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INDEX NUMBER INFORMATION COORDINATE COORDINATE INFORMATION 

1 (1) A 000 000 
2 (2) B 002 000 
3 (3) C 003 000 
4 (4) D 002 001 
5 (5) E 003 001 
6 (6) F 001 002 
7 (7) G 002 002 
8 (8) 001 000 

FIG. 2 8 A 

ARRAY2 CONNECTING FRONT REAR 
INDEX LINE INFORMATION INFORMATION 

NUMBER 
1 G) 8 2 
2 ® 2 3 
3 @ 8 4 
4 @ 4 5 
5 ® 1 6 
6 @ 6 7 
7 (J) 1 8 

F I G. 2 8 B 
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GRAPHIC EDITING APPARATUS GRAPHIC 
EDITING METHOD AND STORAGE 

MEDIUM ON WHICH IS RECORDED A 
PROGRAM FOR GRAPHIC EDITING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus or method 

for inserting another object between objects connected with 
each other. 

2. Description of the Related Art 
Today it is common for a variety of flowcharts to be 

drawn using a computer. Software, for example, "Power 
Point" (Microsoft), "Visio" (Visio ), etc., with a function to 
draw a graphic, etc., are well known. 

A flowchart is used, for example, to indicate the procedure 

2 
( c) Re-locate the objects. 
This problem becomes more serious in particular when a 

new object is inserted in a graphic where a connection 
relation between objects is complicated. For example, a 

5 procedure in the case where a state shown in FIG. 2E is 
generated by inserting object H between object A and 
objects B through G in the state shown in FIG. 2A is 
described. In this case, first, lines connecting object A and 
objects B through Gare deleted one by one, as shown in 

10 FIG. 2B. Then, as shown in FIG. 2C, object His created, and 
objects A and Hare connected. Then, as shown in FIG. 2D, 
object Hand objects B through Gare connected one by one. 
Then, in order to make the graphic easy to understand, the 
objects are re-located, and as a result, a state shown in FIG. 

15 2E is obtained. 

( or sequence) of a working process and the procedure of the 
process of a software program, and it usually includes a 
plurality of objects, and lines or connectors connecting the 20 

plurality of objects. 

In this way, as the number of lines to be deleted or the 
number of lines to be newly set increases, the amount of 
work and working time of a user also increase. The prob­
ability of errors which occur when a line is deleted or set, 
also increases. 

This problem not only occurs in application software for 
drawing flowcharts, but it also occurs in software for draw­
ing graphics and software for drawing circuit diagrams, etc. 

FIG. lA is an example of a flowchart displayed on the 
monitor of a computer. In this flowchart, three objects 
( objects A through C) are connected in alphabetical order. A 

25 
box formed using dotted lines indicates a display area in a 
virtual coordinate system, and it is not actually displayed. A 
rectangle in each box indicates an object. An object drawn 
using solid lines and an object drawn using dotted lines 
indicate a state where data are set and a state where data are 

SUMMARY OF THE INVENTION 

An objective of the present invention is to make operation 
simple in the case where another object is inserted between 
objects previously connected. 

The graphic editing apparatus of the present invention 
not set, respectively. Objects drawn using dotted lines are 
not actually displayed. A character inside an object indicates 
the content of data linked to the object. A line which 
connects objects indicates the order or subordinate relation­
ship between the objects in a flowchart. For example, since 
a line AB (line connecting objects A and B) starts from the 
upper right corner of object A, it indicates that object A is the 
object preceding object B and that object B is the object 
following object A. 

When a flowchart is drawn, a case often occurs where in 
addition to the addition and deletion of an object, a new 
object is inserted between objects previously connected. For 
example, a case occurs where a new object D is inserted 
between objects A and B. In this case, as shown in FIG. lB, 
a line connecting objects A and B is deleted. When a line is 
deleted, two objects at either end of the line are designated 
or a line to be deleted is designated after a deletion process 
is called from a menu. 

Then, as shown in FIG. lC, a new object is created, and 

30 comprises a display unit displaying a graphic including first 
and second objects connected with each other using a first 
connector, and an editing unit creating a second connector 
for connecting the first object and a third object, and a third 
connector for connecting the third object and the second 

35 object, when the third object is located in a predetermined 
position in relation to the first connector. 

The display unit displays the first and second objects, and 
the first connector, for example, on the monitor of a com-

40 
puter. The third object is moved to a desired position on the 
monitor, for example, by a user operation. 

When the second and third connectors are created by the 
editing unit, a state where the first, third and second objects 
are connected in this order is generated. That is to say, a state 

45 
where the third object is inserted between the first and 
second objects is obtained. 

the new object is linked to data D. A process for creating an 50 
object, for example, is called from a menu. Then, as shown 

As described above, the third object can be automatically 
inserted between the first and second objects by locating the 
third object in a predetermined position in relation to the first 
connector. 

The second and third connectors can be created indepen­
dently from the first connector or the first connector can be 
used as the second or third connector. 

in FIG. lD, objects A and D are connected, and objects D 
and B are connected. Then, in order to make the flowchart 
easy to understand, each object is appropriately moved, as 
shown in FIG. lE. As a result, a state shown in FIG. lF is 55 
obtained. 

The graphic editing apparatus in another aspect of the 
present invention comprises a display unit displaying a 
graphic including first and second objects connected with 
each other using a first connector, and an editing unit 
creating a second connector for connecting the first object 
and a third object, and a third connector for connecting the 

As described above, a process for inserting a new object 
between objects previously connected in a flowchart, etc., is 
a prior art. However, according to conventional application 
software, it requires much work for a user to operate in that 
kind of edit process, and the user often felt it was trouble­
some. For example, in a example shown in FIGS. lA 
through lF, a user must perform the following operations. 

60 third object and the second object. 

(a) Delete a line displayed in the position where a new 
object will be inserted. 

(b) Connect an object previously displayed and a new 
object to be inserted. 

When the first connector is selected, for example, by a 
user operation, the first and second objects each connected 
to either end of the first connector are recognized. The 
editing unit creates the second and third connectors accord-

65 ing to the recognition result. Therefore, the third object can 
be automatically inserted between the first and second 
objects by selecting the first connector. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA through lF explain the procedure in the case 
where a new object is inserted between objects previously 
connected using a conventional method. 

FIGS. 2A through 2E explain the problem of the prior art. 

FIG. 3 explains an example of an environment for the 
implementation of the present invention. 

FIGS. 4A through 4D explain the basic operation in the 
first preferred embodiment. 

FIGS. SA and SB explain a graphic editing method in the 
first preferred embodiment. 

FIGS. 6A through 6D are examples of tables provided b!' 
the graphic editing software in the first preferred embodi­
ment. 

FIG. 7 explains a method for designating a line. 

FIG. SA shows the state of an updated data table. 
FIG. SB shows the state of an updated line information 

table. 

FIGS. 9A through 9C show the state of an updated table 
in a process for inserting an object. 

FIG. 10 is a flowchart showing a user operation in the first 
preferred embodiment. 

FIG. 11 is a flowchart showing the outline of the operation 
of graphic editing software in the first preferred embodi­
ment. 

FIG. 12 is a detailed flowchart showing a process for 
detecting a designated line. 

FIG. 13 is a flowchart showing a process for updating 
graphic data. 

FIG. 14 is a detailed flowchart showing a process for 

4 
FIG. 29 shows a graphic drawn according to a table after 

it has been updated as shown in FIGS. 28A and 28B. 
FIG. 30 explains the relationship between an absolute 

coordinate system on a monitor and a virtual coordinate 
5 system used by graphic editing software. 

10 

FIG. 31 is a flowchart showing a process for updating 
graphic data. 

FIG. 32 is a flowchart showing a process for setting data 
to display a new object. 

FIG. 33 is a detailed flowchart showing a process for 
modifying a coordinate to display objects previously 
displayed, if necessary. 

FIGS. 34A through 34C explain the operation of the 
15 graphic editing method in the second preferred embodiment. 

FIGS. 35A through 35C explain another operation of the 
graphic editing method in the second preferred embodiment. 

FIGS. 36A through 36D explain a user operation accord­
ing to a conventional editing method (No. 1). 

2° FIGS. 37A through 37B explain a user operation accord­
ing to a conventional editing method (No. 2). 

25 

FIG. 38A shows an example of an object information 
table. 

FIG. 38B shows an example of a line information table. 
FIG. 39 explains the display coordinates of both an object 

and a line, etc. 

FIG. 40 is a flowchart showing the user operation proce­
dure of the editing method in the second preferred embodi-

30 ment. 

FIG. 41 is a flowchart showing the operation of the 
graphic editing software in the second preferred embodi­
ment. 

setting a coordinate to display a new object. 
35 

FIG. 15 is a detailed flowchart showing a process for 
modifying a coordinate to display objects previously dis­
played. 

