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is designed
The program dccuepts

to rccognize hand-drawn upper-casce letters of the
input from a mouse-controlled BITPAD,

This program
€nglish ailphabeoet.

1t then analyzes the input using polar coprdinates, oricntation of ling
segments, and position of endpoints detaected in the input. The 8SB non-
lTincarity is applicd to vactors cncoded with this information. The resulting
vector is then compared with similarly processed vectors from a model sct of
data, and a best match is then found and reported.
CONST

Dimensionality 206,

Char_filg "GRIDS.DAT’; = Filc of storcd model characters

Test file "TEST.DAT'; ~ Filc of storcd test Characters h

Yecst _file “VECS1.DAT"; File of storcd model vectors

vaecs? _file PVECS2.8AT" File of stored tust vectors ~

Auto _filc CAUTO.BAT' File of the autoassociated model matrix
B5B_vec_ fite CHSEV.DAT’ file of BSBed model vactors ~

BSb_ovutput file ‘HSHO.0AT" File of BSBaed model vecters for output
Match_file “TEST.VEC': File of vector matches

Present 30;  Avcrage number of pruscentations for cach character
Purcent_thresh 100 Do not ignorc any input points

M_chare 26;  Number of characters to recognize
{har_start_valuc 85; ASCIl value of first character to recognize

N slicus 13, Number of pic slices for input

N_rings 5, Number of rangs (subdivisions) of cach slice
Pad_width 22005 ~ Maximum X valuc of B1TPAD

Pad_hcight 2200; Maximum Y valuc of BITPAD

X 1; " Thesc definitions make using arrays convenient
¥ 2; .7

Lo by

Hi 2,

Casc_diffuronce ORO {"a"} ~ ORM ("A"}); for casc conversion

Pi 3.141592654;

D _thota 2 + Pi / N_slices; Angular size of cach pic slice ~
Connia CLt

Screen_height
Screuen_width
Grid_width
Grid_hcight

X-value for
f-value for

Highost
Highost

input
input

R R R I T O U TR O S I T O T R S U TR TR S S 'Y

2

‘3
Screen_width;
Screen_heignt;

File: PCR PAS A1

es1 s
Yellow =
White =
Blue =
Green =
Bit _rate =
Right

Up

Left

Down
Connects_max

TYPE
vector
Matrix

CHRE27) « " [* ]

1
2

Connectivity matrix

Used for
Vector _sct
Matrix_sct

History type =
Slice_code

" Bits of encoded
Grid

tracing;

Lagt
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Screen-control code

R Buttons of thc BITPAD mousc

'

Cc' Switched-strecam mode for BITPAD

0; Uscd for tracing; this routinc was not implemented,

H and is incomplate

:

8, Used for tracing; this routine was not implemented,

and is incomplete -

= ARRAY [1..Dimcnsionalityl OF REAL;

2 ARRAY [1..Dimensionality, 1..Dimensionality] OF REAL;
2 ARRAY [1..Connects_max, 1..Connects_max] OF BOOLEAN;
this routine was not implemcated, and is incomplcete

= ARRAY [1..N_chars| OF vector;

= ARR

= ARR
nput
= ARR

AY [1..N_chars] OF Matrix;

{NEW,0OLD,READONLY,UNKNOWN};

AY II..Z«N_rin,s] OF INTEGER;
for onc slice
AY [0..Grid_width,0..Grid_hcightl OF BOOLEAN;

Two_things = ARRAY [1..2] OF INTEGER;

Point = Two_things;

Linc = ARRAY [1..2] OF Point;

RSlice = ARRAY {1..2] OF Line; ~ Corners of ring-slice
Slice_bits = ARRAY [1..N_rings} OF INTEGER;

Encoded input for onc intersection of one slice--half of Slice_code
Ring_radii = ARRAY [0..N_rings} OF REAL; ~ Radii of ring-slices
String = VARYING 801 OF CHAR;

Dirgction = 0..3; 0 = right; 1 = up; 2 = loft; 3 = down
" Usced for tracing; this routine was not implemented, and is incomplete
Scg_Bwits = ARRAY [1..3] OF INTEGER;
" For 1 unit of linc-bascd information
End_bits = ARRAY [1..4] OF INTEGER;
" For 4 units of information out endpoints {1 unit for each guadrant)
VAR
Seed : INTEGER 1= 22; For random-number generation
Group : INTEGER := S; ~ Numbcr of screcn groupings
Pad_in, Pad_out : TEXT; ~ BITPAG ~
Grid_file : FILE OF Grid;
Vec_file : FILE OF vector;
Mat filc © FILE OF REAL; Autoassociation matrix
Print_file : TEXT,
Out_char : ARRAY [0..t] OF CHAR; Screen characters for Grid
BSH_donc : BOOLEAN := FALSE;
" TRUE if model vectors have been 8SBed .
BSB_vec_sct vector_sct; ~ BSBed model wvectors
Auto_matrix T Matrix;
V1220 : CHAR = "N°; Current terminal a V1220 ?

PROCEDURE Cloear scravo;

1i¢
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£lear the scroen
BEGIN
BEGIN Instr t= INDEX ( SUBSTR iObjecct,Start, LENGTH{Object]!-Start+11},Scarch}
1F (V7220 = "y 1 THEN WRITE(CSI,’2d" J; + Start -

END; END;
PRUCEDURE Cursor posn (Col, Rew : INTEGER}; FUNCTION MTHSRANDOM (Sced: INTEGER}: REAL; EXTERN; ~ Set up for random nos-.

Position the curser @n the scroaen. (0,01 is the lower Yeft-hand corner.

FUNCTION Random : REAL;
VaRr

Get a4 random number betweon 0 and
»_coord, Y_coord : INTEGER;

BEGIN
SEGIN Random := MTH3RANDOM {Sccd};
IF ivT220 = "y’ i THEN END;
BEGIN
A_Cesrd Col: FUNCTION Rand_int (Max : INTEGER} : INTEGER;
Y_coord Row } Pick a random integer from | to Max
LF Col » Scraecn_width THEN > _coord := Screwen_width ELSE
IF Col < 0 THEN X coord :=z O BEGIN
IF Row > Screcn_hecight THEN (_ceerd := Scruen_hcight ELSE Rand_int =z TRUNC {Randeme«Max+1i;
If Row ¢ 0 THEN Y _coord :=z 0; END;
WRITE (CSI,Screen_height-Y_coord: 1, i, x_coord 1, "H' 1,
END; PROCEDURE Outer_product (A, B ¢ Vector;
END;

VAR C : Matrixl;
Compute the outer preduct (ABtransposc) Of two vectors (A & B

PROCEUBURE Clcar_line (Row @ INTEGERI; .
" Clear the entire line {row given by Row VAR
I, 4 : INTEGER;

BEGIN
IF (VT220 = "Y' i THEN BEGIN
WEGIN FOR 1 := 1 to Bimecnsionality 00
Cursor_posu (0,Rowl; FOR J :=z 1 to BMimcnsionality DO C [1,d] 3 8ly) « alil;
WRITE TCSI, 2K 1; END;
END;
END;

PROCEDURE Initialize_vacter (VAR Vec @ Vectori;

Zero vector clements
FUNCTION Dircc (Num : INTEGER) : INTEGER;

Standardize numerically the current dircction; used for tracing; thisg VAR Bin : INTEGER;
routine was not implcemented, and ig incompletwe

BEGIN
BEGIN FOR Bin = 1 te Mimcnsionality 00
Dircc = Hum MUB 4; Vvec [Binl = 03
END; END;
FUNCTION Scrunch iNumber, Scrunch_from, Scrunch_te INTEGER} : INTEGER; PROCEDURE Matrix_times_vector | ¢ Matrix;

A
Map one scdte to anothar F : Vector;

VAR G : Vectori;

BEGIN Multiply matrix times vector
SCeunch s RUUND (Number + Scrunch_to / Scrunch_fremi;
END; VAR
I, J @ INTEGER;
FUNCTION Inste iStart D INTEGER;
Lbjuect, Scarch ; Stringi @ INTEGER; BEGIN
Position of Svarch in Object. Suarch will be found if it is lecatud at Initialize_vector (G
positien Start er after. FOR I := 1 10 Dimensionality DO
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FOR g == 1 TO Dimensionality DO GLI) := GUI] » al(l,0] » FlU};
END;

PROCEDURE Print_vec ivec @ Vector
Print a vector

VAR
Stice, Bit @ INTEGER;
Countoer I INTEGER;
BEGUIN
FOR Sticc := 1 TO N_slices DO
BEGIN
Ceunter 2 03
FOR Bit := 1 to 2 =« N_rings DO
BEGIN
WRITE ° 7, VecliSlice-11+2+N_rings+Bit):5:21;
Counter = Counter + 1;
IF (Countcr = Groupl) THEN
BEGIN
WRITELN;
Counter = 0
END;
ENB;
WRITELN; -
END; Stice
END;
PROCEDURE Add_wvcectors (Vector_1, Vector 2 @ Vector:
VAR Vcector _sum T Vectori;
Add two vuctors
VAR I * INTEGER;
BEGIN
FOR | := t to Dimcnsionality D@

Vector_sum (1] := vector_1 1] » Vector_ 2 (1]
END;

PROCEDURE Add_matriccs (M1, M2 : Matrix;
VAR M_sum Matrix};
Add two matricos

VAR [, J t INTEGER;

BEGIN
FOR I := 1 to Dimcosionality DO
FGR J = 1 to Dimcnsionality 0O
M_sum 1,d] = My [L1,d] + M2 [L,0];
END;

PROCEDURE Subtract_vectors tVector_t, Vectoe_2 @ Vector,
VAR vector _difference @ Vectorl;

Subtract 2 vectors

Last written on 02/19/88 at 19:01:40 Page
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¥AR I: INTEGER;

BEGIN
FOR [:= 1 to Dimcnsionality 00
Vector _differuence [1} := vector_t fI] ~ Vector_2 (11}
END;

FUNCTION vector_length (Vector_1 @ Vectorl @ REAL;
" Find length of vector

VAR

Sum_of_seuares : REAL;

1 ¢ INTEGER;
BEGIN

Sum_of_squares:= §;
FOR 1l:= 1 70 Dimensionality DO
Sum_of_squarcs = Vector_1 [I]#Vector_1 i) + Sum_of_squares;
Vector _length:s SQRT (Sum_of_squarcs);
END;

REAL ;
Vector;
Vector);

PROCEDURE Scalar _times_vector i(Scalar
Vector_in
VAR Vector_out

Ditate vector
VAR I : INTEGER;
BEGIN

FOR I := 1 to Dimensionality 0O
Vector_out [I] := Scalar « Vector_in (1]);

END;
FUNCTION Inner_product {Vector 1, Vector 2 @ Vector) : REAL;
" Take inner product
VAR
1 : INTEGER;
Sum_of_products @ REAL;

BEGIN
Sum_of_products := 03
FOR I := % 70 Dimcnsienality DO

Sum_of_products :a Vector_1 [I] # vector_2 [1] + Sum_of_products;

Inner_product := Sum_of_products;
END;

PROCEDURE Normalize {(Vector_in @ Vector;
VAR Vector_out @ Vector);
Normalize a vector

VAR
Ltength_of_vector_in @ REAL;
: INTEGER;
Vector in_is_zero : BOOLEAN;

Last written on 02/19/88 at 19:01:40 Page
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BEGIN
Yector_out s ¥ector ing
Length _of _wvuctor _in s Vector length (Vector indg
If {tength _of _vector_in = 01 THEN Vector_in_is_zero := TRUE
ELSE vocter_in_is _zero 1= FALSE;

