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The role of Sanskrit in the present curriculum 

^ with special reference to Vedic Intellectual Tradition_

Dr. Anil Pratap Giri
4

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm////
Abstract

5

India has continuous and cumulative intellectual tradition in many domains of 

knowledge. This tradition has its attested beginning in the �igveda, the first Indo-European 

document, and continues to be alive in the life, practices and learning of the Indian people. `As a 

mechanism of transfer and evaluation of ideas from one generation to the next generation, this 

tradition is comparable to the perennial flow of the river Ga�g�. The Vedic Intellectual 

Traditional way of learning is of great significance and relevance to modern concepts of 

education regarding with learning process and Guru-�i�yaparampar� .Memorization is the 

main tool of learning process. As Max-Muller has noted (in his India-what can it teach us: 

Munshiram Manoharlal, Indian Edition, 1991, p.4) that texts in the oral tradition are maintained 

in memory. “This may sound  startling, but what will sound more startling, and it is a fact that 

can be easily ascertained… at the present moment, if every MS of the �igveda was lost, we 

should be able to recover the whole of it- from the memory of the srotrias in India….. Here then 

they are not dealing with theories but with facts which - anybody may verify. The whole of the 

�igveda, and a great deal exists at the present moment in the oral tradition.P.131. Orality, as a 

mode of constituting and maintaining knowledge, organizes knowledge in the mind, as against 

the literate traditions in which knowledge maintained externally. Max-Muller calls those who 

have memorized the text, Living libraries’p.132  

The commitment of the Gurus (teachers) to pass on to posterity all they knew was remarkable. 

They did not consider themselves to be above others and others to be lesser mortals. The 

�igvedic statement (x, 191, 2-3, 4): not merely Vedic preservation but also self-illumination 

which was prayed for in the case of both the teacher and taught. (Taittiriyopanisad, II, 1, 1)  

Vedic intellectual tradition is the follower of oral research culture. This research tradition has 

continuous flow due to the strong living library which is inherent in the Indian intellectual mind. 

Deductive methodology is the tools of oral research culture. Memorization, discipline, discourse 

methods, consecration, meditation, deep reflection chintan and manana are the major 

instruments of deductive methodology which is followed by General to Particular research 

attitude and gives the most analytical mind due to the soul which is the base of all the types of 

knowledge (vi.52.5) 

This Vedic research attitude and living library is the creator of Vedic sciences and applied 

sciences. With the help of these tools Indian became Jagatguru.  

This paper examines the attributes of Vedic intellectual tradition which is totally different 

to Western intellectual tradition. Western intellectual tradition has created a lot of global 

���������������������������������������� �������������������
4
 Assistant Prof. Deptt. Sanskrit.Pondichery University. 
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problems. Today Modern man is well-equipped with worldly comforts, yet his mental 

environment is lacking peace and He has become the slave of his unrendering desires and lust. 

The result is that he is always under stress, tension depression etc. Because of which 

sustainable development (quantitative and qualitative development with social justice) is 

affected. Vedic wisdom of our ancient seers has contributed very much for the sustainable 

development of mankind as Hypothetic-deductive methodological learning process, Eco-

friendly Gurukula environment, early morning P�tha tradition (re-organized texts in various 

permutations and combinations in the mind), and bliss. It’s our duty to explore the Indian way 

of thinking which is very essential for sustainable development in the post-modern era. I 

consistently focused on Vedic knowledge systems and their relevance in India and global 

situations. 

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm////
Keywords: Tradition, Parampara, Indian knowledge System, The Process of Indian 

Knowledge System, Vidya, Methodology of knowledge system, Conclusion. 

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm////

Tradition is not equivalent to “Parampara” It does not refer to continuous flow. 

“Tradition” is a western term and in western concept it is not a continuous flow because 

there is a concept of Dark Age, there is a break after each generation.
6
 But, 

1. Indian intellectual Tradition did not break like western intellectual tradition. This 

parampara is like The river Ganga which is flowing from Rigvedic period till 

present time.
7

2. The western intellectual tradition was broken after the Latin tradition. This break 

is called as Dark Age. So the tradition is not parampara and vice versa. 

3. Greek literature started from 600 B.C-400A.D. the first intellectual of Greek 

literature- Pythagoras followed by Homer. This tradition was interrupted after 

Greek enlightened tradition, known as dark age (400 A.D. - 1200 A.D.)
8

4. In 1500 B.C. started Vedic period. Veda is the origin point of Indian intellectual 

parampara, which follows oral tradition or Sruti parampara.The poet is the 

Sadhaka and Yogi in oral tradition.He never became instrument of poetry, but The 

Greek literature followed written tradition, where the poet is the author and the 

instrument of poetry.
9

���������������������������������������� �������������������
6
The Greek Renaissance. Contributors: P. N. Urey - author. Publisher: Methuen & Co. Ltd. Place of       

Publication: London. Publication Year: 1921. Page Number: v. 
7
 Indian knowledge system,kapoor kapil,volume -1.page I 

8
A Modern History. Contributors: Albert Gerard - author. Publisher: University of Michigan Press. Place 

of Publication: Ann Arbor, MI. Publication Year: 1959. Page Number: i. 
9
 Therefore, for Aadi Sankara the arrow maker was the paradigm example of a yogi. 
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5. Sutras, Slokas, Karikas, mantrs were delivered in oral tradition, which was easy to 

memorize. Indians followed Guru-Sishya parampara which was stronger than 

western tradition,their main contribution was school of thought.
10

6. In western tradition also they followed Guru-Sishya tradition and the pioneer was 

Socrates followed by Plato, Aristotle & Alex gender who had attacked India in 

326 B.C. 

7. Western intellectual tradition knowledge has been held as opposed to innocence, 

and associated with power that leads to the fall of man.
11

 But in Indian intellectual 

tradition knowledge is not exercise of power but power one self, Moksa. Libration 

of self from its own constrains.
12

8. Due to oral culture of tradition, text is high degree of complexity. The scholars 

mind was like library and the speed of information processing was much higher 

than in the scriptable mode where the information is first transferred to the mind 

through senses. But lack of documentation our tradition deteriorated. There was 

also lack of astray, money. Our mind has much larger capacity to store data than 

the hard disk of a computer.
13

Vedic knowledge System-

Indian knowledge System has major three division as Darsana,Gyana,Vidya which 

refers to Indian research methodology :- 

i) Darsana -(Philosophy) life of wisdom, it is discourse of vidya. This knowledge 

system leads to liberalization. It is knowledge for Moksha. 

ii) Gyana -Gyana(Knowledge) becomes organized and systematized it serves the 

purpose of teaching is called Vidya. 

iii) Vidya (Discipline) - after visualization of ultimate reality, the knowledge 

comes in a systematized way. Vidya is divided into two categories
14

 : 

a) Para-vidya - Knowledge of the ultimate principle - Paramatma/Brahma 

(i.e., metaphysical domain). 

b) Apara-vidya - Instrument of para-vidya (without apara-vidya, para-vidya 

can’t be understood). One who qualifies this vidya he would be known - knower-

knowable. It is knowledge of the materialistic things and worldly domain. Apara-

vidya has two subdivision :- 

i) Informative vidya (prefectural theory) 

Antarmukhi vidya - Knowledge of internal world - philosophy, literature. 

���������������������������������������� �������������������
10

 Text of the oral tradition,in kapil kapoor,language.linguistics and literature,the IndIAN 

perspective,Delhi     Academy Foundation,1994,pp.27-30 
11

 Man is given, dominion over the fish of the sea, and over the fowl of the air, and over the cattle, and                          

over all the earth.Genesis,1.26 
12

 Srimadbhagvad-Gita,18.63 
13

 Some reflection on the interpretation of texts in the Indian tradition in structures of signification, 

ed H.S.Gill,vol.1,Delhi Wiley Eastern limited,1990 
14

 Mundakopanisad, I.1.4. 
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Bahirmukhi Vidya - Knowledge of external world - social sciences, 

anthropology, international relation, and self realization is the main, while 

para-vidya has no texts. 

ii) Experiential vidya - Sciences and technology 

The Process of Indian Knowledge System: 

General process: 

Means of knowing 

General knowledge 

Knowledge (prama) 

Knower   ------------------------------>knowable 

(pramata) (prameya) 

  Background   �Science 

   �Art 

   �Management 

   �etc 

Special Process of knowledge system 

Special process :-->Soul-->Intellect-->Mind-->Sense organs--> Things -->(vidya) 
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Knowable and knowledge�Cosmic mind 

    

   �Whole knowledge 

   �Universalisation 

   �Metaphysical Knowledge 

  �Critical and analytical  

  (Because we have oral tradition) 

The difference between soul and intellect is that soul reflects our feelings and intellect 

reflects reasoning , logic, according to this knowledge system, one will get metaphysical 

knowledge also knowledge is absolute - ultimate/ cosmic. Methodology of this 

knowledge is deductive. 

    Vidya 

 Para-vidya  Apara-vidya 

Informative(Science)  Experimental (Applied Science)                  

 18 Major Vidya 

   Antarmukhi information- Literature & Philosophy.

  Bahirmukhi information- Social sciences. 

Para vidya  & Apara vidya. 

Apara vidya has 4 subsidiary Vedas - 

(1)  Rig veda - Ayurveda (upved) - medicine. 
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(2)Yajur veda - Dhanurveda (upved) - weaponry (shastra vidya) 

(3)Sama veda - Gandharva veda - music & dance. 

(4)Atharva veda - Shilpaveda - Architecture. 

Methodology of knowledge system:  

(Comes from philosophy but applicable in science and arts) 

� Inductive  methodology 

� Deductive methodology 

The difference is that Indians have Deductive methodology because soul is the base of 

knowledge. By the Atmapratyaksha (inner self), Indians already get the universal law or 

theory. So his mind is hypothetic deductive universal law or theory is already inherent in 

Indian mind due to the Atmapratyaksha. In deductive methodology, they follow the 

pattern of general to particular. They examine rules, law, or theory. (Western scholars 

follow inductive methodology). Deductive methodology creates analytical & critical 

mind which creates Sastrarth Paddhati or Path Paddhati (discourse of knowledge (oral)). 

Inductive methodology is from particular to general. Universal theory inherent in Indian 

intellectual minds. 

Sastrath Paddhati --> Discourse of knowledge, which is organized or well analyzed in 

various and combination but orally. They maintained knowledge in the mind. Indian 

intellectuals don’t believe in documenting. 

Discourse of knowledge - created research attitude, which created living libraries -living 

library created oral research culture -oral research culture created oral research 

civilization - so India was hub of global research and development. It was known for 

intellectual capital, India was Jagat Guru. 

Culture is inherent in our attitude, thoughts, manifestation of culture, It is external 

civilization. Indian system has oral research culture. Research culture cannot be traded as 

Indian Intellectual Tradition, but Western Intellectual Tradition can be traded and the 

output like dissertation, thesis can also be traded. Written research culture is because of 

our adoption of western intellectual tradition. Oral research culture gives two kinds of 

output:- 

i) Quantitative Research Culture - 

Kala - 64 types of art and applied science. 

ii) Qualitative Research Culture - secondary and theoretical 
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Vidya (out) - 18 major vidyas. 

Conclusion: -To conclude Vedic Intellectual Tradition, Indian thoughts are opposite of 

western thought .We have an oral culture but westerners have written culture: Indian 

follow deductive methodology - to believe in universalization - general to particular. 

Indian thought is from concrete to abstract. It is from materialism to idealism. Indian 

philosophy is from charvak to Vedanta. It is from Dhvani (phonetics) to Sabda Brahma 

(word). Founder of Vedanta philosophy is by Vadrayana (Brahma Sutra) and Adi 

Sankaracharya represented his finding. 
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£/$Y(/8(/=:!$G+/785GcR/%7L/*N$7[)(:!N$/F(!(h$M/8R)!JB*L$(/7%�;$7L3/LY]8/70$L$Y(Y?9JLR0/

%(7<6(/ $N$/ FT$<N$/ F(!(h$M/ 707SLM/ L)R8/ FT$<M/ F!(67!7L/ 70SRL"M/ >�$LR/ q/ %(7<6+/

70$L$Y(Y?T8(9(8R/%(7<7%�N$/FT$<N$(7'/F(!(h$M/0/7%�;$7L/q/$Y(/8(/*S0/'"`K+/%8(?0Q/F7L/�8M/

*L?4!R8/8�LL47!T$"'l)>7L/ q/'51L"/ N8$M/%&$*Q /0(7NL/[RLQ3/ N8$M/%)([(5I/ 1$($70�+/0/987L/[RLQ/

LN$RL5(0Q/FT$")R>(7c*(5+/0(7NL/q/LY]8/%(<I/L(8LQ/%8jK(M/FT$<(6(M/F(!(h$70S($*+/q/%/�8/%(<I/

70$L$Y(Yñ/0/987L/[RLQ/%(7<6+/FT$<F(!(h$70S($0R/%(!ò$?!R8/0(7NL/q/LN!(LQ/8R)('Z`KR$T8M/$Y(/

8(�8�$M/ %!Y?0I$!(:!F(!(h$8(l)79+3/ LY]8/ %(7<FT$<N$/ 70$L$(Y(ò$z/ %!Y?0I$!R8/ q/

70$L$Y(Y?T8%!Y?0(9(8R/LN$/ /%(7<6+/�L5F!(6(0(M/ /F(!(h$78K$R/F(!(h$!R8/0/N$(LQ/ q/V'Z`KR$+/

8R)+/70$L$Y(Y?/�7L/L1!JB*N$(:!N$/F(!(h$M/7%�;$7L/$Y(/LY]8/%(7<6+/70$L$Y(Y?T8R/L�:O@ILN$/

FT$<N$/F(!(h$M/7%�;$7L/q/LN!(LQ/%(7<6+/F(!(h$M3/70$L$Y(Y?T8M/%!Y?0I$!R8/q//

/ FT$<F!(6M/ %8�)(?>?70*] +/ BZl**] +/ '5I<*] +/ =c"70*78�(7079S(C:Il�$LR/ q/ LN$/ B<6R3/

789(:R3/ �(0\0*T8F*(5R3/ Lv1$�(0N8¦'(l)78K$R/ [(7NL/ !@(0Q/ !L9R)+/ q/ VN$/ [/ !L9R)N$/ V7NL/

*(56u$!Q/ q/ La1!LRK"/ F!R$N8¦'9R)+/ %8?78l)L/ �8/ q/ LaTF!R$%!Y?0($/ L)(0":"h$R0/

F!(6N8¦'70¦'6M/ La�(>?70*] +/ l�$LR/ q/ LY(/ 7@/ m/ DZ�]+/ ')(Y?N$/ N8B<6!(f!C:I*" 8?7 +/

0(!\(T$(l)*�'0(7857@LN$]8/ FT$<T8M3/ *�'0(787>��@6N$/ ó(71LT8!"d$LR/ / q/ Vu]7L79+/ %8?N$/

[]L1$(7c�(0T8!C:I*" 8?7 +/ 8O�$87des[]L1$78K$(87des[]L1$$G+/ ô�$M/ FT$<7!T$"d$LR/ q/ '"`KN$/

