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Druckexemplar 
THIS SHEET HAS BEEN 

REPLACED 

1 

. . 
Th• in~ention"reiataa q•nat'ally ~o tba ;ra~action of· 

important ar adc:i~al daC. in M~l'Y davice•, •Jf r•lataa · .. 

;--e1eu1ar?yt \a p~a~ectiGh of •U~A d•'• ia·•o•t•'• .. ~a: .. 
When 1mpo:rt:.ant 7nfanaat!on la at~racl 1n a ~af'\l~er· 

1yst•• it·i• ca1111Dnplac• t.o pcavid• security a9ainsi lo•• ·of •a.e . . . . 
ar all of 'th•. infan.tiaa, fal' exuple ~y QJc.inq a b;lc;skus( c:apy "C)f 

tts.. infoi:ma.tion. In Hae ayac:eu, hvvever, th• .iri.fanat.ian H 

•~arad in \he aysc:em i• vh~t aust b• capable of ~in9 r•liad 

up~n, and~ Cheorat1cal feasibility of ~•lyin1 on ~~c=ku,•,is.o( 

linl' ~r no val.u. Al\ exaapla Df au= a •Y•U. i~ the 
alactranic.pDSCa,,• ••~er, i.n whicb tb9 ••aunt af poa~ag• . . . 
available for'printiD9.1• atared 1~ a nonvolat11a •maary •. The· . 
usai ~~ould.not ate a~l• ta efface th• stared paata;a-data in any 

I I .·" t. 

vay otb•r tban redaic:1n; it (~ printin; poataqe) or incraaa~ng..~: . . ' . . . . . 

(by •utboriz•d r•••t~int &ctiviti~•>· So•• 'ift9l~ ·~•r•d. · · 
location musc,~•ce•••r~lr be ••liad upon by all·p·~~i•• (th•·· . 
cu•~o•er, tn• po~tal ·~~1oe, and th• p~ovid•~ of th• .. c.~) .•• · . . 
tb• ~ala cletar•in&ftt of th• valu• at t:be amou.nt of. p~taci~·· 

...... ,_....., 

availabl• tor printLn9. In ·~·c~rohic posta;a •itars 'th•t'.•~nRl• ·. 

ata~ed lo~atian i• th• sa~ure pby11ca1 hcusint of :th•.••ter 

. .. 
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itself, W~thln tbe ••cure houlil\Cf one or mare 1~••• a~ do~& in 
I 

Dne or •ora nonvolatile •••Oriea ae~va ~Q de~araine t~e amount C~ 

pos,aqe ~vailebl• foe printinq. 

!xperi•nc• with modern•day •r•t•m• emplayitlq'p~oc•~~ors . ·' 
shows that it is advantaqeou• to 9uArd 1;ainst the possibility of · .. . . " ' . . . 

·. 

1 proc•••or rYnnin9 ••ok, Generally 1 pracas~ar i1.~p•e'•~ to 

exac:uta .. its •toud p:ra9ra11 anct lt. is aasumad the stored pra9ra:::1 
o • o Io 

co~tains ~o protramain9 errors. Und•r rare cira"*9t1~ce~, · 

howaver, • p~oc•saor 11&Y co111U1nc• •x•CQtin9 •o•et:hiri;' othar·tban. 

th• •t:ar.d pro;t-am, auch as da~a .. Undar o~er- raz::• -circuma'u.nc:ea . . 
th~ proGassar, even tnouqh 1C may b• exaC1.itin9 th~ ata~•d 

pra9r••· nanatb•l••• beb•v•• i"c:orractly due to tb• incorz•c~ 

contanu of a )racaso~ r99iatar· or a ... cary locatiion. Tb• · 

tonar •Y ~cur it, for exaapl•, tb• ina-truction pointer ar 

pr~9ra• counter of th• proG•••or chan;•• a bit 4u• ta, ••Y· · . •' 

absorp~ian of a coaic rily. na lattar .. y acour if tbe·cont,lant:s' 

of ~e proc•••ar r81Ji•t•r. or .. 11ary lacati•" are ohan;•d bY that 

or ·ot:b•r ••ab•ftisa&& 

.In pHpatia t•ru it i• not poadbl• ta p.rova th• 

. c:arrect~•H of a •tarad pH9raa; tutini and dabu;qi:nr;r of ··the 
p~l:)CJram ••~• at b••' to rai•• to ~ relatively biqh 'iave~ (~ut . . 
not to cartainty) tba des19nar'• confidence ln the corr•ct.n••• of 

th• cod•. Mqn•th•l•••.•n unfor••••"·ao~J.Aation ot int•rnal · 

•tat.M, or an untor•••en ••1: ef 1nput:a, u1 b•en know~ ~o cause.a 

~·· ~ac wa• tbauqht ·t:o be fully dal:lu9qed to proca9d 

•~oneously. 

ror all thas•.r•aaon• in •Y•teaa wh•~• cruci-_~ dat~ &r• 

stor•d in what i1 necassarily a •inol• location \U\da~;can~l oi 

a pt'OC•••ar rgnnincJ & atarad provraa~ ~t ia hi9bly d••i~able tb· 
provid• W&1S ~D dete~ 1·proce1sar runninq amok •nd tq r•~UC8 tC 
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a •lni•u• ine lik•lihOOd 'of the proc•••or•s nar•1n9 ch• gr~cial 

daea. ln th• parcicul•~ ~••• ot • pa•tac;re ••ter, it 1• d ... itAbl• 

that th• ••auht of paataq• ~v•ilabl• ror princ.inq. ·~1.a·c~l1ed . . 
ch• desc•nd1n9 r•9i•tar, b• reco~erable.by an autharize~ 

techn1=i•n ev~n it.th• •Y•t .. 1• caap1acely inop•~a~ie from t~•. . ' , ' 

~ua~ome:r::'• po.Lnt of vhw, .v•n aftal' any of • wide nnqe· _of· 

posaible p=oaas•ar ••lf\UICt1ana. 

Nu .. ;-o~ uasU,~• uv. bean attempted ·t,o pr-otec:t." . 
crucial ~ta in suc:A •Y•t•:ita •• po1,a9• matara. In a systa•· 

~~inq an add_l'•a• 4•~·~ providln; selection ou~~~t• to't~a." 
~•rious •emory dev~c .. ·in ~· •Y•t••• 1t i• kncwn:to-110nitoi &11 . . . ' . 
tba ••l•at1Dn oucp~t• of th• addr••• dacOdar, and'to-pa.r*~t.tb• " . . 
pracasaor•• write. 1tia~e &a reacb aerta.tra af th• ..-ory devi~•• 

on1y·if (•) tn. addreu· clecir;idar ha• .. lu'lecl •n• o~ ibe:c:e°R•in 

MllOzy d•Yia .. ,. and (b) U• ..... deaOll~ •• l)C:t., H1.~C~d UV 

.... rf device GtbQ" ~UI. 'tba C•rtain uaory UVilO!~ • 

· .In autller •Y•ta 11av:1.nv. an adclru1 :dllCOd•~· provicl~V · 

••lact1an output• io th• variou• amiory daviaea iii' the.syataa, ic 

i~ lenawn t.a Mnitor tlW .s!'l•c:tian outputs ·assoo!at:e~ :w1t~ .~a~·taiA 

at_tb~ ••or)' uvloes, &Dd to'tak:• a pzi.Seuratned act1an·1t •ny 

of th• •al•nian outputs i• 11lect•d far lontu .•h•I\.• 
P~•~•tarained 1ncarYa1 of tiaa. 'l'b• pr•data~i~ed·•c:tion ·1• tq 

int..~pt·tb• wrtta stro~• and ••laction output• to th• c~t·~~ 

at the ~ry devices. 

Althouqh tb•••.approacb•• i•olaie 'CA• ae~taln a~110iy. 

