ng

control . for Gaeoer iRt ifRrrraiseas, Te HEEIN 1f o ety °
h i o . ik ) .
gg;?lrjt)lsl 2?649 'égﬁ'\t/égigf%'ngh yC é%ﬁ'ye%+%%gggﬁﬁﬁmrﬁt%§i tionto

several ot her pgHBHhEd bithd Irte8d3see descri bed. The bus controller provides
control signan on lines 57 to the various circuits in the 25 bus

interface unit 10 Thelmidropgocassobalsodneiudesiadlodting paint boit 1@yfor e nul ti pl exer
and decoder 42, latch 43 and buffer 41. The bus controller operates as an
ordinary st at fefaeningdloating point computations. The precise configuration of the

unit 17 is not critical to the present invention although the bloi:k transfers

15  required by the unit 17 and the cache memory 11 provided some of the
impetus for the present invention. " | '
The currently preferred embodiment of the microprocessor of F”ngure 1
is realizable with known metal-oxide-semiconductor (MOS) technology
and, in particular, with coinpleméntary MOS (CMOS) technology. Clock

20 rates of 25MHZ or better are possible with current CMOS technology.

N\ _ BLOCK DIAGRAM OF BUS INTERFACE UNIT
The major components of the bus interface unit 10 of Figure 1 are
shown in Figure 2 between the dotted lines 53 and 54. The cache ..

25 controller 12 communicates with the interface unit 10 through the bus cycle
buffer 45. All memory addresses, various control signals and all data to be
entered into external memory are communicated to unit 10 through the
buffer 45. Incoming data (read data path) is communicated directly to the
cache controller 12 through the interface unit 10. _

30 - The output data of butfer 45 is coupled to the write buffer 41. This
buffer is “4 deep”, thus permitting data from buffer 45 for four CPU cycles to



The bus cycl e decoder 44 provides the blast signal Burst |ast, sonetines
referred to as the last signal). This signal (active low indicates 30
that a mcroprocessor data request (i %ut or out put) will be satisfied at

t he next ready signal on lines 27 or - | NPUTS TQ AND COUTPUTS .FROM
THE BUS wrtv%mrmmstqredmenmfmefem glages °f ﬂmktéfef 41t HderRWPYtRfer f ace

hown I n Eﬁ&a@f@rﬁm&% Filbaieh ol Bk e efadthd SNSRI oot goar

bus. All et &id a£§o%.atw “husraa?@kiove& ffieadiFothB Iouesthbédaled ext er nal’

Ci rcwtry € m croprocessor provides a nenory address on the address bus
31. This adglgnais reﬁmaﬁﬁng thie ﬁlemnt addfessimenansy syciadype and léngth. byt e
enabl e blts Thet ree nmenory control lines 33 indicate read/wite to

menory, § nplhe signals mmnag\bys cyciettype, thmar@muplﬁd frqméh%tch f rom menory
vs. data re The addres er sta ADS a tive Iow si gnal
on line 22 %@aﬁw&hmzﬁﬁﬂet%@;&oﬂp ?&t oY F'El'.' T@Bfory cycle
requests by déébwligoprocessor generally require 15 32 bits of data read

from menory en to nmenory (larger transfers such as those associ ated

Wi th a cache menpqy/pgs E{Gb MuifSIeter @i lecodet 4206Blects Bhfer inacaddpgse Y my be

limted to an 8-bit or bit bus. If this is the case, the nenory

provi des ansigagisopus type sigraiisyleten (i) fronsth@ébuﬂar&!l (lifd=38) o ) divectly ne 35
(bus size 8) indicates that the transfer will be satisfied with 20 eight

bit trasf cremihe buffer ﬁﬂmgs@ﬁhand fines A6. é'me(cmutgf muttiplgxer@ndcat es that
e 1SSty 45 1 Bt B e kPR e Bl P
oo oL o Slabe okhs! ' ﬂmf | B0 e Whallegiagf o T 1 11
cache bus 31 and control lines for the memory on lines 33. -
Four bits from the butfer 45 are coupled to the bus cycle decoder 44
15 toindicate the type of bus cycle. These bits indicate up to. 16 diﬂerent types
of bus cycles, such as memory read, memory write, IO read/write, prefetch,
branch, locked read, locked write, write not finished, in-circuit emulator
(read or write), and. read and wriie to paging unit 13. The bus cycle typé
bits are decoded in decoder 44 and Used-to control, for example, the
20 muitiplexer 42, and to provide certa_in outputs such as the “blast” signal
which shall be discussed.
The bus controller 49 receives a bus cycle request signal on fine 55 o’
in addition to several other inputs which shall be described. The bus
controller provides control signals on lines 57 to the various circuits in the
25 bus interface unit 10 including the bus cycle decoder 44, bus cycle
multiplexer and decoder 42, latch 43 and buffer 41. The bus controller
operates as an ordinary state machine.
The bus cycle decoder 44 provides the blast signal (hurst {ast,
sometimes referred to as the last signal). This signal (active low) indicates
30 that a microprocessor data request (input or output) will be satisfied at the
next ready signal on lines 27 or 28.



menory. Certain data is designated for storage within the cache nenory.
EXternal circuitry exam nes addresses fromthe m croprocessor and

determ nes i'f a particular address.falls w thin address space designated
for storage within the cache menory. Thig Ls generally done for

I nstructions, 30 constants, etc., and not done for data which. is shared.

