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t h i  t v ~~’ o ” ~~~ t~~, ~~~~ ~‘h ~~~~ t ~~~~
‘ usu :t l  t’~~rmat  of

‘i n t~’~ t t ’ t , j  t.~::tt ~~ ~~:~~t i  v~~ ’ t~~i :~ ~~~~~~~~~~~ by  th~ ~;t~ —

e~ ’t ~‘ t~r ~‘c :t ~~ii~ ‘ i t ~~~~ ’ ~- t t r ‘ “ i ’~” ‘~•~~~~- ‘~~L~ of

l et t t ’r~ ~~~ t 1~ ’ ~~~ i lv ~~~~~~~~ ti~~

kn ii c r 1  th ’~. ~‘‘r ’’ ~‘n - t r’i :int c~’ ‘. ‘rv ~i t~ ”

co~~-~ i~ t i c ’ n betw t’~ prot~’t v ’. -~ l ct t  cr~’ :i~~~ t~~~~i V ci  “ ‘ i n —

dow~-~1’ f ’ !’ ‘~~‘nt~ ~ t h t ’ 5k ’ f l t, ’~~~ ’~ .’ ~ t ’~~ 1c\ ~ ’~~, Thc l:’c ’ it h ~
e r n u t e ~: t he ~“ c’ 1.i~ i- - :tr~ ~ i~rta!ec bc t~~~c:~ ~~‘ t t \ ’ J” c~; ~~~ th~’

sentence ~‘r:t~ ’ .cn t n a uiltercL~ Four~ c” ~h~’ - ~ i n .

It i~ ~hc’”.’n i L :t t  ~ir ~ r :~r i  ate  n : ~ u i  ~ a t i  cfl :m~ w i  ( \ ~i f l~

techniques all ~‘~w p c r f t ’c t- “ c’ec’c~ni t .ien c’ i t c u c b~ n- ~ l et t c r~
wi thin ~‘ ‘ ~i~ • Thi s  OC’CUt’ :~ eVen WhN)  n~ ‘i’ I on h nc ’~ ~~~b c of

letter location w i t h i n  the wor d i avai  lH~’t e , t ’rovi ~ eLI th a t

suitable proictypes c~~n be e~~tahii~~ho~i .

r~u lt i  le :il~ abet  o t ot \ e~ wer e then bu l l  t . and u~~’~
to ex:uvine w i ~I e l v  ~ I i’f e r in~ ty r o  f o nt s  • T. ’chn i ~uc to ~et

acceptance thresholds were evaluated and the behavior  ot’ the

resultin~ reco~mitio~ syste”~ t~~ulated . A nu~ be!’ o r f:il~ t’

tri~~~er~ dId occur In this case ~n~i those were d iscu~~~ed ,

Recomm en htions for f u r t h e r  1n~pro~’cments in the sy~ te~i~~ re

suggested .
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T tr odc ct  r~r

I
fl~~c~’ ‘~~~n 1

A re-tdin~ mac b~ nr  (to rears uncontrolled , linotype—~~c;t

fonts ) based op corrc~lat.t~s ma t - iv aat ics  (R c - f s  3 ari d 4) has

never been su ;f’~ 1iy op~~-ated , ~pp~ rent 1y b ecaure  of

the na ture  of the no ise  in the data stream that  such systems

srr ~ r equ i red  to pr~~c:c~~ r . The no ise  ar iscs  from mu l t ip lc~

m ech an i Gm3 , ine1udin ~ shape var ia t ions, and has never been

well  de f ir ’e~ because the processes producing it seem to have

no useful description . Empirical da ta  for this noise does

not scorn to exis t  in the l i terature.  Fecognit ion algori thms

are unable to reliably operate a threshold d~ tection machine ,

even for  isolated let ters  where the best prototype has been

employed. In the more real is t ic  cas e of touching (or  nearly

touching) letters , as set by linotype or equivalent machines,

an additional noise consequent to multiple complete and in-

complete signals in the observation window fur ther  reduces

the accuracy of all known algorithms .

In a previous thesis by Captain Paul Kabler (R ef  2 ) ,

150 alphabets with widely varying fonts were d igi t ized , and

these serve as the basis data set for this thesis.  The

• Fourier transforms of these vectors were obtained in the

unpublished work of Captain Troy Sponaugle (Ref  5) ,  and

were used to test var ious isolated letters in a correlation—

type recognition system against the kinds of noise menti oned

S above .
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Cap tain  Sponau~~le chon  c o r nt ru c ted  v~~ - l c l I r .  data son—

tenccr  ~ro n the two- r pa c  le t tr ~r d a t a . m
~ e~~e sentences

were  eac h m a de  fro:i a di~ tine t alphabet wi th  f ixe d spacin~
between the l~~tt ers. ~‘urther  i r p r o”ea :nit s  of the computer

ai~~ rithr~ enabled read iu ’~ the s’~n Lt~r~se b~ passing a window

acro ;s the sentence by s~ ngie e lement  in c r er cn t s , This

pro~-r~ m and the dat~i f i l es  aoe the b~ sic re search tools for

this thesis,

Obj e ct i v e s

The major objective of this thesis is to solve the

segmentation problem of touchin g English letters. A method

of’ shaping the windows to dc-emphasize the energy in the right

and left edges of the letters is use d . This me thod eliminates

3 some of the noise introduced by the neighboring letters , and

in fact , produces more reliable recognition.

The computer performance is evaluated by comparing

the computer output with the actual content of the window ;

this enables acceptance thresholds to be set for each letter ,

Therefore , a simple decision rule can be implemented in this

recognition system.

2 
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I
This section be’~ins by su~ a-rizin : the lo,jc executed

by the ac tual tt crr~ recogn i ti on a1.y~orithm . It then con-

tinu2s by cI i scu ss in L the v2r ious ’, ,I nd~ w shapirc~ f u n c t io n s

that c~n be app l ied  by the proaraz;s. The typcs of’ window

s har in g ;  f u nc t i o n s  u sed  inc l u d e s

-

• 

Un s ’rv~ped (or  ~u l i)
• T rapezo id

C aussian

This section concludes with a summary of the data

file- s and computer prorrams (F~ef 5)  used in this thesis.

The two data files are;

LETTEHS
SE NDATA

The three c omputer programs used are:
- 

~:AK ’LTR
• 

• P~ 0TUBL~) -

• c ::PRDEr ;

Figure 1 gives a flowchart of the way that the programs

and data f i les  interact .  In the figure , the circles represent

the data files and the rectangular boxes represent the corn-

• puter programs . The triangular boxes are files built by

the indicated programs for use in later programs .

• Pattern Reeoonition Algorithm

A brief description of the pattern recognition algorithm

used in this thesis follows , This algorithm is used in the

WAKFLTR and C~~PRSEN progr am , which is discussed later in

$ this  thesis .

Y A window is brought in as a digitized 32 x 32 element

3 
- 
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C i d  i~’~ii-::c

A j i
• / po ur  j or OU ’i i ~J ~f

/ .‘ r ans fon r io~ \— ~-~--‘f 12W i CdC ) j Cl , ; i J ~c~~/ Lct :ers -—- ----
~~~~

- --

• 
~‘i 1 . Int oracti on of ~

)ata ~~ lea and C oinputcr Programs

array , consIsti n~, o[ zeros and ones . Thi s array is then
- 

i npu t to a di s c r e te  l ourior transform routine , FO~J~~T (Ref  1 ),

- which obtains the two—dimensional gourier transform of the

inpu t array . The discrete two-dimensional Fourier transform

1 is calculated ~~ •ro]low~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~
-
‘ where j ~4 T ’  , I(k ,l) input array, and O(r ,s) = outpu t

array .

- The array that is output from the FOURT routine is
- then further processed, First it is filtered in order to

~ eliminate the spatial harmonics greater than the fourth

(Ref 6). This allows reducti on of the signal space to

3 
—
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Tho sI’ray i s then t f l  v~ y nori’~nli zed tI  in su re  th :. t th
I,

oner ’y or  ~:~ch vc ’Ctur i s u n i t y,  an ( -r gy  norn ~~l iz : -~tj  OH ~ S

compu t~ (1 a~
; foil o~- ’~

N(r 1~
) O(r~S)/ [~~~~O

2
(r,s)]~

/2

wh oi-o C ( r , ~ is outpu t ar r a y  from i-’OU~-~T routine and N( r, s )
is •the n o r ma l i z e d  array .

The n - - i- mai l  sod array is then r eo rdered  into a one—

d i m e ns i o n a l  m:ray. This new array contains  the CC term

fol lowe d by the real part of the f i r s t  harmoni c , the imag-

inary part of the f i r s t  harmonic , the real part of the

second harmonic , etc . This is the same format used for all

data vectors.

The next step in the al~orithrn is to calculate the

Euclidean di stanc e between the input and a prototype . This

• is simply done u sing  the fo l l owing  equation ;

• Dis~13~c~ [
~~~~ 

[W 2( 
~.) 

— P
2
(L)]]hI2

where .1(1) one—dimensional window array and P( i )  = one-

d i m e n si o n a l  prototype array . Thus when the inpu t array is

exactly the same as the prototype array the distanc e is equal

to zero — or a perfect match.

~indew ~~~~~~~~

The three window functions used in th i s  thesis  are

the unshaped (or full), trapezoidal and Caussian shapes.

These various functions are applied to w in i o w s  in  both the

~. A.<~-L :T~ :~nd C ~ I ~~~~ pro1rrarn~ ( se’ the ~ rograrn section below)

‘I
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- h ~ - o w ¶ ~d o\- • Yn no ~ o i l  - ( ‘ : 1 1 1 1 1 is i t t  ‘ 1  t o

~‘t’ t n ~: ‘ ~~ r - , t ’ I  \h L ’j ~ it  , \‘~ I t b  t~ it ’ h , ) i~ ’~ : t v: t ] l l  - 1’ 1 11

1111 i I V  • Tb~’ ~‘a i u t ’s 1 1 ’ t ’ I fl t o  :u) ~t ? l’~i V si i ’ h t h ; i  t the

uni tv \ L i S t S f l ’ t ’ 0011 t ( ; ’ t J  WI 1-h is I I — Tht ’ ; i  o.~oh of itu’ ~~.

co lutme- ~‘i t b  n i-h ’ i- . I i idow : l ’- v inu l t p l t I  b y t la i’~~~~~ t ’nd

: ; rr : ty  ~~~~~ ‘i 1i~ l ’’~~’ ’5:2 c ’ u.~~s ‘— cL’~ - ho -.1s t~ i th e \\ifld w

_ ‘t t  ~~i~~: , t}1 i~~ t~~hI~ i.’ I ib’ , h i t ’ ~o I ; o i ; t ’ ’~~~u~’ 0 i by  the u t ’ ‘1il ~o u ’l

I t ’ t- to~~s , 1’! 1 5 ~ “ L  ‘ ta  050 fl i~~ o r ’ d u c  ~~; t h i  e L ’ ‘I bu t- 1101

~‘~~ou ’ h to 11 1 e a t i t -  ~V Oh t f l - ’ ‘ - t b t ’ roc 1 1 1 1  1 I O i l  S t : 010 05 ,

1 n t h e  case  of t h e  n n sh a  p s i  ( or Fi: 1 1) w ndo~--’ “ USC IJ  on

the LIIhv0 dIsa’ ~ ‘ i b o l  ai’r:.y v-on t a I no all on - Thi s a I 1e’~’~
tiii ’ v i  n - l o w  to be 1’o:t~i in d I so~ 

-1 1 y , w i t it  flo ~
‘ ‘  s a lt ’ . I t

U SI ’ i Ofl 1 0 500 tIto ~ ( ~
‘oc t t S t ’ flO - 1\lSr’ I l~ ‘

, 1 t i  I t ’rs h

on roe  w i t  I t i  on d is t : i nc  o
r

In t h i s  t h o s i  the i s i p ’ s . n i  d p1 a t t ’au I en ’ - t b  wan V5 ’I ~‘ sl

i n  or de r  to ~ In  ~y v i  n d o w  hope  ~‘ec i s  • The v : n - i  oi;s Va 1 i o o

u sed for -  the p in t o w  ion ,- - lb wore 1 , ~~, 1 0 , 1 , • 
;‘ ~ ,

~0 Co Itu i iuiuo , L X:  I n i l l i  ~~ 0 r tht ’~ c’ wi  nd ow •Cunc t I ‘-i is n a’ ~
‘. I V O I  1 1 n

• . - ‘ j ~ U I ’ t ’ .‘ ,

III’ ~;ii :-~:~ian i-:i ndot\ t’u’,i~ t i  on ~v~~: ~1’ t :ti l~l O t h  not  i i - -: th.~

f o 1 l o~: ii equatIon;

- 

~
• 1exp E(x ~~~)2as2) x~~I;1;’-)~W( x ) =  ‘

~ I
(exp~— ( x --l7)/2. ~-~] ~~~~~~~~~~~

where w(~ ) is the (laussian w in t lo t ’— a r r a y ,  x I n  the col ,urnn

$ r i  dl wi  ‘~ the ~~ ~~~~~ ~~~~~ - ~~i~~ • ~~~~ ‘ l ) ~ j as  I - 
51  i S ,
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Fl~ 2 . Various  Trapezoida l  J in dow Ch apea

I The range of standard deviat ions  used were values of 2 , 5,

and 10 columns, Examples of these window functions are

given in Figure 3.

The above described process is executed in the sub-

routine TPF~ LT , This rout ine  is l is ted in the -JC dLT. -I and

cr~~~~~: programs (see Appendix C , pg. 69; Appendix i~, ç~”. 101

respective ly) . It  should ‘be noted that  these l is t ings

contain only the Gaussian logic , but any type window can be

implemented by simply substituting the new functi on logic.

Data

LETTERS. This data file contains the digitized letters

• of 150 various font alphabets. Each of these stored letters

• are isolated and ceritr’red in a ~2 x 32 e lement  win d ow .

I
7

-— 
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~ V an ciua iii~~si rin isid ev~ }~opt n

This  da ta  f’j ie is us ed by the  - ‘Alh ~LT~-~ I~ ’ O O ~ U~1 d i  ~ C U n : ’od

below , rome ‘‘x : tp iai en of the d o t : r  i n  t h i n  f i l e  ore ~h ewn in

Appendix A .

~FN1’)A’F& • This -N ic oont,ati~s van ous numbored sentences .

Each sentenc e is 1.33 co lumns  l ong and 32 rows hi  h •

sentences c o nsi s t  of le t ters  I n a li lit , I f i  the maimer of in

ordinary sentence hut with no spacing he twt ’t’n 1 c t :t ei ’o •

letter within a sentence com es f rom a slug 1 e : t i  p h ~bst so there

~s no m i x i n g  of fonts within the sentence .

This data t’t ic ia -m used by the C~~Y !’~~~N pro~’:raT~ dl  : : c U S L : t ’  d

below , A complete lint of the sentences tun ed , and their

characteristics are shown in App endix h , 

‘

~
- I.F IT~TI . T-J T . --L 
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_________ • Thin ~‘r osi’:ia produces the 1-curler ~ransfor-~ cd

letters necessary to build the prototypes .  I t  applies a

shaped window to each isolated letter in the data file LFTT~ c:~~,

This shape d letter is then Fouri er transformed and stored

in the format use d by the P~CTCBLJ program discusse d bel ow.

A complete li sting of this program i.s inc luded in Append ix  C .

P~I0T C~~LD . Thi s  pro~ ram U S C O  the f i l e  bui l t  by the

I~A?~”LTR ~ronran . It uses the shaped Fourier letters to build

average T)rototypes. r~ he averaging process used is the summi ng

of the Fourier components for each letter and dividing by

the number of alphabets used . The formula used is as

fol lows :

PU<) 
~ E L1(K)

1’J here L1(~~) is the ~ th c omponent of the Fourier  representation

of the 1th alphabet-version of a letter. P(K) is the KtI’~ com-

ponent of the Fourier representat ion of the prototype.

- This program al.so permits  the user to speci fy  which

alphabets are to be used in the averaging process, A complete

listing of this program is inc luded in Appendix D,

CP-~PRSEN. This program contains the recognition algo-

rithm , It requires , as input, both the prototypes and a

data sentence, The sentence is read by passing a 32 x 32 element

window along the sentence. The input at each wi ndow position

is run through the algorithms discussed in the previous

* 
secti ons.

These Euclide-an distances are output from the PR~I~

9
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r~ tw o ror ’ s I a ‘‘!te f i a ’ I ; 5cl’m~t is a 1 let e t he

d ~nt~ n -o eaHi p r o t o  ivee  I a f i ’ o i :  t’aah t- ’i ii low m:1  s~~~’ t !~e

t e nse .  T h i s  L t l i f l ’,\ ’ : C:ISV (tl’sei’v:Ot Ofl O~
’ 0 1 0 ) 1 d l i i t : t i i s t ’ b(’—

tweet ; 1 ’oLoi~’l~~: - 

~un l  -the c onten-t : - 01’ the w i n d o w , ihe

second f’ou’~n-~t in :i ii si iii : : of the best five c ho i c e s  ( i . e .

lowest ~u i  n t - -w o o s )  for  eac’ h i- i i t d  ow pu ; I ti on ~l. on~, Ihe son i t -nc t ’

There is an add ~ I i  (‘11101 C a p :  hill. ty of using ci. then

c omp] cx or : t , i : ’i i L i i d e  ‘o u ni :’ spot ’t r a ,  how ever  the  L 0 1 ~ I’

Euc lid an i l l  n t - 1nc 0 b C S used r oi-  el thci’ spectra, A

compl ete lb I i  n~ of the pro :i’am is I nciudrtl in  A p p en d i x  E .

4 .
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\ s ’ ’ L l i  t S

Sin~ 1’ ~.lH~~it ’t I r~ to-L v c’

1 1 \,.O me - c ~ur (  - I ’ ~ n ;t s  ~rc u d to oval us to the per t’ oi’ r ’  me

of the reco  - :n i t i o n  n~~nii~~ . The t’i’a t is the h u r l i c ) t o n

d i s i a m  ice to ftc r or r o n  t~ t~
’ hol so , The see and moa n remeuit is

the ~‘igimi’ t - çi f’ m - i ’jt (~~-~
) , i’- L i e h  in define ] as the’ ratio

ci’ the di : t ~~n ’ us fromi the sec ens cho Ic’ e to the N rst c h o i ce

Th ere  :‘~ re , t he  hI - h r  a ranse  of v a l u es  ~‘sc’atet ’ t h an  un i ty

as ion ’ as t}~ f i r s t  ch o i s e  i’. a lso the co r r ec t  c h o i c e .

The Ii rs’t pro ’toty pen wore bui it f rom a H ngle , u m i  honed

al phabet , i d e n t i f i e d  an alphabet ~l0 . T h i n  is the name

alphabet used to cons t ruc t  sentences numbered one to four

( a r e  Appendix  13 , pg. 2~ ). Thus we have p er f ec t  prototypes

for each letter in alphabet §10; in the sense that the non—

tences  are cc-n s truc ted  from the same letters as the proto-

types.

Using the above prototypes , sentence number one

(‘A~di- I~-d” ) was read in wi th  the unshaped  (or full) function

- bejn~ used . This allowed a mr t an ’la r c I  for f u r t h e r  comnanisons .

The only noi se in the data , in th i s case , in provi ded by the

adjacent letters in the scan windown . Thi s sentence was

also read in using -the various trapezoidal—shaped function

described in the previous section. The lowest recognit ion

distances and highest F~’1~ to the correct choices occurred

when the trapezoid plateau length was equal to five columns.

b Nc ’,’i I t m —otc’Lv’cc-~s were i .SOfl  ç’on:- 4 rue ted w~ th a trr-e~’~~ld:~ 1

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “

~~~ i i  

-
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shame  of p l3 ~ O ’ i] boa ,- t h  eq iai  ‘to ~‘lve c o la s s  ~tr~d \-ani

t tra~ e:~o i dai s’r 2 . ~~~ i func t~ onn \‘.- C r o  ap; J i  od to read sen’t noe

number one using th ese n ow pro tot~’1—e s . This t ime the  best

recoan~tion distances occurred for trapezoidal function

shape wi th  p lat eau  len ,~çth of one column . Those empi r i ca l

result s  suc~~-ntec1 a f un c ’t~ on shape ~ j tb  a sharper peak .

A Gauss ian  fun al,ion ‘- ‘~-~s chosen  n ex t .  The var ious

Gauss i  ~ f l  ~~Y ’ O tOt 7 J J 2 5  -tore eac h run th rough  the d~ f f e ren t

Ga u n n i ar~ ~“indcw shs~~en . From th en -e  r maa  the  best recogn i t ion

occurred when the pro to -Lvp es  and wind o’.’: f u n c t i o n  had a stand-

ard dev ia t ion  of two colura-is. T he above re sults arc su rnna r i ze d

in Table . Note  especia l ly  the very low , v i r tua l ly  zero ,

dis tances  to the correct  prototype .

4; The data in Append ix F are the ac tual computer output

of the five lowest distances for each window position along

sentence number one , The thr ee outputs are for both proto-

type and window standard deviations equal to 2 , 5, and 10

columns , These data show how the recognition distances

depend upon the standard deviat ions.

These prototypes are then run along the sentences

numbered one to four  wi th  a Gaussian function shaped

window of standard deviation of’ two columns . Tables II

and 11 summarize the output from the complex and ampli-

tude spectra , respectively . The tables give a listing

of the lowest distance achieved by each prototype filter

on each of the four sentences. It shows how the correct

prototype di s tances  f a l l  to nearly zero. It should

12
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hc’ flO i t C  t1111 t- t L - ’ \ , ‘ - ~~~~~ ti  0 ) C ’ fl ’4. . C I C C ( ’ i C ’  SC in.) i t . )  ( 1 )  
~~~~t - ’  t he.:

first iot t -i ’ o C’ tor c h 5 ( - f l t ,  ~~~ s( ’’.’~ to ~e i n -  ) . - l ~~~~in i n  thi-

w~ fl- 10V.’ . T }I ~ 5 1 C C ’  -I-h I’t’ ’ S o ’l th;it thin IS’ tt. ‘‘~~~ A , 1! C C f l (~ 1 do

not drop to Z - i ’O . ‘h i s  \‘-‘ThS no c.)”!’r-- ’V- tc,! in ~-~ s uro ,~ ci

(b y  CIIICU -
~~~ 1P CiS in -

~~ C O~ lin )-flS C” ’ ~ C )‘0S to th e  5~ in t o n e ( s )  b e —

c o t n — e or  t~ 1. C ’ (‘C)fl5~ .-(2 ’) ’-rt V. (Sf lL ,  , ‘N.e 1 - ‘t ’t- cr L, n inc nt-

fl U :r’bcr t ’- - ’ c ’  “ n’c)n J’le ’C (- bee:- ’Sse w}ierl the sentence \ ‘ .) ‘C ’ bul it

the io--’ ’~ 1 in’ ‘.-
~‘~~s or~ i t ed ( s C - C ’  !i ’cn ’~~~x B , p . ?E ~) .

dat a (-S) ’o’SS C C J I  i c  C C 1 5  ly ccr r ’-c te d  or’s - c the sentence

huildinr ~‘~‘c , - ’j-~i i~-~ restor ’~ ‘to the C OP S U t~e~’ fi les

‘.1 1t 1I~IS-’- 1j~hs~- ________

The next sit-p ‘- - -‘:s~ to i n t r o d u c e  r r ’c it ip l e  a1pha~’L- t

prototype s. The n1 J )- )et:~ used w er e  Kab ler ’ t~ numbers

10, 11, 12 , 13, } l ~ and i~ ( h ef  2). These are  som e of the

alphabets (number 15 was exc luded) that were used to cons t ruc t

the sentence data (see Appendix B). Note that. with multip ’to

alphabets an ad d it ional  sourc e of noise , real ly  a “ sh : ipe ”

noise , is added to the proh1e~~. As a consequouce one \“ou1~

- - 

expect the per~’ormanc e of the system to he dear adcd .

In the ~ing1e alphabet prototype ease , it was found

that  the Gaussian shap ed win d ow ~ave p e r fe ct  results .

Therefore , the various Gaussian shaped prototypes were

buil t  from the six al phabets, bach of these prototypes were

run along sentence number one with the various Gaussian

funct ions appl ied . In this  case , the best recognition

(i.e. lowest distances , hi~ he~t ~O~:) occurred when the

-- - 

s~~~~~t~k - ~ -_~~.-_—~----—--~~ -&r - —~- --—-~
‘--— ---- - __ __ __t - -- - ----—-- - ‘ 

—-



prot :t- ,’ - - ‘~~ ‘.~ ~:i a ::t n ar - ’~ P ‘ -‘ i cc 0 ” ‘tin~ j c lu~~-c: :in J r i  t he

‘- - in i n d i n ,  h~ ’ C C. t~~ C h  in 1,’r’V  i L i C , 0  0 ” f l  ,-c  c o l t i n e . )’ .

m1-~~~50 h- ~- t r~~’.~in - i y p e S  \‘-“- ~~~~~~
- th(fl U C ’  inI~~i :~ ci. 22

o~’ t:~~ dc~ a e0r ’t -n e - - d . :  • :~ oth  the C~~~ C-S r’nd aapb Lind e

spcct r a  ou-t rt ‘.- --as -a~ ne~ . n (- -- - - -:’’Jor , os c :-:pc ’ctc- c~ , the

di s-~~-n e i - s ~r.) ti~ s -‘- at- e d i d  not -Thop to z ’- ”~c’.

~oao e x c ’ ies of the  raw da ta ou tput  from th e above

d euinr ’ion i s  c o n t-  ie-:- d in  ~ppsa - J i x  ‘
~~~. These data are the

lov.’ef- t f i ve  distnnc~ s for each v,’icdi’.--’ J oc i t i c - n alon : sent ences-

flu r e c ’i one Lo four , This Appendix conta ins  the out put

for  both the comp lcx and ar~”-li tude spectra .

Accept l -Jce  thresholds  ‘-iere then set for  eac h l e t te r.

Th1~ weuld allow a s imple  aecis ion scheme to make the detect ion

choice,  Therefore , fcr  each window , where the letter wa~
relatively centered within the window , the distances were

recorded for  each of the 26 le t te rs,  Th is was repeate d for

each letter in every sentence unt i l  five distances (one for

each a lphabet ),  were obtained for eac h let ter , and for each

spectra. The highest number for each letter was then set as

the acceptance threshold . Therefore , all letters were detaile d

by the threshold mechanism.

