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.
� CF] � �9^�_�`

(Source code)	�$a^�_�`/� b;� CF] � � � 
�^ b�c @ � � � � � 6d� 3 � b�e
>
.
� CF] � �9^�� ��� ��� � � � ��� f ^�_�`

(Source filename)
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*g% � � h � $��/^�� � 6;$i6;� C�] � � � � ��f 3 ��� 6 3 6 � 
�jk^�� ��� ��� � = � �l � 
"^ b e
G
.
� CF] � �9^�� ��� ��� � '�=��9m�n��

(Source select)� CF] � �9^�� ��� ��� � '�=�� 3 ��� 6 3 6 � 
"jk= � m�n�� � m�� j l eo'�= � ���/^�� ��� ��� �9� C�] � � ^�� ��� ��� �9� � ��� f ^�_�`/� b;p � �q�r� � ��f9�8C
[ � j�H��de � � � 6d� 3 � b;m�n�� � m�� � 6;*�� ��� ^�� ���s� C�] � � ^�_�`/� b � � ^�68H���e
L
.
��=��tm�n��

(New)= � m�n�� � m�� � 6;*��k$"m9� � ��� f ^�_�`/$�� u �)Cv[ � j l H 6�eo��=��t� CF] � � � 
�^�� 6 3 6w*g% � h
= � m�n�� c �yx = � m�� j l e
O
.
$ � '�= 3 � b;m�n��

(Save)= � m�n�� � m�� � 6;*��k� C�] � � ^�_�`/� b � 
�^��t*�� +9� C�] � � ^�� ��� ��� �9� � ��� f ^�_�`/� b � 
�^�6;^�� ��� ��� � � b;$ � � '�� �8Cz[ � j�H���e
$ � 3 
"� 3 6w*�% � h
= � m�n�� c �{x = � m�� j l e
R
.
� � � 6d� 3 � b;m�n��

(Open)= � m�n�� � m�� � 6;*��k� C�] � � ^�� ��� ��� �9� � ��� f ^�_�`/� b;'�= � ���/^�� ���s� C�] � � ^�_�`/� b � � ^�68H���e
V
.
$ � 3 
"�9m�n��

(Compile)� CF] � �9$ � 3 
�� 3 6 � 
"jk= � m�n�� � m�� j l eo*�< �|4}!
/
��$�� � 3 6w*g% � h
= � m�n�� c �yx = � m�� j l e

W
.
*�< �|4}!am�n��

(Run in IDE)= � m�n�� � m�� � 6;*��k� C�] � � 3 6w*�< ��!�� �9
"1 �2$ � 4 3 6w*�< ��!�� �9^�_�`/� b � � ^ b H 6�e
Y
.
��$"� �km�n��

(Run on external shell)= � m�n�� � m�� � 6;*��k� C�] � � 3 6w*�< ��!�� �9m�� ~\^�_�`/� b � � ^ b H 6�e
0��
.
*�< ��!�� �9^�_�`

(Output - stdout)� CF] � � 3 6w*�< ��!"� � = � �l � 68^ b e
0�0
.
$ � 3 
"�97� � n ^�_�`

(Compilation errors)$ � 3 
"� 3�� 7 � � n�=��l = � �l � 68^ b e
0y>
.
� � ��� f ^�_�`

(Input - stdin)� CF] � � 3�� c * 6 � 4}�/� � ��� f =��l = � �l � 
"^ b e
0 G
.
$ � � =����tm�n��

(Help)$ � � =���� 3 6 � 
"jk= � m�n�� � m�� j l e
0 L
.
� � 3 � $�m�n��

(Exit)� � 3 � $ 3 6 � 
"jk= � m�n�� � m�� j l e
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#�����:@ � � 3 �BA ��3DCFE
(Shaili Praathamik command reference)
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� n��T*�!#�
REM� n�*
REM$�� u
CLSp�@D� �
LOCATE
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� 
"^ C
PRINT*g%(� C
INPUT� � H
COLOR� � H 3DCFE
PALETTE� '�7

_
� 
"^ C

XTEXT� � ��� � 3
$ DATE$$���=
$ TIME$^�� 
#�
$ SPACE$mZ��'
$ MID$*g% � h
$ LEFT$c � � $ RIGHT$��� 
��
$ STRING$c � 3 _��� 
�� STR� 
"*Z�
$ CHR$m�� 6
$ UCASE$� C n 6
$ LCASE$*g% � h�4}=
$ LTRIM$c � ��4}= $ RTRIM$c � � INSTR	 � p 3

ASC	�$
ASC��� �
VAL��� *
LENE -

$ HEX$E -�� � � 3
$ HEX$c f $ OCT$� f�3

$ OCT$'�� m��
$ INKEY$'�� m��
_
� m�� =��

$ INKEY$'
_
� m�� =��

$ INKEY$

1��)�
TIMER$���= 3
TIMERm 68���

_
� ��=��

RANDOMIZEc ��� _� ��=�� RANDOMIZE

��� � C
LET��=�� �
DIM$�� � h ["� � 3

SHARED$�� � h
SHARED� py@Q�
CONST

c H�� IF� ?k� C
THEN�)C � C
THENcq� =�@D� ELSE

���
FOR
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$i6
TOH � �
STEP����� � � NEXT

