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I. Introluction 

The beginning (and frequently the more advanced)student 

of block structured languages often can be helped in under- 

standing the implications of this structure by studying 

John B. Johnston's Contour Model [1]. Stepping through a 

program by hand using the Contour Model is effective, but 

tedious. A more useful aid is to show the contours and step 

by step execution of a program on a display screen. This 

would allow the student to step through the program examining 

each change as it happens without becomning involved in the 

many hardcooy pages necessary when this is done by hand. 

The purpose of this paper is to describe a program that 

uses the Contour Model to display a predefined sequence of 

execution of a program. In other words, the user must know 

what each snapshot will be before writing the program necessary 

to display them. A logical extension of this program is to 

add an interpreter in front of the display modules so the 

input could be the program the user wishes to display using 

the Contour Model. An overall description of this system 

along with a suggested plan of attack for the interpreter 

is provided in the next section, 

The display routines described in the third and fourth, 

sections are written in FORTRAN for the Computek 300 CRT [2]. 

Due to the small size of the display screen (256x256), large 

complicated snapshots cannot be displayed in their entirety. 

Therefore, a useful ad(3ition to the display routines would be 
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to automatically change the scale of the picture or to allow 

the user to determine the scale. The user has the option of 

stepping through the display or allowing the display to 

proceed naturally to its completion. 

data 

(sample pgm) 

II. Overview of the System 

--interpreter=> 

I 

ltree structure 

display 

routines 

Figure 1. 

- 
compiler -4displayr -- user 

] 1 

Figure 1 shows a possible system for implementing the 

Contour Model. As can be seen, it consists of two main 

parts, an interpreter and a display package. A progr-tm to 

be displayed would be used as input to the interpreter. As 

the interpreter stepped through the program, it would keep a 

record of execution to be translated to a series of calls to 

the display routines. At the same time, it would build a 

tree structure which contained information about the individual 

contours that would be created and destroyed. The routines 
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to build such a tree structure currently exist for the purpose 

of defining the screen coordinates of the contour for the 

existing display routines. 

The final output from the interpreter would be calls to 

the tree building and display routines. The routines to 

produce the tree could be executed immediately, but the display 

calls must be saved until the tree routines are finished or 

until the interpreter is through. This could be done by setting 

up an n x 4 array using each row to represent one call to a 

display routine and the first column to contain the number 

of the routine to be executed. Each of the remaining three 

columns would contain the arguments. Whenever a contour was 

created or deleted, a call to the proper display routine 

would be inserted in this array and a call to a corresponding 

tree building routine executed immediately. Since there is 

currently no interpreter, the user must produce a series of 

calls to the tree building and display routines as described 

in Section IV. 

If the display routines always created contours as large 

or as small as possible, the continued erasing and redrawing 

of the picture might be highly distracting to the viewer, 

particularly if a low speed display is being used. Therefore, 

the display is done in two parts. Whenever a contour is 

created, it is immediately put on a tree, when it is deleted, 

it is removed. Then, before the display is started, a minimum 

size is calculated for -each contour starting with the leaf nodes 

on the tree. These calculations take into account the numbers 
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of variables in the contour and the placement of the processor 

in it. From these sizes, the lower left and upper right 

graph points of each contour are found along with the position 

of the processor in the positive quadrant. It is these graph 

points that are referred to by the display routines to obtain 

the final screen coordinates. The tree structure is linked 

through father, son, brother, and synonym pointers. If a 

contour, '131, is created and then deleted as a son of contour 

'A', and a new contour, 'C', is created as the son of 'A', 

this new contour is a synonym of the deleted contour, 'B', 

since it can occupy the same space in the display. 

When all calls to the tree routines are completed, routines 

are called to find the minimum size each contour must be and 

the displacement of the processor from the lower left hand 

corner of the contour if the processor were to appear in it. 

The tree and size information are saved in the two arrays, 

NAME(20) and T(10,20). The name of a newly created contour 

is entered in NAME in the first unused space. The corresponding 

column in T is used to store the other information as Figure 2 

illustrates. The first column is a dummy node used to make 

processing easier. The synonym pointer and processor height 

are reused later for other information. 

In Figure 2, if the synonym pointer is ignored, the tree 

produced is: / A 
D 

\ 
B / 

H C 



NAME(20) 

T(10,20) 

# of variables 0 2 3 
level # 0 1 2 

father 0 1 2 

son 0 3 0 

brother 0 0 4 
synonym 0 0 0 

processor height 0 143 6 

processor width 0 92 14 
height of contour 0,161 48 
width of contour 0 ,241 78 

Figure 2 

2 1 2 

2 - 3 
2 4 
5 o 

0 1 6 

7 lo 
6 1 6 
14 1 14 
62 1 38 
2371 78 

C G 

1 2 3 ' 

3 2 3 
4 2 7 
0 8 0 
0 0 0 
0 0 io 
6 6 6 

14. 14 14 
28 62 48 
78 237 78 

If B's synonym pointer is followed instead of B, the tree is: 

A 

D F 

This implies that contours B, H, and C were deleted before 

F and G were created. This information is used in calculating 

each contour's position since F and G can be displayed in 

the same positions occupied by B and H because they are 

never simultaneously displayed. All the information kept in 

T is used to find the screen coordinates for each contour. 

The lower left hand and upper right hand points of each 

contour are saved in the array S(4,20). The start position 

of the processor in the contour is saved in P(2,20). When 

all this information is found, the display routines can be 

executed. Information is passed to these routines through 
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NAME, T, S, P, and the arguments in the call statements. 

The display routines then call graphic primitives defined in 

an existing system [2,3] to put information into a pseudo 

display file (PDF). This file is processed by an existing 

"compiler" which actually handles communication with the 

Computek. The display routines allow a certain amount of 

interaction with the user as described later. 

III. The Display 

When used properly, the routines written for the display 

result in the creation of snapshots as described by Johnston 

with some minor notational differences. When a block is 

entered, a contour is created. Each contour is labeled 

outside the upper right hand corner. Every variable defined 

in the block is represented by a cell in the upper left hand 

corner. The cell is divided into three parts, the first for 

the variable name, the second for the environment and the 

third for the value. The environment is represented by 

the name of a contour rather than an arrow. In the ease of 

a local integer variable, the environment is blank rather 

than dividing the cell into only two parts as Johnston does. 

A processor is displayed as Johnston defines it, however 

the environment pointer is never expressed as an arrow but 

always implicitly defined by its position inside the 

environment contour. 



Positioning the oontours on the screen must be done by 

an explicit algorithm. Therefore, in order to use space 

efficiently and still maintain a simple algorithm, alternate 

levels of contours are stacked in alternate directions in the 

display. For examples if Al is the father of B1 and B2, and 

Bl is the father of Cl, D1, and El, contours Bl and B2 are 

displayed on top of each other inside Al, but contours Cl, D1, 

and El, since they are on the next lower level in the tree, are 

displayed side by side inside Bl as shown in Figure 3. The 

Ills in the diagram indicate the position of the processor if 

it were to be displayed ih each contour. 

CI 
1 

TT 1-2_ 

TT 

DI 

L . 

T 

Figure 3 

BI 

El 

52., 

From the user's point of view, it would be helpful to be 

able to stop the display to examine it whenever he wished. 

Therefore, when the display begins, the message "# OF 

INSTRUCTION STEPS" appears at the bottom of the screen. The 

user responds with an integer number, n, followed by a 

oarriage return. The display will then continue until 
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the instruction pointer has changed n times. At this point, 

the display will stop and the message is repeated. In this 

way, the user may step through the program one statement at 

a time or in steps as large as he likes. 

Currently, any series of contours displayed must fit 

entirely on the screen, This is a severe limitation as far 

as the user is concerned. Therefore, a useful addition to 

the system would be some scaling facilities. A description 

of a suggested scaling mechanism. can be found in Appendix V. 

The following paragraphs describe a possible method of 

interfacing this scaling with the user. 

If the response to "# OF INSTRUCTION STEPS" is -1 or 

a number that is larger than the number of steps to complete 

the program, the display would go to completion and return 

to the system. If the response were 0, scaling information 

would be requested via the message "AUTO (0) OR MANUAL (1) 

SCALING". 

If manual scaling were to be requested, the "OUTERMOST 

CONTOUR" would be requested. The response should be a contour 

name consisting of no more than four lowercase letters. The 

effect would be to erase the screen and rescale existing 

contours to display this contour as the outermost one on 

the screen. This may result in inner contours becomming too 

small to display. All subsequent action would take place with 

this same constant scale. The scale could be changed at any 

time by changing the response to "OUTERMOST CONTOUR". 
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By default, scaling would be done automatically. A 

return to the automatic mode could be effected by responding 

with 0 when the message "AUTO (0) OR MANUAL (1) SCALING" was 

displayed. In this mode, if all contours happened to fit 

on the screen, no scaling would be done. If all contours did 

not fit on the screen at the same time, when the program started, 

the outermost contour would be displayed as the maximum 

that would fit on the screen. Futher contours would be 

displayed until one was too small to contain all the pertinent 

data. The screen would be erased and the displayed contours 

resealed so the father of the new contour would be the 

maximum screen size or as close to it as possible. The new 

contour would then be displayed according to this new scale. 

A similar scaling algorithm could. be used when deleting 

a contour. Alternately; if the contour to be deleted is not 

currently displayed on the screen, a message could be displayed 

in the lower right hand corner of the screen indicating that 

the contour was deleted. 

IV. Display Routines 

size 

The display routines will be illustrated using the example 

in Figures 4-6. Unless indicated otherwise, all arguments 

in the routines are character strings of length one to four. 

Figute 4 is a sample program that calculates factorials 

with the use of a recursive subroutine. The snapshots in 

Figure 6 show the record of execution of this program if 
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1 B1 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

13 

F 

B2 

begin integer N; label R, S; 

procedure FACT(F); value 17; integer F, X; 

begin 

if F>1 then 

begin 

X=F-1; 

FACT(X); 

N=N*X; 

end; 

else 

if F=0 then 

F=1; 

end; 

R: read N; 

14 if N<0 then 

15 goto S; 

16 FACT(N); 

17 print N; 

18 goto R; 

19 S: end; 

Figure 4 

the input is 2 and -1. This implies the tree structure of 

contours indicated by Figure 5. In this diagram, the last 

digit in each name indicates the aotivation number of a 
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B11 (3) 

Fl (3) F2 (3) 

B21 (0) 

Figure 5 

contour. The numbers in parentheses indicate the number of 

variables defined in each block. 

The first step is to find the size of each contour and 

thus find their position on the screen. A list of the routines 

necessary to do this follows. 

TINIT: This routine is to initialize the tree builder 
routines. 

TREE(C1,C2,N): Place contour Cl on the tree as the son 
of C2. Save N as the number of variables defined in 
the contour including the return address if Cl is 
a subroutine. N is an integer. 

DTREE(C1): Logically remove the contour Cl from the tree, 
but keep related information about it in T. 

TREE and DTREE are called in the order of block execution in 

order to keep track of which contours must be simultaneously 

displayed. 

