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This progrdm is d0si9110d to rvcogni70 hand-drawn upper-case lctturs of the 
£ngil1:,h aiµh<1b...:t. T!10 progr·�uh dCCcpts input from a mous0-controlled l:llTPAO, 
lt th�11 a11dly7es thv i1,put usl11g polar coordi11atcs. ori�ntation of lit1e 
si.:g111ents, and position of endpoints det0ctt1d in the input. Thi.:: USH non-
li1,c<1rity is dppli�d to v0ctors cr1Codcd with this i11for111ation. The resulting 
v0ctor is tht..:o comp;;1ccd with si1uiJarly µrocesst!d vvctors from a model s0t of 
data, 4nd a b..:st match is then found .tnd reported. 

CONST 
Oim0nsionali:ty 
Char f i l,.; 

i le 
i-lc 
IC 

vec f i t..; 
HSb-outPvt f11.., 
MdtCh file 
Pref....:� t 
Pcrcc11t thr0s.h 

N &lic-.:s 
N=rings 
P.JJ width 
Pdd=h...::ight 
X 
' 

Lo 
111 

pi 
D th0 ta 
Co1rnud 
Scr·i.;;c11_h1.,;ight 
Scr0-,::n width 
Grid_width 
Gr iU_tl...: lght 

206; 
lt 'G�IOS_OAT'; file of stored mod..::l charact0rs 

'TEST.OAT'; File of stor-ud tDst chdract.ol'S 
'VECS1.DAT'; Fils; of stored mod..:d vectors · 
'VECS2.0AT'; File of stored t..:!st v�ctors 
'AUTO.OAT'; Fil.,� of th� autoassoci.Jtcd model 11 1atri)I, 
'tiStiV.DAf'; Fi le of 8$l:>ed model v<,;clors 
'tlSl:iO OAT'; Fil.; of liS8.;d modvl vcC!Or$ for output 
'TEST,VEC': File of vi.;:ctor ,oatch�s 
30; Av..::ragi.; number of pr-cscntatiuns for ..:ach character 
tOO: Do not ignor-0 any input points -
26; Nu111b0r of chaf"actcrs to rccoyni;,c 
65; ASCII valu0 of first ct1drdctcr �o r0cog11i7c 
1a; Number of pi0 slices for� input 
5; Number of r1ng£ lsubd1vts1onsl of each slice 
2200; M;,;:\llhwu x vdluc of tiITPAn 
220�; Mdlximm11 Y v<1lu0 of HJTPAn 
l; Th�se dcfi11itio11s 111,tke using arrays conv0r1l011t 

:: 2; 
l; 
2; 
ORO i' a') ORD i' A' l: for case conversion 
3, 141592654; 
2 • Pi N 1llc0s; A11gul�r si7u of 0ach pie slice 

;J 2 3; 
19; 
$cr-00n w1dth; 
Scre0n)10igflt; 

Highest X-value for i11put 
Higfh:st 'f-vdluc for input 
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CS! 
Ye J low 
Whit...:: 
DI Ut.'! 
Gr..::t.:!n 

CHl-£12'/ I • ' ('; Scrccn�control cod..:: 
t· · liu!tons of tho.:: OITPAO mouse -

2; 
4; 
8; 

Bi t rat c , C' Switch..:d-strcarn rnod0 for tHTPAO 
Right 

Up 
Left 
Down 

= 0; Usvd for traci11g; 
dnd is inco111p1 tc 

this routine was not implt_::111,.;ntcd. 
: l ; 
= 2; 
= 3; 

Conni.,cts max = 8; Usvd for tracing; 
and is i ncomp l ct c 

this rout in..:: was not irnp l 011tcn t cd, 

TYPE 
Vector ARRAY I 1 .. Oin10nsionalityl OF HEAL; 
M;1trix .11. ARRAY I l. .Dimensionality. 1 .. OimonsionalityJ OF REAL; 

Connectivity matrix = ARRAY ( ! .. Connects max, 1 .. Connccts max) Of BOOLEA�; 
Used for t;:acing; this routinD was not-i1nplc111cntcd, and-is incomplctc-

V0ctor set ; ARRAY ( 1 .. N charsl OF Vector; 
Matrix-set = ANNAY ( 1 •• N-chars] OF Matrix; 

Histo�y t ype = (NEW,OLD,READONLl�UNKNOWNI; 
Sllc0_coJ0 = AHHAI I 1 .. 2•N_rln�s) Of INTEGER; 

tHts of encoded input for one slice 
Grid ARRAY (0 .. Grid width,0 •. Grid height! Of BOOLEAN; 
Two_things • ANNAi I 1 .. 21 Of INTEGER; 

-

Point Two_things; 
Line ARRAY I J •• 2) OF Poi,,t;_ 
NS lice ARRAY ( 1 •• 2) OF Linc: Corn�rs of rir1g-slice 
Slice bits IRRAI I I .. N_ringsl OF INTEGER; 

E,1�od0d input for one i11tcrscction of one slic0--half of Slica_fOdo 
H:ing_rddii : ARRAY (0_.N rings) OF HEAL; Rad;i of ring slices 
String = VANYiNG 1801 OF CHAR; 

Diri.;ction = O. 3; 0 :.  right; 1 ;; up; 2 ::  lvft; 3 .:  down 
Usvd fo<' tt'acing; this routin...: wdS not implc,ucntcd, and is incomµlcto 

s�a olts = ARRAY I l .. 3) OF (N!EGEN; 
For I unit of li110·1Jas0d information 

Encl bits • ARRAY I I .. 41 OF INTEGER; 
for 4 u11its of information about endpoints l 1 unit for �ach quadrant I 

Group 
Pdd in 1 Pad out 
Grid file 
V,.;c f i lv 
M.:tt-fi le 
PriOt fili.; 
Out char 
8St:l-dont.: 

TRUE if model 
l:iSB_vcc set 
Auto malrix 
VT220 

INTEGER := 22; 
INTEGER :: 5; 
TEXT; li!TPAO 
FILE OF Grid; 
FILE OF Vector; 

For rdndom-numbcr generation 
Number of sCrlJC!l groupings '" 

FILE OF REAL; . Autoassociatior1 111atrix 
TEXT; 
ARRA! [0 .. 11 OF CHAR; 
oOOLEAN := FALSE; 

Scrc�n characters for Grid 

vectors have bcon 6S80d � 
Vector set; BSHcd n�dcl vectors 
Matrix"; 
CHrn :: 'N'; Current ter1ninal a VT220 ? 
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IVd!' th..,:: scr0 .. �11 

bEu IN 
IF l VT220 

END; 
'Y' 1 THEN WRITE tCSl,' 20' J; 

PRIJCf.DUk£ Cursor posn •Cvl, �ow : lNTEGE.R l; 
Position th,: Cursor 011 U;.,; scr\.!¢11 t0,01 is the low.::r- l0ft-hand cor-n,H'. 

VAK 
>-._coord, Y _coord IN TE ti EH; 

HtilN 

If iVT220 :: 'Y' 1 THEN 
bEGIN 

A_coor.J Col: 
Y coord �ow; 
tf Col SCrt.!011 width THEN A coord :; Scrc011 width ELSE 

IF Col < 0 THEN�X coord ::: o:
-

IF Ruw > Scrc-.::n h0i1Jht THEN 1 coord := SC!"..;;..;;n_hcight ELSE 
IF Now < 0 THEN-Y coord := 0;-
WRITE ICSI,Scr0e11-height 't coord·J,' ,X coord·t,'H' 1; 

END; 
- -

! ND; 

PkOC[UU�l Clcdt' lin-..: \�ow : lNTEGERI; 
Cl<),tt' the ..:11lire lin...: \row giv0n by R01,t,/! 

oEGIN 
If <VT220 

b[ GIN 
Cur 
WR l T£ 

END; 
END; 

'¥'l THEN 

l O, Row I; 
2K' I; 

FUNCTION Dircc INu11, : INTEGER! : INTEGER; 
St.:.tmJardt7..:, 11u111,.;:rical ly th.:: cut�rent dir�ction; used for tracing; this 
routine was not impl�r11-.;nt<.;d, and is incomp1ct..:: 

IHG!N 
Oir..::c := Mum MllO 4; 

END; 

fUNCT lON Scrunch l Nutu00r. !)C�unch from, Scrunch to 
Map on.:; scale to ,;inoth..::r 

INTEG£RI : INTEGER; 

b[t, IN 
Scrunch 

END; 
kUUND ! Nu1ubc,· • Scrur1ch to Scruncfi_fr-0111); 

FUNCTION l11str I t4rt INIE6EN; 
lJbJi..:Ct, ScdirCh Stri11gJ 1NTEGEtt; 

Position of S0,J1·cti in Obj\;Cl Svdrch will b\.: found if it is locat�:d -,t 
position t41•t or 4:ftt.:r. � 
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bf.GIN 
l11str := INDEX ( SUBSTR lObjcct,Start.LENGTHIObjcctl Start•l i,Searcht 

• Start - I; 
END; 

FUNCTION MTH$RANDOM IS""d: INTEGER): REAL; EXTERN; 

FUNCT !ON Random : REAL; 
G0t , ra11do11t 11un�0r bctwuan O and 1 

oEGIN 
Md11dorn := MTH$NANDOM (Sccdt; 

ENO; 

FUNCTION Rand Int !Max : INIEGEII : INTEGER; 
Plck a randoth int0ger from I to Max .. 

BEG! N 
Rand int 

ENll; 
TRUNC il(dndom.,.Max+l I; 

PROCEDURE Outer product tA, M : Vector: -
VA� C : Matrix I; 

Set up for ra11do111 nos. 

Con�utu tt,c out�r product lA8tra11sposc) of two vectors !A & HI 

VAR 
l, J : INTEGER; 

�EG!N 
FOR I : = 1 to Oi111cnsiondlity 00 

FOR J : I to Oin1cnsionality 00 C 11,J] :• B(JI • A(ll; 
END; 

PROCE.OUHE lni tiali7c Y>.!C!Or IVAR Vee 
Zero v�ctor ele111cnts 

Vector I; 

VA t( 8 in INTEGER; 

UEGIN 
FO� Hin := l to Oimcnsiondlity 00 

v .... c ( ti in J : 0; 
£ND; 

PkOCEDUR£ Matrix t imi.:s vcc tor ( A 
F 

VAi G 
Multip1y matrix tim-0s vt:ctor 

VAR 
l, J : INTEGER; 

bEGIN 
In it i a 1 i 
FOR I 

tor {{Ji: 
Dimensionality DO 

Matrix; 
Vector; 
V-.::c tor I; 
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fOH J I TO o; ... .,nsionality DO ulll :, Gill ' A(l,JI . FIJI: 
ENO; 

PHOC(OUHE Pri11t v�c 11/ec : �cctorl; 
Prlnt d vcctOr -

5 1 ice, Hit 
Couttt'l.;r 

INTEGEH; 
JNIE!lEH; 

6U;JN 
FOi-< Slice ;: I TO N sliCt'!S DO 

6Eli!N 
Count,::r' 0; 
FOR tiit :: 1 to • N_rings DO 

6EG!N 
WKlTE t' V..::c(fSlicc 1l•2•N_rings+IHtl:5:2l; 
Cour,t0r ; Count0r � 1; 
lf t Counter >:: Group I THE.N 

tlE G IH 
WRITHN; 
Count0r .- O; 

END; 

E Nll; 
WR! fHN; 

ENO; $lie-: 
END; 

PROCEDURE Add vectors •V,;;ctor 1, V¢ctor 2 -
VAN Vector sun• 

Add two v�c tort 

VAR l INTEGER; 

BEGIN 
FO� 1 :;: t to Oimcnsiondlity 00 

Vector: 
V0ctor l; 

v ,,_,c tor s.um I I I . - Vee tor 1 l l) T v�c tor 2 ( 1 I; 
EN[); 

PROC£DUR£ Aidd ma,triccs (Ml, M2 -
VAR M sum 

Add two m,:1triC<..'S 

VAR I, J INTEGER; 

b£(,!N 

Md tr ix; 
Matrix,); 

FOi-( I :.: l to Oi1uc1tslonality DO 
FOR J := l to Oim�nsioodl i ty l>O 

M "'"" 11,Jl := Ml [!, JI •  M2 !!,JI; 
END; 

PHOCEDURE Sublrdct v�ctors IV�c 
VAH I/ ..::c 

Subtract 2 v�cturs 

t, Vcctot" 2 
i ff0r,,rnc:; 

Vector: 
v�ctor l; 
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YAR I: INTEGER; 

BEGIN 
FON !:; I to Difl�r,sio11ality 00 

Vector d;ffcri.:nc� II) := Vector I ill 
ENO; 

- Vcctor_2 [11; 

FUNCTJON Vector lor1gtt1 (Vector 1 : Vector! : REAL; 
Find length Qf vcctol" -

-

VAR 
Sum of squares 
I 

- - REAL; 
INTEGER; 

BEG IN 
Sum_of_squarcs:= O; 
FOR l:= I TO Oimensionality 00 

Pag� 

Sum of squdrcs := Vector 1 {Il*V\!Ctor 1 llJ + Sum_of_squarcs; 
Vlw'.cto;:- l�ngth:111 SQRT (Sum Of squar"CS I; 

-

END; 
- - -

PROCEOUNE Scalar tin�s vector fScalar 
Vector in 

VAR Vcctor:out 
Di lat..:: v.;::ctor 

VAR l INTEGER; 

BEGIN 
FOH' I :.: I to Dimunsionality 00 

REAL; 
Vector; 
Vector I; 

Vector out IIJ :.: Scalar • Vector in Ill; 
END; 

FUNCl ION lnn,;;r _product lV,;;ctor 1, Vector 
Take inner product 

VAR 
I !NTE�ER; 
Su»Lof_products NEAL; 

BEGIN 
Sum_of_products := O; 

Vcctorl REAL; 

FOR I := 1 TO Di1ncr1sionality DO 
Su11Lof_products :a Vcctor_t I I) • Vector 2 

inner product := Sum of products; 
ii) • Sum_of_products: 

ENO; 
- - -

PROCEOUIH Normal i 7C I Yl.!C tor if, 
VAR Vt,;ctor

-
out 

NOrfi1ali7C a vector 

VAR 
L�11gth of v0ctor in 
I 

- - -

V�ctor_in_is_7�ro 

REAL; 
!NHGER; 
�OOLEAN; 

Vector; 
Vector I; 

w 

N 
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BUiI N 
Vector out : Vector in; 
L�ngth=of_v-cctor_in :': Vcctor_1(;ngth (V.::ctor�ln!; 
IF llcr19th_of_v0ctor_i11 = 01 THEN Vcctor_in_i&_70ro .- TRUE 

IF v�ctoi· r,_is_7cro 
THEN IN 

ELSE V,:;clor in Is 7�ro FALSE; 

WRITE. i' No1'111a117..:d 7,::ro vector:' l; 

Page 

IJ,:;ctor out := V0ctor in; Make V..;;.ctor out thv 7�ro Vt.!Ctor 
ENO No-s¢micolon ht.:r�! -

ELSE FOR I := 1 to Oi11,w11sio11ctiity DO 
'J...:ctor _out 11 l := V1.;ctor _in ( l I / l<,;ngth_of_vwctor _in; 

urn; 

FUNCTION Vector co&1n1.: ! V..::ctor l, \J;.:ctor 
Find th.:: cosin<.: b�twc0n two v0ctors �-

VAR 

: Vcctorl: REAL; 

Normal._v...:ctor_1, Noru14l_vcctor_2 : Vcctor; 

bHdN 
Nor Uta 11 T� I Vvc tor 1, N(H'thd tor 1 I; 
Nor11t.tli7,.;; iYi;ctor-2, Hormd vector-21 
V..::c tor _cos l1h.: : = !1111..::r _p,·oU�ct t NortHd tor _1. Norma l_vector_2 J; 

END; 

PH:OCEDURE Irnt1 al17c_gr1d tVAR D.ata_gr1d 
Set gt' id ..;;!11,,;111..::nts to fAlSE 

Grid I; 

fil1.:! PCR PAS Al Last written on 02/19/88 at 19:01 :40 

BEG IN 

FOR I ::; 1 TO Connvcts max 00 
FOR J :-::: 1 TO Cor1nccts_111ax DO Mat l 1, Jl := FALSE; 

END;· 

PROCEDURE Mcssagv !Row : INTEGER; 
Mcssagc_stri11g : Stringl; 

Display a mcssdQ0 .tt row given by Row. -

HEl.,IN 
Clear line {Howl; 
WNlTELN IM0ssag0_stringl; 

ENO; 

INTEGER; 
String; 
Stringi; 

PNOCEDUNE G0t_input IHow 
Prompt 

VAN �..::turn 
Get i1lput in response to a prompt. 