IfF ¥oector in_is_zero
THEN BEGIN
WRITE i’ Normalizced zero vector:’ )3
yector_out = Vector_ing Make vector_out the zero voctor
END No scmicolon herg!
ELSE FGR I = 1 to Dimensionatity DO
vYector_out {11 := vector_in (Il / Length_of_vector_ing

END
FUNCTION Yector_cosine (Vector 1, Vuoctor 2 vector): REAL;
Find the cosine between twe vectors

YaR
Norma) _vector_1, Norwmal_vector_2 @ Vector;

BEGIN

Nermalize (Vector_1, Normal_vector 113

Normdlize ivactor_2, Mormal_vector 217

Vector_cosine 3 loncr_product tNorma) _vector 1, Normal_vector_ 213
END;

PROCEDURE Invtializc _grid (VAR Data_grid : Grid);
Sct grid clements to FALSE

Var
X_coord, Y_coord : INTEGER;

BEGIN
FOR x_coord := 1 T0 Grid_width DO
FOR Y _coerd 1= 1t T0 Grid_hceight D8
Data_grid [x_coord,Y_coord} :=z FALSE;
END;

PROCEDURE Initialize_matrix (VAR Mat @ Matrixl;
Set matrix clements to zero

VAR 1, J © INTEGER:

SEUIN
FOR 1 1= 1 to Bimensionality DO
FOR J 2= 1 to Oimcnsionality DO Mat (1,d] = ¥;
END;

PROCEDURE fnitiulize _connect _matrix (VAR Mat Connectivity matrixl;
Set connectivity-matrix cloments to FALSE; usced for tracing; this routine
was 00t implementad, and is incomplete

VAR 1, d INTEGER;
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BEGIN
FOR I := 1 70 Connccts_max 00
FOR J := 1 TO Connccts_max DO Mat [I,y] := FALSE;
END;

PROCEDURE Mussage (Row INTEGER;
Mcssage_string @ Stringl;
Display a4 mcssagc 4t row given by Row.

BEGIN

Clcar_line {Rowl;

WRITELN (Mcssage_stringl;
END;

PROCEDURE Gut_input (Row * INTEGER;
Prompt @ String;
VAR Roturn @ Stringl;
Get input in rospensc te a prompt.
BEGIN
Clear _tine (Rowl;
WRITE {Prompti;
IF {EOLN = TRUE} THEN READLN;
READLN (Returni;
END;

FUNCTION Upper_case (Character t CHAR) : CHAR;
Convert letter to upper-Casc

VAR
Offsct « INTEGER;
BEGLIN
If (ORD (Charactari >z ORD {“a’ 1} AND
(ORD (Character) <= ORD (‘77 )1}
THEN Offsct := Casc_diffcercance
ELSE Offsct 0:
Upper_case =z CHR ( ORD (Character) - Offsct ij
END:
PROCEDURE Gut _char (Row : INTEGER;

Prompt : String:
VAR Ruturn @ CHAR;
(et a gsingle character in response to a prompt. Return the upper-cCasc
cquivalent of the input. ~

WEGIN
Clear _line (Rowi;
WRITE (Prompti;
IF (EOLN = TRUE} THEN READLN;
READ {(Returni;
Roetura iz Upper_case {Roturni;
END;

PRUCEDURE Wait_for_roturn;

8
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Gt any charactor.

VAR
Dunany @ CHAR;

BEGIN
Got_char 41, Press ¢RETURN: to continuc
END;

FUNCTION Hec_num (Character @ CHAR) @ INTEGER;

Last written on 02/19/88 at 19:01:40 Page

, Dummy ) ;

Return the file’s rccord numbber corrcesponding to Character

BEGQIN
Rec _num tz ORD {Character) - Char_start _va
END;

FUNCTION Ruec_to_char {(Rec_num

tue + 1,

INTEGER) : CHAR;

Return the character corrcesponding to a rocord tumber

BEGIN

Rec_to_char 2 CHR { Rec_num » Char_start_value - | )]

END;

PROCEBURE Storc_char {{har_to_storce @ CRAR;
Grid_to_store : Grid;
Geid_file_name : String)

Store a character grid in a file

BEGIN
OPEN LFILE_NAME . = Grid_file_name,
FILE _VARLABLE 1z Grid_file,
HESTORY :z UNKNDWH,
ACCESS_METHOD 1= DIRECT, Random
RECORD_TYPE 1= FIXED, ~ Each gr
CARRIAGE CONTROL NONE, ~ No speci

ORGANIZATION SEGUENTIAL,
D1SPOSITION SAVE); ~ Retain
LOCATE (Grid file, Roc_num {Char_to_storcl
Grid_filc~ 1= Geid_to_storc; Put grid in
PUYT TGrid_filui; ~ Sterc the grid =
CLOSE (Grid_fileis
END;

PROCEDURE #Head_char (Char_to_rcad : CHAR;
Geid_file_name @ String;
VAR Char_found : BOOLEAN;
¥AR Storcd _grid 2 Grid);

Rcad a character from a grid file

BEGIN
Initialize_grid tStored_gridi;
OPEN (FILE_NaME Grid_file_name,
FILE_VARIABLE Grid_file,
HISTRRY UNKNOWHK,
ACCESS_METHOD DIRECT,

Random

B Filename of Grid_file

access
id has thce same length
al control cades

the file when it is closced
1; ~ Position file pointer

to file buffer

Filename of Grid_filce

acccess
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RECORD_TYPE = FIXED, ~ Each grid has the same length
CARRIAGE_CONTROL :x NONE, ~ No special control codes ~
ORGAN1ZATION t= SEQUENTIAL,

DISPOSLITION 1z SAVE; Retain the file when it is closed

FIND (Grid_file, Rec_num {(Char_to_recadl); Search for character
[F UFB 1Grid_file)

THEN Char_¥found := FALSE

ELSE
BEGIN
Char_found !z TRUE;
Stored_grid := Grid_file™;
END; .
CLOSE (Grid_filel;
END;

PROCEDURE Recad_vec (Char_to_recad ¢ CHAR;
vec_file_name 1 String;
VAR Char_feund : BOOLEAN;
VAR Storcd_veoc : ¥ectori;
Read a character from a grid file =

Filename of Vec _file

BEGIN
Initialize_vector (Stored_wvec);

OPEN (FILE_NAME t= Vec_file_name,
FILE_VARJABLE 1= Vec_file,
HISTORY t= READONLY
ACCESS_METHOD t= DIRECT, ~ Randem access
RECORD_TYPE := FIXED, = Each grid has thc same length
CAKRIAGE_CONTROL := NONE, ~ No spccial control codes ~
ORGANIZATION = SEQUENTIAL,
DISPOSITION iz SAVE}; * Rctain the file when it is closed
FIND (vec_file, Rec_num (Char_to_rcadl);

IF UFB (Vec_Filel
THEN Char found :=z FALSE

ELSE

BEGIN
Char_found :z TRUE;
Stored_vec z Vec_file=;

END;

CLOSE (vec_filel;
END;
PROCEDURE find_grid_traits (Data_grid : Grid;

VAR Center : Peint;
VAR Num_of_grid_pts INTEGER)
Return number of grid points & center of mass

VAR
X_coord, Y_coord : INTEGER;
Sum_of_coerd_values : Two_things;
Xy : INTEGER;

LH * INTEGER; This was used to assign center to the
average of cxtrumes; aot currently being
implemented

Hox : ARRAY [Lo..Hil OF Two_things;

£e
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BEGIN
FOR 2t t= ¥ 10 1 DO Sum_of _coord valucs [XY] := 0; Initialize sums
Num_of_grid _pts := 0
FOR LH := Lo T® Hi D@ N
FOR xy Y TO Y 08 Box [LHD Ixy] = 0

FOR x_ceord = 1 70 Grid_width I8

FOR Y _coord := 1 to Grid_hcight 80
If tbhata_grid {x_coord,Y_coord| = TRUE) THEN If therc’'s a point then
BEGEN

Num_of _grid_pts = Num_of_grid_pts + 13
Sum_of coord_valucs [X] = Sum_of_coord_valucs [x
Sum_of_coord _values [Y] !z Sum_of_coord_valuus (Y

1 + x_coord;
] + Y_coord;

FOR LH := Lo TO Hi 0O

BEGIN
x|l = 0} THEN Box {LH] [»] 1= X_coord;
vl 0l =¥

x THEN box {LH] [¥] _coord;
END;
wox {Hil {x] (Box{iHijlx],x_coordl;
Box (x] (Box Lo}l X],%_coordi;
sor [Hil (Y] tBox{HillY|,v_coordi;
sox Lol (Y] tBoxlLollY ], ¥ _coordi;”

END;
FOR XY := & 10 ¥ Bo
Center [2Y] = ROUND {Sum_of_coord valucs [xY] / Num_of grid ptsj;
This is the formula for cunter Of mass Of particle systowms

Caonter [ay} = ROUND (0.5 + i8ox{LollxY] + BoxIHillxryli);
Take average of catromes! not currently being implemented

EHD;
PROCEDURE Widrow _hoff (Corruvct_g, Actual_g, F : Vector; B
N : REAL: Const = 1/N
VAR Dolta_a S Mateikd;

Eeror corroction procedure:

CorrccCc. factor Delta_a = (fLcarning const.} « {Corruct g - Actual_glii x F
VAR

piffoerence_vector, Woightud_vector @ Vector;

Learaning _constant : REAL;
BEGIN

tecaruing constant s 1/N;

Subiract_vectors tCorrcect_g, Actual_g, Differcence_vectori;

Scaldr _tin

Qutoer_product iWeighted_voector, F, Dalta_al;
END;

FUNCTION Boo!_to_int itboot : BOOLEAN} : INTEGER;

s_vaector ilcarning_constant, Differcnce_vector, Weighted_vector);
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Convert BOOLEAN to INTEGER value (1t or OF

BEGIN
IF dool = TRUE
THEN Bool_to_int
ELSE Bool to_int
END; T

1
0;

FUNCTION Circ_dist ¢0ne dist, Radius : INTEGER) : INTEGER;
Distance to the circle Oon a ling parallel to the other axis

BEGIN
1F {0nc_dist > Radius!
THEN Circ_dist := 0
ELSE Circ_dist :z ROUND (S&RT (Radius #* 2 - One_dist «« 21i;

END;
FUNCTION Rad_of_points (Goal_percentage @ INTEGER;
Qata_grid : Grid;
Centoer T Polnt;
N of _grid_pts : INTEGER}) : INTEGER;

The radius insidce of which there are Goa) _poercentageX of the total aumber
of points (Num_of_grid_ptsl} in the grid (Data_grid)

VAR
Goal_pts, Cur_pts, Radius, x_coord, ¥ _dist, Y_coord : INTEGER;
Scratch_grid : Grid;
BEGIN
Initialize_grid (Scratch_grid); *~ Grid to mark what’s been checkad
Goal_pts = ROUND {Goal_percentage » Num_of_grid_pts /7 100},
Number of points desired
Radius = 0; Radius meing cxamined
Cur_pts = 0, Numbee Of points inside the currcent radius
WHILE (Cur_pts < Goal_ptc) DO
BEGIN

FOR Xx_coord :s MAX (Center[Xx]-Radius,0) TO
MIN (Center(XleRadius,Grid_widtn) B0
BEGIN
Y_dist = Circ_dist (X_coord-Center [X], Radiusi;
FOR ¥ _coord := MAX {(Center[Y]-¥Y_dist,0i T0O
MIN (Center(Y]+Y_dist, Grid_hcight) DO
IF Scratch_grid [Xx_coord,Y_coord] = FALSE THEN
" If this coordinatc has not bueen checked yot then
BEGIN
Cur_pts =z Cur_pts +

Bool_to_int (DBata_grid [Xx_coord,Y_coordl);
Scratch_grid [X_coord,Y_coord] := TRUE; ~ Mark as checked
END: ~ IF_Scratch_grid [x_coord,¥_coord] = FALSE ~
END; x_coord .

