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A Multimedia Data Type and Procedure Extension of
the Set Oriented Language SOL and Its Evaluation

NORIYASU YOKOO' and YASUHIRO SHIGEMATSU*t

A desire of multimedia-programming, that treats multimedia-data as simple objects in
programming, is increasing in recent years. However multimedia-programming is not easy,
because knowledge of technical details on Application Program Interfaces (API) is required.
This requirement prevents users to make the programs even if any Integrated Development
Environments (IDE), such as Visual C++ and Delphi and so on, are provided. Thus we made
a multimedia data type and procedure extension of the set oriented language SOL, which we
have designed and developed. Concretely, new data types which were image type, movie type
and audio type were introduced as basic types. Several operations concerned with these types,
such as set, mapping/correspondence, assignment and so on, were also introduced and imple-
mented, and their usages are similar to other basic types. This paper presents the specification
of the extended SOL and its implementation. We evaluate the efficiency of the extended SOL
from the number of lines of the program, comparing a SOL program of a data management
example which includes a schema-free data structure with a Delphi one. Futhermore we also
compare with Java over the framework of the procedural language.
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Table 1 Relational operators and operand types.
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Table 2 Set operators and operand types.

ooo oo oooo oooo ooo

oo oo oo
n oooo ooo ooo ooo
@] ooo ooo ooo ooo
— ooo ooo ooo ooo

gddooooOooooooooooooooooo
ooooooOoOoOoOooodoooooogoooo
oooooooooooooopDodooooooo
OooooooooooooooOoooood
00000 wvar image_data : image;
00000 var movie_data : movie;
00000 var audio_data : audio;
22 0 0O O
O000oo0oo0oooooooooooooon
00000000000 00o0o0oooooDo0oOn
00000000 read)0Owrite() DODODOOOO
ooo0oooO0o000oooooooooogooooo
000000 oooopDU0ooooDOoooooooo
O0oooUoUooDOoooooooooooooog
00000000 [widthyheight) DO 0D 00000
000000 D0O00O00®0 (o)oooo
(OO0 [0 ) [: (00 )]
000000ooooooooooooag
00000 write(émage-data);
00000 write(émage-datad [100,200));
goooOooOoooooOoUOoOoooDooDooOoOoo
ooOoooooooodoooooooooooooo
0o0oUooo0oo0/o000o0o0oon read()O
write)0OO0O0OO0O0OOOO0OOOOOOOOOO
23 O O
O00ooO0ooo0ooooooooooooog
0000000000000 100 2000000
000oo0oooooooooooooooooon
0000000000 0000o0o0oooooooon



1932 goooooooo

03 O0oooo
Table 3 Standard functions.
ooo ooooo |oooo oo
getwinnum | 0 [0 O | — gooooo
(bool) oooo
readclick- |0 D M@ {00000 (emg) |000O0D0O
image | (bool) ooooo
getname |0 000 |00000000O oooood
(name) (MD) oo
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Table 4 Standard procedures.
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settitle 0 O O (um), | 00000000
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resizewindow 0 0 O (num), | OO0DODDO
00 O (xy) |0O0OO0
movewindow 0 0 O (num), | OO0DODODO
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setwinback 0 0 O (num) | O0DODODOO
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setfgwindow 0 0 O (num) | O0O0DOODO
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Fig.1 Relation between stack and tables.
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Fig.2 Standard output example of images.
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NULL, /] BoA YR, F—F—24 2 FODIEE.
NULL, /] Fo4U R, Ay A=A Y RODIEE.

GetModuleHand e (NULL),
/] 24 FOICEERITONFED 1 —ILOIEE.
NULL /] A DRB VRN RILERE.
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Fig.3 Call of CreateWindow().
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Fig.4 Procedure of image type’s data input.
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Fig.5 Initial state of data in example.

var menu :

integer; i1 otype

info=record

sub:string:

simg:TBitmap;

styp:types:
rel:array[1..10]of string:

S : setof anytype;
LABEL : setof string;
map f{LABEL} : S — S;

obj:array[1..10]of string;

oimg:array[1..10]of TBitmap: :

otyp:array[1..10]of types;

flag:array[1..10]of bool;
end;

(a) SOL (ZRIFHES

H var
data:array[1..25] of info:
table:array[1..25] of bool;