'"{*5'B(>8LQ/ 70Bj'T8!C:I*" 8?7 +/ / %(C#$]+/ ¢7[7L/ de($('s(/ D"7�8O7a+/ FT$<!Qã/ �T$"d$LR/ q/ �8M/

N8N8F!R$(0":"h$R0/FT$<N8¦'70¦'6M/)(>?70*R K"/FT$<78K$R/!L9R)R/FY!M/*(56!Q/q/

/ 7uLI$C*(561L"3/ �71k$(Y?%&D1c70¦'6(l)Fl�$(9R)F$"y+/ !L9R)+/ q0(!\(T$(l)c!(?6(M/

FT$<R�8:(@0�!70¦'69R)F$"y+/ !L9R)+/ q/ LY(/ 7@/ õ/ %!8($%MD1c!C:I*" 8?7 +/ 1$($8]>R7K*] +/

%M$G:%!8($ornL(+/ KnQ/ %&D1c(+/ VC:Il�$1LR/ q/ %!8($%&D1c!C:I*" 8?7 +/ 9(ö]+/ N8F*(>T8M/ 8(/

V0"48%($:&$T8M/8(/�(LL(0"!R$T8M/8(/%(7<8RAT8M/8(/�T$f/!L9R)+/ Fl�$(9R)¦'+/ q/Fl�$(9R)R{87'/

F!R$9R)N'>ñ�7'/Lf/Lf/8L?L/�8/q/70�8*�'*M /�(0M/FT$<!"L(0"!R$!Q/£/l*7!)M/F!(/8(/ó!F!(79sM/8(/

���������������������������������������� �������������������
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LLNYM/ 8(/ �T$()$G�7'/ Fl�$(78!>(?T!*(+/ q/ �8M/ F!R$9R)(0":"h$%&'()0($/ Fl�$(%Z�8%&'()0($/ [/

)(>?70*R K"/FT$<F!(678K$R/!L9R)(+/F8L?1LR/q//

/ u]L8R)(1LR/ 70)ñK(Yj71k$%7s*K?+/ FT$<!Q/ q/ 78K$M/ F7L/ 7NYLR0(<R6/ �(0GT'�$(/ V<(6(!7'/

*(56T8R0/ FT$<T8M/ %&!L!Q/ q/ LY(/ [/ / nI*(*O T'()+/ \$LIY?79<"+/ F!(6B<6nI*($(!Q/ õ/ ¢VYz/ F7L/

7NYL!<5M/ FT$<!Qã/ �7L/ q/ [<"5(l)'�R71k$(76/ !0S/ \÷V0R71k$(6I7L/ F($+/ %8?)(>?70*%&!L(70/ q/

u]L8R)(1LR/ L"/ %~!M/ �(0R71k$M/ %MB7<L!Q/ q/ L)R8/ %(<I/ q/ LY(/ [/ bI!;8([($?8[0M/ F!(6B<6Rõ/ ¢FT$<M/

%~78cM/%(7<K7,71k$9R)R0ã/�7L/q/V$�/%(<I/F!(L(/=T!]8/q/=T!N8¦'!Q3/V1L+*56c!(?S/%"t()$+3/

D(ð(S(*(>*(B()$G�N$/%(7<6G/78K$(+/�/

!"#$78K$F7L'()0!Q!"#$78K$F7L'()0!Q!"#$78K$F7L'()0!Q!"#$78K$F7L'()0!Q////

�71k$M/7u78c!Q/q/F!(LON8¦'M/L7 s�R7L/q/Lf/N8¦'R71k$M/%(<IT$"d$LR/q/=T!(/�8/=1L5')(Y?k�OT8(LQ/

%(<IT$"d$LR/ q/ %/ [/ �(0¦'+/ N8F*(>S/ / q/ LN$/ =T!N8¦'M/ !0+/ =T!c!?9JL(S/ =1L5(/

�(0Rde(F$ø%"t)"+t9$(9$*O '(�78A()$+/ L)9(8(S/ 78K$(+/ q/ �8M/ D(ð(+/

=*(>*(Bù6"*'5!(6"F*O T$()$G�7'/%(<I71k$�(ð(+/q//

$A7'/1$($!LR/�8/¢!0/�8/%"t(l)*M /:Oú(7L/�7L/8y"M /'($jLã/$l)/N8¦'R71k$79s]r571k$]+/\($!(0M/�(0M/

F!(T!*!R8/ 98RL/ / l*1L"/ LLQ/ ó!(T!*!7'/ )5I)O�$LR/ q/ �8�/ �(0R71k$(6(M/ ó!\0*T8(LQ/ �(0!(fR/

F(!(h$%1)R@+/%"NY/�8/q/0/7@/%"t)"+t(l)78K$R/*)(7[)7'/78ó!!0"98(!+/q/LR0/[/�($LR/�)M/[/�(0M/0/

78ó!\0*R 71k$\1$7!7L/q/78ó!(�\0*�/�71k$M/%(7<¦'!R8/0(1$LQ/�T$"y!Q/V0"4(#$(0RV0"4(#$(0RV0"4(#$(0RV0"4(#$(0Rõ/

¢¢¢¢%/[/%(<I/û7[�)"�+/*YM/706?$/ü$LR/q/78>RK(N%8?/�8]LR/%(7<FT$<:G[5(+/�%/[/%(<I/û7[�)"�+/*YM/706?$/ü$LR/q/78>RK(N%8?/�8]LR/%(7<FT$<:G[5(+/�%/[/%(<I/û7[�)"�+/*YM/706?$/ü$LR/q/78>RK(N%8?/�8]LR/%(7<FT$<:G[5(+/�%/[/%(<I/û7[�)"�+/*YM/706?$/ü$LR/q/78>RK(N%8?/�8]LR/%(7<FT$<:G[5(+/�////

LN!(LQ/%8?F7%�N$/48@(5N$/7%�$R/q/%(<I/70)ñK/�8]*+/LN!(LQ/%8?F7%�N$/48@(5N$/7%�$R/q/%(<I/70)ñK/�8]*+/LN!(LQ/%8?F7%�N$/48@(5N$/7%�$R/q/%(<I/70)ñK/�8]*+/LN!(LQ/%8?F7%�N$/48@(5N$/7%�$R/q/%(<I/70)ñK/�8]*+/%)(�C:I*($?/�8/0+/�%)(�C:I*($?/�8/0+/�%)(�C:I*($?/�8/0+/�%)(�C:I*($?/�8/0+/�ãããã////

/ l*�/ V0"9JL')(Y?78K$*M / *)(7[)7'/ Vó!¦'!Q/ %"t)"+t(l)78K$*M / �(0M/ %8jK(!NLI7L/

%"78l)L!Q/ q/ �)�/ 706?$(T!*!Q/ �(0M/ %(<I71k$�(ð7!T$"d$LR/ q/ 79sR71k$\1$�(0F(!(h$R//

V0(^(%'r5@(5($/ '"0+/ F!(6(1L5(18RK6R0/ V08NY(l))GK% (8R�7'/ %(<I6+/ N8F*(>T8R0/ N8N$/

LTF(!(h$N$/[/LR0]8/�@6(C:I*(5R6/0/V08NY(l))GKF%7y+/q/L)R8/F7L'()$7L/=[($?+/\$LIY?!"70+/

78K!')8(�$(Y?788OLZ78K!')8(�$(Y?788OLZ78K!')8(�$(Y?788OLZ78K!')8(�$(Y?788OLZõ/

¢¢¢¢70$!R0/%"t(ARK"/F(!(h$M/%(7<:G[5!Q/q/N8'(!(h$M/%)(/%(<I/'�$T$R70$!R0/%"t(ARK"/F(!(h$M/%(7<:G[5!Q/q/N8'(!(h$M/%)(/%(<I/'�$T$R70$!R0/%"t(ARK"/F(!(h$M/%(7<:G[5!Q/q/N8'(!(h$M/%)(/%(<I/'�$T$R70$!R0/%"t(ARK"/F(!(h$M/%(7<:G[5!Q/q/N8'(!(h$M/%)(/%(<I/'�$T$R8/%"70S$(LQ/�8/%"70S$(LQ/�8/%"70S$(LQ/�8/%"70S$(LQ/�////

�(0N$/�(@*R6]8/%(7<6(/!(0L(7!LR+/q/)GK(9(8R/F!(6T8M/)GK(9(8N$/%(7<6(/��(0N$/�(@*R6]8/%(7<6(/!(0L(7!LR+/q/)GK(9(8R/F!(6T8M/)GK(9(8N$/%(7<6(/��(0N$/�(@*R6]8/%(7<6(/!(0L(7!LR+/q/)GK(9(8R/F!(6T8M/)GK(9(8N$/%(7<6(/��(0N$/�(@*R6]8/%(7<6(/!(0L(7!LR+/q/)GK(9(8R/F!(6T8M/)GK(9(8N$/%(7<6(/�////

707SLT8M/û7[�]8/N8L+/F(!(h$7!{$LR/q/VLG/0/%8?!(0(0(M/F(!(h$M/707SLM/98RLQ/�707SLT8M/û7[�]8/N8L+/F(!(h$7!{$LR/q/VLG/0/%8?!(0(0(M/F(!(h$M/707SLM/98RLQ/�707SLT8M/û7[�]8/N8L+/F(!(h$7!{$LR/q/VLG/0/%8?!(0(0(M/F(!(h$M/707SLM/98RLQ/�707SLT8M/û7[�]8/N8L+/F(!(h$7!{$LR/q/VLG/0/%8?!(0(0(M/F(!(h$M/707SLM/98RLQ/�////

%(7<6(/707SLM/$f/LTF(!(h$M/N8B<6!Q/�%(7<6(/707SLM/$f/LTF(!(h$M/N8B<6!Q/�%(7<6(/707SLM/$f/LTF(!(h$M/N8B<6!Q/�%(7<6(/707SLM/$f/LTF(!(h$M/N8B<6!Q/�ãããã////

LY(/[/%(7<6+/N8F*(>T8R0/N8N$/N8:O@IL�(0N$/[/F(!(h$�@6R/%M8()(0'R<(LQ/0/V08NY(l))GK(+/q/

V78�(LR/ V00"9JLR/ [/ ')(Yj/ %(<I/ F(!(h$M/ 0/ :Oú(7L/ )GK(9(8R/ �8/ F!(6!Q/ �7L/ 48NY$(/ F8L?LR/ q/

F(!(h$�@6R/ %(7<6+/ N8(57%*>7y% (8R0/ )GK(9(8N$/ F$G\*T8!(f!Q/ V�$"':&$LR/ / q/ / %(<I/

�(0!(fM/ :O@IT8(/ 'S(LQ/ û7[LQ/ 7\�(%($(M/ %T$(M/ '5I<$(/ �(0F(!(h$M/ :Oú(LIT$0C:I*(5R/ %8jK(!7'/
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�(0(0(M/ FY!!R8/ F(!(h$M/ 78�($RL/ q/ 0/ [/ �L)(0"9(78*!Q/ q/ LR0/ �y] 8/ 48NY(/ $"y(/ q/ %(7<6+/

F(!(h$�@6N89(88T8R0/ û7[)7'/ *N$7[)7'/ %"t)"+t(0"98()Z/ 0/ %M>$G/ \(L+/ q/ D(ðR�00"9JLR�Yj/ L"/

48NY$(/F(!(h$�@67!T$"y!Q/q//

00"/ %(7<8RAT8R�7'/ V08NY(/ )"8(?5]8/ q/ �(0�(@*+/ %(<I/ �(0R/ F(!(h$M/ :Oú(7L/ q/ LTF(!(h$!7'/

F!(6(1L5R6/F%(c0I$!Q/q/�8M/Lf(7'3/�7L/VF(!(76*'5&'5(*�'0(L+/V18NY(/*YM/'r57ý$LR/�7L/[RLQ/

õ/VfGd$LR/õ/%(<I/7@/N8$MF*(>+/N8(T!(0M/N8F(!(h$�/:G[5$LIT$"y!Q/ q/VLG�f/F(!(h$'5LN88()/

�8/0(F(!(76*'5&'5(*�'07!7L/9(8R0Gy!Q/V0"4(#$(0R/õ/

¢¢¢¢0/'5I<(08NY(/N$(LQ/%(7<7%�R/T8%M>$(LQ0/'5I<(08NY(/N$(LQ/%(7<7%�R/T8%M>$(LQ0/'5I<(08NY(/N$(LQ/%(7<7%�R/T8%M>$(LQ0/'5I<(08NY(/N$(LQ/%(7<7%�R/T8%M>$(LQã//ã//ã//ã//�7L/q/

%(7<6+/*(B%(7<6+/*(B%(7<6+/*(B%(7<6+/*(BmmmmLT%&D71c')(Y?�(7@T8!QLT%&D71c')(Y?�(7@T8!QLT%&D71c')(Y?�(7@T8!QLT%&D71c')(Y?�(7@T8!Q////

%8jK(M/ 8L?L/ �8/ V0(:L(l)*(B�(0!Q/ q/ V1$Y(/ *YM/ 7Bþ1LBOþ1L')(0(!8DGc+/ £/ !"yG/ 978{$(!I7L/

78^(%R0/7@/%(c*G�;$$0(;$('0()Z/F8OaG/987L/q/�a5*(B�(0(9(8R/*YM/Lÿ!G<�(0M/98RLQ/£/�8�/

%"78l)L7!)M/$LQ/%8jK(!LIL(0(:L*(B�(0!NLI7L/q/LN$/[(0"98+/0/F!(6(1L5:G[5/�7L/%(7<:G[5/

�8/98RLQ/q/')(0(M/')(YjK"/>7y�@NL(8LQ/%8(?'R7<L+/q/LR0/780(/8(�$]+/')(Y?%M%:?78>RKB<68(�$(Y?N$/

DGc(%M98(LQ/ q/ >7y�@S/ >7y78K$')(Y?DGc!'R<LR/ q/ %&D1c�(0N$/ %&D71c�(0'J8?*T870$!(LQ/ q/

�KS/')(Y?�@+/F!(6(1L5()R8/98RLQ/ q/0/L"/')()R8/ q')(LQ/')(Y?DGcR/\(LR/%&D71c�(0N$/\(LT8R0/Lf/

8([*T8>7y�@+3/>7y�@R/%7L/')(LQ/')(Y?DGc+/�T$1$G1$(b$F%C:(LQ/ q/$f/[/VLIL(0(:L(Y?%M%:ñ/

8(�$(Y?+/ Lf/ VLIL(0(:L(Y?�@6!(8�$*!Q/ q/ �)�/ �@6M/ %(7<6(/ �8/ 98RLQ/ 0/ L"/ !(0(1L5R6/ / q/

%"t*(B(*(>(l)�(@*F!(6T8R0/ 7%�N$/ %(7<6+/ �LT%(!ò$?*�'0M/ %"*5!Q/ q/ %(7<6!0C:I*" 8?L(M/ L"/

VLIL(0(:L(Y?�@6G'($+/�8/0(7NL//�7L/')(Y?>7y�@+/)"̀ ''()+/N$(LQ/q/

V0"!(0N$/4(7~+/'<c!?L(/�7L/u$M/%(!ò$z/00"/q/LLS/VLIL(0(:L8L?!(0RK"/%8jK"/cJ!(l)K"/LY(78c]+/

