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Academic Positions           
 
2005-2006  Visiting Scholar, Harvard University, Department of Psychology 
 
2003-present  Assistant Professor, Yale University, Department of Psychology  
 
 
Education            
 
2003  Ph. D. Harvard University 
  (Department of Psychology, Program in Cognition, Brain and Behavior) 
 
2001  M.A. Harvard University 
  (Department of Psychology, Program in Cognition, Brain and Behavior) 
 
1997  B. A. Harvard and Radcliffe College 
  (Psychology and Biology magna cum laude with highest distinction,  
  Certificate in Mind, Brain, & Behavior)  
 
 
Academic Awards           
  
2003  Richard J. Herrnstein Dissertation Prize 
2000  McDonnell Cognitive Neuroscience Summer Institute (selected participant) 
1998-1999 Evolution of Mind Summer Institute (selected participant) 
1997  Adams House Senior Science Award 
1997  Psychology Department Undergraduate Thesis Prize 
1996  Ford Foundation Baccalaureate Award 
1994-1997 Elizabeth Cary Agassiz Award 
 
 
Teaching            
 
Yale University 
 
2004, 2007 Psychology 171: Sex, Evolution, and Human Nature 
2003-2005 Psychology 371: Laboratory in Animal Cognition 
2003-2005 Psychology 775: Research Topics in Animal Cognition 
2003  Psychology 417: Evolutionary Psychology 
 
 
 



Teaching (continued)           
 

Harvard University 
 

2002  Science B-29: The Evolution of Human Nature (TF) 
2001  Psychology 985: Evolutionary Psychology: A Seminar 
2000-2001 Psychology 970: Sophomore Tutorial in Psychology 
1998-2000 Psychology 975: Sophomore Tutorial in Cognitive Neuroscience 
1998-2000 Psychology 1152: Animal Cognition: Laboratory (TF) 
 
Honors 
 
2001  Certificate of Distinguished Teaching, Core Program, Harvard University 
1999  George W. Goethals Award for Teaching Excellence, Harvard University 
 
 
Grant Support            
 
Current Support 

 
2005 National Science Foundation HSD: “The Evolution of Primate Economic Preferences” (To be 

awarded October 2006). Laurie R. Santos (PI), M. Keith Chen (co-PI), and Daeyeol Lee 
(co-PI). 11/1/06 - 10/30/09. $749,621. 
 

Internal Support 
 
2004 Social Science Research Grant, Yale University: “A Non-Human Primate’s  

Understanding of Causality.” Laurie Santos (PI). 8/1/04 - 7/31/05. $5000. 
 

2003 Moore Fund for Instructional Innovation, Yale University: “Primate Field Work: A 
Research Methods Course.” Laurie Santos (PI). 9/1/03 - 12/1/03. $6000. 

 
Graduate Fellowships 
  
2000  Knox Travel Fund 
2000-2001 Ditmars Summer Research Stipend 
1999  Harvard Graduate Society Summer Research Stipend 
1999  McMaster’s Fund Winter Research Stipend 
1998  McMaster’s Fund Spring Research Stipend 
1998-1999 German/American Academic Council Fellowship 
1997-2000 NSF Minority Predoctoral Fellowship 
 
 
Professional Experience          
 
AdHoc Reviewer: Animal Behaviour, Animal Cognition, Behavioral & Brain Sciences, Behavioral 
Ecology & Sociobiology, Behavioural Processes, Bird Behavior, Child Development, Cognition, Cognitive 
Neuropsychology, Current Biology, Developmental Psychobiology, Developmental Psychology, 
Experimental Brain Research, Infancy, Journal of Comparative Psychology, Journal of Experimental 
Psychology: Animal Behavior Processes, Nature Neuroscience, Philosophical Psychology, Proceedings for 
the National Academy of Sciences, Trends in Cognitive Science. 

 



AdHoc Grant Reviewer: National Institute of Health (R03, P01, F31, F3 grants); National Science 
Foundation (ROLE grants); Austrian Science Fund (FWF). 
 
Yale University 
 
2006-2007 Yale College Committee for Marshall, Mitchell, & Rhodes Scholarships, Member 
2005-2006 Sex Week at Yale, Faculty Advisory Board 
2004-2006 Five Magazine, Faculty Advisor 
2004-2006 Psi Chi National Honor Society, Faculty Advisor 
2004-2006 Animal Users Committee, Member 
2003-2005 Minority Advisory Council, Council Member 
2003-2005 Non-Human Primate Enrichment Committee, Member 
2003-2005 Fulbright Evaluation Committee, Member 
 
Outside of Yale University 
 
2006-2009 Executive Committee Member, Society for Neuroeconomics 
2006-2007 Program Co-Chair, Society for Philosophy and Psychology 
2006-2007 Executive Committee Member, Society for Philosophy and Psychology 
2000-2002 Resident Tutor, Mather House, Harvard University 
2000-2002 Assistant Head Tutor, Department of Psychology, Harvard University 
1997-2002 Concentration Advisor, Department of Psychology, Harvard University 
1997-2001 Sophomore Tutor, Department of Psychology, Harvard University 
 
