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Abstract 

 

This research paper presents the framework used to assess technological capabilities of technology-driven industries. The 

structure of the proposed framework is developed based on the concept introduced by Bell and Pavitt in 1995 whereas the areas and the 

levels of technological capabilities are specifically characterized in this research to match with the nature of technology-driven 

industries. A case example of Thai automotive electronics industry is presented to demonstrate how the framework is developed and 

used for assessing a firm’s technological capabilities. Eleven sub-areas of technological capabilities are identified to cover the three 

main aspects: investment, production, and networking capability. A group of firms representing Tier 1, 2 and 3 as classified by Thailand 

Automotive Industry was selected for the interview. The assessment results of all selected firms are collectively analyzed to represent the 

level of technological capabilities of Thai automotive electronics industry. The results show that the technological capability in the area 

of research and development for supporting new product development is relatively low comparing to other capability areas; therefore, 

this area needs urgent corrective actions. The promotion of technology transfer between or among firms should be explored as one of 

the potential strategic options. For firms with an equivalent level of capabilities, the knowledge and technology can be directly 

exchanged. However, if the capability level of firms is largely unequal, direct exchange of technologies would not be effective due to the 

limited absorptive capability of lower capability firms. Thus, the mechanism of technology transfer using a mediator should be fully 

structured to solve this limitation. In addition, the study results show that the capacity level of firms also depends on the operational 

characteristics of each firm which are related to the nationality of firm owners. Moreover, the guideline suggestions for improving 

technological capabilities in all areas are also proposed in the paper based on the results of the analysis.  
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I.   +2(J! 
E"2+*-7"-5/(%6N7",'.94;/(2"%$+67$+=+/=4$"<2%%#-"+-+435/(M'-O<;)GP+HK+-32,"(2"%J,04%&-+43

B<>(?K#0?"  B,D)@89/)GP+2"%)@09#$#%%&+DB,D5.: !"#$"#"%&O+2"%B5>(56+5/(G%D)'HO<;$K(5QR+ 2"%$%;"(
#K, >")@09#O<;267/=4$"<2%%#-"+-+43EQ()GP+$09($S" 6L'.94;/()%>(@6A+"5.: !"#$"#"%&*:-%!#5/(/=4$"<2%%#
:6(2,>"! )@89/O<;$/: ,;/(267+*-7"-5/(%6N7", 

E"22"%HQ2T"B+!*+;#5/(/=4$"<2%%#-"+-+43%D7=!>" O+/+" 4%D77/0),12'%/+02$3ED)5;"#"#.7'7"'
O+2"%J,04%&-+43#"25QR+ *:-E"2):0#%D77/0),12'%/+02$3-"+-+43#.<+;"'.9)$%0#2"%'S"("+5/() %89/(-+432,M24>"( 

U O<;'S"("+M:;)'>"+6R+ B4>O+GVEE=76+%D77/0),12'%/+02$3-"+-+43#. !"#$"#"%& !7 =#2"%'S"("+5/() %89/(-+43
2,M24>"( U M:;2!;"(B,D<,"2<,"-#"25QR+ EQ('S"O<;%D77/0),12'%/+02$32,"-)GP+$09(ES")GP+)@89/)@09##K, >"O+267
%&-+43O+/+" 4/->"(<,.2)<,.9-(M#>M:;   

2"%HQ2T"+.R#.!64&=G%D$( 3)@89/4;/(2"%'%"7&Q(%D:675.: !"#$"#"%&'"()' *+*,-.O+/=4$"<2%%#'.9
567) ,89/+:;!-)' *+*,-.5/(/=4$"<2%%#/0),12'%/+02$3-"+-+43O+GVEE=76+ )@89/<"B+!'"(O+2"%@6A+"B,D
-2%D:675.: !"#$"#"%&'"()' *+*,-. WQ9(2"%567) ,89/+:;!-)' *+*,-.  8/ 2"%)@09#H62-?"@<%8/J,62:6+/( 32% 

:;!-)' *+*,-.O<;#.G%D$0'F0?"@$K(5QR+O+'=2 U :;"+ (Benedetto, Calantone and Zhang, 2003: 446-462) *:-M#>M:;
)+;+)X@"D:;"+O::;"+<+Q9( <%8/)' *+*,-.'.9OC;O+2"%J,04)@.-(/->"():.-! WQ9(5.: !"#$"#"%&'"()' *+*,-.+6R+
B$:(O<;)<1+&Q( !"#$"#"%&5/(/( 32%*:-J>"+20E2%%#'"()' *+*,-.:;"+4>"( U )C>+ 2"%J,04 2"%@6A+"
J,04?6YZ3 2"%':$/7 )GP+4;+ (Panda and Ramanathan, 1996: 561-588) )@%"D5.: !"#$"#"%&'"()' *+*,-.+6R+ 

