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• Born 3 September 1950 in Rovaniemi, Finland, citizen of Finland, Married 

#26273:;'1-<=:6''

• Set theory, foundations of mathematics, logic in computer science, semantics of 
natural language 

• Emphasis on generalized quantifiers, infinitary languages, model theory, games 

>2?3226'' '

• University of Manchester, England, Doctor of Philosophy, 15 December 1977, 
Mathematics, Supervisor:  Peter Aczel 

• University of Helsinki, Finland, Master of Science, 2 February 1973, Mathematics 
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• University of Helsinki, Department of Mathematics and Statistics 
o Chairman of the department 1999-2000, 2004-2006 
o Professor, Foundations of Mathematics 1998- 
o Associate professor, Foundations of Mathematics 1983-1998 
o Assistant 1978-1983 
o Teaching assistant 1971- 1973 

• University of Amsterdam, Institute for Logic, Language and Computation 
o Professor, Foundations of Mathematics 2006- 

• Academy of Finland 
o Senior scientist 88-89,90,91-92,92-93,96-97,00-01 



o Younger researcher 1981-1983   

5-6=1=-06'-@'13.61'

• Member of the Senate (Konsistori) (the highest decision making body of the 
university, chaired by the rector and consisting of 5 professors, 4 members of 
other staff, 4 students, and one outside member), 2004-2006 

• Vice-dean, Faculty of Science, 2008- 
• Member of the Board of the Faculty of Science 2001-2006, deputy member 2008- 
• Chairman of the Board of the Department of Mathematics and Statistics 2004-

2006 
• Treasurer, European Mathematical Society, 2007- 
• Chairman, Association for Symbolic Logic Committee for Logic in Europe, 2007-  

&7A-3'326273:;'?37016'' '

• Research grant since 1988 
• Research grant of Academy of Finland, University of Helsinki and NSF, 1992-

1994 
• Research grant of Academy of Finland, University of Helsinki, 1995-1997 
• Research grant of Academy of Finland, 1998-2003 
• Research grant of University of Helsinki, 2000-2002 
• Research grant of Academy of Finland 2005-2011   
• ESF Eurocores LogiCCC grant 2008-2011 
• ESF Research Networking Programme 2009-2014 
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• Openmath development, 1997-1999, Funding from TEKES, National Technology 
Agency of Finland, director.  

• MAMMA, Interactive web-based teaching material based on Openmath, 2001-
2002, Funding from the Ministry of Education and UH Faculty of Science, 
director.  

• LOGAMES Project, a Java program that plays Ehrenfeucht-Fraïssé games on 
given graphs, 2001-2002, funding from the Academy of Finland, director. 

• WebALT, Web Advanced Learning Technologies, EU eContent project, 2005-
2006, funding from European Union, deputy co-ordinator. 
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• MAMLS, Mid-Atlantic Mathematical Logic Seminar, Menachem Magidor 60th 
birthday meeting at UC Irvine, USA, February 2006 

• American Institute of Mathematics, Workshop on Classification theory for 
abstract elementary classes, Palo Alto, July 2006 

• Deutsche Mathematiker-Vereinigung Jahrestagung, Bonn, September 2006 



• British Logic Colloquium, Oxford, September 2006 
• HIIT, Helsinki, 2006 
• Logical Workshop Logic & Games, Kazimierz Dolny, invited speaker, September 

2006 
• Lorentz Center, University of Leiden, Games, action and social software, Leiden, 

October 2006 
• New Perspectives on Game and Interaction, Academy Colloquium, 5-7.2.2007, 

KNAW, Amsterdam 
• LCD'07 : Workshop on Logics and Collective Decision-Making, March, 2007 
• IBM Almaden Research Center, May 2007 
• Interpolations: A conference in honor of William Craig, May, 2007, Berkeley, 