 
Invited Lectures           
 
2007 Cognitive Science Speaker Series, New York University, New York, NY 
2007 Mirror Neurons & Cognition Series, California State University, Long Beach, CA  
2006 Simons Foundation Animal Models of Autism Workshop, New York, NY 
2006 Behavioral Neuroscience Speaker Series, Yale University, New Haven CT 
2006 Colloquium, Psychology Department, University of Connecticut, Storrs, CT 
2006 Society for Philosophy & Psychology 32nd Annual Meeting, St. Louis, MO 
2006 Novartis Foundation Workshop on Social Learning, London, England 
2006 Colloquium, Department of Psychology, Wellesley College, Wellesley, MA 
2006 Colloquium, Department of Psychology, Cardiff University, Cardiff, Wales 
2006 Colloquium, Department of Psychology, University of Bristol, Bristol, England 
2006 Department of Cognitive Neuroscience, Duke University, Durham, NC 
2006 Social Psychology Speaker Series, Yale University, New Haven, CT 
2006 Duke/UNC Workshop on Emotion, Evolution, & Ethics, Chapel Hill, NC 
2006 Neuroscience & Decision Making Series, Princeton University, Princeton, NJ 
2005 Cognitive Brain and Behavior Series, Harvard University, Cambridge, MA 
2005 Decision-Making Series, University of Chicago School of Business, Chicago, IL 
2005 “What is Cognitive Science” Series, Rutgers University, New Brunswick, NJ 
2005 Colloquium, Brain and Cognitive Sciences Department, MIT, Cambridge, MA 
2005 Animal Learning Speaker Series, Franklin and Marshall College, Lancaster, PA 
2005 Language, Representation & Development Series, CUNY, New York, NY 
2004 Colloquium, Cognitive Science, University of Pennsylvania, Philadelphia, PA 
2004 Cognitive Neuroscience Seminar, Columbia University, New York, NY 
2004 Summer Institute in Cognitive Neuroscience, Dartmouth, NH 
2004 AHRB Conference on Innateness and the Structure of the Mind, Sheffield, UK 
2004 Primate Mind, Wesleyan University, Department of Philosophy, Middletown, CT 
2003 Department of Experimental Psychology, University of Bristol, Bristol, UK 



Invited Lectures (continued)          
 
2003 Cognitive Science Speaker Series, New York University, New York, NY 
2003 Behavioral Neuroscience Speaker Series, Yale University, New Haven CT 
2002 International Workshop on Comparative Cognition, PRI, Inuyama, Japan 
2001 Brooklyn College, CUNY, Department of Psychology, Brooklyn, NY 
2000 Cognitive Science Speaker Series, Yale University, New Haven, CT 
1998 Birkbeck College, Centre for Brain & Cognitive Development, London, UK 
 
 
Peer-Reviewed Publications          

 
• Flombaum, J. I. & Santos, L. R. (in submission). Rhesus monkeys’ (Macaca mulatta) 
understanding of others’ knowledge. Animal Behaviour.  
 
• Lyons, D. & Santos, L. R. (under revision). Capuchin monkeys (Cebus apella) discriminate 
between intentional and unintentional human actions. Developmental Psychology. 
 
• Phillips, W., Barnes, J. L., Mahajan, N., Yamaguchi, M. & Santos, L. R. (under revision). 
‘Unwilling’ versus ‘unable’: Capuchins’ (Cebus apella) Understanding of human intentional 
action? Developmental Science. 
 
• Santos, L. R., Barnes, J. L., Mahajan, N., & Blanco, M. (under revision). Enumeration of objects 
and substances in non-human primates: Experiments with brown lemurs (Eulemur fulvus). 
Developmental Science. 
 
• Newman, G., Phillips, W., & Santos, L. R. (under revision). Limes are not the same as lizards: 
Rhesus macaques (Macaca mulatta) make domain-specific predictions about object inertia. 
Cognition. 
 
• Sarma, A., Marticorena, D., Flombaum, J. I., & Santos, L. R. (under revision). Rhesus monkeys 
(Macaca mulatta) conceal their approach from others.  Cognitive Science. 
 
• Phillips, W. & Santos, L. R. (in press). Evidence for kind representations in the absence of 
language: Experiments with rhesus monkeys  (Macaca mulatta). Cognition. 
 
• van Marle, K., Aw, J., McCrink, K., & Santos, L. R. (in press). How monkeys (Cebus apella) 
enumerate objects and substances.  Journal of Comparative Psychology. 
 
• Chen, M. K., Lakshminaryanan, V. & Santos, L. R. (2006). The evolution of our preferences: 
Evidence from capuchin monkey trading behavior. Journal of Political Economy, 114(3). 517-537. 
 
• Cheries, E. W., Newman, G. E., Santos, L. R., & Scholl, B. J.  (2006). Units of visual 
individuation in rhesus macaques: Objects or unbound features? Perception, 35(8), 1057–1071. 
 
• Santos, L. R., Nissen, A. G. & Ferrugia, J. (2006). Rhesus monkeys (Macaca mulatta) know what 
others can and cannot hear Animal Behaviour, 71(5). 1175-1181.  
 
• Santos, L. R., Pearson, H. M., Spaepen, G. M., Tsao, F., and Hauser, M. D. (2006). Probing the 
limits of tool competence: Experiments with two non-tool-using species (Cercopithecus aethiops 
and Saguinus oedipus). Animal Cognition, 9(2). 94-109. 
 
