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Abstract

The graph provides a powerful methodology to solve a lot of
real-world problems. There has been much research on graph
representations and algorithms. But, there are still many
difficulties to apply graphs to practical domains.

T his paper proposes a graph library developed on the relational
database. Graphs are represented in the form of relational tables
and then saved in a database. Graph operations are coded in
terms of database languages such as the SQL. Users of the
graph library can efficiently manage a large amount of graph
data. Furthermore, graphs saved in the database can be
concurrently shared among many users. The proposed graph
library will be useful to represent and solve real world problems

efficiently .
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1.1

[8- 10].

(file- processing system)

(redundancy), (inconsistency),

’ ’ ’



(graph library)

[11].

, edge

vertex

(relational database)

(library)

vertex

attributes

, edge

(graph library)

(connect/ disconnect



library), (graph creation library),
(insertion library), (update library),
(searching library), (deletion library)

(recovery and commission library)

1.2
(object oriented database)[1-4]
(relational database)[5- 7]
T ony [ (protocol verification)
finite- state machine
(transaction) global- state

(logical error)

(relational algebra)

Joachuim [2]

(graph relation)

(genealogies), , (concept hierarchies),

query SQL

SQL



Lei 5] (OQL :Object- oriented
Query Language)
(Object-oriented Graph Data Model) GOQL (Graph Object- oriented
Query Language)

O-Algebra GOQL (paths) (sequence)

Guting [6]

object identity, attributes

referencing objects . [9] [6]

(DBMS:
DataBase Management System)

(Relational Database)
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2.1

library)

Graph G= (V,E)

V(G) vertex

vertex

(undirected graph)

edge vertex

(v, vi) edge
vertex
edge

v; edge (tail)

(graph

[8- 19]. 2.1

vertex
edge E(G)
edge
edge

(directed graph)

v (vivy)

edge

vertex <v; V>

edge (head)



<v; v > <V, V> edge

(digraph)
(mixed graph) edge edge
edge
(multigraph)
edge (weight)
edge (weighted graph)
(network) . vertex
vertex vertex (isolated vertex)
vertex (null
graph) vertex edge
(complete graph)
(I:) @ S 4. R g 14X
A, .@-e
T ELE " JEE A

2.1
Fig. 2.1 The Examples Of Graph



edge esE  vertex (vi,v) vertex v; v; edge e
(incident) edge
vertex (adjacent)
(indegree) vertex
edge (outdegree) vertex
edge . vertex
(total degree)
vertex edge
2.2
[2]. vertex edge
node edge
1)
vertex edge
22
- vertex



2)

- . none.
- : ANCESTOR , DESCENDANT,
RELATIONSHIP binary

22
Fig. 22 The Family Relationship

- : 200

- lvertex



- : CITY, INHABITANIS, DISTANCE

23
Fig. 23 The Length Of Loads

3)

24
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- . none.

24

Fig. 24 The Hierarchies Of Animal Concept On Ecology

25

vertex,

edge . vertex edge
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vertex
, edge
vertex edge
3.1
vertex  edge
vertex edge
ID ID graph_irfo
ID 3.1
ID graph_info
ID
vertex 1D vertex
vertex ID  vertex_att edge
edge ID edge edge
ID edge att
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Fig. 3.1 The Relationship Of Integrated Graph T ables

3.1.1
5
graph_info , vertex vertex
, edge edge , vertex  edge
vertex_att edge_att

3.1
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3.1

Table 3.2 The Structure Of Integrated Graph T ables

graph_info
Attribute Data Type
g_id VARCHAR ID, PK(Primary key)
g_name VARCHAR
key_word VARCHAR
start_day VARCHAR
up date_day VARCHAR
etc VARCHAR
vertex
Attribute
g_id vertex v_id ID, PK(Primary key)
v_id vertex id , PK(Primary key)
edge
Attribute
g_id edge e id ID, PK(Primary key)
e_id edge ID, PK(Primary key)
vx_id e id vertex vlid v2id
vy _id
- truey : x - y , digraph
dir
- fals¢n : x — y, graph

15 -




- vertex_att

Attribute
g_id v_id ID, PK(Primary key)
v_id vertex ID, PK(Primary key)
vatt_name vertex
vatt_value vertex
edge_att
Attribute
g_id e id ID, PK(Primary key)
e_id edge ID, PK(Primary key)
eatt_name edge
eatt_value edge