FIG. 42 is a detailed flowchart showing an object insertion 
process. 

FIG. 43 shows the result of an object insertion process. 
FIG. 44 explains another display method. 

FIG. 16 is a detailed flowchart showing a process for 
updating a line information table. 

FIGS. 17A and 17B are reference drawings used to 
explain the flowchart shown in FIG. 16. 

FIG. 45 shows the result of the object insertion process 
40 according to another display method. 

FIGS. 18A and 18B explains another concrete example of 
the editing method in the first preferred embodiment. 

45 FIG. 19 shows an example of a graphic displayed on a 
monitor. 

FIG. 20A shows an example of an object information 
table. 

FIG. 20B shows an example of a line information table. 50 
FIG. 21A explains a method for selecting a line. 
FIG. 21B shows an example of a selection index table. 
FIGS. 22A and 22B explain a process for adding a record 

to a table. 
FIG. 23 explains a process for updating an object infor- 55 

mation table (No. 1). 
FIG. 24 explains a process for updating an object infor­

mation table (No. 2). 
FIGS. 25A and 25B explain a process for updating a line 

60 
information table (No. 1). 

FIGS. 46A through 46C shows an alternative in the 
second preferred embodiment. 

FIG. 47 shows the configuration of a computer executing 
a program in which the process of the editing method of the 
present invention is described. 

FIG. 48 explains how to provide a software program, etc. 
relating to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The graphic editing method of the present invention 
relates to a method for editing a graphic, etc., displayed on 
the monitor of a computer 1, such as shown in FIG. 3. 
Although a graphic, etc., is basically ~dited ?Y th~ user 
operation of a mouse 2, it can also be edited by mputtmg an 
instruction from a keyboard. For the following preferred 
embodiments, for example, the graphic editing method of 
the present invention is described below using a flowchart as 
its target. In a flowchart, a graphic unit corresponding to 
each step is handled as one "object". 
The First Preferred Embodiment FIG. 26 explains a process for updating an object infor­

mation table (No. 3). 
FIG. 27 explains a process for updating a line information 

table (No. 2). 
FIGS. 28A and 28B show the state of a table after 

updating. 

FIGS. 4A through 4D explain the basic operation in the 
first preferred embodiment of the present invention. Here, a 

65 graphic (flowchart) where object A, object B and object C 
are connected in this order is displayed, and a case where a 
newly created object Dis inserted between objects A and B 
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is explained. It is assumed that the graphic editing software 
of the first preferred embodiment provides a virtual coordi­
nate system to display objects and that each object is 
displayed in the box of the coordinate system. 

When object D is inserted between objects A and B in a 
state shown in FIG. 4A, a user first designates (or selects) a 
line AB, as shown in FIG. 4B. Since in this case, line AB 
starts from the upper right comer of object A, it is indicated 
that object A is the object preceding object B and that object 
B is the object following object A. A "line" is sometimes 
called a "connector". 

A line, for example, can be designated by directly clicking 
on a desired line using a mouse or can be designated by way 
of range designation using a mouse. If a line is designated 
by way of range designation, a line within the designated 
range is designated. 

Then, the user creates an object to be inserted between 
objects A and B. A new object is created, for example, 
utilizing a function provided by graphic editing software. 
Graphic editing software usually has a function to create a 
new object according to a user instruction in its menu. 

If a new object is created while line AB is designated, the 
new object is automatically inserted between objects A and 

6 
FIG. 6B shows an example of a typical line information 

table. "Array 2" is an identification number for identifying 
a line connecting displayed objects. "Front information" is 
information for indicating an object located at the front side 

5 of each line. "Rear information" is information for indicat­
ing an object located at the rear side of each line. Both "front 
information" and "rear information" indicate objects using 
the values of the "array 1" in the object information table. 

FIG. 6C typically shows an example of a selection index 
10 table. "Array 3" is an identification number for identifying 

a line designated by a user when a new object is inserted 
between objects previously displayed. "Selection informa­
tion" is information for calling up information about a line 
designated by a user. "Selection information" identifies a 

15 line using the value of"array 2" in the line information table. 
FIG. 6D shows an example of a typical data table. "Array 

4" is an identifier used to call up detailed information about 
each object from the object information table. "Data name is 
information displayed in each object. "Preceding informa-

20 tion" is information for specifying the preceding objects of 
each object. "X coordinate" and "Y coordinate" are coordi­
nates in the X and Y axes of a position in which each object 
is displayed, and a virtual coordinate system is used in this B, as shown in FIG. 4C. At this time, line AB is deleted and 

simultaneously both a line connecting object A and the new 
object and a line connecting the new object and object Bare 25 

automatically created. Thus, object A, the new object, object 

preferred embodiment. 
The contents of the tables shown in FIGS. 6A, 6B, and 6D 

correspond to the display states of a graphic shown in FIG. 
B and object C are connected in this order. Objects B and C 
are shifted in the rightward direction in FIG. 4C in such a 
way that the four objects, including the new object, are 
located in each box of the virtual coordinate system. 

Then, the user sets information Din the new object. As a 
result, a state shown in FIG. 4D can be obtained. 

In this way, according to the editing method in the first 
preferred embodiment, in order to insert a new object 
between the first and second objects connected with each 
other, it is sufficient if a line connecting the first and second 
objects is designated and an object to be inserted is created. 
With these operations, a connection between the objects can 
be automatically updated, and the re-location of each object 
can also be performed. 

SA. Specifically, object A is registered in the record of"array 
1=00" in the object information table shown in FIG. 6A. The 
detailed information of an object registered in this record is 

30 registered in the record of "array 4=31" in the data table. 
Therefore, (X, Y)=(000, 000) is obtained as a coordinate for 
displaying object A. (X, Y)=(0Ol, 000) is obtained as a 
coordinate for displaying object B. 

A line connecting an object registered in the record of 
35 "array 1=00" and an object registered in the record of "array 

1=01" is registered in the line information table shown in 
FIG. 6B. In this example, objects A and B are registered in 
the record of "array 1=00" and the record of "array 1=01", 
respectively. Therefore, a line connecting objects A and B 

40 (line AB) is registered in the line information table shown in 
FIG. 6B. The fact that object A is the object preceding object 
B and that object B is the object following object A is 
indicated by the "front information" and "rear information" 
in FIG. 6B. 

Next, the detailed editing method in the first preferred 
embodiment is described. A case where a new object is 
inserted between objects A and B is described below. As 
shown in FIG. SA, it is assumed that objects A and B are 
displayed at coordinates (X, Y)=(000, 000) and (X, Y)=(00l, 45 

000). Objects A and B are connected with each other using 
line AB. 

Next, a process in the case where a state shown in FIG. SB 
is obtained by inserting a new object between objects A and 
B in a state shown in FIG. SA, is described. 

FIGS. 6A through 6D are examples of tables provided by 
the graphic editing software in the first preferred embodi­
ment. An object information table shown in FIG. 6A, a line 
information table shown in FIG. 6B and a data table shown 
in FIG. 6D indicate the display states of a graphic drawn 
using the graphic editing software in the first preferred 
embodiment. In other words, a graphic drawn using graphic 
editing software is displayed according to information stored 
in these tables. A selection index table shown in FIG. 6C is 
a working table, and it is used when a new object is inserted 
between objects previously connected. 

FIG. 6A shows an example of a typical object information 
table. "Array 1" is an identification number for identifying 
a displayed object. "Display information" is information 
displayed in each object. "Position information" is informa­
tion for calling up detailed information about each object 
from a data table described later. When an object is created, 

When a new object is inserted between objects A and B, 
a user first designates line AB connecting objects A and B. 

50 The designation method of a line is described with reference 
to FIG. 7. 

55 

60 

A user designates a rectangle by using two desired points 
(points P and Q) using a mouse, etc. Four sides of this 
rectangle are expressed as follows. 

x-xl (1) 

x-x2 (2) 

x-yl (3) 

x-y2 (4) 

A process for designating a rectangle by using two desired 
points utilizes a range designation function provided by, for 
example, a Windows system (Microsoft's operating system). 

a corresponding record is added to the object information 65 

table, and when an object is deleted, a corresponding record 
When the rectangle (hereinafter called a "selection range 

PQ") is designated, the graphic editing software checks 
whether there is a line passing through the selection range is deleted from the table. 
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PQ. An equation specifying each line, for example, can be 
calculated when a user inputs a selection range PQ, or it can 
be registered in the line information table in advance as 
additional information. The equation of each line is gener­
ally expressed as follows. 

y-ax+b (5) 

The graphic editing software checks whether there is any 
intersection point at which each line registered in the line 
information table and each of the straight lines indicated by 
equations (1) through (4) intersect. If there is the intersection 
point, it is checked weather the value in the y coordinate of 
the intersection point is located between the value (yl) in the 
y coordinate of point P and the value (y2) in they coordinate 
of point Q. If so, the line is considered to pass through the 
selection range PQ, and the line is registered in the selection 
index table. Therefore, in an example shown i FIG. 7, line 
AB is registered in the selection index table. A selection 
index table shown in FIG. 6C indicates a state in the case 
where line AB is designated in the state shown in FIG. SA. 

