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Äºo���H Airac5_� d�¦�̀¦ l�ìøÍÜ¼�Ð C áÔ�ÐÕªÏþ�\�"f ��6 x÷&t� ·ú§��H ��«Ñ\�¦ ¹1Ô��H &ñ
&h�
áÔ�ÐÕªÏþ� ì�r$3�l� Umirac�̀¦ �¦îß���¦ ½̈�&³�%i���. Umirac�Ér ½̈çß� |9�½+Ë �̧Bj����̀¦ s�6 x
ô�Ç ¦¹���K�$3��̀כ :�x�#� áÔ�ÐÕªÏþ�\�"f &ñ
_�÷&%3�t�ëß� ��6 x÷&t� ·ú§��H ���Ãº, ½̈�̧�̂_� �9�
×¼, Õªo��¦ !Q(�_� ½̈çß�\� @/ô�Ç &ñ
�Ð\�¦ ì�r$3�ô�Ç��. Äºo���H o�³nqÛ¼ &�V,� áÔ�ÐÕªÏþ�õ� e��
Z�n�×¼ r�Û¼%7� �èáÔàÔJ?#Q\�¦ @/�©�Ü¼�Ð z�́+«>�̀¦ Ãº'���#� z�́]j áÔ�ÐÕªÏþ� �©�\�"f Ô�¦�9�

¹כ�>� &ñ
_��)a ��«Ñ[þt�̀¦ ¹1Ô�̀¦ Ãº e��%3���. ¢̧ô�Ç Umiracõ� Airac7_� Ãº'��5Åq�̧\�¦ q��§ô�Ç
���õ� ½̈çß� |9�½+Ë ì�r$3��̀¦ ���H Umiracs� ½̈çß� ì�r$3��̀¦ ���H Airac7_� 60–86%&ñ
�̧_� 5Åq
�̧\�¦ �Ð#�ÅÒ%3���.

1 "k&è<

áÔ�ÐÕªÏþ�\�"f Bj�̧o�\� �>rF��t�ëß� ��6 x÷&t� ·ú§��H ��«Ñ[þt�Ér áÔ�ÐÕªÏþ�_� Ãº'��$í
0px�̀¦ $��

r������. s���H :£¤y� e��Z�n�×¼ r�Û¼%7�õ� °ú s� ��"é¶_� ]j���s� d��ô�Ç 8̈��â
\�"f Bj�̧o� ÂÒ7á¤Ü¼�Ð
���ô�Ç q�&ñ
�©�&h���� áÔ�ÐÕªÏþ� 7áx«Ñ\�¦ {9�Ü¼v�l��̧ � 9, Ô�¦�9¹כ�ô�Ç >�íß��̀¦ 7£x��r�&� Ãº'�� 5Åq�̧
\� %ò
�¾Ó�̀¦ z�u�l��̧ ô�Ç��.
áÔ�ÐÕªÏþ�_� Ãº'��$í
0px�̀¦ �¾Ó�©�r�v�l� 0AK�"f��H ��6 x÷&t� ·ú§��H ��«Ñü< Õª��\	כ �'aº���)a ���íß�

�̀¦ z�́'�� ���\� îß�����>� ]j�����H ��s	כ ¹כ��9���. (����{9��Q\�"f �ï×¼ þj&h��o l�ZO�Ü¼�Ð V,�o�
��6 x÷&��H ¶ú���e����H ���Ãº ì�r$3�(live variable analysis)[1]õ� °ú �Ér ~½ÓZO��Ér (����{9� r�çß�\� ��6 x
÷&t� ·ú§��H ��«Ñ\�¦ \O�E����� YUt�Û¼'�\�¦ ò́Ö�¦&h�Ü¼�Ð ��6 x���H X<\� Ä»6 x�>� æ¼s��¦ e����.
Õª�Q�� ¶ú���e����H ���Ãº ì�r$3� ���̂��H �í���'�\� @/ô�Ç ì�r$3��̀¦ �í�<Ê��¦ e��t� ·ú§�� áÔ�ÐÕªÏþ� z�́

'�� ×�æ\� y�� �í���'��� ��o�v���H @/�©��̀¦ ·ú�l� 0AK�"f��H Z>��̧_� �í���'� ì�r$3��̀¦ ��6 x�#��� �

 9, !Q(�\�"f ��6 x÷&t� ·ú§��H ÂÒì�r�̀¦ �¦�9�t� 3lwô�Ç����H ë�H]j�� e����. SPLINT[9]��H !Q(� �̧
!Q���õ� °ú �Ér áÔ�ÐÕªÏþ�_� �̧ÀÓ�� æ¼s�t� ·ú§��H ���Ãº, ½̈�̧�̂_� �9�×¼ü< °ú �Ér Ô�¦�9¹כ�ô�Ç ��«Ñ[þt
�̀¦¹1Ô��ÅÒ��Hì�r$3�l�s���.Õª�Q�� SPLINT��H���Ãº�� ½̈�̧�̂�9�×¼\�°úכs�&ñ
_�ëß��)a�â
Äº,éß�
í�Hy� ���Ãº�� ½̈�̧�̂ �9�×¼_� ÅÒ�è°ú̀�כ¦ 2[ô�Ç �â
Äº\��̧ K�{©� Bj�̧o� /BNçß��̀¦ ��6 xô�Ç �Ü¼�Ð	כ çß�

ÅÒô�Ç��.

1�:r ���½̈��H &ñ
�Ð:�x���ÂÒ ����̧l�ìøÍl�Õüt>hµ1Ï��\O�õ� �§¹¢¤���&h���"é¶ÂÒ ¿ºö&ô�Ç²DG21��\O�_� t�"é¶Ü¼�Ð Ãº'���%i���.
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Umirac[Äºp�|ÃÌ]�Ér �¹���K�$3כ d�¦(abstract interpretation framework)[3, 4, 2]\� l�ìøÍ�#� C
áÔ�ÐÕªÏþ�[5]\�"f ��6 x÷&t� ·ú§��H ��«Ñ\�¦ ¹1Ô��ÅÒ��H &ñ
&h� ì�r$3�l�s���. Umirac�Ér [j ��t�_� &ñ

�Ð\�¦ ��6 x��\�>� ·ú��9ï�r��:

– &ñ
_�÷&%3�Ü¼�� ��6 x÷&t� ·ú§��H ���Ãº(UV : unused variable)
– ��6 x÷&t� ·ú§��H ½̈�̧�̂_� �9�×¼(UF : unused field)
– ��6 x÷&t� ·ú§��H !Q(� ½̈çß�(BB : bubble in buffer)

Umirac_�[O�>�ü< ½̈�&³�Ér Airac5[8]_�d�¦�̀¦���½ÓÜ¼�Ðs�ÀÒ#Q&����.7£¤, Umirac�Ér Airac5ü<��
ðøÍ��t��ÐáÔ�ÐÕªÏþ�s�z�́'��×�æ\�����̀¦Ãºe����H �̧��H�©�S!��̀¦�í[O�� 9,&ñ
SX��̧ü<5Åq�̧\�¦�¾Ó�©�
r�v�l� 0Aô�Ç ú́§�Ér l�Õüt[þts� &h�6 x÷&#Q e����. Airac5_� ½̈çß� �̧Bj����̀¦ ì�r$3�\� �Ð�� &h�½+Ëô�Ç ½̈
çß� |9�½+Ë �̧Bj���Ü¼�Ð SX��©��%i��¦, ���¹כ Bj�̧o�\�"f :£¤&ñ
 Bj�̧o� /BNçß�s� ��6 x÷&%3���Ht�_� #�
ÂÒ\�¦ ³ð�&³���H ¦�\¹�èכ ÆÒ���%i���.

2 (Ûo)o�M� ��B4�

Umirac�Ér Airac5\�"f ��6 xô�Ç G[7]_� ¦¹���K�$3��̀כ ½̈çß� |9�½+Ë �̧Bj���(set of interval domain)Ü¼
�Ð SX��©�ô�Ç [O�>�\�¦ ��6 x�%i���. ½̈çß� ì�r$3�(interval analysis)[3]s� ��6 x÷&t� ·ú§��H !Q(� ½̈çß��̀¦
¹1Ô��H ì�r$3�\�"f Ä»6 x�t� ·ú§�Ér \V��H ��6£§õ� °ú ��:

if (rand()%2)
index = 0;

else index = ARRAY_SIZE - 1 /* 9 */;
return array[index];