SIZE: Find and save the gra.ph position of the lower 
left and upper right corner of each contour once 
the entire tree is built. This routine must be 
called after all elements are on the tree and 
prior to calling the display routines. 
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Since Figure 5 shows the tree structure desired for the 

program in Figure 4 and execution of the program indicates 

that the first block entered is Bl, then F, B2, and F again, 

the necessary statements to build the- tree are: 

CALL TINIT 
CALL TREE('B11',' ',3) 
CALL TRE143('F11,'B11',3) 
CALL TREE('B211,1F11,0) 
CALL TREE('F2',B11',3) 

The blocks are exited in exactly the reverse order so 

they are removed from the tree as follows: 

CALL DTREE('F2') 
CALL DTREE('B21.) 
CALL WREE('F1') 
CALL DTREE('B11') 
CALL SIZE 

In this case, all the elements were put on the tree 

before any were removed. This is not usually the case as 

different programs produce a.much varied system of entering 

and leaving blocks. SIZE is called to complete the tree 

operations. 

Once the dimensions of each contour are set, the actual 

display may begin. The specific routines to do this are listed 

below. Except for INCON, all routines change the display 

in some way. All arguments are character strings of no 

more than four characters unless otherwise specified. 

INCON: This routine must be called first to initialize the 
display routines. 
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CP(N1,N2): Create a processor (1T -t) contained in contour 
N2 pointing to instruction N1, N1 must be between 
five and eight characters long if it is given as a 

literal string. Otherwise, the variable must be 
declared CHARkMq*8. Contour N2 does not have to 
be currently displayed. The question _'# OF INSTRUCTION 
STEPS' is displayed at the bottom of the screen. The 
user's response is described in Section III. 

CC(C1): Create contour Cl, i.e. display it on the screen. 

CNAME(N1,N21N3): Fill in a variable cell in the last contour 
defined. Normally a call to CC is immediately followed 
by as many CNAME references as are necessary to define 
every name in that contour. N1 is the variable name, 
N2 its environment and N3 its value. N2 is blank in 
the case of a local integer constant. N3 is blank if 
the variable is undefined upon entry to the block. 

IP(N1): This routine replaces the old instruction pointer 
with the new one, Ni. N1 must be between five and 
eight characters as described in the create processor 
routine. The message WOF INSTRUCTION STEPS' may 
be displayed as described in Section III. 

EP(N1): Change the environment pointer of the processor by 
moving it to the new contour Ni. The instruction pointer 
is not saved, therefore, a call to EP must be followed 
immediately by a call to IP to redefine the instruction 
pointer. 

AVAL(N1,N2,N3): Change the value of the variable N1 contained 
in contour N2 to the value of N3. 

DC(N1): Delete contour N1 from the screen. 

AREAD(N1,C1,VAL): Simulate a read instruction by changing 
the value of the variable N1 contained in contour Cl to 
VAL. The message 'READ:' N1 'IN' Cl 'IS' VAL is 
displayed at the bottom of the screen to indicate a 
read has taken place. 

APRINT(N1,C1): Print the value of the variable N1 contained 
in contour Cl at the bottom of the screen with the message 
'PRINT:'- N1 'IN' Cl 'IS' VAL. 

DP: Delete the processor and instruction pointer. 
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Figure 6 contains a series of snapshots that may be 

displayed using the above subroutines. Snapshot (a) shows 

the creation of a new processor after a call to the 

initializing routine. This is displayed with the statements 

CALL INCON 
CALL CP(11 1,'B11') 

In snapshot (b), contour B11 is created with 

CALL CC('B11') 

N,R, and S are declared in this contour, so they must be 

displayed here. Since N is a local integer constant that 

is undefined upon entry to the block, both its environment 

and value are blank. H and S are both label variables 

defined in Bll at statement numbers 13 and 19 respectively. 

CALL CNAME('N',' ',") 
CALL CNAME('R','B11','13') 
CALL CNAME('S','B11','19') 

The last thing necessary in snapshot (b) is to redefine the 

instruction pointer with 

CALL IP('13 ') 

In snapshot (c), the value 2 is read in for the variable N 

in contour B11. The instruction pointer is changed to 

statement 14. 

CALL AREAD('N','B11','2') 
CALL IP('l4 ') 

Snapshots (d -l) are similarly displayed, but snapshot (m) 

shows a contour deleted. While this is done in the order 

presented in (m) and (n), there is no way to stop the display 
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Figure 6 (cont.) 
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(y) Deallocate last contour 

Figure 6 (cont.) 

at (m) as it can be stopped only after the instruction 

pointer is changed. Therefore, the statements 

CALL DC('F2') 
CALL AVAL('N','B11','4') 
CALL IP('8 ') 

result in snapshot (n). 

Figure 7 gives a complete listing of the driving 

program necessary to display the snapshots in Figure 6. 

The letters to the left of the call statements indicate 

which statements are used to generate each snapshot. 
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CALL TINIT 

CALL TREE(213112,2 2,3) 

CALL TREE('F1','B11',3) 

CALL TREE('B212,2F12,0) 

CALL TREE('F2','B11',3) 

CALL DTREE('F2') 

CALL DTREE('B21') 

CALL DTREE(2F12) 

CALL DTREE(213112) 

CALL SIZE 

CALL INCON 

CALL CP(21 2,213112) 

CALL CC('B112) 

CALL CNAME('N2, 1) 

CALL CNAME(2112,2B112,2132) 

CALL CNAME(2S212B112,11192) 

CALL IP('13 ') 

CALL AREAD('N','B11','2') 

CALL Ip(214 ') 

CALL IP('16,2 ') 

CALL CC(2F12) 

CALL CNAME('F2,2 ','2') 

CALL CNAME(2X2,2 ', ' 2) 

CALL CNAME('Z2,2B112,2172) 

CALL EP(2F12) 

CALL IP('3,9 

Figure 7 
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f CALL IP('4 1) 

CALL CC('B21') 

g CALL EP('B21') 

CALL IP('5 9) 

CALL AVAL('X','F1',°1 
h 

CALL IP('6,2 ') 

CALL CC('F2') 

CALL CNAME('F',' 1,11 

CALL CNAME('X',' 
I 

CALL CNAME('Z','B21°, 

CALL EP('F2') 

CALL IP('3,9 ') 

j L CALL IP010 ') 

k CALL IP('12 ') 

CALL EP('B21') 
1 

CALL IP('7 ') 

CALL DC('F2') 
n 

CALL IP('8 ') 

CALL EP('F1') 
0 

CALL IP('12 ') 

[ CALL DCOB219 

q 

I 

CALL EP('B11°) 

CALL IP('17 ') 

Figure 7 (cont.) 

) 
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u 

7 

CALL DC(1F11) 

CALL APRINT('N1,1B111) 

CALL IP('18 ') 

CALL IP('13 ') 

CALL AREAD('N1,113111,' 11) 

CALL IP(114 ') 

CALL IP(/15 ') 

CALL IP(119 1) 

CALL DP 

CALL DC(1B111) 

Figure 7 (cont.) 
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APPENDIX I. 

Common Variable Description 

A. Common Blocks 

blank NXT,MAXLEV,NAME(20),T(10,20) or 
MAXENT,MAXLEV,NAME(20),T(10,20) 

/INDEX/VAR,LEVL,FAT,SON,BRO,SYN,DEL,PH,PW,H,W, 
X1,Y1,X2,Y2 

/POINT/S(4,20)21)(2,2°) 

/PROSCR/PX,PY,IFVAL 

/SCLE/SF,DX,DY,NC,NV,P2(2,20),S1(4,20),S2(4,20) 

/STEP/ISTEP,ISTAT,SCALCN 

/VNAME/V(200),IVPTR 

B. Common Variables 

NOTE; 1. In all arrays, one column cooresponds to one 
node in the tree structure. With the current 
dimensions, the limit on the number of contours 
is 19. To change this, change the dimensions 
of all arrays with 20 columns so the number of 
columns is equal to the maximum number of 
contours desired plus one. 

2. All variables are of default type unless 
specified otherwise. 

3. Variables marked as not used are for future 
expansion of the program to provide scaling. 

BRO-integer constant 4 -used as an index to the brother 
pointer in T 

DEL -integer constant 7 -used as an index to the node 
deleted indicator in T 

DX -not used 
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DY-not used 

FAT -integer constant 3 -used as an index to the father 
pointer in T 

H -integer constant 9 -used as an index to the height of 
the contour in T 

IPVAL-character*8-the last value of the instruction 
pointer 

ISTAT-not used(0=auto scaling mode;1=manual scaling mode) 

ISTEP-number of instruction steps to simulate before 
halting 

IVPTR-used as an index in V 

LEVL-integer constant 2 -used as an index in T pointing 
to the level number of a contour 

MAXENT-after SIZE is called, it replaces NXT in the 
blank common -its value is the index of the 
maximum entry in T 

MAXLEV-maximum level number used is the tree 

NAME-character*4 1x20 array -table of contour names 

NC -not used 

NV -not used 

NXT-used in the tree building routines as a pointer to 
the next available node in NAME and T 

P -real 2x20 array -contains the X and Y positions of the 
processor in a given node 

PH -integer constant 7 -used as an index in T pointing to 
the Y displacement of the processor in a given 
contour -in the display routines,used as an index 
in T pointing to an index in V 

PW-integer constant 8 -used as an index in T pointing to 
the X displacement of the processor in a given 
contour 

PX-last X position of the processor 

PY-lart Y position of the processor 
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P2 -real 2x20 array -contains screen coordinates of the 
processor 

S -real 4x20 array -contains the coordinates of the lower 
left and upper right corners of each contour 

SCALCN-not used (name of outermost contour if in manual 
scaling mode) 

SF -not used (scale factor) 

SON -integer constant 4 -used as an index in T pointing 
to the son pointer of a given node 

SYN-integer constant 6 -used as an index in T pointing 
to the synonym pointer of a given node 

S1 -real 4x20 array -contains the screen coordinates of 
the lower left and upper right corners of each 
contour 

S2 -real -4x20 array -not used'' save the available space 
of a displayed contour) 

T -integer 10x20 array -used to store the tree structure 
each column represents one node 

V-character*4 1x200 array -array to save all contour 
variable names and values 

VAR -integer constant 1 -used as an index in T pointing 
to the number of variables in a given contour 

W -integer constant 10 -used as an index in T pointing to 
the width of a given contour 

X1 -integer constant 1 -used as an index in various arrays 
to point to the first X value 

X2 -integer constant 3 -used as an index in various arrays 
to poLnt to the second X value 

Y1 -integer constant 2 -used as an index in various arrays 
to point to the first Y value 

Y2 -integer constant 4 -used as an index in various arrays 
to point to the second Y value 
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APPENDIX II. 

Flowcharts for Selected 
Tree and Display 

Routines 



28 

TINIT-Initialize the tree builder routines. ' 

N XT --- 

the tree structure to 0. 

The first node in the tree is a dummy 
__node, therefore the next avlilable 

node in the tree is the second. 

77-1 __Initially, the maximum level in the 
MAXLEVI: r tree is 0. 

(k ET b 
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&IA ME (1):: C / 

Jiro 

1.errer CI 

of Cr &Aim' ' 

CREtt,(RILD 

DfREE-Remove element Cl from the tree. 

