
���������
	�����
�����	�������������	���� ���!�"�$#%	�������	'&)(*	'�,+���	'+�-/.�-�01�,����-2�3-2�����4�������
51�����
	'&*6879-�
:�<;=
:	�����������>

?�@BA�CED<F�@GA�H�IJ@G@

K1@GL�MON�P CE@GQRP�SUT�VWSXC)L�A�P�@BNYMUQ�Z$[\Q]T^SXN C_MUP `aSbQcFed�`a@GQ�d�@Of
g�hi@9j�Q�`ak�@GNlfm`nPmopSOTWq�rsMUt�MUC_MpMOP�?�`aN�C)`aQ�ubh�MUC
?�`aN�C)`aQ�ubh�MUCwvxq1rsMOt�MUC_MRvRj9yzF�y{q9yR|X}b~X�U�bD��b�U�b�

�"D^C_MO`ar\�W�]�R�b�J�b���i�R�������O�Y���b���

�)�2�����U�i�X�

�<�1� �s�\�s ¢¡¤£\¥�¥m�G¦¤§¨�b¥\¥<£m§¨�G¦��n©O¥<£\¥:©O¡¤ª¤¥W«\¥\¥<�¬ª¤¥m£<­�� ¥m )¡l�n®
�¯¥m°�±U�n�J�^�W¡¤²��^�¤°Y¡��^¥J�a©�¥J�s£³¡´�G�<µ{¡l�¶§n�´�:�<£³�´°·¡'£³¥\¸m²G§¨£³¥m°¹¥m�G�a�
º ��»<²G°Y¥<�G�Y �£<§¼�n�^¥<�*§¨�_¡p�b¡l�¶²G£\¡¤µ:µ{¡´�G¦¤²�¡l¦´¥9½¯¾�¿UÀÁ�^���¤�X¥
�s���a©�¥:���¤£<°Y¡¤µ]�s±�¥\»m§ Â¢»\¡��s§n�´�pµ{¡¤��¦l²O¡�¦Ã¥���Ä*Å:�b¥��¯���n©O¥Y°Y¡�®
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×:Ø<ÙÚØ Û¤Ü\Ý^Þ=ß�Ü^Ø�ÛOà áXÛ¤â^ãUÜ³Û¤ä:ä¨Û´áOåÃãbÛ´åÃØ1Ü^Ø æ�ãOçÇÜ^Ømè�Ø<áGâ^Ù�Û´ábÛ¤äÇé�ê
Ù^çÇÙ ë�ìaíÃÜ^è�Û¤äWÙÚîbØ�Ý\çÉïxÝ<Û¤âÚçÇíÃáðä¨Û¤áUåÃãbÛ´åÃØ<Ù�ëYØ\ñOØ Ý\ãOâÚçÇíÃá4í¤ì¬Ü^Ø�ê
æÃãUç{ÜÚØ<è�ØmáBâÚÙ

ò�ó�ô �Oõ���öÚ÷Rø ùJ���]�O÷Røú÷Rû��

ü:ÞOØ'è,Û¤çÇá1åÃíBÛ´ä�í¤ì�â^ÞOØWÜÚØ<Ù^Ø�Û¤Ü³ÝÚÞ9çÇÙ�â^íYÜÚØ Û¤äÇçÇý<Ø�Û´á¬Û¤ãOâÚí¤ê
è,Û¤âÚØ þ�Ý�íÃáGÿÃØ<ÜÚÙ^çÇíÃá=í¤ì¢Û�Ü^Ø æ�ãOçÇÜÚØ<è�Ø<áGâÚÙ�þGíOÝ\ãOè1Ø<áGâ��:Ü^çÇâ^âÚØ<á
ç{áEábÛ´â^ãOÜ\Û¤ä'ä¨Û¤áOå�ãbÛ¤å�Ø������	�YçÇáGâ^í�ÛÈìníÃÜÚè,Û¤äJÙ^îXØ Ý\çÉïxÝmÛ¤â^çÇí�á
ä¼Û´áOåÃãXÛ¤åÃØ�

��ÿ�Ø<á¬â^ÞUíÃãOå�Þ,âÚÞOØ<ÜÚØ¹Û´Ü^ØWè�Û¤áGéWìaíÃÜ^è�Û¤äXÙ^îXØ Ý\çÉïOê
Ý<Û¤âÚç{í�áÁä¨Û´áOåÃãbÛ´åÃØ<Ù�ëXç{â'çÇÙ^á	� â'Ø Û´Ù^é=ìníÃÜWÛ�þGí�è,Û¤çÇá�Ø\ñOîXØ<Ü^âWâÚí
ä{Ø�Û¤Ü^áEÛ¤ábþ ãOÙ^Ø=â^ÞOØ<è%ç{á*îOÜ³Û�Ý\â^ç¨Ý\Ø�
��GíÁãUÙ^ãbÛ´ä{äÇé9â^ÞOØ�ÙÚí¤ìnâ¯ê
�ÔÛ´Ü^Ø�ØmáOåÃçÇáOØ<ØmÜ��:ÞOí�ÞXÛ¤ÙJè,Û¤ÙÚâ^Ø<ÜÚØ þ1â^ÞOØmÙ^Ø'ä¨Û¤áOå�ãbÛ¤å�Ø<Ù¢â\Û���Ø<Ù
â^ÞOØWÜÚØ æ�ãOçÇÜ^Ø<è1Ø<áGâ^Ù�þGíOÝ\ãUè�Ø<áGâ³Û´â^çÇíÃá��:Ü^çÇâ^âÚØ<á¬çÇá������Gé�âÚÞOØ
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þGíÃè�Û¤çÇá¬Ø\ñOîXØ<Ü^âÚÙ,Û´ábþ9â^ÞOØmá�è,Û´áGãbÛ¤äÇäÇé�â^Ü³Û´áOÙ^ä¨Û´â^Ø<ÙYâÚÞOØ�ÜÚØ\ê
æ�ãOçÇÜ^Ø<è1Ø<áGâ^Ù�çÇáGâ^íWâÚÞOØ:ìaíÃÜ^è�Û¤äGÙ^îXØ Ý\çÉïxÝmÛ¤â^çÇí�á�â^í9�OãOçÇä¨þYÛ'ÙÚéBÙ¯ê
â^Ø<èb�bÛ´Ù^Ø þ9í�áÁâÚÞOØYÜ^Ø�æÃãUç{ÜÚØ<è�ØmáBâÚÙI
dc ÞOØ<ápâ^ÞUØYÙ^éGÙ^âÚØ<è â^í
�bØ��UãOçÇä{â]çÇÙ�ä¨Û¤Ü^å�ØÔÛ´ábþ�Ý\íÃè1îOäÇØ\ñWâ^ÞOçÇÙ�è,Û´áBãXÛ¤äÃâÚÜ³Û´áOÙ^ä¨Û¤âÚçÇíÃáWçÇÙ
ÿÃØ<ÜÚé'Ø<Ü^ÜÚíÃÜ�îOÜ^í�áOØ:Û¤ábþ'ØmÿÃØ<á�çÇè�îOÜ\ÛÃÝ\âÚç¼ÝmÛ¤ä¤çÇáWâ^ÞUØG�¢í�Ü^ÙÚâ�ÝmÛ¤Ù^Ø�

ü:ÞOØ<ÜÚØÊÛ´Ü^Ø1Ù^íÃè1ØYÜ^Ø Û´Ù^í�áOÙ�ìníÃÜ�â^ÞUØ<Ù^Ø�Ø<ÜÚÜ^íÃÜÚÙYÙ^ãbÝÚÞ_Û¤Ù�è�çÇÙ¯ê
Ý\íÃè1èYãOáOç¨Ý<Û´â^çÇí¤á��bØmâ(�¢Ø<Ømá_â^ÞOØ9þGíÃè�Û¤çÇápØ\ñOîbØmÜ^â^Ù¬Û´ábþ*â^ÞOØ
Ø<áOå�ç{áUØ<Ø<Ü�Û´ábþ¬þGçfe�Ø<Ü^Ø<áGâ'ìaíÃÜ^è�Û¤äÇçÇÙ^èðäÇØ<ÿ�Ø<äÇÙ'í¤ìK���)Û´ábþ=â^ÞOØ
Ù^îXØ Ý\çÉïxÝ<Û´â^çÇíÃáEä¨Û¤áUåÃãbÛ´åÃØ+
=ß�äÇâ^ÞOí�ãOåÃÞpâÚÞOØ<ÜÚØ¬è,Û�ég�XØ�ÙÚíÃè1Ø
�ÔÛ�éGÙYâÚípí¤ÿÃØ<Ü\Ý\íÃè1Ø,âÚÞOØ<ÙÚØÁçÇÙ^ÙÚãOØ<Ù�ë:â^ÞOØ9Û¤èd�OçÇåÃãUç{âsé9çÇáEâ^ÞOØ
Ü^Ø æ�ãOçÇÜÚØ<è�Ø<áGâÚÙ�þGíOÝ\ãOè�ØmáBâ\Û¤âÚç{í�á�Ý<Û¤áh�bØ�âÚÞOØ�è�íÃÙÚâWçÇè�îXíÃÜ¯ê
â³Û´áBâ�çÇÙ^ÙÚãOØÃëJéÃØ<â�ÝÚÞbÛ´äÇä{ØmáOåÃçÇáOå¬âÚíÁÜÚØ<Ù^í�äÇÿÃØ+
*ü:ÞOçÇÙ�çÇÙ�íÃáOØ�í´ì
â^ÞOØ1Ü^Ø Û´Ù^í�áOÙYâ^ÞbÛ´âWâ^ÞUØ<Ü^Ø¬Û¤ÜÚØ�ÿ�Ø<Ü^é9ìnØ@� Û¤âÚâ^Ø<è1îOâ^ÙWâÚíÁÝ\í�áGê
ÿÃØ<ÜÚâ�Ü^Ø�æÃãUç{ÜÚØ<è�ØmáBâÚÙÔþ�í�Ý�ãOè�Ø<áGâÚÙiçÇáGâ^í"ìníÃÜÚè,Û¤ä�Ù^îXØ Ý\çÉïxÝ<Û´â^çÇíÃáUÙ
Û¤ãOâÚíÃè�Û¤â^ç¨Ý<Û´äÇä{é�
GiRçÇÜÚÙ^â'â^ÞOØ�Û¤èd�OçÇåÃãUç{âsé�ÞbÛ´Ù�â^í��bØ�þGØ<â^Ø�Ý\â^Ø þ
Û¤ábþÎâ^ÞUØ<áRë¤çÉì�îbí�Ù^Ù^çj�OäÇØÃë´Ü^Ø<ÙÚíÃäÇÿÃØ þÎâ^í'ÜÚØ Û¤äÇçÇý<Ø:â^ÞUç{Ù�Û´ãOâ^í�è,Û¤âÚØ þ
Ý\íÃáGÿ�Ø<Ü^ÙÚç{í�áP


k¢ó'ô �ml^õ��onE÷]�B÷]���O�mp

q áOØ¢ÜÚØ<Ù^Ø�Û¤Ü³ÝÚÞYîOÜÚíIr\Ø Ý�âG�:çÇâ^ÞWÙÚç{è1çÇä¼Û´Übå�íBÛ´ä{ÙRÛ´Ù�íÃãOÜÚÙRçÇÙ�â^ÞOØ
ãOÙ^ØYí´ìts\Ý\íÃáGâÚÜ^íÃäÇäÇØ þ=ábÛ¤âÚãOÜ³Û´ä�ä¨Û¤áOå�ãbÛ¤å�Ø$u1ìníÃÜ'ÜÚØ æ�ãOçÇÜ^Ø<è1Ø<áGâ^Ù
Ù^îXØ Ý\çÉïxÝ<Û´â^çÇíÃáwvAx@y�
VzJí�áBâÚÜ^í�ä{äÇØ þ{����äÇçÇè�çÇâÚÙ�â^ÞOØ�Ù^éGáGâ³ÛlñÁÛ¤ábþ
Ù^Ø<è�Û¤áGâ^ç¨Ý\ÙÎí¤ì:â^ÞOØ1ä¼Û´áOåÃãXÛ¤åÃØYâÚÞbÛ¤â�Û�ãOÙ^ØmÜ¹Ý<Û´á�ãOÙÚØ+
|��ÿÃØ<á
â^ÞOí�ãOåÃÞ�âÚÞOçÇÙ�Ý\íÃáGâ^ÜÚíÃäÇäÇØ þ1ä¨Û¤áOå�ãbÛ¤å�Ø�çÇÙ:Ø Û¤ÙÚçÇØ<Ü�âÚíYä{Ø�Û¤Ü^á�âÚÞbÛ¤á
íÃâÚÞOØ<Ü:ìaíÃÜ^è�Û¤ä�ä¨Û¤áUåÃãbÛ´åÃØ<Ù�ëOÙ^âÚçÇä{ä]â^ÞOØÎãOÙ^Ø<Ü'ÞbÛ´Ù�âÚí�äÇØ Û¤ÜÚá¬Û¤ábþ
Ü^Ø<è1Ø<èd�XØ<Ü�â^ÞUØ�ÜÚØ<Ù^âÚÜ^ç¨Ý\âÚç{í�áOÙ:íÃá1â^ÞOØ'ÙÚéBáGâ\Û�ñP
~}ÊíÃÜ^Ømí¤ÿÃØ<Ü:çÇáGê
Ù^âÚØ ÛÃþEí´ì¹Ý\í�áBÿ�Ø<Ü^âÚçÇáOåpâ^ÞOçÇÙ{���wÙÚãm�OÙÚØ<â�ç{áGâÚí)Û¤áUíÃâ^ÞUØ<ÜYìní�Üsê
è,Û´äbÙÚîbØ Ý�çÐï�Ý<Û¤âÚç{í�á�ä¼Û´áOåÃãXÛ¤åÃØ�ëGâ^ÞOØ'â³Û´Ü^å�Ø<â�ä¨Û¤áUåÃãbÛ´åÃØ�çÇá1â^ÞOçÇÙ
îOÜ^í[r\Ø Ý\â�çÇÙ¬ÛpäÇíÃå�ç¼Ý1îOÜÚíÃå�Ü³Û¤è1è�çÇáOå¬ä¨Û´áOåÃãbÛ´åÃØ�äÇçj�ÃØ|��ÜÚíÃäÇíÃå
�:ÞOç¨ÝÚÞ,çÇÙ:áOí�â:Ù^ãOçÇâ\Û��OäÇØ:ìaíÃÜ�Û�åÃØmáOØ<Ü³Û´ä�ìní�Ü^è�Û¤äXÙ^îXØ Ý\çÉïxÝ<Û´â^çÇíÃá
íÃÜ:çÇè�îUä{Ømè�Ø<áGâ³Û´â^çÉíÃáP


