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ABSTRACT

Thi s report describes CHAP, a computer language for processing line

drawings represented in terms of the 8—direction chain code . The lan—

guage consists of a set of FORTRAN subroutines , most of which are machine

independent . The subroutines may be called by a user program to accom—

lish specific line—drawing processing tasks . The chain dat a is stored

in packed (machine—dependent ) form and is unpacked for processing . The

report lists all currently available CHAP subroutines and provides all

necessary information for  a CHAP programmer . Specific information for

d i f fe ren t  machine implementations are given in the appendices. Thus far

an implementation exists only for an IBM 360 computer . However ,

implementations for UNIVAC 1108/1110, CX 6600, and ADAGE AGT 30/130 are

presently being planned.
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1. INTRODUCTION

Since the introduction of the chain code representation for free—

form line drawings in 1961 Ci], many algorithms for processing chain—

encoded line drawings have been developed [2~ 14]. CHAP is a result of an

effort to consolidate these algorithms into a single line—drawing pro-

cessing language. The language consists of a set of FORTRAN subroutines

which can be invoked by users ’ programs. The design of CHAP is analogous

to that of the PAX image processing language [5]. The CHAP subroutines

are mainly written in standard ANSI FORTRAN IV and implemented on an IBM

360/67 computer . A study was made to determine how CHAP could be made

readily portable to other computers . At issue here were questions con-

cerning differences in word length (ranging from 16 to 60 bits), subtle

difference in the particular FORT RAN versions , variations in I/O handling ,

and problems of linking to other image processing software.

1.1
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2. THE CHAP LANGUAGE

A chain is a sequence of octal digits  a~~, I 1 ,n, representing

a curve in terms of a str ing of short , connected , s t ra ight—line segments.

Each octal digit a
1 
corresponds to a particular directed line segment

0(chain link) of length i(~ 2) oriented at an angle of n (1~5 
) relative to

the posi;ive x axis; n is the octal value of ~~ s is the modulo—two

value of m , and T is a scale factor. A chain nay be regarded as a sequence

of line segments connecting nodes that are 8—adJ acent to each other on a

square lattice of spacing T. Even—valued chain links connect nodes lying

vertically or horizontally adjacent and are of length T; odd—valued links

connect nodes lying diagonally adjacent and are of length Tv~~. The scale

factor T is normally set to unity. A chain usually contains special

signal codes (i.e., control codes) distinguished by the link sequence

014L,L2. Page -~~.: lIsts the presently assigned chain signal codes .*

In CHAP , chain links are stored in two formats——packed and unpacked.

In the packed format , the chain links are stored in an array with Ln/t

links in one word , where n is the number of bits per word . Thus for the

CDC—6600 implementatIon , twenty links would be stored in one 60—bit word .

A chain begins with a chain identification number (which may be up to 63

octal digits long) followed by the x and y coordinates of its initium .

For example , the sequence ‘01407051000 26000350142700025 ‘ indicates

that chain number l0O0~ follows, and that the coordinates of its initium

are xz358and 1=258 . A chain is terminated by the end—of—chain indicator ‘02400’.

* A reader unfamiliar with the cha in cod ing scheme is advised to read
reference 14, which provides a good introductory survey of the subject .

2.1
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CHAP maintains a catalog of all chains currently in memory. The

catalog entry for a chain contains the chain ident i f ica t ion  number and the

pointers to the f i r s t  and last memory loc ations of the chain.  This

arrangement allows a user to specify which chains are to be processed by

the various ro~ tines by simply referring to the chain identification

numbers. When a chaIn is to be processed by a routine , it is unpacked

from the packed f:r iat into a working buffer . Usually only a part of the

chaIn in unpacked at a time , processed , and then the next part of the chain

is unpacked . There are three working buffers in CHAP. Their contents are

also catalogued by CHAP. This avoids unpacking a chain which has already

been unpacked into a working buffer by a previous call to a processing

routine . Since some routines , such as chain crosscorrelation and chain

intersection , operate on two chains simultaneously , they use two of the

working buffers at the same time . The unpacking routine of CHAP stores one

link per word , except that the signal codes are stored with the two—digit

code L 1L 2 biasefl~r l0iowhen the signal code contains no data , and biased

~
r lOOio when it does , in which case the data is stored in the next memory

location(s). Thus the chain sequence given in the previous paragraph is

unpacked into tndiridual words as follows (Now shown as FORTRAN decimal integers):

107 chain—identification—number code (lOOi o +07)

~096 chain identification number (l00008 149610)
122 x—coordinate code (iOOi o+26a l22io)
29 x—coordinate (35e 29io)
123 y—coor dlnate code (lOOi o+27s 123i0)
21 y—coordinate (25e 21io)

This format of unpacked working buffers allows efficient processing

because values from 0 to 7 indicate chain directional links and all other

values thdicate signal codes; those greater than 1001 0 also have one or more

2.2



following data words . Note that links preceded by a repeat signal code

(such as 01417) are completely unpacked into the number of links indicated

by the repeat code and, therefore , the signal code does not appear in the

unracked form.

HAP can also be used to create a chain. First a working buffer

must be initialized and a chain identification number must be assigned

~~d entered into the buffer. This is accom~plished by the CHAP subroutine

guiLD. Then links or sequences of links are entered and appended to the

identification number and any signal codes in the buffer. The chain may

then be put into packed form and catalogued as a CHAP chain , or it may be

orocessed by any of the CHAP chain processing routines .

_ _ _ _ _ _ _ _ _ _ _ _  
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3. DEFINITIONS OF HA? TEFnS

Bi nary Plane — A two—dimensional array of bits  which are set to I at

locations of chain vertex poin ts  and 0 everywhere else. The C -LA.~ binary

p ane is stored in common block/PLA1JES/NX,NY ,?~~~E (NX * U/~BW) where NX is

the ::umber of bits (points) in the x direction of the plane and NY is the

number of bits (points) in the y direction of the plane . ?~~NE is a

linear array in which the bits of the plane are stored. The dimensic- of

F~~NE is ~NX *NY/~Ew where NBW is the number of bits  per word.

Chain — A sequence of octal diz it s  called links . A chain consists of

signal codes and directional links . A chain begins with a signal code gi-ring its

identification number , usually followed by signal codes gioing the initial

x and y coordinates of the chain. The initial coordinates are set to zero if they

are not soecified . A ohain must be terminated by the end—of—chain signal c:i-e ‘~~ 00’.

Chain data file — A data file containing chains in the followi ng f:roiat :

ol lJ flfl

1—5 Chain ident i f ica t ion number
6 Ignored
7—72 Chain data
TI—end Sequence numbers

A data file is terminated by a zero chain i ientification number.

The chain data file may contain any characters but only octal

digits (0 through 7) are read as chain links. This allows users to freely

insert blanks or other (non—octal—digit) characters to improve the read-

abi l i ty  of chaIn  dat a f i les .

3.1



Chain identification number — A positive integer by whi~ h a chain

is uniquely identified to CHAP . In chain data f i l e s , it is a five-dig it

• dec imal number entered in columns 1—5. it may be assigned by the user

when building a chain in CHAP .

Cigna codes — In a chain , a sequence of links beginning with 014 that

indicates the start of control information . A list of °ll currently

assigned signal  codes is given in Section 14.

Directional link — A directed s t ra ight—line  segment of length 1 or

~ connecting the current node in a square lattice of unit sp acing to one of

its eight nei ghb oring nodes . A link is iden t i f i ed  according to i ts direc-

t i on  by a number f rom 0 to 7.