3 � C
DO�)CF� ���g�
LOOP� u��
LOOP

[ m � 3
WHILE��m9� 3
WEND

^ C 
 C
OPEN� 68� �
FOR*�� +
INPUT
i68^��

OUTPUT����@d�
APPEND* � @
ASm � �
CLOSE^�� ���

_
*g%(!�h

EOF^
_
*

EOF*g% � � h � $��
EXISTS^�� ���

_
� 
"^ C

PRINT #^
_
� 
"^ C

PRINT #^�� ���
_
*�� C

LINE INPUT #^
_
*�� C

LINE INPUT #^�� ���
_
�BA �

INPUT #^
_
�BA �

INPUT #

*g%(!�h
END	 � �
END$���� �
ENDc ��3 �g� SHELL

c H�
"� GOTO[ �g�
GOSUB� � *�$

RETURN

� ��=��
FUNCTIONc ! � SUB� � 3 � $

EXIT SUBc � � C)� BREAK[ � ������^ C
CONTINUE[ �

STATIC1 C�E !��
DECLARE1 C�E
DECLAREc � �J��� CALL


��)H
LOG
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$�� 	��
SIN3 �&$
COSn ?��
TANc n ?�� ATN�g%(

SQR� H�h �g%(


SQR$��
ABS$���*g%(!�h

ABS� � ��*�� ��3
EXP� ' � �
SGNc ����� � 3 RNDc � 3 INT*g%(!"�� 3
CINT��6 E
MOD

* � � h
SCREEN� ,.�
CIRCLE� 68^��
LINE� m � � � PSET

��@Q�
AND� �
AND� �

_
� m�n

&� �
_
m

&=��
OR=��

_
� m�n

|=��
_
m

|� ���
NOTc @ � � XOR3 6 � 

XOR

#
H�$

C header

#
H��

C main

#
H

C

*g% � � h � 6d�
$ COMMAND$

� ?�
#��H�JIK�BA ��3DCFE
(Shaili Guru command reference)
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� �J��=
main���(@ � � 3

.
$

basstub.c� � H
.
$

alloc.h� � �(x '��
.
$

assert.h�g%(
"��!
.
$

bios.h*���*��
.
$

conio.h� 3 � �
.
$

ctype.h
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$&%(')�
.
$

dir.h`��&$
.
$

dos.h7 � � n�$ �
.
$

errno.h�y�
.
$

float.h*��
.
$

io.h$J�����
.
$

limits.h4 687
.
$

locale.hH � !��
.
$

math.hp�� , � �
.
$

mem.h� ��=��
.
$

process.h$���
��l 1
.
$

setjmp.h$ � 3 6��
.
$

signal.h��� � 3 � 3 h
.
$

stdarg.h��� � 3 1 CFE
.
$

stddef.h��� � 3 *��
.
$

stdio.h��� � 3�3DCFE
.
$

stdlib.h��� 
��
.
$

string.h� py@ � �
.
$

stat.h$���=
.
$

time.hm
_
$"��=

.
$

timeb.h

c ! � {*g%(!�h
}

#
1 C�E !��

#define

#
=��
_ c H�� #elif

# cq� =�@D� #else

#
*g%(!�h

_ c H�� #endif

#
7 � � n

#error

# c H�� #if

# c H�� _1 CF� E � #ifdef

# c H�� _ c 1 CF� E � #ifndef

#
$���� � 6d�

#include

#
* � � �

#line

#
� �Q=

#pragma

# c 1 C�� E � #undefm�u
_
��� �

BUFSIZc 4}� _� m�n CHAR_BITc 4}� _¡�¢ CHAR_MAXc 4}� _� = % � CHAR_MIN� �"� �
_¡�¢ CHILD_MAX1��)�
_
� n 3

CLK_TCK� £ H
_
�y�

DBL_DIG� £ H
_ c � ��� DBL_EPSILON� £ H
_
*�%(!�h

DBL_MANT_DIG� £ H
_¡�¢ DBL_MAX� £ H
_� = % � DBL_MIN$&%(')�

DIRH�
"�
_
� 3 h

EDOM
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^�� ��� *g%(!�h
EOF� � p�u�
 ERANGE� � 3 � $