In this way, the graphic editing software detects a line 
which passes through the selection range and registers the 
detected line in the selection index table, when the selection 
range PQ is input by a user. 

8 
record. The software also writes the "array 1 ( =02)" of the 
newly added record in the object information table as the 
"rear information" of a record to be obtained by the access 
process. Further, the software writes the "array 1 ( =02)" of 

5 the record newly added to the object information table as the 
"front information" of the record newly added to the object 
information table. By the process, the line information table 
enters a state shown in FIG. SB. 

Then, the tables are updated to shift object B in the 
10 rightward direction. The coordinate of object B is acquired 

according to the following procedure. 
(1) "Rear information=01" of "array 2=11" in line infor­

mation table 
(2) "Position information=30" of "array 1=01" in object 

15 information table 
(3) "X coordinate" and "Y coordinate" of"array 4=30" in 

data table 
Both "X coordinate=001" and "Y coordinate=000" are 
obtained according to this procedure, Then, "1" is added to 

20 the obtained "X coordinate". 

Then, the user inputs an instruction to create an object to 25 

be inserted between objects A and B. When this instruction 

As a result of the above mentioned process, the object 
information table, line information table and data table enter 
states shown in FIGS. 9A, 9B, and 9C, respectively. Then, 
the graphic shown in FIG. SB is obtained by displaying data 
according to these tables. The selection index table is deleted 
when the process has been completed. 

is inputted, the graphic editing software adds a record 
corresponding to the object to be newly created, to both the 
object information table and the data table. In the example 
shown in FIG. 6, "array 1=02" and "array 4=32" are added 30 

to the object information table and the data table, respec­
tively. 

FIG. 10 is a flowchart showing a user operation in a 
process for inserting a new object between objects in the first 
preferred embodiment. In step Sl, a user designates ( or 
selects) a line which connects objects. In step S2, the user 
creates a new object. The line designation method and object 
creation method are the same as those described above. In 
step S3, desired information is set in the new object created 
in step S2. This is performed by the input of a character 
string, etc., using a keyboard or by pasting data prepared in 
advance. 

Then, the graphic editing software updates the tables in 
such a way that a newly created object is displayed in the 
position where object B is being displayed. First the graphic 35 

editing software acquires the display position of object B 
according the following procedure. FIG. 11 is a rough flowchart showing the operation of the 

graphic editing software in the first preferred embodiment. 
A process in this flowchart is executed when the user 

40 designates a line. 

(1) "Selection information=l0" in selection index table 
(2) "Rear information=0l" of "array 2=1 0" in line infor­

mation table 
(3) "Position information=30" of "array 1=01" in object 

information table 
(4) "X coordinate" and "Y coordinate" of"array 4=30" in 

data table 

In step Sll, the line designated by the user is detected. In 
step S12, graphic data are updated. Graphic data at least 
include information registered in the tables shown in FIG. 6. 

Both "X coordinate=001" and "Y coordinate=000" are 45 

Step S12 is executed when the user inputs an instruction to 
create a new object. In step S13, a graphic is displayed 
according to the graphic data updated in step S12. obtained according to this procedure. Then, the obtained "X 

coordinate" and "Y coordinate" are written in the record of 
"array 4=32" in the data table. As a result, the data table is 
updated to a state shown in FIG. SA. 

Then, the graphic editing software extracts from the data 
table a record in which the value of"X coordinate" is greater 
than the value of"x coordinate" in a record newly registered 
in "array 4=32" and in which the value of "Y coordinate" is 
the same as the value of "Y coordinate" in the record in 
"array 4=32". Then, "1" is added to the value of "X 
coordinate" in each extracted record. However, in the 
example shown in FIGS. SA and SB, such a record is not 
extracted. 

Then, the graphic editing software updates the tables to 
reset a line which connects objects. Specifically, first the 
software adds a record (array 2=11) for a line to be newly 
created, to the line information table. Then, the software 
accesses the line information table using the "selection 
information (=10)" of a line registered in the selection index 
table as a key, and it writes the rear information ( =01 )" of a 
record obtained by the access process, in the line informa­
tion table as the "rear information" of the newly added 

FIG. 12 is a detailed flowchart showing the "detection of 
a line", and it corresponds to a process in step Sll shown in 
FIG. 11. A process in this flowchart is executed in order for 

50 each line registered in the line information table. That is to 
say, this process is executed for each displayed line. 

In step S21, a line registered in the line information table 
is acquired, and an equation indicating the line is obtained. 
The equation of the line can be easily obtained using the 

55 prior art. 
In step S22, it is checked whether the line acquired in step 

S21 passes through a selection range inputted by the user. A 
method used for this judgment is as described with reference 
to FIG. 7. If the line passes through the selection range, a 

60 process in step S23 is executed, and if it does not, step S23 
is skipped. 

In step S23, a line passing through the selection range is 
registered in the selection index table. Specifically, a new 
record is added to the selection index table, and the value 

65 "array 2" corresponding to the line acquired in step S21 is 
written therein as the "selection information" of the newly 
added record. Step S24 is for returning to step S21 and 
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acquiring the next line when there remains an unprocessed 
line in the line information table. 

By the above-described process, the line designated by 
the user is registered in the selection index table. If the user 
designates a plurality of lines, the plurality of designated 5 

lines are registered in the selection index table. 
FIG. 13 is a detailed flowchart showing the "updating of 

graphic data", and it corresponds to the process in step S12 
shown in FIG. 11. A process in this flowchart is executed in 
order for each record registered in the selection index table. 10 

That is to say, this process is executed for each line desig­
nated by the user. 

In step 31, data for drawing an object which is to be newly 
created by a user instruction are loaded in the prescribed area 
of a memory. In step S32, a record for the new object is 15 

added to both the object information table and data table. In 
step S33, a record is extracted from the selection index table. 

In step S34, it is checked whether the record extracted in 
step S33 is the first record in the selection index table. If it 
is, the process in step S35 is executed, and if it is not, step 20 

S35 is skipped. 
In step S35, a coordinate is set to display the new object. 

In step S36, the coordinate of an object with a display 
position that is modified by the insertion of the new object, 
is updated. In step S37, information about a line with a 25 

connection relationship that is changed by the insertion of 
the new object, is updated. Each of the processes in steps 
S35 through S37 is described later in detail. Step S38 is for 
returning to step S33 and acquiring the next record when 
there remains an unprocessed record in the selection index 30 

table. 

10 
coordinate" are extracted from the record. It is assumed that 
"X coordinate" and "Y coordinate" extracted in step S51 are 
called "Xi" and "Yi", respectively. 

In step S52, it is checked whether "Y coordinate (Ya)", 
extracted in step S44, and "Y coordinate (Yi)", extracted in 
step S51, are the same. If they are, step S53 is executed, and 
if they are not, steps S53 and S54 are skipped. In step S53, 
it is checked whether "X coordinate (Xi)", extracted in step 
S51, is greater than "X coordinate (Xa)", extracted in step 
S44. If "X coordinate (Xi)" is greater than "X coordinate 
(Xa)", step S54 is executed, and if not, step S54 is skipped. 

In step S54, "1" is added to "X coordinate (Xi)", extracted 
in step S51. Step S55 is for returning to step S51 and 
acquiring the next record when there remains an unproc­
essed record in the data table. 

By the above-described process, X coordinate is modified 
to display objects connected at the rear end of a line selected 
by the user. As a result, when a graphic is drawn according 
to this updated data table, the display positions of those 
objects are shifted in the X direction. 

FIG. 16 is a detailed flowchart showing a process for 
updating the setting of a line with a connection relationship 
that is modified, and it corresponds to the process in step S37 
shown in FIG. 13. A process in the flowchart shown in FIG. 
16 is executed for each record registered in the selection 
index table. 

In the description of the flowchart shown in FIG. 16, the 
example shown in FIGS. 17A and 17B are used. In this 
example, line AB is selected in a state shown in FIG. 17 A, 
and a new object is inserted between objects A and B. As a 
result, a display state shown in FIG. 17B is obtained. In this 
case, the "rear information" of the selected line is changed 
from "object B" to "new object". "New object" and "object 
B" are set as the "front information" and "rear information", 

By the above-described process, data are set to display the 
new object. The coordinate of the display position of objects 
connected at the rear end of a line designated by the user, are 
updated. Further, a line connecting objects is reset. 

