READ/ R TE ORDERI NG APPARATUS AND METHOD FOR A M CROPROCESSOR BACKGROUND OF
THE INVENTION 1. Field of the Invention. The invention rel ates to the field
of< mi creprocessors and nore 5 particularly to the control- fead/W'ite
cycl es. F7Prior Art. It is not unconmmon for a mcroprocessor to include a
wite b&Ffer. A write buffer accepts data froma central processing unit
(CPU) over an internal bus of the m croprocessor and tenporarily stores the
data before it is 10 witten into external_ genory over an external bus.
These buffers are used to increase.the performance of microprocessors by

accepting data at a fagEah/RHTE GRDBRING SPERRASUE ANDOMEINOD LFORMA IMICROMROCESSOR

menory. Wthout such b
typical ly sl ower BACKGROUNBY IQIF mlﬁ (INMENZIOMynani c_RAMs) for wite

cycles. Moreover, external Q is not always i medi atel y avail abl e,
for instance, it nmy HeField §'P# QM*\'QH access is requested by the CPU. In

ufTer nos LQZanw”. Lt e i il Brlatel adng e BrfigropiesSor epa msre | ©

interm xed w e to be maxim zed.) But 20
what if the U ghﬁlgy?ﬂ‘gé"ﬁlﬂg%%&% %’P%a menory for which data
is stored in the wit &eA&’ If the read cycle is allowed to proceed, the
old data-wi'll be read Tnto the CPU while -the new data renmai ns usel essly in

the wite buffer. Thi $ is Aot LPLOAMOM Fet e RHiGropPodE386ERPINBRIR & Wille bufr. Qne
met hod of .preventing the reading of the old data by the CPUis 25 sinply

roa TNTO. extarnay nemary. The drsadvantage of Tnre Mot hod 1o that bt
internal bus of the microprocessor and temporarily stores the data before it is
-~ 10 written into external memory over an external bus. These buffers are used to
increase the performance of microprocessors by accepting data at a faster
rate than the data can be written into external membry. Without such buffers,
the CPU would be forced to operate at the typically slower rate of external
RAM (such as dynamic RAMs) for write cycles. Moreover, external memory
15 is not always immediafely available, for instance, it may be refreshing when
access is requested by the CPU. | |
In some cases the CPU requests a read cycle before all the data in
the write buffer has been written into external memory. (Read cycles must
be intermixed with write cycles if CPU performancé is to be maximized.) But
20 whatif tﬁe CPU is addressing a location in external memory for which data is
stored in the write buffer? Mf the read cycle is allowed to pfo_céed, the oid
data will be read into the CPU while the new data remains uselessly in the
write buffer. This}, of course, presents an unacceptable condition.
One method of preventing the reading of the old data by the CPU is
| 25 simply to prevent read cycles until all the data in the write buffers has been

read into external memory. The disadvantage of this method is that it



-2- inpacts the performance of the m croprocessor since the m croprocessor
must wait a potentially long tine to allowthe wite buffer to update -
external nenory before a read cycle. Another nethod of avoiding this =
problemis to conpare the addresses 5 generated for the read cycl-e_aggalnst ™
the addresses associated with the data in the wite buffer. (The wi¥sa&

- buffer typically stores an address and the data to be stored at that .
address.) If there is no match, a read cycle can occur since the CPU is not
seeking data stored in the wite buffer. This nmethod has the disadvantage
of requiring a significant anount of |ogic to performthe 10 conparison of
t he addr essémpacts the periosmancerofithe mhiergprocessortsince thieemicroproosssdri es in -
connection with mcroprocessors. Sonme of these cache nenories are

"wr it e-t hr olit$t Wl potantially dang timenia aliow theywiite buifer to updateatemal at es

t he cache nenory if .the address, associated with the data is found in the
cache 15 nm%ibﬁfﬁﬁﬁjﬁtrpﬁqqysl%ei ng witten into external menmory. As will
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in the write buffer. (The write buffer typically stores an address and the data
to be stored at that' address.) |f there is no match, 'a-reéd cycle can occur |
since the CPU is not sééking data stored in the write butfer. This rnethod -
| has-'th_e d_isadv_antageléf requiring a sighiﬁéént ampunt of logic 'to. perfr:rm the \J '
10 comparison of the addresses. -
| It is also known in the prio_r art to use cache memories in connection
~ with microprocessors. Some of these caché ni_érhoriés are f_'wrife&hrough" |
cache memories in that data _generated_.by the CPU updates the éar:he |
memory if the address,associate_d with the _da_ié is found in the cache
15 memoryin addifionio 'being writ-t:en ihto eXt_ern'al _memory. |
As will be seen, the présent inven.tic..mlfprovide's é’ method and'
apparatus for reordering read/Wﬁte cycles :‘h a microprocessor that includes
a write buffer and a cache mem_d_ry. The invention is realized with a

minimum of circuitry. | | .




Thé present invention, inits currently preferred enbodinent, is utilized
ina CMOS microprocessor which includes on a single substrate a.central
processi-ng:unit (CPU), cache nenory and a wite buffer having a 5

plural iy, of sections. Data is coupled fromthe CPU over an internal bus to
the wi t® buffer before being coupled to external nenory over an external
bus. The m croprocessor includes a conparator neans for determning if the
address associated with data nmatches an address associated with data stored
in-the cache nenory. This conparator neans ingthe currently 10 preferred

enbodi ment i s thgLANMARY OF! THR'IRVERTIONS2d cycle to determine a cache
. | _

"hit" or "mss". The i1 nventi.on enploys storage neans for storing at |east

one bit for each sect The praséhtinventién drfifscdurrdritycpreteieéd embodiment,isif f er
stores the data which is coupled to external nmenory on a single wite

cycle.) These bi utilizethinca ©MOS micropescesser whichindiudes dme singlecsubistratd a
heans. More specifically, In the currently preferred enbodi nent, the