If extegnal circuitry det, ke h L S qieacCheabl e
that s, it should be stdﬂﬂﬁﬁﬁeibgﬁuﬁ%&%%%%ées% signal is
returned (active | ow) on - -10INTERFACE UNAT s18i gnal is coupled to the
decoder 44 and is ed_i.n nerating fhe blast signal. The input on |ine 23
Is an ordinary " hollfge.'%?laﬁg’ﬁe "{PH& Gﬂﬁﬁ@sdﬂeﬁﬁﬁ%uﬁﬁaﬂg?ﬁ" ﬂ%‘?f

acknow edgg. ' to hd ; i s i@ Qat s t hat

t he exter ngl @E@dlt%apoe erglaﬁ%{a%?}yt)eﬂfb@ f’?og’?ggésﬁfg&@%gﬁg’?g %?'té ent

syst em deadl ogKe 4! THY 44ta RE'BIORRNE2-Bt bidiRsclitRal Bdse AP321iAes BEthibus
external address status. Lines 27 and 28 receive a ready signal and a
"burst" ready typicailyl requirs @ecdanneetign td lexteenali circaltry. aThe aticropracgsiserl t o t he

bus cycle decoder 44. 10 BURST ORDERI NG For ‘bus requests that require nore
than a si ngl epmMidescg memonyraddressen the agdrespbus 81s dhisaddrass 6pnsistsr st

cycles instead nornal, .cycles. In es an taltemis strobed into
the 80486 pr o@égééf‘sgggfj?r%ﬁm.al%"é ﬁ%f’&?@'&fm‘f ﬂ@s'n&? ﬁqfﬁﬁév%‘??'yot her

cl ock proyjde P : . LN r t he data
itens in mrsgog%%lpg‘gs%ﬁbﬁgbﬁ%{‘ﬁ%@ @ﬁﬂb@g% "l@]%;‘/‘?éﬂai | gnea(vgi ea

(cor r espondi n@goholqibridxafiple| préfefctiiremahembiy . datifbdd). Ty ddgrass of
subsequent transfers can easily be calculated in advance by external

har dyar e gi vestdtiie(ADS) isnan adiiveclow. sihalom lren22 indicingttbatdhecaddiess smng an

external nmenory ?/s.tem.t hat can quickly fill a 486 internal cache line. As
previously st Bus@? isvalidr esent invention allows a

The memory cycle requests by the microprocessor generally require
15 32 bits of data read from memory or written to memory (larger transfers such
as those associated with a cache memory are discussed later). In some
casés. the memory may be limited to an 8-bit or 16-bit bus. If this is the - -
éase. the memory provides an appropriate signal on lines 34 or 35. The
signal on line 35 (_bus size 8) indicates that the transfer will be satisfied with
20 eight bit transfers whereas the signal on line 34 (bus size 16) indicates that
the request will be satisfied with 16 bit transfers. Lines 34 and 35 are
\,/ cbupled to the bus cycle decoder 44 and their use particularly for the
generation of the blast sighal on line 29 shail be discussed later in the
application. |
25 As mentioned, the microprobessor includes an on-chip cache
memory. Certain data is designated for storage within the cache memory.
External circuitry examines addresses from the microprocessor and
determines if a particular address falls within address space designated for
storage within the cache memory. This is generally done for instructions,
30 constants, etc., and not done for data which is shared. If external circuitry
determines that the data requested is “cacheable” that is, it should be stored

in the cache memory, then the KEN signal is returned (active low) on



programmer to retrieve a data item needed by, it,h,e:cur_lf,erit_i i nstruction as

fast as possible, i.e., as the first part of a burst transfer. Renaining
data itens in the cache line are retrieved in a manner which is optinmm for
any bus width |l ess than the cache |ivd0length. 25 In systens based on the

80486 CPU. imerd810TNisSygriatis coudledto theiddcodend4 andiisiused aagerbr@hgdi t banks
of menory that are nultiplexed down to the single 32-bit data bus in order
to neet thdhablasisignalrst timng for maxi num bus bandwi dth. Thi s neans -that

th temis actuall 64- bit ey that 3Q, i | tipl exed o

o’ acconodat > o TheRACE" g 53;1nan SeHDaNCBOK AighabARd the ARARLPE: o der of
to ate a-HieBHLRn e 43¢ PRIRIALARS MAAEREPS: “or der of
b e dier2ETE 4 AR SoHBdHce T oLl BnGUN b 28 (pdlabLhole) . L1 - TN

rel evants dvipdigstels'taat thetexterraltis isedbe imMadicidly flokede His Rsdonedot he next
64- bi t nei ghborhood. This ease of connecting a 32-bit CPUto a 64-bit

menor y/ bus prevemtrsystdm deadionk wilh alhenenquipment o thet bus.t Liper26i providesinect i on
of a CPUwith bus width = Wto an nory/bus that is of, wwdth = (2n) * W
where n is %[heﬂﬁf'@j@ldﬁ'eﬁ?es_téﬁb‘évlé?g?p%g ePIreceive gdeady signgl@dthena where W