)GP+2,M2'.9$S" 6L/->"(-09(O+2"%J,62:6+O<;/( 32%#. !"#M:;)G%.-7'"(2"%B5>(56+4>/ K>B5>( <%8/ (M!;WQ9(4S"B<+>(JK;+S"
O+/=4$"<2%%#):.-!26+ (Bennett and Zhao. 2004: 283-291) WQ9(2"%2S"<+:7'7"'B,DB+!'"(O+2"%@6A+"
G%D$0'F0?"@5/(/( 32%O<;$K(5QR+ ES")GP+4;/('%"7&Q(/( 3G%D2/75/(5.: !"#$"#"%&'"()' *+*,-. )@89/2"%
@6A+"/->"()GP+%D77 

 

II.   !"2+2/(3!(/'L*62-;% -;6/,=73 

("+!0E6-+.R'S"2"%HQ2T"/( 3G%D2/74>"( U 5/(5.: !"#$"#"%&'"()' *+*,-.*:- %/7 ,=#O+'=2:;"+5/(
20E2%%#'.9#.2"%:S")+0+2"%  )C>+   !"#$"#"%&O+2"%E6:<")' *+*,-.   !"#$"#"%&O+2"%OC;)' *+*,-. 
 !"#$"#"%&O+2"%:6:BG,()' *+*,-.  !"#$"#"%&O+2"%'S"+!642%%#'"()' *+*,-.  !"#$"#"%&O+2"%
B,2)G,.9-+)' *+*,-.  !"#$"#"%&O+2"%4/7$+/( !"#4;/(2"%5/(,K2 ;"  !"#$"#"%&O+2"%//2B77 B,D
 !"#$"#"%&O+2"%)C89/#*-( ($&"76+!0E6-)@89/2"%@6A+"G%D)'HM'- 2532; Sharif. 1995; Ernst, Mytelka and 

Ganiatsos. 1998) )GP+4;+ 2"%2S"<+:%D:675.: !"#$"#"%&'"()' *+*,-.&K2B7>(//2)GP+ 4 %D:67 M:;B2> %D:67$K( 

(Advanced) ED)+;+)%89/(2"%'S"+!642%%#O<#> U %D:67G"+2,"( (Intermediate) ED)+;+ !"#$"#"%&O+2"%@6A+"
)' *+*,-.E"2)' *+*,-.'.9#./-K>):0# B4>M#>M:;)+;+2"%$%;"(+!642%%#O<#> %D:67@8R+N"+ (Basic) ED)+;+2"%:6:BG,(
)' *+*,-. )@89/(>"-4>/2"%OC;("+ %D:675.: !"#$"#"%&'.9ES")GP+4;/(#. (Routine) ED)+;+ !"#$"#"%&<%8/)' *+*,-.
@8R+N"+'.9ES")GP+4;/(OC;O+2"%J,04)GP+<,62 *:- EDM#>#. !"#$"#"%&O+2"%:6:BG,()' *+*,-.)@89/O<;(>"-4>/2"%
J,04M:;)/( B,D%D:67HK+-3  8/ M#>#.5.: !"#$"#"%&O+:;"++6R+ (Bell and Pavitt. 1995; Lall. 1992: 165-186; 

$&"76+!0E6-)@89/2"%@6A+"G%D)'HM'-. 2532) WQ9(B+!'"(O+2"%@6A+")' *+*,-.+6R+ M:;)+;+&Q( !"#$S" 6L  3  <6!5;/
<,62 (Albu. 1997)  8/  !"#$"#"%&'"()' *+*,-. 2"%$%;"(5.: !"#$"#"%&'"()' *+*,-. B,D5.: !"#$"#"%&

 (NIDA Development Journal), 49 (1) (2009), pp. 107-122 



4 

'"()' *+*,-.5/() %8/5>"-!0$"<20E *:-2"%@6A+"5.: !"#$"#"%&'"()' *+*,-.5/() %8/5>"-!0$"<20E+6R+M:;)+;+
 !"#$S" 6L'.92"%&>"-'/:/( 3 !"#%K;E"2/( 32%<+Q9($K>  /( 32%<+Q9( (Adams. William. Souder and Spann. 1995: 19-

29; OECD. 1997; Khalil. 2000) WQ9(&8/)GP+/.2B+!'"(<+Q9('.9OC;)@89/2"%@6A+")' *+*,-.%>!#26+'6R(/=4$"<2%%# WQ9(
%KGB77'.9OC;O+2"%&>"-'/:)' *+*,-.+6R+ $"#"%&)GP+M:;'6R('.9#.%KGB77C6:)E+ B,DM#>C6:)E+ (Radosevic. 1999) *:-
2"%&>"-'/:)' *+*,-.'.9#.%KGB77C6:)E+ED)+;+&Q(2"%&>"-'/:)' *+*,-.'.9#.2"%!"(BJ+WQ9(#.2"%-0+-/#<%8/
$+67$+=+E"2)E;"5/()' *+*,-. *:-J>"+2%D7!+2"% 2"%5/$0'F02"%OC; (Licensing) 2"%'S"B[%+MC+3 (Franchise)  

