SECOND LEVEL CACHE CONTROLLER UNI'T AND SYSTEM FI ELD OF THE | NVENTI ON The T
present invention relates generally to the field of mcroprocessors;
specifically, to second | evel cache menories which 5 represent the |evel
of the menory hierarchy in a conputer system between the central processing
unit.(CPU) cache and the main menory. BACKGROUND OF THE | NVENTI ON

Hi stopi cal | y SECONDe BVEL GACHE' CONTROELER! YNITOLND SwsteReen 10
increasing at a faster rate than the support technologies, such as DRAM and
TTL/ pr ogr afkeb MMEMTIONr ends are further aggravating this nismatch

in the follow n i rst.  nmcroprocessor, clo rates are rapidly
appr oachi ng, angh%}%‘gﬂén&@& r@é@g@&pﬂ@?yfq.@e&eﬂé@f rates of standard
suppor t | ognicroptdtesstitsdpabiticallyCto-seeahd IVl cachamarhbicdwhigh® 1S rapidly 15

decreasing, putting a very hi gﬁ bandw dth demand on nenory. Newer designs
such as SRl $eprgpemithelovelrafshe memonchigraithygn evcomputar systeoy betaedwi dth t o

acconplish ) I nor y. bandw dt h demand has been
further agéﬁé;g%‘?g{jm@:@#ééuﬁ{e %’&“ﬁ??&@‘w r'9°'88‘2¥e53 (DMA) by devices
such as coprocessors and nulti-processors. Finally, the 20 rate at which
new devi ce BACKGROUND OF JHE dNVENTIONhe nar ket place is

accelerating--further exacerbating all of the above. As a result of these

trends, two sevB}stonsally. $he demands ot misrmprcessefiechnplagyhaver@encont i nue to

ooy o ol bfackt 16 Fiarhf sBRPREROMIED ok B0 B A R, 2. |
many m croﬂﬂmlmegammbgm.ndﬁynmd@far@ﬁm}gggrgmingaﬁisof cache nenori es

i s\, gommon pl.ace in the 80386TM generation of m croprocessors manufactured
by Intel CHpBpehiipte fallawing waye| Fisstgnicawragesser qlodoptasgresapidly referred to
as the i 86Q55bM:hiR i i rehj ' for ced
performance.gglt t|“S{J'c ealﬁ%{oﬁlgt&%hggﬁ?%agﬁa%hgecgéﬁﬁﬁg%ﬁe&ét?‘mgﬁm)r.y hi er ar chy
(primary caupgart lpgicoriol adgitiom theclofNs/idr dnstriaclicrciaty ieYapidiyc. ) wil | be required
to sustsi nggerfo,r mance increases:-in future generations. (I'ntel, 80386,

8

80486, 'Pg6HOCTEAYNagRitng & very highbandwigth semandion mempry: dNewesr por at i on. )

designs such as RISC architectures, are demanding evermore memory

bandwidth to accomplish the same amount of work. The memory bandwidth
demand has been further aggravated by.the need for direct memory access
(DMA) by devices such as eoprocessors and mulii-processors. Finally, the

20 rate at which new devices are being introduced into the market place is
accelerating--furlher exacerbating all of the above. : o

As a result of these trends, two severe performance bottlenecks ha\./e-

emerged that continue to influence the way that systems are designed.
Memory bandw)vidth. as a performance limiter, has already forced to use of

25 cache memories in many microprocessors systems. By way of example, the
use of cache memories is common place in the 80386T™ generation of
microprocessors manufactured by intel Corporation. Also, Intel's 80486T™
and i860TM (also referred to as the iB60XPTM) processors include on-chip
caches for enhanced performance. It is clear that further changes in the

30 memory hierarchy (primary cache, secondary cache, DRAM architectures,

etc.) will be required to sustain performance increases in future generations.



b T e T
Anot her performance bottleneck is the clock rate and i nput7output (1/0
timngs. It has becone apparent that the investnent required to continue 5
i ncreasing the m croprocessor clock rate (and the resulting I/0O tim ngs)
cannot be sustained across all conponents in the system Even if one could
afford the investnent, the schedul e i npact of coordinating wth possibly
many vendor

R e e N L

i sol ate the GCoparaioay scaling problemto a subset of the system conponents.

In the future, it is clear that high speed CPU interfaces wl| ﬁeed to be
desi gned around #AnothesperiRrmanee bettlereck is thessipekratg,and inpet/autpst (VQ) or der to

reach the degir . . . . d art, Inters
50355 cache WG g pofimd Bboapbiiiiing [NaERAH teqtiol R odtip@s 200 1\ 1
one of the cGhtrbsiflg WdARKSPrécoeser diécktrae @Addhe résutingMAMimingsly is its
inability to support concurrent operations at both the CPU and nenory

i nterfaces. Ganaot besustainedaeross albeamponepts dhe systemy iBven aseLoMldar ray, only

one pi ece of gdat ts . transferre ' led to the
80486, for e%hﬁgﬁ‘y%‘g@ﬁeﬁﬁﬁ?@gg‘gsgné%t%g%@rgt#ghg%ﬁ%?gégbsi?f our separate
transfers. |mafy RenrdomscdGid dasily Makd/sach ay architdsluteondrecampatitived r epeat edl y
to obtain each piece of the cache line, severely limting the clocks

avai | abl e t oThese factots haveralreadystorcedhe pse of aw%f,mauwm!?asaﬁw of SRAMs

ld b | oyed.. al.ong wi t | { . but onl
St he chon Bl fidpeityseafil BBBRANE' L QL 6 G syblbirl coionh, DI O V
drawback of R fhehutard, itéeEbar tRRITGH SFeed<CRU dtoracusywill heedfocse | S 1 equi red t Ous

be synchronized. In other words, as data arrives at the cache fromthe
mermory bus, Designed atound gaexen mere tightly nestreliedspacificatien lomideft® a handshake

the next dat PBIREAP BT B BB T brm t he morory bus. Not e that this
is sinply anot her exgxpigly of itdigried althimiers BO38S 2acHcSRAM Migheryliet ween the
menory and CPU buses requires synchronous operations. -2- Such operation
present s 1a sdypicalof past dpproachesh dodwginwith. ongnfihe ehief drawbacks
associated a 80385 like SRAM array is its _in_abilfty to support concurrent
operations at both the CPU and memoi'y interfaces. Thatis, for every access
to the read/write storage array, only one piece of daté gets transferred. This
means that when coupled to the 80486, for example, a cache line read
20 operation requires four separate transfers. In o_ther wbrds._th_e SRAM array
needs to be accessed repeatedly to obtain each piece of the cache line,
severely limiting the clocks available to the memory interface. Al.ternatively,
a wide bank of SRAMs could be employed along with corresponding .
external multiplexeré, but only at the expense of additional complexity and
25 cost. _

Another common drawback of prior art cache memories is that every
transfer is required to be synchronized. In other words, és data arrives at the
cache from the memory bus, before that data can be transferred to the CPU
bus, a handshake must occur with the microprocessor. This process must

30 be repeated for the next data segment to be brought in from the memory bus.
Note that this is simply another way of stating that the transfer of data
K between the memory and CPU buses requires synchronous operations.
-2-



performance as CPU clock rates increase. The piresent invention discloses an
integrated cache controller ‘enpl oyed within a second | evel cache menory
system for nmultiprocessor 5 systens. It is intended to work cooperatively
with a CPU unit such as the Intel 80486 or i860XP _processors, wth cache
menory as di sclosed in a co*pending application entitled, "Integrated Cache
SRAM DPat a Pat Suchroperation presentea setious thadén ohitke comP@er isgstearapt i ng t he
secOTd | evel cache controller to a wde range of nenory bus protocols such

as disclosed PRMgrMancas,GRUicRPkIpesiincLeas8n entitl ed, Second Level Menory

Bus Control |l er Uni ty &tﬂ@ ! v 1 si gnee of the
present invention. tl'hg‘ﬁ‘?é W/{&W‘ﬁ%ﬁqﬂ?&%&%@gﬁhﬁﬁ%‘@ it is one
obj ect ‘of t he employou within @secomnd levelactie demory Bystent fortmultiprecessorcache
menory- unit and a nmenory bus controller, working cooperatively with an

associ at e 195 crsystegs. Jiisiintendaskiorwrrk gpenasafiviely Uﬂbfa GPUyni sueleas theor ¢ Ee
e hose of & ndRBf 808 aRAR BB Edrs WM, EEUROREAIGHT BF Bclobel n 8" b o
the nai n nMenvicy-guding/agptationl diititied, "IftégraracCadRSSRAM DafiPath®af@r vi ced by

the local cache nmenory thereby reducing menory 10 bus traffic and the
menory bus baNdthi aimemary bus eentralier (MEBGHfor rdapting the second lave! gacheent

invention to provide. deca in en.the d ' nory busses

al | owi ng t he %sv}f%@efaﬁér%%%w??ieﬁﬁw b&? qugﬁ%? ngﬁéqﬁ%eﬂiv fal 1y
acki‘evabl @00V @b-gaiRlingPaghliBERIGH entius, "SbBond Level IMer6ryoBes ContraNgrame of the
present invention to be the main control elenent including the assignnent
of tags and | whichapplicgtions arpasgignedhta the asgignee off theypreseatiaventionyent i on to
séﬁVe_the CPU access to cache nenory with zero wait states while providing
t he aforenenti oned decoupling to the CPU. 20 It is another purpose of
the present invention to handl e the CPU bus requests conpletely and
coordinate with the nmenory bus controller when an



access requires the nmenory-bus. It is another object of the present

I nvention to control the cache nenory data paths for both hits and m sses
in order to provide the CPUwW th 25 correct data partitioned to mnimZze
the inpact of critical timng. A further object of the present invention is
to dynamcally control the cache nenory way sel ector switch based on the
most recent | SUMMARYNDE THEAMVENTIONr edi ction in order to decrease average
cache nenory |l ate

ncy for the CPU. .3 Anot her purpose of the presen
Invention is to c® Pg'ﬁe'?rgr%}“’b‘?ﬁecg%'ﬁﬁ p&%%ﬁ"éﬁ\"&ﬂé"ﬁm_ i ‘"g? Rer dev!oces are

using the MegRine BotirdiiBr, dcdBhe h@nw(%’ﬁﬁiﬂﬁr_\@'é.ttﬁ%rgﬂg%u%t&ﬂfrﬁllérﬁtvﬁrédngeCOn q

;
mul ti-processor system %hl s 1 ncl udes - I stency o
| evel cache @soperativeljpwithan askociated 0GR, forogercoming tizes aforerhéntioned a primary
cache.integrated on the CPU device, based on the principle of inclusion.
And yet aRot KERWBACKS derdhe puspage of eahancing yerall comAWensystim ve t he cycl e
address duri %dgrmry bus access and provide cycle status, control

and resp

attri butes, onse to the MBC to support a wide range of menory bus

transfer and cachhisamthatpunsoseut thepresent iviention togrovidiet digatpway ent
I nvention there is provided a second | evel cache contraller integrated

circuit as soetweantheGPUEaad teimaipasieny bye by ssrviging ol SFb peresses o t he
D W5 S VB Rl Y BB g ™ °°
DRAW NGS10  bus trafiic and the memory bus bandwidth required. v/

It is another purpose of the present invention to provide decoupling
between the CPU and main memory busses allbwing the CPU to operate
efficiently at higher rates than normally achievable over the main memory
bus. '

15 It is another purpose of the present invention to be the main control
element including the assignment of tags and line states.

It is another purpose of the present invention to serve the CPU access
to cache memory with zero wait states while providing the aforementioned
decoupling to the CPU. |

20 - Itis another purpose of the present invention to handle the CPU bus
requests completely and coordinate with the memory bus cbntroller wht;n an
access requires the memory bus. U

It is another object of the present invention to control the cache

memory data paths for both hits and misses in order to provide the CPU with
25 correct data partitioned to minimize the impact of critical timing. '

A further object of the present invention is to dynamically control the
cache memory way selector switch based on the most recently used (MRU)
way rule prediction in order to decrease average cache. memory latency for
the CPU. _

30 Another purpose of the present invention is to control memory bus
snoop operations while other devices are using the memory bus in order to
/ provide data consistency in a multi-processor system. This includes
-4 -



The present invention will be understood fromthe detailed description

gi ven bel ow and fromthe acconpanyi ng draw ngs of the preferred enbodi ments
of the invention which, however, should not be taken to limt 5 the
invention to the specific enbodi ment but are not for explanation and

under standi ng only. Figure 1 depicts a block diagram of the basic cache
subsystem of the currently preferred enbodi nent of the. present invention
Flgﬁfé 2 is a functional bIock di agram of the integrated cache.10
controller %P t Flgu is a blqgk diaaran1of t he interna£ %?dress

| at ches SRt EEERFY tﬁ@eNEfrﬁ‘F?/“ udexX@dr 22Cchy; @&F. FP8EFLPRY LB detail ed
blhock di €igi am @&pddief Srpbpohat chasfandﬁSmmop gont aol | imd by cachEi gure 5
shows t rchit ec e of .t he asso¢ iat.i

control Ihi‘?gg#é{igg gmsm JE#Q BP?{iE&ﬂf :bguqlef %‘? €t RE 8531? co roI | er.

Fi gure 7imebwsiomferences the cache controller pins with their physical

| ocation. 20 ' Figure 8 shows the timng relationship for

configuration input sanpling. Figure 9 shows the configuration options
avai | abl e for us&ndi yiet lanother poupeseref thgupsesendefinwentienfunction

of the (Y pySarive e dYdife adiress dufiﬂé”& ﬁém@%ﬁ(‘ '?fu% tzﬂ?c ry bus

controller_(MBC) decodi ng of the cache control|] gure 12 defines

whi ch ety BEOVAGSH esSYF1ifes Sadusont attgPhy ‘Wﬁ th E@Psof AR¢e
control |ﬁés§6ﬁ§é0|tc5| fhal MBdi aur eubpoitovs wiger Watlgst oFe mbmergm of the

NVESV en rotpcol ure, 14 shows_t ad cycle state table
for oY aRBees” e hong ' W61 Henlp"rbbEcbTaY el

V According to thé present invention there is

provided a second 1level cache controller 1ntegrated
circuit as set forth in claim 1 appended hereto.

Also according to the present invention there is
provided a second level cache memory system as set forth
in claim 9 appended hereto.



Figure 15 shows the wite cycle state table for the master cache
controller. Figure 16 shows the snooping (w thout invalidation request)
cache controller state table. 5 Figure 17 shows the snooping (with

i nval i dation request cache controller state table. Figure 18 shows the SYNC
cycle state table. F| gure 19 shows the FLUSH cycle state table. Figure 20
is a nore BBIEE DESCRIFTIONOR ERAVINGS M bl ock diagram 10 with added

control, addre and-d ta f re I tlonshlp bet ween
cycle attribute o5t é’?"@gﬁ ﬂr?gqﬁnde ﬁg‘ﬁfﬁmﬁh%ﬁ% 4 %sc Y%%ed met hod
for Imtlabiveﬁbafowaarﬁfmmnfa&dﬁ@aaﬁn@amgsfmﬁéardf@elemet hod of snoop
initiation. 15 o gure 24 shows the synchronous snoop node. Figure 25
shows the embbdiqents drihmmenumhmmh howeverdshauichnotitiegtaken @dimihows t he tini ng
of snoops th invali t|o Fi gure 27 shows ng for the fastest
synchr orouteRYRIIPA 0 ﬂqg&@ec%emgodumenwlg@r%n%t}ggﬁw%na[nﬁgappm ng for the
fastest asypqdisnaing opfPopPi Nng mode. Figure 29 shows the timng sectors used

to overlap snoops With data transfers. Figure 30 shows the bl ocking of a
snoop by si gnal Figa@eA. de{w:tsablockdiéggim of 1b& bakiowache sutsypteacafiihe i ng bef ore

o s of | BURENG GHEtelPY STootipor) oL BleeeURAPRONE gur e 33 Shows the

progress of a nEghie) @lésfuﬁéiﬁhﬁl Hidtk diaRam i Yikd Mbegratfd cache  Figure 34 shows
the progress of a menmory bus cycle with snooping during LOCKed cycl es.

Fi gur e185 chuivaller bmit.t i m ng of snoops during PLOCKed cycles. -7- o/

Figure 3 is a block diagram of the internal address latches with detail

on the Memory Bus Address Latch. b

Figure 4 is a detailed block diagram of the Snoop Latch and Snoop
Controller.
15 Figure 5 shows the detailed architecture of the two way set
associative cache controller.
| Figure 6 shows the pin configuration of thé cache controfler.
Figure 7 cross references the cache controller pins with their physical
location.
20 Figure 8 shows the timing relationship for configuration input
sampling. -
Figure 9 shows the configuration options available for use with the
Intel 80486 CPU.
Figure 10 defines the function of the CPU bus interface pins.
25 Figure 11 defines the memory bus controller (MBC) decoding of the
cache controller cycles.
Figure 12 defines which memory bus address lines are controlled by
which set of cache controller control signals.
Figure 13 shows a partial state diagram of the MESI coherency
30 protocol.

Figure 14 shows the read cycle state table for the master cache

}( controller.



Figure 36 shows the timng waveforns for a secondary cache read- hit.
Figure 37 shows the timng waveforns for a cacheable read-mss wth
replacement of a nodified, [M, line. 5 Figure 38 shows the timng
waveforns for a cacheable réad-mss with replacenent of a nodified, [M
line. Figure 39 shows the timng waveforns for a wite-hit to an exclusive,
[E], or nodified, [fgure/i5sbowsithn wetemycliaiale table farithg mgsteseashe ms for a
wri belmiss vvit&}rﬁlld"&pation 10 to a nodified, [M, line. Figure 41 shows
the timng waverorns for a snoop-hit to a nodified, [M, line. -8-

DESCRI PTI ON OF THE ijlie Hi6$Haws Y6 Iehbbitlg {witHobil inbBlidafibihediiest) baeBe at ed

circuit which inplenents a controller for a secondary cache systemis
descri bed. | n eondroiier stalgitabledescri pti on, numerous specific 5 details are

set forth, such as gspecific nunbers of. bytes. hi devices . etc.. in order
to provide 5; t hor oﬁﬁuénﬁeéﬂ'ﬁﬁggﬁéo?ﬁm? K‘g'ﬁbingﬁsfaﬁ%rwaﬁﬁwﬁt of the
present i nventsgHirolibé stild tablee Obvi ous to one skilled in the art that the

present invention nay be practiced without these specific details. Al so,
wel I known ci rcui t sFigarect 8showsthe SiYNCGcydleostatedablgr am f orm rather than in

detail, 10 in order, to avqQid unn ri|ly . obscyring the present

i nvention. In the dﬂﬁ"ge‘%o??“’a’éég? ?gﬁ%‘g"a‘fyﬁl?yﬂ?'géﬁ? invention, frequent
reference my be Wﬁﬁtgu&a% 8% st d¥taildifsdcBNEAly BhcHePdydforhy Bltick Shddpam! N
conjunction with cerfTain specific CPU architettures "and/ or m croprocessor

tykes, suclo aswithadtded eont8dsiitireascarid3dgixMpwr r] ni croprocessors. These

I npl enent ati ons ner e current ferred egbodi ment of
e

|y 15 reflect th I re
the present i nventﬁgﬁﬁeqitswﬁﬁ'ﬂé“ aﬁtwsﬁﬁﬁhatheen pts enbodi ed
I N~¥he present,j Ls ire applicable, or may be extended to other
processor typeg}dgxé@}gaé'%‘téecture. In addition, In describing the present

i nvention, referencRigums 2&stowsdhe strobed method for initiation of a snoop.
Figure 23 shows the clocked method of snoop initiation.
15 Figure 24 shows the synchronous snoop mode.
Figure 25 shows the timing of snoops Mthout invalidation.
Figure 26 shows the timing of snoops with invalidation.
Figure 27 shows the timing for the fastest synchronous snooping
mode.
20 Figure 28 shows the timing for the fastest asynchronous snooping _
mode. ’
Figure 29 shows the timing sectors used to overlap snoops with data
transfers.
Figure 30 shows the blocking of a snoop by signal BGT#.
25 Figure 31 shows a snoop occurring before BGT# is recognized.
Figure 32 shows the progress of a memory bus cycle in terms of
cache controller input/output signals. '
Figure 33 shows the progress of a memotry bus cycle for snoop
cycles.
30 Figure 34 shows the progress of a memory bus cycle with snooping
during LOCKed cycles.
1( Figure 35 shows the timing of snoops during PLOCKed cycles.
: 7



signal names peculiar to the currently preferred enbodi nent. A description
20 of each of these signals is provided-in the text. Reference to these
specific signal nanes should not be construed as a limtation on the spirit
or scope of the present invention. B. Overview of the Secondary Cache
System Use of a data cache is based on the principle of locality. This 25
principle recognig i 1 | ' | i ) 1d to be

ref erenced again Fégéﬁtsggth ‘e’?v\%vé%ts'hkﬁméééq@%géﬁ%g%ﬁ dtbfyn%%éhblflaidgw se, if an
itemis refehietnced, nearby itens will tend to be referenced soon thereafter
(i.e., locality in space). Thus, the rationale of using a cache_nenory is

to provide effici fgwfeéc?cﬁ)i‘?ysttﬁe fiming waveformsdere cashaable fegd-miss withpy
| ti | NG: e enEl 1 depi ct bl ock di f
accel erating Qacemeﬁgﬁs%g‘(r‘}ﬁm\%ﬁﬁgﬂ' I{nﬁl gure epicts a bl ock diagram of a

secondary carcei)e SYS e present invention is based. The basic
cache sys§em CONTFigereB8shols the tifitlg waleloMiisdbr & BadHiabla fead@'thisy withe' er r ed
embodi ment conprises either an Intel 80486 or i860XP[err] m croprocessor
and Cache Meraplacem@nt jofasegdifiedeiMlolinesi t h Cache Controller 12 and Menory Bus
Controller (MBC) 11 oyi de at eway between th Bus 14.and t he
Vonory Bus 15w oo arhoiE 1fe BlE eRbrind 161 e OF .81 By "oy "t e
cache subsystererGhomtdds [MPIikd.ocks 12-13, are renpved fromthe nenory bus
traffic. Therefore, |ocal cycles (CPU cycles which hit the cache and do not
require a nmenory fggredPwhowsihetimingovaveldrmsifona wirits-missowithe atincatieus 15. Th@
provi des reduction | nory Bus bandw dth which is often required for
&@ssf%@"&?@‘?ﬁ#&]-wﬁ?- Wil |

mul tipro be described in nore detail, another )
i mportant functi oFigere 41 hoW8TIR fiMING wavelmeX6d £ Bhodp-hiPtd 4 sdditrds Peed W
decoupl i ng between the CPU Bus 14 and Menory Bus 15. The system of Flgure\ﬂ?
|'s optinm zedIMbliRgerve CPU 10 with zero wait-states up to very high
frequencies (e.g., >50MHz), 15 while at the same tine providing the
decoupl i ng necessary to run slower nenory bus cycles. Menory bus 15
typically is either 32, 64, or 128-bits wide. This



conpares to a CPU bus width which is 32-bits wide in the case of an 80486

m croprocessor. Thus, the secondary cache system of Figure 1 easily 20
supports nmenory bus wi dths equal to or greater than the CPU bus w dth. -
Menory bus widths |ess than that of the CPU bus can be supported by use of
eXternal buffers. Cache Controller 12 provides the main control elenent of
t he, secondar \DESCRPTIOR (O THBE ®REFER nd |ine states, and
prob"r/des 25 decision on accesses, hits or m sses (based on variations of a
MESI prot ocolA.. INERQDUECTION 12 handl es the CPU bus requests conpletely and

Controlter 12 al soniombriREe R RRERRRupRERE SEelbrBLa 8RS, (SR 1
data paths ftvapbefs?stbintss dassHbEUS I8 the féll&&iﬁgidégcﬁdﬁan%%hﬁls é6fi0 correct
data. It dynamcally on a nost-recently-used (MRU)

adds wait states base
predi cti o medetailsiarersetfarth.cstich asspacifie numbers of bitesrbitsydevices, ota..iakes use of

[ | i . S i fi | | | -10- \ f
LetT T sy Tarien o argvide aidaudh undérstiaing o 454 brelaris amopaili@Rt ot oY °) 2
used (LRU) i SpeprebehPintORione i Wit bebvictis 6 oh6 BLileEH thb @t thitne ane reason.

t
Cache Controller 12 also provides cycle requests to MBC 11 and the address
to Menory BusprésSeritinventiom mayibegpracticed without thése kpedificwdetaild. oAisoowels al so

responsi bl e f.or perfornjng nmenory bus snoop operation il e of her devices
are uti 112 RSO BV POoR RR SR HaSTRE i Biher e el oy Cache
Constr ol | 1 [ L0,  dhsBifin t er whet her or not

ot her de\?llroceéng‘?ﬂ%’iﬁ?@%“?%%@?ﬁ?ave g;ﬁgcfg?/g%?ﬁ@gﬂg%cessed cache line.

Ca\ipr: Control | er 1dthelébusseooidestdbing theprlesentinvention] feeqpient eeférencend t he
pr¥ary cache in CPU.10, based on the principle of inclusion, The secondary
Cache SRAM 13mayhkemade tadhe upe pf thedav caghercentroliesin conjupctionvith | -t o

bur ot "t r anaf S epEiic Cry afes Gk bt b osBiEy Bl sBEh B C7 7"
bur st oper at i intes 80486 &S I860XPM microprosessors. OThesetimplerhertitionsimérelyf ace. The
second is to track CPU Bus 14 cycles and perform i nternal
15 reflect the currently preferred embodiment of the present invention. it should
be understood that the concepts embpdied in the present invention are
applicable, or may be extended to other processor types and architecture.
In addition, in describing the ﬁresent invention, reference is made to
signal names peculiar to the currently preferred embodiment. A description
20 of each of these signals is provided in the text. Reference to these specific
_ signal names should not be construed as a limitation on the spirit or éccipe of
s the present invention.
B. Qverview of the Secondary Cache System
Use of a data cache is based on the principle of locality. This
25 principle recognizes that if an item is referenced, it will tend to be reference&
again soon afterwards (i.e., locality in time). Likewise, if an itemis
referenced, nearby items will tend to be referenced soén thereatter (i.e.,
locality in space). Thus, the rationale of using a cache memory is to provide
efficient access 10 frequently used information, thereby accelérating
30 processing speed.
Figure 1 depicts a block diagram of a secondary cache system upon
/ which the present invention is based. The basic cache system comprises a
-9-



operations anticipating a cache hit. The latter Capabiiity |eads to a
. strategy mnimzing access time to SRAM 13 by CPU 10 by partitioning the
| ook-up functions of Controller 12 and SRAM 13. 20 Because Cache-

SRAM 13 and Cache Controller 12 both respond to CPU Bus 14 cycl es, Cache
Controller 12 can performthe tag | ook-up in TagRAM 31 in parallel with the

Cache SRAM 1 wﬁ{gg i : I - rather than segneptally, and

i nform bot h %Bgo{l% an I&ﬁ%ﬁ@r@y p?%é"#‘iﬁ"\%(?gﬁmﬂe?@%? %{{l]\e{ AR | ast

i nstant. Taginteygd486 oniBEOXB™erhicroproded€orsdritf @86hd MEmdRy 1RG¢lr ess tags, MU
bits, cache state and control, as well as conparators for naking the

hit/niss forCaukinctiopwith fzache Gontrolieri2 andMemory Bus Gontroleni(MBC3diesent s t he

nost critic | r . SV or- achi ey ng, zer o- wai t
Stat e oper atpiondeih dalebarpaegh Y ¢rG T LU RENGhoR Bl 5.4 nt crva
avai | abl es t OCPErdceesses Witih talle S6Ivice@ TGRaNE by b edtfelsBbsjsidh- 30 This
paral |l el operation of Cache Controller 12 'and SRAM 13 el im nates the

sequenti al ofmprsintblocksTiZ I\ aranenansd-from the memery bus t&MAM 13 data fetch

fromthe crigic 1 at 1. no us ntroller (MBC) 11 adapts"
the CPU cach “%’gi”é 8o ﬁ%é?%sp@gl‘h%d%%f’@/hﬁﬁ'ge ﬁ?‘ggcﬁ!\?l d%%‘édé@*ﬁ wi t h
Merory Bus Liemoly Biod &bie) @re bémmigrelhiigbRoWsho s’ &, | filis 12, ine fills,
flushes, wite backs,&ebt?:. Byt eﬂEnggiI e (BE? Latgh 17,{§anﬁg§<ternal | at ch
control | ed bRrovideaa reductioniin Memeory Bas bandwidthuwhich i often reqeinddter of CPU 10 o
si gnal s. that . NOt hrough Controller 12, and may be functionally
consi der?a(g a’é‘ﬂﬁ'&ﬁ“ﬁﬁ@%%ﬁ%m%ont roller 12, although not physically . ’
i ncorporated in tACwllRSRRLBYEH Mdre deRMDAbBNmpoRafTBndtioRId e €7 12 15
i mpl enented as a single integrated circurt 10 which includes |atches,

mul ti pl exer ssgapndaryreiche sysiemds tosproviis speed gecouplidg betvdemthe OF$E nenory

RAM). ' i TN d | evel h
Cont 1ol | er 1t B9 3 anh Nacfishy Bis &5, 756 RlsfaRic Hdeye a4 Bottmigd isanme t ne. cache
directory angpuofy with z&io0wik-datk® up K6 very HigH RS %@5%5&%@%&63 of the

cache nenory 13. The Controller 12 and Cache 1 i'p set
provi desl®in Whilg atihe same timaipronisingthe idecounling menpssary tosrunrsiovegrar ent

memory bus cycles. _
Memory bus 15 typically is either 32, 64, or 128-bits wide. This
compares to a CPU bus width which is 32-bits wide ih the case of an 80486
microprocessor. Thus, the secondary cache system of Figure 1 easily
20  supports memory bus widths equal to or greater than the CPU bus width.-
Memory bus widths less than that of the CPU bus can be supported bg; use .
of external buffers. _ A
Cache Controller 12 provides the main contro! element of the
secondary cache system and includes the tags and line states, and provides
25 decision on accesses, hits or misses (based on vanations of a MES!
prdtocol). Controller 12 handles the CPU bus requests completely and
coordinates with MBC 11 when an access needs‘controf of Memory Bus 15.
. Controller 12 also controls the Cache Static Random Access Memory
(SRAM) 13 data paths for both hits and misses t_b‘ provide the CPU with the
30 correct data. It dynamically adds wait states based on a most-recently-used
(MRU) prediction mechanism and access contentions. The MRU
mechanism makes use of temporal locality. Specifically, the most recently
-10-
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to the CPU system software. The Cache Controller 12 includes the tags and
line states and provides decisions on accesses hiit’'s or m sses. Optional
external Transceiver (XCR) :Latches 16 may be used.for interfacing Cache
Controller 12 address data and Cache SRAM 13 data to 20 and from Menory
Bus 15. C. I nternal Cache-Controller Architecture .-
Figure 2 is austdiway efca $8tis modt likplyto bef usedeagain: HEheGovers@bt MRUL Reashi t of t he

secondary cache nor m It interfaces with al] of the elenents shown
T Figure 1 penr st (AD) flmed o, cdhosre el be Bpiertd, dor e Samec 25
Interface 35, gdshechak Em?r _ t and Snoop
Latch 33 and 'gnoop' Cont?gi"ﬁ%?regg.geaé%ﬂ) us rﬁgg?g%%g%sy%gﬁa&&?he

i nput / out put thieraddeassdo Mepnory BusAB foBoachbdmissés.s i nterface is designed to

achi eve the highest speed possible on CPU Bus 14 for the flow'of data to
and from Gache SRARRche Gantrolier 12 is,@)59 responsible forpertgsying @emoncP¥sice si gnal s

che
conprise: thig ﬁ’?‘fl ' *ﬁ? -@m , five cycle
definition | i%i%bp?%, V@S r@p ( é%#ﬂﬁ%&ﬁngﬁgﬁBé%éé attribute |ines
(PCD, PWI), anSassping refdid-to the 8p6r@tion WharetyLCE3Re) Cortrolier 12imonitédse cont r ol
| i nes (ADS#, BRDYCl#, BRDYC2#, BLAST#, NA#), and five cache snoop

consi stency | $hared ManrpBusASde deteqmin er pipatptherdeviggeisharing sevent een

initializatio i C r ' Vi ' preferred

enbod et amenioty BRIk natg BBl of inadpsBic eanolindy sEhe CnlbifrT ° Croos,
P, SNPVD12 ERbddedFboth@ht sé¥ondibwslicabhe HWEING, prividd, bidhe mTPOOUr t est

pins (TCK. TDO TD1, TMC). MBC Interface 35 couples signals to and from MBC

11 for controfO.drasedmnthe priaciple qfiaclusiamt i ng Control | er 12 and Cache SRAM

13>f0 a 10 specif4 l&% r% RS | *\/&3 11 and
Interface 35 repreglgen%{% y tt}g cﬁé?ﬁr‘@%@t@ﬁwﬁ% roller 12 or MBC
11 cycl e progfunetions. JTHR) firstde ¥R Susply burshadidiesées'te iy SRAMDG multiploxee addr ess
and data strobes (CADS#, SNPADS#, CDIS#), nine cycle controls (CW R#,

CD/ G#, CM | oxandbulisrunctiopiendurst transtews: Thisjsseesentialtamaxinpize the

15 transfer rate for burst opei'ations because it eliminates a slow external chip

interface. The second is to track CPU Bus 14 cycles and perform internal
operations anticipating a cache hit. The latter capability leads to a strategy
minimizing access time to SRAM 13 by CPU 10 by partitioning the look-up
functions of Controller 12 and SRAM 13.