Using the Euclidean distances output for each prototype

along the sentences , every number below tha-t letter threshold

was marked . ~lhen both spectra agreed (i.e. triggered at

the same sentence posi t ion)  the program declared that letter

was in the window . But when this was done there were a large

-
~~~~~ 

number of false triggers ,
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It was then observed that  the letters fror~i alphabet

1111 were doterrninin~ thresholds in most of the cases. The se

sentences were made of atypically thin letters. Threshol ds

- were reset omi t t ing  th is  alphabet and there was a subs tant ia l

decrease in th~e number of false triggers. 
- 

-

A summary of these false triggers is given in Table IV .

Pive letters (I , J , 0, Q ,  \J) were consistently falsely

triggered. Other false triggers did oscur for the different

alphabets , and these are entered in the table ,

I

I -

‘ I
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The si nd e :11 phnl ’’’t pr ’O t s ) t ~~~~- s r ’ i n i n L I l i : C  s l a - v -d thai a

cl’hC~~ ; 1 n t . t ’r eC t In~ f r  in (~”(t of th5 r ’ ( -~~. i C t - 1 1 t : t t . l 5 1 i  prob lem

can be so l v - - d  • i see the di ;~~. :1r1  ( i n C :  f :  i i  to near ly - i ero

oril y Ofl the co r rec t  1 1 tiers, d i  “~~ l I C ?  t h r e sh o ld  dc t ec to r  can

be I inj ) i  PC(’fltOd . The din  t ee  for can be uscd  on c- i thor th e comnpi cx

F or r~mplitude np.~e tm .

The nu it i ~ e alphabet pro tnt.~ pn resu its turne~.) out

fai rly wel l  • The prebi  on of f a ls e  tx ’i gger ’s th -  t occurred

could 1-e a t t acked  in a num ber of W ays . ~‘i m t 1 and must oh—

vious , is based on the fac t that  the prototypc ’s were inn

average of the let ters  in six alphabets . These  al phabets

include d an atypically thin -font (alphabet ,~~1) and a thick

fon t  (a lphabet  ~~4), This wid e variation in font might ver-y

well account -for many of’ the false triggers obtained . A

- 
- method of amel iora t ing  this  problem is suggested below .

It would be pos sible to add special log ic for the

troublesome let ters  ( i . e .  1, •T , 0 , Q, 1 ) .  An example of

this  occurs when the B and I f i l t e r s  t r i g g e r  at approximately

the same locat ion,  Since  the I f i l t e r  would normally tri~~rer

in multiple neighboring windows , the special logic would

trigger the B filter only.

Another example of special logic could be used in the

fol lowing ease . The r ecogni t ion  sys tem t r iggers  B , I , and

E f i l t e r s, wi th in  a small number of window locations.  The

odditional iog~c wouhi use the average column length s of

~
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~ 5. PROGRA M MA IN (INPUT ,OUTPUT,TAPE 3,TAPE-)
INTEGER ALPHSTR,ALPHSTP,LTRSTRT,t.TRSTOP,LTRSIZE,NSP*CE,TA PFT’I ,

VITA PEOUT $ LOGICAL ACJU !T,RA NDIN ~ REAL WRAT IO,HRATIO
INT EGER ENOR M,CC
LOGICAL LTP ,VEXPANP ,XFORM ,IMAG F ,FL T R,INVERSE, SIORE
FORMAT (IHT)
LTRSIZE 32 S NSPACE=81 $ TAPEI’-~~3 S APE3UI ”

* ALPHSTR:1 S ALPHSTP I5O $ LTRS”RT l $ LT~ STOP:2
AOJUST .F. $ ~ANDIN= .T. $ LTR= .F. $ VEXPAN D .F. $XF OP~ = .F.
IMAGE= .~. $ FLTR= ,F. S INVE~ SE:.F. STORE~ .T.
ENORM O ~ OCsC
W R I T E  1
IF (R A N O IN )  CALL PRFPLTk (TAPEIN)

‘ CALL PREPFL (TAPE (UT)
CALL F0RTAPF (ALPHSTR ,ALPHsr p,L TR~ TR ,LT~ST OP ,LT ~SI2E,

Y~ NSPAC E,ADJUS T ,WF ATIO,Hf~ATIO,TAPEI’i, rAt~1OI’-J ,TAPE OUT ,LTR ,X V E XP A ND , XFORM ,IMAGE,FL 1R ,INVERSE ,STORE, FNORM ,DC)
ST OP
END
SUBROUTINE FORTAPE (ALPHsTr~,AL PHSrP ,LT~ STR’ ,LTRST OP,LT~ S 1ZE ,

“~ NSPACE,Afl JUST,WRA T IO ,HI~ATI O,TAPEIt’1, rA!1flI P’~,TAPEOUT,LT~,
X VEXPAND ,XFORM ,IM AGE, FLTR,I NVERSE,STO~ E, FNORM ,DC)INTEGER A L PH ST R,A 1PHS1P,1TRSTRT,LTRSTO~~,VRSIZE,NSPAC

’,TA PFP4,
V.TAPEOIJT $ LOGICAL AOJUST,RANDIN ~ I~EAL WRATIO,H~ AT I 3
LOGICAL LTR,VEX PANO ,XFORM,IIIAGF ,FLT R , INVERSE,STORE
INTEGER LETTER (32,32) ,NUP4LTRS,PECNUM
COMMON /LETTERS /I ETTER ,NIJP4LTRS,RECNtJM
INT EGER RECF L T R
REAL FLTRLTR (180 ) ,PROTO (180)
COMP4ON/PROFLTR/FLTRLTR,PROTO ,RECFL T~• COMPION/XFORMS/FOPTLTR
COMPLEX FORTITR (€4,6’,)
INTEGER ALPHNUM ,LT~ NUt1, WIDTH,~~EI(H ,NUh~ROWS ,NWW OLS
FORMAT (IH1)

3 FORMAT (1H ,‘ALP HABET “,13,” COMPLEtE .”)
WRITE I
NUMWROS=NSPACE +4
(10 110 ALPHNUPIsALPHSTR ,AL PHSTP
00 100 LTRNUM=LTRSTRT,LTRSTOP
CALL GETLTR (ALPHNUM ,LTRNUM ,TAPEI’sl,~~~NflIN)
IF (LIR) CALL PRNTLTR (ALP HNtJP4 ,LTFNUM,.F.,.T.,.F.,.T.)
CALL XFORMIT (LTRSIZF,WICTH,HEIGHT,ADJUST ,WRATIO,HPATI O,NSPA CE ,

Y~ NUMRO WS ,NUMCOLS,ALPHNUP1 ,LTRNUM,VEXF~ Nfl,XFORM ,1MAG’3,TNVER SF)
IF (XF ORM)

V.CALL PR~TCPX (FORTLTR ,NUPIROWS,NUMCOLS ,1,NU~ ROWS,i ,NUMCOLS,
X1,ALPHNUM ,LTRNUM ,0,.T.,.T.)
CALL FILTER (FORTLTR ,NUMROWS,NUMC OLS,FLTR LTR,NSPA C-F)
IF (FLIR) CALL PRNTFLR(ALFHNUM ,LTRt1tJ~1,FLTF LTR,NSPACE ,3,.F.)
IF (ENORM.EQ.1,) (‘ALL ENORMFL (FLTRLTF ,FLTRLTR,NSPAC (’,DC)
FLTRLTR(N~PACE +j)=WIDTH
FLTRLTR (NSPACE+ 2) ~HEIGHTFLTRLTR (NSPACE.3)=NUPWOWS
FLTRLTR (NS PACE+ (+) NUMCOLS

~EV (AL PHNUM-1)~~?e+LTRp4LJM 
-

If’ (STORE) CALL WRITMS (1APEOUT,FLT$-~L i~~,NII~’WRDS ,KEY)
100 CONTINUE

If’ (ST ORE) WRITE 3,(AL PHNUM )

L 

110 CONTINUE
IF (.N OT .F?ANOIN ) REWIND TAPEIN 

- 

-
‘

5’~~~ , C IF (ST ORE) REW INO TAPEOUT
_ _
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COMPLEX TEMP (NROWS,NCOLS),TAMP (NUPIRDWS,NU’-#COLS)
INTEGER NRO WS,NC0LS,NUflI~OWS,NUMC )LS
00 100 NCOL I,NUPICOLS
00 100 NROW=I,NUMROWS

- TAMP (NRD W, NCOL)=TEPIP (NROW ,NCOL)
100 CONTINUE

RETURN
END
SUBROUTINE ARRANGE (TEP1P,NROWS ,NC3LS,T AM P ,~ UMROWS ,NtJMCOLS)
INTEGER TEP4P (NROWS,NCOLS) ,TAMP (NUMRDWS, NUP’COLS)
INTEGER NPOWS,NCOLS,NUMFOWS ,NUMCOLS
DO 100 NCOL I,NUMCOLS
00 100 NROW 1,NUM~ OWS
TA MP (NRDW, NCOL)=TEMP(P4ROW,NCOL)

100 CONTINUE
RETURN
END
SUBROUTINE ENORMFL (FLT R LTR ,N0RMLTR,NS~ A CE,DC)
REAL FLTRLTR (N SPACE),NOF MLTR(HSPACE)
INTEGER NSPACE,OC

- 
‘-, INTEGER START ,NV ECTOR $ REAL SUMS~)RSST & RT 2

IF (DC.EQ.1) STA~ T=1
SUMSQRS 0.0
00 100 NVFCTOR=START ,NSFACE

100 SUMSOR S=SUMSORS+FLTRLTR (NVECTOR)’~~2
SUMSQRS= SUMS0RS~~ .~
IF (SUMS(2RS.E0.0.0) SUtISORS=I.0
00 110 NVECTOR START ,NSPACE

— 110 NORMLTR (NVECTOR)~~FLT RLT 1~(NVECT 0R)~~SUM S’)RS
IF (DC .EO.0) NQR~A1TP (1) 1
RETURN
END
SUBROUTINE FILTEF(F0R1LTR ,NUMROWS, NJ1C )LS ,FL T~LTR ,1’~SP~~ E)INTEG E R NUM R OW S,NUMCOLS ,~~SPACE
COMPLEX FORT LTR (NUMROWS ,NUMCOLS )
REAL FLTRLTR (NSPA CE)
INTEGER NHRMNCS, NUMWROS,RIGHT,LEFT,’flW-1 ,N~ OW ,NC0L
NHR MNCS NSPACE ~~ ~

r

c.IGHT=NHRPANCS/ 2+1
LEFT NUPfCOLS—R IG HT+2
DOWN RIG HT
FLTRLTR (I) REAL (FORTLTR (1,i))
If’ (NHRM NCS.EO.1) RETURP~N U M WRDS O
DO 100 NCOL=2,RIG HT
NUMWRDS NLJMWRDS+ 2
FLTRLTR ( PlUM WRUS) =REAL (FORTLTR (j, MCDL))

100 FLTRLTR (NIIMWROS +1 )~~AIP4AG(FORTLTR(1,NCOL))00 220 PIROW 2,00WN
DO 210 NCOL LEFT,NUMCOLS
NUMWRDS:N~JMWROS+ 2FLTRLTR (NUMWRDS )~~PEAL (FORTLTR (NROW ,NCOL))

4’ FLTRLTR (NUMWRDS+ 1)-~A IMAG (FORTLTP (NROW ,MCOL))
~~. 210 CONTINUE

00 200 NCOL=1,RI&HT
lIUMWROS:NUMWROS+2
FLTRLTR (NUMWRDS )PEAL (FORT LTR (NROW ,NC OL))
FLTRLTR (NUMWROS-.-1)=AIMAG (FDRTLTR (NROW ,NCO L))

- 2 00 CONTINUE
2 20 CONTINUE

L RETURN
END
SUBROUTINE GETLTR (ALPHP4UM,LTRP4UM,T~ PEMUM ,RAND OP4)
INTEGER ALPHNUM, LTRNUM,IAPENUM 
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A INTEGER L~ TTER(’!2,32),NUP4tTRS,RECNU~
-‘  COMNON /LETTERS/LFTTER ,NUMLTPS,RE~ NU’l

~I INTEGER RFCROD,RFCSKP ,M ASKE R ,LTRSTU,I,J,HROW,NCOL ,ALPHPAC (e 32)
A X ,TEMP

C0MMON/LO~ DMS/ALPHP~Cf lATA RE~ Nt~M/i/
iF (.NO1 .~ ANOO~

) (~O 10 7t LT~ ST~ T~ (1TRNUM—1) 32+1
WEY= (A IPHNUM—1 )” 2~ +LTRNIjP4

CALL RFA (WS (TAPFNtJN, ALPHPAC (LTPSTPTI ,3” ,KF Y)
CO TO

7 CONTINUC
‘-~ECRQD~~ 1PHNUMIF’ ((RE RQO— REC NUM) .EQ . -1) GO TO 60

1 PECSI(PoIAPS(RECROD—RECNIJM)
If’ (RECROD-REC NUP4) 1O,3tt ,20

10 00 15 I=1,RECSKP
15 t~ACKSP A~ E TAPENU M

GO TO 3O
20 00 25 I=1,RFCSKP

SUFFER 1P4 (TAPEPIUM ,I) (*LPI-4PAC (1) ,ALPHPAC (832))
CALL CPCKTP E(ALP HNUM,LIRNUM,TAPE~ UM)

( 25 CONTINUE
30 BUFFER IN (TAP EP4 UM,1) (A LP H PA C ( 1) ,ALP K PAC ( 832 ) )

RECNUMZRECR QD4 I
CALL CHCKTPE (ALPHNUN ,LTRN UM,TAPENUM )

h “ 60 LTRSTRTZ(LTRNUM—1) 32
t4ASKER MASK( 1)
00 60 NROW I,32
TENPSA LPHPAC (L TRSTRT+P4RCW)
DO 70 NCOI I,32
IF (TEMP.AND.MAS’(ER) 65,68

65 LETTER (NROW ,NC OI)=1
GO TO 6~68 LETTE R (PIROW ,NC OL )s 0

69 TEMPaSHI FT ( TEMP,1)
70 CONTINUE

~~~, 80 CONTINUE
RETURN
END
SUBROUTINE PREP LTR( LTRTA PE)
IN T EGE R LIR T A P E
INTEGER LINOEX (3901)
CALL. OPENM S (LTR TAPE ,L INPEX, 3901,O)
R F TURN
EN!)

t 4-
~UBROUTtNF PR EPF L( F L R1AF )
i N T E G Er . F ,R T A P

1’ INT F~~~ T~~ M ’ N 0 E X( ~~~ j )

C A L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 1 RtT’JRP-I

t 
~-~UBROUT1~JF cE PLArF(TR FL ,FJpTL ,N- ’~~’)wS ,Mu 1:oLs)
INTEGE R ~~~~~~~~~~~~~~~~
~IM ON TPPLTP(32,32)
COMPLEX FORTLTR (PJUMRCWS,P4UMCOLS)
00 100 MROWz1,NUMPOWS
00 100 NCOLsI, NUMCOLS

lao FORT LTR (NROW,NCOL )*TRPLT R(NROW ,NCOL)
RETURN
END
SUBROUTINE SIZEI1 (LTRSI2E,W1DTH,MEI~ HT)
INTEGER LTRSI7E,WIOTH,I-IEIGHT
COMMON IL F T T E R S / L E T TFR ,NUMLTRS,RECNU~INTEGE R LFTTER (32,32) ,NUIILTRS,REC NUM
T~~S T F ( F Q  fl~ 4 MRflW$tR..TCflJ .YFP4P.cTRfltiW ~~~~~~~~~~~~~~~~~~~~ -—

- - - - p -  -- —~~~~~~~~~ -- - — - -
~~~~~~~~~~~~~~~~ —-~~~~~~— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~
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00 100 NCOL~~1,32 —

00 100 NROW .1, 32
IF (LETT ER ( NROW ,NCOL) .E0.1) GO T3 Ilti

* 100 CONTINUE
110 ST R T COL~ NCOL

00 120 NCOLz I, 32
TEMPa3 3-NCOL
00 120 NROWZI, 32
iF’ ( LFTT E R( N ROW , TEM P) .EO.1) GO TO 1~~0120 CONTINUE

130 W IDTH oTE NP—S T RTCCL+ 1
IF’ (W I DT H.GE.1) GO TO 13”
WIO THz I’IEIGHTsO
RETURN

135 CONTINUE
00 11.0 I4ROW I,32
00 11.0 MCOLz I,LTRS Ifl
IF(LETTER (NROW,N CO L) .EO .1) GO TO 1 L

11.0 CONTINUE
150 STRTRO W:NROW

• ~J i~~ -1~ o W = I, Li “ SI “E

~u 1”(j ~r L =I,L~~~’ T ~’r
:r ( LE TT r ~ ( T f P ” P,~~~Co 1)  .EC .1) GJ T ) I ~

1~~C CO”IT I!’-4 UE
i~’o IGHr =r~~~P— ~~T~ T rnw +1

~~TURN

cU~~ RO U T iN  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
4 F A L  RE4L~ RY (N1J OWS,N’’~’LCL -~) $ tN~~1C.” ’ ~. W t ~W Z ,NU~~~C~L5
COMPLEX CPXARY (NUMROWS,NUMCOLS)
00 100 NROW ~~1,NUMROWS
00 100 NCOL I, NU$COLS

100 REA LARY ( NROW ,NCO L)=CP XA F-Y ( NROW ,NCOL )
RETURN
(NO
SUBROUTI NE FRNTNLIM(FMI ,A ,$,C)
INT EGER FMT,A,B,C
GO TO (i0, 20,30, 40,50 ) ,FP4 T

I FORMA T (F5- FOURIER TRANSFORM OF ALP HA PET ‘,I3,~ L ET T E R “ ,12, / )
10 WRITE 1, (A ,B)

RETURN
2 FO RMAT (

~ 
“ FOURIER TRANSFORM OF SENt ENCE ‘,12,” ST~~ T I M G  AT ~OL UMN

X 5-,13, /)
‘‘ 20 WRITE 2, (A ,B)

RETURN
t 3 FORMAT (/, “ FOIJ~IER XFO F M OF A LPHA~ iT  ‘,I~’,” LETT E~ ‘,12,

5- FILTERED TO ‘ ,I3,5- SFAC E” ,/)
30 WR ITE 3, (A ,R,C)

RETURN
I. FORMAT (5-  *LPH A~ FT 

5-,13, ’ LETTER •‘,12,/)
— - 1.0 WRITE L ,(A ,9)

RE TURN
50 CONTINUE

“-TURN

~~~~~~~~~~~~~~ .L, rRl (5 -1 ,N ,A ,~~
lL- ;~ ,Nt G ,N ’ t r - ! , cK ’ ‘~~I~~: )

1j ’j~~ 54 C ] ( 
~~ ~- (  -‘ , ) ,~~ ( 5 - ,~~ ~~~~~~~~~~ C ‘J.

I 9 ~~~~I ,, ’~~~ )t ~~~~~~~~~~~~~~~~~~~~~~~~~
- 

~, j I ~~\ L

C “ ‘ i-  f~~~4 5 r’~ oGR~
h M L I 5T  SII~~1L,~ ‘~ t,~~~

5’,S F~~T~C ~
‘ R L X:  ‘4

~~ t .F  iF ~‘: ~~~
‘, Li:~~1 ‘ - ~ F’~ - 1 L~~4 k~~ ~ ~~~~~~~~ P ~~~~ N ~~~~~~~~~~ A u .

C P~ T A ~~~~~~‘ I / O ~~( I’-~ ,~~~‘ !;1 /
C ~~-T -‘ F(’-~T F~ T ‘/1 U~ 1 ‘ V I)  I ~~‘-~ ( Il-I ~ ‘~~

C F’ 
~ I~ L’- 3, T~-~ FOLLOWIM~ CA ’~J ~~~ it ~S~_i’~. t.C’.. !*~~Z 1~ tiSti).
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C NEG = 0 IS USED TO PRESENT THE MAX VAL ’JE f.S BLANK (WHITE) ;

‘ C WHILE NEG NOT = 0 IS TO PRESENT THE MAX VALUE AS BLACK.
C THE CHOISE USUALLY DEPENDS UPON THE OPERATOR ,S PREFERANCE
C RECOMM END NEC BE CHOSEN SUCH THAR THE BACKGROUND (MOST
C OF THE FIELO) IS BLANK. IN OTHER W ORDS, IF THE PICTURE IS

- - C HIGH VALU ES ON A LOW VALUE (BLACK) BACKGROUND, R E C O M M E N D
C NEG PlOT =0. THIS WILL CA USE THE MIG-~ VALUES TO BE RLA ~ K
C AND THE BACKGROUND TO BE BLANK.

INTEGER NEG,NF ORM
iNTEGER STORE , DEN

‘ -  INTEGER DUMMY

DATA FPITI/IOH (IH ,6412)/
DATA FMT 2~ 2QH(1H ,“0”,=(A 1) , ’~~”) /
OATA FMT3/2 0H( IH + ,IX ,= (A 1) )  /

10 FORMAT (1H , (5-# ” ) )

20 FORMAT (IHO)
OATA(DEM(1,J) ,J=1, 7)/7 ( IH ) /
~3ATA (0EM (2,J), J 1,7)/1!-4— ,€ (1H )/
OATA (DEM (3,J) ,J=1,7)/IH=,6(IH )/
DATA ( DEM(Ii,J),J 1,7)F1H+,6(IH >1
OATA (DEN (5,J),J=1,7)/1H),6(1H )/
flATA (DEN (b,J),J=1,7)/IHI,6(1H )/
OATA (DFN (7 ,J) ,J=1,7)/1HZ,6(IH )/
DATA (DE1l(8,J),J=1,T)~~1HX ,f (1H-)/OATA (DEN (°,J),J 1,7)/1HA ,6(IH )/
OATA (DEN (10 ,J),J 1,7)/il*1,€ (1H )/
f l ’~TA (DEN (11,J),J ,i)/iJ-~C ,1H— ,..(iH )/

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ )•

r- ,’ ~~~~~ (-) E~~ (13, J) ~~~~~~~~~~~ / ,~~C, iP+ ,r (1H-) -
,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) /

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ )/
- ~~~~~~~~~~ ~~~~ 

(
~ ,J) , ~~~~~~~~ ) / 1~~f l ,1’-~+ ,l~-~. ,1— ’ = , ‘

~ 
(I ) /

‘iA F~~ (~~ 
F’ (17, J) ,J~~~1 ,7 ) /i~~~f , i- ~x , 1 ’  ,1 ’’ . , , 2 (1H ) /

~~-4TA (flL’~ (~~~~~‘ ,J) ,J~~~1,~~~)/±F-: ,1’~~X ,lH., i— ~
-
~, 

1Hr~~. 2(1~~ 
) /

5’ ;, ”*  (‘) : I(- y a~~~J) ,J~~~1,7)/1I~~C- ,1HX ,1~’., ~j -4 9 ,~~( 1H ) /

flP ’4X~~ (
~ ,1.

)
DMINA (1,1)
00 100 I:1,M
00 100 J 1,N
DNAX=A PIAXI (DMA X,A (I,J))
OMIN=APIIN1 (t)MIN,A (I,J))

100 CONTINUE
WRITE 20
IF (SKIPA GE) PRINT I
PRINT 4

IF’ (NFOR N .EO. 0) GO 10 200
WRITE I0,(N+ 2)
00 120 I1,M r
1 0
00 130 J 1,N
If’OIEG.EO.0) DUMMY = 20. - 1g..’(A(I, J)~~O MIN )/ (OMAX ~ r)MIM)
If’(NEG .ME.O) DUMPY 1. + 19.’ (A (I,J)—DMIP 9)/(DMAX — !IM IM)
I = MA XO ( DUMMY, L )
TF (DUMMY .GT.2 0 )  flUMMY 2O
IF’(OUPIMY.LT.1) DUMMY=1
00 11.0 I(. i~ 7

11.0 STORE (J,K)=DEN (DUMI4Y ,K)
130 CONTINU E - 

-

PRINT FMT2, N,(STO RE(J, 1) , J~1,t4)
If’ ( L •LE. 10 ) GO TO 120
PRINT FMT3,P4,(STORE (J,2),Jzi,N)
If’ ( I •LE. 11. ) GO TO 120 ‘.1
PRINT FIIT3,N,(STOPE (J,3),J.i,P4)
~~~ i- i. ~~~~~~ 

g~~ ~ i~
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F

PRINT F~ T3 ,N ,(ST CR E(J , 4 ) , J=1,N) 
- - — ‘

F I L •LE . i~ ) T~ i 2
C~~I p ~T r - - T ~~,~ - , ( - ~” r  t (J ,~~) ~~~~~~~~~~
iC ’  ( .L~~~. I~~ ) ~~O 

‘TI. 12 k
l O I~~~

’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ )~~~J=i,

’
~)

r~~ TNT F T 7 ,~~, ( d T C P (J~~ ) ,J=~~,i)
12 

-
I

W r: !T E 1Q ,(ts-+2)
-5 ’ (_ -

~ ~~)-, r’ 2 2 ,  j ~~~~~, I4

‘
I’- C l ’  J 1 , ’

~

~~ ( NC ’ - . ~~~~~ ~~~~~~~~~~~~~ (‘ (~ ~~J )..t” - 1 T )  -‘ (t ~ M~~Y — D ~ V N )
F (NEG.NE.0) UUMMY= 1.1-98. - ’ (A ( I , J )—O M IN)/ ( DM*X — O MTN )
IF (DU MM Y .GT. 99) 0U11MY 99
IF (DU MMY .LT. 1 ) DUMMYrI

210 STORE (J,i)=DUMMY
t PRINT FMTI,(STORE (J,1),J=1,N)

220 CONTINUE
225 PRINT 3

I FORMAT (1)41)
‘5 3 FORMAT (1)4 )

1 FORMAT (1HT)
RETURN
END
SUBROUTINE IVRTCPX (LETTER ,PIUMROWS ,NUMCOLS)

* COMPLEX LETTER (NUMROWS,NUMCOLS)
INTEGER NUMROWS, N UM COL S
REAL TEMPI, T E MP 2
00 100 NROW =1,NUMROWS
00 100 NCOL I,P4IJPICOLS
J NROW +NCOL
IF (MOD(J,2) .NE.I) GO TO 100
TEMPI=REAL(LETTER ( NROW, NCOL ) ) ‘ (— 1.3)
TEMP2 A IMA G ( L ETT ER(NROW ,NCOL ))~~(—1.C )
LETT ER(PiROW ,NC OL ) - CPIPLX(TE MPI,TE’1P2)

100 CONTINUE
RE T URN
END
SUBROUTINE PRNTCPX (A RRAY, ROWS IN,COLSIM, STPTROW,STO PR- D W ,STRT~ )L,

V. STOPC OL,FMT ,A ,B,C,SEQHRMC,SKIPAGE)
INTEGER ROWSIN,COLSIN,STRTROW,STOPR~ W,STR”C OL,STOPCDL ,‘P~T ,A ,~~,tC O M P L E X  ~~~~~~~~~ Y (~ CW SI - , C ~~~ - )
LU ’,IF , L ~ ~~‘-‘~ k’~~, ~

‘
~ (I~~~~rE

~i ”  - , - ~~~~~~~ 
r w r  T (~~ C I L ~

- ‘ , ~3L ‘ -, -, # - ~~ , ~, i-’ :4 r- ‘ C ‘D - ‘ , -~ •

“ -“ - ‘
“ - - -‘ ‘? I, Tt- ~r :~ ~~ c )

1 ~ . ‘-‘~‘ 5 A ’  (I  Ul)
•4 # ~~~’T ( -S t J # )

10 - -
~~~ 

( / , -~~~~‘ ~ = ( v , ; “ ~‘ , ) )
2 I ’ ~~ 4~~~ ( I t - I  ~~~ ‘Y • ( F ’  • , 1Y )

30 ~~~~~~~~~ (~~~‘4 ~~ X , ~~~
‘ ?  .-~,IX ) )

~~ fl F - ‘ ~~f~ (/ )
c j ~ ’-1AT ’~~’-4 ,~~-4’~~’-~~Y -‘ - T i - l E O  i~ I ~4 ‘ ,:~~, T G  ‘

,
‘
,

~~~‘ L L L I h

V. 13,5- TO “,13)
10 FORNAT (IH ,5- INDEXING REQUESTED IS STRAIGHT SEQUENTTA L. ”//)
80 FORMAT (1)4 ,“ INDEXING REQUESTED IS HARMONIC P4UMBER.”//)

WRI TE I
P4UMCOL 5:16
IF (.NOT.SEOHR MC ) GO TO 120
00 100 PlCOL=ST RTCO~~,STOPCOL

100 CIP4OEX (NCOL) PICOL
00 110 IIROW ~ STRT POW ,STOPROW

110 RINDEX (NROW )=NRO W ,
GO TO 170

120 CONTINUE
TEMP=S T Q P POW—STP T ROW +1
i C~~~~~~~DJ~

’. L-II~~~~~.~~
- —

~~ 
- . - - -  •- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  
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110 130 PlROW~ STRTROW,HALF’RINOEX (NROW )zT EMP
TENP~T El P— 2

130 CONTINUE

~4A LF~HALF +j $ TEMPSTEMP+2
00 140 NROW HALF ,STOPROW

- TEMP:T EMP+2
RINOEX (NROW ) aTEMP

11.0 CONT INUE
T EMP~ST0PC0L —S TRTCOL ‘-1
,1$LF*TEM P/2- I-STRTCOL
00 150 NCOL~~STRTCOL , HALF
CIP4DEX (NCOL) zIEM P
TEMPZ T EMP-’ 2

150 CONTINUE
HALF~HALF +1 $ TEMP:TEMP+2
00 160 PICOLZHALF,STOPCOL
TEMP2T EM P42
CINOEX (HCOL) ZTEM P

15(~ CONTINUE
170 r - N - r ~~~~nC’

‘-~~PLI~ ~~~~ (‘ 1r ~CQL — -
~ T r ~i~ ~ t ) I i~ -~~L +1

22 . ~~ (
~.t =1, C ’ L T~

& (
~L~ T I” 