. devicea Ctip1callf th• davi~•• cont•lnih; Ch• aziuoial po•~•;• . 

datal· upon oc:au~renC:a of •oma cate;or1•• of malrunctio~, tb•~ do . . . 
. little ozr notht.n9 t.o ~ th• ul!un.ction when ic b ca~ed· by· .a · . . . 
. pr~••~ :r1Wli.ri9 ••ale. That is, it ia i.111-port.an~ t~ .dlstiniJuh~ 
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·••lfunct~an of 1 p~aeassot or other sy1t1m ccmpanent. Si•Pt•' 
' pby•~~-~ .. llUJtetion can l:Mt quit• r•r• it ~ans•rva~ive d••i9n 

•~andards •r• ~allowad and if the 1ystam is used 1n rata~.a~Diant 
. . . 

conditions, so tha~ th• fr•quency ~f acGur~•nca Of·mu~h phy•ic~l · 

malfuriGt.icin• can b• lo\r. But •any o:t th• abova-mant.l.an.d faU\.l.tia · 

·~•• ar~ not of a lo•tincJ ~hysical na~ur• and, if ap~~op~iat•i~ 

cleared, need not 9iva ris• to pa'1!1anent lo•• of fu~ctionaitty. . . ' •' 

·I~ i• 1lao well-known t~ provid• ~~atc:hd•9~~~ir~~t~ i~ 
caaput~"1~•~ syatau. In auc:h • ay•t9!'1 th• cede .•~~t•cl by ;th.~· 

. proc•••oi t~lud••' p•rLoclic is1uanc• of a.vatchda.v 1i;na1 w~1~b ,. . .. . 
••"'°••·ta clear• ~·tc~da9 circui~• lf an ex~•ive·t~•• pa&.sa, 

•' .' 

.Vitbaut·~ec•i~t of th• wa~ohd09 •i~l, tK•·~atcbdoq·~ircu1c' . . . . 
talc•• pro~•ctiv. •Rtan •uch. •• llbutt'int =~ th• sy._Cii~ o.~. · .' 

r••~ttift9 .th• .PrD~•••or. '1'h9 latter •ction haa th• ad¥anta9a 

that 1\ may r••tar• no~l proc•••ar func~ian if, for ~x;pap~*• . . . 

'I • . 

~· aalfWM:t1on vaa du' ta a •siurtaua chanp ·J.n Ch•· va~"~ o'. tb• : . . 
lnst:nactian pointer or pra;••• counter~ · •~t th• vatc:hd09 ~i-rcui~ . . . 
only tri;;a~• lfter'the paa•afe of• pra4•Cermihe4.~~~arva1, and 

I I I • 

pr.acacsor ulfunction c.cH&ld =ncai.velr altar Cl'UC1i1l.'~~t•. d~~in; 

the pr•4•t81"11i~ed intarY•l and p~ior ~o·a Wa~i;hdoq-in~ca~.resat: 
... 

It ~•~ld be aao~t de•ir•bl• ~f crucial data ~outd enjoy~•~• . 
• • I ,•' '"J I 

co•prebena1ve •afe;uard1 aqaJ.nst proGasao~ a&lfunc~i~n. with tb• ... 
nt~parda iapl•unted J.n auc:h • way •• ta p•>:•i~. r~a.&ataCJ.q of 

arop~r procaasor tunction 1f po••ibla. 

In acao~d•nc• vit.h th•· invention ~b~r• r •. ,~yid,lld a 

comp'llt•r sys.t•, fv''.aalb ia poata9• ••~•r •Y~t•••. ea~~i•.1nv: • 
prac•ssor'(CPU) ~av1n9 •writ• ~trobe output and addr••• o~ipg~• . . .. 
1n~.•~•cutiJU1 a storad ·p~o9r1m, a .. •ory havinq 1 ••l•;~~on lnput · 

' . 

•' 

• :a. 
'41·-
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.. ·. 
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. and i11 ws:iu stro" i11put, and an' &ddrH•'"C:lec1:1cU.n9 '1141•n•· tor 
• 

, . 

provid1nq a .~election ·~9nal to th• ••l•ct~on lnput·ot th•.••mary . 

in r••ponse ~a.asaaelated addr••• a~tputs frt)• ·th• procesaar, 'tbe · . . . 
ao~pucar •Y•t•• includi~q a ~indow •eans com,risiftq lat~h ••~n8 

" i •• • 

res~~nsiv,·~ a 1ettin9 si9nal an~ a clearin9 si9ri&l
0 

f~IHI Ch~ i . . . 
proc•••or tor a,uplin'9 ch~ wri•• sirobe·~u~put of tb• p~~cessor 

vit~ th• wriie strobe input of the a••~~Y vh•n ~~ -latcb·•••n• :i• 
"' ' I I "• "' 

:••t by the ••ttinq·•iqh•l. and lo~ daco~pl~ftfJ th• wr1~·~cra~e ·::. 1 

. output of th• proc1Har fro• th• 'li{rite •trabe :i.npu~ o.t ~ ... ~~r1· :. 
when the b~ch •Hn• im ci.az·ecl by the cl•arinv . .'•i;nal, aJMS. · • · 

counc•~ •••n• r••ponalv• to ~· ••ttinq 1i;nai •nc1 ~ e1earln9: 

·•1Qnal fra• tha proc•••°' !or ~~artinq a c~w-a~•~·\llJOft ~•oalp~·of 
~· sattin; ai;nal, !or ~l••riftq t::b• caun~r upon.~ecerp~ of·~n~ 

!' 

·.·. 

' claari~ •19nal, and for 1ntezo~Qpt1n;·~be P~••~aar in tta• ~vent. ·' .... 
af the counter reacb1n9 ~ p~•detar111ined thr•sha14~ 

\' 

·. 

fi9s. 1, 2, a"d 3 •r• functional bloc~.dia~r•••.of . . 
.. 

ri;. 4 i•.• functia~al block dia;ra• of a ~nory 
' h 

·~~essin; 1ya~ea accordi~q ta th•. inventianr 1ncl~41nq a. vin(ow: . 
71;. 5 1• a fUnc~ion.1 blocJc 4i•9l"•• o~ ~b• win40v 

ci~1t of ri~. '· 
Like •l•••nta 1n 'the $19ur•• b&ve, wher, p~•ible, ~~·~ 

~hOWh ~ith like ~•f•~•nc•.d••i;nations. 
,. 

- 5 

I .. 

'. 

'~-
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In "h• ~ypl.cal prior 1rt •••o~y addra11~n9 •y•t•~:ot 
ri9. 1, a proc•••o~ 10 is capabl• ar w~itin9 d•t• to l!Nt•ar1 
devlc•• 11, 12. and 13 by •••na of a •Y•~•• bu• ·1,,'af ~Wicb . . addr••• bu& 14 and wri~• ·~robe line 15 •~• •Ao~n.· soma of the 

t , • • •ddre•s l+n•• Of addr,1a ~- 14 &re p~ovidad to a conv•~Cian•l 
addr••• ~eco~1r 16, the•• so-called •bi9b-orr::lar" address ·lin•• 1 ~ 

I • • 

&re •hown 11 the hi;h- ord•r P"'tian 17 of th• addraH .&qa. :'?ha· 
ao•callad "li:1w•ordar11 ponion 18 of tb• adClHH. bu• 14 .b ·· 

·' proyid•d to ... ory davi~~· 11~ ll, •nd·ll, and to o~h·~ ~•vi~•• 
•. 

Far cla~i~y th• ~ta ~1nes 
I o I \ I 

and other cantrol Una• ot tbe •Y•t.. bus .LI · u•e 011t1 t~lld f~,na 
Fiq. 1, •• •r• ~- Other d•Vi~as on ~ •Y••••. ltus, SUCb ••.. . . . ··" . k•yboard, ~1•play, ~.ad-only aa.ory and p~~~ter. . .. %n riv. i Qli 11r1q atroba aic;nal :ram th• pr.oq••sor 10 

·is. provided .,- •. U.u i.~ \o eh• Writ:•. •tratae input& .~1. :.z~ ~ l3· :,,f . . . 
th• ••mary devic•• 11, 12, and ll raapact1valy. H"1'0ry.4e~~~· ... 
. •~lectian •i;~al• ara p~ovidad ~Y ••lace 11n•• 20 runni.nq fra• 
·th•·•dclr•s• dacCldar 11 to •chip enable• in.IN.ta ot th-. ... or~· 
devia••· ro~ ex&Japla, ••l•c~ lin•• 31, 32,"an4 33 ~~aviaa 
reapeatiY8 select &i9nala to COrrasppndift'J Chip •nab1~ i~pUt~·41,, 
43, and 43 of tba aaaory davic•• 11, 12, •nd 13, raspactivaly. 

