
To: CSL/SSL 

~ 

0,Ho: N~vrmtocr 0, 1974 

Location : ral~ /\Ito 

Oraan t za tlon : P/\RC/CSL 

i~ls ls t h~ c".'- ;,l•:• •! •sc ri~ti on ~r the ,\lto virtual memory nl)tJross 
: ~o~:la::c, ~cs1~n a: t~c rurct:nral and rr~1~tcr-trnns fe r lc•cl. It s pecifics 
., ,, rro~;;1:i'.) -'.lt.J~~. h,, .. ,~ ... ·,,rc· rc•: Jf r, ,tJ tt, n,,si lhcM, i\nd cxpcCt.l!d rcform11ncc os 
~eL~r~:ncd b/ 11-~l~ : 1, ,s. 

2. l ~.,:~~r-,~nd 

T~~ v1r· u, 1 ~-, ·-~ ry ,y~ tc~ f?r Lite Allo 1,rov idc ~ ~n 11tldr~~ i ~,,~cc of z,2~ 
.. ,:,, .. ,.~ il: t~" -;:c:-1".\•l'l\r. ru c t. 1', l<.•vr l. /.ll l-~n\;1111'J"' ~y•,t.1•;1 ~ r.;,n use this 
v ;--:.,1,,: :.,;,: ;r-:.s • ;-,::~. 1:- ;;.:\ l,.l: ~•n t'f v, rt.u .il ,ith.Jrr!\•,r~ int.o phy5,ical 
i i i: !-~::,cs ,:. c:,-,n ~ -.. ·, lr. i\ s::n l: ~-•· t of nr,n •,,~r.11cii1t.Jvc 1,,q,pu1 11 rltq t,t.crs. 

( 2) n='~:. ,, !Ur e~$" :; t"':-,'J"• ! f:•,· :i 1.hc ;'r~cc-.:,'>r t.o th ·~ nC':1i:•ry rcr,rn~,::ntcc.l 1n 1G­
t'o!::.. s~ ~ c~ :. :,~ .. r 1 t. ~:,.! ~1, 1111 1:: ,,rul ,J ,H,1 p,1t.h~ on th r Alt.o ,,r-o only tG ... 
t I: I ": •: 

(3) h .~~-.1:-c :rJ~•-l.: :1c-n 01 lcll 7-l·l'lt Jdill'CS<~·. ~!H•:t t hl> ,Hlllr<:Hill!) mode is 
u s~ ·:, 

,\ n,----~r (" 1 .l)tr-• 1•,1 :t\ •. ~ -· Lll\' ~Jt,,•,1.•11 ll'',l•Jll ¥11.' l ' O 1: 011!';1tl1•Jl'd t') Utl rcJ,•ct1•tJ 
,,; r ,n:1:i•~ t. 1..' rj'\ rt. "'' th.• : ,.., "~ t' ;f,•rll\•• u111h· r t.h, •'i.•: C:•J11:-.1.r,d11ls: 

( l ) t.r11,sl 11 :1r11 t,-:, ~L' t!l ,, 1," 1- ,1,, ... ,1 i,1•n,,r:1 t.1.1 n,q, \'lr t1 i. ll 111ldrc~sc,; J11Lo 
; .... ,:. , r ,l ,\ th ,:-1"",'!I r,, , , .. •:,..,r~ r·,·J"C lt"I :-;111r ,1 l111 1 •,1;11 : f' f vtrLu i1l 
r.rr .. ;:,• Pu i.(•:, ' ' • c-·1 •, : : , ; ,: , .. ,, f 11J ~1.r ·?1 ,t t,d,Jt• 11tl'h1lql 1v 1•, 

(;'.) ., :.rt o r ,1', !J l'+t1,1 t1\1 · r· , ·n · t, ·1·•. 1-, :· t l1t• 11, •,t. 1Pt' 1•11t.ly 11·.1•d 1'•"11", (,1\ 111. t.hn 
l'! \ ti·•fl'•r) t •• Jr•, ~n. •,111 1·1• !1,111 :":, 11•1 , ltJr ,1\!\ 1•c: 1 ,1ll v 11 ,,111J•d,.cr~ I ~ 
rt'lr.th,· .,. /\ ·,:,•n :.1,·,1 ,11 ·-1 ,1 11f1t 11 ll l,, 1·r 11 r:11n1 , 
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(3) n se9mcntat1on scheme with c~nllctt ovcrl,iys or file se~~-~ts :n:o : ~~ 
atlllrc~ s s11o,r.o <•~ In th~ rnr 11/•1 ~) - rc Jcc td Hncc !t r,:- ~~i r ~: r.J ·c 
prc~lann ln u ~y th u pro~rJN~t r . 

7. .2 M,11n Idea 

Tho b,i•,lc ,1clcl!'os,l119 Hructuro prosc1ot ctJ t,y the vlrtu ,, l n,,r.1 r:,, ,y,v .. B ~ 
l11roe lin ea r sµ,,ce, or Z•Z•l l~·bit wortJ s. IL I~ 1•~s,1ulc, 1n r, rinc1Dl c, t~ 
m,ikt, all 111cr,ory rorcrcnccs vJ ,, ful l 21-1.,lt a<J1rcucs. 

11u,,1ovcr , we m,, y 
mnnory rcfo,·onc~s nrc 
they dro rclaL1vrly 
chnnoin~ base point,. 

mitko Lhc rnr,lri c,11 obscrvat Jon th,lt f•~r ~?!.t ;•r :::; - ~~i;.. 
110 L d1,t rJ l,l1tod at r ~n~on 1,1 tt1c ~1Jdrc1s ,:•~c~ : t~~tc \ lly 
sn.1 ll dtsµl .. cu r.cnts fno a u ,a ll Ht of i nr:c.; .. ,- :::,· 

Exam11ln lncluue: 

( r.J) 1•r ococluro 11 a1·ano t ors a11d locJl varJ ablcs, as dbr1\Jccnonts ( re:, J fr~ -,~ 
1>oi 111. cr 

(E2) th o transfer vccLor 011d other syst cn-..-1d~ da t a, as dlspl a t Pc• ~-s ~-~:, ,. 
(llOh,11 IJ,ISC , 

(CJ) instance v,1rJ,1l•lc s (i .e. own v,,rlalJlcs or t,l ~~l. local atH,c~ c,~ 2C, L. 
i'l'ld tlL'S«) , as dis;,l.1ccru,11Ls fr on an i11st~1ccc ro1 r. tcr . 

(E~) c!Pmcnts or Jo a rr~y or record , as dl snlace~cnts rron th~ arr~y or r cccrd 
base . 

~lr1,sur~r,rnts on N('~., ilnd Bfl'l 111tfic,1tc thi\t nn tt,c ord!?r of ,:, ~.:~ er ~ -. -:ry 
1•cfL'rt•n ct•5 c,1 11 he 11i\t 1Jr ,1lly dt"'.C r1hc1I i n till~ ~.!y . 

W11.h norrn;i l flil!l<' sl;,os , th e l iHO r,01nt!: nc " d not n~,c~-; .j rll~ f" a l: c, ~ ... ;,.• 
h(HJOdi1r1 f1 .'i. ;\]~"· th,.: $Cl ci r w,,:-i1i .... :,1ch r"', ,, y tu~ . !i:i-:;~:., 1::,· r• •"! • ~-~ -:,:•! ~-:-· 
lll!>1'l.1cc-ren.•11 L~ frc•111 s,1n(• uh,•11 1,.,~.v n .-,y fil l !,,C' \. .:' r,11 u~ ;~). ;1," : :· . . , ... .... :"' ·• ·· 
lh 1\ .', 1' l o ( "''•'Hd .\ , •" 1, r1,1)" I· •.' J',Wl of ii J ,lf •~•.'f ~•: l. :'.l, .,,,~1 ::': .... ·, :,~ t•• ~ ..• : 
JII 1t11d r,iu L 1JI r--c~c:u11d,1r-y !\t.<1 r,111c lc.,p:th,:r. 1( 1.r-:0 1,r, .. ! . .1 L1! ;t>" :ti:,:: :· ,: -
~l11H C 1\.f"r:1 i 11 S J 1s n • fcrt't1Cr •J ihro :,<,;,u 1\r-. 1n .57-SI "'lll t" r -~ : "':-- · -:\· ,1 :. ~•-•,. 
l'L1 r r.'(,,mµJc, (t. ~) h,i -; t h,~ ;: rr,w•rL)' tr r1ro~1? 1uro"', ,ire 'Jrl)·,:,,r! lf':~f; ~ r : . ! .. • "; r; 
1· ,,J.11..1•ll 11rocrtluro:. . ,';1~1i l t r I~. (f. l) h ,1:, u .i : rrc•"c:-t.: 1f ., •,t.11".~ 1.:. . ... ·.-.-! ': ? 

hnltl r, ,1 1,,•~ : U1f' ~l ,1 \~ l i)jt, (, fl:l'll ~• L l lff'.J ,,r ,-o~ c,r ro:-•: p .. :;~~ . \', · :; L, ~ ;'t. 

L,"J'·tllrr. Jn Lh1 11,r c,,s 4':!\ , ll1r h,, :.,: poin t. for rcLJt.1·. ~ ;vJ'r •:- ~~t,'j ~ : •. ,. :- .,. t:" .~ 
lhh l,ol'')l'I :.c l, 1 

lll"fi11c ii Jl1l !I~ ~If"."'' t '-" be lhii l ,,r!'Jl!r ~('t, 1.c . ,, ,; .. ,~1 , ; cf , - ,t~~ J'"J \ 

v11 · lu,ll l•• ''Jr, 1'1 J of h h Jrh ..ir 1: t.o I": t)ht ,tin1•,J .... 11,in .. 11/ rd U-, ,. ~ •! :' ".. 1 i r r,. -,, .. •~. 
\ 111 1111 •,1:.l• LIH.' JP 1pd1,•11:•11l lh,,t. tl,c l'••'JC) uf ~ , .. 11;<.• i:irr,:.JJ ,,re,;! ... ~• .\ :. .,. ? " 
1i1· 1111qtit 111lu c,111t 1 1111110•. l'h)", 1< .it '""'"'· 11, -nce . 1;1 , ·,n L'"' 1. • •·: I: c· , , •., .. : · : i :, , 
1•,IIJI' , ir, 11111, Lht..•tr dlff1r-1• ,u,1 1 J ;, ti:¢ :,in~ 10 ,,,"\ 1 :.1r., l i:i~ )I! ·,·1r~. ,: •,: .: •. ;. 
1• ,111" 111·11u 1, 1 -. il1",n1h••tl 11 ,· 1L•, , 11iu ,d :.t •1 r 1. 111J,!1,: •,·. , ·,,! 1·.~ l• •, ·.·, , :~ ·, 
11hy:,tc,,1 r.lt'r.uH"y, It. ,i1su h,1\ ii 1"1',J fl)J'Ul'r r,hj' \l(.J) st..,rt oJ 1!ir ,H,',, :?,, : .--. .- ~·, .... 
11Pl.t•, •., ,11ly 11ri J11r(l' ' r 1.11,111 U11: :. 1, ,: <, I 1,lty\H.,\ l n1•1,or;· - llJ'i " i: r ·,~ . 

/\ J' il!l 1' Hl'1 1111' d1ff1•r:,. r1 •,•1 1 11 :,O('tJr.,· nL 1, i fclln11-::: ;\$ lhr tcr""I l "', not ... dty 
11 •,.,,1, o1 ·• 1 •:1,, •111 , •• ,1 1•~11,•I )' 1t .. 11t: ,d 111Ltl;·: al n:,y t,,, sr.1:1,r : : ,1:1 •' : .,~ .. ,. :­
l.11q,•1 l h,111 1, ti •.· :.. t1 •,d ' """')', 111 :.,,r,,, ~,•n !.•', ., 1•,1 •1e: !Jl""u;, )', .,~ 1"" : !t•;~q•~ •t1 *.n -
1. ,m,1 1· ,11111°11 ,q, pr 11 \ 111, , t 11 ,11 lu th,: r1•11rt•pt uf ~t·•Jn,:ut.. 

