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SYSTOLIC COMPUTATION AND vest ™

MNL R. Kroomen ¥ AM o Leeuwirens

Defcmﬂmu)‘ o;g Cz*mfu)‘()» Sdenw UMAMUWJ:’ cX Wy e d—
P.0. Boxn 80.002 , 3508 TA u/hedb(, He rw((lu&wb;

Abstacd. The nebion of syslolic wmpdakion v duz F HT Kung and CE. ledsen -
son W dencriber He compiladion by meams of o ndwerk of mimple proceming ele -
mendn YKot rLsHm,;chJb acd o ug«lox Areamn c‘s dLoda. parsing H,rw.g( He -
Aem . We exp&w Ha por ol g o mxs‘(oéic alyovi Hom olerign JZrougK o dis s -
Mom a'g Mp‘lo&c quemes , ochnr omd Areesn . An ImYu‘rol a.‘of:racx-cj\ v griven Ao
ma)(obn\.g \orcbew cnd  Amodrix /vnu,Uw‘pL‘c.c.J-a‘o-n Fu%wmol Bj (2 - liman,
’:no-v\c»é) /Says%o'(}.«“c annoys . Ar o nevel conbibdion  we fnusad o Ar{o‘éic
af.gw;“m for mveonking o rwm/v%n.gulu nxn makin w O(>) Aime.

L Mo decchion.

Wik e adoed of VLSI- Aehnolopy (. Mead and Conway (1)
Qw, become f,umL(L Ao olem gn gracds wikh Aewn eS Hovr amds ef 607\\,‘)07\6:\)(/5
omd  indegrate Hom om « /‘r;r\.&{z J\)f og milicon. Tha Co.n,g& c&w of Powal/[zjwm
oA com be ‘VV\WT‘PU‘TQ)(QOL w drauds of My ~ire ga‘veb VLSt - Jm‘p«s A [QQ)){‘
Afe Pc"udto,( of provicking Cx"\rvww.»(al gwﬂ ook b%vuem)( W\Pvdl‘v\g olun s . The
ol,weﬁo‘amud ofg AAXsJ(a{ic m@g/wi/({m/: s v afedd Lj Kw,\,g amd Leserson
[13] con be tiewed asn an approach aimed o exploifing Hin potenhicl
NWWJ\ Ahe wre af o dadan oo gn P'rina‘fve% anmd M FM»M and pipe-
(ined  olodon procmi ng (/‘:LY‘QW%\).

A VLS|~ dip an omdonilood fore b described by U constlified com-
fn—nudé (ymu»s”.s Memeds) amd Hen wlercemnedions (He i ring fq)Nern).
We wrll m‘m.‘;(g s inme. NKad procersing demends wmnisd of a m-\.g& "w@@“)

»*
Notes gvv o conbribubhon ko He *«'H\ Aliomcad Comrre on Frrumdobons u«g Cmv\()«){e(
Science , eld XM.L 9-25 (1982) m AmAendom | He Nt leclondr |



-2 -

Uan Maouc{f\ ’M‘l‘j My be b A ff menverad  Arommntors  and aﬁe coM(.Jc'v\e«wS
To (acilidede He oLUﬁYY\ of Ma JJP , we ot Had He «xc)/ou.j Vo-rie/‘j
es cbi%uem)‘ procesing demeds wsed be lﬁ.a.f?( an semadl an [9%51‘:& The u?n‘ru‘r\ﬁ
Pd’(erw« rezcls Ao be MmPCa cmed h_z%wga/ﬁ- «gcrr Mo some hranem | wiAh en-
Q o cok  comnechions cg pro censing Momends and no &'“'S arven Ahat
ned Amere o amd Ml emengy bo omve and ARaX are Lnucm/icuf;ﬁ& slow -
. The ol Hom performad on ke hap kol exploid Yhe perallel  pro-
UBSIAY Pow R ”‘X “L’MM Muew& cedin R Wﬁncj\ imo[uo(.zh beth a Civi-
siew of labor  amd Ao wne c‘g FDP\LM'\.S HfrmsL He dredd.

The VLSI-ckips Ahodd conform Ao Hase rulen ane hanaAenined b’:)
m‘mP(L geomebnien (m“‘f> of wlls | awith He el %ch»@} o»c/-m.s
on onz ov mere Ahreams o»S dado AheA Ameo meve auross He c,ﬁ,«‘p,
The alyondbos wnderbying He operakion of He chip Rowe been fermed "sps-
740(’,«‘;" CK\M% omd  Lelsovsem [iS]) grr Ale %w&'cxn '\v;?‘[\ Jﬂz “Jx-jﬁ(fch
Pul/:{n,& org bloool AHrowgh Yhe wolenies . Sruﬂ:c a(%m'/('ﬁmw ooncl o chi -
dehuron bove ben Aladicsd exfemively by H.T. Kung (se eg [w0d, L)
MCL, mevenal co- o fears | \“mwwﬂ: i ma Lan Qf?w& fove been FwSuc(
by Ahe neseardh grewp f T leginc (see e g Li91) ‘wm He 7 baely °2§ Fequ-
eoh. “/g/\‘ef.ob; 05 cllidor processervs | & fordivose erented M%mcwﬂ\ c& He
\lf«ms og c,a,wwx owAom oo on Lw-w-x ?\rm e q- {S']

W Mase nolen we shall Wushrade He panadigmns of /szxsf—c@c a./(gw_
Ufom demgn /(’chrwsﬁ o nuwber rf om,mpévs ;(—(J’ asiole g/ru*m (wuné c'j cn¥er
end wn Ahein cwm h‘gU, olo Fh,o»m'd.e. ~tme mof»j Alpc,u‘q,( i r e A5 gov -
dinion in mere L:\nm‘e’(&'e.cl.r‘o(ﬂsio{m‘ N Sechion 2 we s awns w cdemigm
(o mplobic prionidy guenes die ho Leirersen LisT and showr Ko W
Comn b wned Ao set A 2.% m O0) Ame  and Ao Um(Zesz){ ovda nary
quines oomd  aNacks wadh  O() AP AL Ames. M Sechen 3 e’ disass
%f\j._ Ny MKJ\,(M. an  proposcd (mJ Be».\)(% ommek Kimg 3] and MHe Sys-
Alic hen of Ledsaonon 1151, aimed agoin oA Ahe tmplemendabion of o
gm‘l Fn‘WLA o UL We Ovvxai*ssc Al .s(,c—r#owmin.gs c'g botl olem g omd  Ha
socbukions for U proposed by Seng 211 and OAAmann, Rosenbeny amd Stock
meyer Cie]] )h.eb‘oeoﬁvclé. Y OSechon ¥ we previde o W%»-rm veod mant
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c-g ?cJMUw ’W\a)‘JAr\,S (u im Forten and Kwn,s £s1) , wvv»‘ow»zscm “pro-
blems (on in Ky and Leflmann L121) and makix Mpé‘c%‘on
(or wn KM\,& awd Linersen (131 ond Kalema [ 1), lid ol we a
similon idea of (;Ifw&'rv?n,g on o 1 or 2 dirmensionad annay of ol .
Y Seckhon § « (ln.c—wl) 635‘(0*&&. GQM/(’KM\ v P"UD%)ICO( )(o e o
nxn wrrw%mqsiu makix im O(n) Ame. The WQSO‘F?M/W\ » based o Sowwsi
on elimincdion omd amsumes Hal no P‘w"«'ag v orquird . The w@gu—ri/‘(ﬁm wah
proposed g(w 'w\eﬂwudd.‘w\ on FM‘VM an chideAwren ‘u/gm-c ( Peane ['3]),
book Ake mystelic vewmion prosemted fene shows ARe inhrcacy of pipelimng 4o
wdione qreadon pecd. Ench of He Seckions demomrbrader o panticdar wos
of dimcribing Hae wchoms of a myplelic dGradh operahomal in Aorms of
oA ons :g clly on Meir codeds (Secbm 1.), Pmog«rmmo( gw a small neper -
Aom ra *f tanhrw chons  ( Sechiem 3)7 oFchv‘ama.Z in Aenmn "j] achkens on
e deda rbveomn (Sediom ‘r) and gzmo‘nonw( (Seu‘i.;m s, an i Ake
%/Vmwma. of eg Kadoma {(q1).

Frowm om abshrad Fc-fn)( o{ PRI /53/&.«0{1‘(. c.[gmnf{;mo ase M’(vvub/
J«i“uw’( gmm wnd i - procsser a,@go-rb{Lm widl He pro comsirs aLc//n‘n,S in
{he o(zm‘gv\ «S o has‘fgv@(c A,Zgw:/—{m o () He %&LJ Amﬂr\é reiw'rco( to Pgn-
Aronine ke s an « r\ﬁ(zw—ml() amd (?.L)ALK@ ﬁacaz ((m’(ehmul) AM/M(S e -
quived for Mo opeahion woibhin o wll. The Lo s el Arwiel for v
mudbiplicakion) on b- bid numbers . Nevendhelens e skall ariew Haone op-
erakions an oalomic and req i ri O’)v(ﬁ one AL og e g/&ﬂ:oj Aok |

‘.Z.CL;NLM) 6135‘10&& 4 wlueh o »s‘(o.cxks.
We »hall me% Lin cons Ahe odenign eg o gr?—v&u ?fvfwl-a_'iuw«,e)i.
e., o abwcAure Ahd suwppords INSERT/DELETE /XMIN ("exhraid smalleAd ke’

?

urvxh'wﬁfsl os a Liru.cul um_a.s rS étdl@s (f:»cc g«xw«c lh) me\ s I/’O “wn _ﬂf;ij@
neckion ho Mo environmend  Gfl of Mo fird all. Evong ol Ran Ao

n-ugi/;%w,ﬂomiﬁ) ead‘\u{wfu'cj\ com codoin a ijo:ff{.cbd%



B B

o rygwfer cannuns no a&f,fwc answme u-»\)(odmo\o(,cgc««,@(mlwz o
lgr Hom oy comenivable keg. Oue aim b o maidoin Mo rck o
neg N sz(s i ncreanind orden | wi M ﬁ.,uas in e H-/wy&ﬂ/m rg o
Cch\)({\gwc—m wnidad 56&%2&7‘ o—f He anvras . The B- lu.s»i/sﬂvu: wne wsed &m.
‘er?ﬁ‘—f% M,w(% tnserded Lua,s fo Ak preper Fo&i/(-icm wn He onl.uing.
SSO.L—UJCK«“HJA n‘%U PQ@&,JW’(&W&J%M{M& A -
M,&LB’(UL amd /uf@wu, U while He LeAAen %azﬁu v Lo ’Aive.owwin.s‘ h%(]/l—
M afodd be eon Mok an isecrkion s Ran an effed HA rpples o
"z«ru—u\s(’\ A aviesy , ML A w&eiwudf LZ‘X’ one pCowL wp- Rs Atm an
ong mmendion han mowed one ~lep ome com imifade « nexA one &uv Ha g«‘rsr
e wondd now be dde .

