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[57) ABSTRACT

By means of a suitable data entry device such as an
electronic digitizing tablet or graph board, items of data
respectively defining the original configuration of a
roughly sketched object and the desired final propor-
tions thereof are entered into a stored table called a
“pointing sequence list” (PSL), which is capable of
storing all of the information required to define both the
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original form and the desired final configuration of the
object. Initially the PSL contains positional entries rep-
resenting the coordinates of definitive points on the
roughly sketched object and dimensional entries speci-
fying the proportions which the object is to have in its
final delineation, all arranged in an order corresponding
to a predefined pointing sequence which is followed by
the operator when he enters the necessary items of
graphic information into the system. The initial PSL
subsequently is converted to a new PSL by a rectifying
procedure which modifies the coordinates of the previ-

‘ously entered points where necessary in order to effect

horizontal and vertical alinements of points which are
supposed to be located on common axially directed
lines. Whenever a coordinate is modified to effect an
axial alinement (or in some instances a joinder) between
two or more points during the rectification process, the
respective entry which corresponds to the modified
coordinate in the new PSL is provided with a “pointer”
to the PSL location storing the entry which specifies
the referenced coordinate, thereby establishing an
equivalence between these two entries. The linkages
among equivalent entries are preserved during subse-
quent processing operations performed upon these
entries, so that a change in one member of each set
affects all of the other members thereof. The new PSL
entries are then further modified where necessary in
accordance with the proportions specified by the vari-
ous dimensional entries, so that the PSL ultimately
specifies the positions of points defining a rectified and
proportioned version of the original rough sketch,
thereby enabling a finished drawing or other final repre-
sentation of the object to be produced from these PSL
entries.

23 Claims, 47 Drawing Figures
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IMPROPERLY DIMENSIONED VIEW

B 0
. D
FIG. 5 .
G
: |
A L

'PROPERLY DIMENSIONED VIEW

B (
2
, E D _l_
FIG. 6 ;
F 6




U.S. Patent Nov. 15, 1977 Sheet 4 of 40 4,058,849

FIG. 7
POINTING SEQUENCE LIST (PSL)
PSL
LOCATION PSL ENTRY
'I LINE FUNCTION HEADER
2 AH
3 Ay DOC
4 By ENTRIES
d By SPECIFYING
6 Ch LINE LINE BLOCK
7 Cv POSITIONS
8 Dy IN A
9 Dy LINE STRING
10 Eq -
11 Ey
12 AXIAL DIMENSION HEADER
13 By
4 By 00
. ) REFERENCES
" cy SPECIFYING
” L POSITIONS OF AN
18 Fy AKIAL DIMENSION AXIAL DIMENSION BLOCK
19 DIRECTION CONTROL WORD
20 4
21

N
™o
e o —— S ®
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DATA WORD STRUCTURES FOR PSL ENTRIES
FIRST BYTE SECOND BYTE

f_______ﬂu______ﬁv_______gx____h__\
HEADER

00000100 --------

o B EEEEEEEE 00c ENTRY  FIG. 8
00000010 -------- ALPHABETIC

00000001 -------- NUMERIC
- DENOTES ANY DIGIT '

DATA WORD STRUCTURE FOR DOC ENTRY
(OLD AND NEW PSL)

0 1234567839

-—————
HORV COORDINATE VALUE, IF POINTER BIT =0.

ENTRY NUMBER, IF POINTER BIT=1 ( NEW PSL).

NONAXIAL LINE INDICATOR IN OLD PSL(H ONLY)
FIXED COORDINATE INDICATOR IN NEW PSL(H& V)

POINTER ( NEW PSL ONLY)
DOC ENTRY (BOTH PSL'S)
JOIN INDICATOR IN OLD PSL (H ONLY)

PSL
PSLT_(OLD PSL)  LOC. PSL2 (NEW PSL)
L.F. HEADER i L.F. HEADER
AH 2 AH
AV 3 Ay
BH 4 B
By J By
CH b CH) .
Oy ! (Cv FIG. 10
DH B DH
Dy J Dy
EH 10 EH
Ey 1 Ey

L
-ﬁ-
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SRCH 1

FIG 11

CONL FIXPR FIXCR FXLDR
CHPTR CHPTR

INDICES FIG. 12

INACTIVE INACTIVE

‘-l—'_-——-—-—-—l__

ACTIVE | ACTIVE ACTIVE
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FIG. 13A
PROP1
RECTIFYING AND PROPORTIONING
~ INITIALIZATION
CLEAR DIMENSION INDEX AREAS 300
AND RESET POINTERS TO ZERO.
60 TO FIRST PSL WORD .
3010 19
- END OF PSL ?
YES
NO
14
302 -
IS FUNCTION HEADER IN CURRENT PSL 40
' LOCATION ?
303 YES NO 316
'S FUNCTION HEADER A > 15 IMAGE TO BE
LEGAL KEY CODE COPY PSPLS 1L2W0RD INTO PROPORTIONED ?2
304 YESL25s - NO 60 TO NEXT psL worp | $NTE® N0
RETURN TO
COPY PSL1 WORD SEE FIG.  CALLING
INTO PSL2 130 PROGRAM
ERROR MESSAGE. FOR DISPLAY
309 RETURN TO CALLING OF RECTIFIED
TURN *CONTINUE PROGRAM IMAGE
LINE SWITCH" OFF
306
IS HEADER A'LINE FUNCTION
KEY CODE 2
26
309
IS HEADER A CIRCLE FUNCTION 60 TO NEXT PSL1
KEY CODE 2 WORD
NO YES 107

21
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NO 312
'S HEADER A CIRCLE DIMENSION
FUNCTION KEY CODE 2
NO YES
HEADER
1S AXIAL
DIMENSION
FUNCTION
KEY CODE
28
313

SEARCH FOR PREVIOUS CORRESPOND-
ING DOC ENTRIES AND PUT POINTERS

THERETO FROM ENTRIES CONTAIN-
ING AXIAL DIM.DOC REFERENCES.

MAKE ENTRY INTO HORIZ. OR
VERTICAL DIMENSION INDEX.

60 TO NEXT PSL1 WORD.

COPY HEADER ‘FROM PSL1 TO PSL2.

4,058,849

Sheet 8 of 40

21

308

CALL CONL TO PROCESS CURRENT
WORD AS A DOCUMENT POINT,

SKIP A WORD.
TURN "CONTINUE LINE SWITCH"
ON.

310

END OF PSL ?

NO YES

IS CURRENT PSL1 WORD
~ A DOC ENTRY ?

YES NO

198

310

(OPY HEADER FROM PSL1 TO PSL2.
SEARCH FOR PREVIOUS CORRESPOND-
ING DOC ENTRIES AND PUT POINTERS

THERETO FROM ENTRIES CONTAINING
CIRCLE DIM. DOC REFERENCES.

MAKE ENTRY INTO CIRCLE
DIMENSION INDEX.

60 TO NEXT PSL1 WORD.

FIG. 13B
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FIG.13C
FROM FIG. 13A
PROPORTIONING PROCEDURE
OF PROP1 PROGRAM STATEMENT 45

TAKING FIRST POINT IN PSL2 AS ORIGIN, 320

SET FIX BIT IN HORIZ. COORDINATE OF ORIGIN

CALL F TO ACTIVATE ALL HORIZ. DINENSIONS  }—9¢¢
WHICH REFER TO HORIZ. COORDINATE OF ORIGIN

SET FIX BIT IN VERTICAL COORDINATE OF ORIGIN
GALL F TO ACTIVATE ALL VERT. DIMENSIONS WHICH
REFER TO VERT. COORD. OF ORIGIN

CALL FIXPR TO FIX THE REMAINING HORIZ. COORDIN-
ATES USING HORIZONTAL AXIAL DIMENSIONS

528

CALL FIXPR TO FIX THE REMAINING VERT. COORDIN- | 330
ATES USING VERTICAL AXIAL DIMENSIONS

CALL FIXCR TO FIX VERT. COORDINATES IN CIRCLES 33
USING GIRCLE DIMENSIONS

REBUILD DIMENSION BLOCKS IN PSL2 FOR PLACING
DIMENSIONS IN LOCATIONS TO MATCH PROPORTIONED {334
COORDINATES

-
| PERFORM UNDERDIMENSION TEST (OPTIONAL) |

RETURN TO CALLING PROGRAM
FOR DISPLAY AND/OR PLOTTING

OF RECTIFIED AND PROPORTIONED
IMAGE
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FIG. {4A
CONL START
IS "CONTINUE LINE SWITCH" ON ? 340
NO YES
1S " NONAXIAL" 369
BIT ON ?
YES NO
IS LINE TO LAST 353
POINT HORIZONTAL ?
YES NO

CALL LTO ESTABLISH A
POINTER FROM THIS V

ENTRY TO LAST V ENTRY

594

"CALL LTO ESTABLISH A

POINTER FROM THIS H 355
ENTRY TO LAST H ENTRY
1S *JOIN" BIT ON ? 342
YES
CALL SRCHI TO FIND PSLI
LOCATION CONTAINING H 356

GOORD. OF REFERENCE POQINT
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IDENTIFY CORRESPONDING PSL2 357
LOCATION AS DESTINATION NR

CALLLTO ESTABLISH POINTER FROM
EQUIVALENT PSL2 LOCATION OF H

JOIN ENTRY TO DESTINATION NR

398

~ CALL L TOESTABLISH POINTER
FROM NEXT PSL2 LOCATION TO 393

DESTINATION NR+4 (V GOORD.)

COPY H ENTRY

FROM PSLI TO PSL2 e

COPY V ENTRY 350
FROM PSLI TO PSL2

RETURN TO PROP

4,058,849

HAS H ENTRY BEEN LINKED BY POINTER ? 344
YES NO

HAS V ENTRY BEEN LINKED B'f‘ POINTER 7 348
| YES ' ' NO
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FIG. 15 LS

START

IS POINTER IN START LOCATION ? 360
NO YES

FOLLOW POINTER TO LOCATION WHERE
COORDINATE 1S STORED, AND DESIGNATE
THIS LOCATION S.

564

DESIGNATE THIS LOCATION S

IS POINTER IN DESTINATION LOCATION ? 366
~|NO YES
_ FOLLOW POINTER TO LOCATION WHERE
DESIGNATE THIS LOCATION D
368

COORDINATE IS STORED, AND DESIGNATE
THIS LOCATION D.

310

1S §=p 7 {312

NC

514

INSERT AT S A POINTER TO D
(OVERWRITING THE COORDINATE, IF ANY, AT LOCATION S)

RETURN TO CONL

362
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FI1G. 16A
FIXPR START
- 390
IS ACTIVE H(V) DIM. LIST EMPTY 2
391 NO - YES RE_}OURN
401 -
READ LOWERMOST H(V) DIM. ENTRY —— ______qwm
IN ACTIVE LIST , IS THERE AN UNFIXED
' H(V) PROJ. COORD. 2 |
- - L____r___._____ ]
392 YESI —I[NO
IS H(V) COORD. OF FIRST DOC REF. 403,7 . N 1]
FIXED 2 | INDICATE H (V) l
UNDERDIM,
I___'__..___I
| L __RETURN
IS H(V) COORD.OF SECOND DOC REF FIXED ? FRTOOP 1
FIND H(V) PROJ. COORD. OF INDICATE H(V) OVERDIM
FIXED DOC REF.
396 CONVERT DIM VALUE INTO

TABLET UNITS
(MULTIPLY BY 100)

IF, IN PSL1, H(V) UNFIXED DOC REF 2

307 FIXED DOG REF., THEN ADD DIM. VALUE
IN TABLET UNITS TO FIXED H(V)COORD.

VALUE , OTHERWISE SUBTRACT IT FROM

FIXED H(Y) COORD
VALUE
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LU T T —— -

IN PSL2, SUBSTITUTE CALC. COORD. VALUE

FOR THE EXISTING H(V) PROJ. COORD. VALUE
398 IN THE DOC ENTRY TO WHICH UNFIXED DOC
REF. POINTS, AND SET FIX BIT IN THIS DOC

ENTRY

399 CALL F TO ACTIVATE H(V) DIMENSIONS
WHICH REFER TO H(V) PROJ. COORD.

JUST FIXED

. _
W DELETE FROM H(V) DIM. INDEX THE
~ CURRENTLY ADDRESSED ENTRY

FIG. 16B
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F

START

30— 60 T0 FIRST H(V) DIM. INDEX ENTRY

3811 BEYOND END OF INACTIVE LIST ?

EXIT TES NO

| DOES THE ADDRESSED PSL DIM BLOCK
382 CONTAIN A DOC REF. TO THE COORD.
~ WHICH HAS JUST BEEN FIXED ?

YES NO 385

G0 TO NEXT H(V) DIM. INDEX
LOCATION

383— SET NO.3 BIT OF THIS DOC. REF WORD TO “1" FOR INDICATING
THAT THIS END OF DIMENSION IS FIXED

INTERCHANGE CURRENT DIM. INDEX WORD WITH LAST INACTIVE
~ WORD IN LIST, AND INDICATE THAT ACTIVE LIST NOW STARTS

ONE WORD HIGHER

364
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FIG. 18A

PROP 1
/' FOR PROP1
SUBROUTINE PROPL{IPDSHW)
C IPOSW,s 1= ORTHOG, 2= PROP
C INTERPRET PROP1 FUN-KEY. CALLED BY MECOW
OIMENSION IFUM(15)
DIMENSION ICDI{50)
C
COMMON /INSKEL/IPTX(4'11PTY[4)tIURSHrIPTIKrIBUZS
COMMON [CHAR(ITZ’fITHDlilTHDllUOO|']UUT(1011’
COMMON KPCF!lOO'rKPC”ilZ)'KPCﬁ(IDO):IAPCF:IAPCNfIAPCAf[PCCrIDDCK
COMMON 100CY,LMSGA,LIOUT, IDOX, IDOY
COMMON IFxl.NXI.IAxl.lFYl.NYl,IAYI.[FKZ,NKZ,IszbIF?z.NYz.Isz
COMMON IFDLK;NBELK.[ADLX:IFULY:NDELY;[ADLY:NFX;NNK:NAK,NFY,NNY;NAY
COMMON [FUNC1NUHRL1IALPHtKBKIfKﬁlthBYI’KBYZvITBK:ITBY.KBRXI'KBRYI
COMMON KBRX2 ,KBRY2,KBREG, IDOC, I UNUK , | LPKX,LPKY
COMMON lGPTRfIDPTlIlBUZC'MKDDCIKBTLTfKB“THfKBHGT'IDSPL'!RES!KBNUH
COMMON ITDCX'ITDCY.[SLPTfLCVlﬂthTUP,LTUP,IVBMN,IVBHXfIVBND(I375'
COMMON ISYMA‘320)tISYHVllﬂOG)rIDKP;[STRT;[STOPrIERSHrlCLASrISC
COMMON ScflERR;LCCKC(ﬁs-Zl'KK125.3I1NCHAR,NFUN.ICMSGl23;101
COMMON KCCK[25)1N1HEN11PSL[1011’!IDVUUIGRAthLYCUrNAXCC
COMMON INUKKQKLTYliKLTYZvKLTY3rKLTY41KLTY5
COMMON LPSF1+LPSF2,LPSF3,LPSF4,LPSFS,LPSF&
COMMON LSAllliyJBUT.[USPG'LRTN,IXYZ.lSTSH.lPUSH
COMMON NEVE'NKCAfIDPS#IRECN![MSSNf[PRSH
COMMON IPSN,ISMR,IBIR
COMMON IUCXZiIOCYZfIDUCRIKBDXZIKBDY21KBUR1ITABXiITABY
COMMON IHDAP:IHDIPf[VDAPfIHDl[50‘r]VDI|50’tIVDIP
C
DATA MFUNC/20400/
DATA M6000/26000/
OATA MOO3AF/ZO003F/
DATA M2000/722000/
DATA MOFFF /Z0FFF/
DATA ISKULN/Z204Fl/
DATA M4000/24000/
DATA IPDC/720407/
DATA M0300/20300/
DATA LFUM/LY2/
DATA IFUH/ZOﬁEgiZU4EZtZU4E3iZU4E4fZO4ESvZO4IOiZO4COt10411r204031
1204464204E)]1 ,20405/
DATA ICIRP/Z204CO/ '
C 8O0=FILLET 90=SLOT 100=SINGLE WEIGHT SOLID LINE FOR LEADER 2
C DIM PAC 110=A/N
C 0410 FOR DIMPAC HAS O4EYl IN IT
C Z04C0O0 FOR CIRPAC
DATA M1000/721000/
C INITIALIZE
C WRITE (6,1001)
C1001 FORMAT{'ENTERED PROP1')
IHDAP=0
[HDIP=0
IVDAP=(
IVvDIP=0
ICDIP=Q

[COAP=0
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FIG. 18B

C SAVE [GRAYV -
C SET IGRAV=0 FOR PROP1 AND CCONL ROUTINES
IGRAS=IGRAY
IGRAV=(0
CALL TSTOP
DO 44 [=1,%50
IVDI(I)=0
44 IHDI{(1)=0
CALL TSTRT
[0SHW = 1
ICONS=1
13 CONT INUE
[T = TANDI(IOQUT(ISTRT)sMFUNC)
{FUIT-MFUNC) 12,411,412
12 CONT INUE
IPSLUISTRY) = IQUT(ISTRT)
ISTRT = ISTRT+1
IFCISTRT-ICPTR) 13,411,441
1 CONTINUE
IPSLIISTRT}) = IOUT(ISTRT)
GO TO 40
CLEAR IPSL WAS DONE IN MECDW INIT. AND PER CLEAR F.K.
ISTRT = COUNTER I I0OUT AND IPSL
[OSW = ORIGIN SWITCH (FIRST LINK OF FIRST CHAIN)
ICONS = FIRST LINK SWITCH FOR ALL CHAINS
PROP1 ONLY SETS THESE SWITCHES, NEVER RESET
START 1T0UT/IPSL INVESTIGATION
1S THIS A FUN-KEY WD.
11 CONT INUE
IOUT(ISTRT)Y = JOUT(ISTRT)
IFCIOQUTCISTRT)=-IPDC) 14,12,14
14 CONTINUE

OO0,

ISTRT = ISTRT

[IOUTUISTRT) = IOUTL{ISTRT)

IF(ISTRT~-I0OPTR)224+22,+40
C GO YO DISPLAY CR PROPORTION AT 40 1IF END OF PSL
22 CONTINUE

CHECK FOR A LEGAL CQODE
8=FILLET 46=S5L0T 4Z2=NOTES SzA/N

DO 23 I=1,LFUM
IF{IOUT(ISTRT)-IFUMII))23,25,23
23 CONTINUE |

[T = 1 |

OO

CALL ERMSG(15)
IPDSk=]

C RESTORE IGRAYV
[GRAV=[GRAS
RETURN

25 IPSLUISTRT)=I0UT{ISTRT)
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FIG. 18C

GO TO (26f26126726126!23126!1qq1301901100'110)!I

C 26= STRAIGHT LINE CODE
C 28= DIMENSION CODE
C BO=FILLET 90=SLOT 100=SINGLE WEIGHT SOLID LINE FOR LEADER 2
C 199= CIR DIM CODE
C DIM PAC 110=A/N
26 ISTRT=]STRT+1
ICONS=1

27 CALL CONLCIOSW, ICONS)
ISTRT=]STRT+?2
IF{ISTRT=-]JOPTR)42,42,40

42 IT=IAND(ICUT(ISTRT},M4000}

[FIIT)I27413,27

BO=FILLET 90=SLOT 100=SINGLE WEIGHT SOLID LINE FOR LEADER 2
OIM PAC 110=A/N |

OO0,

80 CONTINUE
90 CONTINUE
100 CONTINUE
110 CONTINUE
ISTRYT = ISTRT+1

GO TQ 13
C FIRST PASS CIRCLE DIM PACKS
199 I=]ISTRT |
C TRANSFER 1ST 3 WRDS OF 10UT TO IPSL

IPSLII)=10UT(I)
[PSL(T+1)=I0UT(1+1)
IPSLI+2)=I0UT([+2)

C SEARCH 04CO FOR 1ST SURFACE POINT
ICLAS=ICIRP
IDOCX=I0UT{I+5)
[COCY=1QUT(I+6)
IOPTS=I0PTR
[OPTR=]~1
CALL SRCHI
IF{IOPT1) 200,250,200

200 CONTINUE |

C PUT POINTERS INTO IPSL I1+3-6
IPSLUI+3)=I0R(LIOPTL+1) M6000)
[PSL(I+4)=10R((I0OPTL1+2),M5000)
IPSLUI+S5)=I0R((IOPT1+3),M6000)
IPSLUI+6)=I0R({IOPT1+4),M5000)

C PREPARE CIRCLE DIM INDEX
ICOIP=]ICDIP+1
ICDAP=ICDAP+1]
ICDICLICDIP)=T1

C GET NO OF CIRCLES IN THIS PACK
NCIRL=ISRA(IPSL(I+2),6)

C MASK OFF GRIGINAL BIT NO 1
NCIR=TAND(NCIRL,MOO3F)

C HOW MANY CHARS IN A/N
NCHAR=TAND{IPSL(I+2),MO0O3F)}

C UPDATE I TC NEXT FUNC OR C2X

I=]+11+NCHAR
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FIG. 18D

[S CIR DIM PACK FINISHED
REDUCE CIRCLE COUNT 8Y 1
NCIR=NCIR-1

IFINCIR}) 230,230,202
PACK NOT -COMPLETE

DOES I POINT TO 0OC PT
YES. OK

CONT INUE

NPONT=TAND(IOUT(I) ,M&00Q)

[F {NPONT) 204,204,206

ERROR

CONTINUE

WRITE(2,208) |

FORMAT ('SHOULD HAVE BEEN CIRCLE CX?')
UPDATE [STRT, RESTORE IOPTR, GO TO 22
15TRT=]

IOPTR=]0OPTS

GO TQ 22

SEARCH 04C0 FOR NEXT
ICLAS=ICIRP
I00CX=10UT(1+2)
[IDOCY=10UT{I+3)

CALL SRCHI1

SURFACE POINT

IF(IOPTL)
PUT POINTERS INTO

CONTINUE
IPSLII)=I0R{{IOPT]1+1),M6000)
IPSLITI+1)1=I0R((I0PT1+2) 4M6000)
IPSL(I+2)=10R((10PT1+3),M6000]
IPSL{143)=10R{((I0OPT1+4),M6000)
UPDATE [ BY 4

I=]+4

CHECK FOR CIR DIM PACK CCOMPLETE

2209250,220
[PSL 1+0-3

GO TO 201

RESTORE 10PTR AND ISTRT
CONTINUE

[STRT=]

IOPTR=I0OPTS

IS IT END OF IOUT
[F(IOPTR-1) 232,232,234
END OF I0UT, DISP OR PRCP
CONTINUE

GO TO 40

NGT END, IS NEST WORD FUNC CODE

CONT INUE
INXT=TAND(IOUT(ISTRT)+M4000)}
IFCINXT) 240,240,236

ERRORy TYPE MESSAGE

CONT INUE

WRITE(Z2,238) h
FORMAT({*WAS DOC PT, SHOULD BE FUNC?)
GO 10 22

SRCH]1 DID NOT FIND S PT MATCH
CONTINUE

4,058,849
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FIG. 18E

WRITE (2,252)
252 FORMAT (*SRCHY DIDNT FIND S PT MATCJY)
GO TO 29

8 CONT INUE
SEARCH FCR SKETCH POINTS IN PSL
ASSOCIATED WITH THIS DIMENSION.

FIND THE FIRST POINT

OO0 N

I=ISTRT
IPSLOIN=1I0UT(I)
ICLAS=ISKLN
IDOCX=T0UT(I+3)
[DOCY=]JOUT(I+4)
IOPTS=I0PTR
IOPTR=]-1
CALL SRCHI
IF{IOPT1)31,29,31
29 CONTINUE
IT = 2

C RESTORE IGRAYV

IGRAV=[GRAS

RETURN

CONTINUE
SAVE POINTER TO SKETCH POINY. SAVE POINTER IN X HALF
POCINT OF DIM PACK IN NEW PSL.

IPSL(I+3)=]ICLAS

IPSL(I+4) = JCLAS+]

Y Y W
o

FIND THE SECOND POINT

Gy &Y Oy

ICLAS=[SKLN
IDOCX=I0UT(]I+5)
[IDOCY=I0UT{1+6)
- CALL SRCHI
IOPTR=JOPTS
IF{I0OPT1)32,29,32
CONT INUE |
FOUND A MATCH. SAVE POINTER.,
[PSLCI+S)=1ICLAS
IPSLII+46) = [CLAS+]
| SAVE A POINTER TO THE DIM IN THE HORIZ OR VERT DIM
INDEX. IT IS A VERT DIMENSION IF THE VERTICAL PRINT
ODIRECTION CODE IS IN THE DIM PACK.
IF (TOUT(1+432)-1PDC)34,433,34
3 CONTINUE
FOUND VERTICAL DIMENSION. PUT IT IN THE VERTICAL
INDEX .
IVODIP=IVDIP+1}
IVDAP=IVDAP+1
IVODIC{IVOIP)Y=I
C SKIP TO A/N WORD.

O w
a %

&Y Oy

R X
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FIG. 18F

I=1+36
GO TO 37
34 CONT INUE
C FOUND A HORIZONTAL DIM. PUT IT IN HORIZ INDEX.

IHCIP=IHODIP+]
IHDAP=]1HDAP+1
IHCI(IHDIP)=1

C SKIP TO A/N DATA.
I=1+34
C
C SKIP TO END OF DIM PACK.

