Parallel Programming on the Connection Machine —-'Stephen M. Omohundro

This talk will present o number of basic parallel algorithms for the
Connection Machine and discuss the implementation of several
applications. We will begin with a brief description of the basic

architecture of the machine, some programming language constructs, and
some issues of programming style. We then present o number paraliel data
structures and the algorithms for their manipulation. While the
discussion will be in the context of the Connection Machine, the basic
principles should be applicoble to any parailel architecture. We
introduce logarithmically linked !ists and discuss using them for basic
spreading and combining operations os well aos the fundamental parallel
prefix operation. This is useful for sorting, paralliel parsing, carry
propagation, enumeration, and poarallel dynamic processor allocation.
Communication patterns for the prefix operation based on hypercubes,
shuffle exchange networks, and binary trees will also be discussed.
Recent extensions to trees which simplify many parallel graph algorithms
will be introduced. Finally, application of these concepts to four
applications wili be presented. Region labeliing of an image is
accomplished by both random tree growth and random pointer hopping.
Parailel dictionary lookup of free text moy be done by sorting followed
by a prefix operation. Three~dimensional surface representotion with
hidden surface removal may be accomplished using a single routing
operation. Finally, we discuss the soiution of large sparse linear
systems using parallel nested dissection.



para]k? 7?)'0 rammin
on t’he(i : /4_

Connection macktm

- Stephen Omolzwm{ra |
/ T/?& Connecécah mdazgne | '

2. *Lisp ‘
3 %rd))e) A (jowﬂ;m <

9 Af/)[:caf Whs ;
4. ’R(CJM Zah”/::‘\?

b. Dac?u}a\ri [né;./
c. 3-d ,3"’/'*"5 |

d l (JC Jféﬂc l“l&&f (i}!tm




The Connection Machine ngn‘lwu'

6‘! k Erocessa r/ Memv; un, 5
Ingtrwghn | al

hlmorj

/ 13- dim,
h yetrunbe

, w/ router }
i 6lobal Combingtion 3 |

3 C°Mmunica+icn Psts

A lv.drwfun sheean, ~ broadeat b all processors

2. Read/Werte = indivielne/ mtmesy hahons

3. Global Combinghon = or bjis i‘ojd’ur from s flu'mk
Context Fls

Instemvhing are extented only in Mase prcecioes with Phis Fk_’ s

Routin .
Eﬂll\ F‘Qt-ﬁ.l' i ‘hl L H'&X”‘ "‘! Q", sthey Pr.«n.r .




W/ €. Lassew

3.!.‘,"-‘{%” sstructured langwnt ‘
o extension of C&Qw-;gn Lisp erl(, macros

o antomglic shick maintonimee ¢ +7pe. coeruon
-~ o artual| PtocCSSor.s Processars —

Pygrg: obles " &~ 45,585
Pvorg : Pavelld vamb‘h.. | o A
Risp sirnct v;/ location )5@% 3 J’,fe*-w\‘} | {: ‘ | J/

Dperstions: #11 -1 b2 } } VoL,
‘, r . - i - ) n o_..
_.L—-— ) ‘?J*"j/.‘), 'l‘).‘.)‘zrt“.,

(eset & (+1) b (a1 ¢ 4)))

&!i ;=i ) N o¢g=l)
cales: 'v.!!).<'!)>")‘ iy e

Processor Selection: (ewhen (= a b)
| (rset ¢ -d))
T&hﬁm': Pvar Allocstion: (vlet ((a ' £)))
| (xset b a))

Roufih D Xstnd-with- &send ~with-min kSomd Wit -max eth!
--———-9‘ ! °V) WITh =i Jd J o 'y
(2 en et S
(esend & Q1) selfpainterl)) b))

Glows] Combingtion: sor, xand, #min , emex . - -

(hen (2 & (M 0O) -
(dwmex b))