Radius := Radius + 1
END; while (Cur_pts ¢ Goal_ptsi
Rad_of_points := Radius;
END;
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FUNCTION Grid_code iData_eqrid @ Grid;
Ce), Row © INTEGER! INTEGER;
Return code corrcsponding to status of the geid cells including and
imsncdiately surrounding 1€ol,Rowl. The following table indicates the
relation between the position of the cell relative to (Col,Rowl and the
powcer of two to be raised te gencrate a number to add to thoe cumulative
Grid_codu:

O -
woawv
o

vaRr
»_coord, Y¥_coord, Codc : INTEGER;

MEGIN
Codv := 03
FOR x_coord = Col-1t TO Col+1 DO
FOR Y_coord = Row-1 TO Rowr1! D8
IF {(X_coord » 0i AND (X_coord <= Grid_width} AND
(y_coord > 01 AND (Y_coord <= Geid_hcightii
THEN
IF (Data _grid[Xx_coord,Y _coord) = TRUE}
THEN Codec := Code + 2 «+ {Y_coord-Row+!+3«(X_coord-Col+1l}l;
trid_code := Code:
END;

FUNCTION Filled (Data_grid : Grid) : Grid;
Fill in semc gaps in the grid ~

VAR
X_coerd, Y _coord, Coda : INTEGER;
New_grid 2 Grid;
BEGIN

Noew _grid = Data_grid;
FOR x_coord := 2 TQ (Grid_width-1) DO
FOR Y_coord := 2 TO tGrid_hcight-1} DO
BEGIN
Code :# {rid_codc (Data_grid, X_coord, Y_coord};
IF {tCodc = 257} OR (Code = 1303 OR (Codc = 40) OR (Codc = 6811}
New _grid [X_ceord,Y_coord| :=
END;
Filled 2 Now _grid;
END;

FUNCTION Endpt (Data_grid : Grid;
Cotl, Row : INTEGERI : MOOLEAN;
TRUE if this is an endpoint

VAR
Codce, »_coord, Y_ceord : INTEGER;

BEGIN
Code := Grid_code (Data_grid, Col, Rowl;
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IF ({Codec = 17) OR iCode = 181 OR {Code = 20) OR (Codc = 24} OR
tCode = 48) OR {Code = B80F OR (Code = 144} OR iCode = 272} OR
fCode = 22) OR {Code = 523 OR i(Ced: = 304) OR {Code = 400} OR
tCodu = 208% OR (Codc = 88} OR (Cedc = 25) 8R iCode = 19))

THEN Endpt := TRUE
ELSE Endpt := FALSE;
END;
FUNCTION Guad (X_coord, Y_coord : INTEGER;
Center ¢ Point) : INTEGER;
Assign a gquadrant number:
2 1
3 4 "
BEGIN

IF {iX_coord 2= Center {X)) AND (y_coord >z Center {Y]}) THEN Guad

IF i{(x_coord < Center [XI) AND {y_coord >= Center {Y]i} THEN Quad

IF {{Xx_coord ¢ Center [x}i AND {¥_coord < Center |Y])) THEN Quad := 3

If ({Xx_coord >z Center [x}} AND (Y _coord < Centcr IYI)) THEN Quad := 4;

FUNCTION Ends (Data_grid : Grid;
Center : Point} : End_bits;
Indicate c¢cxistence of cundpoints in cach quadrant in the grid

VAR
X_coord, Y_coord, 2ecro : INTEGER;
Bits ;s End_bits;
BEGIN

FOR Zero := 1 TO 4 DO Bits [2ero] := -1
FOR X _coord := 2 T0 {Grid_width-1) DO

FOR Y_coord := 2 T0 {Grid_hcight-1} DO

If (Endpt (Data_grid, x_coord, Y_coord) = TRUE}
THEN Bits [Quad(x_coord,Y_coord,Centerl| = 1;
" MarK the guadrant if an endpoint exists in that quadrant
Ends 1= Bits,
END;

PROCEDURE Draw_char (lInput_grid : Grid);
fraw a character Oa the screen ti.e,, show screen reopresentation of Gridl

VAR
Row, Col
Screen_coord

INTEGER;
Two_things;

BEGIN
FOR.Col :=z 1 T0 Grid_width DO
FOR Row := 1 TO Grid_hcight DO
1¥ Input_grid ICol,Row] = TRUE THEN
BEGIN
Screen_coord [X| 1= Scrunch tCol,Grid_width,Screen_widthi;
Screen_coord (Y] 1= Scrunch (Row,Grid_hcight,Screen_hcighti;
Cursor_posn (Screen_coordlixr}),Screen_coordlY}i;

ve
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WRITELN (8ut_charf1]]); END;
END; END If Start[¥]l = 0
ENO; ELSE IF (Start(x] = 0} THEN
BEGIN
PROCEDURE Find_start; Start{Y] = Start[Y] - 1;
Usued for tracing; this routine was not implemented, and is incomplete Way = Up;
END © If Startixl = 0
VAR ELSE
Way Dircction; BEGIN
Start : Twe_things; Start[X] = Startlx] - 1
Done : BOULEAN; StartlYl := StartlY] - 1;
Start feund : ¥OOLEAN; END;
END; While Done = FALSE
BEGIN END; ™
Way = Up;
Start [x] = ®; "PRBCEODURE Find_start tData_grid + Grid;
Start [Y] :=Grid_huight; VAR Start_found : BOOLEAN;
Bone s FALSE; VAR Start Point);
Start_found FALSE; Used for tracing; this routine was not implimented, and is incomplete
WHILE {(Donec = FALSE) D@
WEGIN VAR
1¥ ibData_grid {Startlx],Start(Y]] = TRUE} THEN ¥_coord, ¥_coord INTEGER;
BEGIN
Start _fouad = TRUE; BEGIN
Done = TRUE; Start_found := FALSE;
END Y ceord = 0;
EiSE IF (Way = Up} THEN WHILE t(y_coord <= Grid_hcight) AND (Start feund = FALSE}} DO
BEGIM BEGIN
IF (Start[x] = Geid _widthi THEN Y _coord L I
BEGIM B X _coord
IfF éStartly) = &) THEM Done := TRUE WHILE ({x_coord (= Grid_width} AND (Start found = FALSEI) DO
ELSE 1F (Data_gridlx_coord,fY_ceordi = TRUE)
BEGIN THEN Start_found = TRUE
Startlr] := Start(t}l - 13 ELSE X_coord := X_coord + 1; .
Way = Down, END;
END; Start [x]
END ~ IF Starct[X] = Grid_width Start {1]
ELSE IF (Start(Y}] = Grid_hcighti THEN END; "
BEGIN
Start{x} =z Startix] + 1 FUNCTION Coord (XY, 0ld_coord, Way, Factor INTEGER} : INTEGER;
Way = Down; Used for tracing; this routine was not implemented, and is incompluete
END IF Startlyl = Grid_hoight
ELSE VAR
BEGIN Theta @ REAL;
Start(x] := Startix] « 1; Delta : INTEGER;
Startly] := Startly] + 13
END; BEGIN
END IF Way = Up Theta = Pi /2 « Way; Angle of the direction
ELSE 1f (Startly] = 0) THEN CASE XY OF
BEGIN 1t @ Delta = ROUND (COS (Thetali;
IF tStart{r] = Grid_widthi THEN Donc = TRUE 2 : Delta = ROUND (SIN (Thetald
ELSE END; = Case XY
BEGIN Coord := 01d_coord + Factor + Dclta;

Start(x] =
Way =z Up;

Starttr] + 33

END;

16
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PROCEDURE Trace

Last writt

(Data_grid
Draw
Hum_of_grid pts

VAR Verticals
VAR Horizontals
VAR Diagonals
VAR Connucts
VAR Num_of marked
Uscd for tracing; this routine
VAR
Way, Old_way, Way_tcmp
01d_point, Start
X_coord, Y_coord, Count
Xx_coord_tcmp, Y_coord_tcmp
Marked

Start_found

BEGIN
Verticals
Horizontals
Diagonals :=

Initializc_conncct_matrix (Co
Find_start (Data_grid, Start
IF (Start_found = TRUE)} THEN
BEGIN
r_coord := Start [x1];
Y_coord := Start [lY];
Initialize_grid (Marked);
Count = 0; Numbcer of C
Way := 0; ~ Initial dircc
WHILE
BEGIN
X_coord Coord (X,
Y_coord Coord (Y,
If (Data_grid [rx_coor
THEN
BEGIN
01d_point [X]
0'd_point [Y]
01ld_way := Way;
IF (Marked [x_c
BEGIN
IF (Draw =
BEGIN
Cursor_|
WRITELN

0

Num_of_marked := 0;

END;

cen on 02/19/88 at 19:01:40 Page 17

Grid;
BOOLEAN;
T INTEGER;
: INTEGER;
INTEGER;
: INTEGER;
: Connectivity _matrix;
INTEGER);
was not implemented,

and is incomplcte

Dircction; ~ 0 up:

down

right; 1 =
lTeft; 3 =
Point;

INTEGER;

INTEGER;

Grid;

BOOLEAN;

nnects;
found, Start);

onsccutive times a false clement was detected

tion = Right

tNum_of markcd < Num_of_grid_pts) DO

x_coord,
Y_coord,

Way, 1};
Way, 1);

d,Y_coord] = TRUE)

x_coord;

t= Y_coord;

oord,Y_coord) = FALSE) THEN
TRUE) THEN
posn (Scrunch (X_coord, Grid_width,
Screen_widthi,
Scrunch (Y _coord, Grid_hcight,

Screen_height) )
(0ut_charl1});
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Marked [X_coord,Y_coord]! := TRUE;
Num_of_marked := Num_of_marked +
END;
Way :@=
Count
END
ELSE
BEGIN
Count := Count + 1;
IF (Count <> 3) THEN Way :=
) IF {((Count < 3)
THEN Way := Dircc
ELSE
If (Count = 4)
BEGIN
Way = Way - 1;
X_coord := Coord
Y_coord := Coord

Dircc (Way + 1); Turn lcft

Dircc (Wa

{Way - 11} Turn
THEN

(x,
(v,

X_coord,
Y_coord,

2);
Xx_c

Dircc (Way -
Coord (X,
Coord (Y,

cc (Way_tcmp +
Coord (X,
Coord (Y,

Way_tcmp :=
X_coord_tecmp
Y_coord_tcmp
Way_tcmp := D
X_coord_tcmp
Y_coord_tcmp :=

THEN
BEGIN
x_coord :=
Dircc

Coord (X,
(Way_temp+2),
Y_coord := Coord (Y,
Dircc (Way_tcmp+2),
Way := Way_tcwmp;
END
ELSE
BEGIN
X_coord :=
Y_coord =
Way := Dircc
END;

01d_point [x
01d_point [
(01d_way+2

END; If Count = 4
END; If Data_grid [X_coord,Y_coord] =
END; ~ While
END; If (Start_found = TRUE)
END;
String);
not implemented,

PROCEDURE Draw_tracc (Data_file
Uscd for tracing; this routinc was

VAR
Char _to_trace CHAR;
Stored_grid : Grid;
Char_found ¢ BOOLEAN;

1:40

1

y - 1);

right

Way_tcmp,
Way_temp,

oord,

Y_coord,

1,

X_coord_temp,
Y_coord_tcmp,
1f (Data_gridlX_coord_temp,Y_coord_tcmp] =

1

1);

1;
1;
).