~.~~ TF,T++ ‘‘P

~F (N ’:~’L 1TS • EQ ,~~ A C-f l  I I ~t - P~
-
~~T C cL~~T c — ~~ L ’ T r T + 1

‘F (S,(~’r~ r~E ) W~-~~~’E
r , ( .  ‘~~~w , c ’1c~~ ( w ,c LsT R” ,’ t ’ T O ~~~ F ( S ’ ~-4 R-~’ C )  i - c , l c u

180 W~~IT~~ 
“ [ 1

C~
() TO ~~~~~~~

1’~ ‘-‘-I T ~ ‘-
~~

“ 

~oc ~NTI4.4 IIC
C A L L  F~~ TNU M(FMT ,~~,R,C)
W RITE 10, (NUMC OL S ,(C INO EX ( MCOL ) ,MCOL=C DLST RT ,COLST OP))
00 210 MROW * STR T ROW ,STOPROW
WRITE 20, (RINOEX (NROW),TEMP, (REAL (ARRA Y (NPOW,NCOL)),NCOL=C OLSIRT ,

X COLSIOP))
WRITE 3D,(TEMP ,(AI IIAG (ARRAY(NROW ,NCc,L)) ,~ COL:COLSTRT ,~ OLST~~D)210 CONT INUE
COLSTRT=COLSTOP-l’i
WRITE 40

220 CONTIN UE
RETURN
END
SUBROUTINE PRNTEXP(FORTLTR, NUMROWS ,NUMCOL~~,ALPHNUI$,LTRNUN ,

X W RATIO, HRAT IO,W IDTH, HEIGMT)
COMPLEX FORTL TR (NUMROWS ,NUMC OL.S)
INTEGER A1PHNUM,LTRNUM,WI OT H,HEIGHT, NUMCOLS,NUI1W~OWSREAL WRATIO,HRATIO
FORNAT (1HO,”EXPANSION OF ALPHABET “I-s” IE’TTER 5-12/1)4 “WIDTH RATI0~

~~F6.2” HEIGHT RATIO ”F~ .2,/,1H “LETTER SIZE IS “12” COLUMNS WIDEXBY 5- 12” ROWS HIGH”/IH ,“WINDOW SI’E IS “~ 2” COLUMNS WIDE BY 5-12
Z~ ROWS HIGW’///
V.~~~(j ) 4  ,z ( I i ) / ) )

- 
2 FORMAT (1)41)

WRITE 2
WR ITE j ,(A LPHNUM ,LT r NUM,W RAT I3 , MRAT IO,

XWID TH,HEIGHT,NUMCOLS,NUMROWS,NUM~ OWS ,(P4UMCOLS,( IFIX ( R EA L( FO R ILT R
~ (NROW ,PCOL))) ,NCOL~ i,NUPICOLS) ,NROW=l ,NUMROWS ))RETURN

END
SUBROUTI NE PRN TFLR (ALPHNUM,LTRNUM,FLTRLT P ,NSPACE, FMT ,SK IPAG E) 

- 
- -

INTEGER ALPHNUM,LTRNUM,NSPACE,FMT $ LOGICAL SKIP* E 
- -
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~
,_
~TrC 
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p~~ Y (  i f l

F C ’ M A (1~
4

~~~~~ -i~~~ ( / , 5 X , 13( X ,j ’ ,~~) ) )

- 
2”T F RIA I (1 ~- —  ,12, ~X ~ 3 (F- • ,
3 :- ~- ‘~~~~~

— (1 ‘-4 , 13 ~~C 
• 

- 
~~~~ 
)

r ~~~~~~~~~ ( f )
~~~- ‘ ‘~~~ (
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‘ 
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’ i~~i (
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iF (1’~ ~
( 
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) . • I) 

- 
0
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TURN
90 CONTINUE

IF (SKI PAGE ) WRITE ~
OATA (INOEX (I) ,I=1,13)/13,11,9,7,5,3,1,3,’ ,7,~ ,11,13/
DATA (E MPTY (I), 1=1,?) /7~ t • fl/
CALL FRMTNUM (FMT ,ALPH N U P ,LTRNUM,PISPACE)
W HRMNC S:NSPACE’ • c
START= (13—NHRMNCS)/2+1
STOP3SThRT+NHRMNCS— I
WRITE 10,(INDE X (I),I=START,STOP)
flOWN NH~MNCS/2+1P1!EROES NHRNNCS/ 2
IN?)Xz1
WR ITE 20, (INOX ,(FMPTY(I) ,I=1, NZERO ES) , FITRLTR( 1) ,

X (FLTRL TR ( NV ECTO R) ,NVECT OR 2 ,NHRMNCS,2))
N7EROES N7ERO ES +1
WRITE 30, ( ( EM PTY ( I )  ,I1,NZEROES) , ( FLTRL T R( NV E TOR) ,

X NVECT3R 3,NHRMNCS,2))
START=N -4 RMNCS+1

-
- - 110 100 P4R0W 2,DOWN

INDX IMDX +2 ~ ST C P=START +NHRMNCS’ 2—1 L
WRITE 20, ( INt IX, (FLTR LTR (NVECTO R) ,NVEC T OR STARI ,STOP,2))
START=~ T A P T +1

- ( WRITE 30, ( FLT RLTR ( NV ECTOR ) , NV ECT O R~~ TART ,STOP ,2)
START ST OP +1

100 CONTINUE
(5- WR ITE ~~

RETURN
END
SUBROUTINE PRPITIMC,(FORTL’TR,NUMROWS, NI)MCOLS ,ALPHNUM ,LTRPItJPI)
COMPLE X FORTLTR (NUMPOWS,kUNC OLS) ~ INTECER NUMROWS,N1J t1COL~INTEGER AL PH NU M,L TRNUPI
REAL STORE’(64,7)
REAL BRIGHT (61. ,6’- )

30 ~0RMAT (1H “FOURIER TRANSFORM OF AL PHABET ~I3” LETTER ~t2 ’ CCMVE QT~V.tY TO BRIGHTNESS LFV ELS”/ ,IH “ROWS ”!3’ COLUMNS ”I3)
00 92 NROW=1,NUMcoWs
00 92 PICOL=1,NUMCOLS

92 BRIGHT ( OW ,NCOL)= (PEAL (F OR1 LTR (NROW ,NCO1)) 2+AIMA G~~~ 1~TL~~ (NPOW .
•‘ NCO L) ) ‘ )‘ ~~ .~~

tLL A i~~ r 4  ~~~~~ ~T , W ~~,-1 , ,fS4 ,B - I ; W T , k ’ ! -  - - 4S , ’ ~~~~~~~~~

~~LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~‘— T T ~ ~- ,  (~~ i P~ 4~~!1 - ,L ’ i !P ,N J  ‘~ CW ,N I :~~L~~)

iI1PC~!Iir~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1:I EGF’ r% 

~I I PP~ - - t I - ~~ L” ” 5-Wi
1) ~~ICA L. f l I t~-’~ ~~~~~~~~~~~~~~~~~~~~~~~I N T E G C A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* 
r ( ’ -~ih 4n /LF~~~ F~’S/L~~

T ~~~~~~~ t~ -’ I. T 5~~~~ i C ’~’~ P4 )*

~ J1’ f ’L,, ! - I ’p - T h1’~~~~ ! ‘- (O L , L~OL~~~.’~~,~~ i !~~~~ , L ~~~~~ 1 L L ( r ) ~~~~

~ 

- -  
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rO~~MA T ( I ’ 4 )
98 FORMAT (1~-~6, 3(21X ,i3,SX,12,7X))

99 FORMAT (~~)
100 FORMAT (/ ,1X,3 (8X ,3A1,1X,8A1,1X,3X ,A 1,1X ,~~A 1 ,1X ,2X ,iX ,3A1, 3~~

)
101 FORMAT (1.H ,3(7%,33A1,2X))
102 FORMAT (1H+ ,3(7X, 32Ai,1X ,12))
103 FORMAT (~~,1X,3(7X ,1E(tX ,I1) ,3X))
104 FORMAT (IHI)
106 FORMAT (IX ,3(7X,1.(1X,A1),12 (1X,I1),3X))
107 FORMAT (jI-4 +,3(7X,33A1,2X))

DATA NUMLTRS,NUP’FAGE/Q,O/
WRITE 1
IF (NU PtTRS .EQ. O ) OIOALP H ALP HNUM
IF (SKIPAGE ) NU’4 PAG E O
IF (( NUMLTR S.EO.0) .AN D.(NUMPAG E.EQ.~~) .O° .S KIPAGE) WR IT E 10
IF (PRINTIT) GO TO 105
IF’ (DUMPI’T .OR. (A LPHS KP.AP4D. (OL DALPH.NE.A IPH NUM)))  120,105

105 NUNLTRS: MUMLTRS + 1
ADJCOL z33~ (NUMLTPS-1) 41

- t -  COL SIZ ES A OJCOL +3 1
00 117 NUMROW I, 32

00 116 MUPICOL=AOJCOL,CO LSIZ E
UzJ+1
IF (LETT FR(NUMRO W ,J ) .EQ.0  j jc ,113

110 KEEPER (NUMROW ,NUMCOL) ”#”
KEEPER 1(Nt’MROW ,NWICOL ) “O~
GO TO II S

115 ~EEPER (NUMROW,P&JMCO1)=KEEPE~ 1(NUMR0W ,NUMCr’L)=”
116 CONTINUE
11? CONT INUE

TITL E(NUMLTRS4 2+63) LTRNU$
T ITL E(P(JMLT RS~ 2.~~2) ALPHNUP$
IF (PRINTIT) GO TO 120
If (NU PtTRS.LT .3) RETUR N

120 IF (NUPtTRS.E Q .0)  RE1URPI~COLSIZF:NUMLTRS’33
00 11.0 1 1,32
00 130 J i,COL SI7~’ ,33

130 KEEPER1(I,J)~~~O~
“C j 3E J ,COLST ’ E ,~~’

13 ~E~ PE J,(I,J)~~”O1-0 ( 1 T t ’ ~ ’ P ~t no is~’ t= 1,~~?,11
~~~~ 1’~ J=4~,COL-~I’-

1’~- ~
P
~”'j(I,J)=~~O ’i_c i~ - 

r 2 , 32,C
L ’f l 1-~K E E ° E ~’ ( ~~, J)~~” ‘I

- ‘ 11- VEEPE-~1U,J)Ir-~ 170 1 1,32,2
DO ITO J 33,COLSI7E,3~’

170 KEEPER(t,J)=KEEPFRI(I,J)= ’
DA TA (T I TIE ( J) ,J=1,63) /3~ 

(IS •,~ ,“ “, “Au , ‘L~ ,”P’ ,”-4” ,’A” ,”P ,.#.,E” 5 - ?S  5- 5- 5.1 SI s~~~•• •I~~~5- “?SI 5-~~~SS ••~~~.S IS •• S• 5- •I . II
. , I ,  ~~~~~ ‘,~~~~ , , I t  ~~~~DATA (KEEPERI(33 ,NUMCOL) ,NUMCOL ,9 , 2)/3 ’  (2 ,~~,6,e,t,t,i,i, t, 2,2,
~~2,2,2,3,3)/
DATA (KE EPFR1 (34,NUMCOL),NUMCOL 2,3E ,2)/3~~(~ 

.
,“ 

5-
,” ‘,‘ •‘,~~~,?,‘,

COLSXZI*NLJMLTRS 21.
W RITE 100, (T ITL E(NUP4COL) ,NUMCOL= 1,CO LSI7F)
COLSIZF=NUMLTRS’ 2+63
WR ITE 9~ , (T ITL E( I),I:~ 4 ,COLS IZE)
WRITE 93
COLSt!E PlU)4LTRS~ 33
nn l Af l  T 1 .~~~P.S~~ - - — - —--5--- — 5 .  - — ‘-5-. ‘ 5_

- 
-- ~ ____5 5. - - ___5____5_ -_ ’~~_ -- ~~~~~~

I ~~~~~~~~~~~~ - - -~~~~~~~~~--~— -
~~~--
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WRITE iOi; (KEEPE~ (I ,J),J 1,COLSI7E)
IF ( PIOD( I ,2) .EQ.O)  GO TO 1Th
WRITE 10?, (KEEPERI( I,J) ,J=1,COLSI7E)
GO TO 1~~175 WRITE 102, (KEEPERI( I, J) ,J=1,COLSIZE)

160 CONTINUE
COLSIZ E 32’ NUMLTRS
WRITE 103,(KEEPERI (33 ,P.UMC OL),NUMCOL~~2,CCLSIZE,2)
WRITE lO f’, (KFEPERI (3’-+ ,p,~UhCOL),NUMCOL=2,CnLSIZE,2)
WRITE 99
NUMLTRS: 0
NUMPAGE :NUMPAGE+1
IF (ALPHSKP.AND . (OLDALPH.NE .ALPHPIUM)) Iqo ,195

190 NUMPAG E= 0
01 DAL P H= AL PH NU M
WR ITE j 9 ia
GO TO 105

195 IF UNUMPAGE.E0.2).OR.DUMPIT) N (J14PAC,E 0
200 RETURN

(5 END
SUBROUTINE XFORMIT (LTRSI7E,WIOTH,HEI GHT ,A~~JUST ,WRATID ,)1RATIO ,

y.NSoA CE ,4 uhRow s ,NUMCeLs, AL pHNuM ,LTR4uM ,v Ex~ AND, xFoRM ,rMAGE ,rNi l ERSE)
~ NTEGE~~ 

i’
~~-’SIZE, W’DTH ,HE IGHT,NSPAC” , ‘IU ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LOGICAL ADJUST ~
‘ R EA L  W ,IO,H~~A f l ct

LOGICAL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t iNTEGER LETTER(32,32),t~~~LT~~S,~~’~~W’”
rOMMON/LFTTFRS/LFTTFR ,Pd’P-4LTC’S,RE~~N J ~NT rGE F ~ rCF 1T~- ( 
~~E AL  FLiPLT~~~(1Sj), P~~UTO (1~~-L )

COMMON/P~~CFLT~~ /F’1 ~~ LT~~,FRCTu, ’~ ECFL
CO M MON /x F ~‘F- r-’ c / FQ ~ TI T ~
COMPLEX FrRT1T~~(’~ ,t - ~~~)rOM pLEX W~~~~v F c (~~ - )

INTEGER Pf ’WEF S (~~
)

INTEGER NN(2 ) ,NUMCO LS, NtJM FOWS,NC 3L , P- ThD W ,FtA G, TOP ,~ OTTO 1 ,IT~ ’ ,
V. COL,ROW , LEFT,RIGHT ,IFORH ,ISIGN

2 FORMAT (IHI)
DIMENS ION TRPL T R( 32 , 32)
UATA POW ERS/2 ,4 ,8,16 ,32,E4,128/
W RITE 2
FLAG=O

90 CONTINUE
£ If’ (ADJUST) GO TO 100

NUMROWS NUMCOL S=LTRSIZE
WIOTH= 32
HEIGHT 22 -

CALL TRP MLT (LETTEP,TRPLTR)
CALL REPLACE (TRPLTR, FOF~TLTR ,NUMROWE ,NUMCCLS)
GO TO 235

100 CONTINUE
CALL SI7EIT (LTRSI7E,WIOIH,HEIGHT)
NUMROWS= HEIGHT4HRATIO
NUMCOL S:W IDT H+W R~ TIO
hRINGS:~

,
~SPACE* 4 .5

I’F(NUMROWS.LT.NRINGS) NWI ROWS NRINGS
IF(NUMCDLS.LT.NRINGS) NUMCOLS NLNGS
IF (MO 0(NUMROWS,2) .EQ.i) NUM ROWS NLJMROWS+1
IF (MO C)(NUMCOLS,2).EO.1) NUMCOLS=N’JP~!COLS+1
TOP 2IA 9S (NUMROWS—LTRSI7E)/2
IF (NU M~OW S .LT .LTRSI7E) GO TO 150
ROT TOM TO P+i+ LTRSIZE
IT EMP=T3P
00 11.0 ICOL=1,LTPSIZE
TOP2 IT FMP
00 110 NROW :1,TOP

u n  cflPTIT~~- I pflw4jJ’ft~,1- ~~) ~~~~~~ ._~~----- 

‘5- £ 4 .~~~~~~~~m~~~~~~~~~~~~~~~~~~— - ’ ~~~~ -.~~~ , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A- 00 120 NROW ~~i,LTPSI7E
TQP~TOP+ 1

~ 
120 FORTLTR (TOP,NC OL) LETTER (NRO W ,NCOL)

00 130 NROWaBOTTOM ,P-IUMROWS
130 FORTLTR (NROW ,NCDL):C
11.0 CONTINUE

GO TO 170
150 CONTINUE

1OP ~ TOP +1
~OTTOM~ TOP+WL )MROwS—1
00 160 NCu L~~1,LT’~~I7E- - 0 W 0
no 160 ,-~ROW :TO D,~~OTToP~t4 F.OW x RO W +1

160 FORTLT 1~( RO W ,NCOL I~~Li_ T 1E~~(NPUW ,NC I L)
170 CONTINUE

LF FT~ IA9c(NUPlCOLS—LTR$I7E)/2
L F ( N U M C O L c .L 1. LT~~S I7 E )  GO TO 226

‘-IC ,HT~ L.EF T u-11951’F+l
t 00 210 NRPW 1,NLI 1~POWS

110 180 NCOL~~RIGHT,Nt’MCOLS
180 FORTLTR (NROW,NCOL)zfl

ITENP’RIGHT
00 190 ICOLz 1,LTRSI7E
rTEMPzITIMP— i
COL LTRSIZE—NC OL+1

190 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
00 200 PICOLzI,LFFT

200 FORTLTR (NROW,NCOI):0
210 CONTINUE

f0 TO 23?
220 CONTINUE

LEFT.LEFT +1
RIGHT:LEFT+NUMCOIS-1
00 230 ~ROW z1,NUMROWSCOL2O
00 230 NCOL~ LF FT,RIGI-4T
COLaCO L+1

230 FORTLTR (P4ROW,COL) =F’ORILTR (NROW ,NCOL)
232 CONTINUE

CALL ARNGrPX (FORTLTR ,~-4 ,6&,FORTLTR,NUM~ OWS,NUMCOLS)
235 CONTINUE

-. IF (FL AG.t~T,0) GO 10 24!
IF (VEXPAND ) CAL L PRNIEXP (FORTLTR,NUMROWS, NUMCOLS,A L P H N U M ,LT~~NU M ,

XWRATIO ,MRATIO, WICTH ,HEIGF4T )
iF (XFO~ P4,OR,IMA

(
~E)( X CALL IVRTCPX (F O~ TLT R ,NUPlROWS,NUMCOLS)

NN(1)~~N’JMROW S $ NN (2):NUMCOLS $r1DIP1~ ? $ ISIGN=—1 -
~~ I FORM~ 0

COL*RO WZO
00 21.0 ITEMP:1,7
If’ (NUM~ OW S.Efl .PflWE RS( ITE PlP)) ROW I

240 IF(NUPICOLS .E0.POW ERS( IT EMP) ) COLZ I
245 CONTINUE

IF ( ROW .EO.1.ANO. COL. EO.1) GO rD 7’ iO
CAL L FOURT ( F O R T L T R ,p4N,NDIM,ISIGPI,IroRM,W0RKER )
GO TO 25 5

250 CALL FOURT ( FORT ITR ,WN ,NO IM, ISIGPI,IFORM,0.0)
C
C THIS IS THE PL AC F TO PUT iN AN INVF~~~1 P R I N T  ROUTINE ~M A T
C FILTERS THE FO Us~~I f k  fl.ANSFORM FRJM THE MIPOLE AND THEN CALL .LP~ T

• 2r5 CONTINUF
IF (FL AG.t~T.C) RFTURN
IF (IMA F) CALL PRNTIt1G (FORTLTR,NU~I~~ W~~, NUNCOLS, A L P M N I JM , LT~~NJM )
iF (XF ORM)

~~:====3~~ kJ~Rt?f * D f - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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- (  Y.1,ALP’lN ~i~ ,1T~~N’’’-~,f ,.1.,.t.)
FL AG~ F L~if ~ + 1
IF (XF ’ o- ’4 . O F . I M A - ’ ) (

~~ 
‘
~~t’

~i TURN

SUBROU T INE FO U R 1 ( DA T A ,NN ,NOIM ,IS IGN, l F f l M,WOR K)
C
C 1 HE C O O L F Y — T U I ( E Y  FA~ 1 F UkIIR TRANSECIRI IN USAS1 BASIC FO~~T~~~~
C

C TRANSFORM (K1,K2,...) ~UH (0ATA (J1,JZ’,...’’E XP (1SIGN ”PI SC’ (— 1~
C ~ ( ( J i — 1 ) ’ ( Kj — 1 ) , P N ( 1 ) , ( J 2 — i ) ’ ( K 2— i ) F N N ( ’ ) + .. .))),  cLIMMED V U ’s - :Lt.
C JI, 1(1 -~ETWEE N I. AN D NN(1) , J2, K? prn4rr~

- 1. AND NW (2 ) , L~’C.
C THERE IS NO LIMI T TO THE NUMPER JF SUR 3CR1PTS. DATA TS A
C P4 ULTIDIMENSIONAL COM P L EX AR’~AY W ’-4OS ’ -~~~L A N D  IMAG ;NAR Y
C PARTS A~ E A DJA CE NT T N STORAGE,  SUCH A S EC IRAN IV OLAr rS 1W 11.
C IF’ ALL IMAGINARY ~A PT~’ ARE 7ERO (PAL A A’-~E DISGUISI’ R AL ), S:1
C IFOR PI T) ‘ERO 10 CUT THE RUNNING TIW~ ~Y lIP TO FORTY PcPCEN I .
C oTHERWISE , IFORM +1. THE LENGTHS or ALL OIMENS1ON~ M .E
C STORED IN A R RAY MN, OF LFNG1 H NP IP4 . It lrY MAY RE ANY PDS 1T~ V~C I NTEGE RS, THO TWE PROGRAM .UINS F A S T r R  ON COMPOSiT E iNTE G ERS , iNU
C FSP~CIAL1Y FAST E N  NUNBIRS RICH IN FA ~~

’1P~ OF TWO. I’IGN ~~ +1
C OR —1. IF A — -1 T~.ANSFOKI~ IS FOLLO9~ fl BY ~ -‘1 ONE (OR A +1
C HY A —1 ) THE ORI (~INAL DATA REAPPEA R , -4’JLTIPLIED BY NT )1 (~ WN (1)
C NN (2)’ ...) • TRAP’JSFOPE VALUES ARE ALWAYS C OMPLIX, AN D A PE R~ T URN E r
C rN ARR A Y DATA , RE PLACING THE INPUT. IN ADDITION, IF AL t
C 1)IMFNSION~ ARE NOT VOWbF~., OF TWO, A ’-’AY WORK MUST BE ~JPPL II ‘,
C COMPLEX OF LENGTH IDUAL TO ‘Hi_ LA R Ch_ ST MOP 2~~’P( DIMENSION.
C OTHERWISF , RFPLAC~ WOI~K PY ZERO IN IHI CALLING SFDUENCE.
C NORMAL FC~ T R A N  P~ TA OPt1ERINC, IS EX PIC’ T~~fl, FIRST SUB~ C-~IRt VA ~ YTNG
C FASTEST.  A LL StJ~~ CRIPT~’ PIt.IN A r O J E .
C
C i~UNNING TIME IS L~’U CH ~HO~ TER THAH THE N A I V E  N1OT’~~~’, ~F1NG

C GIVEN BY THE FOLLOWING FORMULA. PF~ OMDOS~ NIOT INT~
2 - ’ K2 ‘ 3’ ’K3  r- ‘ -~~~K” .... L E T  I ’ M~ “1(2, SUM r 3 K ~ + ‘K’

C 4 ... A~ 0 NF = 1(3 + K! + .... T H E  1I~
1’5 T ’ K EN BY A MUL t I—

C I11MENSIONAL TRANSFORM ON TP-ILSE NT0T DATA 5 I IC + ~ TOT (Ue

C T2’SUM 2+T~~ SUMF+1z t~ N F ) .  ON THE C OC ~ 3 ifl (FLOATING POi1T A (V TIME
C OF SIX MICRO S ECON DS) ,  I 3~ OU • NT~~1’ ( - 0 + .3~ SUP4~’~~f~~ UMFe
C 3Z’O’NF) MICROSFC~~W D5 ON COM°I’~X 1)AT~~. TN ADDITION , THE

C ACCURA CY IS (,RFATLY I,~P~ oVEr1 , As 1W ~MS f-tLAT IV F ~~~~~~~~ IS

C OOIJNOEP BY 3~ 2~ ’ ( — P ) ~~~t J M ( F A C T O R ( J ) ’ ’ j .•;,, W HE~ L B “~~ 1HI NJ M B’ h
C OF BITS TN THE FL OATING POINT F k ’ A C T T O N  AN t’ FACTOR (J) -~~ l T IE

- C PRIME F&CTORS OF NIOT.
C
C PROG RA M BY NORMA N PRENNEF FE OM THU ‘AStC ‘ ROG~~A M DY C’-IA PLL S
C ~A O ER . RALPH AL~ ~~ S UGCES T I. 0 T~” r~~ A ro 1HE o~~.-n v t~~

-
~~

C MIT LIN~ O ( N  IA’O l’~’T O~ Y , AUGUST 11l ~~. 
t~ 4~~~ IS IHI rac’~~ rs 1  ~~~~ M I

C V FRSA I ILU V ERSIO N OF TEll FF1 KNOWN 0 T El l  A UT HO s. SHji~T L ~ 
r- -~’ -

C ~~ A MS ~~ I IP1 AN C r(’up~ FIc T RICT fl~~ M~~ N~~ ; ~N ~. FP4O,1H~ i -~ ~
‘ 

~~ ~~~- ~~~ iwo .
C ~iE—— TEr A U D I O  ) RA N S A C I 1 O N S  (JUNC 1 ~~ T )  , SPE CIA L  J~~- . JF ON ~~~~
C
C 1HE OT~~~~~i tC  F Oti ’— I FE IP ’IN~~Fe5~-I PL/~(~ ‘ THR ’ t RESTRICT I )-~S IIP~~ TNF

C ‘AT A .

C I • THE NItM flF I.~ ~iF INPUI DATA AN [1 IsIs 4 l ~~D t R  OF L R A N S F  ~~P’ V t E I J ’  S
C MUST 9F T P I F  S A M E .

C ~~. BOTH ‘Hi IMP’ ’ CA 1A  AND THE IkA’ ~E 1RM VAL J E S MUST ~ E P R U Y  ~~!

C FflUISPE~1fl POTN1~ IN 1HI TL’ Fl- SP ICIl y ’ —
~-1Mr INS OF TIME A P~D

C FREQUE NCY. CALL ING THil I SPA O IN~~ 
p
~~L T A T  AN I l O E L T -~F , II MtP~~L “e l

C TR IPE THA T O U LT A F ‘~ r ’ I/ ( t - N( I)  ‘ D E L T A T )  • (lF COU~SI , D E L T A1 Nil) ~~~~~~

C BE THE c A M E FOR FV F.l Y  UTMIPISIO N.
C 3. CON~ FPT UA LLY AT  L EA S T ,  T H~ P1PII~ f l - \ TA  AND TH E T~’ANSFO’~M ~~u~~r~ r

C F~FD RESEEI T SINC,LF C Y C L E S  OF PERIt 1IC F(PICT ~~0NS.
C

~~Y A M O I  ~ I - iw~ c~ n~~M~ M c T r ~J -~I ~r~~w \ .  ~ r~~ t i ~ T ’ Q  T is a -~ t f ~~- M s~~~ 

a~~_. - —— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• C COMPLE X AR RA Y OIMENSIONID 32 BY 2!~- ~Y 13 IN FORTRAN IV .

C OIMENSION UATA (32,2’,t3),WO~K(~ 0),NN (3)
C COPIPLEX D A T A
C DATA NN~32~ 2~ ,t3F
C DO I 1=1,32
C 00 1 J 1,25
C 00 1 K 1,13

C I OATA ( I ,J , K) :COMPLEX VALUE
C CALL FO U RT ( DATA ,P*l,3,—i , 1,WORK )
C
C EXAMPL E 2. ONE—DIMENSIONAL FORWARD T RANSFORM OF A REAL AR RAY OF
C LENGTH SI. IN FORT RAN II.
C OIMENS ION OATA (2,6’.)
C 00 2 1 1 ,64

• C DATA (1,I)~~REAL PART
-~~ C 2 IYATA (2,I) 0.

C CALL FOURT (DATA ,~-..,1,—1,O,0)
• C

0IMENSI~ PI OA TA ( 1)  ,t4N(1) , I FACT (32 ) ,WO R 1(( 1)
TWOP I E. 28316530 7
W R20 .
W IztJ .
W STP I = 0.
W STP R= C.
Ic(Nr)IM—1)920,1, -1

1. N10T 2
00 2 IDI M=1,NDIM
IF(NN(flIM))920, ’2 0 , 2

2 NTOT2NTOT’NN (IflIM)
C
C MAI I1 LOO P FOR EACH DIMENSION

( C
NPI=2
110 910 IDIM=1,NOIM
N PIN(IDIM)

P2 NPI’N
T F ( N — t ) - 2(j ,900,~

- > 1  
~~

C FACTOR N
C
5 P4 PI

NTWO PIPI
t F l
101 Vz2

10 IQ UOT= P’/ TDIV
IREM=M -IDIV5IQTJO T
I’F(IQUOT— If l IV )  50,11,11

11 IF(IREM) 20 ,12 ,2U

• 12 NTWO ~NTWO +NTWO
M IOUOT
GO TO 10

20 lOT Vz3
30 IQUOT~ P4~IOIVIREM~M— IDIV~ IQUOT

If’(IQIJOT—I0IV)~~0,3i,31
31 IF(IREM)40,32,’.0
32 IFAC T ( I~ )=IO IV

1Fa IF+1
~~IQUOTGO TO 31’

• 40 IOIV~IDIV+2C,0 T0 30 P
50 IF (IRE M)~~’,E1,c0 

