
Davit "'1Q"v~:r3n 
S\tJ flllitt'1A1:1~>J·$.J_ 

'11ml<> Pa~k, Calt:!'<)ttd.a 9"-025 

Alli';tf;j;. Aiito,.,,_te1 ld4t.tii'l""ttoc:; J.~ """i~et tc \t.i 
c!U"""A n tr.he~•,-•" IimO--"tJmolJ ffl<> :mg "~ ~-h., ~lt"het""'Y 
t~ hi> ""'·i"'''"° :.s es"1lntia.~:y ra~J,,,,._ ._,-.d th"- n'-'-!t.':.,,,, or 
f'~".Wi;>~J inv5iv"-d iy, ~" iJ$r:Vt"'·"'"tlu__-, i$ le~s '"'"-'• t"'"" th~ numt><;r of p;;tential ellJ~~te to ·00 ld~nt-tf\ed. 
~ueh 0¢na>.rair,ts l~"d to irnvort"''" !<Ut~mated idontl ~ 
fi~atior; uy11t~m deaigrt e<mr.io1~V1'.'·i»n"~ ths macltin~ 
M>J}aJ:icy w.ust"" euch th;;.t ~ dlo~ctomy is a prantl!l.a-1 
o.r.d ;l\ta•J:ole g~~l ;:,-, ~he Ot',tmXl"d nnvor~n"e~:t. 31-">ilar 
'.N1ilUl te fx•ora "" ,,._,,trc;t"' """-""Y shn" -:;;-.,,. t """ 411 
:!'<1<1turte ""-" "" t~ta:,.,t 1'-" thwg)1 ~h>'-Y h$tf -o;,,. "'~"" 
-tric ;;x<:>µot·ti~"' I11 s&:ltti<:>!l., th0 orthcg<>nal f;,a\ur" 
Mle.,t1<>h '--" J?Y<>p<Jsed as an npttm.tzati<>n cf -tl\<1 !0a".urt
fll''""" "' t..>: " eyecilia<l. di<ltl>l'l"-" '*""lll'e. 

l'he p:r;Olfy"'- vf """'1tnil1& "- pr;wttoal 
"Ht:W1A·1Md id~11tif1ca 1,lon aj'?t@rJt i1il eHaen
t.lalty ~n~ nt' d~t,,l'.'n1inl\l(I: rn<> 6r>"!;l1n11ro 
nonditlnn• ~or and the 1~mlt11t\<>nr, ,~nv<>lved 
ln pnttern recogniti.wn. ;,, 1111 l""tt9= 
r;>e"ftlliti~~- taskd ~~~ i~ n Uhl'~"'"'"" <>f 
obJa:'.;a wti&h :e t<:> t.e S•;:4Y1't~4 J-nto .,_,,o 
"'' reaa ;;:;._w,.,.,,, '""''"""diil$ -:;.; ti% ;o-lllo
f,.11t~t~"· Ho di,,-L=>ti<m win 1>& u,d~ 
'l±t!Wn:: Jfhy~i".""~ ro-.J -,ir+~,.1 ahjactn--tha1 
ln, Wt.,fnl ah~~cts w!l-l~h W:¥ ey<o<:li1.ed by 
,._l•tlrua 5igw.i in[t;'ra -W -tt.~ Wilntifi
oat1<m l!Jll'>&:m :o_"rl <>hj41ots >¢ltA ~ ~p=i
titd by " p;;,'.:'ti<;"1."~ eet W: 4&1..< in ~o,,., 
ar';l. ~Y ~t<:<:;,.;;<> ~~ ... ~~e w~ thi."l. ;::,., ayo"'.:a•,· 

Wl\ll~ th~ro are !i\l!O""J:'"'-'U Gtiwn>"tionl 
t'ii'~u1.~" wh\ch m1(',"ht lls "l'p)__i~'>h-1.11 to 
patturn NcvgnitlQn, it in r:oot "1""-Y" clear 
how aunh t'O~ul_,,o nha:tld bil nn11airto>:-ed whnn 
auto:!l(lt<>d \d"'-''!'W.f1=-oio,-, oyst<>!'>• ~ll# 4"ini;; 
tl01'i#!"A:,. A;:.._.,, reeulto "1 pPiWil \"}'Qft 
at-lat :!'rw. G<m&id=atiu:;;~ wl:ttd.'Oo ~"*"5~ 
t:i<'p!VI en.~Vl:'y <md ue ""-"""-"nt1 wt th ~'ll> 
p2,,tle""' &f n~ciJ;,\\ility, i>l»enrtnz, 
d"tliiliMl 04i<H<, dlzt&i><'t ™"M>'-'l'.'ili!I, and 
:P<r"-'lfytill:' Mi1~tior>, \illilo tt \J Mt 
"1"'9-~"- ;ea»i\1." tn '"""'"''--'"' "-" 11_b4el"t~ly 
""l:':'~1~ 9Jt~·,.,,. !&,.ig::> >'"'"""J'-'"" !tor. 
•ra;tlle"1l>-ti~"~ l:'~1'·<JT$, it i~ po~"-ib~1' t.<i 
re<><>gnic" on irt~~•-;;ect deai,f.1;_ and ui ~""W 
th"- ci~~11m•t~n<>aS »n4~r which tho $o•atnm 
muat ';.lt1'1latrly fail. Tbua, ono '" led to 
t.wo p<:>flatble tYV"n of dssi,p'! ll"""~&u::-t-e' 
~ne, t;~ tl~"-:liJn ~.ita,...:e<l i<\entii'Co"-titm 
~l'iit"""' which Rn> n<>t J;:no;<."! to IN ftll1e••
Al4.tl1 t'.Ltll•il, er t"'"• t~ ieflll'.fl atttnn."11 
1denllfleati'4' a~a-b>1'M wnien "'"~ tlfl""'1 
.m11,, spe~1f;teg rrir<>,,_llrr""" ef Mli-
1'!<li!l-Yn1 J)*N t<>.M: 