_
7 � � n

EXIT_FAILURE� � 3 � $
_
$�u�


EXIT_SUCCESS^�� ���
FILE^�� ��� ��� �

_¡�¢ FILENAME_MAX�y�
_
�y�

FLT_DIG�y�
_ c � ��� FLT_EPSILON�y�
_
*�%(!�h

FLT_MANT_DIG�y�
_¡�¢ FLT_MAX�y�
_� = % � FLT_MIN�y�
_
� � � �

FLT_RADIX^
_̂
C 
 C

_¡�¢ FOPEN_MAX� � �B� 

_
��� �

HUGE_VALc � � � INFINITY*g%(!"�� 3
_¡�¢ INT_MAX*g%(!"�� 3
_� = % � INT_MIN�

_
� £
_
�y�

LDBL_DIG�
_
� £
_ c � ��� LDBL_EPSILON�

_
� £
_
*�%(!�h

LDBL_MANT_DIG�
_
� £
_¡�¢ LDBL_MAX�

_
� £
_� = % � LDBL_MIN� ��1�h
_¡�¢ LONG_MAX� ��1�h
_� = % � LONG_MINm

_
4 � ! 3

L_tmpnam�
_ c � 3 NAN�
_
$ � � C)� �

NDEBUG�¤% � = NULLc ��� _¡�¢ RAND_MAX'
_ c 4}� _¡�¢ SCHAR_MAX'
_ c 4}� _� = % � SCHAR_MIN��p�� �J�

_
$i6

SEEK_CURc � � _$i6 SEEK_END� �JI
_
$:6

SEEK_SET
�1 �
_¡�¢ SHRT_MAX
�1 �
_� = % � SHRT_MIN$ � 3
_
*�� �

SIBGABRT$ � 3
_
�
_
7 � � n

SIGFPE$ � 3
_ c � ? � SIGILL$ � 3
_
� ��¥ �

SIGINT$ � 3
_ c � � SIGSEGV$ � 3
_
	 � �

SIGTERM$ � 3
_
*�% � h

SIG_DFL$ � 3
_
7 � � n

SIG_ERR$ � 3
_
� C � C

SIG_IGN4 � ! 3
_¡�¢ TMP_MAXc ' _ c 4}� _¡�¢ UCHAR_MAXc ' _*g%(!"�� 3 _¡�¢ UINT_MAX
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c ' _� ��1�h _¡�¢ ULONG_MAXc ' _
�1 � _¡�¢ USHRT_MAX

__
� � �

__ __DATE__

__̂
�� ���

__ __FILE__

__
* � � �

__ __LINE__

__
��� � 3

__ __STDC__

__
$���=

__ __TIME__

_
� � 3 � $

_exit*�� �
abortc $�
 abs$���=

_
+Z� 3

asctime= � 7
asm� � �(x '��

assert� � 3 � $
_
*��

atexit�
_
$:6
_
�

atof�
_
$:6
_
*

atoi�
_
$:6
_
�

atolp � �q�
autoc � � C)� break£ �

_̂
C�[

bsearch$ �Jp�� , � �
calloc� � 


case

¡�¢ ��� � ceilc 4}� char$
_
m � 
 C

chdir$�� u
_
7 � � n

clearerr1��)�
clock1��)�

_
� 3 � �

clock_tm � �
closem � �

_
$&%(')�

closedir� py@Q�
const[ � ���
continue$

_
$"��=

ctime��6 E
default$

_ c � ��� difftime$
_
��� �

dirname� � H
div� � H

_
� 3 � �

div_t3 � C
do� £ H �J�

doublecq� =�@D� else����� H��
enum7 � � n

_
$ �

errno� � 3 � $
exitm�� ~
extern�

_ c $�
 fabs^
_
m � �

fclose^
_
*g%(!�h

feof
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^
_
7 � � n

ferror^
_
$�� u

fflush^
_ c 4}� _
 C fgetc^
_
p�@D� �

_

 C

fgetpos^
_
��� 
��

_

 C

fgets�y�
float� = % ����� � floor�

_
��6 E

fmod^
_̂
C 
 C

fopen���
for� � � � [ �

fork^
_
p�@D� �

_
� 3 � �

fpos_t^
_
� 
"^ C

fprintf^
_ c 4}� _�)C fputc^
_
��� 
��

_
�)C

fputs^
_
*�� C

fread� � �
free^

_
�
_̂
C 
 C

freopen� ��7
friend^

_
*g%(� C

fscanf^
_
[ �g�

fseek^
_
p�@D� �

_
�)C

fsetpos^
_
� py@ � �

fstat^
_
m����g�

ftell^
_̀
�� 
 C

fwritec _
 C getcc 4}� _
 C getchar�)C
_
*�=�� h

getenv��� 
��
_

 C

gets$
_
[ ��n

gmtime[ �g�
gotoc H�� ifc � ��� � %(� inline*g%(!"�� 3

int� ?
_ c 4}� _ c � 3 isalnum� ?
_ c 4}� isalpha� ?
_
� ��= � 7�!