1111 · •,l 1111IP lt!P ,1 ,1111.h 1111,:11 111•) thu v1t·t11,I\ n,r. ,,r:, ·, :,·. ~•·1 J~ ~, , ', ' "" .,~ ~ 
, 1ol 1lf ' •••, •,1 • •, t',111 11 1• l'\l'J ,'\'.i •d ,1, il\•, 1• l , lt'l ' ll1'1i l\ h ll h111 ti, • • , ., ,. 1·,, .. ,. f1, •; ., t•,I\ ' 
p11l lll1 ' I l'I\ Ill 1111• VII t.11,d ,uhlt1 ·•,:. :,\',ll, 1~ ,111 •1 11,tlll' , I ,11 11t•1•\.1 ,\ 09 •,t ~, 1 .) 



) 

~Ito \'i ~t cal ~~~ory 
f "':-i ·,,.',:,1;!> rc1 t 

,:'='rr•'.'\:'t"' ~in'1 t1 ,,-,,, r,c, ~:P .'.. 111 th 0 r'1y ~i r: 11 l Mlrlrt•',\ 
.},JJ:'C"", SC!. , '. hr !.;" ·'Ct( JC ,! tJ OI , ... •,t, ort ( IU l>l l. "'i (or Lhc 
;;-,,~•. : ,,:1on lS G.!_~_:_J,,!J~t_r_·_~,.1 lhl'\ Ul!>jdilc••n••nl). \..'c 
t •: ~;d .1cr ... ,..:,t. C'r J!..:.::.:2-..:'..:_;._:!!~.__) 

Pnoo J 

,na t~. For s t1 c h 
tlt~.~J.,crr:,.,n L) nnJ 

re f er lo Lh ls ns 

T!,e v:rtu~l - ~. ry ~)s:•~ 1·r~v1,1~~ h~r~~~ r n 011 tlic nr,nnry t n Lc rr ,,c c l,o~ r d 
r ~"i i•:, S ·='~ , lt •,c n,1.,:~. I".;• CJf1r.,,ll ·,. th r.r,, .,rt t G h,,r.r rrtJi"itC'iS , c~ch or 
\ '1 1c~ i::::,,:r 1!:c ~ ,.. , ~t;: or\ .. l ' c.urrr.:n!y rr•~\fJt•nl tilrh:;'?.1r.:°l l -,,~•r.,or·y ancJ 
r• ': a~ \I 1ns. 

:i r~rr<'~,"n t .1 ti 0'l r ~•i."" crrr, "' ;,,,,.J.-n r<' !.•(' L..,~"" physica l JIHJ v 1r t u ;\ l ~Jhl CO . (It 
rirC",;;-; CO!'l '.'C' f'.t"l t. tn ·: .. ·r 11 -I ',\) 

J:, .1 :.1~:1 :.: t" t - -~11;,;r-; , !d··1.•,,, •, I 'ff'r•;,c,J 
I ,::-lt-r, t~•~ \'l;" l :J"l • , .... f)' • :· V·:'"I :,r \'l vt <!•.: '\ f•·w: 

( ;: ) i?~; .- .. , S !- ':·' ,: ' : r l :· •"~ 
{ r ,1 : ... c .. •. 1 ,, ... ': c. - i','·.} 

,Jt :.r1l ,cc•it•n 
' '1 

rrcn t hr. stnn of th e p,19 0 grou p 

: ;) t.t!~ rci~. :.•"!. ·,.~ i .. l r.~!. ' .. i.' " -;;,•'~:I l"d .ts ru ll 7. 11• hi t. v ir tu a l nt lrlrcs sc s . 

(~) c't•cl: 1~, . 1.':t ~1! 1 --- · ·: ,,:-:,· r~r~rr.1,c,,~, 'th .,t. pr o t ec t. ton c o11s 1..r,1 l n t!; aro 
C'•!.l" r ':r t.:. 

~·,:,::-it fe;r tll" ~,,:.!•, \•l?~t•-! .. , :.,•,t 11·, !:rc ·.1-: r.: 0.3 .,n,1 ~. O) it cl"\ s ( 3) ;\nd ( S ) t1ro 
c !· •': ,;, ~ ~ . 1; ~ c Cl a 1 d , r ( I ,. ( 7) , c :· ti ( i ) . 

Cn ~rocc~·, rr r •' !, t • ( •,,,-,. r,i 1n:rr r,11~L ho ch,1n•Jrtl t o h,1\ ". Lhc c.-i le d 
: rccr.;Jrc. fC\: :-1··;·1•.' !1tt·r,1rc.. 1.tc,, l n,11 1.rol 1nplcn,:n l c11 on i, s t. ,, ck, l hn now 
, .... lt:c r,y ~'~ c, ;-:-,::.•,1, t ,, .. 1 ·!1 '.;1 ! ,., t - ··, L (11•,11 ;, lly k.n,:1\,'11 il L c.01,rd t,.• it rno ) fr or11 
~I:~ "r~v10:;~ \,1} !.,;", i,1,1 11 • \ ' i1h" i, ,1:1 Ill• Cllrlftlllnd hy u~fll'l ,, u- ,n()dC 
!.'':!r:c.-\::,,, L".' r, ,., ,r..,: ,11 ' !~t•.~. ,,r \ht: ""'' f ,- ,111,, ,,,. , c, TIils 
;·!"~:·,1c.1 l .-1' 1 .- ,•,-: -; ,,_. U· ~ !111,J"d 111 t (, Lh': h:i·,u r10 1r11.c , · f1 ( H) . Mo r a 
~•· .. ~- --,11.v. 1 ~,· .. i':',' :-.,, t 1•1• "., .. \t!l'l• .. : ,\ vfr Lu1l l i.t!1'! ['IO tlt lt' I' ,1 f t. r. r :,t11i1? c hJll!J O 
, r :. :.,31. ,.•. ;~.,: c~: ·:·,.. .. ;-i·· :. ; ' :- , :,• !,! ,1, t, ,1 n1•d IJY ll'ilfl!J 1.ho ,., ,rl 11 J1 mcr,nl' y 
...... . , ., ;,.(' :-· :· ;·:.·: :",.' ,,,·.:~:· • 1 11~: '.,:r.,d ,,,!,:,· ,••,, 1 ,; 1·• 1111, 1 n, ,y 1.i• J ,,,,Ucd u 1l o 
;·, ::, . , .. :,, ·-~ (• ,! :r, •:, l; •,j .~11 I l~ C It ,.,. .,1 ''" ' : lJ , ,~,- )!-. IHI lll?l'I I Lo 
,:-:1. 1~i!:y ... 1,,;·, t~" :·,·.:r/. ~, :, ~., , l e• t.'11~ .,~ lr,111'il-'\ 1• n r (Ltt•.J'I" c J., ... :Q ( TIie 
r.~!':\''" u .. 1; •' C~ ,,-;; • •• \ "''" : !,, \f,1 ·1 d .tf al 11rni1:C l11111 (),1:,•.(• •, : ll 1•,11 I, \lr ' l l o . '111 d 
:. ~,• ,: .J •• I • ) 

f;i:- c .·:~.,. j/,.... .,. \ , ·.·:· ,.; '"' lL I', t. •1~.11 • t1l 1'"• 11~. ,·1, tl 1, , , h,IVC a 
I·.' o~ :•· · ~!t. ,1 /:·•r~ 1.1::) .. •,. ··, .:. J11,: ;,,_.11 ,l,• 111. ,, f 1'1\ . 1,.,. t1 \,t1 1p),11 co11~ltlc r tl 

!,t c-;-,•.j"' :-::-- .. \-, :-::c· . 1,~:. \~,-. ::·• ·,:tt•~r, .1 r•,111• ~;~ ·,,u ,, . 1ho ,1,111 ,-... , .,c:s rir hloc )':. s 
• .. ~;.!·\a l -,c; :'I } C,l ' I l• C' r: •.: - •: . .. 1 , \ ol t'..(l,,c •:l• ll l', ti•l,, ll V•' t., , l l11• •, l, ll l or t.h o 
;, , ;• •:r 1 ... 1~-. c .:, ~ ·.v•: . • •H , , : .. •: ,, .,·,,: c,111 1,,, -.,,: ,1d 11 ·d 11, l lt•i ,,.,•nnry 

: ·,~ , rf C(• : :~ \.l ,,t i f•Jri . .. ,. l\.1tr t,, ~!;1•, , t~ l:i:_~•~· .. !!'.1!1!: .· , :._1_!~~ · ' " clf c.:c L, L · 

I ) 

Al Lo Virtu a l n"mory 
~ rl<- 11 \./eallrciL 

1-:ov,•r.bcr ll , 1 ?74 

noclc 1irov i Ur.s ,, 5l'rontl t,1ur 11oi 11L cr for c ,1ch f' JIJC or ou;> ft ~1c~, is C':i :"\ ' t ... J ~=--"~ t., 
r•c-f'ort• n cC' t ho f irst wr,rll o f Lh•: tiro1111, 

/\ vtrluitl i1tldrr•s!-. \o:h 1rh c .. 11ru,l l, o rxr,rrsscd us o,1 1r, .. ti1l ,;t• .. ; : ,~: , - ~:- ·. f r ,:: 
n 1,rcv1ou:il )0 r.c•t•u11 l•ll",r 1101nl1·r nu:. l h~ rc:irc .•.~ nln,J .:.-; ., f,. il i;-~,! ·. vir: .'11 
i1dclrC!.!. . !iuc.J1 ;uJdrl•~S't~. M,l )' 111: dlvJ ,J crJ J tl l O (ur.c l ir,n,11 c J ;p.,:,r, ~ ~:..-: h -~ !.: 

( I) the cod1• h,,,., f or ~ n•:i.J:t cn ll•rc ~ ~roccdurc , ,i,ir.h r,~y Le 
(J \1{10 urc1111, l h,in , t. s c,1 l l or 

d ,jl([c,;-~ .. t 

( 7. ) 1. h c f r, ir'lc 11o l11L u1 · r or a 11cwl y r nl. ercd r r c.,cccl:Jrc, -..11cn ll .~ tr.<ul s~cri:!:; •: 
( 01 · ,l l) i'IC ll 'vO procrt.Juru f r,,r.i~S )S so )D(!JU t hJ l ll Cl"lr\ ;'1,)l ,,tt l •I! f lt !r.tc 
11 , 1nu 1,, ,,,,,Jc ~r ,,u,,. (1111~ r.,~ y t• e t ile cJse f or ~7~I IL .1ir. in~ L. ~~•. L J 

( 4) no11-spoc 1r, c wr1 Lo nccrssrs. 

1,, ,. c ,1c h ~uch furtc l h 1rhtl cl i1ss, lhcr c i !. i1 rcol.si,r.11Uly h1~'i :- r: • ,!. 1~1t.y t ... , .. 
5\ICC' 1'\"dVO ilrC<'~\t•S .ii• ,• W1!j}•)C,ful l :"C1J, ( <Jr 1•\11 r"jdC, t ~,it l .. r, (. (." !. 1:1" '-t.t •. ~ r,·.~ ­
:,prr. 1rl c ,·c,HI ~ \,ql) ,\CL('~) ll1C .),1'1C µ ,, !:JC !JrUUJ 

A ~. l 11!11 f ! IM ~•~ r1••11 ~; trr r 111 y IH! ,) 1 J C, ( tl t'rj LO 11 .,!Ch t 1., . ~ L' •,. :-1 r J l l r::- "E:.,. 
- ,.-,,,,.,,~,,,,.,,-,,,.,.,,lndr,~\IT"j'j";f'.,) i\ l •l·l11l v11l11,1 l ,HIJrr\:; r,. Jy u,, ,n L" :.l.: _! :t 1 · ! ·•> '''! - - :-_. 

111Lcr 1.,cc ,ilt•ll~J w s t. h ,, L•a~ '· r•·, l ~ trr nu,·,11,-:- l! . tr t h'· ·.: :"• ,Jl ,·'!.-, :. . ! ,. : ~._, 
WJ Lhi11 thu Jt•l!Jt' !Jr'\.Htp l1 ~ ~r.r1lt ,"J hy C, th u1 1:. 1 s tr ,1 \J.,:, ,! 1-· '. ' -~ ·: ~:-: .. J : 
1:-i11.,or)· syslf•n tnto i> uhysici:1 tlll•lrc ... s. O~h i:·r-..·1\t .i ~:;,.,• ... l.,t! ~ . . •. ·,:: .... !.. 