"' 

l;mtm~:;r;."r;ti9 'l'f,ec~Y "-"II 1'!;~ !!tl_~~Ooi: 
-,0 ?o ; "" "'-'- Jl:'l'l')@/\t.~J_-;r, 

011.til.$-tJ:'~phe 1heai;y in e~""ntially " 
#et VJ: ~.ath~=tioal mQtltad• fol;' 'l'l?"di.ctini;; 
tha b~havi or of ~yat6m~ whlill\ !.!nd:a<:go rapid 
a\hl (~J<=<>nOly) di"""ntlnuour ch.,,Y,gea of 
gU'.)&," sr,,,,,h syo-oe11u> r>&a<! nvt tn pt_y8ical 
~n•U, !till~~d, :::wr.a.l <l~·,ld().b;,:J.ty ~"" 
1p;ea'ilctn "t th,,. ""'t""""""h~""tical lx'd-"'-'>i.cr 
af t.'M ll'AAth""""'ticsl a;>i<~m. The "niq_ue ,.,,a 
'i!Z~i.ttnz n;m.lt -,;.'oat =i"'-'" fr- aato.s
t?<r¢vl t!N<>ry le -u... fa<'t th!i.t ~ata..T.r<rpM~ 
au. t1 ela£aifl"d. 'tihil~ """ fi<·nt it""" 
-"Jiftu(J't tM.t o:uir9 """~ ill\ly """"" "l.aOIBn
'.lar;> ontaatrr...,~s :,-. a "Jla"" a: f<"'-'"" 
di1tGn•lon,.,C ;;~r~ N;J~nt Nault~ ha«'~ ~::o..-n 
t:t.at, wlwn th<i diff-erenot lhlt"~"" tile 
llll>trte Pll"Pertl.ee of 11\)acv mld tho11e of 
+,Jme at'e t"ken into aooount, lhUX'~ "-~"' in 
:!'WJt tlt(IJ'tl> ,.1,,mential.'y .,,,_~_,,,~trop;,,..,, ~ilo 

s~-c;>,.~l~d t,;t"(!:fiQI' autf;;~;:_e et a oorti·c:tlar 
eat!i.n-,;ro;l><• '.:1111 offi " 10<><><1 rte;,l i<te11t ~i" 
11:#lte:t in:;o:_-.,"d' "l'<'di~'..~11lly, h~~· to 
o""""· yr<:1di~t, and ,.-,.~i6 eat,.etoo.;,hle 
OOJ111vlo-r. 1n~ -tll,...,.tl~,.;. ta.¥:1; ~r 
ec<.ti\etl:'cyl\n ti>""-''Y is t11r """ lnvol,,.,d -co 
1 .. tail r'""*I h<llli-v,.c, aev~i;;:.t ·;.;1~""" """' 
!lurznntly :nvailsl>le .,1,\-oll Dnff~ce ta 
~J<plaln -~-" ,._.,D-oos <>n'.:ail"J nr:d l.h~"'" ""' 
:Li~-;<><\ i."l '.:hr r•t<iren<>oo. 

The protl<>rnfi of cl.unt"rirw an1 
"~""""nt1i~Y !,n p"tt~rn ro~ognitlon ''~"'~'-co 
r .. 11 into ti•~ d•1main of ~at,.,,troph~ the~r;• 
in"- t'fltMr $lro.ig.'1t:for1"!1r1 mar.rPr, ':>! 

g..,y,enl, ~'-'""" ~· "- unive~~" D of ob~~ctc• 
.. -n~o;,, """ ~ °;<> :::.aani::>~ed itt-::;. t"" "'' "'"N 
Cl.al'~@3 '.l. rt ia Vie="" of E''""" 
,..,CclJ!l-ltio~, to e. .. ~.orJOin<> tr,., ~.~2e "*&t$r'·· 
i5l>i;, ru,,nt1'"" J 11.nd oi<l<>lilt. ti> t:M "lru!~ 
--?~Jii)l Qf thl'! patte,.., <>bl~"'""' 

* =1~>'.'~lfl t" "" oat<'.s".:..oph~r, 



~a ""n ruik, und~" tt.c oon~trainta or 
" RJ,v"n ""II" 01 ol<>.rr1Ii<J.atJ;on, wnst~f•!" w
n0t r ape~it'v:; 1'.l~saificat\"1'l to p<:ollatl~ 
~::: ov,;n i--009i1'l6. l:'' "h" ~ia!>l"" of th<1 
tau.< (suoh aa th~ nwtbe:r et <>bJ .. ots i!tl1'l 
th" ntUtlxo:r et "<ljU"tal•l" ·w.,-amet;,,-p) are 
~he.n¢eti, 'the p,•<.>\Iabili ~} 0f su'"-'e~a or 
I1'ilu:rn w-i.ll <::h,,r...., "'"en::!in;;;1y, Wha" 1:l.l.e 
oaali };,'Y.&11'.ioo ""'" ~u"h tlla• " or.ruig~ ftw 
nigt p:ro,batiliU:1 ;~ ).;;.,. proOO.tllCty 
<J.O<J.UIC'.&~-g<»l•""-lly O"tt<- e t'<'l,,tiv"ly $1dr:; 