bt orage neans i scentral processingninite(GRIJ), @achadnemoryand @awiita bptier Baving en
Which indicates a hit or nmiss for the data in that section. Logic nmeans is
toupl ed to rdrei pluralitynf sections.: bBata irceupled Jomthe CPU pver agirtemal bys to
permts the mcrgproces OB,tg ead data frog1 externaL nenory even vm'thatiata
present in 20 tHi@ Write Buligr peiore being.ceupled do@xierpat memany PVAran externale
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.. _ stored in the cache memory. This comparator means in the currently
e 10 p_referred embodiment is the same circuitry used on a read cycle to
| determine a cache "hit" or "miss". The invention employs storage means for
storing at least one bit for each section in the write buffer. (Each section of
the buffer stores the data which is coupled to external memory on a single
write cyc!e.) These bits represent the determination made by the comparator
15 means. More specifically, in the currently preferred embodimént, the storage
means is part of the write butfer and stores one bit per section which
indicates a hit or miss for the data in that section. Logic means is coupled to
receive these bits from the storage rneans.' The logic means permits the
U - microprocessor to read data from external memory even with data present in
20 the write buffer if there is a hit associated with all the data stored in the write
buffer. |
.

Other aspects of the invention are described below.



Figure 2 is a block diagramof the bus interface unit which includes 5 the*

wite buffer and associated logic used in the mcroprocessor of Figure 1.
Figure 3 is a schematic showi ng specific |ogic associated with the wite
buffer and used to generate a signal which permts a read cycle thl
is present 'in the wite buffer. Figure 4 is a flow diagramillustrat¥ag
steps associated with the 10 nethod of the present invention. -5
DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON A net hod and appar at us foor
reordering read and wite cycles in a n%croprocessor is described. In the
follomnng description, nunmerous specific¢ details are set forth, such as =
specific nuBRIEFoDESCRIPHION OF JHE:DRAWINGSIe 5 a thorough

under st andi ng of _t he present inyentio It will ,be.obviqus, however, to one
SKi |l od 1 the aFIGurRg 5 & geppEBiRck igrAmhawigs 18e vadeus sads thahout
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to a 32-bit external data bus erna address eral other
control lines asFigure ig aigénémbﬁd shawaysyeéirb foinisisSodiated withitRe2. (Not e
the term"data" is generally used indicate information transferred over

t he dat a buwriteTbisfer ahdusedito rgemyatlem sigthal whidh petmmsl & read cycle while

t he

data is present in the write buffer
~ Figure 4 is a flow dlagram ||Iustrat|ng the steps associated with the

10 method of the present invention.
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constants, pointers, etc.) Sone of the circuitry used for the present

i nvention is included in the interface unit including the wite buffer. The
imerface.unit 10 is coupled by internal address and data buses 37 to a
cache memy'y 20 controller 12. Controller 12 controls the accessing of the
cache nmé¥bry 11. The controller 12 includes a cache tag section 12a. This
section recei ves addresses and then deternmnes if data associated with that
address is stored in the cache nenory (a "hit" if data.is in the nenory and
a "mss" if it isnot). 25 Any one of a plurality of well-known circuits
may be used for this purpose. Often such-c rcuitry includes a

cont ent - addr es DETAILED r DESCRIPTION- OF HEHE R RESENT cINVENTION
preferred enbodi nent, the cache tag 12a uses static RAM and a plurality of.
conmpar ators. The cachemethed andapparatus foorgardering read andwridecyglasinaa i on
unit 14; a paging unit 13 Is al so, coupl ed beégv\@en he address generatiqr)
unit 14 5 and 'BEFPRIOSEREPIIS dascribedrdp the fpliewing descAption: BUMPFRMS sRecific
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the specific
not been shown in detail in order not to unnecessarily obscure the present

. O invention.
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10 OVERALL BLOCK DIAGRAM OF THE MICROPROCESSOR
Referring to Figure 1, the microproceséor in which the present

invention is used is shown in general block diagram form. The bus interface

unit 10 is coupled to a 32-bit external data bus 30, external address bus 31
and several other control lines as will be described in conjunction with
15 Figure 2. (No{e th.e term "data" is generally used to indicate information
transferred over the data bus. This information may include instructions,
constants, pointers, etc.) Some of the circuitry used for the present invention
is included in the interface unit including the write buffer. The interface unit
N _ 10is coupled by internal éddress and data buses 37 to a cache memory
20 controller 12, |
Controller 12 controls the accessing of the cache memory 11. The
controller 12 includes a cache tag section 12a. This section receives
addresses and then determines if data associated with that address is stored
in the cache memory (a "hit" if data is in the memory and a "miss” if it is not).
‘25  Any one of a plurality of well-known circuits may be used for t.his purpose.

Often such circuitry includes a content-addressable merﬁory (CAM).



15 configuration of a.cache memory 11 and cache controller 12 are not

i mportant. Signal flow between the controller 12 and Interface unit 10

i nsof ar as needed to understand the present Invention is descri betl In»x
conjunction with Figures 2 and 3. Wthin the mcroprocessor, |nstFrugtj
are coupled to the instruction 20 decoder unit 15. The decoder unlt“*ﬂ
operates with a controller 19 in which mcrocode instructions are stored
the controller 19 provides sequences of control signals for the :
m croprocessor. The Instruction decodergunit 15 is shown coupled to

Cont oL Bjuob i B e fr 6 B rt " ptRhol ok ot 2 0L
unit (ALU) mtlﬁhﬂﬁéﬁ g@@?ﬂﬁ Upe%ag tbFs.2 sim l.ar manner to those -

performed by the I'ntel e m croprocessor -al so i ncludes a

floating point ughg ola?;hb%oruﬁﬂfe@rﬂz BLduphed wm&auales‘soaa%rsnbariﬁm 14e .

