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9. YW WU (Source code)
39 @Wos H UM ford srar s @

. UMW WaFH Ut @Wue (Source filename)
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gaffd @ | 9um ufde dRA & forw @amE g8t ford|

3. UM WaEM 9d9 sed (Source select)
M QWIAFH 99 &)< & folt I8 ded <an| JafHd @IaFm 9 WidFe Uafd wos § wad: ufaw &
@ e Y e gdM TR g8 Wil MU Wue | o

¥. 7 ¥4 (New)
I8 ¢4 SOM R W9 VR @ve Wk 8 S| T U o & qd I8 §cd g SEN|

4., G B dcq (Save)
IE 9o o9 R UM Evs H forer ule MW WiaMM Rt wve § fory wiamm # Ifyd 8 S
IAheH P Ud I§ dc IAaY SaN|

§. fd9 & se (Open)
I g o9F R UMW WidHM UfY wos § wafAd W wum @us H e

9. HdeH de1 (Compile)
UHH Adhed & foly I8 g <ol gRamT / YR & Ud I8 §cd 3[aed GaN|

¢. UR&U g7 (Run in IDE)
g 91 <M R WM & uRuM &g daer & uRume @ue H

R. ¥R §cd (Run on external shell)

IE gcd <9 R UM & URUH SR Wue H R

9o0. URUM WS (Output - stdout)
o % yRuE &

99. HdheH I @S (Compilation errors)
e dI AT T8l <

9. Ufdf¥ @Wue (Input - stdin)
URE & nfda wlafdar wet fordl

93. 98RdT §cd (Help)
TERIAT & folU I8 ded <l

9y. @R se7 (Exit)
T & folu I8 sed cE|

diet urfies yrecpl (Shaili Praathamik command reference)

YL LSTNT.NY NP NY NP VY NPNYNY SYNY NP NY NP NP NY NP NP NP VY SPNYNY NYSPNP VY NENPNY NP SYNP VY SYNYNY NP NSYNP VY NPNYNY NP NP NP Ny PN

feagufy REM
feg REM
ATh CLS

A LOCATE
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forar
8!

&
RUCaL]
ferr_forar
s
qig$
Greil$
das
gd$
3d$
BIGIN
37ch_HTell
fordi$
Is$

YBGAD$
IE$
JEDS
EICIN
EICIICCIIN
T_caraT$

CEREED)

37ehH_feham

g ar
8 ar
e

PRINT
INPUT
COLOR
PALETTE
XTEXT
DATE$
TIME$
SPACE$
MID$
LEFT$
RIGHT$
STRINGS
STR
CHR$
UCASE$
LCASE$
LTRIM$
RTRIM$
INSTR
ASC
ASC
VAL
LEN
HEX$
HEX$
0CT$
OCT$
INKEY$
INKEY$
INKEY$

TIMER

TIMER
RANDOMIZE
RANDOMIZE

LET
DIM
SHARED
SHARED
CONST

IF
THEN
THEN
ELSE

FOR
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g_forar

GIAT_uel
T_ue!
QIdT_3Teg

E_qsq

SIDRT

S

TO
STEP
NEXT

DO
LOOP
LOOP

WHILE
WEND

OPEN
FOR
INPUT
OUTPUT
APPEND
AS
CLOSE
EOF
EOF
EXISTS
PRINT #
PRINT #
LINE INPUT #
LINE INPUT #
INPUT #
INPUT #

END
END
END
SHELL

GOTO
GOSUB
RETURN

FUNCTION

SUB
EXIT SUB

BREAK
CONTINUE

STATIC

DECLARE

DECLARE
CALL

LOG
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AT SIN
o cos
<] TAN
a1 ATIN
el SQR
T SQR

a4 ABS
FHqut ABS
yfcraGd EXP

fas SGN
SHHD RND

3P INT
quifes CINT
Ay MOD
el SCREEN
gd CIRCLE
T LINE
fag PSET
qer AND
3R AND
3iR_foe &

R_g &

ar OR
g1_fde |

qJ_q |

&l NOT
arerar XOR
Had XOR
#9 C header
#H C main
#1 C

gafears COMMANDS$

delt % 9ecd (Shaili Guru command reference)

YL L ST NTNY VY NP NP NP NPNPNY NP NP NY NP NP NP NY NP NP NP NP P NYNY NP NP NY NP NENPNY NP SYNP VY P NP NY NP N NP VY NPNY N NP NP NPNY PN

7= main

eI . 3 basstub.c
HT. alloc.h
[BIEESI] assert.h
qvur. bios.h

Uesu-. | conio.h

YbR . < ctype.h
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.|
SN.9
M.
.
.9
.|
8.9
Tford . <
Hfer.
fopar.
FHeE
Hopd .
YD . <
HFHENY , 3T
MG, |
qHEDN .
HTeT . <
Rerfcr.
T .9
§_.

Y[

Eed

qof
#ENNoTT
#IT_3FR
#arge
#Juf_3mR
#af

#3FR
#FR_aNfa
#ITR_IENf¥
#AY

#ufh

TR
#areNfya
§%_AM
3ER_fae
3ER_SH
HER_+
forg <=
gsl_fcw
fo_sm
fa_sidR
fer_guf
fe_s=
fe_==

o

Teld_dd

dir.h
dos.h
errno.h
float.h
io.h
limits.h
locale.h
math.h
mem.h
process.h
setjmp.h
signal.h
stdarg.h
stddef.h
stdio.h
stdlib.h
string.h
stat.h
time.h
timeb.h