- ln""'"""-l--14¥1 "Y"WO\ ~~ a~id t<J. e"h1l<l't 
thv Osi-,avi"" "! a a<1para·o1ltfy <:atafflYoe>JJh<>. 

rm: ~""-"Ple, ~mm:der "''" "l)t"t <>f 
Ni.lo""""" <;m-.;;,wrnl:ng tt.l' oopa.ci ty <:f > 
l'.a0'tif'.<:~- !A ~ -;aachint i<> mw wt.ioh """" 
t f'~notio~.a, th~"~ ~<>1ng ~ .. wt'.=2 ~ .,, icll 
d<>fl'lr\!'\ 10.n~i.r•; <m i_mt<>met~JN w.) l'llG 
r:ul<'Xi'!" c-f )'<1~$;_-olo 4l~i;ctoltl\~e iu" 
uni~"'"" of :: obj"""" i2 t·, UVM 
tt-~ecli"€ """ "! th•~9 dit~.~tO!llit.ll et , 
:r!md~JI) (with F"h;.bility z·N), 1'\" probs.
Wlit_. that ~"" """ -""' tmvl~""'-"-Wd by a 11 
mao"ine vi.tr. M" ! a1\~$table p'l.Y*WI...,,l'$ i~ 
~biair~J by d;l•;id~~g 1:\., rr~t">ber <ir II Ji~ 
~he+ornine ty ,N_ 't'llu!I"" "htntn th~ 
T»4tions' 

fN,r: ~ 21-!it("it) l!~l'I fl) 

·r11 ,r: - 1 rn .lk:it 

'~~ l''''NlbiU~-l' oi iitpl~""'"tuT.1"1:1, 
vhiilll tj'.WS !r01< n~r i"o~ssO:hl.a .. ~ n;,nr 
coi.•tuin~.y wh1n th~ '''"'!:a" of <:;,JNtS 
aJlp:ro;.:i.,,t..ly \<qu,.;.a 1.:wic.- c:'h<l lT.oA't~r ¢i 
af;-.etutl<J par""~Wr&. <i:;;i\lsit" tho 
ba~a-;ioT ot " ""P""'"t1lity ~atasta.·optoe.3 
S<i/rr1ilttii ty -o,;.+nttxup~'.'*'* (g<'•:.tl."!<11 y 
~las~i!\~d as f<>l.~ """"''*-tr~)ll'.<'il) '*'"" ~C\'nlll~n 
to "J-" t;R) J>asio 1>0~0gniti<m t~s.ka, liehti
i'l.cation and Jla:::i'irtJNl.tifu',, 'l'h~ ":;;""l.1'1<> 
elu<tf! ~£ -th~ ba1"'viur ~u::·i'"C<I ,;,--<1 th~ 
:IBiZ""' """ t~~;;,'7er ;>§ the i0-g11;w:t;:lei.,;. !l>ff 
il.~pon<ia.'1"t ~nly upw-; tn" n•.tur11. of tM 
p:rob:.,r. tnY90ve4--~..w.<>:i,J", t.'>11 Qucati= <>!' 
th,,. pr,,tfh,l.i-:y of -.chi~·;i"t'. a ael"'"'t\fd 
Ji~o-wm)' wi-t.1'. a u;at~"' ?Sim;-" given 
nv~r Rf aa_J-;otat•" pn~""'~~ere. ':tie 
'l"""'-l.ti"~ ir,vol'mJ, h"""'"~"' 11:!\:t ha qui ta 
<liffo"""t ;:,, :r.1<t ';.'.-,,, s~=-r,,,billt;· nn41$
-o~ophe m~,,- q;:,.,1>:0 fo" 11 1ff;:;:,.,.,,nt r.·.;v.7'!T os 
"D~t~c3 r-':auve t" th~ "-""hnr <J1' aaius•
st<te ;;are.:netur~, 'rt><> il.e'\o-e,....l!J.$.t~'ll. of t;;\~ 
j)fl,·tCat>J.~r b~ha·,;,,.,,. u1ir!'s<>U CQ futxult)l~
f~\-.,<0.N< 1et0Fmino -';Im nw:.b~r ~:: 1i
~h~tc,1"1#£ wti~h @1o.tisfy th,;- -0-0nst:n<int'1 ;;f 
tm- eye>,cm-uvia\l:< linonr"ty-~ir• tem.s eyf 
"-'\% ~,~o-.'ll~r "f <>bJ~<>t~ abd th" rt•mber <>f 
par-'<t#-ro it>-.ro:·,e1, 1'.vlde b~ the to!.111-
"~"·b;-r ti rti:lllot~IC~"" thucs yietdi"<[ thl' 
:;;>"ub.,Oi"Lity "IT.At e ran~""'lY ¢~Pse:n 
ill¢C.'>i.01":f ""n hS iw.t.iofi<>il hli t11 .. Sytlt..,., 
n:;J t--:ct th~ eu.:tifl.~e whi4t. ls th<. YGlatt-t:!'!
({',,ip t~t,,-;;en tr," ;r,,'ll&hC~it;v P, tllt r.».'1"ttr 
Qf !"'T'IM!!tere M+t, .and -me ,,,.11., J. <>! r;.>,.$ 
~_umb":r -.>! oh!~G1 a t~ the ,,..,,b(;,r ~f J!U'il;fy< 
et<>r<1, 