Tu h t1 11 c..llr Lriin s L,1..J ,, n f,11 1lt s o f t h J !) sort, a h,\ c.'i t,~:,: :, , ... ; :, ?-- ·:•, ::; 
("t!IC c 11L ry ftJ 1' '" l•,1ch v 1r l 11:, 1 I 1111r curr r a lly r isid< nL :11 ;:-::,- .. ,:::, 1 :-- -·:-y. :- .. r 
r-1,ch <·u li-y, l.h 1.: key 1.t tl tr v 1rtu,, 1 ,,,1•J ·' nun:,\" r ; \l'.O t r 1:1: ... ,r- ,•1 •· .-:. : . .I .:. 

tlt· r.cr J pl 1o n of' t. ll u p,,qc oru1111 Lo ~\ t, 1ch u·.c: \' Jrtt:al f··~'~ I •l :.·; •, t·.·. •. r t> !t 
~illC<' Lhc h,,sh kr y i s ,, 1•,l!.1': 11ur.l1c•r , th cr~ \., t!I tir ,1 tl !!.t :-:L - :, .. •,·~ i. .. ·. :L" , .. ,. .. ... 
f'C'r t•,,ch 1"-'!10 t 11 11 ri ,,rir 1wo111l). ll i1t·c'• ... . 1 r c I n t h• , · 1r t. 11 1l :- - -, ~ .. , •. :·· t ,.- c .- ·,•: r:.: .. 
\. ht• l' •l ~l\1 1rnr1lil1 r o r the v 1rLu1 '1 ,1dd1'f•!,S \.,IIICh C,lJtf!i! : n,, U"1 :l ',l ,"":. 1 r · .~: ! :-! ".? 
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r,•prt,t•ill !J Ill LIi,, l'\'C lll. nf h,1!..h•C!' l l 1:;Jt)n 1$ ~n,, r , ·.v •1~.i :·: !;· .. :,· ,r V \. 

pruc:e .s ~o.-. \ :J1t·:t lhc Ct1r rt:C: l t'nLr:,· 1s f u\. ;1J, th<: ln f c,1n1· .. 1,,:1 1• 11.:. r ... •,;.~; -~·; .: 
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tt,1ppl n:1 ,1 7. l• h l\ v l n u,1! ,111.Jrc~~ IJ :t Lhc h,Hc r c11~•-~r ,,, ·.~~ :-, : ~~ .. ;;r. ~ 
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:,ltih' r,p,•r.1.L1011, lu 1l••c r \'1l :n: :.hl' 1, r i: li,1l, 1l1L y Lt( rc,j •11r111 ,, -; ,1 :,,i '.:: : :-:·,· . . ;-. !: 1:. 
~(lfu•L11:ir~ t11•,1r,1l ,t 1• \.? ,1~!\flC1 ,1t.c nu ltl p l C! 1i ,1~.r. r •1r; 1•,l1•r :. ~Jl~ r,•,;:-i : ,. ,..-:~:·.-. 
cl ,,ss. 1hr h 11 r 111: ,1 rr riro v1 ,1ca, f ur nu ll1pl 1c1 Ly or 2 . 

111,'l t i 'i , l il t• t, , 11.1!',1' r r·1t, L1 r'i c an t J~ u:.c\1 .,~ C p,1l r ,. ior , -., r:"1 ;- .1: r-. :.,y 
A ,ll nl Z , :-il,l\l' illlltrn,11. u 111 JII 1111' f)\r, ,, ry 1nl,• rr ,1c r• lr1•11l S (•:~ ( .,..-" r<'":l\~ ~ r o f 
th, , ii ,,, r ,1', u u r, •111. ,111,J Lit ~ ,,1.1.,:r i'\', i1 n ,, lf ,-r11,11,,. r.u1~.1,:,, i1 :.t.,H r~ 1·1 , '"", i.e.":;, 
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ir 11 r,1l! )l rk11,, n ,,t occ ur· t.hc n l he: Ul \ l $ \1HO or \ 0

~(: r ,:-.~r ) ,~ :. .. c :. ';. \.. : : t :-.:: 
t· ur 'l" <' lll r ,•:1 1 ~, l ,• r or Lh r: 11111r l t t.h c •.•a" \..h 1ch 1,1Jc ,,.., •• , ~ .c:•':.s.1·.~ 
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c.u-;c, tha r.c~· c 'J r rt'lt r '! ,, 1 ... •,.; 

curr\''l t rc~ i ~t~r 1s re~"· : 1 tJ, 
r~ .,! l :-~d. 

o f l ~c r ,, tr u Lhc old nllr.rn,Hc . I( Lhc new 
Lhrn an LRU rnrlace~rnl •l~nr!Lhm will be 

l :i s1:-.~.«:ry, t !lt:rc i':·", ~c. 11 r 11."d•'"' !\ O, E.r ,in ti Ci wh ich ~poclfy ho\-1 n,ldrcss 
c,11,. 1, sur-?l1i,:o•.l t,y t!~~ ;1~r .. ,H',~:'r L:. 1nt.c.•rjwc- trd t•:1 th t: vtrl11i1l 11cnl,rY :;y~ t. cin . 
i..,ch :- -:- :,c,ry rc.'11uc!:;t. c;.p cc1f1r·! .. , nnrJ,'. ,, u~.irJc cl J:-.:. (R'"''I, \..'rJui . f.xccuc. c , or 
T) , i\nd 11-:! c! r'-"~s (: 11 t..1 . Th"' v1rLuJl n"'10ry sy::.li1m ctLl1r r C,\frius out t.hc 
s;'lccir1~d rcit;?u<"!-,t o:-- r("1 l•r ._ ., r11ull . 

(0 : } t.h,"l.!.. :-(1~t ,·1t1•Jr t••, sr-·. f 'f•, I·•: 1· ';1rc1•,•,r- d Mi rcl11liVC}y M1i1 l l dJ!. f1l,1ccmcnts 
frc,n t':-c ·i,:,u~.!:,- r:it,;: !:~t:...-1 ti,,~e 1,n!nt.s, i.e . , n ;uuJ F. 1·10 cl c•s ::urrtcn for 
r ,s 1. r-:·fc•r•~ :,.-, ... : 

iJ;:') t: .. ,t. f Qr t-: ... t, f, :r.c- tl" ,l c~,1•.s ,, f ,.,, :.1, •·~~ 1•s \.ohich c,11lll1Jt hn so expressed. 
:,\;c,:~5,~1•,•c ::ci::"~sr~ .1rr "' 1· 1 l-:"--,1!1::•· .t, i .c. , r.h,iL tlu•rf'! t ~ a. hlah 
1r•.-~._,:~•,l1l:,- ·.'1i,~ it:-., ... ~,, (If '"~:. 1.•r-•1L1..,r :1cc1.:~ ~c!i t or 11 ft111ct.i 1J1Hll c:l;:1ss 
Wl: l :.•'-' n:-1 :.n t!'".c \; ··.~ #' ·' r.- t.,-.-.. r,·1 1:'· '1r<1~1r,:.. 

i::" t::.- ~.1:.1·,t' .:'"'t..1 o~ l!'",i:- ,_. .. ·,:•'i1,.v i)( 1.!1•:"'"' (:!1r,ll rv,1l1on~ h,1 .. , ht•r: n C'>llccted hy 
Slr. .. :,\t.1:l,_j :r.•~ •;-·,rr.,ih'"I •.,' ;r ~· ·r, 0 .1•. l :J Lh'" thl't:(' li'll!Jll:1~/t•S c•:q'H:t.: t. c d to 11.1}:c 

: :-: ori:-at•:~ -. csc c,~ ·.!1-:- .:1:~ .,·,_.,;,1, 11 :; ;l, ,1111! l~cpl. /1.t. t he µr r•.c;, <•11t. Lime, ncs~, 
c~:~ 15 r~st cr,rl tl ~ . 

((.! ) 

( C'} 

t;· .jj- ... r ir ,;, ')( rV:'.: .. n: . ,_ ,. ,. t:-: ,., •~ !t 1,:. n•.it. 'Jll ,tr i\lltt'll'I l h:tt lhc cnl \ r:d 
1•r ,,:,,J ,r•: i \ 1n ,,,, : •. , ,, •,,•11.u.t1t 1tLtth1l 1• ., •• ll"- c11llP1' 

rr- 1 ,.J .,1,: : .. !t S••.-: f • ' 
rtfr.r,.,,~ ..... , ~t ·· ~r-· 
rt"f •~rr-:tc <1 !. :11 ;• .1 r , 
rr-u.:· . 

,1·1 ,,, to.t r•"• '~ cnr,1•ut.Pt.l l•y thr u:;c r, r .u . . ,"l rray 
r •i1 li -·1:., i!"'1 ,1'1•: !,0 1111.r.r ,;h,1·,infj, f 111t. '1!<C lud i 11 !J 

1,, • •,. ; ,i: ,: \· ,ir·1,d1i 1•,, ''"11 v,1r1,11tl1 1 !. , illld t11slru c Ll o11 

( ,\ ,.! r1 1 t1cn,,1 dis('..!' • .r•:1 ,. , 1 1 ·, :·.111,, 1 r ,1 :i It•• f \'t111d In " lht: l r.11 d 1•nr11 L,\t.ion or 
~:.-:-.n c,n t\lt;," r/71 ·:·.1,; :~l•'H\ r,f , , ,, ,;f1 •.1a:h l1111<:l1011 :ll r.l, 1:,•; n!\ 1\!,. JVt.1 l.O 
v .1• t. ❖ t.,,1 1:u-!~ f" ld r·•i" ... 1 \,• ",'\"', , .. ,: t11.• ,1•.11r ,~,1. 1:1,, ~un of 1.h, •:,.u f'rr11uc11cl 1:!'. 
1-: \'H• r J }:) ,,r ;•:-~1·\ .... ,,., \,,l •. 11 11tltln:,., t" 'i ,1 :1 .J uiv,,, rpl,1II LIL-,1t.lvu <.J,H,il 

~ .. ;;r-rt11,.1 '.r .;11r: ",1l t'.1 •,•· ,,·1•r ~·'I). 

r.,:: •, ~· .. • r,l,·,• • ·· 1:1: 1· ,1 !111 1 i'l•!oJ t v11111 .1I i1ddrc::,", ml q ht. t,r 
, ,, ,'\t." !.. J•'tUI:'• r,·l•,• •, 1 :,,J,. ,, , .• ,., , d,•1••'1111111• 1 1, 11 \, lp •11i1 •t· n r· 11t1 l lh 1t 
:-i-: , : ·. ·.-::-:. ,.: .. • ,., .. ! ::, ,. !·.1,1,, ~•1•· i,,,~;•· ,,n,1q, (•.) vi ll11• 11,1•,1• 11•11f:.LHr 'H' 
r, 11',l•"fJ. ,!' r ,,:, : (,: ,'.•\, ·,•,; r.tl \'•,l:-- r ,,,. 11 .1..:h fu11cl101:.1) 1'),1-; •, ,111d t•, 1r.h 
:••.'--".'!,.;..tr·;~'!•'., t t"' •1• ·1 d r•I ,l::a: !,11r0 : ·, ,1,.1:11 1•d t11 hr• Lhr' 

• I. i : ' ," '~ ,. t , , l It I 11 . ·1 II I,, , •,•· , , .• , I •,t l•I' . If, I!, 
.,, 1·d·.:·." , 1,, 1 ,1 ,1111;11t' L,111J ,•11 1111 ·1, ,,I Hl 1\1: r· v ,1t1 1111 

: I '1-1 I,,~ -' I ·. ':.,. ··"" ,,.,, 1' l111• Ll11 j •I• I 1111t. I. I 1')11,1 l ( (,;). ; !1f,: :"l)\' ·j •·• ,1·: :·•. 
,t1 l'"'•r 1• • · •tHl•l1 1 11,11,1I r·,• 111,11\ 111 :1 1 ,111') , 'Jhi•, I •; c? .... , ,,, .. , r,f 1:,1• r,:- uct.: 