= 32 and n g, J..oecondl v . Lt pekrmis L f ' | ne size L
to a mermryPBEFé iﬁﬁ 5'9%%'3}%5?%“:3%ng%g@héggargnﬂg%gﬁymgai@tﬂpéossi bly 10
different) psd eg@b debBBePYsst order of the present invention also supports
di spar afge I?nesﬁaﬂngt hs since, given a fixed bus width (e.g. 32 or 64-bits),
t he burst sequence for a line of a given length is always the first part of
t he burst sequence for any | ond@URSThORBERING assune |ine sizes are power

of 2). 15 By way of exanple, the burst order for referencing an
address that is Por busregoests that require gore $mn a singim dataeycld, thaus wi | |

generate th g SR S0t e A 5R 25Re b SREY Iitnddd St ABSa 5yt e 1108

In these, a new data item is strobed into the 80486 processor every clock,

15 instead of the maxi‘mum every other clock provided by non-burst cycles. In
addition, the addresses of the data items in burst cycles all fall within the
same 16-byte aligned area (corresponding to an internal 80486 cache
line), and the address of subsequent transfers can easily be calculated in
advance by external hardware given the current address. These combine

20 to allow devising an external memory system that.can quickly fill a 486
internal cache line. As previously stated, the present invention allows a

.

programmer to retrieve a data item needed by the current instruction as fast as xJ
possible, i.e., as the first part of a burst transfer. Remaining data
items in the cache line are retrieved in a manmer which is optimum for

any bus width less than the cache line length.
25 . ' _

In systems based on the 80486 CPU, 2 memory system must be built
with two interleaved 32-bit banks of memory that are multiplexed down to the
single 32-bit data bus in order to meet the 1-clock burst timing for maximum _
bus bandwidth. This means that the memory system is actually a 64-bit memory that
30 is multiplexed down to accomodate a.-'transfer “into the" 80486 CPU daia"pins.
The burst order of the present invention is optimized for this configuration in



continuation for the 32-byte I|ne i's shown in brackets). The top |i-he shows
the decimal address (nodul o 32) while the bottom|ine shows the address in
20 binary form 24, 28, 16, 20, [8, 12, 0, 43 11000, 11100, 10000, 10100,
[ 01000, 01100, 00000, 00100] A simlar exarmle is the reference to 4 nod

32: 25 4, 0, 12 10100,
10000, 111100, ﬂﬁb‘]&'ﬁ?@#@ﬁg@%ﬁé {)%Q%“'%&ﬁ" e meolrfing 10000
bur st “addr ess 3Pe|e@@nga§ru§noaﬁbé\nfwﬁt h@i'n&?fbahﬁs)q%fbéé%c%soéfth@ﬁ&kton of
the line I'ength L and bus w dth err < (err)

where i 0, 1,..64Uif Weighbdrhood: 12 - As can be seen fromthe above

equati on, the series or sequence of addresses is fornmed by EXCLUSI VE- ORI ng
t he ori gi nal addressTbl@aﬂSﬁiOf&ObDQC‘lma 32:bitt GRY te @hd-bit mamerydus up to the

b t | t -1 XCLUSI VE- OR t ,
Phe bi t ot 15 nOPESEHFed B woensiops. Fizet,  RaZs °s9r? SO A erUm |

O
byte %?)esses b AR, Y @'y RGBT bl G, 26 0. "f‘%éﬁiﬁiv?e
formila is basefgger *ﬁd%\@fa@ﬂ&eﬂﬁgfr%%'tﬁg pnbﬁomengme%wiaés&a wor ds

are addressed by the processor, then an alternative divisor should be
substituted (e.g.s1." 186gondly;ittgeemitasbndéttioaoi TRy withHind2sizend U to=d 28, so
that the sequence of addresses was forned by EXCLUSIVE-ORing AOw th the
sequence runni nGremmenbyswithglinesrsize = (M)  Woavhese m again is a (Ressihly by LOGR (4)
= 2: 00000, @018&{@ %’éfr@" 01100, [10000, 10100, 11000, 11100] 15

Al ternatlveT ?ﬂﬁ'st ordering may be achi eved through the

W The burst order of the present invention also supports disparate line
lengths since, given a fixed bus width (e.g. 32 or 64-bits), the burst
sequence for a line of a given length is aiways the first part of the burst
sequence for any longer line length (assume line sizes are power of 2).

15 By way of example, the burst order for refersncing an address that is
24 mod 32 (e.g., 24, 56, 88, . . .) on a 32-bit bus will generate the
sequences of addresses for a 16-byte line and a 32-byte line (the.
continuation for the 32-byte line is shown in brackets). The top line shows
the decimal address (modulo 32) while the .bottom line shows the address in

20 binary form. |

U i _ 24, 28, 16, 20, [8, 12, 0, 4] |

11000, 11100, 10000, 10100, (01000, 01100, 00000, 00100]
05 A similar exampla is the reference to 4 mod 32:
4,0, 12, 8, [20, 16, 28, 24] _
00100, 00000, 01100, 01000 {10100, 10000, 11100, 11000]

From these exampies. a mathematicai formulation of the burst address
30 generation as a function can be derived as a function of the line length L
and bus width W. o
A=Ay ® (i<<LOG2(W8)}) wherei=0,1,...(L/IW)-1



following algorithm (err) 20 Using this algorithmthe initial

address referenced (e.g., AO is EXCLUSI VE-ORed with the product of the bit -
pattern sequence (e.g., i=0, 1, ..._GL/ W -1) and the quantity (W8). It