\m.1~•$ t~~ """™"r <>!~yawn n.11ol'!frd 
di<ih~t~"" ~ i<l 1<,l)N, .,;,~,.., ;; l.a l>""W 
~;u.,tan.,. },ie<J '-han or eq!l»l. t~ on~, -the 
rt~babl.lit;· P iiJ <l<>P"nda>it- '¢""-~.he v-alu$ 
uf A iU:.d aol""'0-tili-,y ia tl".<>» l<i!a1< than 

"' 

u~rtail'. for """"' vAlU"- 01' ~. ft 1',:; t -.1\<ll'I 
P • k.$t. ror "N~>-t ,.,,tq"""t0~ 0<l.'1ati::'i~a.~ 
tiori 61<'~•• 1r.e ""Vll:ra.tility functiw. is 
"' ~~fITTooti6r, 1>.-.l hu>io.u th" ny~tom ~* !lo I 
!l!aahine. 'fhl.a n:sult.~ in a l!,l'.it -t~ th<> 
u~$fw~ne~• of 3'1tl.l>'ot!>d ici~ntifi~ati""1 
ny-;t<>m--n\\'"oly, ,,,.:.,,,,, f~aWroo "" ~!\,,9en 
in such " ~ "-U -, n fc:r"• ~luau;:>.,-,,; on an 
n~dim~11•i<1nal f<nt~re ·'f"""~• ell~ "l'"t~'ll ls 
l'-k~ly ~~ f~\l "-" saon I'\¥ tM ""'"~~r at 
-obj~""'" to he MW.r"'tM4 .-~Mll€S approit~ 
i<l~t<i\y twi<X! th~ """'°"r of ll.)jus-.atl<t 
ptirmoo"tert!, 

rr. r,,,. "°"'"·"'rln, a.,, m.t<natl~ v-~!c" 
iJ.e11-ttfioat1"L s~'l!~"" i" 1"'147.<:1 to<:""" 
:In" 1''>?\!l"tior. nf z:;o;; !ilil.11"11 p-nj>le-, 
>lX "'llJ,,,,,-, >rolg\:1;e1 ;~t'$mPt"~" ~ n<!~ 
~aos,.ry aB ;,,,,, a~ tr,o ""!~'""' ~fl a ~'"""hluo
"rill th~=f·-'Hl ""'"" li1'1oar :tur,c<J.~w.:,.. rn 
sy~t""'" m'1d~ to 4'91 v>lth C¥l1"inol<>gie"-: 
t\'i<l""~~. auo;," """"""'a>nt is ;111.-0., re!l.1. 
tr un a~tu(<!!1;ed ~1"ntlfiea~lQn syD-Wm Os 
no~ lu,.gt o;;cqgJ-,M•in t.l:;% iwn~~ wf a suf
ti~ient (.ti!tb.>1' n! Rdj·oolliti.% JJl!".'Umo.,,,u~" 
iher, 1"'-.e g_u~~ti""' ,,;· :tet!f""'-"'-ble tnc.<l)t !Co;;~ 
~ernine the ict~'<"tUi.;..atton """ M rat5•1 
l~gCtiimt<>Iy. r11 ';;h& td.,.--.tif\oati.m tael, 
eaoh. d1:::.t,,t&,." muet 01:µ.ra\;<' "- sl!J$11i\ 
o\\!~e.t cfr<01t i!ll t.l\4 vo•"i1>1" objec~~. U" 
tho :"'!(ion O~)!lil'<>-:Ql !roo; 0;" unive,•Je of 
µat Ce=. ob je~t.. <J:ic>"~~ QOn No.in =e ,;ha" 
<>tw OOjuet,., then = ti>-Z'Zinct~or, lf ;;os.otble 
'"'""""" the ot/ucw c<Jhtal.r.o~ with>.."' t'<'.at 
i!Gntif1"1 ""i': "''• "tn1 "*~ iO.ontii'i"ati"ll 
i'ailv t~ be 1.WI~=· I\ ~ni'!_cif> J,J,,,,ti!J.ts~ 
tim> i;, i:'>a<·«rtffd i! ~r,d w,1y \£ '°""' 
;po.r4llil1'>!"e 11r9 cl.~oe11 21100_ that thfrrw lTI 
n~ o'""'~*P ir• the J0«ge2 c-4 tlob :p<tt"-'"' 
"l.ti.l1Bo5 '..r; t~stt<M Sj)£o", f:i'._ 1'.".a ~1'6).'o."tinf: 
""0.ronm~nt is tir,it~d '"" u-0iver$e of 
G!)j,,.ct"' "1 i,-, "ucrl.tn~ :i ty l'"" t11a..'1 t"i"" 
th& m:.mMr 0! &U~=tat-1a imra"'"'"""' 

)&;9Asj 11' !W14:!! 