3K~~~~~~~2

/

1

~~~~ Link — An octal digit within a c h a i n .

FackeI chain — A chain whose links are packed into memory words w i t h  In/3J

links per word , where n is the number of b i ts  per word of the particular

computer beinC used.

Unpacked chain — A chain whose d i r e c t i o n a l  l inks are s tored  one per word.

Signal codes that do not contain any data are biased by lOi~ to ~i f z ’e ren tia te

then from lirectlonal links. Signal codes that contain data are biased by

l0Oi~ to Ilfferentjate then from direc t~~:na~. links and signal codes without

• 3 .2



data. The data is stored in the locat ions f~ lowing the signal code . For

example , the chain ‘OLOTO5jiQ~0 O~4260O0iO 0242700021 12514 01400’ is unpacked into

iniir idu a l words as follows (Now shown as FORTRAN decimal integers):

107 chain—identification—number signal code (07+1OO~~)
chain identification number (10008=51210)

:22 x—coordinate signal code (26 +lO0~ o l22~ o)
3 x—c oordinat e (l 0~~8~ o )

:23 y—coordinate si gnal code (27~+1Oo~ o=i23~ o )
y—coordinate (2le =lTi o)

1 directional link
2 directional link
5 directional link

directional link
10 end—of—chain signal code (O0+l0~ o )

Tha in  Verte x — A chain vertex is a gird—node point through which the chain

passes. :t is normally denoted by the number of the link which departs

from it. Thus vertex 1 is the initium of the chain , and the last link

~cins vertex to vertex n+l. Vertex n+l is the terminus of the chain.

_ _ _ _ _ _ _ _ _ _  
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14 . LIST OF CHAP CHAIN SIGNAL CODES

Code Description

0400 End—of—chain indicator .

2101 Invisible chain follows.

0102 Visible chain follows. Every chain is asst~~ed
to be visible initially.

O14o~ Remainder of word is to be skIpped. This code
is ignored by CHAP.

0lO~ Valid ~1 sequence of directional links

O14O5XYZ Point marker number (xY z )g

01407UV Chain identification number (~j v ) 8  dig i t s  long follows .

O141C~ CYZ Non—chain data (Wfl~Z)8 digits long follows .

01411 Non—chain iata follows until terminated by
end—of—non—chain—data indicator.

01127777 End—of—non—chain—data indicator.

J14l3U~ CfZ Chain node number c Wxyz), connects with (u)8 other chains .

o14l1u ’r.nc~: Rotation indicator .

O1415UVWXYZs Scale change indicator .

o 1Tu:cd: Link V is to be receated (ç~~’~ o~mes.

01420UN Link U is tc be repeated as many times as specified
by the next (N), + 14 iigit s .

o142I~~ r~(yz The sequence consisting of the imm~ Iiaoe y :‘ - l : w in ~t
(TtflT)8 i :fl~ 5 is be r e r ’s ~ (~ xt’ :), t imes .

Color indicator.

O1423WXYZ Elevation value indicator (~~(YZ) ,

Grey—level value i n d i c a t o r  (x’~:)8

Check code. U8 yields modui~ —I sum of zero.

26VWXY I ni t i a l  x coordinat e is ~~~~~~~~~~~~~

Initial y coordinate is ( VWXYZ ) ,

14 .1
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5. LIST OF SUBROUTINES GROUPED BY FUNCTION

HAP Initialization:

CHAPBD Block data program . Allocate and initialize the CHAP
labelled common blocks.

Subroutines used for chain synthesis:

BUILD Start to build a chain by initializing buffer and inserting
chain ’s identification number.

X000RD Append an x coordinate to a chain.
YCOCRD Append a y coordinate to a chain.
LINK Append a link to a chain.
LINKSQ. Append a sequence of links to a chain.
INVIS Append invisible—chain—follows signal code.
1IISIBL Append visible—chain—follows signal code .
CHLINE Generate a sequence of links approximating a straight line .
ECCH Append end—of—chain signal code .

Chain management subroutInes:

INPU T Input a chain data f i le .
CHLIS’r List all chains in CHAP catalog.

ELETE Delete a cha in from C HAP .
OUTPUT Outputs chains to I/O unit 7 in format read by INPUT.
APRAY Convert a chain into an array containing the links one per word .
V RTEX Convert a chain into lists of vertex coordinates.
NPACK Pack a criain.
UNPACK Unpack a chain .
BPIANE Clear binary plane and convert a chain to binary plane

representation .
APLANE Convert and append a chain into a binary plane.
BPR:NT Print the binary plane .
PR INT Convert chain to binary plane representation and print the

binary plane .
CHPAX Convert a CRAP chain to a FAX chain.
CHPLOT Plot a chain on a digital plot er .

Link management routines:

OTLINK Unpack a link from a packed format chain.
Form an octal number from a sequence of links.

STLINK Store a link in a packed format buffer.

5.1



Chain analysis subroutines:

ANGLE Compute angle between the x axis and line defined by two
chain

AUTO Comput e the autocorrelation of a chain.
CENTR D Comput e the x and y coordinates of the centroid of a chain.
COARSE Requantize chain on a coarser grid.
CROSS Compute the crosscorrelation of two chains.
ECAREA Compute the enclosed are of a closed chain.

NITX Y Find the x and y coordinates of the chain iriitium
INT~~ S Find the intersection of two chains .
L~~GTH Compute the length of a chain.
LMOMJ. Compute the first moment of a chain about a line.
LMOM2 Compute the second moment of a chain about a line .
INAREA Compute the area between a chain and a line .
LNCHD Compute the max and mm distances from a chain to a line.
MATCH Match two chain profiles .
MAXMIN Compute the max and mm extents of a chain in x and r

directions.
MOM 1 C ompute the f irst  moment of a chain about 0 ,145 ,90 ,135 axes .
MCM2 Compute the second moment of a chai n about 0 ,145,9 0 ,135 axes.
P IST Compute the distance between two points on a chain.
POLYGN Determine a polygonal approximation of a chain to a specified

precision .
PNTCHD Compute max and mm  distances from a chain to a point .
PESID Compute chain residue .
R’I SCAI4 Rotat e and scale a chain.
WHEX Compute chain width , height , 145 and 135 degrees extents.

~~ROFL Compute chain profile along x axis.
YPROFL Compute chain profile along y axis.

5.2



e
6. ALPHABETICAL LIST OF GLOBAL NA~~S AIID CO?~4ON BLOCKS

The following is a list of all global names defined in CHAP inc luding
Subroutines (3), Entry to a subroutine C E ) ,  Integer functions (IF), and
Block data (BD).

Name Tyke Description

ANGLE S Compute angle between the x axis and the line defined by
two chain vertices .

APLANE E Convert and append a chain into a binary plane.
ARRAY S Convert chain into array containing the links one per word .
AUTO S Compute the autocorrelation of a chain .
BPLANE S Clear binary plane and convert a chain into i t .
3PF NT E Print binary plane.
BUILD S Start to build a chain by initializing buffer and inserting

chai n ’s ident i fication number .
CENTRD S Compute the x and y coordinates of the centroid of a chain.
CHA?BD BD Allocate and initialize the CHAP labelled common blocks.
CHL1NE S Generate a sequence of links approximating a straight line .
CHLIST S List all chains in CHAP catalog.
CHPAX S Convert a CHAP chain to a FAX chain.
CHPL~OT 3 Plot a chain on a digital plotter .
COARSE 3 Fequantize chain on a coarser grid.
CROSS S Compute the crosscorrelation of two chains .
D~~ETE S Delete a chain from CHAP.
ECAREA S Compute the enclosed area of a closed chain.
EOCH S Append end—of—chain signal code to a chain.
STLINK IF Unpack a. link from a packed format chain.
INITX’~ S Find the x and y coordinates of the chain initium
INPUT S Input a chain data file.
INT~~S S Find the intersections of two chains .
INVIS S Append invisible—chain—follows signal code .
LENOTH S Compute the length of a chain.
LINK . S Append a link to a chain.
LINK2~. 3 Append a sequence of links to a chain.

~MOMl S Compute the first moment of a chain about a line .
L1~f0I42 S Compute the second moment of a chain about a line .
LNAREA S Compute the area between a chain and a. line.
LNCHD S Compute the max and mm distance from a chain to a line.
MATCH S Match two chain profiles.

3 Compute the max and m.1.n extents of a chain in x and y
directions .

MO~~ S Compute the first of a chain about 0,15 ,90,135 axes .
MOM A E Entry to routine MOM2 (CHAP internal use on1y~ .
MOM2 S Compute the second moment of a chain about O,1i5,90,135 axes .
MOM2A Entry to routIne MCM1 (CRAP internal use only).
NPACK S Pack a chain.
O~T:1U~1 IF Form an octal number from a sequence of links.
OUTPUT S Output chains to I/O unit 7 in format read by INPUT.

• PDIST S • Compute the distance between two points on a chain.

6.1
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PNTCHD S Compute the max and mm distances from a chain to a point .
POLYGN S Determine a polygonal approximation of a cha in to a

specified precision.
PRINT S Convert chain to binary plane representation and print

binary plane .
RESID S Compute chain residue .
ROSCAL S Rotate and scale a chain.
STLINK S Store a link in a packe d format buffer .
UNPACK S Unpack a chain.
VERTEX S Convert a chain into lists of vertex coordinates.
VISIBL S Append ‘risible—chain—follows signal code .
WHEX S Compute chain width, height , ~5 and 135 

degree extents.
XCOORD S Append an x coordinate to a chain .

~~ROFL S Compute chain profile along x axis.
YCOORD S Append a y coordinate to a chain.
YPRCFL E Compute chain profile along y axis.

The following labelled common blocks are defined in CHAP:

CHAPMC XYCOMP PCHAIN
UCHAIN ICHAIN WCHAIN
PLANES IOBUFF STATUS

Caution: Note that users must not define these global names and co on block

names in their programs.
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7. DESCBI?T C:N~
, •)F CRAP SUBPROGRAMS

The following is an adphabetica11~ ordered description of all CHAP

subprograms . The FORTRAN data types of parameters passed to CHAP subroutines

and functions are abbreviated in column ~‘ype as follows :

I Integer

R Real

L Logical

H Hollerith character string

The parameters passed to CHAP subroutines are also classified in

column headed j~Q as follows :

I Input——value is assigned to this parameter in
the user ’s program. It is not changed
by CHAP programs.

0 Output——value is assigned to this parameter in
a CHAP program .

T Temporary——value is undetermined before and after
calls to CHAP programs. The parameter
is used for temporary storage by CHAP.

In the column headed Dimension, a. “— “ indicates the parameter is not

an array but is a one—word variable.

7.1
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NAME : ANGLE

T I T L E :  Compute angle between the positive x axis and line defined by
two chain vertices.

TYPE: Subroutine .

CALL FORM : CALL ANGLE ( ENT,N?1 ,~~ 2,A )

PARAMETERS:
Name j~~ ~~~~ imension escription 

-

:T~~ T I — Chain ident i f ica t ion  number

— First chain •.~~r’~ex

~F2 I I — Second chain vertex

A 0 R — Computed angle (in degrees)

CO~*1O 4 BL OCKS : ;c~ccr’~ , ~~~~

SUBROUTINES CALLED: UNPACK

DESCRIPT I0~1: The angle (in degrees) between the positive x—axls and the

straight line defined by the two chain vertices ~P1 and NP2

is computed.

WORKI ’IG BUFFER USED: 1

6/77



NAME : APLANE

TITLE: Convert and append a chain int o a binary plane.

TYPE : Entry to subroutine BPLANE.

CALL FORM : CALL APLANE ( IDENT )

PARAMETERS :
Name I / C  ~~~~ Dimension Description

::HNT I I — Chain identification number

COMMON BLOCKS : CHAPMC, XYCOMP , UCHAIN , PLANES

SUBROUTINES CALLED: Implementation~~ependent . See appropriate appendix .

UNPACK

DESCRIPT ION : This subroutine conver ts  a chain into a binary plane and

stores it into array P LANE in the oo om block /PLANES/ .

The previous contents of PLANE are not affected.

WORKING BUFFER USED: 1
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NAME: ARRAY

TITLE: Convert chain into array containing the links one per wcrd .

TYPE : Subroutine .

CALL FORM : CALL ARRAY ( IDENT ,LIST ,N ,L )

PARAMETERS :
N ame I / O  Type Dimen sion Descr ip t ion

IDENT I I — Chain ident i f ica ti~~n n umber

1:3? I I N An array for chain l i n k s

N I 5 — Dimension of LIST

1 0 I — Number of chain links stored in LIST

COMM ON BLOCKS : UCHAIN

SUBROUTINES CALLED: UNPACK

DESCRIPTION : This subroutine stores the links of a chain into array L ST.

One link , valued 0 to 7. is stored into one word of the array.

All signal codes are skipped . If there are more than N links

in the chain , the remaining links are skipped and a warning

message is printed . I is set to number cf links stored in

LIST .

WO RKING BUFFER USED : 3

6/77
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NAME : AUTO

TITLE: Compute the autocorrelation of a chain.

TYPE:  Subroutine .

CALL FORM: CALL AUTO( :DEN T ,ACOR R ,PERIOD ,LIST ,N )

PARA!IETERS :
Name I/O Type Dimension Descript ion

IDENT r : Chain identification number

ACORF~ 0 R Autocorrelation value

FEES 3D 0 I Period of nax im um autocorrelat ion

LIST I N Array to store chain directional links

N I I Dimension of LIST

COMMON BLOCKS : none

SUBROUTINES CALLED: APRA Y

DESCRIPTION : This subroutine computes the maximum autocorrelation value

of a chain . The autocorrelation value ACORR is in the

range < 0.0,1.0> . PERIOD is the number of links of the

period of the autocorrelation function when ACORR is maximum .

~JORKING BUFFER USED: 3

LIMITATIO NS: Note that the array LIST must be large enough to store alL

directional links of the chain in one link—per—word format .

~ /77
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NA M E: BPLANE

TITLE: Clear binary plane and convert a chain into it.

TYPE: Subroutine.

CALL FORM : •CAs. . BFLANE (IDEN T )

PARAMETERS :
Name I/O ~ r~ e Linension ~~~ cr ~ o~~t~~n

~~ENT I — Chain ileritification number

C0MMOi’~ BLOCKS : S~~~P~ C , XYCO:~P , UCHA N , PLANES

SUBROUTINES CALLED: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ See •appr o~~r ia te  a rp endLx .

DESCRIPT I O 1 : This s~bro~itine clears the contents of array PLA::: in th e

cormnon block ‘FLANES/ ‘nl then conver~~ chain ~~S~T

a binary plane representation and stores it in P LANE .

WORKING BUFFER USED: I
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NAME: BPRI :rr

TITLE: Print binary plane .

TYPE: Subroutine entry point in PF NT.

CAL L FORM : O~ LL BFEI :rT ( i w )

PARAMETERS:

~~~e S O  yce Dinensicn Descriction

:w I 5 Specified window to be printed

COMM ON BL OCKS : CHAPMC , IOSUFF , yLANES

SUBROUTINES CALLED: mD entation—de~ enient . See appropriate appenlix .