 



Peer-Reviewed Publications (continued)        
 
• Santos, L. R., Seelig, D., & Hauser, M. D. (2006). Cotton-top tamarins’ (Saguinus oedipus) 
expectations about occluded objects: A dissociation between looking and reaching tasks. 
Infancy, 9(2). 147-171. 
 
• Flombaum, J. I., and Santos, L. R. (2005). Rhesus monkeys attribute perceptions to others. 
Current Biology, 15. 447–452. 
 
• Santos, L. R., Barnes, J., & Mahajan, N. (2005). Expectations about numerical events in four 
lemur species (Eulemur fulvus, Eulemur mongoz, Lemur catta and Varecia rubra). Animal Cognition, 
8. 253-262. 
 
• Santos, L. R., Mahajan, N., & Barnes, J. (2005). How prosimian primates represent tools: 
Experiments with two lemur species (Eulemur fulvus and Lemur catta).  Journal of Comparative 
Psychology, 119, 394-403 
 
• Santos, L. R., Rosati, A., Sproul, C., Spaulding, B., & Hauser, M. D. (2005). Means-means-end 
tool choice in cotton-top tamarins (Saguinus oedipus): finding the limits on primates’ 
knowledge of tools. Animal Cognition, 8. 24
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Tj 45 0 0 45 1422.0 1 Tf (m) Tj 45 0 0 41453.0 1 Tfvkn) Tj 45 0 0 4 4 87 0 Tm (m) Tj 45 0 0 45 5012 0 Tm
(e) Tj 45 0 0 451 513 0 Tm n
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a

e

ll.

o

 al

ceg o

 Tj 45 0 0 45 187 0 Tm (i) Tj 45 0 0 45 18369
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Tj 5 0 0
Tm /F2.0 1 Tf (-) Tj ET Q Q q 18.000002 40.080059 576 733.91998 re W n /Cs1 cs 0 0 0 sc q 85.799999360300 060 0 0.239999999 1709 0 0 05 cm BT 45 0 0 Tj 45 0 0 45 68 0 Tm (4) Tj
ET Q Q q 18.000002 40.080059 576 733.91998 re W n /Cs1 cs 0 0 0 sc q 89.365360300 060 0 0.239999999 1709 0 0 05 cm BT 4520 0 45 0 0 Tm /F2.0 1 Tf8(2) Tj 45 0 0 45 23 0 Tm10p
 

 

 

 

H,(Smus eos ,.i  D.e  Sa (t) Tj 45 0 0 45 94 0 Tm (os) Tj 45 0 0 45
140 0 Tm (,) Tj 4
 0 0 45 151 0 Tm ( ) Tj 45 0  0 5 163 0 Tm (L) Tj 45 0 0
45 191 0 Tm (.) T
 45 0 0 45 202 0 Tm ( ) Tj 45 0 0 45 214 0 Tm (R) Tj 45
0 0 45 247 0 Tm (.) Tj ET Q Q q 18.000002 40.080059
576 733.91998 re W n /Cs1 cs 0 0 0 sc q216239999
335 (.)
43999999 186.24006 480.96004 cm BT 45,0 0 45 0 0 Tm /F0 0 Tm ( 0 0 45 0 0 Tm /F2.0 1 TfSa) Tj 45 0 0 45 715 0 Tm
(o) Tj 45 0 0 4746 0 Tm (b) T
 45 0
0 45939 0 Tm e Tj 45 0 0 45 112 15 0 Tm
(o) Tj 45 0 0 4 4 0 Tm (mee) Tj 45 0 0 45 69 0
Tm (e) Tj 45 0 0 45 1965 0 Tm (.)
Tj 45 0 0 45167 0 Tm
(J.) Tj
45 0 0 45 800 0 Tm GRD(s) Tj 45 0 0 45 5 51 0  (MI  Tj 45 0 0 45 309  1 Tf(s) Tj 45 0 0 45 413 0 Tm ,,) Tj 45 0 0 45 332 0 T ( o) Tj 45 0 0 45 328 0 Tm &t,sp u inmurHaIgege(m
(6) Tj 45 0 0 4 769 0 Tm 0S) Tj 45 0 0 45759 0 Tm (0p) Tj 45 0 0 4578 11
0 Tm ( ) Tj 45 0 0 
8059 0 Tm  0 0 45 0 0 Tm /F2813 0Tm (mur) Tj 45 0 0 45807 0 Tm (PTj 45 0 0
0 45 8757 0
Tm (a) Tj 45 0 0 458890 0 Tm ( ) Tj 45 0 0 45910 0 Tm (bFl) Tj 
5 0 0
49307 0 Tm ( ) Tj 45 0 0 45 569
0 Tm (l) Tj 45 0 0 4595 50 0 Tm (o) 772 0 Tm (u)
435 0 0)456243 0 sei g(Tj 45 0 0 45 1064
00 Tm (a) Tj 45 0 0 45102328 0 Tm (ogj 45 0 0 45 1045
70 Tm (mee) Tj 45 0 0 45 1147 0 Tm
E)) Tj 45 0 0 45 1117 0 Tm (m) Tj 45
5 0 0 45 86 0 Tm (d) Tj 45 0 0 4 11168 0 Tm (hj 45 0 0 45 1 41 05 Tm ((S) Tj 45 0 0 45711 50 0 Tm bj 45 0 0 45 12567 4 Tm (l) Tj 45 0 0 4
1312317 0 Tm b(y) Tj 45 0 0 4518 45 0 TmS,) Tj 45 0 0 45072
0 Tm (l)Tj 45
0 0 45 11240 Tm (mur)Tj 4
0 0 45 1313 0T7 Tm (mee) Tj 45 0 0 45 1409Tm (e) Tj 45 0 0
45 1265 0
Tm (s) Tj 45 0 0 45 12750 Tm (mur) Tj 45 0 0 45 398 0 Tm ( ) Tj ET
Q Q q 18.000002 402376 733.91998 re W n /Cs1 cs 0 0 0 sc q2162a.23999999 0 0
0.2399999999999 1709 0 0 0.20(8) Tj a0 0 45 0 0 Tm /F0 Tm (l) Tj 45 0 0 454789 Tm lkm
 Tj 45
0 0 45 772 0 Tm (mTj 45 0 0 45 7553  0 Tm Pl) Tj 45
0 0 45 8 0 Tm  (ci Tj
45 0 0 45
143 0 Tm (in99999360300 060 0 0.239999999 1709 0 0 05 cm BT 45 0 0 Tj 45 0 0 45 68 0 Tm (4) Tj
ET Q Q q 18.00000230.8402376 733.91998 re W n /Cs1 cs 0 0 0 sc q21620.290.208239999
0 0 0.23999999 1709 0 0 0.20m BT 45 0 0 45 0 0 Tm /F2.0 1 Tf (-) Tj ET
Q Q q 18.000002 40.0800502376 733.91998 re W n /Cs1 cs 0 0 0 sc q2162s.24006 480.9600446 0 Tm (b) T
 45 0
0 454 715 0 Tm
(o) Tj 45 0 0 5 3.0
1 Tf) Tj 45 0 0 45 100 Tm (ul)f Tj 45 0 0 4
1312310 Tm (.)
Tj 45 0 0 45 11221 Tf (A) Tj
45 0 0 45 3360 0 Tm (,) Tj 45 0 0 45718Tm (i) x) Tj 45
0 0 45 8 9 0 Tm Rulm,