20 Because Cache SRAM 13 and Cache Controller 12 both respond to
CPU Bus 14 cycles, Cache Controller 12 can perform the iag look-up in-

\i TagRAM 31 in parallel with the Cache SRAM 13 corresponding data look-up

rather than segmentally, and inform both CPU 10 and SRAM 13 of the tag
iook-up resutt at the last instant.. TagRAM 31 contains all of the storage for

25 address tags, MRU bits, cache state and control, as well as comparators for
making the hit/miss for both CPU Bus 14 and Memor)} Bus 15 snoops. This
represents the most critical path in the secondary cache system for
achieving zero-wait state operation. Internally, there is approximately one
clock interval available to perform a tag look-up, compare and update state.

30  This parallel operation of Cache Controller 12 and SRAM 13 eliminates the

}( ~ sequential operation of TagRAM 31 look-up followed by SRAM 13 data fetch

from the critical timing path.
’ -11-



15 four menmory cycle attributes (NENEZ, OMLNF, PALLOCH, CWAY), four Memory ™
Bus Address Latch 34 enables (MAOE#, MBACE#, MALE, MBALE), five cycle
progress signals (BGI#, KWEND#, SWEND#, CRDY#, CNA#), a MBC 11 associ ated
BE Latch 17 control signal (BLE#), and cache directory array or Tag RAM 31.
tag control signals (FLUSH #, SYNC#, FSIOQUT#). 20 Cache Interface 37

couples to Ca ut put cycl e\
control for W%"%ng"c’&’%e#@ ﬁergrdl th&%dgﬂ gggn%e?ﬁgggg apvvay gont r\'r
(VAY) .t Weperific Averfiéry bus! témsmuaw@wmmmpaugusenmms@mm 13 buffer

controls (MCYC, BU WE#, W\BA, WBTYP). . Menory Bus Address
Queue 36 ¢aprdinatesmithiRantrglier 2. linefils; ﬂtﬂshgﬁme!elbﬁﬁbs €% 10 or - Controller 12

initiated req g of Queue 36 is
t he manner | ntﬁ? Eﬂa@ﬂéa%ﬁ%‘é}?oafn%%xﬁeﬁﬁhSégﬁﬁlngbg%% Ivity i s handl ed.
The | agt ebAioPi2,@as6Y RotEEHQMk6t 6 THAPID Elgndls thaldbtnoopass | nterface 35
and to Menory Bus '‘Address Latch 34, a 30 lo gi.cally trangparent address

| at ch wi t throughcGonirelion 125 antimay, bmAetE)naumonﬁﬁ%eﬂ agpab PéQa%'mAOE# VBAOE#)

Figure 3 Shotter 12 pbapuly aliRios HEnEBRIGA Y B8 praRefi @, - O

| at ches, pmBodimaagop Latch 33 and Menory Bus Latch 34. I\/Ermry Bus Queue 36
pr ovi des TAG, SET and CPU Subline (CFAx) signals. Control signals MALE
(cache |ine adeachesjontielent2nsimplementadsanna single intearatadgiratit- cont r ol Lat ch

f TA! T bl
T, Sl R A B 3 T it v e
23, contr gdddeth duteddainont EFIAMY) dpeﬁ’éimg@dﬂl%ﬁéchamﬁ'ebﬁmy( dalshe sub-line

address) respectively. Bidirectional address inforpggtion flows to and from
Menory Busemddwa eacheroRmtroligsar the lnjelViOEB& and iR6OXP{Y CPUs. It cache

Controll ey ggﬁé’F§c§1ecq%fﬁ@t‘rigggﬁhsé&%mgné?@td\ﬁ%&%r@f§ta1|§FmM perform ng

snoops vvh@ﬁ ponse 10 snoop request noop Control 39
gai ns i megiisécofhe eachd merhary 1.1 Ehe Cdntentiar mammcmmbumky W. Wthin a
determnistic period of tinme, it des ponds back t R R/B
15 chip set provides an unified data and instruction cache which is transparent
to the CPU system software. The Cache Controller 12 includes the tags and
line states and provides decisions on accesses’hits or misses.
Optional external Transceiver (XCR) Latches 16 méy be used for
interfacing Cache Controller 12 address data and Cache SRAM 13 data to

20 - and from Memory Bus 15.

C. Internal Cache Controller Architecture ' T
Figure 2 is a detailed block diagram of the Cache C_ontroller 12 unit of - U
the secondary cache memory system. It interfaces with all of the elements
shown in Figure 1. Specific interfaces are the CPU Bus Interface 30, MBC
25 Interface 35, Cache Data Interface 37, Memory Bus Address Path 34 and
Snoop Latch 33 and Snoop Controlier 39.
CPU Bus Interface 30 provides the input/output pin connections to
CPU Bus 14. This interface is designed to achieve the highest speed
possible on CPU Bus 14 for the flow of data to and from Cache SRAM 13
30 and Memory Bus 15. The CPU Bus Interface signals comprise: thirty
address line (CFAO -6, SET 0- 10, TAG 0-11), flve cycle defmmon lines (W/R#,
1( D/C#, M/IO#, CACHE# LEN), two page attribute lines (PCD, PWT),an atomic

-12-
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with the results of the snoop " Si gnals are prow ded to |nd| cate |f a valid
tag 15 was hit and if so, whether the correspondl ng data is nodified [M
state! MBC 11 will convert these signals as required by the specific nmenory
bus protocol. If a hit is detected, Snoop Control 39 is responsible for
further action. The CPU cache consistency protocol is based on the

pr| nci pl e of acodsadine (LACK#\ivebus eyple cartroblines (ADSH#, BROYGH#pri mary cache
é'/, CPU ca E%o al so_exi st in the secondary cache (i.e., Cache
Contr ol ler 15BRONCaF. BLESTE. NRR, a1 ivkicache gnose ansiHernings SBHOLE) cache.

action nust b e ry cache. Any line in the secondary cache
that is inval FdAgt@gﬁmrydﬁm@g ét?]f\:/ idated in the primary cache by running

i nval i dat e cycl e( sih.addltioh/eventeen Gitializafisiand eRécution #bntrol Ptk areed [ M
state, inquire (possibly with invalidate if the secondary cache wll be

i nval i dat e?¥) PtRvIdeddn the preferred embodimentha citels (ChKhea reset 13, nin@vr i t e- back

1o bR e RV, SR BB RLA al”

Control | er 12ppOCKEN! WWOIR, MEMLUH\P)'dnGQ&&t@étdiWT%Cf@ﬁ m@pe mul tiple

CPU 30 cache lines can fit. in a Cache Controll er cache I'in Thi s
paraneter is referMB@ lmgria@e 85 peuples slgnals tovand frOlBeM&Qéé fomm;nb@fp

s mecessary Meaiy Bge s 3P abRobtl Ghriiae 12 e ceshie sFAM TR RRA, Bus s
Spsei ficahyy, sﬁme%@tbdﬁﬁﬁeaggléﬂs bétweehMBE T 1341 Infefiabe @5 ENDrY bus

protocols, and must work in synchronous and asynchr onous
envi ronment s. repsesent plemary BﬂSﬂEGydayemmwﬁommm 32 0eMBE 11 byclenoop

i fterface has_a built nchroni zer. This onl nchrgni zer in
Chche. Cont 1 of PRIMSS Sanals SARFBIRF of Birstreasy ADYAL 1iBe 5ottt 318 fcl uded <o
save the extrga@l Qmsesxe)\ss#hsﬂpms#dcb?s#p%d@élé Sntdls @WAEDal
synchroni zer. 10 Snoop Latch 33, a two stage address lafch, is shown

in greater deGQIC#J GMADEUMEACHES, BPLOOK#) KbOCK#, HQ)I&RO\%!)-GMUS Latch 41
Chat r eceltes BRSPS ryds alfbuse QYRNEE BN S TSk akBh %8 Vix 52, °
Memory Bus Address Latch 34 enables (MAOE#, MBAOE#, MALE, MBALE),
- five cycle progress signals (BGT#, KWEND#, SWEND#, CRDY#, CNA#), a

MBC 11 associated BE Latch 17 control signal (BLE#). and cache directory
array or Tag RAM 31 tag control signéls (FLUSH #, SYNC#, FSIOUT#).

20 Cache Interface 37 couples to Cache SRAM 13 for implementing .
cache input and output cycle control for a two way cache. The interface -

\\/ signals comprise: a way control (WAY), two array controls (WRARR#,

MAWEA#), and five Cache SRAM 13 buffer controls (MCYC, BUS#,
WBWE##, WBA, WBTYP).

25 Memory Bus Address Queue 36 is an internal queue used for
scheduling CPU 10 or Controfler 12 initiated fequests for Memory Bus 15
cycles. A key feature of Queue 36 is the manner in whfch the address of the
next pending activity is handled. The last stage of Queue 36 connects to
Memory Bus Controller Interface 35 and to Memory Bus Address Latch 34, a

30 logically transparent address latch with latch enables (MALE, MBALE) and
output enables (MAOE#, MBAOE#) supplied by MBC 11 through Memory

K Bus Controller Interface 35.
-13-



Transparent Latch 41 'is normally open. Wién @ snoop event is activated on
15 Menory Bus 15 by another snooping MBC. the snoop address is |atched by
Latch 41. Latch 41 reopens when Synchronous Latch 43 closes. Latch 43 °

cl oses after a snoop request (SNPSTB# synchroni zed) and opens when the .
snoop | ook-up is conpleted. Latch 41 al so passes on control signals for Tag

RAM 31: snoop invarigm?é-h@nowssmrawe}déﬁg-m&ﬂ.t&narmmnémé Address ate
invalid, 20 [I]; nenory bus output enable (MAOE#) enabling a snoop when
active; and sriaishesde., Saodp kajchiS3iand Memary Bus3ianhicd. MemogsBusg t hat t he

e s o < G PR RSB Al Dokl B SRR 563 )
modes for initg aléfw&eqe&me%e a%aebsgggm RIBALE(chet S Eftiirfbladdtdssf2: St robed

asynchronous, clocked asynchronous, synchronous. The strobe
asynchr onos rmatolisaich 2hier TAG, SET ardiponfiguralieSxitiresses eigohls(LEAX)

h d PSTB# ti N the rising .edge  of PCLK as th
Soop event . Heseertupivy The owpuddaiciaice snphieiieaPhudy i O, passes
the si gnal t o gifhers¥6Hd 93] ooy B MADERIBSER i dcdrds afid MEAGIERT OnouS

node uses SNPSTB# active on the rising edge of CLK as the snoop event.
SNPSTB# al so doactecsub-ine dddress regspectivélyn (Bidinecliddat addneds infodmationt ect to

control the -15- cl gsi of tch 43.a jpitiatin oqQp cycle. Note
that Latch 41 prﬁgég'agﬂa?mw SSPHRIHNS eswggé' ﬂ&@ﬁ%&&&%gl ection ?
provided og SNPCLK'é:thSboh%lleﬂé%@dl@@%ﬁwwxlﬁ%@lz cg'dhvms%rfuawsonous, a ‘_3'

toggl ed for cl ocked asynchronous. rovides the neans for .
sel ecti ng t he ydpertsmingenoops wherbmquestdd.nin fespbidd Bla sooplrequest, address s

lied by CPU 10 fh h U Bus |Interf 0 .S Latch 33. T RAM
31 Toget het i SHPAREPRLIARRINS MigRpieiecacessia 1g0 Airpy 90 aRISEHEMEE Pue cache.
For 1 12t 1 ONopkcup. Slica BRERHKSAY bhibd AT W BdocsRbadRto Wb #2 (11) bt

set address bits of Latch 51 to select one of 4K ) sets as shown in
Fi gure 5. The wiltotheagsulistof theeshoop. Signalsvare ipagvidedtodndicatedft avalidtag? and 53

are simul tlasn eo#gsl' Hit &°d %E.EW eWer?ﬁengnge%tpgrr\&nQS %af%r}g r:?oSdiﬁ'gdt[nl] %&?e. MBC
11 will convert these signals as required by the specific memory bus
| protocol. _ _
If a hit is detected, Snoop Control 39 is respbnsible for further action.
The CPU cache consistency protocol is based on the principle of inclusion
20 which requirés all lines in the primary cache (i.e., CPU cache) to also exist in
- the secondary cache (i.e., Cache Controller 12). ' As a result, if a liné is
‘altered in the secondary cache, action must be taken in the primary cache. N
Any line in the secondary cache that is invalidated must be invalidated in the |
primary cache by running invalidate cycle(s). If the secondary cache line is
25 modified [M] state, inquire (possibly with invalidate if the secondary cache
will be invalidated) cycle(s) must be run (if the CPU cache implements a
‘write-back protocol) and the memory bus controller interface signalled that a
snoop write-back cycle is required. Note that in some configurations Cache
Controller 12 will run multiple invalidate or inquire cycles since multiple CPU
30 cache lines can fit in @ Cache Controller 12 cache line. This parameter is

referred to as line ratio.

-14 -



tag bits of the address to | ook for a match. For read cycles SRAM 13

si mul t aneously | ooks-up the set addressed 15 by t'he set bits and provides
data based on the MRU 59 through MUX 63. |If Conparators 54 and 55 detect a
mat.ch, and this Is not the way pointed to by LRUMRU Directory 58, the data
is used. If Conparator 54 or 55 detect a match, and Directory 58 nmatches,

Di re\;t/ori es 58 and Hecause thedsricop CuntoRA\89l1d MambyButo1 Sidterfade is panei t her
Conparat or 54 or, 35 detects a 20 match, the cycle is passes on to Menory
Bus 15. For wri®fCashe eontrolien12. i is necessanie supbert all gigaalling meslesct hi t/ i ss

and to signal SQ@W wWhi ch ' ' . hi Wite
hits al so cause r@%&?ﬁ@}% u%\ﬁyd ?ge%é%lg, %dégé?gﬁ’gggﬁg%tﬁggﬁ?bboi)ut not
necessarily at ¢loeketiane sttobed nidiidrg bug protocols, anSMiEP woRih tigti| acenent s use
the Cache Controller 12 to Cache Menory 13 way correction-like wites to

i dentify thed waSynchraneus apd esynehrnoug énvisanments cEonsuppastof the LRU state. In

o1 S i ot errent <o3yBhfobehE BNEBNRERES The iiBBpdRgtged neda SR BineBager oy
gi ven access. 'T‘hﬁisﬁ’é%imy&ch%n%?m%d%tM§i12%?!&@6&&%# MRU) rule.

In a read operation, the rule predicts that the nost recentl'y used way
wi || provide theormajaperationial is ineltdechtongaxe dtie extradripel cyele thatwouldde i s - 16-

set to select the i ndi cated by. the bit In MU D rectory 59. If the
prediction is c&w@fw?%eeﬁleéﬂﬁfﬁygﬁh@é? Fis i medi ately vailable. If the
predicction i@ not CoghcdpiLatch sh?faetwgw%b S0rEEMCA] s MRoWRIh Pre'f_é@er ddtaiFh

conpares the outputs formconparators 54 and 55 with the sfored MRU bit in
5  LRU MRU Di r eiptigyrest comprising obaminput Asynchrandus batch 41arampected tal | ow ti me

toy e o’ ou BRrioRE BB BeareRe s b5 6 Copul Binaienete L bt " e "t
bit is also USG%cB%sGQ@TSnﬁEQEﬁMﬁa@H‘%?ﬁﬁdJe A 8 ofiflo Mg BBEM Se that

the nost recently used data wll nore pro required 10 again rather
than the | east Teansparent Latchi4tist normally) 6pev. SWhah acsnoop eeenttis activated on

consi st encyss t ah%%ocr);' Bﬁg QE b)C(aa?\Qt?\er snooping MBC, the snoop address is latched by
Latch 41. Latch 41 reopens when Synchronous Latch 43 closes. Latch 43
closes after a snoop request (SNPSTB# synchronized) and opens when the
snoop look-up is completed. Latch 41 also passes.on control signals for Tag
RAM 31: snoop invalidation (SNPINV)) forcing a snoop hit into state invalid,
20  {l}; memory bus output enable (MAOE#) enabling a snoop when active; and
snoop non-caching device access (SNPNCA) indicating that the bus master
§ s | is a non-caching agent such as a direct memory access (DMA) device ([E]:
state permitted). '
Snoop Latch 33 supports three signalling modes for initiating snoops
25 and controlling Latches 41 and 42: strobed asynchronous, clocked
asynchronous, and synchronous. The strobe asynchronous mode uses the
falling edge of SNPSTB#. The clocked asynchronoué mode uses
SNPSTB# active on the rising edge of SNPCLK as the snoop event. Based
on the selected mode, MUX 44 closes Latch 41 and passes the signal to
30  Synchronizer 45 which passes it to MUX 42. Synchronous mode uses
SNPSTB# active on the rising edge of CLK as the snoop event. SNPSTB#
[ also connects to MUX 42 providing an additional mode select to control the
-15-



entry in"a four bit field. The four states define if a line is valid (hit
or mss), shared with other caches, exclusive to a given cache, or if
nodified relative to contents of main nenory. 15 D. | nput and Qut put
Pins Figure 6 shows a bottom view of the pinout configuration of one 3
preferred enbodi nent of the current invention for use with the Intel 80486
processor. Tt@sn@!t%tﬂhtﬂ&ﬁntﬁhiyaﬁigsa smodpheycieo UNote ithial d.atohed inramaing gr oupegf as
0

follows: CPU bus.,interface along the | eft and bottam sides, nmenory bus
interface al cﬂ#?g"t'%@wﬁvgﬁfw@?‘&es@ﬂa Mf’&@e'e@m 13 Py} Ffefjrﬂ"erfacg and test

pins al ong t heNpeRk: figh GABBed BERICHdnbBS, 1bNUSH &/ARAIoRbHS sh¥didde bot tom

side. Figure 7 is a tlgg | e for cross re%renm ng "si gnal nanes Wwth | ocation
coor di nat es. féoolackedigsphchrgniaus. (Vcc and Vss) are centrally distributed on

e B e e i i 1
conf! gur at | OyskB) SLBRARRSF 6ot B abirdSs kAR bh WP B Iolgnep(Sect or . bus

wi dth and catc cl ock si gnal erm nes the execution rate
and tim ng ofBusdnteefatnd® ooShaop Uetch Ihe 30 - RESET input is asynchronous and

forces Controller_12 into a knovvn state. tion signals are sanpled
on the falling edd8a BA ng'FbaChe_ﬁg%m"?M?ﬁnﬁﬁlélq WAY1S8b! exed with

ot her pins. dsgbkfﬁ/’ BB drRidtioRioN R caBheohLTH bfcié OfahNf 8BS | on | nput

sanpling. Typlca etup time is three clock cycles fol | owed by au
hol d of [1@ss théra@ lmbitsbmdrmhﬁsdhacmSMSeIQMe df4K.(RKpsatsige. 5

Conf t CFG3 f h | udi
ine rati o, IFPRUSTLEDPES. TR RGE i in g W iB0ashes Bieer S diccodes
these |ines %m@%ﬁnm@nea@évcérn&aa Ui Sitalofs stlsnasshﬁmmmry 13 via

t he cache nmenory I nterface |'Ines and SEC2#, each nultipl exed on
pi ns MCYCH, Bagibltsmﬁhd\aédressmdo@kfaeaynatﬂl gure 9 10 shows the eight
configuration options spec al s CF th the
el “0as6 Cru - FRLreeBign SHAM o RiLiRneiely Tonis-a vie et addfessed

15 by the set bits and pro_wdes data based on the MRU 59 through MUX 63. If
Comparators 54 and 55 detect a match, and this is not the way pointed to by
LRU/MRU Directory 58, the data is 'used._ [ Comiaarator 54 or 55 detect a
match, and .Directo_ry 58 matches, Directories 58 and $9 are updated by
SRAM 13 switching MUX 63. If neither Comparator 54 or 55 detects a -

20  match, the cycle is passes on to Memory Bus 15. |

For write cycle, Comparators 54 and 55 are used to detect hit!mi_s_s
and to signal SRAM 13 to which way to write in the case of a hit. Write hits u
also cause Directories 58 and 59 to be updéted consistently but not |
necessarily at the same clock cycle.

25 Snoops and replacements use the Cache Controller 12 to Cache

- Memory 13 way correction-like writes to identify the way to be accessed but
do not effect the MRU or LRU state.
~ In order to statistically reduce access time to data in SRAM 13,
TagRAM 31 also impiements predictive selection of the way to be chosen on

30 any given access. The prediction is based on the most recently used (MRU)
rule. In a read operation, the MRU rule predicts that the most recently used

/ way will provide the requnred data and so MUX 63 in SRAM 13 (Figure 5) is

«-16 -
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controlled include: line sizeratio (1, 2; 4 or. 8), lines/3ector (1 or 2),
and nunmber of tags (4K or "8K).. Line size ratio is..the relative size of the
cache.line size tothe CPU on- 15 chip line size."'Cache Controller 12 uses
this information to determ ne the nunber of back invalidation or inquire
cycles required for conpletion when accessing the CPU primary cache.

Li nes/ sect or reetdp select tha MRIh way indiorsed by thechitindiid Risegtone89.0H theippor t ed by

Cache“Controll e each s, r ed SI ngl e tag
and each line W#gnﬁ?ﬂjfeggﬁ @Jiﬁ%@%@%‘?e[%%elféw:%&ﬂ\ the entire
sector (one or Piéuibubh At ooh%ct@détbﬁﬂmeﬂ%&frb&:&lﬁh 56,/ WHRIChRI N menory.
Figure 9 also [ists the state of signals LRl and SEC2# previ ously

di scussed. Addcoinparesitye outputstferm gempatatarah4 andSSJvitit the s@grecﬂ MR bitdn 8
listed di cat | | 4K b
5 5 WARR Sl o Dl e
si gnal s corrprr Rectﬁi?laél ﬁ'al‘ﬁ?ttﬁ oﬁhge MURVES td §Witchabithé oftiee wayl t ype

(80486 or i860 err SNPND, s ared with pin SNPCLK#, indicating whether
t he snoop rmdeArssm;dt.hhoMﬁUsbmis up-datied in Btredbwiﬂsqmrtﬁiionous and PLOCKEN,

mul ti pl exed with CPL S h - the 80486 CPU .f dl f
00 63 bt at o c v LRUSIs s yog 1tk SachS shaiory rerlecemens Bast B oo
f ti 1 f P |

el ea and pLWﬁ"éﬂ%‘é@?‘?;ﬁﬂs‘%ﬁ"é‘??ﬁ?‘ggg‘?y““o'o"ﬁ’%’mﬁ"ﬂz S‘.dn““?"'li-

CPLQzK#. | fiol owgaifatheottiaathd Bastrevestly usad @0486 CPU PLOCK# requests and
CPLOCK# i s disabled. The | ast two co f| ur.ati.on S|§nals co r e: NMEM.DRV

red with pi n SYN&Q RAMA18lsq pigrasithe |°8@s'§tF“W ﬁte(?z?ﬁﬁ rrem)ry bus
arfwers 115 b fiold Pt efihe #4 1hD S CiRI(RR oPinidsh
fﬁﬁ fle H&@s@r tang WAORA, 'E (R oPmice),

capacrtance dr|v ared wth pin MALE#,

i ndi cating the shhmdoﬂitmétheeedches.i éxelusivido iagjverf cdche; oitif RG8Hied relative he
choice of strong wite-ordering if high at RESET. Strong wite-ordering
prevents Cont r 40 ceptents of maip g ting a wite cycle that would go to [M
state if a posted wite is pendr ng (i.e. has not 10 been granted Menory

Bus 15 wi tsBGH) . HpubandOUfh@PRsderi ng ensures that

Figure 6 shows a bottom view of the pinout conﬁguratioﬁ of oné.
preferred embodiment of the c_urré‘nt invention for use with the Intel 80486
processor. The input/output signals on the four sides are rnainly grouped as
follov\rs: 'CPU bus interface along the left and bottom sides, memory bus
20 interface along the right side and memory bus controller interface and test
pins along the top. The cache niemory (C8) interface pins share the- bottom
ot side. Figure 7 is a table for cross referencing _signal names with Iocatiqn
coordinates. Power supply pins (Vcc and Vss) are centrally distributed on all
four sides. | |
25 D.1. CPU Bus interface Pins _
The system is iniﬁaliied by providing the CPU clock sign_al. CLK, a
RESET signal and set of nine configuration signals representing line ratio,
tag size, lines/sector, bus width and catch size. The clock signal, CLK,
determines the execution rate and tiniin_g of Cache Controller 12. The
30 RESET input is asynchronous and forces Controller 12 into a known state.

/ Configuration signals are sampled on the falling edge of RESET and are
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wite cycles fromCPU 10 are witten to nenofy in the sanme order. The
preferred enbodi nent of the Cache Controller 12 has seven configurable
address |ines which change function according to the previously described
configuration option pins. The reason for having these 15 nulti-function

pins is to reduce Ip| n count because the |arger (wider) the cache menory 13;
t he | ess t afpnstierally maultiplexeid with otivaepins.n Eigure 8ishows thehimigs i n accor dance,_

with the CF h f tion of

ddr ess 1 i nEQegeRtPaBLeonE i siot AR sprobifel Tyeall- QB2 shidR L] e (ao- s
A28- A31) sheibé cloek eaelicwed By & hBRFof I6dtthaiBRé cidbk attéd the RESEB0486 CPU.
SETO- SET10 are the set of address pins that are connected directly to the

tag array 3%igoal faliva®dgentrol ler 12 and:to the CPU address |ines used for

selecting the c LY. Wweyv t ag
rode. pi R i, e euraSntisls CAOBCAES B5ikiye HR R pedhdiEl oy | [ res
connect ed t tholldng? ImeThfid, inBs/SEHI8Y; ¥nd WOmbBY of tags. CPR® Contreley 195€d to
deternmine if a hit has occurred. In addition unused CFAX |ines, dependent

on the conf dgmmutbeswesmmasawmavam informatiomon 4o tha®ashes. A naxi num of
15 TAG lines_are 0, ted enabl i n ach e 4 G gabytes
addr ess spawwwﬁ%{ﬁﬁ:@mﬁm o\%gltq{f}&gémesrhégééh @é%ner 12
supports thbﬁ@hhﬂﬁ wctvcmamss%ddm.% BlyVViFiguré loe 80486 CPU
data sheet: , M O%. These -19 - ree pins define the tyb

of bus d90| sbowsthﬁeelpurmfwatiommnelswclﬁgdbzHmalsﬁﬁ%@ﬁﬁra te and read

| | cycl
@ st ngut snadebocal e ot SR8 ) oY Eoribliatn aRtandRin R 0 ore
def 1 1 11 RN oo 86 DL i) IbasbtaP 1) AP E AND LEN

CACHE# identifies the CPU intent to cache (not used with the 80486). LEN is
used to i demuimber aftapsi4iler 8t a type that requires two data transfers. The

B O O sl e e 5 e s Bk el GHiB, o0t
page 15 chip line size. Cache Controller 12 uses this information to determine the
number of back invalidation or inquire cycles requifed fof_ cdfnpletlon when
accessing the CPU primary cache. Lines/sector refers 16 the one or two line
cache memory sector suppoi'fed by Cache Controller 12, each sector fine
being associated with a single tag and each line with a single state. During
20 tag replace'me'nt. the entire sector (6ne or two lines), if mddiﬁéd.' is written
back into fmain membry. Figure 9 also lists the staie of _signéls LRO, LR1 _and
SEC2# previousl'y'discussed. Additionally, in the last _éoiumn, the states of
flag TAG 8 listed indicate to Cache Controller 12, whethei 4K or 8K of tags is
being supported.
25 Three of the remaining five configuration parameter signals comprise:

- CPUTYP, shared with pin HITM#, indicating the CPU typé (80486 or |
iB6OXP™); SNPMD, shared with pin SNPCLK#, indicating whether the snoop
mode is synchronous or clocked/strobed asynchronous; and PLOCKEN,

" muttiplexed with CPLOCK#, is used only with the 80486 CPU for handling of
30 - 64 bit atomic writes from CPU 10 by enforcing the 80486 CPU PLOCK#
function. If PLOCKEN is sampled high at RESET, the PLOCK# function is
[ enabled and PLOCK# requests are represented by Controller 12 pin
-18-




10 basis by CPU 10. PCD indicates a non- cacheabl e address, while PWI
instructs the Cache Controller 12 to attach a wite- through attribute to
the actessed line causing a wite of the sane data to nain nenory. However,
the Controller 12 cache state nmay over-rule PCD and PW attri butes. (For

|nstance when @ﬁE@éR{tnﬁlawﬁ§§§ﬁ??I‘e}qs |¢r{br@§1*|evﬁ4b LPBL Ons’r&é@@%{%ﬂa?e

15 PCD active, the co er w 'gnore e line
to be-cached; vanehCRLOGKS#iisdisableds i n exclusive states ([EJ, [M) with PW
active, PWF will be_ignored and the line state will remain exclusive. See
section E. 1.) The caaﬁéam configuration signals eemprises MEMLDRV sharedivith ENy

d | N
cctive and w1 1P SNC FRIGRAY o Boifs ol ABn BHAGERGF pialfin bus sovéisf 1 L)
| ocked cycl &s. Ibw a'masme oltferiide iAdiBatingané chﬁéélﬁﬂéuﬁ@a%éﬁéﬂcb' efsah be -

I ndi cated by the rrermré bus, the Cache Controller 12 wll wait for t he
cl osure of the WigkBeBE Ethnd/W\WMGR#( mmthm MAkE#Niedicamtgabbldioby oby

f h i EN# and
bus.r ead-onty (AR ordgfinad low & KB frrrichihe cBoies ok Frta wifieprdonacks  ant
two MBC 11 bus A.@g ki RESETI Sitohg vﬁub%m’ﬁ ;s}aeéms CoHiSifer ¥R Ridnd G&Hﬁﬁhh&g a

read- nodify-wi sequence. Cache Control'l er passes this request to the
MBC 11 vi a KLOGKwrils cycledhatamddmoommsm itmpmteql writet ie gending i(iye. las not

d f 80486 CPU 64
sequence: b . TR ralide Mibrh B e o AL T BEo oAt G S IR o o
treated as an &kﬁt@‘cgclbéﬁaﬁlf@PUQb érWr@lZn'i’d Pnewrfiﬁnﬁ@%ambtoraéuoatl ng point

operands). Cache - Contr ol 12 may disable atomc 64-bit wite
furetionality in ordbe pwetteﬁneemdlmem ofthesCachesGontraliop12 hagseven The CPU

BLASTH and Na. COaaBlg seifestines Senich Shatge Junblon pepacheiiodbls s, gnal
addr cas! St at Us eqChay detdrbed CORTARMG AARRTIR T Reson W VIR 18R and
i nactive onl& hemulidunalion pins istoreiuce pinicRRDYERAUsarthe lasgerdwides) theui val ent
and are provi degd ‘18 ngeen%rg heciess b?tfsfa?g E'OSC‘UII’eg \eﬁe |Ime ?unctlons change
in accordance with the CFG0-CFG3 and CPUTYP lines. Figure 10 shows
the function of address lines CFAO-CFAS and also indicates which CPU
address line (A2-A6, A28-A31) should be connected to these lines when
20  using the 80486 CPU. _
SETO0-SET10 are the set of address pins that are connected dire-ctly to
the tag array 31 of Cache Controller 12 and to the CPU address lines used
for selecting the cache memory set to be accessed. However, in the 8K, tag
mode, pin CFA6 serves as SET11.
25 TAGO-TAG11 are fixed tag lines connected to the associative memory
~ two-way tag comparators used to determine if a hit has occurred. In addition
unused CFAx lines, dependent on the configuration selected, may also
function as TAG bits. A maximum of 15 TAG lines are supported, enabling
the caching of the whole 4 Gigabyles address space for most operating
30 modes. _
The Cache Controller 12 supports three bus cycle definition pins in
/ accordance with the 80486 CPU data sheet: W/R#, DC#, and MIO#. These
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to indicate to the CPU 10 and Cache 13 that data on the data pins are valid
10 and the next sequence of the burst nay be initiated. These signals are
generated by the Cache Controller 12 when main nenory access i s not ’
requi red. BLAST#. supplied by Cache Controller 12, indicates the conpletion
of the burst and is used by CPU 10 and Controller 12 in conjunction with
BRDY t o conttiree girtsidafibe thedtyps of bus/ycles ta bacpeﬂoanhﬂ' Rl distingoishest si gngly

fromController 12 initiati pipeline proce di cati ng that
Control | er Pstwaenjvigandjes gﬁ%ﬁéﬁw&'m 9&3’@?‘@%\%‘& T‘"% 'ﬁ@‘end of the
current cycl ?ﬁﬁ e next address Is
driven on?o@?ﬁ%usq@ %iwﬁgfégléﬁaﬁﬁkeeh é}Iﬁ#ryez‘ntroPic]iég 12 has five cache

consi st ency | i neSwoldddiibnalpitisFare dafined Mbooébﬁn&mﬂdtWXPWatat arting a
snoopi ng _cycle to the CPU _AHOD causes the CPU to float its address |ines,

thus enaBli fjesh CAGHESAND LN, CACHE®Ideptifiesithe CPAUNeRblo sapke gl?&lr SSE on CPU
B 14. EAD
S,l[Jf obed: Owl%iée#hesgﬁé §§4§6$'aLE$I REuSRPRRaGTI} g%?’l] ﬁué’@étéﬂ( @iferShou e

s are requlre snhoopi g wth the 80486

CPU, Note, heytirstwodata Mmtert hvhmouk# signal@inithe 80486 is redefined| i ne i f the
snooped address hits its internal cache, an event called a-

back- i nval i @stthisrsignakfos userwith GaghaBlosirpllerd®) uses HI TM# to indicate a hit

to an [M state _ % A gdnNd BOFF# to
break deadl ocks. wa'h& a&gp%@%’%ﬁﬂ?xh@‘lﬁﬁgaéﬁi%%o E'(yo?%gerﬁye‘%gsnoops t he @J
cache 300 baseis BCPUCIPPCD indicatesf a noncachezble address, whilPWsiecond | evel
cache are snooped in the prinmary cache w EW’{‘PNl state lines in the second.

| evel cache '&ﬁﬂ-‘%ﬁ;@ﬁ%"?@"ﬂ@“%"?l@? afjach hreughy atidkite te e for the
860XP d
!si gnal [s,er{]hr é%gsseg%ﬂ’e g?mé)g %@'&Fﬁb &Qgég%éem Fygn% gljtnspﬁg TDO

are used to tﬁumfrblldidmvialﬁe/stamnajr evérrole PCDtdnd RWT attritned. r(Fok er chip in
accordance with a subset of the | EEE P1149.1 recommended standard. 5 D. 2.

