e - g |

AD-ADY9 710 RENSSELAER POLYTECHNIC INST TROY N Y COMPUTER RESEAR==ETC F/¢ 9/2 N
PROGRAMMER'S MANUAL FOR THE CHAP LINE=DRAWING PROCESSING LANGUA==ETC(U)
JUN 77 H FREEMAN®  PAOLICELLI+ N POTMESIL AFOSR=76=2937

UNCLASSIFIED AFOSR=TR=77-0103 - N

DATE

= |
FILMED

-78 =

poc




lii" |0 Ei2 iz
= i 22
g

.1
= flie

2 flis nee




ADAO49710

DISTRIBUTION STATEMENT A
Approved for public re
Diluibution Unlimited




Technical Report CRL~52A

PROGRAMMER'S MANUAL FOR THE CHAP
LINE-DRAWING PROCESSING LANGUAGE
(Revised)

by

H. Freeman
J. Paolicelll
M. Potmesil

June 1977

()

|

Prepared for
Directorate of Mathematical and Information Sciences
Air Force Office of Scientific Research
Air Force Systems Command, USAF
Grant Number AFOSR 76-2937

AIR FORCE OFFICE CF

eAITNTITIC RECEARCH (AFSC) Appreved for pud
NOTICE OF T5AVIMITTAL TO DDC stridbution unl
This technical re A reavieved and is

approved for publ ¢ rels
Distributioun 15 uslimited,
A« D. BLOSE

Technical Information Officer

3 lad AR 1gu=-12 (7b)'

Rensselacr Polytechric Institute

TROY, NEW YORK 12181 A7

”}

- |

yo
2P \"5

rREgw
MEREMIT
i}jf FEB @ 1978 |

i

1.
1 W | §

l
o

-y .
]
]

PR

e e

imited, )

/

o

¥?

-



ool

SECURITY CLASSIF' Y THIS PAGE (Whan Data Foterad)

- * ° "REP,5) UOCUMENTATION PAGE BEFORE COMPLETING FORM
7. REPORT NUMBE |2 covT ACCESSH : UMBER
—g 143 [ELOTL-52A
4. TITLE (and Subtitle) R 70D COVERED
SROGRAMMER'S . MANUAL FOR THE CHAP /M
J,INE—J)RAWING_PROCESSING_LANGUAGE 2
“(REVISED), = = 6. PERFORMING OXG. REPORT NUMBER
- o

CRI-B2A

R A\

v AFOSR-15-2155"

W S 8 CONTRACT OR GRANT NUMBER(s)
H ./Freeman, b P /Paolicelli M ./Potmesil C/E:i//\ FGSR—76—2937,
S

9. PERFORMING ORGANIZATION NAME AND ADDRESS .PROJET, TASK

Rensselaer Polytechnic Institute iy 'o "u"‘qs

Eleetrical & Systems _Engineering -Departmént >

Troy, NY 12181 61102\ 23642 ]
RERGRIDATE

(O £ Y

11, CONTROLLING OFFICE NAME AND ADDRESS

Air Force Office of Scientific Rsch/NM

Bolling AFB, DC 20332 T S e e .

4. MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Olfice)

UNCLASSIFIED

15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, il different from Report)

18. SUPPLEMENTARY NOTES

J‘,|‘7.“'@Q/V/;«J —7“1»3 ?7/
\ b (21D

19. KEY WORDS (Continue on reverse side il necessary and Identlly by block number)

JTRACT (Continue on roverse aide If necessary and identily by block number)

This report describes CHAP, a computer language for processing line draw-
ings represented in terms of the 8-direction chain code. The language consists
of a set of FORTRAN subroutines, most of which are machine independent. The
subroutines may be called by a user program to accomplish specific line-drawing
processing tasks. The chain data 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 p{r%grammer. -)

DD ,:2:‘;, 1473 EOITION OF 1 NOV 65 1S OBSOLETE

1,}¢7 7 50 cu...'.m.f,n : .

E

. L’ Y
UNCLASSIFIED %E‘)w =
IS'PAGE (When Date ﬁ.’nﬂ;\'




S PAGE(When Date Entered) .

20. Abstract

>~ Specific information for different machine implementations are gi\.ren in the
appendices. Implementations exist for IBM 360 » UNIVAC 1108/1110,

CDC 6600, and ADAGE AGT 30/130.
generated.

e

Versions for other machines can be readily

UNCLASSIFIED
SECURITY CLASSIFICATION OF Tu'® | AGE(When Dete Entered)




e e

ABSTRACT

This 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 data 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 progremmer. Specific information for
different machine implementations are given in the appendices. Thus far
an implementation exists only for an IBM 360 computer. However,
implementations for UNIVAC 1108/1110, CDC 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 [1], many algorithms for processing chain-
encoded line drawings have been developed [2-L4]. 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 desigg 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 FORTRAN versions, variations in I/0 handling,

and problems of linking to other image processing software.
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2. THE CHAP LANGUAGE

A chain is a sequence of octal digits ai, i=1,....,n, representing
a curve in terms of a string of short, connectéd, straight-line segments.
Each octal digit ai corresponds to a particular directed line segment
(chain link) of length T(V2)® oriented at an angle of m(450) relative to
the positive x axis; m is the octal value of ai, s is the modulo-two
value of m, and T is a scale factor. A chain may be regarded as a sequence
of line segments connecting nodes that are 8-adjacent 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 TV2. 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
OLL,L,. Page 4.1 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 Lg/z
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 'OL070510000042600035042700025..... ' indicates

that chain number 1000 follows, and that the coordinates of its initium

are x=354and y=25, A chain is terminated by the end-of-chain indicator '0L0O'.

* A reader unfamiliar with the chain coding scheme is advised to read

reference 4, 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 identification number and the
pointers to the first and last memory locations of the chain. This
arrangement allows a user to specify which chains are to be processed by
the various routines by simply referring to the chain identification
numbers. When a chain is to be processed by a routine, it is unpacked
from the packed format 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,L, biased ty 10,9 when the signal code contains no data, and biased
W 100;0 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 individual words as follows (Now shown as FORTRAN decimal integers):

107 chain-identification-number code (10010 +0T7)
Log6 chain identification number (10000g=k96,,)
122 x-coordinate code (1000+265=12219)
29 x-coordinate (358=29:)
123 y-coordinate code (10010+278=12310)
21 y-coordinate (258=21;0)

This format of unpacked working buffers allows efficient processing
because values from O to T indicate chain directional links and all other

values indicate signal codes; those greater than 10010 also have one or more

-
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following data words. Note that links preceded by a repeat signal code
(such as 0417) are completely unpacked into the number of links indicated
by the repeat code and, therefore, the signal code does not appear in the
unpacked form.

CHAP can also be used to create a chain. First a working buffer
must be initialized and a chain identification number must be assigned
and entered into the buffer. This is accomplished by the CHAP subroutine
BUILD. 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 te put into packed form and catalogued as a CHAP chain, or it may be

processed by any of the CHAP chain processing routines.
o
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3. DEFINITIONS OF CHAP TERMS

Binary Plane - A two-dimensional array of bits which are set to 1 at
locations of chain vertex points and 0 everywhere else. The CHAP binary
plane is stored in common block/PLANES/NX,NY,PLANE(NX*NY/NBW) where NX is
the number 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. PLANE is a
linear array in which the bits of the plane are stored. The dimensior of

PLANE is [NX*NY/NBW] where NBW is the number of bits per word.

Chain - A sequence of cctal digits called links. A chain consists of

signal codes and directional links. A chain begins with a signal code giving its
identification number, usually followed by signal codes giving the initial

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

are not specified. A chain must be terminated by the end-of-chain signal code '0LOO'.

Chain data file - A data file containing chains in the following format:

Column

1-5 Chain identification number
6 Ignored

T=T2 Chain data

T3-end Sequence numbers

A data file is terminated by a zero chain identification 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-

ability of chain data files.

31
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Chain identification number - A positive integer by which a chain

is uniquely identified to CHAP. In chain data files, it is a five-digit
decimal number entered in columns 1-5. It may be assigned by the user

when building a chain in CHAP.

Signal codes ~ In a chain, a sequence of links beginning with OL that
indicates the start of control information. A list of all currently

assigned signal codes is given in Section L.

Directional link - A directed straight-line segment of length 1 or V2

connecting the current node in a square lattice of unit spacing to one of
its eight neighboring nodes. A link is identified according to its direc-

tion by a number from O to T.

3 2 1
le— —0
5 i

Link - An octal digit within a chain.