{

}
#define

#elif
#else
#endif
#error
#if
#ifdef
#ifndef
#include
#line
#pragma
#undef
BUFSIZ
CHAR_BIT
CHAR_MAX
CHAR_MIN
CHILD_MAX
CLK_TCK
DBL_DIG
DBL_EPSILON
DBL_MANT_DIG
DBL_MAX
DBL_MIN
DIR
EDOM
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9I_30cR

gt

- a

q_goneH

3AhH_3€

T_3eR_JT
Y_SER_IH

IJA_

qo_3
g_3
ol =
Heb_Urd
Heh_9_Ffc
Hep_31de

H_fae

Tah_379T

o
a_Ffe

- -
3Id_3M&R_3H

319_YUTich_34

EOF
ERANGE
EXIT_FAILURE
EXIT_SUCCESS
FILE
FILENAME_MAX
FLT_DIG
FLT_EPSILON
FLT_MANT_DIG
FLT_MAX
FLT_MIN
FLT_RADIX
FOPEN_MAX
HUGE_VAL
INFINITY
INT_MAX
INT_MIN
LDBL_DIG
LDBL_EPSTLON
LDBL_MANT_DIG
LDBL_MAX
LDBL_MIN
LONG_MAX
LONG_MIN
L_tmpnam
NAN
NDEBUG
NULL
RAND_MAX
SCHAR_MAX
SCHAR_MIN
SEEK_CUR
SEEK_END
SEEK_SET
SHRT_MAX
SHRT_MIN
SIBGABRT
SIGFPE
SIGILL
SIGINT
SIGSEGV
SIGTERM
SIG_DFL
SIG_ERR
SIG_IGN
TMP_MAX
UCHAR_MAX
UINT_MAX
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Ia_dE_S9
3a_aTg_J
_fem

Gfeh,

AT

Fe_w

H_3eT

LG

ULONG_MAX
USHRT_MAX
__DATE__
__FILE__
__LINE__
__STDC__
__TIME__
_exit
abort
abs
asctime
asm
assert
atexit
atof
atoi
atol
auto
break
bsearch
calloc
case
ceil
char
chdir
clearerr
clock
clock_t
close
closedir
const
continue
ctime
default
difftime
dirname
div
div_t
do
double
else
enum
errno
exit
extern
fabs
fclose
feof
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g g

M_\dth

W_3eR_ar
G_TAH_all
G_HiAT_at

a4
~gTHM

o

q_9y

G_Gielt
El
a9

E_EUF_UDR
Q_forar

g_31eR_a
G_Hlell_ar

G_uel

Th
_d_x@iell
o

E_ge!

g_STra
_TA_ar
_Rerfa
g_qasi
g_STell

I_oll
JeR_alr
qL_uaf

H_SHS

ST

&_318R_3ip
8_31ER
&_ e

&_3f

8 _sifid

8_fom

g_sler

g_3m®
2_BM™
g_fRm
g_w@relt
g_gel

2_uBcyh

(9%

CIE_dth

ferror
fflush
fgetc
fgetpos
fgets
float
floor
fmod
fopen
for
fork
fpos_t
fprintf
fputc
fputs
fread
free
freopen
friend
fscanf
fseek
fsetpos
fstat
ftell
fwrite
getc
getchar
getenv
gets
gmtime
goto
if
inline
int
isalnum
isalpha
iscntrl
isdigit
isfinite
isgraph
islower
isodigit
isprint
ispunct
isspace
isupper
isxdigit
Jjmp_buf
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g_ard
T_d5el
S_ART
S_HAFT_YHR
& _scalr
q_FqHT

<Hel_air

<L

A_UH

H:‘ﬁl‘d

q_forar

NE]
AD_NG_UDHR

A
JER_ar
HTeAT_a1

Ior3

g _er
g:_far

geTan

STRNT

o
A_gerall

TEL_Th

SRt

kill
labs
1conv
1div
1div_t
localeconv
localtime
long
longjmp
malloc
memchr
memcmp
memcpy
memmove
memset
mkdir
mktime
offsetof
open
opendir
operator
pause
perror
pow
printf
private
protected
ptrdiff_t
public
putc
putchar
puts
gsort
raise
rand
read
readdir
realloc
register
remove
rename
return
rewind
rewinddir
rmdir
scanf
setbuf
setjmp
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I8
TE_9eh

u_forar
f_we

AeT_g8T

qe_fAaer
qHe_ R

H_318R
q 93¢
q_Thed

q_xgiot

A3k
A_HreTl
q_HY

Sk

setlocale
setvbuf
short
sig_atomic_t
signal
signed
sigpending
sigsuspend
size_t
sizeof
sprintf
sqrt
srand
sscanf
static
stderr
stdin
stdout
strcat
strchr
strcmp
strcpy
strcspn
strerror
strftime
strlen
strncat
strncmp
strncpy
strrchr
strspn
strstr
strtod
strtok
strtol
strtoul
struct
switch
system
template
time
time_t
times
tn
tmpfile
tmpnam
tolower
toupper
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SER_ATYUT

S—

F_IO

9_318R_UPR
Siecieh
T_forar

TH_elt
THI_IEl

gettime
settime

typedef
ungetc
union
unsigned

va_arg
va_end
va_list

va_start
viprintf
virtual
void
volatile
vprintf
vsprintf
wait
wchar_t
while
write

et Suft g (Shaili Shraeni command reference)

YL ST VLT VYT NP NY NP NP NY YN VY NY NP NP NP NY NP NP NY PN NY Y ST NP N NE NP NY Y ST NP NY VYN NP Y ST NP N NENT NP NY NN N N

main
alloc.h
assert.h
bios.h
conio.h
ctype.h
dir.h
dos.h
errno.h
float.h
io.h
limits.h
locale.h
math.h
mem.h
process.h
setjmp.h
signal.h
stdarg.h
stddef.h
stdio.h
stdlib.h
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el |
Rerfcr.
TR
.

#ENNoTT
#IT_3FR
#argel
#Juf_3mR
#af

#3FR
#FR_aNfa
#ITR_ITENf¥
#HAY

#ufh

TR
#areNfya
§%_AM
3ER_fae
3ER_SH
HER_+
forgr <=
gsl_fcw
fo_sm
fa_sidR
fer_guf
fe_s=
fe_==

o

Teld_dd

FrprI_3fc

WIATH_3=

H_9

9I_30cR

gt

- a

string.h
stat.h
time.h
timeb.h

{

}
#define

#elif
#else
#endif
#error
#if
#ifdef
#ifndef
#include
#line
#pragma
#undef
BUFSIZ
CHAR_BIT
CHAR_MAX
CHAR_MIN
CHILD_MAX
CLK_TCK
DBL_DIG
DBL_EPSILON
DBL_MANT_DIG
DBL_MAX
DBL_MIN
DIR
EDOM
EOF
ERANGE
EXIT_FAILURE
EXTT_SUCCESS
FILE
FILENAME_MAX
FLT_DIG
FLT_EPSILON
FLT_MANT_DIG
FLT_MAX
FLT_MIN
FLT_RADIX
FOPEN_MAX
HUGE_VAL
INFINITY
INT_MAX
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qoriep_=g 1
_fa_m
g_fa_sidR
&_fo_quf
g_fo_s=
g_fe =g
de_S=