iscntrl� ?
_ c � 3 isdigit� ?
_
$#� � ���

isfinite� ?
_
� '�7

isgraph� ?
_
� C n��

islower� ?
_ c f�3 isodigit� ?
_
�"� *

isprint� ?
_
� � ��� �

ispunct� ?
_̂
�� 
J�

isspace� ?
_
m����

isupper� ?
_
E -�� � � 3

isxdigit
��l 1
_
m�u

jmp_buf
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$���� �
kill�

_ c $"
 labsp�@D�
_
m � 


lconv�
_
� � H

ldiv�
_
� � H

_
� 3 � �

ldiv_t4 687
_
m � 
 C

localeconv$
_
py@Q� �Z��=

localtime� ��1�h
long� ��1�h

_

��l 1

longjmp�)C
_
p�� , � �

malloc$
_
�y@Q�

memchr$
_
� 6 �

memcmp$
_
� 3 


memcpy$
_
� n��g�

memmove$
_
��^ C

memset$&%(')�
_
H�� C

mkdir$
_
H�� C

mktime� � ��� � offsetof^ C 
 C
open$&%(')�

_̂
C 
 C

opendir'�� 
 3
operator� C � C
pause� 
"^ C

_
7 � � n

perror1�� �
pow�

_
� 
�^ C

printf� � [ �
private� � 4}�
protected$&%(' 3

_
� 6 �
_
� 3 � �

ptrdiff_t^ � 
�� publicc _�)C putcc 4}� _�)C putchar��� 
��
_
�)C

puts� ¦�3
qsort

¡ +��g� raisec ��� rand*�� C
read$&%(')�

_
*�� C

readdir* �J�Q�
_
p�� , � �

realloc� 6 � [ p�n��
register� n��(�
remove��� �

rename� � *�$
return� �J§B�¨�

rewind$&%(')�
_
� �J§

rewinddir$&%(')�
_
� n��(�

rmdir�
_
*�%(� C

scanf��^ C
_
m�u

setbufm����(�
_

��l 1

setjmp
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��^ C
_
4 687

setlocale��^ C
_
� m�u

setvbuf
�1 �
short$ � 3

_
*�%(!�h

_
� 3 � �

sig_atomic_t$ � 3 6��
signal� ' � � � � signed$ � 3

_
m�� 3��

sigpending$ � 3
_
� CF3DC

sigsuspend��� *
_
� 3 � �

size_t��� *
sizeof�

_
� 
�^ C

sprintf� H�h
_
�g%(


sqrtm 68���
srand��� 
��

_
*g%(� C

sscanfc n�
 static��� � 3
_
7 � � n

stderr��� � 3
_
� � � 6d�

stdin��� � 3
_
� � 3 � $

stdout�
_
[}C � C

strcat�
_ c 4}� strchr�
_
� 6 �

strcmp�
_
� 3 


strcpy�
_̂
CF[

strcspn�
_
7 � � n

strerror$
_
��� 
"�

strftime�
_
��� *

strlen�
_
[}C ���

strncat�
_
� 6 � �

strncmp�
_
� 3 
��

strncpy�
_̂
CF[ *

strrchr�
_ c ^ CF[ strspn�
_
��� 
"�

strstr�
_
$:6
_
�y�

strtod�
_
� C�� �

strtok�
_
$:6
_
� ��1�h

strtol�
_
$:6
_ c � ��1�h strtoul3 � -��

struct'�=��
switch��!"� 
#�
system©��l '��
template$���=

time$���=
_
� 3 � �

time_tm�� �
times* � '�� � H

tm4 � ! 3
_̂ tmpfile4 � ! 3

tmpnam� C n 6
tolowerm�� 6
toupper
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� 3 � �
typedefc 4}� _� � *�$ ungetc[�C �
unionc � ' � � � � unsignedm �ª _� 3 h va_argm �ª _*g%(!�h va_endm �ª _$&%(')� va_listm �ª _ � �JI va_start� ^

_
� 
"^ C

vfprintf� �
virtualST= C �
voidc � py@Q� volatile�

_
� 
"^ C

vprintf� �
_
� 
�^ C

vsprintf§ 3DC
waitm

_ c 4}� _� 3 � � wchar_t[ m�� 3
whileH

_
� 
�^ C

write

$���=
_

 C

gettime$���=
_
��^ C

settime

� ?�
#�NM�68!J�N�BA ��3DCFE
(Shaili Shraeni command reference)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