B PLANE

DESCRIPTION : A window specif ied  by SW of the OP~ P ’ s binary plane F~~~iE

is common block ,1? ANES , is pr in ted .

The contents of 1W are

: w( l)  — initial x point
W~2) — final x point

IW (3 )  — in i t ia l  y point
IW( 14 ) — f ina l  y point

6 / 77
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NAME: BUILD

• TITL E : Start to build a chain by in i t ia l iz ing buffer and inserting
chain ’s identification number.

TYPE: Subroutine.

CALL FORM : SAIL BUILD(IBUFF,IDENT )

PARAMETERS:
~arne T~~ e D in e n s i or i  D e scr i ot i o n

3UFY I — CHAP buffer to  store the thain

= I — Chain identification number

CO~ ION BL OCK S : STATU S , U CHAI N ,~~CHA:::

SUBROUTI NES CALLED: none

• DESCRIPTION : This subroutine initializes one of t he  t h r e e  working bu f f e r s

~~UFF in CHAP , and starts to bu i I~ chain number IDEIT by

in s e r t i n g  the oha in t s l i e n t i f i c a t i o n  :aumbe r into the b u f f e r .

Also, an end—of—chain code is placeo in the first position

of the buffer .

i
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NAME : CEN TEL

TITLE: Compute the x and y coordinates of the centroil of a chain.

T Y P E :  Subroutine .

CALL FORM : CAlL CENTRD(IDENT ,CX ,C Y )

PARAMETERS :
Name I C  ~~~~ Dimension Descr i r t ion

:DENT 5 I — Chain identification number

CX 0 B — Centroid x coordinate

0 B — Centroid y coordinate

COMMO il BLOCKS : none

SUBROUTINES CALLED: ECA.R EA , MO~fl

LIMITAT IO~1S: Chai n IDETIT must be a closed chain.

DESCRIPTION : The x and y coordinates (cX ,CY) of the centroid of a chain are

comouted as the ratios of the chain ’s moments about the x and

y axes to the enclosed area.

W ORKI NG BUFF ER USED: 1

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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NAME : CHAPBD

TITLE: Allocate and initialize the CHAP labelled common blocks.

TYPE: Block data program .

CALL FORM : Lo~ lementation dependent . See appropriate appendix .

DESCRIPTIO N: This ~rngram allocates and initializes the CHAP labelled common

b ocks . These blocks contain machine—dependent  cons tan t s , c h a i n

boffers , an input/out~ u t b u f f e r , b ina ry plane bu f f e r , catalogs

of ona in o  in mem ory and parameters referr ing to the  sizes of

the above buffers. Changing these tarameters allows a user to

alter the si:es of buffers in the entire IHAF system .

The foll:ving are ccs on blocks a~~ ocate~ and initiall :ed by

a) ~ach :r .e  Iepen :en t  ~cn s t c~~ts — bI:cK ?HAF~”.C

SHAP~: :~Ew , L~ ,B: ,~x ,:oi ~o : ~

number of bits per machine word

number of octal links per machi ie word

BLANK left justified code of the space character

left justified code of the character used
t o  print chains from binary plane

DIGIT3(~~) l~~ft justified codes of the eight octal
dig  i t s

b) Compcr.ents of ohain lirectional links — block X~ CO~~

/x’fCO~~/ AX (5),AY(~~)

AX(3) x components of chain links 0 to  S

AY(8) y components of chain link s 0 to C



c) Catalog of chains in CHAP — block ICHAIN

/ICI-iA:N/ UCH (9) , MA~C~CH ,NOS ,CHDIR (3~MAxNCH)

U C H ( 9 )  not used , replaced by /STATTJS/

MAJC~CH maximum allowable number of chains
in CHAP memory

NCH current number of chains in CHAP
memory

CHDIR(3 *MA )GEH ) catalog of packed chains in memory :

CI~~IB (3i—2) identification number of
the i—th chain it. /FCHAlN/

CHDIR (3i—l ) index of f i r s t  loca t ion  of
the i—th chain in / ?CHAIN/

CHDIR( 3 i )  index of last l o c a t i o n  of the
i—th chain in /PCHAIN/

d) Packed chains and working buffers — blocks ?CHAIN and UCHA N

/PCHAIN/ BUFFEB(PSIZE)

BUFF~~ (PSIZE) array for storage of packed chains

/UCHAIN/ UNBUYF(UsIzE)

~S~EUFF(USI E) array for storage of w o r k i n o  b u f f e r s

Both arrays are to be dimensioned by the user acco rd ing

to his requirements .

e) Starting indices of the three working bu f f e r s  — block WCH~~~

/WCHAIN/ WBASE(~~)

WBASE( 1~) starting indices of the three partitioned
working b u f f er s  in ‘UC HA IN/ uNBu~~(UsI:E).

• ~~ ASE ( L )  contains the dimension of UNB~~ F
plus one.
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f )  Binary plane — block PLANES

/PLANES / NX ,NY ,PLANE (Nx /NBw*~IY )

NX number of bits (points) in the x direction

NY number of bits (points) in the y direction

PLANE binary plane

g) Input/outout buffer — block IOBUFF

/IOBtJFF,’ I0(IOS1ZE)

I0(IosIzE) input/output buffer — usually dimensioned
to 132

h) Status of unpacked chains — block STATUS

/sTATUS/ I D ( 3 )  ,s x ( 3 )  ,sY(3) ,SSTAPT(3) .SSTOP (3) , L NK ( 3 ) ,
PAR T( 3 )  ,SEOCH ( 3)

The ~escrirtion of the following arrays applies to the chain currently

contained in each working buffer.

ID(3) the chain identification number

Sx(3) the initial x coordinate

SY(3) the initial y coordinate

SSTART(3) the first position used in the working buffer

SSTOP(3) the last posi t ion used in the working buffer

LLINK (3) the total number of links in the chain

PART (3) the number of calls to the routine 1JNPACK j~
the current unpacking sequence (in the case of
a chain which is larger than the working buffer)

SEOCH (3) a logical flag which indicates if the end—of—
chain indicator was found

REFERE NCES: See approprIate appendix for e listing of this program .

6/77
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4 NAME : CHLI:IE

TITLE : Generate a sequence of links approximating a straight line .

TYPE : Subroutine .

CALL FORM : SAIL CHLINE (DELX ,DELY , )

PARAMETERS:
Name I’O T~~e Dimension Description

DELX I I Final x coordinate

ELY I I Final y coordinate

I I I Specified starting location in th€ array UNBL~ F
to store the link sequence.

CO1 ~0N BLOC (5: /IJCHAIN/UNBUF F (us: ZE)

SU B ROUTI N ES CALLED : none

DESCRIPTIO N : This subroutine generates a sequence of chain links, which

approximate a straight line from grid point (0,O) to the

point~~ELX ,DELY). The sequence of li nks is stored in array NEUFF

of common block /UCHA.IN/ ; locat ions : through I + ~~~~~~~~~~~ IDELYI )—i.

:~~te that end—of—chain code is not appended .

REFERENCES: Bresenham , J. E., “Algorithm for computer control of a digital
plotter”, IBM Systems J. , ( 4 ) ,  1965, pp. 25—30.

6/ 7”
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NA ME: CHLIST

TITLE: List all chains in CHAP catalog .

TYPE : Subroutine .

CALL FORM : CALL CHLIST

PARAMETERS : none

COfw?ION BLOCKS : c:-~~ ’.~c ,PCHAIN ,~~P.AIN ,I0BUYF

SUBROUTI NES CALLED : TLINK

DESCR IPTION : ThIs subroutine l is ts  on FCRTPAN logical  I/  snlt  the

con ten t s  ~f the catalog of chains an -i the contents of all

chains in memory at the t i m e  of the  l i s t i ng .

6/77
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NAME : CHFAX

TITLE: Convert a CHAP chai n to a PAX chain.

TYPE: Subroutine .

CALL FORM: CALL CHPAX( I DENT ,LIST ,N)

PARAMETERS:
Name 1/0 ~~~e Dimension Description

DENT I I — Chai n identification number

lisT a I N+l FAX chain array

0 — Number of chain directio n codes in lisT

COMr1ON BLOCKS : TCCHA N

SUBROUTINES CALLED: uNPACK

DESCRIPTION: This subroutine converts a CHAP chain into a FAX fo~~atted

l i s t  of directional codes. Such a list can be stored i nto a

FAX plane by the FAX routine CHA :N . The FAX direction codes

are as follows :

6 7 8

~ 3 2

The codes are store d one per word into array LIST and te~~ inated

by a zero code . N+i is the ni~~ber of codes in LIST including

the  tei~~inat ing zero code .

~IORKING 3UFFER USED: I

_ 11 __ 
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NAME : CHPLOT

TITLE: Plot a chain on a digital plotter .

TYPE: Subroutine.

CALL FORM : CALL CHFIOT(IDENT ,STRING ,SIZE)

PARAMETERS :
Name I /O TThe Dimension Description

I:ENT I Chain file

STRIPO I dO char Output identification string

sI-f’ : Orid size in inches

CO~’?1ON BLOCKS : ;c~’c SM? ,UOHAI :I

SUBROUTINES CALLED: Implementation dependent . See appropriate appendix .

UNPACK

DESCR IPTION : This subroutine plots a chain number LEPT on a digital plotter .

The d otter outpu t is identified by a cO character Hollerith string

presumably containing the user ’s name aroa a:o:~ nt ~umbe~ .

WORKING BUFFER USED: I
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NAME : CHPLOT

TITLE: Plot a chai n on a digital plotter .

TYPE : Subroutine .

CALL FORM : CALL CHPLOT (IDENT, GSIZE)

PARAMETERS :

N~ ne I/O ~~~~e Dimension Descr ip t ion

IDEPT I : — Chain identification number

p — Grid size in inches

C(~ 1MO N BLOCKS : XYcO~~ , UCHAIN

SUBROUTINES CALLED: UNPACK

WOR KI~~ BUFFER USED: 1 •

DESCRIPTION:  This subroutine plots a chain on a digital plotter. The

chain identification number is printed at the start of the

chain. The calcomp routines PLOTS , PLOT , S~~~OL , and

N1J~~~~ are used .

6/77
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NAME : COARSE

TITLE: Requantize chain on a coarser grid.

TYPE : Subroutine.