HEGIN 
C l 1 in e I Row) ; 
WRI Promµtl; 
IF I EOLN = TRUE I THEN REAOLN; 
t-<£AOlN I Return I; 

ENO; 

FUNCTION Uppl.':r case ICharctcti.::r : CHAHi 
· Co,,vert lcticr to upper-case 

VAR 
VIN Offset : INTEGER; 

X_coord, Y_coord : INTEGER; 

BEGIN 

FOR >- coor-d : 
FO�-'I' coord 

\ TO Grid_width DO 
l TO Grid ll0ight 00 

[X coord,Y_c�ordJ •: FALSE; 
[Nll; 

Pli()CEOUHE Inilldliz0_111.tlrlx IVA� M.:tt 
S0t matrill vlcnH.:nts to 7t!f'O 

M,ttri x l; 

11m 1, J !NTEuER; 

llHdN 

fOt< 1 := 1 to Oilu..;:nsionollty DQ 
fOH J :: 1 to Oim...::nsion<Jllty DO M<Jt (J,Vl := 0; 

lND; 

PROCEDUH£ lnitL.d i7t.:: conn..::ct n1atrix !VAt? M,it 
Set co11ri0ctivity-mdtrix i:1�111...::nts to FALSE; 
Wd!.- not iu1pl.;111....:nt..:<l. dlli.i is inco111pl..;t,: 

VAN !, J : INTEGER; 

Corrn.::ctivity_tH,;tlri;;.I; 
us0d for tracir,g; thi� routi110 

�EG!N 
If IORD ICharactcri h ORD I'•• 11 AND 

IORD IChar•Ctcrl <= ORD 1'7' ll 
THEN Offsot : Case differc11cc 
ELSE Offset := O; 

Upp�r-casv := CHR I ORO !Character! Offset i; 
END: 

PROCEDURE Gut ch�r IRow 
Prompt 

VA t< R...: turn 

INTEGER; 
S tr 1 ng; 
CHAR I; 

Gut a 1i11gl1.: charact�r in response to a prou�t. Return the upper-case 
cquiva1..:::nt of th..:: input. 

8£G IN 
Cl..;4r lin..:: iRowi; 
WRITE-IPromptl; 
IF IEOLN = TRUE! THEN READLN; 
READ iR..::turnl; 
R<.:turn : ::: Upper _Casi.; l R-.;turn t; 

END; 

PNOCEDUN[ Wait_for_r�turn: 
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VAR 
Dummy HAI-!; 

bE (JIN 
G...:t char i 1,'Pr�;ss <RETUR�l� to continue ' ,DummyJ; 

E llD; 

FUNCTION K.;:c_num \Ch,;;r4ct...:r : CHAHI : lNTEGE�; 
Ne turn the fi l..::' s r�cord nw11th�r co,·rcsµonding to Char actor 

ilE IJ IN 
Rl!C num 

EN!l; 
ORO !CharaCt..!ri - Char stdrt_valu..?. + I; 

FUNCTION H1.;c to ch,:1.r !Ri.:c 11um : l�lT£G£Rl CHAN; 
Hetor11 th� c�aractcr c�rrcspor1di11g to a r0cord 11uu�cr 

BEGIN 
Rec to_,char 

ENO; 
CHR i R0c t1u1n + Char- start value 

P�OC£0UR£ Store char i(har to store CHAR; 
G r·ic.1-to-·store 

I I; 

Gr id; 
String l; fiicna11u1 of Grid fiic 

BEGIN 
OPlN If ILE NAME 

f ILE-VAR!AliLE 
HI TOR' 
ACCESS METHOD 
RECORD-liPE 
CARRIAGE CONTHOL 
ORuAN!ZA!lON 
DISPOSITION 

: = Grid f i 1 c namo, 
:::: Grid-file-:-
.::: UNKN0VIN, 
:= OJHECf, Random access 
:::: FIXED, Each gf'id has th0 samo l1,.;11gth 

NONE, No spocial cor,trol codos -
:x SEQUENTIAL, 
:= SAVE I; � Retain thl.'.!: fl l� when it is closed 

LOCArE !Grid file, 
6ri<J fil� -- :· Urid 
PUT TGrid filt.:l; 
(LUSE. lllrid_.filel; 

H...-:c nom {Char' to storcll; Position fill:! pointer 
to itor�: P�t �rid i11to fil0 buffer' 
StOr..: th...- .grid -

END; 

PHOCEDIJIH R...:,HI cl1<tr 1 Char to redd 
Gr id -f i l i.: n ami.; 

VU{ Ch .Jr--·found 
v�R Stor:;-d.-gr iJ 

Read a Chdr-act...:r from .t gr-id file 

BE<.,lN 
! $tor...:d_gr id i; 

CHAR; 
St r i 119; 
HOOLEAN; 
Gr id); 

lr1iti,1.li711_grld 
OPEN IFIL[ NAME .- Grid fltc name, 

•.: Grid-filc:­
UNKNOWH, 

Fi 1..::nam.; of Gr id fi Jc 

F ILE-VAH!AtiLE 
HI s TOR' 
ACCE.SS MElttOU DIRECT, t\,tndom access 
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RECORD TYPE FIXED, . Each grid has the same l�ngth 
CARRIA�E CONTROL : NONE • .  No sp0cial co,,trol codes 
ORGANIZATION SEQUENTIAL, 
OlSPOSl TION SAVE l; Retain the fl le when it is closed 

F lNO !Grid fl le, Hee num (Char to �cadi); Search fof' character -
If urn <Grid fllul - - -

THEN Char iound :; FALSE 
ELSE -

BEGIN 
Char_found :z TRUE; 
Storcd_grid := Grid f11u�: 

ENO; 
CLOSE (Grid fi lei; 

ENO; 
-

PROCEDURE Rcad_vec !Char to n,ad CHAR; 
Vee fil� nami.; String; fil.Jrnunv of Vee file 

VAR Cha� found BOOLEAN; 
V�R StorGd voe Vvctor!; 

H�ad a charact0r from a-
grid file · 

atGIN 
lni tial i70 v..:ctor ( Stored voe); 
OPEN IFILE

-
f>iAME :=-Vee file name, 

F ILE
-

\1,UUAHLE := Vi..:c-fi 1c:-
HISION¥ -- REAOONL<, 
ACCESS METHOD .- DIMECT, . Handom access 
�ECOHD=TYPE := FIXED, Each grid has the same li;:ngth 
CANRJAGE_CONTROL :■ NONE, . No spacial control cod�• 
ORGANIZATION :x SEQUENTIAL, 
DISPOSlllON SAVE}; . R..::tain the file when it is c1os...:d 

FIND (Vee fil..::, Rec nu11t /Char to rcad}l; 
IF UF6 (V� c filal 

- - -

THEN Cha,-.-found :: FALSE. 
ELSE 

6EG!N 
Char found :.: H�UE; 
Stof-0d vcc :: Vcc_file .., i 

END; -
CLOSE !V�c filel; 

END; 
-

P�OCEOUHE fi11d grid traits !Data gf'id - -
VAR Cont�r 
VAR Num_of_grid_pts 

H..:turn nu1nb0r of grid points & center of 

VAR 
x coord, If coord 
S�11�of_coo;d va1u�s 
XY 

INTEGER; 
Two things: 
INTEGER; 

Gr id; 
Point; 

INT�GER); 
mass 

LH : INTEGER: This was used to assign center to the 
avi..::r.tgl.i of extr0nu)s; not currently being 
implemented -

tiox AH�A't (Lo .. Hi J Of Two_things: 
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DE 6 IN 

fOt< >,T :: .\. TO i' DO 5um of coord valu0s IXY) .- O; lni t ial i7c sums 
Nu11t_of_grid._pt� : O: -

fOH LH := Lo TO Hi no 
filR u := ' TO y no box ILH) In] O; 

FOR X_coo,·d :: 1 10 Grid_width 00 
FOR 'f_coord :: t to Grid_h0ight 00 

IF 1tL:tta qrid tx cvord,'r coordl : TRUE! THEN 
bEulN -

-
-

If th..::r..:' s .,_ point then 

Nu111._of_qt·ld_pt1, : Num_of_grid_pts + 1; 
Su1t1 of coord valu�s IX] :..:: Sum of coord v,tlu...;s IX) + X coord; 
Sun1-◊f-coord-vttlu0s [Y] :.a: Sum=◊f-coord-valu�s (Y) -t- Y_coord; 

FOR LH z Lo TO Hi DO 
1:H:.\Jl N 

IF <!lox {LH] Ill : 01 !HEN Bo, ILH} Pl .- x_coo,·d; 
IF Ibo, (LHJ {rl • Ol THEN box {LHJ (YI •: V coorJ; 

END; 

bOli. I Hi l Ix I : = MA>. IBoxlHiJ(Xl,l_coordl; 
Ho.·, I Loi Ix l : : MIN I Box I Lo 11 x I, x_coord i; 
liOA. I Hi I I , I MA ,X. lboxlHillY l,Y coordl; 
tiox I Lo I I 1 I : z MIN lbox{Loll• l,•=coordt;" 

ENO; 
F OH Xi : • >. 10 V l•O 

Ccnt..::r' ().'fj : �OUNll iSum uf coord yalucs 1>,YJ / Num of grid pts); 
This if. tt.0 formulct fo;: c::i'nt.;;r Of mas£. of p,H'ticl:::; sY�tuu1$ � 

Co11tcr IHI :: HOUND 10.5 • ltiodLol[XYJ + tioxlHillJ.Ylil; 
Tak0 <:1vcrag0 of c;i.tr0m..;:s: not currently b...::ing implcm,;rnt0d 

ENO; 

PHOCEDUME WiJrow_t1off !Cor,·cct_g, Actual_g, F 
N 

Vee tor; 
HEAL: Const 
M.;tri�I� 

Corrcc. fa(;tor D...;lta_a := l{L0ar11ing const.J • iCorr..::ct_g 

V4H 

Oi ff,,,sr.:::nc0_vcc tor, Wclglltl..)d_v0ctor 
L0dr' ,, i ,1g ... co11 st .-n t 

tiE� IN 

Vector; 
HEAL; 

l...:ar11ing C.Or15trl11ll ::; 1/N: 
Subtraci:vcLtOrs !Corr0ct_g, Actual_g, Diffcrc11cc_vcctorl; 
Scc.11.Jr_timcs._v...:c.tor iLcd.rning_constant, Oiffo.;r011cc_v0ctor,, 
0ut..;r_µroduct tW,.;:ightcd_Y...;ctor, F, D..:lta_al; 

f.Nll; 

FUNCT10N tlool_to_i1lt il:iooi : !:lOOLEANi : 1NTEG£R; 

I IN 

Actual_gl I x F 

W�i ghtcd_vc�tor); 
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Convert HOOLEAN to INTEGER valu0 � l or Oi 

tiE 61 N 
If �ool : TRUE 

THEN Hool to i11t •: I 
ELSE Bool-to-i11t :: 0; 

E Nil; 

FUNCTION Circ_dist lO11e dist, Radius : INTEGER) : INTEGER; 
Oistanc..:: to the circ10 on a lino par-al lel to the other axis 

bEGIN 
lF 1011c dist > Hadiusl 

THEN Circ dist :: 0 
£LS£ Circ-dist :: ROUND !SQRT I Radius •• 2 - Qn�_dist ** 21 i; 

END; 
-

FUNCTION Rad_of_poi11ts !Goal_pcrc0ntagu INTEGER; 
Oata grid Grid; 
C011t;r Pol11t; 
Num_of_grid_pts IHTEGERI : INTEGER; 

Th..:: radius inside of which th0rc arc Goal_p0rccntagc% of th-.; total number 
of points !Num_of_grid_pts) in the grid !Oata_grid• -

VAR 
Goal_pts. Cur_pts, Radius, X_coord, Y dist, Y_coord 
Scr-atch_grid 

INTEGER; 
Grid; 

�EGIN 
Initial i7c:_grid (Scratch_gridl; Grid to mark wh,1t' s b..:.-011 Chec�.:::d 
Goal pts : ROUNO H.iodl pvrccnLHJt!' • Nuto of grid pts / 1001; 

NU1nb..::r of points d'.!t.ircd .. · - - -
Radius : O; Rddius being cxa111i11cd 
Cur�pt& := O; Numb!;!<' oF points inside the current radius 
WHILE fCur_pts < GoJ1_pt£1 PO 

b£tilN 
FOH X coord ::;;; MAX !Cent..;;r[X) Radius,0) TO 

MIN ICentDr[>J+Nadlus,Grid widttd 00 
HGIN 

't'_dist :=- Circ_dist \X_coord�Center (X), Radius); 
FOR I coord := MAA IC..::nt¢r['rl-Y dist 1 0l TO -

MIN IC0ntcr(Yl+Y=dist,Grid_hcightl DO 
IF Scratch grid IX coord,Y coord) = FALSE THEN 

If this-Coordin:ite ha� -;:;ot ll00n checked ys.:t thl..!r1 
HG!N 

Cur_pts :=. Cur_pts + 
Hool to _i11t 10dla grid {X coord,f coordl l; 

Scrat;h_i,•id (X_co�rd,Y_co�rd) := iNUE; · Mark �s ch0ckcd 
ENO; lF Scf"atch grid [X coord,Y CO◊rdJ : FALSE 