A ddehon weudd tequire o AP—QM(—\/(, A{%‘m,@ Ao be send up e array o
seonch &ZW ond  oedede a PWILJM &’WZ AU 1{.03» o ’\"ﬂzm«;f\)‘ st dd
sonequtndly move down  one ploce | ki /({aj wll appean Ao oo omt
ag{v\, He Aken and ng- gaw‘j %m%ﬁ o ginve s brech o od‘wm.S w gn'-m
e M“I am undindorAed tmpression cg oﬂ'p\j‘ﬁgm/‘*a c:( He doda red. The ex-
brackion o He mcllod iy i o mpecicd cane , it o ackdibiond in
shrwch em Ao semd Afe luj (Q,LtUQAa/S m He A- c-e.&;v\)(m af He @;rcﬂ LY &%
lo el Fov senifrrmiby s enly profrom He annay fo do Ha laoffer
lind of delehion.

The wlly aill be Amed suwck Had He edd ool 2wt nombered Bl
"head J’(wdo%. Whian W ads | a el Ml companc As /u,gwiw. wn -
{ede wikh Mo nigilon codents of s neighhowr o Ho Ll The hoing
OS He a/v-.cv(.s o Awok Ahad Ahin ruu%kbw wn 'Th/om.u\)(curi% - ach e amcd
(Ahn) b @ mafe ho tmmpecd Uhy The "I0 pad” (wee figue 1) shondd ack
O o w W%MW M.,(\.u\ Z/LKM (-u AA 042-01 B omes UF Comn rewle C.u!s



-S.

n omd d L Al amndd 8@ doncte AHe "LL,S{A)(O‘L ceAents cj He A ond B

..Q,S,{/’)Qo-m cfg a uﬂ n.tic{(‘:cmr) %Pau"{%. The clln Wil 03;& Hiro%tz “Zﬁ
g,f(,p,o-w{.\.& f"w%vo.,m :

do

cele 1 : copy By inde B rarnange He kegs in Ry, A and 8
sk Aad AJSHSB;

cyede 2 2 ved

d.

o

Obsorve Had vakuss in « 6-%.4-5&/9(01. tndeed meve Agfd and arne mwapped
n fr(a.u. when ARe proper ry(ou.c in Ha O'V‘OLJU‘\An:S (lu%m—c He e Q-VM&E
") o wadded . SK Hl tordains > (%md%/@&w.‘ﬂ o{ o ddehen o
XMIN) {hen /Luxs MSU cg U anll move o h“(t.‘o down  ( in rip‘:(:. ga.hﬁ-
Cow) . The capying of o Bp- angisden. (im egele 1) conld, buA neeod nef—
destery e value of Hin rgimlen. The TO-pad Lor am A omd o B pork
Mw( w s M‘Q«C(Zcm) Ao Ln*vbva-cj F"H}M wri e M ng‘f aﬂ c»g He on-
hoy amd ollew g«w He pro e ng "/j’ Com mamds -

() do et o key k) A s b - w amd B b kb (whidk Hoon
pupores H .g,w moeving  wp MHe B-M&{A)‘EM))

@ do enbrach o smollod ke, btk A and B ane »d fo oo M He
Mx)“otau(L (or He one oflen Hoad | depemding on He """”“8 o{/‘hmcﬂ) He
Ammodlost L’“l wAll howe Amived wdo Ha ﬁ-/u__S'VQ(UL amd o be extrached. Tk
g{rd el new Lan o wvolue o n TUs H-/LLS{M(UI , wlacd will be 9‘@&0{
frome He A lmmectiadely in He followsag atep

(i) when illing , A &e,(ﬂ oA~ omd B of o0 .

The demigm larn neo previnion ?w m‘q‘moj,«‘-\g whan, Ha quess gw“' Over -
g&«umuwwﬂg lows US demeds oA He end . The MW‘IV\S com fue -
mion shodd be emded (T151)

-]
Theevem A (incan hTs4chc aRfey a‘r Aine N cam procers )NSEKT/XI"\}N
(omd DELETE) wmmands widh 6(1) Asvpovae Emes | an ﬁowg an Hae



nM%Ww&WWwM SNch»bmmm%.

The demign wnwcb(-)‘e/(ﬁ Kiou:l/s Ao gcus‘{ on- lineg morher wi\:J oper-
don in O() hime o a sk of n hus ot fed He kep wh He o
omd extracl Ahe mmallest ?rv-m U in n umscahae A,‘hfa. ( The madfed e{
H-rmhhrm% omd Rem L2] U a hlocu{oﬂ cane wf Hin gw b o e M"Y’AI\S)

The Prinu‘FCz of Ha s?4oﬂ‘c pricry qutat com be waed Ao m‘oguww;«/"
OTJ,{AQ;VA quitmes  amd Nachks . A ai-m,:o(U%de rodea s Ao /3‘{0-4«\{3 e/Za-
meds with o naduwral nwmber , whi ok gives Hair ovoLer.S i e quamr ¢v
Aocke | omd Ao Auklseiu,d«()a wse ﬂw a fcwj Yo move Ha eLemets b He
winay . We do ned propose Hhad Hoin be wned Ld«myulbrw’(e,ﬂdd & a
Comrreni e Wouy cfg cmu.‘o‘lwoj}wms MHe Aeq o red oo mevements Mx‘w,g( e
A omd B agisdews, The aysfelic quane by lile o sylelic priovidy quene
rlich He elomends ane W sorded L tanenne ovden ""f arnived. Thus , now-
w aﬂww{f, e Up Mrou%(\ Ha 5~~qmé/w wnkil He &\‘rs‘v{ opem F}-/u.&{/){w
oA e emd USHLLL«M_ w readad . Dededionns g»rmuc grw)l og I—inu.«.c ane
execded e)uxdej Life Ho XMIN commond . We no ev—»\,&m needd  ©0d ?w s ns
of ovdoning omd Aimply wse U b mean Aad o nyinden o emply . The bl
of Ao /ijs*?a(,:c quiue com ahide Lt& He gfr“ow{«é m‘mP(L preqroam (el
Jd He oded o tvtn nwmbered cells shll allernade in achom) ¢

do
11,{’
Ay 8 v A~ copy By ido B 1
nﬁl&sz“'ﬂ—-)w‘?n B{ who A sed El-obo',
1A & -8 % A= copy A indo Ay, sed Aond B o
B
030(42' et
ed .

(TLJ- g( -0 9; wooa f&r%MoLzo(. o mondd | m/w/f e/fgeuﬁ«vc[g aohr
L(u. N /a_ﬁ.)'o v{ o %\A.M'L K«fp—e_«u: fo be /saJ'{Ag/iecl.TkL ¥ - nelafon



I - /’;MPQ ’aﬁ—C‘f’(f.O\MCL g/m* I'A(‘A,M‘)({'W\P’{'j MGL” .) an/(C H‘V(, ah CLZ/&/{‘DC"M

o Thecrem. A Lincan = -as*{.:& C anhan ;:K mmne N com process . ENQUEU E/DE-.
 demends n e A resmodna s N e - n .

e ntack i Lok o mprielic prionidy guse in ckich cLomentls

e e

. _,._,,GM.,_.LZ?‘4 A c-r_?(g,i._.-tm_-;&.a;d_,.ﬂm-__gi__mﬂ,dvhﬂm NUR- VY ¥ 7V [:J s Aed Lj .

o ilsons gmeﬂL-Q&mad o Me A A en. a:{ e gfrsf Al fo meve
= negi

—np. L which .Lg\_)imnﬁ_g@c i ol elements i M qucss o A ep_ome. fﬁ’ hon “Ié

,_#__VZ('.‘LL ,MWHLWM_JA%Mm_y%_mmA_ﬁmm Ao ./H:.L_,K[YL (N Cemmomel . P

_____-_5«.0344'&01-._,M%ii_h._dzl_m.ﬁi&ﬁ_w‘_m_wS/CK&N fé_e\_h«gda'&c/sﬁa;qj.r
u.%ovin . couado wad o /s?m?c ;Ljeot pretram

o

Bpe B v Al > copy A _ido_ B copy B oo Ay
0 A vBpt2A — cd.:ﬁw_ﬁe__}mlmﬂ_ﬁ_.:r_@d_,_ﬁm_,éo Bo_*

Q- Bg_bg:_ﬁf_g_&,-z_wfz}_ﬂ,lm&_ﬁtw;_,_zsd, _A omd B Ao v
s

—— _.____._.-4____“;/«&,111;.1__;_-:/’4’—'
od

o Theerem.. A Lincac 2 -3/1’1 dic _“Qa&a.%_zﬁ_dﬁ_m._ﬁ_, Coon PTRCLS. . PUSH/POP Com.-
o mamdes w81 Aen ‘aa:nbc_{:-‘, Mﬁ_%_ﬁta%_.m_.&,_m,_ag.,.&ébm&&s-.. a
e "4 LL’;U( _Famoudns < N —_ —

-_‘34_5_3/310'&&:/"\'«!: , e
.wb.__,,_‘ﬂ__a__.y\[l‘.i‘,’{\_;_l‘LL,_’!hﬁ\axﬁ._xU}Q).‘,&g_.h%__:m_w;ﬁjp“&ku‘dﬁw{é..,,C.G{ L 1)-. A seema
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. n\)(ﬁm“;am e afum ~ennas .*q_/ies.%a_i{o»;.ou& T LM‘L AR A