FALSE

and is

Page 18

2);
2);

Way_tcmp, 2);
Way_temp, 2);

Way tcnp,
Way_tcmp,
TRUE )

Xx_coord_tcmp,

Y_coord_tcmp,

incomplcte

2
2

)
)

S¢
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verticals, Horizontals : INTEGER;
fliagonals + INTEQER:

ConnecCts
Hum_Gf_markoed
Centor
Num_of_grid pts

Point

HEGIN
REPEAT
Clear _scraen;
REPEAT

Conncctivity matrix:
INTEGER

INTEGER

19

Get_char (1, "Enter charactee to trace (0=exitl: ©, Char_to_tracei;

UNTIt iChar_to_tracce = '0')

tORD (Char_to_trace) ¢
IF Char _to_trace <> "0’ THEN
BEGIHN

OR
(ORD tChar _to_tracey >= ORD (-
= ORD

Initialize _grid iStored _gridi;

Read char (Char to_trace
IF (Char_found = TRUE}
BEGIN

, bata_Ffile, Char_found, Stored_grid
THEN

Find_grid_traits (Stored_grid, Center, Num_of_grid_pts

Trace 1Stored _grid

., TRUE, Num_of_grid_pts, Verticals,

Horizontals, Diagonals, ConnccCts, Nun_of_marked);

Cursor_posn (1,21

WRITELN (' Num_of_marked =

Num_of grid_pt
Wait_for _rctueng

ENG; © If Char_found

END;
UNTIL Char_to _trace = '0';
EHD

FUNCTION ver scegs (Data_grid
Center

Grid_radius :

Facter :

Numb.or of verbical scgments to
analyzed in serics of bDars

VAR
Bar, Bar _count, Bar width, LH,

Hi_coord
_row, Rew count

BEGIN
Bar_width =z 2;
Min_scg len = ROUND (Factor
Min_scg_len = 6;
" Minimum vertical segment

sueg len, Side, x_coord, f_

n , ,

Num_of_marked:t, of ',

stt, L.t

= TRUE

Grid;

Point;

INTEGER;

REAL) : Two_things;

the left and cight of center; ioput

Bar_mar 1 INTEGER;
coord, Gap : INTEGER;
: Two_things;
: BOQLEAN:

* Grid_radiust;’

langth

FOR IH = Lo TO Hi DO Scgs (tLH] := 0;

Bar _max
Max. *-valuc to check

MIN itrid_width, CenterlaxlsGrid_radiust;

Bar = Max (Center|x]-Grid_radius, 1i; ~ Min. X-valuc to chaeck

i
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Hi_coord (Y] tz MIN (Center[Y)+Grid_radius, Grid_height};
" Max. Y-value to choeck

WHILE (Bar <= bar_maxl DO
BEGIN

Bar_count := 0; Mumbger of data points in thce bar

H
Hi_coord [X] = MIN (Bar_max, Bar+Bar_width-1); ~ Max. X-value in bar
Y _coord 1= MAX iCcnterlyl-Grid_radius, 1); Min. Y-value to check
Gap := 0; Indication of gaps in the input
WHILE {(Y_coord <= Hi_coord [Y]]l AND (Bar_count < Min_scg_len)) DO
BEGIN

X_coord := Bar;

This_row := TRUE; LookK at the current row in this bar

Row_count := FALSE; ~ No points in this row for tnis bar

WHILE (This_row = TRUE] DQ

BEGIN
If (Pata_grid [X_coord,Y_coord] = TRUE}
THEN
BEGIN
Row_count TRUE ; A& point was found in the bar-row
This_row = FALSE; =~ Stop looking at this row
END .
ELSE
If (x_coord < Hi_coord [2])
THEN x_coord iz X_coord + 1
ELSE This_row := FALSE; ' Nothing found in this bar-row
END;

If {Row_count = TRUE}

THEN
BEGIN
Bar _count = Bar_count « 1; Increment number of points
found
Gap := 0;.
END
ELSE
BEGIN

Gap = Gap *+ 1,
IF (Gap > 0} THEN
BEGIN
Bar_count := 0;
pruviously
Gap := 0; #Rosct gap marker
END;
END; 1If Row_count = FALSE
¥_coord :x Y_coord * 1; Go to the next row
END; * while ({Y_coord <= Hi_coord [Y]} and
(Bar_count < Min_seg_lenl] ~

If (Bar_count < Min_seg_leni
THEN Bar :z Bar + |
only

A gap was found, sO ignore points found

Go to the next bar; i.c., increment A-valuc by
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ELSE
BEGIN
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LF (War <= Conteelx]i

THEN Side 1 Declare bar location relative to center
ELSE Side 23
Sege ISidal Segs [Sidel + 1 7 Increment number of scgs found
Bar s bBar » Bar_width; = Go to the next bar; i.c., sKip over
columns alrcady looked at
END:
END S while Bar <= Bar_wiax
Yer_scgs 1= Scgs;
END:
FUNCTION HOor_sugs (Dats_grid Grid;
Contoer : Point;
Grid_radius  INTEGER;
Factor REAL) : Two_things;

Numboer of horizoatal segments above and below centor

VaRr
Bar, Bar_count, Bar_width,
Min_scg_len, Side, X_coord,
5e¢gs, Hi_coord
This_col, Col_count

BEGEN
Bar_width 1z 2

LH, Bar_max ¢ INTEGER;

Y_coord, Gap : INTEGER;
1 Two_things;
: BOOLEAN;

5
Min_sog tun s ROUND (Factor s Grid_radius);”

Minvgog 1= F g

Minimum horizontal scgment length

FOR LH Lo 70 Hi BO Scgs [LHI := 0;

Bar_man Iz MINH (Grid_hcight, Centeely]+Grid_radius); Max. Y-valug to
check 7

Bar := MAX dCentorlYl-Grid_radius, i); Min. Y-valu¢ to check

Hi_coord (X1 <3 MIN {Cunterlx]+Grid_radius, Grid_widthi;

WHILE (Bar <= #ar_max| DO
BEGIN

Bar_count := 0

Hi_cooerd Y] :

H Number of data points in the bar
= MIN (Mar_max, Bar+bar_width-1};

x_coord := MAX (CenterlX]-Grid_radius, 11};

Gap 1=z 03

WHILE ii%_coord <z Hi_coord [A]) AND (Bar_count ¢ Min_scg_lenl)i DG

BEGIN
¥_coord
This_col
Col_count

Continuc to look at the current column

Nothing found yet for this column

WHILE «This_col = TRUE) 08

BEGIN

IF iData_arid [ _coord,Y_coord] = TRUE)

THEN
BEGIN

Cel_count

sz TRUE;
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This_col := FALSE;
END
ELSE
IF t{Y_coord < Hi_coord [Y}i
THEN Y_coord := Y_coord + 1
ELSE This_col := FALSE;

END;
IF {Col_count s TRUE)
THEN
BEGIN
Bar_count := Bar_count + 1] " Increment number of pgints

found in the bar-col
Gap := 0; ~ Resct gap marker
END
ELSE
BEGIN
Gap := Gap *+ t;
IF iGap > 1} THEN
GEGIN
Bar_count := 0; ~ There's a gap, so ignorc points found
previously
Gap := 0; = Rcset gap marker
END;
END; ~ 1F Col_count

X_coord iz X_coord ¢+ 1; ~ Go to the next column
ENB: ~ wWhilec ({X_coord <= Hi_coord {Xx]} and
(Bar_count < Min_scg_lenl)

1f (8ar_count < Min_scg_len)

THEN Bar := Bar ¢+ | GO to thc next barj i.e., increment row by
only 1 ~
ELSE
BEGIN
IF (Bar 2= Centerfvl]l
THEN Side = 1~ Declarc location as above or below center
ELSE Side := 2;
Segs ISidel = Scgs [Sidel ¢ 1; ° Increment number of segs found
Bar 1= Bar ¢+ Bar_width; " Go to the next bars i.c., sKip over

rows alrcady cxamined
END
END; ~ While Bar <& Bar_max
Hor_scgs = Sugs;

END;
FUNCTION Y _intercept §Y_coord : INTEGER;

Slope : REAL;

X_coord : INTEGER) : INTEGER;
Calculate the Y-interceopt M
BEGIN

Y_intcercept := ROUNM (Y coord - Slope =* X _coordi;

END?

9¢
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FUNCTION Diagenals (Data_grid : Grid;

Caenter : Peint;

Grid_radius @ INTEGER;

Facter REALD : Two _things;

Nusboer of loft- and right-slanting diagonals

VaR

dar, Coord, Har_ceunt,
Min_scg len, One_dist,
Y, Bar_width, Slopes,

Swegs, Y_int
Slopw

Tnis cotl. Col_ceunt

T_old, Y_rceps

BEGIN
Bar width := 2

End_bar, Hi_y : INTEGER;
X_coord, Y coord : INTEGER;
Gap

INTEGER;

: Iwo_things:
: REAL
BOOLEAN;
INTEGER?:

Min_scg len t= ROUND (Factor » (rid_radiusi;

Mia. diagonal

Min_scg_ten = 7

FOQR XY = 1 TJ 2

FOR »Y = 1 TG 2 O

FOR Slapes = 1

WEGIN
CASE Slopues
1 Slepa
2 1 Slope
END; Casc
CASE xY OF
1o
BEGIN
f_int
Y_int
END;
BEGIN
T int
¥_int
EHD;
END; = Casc

Bar @& Ykint

10 2

OF

Set

leol

WHILE i(Bar <= y_i

BEGIN

Bar_ceunt =
= MIN (Y_int[Hil, Bare¢Bar_width-11};

End_buar
Gap s
Y _rups
v old ¢

AQCOO(‘L‘

WHILE

sagment longth

Min, diagonal scegmant lcength
N0 Scgs lxvl = 03

Loft and right diagonals

FH] Check 2 slepes for tach type ef diagonal
- 1.5 Slope = ¢/~ 0.5
Ay - 33 Slope = /- 1.0

Y-intercopts

Y_intercept {1, Slope, 11,
y_intercept {Grid_hcight, Slopc, Grid_widthl;

Y_intercept (1, Slope, Grid_widthl;
Y_intcercept (Grid_hcight, Slope, 113

nt [Hili DO

0;  Number of data points in the bare

(= Grid_widthi AND t{Bar_count < Min_scg_lunii DO
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BEGIN
This_col := TRUE; Look at the currcent columm
Col_count FALSE; No points found yet ~
Y_coord 1= TRUNC (Slope * Xx_coord + Barl;
Hi_y = TRUNC (Slope * X_coord + End_barl;

WHILE (This_col = TRUE) DO
BEGIN
IF 1tY_coord > 0) AND {Y_coord <= Grid hcightii THEN
1f tData_grid [x_coord,Y_coord] = TRUE} THEN

BEGIN
ifF {y_coord = Y _old}
THEN ¥_reps = Y_rops + 0 wWe leoked at this
f-value beferce
ELSE
BEGIN
Y_old Y_coord;
1_reps s
END;

B

IF (Y_reps ¢ 37 THEN Point is valid only if we
have not leoked at this
Y-value more than twice

BEGIN
Col_ceunt := TRUE;
This_col := FALSE;
END;

END; If Data_grid [X_coord,Y_coord] = TRUE
IFF (This_col = YRUE!} THEN
1F (y_coord ¢ Hi_y!
THEN Y_coord = ¥ _coord + 1
ELSE This_col := FALSE:;
END; Whiie This_col = TRUE

Check the next Y-value

1If {Col_count = TRUE!
THEN
BEGIN
Bar_count := Bar_count + 1, Incroment the number of
points found
Gap = 0; Resct gap marker
END
ELSE
BEGIN
Gap := Gap *+ 1;
IF i{Gap > 0) THEN