I~ l~ at:vrurt"@>if-'~ tho;:, taeM on ;;_'::fi 
;::e:.,1iin;t t•~sults, t" chooe~ th• ftntures 
or il.dJM1!1.h~e µa~=~r3 :.,, en~:o "way ae 
te l'ectv~o the 1Sf:<'4C to W'lieh ;ho i~s 
<>i' tbn Jl"-'1'.terr .;,,;,ruiee~ Yt~rll!.p lll the 
f?atcu<·.- £J""~'' Even if tl-,.e ? #A<>h~ne 1} 
~ap~'t>lh ~f ctiar,ging i"'.;o ,\)ararr.~tore, lt """t 
llavo ,.,,,.,,_ ifl~.#rent bftmig ::""' miM:lng th• 
d"~lrtiun en/\ this J0ti~io:n <IJl<king J'l:">i:\*~" 
ii; '4'.>lln a J"'tterr. ~~0ng:-.J.-rt,.,,-, ta•k th~t i~ 
¢'-<1:Jec1' t" t~• cqr,tttr!l.in-tn f1-!.vtm- hy 
ttlJ.a~"-"'• 1'h" p;cu~~~" o-i aC.o~"in;,; Jtjl'pro-

!ri "--;e P'l-""'"''"er,;-, ,.)>ei;.~ot' o.s "- n,;-t <>f 
nltl<i.l ~o-n1i>iITTlS iu ,...,, ,,,,,.,.t1VQ "'1.\UE>

""'"" or a~ a p.r1' ot tr.$ "11"1'>'11 df!eOgn, i" 
ba_5ad ;>.'\ das~;is11 oule$., 

Alth~~J!h "" g~nw .. a::. d~ei@1c"' =11TI ar<1 
givon i;,y ""'~"'-"troµh" tL~n;·. <>haraetee-
1":::ca a= ~~gget<•.ed. 1:.e "~l;o~lsn <>± !. 
at~gl.<> para.,eter. te h• a::<tr=-W<I :trv., 
e1ttl1i\l'.' d~~err;i)).iijtl;o M" ?l'.'el«'oillfltle 
... DaS'.'.l't• ""~ 00.ne~ oo -..-.~ Lmng~~ <;f 1r.<1-
elaas pi<*t~,.,..,,, is &z••nttally \h~ ~;,"'"* 
<>i' ii 'll•t»i<' M' ±:.~tanta "w.s\IN run-otl<>n "'> 
t.M !•;;.tur<> 1'\l"'1'\"', '!'~" si-..;:li1'\t "'-"'h 
"'""euN te th<> e~ol•!i~n oie1-,,flP<> ootw~Gr; 
t\'tO 3:!>.'®l .. ;;, 



'\'r· )''' 4='7-'c(11i - ,, 1 :~l 
JJnttrt"n"\~lY 10 e.anr.alna a;; ~nher<>ni; fill'" 
ln th4\, tt ""'Kem n<:> ,Jlatin~tio:, *"-'•"'~" 
11p'Ktlkl anl tom11,,..,.1 r""~"tte. Suo,, a 
dlqtln~ti~n. "<hii<> "~t " """"a!~ry """-~ 
dl<;ion t,, >.n~ '>~-ol~e ~t "" "l'f'\'~f\'i~t" 
1,~~lsion tul<> !m:<l hor.oe <>Vllr?p::'iat~ ==
et<lra1. is i"F"'-"'""t in 't."" "<."!Uu9.tj on oJ' 
"ciynter1'a ~<trf<>tm."''"' Jh<:«lJ a I!-}"~~"' 
tai~, \r_ th• A<tn•<> l.);at tr-<> µrotll.bi,Jt;r of 
aep....-Atl"n 'if ttlt :..att<lrn elaaMa ia ;;u:..~,., 
lw, ~n~ w=l! lite t~ \!.ne'.11 the hehazi<>ttl 
e!-4'Ji<Cterl5tl"s lead\,ri( t<' """~ II f,.:lu"' 
"" th;;.t tha """i""'""""'-al e<:nJitior.s f<>P 
wll~to·,;;v<>~ <>:rs":A"' l"'"J'ort11~!\¢• ""~ •h<>l1 
);no,..;., ;\* Tu>nti<nod $f<!'.'~~~r. ""t"'lh~ph~ 
theory V>l'-~ us he~ t<> rtotet'1lM the~~ 
<>W"1it10':'Z fOJ:'" $,f>GOi.fiG JJ"°W"'• i'< Q\"°1 
§;M._"'1lntoa" t'oat mere aru "" '10~• +,~~. 
ssv .. n ¢&taatt"lpru. "1-"oa~v Cn "£n¢~ldaan 
t!"-l;r~- anO no ""'"g "Ohan t....,1.,,,, tr, " 
\\linl<ows;:i,.n go~~e,;ry, ?o~"u"~ ;hQ AAtrtc 

l""l>"''ti•~ of tlm<>-l1rr,; q_.:antitl"a ar~ L'\ 
"q~ Oiff<)t"'!lt :"rom t\',o;re ~I OJ'A-C"-l'.l<" 