½̈çß� ì�r$3��̀¦ ��6 x�%i��̀¦ �â
Äº ��t�}�� returnë�H\�"f_� index_� °úכ�Ér [0, 9]�Ð .��a(����¹כ ëß�
��� áÔ�ÐÕªÏþ�_� ���Ér ÂÒì�r\�"f !Q(� array\�¦ ��6 x���H ÂÒì�rs� \O������ !Q(� array\� ��6 x�
t� ·ú§��H ½̈çß� [1, 8]s� e��6£§�Ér "î
Ñþ��t�ëß� ½̈çß� ì�r$3�Ü¼�Ð��H s��Qô�Ç &ñ
�Ð\�¦ ·ú���èq Ãº \O���.
½̈çß� |9�½+Ë �̧Bj����Ér ���¹כ [j>�\�"f_� °ú̀�כ¦ &ñ
Ãº ½̈çß�_� |9�½+ËÜ¼�Ð ³ð�&³ô�Ç��. \V\�¦ [þt#Q,

0A_� \V]j ��t�}�� ×�¦\�"f_� index_� °úכ�Ér ½̈çß� |9�½+Ë {[0, 0], [9, 9]}�Ð .��a(����¹כ ����"f
array\���H ��6 x�t� ·ú§��H ½̈çß� [1, 8]s� e��6£§�̀¦ ·ú���èq Ãº e����.
½̈çß�[þt_� |9�½+Ë�̀¦ Ẑ���¦ ½+É M:, ½̈çß� |9�½+Ë �̧Bj��� ˆInt��H ��6£§õ� °ú s� &ñ
_�½+É Ãº e����:

2Z −→←−α
γ

2Ẑ = ˆInt

γ A =
⋃{γẐ a | a ∈ A}

⊥̂ ˆInt = ∅
>̂ ˆInt = {[−∞,∞]}

#�l�"f ¿º ½̈çß� |9�½+Ë çß�_� í�H"f(order)��H ��6£§õ� °ú s� &ñ
_��)a��:

A,B ∈ ˆInt , A v B ⇐⇒ (∀a ∈ A.∃b ∈ B : a v b)

s��Qô�Ç ½̈çß� |9�½+Ë_� &ñ
_�\� e��#Q"f ×�æ¹כô�Ç �,�Ér	כ ô�Ç ½̈çß� |9�½+Ë_� "é¶�è��� ½̈çß�[þt ��s�\�
��H ���u����� s�#Q|9� Ãº e����H �'a>��� �>rF����� îß� �)a����H �.���s	כ s��Qô�Ç $í
|9�s� Ä»t�÷&�̧
2�¤y�����íß�_���t�}��éß�>�\�"f ½̈çß�|9�½+Ë�̀¦&ñ
½©�o(normalize)½+É�9¹כ���e����.\V\�¦[þt#Q¿º
½̈çß� |9�½+Ë Aü< B_� ½+Ëu�l�(join) ���íß��Ér ��6£§õ� °ú s� &ñ
_�½+É Ãº e����:

A tB=|(A ∪B)|
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&ñ
½©�o��H ½̈çß� |9�½+Ë îß�\�"f "f�Ð ���u����� s�#Q|9� Ãº e����H ½̈çß�[þt�̀¦ ���_� ½̈çß�Ü¼�Ð ½+Ëu�

��H %i�½+É�̀¦ ô�Ç��. ¿º ½̈çß� |9�½+Ë Aü< B_� {9�ìøÍ&h���� ���íß��Ér ��6£§õ� °ú s� ¿º ½̈çß� |9�½+Ës� �í�<Ê
���H y�� ½̈çß�[þt_� ���íß� ���õ�\�¦ �̧Ü¼��H +þAI��Ð &ñ
_��)a��.