USA 
• 50 Years of Generalized Quantifiers, Warsaw, June 2007 
• IPM Logic Conference, June, 2007, Tehran Iran. 
• Stanford logic seminar, May 2007, Stanford, USA 
• GLoRi-Class, Amsterdam, October, 2007 
• Core Logic Seminar, Amsterdam, November, 2007 
• Calcutta University Conference, Kolkata, India, December 2007 
• Calcutta Logic Circle, Kolkata, India, December 2007 
• Rabindranath Tagore University, Shantiniketan, India, December 2007 
• Young Set Theorist Workshop, January 2008, Bonn, Germany  
• Departmental Colloquium, Utrecht, January, 2008 
• Department of Mathematics, February 2008, Leeds University, UK   
• Advances in Set-Theoretic Topology, Erice, Italy, June, 2008  
• MATHLOGAPS Training Workshop, Manchester, July, 2008 
• ESSLLI 2008, Hamburg, August, 2008 
• Games 2008 Workshop, Warsaw, September, 2008 
• Luminy Set Theory Workshop, Marseilles, September, 2008 
• Mathematical Methods in Philosophy, Bristol, September, 2008 
• ESF LogiCCC Kick-off Workshop, Prague, October, 2008. 
• Helsinki University of Technology-TKK, Helsinki, November, 2008 
• AMS/ASL joint mathematics meeting, Washington DC, January, 2009, Special 

ASL Lecture. 
• LINT workshop, Amsterdam, January 2009 
• From Plato to predicativity - Seminar on the Philosophy of Mathematics, 

Amsterdam, March 2009 
• Summamutikkaklubi, Helsinki, March 2009 
• DESDA symposium on mathematics and philosophy, Nijmegen, May 2009. 
• Mathematical Logic in the Netherlands, Nijmegen, May 2009 
• Philosophy and Foundations of Mathematics (Martin-Löf Retirement 

Colloquium), May 2009 
• Logic Colloquium 2009, Sofia, plenary speaker. 
• LORI II, Chongqing, China, October 2009 
• GASICS, Aachen, October, 2009 
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• Member of the Executive Committee of the European Mathematical Society 
2007-, 

• Member of the Executive Committee, Association for Symbolic Logic, 2007- 
• Member of the Council of the Association for Symbolic Logic 1999-2001 
• Member of the Committee of Logic in Europe of the Association for Symbolic 

Logic 2004-, Chair 2007- 
• Chair of the Second European Set Theory Workshop, Bedlewo, 2009 
• Chairman of the Organizing Committee for the European Summer Meeting of the 

Association for Symbolic Logic (Logic Colloquium) 2003 
• Member of the Program Committee for the European Summer Meeting of the 

Association for Symbolic Logic (Logic Colloquium) 1990, 2003, 2006, plenary 
speaker 2001, 2009 

• Chairman of the Nomination Committee of the Association for Symbolic Logic 
2004 

• Chairman of the Board of the Rolf Nevanlinna Research Foundation 2003-2005 
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1. Maaret Karttunen 1984, “Model theory for infinitely deep languages” 
2. Lauri Hella 1988, “Definability hierarchies of generalized quantifiers” 
3. Heikki Tuuri 1990, “Infinitary languages and Ehrenfeucht-Fraïssé games” 
4. Taneli Huuskonen 1991, “Comparing notions of similarity for uncountable 

models” 
5. Kerkko Luosto 1992, “Filters in abstract model theory” 
6. Jyrki Akkanen 1995, “Absolute logics” 
7. Juha Nurmonen 1996, “Unary quantifiers and finite structures” 
8. Aapo Halko 1996, “Negligible subsets of the generalized Baire space !1!1” 
9. Risto Kaila 2001, “On almost sure elimination of generalized quantifiers” 
10. Alex Hellsten 2003, “Diamonds on large cardinals” 
11. Juha Kontinen 2004, “Definability of second order generalized quantifiers” 
12. Marta García-Matos 2005, “Abstract model theory without negation” 
13. Matti Pauna 2007, “On Games on Non-Wellfounded Sets and Stationary Sets” 
14. Ryan Bissell-Siders 2008, “On linear order and computation” 
15. Ville Nurmi 2009, “Dependence Logic: Investigations into Higher-Order 

Semantics Defined on Teams” 

&7A-3'D=6=16'

(3 months or more)  
• Department of Mathematics, University of California at Los Angeles, 1988-1989, 

1 year, visiting scholar, hosted by Yiannis Moschovakis. 
• Department of Mathematics, Simon Fraser University, Vancouver, 1990, 4 

months, visiting professor, hosted by Alan Mekler. 



• Computer and Information Sciences, University of California at Santa Cruz, 
1991-1992, 6 months, research associate, hosted by Phokion Kolaitis. 

• Department of Mathematics, Stanford University, 1991-1992, 6 months, visiting 
scholar, hosted by Solomon Feferman.  

• Department of Mathematics, Simon Fraser University, Vancouver, 1992-1993, 8 
months, visiting professor, hosted by Alistair Lachlan. 