 Punolled Progrimeing Tssuts

Doks Rosivahm, |
Seridl frvm-sw‘») qhho&ba:‘.ch:&.& gncatg detuu an'm'y guetes “f“""“""“) .u’«"d‘g)'
implemen Rbon dohs hractares i linked lishs, heoft, hach Iables, 3-2 Woes, bkt b misin

Lyira Borolle] Tsmes: |
Vndeping dnee of Site and strabure of meghine
whlivstion of pracessirs |
ah‘).’), b Ao vy inshmes af once
random ness | |

TZ EE of ﬂmllg[ pﬂb’!m:'. w/ N ,)(‘ocuﬂii
No Coh:.'f'"_’éi"’.o—h ~ N ¥isls | Monte Garlo , N inibol condibms of C.0.
N rys in imyc. , Mébu's of th’m'm»f‘ v J;kbut laoleu/&

Lowa] Commumniativn - p.p.€. cimmbihion ) gt fmmnj ) Convolntian;
| cirent simalohim, cellalir dntomals o

Rﬂ:kr %ﬁa) (ormunica b FFT J Batherls sort
Iw(rht Ghbsl Clhm»m‘w“i'l vhet we're concerned mthy here

Tzrts of Dsh Structure
Ak:j_te_d Jtrachures -onl); use foa’nl'ws

J’Miui nliwdbic | “maching indeptndint- Foult folrmt,
| but: need processor allmh'ﬂ\, Jcrhac cdln"m ) Comphx mhy |
Machine RaniL Strachures | :

ot bnt Ayidy medhing Jefenlmf'




Sgrgi l.ng ", C‘y/ Inﬁorhe‘tﬁ'\ vfn»; Jdoe 'onzf.::ar o ;tvml sthevs
’/"—"-)" ./-—-?-ﬁ’. i T/ |
‘J\\;—’.' e T .‘“ ' A '
cohbining . combine Soks of date k:_.:i'g " ajvb—. binv7 ofmt:bg

TR B~

g;hévn ‘c"\“’“‘t'aad An-";‘ }ye“;

S A

Dissdmbgps = 1, Uses N-l ok prucsors
— 2. hkes [24N] ¢

Y., ek provsssor Oh’/_[ sods fone i:»'" Chlw.: ~ee

9. heve to mankin e blmeed Ve shuhre

Solnbims o priflee #4 - V wd to Brt N
Jeavec. €n. S hat N proes
Use nedes as will as [fewves Y ‘f :; Fotter of 2 a’:.lzif! |

o Shore nedes wip, leaves: (alwps N1 sds o N Jof +,§¢)  {
¢y shie a node wit e vighimest lest of its left gin’




 Lorithwically Linked Ligts

Reslly wodd Like fo dowble the number of
}:l&fa on Civh :J-G:aimv\ £ flamBer of prosen m*"mj the |

* : - - ':" . - ;o -

Schs’érlr 'h cambhmj wonld I,Le fo Mu e O,M o toch lors
| /"\) /—N
* &

These fﬂhWJ all lie in a n‘nu‘wc wkwk extens “{,,,5; )
list with pniers o 2 ahead , 4 .A“j ¢ shead Juc‘ |

»Lel' ns clf Wi a logon%»ml[t m&d /uZ‘

! e G e e

regmires [ % N7 ponirs por ,mam\


http:i:;:,tC.rP

%Lih‘:c%‘}t ishs afcg Pointey HW}
Con revavse a linked st b/ Jw'bﬁrwn/ self-add resses
R Xan A Lar Y Y Vau ') '

.Sfe*u( fomven( link g(,d-n) bock Jnk v’o th ,(“‘b /cl ,{3 /, .