Mermory Bus dpstapes, whenageessingc@:cashadingincany valid{(R1cE(MD statamither of the
proper alrgourtgcsf gﬂ\?e{ ?I‘ééjgor{% ?F%p‘?@br&’%o hnd consflelr 5% urid th'e! 5 cache

control I'ér anoun
_ cached, when accessing fines in exclusive states ([E], [M]) with PWT acttve.

PWT will be ignored and the line state will remain exclusive. See section
E.1) | | o
The Cache Controller 12 provides the CPU 1_.0-wit_h the KEN# signal
20 to indicate cacheability of the requested cycle. Itis no’rr’ﬁ'ally active and will
go inactive in read hits to read-only addresses, and in ali iocked cycles. I-f a
cycle is not a hit and because cacheability can be indicated by the memory U
bus, the Cache Controller 12 will wait for the closure of the cachéability
window (KWEND#) to resolve cacheability by refererice to the 'niemory bus
25 interface cacheability pin MKEN# and memory bus read-only pin MRO#. -
There is a CPU bus cycle locking signal, LOCK#, and two MBC 11
bus locking signals. A LOCK# signal is used when requesting a read-
modify-write sequence. Cache Controlier 12 passes this request to the MBC
11 via KLOCK# pin for execution of an uninterrupted memory bus sequence.
30 PLOCK# is used to reflect an an 80486 CPU 64 bit write request. The
current cycle for which CPLOCK# is active and next cyclé are treated as an
/ atomic transfer of two 32 bit words (64 bit floating point operands). Cache
-20-



requested by the CPU 10. MBC 11 generates a burst ready signal, BRDY# to
Cache Controller 12, Cache Menory ‘13 and CPU 10. BRDY# i ndicates 10 that
valid data is present in response to a read or that the main nenory bus has
accepted data in response to a vvri te. BRDY#, sanpled on the second and

subsequent clo , | S, use b Controller 12 for burst
track?ng purpog:k "°{Wﬁ’£§738 rﬂt?'qu%b'P H’L"{ﬁ’\u&@@"a&tm?@ﬂ%é% t hree
addr e<s/ dat a 1§ec§5§9wwog\%%us,cycﬁl}£}§ﬁe Iscfnd CDTS#...CADS# (address strobe)

IS active whenever a nenor equired’ and i s conpl etely

anal ogous to the CF’[hé\DEﬂ busointerfape supports fivedeswytleedntrbl pingtADSH,es t hat
new cycle control for mation (as described bel (ayéhand attribute signals

are vali d. SNPW R4, ansd NA¢y The 1R provides the ARSH hit to

20 di figed ovi ded
fo ease the’ miPaeERE %ﬁ%%’%@ﬁ”ﬁhﬁ SRl AR acPldsR g el
cycles. Acti vamwmnihmamms bylfoingladtiVe R firet tlotk 6f PBueli Ny, but
not conmtted, cycles If cycles are commtted, the SNPADS# is del ayed

until conpl eti &¥cle #8dingative pathe secony. °ﬂPerﬁ:BD|\§CU§/§ﬂl¢bBP&Y&2#@’earted by

Cache 25 Contr DS#, si.gnal CDTS#, the cache
data strobe, % a‘ﬁ& es a'["h%?' H%‘Ecga%%@?g?é)g? Hors 1038"5 saﬁ? (‘-‘JVEE'(? MBC 11
in the next cl ¢ ihdicate fothe OPLE | 8 and Bache BitRat@atd 6Fthe dath ams%?é eahdiata

avai lability to the menory bus. This inplenmentation provides conplete

i ndependend® banddasmnextsequencetaf tha-burstomagbednitisipghADBege sigoalsaten strobe. I n

MBC,11
LS' Tens Sonn SBROBISERL ' Cothe Korounl £ whin ittt rdiningy Bogessi e, "5y -
cycl e conkéduliredi Mﬁﬁfs@pﬂi@ﬂﬂfyaéﬁéheb&orﬁmbﬁﬂ%lé&béﬁ{e 12. Wen Cache

Controller 12 initiates a nmenory bus cycle by neans of CADS#, the type of
cycl e request e¢ompletioniohthe hyystand lgtuae@by&l’u @ @ad Spotrolletct2 ini tion si gnal s:

CrO o 1 o Bl Wi BREYI0 S8BIeTE o Rl o TRy . R AB8GIE CHU 1
WR#, DC# asd Mbdudst sigaariem Controitst 1 zmn@ufg\lﬁqﬁpaa%g&odd&e by)ifdiSating

accorrpl i shed by nmeans of signals CLENO, CL
. - that Controller 12 is prepared to accept the next cycle event if the end of the

‘ current cycle has not been complete_d. If NA# is low, the next address is
driven onto CPU Bus 14 when available.
Cache Controller 12 has five cache consistency lines, HITM#, BOFF#,
20  INV, AHOLD and EADSH#, for starting a snooping cycle to the CPU. AHQLD
causes the CPU to float its address lines, thus enabling the' CPU Bus
Interface 30 to drive the snooping address on CPU Bus 14. EADS#
indicates that the snbop address is valid and should be strobed. Only these
two signals are required for snooping with the 80486 CPU. Note, however.
25  that the CPU will invalidate its cache fine if the snooped address hits its
internal cache, an event called a back-invalidation cycle. The i860XP™
CPU uses HITM# to indicate a hit to an [M] state line, INV to request |
invalidation for writes, and BOFF# to break deadlocks.
It should be noted that Cache Controller 12 snoops the CPU cache
30 Dbased onthe princip!é of inclusion. Hits to the second level cache are
snooped in the primary cache with [M] state lines in the second level cache
,,K and assumed to be in [M] state in the primary cache for the i860XP™ CPU.
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KLOCK#, MCACHE# and RDYSRC. CPLOCK# is used to identify 64-bit atomc
wites for the 80486 CPU. 10 CPLOCK# may be disabled in order decrease
snoop latency. KLOCK# is a signal by which Cache Controller 12 requests MBC
11 to execute an atom c read-nodify-wite cycle resulting froma CPU 10
LOCK# request. MCACHE# instructs MBC 11 that the accessed |ine of data is -
to be cached by d5Rddiien i theabpyenumprated ping and gianals; tea Navtiastoer of \J
burst 15 tr f 2 £ e I to provide
cacheai | i 1y PRRr EoRe T RO TUSTRIG ofl uBHHf TRC o BRIERIER. ° 1 o\ ChCr ey
i's active, MBeurdargscantestingtdithd cavheontioldrichipin acedrdancewithEEN#, t he _
nmenory bus cache enabl e pin.- RDYSRC i ndi cates to MBC 11 whether It or Cache
Control | er 1subgetpf hedEEE P 1491 secaremended stardardBRDY# or 20 :
BRDYCL1#/ BRDYC24)  {.¢ O B S Yel.ed.ength information is provided to
MBC 11 thY¥ough™t C COEN s hared with BOFF# and | NV.
respectively) in mBe ﬁPédsbtesmm{r&ﬁéfm.thfhwear%umm\matmhwc 11 decodi ng
of cache controller cycles for use with the 80486 CPU. The col um marked

Memory Cycl e mesafy busiiowsitbera Wil BSgache coplralier irgaythemmount eldataener at ed by
MBC 11. Note th h [ ' " : " #, SM_N#,
PALLCH# agld C%ﬂ:egiegtqygné &Eg gJeor’ é’ﬁé%:} ? e@%@% Flgg‘&t téggﬁls@ﬁ")r%y € used by

MBC 11 to optd Cagke CofrdlEP! 2 Tuthe Memsry 18ENILCRU a0d BROY# indrétesnear and
i ndicates that the current address is in the 30 sane DRAM page of main

menory ad0t hihasivelid dals ispresent i wspenseria fead o that e meiadmemoRAws| i tate

page 51 7o of TORHIRLdete It ppARs 1 s Wi BRoV dhirblacin he sBBH™, 01

that the curaBisubsdduentaisbke oba brst Bydid|ds Gseby Conlrolidritadortsurithe previ ous
one. Controller 12 can use this information to conditionally issue snoop

strobes on t @ckipePuPosess by sel ectively activating its SNPSTB# signal to

ndicato that  t heETRPLAD Gpiretiorace o Blinef By aldefyuplly) o' 70 i1 °
satisfiegst hewbpsell CADSH, SUPADSH 6Ad'COTS#. CADS# (address strobe) is active

whenever a memory bus cycle is required and is completely analogous to

(S

the CPU ADS# signal previously described. It indicates that new.cycle
control information (as described below) and attribute signals are valid.
SNPADSH# indicates a memory bus cycle request for a snoop hit to a

20 modified {{M] state) line. Thi_s separate.address strobe is provided to ease
the implementation of MBC 11 in supporting intervening sriOop cycles. -
Activation of SNPADS# causes MBC 11 to abort all its pending, but not
committed, cycles. If cycles are committed, the SNPADS# is delayed untii

- completion {(as explained laier). Pending cycles are restarted by Cache

25 Controller 12 issuing appropriate CADS# signals. CDTS#, the cache data
strobe, indicates that the CPU data path will be available to MBC 11 in the
next clock for read cycles. For write cycles, it indicates data avaiiability to the
memory bus. This implementation provides complete independence
between address strobes (CADS# or SNPADS#) and data strobe. In this

30 way, Cache Controller 12 is free to initiate in MBC 11, a new cycle as soon

és addresses are available and before data is ready.
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LOCK#=1, PCD=0, PWI=0. Controller 12 can use this information to inplenent
read for ownership cycles if so desired. CWY, the cache way signal.

I ndicates to MBC 1 the way. .used (or to be used) .hy the requested 10 cycle
and can be used by external logic devices to conpletely track the cache
controller tag contents. BGI#, KWEND#, SWEND#, CRDY# and CNA# are provi ded

by MBC 11 and are uNifél cidle contidl @ignals dré gefefdtéd by CarnheOoRldIU2. cycl e. BGT#
i ndiTates that the requested cycle is a guaranteed transfer by inhibiting -

15 snoops i nt Whepachp CGantrolier 12 jpitiatesgememenbbus ﬁ@l%hbwangozm ndow. KWEND#

I ndi cates the gl r I ). | L NAOW,. | t of tine
f rgm t[}g start éépgtg' @‘fgpji gﬁcy?: %%ﬁg)ﬁé‘i/}s@fg@?i&é?izg&egiig&ig#€ .
i ndication is gemmionasig Cedehe iwtitérres ]  HateA6o /OR)Ie O e
cacheabi l ity wi ndow by %ct i vat ien “the ND#~ si gngl causi np( Oontyol ler 12
to sample 28 an@cm@memml@@ﬁ&@mmmmhesmnmm te#®ry bus

ofThe curr one HRERIAE SO iRe DGk BRI Ggbdl, FRblr oGRS Y
i ndi cat es t hat tHel®cRAS atsdifplished by fifddnd oP SigAaR! CIIEND, CUENY] OFLOCKM, i but e

ensuring first level non-cacheability and wite protection in the second
| evel cache. AKEQCK#;MCAQGREH# and BDYSRG.n each C5 tag entry. SWEND# 3

Lhe WitB/ v and DRGRMOBIRE ol th MeplihiS oEBIARTE wries b inerdosn ol Wik, Vs
t he—wr i t e- heck o gkt e B BissbBRh of dor daEbalY shESPIatereys KLDOKY nani cal |y

I nform Controller 12 of e wite policy to be used. I's the nenory
béﬁ,-di rect to pighaldsy whichCacke GoafrolienaR reqdaestsiMBCHh1 tomexesutelan alomiki p t he
(E

T st at d di tl t t he, t ] W'# d DRCTM¢
are EsgdebinCo%par\éngé‘ ?ﬁge@clgﬂasa;ﬁg[q'\%gﬁéﬁﬁgt&)lég?w&cﬂqrs ‘| s, glnl ocati ons
and wite to [S] Stﬂbwl;:-ue?iahamas?ﬂacn [ibcedd¥d iihb dl@Bta38igby Start

supplying data to CPU 10. However, Controller 12 permts snooping
i nformati on t ocaehesihypComntebllat 12 thus\implicitindicatingthte mimberof buest so t hat

STooPt 0 "R, Ui ek b s o BT Ly
both Control'l €fnideinatiBH 16-8HBFad&Hi®bY theMEMBR) BIRC18.11INMEACAEY Ractive,
MBC 11 can make the line cacheable by returning MKEN#, the memory bus
cache enable pin. RDYSRC indicétes to MBC 11 ﬁhe‘ther it or Cache
Controller 12 will generate burst ready pulses (BRDY# or
20 '~ BRDYC1#BRDYC2#) to CPU 10. Burst cycle length information is provided
_ 10 MBC 11 through the CLENO and CLEN1 lines (shared with BOFF# and
e INV, respectively) in the CPU bus interface. Figure 11 shows the MBC 11
decoding of cache controller cycles for use with the 80486 CPU. The
column marked Memory Cycle Length shows the number of burst ready
25 pulses generated by MBC 11. (Note that the symbol (X) indicates "don't
“care".) | ' ' '
NENE#, SMLN#, PALLC# and CWAY are-fouf general purpose
attributes which may be used by MBC 11 to optimize bus implementations.
NENE# stands for "next near” and indicates that the cument address is in the
30 same DRAM page of main memory as the previous one. This information
can be used to facilitate implementation of paged DRAM memory systems.
[ Controller 12 assumes a DRAM page size of 2K éddress'es. SMLN#, or
-23-



full conpletion of a Menory BuS 15 cycle releasing Controller 12 and Cache
13 to attend the next cycle. CRDY# assertion allows Controller 12 to sanple
cycle progress signals (BGT#, KWEND#, SWEND#) for the next cycle If
pipelining is used. CRDY# is required for all nenory bus cycles, including.
10 snoop cycles. CNA#, an input to Controller 12 from MBC 11, used to
facilitate tMsamedipe! signal, indicates thal the current cyale adiness isiothe samerol ler 1

that th t of t Ext.ernal Add tch 34 b d and
o esn can 1AAthE 2885 HprEvBis Bne-, Contales 12 @ sie BRISEIRERIF oo 1o ha

an internal %qd%ﬁﬁﬁy\’is Q&P‘éﬁoﬁ@s-Bﬁ-tﬁﬁﬁﬂ'}ﬂrﬁbﬁ?ﬁf’éﬂea%lfyc' e requests

by CPU 10 or ocation and i te-back request’s generated by Controller 12.
An i nportant &ctivatingits SNPSEB# signalfto Qtiwarcatlies ip the systera. PALLC#jisincti on with

th f_the address. of Lh t.pendi tivity. Coptroller 12 i t
VBC 13 to Tortertio MG 1 Hiy Sonsaller 32 e releate BothS pulinal e g & "

transparent 2 Ras ut ' Lk e Lat gh and out put
enabl e si gnal @°‘8ﬁ‘g‘wg‘g‘§°"%§‘ﬁ% "itlé.aq$m%qéee?gﬁ%¥&%oﬁ’tr 0 S|sgshal s are
provi ded: MALEOCKROERCD<0] PVBRLD: ControiBACESan bsethig/infumataretoe 36 may be

pi pelined by MBC 11 in conjunction wth the CA ress strobe. MALE and
MACE# cont r ol immiement feadfos pwpershipfycles i %rdeefz'easﬁﬁ&d%ggc%walat ch 34.

Activation of 4 EE{EQ rm ﬁ{eqpﬁg gdais%} : dsteqd al | ows
t he next Iines'%%!r%ggs or“%( ow %Lr oug ‘tjo' Cwlgegmgﬁbﬁér?@bus addr estv
out put enal ecydt@and camsbe headoby externialibopierdeyices tecompiletely track thedr ess Lat ch

34 and when active all Contrqller 12 to drive the menory bus address
and, if inactfiche W"Bﬁ)ﬁé\l\gﬂqﬁ’ﬂ%e?‘ﬁ‘e hi gh i npedance state. 30 Snoop cyclesi\y

mey only occur whesGHAGEAENB# SWENDE CRHA End CNABASHovid BoMeche | at ch

enabl e and the output enable for Controller 12 sub-line (burst) addresses
simlar to MALEaadaremsidby Oantroller 12 tortrack|the memary bus tysle. 1BGT#ne addr esses

O e o5 e S e M ARertoR) (il SR A VA
Sl\/gﬁo lr iy”guisﬁ 12 shoéﬁé ifito ContidRAFZ unitit the'érd bffle shospifg! RindoWwe KWEND®! ed from
' indicates the closure of the cacheability window, i.e., the amount of time from '
the start of a cycle on the Memory Bus 15 untit cécheability indication is
resolved. MBC 11 informs Controller 12 on the closure of the cacheability
window by activating the KWEND# signal causing Controller 12 to sample
20 the MKEN# and MRO# attribute pins. The MKEN# (memory bus cache
enable) pin is an input to Controller 12 that indicates 'cache.ability of the
current memory bus cycle. The MRO# (memory bus read-only) pin indicates v
that the accessed line should be assigned a read-only attribute ensuring first
level non-cacheability and wn'té protection _in the second level cache. Also,
25 MRO## is a bit in each C5 tag entry. SWEND# indicates closure of the snoép
window and causes Controller 12 to sample the MWB/WT# and DRCTM#
pins of the Memory Controller Interface 35. MWB/WT#, the write-back/write
through signal is used by Memory Bus 15 to dynamically inform Controller
12 of the write policy to be used. DRCTM# is the memory bus direct to (M]
30 state signal that informs Controller 12 to skip the [E] state and move directly
to the [M] state. Both MWBAWT# and DRCTM# are used by Controller 12 to
g( update the tag state (iine ﬁlls, allocations and write to [S] state). After
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5 MSET 0-10, MIAG 0-11 AND MCFA 0-6 provides the conplete 30 bit
address input/output interfdce of Controller 12 to*Menory Bus 15. These
signal s must pass through Qutput Latch 34. Figure,l2 defines which nenory
bus lines are controlled by which set of control signals. The first colum

i s the confi RWEND#nMBGean gafely starbsupplyingedata tagCPY 101 digwever, whi | e

di | Nl cat.e ' d 3 . o A6 AG (0: 10
or NEET (0: 10yoMaRey PERTYS elifodifo RSrRDn 19 BF Bunr R AR SRk no
i ndi cat ed by rivbmentat altycitBolifatasmdopiRG\atey raf in paralial i they il s thBLE#, the

-byte enable |atch enable signal, is generated by Controller 15 12 and is

used to cont réacherRAM 18line-BH butier. CRIRYH*.dtie cache rgady signalgs aninmt [ at ch 17

e by P el bR OB 12 8 g Dbl S R TT ddg  12, L
active CPU buall byrhpetionsia Meroy BuS 95 icpald rélBasing CoRtreliee i 2 and Bddfie BEL#,

BE2# and BE3# appl‘y to CPU data bgb(}a(s -7, D8-15, D16-23 20 and D24-31
respect i vel y. 13 mtiend thenaxtcyale.: GRDY# asgertion ghews CanrollertR 1o samplage cache

di sabl e sign r . Q. ' jts. BE Latch
1|78t ypi C:.: ?y%@s@é&g%&e&éﬁ%ﬁéﬁf’eﬁkigég' %ﬁ}éﬁ’gz‘f‘ﬁf‘%@ﬁggﬁ’ %B cflcl e,
i ndi cati ng t hsipelimingaeuséd.| CRBY#S sequired foryatll mersiedyi buistoyoles, inélodingt i on i s

currently being driven onto to the address, byte enables,. and cycle
defi ni ti ol 25snoopgyeles;f ChiAE an iepytfoiontralierd2 jroro MBEET1, 8819 7 ¢j oses and

redepens i megj f ' - ' ot thﬁ# or with
CRDY# for m SSH@{?% '\ég P%Eﬂéﬁw&?“m‘%g%{ssﬂ%ﬁ@sg*r‘_’té‘ﬂggeé\#g ttsqef/tnc roni zation
siignal s. FLUSidhtemslofild\Eittoniat AdOfest Lafphrast dstsbonfsoldiid avean active, 30

causes Controller 12 to conpletely wite-back all of its nodified |ines
into main nendldjesseanbelaadetial i date all tag |ocations. Wen used with the

COUEP) o noebeo e BTITER Gl e Corbcion Rl ol 211 0, e 20
t 0 execut 85 bakmonywBus Qadéuends twysthedule Aidneory Bub/Syéle rexjuestSiby CRU d0d
Control ler 120rcaalll%2a6ﬂc)|niarrlugswr?ig-%glﬂg re%%eistg gtengraueu bf égrt'nt?dllers ¥|2\|Cﬁn the Controller
important feature in tﬁe use of Queue 36 is its use in conjunction with the
use of the address of the next pending activity. Controller 12 permits MBC
11 to control the last stage of Queue 36 by means of iogically transparent
20 address latches together with latch enable and output enable signals
provided by MBC 11. Two sets of control signals are provided: MALE,
MAOE#, and MBALE and MBAOE#. Memory Bus Queue 36 may be
g pipelined by MBC 11 in conjunction with the CADSi# address strobe.
‘MALE and MAOE# control the timing of the Controller 12 line address
25 Latch 34. Activation of MALE (memory bus {atches enable) opens Latch 34
and allows the next line address to flow through to MBC 11. MAOE#,
memory bus address output enable, controls the output buffer of the memory
bus Address Latch 34 and when active allows Controller 12 to drive the - -
.memory bus address and, if inactive, it goes into the high impedance state.
30 | Snoop cycles may only occur when MAOE# is inactive.
MBALE and MBAOE# control the latch enable and the output enable

for Controller 12 sub-fine (burst) addresses similar to MALE and MAOE#
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12 cache synchroni zation signal supplied by MBC 11, causes 5

synchroni zation of Controller 12 Tag Array 31 with main menory by witing-
back all nodified entries to nain nenory. At the conpletion of the
synchroni zati on process, all Controller 12 and CPU 10 lines will be in non-
nodi fied states. The difference between FLUSH# and SYNC# |s that SYNC# does

not invali dateonirefofComolisrlieter ddeitessés bxotpt tife MIBAOESdOUs! ot Bervé0  kept
with all nodified |ines becom ng exclusive (éE] -state) lines. FLUSH# and
SYNC# are asy®c®SBoRRGuUalifigrassdaes NAREY.o MBAOE# qualifies the sihline FLUSH: and

SYNC# sequencg ral ler 1 vates AH Lnterface 30 thus
pl acing CPU 1 |r?1%’ﬂ‘£ar{n§5h§é°ssé ﬁ@ﬁhbﬁgd%%?’[v%geﬁ%ﬁp?SCE%:#? Q1 Ffer 12 _
continues to MBAQIEHTS iMictive) tte sub-Iindlis Sarhpled Mom Mefidey Bud $5. FSI OUT#, a '
Controller 12 output, indicates the start and end of the FLUSH#, SYNC# and

RESET sequ®nces. M%ETWHDWlAﬁJ%‘UMM&F?@ﬁmﬁ@eSﬂhQ Gnmﬂﬂi§13$lb§dl nterface
38 includ ' |
sel ecti on anciErer PRORERRY fuattebe T EBR? 12 S mBdR HbsEae "\ ne and

sub-line contgighal® must pds¥ihiough&ulitt LABAIZE. and MBACE#) - previ ously
di scussed. SNPCLK, 'is a snoop clock signal input pin for use with clocked .

menory buses. | n_tHigure t8diefinasowhich memory bus linesmare controlled by whicti set gnal s to
be synchronous, wit h SNPCLK . AO0- MCEAG,  MSETO- T10 and .

NTAGH: MIAGLL SRt e ek columy fo Yo SrpAcl e nimBeeet R 1 anal ¢y S
the CPU byg C@émfeeriﬁﬁrzﬁuia 9 Gtie" Sdebbeding-ddlumg IticHl6 whitiOadbféds lthesand shou
be connected to the -A31 (A3-A31 for 64 bit bus) signals of the Menory
Bus 15. Toget MEFAMGFABMBAG 402000 MSET (0:40) ase conttoliediby comtral he physi cal

12 cont i gur at PO MELRATPROER B8 o Sogby et B A, B RER b r o
l'i nes/ sect or, a4 {haitat8dvy MBxcONNect ed exactly the sanme as their respective
-27 - CPU Bus 14 signals. These pins are bidirectional: Controller 12
menory bus Addr es BUE#, the tide enable lsjch erable siggalaissgenerated byiContratlery bus
cycles 15 12 and is used to control the enable of the clock edge triggered MBC 11 BE
Latch 17 used to capture CPU 10 signals that do not'go through Controller
12, i.e., BEO#-BE3#, PWT and PCD. B_EO#-BS# are byte enable signals that
indicate active CPU bus bytes when low during read and write cycles.
BEO#, BE1#, BE2# and BE3# apply to CPU data bytes D0-7, D8-15, D16-23
20 and D24-31 respectively. PWT, the page write-through signal, and PCD, the
page cache disable signal, reflect the state bf the CPU page attribute bits.. : __
BE Latch 17 typically closes one clock after ADS# of a non-blocked CPU V
cycle, indicating that a new valid address and cycle definition information is
currently being driven onto to the address, byte enables, and cycle definition
25 lines of CPU Bus 14 by the CPU 10." BE Latch 17 closes and re-opens .
immediately for hit cycles and re-opens either with CNA#, or with CRDY# for
miss cycles. '
FLUSH#, SYNC# and FSIOUT# are cache 'synchronization signals.
FLUSH# and SYNC# are MB_C 11 generated. FLUSH#, when active,
30 . causes Controller 12 to completely write-back all of its modified lines into

main memory and then invalidate all tag locations. When used with the

i / 80486 CPU, Controller 12 assumes FLUSH# is activated with or after the

-26 -



and Controller 12 Snoop Latch 33 accepting them as inputs during snooping.
As di scussed in the previous section, MAOE# and MBACE# 5 enabl e t he
menory bus address |ines wiih MBACE#, only, controlling subline (burst).
address enabling. Controller 12 supports three snoopi ng nodes: choice of
strobed asynchronous, clocked asynchronous, or synchronous nodes. Mdes are
sel ected at r &SRY fiush bas beenicompleteddharbyiokiviating dhe need for Controlldriigh for 10

st robe asynchr,onous,. |0 or. synchronous, a i or. cl pcked

asynchr onous. o ﬁ_"?ﬁ%"?ﬁ&b{?&wﬁ%ﬁg’} c(‘ﬁ?ﬁréﬁ‘?’&?"qgﬂgeﬂ&ggg {q@do

addr ess/at t ri Sirdiion P2 cadhedinb¥ 8héuld bl i1 if dléet WANCH, thy CoRuBlerobe
SNPSTB#. I n the clock node, Controller 12 sanples address/attribute signals

during the ri siheachegynclironization signad suppliedibys MR 1, @MBEE K, when SNPSTB# is

attribure S grnévanagien G EamalpciElSe AReK Wi Hein Remon SERRISRRCYCs <
ti ted duri ; | S : ' the t

Lo el . RS RS, 11 20

| ook-up. Menory ress out put previ ously 20 _
descri bed i n rsyhehrenizatioroproBéass] all Controlierck2 amd €PLH$0 lineswilhb® inmoper it a

anpl d wi £ dRPTESSiaqp AR THRIPRZE BRWERR FLUISHEN AAGSYIH Bitmmst e | S
per for i ng 2 re¥eg uBR8 AorihFaRBte U Al 57 Unidl APLAiG enlogvinlggep |1 nes 25

exclusive for rea I cat'es e snoope I ne nmust be

i n&d | dat exd orkeptyrwitheall modiliéd fihes evoaying ekclusiee ((Ep state)Uines., FOUSH#o! | er 12
| at ches address and snoop attribute lines a rne a cache | ook- up.

d f
Snoopi ng cycl anhSYNGE are paynchrenous Jnputs pn@‘r;m&&%krﬁ%aplﬂiﬂgm \ﬂ-pﬁ"?ause a
wai t stat ' . trd | T#
oyol oo that s TREYEldERs, Clrdih's8 chilted ArRfio SRV REL TC D, S100P

MHI TM# i s act i iniirfade 30 thutgplacing CPY 1y in the tagidress tiold ceqielt inodig but nodi f i ed
line. It active, Controller 12 - 28- automatical |y schedul es a
write-back to ¢eatrolierde gontinues to snqopaRamPRY s 18 for data consistency.

