Field of the Invention. The invention relates to a conte

‘menory suitable for an address translation unit for nmenory: nanagenent
particularly in a mcroprocessor system 10 2. Prior Art. Ther
are many:wel | - known mechani snms for nmenory mapagenent. In sone. systens,

| arger”, address (virtual address) is translated to a smaller physi cal -7~
address. In others, a smaller addr cGQNTENT ADBRESSABLE MEMBRY | ar ger 15
nmenory space, for instance, by using bank switching. The present inveny |on
relates to the f or mergACRERAMNDYOF tTiREt INVENTIENET € | ar ger Vi rtual address IS
used to access a l'imTed physical nenory. 20 I n menory nmanagenent
- systens, it is also known to provide various protection nechanisns. For
exanmpl e, a syst®m nmay pre¥enfFialdieértHe dnvemtibmng i nto an operating system

.or perhaps even fromreadi r S e

conltoent gddr essabl e rnern)rﬁyr%J lhtc)i&.'sgrB:ﬁblgﬁ&gﬂ95 %Xlé %gh% )ékgfég%ig%?%%%d it
is the object of the $uyitabie dartan pdmsdetmsimhrwv@ufcﬁm aemoryidr essabl e
menory suitable for’ Usfha b&néF&”%éi‘tﬁ@u”ﬁQ?m asa{%g?g%csegg?ﬁ%wm ng to the

present |nvent|on there s dedcribed a content nory (CAM.
conpri sing:. (a) a plurality of buffers, each for receiving first

10 _ _ 2. Prlor Art. ,
' There are many well-known meohanlsms for memory

CO\ITEN't' ADDRESSABLE MEMORY BACKGROUND OF THE | NVENTI ON. a] ﬂ eéz%] a Q.

* management. In some systems, a larger address (virtual
address) is translated to a smaller physical address. In
Y - - others, a smaller adoress is_osed:to access a larger
15 memoTy space, for instance; by using bank switching. The
o ' present invention relates to the former catagory, that is,
where larger virtual address is used to access a llmlted
phy51cal memory.

20 ”y In-memory management systems, it is also known to
provide various protection mechanisms. For example, a system
may prevent a user from writing into an operating system
or perhaps even from reading the operatlng system to
external ports.

25
U ' A content addressable memory is descrlbed in U.K.
Patent No. 1457423, and 1t is the obgect of the invention
to provide an improved content addressable memory su1table
_ 'for use in memory management systems.
30

.'According to the present invention there is described
a content addressable memory (CAM) comprising:

(a) a plurality of buffers, each for rece1v1ng first
.35 51gnals and prov1ding sald first 51gnals and second signals,
said second signals be1ng complements of said first 51gnals,



35 . signals:and providing said first signals and second signals, said.
sécond signals being conplenents of said first signals; -2- (b) a
plurality of ‘generally parallel pairs of lines, each pair being coupled to '
~receive one of said first signals and oneof sald second- signals; 5 :
: qlurallty of nenpry cells coupl ed bet ween each pair of |ines, said
eing arranged in rows generally perpendlcular to said pairs of -
d) a plurality of row conparator. lines, one 10 - associ at ed Vfth_-

said rows of celhyia ﬁamraaﬂwﬁlgaﬁyraqflycﬁﬂméi Qasrs gre for

g bet ween each of sai S respective pair of |ines
. 26 of said romﬂ@?ﬁ%pa?%ﬁrbl;‘gnfn%%%g C@&P%edli*ﬁ recelga)rp@gr af saddf or -
conparing a binary sgigitessgranedam opeish ERI®Eced lsighdlfz;sai d. first and
second signals, each of sald plurality of conparators belng di sabl ed when
its respective pairs of lines .are both maintained at a certain binary _
. state, each of said pI ur(al)la y:loi‘ahctypaf aiemojsy 268l1s coupletpbetweeg: eagh a fir st
‘transi stor coupled a ir f als;
ii) a second tranS| or zoiﬂ]efgd %jld b%ﬂf' Jf'{gnggféé%g ﬁ-{?‘&gwg de%%rﬁl -

. nenory cell for receemamgmmrbtmareydsnme of ldeest first node; iii) a thi rd
:tranS|stor coupled with said second -

(d) a plurallty of row comparator llnes, one
100 a55001ated wrth each of said rows of cells,.

(e) a plurallty of comparators, one for coupling - .. - g;)
fbetween each of said memory cells, its respectlve pair
- o of lines and one of said row comparators llnes, said
15 ' comparators for comparing a binary state stored on said’
'memory cell with said first and secand srgnals, each of
" said plurality of comparators being disabled when its _
- respective pairs of lines are both maintained at a certain
_ ' binary state, each of said plurallty of comparators
-20 - comprlslng

N 1) a flrst tran31stor coupled w1th sald first line
for rece1v1ng said first slgnaIS'
11) a second tran51stor coupled with a first node
25. .  of said memory cell for rece1v1ng the blnary state o/
' - of said first node; '
111) a third trans1stor coupled Wlth sald second
line for receivrng ‘said second signal; '
iv) a fourth transistor’ coupled with a second
30 '_ - lnode of said memory cell for rece1v1ng the blnary
'  state of said second node, '

o (f):IOading'means for”loading data from said pairs of
- line to said cells; " - |



‘line for receiving said seednd.signal; iv) a fourth transistor'coupled\M

a second 30 : node of -said nenory cell for receiving the binary

state of said second node; (f) loading nmeans for |oading data from said
~pairs of line to said cells; (9) preset- neans. coupled. with afirst o

said row conparator |ines for bri-ngi ng: sai first row conparator line tQ¥

first-binary state. = - 4- BRI EF DESCRI'PTf ON OF THE DRAW NGS Figure 1|
‘bl ock<di agram showi ng the overal | architecture of the m croprocessor in-

whi ch the present |nvent|o i.S_cur i e2isa
bl ock di agramill ust rat| g’ tHt&s E*eéﬂ?gﬁ% a%uégédrrewéﬁgm ?ﬁset odsaJ'E I&I’:"lwt he - ™
m croprocessor of Fi gunpmrétoﬂzllgmsa feribringbng skidi fAgehmom Fomparatohdithe
_page field mapping f télthe page cache nenory.. 10 Figure 4
is.a block diagram |{E uagtfgk%ti %n%gg%ge field mapping for no hit or match
" in the page cache menory of Figure 3. For this condition, the page
.directory and page table in naln menory. are used and, hence, are shown in
‘Figure 4.° : : -



15, Figdfe'S s a diagran1used toillustrate the attributes stored}in_the _
'page directory, page table page cache megory. Figure 6 is a block diagram .

ating the organization of the content addressabl e menory of ‘the
| NYerEr DBsE&Piriendee arpEt BRAWENGPNt ai ned within the page cache:
gUrE‘Tﬂ???ﬂFTﬂTRRTTT%ﬂ‘?RﬂRﬁEﬁ|c of a portion of the content
abl e nenory of Flgure 6. ..25 Figure 8 is an electrical
c of the o rCUI&§ associated with the detector of Figure
D DESCRI PT ee

Rgeyent, (o6 hapt sy foertwem%ysbmés%oqeamm tnbnpu%xholikmeﬁ !