*

Gives 2 interfesved licts, pepest e @ome d ships

Forme luy linked lict o Dinked it in [24N]-2 somds.
Ofkm dpr} shre Ioo ”hLSk ) ribaer Hnerdl Vhee, as hedd '


http:It,.w.rl

HPVQII‘R‘- A 6‘0!00'0'&0"0’051 of \M%

Pretize mulhilicsbm: Tokes o vechor of clomnts and an a.mmt‘: iw;:?
optotion end rehivns & vector of portis\  produchs.
Known in  APL as "Seon '

@+ (r & C{}D EF ...
(A ASE jteC AeLsD AeNceOSE  AeSecoveceF ..
_,ﬁm} fhe ABGE=PF

CO\-—vblmhg' Ge* reswlt  fer )u} &/A-\«f aﬁ /omfnx |

Ercnmfdﬂ"lm Of ¥ hiC&l /o 'mmufr ;h,e e/cmc—./s ,p a

sk, Mk dhc-.}s of sh it 1, a*ws Wi, 0 o-L
rc(ﬁx , uov realt no st eal&-uh"s

(o | 1 000 Lt o l)
(0 1 2 2 12'3 3454 6 P...)

(01 200030956 0 ?.oo)



Lo 09 L mlml Lisks Ndwol/ -Lf)""ti Pnﬁx

lteroke over links, :&n/.-y over 2 on he n% ,J@t
anl Wb&h:n) o

A:sCOEFGHI,_,,.

A Ag B¢ CD DE 3F, F6 GH HI

A ABL_ ABLD_ 8aE COEF OBFS &R PGRI

A AR AL  ABcD ABCOE MIDEF ABLOEFE ABCOGFSH aaam

First 2" are correct oftnr V- sc‘ages o fekes

rﬁz N? [vibims,

(m do over whole machine v.h\ogf ;hnv f’m 3
Just st b e addvess 2" yu*r ﬂ-». )mrs



Pavalle] Pracessor Allocabhon m{h‘) Prefix

inpnd= - Seb of pricessars whe wnd o pric wmf:l
| Sk oF ’}’nc procesars f Free =1

aw{i Mign 4 Yree procesuor b cash one Vst mids  gne,

rcnleam mechoms ng - Cwent: 0.0 zoélo g O' o 0"] O;
ﬁﬁ:oolgﬂ,‘,¥$1 1

4
. £nhherﬂ ﬂue mh w—a"—-
f ey 001 023 o oo o4
2 Wonkws .:h.( self ~addruss h Cham "l - s
oddr,, 2‘!5""-- -
3. Ennmerdde e free P"ccssor.\ prERT
enamy ooo z oo 2 3'1 0.8
LI Fue procs sk .:elf‘d/w b mh“l |
iy, 32890 -

5. Prec: whih recuved luﬂ\ A//f wmwd mUr Jcn( n“f ’1 'uur

: &.,
o



http:f':.'Cf.ll.rS

* One-dimensionl Re’ion Ld‘e”iy_}"ﬂ.!. Prefix
Ir.wa'} colared rc’jm-ns | |
- r wajprbbbbbJJJ bLFrrrrrr\hgaa‘)‘b; .

M.Wk BI!/“-:&-»B whese color oytlers PC’M 'ﬂ.eyk /cﬁl»
nﬂghbor w;n\a I o thers w”\ a 0 |

| 00 101010000100 10! ooooo oo:agm a

Peebix. + to oef /slw/lw[, rﬁz‘m: o ;

| 1 1223399999540 2PP27 2 RIE 4.,



\gf)ﬂad ’_lVa)ue: tn Ps}om weHh Prefm

Lnput > Al ol € nl A Wl vl w2 Bl wid DJ».(
)nt’eut: AA ACCA A AAABBB D 0D

z};’é Qf’”’df’wn N

z 91 ) I@( dsc I‘ |

= It I, Y M«,(-{I»Ml ”\hI. d:t I&)
T edse IJ |

(1'01'.,)9 I; = (VY I.=nd . I, die T )0:

It I 3°m] Phem ({erlvﬂ.mf die f)
0’6@ I»J



Reanlsr on K 1 u:f;:} Prefin

:‘hph*‘: \{-\t‘h;k ,S"U"C machant ‘* $ hffhj ,

——

ﬂ_{ delwmane aF .Hw'v 15 In ]a,..\oha:)( dehned [7 DFA

evim bufter: ‘\lcxinj"—» Aetwrane shit of DFA resdied at eack c‘uma/fr

}JO&'. elbﬂh& 0f /I'J’IL Vare Meffihog ‘[‘,»__‘ OFA shies f.,
henselves cmufmbb bo the chirsders of the string.
Pecix compusition oF moppinsys  omd  enladc m

shrhn) M fo gt G af g chorclor,



" 17.;.‘.?5} Linked Lists with Pointer H”’il

:gttof pirs JF fnped /vd.r heads cnf*m mh; fo esch :ﬂm

/d:://; LL_,.,JH L //
gg_l_ b Im/: wmﬂp Sfemmbk 1n e Irf /mrs

T‘” 3 W'o,oaj A Ae ‘”” . “ L'!’ ’Q»h‘ "”’C’“ﬂ A

pmkn’ )um: mﬂ,m Tl ovr n. On n Jﬁo‘ f“"""‘}”

lisk elosmsnts smd printtr 2" abesd in Jist to pured chor?..
The recivd puniws are st aheld 2% i s I:xf The Z""
printers are W Rived ln/ Aofp;,g ~‘ i

s

Jq00, -0 0000000



_%mm_ﬂﬂo.&m wu:} glnt‘n) 4—M
thpuf- - poirs of linked Iisks of 154 n,m..,,l,b biy me b
2o.y( linked ek of 1% ¢ 0k repml-,éb Yhe Sums,

al’m'”tm /. Ust f’”’l“f )'?ftﬁ) f"ﬂb b ad‘ Shmanendls ub anL Aﬂ"

J;:lOOlOO -'-“1

v—->——+«-*-~>r—-9—-’ ms
¢sa vy 0 i 3¢ &y 3

. I’Mc omm& +propgsle biks weiny: P=$ VS G =S, AS‘L; |

P 1 1)O 11 O
61000100

2 PAP,
? pmgim'f"‘t;’ (/;® z) GV(GAP))
P 00 O

6 | l l o |

1. Let corvy C be G in e newt bner processny
c ot ] )Oo Vv

. Jum bit 15 - (CAS ’\Sz)V(C/\S /\SL)V(C/\S AS;)V(C’\S/\.S
JanOOIOOI“’-n_‘

i“.ﬂi"lv: g

(( ')V:. (,) Z'fv?é.m) ) z,cm{s.vcmc,m\

()8 () (22t


http:q.rit.jc

ln. Cordining . ¢ Pre- ﬁuf' 4 In- ovdr nunb
p:::? ‘}b‘;a? 4?0_3 n = "—QJ

MV :/u
{‘% >

ST e ot

nun‘w

¢ w.: jeeelev

;Eru[,:gi rot unlwl.m ﬂe. noJe, 3 Prctm Agg A

;AecoEf;f‘:’

M a/<\ ;m-': COQFEA

“’l A Cu DAEF

Eaod, mle inhizes (45 pre, pust. or in e b ik velue. e othus b ;Jc..é
Prehi of bmw/ spwobirs will lem e hid ) T W oot fa? mh

9

m~ ordler bardl inor -
Vumbteingy. 3 N A\’“ M Gt

Ensl. nide :mhdukj ik f",{ut,trm virkes do | & e atrws b 0.
Prebic + vw lisk omd redd runlt b prejput or in verbex