END; X coord - - - -
Rddius := ittctius + 1; 

END; Whilu !Cur pts < Goal_ptsl 
Mdd_of_points := �a�ius; 

END; 
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FUNCTION Grid cod� 10dta_grid tirid; 
Co I, Row INTEGEH l : INT£C.ER; 
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Return code' cor1'1.;$po11dlng to stdtLIS of th,2 grid co...:l ls including dlld 
i1rnu....:Ui d tcly surr01Jnding l(Ol ,RowJ. fho...: fol lowing l4blc indic4t.;;s th� 
r..::Lc:1tion b1.;twc0n th� position of thoc Ct!ll r.:lative to ICol,Rowl and th� 
pow�r of two to b..:: raised to g,211..;rat.J a number to add to th0 cumulativ..::: 
lir id_ .. cod,,;: 

VAR 

2 s a

4 
3 

x coord, 'i ,::oord, Cod..: INTEtiEH; 

UE GIN 
Cod..: .- 0; 
FOR ;,. _  coorJ :::. Col-t TO Col+J DO 

FOR-l' coord Row-1 TO Row,..1 00 
IF Tix_coord > Oi AND (X coord <= Grid widthl AND 

lY coord > 01 ANO l(=coord <: Uri<.(�h .. :dghtl! 
THEN-

IF U)c1,t3�grid(X-coord,Y_coof'd) = TH'UEt 
THEN Code := Cod0 .. 2 •• IY_coord-Row+t+3•(X_coord-Col•1 I l; 

�rid code := Code: 
END; 

FUNCTION fi I led I Data grid : Grid) 
Fi 11 in s01111.! gaps in the gr id • 

VAR 
x coord, r coor-d, Cod0 
N�w_gr-id 

llftilN 
id; 

INTEGER; 
Grid; 

Gr-id; 

N,;w_ gr id :.: Oat 
FOR-x coord := 

FOR-Y coord := 
HEGIN 

I Gr id width- 1 I DO 
2 TO IGrTd_h<..!igtlt 1 t DO 

Codv : Ur id-cod0 I Dd t a_gr- id, X_coord, Y _coord I; 
IF I ,co,k • 25"/i OR I Code, • 1301 OR iCock • 401 OR !Code 

N-:w __ grid l.\_coord,t_coordl := TRUE; 
END; 

filled NLw_grid; 
ENO; 

FUNCTION Endpt IData_grid : Grid; 
Col, Row : !NT£GERI : bOOLEAN; 

IMUE if tt1is is a,, cr1dpoir1t • 

VAR 

Cod0, ,1,_coord, 1_coord : INTEGER; 

bEG!N 
Code := Gf'ld_cod..:! \Data_grld, Col, Row); 

6811 1HEN 
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IF I !Code 
iCod0 : 
!Cod1,.; : 
tCodtc = 

THEN Endpt 
ELSE EmJpt 

ENO; 

1'/1 0� lCodc :: 
481 OR ICodo • 
221 OR !Code 

2 08 I OR I Code • 
.- TRUE 
:: FALSE; 

fUNC TI ON Cuad IX coo rd, Y _coord 
c-:;n tcr 

Assign a quadrant number: 

tlEGIN 

2 
3 

IF i (X coord >= 
IF i (X:coord 
IF liX coord 
If IIX=coord 

ENO; 

C\:ntcr IX l I 
Ccn t¢r IX I I 
C;.;nt0r !Xii 
Center Ix l 1 

FUNCTION Ends iData_grid : Grid; 

181 OR 
80 I OR 
521 OR 
881 OR 

I Code 
1 Cod1,.; • 
(Codo = 
<Code : 

JNTEGrn; 

20 I OR 
I 441 OR 
3041 OR 

251 QR 

Pointl : INTEGER: 

AND Ir coord ,. Center 
-

AND I y coord >• Center 
AND I y coord Center 

ANO I y coord Ccnti.H' 
-

Center : Pointl : End b1ts; 

(COdD a: 
!Code = 
I Code 

241 OR 
2'/21 OR 
4001 OR 

I 9 I J I Code 

{ rJ l I 
{Ylli 

I Y I I I 
I I I I I 

THEN Guad 
THEN Cuad 
THEN Quad 
THEN Quad 

Ir1dicatc 0xlst0,1cc of c11dpoints in each quadrant in the grid 

VAR 
X coord, Y_coord 1 Zero 
1:,i ts 

8EGJ N 

INTEGER; 
End_bits; 

FOR Zero :• 1 TO 4 DO 8i ts (Zero] := 1 • 
FOR X coord : 2 TO I Grid width- I I DO 

FOR-Y_coord := 2 TO IGrid_hcight·tl DO 
If 1£ndpt tData_grid, ,(,_coord, Y_coord) = TRUE} 

THEN ti its [Quad!� coord,Y coord,C01,t�rl I := 1: 
· Mark th0 quadri11t if a� c11dpoint �xists in that quadra11t­

Ends := liits; 
ENO; 

id : Gr id I; 

• l ELSE 

2 ELSE 

• 3 ELSE 
= 4; 

PROCEDURE Draw char (l 
01•aw a ch�ract0r 011 Ii .c,, show scrcun rvpri.::s.cntation of Grid I 

VAR 

Row, Col 
Scr0cn coord 

INTEGER; 
Two_things: 

BEGIN 
FOR.Col :• I TO Grld_wldth DO 

FOR Row :• I TO Gf'id h0ight DO 
If lnput_grid ICol�Row) • TRUE THEN 

BEGIN 
Screen coof'd (XI := ScruriCh tCol,Grid width

1
Scrcen widthl; 

Scrcc11-coord fYJ :: Scrur1ch INow,Grid-hcigt1t,Scrcc� h�ightl; 
Cu rsor:posn IScrccn_coordll),Screcr1_c�ord!YI): -
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ENO; 

WRJTELN IOut_char[!JI; 
END; 

Pt(OCEDUN£ F i;1d Stdrt; 
Us..:J for tr.:tCing; this routin0 WdS not i111µl01110nt0d, and 

'/ AR: 
Way 
Start 
Don.; 
St.:trt found 

(i i r-..:c t ion; 
Two_thingt>; 
bOULEAN; 
BOOLEAN; 

6Et, IN 
Way := Up; 
Start I '.I : O; 
St•1·t [fl := Grid_h0igt1t; 

FALSE; 
:: FALSE; 

WH[ 1Donc : FALSE 1 00 
tiEG IN 

JF •D•l•_grld 1Startl•l,5tartl1 I l 
tiE G l N 

TRUE! THEN 

St,.irt __ fou11d := TRUE; 
00110 �: fRUf; 

E Nll 
USE If <Way = Upl THEN 

llEv HI 
IF 1Stctrt[.),} t.rid widthi THEN 

bE GIN 
lf iStdrl[¥1 OJ THl:N Oon..; T�U£ 
EL SE 

llEGJN 
l•rtl1J Start[ll 1; 

Wdy • Down� 
ENO; 

£ND lF Star't[Xl = Grid width 
ELSE IF !Start[¥! Urid_h�ight1 THEN 

HtilN 

Start{,�.l :x Start(X) + 1; 
Way= Down; 

END 1f Startl¥1 : 6r'id_h,.::lght 
ELSE 

bEG IN 
SLu'tl-'I 
Startlll 

ENO; 
END Jf W•y = Up 

ELSE !F ISt•rtlYI • 
HEG IN 

IF 1StartlXI 
El SE 

llE G l N 

Start IX I I • 
Start[Y) • 1; 

0 I THEN 

Grid_widtht THEN 0011� 

Stdrtl>,J •= StdrtP,J • 1; 
Way: Up; 

: = rnuE 

i� incomplete 
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ENO 
EN

�i Start[ Y) = 0 
ELSE lf IStartlXI • 01 THEN 

!JEGJN 
Start{Yl ::: SL1rt[Yl 1· 
Way• Up; 

ENO . If Start[>.! : 0 
EL SE 

!JECi!N 
Start!XI :• Start!XI 1; 
Start[Yi := St•rt[Y) 1; 

ENO; 
£NO; Whi 1...: Oon..:: = FALSE 

ENO;. 

PROC£0UIH Find stdf't \Data grid : Grid; 
- VAR Start-fou11d : BOOLEAN; 

VAi{ Start- Point); 
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U!:t<.:d for tracing; this routine wa.s not implhmcntcd, and is incomplete 

VA� 
X COOt'd, Y_coord : INTEGER; 

HGJN 
Stdrt found := FALSE; 
Y coo;:.J : O; 
WHllE Ii¥ coord <::: Grid height) ANO \Start�fou11d = fALSEII 00

HEGIN -
-

Y -coord : ;: Y _coord 1- 1; 

ENO; 

1; 
<= Grid widtt,) AND (Start fouitd • FALSE I) DO 

id(X coord:r coordi ::: TRUE) 
t fo;:;nd : = TRUE 

x coord := x_coord � 1; 

Stdrt l I .- X_coot'd; 
Stdrt {Y] := Y coord; 

ENO;· 

FUNCTION Coord IXY. Old_coord, Way, Factor : INTEGER I : INTEGER; 
Us0d for tracing; this r-outinu w;,is not i111plc111onted, and is iocompl-1Jtc 

VAR 
Theta 
Del t d 

HEuIN 

REAL; 
INfEGER; 

Theta Pi / 2 • Way; Angle of the direction 
CASE XY OF 

I : Delta ;; ROUND (COS I Theta Ii; 
2: 0¢lla := �OUND ISIN llhdall; 

£NO; Cas..:: XY 
Coord .- Old coord + factor • D..::lta; 

ENO;• 
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PNOCEDURE Trace !Ddtd_grid : Grid; 
Drdw �OOLEAN; 
Hu111_of_grid_pts INTEGER; 

VAN Vcr·ticdls INTEGER; 
VAN Hori7011tals INTEGEN; 
VAN Oidg011dlS IHTEGEN; 
VAN Conn..:-cts Connectivity matrix; 
VAN Num of mdrkcd INTEGER); -

Page 1'/ 

Used for tracing;-this routine was not implemented, and is incomplete 

VAH 
Wdy, Old_wdy, Way_tcmp 

Old point, Stdrt 
X_cOord, Y_coord, Count 
X coo rd t en1p, Y coo rd temp 
M3rKcd 
Std.rt found 

aEGIN 
Verticals := O; 
Hori7011tals := O; 
DidgOnals := O; 
Mum of 111drked : = 0; 

Direction; 

Point; 
UITEGER; 
INTEGER; 
Grid; 
HOOLEAN; 

I11ilidli7e co1111ect mdlrix !Cor111cctsl; 
Find_sldrt-(Dc:1ta_g;:-id, Stdrt_found, Start); 
IF 1 Sldrl_found = TNUE) THEN 

tiE GIN 
X. coord := Stdrt (X.]; 
Y=coorr.J := Start .(Y); 
Initittli7c_grid tMdrkedl; 

right; 
l cf t; 

up: 
down 

Count := O; Number of consecutive ti111cs a false clement 
Wdy := 0; . lnitial dir..::ction = Right 

WHILE iNum of_tndrkcd < Num_of_grid_ptsl DO 
aEGIN 

X coord Coord IX, X coord, Wdy, 11; 
Y=coord := Coord (Y, Y=coor·d, Way, 11; 

IF (Ddtd_grid (X._coord,Y_coord) = TRUE) 
THEN 

aEGIN 
Old point (X] := x coord; 
Old=point (YI := Y=coord; 
Old WdY := Wdy; 
IF (Mdrkcd (X coord,Y coord) FALSE) THEN 

tiE GIN 
If IDrdw = !RUEi THEN 

HEGIN 
Cursor _pos11 

WR!TELN IOut 
END; 

!Sc..runch IX coord, Grid width, 
Screen-width), 

-

Scrunch IY-coord, Grid height, 
Screen=height)); -

char I I I l; 
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END; 
END;· 

Marked (X coord,Y coord} := TRUE; 
Nu1n of 1na;ked := iu1n of n1arKed + 1; 

END; - - - -
Way := Di rec (Way + 1 l; 
Count . - 0; 

Turn left 

END 
ELSE 

HEGIN 
Count : = Count + 1 ; 
IF (Count <> 3) THEN Way := Di rec (Wdy - 1); 

IF I lCount < 31 

_END; 

THEN Way := Di rec (Way - 1 I Turn right 
ELSE 

IF (Count = 41 THEN 
HEG!N 

Way := Way - 1; 
X coord .- Coord IX, X coord, Way_tcmp, 
Y coord := Coord (Y, Y-coord, Way_temp, 

2 I; 
2 I ; 

Way temp := Dircc fWay - 2); 
X cOord temp : = Coord IX, X coord, Way temp, 2 l; 
Y-coord-temp := Coord IY, Y-coord, Way=tcmp, 2l; 
way temP := Dircc (Way temp-+ 11; 
X_cOord_tcmp := Coord Tx, X_coord_tcmp, Way_tc111p, 
Y_coord_tcmp := Coord I Y, Y_coord_tcmp, Way_tc111p

1 

lF (Oata_grid{X_coord_tcmp,Y_coord_tcmp) = TNUEI 
THEN 

HEGIN 
X_coord : = Coo rd ( X, X_coord_t..::mp, 

Dircc (Way tcmp+2), 1); 
Y_coord := Coo;:-d (Y, Y_coord_te111p, 

Oircc lWdy_temp+21, 11; 
Way : = Way_tc-mp; 

END 
ELSE 

BEGIN 
X_coord := Old point (x); 
Y coord := Old-point [YI; 
w-;;y := Oirec 101d wdy+21; 

END; -

END; If Count = 4 
If Data_grid (X_coord,Y_coord) FALSE 

END; While 

If (Start found = TRUE) 

PROCEDURE Drdw trace (Data file : String); 
Used for trdci.ng; this roUtine wds not implemented, 

VAR 

Char to trdCC 
Stor:;d 9rid 
Char_f0und 

CHAH; 
Grid; 
BOOLEAN; 

and is incomplete 

2 I; 
2 I; 



Fi l\.i: PCR PAS Al Last writt..;n 011 02/19/88 at 19:01:40 

V�rticdl , Hori7011tals 
Oidgon<1ls 
Conn<.!C ts 
tlum�uf _llldrk,;d 

C<.:nt..::r 
Nu1u_of_9rid .. pts 

ti EU IN 
kEPEAT 

C 1-.::ir scr.;::i;;n; 
REPEAT 

INTEGER; 
!NTEGER: 
Conn�ctivity_matril: 
INTEGER; 
Point; 
INTEGER; 
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G0 il,'£ntcr ch.tract..::r to trac0 IO=wxitl: ', Char_to_tPac0l; 
UNTI 1Char to trace = 'O'l OR 

(ORO lch;r to tr-4ct.::l >= ORD ('A'} l OR 
!OHll iCh d r�to-trac,.;I <: ORD (' Z' l 1; 

IF Chdr race-<>-, 0' THEN 
�EG! 