BEGIN

Bar_count := 0 There's a gap, sO ignore points
alrcady found ~

Gap := 8: Reset gap marker

END;

END;
Xx_coord = X coord *+ 1} Go to the next X-value
END; ~ wWhile x;coord ¢z Grid_width AND Bar_count < Min_seg_len

1F {Bar_count < Min_scg_lenl

THEN Bar :5 Bar + 1 Go to the next bar
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€L SE
BEGIN
Segs L2V} 1= Segs [xY] + 13

Last written on 02/19/88 at 19:

01:40

lncrcn@nt numbuer of diags

found

Bar 1= Bar + Bar_width;
END;
END wWhile bar <= Y_int {Hi]
ENB; For Slopas *= | to 2, For XY !z | to 2
v Biagonals := Scgs;
END;

Skip to the next bar

FUNCTION Compluxity factor iComplcxity : INTEGER}) : REa&L;

This was usud to discriminate between scgumuent criteria of modc) data and

scgtent Criteria of tust data; no longer in use

BEGIN
CASE Compluxity OF
I : Compluxity Factor L
2 ¢ Complyxity_factor : .53
END; Casc Complexity
EHD;
PROCEDURE Eancode line _scgments (Data _grd B
Center .
Grid_radius :
VAR Vertical_sogs :

VAR Horizontal_sags

VAR Diagonal_sags H

Complenity :
Examinge grid for vartigal, horizontal, and diagonal

VAR
Factor © REAL;
BEGIN
Factor @z {omplenity factor iComplexityl;

Vertical_scgs = Ver_sces iData_grid, Center, Grid_radius,

Horizontal _scgs ;= Hor_sugs (Data grid, Cuntcr, Gr
Diagonal_segs = Diagonals {Data_grid, Conter, Gri
END;

PROCEBURE Print_line _scgs (Data_filo_ 1, Data_file_2

Output information about scgments in model and test
VAR

Char_to_tcest, €Char_match : CHAR;

Char_num, Num_of_pts : INYEGER;

Char_grid : Grid;

Test _vec, Scratch_vece : Vactor;

Lenter : Point;

Cos o REAL;

Multiplc _match, Chae_found : BOOLEAN;

At, Grid_radius, Filenum ; LRTEGER;

¥ertical_scgs, Horizontal_sugs
Biagonal_scgs

Iwowthings;
Two_things;

Grid;
Point:
INTEGER;
Two_things;
Two_things:
Two_things;
INTEGER};
segmaints

id_radius,

d_radius, Factori;

String};
data

Factor};

File: PCR PAS

Filo_name

BEGIN
WRITELN ('
Filae_name
File_name

FOR Char_num = 1 10 N*Chan Do

BEGIN
Char_t
FOR F1

BEG!

Al Last writtca
Files "', Data_file_,
[V} t2 Data_file_1;
[2] := Data_fide_2;

o _test
Tenum = 1 T0 2 a8
N

iz Rcc_to_char

Riad_c¢har (Char_to_test,

LF

END;

WHRITEL

END; c
END:

FROCEDURE Print_cndpoints
rmation about cndpoints

Output info

VAR
Char_to_tc
Char num,

Char_grid
Test_wvec,
Centoer
Cos

iChar_found = TRUE}

THEN
BEGIN

Char_grid := Filled
Find_grid_traits
Grid_radius := Rad_of_points (Paorcent_thrash, Char_grid,

ARRAY [1..2} Of String;

‘e and "', Data_file 2, ‘")

tChar _num);
Moduol and test data files

File_name[Filenum], Char_found

(Char_grid};

1Char_grid, Center, Num_of ptsy;

Cunter, Num_of ptsi;
Encode_linu_scgments (Char _grid, Center, Grid_radius,
Vertica)_segs,

CASE Fitenum OF

Vo WRITE (7",

2 WRITE t*

Horizontal_scgs, Diagonal_scgs

Char_to_test, '“:);

"

END; Cdasc Filenum

FOR Xx¥ = 1 T® 2

FGR xY
FOR xY
WRITELN [

DO WRITE
¥ TO 2 DO WRITE |
1 70 2 DO WRITE i*

Grid radius = ’, Grid_radius:!

‘. Vertical_scaslxvl

‘', Herizontal_scgslx

‘', Diagonal_scgslxy}
)

END = If Ccharacter was found

ELSE WRIVELN (**°, Chur_to_tcst,

Fileonum
N3
har_num

st, Char_match
Nunm_of_pts

Scratch_vec

Multiple_match, Char_found

XY, Grid_r
Guad : IN

adius, Filenum
TEGER; ™

Vertical_sags, Horizoatal_saegs

Diagenal_s
File name
bits

BEGIN

cgs

not found.’ |t}

{Data_file_ 1, Data_file 2 : Stringl;

in medce) and tost data scts

CHAR;
INTEGER:
Grid;
Vuactor;
Point;
REAL ;
BOOLEAN;
INTEGER;

Two_things;

Two_things;

ARRAY [1..2] OF String;
End_bits;

on 02/19/88 at 19:01:40 Fage

, Char_gridl;

, Filenum)

E
1):
st

26

14

LE
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WRITELN ¢ Fides "', Data_file_1, " and ", Data_file 2, '". Endpts:’); VAR Code : Slice_codel;
Filo_name [1] = Bata file_1;

Fite_name (21 Data_file _2; VAR
FOR Char _num 1 10 N_chars DO 10, Seg, Set_bits : INTEGER;
BEGIN
Char_to_test = Roc_to_char {Char_numi; BEGIN
FUR Filenum := 1 70 2 BO ~ Mol and tost data sets FOR Sct_bits s 1 70 2 « N_rings DO Code [Set_bits]) := -1
BEGIN Initialize Slice_code: change 0 to -1 cverywhere
Ruad_char (Char_to_test, File_namelFilenum], Char_found, Char_gridi;
IF {Char found = TRUEI FOR I0 := 1 to 2 DO Code for mid-range & outurmost 1°s
THEN T Set Slice_code: for innermost 1, sct bits beforc and cqual to the
BEGIN position to 1. For example, 00100 becomes 11100. Do the same for
Char _grid = Filled (Char_gridl}; outcrmost 1. Concatenate bits. Example: 00101 becomes 11100 + 11111 =
Find_grid_traits {Char_grid, Center, Num_of _ptsi; 111001y, T
Grid_radius := Rad_of_points (Perccat_thresh, Char_grid, BEGIN
Centee, Num_of_ptsi; Seg 1= 23 Mid-rangc
Encodu_line_scgments {(Char_grid, Center, Grid_radius, WHILE {Sag < N_rings-1) AND (Bits [Scgl = 0} DO Seg := Scg + 1;
Vertical_segs, Horizontal_scgs, Diagonal_segs, Filenuml;” " Seg = Ring-slice number of the innermost 1, ecxcluding the
CASE Filenum GF outermost ring-slice
V' : WRITE ¢'"', Char_to_test, *":'1); IF Bits ISegl = t THEN
2 WRITE {” N FOR Sct_mits := 1 T0 Scg PO Code [Set_bits] := 1
END; Case Filenum
Bits :=z Ends (Char_grid, Cantert; Seg = N_rings; " Qutermost
FOR XY := 1t T0 4 DO WRITE & ', Bitslryl:2); WHILE 1Seg » 31 AND iBits [Scgl = 0) DO Seg := Seg -
WRITELN; ~ Seg = Ring-slicc number of the outcrmost 1, cxcluding the
END If chargcter was found innermost ring-slice
ELSE WRITELN (""" Char_to_test, '* not found.'}; IF Bits [Scgl = 1 THEN
END; Filenum © - FOR Sct_bits = N_rings ¢« 1 10 N_rings + Scg DO
WRITELN; Code [Set_bits] = 13
ENG; Char_num END;
END; END:
PROCEDURE Encodce_slice {Mata_grid 1 Grid; BEGIN
Center : Point;
Num_of_grid_pts : INTEGER; Angle 1) := Theta;
Thota : REAL; Angte (2] = Theta « D_thota; Bounding angles of the slice to look at
Grid_radius : INTEGER; FUR Set_bits := 1 10 N_rings DO 8Bits [(Sct_bitsl := 0; Initialire ~
R_valucs : Ring_radii;
Ring_slice_width @ REAL;
¥aR Slice : Stice_codel; FOR Ring := 1 to N_rings 0O
Encode the slice: of input 7 BEGLIN
VAR FOR Angles = 1 to 2 BO Find RS-cornce Offscots from center
Ring, Radius, R, XY : INTEGER; FOR Radius := 1 to 2 00
Anglus : INTEGER; NEGEN
Angle : ARRAY [1..2} OF REAL; The 2 bounding angles R := Ring + Radius -~ 2;
Check _min, Check_macx : Two_things; ~ RS grid boundarics RS_cornur [Angles] [Radius] [x1 :=
Check _x, Check_y > INTEGER; ROUND (R_valucs [R] « COS ( Angle lAnglesi i,
RS_cornur : RSlice: = Corners of the ring-slice (RSI RS corner [angles) [Radius]) (Y} :=
Dist_from cte : REAL; #istance from coenter to grid point ROUND (R_valuas [R] « SIN ( Angle {Angles] i
Scet_bitg : INTEGER; END;
Bits : Slice_bits;
x_coord, Y_coord : INTEGER; FOR Y = X to ¥ DO = Find RS grid boundarics
BEGIN

PROCEDURE Encode_slice _bits 1Bits : Slice_bits; Chock_min (2v] 1= MIN {RS_cornce [3} (1) {xv]
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RS _corner |11 121 [xvI],
RS_corner 21 11} [xv],
RS_corner 121 (2] [xY]);
Check_max [XY] = MaX (RS_corner 1} [1] [xvI,
RS_corner [1] (21 Ixv],
RS_corner [2] 101 Ixy],
RS_corner [2] (21 Ixv]i;
END;
FOR Check_x := Check_minl[x] TO Check_max|x] DO Check cdach grid point
FOR Chuck_y = Check_minlY] TO Check_max[Y] DO
BEGIN
Dist_from ctr =z SGRT ( Check_x #+ 2 + Check_y ++ 2 )
x_coord := Center [X] + Check_x;
Y_coord := Cunter [Y] + Check_y;
2=

R_valucs [Ring-11}
ctr <= R_valucs [Ringl)
AND (Xx_coord >= 0} AND (X_coord <= Grid_width)
AND (Y_coord >= 0) AND (Y_coord <= Grid_hcight) THEN
Grid point being checked is in the ring-slice
i1F Data_grid [Xx_coord,Y _coord] = TRUE THEN
There's an input point in the ring-slice
Bits [Ringl := 1;
END; Check cach grid point in the ring-slice
END; Check cach ring
Encode_slice_bits (Bits,Slicel;
END;

IF (Dist_from_ctr
AND (Dist_Ffro

FUNCTION Encodce_scg bits (Scgs @ INTEGER) @ Scg bits;

0 buecomes [-1,-1,-1] .
1 becomes [ 1,-1,-1]
2 becomes [ 1, 1, -0
3 becomes | 1, 1, 1}
VAR
Bit T INTEGER;
Bits : Scg bits;
BEGIN
FOR Bit := 1 T0 3 DO Bits HE SRS
IF (Scgs > 0) THEN Bits [ 5
IF §Scgs > 1) THEN Bits | B
IF 1Scgs > 2) THEN Bits | H
Encode_seg bits := Bits;
END;
PROCEDURE Encodc_input {(Data_grid : Grid;
Center : Point;
Num_of_grid_pts : INTEGER;
VAR Vec ¢+ Vector;
Complexity : INIEGER);
Encode the grid fi.c., produce a vector)
VAR