A line 34 fra• acldJr•H tlecadar it 11 incfica"tiva · · : . . 
91n~rally that the add.f••• deco~•r ••la~ oiaar .•••OZ'\' d•~1~••· . : . " '" than ~ .. aovn axpUoitly in Fi9. 1. ·such ... o~ d•vic•I!· 
typically ia:ic:l\lde · aCM (read .. only· aamary)', ucl .. Jl!!.O~~~~Pt»~ ·· · 
:Lnpu.t/ou.tp\i~ ISev.Lca• sqGJl a• a Jcayboari, a display, ·a pdhC•~· ' . 
•Jtd d.L•c:ret• input/cn1tp"t l•t!=h••. · · · 

It vUl !ta natad Chat 1n the S)'8t8a af l'iCJ.- 1 th•: w~.i :+ 
' . . 1~robli ·siqnal 1• prov1ded·ta •ll'~amary.dev!ees, includ~nq, l~, · 

- ' -

.. 

.. 

· . 

.• 

• .. 
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12, and 13 1 vhan•ver ••••rt•d on lln• 15 by tWe proc•11ar io. ·If 

the proc•••or 10 were •i•~•h&vinq sariou•l¥ C•• di•~in9qished . ' ' 
' .• 

fro• the ca•• ot a pracaasor or other •Y•t•• ccmpo~e~t.~ailinq. 1n 

a phy•ical, panaan•~t ~~VJ ~h•,proc••~or io cou1d:~rov~d• 

•ddresaes on i;h• •dd.r••• bu• 14 that var• meanin;tul to tb• . ... .. 

.. 
•. 

.. . addra&~ deca~ar U, en&.blinq one or anoth•.r. of Mi.cry d,av.i.cH u.·; . 

... 

•'. 

~-

., 

. . . . •"' 

u, and u frmi time to time. u tb• write •tr~bti •i~~~l pf ··un; 
15 w~•'ass~rt.ad durinq one of th• period• of enabi~m'n~. dl.,~· 
contant.s of aoae Ot' all Of tb~ 1118110ry devicai U., 'i2 1• and 1,l .' 

" • " • I 

~ould be loat. Jn "21• ca•• of a pqa'4a;e •ater, ~~ dasc~ndiiifi. 

re9i~tar ~antant• could be lo•t, & aa~car of_ ;rea~·~nc:•rn 1or 

~o~h the po~tAl patron ~nd th• pof1:.al ~~vica. 

... 

Fig. 2 sbow• • known p~ior •J"t. •Y•~~ tor ~~-n~~n9 tb• . . ! • 

pr:atection af. · HlactM mnory devices, auch, •• dav1c:••· 12 and. U.,· .. · 
I •• • • o 

U•• of such- a·sy•t•• ai;bt . . 
be pra'liptad lay the prH•nca, in -.,ory cl&vicu 12 and, il, o"t. . · .. 

I " I I I 14' "'•",I 

iaponant •postal data SUc::h as desc:anrU.ft9 Hc;~st:At'. dlta: . , %ta" •l.ICA '. 
' . 

• c••• •••a~y davic•• 12 and 1J may 1'e nonvalatil~ -~1-~. 
Wbil•.•••a.y device 11 continua• to.recaiv• ill• w~ite.•1:.t'otaa: . . 
sJ.9nal of line 11, jun a• .\n Fig. ~' it wU.1 be nat•il th~~"t.ba 

~cial -.a•or'y clavicas U and ll r•i=eiva a gatac& •i9n•i· u at. 
I " f I I 

: . 

. 
. 20 Of •ddr•H dacad•t- 16 &:"• COMec:t:.ed ta .r.••P•=lY• ~maa:t:Y. . . 'A' . .. ,_ ....... 
. davieu. u in Fit• lo '1".b• ay&tea at Fi;., 2. dU!ars,· hav~ver,. ·in 

I I I o • 

:that the ••lection outputs 20 are also provid•~ to ~ui~ijl••inpui 

AND 9ata 61, Tb4J 18laation lin•• 32 and 3:1 tc:1~ the oru~id ·· .. 
... ory devices 13 and i~, ~••p•cti'Vely, •r• OKad at.a' g~t~: '' and 

' . . . 
provided diract.1r to ttae AHO tat• •1. Th• ~ena1n1ncJ"••~·~~1on · .. 
line• fra• the addr••• decc~er 1' are each inv~r~•d· ~y inv•~t•r• .. ' 

.. 7 -

' . 
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67 and 69, 1a sho~n in Fi9. 2, •nd provided to the AJID 9ata 61. . . 
The •ddre .. d'coder 16 of Fi;. 2 !:liff'ers fron many typica·l 

1ddr••• deceders 11 •~ch A• sbo~n in Fi;. l in that ev•~ 
'I • • • • • . . 

poasil:lla •dtll"ss• of tb• hiqh•or.dez:o add~~·· bus 17 ii 'd.•a'o1U1d ai .. · 

Oft• ar Anothei- at t.he ••l•ctian ,output• 20, :z:f n•-c•11ary,' .a· 

· "~one•of-the-•bova" ••l•c~ion. a~tput is provided t.a ~·~~pnd to . . 
address•• havin; no int&nd~ physieAl count.•rp•r~ in t.be ~r·~·~ · . . . 
d•si9n,· ":hi J:a&ult 19 that th•· 'nLJIUeZ' oe Hl.acti:on OUq,\lijS :10 . . . . .· 
ac:tiv• at any ;iven •oaent i• exactly on•, no 1'Qra and'.no fever. 

It will be appr•clated that the output 6l or .A.NQ";at• .. 
U i9 hi;n l:t C'll) OM o( 'th• «Uclal II.I.Ory daYiCH•.ia. 1 se~•C~9d 

·~ Cbl ~one of the athar •••aEY 4av1ce1 11 ••l•c~•d.: s191'\al .12 

.. 
.. 

.. 
,• 

· .,Ls an• a:t tva inpuu to UD CJ•ta '21 th• oth•r 1a th.• ·w~h• .. 

•t:rob• dqnal of UM 15. Tb.a cncial :.iamary ~•via .. ·,: thari, · 
. . . 

rM:•iv• write •traba si9nal• only whan on• !Ir another· of the. 
• 

I' I • 

cr~cia1 aamaiy.davica• ia currently bein9 ••laC~IJd by.the addzt••s 

decoder u. '• . .. 
' • I • 

••chani~•l d•Ceet, th• •Y•t .. o~ F19. 2 ort•r• no pro~actio~ of . .: ... 
czia~ial daia t>eyond tbat at r1q. 1. A1aumln9, for examp~-~ that. 

th. addr••• dacad'r 16. ancl the •ddr••• ba1 ·1~ and 17 ·~• · ... 
.. 1~etrica11y intact., than th• 9ate1 11 &lid '~ have no •ft•ct. 
The vat .. t.1 and 12 only serve \o ~loc:k write at:ri;b• i~P\1'=• ·•C 2Z 

'. 

•.nd ~3 ~hicll "ould ln a17:y ev•nt. b• i9nor.cl by .. llOl'Y ••via•~· u .. \ ~ 

and 13 b•aause ot tb•·~ack of •••~r~ecl ••lection 1i9nala an lin•~ I=· o • o " I °' . . 
3~ and ~J. St.at•d differantly, • proaasaor io •1sbtlhavinq . . , .. 
sedou•ly in a systa ot r19. 1 that 1a el•at~iaall}' "•o\IJ'Ml ~il·l 

be capable of dea~royinq data in.the crucial •••o'lj' devi~al 

sillJllY by pr•san~~n9 ~h•ir •ddres~•• on the addr ... ~~· ·14~ :Who~ 

th• proee•s~r 1a p~es•ntm a ~•lid acldres• on tn• addr••a ~u• 1~. 