%8�+/ 8x1$(l)79+/ 4(7~�(?ð]8/ q/ L)Yz/ [/ VLIL(l)%*BcJ!8x1$()I0(M/ �(0M/ 'J8z/ 98R)R8/ q/ F7%�M/

[<"5(l)F!(6M/ L"/ L��(1L'()0R�%!Y?7!7L/ %8?%&!L!Q/ q/ LY(/ [/ %(7<6/ �8/

VLIL(l)%*BcJ!8x1$(l)�(0\0*T8!C:I*L?4!Q/q/V1$Y(/V0"!(0F!(6N$]8/9C:+/N$(LQ/q//

l*�(7NL/ L(8LQ/ %8jK(M/ %8?/ �7L/ >|)N$/ >7y�@+/ q/ V1$Y(/ ¢%8z/ t7�8)M/  !ã/ �T$(l)/

48@(578BG'F%C:(LQ/q/>|)>7y�@S(Y?�('R</�7L/%8jK(M/%(!(1$L+/%8?')(Y?�(0!NLIT$C:I*($?!Q/q/

VLIL(l)%8?:G[5M/[/0/%(<IL5M/F!(6!NLI7L/%(7<6/�8/%(!(1$L+/%8?')(Y?�@\0*T8!C:I*L?4!Q/q/

$YGy!Q/õ/

¢¢¢¢VL+/%8j/')(Y(?S/%(!(1$(LQ/%7<:G[5(+/qVL+/%8j/')(Y(?S/%(!(1$(LQ/%7<:G[5(+/qVL+/%8j/')(Y(?S/%(!(1$(LQ/%7<:G[5(+/qVL+/%8j/')(Y(?S/%(!(1$(LQ/%7<:G[5(+/q////

%8?7!T$R8/78�(0M/%8jK(M/*Y!1$%8?7!T$R8/78�(0M/%8jK(M/*Y!1$%8?7!T$R8/78�(0M/%8jK(M/*Y!1$%8?7!T$R8/78�(0M/%8jK(M/*Y!1$Y(/�Y(/�Y(/�Y(/�ãããã/è/V0"4(#$(0R//"m½m¾m#$/ê/

%")Oi706?$N8¦'N$/ %(7<6G�0C:I*(5R/ �(0RK"/ V0(^(%'r5@(5G'($(9(8R0/ V08NY(l))GKF%yR +/ 3/

*)(�$0(^(%(�78K$*N$/%"t(l)78K$*\1$�(0N$/F(!(h$M/%(7<8RA7!T$R8/8(d$!Q/q/l*�/V7NL/L(8LQ/

%8jK(!Q/ ¢�L(81LM/ *(B!@M/ %"#!N8(�%!Qã/ �7L/ %"K"%$"a5*(BI0(0"N!O7L+/ q/ 0/ [R$M/ N!O7L+/

V0"98!1L5G''ALR/q/0/[/%"K"7~)>($(M/%"t(�(0*(B�(@*!(1L5M/!0G/\(:�L/q/L)"'5!N$]8/%"K"7~T8(LQ/
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q�8�/%"t*(B(�(0(l)�(@*M /l*!7'/�71k$M/N8¦'9JL!C:I*L?4!R83/$)9(8R/%ZK"7~*(0"N!O7L0ñ''ALR/

q/L�R71k$M/N8¦'9JLM/N8F*(>M/%(7<>|)4')R�$7!7L//$"y!"T'�$(!+/q//

$YGyM /õ/

¢¢¢¢%"K"~Z/ @I71k$(6(!"'5LT8(s/ D(ðFT$<(%"K"~Z/ @I71k$(6(!"'5LT8(s/ D(ðFT$<(%"K"~Z/ @I71k$(6(!"'5LT8(s/ D(ðFT$<(%"K"~Z/ @I71k$(6(!"'5LT8(s/ D(ðFT$<(0"!(0(:!(0(M/ Lf/ F8O7a0"!(0(:!(0(M/ Lf/ F8O7a0"!(0(:!(0(M/ Lf/ F8O7a0"!(0(:!(0(M/ Lf/ F8O7a&&&&q/ V7NL/ L)(�7'/q/ V7NL/ L)(�7'/q/ V7NL/ L)(�7'/q/ V7NL/ L)(�7'/

*(BF7L9(%+*(BF7L9(%+*(BF7L9(%+*(BF7L9(%+q/q/q/q/ ¢¢¢¢�L(81LM/ *(BM/ %"t!@!N8(�%!Q�L(81LM/ *(BM/ %"t!@!N8(�%!Q�L(81LM/ *(BM/ %"t!@!N8(�%!Q�L(81LM/ *(BM/ %"t!@!N8(�%!Qã/ã/ã/ã/ �7L/ %"K"�7L/ %"K"�7L/ %"K"�7L/ %"K"%$"7TYLN$%$"7TYLN$%$"7TYLN$%$"7TYLN$//// '5(!>?)>?0(LQ'5(!>?)>?0(LQ'5(!>?)>?0(LQ'5(!>?)>?0(LQq/ 0/q/ 0/q/ 0/q/ 0/

ð00"9JLN$/'5(!>ñ/$"�$LRð00"9JLN$/'5(!>ñ/$"�$LRð00"9JLN$/'5(!>ñ/$"�$LRð00"9JLN$/'5(!>ñ/$"�$LR3/3/3/3/V7LF%C:(LQ/q/VL+/'r5V7LF%C:(LQ/q/VL+/'r5V7LF%C:(LQ/q/VL+/'r5V7LF%C:(LQ/q/VL+/'r5>RK(T%(7<8RA/�8R7L/:&$LR/>RK(T%(7<8RA/�8R7L/:&$LR/>RK(T%(7<8RA/�8R7L/:&$LR/>RK(T%(7<8RA/�8R7L/:&$LR/qqqqãããã�7L/�////

�8�/ �L()O>M/ D''*(r56M/ DÇ78�B8'r5@(r56M/ %(7<6M/ B7<L8L(/ 'J6?F�)>?0R0/

LT8D"9"T%GBñ*N$/!@(00"�@+/*O L/�7L/VBM/'�B8L�B\*�'(0�'\�'0R0/�/

'5(!O��1Y(+'5(!O��1Y(+'5(!O��1Y(+'5(!O��1Y(+////

ÄH F!(6B<6!Q/õ/bI'J6?F�!"70*O L!Q/

ÅH V0"4(#$(0!Q/m/bI'J6?F�!"70*O L!Q/

ÊH F!(6B<6nI*(/m//bI\$LIY?79<"7857[L!Q/

ÎH 78K!')8(�$(Y?788O7L+/õ/bI\$LIY?79<"7857[L!Q/

ÐH 9(5LI$)>?0RK"/FT$<!Q/õ/'J6?F�%M>Gc0!71)5!Q/

ÑH �(0N8¦'!Q/õ/'J6?F�%M>Gc0!71)5!Q/

ÔH F!(6'�7L+/õ/bI\$LIY?79<"7857[L!Q//

ØH 78{6"LT878706?$+/õ/bI'J6?F�!"70*O L!Q///

ÚH F!(6B<6nI*(rn�'6I/õ/bI78\$I1kLIY?7857[L!Q//

W

//// ////
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)>!>L(|A(M/ %!"�9JL+/ F7%�+/ =BC*(r5*+/ 78ALR/ *" 1L*([($?+/ q/ 8�G7y\I78L7!7L/ N8*¼$R/ �1YR/

8�G7y5R8/*(4\I78L7!7L/V79!LM/LR0/F7LNY(7'L!Q/ q/8�GyZ/�8/:"`T8!Q/=5G'$L(/V0R0/=[($j6/

*(4N8¦'M/ %"78NLOLM/ �1YR/ =BG7[L!Q/ q/ >|)(Y(/ %7@LZ/ *(47!T$(l)¦'R6/ *(4N8¦'M/ 70))�$/

08!*(r5*($(M/ LN$/ 8[0!Q/ mm¢¢>|)G/ 7887<L(Y�*8([*G�1$RK"/ %TN87'/ q*U/ 8�G7yHm/ ¾ç+W/ q/ *8R+/

7887<L(Yz/0/%8j�7'/>|)(+/F*(>$71L/q/$R0/>|)R0/*787[aN$/V79FRLG�Y?+/F*(�$LR/*" 1L*!LR0/%/�8/

*(4>|)¦'R6/ 'r5:h$LRq/ LY(7@/ DÇ78cRK"/ %!\(LI$RK"/ %!(Y?*R K"/ [/ >|)RK"/ 78A!(0R{87'/

*787887<L!Yz/78>RKLG/DGc7$L"M/$+/>|)+/%!Y?+/%/�8/*(4%&D�>|)L$(/'r5:h$LR3/0(1$+/q/\:7L/

D@8+/ >|)(+/ %71L/ $R/ �*!R8/ VYz/ F*(>$71L/ q/ l*1L"/ %8j�7'/ >|)(+/ *8R+/ V79FRL(Yz/ 0/ F*(>$71L/ q/

*78F7L9$(/*(4%&D�>|)(+/LN$/%*(>!(:de71L/q/*" 1L*([($j6/4(#$(LM/$)Q/$f/78>RK(T!0(/8NL"/

F7L'()7$L"!79!LM/Lf/78>RK(79c($*!R8(79c(0M/70D,71L/*8$+/q/$Y(/mm//

/

¢¢¢¢¢¢¢¢u$M/:LM/%&F7L/>G[0I$L(M/%!(:!F(Y?0$(/*'(7B0+/qu$M/:LM/%&F7L/>G[0I$L(M/%!(:!F(Y?0$(/*'(7B0+/qu$M/:LM/%&F7L/>G[0I$L(M/%!(:!F(Y?0$(/*'(7B0+/qu$M/:LM/%&F7L/>G[0I$L(M/%!(:!F(Y?0$(/*'(7B0+/q////

*B(/[/%(/*(71L!LI/*B(8LNT8!N$*B(/[/%(/*(71L!LI/*B(8LNT8!N$*B(/[/%(/*(71L!LI/*B(8LNT8!N$*B(/[/%(/*(71L!LI/*B(8LNT8!N$/BG*N$/[/0Rf/BG*N$/[/0Rf/BG*N$/[/0Rf/BG*N$/[/0Rf*Z*Z*Z*Z!")I�!")I�!")I�!")I�ãã/ãã/ãã/ãã/////

////

/Vf/ '5!R^58([*>|)%@-%&98R�7'/ *'(7B0/ �7L/ 8I9T%m5%(B&D0789(88([*+/ >|)G/

\":"�%(��N')T8R0/F$"�$!(0+/*(!7'/8([*8�L(M/78)c(7L/q//

/

0]Kc[r5L!@(*(4R/ =[($j6/ *" 1L*!L(0"%(5R6/ bI@K?0]Kc[r5L!@(*(4R/ =[($j6/ *" 1L*!L(0"%(5R6/ bI@K?0]Kc[r5L!@(*(4R/ =[($j6/ *" 1L*!L(0"%(5R6/ bI@K?0]Kc[r5L!@(*(4R/ =[($j6/ *" 1L*!L(0"%(5R6/ bI@K?mmmmF$"y(0(M/ *(4R/F$"y(0(M/ *(4R/F$"y(0(M/ *(4R/F$"y(0(M/ *(4R/ F$"y>|)(0(M/ %(Y?*L(F$"y>|)(0(M/ %(Y?*L(F$"y>|)(0(M/ %(Y?*L(F$"y>|)(0(M/ %(Y?*L(////

78[(5+78[(5+78[(5+78[(5+mmmm////

/

///Vc"0(/ 0]Kc[r5L!@(*(4R/ =[($j6/ *" 1L*!L(0"%(5R6/ bI@K?mF$"y(0(M/ *(4R/ F$"y>|)(0(M/ %(Y?*L(/

78[($?LR/q//
/

V0B+/U"ç##W/&/

././././%(c"/T8$(�L)*/L)R*!R8/N8R0(0BM/$LQ/l*B/%Mb7${$R/q%(c"/T8$(�L)*/L)R*!R8/N8R0(0BM/$LQ/l*B/%Mb7${$R/q%(c"/T8$(�L)*/L)R*!R8/N8R0(0BM/$LQ/l*B/%Mb7${$R/q%(c"/T8$(�L)*/L)R*!R8/N8R0(0BM/$LQ/l*B/%Mb7${$R/q////

780(!"0(/N8(T!70/L"/780(!"0(/N8(T!70/L"/780(!"0(/N8(T!70/L"/780(!"0(/N8(T!70/L"/F@L"z/!OK(7:5M/T8(M/0O'LZ/0/*L"?!Q/�F@L"z/!OK(7:5M/T8(M/0O'LZ/0/*L"?!Q/�F@L"z/!OK(7:5M/T8(M/0O'LZ/0/*L"?!Q/�F@L"z/!OK(7:5M/T8(M/0O'LZ/0/*L"?!Q/�****////

////

V7N!0Q//G*R /@M%R0/%@/*YG'*Y0*(BR/)!$1LI/8)7L/m/$l)/0BM/0/B9R/L�@/=T!@T$(!R8/*a"?!@!0B!Q/

=b$(7!/q/l*1L"/0B5(\N$/%!I'R/LM/U@M%!QW/7!ò$(8(l)0!Q/V0BM/U/0B79sM/$"8(0!Q/W/0/%Mb$(7!/q/Vf/

V708([*R K"/V70m8]^(05m8x0IT$(l)K"/>|)RK"/¢V0B&ã/>|)+/*8R+/V79FRL(Yz/F*(>$7L/q/

���������������������������������������� �������������������
16�&����=����(]W�5�����
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=>('7L+/U$ç#¾W/&//

/

././././VÃ1$(7@L(/70T$!"'(%LR/$(M/)R)I�$!(0(M/L0"!�!Jaj+/qVÃ1$(7@L(/70T$!"'(%LR/$(M/)R)I�$!(0(M/L0"!�!Jaj+/qVÃ1$(7@L(/70T$!"'(%LR/$(M/)R)I�$!(0(M/L0"!�!Jaj+/qVÃ1$(7@L(/70T$!"'(%LR/$(M/)R)I�$!(0(M/L0"!�!Jaj+/q////

=>('7LNLR/)!$71L/=>('7LNLR/)!$71L/=>('7LNLR/)!$71L/=>('7LNLR/)!$71L/1/1/1/1/%G�7'/N!5R6/)(%I978L"M/1$)R7>/�%G�7'/N!5R6/)(%I978L"M/1$)R7>/�%G�7'/N!5R6/)(%I978L"M/1$)R7>/�%G�7'/N!5R6/)(%I978L"M/1$)R7>/�****////

////

%(70*:6G��!Jaj+/!@()R8N$/V70`'(M/!J2a/70T$!Q/�'(%LR/ q/@R/)!$71L1/*(6)R8R0/%G�7'/l)�'(BG�70+/

L8/ )(%I/ 983�T$(l)�+q/ V70+/ %8?l)>G�7c'7L+/ q/ Vf/ V0 R+/ !7@!(!$¦'N$/ V79AGL0(Yz/ *780(/