-

~~~~~

P.aT W f l — . a T W r % 4 ,JTW f l , - - -
~~~~~~~~~
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~~~~,_~~~ ~~~~~‘ ‘
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~~‘ 60 IFACT (IF)=M
C
C SEPA RA TE FOUR CA S ES— -
C 1. COMPLEX TRANSFORM OR REA L TRA NSFORM FOR THE •~tH, !IH,F T C .
C DIMENSIONS .
C 2. REAL TRAN SFORM FO~ THE 2ND OR 3RD fl~ MENSION. METHOD—-
C TRANS FORM HALF THE DATA, SUpDLYINC, THE OTHER HALF BY 0319 —

• C JJGATF SYMMETRY.
C 3. REAL TRANSFORM FOP THE 1ST DIMENSION , N DOD. METHOD-—
C TRANSFO RM HALF T HE DATA AT EA~’H STAGE, SUPPLYING THE OIMEPC HALF BY CONJUGATE SYMMETRY.
C ~.. REAL TRA NSFORM FOE-. THE 1ST DIPIENS~’ON , N EVEN. MET HOD—-
C TRANSFOR M A COMPLEX ARRAY OF L ENGTH N/2 WHOS E REAL PA IS
C A RE THE EVEN NUMBERED REAL VALUES A P O  WHOSE !MAGINAr ~Y PARTS

C ARE THE OD D N U M B E R E D  ~ EAL VALUES . ‘EPARA l E AND SUPPL Y
C T I E  SECOND HA LF BY CONJUGATE SYMMETrY.
C
70 NON2 NP1~- (NP2/NTWO)

— ICASE= I
IF(IDI M— l&) Ti,90,°0

71 IF(IFO RM)72,72,91’
7 2 ICASE 2

IF’ (101 P1— 1)73,73 , O(~

73  ICASE= 3
IF (NTWO-NP1) 90,9t ,7L

7k ICASE= ’.
NTWO NTWO/2
N 11/2
NP2 NP2~2NTOT=N I)T/2
1=3
00 80 J:?,NTOT
t1ATA (J)=OATA(I)

60 1=1+2
90 IIRNG= NPI

IF(ICA SE_ 2 iO0,~3r ,10O
95 IIRNG=NPO’(1-+ NPRFV/2 )
C
C SHUFFL E ON THE FACTORS OF TWO IN N. AS T HE SHUFFLING
C CAN BE DONE BY SIMPLE INTERCHANGE, 1~O WORKING ARRAY IS NEEDE D
C
100 Ic1NTW O— pIPI)600 ,600, lio
110 NP2HF NP2/2

J=I
C (10 150 12 1,NP2,NON2

IF(J—12) 120,130,130
120 T1MAX= 12+NON2—2

110 125 11 12,I1PIAX ,2
00 12! t3 11,NTOT ,NP2
j3aJ+I 3—T2

— TEMPR= UAT t ( 13)
TEM PI~ f l A T A ( I3+1)
OATA ( I3 ) = O A T A ( J 3 )
IIATA(13 +t) O A T A ( J 3 + 1 )
OATA(J3)=TEMPR

-
~~ 125 DATA (J3 +1 )zT EMP I

130 M~NP2M F
140 I~iJ M)i5O,150,1i. 5

~~ 145 J J— M
M~ M/2 -

IF( 14— N0M2) 1!0~~1~ I,,1ie 0
150 J~J+Pl

- - - —-— - - —-  —
~—

-- • ‘

___________ ~~~~~ - —-  ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~



( 
C MAIN LOO P FOR FACTORS OF TWO. PERFDRPI FOURIER TRANSFORMS OF
C LENGTH FOUR , WITH ONE OF LENGT H TWO IF NErDED. TH~

’ TWIDDLE A CIO~
C W EXP (I3Ir,N’2~ PI~~SORT ( 1)’~M/(k~ PlMAX )). CP’ECK FOR W :TSIGN1S~~fl (—1 )

~ C AND REPEAT FOR W ISIGN~SQRT (—1)’CONJUGATE (W ).
‘- C

NON2T NON2+NON2
IPARZNTWO/NP1

* - 310 IF(IPA R—2)350,330,320
320 IPAR=I PA R/k

GO TO lIP
330 00 340 I1=1,I1RNG,2

00 340 J3 11,NCN2,NPI
00 3 ’0  K1 J3, NTOT, NON2T

X2~ K 1+ N ON2
TEPIPR OATA (1(2)

t TEMPI DA TA (K2+1)
OATA O( 2) PAT A (1(1) -TEMPR
DATA (1(2+1) =DATA ( 1(1+1) —TEM PT

t OATA (K1 )=OATA (K1 )+TFMPR
340 OATA (K1+1)=DATA (K1+1)+TEMFI
350 MMA X NON 2
360 IF (MMAX—N P2HF) 370,60U,600
370 LMAX Z MAU (NO N2T, MMAXF2 )

IF (MMA X—NON2 )k0~’,~~0~~, 38i~.
380 THETA —TWOP I~ FLOAT(NON2)/FLOAT(’~~MH (~X)

IF(ISIGN)’00,39O,39t~390 THET A =— T HETA
It 400 WR COS (T HETA )

WI:SIN (THETA )
WSTPR= —2. WI’WI
WSTPI=2.~ WR’WI

405 00 570 L=NON2,LMAX ,N ON 2T
P1=1
IF MMA X — NON2 ) k20 , k2O ,~~iP410 W2R WR~~ R-W I~ WI
1121=2. *WRV WI
W3R W2R~WR— W2I-’WI
W3 1=W2R ’WI +W2 1- ’WP

420 00 530 11 1,IIRNG,2( 00 530 J3 11,NCN2,NP1
XMIN J3+IPAR~ M
IF ( MMA X—N 019 2 )4 30, .  30 ,’,40

430 KIIIPIZJ3
440 ~DtF=IPaR’ PlPlAX

450 ~STEP 4 KDIF
00 520 KI KMTN ,NTOT,K STE P
1(2*K1+KDIF
1(3~ K2+KDIF
XksK3+KDIF
IF(MMA X—NON2 )460 , € 0 , L 8 0

1I~ o UIR=OATA (K1) + D A T A - K 2
UIIzOATA (1(1+1) +DATA (1(2+1)
U2RZDATA (K3)+OATA (Kk)
U2IzDATA (K3+1)+f)ATA(KL +1)
U3R~OATA (1(1)—DAT A (1(2)
U3T~ DATA (1(1+1)—DATA (1(2+1)
IF(ISIGN)k7O,k75,k7~

470 UI.R OA TA (K 3+1)—DATA(K ’,+1)
U4Ia DATA ( KI.) —D A T A ( K 3 )
GO TO cia

475 U4RZOA TA (KI.+1)—OATA(K3+1)
U4I~ DATø (K 3)—OA TA (K’.)
GO TO 510 

-~~ - ~_r~_ ~~
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T2I~ W2R ’ r1ATA (1(2+1) +W2 1~ rA T A ( K2 )
T3R~WR ’DATA (K3)—WI~ DATA (K 3+1)
T3~~ W~~3ATA (1(3+1) +WI~ DAI A (1(3)
T4R2W3R’ DATA (1(4) —W3I~ 0ATA (K’ +1)T4IaW3R ’DATA (Kk+I) +W31+DATA (KZ.)
UIR*OATA (K1) +12R
UII DA TA (K 1+1) +121
U2RsT3R+Tt R

- U21a131s-TL.I
U3R=OATA (Ki)—T 2R
U3Iz DATA (K1.-1) — T2 I

1F( ISIGN)1190,5 10 ,~~00
490 U4R T3 I— T ’+I

U4I=T4R—T3R
GO T O r i o

500 tksR Tk I—T3I
U’. I 13 R- T 1~ P

510 DATA (1(i)2U1R+U 2~
tATA (Ki+1)ZUII-14J ?T
DATA (K 2) U3R+UsR
OATA (1(2+1) U31 +ULj
OATA(K3) ~U1R—U 2R
DATA (K3+1 ) ~U1I—U2IUATA(KL) =U3R—U4R

520 DATA (K4+1)=U31—U’e I
XM!N=Ii (K MIN—J 3) +J3
KOIFzKSI FR
IF(KDI F—NP2)-k50,” 30,5~~

530 CONTINUE
?4=MMAX —4
IF(ISIC,N)r..0,550,~ 50

540 TEMPR= WR
WR=—WI
W Iz—T EMP R
GO TO 550

550 TEMPR= WR
WR WI
WI TEMPR

560 IF (M—L MAX )5E5,56~~,ki0
565 TEMPR= W~WRZWR* WSTPR—WI’WSTPI+WR
570 W I=W I~ WSTPR +TEMPF~ W ST PI IW I

IPARa 3 —I PAR
P’MAX~ MM 1X+ MMAXGO TO 3St’

C
C MAIN LOOP FOR FACTORS NOT EQUA L TO TWO . t~PPLY THE TWIDDLE F~ CT0RC Wx EXP ( IS tGN+ 2’ PI~ SQ RT (—1 ) (J2—i ) ’ - (J i—J2 )/ ( NP2’ IFPi) ) ,  T H E N
C PERFORM A FOURIFF TRANSFORM OF LENGTH TFACT (IF), MAKIN G USE )F
C CONJUGATE SYMMETRIES.
C
600 IF (PITWO—NP2) Oc,71’0,700
605 IFPI.N0192

IF*1
NPiHF.NPj~ 2610 IFP2=I FDI/IFACT (IF)
JIRPPG2 NP2
IF(ICA SE— 3)t1 2 , 6 1 1,I~12

611 I1RNG~ (19P2+IFPI) /2
LJ2STPZPIP2/IFACT (TF)
JIRG2:(J2STP+IFP2)/2

- 612 J2MIN~ 1+IFP2 -~~- -

- z ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ -~~~~~~
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THETA~ —TWOP!~ F’LOAT (J2—I )/FLOAT (NP2)
IF(ISIGN)(-25,620,620

620 THETA= —THETA
625 STNTH= SLN (THETA/2.)

WSTPR —2.’SINTI+’SINTH
~STPI=SIN (THETA)WR =WST PR+l

S IIzWST PI
J1M1P4 J2 +IFPI
00 635 Ji=J1PIIN,J1RNG ,IFPI
IIMAX= J1’IIRNG -2
00 630 I1=J1,IIMAX ,2
00 630 13 11,NTOT,NP2
U3P4AX= 13+IFP2—P4PI
00 630 J3=13,J3 MAX ,NPI
TEMPR= DATA (J3)
tIATA (J3)~~DATA (J 3)-’ WR-OATA (J3+1)~~WI

630 OAT A (J3 +1)-=TEM PR4W I+DAT A (J3+1)~~W R
TEMPR= WR
WR=WR~ WSTPR—WI~WSTPT+WP

635 ~I TEM PR~ WSTPI+WIt WSTPR+WI
611 0 THETA —T WOPI/F’LOAT(IFACT (iF))

IF(ISIGN)~~50 ,6k5 ,6k5
6’.5 TH ETA=— IHETA
650 SIPITH SIN(T HETA/2. )

- WSTPR —2.’SIP4TH~SIN TH
MSTPI=SIN (THETA)
X STEP 2~P4/IFACT(IF)
XRANG KSTEP-’ (IF’ACT(IF)/2) +1
00 698 11 1,I1RNG,2
00 698 13=I1,NTOT,NP2
00 690 KMTN=1 ,KRANG, KSTEP
LJIMAX I3+ JIRNG—I FP1
00 680 J1=13,JIMAX ,IFFI

t ‘J3MAX JI+IFP2—NP I
DO 680 J3=J1,J3MAX ,N P I
J2MAX J3+IFP1~ IFP2
K KMII4+ (J3—J1+ (J1—13)/IFACT (IF))/NP1HF
IF(KMI ,J_ 1)6c~~,6cr ,665

655 SUMR=0.

SUMI O .
00 660 J2 33,J2MAX,IFP2
SUMR=S UMR - .-OA TA (J2 )

660 SUMI SUMI+DATA (J2+1)
WO RK( K):SUMR

- 
WORK(K+I) SUIII
GO 10 630

665 XCONJ 1(+2~ (N—KMI N +I )
J2 J2MAX
SUM R=OA rA (J2 )
SUMI~ DA T A (J2+1)
OLOSR 0.
OLDSX 0.
J 2 J 2— IFP2

670 TEPIPR=SUMP
TEMPI SUMI
SUP*RXT WOWR~SUM R—OLDSR+DA1 A (J2)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~OLDSR TEMPR
OLDSt:TEMPI
U2zJ2— IFP2

• - IF(J2— J3) 6-T5 ,€~7c ,6 7o
- 

— 675 TEMPR~ WR’SUMR-OL DSR I-OATA (J2)
TEMPX= WI ’SUMI
Wfl DW LW
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V. WORK (KCONJ) TEMPR+TEMPI
4) TEP4PR= W R~~SUMI~~OL I1SI+OATA(J2+1)

TEMPI= WI’SUMR
MORK(K +1)=TEMPR+TEMPI

~~~ WORK (KCONJ+j)=TEMPR-TEMPI
680 CONTINUE

IF(KtlIN—1)685,68~~,686
685 WR=WSTPR+1.

WI WST PI
GO TO 6 0

686 TEMPR= WR
IR WR3 WSTPR—WI~WSTPI+WRIII TEM PR’WSTPI +W I~ WSTPR+WI

690 TWOWR= Wk+WR
W (ICA SE—3)692,6~~1,~~92

691 IF(IFp l— p1p2)695,Eq2,692
652 X=1

I2MA X=13+NP2—NP1
00 693 I2 13,I2MAX ,NPI
DATA ( 12) W ORK ( K)
DATA(I2+1) WORK ( K+j)

693 K K+2
GO TO 6~ 8

C
C COMPLETE A REAL TRANSFORM IN THE isr DIHEt~SI ON , N ODD, BY ~ D’4—

C JUGATE SYMMETRIES AT EACH STAGE.
C
695 IJ3MAX= 13+IFP2—NPI

00 697 J3 13,J3MAX ,NPi
U2MAX J3+I1P2—J2STP
00 697 J2 J3,J2MAX ,J2STP
JIMAX J2+JIRG2-IFP2
JICNJ= J3+J2MAX +J2STP-J2
DO 69? J1 J2,J IMAX ,IFP2
k=i +J1—1 3
UATA(Ji) =WORK (K)
DATA (J i+1) =WORK (K+j)

IF(J1—J2 )69?,697,69€
696 OATA (J1~NJ)= WORK (K)

DATA (J1~ NJ+1) —WORK (K+1)
- - 697 ~i1CNJ= JICNJ—IFP2
~ 698 CONTINUE

- - IF’ 1F+1
IFPI=I FP2
IF(IFP1—PIPI)700,700,610

C
C COMPLETE A REAL TRANSFORM IN THE 1ST DIMENSION , N EVEN , BY CDN—
C ‘JUGATE SYM METRIE~ .
C
700 GO TO (0C,800,90fl,701),ICASE
701. PIHALF N

N N +N
THETA — T WOP I/FLOAT (N)
IF(ISIGN)703,702,’02

- 702 THETA —THETA
703 SIP4TH SIN(TH ETA/2 .)

$4STPR=—!.~~SINTH’SINTH
WSTPI=SIN (THETA)
WRZI4STPR+j.
WI3WSTPI
IMIP4x3
UMI N~2lWMALF ~ 1GO TO 725

1-I n 1 IMI’kJ . . _ ~~~~~ . -_. - . - -  ~~~~~~~~~~~~~~ -——- -~~~ --- —
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00 720 TZIMIN,NTOT ,NP2
SUMRz(DATA (I)+OATA (J))/2 .
SUMI* (UATA (I+i)+DATI (J+1 ) )/2.
OIFRs(DATA (I)—DATA(J))/2.

DIFI* (DATA (I-+1)—DATA (J-’l) )/2.
TEMPR= WR~ SUI4I+WI

4 OUR
TEMPIzWI~ SUMI—WR~ DIFR
DATA (I)xSUPIR+TEPfPR
DATA ( I +1)=OIFI+TFMPI
OATA (J):SUMR—TEMPR
DATA (J +j) =—OI FI+T FPIPI

720 ‘J=J+I1P2
- IMIN’IPIIN+2

JMIPIsJN!N—2
TEMPR WR
WR WR* WS TP R—W T~ WS TPI-I WR
W I3TEMPR~ WS T PI +WI~ W ST PR +W I

725 IF(IHIN—JMIN)710 ,730 ,’~~O
- 730 If(ISIGN)731, 740 ,740

731 00 T3~ I=IPIIN,NTOT ,NP2
735 DATA (I +1) —DATA (I+I )
740 NP2*MP 2+NP2

NT OT~NT3T +19101
U=PITOT +1
IMAX NTDT/2+1

745 IMIN IP4AX- 2~ NHAL F
I=IMTN
G0 T 0 7 5

750 DATA(J ):DATA (I)
OATA (J+i) —DATA (I+i)

755 I~~I+2
U J — 2
1F (I—I MAX) 750,76fl,760

760 OATA (J):OATA (IMIN) —DATA (IMIN+1)
DATA (J +1) 0.

& IF (I—J)TT C ,780,780
765 UATA (J):OATA (I)

DATA (J +t) OATA (1+1)
770 1 1—2

tJ= J —2
IF(I—I MIN)?7~ ,77~ ,765

• 775 OA T A ( J ) = D A T A ( I M IN)+DATA (IMIN+1)
OATA (J +1) 0.
IMAX IMI N
GO TO 7I.5

760 DATA (1):DATA (1)+OATA (2)
11ATA (2):O,
GO TO QOD

i C
C COMPLETE A REAL TRANSFO RM FOR THE 2ND )R !RD DIMENSION BY
C CONJUGATE SYMMETRIES.
C
600 IF(I1R NG—NPI)805,900,90~
805 00 860 I3~ 1,NT OT,NP2I2MAX= 13+NP2—NP1

-~ - 110 660 12 13,I2MAX ,N PI
( _ .  IMINzI 2+IIRNG

IMAX~I 2+P4PI—2
JMAX~2’I 3+P4PI-IMTN
IF (12—I3)62Q,82fl ,810

- 810 JN*X~JMAX .NP2
820 IF(IOIM—2)850,85t,830
630 J JMAX +M P~nfl &kfl ~~~~~~~~~~~~~~~~~~~~~~~ • —  — - - - -

-_ — — — ~-l_5-~’~ 
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OATA (I )=DA TA (J)
UATA (I+t )=— DATA (J+1)

840 J=J-2
850 J~ JMAX

00 860 t=IMIN,IPIAX ,NPO
DATA (I):DATA (J)
DATA (1+1) =—DATA ( J+1)

860 J=J—NP fl
C
C F1~D OF .OOP ON EACH DIMENSION
C
900 NPO NPI

PaP 1 NP 2
910 NPREV N
920 RETURN

END
SUBROUTINE TRPMLT (LETTEF ,TRPLTR)
INTEGER LETTER (32,32)
DIMENS ION TRPLTR (32,32) ,TRPWDW (32)

I FORMAT (1HI)
2 FORMAT (1H ,2k (~~ ’) ,/iH ,~~ TRAPE?01’ PARA1-’ETERS •“,/IH ,2~~(~~ ’ ) )
3 FORMAT(IH , / ,~ LENGTH OF TRAPEZOID PLATEA (’ = “,12)
4 FORMAT (IH ,/ ,~ V * PIA NCE IS = ~,F5.2)
5 FORMAT (1H ,/ ,~ T RAPEZOI D WINDOW AR RA Y IS? •‘)
6 FORMAT (” ~,i0F6 .3)
7 FORMAT (IH ,/ , “ THIS IS A NORMALIZED WINDOW “1