Basce, Bits, Morc  INTEGER;
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Slice : INTEGER;
Theta : REAL;

Codc : Slice_code;
Grid_radius : INTEGER;
R_valucs : Ring _radii;
Ring_slice_width : REAL;

Ring : INTEGER;
Vortical_scgs : Two_things;
Horizontal_scgs : Two_things;
Diagonal_scgs : Two_things;
XY, Quad : INTEGER;
Scgment _bits : Seg_bits;
Endpoint bits 1 End_bits;

BEGIN

Basc = 0;

Initializc_vector (Vech;

Grid_radius := Rad_of_points (Percent_thresh, Data_grid, Center,
Num_of_grid_pts};

R_values (0] := 0;

Ring _slicce width := Grid_radius / N_rings;

FOR Ring := 1 TO N_rings DO R_valucs [Ringl := Ring * Ring_slice_width;
" Sct ring radii

FOR Slicce := 1 10 N_slices DO
BEGIN
Theta = D_thceta + (Slice - 1),
Encode_slice (Data_grid, Center, Num_of_grid_pts, Theta, Grid_radius,
R _valucs, Ring_slice_width, Codci;

FOR Bits := 1 TO 2+N_rings DO Vcc [Basc+Bits] := Code [Bits});
Basc := Basc *+ 2+N_rings;
END;

Encode_linc_scgments (Data_grid, Center, Grid_radius, Vertical_scgs,
Horizontal_scgs, Diagonal_scgs, Complexityl;
Endpoint_bits := Ends (Data_grid, Center);
FOR XY := 1 TO 2 DO
BEGIN
Scegment_bits := Encode_scg_bits (Vertical_scgs [Xvl);

FOR Bits := 1 70O 3 DO Vec [Basc+Bits] := Scgment_bits [Bits];
Basc := Basc + 3;
END;
FOR XY := 1 T0 2 DO
BEGIN

Scgment_bits = Encode_scg_bits (Horizontal_scgs [xv]);
FOR Bits := 1 TO 3 DO Vec [Basc+Bits] := Scgment_bits [Bits];
Basc iz Basec + 3;
END; .
FOR xY := 1 70 2 DO
BEGIN
1F (Diagonal_scgs [xY] > 0}
THEN Vec [Basc+1]
ELSE Vec [Bascri]

8¢
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Base 1z Base + 13
END:

FOR bitg = 1t 170 4 DO
bEGIN

itten on 02719788 at 19:01:40
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FGR Morce 1= 1 10 3 D0 vec [basc+Morc] := Endpoint_bits [8its]

Naso = Base + 3
END

WHILE iWasc ¢ Dimcasiona
LEGILIN
WRITELN (' Notc: bASE
Yoo [sascer] = -1
Base 1= Bagsoe + 1)
EnNb
END;

PROCEDURE Store_vec !Char_to_s
Vee_to st

veco file
Storce a vecter in a vuctor
BEGIN
OPEN (FILE_NAME :=
FILE_varIAbBLE
HISTORY

ACCESS_METHOD

RECORD_TYPE

CARRIAGE CONIROL

ORGANIZ2TION

OISPOSTIION
LOCATE (Voo File, Rec_num
voe filte~ Yoo to_store!
PUT (Voo filei,
CLOSE tvec fidais

END;

PROCEDURE Gen_vecters (Data fi
Store_f
Gunerate sct of cacodod veo

VAR Chiar _num © INTEGER;
Char _to_gun : CHAR;

Char_found : bOOLEAN;
Char_grid D Grid;
Contos : Point;
Char _vector tovector;

Num_of_points @ INTEGER:

WEGIN

lity) bO

< DIMENSIONALETY 1

torwe @ CHAR;
D © Vector;
itame I Steingi;
fFite ©

veco_file_name,
vaeo_file,

Filcname of vec file

UNKNOWN,

BIRECT, Random 4aCccess

FIXED, Each vecter has the same_length
NONE , No spuegial control codos
SEQGUENTIAL,

SAVEL; Retain the file when

(Char_to_storcli;
Put vcctor into file buffer

Store the vecter

String;
Stringt:

T
ile

Grid filc
T Vector file

it
Position filic

is closed_~

pointer

tors from data sct; store the vectors

FUR Char_num = 1 10 N_chars DO

BEGEN
WRITELN (" Char_nuwm =
Char_to_gun =
WRITELN ¢ Char

‘., Char _numn:2i;

chyr iChar_numi;

= , Char_to_genl;

Fila: PCR Pas anr Last written on 02/19/88 at

Rcad_char (Char_to_gen, Data_file, Char_found,

WRITELN (‘Char_found =
IF Char_feund = TRUE THEN
BEGIN
Char_grid = Filled (Char_gridl;

Char_feund);

19:01:40
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Char_gridt};

find_grid_teraits (Char_grid, Center, Num_ef_pointsi;
Centerfxle2, 7,7,
Centerlt}:2, "} #pts = ', Num_of_points:2i;

WRITELN (' Feund grid traits. Coentuor =

fncode_input (Char_grid, Cuntcer, Kum_of_points,

WRITELN ('Storing "', Char_to_gen,

Storc_vuec (Char_to_gen, Char vector, Store_file);

END; If Char_found = TRUE

END; Char _num
WRITELN;
WRITELN ('DUNE WITH Gun_vectors.” b
WRITELN;
END;

PROCEDURE Read_2 vec_files (Yoector_file 1,

vecter file

2

YAR Char_wvec_set_1, Char_vec_soet 2

Read twe voector filces

, Vecter_fite_t,

Char _found,

found

VAR Char _num t INTEGER,
Char te _gun : CHAR;
Char_found : BROLEAN;
Char_vector_1, Cher_wvoector_2 @ Vector;
WEGIN
FOR Char_num := 1 TO N_chars D@
BEGIN
WRITELN (' Char_num = ', Char_num:2i;
Char_to_gen = Roc_to_char (Char_numi;
Read_vec (Char_te_gen, Vector_file_t, Char_found,
IF (Char_feund = FALSE! THEN
BEGIN
WRITELN ("’ , Char_to_gun, '" net feund
Initialize_vector {Char_vecter_t};
END;
IF tvector_file_2 = vVector_file 1)
THEN Char_vector_2 =z Char_wvaector _1
ELSE
BEGIN
Rcad_vec (Char_to_gen, Vector file_2
If (Char_found = FALSE) THEN
BEGIN
WRITELHN (""", Char_to_gen, "7 not
R
Initialize_vecter (Char_vecter_21;
END;
END;
Char _vec_set_t IChar_numl := Char_vector_1;
Char_vcc_sot_Q‘IChar_num] ts Char_wvoctor _2;
END; © Char_num
END

Char_wvector, 11

Steing:
Vupturhsutl;

Char_vector _t1;

', Vector _file

Char_vecter_21;
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PROCEBURE Gen_outer _prods (Char_vec_sct_1, Char_wvec_sct_2 @ Vector_sct;
VAR Char_mat_sct D Matrix_sctl;
Generate outer products; Vector filo_1 as input, Vector file_2 as output

VAR Ctrar _num r INTEGER;
Char_wvoector 1, Char_wvector 2 Vector;

BEGIN
WRITELN {’Generating outer products. )
FOR Char_num = 1 TO0 N_chdars DO
OQutur_product (Char_ve¢_sct_2[Char_num},Char_vec_sct_1fChar_auml,
Char_mat_sctiChar_numli;
WRITELN { Done gencrating outer products.
END;

PROCEDURE Ascociate_vec sots (Char _wvee sct_ 1t Vector_sut;
Char _wvaoc _sct_2 : Vector_sct;

B T Matrix; 01d matrix
VAR & D Mateixl; Now matrix ~
Associate vector sots
VAR
Pair, Pikd : INTEGER;
Gprime : Vector;
Doelta_a D Matrix;
Char_mat_sct @ Matrix_sct;
BEGIN
A = B Start with the old matrix
Gon_outer _preds (Char_vec_sct_1, Char_vecC_set_2, Char_mat_sctl;
WRITELHI Nuwboer Of peescentations per chare = ', Present:f, * .03

WRITELN{'Lcarning constant = 1/1F,G)." 1;
WRITELN (' #uginning association.' };
fFOR Pair := 1 T0 (Prescnt ¢ N _chars) DO
BEGIM
Pikd := Rand_int (N_chars}; Pick a vector randomly
Add_Matrices (A,Char_mat_scet[Pikd}, a);
Matrix_times_vector (A, Char_vuc_set_t[Pikd],Gprimei;
Widrow _noff iChar_veco_sot_2[Pikd],Gprime,Char_vec_sot_IPikdl,
Enner_product (Char_vec_sct_1{Pikd],Char_vec_sct_21Pikdl}, Belta_al;
Add_matrices (A, Delta_a,Al;
END;
END;

PROCEDURE Associate_vec_files (VYoector file 1, Vector file 2 : String;
01d_matrix Matrix;
VAR Now _matrix D Matrixl;

Associate vectors in voector files

VAR

Char_vec_set_1, Char_vec_sct_2 Vector_sot;
BEGIN

Read_2 vee_files tvector file 1

_ , Vector_file_ 2,
Char_vec_sct_1, Char_vec_sct_21;

file: PCR PAS al Last written on 02/39/86 at 19:01:40 Page 34

END;

Associate_vec_scots (Char_vecC_scet_t, Char_vec_sct_2, Old_matrix, New_matrix});

PROCEDURE Storc_matrix (Mat_to_storce @ Matrix;

Mat_file_name

Storc a matrix

VAR
Row, Col : INTEGER;

BEGIN

String};

WRITELN {’Storing mateix.’ ),

OPEN (FILE_NAME :
FILE_VARIABLE
HISTORY
ACCESS_METHOD
RECORB_TYPE
CARRIAGE_CONTROL
ORGANIZATION
BISPOSITION

EXTEND (Mat _filol;

I ST

Mat_filc name,

Mat file,

UNKNOWN,

SEQUENTIAL,

FLXED, ' Each matrix has the same length
NONE, = No special control codes
SEQUENTIAL,

SAVE }; Retain the file when it is closed

FOR Row := 1 TO Dimunsionality DO

FOR Col :
BEGIN

Mat_filcn t= Mat_to_storc {Row,Collj;
Storc the mateix

PUT (Mat_filel;
END;
CLOSE (Mat filgl;

WRITELN (’Bonc storing mateix. 1;

END;

PROCEDURE Road _matrix (Mat_filc_name
VAR Mat _to_rcad

Read a matrix

VAR
Row, Col : INTEGLER:

BEGIN

WRITELN (" Reading matreix.’