2"%%>!#'=+ (Joint Venture) )GP+4;+ (Khalil. 2000) $S"<%672"%&>"-'/:)' *+*,-.'.9#.%KGB77M#>C6:)E++6R+ ED)+;+
:;"+2"%'S"!0H!2%%#-;/+%/- 2"%$>(7=  ,"2%MG/7%# 2"%E6:46R($&"76+!0E6-B,D@6A+" <%8/2"%:Q(7=  ,'.9#. !"#%K;
 !"#$"#"%&)5;"#"'S"("+%>!#26+ )GP+4;+ (Radosevic. 1999; Cohen. 2004) WQ9(/( 3G%D2/75/(2"%&>"-'/:
)' *+*,-. M:;B2> 4;+'=+5/(2"%&>"-'/:)' *+*,-. 2%D7!+2"%:K:W67)' *+*,-. B,D2"%$+67$+=+2"%&>"-'/:
)' *+*,-. (Wei. 1995:18) *:-'.9%KGB772"%&>"-'/:)' *+*,-. ED4;/(@0E"%Y"O<;$/: ,;/(267%D:675/(5.:
 !"#$"#"%&%D<!>"(/( 32%'6R(JK;O<;B,DJK;%67)@89/+S"MG$K>G%D$0'F0?"@$K($=: (Bennett and Zhao. 2004; 103-120) 

 

III.  /'G- !")J!%('(3!(/'L*6 

3.1  !" J!:() 58I&7890!: ""&2-;MD=M(3!(/'L*6 

 2"%HQ2T"!0E6-+.RM:;'S"2"%HQ2T"O+2,=>#5/(/=4$"<2%%#/0),12'%/+02$3-"+-+43  )+89/(E"2/=4$"<2%%#-"+
-+43+6R+)GP++*-7"-<,625/(%6N7",'.94;/(2"%$>()$%0#B,DJ,62:6+O+)GP+HK+-32,"(2"%J,04B<>(?K#0?"  /.2'6R(
B+!*+;#5/(/=4$"<2%%#-"+-+43O+/+" 4+6R+ %D77/0),12'%/+02$3ED)5;"#"#.7'7"'O+2"%'S"("+5/(C0R+$>!+
4>"( U 5/(%&-+43/->"(<,.2),.9-(M#>M:; ($?"/=4$"<2%%#B<>(G%D)'HM'-. 2548) 

  !"%5<7  58I&NO=N5'9D'P(0I/(7'%5B 2"7(' 0C6!(6(9C2-;2J! !"?@ A!/'L*6Q'L!">!L! "$)*+NO=0I3&7+ (Tier)  

WQ9( !"#<#"-B,D S"ES"26: !"#5/(JK;$>(#/7%D:67'.91(1
st
 Tier)  8/ 2,=>#'.9)%.-2!>" Direct Supplier <%8/ OEM Supplier 

M:;B2> JK;J,04C0R+$>!+-"+-+43'.9J,04C0R+$>!+$>(O<;JK;G%D2/7-"+-+43*:-4%( JK;$>(#/7O+%D:67'.9 2 B,D 3 (2
nd

/ 3
rd

 

Tier)  8/ 2,=>#'.9)%.-2!>" Indirect Supplier <%8/ 2,=># Raw Materials M:;B2> 2,=>#JK;'S"<+;"'.9E6:<"!64&=:07O<;B2>JK;J,04
C0R+$>!+O+2,=>#'.9 1 ($&"76+-"+-+43. 2545) WQ9(("+!0E6-+.RJK;!0E6-M:;'S"2"%G%67B,DG%D-=243 !"#<#"-<#"-B,D S"
ES"26: !"#)@89/O<;$/: ,;/(267/=4$"<2%%#/0),12'%/+02$3-"+-+43 :6(+.R  

NO=0I3&7+"$)*+2-;1 (1
st
 Tier)  8/ 7%0T6''.9'S"2"%G%D2/7/=G2%Y3/0),12'%/+02$3,(7+BJ>+,"-!(E% (PCBA) 

)GP+C0R+("+$S")%1E (Box Build) B,;!$>(MG-6(2,=>#JK;G%D2/7%&-+43 (OEMs) *:-/=G2%Y3/0),12'%/+02$3   -"+-+43'.9/-K>
O+2,=>#JK;$>(#/7%D:67'.9 1 #.EDB7>(//2)GP+ 4 2,=># :6(+.R ($=F%%# !"Y0C)$+. B,D YD. 2547; TAPMA. TAIA. and 

FTI. 2006) 

- "$++./+.8&%."<;736(9CE5$ !",*+%.5<;7( (Engine and Power Train Control System) G%D2/7:;!-  

 Sensor, ECU B,D Actuator J,04?6YZ3 %!#  3 *%(("+ 

- "$++7'%5B 2"7(' 0C9*/1*3 (Body and Chassis Control System) G%D2/7:;!-  G%D4K <+;"4>"(  '.9+69(  

%D77G%67/"2"H M[B$($!>"( ) %89/(O<;$6LL"Y4>"( U )C>+ M[),.R-! B4% 4,/:E+2"%!"($"-M[[\"
B,D$"-) )70,$89/$6LL"Y4>"( U )GP+4;+ %!# 5 *%(("+ 