IF (PS KtP.EQ.”OK~~) GO IC L-5
COAT A NOR PIALI’ED WINDO W SET IPLEN=0 AND TPPH ’=VARIA N CE

IPLEN = 0 $ TRPHT = 5.0
C
C THIS PART BUILDS THE TRAPE?CIO
C

INCLN (32—IPLEN) /2
IF (IPLEN.NE.0 ) GO TO 9
00 8 1 1,16

8 IRPWDW (17—I)=TRPWDW (1t +I)=EXP (— ((I—1)~- - ~-2 )/(2.’- ((TRPHT)~~~2)))
WRITE I
WRITE 7
GO TO ’.,

9 IF (INCLN.EQ.0) GO TO 3~-
00 10 Ii , I N C L N
TRPWDW (I)=TRPWOW(33—I )= (I/ (tNCLN+j.))~~TRPHT

10 CONTINUE
00 20 I:i,IPLEN
TRPW DW (I+INCLN)=1.

20 CONTINUE
TF((32—(2’INCLPI)).EO.IPLEN) GO T3 #~~
TODDzIN~LN+1
00 30 I:i,E000
TRPWDW (33—I )= (I/ (INCLN+2.)) TRPHT

30 CONTINUE
GO TO ‘~3

35 00 40 1:1,16
40 TRPWOW (r)=TRPWOW 33—I )=1.
43 CONTINUE

-~~ %IRITE I
W RITE 2
WRITE 3,TPLEN

4’. WRITE ‘.,TRPHT
WRITE ~
WRITE 6,TRPWDW

C
C THIS PART DOES THE MULTIPLICATION
C 

_____



_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
— 

~~~~ LtIJ DU ~~~~~~~~~~~ 
—

00 50 J:i,32
50 TRPL TR (J , I)=TR PWDW ( I)~~(FLOAT ( L ET TER (J , t ) ) )
60 CONTINUE

PSKIP~~ OK”
RETURN
END

4 .  
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PROGRA M MA IN (INPUT ,OU1PUT,TAPE’.,TAPFI )
C PROGRA M MAIN( INPt lTz ’ .028,OUT PUT 1JU ,T A P E - 3 0 L B ,TA ’Ei~~~~~~~~

)
FORMAT (1HI)
INTEGER A1PHSTR,ALPHSTP,EXCPTNS (2O), N~~XCP S ,TOTALPI-4,LtF~ST~~T,

X LTRSTOP,NUMSUB,FANGE (2,tO ),NSPACE (1t- ),TA PEIN,TA PEOUT ,ENORM ,)’
X,LSPAC E
LOGICA L RANOIN ,NFWF ILE ,ADO, LHANGE ,OF L F TE

S WRITE I
AL PHSTR:i $ ALPHSTP=15t ~ LTRST ’kT=I ~ L~~RsTOP=2~- ~ r 5 F ETN :,
RANDIN .T. $ NEW~ IL~:.T.$ AOD= .F. $ CW~ P-,IG~ = ,F. 1 Dr LET . - .F.
ENORM I $ 0C 0 $ TAFEOUT=17 $ NUMSU~~ 1 $ NEXCPT3 i~ LSPA~~~~~1ICXXX=9 9 ! ENORPI I$ NUMSt’B=i~ L SP A C~~~~1~5 NrXC ~ TS =6
DATA EX~ P”NS/24,F ‘,82,10I,106/,XXXX /1 ./
DATA N~ PACE/10’~ i/
DATA RA NGF/1,32/
CALL PREPFLR (’.)
CALL PREPRTC (TAPFOUT )
C A L L  PRTO~ LO(A LPHST R,AL PHST P ,FX~~” P S , NEXCPT S,’ OTA L P H ,

X LTRS T R T ,LTRSTOP,NUMSUB ,RANGE ,NSPACE ,EHORP-’,OC,TA PEIN ,RANDIM ,..sFt C~
X,TAPEOUT ,NEWFILE , AOD ,CHANO-E .DELETC )
CALL PRT0TBL (LTR ~ TRT ,L T E S T O P ,TOT°RT ,.T.,.F.,.T.,.F.,.lSPACE ,

XENORM ,tI~ ,TAPEOUT , .F.,()STOP
END
SUBROUTINE ENORP~FL (FL’1 kLTr~,NOR1LT~,,NSPA CE ,D0)
PEAL FLTRLTR (NSPACE ) ,NORMLTR (NSPACE )
INTEGER NSPACE,DC
INTEGER START, NVFCTCR $ REAL SUHSIRS
START=2
IF (DC .EQ.1) START 1
SUMS(~RS: (I • 0
(10 100 ~VFCTOR=START ,NSP A C E

100 SUMSQRS :SLJMSQRS+FLTRLTR (NVECTOR )’42
SUMSQRS :SUMSORS~ -~ .~~

IF (SUPISQRS .EQ . f l . 0 )  SUt4~ QRS =1.0
130 110 MV FCTOR ST A RT ,NSPACE

110 NORMLTR (NVECTOR ) FLTRLTR (NVECTOR) /S(’MS )RS
W (DC.EO.0) NORMLTP (1):1
RETURN
t’ND
SUBROUTINE GETFLTR (ALPHNUM,LTRNUM ,LS P~ CF ,NSPACE,T~~PE~ U M ,RAN ~~ M)
lNTEGEi~ ALP HNUP1,LTRNU M ,1SFACE,NSPACE ,TA PE~ UM
LOGICAL RANDOM
INTEGER RECFLTR
REAL FLTPLTR (180 ) ,PROTO(180)
COMMON/PROFL ’TR/FLTRLTR,FROT O ,RECFLT~
INTEGER RECR QD,RECSKIP,KE Y
DATA Rt

~~FLTR/1~
NUM WRO S: L SPA CE +2
IF (.N3T.RANt1OM) GO TO c~-!~EY= (ALPHNUM— I)~ 2~-+LTRNUM
CALL READM S (TAP~ NUM ,FLTELTR.NUMW~ DS,KEY)
GO TO 150

95 CONTINUE
RECRQO (ALPHNUM—1 )- 26+LTRNUM
RECS1(IP:IAP5 (RECFQD—R~ CFLTR )
ic (REC ROD ~ REC FL ! ) 110,1-0.120

100 110 110 1 1,REC SKIP
~~ . ‘ 110 BAC KS PA~ E: TAPE N(JM

GO TO 11.11

120 00 130 Tvl,REC S1(TP
130 READ (TAPENUM )
I aM Q FAD (TAPfl1II~~ (~‘I T F 1  T1’ ( 1 .~ :1 ~~~~~~~~~~~

IL ~~~~~~~~~~~~~~~~~~~~~ 
-
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IT
RECFLTP:RECROO+1

150 CALL REOUCE (FLTRLTR ,LSP*CE,FLTR LT~ ,~~SPV’E)
RETURN
END

• SUBROUTINE PPEPFLR (FORTAPE)
INTEGER. FORTAPE
INTEGER FTH OEX (3C01)
CALL OPENMS (FORTAPE,F1NDEX, 39O1,~~

)
RETURN
END
SUBROUTINE PREPR~ O (PRCTAPE)
IN TEGER PROTAPE
INTEGER PINOEX (2~ 6)
CALL OPENMS (PROT~~PE,PINCEX,288,Q)

~E TU RN
END
SUBROUTINE PRTO 9LO (ALPHSTR,ALPHSTP ,EX CP T~-S ,NEXCPT c,TOTALPH ,

V. LTRSTR1 ,LTRSTOP ,NUMSU8,RANGE,NSPACE ,E~-4OF~~,DC,TAPETN,RANDIM,. EPAC~
V.,TAPEOUT,NEWFILE,A0O ,CHANGE , DELETE )
INTEGER A1PHSTR,ALPHSTP,EXCPTNS (20),NEXCP ~ S ,T OTAL P4,LT~~STfl,

I- V~ LTRSTOP,NUMSU B,RANGE (2,iO) ,NSPACE (i~~
) ,TA~~EIN,TAPEOJT ,ENOR P4,)C

V. ,LSPACE
LOGICAL RA NOIN,NEWFIL E, A O O ,CHA NGE , OELET rZ
INT EGER OLDITR,LTRNU M ,C NTALPH (27 ) ,~~-OTN UM ,SU8LTRS, KEY ,PSPM~~E,

V. NCOL,NROW ,ALPHNUM , w IDT~~,~ JW o Ro, Nv ErTr R,NEx rsr ~
REA L PROTOS( 169 , 10)
INT EGER MTARLE (2?,5),TAFLE (15,10),E 4 ~ L~~(26b,1~-)

• COMMON/IABLES/ M~ A B L E ,TABLE,ETABLE
INTEGE R RECFLTR
1~EAL FLTRLTR (180) ,PROTO(18 0)
COMMON/PROFLTR/FLTRLTR ,cROTO ,RECFLT ’
DATA PITABLE/1354 0/
DATA LTRIN0X,OLDLTR,CNTALPH/27,27,2~~ 1/
CL DL TR =LT R ST PT
IF (NE WFILE) GO TO 90
CALL READPI S (TAPEOUT,I-ITAPLE,135,1)
Fr (ADD .OP.CHAPIGF) GO TO 90

4.. IF (.NOT.DELETE) GO TO ~ 0
00 80 LTRNUM=LTR~ TRT,LTF SI_OP
00 80 NCOL=i,5

80 ?-ITABLE LTRNUM ,NCOL )=0
90 00 230 LTRNUM=LIPSTRT ,L.TR STO P

IF (CNTALFH (oLoL -rr) .G€.,~TABLE (oL 3LT~~,5)) GO TO 1C~
- 

t ,. C ~F THE OLDLTR EXISTS SAVE THE OLDLT~ P~ OTO1YPE INFO~ M4T iON
CALL WRITMS (TAPE OUT,TABLE,NUMWROS,KE’Y)
00 100 PROTNUM=1,SUPLT PS

‘—- 100 IF (TAB_E (i,PROT ~~UM ).E Q.j) CALL wRIThS (TArEOuT ,PROTOS (I,PR 3T~~tJM )
V. ,T ABLE (8, PR OTN UM ) , TABLE (  2, PROTNUM)

105 I-F (CNTALPH(LTRNIJM).EQ .C) GO TO 121
C IF THE ~iEW LETTER ALREA DY EXISTS BUT £3 NflT COMPLL E ‘~E A O  I~
C INTO CORE TO BE WORKED (‘N

KEY=MTA~ LF (LTRNUM,2 )
SUBLTRS :MTABLE (LTRNUM,3)
NUMWRDS:SUBLTRS~ 1E
CALL R E~ DI1S(TAPEOUT ,TABLE,NUMWRDS ,KFY)
00 115 PROTNUM=1 ,SUBLTRS

f Fr (TARLF (1, PROTN (JM).EO.O) GO TO 11~
CALL READP4S (TAPEOUT ,PROTOS (1,pROTNUM ),TAB ( E(8,PROT~4UM),

Z TABLE (2,PROTNUM))
GO TO IIS

110 00 112 NROW I,PSPAC F
- 112 PROTOS (NROW ,PROTNUM)~~

115 CONTINUE

~~-- _ _ _ _ _ _ _
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MTARLE (LTRNU M ,t) 1
( ‘41*BLE (LTRNUH ,2)ZKFVXLTFNUM+1

MTABLE (LTRNUN , 3) -SUPL TRS=NUM SUB
NUMWRU S~ SUBLTRS I~MTA BLE (LTRNUP4,5) TOTALPH
00 150 NCOL*1,SUPLTRS
LTRINflX~ LTRINflX +1
TABLE t I, NCOL ) =0
TA RIE( 2, NCOL ) 2LTRINOX
TABLE( 3, NCOL)=LT PNUP-l
TARLE( 14, NCOL)~~NCOL
TA B L E(~ , NCOL ) ~RA NGE (1 ,NCOL)
TARLE (6,NCOL) *RANG E (2 ,NCOL)
T A R L E (7 ,NCOL ) RANGE (2 ,NCOL )—RANGE (i,NCOL )+1
TABLE (8, t-ICOL ) = PSr~ CE :NSPACE ( NCOL
TABLE (Q ,NCOL )=ENORM
TAR LE(  10 ,NCOL) *DC
(10 130 NROW II,P-

130 TA8L.E (N~OW ,NCOL )=C
DO t~0 NR0W~ I,PSPACE

140 PROT0S (MROW ,NC OL~~~0.0
150 CONTINUE
160 CONTINUE

DO 20~) ~LPHNUP4:A1PHSTR ,ALPHSTP
IF (NE X~ P7S.FD,0) GO TO 17~
00 110 MPOW rj,N F X C P T S

170 IF (ALPHWUM .E0 .FXCPTNS (NROW ) GD T~ 2Ji

175 CNTALPH (LIRNUM ):C-NTALEH (LTRNUM) +1
CALL C~rTFLTR (ALFHNUM ,L1RNUM ,LSP4C~ ,tSPi~C ,TAP IN ,r

~~NOIN )
WIOTH:FLTRLTR(LS PACF4I)
110 19(1 PROTNUM=1,SUB(TRS
IF ((W!~~TH.LT.TA BLE (~-, P~ OTNtfM)).)F. (WI 0TH.r.T.TABLEU,PROTN?JM ) 

))

~ GO TO 19C
PS PACE~~I AnLE (8 ,PI— OTNUM )
TAB LE ( 12, PROT NUM ) =TABLE ( 12, PROTNUM ) +1
M AS K E R~~1ASK (1)
19W0R0 60—M0D (ALPHNUM—1 ,f C)
MASKER SHIFT (MASKFR, N W O P D )
NWORD (~ LPHNUM-1 )/60+13
TA’~LE (NWORD, PROTNUM)=MASKLR .OR .TABLF (NWOR fl,PROTNUM )
CALL REDUCELFLTR1TR ,LSPAC r ,DROTO,PSP~ -E)

ci XXXX=99.$ IF (ENOF4M.EC .1) CALL ENOR 1FL (~’R(rO,PROTO,PSP~~CE ,0~~)

Cl XXXXs9QI CALL LEA~~1 (LTk-MJM,PR 0T N UM ,rNORM ,flC,P~ OTO,P SFA~~L)
00 180 84VFCTOR=1,PSPACC

150 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TABLE ( 1, PRO 1190$) 1

190 CONTINUF
200 CONTINUE

OLDLTR=LTRNUI1
IF(CNTALPH ( LT RNU M) .G E .T CTA L. PH) G) 1’ 2 16
GO TO 230

205 NEXISTS:0
00 ‘2(1 PROTNUM =1,SUBLTPS
IF (TARLF (i, PROTNUM ),EO .t~) GO TO 22r
PJFXISTStNFXISTS+1
t’S P A C E - T A R L F  (8 ,PROINUPI)
nn ~‘j 0 ‘ IV UCTORz l , PSPACf -

‘i-C PROT0S (~I 1V rCTOR, PPOTN UM): PROT OS ( NV ECTOR P PRO TNU M)/ T AR L F (t 2 ,P~ C1NUM)
TK~~!sqq.t IF (ENOFM.Fr).1) CALL FN)f .MFL (”kO’ OS (j,P~~OTNU ?O,

~ •QOT(~S( i ,PROT NtJM ) ,PSPACIL,DC) $XXXX:Q9.
11, PR OTP4 UM ) :TA BLF ( 12, PROTNIJM)

V * V 1 w l i~ CA LL LFAP2 (PkO1OS (i,PROTN1IM),PRO NUM,PSPACF, ,ENO~~~
~,. W Q I TM~ ( TAP t t l T, Pr ~OTO~~( 1 ,PROTN U’1) , r~SPACE,TA8LF (2,PROTNU M))

t ’~ ‘ ‘~ ‘T N~%

*11 • ~~~t f
~~~~~ L T  &U~~nLL1 .IA~~% .PJJ’MWRD’-~ .~([ ~
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D 230 CONTINUE 
I I S I ~~S~ •~~~~~ I •  -

MTARLE (27 ,1)=LTPTNOX
CALL WRITMS (TAFETOUT ,MTAPLE ,1 3- ,1)

C? XXXX 99$ CALL P R T f l ST X ( Lf l ST R T ,LT~~~T O P ,LSP ACF ,T A P E IN ,PANDiN, . V .,
* C? 1 •F., .F.,NSpAC~~,ENOR$ ,DC, TA PEOU T,.F.,.F.,.F.,1,1)

R ETURN
€N O
SUBROUTINE pp ToT~~L c L T R S IRT ,LTpS ro~~,To TP F o,PRINTII ,~~’iMMA~~Y ,

V. SKI PAG
V.OVERIOF,OSPACE, O F N O R M ,OCC,TAPENUM ,f4f W IAPE ,TAPF TPIP)

~NTEGER LTRSTRT,LTRSTuP ,IOTPRTO,TAP~ N U M ,T~~PETMP ,OS~~AC ’~(10)

V. ,OENORM , 000
LOGICAL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IP4TEGE1~ L~~TT FR S~~~~~,MAS KEP ,LTRNU1, K Y ,3(iBl TRS,PR OT II UM ,

~ NSPACE,PSDACE,NCOL,NRO W ,NALPHS,MTE”P ,ALP1- 4NUM,ALP 14ST~ , ~LPHST’,
,,

~ ALPH (150),ENORM ,DC,NINDEX (300)
INTEGER MTABLE (2’,5),TA FL F (1c ,1O ),E TA ~3LF (’f,U,11.)
CO NMON/TA BLFS/ M T A 8 L E , T AP LE . ETA R L E
INTEGER RECFLTR
REA L FLrRLTR (1 80) ,PRO1O (160)

‘ COMMOMFPROFLTR/FLTi~Lfl,FROTU,P EC F L T
I FORPIAT(IHfl)
5 FORMAT (IH1)

10 FORMAT ( 1. 9 ,4 1X, 5L, - ( ’ ~ ”) ,/,1H ,(+1x ,~~~~A~~A c T r R IsricS ~~ P~ C T O 1 Y ’ E  Fit
V.E “12”, LETTERS ~ I2~ TO “12, /,IH ~~~~~ ‘

II FORMAT (1H0,42(”~”)/1H ,“LTR SUBLrR ~~~~~~ ~ PA CE ENO~~M 0~ TERM sALP~1

V. “/ IH ,‘s 2 ( ”~ ”))
12 FORMAT (114 ,“CLASS l”12’, LETTER ~A 1” ‘ DOES NOT EXIST ’ ~~~“ l

15 FORMAT ( = ( “ ~~•‘) )
-
~~ 20 FORMAT (1H ,“CLA~~S ~“I2’, LETTER •41)

25 FORMAT (1H O ,”TOTA L I OF f L P H ~\BETS ”I3

V. ‘. I OF (POSSU!1~~
) StJB CL4 SS FS=~’I2,/~ -~A NG E D F LPOSS I F..~~

)
V.’SUBCLASS ES IN ASCEND iNG ORDER IS I2, ”_ ”T2 ,9 ( ’~~ ’,I2~,”

_ ’I2) )
30 FORMAT (IH ,“# OF (ACTUAL) PR OTOTYPES = ‘12’ . C~ A R A C T E ~~IST ICS ~~~

V.”THESE PROTOTYPE~ ARE SHOWN RELOW. ”/ )
35 FORMAT (t H ,“LTR SIJ (1LTF . F ANG ~. SPAf~F ~N O ~~~ ~C TERM #A LP-4 A L P-~~°E’S

‘UN THE DROTOTYPE )
‘.0 FORMAT (IH , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V. 22 (t3 ,”,~~) /,F (1H , X ,22(13,”,”) I)
‘.1 FORMAT (IH , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
45 FORMAT (IN ,‘- 2 (”— ”))
50 FORMAT (IH ,1X ,A1,3X ,12, 1X,12, ’—”,12, 3X ,1~~,3X , , 4X ,~~3,4X ,I~~,!Y,.

~ “THIS SURLIR flors NOT f X iS T , NO AL~~HA~~FT’ IN THE r
~~NGE..)

01114 LETTERS/ ”A” ,”B ,‘C’ ,”O”,”E”,”F”,”(Y ,”H”,’I”,” J•’, “‘(“, ‘L” , ••~~~~•‘,
V.”P4 ”, ~~~~ tS~ p•S

, 
•Sr).., ‘ ? “~~ • 5~~ ~~~~ “I)”, “V” , “W”, ~~~~~~~ “y” , “7”/

I OTPRTO O
IF (OVEUOE.AND. P-’EWTAPF) CAL L OPEN (TA PI MP,NINOEX ,’-~8,O)CALL RF -~~DMS (TA PENtJM ,MTArLE, 13~ ,1)
MA SKE R~ MASK (l )
IF (SKIPAGE) WRITE ~
F (PRINTIT .AND .SIJMMAFY ) P!~i N TI T~~.F.

I-F (PRINTTT.OR .StIMMARY) WRITE 10, urr ~F’JUH ,LTRSTRT, LT~ -~TOP)
IF (SUMMARY ) WRITE 11
00 1 0 LTRNUM=LTPSTRT ,LTRST OP
IF (.NOT.P~~INTIT ) GO 10 ~r 

- :

WRITE I
WRITE 15,(2 0)
IF (MTA ~ L~ (LTRNU P,,1).tr).1) GO TO 8r)
WI?ITE 121 , (LTRNU4 ,1EIT~ f~~ (LTRN tJM))
WRITE 1’,(20)
GO TO 1~~0

80 WRITE 2D ,(LtRNU M,LETT~~k~- (LT~~N(lM))
WRITE 15, (26)

85 IF MIAB LE (LTRNUM ,n.rO.t) GO TO i~~t
ICEYaMTA3LF (LTRNUM ,2)

— —  — 
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SI SI LI I Ps .#~~ I I I - - I. S I • - ti - -

NUMW RDS:SUflLTRS 1~CALL RE* nMs (TA pENUM ,TABLE , NUNWRO S ,KFV )
I I  IF (,NOT.PRINTIT ) GO TO 9G

WRITE 25,(MTABLF (l.TRNUM,5),
V. SUPL TR S, (TABL E(  5 ,NCOL ) ,T AR LE (f ~,NCOL ) ,NCO L i,SUBL I~~S ) )

WR ITE 30 , (MTA BLF( LTRNU P~,’ - ) )
W RITE 15, (71)
WRITE 35
W RITE 15, (?1)

90 CONT INUE
no 150 PROT NUM=I ,SUBLTRS
IF (TABLE (1,PROTNUM).E0.0) GO TO 1-2

- TOT PRT O:TOTP RT O +1
4..  IF (.NOT . OVERIOF) GO TO 100

PSPACE=TA PLE (8 ,PROTNUM)
TABLE( 8,PPOTNUM ) =NSPACE=OSPACE (P~ OTNUM )
TABLE (9,PROTNUM ) OENORM
TA’3LE( 10 ,PROTNUM ) 00C
Ic ( .NOT . NEWTA PE) GO TO 1~~0t 1(EY=IARLE (2,PRO T~~UM)
CALL READMS (TAPEPWM ,PROTO,PSPACE,K~ Y)
CALL REDUCE (PROTO ,PSPACE,PROTO,MSPAEE )
IF (OENORP4 .ED.1) CALL EP~ORP1FL (PROTO,PROTO ,NSPACE,0DC)
CALL WRITMS (TAPET MP,PRO1O,NSPACE,KEY)

100 CONTINUE
* 00 110 NCOL=2, 15

110 ETA 9L E(T OT PRTO ,NCOL_ 1) =TA BLE( NCO L, PROTNU M)
4 IF (SU MMARY ) GO TO 142

IF (.NO1.PRINT IT) CO TO 150
NALPHS =tI
00 11.0 IWRDS=1,3 

-

NTEMP TABLE (12 I-N WRDS ,PROTNUM )
ALPHSTR: (NWRDS—1)460 +1
ALPHST P=AL pHSTR+rg
IF (ALP HSTP.GT .1! ) ALP HSTP= I50
00 130 ~LPHNUM ALPHSIR ,ALPHSTP
IF (NTEMP.AND.MASKER ) 12~~,127

125 NALPHS =’4ALPHS#1
— ALPH (NALPHS) ALPHNUM

127 NTEMP= S~1IFT (NTEM P,1)
130 CONTINUE
l’+0 CONTINUE

11.2 NCOL=TABLE (12,PROTNUM )
ENORM=OC= ’OUT”
IF (TABLE (9, PRQTNUM ) .EO.i) EP4ORM=”IM
IF (TABLE (10, PROTNUM ).EO.1) 0C ”I#
IF (TABLE(1, PROTP-SUM).EO .0) 145,11.7

145 WRITE 50,(LETT ERS (LTRNUI-~),PR 0 TNUM ,TA RLE (!,PROTNUM) ,TA3 LE (1,~ -~~OTNUM
‘/J,TABL E(8,PROTNU M),ENORP!,DC ,NCOL)
IF (SUM MARY ) 150,11.9

11.7 IF (.N0T.!UMMARY ) GO To 1~ 8WR ITE 41, (LETTE RS(LT RNUP ) ,PROTNUM ,TAO LE( r ,PROT NUM) ,T A B L E ( b , PR0T NUP~
V.),TABLE (8,PROT NUM),ENOR~~,0C,N0OL
GO TO 150

148 WRITE L0, (LETTE RS (LTRt~UP’),PkOTNUM,TA BLE (~~,PROTNUM ),T AO LE(b ,P~ 1~TNUM
Z),TABL E (8,PROTNUM),ENOR$,DC,NCOL ,(AL PH(NROW ),NRflW :1,NALPl-4~~) )

149 WRITE 1.5
150 CONTIN UE
1€0 CONTINUE

RETURN -
‘

UI,)
SUBROUTINE REDUC E (INFLTR,INSPACE,O (JT FLTR,OTSPACE)
INTEGER INSPACE, OTSPACE

-

- 

- REAL INFLTR (INSPACE),0UTFLTR(OT~~ ACE)
- - ?MM LIT flfl

~ tj,9UT~~~T R, INVC T !  ST A RT , ST OP L.
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00 85 N~/ECTOR 1,CTSPACE
4’ 85 P”TFLTR (NVECTOR)~~INFLTR (NVECT0R

)
GO TO 125

90 CONTINUE
INHRMNC: INSPACE ~~~.!r $ OUTHRMC= OIS PA C E ‘- .5
SKIP=( INHRPINC—OU THRMC) ~2
OOWN=O UTHRMC/2+1

w OUTFLTR (1)=INFLTP (1)
IF (OT SPACE.EO.1) RETURN
DO 100 DUTVCTR:2,OUTHRMC

-
~ 100 OUTFLTP (OUTVCTR) =INFLTR (OUTVCTR)

INVCTR START OUT I-~RMC+1
DO 120 NROW=2 ,00WN
INVCTR=INVCTR +SKIP
STOP STAR T+OUTHRMC~ 2-1
00 110 OUTVCTR=STAR1 ,STCP
OUTFLTR (OUTVCTR) =INFLTP (XNVCTR )
1NVCTR=INVCTR +1

110 CONTINUE
* START STOP-i- 1

120 CONTINUE
125 CONTINUE

DO 130 1 1 ,4
130 OUTFLTR (OTSPACE-fI)=INFLTR (INSPACE+I)

RETURN
END
SUBROUTINE PRTOSTX (LTRSTFT,LTRSTOP,LSPACF ,LTRTA PE,~~4NDOM,P~P~- I ,

V. SKIPAGE, OVERIOE ,O S P A C E,OENORM,013C,FPO TA Pr ,CO POLTN ,4 ST OG RM , PA -’~’,
V. NDEV ,NDIVS, WRAT1O,HRA TIO )

INTEGER LTRSTRT , LTRSTOF ,OSPACE (i0),P~ O ’APE,LSPACE, NDEV, NDTVS,
V.IT RTAPE, OE NORM ,00C

REAL W~ AT IO ,HRATIO
LOGICA L PRINTIT ,SKIPAGE , OVE RID E,CO~ f lLT M,HSTO G RM, B A R S ,~ AN 0 O M
INTEGER MTABLE ( 27 , 5 ) ,TA BLE( 15, 10) ,E !AB LE(260, i 4 )
INTEGE R R EC FL T R
REAL FLT RLTR (180),PROTO (1801
CO$MON/PROFLTR/FITRLTR,PROTO ,RECFLT
COMMON/TABLES/ MTABLE ,TABLE ,ETABL E
INTEGER ALPHSTR, A LP H STP ,NWR0S,PROTNUM ,NTE”P,TCTPRT O,~~L PHN U M

‘/.,PENORM , PDC,TOTA1PH ,PSPpCF,SUBLT~
MASKER=MASK (1)
CALL NTOTBL (LTRSTRT,L T F S T O P ,TOIPRTO ,PRTtTIT,.F.,SKIPAGE,D V ~ IrE,

V.OSPACE ,DENORPI ,00C,PROTAPE ,.F.,0)
00 120 PPOTNUM=1,TOTPRTO
LTRNUM =ETABLE (PROTNUPi , 2)
IF (( LT RNLPM .LT .LTRSTRT ) .OR. ( LTR NUM. GT.LTPSTOP ))  GO TO 12~SUBLTR= ETA BLE( PPOTNU PI ,3)
TOTALPH= ETA F1LE (PROTNU M ,11)
PSPACE= ETAPLE (PDOTNUM ,7)
PENORM ETABLE (PRO1P4UM,8)
PDC=ETA3LE (PROTNUM ,9)
CALL READMS (PROTAFE,PkO’1~~,PSP4CE,EflPL~~(PFOTNUM,1))
IF(IO.NE.23)PRIP4T’,” FRCT “,PROT O $
011 110 NWRDS I,3
ALPHSTR: (NWRDS—1) ~~~~~~~~
A L P M S T P  = ALPHSTl +c~

• NTEPIP= ETAF3LE (PRO TWUM , 11+NWROS)
DO 100 AI PHNUM= ALPHSTR ,ALPI-4STP
IF (NTEM P.AND.MASKER ) ~~-,97

C5 CALL STATS (ALPH ~JtJ M ,ALFHpiUM ,I OTAL PH ,LTRNUM , SU B LTR ,LSPA~~E, PSP~ ~E ,
CCCCCV.CLTRTAPE,RAN0OM ,P E NO R M ,FOC,COROLTN, HST GRII ,BA~ S,NnrV,MOIVS,CCCCCCr

L- CCCCCXCPROTAPE,WRATIO,HRATIO CCCCCCCCCCCCCCCCCCCCCCCCCCCCr-C~ CCC CCC~~CCCCr
95 CALL cErF1rRcALpI4NU$ ,LT~ NuM,LsPAcc,r~ p A C F ,LTRTAPE,R~ NflOM)

CALL STATX (FLTQLTR ,PSFA (E,TOTALPI-4)
97 NTEMP=s-1IFT (NT E~1P ,1)
Inn rn,JTY,J l lr - ___

~—-S•~~ •~ • ___S _ _ ~~~~~~~~~~~ - ~~~~~~~~~~~ — ~~~~~~~~ —5--— ’- - . ~~~~~~~~~~~~~~ ,~~~~~~~~~~~ — --
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110 CONTIN (’~
CALL MAH PAK (PR CTO,PSPACI)
CALL wRITss (pRoTApE ,pRoTo,pspAcr ,ET”~L~~(ProTNUM ,1))

120 CONTIN U E
RETURN
END
SUBROUTINE STA TXCFVEC, NENT ,NTOT )

C~~~~~~~~~~ ’ INSFRT TO FROT O BUILD ‘/ !3/7 JRL
CO MM ON/ STX / STN ODEV (81 , 3) ,FMEAN (S1 , 3 )
DIMENSION FVFC (NFNT),FT (2,81)
IF (INUM .Efl.0) GOTO 6n
00 50 Jzi,169

50 FT (-j ,J )=FT(2,J) = 0.0
60 CONTINUE

- INUM=I NUM+1
(10 100 J 1,NENT
CALL DOIT (FVEC (J),STNODEV(J) ,FMEAN (J ),FTtI ,J ),INUM)

100 CONTINUE
IF(INU M.EO.NTOT) INUM = o
RETURN
END
SUBROUTINE DOIT (FIN,FSD,FM ,FT,INUM)

INSER T TO PR O T O BUIL D  ?/ S /~~ JR L
DIMENSION FT( I)
FT (1)=FT (1) + FIW-~~2FT (2 )= F T ( 2 )  • F I N
FM=FT (2)/INUP1
FSD = (:1(I)/INUM) — ((FT(2)/INUM)’’2)
FSD = SORT(ABS (FSD))
RETURN
END
SUBROUTINE MAHPA K (PROIO,PSPACE)

C•’ •”•” INSERT TO PROTO RUILO 2/8/7~ JRL
COMMON/STX/ STNflDEV (81,3),FMEAN(81,~~)INTEGER P~ PACE
DIMENSION PROTO (~~SPACE)
1F(IQ.NE.23) PRINT~~,” FP ‘,FMEA N
IF (IQ.NF .’3) PRINT4 ,” SDEV “,STNDDEV ~ 10 =23

• - DO 20 Izl,PSPACE
20 PROTO (t )=PACK (FMEAN (I),STNDOEV(I))

— RETURN
END
t
~EA L FUNCTION PA CK (A,B)

C~~~~-~~~~*• INSERT TO FROTO BUILD 2/8/ ’~ JRL
I A = A IE 5 T B = B’1E5
PA C KZ ( S-lIFT ( IA ,3C) .AND.PIA!K( 30)) .OR. .1901 .11AS K(30) • AMD.IR
IF (IA.LT.0) PACK=PACK.OF .MASK (1)
IF(I8.IT.O) PACK = PACK .OP.SHIFT (MASK (1),~~0)
RETURN
END