FIG. 14 is a detailed flowchart showing a process for 
setting a coordinate to display a new object, and it corre­
sponds to the process in step S35 shown in FIG. 13. A 
process in the flowchart shown in FIG. 14 is executed only 
for the first record in the selection index table. 

35 respectively, of the new line. Further, the display position of 
object B is shifted in the rightward (X) direction. 

In step S41, the "selection information" of the first record 
in the selection index table is extracted. In step S42, the line 
information table is accessed using the "selection informa­
tion" extracted in step S41 as a key, and "rear information" 

40 

In step S61, data for displaying the new line are loaded in 
the prescribed area of a memory. At this time, a record for 
the new line is added to the line information table. 

In step S62, the "rear information" of the selected line is 
set as the "rear information" of the new line. For example, 
in FIG. 17A, "object B" is connected at the rear end of the 
selected line. Therefore, in this case, "object B" is set as the 
"rear information" of the new line. 

is extracted. In step S43, the object information table is 45 

accessed using the "rear information" extracted in step S42 
In step S63, the index of the new object is set as the "rear 

information" of the selected line. In step S64, the index of 
the new object is set as the "front information" of the new 
line. "Index" is, for example, an identification number for 
identifying an object, and corresponds to "array 1" of the 

as a key, and "position information" is extracted. In step 
S44, the data table is accessed using the "position informa­
tion" extracted in step S43 as a key, and both "X coordinate" 
and "Y coordinate" are extracted. In step S45, both "X 
coordinate" and "Y coordinate" extracted in step S44 are set 
in the data table as "X coordinate" and "Y coordinate", 
respectively, of the new object. 

FIG. 15 is a detailed flowchart showing a process for 
modifying a coordinate to display objects previously 
displayed, and it corresponds to the process in step S36 
shown in FIG. 13. A process in the flowchart shown in FIG. 
15 is executed for each record registered in the selection 
index table. 

Steps S41 through S44 are as described with reference to 
FIG. 14. However, in the description of the flowchart shown 
in FIG. 15, it is assumed that the "X coordinate" and "Y 
coordinate" obtained by the processes in steps S41 through 
S44 are called "Xa" and "Ya", respectively. 

A process in steps S51 through S54 is executed for each 
record in the data table. In step S51, a record is acquired 
from the data table, and both "X coordinate" and "Y 

50 object information table. 
Steps S65 through S67 are for shifting in the X direction 

an object existing in the position where a new object should 
be displayed. Specifically, in the example shown in FIG. 
17 A, steps S65 through S67 are for shifting object B in the 

55 rightward direction. 
In step S65, the "rear information" of the new line is 

extracted from the line information table. In step S66, the 
object information table is accessed using the "rear infor­
mation" extracted in step S65 as a key, and a corresponding 

60 "position information" is extracted. In step S67, the data 
table is accessed using the "position information" extracted 
in step S66 as a key, and "X coordinate" is extracted. Then, 
"1" is added to the extracted "X coordinate". 

Next, another concrete example of the editing method in 
65 the first preferred embodiment is described. An editing 

method in the case where a state shown in FIG. 18B is 
obtained by inserting a new object between objects A and B 
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and simultaneously between objects A and D m a state 
shown in FIG. 18A, is described below. 

FIG. 19 explains a display method for displaying a 
graphic on a monitor. Here, the graphic shown in FIG. 18A 

12 
tion table is accessed using the "rear information" as a key. 
"Rear information" indicates the "index" of the object 
information table. Thus, information about object B is 

is displayed. In this preferred embodiment, a virtual coor- 5 

dinate system is used. Specifically, the display positions of 

obtained by this access. Then, both "X coordinate" and "Y 
coordinate" of object B are extracted and are written in the 
record of the new object. 

all objects composing a graphic are given in terms of a 
virtual coordinate. For example, the display position of 
object A is given as (X, Y)=(0, 0) in the virtual coordinate 
system. 

FIG. 20A shows an example of the object information 
table. The object information table stores information about 
displayed objects. The object information table shown in 
FIG. 20A indicates the display state shown in FIG. 19. 
Specifically, object numbers "1" through "7" are assigned to 
objects A through G, respectively. The object information 
table also stores the coordinates of the display positions of 
objects. "Array 1 (index)" is a number for specifying each 
record in the object information table, while "object num­
ber" is a number for identifying each displayed object. 
Therefore, both the numbers are not always are the same. 

FIG. 20B shows an example of the line information table. 
The line information table stores information about dis­
played lines. A line information table shown in FIG. 20B 
indicates the display state shown in FIG. 19. Specifically, 
"1" through "6" are assigned to the displayed lines as line 
numbers ( connecting line numbers), respectively. The line 
information table also stores both "front information" for 
specifying objects connected at the front end of a line and 
"rear information" for specifying objects at the rear end of 
a line. "Array 2 (index)" is a number for specifying each 
record in the line information table, while "line number" is 
a number for identifying each displayed line. Therefore, 
both the numbers are not always are the same. 

10 

By the above-described process, the coordinate on which 
object B is being displayed is obtained as a coordinate for 
the new object. 

Then, as shown in FIG. 24, "1" is added to "X coordinate" 
of object B and "X coordinate" of object C. Objects B and 
C are objects connected to the rear side of line 1 (the right 
side of line 1 in FIG. 19) selected by the user. 

Specifically, this addition process first extracts both "X 
15 coordinate" and "Y coordinate" of an object which are 

specified as "rear information" of line 1 stored in the line 
information table, from the object information table. In this 
example, (X, Y)=(00l, 000) is obtained as the coordinate of 
object B. Then, a record in which both "X coordinate~00l" 

20 and "Y coordinate=000" are satisfied, is searched for in the 
object information table, and "1" is added to the "X coor­
dinate" of the extracted record. As a result, the coordinate of 
object Bis updated to (X, Y)=(002, 000), and the coordinate 
of object C is updated to (X, Y)=(003, 000). The record for 

25 the new object is excluded from the search targets. 
By the above-described process, coordinates representing 

objects B and C are updated sequentially. 
After this addition process, an index indicating a record 

for the new object in the object information table is written 
30 in the line information table as "rear information" of the new 

line. Specifically, an index indicating the new object is set as 
"rear information" of the new line. 

When inserting a new object both between objects A and 35 

Band between objects A and Din the state shown in FIG. 

Then, as shown in FIG. 25A, "front information" is 
extracted from a record in the line information table desig­
nated by "selection position" of the first record in the 
selection index table, and is written in "front information" of 

19, a user selects both a line connecting objects A and B, and 
a line connecting objects A and D by way of range desig­
nation using a mouse, etc. Specifically, lines 1 and 3 are 
selected. 

The graphic editing software detects the lines selected by 
the user. A method for detecting the lines is as described 
above with reference to FIG. 7. Then, the lines selected by 

40 

the new line. Specifically, "1", which is "front information" 
ofline 1, is written in "front information" of the new line in 
the line information table. 

Further, as shown in FIG. 25B, "rear information" of the 
new line is written as "front information" of a record in the 
line information table which is designated by "selection 
position" of the first record in the selection index table. 
Specifically, "8", which is "rear information" of the new 
line, is written in "front information" of line 1 in the line 
information table. 

the user are registered in the selection index table shown in 
FIG. 21B. "Registration position" registered in the selection 45 

index table is an "index (array 2)" used for extracting 
information about the relevant line from the line information 
table. 

By the above-described process, both information indi­
cating that object A is connected to the front end of the new 
line and information indicating that a new object is con-

50 nected to the front end of line 1 selected by the user are 
registered in the line information table. 

Then, the user creates a new object to be inserted in the 
above-described position. When receiving an instruction to 
create the new object, the graphic editing software first loads 
both data used to draw a new object and data used to draw 
lines newly required to insert the new object, in a prescribed 
area in a memory. Then, as shown in FIG. 22A, a record for 
the new object is added to the object information table. As 
shown in FIG. 22B, a record for the new line is also added 
to the line information table. 

The graphic editing software performs the following 
process for a line registered in the first record of the selection 
index table. 