Packed chain - A chain whose links are packed into memory words with Lg/3j
links per word, where n is the number of bits per word of the particular

computer being used.

Unpacked chain - A chain whose directional links are stored one per word.

Signal codes that do not contain any data are biased by 10,4 to differentiate

them from directional links. 8Signal codes that contain data are biased by

100,09 to differentiate them from directional links and signal codes without

3.2
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data. The data is stored in the locations fallowing the signal code. For
example, the chain '0L0T0501000 042600010 042700021 1254 0LOO' is unpacked into

individual words as follows (Now shown as FORTRAN decimal integers):

107 chain-identification-number signal code (07+100:,)
512 chain identification number (10005=512;,)
122 x~coordinate signal code (26 +100;,=122,,)
8 x~coordinate (104=8,,)
123 y~coordinate signal code (27,+100,,=123,,)
17 y~coordinate (214=17;¢)
1 directional link
2 directional link
5 directional link
L directional link
10 end-of-chain signal code (00+10;,)

Chain Vertex - A chain vertex is a gird-node point through which the chain
passes. It 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

joins vertex n to vertex n+l. Vertex n+l is the terminus of the chain.
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0L03

oLok
0L05XYZ
oLoTUV
OL10owXYZ

ok11

ok127777
JL13UWXYZ
OL1LUVWXYZ
0L15UVWXYZS
0L1TUXYZ

oLk2oun

OL21TUVWXYZ

ok22u
0L23WXYZ
oL2uxYZ
ok2su
OL26VWXYZ

oL2TVWXYZ

LIST OF CHAP CHAIN SIGNAL CODES

Description

End-of-chain indicator.
Invisible chain follows.

Visible chain follows. Every chain is assumed
to be visible initially.

Remainder of word is to be skipped. This code
is ignored by CHAP.

Valid Ob4 sequence of directional links

Point marker number (XYZ)g

Chain identification number (UV) digits long follows.
Non-chain data (WXYZ)s digits long follows.

Non-chain data follows until terminated by
end-of-ncn-chain-data indicator.

End-of-non-chain-data indicator.

Chain node number (WXYZ)s connects with (U)g other chains.

Rotation indicator.
Scale change indicator.
Link U is to be repeated (XYZ)s times.

Link U is to be repeated as many times as specified
by the next (N)g + L digits.

The sequence consisting of the immediately following
(TUV)s links is tc be repeat:d (WXYZ), times.

Color indicator.

Elevation value indicator (WXYZ),

Grey-level value indicator (XYZ),

Check code. Uy yields modulo-8 sum of zero.
Initial x coordinate is (VWXYZ),

Initial y coordinate is (VWXYZ),

L1
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5.

LIST OF SUBROUTINES GROUPED BY FUNCTION

CHAP Initialization:

CHAPEBD

Subroutines used

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

for chain synthesis:

BUILD

XCOORD
YCOORD
LINK
LINKSQ
INVIS
VISIBL
CHLINE
EOCH

Chain management

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

Append an x coordinate to a chain.

Append a y coordinate to a chain.

Append a link to a chain.

Append a sequence of links to a chain.

Append invisible-chain-follows signal code.

Append visible-chain-follows signal code.

Generate a sequence of links approximating a straight line.
Append end-of-chain signal code.

subroutines:

INPUT
CHLIST
DELETE
OUTPUT
ARRAY
VERTEX
NPACK
UNPACK
BPLAINE

APLANE
BPRINT
PRINT

CHPAX
CHPLOT

Input a chain data file.

List all chains in CHAP catalog.

Delete a chain from CHAP.

OQutputs chains to I/0 unit 7 in format read by INPUT.
Convert a chain into an array containing the links one per word.
Convert a chain into lists of vertex coordinates.

Pack a chain.

Unpack a chain.

Clear binary plane and convert a chain to binary plane
representation.

Convert and append a chain into a binary plane.

Print the binary plane.

Convert chain to binary plane representation and print the
binary plane.

Convert a CHAP chain to a PAX chain.

Plot a chain on a digital plotter.

Link management routines:

GTLINK
OCTNUM
STLIMN

Unpack a link from a packed format chain.
Form an octal number from a sequence of links.
Store a link in a packed format buffer.

5.1
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Chain analysis subroutines:

ANGLE

AUTO
CENTRD
COARSE
CROSS
ECAREA
INITXY
INTERS
LENGTH
MoM1L
LMOM2
LNAREA
LNCHD
MATCH
MAXMIN

MOM1
MOM2
PDIST
POLYGN

PNTCHD
RESID
ROSCAL
WHEX
XPROFL
YPROFL

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

Compute the autocorrelation of a chain.

Compute the x and y coordinates of the centroid of a chain.
Requantize chain on a coarser grid.

Compute the crosscorrelation of two chains.

Compute the enclosed are of a closed chain.

Find the x and y coordinates of the chain initium

Find the intersection of two chains.

Compute the length of a chain.

Compute the first moment of a chain about a line.

Compute the second moment of a chain about a line.

Compute the area between a chain and a line.

Compute the max and min distances {rom a chain to a line.
Match two chain profiles.

Compute the max and min extents of a chain in x and y
directions.

Compute the first moment of a chain about 0,45,90,135 axes.
Compute the second moment of a chain about 0,45,90,135 axes.
Compute the distance between two points on a chain.
Determine a polygonal approximation of a chain to a specified
precision.

Compute max and min distances from a chain to a point.
Compute chain residue.

Rotate and scale a chain.

Compute chain width, height, 4S5 and 135 degrees extents.
Compute chain profile along x axis.

Compute chain profile along y axis.

502
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6. ALPHABETICAL LIST OF GLOBAL NAMES AND COMMON BLOCKS

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

Name Tyype 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 ] Compute the autocorrelation of a chain.

BPLANE S Clear binary plane and convert a chain into it.

BPRINT E Print binary plane.

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

CENTRD S Compute the x and y coordinates of the centroid of a chain.

CHAPBD BD Allocate and initialize the CHAP labelled commcn blocks.

CHLINE 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 PAX chain.

CHPLOT S Plot a chain on a digital plotter.

COARSE S Requantize chain on a coarser grid.

CROSS S Compute the crosscorrelation of two chains.

DELETE 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.

GTLINK IF Unpack a link from a packed format chain.

INITXY S Find the x and y coordinates of the chain initium

INPUT S Input a chain data file.

INTERS S Find the intersections of two chains.

INVIS S Append invisible-chain-follows signal code.

LENGTH S Compute the length of a chain.

LINK e Append a link to a chain.

LINKSQ S Append a sequence of links to a chain.

MOM1 S Compute the first moment of a chain about a line.

MoM2 S Compute the second mcoment of a chain about a line.

LNAREA S Compute the area between a chain and a line.

LNCHD S Compute the max and min distance from a chain to a line.

MATCH S Match two chain profiles.

MAXMIN S Compute the max and min extents of a chain in x and y
directions.

MoM1L 5 Compute the first of a chain about 0,45,90,135 axes.

MOM1A E Entry to routine MOM2 (CHAP internal use only).

MOM2 S Compute the second moment of a chain about 0,45,90,135 axes.

MOM2A E Entry to routine MOM1 (CHAP internal use only).

NPACK S Pack a chain.

OCTNUM IF Form an octal number from a sequence of links.

OUTPUT s Output chains to I/0 unit 7 in format read by INPUT.

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

6.1




PNTCHD S Compute the max and min distances from a chain to a point.

POLYGN S Determine a polygonal approximation of a chain 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 1ink in a packed format buffer.

UNPACK S Unpack a chain.

VERTEX S Convert a chain into lists of vertex coordinates.

VISIBL S Append visible-chain-follows signal code.

WHEX S Compute chain width, height, 45 and 135 degree extents.

XCOORD S Append an x coordinate to a chain.

XPROFL S Compute chain profile along x axis.

YCOORD S Append a y coordinate tc a chain.

YPROFL 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:

Ncte that users must not define these global names and common block

names in their programs.

6.2
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7. DESCRIPTIONS OF CHAP SUBPROGRAMS

The following is an alphabetically ordered description of all CHAP
subprograms. The FORTRAN data types of parameters passed to CHAP subroutines

and functions are abbreviated in column Type as follows:

I Integer

R Real

L Logical

H Hollerith character string

The parameters passed to CHAP subroutines are also classified in

column headed I/0 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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TITLE:

TYPE:

CALL FORM:

PARAMETERS :

Name
IDENT

COMMO! BLOCKS:

3

Lo ]

(& I |

NAME: ANGLE

Compute angle between the positive x axis and line defined by

two chain vertices.

Subroutine.