37 DO 36 K=1,10PTR
IT=IANO{ ICUT{K) 4M0300}
IF(IT)364+43,36

43 ISTRT=K
GO TO 22
36 CONTINUE
C REACHED END OF PS3SL.
C ' -
4C CONT INUE
C
C DETERMINE WHETHER TO DISPLAY THE ORTHOGONALIZED IMAGE
C GR TO PROPORTICN BEFORE DISPLAYING.
C

GO TO (60,45),IPDSW
CONT INUE
SAVE DIM INDEX POINTERS
IVOPS=1VDAP
IHDPS=1HDAP
' PROPORTION THE IMAGE

&y b
v

THE ORIGIN IS ASSUMED TO BE THE L1ST POINT IN THE PSL.
FIX THE PROJECTED COORDINATES OF THE ORIGIN AND ACTIVATE
ALL OIMENSIONS ASSOCIATED WITH 1T,

OO0 0O

[1=2
&7 CONT INUE

-

ACTIVATE ALL HORIZ DIMS ON THIS FIXED POINT.
CALL F(O(IHDI,IHDIP,IT,3}
C GO TO 72 1F THE X HALF POINT IS A POINTER.,
12=1TANDCIPSL(IT)M2000)
IF(I2)T2,68,72

12 IT=1ANDUIPSLUIT) o MOFFF)
GO TO &7
&8 CONTINUE
C PUT FIX BIT IN X HALF POINT.
IPSLOIT)I=I0OR(IPSLIIT)YM1000)
17=3
1C CONTINUE
C ACTIVATE ALL VERT DIMS ON THIS FIXED POINT.
CALL F{IVDI,1IVDIP,IT,4)
C IF THE FIXED Y HALF POINT IS A POINTER, GO TO 69

12=TAND{IPSL{IT),M2000)
IF(I2)69,71,69

£9 IT=1ANDCIPSL{IT)  MOFFF}
GO TO 70
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FIG. 18G

CONTINUE

PUT FIX BIT IN Y HALF POINT.

IPSLOIT)=I0RCIPSLUIT)M1COO0)

FIX ALL X HALF POINTS.
CALL FIXPR{IHDI,IHDIP,IHDAP,3)

FIX ALL Y HALF POINTS.
CALL FIXPR{IVDI,IVDIP,IVDAP,4)

FIX ALL CIRCLE SURFACE POINTS
CALL FIXCR(ICDI,ICDAP)

RESTORE DIM INCEX PODINTERS
IVDAP=]IVDPS
[HDAP=]HOPS

ANY CIRCLE DIM PACKS TQO UPDATE
IF (ICDAP) B6,86,84

CALL FXLOR(ICDI,ICDAP)

CONT INUE '

RESTORE IGRAV

[GRAV=IGRAS

RE TURN

END

4,058,849
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// ASM SRCHI

*ONE WORD INTEGERS

«C OMMON
*COMMON
*C OMMON
«COMMON
*COMMON
«COMMDN
*COMMON
*COMMON
*COMMON
*C OMMON
*LC OMMON

 &COMMON
- *COMMON
*CCMMON
*COMMON
*COMMON
*C OMM(N

0000
00CO
E631

0001
0003
0005
0007
0009
0008
000D
000F
0011
0013
0015

0017
0019
0018
0010
0C1F
0021
0023
0025
0027
0029
0028
0020
Q02F
00131}

01
01
01
01
03
Ol
Ol
01
0] |
03
03

03
Ol
03
01
03
03
01
03
Ol
03
0l
03
03
01

4,058,849
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FIG. 19A
SRCH |

[CHAR{(172) s ITWDIITWO{1000),10UT(1011)
KPCF{100)KPCN{12)sXKPCAL100),1APCF,IAPCN,IAPCA,IPCC,]IDOCX

IDOCYLMSGA,LIOUT,IDOX,1D0Y

IFXT o NX1 e IAX s IFYL,NYL1, JAYL Ly IFX2¢NX2,1AX2,IFY2sNY241AYZ
IFOLXNDELX, IADLX s IFODLY NDELYs TADLY NFXNNX,NAX,NFY ,NNY NAY
IFUNC,NUMRL , IALPH,KBX]1 ,KBX2:KBYL,KBY2,ITBX,ITBY . KBRX]1,KBRY]
IFUNC NUMRL s TALPH,KBX]1 ,KBX2,KBY1 ,KBY2,ITRX,ITBY ,KBRX]1,KBRY]
KBRX2 KBRY2,KBREG, I0OC, .
IOPTR,IOPT 1,4 IBUZCy, MKDOCyKBTLT,KBWTH KBHGY s [DSPL,IRES ¢ KBNUM
ITDCX o ITDCY,y ISLPYLLCVID, IRTOP,LTOP, IVBMN,1VBMX

IBF s IVT s IVL,IVB(550),ICD(320)4I00(498), 1A ICeIXs1Y
[ISYMA{320) s ISYMV{100O0) IDKP+ISTRT,ISTCPLIERSWL,ICLAS,1S8C
SCy IERRsLCCKC{4542)sKK(2543) ,NCHARyNFUNSICMS5G(23,10}
KCCK{25) s NXMEN, IPSL(1011),I0VD,IGRAV, ILYCUNAXCC

INOXK g KLTY L KLTY2 o KLTY3 KLTYS4,KLTYS
LPSF1yLPSF2.LPSF3,LPSF44LPSF5,LPSF6

L5A(11)

22643231
0000

6F00005F
66000061
60000063
C40C0008F
9400F66F
D40CQA034
04000090
0400008A
C40000ES
D400F66L
6580F66F

C400FH69F

E40CO0C]
8400E631
D40000BA
9400E631
9400E63]
D40000BSH
C400F69E
€E40000C1L
8400E631
D40C0008C
93400€631
3400E631
D40OCCORD

N b put pudt ot gt Pt ot et Pt s
OOV Yy OrPRr N WN=O OO N -

N NN
W A -

WNNNNNNNN
OLDP~NON P

W WL
CURELE I

W W A W W W
O X0 =~ Ot &

%

1UNUK,

LPKXLPKY

WATCH CODES 0444 AND 0447 MECOW

* SEARCH FOR CLASS OF INFO AND CCORD OFf OELETE.

SRCH1

ENT
DC

DELTA EQU

x

* % % B *

STX
STX
STX
LD
S
STO
STO
>TO
LD
STO
LDX

LD
AND
A
STO
S

S
STO
LD
AND
A
5STC
S

5
$TO

L3
L2

ol atiatial al ol o

ol ol el ol el ol ol ol sl alf ol o

SRCH1

® -k

IGRAY
SETUP BASE ADDR OF PSL

SVYX3+]

Svxz+1

SVX1l¢l

Al DOU1

ICPTR

PSLA+1

PSLAle+l

CMPX+1

co

10PT 1

ICPTR
GET MAX+MIN X,Y OF SQ
SEARCH AREA ARQOUND IMPACT

I100CX

M3FF

DELTA

XMAX

DELTA

DELTA

XMIN

IDOCY

M3FF

DELTA

YMA X

DELTA

DELTA

YMIN

INDIC=0=NO MATCH (YET)

LOOK FOR REQUIRED COORDINATE

IS FIRST WD IN PSL VECTOR
YES=ASSUME CLASS IS CORREC
SET IOPT1 VO SEARCH PLACE
FOUND VECTOR SET I0PT1 IT
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0033
0035
0037
0039
0038
0030
0C3F
0040
0042
0044
0C45
0046
0048
004S
0048
004C
004D
004¢E
0C50
0052
0053
0055
0056
0057
0058
0059
005A
0CS5C
QOS¢
0060
0062
0064
0066
0068
006 A
QOC6C
0C6eD
006¢
O06F
0C70

0071

0072
0074
0075
Q077
Q078
QCTA
007C
0070
CO7E
Q07F
0080

5000000
C40000BE
£E4Q0000CQO
4C200082
C40000C2
4C180040
1026
C400008E
8400EBDZ
7004
7003
6000F66E
TO0F
BR400QOE6
7007
7001
T00A
C40000ES
D400F66E
1005

B40C0OET

10F8
7001
7000
T1FF
71009
C40000€5
D4COF66E
67000000
€6000000
65000000
4C800000
678000C2
C400EBD2
B7T0000C3
7002
71001
7003
TAFF
T0F9

T0CE

CT0000C7
0001
66800000
0CO3
C400008BE
B6CG0000O0
71002
7001
T10C7
T12FF
T0F9

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59

60
61
62
63

. 64

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
a1
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
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FI1G. {9B

X
PSLA

Sl

$2
SVX3
SVX2
SVX1
SPGRP

S5G1

LD
STO
AND
BSC
LD
BZ
B
LD
CMP
MDX
MDX
STX
MDX
CMP
MO X
MDX
MD X
LO
STO
MDX
CMP
MD X
MDX
MD X
MDX
MD X
LD
STO
LDX
LDX
LDX
BSC
LDX
LD
CMP
B

-

B
MDX
B

Ll

~r-re

- r

L1

~rr

L3
L2
Ll
I3

L3

3

* -
TEMP
M4000

CKCLS 2

NGRPS
*+]
SPGRP
TEMP
ICLAS
B

B
I0PT1
51
FUSE
D

C

Sl

Co
I0PT1
51

C8

C

Sl

Sl

-1
PSLA
Co
ICPT1
-
-k
-k
SRCH1
NGRPS
ICLAS

GCODE
%42

*4+]
$G2
-1

5G1

4,058,849

TEST FOR GROUP OF 04 CODES
POINTING TO ACC

FOUND COORD. GO CK CLASS SW

BR=NO SPECIAL GROUPS
CHECK SPECIAL GROUPS

COMPARE CLASS

SAVE POINTER TO CLESS
IS IT FUSE OR CBeew

NO
YES
CLEAR CLASS SW TO ZERO

NO

YES
YES

FOUND SPECIAL GROUP COOE

* NOT SPECIAL GROUP CODE

* CHECK TO SEE IF THE FUNCTION CODE

G

IN PSL IS EQUAL

* TOC ONE OF THE F-CODES IN THIS SPECIAL GROUP

562

563

* NO MATCH FOUND FOR

LD
STO
LDX
STO
LD
CMP
B
8
8
MD X
8

L3
12

L
L2

2

GPADR
*+1
X &
$G3+¢]
TEMP
.
e
*4]

F

-1
SG3

GEY L.O., ADDR OF GROUP

NO. OF GROUPS IN XR2

PSL ENTRY TO ACC
COMPARE WITH GROUP CODE
FOUND MATCH IN PSL

THIS PSL ENTRY
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FIG. 19C

0081 O 70C7 97 B B
98 €« GO TO CMPX IF IN PROPER CLASS
0082 03 C400F66E 99 CKCLS LD L IOPTI
0084 Ol 4C200089 100 BSC L CMPX,2
0086 0 TI1FF 101 MDX 1 -1
0087 O 7000 102 MDX S1
0088 0 70D1 103 MD X 52
104 * COMPARE X COORDINATE
0089 00 C5000000 105 CMPX LD L1 *-%
0088 01 E40000C1 106 AND L M3FF
0080 01 B40000BA 107 CMP L XMAX
008BF 0 7002 108 MD X NEG
0090 0 7004 109 MDX LFT
0091 0 7007 110 MD X CMPY FOUND X WITHIN RANGE
0092 0 ~71FF 111 NEG MDX 1 -\
0093 0 70C4 112 MD X Sl
0094 0 70CS 113 MO X §2
0095 Ol B40CO0BB 114 LFT  CMP L XMIN
0097 0 7001 115 MO X CMPY
0C98 0 70F9 116 MDX NEG
117 ¢ COMPARE Y COORDINATE
0099 0 T1FF 118 CMPY MDX 1 -1
009A 0 7001 119 MD X .ol
0098 O 70BE 120 MOX §2
009C 00 C50C0000 121 PSLAL LD L1 *-%
009E Ol E40000Cl 122 AND L M3FF
0CAO Ol B40000RC 123 CMP L YMAX
00A2 0 T0BS 124 MD X S1
00A3 0 7001 125 MDX TOP
00A4 0 7004 126 MD X FNDXY X AND Y WITHIN RANGE
00A5 01 B40000BO 127 TOP CMP L YMIN
00AT 0 7001 128 MD X .+l
00A8 O T7OAF 129 MO X S1 .
130 * FOUND COORD WITHIN RANGE
Q0A9 03 C400F66F 131 FNOXY LD L [IOPTR
00AB 03 94COF66E 132 S L 10PT1
00AD 01 840000E4 133 A L C1
OCAF 03 D4COF66E 134 STO L 10PT1
0081 Ol 6DOCOOBE 135 STX L1 TEMP
0CB3 03 C400F66F 136 LO L 10PTR
00B5 Ol 940000BE 137 S L TEMP
0087 03 D400EBD2 138 STO L ICLAS
0089 0 70A4 139 MDX SVX3
00BA 0 CCOO 140 XMAX OC 0
00BB 0 0000 141 XMIN OC 0
0CAC O 0COCO 142 YMAX DC 0
008D 0 0000 143 YMIN ©DC 0
00BE 0 0000 144 TEMP OC 0
00BF 3 FB6A 145 Al10Ul OC IoUT
00CO O 4000 146 M4000 DC /4000
00C1 0 O3FF 147 M3FF OC /03FF
148 * NUMBER OF SPECIAL GROUPS (NGRPS) MUST=0=[F
149 *# NO SPEC. GPS.
00C2 0 0003 150 NGRPS DC 3
151 # TABLE OF GROUP CODES MUST BE NGPS ENTRIES
C0C3 0 0000 152 GCOCE OC 0
00C4 O 04OF 153 DC /04 0F
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00CH
00C6

00C7
00Cs8
g0C9
00CA

410080
Q0CC
00CD
00CE
O0CF
00D0
0001
00D2
00D3
0004
0005
0006
00D7
0008
0009
OCOA
0008
Q0CC
000D
OCDE
QODF
00€0
00E1
00E2
00E3
QCE4
COES
00E6
0CE7
O0OES

0
0

0O
1

C}C?BDQOGGGDDQDQGOQOQDQOODODQGG

O4F1}
04F2

COCO
00C8
0002
CCDA

0006
O4€E2
04E3
Q4E4
O4ES
04E])
Q4EQ9
0007
04E1
O4E2
04E3
04E4
O04ES
04CO
04E9
0006
04E 2
O4E3
04E4
Q04ES
04CO
04E9
0004
6008
8000
G001
0000
0444
0447

154
155
156
157
158
159
160
161
162
163
l64
165
166
167

168

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

FIG. 19D

0C
DC

* TABLE
* ORDER

GPADR

> % % %4 N

040F

AQO4F1

AOQ4F2

C&

c8
MB0OGCO
Cl

COo
FUSE
Csé

DC
DC
0C
DC

oC
DC
DC
DC
DC
C
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
DC
0C
DC
0C
0C
DC
END
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/04F1
f04F2

0

AQ4&OF
AQ4F 1
AQ&4F2

6

/0&E2
/Q4E3
/O4E&
/04ES
/04E1
/04E9
7

/Q4E]
/04E2
/04E?3
/Q4E4
/O4ES
/04C0O
/04E9
6

/0&4E2
/04E3
/04E4
/04&ES
/04&C0

/O4ED
4

8
/8000
1
0
/044&4
/0447

4,058,849

OF GROUP ADDRESSES MUST BE SAME NUM AND

TABLES OF FUNCTION CODES FOR SPECIAL GROUPS. THE
FIRST WORD OF EACH SPECIAL GROUP MUST SPECIFY
THE NUMBER OF ENTRIES IN THE GROUPe NOTEeeveoess
FOR FASTEST EXECUTION SPEED PUT MOST FREQ USED
CODES AT BOT OF EACH OF FOLLOWING TABLES
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FIG. 20A
F'

THIS ROUTINE PUTS A 1 IN BIT 3 OF EACH DIM PACK HALF
POINT (Pl OR P2) WHICH IS ASSOCIATED WITH THE HALF
POINT JUST FIXED IN THE NEw PSL{IPSL), AND
ACTIVATES THE INDEX ENTRY ASSOCIATED WITH THE
THUS MARKED.

DIM PACK

SUBRQUTINE F{IVDIoIVDIP4ISTRN)
DIMENSION 1VDI(50)
DIMENSION IVDI{50)

COMMCN
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMCN
COv¥MON

/INSKEL/IPTX(4)IPTY(4) s IORSWyIPTIX,sIBULZS

ICHAR(172),ITWDI, ITWD(10C0), IOUT(1011)

KPCF(100) ,KPCN{12) yKPCA{100) sTAPCF,IAPCN,IAPCA,IPCC,]DOCX
[DOCYLMSGA,LIOUT,1DOX, IDOY | |
IFX1eNXL1e IAXL o IFYLoNYL s IAYY IFX24NX2,1AX24IFY2,NY2,]1AY2
IFDLX:NDELK'[ADLX!IFDLY!NDELYtIADLYtNFxtNNxtNAX,NFV.NNV*NAY
[IFUNC s NUMRL y TALPH KB X1 o KBX2 s KBY] ¢ KBY2,ITBX,I1TBYKBRX1 yKBRY1
KBRXZ2 s KBRYZ2 4 KBREG, ILCC, TUNUK, LPKXsLPKY
IOPTR,I0OPT1,IBUZC 4MKDOC yKBTLT o KBWTH KBHGT ¢+ IDSPL,IRES KBNUM
ITOCX e ITDCY 2 ISLPT4LCVIDs IRTOPsLTOP IVBMN, IVBMX,IVBND(1375)
ISYMA(320) 4 ISYMV(1000) 4 IDKP, ISTRTL,ISTOP»IERSWL,ICLAS,ISC
SCrIERR!LCCKCl45rZ’fKKl25f3)rNCHﬁRtNFUN'lC"SGl23th’
KCCK(25)  NXMEN, [PSL(1011)

DATA MOQFFF/ZOFFF/
DATA M2000/22000/
CALL DATSWILl5,K15)
GO TO (10C4102)K15
WRITE{6,101)

FORMAT(®

ENTER F?t)

CONTINUE

K=N
L=N+2

[=1VDIP

IF{I110,10,11

RETURN -

GC TO 10 IF NO DIMS IN INOEX.

IVDI(I)} IS PTR TO FUNCTION CODE IN DIM PACK.

12 IS PTR TO X OR Y VALUE IN PSL(FROM DIM PACK P1l)
ISTR IS PTR TO X OR Y VALUE JUST FIXED IN PSL.

N IS 3 IF Xo & IF Y DIMENSION.,

12=1IVDI(1)+K

[2=1ANO(IPSL(12),MOFFF)
12=1AND(IPSL(]12),4MOFFF)
IT=1AND(IPSL(12),+,M2000)

[F (17}

18418417

IF(ISTR-12112+14,412

GO TO 12 IF 1ST END OF DIM NOT ASSOCIATED WITH HALF
POINT JUST FIXED. -

[2=IVDI(I)+L
[2=TANDCIPSL{12)MOFFF)
IT=IAND(IPSL(]IZ2)},M2000)

IF (IT)

16416,19

IF{1STR-12Y13415,13

I=1-1

GO TO 13 IF 2NC END GOF DOIM NOT ASSOCIATED WITH HALF

POINT JUST f¢IXED.

GO 10 9
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FIG. 20B

C FIRST END OF DIM ASSOC WITH FIXED POINT.
C SET BIT 3 OF INDEX WORD TO 1
14 IT2=I0R(IVDIC1),M2000)
IVOICE}=1¥2 |
C INTERCHANGE THIS INDEX WORD WITH LAST ACTIVE WO IN INDEX
15 [T=1vOI(I)
J=IVDIP

IVDI(L)=IVDI(J)
IVOI(J)=1T
IVOIP=]1VDIP-1
GO TO 13

END
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100
101
102

OO OPLNO

o

Y YO Y e O

56

4,058,849

FIG. 2{A

FIXPR

SUBROUTINE FIXPR(IVDI,IVDIP,IVCAP,N)
DIMENSION IVDI(50)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMDN
COMMON

JINSKELZIPTX(4)yIPTY{4), I10RSWLIPTIXsIBULZS
ICHAR(172) o ITWDI L, ITWD(1000),I0UT(1011)
KPCF(100) 4KPCNI(L12)yKPCA{100), IAPCFs TAPCNy IAPCA, IPCC,IDOCX
IDODCY,.LMSGA,LIOUT,IDOX,I1D0Y
IFX1 ¢oNXY1y IAXL o IFYLoNY1,y [IAYL1o IFX2oNX2y IAX2:y IFY24NY2,1AY2
IFDLX o NDELXyIADLXsIFDLYJNDELYs TADLY oNFX ¢ NNXyNAX»NFY y NNY o NAY
[FUNC s NUMRL s IALPH,KBX]1 KBX2,KBY1 ,KBY2,ITBX, ITBY ,KBRX1,KBRY1
KBRX2yKBRY2,KBREG,IDOC TUNUK » LPKX s LPKY
[IOPTR,10PT 1,4 IBUZC,MKDOC +KBTLT ¢KBWTHKBHGT, IDSPLL,IRES KBNUM
ITOCX s ITOC Y+ ISLPT2LCVIDLIRTOPLTOP, IVBMN, IVBMX
ITOCX s ITOCY»ISLPTLLCVIDsIRTOPLTOP,IVEMN, IVBMX
IVB(BBO),IBF,IVT,IVL, INX(320),JL0(168),JA,IC,IX,1Y
ISYMA(320),ISYMVIL1000), IDKP,ISTRTLISTOP,IERSH,ICLAS,ISC
SCyIERRLLCCKC14592) ¢KK(2543) ¢ NCHAR,NFUN, ICMSG(23,10)
KCCK{29) o NXMEN, IPSL(1011),1I0VDL,IGRAV,ILYCU,NAXCC

INOXK KLTYL o KLTYZ2 yKLTY3 o KLTYSGWKLTYS

‘ LPSF1,LPSF2,LPSF3,LPSF4,LPSF5,LPSFS

LSA(11)

DATA MASK1 ,MASKZ2,MASKP/21000,22000,2Z0FFF/
DATA M5000/25000/

CALL CATSW(154,K15)

GO TO (100,102)+K15

WRITE(6,101)

FORMAT(*ENTER FIXPR®)

CONT INUE

TEST FOR IVDAP =0, NO ENTRIES

IF (IVDAP) &4,4,6

RETURN

IS ACTIVE DIM EMPTY
IF{IVDAP-IVDIP) 4,4,8

WHICH IPSL DIM POINTED TO
[2=TAND{IVODI( IVDAP )}, MASKP)
FIND POS IN IPSL OIM TO LOOK

PTR T0
J=12+N
PTR TO
K=J+2

FIRST ENTRY X OR ¥ REL TO DIM PACK IN IPSL

SECOND ENTRY X OR Y REL TO DIM PACK IN IPSL

ITIJ=TAND{IOUT(J) s MASKP)
ITK=JAND(IOQUT(K) 4 MASKP)

WHICH END OF LINE NOT FIXED, 1ST OR 2ND
I1=1AND(IVDI({1IVDAP} 4 MASK2) -

IF{I1)

12,12, 30
GO TOQ 12 IF 15T END IS UNFIXED.

CONTINUE

Pl IS THE UNF]IXED END OF THE ODIMENSION.
CHASE THE POINTER TO THE DOCUMENT PT FOR Pl.
IT IS A PTR TO Pl

IT=TAND(IPSL(J),MASKP)
[ADR1=]1T

IRTN=3

GO TO 44
[ISPD1=1IT
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N

OO,
.y

oMK, ™ Oo
O o

60

sNala

FI1G. 21B

GO TO 40 IF Pl
IT2=TAND{IPSLL]IT) ,MASK])}
IF(IT2)40,57,40
CONTINUE

GET DIMENSION V
IDVAL=I0UT(12+9)720

SEE WHICH END O

J IS PTR TQ Pl.

K IS PTR T0 P2
IF(ITJU-[TK)58,58,59

GO TO 59 IF P}
I0VAL==-IDVAL
CONT INUE |

CHASE PTR TO P2

[T IS PTR TO P2
IT=IANDC(IPSLI{K)MASKP)
IRTN=4
GO TO 44
[P2VL=TAND{IPSL(TIT) , MASK
IPIVL=]1P2VL+IDVAL

Sheet 30 of 40

IS FIXED.

ALUE

4,058,849

F DIM SPAN IS GREATER.

IS GREATER.,

00C POINT.,

P}

IP1VL IS Pl VALUE

I1P2vL IS P2 VAL
SAVE Pl VALUE

UE.

IPSLCISPOL)=]IOR{IPLVL,M5000)

ISTR=]ISPD1

CALL FUIVDI,IVDIP,ISTR,N)

DELETE ACTIVE FROM LIST
IVODAP= [VDAP-1

GO TO 6

CONVINUE

P2 IS THE UNFIXED END OF THE OCIMENSION.
CHASE THE POINTER TO THE DOC PT FOR P2.

| IT IS PTR TO P2
IT=IAND(IPSL{K}),MASKP)
1ADRZ2=IT
IRTN=1
IT2=TAND{IPSLLIT)} ,MASK2)
[IF{IT2)43,45,43
. CHASE POINTER.
IT=TAND(IPSLC(IT),MASKP)
GO T0 44
GO TO (46¢504+56,60),IRTN
[SPD2=1IT |
GO TO 40 IF P2
IT2=TANDCIPSL{IT)MASK]L)
IF(IT2)140,47,40
CONTINUE
GET DIM VALUE.
IDVAL=I0UT(1249)/720
SEE WHICH END O
J IS PTR TO P}
K IS PTR TO P2
[FIITK=1ITJ)48,48,49
GO TO 49 [F P2
IDVAL=-]DVAL

IS FIXED.