T

g_&ifores
9_3i®

q_goneH

L
HepH_S

T_31eR_JT
Y_SER_IH

IJA_

qo_3
ag_S4
o~
Hep_UT
Heh_9_Ffc
<idh_3rdeg

H_fae

Tah_379T

wio_gd
wa_3fe
&fren_=l
IT_31&R_
31d_YUlich_34
3_d_Sw
3a_aTg_J

INT_MIN
LDBL_DIG
LDBL_EPSTILON
LDBL_MANT_DIG
LDBL_MAX
LDBL_MIN
LONG_MAX
LONG_MIN
L_tmpnam
NAN
NDEBUG
NULL
RAND_MAX
SCHAR_MAX
SCHAR_MIN
SEEK_CUR
SEEK_END
SEEK_SET
SHRT_MAX
SHRT_MIN
SIBGABRT
SIGFPE
SIGILL
SIGINT
SIGSEGV
SIGTERM
SIG_DFL
SIG_ERR
SIG_IGN
TMP_MAX
UCHAR_MAX
UINT_MAX
ULONG_MAX
USHRT_MAX
__DATE__
__FILE__
__LINE__
__STDC__
__TIME__
_exit
abort
abs
asctime
asm
assert
atexit
atof
atoi
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7 9.g
dd:
R
HIKE|N]
g

glel
udpe!
STH
&R
q_scelr
Suft
|h_3fe
K|
HSI_UPR
§<
do_wd
fRer
SIRY
q_a
Ay
fireran
H_3IeR

H_H

HIT
HI_UDR

atol
auto
break
bsearch
calloc
case
catch
ceil
char
chdir
class
clearerr
clock
clock_t
close
closedir
const
continue
ctime
default
delete
difftime
dirname
div
div_t
do
double
else
enum
errno
exit
extern
fabs
fclose
feof
ferror
fflush
fgetc
fgetpos
fgets
float
floor
fmod
fopen
for
fork
fpos_t
fprintf
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©_3MeR_al
G_Hlell_ar
T_ugl

8_3IeR_3id
8_37ER
&_fwimor
g_3id
g_<ifa
g_fom
g_Bler
8_3Iwd
2_BH™

8_favm

2_xgrent

g_dsl

2_yBeedh
AE_g%h

Q_ 3™l
EYT_slGel
S_HFT

S_HFT_UDR

&F_scalt
T_IHT

<Hel_aire

aL_eghr

A_UH

q_de

_Ichel

fputc
fputs
fread
free
freopen
friend
fscanf
fseek
fsetpos
fstat
ftell
fwrite
getc
getchar
getenv
gets
gmtime
goto
if
inline
int
isalnum
isalpha
iscntrl
isdigit
isfinite
isgraph
islower
isodigit
isprint
ispunct
isspace
isupper
isxdigit
Jjmp_buf
kill
labs
lconv
1div
1div_t
localeconv
localtime
long
longjmp
malloc
memchr
memcmp
memcpy
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A_gerRi
q_<Er
STl
A_Ta
SOl

Sl
A_geralt

A_g8r

memmove
memset
mkdir
mktime
new
offsetof
open
opendir
operator
pause
perror
pow
printf
private
protected
ptrdiff_t
public
putc
putchar
puts
gsort
raise
rand
read
readdir
realloc
register
remove
rename
return
rewind
rewinddir
rmdir
scanf
setbuf
setjmp
setlocale
setvbuf
short
sig_atomic_t
signal
signed
sigpending
sigsuspend
size_t
sizeof
sprintf
sqrt
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a5pH
Hell_geT

e
HHp_3fe
qHe_fFaer
Heh_{Aer

H_sier
q_318R
q 9

H_-chet

7.3k

A_Hlell

srand
sscanf
static
stderr
stdin
stdout
strcat
strchr
strcmp
strcpy
strcspn
strerror
strftime
strlen
strncat
strncmp
strncpy
strrchr
strspn
strstr
strtod
strtok
strtol
strtoul
struct
switch
system
template
this
throw
time
time_t
times
tm
tmpfile
tmpnam
tolower
toupper
try
typedef
ungetc
union
unsigned
va_arg
va_end
va_list /*¥g d&*/
va_start
viprintf
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virtual
void
volatile
vprintf
vsprintf
wait
wchar_t
while
write

iostream.h
iostream
iostream
cout
cin
dec
hex
oct
ws
endl
ends
flush
resetiosflags
setbase
setfill
setiosflags
setprecision
setw
ios
skipws
left
right
scientific
fixed
uppercase
showbase
showpoint
showpos
ostream
istream
fstream.h
fstream
ifstream
ins
app
ate
nocreate
noreplace
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Bicl trunc
G_YdTe ofstream
q_ar outs
J_Ffe cerr

ar get

ar put
T_¥H seekg
8R fail

o q eof
e clear
I bad
3BT good
HYqle . strstream.h
HYydle_4dq sstream
H_Ydig strstream
¥H_Ydie ostrstream
3M_TdTg istrstream
ol_ufh getline
far binary
U_ seekp
HHDU stdio
FRI_eAr gettime

FRI_XE settime

Soft 9sc e (Shaili Shabda command reference)

YL TSNP NV NP NY NP NY NP NP NYNYNY NP NYNPNPNY NP NSY NP NY VP NP NY VY NP NP NY SENVPNY NP NP NP NP NPNY NP PSP NY NPT

9_9lsq yylex
A_d_HH yylval
Q_HleTl yytext
9_tfh yylineno

gt Rl 9eedly (Shaili Wyaakaran command reference)

LN L L L L L VT VY NY NP NP NYNY NP NP NY NENT Y NT ST NP Y NP NY Y YN N NE NN NY STV NY NN NP Y STV N NE ST N N NP NN

_9Meq yylex
A_§_HH yylval
9I_HTeT yytext
9_tufh yylineno
D yyparse

T _Ffc yyerror
% IER %token
SIN %left

(92

%<IT %right
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%St
PASIECeIE
SIS
%D
%IPR
YRTFIIATE

%o

TD_X_UDR

%nonassoc
%prec
%union
%term
%type
%synch
%xstart
YYSTYPE

it Fifded eegd™ (Shaili Yaantrik command reference)