CALL ANGLE(IDENT,NP1,NP2,A)

Description

I(O Tyve Dimension

{
-~ -

o O

SUBROUTINES CALLED: UNPACK

DESCRIPTION:

XYCOMP, UCHAIN

Chain idcntification‘number
First chain vertex
Second chain vertex

Computed angle (in degrees)

The angle (in degrees) between the positive x-axis and the

straight line defined by the two chain vertices NP1 and NP2

is computed.

WORKING BUFFER USED: 1

6/77
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NAME :

TITLE: Convert and append a chain into a binary plane.
YPE:? Entry to subroutine BPLANE.

CALL FORM: CALL APLANE(IDENT)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I 3 - Chain identification number

COMMON BLOCKS: CHAPMC, XYCOMP, UCHAIN, PLANES

SUBROUTINES CALLED: Implementation-dependent. See appropriate appendix.

UNPACK

APLANE

DESCRIPTION: This subroutine converts a chain into a binary plane and

stores it into array PLANE in the commom block /PLANES/.

The previous contents of PLANE are not affected.

WORKING BUFFER USED: 1

6/17
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NAME: ARRAY

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

TYPE: Subroutine.

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

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I I - Chain identification number
LIST I i N An array for chain links
N z 1 - Dimension of LIST
L 0 & - Number of chain links stored in LIST

COMMON BLOCKS: UCHAIN

SUBROUTINES CALLED: uwPACK

DESCRIPTION: This subroutine stores the links of a chain into array LIST.
One link, valued O 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. L is set to number of links stored in

LIST.

WORKING BUFFER USED: 3

6/77




NAME: AUTO

TITLE: Compute the autocorrelation of a chain.

TYPE: Subroutine.

CALL FORM: CALL AUTO(IDENT,ACORR,PERIOD,LIST,N)

PARAMETERS:
Name L/0" Type Dimgpsion Description
IDENT i I Chain identification number
ACORR 0 R Autocorrelation value
PERIOD O I Period of maximum autocorrelation
LIST T i N Array to store chain directional links
N I i Dimension of LIST

COMMON BLOCKS: none

SUBROUTINES CALLED: ARRAY

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.

HORKING BUFFER USED: 3

LIMITATIONS: Note that the array LIST must be large enough to store all

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

6/77




NAME: BPLANE

Clear binary plane and convert a chain into it.

FUTLE

TYPE: Subroutine.

CALL FORM: CALL BPLANE(IDENT)

PARAMETERS :
I/O sype

moer

Dimension Description
Chain identification num

Name
IDENT I I
PLANES

CHAPMC, XYCOMP, UCHAIN,
propriate appendix.

See ap

COMMOiN BLOCKS:
SUBROUTINES CALLED: Implementation-dependent

UNPACK
DESCRIPTION: This subroutine clears the contents of array PLANE

common block /PLANES/ and then conver*s chain IDENT into

a2 binary plane representation and stores it in PLANE.

1

-~

WORKING BUFFER USED:

6/T7
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NAME: BRBPRINT

TITLE: Print binary plane.

TYPE: Subroutine entry point in PRINT.

CALL FORM: CALL BPRINT(IW)

PARAMETERS:
lame I/0 Type Dimension Description
IW x 1 L Specified window to be printed

COMMON BLOCKS: CHAPMC, IOBUFF, PLANES

SUBROUTINES CALLED: 1Implementation-dependent. See appropriate appendix.

BPLANE

DESCRIPTION: A window specified by IW of the CHAP's binary plane PLANE
is common block /PLANES/ is printed.
The contents of IW are

- initial x point

- final x point

(1)
(2)

IW(3) - initial y point
(L) final y point




MAME: BUILD

TITLE: Start to build a chain by initializing buffer and inserting
chain's identification number.

TXPE - Subroutine.

CALL FORM: CALL BUILD(IBUFF,IDENT)

PARAMETERS :
Name I/0 Type Dimension Description
IBUFF I 7 - CHAP buffer to store the chain
IDENT 1 I - Chain identification number

COMMON BLOCKS: STATUS, UCHAIN,WCHAIN

SUBROUTINES CALLED:  none

DESCRIPTION: This subroutine initializes one of the three working buffers
IBUFF in CHAP, and starts to build chain number IDENT by
inserting the chain's identification number into the buffer.
Also, an end-of-chain code is placed in the first position

of the buffer.

6/77
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NAME: CENTRD

FEFLE: Compute the x and y coordinates of the centroid of a chain.

TYRE: Subroutine.

CALL FORM: CALL CENTRD(IDENT,CX,CY)

PARAMETERS :
Name I/0 Type Dimension Description
IDENT 3 i3 - Chain identification number
CcX 0 = Centroid x coordinate
CY 0 - Centroid y coordinate

COMMON BLOCKS:  none

SUBROUTINES CALLED: ECAREA, MOML

LIMITATIONS: Chain IDENT must be a closed chain.

DESCRIPTION: The x and y coordinates (CX,CY) of the centroid of a chain are
computed as the ratios of the chain's moments about the x and

Yy axes to the enclosed area.

AORKING BUFFER USED: 1
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TITLE:

TYPE:

CALL FORM:

DESCRIPTION:

NAME: CHAPBD

Allocate and initialize the CHAP labelled common blocks.

Block data program.

Implementation dependent. See appropriate appendix.

This program allocates and initializes the CHAP labelled common
blocks. These blocks contain machine-dependent constants, chain
buffers, an input/output buffer, binary plane buffer, catalogs
of chains in memory and parameters referring to the sizes of

the above buffers. Changing these parameters allows a user to

alter the sizes of buffers in the entire CHAP system.

The following are common blocks allocated and initialized by
this program:

a) Machine dependent constants - block CHAPMC

/CHAPMC/ NBW,NLW,BLANK,EX,DIGITS(8)

NBW number of bits per machine word

NLW number of octal links per machine word

BLANK left justified code of the space character

EX left Jjustified code of the character used
to print chains from binary plane

DIGITS(8) left Justified codes of the eight octal
digits

b) Components of chain directional links - block XYCOMP
/XYCOMP/ AX(8),AY(8)

AX(8) x components of chain links 0 to 7
AY(8) y components of chain links 0 to T
6/77




¢) Catalog of chains in CHAP - block ICHAIN

/ICHAIN/ UCH(9), MAXNCH,NCH,CHDIR(3#MAXNCH)
UCH(9) not used, replaced by /STATUS/

MAXNCH maximum allowable number of chains
in CHAP memory

NCH current number of chains in CHAP
memory

CHDIR(3#MAXNCH) catalog of packed chains in memory:

CHDIR(3i-2) identification number of
the i-th chain in /PCHAIN/

CHDIR(3i-1) index of first location of
the i-th chain in /PCHAIN/

CHDIR(3i) index of last location of the
i-th chain in /PCHAIN/

d) Packed chains and working buffers - blocks PCHAIN and UCHAIN

/PCHAIN/ BUFFER(PSIZE)

BUFFER (PSIZE) array for storage of packed chains
/UCHAIN/ UNBUFF(USIZE)

UNBUFF (USIZE) array for storage of working buffers
Both arrays are to be dimensioned by the user according
to his requirements.

e) Starting indices of the three working buffers - block WCHAIN

/WCHAIN/ WBASE(4)

WBASE(L4) starting indices of the three partitioned
working buffers in /UCHAIN/ UNBUFF(USIZE).
WBASE(L4) contains the dimension of UNBUFF
plus cne.

6/77

B T ———— — ———




f) Binary plane - block PLANES

/PLANES/ NX,NY,PLANE(NX/NBW#NY)

NX number of bits (points) in the x direction
NY number of bits (points) in the y direction
PLANE binary plane

g) Input/output buffer - block IOBUFF

/IOBUFF/ IO(IOSIZE)

I0(IOSIZE) input /output buffer - usually dimensicned
to 132

h) Status of unpacked chains - block STATUS

/STATUS/ ID(3),5X(3),

PART(3) ,SEOCH(3)

SY(3),SSTART(3),SSTOP(3),LLINK(3),

The description of the following arrays applies to the chain currently

contained in each working buffer.

ID(3) the
sx(3) the
SY(3) the
SSTART(3) the
SSTOP(3) the
LLINK(3) the
PART(3) the

the

chain identification number

initial x coordinate

initial y coordinate

first position used in the working buffer
last position used in the working buffer
total number of links in the chain

number of calls to the routine UNPACK in
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

REFERENCES: See appropriate appendix for s listing of this progranm.

6/77
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NAME: CHLINE

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

TYPE: Subroutine.