'j<=titi'1<;, ;M """of a :S--<yll.tl~an o:Cat';:noe 
~a '""l>Pt''-'>'~:aTh t" o. forJ""'-' """'lyo1.u o. 
the b<lhiwl."r ,,f ~ a}s""". ~n <>rtl"r to 
avnltl aruoow_':>J.~J.:ng :kym•r"-"i~$ ln 
a=l~.,_in,g ~ <)"iltastr,,:11:~ bMa-;i¢r <>1' a 
aystem, "1'.lG ""'""' connOBtontly :.W~ -"' 
M!nl<Pwsl<ian ,,...T,,-i~ 11\ tho <>ll<>•~n Coci,,i<m 
rnle. Fa.i· t>.Nit i"l"P*'""• ;:\1@ fih'l "be 
~Qhi<>V•<f ~:/ 1.t""-!Ot:..1.$ fe,,.turen a~ ''-11tl~Jr 
r,,,.,,bera• f, "r'a"" tile (,,.al) 'l""-n1'i-OJ, 
Qnd at.- like (11'.;;gU.ar.1) quacrtit:y, l'<>~ 
«aa.'lfLe, 'the 1"t'"~ion -:1' a given !'-!M"""teo' 
is ,_yiously \l.,.,-like an~ J'""-"e <:s 
"1."-""'"C '""g,-,i t1>1'> i" a neen ri""" 't'-"'"+.i ty ;,,, 
the tl«trio, wllile "!>p:ltude ifil a s,a~e-lika 
4u•n'-it"/ wtt>i a po;iltt"~ "1nat·~<l ·,a.lu~, In 
;p'm~ral, th• re"ul'tini;; ...et.rite Js g~""'' by 

'~ ' c! "v."1) ' 
~ .. l 
2.., (<lt;} 
1~1 

whett 1 is t•\Jil .it~•an~<I "'""-""r~ li<>~MI"!! 
t1o1<> ""tril'l""' k ls th« ;;u.,J:Jer <>f U>-&co-ltt~ 
Pl>""""tei:-z, ll~l-i< t;:; tht1 nu.W~i:- -0f t.ir;e-
1!.te F"r"'"'t~i:-~, ""'1 4• ,...,J i!t are ~h« 
4if.f"rff<>o0e be-;,...,~\> ".:\>>'re~por.Jl,lrig p;sW>.-

·~"""· 
tn !'.1ditlnn n~ th• nm4 ~! l4inllew;;J<iar. 

toe tr~', i; i;:; (l;,sO~ablo t<> tre'1::: th<> o:c<:£er-, 
para~~era "" b<)\r,g ir>1~r~M<'h:t. Thg 
"-"ll\l>i>r «f adJC>stab\e """"""'~""~ M+;, as 
p~a,·iow:!lJ a~<>d, ~otti:r~C. ~nly t~ '-Wt· 
film!!_i;n.:; 1"*""-'>'t~r~. re_~ Jm•habllity <>f 
ru:J1lsvln& a ,;;;ooGtf1o ~~o;-.ot~·1-.;1 \e "~"' 
cerui~ty t= rt lt•~ tn"" zlv+:) anly \f 
tr.e IX''""'"te~s &i:~ in'.OsponJoC"t ir-, tl>o 
f•atYfi """-""' 'lh~~ ,.;:.,uld c:ct W "-""u""'d 
lil1'1 l.l'I<' t»~t& f,;r :,.d•f"'tl';""c" aN> uw.ful. 
:C~o""" ""'"""-"t~'" wh!oh "'" •;n1~,..,t~w w< ~ '
~"~"'>" tc W ir;;tru.,,,nt•'l ~""-ho rodu~od '' 
li>wat" fur>c".>l"'lalc cf ~:ectrle;;,.: par•1"
~tera, 'fhliee '"-""'-''!'tonal~ t&.."l the~ b~ 
t~~tc<i in -<ho ,,.,,,.1 ""'"'~-~" to <lete~":,-.., iJ:" 
the;ii """ \rJ!~~<l tnt•P"rnl~1f~• 

~ 

ftii·d~ 0 c, {4) 

'" 

w!'ilire ~t ,,_,,jj ll2 ~v be oither r•aC ~r 
e-;,l\>t fuout'.nhb ~l'J lr ~&ii\, -,;.""" tha 
ll<>ll\llt-;.; Qtn,iu!V't• J11*~::<1· 

lt, m th-0- ~tj,er 1'4>,C., a m~p-;.lng fr""' 
f!!l.tur .. -e;a~~ r .. notiona:z -w &~•~tri~al 
?-a."llm-0-~o~s le lii~~""" im:t•''1ctl.<!i<\ "'" s\•.,r. 
i..-p1X's~b•e, 'te irllnp .. ndonGo nr th~ ~ara~
atore "'!l.Y b~ "Wlsto<l ~">:;>l:-io,.~ty, n.c~ 1~ 
do= ~y :mk~ne; ~h~;<rv~t--icne of tife 
p;.ra,.,,t•r• ~-r.d o~taini.-;:g tbb ""''"'ut'itiDn 
r•O!ltla..-.;;, If tr.~ p:r¢Jc;_¢t o.f the chos.:"'
?a.Mll>"t.:."' 1~ <>r.1~r <f~p<Jt'.:l'mt* rehen 
ll\Jil'lSUJN1 emliCVltl'lfy. -.;ho>' ~::e f'l!'liWterfil 
do rA-c "crewt~ ~nt th~ ~l•oee:l t&&t.,.,,,,, 
ep,.ce '" ;;at c•·t""it:'""''' 