F DIM SPAN IS GREATER,

IS GREATER.
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49 CONTINUE
CHASE PTR TO Pl DOC POINT.
IT IS PTR TO P1
IT=1IAND(IPSL(J) 4 MASKP)
IRTN=2
GO TO 44
IPIVL IS Pl VALUE.
IP2VL IS P2 VALUE,
50 IPIVL=IAND[IPSL(IT'!"ASKP’
[1P2VL=IPLIVL+IDVAL
C SAVE P2 VALUE.
IPSLEISPDZ2)=1I0R(IP2VL,M5000)
ISTR=[SPD2
GO TO 20
40 WRITE(2:42)
42 FORMAT{YOVER DIMENSIONELD®*)
- 10vD=1
C DELETE ACTIVE FROM LIST
GO Y0 22
END

¢y O

OO
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FIG. 22A
FIXCR

SUBROUTINE FIXCRIICDI,ICDAP)

DIMENSION ICDI{(50)

COMMON
COMMON
COMMON
COMMCN
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

DATA MOFFF/20FFF/
CATA M5000/25000/

FINSKEL/ZIPTX(4),IPTY(4),JORSHsIPTIX,IBUZS
[ICHART172)»ITHDI « ITWD(1000),I0UTI1011)

KPCF{100) ,KPCN{L12),KPCA{100) IAPCFI1APCN,TAPCA,1PCC,1D0OCX
[IDOCY o« LMSGA,LICUT,IDOX, 100Y

IFXLoNXLs IAXLo IFYLoNYL s TAYLIFX29NX2,1AX2IFY2,NY2,1AY2
IFDLX ¢+ NDELXy JADLXy IFDLY s NDELY o TADLY ¢4 NFX¢NNXs NAX, NFYoNNY NAY
IFUNC yNUMRL o IALPH,KB X1 s KBX2 o KBY1 o KBY2,ITBX,ITBY KBRX1 +KBRY1

KBRX2 4 KBRYZ2,KBREG, IDOC,

[UNUK, LPKX¢LPKY

I0PTR, IOPTY, [IRUZC ¢yMKOOC yKBTLT yKBWTH KBHGT s IDSPLSsIRES,KANUM
ITDCX» ITOCY ISLPToLCVIDy IRTOPoLTOP, IVBMN, I VBMX

IVB(88O), IBF, IVT, VL,

INX(320) ,ILO(168)sIAICIX,1Y

ISYMA{320),ISYMV{1000) 4,IOKP+ISTRT,1STOPL,IERSW,ICLAS,ISC
SC+IERRy LCCKC(45,2) s KK{2593)oNCHARyNFUN, ICMSG(23,10)
KCCK(25) yNXMEN, IPSL{1011),I0VD,IGRAV,ILYCU,NAXCC

- INOXK o KLTYL KLTY2 KLTY3,KLTYG,KLTYS

LSA(11)

WRITE(6,101)
FORMAT({"ENTER FIXCR?®)
HAS CIR DIM PAC BEEN ACTIVE

IF{ICDAP)4,4,130

RETURN

FINO POINTER AT ICDICICDAP),

ICOAS=ICDAP
I=1COI(ICDAP}

SET ICCAP=ICDAP-1

ICOAP=]CDAP-]

FIND RADIUS AT [+1

LPSFLlsLPSFZ2sLPSF3,LPSF4.LPSFS,LPSF&6

THEN SET I=THAT POINTER

IRA=JANDC(IPSL(]I+1),MOFFF)
IR=IRA/20 +
CHASE POINTER TO OBTAIN CY1l VALUE AT THE CIR DIM PAC
CHASE POINYER TO OBTAIN CYl VALUE AT THE CIR DIM PAC
IPTR=IPSL(1+4)
IDUTA=TADOR(CIPSL{]1))

CALL CHPTR{IPTR, JOUTA}

STORE SY1 AT LOCATION PODINTED TO BY 1+¢6
NPTR=TAND( IPSL(I+6),MOFFF)
IPSLINPTR)=IOR{((IPTR+[R}yMS5000)

OF CIRCLES IN THIS PAC

GET NO.
J=ISLALIPSL(I#+2)+4)
NCIR=I5RA(J,10)

UPDATE I=]+114= OF CHARACTERS
L=ISLA(IPSL{]+2),10)

NCHAR=TISRA(L,10)

I=1+114+NCHAR
ARE ALL CIRCLES IN THIS PAC COMPLETED
REQUCE CIRCLE COUNT BY 1

NCIR=NCI[R~-1]

IFINCIR)Z230,230,110

CHASE POINTER AT I+1
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110 1PTR=IPSL{I+1)
"~ CALL CHPTR{IPTR,IQUTA) _
C SET NEXT SURFACE PT = NEXT CTR PT + RADIUS
111 NPTR=IAND{IPSL(1+3),MOFFF)
IPSLINPTR)=IOR((IPTR+IR),M5000)
C SET NEW REFERENCE [ AT [+4
112 I=1+4
GO TO 109
C IS IVDI EMPTY

230 IF{ICDAP)120,120,102
C SET ISTRT=]
120 [STRT=]
ICDAP=]CDAS
121 RETURN
. END
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FIG. 23A
CHPTR

*CNE WORE INTEGERS

*COMMCN
*COMMON
x*COMMON
*C OMMON

ICHAR(172),ITWDIITWD{1000),I0UT(1011)
KPCF(lGO)fKPCN(IZ'fKPCA'lOO]f[APCFIIAPCNfIAPCAf[PCC*IDDCX
IODCYLMSGALLIOUT,100X,100Y
IFquNXIrIAXIfIFYI:NYI!IAYI:IFXZtNXZi[szrIF?Z'HYzilﬁYZ

*L OMMON
*C OMMON
*{ OMMON
*C OMMON
«COMMON
*COMMON
*COMMON
*COMMON
*COMMON

0000
0000
0001
0003
0005
0007
0009
0008
0GGC
QCOD
O0O0F
0010
G012
0014
0015
G017
Q019
001A
0014
0010
O01lE
0020
0021
0G23
0024
0G26
0028
0029
0028
302D
0C2E
G030
0031
0033
0034
0035
0036
0037
0038
0039
O03A
0038
003C

0
01
01
01
00
01
O
0
00
0
01l
00
0
Cl
00
0
0
01
0
01l
0
01
0.
01
Ol
0
Ol
01
0
01
0

-
o

COoO00COO0OO0OCOOO0

[FDLK,NDELX;IABLX,lFDLY.NDELV.IADLY.NF!,NNK,NA!.NFYyNNYgNAY
lFUNCgNUMRL.IALPH,KBXI;KBX21KBY1|KBY2rlTBX.ITBY;KBRIl,KBRVl
[FUNC.NUMRL.IALPH,KBXI1KBK2,KBY1;KBY2.lTBK'ITBYfKBRXI'KBRYl

KBRXZfKBRVZtKBREGtlDUCfIUNUKfLPKK:LPKY

IDPTRfIOPTIfIBUZC:HKDUC;KBTLT;KBHTH;KBHGT:IDSPL'IRES;KBNUH
ITOCXs ITOCY o ISLPTyLCVIDYWIRTCP,LTOP, I VBMN,IVBMX, IVBND(1375)
ISYMA(320), ISYMV(1000) yIDKPsISTRTyISTOP,IERSW,ICLAS,ISC
SC;IERR:LCCKC¢45tZItKKlZ5'3i'NCHAR.NFUNflCHSG(ZB,IOD
KCCK{25) s NXMEN

03217809 | ENT CHPTR

0000 Va CHPTR OC *-% ADDR OF WRD X OR Y
6ECC0042 2 STX L2 SAVEZ2+l

6F000044 4 STX (L3 SAVE3+1 SAVE XR3
66800000 5 LDX 12 CHPIR

C6800001 6 LD 12 1

D40000G38 T STO L [IQUTA

COfF4 8 LD CHPTR

DG33 9 STO GOBCK+1 ADDR OF ARG
C6800000 10 LD 12 O CONTENTS = X OR ¥
£E027 11 AND MSKDP DOC PT MSK /4000
4C18003¢ 12 BZ LDZRO NOT DOC ePT
C6800000 13 LD [2 O CONTENTS = X OR Y
£E023 14 AND MSPTR PTR MASK 72000
4C180031 15 BZ LOAT NOT PTR, IS DATA
C6800000 16 LD 12 O CONTENTS = X OR Y
EO1F 17 FNDDP AND MSENT STRIP DP AND PRT BITS
D021 18 STO RELIO

C4000038 19 LD L TOUTA

901E 20 S RELIO

84000035 21 A L ONE

COL1C 22 STO PTADR ADDR PTD TO
C4800030 23 LD [ PTADR CONTENTS PTD TO
EOL13 2% AND MSKDP

4C18003¢c 25 82 LDZRO NOT Obp

C480003D 26 LD I PTADR

EQOF 27 AND MSPTR

4C18002E 28 BZ LOSTP  NOT PTR LD AND STRIP
C480003D 29 LD I PTADR

TOEB 30 B FNDOP IS PTR LOOK AGAIN
L480003D 31 LOSTP LD I PTADR DOATA PTD TO

7002 32 B STPBY

68040000 33 LDAT LD I2 O CONTENTS = X OR Y
EQQOS 34 STPBT AND MSENT REMOVE CONTROL BITS
7T00A 35 8 GOBCK

COo01 36 ONE DC | |

1000 37 FXBIT DC /1000 -MASK FOR BIT pPOS 3
4000 38 MSKCP 0OC /4000 DP MASK

2000 39 MSPTR DC 72000 PTR MASK

OFFF 40 MSENT DC /OFFF

0000 41 LERC DC 0

0000 &2 10UTA DC *-% ADDR OF TABLE

0000 43 RELIO DC *-% ADOR REL TO lourt
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FIG. 24A
FXLDR

// FOR FXLDR

SUBROUTINE FXLDR(ICDI,ICDAP)

DIMENSION ICDI(50)

COMMON /ZINSKEL/IPTX{(4),IPTY(4),IO0RSW,IPTIX,IBUZS

COMMON ICHAR(LT72)4ITWDI,ITWD(1000),10UT(1011)

COMMON KPCF(100)KPCN(12)sKPCA{100)sIAPCFIAPCN,IAPCA,IPCC,IDOCX

COMMON 1D00CCYLMSGALLIOQUT.IDOX, 1DOY

COMMON IFXToNXLeIAXLoIFYL NYL IAYL1 IFX2,NX2yIAXN2:IFY2,NY2,]1AY2

COMMON TFDLX 4NDELX, IADLX s IFDLY sNDELY s TADLY o NFXeNNXs NAXsNFYsNNYoNAY
. COMMON IFUNC NUMRLTALPH,KBX]1 KBX2 KBY]l +KBY2:,1T78X,ITBY KBRX]1,KBRY1

COMMON KBRXZ2 ,KBRYZ2,KBREG, I100C, IUNUK LPK X LPKY

COMMON IDPTR:IUPTI;IBUZC'MKDOC;KBtLT;KBHTH.KBHGTilDSPL.IRES,KBNUH

COMMON ITOCX,,ITDCY s ISLPTLCVID,IRTOPLTOPsIVBMN, IVBMX,IVBND(L13751]
. COMMON ISYMA{320), ISYMV{1000),IDKP4ISTRTISTOP,IERSWL,ICLAS,1SC

COMMON SCoIERR,LCCKC{45:2) sKK{2543) sNCHARyNFUNLICMSG(23,10)

COMMON KCCK{25) 4 NXMENoIPSL{1011),I0VD, IGRAV,ILYCU,NAXCC

COMMON INOXK o KLTY 1 oKLTY2KLTY3,KLTY4 ,KLTYS

COMMON LPSFlyLPSF2+:LPSF3:LPSF4+LPSFSLPSFO

COMMON LSAI(11)

DATA M40O00/24000/

CALL CATSH{L15,K15)

GO TO (2,3),4K15

WRITE(644)

FORMAT( *ENTERED FXLOR?Y)

CONT.INUE
C TEST FOR ANY CIRCLE DIM PACKS

IF(ICDAP) 160,160,450
50 CONTINUE
C SAVE I1CDAP
ICOAS=]CDAP

W N

ale

FIND PTR IN ICDI, SET I= TO THAT VALUE
100 I=1CDI(ICDAP)
REOUCE [CDAP BY 1
1CCAP=1CLAP-1
UPDATE P3, P4 INFO INTO IPSL
SET KDELX=P3X~CLX
KDELX=IOUT({ I+7)-10UT([+3)
SET KDELY = P3Y~ClY
SET KCELY = P3Y-ClY
KDELY=I0UT(I+8)-10UT(I+4}
SET KDELL= P4X=-P3X
KDELL=IOUT{I+9)-10UT([+7)
CALL CHPTR FOR COORD FROM ClX D PACK
IPTR=IPSL{I+3)
IOUTA=1ADDR(IPSL(1))
CALL CHPTR(UIPTR, IOUTA)
C PUT DOC PT BIT INTO RETURN WORD
KTEMP=10R( IPTR,M4000)
C ACD KDELX, STORE AS IPSL P3X
~ IPSL{I+7)=KTEMP +KODELX
C CALL CHPTR FOR COORD FROM ClY D PACK
IPTR=IPSLII+4&) |
CALL CHPTR{IPTR,I10UTA)
C PUT IN DOC PT BIT

< o ale OO o
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KTEMP=IOR(IPTR,M4000)
ADD KDELY, STORE AS IPSL P3Y
IPSLII+8)=KTEMP+KDELY
P4X= P3IX + KDELL
IPSL{1+9)=]IPSL{1+7)+KDELL
P4&Y= P3Y
IPSLUT+10)=1IPSL(1+8)
ARE ALL CIR DIM PACK P3 AND P4 UPDATED
1S 1COAP=(Q
IF (ICOAP) 150,150,100
RESTORE ICDAP AND RETURN

150 [COAP=ICDAS

160 CONTINUE
RETURN
END

O OO0 O 0O O
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/7 FOR L L

C THIS SUBROUTINE UPDATES POINTERS IN NEW PSL
SUBROUTINE L(ISS,1DD)

COMMON /INSKEL/IPTX(4)4IPTY(4),I0RSW, IPTIX,IBUZS

COMMON TCHAR{(172),ITWOI,ITWD(1000),I0UT{1011)

COMMON KPCF{100),KPCN{12),KPCA(100),I1APCF,1APCN,1APCA,I1PCC,IDOCX
COMMON ID0CY.LMSGA,LIQUT,IDOX, 1DOY |

COMMON TFXLoNXLeTAXLoIFYLsNYLsTAYLoIFX29NX29IAX23IFY2,NY2,1AY2
COMMON IFDLX o NDELXy TADLX s IFDLY ¢ NOELY s IADLY ¢4 NFXoNNXy NAX,NFY NNY,NAY
COMMON lFUNCpNUHRLtIAlPHgKBXl.KB!E'KBYIpKBYZuITBXpITBY.KBRﬁlpKBRYl
COMMON KBRX2,KBRY2,KBREG, I1DCC, TUNUK, LPKXeLPKY
COMMON [UPTRfIOPTlilBUZC!”KDOCIKBTLT!KBHTHQKBHGTfIDSPLilRESiKBNUH
CUHHONEITDCK'lTDCYtISLPT!LCVID:lRTUPrLTUP:IVBHN;IVBHK'IVBND(1375'
COMNON ISYMA(320),ISYMV(1000),IDKP4ISTRT,ISTOP,IERSW,ICLAS,1ISC
COMMON SCoIERRILCCKCU45,2) yKK(2543) yNCHAR ¢ NFUNLICMSG(23,10)

COMMON KCCK{25) yNXMEN,I1PSL{1011)}

DATA [PTRM,IDPM/22000,26000/
DATA IPTRM,IDPM/22000,26000/
DATA NPTRM/ZOFFF/
CALL DATSWI15,K15)
GO TO(100,102),K15
100 WRITEt6,101)
101 FORMAT{T*ENTER L")
102 CONTINUE
JSS=18S
IF (IPSL{JSS)Y)10,20,10
10 ITEMP=TAND(IPSL(JSS) o IPTRM}
IF {ITEMP~IPTRM)20,21,20
21 JSS=TAND(IPSL(JSS),NPTRM)
GO 1O 10
20 JOD=10D |
30 ITEMP=TANOD(IPSL{JDD),IPTRM)
IF (ITEMP-IPTRM)31,32,231
32 JDO=TAND(IPSL(JDD ) yNPTRM)
GO TD 3¢
31 IF (JDD-JS5S5)33,34,33
33 IPSLUJSS)=I0R{JDD, IDPM)
34 RETURN
" END
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// FOR CCNL | CONL

C THIS SUBROUTINE CONSTRUCTS THE LIST OF PROJECTED COORD
SUBROUTINE CONL(IOSW,1CONS)

COMMON /INSKEL/IPTIX(4) yIPYY(4) ,JIORSW,IPTIX,IBUZS

COMMON ICHAR(172), ITWODI, ITWD{1000), IOUT(1011)

COMMON KPCF{100) yKPCN{ 12} yKFCA(1C0) yIAPCF,IAPCN, 1APCA, IPCC, IDDCX
LCMMON [DOCY ,LMSG2,LICUT, IDOX, IDOY |

COMMON TFX1oNXL1oIAXEoIFY1oNYL o [AYLIFX2oNX2,18X2,1FY2,NY2, 1AY2
COMMON I[FOLX s NOELXy IADLXy IFCLYoNOEL Yy [ACLY NFX,NNX,NAX NFY,NNY,NAY
COMMON TFUNC oAUMRL y1ALPHKBX1 yKBX2 yKBY1 4KBY2,1TBX, ITPY,KBRX1,KBRYL
COMMON KBRX2,KBRY2,KBREG, 1D0C, 1 UNUK , LPKX,LPKY
COMMUN TOPTR4ICPT1,IBUZCyMKDOCKBTLT,KBWTH¢XBRGT, IDSPL, IRES ,KBNUM
COMNON ITOCX, ITOCY s ISLPTLLCVIDIRTOP,LTOP, IVBMN, IVBMX,1VBND(1375)
COMMON 1 SYMA(320) ISYNVILCCC) o ICKP, ISTRT, ISTOP, 1ERSW, ICLAS s ISC
COMMON S5Cy IERRH)LCCKC(4592)9KK(Z2593)yNCHAR NFUN,ICMSG{ 23,10}

COMMON KCCK(25) ¢yNXMEN,IFSL(1011)

UATA IPTRM/Z22000/
DATA ISKLIN/ZO4QF/
DATA MOFFF/ZOFFF/
CATA M1000/21000/
DATA MEFFF/2EFFF/
C IS THIS SKETCH POINT
CALL DATSW(LS ,KLS)
GO TD{(100,102),K1%
100 WRITEI6,101)
L0l FORMAT(' ENTER CONL?*)
102 CCNTINUE
GO TO(11413),1085W

C STORE FPROJECTED COURDINATES IN NEW PSL
11 CONTINUE
10SHW=2
GO TO 12
C CHECK TO SEE IF THIS 1S A JOIN POINT
12 CONTI NUE
IF (TOUT(ISTRT))T10,21,21
C GO TO 710 IF THIS IS A JQIN
710 CONT INUE ,
C SEARCH FOR A MATCH ON THIS JOIN POINT

ICLAS=ISKLN
IDOCX=TAND{IOUT(ISTRT) s MOEFF)
[DOCY=[AND(IQUT(ISTRT+1),MOFFF)
ICPIS=]0PTR
[OPTR=[STRT-1
CALL SRCH1
IOPTR=IOPTS
IF(IOFTL1)Y713,711,713

T11 WRITE(6,712)

712 FORMAT (*CONL- ERROR., MATCH NOT FOUND ON JOIN')

GO TO 21

713 [T=ISTRT
CALL L(IT,ICLAS)
ICLAS=ICLAS+1
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[T=1T+]
CALL L(IT,ICLAS)
G0 10 21
C 1S CONT INUE SWITCH ON
13 CONTINUE
GO TO (12,14), 1CONS
C IS THIS AN AXIAL DR A NONAXIAL ADJUSTMENT
14 CONT INUE
[ TEMP=IANC({IOUT(ISTRT} ,M1000)
IF(ITEMP=N1000122412,22
c COMPUTE ABSOLUTE DIFFERENCE IN X
22 CONTINUE
10Z=1AND(IOUT(ISTRT) 4 MOFFF)
ICM2=TAND(IOUT(ISTRT=2),MOFFF)
[OPL=IAND(IOUT(ISTRT+1) 4MOFFF)
IOML=IAND(IOUT ( ISTRT=-1),MCFFF)
JOX=1ABS(I0Z~10M2)
JDY=1ABS (I0P1-10M1)

C WHICH DELTA IS SMALLER
[F (JDX=JDY) 20, 20, 30
C DELTA X [S SMALLER
20 CONT INUE
1SS=ISTRT
IDD=ISTRT-2
GO TO 40

30 CONTINULE
ISS=1STRT+1
IDD=]ISTRT~-1

&0 CALL L(ISS,IDOD)
GO 10 12

21 ICONS=2

1 IF{IPSL{ISTRT))43,42,43

42 IPSLUISTRT)I=TANO(IQUT (ISTRT },MEFFF)
GO 1O 44

43 ITSTW=TAND{IPSLC(ISTRT ), IPTRM)

. [F{ITSTW-IPTRM) 42,464,422

44 [FCIPSLIOISTRT41))46+45%,46

45 JPSL{ISTRTI+1)=JOUT(ISTRT+]1)
GO TQ 1111

46 T TSTW=1LANO(LIPSL(ISTRT+1),1IPTRM)
IF [ITSTW-IPTRM)4S5,1111,45

1111 CONTINUE
GO0 TO (110,1112),K15 FIG-
B

27

V~ 1S

110 CONTINUE

WRITE {6,103)
102 FORMAT(' EXIT CONML®)
1112 CONT INUE

RE TURN

END

LEADER
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1

SYSTEM FOR CONVERTING A ROUGH SKETCH
TO A FINISHED DRAWING |

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to computer-aided
drafting systems and the like, particularly those that
produce finished drawings or other accurate graphic
representations from digitized input data which only
roughly or approximately defines the desired final rep-
resentation.

2. Description of the Prior Art |

There have been numerous proposals for building
automatic drafting systems of the general category just
described. Many of these are referred to in an article
entitled “The Instant Draftsman’”, published in MA-
CHINE DESIGN, Apr. 6, 1972, pages 68-72. Still an-
other example of such a prior system is disclosed in U.S.
Pat. No. 3,720,948 issued on Mar. 13, 1973 to H. R.
Eichen et al. While such prior systems may serve quite
well to produce certain stylized forms of drawings such
as wiring diagrams, schematics, flowcharts and struc-
tural drawings having many repetitious features which
- can be symbolically represented, they do not fill the
need to which the present invention is particularly di-
rected. The majority of drafting problems (such as those
encountered in designing machine parts, for instance)
cannot be effectively handled by a system that merely
places specified symbols at arbitrarily designated loca-
tions on a diagram, or by any of the so-called “construc-
tion” methods which require that the operator start
with a body of stored data that does not completely
define the desired final object representation and then
proceed to construct the finished drawing in a piece-
meal fashion whereby the operator must intervene re-
peatedly to specify the dimension, locating coordinates
and orientation of each individual line or other compo-
nent of the drawing in turn as it is being converted from
rough to finished form. The more times an operator
must intervene to furnish data during the execution of
the finished drawing, the less efficient and more cum-
bersome the drafting procedure becomes, and in an
extreme case such a procedure will offer little or no
advantage over manual drafting methods.

SUMMARY OF THE INVENTION

What is especially needed at the present time, and
which has not been provided by the prior art, is a draft-
ing system that enables the data entry function to be
completely separated from the drawing function, mean-
ing that is separates the function of entering into the
system the data completely defining the object to be
drawn from the function of actually constructing the
final object representation, and which system further-
more is able (if desired) to separate the function of en-
tering the “positional” data (i.e., the data defining the
locations of key points on the roughly sketched object
1n terms of suitable grid coordinates) from the function
of entering the “dimensional” or “proportional” data
that defines the proportions which the lines and other
components of the object will have in the finished draw-
ing. A system of the kind herein contemplated permits
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all of the positional data to be entered in one continuous 65

sequence of data entering operations, followed by entry
of all the dimensional data in a separate sequence of data
entering operations, and then it causes the conversion of

2

the rough sketch into the finished drawing to be per-
formed instantaneously as an uninterrupted automatic
operation utilizing the items of data already entered, so
that the operator does not have to intervene repeatedly
for supplying the essential items of data piecemeal as the
construction of the drawing proceeds. The system also
is capable of receiving an individual entry which
changes previously entered dimensional information,
when desired by the operator, and the characteristics of
the system as just described are particularly advanta-
geous in that such an entry causes all of the related
positional information to be changed instaneously in an

uninterrupted automatic operation.
A primary object of the invention is to provide a

computer-aided drafting procedure which fulfills the

needs just stated. More specifically, it is an object to
provide a system in which the operator, interacting
with a graphic input tablet or other digital input device,
may effect an initial entry of data comprising the coor-
dinates of key points and any other graphic data neces-
sary for defining a roughly sketched representation of
an object to be drawn along with all of the numerical
data such as dimensions and radii and the associated
functional data which are needed for completely defin-
ing a finished scale drawing, all of this being done as one
continuous data entering operation, so that production
of the finished drawing may proceed automatically on
the basis of this initial entry of data without requiring
further operator intervention, except where the opera-
tor may specifically desire to intervene for a particular
purpose.

Another object is to provide a computer-aided draft-
ing system as just described in which rectification (i.e.,
straightening and axial orientation) of the original
sketch lines and proper proportioning of the final draw-
ing lines in accordance with specified dimensions will
be accomplished automatically on the basis of the infor-
mation initially supplied by the operator.

A further object is to enable errors in dimensioning
(inadequate, inconsistent or excessive dimensioning to
be detected automatically.

A still further object is to separate the function of
generating the positional data defining the object lines
of the original rough sketch from the function of speci-
fying the dimensions or proportions to which the final
scale drawing will be produced, so that the actual line
lengths of the sketch need not correspond even approxi-
mately to the related dimensions, the system thus being
tolerant of even gross errors in the shape and propor-
tions of the sketched figure so long as the dimensions
thereof are properly specified by the operator.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of a preferred embodi-
ment of the invention, as illustrated in the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a computer-
aided drafting system of the kind in which the present
invention may be embodied.