15 FSIOUT#, a Controller 12 output, indicates the start and end of the FLUSH#,

SYNC# and RESET sequences.
D.3. Memory Bus Interface Signals

The Memory Bus Interlacé 38 includes pins for snoop clock, memory
bus address, snooping mode selection and memory attribute definition in

20  addition to the line and sub-line control pins, (MALE, MAOE#, MBALE and
MBAOE#) previously discussed. |

) SNPCLK, is a snoop clock signal input pin for use with clocked
memory buses. In this mode, Controller 12 assumes snoop related signals
to be synchronous with SNPCLK.

25 MCFAQ-MCFAS, MSETO0-MSET10 and MTAGO-MTAG11 are memory
bus address lines having the same functionality as the CPU bus
counterparts, CFA0-CFAG, SETO-SET10 and TAGO-TAG11, and should be
connected to the A2-A31 (A3-A31 for 64 bit bus) signals of the Memory Bus
15. Together with the byte enables, these signals define the physical area of

30 memory or I/O accessed. Because these signals define Controller 12
configuration including cache size, CPU line ratio and the number of

»‘( lines/sector, they must be connected exactly the same as their respective
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asserts MH TM#, it alerts the requesting MBC 11 that the bus nust be
tenporarily given to the snooper that has WMH TM# asserted so that the

modi fied line may be witten out to the nenory bus. SNPBSY#, the snoop 5
busy indicator, nmay also be activated if a snoop hit was nmade to a nodified
line or a back-invalidation is needed when one is already in progress. In

ei ther case. cEpBiOl Bandid ‘fhbke IS SRPELRSIIORIE CaHiGIP1S Rignforpendi ng SRaPP

until SNPBS eactrvate BSY# I's ctivated when Controller 12 Is
ready to acchps Addess batch 3dapivingdthese sigraalsiinnormal meowpy bus eydles one 10
snoop per two clocks in_the synchronous node. ut to Controller

MKEN#, '
12, when act AR Coptples12SnaoRTAich, 3 acoepting, iam Pf/h\%m%‘}ngglle_r 12 CPU 10
when acti ve. SW}Q NRE&i chggn mm&;‘s&mﬁ&ﬁ,ﬁg# LAk INBAGE#WM | | not

execute |line or a es. O#, a read I'tne attribute, is an
i nput to $onenable the hamoauisusigddress liries witidMIBAOE®, balp.ccdniroliiagwr i t e
protected. Any wite to this line will be a non- allocatable (PALLOCH

i nactive) wr peing; (burst)reddressAnabiiftes will only be cacheable if MKEN# is

active. This att ré@g}&ﬁ/@ %ﬁﬂg tﬁﬁﬁ'sﬁmﬁg%&gs:t %‘g??? Ig{géﬂceg)f ROM (read

only nmenory) devi a menory ous I nput I ndi cating

ei ther a wi hgynchfonolsdlocked \dsyhchrontuslighsynthionbug modasl Modesnpded with the
cl osure of the snoop wi ndow SVEEND#. ry bus input attribute

si gnal 1 i ndi seleelgdt msetby w@ﬁquwgmeéfé"wéﬁwgo pwsic highdor 3| | owi ng w
Cont 1 ' . ate - Line . Thi
aetr but 50 5 Srbtls BrBnionGys. Tow 1o ot ind gt Yor pcldd B 4B TS T

to dirty dat asyrohedriousf @ thelstobe mgpdex Centraller 12 zakpleg thé t he control | er
cache. It is sanpled b

SVEND#. D. 4. a@@#ﬁ@%'b%? %;%E%‘LSE%‘% '\#E‘_E'g:&tﬁg?eeﬂ'&%wlsi’&p%@?ﬁgg?P\ewc g'g(r)\\év’
array” cont rof { o et 12 i Brau/maREl. st AN v, vea
WBTYP) . -29 the risilg\¥édge.of inptipsnoopicipciiisignal, SBNRCULK) wheai SPSTBHds correct way
to be us%g . sampled active. In the synchronous mode, Controlier 12 samples address
attribute signals of CLK when SNPSTB# is sampled active. Output
SNPCYC# is activated during the clock when the snoop is actually
performing the tag look-up. ' '
Memory bus address output latch enable, MAOE#, previously
20 described in reference to MBC 11 interface, must be inactive to permit a_
snooping request. _
SNPNCA and SNPINV are snooping cycle attribute signals sampled -/
with SNPSTB#. SNPNCA indicates the current memory bus master is
performing a non-caching access which aflows Controller 12 to keep lines _
25 exclusive for reads. SNPINV indicates that the snooped line must be
invalidated on completion of the snoop. '
Upon snoop request, Controller 12 latches address and snoop
. attribute lines and performs a cache look-up.. Snooping cycles always take
priority on the Tag Array 31 and will cause a CPU wait state on contentions.
30 Controller 12 activates MTHIT# for snoop cycles that hit any exclusive,
shared or modified line in Cache SRAM 13 MHITM# is activated during a
/ snoop cycle to indicate a hit to a modified liheﬂ If active, Controller 12
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“by Cache Menory 13 during wite cycles, line-fills and wite-back-buffer

| oads. When an MRU (nobst recently used rule) mss+occurs on a read-hit, WAY
" is uséd to update the MRU hit in Cache Controller 12 and in Cache 5 Menory
13 which indicates the nost'recently used way. WRARR#, an output signal is

used to control cache nmenory wites originating fromthe CPU Bus 14 to

cache nmenory dgfdvhatidalif ssiverfaldsatwhteMbueR id thedMemoneBus 6. Itdhtrofdr 1Y NMux to
sel € the way indicated by WAY and up-date the cache nmenory MRU when

requi red. | n assertsMHUTMH, ivaleds therequestingdMBCdJ thatrthevus imushbe i vated for the

pur pose of updating.the bit. NA bus array wiite

enabl e/ al | ocgg@pg - a?“,’ergﬁﬁne58?9%@%%%“#03%59@8. '@tmmr y 13 that

it shoul d wrihgditié®lind My HeWritleRRit tdthe nterBABUS. BHIPBSY#Nheshétp RAM i n t he
clock foll owm ng CRDY#, the Cache Menory bus ready signal generated by MBC
11. I n thé cahusydndigdior, maytalsache helivatedif/ & Atioom hit wasimatiectateemodified t he cycl e
requires an zij | ocatj on .of bus cycl e indication

a new tag. MCYCH, nmeno k
signal, gener'fe&y %Qa%ﬂﬁ'@ﬂ'@'sf‘fgpﬂ‘!i?”@ﬂ'é’é'et'ﬁa INARYLSS- 18 t hat t he

current CPU ' W ¥ : cle is a
read and I\/CY%ﬁ’Igeggéuéclﬁ#ggyért e‘mgg%{ %?/c e @gégﬂle‘fép g&%e%*ﬂ’/%ns 5 read. If
the current Gt SNEBSYiSis aleattivated. \ENPBSY # de deactivatedi whéreContrdtferaey Bus 15

wite cycle. If the CPU wite cycle ends before CRDY# is asserted, the
menory buf f eriSireadydpiacaentanpther saerp ¢ysle: Whe @axmym, §Reap @R ISI9N8RDY# endi ng

t héd—nenory, bt C ol S#, bus/array sel ect signal
gener at edbbyu%gﬁﬁgdgﬁfﬁéc@%;tﬁg%@rﬂﬁ’gss’% ection of CPU buffer data
du{‘i(;ng read oper atNIKEN#, afiaputtoiControliéral@) evhidaraetive indicatdssmeamofyrtiusr nal  mux
so~that Menory Bus 15 is the source instead of its RAM array. BUS# is not
activated forcacheakilityinGentrgliard2 GRU 10 when aatiyer) Whaninaslivegfr aafe cycl e

e et Sonfrdih 8 i ok 98 i o b <, L 10,
VBVE#, write-back NiRO¥ea redd érily edttridutl; Reaf irpiit RyComrdliepli2 eauslag | n
15 the addressed line to be write protected. Any write to this line will be a non-
‘allocatable (PALLOC# inactive) write-miss. Read only lines will only be
cacheable if MKEN# is active. This attribute is useful for caching of the
contents of ROM (read only memory) devices. - '
MWB/WT# is a memory bus input attribute indicating either a write-
20 backor write-throqgh attribute and is sampled with the closure of the sncop
window SWEND#. - .

L/ DRCTM#, a memory bus input attribute signal, indicates a direct to [M]
state transfer when active, allowing Controlter 12 to skip the [E] state and put
the line in [M] state. This atiribute is useful for allowing ownership exchange

25  during snoop hits to dirty data, and/or for allowing' external tracking of the
controller cache. It is sampled by Controller 12 with the closure of the snoop
window, SWENDH. |
D.4. Cache Memoty Interlace Pins

Controller 12 supports nine cache memory interface pins for the

30 f{ollowing purposes: way control (WAY); array control (WRARR#, MAWEA#); |

and buffer control (MCYC, BUS#, WBWE#, WBA, WBTYP).
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conjunction with WBA (wite-back buffer address signal) is used to |oad the
two cache nenory wite-back buffers, one for each |line of sector. VBA,

sanpl ed-when WBWE# is active, indicates the first line in wite-back
buffer; 5 when inactive, indicates the second Iine. WBTYP, wite-back
cycle type signal is generated by Controller 12 in conjunction w th WBA.

When high, it indi WAYSntoulsReRnals usedRNkdide!tRe BoHedt Walte bb @sbdie two
Cache Menory 13 snoop buffers, otherwi se a replacenent or explicit

write-back cydlyeCanie MemeryUsidurisg vaiteicycles: iedidls and write-bagk-huffer 10 Cache

Menory 13 wite-ba u Lt .1 | e c Menory 13 .by the
activation of |%§}G %?“%m Qﬂ%ﬁh%gﬁaﬁﬁfgm%ﬂc%g@é%?%hﬂ?w VBA are
used to speci fyAYii§asét @ update'the MRI® bk ECatReCoMAMBr 92 andl id Gadtiack buffers.
E. Cache Consistency Protocol 15 In order to maintain data

consi st ency i Memaety| 13 whick indicatesdhe most recantheustsiwaysl | er 12 i npl enents a
"write-back" cache,w ul I support. for | tiprocessi ng data, consi stency.
Because any cache Xmé'?%;'l@_ro‘ﬁ%‘a,sggfl '3“@?%%%@?3%8;{?%‘%&51‘%5 which is
not updat ed 'Vbrﬁﬁfﬁlﬁfmﬁit% CPY BECH4 BRERAE nfdMory RAM it ¢8tsdsCaur e t hat

data read by any system bus master is 20 correct and tinely. A key feature
for mul ti procddematy tStotsehits internal say muxtoselech therwayoingdicated byt WAY zat i on. The

1o oo ac et O E Gardrreronti MU kon RGiten i he e 8L Mg mum usage
of menmory fus Radeiicl WRARR# is acﬁvatgé?&@hgﬂﬂn'ﬁ_gg% bﬁépd%ﬂnﬁlﬂe%ﬁumrt i ons of

mai n nmenory to be defined as non-cacheabl e. r the cacheable areas, it
all ows sel ect ed poMAWEA#; metmorydhifsi areay write \enable/aliocategignabsdienons. Thi s

t I | Cagh t r ol 12 tate bits f
Gach cached | (90 FRisetee P n CadhecbinnB et Pl iellhe Wo™ {1 oncicr
activities perdggdikel iHYtsG‘i’é}ﬁ%@!bhﬁér iftd tAE RAMPInPING cTBRR iSllowir CRDV#, -

snoopi ng activities perforned’in response to snoop requests generated by
ot her nenory the Gaebe Memory bus ready signal generated by MBC 11. In the case of

15  write-cycles, MAWEA# active indicates that the cycle requires an allocation
of a new tag. _

MCYC#, memory bus cycle indication signal, generated by Controller
12 indicates to Cache Memory 13 that the current CPU cycle will use the
memory buffers. If the current cycle is a read and MCYC# goes active, the

20 ~ cycle becomes a Memory Bus 15 read. If the current CPU cycle is a write,
MCYC# asserted indicatés a Memory Bus 15 wriie cycle. if the CPU wirite B
cycle ends before CRDY# is asserted, the memory buffer is marked as full U
and the write is posted until CRDY# ending the memory bus cycle is

-asserted.

25 BUS#, bus/array select signal generated by Controller 12, controls .
the selection of CPU buﬁer data during read operations. When Active,
Cache Memory 13 sets an intemal mux so that Memory Bus 15 is the source
instead of its RAM array. BUS# is not activated for locked read-cycles (read-
through) even though the cycle requests Memory Bus 15, if the cycle hits an

30  [M] state line in the Cache Memory 13. Instead, data will be supplied from
‘the array.
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The consi stency protocol is the set of rules which allows Cache Controller
12 to contain data that is not updated in main.menory while 5 ensuring
that henory accesses by other devices do not receive stale data. This
consi stency is acconplished by assigning a special” consistency state to
every cached entry (line) in Controller 12. The following rules apply to
menory read and WWBWE# Wrissback buiféDwiicdenalsie igeheraed BSCbhpolee 12ie cache.
Caahé Controll er 12'consistenc%9protocol has 4 states. They define 10

whet her a | i reeniunclign withWBA (wiiterhagk puffer address;signal) isased 10 lpagither cac hes
bl . e ek UG !
gts a? (rag a?tra: eﬁ“f°u§d°ﬁm1’ﬁ@ “;"Feﬁ Icéﬁi:gg&g hé%?%héééﬁﬁﬁg%?geﬁggl\g\egf I) abl eei no'tj Le

cache. A readsdmplbd whehiWBWE# i¢ atlivegindicatesand fiest line ifdwntersackduffé2 t o
execute a line fill (fetch the whole |ine and deposit it into the Cache
SRAM 13) . A 1when ingclive, indicates thesegendling. cause the C5 to execute a

write-through cycl f P ' djtiate an
al | ocation (assi g_ryr?gtr!?Ptl\)@ mé yﬂag\%%?%%@g%{%g%é]gi@?%rfﬂg?%@%ﬁé his state
i ndi cat es t hagorijlimctioh iwith WBAD WWiinthigh, litindicatesth sndop wiitedack epdleand The sane

line may exist in nmore than one cache). 20 A shared |line can be read out
of Cache SRANPaiBtsipihdivwo Gache Memeryotd snpopdafiersyotharwise areplacrmenti | i ne

updates the c e, . L FEP%(

wite-thr oughg'g%"gi?%t%%r‘%&:@@?eﬁ. ﬁcﬂ ﬁ%ﬁ@ﬁhﬂf&ﬁﬁﬁ%@%@fan menory,
t hemr i t eyd hr cueRe Méfloty 18 Whitd-BackIbutiaise If Bisaniplédby CathéRlenag h8dy Si nce
witing to a shared line causes a wite-through 25 cycle, the system can
epforce a "vvrthe@whaﬁnm%\fvﬁ#y’fWW%@D@M—%M%M%PQPMM@ t hose

" he 0P padtPA B Pegib Toy Bih o AL fel e e SERRP B ooy coc ' €

referenced. [ BlittersEXCLUSI VE This state indicates a line which is

excl usively 30 available in only this cache, and that this line is not
nodi fied (main nmenmory also has a valid copy). Witing to an exclusive |ine
causes it to Ehan hdi fied state and can be done w t hout

i nf or mi ng, gt her cag!iiger  ndlitaliiasil doriiedty/ihd ibiubibolEd e,

Cach_e Controller 12 implements a "write-back” cache wit_h full support for
multiprocessing data consistency. Because any cache oont(dller may, ata
given time, contain data which is nbt updated in memory, a Write-back
mechanism is provided to ensure that data read by any system bus master is

20 correct énd timely. ' -

A key feature for multiprocessing systems is reduction of the memory
bus utilization. The memory bus quickly becomes a resource bottleneck with
the addition of multiple processors. The cache consisténcy mechanism
insures minimum usage of memory bus bandwidith.

25 Cache Controller 12 allows portions of main memory to be defined as
non-cacheable. For the cacheable areas, it allows selected portions to be
defined as wﬁle-through locations. | '

This protocol is implemented in Cache Controller 12 by assigning
state bits for each cached line. Those states are dependent on both data

30 transfer activities performed by Controller 12 as the bus master, and
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[M - MODIFIED This states indicates a |line which is exclusively
available in only this cache, and is nodified (main nenory's copy is
stale). 5 A nodified |line can be updated locally in the cache wi thout °
acquiring Menory Bus. MESI is an acronymused to refer to the four states
descri bed above and will be used as a conveni ence in discussing state

transitions. il med Sielst ' é?fé?é gyate

L ,p'&i%r 6’;-51:% re ueB&eg
transitions osE éaigﬁﬁétf\{ﬁheg may %e cﬁegém |t2e’% i, ar ﬁde *I rst covers
MESI state cloiherasemdbrybasosastersi n a CPU/ cache core due to its own actions;
the second describes MESI state transitions in a CPU.cache core caused by

the actions of ot B¢ corsistancyproleeglis the setiof nyles ‘i’§'°§lﬁ9%’s Qaﬁ%t ial state

di agram of t fﬂg %@H:faﬁh Hﬂ&z se basic
transitions. %%%S ' F&égfé‘ﬁq%h% e coh %‘ﬁg’lles as a ?esult of
Controll es 1:ér30dwgthahme&ﬁrysa¢ces@em othaddevicbsido et receivesthle daanerat ed by
CPU 10. However, the state of the cache line (M E or S) remains unchanged

by a read opdhhis censisigncyiis apqomplishertby assigning a special gansistangy statejther at es a
read cycle on, J%Héd éﬁt&ﬁﬂ}ﬁegﬂ%&ﬂoﬁei nﬂle Ilﬁ@/ﬁ"@tr}ﬂeg agﬁﬁr@ 13, a read

m Sss ari ses. occurs | oun the data is

In state [I] :ﬁemuqlreﬁla anmﬁmgnmt A, V(:Caﬁdl spédlaﬂrcydlas bypessakecacheBi N MENDI Y
access to fetch the required ta (assuned to be cacheabl e) and the

surroundi ng data 8ebR omllerﬂﬁcpnesea%wqq%haﬁét% ey defiage cachi na_,
di sabl ed);gpi h@r a%tlé%éfg%tqu n‘nEé) {t‘?sr h\)’ﬁﬁbﬂﬁntoﬂﬁer%{:ﬂe% e(?l%?e&’”t put,
cac e a

whi ch correspon s to a In t page t ntry of a nmenory.
| ocation's Vvidrtexalusiaelland i it i inlo‘edl?ﬁi% thedn medt&etsemdouirmmt am: CPU "
presents a nmenory addr ess, that |ocation wl be cached in either
Controller 12 or fhd QO Coh‘f’f"@?qséf‘atltﬁeém?mt@ﬁt?%ﬁnlm?y to be 30

det erm ned_ ofL0bD AoRffo AN 08 mish BhataRts corifleP 18 ERIEIRRDI 1Y

function is erm ne war e, e cac y on a l1ne-by-line
basis is dri \mnné)f}il dfmeldmnmmé/lﬁfé\ﬁnd deﬁomhmhéeacﬁﬂsnmﬂs)\l\m ch connects

to the - 313- 3/ bus_controller or the menor bus. NKEN# inactive
prevent s 1Phe Write e 1o thig line will cause the C5 to execute a write-through cycle to
Memory Bus 15 and in some circumstances initiate an allocation
(assignmént ofa -_hew valué to a tag). ._
[S] - SHARED This state indicates that fhis line is potentially
shared with other caches (The same line may exist in more than one cache).
20 A shared line can be read out of Cache SRAM 13 Without a main memory
access. Writing to a shared line updates the cache, but also requires _
Controller 12 te generate a write-through cycle to Memory Bus 15. In o/
addition to updating main memery. the write-thrdugh cycle will invalidate this:
lime in other caches. Since writ‘ing to a shared line causes a write-through
25 cwrcle, the system can enforce a “write-through policy” to selected addresses
bw- forcing those addresses into thé [S] state. This can be dohe by setting the
PWT attribute in the CPU pege table or asserting the MWB/WT# pin each
~ timne the address is referenced. .
[E] - EXCLUSIVE This state indicates a line which is exclusively
30 awsilablein only this cache and that this line is not modifi ed (main memory

aisp has a valid copy). Writing to an exclusive lme causes |t to change to the
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caching of the menory location in both Controller 12 and CPU 10, and only
affecting the current address. |If a read miss is ihdi cated non-cacheabl e by
either of these signals, the line is not stored in Cache 13 or CPU 10
cache, 5 and no cache states are nodified. On a wite mss, a non-cacheable
i ndication fromeither of these inputs forces a wite mss wthout

al | qcation. Notmotifiel stdte Ghaanbd dbhémﬁuhﬂﬁrﬁm@dthér &&dhesOdo hde | 1 ne, the
PCD at'tribute fromthe CPU.10. and MKEN# attribute forom Menory Bus 15 are

i gnored. The DROEMPry bus aglivityds geneiratedd) pin is an |nput whi-ch infornms 10
Controller 12 to ski state El. pl.ace g |ine fectly in
the nodified state, [mmiﬁg %ﬁﬁ{eﬁémﬂ?@ lﬁ'ed’fﬂ'f"i'l!f ?‘@gﬁg’ f the

mai n menory f oravawabledh da%cméa%néaéwﬁ .ﬁagrf h' p and
cache-te-cache-transfer he si gnal ca'ﬁ al so S(g{déﬁ?ee{te ABPYng wr tes, for
pur poses of SachAdnedifieklingcambie apdated tocalipiprthdicaghe withbutsacjuiringi ne to [ M

state 15 I|ine._The nEW data replaces an invalid |ine or replaces the
| east-recently- Mgao line. If the replaced LRUIlineis in the

modi fied, [M, stataugesjisian é(&bﬁfn?Ps&?ﬁl?efe? d‘ﬁﬁqﬁ% stmgrbﬁgclléﬁ&ﬁaﬂ ove

repl aced. Cache Controller 12 1s also responsible to invalidate the sane
line in the priand wiltbeised as awonvarniencelir discussing stateofransitionssi on.

I nval i dati on mvglve rrungl g lines (line ratio >20 1) in the prinmary
cache and possi 1y | ks fromprimary cache if data has been .
modi-bi ed. T new | i % basip bR fadshio hgaea%bq bl sl Y Blassifipd inthg®S> CPU 10

activates its PW (page wrlte roug prnindicati'ng a e-t hrough

re est or nenopgﬂéxu&erﬁstmelstMEtha(nmmyh bosurin aterhaaiwﬁire 25
pi in WhIChC se the newllnels | aced in shared state, [S]
Cont rol | er 3‘1‘% 19,¢3PYVN Bctiops; # 90?"31‘%9%??“%? Mﬁ%ﬁ‘#‘i’é@@t"&f‘%‘“ﬁ M, rather

t han excl u5| ve h Q@g‘g, M%l’ﬁ V’Ié(ia]s %qp gtes a
wite cycle, %P{ﬂlhtgacdg?grei géu res e ?ﬂ'%a?ﬁé&%gﬂe | ?g&ézp at e &3 may -
undergo a I\/ESI shtmeacplaar@stat@dlagram of thé MES] cohistenchiprototslawhich ori gi nal |y

i n the excl ysive {e% it chan es to nodified state, [M, upon a
wite. If t hﬁ"f’ ﬁéh‘? ?F“i“%"%fled state, [M, it remains in that

state. Neither of tNFR@MER] Shatd6IGcR!aing e SiingdE'dsd fobut of Eontrotier
' 12 and Cache 13 servicing read and write requests generated by CPU 10.
However, the state of the cache Iihe (M,EorS) tehains unchanged by a
read operation which hits Cache 13.
20 ~ When CPU 10 generates a read cycle on CPU Bus 14 and the data is
not present in Cache 13, a read miss arises.' Also, a read miss occurs if a
\_s match is found but the data is in state [f] (invalid). Consequently, Controller
12 generates a main memory access to fetch the required data (assumed to
be cacheable) and the surrounding data needed to fill the cache line. The
25 PCD (page caching disabled) pin is a Controller 12 input driven by the
CPU's PCD output, which corresponds to a cacheability bit in the page table
entry of a memory location's virtual address. If the PéD bit is asserted when
the CPU presents a memory address, that location will not be cached in
either Controller 12 or the CPU 10. Controller 12 allows cacheability to be
30  determined on both a per page and per line basis. The page cacheability
function is determined by software, while cacheability on a line-by-line basis
K is driven by hardware. MKEN# is a Controller 12 input which connects to the
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5 SUTUPEEE T

Awite to a I|ne V\/mch s in the shared state, [S] causes Controller 12

to wite the data out to main nenory as well as updat.e Cache 13. The wite
to main nenory al so serves to invalidate any copy of the data which resides
i n anot her cache. The cache line state changes according to activity on the
5 PWI' and MAB/ WI'# p| ns If neither of these pins is asserted, the wite hit

I b I h f d he |
1< Torced 1 o TR PREPISEE ot fereis e, MKENS Reflie pto@iiibn ™ o) *n
wite mss Ogaehifg of thgpﬁbrﬁ&ygﬁﬂ&ﬁbﬂrﬁﬁotﬁwnhb%r%rﬂiCPI.'JQOtQﬁﬂQﬁya i s ”0t

present in the Cache 13. In"a sinple wite mss, Controller 12 assists 10
CPU 10 by delaffetingthe darrentiaddressn ity rebd imissiis indicated aomoachghhledly in Cache

13. NocacheL nes S0 no st te ch e Awite
ss i the o 1ebhar e s Sansls e ine S pOCatoied p CogRnTS or CRUWREFE: when t he
menory | ogat i oggig ng | 13, but is
br oug%t |(r?t 0] d?‘ac'wdacfgggt# udprgg": 9 eggm?éég‘lijsl%a% n\\kﬁn{q{ﬂgl@%ﬁgg 15

Control | er 12ndicationtfronCeithet Of ihasa\mpmsrfgrcbha wiite aniss tvithiout atiocationory. After

the data is witten_to Controller 12 ¢ asb the sane data
fol | owi ng t hdVaigthadif Gac geﬂﬁéﬁe?ﬂys@asaﬁ%’@@pwé n@P&%a@FQU&\B this data

nerge to occqfom%%ﬁ@%wnﬂ%&gl&% r?&?csgls\rlr{m#ﬁ’dn pest to Menory

Bus 15. In this case use state, [M. 20
The ability to peWhoDRG!‘M#ﬁ(directetb mndxfrédppmdsaoﬂnmn whizh infoens ol | owi ng
conditions being ful fill wite is cacheable; PW is not asserted, o/

forcing VO teQQ Pgﬂfg‘@ ‘otﬁ%@ W‘“F‘éfe state, JE], apgpiage ajine diwetiyjnithe | sdt o menory.
I/ O ti
(1o 19 119 R 00 08 s SO o O of g o7 5

transitions imerfonytionépeetal Cacke i3 Gamarcassesilike mead:furewnarshipearididuced by
actions Initiated by other cores or devices on the shared Nenory Bus 15. In

the fol | owi nFaehestorFaghedrnsiers The sigpakcapalzo by psserted dyfing writes. 1spondi ng t o
actions of Otﬂlﬁﬁos‘ég\‘:k Ef&-eqfé%ﬁma%d% rfsmaésg\la&;%‘g 5t¥ iRy to (M 1st$i@d t hus rray

be referred to as snoopI ng, snooper "
The cont ri§l | dinewffihe rnewdata nepigces\andnvdiid libe ©r replades thmsenet:enﬂySS -

use (LRU) line. If the replaced LRU line is in the modifi ed, (M), state, itis
written back to memory. When a line is replaced, Cache COhtrolier 121s
also responsible to invalidate the séme line in the p-rima'r'y cache to maintain
the principle of inclusion. Invalidation may involve multiple lines (line ratio >
- 20 1) in the primary cache and possibly involve write-backs from'prirhary éache
it data has been modified. .. '
The new line is plaéed in the exclusive state, tE}, unless CPU 10 - o
" activates its PWT (page write through) pin indiCating a CPU write-through
request or memory bus 15 asserts MWB/WT# (memory bus write-through)
25  pin, in which case the new line is placed in shared Staie. {S}, by Controller
~ 12. The new line wil! be placed into modified state, [M], rather than exclusive
- state, [E], if DRCTM# is asserted. |
When CPU 10 generates a write cycle, and the datais present in
. Cache 13, it is updated and may undergo a MESI state change.
30 I the write hit fine is originally in the exclusive state, [E], it changes to
' modified state, [M], upon a write. If the hit line is in the modified state, [M], it
/ remains in that state. .Neither of these cases generates any bus activity.
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The master which is accessing data frommain nmenory on Menory Bus 15 sends
a request to all caching devices on the bus (snoopers) to check or snoop

their *caches for nore recently updated version of the data being accessed.
I f one of the snoopers has a copy of the requested data, it 5 is terned a
"shoop hit". When a snoop hit is detected, Cache Controller 12 nust update

the |line state as L {1 by . SNPI and SNPNCA. ntroller 12 is also
resporfsi bl e for mali%'g# H ﬁjngé’ﬁ'ﬁhsjf the sﬁ‘?’%ﬁg@r Eﬁ%ﬁ“ﬁ%&?@@&%&%\]ded in
CPU 10, based 1o writdheRiata)6irtiib ena miehidry 8k Well aSipehte GadreYt3. 2Hle *vi’i s In the
10 primary cache nmust be in the secondary cache and any .[I% or V\j% state
lines in the [peiman menpnnhalsmservesdo invalidgte anyrcepy of tha dateewhich résides cache

detailed i ion E.3.state Tables |f has podi fi ed i
of the data (IRABOTIATE: The fothe fnkpla handes foigrane suachay gBiBPat o an

"inquire cycl Swian@RWBAVTRABINEDY deRhbrd th ! dified copy
of the line, i.e., a nore re@entlyngﬁo i -itegcfeﬁ?]se'%%ﬁ%@rer’bs ugt-e?}(i}-date l'ine
i's witten outlingpecdreesexoiysiveg [E]g didithepot thesé pins istadderted)thBline i5 and t hen

to mai n nenory _or to the requesting nmaster so that the requesting’

' Lty .
master can ut if?'lcfﬁ?ql {e.e"’ca_fiftéf'teﬁ'lhfﬂ"lgeow Centale SRBAESharRdalSnoopi ng cache
wnich has a snoop Auid misKGRBRA BPUAG hedirhies aab Byabaddnd lerhiPNCA

whi ch are driven by the naster. The nput telTs a snooping
control | er to rotpedsenkit the Gaclie 18 Inad simptewdieaniss,fCdrittallet 12 assistser

uest i h is_ab ‘wite i fothis |i d will
et o he SR bR e e e S SL AR et
- SNQOp. T equest 1A SAABnBS brd Sitla 88 rblbidtd ERbdghsShRY fiach! 1. and a " back

i nval i dation" i's generate Instructs Ck its cache and

| i kewi se inval i dat A write apiss with altocate is @ spdbiahcddecof aneitpimigs.CRBEEE! er has a
* snoop hit to a nodified line and SNPINV is asserted by the bus naster, the
- back i nval i dat¥hanthe gemans dpcatiomwriten by tha CBUIS notgusrently imGache13ycl es are

e e OO i b e 38 o, A5 S 8K B on
data. -36 5 Controller 12 assists CPU 10 in writing the data out to main memory. After
the data is written to memory, Controller'12 reads back the same data
following the rules of a read'miss, above. Cache Memory 13 allows this data
merge to occur internally obviating the need for a write reque;st to Memory
Bus 15. Inthis case, DRCTM# must be used to force modified state, [M].
20 The ability to perform an allocation depends on all of the following
conditions being fulfilled: the write is cacheable; PWT is not asserted.
o forcing write-through; the write is not LOCKed; and the write is to memory
~ (not to YO) and the write is not cached as read-only. These conditions are
signalled to MBC 11 by assertion of PALLOC#. | |
25 MESI state transitions in Controller 12 and Cache 13 of one core can
be induced by actions initiated by other cores or devices on the shared |
Memory Bus 15. In the following'explabation. assume 'that Controller 12
- which is responding to actions of other devices does not currently own
Memory Bus 15, and thus may be réferre_d to as a "slave” or, in the case of

30 snooping, a "snooper”. The controller which currently owns the bus is the-

,K "master”.
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The SNPNCA input tells a snoopimng controller whether the requesting naster
Is perform ng a non-caching access. If the requesting master is not caching
the data, a snoop hit to a nodified, [M, or exclusive, [El, line can be

pl aced in the exclusive state. Because the requester isn't caching the
line, 5 an invalidation does not have to be broadcast. If the requesting -

nmaster si cachi nJhe neastertwhicti iscatcassingdata itiom mainamemdiyf arellemonexcl usi vy
line must be placed in the shared state, which insures that a future wite

hit causes dHS tRegNdsa fegHestdo &l icachipg gavices oipthe Rus{EnoPPeRdd hit to shared
| D) o f te that
an' 10" asser ChqCRRIFRANGE adtesdorngrd Ry SR veriol bline ek 1701 1 o°

performed t ddng agebse. hone oEtwsnoopers bas dabpy of the requested ddta, it he

secondary cache system Control signals to acconplish this include: FLUSH#
and SYNCH. Asteiewed &1s0a9P hit™  njtiated by asserting Controller 12 FLUSH#

pin. 15 Once i Nigy L j Lol l4a€S out to
mai n menory, agamﬁ%‘tegg%? -ng{sf)&ael(‘:%?&dv%a%%gg%?'gﬁﬁsdrgﬁ?;ﬁa&g?{gt§§cl es on CPU
10. Wen coripeatstd asapbcified by SNPBINVamdcsSNRPNCRAGoMrottert 12 ieqisei | | be in the
invalid state. Activation of the SYNC# pin al so causes all npdified |ines

to be 20 wrPERANSikigTarmaipiaining consistency ot Has-prmany cache. ipeludrd 1N nes remain
lid aft Y| s Nae d "3 | € | h [
Yo 8,11 680 DS oy, SOREL AT L LS5, 1o 10

t he abovE dgwimarpedclimmust = intthe Secondlatyl ciche andany {i] o2 fM) sthfedinegvent s
produce effects on the MESI states including: non-cacheable, read only,
| ocked and fiBtkeprimaysache mustbejn M) siate inthpgpcend-level caghe 88 The: MRO#

(menory reactgeqale@inisga% ES Qb traBldser 12 is driven by the nenory bus to-v
at” a nenory

indicate th ocati1on 1s read only. When asserted during a read
mss line fill, M énaopeshas trivdified version dfahe daaqtsnoop Gitadne midtiflddd i n t he
shared state, [S], and also sets a read-only bit in the cache Tag RAM 31.