—

" E‘JIX \!!.'t Of e H‘\Oh Mi&‘t;he Q‘,‘M

Stble ort on | bi¢: W 0 1 | 0 0O | I

/. EOC— ehnmerahon of f'lteJIorJ with biF = ()
&t | 2 3 Y

.2 Z & brulc&d' of (mﬂ& Eo in Jd' with b}z 0)

e:9 9 9 99994

3. £, & ennmenhin o processers wrh, ﬁn"= | |

| & 1 2 34
Wb sed Ak £, - -1 ehe 3+E,-—[

0 9_ 1 2 .36

Make n s beyin ly urlm)u,,‘ LG . £7
e by .ma».) oh Mjg o

Ober sirks: Batche _r sorl . uses ju/f&ra.‘c. (ta..‘)
F/&f)lﬂft' }N(& Zhﬂ,‘ryt 'fﬂ‘dbn)u},c_ la..‘

Scleoén\
Prdyc sort is 9 ﬁr sraolf k?; “'én



mea;b mkmj Linked Lq&upwrcﬁx

A DF /o //f

Q_Am. “Wj\; S/("
o

M_ The lisk /:jcj ot in orde

— Py =P =P — PP YD —D—P=P >

‘1&‘”\0‘1 / e€ G’N'IMC"GJ)IH of //‘;/3'
‘/_.' /&'\; 3—_1/’ [//’
<. f)t-' prefm * ovw #a,/_g

/'-"'(’ f‘/

| -€ In ha/s -
v, qorea[ i’av% /:rf: T
«.:—-rf";’; .{';‘ff'
3. nm( ,Lt:t"
o T L

Y £ ¢ F o 0 L RN K W
ARSI BNNRF S SVININELUN AT

:f ,C UseLs ITo J‘:MIM JOft M*h, /)M‘o( /IJIS Ah
wzrnsh—u 0{{‘—4 ‘f’& fermd of A/ ' g :ort “‘}

2. G bolimeed binwy trus orr vy inks.
3. Use }ypmmic ('Lfnt ™ )ml.a( lrsks



Preli rew oo

The n® lyf&rmbe o&inmn’m connecls ]
processers whist Address difl: only in the ath bj, 900 100

€ 1 ¢ 32 Y 5t FYC %O L YN IS

l‘ w0 ﬂ o n L2 N S 'ﬂ‘ Kl

dim 3 £ dalninl
Prehi: Q veridles in each proc: T Che lohl) 4 P (e pribix) in;L‘aI(z»J,fé ing
Tty aver }i/f&rmk dimbongjs ) Jm,ffhj T and ﬁ,oliﬁb T wn by
uppwr ¥ lower snbenbes and P 1 wppor Shbenbe. T
A8 < o e VF (¥

T:

P: A 8 d o & F 6 H

T: A A8 co cp  EF  EF oh 6N
P: A AB C 2 E EF ¢ H

T: At Ak L] ARDG - EFeh EFth  EFGH 'gp“
P: A AL ABL A E  EF ER: EFGy

T:  AwoGro AROSRDI AGKRON ASLIGFS® MUKFSR ABLOGRN AGCOSFN ARDEFN

P: A AB  ABL  ABLD ABLE  AGLDEF AROEFG  ASDEFEH

ginée bty T and P st _LL‘.Q,M{M) Yhere ars(
ralaN7 e v lnafinng afc. vhe &'m:rj Ancﬁm,


http:AftDfMc.DU
http:Iz".,-a.he

Prefie on a Shatlle- Excbgc Gri h

A chaffle comnecks o procear jo one whese addres lnh are nhiel | fo He rigkt

e, M\_&j <%
000 oo

Ent..p.:,., bnks tonnecf o ’nce.mr te ik ’m(e,ccmr arel suceessor.