• Department of Mathematics, University of Freiburg, 1995, 3 months, hosted by 
Heinz-Dieter Ebbinghaus. 

• Department of Mathematics, Florida State University, Tallahassee, 1996-1997, 5 
months, visiting professor, hosted by Mika Seppälä. 

• L'Equipe de Logique Mathématique, Paris VII, 1997, 3 months, hosted by Boban 
Velickovic. 

• Mittag-Leffler Institute of the Royal Swedish Academy of Science, Stockholm, 
Sweden, 2000-2001, 9 months, scientific director (with Per Martin-Löf, Dag 
Norman and Viggo Stoltenberg-Hansen) of the Special Year of Logic. 

• Mittag-Leffler Institute of the Royal Swedish Academy of Science, Stockholm, 
Sweden, 2009, 4 months, scientific director (with Hugh Woodin, Dag Norman 
and Erik Palmgren) of the Special Semester of Set Theory and Set Theoretic 
Model Theory. 

B;-31'D=6=16'EFFGHEFFI'

(1 to 4 months)  
• Princeton University Philosophy Department, July-August 2004, July 2006, 

hosted by John Burgess. 
• Isaac Newton Institute for Mathematical Sciences Program on Logic and 

Algorithms, Cambridge, UK, April 2006 

M-0-36'' '

• Elected to the Finnish Academy of Science and Letters, 2002 
• Teaching Technology Award of the University of Helsinki 1999 
• August Ramsay Award of the University of Helsinki 1982 
• Ernst Lindelöf Award of the Finnish Mathematical Society 1973 
• Pro Gradu Award of the Faculty of Science, University of Helsinki, 1973 
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• Notre Dame Journal of Formal Logic 
• Logica Universalis 

  
  



!"#$%&'%()*+",-$"&.#%

/&)0&%122.2.3.%
!"#$%&'()*%+&,-."&/&()%&0123-$"%+&-4&14)%5%)%%+&5#)1'$6&

4&53+%$63&78%
76 /89)%..:'9.&5#)'((3-*-%3%.&;(&(2$.)(*.-.&3#<--*(.6&=4&>6&?-%..-4%4@&A#<--*(4&

0%)1$.%%.&==@&0(<%$&7BCD7CE@&FG&H(1+%('1$&I2@&J%3$-4*-@&7KLE6&&
B6 /M%'()*$&#4&5)%%&N1(4.-5-%)&O()-(23%$@&=4&P6J-4.-**(@&=6Q--4-31#.#&(4+&R6>(()-4%4@&

%+-.#)$@&R$$(G$&#4&'(."%'(.-S(3&(4+&0"-3#$#0"-S(3&3#<-S&0(<%$&BCLDBLB@&M%-+%3@&
7KLT6&&

U6 /F4&."%&J(45&41'2%)$&#5&142#14+%+&3#<-S$6&=4&V6P%4$%4@&W6?(G#"&(4+&X6?#33%)@&
%+-.#)$@&Y)#S%%+-4<$&5)#'&Z."&>S(4+-4(O-(4&A#<-S&>G'0#$-1'@&0(<%$&U[KDUBT@&
I(32#)<&\4-O%)$-.G&Y)%$$@&7KLK6&&

E6 F4&."%&(]-#'(.-$(2-3-.G&#5&."%&4#.-#4&#5&(4&(1.#'#)0"-$'&#5&(&5-4-.%&#)+%)@&,-."&
^-#4G$-$&I4(0#3-.(4#$6&_%-.$S")-5.&5`)&?(."%'(.-$S"%4&A#<-*&14+&H)14+3(<%4&
+%)&?(."%'(.-*&BCaZbcEUUDEUL@&7KT[6&&

Z6 I&N1(4.-5-%)&5#)&-$#'#)0"-$'@&_%-.$S")-5.&5`)&?(."%'(.-$S"%4&A#<-*&14+&
H)14+3(<%4&+%)&?(."%'(.-*&BC&a7KT[b@&0(<%$&7BUD7U[6&&