EXTRuE(c -0) 

LI: at Wrr-I 

E 

Search the tree for 

.r - the node to be deleted. 
\... 

I 

-r(DELif)= Mark the node as 
deleted. 
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TREE -Place contour Cl. on the tree as the son of C2. N is 
the number of symbols defined in Cl (including any 
return pointer necessary. 

(TREE(CI,c2,4 

0 C I THE Ve5 

our Ci?mOsr AJ6D67 

no 

I 2 mer-.1 

341/Ara)= C 

fn 

Par 
/error , outer 
cow( our. , 

nanext4etre 

RETuRAI 

mAME(AixT)= cs 
7 CLEvi (.EVL,r)+/ 

__Search the tree for 
the father of Cl. 

----- --Enter Cl in the tree. 

T(LEYL,thrr) >MAXLL;) Set the maximum level 

no 
used so far. 

Yes 

PAX LEV =7 (LEV L 1410 )1 

I 
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T(Solti NXT. 

ivxr = ivxr+ 

IMP: T (So Nj 

T (DEL 7MP) 
Ilo 

--Link the new node to itt father. 

Enter the first node 
on the tree. 

If the father has sons, link the 
new node to the last son. 

7 (sYiti,TAAP\ 

<T ( ORD )-144? 

ITMP --:7-(3R0,7AAP)1 

(73426 it1)(7- 

I-r(SY/.1, Tit, ) 

scA 



FINDSZ-Find the minimum size each contour must be in order 
to contain all of its sons. 

'.rivDS-6(AA.4XENr) ) 

Start processing with the innermost 
LEVeuR7/0AYLEV F ---contours (the bodes with the highest 

level number). 

LEVE":-I 

<Is LEVC0R A)) >le6 
A) EVE A)V4,13tle 

no 

rEvEm = 

Ise= 1 

LeVcue 
4,no 

Ev6A. -EV'e/1/4) 

Ivetik-1 

Search the entire tree 
----------for any node at the 

current processing 
level. 

Process the next 
lower level. 



33 

??Erug4/ 

MAxW =9 
4144)(vti =123 

MAXIM VAk,r) 

101 

9CS /7/5041 /NAT z 3> 

Ito 

< E V61,1 / 

11t0 

So OS 61,1XT" I P MAY 14 I EVI Mil 

T(LIA itna)>mAXVAK> 

S 

Reset the pointers 
that indicate a node 
has been processed. 

Set the height and 
width of each contour 
by finding the maximum 
height and width of all 
sons and by taking into 
account the number of 
variables to be dis- 
played in the contour. 
(See page 43 for a high 
level flowchart of this 
process) 

S DAJ.< (AAcr, AA xi+ MA XV) I V Al 

j 
r 7 (via /14 Yr)i 
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FED 

<T(SY,v,,vxr)=- 

Ye3 

<AO - 0 

no 

( Et/ 

(odd lc/40[r° 

NO 

InIxT = T(sY1.1,byr)1 

IV /DTI 7-7g 

-16,47' I 4 MAkhqt: tD 

>u,e5 (even few/ 

iI 

wiDitt zi 

11447 = MAYO 4- /it MAYVAX *!D 

< u to-rti < 14 C,5)1 -e 

Pec = PE (6117 

9 R51 7- al 

Writ -4 1,,A)40,) -t El 

h°4>-2 XVA A-1). 

<MAxH + (0> t,NAxii 24 le 

I-tE1Gl3T = ti`PXP 2. +1S! I 

f1EtL)NT 14-06141"4- 

z: /4 W. T- 6.'AX1.//43Z Vib 
PR 14 

Nei to -4 T 7MAXW 4JLI 

rya k =43 

Pa =14 
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, F14 

7 (P4 
7 (PtJ tr) = 

Save the dimensions 
- - - - - - of the node in the 

et14.i 

Pktd 
-r6i Is) 77p-.? tree. 
7' P 31.77 

rf)t- 
Make all synonyms 
same size. 

the 

(T(SiMpT):70 )1I+5 

7=-7C5Y1l.I) 
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SONS -Find the maximum height and width of all sons of the 
node whose index is I. If the node is on an even level, 
the width returned is the sum of the widths of its sons 
while the height is the maximum height of all .of its 
sons. If the node is on an odd level, the width returned 
is the maximum width of all its sons, and the height is 
the sum of the heights of its sons. 

(SoNSC.i. mAK I MAx7. EUif) 

f'DAP : TiZil IT) 
3rZE --:6 
MAX -cLi 

)1( 

A 

crCni crt..0)...*Ax. eS 

1M14 X 7- TCAII 11111P)1 

1 51Z,E = Sr; F., +T(61 ,7,tt,P) 4 1.1iC 

<1( BK0 T P 

te0,1/11)\JI 

MAXI and MAX2 are 
previously calculated 

--minimum height and 
width for A. synOnym 
of the node I. Their 
values may be changed 
on exit from this 
routine. 
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1-rmp 14 .! 

TIM P ) M A 3( I 

<It ( 0 t7 12)- > 
qe 

kst; 

1-7 7J:1W 11/,(P) 

<5)7,E > MAX2_)Ye5 

MAX2 =?.E1 
1 

<MAX A:AM Y 

AN rt:k 

(RErti ) 
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SGRAPH-Find the lower left and upper right coordinates of 
each contour in the positive quadrant. 

g A PI -I (MAXE,v7")) 

-,-(LEVL IZ) =1) -- __a_ __Find a first level 
node. 

Mark node as 
ati/L. , r)= 7 -new.,* , processed. 

S(041)=-0 

SCW11)-:- 20 

VEN 

_ _ Do calculations for 
the first level node. 

_Go on to process higher 
levels. 
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Z 

Zi LiAVE Air 

cfeLE-vc,3)72). 

ETccE vc,r): z) 
s SOci ,NY -r )- 
SC41 1.r) 

Ocr, 1-) s(x/otiXT)-/-2.. 
ifor-)4 2. 

s()(2.1I) = Tfcv Oei , 

I !NO 

,TCL-t-ta.11).: -T (Lew. ,:r) 
Sex) s (xi Aocr) 

SCW JD: (y21.wer)-1- 10 
(x2. hr) : s(e?...P.x"7") 

5 ( YZ t Tlf4 +5,,,(Y/J) 

----T 

ElICN 1/E1J1 

1-TCLF-t/L1 .1r) = -T(r e v ,T) 

1.1:Z.wAKE:itir 

m 

Reset node processed 
nd. Ica t or . 

(RE rciKt4 
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SYNIM-Set all synonyms of the node whose index is I to 
identical coordinates.. 

(5yiviim 

SC cl 5(Ka,I) 
s(Y1 ) 5 (VI i.1) 

K) S (y2 
sCyzK.)::5 (42.1) 

(t..c VL k)] 
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SPROS-Set the proce3sor coordinates for all contours. 

(SPKOSOMXE417) 
\. 

21AAA)(LX.1r 

pna 
s(y/ )1) r( 1.1.1 
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FINDV-Find the variable N1 (defined in contour N2) in the 
array that contains the user defined variable narnes,v. 
On return, I -is the index in NAME of N2; j is the 
index of N1 in V; L is the number of the variable 
defined in contour N2. 

(r A 'Dv ( I IS L-)) 

if IAAXC hit 

NAM r. (I) 

.T:T(f14,I)+1 

T (WI It r) 

;TS 

ho 

11-7-a 43j 

fat 

U 

error rror Ail 

a (lie r 
f 

RtitAkt) 

spat - 
/error ',"/Z, 
not treated/ 
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High Level Flowchart Description of the Calculations 
in FINDSZ 

ARE 714E -RE ABU`! >f5 

< Is TwIS A LEAF 
ottai,E 

%to 

-ruts PotE otJ 
All tvE1i LEVEL. 

yes 

4 NEXT= TCSM, NXT) 

ET A iilibiLtUM 'SRL 
rnt-4 A 1.1:. A 4- kvoLE FG 

A slAik.J.LNq) WibT1-1 Fee 'NC ,IJObg 

'AIR) wt M44 tc.; Lk't 
[SET 

4-ii,ib MI 1 Ln-i-.2.P.46.bigte I-1 C11.4 NI FoR 
C.. ATitta. !ALL U LATIoXIS . i 

1 F IT ilE StDE 1HE vAtel AitiS 
(C).ekl.l. -WS ??octscoe -)Lies 

1...el.tx4...1 14 t ti AsciA LE lt S 
( titS WILL. THE V'izacES.C4* 

< ET THE 51-4 NDAVD 

LFIOC. 656of: 
ecloc_DIN '7TSS 

Itt) Vo 

LE t.) CAIVIEM W LeucAlHEn 
bthkENSI01.6 1146 t 6k1S. uetr,411Fib N 

*rn Ctt TH E SO 1-kke PfeattAsoie-, 
I' 

A Katt u -r 
?RettSsare. F-11 BELOW 
I). Li LAt 114 TWii V ARA ATisl. EIS 

1.'V LENS . 

Set 17'\ MCA 
Coo RI11.1 Ales 

n R Ersoit 
efscg.ztikkt/.71(;.!.. 
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APPENDIX III. 

Descriptions of Internally Used 
Non -Flowcharted Routines 

CIPDF(I)-Enter the contour whose tree index is I in the PDF 
along with the lines necessary to outline the variables 
contained in that contour. 

CP(N1,N21-Create a processor pointing to the instruction Ni 
which is in contour N2. (N2 is not yet displayed) 

DRAWIP(IPV)-Display the new instruction pointer, IPV, The 
current processor position has been previously defined 
by DRAWPR. 

ELINE(A)-Erase the first 32 characters on the line starting 
at the point (0,A). 

MOVE2(A)-Move the cursor to the point (0,A) on the screen. 

PUTV(STR,I)-Save the variable name, 3TR, in the next available 
entry in V. I is returned as the index of the entry in V. 

STEPNO-Request the number of program steps to execute before 
halting the display. If scaling is implemented, it 13 

requested and handled by this routine. 
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APPENDIX IV. 