¦̂ ∈ {+̂, −̂, ∗̂, /̂,u} : ˆInt × ˆInt → ˆInt

¦̂ ∈ {+̂, −̂, ∗̂, /̂,u} : Ẑ× Ẑ→ Ẑ

A ¦̂B = |
⋃
{a ¦̂ b | a ∈ A, b ∈ B}|

½̈çß� �̧Bj���õ� ��ðøÍ��t��Ð ½̈çß� |9�½+Ë �̧Bj���\�"f�̧ ì�r$3��̀¦ Ä»ô�Çr�çß�\� =åQ?/l� 0Aô�Ç V,�

y�l�(widening)���íß�õ�&ñ
SX��̧\�¦4�¤½̈���Ha%vy�l�(narrowing)���íß�s��9¹כ����. Umirac\�"f
��H ½̈çß� |9�½+Ë�̀¦ ���_� ½̈çß�Ü¼�Ð ¹���ô�Çכ Êê ½̈çß� ��s�_� V,�y�l�/a%vy�l� ���íß��̀¦ Ãº'����̧2�¤
½̈çß� |9�½+Ë ��s�_� V,�y�l�/a%vy�l� ���íß��̀¦ [O�>��%i���. xü< y�� y��y�� ½̈çß� |9�½+Ë xü< y\�¦ �
��_� ½̈çß�Ü¼�Ð ¹���ô�Çכ ����s	כ ½+É M: V,�y�l� ���íß��� Oü< a%vy�l� ���íß��� M��H ��6£§õ� °ú s� &ñ

_��)a��.

– V,�y�l�(widening)

x O y = {x O y}
⊥ O y = y
x O ⊥ = x

[l0, u0] O [l1, u1] = [0 ≤ l1 < l0 ? 0 : (l1 < l0 ? −∞ : l0),
0 ≥ u1 > u0 ? 0 : (u0 < u1 ? +∞ : u0)]

– a%vy�l�(narrowing)

x M y = x u {x M y}
⊥ M y = ⊥

x M ⊥ = ⊥
[l0, u0] M [l1, u1] = [((l0 ≤ 0 ≤ l1) ∨ (l0 = −∞)) ? l1 : l0,

((u1 ≤ 0 ≤ u0) ∨ (u0 = +∞)) ? u1 : u0]

��6 x÷&t� ·ú§��H ���Ãºü< ½̈�̧�̂ �9�×¼ ì�r$3��̀¦ 0AK�, G_� ¦BNçß��̀/���¹כ #Q�"� Bj�̧o��� ��6 x|̈c
Ãº e����Ht�_� #�ÂÒ\�¦ ³ð�&³��̧2�¤ SX��©��%i���:

M̂ap = ˆAddr fin→ ( ˆValue × µ)

M̂ap�Ér Bj�̧o�_� ¦¹����̀כ _�p�� 9, µ��H ⊥(��6 x÷&t� ·ú§6£§)õ� >(��6 x|̈c Ãº e��6£§)_� ¿º ��t�
�©�I�\�¦ ³ð�&³ô�Ç��. ¿º a(����¹כ Bj�̧o�\�¦ ½+Ë}9� M:, °ú �Ér ÅÒ�è\� @/K� "f�Ð µ°úכs� ��ØÔ����� ½+Ë
�2; Bj�̧o�_� µ°úכ�Ér >Ü¼�Ð &ñ
_�ô�Ç��. Õªo��¦ ���¹כ _�p� /BNçß�\�"f °ú̀�כ¦ >�íß����H �<ÊÃº V̂\�¦
��6£§õ� °ú s� &ñ
_�ô�Ç��:

V̂ : M̂ap → ˆExpr → ( ˆValue × M̂ap)

Umirac_� V̂��HBj�̧o�ü<Ãºd��(expression)�̀¦~ÃÎ��>�íß�ô�Ç°úכõ�Bj�̧o�\�¦?/Z�~��H��.Bj�̧o�\�¦
ìøÍ8̈����H s�Ä»��H V̂��H Bj�̧o�\�"f °ú̀�כ¦ ��ÍÇx�̀¦ �â
Äº K�{©� Bj�̧o� /BNçß�\� e����H µ°úכs� ⊥s�%3�
Ü¼��� >Ü¼�Ð ��Ë̈��HX<, s� M: ���÷¶ Bj�̧o�\�¦ Óüt�9ÅÒl� 0A�<Ês���.