(' • ; I •• t I t " ~ l., ! • 11 ~ , . • l •• ' • ' . ,. 1' .. 1 1 , .1,: 11 1 ,1,lil f l'',', l'', ,I I• ' r,1 ,111!1• o1 11d nnr: 11 

:11••. I· 

~ /\I t C\ \'\rLu;i\ ~lcr:inry 
llrn \..' c, !Jhni t 

\Jhrn usi11!1 G-m<uln, t.h e r ri i ~ ;ir,o th~r cwrrhci,1 d u'? t ':I ,:,)n ~ 11! 1 11- ,; :- .. l:.!; !': 
l.i,uc rc<)l~Lcrs ~cqu1•nl 1,, 1 ly (rnlhcr lhun !11 ~,,ral lei J < ·,~Jltl 1-~ ·,'r :~=~ ,.: ;~. 
,l :;!-,('I Ci,tll\'l' rf'!Ji .\L nr:-.. ) 1h1• c.• ff, ·Cl. or t h iw, r.•,y l, t: cr.,:•;1u t.•~,j ,1 ... r .. !::~--:. ~r:. ·; 
li-nodt~ rr.lrr<·ncr: , r. iLltr.r c,a,- er t M, hu:.I.! rc";l~:.r:r -. ~. ;J? !,,, , .,. -., r.; - r.-r. ·: 

Lli•: c11rrt•nl I~. Cf.\rt\•<.' L ufttl f\,,, , 11Lll'.• rwi•.,:, 11,,:- ,I·,c r ..i•;1 , .... •,:Or r i 1 • • -:."• w._,:,.- ;,: 
j ~· rnfnrrocf t o .:l~ lf\c f!;!ttl\L1t'.t1,,_1 (' ('~ ~ ~1'.· f~:- '1· .:1nc•! t.~.:, , , ;: ... : ,:;··~ .:- .. • 
c<.111sit1111·t1 t..l i11 Ci·1:1 ,) ilc if 111 nl ll:t J)· ,r th '.• carn·~p,::n,1lrt!I F·r·,r: r r- -;J.rsr. 1.:. 1.:: ,~ 

f ;au lt , il r o J1 m.,·~ Ll1,1l Lhr. c.1.11,ll ll"l t,d 1,r,.,I ,<: d r,1,th 1 ~ l. t.•: f• ::·. ·: r, r,::r~1:·1.·.; r..1'.": 

+ 1. The IJl 'OIJC clrJ1l.h fu r 1'1-h i t. Jtlrlr 1: ssc .s lS, c,f Cf. 1Jf!.'! , i:,J·. :,:.··. l . T:;-; : .. --: 
over· ,ill riw1:wry ;,ccc~.c..c~ o( t li o 1,rc. ,h.,ct (fr ~•11.tmcy • 1, rc,tr. J,.-:,·.L ) •;1·,,~~ .. 
~'~~.1t1hL~'.~ r.1r.•''! p1:\'J11.• g!' P.! t1. ·11.ts nr:,j~u r cs t. hc, ovcr~.cJ U 1n G· :· .. J·~ C..!v~J•:.! ~!-' 
C:c.1 11 ~ idf'l'l ll t1 mu lt.1J)IC' h,t:.C /' l'lj i!l "l'.S sc ,1u c11L 1idl)', 

The ,1l1nvc fr ·r•t1111•11c:y. rc l 11,1tli111J r,llf.!i, ,and r-r ~l:.t ,: ~:lt.~'!i ,,r rr :-:," • . ..; :- ~1 
clur in r, LhC' c:--:ccu tt c, n ,,r l i v,: ~:1\\1 r,n,~r.v1s: 

( 11 cc1m1li Jcr -- 1.h o st,111,1.1rd ,'I r::.:, c; or,p l lcr fc..r ~l:i .'-:c. 

( l) ,,11,\lyirr • l-1 prC\~.1"•111\ wr'Jltl·U l,y r. . S ,llt.Cf'..lt\ , ,i:c ti) ~tJLlt:~l1y iH' •::."•1 
Nr~a obJCC l cudc 

('1) J.t'f'1Ut'11t1llll11.r• r - ,1 11 r o1 ;:-- ,1~ ~1r 1tl c11 l,y J. ~•~lv111 (,,r :..r•'i'~ ' ·n ~t .1 lii~: :1 ~­
Nl. :;- 1 n.c ~lruc 111n,,J I il,• 

(5) U1•ltU!l!Pn!J :.c5,;iC1n .. 011li nc, i11t.cr ,1 ct1vc cl1·bu,pJ1r1,; us1ng :~. t? ·: ·• :. ., C~t~-;;;:?;:; 
sy~ t.t'ln 
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( .') ·-·:t ~ ~-:- :!~ !:!~,•,'., !: ." ., , ,,r C0r ,,I -hit ,1\ldru:,•.cs, the rrlo,1dino rnto 
r ,J:i _:• "· fr '-;;'. . ~ : ": : . : ~·. 

( :!) :.., c •, ·r- ~~:!. :r: ,; r • ~f'J :r ~· !•;: :• ; :-: (· :••! ': i~ ,, :,•,r·r1 L1,1II'/ 1, t.1• , Lho cff'!Cl. 
C•( ':. r,;:H· r, 1. u,! r.•v.~:, ::• -1 '.. J ~:1 1 r I -; :,:• rp ') J!,l'' t" , 1!. ll(••JI lHlhlo . 

Al Lo VirLunl ~cnory 
r.C'n ~leaurc l L 

~ovcnbcr O, I alol 

I ' : , 

CC'm11,1r,1hlc tJ,1t.,1 J 'i l,nfnu cc;Jl,'C LC'd fo r"' r.ytl!lt~ J'I. Prf'\l Jn H'; "r ·· :-r•, · • i:' .. . ,.·.,-: 
!Jt•n~r,tlly tr11r1, , r1 to c,,nru rn l n tti ,J :.,, ~ , ~,: ~.: . Tt~c :'"',?!.l 1;·:, •. "'t ,:· ·, •.,.• ; :_ .. .. : :. 
Lh,1l. LIICI ;1h :.t 0 llC('t 1,( 1;1 r,1:ulo :, ("r, 1•,p11V1l}f; OL)y 1 it L,lrJ : i: r. , . .. ;1!".' .' 1'1 f_.v, : . •. ;, 
a ,pl 10•, t.h,,t. lln.: llf"l11i ,1lt1 lil y ,ir c rmtrol tr ,111,fcr rt.qt:Jt 10~ t ~i ,,., •. • ! ! r:; , .. f ,1 

h ,1. ~c rf''Jl~Lcr 1-:- fl1UIH: r tl1i'tll 1n ~;,. ! .. 1 , 

J , J l\c11I 

(i1v ~ri LIH' c11,r c 11t. !.t ,,L l' ur Lho r.crd ~1r.uJa 1.r,r, il 1, 1! lff1 -: .. :·. l •1 ,. ! !,,- : 
1di-11L1c,1l rl,IL,1 lor· lt c; pl , 11t(~ ,t 1ff1 c u)l j* arJ\ ~ ~ in lr,,:--·~U .\ .. ,. , ... . .... :. ~ ~: " , 

th, · ttq 1 l .r; 1n ,1l,l t\lr h ,11h1lc ~ 011lr H• l ·: :l NJ n .. ,, 1~1l c ~. l r ,, 11 " • 11,• . .. • ~ 
<Ill ,• c t I\:. 11 ,•111: r, th rr r- 1~ 110 "·' •1 r o t cullc·c L~ nl) ,1 .1!. 1 r,1. :.: ,, !'1, · , . ::, ' ,, .; • 
• , d d 1\,•~ :. 111 !J i:w d l' fur rL,11tn d lt,,n~fu!. ,r r, f '..!11.: t1 'f •: c l , : .:. , : _; 1.·. -

,1t l tl r c• ~ ~III H UII lh 1? r J o, ,111\ '1 r ,,t ,' (or Ct,n t rn l lr i1!1.)t ,_1 1'\. Jr. •. •,,,; , : '-r_ · ., 

1,,•l1.1w :. lww ~. \lt1 1 Jr•1111t•111r \1 ! 111l \ 1- n ,·,t1~1 l •· c r, 11 t r ,. I lr ,Jl . •, f , r - ., 1 • ,::- • .. ·,. -: 
h,• !-. n,1ll1~r Lh,111 lh• : f, t,.1111111y ot 7 •1·1JtL , ,: ,1 ,,;.•. 11•· ; f ;_ r ,. , .. •. ··! . .. • . f - · . . 
/\1 :, u, IL .1 ~~11111• :.. lh ,t l f • n r, •1: ,1 l•lrl! ~ !. lr1'J 1 ', 1, •, 1 I l ,., r l. ', ' t'..:-"• l :. r •. ~ ... ;, ; I •·.:., 
1111y 1nt1.· r-1 r1d 1J l l' c 1,11 l r ol 1· ,, :, :, (1• r t!. ti~ .. .:: ••tJ t. 1! r •• ·;· .. ~ .. ,• :-1.•l r '. : : ; 
rt'll\ ',\ C'I , 

111 (• fnll tth'llltl d ,l l"I , :,\!, (•1 11.,'tltl(•fJ it~ u,-- r,,, •• j, w~ 1 :...- ,; ( : .... ;". .. : • 0o: 

Ht· 11l l\'1'.1 1'1l1• r h ' •ll'~.Jll'f l•II ( ' 11' ' 11 :· .. rw .:n (c ,.;u r1r.•1:l:; • 1 i.. i' tJ !' ~ ,,r ·~· .. : -! :.! ·.:. : -; 

(ll1 · V1rt util 'h •fl ••I' )' f ,11, o;," 7 /1 /'/ -I) . Th e n 11r.!, r: r (}f i11 !-. :.ru: :L ,.:i ·, ; , .... : ,1 ·., ~ ~ ! :­

tt,o ~c t wu n o <l 11 l " ~ w~s 8 v, •l00 . 

111L ror -

n 1.•,l·1 lr 7•1•1lll 7 °\ •h It 
CUltll ' ,:>l u•.i •r U !. 1•r : ot " 1 ~r 
}.r:··•·l:. C'·!'. r r !,~JJ __ " C.~~! { : :"· ' ':' ~~-"-~ c I 

( r~~u1•11cy J. ~,:~ ; .01/, J ,, •• ' 1 r, . :: ), 

F 

1; 

(, 

rt'lu~tll11(1 ri1tr I OOX 17..\i\ j :, . 2'l. ( C• , J':1 

,·r l oi1tl111a r11 l l: ( nolt• I) l), ~lo l. 7,. ( _4 . e ~) 

f'l'OltC tl,•plh (110\Q 7.) I. 12 1.33 (I . 01.) 

• no d;,lil ,w,11laldc, trr,1Lrol ~~ 100 1/. 

