
Digt tal CC.Lk:~)'I.X~jc~~~ Laho:l:.~atory 
Ma8s9.chvB8tt~O I11S·ti·~ut~o of '1'ecbll01oS'Y 

Caril'b:rid.gc .~,9~, l~assachu.se'tts 

Dato: 28 J'uly1955 

Subject: POLWOl!ID.L lJ'A(}rORIZATIOl~ 

4fuo new rou1;:1.n.es tOl" f'ae'i;oj?ing 'highOl') or.de~l" polynomials 
6.1;l e a/~sc:ri bed in this loomOranUU.ITl,., Us1nt.~ 24 1)6 as II code 1:' the rotri;:::iJ:l.cs 
e.w.plo;r a nln·i;hoo. :C-iI'S"'C d.escl.·ihB~l by Frank L(l- Hi tchcocl-c (J'om;ot\ MBrtho and 
Ph3i'S", 19·~4::" paSS) and ·t".h00:::ct'2,:''''·1~:.y c~m handle polynom1.als w;.tb. 'l~lE?J .• 
cc,:;fi~ic,i\~n'Gs Ulj to lOOth ~'. hi:..ghc:r· t?; subject to cer .. tain :ra:Eri:;l'ic-
t:tons,.. 

Roo~~s of: the }!cl:?:;~,):: 
'i;(x~\S;t f:z'c:itl ·rjb.~"c.h the 3:0CrGEj D.:>~ 

Hco~t;s I;?;J.Y hs z;>eal ~ ini:agilts2j~" 
.A o£. :l'b 3:Dr::Je~ 'QTith "the:tr 

'l"lj:l·8 !.\1-f;ff:;}2.o:): 
~:.a.·':~~';';'("'~A.j.~' ... W.tl~ 

r;:.:r~:; 1 ';:~':L::r;;e{1 out as quadratic fae·,,· 
by .l'c.b.e quadratic f03:""lr~ulaQ 

c~cn:'l)le~~ l"Ot.Y~S of the form 
21c~~'~ l:'OO'iis ~ in. thG BaIlW quallra::(;ico. 

-~~lt ·[;11},3 :~\:;jJ~1b. u0ie3~.t(;~~(~J:~oo.:'t !.~.;~:r ,.~ ,:,:~'~'~~~7J; l~:t·v~.:~03? 'X ~} PA .. !~ \lQ Ij.wo qtw..rtti .. 
·tiE~G ""j ~jz?Jll..~iq e.:~·Zt \~(..sJ!J)tn;;G(L~ :Tou:;:; (1 Ii11>P 0,. o1}o (d"~ ~ for actual. (~(ll11'W 
pU:tiatic·,.D.s e:m.Q 'iI.D.G 'fi.h;(:;Cl""Y (,..Z "'i.lhc: L~:;\'~,;hc;].~,) If "aha ·G~t~,l quatb:at:lc l.IH 

stt.rti<::d<)IQ.tl~1' cl0fjl2) ~;o t~b.e '~:i:;l13 one; 'i) -;;;he qas.d.l"'a:t;ic 

TI\ ,~~ .. ".2 u]. ..... .1>. -+ 

is a ~;Y(~f;:;t(3:r e.Pl):ro:t:i.m:2t0ion. ';;;na'n, t1;:.o :f.·:.b:~:et o:nsoThe process is l1iap~fd;oo~ 
'I') ~~ 1oo,joO <If 11; ftI~.." <P ~- J!.!\ "h ~"",~ :P.' /t' a 

1r.?1. (~.o. :Pn W2X!. ~,r.·'t et}:~1:J01-c,::!...r~ ~o p 811ti q~~ X"0BPOCi:i:1.VSJ.Yo "\'~(,J0l~·it..K.On :il:1 
hs.:t"tefi 't'Jnon -Ghe abs<)lu:~e,' value~s of. ~;;plp 8m rt:.i1lq· ~e as :arrall as do",.~ 

8 ;t"; 
BSiz"~~{i!71 gG;n~)l1::u.ly 10·"'/ 01~ 10<>:)<:1 for" ~i;hese Z?i~'1.rt:tnes Co 'I'he pol:9!'tO'nlial ~d:~ 
·~,b.GXl ~li v.ldoa tnr:01lLili. by ·:;he qU1.wJ.l~Ut:ic al'\d -the pro.ceBs j~apeats l'J s01.{}trfii;-= 
:lng a X:.ff;;~ ·1~x'::i,..al d:lviso:i: and m;::!,l'1g t.h.0 t:.tnal qu.otient as a. '11.Eltlil" pol:Y1J.o1li:lalo 
E~~c~.n:t;u.eJ.J.y 0 all fac'~Ql"S e.1.<'f3 Ch'GZJ.jjleU 0$ 

deos 110'G eo.nu·ez-ga a 

tho mz:thoo "GO fail: 

ct:'1ses hays 'bc~en form.li for vJ.hich Hi tchooal;:1!! S 1T.if.)J'ahorl 
Empj'.:J:ical1y ,i 't~110 fol10t'f'lng conditions st~em to oru~:es 



d~j OO.&."""Dm1e~ polynofllials Ol~ those w~,th zero roots Ol~ 
zel~O cOils·tant 'i;erms Q 