- description, ‘nunerous specific details are set forth s as specil

\S

K Hfaerpm showte ithepareradd ar, a nenory

- nunber of 4= tesrrettly, realigaior t o provide a 5 -thorough understandi ng of

“the present invention. It wll be obvious, however, to-one skilled in
art that the present -invention may be practlced mnthout t hese specific

‘the

details.s |n Ot hopsguis! ANELS piBLL dMMARS LI YEL1AIn0" End YeghiBRh'e1 dh IOt ail

in order  not to unnecessarily he present 1 nvention

The nicr achaassorenbpdiedn inchedesctdprotiessopraf Figare 10. of Figure 1.
~.This mcroprocessor is fabricated-on a single silicon substrate using
conpl ement ary et al - oxi de-sem conductor (CMOS). processing. Any one of

vl [-known OVCS ppgagsogs, my viScg TRl et FRLERAYine the fogl bhbf oDVIoUS

__that the i croprocessor bere
' . mapping !or a hit or match in the page cache memory.

10 : iy - e ' . ' '
“Figure 4 is a block diagram illustrating the page field

mapping for no hit or match:in7the paée cache memory of Figure 3.
| For this condition, the page directory and page table_in main

méﬁory‘are'used and, hence,_aré.shoin in Figuré 4Q

15 . : o ) . _
: ~Figure § is a diagram used to illustrate the attributes

stored in the ﬁage direotory, page table page cache mémory.

Figure 6 is a block diagram illustrating the orgénization
of the content addressable memory of the present 1nvention

20 and data storage contained w1th1n the page cache memory,

Figure 7 is an electrical schematic ot a portion of the

content addressable -emory of Figure 6.

25 " Figure 8 is an electrical schematic of the logic circuits

associated with the detector of Figure 6.
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ot her technol ogi es, -for instance, n-channel, bipolar, SOS, etc. The ne
management nechanlsnlfor some condi tions requires access to t abl es st _
in main memory. A randomaccess nenory (RAS)- 13 which functions as the
main menory for the system20- is shown in Figure 1. An ordinary RA

be-Ysed suchpgsaniEd eRBERYP@®NIYNani ¢ nenories. As shown in Figure 1,
M croprocessor IU nas a pnysical address of 32 bits, and the processor
itsel is a 32-bit processor. CIher conmponents of a n1croprocessor system

comonly 25 used such as drivers, t hematic ocessors etc., are hot
shown in Figure 1. :i ?ﬁr°pr°°ess°r !/ ﬁBr?“%nﬁﬂa *ﬁ“ytﬁkeg QER?rSf both -

segnent at i ONp2R ARG NHechSAGHERLS et sgsi Heg ldlés@r%tf‘etd of 19

descriptor tables that are separate fron1t e page tables usegg%o descri be
"t he page trafisl kiwimg. de§¢m1ﬁﬁhpnnemﬂuanossssasaiﬂmcnpetiiﬂsyaSe sApToate  and
I ndependent . A virtual address is translated to a physical address in two

di stinct steﬁ%c S FEeEHbt WiVEPRE t O i P mgeHerh ARi OFRST tR BERMHSt &t i on
~techni quesi sy ﬁfoqmg%gﬁ dnaibg! §ANSeR %hgéeéé .q_QVeg{'H)na: p?@'ﬂgut gghni que .i s

used for he seco atiron step e pagi ng ansl atron“Can be -t urned

off to 10 prerbiRs Aoeevers! ap bﬁermdiaueeniwm egMetakhenprddedt Which is
conmpatible wth the 286. Segmentation (the first translation) translates a

48- bi t. vi rt ubhventdoassay e Pszcb#qeq Méhpu'(uthe@leneme?tfé)c deitkidss. Idhe
48-bit virtua S cor it segnent elector 15 and a

32-bit offse?iwﬁﬁ L% %?ﬁ??:s n¥“°wnTﬁgr3%tYﬁﬁ§ 8ZFnRk shown in detail in

order not to unnecessarily obscure the present invention.

10 ' | ' © The microprocessor
system inciudes the microprocessordlo of Figure.l. This
‘microprocessor is fabricated on a single silicon substrate usiné
fcompiementary'metsleoxide-semiconductor-(CHOS)Iprocessing. Any
one of many wellenown CMOS processes may be employed, moreover,

15 it vill be obvious that'the_mio:oprocessor. may_be realized with
other technologies, for imstance, n?cnannei; bipolar,'sos.”etc.

The memory.management mechanism for some conditionS'

'requires access to tables. stored in main memory. 'A.random-access
memory (RAM) 13 which functions as the main memory for the system

20 is shown in Figure 1. An ordinary RAM may be used such as one

AN employing dynamic memories. .

'_' ‘As shown in Figure 1, the microprocessor 10 has a
physical address of 32 bits 'and the processor itself is a 32-bit
,processor. Other components or a microprocessor system commonly

25 used such as drivers, mathematical processors, etc., are not shown

. in Figure 1.



identifies the segment, and is used to access an entry' fromthe
eN{ descriptor table. This segnent dgscrl ptor entry contains a base
,_of the segment, the size (limt) of the segrment, and various

(J

eAJ2-bit offset in the virtual address to obtaln a-32-bit- linear
| 45s.]" At the gp&e tine, tdmotd Bhhag¥rent! miked MBeVbs bl address is,,
: corrpre. agai nst the segnment linit, and the type of: the access is checke‘g
“\ggai nsg tmemg#ehtomtatnﬂu pRELng. Aegments |a§egéﬁ%#!¥§tdemahcbetmofadekum ng 25
proeess i s, abort f thetno’a?tb're %ffset gutsi de the _segnent l.imt, or

if the typk% cfriPﬁgi‘acc des At AT Bantebyrf’ﬁe ed’ﬁéﬁtt%ltflt i B§eRst° pagi ng

- (the secongeddrans! iid Qaket E?{'&sl&tﬁ%na Sthdithvo! hé@Rnisms dre %@ﬂbféﬁﬁp a
32-bit - physical address:using a two-|evel pagi-ng table, in a process

descri bed $epadetai tnd)dlndwneirwt-v\o Asvipenalr eddoesd |ip Itndles]ﬂrtédnto aThis

permts aeé}l ar%ei ment  to be conposed of several pages, or a page to be
conposeRpysica v%‘? esgs iRl Fye Ret stepse Heing taR %’E%Pritncénmwns

bQU“dar% q:a?x?sﬂstarb's gﬁEXtﬁi%%htgﬁgniq%sngs bddl eed ft%e ;}1 ' ng on & |

page boundar 0 hav engt an exact mu f pages

Thi s al | overamedaenss dtepdessd i bepagdppr tdcting gpe oi=aised 86 XheOkeBBAPT Y 1 hat
10 start at ‘arbitrary addresses and to be of arbitrary size. Segmentatlon
can be usctFranglatien ftep- nu%rp“(ﬁ“gnﬁ?#n%%m%ﬂ dachurpad offsteni que’

_prOtECtdc"bfgdn thtéﬁé %Qgpst;§hslation with segmentation only, which is

compatible with the 286.

Segmentation (the Iirst translation) translates a 48-bit g-'\'J.-

“virtual address to a 32-bit linear (intermediate) address. The
i 48-bit v1rtual address is composed of a 16-bit segment selector,
15 .and a 32-bit oftset within this" segment. The lsebit segment
:selector identifies the segment and is used to access an entry
'ftrom the segment descriptor table. This_segment descriptor_entry
: contains;a base address or-the segment, the size (limit):ot the
segment, and varions.attributes“ot_the segment. .The_transiation :
20 step adds the segment base to the 32-bit offset in the virtual
o address to ohtain'a 32—bit'linear'address.. At the same time, the -
32#bit oftset in'the.virtnal address 1s compared agalnst the ::.- _.; g;)
.'segment limit, and the type of the access is checked against the |
segment attributes. A fault is generated and the addressing _
25 process is aborted it the 32-bit ortset is outside the segment
| limit, or ii the type of the access is not allowed by the segment

"attributes.