C6 W##3%(4&O(31%+&'#+%3$&(4+&<%4%)(3-d%+&N1(4.-5-%)$@&I44(3$&#5&?(."%'(.-S(3&
A#<-S@&LKa7KT[b@&0(<%$&7KUDBBZ6&&

L6 !"%&J(45&41'2%)&#5&Ae7e76&Y)#S%%+-4<$&#5&I'%)-S(4&?(."%'(.-S(3&>#S-%.G&
LKcBKEDBKL@&7KT[6&&

T6 ^%S-+(2-3-.G&#5&$#'%&3#<-S$&,-."&5)%%&N1(4.-5-%)&O()-(23%$@&,-."&^-#4G$-$&
I4(0#3-.(4#$6&_%-.$S")-5.&5`)&?(."%'(.-$S"%4&A#<-*&14+&H)14+3(<%4&+%)&
?(."%'(.-*&BLc7LDBB@&7KT76&&

K6 F4&#)+%)-4<$&#5&."%&5('-3G&#5&(33&3#<-S$@&,-."&?-S"(3&X)G4-S*-6&I)S"-O&5`)&
?(."%'(.-$S"%4&A#<-*&BBc7E7D7ZT@&7KTB6&&

7[6 /f)(-<g$&."%#)%'&(4+&$G4.(]&#5&(2$.)(S.&3#<-S$6&W133%.-4&#5&."%&$%S.-#4&#5&3#<-S&
77a7hBbcTBDTU@&Y#3-$"&IS(+%'G&#5&>S-%4S%$@&7KTB6&&

776 iD%].%4$-#4$&(4+&J(45&41'2%)$6&V14+('%4.(&?(."%'(.-S(%@&77ZcEUDZZ@&7KTU6&&
7B6 j%S.#)&$0(S%$&(4+&2-4()G&N1(4.-5-%)$@&,-."&?-S"(3&X)G4-S*-&(4+&I3-$.(-)&A(S"3(46&

Q#.)%&^('%&P#1)4(3&#5&V#)'(3&A#<-S&BZa7bcLBDLT@&7KTE6&&
7U6 /I&"-%)()S"G&."%#)%'&5#)&A-4+$.):'&N1(4.-5-%)$@&=4&?6&V1)2%)<&%.&(3@&%+-.#)$@&

A#<-S&(4+&(2$.)(S.-#4@&0(<%$&U7LDUBU@&IS.(&Y"-3#$#0"-S(&H#."%21)<%4$-(&7@&
7KTC6&&

7E6 J%4*-4&(4+&514S.-#4&N1(4.-5-%)$@&,-."&?-S"(3&X)G4-S*-6&I44(3$&#5&Y1)%&(4+&
I003-%+&A#<-S&EUcBLUDBKB@&7KTK6&&

7Z6 F4&>S#..&(4+&X()0&.)%%$&#5&14S#14.(23%&'#+%3@&,-."&!(0(4-&JG..-4%46&P#1)4(3&#5&
>G'2#3-S&A#<-S&ZZaUbcTKLDK[T@&7KK[6&&

7C6 !"%&J9).-<DN1(4.-5-%)6&I&$1)O%G@&,-."&J%-4)-S"&J%))%@&?-S"(3&X)G4-S*-&(4+&
I4(.#3-&Y-41$6&UU&0(<%$@&P#1)4(3&#5&>G'2#3-S&A#<-S&ZCaEb@&7KK76&&

7L6 F4&."%&41'2%)&#5&(1.#'#)0"-$'$&#5&14S#14.(23%&'#+%3$@&,-."&>("()#4&>"%3("&
(4+&J%-**-&!11)-@&P#1)4(3&#5&>G'2#3-S&A#<-S&ZTa7KKUb@&7E[BD7E7T6&&

7T6 >.(.-#4()G&$%.$&(4+&-45-4-.()G&3#<-S@&,-."&>("()#4&>"%3("@&P#1)4(3&#5&>G'2#3-S&
A#<-S6&CZc7U77D7UB[@&B[[[6&&

7K6 W(),-$%c&I2$.)(S.&'#+%3&."%#)G&(4+&<%4%)(3-d%+&N1(4.-5-%)$@&W133%.-4&#5&>G'2#3-S&
A#<-S@&O#36&7[c7@&B[[E@&ULDZU6&&

B[6 I&4#.%&#4&%].%4$-#4$&#5&-45-4-.()G&3#<-S@&,-."&>("()#4&>"%3("@&I)S"-O%&5#)&
?(."%'(.-S(3&A#<-S6&EEc7@&CUDCK@&B[[Z6&&



B76 I2$.)(S.&?#+%3&!"%#)G&($&(&V)('%,#)*&5#)&\4-O%)$(3&A#<-S@&,-."&?().(&H()S-(D
?(.#$@&A#<-S(&\4-O%)$(3-$&aP6Dk6&W%d-(1@&%+6b@&W-)*"91$%)@&B[[Z@&7KDUU6&&