CALL FORM: cCALL CHLINE(DELX,DELY,I)

PARAMETERS:
Name I/O Type Dimension Description
DELX I i Final x coordinate
DELY 1 15 Final y coordinate
1 I I Specified starting location in the array UNBUFF

to store the link sequence.
COMMON BLOCKS: /UCHAIN/UNBUFF(USIZE)
SUBROUTINES CALLED: none

DESCRIPTION: This subroutine generates a sequence of chain links, which
approximate a straight line from grid point (0,0) to the
point (DELX,DELY ). The sequence of links is stored in array UNBUFF
of common block /UCHAIN/; locations I through I + MAX(lDEXL},lDELYI)-l.
Note that end-of-cheain code is not appended.

REFERENCES: Bresenhem, J. E., "Algoritim for computer control of a digital
plotter”, IBM Systems J., (4), 1965, pp. 25-30.

6/T17

Sw—- - 3 e ” B




R —

NAME: CHLIST
TITLE: List all chains in CHAP catalog.
TYPE: Subroutine.
CALL FORM: CALL CHLIST
PARAMETERS: none
COMMON BLOCKS: CHAPMC,PCHAIN,ICHAIN,IOBUFF
SUBROUTINES CALLED: GTLINK

DESCRIPTION: This subroutine lists on FORTRAN logical I/O unit 6 the

contents of the catalog of chains and the contents of all

chains in memory at the time of the listing.
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NAME: CHPAX

TITLE: Convert a CHAP chain to a PAX chain.

TYPE: Subroutine.

CALL FORM: CALL CHPAX(IDENT,LIST,X)

PARAMETERS :
Name  1/0
IDENT I
LIST 0
N 0

COMMON BLOCKS:

Type Dimension Description

| - Chain identification number

I N+1 PAX chain array

i1 - Number of chain direction codes in LIST
UCHAIN

SUBROUTINES CALLED: UNPACK

DESCRIPTION:

This subroutine converts a CHAP chain into a PAX formatted
list of directional codes. Such a list can be stored into a
PAX plane by the PAX routine CHAIN. The PAX direction codes

are as follows:

6T 2
- MET R
L 3 2

The codes are stored one per word into array LIST and terminated
by a zero code. N+l is the number of codes in LIST including

the terminating zero code.

WORKING 3UFFER USED: 1
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NAME: CHPLOT

TITLE: Plot a chain on a digital plotter.

TYPE: Subroutine.

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

PARAMETERS :
Neme I/O Type Dimension Description
IDENT i I Chain file
STRING : H 40 char Output identification string
SIZE 4 4 R Grid size in inches

COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: Implementation dependent. See apprcopriate appendix.

UNPACK

DESCRIPTION: This subroutine plots a chain number IDENT on a digital plotter.
The plotter output is identified by a 40 character Hollerith string

presumably containing the user's name and account number.

WORKING BUFFER USED: 1
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NAME: CHPLOT

TIILE: Plot a chain on a digital plotter.

TYPE: Subroutine.

CALL FORM: CALL CHPLOT (IDENT, GSIZE)

PARAMETERS::
Name I/0 Type Dimension Description
IDENT E I - Chain identification number
GSIZE T R - Grid size in inches

COMMON BLOCKS:

XYCOMP, UCHAIN

SUBROUTINES CALLED: UNPACK

WORKING BUFFER USED: 1

DESCRIPTION:

6/77

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, SYMBOL, and

NUMBER are used.




NAME: COARSE

TATLE: Requantize chain on a coarser grid.

TYPE: Subroutine.

CALL FORM: CALL COARSE (J,XCOOR,YCOOR,N,LINKS

PARAMETERS:

Name I
3
XCOOR
YCOOR
N
LINKS
M

[Py

0

o O - = et l‘-ll

COMMON BI.OCKS:

Type Dimension Description
I - Number of links in chain
I J+1 X coordinates of chain vertices
a2 J+1 Y coordinates of chain vertices
ik - Number of times to expand chain grid
I J Links of compressed chain
11 - Number of links in LINKS
none

SUBROUTINES CALLED: none

DESCRIPTION:

6/71
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This subroutine compresses a chain by superimposing it on
a chain grid expanded N times and then requentizing it. The
directional links of the new chain are stored one link per

word in array LINKS.




NAME: CROSS

TETLE: Compute the crosscorrelation of two chains.

TYPE: Subroutine.

CALL FORM: CALL CROSS(IDENT1,IDENT2,CORR,J,LIST,N)

PARAMETERS :
Name I/0 Type Dimension Description
IDENT1 T i - Chain 1 identification numter
IDENT2 I I - Chain 2 identification number
CORR 0] R - Correlation between chain 1 and 2
J I I - Chain shift value
LIST T I N Array to store links of chains 1 and 2
N i I - Dimension of LIST
COMMON BLOCKS: none

SUBROUTINES CALLED: ARRAY

DESCRIPTION:

LIMITATIONS:

WORKING BUFFER USED: 3

6/71

This subroutine determines the degree of shape similarity

(crosscorrelation) between two chains by comparing the directional
links of chain 1 and chain 2 in pairs. The increment

value J determines the degree of shift to the right of chain 1 with

respect to chain 2. The result is the average pairwise difference

between chains 1 and 2 for a given value of J. The value of

CORR is in the range -1.0,1.0 .

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

links of both chains in cne-link-per-word format.
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NAME: DELETE

TITLE: Delete a chain from CHAP.

TYPE: Subroutine.

CALL FORM: CALL DELETE(IDENT)

PARAMETERS :

Name I/0 Type Dimension Description

IDENT

-

I I = Chain identification number

COMMON BLOCKS: ICHAIN, PCHAIN

SUBROUTINES CALLED: none

DESCRIPTION: This subroutine deletes the chain number IDENT from the

oy

catalog of chains in CHAP.




km

TITLE:

TYPE:

CALL FORM:

NAME: ECAREA

Compute the enclosed area of a closed chain.

Subroutine.

CALL ECAREA(IDENT,S)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I i1 - Chain identification number
S 0 R - Enclosed area

COMMON BLOCKS:

XYCOMP, UCHAIN

SUBROUTINES CALLED: UNPACK

LIMITATIONS:

DESCRIPTION:

Chain IDENT must be closed.

This subroutine computes the enclosed area of a chain.

[

t is assumed that the chain is closed. The area is
positive if it is enclosed in the clockwise sense and

negative if it is enclosed in the contraclockwise sense.

WORKING BUFFER USED: 1
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NAME :

TITLE: Append end-of-chain signal code to a chain.
TYPE: Subroutine.
CALL FORM: CALL EOCH(IDENT)
PARAMETERS:
Name I/0 Type Dimension Description
IDENT I I -

COMMON BLOCKS: STATUS, UCHAIN

SUBROUTINES CALLED:

none

DESCRIPTION:

Chain identification number

EOCH

The end-of-chain control code '0OLOO' is appended to chain
IDENT which is currently being built by CHAP, by placing the

number 10;¢ in the next position of the working buffer.

TN
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NAME: GTLINK

FITLE: Unpack a link from a packed format chain.

TYPE: Integer Function.

CALL FORM: Variable=GTLINK(BUFFER,I)

PARAMETERS:
Name I/0 Type Dimension Description
BUFFER 12 £ 1 M One dimensional array
I £ I = Sequential position of the digit in

array BUFFER

COMMON BLOCKS: CHAPMC

SUBROUTINES CALLED: Implementation dependent. See appropriate appendix.

DESCRIPTION: This integer function returns the I-th digit from the one
dimensional array containing links in packed format, with NLW

octal digits per word.

LIMITATIONS: 1In order to stay within the array BUFFER:

1 < I < NLW#M

6/77
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NAME: INITXY

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

TYPE: Subroutine.

CALL FORM: CALL INITXY(IDENT,X,Y)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I i = Chain identification number
X (0] I = The initial x coordinate
1 0 B 1 - The initial y coordinate
COMMON BLOCKS: STATUS

SUBROUTINES CALLED: UNPACK

DESCRIPTION:

WORKING BUFFER

=
6/77

This subroutine searches a chain for the signal codes that
give the x and y coordinates of the initium. Their values
are returned as X and Y. If none are found, the values of
X and Y are set to zero. If there is more than one x or y
coordinate in a chain, the value of the first is returned

and all others are ignored.

USED: 1
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NAME: INPUT

TITLE" Input & chain data file.

TYPE: Subroutine.