Prelix:

~ shwt: b e A4 e ¢ o9 h
aus 2 evins a - be = de {3 \ ‘
shaftle” e b de @J e -
| \ ‘
'
1 )
. . ) ‘
g;?v:ll prebix: oA abe  abude autb - |
anshnlfie - & L abe, 4 abde ¢ dwff, h
hn-gxo“s'. q ob  abe  abed aluh. abudet qlulcﬁ uldd’&

L

i‘/"‘\?\/{ |

indochin, —;f ve cam prbn Phe :v-.up,- hst, VIS
PN-BK Vhe l%raw me Vot A""\&I it “
uk.d(-

bivis bimowy deee 2
.7 Sc./ \JL

£\

',-’



&tfu of e l«m of o Rmd.} Tvee

esh nde ha 2 vwidbler: prev_ 4 bres
,f.';_.d '.LM‘&: rrev Juu: Sam 0@ J" Jeaves fo Yhe /epf og nade

Yree  hlds vam of 4l leaves Aelow hed ¢
z‘vﬂ'b( l M.V"D hf We free Wree )d‘f sam of 2 C(:Mn..‘gﬁc
- Nm Adivn  ¥he Yree, reet's prev gdx 4 (denﬁ)}
cPf childs pre &« fatmers o
| ~N"H' 0’»“‘ prevé' F.mnws rny@ bﬂﬂxtr: ‘ree
uwf& Prefix 15 Sum of prev and Htree of Vhe /mz.s
, nlu‘c,ﬁg

- 4 | abe  abed



feralld fonllh .ﬁ&r;n9 |

Endh processn ﬁ:fs acon bo chpse ror L, A l.«-.lg i
chatm by i€ JH s chases by 1ts dwo c-J;

— e s o s = praAS |

Mk e il ks — e = o
Let chosen Jinks clud: Hur rigt 3 nuaum' a-u( r-\aLc, |

N Dink is added Pn e eacest o
1010, rl”r r!lrr rdrer o | R
Pis is ¥ ok of 2 232, 10 prob o e s .1/./

1_2. o

Dehfmm:.sbc Pirlld pmn;

&b procesor gtk o Mu[ mude of 1k dl//m hollsved 57 /B

complement, Givem gn mm/x e are bi# »‘h.r
ukwﬂ: Wy hwe o,i ' ¢ : pY P"

Ckme -
Jomm bk oFNw a: em.. l.g },.,L,J.u\
Ieg Gives e swriol sdedion cle,m. dnides )it
& in VAt maddane, |


http:Dafe,.""ihi.sJ.it
http:fr,(,t.ss

| GrN a&mﬁv’ Trees ever Linked Lisds

sz». t N Jewes b rcp«/z[} Por nh free s Y by
lfm eodd J’hf e pur The nedis of - fmﬁm of NIM,

i diphy L brndd b' (i-p) N‘l I
v d= :,(,.,) 4" @

\Sghhﬁdkhbn Rnhe |
" Umicese, r-xz 1.‘,"’”‘ fl.ébfz ]-......._..._.H
R Ay v

#0 ' ) vf h n -
J(;:.g Lg::,? v link L ¥)= L(W- z)+n(~-z.)=1(ar-z)+!lv~J

L(N-2) o | o L{NV-3) |
59 L (v-1) (o o I)/uy«z))
(! cw)j 11 0) 0 L(w-)

/Or,uf Qahwfnc lwgﬁ/’ rat of (-N+h+i= a) = L3S
aiymphbicslly s M(w) = .40 (1. ns)

f"“‘l’ﬂ‘/ of a link abdora link is :) }-»‘55
Averngl Tun Mz‘lx.ﬂfw-m 22050, . % ,;?),-"-—f 2.9

wpdien [iphsfirhe]]



http:Ilf.!Ctllf(.r,)'fo]lf(.cd

C. Lasorgn + B, M“J}f

riph Al m'lLL
T Jher«)f:uhtm of fﬂﬁx "ply H bmay Frees

k.“; Pf'l‘wf f"‘b reot  to elemont

led‘fm ndndk of sabiree beaah, &bmcﬂt
GCrow a £y N communiction Vree usi rsnﬁm ring ?
leowes . pivk poremt 7 Y
nodes with | ehild:  pick ,Nnnf' or o‘v/c( m*k /AM&:&/;?
rodes with 2 obiMren: rnk Cd“\ hiid Wﬂ\ FO‘G‘:/I?