FIG. 2 is a freehand drawing to which reference is
made herein as an example of a roughly sketched object.

FIG. 3 is a representation of a finished drawing in
which the same object is shown in its rectified and pro-
portioned form.
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FIG. 4 is a plan view of an illustrative overlay key-
board that may be utilized as part of the graphic input
means for the drafting system shown in FIG. 1.

FIGS. 5 and 6 are views of an illustrative object
showing proper and improper dimenstoning practices.

FIG. 7 is a symbolic tabular representation of a Point-
ing Sequence List (PSL) used as an example in the
present description.

FIGS. 8 and 9 are illustrations of data word struc-
tures for PSL entries. |

FIG. 10 is a partial tabular representation comparing
the contents of ““old”’ and “new” pointing sequence lists.

FIG. 11 is a block diagram showing the hierarchy of
programs involved in the rectifying and proportioning
functions of the system shown in FIG. 1.

FIG. 12 is a diagramatic representation of certain
dimensional indices that are utilized in the system of
FIG. 1.

FIGS. 13A to 17 are flowcharts of certain programs
that are utilized by the data processor or computer in
the system herein chosen for illustration of the inven-
tion.

FIGS. 18A to 26B are code listings of exemplary
programs that may be utilized in a system for carrying
out the invention.

FIG. 27 is a view depicting the manner in which a
circle is dimensioned according to the practice de-
scribed herein.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT GENERAL ARRANGEMENT
OF SYSTEM

FIG. 1 represents in schematic form a computer sys-
tem of the type contemplated by this invention for con-
verting a roughly drawn sketch of an object into a
neatly executed and properly proportioned line draw-
ing thereof. A graphic input device in the form of an
electronic digitizing tablet 10 provides a flat supporting
surface for a sheet of paper 11 on which has been drawn
a crude sketch of a geometric object 12 (also shown in
FIG. 2), from which a finished scale drawing 30 of that
object (FIGS. 1 and 3) is to be made. The particular
operation herein described is an extremely simple exam-
ple of a drafting task that the system may be called upon
to perform, and in practice the objects to be drawn
usually are of much more complex configurations than
the one herein illustrated. Generally some roughly
drawn dimension legends such as 15 and 16 will be
associated with the sketch 12. All of this graphic infor-
mation may be drawn upon the sheet 11 as it rests upon
the tablet 10, utilizing the tablet as a drawing board, or
alternatively, it may be on the sheet 11 already at the
time when the latter is placed upon the tablet 10.

The digitizing tablet 10 serves as an input device for
a graphic data processor 18 consisting (in the present
example) of a general-purpose computer which is pro-
grammed to operate upon the rough sketch data and
associated functional information which will be gener-
ated by the tablet 10 in the manner described hereinaf-
ter. The processor 18, in response to these inputs, will
produce output data representing the desired final
drawing, which is optionally manifested by the display
20 and/or the plotter 24. The display 20, if utilized, may
serve also to manifest an intermediate stage in the devel-
- opment of the finished drawing, as will be explained
hereinafter. On a sheet of paper 29 the plotter 24 exe-
cutes a drawing of the finished object representation 30
and its associated dimension legends such as 31 and 32.
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In accordance with accepted drafting practice, the
strings of characters forming the dimension values will
extend parallel with the respective dimension lines or
reference directions to which they apply. Thus the
printed value string 32, signifying the vertical dimen-
sion 2.0, preferably extends in the vertical direction. In
the original freehand sketch, however, the correspond-
ing dimension legend 16 (FIG. 2) would not have to be
oriented vertically, although for convenience here it 1s
assumed that such was the case.

DATA ENTRY AND CONTROL

Associated with the input tablet 10 1s a stylus 34, FIG.
1 that serves as the data entry device in the particular
embodiment shown. By touching the stylus to various
key points on the original sketch 12, such as the points
A, B, C, D and E, FIG. 2, which are located at line
ends, corners, intersections or other strategic points on
the object 12, the operator causes the digitized gnd
coordinates of each such point to be entered into the
data storage facilities of the processor 18. It is preferred
herein to designate the two grid coordinates of each
point respectively as the “H” (horizontal) and “V”
(vertical) coordinates thereof. However, other coordi-
nate designations such as “X” and “Y” may be used
instead. As each point of interest in the drawing area 1s
touched by the stylus 34, the tablet 10 generates a pair
of coded digital entries respectively representing the H
and V coordinates which define the position of that
point. In the mode of operation herein described the
stylus is not used to trace the outline of the original
object 12 but only to designate those points thereon
which are to be instrumental in determining the config-
uration that the object will have in the finished drawing.

It is assumed in the present example that the object to

‘be drawn was intended to be a rectangle but that the

original rough sketch 12 inadvertently failed to repre-
sent the object as a closed figure, the beginning and end
points A and E, FIG. 2, being separated from each

other by a small distance; or, on the other hand, the

object might have been sketched as a closed figure, but
the operator touched a final point E that was displaced
slightly from the initial point A. The original sketch 12
also may have been carelessly drawn in other ways, for
example by extending some of the lines beyond the lines
that they are supposed to join, as at point B, F1G. 2, or
by making a line too short without identifying its end, as
in the case of the line end that is spaced from point C.
The data entry procedure has the capability of taking
corrective actions such as effecting a joinder of inadver-
tently separated end points, eliminating excess portions
of lines, and ignoring gaps in what were intended to be
continuous lines, depending upon how the stylus 34 1s
manipulated, as will become apparent hereinafter.
Thus far, attention has been given to the procedure
for entering the coordinate data defining the locations
of key points on the roughly sketched rectangular ob-
ject 12, using the stylus 34 to identify such points. The
stylus 34 is utilized also for entering into the processor
18 other information of both functional and alphanu-
meric types. This is accomplished through the medium
of an overlay keyboard 36, FIGS. 1 and 4, also com-
monly referred to as a “paper keyboard” and sometimes
as a “menu”. This keyboard 36 is positioned in any
convenient location on the tablet 10, preferably being
spaced from the area on which the rough sketch 12 is
located (although this is not a necessary condition in the
system presently under consideration). The keyboard 36
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has registration points 37 and 38, FIG. 4, which the

operator touches with the stylus 34 when the keyboard
is in place at the desired location on the tablet 10. This
fixes the locations of the various “keys” on the key-
board 36, so that whenever the operator thereafter
touches the stylus upon an area of the tablet 10 covered
by one of these keys, the coordinates thus generated
will be interpreted by the system as one of the following
pieces of information (depending upon the particular
key location): (a) an instruction to perform a designated
function, or (b) an entry of a designated alphanumeric
character, or (c) any information other than the forego-
ing which the system may need in its operations or
which the operator may wish to have manifested in the
display or in the final drawing.

The present application is not specifically concerned
with the movable overlay keyboard 36 as such. Devices
of this nature are known, and through appropriate pro-
gramming they can be utilized to effect any operations
that could be accomplished under the control of a sta-
tionary mechanical keyboard having comparable key
designations. The advantage of the overlay keyboard is
that it may be positioned at any convenient location on
the surface of the tablet 10 or sheet 11, FIG. 1. This is
very useful, especially when one is working with a large
drawing having many parts and the operator wishes to
have the keyboard positioned close at hand to the par-
ticular portion of the drawing where he is working at
the moment. The keyboard 36 may be relocated from
time to time as needed simply by touching the stylus to
the “Re-register Keyboard” key (FIG. 4) and moving
the keyboard 36 to its new position, then touching the
stylus again to the registration points 37 and 38 to fix the
new key locations upon the tablet 10.

The keys respectively designated “Object”, “Cen-
ter”, “Hidden”, “View” and “Constr.” on the keyboard
36 are the so-called “line function” keys, which are used
to designate the particular types of lines which are to be
displayed or drawn. An “object” line is a full line de-
picting a straight visible edge or boundary of the object.
The “center” key refers to the center line of the view
being drawn, if such a line is to be used. The “hidden”
key refers to invisible edge lines. A “view” line is the
line along which a sectional view is to be taken. “Con-
struction” lines are lines which indicate the alinements
of corresponding parts in the same or different views.
The “object” line function key is the one most fre-
queritly used, and in the present example it will be the
only one of the line function keys to be considered.

To enter an object line into the system, the operator
touches the “object” key, then touches the end points of
the line on the sketch. For example, if the line AB FIG.
2, 1s intended to be straight, the operator touches the
stylus to points A and B. The outline of an object usu-
ally is assumed to be a sequence of straight lines whose
respective end points are denoted by touchings of the
stylus. In those instances where lines are meant to be of
circular configuration, this must be specified in the
manner described hereinafter.

Generally it is assumed by the system that every
straight line in the finished drawing is to extend parallel
with one of the two orthogonal axes, or in other words,
each line is meant to be either horizontal or vertical.
Accordingly, as a rule, any rough sketch line which
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to be horizontal or vertical, depending upon whether
the angle it makes with one of the axes is less than or
greater than 45°, In those instances where it is intended
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that a line be nonaxial, the system is notified of this in
advance by touching the “Nonaxial” key. In the present
example it is assumed that no “nonaxial” lines are to be
shown in the drawing.

To enter the essential line data defining the roughly
sketched object 12, FIG. 2, the operator successively
touches the stylus to the points A, B, C, D, and E.
Touching the stylus to each one of these points will
cause the system to generate a pair of coded bit strings
or “words”, respectively defining the horizontal and
vertical coordinates of that point, and these words are
entered into a stored list hereinafter referred to as the
“pointing sequence list” (PSL). Inasmuch as point E
terminates the line set or “line string” as it generally is
called, the status of E as the final point in the series is

~designated in some convenient manner, such as by

touching the point E twice, for example, or alterna-
tively by touching an “End” key on the keyboard 36,
FIG. 4. This will cause the system to search for another
point within predefined pedefined area surrounding the
point in question, and when such a point is found (such
as point A in the present example), its coordinates are
assigned to the point which is to be joined therewith
(point E in the present case). As a further incident to
this action, a “join” bit is set in one of the two PSL
words defining the coordinates of Point E. If for any
reason it should be desired that the operator have the
option of preventing a joinder between two points such
as A and E that are positioned very close to each other,
the keyboard may be provided with a “NONJOIN” key
(FIG. 4) to inhibit any joining action that otherwise
might take place.

After the positions of the line end points A, B, C,D
and E, FIG. 2, have been entered into the PSL, the
dimensional data items are entered therein. Unless oth-
erwise specified, dimensions are assumed to be axial
(1.e., horizontal or vertical). To dimension an axial line,
the operator first touches the “dimension” (DIMENS.)
key on the keyboard 36, FIG. 4, Then he touches the
two drawing points specifying the locations from which
there are to emanate the extension lines marking off the
distance to which the dimension will be applied (e.g.,
points A and B, FIG. 2). Following this, he touches the
point at which it is desired that the string of text charac-
ters constituting the dimension value should start (such
as point F); then he touches another point (such as G) to
indicate the direction in which this value string is to run
(e.g., vertically or horizontally). This last indication
need be only approximate. Lastly, the dimension value
itself (e.g., 4.0) is entered, using the numeric and deci-
mal keys in the lower left portion of the keyboard 36.
All dimensions are herein assumed to be axial. The
proportioning of a dimension between two end coordi-
nates of a line is independent of the line configuration,
whether it be axial, nonaxial, curved, or irregular.

The above-described dimensioning process is re-
peated for the remaining dimensions. Subsequently
herein it will be explained how the system checks to
determine whether the object has been properly dimen-
sioned.

Any number of straight-edged objects may be en-
tered into the system by successively touching their
constituent line end points as described above. After
each set of lines has been entered, the entry of a new set
of lines may be started without having to touch the
OBJECT key again. Entry of the dimensions may await
the completion of all line entries.
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The various entries of the line-related data (coordi-
nates and line type designations) and the dimensional
data from the original rough sketch will cause the sys-
tem to create an initial “pointing sequence list” (PSL),
which will be described more in detail hereinafter. This
initial pointing sequence list subsequently will be con-
verted into a new pointing sequence list or lists as the
original roughly sketched object is rectified and/or
proportioned in the manner subsequently described.

If a circle (FIG. 27) is to be entered, the CIRCLE
function key, FIG. 4, is touched with the stylus. Then
the center point C of the circle is touched, and a “sur-
face” point S at or near the top of the circle is touched,
in that order. It is assumed that the system is provided
with suitable circle generating means which is capable
of producing a display or plot of a circle, given its cen-
ter and surface points. Such techniques are well know.
To dimension a circle, the DIMENS. and CIRCLE
function keys are successively touched. Successive
pointings by the stylus then indicate, respectively, the
center C and surface point S of the circle to be dimen-
sioned (FIG. 27), the break point B in the leader going
from the dimension value to the circle, the point V at
which the value string starts, and the successive charac-
ters of the value string itself, which specifies the circle
diameter.

Other keys designated NOTES and LEADER, FIG.
4, may be provided for entering notations to be put on
the drawing and locating the leaders for such notations.
These functions will not be described herein.

The display function keys are designated LITERAL,
RECTIFY and PROP. (proportion). One of these keys
is selected according to the type of display which is to
be manifested by the display unit 20, FIG. 1. In the
LITERAL mode the input drawing points are used
literally as line ends or other feature description points.
If orthogonalized straight lines are desired, the REC-
TIFY key is selected to institute a rectification proce-
dure which will be described hereinafter. The PROP.
key is selected when a rectified and proportioned dis-
play of the final object image is desired. The size of the
image may be selected by use of the SCALE key, a
single pointing yielding a half-size image, a double
pointing indicating the normal size, and a triple pointing
producing a double-size image.

The production of a finished hardcopy drawing 30,
FIG. 3, by the plotter 24, FIG. 1, occurs in response to
selection of the HARDCOPY key, FIG. 4. The plotter
will prepare a drawing of the figure which 1s being
displayed.

The internal functioning of the display device 20 and
the plotter 24 will not be described herein. Attention
will be given primarily to those operations of the pro-
cessor 18 which yield the output data that is manifested
by the units 20 and/or 24.

The various other features of the illustrated keyboard
36 will be omitted from the present description, since
they are not essential to an understanding of the inven-
tion herein claimed.

BASIC PRINCIPLES OF DIMENSIONING

The present invention is addressed primarily to the
problem of converting data which represents the coor-
dinates of reference points on a rough sketch and re-
lated data representing the dimension values associated
with pairs of such reference points into other data repre-
senting the coordinates of corresponding points on a
finished drawing wherein the object lines are properly
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oriented and are proportioned in accordance with the
specified dimensions. Before such a result can be
achieved, it is essential that the original sketch specify
dimensions which are adequate to define the desired
final representation.

As an aid to understanding the subject of dimension-
ing, several examples of improper dimensioning will be
considered in relation to the object shown in FIG. 3.
Vertically this object is both underdimensioned and
overdimensioned. It is underdimensioned because there
is no way to determine from the given vertical dimen-
sions the length of the line CD. It is also overdimen-
sioned vertically because there are two ways of deter-
mining the length of line AB from the dimensions
shown, first from the overall vertical dimension 6, and
second from the sum § of the other two vertical dimen-
sions, there two sets of vertical dimensions being incon-
sistent with each other. Even if they were consistent,
however (as in the case of the horizontal dimensions
shown in FIG. 5), some drafting experts nevertheless
consider it bad drawing practice to have two sets of
dimensions defining or determining the same line
length. The type of system herein contemplated will
reject excessive dimensioning even if it is accurate.
However, if desired, the system could be so designed
that excessive dimensioning is rejected only when it is
inaccurate.

One example of proper dimensioning is shown in
FIG. 6. This avoids the objections made hereinabove
with respect to FIG. 3.

The proportioning procedure performed by the dis-
closed system (to which more detailed attention will be
given hereinafter) includes the function of checking the
dimensions specified by the operator. Unless the object
is properly dimensioned, it cannot accurately be pro-
portioned. This dimension checking phase of the proce-
dure is accomplished after the coordinates of the key
points in the roughly drawn object have been “recti-
fied”, i.e., made to correspond with the desired axial
orientations of the respective object lines or circle radii
(as the case may be) which are defined by the specified
points. The rectification procedure will be described
hereinafter. In the examples shown in FIGS. § and 6,
the object already has been rectified.

As explained hereinabove in connection with FIG.
27, each circle is rather simply identified by specifying
the coordinates of the center C, the coordinates of a
point S on the surface or periphery of the circle more or
less directly above the center, and the diameter of the
circle, which is treated as a vertical dimension by the
system.

The subject of dimensioning will herein be consid-
ered only insofar as the specified dimensions are utilized
in the proportioning function. The manner in which
such dimensions are utilized for producing visually
readable dimension legends for the finished drawing
will not be explained herein. The application of visually
readable dimension legends to the drawing in its dis-
played or hardcopy form is a separate subject that is not
considered germanne to the present invention.

POINTING SEQUENCE LIST (PSL)

As explained hereinabove in the Summary of The
Invention, it is a prime objective of this invention to
provide an automatic drafting system which enables the
operator to specify in one continuous data entering
operation all of the information needed for the system to
produce a finished drawing, wherein each object is
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prroportioned according to its specified dimensions.
The novel conversion procedure herein described is
able to start with a stored body of data which com-
pletely defines the final object representation before any
part of that final representation is produced. This is a 5
valuable feature of the invention and marks its chief
advantage over the prior “construction” methods re-
ferred to hereinabove, which have required that the
operator start with an jncomplete set of data and then
intervene repeatedly for supplying the needed addi-
tional data at various stages in the production of the
finished drawing. It should be noted furthermore that in
the initial data entering operation, the entry of data
graphically defining the object which is to be processed
(coordinates of key points on the rough object, line
descriptors, etc.) and the entry of dimensional data
defining the finished object representation may be per-
formed in separate data entering sequences, so that a
dimension need not be specified at the same time that
the location of the part to which it applies is being speci-
fied.

The data which defines the respective parts of an
object to be drawn by the system and the dimensions
associated therewith are assembled and stored in a form
that has been referred to hereinabove as a “pointing
sequence list” or PSL. As already explained, this data
may conveniently be entered into the system by means
of an electronic tablet 10, FIG. 1, having a stylus 34
which is pointed at the various object line ends or junc-
tions in the original rough sketch 12 and at the appropri-
ate “keys” of the paper keyboard 36 (FIG. 4). However,
it is not essential to the carrying out of the present in-
ventive concept that the PSL data be entered by means
of a tablet and stylus, and other equivalent ways of
entering such data may be used within the purview of 35
the invention.

FIG. 7 shows in symbolic terms the general format of
a pointing sequence list which would be prepared for
the type of rough sketch 12 shown in FIGS. 1 and 2. (It
will be assumed herein, unless otherwise stated, that the 40
object to be drawn is a figure formed of straight lines).
The illustrated PSL, FIG. 7, comprises blocks of
entries, each commencing with a function header. The
present description will be limited to the consideration
of PSL entry blocks having function headers in the 45
following four categories only:

l. Line function (entries defining the positions of

points and straight lines connecting these points in
a line string)

2. Circle function (entries defining the positions of the 50
center and surface points of a circle)

3. Axial dimension (entries specifying a distance
along an axis between two points and other entries
needed to specify the display and/or plotting of
this dimension

4. Circle dimension (entries specifying the diameter
of a circle and other entries needed to specify the
display and/or plotting of this dimension)

PSL blocks having other types of headers will not be

considered since they are not relevant to the invention.

In the present example, which involves an object
(FIG. 2) that is meant to be straight-sided, the assem-
bling of a pSL commences when the operator points to
one of the “line function” keys, FIG. 4, for instance the
OBJECT line key in the upper left corner of the key-
board 36. This generates a “line function header” as the
first entry for the pointing sequence list, FIG. 7. This is
followed by a series of “Document” (DOC) entries,
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which in the illustrated example constitute the entries
numbered 2 through 11 defining the coordinates of
significant points on the document which lie on the
roughly sketched object 12, FIG. 2. These DOC entries
also have been collectively referred to hereinabove as
“positional data”. They also may be referred to as
“DOC words”.

To generate the DOC entries or DOC words with the
type of data entry apparatus shown in FIG. 1, the opera-
tor touches the stylus successively to the points, A, B,
C, D and E which are the respective ends of the lines
bounding the roughly drawn object 12, FIG. 2. For
convenience, the initial point A in the first series of
points to be entered for a particular view is assumed to
be the origin, which will remain fixed for that view.

'Any suitable convention may be adopted for signalling

the final point in this series. For example, when the
operator comes to point E, he may touch this point
twice, or he may touch an END key on the keyboard
36, FIG. 4, before touching the final point E. This in-
forms the system that the series of DOC entries is com-
pleted and that the system should seek to establish an
equivalency between this final point and some previ-
ously entered point which may have slightly different
coordinates (such as point A, for example). The line
string now has been defined. |

Each document (DOC) point has two entries in the
PSL, one for the horizontal (H) coordinate and one for
the vertical (V) coordinate. (The terms “horizontal”
and “vertical” are chosen for convenience, and any
other suitable coordinate designations, such as X and Y,
could be utilized if desired.) Thus, the touching of point
A generates an A gentry and an A yentry, one designat-
ing the horizontal coordinate and the other the vertical
coordinate of point A. A similar pair of entries is gener-
ated for each of the other points B through E of the
object 12 as that point is touched by the stylus.

After all of the items of positional data in the line
block have been entered, the items of dimensional data
will be entered. At this point it should be explained that
what is being described here is a preferred procedure. It
18 not strictly necessary that all line string entries be
grouped together. They could be intermingled with
dimensional entries, provided the appropriate headers
are supplied. However, it is more economical of storage
space to proceed in the fashion presently described,
since this will require the minimum number of headers.

Entry of axial dimensional data into the PSL is initi-
ated by the operator touching the dimension key (DI-
MENS.) on the keyboard 36, FIG. 4. This inserts an
“axial dimension function header” into the PSL (entry
12, FIG. 7), Thereby starting an axial dimension block.
Following this the operator proceeds to specify one of
the axial dimensions. It should be noted in this connec-
tion that axial dimensions do not have to be entered in
the same order as the lines in the line string. Thus, for
example, the line AB, FIG. 2, was the first line whose
position was defined by the DOC entries in the line
block, FIG. 7, but the operator may choose to construct
as his first axial dimension block the one which defines
the axial dimension between points B and C. The order
in which the dimensions are entered into the PSL is
arbitrary. Proper correlation ultimately is established
during search operations to be described hereinafter.

Let it be assumed that the operator wishes to specify
a horizontal dimension 4.0 between the points B and C
of the object 12, as denoted by the reference number 15
in FIG. 2. He does this by first touching the points B
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and C, thereby marking the lateral limits between
which the dimension is to extend. Then he touches the
stylus to the point at which it is desired to have the
dimension value string 15 commence relative to the
object in the finished drawing (such as point F, FI1G. 2).
Following this he touches another point to indicate the
direction in which the dimension value string is to run.
In the present case this would mean touching a point
somewhere to the right of the preceding point (such as
point G, FIG. 2). Then, the characters of the value
string are touched successively on the keyboard 36, in
this case “4” followed by *.” followed by “0”. The
dimension value may be specified to any degree of pre-
cision desired, even though the stylus 34 is not capable
of such precision in specifying the coordinates between
which the dimension extends.

The resulting dimensional entries into the PSL, FIG.
7, comprise the horizontal and vertical coordinates of
the points B, C and F (entries 13 to 18, referred to here-
inafter as “DOC references”), a control word (entry 19)
to indicate the direction in which the dimension value
string 15 is to run (in this instance horizontal), and the
characters of the value string (entries 20, 21 and 22).
The direction control word, entry 19, is determined
automatically by the system from the fact that the point

G, FIG. 2, is located more to the right of point F than
it is up or down relative thereto. In other words, the

system determines that there is less vertical displace-
ment between Fy and G than there is horizontal dis-
placement between Fy and Gg; hence the value string
15 is to run horizontally. (A direction-determining oper-
ation of this kind will be involved in the rectification
process which is described subsequently herein under
the heading “CONL”, and it will not be explained in
detail at this point). Note that it is not necessary to have
the coordinate of point G included in the pointing se-
quence list, FIG. 7, now that the direction of the dimen-
sion value string is known. The data structure of the
direction control word will not be shown in detail
herein. It does not have the format of a DOC entry,
which will be described presently.

The PSL may include many entries in addition to the
ones described thus far which may be needed in the

production of a complete finished drawing. Some of
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into the dimension block by the system to denote things
such as the positions of dimension arrowheads, for ex-
ample. Other entries may pertain to notes which the
operator wishes to have placed on the drawing (using
the NOTES and LEADER keys and the alphanumeric
keys, FIG. 4). Since the present invention is not particu-
larly concerned with the use of such additional data, the
PSL entries for the same will not be described further
herein.

Each PSL entry comprises a 16-bit data word, the
format of which will be explained with reference to
FIGS. 8 and 9. In the PSL which is constructed initially
from the operator’s stylus pointings, the format of each
entry is determined in part by whether the stylus has
been pointed at a function key on the keyboard 36, a
document point in the area outside the keyboard 36, an
alphabetic key on the keyboard 36, or a numeric key on
the keyboard 36. The information as to which of these
categories the entry is classified in will be contained
somewhere in the first byte (eight bits) of this data
word. Referring to FIG. 8, which shows the four prin-
cipal types of data word structure herein considered, if
the entry is a header word generated by a function key,
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it will contain a 1 bit in the sixth position from the left
and O bits in every other position of the first byte. The
“.” marks in FIG. 8 represent any binary digits, 1 or O.
If the entry is a document (DOC) word, that is, a word
specifying one of the two coordinates which define the
position of a physical point on the document, a 1 must
be in the second bit position, but any bits may occupy
the other positions of this word. An alphabetic charac-
ter is denoted by a 1 in the seventh position and 0’s in
the other positions within the first byte. A numeric
character is indicated by a 1 in the eighth position and
(’s in the first seven positions of the first byte. Other
types of PSL entries will be disregarded herein.