preci se configuration of the unit 17 is not:critical to-the present

i nvention. &paging unitriSils gisprodupled betwben the atdregsogenerationainit ddt ry for
the 5 m croprocessor of Figure 1 is an integrated circuiit forned on a

singl e 5ubsemdoechemntnolleor320cﬁsrspurposes @flungerstanding therpresent:t al - oxi de-
seni conduct or (MOS) 't echnol ogy and articular, with conpl enentary MOS
(OMOS) tec h'ﬁUPB@?" ﬂ'ﬁ@d@éﬁﬁ rqsnepatlmayg fgay &rem lﬁ/bﬁngerﬁﬂm%&socessor
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Interface ”ﬂbll d]e(sc%eﬁ'lﬂ Lanrn&rd"i‘.fsepublll::atlone such as B_QS.B.G_MLQLQD.LO_GQ.S.S.Q[
Handbook by Pappas and Murray. publlshed by Osborne MoGrew-Hlll o

10 (1988)._ The segmentatl.on and paging units for the ln_tet 80386_ere - "
described in US Patent No. 4,972,338 o |

entltled "Memory Management tor Mlcroprocessor"

| For purpo_ses' ot .understandl'ng the present' Invention, the"specltlo
15 oontiguratlon of a cache memory it and Oec'he controller 12 are not _ |
important. Slenal flow between the controller 12 and Interface unit 10
/insofar as needed to understend the present lnventlon Is descrlbed in.
| con]unction with Figures 2and 3. | |
o Within the mlcroprocessor. lnstructlons are coupled to the lnstructlon
20 decoder unit 15. The decoder unit operates with a controller 19 in whtch
microcode Instructions are stored the controller 19 provldes sequences of
control slgnals for the mlcroprocessor “The lnstructlon deooder unlt 16is
shown coupled fo controlter 19 the outputs trom the controller are coupled | |
to all the other units ot_ the mlcroprocessor. The data u_nlt 18 Is an _erlthmetlc |
_25' logic unit (ALU) which performs ALU functions in a similar manner to th’os_e'
" performed by the Intel 80386. | I




. :
shown in Figure 2 between the dotted-lines 53 and 54. The cache controller
12 conmuni cates with the interface unit 10 through an internal
nncroprocessor bus and the bus cycle buffer 45. Al nenory addresses, 15
variousheentrol signals and all data to be entered into external nmenory are
comuni t&ted to unit 10 through the buffer 45. Incomng data (read cycle
dat a path) is communi cated directly to the cache controller 12 through the
interface unit 10 over bus 30. The output data of buffer 45 (mwite cycle
data) is coupled to the wite 20 buffer 417 Jhis buffer is "4 deep”, thus

tt data f ; : | : I
Stored inoone of 1 na T oBeser b inGiiedid ot bt LA 17 670 o’
In th t t t
of the buirer PEETTAioind Pofft ESHPIRAIAE. Tho Hfcifp coRgifRlibn o1 o Rt
41 and associ at1qu\ﬁdt|&nﬂé§ﬁoqhgrﬁésém iAP6MigH. the 25 four sections are

signal s representing the nenory ‘address, menory cycle type, |ength and

hit/mss bit used wilhlthé berrbhﬂymfemuemboaméﬁtﬁtmemaré&nrcumyalorthe
representing bus cycle type, etc., are coupled fromthe decoder 44 via

i nes 46 toBt hembrdﬁreceslsnraﬁd-"guret his andntegeatedraincuit jormed oaral singleder 42.

The bus cycle nultiplexer and decoder 42 for wite cycles selects either

the address si gubsﬁateeuzheyp@mrgnas%or isrealizable withdsnawrn metakexidad (| nes
5 38) or, (ii) direc and lines 46. The
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33. microprocessor is generally that performed by the ALU or floating point unit.

10 BLOCK DIAGRAM OF BUS INTERFACE UNIT

The major components of the bus interface unit 10 of Figure 1 are

U

shown in Figure 2 between the dotted lines 53 and 54. The cache.controller
12 communicates with the interface unit 10 through an internal
microprocessor bus and the bus cycle buffer 45. All memory addresses,
15 various control signals and all data to be entered into external memory are
- communicated to unit 10 through the buffer 45. Incoming data (read cycle
data path) is communicated directly to the cache controller 12 through the
- interface unit 10 over bus 30.
Y " The output data of buffer 45 (write cycle data) is coupled to the write
20  buffer 41. This buffer is "4 deep”, thus permitting data from buffer 45 for four
o CPU write cycles to be iemporarily stored in one of the four sections of the
buffer 41.¢ This buffer is used in the present invention as is discussed below.
The write cycle data output of the buffer 41 communicates with the data bus
_ 30. Also stored in buffer 41 and associated with data stored in each of the
25 four sections are signals representing the memory address, memory cycle

type, length and hit/miss bit used with the present invention. The signals



Four bits fromthe buffer 45 are coupled to the bus cycle decoder 44 to 10
indi cate the type of bus cycle. These bits indicate up to 16 different
types of bus cycles, such as menory read, memory wite, |/O réad/ wi-te, = . v
- prefetch, branch, |ocked read, |ocked wite, wite not finished, In< bt CUI
emul ator (read or wite), and read and wite to paging unit 13. The bts
cycle type bits are decoded in decoder 44 and used to control, for exanple,
the multiplexer 42. 15 Wth the present invention, logic (shown in circuit
formin Figure 3) can cause, for exanple, a wite cycle to occur even
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decoder aa Feprebaning BussSETa boe, elcaare counipyd it 48 dobolbf s VIR (0
' i i.th Figures, 3 . - _ 49 i
S:Etgnﬁty'cf’wetlbl[}ae{bqéfeéﬁ% afifto fie. Bls cyptemufpfortarclibdier g 10, " ho Lt o
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cireuits in the BE PR ey Bfipleraind drcodet 42 M wrhé cyeids elias 00,
bus cycl e myfihibPhife8adsd sigsadebus fpd §bﬁ5lsﬁ§to’a‘,r¥i|)2fg§ﬂtﬁb biiffer Bic(lines

controller operates as an ordinary state machine. The bus cycle -
decoder g4 Wbir}jﬁiil_dirbetli)-f'@m ties boiér 49 (lirels 38)sand limesd6nTherautput ol to as
the last signal). This signal (active |ow) indicates - -9- that ‘a '

ni cr opr oces smultipleixer aadudedoder 4@us couptad touthy latchl 43 e Thatautputof the t he next
ready signal on lines 27 or 28. The generation of this signal ,.and its use

i ncl udi ng i tatchprovidesitbe agdress alsna%c‘l%) Rits0f %d@rle_gﬁand(kgmf %%ﬂ?-ne 36 as
wel | as other aspects. of the interface unjt e described Iln 5 __US Patent:
No. 5,073, 9w,ablepsigna'S) On-b6§ﬁ1t?f§1°ﬂm'€9éa€5ﬁégéé§?§émem°w on fings 33; :