CALL FORM: CALL INPUT(ICODE)

PARAMETERS:
Name I/0 Type Dimension Description
ICODE I I - Catalog flag

COMMON BLOCKS: CHAPMC,PCHAIN,ICHAIN,IOBUFF

SUBROUTINES CALLED: STLINK

LIMITATIONS: Input chains must be in the form specified below.

DESCRIPTION: This subroutine reads one or more chains from a data file which has
been assigned the FORTRAN logical I/O unit number 5. If the
parameter ICODE 1s zero the catalog of chains in CHAP
is initialized, else the chains read are added to those

chains already catalogued by CHAP.

The chain data files must be entered in the following format:

Columns 1-5 Chain identification number
6 Ignored
T=72 Chain data
73-80 Sequence number

In the chain data field all characters other than octal digits
0 to T are ignored. This allows users to freely insert blanks
or other characters in order to improve the readability of

chains. The data file is terminated by & zero chain identifi-
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NAME: INTERS

TITLE: Find the intersections of two chains.
TYPE: Subroutine.
CALL FORM: CALL INTERS(IDENT1,IDENT2,ITYPE,INLCHA,INLCHB,NUMINT,X,Y,LEXIST,D)
PARAMETERS:
Name I/0 Type Dimension Description
IDENT1 5 3 I = Chain 1 identification number
IDENT?2 I I = Chain 2 identification number
ITYPE 0 I J Type of intersection
INLCHA O I J Link of chain 1 in intersection
INLCHB O I J Link of chain 2 in intersection
NUMINT 0 E = Number of intersections
X T i D Array for x coordinates of chains 1 and 2
) it I D Array for y coordinates of chains 1 and 2
LEXIST . O I J Array for pointers to intersections
D I I = Dimensions of X, Y
COMMON BLOCKS: none

SUBROUTINES CALLED: VERTEX

LIMITATIONS:

DESCRIPTION:

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.

This subroutine finds all intersections between chains 1 and 2. An

intersection may be of two types - nodal ITYPE=1 and non-nodal ITYPEs2.

The number of intersections found is NUMINT. X,Y and LEXIST are
arrays used by this subroutine to store the x and y coordinates of
vertices of the two chains and pointers to intersections. INLCHA(J)
and INLCHB(J) contain the number of directional links of chain 1 and 2
involved in the J-th intersection found.

WORKING BUFFER USED: 1

6/17
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NAME: INVIS

TITLE: Append invisible-chain-follows signal code.

TYPE: Subroutine.

CALL FORM: CALL INVIS(IDENT)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I j 5 -

COMMON BLOCKS: STATUS, UCHAIN

SUBROUTINES CALLED: none

Chain identification number

DESCRIPTION: The invisible-chain-follows control code '0OLOl' is appended

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

placing the number 1l;¢9 in the next position of the working

buffer.




NAME: LENGTH

TITLE: Compute the length of a chain.

TYPE: Subroutine.

CALL FORM: CALL LENGTH(IDENT,CHL,LCF)

PARAMETERS :
Neme  I/O
IDENT I
CHL 0
LCF I

COMMON BLOCKS:

Tvpe Dimension Description
) - Chain identification number
R

- Computed length of a chain

I - LENGTH computation flag

UCHAIN

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 length v2 units.If the length of both visible and invisible
links is desired LCF should be set to 0. For the length of
only visible links ICF should equal 1, and for only invisible

links LCF should equal 2.

WORKING BUFFER USED: 1

6/17
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DESCRIPTION:

NAME: LINK

Chain identification number

Link tc be appended

TEIEE: Append a link to a chain.
TYPE: Subroutine.
CALL FORM: CALL LINK(IDENT,LINK,NA)
PARAMETERS:
Name I/0 Type Dimension Description
IDENT I I -
LINK I I »
NA I I -

COMMON BLOCKS: STATUS, UCHAIN

SUBROUTINES CALLED: none

Number of times the link is to be appended

This subroutine appends the directicnal link LINK to chain

IDENT currently being built by CHAP. The link LINK is

appended NA times, where NA > 0.

6/77
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NAME: LINKSQ

TITLE: Append a sequence of links to a chain.

TYPE: Subroutine.

CALL FORM: cALL LINKSQ(IDENT,LIST,NL,NA)

PARAMETERS :
Name I/0 Type Dimension Description
IDENT I I - Chain identification number
LIST 3 I NL An array of links to be appended
NL ;1 1 - Number of links in LIST
HA I z - Number of times the segquence of links

in LIST is to be appended

COM40N BLOCKS:  STATUS,UCHAIN

SUBROUTINES CALLED: none

OESCRIPTION: This subroutine appends the sequence of NL directional
links stored in array LIST, one link per word, to chain IDENT
currently being built by CHAP. The sequence of links is

appended NA times, where NA > 0.

6/T7
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NAME: LMOM1

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

TYPE? Subroutine.

CALL FORM: cCALL LMOMI(IDENT,X1,Y1,X2,Y2,FMNT)

PARAMETERS:

Name I/0 Type Dimension Description

DENT I I - Chain identification number

p.al i R - X coordinate of first point of line

1l i R - Y coordinate of first point of line

X2 I § R - X coordinate of second point of line
Y2 I R - Y coordinate of second point of line
FMNT 0 R = Computed first moment

COMMON BLOCKS: none

SUBROUTINES CALLED: LNAREA, CENTRD

LIMITATIONS: Chain IDENT must be a closed chain.

DESCRIPTION: This subroutine computes the first mcment of a chain about

e line defined by points ( X1,Yl ) and ( £2,Y2 ).

WORKING BUFFER USED: 1
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NAME: LMOM2

TITLE: Compute the second moment of a chain about a line.

TYPE: Subroutine.

CALL FORM: cALL LMOM2(IDENT,X1,Y1l,X2,Y2,SMNT)

PARAMETERS :
Name I1/0 Type Dimension Description
IDENT I I - Chain identification number
p 4 & I R - X coordinate of first point
Yl I R = Y coordinate of first point
X2 I R - X coordinate of second point
Y2 I R - Y coordinate of second point
SMIT 0 R — Computed second moment

COMMO!! BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: INITXY,UNPACK,MOM2A

DESCRIPTION: This subroutine computes second moment of a chain about

a line defined by points (X1,Yl) and(X2,Y2).

LIMITATIONS: Chain IDENT must be a closed chain.

WORKING BUFFER USED: 1
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MAME: LNAREA

TLELE: Compute the area between a chain and a line.

TYPE: Subroutine.

CALL FORM: CALL LNAREA(IDENT,X1,Y1,X2,Y2,AREA)

Chain identification number
X coordinate of first point
Y coordinate of first point
X coordinate of second point

Y coordinate of second point

PARAMETERS:

Name I/0 Type Dimension Description
IDENT I X -

Xk I R -

Y1 I R -

X2 £ § R =

Y2 I R -

AREA 0 R = Computed area

COMMON BLOCKS: XYCOMP,UCHAI!

SUBROUTINES CALLED: ECAREA,INITXY,UNPACK,MOM1A,CENTRD

LIMITATIONS: Chain IDENT must be a closed chain.

DESCRIPTION: This subroutine computes the area between a chain and a

line defined by points (X1,Yl) eand (X2,Y2).

WORKING BUFFER USED: 1
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NAME: LNCHD

TEFLE: Compute the max and min distance from a chain to a line.

TYPE: Subroutine.

CALL FORM: cCALL LNCHD(IDENT,X1,Y1l,X2,Y2,CLDMAX,CLDMIN,JMAX,JMIN)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I i = Chain identification number
X1 I R = X coordinate of first line point
Yi 1 R - Y coordinate of first line point
X2 I R = X coordinate of second line point
Y2 I R = Y coordinate of second line point
CLDMAX 0 R - Maximum distance between chain and line
CLDMIN o) R - Minimum distance between chain and line
JMAX O I - Number of link at maximum distance
JMIN 0 I = Number of link at minimum distance

COMMON BLOCKS: none

SUBROUTINES CALLED: INITXY, ARRAY

DESCRIPTION: This subroutine finds the minimum and maximum distances between
a chain and a line defined by points (X1,Yl) and(X2,Y
JMAX and JMIN are numbers of directional links at the maxinmum

and minimum distances, respectively.

WORKING BUFFER USED: 1,3.
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NAME: MATCH

TITLE; Match two chain profiles.

TYPE: Subroutine.