- a·:·· 

.. 
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tne oorr1apo~int ••lectian line. for •xa~pl• lin• l1. will ~~ 
• • 

••••~tlld·and ~111 b• rac•iv•d •t th• ~hip-•nabla.Lnpu~ 42·ot 
• • I I 

111eiaary devic:e 12· •. Lik•wb•, t1'• a ·~ra_,• •i.qnAl 
0

01\ i.1n• •o. wUl 

. •• ••d• •;.iodla·bla to th• vr.lrt• •t.r:;ob•" input :u af· !llemory "d•~ic• 

u. Th~.poaaible t-Hult ia 11;1 .. Gi: duaq1 ta th• c~l\~nts of. 

!Mlaary devic• 12. 

Fi,. l s~owa •nat~er priar-art syacea intend.a~ to' 
. 

protect da~a in arucial •••o~y davi~••· say ••aary ~evi~•• lZ and 
• • I I 

1J. In the •v•t•• ot ri;. 3, th• proeasaor 10. acldr•~• bqa 14· 

and 17, •nd addr••• dacadar l& are •• in Fi;. 1.· M!Uieiry ~•vie~ 

u, "b1cn 1• no~ a c:nc1al .. .o~ device, raeeiva• tha nita . 
I I •• I I 

•~a~•.•1;nal of i1n• 11.•1rac~1y, ••in r1v. i. 1n,·r•c:°aive•· ita· 

co~r•SPOftdift9 Hl•i;t..i.Oft 819na1 l1 diractiy, a~sa as in .Fig.' 1 •. · ... 
c:rucial •••ory d~Ya.ces J.Z and 1J, bO\reY•~, do nee . · 

~aceiv• ••l~io~ •iwn•l• or ~h• "E'ite ·~~ab•·•i;n•~·4ir•~~iy. . . 
Inat.aad, AND 1at.•• Sl, s:a, and 5l u• .provided, l:lloc:Jdl\9 tile.' 

••l•~1on si;nals la &nd·ll ~th• writ• •trob• •191'•1 Qf. lin• . . . 
~5 under oi~u .. tanee• which will IU'•••n•ly b~ d•sc:1be4. 

·ia th• •Y•~•• Qf 119. l, th• ••l•ctian CN~put• fo~:tb• 
' • • 'II •• 

cl\l.ciai me.m.ory dav1c:u (~u., ••lection •iqnals lZ a,,d U) ·•I'•: . . .. . 
,Provided ta • NOR fat• 54. Mo•t at th• t!.M the proc:esaor· 10 b 

n.ot a~t•iqa~in9 aGa••• ta th• en&~ial aeacry d•~ic•• lZ and ll, 

and so ••l•ct •i9n&l&l~. ·~ ll ra.-in unassar,ad (h•~e. aasum~~ 

to be• lcv 1091~ laval)J ••a ~••ult the outp~t 55 of 'at• .5,. 
·:· 

i~ Mi;h. ~h'8 clear• co~t•~ 11. 

At •uch time a• th• proc:•••ar 10 at~emp~s ,to. read froa 

a~ ~rite to aiibar of ~· aruGi&l •••ory devl~•• 12 or ll, a · . . . 
ca~raapond~~ one of the ••l•ction lin•• 32 o~ 33 is a•a•~~~. 

o~t.put SI of'q&t• 54 9a•• low, and counter 5' is a~~· ~o beqin 

aa&&.ntinq. 

-. -
.. 

,· 

.· .. 

.. 

. ... 
\~-
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REPLACED 

Fdl.ur• :iodH ue pOHibl.• i.n wbic:h an ad,dnH l.i..n'• l2 

or l.l ••r c:ontinue to be oHer~ed .:1:n:· SQ•• lenqthy 57•riod af 

'~~~~· ror ·~ample. a '•aebanieAl defec~ in tha AddtOSS b\ls ·t4' and 

l'.· in th• 1ddr .. a d•~ad•r:' u, qC"" in th.e ..,iri.nq of Hn••· u·. '3:z, . . ' 
ll, and ,l4, ••Y qive ~i•• to cantinued sal•c:tion af • cr~~i&.l 

~•;:iory d~vic:e 1-2 Ot' ll.. A eonse'quence af 11\ich· a ••c:;hanic:Al · . 

det.•c;t could .b• •.write .in1t:t'Uct:.ion from tb1 pt'Oc•.J•o~ .io Uiac_· is : 

illtt1nd1d fol', say, me111oey ~•Vice 11, b"t:: wl\icn, duti t~ ~h• ·. 

m•chan~c&l aaltun~~io~. would aau•• •Chant• in ·~··aont~~ta at 

•••Dry devi~•• 12 or ll'a• well. 

Althgu9b a• :iu•t d••cdbed th•. •Y•t•m of Fiq. l. ot~•J'f. · 

protection •9•ihst·cart,in ••cha~i~l failu~··· it prov-id•• o~ly 
• I p • • 

li~lt•d proteatia~ a9ain•t tb• p~oapect of a proc•••Ol' · . 

ais.enavin9 serious11. As ~ill nov be d••cribad, t~• •Y•ta111 'o.f 

r~;' ~will fail to d•~=~·aaany ac·~ po••t~1• w•~• a.proca••or · . .. . . . . 
ma~ ·~•b•h&ve, ·and vi1l be suaca&~tul a&.Pf'O't&eCil\lf &9ainst.gn1y· 

a p.a'nicular •~an ot ·th• ponibl• "•Y•· of alsbebaviar. 

'l'hase sleilled 1n tbe. an vill appt'ac:b,te ~at •uory· .. 

r•ad and ••ma~y writ• 1n.tz-uationa carriad O\lt on ~··•Y•~•• ~us· ' . . . . 
represent only a portion at •11 t?ie bus act1viti••· .Prior to th•. 

• < 

procaHor•• execut.Lon af' an instruotion forili~ pa.n:ot .t.he 
•tar.,d ,pro9raa, t.he pa:-ocesaor mwit. neaeuadly .n•v• ietch•d. tb• ·. . 

in•tr~otian f~aa a ... ory davlc• on the •Y•Ce• bus •. Fro• th• . . . 

.·. 

.. 

" 

... paiJ\t of view at an a~•erver o! the »us, th• t.at.c:h activity.' b 

•l•~~i~ally v•ry similar to a ••~Pry r••d •~1vity; and •acb 

,_ -
.. 

' . , 

incl.\ldH a •'t.•P of th• pro~•Hoz: 1.0, pi-ovictin; a,.a ad=•••.· on'~· 

aystaa ~·· The addr•s• decoder 1& handle• •••ary ~aad addr••saS: 
t.h• 1&111, w~y it hand.le~ htcn add.nsH~· In • ay•t•• fia~c~~inq ·. ·. . . 
p~operly it i• axp•cced that th• f•tch •dd~••••• will.~aprasen~ . . . " 

tet.tiav~l ot data (i.e. i~t.ruct!o~a tor e~ec:utian) on~y frC111 
•. 

'. 
.. 10 -

.. 
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:rHIS SHEE'F HAS BEEN 
REPLACED 

1ocatioR1 that contain ~•ta, na••ly fro. tn• •••~ry d•YLces 
• contah1inq t.h• aure'Cl pr,aqr•'!'· .In • •v•t.• ,v.n!=tl~in; pr~pet~y .. 

i~ i•·•lsa expected tnat tat~hin9 would n•Y•r ~•k• place.f~O• · 
1• '• 

... 
location• contalninv d.at.a such a~· the d•saancUnq· :;oe9is~.-r·. '. tn .. .. . ... 
~ystH• 1~r;h .as thN• :dimcus .. d hare.in, '!h•it• •••oz:y devic,,a: 12 .. ~· :. · . •. •~d 13 •r~ •••µ•ad te _contain crucial d•t&, 1t·i• exp~~·d-~ha~ .. 
no fatc:binq would take. plac•: fro• the -•o&:Y dav1c: .. 12 .nd u •·. . ·. . ... 
Indeed it 1i1oulcl .not 'be out a:f t.I\• Qrdl.nary far pe~Lod• :ai. u .. to· .. 

pasa in'~hiah fatcho• and iDeaory •C::C:••••• (~i~•i;raadtng,o~ ! • 
• 

'• 

writinCJ) .. ocnrred can th• syst•• bu. mor• ar 'less in ... alternat:ivn. ·· . . ·. 
uncl•c th• norul st•P• of a t:vplr:.al •ta~e4 pro~h (in ·. 