Minimel Spormnn Tree - /mel oh Boruvlu a{,m#»-.
dishat wq’E‘) V€| prucsvs -
\T—"‘
v 2

‘d & mdrﬂd ;dwfo{ or net
- lmha,y re sedechd eol,cr .

 —at ek shp, sdedd tdys frm a st of brees
— grow commanictbiin Frees wer geleckd edyts and rode fmha
- nat ml'fut Jo erlwf' ,m(tx oF roof fo J!ff mfes

wuse Joalhic and Phem rootfix fo delrminé foF éach fret
e inad-t EJ ¢ of Smiligl VM'?M“ whas€ oBEr als m aneher

= select nese “"J“ + vepk KL v amn& 57



 Applicition Re,:‘o'a tmlkv of Sotsllte I gty
.QQL:- ANO‘O&‘ M:zhﬁ. h‘df ’0 ﬂﬁlfo‘u‘ 70{ Coq*:,m; P;“& gf vhe Jime dﬁ

191)2

> e
3

4

riololle
rivlr

3
0 >
g

‘000

[
o4 Lot
o

olb

lionts Smpgested Medhod R
T Taikally, each procestor is bbelld wivh be addrest, |
Then vepiat wnkl  lobols dony et e
Each processor |osks af,:m’,hlws of We Somme color amd -
shi its lodel fo Phe shaller of K or ibs nedghbart. -

Minimns, fRbe] :fn’« répon spresds | / fuul por Mf
For NxN imagt, Ypicslly tukes aoat ON) s bops.

Rad casts com ke O(NE) e, spirsl ‘@ o

trisl Imphontnbdin L vy wim-Bnd v pth somprsi,
Tarjom shessed N unims hke OUVY] Bwmes iwtvse  of m



Tree 6mm-3 Rcym Ld&e[lng

Grow bmar/ s orer reomyr
ewhb' firr hiuo“bn v, Irees of ¥hme Jame Color,

P

ek K s it foprfiree. ...4 lik f
 wnnsed lil?:: from origime] 366,& v é
Leaves odhun \‘v-oo‘ “Yree acoress Imb ....( “..,( 4,,,.‘,

rerwite To Pt tpeefobree - " g s

E~4 3\
AN NN
Use MM fdmrp fo rmoke hec

Top oF Hree bradeacks it .;_m J. ,z/ Jewws,

lmh with %c Shme va\“fﬂt . 6@‘!. .t///_( v‘ym
VAemseles  off.

Until ne links surwvve.




| | | w C. F%rni—uvx
Rbudm Pointer Hep p'..a ge,.u Labellyy

;g esh pie] hs a punkr info ks ™. Pmiwﬂ
dithse around andl wolk alonn each oVher hofe 17

vHing exponestivll Joneer making ¥he &hdv .svnofl
o ‘?‘Au-.)n:e label pré@,&#jm 7 )

O.Nnmn S’H Iohlu mh)n rtyau mlp MMD; ok mlus,y y,y
| DEDUREREE B I )

. .'—: H' : -

iy 0z g
Shart with, only self-poniows, D:M\ze chessing 4 rondom
".ifd' .‘ m?.‘ﬂh(:é"w» "4" N“VS GI M

TN '

:,,;aja:z {Js‘i m t}if 9\1 m \Qj

2554 pleo REeo ghY

vHo ha:  Re u* with amether set J‘ NS A
Dupping’ Rep p

Walk e second seb qlov e hist set s v m.e.s
Frecae VAese puintors “and repead,

Us(fql for pm‘d/el oarh,e,' collechon.


http:h'ft/..li
http:J.,'/l.ut

wf 6. Sabot

 Application: Do'cfion::’ Lookup ’
--——Gaél: Aart of o system for anfometic feet :‘A/ezi"j regures e
| Pt of speecd  of ek word of fect, | e