NN VN N N N N N N N N N N N N N N N N N N N N N N N N N N N N N0 N N N N N N N0 N N N N N N N N

Ae: R F=foRad voR A fbsl Ry & W @S v (]) 9@,

ar st oref B fb 98 ofey WRad oY & THMRG 81 SQ’NUd:,
JMER_NJad AT T FHHRIG &l

YT ST ST.NT.NY SYNY NP Y NPNY VY NYNYNY NYSYNY VY SYNYNY VY SPNYNY SYNY VY VY NP NP VY NPNYNY NP S NP VY SPNY VY SYNPNY Y SPNP N )

YL T ST VL NY VENY NP NY NP NYNYNYNY NP NYNY NP NY NP NP NY VY NP NP NY NENY NP NP N NP NYNENYNYNY ST NP NY NP NP NP NP NP NN NENT N )

ISR 2

SR _[eih

N
)
B3 AH
Gl AL
B AX
T3 BH
Ll BL
ey BX
UK CH
™ CL
e cX
a3 DH
g DL
g1 DX
gD EAX
CLGE EBX
e ECX
GloR) EDX
3R EBP
CEN] EIP
EISCY EDI
CLSH ESI
IR _JaH |
N BP
Fa_gae I
-~ IP



dRE: 2006-08-09

Wigel: hinhelp.uhin

#22

R_GAD
resl

Pe_uS
hy9
qY_Es
ay
gEd_WS
CEC)
RS

SP

CS

DS

ES

FS

GS

SS

DI

SI

/*0PERATORS*/

EQ

GT

34 4
:

APHEYI4 S,

3
&,

o
|

AND
BYTE
COMMENT

FAR
GE

HIGH

LENGTH
LINE
LOW
LT
MASK
MOD
NE
NEAR
NOT
NOTHING
OFFSET
OR
PTR
SEG
SHORT
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g SIZE
& STACK
g THIS
UhR TYPE
GG WHILE
eI WIDTH
e WORD
a1erar XOR
/*dIrectives*/

ECIC] ALIGN
o3 .ALPHA
EIs| ASSUME
e .CODE
HTERUT coMM
SRR .CONST
e .CREF

qay .DATA
.qea? .DATA?
qe_ BYTE
GEl DB
dea_feT DWORD
< DD
IR DF
JeI_R FWORD
SIICES DOSSEG
qey_die QWORD
GES DQ
e DT
CLECIE TWORD
qeu_greg
dgs  DW
el ELSE
guf END
quf_3mR ENDIF
quf_wfchar ENDM
quf_feban ENDP

_ES ENDS

e EQU
e .ERR
31 .ERR1
32 .ERR2
fe_\a .ERRE
.3fe_arad .ERRNZ
Afc_afd .ERRDEF
Ffc_srenfya .ERRNDEF
3fe_rett .ERRB
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Fe_A_Grmeit

. Ffe_\H_HreT

L Ffe_araH_Hretm
Sire_fAet
RECa)

IREANED

EI]

XA

. A?

e

3R

3R1

3R
IFR_ETeil
FR_aMfdd
3R_3TH
SPR_3Ad
SR_H
JR_IRT
IPR_3Efia
AT
F9AT_%N INCLUDELIB
¥ INCLUDELIB

. ERRNB
. ERRIDN
.ERRDTF
EVEN
.EXIT
EXTTM
EXTRN
.FARDATA
.FARDATA?
GROUP
IF
IF1
IF2
IFB
IFDEF
IFDIF
IFE
IFIDN
IFNB
IFNDEF
INCLUDE

IRP
IRPC
LABEL
.LIST
LOCAL
.MODEL
MACRO
NAME
ORG
%0UT
PAGE
PROC
PUBLIC
PURGE
.RADIX
RECORD
REPT
.SALL
SEGMENT
.SEQ
. STACK
STRUC
SUBTTL
TITLE
UNION
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JHd_Pls

.XALL
.XCREF
.XLIST

ENTRY
FORMAT
EXECUTABLE
READABLE
WRITEABLE

/*instruction*/

e_dw
SIS
9rT_dih

IS
Tun_dih
TS

gcl_dlb

3
Se_ai

e

ST

Be_war_dld

w3 ARPL
S|

m_fde

A BSF
fie_fic

uq BSR
foe_sira

foest BT
fee_Sta_faoia |
Sifag BTC
fde_sira_g: |
CN ) BTR
foe_Sira_amas |
o/ BTS

IR

ST8c_W_9T6g

CESK) CBW
S_W_dR

< CDQ
HTh_2I3i_gieT

NS CLC
AIh_fem_gier

qa CLD
fde1_sig

qq CLI

AAA
AAA
AAD
AAD
AAM
AAS
ADC

ADD

BOUND

CALL



dRig: 2006-08-09 %iset: hinhelp.uhin

#26

A1h_fehar_daat |

bl CLTS

fauia_aran |

ac cMC

i CMP
NG_HATAT_9TSC I

I CMPSB

AS_HIeT_gTeg I

7T CMPSW

Ne_ggal CMPXCHG
NG_95c1_89 CMPXCHGSB
Tec_d_faTA |

IS CWD

H_Se_did |

V) DAA

SH_8cl_dld I

THS DAS

b1 DEC

AT DIV

P ENTER

Bap HLT

IR IN
ik INC

faeT INT
fae3 INT3

SRIC] JBE
Arer_Ter_ar |
UK JCXZ
ATEN_aRTeR |
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as JE

ATE_sHTeT_aT |
[SENE JECXZ
Ara_SaTer |
ol JG

ATEN_SATGT_aReR |

ool JGE

ArEN_aH |
oAb JL
AEN_dH_sRER |

g JLE

e I
dre JMP

AE_T_HW |
AT JNA
ArE_A_%_§ |
SuSLE] JNAE
Ar_q_ |
o JNB
AE_A_A_9 |
SuRC] JNBE
AEN_Tel_sReR |

@& JNE

ATen_-Tél_samar I
of ol JNG
ATEN_Tel_SITeT_sReR |
ofiold JNGE
ArE_A_%H |
D JNL
dAE_A_&_d I
SRCE] JNLE
Ara__a1fa |
o= 3d JNO
Ar_A_deT I
o H JNP
drg__fomg |
SRE] JNS
Aren_-El_sT I
a1 JNZ