V708([*R K"/>|)RK"/¢=>('7L+ã/>|)G/48wL+q////

/

39"<(/U4ç#"W/&//

././././�*/78cR$!c"0R7L/78!"ÃcM/N8(0":(00!8R�$/39"<(+/q�*/78cR$!c"0R7L/78!"ÃcM/N8(0":(00!8R�$/39"<(+/q�*/78cR$!c"0R7L/78!"ÃcM/N8(0":(00!8R�$/39"<(+/q�*/78cR$!c"0R7L/78!"ÃcM/N8(0":(00!8R�$/39"<(+/q////

>M%7L/N!/*'nR/'n"`�]8?�0M/%!79B{$/0BN$/�>M%7L/N!/*'nR/'n"`�]8?�0M/%!79B{$/0BN$/�>M%7L/N!/*'nR/'n"`�]8?�0M/%!79B{$/0BN$/�>M%7L/N!/*'nR/'n"`�]8?�0M/%!79B{$/0BN$/�****////

////

)!$1LI/0BR/8OLR/%7L/$)(/$!(708`6(/¢Vc"0(/�*/*a?4!Qã/�7L/78K$R/706?$(%!Y(?+/L)(/*'n([56R/

70'"6/�1kG/0BM/FL(57$L"7!de7L/q/$G/)R8(0(!�R/:de7L/%/39"<(/q/Vf/)R85(\/�1kG/)R8(0(!�R/

:deLI7L/VYj/�1k8([*R K"/>|)RK"/*780(/¢39"<(ã/>|)G/48wL+/q//

/

*(B%(5+/U5ç¾+W/&//

....V1L+'"5R/78NLOL8(:"5G�7'/8(B(8BI0(M/87BL]:"?6Zo]+/qV1L+'"5R/78NLOL8(:"5G�7'/8(B(8BI0(M/87BL]:"?6Zo]+/qV1L+'"5R/78NLOL8(:"5G�7'/8(B(8BI0(M/87BL]:"?6Zo]+/qV1L+'"5R/78NLOL8(:"5G�7'/8(B(8BI0(M/87BL]:"?6Zo]+/q////

0/*(B%(5M/@r56M/L)7<u1uM/F9"8?�c"!9J1!0G9J+/q0/*(B%(5M/@r56M/L)7<u1uM/F9"8?�c"!9J1!0G9J+/q0/*(B%(5M/@r56M/L)7<u1uM/F9"8?�c"!9J1!0G9J+/q0/*(B%(5M/@r56M/L)7<u1uM/F9"8?�c"!9J1!0G9J+/q****////

////

!O:(0(M/ *(B%(5+/ bR�+/ q/ *(B+/ *O {686?+/ %(5NL(5(¦'+/ bR�9(:G/ $N$/ LLQ/ *(B%(5M/ L)R8/ [/

*(B%(50(!*!Q/q/Vf/0BN$/0$0$G+/uZ/!6I/o0*O {6(Yz/ 3/%/0B+/bR�/�7L/V79FRL(Y?F*(>(Yz/*780(/

¢*(B%(5+ã/>|)G/48wL+/q//

/

*(4+/U¾.ç4+W/&//

....0(*R �7'/)I4a!l)48(7[/8[+-:([($?*78T*78$?+/q0(*R �7'/)I4a!l)48(7[/8[+-:([($?*78T*78$?+/q0(*R �7'/)I4a!l)48(7[/8[+-:([($?*78T*78$?+/q0(*R �7'/)I4a!l)48(7[/8[+-:([($?*78T*78$?+/q////

)]LR$0ILR+/'7Y/%(Y?8(@+/*(4+/%/*(4R0/%9(!9(6ILQ/�)]LR$0ILR+/'7Y/%(Y?8(@+/*(4+/%/*(4R0/%9(!9(6ILQ/�)]LR$0ILR+/'7Y/%(Y?8(@+/*(4+/%/*(4R0/%9(!9(6ILQ/�)]LR$0ILR+/'7Y/%(Y?8(@+/*(4+/%/*(4R0/%9(!9(6ILQ/�****////

////

$f/%MN*O L9(K(/V7L>$R0/>G9!(0(/L7N!0Q/N8:(?BG*R �7'/$G/8(�$!(B($(M/ 78K$R/V;$('*L(M/8R7a/$S/

*78r57L/ F7%�G/ $S/ V%"5(6(M/ 0I7L*Z>BN$/ '7Y/ �')R>R0/ %C:I/ =%ILQ/ %/ >"�([($?+/

N8$&85%9($(!(:&$/*(4R0/V86?$LQ/q/Vf/*780(/>"�([($?N$/8(7[/70{6(LT8M/F*(>0(Yz/>"�8([*R K"/

>|)RK"/¢*(4+ã/U/*" /ß/�0Q/ß/$6 Q/7/*(4+/W/>|)G/48wL+/q/

/

*] L*!Q/U¾ç#$W/&//
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....7870k'f(7B:L(7B*] L8(0Q/!O:(C*[J,(!768\?0(�\L!Q/q7870k'f(7B:L(7B*] L8(0Q/!O:(C*[J,(!768\?0(�\L!Q/q7870k'f(7B:L(7B*] L8(0Q/!O:(C*[J,(!768\?0(�\L!Q/q7870k'f(7B:L(7B*] L8(0Q/!O:(C*[J,(!768\?0(�\L!Q/q////

)c(0!(>(%"/[r5{6"/)"$?>+/%/*ZL"*¼/Lf/))>?/*] L*!Q/�)c(0!(>(%"/[r5{6"/)"$?>+/%/*ZL"*¼/Lf/))>?/*] L*!Q/�)c(0!(>(%"/[r5{6"/)"$?>+/%/*ZL"*¼/Lf/))>?/*] L*!Q/�)c(0!(>(%"/[r5{6"/)"$?>+/%/*ZL"*¼/Lf/))>?/*] L*!Q/�****////

////

�A(0)>?0R/*ZL"*¼/%/0B+/Lf/78B(%GA(0R/FN�" rnLM/*R L*¼'"{'!Q/V'�$LQ/q/�)M/*R L*¼'"{'M/*(!G�I'*!Q/q/

%&98LG/7857@6G/0BN$/V1L5R/*(!'I,(8�?0(Yz/*780(�f(79FRL+/¢*] L*ãm>|)G/48wL+q//

/

:Gf>f"+/U¾8ç4+W/&//

././././:Gf(0"*J BT898R/788(@R/:Gf(0"*J BT898R/788(@R/:Gf(0"*J BT898R/788(@R/:Gf(0"*J BT898R/788(@R/LTF(7L*J �$(l)8/:Gf>f"+/q/LTF(7L*J �$(l)8/:Gf>f"+/q/LTF(7L*J �$(l)8/:Gf>f"+/q/LTF(7L*J �$(l)8/:Gf>f"+/q/****////

////

¢0/ %!(0:Gf(M/ 0/ %!(0F85(M/ 9($(z/ 781)RL/ !(LOLNT8('�!(LQ/ 7'LOLNT8(%~!(LQã/ �T$(l)N!OLR8?5*1$$G+/

'5N'579s:GfT8!R8(f/ :Gf(0"*J BT8!Q/ q/ LR0/ %&98'5R/ )!$1LI'r56$R/ N8:(?)(:de0Q/ :GfN$/ '8?LN$/

*JBN$/[/>f"r51k+3/LN$/ 788(@N$/F7L*JBL([56!"l��$]8/ q/LY(/[/�1kR6/%@/)!$1T$(/ 788(@%&98R/

:Gf9R)G/8L?LR/q/LN!(LQ/*(56()Q/�1kG/:Gf>f"+/q/VY?7!!M/F7L'()0($/*780(/�1k8([*R K"/>|)RK"/V79FRLG/

¢:Gf>f"+ã/:O@IL+/q//

/

[h,I>+/U$ç""W/&//

././././[h,I>[h,(7<ÇL(>*" h,R/\"@(8/$1!71)57!71k$(6(!Q/q[h,I>[h,(7<ÇL(>*" h,R/\"@(8/$1!71)57!71k$(6(!Q/q[h,I>[h,(7<ÇL(>*" h,R/\"@(8/$1!71)57!71k$(6(!Q/q[h,I>[h,(7<ÇL(>*" h,R/\"@(8/$1!71)57!71k$(6(!Q/q****////

/

*(!)R8G/ !@()R8N$/ LOLI$0$0(T!*R / V70*" h,R/ N8>5I5M/ 78%O\7L/ N!/ q/ ¢[h,ãm>|)N$/ VY?+/ �Gc+/ q/

¢[h,I>ãm>|)G/!@()R8N$/9$C*5L($(/AGL*+q/Vf/�!!79FRL(Yz/F*(>0($/*780(/7>88([*R K"/>|)RK"/

¢[h,I>+ã/>|)G/48wL+/q/

/

7f0Rf+/U¾ç5W/&//

././././l):I>8O1)(M>789J7L5I7>L(/l)>(M/%/*(!F%9(85G7c0I!Q/ql):I>8O1)(M>789J7L5I7>L(/l)>(M/%/*(!F%9(85G7c0I!Q/ql):I>8O1)(M>789J7L5I7>L(/l)>(M/%/*(!F%9(85G7c0I!Q/ql):I>8O1)(M>789J7L5I7>L(/l)>(M/%/*(!F%9(85G7c0I!Q/q////

D9(5/>(�(76/)O>M/u$(7c*(M/70\7f0Rf(8L5T88G7c*(!Q/�D9(5/>(�(76/)O>M/u$(7c*(M/70\7f0Rf(8L5T88G7c*(!Q/�D9(5/>(�(76/)O>M/u$(7c*(M/70\7f0Rf(8L5T88G7c*(!Q/�D9(5/>(�(76/)O>M/u$(7c*(M/70\7f0Rf(8L5T88G7c*(!Q/�****////

/

Vf/!@()R88([*R K"/>&9"mü>m'>"'T$(l)K"/>|)RK"/ ¢7f0Rf+ã/>|)+/*8R+/V79FRL(Yz/F*(>$7L/ q/5(\(/0B+/

!@()R8N$/V8L(5/=%ILQ/ q/5(�G/0BN$(7'/uR/0$0R/ /LLG�7c*M /LOLI$!R*!'5M/0$0!(%ILQ/ q/L7�/0BN$/

Ft5M/>(��(0!Q/q/V0R0/>(�[<"K(/0B+/N8Rde([(5!`�L/q/VY?7!!M/F7L'()0($/*780(/¢7f0Rf+ã/>|)G/

:O@IL+/q//

/

'LC:+/U¾½ç85W/&//

././././'LT$RLaR\GÇL9"7\/*)(7[)Q/$l)/L)('LT$RLaR\GÇL9"7\/*)(7[)Q/$l)/L)('LT$RLaR\GÇL9"7\/*)(7[)Q/$l)/L)('LT$RLaR\GÇL9"7\/*)(7[)Q/$l)/L)(////

////////'LC:+/N$()C:I*O LL!'LC:(')")$+/q'LC:+/N$()C:I*O LL!'LC:(')")$+/q'LC:+/N$()C:I*O LL!'LC:(')")$+/q'LC:+/N$()C:I*O LL!'LC:(')")$+/q****////

////
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/�LN$/ 0R'(B5(\N$/ LR\/ �8/ V70NL7N!0Q/ $l)/ *)(7[LQ/ 'L7L3/ L)(/ %/ 'LC:+/ %8?Y(/ VC:I*O L+/ 3/

'LC:N$/ >B9N$/ 78'TF(7~$j0/ %/ LY(78c+/ N$(LQ/ q/ Vf/ *780(/ *(4N$/ [!T*(r5T8!"T'()0($/

%J$?8([*R K"/>|)RK"/'LC:+/>|)G/48wL+/q/Vf/'LC:m>|)N$/V'5/�*+/VY?+/>B9+/q//

/

'B(>+/U¾ç$8W/&/

././././N!5(c?[1kRK"709R/�>I$%(M/N�" nR/'B(>R�;8\"N!5(c?[1kRK"709R/�>I$%(M/N�" nR/'B(>R�;8\"N!5(c?[1kRK"709R/�>I$%(M/N�" nR/'B(>R�;8\"N!5(c?[1kRK"709R/�>I$%(M/N�" nR/'B(>R�;8\"K(&'B(>0(LQ/qK(&'B(>0(LQ/qK(&'B(>0(LQ/qK(&'B(>0(LQ/q////

////%/8O1L!(BG*L/th,!718LM/78$G7:wTt7h,70/*(Bth,\!Q/�%/8O1L!(BG*L/th,!718LM/78$G7:wTt7h,70/*(Bth,\!Q/�%/8O1L!(BG*L/th,!718LM/78$G7:wTt7h,70/*(Bth,\!Q/�%/8O1L!(BG*L/th,!718LM/78$G7:wTt7h,70/*(Bth,\!Q/�****////

////

�A(0R/F78�$/0BR0/*(!)R8N$/Vc?[1k(*(5D(68LQ/ 'B(>'"{'M/ )O�!Qq/ 'B!Q/V�(7L/$+/%/�8/'B(>+/ m/

�7L/ 'B(>>|)N$/ 4"T'7a+/ q/ 'B(>G�$M/ 7857@6(M/ !(M%M/ 9<$7L/ VY(?)Q/ 7857@6(M/ >5I5M/ 785@(7L>$R0/

78)ÃcM/*5G7Lq/Vf/'B(>'"{')>?0R0/0BN$/785@(7L>$8�?0(Yz/*780(/V79FRL+/¢'B(>ãm>|)+/F$"y+/q/

!@(5Y+/U¾ç5¾W/&//

././././!@(5YN$(;870/[�8�a0+/'5(0'R<Gu@0()Q/$>+7%L!Q/q!@(5YN$(;870/[�8�a0+/'5(0'R<Gu@0()Q/$>+7%L!Q/q!@(5YN$(;870/[�8�a0+/'5(0'R<Gu@0()Q/$>+7%L!Q/q!@(5YN$(;870/[�8�a0+/'5(0'R<Gu@0()Q/$>+7%L!Q/q****////

/!@(0Q/5YG/$N$/%/!@(5Y+/q/./=T!(0M/%(57Y�(^M/5<0Q/$";$RL/$G/05+q/%/!@(5Y%M�+/

N$(l)T$(Ç0E7L*G78)(+/�*U\I8(L"nI*(W/Vf/5(�G/0BN$/8I5T8M/%8(?7L>(7$T8�/F*(>(Yz/!@(5Y+/>|)+/

*780(/V79FRL+/q//

/

!(7<*!Q/U+ç¾#W/&//

¢¢¢¢¢¢¢¢w)(7901A/Fw)(7901A/Fw)(7901A/Fw)(7901A/F7LD1;$0"a5+/7F$(7:5+/%7N!L!(@/%/N!/L(!Q/q7LD1;$0"a5+/7F$(7:5+/%7N!L!(@/%/N!/L(!Q/q7LD1;$0"a5+/7F$(7:5+/%7N!L!(@/%/N!/L(!Q/q7LD1;$0"a5+/7F$(7:5+/%7N!L!(@/%/N!/L(!Q/q////

8)(7!/8(!(7</8)(7!/8(!(7</8)(7!/8(!(7</8)(7!/8(!(7</1/1/1/1/'5RK"/!(/7<'/N8!I)O>M/!(7<*!(7<'u[+/�'5RK"/!(/7<'/N8!I)O>M/!(7<*!(7<'u[+/�'5RK"/!(/7<'/N8!I)O>M/!(7<*!(7<'u[+/�'5RK"/!(/7<'/N8!I)O>M/!(7<*!(7<'u[+/�****////