. Paging (the second translation) translates a 32-bit linear

hes of the segrrent -The translation 20 step adds the segnent 'base o



rntb'a-Single page. In-this case, segﬂﬂhbation provi des the prptectfon?;;;§
attributes, addr@sBags ng 32FBYt ARysdcaD eSS tudiRighadteb-ldve1PBYgi gl nMenpry /-
mappi ng a group of -related units that nust be protected separately. Pagingg
can be usedtatdenr Enid PFogesy descytbeddmedetailntbelomal | units for physitak
menory managenent . . Thi ovi des si.ngl e.identifier (the se nt

sel e{t(;_or), and a sig| g?dgé%prﬁ 5’58rgﬁvlr1?t ﬁ%&%peeé‘ﬁ@ﬁf'dg : ﬁﬂ’FGﬁ?&d’r a
separdtely pra¥ge§teskuenit tofbdRORpYsed dehBEvdMAN phBaY| TéNG tp_bgeué‘@'b@f a
mul titude of page descriptors, Wthin a segnment, paging provides an -
addi ti ondl ¢amposedfohmeperal t(wmald) |segmehtisge segnents to be napped into "~
separate pages thaj need not be contiguous in physical nenory.. In 25 B
fact, paging al l'ows SPEPERheCAFTRRE 0 288 § Yaoakfgte &f priffraxypages
cat a tine aig eghdl bE PiNSeGeto "EIREYne U r |2.00 pargs of the
segnent rrapple ont oeﬂcﬂiéit Sk. Pagiﬁ:'r?g g?‘so s%ﬁ%ﬁ%%k’ggﬁeﬁﬁﬁrgh: %?'tc'

. Sub-struct wisrenat Déripta tRigeissagnesict hﬁltﬂfﬂmfepaﬁeéw i@ sPEPiswet sone
‘pages of a large segment, while 30 other pagés can be witten into. - 8-
Segnent at i GTPEREBYF dES d§SGRIRE SSHAFRIRIYS PYatesindcarpes o memonki tirtwor ks on

(the "nauyr ali, 4nh tA%0.bY QrarRLOol WLy BN W3bYerdlf 20! eces of

| i nearly addressed menor gi ng provi he nos rent method for
managi ng physi cal segiehyation daat Be Syswide db NI v tERTR! Number RACkhim di sk

menory..  The conbination of the two nethods provides a very flexible and
power f ul’ nEﬁﬂgm9n§$oth§piUhthmkgﬂ unique protection attributes and size,
' "into a siﬁéle.page: "In this case, segmentation provides the
prbtegtion.attfibutes, gnd pagihg provides a cbnvenient method of
15-_physicai memorylmappipg'a group of related units.thﬁt_must be -
protected separately. |
- Paging can be used to b:eak up very large segments into
smail units for physical memory management.-_Tﬁis prpvides a |
singie idehtifier.(the segment selector), and a single descriptor
20 (the segment déscfiptor) for a éeparately protécfed ﬁnit of
memory, rathér than requiting_the use of a multitudg'or_pagé:
descriptors. Within a segment, paging provides an additional
level 6£'mapping that allows large segments to be mappedlinto
separatg pages that need nqt be contiguous in physical memory. Inm
fact, paging'aliows a largg segment to be mapped'so that oﬁly a.
fei'pages at a time are resident in physical memory, with the
'rémaining parts of the segment mapped onto diSk. Paging alsb
| supports fhe'detinition of sub-structure within a 1arge.segment.
for eiample. to write protect some pages of a large segment, while

30 other pages can be written into.



' '*1 h M CRCPROCESSCR ARCHI TECTURE I n Fi gure 1, “the ni cr"oprocess_or

a bus interface 10 unit 14. - THRe"bus un|t includes buffers for E

g transnPeERRTadAop Heroyidesa zﬂﬁiﬁe§9mBTiﬂﬂﬂ5§vanHr9Qﬂ°tFEEe|V|ng ahd
t T {0 ro e n|t 14 -

at Egg%lvl&lr‘ﬁ?%g;?%%ergﬁafdﬂ '%?64&1 TP\‘%Q ﬁ?sﬁénéljlt% [ %c?%c)lés a pfe fetch

f ghwiiragyl 6dddIplods dr QMménea yRANHFesedtl membBy . PrikgfagCh queug,

- which conmmuni cates with the instruction unit of the instruction decode unit

16. ~ The qumesns'e# mtoﬁsn‘eﬁféeﬁutoe%@s@d fmmwsm ehesinslomegoary, 18 -

(arith ni Iu re |ste f|| e.. This unlt

as wel | 'asg?ﬂ’e 8% eégd'n:,\’gggga}mr%m gg ﬁ‘ REFHYer naRe HiPPbiga %‘b"

The addressg tﬂ{@n&hammddal tpotrides a very prOV| des two functions; one

associated wth the segnent descriptor registers, and the other with the

page descrfpexibleasnd pamesfyl mEworgepnetactiogi wodgk are for the nost part

known i'n the prior art; . [ in nore detail in
.~ conjunction with:Figure W§%‘ € g‘még&,if ér‘b%;fo interaction with

- the page director{napteiadq, t d GristopRsketisbbi Pnd NadBiaNbiE Wi teridcd S |

di scussed i n conjunction W|th Fi gures 3-7. SEGVENTATI ON. MECHANI SM%

The semyrenuedt dt.unThe cliuSFmgilt elncludesi mefLeaxsy for u:drmittanlglr ess fromthe-

execution unit 18 and acc t he ropriate.register ment ati on
i nf or mat i oﬁr“sm'és?'%ﬁ %t g%'f §%€£ eﬁjﬁéﬁ}s fé’adfég%imgchn%tl ong

~with the offstngf Eﬂg1ﬁ§“%ftsroﬂaﬁata. Internal to the microprocessor, unit

14 communicates over the internal bus 19. The bus unit includes a

 pre-fetch unit for fetching instructions from the RAM 12 and a .\—)
15 pre-fetch dueue”which communicntes hith'the'instruction unit:of. | -
- the instruction decode unit 16. The queued'instructions are:
: processed ‘within the execution unit 18 (arithmetic logic unit)
which includes 2 32-bit register file. This uuit, as well as the
decode unit, ‘communicate with' the internal bus 19.
20 - S S | .The address
translation_unit”zo ' . prOVides two functiOns;_one._
associated with thecsegment descriptor'registers,'and the other
: with the page descriptor.cache memory. The segment registers are’
for the most part known in the prior art ‘even so, they are \_)
'25 described-in more detail in conjunction with Figure 2. The page |
| ' ‘cache memory and its internction with the page directory and page
table stored within the main memory 13 1s discussed in conJunction

with . Figures 3=«

SEGMENTATION HECHANISM S . -

'36 The segmentation unit of Figure 1 receives a virtual

o e nate g e v Hae e S S et e - e e e - s e e e e e em e




address are coupl ed over- lines 23 to the page unit. 5 : Figure 2~
illustrates the accessing of the tables in main nenory when the - V4
‘'segment ation registers are | oaded with mappi-ng i nformation for a new
segnent. The segnent. field i ndexes the s nt descriptor table int
main nenory 13. The contents of the tabl rovide a base -address and
addi tional 'y, provide 10 attributes associated with the data i.n the :
segnéﬁ The of f set