FIG. 9 represents in more specific fashion the data
format of a document word (any of the DOC entries in
the PSL, FIG. 7). In keeping with conventional prac-
tice, the sixteen bit positions of this word are numbered
0 through 15, respectively, so that the first bit position is
the No. 0 position, the second bit position the No. 1
position, etc. As hereinabove mentioned, the presence
of a 1 bit in the No. 1 (i.e., second) position of this word
indicates that it is a document (DOC) entry, as distin-
guished from a header or an alphanumeric character.

GENERAL DESCRIPTION OF RECTIFICATION
AND PROPORTIONING

As will be explained in greater detail hereinafter, the
PSL which is formed initially in response to the opera-
tor’s stylus-generated entries (referred to as the “old
PSL” in FIG. 9) will be converted later into one or
more revised versions of this PSL (“new PSL”) as the
rectification and proportioning procedures are carried
out. The twelve bits in the No. 4 through No. 15 posi-
tions of a DOC word in the old PSL represent, in binary
notation, the value of a horizontal or vertical coordinate
of the related document point, as the case may be. In the
new PSL, however, there will be instances where the
last twelve bit positions of a DOC word serve a differ-
ent function, as will be explained presently in connec-
tion with the discussion of “pointers” in the new PSL.

The presence of a 1 bit in the No. 0 position of a
horizontal DOC word in the old PSL signifies that the
document point in question is to be “joined” with an-
other document point. The coordinates of the point to
be joined were made identical with those of the point it
is to be joined with in the old PSL. In the new PSL the
coordinates of the point to be joined (e.g., point E, F1G.
2) will be replaced with “pointers” to the coordinates of
the point that it is to be joined with (e.g., point A), in the
manner subsequently described. In the new PSL there is
no need for a “join” bit in any of the words.

The No. 3 bit position of a DOC word, FIG. 9, may
be used for a dual purpose. In the old PSL a 1 bit in this
position indicates that the DOC word defines one coor-
dinate of a point on a slanted or nonaxial line whose
orientation is not to be changed to axial during the
rectification process. In the new PSL a 1 bit in the No.
3 position of a DOC word indicates that the coordinate
defined by this word is ‘““fixed”, which is to say, that it
will remain unchanged as the succeeding portion of the
procedure is executed. The method by which coord:i-
nates are fixed will be described in detail subsequently.
For the present it is sufficient to explain that fixing a
coordinate entails the entry of a 1 bit into the No. 3
position of its corresponding new PSL entry. Fixing a
point is accomplished by fixing both of its coordinates.

The No. 2 bit position in the DOC word, FIG. 9,
stores a 0 in the old PSL. In the new PSL it may in some
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cases store a 1 bit to denote a “pointer”. Referring back

to the example shown in FIG. 2, the roughly drawn
object 12 is intended to be a rectangle whose sides are
oriented parallel with the respective orthogonal axes.
Therefore, when the object is rectified, the horizontal 5
coordinates A yand B of points A and B, respectively,
should be identical. Obviously this will not be the case

in the initial or *“‘o0ld” PSL for the object shown. As part

of the rectification process the system will ascertain that
point B is located more above point A than it is to either 10
the left or right of point A. In other words, the differ-
ence between the respective values of the vertical coor-
dinates A and B is greater than the difference between
the values of the horizontal coordinates A zand By, and
since the line AB is not designated as a nonaxial line, it 15
must be rectified to a vertical orientation. Therefore,
the rectification procedure requires that the values of
Ay and By be made identical.

To indicate that point B is meant to be positioned
directly above the present location of point A and that 20
By therefore is equivalent to Ay, a “pointer” is em-
ployed. Referring to FIGS. 9 and 7, this is accom-
plished in the new PSL by setting the No. 2 bit of entry
No. 4, FIG. 7 (the PSL word for the horizontal coordi-
nate By) to 1, thereby indicating a pointer, and storing 25
in the last twelve bit positions of this word a binary
number indicating the PSL location at which the appro-
priate new value of B;;may be found, in this instance the
entry numbered 2 (FIG. 7), which contains the value of
Ay to which By is now being equated.

A similar process may be carried out with regard to
the other points on the object which are positioned on
axial lines. Thus, in FIG. 2, the vertical coordinate Cpof
point C must be effectively equated or “pointed” to the
vertical coordinate By of point B. Then the horizontal
coordinate Dy of point D must be equated with the
horizontal coordinate C, of point C. Then, the vertical
coordinate Eyof point E must be equated with the verti-
cal coordinate Dyof point D. Finally, in response to the
join bit in the old PSL “H” entry for point E described
above, the vertical coordinate Dyis pointed to the verti-
cal coordinate A yof point A, thereby effectively point-
ing E to Ay, and the horizontal coordinate E of point
E is pointed to the horizontal coordinate A ;of the point
A. The manner in which these joining and pointing
functions are carried out will be explained more specifi-
cally hereinafter.

The result of all the operations just described is to
create 2 new PSL in which some of the coordinate
entries now have pointers establishing their equivalence
to, or identity with, other coordinate entries. This is
indicated in FIG. 10 by a comparative listing of coordi-
nate entries in the old PSL (PSL1) and the new PSL
(PSL2), where PSL1 is the initial input PSL, and PSL2
1s the “rectified” version thereof. In PSL2, the arrows
indicate the effects of the pointer bits and the join bit. In
some instances there may be a multiple pointer (E to
Dy to Ay, for example).

The presence of a nonaxial bit in the first of the DOC
entries for any point (binary 1 in the No. 3 position of 60
the old PSL word, FIG. 9) will inhibit the establishment
of any pointer that would be inconsistent with a nonax-
1al relationship.

As will be explained subsequently herein, the “new”
PSL2 which results from the rectifying operations per-
formed upon the “old” PSL1 is subject to further modi-
fications which are performed in the course of execut-
ing the proportioning procedure, wherein coordinate
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values are changed wherever necessary to correspond
with the stated dimension values. The various pointers
which were established in PSL2 during the rectifying
process (as symbolically indicated in FIG. 10) are pre-
served throughout the proportioning operations which
follow. These pointers are extremely useful, because if a
coordinate is changed in one place, corresponding
changes are made automatically in every other place
which is related thereto by a pointer or pointers. This
not only facilitates proportioning but also enables di-
mensional changes to be made expeditiously in the pro-
portioned object representation, if such should be de-
sired.

The entries in a dimension block, FIG. 7, include
some words which define the coordinate locations of
points involved in the dimensional specifications. Thus,
entries 13 to 16, for instance, define the end locations of
line BC to which the dimensional value 4.0 is being
applied.

In the new PSL pointers are put into items 13, 14, 15
and 16 so that they point to items 4, 5, 6 and 7, respec-
tively. Hence, any changes made, for example, in the
coordinates of the line end points B and C, FIG. 2, in
order to reposition the line BC (as shown in FIG. 3 by
the new line B'C’) will effect corresponding changes in
the points to which the corresponding dimension leg-
end 15, FIG. 2, is applied (as shown in FIG. 3, where
the dimension legend 31 is applied to the line B‘CY).

The following is a general description of the propor-
tioning procedure, which includes checking the dimen-
sions assigned to the object. In this description a coordi-
nate will be referred to as “fixed” when its location on
the finished drawing has been determined, taking the
specified dimensions into account. In the new PSL the
fixing of a coordinate is indicated by setting the No. 3
bit of its PSL word to 1 (FIG. 9).

Initially none of the coordinates relating to the object
are “fixed”. That is to say, they have nominal values, at
least some of which may have to be replaced by other
coordinate values that are consistent with the various
dimension values and line orientations specified for the
object. It is assumed that there is a list of vertical and
horizontal dimension values and horizontal and vertical
coordinates of the nominal end points on the rectified
but as yet unproportioned object. As already mentioned
above, a listing of this kind will be referred to herein as
a “pointing sequence list” (PSL). As previously indi-
cated, the PSL entry for each coordinate contains a tag
bit (No. 3 position, FIG. 9) which indicates byitslor0
value whether the coordinate is fixed or unfixed. It is
assumed that rectification of the roughly sketched ob-

ject already has taken place, the procedure for this

having been described in a general manner hereinabove
and being described in more detail hereinafter.

The proportioning procedure currently under consid-

cration includes the following steps:

1. Select a point on the object (for example point A)
as the origin with respect to which the coordinates
of all other points will be fixed.

2. Fix the horizontal coordinate of the origin (i.c., set
the appropriate tag bit of its PSL entry to 1). As
explained hereinafter, this automatically will fix the
entries corresponding to the horizontal coordinates
of all other points that are meant to be on the verti-
cal line containing the origin, as previously deter-
mined by the rectification procedure.
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3. For each unused horizontal dimension which ex-
tends from a fixed horizontal coordinate to another
point, do the following:
3a. If the horizontal coordinate of the second point
of the pair already is fixed, indicate that it is
overdimensioned horizontally and that the di-
mension currently under consideration has been
used.

3b. If the horizontal coordinate of the second point
of the pair is not yet fixed, set its horizontal coor-
dinate equal to the algebraic sum of the first
horizontal coordinate plus the horizontal dimen-
sion, then indicate that the horizontal coordinate
thus determined is now fixed and that the dimen-
sion currently under consideration has been
used. The algebraic sign of the horizontal dimen-
sion is determined according to whether the
horizontal coordinate of the second point is
greater or less than that of the first point in
PSL1. Fixing the horizontal coordinate of any
point will automatically fix the entry corre-
sponding to the horizontal coordinate of any
other point that is meant to be on the same verti-
cal line, as determined by the rectification proce-
dure. (This is because of the pointers which have
been established.)

4. Repeat step 3 until there are no more unused hori-
zontal dimensions relating to fixed horizontal coor-
dinates.

. If there now remains any horizontal coordinate
which has not been fixed, indicate that the object is
underdimensioned horizontally.

6. Repeat steps 2 through 5 for the vertical dimen-
sions and vertical coordinates. {It will be under-
stood that the term “horizontal” will be replaced
by “vertical”, and vice versa, as may be appropri-
ate in the foregoing description of these steps.)

The result of the foregoing operations is a further

modification of the pointing sequence list (PSL) in
which the coordinates of listed points have been as-
signed values that are consistent with the specified di-
mension values. If the object was properly dimensioned
in the first instance, this new PSL completely and accu-
rately defines the proportioned object. Appropriate
measures are incorporated in the system to insure that
the final object lines have not only the desired axial
orientations but the desired directions (up, down, right,
left) as well. If there had been any overdimensioning or
inconsistent dimensioning of the object, this would have
become apparent in step 3(a) above. If the object had
been underdimensioned, this fact would have been de-
tected in step 5. In the event of improper dimensioning,
the system may be allowed to proceed to the extent it is
able to do so, and appropriate measures may be taken to
notify the operator of the improper dimensioning if it is
not otherwise apparent to him.

DETAILED DESCRIPTION OF
RECTIFICATION AND PROPORTIONING
PROCEDURE

In the foregoing part of the specification the rectify-
ing and proportioning functions were described in
rather general terms. The remaining part of the specifi-
cation will present a more detailed description of the
manner in which the rectification and proportioning
procedure may be carried out with the aid of a pro-
grammed general-purpose computer such as an IBM
Type 1800 computer, for example, which has been suc-
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cessfully employed for this purpose. The central pro-
cessing unit of such a computer, when appropriately
programmed in the manner indicated hereinafter, IS
represented in FIG. 1 as the graphic data processor 18.
1t should be understood, of course, that this is merely an
exemplary embodiment and that other types of comput-
ers could be equally well utilized, whether they employ
software programming, microprogramming or special-
purpose hardware circuitry to perform the described
functions.

The present description will deal particularly with
the programs or routines involved in the performance
of the rectifying and proportioning functions with
which the invention is concerned. It will be understood,
of course, that any practical implementation of the
novel concepts herein described will require additional
programming or procedures for carrying out the usual
“housekeeping” and supervisory functions, all of which
are well within the present state of the art and therefore
will not be specifically described herein.

To avoid possible confusion in the use of terminology
such as “rectification” and “proportioning” herein, it
should be explained that there are two ways in which
one may employ the process of rectification (whereby
object lines which are intended to be axial are aligned
with the vertical and horizontal axes, respectively).
Thus, rectification may be used solely for generating a
display of a rectified but unproportioned image of the
object upon the display unit 20, FIG. 1, in response {0
selection of the RECTIFY function key, FIG. 4. It also
may be part of the proportioning procedure, initiated by
selection of the PROP. function key, FIG. 4, wherein
the axial lines of the object are first rectified and then
are adjusted in length according to the proportions
specified by the various dimensions of the object.

To recapitulate, if the operator activates the “REC-
TIFY” key on the keyboard 36, FIG. 4, this causes a
rectified but unproportioned image to be displayed. The
“PROP.” key is utilized when the operator wishes to
generate an image that is both rectified and propor-
tioned. Also, as mentioned hereinabove, the operator
may obtain a display of the object in its original roughly
sketched form by pressing the “LITERAL” key. A
hardcopy drawing of the object in its literal, rectified-
only or proportioned (and rectified) form may be ob-
tained by first pressing one of the three display keys
LITERAL, RECTIFY or PROP., as the case may be,
and then pressing the HARDCOPY key. (It is assumed
that the desired scale already has been selected.) When
the operator wants a finished drawing, he utilizes the
PROP. and HARDCOPY keys.

FIG. 11 represents schematically the hierarchy of
programs or routines involved in the performance of
rectifying and proportioning functions. The master
program in this hierarchy is PROP1, which is invoked
regardless of whether the coversion procedure will be
limited to rectification only or is to include both rectify-
ing and proportioning functions. PROP1 is called in
response to the selection of either the “RECTIFY” key
or the “PROP.” (proportion) key, FIG. 4. Under con-
trol of PROPY, directly or indirectly, are various sub-
programs or subroutines respectively designated in
FIG. 11, as SRCH1, F, CONL, FIXPR, FIXCR,
FXLDR, L and CHPTR, all of whose functions will be
described more specifically hereinafter. If rectification
only is desired, as indicated by selection of the REC-
TIFY key, then PROP1 calls only the program CONL
and its associated subroutines L, and SRCH1, and none
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of the programs associated with proportionin-
g—namely, FIXPR, F, FIXCR and FXLDR—will be

called. If the procedure is to include the proportioning

of a rectified object whose configuration is defined by a
previously entered line string using a line function key
such as “OBJECT”, for example, then actuation of the
PROP. key causes PROP1 to call both CONL and
FIXPR, in that order, to produce a representation of the
rectified and proportioned object. Where the objectis a
circle which has been entered by use of the CIRCLE
function key, actuation of the PROP. key causes the
programs CONL, FIXCR and FXLDR to be called by
PROP1 for representing the circle and its leader in final
form.

All of the programs designated by the labeled boxes
shown in FIG. 11 are represented herein by their re-
spective code listings, written in either FORTRAN or
Assembler language, which are shown in FIGS. 18A et
seq. Some of the programs, namely, PROP1, F, L,
CONL and FIXPR, are further illusirated by flow-
charts, FIGS. 13A to 17, which will be the subject of
detailed descriptions presented hereinafter.

To briefly summarize what has been stated above, a
roughly sketched object such as 12 shown in FIG. 2 is
represented graphically by the vertical and horizontal
coordinates defining the relative positions of a series of
points such as A, B, C, D and E, which together consti-
tute what frequently is referred to as a “line string”. The
proportions which one desires the finished drawing of
that object to have are represented by vertical and hori-
zontal dimensions (such as 16 and 18) which define the
axial distances between certain pairs of the points in the
line string. As described hereinabove, the positional
data defining the configuration of the original object 12
and the dimensional data specifying the intended pro-
portions of that object are entered into a pointing se-
quence list (PSL), an example of which is shown in
FIG. 7. The dimensions are utilized in the proportioning
process to fix the final coordinates of the points such as
A, B, C, D and E', FIG. 3 (the counterparts of points
A, B, C, D and E, FIG. 2), which define the shape of the
final object representation 30.

As an incident to the initiation of a rectifying or pro-
portioning operation upon an object defined by a line
string, the system creates indices of the horizontal and
vertical dimensions stored in the PSL, as represented
schematically in FIG. 12. For each H or V dimension
storéd in the PSL a corresponding entry is made in the
H or V dimension index, such entry comprising a
“pointer” to the PSL location at which the correspond-
g dimension is stored. If one or more circle dimen-
sions (1.e., diameters) are specified by entries in the PSL,
corresponding index entries are made in the circle di-
mension index. At first all of these index entries are
assumed to be “inactive”, which is to say that they have
not thus far been used or referred to in any proportion-
ing operations. As each dimension becomes involved in
the process of fixing coordinates during the proportion-
Ing operations, its pointer is moved to the “active” part
of the index, and when the dimension has been used, its
pointer is deleted from the index. If the dimensioning
procedure has been properly carried out, there will be
no index entries left when proportioning has been com-
pleted, nor will the index entries be exhausted before
the completion of the proportioning process.

For simplicity, the description thus far has proceeded
on the assumption that the use of H and V dimensions is
not dependent upon circle dimensions, so that H and V
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dimensions can be used before the circle dimensions. If
this is not true, proportioning should iterate through all
dimension types, which could be accomplished with a
single index incorporating all dimension types.

PROP1

As mentioned hereinabove in relation to FIG. 11,
PROP1 is the master program for the rectifying and
proportioning functions of the disclosed system. A prin-
cipal function of PROP1 and the subprograms under its
control 1s to construct the new pointing sequence list,
PSL2, which will represent the object first in its recti-
fied form and then, if desired, in the proportioned or
scale drawing form. The PROP1 program operates
under control of a supervisory program, herein referred

‘to as the “calling program”, which calls PROP1 in

response to operator selection of a function that in-
volves rectification and/or proportioning of the object
which is to be displayed and/or drawn by the system. In
the present system, such selection is made by touching
the stylus 34, FIG. 1, to the RECTIFY or PROP. key,
FIG. 4, on the keyboard 36.

A flowchart of the PROP1 program is presented in
FIGS. 13A, 13B and 13C, and an exemplary code listing
of this program written in the FORTRAN program-
ming language, is shown in FIGS. 18A to 18G. Eight
other programs, respectively designated SRCH]1, F,
CONL, L, CHPTR, FIXPR, FIXCR and FXLDR, are
callable directly or indirectly by PROP1 as circum-
stances require. Code listings for all of these programs
are included herein, and flowcharts are presented for
certain ones — PROPI1, CONL, F, L and FIXPR.

At this point it should be explained that the PROP1
flowchart in FIGS. 13A to 13C is a simplified represen-
tation of the “PROP1” FORTRAN program listing in
F1GS. 18A to 18@, and in some instances it has been
necessary to modify sequences depicted in the FOR-
TRAN listing in order to provide a more readily under-
standable flowchart. Hence, the correlations between
the respective sequences depicted in the flowchart and
in the code listing are not exact in all cases. Insofar as
the end results of the various processes are concerned,
however, the flowchart is accurate. Stating this another
way, the flowcharts herein have been constructed with
a view to simplicity rather than endeavoring to provide
a rigorously exact representation of the program codes
actually used. Numerous cross-references between
flowchart lines and program statements have been pro-
vided in order to facilitate comparison.

When the term “PSL” is used hereinafter, it will refer
(unless otherwise stated) to the “old” or original point-
ing sequence list, PSL1, which is the only pointing
sequence list that exists at present.

Referring now to FIGS. 13A and 13B, the execution
of the PROP1 program commences with an initializa-
tion step, represented by flowchart box 300, which
involves clearing the dimension indices (FIG. 12) and
resetting their pointers to zero. Upon completion of this
initialization phase (represented in the actual program-
ming by the statements preceding 13, FIGS. 18A and
18B), the execution of PROP1 proceeds to the step
represented by flowchart box 301, FIG. 13A, at which
point a test is made to determine whether the end of the
pointing sequence list (PSL) has been reached. This test
is made first to cover the case when the operator in-
vokes the routine with an empty PSL1.

Assuming the PSL has entries to be processed, the
program now proceeds along the “No” branch from
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box 301 to box 302, where the current PSL entry is
tested to determine whether it is a function header
(FIG. 7). Normally the PSL will commence with a
function header of some kind, and it will be assumed
that such is the case here. At subsequent times, when
the operation returns to this point in the program (as it
will on several occasions), there will be need to distin-
guish function headers from other PSL entries.

The next step in the process is to ascertain whether
the function header is a *‘legal” key code, that is, one of
the permissible function codes which the system is de-
signed to handle. In the present embodiment it is as-
sumed that four types of function headers are available
— line function, axial dimension function, circle func-
tion and circle dimension function. If at step 303 it is
found that the function header is not one of these per-
missible codes, the PROP1 program is aborted; other-
wise it proceeds to the next step denoted by box 304,
FIG. 13A, causing the current PSL1 word to be copied
into PSL2 (the new pointing sequence list). Thus, the
function header now appears at the same location in
PSL.2 that it occupies in PSL1.

At step 305 the “Continue Line Switch” (a condi-
tional jump in the programming) is set to its “‘of”” condi-
tion. This switch, in its normal “on” condition, will
effectively relate the currently considered object point
to the preceding object point as part of the same block
of entries. The first point in a new block of entries
should not (at least at this instant) be axially related to
any previous point, however, so this switch must be
turned off prior to processing the first point in the cur-
rent block.

Next, one or more in a series of screening tests will be
made upon the header code to determine which type of
function is to be performed. Thus, box 306, FIG. 13A,
indicates a test to determine whether or not the header
calls for a line function. In the present example (F1G. 7)
the PSL starts with a line function header; hence the
program now branches to box 307, FIG. 13A, where
the PSL address is advanced to the next PSL location;
then the program advances to box 308, FIG. 13B, at
which point the CONL subprogram is called to process
the current PSL word and the next PSL word as the
coordinates of a document point. The function of
CONL is to generate entries for PSL2 (the new PSL)
which will define document points on a “rectified”
image of the object.

The CONL program will be described in detatl here-
inafter. For the present it will suffice to explain that
each time CONL is called, it processes a pair of DOC
entries from PSL1 (i.e., a pair of coordinates defining
the position of a document point on the original sketch)
in order to create a new pair of DOC entries for PSL2.
In some instances CONL may cause one or both of the
new DOC entries to be identical with one or both of the
old DOC entries. In other instances (for example, where
some axial realinement is needed) CONL may cause one
or both of the new DOC entries to contain a pointer or
pointers to some previously entered DOC word or
words in PSL2, as symbolically represented by the
arrows in FIG. 10. All of this will be explained more
fully hereinafter.

After CONL has processed the first pair of PSL
words or DOC entries in the current block (box 308,
FIG. 13B), the PROP1 program sets the *“Continue
Line Switch” on to indicate that if the next pair of
words after the current point are DOC entries, then
they represent a point whose coordinates are to become
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interrelated for rectification purposes with those of the
point whose DOC entries were just processed. The PSL
address is skipped to the location immediately succeed-
ing the pair of PSL words just processed, and at box 310
a test is made to determine whether or not this PSL
location is at the end of the PSL. If not, the word stored
in the current PSL location is analyzed to determine
whether it is a DOC entry, i.e., one of the coordinates of
a document point {(box 311). If it is, the operation re-
turns from box 311 to box 308 for again calling CONL
to process another pair of DOC entries. This iterative
loop is repeated until the end of the current series of
successive DOC entries is reached, at which time the
program branches back to box 301, FIG. 13A.

Referring again to box 306, FIG. 13A, if the header
currently being analyzed is not a line function key code,
then the test indicated by box 309 is made to determine
whether or not it is a circle function key code. If 1t 1s,
then the same procedure as described above 1n connec-
tion with boxes 307 and 308, FIGS. 13A and 13B, 1s
followed to process the two coordinates for the current
document point, which in the present case is the center
of the circle. Rectification of a circle involves establish-
ment of vertical alinement between the center point C
and the surface point S, FIG. 27, these two points defin-
ing the position of the circle.

Referring once again to the part of the flowchart
containing boxes 306 and 309, if the current header is
neither a line function code nor a circle function code,
it next is tested to see whether it is a circle dimension
function code or an axial dimension function code (box
312). If it is an axial dimension header, it will be fol-
lowed by a series of DOC entries specifying the coordi-
nates of points relating to an axial dimension, such as the
entries numbered 13 to 18 in FIG. 7, for example, which
pertain to the horizontal dimension extending between
points B and C, FIG. 2. The portion of the PROP1
program that handles the processing of DOC entries in
an axial dimension block is represented by the flowchart
box 313, FIG. 13B, which corresponds to the portion of
the PROP1 program listing that commences with state-
ment 28, FIG. 18E. Hereinafter these entries often will
be called “DOC references” to distinguish them from
the DOC entries 2 to 1! in the line block, FIG. 7.

Describing the action at step 313 in more detail, after
the axial dimension header has been copied from PSLI1
to PSL2, the SRCH1 program is called by PROPI1 1n
order to establish equivalencies where appropnate
among the coordinates specified in the axial dimension
block and the line block, respectively, F1G. 7. Thus, for
instance, the coordinates of points B and C specified by
the DOC references 13 to 16 in the axial dimension
block of PSL1 (the old PSL) will have the same values
as the coordinates of points B and C specified by the
DOC entries 4 to 7 in the line block of PSL1. In the new
PSL (PSL2) pointers therefore should be placed in
entries 13 to 16 relating them respectively as equivalent
coordinates to entries 4 to 7. The SRCH1 subroutine
which performs this function is represented in FIGS.
19A to 19D as a program listing written in 1800 Assem-
bler language.

After these equivalencies are established, an entry is
made into the appropriate dimensional index (FI1G. 12)
so that at the location therein designated by the assigned
index number there will be a pointer to the PSL address
which marks the beginning of the axial dimension block
(e.g., address 12, FIG. 7). As each dimension block 1s
processed, an appropriate entry is made in one of the
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dimensional indices. This enables the system to keep a
numerical accounting of all stored dimensions, the pur-
pose of this becoming apparent as the description pro-
ceeds.