- "$++('"R*6 (Safety Control System) G%D2/7:;!- %D77)7%226+,1/  (Anti-lock Brake System <%8/  

 ABS) &=(,#+0%?6- (Air Bag) %D77<,.2),.9-(2"%C+ (Collision Avoidance) )GP+4;+ %!# 3 *%(("+ 
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- "$++0!"$+*(%2'3 / 42"0(%2? (Infotainment System / Telemetric) G%D2/7:;!- !0'-=)'G ) %89/( 

 ),>+BJ>+ DVD CD VCD %D77+S"'"( :;!- GPS (GPS Navigation) /=G2%Y3$89/$"%) ,89/+'.9 (Mobile  

 Communication Devices) )GP+4;+  %!# 3 *%(("+ 

NO=0I3&7+"$)*+2-; 2 E5$ 3 (2
nd

/ 3
rd

 Tier)  8/7%0T6''.9J,04)X@"DC0R+$>!+ (Raw Materials) G%D2/7:;!- BJ>+
,"-!(E% (PCB) %!#&Q(2"%G%D2/7/=G2%Y3/0),12'%/+02$3,(7+BJ>+,"-!(E%:;!- (PCBA) WQ9(B7>(//2)GP+*%(("+
'.9J,04 PCB %!# 5 *%(("+ B,D *%(("+'.9J,04 PCBA %!# 3 *%(("+ 

 

3.2  !" J!:() "7+E(/.')2-;MD=M(3!(/'L*6 

 2"%HQ2T"!0E6-+.R)GP+2"%HQ2T"!0E6-)C0( =Y?"@ WQ9(2"%2S"<+:2%/7B+! !"# 0:'.9OC;O+2"%!0E6-M:;G%D-=243
E"2B+! 0:5/( Bell B,D Pavitt (1995) '.9+S")$+/O<;267 World Bank B,D)GP+'.9-/#%67/->"(2!;"(5!"( *:-&K2
+S"MGOC;/;"(/0(O+("+!0E6-4>"( U -246!/->"()C>+ Technological Competencies and Product's Evolutionary Dynamics 

a Case Study  (Prencipe. 1997: 1261-1276), Technological Learning and Competitiveness in the Auto parts and 

Petrochemical Industries in Mexico (Jasso and Torres. 1998: 129-151) B,D Technological Capabilities and Market-

Oriented Policies in Mauritius (Wignaraja. 2002) )GP+4;+ *:-B+! 0:5/( Bell and Pavitt M:;#.2"%@0E"%Y"&Q(5.:
 !"#$"#"%&O+:;"+20E2%%#<,62 B,D 20E2%%#$+67$+=+ *:-B7>(2"%G%D)#0+%D:675.: !"#$"#"%&O+:;"+
:6(2,>"!//2)GP+ 4 %D:67 :6(+.R %D:67'.9 1  !"#$"#"%&'.9ES")GP+4;/(#. (Routine)  %D:67'.9 2  !"#$"#"%&
%D:67@8R+N"+ (Basic) %D:67'.93  !"#$"#"%&%D:67G"+2,"( (Intermediate) B,D%D:67'.94  !"#$"#%&%D:67$K( 

(Advance) WQ9(("+!0E6-+.RM:;+S")/"2%/7B+! 0:5/( Bell and Pavitt #"G%67O<;$/: ,;/(267/=4$"<2%%#
/0),12'%/+02$3-"+-+43*:-)@09#)40#%"-,D)/.-::;"+2%D7!+2"%J,04 B,D@6A+"J,04?6YZ3%!#'6R(2S"<+: S"ES"26:
 !"#5/(56R+5.: !"#$"#"%&O+B4>,D:;"+'.9(>"-B,DC6:)E+4>/2"%G%D)#0+ 

 )@89/)GP+4;+B775/(2%/7B+! !"# 0:'.9EDOC;G%D)#0+5.: !"#$"#"%&O+/=4$"<2%%#/0),12'%/+02$3  
-"+-+43 2%/7B+! 0::6(2,>"!M:;&K24%!E$/7 !"#)<#"D$#267JK;)C.9-!C"L'"(:;"+/0),12'%/+02$3O+/=4$"<2%%#
-"+-+43 B,DJK;)C.9-!C"LO+2"%G%D)#0+%D:675.: !"#$"#"%&'"()' *+*,-. WQ9(%"-,D)/.-:5/(2%/7B+! 0:'.9OC;
O+2"%G%D)#0+%D:675.: !"#$"#"%&'"()' *+*,-.$S"<%67/=4$"<2%%#/0),12'%/+02$3-"+-+43M:;B$:(O+     

4"%"('.9 1  
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3.3  !"% B+,=7&O5 