i

 d  IbFlsm nn nA,J.uco ynete  

-

top tamto i-

 m eea n s

4

4
hj 45 0 0 45 1 4/F2.0 1 Tav (p) Tj
45 0 0 459 0 Tm (c) Tj 45 0 0 45 1240
Tm (km
 Tj 45
0 0 45 777 0 Tm (ur99999360300 060 0 0.239999999 1709 0 0 05 cm BT 45 0 0 Tj 45 0 0 45 68 0 Tm (4) Tj
ET Q Q q 18.00000217.1 4014052733.91998 re W n /Cs1 cs 0 0 0 sc q216239999
33
2720.23999999 186.24006 
77.68005 cm
BT 46 Tj 45 0 0 45 355 0 Tm (46) Tj 45 0 0 45300 Tm ((s) Tj 45 0 0 45 4 0 Tm (5Tj 45 0 0 45 6180 0 Tm (0p) Tj 45
0 0 45 89 0 Tm
(t80 45 0 0 Tm /F3.070 Tm (os) Tj 45 0 0 45434 0 Tm (ce) Tj 45 0 0 45 238 0 Tm ,s) Tjj 45 0 0 45 46 0 Tm (9) Tj ET Q Q q 18.000002550524014052733
91998 re W n /Cs1 cs 0 0 0 sc q 05239999
2442720.23999999 186.24006 417.20004
cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf ( ) Tj ET Q Q q 18.00000159.1 4014052733
91998 re W n /Cs1 cs 0 0 0 sc q 05230.20.360300 060 0 0.23999) Tj 45
0 0 45 36cm
BT 46 Tj 45 0 0 45 31
0 Tm (p) Tj 45 0 0 45 618 0  (ce) Tj 45 0 0 45 591
0 TmÕ) Tj 45 0 0 45 1300 0 Tm ( ) Tj ET Q Q q 18.00000178.3100002 4052733.91
98 re W n /Cs1 cs 0 0 0 sc q 0.2399999420.239940 0 0.23999999 72 517.245 144Tm (Õ) Tj 45 0 0 45 1300 0 Tm ( ) Tj ET Q Q q 18.000002 4299052733.91998 re
W n /Cs1 cs 0 0 0 sc q 0.2399999420.239940 0 0.23999999 72 517.245 144Tm (Õ) Tj 45 0 0 45 1300 0 Tm ( ) Tj ET Q Q q 18.000002 4287.2876 733.91998
re W n /Cs1 cs 0 0 0 sc q c q 0.384239999
0 0 0.23999999 
 480.96004
cm BT 45
0 0 45 0 0 Tm /F1.0 1 Tf (¥) Tj ET Q Q q 18.000002 40.08005287.2876 733
98 re W n /Cs1 cs 0 0 0 sc q 0.2399999420.239940 0 0.23999999 72 517.245 144Tm (Õ) Tj 45 0 0 45 1300 0 Tm ( ) Tj ET Q Q q 18.000002 40.08005287.2876 733
98 re W n /Cs1 cs 0 0 0 sc q1 52399999335 (.)
43999999 186.2400384239999
0 0 0.23999999 9 492.96005 cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf (-) Tj ET Q Q q 18.0000093.0800BT 287.2876 733.91998 W n /Cs1 cs 0 0 0 sc q1 52n99999384239999
0 0 0.239d) Tj 45 0 
 45 331
7 0 Tm (a) Tj 45 0 0 470 0 Tm (,) Tj 45 0 0 459506
  (ce)(i) Tj 45 0 0 45 7
0 Tm (nLS) Tj 45 0 0 45 27 0 Tm (.Tj 45 0 0 45 50128 0 Tm (t) Tj 45 0 0 45 94
0 Tm (oR9999
2442720.23999999 186.24006 417.20004
cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf ( ) Tj ET Q Q q 18.0000016.264 287.2876 
91998 re W n /Cs1 cs 0 0 0 sc q 0.23999999 0 0 0.2399 0 Tm (i) Tj 45 0 0 45 2
0 Tm (o&f (t) Tj 45 0 0 40 0 Tm (n) Tj 45 0 0 45510 Tm (r) Tj 45 0 0 45
1312310 Tm (.u
Tj 45 0 0 45 4350 0 Tm ( Tj 45 0 0 45 64617 Tm e Tj 45 0 0 45 1111 99 Tm (,) Tj 45 0 0 0 45 218 Tm (mee) Tj 45 0 0 45 6299999 186.24006 480.9600472 0 Tm (M) Tj 45 0 0 45 212
0 Tm  l) Tj 45
0 0 45 2251 Tf (A) Tj
45 0 0 45 3
0 Tm (a) D  Tj 45 0 0 45 30 0 Tm ( Tj 45 0 0 45 187413 0 Tm(J.) Tj
45 0 0 456305 Tm (() Tj 45 0 0 45  62403Tm ( ) Tj 45 0 0 45
10 32 Tm (ge) Tj 45 0 0 456 944 cm BT 42) Tj 45 0 0 45 398 0 Tm (p) Tj 45 0 0 4578
48.0 1 Tf (e) Tj 45 0 0 4 746 0 Tm rA(e) Tj 45 0 0 4 7558 0 Tm i) Tj 45