////

/0BG/!0%(/7F$($(/)!$1T$(/8(�$(70/$"7y$"yL$(/F>N$3/F)�>L($(/D(c($(/78K$R/V0"a5+/%0Q/

)!$1LÆ/%7N!L!(@/mm/@R/8(!(7</1/!(c"$(?7L5R*R 6/7L5N*" 8?)Q/ü)O>M/8(�$M/'5RK"/!(/7<'/q/ü)O>M/)!$1T$(/

!c"5M/8(�$!0($(%R0/!(7<*(6(M/:"g0M/'5(\$LRq/Vf/)!$1LI8(�$N$/!c"5L(F*(>(Yz/*780(/V79FRLG/

¢!(7<*!Qã/�T$$M/>|)G/:O@IL+/q//

/
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././././'78f!f(L0"LR/\:)Q/$":R/N!O'78f!f(L0"LR/\:)Q/$":R/N!O'78f!f(L0"LR/\:)Q/$":R/N!O'78f!f(L0"LR/\:)Q/$":R/N!OL(/5%<(B0$R8/LT*Y(/qL(/5%<(B0$R8/LT*Y(/qL(/5%<(B0$R8/LT*Y(/qL(/5%<(B0$R8/LT*Y(/q////

////////*YM/0/%(/!7ÿ5!(78B(!7'/N8%R780I!R8/'78f7${$7L/�*YM/0/%(/!7ÿ5!(78B(!7'/N8%R780I!R8/'78f7${$7L/�*YM/0/%(/!7ÿ5!(78B(!7'/N8%R780I!R8/'78f7${$7L/�*YM/0/%(/!7ÿ5!(78B(!7'/N8%R780I!R8/'78f7${$7L/�/*/

/
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3/ L)(/ *7886?0(/ )GK$"yM / 9JT8(�7'/ 0B*Y(7bLR0/ >OC:(5(l)5%R0/ !(\?0R0/ \:l))M/ '78fM/ 987Lq/ Vf/

0BN$/:"6*¼�a¦'(/8(7C0�!7L+/>OC:(5(l)5%R0/'78fL(M/B�N$LR/ 3/�7L/V79FRL(Y?N$/F*(>(Yz/*780(/

\B8([*R K"/V'Qm8(r5m%7BBm�T$(l)K"/>|)RK"//¢5%+ã/>|)+/F$"y+/q/

8(!(/U¾8ç"¾W/&//
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8(!R7L/0(!]8/89(\/%(cz/'"5719%(c(56%M789(:!Q/�8(!R7L/0(!]8/89(\/%(cz/'"5719%(c(56%M789(:!Q/�8(!R7L/0(!]8/89(\/%(cz/'"5719%(c(56%M789(:!Q/�8(!R7L/0(!]8/89(\/%(cz/'"5719%(c(56%M789(:!Q/�****////
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$)(/ 8(Ã)R8I/ 78@N$/ )!$1LÆ/ @NLR/ 78cOT$/ �1kM/ 70*K(/ :de7L/ L)(/ )!$1T$(+/�I8([*G/ ¢8(!(ãm>|)+/

%(Y?*G/987L/q/8(!(/>|)N$/VY?+/�IBG*+3/V7'/[/8(!(/>|)N$/VYñ/8�(/78¦'N89(8787>�(/8(/q/

V7N!0Q/NY(0R/)!$1T$(/78¦'N89(8T8M/8(!(0(:/=<r5*(Yj0/N'�Il�$LRq/VY?7!!M/F7L'()0($/*780(/

�I8([*R K"/>|)RK"/V79FRLG/¢8(!(ã/>|)+/F$"y+/q//
/
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./¢¢./¢¢./¢¢./¢¢7'*N$/8(;(*O L(ùBI*(s/%/F9"0?1)7L/01)0R�7'/q7'*N$/8(;(*O L(ùBI*(s/%/F9"0?1)7L/01)0R�7'/q7'*N$/8(;(*O L(ùBI*(s/%/F9"0?1)7L/01)0R�7'/q7'*N$/8(;(*O L(ùBI*(s/%/F9"0?1)7L/01)0R�7'/q////

////D(BN$/[J,(>7>0G�'5(c(s(5(c0M/>IB7L/>J7B0G�7'/�D(BN$/[J,(>7>0G�'5(c(s(5(c0M/>IB7L/>J7B0G�7'/�D(BN$/[J,(>7>0G�'5(c(s(5(c0M/>IB7L/>J7B0G�7'/�D(BN$/[J,(>7>0G�'5(c(s(5(c0M/>IB7L/>J7B0G�7'/�*ãã*ãã*ãã*ãã////
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/VfGd$LR/ $)Q/ )R85(\/ �1k+/ *Gl*BN$/ 58R6/ 'I7,L+/ %0Q/ �A(0R�7'/=01)M/ 0(0"98LI7L/ q/ LY(/ 7>8N$/

!NL*NY[1k+/ %1L('M/ \0$7L/ q/ V0R0/ *(56R0/ )R85(\/ �1k+/ 7>8N$(7'/ 70T$M/ 'J\0M/ 0/ 78)c(7L/ q/ Vf/

¢>JBIã/>|)+/7>8N$/��L($(/AGL*+/q/V0R0/*(56R0/*780(/7>8N$/��¦'F*(>(Yz/7>88([*R K"/>|)RK"/

¢>JBIã/>|)G/48wL+/q///
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¢¢¢¢¢¢¢¢V)O�$!(0(/û7[)I7<L(/û7[&!!(0"$G:R/98L+/%5N8LI/qV)O�$!(0(/û7[)I7<L(/û7[&!!(0"$G:R/98L+/%5N8LI/qV)O�$!(0(/û7[)I7<L(/û7[&!!(0"$G:R/98L+/%5N8LI/qV)O�$!(0(/û7[)I7<L(/û7[&!!(0"$G:R/98L+/%5N8LI/q////

û7[LQ/F*(>(M/û7[)N�" n(6?%M/%5N8LÆ/\RL"!0(+/%5N8LI!Q/�û7[LQ/F*(>(M/û7[)N�" n(6?%M/%5N8LÆ/\RL"!0(+/%5N8LI!Q/�û7[LQ/F*(>(M/û7[)N�" n(6?%M/%5N8LÆ/\RL"!0(+/%5N8LI!Q/�û7[LQ/F*(>(M/û7[)N�" n(6?%M/%5N8LÆ/\RL"!0(+/%5N8LI!Q/�ãããããããã////
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%5N8LI/ 0)I/ *" f(7'/ N8de%7BB(/ N8`'R6/ [/ F*(7>L(/ 3/ V7'/ *" f(7'/ V1L+%7BB(/ V)O�$!(0(/ [/ q/

)!$1T$(+/F�N$Ga5R/)JLI/0B($/$Y(Y?!Ga5M/0/F)($/*" f(7'/N'�¦'R6/*" f(7'/8(/VN'�¦'R6/8)7L/ q/

Vf/0BN$/8(�$M/%5N8T$(/0A(/%@/L"�$LR/ q/0B8(�$N$/N'�(N'�(9(8M/F*(>(Yz/ ¢%5N8LIã/>|)+/*8R+/

7887<L(Yz/F*(>$7L/q/
/

%(56I/U+ç¾48W/&//

////¢¢¢¢¢¢¢¢�LI$!(BR#$:LR�7'/8I7<LR/T87$/N!5<I,%!N$$(0$(/q�LI$!(BR#$:LR�7'/8I7<LR/T87$/N!5<I,%!N$$(0$(/q�LI$!(BR#$:LR�7'/8I7<LR/T87$/N!5<I,%!N$$(0$(/q�LI$!(BR#$:LR�7'/8I7<LR/T87$/N!5<I,%!N$$(0$(/q////

')R/')R/!Z0!$(1L5I7'6I/F8�LL(/%(5o%(5%(56I/qq')R/')R/!Z0!$(1L5I7'6I/F8�LL(/%(5o%(5%(56I/qq')R/')R/!Z0!$(1L5I7'6I/F8�LL(/%(5o%(5%(56I/qq')R/')R/!Z0!$(1L5I7'6I/F8�LL(/%(5o%(5%(56I/qqãããããããã////

////

VfGd$LR/ $)Q/ )!$1T$(/ �$!8NY(/ !c"5%N$/ N8�'LG$(/ 0)I/ q/ VN$(/ 0A(/ �*(c(5R/ %I!(@I0+/

*(!G�1$(c(5R/[/V1L@I0($(/Bv($(+/F8(@+/q/0)I8)Q/)!$1T$(/!Z09(8/�8/FR!-GL*(!N$/Bv($(S/

!;$8aE/uI'+/ q/V79FRL+/V$!Y?+/*8R8?NL"LNLN!(LQ/<"k0)I¦'R6/0)I8([*R K"/ />|)RK"/*780(/ ¢%(56Iãm/

>|)G/48wL+/q//

/

N!5(r5+/U¾¾ç¾¾½W/&//

....*(>I/98Ga56c!?Lr5+/N!5(5R+/q*(>I/98Ga56c!?Lr5+/N!5(5R+/q*(>I/98Ga56c!?Lr5+/N!5(5R+/q*(>I/98Ga56c!?Lr5+/N!5(5R+/qãããããããã////

/
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!@()R8N$/*(>I/%M%(5%!"kGaE6($/L576+/q/Vf/*(!0($(+/780(>*¦'R6/*780(/!@()R88([*R K"/>|)RK"/

V79FRL(Y?F*(>(Yz/¢N!5(r5+ã/>|)+/F$"y+/q//

/

////V0R0/F*(5R6/*" 1L*N$/)O�G6LG/0]KcI$NY(0(M/*7L[0/>|)(0(M/'$(?BG[0(/*O L(/q/

*" 1L*([($?N$/!LR0/�LR/>|)(+/*(4F$"y>|)¦'R6/ 'r5:76L(+q/ 8(!0([($j6/*(4F$"y>|)(70!(0Q/ ¢/

>|)'(*/ã/�7L/*ò$LR/õ//

///.$T')(70/T$\1T$R8/'r58O7a%7@{6"L(!Q/q/

LM/>|)1$(%70{6(L(+/>|)'(*M /F[<LR/�LM/>|)1$(%70{6(L(+/>|)'(*M /F[<LR/�LM/>|)1$(%70{6(L(+/>|)'(*M /F[<LR/�LM/>|)1$(%70{6(L(+/>|)'(*M /F[<LR/�ããããããããUUUU*(*(*(*(H/H/H/H/%J%J%J%JH/H/H/H/mmmm¾¾¾¾çççç""""çççç¾4/¾4/¾4/¾4/8O7a+8O7a+8O7a+8O7a+W/W/W/W/����////
/

=01)8c?0R0(7'/*(4R/F$"y>|)N$/VY?N$/[/78K$R/N8(79!LM/F*(7>L!Q/q/$Y(/mm//

.//..//..//..//.��T$1L5R6(>�$M/$a�(`T8M/F*(>$0Q/q��T$1L5R6(>�$M/$a�(`T8M/F*(>$0Q/q��T$1L5R6(>�$M/$a�(`T8M/F*(>$0Q/q��T$1L5R6(>�$M/$a�(`T8M/F*(>$0Q/q////

>|)G/4g*L(M/>|)G/4g*L(M/>|)G/4g*L(M/>|)G/4g*L(M/78ó)Q/;81$"yR �8K$I/98RLQ/�78ó)Q/;81$"yR �8K$I/98RLQ/�78ó)Q/;81$"yR �8K$I/98RLQ/�78ó)Q/;81$"yR �8K$I/98RLQ/�ããããããããUUUU;81$(BG*+/;81$(BG*+/;81$(BG*+/;81$(BG*+/mmmm////¾¾¾¾çççç////
/

â©Ü¶©«¹¬¯»°åâ©Ü¶©«¹¬¯»°åâ©Ü¶©«¹¬¯»°åâ©Ü¶©«¹¬¯»°å////

ÄH/=·>¬å¯3/?>¬>å¯±¯UÏ¨HW3/?¯©@¯¨°¯·¯¬©ª¯/ «Ì/A¬B°¯¬@¯3/â«¸Ü¯å/ &/?©¬C¯å¯³>¹¯¬/í¬§³³3/

ÄÚÐÅH/

/ÅH/ ×>³¯3/ é¯¬µC>³©±¨°µUÏ¨HW3/ Û¯D³´Eª¯/ Û>°©ªå¯³¯¸Ü°>¬¯/ / Uº¯ªµ¬¨¯F¯/ é°¯CG¯/ W3/

é«¶´¯ª¯/&/?¯²¯»¯ª¬¯/í¬¯´>F¯±¯3/ÄÚØÅH//

ÊH/×§3/ÛH/éH/3Í©³ª«¬å/«Ì/Û¯±³´¬©ª/í«§ª©·³3/ºµ¶·µªª¯/&/¿©¬¸¯/éHæ/í¬©²¯ª§/H©¸©ª§¨3/ÄÚÔÑH//

ÎH/ í>I°¯´¯3/ ä¯¹¯±±>ª°¯UÏ¨HW3/ ×°²¯±å>¶«´¯/ «Ì/ / =±¯±¨¯²¯¬¨°¯±¯3/ ì>¬>C¯³B/ &/

º«µ´°¯¸Ü>/ì©¨å>Ü°¯²¯±¯3/ÄÚÑÐH//

ÐH/ â¯±¨«»>¨°å>å¯3/ ë¯²©F¯J´¯¬¯UÏ¨HW3/ â¯´¬«´ª©®B²©ª¯/ «Ì/ éµ±ª¯´¯3/ é«¶´¯ª¯/ &/ Û¯±³´¬©ª/

íµ³ª¯´¯/â°¯±¨¯¬3/ÅÙÙÚH/

ÑH/â¯³µ3/À±©¶¯·¯±¨¬¯/ UÏ¨HW3/é>²å>¶¯J´>¬¯³Kª¬¯²Eªª©/ «Ì/ì>¸¯±¯3é«¶´¯ª¯/ &/Û¯±³´¬©ª/â««´/

×§»«ª3/ÄÚÔÙH/

ÔH/Û©¨¨°>±ª¯²>¹BF¯3/Í¯¬©¨>³¯UÏ¨HW3/?¯©@¯¨°¯·¯¬©ª¯/«Ì/A¬B°¯¬@¯UÄmÄÄW3/?¯´©»µ¬3/ÄØÎÚH//

ØH/Û©¨¨°>±ª¯²>¹BF¯3/Í¯¬©¨>³¯UÏ¨HW3/?¯©@¯¨°¯·¯¬©ª¯/«Ì/A¬B°¯¬@¯UÄÅmÅÅW3/é«¶´¯ª¯3/ÄØÔÄH//
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û7[LQ/%(&$M/'r5B�$LR/q/=01)8c?0N$/$)Q/;870FNY(0M/LN$]8/F9(8+/8�G7yFNY(0R/F7L�B7L/

q/ 8�G7y%&F)($N$/ \1!/ FT$"a5¦'R6(98LQq/ VY(?LQ/ *(4N$/ $R/ $R/ 9R)(+/ %Z1)$?L�8(70/ [/
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*(4!Q/�7L/q/V0R0/VBC*(5>(�R/;870')N$/8]7>{ïM/�(L"M/>�$LR/q/Vf/4"T'7aNL"/�TYM/l�$LR/
��

�� ;807L/;80$7L/8(/$+/%+/4g*>|)+/;870+/q�
,� ;807L/;80$7L/8(/$+/%+/4g*G�Y?+/;870+/q�
�� ;81$LR/�7L/;870+3/V0R0/4CÃ$(Y?+/q�
-� ;81$LR/V0R0R7L/;870+/�/4g0(4('(5+/q�
	� ;81$LR/V7N!7s7L/;870+/�/*(4!Q/�7L/q/�
�LRK(!Q/VY(?0(M/4"T'7a57'/;81$(BG*R /FY!GAGLR/;870*(r5*(01L5M/BG[0nI*($(M/%"N'�M/

'r5B�$LR/q/LY(/7@/�
VYñ/8(/>|)G/8(3/4('5G/8(3/VYñ�7'/8(/8(d$G/8(/;80$7L/�7L/>|)G`
��$R8!Q/q/4CÃ$G/8(/;81$LR/�7L/4('(5G/8(/>|)(Y?$G;8?007!7L/q/*(r5*$(/L"/F(c(1$R0/%!")($/

�8/*(4¦'G/!"#$L$(/;870r57L/F7L'(l)L!Q/qÅÅÅÅ�

/ /*" 1L*([($?NL"/8�G7y\I78LR/8�GyR +/ N8¦'M/ 70¦�$/LLQ/%"%!I[I0M/4(#$(0M/*O L8(0Q/ q/

LN$(+/B<6M/Lf/�yM /$Y(/�

//// //// �9(8RL(8BC*($ñ/L$G+/'"05BC*O 7L+/q�9(8RL(8BC*($ñ/L$G+/'"05BC*O 7L+/q�9(8RL(8BC*($ñ/L$G+/'"05BC*O 7L+/q�9(8RL(8BC*($ñ/L$G+/'"05BC*O 7L+/q�

//// //// 8�G7y5R8/8])Ã;$9C:I9767L¦d$LR/qq/8�G7y5R8/8])Ã;$9C:I9767L¦d$LR/qq/8�G7y5R8/8])Ã;$9C:I9767L¦d$LR/qq/8�G7y5R8/8])Ã;$9C:I9767L¦d$LR/qq/ÊÊÊÊ�

//// *" 1L*([($?+/8�G7yL�8N$/4(#$(0!7'/FY!G1!RKR/%"N'�>|)R0(*5GLQ/q/LAY(/��

�� F7%�(79c(047L5Rl*6I/q/Î�
,� >(�(l)F7%�>|)(Yñ'70D1c47L5Rl*6I/qÐ�

�� F7%�FNY(047L5Rl*6I/qÑ�
-� 9C:I9767L8]7[M$!QqÔ�
V0R0/ N'�M/ �($LR/ $LQ/ 86?0>]BI/ 7uc(/ 789y"M / >�$(/ q/ FY!M/ L"/ BG*>(�)I%(!(1$(Yj0/

$"y(/V'5M/L"/BG*>(�l)%(!(1$(Y(?LQ/79s+/BG*Ga5[!T*(5I/q/BG*Ga5[!T*(5*(5I/86?0>]BI/

�8/ 8�G7y+/ *ò$LR/ q/ L()O>I/ 86?0>]BI/ $f/ 987L/ L)R8/ *(47!7L/ *(4B<670¦'6F%C:R/

5(\(0*+/*" 1L*([($?+/�L)R8/N'�$7L/q/�
�

8�G7y;870B<6$G+/N8¦':L%(&$L(8�G7y;870B<6$G+/N8¦':L%(&$L(8�G7y;870B<6$G+/N8¦':L%(&$L(8�G7y;870B<6$G+/N8¦':L%(&$L(�

/ =01)8c?0N$/ ;81$(BG*R / ;80R+/ B<6M/ 9R)(S/ *" 1L*N$/ *R K"7[LQ/ B<6RK"/ 9R)RK"/ %(&$M/

'r5B�$LR/q/Vf/)O�(1L¦'R6/%8(?)Z/=01)8c?0N$/;870L�8M/%!(BGd$LR/q/$f(Y?/=T!(0M/>|)S/

N8(Y?!"'%\?0I*O LZ/*(478>RKM/4Cy+/%+/;870r57L/%Jr579+/*7YL+/q/�yM /$Y(/FY!GAGLR/��
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$f(Y?+/>|)G/8(/L!Y?!"'%\?0I*O LN8(Y(/q$f(Y?+/>|)G/8(/L!Y?!"'%\?0I*O LN8(Y(/q$f(Y?+/>|)G/8(/L!Y?!"'%\?0I*O LN8(Y(/q$f(Y?+/>|)G/8(/L!Y?!"'%\?0I*O LN8(Y(/q�

////////////////////////////////////////////////////4Cy+/*(478>RK+/%/;870r57L/%Jr579+/*7YL+/qq/4Cy+/*(478>RK+/%/;870r57L/%Jr579+/*7YL+/qq/4Cy+/*(478>RK+/%/;870r57L/%Jr579+/*7YL+/qq/4Cy+/*(478>RK+/%/;870r57L/%Jr579+/*7YL+/qq/ØØØØ�

*(r5*($(!N$(M/
L!Y?!Q/�/�7L/')R/%G�Y?+/*¼)O>/�7L/4(#$(L"M/'"0+/*Y$7L/=01)8c?0+��

FLI$!(0M/FLI$!(0M/FLI$!(0M/FLI$!(0M/'"051$)R8/8NT87NL/8(6IK"/!@(*8I0(!Q/q'"051$)R8/8NT87NL/8(6IK"/!@(*8I0(!Q/q'"051$)R8/8NT87NL/8(6IK"/!@(*8I0(!Q/q'"051$)R8/8NT87NL/8(6IK"/!@(*8I0(!Q/q�

$aTF7%�(8$8(7Lr5yM /789(7L/B(8h$7!8(C:0(%"/qq/$aTF7%�(8$8(7Lr5yM /789(7L/B(8h$7!8(C:0(%"/qq/$aTF7%�(8$8(7Lr5yM /789(7L/B(8h$7!8(C:0(%"/qq/$aTF7%�(8$8(7Lr5yM /789(7L/B(8h$7!8(C:0(%"/qq/ÚÚÚÚ�

/ FLI$!(0M/ '"0/ V1$)R8/ 8NL"/ V7NL/ $LQ/ 5!6I0(M/ F7%�(8$8R�$G+/ !"t0RfbGf(l)�$+/

'OY�J'R6/ B(8h$7!8/ F*(>LR/ q/ VY(?LQ/ $Y(/ ðC:0(%"/ B(8h$M/ 'OY7C08?h$!(0M/

707tB(8$8(7L5Rl*/l*!�$1$)R8/%w)$BG[0(!OLM/L�8(1L5M/Lu)R8/%G�Y?/�T$Y?+/q/�

;870r57L/ >|)N$/ L(T'$z/ 'r5{*" 8?0Q/ =01)8c?0+/ *Y$7L/ $LQ/ 5%N89(8¦'+/ %+/ N8()"+/

VY?F8(@M/ *" 8?0Q/ !@(*8I0(M/ 8(6I%"/ F7L9(78>RKM/ 'r5N�" 5$7L/ q/ $R0(f/ 787[f/

*78'5&'5(8(7@0I%M%(5R/*(7B)(%F9OL$+/7uf(+/'�K(/8(/!@(*8$+/:h$1LR/q/�yM /7@/��

%5N8LI/N8()"/L)Y?8NL"/70+/N$1)!(0(/!@L(M/*8I0(!Q/q%5N8LI/N8()"/L)Y?8NL"/70+/N$1)!(0(/!@L(M/*8I0(!Q/q%5N8LI/N8()"/L)Y?8NL"/70+/N$1)!(0(/!@L(M/*8I0(!Q/q%5N8LI/N8()"/L)Y?8NL"/70+/N$1)!(0(/!@L(M/*8I0(!Q/q�

VBG*%(!(1$!79407y/'r5N�" 51LM/F7L9(78>RK!Q/qq//VBG*%(!(1$!79407y/'r5N�" 51LM/F7L9(78>RK!Q/qq//VBG*%(!(1$!79407y/'r5N�" 51LM/F7L9(78>RK!Q/qq//VBG*%(!(1$!79407y/'r5N�" 51LM/F7L9(78>RK!Q/qq//ÄÙÄÙÄÙÄÙ�

/ VL/�8/787>�(Yñ�$!Q/VBZl**F7L9(\1$+3/N8()"+3/8(d$(7 s+/l*!7'/787[f8NL"/LY(/

FLI$!(0!R8/987L/q/�8!R8/;80R+/FLI$!(0N$/[/$�B<6M/N8¦'M/8(/F7L'(l)LM/LRK(M/*" 1L*N$/

8�GyR +/'r59(K$(/%@/û7[LQ/%(&$M/'r5)O�$LR/q/�

*" 1L*8�GyR +/'r59(K(*" 1L*8�GyR +/'r59(K(*" 1L*8�GyR +/'r59(K(*" 1L*8�GyR +/'r59(K(�

/ [!T*(r5*Y0N$/ F*(5/ �8/ 8�G7y+/ 0(:(797@LG/ 987L/ q/ 
8�G7y+/

F7%�(79c(047L5Rl*6G/787[M$]8(79c(/8])Ã;$M/*78*!?*Z>BM/LN$/9C:I/787de7a+q�ÄÄ/ÄÄ/ÄÄ/ÄÄ/�T$f/

F7%�*Y0(7 s(/ �T$N$(79F($+q/ ÄH>(�(l)K"/ �'70D�>|)(Y?$G+/ %(!(1$F$G:(7 s+q/ ÅH/

F[7BL%(!(1$%5h$(+/V7L�&$/86?0!Q/�7Lq/VY(?LQ/%(c(5686?0()7Lr5d$/l*!7'/86?0!Qq/�

/ �T$0$G+/48@(5$G+/L"B0(T!*'5I<6R0/;8708�G�T$G+/%(&$M/%@\DG;$M/987Lq/

LT*Y7!7L/VcNL(7s¦�$LR/��

�� ;8708�G7y'r59(K$G+/ F7%�(8(d$(Y?+/ 8([*>|)(LQ/ V7L�!6M/ *5G7L/ q/ �yM / 7@/
=01)8c?0R0/;870B<6R/q/VY(?LQ/$f(Y?+/70\N8¦'M/>|)S/N8(Yz/:Z6M/*O T8(/*(478>RK!Q/
V79407y/ Lf/ ;870r57L/ =01)8c?0N$(>$+/ q/ �L)R8/ *" 1L*l)>(/

>(�(l)F7%�>|)(Yñ'70D1c47L5Rl*�/ �T$0R0/ ¦'R6/ �($LR/ q/ VY(?LQ/ >(�(l)K"/



A First  EPQRST Journal-�����������	��	
���
������������ ���������������
�

 ����� � � � �

�

�'70D�$G+/ >|)(Y?$G+/ F7%�+/ VY(?LQ/ %(!(1$F$G:(7 s+/ �T$Y?+/ q/ �8!R8/
;8708�G7yS/�9(87'/V%(c(56788<($(+/¦'Z/98L+/q�

,� ;8708�GyZ/[//�9$f/8]7[M$GT'aR+/%!(0M/¦'M/)O�$LR/q/L)R8/=01)8c?0R0/
V1$)R8/8NL"/
�/�7L/0(:(/*" 1L*R 0/[/
/787[f(79c(/�/�7L/0(:(/4(#$(L!Q/q/�

�� =01)8c?0+/ *" 1L*S/ 8]7[M$7%�R+/ La)Q/ L�8!BZl**F7L9(\1$7!7L/=!07L/ q/ '51L"/
�9$G+/*(4L�8$G+/!JB)O�Z/üK R)+/)O�$LR/ q/ ;80R+/8]7[M$!Y?¦'(LQ/=T!'5*M /987L/ q/
'51L"/ 8�GyR +/ 8]7[M$!Q/ V79c(¦'(LQ/ U�7y¦'(LQW/ !JBL+/ 8NL"'5*G/ 987L/ q/ �8M/ [/
8�G7y+/F($+/;80R+/8NL"'5*'r5*�'0(/�8/�7L/8y"M />�$LR/q�

8�G7y;81$G+/9R)RK"/%(&$!Q8�G7y;81$G+/9R)RK"/%(&$!Q8�G7y;81$G+/9R)RK"/%(&$!Q8�G7y;81$G+/9R)RK"/%(&$!Q�

/ N8¦'('R<$(/ 8�G7y;870L�8$G+/ 7878c9R)R{87'/ %(&$M/ 'r5)O�$LR/ q/ $Y(/ =01)8c?0+/

;80R+/ �*]*!7'/ VM>M/ U9R)M/ 8(W/ 787[1T$/ ;870FNY(0N$/ 4('*T8!C:I[*(5q/ LuLQ/

*" 1L*([($ñ�7'/ 8�GyR +/ %8(?07'/ V8$8(0Q/ 70¦�$/ LN$(+/ 8�GyR +/4('*T8M/ N8I[*(5q/ �8!R8/

8�G7y;81$G+/ N'�¦'R6/ %@4(7~+/ 8L?LRq/ ;80R+/ [!T*(5N$(b$9JL+/ $Y(/ �/ %"'Q3/ 7LþQ 3/ 8[0M3/

*(5*M 3/ *O LQ3/ L7�L+3/ %!(%+3/ �'%:?+3/ *(B+3/ 7BC:!Q3/ VBC*(5+3/ 8NL"3/ FD1c+3/ 70'(L+3/

5[0()$+q/ 8�GyR 57'/ 78NL(5/ �8!R8/ ')'J8(?c?8�L($(+/ 9R)RK"/ $Y(/ �/ ¦li+3/ '$(?$+3/ �'[(5+3/

78>RK6M3/ %M8O7L+3/ 8O7a+/ U%!(%+W3/ 7BC:M3/ 9(8+3/ l�$(/ LY(/ [/ ')'5(c?8�L($(+/ 9R)RK"/ $Y(/ �/

*(B+3/*(5*M 3/'"`K+3/%M#$(3/�'�@(l)K"/9R)RK"/)O�" M/>�$LRq/V7'/[/*" 1L*N$/F*56FD1cG�7'/uR/

8�LR/;80Z/%(&$M/9\LR/q�

/ / ;8708�G�T$G+/9R)(0(M/L"B0(T!*!;$$0M/$l)/l�$LR/L�@/�9$G+/%(&$M/k�" M/>�$LR/

q/ 8�GyR +/ FY!F*(5+/ 86?781$(%8�L(/ q/ LN$(+/ 8�L($(+/ 86?[MT*(5F$G:)O{ï(/ D@8+/