Four bits from the buffer 45 are coupled to the bus cycle decoder 44 to
10 indicate the type of bus cycle. These bits indicate up to 16 different typesof
bus cycles, such as ﬁiehow read, 'memory-_wﬁté, I/O. read/write, prefetch, o
branch, locked read, locked write, write not finished, in-circuit emulator (read
or write), and read and m)ﬁte to paging unit 13. The bus cycle type bits are
decoded in decoder 44 and used to control, for example.- the -multiple'xe\"_ 42
15 With the present invention", logic (S_hown _infi:ircuit form in Figure 3) can -
cause, for example, a write cycle to occur even thbugh a read cycle is
requested. Signals from buffer 41 are coupled to decoder 44-:for-this
purpose over line 47. Thié is described in d_etail in conjunction. with Figur_es' )
3and4. | L | RV -
20 - Thé' bus ooMroIIér 49 receives a bus cycle request éignal'on':,,line 55in |
addition to several other inputs. The bus:'éontroller- provides cont_roi signals
- on lines 57 to fhe_ various circuits in the bus interface unit 10 i_nclu_ding-the_
" bus cycle decoder 44, bus cycle multiplexer and decoder 42, Iatch.'43- and
buffer 41. The bus controller operates as an ordinary state machine..
25 Thé b’us' cycle decoder 44 prov_ide's the blast 'signal (hurst-]_ag_t.'

sometimes referred to as the last signal). This signal (active low) indicates



s X S . . .
BUS | NTERFACE UNIT; and assigned to the assignee of the present Invention.

| NPUTS TO AND QUTPUTS FROM THE BUS | NTERFACE UNI T 10 10 The maj or
extier nal . |rrputs to the bus interface unit and the mjor outputs (to
external'dfrcuitry) fromthe unit 10 are shown In Figure 2 along |ine 54.

The'data“ﬁus 30 is a 32-bit bidirectional bus. The m croprocessor provides
a menory address on the address bus 31. This address consists of 30 bits of
address signals and four byte enable bits..The three-nenory 15 control

lines 33 indi catmraendémpré@essbrquuésmw%uggv Bm_ﬂ]l.gf'gl Jﬂsé Salistied af

(for exanple, prefetch fromnmenmory vs. "data dress stat us{H&ADS)

s an active | onexi ey signal o iags R7CH28. rmetdmeraim of this Sfgria apidStsided o
al

Valid. The nmenory cycle requests by the m croprocessor gener y .require 20
32 bits of dat alncludingrtsninteractign avithihe cache enablewsigngll (KENY on line<36:as
such as those assgciated with a cache nenory are used). In sone cases, the
menory may be | Welkasiother aspecis Pfﬂwimﬁfﬁm‘@ uolt are deseribed In t he case, the

2?”?%3"2?!?;? Bemiaat .« RSP ancror w11 besaiite MERGABCREAOA®
Chat the raques g T BATACHE SEGnoery ' Hebii0ds of o bigelif,C°

ment i oned, the m@mhocessor i ncl udes an on-chip cache nenory. Certain
data is deS| gnhated for storage within the cache nenory.
INPUTS TO AND OUTPUTS FROM THE BUS

INTERFACE UNIT 10
w 10 | The major external inputs to the bus interface unit and the major
- outputs (lo external circultry) from the unit 10 are shown In Figure 2 along
line 54. The data bus 30 Is a 32-bit bidirectional bus. The microprocessor
provides a memory address on the address bus 31. This addréss consists of
30 bits of address signals and four byte enable bits. The three memory
‘45 control lines 33 indicate read/write to memoty, input/output and data vs.
| control (for example, prefetch from memory vs. dala read). The address
status (ADS) is an active low signal on line 22 indicating that the address on
bus 31 is valid. |
| The memory cyclé requests by the microprocessor generally require
o/ 20 32 bits of data read from membry or writien to memory (larger transfers such
| as those associated with a cache memory are used). In some cases, the
memory may be limited to an 8-bit or 16-bit bus. If this is the cass, 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 eight bit
25 fransfers whereas the signal on line 34 (bus size 16) Indicates that the
requeét will be satistied with 16 bit transfers. '



External circuitry exam nes addresses fromthe m croprocessor and
determnes if a particular address falls within address space desi gnated
for 5 storage within the cache nenory. This is generally done for: | - i
instructions, constants, etc., and not done for data which is shared J§F=" "
external circuitry determines that the data requested is "cacheabl e" == hat

is, it should be stored in the cache nmenory, then the KEN signal is
returned (active low) on line 36. The input on line 23 is an ordinary -

"hol d" signal and the output on line 10 24.is.a "hold acknow edge" signal.
The input signal on line 25 (address holf)-indicates that the external . bus

is to be i medi aAsImentioméd;dhe Thicropracessur inclubdes\aménenip eagkieadl ock with

ot her equi pnent on the bus. Line 26 provides.an external address status.