- L  
I SUBROUTINE LEAR1 (NEXT, I SET ,NORM,IOC,FV~ C ,~~0IM)

~~~~~~~~~~~ INSERT TO PRTOBLO 2/17/78 JRL
COHMON/STXI/FT (2,~~1,3),INUM (3)
DIMENSION FVFC (NDI$)
CO MM ON ~ STX ~ Sf l EV(81 ,~~) ,F$(8t ,  3)
DATA IGO/ 0/
IF (NEXI.NE.IGO)GOTO 20

10 CONTINUE
C ’ ~~~’~ U P D A T E  ON~ OF 3SFFCIFIEO 1EA P~AN~1 SflEv VECTO’~S

INUM (ISET)=INUM (TSET )41 ~ IX=INUMUSET)
TF (NORM. E~).1) CALL ENOR$FL (FVEC,FVE ,MOIM ,IDC)
DO IS J: 1,NDIM
CALL OOYT (FVEC (J),SDEV (J,ISFT),F1 (J,ISET),FT(1,J,I~ ET),IX)

15 CONTINUE
kETU RN

~n Cn P J T T N I I F  •.~ - -

______________________ ______________ —
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C~~~’~~’~~”•’ REINITIALIZE FOR EACH NEW S~~T C ~F 3 VECT 3R STREAMS
IGO NE XT
00 30 J 1,81
00 30 K~1~ 3
INUM (K):0

30 rT(1,J,K) FT(2,J,K) 0.0
GOTO 10

• END
- - - SUBROUTI NE LEAR2 (P~0TO,ISET,PSPACE,DC,19OR$)

C~~~ -~~~~~’4 INSERT TO PRTOBLD 2/17/78 JRL
COMMON/STXI/FT (2,81,3) ,INUM (-3)
coPqPloN /STX/So(81,3) ,FM (81,3)
INTEGE R PSPACE,START
DIMENS ION PROTO(1)
STA RT= 2~ IF(OC.E().1) START = 1
IF(NOR M,EO.j)CALL ENORMFL (FM (i,ISET),P4(1,ISET),PSPACE,DC)
DO 10 I=START ,PSPA CE
SO(I,ISET)=FT(1,I,ISET) /INUt4 (ISET)_cH (I,ISET)~ 42

10 SO (I,ISET) =SORT (ABS (SO (I,ISET)))
IF(IQ.NE.23) PRINT4,” PR “,(PR OTO (K),K= 1,PSPACE)
IF(IQ.NE.23)PRINT’,” FM “ , (FM (K,ISET),K 1 ,PSPACE)
IF(IQ. NE.23) PRINT~~,” SD ~,(SD(K,ISeT) ,K= 1,PSPACE)
1I~ II+1 $ IF(I!.GT.1) 10=23
00 20 I=1,PSPACE

20 PROTO (T)=PACK (Ftl (I,ISET),SO(I,ISET))
RETURN
END

I

- _ _ _ _ _ _ _ _ _ _ _ _
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PROGRA M MAIN (INPUT ,OUTPUT,TAPE1 0,Ti~r r ,~~,T~~PE31,T A P r

~~~)
INTEGER STRTCOL, STOPCOL, P4S KIPS ,SENT~ 1I~’i,!JTAPE, TAP FTM P ,

V. OSPACE (10) ,OENORM ,000,L T R S T R T ,LTRSTOP ,PPflTAPE,TOP IO S ,SENT ElF
LOGICAL OVERIDE,QETWEEN,WINOOWS,PR’~TA LL ,PRNTSUM ,ADJUST
REAL WRATIO, HRATTO
INTEGER LWIDTH ,H W I O T H ,SKWIOTH

A LWIDTH=2 S WW ItITH=32 $ SKWIOTH:2
STRTCOL:i $ STC.PCOL=133 $NSKIPS I S SrNTNUM=4 ~ SENTAPE= 5 0

COATA NEX T LINE VARIES WHICH SENTENCE USEO FOR DATA
SENTNUM I
OVERIDE .T. S OFNORM I S 00C 0 ~ LTFSTR I 1 $ LT ~~ST~~~:2E
PROTAPE:10 $ PRNTALL= .T. $ BETWEE P4 .T. S WIN0)WS~~.T.
NBTWTO P 5
T0PRT OS~~ $ ‘A PET PiP 31 $ ADJtJST .T. $ WRA II3= I .5 -

HRATIO 1.~~$ PRNTSUM= .F. $ SENTEMP~~~
L

DATA OSPACE/I0~ 81/
CALL PRE PSEN (SENTAPE)
CALL PREPRTO (PROTAPE)
CALL CMPRSEN (sTRTcoL,SToPC c~L,ucKrPS ,SENTNuM ,srNr4PE ,ov E~-IoE,

XoSPACE,OENORM,OOC,LTRSTFT,LTRSTOD,P~ oTAPF ,PRNTALL,P~ N T S U M ,BE rWEEN,
XMINDOWS,TOPRTOS,T A P E T M P ,ADJUST ,WRATIO ,HRATIO,SENTE MP ,LWIOTH
V. ,HWIDTI ,SKWIDTh,NBTWTOP)

‘4 STOP
I I ’  END
4 

SUBROUTINE CMPRSEN (STRTCOL,STOPCOL,NSKIPS,SENTNUM ,SENTAPE,~~VE~~TflE,
V.OSP AC E,OENORM,O DC ,L1PSTRT ,LTRSTOP , OT ?~P~~,PRNTA LL,~’~ N T S U M ,RET WE E N ,
Y.WINOOWS,TOPPTOS,TAPFTMP ,ACJUST,W~ A 1iO, IIRA TIO,SENTt IP ,LWIDTH.‘~ ,HWIDT-4 ,SKWIDTH,NBTWTOP )
INTEGER STRTCOL, c T O PCOL ,NSKTPS,SENT NtJM ,SE ITAP E ,T A P ~~TM2,( V. O S P A C E ( If l ) , C E NO R M,O C C , L T R ST RT ,LT RS T O P ,PrPT AP E , IOP PT OS ,S6.191 r1P
LOGICAL OVER IO E,~~F T W E E N ,W 1N0OWS, PRN1A L L ,rRNTSUPI ,A o J Usr
REAL WPATIO,H R A T T O
INTEGER PPNTCOL,LTRMASK ,SUBM ASK,aX 1l~SK, NSl~ACE,ENOR M ,PO ,

V. LSTPR T~~,T OTP RTO ,PROTNU P1 ,NCOL, FLA G,~ APE NU’~,K EY ,PSPAC F,
V. PENORM, P0C,START,STOF ,PRTOC NT,LAST~~OW ,I , J, XF~MCOL ,MSPLITS, ~DA G F ,
V. STRTROW ,STO ROW,SUBLTR (~~2),LTR (52),DX(r2) ,TE M P ,LOW ,HIGH ,SU~~~NT
X,TOPNUM,LETTERS (26) ,ENDCOL ,SINDEX (131e)
V.,WMASK ,WIDTH ,LWIOTH ,HWIOTH ,SKWIDIH ,LR ANC .E,HRANGE
COMMON I.. Eli ERS/LETTER ,N~” LTRS,RE~ 

NIJM
INTEGER LETTER (32,32),MJP4LTRS,RECNSIII
COMMON /RESULTS/R E SUITS
INTEGER R ESULTS ( d2 ,I33)
COMMON/PROFLTR/FLTRLTR , PROT O ,RECFLfl
INTEGER R E CF IT R
REAL FLTRLTR ( I80 ) ,PROTO ( 160)
COMMON/TABLES / MTABLE ,TABLE,ETAPLF
INTEGER M1ABIE (27 ,5) ,IAPLE (x 0,15) ,ETABLE(2 Eu,1’.)
REAL WINDOW(180)

-~~~~ EDUIVALENCE (WINOO W ,FLTRLTR) r
5 FORMAT (tNT )
10 FORMAT (IH1)

~ 15 FORMAT(IH ,136r’1”),/1H ,24X ,”RESULTS OF ALGORITHM 10 SOLVE ~HF SE
V.GMENTATION PRO BLEM FOR NON— ISOLATED TEXT fHARACTERS ’/
XIH ,136( ”’”),/// )

—- 16 FORMAT (IH ,“SENTENC F “13” COLUMN “Ii” 10 “13” EVALUAT ED A GA I~~ST ”/
Z PROT OTYPE SET “12” LETTERS “12” -n “12” WITM A LrT1r~~— To—w !~~onw
V.WIDT H RA TIO OF “~~~~‘ .2 , I” A ND A LETTFR— TO—W INODW HEIGHT ~ATI O C~

~ ~FL .2,/,” SENTENC F WiNDOWS RA NGE FROM •‘I
~~” TO “12” COLUMNS WI DF

V.~ WITH SKIPS IN WiN DOW 517E OF “12” OO t.( IMNS ”,/ ,” AW l SKIPS ~~TW EE~iI - V. WINDOWS WITHIN TH E SEN1 E NC L OF “12” S ’A C F S” / / / )
17 FORMAT (IH ,“FINA L RESULT S OF”) - T

18 FORMAT (IHC, ”USER FE,)UFSTEO PRINTOUT OF THE CLOSEST “11’ P~ O’)’Y~~~’
— -  V FAQ -r w ~ ~

-- r .i ~~ i n i v- r rm, s~~T~~T Y . ”,” .~n w~~srr . ç-~~p rw c  r~~~~n~~~~nT v: :  F~~I~~
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V. AND RANGE OF LETTER! SFECIFIED, ONL Y “13” PROTOTYPES EXI$T .*I
V.” USER ~EOUEST FOR THE FINAL DECISIDPJ MAT EIX RLDUCED ID THE ~ L(’~~F’
V.1 “13” P~ OTOTvPE:S”/fl

20 FORMAT (IHO ,”PROTOT YPES TN THE MATRIX ARE s “26(A1,I1,IX) ,/ ,3
V. (IN ,30X,26(A1,I1,IX)I))

25 FORMAT (IN ,“RESULTS MATRIX SHOWING (HE PR CTOTYPE-TO—W INDOW
X/” DISTA NCES FOR PROTOTYPES WHOSE WIDTH VARIATION ENABLES”
V.1” THE PROTOTYPE TO BE COMPARED TO WINDOWS OF WIDTH “12” COL UMNS”)

26 FORMAT (IN ,“MATRI( IS SORTED BY PROTOTYPE. P~ OTOI YDE~ 1D_WT -~I)rW”
V. I” DISTANCE IS SHOWN AS IT VARIES CONTINUOUSL Y OVER 1-4 1. SENr~~P4rE
V. I” COLUMNS USING WINOOWS OF WIDTH “12” BEGINNING AND ENOIN~ ~T
V.1” THE COLUMNS SHOWN BY THE MATRIX LEFTMOST COLuMN ”)

27 FORI4AT (1H0,60X,”MATRIX “12” OF “12)
30 FORM*T ( IN ,10(ss*ee),=(9(~

e
~~~)),/* COLUMNS

V. (3X,AI,I1,4X),/,IH ~1(~(”~”),=(3(””)))
32 FORMAT (IH ,13” —”13,” •‘=(F7-.3,2X))
35 FO RM AT ( IH  ,13” —”13” “= ( A i , Ij , ” — ” , F E . 3 , I X ) )
1.0 FORMAT (IH ,“MATRIX IS SORTED BY DISTAN (~E WITHIN THE SE~I T E N C~~

V.1” COL UMNS. THE “12” TO “12” CLJSEST IDENTIFYING P~ Oi3TYPES A -~E”
V.1” SHOWN FOR EAC H WINDOW OF WIDTH “12” ~FGINNING AND E~’1OIN~ ~1”
V.s’” THE SENTENCE rOLUMN 1NUICATEO BY ~~~ LEFTMOST MA TR IX COLUMN. ”)

‘1 FORMAT (IN ,“MERGEO RESULTS MAIPIX SHOWING THE PROTDt’~PE—TO—WINDOW ”V.1” DISTAN CES FOR A L L  PFCTOTYEPS WHOSE ~AN 1E VARIATION ENABLES INE”
V.1” PROTOTYPE TO RE COMPARED WITH WINDOWS CF WIDTH “12” TO “I!
V.! CO LUMNS. THE MATRIX IS SORTED BY DISTANCE WITHIN THE SE~~i EN CE
V.”/” COLUMNS TO SNOW THE TOP “12” PROTOTYPE CHOICES REGARDLESS OF”
V.1” WINDOW SIZE , ALL WINDOWS BEGIN AT THE SAME SENTENCE COLUMNS”
V.1” WHI C-4 ARE SHOWN IN THE LEFTMOST MATRIX COLUMN”)

42 FORPIAT (IH ,“MATR IX OF THE “12” 1) “ 12” CLOSEST ID~ ’It IFYIN
V.”PROTOTYPES FOR WINDOWS OF WIDTH “12” SORTED BY DISTANCE”)

43 FORMAT ( IN 11 (“~“),= (9 (“~“)),/,1R ,“5ENTENCE 
“
,

V.= (”GUESS “I2,IX),/,1H ,“COLUMNS “ (“PROTO/DX “),/,IH 11 (“ “) ,

V. =(9  ( “p ” ) ) )

45 FORMAT (IN 2X,13,2X” ~
46 FORMAT ( IN it ( “4 ”)  ,= (16 (“-“) )  /, iN ,“~ EN TENCE ~

‘ “,
V. =4.” “HOICE l”12” “),/ ,IH ,“~ OLU M N ~ “ (“PR O T 3— W I 0 T H — O ~ ‘)

V. /,IH ,l1 (“‘“), (16 ( “4 ” ) ) )

V. ! ! ~~~.~~~~~~1;~~t~ ~~~~~~~~~~~~~~~~~~~ 
“‘c’, “i”, ‘~~~~‘•, 

-

LTRSIZE= 32 S L ENGTH=133
PRNTCOL=1 3 $ NRNTCOL 7
LTRMAS K:MASK(8)
SUBMASK=SI-IIFTUIASKC8),52

‘ WMASK SIIFT (NASK (8),L.~ )
OXMASK=SHTF1 (IIAS K (22) ,22)
WRITE 10
WRITE 15
CALL OPE NMS (SENTEMP,SINCEX ,134,0)
CALL GEISE N (32,!ENTNUM ,SE N TAPE )
CALL PRTQTB1 (LTRSTRT,LTRSTOP ,TOTPRTJ,P~ NT fLL,CIRNTS~tM ,.T.,OV F~~~DF,

V. OSPAC E,OEtIoRM ,O~ C,PROTAPE,OVER1DE, T~~P~ TMr)• TAPENUM:PROT APE
I I IF (OVERIOF) TAPFNUM TAFETMP

TOPNUM =TO PRTOS
IF (TOPNUM.LF.TOTPRTO) GO TO 80
TOPNUMZTOTPRTO

80 CONTINUE

C 1NITIALI7F THE TOPNUM ROWS OF THE RESULTS ARRAY TO THE
. C LARGES T DISTANCE , LTR=7 AND StJBLTR=C

C
1=26
1=SHIFT (I,52)
t EMP=2000000
flA Pfl ~~~AI,*~~tQ T’fII . ~~Yf lQ I A~ .. IdCvTO’~ - - r

— --
- 
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00 70 NROW= 1,TOP NUM
L I RFSULTS(NROW, NCOL)~~I.OR.TEPl P

70 CONTIN UE
C
C SORT OF THE ETARLE PY WIDTH AND NSDACE
C

I~ (TOTDRTO.EO.1) GO TO 123
L ISTPRT O:TOTPRTO-1

100 FLA G~0
DO 12J PROTNUM I,LSTPPTC
IF ((ETABLE (PROTNUH,6).GT.ETABLE(PROTNUP4+i ,6)).OR.

V. ((ETA BL E (PROT NUM ,6).EQ .ETABLE(PROTNUPI -I-t, 1)).ANO.
V. (ETA BLE (PROTNU M,?).GE.ETA RLE (PROTNUM+1,

5 )))) GO TD 120L 00 110 NCOL= 1 ,1l.
TEMPzETARIE (PROTNUM ,NCOI)
ETABL E (PROTNUM ,NCOL) =ETARLE (PROTNUM+1,NCOL)
ETABLE (PROTNUM+1 ,NCOL)=TEMP

110 CONTINUE
FLAG~ I

120 CONTINUE
iF (FL A~~.EQ.1) GO TO 100

123 CONTINUE
C
C BEGIN LOOPING ON THE PROTYPES CONT AI NE D IN THE EXIST (A BL E
C PRODUC ED BY PRTOTBL

- - C
WIDTH O
t-~c=0
NSPACE D
ENORM O
PRTOCNT:O
NLOOK S I
DO 380 LHWIOTH I,NLOOKS
NWIDTH -4WIOTH—SKWIDTH~ (LHWIDTH-1)
00 370 PROTNUM=1 ,T OTPRTO
LRANGE ETABLE (PROTNUM ,’4)
HRANGE ETABLE (PROTNUM ,5)
IF ((NW!DTH.LT .LRANGF) .OR .(NWIDT1.G).H~ ANCE )) GO TO 3’~
KEY ETABLF (PPOTNUM ,1)
PSPACE=E TA AL E( PRO TNUM , 7)
P E N O R M = E T A B L F ( P R O T N U M ,8)
POC ETA BLE(PROTNU M ,9)
CALL REAOMS (TAPENUM ,FROTO,PSPACE,KEY)

C
C [F THE WIDTH OF THE PROTOTYPE CHANGES ~RINTOUT THE IN IERME 11A F
C ~ESULTS BEFORE CONTINUIt~G WITH THE ‘IEXI PIOTOTYPE AND tI~ANS F D M  T~C SENT ENCE USING THE NEW W INDOW WI -IT H
C IF THE ENERGY NORMALIZATION OR THE ~‘C IER~

4 IN THE NORMALIZED
C WINDOWS REQUIRES A CHANGE DUE TO A CHAN GE IN THE PROTC)TYPE
C CHARACTERISTICS, THE ENTIRE SENTENC E MUST BE TRANS FORMED AC~~rP4
c

IF ((WIDTH.NE.NWIDTH).OF. (PENORM.Nr .ENf)RM) .OR.(OC.NF.PDC))
V. CALL FORTSEN (LTFSIZE, NWIDTH ,ADJUST,WRAT Ir ,HRATIO,PSPAC F ,P E N D ~ M ,
XPOC,STRT C OL, ST OPCOL, NSK 1PS,SENTNUM, SENr EMP)

IF ((WIDTH.NE.NW IDTH).OR .PFNORM .NE. ENORPI - .OR.- OCSNE .PDCfl
V. NSPAC E PSPACE

C
~~ C IF THE SPACE OF THE PROTOTYPE CHANGES REDUCE THE SPACE OF T H~h,J C WINDOWS CONTAINE D IN THE TEMPORARY SENTENCE FILE OF XFO R MS

C
IF (NS PACE.EO.PSPACE ) GO TO 350

! DO 340 XFRMCOL :STRTCOL,INDCOL ,NSKIPS
CALL REA OMS (SENTFMP,WINOOW ,MSPACE,XFRMCOL )
CALL REDUCE (WINODW ,NSPACF,W INDO W,PSPACE )
CALL WRITMS (S (NTFMP ,W1NCOW, PSPACE,XF ’MCOL)

-- t I.l~ (~flhlTtwI~~ . -- -~~~~.--~~~. - - •— - i~- -
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C
C IJPUATE A LL VARIABLE FOR THE CURRENT PROTOTYPE
C

IF ((PRTOcNT.NE.o).ANO.(wIDTH.NE,NWI~’TH )) GO TO i2~
350 CONTINUE

WIOTN NWIDTH $ NSPACE PSPACE $ ENORP1 P~ NOPN $ DC=PfIC
PRT OCNT:PRTOCNT+1
WRO W P  RT OC NT +1 OP NUN
EN OCOL =S TO PC CL
IF ((ENOCOL+WI OTH—1).GT.LFP4GTH) ENJCOL LENGTH-WIOP-I+t

C
C STORE THE RESULT S OF THE PROTOTYPE AGA INST ALL THE SENTENCE
C WINDOW TRANSFORMS
C

00 360 XFRMCOL=STRTCOL,ENDCOL,NSKIPS
CALL REAOMS (SEN’TEMP,WI ND OW ,NSPACE,XFRMCOL)
RESULTS(NROW ,XFRMCOL)=EUCLIDCPROTO, WINDOW ,NSPACE,DC)*1J(I000C
r=sHIFT(ETABLE PR0TNuM ,2 ,52)
J=SHIFT (ETABLF (PPOTNUM ,3),~ ’ )
1 I.OR.J
J SHIFT (WIDTH,3€~

)
DI.OR.Jt RESULTS (NROW ,XFRMCOL)=I.OR.~~ESULTS (N~ OW ,XFRMCDL)

360 CONTINUE
A C

C IF THERE ARE PLANK COLUNNS IN THE RESULTS ARRAY, SET THE DISTANCE
C TO 2.0 A N D  THE LETTER 10 7 A N D  T HE SUB LT R T O (-
C- (  126

DSHIFT(I,52)
TEMP 2 000 100
DO 362 NCOL=XFRMCOL ,~ ~F COL,NSKIPS
RESULTS (NROW ,NCO 1)~~I. ~.TEMP

362 CONTINUE
365 IF (PROTNUM .EQ .TOTPRTO) GO TO 125

GO TO 370
C

- ~~
• C CONTINUE TO LOOP ON THE NEXT PROTOTYPE

125 STRTRO W :TOPNUM -.1
STO PRO W 51 RT RO W+ PRT DC NT —1
LASTRO bfrSTOPROW-1

I.

C PRINTOUT OF THE PROTOTYPES OF WIDTH XX AN D THE WINDOWS OF T~ E
C SENTENCES THEY ARE BEING EVA LUATED AGAIP4 S~

A .

IF (ST R1ROW.FQ .STOPROW) GO TO 295
C

,. C SORT BY INCREASING LETTER PROTOTYPE FOR DISPLAY OF EACH LET TERS
‘• C PERFOR MANC E BY 5ENT ENCE COLUMN . THIS IS HE FIRST OF rHE OP1~~ON A 1

C PRINTOUTS FOR THE INT ERMEDIATE RESULTS
- S  C

~~~- 155 FLAG*0
00 170 NROW~ STRTROW ,LASTR OW

‘5  IF ((LTRMASK.AND .RESULT ! (NROW )) .LE. (LTRMASI(.AND.RESULTS (NRDW+1) ))

~~~~~~~~~~~~
FLAG=I
00 160 XF RMCO L zSTRTCOL, FNOC C) L ,NSKt PS
TEMPzRESULTS (NRO W ,XFRMCDL)
RESULTS(NROW,XFRMCOL ) RESULTS (NROW+i,XFRMCOL )
RESULTS(NROW41,XFRMCOL)=TEMP

‘— 160 CONTINUE
ITO CONTINUE

IF (FLA .EQ.I) GO TO I~~
00 180 1= STRTRO W ,STOPROW 

p

~~~~~~~~~~~~~~ • TQ I  t~ L~~~~LI ?D .Pg~~ III  T~~~1 I~~~ TQTr ~fl(
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r SUBLTR (J)=SHIFT (SUBMASK.AND .RESULTS (J ,STR’COL) ,16)
180 CONTINUE

r 4IRTTE 1O
WRITE 25,(WIDTH)
WRITE 2S,(WIOIH)
NSPLITS (PRTOCNT—I ) /PRNICOL41
START: STRTROW

— 00 210 tIPAGE*1,NSPLITS
STOP=START.PRNTCOI-1
IF (NPA ~ E.EQ.NSPLITS) STOP STOPROW
SIJ8CNT STOP—ST ART+1
IF (NPA ~E.GT.1) WRITE 10WR ITE 2T , (NPAGE, NSPLITS)
WRITE 20,( LETTERS (LTR (J)),S~ BLTR(J),i Si4RT,STDP)
WRITE 30,(SUBCNT,SUBCNT ,(LETTERS (LTL ~ (J)),SUBLTR(J),

V. J:START ,STOP) ,SUBCNT)
DC 200 XF RMCO L=STR TCOL, EP4OCO L ,NSKIPS
00 190 J SIART,STOP

1 90 OX (J) OXMASK .ANO .RESULTS (J ,XFRP4CCL)
WRITE 32,(XFRP4COL,XFRMCOL+WIOTH—t ,

V. SUB CN T ,COX (J)/1000000.(,J START,STDP))
200 CONTINUE

START STOP-.1
210 CONTINUE
C
C SORT BY DISTANCE WIT HIN THE SENTENCE COLUHN FOR THE SE COND OUT PUT
C OF THE INTERMEDIATE RESULTS
C

CALL SORT!T (STRTCOL,ENDCOL,NSKIPS,STRT~~OW ,STOPROW)
ST A RT= ST RT RO W
I E MP=N BT NT OP
IF (NBTWTOP.GT.PRTOCNT) NBTWTOP=PRTCCNT
NSPLITS (NBTWTOP —1 )/PR NT COL+1
LOW=1
WRITE 10
WRITE 25, (WIDTH)
WRITE 40,(1,SUBC NT,WIDTH)
WRITE 20,(LETTERS (LTR (J)),SUBLTR (J),J=STR’ROW,STOPROW)
00 260 NPAGE I,NSPLITS
STOP=STA RI+PRNTC OL— 1
IF (NPAGE.EO.NSPLITS) ST OP=S TRTR OW +M BP4TO P—I
SUqCNT=STOP-START+I
HIGH=LOW +SUBCNT—1
IF (NPAGE.GT.1) WRITE IC
WRITE 2T,(NPAGE, NSPLITS)
WRITE 42, (LOW, HIGH,WIDTH)
WRITE 43, (SUBC NT,SUBCNT, (NROW,NROW=LOW ,HIGH),SUB CNT ,S(JBCNTI
DO 250 XFRPICOL=STRTCOL,ENDCOL ,NS KI~~S
00 240 J START ,STOP
ITR(J)=SHIFT(LTRPIASK.AND.RESULTS (J ,XFRMCOL),~~)SUBLTR (J)=SHIFT(SU BMASK .A ND.RESULTS J ,XFR MCOL ) ,iF)
DX(J) DXMAS K.ANO. RESULT S (J ,XF RMCO L)

240 CONTINUE
WRITE 35, (XFPP4COL,XFRMCOL+WI DTH—1,SU’3C’-1T,(LE1TERS (LTR (J)),

V. SUBLTR (J),DX (J)/1000~~00.0,J~ STAR T ,STOP))
250 CONTIN UE

STA RT~ ST0P4 1
LOW HIGI+i

-~~~~ - / 260 CONTINUE
NAT WTO P TEM P

295 CONTINUE
370 CONTINUE
360 CONTINUE

RETU RN
END
cIpqpnhITT pJF A GCr~~4.T~~~~ .WRflWc.~1CflI c.T 4P. JMRnbLS~ w1MrduSi. —5 
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COPIPLFX TEPIP(NROWS,NCOLS) ,TAMP (NUMRDWS ,NtD4COLS)
INTEGER NROWS,NCOLS,NUMROWS,NUMCOLS
00 100 ‘ICOL I,NU MCOLS
00 100 NROW I,N U M R O W S
T A M P (N R O W ,NCOI.)=T EPIP (NRCW,NCOL)

100 CONTINUE
RETURNL END
SUBROUTINE ENORNFL (FLTRLT R ,NORMLT~~,NSPACE ,D~)
REAL FLTRLTR (NSPACE ),NORMLTR (NSPACE)
INTEGER NS PA CE ,DC
INTEGER START ,NVFCTOR $ REA L SJMSDRS
ST ART 2
IF (DC.EQ.1) START=1
SUMSQRSO .0
00 100 NVECTOR START ,NSFA CE

100 SUMSQR S:SU MSOR S+FL TR LT R(NVECTOR )~~’2
SUMSQRS:SUMSORS~~ .5
IF (SUMSQRS.EO.U.0) SUMSQRS=1.0
00 110 NVECTOR=START ,N SPA CE

110 NORMLTR (NVECTOR) FLTRLTR (NVECTOR )/SUPIS )RS
IF (DC.EO.0) NORMLTR (1)=1
RETURN
END
REAL FUNCTION EUCLID(FLT RI, FLTR2,NS PA C E, DC)

• INTEGER NSPACE,DC
REAL FLTRI (HSPACE) ,FLTR2 (9SPACE)
REAL SUMSQRS S INTEGER STA RT $ L O G I C A L  I~PIPS PEC

COATA TO GET COMPLEX SPECTRU M —— AM PSPEC~~F A L S E
COAT A TO GET AMPLITUDE SPECTRUM —- AM PSPEC=TRUE

AMPSPEC: • FALSE.
• SUMSQRS=O .0

ST A RT 2
IF (OC.EQ.t) START=1
IF (AMPSPEC ) GO TO 50

C THIS BRANC H FINDS EUCLEDIA N DISTANCE — CO M~’LEX SPECTRUM
00 25 NVECTOR=START ,N SP A CE
SUMSQRS SUMSORS+ (FLTR1 (NVEC1 OR)—FL1~~2 (NVECTOR))”’2

2~ CONTINUE
GO TO 110

C THIS BRANC H FINDS EUCLEDIAN DISTANC E — ~ -lDLITUO E SPECT°JM
50 00 100 ~4VECTOR=START,NSPACE,2

AFLTRj=SQRT ((FLTR1 (NVECTOR)-~42)+(FLTRj(NVFCTOR+1)--42))
AFLTR2=SQPT ((FLTR2 (NVECIOR)#*2)+(FLTO2 (NVECTOR+1)- -2))
SUP4SQRS =SUMSQR~ 4(AFL~ R1—AFLTR2 )~~’2

100 CONTINUE
110 EUCLID=SUMSORS~’ • c

RETURN
END
SUBROUTINE FILTER(FORILIR ,NUMROWS, W U$ ICO LS , F L T R L T R ,NS FA CE )
INTEGER NUMRO WS,WU5MCOLS ,NSPACE
COMPLEX FORTLT R(NUMROWS, NUMC OLS)
REAL FL~~RLTR ( NS PA CE)
INTEGER NHRMNCS,NUMWRDS,RIGHT,LEFT,DOWN ,N F~OW ,NCOL
P4HRMNCS=NSPACE~~ •6

RIGHTZNHRMNCS/2+ 1
LFFT=NU~4CCLS— PIGHT+2
OOWN:R IHT
FLTRLTR( 1) =R EA I ( FORTLIR (1, 1) )
IF (NHRMNCS.EQ.1) RETURN
NUMWRDS : 0
00 100 IICOL:2,RIGHT
NUP4WRDS=NUMWPDS+2
FLTRLIR ( NUPIWROS) =rEAL (FORTLTRU, IC O L) )

V 100 FITPLTF(NIJMWRDS +1 )=AI~~AC (FORTLTk (I ,ICOL))
nr~ ~~~fl JPflW= -7. flnw” — - —

- — — — 
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f DO 211 NCOL=LEFT,NUMCOL~NUMWR OS: t4 UMWROS +2
FLTRLT P (NUMWROS )=REAL (FORTLTP (MPDW ,NCOL))
FLTRLTR (NUMWcOS+1)=AIMAG (FORTLTR (Nr~CU4,NCO[~~

210 CONTINUE
DO 200 NCOL 1,RIGHT
NUMWRDS NUMWROS+2
FLTRLTR (NU MWRDS ) FEAL (FORT LTR (NROW ,NCOL ))
FLTRLT R(NUMWRDS+1) IMAG (FORTLTR (N~ O W ,NCOI.))