CALL FORM : CAL L COARSE (J,XCOOR ,YCOOR ,N ,::NKS

PARAMETERS :
:~ame I/O Type Dimension Description

J I I — Number of links in chain

XCOOR I I •J~ l X coordinates of chain -iertices

Y000R I I J+l Y coordinates of chain rertices

N I I — Number of times to expand chain grid

LINKS 0 I S Links of compressed chain

M 0 I — Number of links in LINXS

C01440N BLOCKS : none

SUBROUTINES CALLED : none

DESCRI PTIO~’i: This subroutine compresses a chain by superimposing it on

a chain g rId  expanded N times and then requantizing it. The

directional links of the new chain are stored one link per

word in array LINKS .
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NAME : CROSS

TITLE:  Compute the crosscorrelation of t wo  chains .

TYPE: Subroutine.

CALL FORM : CALL c?css(IDENT1,IDENT2 ,00RP ,J ,LIST ,N)

PARAMETERS :
~ame I / O  Trre Dimension escription

IDENT1 I I — Chain 1 identification number

::EPT2 I I — Chain 2 ident i ficatoon number

CORP 0 P — Correlation between chain I and 2

I : — Chain shift -ralue

Arrao- t o  store links of chains 1 and 2

N I 1 — Dimension of L~~T

COMMON BLOCKS : none

SUBROUTINES CALLED : AFRA Y

DESCRIPTION : This subroutine dete~~nines the degre e of shape si mi l a ri ty

(crosscorrela tion)  between two chains by •: omparing the directoonal

links of chain 1 and chain 2 in pairs. The increment

value J determines the degree of shift to the rigno of onain with

respect to ohai:o 2. The result is the a-rera~e rai rwise d i f f e ren c e

between chains I and 2 for a given value of j. The va ue of

CORR is in the range -1.0,1.0

LIMITATIO NS : Note that the array LIST must be large enough to store all directional

links of both chains in one—link—per—word format .

W OR KI4 ’  BUFFER USED:  ~



NAME : DEL~~ P

TITLE: Delete a chain from CHAP.

TYPE : Subroutine .

CALL FORM : CALL DELETE(IDENT )

PARAMETERS :
Name /O So-ce Dimension escription

::EN: I — Chain identification timber

COMMON BLOCKS : I:1~:N , PC~AIN

SUBROU T I N ES CALLED : none

DESC R IPTIO N :  This subroutine ~elet~ s the chain number ~TEPT fr:m the

catalog of chains in SHAP .
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N AM E :  ECAPEA

T I T L E : Sompute the enclosed area of a closed cha in .

TYPE:  Subroutine.

CAL L FOP!1: CAL L ECAREA(liENS ,S)

PARAMETERS :
::~~ e :/c ~~~ e Dimension Description.

::EPT I I — Chain i d e n t i f i c a t i o n  numb er

0 P — Enclosed area

COMMON BLOCKS : :cScoMP , UCHAIN

SUBROUTiNES CALLED: UN PACK

L~~ ITATIONS: Chain liENT must he closed.

DESCRIPTION : This subroutine contutes the enolised area of a chain.

is assumed that  the  chain is closed . The area is

positive if it is enclosed in the clockwise sense and

negativ e if it is enclosed in th e c :n trac lo ckw ise sens e.

WURKI 4a BUFFER USED : I

6 ‘ ‘s
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NAME: EOCH

• TITLE: Anr en d end—of—chain signal code to a ‘hain .

TYPE : Subroutine.

CALL FORM: CALL EOCH ( ::NT)

PARA M E TERS :
~nme /T Dimension Lescniotiorc

IDENT I 1 — Chain identification number

COMMON BLOCK S : STATUS , hC-Lt~~

SU BROU TI N ES C A L L E D :  none

DESC R I P T I O N : The end—cf-chain control code ‘O~ O0’ is appended to chain

INEPT which is currently being built by SEAS , by r acing the

number  1O~~ in the next nosition of the wcrkin~ buffer. 
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NAME : GTLINX

TITLE: Unpack a link from a packed format chain.

TYPE: Integer Yunc tio~~.

CALL FORM : Uariable=CTLINK (BUFFER ,I)