787de7a78>RK(+/%71L/q/�yM /$Y(/7uLI$G1!RKR/8�G7y\I78LR/�

/ / �*G/uZ�*G/uZ�*G/uZ�*G/uZ////D@8G/86(?+/D;$!(0(+/'"0+/'"0+/qD@8G/86(?+/D;$!(0(+/'"0+/'"0+/qD@8G/86(?+/D;$!(0(+/'"0+/'"0+/qD@8G/86(?+/D;$!(0(+/'"0+/'"0+/q�

//// //// N8�'(1L5(7�c(/%Gy(/86?781$(%8�L(/qq/N8�'(1L5(7�c(/%Gy(/86?781$(%8�L(/qq/N8�'(1L5(7�c(/%Gy(/86?781$(%8�L(/qq/N8�'(1L5(7�c(/%Gy(/86?781$(%8�L(/qq/ÄÅÄÅÄÅÄÅ�

/ �*N$/u$G+/D'0(M/8(/4g0(0(M/$f/'"0+/'"0+/=8O�a/8h$?LR/LY(/[/8:?N$(71L!86j0/%@/

Lu:E$86(?0(!(8O7a+3/ %5R�u$G+/ 86?$G5(8O7a+3N85(6(M/ 48c(0R0/ V48c(0R0/ [/ =8O7a+/

�T$RL(70/ 86?781$(%N$/ [!T*(5¦'(76/ 9871L/ q/ �L)7'/ =01)8c?0R0/ 86?;870+/ VY8(/

5[0(;870¦'R6/VþI*O L!Qq/�yM /7@/;81$(BG*R /�

$NT8B�$�!4CÃ$G/;87086?')(l)K"/q$NT8B�$�!4CÃ$G/;87086?')(l)K"/q$NT8B�$�!4CÃ$G/;87086?')(l)K"/q$NT8B�$�!4CÃ$G/;87086?')(l)K"/q�

8(�$R/%Mon0($(M/[/FD1cG7'/)I�$LR/qq/8(�$R/%Mon0($(M/[/FD1cG7'/)I�$LR/qq/8(�$R/%Mon0($(M/[/FD1cG7'/)I�$LR/qq/8(�$R/%Mon0($(M/[/FD1cG7'/)I�$LR/qq/ÄÊÄÊÄÊÄÊ�

')'J8(?c?8�L(/;870S')'J8(?c?8�L(/;870S')'J8(?c?8�L(/;870S')'J8(?c?8�L(/;870S�
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/ / ')'J8(?c?8�(L($(+/08/9R)(N%71L/q/LRK"/F($+/V7c*(M>(+/;870L�8N$/7878c¦'RK"/

V1L9?871L/ q/ VY8(/ ;80R+/ ¦'(1L5(76/ �8/ L(70/ ¦lim'$(?$m�'[(5m78>RK6()I70/

')'J8(?c?8�L($(+/ 9R)¦'(76/ q/ =01L8c?0N$/ VY(?1L5%M�7!L8(d$;80R+/ $)")(@56M/ L)R8/

*" 1L*N$/¦li8]7[M$8�L($(+/987L/ q/ 8�G7y\I78LR/=01)8c?0N$/ ;81$(BG*N$/�)(@56(70/

8�G�T$")(@565I'R6/)a(70//*" 1L*R 0q/LAY(/��

*(!M/%1L")OiM/*PG5w)$G/5(!G�7N!/%8z/%@Rq*(!M/%1L")OiM/*PG5w)$G/5(!G�7N!/%8z/%@Rq*(!M/%1L")OiM/*PG5w)$G/5(!G�7N!/%8z/%@Rq*(!M/%1L")OiM/*PG5w)$G/5(!G�7N!/%8z/%@Rq�

8])R@I/L"/*YM/978{$7L/@@(/@(/)R78/cI5(/98qq/8])R@I/L"/*YM/978{$7L/@@(/@(/)R78/cI5(/98qq/8])R@I/L"/*YM/978{$7L/@@(/@(/)R78/cI5(/98qq/8])R@I/L"/*YM/978{$7L/@@(/@(/)R78/cI5(/98qq/ÄÎÄÎÄÎÄÎ�

�T$f/ 5(!>|)+q/ �L)R8/ =01)8c?0R0/ V7887<L8(d$N$/ FY!9R)N$/

VY(?1L5%M�7!L8(d$;80R+/ �)(@56¦'R6G'NY(7'L+q/ LY(/ [/ *" 1L*R 0/ ')'J8(?c?8�L($(+/

FY!9R)¦'($(+/ ¦li8]7[M$8�L($(+/ �)(@56¦'R6q/ *" 1L*N$/ '$(?$8�L(/ =01)8c?0N$/

'$(?$;80R+/¦'(1L5!(fM/987Lq/'(r59(7K*>|)R0/L)R8/>|)>7y!JB0(0"560¦'4CÃ$');870+/

�T$"d$LRq/N8$!R8/*" 1L*R 0/Lò$7!)M/8�G7y\I78LR/7uLI$AG1!RKR/N'�I*O L!Qq/�yM /7@/LR0/��

�K/�8/>|)>7y!JB(/V0"560¦'4CÃ$N$/');80R�8K$+q�K/�8/>|)>7y!JB(/V0"560¦'4CÃ$N$/');80R�8K$+q�K/�8/>|)>7y!JB(/V0"560¦'4CÃ$N$/');80R�8K$+q�K/�8/>|)>7y!JB(/V0"560¦'4CÃ$N$/');80R�8K$+qÄÐ�

')'5(c?8�L(/;870S')'5(c?8�L(/;870S')'5(c?8�L(/;870S')'5(c?8�L(/;870S�

/ ')'5(c?8�GyR +/ $R/ 9R)(N%71L/ L)7'/ =01)8c?0R0/ N'�I*O L!Qq/ 8O7a8]7[M$()$+/ 9R)(+/

%!(%;80R+/L"�$M/9\LRq/�yM /$Y(/LOL$GAGLR/��

%"7~C8[0%&D1c]NLY(/*(5*>7y79+/q%"7~C8[0%&D1c]NLY(/*(5*>7y79+/q%"7~C8[0%&D1c]NLY(/*(5*>7y79+/q%"7~C8[0%&D1c]NLY(/*(5*>7y79+/q�

*Oa7�L%!(%]S/AGT$G�B�$�!+/û7[LQ/qq/*Oa7�L%!(%]S/AGT$G�B�$�!+/û7[LQ/qq/*Oa7�L%!(%]S/AGT$G�B�$�!+/û7[LQ/qq/*Oa7�L%!(%]S/AGT$G�B�$�!+/û7[LQ/qq/ÄÑÄÑÄÑÄÑ�

/ ;81$(BG*N$/ VN$(M/ *(r5*($(M/ $RK(M/ *O a7�L%!(!;80I0(M/ 78856M/ 8L?LR/ LLQ/ / %8?!7'/

8O7a8]7[M$8�L(3/8[08�L(3/*(5*8�L(l)79+/[�[L(+/*" 1L*R 0q/Lf/ 7BC:N$/$A7'/��BRt+/

=01)8c?0R0/'OY*Q /¦'R6/0/*O L+/LR0/7BC:N$/[!T*(578K$R/%/=BC*(r5*+/'r57[L+/=%Il)7L/

8y"M /0/>�$LRq/*(r5*($(M/.[//�7L/*Y0R0/70'(LG'%:?*(B()I0(M/4g0!7'/=01)8c?0R0/N8$!R8/

N8I*O L!Qq/�yM /$Y(/LR0/��

[/>|)()7s'(LG'%:?*(B(l)79+/F$"y] 5794�$!(0G/)O�$LR/q[/>|)()7s'(LG'%:?*(B(l)79+/F$"y] 5794�$!(0G/)O�$LR/q[/>|)()7s'(LG'%:?*(B(l)79+/F$"y] 5794�$!(0G/)O�$LR/q[/>|)()7s'(LG'%:?*(B(l)79+/F$"y] 5794�$!(0G/)O�$LR/qÄÔÄÔÄÔÄÔ�

�L)Y?!Q/=01)8c?0R0/FNL"L!R*!Q/�)(@56!Q/q/LAY(/�

/ / / 1$�(5G/ð$!R1$�(5G/ð$!R1$�(5G/ð$!R1$�(5G/ð$!R8/!R/$)5$NLf(�$%Z/L('%+/8/!R/$)5$NLf(�$%Z/L('%+/8/!R/$)5$NLf(�$%Z/L('%+/8/!R/$)5$NLf(�$%Z/L('%+/�
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//// //// //// //// //// %G�$f]8/70@71L/5(<%*"BM/\I8T$@G/5(86+/q%G�$f]8/70@71L/5(<%*"BM/\I8T$@G/5(86+/q%G�$f]8/70@71L/5(<%*"BM/\I8T$@G/5(86+/q%G�$f]8/70@71L/5(<%*"BM/\I8T$@G/5(86+/q�
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 INTRODUCTION:          

Arthapravruttitattvanam shabda eva Nibandhanam| 

Tattvavabodhah Shabdanam Nasti Vyakaranadrute||

(Va.,Brahmakandam)

From this verse, we know that without grammar the real significance of a word cannot be 

achieved properly. By grammar we can make analysis of words of different classes. For e.g., if 

we analyze the word ‘Vyakarana’ we find a root, a prefix and a suffix. So here vi’ is a prefix, A

is a prefix, kru is a root and lyut is a suffix. Out of many facets like kAraka, samAsa, vibhakti, 

���������������������������������������� �������������������
-- À³³©³ª¯±ª/ í¬«Ì§³³«¬3/ ×§»¯¬ª¸§±ª/ «Ì/ Û¯±³´¬©ª3/ í¯¶©/ Yí¬¯´¬©ª3â°¯³°¯/ â°¯²¯±¯3ì©³°²¯mâ°¯¬¯ª©3/

Û°¯±ª©±©´§ª¯±3/X§³ª/â§±¹¯¶mÔÊÄÅÊÐ/
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lakArartha, sandhi, krdanta, taddhita etc. of paninian Sanskrit grammar here discussion is based 

on some of the points of krut suffixes. 

  Out of different types of derivation of words the primary derivation in the Paninian 

system of grammar is that of a pada. The name “shabdanushAsana” which means an instruction 

of words is ascribed to grammar which indicates the control of grammar over the words. 

Panini used word-derivation as the most economical tool for obtaining the meaning of a 

sentence. By this he makes generalizations, abstracts the conceptual structure of sentences, 

inserts lexical items and introduces affixes to denote diverse syntactico-semantic relations. He 

then follows a set of operations which ultimately yield a pada. Thus, the highest derivate in the 

Paninian system is a pada. Paninian pada is a syntactic unit. These units are of two types 

depending upon whether the pada ends in a sup or in a tin. 

 The operational aspect of the Paninian derivative system focuses mainly on Prakruti 

(bases), Pratyaya (suffixes) and KArya (operations). Bases form the primary input in grammar. 

They are of two kinds, dhAtu (verbal root) or PrAtipadika (nominal stem) to which suffixes are 

added and following a set of operations a pada is obtained. For example, a pada like ‘rAmah ’ 

can be derived from the prAtipadika ‘rama’ and the pratyay ‘su ’. 

Verbal suffixes play a very significant role in derivation of Sanskrit words. Panini has given 

certain rules for deriving krudanta forms of words. Just as the word ‘pAcaka’ is derived from the 

root pac with nvuL. He has mentioned nearly 140 krut suffixes in AstAdhyAyI. All these suffixes 

are applied to the roots only. Some of the Krudantas take noun inflexions while others are 

indeclinable. 

 Each of the krut suffixes represents a semantic relation between a verb root and its form 

e.g., if we add nvvl suffix to the verb root kru we will get the word karaka with the help of some 

operations. This nvvl suffix here represents a semantic relation of kartru between the root kru

and its form karaka. These relations may be classified into the following: 

Kartru, karma, karana, sampradAna, apAdAna, adhikarana, bhAva, bhuta, bhavisyat, 

praisya, astisarga, prAptakAla, sAmarthya, aucitya, yogyatA, nimitta etc. 

There is no one to one mapping between a krut suffix and the semantic relation. Each of these 

relations may correspond to more than one krut suffixes and krut suffix may represent more than 

one semantic meanings. For example, the suffix ghan occurs in the sense of all six kArakas as 

well as bhAva.  

AtmArAma (Atmani ramate iti)(sAdhuh) is the kartru artha of ghan suffix by the rule kartari krut 

(3.4.67).abhravarsha(abhreih varshyate, sthAnam) is the karma sense.We will get 

apAmArga(apamrujyate anena byaghradih iti apAmArgah) by the rule halashca (3.3.121) in the 

karana sense. dAsa(diyate/dAsyate vA vrutirasmei) is the sampradAna artha of ghan. 

AhAra(Aharanti asmAd rasam) is the apAdAna artha of ghan by the rule akartari ca kArake 

samjnAyAm (3.3.19). rAma(ramante yoginah asminniti rAmah) is the adikarana artha of this by 

the rule halashca (3.3.12) and pAka(pacanam) is in the bhAva sense by the rule bhAve (3.3.18). 

 Similarly, there is more than one suffix which expresses the same meaning. The forms 

like pAka  with suffix ghan by the rule bhAve (3.3.18), jaya with ac by the rule erac (3.3.58),stav

with ap by the rule rudorap (3.3.57),Ataman with lyut by the rule lyut ca (3.3.115),gati  with ktin

by the rule striyam ktin (3.3.94) express the meaning of bhAva . 
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There are also certain cases where the krut suffix, the verb-root and the forms obtained thereby 

are same but the meanings concerned are quite different. Just as from the root path with anIyar

we will get the form pathanIya in the sense of praisha(direction), atisarga (granting permission), 

prAptakAla (proper time), arha (fitness as regards the agent is implied), bhAva (action). By the 

rule preishatisargapraptakaleshu krutyashca (3.3.163) the meaning of praisha,atisarga, 

prAptakAla are implied. By the rule arhe krutyatrucashca (3.3.169) the arha meaning is 

expressed and by tayoreva krutyaktakhalarthAh (3.4.70) the sense of bhaAva is implied. 

The distinguishing feature of krut suffixes is that noun forms of words are obtained when they 

are added on to the roots. Just as from the root kru with truc we will get the prAtipadika kartru. 

Semantically, if we classify the krut suffixes we will get two broad classifications. One is krutya-

krut pratyaya (from dhAtoh (3.1.91) to tavyattavyAnIyarah (3.1.132)) and the other is akrutya-

krut pratyaya (shesha-krut pratyaya) (from nvultrucaou (3.1.133) to ktodhikarane ca 

dhroubyagatipratyavasanarthebhyah (3.4.76)).Again, we devide krutya pratyaya into two types 

that is karma and bhAva by the rule tayoreva krutyaktakhalarthAh (3.4.70).This karma is of 

several types i.e., yogya, vidhi, shakya, prAptakAla etc. 

Shesha-krut pratyaya is divided into two parts i.e., nirupapada and 

sopapada(kartA).sopapada(kartA) is of four types : (I) kartA(an) e.g. kumbhakArah (kumbham 

karoti iti) by the rule karmanyan (3.2.1). (II)tacchIlakartA(ta) e.g. 

vacanakarah,sukhakarah(vacanam karoti iti,sukham karoti iti) by the rule kruno 

hetutAcchIlyAnulomyeshu (3.2.20).(III)bhUtakartA(nini) e.g. somayAjI(somena ishtavan) by the 

rule karane yajah (3.2.85).(IV) bhavishyakartA(nini) e.g. somayAjI (somena ishtavan) by the 

rule karane yajah (3.2.85). 