lniti.;tli�t:! ... grid \Stor0d_gridi: 
H04tJ char !Chctr to trdCV, 1l.;td.Jilv, Char_found, Storvd_gridJ; 

IF-ICt,dr four1J =-TRUEI THEN 
bEGIN 

fi11d_grid_tr.:1its \Stor'!.Jd_grid, Ccntor, Nu1u_of_grid_pts}; 
TrdCc !Stor,,;-:d grid, Tt{Uf, Num of grid pts, VcrtiC:dls, 

Horl70ntals, Dlagonals, (.Q,rn0cts,-th.rn, __ of_mdrt<:..::dl; 
Curr,Ot' po&n { t, 2 I; 
WRITELN l'Num_of mQ.rKed Num_of mar¾,:d:l, ' of ', 

Num of gridPts:1, ' l; 
Wdit for" r�tul'ri;' 

fNO; -lf Chttr_found � iRUE 
uw; 

UNflL Char to trace 
ENll; -

, O' 

FUNCTION V�r tcg5 !Pata_grid Grtd: 
C.:nt..::r Point; 
�rid r4diut [NIEGEH; 
F�ct;r NEAL! : Two things; 

Nuu,U..:r of v...:rti;.;41 s..:gm-.;ntt to th;.: li::fl &nJ ri9ht of ci.::nli..:r; input i� 
dn&ly70d ln sl..'.ri1.:s of bars 

t;;4r cou11t, tLH' width, LH, tidr 111,t� 
lcn, Sidi.!:, I_coord, f_coor•d, Gap 

Tt11s row, How cou,,t 

oE(j IN 
1:Ltr width :: 2; 

INTEUEN; 
IN TE Gm; 
Two __ thiogs; 
liOOLEAN; 

Min" !:.i.:!g l0n ROUND If de tor * Grid radius- l; 
Min $.;g l�n := 6; 

- Minin1um v.,;rtical stJgiu,.;nt l..::ngth 
FOH lH :: Lo TO Hi DO Scgr. flHJ :: 0; 
tLtr 111ax := MIN ltirid width, Ccntcrf>.J+(.irid radiusJ; 

idx. r-valu0 to c�0ck - -
Udr : MA� ,c�11t0r!Al ·Grid_radius, It; Min. A-vdlU¢ to ct•�ck 
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H�_coord ('t'l :z MIN IC0nb;r(Yl•Grid radius, Grid_hoight); 
Max Y valu0 to ch..::ck -

-

Wl11LE (t,a.r <::. b.tr 111axi DO 
IJEG!N 

-
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liar _count :: O; ��u11,b1,;r, of data points In thl! bar 
Hi Coord (XI ;::: MlN lliar max. tlar-dhtr width-I l; · Max. x�valu0 in bdr 
Y_Zoord := MAX {C0ntcr(rT-Grid_radius7 1 I; · Min. ¥-valu0 to ch0ck -
Gap := O; l11dication of gaps in the input 

WHILE {IY coord <:: Hi coord {Y)l AND !Har count < t11in_sog_l0nll DO 
MEG!N - -

-

X coord :: Har; 
T�is row :: TRUE; Look at th� curr�1)t row in this Dar 
Row_�ou,1t := FALSE; · No points i11 this row for this bar 

WHILE !This ro■ • TRUEI 00 
oEG lN 

-

If !Oata_grid IX_coor<.l,1_coordl ■ TRUE) 
THEN 

tlEGIN 
Row count = TNUE; 
Thi; row := FALSE; 

ENO -
ELSE 

A poi11t was fou11� i11 
Stop looKing at this 

lf iX_coor<.l < Hi coord {/,] I 
THEN x coord := X coord + 1 
ELSE T�is row := fALS£; Nothi11g fou11d i11 

ENll; 

IF i t<ow count ::: 1 RU£) 
THEN 

ofG!N 

th� �ar row 
row 

this bar- row 

8dr cou11t := Har count • 1; lncr0mcnt 
foum.t • 

numb0r of points 

Gap := O;. 
END 

ELSE 
liEG l N 

G,1p ::,; Gap + 1; 
IF IG,op > 01 THEN 

oEG!N 
tL,ar count 

Gap := O; 
END; 

: = 0; A gap was found, 
pt·�viously -
gap marki.;r 

END; If Row_count • FALSE 

t coord :• Y coord • 1; Go to the next row 
E.NO;° . While tTt coord <• Hi coord [YJI and 

iliar_cour,t <-Min_scg_1cnTl • 

lf itiar_count < Min_s.Jg_ loril 

so ignore points fou11d 

THEN Bar := Har + I - Go to the next bdr; i.e., i11cro111ont A-value by 
only 1 -
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[ t $£ 
bE <,IN 

If (ti-:ar < C..;11t�rlx]i 
THEN Sict0 1 00cldr0 bdr locatio11 r�lativc to center 
ELS.£ id...; ::. 2; 

S.:g!;, ISid..::J := S0gs {Sid,._;) + 1; Increment numbc-r of s0gs found 
bdr :• H,r 9 tidr_width; Go to the 110xt b•r: i 0 .• skip ov�r 

colu1ruts alr.;ady looKcd at -
E.ND: 

£NO; llhi le tL:H' <= tiar-H1d>. 
V...;r_s..:gs := St.:gs; 

ENO; 

FUNCTION Hor_s�gL brid; 
Point; 

ius INTEGER; 
REAL) : Two_tt1i11gs; 

Humb...:r of horin)ot,il s0gn11::nts above dnd below cvnt..::r 

VAR 
t.i,:1:r, 1:L:tr' count, tiar width. LH , bar max 
Min s.cg l0n, Sid�. X coorU, Y coord, G<ip 
S..::gS, Hi_coord 

- -

Thls col, Col count 

b£u!N 

INTEGrn; 
INTEGER; 
Two_thlngs; 
bQOLEAN; 

Mi;; s..::g 1,.,,n '.: t?OUND tFactor • Grid rdd1us); 
Min �ey T..:11 = '/; ·-

Mini muln hor i 7ont al svgms,;n t 1 ,:ng th 
FOR LH :; Lo fO Hi llO S�gs (LHI :; 0; 
b,H·_m,p. ::: MIN 1Grhf_hi..:igt.t, C,cntL:,·!Yl+Grid_radiusl; 

l,,t,r := MAJ l(L;nt0r-lYI-Grid radius, il; Min 
Hi_coonJ L\I :: MHl iC..:ntt:;-lX.l•Grid_rddius, 

WH1LE ( 1:Jdr- <: t3dr_mdX l 00 
bEGIN 

Ch,cCK 
Y-valuu to checK 

Gr· id_width); 

1:Jdr_cour)t := O; Numl),..)r of datd points i11 th\.: b-Jr 
Hi coord Ill!= MIN !tidr max, tior•bar width )); 
X �oord := MAX 1C0r1tcrl�T-Grid radius� I I; 
G�p :, O; 

-

WHlLt 11,.-coor<l <= Hi_coorJ (>..f.l AND 11:idr_count < Min_si..:g_J,:;nll 00 
oEulN 

Y cvord : : bar 
This col :=­
Col Coon t : = f 

Continue to look. at thi..; curr(..)nt column 
Nothing found yDt for thi& column -

WHILE I This col 
bEGJN 

mu£; oo 

lF !O<Jld_9rid (> coord,Y coord] 
!HEN 

bEGIN 
Col count THUE.; 

rnuE 1 
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END; 

This col .- FALSE; 
END 

EL SE 
JF !Y coord < Hi coord IY)i 

THEN Y coord := Y coord • 1 
ELSE This col := FALSE; 

If !Col count • THUEI 
THEN 

HEGIN 
Ha,· cou11t :: liar_cour1t • 1; Incrl.'.:mi.::nt nu111b¢r of points 

found in the b,;tr-col -
Gdp O; R�s�t gap 111arK�r 

END 
EL SE 

tHG!N 
G.tp Gap • t: 
lf <Gap > 11 !HEN 

liE6JN 
bar _count 

Gap : ;;; 0; 
ENO; 

: = 0; Thi.::rc' s a gap. 
previously -

�eset gap marker 

ENO; lF Col�count 

so Ignore poi11ts found 

x coord : .\ coord • 1; Go to th1J next column 
ENO:° While 1Tx_coord <: Hi CO(.?rd {XI) and 

! l:lar _count < Min�scg-1..::nTI 

IF (tiar_count < Min_s.;:g_lenl 
THEN lidr : = tiar • 1 Go to the next bar: i .c., increment row by 

ELSE 
bEGIN 

only 1 -

lF lb.tr >= C(..)nt0riY) I 
THEN Sid� :: 1 • Declare location �1 above or below cc11tcr 
ELSE Sid<> :: 2; 

S\.:gS ISid..:J := S0gs (Side) • 1; lncrc11t1..:nt number of scgs found 
Bar :: Uar • Bar_width; - Go to the next bar: i �·• sKip over 

rows alruady �xa111incd 
urn: 

ENO: Whi 1..:- bar <=: Har _max 
Hor_s0gs :: Si.::gs; 

END; 

X 
Cdlculatc the r�i,1te;ccpt 

UEGJN 

INTEGER; 
HAL; 
lNlEGEHI INTEGER; 

't' interc,cpt 
END; 

�OlJNO l'i coord - Slop� • X coordi; 
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FUNCTION OLtgon,,ds !Oata_grid Gf'id; 
C011t�r Poi11t; 
brid_radius JNJEGEW; 
f,H.tor HEALl : 1""10 things; 

Numh..:r of l�ft dfHJ right sldnting di,:1gonal£. � 

VAR 
ildr, Coor-J, ba1· count, 
Min_s0g_ll.:n, st, 
-•Y, 0,:1r- _width, 
S..:gs, t�int 
Slop<.: 
Ttlis I. Col cou1lt 
1 O Y __ rcpt 

BEGIN 
ti,1r ... width :: 2; 

End b<Jr, 
.\ cOord, 
(j-;;p 

Hi y 
Y Coord 

!NJ((i£R; 
INTEG£H; 
INTEGER; 
lwo tt1i11gs: 
REAL 

o. N; 
IN I Eu[H; 

Min seq 1-.:n :; Rt1UNO !Factor * (jr1d , dd1usJ; 
- M -in didgondl si.:g11h.cnt l..-:ngth 

Min_s,;g_it:n ,:: ·1; 
- Min dL1gon,ll s09111..:nt 1i.;ngth 

FOR .>.Y := 1 TO 2 no s�gs IHI := O; 

FOR q• = 1 TO DO L'-'ft and right didgonals 

Page 23 

FOR '.;lf)µ.,_,:::, :: 1 TO 2 UO Check 2 slop�s for cdch type of diagonal 
UEGIN 

CASE Slop�s 
1 : Slope 
2 : S loµ..:: 

END; Cas.0 

OF 
. - H 

2 . 
Slopes 

I . 5; Slop0 • I 0.5 
u 3; Slope • I I. 0 

CASE xY OF Set intercepts 

BEG l N 
{ int (LO I 
Y� int l Hi I 

END; 

bEGIN 
t I LO I : = 

int f Hi l 

£ND; Cast..: X.'1' 

bd,. Y i,,t (Lal; 

terc0pt I 1, Slope, 1l: 
nt\!rC\;pt tGrid_h1..:i9ht 1 Slope, Grid�widthl; 

l intercept 
Y=int0rccpt 

! 1, Slop0, Grid width I; 
IGrid_hclght, Siopc, 1 I; 

WHILE IHdr < Y_i11t fHiJi DO 
bEG1N 

0dr count :: O; Nu111b0r of Jttta points in th...: bdr 
Er1d-bdr :: MIN lt_i11t[Hi I, tlar•8ar_width-11; 
G ap-:= O; 

: = 0; 
: = 0; 

:= 1; 
Ii,<. coorJ <: Grid_widthi ANO ltiar count < Mio_si..:g_l,.;nli IJ() 
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HEG IN 
This col :: TRUE; Look at tho current coluuu1 
Col_�Ouf,t : FALSE; No points found y0t • 
'l'_coord : THUNC ISlop� • X._coord + Harl; 
Hi_y :: Jl{UtfC iSlOpt! • X_coord + End_barl; 

WHILE i Thls col TRUE I 00 
BEGIN 

-

IF It'( coo rd ;, 0) ANO I Y coord (:ii; Grid height i I THEN 
lF iData_grid (X_coord�Y_coordl 1HU£1 lH£N 

BEGIN 
lf i Y coord = r_oldl 

THEi Y_rcps :� Y_r0ps • 1 

HS£ 
BEG IN 

Y old := Y coord; 
1-r..;-ps 1· 

£ND; 

W0 looked at th!s 
'f'-valuc- b�foriJ 

Jf iY_r\.!ps < 31 THEN Point is voiid Only if wD 
hdvc not look0d at this 
'f-vdlue 11-or..:: than twic;.;; 

U£GIN 
Col count :::: TRUE; 
Thii col := FALSE; 

END; -
END; If Data grid [X coord,Y_ cOordJ TRUE 

IF ( This col .!: TRUE) THEN - -· 
IF i'f Coord < Hi yl 

THfN Y coord :;- 1 coord + 1 Check the next 't-vaiui.:: 
ELSE This col :::: FALSE; 

ENO; Whi Je This_col :; TRUE 

IF (Col count a TRUE I 
THEN 

BEGIN 
Bar_count := Har_count + 1: 

Gs11p ;.:. O; Ros0t gap 111ark:ur 
ENO 

ELSE 
HEG!N 

Gap : = Gap + i ; 
IF !Gap > 0 I THEN 

BEGIN 

lnCr!.cmcnt th0 number of 
points found -

l:LH' _count �: O; Th;.;;re' s a gap, so ignore points 
.t 1 r.::ady fou�d 

END; 

Gap := O; 
ENO; 

lh:s..:t gap 111ark.,,n 

X coord : X coord + 1; Go to the next X value 
ENDT Whi10 X=coord <: Grid_width ANO Har_cou1,t c Mir,_seg_l...:11 

lF il:L1r count < Min svg lcn l 
THEN iar Har •-1 --Go to the next bar 
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H 5E 
HEG!N 

b,1,r := b,u' T 
END; 

tla,·_width; 

ENll: Wl1i lv b.tr <:;; f int I Hi J 

lncr em,on t numbi.::r 
found -

Skip to tt1� 110xt bar 

ENO; For Slopes ::;; I to-2, For XY ::- i to 2 
0idgOna1r. :::. $cgs; 

UHl; 

FUNCf!ON Compll..)xity_factor tCou,pLJxity : INTEGER! : REAL; 

Of didg& 

Ttdz w,1s uf,i.:d to Jl:.,crimln<1t..: b..:-tw01.;11 £,C"gttu . .:nt crih.:ria of modul datd and 
scgt11<..:nt <.;rit0ri.s of t..:st d4td; no long0r· in usv • 

tlEGJN 
CASE Coo,pi>...!>.ity Of 

I : Compl<-;xi ty_.fdctor .-
2 : Co111pl<.:>- i ty f4ctor :; 