PARAMETERS :
Nam e ~~~~~? 

~~~~ 
Dimension Description

BUFFER I I M One dimensional array

I I I — Sequential position of the dig it in
array EL~’~’E~

CO~4~ON BLOCKS : C:L~?~c

SUBROUTINES CALLED:  :mr:ementation depenient . See approtniat e aPpendix .

DESCRIPTION : Thi3 integer function returns the I—tb dig it fr o m tne one

dimensional  array con tainino 1~ nks in. packed format , with NL~

:ctal iig its per word.

LIMITATIONS : In :rder ~n stay within t h e  array BUFFER :

1 < I < NLU *~1

• —~ —...— .-— — —— - - .~—• - • - -~



NAME: IN IT X Y

TITLE: Find the x and y coordinates of the chain initium .

TYPE : Subroutine.

CALL FORM : CALL NITyY~INENT ,X ,Y )

PARAMETERS :
:;~ me I / O  ~~~~ Dime nsion D e s cr i t t i o n

I — Chain i dentification number

x 0 I — The initial x coordinate

Y 0 I — The initial y coordinat e

COMMON BLOCKS : STATUS

SUBROUTINES CALLED : UNPAC K

DESCRIPTION : This subroutine searches a chain for the signal codes that

give the x and y coordinates of the in i t iorn . Thei r values

are returned as ~ and Y. If none are found , the va ues of

:< and Y are set to zero. f there is more than one x or y

coordinate in a chain , the value of  the first is returned

and all others are ignored .

WORKING BUFFER USED:

/ ,-. -.0
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NAME : INPUT

TITLE: Input a chain data file.

TYPE : Subroutine .

CALL FORM : CALL INPTJ’r(ICODE)

PARAMETERS :
Seine /O ~~~~ Dimension Description

C C E  1 I — Catalog flag

COf4ION BLOCKS : c:-~APMc ,PCHAIN ,:OHA:N , IOBUFF

SUBROUTINES CALLED : STLINK

LIMITATIONS : Input chains must be in the fo~~ specified below.

DESCRIPTIO N : This subroutine reads one or more chains from a data file which  has

been assigned the FORTRAN logical I/O unit number 5. f the

parameter ::op: is zero the catalog of chains in CHAP

is initialized , else the chains read are added to those

chains already oatalo~~ed by CHAP.

The chain data files must be entered in the following f rmat :

Column s 1—5 Chain identification number

- . 6 Ignored

7-72 Chain data

7 3-80 Sequenc e number

In the chain data field all characters other than octal digits

o to S are ignored . This alicw: users tn freely insert blanks

or other characters in order to improve the readability of

chains . The data file is terminated by a zero chain identifl—

cation number .

—— — — — - — — — — .——— - • - ‘.—. —.—— — • -— - — •
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NAME: INTERS

TITLE:  Find the intersections of two chains .

TYPE : Subroutine .

CALL FORM: CALL NTERS(IPENT1 ,IDENT 2,ITYPE ,INLCHA ,INLCHB ,NUMINT ,X ,Y ,LEXIST ,D)

PARAMETERS :
Name I ’O ~~~e Dimension Description

:JENT: I I - Chain 1 identification number

IDE N T2  1 I - Chain 2 identification number

TYSE 0 1 J Type of intersection

INL OHA 0 I J Link of chain 1 in intersect ion.

INLCHB 0 I J Link of chain 2 in intersection

UNM IN T 0 I — Number of intersections

X T I D Array for x coordinates of chains I and 2
y T I D Array for y coordinates of chains 1 and 2

L::~:IsT 0 J Array for pointers to intersections

N I I - Dimensions of X , Y

CO~~ON BLOCKS : none

SUBROUTINES CALLED : TEPTEX

LI’~ITATIONS: J must be at least the number of intersections. The dimension D of

arrays X and Y must be large enough to store the coordinates of all

the links of both chains , which is the number of links in both chains

plus two .

DESCRIPTION : This subroutine finds all intersections between chains I and 2. An
intersection may be of two types — nodal ITYPE 1 and nor,—nc ia :TYPE~:.
The number of intersections f o un o  is :ftCi:NT . X ,Y and t~ XIST are
arrays used by this subroutine to store the x and y coordinates of
vert ices of the two chains and pointers to intersections. :NLc~A J )
and INLCHE (J) contain the number of directional links of chain I and 2
invo lve d  in the j—th intersection found .

WORKING BUFFER USED: 1
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NAME: INVIS

TITLE: Append invisible— zhain—foulows signal code .

TYPE: Subroutine.

CALL FORM : CALL INVIS(IDENT)

PA RAM ET ERS:
Nam e i& ~~~~ Dimension Description

INEPT I 1 — Chain ident i f ica t ion number

coMMoN BL OCKS : STATUS , UCHAIN

SUBROUTINES CALLED: none

DESCRIPTION : The invisible—chain—follows control code ‘O~Oi’ is appended

to chain IDENT which is currently being built by CHAP, by

placing the number llio in the next position of the w o r k in g

buffer.

.—
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NAME : LENGTH

TITLE: Compute the length of a chain.

TYPE:  Sub rout ine.

CALL FORM: CALL LENdTH(IDENT,CH L ,LTF )

PARA METERS:
Name ‘C C Dimension Description

:DENT I I — Chain identification number

CHL 0 R — Computed lengob of a onain

LCF 1 r — LENGTH computation flag

COF ION BLOCKS : UCHAI N

SUBROUTINES CALLED: UNPACK

DESCRIPTION : This subroutine computes the length of a chain . All even

valued links are of’ length 1 unit; all odd valued links are

of  le ngth ~~ units .If the length of both visible and invisible

links is desired ICY should be set to 0. For the length of

only visible links LCF should equal 1, and for only invisible

links ICY should equal 2.

W ORKI NG BUFFER USED: 1



NAM E : LINK

TITLE: Append a link to a chain.

TYPE: 2ubroutine .

CALL FORM : CALL LI rK(INENT ,LIN K ,NA )

PARAMETERS :
Name I/C Th-oe Di mer . s i on  escr i r r i o ro

:DE:rr I I — Chain i~ entificat~ :n number

I I - Link to be appended

NA I I — Number of times the link is to be appended

COMMO N BLOCKS : STATUS , U CHAI N

SUBROUTINES CALLED: none

DESCRIPTION : This subroutine appends the directional link LINK to chain

IDENT currently being built by CHAP . The link LINK is

appended N A times , wher e NA > 0.
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NAME:  LINKSQ

TITLE: App end a sequence of links to a chain.

TYPE: Subroutine .

CALL FORM : CALL LINK2Q(~~ ENT ,LI ST ,NL ,NA)

PARAMETERS :
Nam e I/C ~~~~ Dimension Des cr io t ion

ID I I - Chain identification number

I DL An array of links to be appended

DL I I — Number of links in LIST

— Number of times the  sequence of l inks
in LIST is to be appended

COM~1ON BLOCKS : STATU S , UCHAIS

S’JBROUT . NES CALLED : none

DESCRIPTION : This subroutine appends the sequence of DL directional

links stored in array LIST , one l ink per word , to chain DEN T

currently being built by CHAP. The sequence of links is

appended NA tires , where NA > 0.

6/77
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NAME : ~~~~

TITLE:  Compute first moment of a chain about a line .

TYPE:  Subroutine .

CALL FORM : CALL c 1( : :EsT ,:~:1,Yl ,x2 ,Y2 ,~~DIT )

PARA M ET ERS :
Name I / O T’rre Dimension Description

I I — Chain iden t i f ica t ion  number

Xl I — X coordinate of first point of line

Yl 1 — Y coordinat e of f irst  ocint  of line
— X coordinate of second point of line

Y2 I H — Y coordinate of second poi nt of line

0 R - Computed first moment

COM MON BLOCKS : none

SUBROUTINES CALLED: :::AHEA , CEirTRD

LIMITATIO N S : Chain ~~ENT ~ist be a closed chain.

DESCRIPT I ON : This subroutine computes the f i r s t  m~~ ent of a chain about

a line defined by points ( xl ,Y1 ) and ( ‘2 ,Y2 ) .

WORKING BUFFER USED : 1



N AM E : LMC!12

TITLE : Compute the second nornent of a chain about a .iroe.

TYPE: Subroutine .

CALL FORM : C1~LL Li~cM: , :NENT,xl ,Y1,;:2,Y2 ,s:~CrT )

PARAMETERS :
:~ ..— e /~ T’rn e Dimen sion . 30 0t ion

I — Chaifl identi f~oatjor . n’o ber ’

Xl I H — X coor dinat e of first point

I H — Y ~:o rd i na~~ of first point

X2 H — H coordinat e of sec ond point

Y2 I H — Y coo r d ina t e of second poin t

0 — Computed second noment

COMMON BL OCKS : :cSCo:~~;:c:~A:~

SUB R O UT I. ~E S CALLED : :NITXY ,T5DpA:~: ,:IOMDA

DESCRIPT I O N :  This subroutine computes second moment of a chain about

a l ine defined by points (Xl ,Y l)  and (X2 ,52 ) .

LI’IITATIONS : Chain IDENT must be a closed chain.

‘.J CRK N3 3UFFER USED: 1



NAME : LNAREA

TITLE : ConFute the area between a chain and a line .

TYPE: Subroutine .

CALL FORM : CALL LNAREA (IDEN T ,Xl ,Yl ,X2 ,Y2 ,AREA )

PARAMETERS :
Nam e I C  ~~~~ Dimension Description

IN DT I I — Chain iden t i f i ca t ion  number

Xi I H — X coordinate of first point

Yl I H — Y coordinate ~f first point

X2 I H — X coordinate of second point

Y 2  I H — Y coordinate of second point

.~~ EA 0 H — Comtuted area

COMMON BLOC KS: :aco~~,uc:~A::~

SUBROUTINES CALLED : :C~~ HA , :NIT) c ~ ,_ NPACK ,MO~.LA , E D E

LI M ITATIO N S: Chain IDENT must be a closed chain.

DESCRIPTION : This subroutine computes the area between a c h a i n  and a

line def ined by points (Xl ,Yl~ and (X2,Y2;

WORKING BUFFER USED: ~

‘5 /_ ‘T
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NAME : LDCH D

TITLE: C ompute the max and mm distance from a chain to a line .

TYPE: Subroutine .

CALL FORM : ‘CALL LNCHD ( IDED T ,xl,yl ,x2,y2 ,cLDr4AX ,CLDMIN ,JMAX ,J MIN )

PARAMETERS :
Dame I/O Tvco e Dimension Description

: ENT I I — Chain i dentification number

Xl I H — X coordinate of first line point

Yl H — Y coordinat e of first line point

X2 I H — H coordinat e of second l ine poin t

Y2 I H — Y coordinate of second line rcint

oL:~4A:: 0 H — Daximum distance betve~ n chain and l ine

C::~::: 0 H — Minimum distance betveen chain and line

0 I — Number of link at maximum distance

0 C — Number of link at minimum distance

COMMO N BLO CKS : none

SUBROUTINES CALLED : :D:TXN , ~PHAY

DESCRIPTION : This subroutine finds the minimum and maximum distances between

a chain and a line defined by points (xi ,Y:) and (X2.Y2) .

J~AX and J~4 D  are numbers of directional link c at the  ma~inum

and minimum i lo tances , respectively .

WORKI N G BUFFER USED :  ~ ,3.

.5/77



NAME: MA TCH

T I T L E :  :~at.ch two chain profiles.

TYPE : Subroutine .

CALL FORM : ALL LATCH(C (,YY ,?HOF1 ,Dl ,PHOF 2 ,N2)

PARAMETERS:
Nam e ~~C ~roe Dimension Descriotion

0 — Relative position in the x dire ction

Yl 0 I — Helative position in the :r ‘direot~ or.

PHCFI I I 2,Dl First profile seauenoe

FD’9F2 I I 2,D2 Second profile sequence

Dl I I — Dimension of PHOFI

I — Dimension :f PFOF2

COMMON BLOCKS : none

SUBROUTI N ES CALLED: none

DESCRIPTION : This subroutine comou~es the best match of two :rcfi e

sequences FEOFL 1 and FHOFL2. D~ and IN are toe number  of

~rii rositions shift the first chain in the H and Y

direction for the :otimum match.

REFERENCES: Freeman , H., “On to~: t~ rnp1ate—laycoe problem ” , N .Y.U.
Technical Heport TP L— ~ ),  February 1070 .

‘5/ 77’
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NAME : ~dA C1ID

TITLE: Compute the max and mm extents of a chain in x and y directions .

TYPE : Sub rou t ine .

CALL FORM : CAL L :~A:c~~N ( :DENT ,:~~)

PARA FIETERS :
::ame ~/O Tvte Dimension Descriotion

:TSDT I I — Cha in

0 I Array for the min~
’max values

COMMO ’l BLOCKS : ::Ycc:~~,ucH~ ::r

SUBROUTINES CALLED: Y::?~c~:

CESCRIPT ION : This subroutine computes the maximum and minimum o: ’rdinates

of chain number LEDT in the x and y directions . The

values are stored into the array XY(-.) in the followinC

order:

— maximum x ~ oo c l in a t e  of chain
— minimum x courdin ~te of chain
— ma~ Lo om y cot rd ina te of chain
— mi nim’om y -

~ ~or ~iriat e of chain

WORK N~ BUFFER USED: 1

‘0

- .,—- - ‘- - — - ‘  - -- — - _ _ _



NAME :

TITLE: Compute the f i r s t  moment of a chain about O ,b5,90 ,l55 axes.

TYPE:  Subroutine.

CALL FORM : CALL :-: l(:DE~ r ,:E EE ,~~~ T )

PARAMETERS :
Nam e ~~~ e im ension  Descript ion

~~EDT I I — Chain identification number

I I — Axis in degrees

0 H - Computed first moment

COMMO N BLOCKS : :~~: ~~~

SUBROUTINES CALLED: IDIT:cf,tJDFACK

DESCRIPTIO N : This subroutine computes the first moment of a chain

about 0, 1~5, 90, and 135 degree axes. The axis is

selected by setting DEG HE to 0 , 145, 90 , or 135.

LIM ITATIONS : The chain IDENT must be a closed chain.

WORKI NG BUFFER USED: 1 

-S- -.-— - . - . - - ----- — . — - —  ‘.—-- -— -



NAME :

TITLE: Compute the second moment of a chain about 0,145,90,135 axes .

TYPE: Subroutine .

CALL FORM : CALL XO~:?(IDENT ,DEGREE ,SM~T)

PARAMETERS :
Nam e I / O  T’rro e imension Description.

IDEDT 1 I — Chain identification number

-EGHEE I I — Selected axis in degrees

0 H — Computed second moment

COMMON BLOCKS : ;c::’.~~, ~o~~~:i

SUBROUTINES CALLED: INIT:cS, UNPACK

DESCRIPTIO N : The second moment of a cha In is found a~ the  prod uct of