CALL FORM: CALL MATCH(XX,YY,PROF1,N1,PROF2,N2)

PARAMETERS :
Name I/0 Type Dimension Description
XX 0 I - Relative position in the x direction
YY 0 3 = Relative position in the y direction
PROF1 I I 2,N1 First profile segquence
PROF2 i I 2,N2 Second profile seguence
N1 E I - Dimension of PROF1l
N2 i I = Dimension of PROF2

COMMON BLOCKS: none

SUBROUTINES CALLED: none

DESCRIPTION: This subroutine computes the best match of two profile
sequences PROFL1 and PROFL2. XX and YY are the number of
grid positions to shift the first chain in the X and Y
direction for the optimum match.

REFERENCES: Freeman, H., "On the template-layout problem", N.Y.U.
Technical Report CRL-39, February 1975.




NAME: MAXMIN

TETLE: Compute the max and min extents of a chain in x and y directions.

TYPE: Subroutine.

CALL FORM: CALL MAXMIN(IDENT,XY)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT A I - Chain
XY 0 I L4 Array for the min/max values

COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: UNPACK

DESCRIPTION: This subroutine computes the maximum and minimum coordinates
of chain number IDENT in the x and y directions. The
values are stored into the array XY(L4) in the following
order:

~ maximum x coordinate of chain

minimum x coordinete of chain

~ maximum y codrdinate of chain
~ minimum y coordinate of chain

o
R
= n
EWnE
t

WORKING BUFFER USED: 1
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NAME :  MoM1

TRILE: Compute the first moment of a chain about 0,45,90,135 axes.

TYPE: Subroutine.

CALL FORM: cALL MOM1(IDENT,DEGREE,FMNT)

PARAMETERS :
Name I/0 Type Dimension Description
IDENT 4 I = Chain identification number
DEGREE I I = Axis in degrees
FMNT 0 R - Computed first moment

COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: INITXY,UNPACK

DESCRIPTION: This subroutine computes the first moment of a chain
about 0, 45, 90, and 135 degree axes. The axis is

selected by setting DEGREE to 0, 45, 90, or 135.

LIMITATIONS: The chain IDENT must be a closed chain.

WORKING BUFFER USED: 1



NAME: MoM2

TITEES Compute the second moment of a chain about 0,45,90,135 axes.

TYPE: Subroutine.

CALL FORM: CALL MOM2(IDENT,DEGREE,SMNT)

PARAMETERS :
Name I/0 Type Dimension Description
IDENT I I = Chain identification number
DEGREE i I s Selected axis in degrees
SMNT 0 R .- Computed second moment

COMMON BLOCKS: XYCOMP, UCHAIN

SUBROUTINES CALLED: INITXY, UNPACK

DESCRIPTION: The second moment of a chain is found as the product 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 IDENT must be a closed chain.

WORKING BUFFER USED: 1




NAME: ©NPACK

TITLE:? Pack & chain.
TYPE: Subroutine.
CALL FORM: CALL NPACK(IDENT,NB,START,STOP)
PARAMETERS :

Name I1/0 Type Dimension Description

IDENT it I - Chain identification number

NB 2 I =~ Number of working buffer

START 1 i1 - Index of the first location of the

unpacked chain
STOP 7 I - Index of the last location of the

unpacked chain

COMMOH BLOCKS: CHAPMC,ICHAIN,PCHAIN,UCHAIN

SUBROUTINES CALLED: STLINK,GTLINK

DESCRIPTION: This subroutine creates a new packed chain from the

contents of working buffer NB which contains a chain in the

unpacked format. START is the index of the first used

location in the working buffer NB. STOP is the last

location used in the working buffer NB. IDENT is the

identification number of the new chain.
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NAME: OCTNUM

TITLE: Form an octal number from a sequence of links.

TYPE: Integer function.

CALL FORM: Variable=OCTNUM(BUFFER,I,N)

PARAMETERS::
Name I/0 Type Dimension Description
BUFFER I I M One-dimensional array
I ; 3 I - Number of the first digit
N I I - Number of digits to form the number

COMMON BLOCKS: CHAPMC

SUBROUTINES CALLED: Implementation dependent. See appropriate appendix.

DESCRIPTION: This function returns the integer value (decimal) of a number
formed from N octal digits stored in one dimensional array
BUFFER as described for programs GTLINK and STLINK. The I-th
octal digit is in the most significant position and the
(I+N-1)-th octal digit is in the least significant position of the

number.

LIMITATIONS: In order to stay within the array BUFFER:
1531
15N

NLWeM

<
S NLWaM-I+1

6/77
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NAME: OUTPUT

TITLE: Cutput chains to I/0 unit 7 in format read by INPUT.

TYPE: Subroutine.

CALL FORM: CALL OUTPUT(IDENT)

PARAMETERS :
Name I/0 Tyve Dimension Description
IDENT 3 I = Chain identification number

COMMON BLOCKS: CHAPMC,PCHAIN,ICHAIN,IOBUFF

SUBROUTINES CALLED: GTLINK

DESCRIPTION: This subroutine writes a chain on a data file, which has
been assigned FORTRAN logical I/O unit number 7. The

chain data file will be output in the following format:

Columns
1-5 Chain identification number
6 blank
T-T72 Chain data
73-80 Sequence number

The sequence numbers begin at 10010 and are

incremented by 10019¢.

6/77
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NAME: PDIST

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

TYPE ¢ Subroutine.

CALL FORM: CALL PDIST(IDENT,P1,P2,DIST)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT i I ¥ Chain identification number
Pl I I = First chain vertex
P2 i I - Second chain vertex
DIST 0 R = Distance between the two points

COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: UNPACK

DESCRIPTION: This subroutine computes the straight line distance between

two points on a chain defined by the vertices Pl and P2.

WORKING BUFFER USED: 1
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NAME: PNTCHD

TITLE: Compute the max and min distances from a chain to a point.

TYPE: Subroutine.

CALL FORM: CALL PNTCHD(IDENT,XP,YP,DMAX,DMIN,LMAX,LMIN)

Chain identification number

X coordinate of a point

Y coordinate of a point

Computed maximum distance

Computed minimum distance

Number of link at maximum distance

Number of link at minimum distance

PARAMETERS:
Name I/0 Type Dimension Description
IDENT 13 I -
E R =
i I R -
DMAX 0 R -
DMIN 0 R -
LMAX 0 I -
IMIN 0 I -
COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED:

DESCRIPTION:

INITXY ,UNPACK

This subroutine computes the maximum and minimum distances

between a chain and a point defined by (XP,YP). LMAX and

IMIN are sequential numbers of chain directional links at

maximum distance DMAX and at minimum distance DMIN,

respectively.

WORKING BUFFER USED: 1
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TITLE:

TYPES

CALL FORM:

NAME: POLYGN

Determine a polygonal approximation of a chain to a
specified precision.

Subroutine.

CALL POLYGN (IDENT,XCOORD,YCOORD,ICL,IOP,TOL,IC)

PARAMETERS :
Name I/0 Type Dimension Description
IDENT L I - Chain identification number
XCOORD 0 I J X coordinates of chain vertices
YCOORD O I J Y coordinates of chain vertices
ICL 0 Xk J Pointers to vertices of polygon
I0P I i J Stack used in approximation
TOL X R ot Tolerance of the polygonal approximation
143 0 I = Number of vertices of peclygon

COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: INITXY,UNPACK

DESCRIPTION:

LIMITATIONS

This subroutine computes the polygonal approximation of a
a chain. XCOORD and YCOORD store the coordinates of the chain

vertices. ICL stores pointers to the vertices of th
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XCOORD(ICL(J)) and YCOORD(ICL(J)) are the coordinates of the j-th

vertex of the polygon, IC is the numbe
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TOL is set in a calling program to the required toleranc

polygonal approximation.

J is the number of vertex points in the chain.

HORKING BUFFER USED: 1
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TITLE:

TYPE:

CALL FORM:

NAME: PRINT

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

Subroutine.

CALL PRINT(IDENT,IW)

PARAMETERS:
Name I/
IDENT I
Iw 3

0 Type Dimension Description
I s Chain identification number
i N Window to be printed

COMMON BLOCKS: CHAPMC,IOBUFF,PLANES

SUBROUTINES

DESCRIPTION:

CALLED: Implementation-dependent. See appropriate appendix.

This subroutine converts the chain IDENT into a binary plane
and then outputs a window of the plane as specified by IW

to FORTRAN logical unit number 6.
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NAME: RESID

FLTLE: Compute chain residue.

TYPE: Subroutine.