A dimension block may contain many entries in addi-
tion to those indicated in FIG. 7, such as, for example,
system-generated DOC entries locating the dimensional
arrowheads, extension lines, etc. Such entries will be
positioned subsequent to the characters of the dimen-
sion value string in the PSL.

Except for those DOC entries (or “references”) in the
dimension block which are to be given “pointers” to
other DOC entries in the PSL, the old entries in the
dimension block of PSL1 will simply be copied into the
new dimension block of PSL2. This copying function is
performed by the portion of the PROP1 program which
includes the return from box 313, FIG. 13B, to box 302,
FIG. 13A, and the iterative loop that includes the “No’’
branch from box 302 to box 314 and the return path
from box 314 through boxes 301 and 302 to box 314, this
loop being repeated until either the end of the PSL is
reached or the end of the current PSL block is reached,
whichever occurs first. If a new function header is en-
countered in PSL1, signifying the start of a new block,
the program then branches to box 303 to start the pro-
cessing of this new block.

Referring back to the decision box 312, FIG. 13B, if
a circle dimension function header is detected, then the
operation branches to box 318, corresponding to the
portion of the PROP1 program that begins with state-
ment 199 in the program listing, FIG. 18C. The circle
dimension header is copied from PSL1 to PSL2. Then
the SRCH1 program is called to provide pointers from
the circle center and surface point DOC entries of the
circle dimension block in PSL2 to the rectified circle
center and surface point DOC entries of the circle func-
tion block of PSL2, which now represent these points in
alimed vertical relationship. An entry is then made into
the circle dimension index, FIG. 12, with a pointer to
the circle dimension header in the current PSL block,
FI1G. 7. The remainder of the current block processing
operation is similar to that described above in connec-
tion with the axial dimension block, starting with the
return to box 302, FIG. 13A, followed by the iterative
action involving boxes 302, 314 and 301 for the purpose
of copying all remaining words from the current PSL1
block to the corresponding PLS2 block, which action
continues until a new function header (or the end of the
list) is detected in PSL1. A new function header will
start the processing of the next PSL1 block.

Eventually the end of the pointing sequence list is
detected, as is signified in FIGS. 31A and 13B by an exit
on the “Yes™ branch from either box 301 or 310. At this
stage the system will have completed the construction
of the new pointing sequence list, PSL2, whose entries
represent the rectified (but as yet unproportioned) ob-
Ject image. Next, at step 316, FIG. 13A, the system
ascertains whether or not the image is to be propor-
tioned. This is determined according to whether or not
the PROP. key on the keyboard 36, FIGS. 1 and 4, has
been selected by the operator. If the operator has se-
lected the RECTIFY key rather than the PROP. key,
then control of the operation will be returned to the
calling program for a display of the rectified but unpro-
portioned object. If the PROP. key has been selected,
however, the program will advance to the proportion-
ing procedure depicted by the flowchart in FIG. 13C,
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which corresponds to the part of the PROP1 program
commencing with statement 45, FIG. 18F.

Before proceeding with a detailed description of the
proportioning procedure, the results of the operations
performed by the PROP1 program up to this point
(using the example shown in FIG. 2) will be briefly
reviewed. The line block in the new pointing sequence
list PSL.2 which was constructed during the execution
of the program routines depicted in FIGS. 13A and 13B
will differ from the line block in the old pointing se-
quence list PSL1 in the following significant respects:

The original horizontal coordinate B, has been re-
placed by a pointer to A, effectively bringing point B
into vertical alinement with point A. The vertical coor-
dinate Byremains unchanged, at least for the time being.

The original vertical coordinate Cyhas been replaced
by a pointer to B,, effectively bringing point C into
horizontal alinement with point B. The horizontal coor-
dinate Cy, remains unchanged, at least for the time be-
ing. The original horizontal coordinate D y has been
replaced by a pointer to Cy, effectively bringing point
D into vertical alinement with point C. The original
vertical coordinate Dy has been replaced by a pointer to
Ay, effectively bringing point D into horizontal aline-
ment with point A. In this connection it should be noted
that D is the last significant point in the line string and
therefore must be axially alined with the origin A. Point
E, which will be discussed presently, is treated as a
duplicate of the first point A. Inasmuch as point E is
identical with point A, it is intended that the coordi-
nates E; and E; of point E be replaced by pointers to
Agand Ay, respectively, thereby effectively joining or
merging point E with point A. The manner in which
this actually is accomplished will be explained hereinaf-
ter.

In addition to the foregoing changes in the line block,
the dimension blocks also will have been changed by
the insertion of pointers in those dimensional DOC
references which correspond to DOC entries in the line
block.

In the case of circular objects, the procedure will be
similar, though of a less complex nature. The horizontal
coordinate of the surface point S will be pointed to the
horizontal coordinate of the center point C to establish
vertical alinement between these points.

Each of the various dimension indices (FIG. 12) now
will have as many entries as there are dimensions of that
respective type (axial horizontal, axial vertical or circle
diameter). At this stage all of the dimensional index
entries have an “inactive” status.

Assuming that the PSL. commences with a line block
defining an object to be proportioned, the PROP1 pro-
gram now proceeds as indicated in FIG. 13C. The point
defined by the first pair of DOC entries in the PSL 1
taken as the origin, and the fix bit is set to 1 in the hori-
zontal coordinate of this pair (box 320). This fixes the
horizontal coordinate of the origin. Once a coordinate is
fixed, it establishes an immutable axial position to which
any given dimension (or dimensions) along that same
axis may be referred in order to determine the axial
position of some other point (or points) on the object.
Fixing any one coordinate automatically fixes all other
coordinates that are “pointed” to it n PSL.2. Thus, in the
particular example shown in FIG. 2, fixing the horizon-
tal coordinate A ;4 of point A thereby also fixes the hori-
zontal coordinate By, of point B, which points to Ay in
PSL2 (FIG. 10). With By, fixed, the horizontal dimen-
sion 15 between points B and C may then be utilized in
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due course to ascertain the horizontal coordinate which
point C should have in the proportioned object (FIG.
3). This action will be explained presently.

With the horizontal coordinate of the origin A fixed
(box 320, FIG. 13C), the PROP1 program now calls the
F subroutine (to be described in detail hereinafter) in
order to activate all horizontal dimensions that refer to
the horizontal coordinate of the origin (box 322). The F
subroutine first checks to see whether there are any
inactive entries in the horizontal dimension index (FIG.
12). Since it is assumed herein that the object to be
proportioned is one which is defined by lines and axial
dimensions, each of the horizontal and vertical dimen-
sion indices will contain at least one entry, and initially
all such entries are inactive. The F subroutine now
activates all horizontal dimensions that refer to the
horizontal coordinate A of point A. Activation entails
identifying all of those dimensions registered in the
dimension index which define distances measurable
from the fixed coordinate in question and moving such
dimensional entries into the active part of the register
(FIG. 12). In the simple example shown in FIG. 2, there
is only one horizontal dimension. In practical situations
there may be several dimensions which extend from the
same coordinate, and all of them are activated concur-
rently. The activation sequence will be more specifi-
cally described hereinafter under the heading “F".

Referring again to FIG. 13C (in conjunction with
FIGS. 2 and 12), the horizontal dimension index con-
tains an entry corresponding to the horizontal dimen-
sion between points B and C, and since point B in the
rectified image is alined vertically with the origin A,
this dimension now is activated. There being no other
horizontal dimension registered in this index in the pre-
sent case, the PROP1 program now advances from step
322 to step 324, where it causes the fix bit to be set in the
PSL word that defines the vertical coordinate of the
origin A. Then, at step 326, the PROP1 program again
calls the F subroutine to check the vertical dimension
:ndex and activate all vertical coordinates that refer to
the point of origin. In this instance there is only one
vertical dimension, i.e., the one between points A and B,
and it now is activated.

The PROP1 program now calls the subroutine
FIXPR to build the proportioned object (FIG. 3), using
the horizontal and vertical dimensions and the line
string coordinates stored in the “rectified” pointing
sequence list PSL2, as indicated at boxes 328 and 330,
FIG. 13C. The name “FIXPR” is an abbreviation of
“fix projected coordinates”, so called use the oper-
ations involved in this routine effectively determine the
final fixed projections of the various points onto the two
coordinate axes as a result of proportioning the object.
The term “projected coordinate” refers to a PSL.2 entry
containing an actual coordinate value which is, in ef-
fect, the projection of a point upon one of the coordi-
nate axes, as distinguished from a PSL2 entry which
merely contains a “pointer” to another entry for indicat-
ing an axially alined relationship between two points.
When a projected coordinate has been adjusted in ac-
cordance with the dimension, it is said to be “fixed”.
The FIXPR program will be described hereinafter.

Insofar as the proportioning process is concerned, it
is immaterial whether the display or drawing to be
prepared by the system contains one object or several
objects. Differentiation between objects was important
in the rectification process previously described, and for
that reason the “Continue Line Switch” was turned off
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before the processing of each new block of PSL entries
was begun (box 305, FIG. 13A), thereby preventing
DOC entries for one object from being inadvertently
pointed to DOC entries for other objects if such was not
desired. No such precaution is necessary in carrying out
the proportioning operations, because of the fact that
these operations do not involve the establishment of
new pointers among the existing DOC entries. Regard-
tless of the number of separate objects to be propor-
tioned in any one view, only one origin is utilized for
that one view.

As mentioned hereinabove, the illustrative system
herein disclosed has been designed on the assumption
that straight-sided objects will be processed before cir-
cular objects are processed. (This merely characterizes

" the present embodiment and is not a conceptual limita-
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tion.) Accordingly, the dimensional indices (FIG. 12)
are checked in the following order: axial horizontal
dimensions, axial vertical dimensions and circular di-
mensions. When there are no more active axial dimen-
sions registered in the horizontal and vertical indices,
the system (operating under PROP1) then calls the
FIXCR subroutine which checks the circle dimension
index, and if an active entry is found there, the FIXCR
subroutine (FIGS. 22A and 22B) fixes the vertical coor-
dinate of the surface point (S) on each circle relative to
the center point (C) of that circle, in accordance with
the given vertical dimension (diameter) of the respec-
tive circle. This action is indicated at box 332, FIG.
13C.

The FIXPR and FIXCR routines cause the coordi-
nates of points defining the position and configuration
of each object to be fixed at values which are consistent
with the dimension or dimensions specified for that
object. Where necessary, the DOC entries in PSL2
which represented the configuration of the rectified but
unproportioned object are changed to represent the
configuration of the proportioned object in accordance
with the given dimensions. These revised PSL entries
then will be utilized by the system where it generates
the drawing and/or display of the proportioned object
or objects. The routines which are utilized for visually
manifesting the constituent lines and circles of the ob-

45 jects in their final form are well known and are not
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disclosed herein.

Although the present disclosure is not concerned
with the means utilized for generating visual manifesta-
tions of the various dimensions on the drawing or dis-
play, it will be noted briefly here that those system-
generated portions of the dimension blocks in PSL2
which define the locations of dimension values, arrow-
heads, extension lines and the like must be revised to the
extent made necessary by the reconfiguration of the
object during the proportioning procedure. Box 334,
FIG. 13C, denotes this rebuilding function which must
be performed under control of the PROP1 program.
When this has been accomplished, control is returned to
the calling or supervisory program, which causes the
plotter and/or display unit to produce the desired hard-
copy drawing and/or display of the finished object
presentation.

As an optional feature, an underdimension test may
be performed as a final step in PROP1 before returning
control to the calling program, or alternatively as an
optional final step in the FIXPR subroutine (if FIXCR
is not to be called), as will be explained hereinafter in
connection with FIG. 16A.
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The description of operations to this point has been

concerned with the principal steps involved in execut-

ing the master program PROP1, which controls the

rectifying and proportioning functions of the system.
Attention now will be given specifically to the subpro-
grams or subroutines that are directly or indirectly
callable by PROP1 (FIG. 11) in the course of perform-

ing these functions.

" CONL

During the rectification process, the new pointing
sequence list, PSL2, is constructed, and “pointers” are
placed at the appropnate locations in PSL2 to denote
equivalencies among those entries which pertain to
identical coodinates in the rectified object image. The
subroutine which performs these functions is CONL,
which is illustrated in flowchart form in FIGS. 14A and
14B. As explained above, each time CONL is called, it
processes a pair of DOC entries from the old pointing

sequence list (PSL1) to form a corresponding pair of 20

entries in PSL2. Thus, each time a pair of DOC entries
1S to be processed, CONL is called by PROP1, as indi-
cated at box 308 in the PROPI1 flowchart, FIG. 13B. A
FORTRAN code listing of the CONL subroutine is
presented in FIGS. 26A and 26B.

Now considering FIGS. 14A and 14B in detail, the
CONL procedure commences with an inquiry as to
whether the “Continue Line Switch” is on (box 340).
Referring briefly again to FIG. 13B (box 308), the
“Continue Line Switch” is off while the first two entries
of each line or circle function block in the pointing
sequence list are being processed (i.e., the H and V
coordinates of the first point in a new string of docu-
ment point entries). For the remainder of the string, this
switch will be turned on to produce the necessary conti-
nuity between successively entered points for rectifica-
tion purposes.

Accordingly, assuming that the first DOC entry in
the block is now being processed, the “No” branch
from box 340, FIG. 14A, is activated, and the next step
is to determine whether the current entry contains an
active “join” bit (box 342). As explained hereinabove in
connection with FIG. 9 and FIG. 4, the data entry
routine for the disclosed system is such that during the
construction of PSL1 (the “old” pointing sequence list),
the system establishes an identity between each of the
terminal points of a string and any previously entered
point which is situated very close to it. Usually this
involves establishing an identity between the two points
which begin and end the line string. However, there
may be instances where the first and last points are not
located close to each other, but each is located very
close to a point on a previously entered object. In any
event, where the system determines that a point in the
current string is to be identified with any previously
entered point situated in close proximity thereto, it sets
to “1” the join bit in the H entry of the point that is
about to be joined with a previously entered point.

In the present example it has been assumed that only
the last point in the string will have an entry containing
an active join bit. Hence, when the first entry is being
processed, no join bit is detected, and the program ac-
cordingly branches from box 342, FIG. 14A to box 344,
FIG. 14B, where the H (horizontal coordinate) entry
for the current point on the object is tested to see
whether it has been linked by a pointer to a previous
DOC entry in the new pointing sequence list, PSL2. In
the present instance, where processing of the DOC
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entries by CONL has just begun, no pointers will have
been established as yet, so the program now branches
along the “No” path from box 344 to box 346, FIG.
14B, which represents the step of copying the currently
addressed H entry from the old pointing sequence list
PSL1 to the corresponding location in the new pointing
sequence list PSL2.

Next the program advances to the step represented
by the box 348, FIG. 14B, where the V (vertical coordi-
nate) entry for the current point on the object is tested
to see whether it has been linked by a pointer to a previ-
ous DOC entry. As already explained, the answer to
this inquiry must be negative when the point being
processed by CONL is the first point on the object.
Thus, the “No” branch to box 350 is now taken by the

program, and the aforesaid V entry is copied from

PSL1 to PSL2, after which the CONL subroutine ter-
minates, and the system then returns to the control of
the PROP1 program.

Each time the control of the system is passed back to
PROP1 from CONL, the PSL1 address to be refer-
enced by PROP1 is skipped one word to the second
succeeding PSL location. This is because CONL pro-
cesses two PSL entries at a time, one being the H entiry
and the other being the associated V entry for the point
that is currently being processed. Hence, when PROP1
resumes control, the address now must be skipped over
the PSL location of the V entry just processed to the H
entry location for the next point to be processed. This is
indicated in the box 308, FIG. 13B. As another incident
to this action, the “Continue Line Switch” is turned on,
thereby informing the system that when subsequent
entries in the current PSL block are being processed by
CONL, the necessary axial alinements (i.e., “pointers™)
will have to be established as appropriate for rectifica-
tion purposes among the DOC entries in the new point-
ing sequence list PSL2, During the subsequent itera-
tions involving boxes 308, 310 and 311 (FIG. 13B)
which will occur in the remaining sequence of CONL
operations, the repeated instruction to turn on the Con-
tinue Line Switch will merely be superfluous, inasmuch
as the switch will not again be turned off until a new
block of PSL entries is due for processing (box 305,
FIG. 13A).

Following the processing of the first pair of DOC
entries defining the H and V coordinates of the first
point in the current PSL block and the subsequent per-
formance of tests to determine whether there are more
DOC entries in the current PSL block to be processed
(boxes 310 and 311, FIG. 13A), control again is given to
the CONL subroutine (box 308) to process the next pair
of DOC entries or words defining the H and V coordi-
nates of the next point on the object to be rectified. This
time the Continue Line Switch is on, so the CONL
procedure now advances from step 340 to step 352,
FIG. 14A, where a test is made to determine whether
the line that extends between the current document
point and the preceding document point is to be axial or
nonaxial. If it is to be nonaxial the H entry for the cur-
rent point in PSL1 contains a 1 bit in its No. 3 position
(FIG. 9). In this event, no attempt is made to establish
pointers representing axial alinements and the program
branches from box 352 to box 342, FIG. 14A. In the
present example, however, it is assumed that all lines are
meant to be axially directed, so that in this case the
action proceeds along the *“No” branch from box 352.

There now follows a sequence of steps 353, 354 and
355 for establishing the necessary pointer in one of the
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two PSL2 entries corresponding to the pair of PSL1
entries being processed. In many if not most cases the
point on the rough sketch of the object represented by
the currrent pair of H and V entries is PSL1 1s not
axially alined with the point represented by the immedi-
ately preceding pair of PSL1 entries, even though such
axial alinement was intended when this rough sketch
was drawn (FIG. 2). Regardless of whether or not such
axial alinement was achieved in drawing the rough
sketch, the system proceeds to establish pointers in the
PSL2 entries as appropriate to insure that axial aline-
ments are defined wherever necessary in the rectifica-
tion process.

Referring again to the CONL flowchart, FIG. 14A, a
test is made at step 353 to determine whether a horizon-
tal or vertical alinement is to be defined between the
current point and the preceding point. This depends
upon whether a line drawn between the two points
being considered on the original rough sketch would be
inclined more than 45 degrees from the horizontal axis
or would have a lesser inclination from that axis. If the
inclination is more than 45°, a vertical alinement has to
be defined: otherwise a horizontal alinement has to be
defined. Thus, if a line AB on the original sketch is so
oriented that the absolute difference between the hori-
zontal coordinates A yand Byis equal to or greater than
the absolute difference between the vertical coordinates
A and By, then the line AB must be defined as “hori-
zontal”’; otherwise it is “vertical”, regardless of its origi-
nal orientation.

If the test at step 353, FIG. 14A, determines that a
horizontal alinement is required, then at step 354 the
CONL subroutine calls the “L” subroutine to establish
a pointer from the PSL2 entry defining the V coordi-
nate of the current point to the PSL2 entry defining the
projected V coordinate of the preceding point, thereby
effectively equating these two V coordinates. (The L
subroutine will be described hereinafter in connection
with FIG. 15.) The establishment of a pointer in a PSL.2
entry which does not already contain a pointer involves
two actions: (a) setting the pointer bit in the No. 2 posi-
tion of this word to its 1> value (FIG. 9), and (b) plac-
ing in bit positions 4 to 15 of this word the address of the
PSL2 entry in which is contained the corresponding
projected coordinate of the reference point with which
the current point is being axially alined.

If the test at step 353, F1G. 14A, shows that a vertical
alinement is required, then at step 355 the CONL sub-
routine calls the L subroutine to establish a pointer from
the PSL2 entry defining the H coordinate of the current
point to the PSL2 entry defining the projected H coor-
dinate of the preceding point, thereby effectively equat-
ing these two H coordinates

In either event, the next step in the procedure (342) 1s
to ascertain whether a joinder is required by testing the
“join” bit in the H entry of the current pair of PSL1
entries. For point B, no join bit is found (that 1s to say,
the join bit is zero), so the program then branches to
step 344, FIG. 14B, thereby commencing the series of
steps already described to some extent hereinabove and
involving the flowchart boxes 344, 346, 348 and 350.

Specifically, the H entry of the current pair of PSL2
entries is checked at step 344 to determine whether 1t
has been linked by a pointer to a previous PSL2 entry
thereby indicating a condition of vertical alinement. If
the H entry contains such a pointer, the operation then
advances immediately to step 348, FIG. 14B, where the
companion V entry is checked to determine whether it
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has been linked by a pointer to a previous PSL2 entry
thereby indicating a condition of horizontal alinement.
As a general rule, except for the first pair of entries in a
block or the case of a nonaxial relationship, at least one
of the pair of PSL2 entries currently under consider-
ation will contain a pointer that was established previ-
ously in step 354 or step 355, FIG. 14A, to indicate a
condition of horizontal or vertical alinement, as the case
may be. There is no need to do anything further with
such an entry. However if either one of the two PSL2
locations currently being tested does not contain a
pointer, then it is necessary to copy into that PSL2
location the word that is stored in the corresponding
PSL1 location, as indicated at box 346 or 350, FIG. 14B.

As a specific example, referring to the object shown
in FIG. 2, the pair of DOC entries in PSL1 defining the
original position of point B cannot be copied without
change into PSL2 because point B is meant to be verti-
cally alined with point A. Hence, in PSL.2, a pointer
must be established from the By entry to the Ay entry,
and the By entry in PSL1 therefore is not copied into
PSL2. However, the By entry is to remain unchanged
during rectification inasmuch as it is not determined by
or conditioned upon an axial relationship or a joinder.
Hence, the By entry is copied from PSL1 into the
corresponding PSL2 location. After three actions have
taken place, the system then returns to the control of
the PROP1 program at least for the time being.

Where two adjacent nonjoined points in the sequence
are in a nonaxial relationship, neither of the PSL2 DOC
entries for the second point of this pair will contain a

“pointer. However, an entry for a succeeding point may

contain a pointer to one of the entries for said second
point, if an axial alinement exists. It is not mandatory
that there be a pointer to or from every DOC entry in
PSL2.

Thus far no detailed consideration has been given to
the “joining” function which is depicted in the series of
flowchart boxes 356 to 359, FIGS. 14A and 14B. Refer-
ring again to flowchart box 342, if the H entry in the
pair of PSL1 entries being processed by CONL has its
join bit set to 1, the joining procedure depicted in boxes
356 to 359 is invoked. At this stage there will be in PSL1
two H entries having identical values and two V entries
having identical values. What is desired is that in the
new pointing sequence list PSL2 one of the duplicate H
values shall be replaced by a pointer to the other, and
similarly, that one of the duplicate V values shall be
replaced by a pointer to the other. This is consistent
with the general plan whereby entries which are equiv-
alent to one another are linked by pointers in PSL2
rather than being duplicated in this pointing sequence
list, so that any subsequent change of one entry in such
a group will effectively change all other members of the
same group that are mutually linked by pointers.

As indicated at box 356, FIG. 14 A, the joining proce-
dure commences with a call to the SRCH1 subroutine
(FIGS. 19A to 19D) to find the PSL1 location contain-
ing the H coordinate of the “reference point”, 1.e., the
point with which the current point is to be joined. For
instance, in FIG. 2, the reference point would be A,
since this is the point to which E will be joined. When
this reference location in PSL1 is found then the address
of the corresponding location in PSL2 is identified by
CONL as the “Destination NR" as indicated at flow-
chart box 357, FIG. 14A.

Subroutine L (described hereinafter) now is called (at
step 358, FIG. 14B) to establish a pointer originating at
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the PSL2 location corresponding to the PSL1 address
of the current H entry and directed to the PSL2 loca-

tion 1dentified by the Destination NR. In terms of the

example illustrated in FIGS. 2, 7 and 10, the pointer will
extend from location 10 in PSL2 (which corresponds to
PSL1 location 10 at which Eyis stored) to location 2 in
PSL2 at which A is stored, thereby effectively identi-
fying E, with A,

At step 359, FIG. 14B, subroutine L again is called to
establish a pointer from the PSL2 location next suc-
ceeding the one that was associated with the aforesaid

10

H entry to the PSL2 location whose address is “Desti-

nation NR +1”. As applied to the present example, this
means that the L subroutine will endeavor to establish a
pointer from the PSL2 location numbered 11, FIG. 7, to
the PSL2 location numbered 3, thereby effectively
identifying the vertical coordinate E of point E (FIG.
2) with the vertical coordinate A ;-of point A. However,
the Ey entry at PSL2 location No. 11 already has a
pomter to PSL2 location No. 9 where the Dy entry is
stored, due to the process of rectifying line DE which
occurred earlier in the execution of the program
CONL. (See FIG. 10) With the word structure that is
being used in the presently disclosed system, a PSL
location cannot point to more than one other PSL loca-
tion; hence there cannot be two pointers going from the
Eyentry to the Dyand Ay entries, respectively. How-
ever, inasmuch as Ey points to Dy, and the Dy entry at
this time does not yet contain a pointer to some other
entry, it is possible to place in the Dyentry a pointer to
the Ay entry, thereby effectively providing a pointer
from Eyto Aj, as indicated in FIG. 10.

Completion of the joining process at step 359 is fol-
lowed by the execution of steps 344 and 348, FIG. 14B.
Inasmuch as both the H and V entries have been linked
by pointers to other entries, there is now an exit from
CONL and a return to PROP1. If the point just pro-
cessed was the last point in the current PSL block,
CONL will not be called again until a new line block or
circle block is processed for rectification.

L

The L subroutine is called by CONL whenever a new
pointer is to be established among PSL2 entries during
the rectification process. A flowchart of the L subrou-
tine is shown in FIG. 15, and a FORTRAN program
code listing for this program is presented in FIG. 28.