Arer_arfer I
a’r JO

AeT_Het |

o JP

dArE_A_q I
Iqac] JPE
Are_A_3r I
oHAq JPO

(9%

oIe_d |
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/| Js
cllen_gre |

SH| JZ
WR_HS_geT |
HhsT LAHF
WRI_3FART |

37 LAR
g LDS

i) LEA
Sepett LEAVE

TR LES

RCAC] LFS
W_IRAT |

T LGDT

WY LGS
WR_faeT |

Hfdet LIDT

W_TIHT |

Wl LLDT

WRI_IF_3aqT |

I3 LMSW

SISl LOCK
WRI_ARLS |

REC) LODSB

WRI_A_T&S |

e LODSW

fohR LOOP
fR_ReER |

R LOOPE

fRR_A_sRER |

fohRTe LOOPNE
fR_A_aT |

fohReger LOOPNZ

foR_ear |

fohRar LOOPZ

WR_ge_dmr |

R LSL

WR_KR_TS |

g LSS

WRI_fFIT I |

TR LTR

STt MOV
SA_ART_S |

ST MOVSB

STA_ART_T |
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ST MOVSW
SI_fere_aifcr |

S9 MOVSX

S_gr_sifa |

93T MOVZX

oy MUL
TBR NEG
gef_fopar |

afs  NOP

qTER ouUT
SER_ACT_d |

CLC| OUTSB

§Ta¥_HIeT_9T |

SHIT OUTSW

o POP
IS

AN POPA

a_fe |

AN POPAD

a_se |

IE] POPF

A_sie_fa |

IEA POPFD

ar PUSH
qL_ad |

= PUSHA

L _e_fg |

AR PUSHAD

q_3R |

GiE: PUSHF
a_sie_fg |

GiE PUSHFD
GARBN_SIA_dT |

gaq RCL

gARBN_AI3N_ST |

[ RCR

o REP
gT:_SRR |

EREC) REPE

OH:_T_RER |

Q] REPNE

A |

QT REPNZ

g |

g:a REPZ

aoT RET
a_x |

EISH RETF
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gAIRN_STY |

2C) ROL
gARI_SIT |

12 ROR
@_F3_gieT |

LG SAHF
ger_ira_siy |

IR SAL
ger3_ifora_giy |

I SAR
gAY |

S SHL
E3I_SN |

&< SHR
garsi_ar_fg |

geq SHLD
garsi_ar_fg |

&< SHRD
HC_SUR |

g3 SBB
YRS |

UHe SCASB
Y_HIe_ |

UHeT SCASW
TG_HR |
SR SETA
TE_FHW_NEX |
T SETAE
@_A |
S| SETB
TG _awRER |
g SETBE
RGI_SRTER |
¥ SETE

RI_SITaT |
ol SETG
TE_SIE_SRER |
Wl SETGE

G_PpH |
Ih SETL
TG_FH_RER |
W9 SETLE
TE_A_HW |
T SETNA
R_A_S_q |
T SETNAE
G_A_A |
LGh| SETNB
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EL_A_AS |
e SETNBE
TG_TEL_RER |

¥ SETNE
@_TE_Samer |

T SEING
E_"El_SuTel_sRER  SETNGE

GNEl SETINGE

RG_A_HH SETNL
P SETNL
RI_A_B_q SETNLE
S G SETNLE
G_A_aify SETNO
T3 SETNO

G_A_He SETNP

M SETNP
RG_A_fore SETNS
T SETNS
E_E_or SETNZ
T SETNZ

Gr_arfy SETO

3T SETO

G_AA SETP

R SETP

RG_A_q SETPE

ST SETPE

RI_A_3T SETPO
TH3T SETPO

I_d SETS

& SETS

E_ SETZ

9T SETZ

RGI_aRAT SGDT
G_faeT SIDT
RGY_AT SLDT
RG_J7_arawqT SMSW

3T SMSW

EI_I3N_gfer STC

G STC
@_feem_sier STD

LG STD

feeA_gw STI

asr STI

TE_Al_9 STOSB

RS STOSB
RI_AT_T STOSW

G STOSW

TE_fhar_¥91 STR
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9@ _feRdl VERR

et VERR
TG _ugl VERRW

9 VERRW
facts

Seel_siiel  XADD

EN| XADD
ECl]

Igae  XLAT
g XLAT

(92

Gra_gs

SUB
TEST

WAIT

XCHG

TINY

SrT_BIeT SMALL

IMIT_PoR COMPACT

eraT_sel LARGE

9

<raT_g&d HUGE

dleft BHH eeeey (Shaili Kritrim command reference)

LYLYL ST NY SYNY NV NY NP NP NY SYNY NP NY SYNYNY YN NY VY NP NY VY NYNPNY VY SYNP VY NYNPNY VY NP NP NY SYNPNY VY SPNP Ny ¥

//

main

abstract
boolean

break

byte
case
catch

char

class
const

continue
default

do
double
else

extends

final

finally

float
for
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STRMT goto

3R if

1N implements

AT import

K CGIN instanceof

quifes int

T interface

et long

TifAd native

T new

G| package

faoht private

_fare protected

Gell public

o return

g short

SIS static

geHd strictfp

He super

g switch

HqHYATE synchronised

Jg this

thepl throw

thepeT_g throws

Irerfl transient

IR try

4 void

3R volatile

Sleddh while

TRART_SyufY Applet

TIRT applet

GCJ args

fora_3fe ArithmeticException
%@;ﬁ?&ﬁﬁ_@ﬁ;ﬁ% ArrayIndexOutOfBoundsException
gs_Rerfa_zfe ArrayStateException
eqf_3iar AudioClip

3Ry awt /* ilvR <iftm Rasdhis/
IHR_UIch BufferedReader
ER_FY charAt

Sufl_drar_3fc ClassCastException
yufl_Iuered_Tgl_3fe ClassNotFoundException
Suft_fRreR_3fe ClassNotSupportedException
bl clone

CLH close

qg compareTo

HAWT concat

Tg_ds! currentThread
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f&t

fArerai

HredT_forar

3d_H

SRR

SR _T

QIA_Ya_YaTe
QA_feR_udig

WI_KX

3ifc

_eafy_afer

dl_d1ge
_31eR
a_sioft

SA_3ier_A1g
SA_3ie_UhR

o_fe
3

A_&F_gadid

d_sfd

Al_Yde_vaTe
A_gul_a=
_yd_saceit
A_RI_sicer

A_ehd
A

an

_avq_aoft

AN_

e

ICEICE]
3I_gpC

afay_vder_3fe
JdY_dd_3fc
3aY_Aid_FfS
arde_Reafe_3fe
Jdu_mbel_Refa_zfe

Bfd

Gabih

Rdbih_de_Ffe

Riereo]