1) graph_ifo

graph_ifo
ID(g_id),

(g_name), (key_word),

(start_day),
graph_irfo

(wpdate_day)

(etc)



2) vertex

vertex vertex
ID(g_id) vertex ID(v_id)

ID vertex

3) edge

edge edge
ID(g_id) edge ID(e_id)
edge
wid v id e.d vertex
vertex  vertex

(dir)

4) vertex_att

vertex_att vertex
ID(g_id) vertex ID(v_id),
(vatt_name) . vertex

(vatt_value)
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5) edge att

edge_att edge
ID(g_id) edge

(eatt_name)
(eatt_value)
3.1.2
25
vertex
32 25
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ID(e_id),

edge

edge



3.2

Table 3.2 The Application Of Integrated Graph T ables

graph_info
g_id|g_name| key_word | start_day | update_day etc

Gl 05-DEC-00| 15-DEC-00

G2 20- OCT -99| 30- OCT -99
vertex edge

g_id v_id g_id e_id vx_id vy_id dir
Gl Gl 1 n
Gl Gl 2 n
G2 G2 1 air2 air4 y
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vertex_att - edge_att

g_id | v-id |vatt_name|vatt_value g_id | e_id |eatt_name| eatt_value

Gl 20 G1 1 50

G1 50 G1 1 3

G1 30 G1 1 3

G1 25 Gl 1 2
3.2

vertex  edge

vertex  edge

3.2

graph_table
ID vertex  edge
graph_table vertex_table edge _table

, vertex edge

vertex_table edge_table vertex edge



graph_table

a_id

Q_nams
warlad_table
adge_table
key_word
arart_day
update_day
ala

Fig. 3.2 The Relationship Of Separated Graph T ables

32.1

32

Edgal
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1) graph table

graph_table graph_ifo
ID(g_id)
vertex edge vertex_table
edge_table
vertex edge
vertex edge
2) vertex_table
vertex_table graph_table  vertex_table
ID(g_id) vertex
. vertex ID(v_id) vertex (v_att_name)
. v_att_name
vertex_table vertex
1 vertex
3) edge_table
edge_table graph _table edge_table
ID(g_id) edge
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edge ID(e_id) e_id vertex vx_id wy_id
dir . edge table

vertex_table

edge_table edge
1 edge

32
Table 3.2 The Structure Of Separated Graph T ables

graph_table

Attribute Data Type

g_id VARCHAR ID, PK(Primary key)

g_name VARCHAR

vertex_table| VARCHAR vertex

edge_table VARCHAR edge

key_word VARCHAR

start_day VARCHAR

up date_day VARCHAR

etc VATCHAR




322

vertex_table

Attribute
v_id vertex 1D, PK(Primary key)
v_att_name(1) vertex (1)
v_att_name(2) vertex (2
v_att_name(n) vertex (n)

edge_table
Attribute
e_id edge ID, PK(Primary key)
VX_id e_id vertex
vy _id vx_id vy_id

- trudy 1 x -y
dir

- falsgn :x —y
e_att_name(l) edge (1)
e_att_name(n) edge (n)

25
33
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33
Table 3.3 The Application Of Separated Graph T ables

graph_table

. vertex | edge | key | start | update
g_id|g_name etc
_table | _table |_word| _day | _day

G2 -OCT | -OCT

-99 -99

v_id
20 50 30
25 40 30
15 20 10
15 10 9
10 30 12
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e_id

vx_id

vy_id

dir

1 n 50
2 n 30
3 n 60
4 n 80
5 n 40
6 n 50
7 n 30
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(graph library)

4.1
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Fig. 4.1 The Flowchart Of Graph Library

, vertex, edge vertex edge
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4.1 (graph database creation)

3.1 graph_info , vertex

, edge , vertex_att , edge_att

4.2 /

(graph database connection / disconnection library)

DBMS
. bDPBMS

4.3 (graph creation library)

DBM S

graph_info
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ID(g_id) (g_name)
graph_irfo
ID

ID ID
4.4 (insertion library)

graph_info vertex edge

vertex ID vertex ID
vertex vertex |ID
vertex ID vertex ID

vertex ID,
vertex ID, vertex vertex
vertex_att vertex
vertex
edge ID, edge ID, vertex
edge
edge ID edge ID edge ID
vertex vertex
vertex edge
ID, edge ID, edge edge
edge_att . vertex
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edge