1·111L C flt·lol - 91vrn11 1°,,nlnl srocirtc 1,~!c,n or L~,c l•~•c rc :1: ... 1. 
7.•ltJ l nr11!0 1 lf•l,I - U-,111 •!1•, r:-nr:,!c•, f ... r ,!,U•.., , fJ:'" G·r :. ,:,, 
l .. l'lL u.,,,i,,, cl,1~, ... lt11 ,hl, \, rflt.,, ["\ccuLr , eir Tr.ir: sl.lli' 

\:c dl'nnl\1 lilt:, ( lllrOll[.lh j or r uu t t.tr.r Rb)' r.~l:J). 6\t,S are: n1.:r ~H"!'( ,"! rrc:, t~c 
h • ft. ?J l,11 ' \.lllLI ill ;' nn.,. 



hl ~o \'1r~u~l ~:,~o ry 
L..:a \..' t-:1L•rc1 t 

: . I. ·: ,, • 1· r 

Q:, ,,11 r. - nr:i- :'°:•.:r\·.,. : '•· C-fl'!l'~ 1~. c• ,-!.•i nc,J with ~l•tlC 1ufc,rn;ition in 
t~r r~~ -:-:; 1ntcrf .. rr • n c?.1-:. .~ a.,:,., ... ~ r 1~•11:, l"· r , .u:·1,r r U, il!io full"w:-. : C is,, '1-
• l~ r i ,•!d . ClO :ZJ ·~··cd1cs ("'' or ~ 1,,i;e rru1H~r ,,,,trs. Lcl .S(C[O:Z]) LI<! 
~~~ s:Jt~ ~it or Lh J ~ r~i r. Th -~11 

Al l(l \111·111,ll IIN1ory 
~llr.n Wonhrc1l 

(c) F • 1uppJ1~s n 2~-blt v1rtui1l address purport ~d tn ~r ~ ,:~:n 
ur<>III' d1•scl'fhr1I I y II 

(d ) i; • s111•11ll1•s a i.•1· 1ol t vlnu.,l Jrlrlr~~s pur ported L~ I.,• w :, ► :n ••l~,.~­
Lhc !'i1UO 111 ·0,111 <lcacl'!hcd h)' U or I>:,, C'• alt crn.ne. 

~ -~. TrilnslnLJon 
l:' ~ ·;:] C[ O • 2 J 
r:(3] = C( ) J :!'::. S(C(0 ·2JI (IJC, f.c. and Fe helow arc 74-b!L QUbOtitlcs.) 

( 11 to ott.11:i p.11n·•:•,•d·:·e· ,., .J • · u · c r,-r-ot le Jilli set Lhr lnw ortlcr bit or C 
l 'l zcr tJ -.,h,.~ ,1 s~~:·..!.•l 1r,; ~ ►,.. ·,1rrn ·tr1",l 1'1J': ll(' l1 

r ;} ~" (•~L,,1:"1 r.O:\•:l~~r r- ,i ., ,' ", \ 'P1 • • 11',l· f•nt)tlt· ,llld ~Cl l11t: SL,ILUS bit or 0 

:'S1 r t o ~crt' "·'•r,'."I :r,1t:~• .1 r1"P•r :,.,•.~ r -~·;1:-. Lf'r or lh o 1,,,1r . 

I:l _ ,.' ,, i.~ . r_, .If, <! I, t'1l:: C 1~ u:.cd l f't tr,i11sl.1lJon. 
·i~1:-r ~,,;..,, r .,sf •l l ~, \: 

:·,~:7) 
Ii' [ 3] 

([ ' ; ~ 
C[oJ .. '!,;C~ (:; ;r·,: ~ Jll 

Ucflno D's 

I n ;--,;, f,, :. :s ll'I : :rs I 1! 1~ f,•,1! ,, :h••n II' IS fOt"nou hy ~CLllll(J S(C[O:?.]) 
:.:-t 1 :s cr,-•,:crr:"'1';. • tr~- :1•!; :.·. 

·,·t, ~ l •j • !Jit i' • ;-- ; :·i ·. tr~ · ... ,: ,1;!- 1rrr.~ ~:1ac••• of ihc 1,,w fl i'\fJ\l of n fH\~o 

Cj .. ='~! ~. 

c· - -~ :t :•~":' .. Jll v-., . ··.•.:,. ,,: I ' 1h •••,:, ·.;,,1,;1! , ,,( lh•· 11,w 111!(1'! or ,l Pt\!JC 
;.r,u; .. 

CH: ! • '., il :-1·•• I 1 1: :••r ; 11'. ', ; r .·tl Jc: !~rr",:'i ~p.1cr, nf lh•! hl!lh llil!JO nf ,1 

' '-'Jt.\ r,r:-:::,. 

,·· . ..!'!! t 1C":"l:l!:y , ~,~ .. .., :,,,st r,·,1 1 :,• ,r t:,1 ", ,, !'_:!.',~• t'..':'1!!J"C I' ,\ whfc:h r.c,nt.,1tns nn 
i'l.!:.l:-rs!. ~·- ,·,,. r!'i" ,~f: l.1n t.!:" 11,, !·' , ... ,:111': I' ,\ 1•, ,, f 11 l l 2,1.t,lt. vtr Lt1i1l ndclr-nr.~i. 
7?• ~ ,,~y:.1c -, .,d""· ,. •,•. ,_.(',,,.,. ~;· ::1. f 0

l r, i',\ ,~ IJ1'f1 11 1•1I tu he 11, ..i l 11•hlL ilddross. 
S11.r.:r P· CL·;> •,;. :: P,\•,:.·;. · , '\ 1 ,,: 

r = f' \ • c L • l • • •. :. ·? ,: 

1"'1• c"rr,•1:o ;•"'' .r:-.H , .. :• ,,,:, ,'1•,,1 r.,1 .ul'I v1:-l.u,11 ,i,flln• :.~l!S. J11 tllf• 11,1110 uroup 1-; 

~.ji• C1(1 rJ ,y t?,r 1·> ·!'1~ 1,:'\.• 1 • • 1 :, •• , ,1,•r~•11• 1J 

Q ~ c:.. • ','L = ;· • ; i, 

( ,, ) the core ,1ddrcu corrcspondino to O ll Oc 
C"LiDc(O: I~ lint . 

(l,t the core ,1tltlr<•s, ron·c ,po11<lin9 Lo t u Cc • E•CL',11\ rr~·-ic,' c. t :· ,: 
F.c( 0 : 1J = 0 J ll d [c( 6 : l!>)i CII 

(c) Lhr cu re ;,<.Jrln•ss corrosr,cnclin~ to f 1s re • f •Q ·,1.~ ; r .. ,:~~-: :.•,: 
Cl,i rc(D : l ~]~C II ,,nu rc[O : 'lJ •O 

(u) ldcnlic,11 In F C\Cr11t Lh.it C anrJ th 1·n n ,ilttrn,i. ,: u ,• Lr,,,~ :~ .. , ~ 

X1ot.c: ln 
C"(.1!'11)) f'l'H'IIL 

IJ•r1od,1 , ,I lh•{;11L\v(, 

~ I Liu• ,,u~o I tk "" i ur. 
(11•,jt l ,,crr:tonl r. l!. '!';,:r•:,.,~ ,,"; 
of n. ( 1,rr;,n1 v,~ d: " ~ 1,1-:r:-''.::..::i. ~:'I :."'"' 

There ilr 'c fl1Ur ll.~"l!,;C cl ,1:-..:.i:.•~ .,,,,11ch .spccJfy hciw the rc.-.-: ry 1s i:. o b,. ru, !:-, .. ; 
the proli,cLl~n cl ,1ss to ho ,,,1, ctru: 

It rC",1tl l''H 0 1iory f, r c.'i1tl • rr11 IC'C l ll! l"Ct. i''J 
\I - hl"\Lt.' mc;:1or y l, \o,rll ...: -t •l'(lt '.'~ ~ :;t.?: (C l' 
t: • r<-i,d ,..,,,,,,ry b 1· :-: 1: c~1Lu · 111·ut,c'. .:.r l,;ctr.:J 
, . r, 111., ~:,,a in lh ~• n urr,11 , .. , ;·. l •Ut d1) 11 0 ·. ( IJ:'I u, , .. r-1., -.:., ;-y 

(I) l11 Cl'l'll••llt,1 11y r.h,lllfJill •J 1h 11 \',lluc or., f,,t',I.' :,0111L l,' r f1 (1i) \,, t :',tn t~ • ; ,• ;,· 
•11·011p llc,.c, lht•II hy I:. 

(l) \.1'::.t.11111 wl11•lht'r ,, ti 11:,c, rr!ll:it,r or ll r, ·•: 1•,t 1: r p,dr r- .. ;::-: J l~·t• . 1,. ·11r : \.. .: 
,1ddr ' f •!\!, \•.· 11H,:1 1 ~. to h~ 11'-,: d ,1, 11 nru l1rl'St:' ro1•1l ••r r•/, . 

TIie~ 1111•n1,r y J11t,irt .ic e• l 1c. 1,1r •J r.,,nt.,11ns tho fol ltt'-IJtt'J c c,r ;1•;:1•::,L: L:. i:-<! in t ._\! 
Vll ' lU,tl IH'l:\'1I'\' t,y•,11•111 : 



.,\! t.o Vi rt. ,:, 1 1'-:~r~ ~r:,· 
r 1 11 • ... ·ri i:-;b r ,~1 t 

raoc 11 

C~r.h 1,.-,,.,,. r ~~: o,~r r.011~ ! ~1-, or~ .<ub ·rC!/tstcrs, 3 proL11ctlon hlLs, and ono 
C!rty 01: 

CL - ,1 n O· h1i 1..,"' er•-" :,-~ 11, .. 11 

CH - cl'"; f.-! 11 : !",:-:-li C rt · I·•;,, 1' 
- i: J•j•h!: c..- - • . , '.t! · • ,~ t·t •CL'7,tC•\'L'Z r!l) 

Q ~ l -:, - 11 I t. ~ .-. ; ,, ! ( ( t • •. :. ' 

.. .,,r:: :-; ; r- . •. :1 ! .. J: 

r., . .;:1': t ', r-n • (.,: •1 
t !,t· l",,'\"·~ r c•J:'.". ·.~r •; 

;1,1ir r: f I'.,, .. r· t•rJ l','...f.:''i hi1\ ,1 r, tULtJ l,it, S, U~tJd Jn fr1nning 
,. t1r- r C. 

.... ,,:,;~,- ~.j ~ ';, ••!•'•,•·;:·• I ... 1 10 , , j+ J ' 'v 1~, :.,•r(,1CI'\ l,11i1rd r,·um tt111 AI.U C,ll lpUt. 

(. ", f ol l c. ... ! : 

(:) : - :-.~°! -' ,''I. : ·, . .... •., • , :11··1 0 11 -: . ,.,• 1 '-.ht,•,f! ht •;!1 l,yt. n J !-. I 1111nnHl t1ncl 
\' ~· :.c : ,.,. i,: : -:· !"' : ,; f."~.: !•:• • ·· t• f t! •('I ;", l ''" 111:'"',h(\ :•, fol ]r1h'i•d h!' 11nrU 11unhcr 7. 
..,,. .. .... r hH~n !.. :,: \: : ~ :·,· ::,:,•; ' l,•,1, r,f 11 0• 11,1°: 1• :l:':- : 1l!f' ,tlld \,,?, u:;,! f, ,w li:1L1• J s t.h~ 
... ~- .i r:u:-'.'~C'r 1n t !:-~ 1 .~" - , .·· •. 1. ,.-., ~,u: •1~ . .i:-c• ~,:::1, l1t: \I <.m 1.wo u ,11•,••c11 1.lv t.• r:,luor 
c , : 1~::;. 

'll c ~r ry 

(:' ) c .~ :.-y C i-i· J : J '. 7 ..: , ~ r.•,r··· t ".Jt. r1f l.tt } 1nto htl 1r, , 

H-::ic.c. lt Ci, r r : t .. , ... 

( t) , -:!r! -:, ·. n •11, -:, :-- •. •: : ~ ~1 , ·,: • •,, : :· •• •. :,•, •,1i: , •• , t'1 r•r ·,,i111,.,. ,1 1111 11bor Hl lh 1 t"' 
!~11:·,•c:. s· .. t.i;•;·:.;~. :,· .. - 11~:••: c,;· .,,y ' '" , ... n ·, .. ,,:r:, ,11·~ ,il l1:::w 1I 111 \:111·d::, ihfs: 
'j :.:~n : ~ ........ ~fll] :n r ,1•,,j ~. J ./••'. . ~01! •J•l tl1~(! t,.ht:, ro,·n ,,r ,ul.Jir.i 1: 11 ;i•. A.$ 0. 