the area of the chain and the square of the distance from

the axis. Thus the x and y components of each element with

respect to the given axis is found. The moment of an area

encircled in a clockwise sense above the x axis or in a

counterclockwise sense below the axis is positive .

LIMITATIONS: Chain ~DEDT must be a closed chain.

W ORK I :~G BUFFER USED: 1
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NAME : DPACK

TITLE: Pack a chain.

TYP E : Subroutine .

CALL FORM: CALL NPACK(IDENT ,NB ,START ,STOP )

PARAMETERS :
____ 

:‘o Tvoe Dimension escription

DEN’T I I — Chain i deritifi :ation nuncer

NB I I — Number of wcrking buffer

STAPT I I — Index of the first location of the
unpacked chain

STOP I I — :ndex of the last locution of the
unpacked chain

COMMON BLOCKS : CEAPMC ,: :~A:N ,pc:-iA::: ,UC:-LA:N

SUBROUTINES CALLED: J:::NX,DT:I:rK

DESCRIPTION : This subroutine creates a new packed chain from the

contents of wcrhing b u f f e r N~ which contai ns a ch a in  in the

unpacked format . SThHT is the index of  the f i r s t used

location in the wor .:ing buffer NB. STOP is the last

location used in the w o r k i n g  b u f f e r  NB . I ENT is the

id entification number of the new chain

6/77
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NAME : OCTNUM

TITLE: Form an octal number fr om a sequence of links.

TYPE: Integer function .

CALL FORM : ‘iariable=OCTN~JM (EU FFER ,I,N )

PARA -IETE R S :
N ame I/O T~~e Lomensioro Description

I ~n ,~~i d m en s l or a l ar ray

I I — N’~~ber of the first digit

N I I — Number of digits to form the number

COMMO N BL OCKS : CHAP ~ C

SUBROUTINES CALLED:  Imclementation deo endent . See atoropriat e aptendix .

DESCRIPTION : This function returns toe inteoer value (decimal ) of a number

f’o~~ed from N octal d ig i ts  snored in one dimensional array

BUFF~R as described for rro~rams OTLINK and STLINK . The I—tb

octal digit Is in the most significant position and the

(:~~— L )— oh octal digit is in the loaot significant posit ion of the

number.

LIMITATIONS: In order to stay within the array BUFFEF :

~~I ~ NLWLM

1 D  i

6 / 77
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NAME : OUTPUT

TITLE:  O~ tput  chains to I/O unit 7 in format read by INPUT .

TYPE: Subroutine .

CALL FORM : CALL IUFFu?(IDENT)

PARA M ET ERS:
Name I / O  Tvme Dimension Description

KENT : I — Chain ident i f ica t ion  number

COMMON BLOCKS : CHA P~ C , ?OHA:N , : cI -L&:N , ICEUFF

SUBROUTINES CALLED : OTLINK

D E S C R I P T I O N : This  subroutine ~~ites a chain or. a data file , which has

been assigned FORTRAN logica~ 1/0 uni t  number 7 . The

chai n data f i le  will be cuttut in the following fcrmat :

o~ umns

1—5 Chain iden t i f i ca t ion  number
6 blank

Chain data
73—80 Sequence number

The secuence numbers begin at 1OOi~ and are

incremented by laOio .

6/77



p NAME : FOIST

TITLE: Compute the distance between two points on a chain.

TYPE: Subrout ine.

CALL FOR~1: CALL PDI ST(IDE NT ,P1 ,P2 ,DIST )

PARAMETERS:
Name I/O ~~~ Dimension Desoriotion

~~NT I I - Chain identification number

I — Firs t  chain ver tex

P2 I I Second chai n iert ex

ClO T 0 R - Distance between the two points

COMMON BLOCKS : :cS:o~~ ,U cEAIN

SUBROUTINES CALLED: UNPAC K

DESCRIPTION : This subroutine computes the straight line distance between.

two po in t s  on a cha in  def ine d by the vertices Fl and P2.

W ORKIN G BUFFER USED: 1

r’
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NAME : PNTC}~

T I T L E :  Compute the max and mm distances from a chain to a point .

TYPE : Subrcu t ine .

CALL FORM : CALL FNTCHD(IDE T,:fP,YP ,O~.x ,D~1IN , SiAN ,L~IN)

PARA M ETERS :
Name 1/I ~~~~ Dimension Description

::E:~r I — Chain identification number

I R — X coordinate of a point

R — Y coordinate of a point

DMAX 0 H — Computed maximum distance

0 H — Computed minimum distance

OMA X 0 I — Number of l ink at maximum d I s t an ce

0 I — Number of l ink at minimum distance

C OMM O~ BLOCKS : )cLCO~dP~UCFAIN

SUBROUTINES CALLED: :NIT:c~’,UNPAoP

DESCRIPTION : This subroutine computes the maximum and minimum distances

between a chain and a Point defined by (XF ,YF). LMAX and

-!IN are sequential numbers of chain directional link s at

maximum dis tance OMAN and at minimum distance OMIN ,

respectively .

WORKING BUFFER USED: 1

6 / ~
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NAME : POLYGN

T I T L E : et e~toine a ~oiy~ cna1 approximatIon of a cha in  t o  a
specified precision .

TYPE: Sobroutine .

CALL FORM: CALL POLY ON (I:ENT ,xCoCPo ,YcocRD ,I:L,:?P,:’I:,IC~

PARAMETERS :
Thme I/O Tv~ e Dimensi on escrittioro

:255T I I — Chain i l e n t i f i c a t o o n  number

X:CCRJ 0 : j  X coordinates of criain verti:es

YCOOFT C : j  Y coordinates of chaIn vertices

ICL 0 : Pointers no vert ices  of polyg:n

ID? I I J Stack used in aroroxima tion

COD I F — T~ leranc-o :f the po y;:nal a;prcximst:cn

I l  0 I — Number of vertices of oclygon

COMMON BLOCKS : :~:Ycc:~~,ucEA: ::

SUBROUTINES CALLED: :NITX Y , ~~ t K

DESCRIPTION : This subroutine computes the polygonal approximation of a

a cha in .  XCOORD and Y000H D s tore the iinates of the chain

ve r t i ces .  ICL st ores  pointers  to the  v o r ~i i ces  of th ~ pcly~ :n . i .e..

XCDOPD(Ioo (J)) and YCDDD (ICL (J)) are toe coordinates of ‘oe

v~:rne. :  of toe polygon , 10 is the number of vertices of the polygon.

TOL i~ set in a calling Program to the requi red t o l e r an c e  fo r  the

polygonal arprox lmati on.

LIMITATIONS : J is the number of vertex points in the chain ,

WORKIN’ BUFFER USED:

6/77



REFERENCES : Pam~r , U ., ‘An Iterative Droo~~:ire fo r  the Polygonal
Approximation of Plane Curves” , C o m o ut e r  r a n h i  ~s and
Imag e Process in g ,  1, 1972 , pp. 2L~,_ 2 ~~o .

- ..— - — - — - —- — - ‘—— - - -—



SAME : PR NT

TITLE: Convert a chain to binary plane representation and print
the binary plane.

TYPE: Thbroutine.

CAL L FORM: CALL PH INT~~~ lN T ,IW)

PARAM ETERS:
:;~ me I ’D T~~~e Dimension. Descri~ tion

2ENT I I — Chain identification number

U in dcw t o be printed

COMMO N BLOCKS : ~N;J~!C ,IOSUFF,?LANEC

SU B R O U T I N E S  C A L L E D :  L n r i e m e n t a t i T n — o - - o n a r o i 0 0 0 . See “orroorlate aprendix.

DESCRIPTION : This subroutine convert s the chain IDENT into a binary plane

an~ then ,itoo ~ts a window of the plane as sre-cifioi by :~

t o FCF: Tl~A logi cal un i t  number 6.



NAtIE : H:ZID

T I T L E :  C onrute chain r e s i du e .

TYPE: Subroutine .

CALL FORM : CALL PEOIC( DENT ,LRES1 ,NLF.ES1,LRE S2 ,:rLP052)

PARAMETERS :
Name I / O  ?ro e Dimension Desoriotion

:02:01 1 — Chain identification number

0 I — Number of first tym e links in residue

OLFES1 0 — Number of links Li in residue

00232 -O : — Number of sec-on-S type links in residue

:;00 22 0 I — N’ omb-- r of liru~s L2 in residu e

COMMO N BLOCKS: xY:o:~~,Uc:~iA::;

SUBROUTINES CALLED : UNPACK

DESCRIPTION : This subroutin~ com~utes toe links in the residue -of a

chain. There are at most two ty p e s  of links in the

residue , which differ by ~nity , i.e. LHE31~~D N 2 ~ Y r d  ~ ) .

Each zyte of residue link ocurs 0 or ~reater ~umher of

times as spec i f i ed  by OLPEOI for tyme LOES1 and NLPE S2

for type LHES2 of residue links.

WORKli~G BUFFER USED: 1
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NAME: P030AL

TITLE: Rotate and scale a chain.

TYPE: Ssbroutin~

CALL FORM : CALL ROSCAL ( l o- E NoD , I SNT T , AL GL E , XOCA E , lOCALE )

PARAMETERS:
Nam e /1 Tyme Dimension esoriotion

— Identification number of the chain to
be rotated and scaled

:00:012 I : — Ide: tificati-o n n ~ber -of the resuitinc
cha in

B — Fotation angle in degrees

P — Scale factor in x direction

lOCALE : — Scale f a c t o r  in y direction

C O M M ON BLOCKS : l’cHA:N, ~ CE)~IN

SUBROUTINES CALLED : l~rPAo~:, NE ACK , INIOXY , BUI LC , LIN K

WORKI N G BUFFER USED : 1,3

DESCRIPTIO N : This subroutine rotates and scalas a chain. The resulting

chain is stored witn the specified identifica tion n-umber.

If the angDe is a nu lt ip l e  of 900 and the scale fac~ ~rs are

both 1.0 , the n a very e f f i c i e n t  a l R o r i t h m  is use-i .

6 / ~‘
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NAME : STLI O-

TITLE: Store a link in a packed ::- r~tat buffer.

TYPE: Subroutine.

CAL L FORM : C,~~L 2 TD :N} : (: : : :K ,ouF ~TH , I )

PARAMETERS :
Name ~~~ e D im e n s i o n  Des cr ipti on.

:1:0:: I I — Octal -digit

BUF~TP I N I r . e — i i o e n s i :n L L  arra’r

I : — Desire d seo ceritial positior. c-f in

CO MMON BLOCKS : OPAFU C

SU BROUTI N ES CALLED : Implementation deoendent . See apororri-lo e o:n e :oii ::.

DE SC R I PO 3N:  This su b r o u t i n e  i n s e r t s  the octal id5~ t LIOX into the

one dimensional array ~~~~~~ as the l-~ h sec-oential octal

d ig i t  in packed f orma t w i t o .  UL U octal i t o i t s  per w o r d .

LIMITATIONS: :n -order to stay wi th in  the  ar ray  3I~TFEP :

< <1—I —

6 / -(



NAME : bPrPA cF :

TITLE: tJnr-ack a chain.

TYPE : Dobrouti ne.

CALL FOftM: CALL UNPACK(::E::T,N? ,F:FLL,Is:APC,ISTOP ,000H)

PARAMETERS :
:~~me i /O  O c~ Dimension escriotion

:oEoT : I — Chain identification number

— Number of working buf f e r

I — : ir st  nar t co cr:aon to be oirocacke:

:OTAPT 0 1 — Index of the first location of the
unpacked chain

:OTOF 0 1 — Index of the last location of the unracked
-chain

200N 0 1 — 2nd of chain  f1a~

COMMON BLOCKS : OP .AFNC , FONAN:: ,uo: -rANN , :CHAIN ,~~C :-iA:N

SUBROUTI N ES CALLED : CT:INK,ocT:a01

D E S C R I P T I O N :  This sub rou t ine  uro p acso a portion of a racked c :oair.

into wor king b u f f e r  :i~~. LLTAPT is the  ir ~de:~

of the f i r s t  used locat ion  in the  w~ rkino buffer NO , :5CC?

is the ind ex of the lact used l o c a t i o n  in the working buffer

NB. The logical f lag EOCN is .T HUE . if the en d of c h a in

indicator ‘~~~i~ : reached.

The subroutine ~s called mu ltiple times to un ack a lone chain.

FIHO T is to be set to . IONE . in t he  call if the f i r s t  f a r t  of a chain

— is ~~~~ be unpacked. t is to be sea to .FA L ~ E. in ~:oe c i l l  u np ack

a d d i t i - r~ai por t i o n s  of t he  chain o.n t l E C ’N  is .TRUE .

________ - - - ---- - --



NAME : V~~TEX

T I T L E :  :T~~rr:ei’t a -chain into l h~t s  of oertex  c c -or d i n a t e s .

TYPE:  3 -~br~-utine .

CALL FORM: CALL ‘~01PTE~~(1DENT ,:’:Cc-:FD- ,YCO0 RD ,N ,L)

PARAMETERS :
N ame I / O  T roe Dimension Descrirtion

:00:01 ~ I — Chain identification number

:(:cop: 0 : :-r An array of x coordinates

100000 0 I N An array -of y coordinates

N : I — Dimension of X000HD and I OOPO

0 : — Number of oertex cc-ordinates in
X COCP ~ and 100150

CO MMON BLOCKS : :clc-:~P ,Uco~::;

SUBROUTINES CALLED:  i:~I TxY ,~~:~~c~

DESCRIPTICN : This subroutine conv e r t s  a chain in to two arrays. Array

::-CooPD contains the x coordinates of the vertex points of

the chain and array 100000 contains the y coordinates .

N ote tnat 203000(1) and 100-000(1) contain the initial

ccoroir.ates of the oh- s in .  f onere are more a n an 0— 1

di rec t iona l  link s in the chain the remaining Dir’~ks are

sk ip p eo d  and a warning message is orinted . L is set the

number :f c o o r d i n a t e  pairs in the XCO100 and YCOORD a r r a y s .

WORKIN ’~ BUFFER USED : I

6/~ ’ 
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~IAI I r .,IMHC . ~~~~~~~~~

TITLE: Append visible—chain—follows signal code .

T Y P E :  5- ibr out  m e .

CALL FORM: CALl VIS BL ( I000T )

PARAMETERS :
::~‘ae I/C Thome Dimension De-scric tion

LENT I I — Chain i - d c n t i f i c a t ~ on number

CO MMO N BLOCKS : OTATUS ,U CHAIN

SU3ROUT INIS CALLED: none

D E S C R I P T I O N :  The o i s i b l e— c h a i n — f ;D l o w s  sicoal code ‘0~ 02~ is appended

t o  ch a i n  :02:01 which  is cur ren t ly  be lnç bu i l t  by CHAP ,

by plac ing the number l2~~ 
in the next Thcatior. of t:ae

w:r ~~ing b u f f e r .

4 / 77
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NAME :

TITLE: Comrute chain ~ii lab , heio~ht , 45 and 135 degree extents.

TYPE : Subroutine .

CALL FOR M : CALL ITHEX(IDENT ,ITY?E ,W)

PARAMETERS:
Name /O ~~~~ Dimension Description

:oE:~ I — Chain identification number

TYP I I — T~~e of -comPutation desired

0 P — Computed value

CON?~1ON BLOCKS : uc~~:N

SUBROUTINES CALLED: ~J0PACK

DESCRIPTION : This subroutine computes the width , height , ~5 degree