� �J��=
main� � H

.
$

alloc.h� � �(x '��
.
$

assert.h�g%(
"��!
.
$

bios.h*���*��
.
$

conio.h� 3 � �
.
$

ctype.h$&%(')�
.
$

dir.h`��&$
.
$

dos.h7 � � n�$ �
.
$

errno.h�y�
.
$

float.h*��
.
$

io.h$J�����
.
$

limits.h4 687
.
$

locale.hH � !��
.
$

math.hp�� , � �
.
$

mem.h� ��=��
.
$

process.h$���
��l 1
.
$

setjmp.h$ � 3 6��
.
$

signal.h��� � 3 � 3 h
.
$

stdarg.h��� � 3 1 CFE
.
$

stddef.h��� � 3 *��
.
$

stdio.h��� � 3�3DCFE
.
$

stdlib.h
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��� 
��
.
$

string.h� py@ � �
.
$

stat.h$���=
.
$

time.hm
_
$"��=

.
$

timeb.h

c ! � {*g%(!�h
}

#
1 C�E !��

#define

#
=��
_ c H�� #elif

# cq� =�@D� #else

#
*g%(!�h

_ c H�� #endif

#
7 � � n

#error

# c H�� #if

# c H�� _1 CF� E � #ifdef

# c H�� _ c 1 CF� E � #ifndef

#
$���� � 6d�

#include

#
* � � �

#line

#
� �Q=

#pragma

# c 1 C�� E � #undefm�u
_
��� �

BUFSIZc 4}� _� m�n CHAR_BITc 4}� _¡�¢ CHAR_MAXc 4}� _� = % � CHAR_MIN� �"� �
_¡�¢ CHILD_MAX1��)�
_
� n 3

CLK_TCK� £ H
_
�y�

DBL_DIG� £ H
_ c � ��� DBL_EPSILON� £ H
_
*�%(!�h

DBL_MANT_DIG� £ H
_¡�¢ DBL_MAX� £ H
_� = % � DBL_MIN$&%(')�

DIRH�
"�
_
� 3 h

EDOM^�� ��� *g%(!�h
EOF� � p�u�
 ERANGE� � 3 � $

_
7 � � n

EXIT_FAILURE� � 3 � $
_
$�u�


EXIT_SUCCESS^�� ���
FILE^�� ��� ��� �

_¡�¢ FILENAME_MAX�y�
_
�y�

FLT_DIG�y�
_ c � ��� FLT_EPSILON�y�
_
*�%(!�h

FLT_MANT_DIG�y�
_¡�¢ FLT_MAX�y�
_� = % � FLT_MIN�y�
_
� � � �

FLT_RADIX^
_̂
C 
 C

_¡�¢ FOPEN_MAX� � �B� 

_
��� �

HUGE_VALc � � � INFINITY*g%(!"�� 3
_¡�¢ INT_MAX
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*g%(!"�� 3
_� = % � INT_MIN�

_
� £
_
�y�

LDBL_DIG�
_
� £
_ c � ��� LDBL_EPSILON�

_
� £
_
*�%(!�h

LDBL_MANT_DIG�
_
� £
_¡�¢ LDBL_MAX�

_
� £
_� = % � LDBL_MIN� ��1�h
_¡�¢ LONG_MAX� ��1�h
_� = % � LONG_MINm

_
4 � ! 3

L_tmpnam�
_ c � 3 NAN�
_
$ � � C)� �

NDEBUG�¤% � = NULLc ��� _¡�¢ RAND_MAX'
_ c 4}� _¡�¢ SCHAR_MAX'
_ c 4}� _� = % � SCHAR_MIN��p�� �J�

_
$i6

SEEK_CURc � � _$i6 SEEK_END� �JI
_
$:6

SEEK_SET
�1 �
_¡�¢ SHRT_MAX
�1 �
_� = % � SHRT_MIN$ � 3
_
*�� �

SIBGABRT$ � 3
_
�
_
7 � � n

SIGFPE$ � 3
_ c � ? � SIGILL$ � 3
_
� ��¥ �

SIGINT$ � 3
_ c � � SIGSEGV$ � 3
_
	 � �

SIGTERM$ � 3
_
*�% � h

SIG_DFL$ � 3
_
7 � � n

SIG_ERR$ � 3
_
� C � C

SIG_IGN4 � ! 3
_¡�¢ TMP_MAXc ' _ c 4}� _¡�¢ UCHAR_MAXc ' _*g%(!"�� 3 _¡�¢ UINT_MAXc ' _� ��1�h _¡�¢ ULONG_MAXc ' _
�1 � _¡�¢ USHRT_MAX