. h ' .“
conparator‘quesfPﬁ§°8uf$ﬁn°§5F“fﬁ?% Wﬁggpgs Qé)ﬁéfgﬁgﬁﬁﬂg§nt'?Eﬁﬁqugfﬁnal e

adder 26 whiggBeds deghénft1loRC 176 ARAGAES STie GOEDEERS dolieabmsanand of fset
to provide a "physical" address on lines 31. 15 Thi's- address may be used by

the nicropregoest drasasaddnssss bbieh Alonesxith thecatfset Heopatheylatial This
"is done to prOV|de cQ ilityswth,ce [ witten for a prior
mi cr opr oc &995PST |1 AfE eF%JDWEBr i9es F%tgﬁga&f%% ?ge Phy'si cal -address space
is 24 bists. 20  pigure 2 HAuRCOATEE thll hebsdsing bel tik nEbUes add Sadh the

descri ptors enpl oyed such as the various pr|V|Iege | evel s are set -forth in

u. S Patememrn4@e¢84hemm&attmmlsheteesgm paded mithomapnbogs known in
the prior rt_is represented in_ Fi ure b li,ne 28 mhlch 25

i ndi cat es {ﬂ'“ {2 O Y o v 33 alit: _%%é"{n’, 9%,%?&1 dfeﬁsl e. The page
field rrappé eh& Oa“éscSQﬂm Cflimecwdnfe hhenmaﬁﬂ;nnn. of e @dhfentsinsviel | as

its |nteract|on with the page directory and page table stored in the nmain
menory i s tieowmble progldes 3aatshro¢m33 agd additionallmd Imovhv&e '

jg tttributes associated with the data in the segment.
The offset  is ' compared to the segment limit in
comparator 27 “the output of this comparator providing s tault
signai. The adder 26 which is part of the microprocessor combines
the base and offset to provide a "phyeical" -address on lines 31. .
15 This address may be nsed by the microprocessor as & physical “
| .address or used by the paging unit.. This is done to provide
compatibility with certain programs written tor -} prior _
microprocessor (Intel 286). For the Intel 286, the physical
address space is 24 bits. R )
20 . The segment attributes inclnding details on the
descriptors'employed'such as the various privilege levels are set
\_  fortn in U.S. Patent 4,442,484. - | -

The fact that the segmentation mechanism is known in the

_ prior art is represented in Figure 2 by the dotted line 28 which
25 indicates the prior art structures to the left of the dotted line.

The page field mapping block 30 which ineludes the page
unit oi Figure 1 as well as its interaction with the page
directory and page table stored in the main memory is shown 1n
Figures 3 through 7.

30 ' “While the




'segrrént ation mechani sm uses shadow regi s“}rs it also-could be inplenmented
#t+h_a cache menory as is done with the paging mechani sm PAGE DESCRI PTOR
|\/E|VCR¥eEmentation mechanksguusesd shadopapgideers | pitoraleacésa @ mer y of
page unit 22 of Figure 1 is shown within dotted 1ine-22a. This nenory
' és tinalsméyg vith Sncafbe RRROZYSAD| ¥ Honsr YlthcAhe Bagsterl a page data
Both nenories are inplemented with static nmenory cel |
ranl za |on Of menories 34 and 35 is 10 described in conjunction Wlth
The specific ci'r PAGEr JESCRI®PTORICAOWY Réuore h its uni que masking
re Ls described in conjunction with Figures 7 and.8. The linear : _-
address’>from t he ﬂgﬁmrmﬁ tthelp%sﬂa descpi ptdrt cache gempryual tthid? pageFi gure -

e nio fields, the -+
page i m? O;)v%vg” n?{flpl ngg‘tffO %‘Iwg'ﬁngr é%gfgp‘fj 3&%?,9?1{%@%3??1@’%@'&;”5' the
Addi (1 onal bimpd e ths ﬁ-rfa(?‘ér Bl dortR@e 2ddrFddidbee  babdtyp (eiflogh kal b

m. crocode. e 20-bit page information field is conpare h t he contents '
'of the CAVp8ge ditso(basér) fmemorint35i hBosh bnempriedi ate¢"impleabntéd withS', and

20 "WR') _nust al so matctltho e in- th?aCAM before a hit occurs.  (There i_s-

an except i SHAHF @TPETIHRR Loras KR PrERS %E’c?na§fv\FF'F°’b’§sd|3§cﬁ%e?f SFor -
hi t t t nbi ned
R oRg' ! BRer iR HE NGBS ROR\MASD FRdRe . RS SN Bl oo e

represent edsby FIHTICRM :8«5 wdfthFiLgsirenijuandaiing eeutﬁe@tisolaysseﬁmedaddr ess

sel ects froma 4k byte %e frame in main menory 13.
- ' conjunction with Figures 7 and 8. .

- The linear address from the segment unit 21 are coupled to.
_ the page unit 22 of Figure 1. As shown in’ Figure -3, this linear _S')
15 address comprises two iields, the page information tield (20 bits)
:and a displacement tield (12 bits). Additionally. there is a four
bit page attribute Iield provided by the microcode.' The 20—bit
) page information field is compared with the contents of the CAM
- 34.. Also,.the tour attribute bits (“dirty“, "valid", ~"g/s", and
20 “W/R") must also match those in the CAM before a hit occurs.-
{(There is an exception to this when "masking" is used as will be -
discussed ) ' _ ' _
For a hit condition, the memory 35 provides 2 20-bit base
word which is combined with the 12-bit displacement field ot the “ |
25 linear address as represented by summer 36 of Figure 3 and the :
resultant physical address selects from a 4k byte page frame in

main memory 13.



. PAGE ADDRESSI NG FOR THE: NO-HI T CONDI TI O\I'A‘dage directory 13a and a page.~_ .
table 13b are stored in the main menory 13 (see Figure 4). The base

address f.or- the page dipase aDPRESS INGOFORIeMEl NOARIT€ORDETION ocessor andf i
shown in Figure 4 as.the page directory base 38. Ten bits of the pagd 5w
information field Arpagssddrasteny |1ﬁae§<nc(arfwe¢ebtahig 33b are byoaedamto

ohge i r ecr B B0, PERRE, 135Ta0q TAEREE “rncbs, Bheb sp#raan JoRoPte dege \AT
as a base f@{rdcterpans grabh@ea fH38 PROGHicFOpPodesRt L ﬁagg t&‘fﬂf mat i o

field are simlarly used as 10 an index (again being scal y a factor of
4) into theFimige Hab$ cthes pageli diaestioty Yalse 88nmelendbits e tpagmgebl e al so

d 2-hi t f. whi ch th b f the ph |
Darese, > hrieipagioh gtetd ie et iF o e agqu%s.gﬁe»:‘szis;@ﬁyeﬁ %2 aith

the 12-bit t e t r 3 dre
Five bits f%ﬁrﬁgegﬁ&nﬁbf {ﬂg? cPsaggf e%%%agggeg%ﬁ‘{adé%gﬁlya d E %qnzfrreiésed

for attributesFigarei ¢ul dhleypigh rdiyéctdmcpeesides W Sz-biR/dA&-danChierwsent
These will be discussed in nore detail in conjunction with Figure 5. '
Rermai ni ng bPis @Ff this vogd pre|useds as mdsseghierl. thphpage cteddeat tThebut es from

t he page dirgctor d tgble are c |l ed .to control | ogic CIrCUIt ‘75 al ong
Wit hpt ﬁe 4 ?)T’ & (# §fﬁ fg € | RfeSr 25? Wtéggog{]%ﬁdeﬁrﬁn PiLRZLY i Yred as
‘address .10 Pad tindek (ddainl 80ifg Wcatl bl raRONE 4 4&?&@&1%@ \;eg%%i ar e

25 discussed in conjunction wth these figures. ATTRI §UTES
. 'as indicated by the summer 41. The page table also provides a

32-b1t word, 20 bits of which are the_page base of the physical
S-j _ '.address. This pege base address is'combined'as indicated oy
o - summer 42 with the '12-bit displacement rield to provide a 32-bit
15 physical address.. o o ' _
‘Five bits from the 12-bit tields of the page directory and
" table are used for attributes particularly "dirty";”"access“,
- vu/st, WR/W“ and "present"; These will be discussed in more
detail in conjunction with Figure 5. Remaining'bits'of tnis
20 field are unassigned. | . _ |
. The stored attributes from the page directory and table
are coupled to control logic circuit 75 along with the 4 bits of
Y 'cttribute.in£Ormation associated with the linear nddress. Parts
of this logic circuit are shown in subsequent !igures are o
25 discussed in conjunction with these figures.