The first step in the L procedure, represented by the
flowchart box 360 in FIG. 15, is to determine whether
or not the PSL2 location presently designated as the
“start” location for the new pointer already contains an

existing pointer established during some previous run of

the L program. For example, referring to FIGS. 2 and
10, a pointer will be assumed to extend from the PSL2
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location containing the Eyentry (vertical coordinate of 55

E) to the PSL2 location containing the Dyentry (verti-
cal coordinate of D), such pointer having been estab-
lished previously in the portion of the CONL program
represented by the flowchart boxes 353 and 354, FIG.
14A. Then, in the portion of the CONL program repre-
sented by the flowchart box 359 (which is part of the
Joining procedure), an attempt is made to establish a
new pointer from the Eentry to the A yentry, but since
the Ey entry already contains a pointer to D,, the
pointer to A, must start from some location that is
linked to the Ey entry rather than from the location
storing the Eyentry itself. This detection is made by the
L routine.
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Thus, referring again to box 360, FIG. 15, if the start
location already has a pointer, then a branch is taken to
box 362 for following the existing pointer (or successive
pointers, if necessary) to a PSL2 location that stores a
coordinate value (the Dyentry in the case). When such
a Jocation is found by this process, it is designated “S”.
If the start location contains no pointer, then (as indi-
cated by box 364) this location immediately is desig-
nated S without further action.

Next, at step 366, it is determined whether the PSL.2
location selected as the destination for the current
pointer already contains a pointer to a different PSL.2
location. If not, the selected location is designated “D”,
as indicated at box 368, FIG. 15. Otherwise, as indicated
at box 370, a procedure is invoked for following the

“pointer from the selected location to a location where a

coordinate value is stored, and when found, such loca-
tion is designated D.

Then, at step 372, FIG. 15, a test is made to see
whether the designations S and D have been applied
effectively to the same PSL location. In practice this
would occur only rarely, if at all, but the test is made
nevertheless for a reason which will become apparent
presently. If no such identity between the S and D
locations is found (the usual case), then at step 374 the L
program inserts at location S a pointer to location D,
overwriting any coordinate that might have been en-
tered previously into location S. Following this action,
control is returned to the CONL subroutine. In the case
where S and D are found to exist at the same location,
however, it is not desirable that the coordinate at this
location be overwritten, and a pointer moreover would
be unnecessary in this instance; accordingly the step 374
18 bypassed under these circumstances as indicated in
FIG. 15.

SRCH1

SRCHL is a search routine which is employed when
it is desired to find a previous entry containing coordi-
nate values approximately the same as the coordinate
values in the entry currently being considered. A pro-
gram code listing for SRCHI, written in 1800 Assembler
language, is shown in FIGS. 19A to 19D. When SRCHI
finds a referenced point at input time, the coordinates of
the new point are made the same as those of the refer-
enced point in order to facilitate the same search at
proportioning time.

SRCH]1 is callable by CONL as part of the joining
procedure described hereinabove. See flowchart box
356, FIG. 14A. 1t also may be called by PROP1 in the
process of establishing identity between DOC referen-
ces in a dimension block and DOC entries in a line or
circle block (flow-chart boxes 313 and 315, FIG. 13B).

F

The F subroutine (FIGS. 17, 20A & B) is employed to
“activate” horizontal and vertical dimensions. The
functions of the subroutine F were partially explained
hereinabove in connection with the description of the
proportioning procedure represented by the flowchart
of FIG. 13C. Each time F is called, it will activate all of
those dimensions in a specified horizontal or vertical
dimension index register which refer to a given “fixed”
coordinate, i.e., a coordinate designating a fixed axial
reference position from which (or to which) one or
more dimensions along that axis may be measured. Acti-
vating a dimension causes its address or location in the
respective dimension index register to be changed from
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an inactive part of the register to an active part of the
register, where it later will become effective in due
course to fix another coordinate.

The function of the F subroutine will be explained
first in connection with the process of activating those
dimensions which refer to the fixed coordinates of the
origin. It will be understood that a similar process is
executed by the F subroutine to activate the dimensions
which refer to each of the other coordinates which
become fixed during the proportioning operations. As-
sume now that the horixontal coordinate of the origin A
(FIG. 2) has just been fixed as indicated in flowchart
box 320, FIG. 13C, of the PROP1 program. Now (in
box 322) the subroutine F has been called to activate
any and all horizontal dimensions which refer to the
origin. In the present example (FIG. 2) there is only one
horizontal dimension, designated by the reference num-
ber 15, which extends between points B and C, and
since the PSL2 entry for the horizontal coordinate By
points to the PSL2 entry for the horizontal coordinate
A (FIG. 10), the horizontal dimension 18 refers to Ay,
the horizontal coordinate of the origin. Hence, this
dimension now should be activated by F.

Referring to the F flowchart, FIG. 17, this subroutine
is initiated by testing the first entry in the horizontal or
vertical dimension index (as the case may be) to deter-
mine whether it is inactive (boxes 380 and 381). If the
entry is located above the indicator which separates the
inactive dimensional index entries from the active (FIG.
12), the operation then progresses along the “No”
branch from box 381 to box 382, where the PSL dimen-
sion block that is being addressed by the current index
entry (FIG. 7) is tested to ascertain whether it contains
a DOC reference to the coordinate which has just been
fixed.

In terms of the example presently being considerered,
the first (and only) entry in the horizontal dimension
index relates to the dimension 18, FIG. 2, and it ad-
dresses the axial dimension block shown in FIG. 7,
which commences at PSL location 12. The coordinate
which has just been fixed is the horizontal coordinate
A ;of the origin A (at PSL location 2), and as explained
above, there is a pointer to Ay from PSL location 4
storing the By entry in the new pointing sequence list
PSL2. The dimension block contains a DOC reference
entry for By (PSL location 13) to denote one end of the
horizontal dimension currently being considered, which
extends horizontally between points B and C, FIG. 2.
Hence, referring again to flowchart box 382 in FIG. 17,
the response to this inquiry is ““Yes”, meaning that there
has been found a DOC reference to the fixed coordi-
nate. In this case the DOC reference entry is at PSL2
location 13, which is pointed to location 4, which in
turn points to location 2 where the A ycoordinate value
is stored.

When a DOC reference to the fixed coordinate is
found, then (at step 383, FIG. 17) the No. 3 bit in this
word is set to *“1”, thereby indicating that this end of the
dimension is now fixed. It will be recalled that in de-
scribing the data word structure for a DOC entry in a
line block (FIG. 9), mention was made hereinabove that
the No. 3 bit position in a DOC entry word in the new
PSL serves as an indicator of whether the coordinate
value contained in this word is fixed or not. By analogy,
the No. 3 bit position in a DOC reference word in the
dimension block (which has a structure similar in many
respects to that of a DOC entry word) likewise may
serve to indicate whether the respective end of the
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dimension goes to a fixed coordinate. A distinction must
be observed here. A DOC reference word in a dimen-
sion block of the new PSL does not itself contain a
coordinate value but only a pointer to the DOC entry
word in the line block which contains the coordinate
value. Therefore, the “fixing” of a DOC reference word
does not involve fixing a coordinate (which already has
occurred in a previous step). Fixing DOC reference
words by setting their No. 3 bits to 1 readily identifies
these entries as being ones which point to fixed coordi-
nates, and this will expedite the task of proportioning, as
will be explained presently in describing the FIXPR
subroutine.

Referring again to FIG. 17, after the DOC reference
word in PSL2 has been fixed, there now takes place a
relocation of entries in the dimension index register as
indicated in flowchart box 384. Thus, the current di-
mension index word is interchanged with the last inac-
tive word in the list, and the indicator which separates
the inactive entries from the active entries in the dimen-
sion index (FIG. 12) is moved up one word. This places
the most recently activated dimension in the first posi-
tion in the active list (i.e., at the top of the active hst as
viewed in FIG. 12). In the present example, where only
one horizontal dimension is involved, the index entry
for this dimension is not actually moved, and the indica-
tor is merely moved ahead of it to show that the entire
list is now active.

If there are a number of inactive index entries, the
operation now returns to step 381, FIG. 17, and thence
to step 382, where the inactive entry which just recently
was moved into the currently addressed position is
tested to see whether its PSL dimension block contains
a DOC reference to the coordinate that most recently
was fixed. If it does, the operation then progresses
through steps 383 and 384 as described above to acti-
vate the dimension under consideration and to indicate
which of its ends is pointed to the fixed coordinate. If
the currently addressed PSL dimension block contains
no reference to the recently fixed coordinate, then at
step 385 the index address is moved to the next location
in the dimension index register. If the next entry is an
inactive one, it is tested to see whether its dimension
refers at either end thereof to the fixed coordinate cur-
rently under consideration, and the operation thereafter
progresses as described hereinabove in connection with
FIG. 17.

The purpose of the foregoing procedure is to identify
all dimensions which refer to the fixed coordinate in
question, which in the present instance is the horizontal
coordinate of the origin but which subsequently will be
other coordinates as they become fixed during the pro-
portioning process, with F being repeatedly called as
required to activate the dimensions referring to those
coordinates.

After all of the remaining inactive dimension index
entries have been examined to determine whether or not
they should be activated with reference to the most
recently fixed coordinate, the test at step 381, FIG. 17,
now indicates that the scanning of the inactive list for
that particular purpose is complete, and the program
then exits from the F subroutine and returns to which-
ever program had called it, whether it be PROP1 as
described above or FIXPR, which now will be de-
scribed.
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FIXPR

The subroutine FIXPR is employed as part of the
proportioning process (boxes 328 and 330, FIG. 13C) to
fix the remaining horizontal and vertical coordinates of
a line string relative to the fixed origin coordinates in
accordance with the specified dimensions. If the object
to be proportioned is other than a line string (i.e., a
circle in the present embodiment), the calling of FIXPR
will be without effect, and the PROP1 program then
will call FIXCR (box 332, FIG. 13C), which performs
a proportioning function with respect to a specified
diameter analogous to the action of FIXPR in fixing the
vertical coordinates of a line string according to the
specified vertical dimensions.

A flowchart of the FIXPR subroutine is presented in
FIGS. 16A and 16B. A FORTRAN code listing for this
program is shown in FIGS. 21, 21B and 21C. As ex-
plained above, “FIXPR"” is an abbreviation of “Fix
Projected Coordinates”.

The rectification process previously performed by
the CONL subroutine created a new pointing sequence
list PSL2 wherein those PSL entries which relate or
refer to the same axial position are logically intercon-
nected by pointers. Thus, for example, referring to FIG.
7 1n connection with FIGS. 2 and 10, the DOC entries
at PSL locations 2, 4 and 10 in the illustrated line block,
and the DOC reference word at PSL location 13 in the
illustrated axial dimension block, are all interrelated by
pointers in PSL2, because all of those entries designate
a single position on the horizontal axis which is the
common projection thereon of the points A, B and E,
now vertically alined. Only one of these entries, how-
ever, namely the one at location 2, actually contains a
coordinate value (in this case, the value of the horizon-
tal coordinate A of the origin A). Hence, this is the
only one of the interrelated entries that defines the posi-
tion on the horizontal axis to which the vertically alined
points may be projected. The term “projected coordi-
nate” therefore refers only to a PSL2 DOC entry which
contains an actual coordinate value, not to an entry
containing a pointer, even though the latter refers to the
former. A projected coordinate involved in an axial
relationship is common to a plurality of PSL2 entries;
however, a projected coordinate also may be unique
(e.g., where there is a junction between two nonaxial
lines).

The function of FIXPR, as its name implies, is to fix
the projected coordinates in accordance with the di-
mensions. This operation necessarily fixes the coordi-
nates of all points alined with the point whose coordi-
nate is being fixed. Fixing a coordinate involves over-
writing the previous value of the projected coordinate
in the respective PSL entry, because the rectified ver-
sion of the original rough sketch generally does not
position the points of the line string in a manner consis-
tent with the stated dimensions, and the coordinates of
these points therefore must be corrected according to
the dimensions wherever necessary. When a projected
coordinate has become fixed, this is signified by setting
the “fix” bit in the No. 3 position of the DOC entry
word to “1” (FIG. 9).

Referring now in detail to the FIXPR flowchart
shown in FIGS. 16A and 16B, the process of fixing the
projected coordinates commences at step 390 with an
iInquiry as to whether or not there are any active entries
in the horizontal or vertical dimension index. The term
“H(V)” will be used in this flowchart to designate either

S

10

15

20

25

30

35

45

55

65

34

horizontal or vertical, whichever applies. As previously
indicated in the proportioning flowchart, FIG. 13C,
relative to boxes 328 and 330, FIXPR is called twice.
The first time it is called to fix those horizontal coordi-
nates which remain unfixed after the horizontal coordi-
nate of the origin has been fixed. The second time it is
called to fix those vertical coordinates which remain
unfixed after the vertical coordinate of the origin has
been fixed. Hence “H(V)” is to be interpreted as mean-
ing either horizontal or vertical, as the case may be, but
not both.

In the normal case there will be at least one active
entry in the H or V dimension index at the time when
FIXPR is called, and it will be assumed that this is the
case here. (Subsequently herein consideration will be

~given to the abnormal situation in which the active

dimension list has been exhausted while there still re-
mains a coordinate to be fixed.) Hence, in the present
instance the operation proceeds to step 391, FIG. 16A,
where the lowermost entry in the active part of the
dimension index is read. This index entry points to a
particular dimension block in PSL, FIG. 7.

Within the currently addressed PSL dimension block
there will be two DOC reference words which define
the two end positions of the currently indexed dimen-
sion. Thus, as an example, in the PSL shown in FIG. 7
the DOC reference words at PSL locations 13 and 15
define or point to the axial positions By and Cybetween
which the horizontal dimension 185, FIG. 2, is supposed
toc extend.

Previously, when the horizontal coordinate A j,of the
origin A was fixed and the subroutine F was called to
activate the horizontal dimensions referring to the ori-
gin A (boxes 320 and 322, FIG. 13C), it was ascertained
that the DOC reference word at PSL location 13, FIG.
7, pointed to the DOC entry at location 4, which had
been assigned to the By coordinate, and that this in turn
pointed to the DOC entry at location 2 which stores
the Ay coordinate value. This led to the fixing of the
DOC reference word at location 13 (box 383, FIG. 17).
Hence, the current status of the dimension block repre-
sented in FIG. 7 is such that the DOC reference word
at location 13 (i.e., the By reference) is fixed, but the
DOC reference word at location 15 (i.e., the Cx refer-
ence) is not yet fixed. This will be the usual situation:
the active dimension will refer to a pair of DOC
references, of which only one is fixed at this time.

There now is performed a sequence of steps for the
purpose of fixing one or more previously unfixed coor-
dinates, using the dimensions in the active portion of the
H(V) dimension index. Thus, at step 392, FIG. 16A, the
axial dimension block in PSL2 which is addressed by
the H(V) dimension index entry that was just read is
now checked to determine whether the first of the cor-
responding DOC reference points is fixed. The terms
“first” and “second” as used in this context will have
different meanings for H and V dimensions. In the pre-
sent example, the dimension under consideration ex-
tends horizontally between document points B and C:;
hence the “first” and “second” DOC reference points
are the words stored at PSL locations 13 and 15, respec-
tively, FIG. 7, which point to the DOC entries for B H
and Cgin PSL locations 4 and 6, as explained above. If
document points B and C had been vertically rather
than horizontally alined, and the dimension from B to C
had been vertically directed, then the “first” DOC ref-
erence point would have been the word stored at PSL
location 14, and the “second” DOC reference point
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would have been the word stored at PSL location 15,
since these words point respectively to the Byand Cy
DOC entries.

If the H(V) coordinate of the first DOC reference
point is found to be fixed, this means that the projected
coordinate to which this word points may serve as a
base position for calculating the proper position of the
unfixed coordinate at the second end of the dimension.
That is to say, if the first point (e.g., B) can be consid-
ered fixed in its position along the axis in question, then
the proper position of the second point {e.g., C) along
that axis is determinable by performing an algebraic
addition of the first coordinate value and the dimension
(expressed in tablet units of, say, hundredths of an inch).
On the other hand, if the first DOC reference point 1s
not fixed, then it must be the second DOC reference
point which is fixed, since an active dimension has at
least one fixed end; and the value of the coordinate at
the second end of the dimension then is to be used as a
base for calculating the true value of the first end coor-
dinate. The procedure has the same objective in either
case, namely, to fix the hitherto unfixed end coordinate
of the dimension in question.

If by chance it should be found that the DOC referen-
ces at both ends of the same dimension are fixed at this
time, this is an abnormal condition because it means that
the position of a given document point has not been
uniquely specified. In the embodiment herein contem-
plated, this is deemed undesirable. Accordingly, if the
tests performed at steps 392 and 393, FIG. 16A, show
that both of the DOC references in question already
have been fixed, then an “overdimension” indication is
generated at step 394. This need not cause the propor-
tioning process to be aborted, however. In the present
system, when an overdimensioned condition is de-
tected, the dimension currently under consideration is
disregarded as superfluous (with a warning to the oper-
ator, however, so that he may check the redundant
dimensions for inconsistency or to make a choice
among them). Having found that one of the currently
addressed DOC references is fixed and the other is not,
the program now advances to step 395, FIG. 16A, for
finding the projected coordinate to which the fixed
DOC reference points. In the present example, where
the DOC reference word at PSL2 location 13 1s the one
that is fixed, the projected coordinate will be A 4stored
at location 2, to which location 13 ultimately points (via
location 4). This will be a fixed end coordinate of the
dimension. The value of the coordinate A zsubsequently
will serve as the base for determining the true value of
the other end coordinate Cg, which is unfixed as yet.

Next, at step 396, FIG. 16A, the current dimension
value is converted into ‘“tablet units”, i.e., grid mesh
positions, in order to be compatible with the coordinate
values which already are expressed in such units. If the
dimensions are expressed in inches, and the grid mesh of
the input tablet 10, FIG. 1, is one hundred lines to the
inch along each axis, then the multiplication factor is
100. After this conversion is performed, the current
dimension value (found in the currently addressed di-
mension block) is added to or subtracted from the fixed
coordinate value, depending upon whether in the initial
pointing sequence list PSL1 the coordinate at the fixed
end of the dimension was or was not less than the coor-
dinate at the unfixed end of the dimension (step 397). In
the new pointing sequence list PSL2, the coordinate
value thus calculated is now substituted for the existing
value of the projected coordinate at the unfixed end of
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the dimension, that is, the coordinate value in the DOC
entry to which the unfixed DOC reference word points
(step 398, FIG. 16B).

In the present example, where the unfixed DOC ref-
erence is the word at PSL location 15, FIG. 7, the pro-
jected coordinate whose value is overwritten at this
time is Cyin the DOC entry at location 6. Overwriting
a projected coordinate effectively changes all other
coordinates whose DOC entries have pointers to the
entry that has been overwritten. In the present case this
would include only one other entry, Dy, at location 8
(FIGS. 7 and 10), which points to C.

As a final phase in this step of the operation (box 398,
FIG. 16B), the “fix” bit in the No. 3 position of the
DOC entry containing the overwritten coordinate is
now set to ““1”’. This completes the fixing of the coordi-
nate in question at a value commensurate with the di-
mension that is currently being considered. This newly
fixed coordinate now may serve as a basis for fixing
other coordinates whose respective dimensions refer to
it. As shown at step 399, the subroutine F now is called
to activate those dimensions which refer to the newly
fixed coordinate. Then, as the final step 400 in this se-
quence, the dimension which was used in the fixing
process is now deleted from the index.

The operation now returns to the beginning of the
FIXPR. sequence (step 390, FIG. 16A) where the re-
spective H or V dimension index is examined to see
whether there are any dimensions left in the active hst.
If there is at least one active dimension, the above-
described sequence of steps 391-400 is repeated.

If there are no more active H or V dimensions,
FIXPR may terminate and return control to the PROP
1 program. As an alternative, if there are no circular
dimensions to be processed, an underdimension test may
be performed as indicated at step 401 to ascertain
whether the H or V axial dimension list was exhausted
before all of the H or V coordinates were fixed. If such
is the case, an “underdimension”’ indication will be gen-
erated at step 402, after which control is returned to
PROP 1. If circular dimensions are to be processed, the
underdimension test should not be made at this, point
but should be deferred to the end of the PROP 1 pro-
gram (FI1G. 130C).

With a properly dimensioned line string, the FIXPR
routines (horizontal and vertical) will cause the coordi-
nates of all points in a line string to be fixed at values
which are consistent with the proportions specified by
the dimensions. This completes the processing of the
line string data insofar as rectification and proportion-
ing are concerned. It should be noted that throughout
these operations the identities of the respective entries
in the pointing sequence list are preserved. That 1s to
say, no entry is deleted from the pointing sequence list
during rectification and proportioning. In those in-
stances where two or more PSL entries contain coordi-
nate values which become identical during rectification,
such entries nevertheless retain their separate identities
in the list, although they are linked to each other by
pointers. This feature greatly facilitates the processing
of the line string data, because it enables a line posi-
tioned parallel with one axis to be translated without
change of orientation along the other axis (in order to
achieve proportioning or for any other purpose) merely
by changing a coordinate of one point on that line.

Another advantage of this proportioning procedure is
the fact that the precision of each fixed coordinate value
is dependent only upon the precision with which the
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dimension controlling that value is specified. It does not
depend upon the precision with which the operator
positions the stylus when identifying the tentative coor-
dinates between which the dimension extends.

FIXCR

The subroutine FIXCR performs a proportioning
function with respect to circular objects similar to that
which is performed by FIXPR upon objects formed of
line strings. Since all circular objects have the same
shape, however, the proportioning of a circle merely
involves fixing the coordinates of its center point C and
surface point S, FIG. 27, in accordance with the speci-
fied diameter of the circle, which is treated herein as a
vertical coordinate. A FORTRAN code listing for the
FIXCR subroutine is presented in FIGS. 22A and 22B.

FXLDR

The subroutine FXLDR fixes the position of the
leader that runs from the circle dimension to the surface
of the circle, FIG. 27. This operation is performed after
the position of the circle has been fixed by FIXCR. A
FORTRAN code listing of the FXLDR subroutine is
presented in FIGS. 24A and 24B.

CHPTR

The CHPTR (“Chase Pointer’) subroutine is callable
by the FIXCR and FXLDR subroutines as shown in
FIG. 11. A program code listing for CHPTR, written in
1800 Assembler language, is presented in FIGS. 23A
and 23B. The purpose of this subroutine is to find the
entry containing the coordinate value to which the
current entry is pointed in those situations where a
pointer exists already in the entry that is currently to be
processed. Alternative methods of performing the chase
pomnter function where needed are built into the L and
FIXPR subroutines described hereinabove.

What is claimed is:

1. In a digital data processing system which utilizes a
graphic data entry means to form a first pointing se-
quence list having entries that tentatively specify the
respective coordinates of a selected sequence of points
defining a first representation of an object, said first
object representation being permitted to include at least
some points that should be axially alined with each
other but which actually are displaced by groosly dis-
similar amounts from the related coordinate axis in each
instahce,

a method of continuously processing the entires in
said first list to produce a second list having entries
that specify the respective coordinates of a corre-
sponding sequence of points in a revised represen-
tation of said object which satisfies axial alinement
requirements, said method comprising the follow-
Ing steps:

a. identifying from the data contained in the entries of
said first list any set of adjacently ordered points in
the first-named sequence whose counterparts in the
revised object representation are to be positioned
on a common line paralleling either of the coordi-
nate axes regardless of any gross deviation from
said parallel relationship that may exist in said first
object representation;

b. in response to identification of any such set of
points, forming a related set of entries in said sec-
ond list wherein each of the entries but one in said
related set has a pointer portion indicating that the
coordinate specified by said one entry is to be a
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projected coordinate common to all members of
that set;

C. repeating steps a and b automaticaly as needed until
sets of entries have teen formed in said second list
for all sets of axially lined points that are to be
included in the revised object representation; and

d. operating a graphic output manifesting means
under control of the entries in said second list for
producing a visible representation of said object
which effectively corrects errors previously made
in the placement of points relative to the coordi-
nate axes in said first object representation, includ-
ing errors of gross magnitudes.

2. A method as set forth in claim 1 including a step

whereby any entry in said first list which specifies a

~coordinate of a point whose counterpart in said corre-

sponding sequence is not to be alined with an adjacently
ordered point in the direction of a given coordinate axis
will produce a unique entry in said second list that is not
axially related to other entries therein and which speci-
fies a coordinate identical with that of the correspond-
Ing entry in said first list.
J. In a digital data processing system which utilizes a
graphic data entry means to form a first pointing se-
quence list having entries that tentatively specify the
respective coordinates of a selected first sequence of
points with respect to given coordinate axes for defin-
ing a first representation of an object, said first object
representation being permitted to include at least some
points that should be axially alined with each other but
which actually are displaced by grossly dissimilar
amounts from the related coordinate axis in each in-
stance,
a method of continuously processing the entries in
said first list to produce a second list having entries
that specify the respective coordinates of a corre-
sponding second sequence of points in a revised
representation of said object, which satisfies axial
alinement requirements, said method comprising
the following steps:
a. for any of the points in said first sequence, deter-
mining whether there is an intended axial alinement
of the corresponding point in said second sequence
with a preceding point in said second sequence,
such determination being based upon:
al. the absence of any indication among the entries
of said first list which would preclude such an
axially alined relationship between the two
points under consideration in said second se-
quence; and

a2. a comparative relationship of the difference
between the coordinates of the two points under
consideration in said first sequence with refer-
ence to one of the coordinate axes to the differ-
ence between the coordinates of the two points
under consideration in said first sequence with
reference to the other coordinate axis which
denotes the direction of the intended axial aline-
ment, if any, between the two points under con-
sideration in said second sequence:

b. for any point in said first sequence whose counter-
part in said second sequence has been determined
in step a to have an axially alined relationship with
a preceding point in said second sequence in the
direction of one coordinate axis, regardless of the
extent to which the respective point in said first
sequence may be displaced from such relationship,

-forming in said second list an entry which contains
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a pointer portion indicating that the coordinate of
said counterpart with reference to the other coor-
dinate axis is the same as the coordinate of said
preceding point with reference to said other axis;

. for any point in said first sequence whose counter-
part in said second sequence is determined in step a
to have no axially alined relationship with a pre-
ceding point in that sequence along either or both
of the coordinate axes, forming in said second list
an appropriate entry or entries to indicate that said
counterpart has the same coordinate or coordinates
as the corresponding point in said first sequence, as
the case may be;

d. repeating any or all of steps a, b and c automati-
cally as needed to form the second list entries for
all of the points in said second sequence, thereby to
define said revised object representation; and

e. operating a graphic output manifesting means
under control of the entries in said second list for
producing a visible representation of said object
which effectively corrects errors previously made
in the placement of points relative to the coordi-
nate axes in said first object representation, includ-
ing errors of gross magnitudes.