. - ot N
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I S Q o —

reqiadenn bt for Mo amenend e mmlﬁﬁ.&asl;_c&[[__&m#&:{o(__gimﬂ{
one le‘l The Aree - civacd (s g')‘(sm 2) s bend M%U Lrg as um{A/{\‘n.g cr;{
Ao s beada: eme Ao mde iafecmokion dewn Ao He clln  sud amatlen
.‘( O_Inhie _,L!ngﬁ_m_%éiﬂ_#%i-,g.mjﬁ_ﬁ_._%%@b_n&._ﬂ._:_.Mm,_,L‘(‘Lﬂ\.? L],@gﬁs/:,_

_,,‘_~_W_M,QJLWMW,M /,‘144‘: S He - neden _&LMW%P&L:JAA
amadl CM‘Q(})/KA}YWL AR gumu(q‘d-n o Ma Auo Lna.»—m»in{) L 0 g s (M&Lgamn
bl Ao dedenamane wihad W%&M_&med_ Po.u&uz{in.(:) o Aree -
moching on a smodd J“;P i o nen-toased _amofen ois cunsed oA st
bl e Seng [20] and Blodd and Leinernen Lo ]
The e prerdoed _Locachenivhic of Ha ke machine o Ahod h ollenos
__go—r“ e«hcﬂul&_%Qu‘eM)‘ lyma_cl.con({njo o{ Lna@w-rma}im o ol procespsevs  So-
_,;,-.__.“_hr\_bldmgm% Ass wning_ e processees A o e e 544.9 . He rerndd i

h)

e grrrv mo\/('\ fo o W o= P Lgm.u\.,gv.cl. ovacl M,,L&_QL_%J’L._ M_L&MAM W{QMA__CDM

v,m\u - -w‘% Y ST ;)'T—DQ-CL‘,C",—\/7J’3\1\4‘S‘,',A,s‘lm_&‘f\‘.::&,g&{),?cz.é:uilﬁ‘!_mﬁﬁ HoA ka@fm\.w .

— _&,,aiegmbjﬁm‘—uw Vg_ wc&g’gvmim_% 0- hee oand up 41(1 =




-g-
Aven | awnH euthrn chJgrcmA cc\fuv-y‘n.s, ‘s owm Vn%ma/{\‘c)u (WMFQH\O(/:«%
, ’40 one. mmond ). amd Apomning Oun enhire "y off Mo Aree . A dishiacdion
Csleldd be . made bedwean %medeém (e, Ha A me__beluean Awém,})(?(fnﬁ
wfu.iuh‘l and __ reinding e covien f_CV\CLsmS, J:-uJ‘e\d() ~_cxv'v.c;(.._)"‘g.tr.,,_.Pe.hfi::Aal.“ c-g_,_a.,_ Cema menndd
o (ie, He Aima feAwern s wan (%"L"\XMDL’( Lo nexd _or i He yu)(g&url;:f Ame

E—— ’4 L}( - mw‘l,. \ow - L\z_%ﬂ}t- o nexX_command  cam.. Lc&du-ccl.)ﬁN e e o e

,r M du?‘.g.wrm-, A _hree MO.DLA.L ,«gﬁ./friu,g_ﬁ_«,(_%_« process  and. @LW*(ML om -
 mad ik o compile bime o OLLgN) ok o periad o Of),- an Long 2
oAl ,,J\.,wm\;cn-.ar‘gw Semecdsn in Mo sl temainn s N _ _

 The midadficrem  doern nc{ wa?(;_ﬁ‘kﬁir bd h server an o aridenion Ao
. dent Ale /;w*a/ln&l—&‘a’g&Mmmokﬁm_gam_g_'mﬂ(u«lm_x)f,tg _Cevmmandls .
o We » aau_ﬁrj_m.m#md%meg_kmﬁmg&_&%_m ang i€ 5 A sbcacdute
Abod_swpprots  MEMBERZINSERT/DELETE commanda oma sl MhoA s

o covdoinn mare Afoa N LL«JﬁL_ﬁW&_MMI‘MKG«J( Al “Lufs _ote i qul
amd (Afen) ARed A line nuwen ox e meMMQJ_,LMLLM,.,’ﬂ_'MaM
— __,,._da.,,{’ﬁ.u gam?lfgwu_al_‘zm{a&vm__mﬁ&umj_’(o_‘({z _,ata.ﬁ_Mg.,c»fpmc\.ga.,_-;“ e
A MEMBER (L) ommand_in_cony . Brosdcas 4 do oll processers,. led
. amamen. s ¢r no  oepondd nﬁﬂ_m,_iﬁc_%ﬁf% cenfatm MM’L&C./(&
 ownmenn wp e hen Ao check Hed Aone oo sd Lol ane "o’ Ackes
o compede of | OCIyN) omd s penied of O(1)  An INSE RT(L). s Aorden |
bhecamne Hone in _no .M_-przi.nimlm—. _brczo.cl_s%bnzrsﬂak wntrnchon _omd_ Atoe g-_ .
ST ¥ anailoble (.gau.) _A- /LL{AA?(UL an ot !l To _W&_&.&Mi% .
h_,.__ﬂ_,gm.a. mgxa"m,_m_pc-‘io(owto( ook O- node o _cort mi&d_ﬁz&e&_ H&vﬁ.
. -gg__ /{hmbmﬁc‘&g‘u_ M,&inxuw,,_ on Mo _clln “h covern in U _sdbes . The [IN-
 SERT wommond » wmuwed o _direchen widh cownd >0 5 ™ RA& MHe.

L cowdew Had pardes ane (,r{. w—wrbelgmmo(,(dbés decreosed lrj 1, wnh {
vk connduwadly reehan one fre gt en ke L?d»s Aoved . M. WC cades
ANk Aree mackine. Hmdmckfbdm% ve o O(log li),,,ﬁwmpwfc Fime and




-‘,O-

o 60 pervicd. To precews w DELETE () _one mvald nced bo_wpolate He
o G.L‘h.&. Ao Acar J\Pw{'{\ Arwacds - L nﬁs .....A_DELE TE Afar _comnesn
o AtuehL {m:laﬁz«m, b comne M seanch patk _com. ondy be Aroced _daring He

 rwowe back wp M bee Sie yooflen Kows g locoded & . Thon foveon Ha
pvnd_Jor DELETE  commancls Yo remain_ ad_ OCLy N, appanendly.

Thecrem. A koo machine of sine N con procehs MEMBER / INSERT/DELET:

R — A

_ _Commanda ek &—WPJLRM—@L&}@—M—&—W—Lﬁg—@ ,(Ll_,__gamz‘:u?“
_an Ha _haamben_ tg_b.[hm.&ai s e Mo red revaca M__é‘_[‘i*__(li,_a;_. o vamecl AHhad—
_ﬁ__‘--z;f‘:: &T»s. oo gt _odd s _L%_%.OL4,~’1£QJ_,D,&LE_LEA__D.LALGMB&‘<ML&AQ1£ e
o Mes ) .
Peoe
The M%nmead w M_EWSQ.&,,LLLL_.SW pese Mo B- negiden of 2ven

v R J

_ proamser o made owad ﬁwbﬁ_h,.w%_@lw 1..N or & Srg o
. prTr Loldn o Lg%#_&{;gm__ué__&:be_&lﬂal(wgim s "W{r{'j" ) &g A
bolds . _no !@3 A Mo B reginden oo o nidue Hod _enenhiolly
w_Un ponibion w_a /g/r(l. mpace bt . 8 (%,Q'LJ) coneden E_ O maisdaind
el e ool of Mo machine Ao eap heack of Mo deded wosher of free
_,,____B‘:wA.LSAA"M.,._“M,_ME_:&M__QALJ__,_g.-_,__iLL "Aiheds” 1 ho az .m__‘_sg:'ggifw—/

__daskvibided ouen (i-e., w—-Q(am&c{_-u\M-B:.&%@’(_M_nfl_h_uw__wa (-
.___._M%L_{zmc&m_am_,__ﬂn INSERT (L) commond -’(Outo%oo‘. nan M_MCQX_U_&&\&
oA F omd brnadcaded Ao oll procewsora. The nodes of E i cighlomay ole-
 coned by 4 cmd Al achuod Tmnenkion of b _ody Aoken ploce _on Me pro-
o cummor ahone B neginden Lclln A hed g (The B- 5415,"/9(07.  subse -
3 weMiLj econed. ) A DELE TE_LL) ,Mmi_mﬁ{mg_%«( ncidd e conrent—
vadus e-g E J‘y&m_l_.q\a&(,“bﬂ:g,ot_gm‘ie‘o!.,&m T, wadue eg F n  im cremaned.
_ Aime Mo A -_M%Ls?(m, A, og,.wx L eraned. ) O __

,,,_.lek{miz&mm a‘& LMGLL...& exhromecws -Lvyscn/ﬁm#o(bw fomA C,c olled " recdunm —
dowd _ tenenhionns /MM_Ll?_l) Homounss oA_Leard _ch(_,..M\JL\&_._,.,v




-11-

R
o The CLHAA\A.&J{._#“ procent oA L»ec ame NLLeAary ,[x Camal AL~

- apporenitly Lonl_ e posmibilidy of shifh ny hegs Left and nighd on

,,,,,,,, _ prRCRNSCTA D e,gim, om L~ fhs.o;..uf\.«mﬂa_hg_ﬂq‘ A/‘rex.__mucl.m.z.c{ Arme Anfe N
e wAM M _preters CTA o necded i e annos (see ?1 %MC_})_.__WC