200 CONTINUE
-
- 220 CONTINUE

RETURN
END
SUBROUTINE FORTSFN (LT~ S1Zf,WIOTH,ADJ UST, wrATI3,HRATIC ,NspACI- ,

V. ENORM ,OC ,SIRTCOL,STCPCOL,NSKIPS,SENTNUM , A P E N U M )
INTEGER LTRSIZE,W I D T H ,NSPACE,STRTCIL ,STOPCOL,NSKIPS,SE’4TNUM ,

V. TA PENU’~,ENORM ,DC
LOGICA L ADJUST ~ REAL WRATIO,HRATIO
INTEGE R R E C F L T R
R E A L  F L t R L T R  180 ),PROTO (180)
COMMON.’°ROFLTR /FLTRLTR,F ROTO ,RECFLTR
COMMON/X FORMS/FORTI TR
COMPLEX FORTITR (6*.,64)
INTEGER ROW ,COL,NPOW ,NCCL,ENDCOL ,X~~S MCOL ,L E N G T H
LENGTH I33

DC DL S TO PC OL
IF ((ENDCOL +WI OTP— 1).GT .LEN~ TH) ENY 3L=LEI~GTH—WI 0TH+1
00 130 XFRMCOI=STRTCOL ,EN O COL ,N SK !PS
CALL MIDDLE(LTRSIZE, XFR MCOL,WI DT H)
CALL XFO RMIT (LTRSIZ E, NICTH ,HEIGHT,At JUST ,W RATIO ,HRA T IO ,NS°A C E

V. ,NUMROW S ,NUMCOLS ,1 ,0 , .F. , .F . , .F . , .F . ,SENT PJUM)
CALL FILTER ( FORTLTR ,NUMFOWS,NU MC3 LS ,FLT RLTR, NSPA CE)
IF ((ENORM.EQ.1).CR. (DC.F Q.1)) CALL ENORMFL (FLTRLTR,F L T~~L T R ,N:FAC E ,

V. DC)
CALL WP IT MS (TAPENUM ,FLTR LTR ,NSPACr ,XFR MCOL )

130 CONTINUE
RETURN
END
SUBROUTINE GETFLTR (AL PHNUM,LT RNUM , L S DA C E , NSPtC E,T~~P U M ,R~ ND~~M)
INTEGER ALPHNU M,LTRNUM ,LSPACE,NS PAC F, T A~~E~ UM
LOGICAL RANDO M
INTEGER RECFITR
PEAL. FLIRLTR (180),PROTO (180)
COPIPION/PROFLTR/FITRLTR, FROTO ,RECFLTR
INTEGER RECROO,RFCSKIP ,KEY
~ATA RECFLTR/1/
NUMWRO L SPA CE +4
IF ( .NOT. RANDOM ) GO TO 9E
KEY (ALPHP4UM—1 )*  2f~+LTFNUM
CALL REA DMS(TAP EN UM ,FLTFLT ~~.NUMW RflS ,K EY )
r,0 T0 1;o

95 CONTINUE
RECRQD (A LPHNUM—1 ) 2f’ -iLT RNUM
cEC SK I P~ IA9S (RECRDD— ~ E CF LT R
IF (REC RQD—RECF LT P) 1~~O, i40, 120

100 00 110 I=1,RECSKtP
110 PACKSPA~ E TAP E NW ”

GO TO 1-~0L 120 00 130 1 1,RECSKIP
130 ~- E A O  (TA PEP-I UM)
140 READ (TA PENUPi (F L.T PLT P( I) , I=1,NUMw~ ns)

RECFLTR :PECR QD +1
150 CALL REOUC E FL TPLTP,LsPACF,FLTRLTR,~~FPA CF )RETURN

(NO
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INTEGER LENGTH ,LTRSIZE,SENTNUM,TAPE~JUP1
COMMON/SEP1TNCE/SAMPLE,HOLDIT
INTEGER SAMPLE (32,133),HOLDIT (25~.),NUMCHAR,TITLE( 30,~ ),

Z HOLDSEN (133)
EOUIVALENCE (HOLDIT (1),NUMCHAR),(HOLOIT (2),TITLE (i,1)),

Z (HOLD IT(122),HOLOSEN (1))
INTEGER TEMP
LENGTH :j 33
NUMWRDS LENGTH+120+1
MASKER~~ASK(1)
CALL REA OMS (TAPFNUM ,HOLDIT,NUMW~WS,SE’1TNUM)
00 ‘130 NCOL=1,133
TEMP=HOLDSEP4 (NCOL)
00 130 IROW 1,LTRSI7E
IF (TEMP.AND.PIASKER) 110,100

100 SAMPLE (NROW,PICOL ) =0
GO 10 120

110 SAMPLE (NROW,NCOL) 1
120 TEMP=SHIFT (TEMP,1)
130 CONTINUE

RETURN
END
SUBROUTINE MIDOLE (LTRSI7E,XFRMCOL,WIflTH)
INTEGER LENGTH,LTRSIZE,XFRMCOL,WIDTH
COMMON/LETTERS/LETT ER ,NUIILTRS,RECNUM
INTEGER LETTER (32,32) ,NUMLTRS,RECNUM
COPlMON/SENTNCE/S~ PlPLE,HCLOIT
INTEGER SAM pLE (32,133),HoLDIT (25L~),wUMCHAr ,TITLE (3n ,~ ),

V~ HOLDS EN (133)EQUIVA LENC E (J4oLoITci),P4uMcHAR),(Ha.01Tc2),TIrLECI,1)),
X (HOLDIT (122),HOLOSEN(1))
INTEGER STOP,NROW ,NCOL,LEDGE,REDGE,TEMP
FORMAT (IHO, ”WIOT H (ss I3s•) PLUS START COLUMN (~ I3’) EXCEEDS I4~ SEN

XENCE LENGTH OF ~I3 ’ COL UMNS’)
LENGTH I33
STOP~XF RMCOL +WIOTH- 1
IF (ST OP.LE.LENGT H) GO TO 100
WRITE 1,(W IDT H,XFR MCOL,LENGTH )
RETURN

100 LEDG E=(LT RSI7E—WI DTH )/2
~EDGE=LEOGE +W I OTH+1
00 11.0 MROW=1,LTRSIZE
00 110 NCOL=1,LEDGE

110 LETTER (NROW,NCOL)=0
TEMP L EDGE
00 120 NCOL=XFR MCOL,STOP
IEMP TEMP +1

120 LETTER (NROW ,TEMP) =SAMPLE (NROW,NCOL )
If (RE DGE.GT .LTRSIZE) GO TO 140

L 00 130 MCOL=REOGE,LTRSIZE
130 LETTER (P4ROW ,NCOL)=0
140 CONTINUE

RETURN
END
SUBROUTINE PPEPRTO(PROTAPE)
INT EGER PROTAPE

U INTEGER PINOEX (2~ 8)
CALL OPENMS(PROT~ PE,PINDEX ,288,0)FE TURN
END

-~~~ — SUBROUTI NE PREPSFN(SENTA PE)
INT EGER SENTA PE
INTEGER SINDEX (2 ’~

)
CALL OPENP4S (SENTAPE,SINOEX ,24k,0)
RETURN

T — -~~ -~~~~~~



SUBROUTI PIF PRTO1RL (LTR~ TI’T,LTRSTOP,1Ot~~~~O,PRIWTIT , i lMA F~Y ,
XSICIPAGF,

vFRIoF,OSPAC€ ,OFNORM ,opC,TAPENU’i,NrW)APE,TAPETMP)
INTEGE R LTRSTR T,LTRSTOP,TOTPRT O,TAPF PIUI,TAPETMP,OSDACE (10)

~ ,OENORN, OOC
LOGICA L PRINIIT,SKIPAGE,OVE,UOE,MIWI A P€,ct’MMARY
INTEGER LETTERS (2~ ),MASKER ,LTRNUM ,KFY ,SURL TRS,PROTNUM ,

X NSP A C F,P~ PA CE ,NCOL,NROI’ ,NALPHS ,NTE 4 P ,ALP HNUM,A LPMSTR ,~~LPHST’ ,
‘
~ ALPH ( 150) ,ENORM ,OC,NINOEX (300)

INT EGE R NTAB L1(2~~,s,) ,TA *~LF( 15 , i0) ,ETAB LF(?b0 , 14)
COMMON/TA PLFS/ M1A bLE, T * B LE , ETA ~ LE
INT EGER RECFLTR
c~’EAL FLr P1TR (1~ i),PRO1o (ieo~COPINON/PRflFLTR/FLTkLTk,PR OTO,RECFLT’

‘ 1 FORPIAT(IHU )
5 FORMAT (tH U

10 FORMAT (t$4 ,4iX,5~~(”~”),/,iH ,‘.IX, ~~Ac~ACTrRISTICS OF PROTOTY’F FIL

~
( “12”, LETT ER S “12” TO “12,/ ,1W ,.1X ,! ’. ( ’~~” ) )

Ii FORMAT (IHO,42 (”’”)/IH ,‘LTR SURITF’ ~A NGE rPACE E P4O~ M D~ TERM •AIPH
)~ “/XH ,‘.2(”’”))

12 FORMAT (II’ ,“CLASc O”12”, LLTYE R “ni” ~ DOES NOT FXTST’~ ’”~
15 ‘ORMAT (=(“~~i)
20 FORMAT (IH , “C LAS~ •“ 12” , L~ 1TER “A l)

25 FORMAI (IHU ,”TOTA L 0 OF ~LPHABETS~”I3
V. “. 0 OF (POSSiBLE) SUBCLAS~ i~~:”I2,/” RANGE OF (POSST PL F~
X”SUBCLASSES IN ASCENDING OROER ISt”T2, ”—”12,9(”,”,12,”— ”12))

30 FORMATC IM ,“O OF (ACTUAU PROTOTYPES ~~‘T2 ”. CHARACTF~~LSTICS ~~~
X~ THESE PROTOTYPE S APE SHOWN BELON.”/ 

)
35 FORPiAT (1M ,“tT R ~uqiTc RANG E SPAC E FNO RM ~C TERM OA LPH AL P~I~ 8FTS

XIN THE PROTOTYPE ”)
‘.0 FORMAT (jI4 ,IX ,At,3X,12,3X,I’,”—”,I2,3X,13 ,3X,43,i.X ,a3,l.X ,13,3X ,

X 22(13,”,”)/,EIiH ,~ ‘,X,22 (t3,”,”)/))
41 FORMAT (IN ,IX ,A1,3X,12,3X,12,”—”,12,3X ,13,3X,A3,4X,A3,4X,13,!X)
45 FOJkMAT (IH ,‘2(”— ”))
50 FORNAT (lH ,1x ,A1, 3x,z2,3x,I2,”—”,I2,’x,r:~,3x,A 3,4x ,a3,4X,I3,3x ,

X “THIS SURLIR DOES NOT EXIST , NO ALPHA~~ETS IN THE RANGE”)¶
~A TA LET Trqs I” ,“B”,”C”,”O ” ’,”F’’,”G” H”,”I”,”J”, “(“,“L”, “M”,

TOTP RT O~ fl
IF (OVER IOE.ANO.NEWTAPE) CALL OPEN’IS (IAPFTMP ,N1NOLX ,2R8,0)
CALL READM S(T *PENUM ,MTARU,13S ,1)
tIASKER MASK (1)
IF (PR IP4T IT.A ND.SUMPIARY ) PRINTIT: .F’,
00 160 L TPNUM1LTrSTRT ,LTRST0P
IF (.NOT.PR INTTT ) GO It) C~IF (MTABLE (LTRNU M ,1),EO.i) GO TO 8~t GO TO 150

80 CONTINUE
65 IF (MTA B LF( LTRNUM , t) ,EQ ,0)  GO TO 1f~

XEYaMTARLE (LTRNUPI ,2)
SUBLTRSXMTABLE (LTRNtIM ,3)
l.~UMWRDS’SLIRL IRS’ 15
CALL REA DMS (TAPENUM,TARLE,NUMWRDS,~(F Y)00 150 PROTNUM*t,SURI,TRS
IF (TABLF (t,PROTN UP4).EO.fl) GO 13 1 ‘

TOTPRT 0~TOTPRTO 4 1
IF (.NOT. OVERIOF) GO TO IUC
PSPACEZTABLF 6,PROTNUM)
TABLE (~ ,P~OTNUM ) :NSPACF ~ O5~PAc~ (PROTN t)M)
TA8LE (9, PROTP4UM) OENORM
TARLE (10 , PRcIINUN ) 00C
IF (.NOT,NEWTAPE) GO TO 100

~EY’TARLE (2,PROINUM)
CALL. RFAOP IS (IAPFNUPI,PROTO,PSPACE,KEY)
CALL REDUC E (PR OTO ,PSPACE,D~OTO,MSP*CF)
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100 CONTINUE
00 110 tICOL 2,15

1 10 ETABLE (TOT PRTO ,NCOI’-1)=TABLE (NCOL,PRDTNU P1)
xc (SUMMARY ) GO TO 142
IF (.PIOT .PRINT IT ) GO TO 1~ 0
I4ALPHS*0
00 140 ~W~ Q5 1,3
NTEMPZ TA RLE(12 +NWRDS, PROTNUM )
ALPHSTR: (N WROS-1)’60+i
ALPHST Ps AL PHSTR+E 9
IF (AL P4STP.GT.150) ALPH$TPx1SO
00 130 ALPHNUM = A LPHSTR, ALP HSTP
IF (NT EMP.A ND.MA SKE R) 125,127

125 NALPHS =PIALPHS+1
$LPH (NALPHS) ALP HP4UP1

127 NTEMPZSHIFT (NTFM P,1)
130 CONT INUE
11.0 CONTINUE

142 NCOLaT A3LE (12,PROTNUM)
ENORM DC ”OUT”
IF (TABLE (9,PROTNUM).EO.1) ENORM ”I~1
IF(TABLE (i0,PROTNUM).EO.i) DCz”IN
IF (TABLE (1,PROTNUM).EO.0) 145,147

145 CONTINUE
IF (SU MMARY ) 150,149

11.7 IF (.NOT.SUMPIARV ) GO TO 1148
GO TO 150

148 CONTINUE
149 CONTINUE
150 CONTINUE
160 CONTINUE

RETURN
END
SUBROUTI NE REDUC E (INFLTR ,INSPACE,00TFLTR , OTSPACE)
INTEGE R INSPACE, OTSP A CE
R~ ML INFLTR(INSPACE ) ,OUTFLTR (OTSPACE)
P EGER IP’1HRMNC,OUTHRMC,SK IP,OOW N,OUTVCTR ,INV~ TR,ST AR T ,ST O P
IF (INSPACE.NE.O TSPAC E) GO 10 90
W’ 8 NVECTOR I,OTSPACE

85 OI~~FLTR(NVECTOR) =INFLIR(NVECTOR)
Gr TO 125

90 C~~1TINUE
I”9RMNC~ INSPACE~~~.5 1~ OUTHRMC=OTSPACE #•5

• SktPz( INHRMNC—OUTHRMC)’2
OOWNsOUTHPMC/2+1
OUTFLTR (1)=INFI.TP(1)
IF (OT SPACE.EO.1) RETURN
00 100 3UTVCTRS2,OUTHRMC

100 OUTFLTR (OUTVCTR)=INFLTR (OUTVCTR)
INVCTR=START=OUTHRMC.1
00 ±20 4ROW=2,00WN
INVCTR INVCTR +SKIP
STOPaST*PT+OUT HRP4C~ 2-1
00 1±0 3UTVCTR=START ,STOP
OUTFLTP ( OUT VCTR) TNFL IR(INVCTR)

• INVCTR INVCTR +1
P 110 CONTINUE

STARTsSTOP+i
K~ 120 CONTINUE

129 CONTINUE
00 130 I~~1,4130 OUTFLTR (OTSPACE+I)~~IP1FLTR (INSPACE+I)RE TURN
END
cURROuTI NE sI7EtI (LTRSI7E,WIOTH,HEIr HT)
tUYCG~~~ I T~~~~?. t~~~1~

_
~Jzt~~aLT , - - ~~~~
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roMMoN /LrTyERc,1

~~
ITrR ,P4uMLr F.s ,REC NUp

~INTEGER LETTER (3?,.32) ,NUMLTRS,RECN’JM
INTEGER P1COL,NROW,STR’ICOL,TEMP ,STRflOW
00 100 t4COLaI,32
00 100 NROW*1,32
IF (LETIER (NRO W,NCOL).EO.1) GO TO 110

100 CONTINUE
110 STRTCOLSNCOL

00 120 NCOLuI,32
TEM P~3 3—PICOL

- 00 120 MROW I,32
iF (LETTER (NRO W, TEMP).IQ,1) GO TO 130

120 CONTINUE
130 WIOTN~TFMP—STRTCOL+1IF (W IDT H.GE.1) r1o TO 13~WIDTHsHFIGHT O

RETURN
135 CONTINUE

00 11.0 NPOW=1,32
00 1110 NCOL=1,LTRSI7E
IV (LETTER (NROW ,NCOL).EQ.1) GO TO j:;f

140 CONTINUE
130 STRTROWzNPOW

00 160 NROWSI,LTRSI7E
TE MPSL IRS! PE .1 -NROW
00 160 NCOL I,L.TRSIZE
IF (LETTER (TEM P,NCOL ) .EO.1) GO T~) 170

160 CONTINUE
~~~~ HEIGHTsT EMP—STRTROW+1

RETURN
(NO
SUBROUTINE SORTIT(STRTCoL,SToPCoL, KrDS,~~TRTROw ,ST3P~z3W)
INTEGER STRTCOL,STOPCOL ,NSKIPS,STRflOW,STOPROW
COMMON/RESULTS ~RESULTS
INTEGER RESUL.TS(r2 ,133)
INTEGER FLAG,XFRMCOL ,TEPI P,LASTROW ,DX M ASK
OXMASK=SHIFT (M*SK(22),22)
LASTRO WsSTOPROW-1
00 120 XF RMCOLsST RTCOL ,STO PCOL ,NSKIPS

100 FLAGzO
t .  00 110 NROW~ STRTROW ,LASTR OW

Ic (DXM A SK.AND.RESULTS C NROW ,XFRPICOL) .LE. (DXMASK.AMO.RESUL T~ (WR OW
X+1,XFR PCOL))) GO 10 110

t. TEMPZRESULTS (NRO W ,XFRMC OL)
RESULTS (NROW ,XFRMC OL) RFSULTS (NROW+1,X FRMrOL)
RESULTS (NRO W~ i ,XFRMCOL) =TEIIPFLAG~i

110 CONTINUE
IF (FLAS .EQ. 1) GO TO lOt 3

120 CONTINUE
RETURN

• END(.. SU!~ROUTI NE xF0RMIT (LTRs1ZF,WIDTH,HEIGHT,ArJusT ,wpATIo,HRATTD,
VNSPACE ,NUMROWS,NUHCOLS,ALPHNUM,LTRIIUH,VEXPANO,XFOR M ,IPs*GE,IwvtR SF,
XSENTNUP4)
INTEGER LTRSIZE,WIDTH ,HfIGHT ,NSP4CE,NUMROWS,NUMCOL S,A L PHNUM ,LTRNU~4

X ,SENTNUM
LOGICA L ADJUST $ REAL WRATI O,HRATIO
LOGICAL VEXPANO , XFORM ,It4AGE, INVERSE
INTEGER LETTER (32,32) ,NUMLTRS,RECNU M
COMMON /~ tITERS/I FTTFR ,NUP4LTRS,RECNUM

C INTEGER RFCFLTR
REAL FLTRLTR (180),PROIO (160)
COMMON /PROFLTR/FLTRLTk,FROTO ,RECFLT~& ~~~ ,~~~~ 
CONNON/KFQ~ MS~F9RTLIR
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COMPLE X WORKER ((‘ .)

INTEGER POWERS (7)
INTEGER NN (2) ,NUMCO1S,NUP4ROWS,NC3L,~’ROW ,F1A G ,TOP ,BflTTO1,ITEM’,

COL,ROW , LEFT,RIGI4T ,IFOR M,ISIGN
DIP4ENSI3N TRPLTR -(32,32)
DATA POWERS/2,1.,R ,i€,32,614,128/
FL A GsO

100 CONTINUE
CALL SI?EIT (LTRSI7E,WIOT H, HEIGHT)
CALL TRPMLT (LETT FP,TRPLTR,SENTNUl)

t NUP4ROWS~NUNCOLS 32
NRINGS 1SPACE~~.~IF (NUMROW S.LT.NRTNGS) P4UP1ROWS=NRIP4GS
IF(NUMCOLS.LT.NRINGS) NUMCOL SsPJRINGS
IF (MOD(P4UMROWS,2) .EQ.t) NUMROWS NLJMROWS +1
IF (MOD(NUMCOLS,?) ,EQ.1) NUMCOLSSP4IJI4COLS+1
TOP zIABS (NUMR OWS—LTRSI7E)/2
IS (NU MROWS.LT.LTRSI7E) GO TO i~ fl
8OTTOM sTOP+1+L TR~ IZE
ITEMP TDP
00 140 P1C0L~~1,LTRSI7E
TOPuITEMP
00 110 NR~ W 1 ~ TOP

110 FORTLTR (NROW ,NCOL)s0
00 120 NROW 1,LTRSI7E
TO P’TO P4 I

120 FORTLTR (TOP,NCOL )-TRPLTF (NROW ,NCOL)
00 130 NROW~ ROTTOM ,NUMR CWS

130 FORTL1R (NROW ,NCOL)-~0
140 CONTINUE

GO TO
• 150 CONTINUE

TOP~TOP41
BOTTOM=T OP+NUMROWS—1
DO 160 NCOL~~I,L.TRSIZF
ROWsO
00 160 NROW=TOP,ROTTOM
ROW=RrJW.j

160 FORTLTR (ROW ,NC OL)=TRPLTF (NROW ,NCOL)
170 CONTINUE

IEFT~IABS (NUNCOLS-LTRSI7E)~~2
IF(NUMCOLS.LT.LT RSIZE) GO TO 220
FIGHT~LEFT,LTRSI 7E+1
00 210 NROW I,NUtIROWS
00 180 NCOLaRIGHT,NUMCOL S

180 FORTLTR (NROW ,NCOI)= O
ITEMP~RIGI4T
00 190 ICOLs1,LTcSIZE
ITEMP~ITtMP—1L COL 2LTRS IZE—NC OL+1

190 FORTLTR(NROW,ITE MP)sFORTLTR (NROW,COL)
00 200 NCOL~~1,LE FT

~— 200 FORTLTR (NROW ,NCO1)~~0
2±0 CONTINUE

GO TO 232
220 CONTINUE

LEFTaLF!T+1
RIGHT~ LEFT+NUM COLS— i
00 230 PIROW*1,NUMROWS
CCL ‘0
00 230 I4COL’LEFT ,RIGHT
COL’COL,I

230 FORTLTP( NPOW ,COL ) =FORTLTR (NROW,NCOL)
232 CONTINUEL CALL ARMGCPX (FORILTR ,64,6’.,FORTLTR ,NUM~ OW~ ,NU’4COLS)

• I — — - -
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• IF (FLAG.GT.0) GO TO
‘S  NP’I(l) NUMROWS $ NN (2) NUMCOLS $MDIM~ 2 ~ 1SIGN=—i 3 IFDRM r

— s COL ROW O
00 2110 ITEMP I,7
IF CNUMROWS.EO .POWERS (ITEMP)) R3W 1

21.0 IF (NUPICOLS.EO.POWERS(ITENP)) COL=1
245 CONTINUE

iF ( ROW .EO.1.AND . COL.EO.1) GO TO 2~ 0
CALL FOCJRT (FO RTLTR,NN ,NDIM,ISIG~1,IFORM ,WflRKER)GO TO 255

250 CALL FOJRT (FORTLTR,NN, NDIM,ISIGM,IFORM ,0.0)
C
C THIS IS THE PLAC E TO PUT IN AN INVEPSE PRINT ROUTINE THAT
C FILTERS THE FOURIER TRANSFOR M FROM THE MIDDLE AND THEN CALL LPRT

‘ C
255 CONTINUE

IF (FLA .GT.0) RETURN
FLAG’FLAG+i
RETURN
END
SU9ROUTINE FOURT (DATA, NN ,NOIM,ISIGH,IFORM ,WORK)

C
C THE COOL EY—TUK EY FAST FOURIER TRANSFORM IN USASI BASIC FORT~ B~P’.
C
C TRANSFQR PI(K1,K2,...) = SUH(DATA (J1,J2,...).EXP(I5Ir,W~ 2~ PI4S~~ T (~ 1)
C ( ( J 1 — 1) - ’ ( K i — 1) / N N ( i ) + ( J 2 — i ) ’ ( K 2 — 1 ) ~~N N ( 2 ) +. . .) ) ) ,  SUMMED FOP ALL
C UI, Ki BETWEEN I AN D NN (1), J2, (2 ~ETWEE’~ I AND NN (2), ETC.
C THERE IS NO LIMIT TO THE NUMBER OF SUBSCRTPTS. DATA IS A
C MULTIDIMENSIONAL COMPLEX ARRAY WHOS E REAL AND IMAGINARY
C PARTS A RE ADJACE NT IN STORAGE , SUCH AS FORTRAN IV PLACES THEI .
C I~ ALL IMA GINARY PARTS ARE ZERO (DATA A~ E DISGUISED REAL ), SE

’
~C IFORM TO ZERO TO CUT THE FUNNING TIME BY tIP TO FORTY PERCENT,

C OTHERWISE, IFORM = +1. THE LENGTHS OF All DIMENSIONS A RE
C STORED IN ARRAY NN, OF LENGT H NOIM. T’IEY MAY BE ANY POSITIVE
C INTEGERS, TWO THE PROGRAM RUNS FASTER ON COMPOSITE INTEGERS , AND
C ESPECIALLY FAST ON NUMBERS RICH IN FACTORS OF TWO. ISIGN Is +1
C OR —1 . IF A — 1 TRANSFORM IS FOLLOWED BY ( +1 ONE (3k A +1
C BY A — 1) THE ORIGINAL DATA REAPPEAR, M JLTTPLIED BY NTO~ (N N (1)-
C NN(2)’...). TRA NSFORM VALUES ARE ALWAYS COMPLEX , AND ARE RET UR NED
C IN ARR AY DATA , REPLACING THE INPUT. IN ADDITION, IF ALL
C OIMENSI3NS ARE NOT POWERS OF TWO, A~ RAY WORK MUST RE SUPPLi ED,
C COMPLEX OF LENGT H EDUAL TO THE LARGEST HO~! 2’~K DIMENSION.
C OTHERWISE, REPLACE WORK BY Z ERO IN THE CALLING SEOt iENCE.
C NORMA L FORTRAN DATA ORDERING IS EXPECTED , FIRST SUBSCRIPT VAR YING
C FASTEST. ALL SU~ SCRIPTS PEGIN AT O’IE.
C
C RUNNING T IME IS MUCH SHORTER THA~4 THE IAIVE P1TOT4~ 2, BEINGC GIVEN BY THE FOLLOWING FORMULA . DECOMOOSE~ PIlOT IN’D
C 2~ ’K2 3”K3 * !‘~ K5 .... LET SJPI2 ?~ K2, SUPIF = 3’K3 + ~‘K5

‘ - C 4 ... AW D HF = K’ + KS + .... T HE TIME TAKEN BY A MULTI—
C tYIMENSIONAL TRANSFORM ON THESE NTOT DATA IS I = Tt 4 NTOT~ (T t+
C T2*SUM 2+T3*SUMF+144PSF). ON THE CDC 3300 (FLOATiNG POI~1T ADD TiME
C OF SIX MICROSECONDS ), T 3000 + NT3T’(50i’ +43’SUM2+~8 SUMF#
C 320*NF) MICROSECONDS ON COMPLEX DATA. IN ADDITION, THE
C ACCURA CY IS GREATLY IMPROVED, AS THE R’IS RELATIVE ERROR IS
C ~OUNDE0 BY 3*2~~ (_B)+SUP1(FACTOR (J)* 1.5), WHER E B IS TIE NUM 3E~
C OF BITS IN THE FLOATING POINT FRACTrOW A N D  FA~ TO R( 1) ARE TH E
C PRIME FA CTORS OF NTO T.

S C
C PROGRA M BY NORMA N BRENNER FROM T H E BASIC P R O G R A M  BY CHARLES
C RADER. RALPH ALTER SUGGESTED THE I! ~EA FOR THE DIGIT REVERSL .
C HIT LINCOLN LA8OPATORY, AUGUST i~F7. THIE IS THE FASTEST AND M0S’

• C VERSATILE VERSION OF THE FET KNOWN T O THE AUTHOR. SHORTER PR~~

~4 ‘ f f lW1f l ] [ ~~~~ I~ TJ i  ~~~~~~~~~~~~~ 
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- -~
-- ~~~- -~. -

- --•— -
- C ‘HE DISCRETE FOURIER TRANSFORM PLAC’S TH~ ’E RESTI(ICTTOW S UP~~ THE
4. C DATA.

C i. THE NUMBER O~ INPUT DATA AND THI PIUMRER OF TRANSFORM VA IJ ES
C MUST BE THE SAME .
C 2. 8011 THE INPUT DATA AND THE TRA NSFO RM VALUE S MUST REPRFSEP4T
C EQUISPEED POINTS IN THEIR RESPECTIVE DOMI’INS OF TIME AND
C FREQUENCY. CALL ING THESE SPACINGS OELTAT AND DELTAF , IT MUSt RF

t C TRUE THAT DELTAF~ 2*PI/(NN (I)*DELTA fl. OF COURSE , DELTAT WEE) NOT
C RE THE SAME FOR ‘ VERY DIMENSION.
C 3. CO NCEPTUALLY AT LEAST, THE IHPUT DATA AND THE TRANSFORM 3UTPUT
C REPRES ENT S INGLE CYCLES OF PERIODIC FUNCTIONS.
C
C EXAMPL E 1. THREE-DIMENS IONAL FORWARD FOURIER TRAN~ F~~M OF A
C COMPLEX A R RAY DIMENSIONE D 32 BY 25 ~Y 13 IN FORTRAN IV.
C DIMENS ION DATA (3?,2E ,13),WORK (50),NN (~~)
C COMPLEX DATA
C DATA NN~ 32,25 ,13F
C 00 1 1.1,32
C 00 1 Ja1,25
C 00 1 (‘1,13

I. C I OATA ( I,J,K) s CO M PL EX VA LUE
C CALL FOURT (OATA ,NN ,3,—1 ,1,WORK)
C
C EXAMPL E 2. ONE-DIMENSIONAL FORWARD TRANSFORM OF A REAL ARRAY OF
C LENGTH !~h 1P4 FORTRAN IT.
C DIMENS ION DATA (2,64 )
C 00 2 Is1,E~C OATA (1,t)=REAL PART
C 2 OATA (2,!) 0.

— C CALL ~~~~~~~~~~~~~~~~~~~~~~~— C
UIMENSIDPI DATA(1),NN(1),IFACT (32),WDRKU)
TWO PI’6.2~ 3iS5~~ 7
WR sO.
wI.o.
WSTP IaO,
WS T PR’ 0.j  IF(NOI M— 1)920,1, 1

I NTOT.2
00 2 IDIMsI,NOIM
IF(NN (IDIM))923,920,2

2 NTOT’NT3T~ NW (IOIM)
j C

- C MAIN LOO P FOR EACH DIMENSION
‘

~ 

C
NPI’2

1. 00 910 IDIMsI,P4DTM
N*NN (IDIP4)
NP2*NPI’N
IF ( N—I) 92P ,9 00

C
•~ C FACTOR ~L C

5 MsN
NT WO’N Pt

I. IF’l
Ii • 101 V.2
l ••3~ ~0 IOUOTsM/IDIV

IREMaM —I UI V~ IQUO T
IF( IQUOT— IOTV ) 50,11,11

• 11 IS(IREM) 20,12 ,20
~ ii NTWO .NTWO+NT WO

$‘IQUOT
GO TO 13

20 IUIV’3
13 - - --~~~~ - . ~~~• •_  —~~-,-_~-

••—• -— —~~~~~~~~~ •. —•-— —
~~~