__
� � �

__ __DATE__

__̂
�� ���

__ __FILE__

__
* � � �

__ __LINE__

__
��� � 3

__ __STDC__

__
$���=

__ __TIME__

_
� � 3 � $

_exit*�� �
abortc $�
 abs$���=

_
+Z� 3

asctime= � 7
asm� � �(x '��

assert� � 3 � $
_
*��

atexit�
_
$:6
_
�

atof�
_
$:6
_
*

atoi
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�
_
$:6
_
�

atolp � �q�
autoc � � C)� break£ �

_̂
C�[

bsearch$ �Jp�� , � �
calloc� � 


case* 3 � C
catch

¡�¢ ��� � ceilc 4}� char$
_
m � 
 C

chdirMg68!#�
class$�� u

_
7 � � n

clearerr1��)�
clock1��)�

_
� 3 � �

clock_tm � �
closem � �

_
$&%(')�

closedir� py@Q�
const[ � ���
continue$

_
$"��=

ctime��6 E
default� ��n��g�
delete$

_ c � ��� difftime$
_
��� �

dirname� � H
div� � H

_
� 3 � �

div_t3 � C
do� £ H �J�

doublecq� =�@D� else����� H��
enum7 � � n

_
$ �

errno� � 3 � $
exitm�� ~
extern�

_ c $�
 fabs^
_
m � �

fclose^
_
*g%(!�h

feof^
_
7 � � n

ferror^
_
$�� u

fflush^
_ c 4}� _
 C fgetc^
_
p�@D� �

_

 C

fgetpos^
_
��� 
��

_

 C

fgets�y�
float� = % ����� � floor�

_
��6 E

fmod^
_̂
C 
 C

fopen���
for� � � � [ �

fork^
_
p�@D� �

_
� 3 � �

fpos_t^
_
� 
"^ C

fprintf
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^
_ c 4}� _�)C fputc^
_
��� 
��

_
�)C

fputs^
_
*�� C

fread� � �
free^

_
�
_̂
C 
 C

freopen� ��7
friend^

_
*g%(� C

fscanf^
_
[ �g�

fseek^
_
p�@D� �

_
�)C

fsetpos^
_
� py@ � �

fstat^
_
m����g�

ftell^
_̀
�� 
 C

fwritec _
 C getcc 4}� _
 C getchar�)C
_
*�=�� h

getenv��� 
��
_

 C

gets$
_
[ ��n

gmtime[ �g�
gotoc H�� ifc � ��� � %(� inline*g%(!"�� 3

int� ?
_ c 4}� _ c � 3 isalnum� ?
_ c 4}� isalpha� ?
_
� ��= � 7�!

iscntrl� ?
_ c � 3 isdigit� ?
_
$#� � ���

isfinite� ?
_
� '�7

isgraph� ?
_
� C n��

islower� ?
_ c f�3 isodigit� ?
_
�"� *

isprint� ?
_
� � ��� �

ispunct� ?
_̂
�� 
J�

isspace� ?
_
m����

isupper� ?
_
E -�� � � 3

isxdigit
��l 1
_
m�u

jmp_buf$���� �
kill�

_ c $"
 labsp�@D�
_
m � 


lconv�
_
� � H

ldiv�
_
� � H

_
� 3 � �

ldiv_t4 687
_
m � 
 C

localeconv$
_
py@Q� �Z��=

localtime� ��1�h
long� ��1�h

_

��l 1

longjmp�)C
_
p�� , � �

malloc$
_
�y@Q�

memchr$
_
� 6 �

memcmp$
_
� 3 


memcpy
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$
_
� n��g�

memmove$
_
��^ C

memset$&%(')�
_
H�� C

mkdir$
_
H�� C

mktime��=��
new� � ��� � offsetof^ C 
 C
open$&%(')�

_̂
C 
 C

opendir'�� 
 3
operator� C � C
pause� 
"^ C

_
7 � � n

perror1�� �
pow�

_
� 
�^ C

printf� � [ �
private� � 4}�
protected$&%(' 3

_
� 6 �
_
� 3 � �

ptrdiff_t^ � 
�� publicc _�)C putcc 4}� _�)C putchar��� 
��
_
�)C

puts� ¦�3
qsort

¡ +��g� raisec ��� rand*�� C
read$&%(')�

_
*�� C

readdir* �J�Q�
_
p�� , � �

realloc� 6 � [ p�n��
register� n��(�
remove��� �

rename� � *�$
return� �J§B�¨�

rewind$&%(')�
_
� �J§

rewinddir$&%(')�
_
� n��(�

rmdir�
_
*�%(� C

scanf��^ C
_
m�u

setbufm����(�
_

��l 1

setjmp��^ C
_
4 687

setlocale��^ C
_
� m�u

setvbuf
�1 �
short$ � 3

_
*�%(!�h

_
� 3 � �

sig_atomic_t$ � 3 6��
signal� ' � � � � signed$ � 3

_
m�� 3��

sigpending$ � 3
_
� CF3DC

sigsuspend��� *
_
� 3 � �

size_t��� *
sizeof�

_
� 
�^ C

sprintf� H�h
_
�g%(


sqrt
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m 68���
srand��� 
��

_
*g%(� C

sscanfc n�
 static��� � 3
_
7 � � n

stderr��� � 3
_
� � � 6d�

stdin��� � 3
_
� � 3 � $

stdout�
_
[}C � C

strcat�
_ c 4}� strchr�
_
� 6 �

strcmp�
_
� 3 


strcpy�
_̂
CF[

strcspn�
_
7 � � n

strerror$
_
��� 
"�

strftime�
_
��� *

strlen�
_
[}C ���

strncat�
_
� 6 � �

strncmp�
_
� 3 
��

strncpy�
_̂
CF[ *

strrchr�
_ c ^ CF[ strspn�
_
��� 
"�

strstr�
_
$:6
_
�y�

strtod�
_
� C�� �

strtok�
_
$:6
_
� ��1�h

strtol�
_
$:6
_ c � ��1�h strtoul3 � -��

struct'�=��
switch��!"� 
#�
system©��l '��
template= �
thisu b 3DC throw$���=

time$���=
_
� 3 � �

time_tm�� �
times* � '�� � H

tm4 � ! 3
_̂ tmpfile4 � ! 3

tmpnam� C n 6
tolowerm�� 6
toupper��=�� $

try� 3 � �
typedefc 4}� _� � *�$ ungetc[�C �
unionc � ' � � � � unsignedm �ª _� 3 h va_argm �ª _*g%(!�h va_endm �ª _$&%(')� va_list /*
m �ª � 3 h */m �ª _ � �JI va_start� ^