OrinimlMeme 3 pheses |
. Broadesst ¥he SO most common words and Ve /M" of e
ey, the, of, am(J I,-.. - .
2. The Fémdning words hoth code Yhumselves into vhe can
addvess sl and  losk Vo selws wp. Porform sme puse.
3. Debinihioms of e remyining |
5, e Aot and Wmf)
e T
Sort e divkimry o dext topeter ) divhmigy sy € foxt ey,
| (urryiv Mofr)m aé»j) o -
| anrdwrk mmnlwrk arthn] artba] arthal asked “‘"‘1 “‘k’/ d’( S
| noan md Mg rd m{_ verd m:l LY S~ |
Use predix fo spreod Yoo defsnitoms, | ,
waclroke ctuvk artfal athl arthl ackid aked whid abed
LI LI . T S b b

B Jehl J:A'»;A».; bk to oniging | ,}cc(mt:. N |

words are “z‘;‘”‘.‘, 9’ l‘“d'f



w/ M. Dramheiter

Application: 3-d Surface Digphy

M Ohf'qu of sHereo metihin progreem i A on’[, ,;5’,%53

one *&&L in Sath fvn ("
Proving Solution”  Color mep representy v Aa\’,kt
New Solwbion: 3-d & snelyee seen Fram on quh.
I =7/ (4, 4)°

7%

"M. 'B’ﬁ h in vedol.‘rmmir %y
r :’:‘zquglvs S

Ighe ‘:ﬂtﬁo‘\fl‘Jl’J,[} o

). Colenkde shpes highy 5 brosdesst cind 4 b

2. Colesdate. istemity (Lambertion) = J2=Paks by &y -

3. Colewhbe deshvtin pinel: Xauts X, 74?*".‘“6 g o550 h

Y, Send fuhm’b« Yo destimbon Wilh, g x
pufo»fm) pn‘w‘? Joar=)

impryvimitnty : —inttrpolete First b fol e P‘mn o

iy ibeohiey

— colenbie exbent of ‘2"5" ﬁ.; i ond "M -
Yhis dighmee alwwﬁ.;“’ o

= et bl iyt by conmbim wf Gansion.


http:illtfr,.Wt
http:C~/c.J.ft
http:CJ,.,.It

wf €. dsisorson, T iesiowy, L. Wathodvs T- 264, W Tusiar
se Linear Systems winy, Py ested Disrects |
d_gl_:-ﬁht Axb, whert A it an nzn qhmeir-‘srw{}:uch&i&s TR W
'rgw'gg; hokuiz hes® Jegniming] R Adence A ® dme 00\")

segnimbiul, spvie A neckid Jossestion = hme 0(n'")
Pon, Rt @ G(n""%) precesswrs | hime Ollogtn) .
R(.‘Qf;’hr ® Dimalyled rgo'a( imple meniobipn for an'a( 0»,.& on ‘,ﬁww‘t
Thiy version: O(ﬁ)_h'hc‘, 0(n l’n)fntmﬂ'f 6r P,W,Q"’u"‘ |
V wiwky Wi, n,rr\ N "ﬂf QJ“‘JAJ(,ON*O. - |

V&(?A 013’566'50‘1: )Mﬁ". of « ;J‘fht!. Mix ifh“‘ J’ML
Bawsnam ehiminebim " . & el
qd Ma»? 9“7)"' |

~ * - » e
B *. EEEEY St .o - T
A*V. -

| T ~
' 'V AA Y
3 y%” -

eliminite variobes in Ve ordt;'lfz)g, q ,exck hovel mf*'*”&]

| matriits of viriies AM 9' ehrmnbing &k leve}

l, Procead nprrwd w) LUWO Jeomf,dgﬁg N
‘“I'OD S’Salh'a Ab‘ﬁ’ﬂm o |

2- Py in bat biies proceed apwerd
Jolvin Ly | -

2. Prccd dursanl aing Bor v,

cm:



http:J,.�lJe.li