PAGE DIRECTORY ATTRIBUTES'

In Figurels the page directory word, page'table word and
: —---CAM word arexagain shoWn.' The protective/control attributes

assigned to the four bits of the page directory word are listed



~In F{ gure 5. the page directory word, page t%le wor d and CAM word are. agal n
" showp.. ~ The protective/control attrlbutes assigned to the four bits of t he
ec!’bﬂyiwac'éﬁfe 13- st'E‘EF samg; foRT aftzéRetes; yithTone adddtionsl

eS fot re d_ for_the abl e word

Al ef%rﬂﬁ'n ?%mste ‘?‘ %‘Engﬁleal Oalri?f W BEE o%° "B?gat or the CAM
Bre/sgief @ Ravkétiaa, brweﬁo&5att15ibutes used ¥R8 #hd rediwse 3 fe usegd

o/fol l owm ng purpose: 1. DIRTY. ‘This bit indicates whether a page

has been weetifarthnvdthinThgagket i45.changed once a page ‘has been witten
into. his bit ig,use Q nsta o] perating systemthat.
i i ctrib E areT%ggd }?r'tg #égkﬂj?Pﬁ BYFPASFe page table

an entire page. is Stat
and in the CAM (nqt Imﬁ-ﬁe pmﬁs ditech@ldttes Iﬁ&w&ae 204 mel %e{;)b' s bit-

the pagetable when-a page.is witten into. 2. D Thi s

stored i n writtenhdnpage Tiver éttoisycandzedamnse( aonagenhhhebﬁfu\/pwramdens used to
_© indicaté that 15 pa bee essed. Once a page is accessed, this -
C o bit is chah@eRr i ﬁhtﬁeb’%er’rﬁr 9s%‘§' ?%’i’é’é@ort" 13 forpet ‘H]&"R?i"#ﬁ'n&)l t, this

bi t.indica L?&%%Q@ra@e%%e ebeenn@&G%igsﬂ--e't«% bpt W sttoggdo:{n

'readlng 3 The state of this bit indicates contents
- of the jpagthe spalgteetab)nj asdpbn vEheo CAMa (sts dinb tive (ﬂnlgeanyrédtdrry)supmyl sor

only (blnar ro ead/ writ rotection bit nust be a
“binary 1 (B foaseF ﬁ%tﬁaatg/ést Bi*m'}wﬁﬁwq &eg Ey'eenugepaswa it
: | into. ' D '
_ '2.. ACCESSED. This bit is stored in only the pige R _
'-directory and table (not in the CAM) and is used to indicate that ' _kv)
o i5' a page has been accessed.. Once a page. is accessed ‘this bit is
'changed in the memory by the processor._ Unlike the dirty bit,
this bit indicates whether a page has been accessed .either for
writing or reading.. ) _ _ L _
3. U/s. The state oi this bit indicates whether the_
: 2b: contents of the page is user and supervisory accessible (binary 1)
or. supervxsor only (binary zero) _
-i_4. n/w. This read/write protection bit must be a binary
1 to allow the page to be written into by a user level . program.
_ 5. PRESENT. This bit in the page table indicates if the vl
25 associated page is present in the physical memory . 'This bit in
- the page directory indicates if the associated page table is |
' present in physical memory._ '_
6. VALiD. This bit which is stored only in the CAM is
used to indicate if the contents oi the CAM is valid. This bit is

'_30 set to 2 first state on initiaiization then changed when a valid




5: -PRESENT. This bit in the' page table indicates if the 25 associated.
page is present-in the physical nenory. 'I’hgs bit in the page directory
indicates if the associated page table is ‘present in physical menory.. 6.
VALI D.  Thi it whj g stored only in the CAMis used to indicate if
contentsx-ofé%‘aé'_‘-’%slcg"\?a ‘?bl. This bit is 30 set-to a first state on | . X
“i'niticalization themmehargesi s @Ron i ipdge dfANMteRydahd ta®adegdre The five\ -

- bi t's*-‘f’rom the page directory and table are .coupled to control logic cinrcu
75 to provicupdedr bprdcateol aldedcseirmiis WSt b remoivddei sppxwrrdste ofaull

The user/ super vi.sor {}liitsériom't he a%e directory and table are logically
ANDed as i ntt&At&d" FRe A FEPFISA®E ‘the R'W bit stored in the CAM 34
of Figures3.  Sin rgd luberffipdraadbbilta Rirba {Hd PakBeaPAlR odyr Sid Quy18Nd
table are logically ANDed through gate 47 to provide the WR bit stored in
the CAM Tére doglealiiyt ANPednak0 inditcarege byapdte 46 sbopmaviide the KJM\Vbit These

gates are part of the control logic 75 of Figure 4. The attributes stored
n the CAMShaFedadr ofhg: CAY) $40% g%?‘é‘if FencBlnklarly, o the moaddvekte bitsor the
address an : ' leal1teS ( i, C d f

condi tion %{%ggﬁggf%sg?ﬁwﬁvgﬁldta?ggeait')éasoiegglti?gé?%rxexgﬁ?n%?ﬁ%%%%%f ,

for instancer tohprévideathadWiffeddti sthreal da thaiCAM." uTiee "dimtyt Bitytroa i S t O
occur into a page with RIW0. -The ANDi ng of the US bits fromthe page

di r ect.or y0athF PAEPetaRIELLBSTATRE Lhet Yy cThase Bates Gt&d PRAt e tB&che

nmenory. ‘control logic 75 of Figure 4.

' The attributes stored in the CAM are “aﬁtbmaticgllyﬁ3
o/ tésted'sinée they are treited.as part-of the addreéss and_métched
- against the four bits froﬁ"the ﬁidrocbde;  A fault condition
15 results'eved it 2'vaiid page ﬁaseVis:stored.in thé CAM,.if,'for )
_ :_'iﬁétance.'the linear address indic#fes that.ﬁ “usér” write cycle
is to qccur-intdna page'with'R)W-b. | .l.._ |
The ANDing of thé.U/S bits from the page directory and ._
table ensures th;f the ?ﬁorsf case" is éféred in thé cache memory.
20_Similar1y, the ANDing of fhe R/W.bit prévides the.worét éase fér

the éache memory.



'20 Slmlarly, the ANDi ng of the R/Wblt(;@t%des the worst case for the -
cheynmenory.  ORGAN ZATI ON OF THE PA SCRI PTOR CACHE MEMORY The CAM

&S shown in Fi 6| r rds._in each set.
‘Wjone bits (%&Gggf Tsm% aﬁ%ég%ﬂ gi%lwéwﬁd a match in

ray. The fueal s‘maasﬂm inl #Peguid canitsherémze%t 9heg yoygls in each
d connected to a detector.. For instance, the conparator lines fo

ofir wartts4ofordet id each setmecrwealtweonletlﬂmsomi&ddr%sm hed g, the
yator lines for the four words in sets 2 through 8 are connected to

det Tt ors attRibeiaflar 5t d’rseldl festind aspatel iy thAs avrafet efherioud deternine
- whi ch S s e blts) to the CAM array.  Each
of "the et OhP%IFiskeoco‘ril%‘al ha PRaf Qv&drde}ggkf’égg%c wﬁl cﬁn '% 88 %cti on of one

of. the detceaheéeeddebeaoumcuaen tisr qnatendd, tthe 3o:b¢4ﬁcfo&0m&$§e £89- bi t
page i nformation field coupled to the det ector s. (Note the other 17 15