. Li nes 27 anmiepiorye @ert@inaataisidesiggated tondteragewithit thea‘:dyhe.imgg. :
respectively. 15 ~ LOG C I MPLEMENTED IN THE CIRCU' T OF FIGURE 3 Figure
3 illust raté&‘leﬂnﬂl cinnyitcy examinasiaddresses froas the microprnocessonandn i s used to
determine the ordering or reordering of read and wite cycles. The gates

shown in Fidgieeminesii a partigules ederess fads within addsess spacs, desigpated for o
under st andi of the, present invention. As wll he precjated, and as is

20 cus orraf;}gfﬂgq Wgﬁ"!g GRc Wa?réﬂslﬁge'ﬁﬁrﬁBY dSEG fopinstruction®nent ed by
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into the buyhfths dabnelméﬁwy.tthenqﬁémﬁs?ﬁr% féihﬁ{é&i(a%&iqe%\ﬁ; oflifes.P! ed

fromthe buffer 45 and decoder 44. The data-out ___fromth-e'buf' er 1s :
The input on line 23 is an ordinary "hold" signal and the output on line - U '

10 24is a "hold acknowledge” signal. The input signal on line 25 (address
hold) indicétes that the éxterhal bus is to be immediately floated. This is
done to prevent sy.s;tem:deadlo'ck'\ivith other equipment on the bus. Line 26
provides én external address .sta'tu'.s_. Lines 27 and 28 receive a réady signal -
and a *bufét” ready signal, rgspédively; S S
15 LOGIC IMPLEMENTED IN THE CIRCUIT OF FIGURE 3
Figure 3 illustrates the logid' employed in the present invention which
is used to determine the ordering or reordering of read and write _cyt:‘lés. The
gates shown in Fx_gh_re 3 have been selected for purposes of providing an
- understanding‘ of th'e..pres'en"t' invention. As will be abpi'éciated. a__hd asis \/
20  customarily the case with integrated circuits, the logic implemented by the |
gates in the actual ¢ircuit_is iﬁtermingled with other logic and circuitry not
pertinent fo the present inyehtio’h. | o
| The write buffer 41 of the presently preferred embodiment is, in effe_ct. |
a first-in, first-out (FIFO) register having four sections, 41a, 41b, 41c and 41d. =
25 The data into the buffer -(incl'uding'the addfe‘sées and fe‘létedz signals) aré._ |

coupled from the buffer 45 and decoder 44. The data-out from the buffer is .



coupled to the bus 30 with the addresses being coupled to the decoder 42,
then to the latch 43. The wite buffer 41 provides additional storage for
the present i nvention. Each section of the buffer includes one additional
bit of.- s&-&%age S which bit is representative of whether or not the address
associateéd with the wite cycle data in that section is found in the cache
menory. For exanple, if data is placed into the wite buffer section 41 d,
along with the address FOOOOOOO, this address is coupled to the cache
controller of Figure 1 to determne if the dgga-for that address is found
in the cache nenory. If the 10 data for that address is in the cache

menory, this nensgupléd te!tissbas 30 with tﬁ@aaamséebme@ﬂéodpﬁea tb3hée dbeoder upen
into section 41 d of the wite buffer 41. If the data is found in the cache

mermory. (a ' "hit) thehitodhg latok 435 witten into the bit I'ocation 70d. If the
data is not present in the cache menory (a mss) then a binary zero is
written into | ocationThewritahufier d1 mredeeStaddm:malrstorage ifer the presept ed to
the location 70d fromthe cache controller 1 2a after a conparison of

addresses i s nadBvewtion. hEaﬁhuae@tiesv/@# theihutfecinghides qne additionak kit of stosage; 1.
This is showp in ved from se n. 41d

to section 4%c, 'Eﬂ%'ﬁ $ 'Pﬁgeﬁmt?té"eo #ﬁﬁ?ﬁ‘eﬁﬁgw{hﬁﬁr %ﬁtaﬁﬁ@é?iwg thet h

s ot izée”ciﬁp{‘ﬁ*’ {8 /i et I B ShBhE P un M cdirs bl B xS
bits.) The hit/ 18 iDplackbOREd Hentd biERRLkh 4118 6K ARG addbEed o

41 are coupl ed roug an 1 nver 0 one’in term na an AND

gate. For . i nstarmyodond, Mhis adrésERicduplddo tr@@&r@@&hﬁ&re@wp"@reet &) to

i nverter 65; the output of inverter 65'is coupled to one iInput Termnal of
AND(25 gate 66.determinarif the déta fbi that addréstcigtfoond idihe cacheumeatbril thtael i ne.

61 thArough an inverter to one input termnal of the gate 67; the bit from
I ocation 7080i s data for that address is in the cache memory, this memory is updated with
the new data. The data is also written into section 41d of the write buffer 41.
If the data is found in the cache memory (a "hit") a binary one is written into
the bit location 70d. If the data is not present in the cache memory (a "miss™)
then a binary zero is written into location 70d. The hit/miss bit information is
15 coupled to the location 70d from the cache controller 12a after a comparison
of addresses is made for the write cycle data coupled to the write buffer 41,
This is shown in Figure 3 by fline 70. As the data is moved from section 41d
to section 41¢, etc., in the write buffer, the hit/miss bit associated with it is
likewise moved from bit location 70d to 70¢, etc. (This bit, however, is not
20 coupled to ah ex_ternal bus as is the data, addréss and control bits.)