Prografa Listings For 
Tree and Display Routines 



10 SUBROUTINE TIi3IT 
2.0C INITIALIZE TREE BUILDER 
30 IMPLICIT INTEGFIl CA -Z) 

ASCII40 NAME( 20) 
SO COI RION MT, IIFXL EV, NAM E, T C 10, 20 ) 
60 DO 10 I=1,11-7, 
70 DO 10 J=1, 20 
30 1 TCI,J)=0 
90 i1XT=2 
160 NtA:.,CL EV=0 
110 RETURN 
120 END 
130 SUBROUTINE DTREE( C 1 ) 
14-0C REMOVE EL =NT C1 FROM THE TREE 
150C BUT I:OT FROM THE TABLE 
1600 
.170 IlIPLI 01.T INTEGER CA -Z) 
130 ASCII NAME( 20) 01 
190 COMMON NXT, MANL EV., NAME, T 10, 20 ) 
200 comomi I TAT VAP-s L EVL, FAT, FON, ThP_O., SYN.. Da., PH/ P':, 
2iGa Y 2 
220 T1=NXT- 1 

230 DO 10 I =2/1\7.T1 
240 I F.0 NAME( I ) EC C 1) Gfl TO 20 
250 10 CONTINUE 
260 PRINT: "***ERROR:.. C1, "NOT CREATED" 
270 RETURN 
230 20 TC DEL, I )=1 
290 RETURN 
300 END 
310C 
320C 
3300 
340 SUBROUTINE TREF..0 Cl, C2, N) 
35CC 
360C PLACE NODE Cl ON THE TREE. 
3700 C2 I S ITS FATHER. 
3000 N IS THE NO OF USER SYMBOLS 
3900 DEFINED IN CONTOUR C1 
400C 
/110 IMPLICIT INTEGEll CA -Z) 
420 ASCII NAME( 20), CI, 02 
430 COMMON =Le :1AXL1..7, NA11 E.? TC 10, 20) 
445 COMMON/ I 1: Da-:, EVL, EAT, SON, :MO, SYN.. DEL, PM, P7 J 

460 IF( 02.Z,JE." ") CO TO 10 
470 IJAME(NMT)=C1 
/180 T(L:i.A7L,NNT)= 1 

490 T VAR, N2:T) =N 
500 T C FAT, N::T) = 1 

510 CO TO 120 
520 10 N.7.T1=NNT- 1 

030 DO 20 I =2, NX T1 
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540, IF.(NANT',(I).72.C2) CO TO 3(3 
SSC 20 CONTINUE 
560 PDINT:"EllnOn-OUT77. CONTOUF NON-EIZTANT" 
570 D.ETUDN 
.530 30 NAAE(FXT)=C1 
59r 7(1.17LJN=)=T(LEVL..1)+1 
600 I :EC T :77.T) G T NPL`'..L ) T:17= T ( .71,71, N:: T) 
(10 T( VA77. ITT) =11 

6'20 T CFATs1=) =I 
63C IE(T(SON,I)ErT) CO TO k0 
C/ (3C NODE ALREADY HAS n SO!! 

TNP=T(SON,I) 
(60 50 IF(T(D7L,THP).1:E.0) GO TO co 
670 70 IT(T(ERO,THP).170,0) GO TO CO 
630 TN1==T(EllOoTHP) 
69T CO TO 5: 
70.0 60 IF(T(SYN,THP).NErJ) CO TO 70 
710 T(SYN,=)=17XT 
72C 30 TO 120 
731 CC T(EDO,T=)=NXT 
740 GO TO 12( 
750 110 Tcar.:,i).:= 
760 120 NXT=NX74.1 
77(3 ::;TURN 
76(3 

79C SU73?..OUTI FINDSZCIA:XENT) 
800C FIND n.ITITIN.EDI ATE SIZE OF EACH CONTOUI 
31° INPLICIT II\TTEGIT. (A -Z) 
820 ASCI I NAI17.-1.( 20 ) 

COnNON Is!PliEJ T ( 1 T., 2e ) 
34vi3 CONN ON / I N D v L:XL, 'AT" SON, ;72:70. 

scn 
SYNA DEL, PH, PT.!, E., 1.!.,:`( 1. 
Evcur=i-ipxL Ev 

;7,.2., 

370 EVE2tI = - 1 

:4717 I I' ( L CUI71/ 2*2 Er. L EV CUR ) = 1 

690 10 II= 1 

910 20 rO 30 T=1. 1.,111).;:E"\43T 
910 T(LEVL, ) nal. L EVCUR) GO TO 40 
920 30 CONTINUE, 
930 EV = EZsi 

91!0 Lnvcur.:---Lrlicun-1 
950 IF(L7A7Ct.TDNE CO GO TO 10 
960 DO 50 I= ENT 
970 -. TCLI3.VL, I )=-7(L TEV!..., I ) 
930 
990 P. ET URN 
1000 415 NA*X74.= 

1010 
1020 N P27VAD T ( Ptr. s I ) 
1030 I 1=1+1 
.10"10 ir:T= I 
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10 60 I 17( TC 20:7, T) 7,0 0) GO TO G0 
1G(0 I FC EVEI1. 70. 1) CO TO 70 
1077C 77or::41:0 0 II ODD L EV 171.. 
1C CALL SONS (1=s2.1[1:77,11.41",:ito EVEN) 
109C CO TO CO 
11700 EVIE: EIJ 

11F:: 7C CALL SONF:(1=INA=r1=1,EVEN) 
1127 CC IF(7(VA.741=).L7.:.1P2:VAFI) GO TO 9C 
1120 =VAP=T(VAP.S.N.::T) 
114.0 90 IFCT(F7N,::::T).797) GO TO 170 
1120 II7T=T( SYN., :17,:T) 
11 C0 GO TO 60 
11700 CALCULATE SIZE OF NODE AND ALL SYNONYES 
1100 107 I 7,(:IP2'71I Er7 0) CO TO 110 
1190 I EC =7. L-20 1) GO TO 120 
12CC C ODD LEVEL NO 
121C T.TI DT::=,-NAY.7+ 4 
122r, EI I1+1iFXVA^,<10 
1230 I IrCIIID7H.LT 146) GO TO 130 
1240 IDEH=HEI GHT- 19 
1950 ==92 
1267 GO TO 150 
1270 130 NEI Gli7= EI GMT+ 19 
1200 P71N=HEI GHT- (NA77.VA7.*: 10+ 12 ) 
1290 PRW= 14 - 

1300 GO TO 150 
13100. EVEN LEVEL NO 
1320 120 VI DTH=IiP".:IJt61 
1330 
13400 DECIDE I:1 E:71E PROCESSOR. SHOULD GO 

1350 IF(CinX11-1-1CY.GT.C=2:13)) CO TO 14C 
1360 HrIGHT=NP.7):H2-1-1`; 
1370 GO TO 115 
1350 1/17 HEIGHT=:1=:+11! 
1390 GO TO 115 
140:C LEAF NODE FOUND 
1410 110 IT' DTH=72; 
1420 GH T= 1G -1-NA2CVA17):: 1 0 
1430 115 P711=6 
.1440 PPIT= 11 

1450 10G T(PI-i, I )=P7.II 
1460 T( PT:, I) =P:7! 
1270: 7( 77, I ) I DTH 
.1400 T(::., I )=HEI GILT 
1490 TM:I:LA I )=-7(LEVL, I ) 
1500 IFCT(2:711,I).E0,0)2.0 TO 20 
1510 I = ( SYII, I ) 

1520 GO TO 150 
1530 - 



15/10, .ST.3317.0UTI E SOPS( I 'II r." '1. 1 JLIPY:2, EVEN) 
1050 IHTEGM (A -Z) 
156C ASCII Pi( 20) 
1570 COMIC!! 1.*::;..T.,'.if-\.7.LF,V) UA1E, T( 10, 20) 
IESC CCIII/;01I/IIND:7.7.'7./VA11.,LEVL, FAT, 
i so 0127, tr'71C c.N., DEL, Holls 1: 
1610 I F(EV.73 'Fr. 1 ) GO TO 10 
1620 
1630 
.16Z! C N0=10 
.1650 GO TO 20 
1660 10 N1=I-1- 
1670 
1630 INC= 1 

1690 20 TIIP= T ( SON., I ) 

1770 siz.E=e 
1710 = 
1720 30 IF(T(H1..THP)GTNP...;()MAX=T(1:1, 
1730 SIZE=SIZE+T(142,71.1P)+INC 
1740 I F( T 37.0, TNIP) EO f.7) GO TO L 

1750 TMP= czno 
1760 CO TO 35 
177CC NOI! SET HEIGHTS(ODD LEVEL) on uiDTH.s(EvEra LEVa.) 
1760C TO 1:11-',H. HEIGHT 011 WIDTH 
1790 /10 TDIP= T ( SON" I ) 
1800 50 T (DI 1, TMP)=2.1P2X 
1310 I F(T(217.0., T:..1P) E0. C ) GO. TO 60 
1825TNP=T(.737.0, TMP) 
1830 CO TO se 
1640 60 I F(ST ZEGTMA7:2)Nr.:2=SIZET 
18 I F(11.P2GTliA:(1) NP.X1=MAN 
18 60 RETURN 
1870 END 
.1830 BLOCK DATA 
1390 IMPLICIT INTEGER (A -Z), 
,1935CONtsION/ I NDF.X/ VAR, L EVL, FAT., SON, 37.'?.0 SYN.+, DEL, 
19 V: t PH, PT:!, 
1920 DATA VAR/ 1 / EilL/ 2/ EAT/ 3/ S011/ /1/ i317.0/ SYN/ 6/, IT'11/ 7/, 
19 PH/7/oP1:75/J1-:/9/oU/10/,::1/ 1/.PY 1/ 2/..r.2/ 3/,`.72/Zi/ 
1940 END 



1r F'JT-;POT:TINF 77:2APHYNT) 
27C 
:rC TUT COO7PIPLT.75 OF T22 LO7L7 LLET 
470 (71JY1) 6u2 UP2T.7. 7ICET (N7,72) 
F7C 70INT OF rt.c.!7 CONTUU7 IN Till 

(FC PCSITIVE CUA2T7POT. THE 1ST 27 
7FC 2 POSITIONS P,7E ION NESSf:',TS 
7FC ON THE s/7:1. 
70C 
1(7 IMPLICIT INTECE7 (A -Z) 
111 77.2L S(4,22),7(2.,22) 
127i CO=ON PEU,NAYLFV,NANF(2C)) 
1372 T(1:7,2'7) 
142 COMON /POINT/5,7 
IEC CONMON/IN7FN/VP7_,LEVLAFAT,SON, 
167& 5,7.0SYN,DEL,PH,PMAY,N1, 
1776'. Y1Y9,Y2 
17CC S7T OTT772NOST CONTCU9 
19C ro IC I=2,E=NT 
20C IF(7(LZVL,I).NE.1) GO TO 10 
2IC T(LEVLAI)=-T(LEVL,I) 
222 S(XI,I)=0. 
237 .5,(71,I)=2C. 
240 S(Y2.,I)=T(7,I) 
2E0 5(Y2,I)=TCH,I)+1L 
260 riTAn7=S(72,I) 
270 UAXY=S(Y2,I) 
2Rr 
297 
3SC 

GALL SYNINM 
GO TO 20 

317 17 CONTINUE 
32SC STP7T ON EVE! LEVL 
337 27 tl.'17C=1 

347 70 30 L=2,Enn_J-v 
357 to 4C J=2,NAXENT 
367 IF(T(LEVL)J).NE.L) GO TO L7 
37E 

NYT=T(FATJJ) 
3960 NAPE' ForE PS PPOCESSEE 
400 T(LEVL,6)=-T(LEVL,O) 
417 IF(EVTN.E0.1) GO TO 50 
42CC orr L7\771, 

43r 5(Y1,I)=5(Y1,N7T)+2 
/;/!C S(Y24I)=S(X2,UXT)- 
/157 S(YCJI)=S(71,I)+T(11,I) 
4(7 SM,I)=5(X2,I)-T(7,!,I) 
47% (7 CALL SYNIN(I) 
4EE NYT=I 
49r I=TCIPO,I) 
eeG II(I.E77.7) CO TO 46 
5,17 T(LEVL,I)=-T(LEVL,I) 
520 5(72,I)=S(NI,NXT)-2 
F37 5(Y1,1)=S(:101=r) 