- bits of tltbe 5?!’[!9g65|?ﬁ(ﬁeﬁailtwﬁfQQ§PG¢F%§(i§upPéecthtﬂﬁe Cﬁmmt%afay.) For .
Cur Font - orPBBFABIES5TT yL 458" 4RT oftPoNE TRUAP Wit A ER e (SHFEBEE § %ol octing
-one set OfconhQé'fed 'tBeﬁeiéHtogg C'?MP'do%al'i’toiheliﬂﬁseﬁfé’rsens-'e-Bebfiet tor -
itself is shown in Figure. 8. The data storage .portion of the cache nenory
- i's Orgaoi zisdecmxts ftoudetanmipe whinin mdanaglse $8%- vatcliglse that topur 21 -
“C.O_”GSPO”% to ‘the "ol arPay’ "Ceadh 0 the 'Eétréct%‘étrgdcﬂéa*ln‘é”%wd_
wired" logic vhich permits selection of one or the - detectors
| depending upon the state o! the 3 bits from the 20-hit pnge : -\_)
; iniormation field coupled to the detectors._ (Note the other 17
15'.bits of this hit page information field is coupled to the CAM:
. array.) o , .
' . For purposes of explanation, eight detectors are implied
_from Figure 6.- In the current embodiment only one detector is
used with the three bits selecting one set of. four lines tor
-éo 'coupling to the detector._ The detector itself is shown in Figure _."
g. _ - | | _

The data storage portion of the cache memory is organized
into tour arrays shown as arrays 35a-d._ The data words
corresponding to each set of the CAM are distributed uith onefvord

25 heing stored in eech of the four‘drrnys. For instance; the data
-word (base address) selected by a hit'with word 1 of set 1l is in
i.array 35a, the'dnta word selected by a hit with word 2. of set l is
~ in array 35b, etc. The three bits used to selecf a detector are i'

also used to select a word in each of the nrrays.' Thus, -

d30 simultaneously, words are selected rrom each of the four arrays.



25 bei ng stored in each of the f our - arrays g I nstance, the data word
(base address) selected by a hit with vvord’l f set 1 is in array 35a, the "
data word selected by a hit with word 2 of set 1 is in array 35b, etc.
three bits usefletfinael esteoaudat 6f l:0word €1 Fdns AhuSRFrdys 36! 86de ahMOLgh i th
of the arrays. Thus, "30 sinmultaneously, words are selected from each ¢fy'&
t he four arraysltipleﬂe 53 naThis| mulitiphepsr dsnoputreldiedt he the Lpuri s doney
throu"ghthe mul ti |.tiplexer is controlled by the four

| exer -
conpar at or Irﬁﬁgp"rpr‘?'tPﬁe {Pérseé‘Po#he %éﬁ ®% menory cache is accessed, the. .
mat chi ng process 5 I e O0CR%S use
of the 21 bits. The'gtmrl]g{rh% E‘fggfﬁrc?%hgriéyaﬁcgwtsgér nmred fngtge iﬁse?égﬁ set
of four |isneswhih tﬂseadeémﬁmely sslpiwe paocesd Megses Sthrgughdisy ozn thetent i al
on the conparator lines. (As will be .discussed, all the conparator (rows)
I'i nes are pr ebhts gedbei e¥hemhdhzes hitsdarebler go ippeddatehyisalegtchadefed
- whil e the non-.ge f C r fyr.om
- o8 SP GG Gntd NG The Ch G0l 3§§ ’nghépgcff ange&ﬁﬂ[& ‘Wdﬂ?;é {r’

the sel ected S&t*%re ‘dtcessed In arrays

‘occurs, the dgbesdtlali 6nadHe® coRpisittr iynédle WRABAwiil e dibeusiid, anth ttes
N nformatron is transmtted to-the multiplexer 55 allow ng the sel’ecti on. of

the 15  dat acm#atorh(som)géhnzatar@nprmaemss\ nttlesthe satedted Kbithche

ADDRE BLE whi ch
ot o 110 T RO oL agh g hexgat a8 ke, 1op P9 §7¥4q, 215p6 S dRehR ety 286
to the Corm' egepll G5ReLat P! RRd oa/ﬁrsr Iﬁlsm%nrecwe&eéée@rgit%w ddtested in

arrays 35a-35d. 1t and when a match occurs, the detector is able _

U i to identify the word within the get and this information is
transmitted to the multiplexer 55 allowing the selection of the
15 ﬁdata_word.i This organization improves access time in the cache
memory .

CONTENT ADDRESSABLE HEMORY (CAM)

In Figure 7, the 21 bits which are coupled to the CAM
array sre again shown' with 17 of the bits being coupled to the
complebentﬁgenerator and oVerride circuit Séland iitﬁ the 4

20 attribute bits couoled-to'the YUD¥W logic circuit 57. _The 3 bits
associated'with the selection of the detectors described in
conJunction with Figure 6 are not shown in Figure 7.
‘The circuit 56 generates the true and complecent signal
.for each of the address signals and couples them to parallel lines
25  in the CAM array, such:as'lines'ss scolso;'”Sinilarly, the VUDW
logic 57 generates both the true and coﬁoleMent signals for the
" attribute bits_and couples theﬁ.to parallel.lines in the crray.
The lines 59 and 60 are dcplicated ior each of the true and

‘complement bit lines (i.e., 21 pairs of bit and bit/ lines).



20 attri bute .bits coupled to the VUDWI qdi ¢ circuit 57. The. 3 bits -
gSegi ated with the sel ection of the detedt¥fs described in conjunction

{gure 6 are t hown |n Fi gu#g t; Ehe circuit 56 generates.,the true

ol ement si of oFh Ath T8FS+ §aFeE ArKay bps 4P 1808PI es them to

| | R1588 SAM 36T PnesS B8N negy,5 Qg dignlarly,

|'53r‘1|§§1§‘? z.gs,(g'nerat es both- thenetrue %ﬁ;’% 4cdorrp?e g"fl ‘lr f“ or th

; dumbsyaduhceuohess tdeam 60 pAarcdupbéd | beteRehNedidie c&r Itml bithQnll neS
'59N\and g0 are duplicated for each of the true and conplenent bit lines =
- (i eXT721 B4/ r dags Kpelumes bhiama F'? Wciateﬁaﬂ*%ﬁhﬁh?@ ofoRev | kinese CAM

array ha r..of s d 70. n -

or di naryfs!t%a?ﬁ%: pn’%r%?@ige+ fselfg ceiﬁ'ggg ?é‘ecggp 12 'zmegtrl 8%”%%{3? of the
bit and blamihafse&mﬁokwmsétaaad csxass:e@natﬁ-ctwﬁmtbﬁme&opé r Qe i nes.

5 1n the presently .preferred enbodi ment, the menory-cells conprise ordlnary

' f I i p-f1 op dnat ot eash| palsiel Wﬂch&mﬂal(lﬂpan@btmgitsc}t@ lmemerpfceddch pair- -
' row li I|ne7 ermts.the I to be coupled to.the bit and

o oM ke o iy o) eROFES ke ARe R Y fe e uRE P eIk ptnt of
the ”E”D%u%eurw C@rmef#pgelo th@ L edat azoehé fﬁ%ms% 6@@11‘ ' %eéo%the

results of the conparison is coupléd to the hit arison is
done byl(tmnpahatdnn oonthasccdmmat dihes mhdeané] sl ts dhetheo@pBpae K¥on '

- .conprises the n-channel trahsistors 61-64." Each pair of the conparator

transi st ols, cowplagidaptle hitaldpet €8s FheapemERrisgneissiansupyed bet ween one
'S'de of t'E%mHEPE¥aésceLLea&ELJélitQEp&E¥ﬂi%a@htcéif“e The comparator |