• 
• • •' • I 

•· •Y•t:•• b&Yih'f no ••Cbanical dafect:a) 11: 1• expect-CH -t.--~ · .:• . . ' . . . . . . 
pHcH8!or ia, llhordy atter ini1:iat1nq bu. ac"•s•· ~o ~· .ad.dr~H · .' .. . . 
9iv1ng ris• ta the aaHrt:ion of .•elac~ion line• l2 or··.33 ;." wiU . . . ' . . .. 

·prQcaed to·b~~ ac~····~l•ewh•r• in th• addr••• sp'&ca'of th• 
o o ' I f I 0 o I 

procah'~r.. suoJt ·ms ace••• •1-•whara wo"ll! ., •• au )::na·· c"'nt•r '!IG :. ' I ' I '• 

.. ancl·avert th• decouplint.at 9at•f 51, ·Si, a~d ll. ·· ·· · . . . II 
I • #> 

u one •xampla, th•· eonvant~anal f
0

atqh1~ _;of· ... '. . •' 
. : 

in•tl'tlC:tion• for •x•.:utian may cau•• t.h• addr••• d9c~a~ to 9~c?. ·: 
·~·~~ti~; ••l.aation 11n•• l3 and ll ·and to ••••rt ~~t••d ·t!l•. . .. 

I • "' I o ', • 

.,iac:tian line for Som4t •emary davice containint scored pro91'am. :· • o ' 
I o I I o 

Tbil would be th• usua~ proc••• in a syst.. l•ck1~9 anr. .. 
.. 

.. .. ·. macban~cal daf~ct. Tb~, t•~chinv (at least !ft •:~~~ta~ ~b~t·i• 
frtt• at 1UaCl\•n·1aa1· ctefec:t.J would v•n•r•UY. le••.- ~h~ i::ouni;~r s'1 

r~·~· llGf•. car l•H continuoudy I except. in th• sp•c:.ial' ·c ..... a:t 

: I " 

, __ 
. . .. · .. 

proc•••or malf\l.nCtion Mh•~• tbe in•tru~t.ion poin~•r or p~ag~am· • I I 
I • °' 

' •' I 

COU"ter h&ppanad to paint to I C~ucial mamory. . . . .. . . .. 
·'It wi1~ be. apprmaiated, than, ~a~ in tli~ •Y•n~:a! . . 

.. 11 ... 

. ·. 
!· 

~: ' 
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THIS SHEET HA.S BEEN 
REPLACED 

.• 

to accur o"lY it t~ prace••o~ h•P~•n•d to be fe~ohL~q 
• inst~uctio~• for •xacution. froa th• 1elac:tad .. mary, ,Tn~•'if the 

.·· 

,pr9c:assor 11.!.sbehAYH HrLously, and 1f it haPP,en•:~'?·btt do~nt •ca . .'· . 

~hll• its lNltruc~ion pointer or pro;r1• count•r i~. causinl1 ' ... 
.. . 

in•tructiona (•ctually, data) to be t•tcne~.tra• th• c~"ci•~ data ... . . 
qf one af tl)a 111•11or 1.. 1.2 and 1!1, ~h• c:ountar 56 lilOUld · blo!:~ • 

'i!C:Ces• to t.ne cruc:ial Mll!Ol'Y d~vic:e attar tba· P~•••ci- of a··pr--.et. · . . . 
,• 

ui:na intaL"Val. .• . 

'• 

~n th• •ore g1m,ral r:.ase, however, .af a··pr~c~11sor .. 

•isbahavin9 ,HrS.ausly vh~ ~ts i~truceion p~int•r ~r ·~a~~·!l· : 
counta~ ~au•~nv instru~iona tO o. f•~~had from a ·~~ da,ica 

'• 

" \, .. . , . 
.other than t.h• c:rucLll data, tb• countar H wou.ict ''b .. '.JMl!l'iod.t:i::,._Hy 

' .. ' : . . . .. . 
cle&Jj'ad, brintinv •n •nd to any blaeldncJ of •C11a••a (»· p.t•• 51) · · 

I I I " I • 

52, and 5~) to ·th• c::ruaial ·~llar)f. davic•. 121 •umaz:r.; · t!uu191'i ·tn• . . . , ' . 
1y1t••:o: ,1!19. l proca~t• 119Ainst •0111• -.chanical f'.dlurH:. ;lt · . 
do•• not ca-.prlhensi~•lY p~at•~~ aciain•t. th• potenfj,l·pro~~em.·af 
a pioc•••or •i•~•havil\9 aerioaaly, . . 

'l'Qtnin9 nav to Fi.9. 4, a .l;ilocJc. dia~a. ~hows' 1. sy~t;~ ·· · 

.. . . 

... 
o(: a~ e.UO~iaal\t of tba invQtion~ Proce&•ar 10 pro~.i~•• ~ddtte .. , ·. 

1.L9nd.• to tb• addrua )I~ 14. ·~ to the a4cSr•H d~c~dar' 1f:· ·~~•t. =·.: .· . 
. .. 

·~ ~~ th• •r•t~• vf 1i9. l.. Tb• muoey davi:c•• 1;i.., 12, .. u •l.:l. ·= • 

r•~•iv• re~p•~ive selection •19nal• fraa ihe a~r~•·d~~~•r 16. 
j~st as in°tha systa• of ri;. 1 •. Memory davic• ll ra~eivas t~e . . . 

. , 

writ• •ircm. 1i'91ld of l.ln• 15 ...- in the •Y•"t• of .,_19. 1. . : . . . ., .. -. 
cruaial ••~ry dav1a•• 12 and 1~, however, r•~i!• ~~ta ·at· .. 

. ' . 
thei~ write •trob• input• 32 and Zl nae fram·1ine'15 but traa a 

,, . . . 
window ~i~cuit ~o. Window circuit 70 receiv•~ request9 tr~~\fte 
pioocaasor 10 by 1,/0 port transacti.ons or, prafa:ra~;i', by .. m•q~~·­

aapp•d I/a tranaact1on•. ln th• latter •~rancJament ~ ~·l•cticn· •·. . . . . . . . 
si91'al 35 f~"addreSf deaoaa~ 16 11 provided to tHe v.Lndow' 

•, 

• 12 

.. 

-· 
. . · . 

,.. 
"•' 
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REPLACED ' 

c:irii:ui~ 70, _and pr1t•r.ibly 1t also racei·11a low-ordar &ddr••• 

b~cs from 1ow-Grder address bus 11. 

In Fiq. '· d•pic~in9 t~• vi~ow circYi~, ·~ oucpu~ I~ 
of 1Uch 80 .i• nonllly low. The narlllally-lO'I •!:ace. of• Un• ,·, ... 
tul"n1 atf H AND qatl. 11 llO that. a writ• 1.:.~abe ~19i,a.1 72 ·'toi- the 

•••ory 12 is unassertect. With the line 16, lov1 tll• wrt~ •. s~ro~, 
siqnal of l~n• 15 does not .ti.ve any •ft~ct ~n th• oucp~t 12. of · . 
t~• · windaw cb·c:~it 70.. ror dllilar reasan11 •n o'itput. n ~· alsb · 

' .. 
Wh•n Un• 86 and • corresponclin9 line H uil bOth iow, · .. 

vn1ch 1• typicallr ao•~ of th• ti~•. 1 pair of c:a11ntat"f. ''· tl " . . . ' . 
&fl gont.iftUOUSly Glaar•d• Ou~puta 87 Ind t7 of· the aount.•~· 8.3t 

'3 Ar• thus both low, sa tbat an OR tat• 85 hH a. lQW:.ou.~pµ't ;1.: .. 
The p~oc:essar 10 r.cai'I•• th• unas••i'ted •i9nal '71.l't-,.Lt• :ruet: 
.Lnpat 75, soi• paraitted to oontinue ftarmal exacu~ion·af th~ 

. .. 
Under c:onttol of tAe •torad :PZ'09h• tb• pr~e•s.o~· 1.0 · 

gain• ~rite •ca••• to cruGial ... ory devic .. l2 or 1i &m tollows} . . . .. 
' ' A•,f•ttin9 nov to ri;. s, ta "'riu to .. mory hv_ic• .1~ .~•· ·.. : 

p~'G•••~~ writ•• a command ~o th• latch ao·~epr .. •ntat:iv• ~f •:. ' . . 