I s appreciated that both al gorithns aél i eve identical burst sequences.. From
t hese fornul at i Asgantbe seenivorathe abave bquationyithee setiessonsauendg dihe sequence

of addresses for burstin I ne length L is the prefix of the

| 25 f
sequence oﬁd%éﬁé%'ﬁe@fmeg bt?rﬁ&@l-wél\éﬁ%ﬁiegme pegigahaddress Agrwith Ihus, t fra.
t i t] t h f.al ' th ] d mat Cr
B Frerent | bl RahemaB&odutls BORFEO Ymdb fp hitet BaatELAR) 17 #8f 4800, rmrer
K i 190, Jh& . . X d dat
Craneter oS EXERUSIVEIDR ifatbhii.os ) the Bit ppth isdhfiod I3k 1.0 Mo oMb urat

order f®r acgf)dy ahiamount édualitodiOG, ¢WV/8); wHare W amdde ar@ineasumstyer | i ne as
previously discussed. The ability to m x and match different |line sizes is
- 13 - . exinrbitssinpt bytesranshaddsesars amdiyte rddiesses.x Alsos itds @aprrciated '
menory/ bus_line size 4.t Lcroprocessqr field To shqw that this burst
Cequence. stis i G fBrus'Jo the APys FEEE Bbaserian bauss GUBIS we mist oxpand
the fornmul Ldent f S t1.8d e gl e cycle. For
this, the %%@%Flg'gﬁ (%#’ '%%té%%lggﬁgtégbéggjffaerg épog?éés(raén%gre rt?rgcééségg, This "range
expansi on' tHepkdibakdriafive divisof shblig b"eséi.lﬂsﬁ%ﬂr&é.". =$8").! Pty Rt ous notati on,
since they both correspond to the bus width. The'range is indicated by the
not ati vl Lexariple, W = 33 ayrd\ici128)\bee that tiveselqience of addrabdes wasof the first
byte in the transfer, and H ghAddr is the 10 address of the |ast byte in

t he transf @rmediyZ\EXCLUSIVE-ORing\Rewith Hiesequensa rupajnadwem Bde3 [or pating in

the transfegy. Jn the .casg f a, 32:bi Js, this would be denoted as the:
range bbbog'.shﬁ'ﬁglleﬁ(‘t%arﬁ‘fbw Eééliye"'g=§fngl e data cycle on a 32-bit bus.u
Using the previous exanple of a 32-bit bus and a 128-bit [256-bit] Iine,
the follow ng s@gyEHCE816Y, 1900, 01100, (10000, 10100, 11000, 11100]

15
Alternatively, the same burst ordering may be é_chieved through the
following algorithm:
Ai=Ag @ (i (W/B))
20 Using this algorithm the initial address referenced (e.g., Ag)is

EXCLUSIVE-ORed with the product of the bit pattern sequence (e.g., i= 0,
1, ... {(LUW) -1) and the quantity (W/8). It is appreciated that both algorithms
achieve identical burst sequences. From these formulations it is obvious W/
that for a given bus width W, the sequence of addresses for bursting a line
25 oflength L is the prefix of the sequence of addresses for bursting a line of
length = L « 21 Thus, the present invention has the property of allowing the
user to mix and match different line sizes. Instead of having a fixed 128-bits,
the programmer can work in a system that has 128, 256, 512, 1024, etc., bit
lines and data transfer along the bus still works smoothly. This is because
30 the burst order for a short line is the prefix of the burst order of a longer line

as previously discussed. The ability to mix and match different line sizes is



15 00000 ... 00011, 00100 ... 00111, 01000... 016421, 01100 ... O1111,
[10000 ...10011, 10100 .. 10111, 11000...11011, 11100...11111] Using a
64-bit bus and a 128-bit [256 bit] Iine we get the sequence: 20 00000...
00111, 01000... 01111, [10000.. 10111, 116Q6--.11111] This illustrates the
key advant age oémémelynmwon&mtmta)metmlssrta m@domamaza ton meaony/busfmensies sor
system._nanely, the nethod natural |y accommpdates m xtures of |ine |engths
and bys’ si zes. i NeIPISHRPPERRSOr Bldt hs are easily accommopdated since the

Phe prof it .C: ?fartfﬁé{ 3@’?% ‘Mﬁrfsﬁﬁgﬁi%éﬁ'ﬁ?sﬁ%fg%ﬁ%ﬁ %%!{ég%?%%f
starting at t heqtaeiapdheSae rAlst 8atd 110 bAAGA, Id¥Aiiy fheaepusol 30 tvo
engt ¢ &fiis) SRgand