The hit/miss bit associated with each of the sections of the buffer 41
are coupl'ed through an inverter and then to one input terminal of an AND
gate. For instance, the bit at location 70a is coupled through line 60 to
inverter 65; ihe output of inverter 65 is coupled to one input _terminal of AND

25 gate 66. Similarly, the bit from location 70b is coupled along line 61 through

an inverter to one input terminal of the gate 67; the bit from location 70c is



- 12 - coupled along Iine 62 through an inverter to one input term nal of

the gate 68; and, the bit fromlocation 70d is coupled along-line-63 -
through an inverter to one .input termnal of the gate 69. The outputs of
gates 66, 67, 68 and 69 are coupled to input terminals 5 of a NOR gag: 73
The out put of this gate I's showmn as |ine 47. Each of the gates 66 thﬁ@ugh

69 receives a "fill" (filled or full) signal fromone of the four sect.ions

of the wite buffer 41 which acts as a masking bit for its respective gate.
Specifically, if data is present |n sect n 41 d of the wite buffer, the

fill bit for th sectlonséi a bi oné which is coupled to gate 1 0 69. .
't this dat SovRledualenoipes2 trgnoh & inverento ey iRpitdemaina) ofthagatent o

gﬁzt%?{‘l “1d§8c%u§{‘ 16 Hom 1etgkiof P & edihiSd o nfg%;ﬁéﬁﬁaﬁbo%ag; %ﬁége Eé‘d
7. A

o oot <ivbris i ofld 'ﬁéuﬁr%@@%fﬁh%?ﬁ 897415 then abinary zero is

coupled to line q e&utguscg 5&@%&0' ata aré g@gﬁ uﬂpﬂﬁﬁ@nﬁrﬁl hi s

maski ng bit, such circ Kndwn ers m'ss:

bi t s insheoramnog\até%tthewtp&%mg a@é&aémnﬁ%b'n 3478 changed to

bi nary zero no matter what their previ ous state) when data is read into the

cache nenory fronEach of the gawesBe/ through69 recemra)'rfmg (fifdd ectull) signal t he
cache nmenory. Not e under either of these conditions the hit/mss bit

beconmes voi romeseot therfaunaections pt the waitexbuffepd havhich actseas amaskingl and
its associated address is not found in the cache menory. A binary zero'is
thus presenbitifer its respestive @ate.o8petifisally,jtidatais nraeerganeseeﬁoamé dofghaar y

one write buffer, the fill bit for this sectlon is a binary one which is coupled to gate

10 69. If this data is moved to section 41c without new data bemg moved mto ~
~ section 41d, then the fill bit coupled to gate 69 isa bl_na_ry zero, and the fill brt
coupled to gate 68 is a_bfnary one. Similarly, if there is data'stored in
section 41b a binary one is coupled to gate 67. Ahd_, by way of example, if
no data is present in section 41a ihen a bi_hary zero is coupled to line 64.
15 Ordinary circuit means are used to provide this masking bit, suoh c_ircuit-
‘being known for buffers/registers. '
The hit/miss bits in the location 70a through 70d are cleared (all bits
changed to binary zero no matter what their prevrous state) when datais
read into the cache memory from external memory or when a remappmg \.J |
20 occurs in the cache memory. Note under either of these condm_on_s the
hit/miss bit becomes void. o :
Asvsume that write cycle data is placed in sectlon 41d and lts |
associated address is not found in the cache memory. A bmary zero is thus
present in bit location 70d. The inputs to the gate 69 are a binary one |
25 because of the inverter and the fill bt is a binary one, that is, no masking is

occurring. For these conditions, a binary one is present at the output of gate




25 because of the inverter and the fill bit is a binary one, that is, no
masking is occurring. For these conditions, a binary one is present at the
oufput of .gate ~ -13- 69. Wth the binary one at the input to the gate.73,
the outpM on'line 47 will be low no matter what the inputs to gates 73
fromgate§ 66, 67 and 68. Under these conditions, the reorder signal on
line 47 wll indicate that reading should not occur before witing, that
is, until all the data in the wite 5 buffer associated with a mss bit
has been read into external nmenory. It can_bgjappreciated for this exanple

that data in secgho'WHAShéBindly one'ttithe piitits tﬁE’yaﬁi\ﬁsj tfher&ﬁgir:]t; n §RE W75will

before witing, the CPU nmay reteive incorrect data fromexte nmenory.

Assume now that Betiowlrsmatien whztdeslinpltots fates 8 frorcgates $6767ard 68. 10
41 and the addresses associated with each are present 1n the cache nmenory.

Under "t hese condUndenshese conditians,the rédeder Ejmnal ticlire d7 Will inditatecthat ai n
bi nary ones. Also, since each of the sections are filled wth data, the
fill bit associ areading shoulgcmotsecour befarel writing, hatisy uotilcall thetdatarip the write
each of the gates 66 through 69, therefore, is a binary zero for the
hit/miss bit &ndbuffesassaciated withvamaiss bilchas peemraad inte exterpalmemasyc it ean

gate 73, 'a bi nar DeARPrQISREIoE S sramiie Rt cafiinrseatend KEe SoReUTHt Bhad
L3, 2. el BT A FroRBid ot Yo VAinind SPUHF i ncsres
et 2o PR fom BB gt o0 1< T e N YR
the cache menory fromagsumie#dw that data has been loaded into the four sections of buffer
~ -10 41 and the addresses associated with each are present in the cache
memory. Under these conditions, bit lbcations 70a, 7bb. 70c and 70d will
contain binary ones. Also, since each of the sections are filled with data, the
fill bit associated with each section will be binary ones. The input to each of
the gates 66 through 69, therefore, is a binary zero for the hit/miss bit and a
15 binary one for the fill bit. The output of each of the AND gates is thus a
binary zero. With all zeroes as inputs to the NOR gate 73, a binary one is
present on line 47. Under these conditions, a read is permitted before the
“data in the write buffer 31 is written into external meniory. Note under these
o conditions the CPU obtains the new data from the cache memory. This
| 20 situation is more the norm in typical operation since frequently, addresses
generated by the CPU will be found in'the cache memory from external
memory., |
During a read cycle, data may be loaded into the cache memory. As
soon as this oécurs. all the bits 70a through 70d a\'re changed to binary
- 25 zeroes as mentioned, thus requiring that the data in the write buffer be

transferred to external memory before the next read cycle.