CALL FORM: CALL RESID(IDENT,LRES1,NLRES1,LRES2,NLRES2)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT £ i - Chain identification number
LRES1 0 1) - Number of first type links in residue
NLRES1 0 I - Number of links L1 in residue
LRES2 0 I - Number of second type links in residue
NLRES2 O I - Number of links L2 in residue

COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: UNPACK

DESCRIPTION: This subroutine ccmputes the links in the residue of a
chain. There are at most two types of links in the
residue, which differ by unity, i.e. LRES1=LRES2+1l(mcd 8).
Each type of residue link occurs O or greater number of
times as specified by NLRES1 for type LRES1 and NLRES2

for type LRES2 of residue links.

WORKING BUFFER USED: 1
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NAME: ROSCAL

TITLE:S Rotate and scale a chain.

TYPE: Subroutine

CALL FORM: CALL ROSCAL (IDENT1, IDENT2, ANGLE, XSCALE, YSCALE)

PARAMETERS:

Name I/0 Type Dimension Description

IDENT1 I b - Identification number of the chain to
be rotated and scaled

IDENT2 3 I - Identification number of the resulting
chein

ANGLE ) R - Rotation angle in degrees

XSCALE I ); - Scale factor in x direction

YSCALE I R - Scale factor in y direction

COMMON BLOCKS: UCHAIN, WCHAIN

SUBROUTINES CALLED: UNPACK, NPACK, INITXY, BUILD, LINK

WORKING BUFFER USED: 1,3

DESCRIPTION: This subroutine rotates and scales a chain. The resulting
chain is stored with the specified identification number.
If the angle is a multiple of 90° and the scale factors are

both 1.0, then a very efficient algorithm is used.

6/77
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NAME: STLINK

TITLE: Store a link in a packed format buffer.

TYRES Subroutine.

CALL FORM: CALL STLINK(LINK,BUFFER,I)

PARAMETERS:
llame I/0 Type Dimension Descriotion
LINK i i - Octal digit
BUFFER 1 T M One-dimensicnal array
I 1 3 - Desired sequential position of LINK in
BUFFER

COMMON BLOCKS: CHAPMC

SUBROUTIMES CALLED: Implementation dependent. See appropriate appendix.

DESCRIPTION: This subroutine inserts the octal digit LINK into the
one dimensional array BUFFER gs the I-th sequential octal

digit in packed format with NLW octal digits per word.

LIMITATIONS: 1In order to stay within the array BUFFER:

15T S NLWaeM
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E PARAMETERS:

X Name 1/0

: IDENT I
NB I
FIRST I
ISTART O
ISTOP O
EOCH 0

COMMON BLOCKS:

DESCRIPTION:

NAME: UNPACK

TITLE: Unpack a chain.

TYPE: Subroutine.

CALL FORM: CALL UNPACK(IDENT,NB,FIRST,ISTART,ISTOP,EOCH)

Type Dimension Description

il - Chain identification number

1 = Number of working buffer

L - First part of chain to be unpacked
I

- Index of the first location of the
unpacked chain

I = Index of the last location of the unpacked
chain
L - End of chain flag

CHAPMC ,PCHAIN ,UCHAIN,ICHAIN,WCHAIN

SUBROUTINES CALLED: GTLINK,OCTNUM

o~

This subroutine unpacks a portion of a packed chain

into working buffer NB. ISTART is the index

of the first used location in the working buffer NB, ISTOP
is the index of the last used location in the working buffer
NB. The logical flag EOCH is.TRUE.if the end of chain
indicator was reached.

The subroutine is called multiple times to unvack a long chain.

FIRST is to be set to .TRUE. in the call if the first part of a chain

is to be unpacked. It is to be set to .FALSE. in the c¢all to unpack

additional portions of the chain until EOCH is .TRUE.

e o — —— e s —— e - — - - - -




NAME: VERTEX

TITLE: Convert a chain into lists of vertex coordinates.

TYPE: Subroutine.

CALL FORM: CALL VERTEX(IDENT,XCOORD,YCOORD,N,L)

PARAMETERS :
Name I/0 Type Dimension Description
IDENT I L e Chain identification number
XCOORD 0 I N An array of x coordinates
YCOORD 0 I N An array of y coordinates
N E I = Dimension of XCOORD and YCOORD
L 0 I = Number of vertex coordinates in

XCOORD and YCOORD
COMMON BLOCKS: XYCOMP,UCHAIN

SUBROUTINES CALLED: INITXY,UNPACK

DESCRIPTION: This subroutine converts a chain into two arrays. Array
XCOORD contains the x coordinates of the vertex points of
the chain and array YCOORD contains the y coordinates.
Note that XCOORD(1l) and YCOdRD(l) contain the initial
coordinates of the chain. If there are more than N-1
directional links in the chain the remaining links are
skipped and a warning message is printed. L is set to the

number of coordinate pairs in the XCOORD and YCOORD arrays.

WORKING BUFFER USED: 1
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NAME: VISIBL

TETLES Append visible-chain-follows signal code.
TYPE Subroutine.
CALL FORM: CALL VISIBL(IDENT)
PARAMETERS:
Name 1/0 Tvpe Dimension Description
IDENT i 9 i -

COMMON BLOCKS: STATUS,UCHAIN

SUBROUTINES CALLED: none

DESCRIPTION:

6/77

Chain identification number

The visible-chain-follows signal code '0402' is appended

to chain IDENT which is currently being built by CHAP,

by placing the number 12;, in the next location of the

working buffer.
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TITLE: Compute chain width, height, 45 and
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TYPE: Subroutine.

CALL FORM: CALL WHEX(IDENT,ITYPE,W)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT 4 h - Chain identification number
ITYPE A I 7 Type of computation desired
W 0 R o Computed value

COMMON BLOCKS: UCHAIN
SUBROUTINES CALLED: UNPACK

DESCRIPTION: This subroutine computes the width, height, 45 degree

extent or 135 degree extent of a chain by specifying
ITYPE to be

width
height
- 45 degree extent
135 degree extent

Fwmn
I

WORKING BUFFER USED: 1




NAME: XCOORD

TITLE: Append an x coordinate to a chain.

TYPE: Subroutine.

CALL FORM: CALL XCOORD(IDENT,X)

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I X - Chain identification number
X I I - X coordinate

COM10N BLOCKS: STATUS,UCHAIN

SUBROUTINES CALLED: none

DESCRIPTION: The x coordinate value and signal code is appended to
& chain with identification number IDENT which is built

by CHAP.

LIMITATIONS: o0x < 32768,

6/T1




NAME: XPROFL

TITLE: Compute a chain profile along x axis.

TYPE: Subroutine.

CALL FORM: CALL XPROFL(IDENT,FLAG,PROFL,N,LIST,NN)

PARAMETERS :
Name I1/0 Type Dimension Description
IDENT I i - Chain identification number
FLAG L - Flag indicating upper profile (.TRUE.)
or lower profile (.FALSE.) desired
PROFL 0 X 2,N Array of profile pairs
N b i I - Dimension of array PROFL
LIST ;4 I NN Array to store chain
NN X I - Dimension of array LIST

COMMON BLOCKS: xycomp
SUBROUTINES CALLED: ARRAY,MAXMIN

DESCRIPTION: This subroutine forms profile pairs of a chain-coded template.
The profile pairs are computed relative to the enclosing
rectangle made of x and y maximum and minimum positions of the
chain. When FLAG is true the profile is computed along the
upper edge, when false the profile is computed along the lower
edge of the template.

REFERENCES: Freeman, H., "On the template-layout problem", N.Y.U.
Technical Report CRL~39, February 1975

WORKING BUFFER USED: 1,3
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NAME: YCOORD

FETLE> Append a y coordinate to a chain.

TYPE: Subroutine.

CALL FORM: CALL YCOORD(IDENT,Y)

Chain identification number

PARAMETERS:
Name I/0 Type Dimension Description
IDENT I I -
¥ I I - Y coordinate

COMMON BLOCKS: STATUS,UCHAIN

SUBROUTINES CALLED: none

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

with identification number IDENT which is currently being

built by CHAP.

LIMITATIONS: oSy S 32768,
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8. AN EXAMPLE OF A CHAP USER PROGRAM

A simple CHAP user program is listed on the following page. The
program reads an input chain data file which consists of 2 records. The
first contains a 'l' in column 5 and, starting in column 7, the chain
"12123000765455L0L00". The second record consists of a zero in column 5.

The expected output is shown in the program listing. The chain is listeqd,
then the image of the chain is printed from a 41x6 point window of the CHAP
binary array as specified by window size IW. Then the enclosed area, length,
first moment about the y axis and second moment about the x axis of the

chain are computed and printed. The output of the example program is

given on page 8.3.