(that is the line ustrat ast

exanpl e, di f§ er gahsforraduh digimgiecgcloAFor Yhis OmB| mthtioni ofeesddientedidpre for a
narrow bus enconpasses ‘the data range transferred by a w der bus. A bus of
wi dt h W uses t hpef {rassfef tsu.rsedyéﬂl’@s raogqmspanqmn‘h&esﬁgee inf thachits “shifteadbus of

wi dth 4W and a bus of width 2Wu cles to pick up the
same data wher eC¥R{CRYINe REePUS H@aﬁw-bﬂ%cﬁamﬁsb% °GH¥%PQ’W tortbe S| widih at

it 2& e it 1 on” %F%Ebé‘%(%sc%\"é&‘t@fﬂyﬁ?% Egﬁﬁg?ge 55‘*%8{ WP Beanri bed
above s via Ungorel o B MeldI8RN ho Bish oyl né'y aﬁsfu.s%d {ghRdCRSo ! hat

the signal is ac Ive IS pin1n tes a urs ready~to the 1 nvented

m croproces$or . ab@fess!df 16e/ RIsEbyteiAthe BansTer, Mathoall Bjtes befvebn LowASdr aty ed
acknowl edge and halt, this pin has the sane affect on the 80486 10 as the

nor mal ready (RBtg!)AqdrrpamM‘Bimgeanudnsfarrdsﬂmsasam aaaa-cbnansbtms cycl e,
t he\wi croprocessor expects that the external neno systemis

would be denoted as the range bbb00...bbb11 trgnsferred by a single data
cycle on a 32-bit bus. Using the previous example of a 32-bit bus and a

128-bit [256-bit]' lihe, the following sequences arise:

15
00000. .. 00011, 00100...00111, 01000...01011, 01100...01111,
[10000. .. 10011, 10100... 10111, 11000...11011, 11100...11111]
~ Using a 64-bit bus and a 128-bit [256 bit] line we get the sequence:
20 '

00000...00111, 01000...01111,
{10000... 10111, 11000...11111]

This illustrates the key advantage of this new method of bursting data
25 in a microprocessor system; namely, the method naturally awomh:odates
mixtures of line lengths and bus sizes. Different line lengths are easily
-accommodated since the burst sequence starting from any address Ag for a
given line length L is the prefix (i.e., first part) of the burst sequence for the
_ sequence starting at the same address for any line length that is a power of
30 two (that is the line lemgth = L* 2 ).

As illustrated in the last example, different bus widths are easily
coupled, since the sequence for a narrow bus encompasses the data range
transferred by a wider bus. A bus of width W uses the ﬁ_rst four cycles to
pick up the range of data in a bus of width 4W, and a bus of width 2W uses



performng a burst transfer. If both BRDY# and RDY# are returned in the
sane clock BRDY# is ignored. The fastest burst cycle possible requires two
clocks for the first data 15 itemto be returned to the processor.-wth
subsequent data itens returned every €léck. Burst cycles need not return
dat a on evetwo cycleskio pick upitbe samecdataowharel dachrdyglesafritbd @W s gickso t he chip
when either RDY# or BRDY# are active, Thus, BRDY# need not be generated.
every cl ockUp &atain-ene eyrie nat the bupef N‘F&hé’gcﬂ‘f-‘ﬁdm'wqw&‘%rst transfem,
the BLAST# pin 20 indicates whether the burst will end on the next redwy.
"The m croprocessor drives BLAST#ai [ ' he cl ock BRDY# is returned to
I ndi cate nore data cycles are nﬁ%gg‘?a#yé?g% |l ete the burst. |If BLAST# is

dri ven agtive i nrhdinsbARKaIOA o BBRY tycsiry burkd BidBig ndipdg s er has

conpl eted, and the mcroprocessor wll elt drive out a us cycle, or

the bus wil Hegmibed abiovbds vidi the burstoreBty BIHOYW) pin, (Thea¥ fsselditon of 1 he
cache enable (KEN#) pin and the bus si-zing pins BS8# and BS16# i nputs

sanpl ed i n indicape that shes signakis, active\fw). | Bhis pin indicates a burst réadysto thieock of a
bus cycle, ‘and is Sl%twﬁpl ed onl y#' n tlhe second and %tébsequent -cl ocks when
RDY# or BROWR¥ented micropregessqs For all hateannat DePUrAteds 884 or pref et ch,

oscr eq. <P gR aRkAqRB6oP wERHAYS ViR BR3Rl ahBR APHR 4500

cache fig !, ak fife hoitdl réady2(ROYH HIRL WREH rétlfiakdn ?&g;fo?@a(tﬂi%&sfa'afe addr ess

sent out by the m croprocessor Wth the exception that a yte enabl es

shoul d be t eyale, the nieroprocessor expedis that eheexterial isembst dysterhlie ext er nal
system responds with the sequence of 5 normal bus cycles or with a burst
cycle. An epedgminga bunst teanstar Atbath BRDY# and R4 are tedurdeddin theed in t he

previ ous section,i awn in Figure 3. The vertical |ines 80 through 85
r epr esent tﬁ%m?iqlﬁg‘ éﬁ%i'ﬁl’gqq{g&r nal clocking signals occur (e.g., 25

Mz). The fastest burst cycle possible requires two clocks for the first data

15  item to be returned to the proceSsor with subsequent data items returned
every clock. Burst cycles need not return data on every clock. The
microprocessor will only .stroba data into the chip when either RDY# or
BRDY# are active. Thus, BRDY# need not be generated every clock for
burst operations. During each part of the burst transfer, the BLAST# pin

20 indicates whether the burst will end on the next ready. The microprocessor
drives BLAST# inactive in the clock BRDY# is returned to indicate more
data cycles are neéessary to complete the burst. If BLAST# is driven active \J
in the clock that BRDY# is retumed, the burst transfer has completed, and
the microprocessor will sither drive out a new bus cycle, or the bus will go