I0
ad

i
i
|
!
o
ac
|
=
MmN D
&P
DI
|
o>
’ ! ' \\r\ :
L ‘
[} S |
i\‘ /‘/ |
| c y . : ; . . ;
Im.b' P
|

s o Sechion 1 Ahod o TO- fockLML}_&_M?/ C’/V\.Q(_Q’G( Me_an-
hou The [ - wachiog eedoing Ahe g"“"-[""(j ‘7,,( &M@mmgi,
cond astrwchiana Ao odl PEVRITYoN bod combines h widh Ahe obtrac-
dine g,mj‘w«c fg bf\.&% Wa?l/s Ao e (;LL'&A W-n_g M:l(’s’(/()mir\.é _L.LZZ)__._ e
o ll ammume Aod AL Mwuz,a@rm\)(e achaode AL, Fno_aazd_é_m_mgﬂgﬂ,%
_____um.{:ﬁig-ﬂur- u&o& The Fao&.moaﬁub eé [ - rmachines on w,,mﬁ_gg&fzﬁ
oo bid Locden bud com &*dm_obu.&.ﬂc‘ﬁ.m_&w_ ackia-
e (LS m&.EZLll--_\N,e, o dl_ex FL.QA: Me | amoching Ao implemed o
 alended dichiomany sbracduse Mok mapperts  MEMBE & /INSERT /DELETE/
_XMIN  ommeands 1_4,\/\/5,_4‘:.{\:-& Ligeane M EMBER commands | an . 4{01 Y. VN
_ headed exad Z&.M’_%LM_JL\A&JA_L\M




-2 -

o Ccmmmob;wbrnw(.cwaol _énmk% Aot ol processeTs . Depen-
) __o‘nn.s on. e _inahwchon tecrined -/({Lpro cemera sk ff AMir ﬁbf O
#__Cyf A h&,&pgfm s AR MNJ\A\'SLCNA_GD‘LN%MK- pZ«u.e. fo Hein W ) or W )
o ctmamonmd avas o XMUN ) v et o ol Cuf %r{w—a nine Mire o _ne
o .A,nugl..,gxcr_ o ,lw"IL..‘Ft,a. cenmvrn._ com _docide Nhe =g wareo _achen. . 53 Cemapar=.
ing_ kAo >4Lq_r,_<__a;.wa;,g;iaz(m_,%¢mm_,,ALWMM%M_”M4 neighber.
n_am nibad /wgm@..,z(_cg &m:aﬁ_.bm_{_w{ z,,:lm. Gea XMIN will ademah.
#_.Aw_QQcLz}WﬁJmi‘gA;l‘,l\L_.QMLMM.LL%MM_.M&,I,Q:._PC&O( S S

 Theorem An L-machire of mise N com process MEMBER/INSERT/DELETE/

_w___M.anﬁ_m__&_mLm‘a—g._J&mmia ,ﬂln.A-zﬁé_L_&d.__h@W.\Mww_i_ N. (M. & _ama-
o mad ARad INSERTA __o.!zu&}; odd MW“L«AA_M_M _DELETEs odiw oyt A QL

_-__a&‘aii%_,g.pr . )

o Exdromecws imseahions (1o INSERT(A) WmM_L*J&wL%H
Ak sed) LL«QL_/:O_MMPTQQ&AM_,-_%-* ijJ.meo» ren Al
A _&LBA ) gjvi__mve.(&. _Z(LL}_jx(\QulM'i-LL_ﬂ&M“w e _exdromecun  delefiens
__(te., DELETE(L) commomdsn mwi Mk nid in Ao Acd) _mJ&f«—a Corb aTS

e red. A gmiung%WM_/mwgoLm_[_: B o J(chdcm'-_'zﬂa len”

Ao Qo , ie, Ao_occagd M9i~m~FLQm.QIG_._‘m,m:!’,(k___;a’\ﬂ‘. /(;Mfﬁ&c{m\.%i rg_-
— .‘JLL__.&_M&}_MQL_MM;_ L%-_LXA_MW%-T_%“JH,S ERT _commamd. . (x.m(o(.,pr oced an
..... Condicaded (becomne ik anwand LML{‘S_MMC‘_.M addibonal ﬁa{g) aad e
— ‘.__P‘CD..G_QML,%{Y,_.D ELETEAS oc-ic(,mm(%_ conma] of e _eramnre. cr£ Al &—@3’{12

e dilided W only naad Ao moke saee Had Ale numben of Rolor doena™d
L prws -.;m)ng»_gcmcL oo endigen e Ma rapid ansuwering of  XMIN e
o We shol Q(,L:/B%MK Mw-ceww(«j Locakions ad He ri gb{eM( c'{ﬂ, .
Al canay (merked wiM 09) _amd mbedoled amphy drcchionn of He frent-




-'3_

 Theerem. An L-macking o mine N con process MEMBE R/ INSERT/DELETE
L/ XMIN - ctmmmomsls ..ma‘/{—/;__a;_.gm‘au)(e,-.,ﬁm.z...m»rf_ﬁ ( &j N) omd o pend ; o v‘f o

- hromecwn . msendions / dedeAianes ana_oMowed ) S

Peef - - _
o T Aechniga iadue Ao Olmana, Rosenbeny ond HAockmeyer. Ligl bt
o we Aawddin W _inm oo mv-a(u%_m’ mpﬁi_ga‘.cd,_._g(u . The acd un U be main-.
o Ained aun J_Kdﬁwwwmu%_maw o el 2 (Ta) He _?i,rsf _processor.
el slanned MOLLIZ)QL&!‘V& ,A‘lM‘LLDL_.nF'CD,QEd'l(Zt__ﬁ&s_,g._....-M“n,‘:,.,ﬁm,c.i._/?dl gUf'

. __,Aﬂw.&w

 Exhrontows ioneabion com lead ko huo comnecuhine enned procsnchn
. .___--_Mdk_(o-rdé,n.m-i_lm&%gm_b_%_.m_admm_?mcwm&..._bn‘,_sg_r:mg_w W
mming e pu,u;m_Mmpéa;ﬁim;;&_mgL.wm_mgﬁ%wmi
___COMPRESS Ak i_m@_&_wmaﬁdg&ﬁa__&%_&gig&&ﬂm%&m
i slaaned . To_reiandode e unaniond , ik drandy b enfficied do ld_eoxe
Y prOOE_ M %ﬁzq__:g-_ﬂ.r_? resumed _ﬁndLmA%afidm vt v buo
ComeREsS e _ofter Laving pofermed Ha negulan leps for om INSERT ox o
o DELETE commond, Anpechuely—fn XMIN_will sdways move He somellent
ey cormatly el ente Ko TO- pad e do (T, bk Ho Lff sRifft gonec-
e dded ga:-: e _emkire —annay. . comadd lm?_n.s_fw rad Len &ml“a__ alow in Hae
_ _,_Dgus‘?-_dmh_‘& A w)fds_@zl,u:_mmi_'m_ o [Lﬂ ):wa&t _am aLg«.of;wxXeZb
A Lo A necomd . prea cestart... o ne{_sanned  Tao amod oMoin MHe wanmard M\)(_CE!)_
U Afen o ficen do_do ome COMPRESS offen geers XMUN.ooo e
(30 ek (TR gl Mk oA mad LTa] procsira mmey qed (omd Aes
main ) sNarsed ,iﬁmb_,ﬁ&_mA.s_J:(L_~vg&de&c_,@ofa.gﬁ, _~o:§ Mo maodane Ao

%l Lyh o e

bl i ek Sk U1 s Mok e ol i



-lq-

img o propen haien fo beunce! signels bock o Re el

,..___v."lkws_,iaa‘{o ,é.’(c;_-,,&mp«_g’l . - _—
U v€~1\.4mz~w<_ow£—5 Ao damgnss W _:\AZZ\A,LJ\._-_QLAXQ‘_..M,O(._.,_;Vlfl}):!ztngb:s-{‘mq _Lom.

‘_,&w‘i@L_ﬁ&mmgf\_-,&_gi.\#_lo_ por . One. omd Amro- o&mm«l‘hyﬂ«&sﬂwr@a&
are demigned mo veddors c§ dofa.  con _enden indo M _Qa‘nkpdo.ivgh__.bﬂmu[
ﬂamam[,_gj_r \xs Qu(f‘-n.% N prousacrs  on Afe /)Mcta/uj /{M_IQ_:FQIZ(,{&J{Q,,%L
et rcnmmead_(Ace e.q. g/&%w ‘1) N Hos Sguﬁm—m_iw%pgcm_ﬂz_gdm:

*_*M_cgf ,._zih-_?wmlu.-piga@% : ,A.Mk_ia_&_mmﬁmhmg*@gr;&;giimmﬂgi&ﬁ
Prh“QhAK% i cans *be_ecnbﬂann_gﬁ__sﬁquumiA%.wiufﬂuxw_J:Qr,_:;f£g%)MJ&ndk_iLrﬁ;TLN:

b A *_&_M&%1%4@MXM£M_&_%_@L&@AH.& he Ao
6‘3«3‘10‘6(. M\Mj/(ﬂ'na\ cobien q'g Ao Nx N madncen

Led wn Arppobe gAhJsf( A LA (ap, ooy C\”) N ‘gfixao(. ouncl Mod e awandz

Aa Lompane A 7‘0 mnrx‘u:‘ 7(-10CU1 (B“~~~rsa“) A a&rbq OL%{BM /"KLQL,CL’MJQ_
'w\_wﬂ{cjx _

mn&mf,ﬁm.}“gﬁwy 541}50\4m%‘r|\49mmws,

| b, b b b,.. b by
N o B oy B R - SRRt
lpdsa.rl———-){a., l»—jl G ag ag, Qe m OtJ' —

%QM{ L4
Q

___,*’&L_Z%,W%c’?_:h ﬁgxxe.g(_ Ao coAain Ahe Lﬂmgm@(‘cr{,_’i.uu?&#_
o The dugle b in enleved such Ahed s i compemend s impud do Ake

__QA%LPQMT_M&_CQMFMWut_ _mr.a_ﬁgiL‘aea;L - __B__ﬁﬁ%nz(..-
A&&MMMWMM&M gzu Aol

LA Abe renudis Tke_;‘w?(u, ol ‘.g amd o—.\,[& VJV o il Aas vedie Arae

b e

Crané 5 R N _
° 6fmlsc~a‘ Bod = P A (Qi= E‘)

z=




-15=

u,ﬁ.ul A reehes A /M‘%U emol a{ He ,maﬁ_,,‘l:-‘gm.s shows Ha /n'mf[f.
o The e&)ngnrg Qn%w«t‘t Aﬂee_mm._,"(o;_ﬁwi_.a . Pem'ucch cﬁ G(N). )/d/l‘{ﬂw " 10
 stamen Ao LA J{L,fi,vz..'_\f(,-;_;_.pmc,e/zstr,__i,cdt_,,mw_am,,._,g)z-,.’((z_ /:_m%nwe Kon
e passed . Ta ’faL,-Wom}(a.g,e__eg e e shall mods %J(chwngmmiwx
O YcWe._oL,fmpd__. gtrma)((m&%m&(é ) - gﬂ,oﬂ 15< s_,J"L-_L___,X.l.g_w_a(..p/{gs-m,.hé{“
e wpdinda Ha .(L'«H)si“f?']&w:&m;__e.b_&d_%._m_yﬁc_%é__p,ulég__ Aen b i
i e e i * L The ol effedd i Alad Ak (o0 compemand o inpuk.