BB6 M%S1)$-O%&3#<-S&5)('%$@&,-."&>("()#4&>"%3("@&I)S"-O%&5#)&?(."%'(.-S(3&A#<-S6&ZB@&
Q#6&B&aB[[Cb6&

BU6 F4&I003-S(.-#4$&#5&!)(4$5%)&Y)-4S-03%$&-4&?#+%3&!"%#)G@&,-."&P6&X%44%+G@&=4c&>%.&
!"%#)Gc&M%S%4.&!)%4+$&(4+&I003-S(.-#4$&aI6&I4+)%..(&%+6b@&l1(+%)4-&+-&
?(.%'(.-S(@&O#3&7L@&B[[L@&777D7UC6&

BE6 !"%&f)(-<&=4.%)0#3(.-#4&!"%#)%'&-4&(2$.)(S.&'#+%3&."%#)G@&>G4."%$%&aB[[Tb&
7CEcE[7DEB6&

93$%$63&78:%6";637%&7537%+&;",%
BZ6 /I003-S(.-#4$&#5&$%.&."%#)G&.#&<%4%)(3-d%+&N1(4.-5-%)$6&Y"6^6&."%$-$@&\4-O%)$-.G&#5&

?(4S"%$.%)@&7KLL6&&
BC6 /M%'()*$&#4&<%4%)(3-d%+&N1(4.-5-%)$&(4+&$%S#4+D#)+%)&3#<-S$6&=4&>%.&."%#)G&(4+&

"-%)()S"G&."%#)G@&Y)(S%&Q(1*#,%&=4$.G.1.1&?(.%'(.G*-&Y#3-.%S"4-*-&
m)#S3(,$*-%;@&m)#S3(,@&O#36&7E&a7KLLb@&0(<%$&77LD7BU6&&

BL6 !,#&(]-#'$&#5&$%.&."%#)G&,-."&(003-S(.-#4$&.#&3#<-S6&I446&IS(+6&>S-6&V%446&>%)6&I&=6&
?(."6&^-$$6&B[c7D7K@&7KLT6&&

BT6 /I2$.)(S.&3#<-S&(4+&$%.&."%#)G@&=c&^%5-4(2-3-.G6&=4&?6W#55(@&^6O(4&^(3%4&(4+&
X6?SI3##4@&%+-.#)$@&A#<-S&f#33#N1-1'&gLT@&0(<%$&UK7DEB7@&Q#)."DJ#33(4+@&7KLK6&&

BK6 I2$.)(S.&3#<-S&(4+&$%.&."%#)G@&==c&A()<%&S()+-4(3$@&P#1)4(3&#5&>G'2#3-S&A#<-S&EL&
a7KTBb@&0(<%$&UUZDUEZ6&&

U[6 /H%4%)(3-d%+&N1(4.-5-%)$&-4&'#+%3$&#5&$%.&."%#)G6&=4&H6&?%.(*-+%$@&%+-.#)@&Y(.)($&
A#<-S&>G'0#$-#4@&0(<%$&UZKDUL7@&Q#)."DJ#33(4+@&7KTB6&&

U76 >%.&."%#)%.-S&+%5-4(2-3-.G&#5&3#<-S$6&=4&P6W(),-$%&(4+&>6V%5%)'(4@&%+-.#)$@&?#+%3&
!"%#)%.-S&A#<-S$@&0(<%$&ZKKDCEU@&>0)-4<%)@&7KTZ6&&

UB6 M%53%S.-#4&0)-4S-03%$&5#)&."%&S#4.-411'@&,-."&P6&>.(O-@&A#<-S&(4+&I3<%2)(@&%+6&k-&
_"(4<@&006&ZKDTE@&f#4.%'0#)()G&?(."%'(.-S$@&j#3&U[B@&I?>@&B[[B6&

UU6 F4&F)+-4(3$&(SS%$$-23%&2G&=45-4-.()G&A(4<1(<%$@&,-."&>("()#4&>"%3("&(4+&Y(13-&
j9-$94%4@&V14+('%4.(&?(."%'(.-S(%&7TC@&7KUDB7E@&B[[Z6&