25 idle. Since the BLAST# output is a function of the cache enable (KEN#) pin
and the bus sizing pins BS8# and BS16# inputs sampled in the previous
clock, BLAST# is not valid in the first clock of a bus cycle, and is sampled
only in the second and subsequent clocks when RDY# or BRDY# is
returned. | - |

30 When initiating any read or prefetch, the invented microprocessor

presents the address for the data requested. As described above, when the



The waveform for ADS# indicates that after tine 80 the mcroprocessor 10
provides a signal on line 22 indicating that a new address is present on
address bus-+31. The address signals are sh _Wth the new address signals
becom ng. valid as indicated by the transition 86. Note that in the case of
Fi gure 3 the ca@0486rprbtessor coivere:a cysle intoghcache §ill; ¢ha st gdata iterm returmet or e
the first BRDY#. This has the affect of 15 transforn ng the ext e[.lnal dat a
cycleinto a nulshopldbcersaspongdp ehe aderess Sent oytrby,HheMISIORrecesSOE With 1he e

Teady (ol tner risresppon s s AT S0 Ak sEBRIRERRAR, Tl S
before the fi rstrem%pg}h@tﬂerrgg@ \%ﬁgm%ﬁg}g}q ?@ggﬁésswitﬁ%é SequdneB®A into

the m croprocessor at time tive |l ow. The BRDY# pin

i ndi cates thgt tdpemaxbesepties s wiihm ddarspicgelented valid data on the data
pins in response to a read or that the external system has accepted the

i croprocessor data iAn exampplesd the ordeingtof busst asidressen @sdsiaserbeminghpt ens
dto fill th h ot f t L 83, 84 85. T b t
order used to { RIRGPUR SERUOMIS ShoyD in Fioetch.oiTBe erisebtes B9 ShBiglAB00l ow i n

Table 1. F | L. th [ .ad . . h
addr esses 1 ¢ ndoBUrRert e gk = Bictifgina SR Spnalt ot e bl 28Mr2).
notation). Cour t‘ﬁ'@eAgawﬁhﬁgar EbS%tin&QQ8§ that after ﬁﬁ@ﬁ@ﬂ\ﬂi&@ﬁr&cessﬂh' rg

Addr ess. r ess

C4 10 prolides a signal on line 22 indicating that a newtadtiress is presenton C
0 4 C 8 4 0 10

The sequences shaddressbusBll e Theasdsessosignals asy shewn wighithe aawnaddrgsges as

wel k_as systens with 32-bit buses. The sequence. appl.ies.to all bursts,
rega\rﬁl ess of whHEgmRs WW}S@’W%W’EW‘EEY%’PB ?@Rg'h"'?' t a cache line,

Note that in the case of Figure 3 the cache enable pin (KEN#) is
bought active low at time 81 before the first BRDY#. This has the affect of
15 transforming the external data cycle into a multiple data cycle cache fill. If
" walit states occur, the microprocessor permits KEN# to change state many
times before the first ready (either RDY# or BRDY#) so long as it settles
~ down before the clock before the ﬂrst'ready.
Data from the initial address, Ag is strobed into the microprocessor at
20 time 82 when BRDY# is active low. The BRDY# pin indicates that the
external system has presented valid data on the data pins in response to a
read or that the extemal system has accepted the microprocessor data in
response to a write request. The other data items used to fill the cache are
transferred at times 83, 84, and 85. The burst order used to transfer the data
25 in the microprocessor is shown below in Tab_'le 1. For example, if the first
address was 104, the next three addresses in the burst will be 100, 10C,

and 108 (using hexidecimal notation).



do a 64-bit read, or do a prefetch. Furthernore, if BS8#/ BS16# is returned,
the m croprocessor first conpletes the transfer of the current dword before-
15 progressing to the next dword. Thus, a BS1 16# burst to address 4 has
the follow ng order: 4-6-0-2-CE-8-A .Sy nenory systens nay not be able
to respond-with burst cycles in theqNgeg §efined by Table 1. To support
such systens, the invented m croprocessor allows a burst cycle to be
interrupted at any time. In this 20 case, the mcroprocessor wll ™
automati cal | y HegeAddresenot SetondAuiredss CRliAftiesshi ch Fobaheaddesa!
system coul d respond wi th another burst cycle) to conplete data transfer.
This is galled an igaterrupted burat cycle. An exganple of such cycle is
shown in“Figure 4. Referring to Figure 4 to signal an interrupted burst
cycle to the 25 ni4roprocessor, fhe system need ner ely retur n8RDY# i nst ead
of BRDY#. This is sgown at tine 98 where RDY# i @ active | ow ang BRDY# is
not return valid. te that aftergRDY# is returngd to the m'craprocessor
that it imedi atel y generates anopher ADS# initiated bus cycle, since
BLAST# indicates that the data transfer is not yet been conpleted. Note

that KEN§ 30 nequen@iquBRcd<shtwieth @bld ¥ actemnidiatdd systerfigwathcasbe of the

second part of the transfer. This is because the cycle had already been

converted t dusesasiwsif ad Systgmsiwithf 32-bit buges.c Therseqaerchk applidsdo all
m croprocessor. Also note that in this exanple and in Figure 4 the first
hal f and t hdusssoregardiess of whether therpurpeseptthe burstiis to filligegacheiss, bur st