(b) DelphilcBiF2ES
0e6e 0OO0O0O
Fig.6 Declaration of variables.
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table[3]:=true;

data[3]. sub:="BAEHA"

data[3].styp := str_data:
data[3].rel[1]:= BH’;

data[3]. otyp[1]:=img_data;

data[3]. oimg[1]:=TBitmap. Create;

data[3]. oimg[1]. LoadFromFile (' akil.bmp'):
data[3]. obj[1]:="yokoo. bmp’ ;

data[3]. flag[1]:=true;

data[3].rel[2]:= BH';

data[3]. otyp[2] :=img_data;

data[3]. oimg[2] :=TBitmap. Create;

data[3]. oimg[2]. LoadFromFile( aki2. bmp’) :

open (fp, “aki1. bmp”, input) ;

read (fp, image_datal) ;

close (fp) :

open (fp, “aki2”, input) ;

read (fp, image_data2) ;

close (fp) ;

defmap f{"BEE"}*x("ELR") =
{image_datal, image_data?} ;

data[3].obj[2]:="1.bmp" ;
data(3]. flag[2]:=true:

(a) SOLIZH1F 2 41HL (b) DelphilZsiF 2 %ML
07 0Oooooo
Fig. 7 Initialization of variables.
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0000000000 ooooooooooooon
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for i:=1 to 25 do
P begin
for ji=1 to 10 do

read (menu) ;
case menu of

- i begin
1:begin /x 2Rk ¥/ if datali]. flag[jl=true then

writeln(fx); begin
end; nonzero:=true;
2:begin /¥ if*/ﬁw writeln( [‘,daca{i%,sub,[',]\amam rel[j1,
) : ', datalil.obj[j),"]):
writeln(s); if datali]. otyp[j]=img_data then
end; begin
3:begin /+ BRY R b #/ e
. . ele:=J.
emri i teln (LABEL) ; StretchBIt (Form2. Canvas. Handle, 0, 0,

data[ele]. oimg[num]. Width,

data[num]. oimg[ele]. Height,

data[num]. oimg[ele]. Canvas. Handle,

0,0, data[num]. oimg[ele]. Width,

data[num]. oimg[ele]. Height, SRCCOPY) ;
Form2. Width:=data[num]. oimg[ele]. Width+7;
Form2. Height :=data[ele]. oimg[num]. Height+20:
Form2. Show;

4:begin /* BRFE */
write("F—7—FI&
(BERBRRDEZEL image) 27):
read (key) ;
none < true;
if (key # “image”) then

end;
stmp < S; if datali]. styp=img_data then
while( stmp # & ) do begin
tmpany < getel ( stmp ) 2“";'""

StretchBlt (Form3. Canvas. Handle, 0,0,
data[num]. simg. Width,
datalnum]. simg. Height,
datalnum]. simg. Canvas. Handle,
0,0, data[num]. simg. Width,
datalnum]. simg. Height, SRCCOPY) ;
Form3. Width:=data[num]. simg. Width+7:
Form3. Height :=data[num]. simg. Height+20;
Form3. Show;
end;
end;
end;
end;

(a) SOLIZIUT 2 Fm /Mg Tt &

(b)DelphilZisiy H#&m TRRFH
08 0OO/OO0OOD
Fig.8 Procedure of display and search.

. if x=1 then

: begin

_ for i:=1 to 25 do
. " be

write ("EKIE ?%‘Eable[\]:false then
(F—T—F3HLLETIR begin

& BREER) 7 ) flog:=tre,

d( b ) tablel[i]:=true;
read( sub_any ). write( EfRIE 1:XFH 2 HBLEER?):

write "EfRIE ? ) readin(y) :
read(rel_str); if y=1 then

. - - . begin
write ("HRXFHII ? ) write( Efk (XFH) EANLTIESL )
read (obj_any) ; readin (str) ;
addmap f{rel_str} (sub_any) :aﬂ!% S:h ZSt? ot
— ohi - ata[i]. styp:=str_data:
= obj_any; end
: else
begin
write( Efk FPLER) OT7AILEE
AALTLESL )
readin(str);
data[i]. styp:=img_data;
datali]. simg:=TBitmap. Create:
datali]. simg. LoadFromFile (str) :
datal[i]. sub:=str:

(a) SOLIZI31 % N Fofe &

end;

write( BfR (XXFFI) ZAALTLESL )
readln(str):

datali].rel[1]:=str;

write(HRIE 1IXFI 2 HILER?):
readin(z);

if z=1 then

begin

write( R (XFF) EAALTILEZEN )

(b) DelphiiZH i} 2 B MNTFfi &
09 OO0O0O0O
Fig.9 Procedure of addition.
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Table 5 Total line number of source program.