____._M,__wLA.L.)‘L._JJ&IJJLAAM.Av___zg._&_wg.a,hmwkyi@m_"_,(9.,,,_»_;;_,9.&)%_.*,
o end (b b ) comen i oo e G M kol be clean M Hin
denign C%L_FLFJQM_MH_&MFMLMM_&“BLMVS,&'WWM'
Avn m_Mmu_Lm_gﬂc;L_pM(m_ﬁu.imﬂ.g_ﬂgl_m‘i-mem&nﬁ _______ a

b

o unkh o fixed e dov c&.w N _..unn,fdu_ Ao O(N). omnel peria d_
Q1) 5 wn N o slowed _mng/ﬁma)(hm e



-

M s m)(e)wakms Ao nele MK Alone M’(LA,S /,Pcwzl ahb e u./vm.S e oper
ahow A amd = m. He procemseTs. (u{ g«yw s). ,Sg e wse o—Fqu‘m
4+ omd o wslead 5 -MM\/L\:J/% ocommedAen A Ganer Frchu.d{ vj Ae
‘._ﬁ,_,;{y_\,F ln (CUNEETIN -V IS Vee i Chyyoen s B") o aedara . We Ao fowe a.s Xﬁ(v( -
. tc._LJ-@.wva _ ?W_L-N%M%_L"g pro blemn.. Hd. /8 v.un%vvmm Ao Mo sowme
.,_,»C%ubmx <. dws — — — et e
e Now magdne Mok sve _hoce o Wlow&‘_ A &_i,,né__,_bﬁ,,_:__iy by #‘53_ EE meﬁn_ 2N)
amd_enden Al _)(,WQAW»LB”;_;-_,J»"_) _..,-,..C Ltﬁ#-v'-t’w;rl'-r"-( EST,»_::_,-.ENH )_omd Ao

C on The A Hhed (o e ) gebs m(pM;cL_éro_._gM% _avhntring o{ b
__m_a& LU\.%“_HTVM(L He . Uincon Mg’ﬂo&c wmwj*y%cv{v% becomen o Fc)’ Aern
o modden  Uosen imspechion s Ahad.. L(-_.___,_sz'_/{“_u,.% necesany fo

UL L R

enden odN 7‘%?(&__M?Mﬂitlﬁ_..__%g,.w_%!ﬂ_._u_i.&yl\__iwg&._e_&%‘_”%h___c'_'\vc__ Q,GLGLUAMO/K
_,_--_.._QLLQL_,P\MLic_- t}'a_w_zﬁ_n\.z__,._.ﬂm_&_n&xi~..wc(L__./:c_e.}M._».c.aL_gJ._HsL._ pr:r)l rg o prD -
o Carmar o be el oven g/ra-m s e %U A S/LM_MQ(._,LL &wmi&wﬁ-{ .
ek i nended (rse Qg 1) Smmasiodely oo imputhing Ahe 5
b A Al -mw}”ogdpdg___&“m%mi@)H«iﬁm@bsdwﬂ ket Len e Leni N
__.__.__Mxmlzcj/x RETVC P ALY N V-0 § _.erv_an,c{“_.._,f(%m&.s_‘,_>_ﬁ-¢:w/a, e denign e new

hfﬂ'bl"é bf07 T

7 bi;, b(w biqz_ L’L‘os, bioL 5
e [ondser o [T [Tl a 25 3¢ |— ot
‘ru.g S i) e ) -5 %




anhos and. Mo _clpud widd ca (en wrhedlin o amedd _ovcwes_ox ned . M b
ex Q\J&J‘jlz_‘d_uﬁ %m.__c‘g,‘ -V 3‘137 Aie ,ch)/_’(om. WMOXL/I.UL__QA_YLM- E& Forlen _aumd

Rowgwmﬁdﬁ erhenh A "‘L:m,_._ Jhahn%‘b ‘ua_ﬁ”‘(eo.c‘(.:éﬁw%l{{oug( KL/

K £ 8.1 S &
1) hu,.ra{z:»sz M 'Kcu»( a. wum c'f K )(u,'ozal:_ _Q,(b;_v(,a(r)j ---,C\;)) omc!

Ld‘) = (Lﬂ o L:‘b) pnd e _aeinh Ao Lm?m_g«&_ng&a-o@_%&ﬁghﬁ

gmr < k< K Re)(wrm‘m% ke He M@#%%@c £ h in Sean HoA o s-
i Lan J.%m Hon asll do . 'nm‘.d_e_a( e m&méﬂaiﬁm_prp,%a_é.-

umo(zd_ i Ah MFEP“LQEL%LML&—MM—MM—L“MFW

'h(‘.b The bawc.m w »’g Clnansae ac{ Ae fn‘x Mo a.-mfuh‘z___;g~_&_‘zmm_¢r.__

Sy . . : (’.) .
- . - AR . .(2), e ,‘b‘,,,. o UJ bb’
I - Lr [¢l] .l!L,,, DU S ———
‘ ~ @ ; b
. e . (2) - ’b‘f - . (1) -
N @) bg I ] M. R bf
@y - l’(‘)
,b1 : (1). 3.
by
-4} e
P

“) T
Q. !
I ! A
o o )
1 b 3 ®
— 2 @ &
. a. , o
, 3 QW q(4)
" o Ty 0 9 0
e 6 B &
— : 7 KO
S o o ¥
]
Q/\\Qm Q
d J - —_

hat Ao gu.cL w Ahe o - 7‘%41‘1611, nz L{@A;&_aﬂm_rﬁé&_&,am_ﬁbwi‘,ﬁ%mn



B ieed) & F(Lw{ol. moamnen_an He b'n . A Zg(-ob_-fu, aks A.S’w.__w A Low ped r
R cg , b\fmbc(h Q—LNIL) amd b @ P I < YO _f?{fei ,?mgm’;or#,f_l'{& __sbsza/a,_, wnll el p':»u{-‘

__“obvu% v M‘}L-WFFZ.WLJ\.%_ MLW: ﬁvf*web_wz; ’(L._c»pum‘wm__:r__m,o!kﬂ -
oAead vg A__ﬂ,gmgL_“_:__.__'wL,igL._ptm. CRRAITA R _

_ Theerem. ﬂg{n Aém_dja‘lqés,_mazﬂoj e N com Cemap u),é_g, _____ ;n_nx&_fzﬁﬂﬂusdf

.,_._,O:g,‘podm 41( »ue.gz(grz;_gg-MML,M&L_@__QMFJ@.ﬁmﬂtg___(ﬂﬁl_”%i_@__fzzﬁ@;{
ofg O(1) s Mzﬁn.k_&_b&&‘d&i,%eu)‘ gAhrch(.

The MMUMMQG!LM_,&__‘QJFK(QM@(_MM ‘ou)(a}i o, swhich Hown fLln
______...J'/L..ALA,W rzmj ZLTMW& [+ W, ) '\M{u .

Cw
e

[ o RN ') B

. ;(s) o T
- , T '"L(z W,WMTW-‘%ih - ‘“L:,
T Mwl—‘!%-»]x l_é_;‘ ll % | 4 [,_Jj % E

—— QL:)
[ l P“Mlﬂ"

A

P .

I W S

Q{Mw
9




R R

L F‘fnmﬂ% Mfmwwcwﬁ fo. Com pane ewenk O )/“f.& o weny k-
](u.‘o(fc amd ol pd &59)»_«41/1 wbich imlicade widk eweny (ray) EVWP& wlolker
e Auglen im Mo dowsechion. of ¥ hop adhs, The idea b, of cowrac, 0w
e K- &v{i@%bmegm,bmu‘@n?ﬂ% @‘3‘”"{3* POSIINY A c*f“a. ,m:_{uféa
_comen ouers _eoach of ,l:(a_ﬁl';:_.d,w(zzzﬁm A_» CSU _F‘rd’(’(@wx_cvmw . He A epping
——paddenn f we de 5o Ea:‘f__&xwpcgr_q./{/( oo omd &J(:_ng e e prowssir

o KL:E(H\ _mereomd MQEZ'), omd E(,z)_mm&dc%_iw{ce AReor poe;i/fs‘c-n . Momeans

Nl «1(:)_%4.*_11(:1_ Q-gs..DL____Q,(.z ) amd !::1(4)-_.., porrs Wi Mo M'\—s wmoa procensor.,

ST Ao om__ap P.H_i&hzi/.“‘z} _/_"Q‘wm,fm_ﬂ-gn L As abown in g« gere fo_
Ml problem i by moloed by seperoding bobh He o Auples omd Ha

b Awp len L‘TS' . O(Mrmm.%,_](u.‘l& (dummics _ose _drawn _an deds ) . The num-
- ___,bulu_.rg. _pTO CemhoY . rown  mund _be _im reancol Av_2 K-1 Ao imake A acerk. Ta
_______ _celled Ma enilin of Me comp wvnomn_on__oddifionad _cc{m&of _procLming
_lemed b,ﬂ_i{)_.,Q.QLGLLGL_Z{Q_.__:{fﬁL_"u:%i4,,_ He _m%*_ﬂg-!;(_;ﬁi ng _sed dewnn

v v ed with Ahe - A&sﬂ\a/(. W%_M_an_w%nwwow Mol

Al A gl sepn ooy aibh M by = bl of cveny 676y He bime
B e Mo bldem _aigdpracemar , Me nodie of He A signal Mol ap-
o peana. e He cud - wA e dunci %,&mﬁ_ﬂdmzﬁ._?mia&_ma ndicade adAlen .