("+!0E6-+.RM:;'S"2"%)2175;/#K,*:-2"%$6#?"TY3)C0(,Q2 WQ9( S"&"#'.9OC;O+2"%$6#?"TY3&K22S"<+:5QR+O<;$/: ,;/(
2672%/72"%G%D)#0+%D:675.: !"#$"#"%&'"()' *+*,-. (framework) 5;"(4;+ WQ9(46!/->"(5/( S"&"#<"M:;E"2%"-("+
2"%!0E6-X767)41# (C6C+6+'3. 2550)*:-7%0T6''.9$6#?"TY3&K2),8/2E"2'S")+.-7/=4$"<2%%#-"+-+43 (TAPMA. TAIA. and 

FTI. 2006) WQ9(ES"B+24"#,S":67JK;$>(#/7 (1
st
 tier  2

nd
 tier  B,D 3

rd
 tier) *:-M:;%67/+=L"4O<;'S"2"%)2175;/#K,)GP+ES"+!+ 6 

7%0T6' E"2ES"+!+7%0T6''.9G%D2/7F=%20E:;"+2"%J,04C0R+$>!+/0),12'%/+02$3-"+-+43 22 7%0T6' :6('.9M:;%D7=M!;O+<6!5;/ 

3.1 WQ9(B7>(4"#,62TYD2"%G%D2/7)GP+/=G2%Y3/0),12'%/+02$3 *:-ES"B+2M:;)GP+ 2 ,62TYD :6(+.R  
1) 7%0T6''.9J,04)X@"DC0R+$>!+ (Raw Materials) G%D2/7:;!- BJ>+,"-!(E% (PCB) %!#&Q(2"%G%D2/7 

 /=G2%Y3/0),12'%/+02$3,(7+BJ>+,"-!(E%:;!- (PCBA) )GP+ES"+!+ 2 7%0T6'  

2) 7%0T6''.9'S"2"%G%D2/7/=G2%Y3/0),12'%/+02$3,(7+BJ>+,"-!(E% (PCBA) )GP+C0R+("+$S")%1E  (Box Build)  

 B,;!$>(MG-6(2,=>#JK;G%D2/7%&-+43 (OEMs) )GP+ES"+!+ 4 7%0T6' 

*:-'S"2"%$6#?"TY3267JK;'S"<+;"'.9)2.9-!5;/(2672"%7%0<"%2"%J,04 <%8/2"%!0E6-B,D@6A+"5/(B4>,D7%0T6'  J,'.9
M:;E"22"%$6#?"TY3ED&K2+S"#"G%D)#0+%D:675.: !"#$"#"%&B,D+S")$+/)GP+%"-("+%D:675.: !"#$"#"%&X767->/5/(
B4>,D7%0T6'  

 <,6(E"2"%)2175;/#K, %7&;!+B,;! J,5/(2"%!0) %"D<3)78R/(4;+M:;&K2+S")$+/O<;2672,=>#JK;)C.9-!C"L)@89/@0E"%Y"
 !"# %/7 ,=#5/(J,2"%HQ2T"B,D !"#)<#"D$#$S"<%67OC;J,2"%HQ2T"5/(2,=>#7%0T6'46!/->"()GP+46!B'+5/(2,=>#
/=4$"<2%%#JK;J,04C0R+$>!+/0),12'%/+02$3-"+-+43 
 

IV.  N5 !"/'L*6 

J,2"%!0E6-$"#"%&$%=G !"#$"#"%&'"()' *+*,-.5/(7%0T6''.9J,04C0R+$>!+/0),12'%/+02$3-"+-+43
?"-O+G%D)'HM'- Y GVEE=76+ (G` 2550) :6(+.R 

4.1 #"$%)B(2-; 1  !"/'%."!$:CE5$#"$%&'("$)*+,-)./!&0!&!"1M(E9I5$)=!(,73 58I&+"'A*29*/76I!3 

1 = Routine  2 = Basic  3= Intermediate  4 = Advanced 

"O#2-; 1 ?"@%!#%D:675.: !"#$"#"%&'"()' *+*,-.5/(7%0T6''.9'S"2"%)2175;/#K, 
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*:-%D:675.: !"#$"#"%&$K($=: (Maximum) B,D49S"$=: (Minimum) @0E"%Y"E"2%D:675.: !"#$"#"%&'.946!B'+
5/(2,=>#7%0T6'46!/->"(#.$K($=:B,D49S"$=:4"#,S":67 O+5YD'.9%D:675.: !"#$"#"%&*:-)X,.9- (Average) O+?"@%!#5/(
/=4$"<2%%# @0E"%Y"E"2%D:675.: !"#$"#"%&)X,.9-5/(7%0T6''.9OC;)GP+46!B'+'6R(<#:5/(2,=>#JK;J,04C0R+$>!+
/0),12'%/+02$3-"+-+43O+2"%HQ2T" %6R(+.R WQ9(E"22"%HQ2T"@7!>"  !"#$"#"%&'"()' *+*,-.*:-)X,.9-5/(2,=>#7%0T6'
46!/->"('6R( 11 :;"+$"#"%&ES"B+2M:;)GP+ 3 2,=># :6(+.R 

1)  )=!(2-;&-"$)*+,-)./!&0!&!"12-;76OIM("$)*+0O3  8/ :;"+'.9#. !"#$"#"%&O+%D:67G"+2,"( &Q(%D:67$K($=: 