extent -o r 135 degree extent of a chain by specifying

TYFE to be

1 — wid th
2 — height
3 — L~5 degree extent

— 135 degree extent

WORKING BUFFER USED: 1
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NAME : XOOOPD

TITLE: Append an x coordinate to a chain.

TYPE : Subroutine .

CALL FORM : CALL x000-RD(:000T,x)

PARAMETERS:
:-~~me 1/2 ~~roe Dimension 2-escricticr~

ILENT I I — Chain identification number

x i : — 2 coordinate

CON~1ON BLOCKS : STATUS ,UCKA N

SUBROUTI N ES CALLED: none

DESC RI~ T I O N : The x co ordinate value and signal code is appended to

a chain with identification number IDENT which is built

by -C HAP.

LIMITATIONS : 0~X ~ ~2768~~

—~---~~—- —--~~ -— — —



I NAME : XPROFL

TITLE: Compute a chain profile along x axis.

TYPE: Subroutine.

• CALL FORM: CALL ~~50FL(~~~EN T ,FI~~G ,?P0FL ,N ,LIST ,N N )

PARAMETERS :
Name 1 ‘2 ooe D i m e n s i o n  Descri ption.

IL:N T I - Chain identification number

L — Flag indicating upPer rrofiie ( .T 0 b T . )
or lower profile (.FALSE.) desire d

?PCP’L 0 : 2,:: Array of profile pairs

N I I — Dimension of array ??0-FL

C : NN Array to store chain

1 I — Dimension of array 5T

COMMO N BLOCKS : c~CO~~

SUBROUTINES CALLED: A A Y ,4A C11N

DESCRIPTION : This subroutine form s profile pairs of a chain—coded template.

The profile pai rs ~~e computed relat ive to the enclosing

rectangle made of x and y maximum and minimum positions of the

cha in . Whe n Ft~ G is tru e the profile is computed along the

upper edge , when false the profile is computed along the lower

edge of the template.

R E F E R E N C E S : Freeman , H., “On the templaae—lay:-ut probl em ” , N . Y . U .
Technical Report CRL—39 , February 1975

WORK I4-IG BUFFER USED: 1,~
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p
NAME : 103C-PD

TITLE:  An~ en-l a y coord ina te  to a -chain.

TYPE: Subroutine .

CALL FORM : CALL Y-00000 (IDEN T , Y )

PARAMETERS :
::ame I / O  oe Dimension Descriotion

IDENT I — Chain identification number

Y I — I coordinate

COMMO N BLOCKS : STATU S ,UC HAIN

SUBROUTINES CALLED: none

DESCRIPTION: The y coordinate and signal code is appended to a -chain

with identification number IDENT which is currently being

bui l t by CHAP .

LIMITATIO N S : 3~Y ~

6/77
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8. AN EL~~~LE -OF A CHAP 1j 555 PROGRAM

A s imple CHAP user pro~cram is listed on the following p~~e. The

pr:~ ram reais an input chain cata file which consists of 2 records. The

first contains a ‘‘
~~
‘ in -:olomn 5 and , starting in column 7, the cha in

“l2 23OOO7E5.~~~-.0-~OO ’ . The second record -consists of a zero in col umn 5.

The expected outout is sh’o~~ in the progr am listing. The chain is Thsted ,

t .nen the image of the chain is printed from a d x6 ro int window of tne CHAP

binary array as specified by window size 1W . Then the enclosed area , length ,

first moment about the :r axis and second mcmerct about the x axis of the

chain are computed and orinted. The -output c-f the exam~le progr~~ is

given -on. pa~-e 3 . 3 .
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~ AN EX~ M1- LE OF CI--IA J °’ F I T  b~A M M

- C
INFLiC T INTEGER~~~---~:)

1> 1~ E AL L , S ~ F ~i N 1~’ S N N I
El It-1ENSION 1W (4)
D A T A  1W / ~~~~~~~~~ / , LCF / 0 /

- - C f-~[.~At i IN ONE SAN FLE Cl-lAIN~ W I T H  IDEN 1 • NO. = 1
CALL INFUT (0)

:> ID 1

C LIST THE C H A I N
CALL CI-ILIST

1 :- C F I-.JNT TIlE CHAIN
CALL FRINT ( It’~ 1W)

F I N t r  THE ENCLOSED Ai~EA
CALL. ECAREA 1t C)

> W~~ITE (o. 1OO ) .[t:,S
::: 100 Fi ThAT (31H-•-THE ENCLOSED ~RE A OF CI- h~~1N  110., 13r4H IS ,F7.2/)

c
-C FINN THE L E N G T H  OF THE C H A I N

CALL LENG ’TlI (Ir’,L,LC:r)
W R I I E ( 6 v 1 1 0 )  10,1..

110 FUFNIAT ~O-N l THE LENGTH 01° CI- !AIN NO, 13, 4H IS , F7. 2/)

::f~ F I N D  THE F I R S T  hUF ~ENT ADO LJT THE I AXIS
CA LL MONt ( r t t ,9o ,FIINr)
WNI Pr ( ,“~ L’Of ’ ) FM NT

3 2 0  1° O R MAT (  :11-: I l L  F’ ERS r : h,) -~irN I ADOLI T ‘
~ A X 1S , F? . :’ ’)

‘ -C FIND THE OF IliNti M01’ I E N J  ( F O U l r I l E  X A X I S
CALL MO MO( It i~~0, ’.~MNi)

> WRI T E( 6~~13O) SMNT
-~~ 130 FOF MA T 3.!H TIl L SELONEI MOMTNT AEICUT X AXI S , F7.2/)

-

- -C
r L> :-ECTEL OU IJ --UT

>C Cf - I i I . ~I L . : ’~ r J 1 C ~— 1 2 1 2 3  00006 54~~.5-~ 04 00
:>iC 1 r-H.LOSELI (:- A •— l i  • ~TjO::- C LI-h: F l--I —— 1~ 7.

--c r ii-: : r ‘H:Nialr ( ‘  AXIS) -- .3:.17
::--c SECCNL 1-fti~ EN 1 --- 121 • OS

- c
STOP
flJ ri
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iN. ..ETCN F L W-I f:[3J ‘15

C ONTENTS OF THE C H A I N  BUFFER

C H A I N  ID N U M B E F ~ = 1

1 1 2~ 00076 Z4~/ - 4  0400

( 2N~_ I OF E- :UFFER

CHA [N FIL E NO. 1

xXxx
x x
x x

x x x
( x~<

A - ”

THE ENCLOSED AREA OF ClIi -’iIN NO. 1 IS Ii .Z0

THE LENGTH OF CHAIN NO. 1 TN 1?.90

THE FIRST M OM ENT A D U N I  - A X I S : --:2.17

I HE SI T C I)NL N O M EN T At :OL J T X AY IS 121 • OS

:IaX ECU T ~ON THOM 1 i-IATEP’
I

~

-

~

--

~
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Appendix A. ~‘ LTIPLE— D~fl~U~ ER 7E~~~I ON

Mo-st of’ the CHAP subroutines ore totally independent of the -c ;rnputer

sri woich HAF is to be ron . All that is re i r - i  is a stan-lard AJ ~~

P’O TRAN 7 corr.pil -- r. The only exceptions are the onain packing and unrack-

ing routines , which depend crc the word length -of the co-m~ ute r , as wel l  as

som e minor variations in t he par t icular F~OPTHAN versions . :t is planned

to maintain a sinole master version of -C HAP . This vers ion will consist

-of toe union -of all the statements cc ~uir e-d ~
‘:-r all the different

systems on which -CHAP is to be implemented. : a-ill n-ct be an execut able

version . Special s:r.tr: cards , identified by the etoer “1” in colum n 1

will be used to indicate the computer systems to woich the statements that

f ow acr, - . For each oc~ntuter system , a u n i q u e  col .mn , berinning wIth

column 10, is assirried in the 1—cards . An entry (any alphanumeric

ch aracter -other than ‘blank’) in one or mo-re columns indicates that al-I ‘oce

cards toat follow (until the next 1—- :ari is eno-:untcc’el) a~ ply to all the

o :m~ ut-o r systems that have an entry in their ass Lone-i col-uno . (The entries

may be -co ded to facilitate r~ adab iiity ).

tatemcntz that aptly to all computer system versions are ~receded by

an ‘1—carl toat eitner contains an entry in every assi~ ne-i c- :mraoer column

beginning woth -column II , or contains an A in column 9. :n the  l a t t e r  case.

any entries in columns 10 an-i ab ove are i~ nc-re-d .

To generate a CHAP -;-:-r:1on f-or a particular computer system , the

master vers i .r. is f ir st Fr ’~—p r~~o - ~ sed by a small tro~ r~ ’n ~o (1) d elete all

:t~~t enent s for which the prece 1iro~
- 1—card eltrer i-o es rot have a r i A  in

‘c-o~ urnn 9 or 1-:- e~ not have ar. entr~r i n tr ie  colum n corresr- .niing to the

A .l
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desired computer version , and (2) delete all 1—- cards. The result will be

a:, exe cuta~ 1-~ FIFTFAN IV program that 
you run or. the desired comouter

The master version will be central ;r maintained , revised , and

exten ded as found necessary or desirable.
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Appendix B. IBM 360/370 VERSION

Thi s version of CHAP was written for an 13- 360 computer and

compiled by a FORTR J~ ( o )  comp ile r .  It was tested on t:te ~~M— 3E ,’67

at R PI . using the Michigan Terminal System .

Three 1PM assembly language integer f u n c t i o n s  are used. They are

l A D , I-O R , and SHIFT , and are described on the following pages. 7-hey are

used in the process of packing and unpacking chains . The memory

organ i:ation of CHAP cacked chains is show-n in the fi~u:’e below . Ten (10)

links are cacked in -one 32—bit won in this version. Sits 0 and 1 of each

-nd are rot used.

BITS/WORD ( :pw) L:::X5 ’wopp (N:W)

32 10

bit 1— 1 2 31 0—1 2 31 0—1 2
I - I

L_i L~L4 ~
.L lO L4 ~~~~ 

L21j 

WORD1 WORD2 WORD 3

The Plock lata Program -CHAFED must be link—edited with the user ’s

.sain orogram to allocate the re~uired memory space c;cre-:t y. The work—

iri g buf’f”-rs (-onrar-f.ed) ar e a l l -coate d 600 words in to ta l . trod t h e  packed

~s ~1locat~ 500 words in this version. The 0~-! version of

is list.~d in tn i~ anpen-Jix.
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NAME : YPFCF L

TITLE: Compute chain profile along y axis.

TYPE: Intry to subroutine ~~R0FL .

CALL FORM: CALL YPR0FL(IDENT ,FI~~G ,?P0FL ,:1 ,LC3T ,::::)

PARAMETERS :
Nam e I/O Ty~e Dimension Descri otlon

:D. ‘
~~ 1 — °‘-‘a~ ro e’~~~~~ca~~c -~jr’oer

c LAG — -~ — f _ag in :ocat ng r:70t (~~~o.Th. ) or e:,
prof i le  ( . F A L E E . )  is d e s i r e d

?FOFL 0 = 2,N Arra;r for pro-file pairs

N I 1 - Dimension of array ?ROFL
LIST TO Nl-I Ar ray  to Store  chain

I I — Dimension of array L:ST

COMMON BLOCKS : ;c~oc~~

SUBROUTINES CALLED: A RA Y ,HA~~1IN

DESCRIPTION : ibi s s ob r ou t i n e  forms profile pairs of a c:oain—co:eu template.

The profile pairs are c omtu te - d  r e la t ive  to the enclosing

rectangle made of x and y maxim u m and mirimum positio ns of

the chain. Vhen F~~G is true the profile is compute-i along

the right edge , when fslse the profile os computed along the

left ed ge of the temolate.

REF E R L ~1CES : Freeman , H ., “On the tentlate—loor-out :rcblem ” , N.Y .U.
Technical Report CRL—39 , Feb ruary 1975

WORK N S BUFFER USED: 1,3
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ADDITIONA L LIST OF GLOBAL NA~~~S

The f o l l o w i ng  is a l ist  of the global names which are defined in
the BM-360/370 version of CHAP . They are all integer functions (IF)
and are described -on pages 3.3—3.5.

Name Tvr-e Los-ori:ti:r.

lAND F The logical and of’ two variables.
1CR IF The logical cr of two variables.
S H 3~ IF Le f t  circular shift of an integer variable.

The foIl-owing list is of the OHAP routines which call the
implementation ependent routines and the routines they call .

-CHAP rou tine h.jutines called

:H:FT , b R
EPLANE SHIF”T , 103
3PR NT SHIFT , lAND 

SH FT , lAND
OCTN~JM SHIFT , LAND
PRINT SHIFT , lAND

SHIFT , LAND , 103
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NAME: lAND

TITLE: Form bit—by—bit logical A~ D of two variables .

TYP E : Irote .~er funct~~ n .

CALL FORM : “ariable = IANP(WORD1, VCRD2)

PARAMETERS :
~ame 1/0 ~~~~ imens ic-n Description

W ORTh I I - An integer variable

W CF 2 I — An integer variable

COM M ON BLOCKS : none

SUB R OUTI ~1 ES CALLED : none

DESCRIPTION : IBM assembly language ro-:tine for the ThY 360

implemero t~ tion of CHAP . Assembled by A2S~~-iBLZR ( F ) .

The logical AND of the two parameters is returned .
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NAME: b R

TITLE: F-~~~ b i t — b y — b i t  logical OR of two variables.

TYPE: Integer f-on-~tion .

CALL FORM: Variable = T h H ( W G P D I, W03D2)

P A RAM E 1 E R S
C ~~~e Thmerosion Descriotion

WOPO1 I I — An integer variable

I — An integer variable

COMfl ON BLOCKS : nc-ne

SUBP.OUTI.~ES CALLED: none

E SCS~ P TI O~ : IBM assembly language routine for the ThY 360

implementat ion of CHAP . Assembled by ASSENDIFF ~F).

The logical CF of the two parameters is r e tu r n e c .

6/77
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NAME: SHIFT

TITLE: Left circular shift of an integer variable.

TYPE:  Integer function .

CALL FORM : Variable = SHIFT (WORD ,N)

PAR AMETERS :
Name I/O T~~ e Dimension De scr iot i -on

WORD I I — An integer variable

N I I — Number of bits to ssift O<N<30

COMMON BLOCKS : none

SUBR O U TI N ES C AL L ED : none

DESCRIPTION : Left circular shift of the 3-’) lower bits of an integer

variable is oerformed . The two leading bits of the result

are set to zero.

ThM assembly language routine for the IBM 360

implementation of CHAP. Assembled by ASS~~~LER (F).
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C
C *~~~~~* **** *~~8*’i ’4 ~~~’*
C ~ L O C K  U A 1~~ ChAPr J D

4 * 4 4 * ** * ‘~ 4 ‘~‘ ‘.‘ 4 ~ 4 * * ~ 4
L

HL’JCK 1;A 1~~
C
C C~~ A p ~ Cu.’.~ i 1~~ L’ LU ¼: K AL CC ~~ T 1 C t - ~ A N D  I N I I I A L I Z A T I C N
C

- T~ i I .  ~LCCK ~~ JA_ G(~~ AM t.. ç~~ç_A T r ~s_ A N D _ L N I T L A L I Z ~~~
C ML L C L - .I . 4 ¼ : N  bL~~ u K S  CF ( I 1 - ~2
‘I
C T H I S  L L O C I (  ~~~~~ P < L L P -~~ MU ST ~iE C U M P I L E C  OR
C — L 1- ’ - — [ u L T ~~C 1 ¼ ~~ TI-~Ek~ .‘.l T b  l i f t  M~~ L N  P~~CC,~O s t ~F C 

—----—