51 
Sae !..7(MI)=S(7,I)-T(JI) 
-ref:* S(Y2,I)=S(72,F;7T) 
t'X.0 GO TO C2 
E7CC FVFN LIVEL 
r:::17' SO 2('1,I)=S(71,T)+2 
Fc'.0 S(71oI)=S(Y1,=)+2 
E00 S(.72,I)=T(7,I)+2C.71,I) 
(10 F(Y2,I)=T(11,I)+7("1,I) 
(-0 75 CALL SYNIM(I) 
(30 
reE I=7(1370,I) 
6170 IF(1.F(.C) CC TO 4e 
f(0 T(L7:17L/I)=-T(LE1.7L,I) 
(/0 S(Y1,I)=.5(1,1= 
(80 S(Y1/I)=SCY2,PYT)+10 
(90 S(7.2,I)=S(X2,NYT) 
700 SCY2I)=T(H,I)+S(Y1JI) 
710 GC TO 7C 
720 /10 CONTINUE 
73CC SUIT CE LEVEL NO 
7/1° 7vEN=-7vEr 
7E0 30 CONTINUE 
7E120 SET ELL L''VELq PACE TOTO POSITIVE EUM2ERS 
770 DO 80- I=2,MP=177 
78e 8C T(LEVLJI)=-T(LEVL,I) 
79° RFTUTN 
800 END 
8100 
C2CC 
8300 
8417 SESROUTINE SYNIN(I) 
8500 
Se0C SET ALL EON' E£ OF I TO 
8700 TDENTICP:L COORDINATES 
880C 
890 IMPLICIT INTEGER (A -Z) 
9012 TEAL S(4J2C)JP(2,2C) 
910 CONMON NXTAMPYLEV.,NANE(22),T(10,20) 
92P COEMON/POINT/S,P 
930 CONON/INEEX/VARJLEVL,FP,T,CONA 
9h°6 EPO,SYN,DEL.0PH,PU,H,7, 
9504 2lAY1,72, 
9(P 
972 1C E=T(SYN,K) 
981 IF(H.70.0) TFTUFN 
99P S(1,1:)=FM,I) 
100P 5(Y1):)=S(Y1,I) 
101P S(X2JK)=S(X2,I) 
102E 5CY2,E)=(Y2,I) 
112300 .EATInNODE AS PROCESSED 
10/40 T(LEVLJ::)=-T(LEVL,K) 
relFr GO TO112 
Ice() Err 
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1070C 
108C 
1090C 
1100 
1110C 

SIT70yTIFF STTOS(EnXENT) 

112re FirD PD3CESS07. COOPTICATES 
1130 C07.7TSPO=NG TO THE 

CONTOU: 0001:1PATES FOUND BY 
1150C f=APH 
11(0t 
117P LIPLICIT IiTFGEr (A -Z) 
11C0 DFAL S(Li.,20),P(2,20) 
119n CCE:ION 1\TTANAXLEVJNANES20),T.(10,20) 
1200 ,POINT/SJP 
1210 COMON/INE.EX/VAPJLEVLAEAT,SONJ 
12201. Br.OASYN,DEL,PHJPT:!,H,7,X1.,Y1., 
1230e. X2,Y2 
12/!O DO 1.0 I=2,MAXENT 
1256 P(X1,I)=S(Y1AI)+T(PW,I) 
1260 16 P(Y1oI)=S(Y1JI)+T(PH,I) 
1270 NYT=MAXENT 
1286 RETURN 
1290 END 

10 SUBROUTINE EHIEV(3loN2/I,J,L) 
20C 
30C TINC. VAPIA3L7 NnmE IN V 
40C 11P' NAtilE 

E0C 2=CONTOUP. NAN:Z. 

C0C I=IF17,F7 OF.I'JP::77. IN Fr..IF 

77C .J=PETT= IND= V 
ETC L=N0. 0:- TNT VArIA6LE.N1 
900 

INTEGER TAPH/VAR 
1 1 ASCII F1.0N2.,NAE4V 

COU:ON !=n17..AYLEV,CANE(20),T(10,20) 
130 CON110N/III=VP.17,12U1.1(3),PH 

COON/VNE/V(f:'00),IVIDTF. 
1F.-.0 :UHT) CONTOUR IN TP:21,F 

70 16 I7-.2.,:1LXY1`.!T 

IT(NP.::E(I)."f0N2) GO TO 2C 
10 CC TIN 

1C"7 FTINT:"**E7770:*",FP.," NOT C7:17:ATED" 
.J=0 

210 177TV:* 
22CC FINK 17irrLT IN V 
230C ,..r.FTAT'T 

2/(C, 1.=..E0 07 VP;77 

CCd=T(71/I)-1-1 
:7=T(Vt.1.1,I) 



r. 

-nr: 

312 
2Pr. Pr" 
22 U 

3/!17 

3512 cc 
37c.0 

39CC 

'12 C 

P2r-, 

"3 C' 

4(r.: 

r 

El6T 
Ef:-EC 
53(7.0 

U 

55 C 

5C :C 
57r, 

Er,7 
61C C 

62 C 

6/7C. 
EEC' 

67C 

(9(7 
722 
712 
721. 

7/!ri 
752 
7C:;C 
772 

FT.) 3 L=10:: 
IF(77(o),I.T.T71) Ga TO 4f,7 

J=J+3 

7FINT:".**EE".07'.*** ',Ni," NOT FOUND IN CONTOUR_ ",N2 
717U7P 
701.TD 1.7/TIP7LT' NAL'iE SO RZT,URN. 

Err 

FUT:TOUTIPF Arrv(NI,N2,113) 
CHAN37 ENVIEONJ,ENT OF VARIABLE 
Ni TO N2. NI IS THE STATIC 
ENVIRONN'ENT. . 

ASCII 1.:1172., D73.01 

IN7FG77 
CONNON =ENTAAXLEV,NpNE(20),T(10,20) 
COMON/SCLF/E(5),P2(2,20),S(Lto22),S2(4,2C) 
COIE/10r:/INDF.VTUI(11),X1,Y1,2,Y2 
CCHIEON/VCANE/V(20)..IVPTR 
AD:=26 
17=1 - 

GO TO 12 

ENTaY nVAL(E1,N3PE3) 
OHPrGT VALUE OF THE VARIABLE Ni 
TO N3. 
ADT'=SP 
Tr)=.2 

FIND Ni IN NPNE PFFUY 
CALL FINPV(N1JN2JIJJ,) 
IF Ni IS NOT FOUNDJEFTURN 
IF(j.FC.C) PETUPN 
INDY=j+ID 
FIND POINT OF DISPLAY ON SC7EEN 
CALL ETPDT 

EASE P2EVIOUS TNVIRONEN7. 
CALL 1101.77(S-1.)57Y,f7.) 
CALL ERODE 
CALL ::TENT(/," ) 
CALL 
DSPLY r77.! ENI7OCNINT 
cp.LL NOV.:.(F.7.$SY,r) 

OPLL UT=/!,N3) 
5P. NEM LNIIIRONNENT IN V 

V(IND:.7)=N2 

53 



MC0- TISDLPY ;-11:TUDU 

CLLL 1.:020,000) 
-;r- CALL 7YCI:D7.7 

01( CALL CO:IPIL(1,1,L7:N) 
T-ZTUI-T 

7:37 

7/-!0C 

2517.r. 

r;( (7c, 

7;70 »I :37.0" 7 I 1.77 2P( x1) 
C`::0C 

2g EC CANGEI VALUE OF EP TO N1 
c700.0 

910 =GER 
920 CHAPACTER*3 IPVPL 
930 ASCII NIA [NI 

9L EP..7L EV, NAM F(20 ) 10, 20) 
COMMO/PROCSR/P':',PY,IPVAL 

960 COMMOM/SCLE/D(5),P(2,20),S1(4020),S2(4,2E) 
970 CONNON/INDFX/DUM(11),N1,Y1 
980C FIND corTou7 
990 DO 10 I=2,NAENT 
1000 IF(NAME(I).E0.N1) GO TO 20 
1010 10 CONTINUE 
1020 PRINT:"***rP7OP*** ",Ni," IS INVALID EP" 
1030 PETURN 
10LI0C FPASE OLD PPOCESSOP 
10 50 20 CALL START 
10e0 CALL .EMODE 
1070 CALL MOVE(PX,PY,1.) 
1080 CALL HT 3:2(10,' ') 

1098 CALL "MODE 
11000 PUT NEi PROCESSOR IN CORRECT 
1110C ENVIRW.:NENT 
1120 CALL DRA7PRCP(X1,I),P(Y1,I)) 
1130C 
1140C IF CONTOUR TOO ENALL TO 
115e0 DISPLAY THE PROCESSOR, PRINT EP 
Ilec 
1170 IF(P(Y10I).0T.10.) GO TO 30 
1180 CALL NO9E(196.,C.,0.) 
1190 CALL HTE=3,'FP') 
1200 CALL MOVE(220.,0.,00 
1210 CALL HT 2(3,21) 
1220 30 CALL slurPrF 
1230 CALL COMPIL(1,1,LEE) 
12/10 RETURN 
1250 END 
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12CCC 
127f;:C 

1f77q70 

129C SU2ROUTINE IP(N1) 
13CC0 
12,1EC CHANGE. THE INSTRUCTION POINTER 
132C'C 

133(3 INTT2FP T=ND 
134C ONARACTER*F! IpvAL,r1 
135C CON1ON/GRAF/INDM,PDF(4,400),TXTIND(2J50) 

Cal'IMON/STEP/ISTEP,ISTATASCALCN 
1372 C014NO1/PPOCS/P:C,PY,PPVAL 
13EEC EPASE_OLD VALUE 
139C CALL START 
140C CALL iO1E 
1410 CALL DRANIPC" ) 
112CC PRINT NEI!. VALUE 
143q CALL uNorE 
14.4 CALL ERAPIP(N1) 
14c0 CALL SENDPDF 
lkEE CALL CO:qPIL(1,1,LEN) 
l47CC 
1IECC RESET TY.TIND POINTERS 
14970 
1ECr 1=INP(1,1)=2 

TXTIND(2,1)=1 
120. IF(ISTEP.EC.2) CALL STEP110 
1530 ISTEP=ISTEP-1 
14T RETURN 
1550 END 
1SCCC 
157EC 
!SECO 
19C SUDROUTINE DPA7IF(IPV) 
16CCC 
1C1CC DISPLAY IP FOP CURRENT PROCESSOR 
!(NEC 
1C3C C:IARACTER*0 IPV,IPVAL 
1C4C C01-1Z.i0U/P7OCSP/PX,PY,IPVAL* 
1050 I7VAL=IPV 
1CCE CALL i'IOVF(PX+12.5PY,1) 
1(70 CALL ET=E,IPVAL) 
16cr. 7FTUPN 
1C9C ENT', 



1700C 
1710C 
1720C 
173( ,JRPOUTINE DPA7:!PR(XPJYP) 
17/TC 
17F.0C 177..nu PROCISSOR PT POINTG'P,YCPCYP) 
17(!C 
1770 C1LAPACTFR*3 IPVLL 
17F:0 CONNON/PROCSP/PY,PY,IPVAL 
1727 
1000 PY=YP 
131C YPf=YP+6 
1820 CALL NOVE(7P,YP(..,1) 
1330 CALL VEC(:7P-,YR6A1) 
1340 CALL MOVE(XP+1,YP6,1) 

CALL VECUP+1,YP+1,1) 
1860 CALL NOVL(XP+3,Y:0+1,1) 
1370 CALL V-7,C(XP+3,YPC,1) 
1330C DPA7 ARRW..! 