EhD; Cds� Co111pic�ity -
EIW; 

PHOCEOUHt £11cod0 1 in0 s1..:g1n0nts 

ilEG IN 

0 - ? : 
0.5; 

◄Oatd gr1d Grid; 
C.;:,,t0r Poi11t; 
Grid rddius INTEGER; 
VA� V0rtic.tl s0gs Two_thi11gs; 
VA� Hori7011til_s0gs Two_ttlings: 
\/A� Diagon,1l_s0gs Two_things: 
Complc}..i ty : INTEGER i; 

hor i 7011 t d 1. dlld di dgOna. s.::gm,.;:11 ts � 

fdctur :: Cootpl...::Aity_f.tctor iC01np1c»ityl; 
V..:rtical�r.cg� := Ycr_l�Q!. !Data_grid, C-.;ntc-r, Grid_radius, f,,:ctor}; 
Hori70nt•i_s<.:gs :::. Hor_t..:QS \Data_grid, Ct.;nt-.;r, Gr,id_rJ:tJius, fdctorl; 
OLtgOndl_s..::gf. :::. Oi.,gonals tOato_grid, C..::nt0r. Grid_radius, Factor I; 

E Nll; 

PROCEOUHE Print line fi�QS \Oatd fil,; 1, Oata file 2 :  String!; 
Output infon7.iatlo� about scg;;:L:nts-in modc:l &nd-t..::st data � 

VAR 
Char to t..:s.t, Char match 
Chdr'_nu1f1, Num_uf _pl!. 
Chdr_grid 
TL st v..:c., Scratch vcc 

Cos 
Mult1p\i..: mdtch, Ch.tr- found 
Af, 6rlti-rddius, Fil:;!loin 
1/.;rticdi=s�g�. Hol"il'ont.t1_s..:gs 
Diayondl_s�gs 

CHAR; 
INTE6ER; 
Grid; 
V..:c tor; 
Point; 
REH; 
llOOLEAN: 
rnru,rn; 
Two_things; 
Two_things; 

File-: PCR PAS Al 

f i l 0 nao10 

HEGIN 
WHITELN {'Files 
Fi I e ndme I 1 ) : 
Filv=11d1J11..! 121 : 
FOi-< Cli<Jr nu111 :::. 

tlEGIN -

last writtc-n on 02/19/88 at 19:01:40 

"' , l) at d f i l C 1 , 
tL.d;;: filv 1;-
04ta-fil0-2; 

1 TO N~cha;s DO 

AHHA! IL .2\ Of String; 

'" and "', Oata_fi lc_2, 

Chdr to t..::s t : :;; Rec to char i Char num); 
FOR ftlDnum :::. 1 T0-2 Do Mod..::1 'and t0st data fi left 

liECllN 

p <1g0 2 6 

I; 

M-:-ad char tChar to t0.st, Fil<.; na111c(filcnuml, Char_found, Char_gridl; 
lf l(h,itr found; TRu£J -

THEN -
�EGJN 

Char_grid := Fillc:d IChar_gridi; 
Fi11d_grid_traits 1Ct1ar_grid, C0nt0r, Nun�of_plsJ; 
Grid radius := ILjd of points !Pvrccnt throsh, Char grid, 

C 1.rnt0r, Nuui of-pt�l; - -
£ocodl.!_li11i.:_si;g1�...:nTs !Chdr�grid, Cc:nti.::r, Grid_rddius, 

\lcrtical_scgs, Hori70ntal_sc:gs, 0i.tgon4il_s\.lgs, Fi l0num): 
CASE Fi i011u111 OF 

I : WRITE. (' ''', Char to test, '"':' ); 
2 : WR! H I' ',; 

END; C.1.s0 Fi 1..::-num "' 
FOR XY :• T02 DO WRITE I' 
FOR •I :• TO 2 DO WRITE t' 
FOR n :• I TO 2 DO WRITE {' 
WR!TELN I' (i.-.id radius = 

ENO lf ch,1r,H;t..:r WdS found 

V0rtiCdl_scQ�[AYl :1 ); 
H6ri7ontal_�c�&(Xll:l •; 

, DidgOndl_�ogs(XTl�ti; 
Grid radius:!); 

ELSE WRllELN I"" 
1 

Ch<1r to l..:!:>t, '" not found,' I; 
END; Fil;.::11u111. - -

ENO; 

WRJTELN; 

ENO; Chdr nu111 

PNOCEOURE Prir1t cndpoi11ts {O�t� fil0 _1, Pata file 2 : Stf'i11g\; 
Output i11for;atio11 dbOut 0r1d�ointi ii, 11�d�l dr1J t..::st data s0ts 

VAH 
Char to test, Char n1atch 
Ct1ar-r1u�. Nun1 of p�s 
Char-gr id 

- -

T�st:vuc, Scratch v�c 
Ccnt�r 
Cos 
Mul tipl¢_match, Chdr _found 
XY, Grid radius, Filenurn 

Quad : INTEGER; 
V0rticdl_s�gs. Hori7011t&l_s0gs 
Oi<tgOndl_scgs 
Fil c na100 
bi ts 

liEu IN 

CHAR; 
INTEGEH; 
Gr• id; 
V�ctor; 
Point; 
REAL; 
oOOLE•N; 
INTEGER; 

Two_things; 
Two things; 
ARRA! I l.-2J Of String; 
End_bits; 



fi 10: PCR PAS Al Ldst writt0n on 02/19/88 at 19:01:40 

WRlTELN 1'Fllo.;:s "', 0dta_fil0_l, '" and 
Flli,;_n,uuc Ill ::::: Oata_fil t� 
Fi)c- r1ao1..; [21 := Data fi 
FOR Clldr num ::::: 1 TON chars DO 

BEGIN -
-

to t0st := Rt)C to ch,tr {Char numl; 
FU� 11:;num ::::: 1 T0-2 iio Mod;..d :;,HJ t-0st data s<Jts 

B[(j(N 

Endpts:'I; 

Ro..cad char (Char to t..::st, Filc_rnuui.;(Fil.:num], Char found, Ch,1r_gridl; 
l F { (h dr found ; tHuE I 

ENO; 

l H[ N 
Hl,)N 

Ch dr_grid :: fill-.:d fChar __ gr-idl; 
Find grid traits lCh-tr grid, C0nt0r-, Num of ptsi; 

Gri� radius := Mad of-points IP<Jrcc11 t t�rcih, Char grid, 
C�r1t0r. Nu111 of �tsT: - -

Encodi.: _linc s..::g;;;(!nts (Char- grid, Cent0r, Grid __ radius. 
V,.;-;-·tical s�gs, Hori7ont"a1 s0gs, Diagonal scgs 1 

Filenuu1l; 
CASEfll011u111-0F - -

l : WRITE (' '", (hdr to t0st, ',, :' l; 
2 : WR l JE i' ' i; - -

£ND; Cas,c F J l011u111 
tlits : Ends l(hdr�grid, C0nt¢rl; 
f OR H : = 1 10 4 DO WR 11£ I' ' Bits I U I : 2 I ; 
WHJ fELN; 

EN[J If charact\.:r WdS found 
ELSE WRl T£LN ! '"' 

1 
Char to t0st, not found '}; 

ENO; Fl l�rl\.Hll -
WRllELN; 

ENO; Ct\d!" _OtHII 

PROCEDURE E11cod0 slic0 fData grid Grid; 
Point: C,:;n t�r 

Num_of_grid_pts 
Th..,:, t4 
&rid rddius 

lucs 
ng_slice_width 

VAl< Slice 
th..; slic-.;of input 

INTEGEH; 
REAL; 
INTEGEH; 

Ring_radii; 
RE AL; 
SI ici.:_cocJ0 I; 

vrn 

Ring, I< ad i us , R, > .  Y 
Angl.;s 
Angli.:i 
Chi.;ck min, Ch0Ck Ind.it 
Ct,�cK-x, Ct10ck_y-

,_ __ coorJ, Y coot· d 

INTEGrn; 
!NlEGfH; 
ARRAY { 1 .. 21 OF REAL; Th¢ 2 bounding angles 
Two things; RS grid bound<1t'i0s -
INTEGER; 
RSlicc: Cor110rs of th0 ring-slic0 (RS) 
HfAl; Oist.tnco from cont...:r to grid point 
IN T[bE. I{; 
Slici.; bits; 
1NTEG£R; 

PMOCEOUR[ E11codc_slic� bitt !Hit� : Sllca bits; 

File: PCR PAS Al Last wrlttl.!n on 02/19/86 at 19:01�40 

VAR Code 

VAR 
10, Scg, Sct_bits : INTEGER; 

BHl!N 

S 1 ico_codc I; 

FOH Sct_bits :: 1 TO 2 • N_rings DO Cod0 [Set bit�J :� -t; 
lnitiali7.J Slic¢_codc: change Oto -1 ovorYwhcre � 

FOR IO := 1 to 2 00 Code for mid-range & outl.!rmost 1· s • 
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Set Sli : for innermost 1, sot bits before and equal to th1..� 
For example, 00100 becomes 1 t 100. Do the same for 

outermost l. Concatcnatu bits. Exampli.:: 00101 becomes 11100 + 11111 = 
1110011111. 

HEGIN 
S cg : :::: 2 ; Mid -r angc 
WHILE {Sug < N_rings 1 I ANO tl:>its (S0gl 11: Ol DO Scg := S0g + 1; 

Seg = Ring-slice numbt.H" of tho innermost 1, excluding the 
outermost r ing~s? ice � 

IF Bits IScgl • I THEN 
FOR Sct_t>its := 1 10 Scg 00 Code IS.;t_bitsl :• 1; 

Scg := N_rings� Outcr111ost 
WHILE 1Scg > 31 ANO /Hits fSegl = Oi DO Seg :• $cg - I; 

S0g = Ring-siic� number of tho outi.:ir1uost 1, excluding tho 
inn<..:r1nost.ring-slic..;: -

IF Bits ISegl • I THEN 
FO� Sct_bit$ :: N_rir1gs • 1 TO N_ri11gs • S0g DO 

Code !Set bits! .- 1; 
ENO; 

END; 

BEGIN 

Angie Ill:= 
Anq i0 I 2 l : i::: 

Th...:ta; 
lhcta • D th,!ta; Hou1\di11g angl�s of 

l TO N=rings 00 Uits [S0t_bits) :;; 
the 
0; 

i l ic0 to loo� a:t 
[nit id l i70 FUH' $>.;t Oi ts 

FON Ri11g := 1 to N_rit1gs 00 
bEGIN 

f'OM Angl,)s := l to 2 00 Find RS-corner offsets fro111 ccnt.__,r 
fO� Radius :■ I to 2 00 

t:lE G 1 N 
M := Rir1g • Radius 2: 
RS_corn<.:r (Angles) IHadiusl !XI := 

MOUND IH_vdlu0s IN) • COS f A11gl IAr1glcsi i I; 
f<S corn,;r (Angles) [f<adius) !rt := 

R0UN0 IN vaJu0s (RI • S!N ( Angle !Ang1;.;s] ll; 
ENO; 

FQ� XY := X to I 00 
liEu!N 

Fi11,J HS grid L>ound4ri.:s 
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RS corn,.:;r 1, 1 I 2 I IXYI, -
RS corner I 2 I 1, 1 IXYI, -
RS corn.Jr I 2 I 12 I IAYJI; -

Check. llld X I \YI . - MA>- IRS corner 1, 1 1, 1 I xi I, -
RS corner J 1 J I 2 I I XY I, -
RS corner I 2 I 1, 1 I \YI, -
RS corner I 2 I I 2 I l>Yll; 

END; 

FOR ChL'CK x := Ch...:ck 111i11[X] TO Check. 111,1xlXJ DO Chl..)ck. CdCh grid point 
FOR Ch.:Ck_y := Ch0Ck_11d11(Y) TO ChcCK 11,ax(Y] DO 

BEGIN 
Uist from ctr := SQRT ( Check x •• 2 -t Check y .__. 2 l; 
x. coOrd : ;- C�ntcr IX J • Check.=x; 

-

Y-coord : = C....:ntcr I YI -t Check. y; 
IF !Dist frou1 ctr >= R. v,1lu0s

-
(Ring- I I I 

AND IDiSt_frOm_ctr <=-R_vdlucs [Ring] I 
A�lD !X coord '>: 01 AND (\ coord <= Grid width) 
AND IY=coord >= O) ANO IY=coord <= Grid=ho.::ightl THEN 

Grid point being checked is in the ring-slice 
lF Ddta __ grid [A_coord,Y_coord) = TRUE THE�l 

Thcr...::' s an input point in the ring-slic0 
l:Jits (Ring! := 1; 

END; Ct10ck. cdc.t1_grid poir1t i11 th...:: rir1g-slic0 
END; Check each ring 

Encode slic0_bits (l:Jits,Slicel; 
FNU; 

FUNCTION E ricode seg bits IS0gs : INTEGER) : Scg_bits; 
0 b..:co111e � [ - -1-, - ·1-: - I I 
1 becomes [ 1,-1,-1] 

bcc.0111es I 1, 1, -1 l 
bccon,cs I 1, I, 11 

VAR 
l:Jit 
1::1 its 

tiEGIN 

INTEGER; 
S eg b 1 ts; 

FOR oil .- 1 TO 3 DO oils Joill := ·l; 
IF IScgs > 01 THEN oils l1I 1; 
IF iSegs ) ll THEN l::lits 121 .- 1· 
IF IScgs > 21 THEN oils 131 .• l; 
Encode s,g bits Cits; 

END; 

PROCEDURE Encotk_input IU,1ta_grid 
C0n t0r 
Nu111_of_grid_pts 

VAR V0c 

Grid; 
Point; 
INTEGER; 
Vector; 
INIEGER I; 

Encode th..:: gr id 
C 0111µ I..:: x: i t y 

i i. 0., produc..:: a vcc tor I 

VAR 
bdSI.!, Hits, Mo,·e INTEGER; 

File: PCR PAS Al ldst writter1 011 02/19/88 at 19:01:40 

S l i c0 
Theta 
Code 
Gr id radius 
R vdlucs 
Ring slice width 
Ring-

-

V..::rtic,1l_s...::gs 
Ho r· i7ontdl scgs 
DidgOnal_s�gs 
A Y, Qudd 
S..::gmcnt bi ts 
Endpoinl_bits 

oEG IN 
l:J d.SC : = 0; 

!NTEGER; 
REAL; 
S 1 ice code; 
!NTEGER; 
Rlng rddi i; 
REAL; 
!NTEGrn; 
Two_things; 
Two_thi11gs; 
Two_things; 
INTEGER; 
S..:g bi ts; 
End-bits; 

Initiali7c vector !Vecl; 
Grid radiuS := Rdd of points (Pcrccnt_thrcsh, 

Nu111=of_grid_ptsl;
- -

R values IOI := O; 
Ring slice width := Grid radius / N rings; 
FOR �iq,g :; 1 TO N rings-DO R valueS (Ring! .-