MRO# accessdfeah B RRseeds ingenqrate@sjinayire icleLipeild d asting €PHi 1T 1 o a
fead- onl y5 10810 haE a'thbdiffed Sopydr'ié lirYe.%!.tatrﬁ&et;QEémgbnéd%idﬂqﬁBf y w thout -37

The most up-to-date line is written out by the snoo'ping agént controller to
Memory Bus 15 and then to main mehory or directly to the requesting
master so that the requesting master can utilize it.
MES! protocol state changes in a snooping caéhe which has a snhoop
20 hit depend on attribute inputs SNPINV and SNPNCA. whicﬁ are driven py
the master. _ - .
The SNPINV input tells a sndoping controller to invalidate the line u
being snooped if hit: the master requesting the snoop is about to write its
copy of this line and will therefore have the most up-to-date copy. When
25 SNPINV is asserted on the snoop request, any_ snoop hit is placed in inyalia
state, 1], and a "back invalidation” is gen.erated which instructs the CPU to
check its caché and likewise invalidate a copy of the line. Wh_en the
snooping controller has a snoop hit to a modified line and SNPINV is
asserted by the bus master, the baék invalidate is combined with the inquire
30 cycle. Inquire cycles are for the iB50XP™ CPU only, Controller 12 performs
"back-invalidations” to the 80486 CPU since it is a write-through cache and
/ never has moditied data.
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updating the Cache 13 line, which remains in the shared state, [S], with
the read-only bit set. The LOCK# signal driven by CPU 10 indicates that the
requested cycle should | ock:the nenory | ocation figr. an atom c nenory
access. 5 Because | ocked cycles are used for interprocessor and intertask

synchroni zation, al MarB a

| ocked wite, Cont r-i(r)qél g‘?‘s?%ﬁ%&gﬁ?"ﬁ%hg@ggg& rggﬂﬂlg wrlgﬁeé-" Eﬁ? Bﬁﬁﬁm e,
sendiAg t he datnastenis periomningra nbarsachintpadcess. i the reqaestingwakiedistnotg ot her
cached copies. If the data is al sQ presept ip,Cache 13., it is updated 10
but its M E eRchingihadata. anoRe i admsiied. gl of exquusive. §EL 4ne eahbe ol | or 12

assures, 2 _cachBiahd i 18 Gl 3idle! HERAKe 8 ocuSleftsrhloabfifg b ing.co! des 1

Cache Menory 1 e M E, state o mal NS unc f the
request ed dit aan invalidalianidoes hotihave ®© berbroddeast oif thecqaesting mastbt is when t he
menory bus returns data, Controller 12 will use the Cache 13 data and 15

i gnores the mefpiing data. dhen aepaep hibina meditiadior gxelusivg ngmust bR ss cache

13 are noncach : dcaﬂ[ae ' @&S&' o enhance
t he i npl enent a?@%&ﬁo@e%%s W h‘l"ﬁég?rc&gﬁge:‘tuﬂjé:fem%% “gﬁfow né‘%ﬁgal ine to be
cached and snowalidatioh e othee taclies. INcIetliabalsaobp hit keshatediling mdst | ocked
cycle. This enhancenent would further reduce 20 nenory bus traffic by

confi ni ng accetemaip imthersharad siate regardiess iob SNENGA. Alsg note that amab| es Li nes
Cached by Cantrol ler result of either the CPU Bus
14 \agti vi t (tﬁgﬁé@gﬁ?ma%gggggﬁ@%t%ﬁmg 12 to becone a nenory bus

master) or as a resGhéheOdynihiEM2aliBN T fdrionRbl Y6 bingitieanainarielion2Gp-tat her
.sy;--stem masters (Snooping). State transitions are affected by the type of

10 and Mendate withsrespectite thexseqoprary cachaisystami Cesjrobsignalgte set  of
s oPs B aBAlR B o, by ER SBSTER L S0 Sl Seren el
CPU/ Menory Bus si gnAlcackes flasH ©initiated by lddgertifg SontreNst i 2FQUSHS Ipin. 30
Internally generated variable resulting from CPU Bus 14 activity include:
-38 - 15 Once initiated, Controller 12 writes all modified lines out to main memory,

again performing back invalidations and inquire cycles on CPU 10. When

completed, all secondary cache Tag RAM 31 entries will be in the invalid
state. - _

Activation of the SYNC# pin also causes all modified lines to be

20 written to memory. Unlike the FLUSH# pin, the cache lines remain valid

after the SYNC# process has completed, with modified lines changing 1o the

exclusive state.

E.2. Additional State Transitions

In addition to the above described basic state transitions, several

25 other events produce effects on the MESI states including: non-cacheablé.
read only, locked and forced direct transfer to state [M] access cycles.

The MRO# (memory read only) input to Controller 12 is driven by the
memory bus to indicate that a memory location is read oniy. When asserted
during a read miss line fill, MRO# causes the line to be placed in Cache 13

30 in the shared state, [S], and also sets a read-only bit in the cache Tag RAM

31. MRO# accesses are not cached in CPU 10. On subsequent write hits to

K : a read-only line, the write is actually written through to memory without
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PW(Page Wite Through, PWI Input pin): Indicates a CPU Bus 15 wite
t hrough request. Activated by the 80486 or i 860XP[err] CPU PWI pin. This
signal effects line fills and will cause a line to be put in the [S] state
if active. Controller 12 will not execute wite allocations for

wite-through lines. Lf P Ig.asserted, it overrides.a wite-back :
i ndi cation O?Pq%‘gg'i%bﬁﬁ&f’v%? ‘?f.‘e'ly&?%'(@ﬂ&&‘scﬂé?ﬁéﬂlﬁ'?‘? F‘?‘%i%laﬁ’% theocp | nput_
pin): I ndi cateay dnfpbit kéte accessed line is non cacheable. If PCDis :
asserted, it overrides a cacheable indication froman asserted MEN#.

i 860XP[ err] 486 orTheddDCKE signal deiven by CRIA 1D dmdicated fhgPthenpasestedh, 10 sanpl ed
during reset falli 'rbg%ed ﬁ‘): Si %n | indicates the CPU type currently

connect ed t oCYSHFIP WF'? 6 |apm Q’ﬁ?ﬁmﬁﬂﬁ”ya'bﬁ'eﬂﬁc pegpceicestd | i ne size).
NMI (1 86DX | | ' | (R , F.Qutnut Pin): Wien | ow
forces tf\sg F%%%%ngr at%gaﬁ-éeg%'ts%gfgg'g}as @e%éﬁ?h&ﬁ e SHARED st at e.
Wite back nshehf{onBmalipn,alllibcked cyclds aaistapgeariohddmbdiy Bust1st iGwma | n t hose 15
cases the i860XP[err]is al o0 into excluysive states [E], [M. NAW

| oned t .
is normal |y 9€ke ﬂﬁ%&npeg@'ls%’g#feﬂ%fge 8pcRSS S auRledPough CfFitg enabl e, KEN#
in): ' i N b hed b
o0 L L1 i 0 9 ot g g e o0,

the CPU 10 prinmary cac 'S _ ss explrcitly stated.
20 Meathey catthed topias.t if thd gdataflls alst pradeat ihaCdohei18g itiisupdatadd vari abl es:

MM (Me Bus W.ite-T h | ndi i on, / WI# | t Pin): W ti
f or cfas %%/rB‘Il’Jtlsi@rM;L ar %‘gég'emﬁg‘séﬂl CE’aEgg%nﬁﬂl :\élg%é"q Re 6‘?%%8091'4;;"@61&6 at 2?[ IS}IE\J
Wite back mpeginidd + gév\lg\g'n'ilgé 8R4 8By rﬁé}lﬁoﬂyw\!_d gl Hﬁ{éaété‘[é §ncases,

Controller 12 is al ed to go Into excluSive states 25  DRCTM_
(Menory Bus Oacke Menmory 13 therM| £S48 stata of DRCTRta remains uAchangedhdithacti ve for cgg

oK1 DPIDO OF {dst il ol Epr 1S S S rodob sl b " Y, B
Temen oy it B g s, Ol By BT skt on, M
15 ignores the memory bus data. LOCKed read and \_mit__e cycles which miss
. cache 13 are’ honcacheable in both Cache 13 and CPU 10.
it is possible to enhance the implementation for LOCKs within a cache
line by allquing the line to be cached and snoops to the specific line to be
blocked during the chked cycle. This enhancement would further reduce
20 memory bus traffic by confining access to most semiphores to the cache.
E.3. State Tables | )
Lines Cached by Controller 12 can change states as a result of either
the CPU Bus 14 activity (that sometimes require Controller 12 fo become a
memory bus maslér) or as a result of Memory Bus 15 activity generated by
25 other system masters (Snooping). State transitions are affected by the typé
of CPU 10 and Memoiy.Bus 15 transactions (reads, writes) and by a set of .
external input signals previously discussed and intemélly generated
variables discussed below. In addiﬁon, Controller 12 will drive certain
CPU/Memory Bus signals as a result of the consistency protocol.

30 Internally generated variable resutlting from CPU Bus 14 activity

include:
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MHIT (Tag Hit, MIH T# Qutput pin): Activated by Controller 12 during
snoop cycl es and indicates that the current snooped address hits a valid
line (fE], [S],” or [M) in Controller 12 and Cache 13. MHTM (Hit to a line
inthe [M State, MH TM¢ Quthut pin): Activated by*the 5 Controller 12
snoop cycles and indicates that the current snooped address hits a nodified

line in the CorRWTl [(Pagd Wrile.Thrdugh)yP in){ Walicatexcd CPY Bey 1S wrikcCcess) !
When“dctive indicates to Coni,roller 12 that the c&ﬁent bus nmaster is

per forning a ndRmyghrequesh Hetivated by theNonfe/or iIBEAXRTY GRU BWT: pipnERsact i ve
ji

i ndi cates to I A | date the
addr essed caché rfaﬁg*fg@#ﬁ?hﬁ%%ré&r E’g'l‘%’éé?@bfzgggﬁ%ﬁﬁgﬁ&%“('%@ ead :
Only, Tag bit) CorioflePi2 willhut ei@tutewitité allstatibhsor Wwhitd-thrélighdines #PWT

associated with this tag are read-only lines. 15 BINV. Execution of a CPU

Back | nval i &at ii®Aseyrtads toveaidesia writetpack indicatiop pn YeiMWBMT#\pinh W cache)

Execut i on of o aBoAprds Splhentify Bieablh. Eerl GuBin T hdicaBE Matstd 1 acti ve,
performng a bagdeetsudhlirieds nbfitaghéatié. 2N POD Isassbifed R dVefidestd6ackable

principle of inclusion in the primry cache. WBCK (Control ler 12 Wite-Back
Cycl e): This i dndicatigrolrgmmnsasseried MIKEN#.c| e generated when [M state data

Cycle af fects dSORRARE Jphfod Py BROKE OATinddhien BlaPPdBbhat. "y cugh

Cycke): Thify | Ssenpiv UBfhy fddePt éh%e')k SRnaPnaRales tiie EPY !gbbfcﬁrrehﬂy Ry or

may not affect the cache SRAM (update In a wite- through cycl e,
Coptrol l er 12 dednnestedite Gache Gonbioller 12 (primary tachepretopolcanskline stea)a and

Conttol signal t - d the CP ' '
updat co, “ana- orWBEL GHBAXE™: Wt B belfanotor B verlerd Cuel B ¥ o1 1 .
12 Read Thr oughoyeic@s tHiBBOXPT10KRp!thé abosabed firfd IRIERE'SHARED @thié.cads to

lines that hit the Controller 12. Controller 12 will request a Menory Bus
15-cycl e for | oWkiteshackmode MB=bhwillhedndicated iy the INWT patatioppIn thase 40-

15 cases the iB60XP™ is allowed to go into exclusive states [E], [M]. NWT is
normally active unless explicitly stated. _
KEN (CPU caching enable, KEN# output pin): When active indicates that
the requested line éan be cached by the CPU 10 pﬁmaw cache. KEN is
normally active unless explicitly stated.

20 Memory Bus 15 activity affects the following internal variables: _
MWT (Memory Bus Write-Thrbugh Indication, MWB/WTi## Input Pin): When

\_ - active forces Controller 12 to keep the accessed line into the sﬁared

state,[S]. Write back mode will be indicated by the IMWT notation. In those
céses, Controller 12 is allowed to go into exclusive states [Ej. M].

25 DBCTM (Memory Bus Direct to [M] indication, DRCTM# Input Pin): When
active forces skipping of the [E] state and direct transfer to [M].
MKEN (Memory Bus Cacheability Enable, MKEN# Iﬁput pin): When active
indicates that the memory bus cycle is cacheable.
MRO (Memory Bus Read-Only Indication, MRO# Input Pin): When active

30 forces line to be read-only. | ' '
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fromBus 15 except for [M state which will have data supplied from nenory
13. LFIL (Line fill): Causes Controller 12 to generate Menory Bus 15 cycles
to fetch a new line and deposit into Cache 13. 5 RNRM (Controller 12 Read
Normal Cycle): This is a normal read cycle which will be executed by
Controller 12 for non-cacheabl e accesses. SRUP: (Cache 13 SRAM UPDATE) :

Ccecurs any ty af) MItOMTRITHOulpbt ﬁhﬁ%vét@d@?mumfﬁﬁwuﬂiﬁg An updat €_i
inplied in the LFI cycf e. ALLCC: ‘;Cont roller 12 ALLOCATION). Wite-ms
cycl e that isnoonsyelasped intivatesthel thg casentisoppped address hitsavalid linene r ead.

Fi gures 14 tjhrough defJ n he,St. ragsitions fromthe present state
shown in the&?t]i' @t°’i@‘!’dﬁ#"“ﬁﬂ'&°’§§i“§?f‘%§ﬁ%iﬂui tion and resulting next state
in the seco U At 1320ineN1® tHEIV) SYatEMHARE GIPuBSA): Wdtivatéd By iy s of the

preferred enbodl nent above defined variables) In the third and fourth 15
col umm r 6% peGontradies 12 snoopoeyciesrandrindicatesithial theragrentisndoped @ddre8s t he synbol

"XP" |s used .o represent, the j860XP[er. CPU and "CC' to represent Cache
Control | er clj'ﬂt.s ¢m°8'ﬁa‘§§?%iﬁ‘9ﬂi‘#?ggeﬁgfhﬁiabm-The operation of the .
secondary CW_% %ebﬁ@‘éichéés MWHBR atfive indibseasd i on of Cache
Control l er TZ and VBC 11, tﬁg two e erregt_s tﬁat colntro ﬁw flow of data on
Menory Bus l1Gomtmllentl2 fhad thenmirrentrbuonmstenis peeformiag aaidmesachinghe syst ens, and

bus masters. Figure 20, a nore detail ed secondary cache system bl ock
di agram pro%<9e8¥% additional details on control address and data flow

bet veen 3PV Spig. (RlaBlEh):L WnefF ol iniebiot o Edmdier FRARIRRAV 13,
opti onal nenory us('tqraansceljver e(XVR) _ore%at_ c?‘n umrt EGHI\% 11 and Menory .
Bus 15. Contewtdntsndsp cyelpumpstineaiidatedhe addressast gacBadind.5 by signal | ing MBG,

11. MBC 11 is responsi ble for grbitrating and granting the bus to
Control ler 12. °'gi|“§ﬁ‘faéd?" Es&'f{"'%g responsi bl e for executing the

Conkl 2,135 (O PaSORTRe . ask st eaegulner e ChcLe,
menory bus olneszassociated with-this tag are read-only lines.

15 BINV: Execution of a CPU Back Invalidation Cycle (Snoop with INV active or
80486 CPU with WT cache) to maintain the principle of inclusion in the
primary cache. '
INQR: Execution of a i860XP™ Inquire Cycle (may be executed with INV
active, performing a back invalidatio;'l'simunaneously) to maintain the

20 principle of inclusion in the primary cache. _ )
WBCK (Controller 12 Write-Back Cyéle): This is a Memory Bus 15 write
cycle generated when [M] state data cached in Controller 12 is to be copied U
back into main memory. A write-back cycle affects a complete Controller 12
line. .

25  WIHR (C5 Write Through Cycle): This is a system write cycle in response to
a CPU write. it may or may not affect the cache SRAM (update). In a write-
through cycle, Controlier 12 drives the Memory Bus 15 with the same
Address, Data and Control signals as the CPU 10 does on the CPU Bus 14.

~ Main memory is updated, and other cache_s invalidate their copies.

30 BTHR (Controller 12 Read Through cycle) This is a special cycle to support
locked reads to lines that hit the Controller 12. Controller 12 will request a
Memory Bus 15 cycle for lock synchronization reasons, data will be supplied
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various cache consi stency protocol options.: MBC 11 design dictates which of

these features are used, and exactly how they. are used. F.1. Cycle
Attributes and Progress A nenory bus cycle is initiated by Cache Controller
12 asserting the 5 cache address strobe, CADS#. Wen asserted, this signal
i ndi cates that the cache cycle control and attribute signals are valid to
MBC 11. Cont r offfosy Bu 1S kxeept tqu M| siatet whick aiHwaveaiata supplibé froimomemonCDTS#, to
MBC X7, CDTS# tgacks CADS# -and indicates the start. of the cycle data phase.
For read cycl ed3it indicates that starti ng in the iext CLK, the CPU Bus 14

is in read 10 age t BRDY#
I s asserted (specl fijhd gybggg% éﬁmn(gltgh"ﬂdécac%@%g&fm&rﬁdgﬂt%%ﬁsgé to MBC -
11, signalled detcﬁ:ﬁlnemmelahdx;e;ﬁsnhﬂocmhe #8) er 12 by an asserted BLAST#).

in read cycles if the MBC 11 already owns GRPU Bus 14, CDTS# will be
acti vat ed thmc°ﬁ6?"°é1?§9&§é“ml Gycle)n Thigde ainormabeeadieyelenced CPU Bus

14, 15 theref | r wite cycles,
CDTS# i ndi cat egﬁ%@]_ﬁﬁ% é’?lcél(sé{j bﬁ%gmtg?p? F’g |§A’%§%&?ﬁm£§£ﬁwmr y Bus 15.
I n 80486 CPU wSRUPqCatkes 13 SRAM UPDATESY Oeturs @@ig i new informalSitis For
write-back cycles CDTS# indicates that all data is available, i.e

wri t e- back- buf fPiaceg)in Cagka,Memone 13, Anjupdateds implieddethedfiLGyelee. 20  back
d As 11
ata As a resp O(CidRfrofier G2 ALLRALRADN). i W SRR okl thaf iR bRt 1

responds with Cycle p ogress sign cle pr gress sighal’s
ed onae afcaasingDbBtolend 2dRiBshelzDine deadpr evi ous cycle and are then
|gnored until CRDY# of the corresponding cycle. BGI# indicates a 25

%t ment by the MEiGYFep ¥ throughtiodafipe stg@ transfitops &opt\be presant execut i on
"Wenory BUS Ipate WRowWRin Jneﬁ.mt%ommm&qe%g g SBRLiBh BRG redsunfltioad Y C1 ©-

Th| s means that 1 ntervening snoop-wi roI | er

12 is responsi bhmdsncbadcdemaarﬂehcmdnmryauihﬂdmédtwtti (uﬁQaﬁfsSartNe One
case where Cache Controller 12 will issue a new, not a re-issued, 30

cycle: if the Arelgrrad embagiment sbova definedyariablpskin thethirdarnd feutind t he
nterrupting SHQRRFishEclVblyS FoP BonWintdnBe, 1A Figuted 18 tnrobdiFTe 1RE s5HBEFIeN!

-42-
"XP" is used to represent the i860XP™ CPU and "CC" to represent Cache
Controller 12.

F.  Basic Timing of Protocols
The operation of the seco_.ndar'y cache system depends heévily 6n the
20 interaction of Cache Controller 12 and MBC 11, the two elements that g
control the flow of data on Memory Bus 15 to and from main memory, as well
as other cache systems, and bus masters. _
Figure 20, a more detailed secondary cache systeni block diagram,
provides additional details on control address and data flow between CPU
25 10, CPU Bus 14, C5 Controller 12, C8 Cache SRAM 13, optionai memory
" bus transceiver (XVR) or latch unit 16, MBC 11 and Memory Bus 15.
Controller 12 requ'ests control of Memory Bus 15 by signalling MBC
11. MBC 11 is responsible for arbiirating and granting the bus to Controller
12. Once granted, MBC 11 is responsible for executing the requested cycle,
30 snooping the other caches, and endirig'th'e cycle. Controller 12 supports

A( different modes of snooping, diffe'rent modes of memory bus operation, and
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CADS# will be for a conpletely new cycle (not a re-issuing of the

I nterrupted CADS# operation). After MBC 11 sends Controller 12 a BGI#
signal, indicating a guarantee by MBC 11 to conplete the cycle on Menory
Bus 15, MBC 11 5 owns the cycle. Controller 12 assunes the cycle w ]l
termnate and wll not allow snoops until any tag changes are resol ved.

Fol | ow ng BGL# ' M AL dee : Ll Y W ndow i S
cl osed and t atOE%o@ral.tE?o er efgyhu@?édgghﬁfes' mmﬁ 435@&%’????%‘%@ v
i ndi cati ng tof thesd features aréUsed,cncadxatliy hovatheyaeeasednl y, respecti vely.

(These attributes can be 10 determ ned by decoding the controller
address). Bdedd daxcla.AtldbulesandProgeess control | er 12 executes al | ocati ons,

line-fills, repl @l S)éw - L St [vated. It
i ndi cates that tﬁg sno%bﬁ%@w&?ﬂgﬁé@%?@ . n ?t(r):ﬁ %%ﬁé@éﬁﬁﬂees MAB/ \WI'#
and DRCTIg¢ atdchieluddesssatrobd)iCADS#EWhEh @ssertdd, thidsigre irtlicatelethat thened by
snoopi ng the other caches 15 in the system At this point, Controller 12

upda][ es i':] s cashexrie pontgl and attdbyle signa Q’ﬂé’ﬂﬂ?&“‘%&?ési‘?%’"ﬂ?bb@ gss. I
o1, 1 4 S ol o\, geccpade ol

to Cache Con ntr _ ows nenory. bus pipelining by
asserting CNfdckdCADSH anbindicates theistafisbiivé cybleciatapphiases FoheeddBC 11 to

hase. | Cache eI Bricales et sFpir o dhe et CLKe{TRICHIABys 183 Beteaf pel | ne on
e 56 ol 5 A SR Wi B St Bl drTRIRSIGE 1 oL e 2
oper ati ons ofspetifiedbyeysle length andcacheabilitp altdbutestoi MBSy sighaliedbop oper at i QY
Che i mi &1 at i Oh CERLEES 1 b Caeke onRIBT 18K 6Ateoad RAS .t FPhe snoop
v pcolE i B P0alhy ARG 03P yiPSYReaN 0, € 12
snoops are: witld CADS#. For allocate cycles the MBC 11 does not need CPU Bus 14,
15 therefore CDTS# is activated together with CADS#.
For write cycles, CDTS# indicates that the first piece of data is
available on Memory Bus 15. In 80486 CPU write cycles, this is asserted
together with CADS#. For write-back cycles CD_T_S_#' indicates that all data is
available, i.e., write-back-buffer or snoop bu__ffer is l_daded with correct write-
20  back data. o | ]
Aé a response to the éycle request, the Memory Bus Controller 1.1 _
responds with cycle prqgrés‘s signals. All cyc_:le progress signals are ~/
sampled once after CDTS# and CRDY_# for'_the previous cycle and are then
ignored until CRDY# of the conésponding cygle. BGT# indicates a
25 commitment 'by the Memory Bus Controll_er 11 io complete the cycle
execution on Memory Bus 15. Up until this point Cache Controlier 12 owns
the cycle. This méans that intervening snoop-wﬁt'e-badks will abort it and
Controlier 12 is responsible to re-issue the cycle to the MBC 11 if necessary.
One case vﬁhe(e Cache Controller 12 will issue é new, not a re-issued,
30 cycle: if the original CADS# operation is a write-back cycle, and the

interrupting snoop cycle hits that write-back buffer, then the subsequent
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1. Strobed: the falling edge of SNPSTB# is used; 2..C ocked: SNPSTB# is

sanpl ed with SNPCLK; and 3. Synchronous: SNPSTB# Is sanpled with CLK. These
three snoopi ng nodes are configured as follows: 5 " 1. Strobed: The '
SNPCLK signal nust be strapped high. 2. O ocked: The SNPCLK signal nust be
connected to the snoop clock source. 3. Synchronous: The SNPCLK signal nust

be strapped | GYADS#H Will be fof adbRletbh theW EyeRC(holRirbastultig GTIRG Interfuptedit | on.
The ?’re’rmry 10 address, SNPNCA, SNQI NV, and l\/BAC]E#_,..,::_:?.feg | atched with the

falling edge cADS# operORY:. |f MACE# is sanpl ed active (low), the SNPSTB#

12, synchr oni zed | ABRMERCTL SERBIRoMh 12 8 BT SERBERRRREE (ol owi ng
cl ock. Fi gures%?ar&he% MBT ¢1 w&aﬁ%laﬁttheéyaé ofMéRofy Bus £8,IMBC 1The nenory
15 -address, PNCA PI NV, and ACE# are latched with the rising edge of

SNPCLK whers SNwgRheicyclbi QontrolisriRaassumas tsnmsiswilkiganinate andwil@et hi gh f or
at |l east one SNPCLK in orgder to rearmfor another_snoop. S

sanpl ed acti vea’\'tzl‘"o%"_,op? Hatl ayp dagehanges aﬁ%{eseg\{? e ?ﬁlgm&éﬁwgop

ni thation is RRERESN Ghth Muica hal (bR cabReatit) WiiduW EXbded drdngext 20

cl ock, and causes a snoop 1 n the tollowng clock. Figure 24 shows the
synchr onous snOomtrotied ¢2 mistsample MKEN#MRO# afiibiies, ingkatingto GontrallBBOE# ar e

| atched with the rising edge of CLK when, SNP is first s | ed | ow.
SNPSTB# nust b2 sacherbiityAngHead:pnly, quea%*tvegn%gg%e F“"W%Fe?aqaggr earm f or

anokher sngop. déll Wﬁ&ﬂﬁo@o@ng ' ohf oI Sabies).| B4ed é'hosbiBRfibtiteyy | | ot

cause a snoop. € Snoop rnitration 1s recognized by the C5, Cache
Control | er 12.Comgoliont2@xecutes alinzations, line-filts; treplacerkentShetcsnoop response

hasé b Cache Controller 12 consist f.two parts.:, tate indication and
g snoopypr ocessi ng N‘ﬁﬂi'@t%ﬁ”g”zlﬁi\@“gﬁﬁ %%Vgtﬁssiﬂﬂa'&g‘ﬁﬁ '%Bélﬂi‘%é'?ﬂ%ys

e Wbl GO FonFler 2 SRl AABITY dry DRCTEM e T
the state of thethitithe: Theterairibateslare defjerrained by snooping the other caches
15 inthe system. Atthis point, Controller 12 updates its Tag RAM 31 state
related to the line access in progress.
Lastly, the MBQ' 11 issues CRDY#, which indicates the end of the bus
cycle to Cache Controller 12. ‘ |
| Controller 12 allows memory bus pipelining by asserting_CNA#
20 between BGT# and CRDY# which allows the MBC 11 to request a new_
_ address phase before the conclusion of the current data phase. Cache
&,, Controller 12 supports a one level deep address pipeline on Memory Bus
15.
These operations are symbolically represented in Figure 21.
25 F.2. Snoop Operations
Cache Controller 12 provides for snooping operations on the memory
bus to ensure cache consistency. A snoop operation consists of two phases:
an initiation phase and a response phaise. During the initiation phase, the
MBC 11 provides Controller 12 with the snoop address information. During
30 the response phase, Cache Controller 12 provides the snoop status
information.
[ The three modes for initiating snoops are:
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=44 - prior to the snoop operation. MBC 11 can predict the final state
of the cache controller line knowing the initial state and the SNPI NV and
SNPNCA i nputs. The snoop conpletion information is determ ned by the .
SNPBSY# out put. SNPBSY# out put inactive indicates that Cache Controller 12
Is 5 ready to accept another snoop cycle. Figure 25 shows Cache Controll er

12 response to spogps W thout .invalidation. The first snoop is to aling ;
which is not cur?eﬁ)’F’?e@t@}ee'ﬂ"'f‘ﬂeaﬂ%°€é@ﬁ§]'3{‘ﬁ“%E’éte. The next snoop i &% o

a line in[E] ora] Biocked! SNMEHEAT daiipiod WiPShPBEK nd M state. Figure 26

shows Controller 12 response to snoop ‘I'nval1 dation. The SNPBSY#
signal will be a8t Syathedndus: SNBSTB# is\sampled edth CLK.snoop hit to a nodified

i ne (SNPBSYﬁ'qui || remain active until the nodified |ine has been witten
back)., or a U%eRtree sneqping Biedes arpeonfiguredasfallows:i s a back invalidation in

process. gThe SNPBS L4t FHEsNFG ; '%ﬁ“ § periods. This :
al | ows efternal :ﬁoéﬁg %E ?’r{ap anc!'\‘ﬁ%@h. ac'{s?\eé%%g%th an asynchr onous
cl ock. The ext er palCldoked:c The SNFGLIS sighal miust be comridcted 1ONRE¥RGoy Whi ch

Controller 12 indicates that a snoop is being executed and then trap and
hol d SNPBSY#. CatlRek 83H€9-0l | er 12 allows the MBC 11 to pipel i ne snoop

operations. 20 t t d e supplied and

t he next snoop rg'qlﬁ}s‘?ge}gﬁé)des?\(l)fheé$ﬂg& assgg?lgﬁ%gﬁa%t?%i’ﬁ%ﬁ%ﬁed. The rul es

whi ch govern t heFigpar 22 sliowsthestiobbd nethatisi@psominttiation.! The @vémory. For \
strobed node snoopé. NB%E“ cannot cause a second falli n‘ga edge of SNPSTBHs/
until affer addEessaPNPNGA SNPINY, angbMBAOE# ase latched with thefallispssleed node

snoops, MBC B A gﬁ’% \ " led by -
. SNPCLK, unt iolu'};ﬁ??lgrg?ﬁﬁ F a ??ﬁg%ﬁﬂﬂ‘“gﬁ%g&&jmﬁg oérﬁss#;ﬁ'g ronous node “w/
snoops, MBC cabise asnoop.cTbe snoopsianitiation fsaetognizeddyCaoritroBbPEI,B# t 0 be sanpl ed

by CLK, until the .Q%abterﬁg‘g _ SNPCYC# is active. Figures 27 and 28
show how t h&YPSUPRIZed ig;1he next.elock, 8¢ caysas A $n998 in the following clock. |

Figure 23 shows the clocked method of snoop initiation. The 'memory
15 address, SNPNCA, SNPINV, and MBAOE# are latched with the rising edge
of SNPCLK when SNPSTB# is first sampled low.  SNPSTB# must be
sampled high for at least one SNPCLK in order to rearm for another snoop.
If MAOE# is sampled active (low), the SNPSTB# wil not cause a snoop.
The snoop initiation is recbgnized'by Controller 12, synchronized in the next
20 clock, and causes a shoop in the following clock. -
Figure 24 shows the synéhronous snoop mode. The memory -
address, SNPNCA, SNPINV, and MABOE# are latched with the rising edge V
of CLK when SNPSTB# is first sampled low. SNPSTB# must be sampled
high for at least one CLK in order to rearm for another snoop. If MAOE# is
25 sampled active (low), the SNPSTB# will not cause a snoop. The snoop
initiation is recognized by the C5, Cache Controller 12, and causes a snbop
in the next clock. |
The snoop response phase by Cache Controller 12 consists of two |
parts: a state indication and a snoop processing completion signai. The
30 response phase is always synchronous with the CPU CLK. The state
indication is presented on MHITM# and MTHIT# and remains stable until the
next snoop. These signals indicate the state of the cache controller line just
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may be achi eved for the synchronous and asynchronous case respectively. -45
- The Cache Controller 12 allows snoops to be overlapped with data
transfers to and frommain nmenory by dividing the nenory bus cycle into
four sectors as shown in Figure 29. Sector 1 follows a previous nenory bus
cycle (i.e. after CRDY#) and 5 lasts until the new nenory bus cycle starts

bef CADSH#) . Lot hi i | S ' iat el

Ser vivcod 1 mmedi S1af 5 RE shios ohsy it 1 e bfEpict el FREHER it BB
(CADSH#), but endontrstierlife Kaswing thecinitial sfats ahe tie SNPINV @nd ISNANGA (BGT#) . A
snoop in this region is | ooked-up imediately and serviced i nmedi atel y.