1390 CALL VOVF(XP+E.E,YP+3.E.,I) 
1900 CALL VFC(P-1-10.5,.YP+3.5/1) 
1910 CALL :.101=P+34.5,YP+5.E.,1) 
1920 CALL VEC(XP+10.5,YP+3.5,1) 
1930 CALL VEC(NP-1-3.5JYP4-1.5,1) 
1940 RETURN 
19c.r, FND 
19C73C 

197CC 
198GC 
1990 SUBROUTINE CP(N1,N2) 
200CC 
2e1ec CREATE GROUNDED PROCESSOR AND 
202CC DISPLAY POINTING TO STI':T Ni. 
20300 PROCESSOR ILL 2.7 EflCLOSED 
204ec IN CONTOUR N2 THEN IT IS CREATED 
2050C 
20 EC CHARACTER*S Ni 
2070 INTEGER Y1Jr1 
2030 ASCII NP,NP:Ir 
2090 COMON MAYENT/NAXLEV,NAME(20),T(10,20) 
2100 COMMON/INDtVDUI'l(11),1,Y1 
2110 DO 10 I=2,M=T 
2100 IF(NANF(I).EG.N2) GO TC 20 
2130 10 CONTINU7 
21/10 PRINT:"***FRROn*** "iN1," NOT DT7:IN4_'1D" 

210 RFTU7N 
21(0C DISPLAY PROCESSOR 
2177 20 CPL.L STFPNO 
213:0 CALL START 
2190 CALL DRAUP7(196.J10.) 
2200 CALL ETAIP(N1) 
2210 CALL ST,NITTPI, 

2200 CALL CONPIL(1,1',LFN) 
2230 r.ETurli 

2r !!P FNP 

36 
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225f7C 
226(71 
227E St=OPTi!F sl=o 
22oc, 
2,r.0 P7r1.77ST THY,' E0 OF ?TOG cTEP7 
7.3(..4EC TO =CT_TTII 2ITO12T HALTING 
23P75 I2 F.:PUT IS NEGATIV4I7.7CUTE 
f7,.32C PEST OF 970GRAI:. 
223'5 
22tr,C 

23(:: 

2375 

IE TNPUT=: 17 -!EN 7FrUFT 1'1E9 

SCAL7:: NODE 

ASCII SCALCN 
C01-1110N/STFP/ISTEPJI5TAT,SCALCN 

2320 5 CALL ELINT(1.) 
2393 crILL FLINE(o.) 
212E CALL :109:2(2(7.) 

OF INS=CTION qT7Pq 
2222 nEAD:ITFP 
2t,3c. IF(TTLP.NF. 7ETU2P 
24k 17,C 7:SET 1.10DE 

2.43 CALL ELINE(10.) 
2460! CALL ELINF(.) 
24717 CALL i4OVF2(20.) 
2427 P7INT:"AUTO (C) on i.iANUAL (1) SCALING" 
.24T2 REAr',:Ic,TAT 
25.20 IF(ISTLT.FC.0) GO TO 10 
25170 1,1ANUA SCALING 
2522 CALL 2LI2E(1C.) 
2522 CALL FLT::Eco.) 
cpr CALL 120V22(20.) 

2.55:7; FFINT:"OT:T=NOST DISPLAYED CONTOU71 IS " 
2=r,2 FIEAP:SCALON 
2575 10 GO 70 
2525 END 
25900 

..26.f17'C 

26ICC 
262r SU=OUTINF NOV:2CA). 
2c3ro 
25425 0@92 To ToI12(2,n) ON SCREE! 
2(E1C 
2C67 CALL STEP? 
267: CELL :.:ov(7.,A,,7J.) 
2C147:: CALL SHITPDF 
2(22 on!.1, CONFIL(1,1L7T) 

.71:n 
_ 
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c)7r.,qc 
1 .fi (- 

27/12 
E7ASF LIFE P ON SC: L._.. 
Cr,Lf "TA -7T 

.CILL 
C.ALL 
CA77, NTT7T(3201 
GALL 7E0r: 
OPLL 1-T.N7r-771: 

CALL CONPIL(1,1,L17N) 
P FT 

19 SU3ROUTINE CC( C1) 

37C 1-T_Ar CUTER CONTOUR AND VARI ADLES 
ii0C SPACES ON SCREEN. EARN CONTOUR 
5;C iS DI SPLAYED. 
600 SCALE I F NECESSARY 
70C 
89 REAL SCR1 (L:),S. CR2 ( /7) 

ASCII I! E( 20 ) Cl, V( 207 ) S CAL CN 

170 I NT EG T, VAR., L EVL a FAT, S 0 `,7 7.0J DEL: PU, U, 1, ::2, 71, Yf_.) 

117 COEN ON E A.= 7, :-.1A.7.L EV E, T ( 10, 20 ) 
120 COE:,1ON/ STEP/ I STEP, I STAT, SCALCN 
130 CCEEON /?0 I NT/ S ( ) P ( 2, 20) 
11-77 C0'`i2:0N/ I ND r7/VAR., LI1. FAT, 790, 

r. SYN., DE,L., is U 71Y1,2, Y2 
160 CO:11'10N/ S CL E/ E, 117, EY, NC, NV, 22 ( 2, 27 ) S1 ( ) S2 ( /1, 20 ) 
177 COI-HIONP,TNAE 2/ V, I VP TR 
170 COI-ItiON/GRAF/INDEX, PEE( -/-!, /00 ), TITIND( 2, 57), TEXT( 200 ) OUT( C:i7),7-i. 
19%C INITIALIZE COUNTERS AND POINTERS 
P07 CALL START 
210 NV -70 
2270 FIND NAME IN TREE 
237 DO 17 I =2, EAX 7.1.7T 

2p9 ircszA:41-Em Ecci ) CO TO 15 
257 12 CONTINUE 
267 P7IFT:"*,::::=7R7OR*** ",C1,"NOT INITIALIZED" 
277 RETURN 

7 

207C SNT CUTR 7,NT corToUr 
297 15 PC= I 
30,7 CALL puTv(c I/ I I ) 

317 T(P11.. I )=I I 



71CC 
72'C 0:T ORIGINAL DISPLAY POINTc, 
7300 
7P,0 50 D3 45 j=1.,P 
750 ./!S FI(J/I)=S(J,I) 
760 P2(7.1.,I)=P(71,I) 
770 P2(71,I)=PCY1,i) 
73r'. TCP7AI)=1 
7900 
E SC PUT NE7 CONTOUR. IN PBS 
3100 
020 CALL CIR7(I) 

CALL 209:(S(2.,I)-6..,0(Y2.,I)+2...r7.) 
E340 CALL HT=T(3,C1) 
350 55 T(SYY,I)=-1 
060 60 CALL 3OVE(0.#0,0) 
870 CATS STIDEDS 
S80 CALL C0IIPILE(1,1,LEY) 
090 RETURN 
900 :ND 
9100 
92 CC 
930C 
940 SUBROUTINE CIPDF(I) 
.950C 
9600 ENTER CONTOUR AND VARIABLE 3O ES IN PDF 
970C 
930 INTEGER T,VAR,X1,Y1,2,Y2 
990 COMMON NXTAMAXLEV,NAiiE(20),T(1C)20) 
1500 CO22ON/SCLE/D(5)JP2(2,20),S(a,20),S2(/1,27) 
1010 CONMON/INDEY/VAR,DU14(7)JPI:!,14_,7,X1AY1.X2AY2 
1020 SX1=S(N10I) 
1030 SY1=S(Y1,I) 
117410 SX2=S(2,I) 
1050 SY2=5(Y2,I) 
1060C 
10700 ENTER CONTOUR IN PDF 
16300 
1090 CALL ilOVE(SX2.,SY2,0.) 
1100 CALL 2Ec(s:rA,sy2,c.) 
1110 CALL TEC(SX 1, SY 1 C.,7 ) 
1120. CALL VEC(SX2,ZY1/0.) 
1130 CALL VEC(.S.,SY2,0.) 
11400 IF vAninzLE DO=S roNT n:Tu171N 
1159 IF(T(P7,I).EC.-1) RETURN 
11600 ENTER VARIABLE DOZES IN PDF 
1170 JJ=T(VA,I) 
110E IF(JJ.E0.C) RETURN 
1190 SY1=cY2 
1200 ==SN1+7S 
1210 PO 30. J=1,Jj 
122.0 2Y2=SY2-10 
1230 CALL MOVF(S.7:1,SY2A1) 
12/40 30 CALL VFC(S7.:2,SY2,0) 

59 
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1222 
12( 
127 
1220 65 
1052 
1217;0 
131f7T 
13220 
133E C 

131!c.: 
13 S(.7. C 

13(i C 

1371')C 
180E 
139 
14C Ei 

1410 
1420 
1430 
1440 
145f7C 
11'.60 
1470 
11!30 
1490C 
1500 
151E. 
1520 
153EC 
156E 
ISSN 

12750 

1(770 
1C. 

1620 
109E 
1«Z2 

C`. 

1 C7 CI; 

ICFC 

DO aE Ai= 1, 3 
S : 1 = f7:71+ fr' 

C«EE 7771., SY!, ) 

CALL 1.7::.-C( 1, SY2,1)) 
STELE 

S L:BRO 1.7T I 1'7. I 1'730 

I 1: I T I AL I Z T 0 ROUTIN ES 

C01120N/T2'.TPTS/ I TI.=, I TPTP. 
CO:::10:::/SCLE/SE, & DY,:7CoNV,P2(2, 20),S 1( 4, 20), c.2(/ -.!,'.7f7) 
CO:::10N/.7NA::.:2:E/ ( ) VPTR 
CALL STAFT 
CALL CL EAR 
CALL 
CALL COEPIL ( 1, 1, LEN) 
SET CSALE FACT013. TO 1 

SE=1 

riy= 
SET T 7::T POINTE:7.S 
Is2TR=1 
I TPT7= 1 

I TiE.7-T= 1 

INITIALIZE SCALE nouTIE.E 
RETU.:7N 
END 

suarouTIFF PUTI.7( ST7, I ) 

5»92 SIE IN vprIt-LY 2Ais .6.2.RAY 

ASCII ST7,2(25r.;) 
COIINON/V:s.f......?'', I 2777.1 

v( T 127- )= 
I VP TR= I VT 

I F IV2TR.GT. 2Crj) 09E2FLOI'" 
:_TUP.IC. 

END 
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1,1.12.'113 ) 

17 117t." L.:1...r'. ::111._' c::r ILUE 07.\1 

17"C (GI C;PI, L P ) 
17.7)Z- T1'7"..7:.0 

ASCII i':(2),F1,:72,i:3 

17 
177 0C:-..-C--/FCLE/f:,:7Y,,DY,Coi:7,P2(2,20),Z(1!,20).,S2(P",20..) 
177' :".(1)=:1 
17'7( 

1r; 1 0CELL 5T.[I-1T 7=- 1 

17, 3 CI.; C 171-N7' 3171L 7:-D 000DDIflATES 
1.3 C 07. 