) 

Attn Virlual Memory 
B,•11 ll1• 1J llf'I' It 

r 

The fol lo-ii11q rc()IHcr tr·,,nsfcr o~~r~tions ijrc pcrfGr::~1: 

( u) (1-,no1lc 

M ln•AI.U nut11ul 
Ml\lh'IIR•l'(il) 
st,11·t ncr.1ory; test CL(ll)i!IM:(0:7)iCll(gJ ilnd fault 1f no: 

(b) E-r.iodr 

sane as U-nodc rxcrpt Lhit (CL(C),zcros) I• u~ cd !n p]d"d a( P( 5) 

(c) F-rlOdll 

(d] 

IIJH[U: l5]-Al.l 'o11t [U : I~] (first :>,te ~f p~~c f) 
111 it l O : 7 ·1•,\l,lleo111 f o: / ] ; 1..:.;:-:,1.r,,., t[ U: t ~) 
11,\1\-(()(ll)lC : 1~).Q(l'. l[0 : 7)) s 1111'. a·111 r~:: ll tr cu·:, G.i' • .- r ~1 ; ;:, 
Ln>l rl.(ll)('; ,\/ :[O:IJ : Cll(il) .,no i:,ii:(h : 15J,o .,n.: (,1:. lt Lf n~ ~ 
tl.'\l'.[I;: l~J•·l- \1( ,111J ~l,lrt n,:,or)' 

IIJR [ :t : 1',]-Al.lout[n : 15) (first lr)'IC G( r,,i;c •) 
II JR( 0 : 'l ]-A/.Uo011i.[ C: /]: \.'\a•,\LU,., u l[ 0 : I~ J 
Ml\l\-(Q(ll)(ll . i~I.Q(H)f0 : 7 )) S .'i!P. a r.,J Lt•L f Gr no carry e:·,t o r t.1~ ': 
lo~L ll.(l:) ~~:.-.1:i 0:7 J~fll(C) ,111J .'lt.1'(0:1~] , o 
1r \.hf) \.l •\ t', :1, · ci ,11rr1: :,.:.r~1 
-- J.,l~t·n 'l:,1 ·( :,: 1'.ij-,.: .,~ ;1 ;ul st,1rl r.r ·vJry 

/>l:.1: c,,., ;,t1•1it.11 l 1,(f.[O : ZJ), f <,r:> tt.t ,,,, ••• B, 
\Intl Cl'il l I nuc• ,: i t:1 : 

11/,f:-(Q(l: )f:1:1 ~ ).Q(/: )[u:7)) s .'ii!\ an:I r.,11\t if c.-.rn· oc: ,:,f !;IL S 
t t•H Ll.(li) ' '!,\l>!0:11~Cll(I: ) ,,nd :-:•.r[il:l~J•O ,, r.'1 r.,., :i. ,r r: ~ 
tif,1!.[H:1~] .. \::\i: ,t tHI 5l,11· 1. ric:::.r y 

5.G. Prot,·ctto11 

Thr. three r,nlt•'Cl Jun hl:.s .to;'ifJCi.1LctJ with ti 11,, -;r 1 :r :1.;, -.., .. ... , u ~· ~,-~~ :,: 
l\ t•,1d,,hl~. \..' rll,,!Jli•, ,,aiJ I. X\•1·• 1L ,d,l<:, on ,1 fll lJC- :;rc J p t•,:'",: :.. (f. / f ' ",.;.;, :,. 
n r•,·111 \, lcL c:h I 1'"" r,11n,11 ·y Ol.lli 1· 1.! 1,1t1 111~t.r •, f.t lf.,11 ( '.! Lc :1.) r.o •:~t .- •0 r:: r l'! ;..:: ~:. 
·.rJc•r.l..=;. a h.a:.c• r•·•J:!,l 1'r it11U • 11p pl1'' !, ,, U!. iVit! c.l.i:;.:..: 

01 · • lll~l.1'11', lJ'•II ( , 1.c:h: o:,1,l t1C l\ 
10 • 1>1.1,. , r 1·1•,.,I; s(•}Hl'. 1: 
I I - ~.-1 1 l t• ; •••• 11•c l :. \l 
00 .. t.r,,n~l,11.,.- unJy l,ul li.J .~cLu ,11 n-,riory rcrcrr.nc~i n-:-- ~r.lt?c'. 

JJ ,, prul11i.:1.1011 1,11 f:, ' \• 11•111 ,J Iv ll, r ucr,r;.ry rcq,1tst. i1:-id l~ o! f f Jr U~ l ~ ;,.: :-4· 
!f,·,1up. l.t\Cn ,, 1•rtJL••c LI on I ,•u i"t orCur~. 

(f) J1rut,,· l1t 1f\ '.1 Jnl ,1l1t,n , Ill U1 ,1 l on t•l h •• r,-1"~· \11 ·1 ,1 - • · r :, rr~ _r -;•. 
:, 11,•<1r 1,, ... ,t ll~ •••H· cJ.1 ... :-. l\1! ,1,1, h'1tt1•, \11' r.~•'CU\.l' "'- !I\C.:h l :. n•:. '"'' •- r_~ .· , !\ .. , - :.•~".! 
l\ 1l'J1' : If 1\I J• . 



A! t i \ ' 1rt~~ l ~~~~ - y 

t n ~·.,-;_ r e! !. 
f'agc 13 

~ .. ,r. d ", v~ c- 1 •·.!o~:.. ,., ~ : ,· ,,. ,, 1 •, : 11 t.•: r \, 111 t,'! J,;u1tc ;d •:rrors in mnst 
;, >:~"n l J : 1- :1 !., !'·:~ ·, c ~r r ... ~1 •, '• l"l u1,J •,1r: .. • l y hi" r C' (' CJ rt.c1'1 h,u. k. tu t.11<1 processor. 

( 111) t r ,l .,~! • : •. :-, f1 •1 :: , ! :l 1..\•:, ~ 1!• f"' f" ,1\ r rr 11f";Lt:r Ut,f:(I W, t :,. '1 !J~!~ .1t 

c .,:-:·i,;- -- ~ .... ' i ' ,,:, : : f u1-:1 \ll'' u ,\l ,t ',h••••,!'. r.11 1, 0 1: t.:; l cl t' l,t lha !, IH.! c: trtcd 1J11ao 
- . t : ~. l .. (' 0 c~,~\. .. , , . ,, r~ •ll!i- 1 • I' ·, !•,\ ,Ji t.l Ji , , 1 .. . ,.i,,tJ I• . con ~ult.Jn!'} t.ltu h,1\h t,,t,Jc . 

~--~~ f J:,j (, -- .,~ ~ ,H.Ct" \ !', \\ C.tn C.H•:.. c l l"ull~ : ,l~HH\ f ,1Ull. 

Jn c -,:i -. u~ t.l'l~ : h ,: t,,, ,..~ 1 . • , 1,J".' \, ~~ ... , ., t. r ., 1: ,t ,, t. 1on f,111ll occur!'., it JJrovr:. 
c :- · 1, •', \l C' :"' l : c l~l "-'! ' •• t n •• r :-,,~•· ·~· 1111) It • l' ,,,.. ,: l)u : v1rt.ui1l I H'f1 t) f'Y "i y~t.,•m t11trJ Lit ~ 

;,:•.,._,: :;. ·,l') r :- ; r- " :f1r ~! ?:1, .. .... :·1 ; '.1 ,11 p,, ,, .,, j 1• L') u ,,, l1il~.h l ,) 1, lt• i s Cf'> l1(llltrd hy 
: · •· • .. .. :. ·1•• l ·-.-.-""' \ ~, • .. ,- : , ,• ·•,•ii ; 1· 1~. :, l :.h t•/t' l 't ll1tl1 ,1 1.,•il: ,Ill :.uh ~. t•lpt c•11t 
... ·. 1 . .. -1 :- ~ ... . , t: ~•\' ~·. : ' (, P •r, ,· i h l 'i c! 1t ,1 111 r. th(' r,r s l l•l ' t1I,(• t.111Lry 
,. :·: : ! / \_ ,, l 11 ; • • • ·: ·• r ; j ' ' • 11 :-· 11 , '?; 1• . .. I \1 lf,1,;d !"•: '"' ' fJ I L•· :. t 111 :1 f ( 1 r" 

• i!~ -:.. , ,.,:,· .. ,.,.,: rr :,1 11 . -:. 1. , : ·, ", \f)' 

T:i .:.· 1r: . ~~ ;1 ! j:· •. , .. 1•1r: :,1• 1r ,.r1,fo r:Hnt1 Llif• ('u lllf ' l11, S c,r MIR (it 
•••.1 ;· ; , rl ri1 J'"' :-:;~•••·r, 1 1 t'l ,, r, .• ' 1•· ~. ~. t n 111• ?1,1:' h t ,. ld i.:. l he: l,1111 1 • cou~tsv, of 
;· . •, ~· ... ,J i'"ill ., . ... , 1 '> i i '•• , • · !I, I , 1, ,i;; •I •.~ .u· v , u 1 .-, p,11Jc l1 v1111 d,11 y whose Pil!JC 
I .: • :, r,.. l!. u ~·.1 !1.ir·-lc- ~l ! If ' ' 1111 Lt1,l j~C•h C l ': t• t1l,1111 '! d ii ~ rvll r,h's : 

{ ;.:} 
( ( .2 ; 

i',.. ': ~ I r •• • ~• ; 
.,:-,:'-::',' • r ·:; •• , 7) "'" ' I If'[ I, J 
i " r ! r : : : : " j : · ' ! ... ·::' { 1 : 

, , . . ,, 

( 2 . .; I ( ,,:- \ ~ I 

.. ... . 
' ,; : : ".\ ' : . 

: ... \ ' ' . . .. :-, . . ~ . '; : .. 
C :. 1, "\::. 

·, I : '; :• ' ,[ ::-1), ' lli:(7 tl] M,r l llf'.(11+1] 

l" !.' ",+" ' 1 • ' 1 u. ! :-, : •,, :: •, ':,l\' •J 11,lllo~:, (J r lt1I" ,irlilrt•~~ s1rnco hnsh 
, : :· •:, .. ·: ; ~ .- 1 \" ' u 1 JI 1:11 t · 11• :-. ,11·1• , ;11:1,-.11,u: ctl 110L to 
,; : 1, • ••• , :· .. .. •• • il 'l "'1! 11• f' 1.•11 i •f' 11, ,, 1.11,, h,11;:h . Th '? 

• · , ... ; .r •· • • , : , ,,., 1111 L t ,11 1,, 111 ,, , .u1.J J •, put. 
• ' I , :,, r c.: :, l' 1 ,. . 1, ,'., I ', f •• , r lll!J lh11 Jtr" tt l1ti 
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... I ; •,,1 : •1 f ll r' r, •r11•d 1• ,1i l• h·1•:,~J11 :, , 
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, .. t,..\ 
lh c l111 ~h t.,,hlt ccH1l,11u:. 1111 r n lry for t Jc :, ' l' il JC c1: rr • r : 1:, r ,:- ... : ·: r - ~ 
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llllll,ll 111 · ,ihn j•, f" f) (lfl ' l ,rr 1·::: i,.,!J•: "":--:, IJ r , c.,f th (: (.trl ') lf,d '" .. ( 'i r,. ;' r- •, ... -;,, , 
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111 ,!It\' 11•111,111111 •1 n, • tfl , 1,I, 1 : (\ Ht'Cll)\ ,U)' LO li._l'U\fl' tJ:t• l l • l ~1 . t} : •• ,'(" , 
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' '• ; . · .. 
~•-1: ' :."•' .... r.- : ,·, ll! ::1tt.l'·II ,;, 7, lh 1!11 ~1 ,\1:-~lll(, Lht•n 

:•, · ,• 1 .·~ i! 1r. :, ~,rr 1• 1 ·, 1,r1 r•:1 rllV 111l C'1td• •d LO IM o~r. 1 I 
••• ;·• I 1:1 ,;, .:, · I" , j J l ' l'l 11111 lti1:.h I ,1hJ1.:. TfJ 111.• :-.:, ·.• . ;·. ', · .. ' .. : 