(Intermediate &Q( Advance)  8/  !"#$"#"%&O+2"%76:2%.  !"#$"#"%&O+2"%7S"%=(%62T"O+2%D7!+2"%J,04 

B,D !"#$"#"%&O+2"% !7 =# =Y?"@5/(J,04?6YZ3 
2)  )=!(2-;&-"$)*+,-)./!&0!&!"12-;76OIM("$)*+#!( 5!3  8/ :;"+'.9#. !"#$"#"%&O+%D:67@8R+N"+ &Q(%D:67 

 G"+2,"( (Basic &Q( Intermediate)  8/ :;"+2%D7!+2"%46:$0+OEB,D !7 =# :;"+2"%)4%.-#* %(2"%B,D 

2"%Ga07640O<;)20:J,$S")%1E :;"+ !"#$"#"%&O+2"%//2B77)@89/2"%G%D2/7 :;"+ !"#$"#"%&O+2"%
G%D2/7)GP+$0+ ;"$S")%1E%KG :;"+ !"#$"#"%&O+2"% !7 =# =Y?"@5/(%D772"%J,04 :;"+2"%@6A+" !"#
)C89/#*-( B,D :;"+20E2%%#$>!+$+67$+=+%D772"%J,04 

3)  )=!(2-;&-"$)*+,-)./!&0!&!"12-;76OIM("$)*+2-;LJ!%#U(9=73&-  8/ :;"+'.9#. !"#$"#"%&O+%D:6756R+49S"$=:  

  (Routine) B,D4;/(#.2"%B2;MG%67G%=()GP+/6+:67B%2  8/ :;"+!0E6-B,D@6A+"J,04?6YZ3 
 

 4.2 #"$%)B(2-; 2  !"/'%."!$:CE5$#"$%&'("$)*+,-)./!&0!&!"14)6"/&V@;3Q'L!">!L! ./!&E9 9I!3,73"$)*+
,-)./!&0!&!"10O308) *+9;J!08)M(E9I5$)=!(,73 58I&+"'A*29*/76I!32-;2J! !"?@ A! '6R( 11 :;"+ @7!>" !"#B424>"(5/(
%D:675.: !"#$"#"%&$K($=:26749S"$=:O+B4>,D:;"+B7>(//2)GP+ 2 2,=># :6(+.R 

 

 

 

 

 

 

 

 

 

 

1 = Routine  2 = Basic  3= Intermediate  4 = Advanced 

"O#2-; 2  !"#B424>"(5/(5.: !"#$"#"%&'"()' *+*,-.O+B4>,D:;"+5/(7%0T6''.9'S"2"%)2175;/#K,'6R(<#: 

 

 

 

 !"#$%&"'()*+)*) ,-./.0)1/#2 

1  !"#$ 

 !"#$%&"'()*+)*) ,-./.0)1/#2 

*)//(0) 1  !"#$ 
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1)  !"#$%&'%()"'*+,+-"./0./% ()"'1"'"23$".4$(5#567%18.19 ,:;+&<"19 +-".,:# 1 2= :;  !" #$%& 

 '%()%(%*+,&-%*./#-*0 #$%& '%()%(%*+,&-%* '. 1( 123%45"6789:3/2;< #$%&-%*'9=/>?8@4/A&% ?8@
#$%&-%*4/A&% '%(BC!D"(E>6  

2)  !"#$%&'%()"'*+,+-"./0./% ()"'1"'"23$".4$(5#567%18.19 ,:;+&<"19 +-".,:#'",,)-" 1 2= :;  !"  

#$%&-*@.'&-%*:/#)9&,=?8@ '. 1( #$%&-%*B:*0>(E *6-%*?8@-%*FG9./:9,H$B-9#78)I%B*J= #$%& '%()%(%*+
,&-%*""-?..B4!D"-%*F*@-". #$%& '%()%(%*+,&-%*.I%*16*/-K%,&-*@.'&-%*789: #$%& '%()%(%*+,&
-%*F*@-".BFL&)9& $%)I%B*J=*MF #$%& '%()%(%*+,&-%* '. 1( 123%45"6*@..-%*789: ?8@#$%&-9=-**(
)N'&)&/.)&1&*@..-%*789: OPD64.'N%*@#/.50# '%()%(%*+Q0D(0 '%(?:-:N%6-/& )N'&,HRNB-9#=%-B *!D"6(!"
B *!D"6=/-*Q0D,C$,&-%*789:?8@'9S0-%*789:5"6?:N8@.*9K/Q(0 '%(?:-:N%6-/& 

 