UE6 M%<13()&\3.)(5-3.%)$&(4+&V-4-.%&>N1()%&Y)-4S-03%$@&,-."&P6&X%44%+G&(4+&>6&>"%3("@&
P#1)4(3&#5&>G'2#3-S&A#<-S@&LUaBb@&B[[T@&T7LDTBU6&&

<-=3#%
UZ6 Y().-(33G&#)+%)%+&S#44%S.-O%$@&,-."&H(2)-%3&>(4+16&_%-.$S")-5.&5`)&?(."%'(.-$S"%&

A#<-*&14+&H)14+3(<%4&+%)&?(."%'(.-*@&UTcUC7DULB@&7KKB6&&
UC6 H('%D."%#)%.-S&-4+1S.-O%&+%5-4(2-3-.G@&,-."&P1"(&F-**#4%4@&I44(3$&#5&Y1)%&(4+&

I003-%+&A#<-S&CZa7KKUb@&BCZDU[C6&
UL6 !"%&R")%45%1S".DV)(n$$o&<('%&#5&3%4<."&e7@&,-."&I3(4&?%*3%)&(4+&>("()#4&

>"%3("@&!)(4$(S.-#4$&#5&."%&I'%)-S(4&?(."%'(.-S(3&>#S-%.G&UUKa7KKUb@&ZCLDZT[6&&
UT6 /H('%$&(4+&.)%%$&-4&-45-4-.()G&3#<-Sc&I&>1)O%G6&=4&?6&X)G4-S*-@&?6&?#$.#,$*-&(4+&

A6&>dSd%)2(@&%+-.#)$@&l1(4.-5-%)$@&X31,%)&IS(+%'-S&Y123-$"%)$@&7KKZ@&7[ZD7UT6&&
UK6 M%53%S.-#4&#5&3#4<&<('%&5#)'13($@&,-."&J%-**-&J%-**-39@&?(."%'(.-S(3&A#<-S&

l1().%)3G&E[cUT7DUKB@&7KKE6&&
E[6 !)%%$&(4+&R")%45%1S".DV)(n$$o&<('%$@&,-."&>.%O#&!#+#)S%O-S@&I44(3$&#5&Y1)%&

(4+&I003-%+&A#<-S@&7[[@&CKDKL@&7KKK6&&
E76 F4&."%&$%'(4.-S$&#5&-45#)'(.-#4(3&-4+%0%4+%4S%@&A#<-S&P#1)4(3&#5&."%&=4.%)%$.&

H)#10&-4&Y1)%&(4+&I003-%+&A#<-S$&7[cU@&UULDUZ[@&B[[B6&&
EB6 ?#)%&#4&."%&R")%45%1S".DV)(n$$o&<('%&#5&3%4<."&e7@&,-."&!6&JG..-4%4&(4+&>6&

>"%3("@&V14+6&?(."6&7LZ&aB[[Bb@&4#6&7@&LKDKC6&&
EU6 H('%$&03(G%+&#4&0().-(3&-$#'#)0"-$'$@&,-."&W6&j%3-S*#O-S@&I)S"-O%&5#)&

?(."%'(.-S(3&A#<-S@&EUc7@&7KDU[@&B[[E6&&



EE6 V-4-.%&-45#)'(.-#4&3#<-S@&,-."&M6&Y()-*"@&I44(3$&#5&Y1)%&(4+&I003-%+&A#<-S@&7UE@&
TUDKU@&B[[Z6&&

EZ6 I&)%'()*&#4&4#4D+%.%)'-4(SG&-4&=V&3#<-S@&IS.(&Y"-3#$#0"-S(&V%44-S(@&LT&aB[[Cb&
L7DLL6&

EC6 F4&=45-4-.%&R")%45%1S".DV)(n$$o&H('%$@&-4c&=45-4-.%&H('%$@&V#14+(.-#4$&#5&."%&
V#)'(3&>S-%4S%$&j@&>.%5(4&W#3+@&W%4%+-*.&A:,%@&!"#)(35&M9$S"@&P#"(4&O(4&
W%4."%'&a%+$6b@&f#33%<%&Y123-S(.-#4$&(.&X-4<g$&f#33%<%&a>.1+-%$&-4&A#<-Sb@&.#&
(00%()6&&

EL6 !%('&3#<-S@&-4c&=4.%)(S.-O%&A#<-S@&P#"(4&O(4&W%4."%'@&W%4%+-*.&A:,%@&^#O&
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