As mentionad v.bove'l en im:t;).al app~Od'tima·i.;ion !ffiJ . .st bosuppl:i..lid 
tfi':; each qua(l:t-a:~ic fac·taro TJlss$ ,w)3.y be p:roV'lded ~y -'~h0 PX'O~~dJ;1i1W::e~ if 
he has SC1i!i:} :tdaa. of w.h.ere the ro eta lie,. or ooy be g$!J~~l'a·tea. b~}1 'the 
;&'t{;U't.;:lr."0 i tee)..:? 0 'U1pea are ava~~le.ble ufJing each of ·~h.9se .m.ethodue 

r;r:p."pE i'e1410ll·22'i ..... 52 uses t.ha Pr'og.ra.rzmt0Z"'~ s es't'..llle:'G6S; TAPE fe141-227-61 
provic-es its C1mf) using the tfuTZ80 laaru.ng te~ 

I ," -6 

It is :,~ccQm.;1i$nd0d "l;i:!a'b the pz:ogl;lruanl'~r run both x~u·Gines'o 
A f(a·~8. 'i;apa' i8 prelJa:!:ad as folloES ~ 

GI11Dc 

:r.nclua.e~ s:tf9."l 
and decj.:mr41 
:pain;;':;... 'Zel"":) 
~,;ce:(";e:teif.:;:nta 

mu..~t b$ 
ineJ.:rnGa (I 



piG Po '119 

l"l:t 

0 

0 

C) 

'Pl -.c: 

~1 
0 

Q 

0 

Q,k 

of ·~:rial quadratics 
If yeP.! don t·t knCt1 ~ goosso 

!J./2 . a:re needed 

G.J)o 

T..b.3 dC!.ta o.nd ;;'cn.::;b:1m '0aJj0s IT~U::f~ bz: con'JB:~·~ea. toge'~he3? I> 

dt~'~Q "Gope f'll:~~rG Q Oue.run should be .mtJ.ch") wi "'ijU each z:cu:~ina 1;aps if 
possible" 

RS;8ul..t)s C!1i.4Ja J?:riJ.t~c6~ ou~ :z'E tlfJCI etJ1Wlll;1£ to -eight doc:l:mfll 
dia:i ~t~n~) bl1~;;~ ~'j:i{:L:~~r- ~2]~0 :f'i~s-~ si:t o::~~ f~o\r$n a:.:~0 sign.ifi erm~Q; 0 ~e' 1~st 
"~;-~,1 'v';{n • 1"~"I"'1,'il-:·~'F·;~.: ,"1,...' "\:~";"",, n ~ t:t f::l'r~a ·r~!·)(·< ("::?:":c~~r;rl ··vi • h~\ n),' oel 0.0 "'~~G. n~l;t,,;,fS¥.~:>';;"" h ¥-J"""'-"'~,",.J> v ........ , • ..,Q,\ .. · ..... -h. •• ;..,.,...;;-,.", ...,._~.~. -,.:' _ ~ ........... ~ l-' •• :.J",~ ..... ",_0( ~ .,JJil~... .t..-uiul ...... Q L ~u~ '.!\,.~ ...... ,,\'.of~q.Vu.\,.if 

f8.0:~;Qr~r) <.': t.G::;ill2~tizcd nt'~G'::1:;):~, :.:,":;'0 ~7;he Gla.d (X~ the p colt"!..:C;W~ is a 
X"OC;'6 StEL th3 C!13 uwD.or '(;ho COlt?jl1l1 2.S a l~oot pi~ca:uct che~~ko 
Eash sb.c:ii/.1 oqu.al lOne to five o:::~ rfic:~~e d8C~ ... mlJ. places \) 

L:n. [j'::il::8,eaS~~s 't110 Tcu';;iu.e YJ£.y PJ!:~!rc; out ""i'OaOO ol-OQOO vOOOON , 

Pz.;s:::,~~d~d. by .¥:o q:l.::;r..lCL~tics ~ OT.· :eewcr ·~han. 0:t::pected (I ".f.n:ls means 'liha-!.; 
~SO i:~o;c.r.~:i;io.n8 'fJi til. each of 't1f;O '~rial i1j:nsors have :eailed '(;0 eA"tI~ac·t 
..'iSn:::;; lJ:~2:$ quo.dx:aticoln tj.l.~S ease' ~ a moZ'''0 accm?ata set of trial di
'ijlsixf:1s usotl l:1i th t!?tps f'cl·n-22?-S2 t'W.ly produce solU"cio.uso ' 

Because ot "l;ha lack cd: C()J!V0l"gonc0 infOl~r~tion and the 
;';ill.:i:'311.e..'b:Lli'ty lOf this I!l:3'tho.d" p:\:()pa;~I).tion of·s. lIitchconk tac"co:;::1.za
+~:lc.:1 £H1.:xJ:."out:lne is not l:eecrnt'1l0nde-d at 'O!I,ssa:r.:G ~ SJ:he author hopes to 
~O.D,:I;i:r?'(2a ras$sl?~h on this p:rcbl:;;~m.!p and - even.ti.:t'llly SOlna f'actc'l

ovlzat1<1!t 
Sl1~)rou:~j.~c n::a~1 be a1t'ai1.abloo 