Umirac�Ér�¦&ñ
&h��̀¦ ½̈ô�Çì�r$3����õ�\�¦��t��¦áÔ�ÐÕªÏþ�_�z�́'��âì2£§�̀¦������ 9ìøÍ×¼r���
6 x÷&t� ·ú§�̀¦ ��«Ñëß��̀¦ ¹1Ô��H��. �_�¹���K�$3כ d�¦\�"f [O�>��)a Umirac�Ér #Q�"� Bj�̧o� /BNçß�s� z�́
]j z�́'�� ×�æ\� ��6 x|̈c Ãº e����Ht�_� #�ÂÒü< !Q(�_� �����oÛ¼ °úכÜ¼�Ð ��6 x|̈c Ãº e����H °úכ[þt�̀¦ �̧

¿º �í[O�ô�Ç ì�r$3��̀¦ Ãº'��ô�Ç��. ����"f s� ì�r$3����õ�\�¦ ���½ÓÜ¼�Ð Umiracs� ��6 x÷&t� ·ú§��H ��«Ñ
�� óøÍéß�ô�Ç ��Ér	כ �½Ó�©� z�́]j�Ð ��6 x÷&t� ·ú§��H ��«Ñ[þts��� ½+É Ãº e����.
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�t�ëß� ì�r$3� @/�©� áÔ�ÐÕªÏþ�_� z�́'��_�p��� Ø�æì�r�t� ·ú§����� &ñ
SX��t� ·ú§�Ér �â
�Ð\�¦ µ1ÏÒqt

r�~�́ Ãº e����. \V\�¦ [þt#Q ���Ãº�� !Q(�\�¦ ��6 x���H ÂÒì�rs� ���Ér ���#Q�Ð l�Õüt÷&#Q e������, ü@
ÂÒ�<ÊÃº�Ð &ñ
_�÷&#Q e��#Q ì�r$3� @/�©� áÔ�ÐÕªÏþ�\� ������ e��t� ·ú§�Ér �â
Äº Umirac�Ér K�{©����H
���Ãº�� ½̈�̧�̂ �9�×¼, !Q(� ½̈çß��̀¦ ��6 x�t� ·ú§��H���¦ ì�r$3�ô�Ç��.

3 F�B0±C �lBÜï

z�́]j e��Z�n�×¼ r�Û¼%7� �èáÔàÔJ?#Qü< o�³nqÛ¼ &�V,� �ï×¼\�¦ @/�©�Ü¼�Ð Umirac_� $í
0px�̀¦ 8£¤&ñ

�%i���. Ãº'��5Åq�̧_� @/�̧ç�HÜ¼�Ð Airac5\�¦ �8¹¡¤ ��1pu�Ér Airac7[6]�̀¦ [O�&ñ
�%i���. ³ð I, II��H y��
y�� e��Z�n�×¼ r�Û¼%7� �èáÔàÔJ?#Qü< o�³nqÛ¼ &�V,� �ï×¼_� {9�ÂÒ\�¦ @/�©�Ü¼�Ð ô�Ç Umirac_� z�́+«>
���õ�ü< Airac7ü<_� Ãº'�� 5Åq�̧ q��§\�¦ �Ð#�ï�r��.
z�́+«>�Ér �̧¿º ���9\� K$�w�%3�4 3.2GHz áÔ�Ð[j"fü< 4GB Bj�̧o��� »1ÑF��)a o�³nqÛ¼ r�Û¼%7�\�"f

Ãº'���%i���. Umiracõ� Airac7 �̧¿º ì�r$3� r���o��̧\�¦ ëß�[þtt� ·ú§�¦ áÔ�ÐÕªÏþ�_� �̧��H �<ÊÃº\�¦
	�YV@/�Ð ì�r$3���̧2�¤ �%i�Ü¼ 9, Airac7_� &ñ
SX��̧ �̀v����Ér ���©� [jx9�ô�Ç ì�r$3��̀¦ Ãº'�����H 3Ü¼
�Ð t�&ñ
�%i���. �<ÊÃº  ñØ�¦ �̀�u�l�(function inlining)��H ¿º ì�r$3�l� �̧¿º ô�Ç 	�YV ���H �,Ü¼�Ð	כ
Õªo��¦ ì�r$3� r�çß��Ér ���%�o�ü< ���8̈��̀¦ ]jü@ô�Ç ì�r$3�\�ëß� �è¹כ�)a CPU r�çß�Ü¼�Ð 8£¤&ñ
�%i���.
¢̧ô�Ç áÔ�ÐÕªÏþ�_� ß¼l���H áÔ�ÐÕªÏþ��̀¦ ���%�o� �l� ���_� �¦̀�	כ l�2�¤�%i���.