YAIT_YdTE
YdT_YdT8_JIdh
JFARU_FfC

fae
o9

e

Shfee_g

EgEn]

c

e

Date
destroy
drawString
endsWith
equals
equalsIgnoreCase
FileInputStream
FileOutputStream
fillInStackTrace
finalize
getAudioClip
getBytes
getChars
getClass
getContentLength
getContentType
getDate
getExpiration
GetFieldID
getImage
getInputStream
GetIntField
getLastModified
getLocalizedMessage
getMessage
getName
GetObjectClass
getParameter
getPriority
Graphics
hashCode
IllegalAccessException
I1legalArgumentException
IllegalMonitorStateException
IllegalStateException
IllegalThreadStateException
Image
index0f
IndexOutOfBoundsException
init
InputStream
InputStreamReader
InstantiationException
InterruptedException
io
isAlive
java
join
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gd_Sgere
H

APy
QERT3N
arfore
SE_UrRI AT

I_vrRIfeedr

%%:@E A
I
IFTA_fg

AR _IrAfAdhar
pig_QRIT_8H_-TEl_fe
aﬁé_ﬁﬂtjaﬂn;ﬂéi;ﬂ%

Hepd
Hepd_ad

LI_Sgab_Tfe

3ih_Ta-Fc

g
Glel_aaee
TR
eprI_yarg
Y
oTan
q_fora_q
feren_ox

SIRF_IR—Ibh
R
*@_guf_&m
@AM

G_vrerfiidheT
A_STan

o _wget

Lo

Ie_H

form
HreT_sioft

HIAT_s!hY

HIA_gaehien_H_G

SEEISIE

lastIndexOf
length
loadLibrary
loop
Math
MAX_PRIORITY
MIN_PRIORITY

NegativeArraySizeException

net
nextdouble
NORM_PRIOQORITY
NoSuchFieldException
NoSuchMethodException
notify
notifyAll

NullPointerException

NumberFormatException
Object
openConnection
out
OutputStream
paint
play
println
printStackTrace
PrintWriter
rand
read
Reader
readLine
regionMatches
replace
resume
run
Runnable
SecurityException
SetIntField
setName
setPriority
sleep
sqrt
start
startsWith
stop
String
StringBuffer
StringIndexOut0fBounds
substring
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TIfiig suspend

YuTTelt System

G| Thread

thep_clRIdh Throwable

PRI_INER_YE toCharArray

FRI_BIC toLowerCase

FRI_HIeT toString

IRI_SS toUpperCase

Bicl trim

fopa_Sueey_@l_3fc UnsupportedOperationException
TT_glcT update

GRS URL /* @9& Aid sidd */
RST_a e URLConnection

SUIRT util

LIS valueof

B! wait

q_forar write

gD Writer

Technical Description

NNANNNNNNNNNNNNN NN NN

~~

(Ref. Choudhary Abhishek, Karwa Sweta. "Hindawi - A

Software Development System for North Indian Vernaculars",
Presented at CSI YITPA (East) 2004, Science City, Kolkata)

Introduction and objectives of the project

NANNANNNNNNNNN NN NN NN

NN NN NN NN NN NN NN N NN NN NN NN

The promises of India becoming an IT

superpower in the near future shall bear fruit only if it
takes into account the majority of the populace which
has not been privileged enough to have mastered
English, which in turn hinders them from participating
in the larger picture of Information and

Communication Technologies (ICT) owing to the lack

of software development systems based on the
vernaculars. This paper presents the design and
development of Hindawi - a complete software
development (programming) system for the North

Indian vernaculars and answers many “key”
technological issues that hinder the development of
such a system.

The authors have dealt with the issue at all
levels of systems design, having successfully
developed technologies for console representation of
North Indian scripts in “text-mode” without the need
for any extra hardware and a method for compilation
of ISCII based source code. The complete glyphs for
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the North Indian scripts have been successfully
incorporated into extended ASCII code pages while
maintaining the 7-bit ASCII unaltered. The
representation also allows easy integration into
UNICODE. The compilation of ISCII based source

code has been achieved through the design of a non-
ambiguous invertible case and diacritic independent
transliteration system compatible with most compiler
systems.

The use of GNU GCC as the back end has
ensured high portability across a heterogeneous range
of platforms. The authors have successfully developed
programming languages based on most prevalent
paradigms including imperative, 00P, functional, and
logic among others; leading to the development of the
equivalents of at least Assembly, BASIC, C, C++,
FORTRAN, Pascal, LISP, Prolog, lex, and yacc in
North Indian vernaculars, in languages using the
Assomiya, Bangla, Devnagri and Gujrati scripts, with
the Oriya and Gurmukhi scripts under development.
This has made possible the porting of the LINUX
kernel sources to the Hindawi programming system. A
port to FreeDOS is also being developed. The authors’
expertise in robotics has allowed them to apply
Hindawi to robotics systems design. The system
promises to be able to support South Indian languages
soon.

The authors have made the complete system,
including the design of a North Indian vernacular
understanding robot, “Open Source” in keeping with

the primary objective of providing India’s “vernacular

literate” a voice in the race towards making India an IT

superpower.

Contributions of the project

The plethora of software being developed for
the Indian vernaculars is generally focussed towards
the application domain with very little or no emphasis
on Indian languages system-software, with the
exception of a few “shell wrappers”. This has lead to
the situation where the majority of the populace do
have an opportunity to become consumers of the
products of the ICT revolution, but cannot become
contributors to it, in any significant manner. The
reason for this may be traced to a few technological
bottlenecks, most of which have been answered during
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the course of this project.

The primary bottleneck has been that of
compilation of Indian script source code, as there is no
systems level support for the same. The ISCII puts the
Indian codes in the extended half of the 8-bit code
pages, which are not supported by most compiler
systems. A solution to this is the use of a transliteration
layer between the source and the language processor,
however existing transliteration systems produce
output incompatible with the input set of the
processors, which in most cases introduces ambiguity
upon inversion. The authors have been successful in
developing a phonetically sound invertible non-
ambiguous Roman script transliteration system that
produces output compatible with most compilers
thorough case and diacritic independence. This has
allowed the development of programming languages
for major paradigms in most North Indian vernaculars
and allows Indian language URLs inherently.