K il ded e of Mo Auplon | The dirign Aanbeen mmggaled by Koo
_._._‘_.MGL_,-L QLmM n_ Lt L]_gca;mc__m“a.__/uzu{ Qnavl_.ota}‘(a/l: %L-_n\ml/k g 013 2% Fon g 72V ¥y B

Foen imem, i —

— _Theorem . R_haz:ddm’\_mt_ 1 ‘c__,__m*a,__c.g_.éd_u__,dcl(l__k%... O(N). <o .

o Awo sdde of K duglen of Lewibh N _cud  cdedenmine Hein indecrechon
i OkeN) fime —

B mimhmgwwm.u,u;cﬁwma( "«{. M g.gou a.,,rg,?eq.uw_m< eper o ons AL ovnd,
_..‘___:-_.,Ln,_vQ.\._,,Pcu,W’T__lﬂb,.___i ; _,,Mal...-;m_*_-}\s Hirn cone /‘{a_cl.emcgm. cg ?y gt o ehs
nekially compeen ol innen praducta. gz o On b ek, (s ) Y e

o omid He n%uw_u&mww ,wv&-_/s_-«mm~cw3 A volue Ao



-20-

_ewlpd Han awe ,%;i__‘l",{z‘_f‘m m{w&wdéﬁ__m_’{&h Qﬂmu(.d»'o(u. e

et S

Vn‘m—c 11
3 Q

e o G

Sy

____/,Yw;wn,m_“@wc 11 Namar A K- N amd mig&?.—d‘ af{) ko o.LN) w&“
Wi "{ o N N madnx A owd iam Ao LCN) an -&_mﬁmm.__ag__m_mﬂ&t{__
wmakviza B . The A‘X‘AO’&L amray we M%mzo(.&xgd%_ chlugm_ﬂgw{?i_sjm:b

_,ag_&mc)( madeix  C = Ax B ; wA o Comp e_)‘im.z cfg OCN) L_.__*

_MW&*W_QMMM anhoy ch( aina  O(N) by O(N) coua pro.cess buro
Na M madncen and cuigi_ﬂumw&g_m&ﬁ&)_mﬁuwpu‘cﬁkm

,_df,”@@)_ _Ne _L/subéﬂml\' o.us) smallen _ann oy will_ole Ao %o(:_i&_z;_omak__,
cc—m‘gde A me

o Jfg.;z;g e - __ _

; W ondy cemainn ko Ahow Had He O0) wmine bewnd of He sppbolic

- -,,‘,_%zmo.ﬁ,,c_%g,c’iﬁ_ LCM{MJAJ_@,M@( Thin s o sieple comneguince 0’5,._.*

,A,__pg.}&um;@Sm.a@@,_ﬂwj_ﬂgi_aiai@_i&img_ﬁ medri x mwfsz&aw.@un/ﬁ(‘_ﬁ




-21-

_arean A oo .w-m()u)(e Awme T mnf /aq)(wfj AT =SLONY) . O .
_Aa ca,e.nexav(’. Ha CLDnB/nCMLQ._CvPFCﬂc( 7(0 WML‘?()&J KN cmd Nx K mak
7. ( Sec Kos)(cnxo._,_[j] gfr_ x’ymﬁc"ﬂﬂu _Wof/('ﬁz._o&/n ¢n ) R

s A 443910& ¢ madnax_wmaeder e
N Min Sehion e s [N/ O_L&-ua‘p ﬁo...,-.azf{]g-, o _edppritm Ao _in vl _am.
o Nx N _makrix A ;.,.(_Rf";) Cin Aime O(N) | wai ng 6‘”‘2“)"‘?11 wemsors . The olya-
o riAlen n based om_ Gommion ediminakion. (see <. g,._w[_,é,,ll, ond_ams s, Had
_no _piveling i needed dimring Ale 'mzwysw%wﬂ aeren hare do dimennhrade The
#_ML&&M%GgleAMJ‘__QOmPJJJ@ - We Ngxﬂgﬁrs‘( odis s Ao bame «.chr
i _ond_ modd &sa_?l fo olade movemend _in A Yo _-,&a_a.a{i‘,gwﬁ_fzwfcm_. I
Tk %Mﬁ‘l%_,qv%m_/‘_’,&m-}( aﬂs&mpu)(c___ﬂq_ﬁwi\"ﬂod _pitre 4”»5) o Fe,ra)(eam”
M_,ng_k_}_xz‘imi,_ﬂ Ao o NxaN_maedix_ (A T) L&,Javx)_(&f o—&ims o N N
. ___Mlz(}-. MWHLL_M&_WP(%—.LLA:\M w»?,_frmisrrmal{m_%o U wodid o _sadmx
(I B) in abfeined " The Bz AT Poumimible Aramfermakions are rowmid
~_#_IA_~LZVMM.LFL&_LIM_L5_G—__§_$_Q12IJ._%OL_—CM %Q__.CQ_MS&«‘J,A*&LJM /]
‘._ﬂ_*z&kggyguanmu_grm_.wﬂu-ml_ﬂa_gtg@;-&@w Al we _une s odui ¥o

gg_ré::tﬁN@

0

£ L &M&J_%C_hw_&im_

{
[

_v..g,}t\__&!\&,,ﬁig.tﬁ/!’&am,_Cxﬁ_,,o_«nd_&{é,_a-r_é Mﬂd_,u&ﬁgﬂm_%i‘iﬂm_d&uiﬁ_&_



22~

] Uaﬁw% in Al ,w-rrehpmo(ing chfwmcf A. MPM.LJ are a)( /{'(L/A/mz off
L K{Um&) ,Fing._ ll.,_é.KAMh,,, Lo'w')('(:. «ﬁgo—nl-{m ,,m‘c—rﬂh on a 'S’{/WLP(;L.

- O‘MF&“ e i e

, )
2 o0 2.1 o o© (i=1) i o 1+« o0 O (i=2)
I R o 1 0 —_ o -1 © -4 1 o =
e 0 b o o0 i o i+ hi o o |

. '3
e e . . . i -2 ‘z
oo o f % o o (=3) I o : Y2

_—_: l¢] i Oyz -1

o o Ak 1 i o o | -~ 2 2

o
o
<
)
(o}

QITWL (2 R
g9

To c":"w an nﬂjé»u—ﬁ /"KM\ wn M”M_FNMQ(_ %M%“J,»M_ ,AM‘CMM

oA 'LM'-in“lj) o processer im W.&@L.L/l}wag_&_miummwmw
,,v,,_,-&%‘b__;s.}dgﬁ_amm_ s No_obser u,e_._i&_-n&cz&(zm%.wgﬁqu-.mwn&d . o mzle A

__H-%««iacj, ol PLF,.,LALQL___WM_Q&M;Q. &(—k&%LMam_,’grm‘-c =1.. 1o otod_&
_M_rmmui_mo«wLLPmm_i{L_ualch_c ﬁ,a.‘,fr_’(a.’(h/zw‘%e-im procexsars . o
AL g(ird Cowr Pmin.% o _avonn mﬂé{gg.;_-&mi._m&_ -.o.;,: Ao He mBU-

- atighbone. To_do e _rowswh gtnn j-Li#1 ) emz amand b.flﬂa.cL-Jﬁ‘fKL .chNLc-g, -

I .%,T_-ﬂr.mgf\ Ale haw MGL__M‘XJ(_.%U‘("(JL\L«_&M_%]’MJ‘&_ &1 e _row. ( Mok
abendd mgﬂmm,%%ﬁww&g&%_@m).%&"da fkg&_.&i,w{,mct mWUﬁfrél ‘ ( ,125

I % £ TS, 19| ;-V_B}w__'zm%.ﬂm,u_ﬂ:&_&ak e gn‘rs(‘( celuma _amd ;(zmpm«wéj Aore

_ A volues im MM&Z«%_?‘@@J_ _c{,_:"_&,g_@m cg/zerw,wcquewm A ,ON&J

e Me %?.rsﬂ rw. _cam we Lin mo‘a»\)(b[g do Ake necemsany  Gasurs. wYep Ao -

M,Mcujfhui g pm‘_oll _Coewr. modu %gl)_ cakuzn °'X He g/mﬂ rowr . deun ﬁ
_ Ake rows . helewr and do Ha rrmuswb’a mwoz!%-m,_.»\’f(c. Ao . Than gaveh

; _7”2»2 &ﬁ(sd'\“/"ﬁ/m *{\L,X%W e{ o _c%of,{,g i (cg,r—(fd-r\.g) 2= Pﬁm‘zmu/ys :




~2%~

Csend He g“rs\/ celumn. ngfb‘, amd (nexd) send He g»‘m’( row dowmn . For Ak
':Jucfg /Nj/"(a’&/:'m b avendd _be des rcu%Lc.f Hin uav&. condd be rpefed
g,w i22,823, . Obsere Hod Mo oA v _in Awrned ko e wnid
neolor (. figuee 12) cnd naven agosn_in e ikl of much adkuidy "‘TK‘

A e fard ".AQ«F,.,—[}\LWLTMKACL Wxaumg.&gﬂf%{_ celonn. nigd | e migh
s well _move Y calumn omd LA _VL,J-KOKOM,S& A ey aver fo He.

e endl )(K.w: aggeoﬁvbcj,*_m"ﬁ%_ﬁ_ _'l.M{, 3“4,. Qc,_&&mn ,A-_Kz,g 4 one. f}v’)’l et
3 ,rs.’{_.mw'_,__,( w'LJ. (,,»JJ:., :

 diem . Af}g‘ e _do o M_ZM_SKJ% Ml M f-
oA He boblom of Mo mokia oud aneves up_ oM ol rrwn_ by me),

j Al e Q\m acoded a. A*(M/fia.g. _fo«a:i Feon an Le/gt/'& C Mc—»w{( Lg g:ﬁ’. i ve-
- '“LS with (=2 oamd g Oy _m_ M wp F““'W covner ). WM Hin mmodi gx-