" 
t-equen fqr ac:oass. Tb• out;nat u of latch 10 qoas tiigh, · t~n.i.ng:. . . . . '" 

.·' o,n th• 9a~• 11 And pa~ittin9 writ• •trobe signal• at th• ii.ft• ·15 · 
to b• communicated ta 'h• O\ltput · 72 of· tb• window c:ir.cuit, :anc1 . . ' 

th~na• ta th• vrUe •tl'oas. input ot aaory .davi~ 1·2. : .Th• h+;h . ' . 
level of line 11 cauaea·an .LAvert.ar 12 to 90 low, _r•-.o~in9 ~ •. 
c1a~r input ta th• counter Bl. count•~ ll c:anill•na•• a~uni1n;,. 
and 1t it ~each~• a preaat tbr••hold ~ta aQtp~~ 11. JQ•~·biqhb' 

' . turni119 an oa qat• as. Thi• r•••t• th• p~ocassor io. ~h~ pre~~~ 

tbr&•hald Cf Count•~ ll is ~bangeabl• Df COllUllinds tO a·latch I• . . ' 

f•011 th• proc•esor. In·th• normal course or •x•cutia~ ·of a .. 

• 13 -

.. 
'• " . 
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REPLACED 

!~=r•d pro9ra•, ~~pic~11y·tna ~rocassor lO wauld vrit• •second 

c::::1and to latdl ao shortJl!y aitor ..,.kinq its acc.1••• to •••Ory 

devic• 12, e•U•4n9 t~• outp~t Ii Gf latch 10 to r•turn to its 

np:a~l, low state. Thls would r•••t ~ha caunter Bl ~~d •vert:Any 

re1ettin9 Of the proeassor 10. 

S1ail&rly, if lh• prace1sar, 10 writ•• a ~ol!Qlan~ $~•11ed 

. a Ht.tin; •19nill) ta 1 l&i:c::h 90 to tu~n on th• Una H. writ:~. 

ac=ess to th• ll\811Gry dev~c• 13 wil.1 ba POFSible, ancs. th• -~~·oc:lc I l~ 
will baqin countinq. In~~· nor•al course of aven~s·~~1oa1ly . . . 
th• ~roc•••or 10 wo~ld l&irlY ~omptly wri~• a ••cond,o•..and. 

(called a ol•IU'~nq •i;nalf ~o ~~~an to, c~ttint off.tb• wr~t• . 

•~rob• •i;n•l to device 13 and cleari119 th• ~oQn~er 11. Th• 

-eo~nt~r 9l is pro9~a1111~l• by COllJI~• to a ~atch ~4. >.. a 

cc~i•qu•nc•; ••c:A of tne counters 1• il\ci1vi4ua~ly prafi(ramllabla. 

This 1• d••iracl bec&us•·the maaori•• 1z, 13 ara pr•f•r•bly cf 

d~=!•r•nc •tarat• t.echnologiea, for which different writtn;·~ 

accea• time• ••Y apply. ~hu• • aaaory of a tec:hno109Y,vitA f . . 
slaw acceH tiM ~y b8 a009mnaut8d b¥ pz:oo9nu.i~. it.a ·. . . 
n•pact.ive caunta:r for - lan;ar intarvaJ., while .aMrf cat •· 

. ' . ~ 

tec~nolcCT,i ~itA a fast ~cc••• ti•• w.ay be "°~~ cl~••lY. pratactad· 

by ~roqrammin; itl r••pectiva oauntar for a aborter inta~~~i • 

ln on• nbodiaent i~·has 'bean foul\4 -aura~~· to 

P.rovida adclitianal 109ic in the ciraui~ 70 of Fi;. s, •o tna~ tb• 

9at~ 11 1& ~nit1ally enab~ad ~A fl1p•f10p (DO~·•hOWl'l_~ r1t~ ~) 

upon.poweJ:•on, and eontinU•• to ba atiabl•4 ra9ardl~•• oft.~• 

•Uie of l&'tch 10. · Tn• additional. lo9ia 1• arra.ng•cl H ~at·.&· 

1u.1::1se;uant •.i;nal from th• pa:ac:essc:i.t" ••ts th• flip·tl~p so -t~t 

it fte ·1on9ar enable• t•~• 11. ·rro• tbac pain~ anwarda '.the 9~ta 
' '• .. 

11 is enabled •nly by Ute i•tch 10 • 

... 14 

. . 
._, & I 

,I 
' 

··. 
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.. 
' ·• .. 

. . .. 
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THIS SHEET. HAS BEEN 
REPLACED 

it bas been tound praf•raDl• ca ••k• the 1110-.arie• ot . . . . 
cU.fter1ng tacbt1alo9iH1 1" one; •lllbodl••"t th• f~rst: 

.. -.aey la an UP.RON (al•atdGAl.l)' UHiDl• proqta-bl•· 
rei1,d only r~ad. oniy· IMDIO:f'Y) •net the Hco~d ••~rv ·i's. a 
b'atHry•b1ekt1ilt-QP CKOS ~ (c'01ap1a .. nt.ny •eti1.:.o~ld• 
M•icoftduct,ar 'l'ando• ace••• M.OrY). In tldl •llll?Odl!'Mlla!l~: . 

. th• nut. pra•t•n.in•d t;hr .. hold . i• aba~t :.' .J4l 

•illiseconc:ls,'and. th• sec~nd pr•d•tai:ain.O tbr•a~~ld i• 
abD\lt 682 •illi••co~d•., all sal•ct•d far an dCJl\t7bit' 

·.: 
•~•c•••~r nnftinq at I MK&. . • !. 

aaeurning nov to 119. 4, t.n• rase~ •1t;nal 71 •Y b•. 
I • • I : e e 

aeen ~hich,· if assart-d, cau~•· a r•••t t~ the p~oc; .. sa~ 10 '•t · 
I 

1tJI reset i~puc' 75. Generally th'• GOUld be any·l\At~'t(ar• 
' 

int~t te -tA• proe .. aar 10, but prafar.i,1y i~ :~• -~a.i"tp11&t. · •. 

1np\lt, vliicrh u.y tie ~o~ht of ... th•. bJ.;bes1: pr.i;oriicy· hudv~'r• 
. , . . '• . . .. 

.lnte.nou~.. 'l'ha rnet tn;ut. C&'J.SH ~a;raa •x•cnat:l~H' :tro• ~· . . ' . 
ilUltl'"niaft at: •ULC?l°Y laaation Hro 1 thUI •U.:minaot1ncz Aftf 

'pa.m•ibl• F=l•• 11lt:ll 
0

IP~iou1 contat1t11 af. ilia ~P~~c:i#.on ·· 
' I .... I 

po"1Jtu ai- prQqra• caunt•l". Th• t'H•t input .ai•o~ :r~~•t• a·:U · · 
" ' " . . . . . . 

athu iratarnai. s'l:atH ·at tb•·prooa .. or 10, th~ •lo~~a,~iiirj·any 
I o "' I Io 

poAibl• prabl• vJ,ih · 11puiou• 1J'l1'erna1 n'ate• at' :thli pnc:aaaor· . . . 
10. Whal"• the COl\41\ian fiVinCJ rha tCI Oft• ar ane~ Of tlla . . . : 

c:ounhr• ai, 13 =••chin, ita thz:est\olcl wa• a pre~•·~· . ·\ 
' o ' IO I 

' •iabehavinf •~101.&SlY, than, tbaH 19 th• PH•ibihtY t:b• · . . . ' 

prOC:US?r will- cacuta it• •tOt'•d PZ'OIJZ'U ·==~~y .. 1:.ft~.tt•t"• . . ,. . 
Pl'•f~ably a l•tah 74 i• p•ovillecl, ·x~·r~i' ~o :th•: :· 

• • I • • 

·~oeas•or 10 and capa~l•. o~ 1atch~n; th•"••~ •1tiia~: 11•; Tb• . . 
ct,ared pra;ra• tor: pz:oacusor- 10 pr•fetab:ty bu •t•P•·· ~a.t'··.:beclc, 

, I I •o 

. . 
•at. Xt 1t 1•·no~, the •••umption is th~t.the ax~~t1on·froa 

18"0 waa due ta in1t1&l application af pow~r. lf ;ta\~h 74.i• .. 