C -; "~: : . : ," ;. ; , ' . :,:,· ! ·,1· , ;•." '•., •. L,• r· . tl 11• I '· 11:1. 1111•11: 11 11nJ11:r 1 :: 

.' ' ~ -. : ' ' I,,• 1 \, • : , ~ 1 :1 ••I , 

i ' l :-: ~ - ·,: : · r.u ·. : 
;'" ' :,· : :·I."\, ... 

"': . ... j : ; l, ... • . : f: I • . ' ' • 

: l, 1 , ' r, :"lo•, • ·f ·, 1 ' '.• , j I, 

\ ":'',f\ 1 ,. 0 I • • t ! ! ;'I 'I', • t' 

• ,' 1· 1 • ,11,,,y•, I', fl .. ,,r C, 111,.,, ~1AP \1111•11 l L 
, 1, ,1' ! •• '11·!•11 1.f· I J ll'J, 

!), ,) ,,·11 ((,). 1!1 1 ,d will! tl.1 1 .1 (i,r :-; m:i ,1 B 

-. ~ •·r " •l ", :-': r , 1 •• • ' :- , • • • 'r ·.ti• • cfl•,t• ~:h•· r•~ (. .111,1 II 11,,y d1 rr ,, r ,u1 d 
1•, :,,, t••u .. / I. ti r, r·.r.. rr-.,d ::{() \ ,ltic.t1 i, ;" : ,, ... ~ 1 ,- I 

, • ,\111,, ., I :. , '• ·,,. • ', ! '• ' .. :. , ,1• ·1 I ;,1, r1. 11' , IIPJ ;,, •;1 1 ! 1•1: t. ,, r \oo)11cJ1 wt IJ 
: r- ,: JC C t.; , : f . , ;, . r + ; ': . 

~ /\1 t,, Virtu,11 ll1 •1111Jr·y 
ll i:n ~h••11>1·~ I l 

) 

Thi~ ~ccti~n 1s i1 C'>ll •• ttio:1 c,( su~vrs t.1ons ,,nr:1 1nt. .. ~n:.:i:~!. 1• ~ t.? hr,·-· 
vu·tu,'1 mc,:mry h,tnlw;lrc :.lio\lld be us~tJ Lr 1,H.~UV ?C 1 n~,l r -.,, · :,. :- :,. 

/\ fr,111r.. C' , !J - f,)r r•rOt: (•(h1rc Jr.1.lv;,iic.in, wi l l r<:,iil r~ \'.'· "-t,rr.i:. !:1 ,1 : !'.i• 

pr·t1up for t.lhlL frilnc typ t"'. A IJoJ~c rcn1~.lcr l!f \r:1Jl :: c,n t r,:,l l ~C: ~ •";•"' ~ - -:..:;- , ... _ 
i'(IIF ) l•lill 110l11 t to lhc COl'l' ,,,Jdrcss o f Llrn h •. aJ or t h~ fr ,,•.. L~: .1 ! .... ~: .,t i r , 
wtll b e l":"':prc~:;f•tl .,~ p(\ 'iJLJV ,"' <1 1splncrncnts (rC'n f•( L,r') ur;;:,,1 ;,.• • . ,:-::-•~!.s : .. • 
Oft.l'lt, 1..hl•Sc dt~pl,tcr:,~nt.~ kJll on ly l•c ,1 IJ1ts. ~,:-:.,1 ~l•i.1 ·: ::·. 1,c1~ .'- ~" : .. -: :. 
•I liiLS surfjco i11 ,IIJOlll ~'~i', Of \.ht: C:i~<?S (nr;,su retl !.luttra? i :, ) . 

<.:onr;irf,..,- lri:ln,f•·r, 111'] c<•n trol lo ;i ne:-...· r-rvu.·· 1 :rr- 1 · ;.t · !' ... , 

1·l•\1Lit1<' r11vin1111i t·nl ~llCh ,1.!t ::r!>,1 . l!1C ::lr:.r~J r- r-... :1 .. ;,..- fr.: :- .;! 
prt1thl(:l': , l.llC ,111 ,: rr:. ·; 1lf ,t 11"\.I r,·.,r:,:- ,I S ,, JC.,-l •ll •1,! ;d,, .. , -.- r• ~ :· .. • ·~ .... : •·. 
!\l,ll' l of LIil~ 1',1 11\' \ll't'lllt (l,}oc;;!:. ,\rn ltn~: crJ :.h.t 1. ,.,i j ). l t': . '•:r1 -..: ~•. • •r ;: . . • ~ 

h' 1.h t• 11C"11c1r)' 111Ll1 t · f,1(.J.! U·•,trd ,1s ,,11 [-ri,1'h' r t f •~rc:-ic,: . TII• c ,:.:-,: • :---:·~ f. 
CCH"l't' .. , flf 11HIJ ll< l tC'I I. l t, cu,1,u • n,j ,lS [ : F> CI. 7.t8 ( !,;i?t~:);) .;. J) t:,,:n '-c : ~; -~ 
into l' (IW) 11:,Jll,J n,•covc r (5,·c u ,,11 7.f) roll o1,.,1J u;· L•,.,~ l•(~r) . 

/\ 11,,qe !lf"('lup hol U--; ;111 rndr. U!:-h.•11 ~11 11,, l'l J r0 ·.! ~l~ . :. ,:•t I _ :. -·· : . 
l'l''l t ~Lt·r p,,,r ltd' Cll ,IV. P( l' C) 1,0 111 l ~ lO tl,r : ',11 i;,( 1 · :--1 ;,:-:: ,• ~ .... 
)11!\lr i, ct.JUll'. ,1 rr ,,ild1t•\";C' ~! ll~,tn •) ll•i1 '• lll.!' ~,~. IJ•f"(f-:). If ., tr _:u, ' r• r •, r' : · . . _. r __ 

LIH1 l"lllll\llC' ,~ c1.111, 1. n1t. l•' il, IL C 111\ t ,c ,,1,.c, ·11 In,, f1 :,.r! \·?,::-1 -:: r,, : .r,. ·:; 
lc1c11l 111· nt: 1·durc, ,n I - r:\ 1tl 1 • , /·.· •.·u,11HJ 1<: •.~ 1.1. ,. ;1 7· :J. ; 1.r.:.1 r, .. •. • .. , -; . , 
r1i~llu l~ . lh1•: 1111~, :-,·~ O•l\l ;. itt..l l rr!. 1, 111 !J of lJrC'C\' r!u n.•!. ii; ~,. \, -..,l. • ;..; ; ,::; .... _ 
,1 t11r.,,1 procrd11,· u c: ,1llt d 1 11 rhJ ~ ,,.,,:, l't c rr.p1tc1J .-. \ ( 4.., r f :·,1:--r• 1 ! :,: --:.. 

1lhll\'t• ,) 

<"l'O',id r 1 ri•., il:, , \,·:·1~1':-i ,1rc ,i !nlc.ir; c•o:.. l ::c Ci·r ,r:1• u: :· ,·\: ·:·, .. .'!•, ·,:-- ·· ! 

p,,J f' ••f li,1\l' I •'Ul\\fl '• l.O l..111• ) C'•J t<,ll ftrnC lh. 11 fJ ( l!S \.•r • ::•-; J:r ! f " •.: !. 
;,,1r.li i l l\ ,tddr, ••,:; 1:. Ji '; Ul'lc!, 1:11·11 th•: v1rt.l,,I ) ..... , :<.r j •,y:..l ••. :_.- : •. ·, t· r, r:-r 
r,•, nl r•4..• q1~l,•r: 1r ll 11 .q:, ~l11'L\' !, f u lly, "·~ ·,\ d• :p!, !fit 
!\tl l' l:f'" , ( II 11 V. t.lwll \1 11• II l I t•lfLil I ) •, , , . l':" tl. ; r 1 L S 11::c1-,·. ,:.. ..1. , ;-, I ·. ! . •. -- •' . •. 
11 c••,-1 cu'r-rt·11 t rt ' ,1'1 1· •·• 1 1•,l• •P"; l h 1 ·, r ,·,d1;·0!. :;rt:1 :r1Jl ,!( u , ~ :-c- 1! ·: • r· ,r !" 
11 ,111·. If \111· ,1ll 1•Jll,ll•' r.,11,. 111,11 11 r.,, i};. ,., ... 11r ~ ,,: I. ••. : ., . . .. 
l.1u }L, l 't" (r.i d) ,1 ~l 1•:11.1 l1• 1:1 r , .. ) t•,1dl"•l : l hl~ ;~;• lr ... ,r.t: li' 1 : , • : , ~-

Tr·y111 !1 llH• ,il t•'n1 .1t.,• 1,,1, t• r• •·Ji',li"r thk r-. 7 r-,1:-,,r c::l•. ·•. I. · . :-, 
,.,.,,,:, \1:r · t.·,1;~1•:, ,t111 11,1.. "/ ' , . l!••nr ,• :. , •:: 11:, lhC' 11J t.< r 1. ,1lC' J!. r:·; •. ~ , :t ,-~ .. ,i : ·· • 
JI 11 11• rh,111r•· 111 :. ,:r•• •••• 1,11 If , ,, ,1ll,• t11t1l•! (,1 1,,.11 l h, , l :,f ,1. r.ir• .,' t t •, ( .t: i• ~~ 

1:, h,•ltc•z lh ,111 //,'',~,(; 'I. ' !1•,1•ql ll!lll1: s ( ,,,. :: 0.' \ ,I n•c :•r·: :1~ll tl ·"'S : r . .;·, 
,l\l;, ,111,I •i•I {lid'• I d11'J1i,1•11I l•l ••'lt•1;1•i)j f~(j l, 1J i '/t·! . . ( J, ~•,11 / l -~ • •!~~r;-r,1,·.~ , 

I .c•,- ~ •:_J~ •• ~ •~ •~,_I~~~~• ----- -- - • 

(c,:1•.1 , :1•1· •1 :1 -l-it c: \,:1t1r: 1:-.,n:, t ,·.r (r \·,;-: ;-ir\,.:\' 1:;1r," r" t o :r "',.: : ' ,::· ::., • .. i" ,, 
,111'- ,, · ,111• . l\'I' ttll " J.1 '11 11 1•. :, , • ~ 0 :,11 ~·.: ,1 \1 •:1 1 ,! 11r 1~.1 c,;-:ql .:t:•""''l ~: .. : I ·.1~ C • ·· : 
I l l ::1, · ;, , ,:u• J. n ,, 1 •1 111 1 • :1,:•1 t1 •,· · ,1 :1• ! 11'1,!u T \1)\li~l,' rl,\!. '. j ;• .. ,· :, r , t:. ...... • ~ 

111 11,11' tfH• \11 !.l t ,•:,•, \ ti r, . ih••11...• 1l l'l· thrt·c nnu,1lly ~•,: cJu$J'-i.· t• i, t; .. . 



·. 

r 

,-. : ·. c \ '1 r t u:}! ,. t•-.,:~:,, 

:• • :1 ',. . -~ ~• ~ (; l t. 

7~c i\ J t:st :c~ : n 
t. hc r l \ (' ~ --· ::. ,, t•r·c _Ir,, -", 

f',l!J0 19 

? ~ c~~~11 J ~ tY~ tt1n rc!,lLi~ c r rP~t!1•11ctri or outcomes f or 
!, , ... ~I j ,. ,•, ! . 

) .. 

)3 . .1'l. 

8.31/. 

l .O'l. 

\.=':" t~,,! t' ,. r,, .. ,. ,.,, •. , " ' :, l 1•r 1 .... l•:" cc,rr ,:"i: l : tht~ can t•ccu r only for 
, .. :.r --· :-"''l:~:<" c.,1: • , •. • ., .. ,_., .. ) :,--rr,.,l:,•1• i1,1r,1ri 1.•L1•r. lf,,wf'vr r, thr: nltr!rtt.1lr. 

... :;: ... ·. 1.r l!. C .... ='· r .. •,• 1 l •-' l'f jfl'I l't•.' ,,, h rttcr . 111 eithe r· Cil:O..: , t hr. 
r.r.:.<.:,:.~ ,.,f ~; ··~ -~· - Lr, ..• • .. 11 · rr, 1". i. 11' ,-,~- \·.1l111• of r for the (p1, ~sthly IICW) 

. •. -; . 
i', ! 't •" "• •,.,- "• •;:.: -::, :"1 • ,I I • 

t: i 4"/ !n !J .~-:d t ' ,•, 
I-; ! "" : :, :_ ',, r , ! ~ i ... 0 

, f.1t: , 0 

: .. •. •• ~ ., :. ;\ ~ •••• • 1• 
~ . '.. 1 ', ' 0 ., ~ J ,· .. 