00 4547621 0 Tm yr) Tj 45 0 0 45 609 0 Tm
(e) Tj 45 0 0 45 17 0 TmTf (t) Tj 4 0 0 45 214 0 Tm (R) Tj 45
0 0 45 247 0 Tm (.) Tj ET Q Q q 18.00000293.28 287.2876 
91998 re W n /Cs1 cs 0 0 0 sc q 0.239999
2442720.23999999 186.24006 417.20004
cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf ( ) Tj ET Q Q q 18.000002960.08287.2876 
91998 re W n /Cs1 cs 0 0 0 sc q 0.220.23 208239999
0 0 0
 186.24006 480.96006 cm BT 4fr(P) Tj 45 0 0 451.0 1 Tfu.) Tj 45
0 0 45 58 0 Tm i) Tj 45
0 0 45
164 0 Tm (u) Tj 4  0 0 45  6 0
Tm (e) Tj 45 0 0 45 144
 0 Tm (,) Tj 45 0 0
45 65 0 Tm (t) Tj 45 0 0 45 183 0 Tm (a ) Tj 45 0 0 45 012 0 Tm
(r) Tj 4542720.239950 0 Tm (o) Tj 45 0 0 4 244 0 Tm a ) Tj
45 0 0 45 5
51 0 Tm Tj 45
j 45 0 0 45 262 0 Tm (fl) Tj 45 0 0 453574 0 Tm e ltdtn u nl( ) Tj 45 0 0 459563 0 Tm
(t) Tj 45 0 0 45 69 0 Tm (h5 0 0 45 0 0 Tm /07cm BT 45 0 0 45 0 0 Tm 6 0 0.2399g) Tj 45 0 0 45613 1 Tf (A)  j
45 0 0 45 367
cm BT 45 0 0 455 0 0 453050 Tm (ge) Tj 45 0 0 45 2720 0 Tm (c) Tj 45 0 0 45 79
0 Tm (e) Tj 
45 0 0 4572 0 Tm ((la0 0 45 0 0 Tm /F Tm (a) Tj 45 0 0 45 10679 0 Tm (hd5
j 45 0 0 45 282 0 Tm (t) Tj 45 0 0 45 1830 Tmf(l) Tj 45 0 0 45 198411 Tm 
.(s) Tj 45 0 0 478551 0 Tm :) Tj 45 0 0 45 88 0 Tm ci) Tj 45 0 0 45  33 0 Tm 999999 9 492.96005 cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf (-) Tj ET Q Q q 18.000002 4275.2876 733.91998 W n /Cs1 cs 0 0 0 sc q 0.2D  Tj 45 0 0 45 35 Tm ((S) Tj 45 0 0 45743 0 Tm unn(o) Tj 45 0 0 417777 0 Tm (fu.) Tj 45
0 0 45682 0 Tm (i)
Tj 45 0 0 45 84 Tm (l) Tj 45 0 0 4
131298 0 Tm 'ai0 0 45
0 0 Tm /3249 0 Tm unt Je t m atp a o( ) Tj 45 0 0 45 513 0 Tm hgt,d f (,) Tj 45 0 0 499
0 Tm (gs) Tj 45 0 0 45 4279 0 Tm
(t) Tj 45 0 0 45 6
0
Tm (e) Tj 45 0 0 45 144Tm (Õ) Tj 45 0 0 45 1300 0 Tm ( ) Tj ET Q Q q 18.00000273.1 4275.2876 733.91
re W n /Cs1 cs 0 0 0 sc q 11 (.) Tj 08239999
0 0 0.23999999 1709 0 0 05 c
 BT 45D0 0 45 0 0 Tm /F53.0 1 Tfv nh5 0 0 45 0 0 Tm 382 0 Tm q(a) Tj
45 0 0 45364Tm (ul) Tj 45
0 0 455 8332 0 T ( c 45 0 0 45 11473211 0 Tm (a) Tj
45 0 0 443
51 0 Tm ( ) Tj 45 0
 45396 0 Tm ((l) Tj 45 0 0 45 25 0 Tm (o5 Tj 45 0 0 45  33 0 Tm 999999 9 492.96005 cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf (-) Tj ET Q Q q 18.000003860.08005275.2876 733.91998 W n /Cs1 cs 0 0 0 sc q 0.23999999 0 0 0.23999999 186.24001
529.44005 cm BT
4F1t) Tj 45 0 0 45 6
0
Tm (e) Tj 45 0 0 45 144Tm (Õ) Tj 45 0 0 45 1300 0 Tm ( ) Tj ET Q Q q 18.000004030.08275.2876 733.91
re W n /Cs1 cs 0 0  0 0 sc q 24.65 208239999
0 0 0
 186.24006 480.96004 cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf (-) Tj ET Q Q q 18.000004070.08005275.2876 733
98 re W n /Cs1 cs 0 0 0 sc q 0.2F7.24006 480.96004 cm BT 4(J.) Tj
45 0 0 45140 0 Tm Rul) Tj 45 0 0 45
66 0 Tm (2) Tj 45 0 0 45 69 0 Tm (.) Tj ET Q Q q 18.000004210.08275.2876 733.91 re W n /Cs1 cs 0 0 0 sc q 0.2399999420.239940 0 0.239m Rul) Tj 45 0 0 45