••~, th• assuapt1an i• ~hat exac~tian .fro• aero w•• ~~· to:a· 

·r .. et frClll tha.wlndow cJzCNit 70. and the process~r.can 
. . ' 

- 1!1 -
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.. 

.. 
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·. 
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THIS SHEET HAS BEEN 

REPLACEb 

•P.P~Opri-taly nate thd event. Repeat.ad natatians ot a reset due' 
' . . . 

ta th• wlndo~ ~ireqit 1o·v111 pr1t•rably cau•• tft9 pr~~••••r 1,.0 1 

~n~•r 1;ared prov~•• carrito1, to 1nt1unciat• aft app~apr~at~ 
w•rnin9 moss4qe to tb• us~r: 

~t·v~ll be appraciated that tha· 1yata•·af .th• inventton . .. ' 

ofl'irs nUl!llit'0ou~ b1ne!it• ovu the prioir ut •. A• ••ntion•d· 1b0v~ .. 
I I I t "o • \ 

tba syst•• of th• invancion otf•r• mor• protection. a;a1nat.the . ... . .. 
pa•sib1l1ty ol .a prooe•sor •is~eholving.sa~io~•ly. Tb• caq~~ar &3 

(or U» '*tuts oaunting '(1th the ·~•nt of th• 1t.rob1sii~ 10 · ·. · · 
I o o t • o o 

·. 

.. · . 

. . . 

·aandinci 'tb• c:1:1aand to tn• lati=b aa fi;ir to) for ace:••• to th• 
o I o • o • • 

~ d•vic• .. ·Thia 9h1~ tha i:oiintar a la8&d •tart .\ii· ciettiatt1i9·= . . ' ... 
'probl•u, ~. coa~ared w.Lth th• cquntu 5' o.f r19. l, vbi'Cb. .only 

• • • I 

~.•n• coUntin; with th• oacur:r1nca ot a •tt1•i:~ioa -~~;n~l tro'a .. 
~h• addraia 4ac~d•~ 1,. In.~• syse .. ot P.iv. ~ ~•:count•t .i) . 

C;or t:J) rW\11 f&-tely. Wl~il· •Yc:h tiu as a co.and fo~ o~J.nw : . 

~~c. .. 'td tbe m~:mory davic• 11 rac:d;,•d •" ~-·latch 10~ car.' t.DJ· • . :. . . . : .. 

•; 

.,, . 

tn a~nt:ra1C in tbe af1ta• of Fi9. l tha ~O¥Jitar !I vi~~. be' .. · 
.• , . 

. ...C~y reaGin; an4 writ1~ °" br in•~ctiOA t•~cmin9, to·~~ 
" . . .. . 

a~d~••~ out.id•. ·uia crucial !'-••ode• .u, u. F.inally; the : 

p~o~ectiva aatian taken by th• •Y•t•• ot ~11• Ji•~ aor •. thap.· 

i~~arrupeil'lf tA• c9nn•otion of wr!c• •trol:la l&lld/or •~l~ctian: . . .. . . 
line•. ln ecmtr.a•'t.r th• •Y•t•• ot Figa. ·4 ail.cl 5 ·t.aa.- ·.=e 1tep: . ·. . .. . . . 
ot ~htart.;itint (and pr•terably r•••tt1n9) tba PJ:aa••~o~! ·wbl~~ . 

~i1i:ac l•••t soia•cilleii raaady complataly tha·con4i~ian 9tvinq .. . . 
• ,I. ··.·­. ~ 

r1•• i~ tha aailunctian. . . 
Nh.Ua th• abov• 11 a d.•11adpt1on G'f tl'I• inv.nt1011.:in 

·1~• pr•:farncl· •11badi11iant.·. vadoqa aocU.Uc:atiot1•, al.tar~•~• 

c:c;1~a~nctiana. ancl •quivlllenta aa.y ~· uployed. '?h~•tcire, t."'··· 

a:bo~• d•~Gript1on and 111ust.t-atiaa ahoul4.~at"b• t~~ aa .. 

- 1' -
. . 

.. 

.. 
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THIS SHEET HAS BEEN 
REPLACED . : 

1iait1nq th• scope of .the invent11:1n, .. 1 • • 
~ ... en ia ~fin~d b~ the 

· 1.ppenud cla.iMs. 
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18 THJS SHEET HAS BEEN 
REPLACED 

• 

'• .. 
1. .A CO'lllputar •Y.•t•• co•pri•inq:. a proc111is.-ox: '(10~ ·. ~ 
hayfnq a writ• strobe· output ( 15) ~d addrl!l.:S. ~utpttt41 . · (· '.' ~ 

I .. I I • •• • • I 

~peral:11e to exac:uta a •1:0.red proqr~m1 a fi~ilt i)nezaofy. · :. · · · . . . . 
(l~) havinq a sel~cti~n i~put and a vrite·stra~~·inpu~ 

• I I I I • ' • 

(72), .. add~··•-cl·~~dinq means (16) for· pr_dyi~ing. ;a 
.. . . 

se.i.ectl:on siqn,al. · to. t~a selection input cf . th~ . ·fi,Jr&j; 
I I I • ' 'i ' "'1 

·m•11LorY,. in re.spon~a to· associated tad4rass outp~t:s ;. tro• . . 
th~ -p~~ces~or.:· Jt*1k~~ndow means (70);, tl)e· wi~~o~ maa~s,": _. .

1
: • 

c0Jlipris~n9: · · ·· : ... : 
. fi;rst latch: :me;ans. (80j ·r-esponaive to a. ·first" .. . . 

·setti11q siqnal .and .a tirst .clearing aig,nal · · f%:c~· · tq.- : · :. 
I • P t • .,• • •I 

· pr~c:••Jor ~rranc;•d to '.~oqP,le th• \rrita •trobe· cm~t ·~t ·· · 5 

th• proc:ass.or'. with the writ• strcbe. input at .tlJ.•; 'fit'at'.. ·.· 
memory ~b•n th• first l,atch means .ar .. sat by tb~ ·t.iril~ . ·. ':: 

• .• "' ' ' ' I• • .. 

··~t.~nCJ. :ai;nal, .and fer dacouplinq 1:!1•· wrJ.tJ. :strob~ 
output· of the processor tr~ the wri ta atrcl>a. inp~t· of: ... 
the, tirst mel\\Clry vhen the :fir•t latch mea11a · i.~·. cl;~r.ad'. . :: .. 
by ~he ·f ir•t clear in; ~i;nal·r and , : ; · ·· 

~i·r.st counter maah• (83) ra,pcnaiv"e to thei ;:1:r:~t· 
• I I " '• . 

' settinq sig"na+ and the· t·irat. clearing- lliig~al from· the 
P • I I I II Ip 

pr~eessc~ for' sta~illg':' •. c~unter upon. raceip1;. ·f·"th• .. . .. 
first se:ttinv· sic;nal, .tar clearinq th~. coqnca~~.upon .. 

-: rec:~·ipt of 'th• first clearing si"9nal, . an.~ fo.r .. · 
·inter~ptin9 th• pracasaa~ in the event of.th~ 
rll•chinq a first pr~detenined thres~·ald. 

• t I • I ~ .·.:: 
countar. ·. · .... • 

• • • I • 

' ' 

: . 2. A .computer system as. claimed ··in claim 1, inciuding· . 