First, as shown in FIG. 23, "selection position" is 
extracted from the first record of the selection index table, 
and the line information table is accessed using the "selec­
tion position" as a key. "Selection position" indicates the 
"index" of the line information table. Therefore, information 
about line 1 is obtained by the access. Then, the "rear 
information" of line 1 is extracted, and the object informa-

Then, the graphic editing software performs the following 
process for lines registered in the second and subsequent 
records of the selection index table. A process for the second 

55 record is described here. 
First, as shown in FIG. 26, "selection position" is 

extracted from the second record in the selection index table, 
and the line information table is accessed using the "selec­
tion position" as a key. With this access process, information 

60 about line 3 is obtained. Then, "rear information" of line 3 
is extracted from the line information table, and the object 
information table is accessed using the "rear information" as 
a key. With this access process, information about object D 
is obtained. Then, "1" is added to both "X coordinate" of 

65 object D and "X coordinate" of object E. Objects D and E 
are objects connected to the rear side ofline 3 selected by the 
user. 
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This addition process is basically the same as the proce­
dure described with reference to FIG. 24. Specifically, first, 
both "X coordinate" and "Y coordinate" of an object which 
are specified as "rear information" ofline 3 stored in the line 
information table, are extracted from the object information 5 
table. In this example, (X, Y)=(00l, 001) is obtained as the 
coordinate of object D. Then, a record in which both "X 
coordinate ~001" and "Y coordinate=0Ol" are satisfied, is 
searched for in the object information table, and "1" is added 
to "X coordinate" of the extracted record. As a result, the 

10 
coordinates of objects D and E are modified to (X, Y)=(002, 
001) and (X, Y)=(003, 001 ), respectively. The record for the 
new object is excluded from the search targets. 

Further, as shown in FIG. 27, "rear information" of the 
new line is written as "front information" of a record in the 
line information table which is designated by "selection 15 

position" of the second record in the selection index table. 
Specifically, in the line information table, "8", which is "rear 
information" of the new line, is written in "front informa­
tion" of line 3. 

14 
operations are the same as the procedure shown in FIG. 10. 
Since the simplified flowchart is as shown in FIG. 11, it is 
omitted here. Further, a process for detecting a line selected 
by the user and registering it in the selection index table is 
basically the same as the procedure given in the flowchart 
shown in FIG. 12. 

FIG. 31 is a detailed flowchart of "update of graphic 
data", and corresponds to the process in step S12 shown in 
FIG. 11. A process in this flowchart is executed for each 
record registered in the selection index table in order. That 
is to say, this process is executed for each line designated by 
the user. 

In step S71, data for drawing a new object and a new line 
are loaded in a predetermined area of a memory. In step S72, 
a record for the new object and a record for the new line are 
added to the object information table and the line informa-
tion table, respectively. 

Steps S73 and S77 are for sequentially extracting records 
from the selection index table and one by one. In step S74, 

With the process described above with reference to FIGS. 
22 through 27, the object information table and the line 
information table are updated to the states shown in FIGS. 
28A and 28B, respectively. The selection index table is 
deleted when the above-described process has been com­
pleted. 

20 it is checked whether the record extracted in step S73 is the 
first record in the selection index table. If it is the first record, 
a process in step S75 is executed, and if it is not, step S75 
is skipped. 

FIG. 29 shows a graphic drawn according to a table after 
the updates shown in FIGS. 28A and 28B have been made. 

Step S75 is for setting data to display a new object. Step 
25 S76 is a coordinate conversion process which is required 

when a new object is inserted. A process in steps S75 and 
S76 is described in detail later. 

With the above-described process, data for displaying a 
new object are set. The coordinate of the display position of 
objects connected to the rear side of a line designated by a 
user is updated. Further, a line connecting objects with each 
other is reset. 

Since the first record in the object information table is not 
updated, object A is displayed at the (X, Y)=(00l, 000). The 
new object is displayed at the (X, Y)=(0Ol, 000) according 30 

to information stored in the eighth record of the object 
information table. A new line connecting object A and the 
new object is displayed according to information stored in FIG. 32 is a detailed flowchart showing a process for 

setting data for displaying a new object, and it corresponds 
35 to the process in step S75 shown in FIG. 31. A process in this 

flowchart is executed only for the first record in the selection 
index table. 

the seventh record in the line information table. 
Since "X coordinate", corresponding to objects B through 

E in the object information table, is increased by "1", objects 
B through E are displayed in a position shifted "1" in the 
rightward direction, with reference to the state shown in 
FIG. 19. Since "front information" of lines 1 and 3 both are 
modified from "1" to "8" in the line information table, line 
1 is displayed so as to connect the new object and object B, 
and line 3 is displayed so as to connect the new object and 
object D. As a result, the graphic shown in FIG. 18B is 
obtained. 

In step S81, both "X coordinate" and "Y coordinate" of a 
new object are set in the object information table. This 

40 process is the same as the process in steps S41 through S45 
of the flowchart shown in FIG. 14. 

In step S28, the new object is set as "rear information" of 
a new line. Specifically, "index" for identifying a record for 
the new object in the object information table, is written in 

45 the line information table as "rear information" of the new FIG. 30 explains the conversion relationship between an 
absolute coordinate system on a monitor and a virtual 
coordinate system used by the graphic editing software. 
Here, "height of each box" and "width of each box" of the 
virtual coordinate system are converted to "a" and "b", 
respectively, in the absolute coordinate system. "Offset from 50 

each origin to the left end of an object displayed in the box" 
and "offset from each origin to the top of an object displayed 

line. 
In step S83, a object connected to the front end of a line 

selected by a user is set as "front information of the new line. 
Specifically, in the line information table, "front informa­
tion" of a line specified by "selection position" stored in the 
first record of the selection index table is written in "front 
information" of the new line. 

in the box" are converted to "c" and "d", respectively, in the 
absolute coordinate system. Further, "width of each object" 
is converted to "e" in the absolute coordinate system. 

If the above-described conversion relationship is used, the 
display position of an object with a coordinate in the virtual 
coordinate system that is (X, Y)=(n, m) is expressed as 
follows in the absolute coordinate system. 

x coordinate of the left end of the object=nb+c 
y coordinate of the top of the object=ma+d 

The starting point of a line is expressed as follows in the 
absolute coordinate system. 

x coordinate of the staring point of a line=nb+c+e 
y coordinate of the staring point of a line=ma+d 
Next, the editing method shown in FIGS. 18 through 29 

is described in detail with reference to flowcharts. User 

In step S84, "rear information" of the new line is set as 
"front information" of a line corresponding to the first data 

55 in the selection index table. Specifically, in the line infor­
mation table, "rear information" of the new line is written as 
"front information" of a line specified by "selection posi­
tion" stored in the first record of the selection index table. 

FIG. 33 is a detailed flowchart showing a process for 
60 modifying a coordinate for displaying objects previously 

displayed, if necessary, and it corresponds to the process in 
step S76 shown in FIG. 31. A process in this flowchart is 
executed for each record registered in the selection index 
table. 

65 In step S91, it is checked whether a record to be processed 
is the first record in the selection index table. If it is, in step 
S92, the coordinate of the new object is extracted from the 
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object information table. If it is not, in step S93, the 
coordinate of an object connected to the rear end of the line 
is extracted. In the following description, the coordinate 
extracted in step S92 or S93 is assumed to be (Xa, Ya). 

Steps S94 and S99 are for sequentially extracting records 
(excluding a record for the new object) registered in the 
object information table one by one and executing steps S95 
through S98 for each extracted record. 

In step S95, the coordinate of an object with a record that 
is extracted in step S94, is obtained. In the following 
description, this coordinate is assumed to be (Xi, Yi). In step 
S96, it is checked whether "Ya= Yi" is satisfied. If it is, step 
S97 is executed, and if it is not, steps S97 and S98 are 
skipped. In step S97, it is checked whether "Xi~Xa" is 
satisfied. If it is, step S98 is executed, and if it is not, step 
S98 is skipped. Then, in step S98, "1" is added to "X 
coordinate" obtained in step S95. 

After steps S96 through S98 are executed for all records 
( excluding a record for the new object), the flow proceeds to 
step Sl00. In step Sl00, "rear information" of the new line 
is set as "front information" of a line specified by the 
selection index table. 

In this preferred embodiment, since a graphic drawn 
according to a rule stating that if the second object is 
subordinated to the first object, the second object is con­
nected to the right side of the first object, is used, the second 
object is laterally shifted when the third object is inserted 
between the first and second objects. However, the present 
invention is not limited to this configuration. For example, 
if a graphic, drawn according to a rule stating that if the 
second object is subordinated to the first object, the second 
object is connected to the bottom of the first object, is used, 
the second object can also be moved downward when the 
third object is inserted between the first and second objects. 

16 
generates two new connector objects (a connector object for 
connecting objects A and D and a connector object for 
connecting objects D and B). Line AB can also be replaced 
with either of the two connector objects without deleting line 

5 AB. In this case, the connector object can be connected at 
any point on the outer circumference of an object. 

It is preferable that each object has a predetermined point 
at which a line should be connected. For example, for an 
rectangular object, such as object A, a line is connected at 

10 the mid-point of the long side of a rectangle. For a rhombus, 
such as object D, a line can be connected at its arbitrary 
vertex. 