ß�áOí�â^ÞOØmÜÊÛ´îOîOÜÚíBÛÃÝÚÞ$â^íw��� Ü^Ø æ�ãOçÇÜÚØ<è�Ø<áGâÚÙÊÛ´ábÛ¤äÇéGÙ^çÇÙYçÇÙ
â^í¬ÙÚØ Û¤Ü\ÝÚÞ)Ø�ÛÃÝÚÞ�äÇçÇáOØYí¤ì�âÚÞOØ�ÜÚØ æ�ãOçÇÜ^Ø<è1Ø<áGâ^ÙYþGíOÝ\ãOè1Ø<áGâ'ìníÃÜ
Ù^îXØ Ý\çÉïxÝ��JíÃÜ³þ�Ù�Û¤ábþ îOÞOÜ\Û¤Ù^ØmÙWìní�ÜWâ^ÞUØ�îOãOÜÚîbí�Ù^Ø�í¤ì�æ�ãbÛ´äÇç{âsé
Û¤ábÛ´äÇéBÙÚçÇÙKvj���0yT
]ß�äÇâÚØ<Ü^ábÛ´â^çÇÿÃØmä{éGë�c_çÇäÇÙ^í�á�vj�[�@yxÛ¤ÜÚåÃãOØ<ÙJâ^ÞXÛ¤â�ÜÚØ\ê



Natural Language Requirements Document


Knowledge Base


Two Level Grammar


Vienna Development Method


Java,
 C
++


Contextual Natural Language Processing


Decontextualization


IFAD
 VDM
  Tool Kit - Code generators


Data and Function translation


a


i]ç{å�ãOÜ^Ød��à~�GéGÙÚâ^Ø<è �GâÚÜ^ãbÝ�â^ãOÜÚØ+


æÃãUç{ÜÚØ<è�ØmáBâÚÙRþGíOÝ\ãOè1Ø<áGâ^Ù�Ù^ÞUíÃãOä¨þ �XØG�:Ü^çÇâÚâ^Ø<áWçÇáWÛJîbÛ´Ü^â^ç¨Ý\ãUä¼Û´Ü
�ÔÛ�é;
V��Ø<çÇâ^ÞOØmÜ�í´ì¢â^ÞUØ<Ù^Ø�Û´îOîOÜ^íGÛÃÝÚÞOØ<ÙÎÞbÛ�ÿÃØ7�XØ<Ø<ápØ�ñ�âÚØ<ábþGØ�þ
ç{áGâÚí,Û1îOÞbÛ´Ù^Ød�:ÞOØ<ÜÚØYâ^ÞOØ�Ü^Ø�æÃãUç{ÜÚØ<è�ØmáBâÚÙ�Û¤ÜÚØ¹Ý�íÃáGÿÃØ<ÜÚâ^Ø þ9âÚí
Û¤áGé�ìníÃÜÚè,Û´äbÙÚîbØ Ý�çÐï�Ý<Û¤âÚç{í�á�íÃÜ:Ø\ñOØ Ý\ãUâ³Û��Uä{Ø�Ý\íOþGØ+