CADS# is re- 10 inpuisthe sagop:gamplefion: inforaation issdeiermined by the SNBBEV#t es, i f

necesar . S0k ! ShPRS A KB bt e RSl T P

bl ocked untik afrégdy fohRceptleibther Shodpéyzig0i Nt the snoop response is given,
but no wite- backyvm'll be initiated until after CRDY# 15 Sector 4
fol l ows after SWEND#Figute 2mshows-Cache Contwller A2sespanse o shoopsrwithonh | s

| ooked- up i mrediat el y. but_servi ced after. CRDY# .This snoop .is |logically
treated ns i1 i PGUEHIoReThaTS,ShesRiFA0 % R aich I8 BOUCHTROD tpRg 5%, wi | |
schedule a wit \ ] : [ t he
current nmenory %32@%%%@«4)}mdﬁﬁg@ﬁyég%ﬁﬁgg@;@aﬁ%}g&p@ﬂﬁ%, 20
MIHI T#) will be linedn [Mjstatei Figuce 28 shows\Cohtrollar 12re&panse t&andaps@eittt rol | er 12

~ useS—two int §r| OCkI‘ chani snms to ensure that snoops are identified within
the proper 98ct dPvaligalon; ot i nterlock ensures that once a BGT# has been

?'hgfj‘ snoops are bl ek SNPBEV# sighal % 5 Eelivated 157 oh6 oP b toabsrd: Ogk ensures

t
once a snoop has been started, BGI# 25 cannot be given until after
t he snoop has besanop ditio aavedificiddine{SBIPBSWHwill deatairvactive BBTthe naditied e,

e 12 R n VISR e ol B e RIOR o ES 5" 00
15 S had yon ek haOR hpResen, T SRkt e RUENSTL 01 )
St owill 15 CLK periods. This allows external logic to trap and hold active SNPBSY#
with an asynchronous clock. The external logic must first look for active
SNPCYC# by which Controller 12 indicates that a snoop is being executed
and then trap and hold SNPBSY#. _
Cache Controlier 12 allows the MBC 11 to pipeline snoop operations.
20 It also allows the next snoop address to be supplied and the next snoep
requested before the last snoop has completed. The rules which gevem the
&,; operation of pipelined snoops are as follows:
1. For strobed mode snoops, MBC 11 cannot cause a second falling
edge of SNPSTB# until after the falling edge of SNPCYC#.
25 2. For clocked mode snoops, MBC 11 cannot cause a second
- asserted SNPSTB# to be sarepled by SNPCLK, until after the
falling edge of SNPCYC#. o
3. For synchronous mode snoops, MBC 11 cannot cause a second
| falling edge of SNPSTB# to be sampled by CLK, until the CLK after
30 SNPCYC# is active. : _ |
/ Figures 27 and 28 show how the 1astest pipelined snoop operations
may be achieved for the synchronous and asynchronous case respectively.
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al ways i gnore BGI# when SNPCYC# is active. If the snoop result is a hit to
a nodified line (IVH TM# active), it will ignore BGI# as |long as both -46 -
SNPBSY# and WMH TM¢ remain active. In this case, it is the responsibility of
MBC 11 to hold BGT# until SNPBSY# goes inactive or reassert it after
SNPBSY# becones inactive. If the snoop result is not a hit to a nodified

|1 ne (VH TV 1 Nactid/hehd LohSlIer 12 dibws SpGARABIHS dVbriaidei i datdCT# even g

when SNPBSY# is active o procee a nmenory bus
cycl e by asstrahsfa tB@Rd froim mairCovemony by dividing the preniory bus gydiairite

inval i dations. Even when snoops are del ayed, address latching is perforned
with the act F%ﬁ?@ﬁ‘ﬁﬁsmﬂtﬁgq"ﬁ two interl ock nmechani sms provide a

fl exible method Aed snoops.
Duri ng snoops coﬁ%ﬂﬁ?ﬁﬁ duaqf%ﬁgk@agmﬁ%dﬁgpﬁ% at e@g %f% % i |#O)WI ng rul es
nust be ol§selastsiuntit e seaw miemory Sus eycla starte befontCADS#). 1A sridopdnthisop happens

before BGI#, i.e., if SNPCYC# is active before BGI#, it is the system
responsi bi | i fegiemis lpekecup immediataly and seqvicediimmediately;

nctve atter BoriSen olbwednd REARAARRREY Bk eibe (A0S, ot endd, THFYY 1
i nterl ocks Wpkfbré Confrblldrwiinag b"e\éﬁlgiamaa Immsc(semml A sfiédmin this3. Menory Bus

Controller (MBC) Interface Rules 20 gure 32 shows the progress of
a menory bus regien is lppkedcupim@pdiately and s@ﬂﬁ’?ﬁ’dﬂ'!“@#‘a@y | GpRE#dmde-out put

si gnal s. st e CADS# si gna\"‘)
.The cach d%%g@*@g@%?ﬁ%ﬂ%??e paihg%lé'# 8é ?'gégugrﬁéa&%s "to be stable
wi th CADS# asser t sagtot'd ioliowsiiten Contrbilet 20HasGEsr grintédR¥/buef up luatil cycl e. 23
After CNA# or CRDY# is asserted, these paraneters are undefined. Either

during or af t%NEW%CO@RBt@M“QQ@; ingihis; regign bas fte lpokwprbiegkediviy! data i s
Steﬁglr gt egr b;%gﬁfaswa’;bgs B‘gﬁﬁgl oﬁ&M%ﬁW%VWe r eguFIr:{ng#f g; ©
al I (non- snoakk will be initiated until after CRDY#.

15 Sector 4 follows after SWEND# and ends before CRDY#. A snoop in

this region is looked-up immediately but serviced after CRDY#. This snoop

is logically treated as if it occurred after CRDY#. (Sno_op hits to modified
 data will schedule a write-back which will be executed after the conclusion

of the current memory bus cycle.) Note that the resutt of the snoop (MHITM#,

20  MTHIT#) will be available immediately with the look-up. ]

Cache Controller 12 uses two interlock mechanisms to ensure that N
snoops are identified within the proper sector. The first interlock ensures o’
that once a BGT# has been given, snoops are blocked until after SWEND#.
The second interlock ensures that once a snoop has been started, BGT# _

25 cannot be given until after the snoop has been serviced.

Figure 30 shows that once BGT# is active, Controller 12 blocks all
snoops until after SWEND#. If snoop has been initiated, and no SNPCYC#
has been issued before BGT# assertion, the snoop is blocked.

Figure 31 shows a snoop occurring before BGT#. Once Controller 12

30 has honored a snoop, it may ignore BGT# until the snoop is serviced. It will
always ignore BGT# when SNPCYC# is active. If the snoop result is a hit to
K a modified line (MHITM# active), it will ignore BGT# as long as both
' -46 -



30 cycles. KWEND#, required for line-fills and wite cycles wth potenti al
al l ocation, and SVEND#, indicating nmenory bus snoqp conpletion, are only
required for those cycles which sanple them -47 - Once a pin has been
sanpled, it is a "don't care"” until CRDY# of that cycle. Additionally,

t hese signals plus the attributes MRO¥, MKEN#, MAB/ WI'#, and DRCTM{ need

only fol |l ow segNPEEVW MHITME fonVdis e ; | RERY Bl For
pi pelki/ned cycles, the A(:chl e.attribut ggﬁJ%Bé?gﬁ‘chgﬁ\'l@ﬁ . .ssg"sdﬂ“?' o(f)nl y be
sanpl ed after WRS/H tag holt BGI#witibSNPBEY#goeSrinantive/or reasset it aftgc| es are a

_ - wite-back | lest ed
consequence. of SSEBBY#Hecoes ELA Lifs evpopdesutiéinalasi wausifed  °° °
i nt erveni ng Cyﬁﬁ@WﬁﬁMﬁdfﬁﬂl&?ﬁrﬁﬂem §%§gﬁldé%é&tﬁn§%%drwstead of

CADS#. -For those cycles, as shown in Figure ntro y sanpl es
t he CRDY# rf%spwhen SNRBSYSkis metive. HHtis atiewdBIBCL 11 to\poceée with® rhempgr f or m t he

. i ot _ ; i le.
A'sor Tt wi 1 bUR I bxassesing B TE wius Coribler 12 Sieriomsingibeg | oy
Fequest ed ooy idiohEl Eher WA snoded Brirdiedun adorple idingg | 17t e
transaction. Lpetformed with the activdion b SNPSTB#D Theseawo iftefdcksynchr oni zat i on

and hence a | ock request propagates to Menory Bus 15. 20 ~In response
to a CPU LOCK Sieghamismepqvidecs fiexibie naethod of epsyringpredictabimbandiing obd KL OCK#.
KLCEK‘#, i th eﬁ%@ga sglé&i attributes, is valid with CADS# assertion.
a

When CPU 10 I nrtrates operation, Controller 12 always initiates a

meqory bus cycle. LOGRnhgcstops concurpat with dinedinkalidcatés) the folowlngiiules! | er 12
and=CPU 10, so the information is passed through Cache Menory 13 to CPU 10

wi th BRDY genefitsthe phsenmd inprderilo insurrdate gonsistengyl e is a cache hit to [M
LT ComeL oL 1F UGS e Bk BT ol SIS e ey
BGT#, it is the system responsibility not to return stale data within the
15 line-fill/allocation.
2. If a snoop happens after BGT#, i.e., if SNPCYC# is active after
BGT# then the C5 insures data consistency by providing interlocks
with the CPU which avoid caching of stale data.
F.3. Memory Bus Controller (MBC) Interface Rules
20 Figure 32 shows the progress of a memory bus cycle in terms of -
Cache Controller 12 input and output signals. .

\/ To begin a cache cycle, Controller 12 generaies the CADS# signal.
The cache address and other cycle parameters are guaranteed to be stable
with CADS# assertion until the asseﬂion of CNA# or CRDY# of that cycle.

25  After CNA# or CRDY# is asserted, these parameters are undefined.
' Either during or after CADS#, the CDTS# signal is asserted
guaranteeing data is stable, or the data path is available.
BGT#, KWEND#, SWEND#, and CRDY# are generated by MBC 11 in
response to CDTS#. BGT# and CRDY# are required for all {(non-snoop)
30 cycles. KWEND®#, required for line-fills and write cycles with potential
allocation, and SWEND#, indicating memory bus snoop completion, are
’K only required for those cycles which sample them.
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BRDYs supplied by the MBC 11). Locked wites are posted |like any other 30
wite. Both read and wite LOCKed cycl es never change the Cache Controller
12 tag state. -48 - Using pipelining, it is possible for the KLOCK# -

signal on the bus to remain active fromone | ocked operation to the next.
If the MBC wi shes to relinquish the bus between | ocked operations, it nust -

detect a wite fog . r cycl e. ALl U |,oc | o the '
menory bus begin é\?ml\%\f:ﬁgmr eag?eggasgg'@reé)' ﬁﬁ%é'f%ﬂ &I 9"‘5’%@#&?@%. te ‘cyé‘I)e.
During a L .CRéetitondiipCGhdde siyhdls plue \IRe ttfbuley MROW MIKEN#OT M snooping its
cache controller to any data involved in the | ocked operation.

Speci fi cal | y MWBWTH# andIRGTME aeed onipdaiiw selumend holdtimesiwheandhey r st | ocked

transfer, an ' e last | ocked transfer, as shown in Figure 10
34. Unl ess agfe%&ﬁ)gag‘b%cks to cache lines is well behaved, snoops shoul d
be bl ockeg to al | Fargippelined sycidd, tii GyeRsattribitdsqBRIRNRWENDY, 2) ¢y | i ne, it

i's possible to snoop other lines during the |ocked operation. F.5. PLOCK#
Pr ot ocol The bpsaaplegd@i®s CRON#©/-the previpys gwelepi n, PLOCK#, when asserted 15

Lo compl et e ExanpEs-uitneBk e R0 Lk bF A coffaliobis AR 64 bt C
reads and w iwrigsbadkCoytid dob requasted dsi d\6orisebliénce D1 enSol it tofthbdifidd, drive

PLOCK# active until the addresses for the last bus cycle of the transaction
have been dr (MbsiatedingsdThase am inleetening azriey2and ate raquested by agtinating 0

Cache Contr ol [ - [ ot qcol rovi di ng s/
P OGKEN A8 iéé‘ﬁJ &#0%21%%33 E(‘?S’ﬁ’f %‘%gﬁ%sgp %F%%#"ﬁ%@ B P OoKEN & __
det ect ed hi gliControlifrI2 onlyEdrpieé thel CRDVE réspofisél RSUmethSORS MEPU PLOCK#
(LEN) output for wite czlcles. Controller 12 inplenents the follow ng PL@(

rules: read dyavns thebus iojeeriarathe jerveninpwiie-back gnddime othediet ect ed | ow
The MBC. 11 mpgeMRati sitn PEGER: HebitWinhor EXMl Rl sfodeles ™ he i st
wite and BGh#ckd. the last wite of a PLOCKed sequence, as shown
15 F.4. LOCK# Protocol |
LOCK# is an input signal from CPU Bus 14 indicating that the:
requested memory cycle should lock the memory bus for an atomic
transaction. Lock cycles are used for interprocesso;' task synchronization
and hence a lock fequ_est propagates to Memory Bus 15.
20 In response to a CPU LOCK signal, Cache Controller 12 generates a
signal called KLOCK#. KLOCK#, like the other cycle attributes, is valid with
CADS# assertion. ' | ' L
When CPU 10 initiates a LOCK operation, Controller 12 always
initiates a memory bus cycle. LOCK cycles are non-cacheable to both
25 Controller 12 and CPU 10, so the information is passed through Cache
Memory 13 to CPU 10 with BRDY generated by MBC 11. If a LOCKed read
cycle is a cache hit to-[M] state, Controller 12 ignores tﬁe data that it is
receiving and supplies data from Cache Memory 13 (in accordance with the
BRDYs supplied by the MBC 11). Locked writes are posted like any other
30 write. Both read and write LOCKed cycles never change the Cache
[ Controller 12 tag state. '
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in Figure 35. 30 During PLOCKed hit cycles, where there is no bus
activity Controller 12 bl ocks any snoop wite-back until after the PLOCKed
wite cycles are conplete. - :49- A PLOCKed operation will always consi st
of.two wite cycles to the same cache line. This ¢cache line can be in one
of four possible states. The effect of a PLOCKed operation on the MESI

state is described Qgahgyipelidthg, il PoksiBle/for iHRSKLOCKH ignd oF iRl Busabe
corrpT‘ét ed before any 5 interveni ng snoop can occur. ntroller 12 ensures

this by del ayi fremainactive remione locked oparation itas thei next. (A MBCawishegdoTVE ar e
enerated w t hoyt de |t al so,del ays assert,jon of AHOLD. s hat, t he
gecond wite ck '"ﬂPE@X%P"%@%’We?'h!ﬂfgﬁgﬁne{ai%ﬁ}{awr'ﬁgé%%@p"m%' [(l?/] t ag

state, Control ket ' r & CPUA _ | ki
State 10 O bYjafbad epRLr AR CPUALKEORREAD tndronferf BEE BuiR WnRFRAdl 11

state. Any $nt eyciemnddypicaliy pnd with amititeccycleke t he [M case above. [ §] The

first PLOCKed wite_hits d becones wrjte-through. the C5 bl ocks the
upgrade (tag changeDFB“QEi’r&éﬂggPﬁées@g?nhﬁmuﬁE’Q!%@?m%]m%ﬁ‘%’ﬁ,fomhe upgr ade

h fter ' ISt & Lye far ites. If
aﬁpPﬁPZrSeni ng%@ﬁ%@{ﬁ)ﬁﬁﬂ\%ﬁe@ﬁr%lﬁﬁéﬁ%ﬁg?%ﬁt ﬁg&%{ﬁ@%ﬁdﬁpﬁg ion would
not be al | owed SpetifieallyMBCClicinast drévent SNFSTBKbelweeh BEHesfuhe stt 0 the [|1]

state will generate two nmenory bus wite cycles which are PLOCKed toget her.
Control | er 12 {goked trepsier. and N@# of the: Ingt Ipcked transfercas shawnip Figyre

al | ' seati onygor oh L4 Q. ' Vi 3 = yp from
bei ng i npl é{r)ren?gdq%ﬂg%mhﬁil?%géglgg% %ﬂﬁ%i%ﬁgﬁégﬁo ctl \%n t he
first wite evbe bidokedito slbaddreddes: Ifishdopscls baltioanddd toma cachedinecitid t |
exter nal tracki ng, oqi c can ra]ck PLOCKed ri\f_,cci(gases to [S] and [I] states.
F.6. Consecuti P8 8{?@ g $ngep other linesiguring the OREUPNcache 1ine can be

c

| onger than a g3 %Emmher e are circunstances where a read m ss
will be toaline that 1s currently being filled. If this should happen,
Controll er 12 treat $he hitel 8048@ pseudo-lock output pin, PLOCK#, when asserted .

15 indicates that the current bus transaction requires more than one bus cycle
to complete. Examples of such operations include floating point 64 bit reads
and writes and 128 bit cache line fills. The 80486 CPU will drive PLOCK#
active until the addresses for the last bus cycle of tﬁe transaction have been
driven regardiess of whether BRDY# has been returned.

20 Cache Controller 12 supports the 80486 CPU PLOCK# protocol by
providing a PLOCKEN conﬁguraﬁon input (multiplexed with CPLOCK# pin).

\ ' It PLOCKEN is detected high at RESET, CPLOCK# pin reflects a modified
80486 CPU PLOCK# (LEN) output for write cycles. Controller 12
implements the following PLOCK rules: read cycles never generate

25 CPLOCK#, it PLOCKEN is detected low at RESET, CPLOCK# is not
generated and the PLOCK rules are not enforced. _

The MBC 11 must not allow snoops to be initiated between BGT# of
the first write and BGT# of the last write of a PLOCKed sequence, as shown
in Figure 35. |

30 During PLOCKed hit cycles, where there is no bus activity Controller
12 blocks any snoop write-back until afler the PLOCKed write cycles are

’K complete.
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read hit, but supplies data after CRDY# for the line fill. Data is supplied
from SRAM 13. 30 F.7.- CPU Mermory Bus Concurrency Cache Controller 12
permts concurrent operation of the CPU and nenory buses. CPU bus cycl es

wi Il either be serviced locally by Controller -50- 12 (hits) or require,
menory bus service. \Wenever a CPU cycle requires nmenory bus service, it

| - - U ] ciivity will b
&l Loved to cont | mipEORKEa BReldBER Win Shizyd Sondkit rolsbreBs B he) h"bus
oper ati ons, samecachediner ﬂhiscad\blinEfEhll'lraﬁh bﬁéfﬁffguﬁbb‘ssmwﬁétatl“ebprmf CP(laJr b??\an

[ f-| | i ' condary cache line | ong
Che’ GPU'T nestleciata BLpBikert anteation en tba MRS sRe &s desribastosiomd Merory s
tions. In ced ai : i L & f and, pr.evention o
Goadtocks. pr ect il CoPLOCKEwiEHR! b HAf ot ard oA RIEABIGRIN T ent rerrory

bus 10 c§/clietecvemirgesndopeanamcat. aContadlidr i D @nsires hishy aeraging_faayoper ation of
the next CPU cycle request. In those cases, Controller 1 I T inhibit
e

Wi
concur r endy Wigeiasts during thistime (MTHRA andMHITM# prorgereratediwithoy of t hose

cases is co elyy. . t ' Secandary Cache _
Control | er @é@ ?iarlr%‘{lgaé&gérrp b!s?tnl A%Mg?gh]aéﬂgﬁe&%‘g“ﬂ&_ that the rich
set of cont rprocestt] Bédnthbugtean irgewbaing enespimay changydganbi.ed to Cache
Controller 12 are capable of handling a wide variety of secondary cache

nmemory nodesContraigetaensites that thessqconsd miite pperatipnsisags MEsta®i gur es 36- 41,

are exe ary of hi's ' / I gur I lL.lustrate seguepce of read Mol
cycles. It s%ows [%;RU Eﬁfﬁ%bﬁ?ﬁﬁe@'ﬁ%s&ﬁd leﬁfai%f%@]s%?eﬁ&“%ycles. The.___.
first cycle iawnvenig dndop i€ hahdied likethel (M) c8s€ hbsva. (| ength = 1) read cycle. "
Control ler 12 executes a cache directory §TagRAl\/p | ook-up (clocks 1- 2),

and detects a hi #Shi t Fha:first RLUOGHKed vaise biis [S1andpessmas a wvride-thwasgls t he arr ay,

lcgf(rj:stjgﬁdism 0 l%kgst e#gég'reagwgeap _c%?‘ﬁ%&f%ﬁﬁg@pt g‘f“(’)\tﬁ&‘?f’%'ﬁ%gﬁé sel ects the
way pointed s, Dhe upgradbhappéns(dHtes theoscond Wt PALLCK islikachiob furt ed set).
15  both writes. If an intervening snoop invalidation changed the [S] to [1],
allocation would not be allowed for either cycle.
m A PLOCKed write sequence to the [i] state will generate two
memory bus write cycles which are PLOCKed togetﬁer. Controller 12 will
block allocation on the first write, but allow allocation for the second write.
20 This prevents read-for-ownership from being implemented on PLOCKed
write cycles. PALLC# is driven active on the first write even though .
Controlier 12 blocks allocation. As a result, external tracking logic can track o
PLOCKed accesses to [S] and [1] states.
F.6. Consecutive Cycles
25 Because a secondary cache line can be longer than a CPU cache
line, there are circumstances where a read miss will be to a line that. is
currently being filled. If this should happen, Controller ‘12 treats this like a

read hit, but supplies data after CRDYi# for the line fill. Data is supplied from
SRAM 13.

30 F.7. . CPU/Memory Bus Concurrency
Cache Controller 12 permits cbnburrent operation of the CPU and
memory buses. CPU bus cycles will either be serviced locally by Controller
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The WR# signal sanpled | ow, enables the SRAM 13 outputs onto the CPU Bus
14. Because Controller 12 detects an MRU hit, it activates the BRDY# 30

i mMediately after ADS#, i.e: zero waiting state access. The BLAST# si gnal
-51 - i s sanpled active by SRAM 13 by the end of clock 2 (concurrently
with the BRDY#), indicating the end of the cycle. In clock 3, CPU 10 issues

Feadys whi 1o | 2] bl vefurt fndinanf BEK Soiice \Wnédeigr 8PP Bibsd fegitps "0 PO
executed (I engnhmom;uus selvroé dto)allhb @ﬁhuared o AUNEGh Kooy BISHS (arwd:euD)

Because of the m SS er 12 activates WRARRY with the correct WAY
(clock 12). Up%'r‘? ﬁﬁﬁ"f‘tﬁ {0, cantinegeAN 13 wil | update its internal

MRU bit with the

information is 10 a 2@" {%h%hﬁ§§afosseq Q}% ro%%rbg%WEUffer t he
dat a corresﬂoombsm vmtesmnmmanu Meniory Bi\bpletatibns Y €PU b dpkatiBasonl4 by the
end of clock 13. a wait-state is inserted (clock 12) due to the MRU

m ss. Two and ’F‘Bthacl‘ P&Mﬂ@!‘? fils;s(speendagy cachg line Ippaerthanthe GPY lisehwn | n

cl ocks 14-23 ( E# i deact .vat ed

I medi atel y af@eréw?{ar"d ’R’?’ag?/'(':‘f’“‘é ‘hﬁequ?“vdaﬁéﬁmg ﬁ'] P?f 905 next
clock, because all iayehdin cases, boriﬁsterh‘rbygwdétﬂnub&dﬁéhf&i&%&ﬁldck@'t'at ed
r ead cycI es that mss the secondary cache and replace a non-dirty (eg.

cl ean or enpt yprerlude cpncttﬂreec)canlemmmmwhmthe@WMEmmﬁuw |

hE“Z“Eéchﬁﬁ e e e Fa ot AL B iCanecta o sopfalen Bt B Tomor

Qﬁ( ine is thePleTyctetreduésﬂthﬁw/béé’es CoA1ritr 3 21 vill mhm%&ﬁﬁd\c&%t he CPU
S

request ed the line fetched formmin nmenory replaces & secondary
cache | i ne whi emsure date coasisi@ncy:nGantrolien 12thandling efithose ¢aBesis t hen a

back-inval i dat Ie 1 S _ CPU Bus 14 to 25 guarantee that
t he repl aced dﬁ pl%a ﬁ"%’}?"?’%ﬂ{ﬁgﬁ%%qﬂhe CPU s first |level cache, thus
mai nt ai ni ng the inclusion property The CPU i nrtrates the read cycle to
secondary cach@& whe@a : : .

15 It should be noted that the rich set of control and atlribute signals
generated by and applied to Cache Controller 12 are capable of handling a
wide variety of secondary cache me‘mory modes of dperétion. The following
timing diagrams; Figures 36-41, are exemplary of this variety. | |

Figure 36 illustrates a sequence of read hit cycles. it shows MRU hrt

20 (A,B,C)and MRU mlss (D, E, F) cycles.

The first cycle (clocks 110 2)isaone iransaction (length .'= 1) read
cycle. Controller 12 executes a céche directory (T agRAMj look-up (clocks 1-
2'). and detects a hit with an MRU hit. Cohcurrently SRAM 13 accesses the
array, loads the SRAM 13 CPU buffer with the contents of bcth ways '

25 corresponding to the selected set. lts internal way multiplexer selects the

' way pointed out by the MRU bit (also corresponding to the selected set).
The W/R# sigria: sampled low, enables the SRAM 13 outputs onto the CPU
" Bus 14. |
Because Contrcller 12 detects an MRU hit, it activates the BRDY#
30 immediétely after ADS#, i.e. iero waliting state access. The BLAST# signal
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tag state is | ooked-up. Once Controller 12 determ nes the cycle to be a
cache mss, it issues CADS# (clock 2) and the associated cycle control 30
signals to the MBC 11 (eg. CWR#, CMIO#, CD/ C#, RDYSRC, MCACHE#) in oréder
to schedul e the cache line-fill operation. MCACHE# is active, indicating
that the read m'ss is potentially cacheable by Controller 12; -52-

RDYSRC i s act'i ve a the MBC 11 nu su BRDY#s to the CP

cache core. B@%gésby(‘ﬁﬁm %cwswﬂéﬁqﬁ/’ﬂ]"‘mwﬁ?ﬂ 6:0]) i\;J
valid with Ceﬁgm?qhg@&mgqh@gﬁdkﬁh@gwkhe two cycles in this exanple) and 5
remain valid until after I s sanpl ed active by Controller 12 (clocks 5

and 16). MALE andnivitekis, SRLbt0 issves anADSKEdcydecBhwith @ barshtengthoafdwar y. MBC 11

i oati ng 1 RaPRE Jering BoigliAral, sl iy gk 3 Aot el ol bus.  once

Control | es 1greiER) i€ axé¥aldd Ay , 1t nust finish that cycle on 10
Menory Bus 1 ngor to this poi n?ﬁ the cycle can be aborted by a snoop hit

form anot her cacHe.cloekiA# GRU aQMUBeddn;NABS#myc[etﬂ)pcﬂeoé)lsé of thadi cat e t hat
activat i on M EREdtRoferEt e os WAKBRF Yilriae Solit Vb iopk 2. 15

i ves.the noERp SRSl WEREEFadlg, SARICAD YNt isBiapRI BN 2 < 6l
at this ti rrewlthrmhway informration prateofedtbyelhe&fw\éaignhn This\nfoaation@ont rol | er 12
oDl oS I i gy 0 i 5 e B e GBAE T ks o |
?ﬁdZZH‘“Liih%"E‘ﬂm : assert‘?“s'&‘eﬁ‘é?%%#*?tﬁ?@“.%@%sﬁé’ﬁ R on the ™

menory bus. 6isota wail-etatelid insantet {clodh/E2)\Wls ta tte MRUTMEs.dur i ng SVEND# (cl ock
' consi st ency

ol otocol | The. cl ol Evgfout AnSaedgs e w8y mbreaermabond 1 o o art
provi di ng CPhloékd14\b3 M@g@'m.at has been stored in the secondary
15 ~ Note that BLE# is deactivated immediately after ADS# for all cycles. It
activated again in the next clock, because all eycles are hits.
Figure 37 illustrates CPU initiated read cyclee that ﬁiies the secondary
cache and replace a non-did_y (eg. elean or empty) line in the cache. In such
cycles, Controller 12 will instru'ct the MBC 11 to perform a cache line-fill
20 cycle on Memory Bus 15. A eache linefill is a read of a complete cache line
from main memory. The line is then written into SRAM 13, and data is .
transferred to the CP_U 10 as reqdested. If the line fetched fofm ‘main o
mefnory replaces a secondary cache line which is in Valid unmodified state
([E] or [S]), then a back-invalidation eycle is performed on CPU Bus 14 to .
25 guarantee that the replaced data ie also removed from the CPU's first level
cache, thus maintaining the inclusion property. _ ' _
The CPU initiates the read cycle to secondary cache where the cache
tag state is looked-up. Once Controller 12 determines the cycle to be a
cache miss, it issues CADS# (clock 2) and the associated cycle control
30 signals to the MBC 11 (eg_. CW/R#, CM/IO#, CD/C#.'R'DYSRC. MCACHE#) in
order to schédulé the cache line-fill operation. MCACHE# is active,
indicating that the read miss is potentially cacheable by Controller 12;
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cache nenory ¢ycle buffer. The MBC 11 supplies BRDY# to CPU 10 (cl ocks
7-10). Controller 12 issues a new CADS# in clock 13, which also m sses the
30 secondary cache. Since;Controller 12 has already sanpl ed CNA# asserted

(clock 4), it issues a new CADS# prior to receiving CRDY# of the current
cycle (i.e., this cycle is pipelined within the MBC 11). Note that once the

-53 - cycle [ﬁg I ﬂ@a' V& cycle are
sar‘rﬁ{ve'd asserteg, Fﬁ?rﬁoﬁ%‘u&? F'%oreg t e% unt Pg#%uﬁéwm#%{mﬁﬁat cycl e.
Controller 12 dCPY cathegbme! i ne the cycle progress signals (i.e., it wll

not sanple themagain until after t he current rrermrl% bus cycle). 5

CRDY# of
The first cycle endsTMHmM#apgméFi(M§%TH(9EQ]vUT69nh’Q]-Wf G:0Dds ock 14).

i hi ' ' . 13, |
but for o i 51 oaciid WRFEEARSR (60 4 dnd 5 1r3fe Sud BYGs inis BERDI 8HE' 2 o
Latch 21 enadl ergrh@in¥afid (nibafer TNANM R $dmplé@ hclive By ComtreirRF 12 {ciBoks\g3C 11 to

pl ace the address 10 latches in flow through node. If Controller 12 is the
current bus nasaed 16). MAHE and MEME mey'be to bold the:8ddrRBERS NECRSSABACEH)

Sins to be used as i MGt dbigied jorihSreniy byg SnldRfitne SGTR sReBY. | Uo ‘onco
the menory bus, (didcki®)! mdidhting tha tﬁaggélé%%ﬁramaawmmwoﬁ theliéme®y cache

SRAM 13. For cl ocked nmenory bus no i's driven active by the MBC 11
(clock 4) to al busy OnpeConitplier 12smnpies BGT# asseded it mastfipighihat ¢ysle omnst er .