45 (update library)

, vertex vertex , edge edge

ID(old_graph_id)
ID(new_graph_id),
(new_keyword), (new_start),
(new_etc)
ID
ID graph_info
ID(new_graph_id)

vertex , edge , vertex_att

ID (old_graph_id)

’

, graph_info
vertex ID, vertex
vertex (old_vatt_name)

- 30 -

(new_graph_name),

(new_update)

, edge_att
(new_graph_id)

’

ID (old_vertex_id)



vertex ID(new_vertex_id), vertex (new_vatt_name)
vertex (new_vatt_value)

ID, vertex ID

. vertex ID vertex
vertex_att edge vertex
vertex ID . vertex
vertex_att
edge ID, edge ID(old_edge id) edge
(old_vatt_name) edge ID(new_edge id),
edge vertex (new_vx_id, new_vy_id), (new_dir)
ID, edge
ID . edge ID
edge edge_att edge ID
vertex
edge edge
edge_att
4.6 (searching library)
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edge
vertex
vertex_att

ID vertex

edge

edge_att

edge

vertex

vertex

(join)

ID

ID

vertex

edge

graph_info
vertex
vertex ID vertex
vertex
ID, vertex
edge ID edge
edge
ID, edge ID

, vertex edge
. vertex

(adjacency searching library)
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(degree searching library)

4.7 (deletion library)

ID, vertex ID, edge ID

ID graph_info
vertex ,
edge , vertex_att edge_att
ID
vertex ID vertex ID
vertex ID vertex vertex_att
edge vertex vertex
. vertex ID vertex ID
(vatt_name) vertex_att
vertex
edge ID edge ID
edge ID edge edge att
edge . edge
edge ID
. edge ID edge ID,
(eatt_name) edge_att edge
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4.8

(recovery library)

(recovery and commit library)

(save point)

(commit)

save point
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3
4
5.1
25
‘Gl,
1)
connect(‘myfall’, ‘myfall’);
2)
create_graph(‘Gl’, * e , , ", ‘056-DEC-00,
15-DEC-00’, ¢
)
- graph_info
g_id |g_name | key_word | start_day |update_day etc
Gl " ' |05-DEC-00| 15-DEC-00

- 35 -



3)

4)

5)

Gl

edge

insert_vertex(‘Gl’,
insert_vertex(‘Gl,

insert_vertex(‘Gl,

insert_vertex(‘Gl,

insert_vertex(‘Gl,

insert_edge(‘Gl,
insert_edge(‘Gl,
insert_edge(‘Gl,
insert_edge(‘Gl,
insert_edge(‘Gl,
insert_edge(‘Gl,
insert_edge(‘Gl,

insert_vertex_attribute(‘GL’,
insert_vertex_attribute(‘GL’,
insert_vertex_attribute(‘GL’,
insert_vertex_attribute(‘GL’,
insert_vertex_attribute(‘GL’,

insert_vertex_attribute(‘GL’,

3

3

3

3

3

3

3

3

3

3

3

3

3
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vertex

vertex

Gl

Gl

Gl

Gl

Gl

', 20));
", 50);
", 30);
', 25));
', 40));
', 305



6) insert_edge attribute(‘Gl’, ° 1, ', 50);
insert_edge_attribute(‘G1’, * 1, | 3));
insert_edge_attribute(‘G1’, * 1, ' 3);
insert_edge attribute(‘Gl’, * 1, 2);
insert_edge_attribute(‘G1’, © 2’ ¢ ', 30);
insert_edge_attribute(‘G1’, © 2’ ¢ L
insert_edge_attribute(‘G1’, © 2, ¢ 4,
insert_edge_attribute(‘G1’, ©* 2’, ° 4,
edge vertex_att

g_id | e_id | vx_id | vy_id | dir g_id| v_id |vatt_name|vatt_value
G1 1 n Gl 20
G1 2 n Gl 50
G1 3 n Gl 30
G1 4 n Gl 25
G1 5 n Gl 40
G1 6 n Gl 30
G1 7 n
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edge_att

g_id e_id eatt_name | eatt_value
G1 1 50
Gl 1 3
Gl 1 3
Gl 1 2
G1 2 30
Gl 2 4
Gl 2 4
Gl 2 4