·a po•~!lCJ• pt'°inter, and wharain ~~•. first mam~&ti. ~-~· 
arranCJed ·to contain ~nform .. t~·on indicative Of"il~ •moun~. 
of .. POS~-CJ• available fot printinq. . · ; · 

~ . ,. 

.... . .. 
... 

. . 

\ \11\11\ \\\I\\ lit\\ \\l\I \\ \\I\ . 
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l 9 · THIS SHEET HAS BEEN . 
REPLACED 

J. A. computer ayst:am a.II clahaed in claim 1 or 2.1 

wherein the tirst counter· ~aans further .comprisa means· 
(SJ) raspon•ive to receivinq a ·co~m~ncl :frorit·' th·~ 
proc~•sor .indicati~• of th~ firs~ tbrasnoid va~ue· f~~ . . . 
se.tting tha first predetermined thr•shol'd to ·the·· .. . . .. . 
indicated value. 

. . 
A co.mputer·sy•t•m as cla~m~d in claim 1, 2 gr.~~ . .. 4. 

where~n the first latch means ara a first•meJllory-ma~pe4 .· 
latch (IQ) 1 the first S8~ting. Signal C-OJll14Z't888: •• 

· proc:;esso.r write command of a first pra~eterziined data' 
'value to -the first memary-mapp4.d. latch, ·a~d ··the fi~st' 
cle~rinq signal comprises a proce••or writ•· ccmaand·ot' , ' . . ' 
• second predetermined data value to th~ tir•t 
memary••apped latch. 

; 

. . 

.. . .. . .. -~ .. 

. . 
' ·. 

,. .. .. .. 

5. A ·~a~put•r syst•m as :cia~111ad in 'claim 1, 2, 3. ·or: .. 
4, f1!h8rein th• first counter lll•il~• fu.rtber cqmpri:a• ;.: 
~acond memory-mapped latch (84), and the ~cJmancl trcm: 

I • I I 0 

th• processor indicative of • thraa~old valu~ comprises· 
at least one proce·asor write command to the ~econC·· 
memory-mapped :·latch. 

6. ~ ~omputer sY;atea.aa clai~ad in any cf claims 1 to· · 
. s, wherein· the processor has a.· resat inp.ut (75) that 

' ' 
resets the processor upon r•c~ip't of a res~t . ai9na~., 
the ti~•t coun~ar ma~ns beinq opa~abl• to interrupt:.tha= 
processor by i;iene~atinCJ. th~ resat signal.· 

1. A cmnputar ayatem aa claii'Aad in any of cla~• l·tu · 
6, further ccm~risinq third ~atch ••ans (74~ raaponsiv• 
.to rac~ipt of the r•aet siqnal · t~r st.orinq · information···. 

111111111111111111111111111111 
* C L M S * 
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2Q THIS SHEET HAS BEEN 
REPLACED .. 

indicative of occurranc~ ct, tna resat ai;~al, tha 
. con~an~• of tha 'third late~ means bain9 available as a.n 
input.to-the processor. 

,. 

A ~omput-r system•• clai~d ·1n any of cla1ms-·l t~· . . . a. 
;1,· fqrther comprisin9 a .••cond )aemory t;l) hav~n9. ~ 

.••lecti:on inpuu·· and a write strobe in·put· (71) ·, ·th• 
eddres..=.~ecod~n; lll•a'°'s furtfher prcivi~in9 a . aeiept~o~ : · 
•ic;nal to the. 8alac:tion input Of th• sacond, memaey: ;i~' . . . 
rasporrs, to associated a.dt1resa ou·tput.c ·tram. ~ t~e 

processor, and t:he window means turther c:cimprisin9 :; ; ;, 
·aeconcl latch means (90) rasponai'Ve· ta a .~cond: . 

·. 

: ·. 
I• 

. ... 
••ttin9 ·signal and a &aeon~ C?learinq aignal frC.. th,, · ... 

~ .. 

'• 

' . 

.· . 

'·. 

.. 
. ·· . 

.. .. 

. · 

p • ,; I p I I' o 

proce~sor ar~~n9ed to coqple th• ~rite st~• out.put 0£ . . . 
the pr~caaao~ with .th• wJ:i~a strobe input of tha ·a~on~· · 
mem'?rY when th.• ••cand latch uans ia. a.et by t.tw '-.•«cancf. 
••ttin9 si9nal, a11d for dacoupling ti\• write ·~trobe · 
qutp~t of the procaasar from ~· writ• st~a1'e inpQt ·~t: · 
the saeand memory when ~h• aeccrid latch 211aan~ . is 
claarad .by th.a sec.ond. claari~q a'i;na.l: and · · ·· · . . . 

·: sec;ond· cauntar maana ($3) reaponsi:.ve ·to tha a~ccind · . 
s'.et.t.inq ~t9nal ·a!\d th• second clear~ncj s19nal tro11(th~· .' · . 
proc;esso"r for starting a ccunter upon receipt of 'th•i°' 
s~cdnd setting signal, for 'claarinc; the counter ~P.on': 
r:eee.i:p~ ·'.pt the second clearlnq •icinal, and f~r:.1 

interruptinq the processor in tha event of tii• c~l.inter'. . 
: . . 

rf!achinq __ ~ second p~daterm~ned th,rashold. '• 

. ' . ,• 

·g. . A c~pu~er ay~'tem as cl~im"d . in claim a; . w~a~~1~: 
the second counter means further· comprise. aeaJHif .,93) ·; · 
reapo~sive to raceivih; a ~a~and f~am the proe•~~~r:: 
!~dicativa of a threshold" va~ue ~or settinv the aeco~'. 
.p~er.setent.ined thr•shold to th~. indicated 'lalua.. · . · · 

I I/Ill~ 1111~ 11~111111111111 
s * 
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·. 

.. 
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,. 
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THIS SHEET.HAS 
0

BEEN 
REPLACE~ : 

.. . 

10: . A ao.mputar systein a•• cl·aimed i~ claim a . or· 9,. . 
wharein th•· ••cond i•tc:h mean• ar• ·&. th.t"-rd·.·:. 
MQ11lOry•Jll~pped, latch (90) I th• SeCOnd aatt.in9: "'slqrf(l'l.:' 
compt1ias a·. processor· wri~a. comaand. oi ~ .ch'i-i-4. 

' I • I 

predate~iped data ·valua to the thir~ mamory•ti~p~ed · 

" 

.. 

' .. . . . . 
' . . . 

la~ch, and the second c1earin9 si9nal ~o~'pr.t:a~s'.' a ·. ·· · . 
l'racass~r wr.~te .ccimmand Qf a t9urth predateni~~d :.d~ta.. :. · · :· 

• v~l,.\u1 to the third 11~naory-map~d latch. .. · _, .... 

11·· A .C:C?mputer ·ayst.a of claim a., 9 or io,· v~•%'.•:bf. th• 
sac.and .c.ount.er. :means :C'urthar. acnap:r:£sa a. four~h ' , . ,. . .. 
memory-mapped latch (l4), and the -~omaand trc• the. . . . . ' 

.. ptcce~~-or indJ.cat~ve of a tl:ir•ahold value ~om~:ti~'a a~· · 
l•as.t'- one procaswor write command to th• f.ourlth . . . ' 
memoiy-a4ppad latch.· 

.~2. A qamputu system as claime~ in claim. 8, 9, ·. ~o ·er . 
~ l: r wher.~in th~ ••concl counter inaana are oper~bla . :to ·. : . :, 
interrup.t th• pro~asaor by 9anaratin9 the raaet' ·sl:cj~l; . . . .. 

lJ. · A· computaJ;" syst.am as claimed in any of. clai11111 a· ;t.a· 
12·, wbe.rein the second pra~atarminad ·threshold·· is· ~~t: · 
to an 'interval lonqer than that of t.ti~ !f·ir~t ." ··. 
p_redat'anined ·threshold. .. . . . . . . 

I ' ': ' 

... 
i4. A.computar system as 9lai••d in claim'lJ 1 :~~~•in I • I ; I I 

~h• f~rst ~amory is an ~EPROM, t~e ••cond mem~ry:ia.~ 
batt•~'Y" .. ~a~kad.:.up· acos RAM, the fiz-at predatamin~d 
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