OPEN {(FILE_NAME

FILE_VARIABLE

HISTORY t=
ACCESS_METHOD s
RECORD_TYPE I
CARRIAGE_CONTROL :=
ORGANIZATION 1=
DISPOSITION ts

1 70 Dimensionality DO

Put wlement into file buffer

String;
Mateix);

U

Mat_filc _name,

Mat_filg,

UNKNOWN,

SEQUENTIAL,

FIXED, ~ Each matrix has thc same length
NONE , No spetial control codes
SEQUENTIAL,

SAVE | ; Retain the file when it is closced

FOR Row := 1 T0 Dimcnsionality DO
FOR Col iz 1 T0 Dimensionality DO

BEGIN

IF (Row = ) ANB (Cel = 1)
THEN RESET (Mat_fila}
ELSE GET iMat_filel;
Mat_to_rcad [Row,Coll iz Mat_file~;

6¢
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EKD;
CLOSE iMat_file;
WRITELN ' fone rcading matrix.' };
END;
PROCEDURE BS® (lIn_vee vector;
A T Matrix,
Var Dut_wvoee @ vector )

brain-statce-in-a-box processing

VAR
Cos, Alpha, f(ianma : REAL;
Tterate, X : INTEGER;
Q01d_vec, Becay, Foodback, Temp, Sum @ Vector)

FUNCTION Limit (B Vectorl @ Voctor;
Sct maximums for cloment valucs

VAR
C 1 Vector
Thresh @ REAL
X : INTEGER;
BEGIN
C = 8,
Thresh = 1.5,
FOR X 1=z 1 to UDimegnsionality 0O
IF ¢ fx] > Thraesh THEN
C &) 1= Throsh ELSE
IF ¢ [yl < -1 s ¥onresh THEN
C Ixv} = -1 » Thruesh;
Limit := ¢}
END;
BEGIN
Alpha H Feedback
G anma H becay
lterate 5;
X = 0;
Cos := 03
Gut_wec = In_vec;
WHILE (Cos ¢ 13 AND (x < ltoratci DO
BEGIN
[T T
01d_vece Out_vee;

Scalar times_vector
Matria times_vector (A,Qut_vee, Tompi;
Scalae _tiwes_vector {Alpha, Tomp, Focdback )
Add _Vecrors {Decay,Focdback, Suwmi;
Out_vee s Limit (Suml;
Cos :# vector _cosine (01d_voec,0ut_vec;
END;
END

iGamma,Qut voec,Decayi;

PRUCEDURE Find _match Vector;

19:01:40
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Char _vec_seat
YAR Char_match
VAR Cos
VAR Multiple_match

Find the closcest match butween the model

Test _vec. Cos is an indicator Of th
VAR
Test_cos REAL ;
Test, Char_match_num @ INTEGER?
BEGIN )
Cos The currient largest cos
Test " Vector number
Char_match_num := 0;

P

Char _match := H
Multiple_match := FALSE; TRUE if
Message (1,
FOR Test s 1

BEGIN
Test _cos 1=

TG N_cChacs B0

Vector_cosine (Test

IfF {i1-Test_cos = 1-Cosl AND {C
if the quality of this _match
praovious match, then:

Multiple_match = TRUE ELSE

IF (Il‘TQSt_COSi < (1-Cos) ) THE
ILf the quality of this match
previous matches, then: ~

BEGIN

Multiple_match = FALSE;
Char_match_num Test;

Cous Test _cos,
END; .
END;  Test
1F {Char_match_num > 0}

END;

PROCEDURE Oraw_scales;
Braw scales for screoen coditing

BEGIN
Mussage
WRITELN (’
WRITELN ¢’
WRITELN i’
WRITELN (°
WRITELN ('
WRITELN (°
WRITELN ('
WRITELN {7
WRITELN (°
WRITELN H
WRITELN (*10123456v890123 1
WRITELN (1715

(Screen_height-2, -
12345678901234567830123
Ty

WO L WN -

‘Comparing test vector with modal

THEN Char_match :=z

02/19/88 at 19:01:40 Page

Vector _sct;

CHAR;

REAL ;

BOOLEAN] ;

Ccharacter set and
¢ quality of the match.

ine butween vectors

moeee than one match is found
vectors. ' b
_vec,Char_vec_setiTest]l;

os <> 01) THEN

is the same das the quality of

N
is better

Rce_to_char

1 2
4567/8901234567/898" i ;

36

the test vector

Oe

than the quality of all

{Char _match _num) ;
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WRITELN i 2' 33 PROCEDURE Guot_some_char {Char_to_get : CHAR;
WRITELH & 3° 4 YAR Data_grid s Grid;
WRITELN ' 471 Show _scale I BOGLEAN);
WRITELN «° 57 i; Get a character from the BI1TPAD
£ND;
VAR
PROCEDURL Ruad bitpad (VAR Data_grid Gridi; Done : BOOLEAN;
Road the BITPAD Done_input CHAR:;
VAR PROCEDURE Char_muessage (Char_to_get : CHAR)
B _inmut : String; Input string
Ct, C2, button : INTEGER; HEGIN
Junk ! CHARG Dunmmy variable IF Char_to_get <> ' ' THEN
Screvn_coord, Grid_coord, Pad_coord Two_things; BEGIN
Cursor_posn (0,5crecn_hcight};
BEGIN WRITELN (' This is the "' ,Char_to_gut,' ™ charactuer.’);
Button = 0; END;
Curgor_posn [ 3,8crcen_height -3t END;
REPEATY
READLN (Pad_in, b_inputi; Rcad B1TPAD BEGIN
If LEMGTH iB_ioput) > 4 THEN ~ Min. lcn. of valid input = § ° Donws := FALSE;
BEGIN WRITELN (Pad_out, Bit_ratel; Sct up BITPAD for switched-stream input
C1 = Instr { 2, B_input, Comumal; Locate 2 comwnas REPEAT
€2 = Inste ¢ C1 + 2, B_input, Conmal; BEGIN
IF #CY > 13 AND $€2 > Ci+1} THEN Roquircments for wvalid input 7 Mossage (2, "Yellow: position cursor; white! mark; grecn: unmark;’ |
BEGIN Mcssage (1, bluc: cxit. Begin.’);
READV (B_input, Pad_coordl[X], Junk, Pad_coordlY], Junk, button); IF (Show_scalce = TRUE) THEN Draw_scalus;
" Parsc Input to assign coordinates Char_message (Char_to_geti;
IF Button <> Blu: THEN Draw_char {Data _gridl;
BEGIN Rcad bitpad (Data_gridl;
Grid_coord Lx] = Scrunch (Pad_coordix],Pad_width,Grid_widthi; IF (Show_scCale = TRUE} THEN
Grid_coord [Y} := BEGIN
Scrunch l?ad_COOrd[1}~Pad_hcighl,Grid_hcighl}: Clear_screen;
Screen_coord [X] := Char_message (Char_to_getl;
Scrunch |Pdd_coordlxl,Pad_widlh,Scrccn_widlhl; Draw_char {(Data_grid};
Screen_coord [¥] 1= END;
Scrunch (Pad_coordlY],Pad _hcight,Screen_hoight); Clear_line (213
Cursor_posn (Screen_coordlal,Screcn_coordlyY i} REPEAT
IF Button = White THEN ~ Mark Gut _char (1,°Arc you dong with this letter (y/n)? ' Donc_inputi;
BEGIN UNTIL {Dong_input = *Y i OR iDonc_input = ‘N’ 1;
Data_grid [Grid_coordlx],Grid_coordlYl]l = TRUE; 1f (Donec_input = ‘Y’ ) THEN Done := TRUE;
WRITE (Qut_charl1]) END
END ELSE UNTIL Donc = TRUE;
IF Button = Green THEN Erase WRITELN (Pad out, "S' iy Stop rcading ferom BITPAD
BEGIN Cursor_posn (0,1);
Data_grid [Grid_coordli]),Grid_coord[Y]] := FALSE; END;
WRITE (Qut_charlO]);
END; PROCEDURE Get_new_char (VAR Data_grid Gridi;
Cursor_posn (Scroen_coordlx, Screen _coordlY ) Gyt a new cCharactuer from the BIiTPAD ~
END; ~ IF bButton ¢> Bluc ~
END: IF (C1 > 1) AND (C2 > C1+2} BEGIN
£ND; IF LENGTH(E_ input) » 4 ~ Clear_scruen;
UHTIL ®utton = bBilue; Got_som:_char (' ', Data_grid, FALSE};
END; END:

ov
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PROCEDURE Print_vec to_file (Actua)_char @ CHAR; IF (Char _found = FALSE) THEN
- Lotter 1 CHAR; BEGIN
vec 1 ¥oector; WRITELN (7", Char to_gen, '* not found.’);
Filename : Stringl; Initialize_vector (Char_vector);
OQutput vector to file © END;
Matrix_timcs_vector fAuto matrix, Char_vector, lo vector);
VAR This was uscd to delay the nen-lingarity ti.c., BSBI
Slice, Bit © INTEGER; In_vector = Char_vector;
Counture : INTEGER; 858 (ln_vector, Auto_matrix, BSH_vectorl;
Store_vec (Char_to_gen, BSHB_vector, 85B_vec_file);
BEGIN Print_vec_te_file iChar_to_gen, ' ', BSB_wvector, BSB_sutput_filel;
OPEN {FILE_NAME £ laname, END; = Char_aum - -
FILE_VARIABLE BFrint_file, . . END;
HISIQRY +z UNKNOWN, !
ACCESS_METHOD tz SEQUENTIEAL, PROCEDURE Rcad_BSB_vectors |n$ﬂ_fi]¢nam¢ Do Steingldy
RECORD_THPE := VARIABLE, Rcad BSB vectors from a filce
CARRIAGE CONTROL := LIST,
ORGANIZATION SEQUENTTAL, VAR
01SPQOSITION SAVEIl; '~ Rcetain the file when it is closced . Char_num v INTEGER;
EXTEND (Print_filel; ~ Appuend to the file Char_vector : V¥ector;
WRITELN iPrint file, ‘Actualt *', Actual_char, "7} Match: "7, Char_to_rgad @ CHAR;
tetter, “":fdy Char_found : BOOLEAN;
Counter = BSH _vector ¢ Yector:
FOR Slice 1 10 Dimensionality D@
BEGIN BEGIN
WRITE (Print_file, * veclSlicel:5:24; WRITELN (' Reading BSB vectors.' )
Counter = Lountor + 13 FOR Char_nuwm 12 1+ 10 N_chars DO
If «Counter >z Groupl) THEN BEGIN
BEGIN Char_to_rcad := Rec_to_char {Char_numl;
WRITELN (Print_filcl; Read_vece (Chare_to_rcad, BSB_filcuwame, Char_found, BSB_vectorl;
Ceunter = 0; IF (Char_found = FALSE} THER
END; HEGIN
ENG Slice ~ WRITELN (77", Char_to_rcad, " not found.’ i;
WRITELN iPrint_file, ' =--cemmrmocn s s m s mcmmmm s m s = mmmmm s m s S Initialize _wvector (B3B _vocteri;
CLOSE (Print_filgi, END;
END; BSB_vec_sct [Char_num] :s BSB_vector;
END; = Char_num -
PROCEDURE BSH_vocters {(Vecs_filename @ Stringi; BSE_done := TRUE;
BSH wvectors in file & T END;
VAR "PROCEDURE Print_BSB_vectors;
Char _num : IMTEGER; Read and print BSB vactors
Char_vector @ Vector;
Char_to_gen @ CHAR; . VAR
Char_found @ BOOLEAN; Char_num : INTEGER;
BSB_vector 1 Vector;
In_wvector : Vector; BEGIN
Read_BSB_vectors (BSH _vec_filei;
BEGIN FOR Char_num := } T0 H_chars 0O
Road_matrix tAuto file, Auto_matrixi; BEGIN
WRITELN " Reading and BSkiog ', Vecs_filomame, *.' 13 WRITELN ("8SB_vec_setl’, Char_num:2, "1},
FOR Char_num =z 1 10 N _chars 00 Print_vec (BSB_vec_setlChar_numll;
BEGIN - END;
Char _to_gun = Rec_to_char (Char_numi; END;

Ruad_vee (CGhar_to_gen, vecs_filename, Char_found, Char_vectori;



Char_grid := Filled (Char _grid};
Find_grid_traits (Char_grid, Cunter, Num_of_points};
Encod¢_input {Char_grid, Center, Num_of _points,

Last written on 02/13/88 at 13:01:40 Paga 42

! Vector;
¢ BOOLEAN;
: WOOLEAN;
¢ ¥ector;

FALSE] THEN

(Auto_fil:, Auto_matrix);
tors (Vecs_filenamel

{Char_gridi};

Mcsgsage (1, "Processing test characters.’ )