1) 6) ‘Gl

7 55
update vertex_attribute(‘Gl’, * o ", B57);

g_id v_id |vatt_name| vatt_value

Gl 55




8) 2
get_edge connection(‘Gl’, * 2));
==> s
9)
del_vertex(‘Gl’, ° );
vertex edge
g_id | v_id g_id e id vx_id | vy_id dir
Gl G1 4 n
Gl G1 5 n
Gl Gl 6 n
G1 Gl 7 n
vertex_att edge_att
g_id| v_id |vatt_name|vatt_value g_id | e_id | eatt_name | eatt_value
G1 25 G1 4 80
G1 40 G1 4 6
G1 30 G1 4 7
G1 15 G1 4 8
G1 20 G1 5 40
G1 10 G1 5 2
G1 5 3
G1 5 3

39 -




5.2

/* */
#include “graph.h”
#define ESC 27
main ()
{
/* *

connect (“myfall", “myfall");

1* */
Create_graph(“gl"’“ II’“ 1]
2000/ 10/ 11" 2000/ 11/ 22",

while(key I=ESC) /* vertex */
{
scanf(“%s %s", graph_id, vertex_id);
insert_vertex (graph_id, vertex_id);

}

while(key I=ESC) /* edge */
{
scanf(“%s %s %s %s %s", graph_id, edge id, vx_id, vy_id,
dir);
insert_edge(graph_id, edge id, vx_id, vy_id, dir);

}
while(key '=ESC)  /* vertex */
{
scanf(“%s %s %s %s", graph_id, vertex_id, vatt name,
vatt_value);
insert_vertex_attribute(graph_idyvertex_idyvatt name, vatt_value);
}

- 40 -




while(key I=ESC) /* edge */

{
scanf(“%s %s %s %s",graph_id,edge id,eatt_name,eatt_value);
insert_vertex_ attribute(graph_id,edge id,eatt name,eatt value);

}

/* ID gl vertex ID */
result=get_all_vertex (“g1");
while(row =graph_fetch_row (result)) {

printf (“ vertex list : %s", row);

}

< >

vertex list :

- 41 -
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Appendix

(graph database creation)

/

(graph database connection / disconnection library)
(graph creation library)
(insertion library)
(update library)
(searching library)
(deletion library)

(recovery and commit library)

- 45 -



(graph database creation)

- create _graph_db();
graph_info , vertex , edge

, vertex_att , edge_att

/

(graph database connection / disconnection library)

- connect(char *id, char *passwd);
(id) (passwd)

- disconnect();

connect

(graph creation library)

- create graph(char *graph_id, char *graph name, char *key,
char*start, char *update, char *description);

ID1 ’ ’
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(insertion library)

- insert_vertex(char *graph_id, char *vertex_id);
vertex . vertex (graph_id)
vertex (vertex_id)

- insert_vertex_attribute(char *graph_id, char *vertex_id, char

*vatt_name, char *vatt_value);

vertex (graph_id)  vertex

(vertex_id),

- insert_edge(char *graph_id, char *edge id, char *vertex_xid,
char *vertex_yid, char *direction);

edge . edge

edge(edge_id)

(direction)

(graph_id)

(vertex_xid, vertex_yid)

- insert_edge_attribute(char *graph_id, char *edge_id, char

*edge_attname, char *edge_attvalue);
edge

(edge _id),

(graph_id) edge

5 (update library)

1)

- update _graph_irformation(char *old _graph id,

- 47 -



char *new_graph_id, char *new_g name,
char *new_key word, char *new_start,
char *new_update, char *new_etc);
(old_graph_id) ID(new_
grgoh_id), , , , ,

update_graph_id (char *old_graph_id, char *new_graph_id);

ID(old_graph_id) (new_graph_id)

update_graph_name(char *graph_id, char *new_graph_name);

update_graph_keyword(char *graph_id, char *new_keyword);

update_graph_startday(char *graph_id, char *new_day);

update_graph_wp eateday(char *graph_id, char *new_day);

update_graph_comment(char *graph_id, char *new_etc);

- 48 -



2) vertex  vertex

- Uodate vertex_irformation(char *graph_id, char *old vertex_id,
char *new_vertex_id, char *old vatt_name,
char *new_vatt_name, char *new_vatt_value);
vertex (old_vertex_id) vertex ID(new_

vertex_id), ,

- update_vertex_id(char *graph_id, char *old_vertex_id, char
*new_vertex_id);

vertex ID(old_vertex_id) (new_vertex_id)