— L o 2 1.0 . L
B I = —
T o i Ak o o T

= \e % 4 o o

et eed” M Gt colimn sl nend aend” Mo frol e dewm . T

QIM i3
o

;-_~_ckq)_(im Alke J.gr.li\M_Lcm__wmp&io@_:%lu_mif“m_miaﬂﬂ,

_______ amenoble o P pel]nmn%p_ﬂgétu__ﬁ__u&oﬁbxﬁp&_’f&_ L:{zaa&_.pn e ol s

N w &b gA owere 2N P@gw:_u}i“mw . "K.c-)( __J( Ke__:mwm_,_m—w‘, ap pros S. .
v-_ﬂ__l(gx.. % ral_ roffen /{/K-M_Hl Aecend NN ble gxﬁﬁ_gg Ma_ann oujamoLKw: L{ C
 Sekively oveonsiden A slick in juak on sl Figare 13 shows He meooli-



-249-

B Agiiot.v aﬁgc'n)(zwn,appéful._ )(o.’(jL ﬁxgﬂv\.?&“m ahri XO‘C Ae/fm{,,__w e
B A aflomds each uao&c»g &,mﬁgomﬂm Aoden OCN) pq,ca.M maeves

o amd () e enkire . couking Voden  OUNY). Aime . ot wming Yhe . procensers
o can be Amed _pi %vUv.__‘_‘.e,_#n.m,. A Obseene oA !Za)(-&u JLCAA_.L‘ B} c—“(ﬂh,&!—s& M com-

Al c{,“w-nngww T

anL. m/c-\riv\.é g/r'hv\ w‘fv__xigﬂ-,“(;d-cmg o l"?.!'_w_ozx.wwl._—_- o

_‘,_ﬂ._,{L_gdcs‘l . oamc_ faecuL«' t\.s,__’,(:KLQ&JT_I_’:__..:@__iﬂL,_KMU rrwis ) ol oo nexf

i
Yo
!
P -

) - .
,

IR

%&wmgrm&,g‘ilvngu

NEERE

—— e — -

e

1111

o I e | |
[T ) # i 1. <> : R asd —
! = _ L Rl
R, | — l « ]
Z{(WL 1y
1720 ]
e Afa subsequand  wane gfnrvn wp Ao dewm - —

SRR IR

|
i
o
]

|
}
|
|

BEREREERE

111

§*H

[
i
i

111

i
t

SREREERE:

__.gagw-:__ (s



-25-

m%mm o o doum  ( ex J\c\..\.g{n.s’(&_,wxé_m cf&% e _zwALewm -
_wanda and e;xauulm.g Mo P& e ang ..,_nmsm:/s_.,,»_o_cs{.nj _He c;JrquZ.m sz/’-

e —deponi Aed _in Ha P,re.c.z.¢L{n,5,- rwanre) ‘,-.._,.F'L‘W,*.Li‘_%d.‘ 15 shiur kv Mo anoves
__pragren , wakh Cer amd b imdd coking W fere Ak “ochion _cccurn. The

— Am:;q,%tx.,,,i, 4’?’,‘3.“,__:&!\_‘!&!-_,._gi,rsd___.;w_cw.c4__,@4(44;&({,{4__1({\&)1 o _tmwmud_o um;LA‘L«Z{_ajfm«S
ey o
 NoAe Had He  coum wmcf._camgég(._,_,.&%im_-gl.g._gj&maﬂmmn\_,m_'&
n La/e\}‘ LISEVS KMVFM':L& ﬁni,aﬂm_n._m_wm_ﬂa&amfamifl“&,g %gaé
,,,,,,, wioae paXAernn. eg Me Q—%WL/"L&A__&%‘J&‘S_M wa P‘?.Q._,f!j. po&n&ﬂg_pm‘:_u)(q/im_mi
_____ La :‘L«.&w_gcww_wz‘h oA_a_sberd slindamee ( mﬁy_on&_mc_ium_&i
____.PeUlz-La._gl/a,L_‘.L_,.&UQJMJ__,%KM&»JID_ "wkew' Mo mvone ?r.m](a_rm_lrﬁ%_md,md

mave Mmpw-g(ﬁkﬁt;n Pcu‘wael anck n rnrszJ. SM(CW Fic‘{m-e/a (4" and (sb"

s{ww- Lmtulggks .ﬁdte ,%&-_&%M&ffﬁ_@w ,_ownd oe‘gzw 16 4 a(.'u]/: /('(;L

e akewed Agd awewe —

x> Rl

= |

e

]
f
e Sy
1
|
|

x
v
b
|

—— - — — — .

bisn

9

w




e
o sevied dewn wowe 7

T a0 ‘
z S NN
] i ‘ L : |
u—:— = E 1; = i
0 10
o L
,,,,,,, i | |
it R b -
S M R
I D DA I 1 1ok [ I s 1
g 16 B

e WOwes 4 & %‘LL &M&"‘S—’*—(JK)(MM / ) ,o»u:m—ffm{'&- “pp -/"qu

....... Theorem.. A_Awu- O‘AWLM_J_‘MMQ&C ahnog c§ _mite N by 2N Com tom-
____.-_P.u)(L_&.mWMJ:g o.._Q;‘ig:waL) Nx N mmadix . im  O(N) bme wsing. %w»/s,
_____ .._‘A,(,QG,OM C W nAnd O An.g__da_ nagded) o
_PML o _prR LY LV u«a og Mo NN madvix . Eadk procerstr.
w-\(x, foe Aw _deda h.uyu:*@v: amd o PWCcLAc_ ozcuL (or. e wbc,c)(c*f).
T fied (ot cotaina. e wadue of M mobin elomend Mod o

woved Aine J('{\L.&Lwna( Lb- )’LL&UQ(UL cordovinn A dlaAim. Hod  1a L»Lu\,g

- PQ\M&CL on. . TQ\L vlauL mw‘qwu& urlm "Lro—wsﬁ gu-w( Aades ¥ Ce{.‘rl-ouf)m'(«r\é




_27-

e Abe nai SM owr_widl fuf(—t'm . fmyrrmajfm, s ‘MUKOM.S«EGI : (wdvé &g #He
 unbinwouws achan 7(3 oX e :nn.gtcc.dré,w }C.Xm-d ) h_ﬁ_(_g,d vedei. gmn .
Ae b ngginden u;gﬂo. w#w gher D (O e._x_;l.cwgg ) w ‘_‘_&541,,@\.8&:‘ )
ekl _C:,Q&MPMJ(Q._{(LL rrwawk ) L Wzlx(xaﬂ_&i‘u«%_&){ He dewnwaord
B uiw&%m_ mave /’Lce’wsﬁ. Mo _o- /u.gx?glf enn . The precenscras.. gl@;.smi&_&mw
 Dned Ao The anchinidy of Ha annay in sdanded by stncling o candral siguad
o immeclicdedy preceding He Crond_of Mo atng _%L&L%p&_,,u&oa Auwrnsn eieny bods
e delk ke E ,
e Foxe o comaned Q__gLvn.m'P (3 d:rL__C'g. ,&q‘ukqm_n:grg._fmamﬁr M{A eﬂ_u(&ga‘:

_ Aenwen ( L}l) Pro cemmrrs wnll he ?equ_m_gglggcm@__@_au g ir
locakion i Mo onnon (ree Gugure 17) : codeary T one ofl_colln co Mo

_#__,Mw_&ﬁ&mi ¢ JWLE_JLIZ_WA?MM_‘M&M _The
 Mommbonn L%._AL_%&:D u..lg!oL o gr{l WA L

(L)%l omd uJ\M%c Ao mﬂﬁla‘&m f(ﬂ‘n{{z AL(L a@fr'y‘f e (/LA om -
‘p(mcm}‘»s '(‘Kﬂ. wighly e

o8 Ty

chugry . preemeasdafele
g 1 e D
Oz e H_— 1 sl S
gz T @ Wl ik azab B
— s O s=




-2&~

@) send oumd g,xo!\,w\.gx, M _QJT,_L t_{g-fu_,, (/Mxm,sf Heo b- /uéf/s)/e/vJ an
i Ve el wvae of ool |

c_a_;(gg/;r 9 pro cemsor uxtnlade
wwm R o i N PN

Tz [ _—ag s lEd e

e g @TE B s = O N R
gz [ n skEd T

o For M grocemers IWEY, < SV" Hg()( raaghbewr e Rowe , Gnaddifen o o

wu(t.@r} . prowser nexdilade

wex [« @ >0

R (1 1 L)_MQL_MLQAOL_%__A‘LL,&&AnM’L _rg—fﬁl— _ gﬁu‘q‘q _rewr_dewn QCI:(JM L K(
B VIV | ml_wtna(zi%._&o..é:ﬂc_.a«‘m&_m MLVK—O;__C/}A

clegey . poamer nexoflake

S N D | -
- HIYHGEX | <] e 4 o

s CEWEIE o L] > ] wH o za,- ba

— N&x_,ﬁék.m,muzum&&_.ryow Aeichbeus

c.dq/trrj prose nisdstode
wEW . > a4

e LW IE




-23-

,Ikz..,,ﬁg,c-\%,{ gurahon. Xm_cwég %\V(D.A& )\‘fe__/m%u’( ern comdends Hhod oune eg Y
o drowmidion . Wspecifiad (emph”) fidds - rmoim wnelAened e L
o wawe cglc{b. QM\JCN“)"@ZJL ) Af»mﬁi_c,mm comred ms’m\l AL Avnss
T LS ,A_,,a%_(- J{pa redwen A Mo A Ao u%m_n)* R

T Obsee Mt N agelen of He liorithin Ao troil _over Mo arnoy. The
_empie Hm_w_;qmﬁs‘,m~ﬁ_ be OM). 0 : ]

....... A,wﬁm‘zﬂ.‘.«xbﬁy gz_ﬁm M\M_%_.'fiu. - &Mmk_vf - /('Lcﬁpmqwxﬁ'__maﬁ
-,___#,___%urm N lné 2N Ao N bﬂ,_bta_( A reloded obsexrvedion oconms [ ig,,l-L,)_.&-
.-,_w__..ﬂ.mi_ms Ao o L,_mf,f),f P"L MQL,wmu_cmqg,H.z. ._cl&«:ri A LAT_WO‘M_&-D_SM

Gooo ol . 1‘:1 o000
oltooox| x,01 000
clo1t oox! = xloo too
ol00 1 0%| x 00010
olo o 0 1 % o #1000 01

XA'OMt 8
[+

«_IihsALhM__c—_&im_ih_garﬂ C ﬁdﬂ b rgfd) wane zrg o ufgaﬂﬂaa_m_md.»