1 T8 N_chars DO

t Iz Rec_to_char (Char_onum};
Char _to_tcst, Gridﬁfilcuamu. Char_found, Char_gridj;
und = TRUE}

Fili in gaps in input
Test_vec, 2143
ix_times_vector fauto_matrix, Test_vec, In_vector);
is_was used to delay the non-linecarity; not currently in
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PROCEDURE Test_onve_input tVecs_filename : Stringl; Scratch_vece
Test ti.e., find match ford onc new input Frow the N1ITPAD Multiple_match
Char_found
VAR In_vector
Char _griyd Cohridg
Test_vece : Vector; BEGIN
Contoere : Point; IF 18S8_done =
Num_of_points : INTEGER; BEGIN
Char_match : CHaR; Read_matrix
Cos © REAL; Read_BSB_vec
Sieratch _vuoc T Vector; END;
Multiple_match @ BOOLEAN] Initialize_grid
1n_vector t Vector;
FOR Char_num !z
BEGIN WEGIN
IF t85B_donc = FALSE) THEN Rcad B5H vectors once Char_to_tces
BEGIN Read_char |
Read_matrix favto_file, Auto_matrisi; IF iChae_fo
Read_bSM_vectors (vcecs_ filenameis THEN
END; BEGIN
Initialise _grid (Char_gridi;
Get_new _char iChar_grid); Riuad new character from BITPAD
Clear line (213
Mogssage 11, “Proccssing tust input.’ j; Maty
Find grid_traits {Char_grid, Ccntor, Num_of_pointsi; " Th
Encodu_input tChar_grid, Center, Num_of_points, Test_wvec, 21 use

In_ve

Mcssage 1, 'Finding a match . '
BSE

Matrix_timecs_vector {Auto matrix, Test _vec, In_vectorl;
This was uscd te dalay the non-lincarity; not currcntly in use

In_vector =z Tust_vec; Find_

BSB {In_vector, Auto_matrix, Scratch_vech; Mult
Test_vec = Scratch_vec: WRITE
Find_match {Test_vec, WSB_vec_set, Char_match, Cos, Multiple_matchi; Char
Clear_line §1i; IF (C
Clear _dine {214 THE
WRITELN ('Match is "', Char_match, ""; quality f{cos} is *, Cos:b, *.’1: ELS
IF tMuttiple_match = TRUE) THEN IF M
WRITELN ("Another match of cqual quality was found.’'}; WRIY

Print

Print _vee_to_file ("2, Char_match, Test_vec, "TEST.VEC' )
Matc

Wait for_scturn;

END; END ]
ELSE WRIT
PROCEDURE Tost_all_input (Vecs_ filename String; ENG Char n

Grid_filename @ String); END;

Test ti,e., find wmatchwes: forl all tust data from test file
PROCEDURE Print cha

VAR Print a character set (visual representationd

Char_to _tost ¢ CHAR;

Ctiar _oum © INTEGER; VAR

Char_grid ¢ Grid; Filaname :

Test_voe T Vuctor, Char _num ¢

Center : Point; Char _to _print

Num_of _points @ INTEGLER; Char_grid :

Char_match : CHARG Char _found !

Cos : REAL; Row, Col .

Test_

ctor = Test_vaec,
In_vcector, Auto_matrix
vec 1= Scratch_vec;
match (Test_wvec, BSB_wvec_sct, Char_match, Cos,

Scratch_vuech;

iple_matchi;

f“Actual: "', Char_to_test, ‘", Match is
_match, ' quality fcos} is ‘', Cos:B, '."};
har _to_test = Char_match)
N WRITELN
E WRITELN (' #x«’1}; Mark the mismatches

ultiplec_match = TRUE) THEN
ELN (" Another match of cqual quality was found.’ };
_wvec_to_file iChar_to_test, Char_match, Test_vec,

h_filel;

f character was found

ELN_{""", Char_to_test, ** not found.’ };
um

r_sct {Data_file @ String);
to a file

String;
INTEGER:
CHaRr;
Grid;
BOULEAN;
INTEGER;

iy
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BEGIN
Clear _scroen:
Get_input 10, Enter filen

OPEN (FILE_NAME t=
FILE _VARIABLE te
HISTORY Tz

ACCESS_MET®OD
RECORD_TYPE :
CARRIAGE _CONTROL :=
ORGANIZATION
DISPOSITION
EXTEND iPrint_filui; App
FOR Char_num := 1 10 N_cha
BEGIN
Char te _print :=z Rcc_t
Read_char tChar_to_pri

IF Char_found = TRUE T
BEGIN
FOR Row = Grid he
BEGIN -

itten en 02/

amge to print
Filoname,
Print_file,
UNKNOWN,
SEQUENTILIAL,
VARIABLE,
LIST,
SEQUENT 1AL,
SAVE };
znd to tho f
rs DO

o_char {Char

19/88 at 13:01:40 Pagy

to: . Filenamel;

Retain the file when it is closced

ile

_numi

nt, Data_file, Char _found, Char_gridi;

HEN

ight (OWNTO

1 80

FOR Col := 1 T0 Grid_width DO

IF Char_grid

THEN WRITE

ELSE WRITE

WRITELN (Print
END; Row ~

WRITELN (Print_fil
END; If Char_found
END; Char _num T
CLASE iMrint_Filei:

ENB;

PROCEDUKE Edit_char_sct (Sct_t
Data_

Susic

Edit a character sot, using

VAR
Char _to_uodit @ CHAR;
Stored_grid Grid;
Char_found ! bOOLEAN;

BEGINM
REPEAT
Cluar _screen;
Mossage (2, Sct_typei;

REPEAT
Geot_char {1, "Enter cha
UNTIL (Char _to_udit = 0

i0RD (Char _to_cdit

(ORD (Char_to_cdit

1f Char_to_codit <> 70" T
BEGIH

Initialize_grid (Ste

[Col, Row] =
iPrint_file
{Print file

TRUE
, Out_charl1]i

, Out_char{0ll; = Draw row

43

_filei:  Go to the next row
el Lteave 4 bDlank line between Charactoers
= TRUE ~

ype ¢ String:
file @ String;
s : 600LE§N):

the BITPAD

ractur to od

‘b OR

) > ORD (7A”

it {0=cxitl: ¢, Char_te_cdity;

il OR

1 <=2 ORD (7200

HEN

red_grid);
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Read_char (Char_to_vdit, Data_file, Char_found, Storcd_gridi;

Gat_some_char (Char_to_cdit, Storcd_grid, Scalesi; = Edit
Store_char i(Char_to_e¢dit, Stored_grid, Data_filel;
ENg
UNTIL Char_to_cdit = "0’

ENS ;

PROCEDURE Initialize;
Onc-time initial routines, like sccuring BITPAD; get terminal type

BEGIN
Clear_scrueen;
REPEAT
Got_char (10, “Is output dirccted to a VI220 ty/n} 2 ', VI220};
UNTIL (V7220 = "Y1 OR (VTd20 = "N'1I:
IF VY220 = “ 1’1 THEN
HEGIN
OPEN (Pad_in, "bitpad$TT’');
RESET tPad_ini:
OPEN {(Pad_out, 'Ditpad$TT’1;
REWRITE (Pad_outl;

END;
Out_char [0] := ° ", ' Screcn character representing 0
Out_char [1} 2 "% Screen character reoprescenting 1
END;

PROCEDURE Clcanup,
Final proccdurcs, like dumping BITPAD

BEGIN
IF (vT220 = 'Y’ 1 THEN
BEGIN
CLOSE (Pad_int;
CLOSE [Pad_outi;
END;
END;

PROCEDURE Learn_char_scts (Num_of _scts : INTEGER):
Learn character scts fcither model, er modelstestd

VAR
Char_vec_sot
Char_mat_sct

Vactor_soet;
Mateix sct;

Qld_matrix Matrix;

BEGIN
WRITELN(' Dimensionality = ' Dimensionality:t, ' .°);
WRITELN;

Gen_vectors (Char _file. Vecst_filei; Encode model charactuers

Initialize_mateix (01d_mdtrix);

Associate_vec_files (Vecsi_file, Vecsi_file, Old_matrix, Auto_matrix};
Autoassociate mode! vectors -

Storc_matrix {fauto_mateix, &uto_filel;

BSB_vectors tvecsti_filel; In the present implementation, the WSk
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non-lincarity is introduced herce

scts > 11 THEN Now lcarn

IF (Num_of_
BEGIMN
Read_mateia tauto_file, Auto_matrinl;
01d_matraia = Ayto_matraix;

Gen_vectors (Test file, Vecs2 _filel; Encodce test characters
Associrate_vec_files tVecs2_fale, Vecsi_file, 01d_matrix, Auto_matrix);
Associate test vectors with model vectors

Storc_matrix Auto_filcr;
END;

END;

tAuto_mdtrin,

PROCEDURE Luearn_test

st_sc
Learn only the test

t
sct of data

VAR
Char_vec_sct
Char_mat_sct
01d_matrix

Vector_sct;
Matrix_sct;
Matrix;

BEGIN

WRITELN(  Dimcnsionality = ', Dimensionality:®

WRITELN;
Gen_vectors (Test file, Vecs2_filel;
Initialize_matrix (01d_matrixi;

Associatce_vec_files (Vecs2_file,
Autodssociatce test vectors
Storc_matriax tAuto_matrix, Auto_filcl;
BSB_vectors (Vecs2_filce);
END;

Vecs2_file,

PROCEDURE Main;
Proccess uscer’s commands

VAR
Command @ CHAR;
BEGLIN
Initialize;
REPEAT
Clcar_scrceen;
Mcssage (Screen_height, “Wcelcome.' )
WRITELN;
WRITELN (' Conmands:' ),

WRITELN;

WRITELMN (° M Edit modcel chdaracter sct’ )
WRITELN (° P  Print model character scot
WRITELN (' S Print linc scgments for modcel
WRITELN (* R Print cndpoints for modcl

WRITELN ¢ C

This is uscd in conjunction with the
WRITELM (' E Edit tcest character sct’ b
WRITELMN (° O Print tcest chardcter sct
WRITELN;

WRITELN ' T Tcst onc character for

test data

& test vectors' )
Draw a4 tracc of 4 storcd test character
traccer;

rccognition

(maybe)

LI I

01d_matrix, Auto_matrix);

to a file' );

& test vectors’ )

not implcemented

to a file' i

{screen input)’ )
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WRITELN
WRITELN
WRITELN
WRITELN
WRITELN
WRITELN

Get_char
CASE Command OF

‘A 1 Test_all_input (BSB_vec_file,
e

‘Do
e .
"
fps
FRY
Y
BT

fQr

OTHERWISE

END;

UNTIL Command =
Cursor_posn

Clcanup;

END;

BEGI

N

Main;

END.
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' A Test all characters for rccognition (file input)’ )

{* 1 Encodc input, lcarn, & BSB for modc) characters' )

{' 2 Encodc input, lcarn, & BSB for modcl+test characters
(" x  Encodc input & lcarn for tcst characters only' )

(* Q@ Quit this system’ );

(2, "Enter command: ', Conmand);
Test_file);
(Test_filel;
(Test_file);
{"Test scet’,
{'Modecl sct’,
(Char_filcl;

Oraw_trace
Print_char_sct
Edit_char_sct
Edit_char_sct
Print_char_sct

FALSE);
TRUE) ;

Test_file,
Char_file,

Print_cndpoints (Char_file, Test_filcel;
Print_ltinc_scgs (Char_filc, Test_filel;
Test_once_input (ESB_vec _file);

Lecarn_char_scts (1

Learn_char_scts (21

Learn_test scet;
Test_all_input (Vecs2_file,

" Do nothing

" Do nothing

Test_filel;”

o
10,0);
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