bur ot ¢ r ans {058 SR 19ad pf A6 A ArEletete o LT BER SIS obihedha:
conve! UL e, A8 fphlchsdbn et M Aa ety o Y Barindid i, Do T
S o A8, R0 o me RomAT. TSR BBTEY It st o (1S
following order: 4-6-0-2-C-E-8-A. _
Some memory systems may not be able to respond with burst cycles
in the order defined by Table 1. To support such systems, the-ihvented
microprocessor allows a burst cycle to be interrupted at any time. In this
20 case, the microprocessor will automatically generate another normal bus
cycle (to which the external system could respond with another burst cycle)
to complete data transfer. This is called an interrupted burst cycle. An
example of such a cycle is shown in Figure 4.
Referring to Figure 4 to signal an interrupted burst cycle to the o/
25 microprocessor, the system need merely return RDY# instead of BRDY#.
This is shown at time 93 where RDY# is active low and BRDY# is not return
valid. Note that after RDY# is returned to the microprocessor that it
immediately generates another ADS# initiated bus cycle, since BLAST#
indicates that the data transfer is not yet been completed. Note that KEN#
30 need not be retumed active for the first data cycle of the second part of the
transtar. This is because the cycle had already been converted to a cache
fill by the first cycle generated by the microprocessor. Also note that in this
example and in Figure 4 the first half and the second half of the transfer are



100. ADS# is reasserted at transition 107. If the systemreturns BRDY#, the
m-croprocessor wll next request/expect address 1 OC. Thus, the correct 10
order is detrermined by the first cycle in_gbz/e_transfer i n accordance with

t he di scussion r rdin [ arderi t fl le in
the burst if théﬁg@s"%ﬁgrﬂw@}%@ G Bfion Ak Bty A8 b, | R dohShadentl

di stingui sh the gi; ' f : bRsH ST#
during”t he previégd'gt%éryg?r@ S&kpg%ﬂéfgg’gttﬁ?ts'pngn ﬁsegfe%é%% tgﬁ?’%%, ?ader?thée\r nal

har dwa 15 w sSvesewhatndonvoldtedd t h BRDY and generate its own burst
addresses, since the processor always supplies the correct address for all
parts for burst. BurdAn eyample of acenvoluted ordaris shewadn Bigwe B6-Butingthel es i f
BS8# or BS16# are actjve, [N this case, the burst cle ulg stretch to 16
data cycles Rongachadingdil, ibe micoprogessisreguests esbsa}@fgg the system

cycles 20 are A LS ‘ tdieq{d Croprocessor
on the sane dat g%fqrhgyf%if%saﬂﬁogs 'ggftgﬁbxﬁq éﬁ@?p@g'ﬁ;hg%ﬁeugr)hg I n a burst
cycle. Al'so, notgickditbeessdr Will 8rivid ol & NeW feBSIEBY asEbRINGPADSH fPaddreas
could be read into the m croprocessor as four 8-bit burst data cycles.
Simlarly, a sinf0 RDSKiis retsSened attransilich H@7.wWifithe systam returns 8RDY#,hbe st
data cycles. 25 (Burst wites can only occur if BS8# or_BSl 16# is
asserted). Thus,migrepracesaonwill pexirequest/axpest addrass 1PCn Thustheearrect (err)
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o e TSR o by Eiar P TR O R B R g o
sel &cling an origirgek trifsystér mixes RDY# with BRDY#. Extemal hardware can
distinguish the first cycie in a transfer by noting the state of BLAST# dﬁring
the previous cycle. Of course, this is necessary only if external hardware
15 wishes to mix RDY with BRDY and generate its own burst addresses, since
| the processor always suppﬁes the correct address for all parts for burst.
Burst cycles can also be returned as 8 or 16-bit cycles if BS8# or
BS16# are active. In this case, the-bdrst cycle would stretch to 16 data
cycles long. The sequencing of addresses is the same as if burst cycles
20 are hot returned and the data is expected by the microprocessor on the
same data lines as if the data were not being returned in a burst cycle. -

N} Also, note that a single 32-bit noncacheable microprocessor read could be
read into the microprocessor as four B-b_it burst data cycles. Similarly, a
single 32-bit 486 write could be written as fouf 8-bit burst data cycles.

25 - (Burst writes can only occur it BS8# or BS16# is ésserted).

Thus, a new method of bursting data has been described.



(b) EXCLUSI VE-ORi ng said original address with a seri.es of bit. patterns,
each of said bit patterns representing a binary nunber fromzero up to the -
burst I'ength, which is shifted left by LOXRZ(WS8y bitssuch—that—said
EXCLUSI VE- ORi ng forms the remai ni ng addr esses i The
met hod according to Caim 1 wherein (err), mmm mm ”lm eger. 3.
The method according to claim2 whergjg_said serlesco uus esse '
represents the prefix of a new burst Sequence starting at said origi nala
address for a line having a Iengthagﬁggk%ko L (err), where i is an intader.
4. The net hod according to C erein said'nicroprocessor

I ncl udes an internal cache and further 3 g na c) filling
sai d i nterhal cachEnm?tﬂl?ﬁ%pﬁﬁf%S?%Fe?%“ % ByaR ?dbPﬁ Fthﬁ Bl esses.