. comprises the n-channel transistors 61-64. Each pair of the l. . : K_)
comparator transistors, ior exampie, transistors 61 and 62, are
15 coupled'hetween one side_of the'memory cell and the ooposite bit |
line. | - | _ _
Assume that data is stored in the. memory cell 67 and that
the node of the cell closest to bit line 59 is high.. ¥hen the
contents of the CAM are examined ‘first the hit line . 68'is '
zo.precharged through transistor 69. Then the signals coupled to the
CAM are placed on the column lines. Assume first that line 59 is
"high. Transzstor 62 does not conduct since line 60 is low._
_Transistor 63 does not conduct since the side of the ce11 to which
'it is connected is low. For these conditions, line 68 is not
_25 discharged indicating that a mntch has occurred in the cell. ihe
| _hit line 68 provides ANDing of the comparisons occurring along the
'row. T a match does not occur, one or more of the comparators
'will cause the hit line to discharge. o
_ During precharging the circuits 56 and 57 generate an
- 30 override signnl causing_nil column lines_(both bit and bit/) to be



Assune that data is stored in the.nenory cell 67 and that the node of ‘the
cell closest to bit Iine 59 is high. Then the contents of the CAM are
examned, first the hit line 68 is. 20 pre ﬁaﬁged'through transi'stor 69.
‘Then the signals coupled to the CAM are pl aced on the colum lines. Ass
first that line 59 is high.. Transistor 62 does not conduct since |ine 6p
i's I_og/v. Tr ankewst o2 3 RIG¥ENED1 theo FARRRTatOREITqR dXpLRing thee cRRTEE TFofhi
it is¥connecied,i - FOr e jLion li.ne 68 is not- 25 i

di schar ged, ﬁﬁﬁnﬁéit#%§§ﬁ;ﬁ§?§2§:na%cﬁgééE?Q%Sguﬁ?%§ ﬁ'n the cell. The hit-line
68 provides ANDI ng of $ho@180BPadote@NchaiC GHET difbarh8OPs t éamiaw. thé a natch
does not occur, ane or nore of the conparators will cause the hit line to.
di scharge. Dtbimgypeeehsogdhtiamhand; riviaffect, deaose btamciinarinzgo” .
override signal_ causing.all, colym.,lipes (both,.bit and.  hjt/ b | ow:
Thi s preve-?ut'§°'{q"f§?85hpg?’5‘foil§’f °5mi_ﬁ?€?rﬁeﬂgg% hte‘:‘ef_:lifgi1 %t récfrﬁn%ﬁ%gﬁ te6 4 t8es
before the cpuparhses $PaipR) tHenShounsidiorgosediddnah bwtreaNRAEat Ors
‘exam ne the "binary one'” condition and, in effect, ignore the "binary zero"
5 condi tion. codpaatisos, fSimilaslyndd, thé biltd Yire &F isrbigh Ssitben64 i s high
(line 59 high) then transistors 63 -and 64 control the conparison. ,
Simlarly, i|tranedspers 1 amdeB2;contrgh the,gAmP3LHfonst o&%{%f‘—faﬁw%?fc&?ﬁm

t he conparis Iy e : I 1 t I _

i gnor-ed. Thg%pafgggfasﬁggigglloé Icigugtl'oe E’ga?hem%kﬂ' 2%??(3 ?l"og?tg@can be
nmasked frof theprEat i tie CaNGesertajnnbkisgabobéd naskeldi framcthei matéhimg | ow.

Thi's makeS it. appear that the contents of the cell match the condition on
t he . process by making both the bit and bit/ line low. This makes it

U appear that the contents of the céll_match the condition on the

cqiﬁmn lines. This feature is used b&.the_VUDW logic circﬁit 57.
'Microéode sign#is cdupled té logic circuit 57-cgu§es the

15fbit aﬁd bit/ line for sélected onés of the gttribute.bits tg be
low as 2 functiéh of-thé-miérocode_bits. This results in the
aftribute.gssocigted.with'that bit to be ignored. This feature is
uéed, :or.instance. to ignore tﬁe U/S bit in_fhé supervisory mode.
That“is,.thé supefvisoty mode can_aéceSs user data; Similgrly,

éO the ;ead/write bit can be ignored when re;ding or when the

' supervisory mode is active. Ihe.dirty bit_;é also ignored when
reading. (Thé'teafgre.is not used for the valid bit.).[

B When.the'attribute.bits are stored in main memory, they -
fcan_be §ccess¢§ and exaﬁined and 1§gic circﬁits used to control
25 aécessing, for insfance,.based on the one 6r_2ero'state of the U/S
bit. ﬁowever, with the cache memory no éeparate logic is used.

fhe torcing of both the §1t_and bit/ lineé léw, in_etfect,_

provides the extra logic hy allowing a match (or preyenting-a

fault) even though the bit”patterns of thé ;ttribute'bits-are_not
30 matched.



- col qu lines. This feature i's used by the ?L%NI ogi c cireuit 57. M c.roco'd'e
signal s coupled to logic circuit 57 causes the 15 bit and bit/ line for .

- selected.ones of !The aétectowt trim tMgudebe, lanvshown fniRligupe 8f fdtdudes

m cyocpde bits. " This results in the attribute associated with that bit to

. pefi gfreda PuEAlisy: of NORsBakes| Such, apngatasc8l,t 82 ffomadt Bé. UBreet” in

“di.ffere

e S_,,e'fvi 30Le TRHCLLIIP b, ol eTUBELY! GO LoTBAF £ PREESS ARy LG

€ rea ite b can nor e

SUp@r ¥ 50l ya 80081 ;| $haeé la\tQ shdwe o8 rmuebll iy ah&0c] 9NPLed bl r eadi ng.
.(Te f atjure is not used for the valid bit. ) When the attribute bits are .

iA conbinasionyof tthey 1taes reacorsemtkdand exchriotedhangthergiNORCI I CUI t'S
used f©.control 25 -accessin for. i nstance, based on the one or zero state

of the U SBBFES: EBRetARtanse, NOH,@ateche TRoRdVES nthe diidr dlees di &, endised.

. The'f f
< Ihe Lor el ng. O mRPlolehie oY endRtobidie WoRSndelias i HHGE! volk WiNIPRELS |

patterns obutheasatNANDbgrte 186t S &rkdtndin8Opmatidesdone inbhe dete@nsomafpom

Figure 6, as.shown i.n Fi qure 8; includes ‘a plurality of NOR gates such as
gates 81, @3tegdhigqline isTkhecons (ofcthe (faurndsBiG M thatsis amtednset of

CAM1ings g ﬁ%@owﬂtﬁg Aok $2LE. 81y {19560 ALE BAOUL} o5 d '}%g?%eg ssiha; NoR

_ I nati-on. the [ines are. connected to each her
. gat es. Foemmtmm sdfdRtgdi e Fok leaampres gate BbishdilesePect) traNdeB. Th..e

-out put of each.of the NOR gates is an input. to-a NAND gate such as NAND
gate 86. -Abbils |’ﬁ§°ﬁ‘b"\ﬁdd@§t5n@q rﬁéﬂ? ) {oacﬁnmwe- in the case of
S - NOR gate 81 hit line D is. coupled to the NAND gate 86.
Similarly, ior the NAND gate 90, the hit line C in addition to tbe
15 output of gate 84, are inputs. to this gate. An enable read signal
| is also coupled to the NAND gates to prevent the outputs ot this |
.logic from being enabled for a write. The output .of the NAND
gates, such as line 87, are used to control the multiplexer 55 ot
' 'Pigure.s. In practice, the signal irom the NAND gate, such as the
-20';1gna1”on line ‘87, controls the multiplexer through p-channel
| ;transiStors. For purposes of explanation. an additional inverter

- '88 is shown with an output line 89.-

.The advantage to this detector is that it enables _ _
"precharge lines ‘to be used in the multiplexer 55. Alternately. a

25 'static arrangement could be used. but this would require
_considerably: more power. With the nrrangement as shown in Figure
' 8 ‘the output from the inverters vill remain in the same state-
until oneée oi the hit lines drops in potential. When that occurs,
only & single output line will drop in potential permitting the

30 multiplexer to select the correct word.