Lt anr T BisHnf Bl Y5 P GEJ8 T 054 4 Bl chi b 4B b By o BR66R M ' ©
prior MCLK is ussth &sdthéritackieext transfer. MBRDY# is driven active by MBC 11
in\c'l ocks 4 to 6 to cause the mam);’b/a burst counter to be incremented and

data to be placed i nENA#iRassedeshtinMPC 4t krlochedidp jndicate tha itiis wedy taBC 1
and swi toh memoPanesie 8Reenioly b 8ple N bk Fibr i BoBRapa BERCY 1
this time (whenchhidFsignalsstoRbeglaramesd eslbevelidySEL#
15 When the MBC 11 has determined the cacheability attribute of the
cycle, it drives the MKEN# signal accordingly. MBC 11 also drives the
KWEND# signal at this time, indicating the end of the cacheability window.
Controller 12 samples MKEN# sigﬁal accordingly. MBC 11 also drives the
KWENDI# signal at this time, indicating the end of the cacheability window.
20 Controller 12 samples MKEN# during KWEND# (clock 5) to determine-that
the cycle is indeed cacheable. -
‘\/ MBC 11 asserts SWEND# when the snoop window end on the
memory bus. Controller 12 samples MWB/WT# and DRCTM# during
SWEND# (clock 7) and updates the cache tag state according to the
25 consistency protocol. The closbre of the snoop window also enables MBC
11 to start providing CPU 10 with data that has been stored in the secondary
cache memory cycle buffer. The MBC 11 supplies BRDY# to CPU 10 (clocks
7-10). | |
Controller 12 issues a new CADS# in clock 13, which also misses the
30 secondary cache. Since Controller 12 has already sampled CNA# asserted’
(clock 4), it issues a new CADS# prior to receiving CRDY# of the current
‘( cycle (i.e., this cycle is pipelined - within the MBC 11). Note that once the
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- remains low) for the next transfer. MBRDY# is driven active by MBC 11 in
clocks 13 to 15 to read data into the secondary cache nenory cycle buffers.
MBC 11 asserts MEOCH (clock 16) to end the second read nmiss cycle on the
menory bus and switch 30 the nmenory cycle buffers for a new cycle. For
strobed nenory bus node, MSEL# is driven active by MBC 11 (clock 4) to

| M STB ' h T, sk =54 - f)
El\i/BEELV) for t ﬁt@&!%ﬂﬁ@%es r ggﬂ/%%fééﬁ?' ?%51 W?&%@? ‘?% qz&e;arg ause t he\QJ
menory burst sapled hssertedSComedliont ighdresthemdmtintht CREY# btihaticyctd.o t he

secondary cache rrermrg cycle buffers. Note that M STB | atches the nmenory
bus data on bGeniraliee 12 degspot-pipelingithe pycle-prpgress signalsdie it will poes 5 VEOCH

renory oyl e SR sty BRd Al At ERENForihg cler Wtialy B evelel T o1 C"
sanpl ed atsthis tiyHR M dybie enak wWhed CRIEr BidiVE astiveyIMBMBT 1999l ed by the

MBC 11 (clocks 15-17) to'read data into secondary nenory cycle buffers. MBC
11 asserts NHoek(1d).0k Is ahis timedhat thedatalinthecCanhd Memery1i3ynemoryl e on t he

menory bus and i t.ch IW L cycle ers for a new cycle. Figure 38
i|lustrates aﬂ@ﬂ%@éﬁ's _ @WHﬁ%ﬁ??sggx&he secondary cache, and requires
the replacement oftp dHefb bbffoller Menidiy Adidds ILERhAcsuble sighdles/ sector = 1,

line ratio = 1). In such cycles, Controller 12 will instruct MBC 15 11 to
perform a cac({MALE aad MBALE) mayemain aeserted by MBS 1 1ta place the &idress13 to fi‘IFIH,
g

Its wite:bac uffe .th the con t f Lhe,array Jocatign correspond

Lo the | I isiches i taw Moty mate ol Sanfiofs 1R 3F we e BEel SR on Lo CrU-
10 to maintai R‘eHb%[ hddrabs SRPUSGEBIE (MACE# &7S IBACEW 'shb@BBY assBiéd t he cacly
line-fill has conpleted, the secondary cache will wite back the contents
of 20 the reby theddBCl he MDOERMuUsHhaipagtiverto aliow thefa/pins tobptusethask buf f er

The CPU initiagtes the read cycle to the secondary cache where the cache tag
state is Iook‘é‘&y‘.?p. Once Controller 12 determines the cycle to be a cache

M S%het 170> S ol e B M GBI o i, S anal o

15 data will be supplied from main memory to the C8 cache SRAM 13.

For clocked _memoi'y bus mode, MSEL# is driven active by the MBC
11 (clock 4) to allow sampling of MBRDY# and {o latch 'MZBT# for the
transfer. MZBT# is sampled on all MCLK edges wﬁere MSEL# is inactive.
Once MSEL# is sampled active by Controlier 12, the value of MZBT# "

20 sampled on the prior MCLK is used for the next transfer. MBRDY# is driven
active by MBC 11 in clocks 4 to 6 to cause the memoiy burst countef to be
incremented and data to be placed into the secondary cache mémory cycle
buffers. MBC 1 drives MEOC# asserted (clock 7) to end the current cycle on
the memory bus and switch memory cycle butiers for the new cycle. MZBT#

25 is latched at this time {(when MEOCH# is sampled asserted and MSEL#
remains lbw) for the next transfer. . '

MBRDY# is driven active by MBC 11 in clocks 13 to 15 to read data
into the secondary cache memory cycle buffers. MBC 11 asserts MEOC#
(clock 16) to end the second read miss cyclé on the memory bus and switch

30 the memory cycle buffers for a new cycle.

For strobed memory bus mode, MSEL# is driven active by MBC 11
K (clock 4) to allow MISTB operation and to latch MZB_T# ("t_an the falling edge
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25 order to schedule the cache line-fill operation. MCACHE# is active,

| ndicating that the MBC 11 nust supply BRDY#s to CPU 10. The nenory bus
address (MSET11 0:0, MIAH 11:0], MCFA[6.0]) is valid with CADS# (clocks 1
and 5 for the two cycles in:this exanple) and remaih valid until after CNA#
I's sanpled.-active by Controller 12 (clocks 4 30 and 10). MALE and MBALE

may be used to hfIMBEL tordns sansiers MISTBSS Riggled BEiodis 8P 7t ehise ther the
nenoty bus and returns BGT# asserted (clock 2), Indicating that the cycle

i s guaranteed t dNeHap burst cgnmnfameyinmemﬂl. and dat toke plarred iptoi tha t he SRAM
arar _ ! . . e s

Controler 15 odsEPIErBeR® membl alolbungs, Nalf el MISTRHeG8a Boon venory

Bus 15. Prior tqnéfbfy hueidata of B&hQMGHQng%Edbﬁliﬁlﬁ/igeﬁﬂmNiBérKiQ%}ivj%ht from

anot her -cache. 5 CNA# is asserted by the C 11 (cloc to
i ndi cate t hat i tMEQGHasggrtadiclock 8lita endithacurrentrayclp dnMempgt Bus 1dardt hat

Vel o wnen’ v ncf ety v Rl o e B e AR bR Akvclents Cyc ¢
it drives the Mgzhipled sttAis tiffecst fietalling edde G MPOBEI Ves the KVEND# signal at

10 this time, indicating the end of the cacheability window. Controller 12
sanpl es MKEN# duri ng MiSHBIBtoggled by thig MBE tit(aolacks n8-17hto relaldadata/inte i s i ndeed

Verry Bus 15 HREOBHBEMemy OroR by M b arera MERCH Reoak 8o one 1 15
Cycle butt er T e R mitycei METrao AbEE s shith P Hodpnf LY

the read cycle. buftees ohanewayeleray be supplied to secondary cache
i e ately after MSEL# activation, and need not wait for SWEND# On Menory
Bus 15, Controller 1%iguea3@ilugtraips aChidread oxple which misses theospeendans anpl ed

LT i 10 Ehce oG hostort B bRl e B0 o LRSI,
not a CPU 10 i nilinessectorm it { kneasitid & 1y Irssuth|cytigs,\Contioitér eEaliagflct MBG tells
the MeC 11 hl%W rrﬁn&/, p%%?m tar.gggef r(‘anres.ﬁl%r? Mgem%?fa&; ¥5. instruct Cache SRAM 13 to
fill its write-back buffer with the contents of the array location corresponding
to the line which must be replaced, and perform a back invalidation to CPU
10 to maintain the first and second level cache coﬁsistency. Once the cache
line-fill has completed, the secondary cache will write .back the contents of
20 the replaced line to main memory from the SRAM 13 write-back buffer.
The CPU initiates the read cycle to the secondary cache where the
\_ cache tag state is looked-up. Once Cbntroller 12 determines the cycle to be
a cache miss, it issues CADS# (clock 1) and the associated cycle control
signals to the MBC 11 (eg. CW/R#, CM/IO#, CD/C#, RDYSRC, MCACHE#) in
25 order to schedule the cache line-fill operation. MCACHE# is active,
indicating that the MBC 11 must supply BRDY#s to CPU 10.
The memory bus address (MSET[10:0], MTAG[ﬁ :0], MCFA[6:0)) is
valid with CADS# (clocks 1 and 5 for the two cycles in this example) and
remain.valid until after CNA# is sampled active by Controller 12 (clocks 4
30 and 10). MALE and MBALE may be used to hold the address as necessary.:
MBC 11 arbitrates for the memory bus and returns BGT# asserted
[ (clock 2), indicating that the cycle is guaranteed to complete on Membry Bus
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BGT#, CNA#, and KWEND# of the write-back are sanpl ed asserted 25 by the
MBC 11 (clock 9) after the CRDY# of the read miss cycle (clock.8). At this
point, Controller 12 may issue another CADS# for a new (unrel ated) nenory

bus cycle. Also, the data in the cache nenory cycle buffers is |oaded inte
SRAM The data to be witten back to main nenory is in the Cache SRAM 13

write back huffers. 30 . The snoo i ndow f h I te back cycle js
cl osed by Né%"é'ﬁ'ﬁ PRint, the §W%{%§wf'{‘]?eb%§guge'i 8 p&ﬁ@%‘&“ﬁ?%ﬁ? °$§an ed o

asserted in cghiaedd. 18nce Coftrolier 12 8dmpBERGT#MIdERES it Mgt inBAMMtes (MALE and
MBALE) may renain asserted by MBC 11 to place the address l.atches in flow
t hr ough nodeyclefonddemoryl Busr151 Priog ta this paint; thetcyblecambetaborted by anenor y

address output e es&;ll\@CE# nd MBACE#) should be asserted by MBC 11. 5
Some.tine aff@PP{H"URAPROEr %8 heen driven onto Menory Bus 15, data will

be-suppl ised fr omoppgis ABEEM: QhdREte ' ; iEid reEdoY bus node,
VSEL# issgri ven act i#\}g by %gy‘ﬂ (cl O‘é‘f@%ﬂkﬂﬁgﬁ?ﬁ@g@ﬁﬁf?ﬁg of E)I\/BRDY# and

to | at ch MZBthedule atriew memoryfbus.cybEBNote that atigrl GNAS activationdysleedges wher e

MBEL# is inactive. Once 10 MSEL# i s sanpled active by Controller 12, the
val ue of NZB’P#“QW%aWHEa_'ENeGF“WSEKaﬁg used for the next transfer.

MBRDY# 15 dr venvg@:mgcbm ﬂ@ggiegﬁﬁg{bégheeﬁ&e%bﬁiﬁl bt Nihe di§ WTenory

burst counter to ncrenente ta to be aced into the secondary
cache nenor yrisgs ke MKEN#rsignah@ofdingly.i it @isoMrRes thesiCWENDF gignad@k 6) to erlg#
f

he. new 16 citBis Wpas ocioaling fhe s otihS cApsEBiineWhoRel, Goeteler e s anpi ed” -
assert ed) fo{aﬂ?ﬁf\!/%sqz ngm#dﬁaanENW@(é& £36 YelemindnhABRB bycld il a out put

enabl e signa clock™8) to drive the nenory data outputs. 20
MBRDY# i s drindeed eatheableby MBC 11 in clocks 10 to 12 to wite data fromthe

Cache SN 13 o e ERI B ) WP SR s b Spt 0B 5L
the menory CyghnPid £5.5 ThOElodurB 8¥iHeYsnoBp window enables MBC 11 to start
15  providing the CPU with data that has been stored in the SRAM 13 memory
cycle buffer. The MBC 11 supplies BRDY#s to CPU 10 (c_:locks 6-9) to serve
the read cycle.' Note that data may be supplied to secondary cache
immediately after MSEL# activation.. and need not wait for SWEND¥.
On Memory Bus 15, Controller 12 issues a write-back (WB) cycle.
20 CNA# is sampled active in clock 3 causing Controller 12 to issue the CADS# .
(also CDTS#) of the write-back {clock 5). The MBC 11 knows this is é write
back cycle and not a CPU 10 Initiated write cyclé by sampiing MCACHE#
asserted. This tells the MBC 11 how many data transfers are necessary.
BGT#, CNA#, and KWEND# of the write-back are sampled aésérted .
25 Dby the MBC 11 (clock 9) after the CRDY# of the read miss cycle (clock 8). At
this point, Controller 12 may issue another CADS# for a new (unrelated)
memory bus cycle. Also, the data in the cache mer‘nory'cycle buffers is
loaded into SRAM. The data to be written back to main memory is in the
Cache SRAM 13 write back buffers. -
30 The snoop window for the write back cycle is closed by MBC 11 in

clock 11, and the cycle is ended by CRDY# sampled asserted in clock 13.
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For strobed nenory bus node, MSEL# is driven active by MBC 11 25 (clock 4)
to allow M STB operation and to latch MZBT# for the transfer (on MSEL#
falling edge). MSTB is toggled in clocks 5 to 7 to cause the menory burst
counter to be increnented, afid data to be placed %ffo the SRAM 13 cache
menory cycle buffers. Note that M STB latches the nenory bus data on both

the rising and fall ' clock .30 8) to
end tHe cgrrent cyc}regon y'%g ﬁ@gg%b?%maﬁéﬁ@%ﬁ% ermﬁ?ers for
the new cycl e. asEdled hpMBOe1 eplacecthel Ridrdss latahed MdioN thidiigh rhddg 1N t he

falling edge of MEOCH. -57- MBC 11 asserts MDOE# (clock 9) to drive the
menory data ouﬁﬂ!ﬁ'@"erm&h? ww@g@uémaf;;erme mamouyl aﬂd&ssl@tﬁt:)m m?\)/'l?,egol\iwl te
data fromthe s, O nory bus

asserts MEOCCH Eﬁ%%ﬁ%&&pa@g 'Beiéy%b{rgn Menory Bus 15 and

switch 5 tlse rrermrSommima BnérfitRe 8adress RadIBuer dldh orﬁbwnﬁ‘org%ds' fgistrates a
sequence of CPU nenory wite cycles that hit Controller ntries marked

in the [E] or PRjawilhesupplind fiomyuainmemaryde Oactie SRABANSr ol | er 12 by

0 rect 1y L1 0Lort o GBSO, i ke e T B
Controller 12 (eloke3)4d bR sap &msabwmﬂa%z@ﬂfd%s%ﬁsérh't to

[E] or [M states in clock 2. RR# is activated in clock 2 in preparation
for the ARRAY MZBW issampledhomall MCLK edgesavhesg MSEUSHsinadtivenOnGent rol | er 12

B # eca AST# .is al so
Zits F\%Sl n?ﬂ&%ﬂ%@&wﬁ@g&&n&rﬂ%{)wﬁf 9?:9&9& % 'g?'éy in the
first hal'f of eHephorMCIK i wsediortRe nexBfdhsidr OMBRDYH & drivaR SRtive/
Conttol'l er 12 ensures that the second PLOCKed ADS# (C) 1's guaran eed to
execut e beforeMﬂQﬂblraglgekaawrﬁtqcaysetmmmemmmmzrgobrls dtel a%/ed untC::DIU
h d ADS# d ur e illustrates a
100 mi e s ot ed winerambRHERg o he Blacsd i e ssrRAdEY EachRmamIT BYdovs t he
write to main BanErsy MBG R 1mved M@bﬁ#&é&eﬁwk&w&)ta'e'nBQﬁéblS}Perﬁ‘éS?éiés when

the cache follows a wite-mss cycle wt
15 on Memory Bus 15 and switch memory cycle buffers for the new cycle. -

MZBT# is latched at this time (when MEOC# is sampled asserted) for the
next transfer. . _
MBC 11 asserts the memory data outpuf enable signal (MDOE#, clock
8) to drive the memory data outputs.
20 MBRDY# is driven active by MBC 11 in clocks 10 to 12 to write data
from the Cache SRAM 13 memory cycle butfers onto the memory bus. MBC
N ~ 11 asserts MEOC# (clock.13) to end the write back cycle on the memoty bus
and switch the memory cycle buffers for a new cycle. -
For strobed memory bus mode, MSEL# ié driven active by MBC 11 .
25  (clock 4) to allow MISTB operation and to latch MZBT# for the transfer (on
MSEL# falling edge). MISTB is 'toggled in clocks 5 to 7 to cause the memory
burst counter to be incremented, and data to be placed into the SRAM 13
cache memory cycle buffers. Note that MiSTB latches the memory bus data
on both the rising and falling edges. MBC 11 drives MEOC# asserted (clock
30 é) to end the current cycle on Memory Bus 15 and switch memory cycle
buffers for the new cycle. MZBT# for the next cycle, is latched at this time on
/ the falling edge of MEOCH#.
-57-



line-fill. This exanple assunes that allocating the new line requires thé
replacenment of a nodified line (i.e., a wite-back to main nenory). 25
CPU 10 initiates the wite cycle to the secondary cache where the cache tag
state is | ooked-up. Once Controller 12 determnes the cycle to be a
cache-mss, it assures CADS# (clock 1) and the associ ated cycle control

signal's to the VEMBEM{ @sbenSWIRVE: @RD) 168 e RSHP datd GASIE?, PALLGH),

in order to schedule the wite operation. MCACHE# is not active; 30

RDYSRC i s not actMRSTH iateagiad biyMBRat1 lasks 40 ke 2)10 wiite datefmm theBRDY# t o

CPU 10; PALL | sserted indi [ pot ent i, al cle after the
wite-t hroquﬂl‘g.'ﬁqm%cydeg’uﬁ%%ﬁ&-%&wgif’aﬂds&S€'§%e In the SRAM 13
nmenory cycl e NebER (clodkdB)id 8né 1l Write Wik 866 oniMeindty BUBi1b diidadvaeht o CPU 10.

CPU 10 is free to issue another (non-related) cycle while waiting for
Control | ef 12he mepwmpeysiecbuffess foragweweysle. | f this new cycle is a cache hit,

it will b iced b 5. Controlleé ' diately: it i
cache i ss, i 15 SRV (FrratesRsoarce of FEULREREROPREIC BRIV on. The
menory bus aglrefer ff¥atid miked Wﬁ@[(é{'lbm st SucPl oycles ar@béedi t h CADSH
(clocks 1, 5, and 10 for the three cycles in this exanple) and remains
valid until dyt@GontOliBr13 by dicagly aditing to the CacheSRAM 1Bamayowilbdwd@ny 10 4,

10, and 15). .MALE and ALE may be used to hold the address as necessary.
The MBC 11 awm?ﬂ?@'@%%ry Bus 15 and returns BGT# asserted (cl ock

2), indiqgting thafcbdies,Whe fidt EPUWEE msl@étang%ﬁmneﬁkmks-a | ete onw’
Menmory Bus 15. Once Controller 12 sanples BGI# asserted, it nust 15 - finish

t hat cycl e ornhé/eacheydiBoeryl@agRAM)anddetddissa hiblaiE] on (Ml stajes i olack Zoe aborteg;-
by a-snoop hij, from.anot her, cache, .CNA# i assert t he MB (cl ock
to indicate t%&t‘\ﬁ?’_{y I ?"tf"@kﬁﬂ)"F@.cggﬂ'éB[ﬁpérai'?HZ%qﬁ%ﬁgﬁgwb‘WgecM%Not e that
af ter CNA# a%ime% (Pu@ﬁéﬁlbﬁ viitidh! QontrbiBtal2Sas8bis BRDYBUREREBK 2q8brb0 be

hen

valid. 20 11 has deternined the cacheability attribute of
the write thrwaittate).cBecause thie BLASTH Icalaactivedn glogk 2:888MdIdhgly. It al so

drives t hl% executes a write cycle into the array in the first half of clock 3.

Cycles B and C ére PLOCKed. For those cycles Controfler 12
ensures that the seooﬁd PLOCKed ADS# (C) is guaranteed to execute
before AHOLD assertion, ie., thé_ AHOLD assertion is delayed until the
second ADS# is issued by CPU 10. _

20 Figure 40 illustrates a CPU 10 initiated write cycle which misses the
secondary cache and follows the write to main memory with an allocation
cycle. An ailocatio_n occurs when @he cache follows a write-miss cycle with a \.J
line-fill. This ex’arﬁple assumes that allocating the new line requires the
replacement of a modified line (i.e., a write-back to main memory). '

25 ~ CPU 10 initiates the write cycle to the secondary cache where the
cache tag state is looked-up. Once Controller 12 determines the cycle to be
a cache-miss, it assures CADS# (clock 1) and the associated cycle control
signals to the MBC 11 (eg. CW/R#, CMAO#, CD/CH, RDYSRC#, MCACHE#,
PALLC#) in order to schedule the write operation. MCACHE# is not active;

30 RDYSRC is not active, indicating that Controller 12 will supply BRDY# to
CPU 10; PALLC# is asserted , indicating a potential allocate cycle after the

»K write-through cycle. |
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- back-invalidates CPU 10

KWEND# signal at this tinme, indicating the end of the cacheability w ndow.
Cache Controller 12 sanples MKEN# active during KWEND# (cl ock 4),
indicating that the m ssed line should be allocated in its cache. 25

At.the first available tinme (clock 5), Controller12 asserts CADS# to
request an allocation cycle. The cycle controller signals are valid at this
poi nt: MCACHE# is adthewsiteimiss dataiisposteckindthe RRAM 18tmemeryayele|hulfery | |

| & RDYSRC i t acti indi cating.t t. BRDY#
o CPU 10 (no_ ESaSPe cifl cpEc b e stilps MGPPo Sty s BRI ¥ BFO0ER
11 asserts SVENDY,d ShétRér @on-éiated) Bycie Whle wiitigorer ConfréiRr Weith eohipleteigh
- cycle ends on Menory Bus 15. 59- MBC 11 may return CRDY# to the

. secondary cacheh€atiocatione fif thig newccysiedisakache pit: i will be sesvicedby theosure of t he
- snoop wi ndow. Ip this exanple, k CRDY# is issued.by.M3C 11 in cl 8. Al so,
" the cycle pr%grG@%“‘gliebﬁ%l‘%ﬁ'?@ﬁé’“ﬁ#ft&ﬁﬁaﬁﬁeEﬁﬁﬁ\{ is ﬁgvncgemﬁggﬁ@\lﬁloy MVBC

11 to conplete ' ite! atlocation. Once again, MBC 11 arbitrates for
" the Menory Bus {I'E%ﬁr‘lbd?$g%hrl'enas“°%(§?# asserted (clock 9) for the allocation .

- cycle. MBC 11 al so arimanémorfyitiss agidrbss\(FISEA] £0:0), MTAGH 1r0], MCFA[B®])ier 12
mai ntain first rfgpl% second | eyel .cache
1

t
~ consi stency. | nvalidg¥th @Opg&é%'ﬁ%k%rﬁ- apd1Q ejawe aycleg HHis XAMRIBL v t e

. back 10 cycle ' %Q%N ' i i19 @peiy t ed by
. Controller 12 t%&g%ﬁggﬁgjt@rﬁ% ockAgiﬁ%%g#ﬁeﬁ%%gﬁF%y%éck cycle is
- not \assert egoW #1048 SheMALEaarndMBAEE maysbeosed/tethold/thiel axidressias t he SRAM

13 wite-back buffer. MBC 11 asserts SWEND# (cl ock 11) when the snoop
: vviag(-j/ow of the 1Bec&fSABcati on cycle ends on the Menory Bus 15. At this tine,
: NB ’

11 may assert CRpf Mbﬁ ﬁo%f:&kéﬁgr %%{rgé}g P?rgegg" ahd reﬂi'né BATRak86Rdd on

~cycle. CRDY# assertion w cause t In the SRAM 13 nenory
- cycle buffers t itk 2)pindlcating thabtHeheriteaioagh cyely is Guarantgedito camplete BGT#,
CNA#, and SVEND# area sanpl ed active for 20 the wj LI% bach gy.cl e.. The snoop
wi ndow i s cl ose@niMgmen Eueds, Qnce Gontepligr 12 samplepBSTHasserRd BB and t he

write back gycl g isuef 'EP&lSBﬁ‘il/lé%&? Bus 15. Prior to this point, the cycle can be

aborted by a snoop hit from another cache.

CNA## is asserted by the MBC 11 (clock 3) to indicate that it is ready to
schedule a new memory bus cycle. Note that after CNA# activation, cycle
control signals are not guarantee_d to be valid.

20 When MBC 11 Ihas determined the cacheability attribute .of the yvrite
through cycle, it drives the MKEN# signal accordingly. It elso drives the

\/ KWEND## signal at this time, indicaﬁng the end of the cacheability window.

Cache Controller 12 samples MKEN# active during KWEND# (clock
4), indicating that the ini_ssed line sheuld be allocated in its cache.

25 At the first available time (clock 5), Controller 12 asserts CADS# te
request an allocation cycle. The cycle controller signals are valid at this
point: MCACHE# is active, indicating the cacheability of the line-fill cycle;
RDYSRC is not active, indicating that MBC 11 need not supply BRDY#s to
CPU 10 (no BRDY#s are necesséry for an allocation cycle).

30 MBC 11 asserts SWEND# (clock 6) when_ the snoop window of the -

write through cycle ends on Memory Bus 15.
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CRDY# asserted in clock 18. The Menory Address Latch 21 enabl e signals
(MALE, and MBALE) may renmain asserted by MBC 11 to place the address

| atches in flow 25 through node. If Controller 12 is the current bus -
master, the nenory address output enable signals (MACE# and MBACE#) shoul d
be asserted by MBC 11. For clocked nenory bus node, the nenory data out put
enabl e (MDOE#) - hpfBD ¢£ thayTeftint ORI fhthe Sbcdriiiaty cachelCehtrMEPTY aflit a

out puts. 30 MEOCH “i s asserted by MBC 11 (clock 4) to | atch MZBT#™f or
t he transf e SRAMdJ3any tinecatenthe slosurpsitdheysnadpowindow.s In thissexammmek# i s not

b . thi . I Lngl et f it ' le). -
00 - Ve R i eiad B WRCCy TioSch. bt e cvdls Prosre® wREAR R cycl o o
begi ith ; ' : \fb"‘dsb]im \ j ' ' by MBC 11,
alelgloxr/]vi \rllmg thg ?ﬁ%ﬁlgﬁ%%ag@eﬁﬁto t'he ex?j tﬁ?%ﬁiﬁgrgmgfg't"\e/eané requiring

the datasto be wOriceagaingMBO 1 arbitratgs fds the Memony-Bus ti5and|rbtaoest i on (i ne
fill) cycle, NBEL# is driven active, clock 6) to allow sanpling

by MBC 11
of NBROV# alRETHarsarted (frekd) foptha sliocition oiis: MRSHH:AISE assartsiGNAB ol | MALK
d wh e i 14 LE _ ' tJd by Cont |1
10t na vny ST RENDY A thfe, CBRUILPES babiipaffericREi1a DY Cont ol ef

transfer. MprEintairsfist and decsrklevel daciie déhsistbnyk 6 to allow the data pins to
be used as iinputs for the allocation cycle. MBRDY# is driven active by MBC

11 in clocks 7 t &n glogly10Gache; Gentralinh 13 apsaris CABSH ferthe wrikgbadker enent ed and

data t | ' -SRAM 43 . f . MBC 11
d?i Sesoh}@%cfgvg@?gp%éeugggﬁ?@%']Ot%a@ﬁgﬁgﬂgagff#gﬁ% |%ﬁ&§f&ﬂason Menory Bus
15 and the E¥volier 1Dtweelotistator (Blook 12)¢ ICDTSH bfthe wiité batlecyeiiscycl e. MZBTH

is sanpled and |atched at this time for the next data transfer. MDOE# is
asserted by nai@ssgted withh GADSH becguse thedata ds netryet available Dk S§RAM or t he

write back cygle 11 -again asserts MBRDY# (clocks 13 to 15) for the
write-back Z%fweg?étlf\%gtb(yﬁeﬁcrenent the nenory burst counter and cause data

to be read from mMBC 11 asserts SWEND# (clock 11) when the snoop window of the
15 allocation cycle ends on the Memory Bus 15. '
At this time, MBC 11 may assert CRDY# to Controller 12 and SRAM

13 for the allocation cycle. CRDY# assertion will cause the data stored in
the SRAM 13 'memory cycle buffers to be latched into the "caqh'e array.
During clock 14, BGT#, CNA#, and SWEND# area sampled active for
20 the write back cycle. The snoop window is closed two clocks later {clock 16)
by MBC 11 with SWEND#, and the write back cycle is completed with .
CRDY# asserted in clock 18. | /
The Memory Address Latch 21 enable signals (MALE, and MBALE)
may remain asserted by MBC 1110 place the address latches in flow
25  through mode. if Controller 12 is the current bus master, the mémory
address output enable sigha!s (MAOE# and MBAO'E#)'shO'UId be asserted
by MBC 11. | | '
For clocked memory bus mode, the memory data 'output enable
(MDOEH#) has been asserted by MBC 11 to drive the memory data outputs.
30 MEOCH# is asserted by MBC 11 {clock 4) o laich MZBT# for the
transfer, and end the current cycle on the memory bus (MBRDY# is not
necessary because this example shows a single transfer write miss cycle). ' ' -
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the SRAM 13 nenory cycle buffers. The wite-back cycle ends on Menory Bus
15 and switches nenory cycle buffers with MECCH assertion (clock 16). MBT#
and MFRZ# forthe next transfer are sanpled at this tinme. MFRZ# need not be
active since the cycle is not potentially allocatable. 25 For
strobed nenory bus node, the nenory data output enable (MDOE#) has been
asse(ted by VBBAZBE(T# is diivew highttly MBGUHyindirtier toubieethe fead dybie tibegin- M SS

cycl e~ MECCH is,gr{)ven ac},i ve by MBC 11 {cl ock 4) to latch MABT# for the
transfer, and %8 thegorrest burst adgress ME drivepinactive bMBE 15 not 30

G ven y gh by g 1R LS pROSTNG 1 Bideitd 85 sfte BHE KSRTREL | he
-61 - cor r edatatorbe wittkdvtoInain | s driven deasserted by MBC 11,

allowing the line to be placed into the exclusive ([EJ) -state. For the
al l ocation ¥1ine fiFonthealpeationtiinefill)cyale; MHEL#Js divemactivBbyIMBCditock 6) to

foggled i n ol ok EHle MwisAmolhg b MRRH A 8q folfich MK T fos e yarster. ' °
i ncrenent ed, amMiBia e samphal o aF MCLIKEEge Mherb MSECH R IRBAREY Ontel € buffers.