1r '377= (S(7-7:1,1\70)+2 ) 

1.771'2; P17i72 6 
DO 20 I= 1., 3 

1090 CELL 1'10'1E( E2., 0) 
190(7 CELL HTF::T( 2, ( I ) ) 
191 CALL PUTI:C: ( I ) tJ 
192.7 q77-1-P.Dn 
193c: CALL :;O(, :,o) 
19 CELL c772,ID:PDF 
1950 CALL COlIPIL C L 21;) 
190 RETURN 
1970 D 

1917.7C; (7; ) 
1990C :177-s:.5..;:f, 1 1-7_7_01.:1 c7C7-717271.1 

C C r...7(.7 I 7:-T C:.: A.:17A C T S, Tr. I S 
11.7.;C ASOC.:IP.T7D TI -7 IT 

2.02'7 1..SCI I N1 ,::A1:::(20), 
2'T:32 I :F.:7. T., VP.1--1., 

o C0112'10:.7 7.* ( 1 2:7-% ) 
200), I I:1'17 

1....EVL., FP:2., SON., Y37.0 pH, 7...r., .7 1, 
COI.HiOi-./ SC1,17/ 72 ( SC 20), S2 (L, 2.(.) 

2(21 CELL STP-717 
711'..717 11.7 T17)..:TE, 

2 1 Do 
1 :-.Z( I ) C N 1) 20 TO 20 

11 
0101. ":SOT I NI TI Y:-.) C..) 

01 !-.7 (7, :71707.7' l'o OPLLYE 
flr. I 17( 7 (577.1, I ) IT -1) 20 TO 3!::, 

r17( ":70T Fl SPLEY:.D." 



.77TUTN 
72T S07.77.7 IF YPASF SODS 

r. CALL 

r:r r 
ITC(7(7.,7)-5.7(7.1.,I)).1,:.26) GO TO 45 
CALL I.:7F(.7.(7,I)-OG,S(72.,I)-1-of:) 

FT :.7T(4" ") 

ID COFT0P2 LASE 'CIT 

.T-JS7LAYFI., C.D.:TOUT. PONE 

`-rcc'rI 

"2(1-C T7 2»SI»22 y2 ?TOT DISPLAYED, DONT 
7LiF7 72T:i OUT 

I2(7(77.,1).:0.-1) GO TO 
7T.:7 71-7('7L.7".5 TO FiLAi OUT 
==7(1.:7,7.) 

90 TO 45 
SY=2("2,i)-0 
TO 42 ::=1)7= 

2325 
2Pc:(7.: CALL 3057:(E:5S.7,2.) 
2417 CALL F.7 1 -7T(12)' .) 

242F 4O -!E 2 

2430 45 CALL OTP27(I) 
2PJ:r" CPLL 2110:F 
24550 TRASF COPTOU7 
24C.7' 5: CALL 1=(0.02,1) 
717r.: CALL ST..N12.7=27 

2325 CALL COIIFIL(1,1,L7N) 
171.-TTU7F 

f'!.7rr zp 
- 

5r_C 

25L SU3FOUTIN7 AF.IAD(NloC1,VAL) 
25F C 

TFAD THY vnLuF OF VA.F.IA7jLE 
n.,37( -.G 171 IE COFTOUT. Cl C9IIICI1 

252(0 OOFTAIFF FO 2022AN 4 
259r.'.0 C1 -:AT) T= ACTUAL =UT 
n(Tc, IS 'C: 77107 TO TIIF ST£22 
".--.CP-O 07 r r PISPLY 

2001: ASCII 2l,C1)7.,L 
2647: CO=OFPV.'FF/VU_Ir).,I'.:PTF 

2C'ffC FTAST 1207702 LI= OF SC7.FEZ 
f2(7rC 
2(52 cp.LL 

CALL FLI:,;(1(;.) 
CPEL 20227.(175.) 

1771ri rTINT:ir_TATI',21.,' IN IS `,SAE 

62 
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n77! 
C 

7.797C 

CC 1 r 

C 
n fr 

71 
CC 717 ,-0, 

C.911'; ,.. 
2931' 
29 
!'DoEf.-7. 

29 (CC 
2977 C 

29 CI: C 

C 

3C1cC 
3'2;2 C 

21;i36C 
3r':/!CC 
31 -EC 
3'' (r 
3C7CC 
396 90 
31'9 C 

31CT 
311% 

CC 

212C C 

311!CC 
21290 
316r 
317% 
31:7 (7.; 

319C 

,3IT 

1:1 

$1 770O:T7C7 

C074=/:L.:.COST?I17:',7Y,I717AL 
S7n77 

CfLL,:oi. 

C!LLIIT77:7(1.7.:,' 
C.cILL '23:72. 

CALL C 7:7777R F 

CALL CO:1? IL( I, 1,1, al) 

7,2-.2 20 UT I P..217 I ( 1.; 1 C 1 ) 

PIT Ti-iF VASES 0 
C01.Y1'01_:fl. 01 IT 

77:C,770:',1 OF 7": :1 

ASCII ::1. 
17:': 7.11.1 ( 29%),V? T7'.. 

t) 

7' 0 'T O'C., LT li2S EC:711:1TP 

CLLL FLY..i."!7(7.) 
CALL .7.7( 1 ) 

CALL ( F ) 

I- I i'.1.1 T:: pjUF or iii 

CALL FIiii!(rlo01)1,tJ,L) 
I 7(eT ,7,0 TO 1' 
'IPL.=1,*( ) 

'07ILT:'77IPT:',17.1,1 IN ',Cl,` 12 yr 

9 ri ii": , i11" I j.T ?TT 7 DOES i!OT fTi" 
T'::"11.T717 
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t, 

'T flTTT'(.7 7:7 

CT.:1.r.. 7:7 
CO 7TC2,1_77'.f7 

12:]0:7 i 7 7( 

r_;_ -L7, (.7 (.1 77-T. ( 1:t 7 : ) 

(.:77C 
777 777:77-77:: 

.7. 
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APPENDIX V. 

Flowcharts for Projected 
Scaling Routines 



RESCLE: 

TSTFIT: 

PUTNMS: 

66 

Variables Used in Scaling Routines 
that Are.Not Previously Described 

ADD1: The number of screen points that are to 
ADD2: be left between brothers. 

CFX:1 Screen coordinates of the center of the 
CFY:J brothers. 

CSX:) Screen coordinates of the center of the 
CSY: free space, 

DIF: Number of screen points available in free 
space for spacing contours. 

DX: I Number of screen points the center of the 
DY: brothers must be translated to position it 

in the center of the free space. 

REIGHT:1 Dimensions of all brothers combined. 
WIDTH: 

ISAVE: Number of brothers to be displayed. 

ISIB: Pointer in TREE. 

J: Local variable. 

K: Pointer in TREE. 

ADD: A flag. Also used in setting values in AVAIL. 

IF'LG: A flag. 

INME: An index in V. 

KK: Number of variables in the contour. 



DSPSC: 

TSTSCL: 

67 

SX: Local variables containing x and y positions. 
SY: J 

Ni: Local variable. 

Cgs Index in TREE of the father of Cl. 

ICs Index in TREE of the outermost contour 
displayed. 

IFIT:1Local integer variables. 
K: 
NEXT: 
NEW: 

NEWSON: 1x20 integer array used to save unprocessed 
active contours. 

SCR1:'4x20 real arrays used for work spaces. 
SCR2aS 
SCR3: 
SCR4s 

SVSCR: 4x20 integer array used to sage the 
available space in the unprocessed nodes. 
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RESCLE(I,SCR1,SCR2,EVEN,NBRO,*): Rescale the contour whose 
index is I so it and its brothers, if any, will fit within 
the screen coordinates defined in SCR1. Take the 
alternate return if a successful fit is found. 

I:index of the cont-)ur name in NAME 
SCR1: (real array dimensioned 4) Contains the minimum 

and maximum screen coordinate values to be used. 
The return values are the lower left and upper right 
screen coordinates of the contour. 

SCR23 (real array dimensioned 4) Contains the minimum 
and maximum screen coordinates left after the 
variable boxes have been placed in the contour. 

EVEN: (integer) On entry to the subr.:utinec EVEN equals 
1 if the contour has an evri level number, -1 if 
the contour has an odd level number. 

NBRO: (integer) On entry to the subroutine, NBRO is 
1 if the contour is to be fitted to the given 
space with no brothers. 

), Kesc L LT CI ..--,C K1 i 5G8 2.) 5:11:41%/tnt:01 ') 

(! 

13 c_6,..,Cino). I -11-1, c3011 k ATST- 
.1!..,.. OR DD E:5 Ai 2 AZ = I 

no 15 

3(Kfl n - 
r.',A X ---- 

I 

592,1-.) 

Find the minimum 
and maximum x and 
y values for the 
contour. 

Find the minimum _ _ _ and maximum x and _ _ _ _ _ _ _ _ _ _ _ _ 
y values for this 

-1C50t1)111---ATI contour and all 
.11.`.;PV:::=o brothers. 
S s IA = 

X Al I ti = -4D00 
4 bob 

RA 

Set minimum and maximum 
values to be overridden. 



17-- I NIA)(EAJT 

0:(--1-7re5 

YE=S) 

(y.t,^,IN> K 165 

no 

IX _MAD = SLYILS...1 

AIM 7- C 'I I ) 

M4 < (X2. 

IY CA Ax c, (X;:- 

".1.4 X <, 

I no 

T (LSIBtk)1 

ILO 

vEv Y° 

"5 
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-7 

Using the total size of 
the new contours to be 
displayed, find out the 

Sv/J scale factor which must 
be used to fit these 
new conto -rs into the 

- - - - existing available space 
which is contained in 
SCR1 . 

tut -DIN = MA X 

HtwI&PT = 1-fMA - *mt., - It) *(T - 
SF = isAIN (ScRi (q)- Sai (2)- I -lb t.71 P.:;1:)(47i) 

((cRi(3)-L,CRICI)1/intp-r-t-i)) 



, - 

WIDTH )(PAX- Xit;f14-J' 

I HEIGHT= 4 ktAX qikA I 

! SF r Mal (((SC .1 N2) - C K -10)/ t4 El 6 V47 1) 

!..t()(14- C I (4)- a-) /WI t.---rolA I 

I ii4ri,1 

l(M) =0' 

st o 

- - Can anthing be displayed? 

- -Zero out all return parameters. 

Scale the existing 
- --limits of the contours. 

Nini IN = SF -it 

Vp.VA = 5F * 'WAX 

CFx= Xrilf/1-4-(Y,AYX Find the center of 
f t:q s t Cq,12,NX 0/21' - - the figure. 
C5X = SC RI (XI +(SCA 1(x2.)- a.riC,KC;1/2. 
csY= SCR I (1/)+6:tr<i(v;:, - 10- stKA(11))/1 

70 

Find the center of the 
window on the screen. 
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Dx:cFX-c5X 
DY=CrY-c5Y 

Find the distance for translation 
of the contour. 

xm x x -o>. 1 Find out exactly how much free space 
ym IN = VIM - DY r - is left in the father of the contours 

in question. This space was set up 
in the calculations for the scale factor. 

r7 \EVEA.) LEVEL( 

. DIF =ScR r. licoF = 5cR i /) -Yr.? IN 

- -Rescale the corner notnts-of the contour. 