v____-gex_J\%engLJk gx\‘rsfq columa v(o—w_aa-,cg&x__;&ﬂﬁqdf_jemiﬁan_hﬁﬂa_gm_mﬂqﬁ%_
(na qaakng-f_ 8)  The nexA_(deumanard ) woewc vl Awrn Min e der info o
wnid_amd _exchon %L:&_Mgb._&_wm_emﬁ%_mﬂ4gﬁs(ﬁ%“_%wh -
img o enkire riefd Wock back Ln%o*é&_id&vyﬁ/:&-_m.dﬁj\-l,ﬂ}f_ﬂ.&m&l'ﬁ_ai
we mey on el Mh#_w_éﬂtw\ He procmsey annos. . pons -
ded  we A He pro MM%MM%U_MMWL%M
Mok _wan Rl Akone -

colegory  prveewsee nenlsfode
_ WTK b ] = b r
e e Y , > @ s
T 2w 1 > T




- -SO‘..‘,,,

Al Al Ao A onn rmodina ws’(lz;a amrert . _ The enhite quzd«wrt c—f pipe-

iming, of comene, helis brae for Ao canteiled ennog on well . Thare

. ht Zur(le. Hoa Ale mucg Me QA Y Lo be _ reclucadl )(ochj%n.S &5’5

- 7”»% G (NY). Vf He &\M_u..(‘ ,Ftami.ms,_,.’(ﬂ‘m,-,&.\_,ia,-,Lc,,_mosJ wAou neol 5 w m‘w,«f

- - .

e [T A o ST N\ [ —

o I -B]

s o /]  \o o 1/

.VL“ULM KMOL; e Mo _"KA:&&MQMJA g/n-v e sk x ks p’(;a\c_;\)(m:n, (L{

h_,m__wwyﬁv&\ _Mc(zkmgi_,w-i/”» Lu;pe,u,( Ao Mo AT smcamwee

—prevends Ahe expedience of pip eLm%.. Cydon bl need  OW) Aima, bud He exe-

_Seckiom %) _g«pp(.&_&?_wmrm rn_am el Hemce , l’&&_b'qurfc o makix _TnaerYer

a__frean emdlows Jq.m—;g-puoﬂ&fmﬂ_ﬂz maosy Dn)(wﬂﬁ'a.g _perd P-efv(afa A

Ak pedi ba di 1—-3 Ao pi P%&M‘LMJM_W&M‘QL_M_#,_&,QMWF.[LUZL
Abhod nc piaeking is_neecled . The amnumph oninmolid  for e.g ,*,é.g,mndﬁc;
_makdces ﬂJW-MLJLk_FWA%%Mlﬁc% .,.,[.4_?_;[),,_._’}gﬁ,p{mﬁ ot «
rguired C%_MW>M%LM7~M\L40‘;A—8MnWH\mLﬁ.\{.&/A" z«.nf-} N, Ahen a
ARied wane s added Yo__tveny ,Q%J(.._;WJ;J_QK_WMM‘...:_.L&J_WMGLLWQAJ_‘J(lw_&

mion Abad wmuddn AR im proves . W;mwikﬁijH@mﬂm gzrurw a _in He

_“_@@MJ Ccone o (Thisn_in Peane’ s remdd ,,-ggm.[,/«?_l, D I
M shedd Aake LidAle bfgniﬁt_fwoouf% Al ’r\fﬂde‘cm x_ oveoden Ao

raed Ao Fmd) R 3wii‘e_,,__, mmfou:, b m"a(s deendra _rewmnk s gur- 4> C ..

(lewen Anomgeloc) in diskhad perhens of Aha processer annay (ce g(\gw&
,.,u}.,)-, H"QF(JSAAS Ale Tnaemon oLgLMMmH&_ n%fi LCM/LT He demred L



-3

-

e i e . g«gwtt B

___maknix in c’b‘{MM’.o( A Kwn.g amd qusm [13] Mo LU- OL(«C/C’W\F’B/Y’/A:.M
_wan proda ced ,bﬁrn%/u%__n(.u(ég&( %)‘Lj o

uagmu.__ L6 ] in el cieel im Mo Newd )

i _H[ 1 H‘fuo AV, A £ H.e—nmﬁ ML} 0. UudAAM,__.—LLMgnmo( Maj?«sm_r(f,_

R fn)(m J«m&\(mo_, Rololin i - \UU:(Lj_PA.JQ ._CQM.T_K&‘.@(A-\.& ,_m_c\/:/zL,_L?}i.__-,
-,Lal R’tmahc—_y\s_,rPN wad M. Rewn A seiiad s oehin __fm.A_JAn.L,T_.PrL‘FYA'\A.. _D-sz{__’(
e Lompuilen Science , Cali gm a,,ﬁwihue_wq..IﬁJm_cCc-y} . Panadena CgL_,_K”u

I3 1 B&M”;L} éy L. MQL___HJI._KM,&,_,_ m_mem_mL_M‘a&wM_pm_oM
O(Zzneu.)tth. Techm Qz.n CMU-CS.- ')ﬂi 142 D:J(oﬁ( thfguz(u Sq%u_ Con—

— _nagie - - Medlon Unmiv. hiiak_ux%ﬁ_ Pa., 1979 -
‘H._,J,Hl Bfwu S N sad CE lLewsteson. . Howr MM& hree fm«cﬁ.(w:, Peoe. Ltk
e Bnnual RCM Sy Theery of Compuhing , Scm Framcir o, 19925 pp- )= 84,
05) Codd Ef Clludar andemada,  Arad Prem , Now Yok, MY, 1960
__[4] Faddear, D K. owmd_ V.N. Faddeeva. Cowu)(a/ﬁm«j mul&oa!bo—s Lencac ya
R ca.a/bra Fretmman ; Son Froncince .Cg.ﬁﬂ__nc) ba . _
__L),l &tﬁ}&r*é_ﬁ__mi.ﬁ_&_mcv)_ Cormpulen sl m_‘cf Lonzac a,ngotMQ -

'}r\kﬁ‘im_,_wgt Hadl Mnc., . E.wawnd C&ggi,, 4?{7 S
L8], Edﬂ4{)l M. 3__93/&&_ H.T. Kn«m&T The dirmigm o'g bpcual, Pwr?o«se»__\[(.SL JAP& >

. e (Arm‘mje)z___lé_(,lggol 26-40. S e
[31 Kw‘o-na., CALJM o.ﬁgmql'&ww guv anm.j m«v{'nx a-f:ua.lwams WL
o Handl (e_aL) CCONPAR ®1 . LN-CS_wel 11t Springee quqd, Keidel.

lw\.s,na}&t N TREXE BN 216 . R
_(m]Km_s L&JA lemrign a,(,gc-n/-{wm slu-( vist 7\3/,‘(% TeJm QLP MUY=



-32-

i e €839 51, Depl of Comup Aer Sdience, C wrasgie: mellen. Univ.., . Pdrs ‘nwg‘;
e Pa 1935 . e R
[ulK gy ML Ty \AL?\j,st‘{eL o anbidecd are , Com FQ’«L 45 (1g@2) 1) =95
L) Ky BT owd Pl Lefimann, Systelic (ViS1) annays for Aclabion oL dodk-
. _bane cpera ionn, Techa Rep. (MU -CS R0zl Dt_‘dgg Lomp wNer Science
- Cornmegie. ellen Univ, Pbids bM__Sc:,,__,~ Pa._, 1cPo .
L] Ky, H T and C.E Ledseenom, Syslelic wrmans e (uesi)  Tecke Rep. (MU
- cs_f,_;;,_-ms_,,n%tggycm‘d%_sqmg_T._cMA.Lg;,e;_md&x_my-_,-f;ﬂa—
_h__‘__“_*A_LMsf‘, Pa. 1939 ( See a.jﬁo,_»__l:t]l_,_uﬁn.f.? ) -
[ LPRGL.QL:A’,_T,‘TWM q,égf."(l/('{.«nb M&Lm%c%m ol W Hawdlor

(ed), CONPAR 21 . LN-CS . w‘f__i.LL,.,Srriu&am\_fyf% o _W%._T_L(;E[,

op. tha - (99 B
vy |

(151 Lg,{b_u-snm, C.E | S%A‘?rcc fnfmﬁ&wmjld“‘_&.ﬁ(_CMw;ﬁs;H;ui_r
Ded of Compulee Scitace, Carnegie- Mellon Univ, Pitlsbucgh, @, 1439

9

[id) Lednecnon, C.E Aree @g,gd‘,cL%i_\[_LSL.mPuiaJim_; PA. D. M.Iea/ﬁm.
Rip. (MIh. CS.R2~ 108 | M%W&uh@r_CM%LMN
Univ P:)Hsb'Mej\ ,Pa., 1g¥2
[3] Mead, €A aud LA, Conwary , Ywhroduchon fo ULSL soplemns, Addison -
MMW,—_KZ&L% - Mams. 1690
L] oA aLWTILﬁ_&;LL__&aM?r,,,%L_LL j__?‘loy_!cm.z%u ,_,ﬂ.‘eﬂc}.eﬁ‘mmﬁ__ ma-
hine ( gnh( VLS1) RJ_? K.Ls}a(o_(ﬂ'_agj{)i)_,_i&m_:f_l,.Moi/zmﬁ.ngam&oz
Cnke., Verkdown Hoohdn , NY , 198/ :
Lig] Pease .M. C  Makix mmnm,.%_ypu.,gﬂdwpmm,%j Q\) AU 14 6?/7)
357=3 by
. [20] Sew age, J-E Prea . Ame A(rgc(.cf%; ﬁu_mm;n*mwjtﬁp&amm redudled.
problema_in VLSI MM“T“(&* QﬂyP._SXXq,‘.s:(J_.__lL_C_Lg81)...110,_;.21,2 B
T2 Sowg, S, G a L %(L:_f;u— gv)'rmam e VLS( soluhon to database pro=
blema _Ph.D. Thenis , Techn. Rep. CMU= CS - 21=172 , Degl o Lompuben.
Science Cmujai:mdlm MUmav _PL/{,’(A})Mgbg(L,;.QQ-MrJJ},?] e