menory., During a read cycle, data nay be | oaded into the cache nenory. As
soon as this occurs, all the bits 70a through 70d are changed to binary 25
zeroes as nentioned, thus requiring that the data in the wite buffer be. _ s
transferred to external nmenory before the next read cycle. - 14 R
Whenever a new bus cycle is to be run on the external data bus, the @&®toder -
| ogi ¢ associated particularly with decoder 44 decides which cycle isf.o be
run by determ ning whether data is queued in the wite buffer, whether .a
cycle is present in buffer 45 and whether there is a signal present on line
5 47. Wen a read cycle is present w¢hisn-the buffer 45 and data exists -
within the witeWhemeyer ainew buseysisdisitoid runcon the externalidatadusethe cycl e

if a signal ,is present on |ine 47. Thys, .m eroprocessor, perf.ormnce is not
conpr oni seﬁQQ#rﬁmocﬁﬁgﬁam@aaﬁMm 394@[9'%4 daciges mhich eygledsci at ed
with a cache niss,,.th the.read gvcle will not,be,sel ected. until fhe data
o Ked s OB it b eletnafina B et s updac iT i wife Bet sviathee, ‘a1
This, of co ¥ o1 O g ' V.G 8 o LL il Seal, rom
ext o nal rmehGrer REPRRER  EieP Ak AT B HRiR 8t pessit o . ot nod
i npl emegt edgPpy le@; O b DRh i 4 b 3 @ 04 dGen it CualSierdk o
starti ng vmqﬁ]) t Iggt)Porgée%c'@r%%kgﬁgcﬁﬁwggbg?edr’]"téga'? héeﬁq ~?'!léttal g’%‘lﬁgnﬁl(t) r‘a :
typi cal writhe wite Buftdred1, the deicbder wilteticose focrundtieadad ByeRCif alsignafiish t he
data is passed to the cache controller to determne if data for that
address i s presehtdnilinetd®e Thusemicroprocesior perfermancesisrnotasbmprontised. 75
whi ch asks the ' : : _

If, however, any of the data in the write buffer is associated with a cache

miés, then the read cycle will not be selected until the data mark_ed as cache B \J
10 misses have been transferred from the write buffer 41. This, of course, - '
_ass_urés that on a read_‘cy_cl'e'“ubdate'd data is read from external _mémory‘.

" METHOD OF THE INVENTION ILLUSTRATED
| 'BY FIGURE 4
The method imple'merfted by the present invention is illustrated in
15  Figure 4 starting with the block 74. This block represents the initiation of a
typical write bus cycle. When thislbccurs. the address associated with the
data is paésed to the cache controller to determine if data for that address is
located in ti'\e cache; mémdry; This is iIIuStratéd by block 75 which asks the |
| question "IN CACHE?", The results of a combarisOn of the addresses - \,)
20 associated with the data to be written into external memory againstthe -
addrésses éssociated with the data in the cache niemory produce either a
hit as shovf'n by line 76.' or a miss as shown by line 77. In the case of a hit, -
the new data is written into the cache memory as shown by block 78 and
.then as shéwn by 'b_lock 79, the data is placed in the write buffer and the hit

25  bit is set to a binary one. Under these conditions, a read can occur before a




question "IN CACHE?". The results of a conparison of the addresses 20
associated with the data to be witten into external nenory against the
addr esses, -associated with the data in the cache menory produce either a hit
as showsby Fine 76, or a miss as shown by line 77. In the case of a hit,
the newdata is witten into the cache nenory as shown by block 78 and then .
as shown by block 79, the data is placed in the wite buffer and the hit 25
bit is set to a binary one. Under these conditions, a read can occur before
a -.15 - wite if the hit bit is set te.g5hinary one for all the wite
cycle data in t i but.f I 1 1 85 ik fHH d
by 1ine 77, t notdeireEnit it i€ et (REBRERY ohe fol a1 Mo Efela ot i e Wl
placed in.the wjdg buffer as 5 indicated by block 8. The hit bit renains
a binary zero and reading is prevented before witing this data in the
wite buffer to extecsaverselipifya mis®oocureids indicatéd by line? 2, theresisiria heed of
-data fromone stage to the next in the wite buffer, the hit bit becones -or
remai ns a bi nartp update tingé eashe avemarysand thendata is placachiat theewtitedbuffer s

Thus, an apparatus and method has been described which pernits the _
reordering &f rinditatedibyblock 8§.cThe hitbit remeinsoa binary @ero apd ragdingdsus and

imumof circuitry

thod of th tj tion is jnpl ted with a ni
and i n part T el eveniashbeforRWTg dhis dasadn fos e bufer 1. SxErTalfueony.c

with, cache manr('l-ﬂ';;oensi'nitialization and upon shifting of data from one stage to the next in
the write buffer, the hit bit becomes or remains a binary zero unless new
_ data is moved into that section.)
\— '

10 Thus, an apparatus and method has been described which permits
the reordering of read and write cycles in a microprocessor. The apparatus
and method of the present invention is implerﬁented with a minimum of

~ Circuitry and in part relies upon other circuitry already fdund in, or associated

with, cache memories.



11111111111111111111111111 -16- CLAIMS: 1. A mi croprocessor conprising: a
central processing unit (CPU); a cache rreMte buffer for

provi di ng buffering; said cache menory being cou \ W CPU, “said. ..¥
wite buffer providing buffering for wite \c\ “ﬂ“ transferred - -
over an external bus fromsaid CPU during allsml A es cobnparator r#ans

for deternmining if addresses.associated with"said 10 wite cycle data

mat ch addresses associated with data stored in said cache nenory, said
conparator means being coupled to said CPU;, storage neans for storing bits
of information representative of saidtdfetnination made by said conpar at or
means, sai dACARIMS2 neans being coupled to said conparator neans; 15

| ogi ¢ means—cuoupted~To receive said bits fromsaid storage neans for

enabl i ng sai d m dr oArmicesprocessoncomptising: f r om external nmenory before
permtting wite cycles if said bits are in predetermnined states. 2. The -
m croprocessor da@f¢entraliprocessing UnitH&PI)Y sai d storage 20 neans i's part of
said wite buffer. 3. The mi.croprocessor defined by Clains 1 or 2 wherein
sai d predet er ni n@CaRNR BEMAYsai d bits indi cate whether each of the:

addresses associ ated, w t Ite cycl ta matches an address associ at ed
mih oars 25 oot arwiite hltler'for pfevitingiiféyhd! :

said cache memory being coupled to said CPU, said write buffer
providing buffefing for write cycle data to be transferred over an external bus |
from said CPU du'ririg a write cycle; " - | |
~ comparator means for:determining if addresses associated with said | \.J )
10 writé cyclé data match addreéSés associated with data stored in said
o cache memory,'said.bdmpa'_ratof means being coupled to said CPU:;
storagé means for ét_orihg bits of infofmatioﬁ représéntatiVe of said
_determination made by said comparator means, said storége means being °
coupled to said comparator means; ' |
15 logic means coupled to receive said bits from said storage means for
enabling said micropfocessor to read data from external memory before

permitting write cycles if said bits are in predetermined states.