66 0 Tm (2) Tj 45 0 0 45 69 0 Tm (.) Tj ET Q Q q 18.000002 40263 s4804733.91 re W n /Cs1 cs 0 0 0 sc q 0.2399999420.239940 0 0.239m Rul 2 .nl (y) Tj 45 0 0 4518 1
7 0 Tm (a) Tj 45 0 0 45751 0 Tm( ) Tj 45 0 0 453132 0 T ( o) Tj 45 0 0 45 151 0 Tm (L) Tj 45 0 0 45 2
 0 Tm ((s) Tj 45 0 0 45 2499999 186.24006 
77.68005 0 Tm  0 0 45 0 0 Tm 
45 28 0 Tm (ge) Tj45 0 0 45 618 0  (ce)4Fl) Tj 
5 0 0
4504 0 Tm (R) Tj 45
0 0 45 247 0 Tm (.) Tj ET Q Q q 18.00000143.28 250 s4805576 733.91998 re W
cs 0 0 0 sc q216239999
335 (.)
43999999 186.24006 
77.68005 cm BT 45,0 0 45
 0
0 454 715 0 Tu okTj
45 0 0 45 10323 0 Tm
mMwTj 45 0 0 45 64617 Tm e Tso meki.24006 480.96004 78 0 Tm ( ) Tj 45 0
 453195 0 Tm i ,Gm J los, Tj 45 0 0 45 1071 0 Tm (M) Tj 45 0 0 45 4382 0 Tm GR5 0 0 45 0 0 Tm /F11 0 Tm (a) Tj
45 0 0 4439 0 Tm (ur) Tj 45 0 0
45
501 0 Tm (t) Tj 45 0 0 4515400 Tm (( ) Tj 45 0 0 45 516 0 Tm e Tj 45 0 0 45 11508 0 Tm n) Tj 45 0 0 45 5420 0 Tm AGJI  Tj 45 0 0 45 64 715 0 TM , , Tj 45 0 
 45 645 0 Tm c() Tj 45 0 0 45 27250 Tm (o&f  Tj 45 0 0 4575699999 186.24006 480.960080 cm BT 45 (d) 
5 0 0 Tm 8331 Tm 
.u
Tj 45 0 0 45 4860 0 Tm un) Tj 45 0 0 456480 0 Tm ( ) Tj 45 0 0 45790 0  Tm (r 45 0 0
0 45 86 07 0 Tm () Tj 45 0 0 45  989 0 Tm 'u)
Tj 45 0 0 45/F59
0 Tm (Mr(P) Tj 45 0 0 459 0 Tm (,) Tj 45 0 0 451915 0 Tm B0 0 45 0 0 Tm /02 078 0 TmM)
Tj 45 0 0 45  3.0 1 Tf (l.j
45 0 0 45 10020 6m (a (t) Tj 45 0 0 45 9062 0
Tm (M) Tj 45 0 0 45581110 Tm (t) Tj 45 0 00 45603101 0 Tm (.0)
 Tj 45 0 0 45 728 0 Tm ( Tj 45 0 0 455811100 0 Tm (p) Tj 45 0 0 4578 12099999 186.24001
529.44001163 0 Tm (O) Tj 45 0 0 45 12450 0 Tm bj 45 0 0 45 1224 030 Tm (o) Tj 45
0 0 45  1212
0 Tm  ej 45 0 0 45 12567 0 Tm (m)c) Tj 45 0 0 45 7030 Tm (l) Tj 45 0 0 45 11223051 0 Tm(,) Tj 45 0 00 45 9 7Tm (o) Tj 45
0 0 45 133 0940 Tm (e) Tj 45 0 0 45 1032 0 Tm (t) Tj 45 0 0 45 11430 0 Tm GTj 45 0 0 45 1422.600 Tm (t) Tj 45 0 0 45 11474 Tm (m) Tj 45 0 0 45 279551 0 Tm (u
Tj 45 0 0 45 43520 Tm ( ) Tj 45 0 0 451745550 Tm  (p) Tj 45 0 0 45 705/F3.0 1 Tfn(t) Tj 45 0 0 150 Tm (.)
Tj 45 0 0 45 1145606Tm (o) Tj 45
0 0 45 133 61
0 Tm ( ) Tj 4239999
0 0 0.23999999 
 480.96004
cm BT 45 0 0 45 0 0 Tm /F1.0 1 Tf (¥) Tj ET Q Q q 18.00000221839 s4805576 733.91998
/Cs1 cs 0 0 0 sc q 0.2u0.23 208239999
0 0 0
 18s9999 1709 0 0 05 cm BT 4iTj
45 0 0 4568552 1 Tf (.) Tj 45 0 0 48F27 0 Tm (m) Tj 45 0 0 45 692 1 Tf (l) 
j 45 0 0 45  0 Tm (a (rTj 45 0 0
45 6568 Tm (.)
Tj 45 0 0 45 114594 0 Tm Rul) Tj 45 0 0 472211 0 Tm (a) Tj 45 0 0 4315 0 Tm (o Tj 45 0 0 0 45 261 0 Tm b(y) Tj 45 0 0 451 0 Tm n (y/) Tj 45 0 0 4 1330 Tm (meki.240 45 0 0 45 3 15 0 Tm
(o) Tj 45 0 0 4 27 0 Tm (
dt) Tj 45 0 0 45 23 0 Tm ( ) Tj 45 0 0 45 430 Tm  (ci Tj
45 0 0 45
125 0 Tm (o Tj 45 0 0 451024 00 0 Tm fo) Tj 45 0 0 45 745 0 Tm (s) Tj 45 0 
 45358 1
7 0 Tn) Tj 45 0 0 4547 32.0 1 TfSa) Tj 45 0 0 4531 0 Tm () Tj 45 0 0 45 2659 0 Tm (c) Tj 45 0 0 45 6240
Tm (km