�:ó�ô �Oõ��Wõ��G÷�� nE÷R�G÷]�i�U�mp

q ãUÜpÞBéGîXíÃâÚÞOØ<Ù^çÇÙ*ç{ÙpâÚÞbÛ¤â zJí�áGâ^Ø\ñOâ^ãXÛ¤ä��2Û¤âÚãOÜ³Û´ä��RÛ´áGê
åÃãbÛ´åÃØ���Ü^íOÝ\Ø<ÙÚÙ^çÇáOå���z����P�G��v��@yxÛ´ábþ�ü��Jí �eØ<ÿÃØmä��'Ü³Û´è�è�Û¤Ü
�nü��	� ��v�
@yeÝ<Û´áYí¤ÿÃØ<Ü\Ý\íÃè1Ø¢âÚÞOØ�ÝÚÞbÛ´äÇä{ØmáOåÃØ:í´ìiÛ¤áYÛ¤ãOâÚíÃè,Û´â^Ø þ
Ý\íÃáGÿÃØmÜ^Ù^çÇí�á�ìaÜ^íÃè/Û9Ü^Ø æ�ãOçÇÜ^Ømè�Ø<áGâ^Ù�þ�í�Ý�ãOè�Ø<áGâd�:ÜÚç{âÚâ^Ø<á ç{á
���pçÇáGâ^í�Û�ìní�Ü^è�Û¤ä�Ù^îXØ Ý\çÉïxÝmÛ¤â^çÇí�áÁâÚí,îUÜ^íÃè1íÃâÚØ"Û1þGØ<âÚØ Ý\â^çÇí�á
è�Ø<âÚÞOíOþ'í¤ìRÛ¤èd�OçÇå�ãOçÇâsé:íÃÜ�Ø<Ü^ÜÚíÃÜÚÙ�çÇá�âÚÞOØ¢ÜÚØ æ�ãOçÇÜ^Ø<è1Ø<áGâ^Ù¢þ�í�Ý³ê
ãOè�Ø<áGâ\Û¤â^çÇí�áRëÃÜ\Û¤îOç¨þ1îOÜÚíÃâ^í�âséGîOçÇáOåYí¤ì�â^ÞUØWÜ^Ø æ�ãOçÇÜÚØ<è�Ø<áGâÚÙ ëbÛ´Ù
�¢Ø<äÇäRÛ´Ù:Ù^éGÙ^âÚØ<è�çÇè�îOäÇØ<èYØ<áGâ\Û¤â^çÇí�áP


�sá z����P�*ÛWÙÚâ^ÜÚãbÝ\â^ãUÜ^Ø þ¬Û´ábþÎìní�Ü^è,Û´äÇç{ýmØ þ�Ý�íÃáGâ^Ø\ñOâJçÇÙÔþGØ�ê
ÿÃØ<äÇíÃîXØ þ8â^í�Ü^Ø<ÙÚíÃäÇÿÃØ2â^ÞOØ'Û¤èd�OçÇåÃãUç{âsé'îOÜÚí+�OäÇØ<èúç{áYâÚÞOØ'â^Ü\Û¤áOÙ¯ê
ä¼Û´â^çÇíÃá ìnÜÚíÃè â^ÞOØ*Ü^Ø æ�ãOçÇÜÚØ<è�Ø<áGâÚÙÈþGíOÝ\ãUè�Ø<áGâ³Û´â^çÇíÃá	
 ü��	�
ç{Ù�Û=ìaíÃÜ^è�Û¤äJÙ^îXØ Ý\çÉïxÝ<Û´â^çÇíÃá$â^ÞXÛ¤â�Ý<Û´áÕÝ\íÃáUÙ^â^ÜÚãbÝ\â¬Û��OÜÚç¼þ�åÃØ
�bØ<â(�JØ<Ø<á_Û´á ���EÜÚØ æ�ãOçÇÜ^Ø<è1Ø<áGâ^ÙYþGíOÝ\ãOè�ØmáBâ�Û¤ábþpÛÊìníÃÜÚè,Û´ä
Ù^îXØ Ý\çÉïxÝ<Û´â^çÇíÃá�ä¨Û¤áOå�ãbÛ¤å�Ø �nçÇá�í�ãOÜ:Ý<Û¤ÙÚØWâ^ÞOØ2â³Û´Ü^åÃØmâ:ä¼Û´áOåÃãXÛ¤åÃØ
ç{ÙÎâ^ÞOØ
��çÇØ<áOábÛ���ØmÿÃØ<äÇíÃîUè�Ø<áGâ }�Ømâ^ÞOíOþ9ê���� } vj�0y.� �:çÇâ^Þ
â^ÞOØ'Ù^éGÙÚâ^Ø<è�ÙÚâ^Ü^ãXÝ\â^ãOÜÚØ�ÙÚÞOí��:á�çÇá�i]çÇåÃãOÜÚØt��


ü:ÞOçÇÙWÜ^Ø<ÙÚØ Û¤Ü\ÝÚÞ)ÞXÛ¤Ù�â^ÞOÜÚØ<Ø�îOÞbÛ¤ÙÚØ<ÙI
9ü:ÞOØ8ïbÜ^ÙÚâ�îUÞbÛ¤ÙÚØ�çÇÙ
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Û�ä{çÇÙÚâ¢í´ì-�JíÃÜ\þGÙ �¶þ�Ø Ý\íÃè1îbí�Ù^çÇâ^çÇí�á �$
G�GéGáGâ³Û�Ý\â^ç¨Ý'Û¤áXþ�ÙÚØ<è,Û´áGê
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��:Ø<ÜÚØ�âÚÞOØ�þOÛ´â³ÛÎâ^íYÙÚâ^íÃÜÚØ
Û¤ÜÚØ¢Ý\íÃáXÝ\Ø<îOâÚÙ��nÿ�í�ÝmÛ��OãOä¨Û´Ü^çÇØ<ÙB�më¤Ù^ØmáBâÚØ<ábÝ\ØmÙ ëGÛ¤ábþWÝ�íÃáGâ^Ø\ñOâÚÙI
�ß
Ý\íÃáXÝ\Ø<îOâÚãbÛ¤äRþOÛ´â³Û'ÙÚâ^ÜÚãbÝ\â^ãUÜ^ØWçÇÙ�ãOÙÚØ þ1â^íWÙÚâ^í�Ü^Ø�âÚÞOØWÝ\íÃáXÝ\Ø<îOâÚÙ
�:ÞOØ<ÜÚØ Û¤ÙYÛ�Ý\íÃáGâ^Ø�ñ�âÚãbÛ¤ä:þOÛ´â³Û1Ù^âÚÜ^ãbÝ\âÚãOÜ^Ø�âÚí,ÙÚâ^í�Ü^ØYâ^ÞUØ�Ù^ØmáGê
â^Ø<áXÝ\Ø<Ù�Û´ábþ1â^ÞOØWÝ\í�áGâ^Ø\ñOâ^Ù[
GcpØ��:ç{äÇäXÙ^ÞOí�� ÞOí��_â^ÞUØV�GáOí��:äÉê
Ø þGå�Øg�bÛ¤ÙÚØÁí´ìWâ^ÞOØ¬Ø�ñUÛ´è�îOäÇØ1ß�ãOâÚíÃè,Û´â^ç¨Ý1ü�Ø<äÇä{ØmÜ }¬ÛÃÝÚÞOçÇáOØ
�nß�ü�} ��Ü^Ø æ�ãOçÇÜÚØ<è�Ø<áGâÚÙ�Ù^îXØ Ý\çÉïxÝ<Û´â^çÇíÃád�XØ<äÇí��EçÇÙ�Ý�íÃáOÙÚâ^Ü^ãXÝ\â^Ø þ
ãOÙ^çÇáOåYâÚÞOØ<ÙÚØ�þOÛ¤â\ÛWÙÚâ^ÜÚãbÝ\â^ãUÜ^Ø<Ù[


��������� ��!"!#��� $�%�&����('#)*% &"+-,.��/0/�+ 1���&#%32
4���/ �"��/�/0+ 1���&5�#��%(&���6��0�")7�0&�� 8���6:9�� &��:,;)*��'<9�%3=

>7?�@BAC>-D�@E�<��9"����'��<��/��32
������F���G(HI�0/ �C)7���:����%(JK%���6<LC)*/���&0M�$���%3=

N )7&��09�6�� N @O9�� $�+�%I)7&�@P� ��9"���0'�� ��/���/ ����/ !Q2
R�+�6(����/ �K%0��6 LC)*/0�S,;)*6�%<&K)7&"L#��6#)T,;) ��%�>7?K� ��9"AC>-D
,I6�+*HU&��#�5���<��!�2