4. A method as set forth in claim 3 wherein step b
thereof includes a conditional function that is rendered
operative when it is determined that a particular point
which already has an entry in said second list containing
a pointer portion to indicate axial alinement between
said particular point and a preceding point is now to be
alined along the same axis with yet another preceding
point, whereby the respective second list entry for said
preceding point is given a pointer portion indicating
axial alinement between said preceding point and said
other preceding point, thereby indirectly indicating
axial alinement between said particular point and said
other preceding point.

5. A method as set forth in claim 3 wherein step b
includes a conditional function that is rendered opera-
tive when it is determined that a particular point is to
have axial alinement with a preceding point whose
respective entry in said second list already has a pointer
portion indicating axial alinement thereof with yet an-
other preceding point, whereby the second list entry for
said particular point is given a pointer portion indicat-
ing axial alinement between said particular point and
said other preceding point, thereby indirectly indicating
axial alinement between said particular point and said
preceding point.

6. In a digital data processing system which utilizes a
graphic data entry means to form a first pointing sc-
quence list having entries that define tentative coordi-
nates for a selected sequence of points in 2 first repre-
sentation of an object, including a point or set of coordi-
nates which is to serve as an origin, and other entries
specifying dimensions to determine the relative posi-
tions of a corresponding sequence of points in a revised
representation of said object, said first object represen-
tation being permitted to include at least some points
that are displaced from each other by amounts that
differ grossly from the relative displacements that such
points should have in order to be consistent with the
specified object dimensions,

a method of continuously processing the entires in
said first list to produce a revised list having entries
which denote the respective coordinates of points
in said corresponding sequence whose values are
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consistent with said dimensions, said method com-

prising the following steps:

a. for each entry in said first list which defines a tenta-
tive coordinate of a point in said selected sequence
whose counterpart in said corresponding sequence
is to be related by one of said dimensions to a coor-
dinate of said origin, forming an entry in said re-
vised list that defines a fixed coordinate for said
counterpart having a value obtained by algebra-
ically adding the respective dimension value to the
respective origin coordinate;

b. for any entry in said first list which defines a tenta-

tive coordinate of a point in said selected sequence

whose counterpart in said corresponding sequence
is to be related by one of said dimensions to a previ-
ously fixed coordinate of a point other than said
origin, forming an entry in said revised list that
defines a fixed coordinate for said counterpart hav-
ing a value obtained by algebraically adding the
respective dimension value to said previously fixed
coordinate value;

repeating step b automatically as needed until
entries have been formed in said revised list for all
points in said corresponding sequence whose coor-
dinates can be determined at least in part from the
dimensions specified in said first list; and

d. operating a graphic output manifesting means
under control of the entries in said revised list for
producing a visible representation of said object
which effectively corrects errors previously made
in the placement of points relative to each other in
said first object representation, including errors of
gross magnitude.

7. In a digital data processing system which utilizes a
graphic data entry means to form a first pointing se-
quence list having entries that define tentative coordi-
nates for a selected sequence of points in a first repre-
sentation of an object, including a point or set of coordi-
nates which is to serve as an origin, and other entries
specifying dimensions to determine the relative posi-
tions of a corresponding sequence of points in a revised
representation of said object, at least some of said first
list entries being arranged in sets wherein each set in-
cludes an entry specifying the value of a dimension and
entries denoting the coordinates of points in said se-
lected sequence to which such dimension is referenced,
said first object representation being permitted to in-
clude at least some points that are displaced from each
other by amounts that differ grossly from the relative
displacements that such points should have in order to
be consistent with the specified object dimensions,

a method of continuously processing the entries in
said first list to produce a revised list having entries
which denote the respective coordinates of points
in said corresponding sequence whose values are
consistent with said dimensions, said method com-
prising the following steps:

a. for each set of entries in said first list which defines
one of said dimensions and the tentative coordi-
nates of a pair of points including said origin to
which such dimension is referenced, forming a set
of entries in said revised list to denote that the point
other than said origin to which said one dimension
is referenced has a counterpart in said correspond-
ing sequence whose respective coordinate is fixed
at a value equal to the algebraic sum of said one
dimension and the respective origin coordinate;
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b. for each particular set of entries in said first list
which defines a particular dimension and the tenta-
tive coordinates of a pair of points not including
said origin to which said particular dimension is
referenced, determining whether said revised list
contains an entry corresponding to any of the
entries in said particular set denoting that either of
the points referenced by said particular dimension
has an appropriate coordinate with a previously
fixed value;

. In response to the detection in step b of a previously
fixed coordinate value for one of the points refer-
enced by said particular dimension, forming a set of
entries in said revised list to denote that the other
- point referenced by said particular dimension has a

counterpart in said corresponding sequence whose
respective coordinate is fixed at a value equal to the
algebraic sum of said particular dimension and said
previously fixed coordinate value;

d. repeating steps b and ¢ automatically as needed until
entries have been formed in said revised list for all
points in said corresponding sequence whose coor-
dinates can be determined at least in part from the
dimensions specified in said first list: and

¢. operating a graphic output manifesting means
under control of the entries in said revised list for
producing a visible representation of said object
which effectively corrects errors previously made
in the placement of points relative to each other in
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8. In a digital data processing system which utilizes a
graphic data entry means to form a first pointing se-
quence list having entries that define tentative coordi-
nates for a selected sequence of points in a first repre-
sentation of an object, including a point or set of coordi-
nates which is to serve as an origin, and other entries
specifying dimensions to determine the relative pOsi-
tions of a corresponding sequence of points in a revised
representation of said object, at least some of said first
list entries being arranged in sets wherein each set in-
cludes an entry specifying the value of a dimension and
entries denoting the coordinates of points in said se-
lected sequence to which such dimension is referenced,
said first object representation being permitted to in-
clude at least some points that are displaced from each
other by amounts that differ grossly from the relative
displacements that such points should have in order to
be consistent with the specified object dimensions,

a method of continuously processing the entries in
said first list to produce a revised list having entries
which denote the respective coordinates of points
in said corresponding sequence whose values are
consistent with said dimensions, said method com-
prising the following steps:

a. for each entry in said first list which defines a coor-
dinate of said origin, forming an entry in said re-
vised list to denote that the value of such coordi-
nate is fixed;

b. for any particular set of entries in said first list
which defines a particular dimension and the tenta-
tive coordinates of a pair of points to which said
particular dimension is referenced, determining
whether said revised list contains an entry corre-
sponding to any of the entires in said particular set
denoting that either of the points referenced by said
particular dimension has a corresponding coordi-
nate whose values has just been fixed:
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C. in response to the detection in step b of a particular
dimension which is referenced to the coordinate
whose value has just been fixed, forming an entry
in a dimensional index to denote that said particular
dimension is in an active status;
d. repeating steps b and c automatically if and as
needed for the remaining sets of entries in said first
list to form an active index entry for each dimen-
sion that is referenced to said coordinate whose
value has just been fixed;
e. for any of the dimensions having an entry in said
index showing it to be in an active status:
c¢l. determining which of the points referenced by
such dimension has an entry in said revised list
denoting that its respective coordinate is of fixed
value;

e2. forming in said revised list an entry to denote
that the other point referenced by such dimen-
sion has a counterpart in said corresponding
sequence whose respective coordinate now is
fixed at a value equal to the algebraic sum of
such dimension and the fixed value specified in
el; and

€. deleting from the dimension index the entry
pertaining to such dimension;

f. repeating steps b through e3 automatically if and as
needed for each of the remaining dimensions hav-
ing an entry in said index showing it to be in an
active status, treating each such dimension as the
particular dimension specified in step b, until all
such index entries are exhausted; and

g- operating a graphic output manifesting means
under control of the entries in said revised list for
producing a visible representation of said object
which effectively corrects errors previously made
in the placement of points relative to each other in
said first object representation, including errors of
gross magnitude.

9. A method as set forth in claim 8 wherein step b
includes a conditional function which is rendered oper-
ative when it is determined that the coordinates of both
points referenced by said particular dimension already
are fixed to furnish an indication that the object is over-
dimensioned.

10. A method as set forth in claim 9 wherein said
conditional function also causes steps ¢ and d of said
method to be bypassed for thereby inhibiting the use of
that particular dimension.

11. A method as set forth in claim 8 wherein step f
includes a conditional function which is rendered oper-
ative when it is determined that the active dimensional
index entries have been exhausted before all of the coor-
dinates of said sequence of points have been fixed to
furnish an indication that the object is underdimen-
sioned.

12. In a digital data processing system which utilizes
a graphic data entry means to form an initial pointing
sequence list whose entries tentatively specify the re-
spective coordinates of a selected sequence of points in
an initial object representation along with the dimen-
sions and other necessary geometric relationships that
are to be associated with a corresponding sequence of
points in a revised object representation, said initial
object representation being permitted to include at least
some points that are displaced from each other and from
the coordinate axes by amounts that deviate grossly
from the intended axial alinements and relative displace-
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ments that such points should have in order to represent

the object accurately,

a method of continuously processing the entries In
said initial list to produce a revised list having
entries which denote the coordinates of said corre-
sponding sequence of points, said method compris-
ing the following steps:

a. identifying from the data contained in said 1nitial
list entries any set of adjacently ordered points in
the first-named sequence whose counterparts in the
revised object representation are to be positioned
on a common line paralleling either of the coordi-
nate axes regardless of any gross deviation from
such parallel relationship that may exist in said
initial object representation;

b. in response to identification of any such set of
points, forming a corresponding set of entries relat-
ing thereto in said revised list wherein each of the
entries but one in said corresponding set has a
pointer portion indicating that the coordinate spec-
ified by said one entry is to be a projected coordi-
nate common to all members of that set;

. in those entries of the revised list which specify the
coordinates of a point chosen to be the origin of the
revised object representation, establishing suitable
indicia to denote that each of these coordinates is
fixed at its current or some arbitrary value, thereby
also denoting that the corresponding coordinate of
any other point which was found in step b to have
axial alinement with said origin likewise is fixed at
said value;

d. in each set of revised list entries other than those
which refer to said origin, causing the projected
coordinate of that particular set to be fixed at an
ultimate value obtained by algebraically adding to
a previously fixed coordinate value the dimensional
value specified by another entry that defines the
desired axial distance from said previously fixed
coordinate value to the axially extending line on
which the points identified with said particular set
of entries are to be located in the revised object
representation; and -

e. operating a graphic output device under control o
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ble representation of said object which effectively
corrects errors made in the placement of the points
in said initial object representation, including er-
rors of gross magnitude.

13. In a digital data processing system which utilizes

a graphic data entry means to form an initial pointing
sequence list whose entries tentatively specify the re-
spective coordinates of a selected sequence of points in
an initial object representation along with the dimen-
sions and other necessary geometric relationships that
are to be associated with a corresponding sequence of
points in a revised object representation, said initial
object representation being permitted to include at least
some points that are displaced from each other and from
the coordinate axes by amounts that deviate grossly
from the intended axial alinements and relative displace-
ments that such points should have in order to represent
the object accurately,

a method of continuously processing the entries in
said initial list to produce a revised list having
entries which denote the coordinates of said corre-
sponding sequence of points, said method compris-
ing the following steps:
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a. identifying from the data contained in said initial
list entries any set of adjacently ordered points in
the first-named sequence whose counterparts in the
revised object representation are to be positioned
on a common line paralleling either of the coordi-
nate axes regardless of any gross deviation from
such parallel relationship that may exist in said
initial object representation;

b. in response to identification of any such set of
points, forming a corresponding set of entries relat-
ing thereto in said revised list wherein each of the
entries but one in said corresponding set has a
pointer portion indicating that the coordinate spec-
ified by said one entry is to be a projected coordi-
nate common to all members of that set;

c. repeating steps a and b automatically as needed
until sets of revised list entries have been formed
for all sets of axially alined points that are to be
included in the revised object representation;

d. in those entries of the revised list which specify the
coordinates of a point chosen to be the origin of the
revised object representation, establishing suitable
indicia to denote that each of these coordinates is
fixed at its current or some arbitrary value, thereby
also denoting that the corresponding coordinate of
any other point which was found in step b to have
axial alinement with said origin likewise is fixed at
said value;

e. in each set of revised list entries other than those
which refer to said origin, causing the projected
coordinate of that particular set to be fixed at an
ultimate value obtained by algebraically adding to
a previously fixed coordinate value the dimensional
value specified by another entry that defines the
desired axial distance from said previously fixed
coordinate value to the axially extending line on
which the points identified with said particular set
of entries are to be located in the revised object
representation;

f. repeating step e automatically as needed until all
projected coordinates are fixed at their ultimate
values; and

g. operating a graphic output device under control of
the entries in said revised list for producing a visi-
ble representation of said object which effectively
corrects errors made in the placement of the points
in said initial object representation, including er-
rors of gross magnitude.

14. A method as set forth in claim 13 including a step
whereby any entry in said initial list which relates to a
point whose counterpart is not ultimately alined with an
adjacently ordered point of said corresponding se-
quence in the direction of a given coordinate axis is
enabled to produce a revised list entry that is treated
during the execution of steps e and f as though it consti-
tuted a set of entries whose projected coordinate is the
coordinate of said nonalined point in the direction of the
other axis.

15. In a digital data processing system which utilizes
a graphic data entry means to form a first pointing se-
quence list having entries that tentatively specify the
respective coordinates of a selected sequence of points
defining a first representation of an object, said first
object representation being permitted to include at least
some points that should be axially alined with each
other but which actually are displaced by grossly dis-
similar amounts from the related coordinate axis in each
instance,
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apparatus for continuously processing the entries in
said first list to produce a second list having entries

that specify the respective coordinates of a corre-

sponding sequence of points in a revised represen-
tation of said object which satisfies axial alinement
requirements, said apparatus comprising:

a. means for identifying from the data contained in
the entries of said first list any set of adjacently
ordered points in the first-named sequence whose
counterparts in the revised object representation
are to be positioned on a common line paralleling
either of the coordinate axes regardless of any
gross deviation from such parallel relationship that
may exist in said first object representation:;

b. means responsive to identification of each such set
of points for generating a related set of entries in
said second list wherein each of the entries but one
in said related set has a pointer portion indicating
that the coordinate specified by said one entry is to
be a projected coordinate common to all members
of that set; and

. graphic output manifesting means responsive to the
entries in said second list for producing a visible
representation of said object which effectively
corrects errors previously made in the placement
of points relative to the coordinate axes in said first
object representation, including errors of gross
magnitude.

16. In a digital data processing system which utilizes

a graphic data entry means to form a first pointing se-

quence list having entries that tentatively specify the

respective coordinates of a selected first sequence of
points with respect to given coordinate axes for defin-
ing a first representation of an object, said first object
representation being permitted to include at least some
pomts that should be axially alined with each other but
which actually are displaced by grossly dissimilar
amounts from the related coordinate axis in each in-
stance,
apparatus for continuously processing the entries in
said first list to produce a second list having entries
that specify the respective coordinates of a corre-
sponding second sequence of points in a revised
representation of said object which satisfies axial
alinement requirements, said apparatus comprising:
a. means effective in response to each of the points in
said first sequence for determining whether there is
an intended axial alinement of the corresponding
point in said second sequence with a preceding
point in said second sequence, said alinement-deter-
mining means including: |
2l. means for determining whether or not the
entries of said first list include any indicia which
would preclude such an axially alined relation-
ship between any pair of points under consider-
ation in said second sequence: and
aZ2. means for ascertaining the comparative rela-
tionship of the difference between the coordi-
nates of each pair of points under consideration
in said first sequence with reference to one of the
coordinate axes to the difference between the
coordinates of said pair of points in said first
sequence with reference to the other coordinate
axes for thereby determining the direction of the
mntended axial alinement, if any, between the
corresponding pair of points in said second se-
quence;
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b. means controlled by means a and effective when-
ever an axially alined relationship has been deter-
mined between two points in said second list an
entry corresponding to one of said two points
which contains a pointer portion indicating that the
coordinate thereof with reference to the other co-
ordinate axes is the same as the coordinate of the
other of said two points with reference to said
other axis; and |

. graphic output manifesting means responsive to the
entries in said second list for producing a visible
representation of said object which effectively
corrects errors previously made in the placement
of points relative to the coordinate axes in said first
object representation, including errors of gross
magnitude. |

17. In a digital data processing system which utilizes

a graphic data entry means to form a first pointing se-
quence list having entries that define tentative coordi-
nates for a selected sequence of points in a first repre-
sentation of an object, including a point or set of coordi-
nates which is to serve as an origin, and other entries
specifying dimensions to determine the relative posi-
tions of a corresponding sequence of points in a revised
representation of said object, said first object represen-
tation being permitted to include at least some points
that are displaced from each other by amounts that
differ grossly from the relative displacements that such
points should have in order to be consistent with the
specified object dimensions,

apparatus for continuously processing the entries in
said first list to produce a revised list having entries
which denote the respective coordinates of points
in said corresponding sequence whose values are
consistent with said dimensions, said apparatus
comprising:

a. means for generating entries in said revised list
corresponding to the origin entries in said first list
to specify fixed coordinates for said origin;

b. means responsive to each entry in said first list
which defines a tentative coordinate of a point in
said selected sequence whose counterpart in said
corresponding sequence is to be related by one of
said dimensions to a coordinate of said origin for
generating a corresponding entry in said revised
list that defines a fixed coordinate for said counter-
part having a value obtained by algebraically add-
ing the respective dimension value to the value of
the respective origin coordinate:

C. means responsive to each entry in said first list
which defines a tentative coordinate of a point in
said selected sequence whose counterpart in said
corresponding sequence is to be related by one of
said dimensions to a previously fixed coordinate of
a point other than said origin for generating a cor-
responding entry in said revised list that defines a
fixed coordinate for said counterpart having a
value obtained by algebraically adding the respec-
tive dimension value to said previously fixed coor-
dinate value; and

d. graphic output manifesting means responsive to the
entries in said revised list for producing a visible
representation of said object which effectively
corrects errors previously made in the placement
of points relative to each other in said first object
representation, including errors of gross magni-
tude.
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18. In a digital data processing system which utilizes

a graphic data entry means to form a first pointing se-
quence list having entries that define tentative coordi-
nates for a selected sequence of points in a first repre-
sentation of an object, including a point or set of coordi-
nates which is to serve as an origin, and other entries
specifying dimensions to determine the relative posi-
tions of a corresponding sequence of points in a revised
representation of said object, at least some of said first
list entries being arranged in sets wherein each set in-
cludes an entry specifying the value of a dimension and
entries denoting the coordinates of points in said se-
lected sequence to which such dimension is referenced,
said first object representation being permitted to in-
clude at least some points that are displaced from each
other by amounts that differ grossly from the relative
displacements that such points should have in order to
be consistent with the specified object dimensions,
apparatus for continuously processing the entnes in
said first list to produce a revised list having entries
which denote the respective coordinates of points
in said corresponding sequence whose values are
consistent with said dimensions, said apparatus
comprising:

a. means responsive to each set of entries in said first
list which defines one of said dimensions and the
tentative coordinates of a pair of points including
said origin to which such dimension is referenced
for generating a corresponding set of entries in said
revised list to denote that the point other than said
origin to which said one dimension is referenced
has a counterpart in said corresponding sequence
whose respective coordinate is fixed at a value
equal to the algebraic sum of said one dimension
and the respective origin coordinate;

. means responsive to each particular set of entries in
said first list which defines a particular dimension
and the tentative coordinates of a pair of points not
including said origin to which said particular di-
mension is referenced for determining whether said
revised list contains an entry corresponding to any
of the entries in said particular set denoting that
either of the points referenced by said particular
dimension has an appropriate coordinate with a
previously fixed value;

c. means controlled by means b in response to the

detection of a previously fixed coordinate value for
one of the points referenced by said particular di-
mension for generating a set of entries in said re-
vised list to denote that the other point referenced
by said particular dimension has a counterpart in
said corresponding sequence whose respective
coordinate is fixed at a value equal to the algebraic
sum of said particular dimension and said previ-
ously fixed coordinate value; and

d. graphic output manifesting means responsive to the

entries in said revised list for producing a visible
representation of said object which effectively
corrects errors previously made in the placement
of points relative to each other in said first object
representation, including errors of gross magni-
tude.

19. In a digital data processing system which utilizes

a graphic data entry means to form a first pointing se-

quence list having entries that define tentative coordi-

nates for a selected sequence of points in a first repre-
sentation of an object, including a point or set of coordi-
nates which is to serve as an origin, and other entries
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specifying dimensions to determine the relative posi-
tions of a corresponding sequence of points in a revised
representation of said object, at least some of said first
list entries being arranged in sets wherein each set in-
cludes an entry specifying the value of a dimension and
entries denoting the coordinates of points in said se-
lected sequence to which such dimension is referenced,
said first object representation being permitted to in-
clude at least some points that are displaced from each
other by amounts that differ grossly from the relative
displacements that such points should have in order to
be consistent with the specified object dimensions,
apparatus for continuously processing the entries in
said first list to produce a revised list having entries
which denote the respective coordinates of points
in said corresponding sequence whose values are
consistent with said dimensions, said apparatus
comprising:

a. means responsive to each entry in said first list
which defines a coordinate of said origin for gener-
ating an entry in said revised list to denote that the
value of such coordinate is fixed;

b. means responsive to any particular set of entries in
said first list which defines a particular dimension
and the tentative coordinates of a pair of points to
which said particular dimension is referenced for
determining whether said revised list contains an
entry corresponding to any of the entries in said
particular set denoting that either of the points
referenced by said particular dimension has a cor-
responding coordinate whose value has just been
fixed;

c. a dimensional index for storing dimensions to be
utilized in proportioning said revised object repre-
sentation;

d. means controlled by means b in response to the
detection of a particular dimension which is refer-
enced to the coordinate whose value has just been
fixed for generating an entry in said dimensional
index to denote that said particular dimension is in
an active status;

e. means responsive to each of the dimensions having
an entry in said index showing that such dimension
is in an active status for determining which of the
points referenced by such dimension has an entry in
said revised list denoting that its respective coordi-
nate is of fixed value;

f. means controlled by means e for generating in said
revised list an entry to denote that the other point
referenced by such dimension has a counterpart in
said corresponding sequence whose respective
coordinate now is fixed at a value equal to the
algebraic sum of such dimension and the fixed
value determined by means e; and |

g. graphic output manifesting means responsive to the
entries in said revised list for producing a visible
representation of said object which effectively
corrects errors previously made in the placement
of points relative to each other in said first object
representation, including errors. of gross magni-
tude.

20. Apparatus as set forth in claim 19 wherein means

e includes additional means effective in the event that
the coordinates of both points referenced by such di-
mension already are fixed to furnish an indication that
the object is overdimensioned.
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21. Apparatus as set forth in claim 20 wherein said
additional means also is effective to inhibit the utiliza-
tion of such dimension by means /

22. Apparatus as set forth in claim 19 which includes
additional means effective in the event that the quantity
of dimensions stored in index c is insufficient to enable
all of said tentative coordinates to be given fixed values
for furnishing an indication that the object is underdi-
mensioned. -

23. In a digital data processing system which utilizes
a graphic data entry means to form an initial pointing
sequence list whose entries tentatively specify the re-
spective coordinates of a selected sequence of points in
an initial object representation along with the dimen-
sions and other necessary geometric relationships that
are to be associated with a corresponding sequence of
points in a revised object representation, said initial
object representation being permitted to include at least
some points that are displaced from each other and from
the coordinate axes by amounts that deviate grossly
from the intended axial alinements and relative displace-
ments that such points should have in order to represent
the object accurately, '

apparatus for continuously processing the entries in
satd 1nitial list to produce a revised list having
entries which denote the coordinates of said corre-
sponding sequence of points, said apparatus com-
prising:

a. means for identifying from the data contained in
said initial list entries any set of adjacently ordered
points in the first-named sequence whose counter-
parts in the revised object representation are to be
positioned on a common line paralleling either of
the coordinate axes regardless of any gross devia-
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tions from such parallel relationship that may exist
in said initial object representation:

b. means responsive to identification of any such set

of points for generating a corresponding set of
entries relating thereto in said revised list wherein

~each of the entries but one in said corresponding set

has a pointer portion indicating that the coordinate
specified by said one entry is to be a projected
coordinate common to all members of that set;

. means responsive to those entries of the revised list

which specify the coordinates of a point chosen to
be the origin of the revised object representation
for establishing suitable indicia in such entries to
denote that each of these coordinates is fixed at its
or some arbitrary value, thereby also denoting that
the corresponding coordinate of any other point
which was found by means b to have axial aline-
ment with said origin likewise is fixed at said value:

d. means responsive to each set of revised list entries

other than those which refer to said origin for
causing the projected coordinate of that particular
set to be fixed at an ultimate value obtained by
algebraically added to a previously fixed coordi-
nate value the dimensional value specified by an-
other entry that defines the desired axial distance
from said previously fixed coordinate value to the
axially extending line on which the points identi-
fied with said particular set of entries are to be
located in the revised object representation; and

. graphic output manifesting means responding to

the entries in said revised list for producing a visi-
ble representation of said object which effectively
corrects errors previously made in the placement
of points relative to each other in said first object

representation, includng errors of gross magnitude.
* * %k 3 %
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