A second bottleneck has been the inability to
display Indian scripts in “text mode”. The existing
Indian languages software generally operates in
graphics mode or makes use of extra hardware, which
adds to the cost of procurement. The authors have
succeeded in developing a method for “smart”
rendering of North Indian scripts in text-mode without
the need for any extra hardware components. The
semantics for Assomiya, Bangla, Devnagri and Gujrati
scripts have been completed, while those of Oriya and
Punjabi are at an advanced stage of development. This
has allowed the gap between machine code and
graphics development environments to be bridged in
North Indian vernaculars, including machine opcode
assembly, 0S kernel and command shell. The glyphs
have been comfortably accommodated in the extended
ASCII code-pages with unaltered 7-bit codes. The
rendering quality exceeds or at least equals that
achieved in most graphics-mode systems.

The bottom-up approach of the project has
allowed the authors to maintain uniformity, in
selection of tokens (keywords) for matching language
constructs across programming paradigms. This
promises to increase the gradient of the learning curve
for trainees in North Indian vernacular based systems
development (programming), as the barrier posed by
learning new keywords for increasingly complex
paradigms is reduced to negligible.

A certain level of “literate” programming with
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support for machine translation of documentation

across North Indian vernaculars and English has also
been achieved. This allows for programming tasks
specified in English to be handled by personnel trained
in vernacular programming, with the output product

and documentation being acceptable internationally.

The incorporation of higher-level paradigms
shall allow the target populace to contribute to the ICT
revolution in more ways than the task of simple
application development. Logic and functional
paradigms shall allow work in Artificial Intelligence to
be performed in North Indian vernaculars. The
authors’ have also applied the system to the
development of an intelligent natural-interfaced
robotics system.

The complete system, including the design of
the Indian vernacular understanding robot, has been
made “open-source”, with the target of meeting the
financial objectives through support services. This
shall allow low procurement costs for Indian
vernacular development systems, and make the
maintenance of the programming system a community
effort. This shall also allow the system to be used for
pedagogical purposes.

Methodology and algorithms

The algorithms developed during the course of
the project are enumerated below, followed by a
description of the methodology used for developing
programming systems in North Indian vernaculars.
1) Romenagri - a non-ambiguous invertible case and
diacritic independent compiler acceptable
transliteration system with the associated algorithm
has been the sole basis for much of the project’s
motivation. The authors have independently developed
it and demonstrated it to be applicable to all languages
using the North Indian composite syllabic scripts - viz.
Assomiya, Bangla, Devnagri, Gujrati, Oriya and
Punjabi. Romenagri utilises syllabic complements in
Roman script for the symbols of the North Indian
scripts. The mapping for a specific script may be a
subset of the complete mapping owing to the absence
of certain characters in the specific case, e.g. the wa
and ba of Devnagri match a single symbol in Bangla
ba. The words are formed by actively concatenating
successive syllabic compliments, looked up from a
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table through an 0(1) search achieved by using the
normalised code for the Indian script symbol as an
array index. The process of active concatenation uses
the “de-voweling” operator carat (2), which forms an
equivalent of halanta or hasanta of the Indian scripts
and distinguishes the matra of the vowels by preceding
the syllabic compliment of their akshara form. The
syllabic compliment looked up from the mapping table

is pushed onto a stack. On encountering a carat as part
of a looked-up compliment, the last pushed vowel
character “a” is popped out of the stack and discarded.
The remaining part of the compliment, after the carat,
is then pushed onto the stack. On encountering the end
of a word, the content of the stack is popped to obtain
the required transliteration, after which the stack is
flushed.

The process of converting Romenagri back to
the Indian script representation is more complex and is
achieved by using a recursive descent parser. The
authors have designed the syllabic compliment so as to
facilitate 0(n) parsing. The parser operates at 5

levels. The word is submitted at level 1, and the initial

syllabic compliments are consumed. Successive levels
are entered in case of multiple possibilities with the
ultimate level identifying a matra. All other symbols
are identified at earlier levels. After each production
the parser enters level 1 with the non-consumed part of
the input.

The only phonetic modifier used in Romenagri
is the underscore “ ” character, which generally forms
a part of the input set of most compilers. This allows
rule adherent transliteration for keywords written in
Indian scripts. The underscore characters present in the
original Indian script text are expanded to two
underscore characters. Hence, the inversion parser
treats every paired underscore as a character and every
nascent underscore as a phonetic modifier. Figure-1
gives an instance of Romenagri transliteration.

d o+ R+ o+ T o+ o1 = A
ka + Ara + AL + ya + *aa = kriyaa
Figure 1: An instance of Romenagri transliteration
with corresponding syllabic compliments

2) APCISR (Anamika Press Code for Indian Script
Representation) is a complex of representational
semantics for compositional syllabic Indian scripts
along with the corresponding set of graphemes,
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developed independently by the authors, for use with
fixed width console (text-mode) applications. The
APCISR uses a 9-grid format to extract the common
features of the Indian script symbols.
Each feature forms a specific grapheme. The
9-grid consists of three rows, viz. Urdha, Madhya and
Nimna, and three columns, viz. Matrik, Lipik and
Purak. The Indian script symbols are mapped to their
constituent graphemes in one table, with the
graphemes being mapped to the corresponding glyphs
(character-codes) in another table. Hence, the process
of conversion of codes such as ISCII to APCISR is a
two-step procedure. The first step (synthesis) consists
of combining the grapheme maps of the different
Indian symbols, which is algorithmically intensive,
while the second step is a straightforward 0(1) lookup
procedure for obtaining the character values of the
corresponding graphemes.