. S0t �i r1g radii -
-

FOR Slice .- I TO N slices DO 
tiEG IN 

Theta .- 0 thetd • ,slice - 1l; 

Data_grid, Cc11ter, 

Ring * Ring_s l ic0_width; 

Encod..::_sliCc (Data_grid, Center, Nun1_of_grid_pts, Theta, Grid_radius, 
R vc1lucs, Ring slice width, Code I; 

Fol{ l::lits := 1 TO 2•N -;:-ings DO Vee [Oasc•l::litsl := Code (l::lit£.J; 
l:Jas..:: := 1:Jas0 -t 2•N_rir,gs; 

END; 

Encode_linc_scgments (D,1ta_grid, C011ter, Grid radiu£., Vertical_scgs, 
Hori7ontal_segs, Diagonal_segs, Complexity!;-

Endpo1nt bl ts := Ends (Data_grid, C0nt0r l; 

FOR XY := l TO 2 DO 
tiEG IN 

Seg1110nt_bits .- Encodc_seg_bits IVcrtical_segs (XYJI; 
FOR l::lits := 1 TO 3 DO Vee il::lasc-tliits] := S..::g1110nt_bits (tlitsJ; 
l::ldSC :: tldSe ♦ J; 

END; 
FOR XY :: I TO 2 DO 

�EG IM 
Segment_bi ts Encode_seg�bi ts (Hori70ntal_scgs (XY I); 
FOR l:Jits := 1 TO 3 DO Vee [l:Jdse-t-1:Jits) := Scg111ent_bits [l:Jits]; 
l::lase := tldSC ,.. 3; 

END; 
FOR AY := l TO 2 DO 

ti E GIN 
IF ( Di agon d l _ s 0g s I x Y l > 0 I 

THEN V0c [tlase-tl) .-
ELSE V0c 11:JasetlJ := - 1; 



Last wr·itt�n on 02/19/68 ,1t 19:0,:40 

bdSC bas0 4 1; 

£ND: 

FON bit := 1 TO 4 DO 
bE\JIN 

Pag<.o 3 l 

FOM Mor0 := l TO 3 00 V0c (basc•Mor�I £ndpoint_bits ltiitsl: 
t3.J;$<... : tid£.C + 3; 

£NH: 

WHllE \6,H,c < Oi1111.;n5ion4lityl PO 
bl:. G l N 

W�JTELN l' Not0: bASE < DIMENSIONALITY' l; 
lodsc><II 1: 

ENU; 
E.Nll; 

PNUCEOUNE Sto1·� vcc 

tore tt v...:t:tor 

tH.liltl 
OPLr·l iFJL£ NAME 

FILE-'JAtl!AbLE 

CHAR; 
V,:c tor; 
String J; 

\J <.;C f 1 l t.;; ll d:1110 1 
.� Vt!C=fi\-:-
.- lJNKMOWN, 

f i l ....:n a1111.: of V i.:C f i I 0 

T HOll OUHCT, Random access 
rPE:. :: FI •.£0, [;;ch v..:ctor h,n, tr1c Sdtll0 length 

CARRI CONlROL :: NONE:, No Sp(;Cial control Ct)d...:s 
QNijlN!Zlf!ON SEQUENTIAL, 
OISPGS[l!Dtl .- SAVEi; R'l.;tain th..; fili.; when it h; closvd 

LOCATE t fil0, Rec num !Ch,1r to stor0J i; Position fl�0 pQi11t0r 
lo,·0; · Pul v:;;;: tor i,,to fl 1-: buff0r 

V �c i 1 c I ; ..; thv v..:c tor 
Cll):)E tV-._:c-_JiL.:i: 

£ r1 D; 

PROCEDURE G..::n_vcctors \O,:,ta_fi h:; 

'J AH Ch 0tr , __ rlum 

Cl1;;,1' ___ to��,..::n 
Ch ,At· found 
(11,H�gr id 
c ..._,n t 0(' 

Stur'-C_fil..:: 

UHEGEH; 
CHAR; 
bfJfJLEAN; 
Gr id; 
Point: 

Ct1dr v�ctor· VL!Ctor; 
Num_Of_points INTEG£H: 

ti E (1 I �l 
fO� Ch,Jr ;1u111 : : l 10 N_ch-,rs DO 

H�rn -

: Strlng; Grid file 
: Strir1g); V..::ctor file 

from ddt<1 ::.0t; $to1·0 th..:: v0cto1'S 

WN:llELN l"ChM'_nu1n , Cl1dr-nu111:2i; 
Ch,:1r_to-.9�n : R..;c��to_t.:t)Jr I Char _numi; 
WRllElN I' Ct1ar_to_g(!r1 = ', Ct1dr_to_g..::11I; 
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Rcad __ ch.:tr tChar_to_gcn, 0ata_fil!.!, Cfldr_-tound, Char�grid!; 
WRl TELN ! 'Chdr found : ', Char- found l: 
IF Char found ; TRUE THl:N 

-

HGIN-
Char _grid:: Fill0d lChttl'_gridl; 
find_grid_tr-aits !Char_grid, C0nt0r, Num,_of_pointsl; 
WRlTELN f' Found grid tr;Jits. Ci.::nt,:;r � l', C0ntcr(.x.J:2, 

C<..:nt.,;,,rll'J:2, 'i #pts = ', Nt.Ju,_of_point�:21; 
i:nco,.t..: __ input !Ctld.r_grid, C1..;ntcv, huin_of_points, Ch,:1;,-_v..:ctor, 1·1; 
WRITELN ('Storing " 1

, Char•_to_gcn, '''.' l; 
Store v.,,;C ICh,H• __ to g...::n, Char .-v,:ctor, Store fi J._,,; 

OID; if Char fo_;nd-: TRUE • 
-

fND; Chdr /lum - -
WRITELN; 
WRITELN I' DUNE WITH Gc11_vcctors.' I; 
WHITELN; 

END; 

PHOCEOURE �0c1d 2 vi.:c files !Vector fil t, Vuctor-._fil0_.,2 
V4R Ch,:1r v:c �,.: I, Char vcc s..:t 

ti' in�J; 
"/,:;,.; tvr r,i.; t l ; 

R0<:id two v..;;ctor fil1..;s 

VAR Chdr nu111 
Chd1' to _g._.n 
Chai" foJnd 

!Nltt,rn; 
CHA�; 
BOOLEAN; 
V.::ctor: Char=vcctor _l, Ct;Jr __ v,:ctor_2 

UEG IN 
FOR Chdt' nu111 := 1 T(J N Chat's DO 

£ND; 

UEG IN 
WRlTELN \'Ch,u_num , Chat· num::?l; 
Char_to_g0n := Ricc_to_Ct);;ir tChar _numi; 
Rl.!ijd_-v..::C IChar _to-__ gvn, V..:ctor _file_\, Char _found, Char_vcctor _1 l; 
If (Ch&r found= fAL$El THEN 

bEIJIN -
wRlTELN l'"', Char to g�n, '" not found in', Vcctor_fltv_l, '1; 
J111t1dl17V v0ctor Tchir v�ctor 1); 

C ND; 
-

-
lf tV..::cto,-. fill.! 2 = Vcctor_fil0 1 ! 

THEN Chd; v0cior 2 Char v�ctor 1 
ELSE 

oEGIN 
Rvad vvc !Ch,H'_to .. -gvn, V1.!ctor'_�fil�_2, Chat> ,_fouod, Char_v...::ctor_2l; 
If i(hdr found = FALSE J TH£N 

b£G1N 
WH1fELtl !'"', Char_to_g<...'n, '" not found in', Vector fil\J 2, 

.' i; 

lni t ial i70 v0ctor (Char v0ctor 2 i; 
ENO; 

END; 
(,h,tr v,:;c s..::t I (Ch,u- 11u11d ·: Chat· vector i· 
Char-vi.::c-svt-2 [Char=numJ ;;; Char=vcctor:=2; 

END; Chd�-nu� 
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PROCEOUIH G0n_outcr_prods (Chdr_v-::c_svt __ 1, Ch,n·w_v1.;c_sct_2 '. Vector set; 
VAR Char llidt s�t M.4tr1x-sctl; 

G ...:11erat0 out..::r products; V...:clor_fil..:.:_1 dS input, Vector fil0_2 as output 

VAR Ch,tr' lltJIH JNTEGE.�; 
(hdr=vcctor 1, (hdr_vector_2 : V�ctor; 

bE(dN 
Wl<llELN i'll�11crdtir1g outi.;r products.' I; 
FOH Ch;:1r _110111 : ::- 1 TO N chdl'S l)Q 

Outvr product l ICh.:H'_num},Char_v..:::c_sct_llChar�numl, 
Ct1ar =111,d s12t iCh,H 

'wRl TELN {' nOHt.c g�ncrdt ing outer products l; 
Et!D; 

PROCEUURE Assoctat� vcc s0ts !Char vcc Ge 
Chdr =v..;c SC 
H 

V..::,c tor _si.:t; 
V..:ctor set; 
MdtrixT · Old «•dlrix 

VAR A Md t I" i X � ; N CW IUd tr i X 

VAR 
P.:tlt', Pikd 
Gprim0 
f).;) l d d 
Char_�dt Ei..:t 

HHdN 

INTEGER; 
V0c tor'; 
M,dr-i ;,,,; 
Matri:o. st.ct; 

A := li; St,H't with th0 old lnc1tr1K 
(i0n_out0r_p,,0Us ICt1ar_v0c __ s.._..t_1, Char _v0c_st.!t_2, i; 
WRiTfltH ' Nuu1b..:r of p,·c&0nt.dio11s ch,tt· : ' .  Presen ); 
WIUTELN{' L�<1rning constant = 1/I , I.' i; 
WtUfEtN l'ti -.:ginning dSSOCLition.'I; 
FOH Pair 1 TO (Prcsc11t • N chars) DO 

HH,IM 
Pikd := l<a:nd int UI chars!; PicK a v..:ctor randomly 
l\iJJ Mdtriccs-iA,Chd; llldl s0t(Pikdi,A); 
Mdt;:ix t TA.char v,.;:(: s.,;t t(Pikdl.Upri1110!; 
'wiLfrOw=hoff t_2(PikdJ ,GPr im0,Ch..ir _v�c_si.;t_t f Pikd!. 

1,1r1cr_productlClldr_v..:c_s�t_1fPtKd),Char_vec_s0t_2IPikdl I ,Oclta_al: 

ENO; 

Add IU,:tlrices i,\,th.:lta_<1,Al; 
E Nil; 

Pl{OCEDURE. As!.OCiats; V0C fi i,.,,;S \V..:ctor file I, Vector fl 10 2 
Old mdlri., 

VA� N0w-matrix 
AssoCidte vectors in vi.::ctor ftl0s -

VAR 
Ct,ar_vec_s<.ct_l, Ct1dr_vcc_s0t_2 : V�ctor_sct; 

bE GIN 
f{,_·dd 2 v..:c_filc!;. l\/(.;.ctor_fil 

Char _v.:c_S\;t_ I, Ch,:tr• _vec_sc 
1, V-.;ctor fi l.;! 2, 

I; -

String; 
M,.dr ix; 
Matrix I; 
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Associate vcc svts iChar vcc_s.vt_l, Char_vcc_sct_2, 01.J_matrix, NL"w_1t1atrix); 
END; - -

PROCEDUHE Store matrix (Mat to stOr\."! 
Mat -f i 10 n dltlC 

Store a m(ltrix 

VA� 
�ow, Col : INHGE�; 

HEGJN 
WHITELN I' Storing m3trix.' I; 

Matrix:; 
String); 

OPEN !FILE NAME .- Mdt file 11dfllt:, 
FILE-VAHIAHE := Mat-file ·, 
HISTOH! := UNKNOWN, 
ACCESS METHOD ;: SEQUENTIAL, 
RtCORD=T'fPE :: FIXED, . £ach n1atri): has thi.; sc:1me length 
CARRIAGE CONTHOL NONE, 

-
No special control codes 

OHGANIZATION :: SEQUENTIAL, 
OISPOSITIQN := SAVE}; !t..;:tain th0 file when it is closed 

EXTEND iMat fi kl; 
FOH �ow := T TO Ditt1�nsio11ality DO 

fO� Col :: 1 TO Oimensiondlity DO 
HEGIN 

Md t f i I 0-. : M <l t to st or c l Row. Col l ; 
PUT I Mat fl h·}; 'C"" store th..:! 111atrix -

END; 
CLOSE iM• il0l; 
WRlfELN i' storing ,11atrix.' l; 

ENO; 

PROCEDURE lh;ad matrix it.tat fil..:: nam0 
VAR' Mat-to ,-;; ,ad 

l'h:-dd a mat,· l x 

VAH 
Row, Col : INT£ti£R; 

bEG IN 
WR1T£LN 1'�\.!ading tndtrix.' l; 

St r i ng; 
Mat r i X J ; 

OPEN iFlLE NAME .- Mdt file 11,a111c, 
flLE-YAR!AbLE :• Mat-filo: 
HISTORY := UN�NOWN, 
ACCoSS METHOD SEQUENTIAL, 

Put 0lcm1.:nt into file buff1,;r 

�ECOMO-TYPE :.::: FIXED, . Each 01atr1x has the sa,oc l0ngth 
CANRIA�E CONT�OL NONE, No &pccial co11tro1 cod�s 
OHGANIZAT!ON .- SEQUENTIAL, 
DISPOSITION :; SAVEi; Retain th� file wh�11 it is closed 

FOR Mow :: 1 TO Dimensionality DO 
FOR Col :-.:. 1 TO Dim..!nsionality DO 

HtGIN 
IF !Row : I! ANO iCOl : 1) 

!HEN RESEl IMat filol 
ELSE GET IM•I filul; 

M..it_to_r-�ad (RoW,Col} := Mdt_filc -.; 
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i l-.;i; 
ENO; 

CLOSE Oda 
WR I TE. l N 1 ' 

ENO; 
r<.c,HJlng matrix:,' l; 

PROGlOUk'E ti Sb i In v..:c 
A 

V�H Out v..::c 

VAR 
C0s, Alphd, \J41rn11d 
l t<.:rdt.:,, X 

V<..:c tor: 
Md tf' i X; 
1J0c tor l; 

Old_vcc, O�c<ty, FccdbdCK, T�mp, Su111 

FUNCTION ll1wit ID : V1,,;ctorl : V-::cto�; 
S..:!t 111Jxi111umz. for 01..:::mcnt v.J:lu0s 

VAR 
C 
Thr¢sh 
' 

bEt, l N 
C : • 8; 

Vector; 
RE AL; 
INTEGER; 

Thr�sh := 1.5; 
FO� X :: l to tHm¢nsion4Jity OO 

If C l-'I • Thrc-sh JliEN 
C l.>,_J := Thr0sh ELSE 

Jf C: [ \] < 1 • ltir.._,�h fHEN 
C I•.? l " fhr...:-sh; 