áÔ�ÐÕªÏþ� Umirac alarm Umirac Airac7
(LOC) UV UF BB r�çß�(sec) r�çß�(sec)

AviReader (1486) 5(0) 0(0) 6(3) 6 4

H263FRDivx (3944) 7(0) 4(0) 5(0) 300 257

MADStream (8171) 17(1) 0(0) 31(7) 3615 2681

software1 (4725) 7(0) 1(0) 8(0) 344 291

software2 (21653) 16(2) 2(0) 30(10) 6510 3948

[�¢ I]��»9KO�¿� S�Ã�ß�y �ÐÉ�È�1@#e

áÔ�ÐÕªÏþ� Umirac alarm Umirac Airac7
(LOC) UV UF BB r�çß�(sec) r�çß�(sec)

vmax301.c (246) 31(8) 2(2) 1(1) 101 82

cdc acm.c (849) 48(12) 4(3) 4(3) 187 139

atkbd.c (944) 40(7) 3(3) 3(2) 333 268

eata pio.c (984) 105(21) 6(5) 11(6) 1120 803

ip6 output.c (1110) 140(29) 2(2) 24(13) 6430 4773

xfrm user.c (1201) 148(35) 3(1) 19(9) 5199 3794

keyboard.c(1256) 105(26) 0(0) 17(10) 443 359

af inet.c (1273) 150(38) 3(3) 15(10) 6590 4917

usb midi.c (2206) 104(17) 2(1) 13(5) 2301 1619

aty128fb.c (2466) 104(25) 1(1) 14(10) 680 525

mptbase.c (6158) 150(53) 3(2) 27(20) 10817 8804

[�¢ II]Linux Kernel 2.6.4q� G�B«»

Umirac_�ì�r$3����õ�\�"f UV, UF, BB��Hy��y����6 x�t�·ú§��H���Ãº, ½̈�̧�̂_��9�×¼,Õªo��¦
!Q(� ½̈çß�_� >hÃº\�¦ ����?/ 9, F�c ñ îß�_� Õüw����H ü@ÂÒ �<ÊÃº ¢̧��H ���Ér ���#Q�Ð ½̈�&³�)a ÂÒì�r
\�"f ��6 x÷&#Qt���H �Ü¼�Ð	כ �Ðs���H ÂÒ&ñ
SX�ô�Ç �â
�Ð_� Ãºs���. ÂÒ&ñ
SX�ô�Ç �â
�Ð_� Ãº��H ³ð II\�
"f�8¹¡¤ ú́§s��'a¹1Ï÷&��HX<,s���HáÔ�ÐÕªÏþ�_�:£¤$í
\�l����ô�Ç�Ü¼�Ð,o�³nqÛ¼&�V,�áÔ�ÐÕªÏþ��Ér	כ
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ú́§�Ér r�Û¼%7� K��8 ��{9��̀¦ ��6 x�#� y��ÆÒ#Q��� ü@ÂÒ�<ÊÃº�� ú́§�¦ #Q!lr�̂¦o�#Q 1px ���Ér ���#Q�Ð

l�Õüt�)a ÂÒì�rs� ú́§�� &ñ
SX��t� ·ú§�Ér �â
�Ð�� þj@/ 50% ����s� µ1ÏÒqt���H �¦̀�	כ �̂¦ Ãº e����. ô�Ç
¼#� ³ð I_� e��Z�n�×¼ r�Û¼%7� �èáÔàÔJ?#Q_� �â
Äº ���Ér ���#Q�Ð ½̈�&³�)a ÂÒì�rs� \O��¦ ü@ÂÒ�<ÊÃº
 ñØ�¦s� &h�#Q ÂÒ&ñ
SX�ô�Ç �â
�Ð�� ����̂ �â
�Ð_� 0 – 32% &ñ
�̧�Ð ����z�¤��.

Airac7ü<_� Ãº'�� 5Åq�̧ q��§\�"f��H Umiracs� 60 – 86% &ñ
�̧_� 5Åq�̧\�¦ �Ð#�ï�r����H �¦̀�	כ ·ú�
Ãº e����. SX��©��)a ���¹כ �̧Bj���õ� ���¹כ z�́'�� /BNçß�s� ì�r$3�_� q�6 x�̀¦ 7£x��r���� �Ü¼�Ð	כ �Ð�����.