2. The microprocessor defined by Claim 1 wherein said storage | \J

20 means is part of said write buffer.

3.‘The microprocessor defined by Claims 1 or 2 wherein said
pr_edeterm:ined states of said bits indicate whether each of the addresses
associated with write cycle data matches an address associated with data

25 stored in said cache memory.



5
1111121212121112121212121111 - 17 - 4. The mcroprocessor defined by Claim3

I ncl udi ng addi ti onal neans for changl ng the state of said W
occurrence-of predeterm ned conditions. 5 5. The m Cr opr ocessor

def i ned ‘by Cl aim 4 wherein one of said predeterni ned condi t "Hﬂ

the witihg of data into said cache menory from external me WI”"I
m croprocessor defined by C aim4 wherein one of said 10 prede‘i erbm me
condi'tions conprises the remapping of data in said cache nenory. 7. The

m croprocessor defined by Caim1l wherein sijgnals are coupled to said logic
means fromsaid wite buffer,i ndi cating whether said 15 wite buffer is
storing wite cycle dhtdhegnicraprogessendefined; by Glaim 3dnciwding aﬂﬂﬁlgn&herei n
said wite buffer includ s a I ra'éflat&égﬂf sections each for s wite

cycle data and R8RRS fors saichbits URRA oceyrrages P P egringg d

sections for stq @nr&é%% one of said bits. 9. A mcroprocessor including:
awite buffer f ving data intended to be witten in external

menory, said wite buffer having a plurality of sections for storing data
and 25 addresses;

5 5. The microproéessor defined by Claim 4 wherein one of said
predetermined conditions comprises the writing of data into said cache

- memory from external memory.

U 6. The microprocessor defined by Claim 4 wherein one of said
" 10 . predetermined conditions comprises the remapping of data in said cache

memory.

7. The microprocessor defined by Claim 1 wherein signals are
 coupled to said logic means from said write buffer indicating whether said

15 write buffer is storing write cycle data.

8. The microprocessor defined by Claim 1 wherein said write butfer
includes a plurality of sections each for storihg write cycle data and wherein
N .~ said storage means comprises storage in each of said sections for storing

‘20 one of said bits.

9. °A microprocessor including: |
a write buffer for receiving data intended to be written in external
memory, said write buffer having a plurality of sections for storing data and

25 addresses;



- 18 - a bit location associated wth each of said sections gLsaid wite
buffer for storing a bit representative of a hit/mss condit ‘said
hit/miss condition indicating that an addresﬂmm u“i“! Il!tH l‘(l te buffer: ..<
has/ has no correspondence with data stored i B ) gl c
nmeans coupled to said bit |locations for provi ding a control S|gnal mheﬁ

said bits are in predeternined states, said control signal controlling:
whet her reading of data fromexternal nmemory is permtted when data is.-
present in said wite buffer. 10 10. The mi croprocessor defined by
Cl aim 9 including masking neans for maski®g said bits in’said | ogic neans,
sai d maski ng bei ng bitloeation@ssogiatedwitheasohoef said seetionsobsaidawritei buferi d
section of said wite buffer. 11. A nethod for controlling the reordering

of read cycl ¥f SIQENGAI ttltaremesefyiamée of & hitVmiss mdjn@@.ssald hitfpisssangition:
t f t buf f tended to b tt
nt o ext er nalARENEY D RIS SToreH 18 e Wife BuMEy BasRagm® wnet hor addr ecs

d d dat t d h
20 | ei@ﬂ&i”@ﬁrv&%&*eﬁar&%wﬁﬁf‘%ﬁ a&ore@*&c%cﬁéﬁe%@%yil c Gatainformation

d t

(oPY SSEnE" %5 il ofbart 69plB8 g spld PR 16edioRd, Y S S BB bERal | L
the wite cyghgndaid brsanh pradafermwédiswtéé %4 Ebfrol signal controlling

whether readmg of data from external memory is permitted when data is

present in said write butfer.
10 ~10. The microprocessor defined by Claim 9 including masking means
for masking said bits in said logic means, said masking being determined by

the pfesehce or absence of data in said section of said write buffer.

11. A method for controlling the reordering df read cycles and wﬁte
15 cycles in a microprocessor comprising the éteps of:
storing in a write buffer write cycle data intended to be written into
external memory, _
- determining 'for-.said write cycle data whether address = - o
correspondence exists for the write cycle data and data stored in a cache o
20 memory.(hit or miss);
storing for said write cycle data information representing said hit or
miss; °* | | __
permitting a read cycle to occur while write cycle data is present in
‘said write buffer if a hii is indicated for all of the write cycle data present in

25 said write buffer.



- 19 - 111111121121211212121121121211 12. A m croprocessor
substantial |y _as hereinbefore described with reference t
dr aw ng$ ~33. " A nethod for controlling the reorderi

and wri te-cycl es in a mcroprocessor substantially as heer"H l”rnlmll,””",

describet¥wi th reference to the acconpanyi ng18raw ngs.

12, A microprocessor substantially as hereinbefore
described with reference to the accompanying drawings.

13. A method for controlling the reordering of read cycles
and write cycles in a microprocessor substantially as
hereinbefore described with reference to the accompanying
drawings. |