,l.-U2'J_l!.!•1~d ~_gi.Q_,,__U-£.Sll!'.h.!<~j,_pg 
..x:t.'.Jt!!LPSPJJt'!-

!<> "';\"r i.c ~~"ci4nt" ths ;,rrlic
ability of -o;,~ proo<nl.111¥ "uggoett"""• "" 
na11 1.u>'n t<> :>. lipflcifi:, """<Gl« <>f nuto• 
M'""'d i~~nttt:i~?.~C;;-n $)''tfm d,;.~'.w-·• -·~ice 
idaftt~fiG:.tl.->;;. ~'IQ ilj)pr<>~ch•fu tG sr,.,,nknr 
ro-c >;;;i;l 1 ! "'' l•Y ""nhJ,G "-re %>::'~ ~'"'°"''"'1 to.a.c: 
O"!ii::<>'-'"• $,-,,l "" w\ll ~~,,~=+rnt~ "'1 -:..>:""'"' 
~he fir~t sr.:ailll ~h> ">;;;.,;,:r"'-tl= "!: 
"f"'aific n\.<~ "'"t<lri.~l 0;; -,;.\ey form Gi 
an:pl1tud-0~fr""-"~~ .. ,~-ti..,; m~u-"-~~G &1'"1 tM 
""""-"'" ent"l;e Me ~x~rar,tCm ct "l'~akor· 
~al'¢nds"t Jl"''""'~"'"" !'cc" the "1"''>0. 
a\vw.l wh:'.~h a1·~ -i''1lijent~<J. t'' ~w;tl.acle<>l 
J..UalY"io, 111_ tho tin.t "-J:•)!'oaot., the 
"""'""r :f u&l.u,+.<>d p&raMiNtv ~r tht t'Y'i""'"' 
may b~ l""it~M<"? "~ t*e ;;::;Gi'-1<)'; of tt•e 
n;mber e:f ""'""""'-"-~fol-"\'-·"''""'"'""" of 
fr<iq...m~:r bande "'11ti;;;llei ~Y ~':e nut_ber 
of ti-..~ ,_,,,,.,~val~) and the nuor,!)4r ¢l 1"'"~10 
'-!UPd t~ d~"cr\h• th~ :;11\)>1-i"'-l<\~. tfi:; USS 
M$nm~ t<-" th<> purµG~•e of th:_,, at,.c--"'"1'°" 
-t4t pro"tl!l'.13 of ~<>Wj)i.r'i.~om (;;~~h ao 
u.r,l'O-rnl wi1 i:;patilil ~,lli1;-,.,,,,n!./ al>'! 
no:-,.abi~. 

TI".¢ =.'trl:t \<)>Jlrea<ll\ ir <:~pable ;-! 
gene-t•utlng ,,..Ja-:;L·,el;· la<"!;" n'-'F,ber& ~;f 
raH"oWrs. 1Jnf'1rto_n,.tulv tte oo"~ ;;of ~" 
SYJJ-t.re i,; ·i0'1.inate4 t.y tr.o c<m~. cf trllm¢ry 
c.r tnt~tlon """'-'$.#*· ln s.<:14\tl~''' ~he 
af[><1qnt ¢::" ~illl~ i"--,"-'""'<\ CT. a b\'.-t;r----t:_-:; 
~~11t["trC$'-'fi ~! """' a,,,;, ""'"'.J'-'<'•~ ca-,.; bt 
in9r<llfllito if (1} t!1G nu"1fflr of parnr~teM 
!.a lal:'J;W, {2)-t1'<c< l~ruiar- t-;rno~i"""-1~ 
:=41ill'~ =l,,Ul~';l""' ar"t (); ~" i" 
@.r-£!MlJ.y ~11• ~"""• ~"'~ d~¢1so~., •vle 
req'liree turth•r cs.lnul~ don. It is 
OOo&u~~ '>f th~"" pr"o•icJ>l aupeets .,;,,.t tllo 
""'"' <>-f the nat:.---i:< app'-"""~ i,z to be 
:Jie<0<>ccrl1go4. ~specla ". ly ,.r_.,,;:-s 1'\foe,r-~or~otl.!\ 
Wlint,Ilcdt·i~n '-"' d•~i;oed in" largi;t 
BI-"'a):eT pc'1:>ulatlon. If''"" oar_ l1"lt <>r 
gven tetl""'-t" +h" n=t«r of po'!.<!ntl"l 
•P~"lto:.---2 ln th.; P"P'-':at\&\ t" >1hi0,," th,,. 
"""te.1J wil~ ev~r be Gutj~"t<>d. th•n , o~t· 
.flel'.~tc+, nvreoor pf l"'\'Alll"-'""s """ M ohu,,,_,,. 
Jl-:'~:r<>-iiltAv~ly. ;_,- t~~ ""rnber nf \".der,enJ~n~ 
p0,rnOIB-t<>ro l~ kn~-:n, tf,;; ~Y"t~r. ~"er 
J><!-Publ.~l.<>" ~ho:ild t• clea.~ly cp~oi£l~d ';y 
-W:ie d<>Slf!"'"' 