M STB | atches the nenory bus data on both the rising and falling edges.
MDOE# i s al so MSEdtissampled activelbydCandralier $2y the yalyeiof MIBTH sampled osed as

inputs for th Lap. cycl & 10 VB i ocH t ed
(cFock 11 to MEPRIIGER 1Gedihr 19 next transibirMpOBHlS 255 dRasinedin oo y
cyche’ buff gos chick 6118 alew 1Ry Ghﬁ%piﬁl\;ééigga 4édd ﬁé;ﬁ‘lpﬂ@%r méféuge%i;/ﬁ hc}ggbc hed at

this time on the falling edge o I's asserte 11 (cl ock
14) to drive the meMBRDHbisarivén aclivehyt MBOH11 inalocksiZite Stadausgtiee. MBC 11

o0 5, NOSTE. k268 ] el of ntoeed s B e mSesdinatoornt
Lo L STORMIS b o A0 MACA R Vg B = s
(clock 10) to end the allocation cycle on Memory Bus 15 and the SRAM 13
15  switch memory cycle buffers for the new cycle. MZBT# is sampled and
latched at this time for the next data transfer.
MDOE# is asserted by the MBC (clock 12) to drive the memory data
outputs for the write back cycle. |
MBC 11 again asseris MBRDY# (clocks 13 to 15) for the write-back
20 cycle to increment the memory burst counter and cause data to be read from
the SRAM 13 memory cycle buffers. The write-back cycle ends on Memory
\ Bus 15 and switches memory cycle buffers with MEOC# assertion (clock 16).
MZBT# and MFRZi# for the next transfer are sampled at this time. MFRZ#
need not be active since the cycle is not potentially allocatable.
25 For strobed memory’bus mode, the memory data output enable
(MDOE#) has been asserted by MBC 11 to drive the memory data outputs
for the write-miss cycle.
MEOC# is driven active by MBC 11 (clock 4) to latch MABT# for the
transfer, and end the current cycle on Memory BUS 15 (MOSTB is not
30 necessary because this example shows a single transfer cycle). MZBT# is
/ driven high by MBC 11 in order to force the read cycle to begin with the -
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- for the next transfer, are sanpled at this time. MRZ# need not be active
because the cycle is not potentially allocatable. Figure 41 illustrates a
snoop hit to a dirty |line sequence occurring sinultaneously with a CPU 10
initiated read-m ss cycle. This exanple 25- assunmes synchronous snooping .
node (i.e., requests for snoops are done via SNPSTB# from MBC 11, sanpled

on the Contr oddeRict BursCaddress. 'MFRR# Is drivahiRfebBéeried tHSMBC! FiJ aliowing thdBC 11

i ndicating a request for snooping to Controller 12. Controller 12 sanples
MAOE# (it muslinede bierpiagediatp theexglurive ((B])stalegni ze the snoop request. It is

VOEAL 01 6] ) - Sl o selorsh (RS S5, gk ko bt YRR 1 | g
SNPSTB# asser (cidtR 6) 1d'SwAIS T bpe BtidrPantPRAaICHIZITH Ry thetfdridler SNPSTB# is
sanpl-ed -62 - active since snoop operations have the highest priority in

t he cache & agMiSTER is taggied imrcloaRs Bitodi0l tocagge thesmemogNREt@outer tache 2) |

I ndicating that the spoop | ook-up.is j.n ss. The results, of the

| ook-up are dPF(?é'?P"ﬁ?A]laﬁadﬁ%ﬂ? ﬂ%@d’ﬂ'@pﬁ/ﬁamﬁ VONTPRRRY PYES: he next
clock after wﬁﬁ ] : Biat id # ad'fallingot h signal s
are asserted (cC g%ﬁ%%ﬁ%%é@#@@mﬂgg?gsﬁe%@%mﬁ%i%a é tha%ngOControl | er
12 is busy wiédgdsPWDOER s hliso daassertedin clock 6ttt alldRikid d8a pinsdp beuf fer i f

full, or a wite-back is tgéfﬁtﬁ‘}’l ow. Controller 12 will accept snoops only
when SNPBSY# ¥sed aslputsdor qalARGYEPy with Menory Bus 15 activity due to

the snoop,dl0 -reqqﬂééq1@Ne§?n&tg%£#ge§e%¥ggroeggaﬂoﬁms'aﬁoca@enbyabl er 12

I ssues a nenory bus request cycle control signals to .
MBC 11 in cl ook MemdvipBus 15 and iswiteh mehmory chele pafiars for thamew oyglel e t o conpl e{g
on Menory Bus 15 prior to servicing this read-mss cycle. Th? menory bus
addr ess ( MSETMABTdfor the Aextcycls; is | 8t tjs ime op the fpllingedoe &Y unt i | VAOE#
goes active aME% Y# of the snoop.wite back cycle is sanpled active by
Controller 12 and the CADS# is reissued (clock 13). In clock 4 Controller

12 i ssues SNPADS# MDOE#s hssertedibyWiBCi1gn{elosk t16) ®Ritvdthe mdimony datg a r equest
to flush a nodified |line out of the secondary cache. SNPADS# acti vation
causes MBE 11oulpuisdertheiwiite baekfyRS- r ead- ni ss '

MBC 11 toggles MOSTB (clocks 15 to 17) for the write back cycle to
increment the membry bufst counter-and cause data to be read from the
SRAM 13 memory cycle buffers. ‘ | |

The write-back cycle ends on the Memory Bus 15 and switches

20 memory cycle buﬂers' with MEQC# assertion (clock 18). MZBT# and MFRZ#
for the next transfer, are sampled at this time. MFRZ# need not be active
because the cycle is not potén{ially allocatable.

Figure 41 illustrates a snoop hit to a dirly line sequence occurring
simultaneously with é CPU 10 initiated read-miss cycle. This example

25 assumes synchronous snooping mode (i;e.. requests for snoops are done
via SNPSTB# from MBC 1, sampled on tﬁe Controller 12 CLK).

In clock 1 SNPSTB# is asserted by the MBC 11, indicating a request
for snooping to Contrqller-12. Controller 12 samples MAOE# (it must be

~ inactive) in order to recognize the snoop request. It is latched together with
30 the snoop address (MSET[0:10], MTAG[0:11], MCFA[0:6]}), SNPINV,
/ MBAOE#, and SNPNCA on the Controller 12 CLK during SNPSTB#
assertion. The tag look-up is done immediately after SNPSTB# is sampled
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20 cycle. It is the Controller 12 responsibility to re-issue the aboited
cycle.after the conpletion of the.wite-back, because BT# was not asserted
by MBC 11. Data is |oaded into the SRAM 13 snoop buffer. Because SNPI NV was
sanpl ed asserted by Controller 12 (clock 1) during SNPSTB# assertion, it
back-invalidated the CPU 10 first |evel cache. 25 Controller 12
assefts CDTS# (adtivelsirge snodp operatigns havdifie Highidst priokity an itise cacheltagktaté n t he
snoogj—’buffer. Wh letes the wite back;cycle on Menory Bus 15,

VBC 11 conpl. _
it activates CF&S&’EG'E' og?q'?@“gg’“ isues SNEGYCitininakR)| dicating that thensmoop, At

bbort ed read- m2okuBls HfpEREE°ThS eRliE Dl hel Bt ole kupiad g ey ‘6,
For clocked mertsus/via MTHITEndINNRITIERIthe Aekticikiaier SNETYE# ( gE?ﬁib thg not

activated by MBC 11 in order to allow the menory data pins t e used as
i nputs. NMSER# i snogpi hiba medifieddingybaisignals(are @skerded (clock 3)0vENRPBSY# iy of 5

AT ONCLK 11 i ngfet febe e ineitpre 8t Eariroter 12 s blswih DB 10 backanpl cd act i ve
by Controller ]igvalfd%ﬁoﬂéglg@§ﬁ‘;\m§#ome?ﬁfﬁﬂ of Q%ﬂ@lbggkg%tolﬁ?gcﬁl{.used for

the next transfer. Becau e read m'ss cycle’'is abort he snoop
hit to a 10 ndCortraligr 1 2iwill Geeaptisnespscomy when!SNEBSY# i€ihactive, VEOCH i s
given. MSEL# is deasgerted by MBC 11 (clock 6) and reasserted (clock 8) to
all E‘W | at chi ng of MATWitangouslywithMemont Bus: 15 getivity\diiectothd seaop| i ng of

MB

out put_enaie. (Rt CEUTE nisles’s RGcHRER o7 bohlbioniRsysx Stk 1o

drve the nmenorhusi@iqBest(CATIS*0, UDRBY ahd cytlé ¥6mrol @ignats RYMEBG 1lih digbrc! ocks
10t0 12 to cause the menory burst counter to be increnented and data to be

witten formthe MBCohtimust wait for thepeqding snaopscycleBt complete\arsMa@BOG |
asserted (cloc 3l rder .t.o end the wite-back cycle on the nenory bus
and switch nmeno l@}%bﬁg,rglpéemgg%ﬁgs fﬂ?p"{'ﬁéc)@% cycle. MZBT# and MFRZ# are
sanpl ed and | at ched The memory bus address (MSET[10:0), MTAG[11:0], MCFA[6:0]) is not

15  valid until MAOE# goes active after CRDY# of the snoop write back cycle is

sampled active by Controller 12 and the CADSH# is reissued (clock 13).

In clock 4 Controller 12 issues SNPADS# and cycle control signals to
MBC 11 indicating a request to flush a modified line out of the secondary
cache. SNPADS# activation causes MBC 11 to abort the pending read-miss

20 cycle. ltisthe Controlier 12 responsibility to re-issue the aborted cycie after
the completion of the- write-back, because BT# was not asserted by MBC 11.

Data is loaded into the SRAM 13 snoop buffer. Because SNPINV
was sampled asserted by Controller 12 (clock 1) during SNPSTB#
assertion, it back-invalidated the CPU 10 first level cache.

25 Controller 12 asserts CDTS# (clock 8) indicating to MBC 11 that data
is available in the snoop buffer. When MBC 11 completes the write back
cycle on Memory Bus 15, it activates CRDY# to the secondary cache
Controller 12 and SRAM 13. At this time, Controller 12 deasserts SNPBSY#
(clock 13) and re-issues the aborted read-miss cycle (clock 13) by asserting

30 CADS# and CDTS. | |
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at this tinme for the next data transfer. MDOE# is deasserted by MBC 11

(clock 14) to allow the nenory data pins to be used as inputs for the .
rei ssued read cycle. For strobed nenory bus node, the nmenory data out put
enable 25 (MDOE#) has not been asserted by MBC 11 in order to allow the
menory data pins to be used as inputs for the read-mss cycle; MSEL# is

assert ed by VBC by (kR ribindrbak i SHRhbAGn itk odhaL hsbib at ch MZBTY fon

~the falling edge of MSEL#) for” the read-mss trans Because t he

-Tead- m ss cy(MROE#) ishhot activatad-by MBCHE! inrorder toiallotvdthe nBnory dath pined | i ne
(requires a wite-back cycle), no MECCH is given. MSEL# is deasserted by
MBC 11 (cl oc¥ bpusedpsipp@Serted (clock 6) to allow | atching of -64 -

MZBT# for the sn =W\ iL S . S, g . that cycle.
VERZH 1 o al 5o salvee mERRGENRE) MERLTARH 48 dinwiieling B 0% 15T,
cause t hes NERIBRDYHErid tod&toh MZBT#loPthel raad-AES frartbfe INIZBP# @ satnplsd read from

t he secondary cache 5 nenory cycle buffers. MOSTB | atches.the nmenory bus
data on bot hon B MGLK risingedgésiwheregMSEL# is ineglivel 10uee MSELKEI®OCH asserted

(clock 14) to end,the snoqQp-w, te-back cycl f he ry. bus and to
switch ne@r?’ﬁ&ﬁﬁ’@%‘(ﬁ‘%&gmfﬂer?ﬁéﬁﬁgﬁwwmg@%%ﬁﬁfﬂq or the next
cycle, are lﬁkﬁ' ' g he falling edge of MEOCH. 10

VMDOE# i S deasselrktqggéégl%% qéf zcﬁ%}gfi 14) to allow the nmenory data pins to
be used as i nput Bdoausé the read misecydeisdborted dogdd ¢the sridop-hittoa® C L \JM
S* CLAIM5, W claim 1. A second | evel cache controller integrated '

circuit 19r mogified lige (tegpisss 3 veitarbacksyeiadnhe MEQE# isgisen. (MSE#ienor y
subsystem t Bgasssgﬁ&g' Qy MBC 11 (clock 6) and rgassérted (clock 8) to allow latching of o/
MZBT# for the snoop write baék éycle and sampling of MBRDY# for that
cycle. MFRZ# is also sampled at this time. '
The memory data ouiput enable (_MDOE#) signal is driven active by
15 MBC 11 (clock 7) to drive the memory data outputs. '
MBRDY# is driven active by MBC 11 in clocks 10 to 12 to cause the
memory burst counter to be incremented énd data to be written form the
secondary cache snoop buffers. MBC 11 drives MEQC# asserted (clock 13)
in order to end the write-back cycl¢ on the memory bus and switch memory
20 cycle bufters for the new cyclé. MZBT# and MFRZ# ﬁre sampled and latched
at this time forthe next data transfer. -
MDOE# is deasserted by MBC 11 (clock 14) to allow the memory data
pins to be used as inputs for the reissued read cycle. '
For strobed meniory bus mode, the memory data output enable
25 (MDOE#) has not been asserted by MBC 11 in order to allow the memory
data pins to bé used as inputs for the read-miss c‘ycle..-
MSEL# is asserted by MBC 11 (clock 4) to allow sampling of MISTB
and latch MZBT# (on the falling edge of MSEL#) for the read-miss transfer.
Because the read-miss cycle is aborted due to the snoop-hit to a
30 modified line (requires a write-back cycle), ho MEOC# is given. MSEL# is
[ deasserted by MBC 11 (clock 5) and_. reasserted (clock 6) to allow latching of
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5 |level cache nmenory subsystem connected to a control processor unit (CPU)
by nmeans of a CPU bus and to a main nenory Bus for independently accessing
a cache nenory fromthe CPU bus and the main nenory bus and for
transferring data between the CPU bus and the main nenory bus, the second

| evel cache nenory subsystemincludes a nenory bus 10 controller for :
control | ing acd@ET# forahalshooprwiitedack icycleanmdrsanipling ok MOSTE forethar oycteaupl ed

to the’ CPU bus e nmai n,genory,bys for data stQrage and retrieval, and-
a second | evel %%ﬁ?&&gﬂiﬁ%ﬂﬁ&t ed circuit for control of the cache
menory and i ndepend - r { : bus _an e main
menory bus, the sec gjrpds ﬁiﬁoa@ggﬁeéiggﬁlﬁo{ol @%@ﬁﬁ%ﬁe&?‘gq%&%cuit

conprising: a) countetoTbé Jhoretfiertod) el dat4 td Bb P6ARABM tAb seeoRddry ¢atRe t he mai n
menory bus controller and for adapting the second | evel cache controller to

a specific #mai memaycycletutiors:tMOSITB latches thenmemoyy bus datacrelbathdbe ue

led to th . b : i nt f dul i i
menory bus. accdBEBeans, aling ke JMEChL! divesRiEICH ssrescielgk ta) teond & cru
bus interface f:nvésﬁwmmaobécﬁc&ggoﬁwe%&gy S bUSHHPR! GilichInbi y bus

address queue for transm ssion menor rom-re U bus

to the menory ibuffersddr themegueycie. MBBT# and MFRZ# forlthe néxt ©pclecarsaiahied
interface for coupling to the secondary cache nmenory for control of the
cache nenory i @blitis ime anihpfaling edgeof MEOC#s nenory bus interface for

coupLi ng t gnat he nai k i sendi mai n_nmeppry bus
addr esses, qgnd for gﬂeéﬁg?rﬁ/ %%%5%’6%"@6%8’%ﬁ (S‘ch'gigntﬁea@?g&ﬂ?@%ﬁ%% us-
queue for 30 PuRrRiRNGSdAs MBI Tor the YeigsliliPeadsmisicgtigat ing from the CPU
bus;” - 66- [err] f). a cache directory array coupléd to the nenory bus
interface for snoop addresses, coupled to the CPU bus interface for cache

access addresses and having an output for coupling address information to
the cache nenory interface; and
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5 g) a snoop controller, selectably configurable for
operation in a synchronous, an asynchronous, a strobed, and a cl ocked snoop
node, coupled to a second | evel cache controll eru |“Hull ﬁﬂﬂmﬂlno the main
menory bus for recei pt of snoop requests includi ﬂ m nd snoop
clock signals, coupled to the menory bus interfacé for ‘cofltrdl df snoop 10°
addr ess dQLiAMy to the cache directory array, coupled to the cache
directory arrayfgimde! i vering a snoop request and for receiving back av
snoop request status signal, and coupled to the nenory bus controller for
communi cat i ng t.he #Assgpnd mecachetcahmmimglbtedzircun fohase megrated circuit

of claim1 wherein the nenory bus 15 interface further conprises: a) a
menory bu&iGlaRToEessor ﬁY%‘Pf“@Gﬁ‘PF&'FE?J caghq memapneiBsYSiem. thentacBder interface

for l'agch &mntd b n?a?ﬁ'o &5&{ %&etcm?i B WintrofpiScAEr GRE(CPLRUC T or
receiving nmenory bus re ses; D) out put control neans connected to the
menory bu:bymaans(omaraﬂu bus amd tord mam lhemoqdmlsrfot independentiyhe nenory bus

address | atch out put for connect | %;; ﬁ n%){s% bys address |atch contents
to the ma@ficensing & cachgmemary frothe CEL Ry, and Ui RIMEMary Qus npyt coupl ed to

the main %F%Jméw@ni dt £ bEtwEleR the’ CPOMbUSAHARRS ﬁnaﬁmeaﬁﬂmﬁsses withits
out put coupled to. 25 e cache directory array f Inttiiating a cache
menory Iomthesqnone level (Tatohelmemayvaubsysmmmdudesfa méraomtﬂxsfurt her conprising a
mul ti Iexer ut connected to the CPU interface output, a

secon m;‘f'ﬂ?"‘?ﬂt?ﬁf?éé’?@ﬁfﬁw q‘ﬁgs%'ﬁc?d‘ﬂ from the Gain SHRMory bS8 Enut  connect e
to the Ca%@na%s&amwma@u bué)an&meerﬁé.hmsbrﬁd}y bn@mrda&dgts.%geto the cache

directory 30 array. - The integrated
circuit ofand|rqnavaz.amsaeeq¢nuwesnwp cmtrolferﬁmgfﬁtﬂd Q!l'@wpldl’ses a) afi rsf'-‘

nput oyt ARERna ek Al BioneRlogH bty BRd B fo°h contrO

CPU bus and the main memory bus, the second level cache controlier

15 integrated circuit coniprising: _

a) a memory bus controller interface for coupling to the
main memory bus controller and for adapting the second level cache
controller to a specific main memory bus protocol;

b) a memory bus address queue coupled to the memory

20 bus controller interface for scheduling main memory bus accesses by
providing line and subline address data; B -

c) a CPU bus interface for coupling to the CPU bus and

" connected to the memory bus address queue for transmission of memory
bus address data from the CPU bus to the memory bus address queue;
25 d) a cache memory interface for coupling to the secondary
cache memory for control of the cache memory input and output cycles;

e) a memory bus interface for coupling to"the main memory
bus, for accepting and sending main memory bus addresses, and for
performing snoop operations, connected to memory bus queue for

30 acceptance of memory bus addresses originating from the CPU bus;
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5 receiving a snoop address data, and the | at ch contrml ngﬂ coupl ed to

the sneop controller; and b) a second |atch, havi ng 'muﬂwm
for

and a l.atch control |nput the input coupled to the fir
receiving and | atching the i'nput data as directed.by the secofid Matth *

control input, the | ed t h op controller,
and t@g out put coupl gii to %ﬁeﬁeggi&,{]cgér&faﬂgg%gﬁ@ggh afla 'R%'In %H‘%e I nt egrat ed

circult of diteffaeetonkriop dtidrétses, to0pled 36 tHeodPEbUE iitbHate fOPGRENES ES: a)
sanpl i ng means for sanp Ilng the snoop request strobe 15 state

synchr onous BfCegs: addregses ap }Ba!'ﬂgéﬂ output for goppling addiess ipfasmalion kesponsi ve to
t he snoop mmieec ‘{mt'flgﬂgg@"&?ﬁ%% a@é a selected configuration, for selecting

t he snoop reques nchronously sanpl ed snoop request strobe

and provgdi ng at its gjut pitsnbdys corttonet, sdle&mwaéorﬁguﬁb@mbpbraﬁb@nal to the
first latch control input; 20 a synchroni zer for

provi di ng céhasyneheaneus, ag asmhwﬁuﬁr%ﬁrogeﬁg;@me pd sneAp mRdes  r st
mul ti pl exer c%%lgawg s% Qvél%‘é@!lle E&Iﬁ.l?,ﬁe%{? ¥ epl&li'?o ﬁ?é%%ihom zer output;

and d) a sec rrult exer, responsive SNoo control signals

for a sel ectmdnmrﬂUsgwmeiprbf shoo6p miuastsumudxhgesmamsttobﬁ aridsnodp
synchroni zer or the snoop request strobe and providin Its output the

sel ected si Mswaés sRlechio the memory bus H@emaw&qnap of s't!‘tS’ﬁ’ProI i nput and
as $NAoRq re ?e% td the c%@h&@i?&?org r?f uéle%%@( clche dl;géfor%”t'egrat ed
alm 0

Circu't of el n the snoop fOrt her conprises nmeans for

sel ectively ammrfo:tdengeﬁdgea smﬁdqhwahdmbeemﬁ@back acnobp eéduast i N var j ous

corf i.gurabl e snoopi ng nodes incl udi ng é s a strobe | atching node wherein
d

addresses arséatP%F'éﬂé'dawc‘?%%‘ﬁdB?)"le&?% senteliar fop comnyuniqalipg e 4
asynchr onou N 5 addresses are | atched by the snoo
> ﬁt&A S nogcyp'%gf' o ‘s?at u‘?%ﬁ% ' d P

cl ock sanple robe o signal of the sanpling neans;
The integrated circuit of claim 1 wherein the memory bus

16 interface further comprises:

a) a memory bus address latch connected to the memory
bus controller interface for latch control and connected to the memory bus
address queue for receiving memory bus addresses; '

b) output control means connected to the ri'lemory bus

20  controller interface for control and to the memory bus address latch output
for connecting the memory bus address latch contents to the main memory -
bus; and

c) a snoop latch with its input coupled to the main memory
bus for receiving snoop requests and addresses with its output coupled to

25 the cache directory array for initiating a cache memory look-up.

3. The integrated circuit of claim 2 further comprising a
multiplexer ;vith a first input connected to the CPU interface output, a second
input connected to the snoop latch output, and an output connected to the
cache directory array, for selecting an input address to the cache directory

30 array.
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c) a synchronous | at chi ng node wherein the snoop strobe renmins inactive

The second Iaten: and 100 oo G E L?;ﬁtﬂﬂlﬂlﬂlﬁlﬂllmeﬂ!l"ﬁéd?

wherein the synchroni zer output is selected as the dutput'tHe second

mul tipl exer. 7. The integrated circuit of claim5 wherein the first snoop
| at ch addi ti orl | y Thefdegrated cirouit ofailaigi Zwhersirf the snbep atattiontber ay di rect U

i ncludi ng: a snoop i nval i dation signal for forcing a snoop hit into an
invalid sPUPRS®& 15 nmain menory bus output enable for enabling a snoop;

and a snoop noncac@jng #lfst rafenaﬁ&ﬁﬁﬂyap&naiaving%qﬁ;smr@a biplit,t he mai n nenory
bus snoop source Is a noncachlng device. 8. he Integrated circuit of -

claim 5 waed ailatch benteohinppt, theninpufi douplet 4o thﬁ!paleanmOMbelsé%fc he array
dlrect

hat T SsureeBhnErA spooptcfess iy it e Bf @i nfucounBRig e ooV o T

al tered dghéop ébr&,laﬁerpahdrary cache nenory of the CPU. 9. A second | evel
cache nmenory system connected between a central processor (CPU) bus and a
mai n menory bus, the CrRasecendigick, havingtan iame) ar aulput, gaddrigtcht he second

| evel cache ste dd cache menory
subsystemcﬂﬁ'tﬁ'w’%t % Bmf?g@ﬁp ég*c%nﬁsug?h Ouﬁuhsforrgﬁ%wpgtaﬁ coupl ed to the
CPU bus  angcrfpinagnput daftl frditeatdd sy thaisBcariatcyi contsol isnd, the datia pat h bet ween
the CPU bus and the main nerory bus, operating synchronously with the CPU

bus ani@ a@ﬁ&ﬁmgm}edﬁqmeﬁn@mﬂypﬁema@ﬂ theghitpu icoupled o Hiesecond | evel N
cache - M S * controller; b) a second | evel
cache cont F%rfel @Fectcﬂ'?ga?%lt ed circuit conprising: i) a nenory bus

control I er intgrfacgmeflifegresdndiicol of Slafm 4 Wiereinithe srwpropnboltercont rol | er and
for adapti ngi_lthe second level cache controller to a specific main nenory
bus pr ot od#thercpmprises: nrenrory bus address queue coupled to the

a) sampling means for sampling the snoop request strobe

15 state synchronously with .the. snoop clock;

b) a first multiplexer, responsive to the s_nodp mode control
signals for a sellected coriﬁguration, for selecting the sﬁoop request strobe or
the synchronously sampled snoop request strobe and providing at its output
the selected signal as a control signal to the first latch controi input;

20 c) a synchronizer for providing controlied delay for
synchro'nizing the output of the first multiplexer with the second level cache ~
clock at the synchronizer output; and

d) a secb‘_nd multiplexer, responsive to the snoop mode
control signals for a'selécted_ configuration, for selecting the output of the

25  synchronizer or the snoop request strobe and providing at its output the
selected signal as a control signal to the second latch control input and as
snoop request signal to t_h.e-' cache directory array.

6. The integrated circuit of claim 5 wherein the snoop cohtroller

further comprises means for selectively'operating the second level cache
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menory bus controller interface for scheduling main.nmenory bus accesses by

providing |ine and subline address data; 10 I
bus interface for coupling to the CPU bus and connected t(”""l” l'""jll Il
address queue for transm ssion of nenory bus address data ffromthe €PU bus

to the rrermr%/ blﬂs address queue; iv) _a cache nenpry interface for
couplij ng t o®¢HEleEIn agoys ganfigurable, snopping modes indkydinds| of the cache nenory

| nput and out put_cyclgs; s alBHIY Hodl Snb P bG8 EedeClro taRbd 19 L0 L e

main menory bus for a Ing an Ing main menory bus addresses, and
for perf or nbythessnoop requassbétrabes, and connected to nmenory bus queue for -20
accept ance of nenory bus addresses originati n? fromthe CPU bus; vi) a
cache directory arra¥) coupriogkacasynehiopaes latehing mede wherdint or  snoop

adir oS5, SAUEAG 8 OIRATINS iobd L6 Rl Bhor G, 200 ooses ond

i nterface; sighald the sampling means; vii) a snoop controller, configurable
for a synchronous, an asynchronous, a strobed, and a cl ocked snoop node,

coupl ed to a second ECbvela S¥oheonoys daiehing modehereip s saReR #7908 mai n

menory bus : | ' &i@h' e and snoop
cl ock si gnafés?ﬁalégﬁ\%@& Eﬁ')“?‘ ﬁggﬁéﬁ}gﬁ@ﬁ%ﬁgr a(r:lg_e ? %?%g%ﬁ%é(g? of snoop 30
addr ess del tloeked 61 of iR soeohelatdh: andiory array, coupled to the cache '
directory -70- array for delivering a snoop request and for receiving

back—4a $oop request Bt at &R a8NGREANOUS FACRADMOde e ¢iB e rory bus _
T G B
for arbitrating and dbetinteglatedriruit obclainos whereimthe firetramoppiateh usi ng addr ess
' additionally passes on control signals for the cache array directory including: -
a snoop invalidation signal for forcing a snoop hit into an invalid state; a
15  main memory bus output enable for enabling a snoob; and a snoop
noncaching device access signal indicating that the main memory bus
snoop source is a noncaching device.
8. The integrated circuit of claim 5 wherein the snoop controller is
coupled to the cache array directory for receiving a signal indicating if a
20 snoop produced a hit that resuited in an altered fine and, if so, invalidating a
copy of the altered data in the primary cache memory of the CPU. i
U 9. A second level cache memory system connected between a
central processor (CPU) bus and a main memory bus, the CPU having a first
level cache memory, the second level cache memory system comprising:

25 a) a cache memory subsystem with two independent cache
data paths, one path coupled to the CPU bus and another coupled to the
main memory bus, and a data path between the CPU bus and the main
memoty bus, operating synchronously with the CPU bus and

asynchronously with the memory bus, controlled by a second level cache
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dat a stpI I ed by the second | evel cache controll eF—f—eHsenm—ng—w_l_t_e_data

fromt.he cache nmenory subsystem and for receiving om t he main nenory
bus. 10. A second Ilevel cache controller m@ ,B" ﬂ l
substantially as herei nbefore described with refer any| ng.

drawi ng. 11. A second | evel cache menory system
subst ant i gbmtyoligs her, ei nbef ore descri bed vm th reference to the accorrpanyJ
drawi ng. -71- b) a second level cache controller integrated circuit
comprising: |
i) - a memoty bus controller interface for coupling to
5 the main merﬁory bus controller and for adapting the second level cache
controlleI: to a specific main memoty bus protocol;
i) a memotry bus address queue coupled to the
memory bus controller interface for scheduling main memory bus accesses

by providing line and subline address data;

10 iii) " a CPU bus interface for coupling to the CPU bus -
and connected to the memory bus address queue for transmission of
memory bus address data from thé CPU bus to the memory bus address w/
queue;

iv) a cache memoty interface for coupling to the
15 secondary cache memory for control of the cache memory input and output
cycles;

v) a memory bus interface for coupling to the main
memory bus for accepting and sending -main memory bus addresses, and
for performing snoop operations, and connected to memory bus queue for

20 acceptance of memory bus addresses originating frqm the CPU bus;

~ vi) a cache directory array coupled to the memory

bus interface for snoop addresses, coupled to the CPU bus interface for
cache access addresses and having an output for coupling address
information to the cache memoty interface; and

25 vii) .a snoop controller, configurable for a
synchronous, an asynchronous, a strobed, and a clocked snoop mode,
coupled to a second level cache controller clock, coupled to the main
memory bus for receipt of snoop requests including snoop strobe and snoop
clock signals, coupled to the memory bus interface for control of snoop

30 address delivery to the cache directory array, coupled to the cache directory
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array for delivering a snoop request and for receiving
back a snoop request

status signal, and coupled to the memory bus
controller for communicating the snoop request status
signal; and '
' c) a main memory bus controller, coupled to the
main memory bus and cache controller for arbitrating and
controlling access to the main memory bus using address
data supplied by the second level cache controller for
sending write data from the cache memory subsystem and
for receiving data from the main memory bus.

i10. A second 1level <cache controller integrated
circuit substantially as hereinbefore described with
reference to the accompanying drawing.

11. A second level cache memory system,
substantially as hereinbefore described with reference
to the accompanying drawing.
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