VC)7&��09�6�� N %0��6 LC)*/0� N )7&��09�6�� N %�� �K�*HI+ 1���&�,I6�+*H
&����(��/�/�+<1���&"+-,W>7? N )7&��"AC>-DK)7�"&0���(��� ��!
)7�
&����:,I+�'�'0+ N )7��8(%�� X�1��<��/��3Y
RC)*60% &")7&"8��<&�%(&���������'��<��/��5+-,K&0���"��/�/�+<1���&
+-,Z>7?(,I6�+*HK&�������� ��!�@
)T,"&����"�-HC+ 1���&
)*%('���%�%(&��#� �U+06"� X�1���'�&�+
&���������'0� ��/���&0��� �
)7&"9���/06�����%��0%�&���������'��<��/�����M"F<HI+ 1���&Q@
1�$�9��<&���%�&��#�(����'�� �#/��5+-,K&��#�"��/�/�+ 10��&�+-,W>7?
)7�"&����(�#� ��!�@
� ��9"&��#� �U+<1�&�$�1�&#%�&����(��� N ���0'�� ��/��[2

?�� $�+0%#)7&�%��06 LC)*/��:9�� $�+�%I)7&�%5� �K�*HI+ 1���&�&�+(&����
��/�/�+<1���&�+-,W>-? N )7&��(AC>7DZ)7�"&0���
��� ��!
)7�"&��#��,I+�'�'�+ N )7��85%�� X01�� ��/��[Y
RC)*60% &")7&"8��<&�%(&���������'��<��/��5+-,K&0���"��/�/�+<1���&
+-,Z>7?(,I6�+*HK&�������� ��!�@
)7&
)7��/�60����%���%:&���������'�� �#/��5�0M"F HI+ 1��0&�@
1�$�9#� &���%�&0���5�#��'�� ��/0�5+-,K&����"�0/�/�+ 1��0&�+-,W>7?
)7�(&����(���<��!�@
� ��9(&����<�U+ 10&�$�1�&�%:&����(��� N �#��'�� ��/0�32

\���'��<��/��5/ �#��/ !"%���6 LC) /��5/ ���0/ !�&0���5�#��'�� ��/0��+-,
&����(��/�/�+<1���&"+-,W>7? N )7&��"AC>-DK)7�"\#� ��!
)7�"&����:,I+�'0'�+ N )7�08�+�6 9��063Y
>7&(8�� &�%(&0���5�#��'�� ��/0�5+-,K&����"�0/�/�+ 1��0&�+-,W>7?
,I6�+*HU&��#�5���<��!�@
� ��9(&����<�U+ 10&�$�1�&�%:&����(����'0� ��/��32

ßðÝ\íÃábÝ�Ø<îOâ^ãXÛ¤ä:þOÛ¤â\Û�ÙÚâ^ÜÚãbÝ\â^ãUÜ^Ø¬Ý\íÃáGâ\Û¤çÇáOÙ'ÿÃíOÝ<Û �OãOä¨Û¤ÜÚç{ØmÙ ë
â^ÞOØ2Ù^éGáGâ³Û�Ý\â^ç¨Ý:çÇáGìaíÃÜ^è�Û¤âÚç{í�áRë<âÚÞOØ�Ý�íÃábÝ\ØmîOâ^ãbÛ´ä�Ü^Ø<ä¨Û´â^çÇíÃáOÙÚÞOçÇîOÙ
�:çÇâ^Þ�íÃâ^ÞUØ<Ü
�JíÃÜ\þGÙ ëGÛ¤áXþWâÚÞOØ�þGØ�ïbáOçÇâ^çÇíÃá�í¤ì�Ø Û�Ý^Þ��¢í�Ü³þE
]ü:ÞOØ
â^í�îbí�ä{í�åÃç¨Ý<Û´ä�Ü^Ømä¼Û´â^çÇíÃáXÛ¤ä�ÙÚâ^ÜÚãbÝ\â^ãUÜ^Ø�ØmábÛ��OäÇØ<Ù=åÃÜ^í�ãOîOçÇáOå*â^ÞOØ
Ý\íÃáXÝ\Ø<îOâÚãbÛ¤äÇäÇépÜ^Ø<ä¨Û´â^Ø þh�JíÃÜ³þ�ÙYâ^íÃå�Ø<â^ÞUØ<Ü�Û¤ábþ ÞOØ<äÇîOÙYçÇá)þ�Ø\ê
â^Ø<ÜÚè�çÇáOçÇáOå1â^ÞOØ1îOÜ^í�îbØ<ÜÚâ^çÇØ<ÙYí´ì�Û�áUØ$�:äÇé�ÛÃþOþGØ�þ��¢í�Ü³þ9â^ÞXÛ¤â
�bØmä{í�áOåÃÙÎâ^íÁÛ¬Ý�Ø<Ü^â\Û¤çÇá)Ý\í�ábÝ\Ø<îUâYåÃÜ^í�ãOîP
{��Û¤Ü^â�í¤ì:â^ÞUØ,Ý\í�áGê
Ý\Ø<îOâÚãbÛ¤ä�þOÛ´â³Û�ÙÚâ^Ü^ãXÝ\â^ãOÜÚØ�í´ì�â^ÞOØWß�ü�}�çÇÙ2Ù^ÞOí��:á�çÇágiRçÇå�ãOÜ^Ø
]m