The explanation of the synthesis step requires
us to distinguish between the look-up map (LM) and
the working-map (WM). The LM is a simple 9-grid
grapheme map, while WM consists of three rows of
three or more columns, with three cursors pointing out
the Matrik, Lipik and Purak columns, each of which
can move independently with respect to each other.
The LM grapheme maps also contain other related
properties of the Indian script symbols, such as how
the incorporation of the LM in the WM moves the
cursors of the WM. This forms a basis for a set of
semantic rules for the synthesis step, such as upon
encountering a half consonant the Matrik remains
constant while the Lipik and Purak are right shifted by
1 place, making the previous Purak the current Lipik
and introducing a new column to the right of the WM,
which becomes the new Purak. A normal consonant
cursor shift consists of the existing Purak becoming
the new Matrik, along with the introduction of two
new columns to the right of the WM for the new Lipik
and Purak. A normal matra causes no cursor shift. The
LM grapheme table also consists of mappings for
character combinations (sanyuktakshara or
juktakshara), which are treated as a single symbol.
Once the position of the cursor has been determined,
the LM values are logically AND-ed with the
corresponding WM values. However, some scripts
deviate from generalisations and require the inclusion
of specific rules, which are economically
accommodated at the end of the synthesis step. The
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process of APCISR conversion is reversible, however
the step of character-code rendering introduces some
ambiguity prohibiting proper reconstruction, owing to
the fact that more than one grapheme may use the
same character code. This issue can be addressed by
using larger character pages. However, as our
objectives do not require the APCISR to be reversible,
as the rendering is done just-in-time, and using the
same character-code or glyph for different graphemes
allows the extended ASCII code-page to accommodate
the glyphs while maintaining common graphic
symbols such as box and shaded bars, with the 7-bit
code page remaining constant. The conversion of the
standard international numerals to the corresponding
script has been kept optional. APCISR is currently
supported on VGA and compatible graphics adapters.
Hindawi includes a rudimentary support for
“literate” programming, where documentation is
generated from the comments contained in the source
code, along with machine translation support for a
restricted language subset. This has been achieved by
allowing only specific sentence constructions of the
SVO form. This is parsed using a yacc grammar
followed by a dictionary-based translation. This
method allows for the objective of easily convertible
documentation to be met, but restricts expressiveness.
The methodology used by the authors for
generating various compilers using Romenagri and
APCISR consists of writing lexical analysers in lex for
translating keywords between the Indian vernacular
programming language and a matching programming
language in English. Specific language constructs have

also necessitated the writing of yacc parsers, especially

where semantic changes are necessary. The keywords
for matching programming constructs have been kept
constant across paradigms. Table-1 lists the common
paradigms and their Hindawi equivalent. Table-2 lists
the various keywords used for the common

programming constructs in Hindawi.

Programming paradigm Hindawi shaili
1) Beginners 1) Prathmika

2) Imperative 2) Guru

3) Object Oriented 3) Shraenibadha
4) Logic 4) Taarkika

5) Functional 5) Kriyaatmaka
6) Analyser generators 6) Shabda

7) Parser generators 7) Vyakarana
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Table 1: Common programming paradigms and their
equivalent Hindawi shailis

For
While
File
Write
Read
If
Begin
End

krama
jaba tak
khaata
likho
poocho
agar

anu
purna

Table 2: Common programming constructs and their
Hindawi equivalent for Hindi

GNU GCC has been used as the backend for
almost all shailis (programming languages) of
Hindawi, allowing portability to heterogeneous

platforms. A driver controls the compilation procedure
calling various filters and processors alternatively, in a
manner similar to that performed by gcc. The specific
order of the calls made by the driver is given below.

a) The source code in ISCII is passed through a filter

performing the Romenagri transliteration.

(Under Linux this is preceeded by UTF-8 to ISCII conversion.)

b) The Romenagri source code is then passed though
a shaili-specific compiler to obtain gcc compatible

source code.
c) A final call
upon the shaili.

is then made to gcc or g++ depending

The authors have also developed Lekhak, an IDE

for Hindawi, which also doubles as an Indian language
word-processor supporting search, cut, copy, paste etc.

along with an online help system for Hindawi
programming. Hindawi supports graphics under DOS
through the Allegro graphics system and support for

printing on PCL-

compatible printers has been

independently developed by the authors. The authors
have also enabled Hindawi to be used for robotic
systems design and have successfully developed an

Indian-language

understanding robot using it. A

command shell for DOS and Linux has been

developed using

Hindawi and effort is being put into

the early completion of the translation of Linux and

FreeDOS kernels

to Hindawi.

Financial and social feasibility

NANNNNNNNNNNNNNS NS

The financial objectives of Hindawi have been

NANNNNNNNNNNNNNS NS
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targeted to be met through support services and
licensing of non-GPL parts for commercial
development. Demonstrations may be downloaded

from the authors’ website. CD-ROM version of the
complete system is made available on request at cost
of material and posting only.

The complete system along with the design of
the Hindawi based intelligent robot has been made
“open-source”. This has been done with the primary
social objective of tapping into the vast “vernacular-
literate” manpower potential in ICT by bridging the
language barrier. The provisions for graphics and
sound support even at beginners’ level promise to
make Hindawi popular in a manner similar to the
popularity BASIC has gained. The support for higher
programming paradigms allows for serious tasks to be
based upon Hindawi. The inbuilt “literate”
programming and machine translation of
documentation, though rudimentary, allow an
international feasibility for Hindawi-based
development. Open-source software essentially
becomes a community maintained product. The
authors expect Hindawi’s capabilities and popularity to
increase with increased effort in its development. The
copyright for Hindawi, however, has been retained by
the authors, in conformance with GNU
General Public Licence V2, in parts that utilise GPL
software and only these parts of Hindawi come under
GPL, with the sole motive of preventing the
development process loosing its primary objective.
Hindawi, including non-GPL parts, is free for
all purposes.

Conclusion and further work

A note on the selection of the title “Hindawi”
is deserved before concluding. The word Hindawi is of
Arabic origin, used to describe “all” regions, their
people and languages across the Indus River. The term
finds earliest references in the works of Amir Khusro,
the renowned poet. The authors chose this word as it is
the most appropriate word that may be used to denote
“all” the languages of India.

The Hindawi project has yielded many
technological benefits such as APCISR and Romenagri
along with the feasibility of using vernacular
programming at all levels of systems development.
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The project is currently in a stable state, but may
indeed be considered to be in the infancy of its final
goal. Immediate development requirements include
completion of representational semantics for the
remaining Indian scripts and language mappings for
remaining vernaculars. Finally, the authors expect
corporates and other financially sound organisations,
interested in activities of nation building, to come
forward and make an effort towards spreading ICT
involvement through vernacular programming.

Interested individuals may lend their support through
participating in the further development and spread of
vernacular programming.