FIGS. 35A through 35C explain another operation of the 
graphic editing method in the second preferred embodiment. 

15 Here, as shown in FIG. 35A, it is assumed that a distance 
(longitudinal length) a between objects A and B is not 
sufficient compared with the height h of object D. In this 
case, as shown in FIG. 35B, if object D is dropped so as to 
overlap line AB connecting objects A and B, the graphic 

20 editing software automatically expands the distance between 
objects A and B, and inserts object D between them. In this 
example, the distance between objects A and B is expanded 
by moving object B downward. A process for connecting 
objects A and D and simultaneously connecting objects D 

25 and B is the same as the process shown in FIG. 34. As a 
result, a state shown in FIG. 35C is obtained. 

In this way, according to the editing method in the second 
preferred embodiment, when a user wants to insert a new 
object between the first and second objects connected with 

30 each other, it is sufficient to move the new object to be 
inserted so as to overlap a line connecting the first and 
second objects. With this operation, a line between objects 
is automatically reset, and each object is re-located, if 
necessary. 

In this case, the direction in which an object is moved is 35 

judged by comparing the coordinates of two objects, each 
connected to the front end and rear end of a line selected by 

If a job similar to the editing job shown in FIGS. 34A 
through 34C is performed using the conventional graphic 
editing software, for example, as that shown in FIGS. 36A 
through 36D (Microsoft's Power Point 97), job for deleting 
line AB, job for moving object D and job for connecting 
objects is required, and thereby the burden on a user 
dramatically increases. In some conventional editing meth-

a user. For example, if the Y coordinates of two objects, each 
connected to the front end and rear end of a line selected by 
a user are the same, the object connected to the rear end of 40 

the line is moved laterally, and if their X coordinates are the 
same, the object connected at the rear end of the line is 
moved downward. In order to vertically move an object, it 

ods such that as shown in FIGS. 37A and 37B (Visio 
Professional 5.0 for Microsoft Windows), a line is trans­
formed as an object is moved. However, even in this case, is sufficient if its "Y coordinate" is modified in the object 

information table. 
The Second Preferred Embodiment 

According to the above-described editing method in the 
first preferred embodiment, a user must directly designate a 
line displayed in the position where a new object is to be 
inserted. However, according to the second preferred 
embodiment, the user does not have to directly designate the 
line, and he or she can insert the object between desired 
objects by moving an object to be inserted to a prescribed 
target position. 

FIGS. 34A through 34C explain the operation of the 
graphic editing method in the second preferred embodiment. 
Here, an operation in the case where object D is inserted 
between objects A and B in a flowchart where objects A 
through C are connected in series is described. 

As shown in FIG. 34A, the user first drags object Dusing 
a mouse, etc., and as shown in FIG. 34B, drops object D so 
as to overlap line AB which connects objects A and B. Upon 
detecting the overlapping ofline AB and object D, as shown 
in FIG. 34C, the graphic editing software connects objects A 
and D, and simultaneously connects objects D and B. 

The connection is conducted using a connector object. 
This insertion process deletes line AB ( connector object) and 

45 since finally a user must reset the line, it cannot be said that 
the burden on a user is reduced. 

FIG. 38A is an example of an object information table. 
The object information table stores the coordinate of the 
displayed position of each object, information about the 

50 shape of the object, etc. As "coordinate", as shown in FIG. 
39, the absolute coordinate located at the upper left comer 
of each object is stored. For "shape", information for iden­
tifying graphic components provided by application soft­
ware is used. The application software provides a rectangle, 

55 a rhombus, a circle, etc., as graphic components. As specific 
information for indicating the shape of each object, "height" 
and "width" of the object are stored. 

FIG. 38B shows an example of the line information table. 
The line information table stores information for specifying 

60 the display position and shape of each line and information 
for indicating the connection relationship between objects. 
"Starting point" and "end point" are the coordinate of the 
starting point and the coordinate of the end point of each 
line, respectively. "Front information" and "rear informa-

65 tion" are the same as the front and rear information 
described in the first preferred embodiment, and is informa­
tion for specifying an object connected at the front end of 
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each line and information for specifying an object connected 
to the rear end of each line, respectively. A connecting point 

18 
In step S224, an object in the vicinity is moved such that 

object C will be inserted. In this preferred embodiment, a 
coordinate for displaying object B is modified. In step S225, 
information about object C is updated. Specifically, a record 

of each line and an object on the front side is "starting point 
coordinate", and a connecting point of each line and an 
object on the rear side is "end point coordinate". "Height" 
indicates a difference between the Y coordinate of the 
starting point and the Y coordinate of the end point of each 
line. 

5 for object C is updated in the object information table. 
In step S226, a new line is created. Specifically, first, a 

record for the new line (in this preferred embodiment, line 
E connecting objects A and C) is added to the line informa­
tion table, and a variety of information is set in the record. The subordinate relationship between objects is managed 

using this line information table. For example, in a table 
shown in FIG. 38B, the fact that object Bis subordinated to 
object A is registered. 

10 In step S227, the setting of the line in the vicinity is updated. 
In this preferred embodiment, the setting is modified in such 
a way that line D which connected objects A and B newly 
connects objects C and B. Specifically, "connection infor­
mation (front information and/or rear information)", "coor-

FIG. 40 is a flowchart showing the user operation proce­
dure of the editing method in the second preferred embodi­
ment. In step S201, a new object to be inserted is created. A 
method for creating an object is the same as the method 
described in the first preferred embodiment. In step S202, 

15 dinate ( starting point coordinate and/ or end coordinate)" and 
"height" are modified in the line information table, if nee-

the new object created in step S201 is moved to a desired 
position using a mouse, etc. Specifically, for example, the 
new object is dropped in the desired position as shown in 
FIG. 34B. In this way, according to the editing method in the 20 

second preferred embodiment, the burden on a user is further 
reduced compared with that of in the first embodiment. 

FIG. 41 is a flowchart showing the operation of the 
graphic editing software in the second preferred embodi­
ment. A process in this flowchart is executed when a user 25 

creates a new object. Specifically, this process starts when 
step S201 in the flowchart shown in FIG. 40 is executed. 
This process is described below using an example of process 
for inserting object C between objects A and B connected 
with each other using line D. 30 

In step S211, a record for object C created by a user is 
added to the object information table. In step S212, infor­
mation about object C is written to the record added in step 
S211. In the example shown in FIG. 38A, "coordinate=(Mx, 
My)", "shape=rectangle", "height=MH", and "width=MW" 35 

are written in the record of "index=3". 
In step S213, when the user moves object C, the coordi­

nate of object C is updated according to the move instruc­
tion. In step S214, it is checked whether a line overlapped by 
object C exists. In this judgment, "coordinate", "height" and 40 

"width" of object C, and "starting point coordinate", "end 
point coordinate", and "height" of each line stored in the line 
information table are used. 

If a line overlapped by object C exists, in step S215, an 
object insertion process is executed, and if not, in step S216, 45 

object C is drawn according to modified coordinates. 
FIG. 42 is a detailed flowchart showing an object insertion 

process. This process corresponds to step S215 shown in 
FIG. 41. 

In step S221, "height" of a line which overlaps object C 50 

by the user operation is acquired. In this preferred 
embodiment, "height of line=LH" is obtained from the line 
information table. In step S222, "height" of object C is 
acquired. In this preferred embodiment, "height of object= 
MH" is obtained from the object information table. 55 

In step S223, it is checked whether "height" of a line 
acquired in step S221 is sufficiently great compared with 
"height" of an object acquired in step S222. Specifically, it 
is checked whether the following condition is satisfied. 

LH>MH+2a 

Wherein "a" is the minimum value of a line length, which 
is predetermined. 

60 

If this condition is not satisfied, it is judged that sufficient 
space to insert object C does not exist, and a process in step 65 

S224 is executed. If the condition is satisfied, step S224 is 
skipped. 

essary. 
In step S228, a graphic is drawn according to both the 

object information table and line information table updated 
in steps S224 through S227. 