Nirupapada is of four types. They are bhAvavAcaka, vishishtakriyAkAlavAcaka, 

kAlavishishtakArakavAcaka,kArakavAcaka.The suffixes like ghan, ac, ap, lyut,ktin etc. are 

included in bhAvavAcaka. vishishtakriyAkAlavAcaka has two parts: pUrvakAlavAcaka and 

uttarakAlavAcaka.ktvA suffix by samAnakartrukayoh purvakAle (3.4.21) e.g., bhuktvA and lyap

by samAse ananpUrve ktvo lyap (7.1.37)  e.g. Agatya are included in pUrvakAlavAcaka. Tumun

suffix by tumunnyulou kriyAyAm kriyArthAyAm (3.3.10) e.g. bhoktum is of uttarakAlavAcaka

type. 

kAlavishishtakArakavAcaka is of three types. tatkalika, bhUta, bhavishyata. Again, tAtkAlika is 

divided into kartA and karma.The affixes like shatru and shAnac by the rule lataH 

shatrushAnacAvaprathamAsamAnAdhikarane (3.2.124) e.g. gacchat, shayamAnah are of this 

type. The affix shAnac expresses karma only e.g. pathyamAnam.bhUta is of two types i.e., kartA 

and karma. ktavatu pratyaya expresses kartA and kta karma by the rule nishthA (3.2.102) e.g. 

gatavAn and pathitaH respectively. Bhavishyata is only one type i.e., kartA .By the rule 

bhavishyati gamyAdayah (3.3.3)  in suffix expresses this, e.g. gamI. 

kArakavAcakais divided into six 

parts.kartA,karma,karana,sampradAna,apAdAna,adhikarana,nvul and truc pratyayas express the 

kartA sense  by the rule nvultrucou (3.1.133). kArakaH and kartA are the examples. khal pratyay 

expresses karma e.g. sukaram by the rule Ishadduhsushu krucchrAkrucchrArtheshu khal 

(3.3.126). 
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lyut pratyaya expresses karana by the rule karanAdhikaranayoshca (3.3.117) and the example is 

lekhanI.The affix anIyar expresses sampradAna by the rule krutyalyutoBahulam (3.3.113) i.e., 

dAnIya.The affix mak tells about the sense of apAdAna i.e., bhImah by the rule 

bhImAdayopAdAne (3.4.74).The affixes like lyut and ghan express adhikarana by the rule 

karanAdhikaranayoshca (3.3.117) and halashca (3.3.121) respectively i.e., shayanam, rAmah.            

CONCLUSION: To get an idea of the richness in formatting words in Sanskrit, we see in this 

classification the compositionality in the meaning of nouns derived from verbs by adding non-

finite suffixes (krut) and the derivation is quite productive. Thus, such a network of Sanskrit 

words explaining the relationships among themselves is a valuable resource for any NLP 

(Natural Language Processing) work related to Sanskrit. 
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7L787[1T$F($G7:*¦'R%!(c(0N$V'R<(78ALRq/
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CEERI Delhi  

(Hindi, Bangali)  

• Speech Recognition  

• Speech Synthesis  

• Speech /Data bases  

TIFR Mumbai  

(Hindi, Bengali, Marathi,  

Indian English )  

• Speech Recognition  

• Speech Synthesis  

• Language Modeling  

• Speech Data Bases  

IIT Kanpur  

(Hindi, Urdu)  

• Machine Translation  

• Speech Recognition  

IIIT Hyderabad  

(Hindi, Telugu other languages)  

• Machine Translation  

• Speech synthesis  

• Corpora/Databases  

University of Hyderabad  

(Hindi, Telugu, Urdu  other languages)  

• Language Identification  

• Text Corpora Annotation  

• Machine Translation  

IIT, Chennai  

(Tamil, Hindi)  

• Speech Recognition  

• Speech Synthesis  

IIT Mumbai  

(Hindi, Marathi)  

• Machine Translation  

• Speech Processing  

IIT Kharagpur  

(Hindi, Bengali)  

• Machine Translation  

• Speech Synthesis  

IISc Bangalore  

(Hindi, Tamil etc.)  

• Machine Translation  

• Speech Recognition  

CDAC Pune  

(Hindi, Indian English, other languages.)  

• Machine Translation  

• Speech Recognition  

• Speech Synthesis  

CDAC Noida  

(Hindi, Punjabi, Marathi, other languages)  

• Speech Synthesis  

• Corpora & Database  

• Machine Translation  

• language – Processing  

CDAC Kolkata  

(Bengali, Assamese, Manipuri)  

• Speech Synthesis  

• Speech Corpora  

• Speech Recognition  

CDAC Trivendrum  

(Malayalam, Tamil and Telugu)    

• Speech Corpora  

• Speech Synthesis  

• Machine Translation  
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CFSL Chandigarh & 

CAIR, Bangalore  

(Hindi, Punjabi and other South Indian languages)  

• Speaker Identification  

• Verification for Forensic  

  Applications  

AU-KBC Research Centre, Chennai  

(Tamil, Hindi)  

• Machine Translation  

• Speech Recognition  

Jadavpur University, Kolkata (Bengali)  • Machine Translation  

Utkal University,  Bhubneswar (Oriya)  • Speech Synthesis / databases  

• Machine Translation  

ICS Hyderabad ( Telugu, Hindi)  • Speech Synthesis  

Lancaster University, UK, and CIIL, Mysore, India 

, (EMILLE Corpus),  Most of  the  Indian 

Languages  

• Text corpus –  

(Monolingual, Parallel)  

• Speech corpus  

Prologix  

(Hindi)  

• Speech Synthesis  

Bhrigus Software  

(Hindi, Telugu etc.)  

• Speech Recognition  

• Speech Synthesis  

Lattice Bridge (Tamil)  • Speech Recognition  

IBM India  

(Hindi)  

• Speech Synthesis  

• Speech Recognition  

HP Labs  

(Hindi, Indian English and other Indian languages) 

• Speech Recognition  

• Speaker Identification  

Webel Media (Hindi, Bengali)  • Speech Synthesis  

V0R0%@]8ä?Ë/ u(5(7870�!L+DÇ9(KI$*GK+3/ ÖÖÝâ/

u(5(7870�!LM8,?0Rn�7L!@0I$(70*($(?7678A1LRq/

9(8I�A!+9(8I�A!+9(8I�A!+9(8I�A!+mmmm////
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!(0(MN'�¦'R48@(5(0"0$0!(8�$*!QqV0R0%@]80JL0(0(M>|)(0(M7878c*G>RK"V7187L+V1$F!"t

*($?¦'R78ALRq/
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f�-�(f�-�(f�-�(f�-�(
1. Baker, Mark C. 1988. Incorporation: A Theory of Grammatical Function 

Changing.Chicago: University of Chicago Press. 

2. Balachandran, Lakshmi Bai. 1970. A Case Grammar of Hindi with SpecialReference 

toCausative Sentences. Doctoral Dissertation, Cornell University, Ithaca. 

3. Deva, 1997, pr�m��ika hind� vy�kara�a, hind� prac�raka pablike�ansa pr�. Li., 

v�r��as�  

4. Dr. Viveka, 2007, m�naka hind� ko�a: hind� bh��� k� adyatana, arthapradh�na aura 

sarv��gap�r�a �abdako�a, Allahabad : Hindi Sahitya Sammelan, Prayag  

5. Dvived�, Dr.  R�mar�jap�la, 2008, hind� vy�kara�a p�ribh��ika �abdako�a, 

parame�var� prak��ana, dill�  

6. J�yasav�la, Dr.  M�t�badala, 1979, m�naka hind� k� aitih�sika vy�kara�a, mah�mati 

prak��ana, il�h�b�da  

7.  Ki�ora, Girir�ja (samp�.), 1988, bh��� aura praudyogik�, racan�tmaka lekhana eva�

prak��ana kendra, IIT k�napura  
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Prof. Piyushkant Dixit
66

 According to Indian tradition Dharma or Dhamma is accepted in a broad purview and 

meaningful context. It is Dharma which relates one human to another human to create happiness 

and prosperity even among the different society. The Dharma inspires humanity into two ways 

mainly. Sometime this tells us what we should do positively and sometime this Dharma promptly 

negates to do something, to make our society very strong. It is factual truth that no Dharma in the 

world teaches to harm or break the civilized society in any manner. Due to these types of special 

attributes of Dharma we often quote 'Majahab Naheen Sikhata Apas Men Bair Karana' (Dharma 

never teaches to hate each other) but same time it is also well known fact that all over the world 

we saw so many wars mainly based on the Dharma. Is it not contradictory statement or 

understanding? In my view these types of situations are creating big confusion not only among 

the common people but in intellectuals too. To remove these types of misunderstandings by root 

from society the discussion on the actual form of Dharm or Dhamma is very relevant and much 

needed at present. 

  In India the Dharma or Dhamma is so beautifully defined by great Manu, 

Buuddha and Gautama etc. that no confusion exists in the mind of peoples any way. Here if 

anyone asks about the beauty of Daharma then undoubtedly we can say that it is its science and 

technology only. 

  In brief we must say logically, technically and scientifically that in our tradition 

whatever is told to do or do not do, according to Dharm or Dhamma all those actions are very 

Scientific and purely technical.  

 Now a day we people want to prove our every single act scientifically. That’s why at 

present the society blindly believes only in science. We are sure that in human life all path of 

development goes only through science. Though it is also true that often we are not aware about 

process of development which occurs through science in our day to day life but somehow we 

have full faith that all the facilities which are available all over the world, are the good result of 

the modern science only. In this way now we are totally convinced that every aspect of the 

humanity is affected directly or indirectly by the science only.   

 Keeping above mood of modern society in mind logically we can prove that without 

science we can never live and to live lively in the healthy and wealthy society science is much 

needed element to all human being beyond the bound of time and space. By this approved fact 

now we are able to prove that in ancient era of India when every human activity was controlled 

by Dharm or religion only, then this Dharma or Dhamma was also only science, not anything 

else at all. 

���������������������������������������� �������������������
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  In old days we were fully confident to faith on Dharma or Dhamma and it was our 

ancestors believe that without religion or Dharma we could not achieve anything in our life. 

Every person felt proud to connect their every activity to religion very respectfully, to prove its 

authenticity in those days. No one hesitated to do anything on the name of Dharma, Dhamma or 

religion. That’s why at that time society blindly believed only in Dharma or religion.  During 

those days it was dead sure that in human life all path of development goes only through 

Dharma. Though it was also well proved fact that often people were not aware about process of 

development which occurs through Dharma in their day to day life but somehow they have full 

faith that all the facilities which the society were availed then all over the world, were the good 

result of the ancient science or Dharma only.   

 These types of similar behaviors between different two eras also logically establish the 

fact that both societies have been regulated by Science undoubtedly. But if we feel any 

difference then it is due to word Dharma which meaning is not only Science but something more 

beyond it. If we think seriously then it becomes very clear that the word Dharma is really based 

only on pure science.  

 Question arises that is there any difference between Science and Dharma? Answer is a 

big yes. This difference is becomes very clear if we analyze the word Dharma according to the 

Indian grammar and its well established definition. The root of Word Dharma tells two meaning 

very clearly; here first meaning is nature of keeping and second is nature of protection. In this 

way we can say that the Indian Science based on religion is used always for construction of 

world humanity and the modern science used less for construction more for destruction of our 

price less society.  

 Our old science which we call Dharma is develops means of knowledge through different 

types of Yog and Tantra related techniques to see and feel the nature and natural resources to 

facilitate man and society as well as nature followed by great success but the modern science 

developed the means of knowledge i.e. eye, ears, mind etc. through the external instrument i.e. 

Powerful telescopes hearing aids etc. by spending much money time and natural resources 

followed by many failure and fuss.  

 Regarding the Dharma we can develop multitasked power individually within our body 

and we can use it for health and wealth of our civilized society wisely as per requirement and in 

this process the misuse of power is much less. But the modern science equipped with advanced 

techniques and instruments needs well developed laboratories along with complicated process to 

execute it for society and we always feel big fear about miss use of this science. 

 Now I want to prove my views putting some examples for convenience. People of the 

modern word are discussing that the next world war will be for water. Keeping it in mind the 

world scientists, socialists and leaders of different countries (Developed and Developing) started 

to take so many precautions seriously to save and improve the water resources all over the world. 

In this process the India declared the river Ganga as a national river. To make Ganga pollution 
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free, so many national plans are declared by the central government of India recently. Many 

world fame scientists are involved to purify the Ganga water. A lot of money is being spent on 

this program. But there is no improvement in the Ganga water and no one is looking serious to 

save the ganga. Though some NGOs are also involved in this save Ganga movement. 

 During the old age in India when the science was established everywhere through 

Dharma then the story of purification of river Ganga was totally different. We Indian called river 

as Mother Ganga. Every individual was protector of this river, no one was interested to 

contaminate it any way. I remember very well my childhood in Varanasi, cultural Capital of 

India. More than 80 per cent people of city went to take bath on the bank of the Ganga regularly. 

Taking bath was also an action of Dharma. This action was not to clean human body but it was 

only a holly touch of mother Gangas' pure and medicinal water. This pious touch accepted very 

effective to remove different type of skin disease as per religious tradition which was totally 

scientific. After taking holly dip in Ganga people never squeezed the wait cloths in Ganga water 

directly, always the people removed the cloth-water upper side of stairs of river Ganga this act 

was also to save the river water from pollution is scientifically proved. As per Varanasi tradition 

after taking bath people collected Ganga water in copper pitcher to drink at home and use in 

Pooja of Lord Shankar and other deities.  

 We should easily understand that if the people use any water to drink and to perform 

Pooja then no one dare to pollute it in any condition. In this way our ancestors applied the 

scientific matters to save people through Dharma and developed the spirit of nationality and 

divinity in all useful elements which are important for the life of human being without any extra 

effort. 

 At present it is our duty that we should again connect the modern science to the common 

people as Dharma without losing more time to save our country world and our precious culture.         

� �
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 “Tha  jains  have  played  a  very important  role in the linguistic development of  the country. Sanskrit 

has all along been the linguistic development  of  the country. Sanskrit  has all along been  the medium  of  

sacred writing and  preaching’s of the brahmanas  and  pali that  of the  Buddhists. But  the  jains  utilized 

the prevailing languages  of  the  different  times at different place for  their religious propaganda as well 

as for the preservation  of  knowledge ………..they even gave a literary shape to some of the regional 

languages for the first time.”WWWW The cultural Heritage of IndiaW, Vol. I,p.402. 
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 “The jain marble temple at mount Abu carries to its highest perfection the Indian genious for the 

nvention of graceful patterns and their application to the decoration of masonry.WThe Cultural Heritage of 

India,WVol. I,p.403
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 Stevenson, Heart of Jainism,p.235 
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Important dates for next Issue- 

� DEADLINE FOR SUBMISSION 1
ST

 DEC, 12 

� NOTIFICATION FOR ACCEPTANCE 10
TH

 JANUARY 

� INAUGRATION- LAST WEEK OF JANUARY. 
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