4 �lB&è< D�� óm¦Ä�}¹

Umirac�Ér Airac5_� d�¦�̀¦ ���½ÓÜ¼�Ð �#� ëß�[þt#Q���, C áÔ�ÐÕªÏþ�\�"f ��6 x÷&t� ·ú§��H ���Ãº, ½̈
�̧�̂_��9�×¼,Õªo��¦!Q(�_� ½̈çß��̀¦¹1Ô��?/��H¹כ���K�$3�l�s���.s�\�¦0AK� ½̈çß�|9�½+Ë �̧Bj���
�̀¦ ��6 xô�Ç ¦¹���K�$3��̀כ [O�>���¦ ½̈�&³�%i���.
�_�¹���K�$3כ d�¦\�"f [O�>��)a Umirac�Ér ìøÍ×¼r� ��6 x÷&t� ·ú§�̀¦ ��«Ñ[þtëß��̀¦ ¹1Ô��?/t�ëß� áÔ�Ð

ÕªÏþ�_� �̧��H z�́'��_�p��� ×¼�Q��e��t� ·ú§�Ér �â
Äº &ñ
SX��t� ·ú§�Ér �â
�Ð\�¦ µ1ÏÒqtr�~�́ Ãº e����.
o�³nqÛ¼ &�V,�õ� e��Z�n�×¼ r�Û¼%7� �èáÔàÔJ?#Qü< °ú �Ér z�́]j áÔ�ÐÕªÏþ�\� @/ô�Ç z�́+«>�̀¦ :�xK�

��6 x÷&t�·ú§��H��«Ñ[þt�̀¦¹1Ô6£§Ü¼�Ð+¹כ����K�$3�s�Bj�̧o���6 x|¾Óþj&h��o\�Ä»6 xô�Ç&ñ
�Ð\�¦]j

/BN½+É Ãº e������H �¦̀�	כ �Ð%i���. Umirac_� ì�r$3��̀¦ 0AK� SX��©�ô�Ç [O�>���H l��>r_� ½̈çß� ì�r$3� ���¹כ
K�$3�\� q�K� 60 – 86% &ñ
�̧_� Ãº'��5Åq�̧\�¦ �Ð%i���.
·ú¡Ü¼�Ð_� ���½̈��H ì�r$3�l��� ÂÒ&ñ
SX�ô�Ç ì�r$3��̀¦ ���H �â
Äº\�¦ ×�¦s���H ~½ÓZO�õ� ì�r$3� ���õ�\�¦ �Ö̧

6 x���H ~½ÓZO�\� @/ô�Ç �.���s	כ ���$� ì�r$3�l�_� &ñ
SX��̧\�¦ Z�}s�l� 0AK� ��ÅÒ ��6 x÷&��H ü@ÂÒ �<Ê
Ãº[þt_� _�p�\�¦ Umirac\� ú́�>� &ñ
_��#� ì�r$3�l�\� »1ÑF����H õ�&ñ
�̀¦ ½̈�&³���H ×�æs���. ¢̧ô�Ç
Umirac_� ì�r$3� &ñ
�Ð\�¦ �Ö̧6 x�#� áÔ�ÐÕªÏþ�\�"f ��6 x÷&t� ·ú§��H ��«Ñ\�¦ ��1lxÜ¼�Ð \O�E���H áÔ
�ÐÕªÏþ����8̈�½©gË:�̀¦&ñ
_����H���½̈\�¦���'����¦e����.\V\�¦[þt#Q#Q�"�!Q(�\�"f��6 x�t�·ú§
��H ½̈çß�s� µ1Ï|
�÷&%3������, ��6 x�t� ·ú§��H ½̈çß�s� \O�>��FK !Q(�_� ß¼l�\�¦ ×�¦s��¦ áÔ�ÐÕªÏþ�_�
_�p��� ����t� ·ú§>� !Q(�\�¦ ]X���H���H Ãºd��[þt�̀¦ ��Ë̈#QÅÒ��H �¦̀�	כ Òqty��½+É Ãº e����.

~����q� ¼â�

�:r ���½̈\� e��#Q Umirac_� �íl� [O�>� x9� ½̈�&³\� �̧¹¡§�̀¦ ï�r �̧�<ÆÅÒ\�>� y����_� >pw�̀¦ ���ô�Ç��.
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