—..—- — ——- -- -— -- —- ----
~
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~~~
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~~ 
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IREMsM —IflIV~ IQUO T
(.. IP( IQUOI—IOIV) 60,31, 31

~
‘ 31 IF(IREPO4O,32,s.O
32 1FACT (IF).IOIV

TF.IF.1
Ms IOUO I
GO 10 30

t 40 IDIV’IOIV+2
GO 10 30

50 IF( IREM) 60,51,60
51 I4TWO ~P4 T W 04 NTWO

GO TO 70
60 IFACT ( IF)= M
c

J C SEPARATE FOUR CASES—-
C 1. COMPLEX TR~ NSFOKM OR REAL TRANSFORM FOR THE TN , ~TH,ftC.C DIMENSIONS .
C 2. REAL TRANSFORM FOR THE 2ND OR 3RD o:MEP4SIOPI. METHOD--
C TRANSFOR M HALF THE DATA, SUPPLYING HE OTHER HALF BY )N—
C JUGATE SYMMETRY.
C 3. REAL TRANSFORM FOR THE 1ST DIMENSION , N ODD. METHOD—-
C TRANSFOR M HALF THE DAT A AT EACH STA (~E, SUPPLYING TH~ OTHER
C HALF BY CONJUGATE SYMMETRY.
C 4. REAL TRANSFORP FOR THE 1ST DIMENSION , N EVEN . METHOD—-
C TRANSFOR M A COMPLEX ARRAY OF LFNGTH N/2 WHOSE REAL PART ~
C ARE THE EVEN NUMRFRED REAL VALUES AND WHOSE IMAGINARY ~4RT S
C ARE THE OD~ NUMPEFED REAL VALU ES. ~EPAR AT E AND SUPPL Y
C NE SECOND HALF BY CONJUGATE SYMMETRY.
C
70 NON2zNPt (NP2~ NTWO)

ICASE’l
Ic(IDIN— 4)71,ga,°(,

• 71 IF (IFORM)72,72,90
72 ICASE~ 2

IF(IOIM—1)7~~,7!,9O7 3  ICASE’3
IF(NTWO-NPI)90,9f ,74
TCASE’4
NTWO*NTWO/2
N N/2
NP2’NP2~2
NTOTaNT3T/2
1*3
00 80 J’2,NTOT
OATA(J)*OATA (I)

80 IzI+2
90 IIRNG’NPi

IF(ICA SE-2) 100,9r , iao
95 IIRNG’NPO’(I4NPREV/2 )

1.

• C SHUFFL E ON THE FA CTORS OF TWO IN N. AS THE SHUFFLING
C

C CAN RE DONE BY SIMPLE INTERCHANGE, NO WOR K ING ARRA Y IS NEEDED
C
100 IF(NTWO — NF I)60 0,600 , 1i0

C ~~~ NP214F.NP212
j * 1
00 150 !2’I,NP2, NON2
IF(J—I2) 120,130,130

0 120 I1PIAX ’12+NON2—2
00 125 II’12,IIMAX ,2

a- 00 125 13’I1,NTOT,NP2
U3.J+13—12
TFPIPR.f l *TA ( I3)
TEMPI’DATA (13+1)
OA IA( I3).r IATA (J3 )
f l A T A t 1~~~~4 t — n Ø T * e  L1~~t L — - ~~-~~~_ — - - -—--- - - - - -L - -

~ 
~~~~~~ -~M.k~~ 
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OATA (J 3) *TEMPR
125 OATA (J3+1)aT FHPT
130 $aNP2MF
140 If (J—M)I 50,150,145
145 J’J-M

14*14/2
r ~c(Pl~NOPI2)I50,I40,140
‘- 150 U.J+M

C MAIN LOOP FOR FACTORS OF TWO . PERFORM FOURIEP TRANSFORMS OF
C LENGTH FOUR , WITH OWE OF LENGTH TWO IF NEE DED. TH~ TW IDDLE ~ACTO R
C WsEXP (ISIGN~ 24Fi SQRT (~ 1)4N/(L.~HIlAX)). CHECK FOR W:ISIGN SOU (—I)
C AND RE PEAT FOR W=ISIGN~SQRT(—1)0~ OPlJUGATE (W).
C

NOPI2TZNON2+NON2
IPARaNTWO/NPI

310 IF(IPA R—2 )350,330,320
320 IPAR’IPA R~4

GO TO 310
330 00 340 11 1,IIRNG,2

DO 340 J3 I11N0N2,NPI
DO 340 <I=J3,NTOT,P4ON2T
K2 Kt+NON2
TEMPR DATA (1(2)
TEMPI*OATA (1(2+1)
UATA (K2) zD*TA (K1) —TEMPR
DATA (K 2+1) DATA (K1+1 )—TEMPI
OATA (K1) .DATA(KI ) +TEMPR

340 OATA (K1+i)=DAIA(K1+I)+TEMFI
350 MNAXzNON 2
360 IF (MMA X—NP2HF)37(,6CO,b~ 0
370 LIIAXzPIMO(NON2T,P4MAX/2)

IF(MMA X_ MON2)4O~ ,kOr ,38C
380 THETA’—I WOPI’FLOAT (NON2) /FLoAl (4~ MMAX )

IF(ISIGN)’.00,390, 390
390 THETAs—THETA
400 WRsCOS(THETA)

WI’SIN (THETA)
WSTPR= —2.’WI~ WI
WSTPI.2.~~WR*WI

405 00 570 L’NON2,LMAX ,NON2T
14 L
IF (MMA X—NON2)420, 20,410

410 W2RzWR~WR_W I*WI
- - W2Is2.~ WR*WI

W3RzW2R’WR—W2I~ WIW31aW2R’WI+W2I WP
420 00 530 I1 1,IIRNG,2 •

00 530 J3 11,NON2,NPI
KMINZJ3+IPAR*M
IF (MMA X— p4ON2)~~30,L.30,L~.0

430 1C141NaJ3
440 ~DIFZIPA R’MMAX450 ~ST EP~4’KOIF00 520 KI KI4IN,NTOT,KST EP

K2.Ki+KDIF
1C3 K2+KD!F
1C4’K3+K) IF
IF (MMA X—NON 2)46fl,460,480

460 UIRaDA T*(J(1)+OATA (1 (2)
U11’DAT*(K1+1)+UATA (K2+i)
U2R’DATA (K3)+OATA (K4)
U2IaDATA (K3 +t) 4-DATA (1(4+1)
U3R.UA T A ( K 1 ) — O A T A ( K 2 )
U3 Iz DA T A (K 1 + I) — f ) A TA ( K 2 + 1 )
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47tJ IJ4RIDATA (K3 .1)—OATA (KL+t)
114 1.0* 1* ( 1( 4 ) —DATA (1(3)

4 GO TO SIO
475 U4RaOATA (K4+1)—OATA (K3+I)

1j41*DATA (1(3) —OAT A (K’.)
GO TO 510

480 T2R.W2R’OATA (K2) —W21’DATA (K2+i)
T2 IaW2R’ DA T A ( K 2 4 t )  +W2 I~ DATA ( K2 )
T3RsWR’)ATA (K3)-WI~’DA 1A (1(3+1)
T3ISWR*DATA (1(3 ‘1) +WI’ DATA (1(3)
T4RaW 3R’ DA TA ( Kk )  —W3 I•OA IA ( K44 1)
T4 IsW 3R’ OATA ( Kb+I )  ,W 3 1*OATA ( I( 1.)
U1’R’OA TA (1(1) .T 2R
U1I*OA TIi (1(1,1) .T21
U2R*T3R +T ’.R
U2IsT3 I+T’iI
U3R~ DATA (1(1) —12R
U3I*OA T* (1(1+1) —121
IF(ISIGN) -”90 ,500 ,c o t ’

490 IJ1.RsT3I-T4I
U4IaT’.R—T3R
GO TO 510

500 U4R’Tk I—T31
1*1sT 3 R— T 1. R

510 OATA (1(1)’U1R.U2R
DATA (1(1+1) ‘UI I +U 21
DATA (K2)-’U3R +U4R
D* TA ( K2 +t )  *U31+tJiI
UATA ( K3 )  U1R—U 2R
DATA ( K3 +1)zUII—U21
(1ATA(K4)’U3R—U4R

~ 520 0ATA (K1u4 1)~~U3I—U( I
Yt4IN~k (K MIN—J3)+J3
XOIF*KSTEPIt_ IF(1(D!F—NP2 )450,t 30,530

530 CONTINUE
Mz,IMAX~M
IF(ISIGN)rkO,550,65C

U- 540 TEMPR WR
WR’-WI
e(I’—TEI4PR
GO TO 550

550 TEMPR’ WR
C- WR *WI

W IsTEMPR
560 Ic(M—LM*X ) 5E5 ,%!,410

~~
- 565 T(NPRz WR

MR* WR* WS TPR-WI~ W STP I,WR
A~ 

570 NI*WI* WSTPR+TEMPP~ W STP I+WI
IP*R.3—IPAR
MM A X.M MI X +MMA X
GO TO 35 0

C
C MAIN LOOP FOR FACTORS NOT EQUAL TO TWO . APPLY THE TWIDDLE FLTUR
C *IzEXP( ISIGN’2 Pp SQRT(—j ) ’ (J2—1 ) ’ (J 1—J ’)/ (NP2’ IFP1)) ,  THEN
C PERFOR M A FOURIER TRANSFORM OF LENGTH IF*CT (IF), MA 1(IN~ USE )F
C CONJUGATE SYMMETRIES.
C

‘ ~ 600 IF(NTWO NP2)605,7 P0,7u0
605 IFPIaNON2

IF.1
L 1~~~~

p1,2
• 610 - WP2aIF’I/IFACT(IF)

U1RNG.NP2 ê-
4.. Ic(ICASE—3)612,611,612 •

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

-
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U2STP.N02/IFACT (IF)
JIRG2S (J2STP.IFP2) /2

612 U2$1P4*I4IFP2
IF (IFPI—N P2) 615, £~ 0,6i0

615 00 635 J2.J2P4IN,IFP1,IFc ?
THETAs—T WOPI’FLOAT (J2-1)/FLOAT(NP2)
If(ISIGN)625,620,E20

620 THETIs—THETA
625 SINTHsSIN(THETA/2.)

WSTPRS —2.~ SI NIH” ~INTH
WSTPI’ ZINC THETA)
IRaWST PR+1 .
WI~ WSTPIUIPIIN J2+TFPI
00 635 J1~ J1MIN,JIR NG,IFP1
IIMAXzJI +IXRNG—2
00 630 11 J1,IIMAX ,2
00 630 13*It,NTOT ,NP2
J3MAX’ 13+IFP2—NP I
00 630 J3~ I3,J3MAX ,NP1
TFMPRzDATA(J3)
OATI(J 3).OATA (J3 ) WR-OATA (J~3+1)’WI

630 OATA (J3+I)~~TEMPR”WI+DATA (J3+1)”WR
TEMPR*WR
WRsWR~ WSTPR—WI~ WSTPI+WR

635 WI.TEMPR’WSTPI+WI’WSTPR+Wl
640 THETAz—T WCPI/FLOAT (IFACT ( IF))

IF(ISIGN)650 ,64~ , f45
645 THETA’—T HFTA
650 SINTHzSIN (THETA/2.)

WSTPR~ —2.’5INTH~-SINTH
WSTPI’S!N (THETA)

~STEP* V N/ IFACT ( IF)
1(RANGsKSTEP’(IFACT (IF)/2)+I
00 696 t1*1,IIRN (;,2
00 690 13=II,NTOT.NP2
00 690 K$INzI,KRANG, KSTEP
J1MAX 13+JIRNG —TFPI

• 00 680 Jt:I3,JIMAX,IFF’I
J3MAX’Jt+IFP2—NPI
00 680 J3*Ji,J3MAX,NP1
J2I4AXsJ3+IFPI—IFP2
I(*I(MIP4+ (J3—Jj+ (J1—~ 3)FIFACT (IF))~ P4~ 1HF
IF (KMI N— 1) br5 ,ôS r ,fJ~~5

655 SUMR~0.
SUMI O .
00 660 J2 J3,J2MAX ,IFF 2
SUMR’SUMR+DATA (J2)

660 SUMIaSUMI+OATA (J 2+t)
WORK (K):SUI4R
WORK (K+1) SUMI
GO TO E~ fl

665 KCONJ’K+2~~(N— 1 (MIN+i)
U2’J2N AX
SUP4R*DAT A (J2)
SUMI~DAT* (J2+1)
OLOSR’O.

I--- OLDSI’O.
J2~ J2—IFP?670 TEMPR* SUMR
TEMPI’SUMI
SUMRsT WOWR’SUMR—OLDSR +DATA (J2)
SUMI’T WOWR’SUMI—OL DSI +0*1 A (J2+1)
OLDSR*TEMPR

I - ~~~ & t  TLKPj_ 
-~~~~__ _ _ _ _
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IF(J2— J3 ) (75 ,6 75 , f70

~~~~ 675 TEMPR~ WR’ SUMR—OLDSR+OATA (J2)TEMPIaWI’SUMI
WORK (K)sTFMPR-TEMPI

1 - WORK (KCONJ)’TEMPR+TEMPI
TEMPRsb~~’SUMI—OL t’SI+OAT (J2+1)
TEPIPI’WI’SUMRt W O RK( K +1)’TEMPR+TEMPI
WORK (KC3NJ+ 1) TEMPR —TEMPI

680 CONTINUE
IF(KMI N_1)685,68r ,666

685 WRzWSTPR+1.
WI WST Pt

4. GO TO
- 686 TEMPR*WR

W RzW R~ W ST PR—W 1 W~~TP I+W R
WIs TEM PR’WSTP I+W! W STPR +W I

690 TWOWR WR+WR
~c(~CA S5—3)692,6~ 1,(92

691 Ic(IFPI—NP2)695,~- 92,692692 1 ( j

12MAX 13 +NP2—NP1
t 00 693 12 13 ,I2MAX ,NP1

DATA ( I2 ) ‘W O RK( K)
DATA ( I 2+1) ‘WOR K( 1(41)

693 ~~K+2
- , GO TO 698

C
C COMPLETE A REAL T RAN SFOf ~M IN THE 1S DIMENSION , N ODD, BY ~~~~~~~~~

C JUGATE SYMMETRIES AT EACH STAGE.
C
695 J3P4AX*13+IFP2—NP 1

00 697 J3 I3,J3MAX ,NPI
• ‘J2PIAX ’J3+NP2—J2ST P

4 00 697 J2 J3 ,J2 MAX ,J2STP
LIIMAX J2+J1RG2—IFP2
UICNJ’J3+J2MAX +J 2STP—J2
00 697 J1 J2,JINAX ,IFP2
X 1+J1 —13
OATA(JI) WORK (K)
DATA (J 1+1) WOR K( K+ 1)
IF(J1—J2 ) 697,697 ,696

696 DATA(J 1~ NJ ) =WO R K ( K)
OA TA (J I NJ+I) —WORK ( K+ 1)

697 UICNJ= J1CNJ-IFP2
698 CONTINUE

IF IF+I
IFP1 IFP2
IF(IFPI—NPi)700,~~O0,6I0C

• C COMPLETE A REAL TRANSFO PPI IN THE IS) DIMENSION, N EVEN, BY ~)N—
C JUGATE SYMMETRIE S.
C
700 GO TO (900,800,900,701),ICASE
711 t*tALF*N

-~~~~~~~ N N+N
THETI’—I WOPI/FLO AT (Pt)
I F (I S ! G N ) 7 0 3 , 702 , 7 0 2

_‘ 702 THETA’ —THETA
703 SIP4TH’SIN(TH ET A/2 . )

WSTPR~ -2. SINTH” SINTH
WSTPI’S! N (THET A)
WR~ WSTPR+1.
WIZWSTP!

~
(
~ IMtPl’3 - -

• - - ________________________~~I ~~~~~~~~~ .! ~ ~~~~~~~~~~~~~~~~~ ~~~~~ -.-~~~~~~~~~-—- ------~~ ~~~~~~~~ .—~~---~ - ~~~~~~~~~~~~~~ — —
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GO T O 725
~~

- 710 J JMIN
00 720 I’IMIN,NTOT,NP2
SUMR=(OATA (I)+OATA (J))/2.
SUMI .(0ATA ( I+ i)+OATA (J+1) )~~2. —
DIFR— (DATA (1)—DATA (J) ) / 2 .
OIFIs (OATA (I+1)—DATA(J+1))/2.
TEMPR= WR~ SUNI-I WI40IFR
TEI4PI WL”SUMI—WR DIFR
OATA(I )=SUMR +TEMPR
UATA (I +1) DIFI+TEP4PI
DATA(J )=SUMR—T EMPR
DATA (J +1) -DIFI+TEMPI

t~ i~ o J J+P4P2
TNIPI IMIN+2
JMIN JMI N—?
TEMPR WR
WR= WR” WSTPR—W I”W STP I+WR
WI TEMPR”WSTP I +WI~ W STPR +W I

725 IF( IMIN—JMIN)7I0 ,73 0 ,740
730 IF(ISIGN)?31,740,740
731 00 735 IzIMIN, NTOT ,NP2
735 DATA(I+i) — DATA ( I+ I )
740 NP2 NP2+NP2

NTOT~NTDT+NT0TU NTOT+1
IMAX NT3T/2+1

745 ININ=I MAX— 2~ NHAL F
.L IMIN
GO 10 755

750 TtATA (J)=UATA (I)
DATA ( J+ 1) =— OATA ( I +1)

755 1=1+2
J=J—2
rF( I—Ip,AX )75o ,760,mo

760 OATA (J) DATA (IMIN) —DAIA (IMIN+1)
DATA (J +1) =0.
I F ( I— J ) T 7 0 , 780 , 7 80

765 OATA (J):DATA (I)
DATA(J +i)=OATA (1+1)

770 1 1—2
J J —2
TF(I—I HIN)775, 77~ ,7E5

775 OATA (J ) = DA TA ( IM IN)  +DA TA ( IMIN+j )
OATA (J +i)- 0.
IMAX IMT N
GO TO 7.5

780 DATA (1):OATA (1)+DATA (2)
OATA (2):0.
GO 10 900

C
C COMPLETE A REAL TRANSFORM FOR THE 2ND OR 3RD DIMENSION BY
C CONJUG AT E SYMMETRIES.
C
800 IF(I1RNG—NP1)605,900,900
805 00 660 13=i,NTOT,NP2

I2MAX I3+NP2—NPI
00 860 12 13,I2NAX ,NPI
I141P1 12+IIRNG
DIAXaI 2+NP1—2
LHIAX’2’13+NPI—IMIN
If(I2—I3)~~20,620,810

810 tJMAX zJMA X +NP2
820 Ic(IoIM—2)e5o,850,830
830 J.JMAX+NPO

flfl 11j~fl 1 M T ~ 4 T ’ ~~~’~~..2 - -
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DATA (I)’D*TA (J)
DATA (I+1)’—OATA (J+l)

840 UwJ-2
850 U’JMAX

00 860 I.IMIP4,TMAX, NPO
DATA (I ).OATA (J)
OATA (I +t) .—OATA (J+1)

860 U.J—NPO
C
C END OF LOOP ON EA CH DIMI P4SION
C
900 NPO.PIP1

NP1~ P4P 2
910 PIPREVRN
920 RETURN

END
SUBROUTI NE TPPMLT (L (TTEF ,TRPLTR,SENT WUM)

C THIS ROUTINE DOES TRAPEZO ID BUILD AND MULTIPLY
INTEGER LFTTER (32, 32) ,SENTNUM
DIMENS ION TRPLT ~~(32 ,32 ) , T RPWO W ( 3 2 )

I FORMAT (IHO)
2 FORMAT (IH , 24 ( ~~~~) , F 1 H  ,~~

‘ TRAPEZOID PARAMETERS ~ THI S T’~*’E?OI P
X WAS APPLIED TO WINDOWS OF SENTENCE NUMBER ~,I2,/iH ,2.(” ~~) I

3 FORMAT (IH ,/, ‘ LENGTH OF TRAPEZOID rLATEA (’ ‘
4 FORMAT (IH ,/,“ VARIANCE ON NORMALI’EO WINDOW ~ 

es~ f.r,~~)
5 FORNAT (IH ,/, ‘ TRAPEZoID WINDOW ARR A Y tSt  “)

6 FORMAT ( “,I0F~ .3)7 FOR PIAT (t H ,/,‘ THIS IS A NORMAL WI ND OW APPLIED To SEP sT ENCE PJ MP E R
X~ ,I2)
IF (PS KIP.EQ. 0K ’) GO TO ‘.5

CDATA NORMALI1ED WINDO W SET IPLEN=0 AND flPHTIVARIANCE
IPLEN * 0 $ TRPHT =

C
C THIS PART ~UILOS THE TRAPE7OIO
C

DICLN’ (32—IPLEN) /2
IF (IPLEW .NE. 0) GO TO q
00 8 1*1,16

8 TRPWDW (t?—I )*TRPWDW (1€+I)aEXP (— ((1—1) ’’)/(2.~~((TRP HT) ’2)))
WRITE I
WRITE 7,SFNTNUM
GO TO k~

9 IF (INCLN.EQ.0) GO T O 3~
00 10 I~1.,INCLNTRPWOW (I)rTRPWOW (33~ I)aiI/(INCLN+I .))PTRPHT

10 CONTINUE
flO 20 I~1,IPLfNTRPWDW (T•INCLW).1.

20 CONTINUE
I F ( ( 3 2 — (? ~ INCLN)) .EO .IPtEN) GO 1-) 43
IODD’IPCL Nfl
00 30 I~1,IOO0TRPWDW (33—T)L(I/(INCLN+2.))~~TRPHT

30 CONTINUE
GO TO L,3

35 00 40 I~1,i6
40 TRPWDW (T)’TRPWOW (33—I )’1.

~ 43 CONTINUE
WRITE 1
WRITE 1
WRITE 2,SFNTNUM
WRITE 3,IPLEN

44 WRI TE 4,TRPHT
WRITE c

WR ITE f , TRPW OW • 
•

~
_
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C THIS PART D~ES THE MULTIPLICATION
II C

43 00 60 I’1,32
- DO 50 Ja1,32

50 TRPLTR (J,I)aTRPWDW (I)’ (FLOA ) (LEITER (J ,1)))
60 CONTINUE

P51(1 ~~s ~~~

RETURN
• END

• ROY L OSV I / / I  END OF LIST ////

0

I 4
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