4.3 >2=4 ?#$%& 3   ,"2)@4(2"=AB*6=>2=4'@#2= :;/% ()"'1"'"23C#*+-6= !"#5 72)'DE&.F@G"2H"G",1:IJ"+@ 

DE&.4>K#4G!"/0.;2@L:$$%&$<","2ME,L" E#>=I%?&-=%-8/-K2@ '%(BFL&B=$%5"6 T#$?-N .*9K/QQ0D86Q1&E#>)/RC%:9R0DF1U&?8@
.*9K/QQ0D86Q1&E#>)/RC%:9"!D& OPD6"$%6"96=%-)/#)N'&7M$+!"H1$&5"6.*9K/Q E#>=@F*@B(9&:%(8/-K2@.*9K/QQ0D(0)/RC%:9,&
-%*86Q1&(%-BFL&H8/- E#>.*9K/QQ0D(0-%*86Q1&(%-Q0D)1# !" .*9K/Q)/RC%:9R0DF1U& OPD6(078-%*VP-K%=I%?&-,&?:N8@#$%&#/6
?)#6,&*MFQ0D 3 

 

 

 

 

 

 

 

 

 

 

 

1 = Routine  2 = Basic  3= Intermediate  4 = Advanced 

28>$%& 3  '%(?:-:N%65"650# '%()%(%*+Q%6BQ E&E8>0,&?:N8@#$%&5"6.*9K/QQ0DQI%-%*B-J.5$"(M8Q/W6H(#E#>?.N6:%( 

            )/RC%:9OPD6BFL&B=$%5"6.*9K/QQ0DQI%-%*VP-K% 
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E#>-%*49=%*2%#/6-8N%' ?.N6""-BFL& 3 F*@B#J&>N"> #/6&0W 
1)  /% ()"'1"'"23/0.;2@L:$1:IJ"+@I%&>9N#078-C#2= :;+&<",)-";2@L:$1:IJ"+@0O&#  !" #$%&-*@.'&-%* 

 :/#)9&,=?8@ '. 1( #$%&-%*B:*0>(E *6-%*?8@-%*FG9./:9,H$B-9#78)I%B*J=#$%& '%()%(%*+,&-%*""-?..     

 B4!D"-%*F*@-".  '%()%(%*+,&-%* '. 1( 123%45"6*@..-%*789: #$%&-%*'9=/>?8@4/A&%789:3/2;<   
 ?8@  #$%&-9=-**()N'&)&/.)&1&*@..-%*789:  

 B&!D"6=%-"I%&%=,&-%*:/#)9&,=,&#$%&:N%6 X 5"6.*9K/Q)/RC%:9R0DF1U&Q0D">MN,&F*@BQVTQ>=@5PW&">MN-/.
.*9K/Q?(NQ/W6)9W&T(N'N%=@BFL&-%*)/D6O!W"B *!D"6(!"H*!"B *!D"6=/-*Q0D,C$,&-%*789::8"#=&-%*5>%>-%*789:,&)N'&
:N%6 X *'(Q/W6-%*""-?..B4!D"-%*789:H*!"-%*F*@-". =P6QI%,H$*@#/. '%()%(%*+,&#$%&#/6-8N%'">MN,&*@#/.
:DI%-'N%.*9K/Q)/RC%:9"!D&Q0D">MN,&F*@BQVTQ> OPD6)%(%*+&I%B)&" '%(:$"6-%*,&#$%&:N%6 X B4!D"BFL&-%*B49D(
F*@)9QS93%4,&-%*789:T#$E#>T(N*"-%*:/#)9&,==%-.*9K/Q?(N  

2)  /% ()"'1"'"23/0.;2@L:$1:IJ"+@I%&>9N#078-C#2= :;4$%7;4$-",:;;2@L:$1:IJ"+@0O&#  !"  '%()%(%*+,& 

    -%* '. 1( 123%4789:3/2;<  
  B&!D"6=%-(%:*Y%&:N%6 X Q0D,C$,&-%* '. 1( 123%4Q0D,C$=@BFL&(%:*Y%&)%-85"6"1:)%H-**(&0WQ0DQ/D'   

     E8-,C$BH(!"&-/& (Industry Standard)  

3)  /% ()"'1"'"23/0.;2@L:$1:IJ"+@I%&>9N#078-C#2= :;18.,)-";2@L:$1:IJ"+@0O&#  !"  '%()%(%*+,&-%* 

    ./#-*0  '%()%(%*+,&-%*F*@-".BFL&)9& $%)I%B*J=*MF  '%()%(%*+,&-%*.I%*16*/-K%,&-*@.'&-%*789:   

  ?8@#$%&-%*4/A&% '%(BC!D"(E>6 

  B&!D"6=%-.*9K/Q*+>&:<Q0DBFL& OEMs Q0DQI%-%*789:,&F*@BQVTQ>)N'&,HRN=@BFL&7M$789:*+>&:<)/RC%:9 
 R0DF1U& ?8@7M$789:C9W&)N'&"9B8J-Q*"&9-)<>%&>&:<(0)/RC%:9B#0>'-/& =P6QI%,H$.*9K/Q7M$789:C9W&)N'&"9B8J-Q*"&9-)< 
 >%&>&:<)/RC%:9R0DF1U&Q0D">MN,&F*@BQVTQ>&/W&T#$*/.-%*+N%>Q"#?8@?8-BF80D>&BQ E&E8>0 B *!D"6(!"B *!D"6=/-*  