oo SOL | Delphi
oo 250 | 527
ooo 31 90
oooooo 28 114
oooooo 37 52
00oOooo0ooo 81 166
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import java.util.*;
import java.io.File:
import java.awt. *;
import java. awt. event. *;

/¥ 12DA—H A v B—T1—RDHH DM LHRHE */

abstract class appFrame extends Frame implements ActionListener {
void init0 {
/% R OBBEOTFR bRy I R EDGUI ZER */
]

1

/% PIEDREEFTST TV r—2av +/
public class multimediaManagement extends appFrame implements ActionListener {
public static void main(String [1 args) {
/x A UBIE (AHAME, (R MRE) %/}
void initialize( {
/x MMT -2 DBR */ }
public void paint (Graphics g) {
/* FEELE */ )
public void actionPerformed (ActionEvent e) {

/% AR bOBRE EXRET HIME +/ |
)

[ RIVFATATT—E DR, ERETII7Z %/
class managementOb jects {
managementOb jects (int smax, int rmax, int omax) {
[ AVRAETHE /]
int getID(String target, String typ) {
/x BRBEGA IO FOIDERE */ )
String dispOP() {
/x EELTWDT—SRAERTRA +/ |
boolean appendOP (String sub, String rel, String obj, String typS, String typ0) {
/x T8 DBE */ |
boolean deleteOP (String sub, String rel, String obj, String typS, String typ0) {
/x TS OHR2 (324H) */ |
boolean deleteOP (String subobj, String typ) {
/x T2 OHIRT (EK/BR/ RROEBROVTAOL—F) */ }
boolean searchOP (String sub, String rel, String obj, String typS, String typ0) {
/x BFR1 (324H) #/ |
String searchOP (String sub, String rel, String typS){
/x BER2 (ERERREER) +/ |
void displmage (String sub, String obj, String typS, String typ0) {
/% BRADAA—SF Tz ) bORE */ )
boolean fileCheck (String s, String o, String sTyp, String oTyp) {
/x T7AINDEEERD +/ |
1

/K RIVFATATT—RERERMT HI 5 +/

class multimediaObject {
multimediaObject () {
/*AVALSI5 ¥/}
void newObject (String inputStr, String objTyp) {
/[ HLWA TSy bOBE */ |
String getObjectS() {
/% XFIA TSy b&ET */ }
String getAll1(
/x FTRTOA TS FOXFIEE I 7 A LEERT */ |
Image getObject! () {
[k AA—=DATTxH bERT /)
public String getTyp() {
[k ATS2 Y b BATEERT #/ )
public boolean identify(String data, String typ){
[k ATS2H) FOFEEHE */ )

]

/% BOMAHDEEERBT DI TR */
class threeTupleSet {
threeTupleSet (int rmax) {
[ AVAETHE /]
int existElement (Integer x, Integer y, Integer 2) {
/* BEBERO 3 DA D IDOIIE */ |
int existElement (Integer x) {
/x BRICHBT—8 EBCHRERS DBHDIDEME +/
boolean appElement (Integer x, Integer y, Integer z) {
/* 3DO#AHDBM */ )
boolean delElement (Integer x, Integer y, Integer z) {
/% 32HAHDHIRR */ )
boolean delElement (Integer x) {
/x 1D THEREN—HT 53 DDA +/ |
Integer getSub (int index) {
/x R LI 3 DMADERERE +/ |
Integer getRel (int index) {
/x R LI 3 MADERERG */ |
Integer getObj(int index) {
/x HE LI 3 DHMADOHRERIG */ |
int getElementNum() {
/x BRENTNS 3DHMAOHERE +/ |
}

010 OO0OOO0OOOODOODOOOO
Fig.10 The designed classes and their class methods.
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/* 3OMAHDREDHAEERBT ST TR +/

class threeTupleSet

int MAXNUM_REL;

Vector sub, rel, obj;

threeTupleSet (int rmax) {
MAXNUM_REL = rmax sub
rel = new Vector (3): obj

= new Vector (3) ;

= new Vector (3);

/* BEEERD 3 DA D IDDEAE */

int existElement (Integer x, Integer y, Integer z)

int i, indexTmp=0, ret=-1;
while (indexTmp != -1){
indexTmp=sub. index0f (x, indexTmp) ;
if (indexTmp!=-1) {
if ( (((Integer)rel.elementAt (indexTmp)). intValue ()
==y. intValue ()
&& (((Integer)obj. elementAt (indexTmp)). intValue ()
==z. intValue()) ) {
ret = indexTmp;
break:}
indexTmp += 1:

return ret;