Next, a specific process in steps S224 through S227 is 
described using the display state shown in FIG. 39. 
(1) Setting of object B 

New Qx-Qx 

New Qy-LSy+MH+2a 

(2a) Setting of object C (when object B is not moved) 

Mx-Px+((Qx-Px))/2) 

My-Lsy+(LH/2)-(MH/2) 

(2b) Setting of object C (when object B is moved) 

Mx-Px+((Qx-Px)/2) 

My-LSy+a 

(3a) Setting of a new line E (when object B is not moved) 

NSx-LSx 

NSy-LSy 

NH-(LH/2)-(MH/2) 

NEx-Mx+(MW/2) 

NEy-My 

(3b) Setting of a new line E (when object B is moved) 

NSx-LSx 

NSy-LSy 

NEx-Mx+(MW/2) 

NEy-My 

(4a) Setting of a new line D (when object Bis not moved) 

New LSx-Mx+(MW/2) 

New LSy-My+MH 

New LH-(LH/2)-(MH/2) 

New LEx-LEx 

New LEy-LEy 

Cadence Design Systems, Inc. - Ex. 1019, Page 00057



US 7,046,246 B2 
19 

( 4b) Setting of a new line D (when object B is moved) 

New LSx-Mx+(MW/2) 

New LSy-My+MH 

New LH-a 

NewLEx-LEx 

New LEy-New Qy 

FIG. 43 shows a graphic displayed according to the object 
information table and line information table which was 
updated by the above-described operation. 

Although in the preferred embodiment shown in FIGS. 38 
through 43, the position of each object is indicated using the 
coordinate at the upper left comer of the object, the present 
invention is not limited to this method. For example, as 
shown in FIG. 44, the position of each object can also be 
indicated using the coordinate at the center of the object. In 
this case, the operation in steps S224 through S227 shown 
in FIG. 42 becomes as follows. Point P, point Q and point M 
are the central points of objects A, B and C, respectively. 
(1) Setting of Object B 

NewQx-Qx 

New QrLSy+MH+2a 

(2a) Setting of object C (when object B is not moved) 

Mx-Px+((Qx-Px)/2) 

My-LSy+(LH/2) 

(2b) Setting of object C (when object B is moved) 

Mx-Px+((Qx-Px)/2) 

My-LSy+a 

(3a) Setting of a new line E (when object B is not moved) 

NSx-LSx 

NSy-LSy 

NH-(LH/2)-(MH/2) 

NEx-Mx 

NEy-My-(MH/2) 

(3b) Setting of a new line E (when object B is moved) 

NSx-LSx 

NSy-LSy 

NEx-Mx 

NEy-Mya(MH/2) 

( 4a) Setting of a new line D (when object B is not moved) 

New LSx-Mx 

New LSy-My+(MH/2) 

New LH-(LH/2)-(MH/2) 

NewLEx-LEx 

NewLEy-LEy 

10 

20 
(4b) Setting of a new line D (when object Bis moved) 

New LSx-Mx 

New LSy-My+(MH/2) 

New LH-a 

New LEx-LEx 

New LEy-New Qy 

FIG. 45 shows a graphic displayed according to the object 
information table and line information table which was 
updated by the above-described operation. 

In the preferred embodiment shown in FIGS. 34A through 
15 34C and FIGS. 35A through 35C, after it is detected that an 

object has been dropped on a line, an insertion process is 
executed. However, the second preferred embodiment is not 
limited to this method. For example, as shown in FIGS. 46A 
through 46C, a system can also be configured such that if it 

20 is detected that a new object (object D) has been dropped in 
the vicinity of line AB, the new object can be inserted 
between objects A and B. Alternatively, if it is detected that 
an object has been dragged (not dropped) on or into the 
vicinity of the line, the above-described insertion process 

25 can be executed. In this case, while an object is located on 
or in the vicinity of the line, the shape of a line object newly 
created varies depending on the position of the object. 

In each example of the first and second preferred 
embodiments, a case where a new object is inserted in a 

30 graphic previously displayed has been described. However, 
the present invention is not limited to this. For example, the 
editing method of the present invention also includes an 
operation for moving object C between objects A and B in 
a graphic where objects A, B, and C are connected in 

35 alphabetical order. 
In the above-described example, a description is given 

using a flowchart as an example of a graphic to be edited. 
However, the present invention is not also limited to this, 
and it includes a method for editing a graphic, etc., in which 

40 a plurality of objects are connected or linked with each other 
using a line or connector. For example, the present invention 
can also be applied to a method for drawing and editing a 
circuit diagram. In this case, each element composing a 
circuit is an "object", and a signal line connecting the 

45 elements is a "line". 
Although a state in which one object is connected to the 

front (front of object A) or rear (rear of object B) of an object 
to be inserted is shown in FIGS. 34 and 35, two or more 
objects can be connected instead of one. In the case of a 

50 flowchart, this means the branching of a flow, and in the case 
of a circuit it means that two or more circuit elements are 
connected. This connection relationship is managed using 
the object information table and the line information table 
shown as an example in FIG. 38, in the same way as in the 

55 above-described connection relationship. In this case, an 
insertion process is executed while maintaining the connec­
tion relationship. 

The graphic editing function of the present invention is 
realized by enabling a computer to execute a program which 

60 describes the process shown in the above-described flow­
chart. FIG. 47 shows the configuration of a computer 10 
which executes the program. 

A CPU ( central processing unit) 11 loads a program which 
describes the process in the above-described flowchart from 

65 a storage device 12 to a memory 13, and executes it. The 
storage device 12 is, for example, a hard disk, and it stores 
the program. The memory 13 is, for example, a semicon-
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ductor memory, and it is used for the working area of the 
CPU 11. A variety of tables are created in this memory 13. 

A storage medium driver 14 accesses a portable storage 
medium 15 according to the instruction of the CPU 11. The 
portable storage medium 15 includes a semiconductor 5 
device (IC card or PC card, etc.), a medium in which 
information is inputted and outputted by way of a magnetic 
function (floppy disk, magnetic tape, etc.) and a medium in 
which information is inputted and outputted by way of an 
optical function (optical disk, etc.). A communication con-

10 
trol device 16 transmits and receives data to or from a 
network according to the instruction of the CPU 11. 

FIG. 48 explains how to provide a software program 
relating to the present invention, etc. The program relating 
to the present invention is, for example, arbitrarily provided 

15 
for by one of the following three methods. 

(a) The program is pre-installed in the computer 10 and is 
provided. In this case, a program, etc., is, for example, 
installed prior to shipment. 

(b) The program is stored in a portable storage medium 
20 

and is provided. In this case, the program, etc., stored in the 
portable storage medium 15 is installed in the storage device 
12 through the storage medium driver 14. 

( c) The program is provided by a server on the network. 
In this case, the computer 10 acquires the program, etc., by 

25 
downloading the program, etc., stored in the server. 

22 
4. The graphic editing apparatus according to claim 1, 

further comprising a management unit managing a subordi­
nate relationship between objects, and 

the management unit, if the second object is subordinated 
to the first object before the third object is inserted 
between the first object and the second object, subor­
dinating the third object to the first object and subor­
dinating the second object to the third object. 

5. A graphic editing apparatus, comprising: 
a display unit displaying a graph including a first object 

and a second object which are connected with each 
other using a first connector, where the first object, 
second object, and first connector are all displayed on 
a display screen; and 

an interactive graphical editing unit with an area on the 
display screen that is continuously interactively moved 
on the display relative to the graph by a user of said 
graphic editing apparatus, and during the continuous 
interactive movement on the display said editing appa­
ratus judges the movement of the area and when it is 
judged that the moving designated area overlaps the 
first connector, the first connector is automatically 
selected after the first object, second object, and first 
connector have been displayed, and in response auto­
matically creating and displaying a second connector 
for connecting the displayed first object and the third 
object and a third connector for connecting the dis­
played third object and the second object. 

6. The graphic editing apparatus according to claim 5, 

Since a process in the case where another object is 
inserted between objects connected with each other is sim­
plified in a process for drawing and editing a graphic, etc., 
using a computer while displaying the graphic, etc., the 
burden on a user can be reduced, thereby improving the 
work efficiency. In addition, the possibility of a mistake 
occurring when a graphic is edited, can also be reduced. 

What is claimed is: 

30 wherein said interactive editing unit automatically shifts the 
displayed second object, displays the third object in a 
position where the second object was displayed before the 
first connector is interactively selected, and stops displaying 
the first connector. 

1. A graphic editing apparatus, comprising: 
35 7. The graphic editing apparatus according to claim 5, 

a display unit displaying a graphic including a first object 
and a second object which are connected with each 
other using a first connector, where the first object, 
second object, and first connector are all displayed on 
a display screen; and 

an interactive graphical editing unit judging movement of 
a third object while the user is interactively continu­
ously moving the third object on the display relative to 

40 

the graphic and automatically designating the first 
connector when it is judged that the moving third object 45 
comes to overtap the first connector after the first 
object, second object, and first connector have been 
displayed, and in response to the automatic designating 
automatically creating and displaying a second connec-
tor for connecting the displayed first object and the 50 
third object and a third connector for connecting the 
displayed third object and the second object. 

2. The graphic editing apparatus according to claim 1, 
wherein the criteria is met when the first connector and the 
third object overlap each other during the moving of the 55 
third object on the display, in response to the automatic 
designating said interactive graphical editing unit also auto­
matically creates and displays the second and third connec-
tors. 