_
� 
"^ C

vfprintf
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� �
virtualST= C �
voidc � py@Q� volatile�

_
� 
"^ C

vprintf� �
_
� 
�^ C

vsprintf§ 3DC
waitm

_ c 4}� _� 3 � � wchar_t[ m�� 3
whileH

_
� 
�^ C

write

*���� � � �
.
$

iostream.h*���� � � �
_
$

iostream*��
_
� � � �

iostreamc _m�� � � coutc _ c � � � cin` 68$J�
decE -
hexc f oct^�� 
#�
ws*

_
*�%(!�h

endl�
_
*�%(!�h

ends$�u�� «
flush* �J�Q�

_
*��
_¬ � ` 6 resetiosflags��^ C

_
� � � �

setbase��^ C
_
� � C

setfill��^ C
_
*��
_¬ � ` 6 setiosflags��^ C

_
$"nZ� 3

setprecision��^ C
_
'�­)��� «

setw*���*
ios� C � C

_̂
�� 
J�

skipwsm��l j
left� �l j
right� ?�®"� � � 3

scientific[ �
fixedm����
uppercase� 
"^ C

_
� � � �

showbase� 
"^ C
_
� m � � � showpoint� 
"^ C
_
� ' � � showposm

_
� � � �

ostreamc _� � � � istream^�� � � �
.
$

fstream.h^
_
� � � �

fstreamc ^ _� � � � ifstream�
_

 C

ins����@d�
appc � � _*�� ate�

_
��=��

nocreate�
_
� � �

noreplace
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���l n C
truncm�^

_
� � � �

ofstream�
_
�8C

outsc _7 � � n cerr
 C
get�)C
putH

_
py@Q� �

seekg� � �
fail^�*
eof$�u��
clearm �J���

badcq¯ ��� good��� � � �
.
$

strstream.h��� � � �
_
$

sstream�
_
� � � �

strstreamm��
_
� � � �

ostrstreamc � _� � � � istrstream
 C
_
* � � �

getline� £ H
binary*

_
py@Q� �

seekp��� � 3 *��
stdio$���=

_

 C

gettime$���=
_
��^ C

settime

� ?�
#�P�QA � �BA ��3DCFE
(Shaili Shabda command reference)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

�
_
�QA �

yylex�
_
m
_
��� �

yylval�
_
��� 
"�

yytext�
_
* � � �

yylineno

� ?�
#��ST=�� 3 ��!U�QA ��3DC�E
(Shaili Wyaakaran command reference)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

�
_
�QA �

yylex�
_
m
_
��� �

yylval�
_
��� 
"�

yytext�
_
* � � �

yylinenoST=�� 3
yyparseST=�� 3

_
7 � � n

yyerror

%
� CF� �

%token

%
m��l j

%left

%
� �l j

%right
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%
m 68� 68


%nonassoc

%
���(@ � � 3 ���

%prec

%
[�C �

%union

%
*g%(� 3

%term

%
� 3 � �

%type

%
$���� � � �

%synch

%
� �JI

%xstartST=�� 3
_
© 68�
_
� 3 � �

YYSTYPE

� ?�
#��=�� � � 7 3 �BA ��3DCFE
(Shaili Yaantrik command reference)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(� C n
: c H�� � ��°±� � 
 � ^��/� 3 � �k$:6 � 3 $#�P� � 6d� 3 6w$�°¤� �J^\^��)�²� 68^�� (|) �8C ,� C 	�$ 3 � c @�h � ? � 3\��� � � 6d�³*�� � �)´N� � 6d� 3 �t$���� ���:@�h 3\� ?�e ¡ � � � ��!"�q� ,� � � �
_
$&%(' 3 ��@D�µ�¨$a$"��� ���(@�h 3\� ¶ e

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

¡ � � � ��! : � � � �
_
$&%(' 3

|��$
BP

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

)

3 ¡ AH3 �
AL3 4
AX^ ¡ BH^��
BL^·4
BXH ¡ CHH��
CLH¸4
CX1 ¡ DH1��
DL1�4
DXm 3 4
EAXm�^·4
EBXm�H�4
ECXm�1�4
EDXmy�¨$
EBPm���$
EIPm�� 3
EDIm�© 3
ESI� � � �

_
$&%(' 3

|��$
BP� � � ¹ �

_
$&%(' 3

|��$
IP
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© 68�
_
$)%(' 3

|©�$
SP3 % n _̂ � ` |3 ^
CS��ºJ=

_̂
� `

|��^
DSm , � �

_̂
� `

|m�^
ES� % � _̂ � ` |� ^
FSH

_̂
� `

|H�^
GS© 68�

_̂
� `

|©�^
SS��ºJ=

_
$)%(' 3 � � 3

|� 3
DI© 68�

_
$)%(' 3 � � 3

|© 3
SI

/*OPERATORS*/� �
ANDm�� 	�n
BYTE� n��T*�!#�

COMMENTm���� m��
|m��
EQ� % � FAR[ m

GE»�=�� � �
|[ =

GT

¡�¢ HIGH3 �
_
m���� m��

|3 m
LE��� *

LENGTH* � � �
LINE� = % � LOW3 �
LT� 3 � m
MASK��6 E
MOD��m
NE� � 3 n
NEAR� ���
NOT3� � _� �Z� NOTHING� � ��� � OFFSET=��
OR$&%(' 3

PTR^ � `
SEG
�1 �

SHORT
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��� *
SIZE© 68�
STACK= �
THIS� 3 � �
TYPE[ m�� 3

WHILE'�­&��� «
WIDTH�BA �
WORDc @ � � XOR

/*dIrectives*/� ��
��g�
ALIGN

.
$ [ �(�

.ALPHA��� � C
ASSUME

.
3 % n .CODE$�� � � ��!

COMM

.
� py@Q�

.CONST

.
$ � � � h

.CREF

.
��ºJ=

.DATA

.
��ºJ=

? .DATA?��ºJ=
_
m�� 	�n

BYTE��m
DB��ºJ=

_
� £ H �J�

DWORD� �
DD� � % � DF��ºJ=

_
� % � FWORD`��&$"^ � `

DOSSEG��ºJ=
_
'�­�@

QWORD��'
DQ� m
DT� $

_
m�� 	�n

TWORD��ºJ=
_
�QA �

|�B�
DWcq� @D� ELSE*g%(!�h

END*g%(!�h
_ c H�� ENDIF*g%(!�h
_
$ � ��=��

ENDM*g%(!�h
_
� ��=��

ENDP*g%(!�h
_̂
� `

ENDS$��
EQU

.
7 � � n

.ERR

.
7 � � n

1 .ERR1

.
7 � � n

2 .ERR2

.
7 � � n

_
$"�

.ERRE

.
7 � � n

_ c $"� .ERRNZ

.
7 � � n

_
1 CF� E �

.ERRDEF

.
7 � � n

_ c 1 CF� E � .ERRNDEF

.
7 � � n

_̂
�� 
J�

.ERRB
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.
7 � � n

_
�
_̂
�� 
#�

.ERRNB

.
7 � � n

_
$"�

_
��� 
"�

.ERRIDN

.
7 � � n

_ c $"� _��� 
"� .ERRDIF[�C �
_
� ��


EVEN

.
� � 3 � $

.EXIT� � 3 � $ 3
EXITMm�� ~
EXTRN

.
� % ����º#= .FARDATA

.
� % ����º#= ? .FARDATA?$���% �

GROUPc H�� IFc H�� 1 IF1c H�� 2 IF2c H�� _̂�� 
J� IFBc H�� _1 CF� E � IFDEFc H�� _ c $"� IFDIFc H�� _ c $"� IFEc H�� _$"� IFIDNc H�� _ � ��� IFNBc H�� _ c 1 CF� E � IFNDEF$���� � 6d�
INCLUDE$���� � 6d�

_
3DCFE

INCLUDELIB$���� 3DCFE
INCLUDELIB���

IRP��� c IRPC� CF� �
LABEL

.
� � ^��(�

.LISTp�@D� ���d=
LOCAL

.
p � I�*

.MODEL$ � ��=��
MACRO��� �
NAME� �JI
ORG

%
� 
"^ C

%OUT* ,.-
PAGE� ��=��
PROC$�� � h
PUBLIC$J� � ���
PURGE

.
� � � �

.RADIXc � � 
:68^ RECORD�)CF� ���g�
REPT

.
���
_
= � 7

.SALLc ^ � ` SEGMENT

.
�g%(


.SEQ

.
© 68�

.STACK©��l '��
STRUC

¡ *y�d� E h 3 SUBTTL��� E h 3
TITLE[�C �
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Technical Description

~~~~~~~~~~~~~~~~~~~~~

(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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

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, OOP, 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, OS 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 O(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 (^), 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 O(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.

3
+ Å�Æ � +

� Å +
=

+ Å � =
� ��=��

ka + ^ra + ^i + 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 O(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 krama

While jaba tak

File khaata

Write likho

Read poocho

If agar

Begin anu

End 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 is then made to gcc or g++ depending

upon the shaili.

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The financial objectives of Hindawi have been
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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.