Tl>e ~~C"TA S;>,,,_<>!<01> to ;m"t-toffi -..,-.,J,_,, 
idomtifl<>"-tior,, "-4'tl1>~io.._1 "-""lY"l"- of 
~f·..aC:e;;--1qt~ndont lm=-"tora "-" traotlld 
f<'om tb.n ~ll&""h ~l4f'Ml, i" e-ut,1•~t t" .. 11 
th~ i»'.'~!;ll,;1'a rlth wtti"-h Wt b.,;ve- boe-h ~"*'~ 
e~ri>~d• ~epar},h1lity C"-tal!b.""}>he, u& 
<>h(,t,-e- n.f i,-,d.,,rer4ent \;a""''"'t":re, and the 
a~¢ zyJ a ctis"'1.nc~ Me•eur<> -lllJ?ll'-"cr;!!'Jatll t<> 
tho <lh<>san par1trua'o<>)'.'l!., 'th" IT_,;$; 4:-i 'rioal 
!&C'kr' '" tr.q eta~i'ltitnl "J!ll>:'<>iWI> l.11 tfri 
<>l<<>iue cd' tM &<1,iu~t;.bl;, V!-~""lttrrcs.- 1n 
""'t ""-~""' tlii5 ~r.ol;:<t is rt.."l<l.Wl .,_,-,<J: 'The 
llllss<ln ~~~~lt t;c"'" ~)JpliBv on~* ,.gaiL--
; • .i<U;:;::;r.g "~"tt" i~~-211ra Lor wtt'~elent):,· 
l~~&> ~!'<'"°'""' r~v~J.,::C,-0110. If the ;;h~ic~ 
of f€ak:o'"'" tnl'"l"""' '.tirt11--i; in~'l<t'iat'.t~, 
agaJn tr"' v~~~lem <01: "" XP?r9priato nhi>>oa 
~:: tt#'ti"l" avts""' Wo !:RY-O d«to~mtnW th" 
jjl&1Bt"rn ,,f th" r±tri(> «n:l lit.¥~ ~pboi!il<d 
tho t "'°"' )larno-&t&>h W ortt"f;i/!1111 
(in<Jeytt.den~i in the $;ace. tnf:.r'.;-,;_na1el;t 
th• wr;igtiting of ;he para,..tor~ ~ .. in 11till 
"" J,-, t<krri:nsd, 

C=!l->l!iPntr 

lr: '"' •x11«i,iall~n <>f ~""'"'"[ or t.h" 
!OO~~ sllilu;,11iful ~.!"'"""' r~~ ognl. ,i"" "l'"}~m 
"" ol i9?1, '"--'"'~ .... re t"$-oed i"< 'tic" reg_<W 
ru: irit"''"""· i .•• , wh•"" " ,,.,.,,,....,.:ilti-y 
""""'"tt~rll~ sho~1d have <>;0nrrqd. l'~.e """ 
<;f }'.in!<~><Oki"I: J:40l',,~ri~q 'n afuV !\'.:t"""1i00 
l1ont':flcatior, $ys-~r.,,re "'.Ck('o'rl! r'> this 
""~;-,.;r, and orthoa;cmo~t;;y ~~~t<tl<>rJJ "'"a 
rhr\lly kl).'ti<d, AUU!!l\ltwl idet11Jf'i:atior, 
"Y"te .. s "~ 1mlik~ly •,fr be ,g"'"'~rfllly 
"'°liab~~, ~\1;4c,-. now "'f in th• i'ut~re, 
ur.le~~ ap~~\fic ;<>ra.11!1tat"S 1'hi<>ll 1i•1d " 
"~perahlo ~•ature <>pa~e "'"' dlac"""red. 

Jt ,.,.,- .,.,1;, k t11 .. -.. "Slr·r.,..,,-.i"'* 
tiQt'1nN> """J»r•e <>r '-'':'t110giJ'1s.l- JJ"-fd-t:er~ 
"tll l•ad U tt,~ design ef e~<o~Gf!fflfU:. filld 
higt,ly ~liaU~ EU!tOJ!Olltet i~'tliloa'.il<n'> 
S)"'ta~• aV<r<' a"""' s~~"dte~ ""'"«" af 
J<>r.tle-;ion;,, Tor ;,rtmnal".!;lcet p~rpa3d&, 
3yetcnE ~h"'_;J_d \I• d~Ei<1n~d 'Ii th lini ?ll1 
pa)'l'li>.ilc"~ in mic-d ""4 ;:;-_ould n,.·10: 1:a 
u""d In ->e""s wntro p11sitiy~ lder;tio'.:l<::ii.ttcn 
l~ ~ r~q_•ir&-11:. ''"l.""" %i e"'' h1' abolffi. 
tbl• po.puln\J;,1,~ are ~ufflol~r.1:.ly limit!>1 
te all."" w~l:~hsr.avi>d OY"'Oen f>f$tt.tion, 

"' 

Mll!~liJ!!mltn 

:!:lie ~-;m<>:r \liOUld 11\\<i to e:tj)l'11!>" 
jjTatO -;:ud" ~~ :;-; is :<il$U<ln. of $1tl, for hie 
fllW :;ut1\~,.tiim, ;.rarn\p;; !fy;~,\r&a1 
~ictm.rd Docker. ~f-GiJ, for hn~\\f<.ti sug~ 
gost~!);1$ ar,d diwotior"'' ~nd r,o furl!• 
Br~m•t1'4'Dll, o:· :rO-'\lP,JO~eleJ, ~Qr ~nllgt?• 
~11ir,g- diSOi!eei<>ri,. <>f ,oJuetht~r.g ;pro-oWM. 
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