Tj 45 0 0 456139 0 Tm ((t) Tj 45 0 0 456 0 Tm n (n) Tj 45 0 0 4 2640 0 Tm (i) Tj 45 0 0 45 7022
0 1 Tf (,) Tj 45 0 0 42F2.0 1 Tf (t) Tj 45 0 0 4390  Tm (r 45 0 0
0 45 8672 0 Tm (,h) Tj 45 0 0 45 784 0 Tm (,) Tj 45 0 0 45753c
 BT 45n) Tj 45 0 0 456483 0 Tm
(u
Tj 45 0 0 45 48051 0 Tm() Tj 45 0 0 45  87 0 Tm c() Tj 45 0 0 45 288 cm BT 45h0 0 45 0 0 Tm /24Tm (r) Tj 45 0 0 45
13194 715 0 Tcl) Tj 45
0 0 45 0   0 Tm Pq) Tj 45 0 0 45964  715 0 Tu)
Tj 44
 0 45  3.0 1 Tf (leTj
45 0 0 45103 0  0 Tm (o) 772 0 Tm (u)
435851 Tf (A) Tj
45 0 0 45 35 0 Tm (al)n).2399384239999
0 0 0.2386.24006 480.96004 cm BT 45 0 0 45 0 0 Tm /F2.0 1 Tf (-) Tj ET Q Q q 18.00000339.1 4839 s4805576 73
re W n /Cs1 cs 0 0 0 sc q 11 Mt) Tj 45 0 0 45 2 0 Tm a ) Tj 45 0 0 45
5Tm (i) 5 (e) Tj 45 0 0 4  0 Tm Pl) Tj 45
0 0 45 1020m BT 45 (e) Tj 45 0 0 120
999 186.2400384239999
0 0 0.23f (t) Tj 45 0 0 42528 0 Tm (e) Tj 45 0 0 45 431
0 Tm ( ) Tj ET Q Q q 18.000003720.08001839 s4805576 733.91998 /Cs1 cs 0 0 0
sc q446.Tj 45 0 0 45 132 0 Tm (g(l) Tj 45
0 0 4
1570  0 Tm (e) Tj 45 0 0 45 431
0 Tm ( ) Tj ET Q Q q 18.00000375..08005239 s4805576 733.91998 /Cs1
cs 0 0 0 sc q 11 ma) Tj
45 0 0 4536715 0 Tul 0 0 45 0 0 Tm /F2.0 1 Tft) Tj
45 0 0 45 11
cm BT 4ta0ul) Tj208239999
0 0 0.239999
9 1709 0 0 05 cm BT 45(,) Tj 45 0 0
45 251 0 Tm ( ) Tj ET Q Q q 18.000002140.08005839 s4805576 73
re W n /Cs1 cs 0 0 0 sc q 9323999992442720.23999999 186.24006 
77.68005 cm(i) Tj 45 0 0 45 18369
0 Tm .t.-ntm( Tj 45 0 0
45 225180 Tm (mee) Tj 45 0 0 45 115 0 Tm B0 0 406 480.96004480 Tm
(t80 45 0 0 Tm /F323 0 Tm (0p) Tj j 45 0 0 45 62 0 Tm (a) Tj
45 0 0 45 86 0 Tm (n) Tj 45 0 0 45 112 0 Tm (s) Tj ET Q Q q 18.00000283..0800
239 s4805576 733.91998 /Cs1 cs 0 0 0 sc q 9323999992442720.23999999 186.240
6 
77.68005 cm
BT 42 Tj 45 0 0 45 355 0 Tm (46) Tj 4 0 0 45646 0 Tm u199999360300 060 0 0.239999999 1709 0 0 05 cm BT 45 0 0 Tj 45 0 0 45 68 0 Tm (4) Tj
ET Q Q q 18.000005050.08239 s4805576 733.91998 /Cs1 cs 0 0 0 sc q 9320.290.208239999