3. The graphic editing apparatus according to claim 1, 60 
further comprising: 

a judgment unit judging automatically whether a distance 
between the first object and the second object is suffi­
cient to accommodate the third object between them; 
and 

a shift unit, if the distance is not sufficient, automatically 
shifting at least one of the first and second objects. 

65 

further comprising a coordinate system providing unit pro­
viding a virtual coordinate system defining boxes, in which 
each box is defined as area for displaying one object, 
wherein 

said display unit displays each object using the virtual 
coordinate system, and said interactive editing unit 
locates each object using the virtual coordinate system. 

8. A graphic editing apparatus, comprising: 
a display unit displaying a graphic comprising a first 

object, a plurality of second objects and a plurality of 
first connectors for connecting the first object and the 
plurality of second objects, where the first object, the 
plurality of second objects, and the plurality of first 
connectors are all displayed on a display screen; and 

an interactive graphical editing unit judging movement of 
a third object while the user is interactively continu­
ously moving the third object on the display relative to 
the graphic and automatically selecting two or more of 
the plurality of first connectors when it is judged that 
the third object has moved into proximity of the two or 
more connectors and overlapping at least one of the two 
or more connectors, and in response the two or more 
connectors are selected by a two-dimensional move­
ment relative to the plurality of first connectors after the 
first object, the plurality of second objects, and the 
plurality of first connectors have been displayed, and in 
response to the selecting automatically creating and 
displaying a second connector for connecting the dis­
played first object and the third object, and two or more 
third connectors for connecting two or more of the 
displayed second objects connected to the interactively 
selected first connector and the third object. 
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9. A graphic editing method, comprising: 
displaying a graphic including a first object and a second 

object which are connected with each other using a first 
connector, where the first object, second object, and 
first connector are all displayed on a display screen; and 5 

judging movement of a third object while it is interac­
tively moving on the display screen relative to the 
graphic by a continuous two-dimensional movement 
and when it is judged that the third object has been so 
moved to a predetermined overlapping position in 10 

relation to the first connector after the first object, 
second object, and first connecter have been displayed, 
and in response automatically creating and displaying a 
second connector for newly connecting the displayed 
first object and the third object and a third connector for 15 

newly connecting the third object and the second 
object. 

10. A graphic editing method, comprising: 
displaying a graph including a first object and a second 

object which are connected with each other using a first 20 

connector, where the first object, the second object, and 
the first connector are all displayed on a display screen; 
and 

after the first object, second object, and first connecter 
25 

have been displayed, judging a user's continuous inter­
active two-dimensional movement of a third object to 
determine when during the movement the third object 
overlaps the first connector, and in response to the 
determining automatically designating or selecting the 

30 
first connector as an insertion target by automatically 
inserting the third object by creating and displaying a 
second connector for connecting the first object and the 
third object and a third connector for connecting the 
third object and the second object. 

35 
11. A storage medium on which a program enabling a 

computer to execute a process is stored, the process com­
prising: 

displaying, by a graphic editing tool, a graphic including 
a first object and a second object which are connected 40 
with each other using a first connector, where the first 
object, the second object, and the first connector are all 
displayed on a display screen; and 

while the first object, second object, and first connecter 
are being displayed, judging a user's continuous inter- 45 
active moving of a third object during display of the 
interactive movement and automatically selecting or 
designating the first connector when it is judged that the 
third object has been so interactively placed by the 
movement to a predetermined position overlapping the 50 
first connector, and in response inserting the third 
object by creating and displaying a second connector 
for connecting the displayed first object and the third 
object and a third connector for connecting the third 
object and the second object. 

12. A storage medium on which a program enabling a 
computer to execute a process is stored, the process com­
prising: 

55 

displaying a graph including a first object and a second 
object which are connected with each other using a first 60 

connector, where the first object, the second object, and 
the first connector are all displayed on a display screen; 
and 

while the first object, second object, and first connecter 
are being displayed, judging a users interactive con- 65 

tinuous two-dimensional movement of a third obiect 
and when during the movement it is judged that the 

24 
third object overlaps the first connector automatically 
treating the first connector as a selected target for 
insertion by automatically inserting the third object by 
creating and displaying a second connector for con­
necting the displayed first object and the third object 
and a third connector for connecting the displayed third 
object and the second object. 

13. A method of interactively graphically inserting a node 
into a displayed graph comprising displayed nodes and 
connectors graphically connecting the nodes, said method 
comprising: 

interactively designating a displayed first connection in 
the displayed graph, by comparing a position of the first 
connection with positions of an insertion node or 
representation thereof as the insertion node or repre­
sentation thereof is being displayed while being con­
tinuously moved by the input device, when the inser­
tion node or representation thereof overlaps the 
displayed first connection which visually connects a 
first displayed node and a second displayed node of the 
displayed graph; and 

responsive to said interactive designating, automatically 
inserting the insertion node into the displayed graph by 
automatically displaying a second connection to newly 
connect the insertion node to the displayed first node, 
and by automatically displaying a third connection to 
newly connect the insertion node to the displayed 
second node. 

14. A graphic editing apparatus, comprising: 
a display unit displaying a first object, a second object, 

and a first connector, the objects being graphically 
connected with each other by the first connector; and 

an editing unit, judging a movement of a displayed third 
object being while it is interactively located by a 
continuous two-dimensional movement and automati­
cally designating or selecting the first connector when 
it is judged that the third object is or will overlap or 
contact the first connector on the display unit as a result 
of the moving, and in response displaying a second 
connector to newly graphically connect the displayed 
first object and the displayed third object, and display­
ing a third connector to newly graphically connect the 
third object and the second object. 

15. A method, comprising: 
interacting with a graphical user interface to designate or 

select, among connectors of a displayed graph, a con­
nector to be a target for inserting a node between 
existing edge-connected nodes of the displayed graph 
by dragging the node over or near the connector 
connecting the existing nodes, where when it is judged 
during the dragging that the dragging node is or will 
overlap the connector the connector is designated or 
selected; and 

responsive to the designating or selecting of the node, 
automatically displaying connectors in the graph to 
newly connect the existing nodes with the inserted node 
and automatically undisplaying the connector connect­
ing the existing nodes. 

16. A method of displaying on a display, comprising: 
displaying first and second graphical nodes and display­

ing a first graphical line graphically connecting the first 
and second graphical nodes; 

while said displaying, interactively designating the first 
displayed line as a target for insertion by judging the 
dragging of a new node graphic and designating or 
selecting the first displayed line when it is judged that 
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the new node is dragged to a position overlapping the 
first displayed line; and 

in response to said interactive designating automatically: 
undisplaying the selected first line, displaying a new 
first line and a new second line graphically connecting 5 

the new graphical node to the first and second graphical 
nodes. 

17. A method according to claim 11, wherein the inter­
active placement comprises interactively selecting the first 
connector by one of (1) dragging the new node over or near 10 

the first connector and (2) dropping the new node onto or 
near the first connector. 

18. A method of inserting interactively and graphically 
connecting a node to a displayed graph, comprising: 

displaying the graph; 

dragging a graphic node to change a location of the 
graphic node relative to the displayed graph; and 

15 

during the dragging judging the dragging and when it is 
judged that the location of the graphic node comes into 20 
a position overlapping a connector connected to an 
existing node in the graph, automatically treating the 

26 
connector as an insertion target designated by the 
dragging by displaying a graph connector newly visu­
ally connecting the graphic node to the existing node. 

19. A graphic editing apparatus, comprising: 

a display unit displaying a graphic including a first object 
and a second object which are connected with each 
other using a first connector, where the first object, 
second object, and first connector are all displayed on 
a display screen; and 

an interactive graphical editing unit responding to a 
judgment that a third object has been interactively 
placed by a continuous two-dimensional movement on 
the display screen so as to overlap the first connector 
after the first object, second object, and first connector 
have been displayed, by automatically displaying a 
connector newly connecting the displayed first object 
and the third object and another connector newly 
connecting the displayed third object and the second 
object. 

* * * * * 

Cadence Design Systems, Inc. - Ex. 1019, Page 00061



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
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APPLICATION NO. : 09/432113 
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INVENTOR(S) : Nobuhiro Saitou 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Title Page - Item [54] Title: after "APPARATUS", insert--,--; 

Column21 

Column23 

Column24 

Line 46 ( claim 1 ), delete "overtap" and insert --overlap--; 

Line 65 (claim 12), delete "users" and insert -- user's--; 
Line 66 (claim 12), delete "obiect" and insert --object--; 

Line 53 ( claim 15), after "overlap the" delete "connector" and insert 
--connector,--. 
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