~~~~~~~

-— - 

- 
—

A P .~i-’L [L t T  1N T L G E I~ (A— Z )

I_ ‘I _____—- — 
-

Cu M ’~1C - ~ / C HA I ~~’ C/  \ , ‘.L~~ . L X , L - L At ~
r( . U I ( , 1 1 ~~

~~~~~~~~~ / X Y C’ J .’ l ~~/ , \X , A Y
CUt-1~~ CN /~~C H M 1 N /  L~U F t ~~ 

- ‘

LU~4~~CN / LCr1~~ I r ~/ ~J N t ~~)i- r-
CUMMU;~ / L C r ’ t ~~ IN J  oJ Ch , .4 \~~N Ch ,NC b , C b D I R
Ci)~1MCN / ;v C rf ,~ L~ .f .~~~ASE
CU M M C N  /PLAN FS/ Nx , N Y .~-~LA N F
C U ’ ~4MCN / 1 O ~3~J F F /  T O
C u - .IM CN / 2 ~f A 1 u5/  ~~~~~~~~ 1, T , S S T C J P , t L L N K , PA ,°fl ,SEIJCF- ’

L
¼: CbA ,~~,C1 rP CL’UE~~ CF 1 t I E  C C T ~~L D 1 G T T ~ (. T C  7

C I  ‘I EN ~i I iN  ‘) I C  I I ~¼: Y ~‘.\U y - G ’ P . J u~~N T S  (~~ C h A I N  L INKS
D L ’ -IEN .. - T J N  . \ A( i ~~) , 4 f ( i i)

C CH~UN  t~LF F E~iS
O L ~ 4EN~~ iO” -  HUFFER (500)
U I 4 t N 5  t iN  Ch~) I k ( ô O )

C ~~O”~K I N u  U tjFFE~~~
U1 .1E N~~1UN Ji-~u U h F ( 6C ~~

C E I N ~~R v  PL A N Er ~~~~~~r~~~1JN
¼:
C I~-J~~’jt/t ~U tPL T  b~JFF~~R

e)L4 E O N  L ’j ( 1 3 1 )
OIM E N~~IJN ~J C H ( 9 )

~ w U A S 1~( 4 )

¼..

C sr~~Tus .~~~ A Y S
L u ;  IC A L  S E CC H ( 3 )
DI 4 E N O L 3 T ”  I~~ (3 ) , iX (3 ) ,L Y (~~ ), T AR T ( 3 ).SsTCP(J).LL j N :c (J) ,PA~~T (3)

C ~‘A C ~~ I t - .L U L P L N I ’ t N T  CL~~~~J~~ f c T ~~c NUMoE -? JF H I l S  PEP WC ~W
N U M t—~~ -.’ U F  L I N K S  P E F ~ ~~C R D

¼.. U¼J rL  T H A T  l ’ *  Tr1~ I H M  ~~~~~~~~~~~ LF- C F~~~~~E I T 5  �— J L
¼: A ’ t  US t ~L) TU ~~f~~”€ T HE L I ; r y  (JR ~~IN A P Y  FLA NE
L

c M - ~~crE c ~ S~~’3TC LS
I) ,-¼ I ~ E X , FfL MN Ic • U ~ ~ I 15 / ‘ X ~ 

• • ‘ • V , ~~ 
V 

~ 4 V 
* • 5 • ~ • ç ,

¼: I ’AS ~ IN D E X E S  ur I r-’t IH~~EL y,G~~~:l NG E U F F E F S
U A T A  .-~LA ~~k~ / 1 . 2 u 1  •4~~ 1 , o O L  /

_______________  
A N U V CC L k i . ~ ~~~~~~~~ ‘J F L (NI ~~

J~\T A~~A~~~~/ I • 1 • ( .— , — 1~, — I • 0, 1 / • —Y f 0 • I • I • p U •— J. •— I •— 1 / p
r-~

- 
- C P t C ~Tui ~E P L A N h  - - - 

-

-

~~~~~ r .X . ’Y /120 ,120/
C 

_ _ _ _ _ _ _  _ _C

~

IN  F ILu (7T 1T~~~~~~~~~)A T A ~,C h  ,~~A~~NCH , a C H , Lr l -) i k  / ‘J~ 0 .2 0 , 0 ,  0~~C/
¼..

- sr~ rus  ~~~~~~~~~~
) A I A I 3 • • ~ • S ~ i A P T  , - . .T u~ , L LI N ~ ,F  .~ ~ I / 21  ~

- 0/
i A T . ~’ ‘ L C C ~— /~~~~. T c ~L E . /

L ‘4 ’)
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