11=-(,4 

ISCrO ;(IL 

qe.5 
LEVEL? 

nu: -(15AVE 

X 

lAnt = DIF *LIS/qt. -I) ;1(5V Yf it) 1 ADD1 and ADD2 are 
?ADD2--O h --used to space the 

contour away from 
its brothers. 

7'7 = i )312- 

_Stki (az) -7- ..Sr .', i(-1:6-1))+r151--------- 
c.gi(LL+t),-..Sc& /CIE tn- DV -f-ADD"... --r 
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_ _ _ Find the free space left inside 
the Ith contour. 

II137F ScK; `;C 12 1UL/111'4 

INo Tyr 1Fir 

rE1:in)1.1 
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TSTFIT(I,N,FX,M,AVAIL,EVEN,*): Check the contour whose 
index is I to see it it is too large to fit on the 
screen or too small to contain all relevent information. 
Take the alternate return if the contour fits. If the 
level number is even, EVEN is set to one, otherwise it 
is set to -1. FX contains the coordinates of the lower 
left and upper right corners of the contour. On return, 
AVAIL defines the free space inside the contour. 

7- A VA IL ,EVEN, 57171-(11N, FX)M 

IAJDP=2 IFJ-67,0 

<DoV5 77-1i COITO ctg, 

IN #-)< (-17-0A1 131E .SCr<t..)-)? 

(Colli-rDu ON EVEA) ties 

Lisle L II 1 E ? 

110 

EVLM 

15 CADVio(J )7e5 
A Le- /1/ 7.)1:. 

nn 

/5 CO/ 4701,0; 1-11641 

EfJCAlot-i "It) tOI.J7111fi 

VAItAf.(5*.t04-1'n 

11\0 

6 is r,oAproti 

A LEAF 4JOVE-Iii 

(11 D = 14 )--V5 

G3) 

KG0AITGIAK Oil 6Pe.AltieG 
LEVEL IAI 7REE? 

EVEAJ': -I I 

A 

F 

tottt-Ow7-: t: 11-e, - 
!;;;F: f k 

VC- >: 

CRE--.1-tki) 



C. C.',1il'A. V.: 

?r n''. i.--, A : i 
2 ' ' , 7 '- c; : .. I Fr:LE. 

CE -r() d , 

1 

.... 

F 1.6:1 

110 

Iv,1_7: ; 7 11 .F:' \ 
i 

L i ) / 
it'F5 

( K ill N' ,4J f 

IL ONTOti 7 5 x) 
!sc-r F6t..E SPA 

1?) rcIDE 7Pe 
dA rZ A r6LE 1_151' 

Lt) ( Rt.* en 

74 
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PUTNMS(I,N,FX,M,EVEN): Display the previously defined 
variables that appear in the contour whose 
index is I, in their new, scaled positions. 
FX is a 4xN array containing the screen 
coordinates of the lower left and upper right 
hand corners of the given contour. M is an 
index into FX corresponding to the given contour. 
EVEN is set prior to entry to the subroutine 
to 1 if the contour is on an even level in the 
tree and to -1 otherwise. 

CPutiv,;5 (I,/,/.1.1,EvE,v) 

I 

PA ) To bl.I.PLAY ii=t7 OK/AR/L5 / ..,..._.2 

YES 

iNitlE = T(Pii II) 
K 7-(1,/,?! 

S'1 = FY (`,1)M)-8* I Set the initial position of the 
P.x(i,t4)42.i- - cursor on the screen. 

LL =1; 

jL t 1.3 

movE, (sx al o\ild 

L.:ME +II 

,NiErr(4.v(IiimE)) 

X 4 zle - 

ln 1 = f: cf - SO 

i 

Display the variables 
-defined in the contour 
along with their values. 

Pq 



tAr.t,E. c-TKVE." 
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(- 
PA 

- - - - - Set the scaled processor coordinates. 
r;..) 

1( ) 

1P2 (X; FX(I.A4) 4-141 
vr2(`II 1/): FY(21/4').4-6 

Ti -c -p) yes 

YIYI)M < 1416) 

1ft 

PitXter. FXCxl,M)4-52. 
(Y2 ..") -15 

F r_k ti 

ko__ _ Does the processor go at 
the bottom of the variables? 

P2b(11 FY; xli;',1-t-lif 
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DSPSC(I,N,SX,M,AVAIL,IFIT,WEN): Enter the contour whose 
index is I, and all associated character strings, if 
they will fit on thh screen, in the PDF. All arguments 
are defined prior to entry to the subroutine. EVEN is 
set to 1 if the node is on an even level in the tree and 
to -1 otherwise. SX is a 4xN array th9t contains the 
scaled corner coordinates of the contour. M points to 
the proper column in SX cooresponding to the node. 
AVAIL is a 1x4 array defining the corners of the free 
space left in the contour. Il?IT is a flag. If it 
is less than 0, the contour has been scaled too small 
to display the contour. 

o 5 Vs c. CI i ti , 0 X 1 Mi 'WAIL 1111-1-7-, 1, vE,J)) C 

ri (ir ,ilz s x(.11. 1 /41 

II-C.IpuF (I) - - - - - 

m1=N 
T(P.Ii; IT 

IF IT 1L 

no 

- 

----Set the display coordinates. 

- Enter the contour in the PDF. 

_ - -Save the fit status. 

, 5X I)) 11 

P . - o 

, 10 

The processor won't fit in 
_ __the contour so di6play it in 

the lower right hand corner 
of the screen. 
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)/A,) 

im)-sx C xi ,1.1)4 voYs 
At, 

0)11 

lit-57txr (4 V (T (PH 'In)] 

k 

1 

n-ziim 

,______:______L 
1 3ave the latast AvaiL-ihle 
1-- - - 

1S1( II II) z A VA r L... (I 1)1 1 

_l____ 1 
free space for the contour. 
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TSTSCL(C1): Erase the screen in preparation for resealing. 
Rescale all active contours so the contour whose index 
in NAME is Cl, will fit on the screen. 

Tc1.5c_i_(±2) 

Iza,AwEdvr 

P2m1I)=06 

jeJ-(Yi,r)--- /0 

1C2=TO7AriWi 

(15 CI -04 tr OtArE 4 ; 4 !CY-7 

no 

Reseale all processor screen 
coordinates. 

11--,'TF-tT(C/2. t 2.06 Ci SCKZ 1E VP) 2.1 

I to 'Ti-cr,j-1,k -Sct cou 

_Does Cl's father fit on 
the screen? 

(c/ , to, CI, ir- 

.5a ; (I /= .SC1,1 I Cf.L) 

C, 

SCR I (X1):=6 
szaR I (111)::,-,o 

X 1) t 

The father fits on the 
screen but does the 
original contour fit in 
it? 

_Both contours fit so 
their coordinates are 
good. 

- Rescale Cl and C2 to 
fit on the screen. 
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IkSCLECC2,t,cKI15(KZIEVE/a.a,,t)11 

no cit. ftt 

3-T=1,4 

iscKii (TT nocz 

c Ccl ,SCK2.15C4C;;EVEIslii *) 
-ckt Cti 

Sck 2(>1,1) = 

z 20 
LC k 255 

2ei2.) :7 2. -SS 

No fit can be found so - forget the father and 
get set for resealing 
just for Cl. 

ESCUE(Cii5CR2tSCZSLVEM,01*T1 
ploct -ftt 

11111 

kzc= C2j 

Ins (3`.-)C (C2, I C.t':(1 I SC R4 , l , Cicti i. 

IIDS 
SC P2( I eVOI 

-Enter the contours in 
the PDF. 
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Iffno 
on the 

exists, test Cl for - screen. 

FITSTFITkr, 20, S, c f. SCRS, tVeNI,4')11 

Ino 6'it fit 

- - -Cl fits so enter it in the PDF. 

(1 
1-73) 11 DsPScicl , -1:ki 5, C( Sc1R3, I, Et,E,',11) II 

1 

t\iLi =1 

ritxr---- 

K=-1(Soil In 

1),PE: tvE0 
LEVEL In "NE 7-PgE 

-- EVt-tI 1 

Find all the other active 
contours to rescale them also. 



kK:211VAYCI 

r t5'1tJ 

yes 

, 4 

1) 
SLIKuICI 

Lt 
nd 

RED- ( K SC f;'2, ;:ct) 'r'St1 10 I *) 
I no 4t -t. 

IF IT 

Ictt 

bSPSC tr,L1,.3crki is scRi IF IT t -z, I6, 
-41 

6--Alrff,ki I WI= 5) / 

15).P3GRCIliLIEW):-- 5CF! 

AIL Kr; Nt.i0-4-1 

K TCE3Ri) K.)..] 

110 

Tk 

82 

- Is the contour active? 

- Set the free space. 

- --Rescale the contour if 
necessary. 

--Enter it in the PDF. 

-Save the free space. 



KNtxr.ivt-9) 
no 
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_ _ Get a node that was saved f or _ processing. 

Rs iJ 

!<: r(oN /id Eli sO tJ (11J -xr))--1 

rv)soN (meNcr) 

kc,R1(n) = Sv sc gCs ,t1EXT-) 
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To link the scaling routines with the othei routines, 
insert the following routine in the Create Contour routine. 
Other communication is handled through the previously desctibed 
common blocks. 

720 

- - - - - -Is resealing necessary? 
9(3 i,:);.11 

1%t c) 

(Aft-*S(1,i7 .*7 4&D yes 
Aas() 

!i.mT5cr(1,25,t,r,<)Cc,IE\Alt4,)1 
fi 

v\o 
-X- 

L4c., 
Kii-GAT 1.0=1 

c 

".° `Outermost contour? 

K-liq ScKI GO) a 
I T - CRICK); b7-( 11(ZAT II.) 

--No resealing 
necessary. 

cc_ R CYn 2c) 

sea 2\;= 2.55 

E 5 cLE (I ScRI, scK i\JEti c , 8-)11 

1\0 Cat 

iljt`DTC L L 

1< 

rJJr 

111-)S7-.)C(i. 11 1t5(k211 Lir-7E/4))1 
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The contour model developed by J. B. Johnston is a scheme for 

the graphic display of the dynamic execution of a program written in a 

block structured language. A natural extension of contour model 

idea is an interpreter to process block structured programs and to 

generate a dynamic contour model display on a vector graphic terminal. 

Such an interpreter would consist of two parts: a basic language 

interpreter and a set of basic contour construction, sizing, and display 

routines. This report documents an implementation of contour construction, 

sizing, and display routines. These are written in FORTRAN to drive a 

graphics package for the Computer 300 terminal. As implemented, 

interpretation of the program must be done manually; the contours are 

constructed using primitives such as "create contour", "create variable", 

"change variable", "create processor", etc. A sample display program 

is illustrated. 