- -



gat e. ThIS I|ne is the one (of the f our A B, C D that is not an 10 |nput to
the NOR gate.. This is also the bit line fromthe set entry to be selectegs
For "exanpl e, .gate 86. should select the set that is associated wi‘th hit
line.D. For instance, :in the case of NOR gate 81, hit line Dis coupl ed
the NAND 'gate 86. Simlarly, for the NAND gate 90, the hit line C'in
addi. t4\9n to the 15 output of gate 84, are inputs to this gate. An enabl
read signal is also coupled to the M\i gates to prevent the outputs ofyv
this logic frombeing enabl ed for -a e. The output of the NAND gates, -*
such as line 87, are used to control the multiplexer 55 of Figure 6. In
practice, the signal fritw pteseNANDpditatioglhss been dividpdseymal aur | i ne 87,
sontrols the nul i e Sing! IQUBLRCRANIEL I ANS] Ts05801 1h QBT POSeS of
expl anation, an a |t| on I nverter IS shown with an output |ine 89. The
‘advant age to this theredsodesaribeg@nd: claimgy @ﬁdﬁﬁﬁﬁﬁﬁ'ﬁaﬁ%smﬂﬁ BBTused in
the mul tipl exer 53emofY tridhBgEmRhY, pRréfokaly Cinaérnﬁ&ssﬁmbsgﬁulsgsml used,

but this woul requi re considerably nore power. h the arrangenent as
shown in Figure 8, the output fromthe_lnvert_ers w|II remain in the sane
state until one of the hit lines drops in potential. Wen that occurs,
only a single output line will drop in potential, permtting the .30

mul ti pl exer to select the correct word. 19 The present application has
been divi ded out of our copending U K ‘Patent Application No. 8519991 in
whi ch there is described and claimed address translation units for




" | 5 CLAIMS. 1.
menory nmanagenent, partlcularly in a n1croprocessor system’
A con?ent addressabl e menory (CAM conprising: (a) a plurality of buffers,

eac rece|V|ng first signals and providing said first signals and
 segbniN\si gnal s, said second signals being: conpl ement s of sald 5 first
sifgnal s{\ (b) a plurality of general |y paral |¥ airs of -lines; each pair
bgi ng £€pupl ed to receive one of said first | s and one of said second
.shgnad y 0 (c) a plurality. of nenory cells coupled between each pair of™
i I d cells being arranged in rows NG IIy per pendi cul ar to sald
pali f/lines; 15 = (d) a plurali ~row.conparator |ines, one.
assoctat ed mnth each of said rows. of cells; (e) a plurality of conparators

one for coupling between man@faoaaeggama%fnoeyl ) dpgfefest i ve pait of

lines and 200 - one o ai d. row onparators arators for
conparing a binary statL i@oPMﬁ}ﬁ ¥ AfdbrEfarsy eadh for meceivimgf first and

second signal s, - eactignblsaind piavialing )Sa@ﬁ FiGERAEHALS Rl Sbaigsabl ed when

bot ained at_a certarn binary - B
State oach 25 | Sisfeisy §EEp ko ‘?flgf‘ajc%_ 451 BSER 5 ARG ) 2 111

tr.ansi stor coilpl ed fiish slannal$; rst line

_ (b) a plurality of generally parallel pairs of lines,
'each pair being coupled to receive one of said first s1gnals
. _ and one of said second signals;
10 - o '
(c) a plurality of memory cells coupled between each
pair of lines, said cells being arranged in rows generally
perpendicular to said pairs of lines;

‘15 o (d) a plurality of Tow comparator lines, one associated
-j.w1th each of said rows of cells*

(e) a plurality of comparators one for coupling between
each of said memory cells, its respective pair of lines and
20 one of said row comparators lines, said comparators for _
comparing:a binary staterstored on said memory cell with
said first and second Signals, each of said'plurality of

comparators being disabled when its respective pairs of o \-(

lines are both maintained at a certain binary state, each
25 of said plurality of- comparators compr151ng' .
| i) a first transistor coupled with said first line
for receiving said first signal; _
1ii) a second transistor coupled with a first node
_ of said memory cell for receiving the binary state of
30 ' said first node; _ :

' ) -1ii) a third transistor coupled with said second line

" for receiving said second signal; |
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for receiving said first signal; ii) a second transistor coupled with a
first node. of said nenory cell for receiving the binary state of 30

said first pode; iii) a third transistor coupled wth said second line for
receiving said second signal; iv) a fourth transistor coupled with g
second node of said menory cell for recgiving the binary state of said *
second node; 5 : (f) loading for |oading data from said pairs

of lifies to said cells; (g) preset neans coupled with a first of sai d. row
conparator lines for bringing said first row conparator, 10 line'to
first binary state. 2. TH«‘!\?(BA%P% %B%Psdﬁ Qﬁ_:&gﬁgflﬁ%&rbians%%”& r ow
aOWDaF ator : i SGS are preﬂdmrqﬁttaliﬂnmnr%&ell f‘or3recei-17|in|&g @HF’I lﬁlﬁi‘air?ed by
.Caim2 including a storgge_nmemry which copprises a plurality- of sections
and .wherein data is accé%%%ﬁ %ﬁ%ﬁ%?éﬁggﬁgp9&$h.all of said sections and an
out put from one of said sections being selected through said row lines. 20 -
4. The CAM defi ned by Ghai Iy i t &ct 0L S .C : o
predeterm ne_dgﬁunber of ga)lggérdgv'?/bpﬁérﬁgg F%alggét(r}@beé%oar'gyﬁo%g%ae%salgﬁ% OV\f;kli ch
one of said predet eddnRedheabdicedisil i nes remains charged. _

'(g) preset means coupled with a first of said row
‘comparator lines for bringing said first row. comparator
10 line to a first binary state.

W, 2. The CAM defined by Claim 1 wherein Said-row comparator
lines are precharged lines. |

15 - 3. The CAM defined by Claim 2'including a storage memory
' which comprises a plurality of Sections and wherein data
is accessed simultaneously in all of said sections and an
output from one of said sections being selected through
said row lines. | '
20
' 4, The CAM defined by Claim 3 including detectors
" coupled to a predetermined number of said row lines, said
detectors for sensihg which one of said predetérmined '
- number of lines remains charged.
25 ) . _'
5. The CAM defimed by Claim 4 wherein said selection of
- said output from one of said sebtibns is made by said
detectors. - - '
30 - 6. A content addressable memory (CAM) as claimed.in
Claim-l, including detector means for detecting the binary
" state on said plurality of row comparator lines, said
. detector means being coupled to receive signals on a
~ selected set of said row comparator lines, said detector
- . 35  means having a NOR gate coupled with a first of said row

' LN DL



25 5. The - CAM deflned by Cla|n14 mhereln sai d selectlon of said output

“fromone of said sectlons is made by said detectors. 30 - - 6. A cont ent
addr essabl e nmenory. (CAM as clained in_Claiml, |ncluding det ect or. means: ’
for .detecting the binary state on sai rality of row conparator |ines,

~ safyd delegtor neans beiing coupled to r |ve signal s: on .a sel ected set of

'sgl g’r oy cponparator.|ines, said detector - means haV|ng a NOR gat g4
cqupl e \h a first of said.cow to l i ne ai d detector neans
fuft ey Wavi ng a mﬂ@@ﬁ?&%&&ﬁ?%dsa}$$38@0ﬂ%ﬁ%f %‘?ﬁﬁ *E8npar at or

lines and an output of said’ NOR gate.
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