Limit 
EN l); 

tiEulN 
AJphd �• 0.2; F..:..::dl>J:C}'; 
G,;it11m,1 0.9; n...:c,1y • 
Itc:,·,1t0 := 25; 
X : : 0; 
Cos :• O; 
Ou : = In vcc; 
WHJ (Cos (' ll AN[) D. < Itc:rJtcl no 

tiE G l N 
I; 

:= Out v...::c; 

REAL; 
INTEGER; 
Vector; 

,\, : = ; .. _ 
0 ld_vc(; 
Sc ,1 l dr im..;s_v:;ctor Gdmnta,Ou , D.:cayi: 
M <.t tr' i 
Sc ;i I 
Add-Vee 
Out_v..:c 
Cos 

ENO; 
£ND; 

i111..::s_v0ctor A,Ou 
i11•�s v�ctor Alpha, ,F0�dbdCkl; 

s �O�Cdy,F0�dbdCk,Su111i; 
::: limit !Sum); 

Vccto,· cosi11c 101d_v�c.Out_vcc1: 

PROCEDU�E find match I T...::st_v,:C : V�ctor; 
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Char vcc s0t V0ctor set; 
\/At< Chd.r-matCh CHAR; -
VAR Cos REAL; 
VA� Multipl0_inatch HOOLEANI; 

Find the closest match butwcon the model character sot and the test vector 
Tvst vcc. Cos i:;. an indicdtOr of the quality of tho match_ 

VAR 
Test cos 
Test� Char _u13tch_nuo1 

liH,IN 

RE AL; 
ltH£GER; 

Cos O; Tho currcr1t lar9cst cosir10 b�tw��n vectors 
Test :-:. O; Vector number 
Char match nun,: O; 
Char-tnt$tCh�:::: ' '; 
Multiplc_mdtch := fALSE; THUE if 11l0f'0 than one m.ttch is found 

Message i 1, 'Comparing test vector with modDl vcct.ors.' i; 
FOR Test :: I TO N Cha�s 00 

UEG IN 
1us := V0ctor cosine !Test ve:c,Chdr vi.::c �<.!tllcst]!; 
lf ! -Tt.!st_cos = 1 Cosl ANO iCOs <> Ol)-TH£N 

if th0 quality of this IIHttch is the Sdtltl! as the qu.tl ity of SOlltt,! 
pr�vious match, then: • 

Multipl tch :: TRUE ELSE 
IF ill-Tes i < !1-Cosll THEN 

If thu qudlity of this 1r1�tch is bettor than thu quality of all 
pr0vious mdtch,.;s, thv:n: 

tH:. GIN 
Multiplc_miitCh : fAlSE; 
Ch a r match nu tu. : = Tes t ; 
Cos== Test cos: 

[NU; 

£NO; T.,:;st 
IF- \Char match num > OJ THEN Char_match .- Rec to_char 

ENO; 
-

PkOCEDU�E Draw scales; 
Draw scal�s for scr��11 �diting 

oEG IN 
Mt:.:ssagc 
WR! THN 
WR! 1 ELN 
WR! IELN 
WRITEUI 
WRI TELN 
WH I TH N 
WRIHLN 
WRITHN 
WRITELN 
WHIHLN 
WR!lELN 

€Screen hcight-2, ' I 2 
I' 123i56169Ql23456189012345618901234561890' I; 
I' 1 1' I; 

2 2' I; 
I' 3 3' 
I ' 4 4' I ; 
I ' 5 5' I ; 

I' 6 6' I• 
{' '/ 

I' 8 8' 
I' 9 9' 
I' 1Q123456Jd�0123 

I; 
I; 
I; 
I; 

Wf?ITELN (' 1' I; 

lCh.J;r _match numl; 

4' I ; 
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WR!lllN I' 2' 
WRJTUtl l' 3'

WI<' l l El N ('  4' l 
WH 1 J £ L N I ' 5' 1 

lND; 

PNOCEOUN( N�dd bitpdd (VAH D•td_griJ 
R..;:,,td th� 01 TPAt) 

nput 

, C2, button 
JunK 
Scr�L·n_coord, Gr"id coor<l, Pad coord 

tiEG!N 
tlutton := O; 

! 3 , Sc r ..;:-.;n _h,.: l gh t · 3 I ; 

G1· htJ; 

Strir1g; lrlput strl11g 
INTEGER; 
CHAN DunM11y vari�blc 

ings; 

HEAOiN lP,:Hi in, b inµutl; R..::dd tilTPAfl 
If LEHUJH !�_inpu�I > 4 IHEN Mi11. 1011. of valid ir1put 5 

HEulN 
Cl : Instr i 2, ti_input, Conu1tal; Locate 2 comthas 

Pag..:: 3'/ 

C2 : Instr ! Cl ..- 2, U input, Comma); 
IF !Cl > ll ANO iC2 :..- cl..-1l THEN l'<..:quif'l":ments fol" ¥<:t.lid input 

U£l,IN 
t<EADV (IJ input. P,td coorJ[X], JunK, P.,at.t coord(Yf, Junk, Dutton); 

Parsv-lnput to J:£sign coorctinatcs - -
IF Huttor1 <> Hlu(: THEN 

bE61N 
Gr 1d coord l x. l := Scrunch (Pa.d coordi.X I.Pad_width,Gr id_wi,Jtld; 
Grid -coor d I Y I : a 

-

Scr·�n.:,h 1P.,J_ coord('t!,Pttd hcight,Grid hvightl: 
Scrl":l":ri coord fx.J �= 

- -

ScrunCh !PdJ covrdfXl,Pad 1t.1idth,Scr0-.;n width I; 
Scrc,.m coord Tvl :; 

- -

Scru�ch iPdd_coordlti,Pt1d._h0ight,Scr00n __ hc:ight); 
Cursor pos11 IScrc011 coord[Xl,Scrc�,1 coord(Ylt; 
If Hutiort = Whit� JijEN - M•rk -

-

bEGIN 
D•I• grid I Grid coordl l,Grid coordlYl I :: TRUE; 
WRITftUut_cl1arliJ I 

-

END ELSE 
IF 8utto11 �r��n THEN Erase 

bEGlN 
0<1ta grid (Grid coorJ[XJ,Urid coordlll] := FALSE; 
WR!TE,IOut_char[O]I; 

-

ENO; 
Cur i Scr01,;n coordf XI, Scr0,.;n coordl YI); 

ENO; but ton < > t:>luc -
END; If IC1 ) l) ANO lC2 -.. C.t+2i 

ENO; IF 1.ENtiTHiti_inputl ;, 4 -
UHfll ilutlon ;: bl1,h.;; 

ENll; 
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PROCEDURE G..:! t_somc_Ch.Jr i Chitr~ to_g<.! t 
VAR Oata_gr id 

Stiow sc-1le 
G0t a chdractcr fro,11 the HiTPAD 

VAR 
Oonl.! 
Don0_input 

liOOLEAN; 
CHAR; 

PHOCEOURE Char_m..::ssag¢ \Char _to_g,;d 

liEGlN 
IF Char_to_g0t <> 1 ' THEN 

HEG IN 

CHAR; 
Grid: 
liOOUAN I; 

CHAR I; 

Cursor posn lO,Scrc�n hcightt; 
WUllE.LN l'lhis is th�

-
.. , ,Char_to_g-.:t,' charact0r.' l; 

END; 
fNll; 

nEG!N 
Don.: ::: FALSE; 

Page 38 

WR1TELN IPdd_out, l::lit_rat-::1; 
REPEcAT 

Set up HITPAO for switch0d-str�a111 ir1put 

�EG!N 
M..::ss&gv i2, 'Y0llow: position cursor; whit-.:: marK; gr00n: unmarK;' I; 
Ncssag..: l 1, ' blu0: 12.11.it 11.' I; 
IF iShow_scal� ; TRUE) THEN ,1w scales; 
Ch�r_messagc l(h3r_to get,; 
Draw char \Oat id� ---:-

R<.:ad:bi tpad \Da a gridt 
If t $how sc., 1-c = Tr<uE l 

BEG IN -
Cl 0-Jr _scr0en; 
Char 1hcssag0 ! Char to get I; 
Draw:ctaar fDdld_gr·Td l�-

ENO; 
Cl<.!ar lin..:: 121; 
REPEAT 

G.:-t._char 11,'Arc you dono wiU1 this lctt0r ly/nl? ',Don0_lnputi; 
UNflL lOon�_input = 'y' I OH !Oon0_input = 'N' l; 
lf IDon�_input = 'Y' I TH[N Done T�UE; 

ENO 
UNTIL D0,1� : TNUE; 
WR! TELN (Pad out, '$' l; 
Cursor posn To 1 I); 

END; 
-

Stop reading from HITPAD 

PROCEDURE Get new char iVA� Data grid : Gridi; 
G.;t a new Chdr:;ct..:r fron, th0 iiITPAO -

llEGlN 
CI ..:!di' screen; 
G�t sOm...: char I' ', Data_gl"id, FALSE l; 

END; - -
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PkOCEDURE Print_vec to file \Actual char 
LI.) t te,-. 
Vee 

Output v�ctor to fi li.; 

VAR 

$ 1 i c.,:, Ni t 
Cuun t..:r 

INTEGER; 
JN!EtJER; 

tiEG l N 
OPEN if ILE NAME 

F !LE. VAR !AUL E 
H!SlORY 

Fl l ,:;11 a1110, 
Pr int_fi le, 

!= UNKNOWN, 
:= SEQUENTIAL, 
:• VAR!A6LE, 
: • LIS I, 
•• SEQUENTIAL, 

CHAR; 
CHAR; 
V0ctor; 
String) ; 

ACCESS IHTHOO 
RECORO-IYPE 
CARRIAGE CONTROL 
ORliANIZAT.!ON 
O!SPOSll!ON SAVE l; . H..::tain th..;! file wh0t1 1 t is c lOs<.Jd 

App..::11d to tt1e fii..: EAfENO fPri11t fil0J; 
WRI TELN l Pr' int fi l�, 

l ct t ...::r, ' � ; ' J ;' 
Count...:-r :: 0� 

Actual· .. , , Actual ct1ar, 

FOR Slice := l TO lHmcnsionality DO 
bf u IN 

WRITE 1Print_fil0, ' ', •./cc!Slic�J:5:21; 
Cuunt ....,,r C\)lJ1lt0r t l; 
1f 1Cuu11t.;r -'= <iroupl THEN 

0£ lj l N 
WRIT£LN lPf'in,t fil,..:); 
Count1..;r :: O; -

£ND; 
[Nil; ':i l ic..: 

WRIT£LN 1Print fll..::, 
CLOSE !Print fil I; 

END; -

PROCEOUJH bSti_v...::ctors l yi.:cs fi l�n;,::1;111c '. String I; 
bSti tors. in fi 1� 

VAR 
Chelf' llUHt 
Char -Vt..!C tor 
CllJr'=-lo�g011 
Clidr found 
BS!:i :;..::ctor 
In :-..-:ctor 

HE(i!N 

lHTfGER; 
V-.::c tor� 
CHAR; 
BOOLEAN; 
Vl.'C tor; 
Vector; 

R...::dd mdtf'ix !Auto file, Auto mdtrixi; 
\wR1 r(LN 1 · R t)dding-�anJ tiSbiog-,, l/...::cs_fi l..::ncUlhl, 
FON Ch•1· nu111 : 1 10 N ct1drS 00 

ti£61N -
-

Ch.tr _to_gvn : = R'0c_to_chaf' <Char _numi; 
N..:.:1d_vvc i(.h&r_to_gen, Yl.!Cs_fi1..::ndn10, Char 

} ; 

fou11d, Char_vcctorl; 

I; 
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IF !Char found • FALSEI THEN 
BEGIN 

WRlTELN l"" 1 Chai" to 9011, , ... not found.'); 
lnlliali7c v..::ctor Tc11ir vector); 

END; - -
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Matrix times vector {Auto matrix, Chdr vector, ln vector/; 
This ;as usCd to d0lay th0 non-lini.::iHTty li.t!., Bsoi 

tor : : Char vector; 
lln v.;ctor, A;:;to ,oatrix, tlStl_ v(.•ctorl; 

Store_ v�c !Char to g:;n, BSti vcctOr, tiSli vcc file); 
Pri11t-v�c to fiTo ��t,ar to �c,1, ' ', HSi v��tor, USH output fil�I; 

END; fhar-nu� - - - - - -
ENO: 

PROCEDURE �...:aJ HStl v-Qctors HlSH fi l�namc 
Read £)$!; vuCtorS fro111 d fi 10-· 

VAR 
Char nu111 
Char vector 
Char -to r..;ad 
Ch.ir -,oUnd 
BSti �-.:ctor-

bEG IN 

l kTEG!K; 
\Jcctor; 
CHAR; 
BOOLEAN; 
Vee tor� 

Wt<ITELN \'R0<1ding bSO vi..:ctors.' l; 
FOR ChM' nu•11 = l TO N ch,.;f's DO 

BE�IN -
Char to rc<::Jd !: R...:c to char !Char _nuud; 
R..::<id-voC ICt1dr to t'C<id-:- tiSH fi l�11 a1w.:, Char found, b$b_v..::ctorl; 
IF \Char found = FALSE) THEN -

UEu!N -
WR1TELN 1' ,., , , '" not found,' i; 
lnitiali7� v..;;-ctor tor'i; 

END; 
tiSB vec s�t (Ch<1r numl tlSb_vcctof'; 

ENO; Chir r1u111 -
b$t) done := TiuE; 

END; -

.PKOCEOURE Print tiS8 vectors; 
M..;ad a11d pri,,1 osij v�ctors 

VA� 
Cha:r _num : INTEGER; 

liEGI N 
�.::ad HSb v�ctors !HSI:! v.::c fi lvl; 
FOM fhar-nut11: I TO ij chirs DO 

BEGIN -
-

WMifE.LN ('�Sti vcc st:ot(', Char num:2, 
Print v0c (BSli vcC sct!Char nUm}I; 

£NO; - - ~ -
END;. 