- Uodate vertex_attname(char *graph_id, char *vertex_id, char
*old_vatt_name, char *new_vatt _name);

vertex

- update vertex_attvalue(char *graph _id, char *vertex_id,
char *vatt_name, char *new_vatt value);

vertex (vatt_name) vertex

3) edge edge
- update_edge_information(char *graph_id, char *old_edge id,

char *new_edge id, char *new_vx_id,

char *new_wy_id, char *new_direction,

- 49 -



char *old_edge atthame,
char *new_edge attname,
char *new_edge attvalue );

edge(old_edge_id) edglD(new_edge id),

update_edge id(char *graph_id, char *old_edge_ id, char
*new_edge id);
edge ID(old_edge_id) (new_edge id)

update_edge connection(char *graph_id, char *edge_id,
char *new_vx_id, char *new_vy_id);
edge

update_edge direction(char *graph_id, char *edge id, char
*new_dir);

edge

update_edge attname(char *graph_id, char *edge_id, char
*old_edge attname,char *new_edge attname);
edge

update_edge attvalue(char *graph_id, char *edge_id,

char *edge_attname, char *new_edge_attvalue);

edge (eatt_name) edge

- B0 -



6 (searching library)

1) fetch

- graph_fetch_row(char *result);

2)

get_all_graph();

get_all_graph name();

ID(graph_id)
( : ,

get_graph_name(char *graph_id);
ID(graph_id)

get_graph sartday(char *graph_id);
ID(graph_id)

- 51 -

get_graph_irformation(char *graph_id);



- get_graph_updateday(char *graph_id);
ID(graph_id)

- get_graph_comment(char *graph_id);
ID(graph_id)

3) vertex  vertex

get_all_vertices(char *graph id);
ID(graph_id) vertex ID

get_vertex_irformation(char *graph_id, char *vertex_id);

ID(graph_id) vertex ID(vertex_id)

(vertex , vertex )

get_all_vertex_attributes(char *graph_id, char *vertex_id);

ID(graph_id) vertex ID(vertex_id)

get_vertex_attribute(char *graph_id, char *vertex_id, char
*vatt_name);

ID(graph_id) vertex ID(vertex_id)
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4) edge edge

get_all_edges(char graph_id);
ID(graph_id) edge ID

get_edge_information(char *graph_id, char *edge_id);
ID(graph_id) edge ID(edge_id)

(edge , , edge , edge )

get_all_edge attributes(char *graph_id, char *edge_id);
ID(graph_id) edge ID(edge_id)

get_edge attribute(char *graph_id, char *edge id, char
*eatt_name);

ID(graph_id) edge ID(edge_id)

get_edge _connection(char *graph_id, char *edge id);
ID(graph_id) edge ID(edge_id)

vertex 1D

get_edge xyconnection(char *graph_id, char *vx_id, char

- B3 -



*vy_id);
ID(graph_id) vertex vx vy
edge ID(edge _id)

- get_edge direction(char *graph_id, char *edge id);
ID(graph_id) edge ID(edge id)

5) (adjacent) (degree)

get_isolated(char *graph_id);
ID(graph_id) vertex ID

get_ad acent(char *graph_id, char *vertex_id);
ID(graph_id) vertex ID(vertex_id)

vertex 1D

get_degree(char *graph_id, char *vertex_id);
ID(graph_id) vertex ID(vertex_id)

get_indegree(char *graph_id, char *vertex_id);

ID(graph_id) vertex ID(vertex_id)
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- get_outdegree(char *graph_id, char *vertex_id);

ID(graph_id) vertex ID(vertex_id)

7 (deletion library)

1)

- del_graph(char *graph_id);

ID

2) vertex vertex

- del_vertex(char *graph_id, char *vertex_id);

ID(graph_id) vertex ID(vertex_id)

- del_vertex_attribute(char *graph_id, char *vertex_id, char
*vatt_name);

ID(graph_id) vertex ID(vertex_id)

3) edge edge
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- del_edge(char *graph_id, char *edge id);
ID(graph_id) edge ID(edge id)

- del_edge attribute(char *graph _id, char *edge id, char
*eatt_name);

ID(graph_id) edge ID(edge_id)

8 (recovery and commit library)

1)

- save point();

- undo();

2)

- commit();
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