8.1
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AN EXAMFLE OF CHAF FROGRAMMING |

el M ¥ g

: IMPLICIT INTEGER(A-Z
> REAL LsSeFMNT » SMNT

> DIMENSION TW(4)

" DATA IW £.0»4020S F » LEF /4 O / A
2E

#C  READ IN ONE SAMFLE CHAIMNy WITH IDENT. NO. = 1

> CALL INFUTC(O)

o In =1

26

C  LIST THE CHAIN
: CALL CHLIST

“C PRINT THE CHAIN
CALL FRINT(IDyIW)

»C  FIND THE EMCLOSED AREA
> Call. ECAREACIDLSG)
WRITE(SHy100) IDeS ;
100 FORMAT(31H-~-THE ENCLOSED AREA OF CHAIN NO.»I3v4H IS »F7.2/)
g o
*C FIND THE LENGTH OF THE CHAIN
CALL LENGTHC(IDL »LCF)
WRITECSHy110Q) TNyl
110 FORMAT(24H THE LENGTH OF CHAIN NO.»y I3y 4H IS ¢ F7.2/)
pe ] 5
»C FIND THE FIRST MOMENT ABOUT THE Y AXIS
CALLL. MOMLCTIDy QO FINT)
WRITECLH2120) FMNT
120 FORMAT(31H THE FIRST MOMENT AEBOUT Y AX1Sie F7Z.2/
=C
»C  FIND THE SECOND MOMENT ABOUT THE X AXI1S
CALL MOM2C(IDsOySMNT)

> WRITEC(SH»130) SMNT ,
» 130 FORMAT(32H THE SECOND MOMENT ABOUT X AXIS!r F7.2/)
p g v
L
L EXPECTED QUTFUT S
»C CHAIN LISTING~- 12123 00076 54554 04 00
»C ENCLOSEDl AREA- 1148
*C  LENGTH- 17.90
<C FIRET MOMENT <Y AXIS) 32+ 17
+«C SECOND MOMENT- 121.08
»C
> STOP

FNTI
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FEXECUTION BEGIN

5

CONTENTS OF THE CHAIN BUFFER

CHAIN ID NUMEER

12123 00076

ENL' OF EUFFER

CHAIN FILE NO,

XXXX

X X

X X

X XX

XX
XX
THE
THE
THE FIRST MOMEN
THE

#EXECUTION TERMI
¥

54554

= 1

0400

ENCLOSED AREA OF CHAIN NO.

LENGTH OF CHAIN NO. 1 IS

T ARODUT Y AXIS?

SECOND MOMENT AEBQOUT X AXIS:

NATETD

8.3

1 3% 11.50
17w
"32-17

121.08
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Appendix A. MULTIPLE-COMPUTER VERSION

Most of the CHAP subroutines are totally independent of the computer
on which CHAP is to be run. All that is required is a standard ANSI
FORTRAN IV compiler. The only excepticns are the chain packing and unpack-
ing routines, which depend on the word length of the computer, as well as
some minor variations in the particular FORTRAN versions. It is planned
to maintain a single master version of CHAP. This version will consist
of the union of all the statements required for all the different computer
systems on which CHAP is to be implemented. It will not be an executable
version. Special control cards, identified by the letter "M" in column 1
will be used to indicate the computer systems to which the statements that
follow apply. For each computer system, a unique column, beginning with
column 10, is assigned in the M-cards. An entry (any alphanumeric
character other than 'blank') in one or more columns indicates that all the
cards that follow (until the next M-card is enccuntered) apply to all the
computer systems that have an entry in their assigned column. (The entries
may be coded to facilitate readability).

Statements that apply to all computer system versions are preceded by
an M-card that either contains an entry in every assigned computer coclumn
beginning with column 10, or contains an A in column 9. In the latter case,
any entries in columns 10 and above are ignored.

To generate s CHAP version for a particular computer system, the
master version is first pre-processed by a small program to (1) delete all
statements for which the preceding M-card either does not have an A in

column 9 or does not have an entry in the column corresponding to the

A.l
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Appendix B. IBM 360/370 VERSION

This version of CHAP was written for an IBM 360 computer and
compiled by a FORTRAN (G) compiler. It was tested on the IBM-360/6T
at RPI, using the Michigan Terminal System.

Three IBM assembly language integer functions are used. They are

IAND, IOR, and SHIFT, and are described on the following pages. They are

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

organization of CHAP packed chains is shown in the figure below. Ten (10)

links are packed in one 32-bit word in this version. B

word are not used.

BITS/WORD (NBW) LINKS,WORD (NLW)
32 10
bit 0=} 2 3L Q= 2 I Q=1 2
Ry i ] i I | :
|L|L5 ......... 1+L (S P e R S 5 el R PR R
144 e B e {ed 21
WORD1 WORD?2 WORD3

he Elock Data program CHAPBD must be link-edited with the user's

ing buffers (unpacked) are allocated 600 words in total, and the packed

buffer is al

cated 500 words in this version. The IBM version of CHAP

main program to allocate the required memory space correctly. The work-

nn

SV




NAME: YPROFL

TITLE: Compute chain profile along y axis.

TYPE: Entry to subroutine XPROFL.

CALL FORM: CALL YPROFL(IDENT,FLAG,PROFL,N,LIST,NN)

PARAMETERS :
Neme  1/0
IDENT i
FLAG i
PROFL 0]
N 15
LIST TO
NN I

COMMON BLOCKS:

Type Dimension Description

x = Chain identificatic: number

Flag indicating right (.TRUE.) or left
profile (.FALSE.) is desired

-t
I

1 2,N Array for profile pairs

I - Dimension of array PROFL

i NN Array to store chain

I - Dimension of arrsy LIST
XYCOMP

SUBROUTINES CALLED: ARRAY,MAXMIN

DESCRIPTION:

This subroutine forms profile pairs of a chain-coded template.
The profile pairs are computed relative to the enclosing
rectangle made of x and y maximum and minimum positions of
the chain. When FLAG is true the profile is computed along
the right edge, when false the profile is computed along the

left edge of the template.

REFERENCES: Freeman, H., "On the template-layout problem", N.Y.U.
Technical Report CRL=-39, February 1975

WORKING BUFFER USED: 1,3




ADDITIONAL LIST OF GLOBAL NAMES

The following is a list of the global names which are defined in
the IBM-360/370 version of CHAP. They are all integer functions (IF)
and are described on pages B.3-B.5.

Name Type Description

IAND IF The logical and of two variables.

IOR IF The logical or of two variables.

SHIFT IF Left circular shift of an integer variable.

The following list is of the CHAP routines which call the
implementation dependent routines and the routines they call.

CHAP routine Routines called
APLANE SHIFT, IOR
BPLANE SHIFT, IOR
BPRINT SHIFT, IAND
CEPLOT  mmm—mm————
GTLINK SHIFT, IAND
OCTNUM SHIFT, IAND
PRINT SHIFT, IAND
STLINK SHIFT, IAND, IOR

B.2




NAME :

TETLE: Form bit-by-vit logical AND of two variables.
TYPE: Integer function.
CALL FORM: Variable = IAND(WORD1, WORD2)

PARAMETERS :

Name 1/0 Type Dimension Description
WORD1 1 I - An integer variable
WORD2 I I - An integer variable

COMIAON BLOCKS: none

SUBROUTINES CALLED: none

DESCRIPTION: 1IBM assembly language routine for the IBM 360
implementation of CHAP. SSEM

m

The logical AND of the two parameters is returned.

Assembled by ASSEMBLER

/
\
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TITLE: Fo

TYRE: In

NAME: IOR

rm bit-by-bit logical OR of two variables.

teger function.

CALL FORM: Variable = IOR(WORD1l, WORD2)

PARAMETERS:

Name I/0 Type Dimension Description
WORD1 I I - An integer variable
WORD2 I E = An integer variable
COMMON BLOCKS: none
SUBROUTI.IES CALLED: none

DESCRIPTIO::

IEM sssembly language routine for the IBM 360

implementation of CHAP. Assembled by ASSEMBLER

The logical OR of the two perameters is returned.

6/17
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NAME: SHIFT

TETE:S Left circular shift of an integer variable.

TYPE: Integer function.

CALL FORM: vVariable = SHIFT (WORD,N)

PARAMETERS:
Name I/0 Type Dimension Description
WORD 18 i - An integer variable
N I I - Number of bits to shift 0<Ii<30

COMMON BLOCKS: none

SUBROUTINES CALLED: none

DESCRIPTION: Left circular shift of the 30 lower bits of an integer
variable is performed. The two leading bits of the result

are set to zero.

IBM assembly language routine for the IBM 360

implementation of CHAP. Assembled by ASSEMBLER (F).

B.5
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