'I:' I; 
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PHU(EOU!H r�st 0110 input I V..:.cs fi l...::nam� : Stringl; 
T�st ii·'-'·, -fi11d match for i-on0 n�w input f,,0111 thi.: Ul TPAD 

VAR 
(h,,1r g, 1d 
Test -vi::c 
( .,; fl t-::;I' 
Num of poi r, ts 
(h4; m;;tch 
Cos 
S .. ratCh V...:C 
Mul tlpl0 •natch 
1 n v\;c to; 

IH.ulN 

{Jr id� 
Vector; 
Point; 
INTEGER; 
CHAR; 
REAL; 
Vl-'.C tor: 
liOOLEAN; 
Vo.::c tor; 

If I Ii Sb donv • FALSE I THEN 
bE GIN 

R��"'d 111dlriA l4ulo fil0, Auto 111,1.trix}; 
R..:.ad-bSti v....::ctors Tv�c• fili..:1,;m0.i; 

END; - - -
lnitidli70_-grid (Chdr_gridi; 

once 

Gi.:t ni::w Ch4r iChar grid); H._:ad n.::w ct1aractcr from l::llTPAO 
Cl,.;::;r __ ,1.fn,; i2l; -
M,�!,S,t\�� 11, 'Pf'OC.J&�ing tl;st lnput.' J; 
FinJ: __ gt•id_trdits fCh<Jr-_grid, C...:ntvr, Nuni_of_points1: 
E.n.;01.h.: input l(hdr- grid, Ccnt(;f', Num of points, T.,:;st vcc, 21; 
M..:ssdgC l 1, 'Findi;,g d m<dch 'i; -

-
-
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Mctlrix tin1t:S V<..:t:tor lAuto 01atriJ1., T1.:�t v1.::c, ln vcctorl; 
This-�as ui0d to dc1ay ih..:: non-li1i��;ity; noi currently i11 use 

lr1 vector � T�Lt v�c: 
�SH 1 ln_vector, A�to_matri x t Scr·;ttch_v�c I; 
Test vcc := Scratch v..::c: 
flnd-111.tlch (Test v..::C 1 tiSH_vec_sct, Chdr_match, Cos, Multiplc_matchl; 
C 1 � d;- l in.; i I i ; -
Cl�ar--lin.;:: f21; 
WR:ITELN !'M.:1tch is"', Chdr match,'"; qudlity lcosl is Cos:6, '.'l; 
IF tMu tt iplc_matct, = TRUE) THEN 

WHITELN t'Anoth0r mdtCh of equdl quality was found.' l; 
Print_v�c_to_fl le 1' ?', Char _match, Test v1.;C 1 'TEST. VEC' I· 
Wait for- r0tur11; 

END; - -

Pt<OCEDURE T...:st_al !_input (Vi.!CS __ fi 11..;nauh� : String; 
Grid fih.:n,su1c: String); 

Tc:::.t ti ,c., find HldlGh..:s fu-;:-l dl I test ddta from tvst fi It.! 

'/AR 
Char to t..:-�t 
Ct.di' -ou,� 
Chdr-grid 
l ..;st -_:,cc 
c�ntcr 
Nu1u __ o f _points 
Ch.;r- thatch 
Cos 

CHAR; 
INTEGER; 
Grid; 
V..:c tor; 
Point; 
INJEuER; 

CHAI-(; 
HEAL; 
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Scratch v..::c 
MultiplQ match 
Chctr_fou�d 
l11_v0ctor 

V0c tor; 
liOOLEAN; 
UOOLEAN; 
\Ice tor; 

ilEGIN 
lf Iti$8_dont) = fALSE l THE.N 

ilEG IN 
H..::ad matrix (Auto fi ),.;, Auto matrix!; 
Rt.;ad-HSB vectors Tv..::cs fi 11..;na'u,c I; 

END; - - -
lnitiJli.71,;_grid iChar_gridi; 

Mcss•g1J I 1, 'Proc0ssi11g t�st characters.' l; 
FOR Char llUIII := I ro H chars 00 

tiEGIN - -
Char to ti.:st := Rec to_char (Char num); 
Read-ch;r /Char to "test, Grid~fi1C.namc. 
1 f I Ch.tr found ;- TRUE I 

THEN 
BEGIN 

Char_found, 
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Char _grid); 

Char_grid: filled iCllar➔_grid); Fill in gaps in input 
Find_grid_tr-ai tz !Char _grid, C._:otcr, Num_of_points t; 
Encod.::_input iChar_grid, Center. Num ___ of_points, Tci;.t_vcc, 21; 

M,:1t,•iJ1. ti1u.;s v,.::ctor iAuto 111-1trix, Tvst vec, In vector); 
· This�w�s uied to d�lay I11e 11on-lir1ca�ity; no� currently ir1 

In vector := Test v0c; 
t>Sii iln v�ctor' 1 

A�to m.Jtr'ix, Scratch v�cl; 
Test veC := Scratch V0c; -
F ind-,udtch ( T,Jst ,...,._,(, l:iSl:I, vvc a1Jt, Char 111atch, Cos, 

Muliipl� match IT 
- - -

WRITE I' ACtual: "', Char to test, '"; Match is 
Char�match, '"; quality-!c0s} ls', Cos:6, '.' ); 

IF (Ct1ar to t0st = Chdr matchl 
THEN WHITELN -
ELSE WHITELN (' •••'I; MarK the mismatches 

IF !Multiph:_mdtCh : TRUE.t THEN 
WRITELN !'Another 111.stch of equal quality was found.'!; 

Print v�c to fill.! !Char to t..:st. Char match, lll&t vec, 
Mdtch_fil�i; - - - -

END · If charact0r was found 
ELSE \iHilELN ('"', Char_to_tcst, , .. not found.' I; 

ENO; Char_nu111 -
ENO; 

PROCEDURE Pri,,t ct1ar_s0t {Odla_f�l� : Stri11gl; 
Print d char"actvr set ivisua) rcpri.::sentationl to a file 

VA� 
Fi l,;nam....: 
Char nuu, 
Chdr -to print 
Cha,,=gr.id 
Ch<1r found 
Row,-Col 

String; 
INTEGER; 
CH•R; 
Grid; 
liOuLEAN; 
!NTEGE�; 
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bE(dN 
Cl,.;,:ir scrc.::11: 
\J...:t i;1µut 110,'Ent...::r- fll,cnamtJ to prlnt to:', F'ilcna1110); 
OPEh (f1LE N.AW[ Fili::nam<,,;, 

FIL£···vAH1AliLE :;: Print file, 
HISTORl := UNKNOWN, 
ACCESS MEIHOD SEQUENTIAL, 
NECONO-IYPE VAHIABLE, 
C•RNIAGE CONTROL := LISI, 
ONGANIZAYION .- SEQUENTIAL, 
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DlSPOSlTlON SAVEi; �..::tdin th..:: fih� when it is closed 
E,,\.l[ND IP,·i11t_fl l0l; Apµ..::11d to th..;: fi lv 
FOR C1i4r 11utt\ := 1 TO M ct1Jrs DO 

BE� IN 
Char .. to µrint N..;:c to ch.tr" i(hdr nuu1I; 
R.:Jd�ch�r i(h,;,r_lo�p",:inl, O,;,t4_fil;;:-, Chdr . .found, Ch<!r_gridl; 
IF Chdr found = TRUE THEN 

l:l£(iJN-
FOH Now := Grid hLight OOWNTO 1 00 

BEGIN 
-

FON Col := I TO Grld width DO 
lF Ch,1r_grid [Col, Rowl • THU£ 

THEN WK Ill lPrin i lo.:, Out char I 1 Ji 
£LS£. WHITE iPrin i I..::, Out-charlO) I; Draw row 

WRlTELN !Print filul: Go to the next row 
£ND; Row M 

-

WRifELN !Print fil....:I; li.:dvc d bldnk lin� b0twc1.;r1 Chd•'ach:rs 
ENO; If Ch?r_f0und = TRUE 

£ND; Ctl,1r num 
CLOSE !Pr'ir,t_fil..:-i: 

urn; 

PNOCEOUME Edi t_chdf'_s..:t 

Edit a 

VAR 

!$.;t typ..:: 
0,itd_fi le 

using thD 

Char to ..:-Ji t 
Stor::;d __ 9r ld 
Chdr found 

(:HAH; 
Grid; 
bOOU: AN; 

tifuHl 
NE PE AT 

Cl\..'.<tr $<;:1·.:�n; 
M...:ttd9c 12, S.::t typ..:i; 
REPEAT 

-

: String; 
: String; 
: tiJOLEANI; 
b!TPAD 

Get chM' i1,'Entcr cho:1racts.;r to 0dit lO=s.:;,dt!: 
UNI Jl -ICh .:ti' to ..:Ji t :: '0' I OR 

i Qf{l) T Ch:;r _ to_cd it 1 > s OHO l' A' l I OR 
!ORD !Chdr to cditi (;: ORO !'l' ll; 

If Cht1r to edit"<> ;--0, THEN 
bEG Iii-

lnitldli7<!_grid !Storcd_gridl; 

Char to cd 1 t 1; 
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Hcad_cha.r (Char_to_cdit, Data_file, Char_found, Storud_gridl; 
G.;;t_som..:_char iChar _to_�dit. Storcd_grid, Scal0sl; · Edit -
Storo_char iChar_to_0dit, Stori.:d_grid, Oata __ fllcl; 

OW; 

UNTIL Char to edit = '0'; 
ENO; 

PffOCEOURE lnitiali70; 
One-time initiaJ routin0s, liKt:: securing BJ!PAO; gwt t1.;rminal type 

tiU!N 
Cl�dl' screcn; 
REPEAT 

Get ch4r i 10, Is output dircct<Jd to a VT220 !y/n) ? ', VT2201; 
UNTIL-iVT220 = '1' I ON IVT220 • 'N' I; 
IF IVl220 = 'Y' I TH£tl 

bEG lN 

OPEN !Pad in, 'bi tpad$TT' I; 
IHSff tPad inl: 
OPEN j P-,<J_Out, · bi tpad$T.J' l; 
REWRI IE (Pad out\; 

HW; 

Out char IOI :• 
Out-ch,Jr (IJ '•' 

END; 

PNOCEOURE Cls::anup; 

Scr0cn character reprcsunting 0 
Serven charact0r representing 1 

F lnal proc..;:duros, l lkc dumping l:lITPAO 

b E G l N 
IF <Vl220 = ';• I THEN 

UEG IN 
CLOSE IP <id int ; 
CLOSE IPad=outi; 

END; 
END; 

PROCEOURE L�arn char suts CNum of sets : INTEGER I; 
L..:,:11·n cht:trdcT.::r s�ts icithc;:- mOd...:,l, or modcl+.t1,.;st) 

VAR 
Char v...:,c s�t 
Ct,<1r -m.tl-s�t 
0 l d ;;·,d tr i K 

BEGIN 

Vu,c tor Sl!t; 
Md tr i >. -SI..! t; 
Mat r l x "i 

WHlfELNl'Dim .. �nsiondlity i: ', Oillll.!llSiOfldlity:1, ,'I; 
W� I IE L N; 
G..::n v�ctors. (Chdr file. Vccst fil,Ji; Encod.;: lllOd<Jl char4ct ..;!rS 
lnl"tia1i7..; 111atr-ix-!Uld 111<1trixl: 
A�sO<:iat\.! �ec fil0s iV::;C1i,J fil<J, V<JCS1 fil,.;, Old indtrix, Auto mdlrixi; 

Auto<H,;-ocia"ti.:: mod0I v0c"tors " - - -
Stor.; 111,itrix iAuto 1114trix, Auto filt,;!; 
U$tJ_v:ctors •V..:Csl=filel; In lh..:: pr\.'scnt i1upl..::m.:nt<1tion, th,.;, bSb 
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IF 1 Nu11 1 __ of _set� > 1 l THEN 
r10,1-li110arity is i11troduc0d �ere 
Now lcdrn test data (maybvl 

bEli 1" 

R...:: <HJ 1 1 1,J t ,, i x t Auto f i l c , Auto 111d tr i x l ; 
Old_,-1-1cttr11.. ·= AutO 111atr1x; -
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Gen vectors ( Test file, Vecs2 fi lel; Encode test chardctcrs 

END; 

AssOc1dtc_vcc_f1l;:;s lVccs2_f1le, Vccsl file, Qld_mdtrix, Auto mdtrix); 
AssocLtle test vectors wi tt1 111odel v0ctors 

Storc_11 1dtrix IAuto_mdtrix, Auto_file,; 
END; 

PROCEDURE l..:dr11 test set; 
L...::,Htl u11ly the t0st set of ddta 

VAR 
Clldr vec set 
Ct1ar 111,:1t set 
0 1 d ;Id tr ix 

Vector_set; 
M.t tr i X Sc t; 
Md tr i X; 

bEulN 

WRlTELN('Dim...:nsionality = ', Dimensionality:!, l; 
WRJTEUI; 
G...::n vectors ! T0st fi 10, V0cs2 file); 
l1 1ilidli7...:: ll1dtrix·�,01u llldtrixT; 
Associdle �cc files (V�cs2 fil.::, Vccs2 f1le, Old_matrix, Auto_matrix); 

AutOdsSoci�te t0st vcctOrs -
Slur..:: 111dtrix 1Auto matrix, Auto_filt.:::l; 
DStl_v0ctors (V...::cs2=filv); 

END; 

PROCEOURE Md.in; 
Process user's commands 

VAR 
Cum111,1 1 1d 

bEGltl 

CHAR; 

J ll it id] i 7C; 
REPEAT 

Clear_screcn: 
M...::ssag...:: 1 Scrccn_hcight, 'w�lcome.' I; 
WH!TELN; 
WRI TELN ! · Co11 111 1dnJs:' l; 
WR! TEUI; 
WRITELN I' M Edit 111od0l Chdrd.Ctcr set'); 
WIU TELN I' P Pr int 111od0l ChtirdCtt.!r s0t to d fi 10 1 I; 
WR! TELN ! ' Pr int 1 in.;: segm.;:nts for mod0l & test vectors' I; 
WRITELN (' R Print endpoints for model & test vectors' I; 

WRITELN !' C Drdw d trdCc of d stor0d test ct1aractcr 1 I; 
This is us...:d in c0nju11ction with th.;: trdCer; not implc1110nted 

WR! TELN (' [ Edit test ChdrdCtcr set'); 
WHITELN I' 
WRJTELN; 
WR! TELN I' 

Print test chdrdcter set to d file' 

Test one character for recognition !scrc...::n input)' l; 
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WRJTELN I' A 
WR! TELN I' 
WRJTELN I' 
WRlTELN (' X 
WRITELN I' Q 
WRJTELN; 

Test all characters for recognition (file input)' I; 
Encode input, learn, & HSH for model characters' I; 
Encode input, l0drn, & l::ISH for modcl-ttcst characters' I; 
Er1code i11put & lcar,1 for test ct1aract0rs o,1ly' I; 
Quit this system' I; 

Get char ( 2, 'Ent0r cou,mand: ', Con1111dnd I; 
CASE Command OF 

'A' : Test dl l input (HStl vec file, Test file); 
'C' : Ord� tr;cc (Test filcl;- -

' D' Print-char s..::t I T�st file); 
'E' Edit Char Set I' Test-set', Test file, FALSE); 
'M' Edit-char-set l'Model set', Chdr fil0

1 TRUEl; 
'P' Print char set I Char fi lel; 
'R' Print-..::11dp◊i,1ts (Char file, Test filel; 
'S' Pri11t-line segs (Char-file, Test-file I; 
'T' T..::st One i�pul 'l::ISH v0c fi lei; 
'I' Lcar;;ch-;;r sets (ll; -
'2' Lcarn-Chdr-sets 12); 
'X' L0arn-test-sct; 

'Y' : Test-all input (Vccs2 file, Test filtl; 
'Q' . oO nolhir1g - -
OTHERWISE ; Do 11othing 

END; 
UNTIL Co111111and = 'Q' 
Cursor posn 10,0l; 
CleanuP; 

ENO; 

bEGJN 
Main; 

ENO. 