/x BRIEET 2 £8THER 3 OMADIDENE */
int existElement (Integer x) {
int i, indexTmp=0, ret=-1;
boolean notFound=true:
indexTmp = sub. index0f (x) ;
if ( indexTmp!= -1)
ret = indexTmp;
indexTmp = rel. index0f (x) ;
if ( indexTmp!= -1)
ret = indexTmp;
indexTmp = obj. index0f (x) ;
if ( indexTmp!= -1)
ret = indexTmp;
return ret;

1
/* 3 DHADIEM */
boolean appElement (Integer x, Integer y, Integer z)

int i, id=0;
boolean ret=true;
if ( sub.size()==MAXNUM_REL-1 )
ret = false;
else|
if (existElement(x,y,z)==-1) {
sub. addE | ement () ;
rel. addElement (y) :
obj. addElement (z)
]
)

return ret;

1
/x 3 DB DHIF */
boolean delElement (Integer x, Integer y, Integer z)
int indexTmp:
boolean ret=false:
indexTmp = existElement(x,y, z);
if ( indexTmp!=-1) {
sub. removeE |ementAt (indexTmp) :
rel. removeE | ementAt (indexTmp) ;
obj. removeE | ementAt (indexTmp) :
ret = true;
)

return ret;

0 11 threeTupleSet 000000000000 DODOO
Fig.11 A part of the program list of threeTupleSet class.

000 threeTupleSet 0000 0000D0ODODODOO
000000000000 threeTupleSet 00 000
00000000000 multimediaObjects 0 0 O
00oooooooooooi1ioco 120000
gobOoo0obDOoooboboooobooooooso
o000 s 0000000000000DbD0ODbOO
00000000000 multimediaObject 00 OO0

threeTupleSet 00 00000000000 O00O0O0O

00000 42200000000000000 SOL
ghboooooooooooooooooboooboDboo
gooooboboooobboo0o0JavabOO0ODO

June 2002

[ RWFATATT—RORIE, EREFTSVSR */
class managementObjects

{
int MAXNUM_SUB, MAXNUM_REL, MAXNUM_OBJ, MAXNUM:
multimediaObject datall:
public Image imgtest([]:
public int imget;:
threeTupleSet relation:
boolean dataF[];

/¥ AVAES9E */
managementOb jects (int smax, int rmax, int omax)

int i, j:
MAXNUM_SUB = smax:
MAXNUM_REL = rmax:
MAXNUM_O0BJ = omax
MAXNUM = MAXNUM_SUB + MAXNUM_OBJ + MAXNUM_REL ;
data = new mul timediaOb ject [MAXNUM] :
imgtest = new Image [MAXNUM_SUB+MAXNUM_0BJ] :
boo | ean [MAXNUM] ;
MAXNUM; i++) {
datali] = new multimediaObject():
dataF[i] = false;
}
relation = new threeTupleSet (MAXNUM_REL) ;
1

/x BR1 (30#H) */
boolean searchOP (String sub, String rel, String obj, String typS, String typ0)
{
int sid, rid, oid;
boolean ret:
sid = getID(sub, typS) :
rid = getlD(rel,"S");
oid = getlD(obj, typ0) ;
if ( (relation. existElement (new Integer (sid), new Integer (rid), new Integer (0id))) == -1)
ret = false;
else
ret = true;
displmage (sub, obj, typS, typ0):
return ret;

1

/* BR2  (EREHRERE) */
String searchOP (String sub, String rel, String typS)
{

int i, sid, rid:
String tmpl, tmp2, tmp3, ret="";
sid = getID(sub, typS) :
rid = getlD(rel, "S"):
imget=0;
for (=0 i HAXNUM: i++) {
if (relation. existElement (new Integer (sid), new Integer (rid), new Integer (i))!=-1){
tmpl = datalsid]. getAll 0+" —
tmp2 = datalrid]. getAl1 0+ = ~
tmp3 = datali]. getAll O+"¥n";
ret = ret + tmpl + tmp2 + tmp3:
if (datalsid]. getTyp()=="1") {
imgtest [imgct]= Toolkit. getDefaultToolkit (). getImage (datalil. getAl | ()):
imgot+=1;

1

if (datali].getTyp(0=="1") {
imgtest [imget]= Toolkit. getDefaultToolkit (). getImage (datalil. getAl1 ()
imgot+=1;

)

return ret;

}

0 12 managemnetObjects 00000 O00O0DOO0O0ODOO
Fig.12 A part of the program list of the
managementObjects class.
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