0 0 0.23999999 1709 0 0 0.20m BT 45 0 0 45 0 0 Tm /F2.0 1 Tf (-) Tj ET
Q Q q 18.000005090.08005239 s4805576 733.91998 /Cs1 cs 0 0 0 sc q 9322.24006 480.96004 cm BT 469999 17
80.96004 cm BT 4510 0 450 0 45 31
0 Tm (p) Tj 9360300 060 0 0.239999999 1709 0 0 05 cm BT 45 0 0 Tj 45 0 0 45 68 0 Tm (4) Tj
ET Q Q q 18.000005280.08005839 s4805576 73 re W n /Cs1 cs 0 0 0 sc q 0.2399999360300 060 0 0.239999999 1709 0 0 05 cm BT 45 0 0 Tj 45 0 0 45 68 0 Tm (4) Tj
ET Q Q q 18.000002 4226..0805576 733.91998 re W n /Cs1 cs 0 0 0 sc q 0.34m (.)
43999999 186.24006 480.96004 cm BT 45 (d) Tj 45
 0 45 398 0 Tm ( ) Tj ET
Q Q q 18.000002 42140.0805576 733.91998 re W n /Cs1 cs 0 0 0 sc q 0.335 (.)
43999999 186.24006 480.96004
cm BT 45 0 0 45 0 05 0 0 45 398 0 Tm ( ) Tj ET
Q Q q 18.000002 40.080052140.0805576 733.91998 re W n /Cs1 0 sc q 0.2399999360300 060 0 0.239999999 1709 0 0 05 cm BT 45 0 0 Tj 45 0 0 45 68 0 Tm (4) Tj
ET Q Q q 18.000002 40.080052140.0805576 733.91998 re W n /Cs1 cs 0 0 0 sS.24006 480.9600499999 186.24006 480.9
004
cm BT 45 0 0 45 0 0 Tm /F1.0 1 Tf (S)
Tj 45 0 0  51
7 0 Tm (a) Tj 45 0 0 45
5 0 Tm () Tj 45 0 0 45  0 Tm (a (t)
Tj 45 0 0 45 94
0 Tm (os) Tj 45 0 0 45
140 0 Tm (,) Tj 4
 0 0 45 151 0 Tm
( ) Tj 45 0  0 
 163 0 Tm (L) Tj 45 0 0
45 191 0 Tm (.) T
 45 0 0 45 202 0 Tmm Rul) Tj 45 0 0 45
66 0 Tm (2) Tj 45 0 0 45 69 0 Tm (.) Tj ET Q Q q 18.00000243.28 2140.0805576 733.91998 re W n /Cs1 0 sc q 0.239999
335 (.)
43999999 
86.24006 
77.68005 cm BT 4n) Tj 45 0 0 4557  0 Tm Pl) Tj 45
0 0 45 841 Tm 
.u
Tj 45 0 0 45 4110 0 Tm (c) Tj 45 0 0 45 2310 Tm (.j 45 0 0 45 1541 030  Tm (r 45 0 0
0 45 8611 0 Tm (M) Tj 45 0 0 45 444
 0 Tm ( j 45 0 0 45 114594
0 Tm (Mr(P) Tj 45 0 0 231 0 Tm (.) Tj 45 0 0 45 249 0 Tm (i) Tj 45 0 0 45 252 1 Tf (D) Tj 45
0 0 45 225 
 Tm ( Tj 45 0 0 45 10797 0 Tm e Tj 45 0 0 45 114 0 Tm e)
 ) Tj 45 0 0 4 1330 Tm (me&a) Tj
45 0 0 45366m (a (t) Tj 45 0 0 45 3 0 Tm n (S) Tj 45 0 
 45 354 0 Tm ((b) T
 45 0
0 454211 0 Tm (a) T
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