!, ! .~ r_ ( t! , I•', I :- ' , r- ' , , ! .' 
: ... .. , ::-:· l : ..... ,, ·.~. , : : \ .. : ~ . , 
~ :Ot't , . ·1 ;:;.' , •: : -~ " ,, , "':I, '.,' 

:.r : I ~ , . , : 
!, . _... j :• •.; ·.•r: r ~ ( •, r •1 ! 

· i• 1:vi,j-. ,, t, :·:1:1!!.l ii It'll ,,r f tt lJ 7 •1-1,l t vJ r tu-11 
.. . .. !: , 1•: .,•:\ 1:: 1, :•; 1•:. or tl".111v r, 0111 \t.H r~ i n 1rntrs 

, ., ! ' " 0
' ' • •1' -1l. !f•II\ lllh• · r t.h ,111 ~:1 ••, ,1. J n n,-:,11, 

, .... -· ! 1 .. 1 ,,,:ru r ,,~a}y , .,,- u:;cr - c1Jf'll1ulrd 
•·•• f ,,, i !I', •••", (111 ,H .. ll\·,1Ll'l llt,. ,,, . ,, ,"l'i\Ull"tJ LO 

\ :!~ , ,,:-; ~,1:l rr,t l •u thr• c,1:.r. lor fr1•, t 11ncc ~, 
• • ,. ~:'•, '· 111' ,~'J ' : I"") ), ~••1t\1 rl 1• 1· LI 711\~!'\•r'riii~; 

I ~:-. ·.· •·:t~"; i• 11'1'1 o. l l1r- c od•! 11 :1 •.,, ·~ r or ,, :rn(J 
, (,": , :) . i:,n in•.\, li1C '.' l •'• d•l<· r :, f ul' I' ilfld Q c:ilr1 

1','..f•:·•, •: •, ;J fi ,. l ll\ l, :11( • ' · ",, 1t. J 11 • lr1\l.rucLl1JJ1 
• ,, •, :-,,J,, · . ,. , t -1 I . .'i·u_h ,.,,,.,,,r·111:• •, , 11 r 1,1,q ,p 1•rl 

: ·: : . .. .: :"' .. ~- •• '.. . : • : : .. • ! .. ' ! : •" :. • • ,. J :. :·,••\ 1 w:: ,, \ "'· f n t?11 .; t ,1 1.,.. ll•H·•:v1•r, L•hr-n 

:: "I''.,'. i t(' ,I tl+ n ," ' I ,• , , ·, 1•,11: ,~ -.... ,, ... tn c.ti.111 1 11• rt ,,, 111 1 .. , · ,,,,, t,tl. 111 11 <, f J, 
• • ~ , , J. "; ; '\ l. 

! .. . : : ,~r-i- : ' : ' : '. 
!, • r I .. : ~ • \' ; t ; 

: .. ;, l :.., r ~ -' :.~ !-• "'; •• : 
' • :• C' ! f 1 C ;, .. -~ : ; .• ! , 
,-:,\ tll\ j\11 ', f: ', '- 1:t: 

l, , • ,•! ,. , i:•,•: ,1 • • • , .. l1•, T• 11 , ,, ,: 1•• 1 )11·, , 1 •"111•••, L l('I Lc:,L 
: : . ~ t 1 • . 1 , ! I • 1•1 ,: l! l', L,111( .1 1,, 1 :.,· . ,.,,, \,fj I.Ii ,i) I 
' 1 : •. " ' , , , :•, 1 1 1:f 11,,, ! •lf,111 ' •.,, l h,t l tht• f o t r'H'f' 

·t• ,1 1• ,•, · .. In 1 111·, , H ,·,•, t.t\1• 1·,11: r 11•111!'rlt. r· u c t.l,,11 
•!::• 111:,:-rt,lt \tl! 1t',!.•IC. ,1Lcd wl t.h Lfi,, I 1,.dr 
• : . ,. • ;. : , , ·: .. , , ~ fu • ,-11,lc•• I. 

' ,1i 1 ·: : , .r • ,. ,.,, 

I '•! 11 :11 ,,, ,, •, s ,, h,1v 111'1 ,1 ct I If • ' 1 · 1:11 l 

( . . ' ! ,. , , : ,, :·. •. ·:·•,'1 • 
··: · I' ' •,:,,• , rt 1• 11 ,.,,,1 1•1 1,11 iJp• , ,rd•• t' 11f lh 11l 

1 ,• , t~ ,, :1 111\', , t., • 10 ., 1•111c., •:,!, ,,,n u11ly l,1: 

, • . • ,,•: ! • •· ~ l , 1' 1 •1 1 ,,•, l11l l1n ·•,: /\·, I'·" 1. ,,r pr,,c: r:, ~ . 
• ,.· f '•' ·:, 1 ,. , ,,)fl ,, .. 1 l1• l ''.,l , 11 1!1 •, h (J' •, \ l oll(~ O11ly 

r, • , r • •, ·.! I •1 : ' 1 1 •• I,,• : ,,1•,1 I • I I ' ,l, 1· 1 I "11', 1 111. •, ( , ,Ill IJ tJ 

' I, :. ; .,,,: 1 OJI'· fl', ,, . I "' f, , ,,1,. , 1111 · ·,, ., •••• 

r• ; . •,:. rr r •· . • .• 1 :. • • , .. , , '• l \-.', ' 11 ,11 .,,!1! 1111111,il rt ,,,.I:: L1J 111 \ l ll ' O 

:. · ... 1. : ~c r-· ,' ,; ... ·.;, ··:- ~1:·; :, ... ! I'."',\ 1t!. 11 1 U,r, 1,r1 ,1., •r. u 1m tl••11,tJ11 ,,r lhc curre nt 

) 

Alln \11n11a l 11 ,•rn,ry 
~ n,,,, \..' l'nhrr: 1 L 

In l ,inn11 ,111 ,·~ wtth ii !,t..'1l l c,1 ll }1 nt'~trcJ scoi, r. r u1c (,:',!J, /d r;• 1 , ;t!.. /i . ,,~ ~ 
Ll u• 1r ,J,·1 1v,1t. 1v, ... ) l h• i :.,·t o f Jr.nctl1Jt<.:l'J Jcc,·1:.:hl c r ,,-.,,1 v,1 r; .-. ~,:. -; 
tli~Lrtlllll.11 (1 lull\\"11· 11 lhf' 11 1 ,, (111 •:,f! l ift lll 'J t•A1<.1tl •:lf , thr :,:, .. • .. • •',_" : . --.:·.: 
:;t,,t. , c ,tlly t•11c1,1 , r-", it. , tlc . r,•c11r:.1vr•l y . The n •;~. t t r r;r .,,.,,~. 1t ,1, lj'. ·-:··.·.· ~ 
111on·dun: l 1•v1, J s 1:.., 111 fH,1clu·1 .. l )'P 1Cdlly J or 7.. 7h" !,t ~ c,f, .~!., .... :. :.· ._ ... 
v ,,r1011\ h,1.,c f•Otnt.~ ,., u,u,dly u -, r,:,,J tt,,, ,1,,. ,. 1.,• .. ;,,,.r :"''; ... •.;••. 
,lllt• c.:, ,t.rt.J LIJ ~Cl'\t! ,1:, ti,,• fll :.p l.1y !.hvu lU :.11 f(1 c.~· fur ,ii :-. ) t · ll ,,. ,, ... - .. • ; .... , 
t:•Jr\fl 1l <' r c., 11 rl r•L,~rt1111r. tt•, ,t,, t. 1t )1 °:.! l m:r.1 1· r 11ntJ c.r •J1:·.1 l :" , ,_,; • .. f: :"' i •.·,;:: 
tur r,,ch \' ,t1 ' J,lbl 1.!. !i l ,1t1c Jc v-:• l 11 u:1Lcr J S r c. fl ,"' ct cd 1n ti.:- ;. - ~ ·"-' • !.~lr_-.::.:.·-; 
,, n1c.:r-0111~t.rt1C L1tt11 c:t=11luf 111 n!1 lhc• corrtcl l>o1 !. ,: rr 'J!~ l •• r , _. -. :-; c.;; 1:,ill 
v,1,·j, ,1,11) 1111 nhcr 1!, U!,\'i.l ,1"i ,1 d 1!.Jd,1crncn~ f or h·1~c,c1-! ,,<.!u .. ,•~11· • 

:1 11 ;. t af t.111:-. d c:, r. rlp l1 nn h ,1'. 11rr, u jlr• •,,, .. ,1 lh ,l l. :i 1·• · 1 "': ... , , ;, r.,•· ·. t.:·.·,:. · ·. , 
C ++ rlJ'll'~P l 11 ~JIC1tl \1111\., It 1r l''l'.,:. Jl1},~ . 11•.• '. ,;_• \ c f. l!:,-.:: C"' .•.: , t:·::... ,.., ~ ... ".:: . 
n 1 11111y wi ll hu 'i111h t.h.i t. f'l ·,q:l,·L1. 1r,,1 ic ,1l ,;11:l '- : .. ·/:,.):f t:. ..-' : -.·.:. 
lr,111~l,H.1 nn h,1nh·.,1rr C,111 hr• IJH•tJ Ull ll t r ~u ct1 CC'~ot.lr-: : • t.-; • •• ,. • , ,:,.:: , r 

htqlw,· t r· a1 1~ l .-1l 1, 111 f ,1ull r,,l ,•. 

~; fl C'l' I ra,d t y, t)II'..: C,111 dl •, llll~t ll .. ,h 11 ,"'t.'o-,•, · n " !.I'."·':'. .. ,,;• ,,r,,: " jl I,,. ~--- --.: ; - i."·" 
ffln:1c r l1~111'1 ., rl•J;,t.1vt>J:: l ,, r ·,,~ 1,,, , 1c,,l 1:111 ~ .. :,1lC' 1r.: J. t•,·r 1~ 

!lol'liill~,· \;JlJ1d 1HI c,r C1lll tl'J'l lll l ', r,1:)'"5 JH lO lh C ,·r;·,::~ L. i ,.' ~.:: , ·- : 
1 l1• •n ,,,.er•~. :. ,11 ~·: 

(I) 'J11 fl·rh.l•h· , tl ", j•t,!\St li ! c fQr iin ,l1!i;n:.·, tu f ,i!! '-''!'.! l ;-. ·:. ; -:•,. , ~ 
itnd y,•t l•t• ,,,•1U11n lt·,1: ~1• ~:w1,:. l !".,1i. i:.. ,,~!· • •,> ~-- .. ·i •1: f, ,:·., r •· ·-, r 

in l•· 1iod••. 11•.•nr.r. , .- 11'.' 11 ~• l 1,·, u11 .. ls ,1 0J .1 t1 c.,n, :c,: r:. 11~ -:. • :·.: . :t 1 · -. i:r. , ... , . . 

, 11-titin lhl' l'\lfl(.' l' t .:\hl I' r•r lli ,! 'Jlr\ \!1l l ~,•l •lrt· ,\ ~ ".'•l •;! . · .. fr • . 1. \'. '..t ~ · "· 
...,, tll 111 .. sr~flll'll l ,11 :,:r,· ~!'; c1-: 11 1,,'\ ,..,., ,r 11•.,1 ,1 h, •. ,~ ,,..-(.1: •.• c --.: ;'. ' '.:!. 7.:., ~· ~ 1::--, 
P •l' W 1ttt1,l,,·1' ll :,111r 1r•'\ l •J: ''(' \;t,1\Cr ~11.:\ (-..:1 c ~ c v~: .,:· .. ' . ;•! fl) , 1:":. .. . . 
er~~ 0(11) . Ml~ lrrri th r rl ilf rn r, rr. 
(i') C:- i.·,J d (• 1nl,l 1·t.• ~s11 1r, r 1'l ol : vt? to th ,: hc .:J c, f t : ii:; r•:.:-.·:~ :-; : :.!:: l L 
llt•JI C(•, Cll.lh' r L .. ,.,,, tJ,, .,,: . 1, · r!, :d:1,1 ic. J•i1:,j C ~ rc.i up rt\ J."lliv1: , t.r t · :· ,: .:-- .. .: ! 1· . ) • ( 
ll11l::o.t•il, 

1:,,f,111•, •· l o•• -1 1·~ ,11r, .. ,, 111 ,,1 J ", ri ·,r,, l h,1'1 f (J 11r ,, r •!•·' !. ,:~ r,, , ... 1 •.,.: .. ,.~ .. 1• ~ 00 
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Figure 1. Addressing Modes 
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