Service type


Withdraw
 Deposit
 Balance Check


Account Data Field


ID
 PIN
 Balance


Integer


Amount


i]ç{å�ãOÜ^Ø5]Uà�ß�ü�}�Ý\í�ábÝ\Ø<îUâ^ãbÛ´äiÜÚØ<îOÜÚØ<Ù^Ø<áGâ\Û¤â^çÇí�áP


(X= ATM Machine,
 Y
 = 3 service types)


X has
 Y


(A = Amount, B = ID,

C
  = PIN, D = Bank)


X withdraws A from the account of B

with
 C
 in the D


(
   )


 X verifies B and
 C
 in the D


(
F= Balance)


X gets
 F
 of the account of B from D
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åÃÜ^ØmåBÛ¤âÚçÇíÃáP
�ü:ÞOØWâséGîbØ�í¤ì�ß'Ý<Ý\íÃãUáBâ��'Û¤â³Ûdi]çÇØ<ä¨þ1çÇÙ �sáGâ^Ø<å�Ø<Ü ë
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â^Ü³Û´áOÙ^ä¨Û´â^çÇíÃá*ìnÜÚíÃèÒÛ¤áEçÇáGìníÃÜÚè,Û´äK���wÙ^îXØ Ý\çÉïxÝmÛ¤â^çÇí�á_çÇáBâÚí�Û
ìníÃÜÚè,Û¤äJÙ^îXØ Ý\çÉïxÝmÛ¤â^çÇí�á v�][y�
 ��ÿ�Ø<á_âÚÞOíÃãOå�Þ_ü��	� ÞbÛ´Ù ���xê
ä{çj��ØWÙ^éGáGâ³ÛlñÊçÇâÚÙ�áUíÃâ³Û´â^çÇíÃá�çÇÙ2ìníÃÜÚè,Û´ä�Ø<áOíÃãUåÃÞ¬âÚíÊÛ´äÇä{í�� ìní�Üsê

è,Û´ä:Ù^îXØ Ý\çÉïxÝ<Û´â^çÇíÃáOÙ�âÚí��bØpÝ\íÃáUÙ^â^ÜÚãbÝ\âÚØ þE
4ü��	�%Ý<Û¤îOâÚãOÜ^ØmÙ
â^ÞOØ�Û��OÙÚâ^Ü³Û�Ý\â^çÇí�á,í´ìiâÚÞOØWÜ^Ø�æÃãUç{ÜÚØ<è�ØmáBâÚÙ�Û´ábþ�Û´ä{ÙÚíYîOÜ^ØmÙ^Ø<ÜÚÿÃØ<Ù
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è,Û�é��XØÔþ�Ø\ïbáOØ þÎãOÙÚç{áUå�Ý\í�áBâÚØ\ñOâsêaìnÜ^ØmØ:åÃÜ³Û´è�è�Û�Ü ë*�:ÞOç¨ÝÚÞWè,Û�é
â^ÞOØmá��bØ1ãOÙ^Ø þpÛ´Ù�Û¤ÜÚåÃãOè1Ø<áGâ^Ù'çÇáÁîUÜ^Ø þGç¨Ý<Û´â^Ø8ìnãOábÝ\âÚçÇíÃáOÙ�þ�Ø\ê
ïbáOØ þ9ãUÙ^çÇáOåÁÛ´áOíÃâÚÞOØ<ÜWå�Ü³Û¤è1è,Û´ÜI
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