5. Thehixeth hdss aconndetigdt tdll ahm extrdaeizel nl‘d&he 3@f billenghd t.,= 128
bits. ( rocgs an_interpal cache, a
set of exe@{ij %.%| é?I ngfiruct |ao£nés] in@e ?%t’er%aﬁf{)us of \%id?ﬁnﬁ'f é?ﬂ'ﬁ '

m cr opr ocesewiepr ®f dbngsadcﬁd&'bsgsﬁaﬁalfgrf drrangfexring adattar Hfomat a
across an &4&ragkekrhds i hshaolaebiinsac%s %6&.}3@9&&&%&8' ng the

steps of: (a generatlng in said mcroprocessor
steps o

(a) selecting an original'address;

(b) EXCLUSIVE-ORing said original address with a
series of bit patterns, each of said bit patterns
representing a blnary number from zero up to the burst o
length, which is shifted left by LOG, (W/8) bits such ~/
that said EXCLUSIVE-ORing forms the remaining addresses
in said series.

2. The method accordihg to Claim 1 wherein
1=(2")*W, where n is an integer.

3. The method according to claim 2 wherein said
series of burst addresses represents the prefix of a new
burst sequence starting at said original address for a
line having a length equal to L*Zi, where i is an
integer.

4. The method according to Claim 3 wherein said
microprocessor includes an internal cache and further
comprises the step of: | '

(c) f£illing said internal cache with the data
referenced by said remaining addresses.

5. The method according to Claim 4 wherein W = 32
bits and L = 128 bits.



inftial address, AQ, to retrieve a flrst data item needed by t he current
i ASt ructi on fronlsald external line; (b) retrievin dditional data itens
fromsaid external Iine to fill a line of said cachegg%EBFH“*g‘te-%he‘\“
sequence of addresses given by the fornula (err) mher Mm' t he
Ith address in.said sequence and wherein i 0, 1, 2, ” mi{l@
The met hod of Claim6 wherein L = (2n) *Vthere nis an ifAtegern

The nethod of claim7 wherein said sequence of addresses represents
the p}eflx of a new burst sequence starti¥yat said initial address for a

line of length L *2i, where i i.s an integer. 9. The nethod according
toclaim 6 wesre sailhtaaniteropobcessarohavingi ana isteynalneaohe,cycl e of

sai d m CrOpr 0GR8SOLe Procutall AHBEOUERGHE! O ahOlinduitid] "yt 11

a nicroprocessor_  Sys d™ 'm croprocess Femihicl udrng
m cr opr ocesso™ith n§, aﬁallﬁt émmonmceﬁsor Pé@V}dlnE addp_':ess MigngEs - 20-

wi dth Wcoupl gyt 0y apuext et pahs FBADEY/ aueah%h:agsaaw ras;t@rﬂaqngltlmet fsa' d

met hod conprising the_ steps of I ssuin i rst address
access a flrstQﬂQQPlPe%HmﬁékgdéF%h%'oP §%£¥94n%9ﬂ8¥15a§9 FHF StePS

gener ating thefequence of renaining
(a) generating in said microprocessor an
initial address, Ay, to retrieve a first data item
needed by the current instruction from said external
line;
— (b) retrieving additional data items from said
external line to fill a line of said cache according to
the sequence of addresses given by the formula

A; = Ao (D (i<<LOG, (W/8)),
where A; represents the ith agdress in said sequence and
wherein i = 0, 1, 2,...((L/W)-1).

7. The method of Claim 6 wherein L = (2") * W,
where n is an integer quantity.

8. 'The method of c¢laim 7 wherein said sequence of
addresses represents the'prefix of a new burst sequence
starting at said initial address for a line of length
L*2i; where i is an integer.

9. The method according to claim 6 where said
transfer of data occurs in a single memory cycle of said

microprocessor.

10. An improved method for bursting data in a
microprocessor system, said microprocessor system
including a microprocessor having an internal bus of



addresses to retrieve the remaining data itens -on sai-d'line according to

the formula Al = A(err) where Ai represents the ith address in said

sequence and i = ~((L/W-1). 11. The nmet hod of C aim 10 wherein L
(2n) * W and mhere nis an integer. im 11,

mhereln saird sequence of addresses represents eM/burst
sequence starting at said first address for I ﬂ“ﬂ 2i, where' i

is an integer. 13. The nethod  of cIa sai d ™
m croprocessor includes an internal -caghe havi ng a i ne Iength L and
further conprising the step of: (c) filling said internal cache with

said first data itemin said remaining data itens referenced by said
sequence ofvidehninicogpleds ¢esan ekternal hemoryl/bos havtindy mglumeCIalnlls
wher ei n VV aength L, said method comprising the steps of:

(a) issuing a first address, A,, to access a
first data item on said line of said internal bus;

(b) generating the sequence of rémaining
addresses to retrieve the remaining data items on said

line according to the formula

A; = 2, @ (i*(wse)))
:th . - &'J

vhere A; represents the i address in_said seguence and

i= 1,2,...((L/W) 1).

11. The method of Claim 10 wherein L = (2") * W, and
where n is an integer.

12. The method of claim'llmwherein séid sequence of
addresses represents the prefix of a new burst sequénce
starting at said first address for a line of 1length
L*21, where i is an integer.

13. The method of claim 12 wherein said
microprocessor includes an internal cache having a 1line \/
length L and further comprising the step of:

(c) filling 'said internal cache with said
first data item in said remaining data items referenced
by said sequence of remaining addresses.

14. The method according to Claim 13 wherein W = 32.