 ?8@"1F-*2<Q0D,C$,&-%*789:Q0DQ/&)(/>">N%6:N"B&!D"6  

 

V.  *#)$".7,2= :;/% ()"'1"'"23$".4$(5#567% 
=%-.Q)*1FB.!W"6:$&)%(%*+&I%B)&"?&'Q%6,&-%*>-*@#/.50# '%()%(%*+T#$ #/6&0W 
5.1 *#)$".C#,"27,2= :;/% ()"'1"'"23$".4$(5#567% 1<"A2:;>2=4 ?#$%& 4.1 *#)$".C#,"27,2= :;/% 

()"'1"'"23C# !"#$%&'%2= :;/% ()"'1"'"232= :;+&<"$%&19  (Routine) CA!4F@&'/EP#G",>QGG9;:#18-2= :;18.19  (Advanced) 

4.'N% '%()%(%*+Q%6#$%&-%*'9=/>?8@4/A&% (R&D) (0*@#/.:DI%Q0D)1#?8@=I%BFL&:$"6T#$*/.-%*4/A&%BFL&"/&#/.?*- 

B&!D"6=%-.*9K/Q)N'&,HRN=@BFL&.*9K/QQ0D(0-%**N'(86Q1&-/.:N%6F*@BQVH*!"(0.*9K/Q?(N">MN,&:N%6F*@BQV&/W&=@BFL&.*9K/Q
Q0D789:789:3/2;<:%( I%)/D6O!W" H*!"?..Q0D(0">MNB#9( =@T(NB&$& '%()I% /R,&-%*QI%'9=/>?8@4/A&% B4*%@-%*QI%'9=/>?8@
4/A&%&/W&=@5PW&">MN-/..*9K/Q?(NBQN%&/W& "0-Q/W6789:3/2;<H*!" '%(*M$:N%6 X +!"BFL& '%(8/.5"6.*9K/Q Q/W6&0WB4!D"BFL&-%*
4/A&%V/->3%4B4!D">-*@#/.50# '%()%(%*+,&-%*QI%-%*'9=/>?8@4/A&%3%>,:$5$"=I%-/##/6-8N%' 6%&'9=/>&0WT#$QI%-%*)*1F
*'.*'(5$"B)&"?&@:N%6 X E#>?>-""-BFL& 3 *@#/.5/W& OPD6"$%6"96=%--*".?&' 9#Q0D&I%B)&",&:%*%6Q0D 1  
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,"27,2= :;/% ()"'1"'"23G",/:P#+&<"19  (Routine) 18-2= :;/:P#18.19  (Advanced) 

 

 

 

 

 

 

 

 

 

 

28>$%& 4 -%*4/A&%*@#/.50# '%()%(%*+Q%6BQ E&E8>0:%(8I%#/.5/W& 

 

5.2 *#)$".C#,"27,2= :;/% ()"'1"'"23$".4$(5#567% 1<"A2:;>2=4 ?#$%& 4.2 *#)$".C#,"2F:R#"4FO&0

7,2= :;/% ()"'1"'"23$".4$(5#567%/0.;2@L:$DE&.'%2= :;/% ()"'1"'"23$".4$(5#567%$%&*+,+-".,:#CA!'%

()"'1"'"23$".4$(5#567%$: 4$%7',:# E#>B&$&-%*+N%>Q"#"6 < '%(*M$,&-%*4/A&%B4!D">-*@#/.50# '%()%(%*+5"6
.*9K/QQ0D">MN,&*@#/.:DI%-'N%,H$BQ0>.BQN%.*9K/QQ0D(0 '%()%(%*+Q0D)M6-'N% OPD6-%*+N%>Q"#"6 < '%(*M$&/W&&/.'N%BFL&)9D6=I%BFL&
">N%6>9D6,&"1:)%H-**(Q0DB&$& '%()%(%*+Q%6BQ E&E8>0BFL&H8/- OPD6?&'Q%6,&-%*?8-BF80D>&?8@+N%>Q"#"6 < '%(*M$
Q%6BQ E&E8>0&/W& 7M$'9=/>T#$QI%-%*)*1F5$"B)&"?&@""-BFL& 2 *MF?.. E#>,H$)"# 8$"6-/.*@#/. '%(?:-:N%65"650#
 '%()%(%*+Q%6BQ E&E8>0T#$#/6&0W 

1) C#,2H%$%&'%()"'*+,+-"./0./% ()"'1"'"23$".4$(5#567%18.19 ,:;+&<"19 +-".,:# 1 2= :; (0?&'Q%6,&-%*
FG9./:9#/6&0W  !" )N6B)*9(,H$B-9#-8T-,&-%*?8-BF80D>&"6 < '%(*M$*@H'N%6.*9K/Q (*MFQ0D 5(a)) H*!"+N%>Q"#E#>:*6 (*MFQ0D 
5(b)) B&!D"6=%-*@#/.50# '%()%(%*+5"6BQ E&E8>05"6Q/W67M$,H$?8@7M$*/.T(N?:-:N%6-/& 

 

 

 

 

 

 

 

 

-%*+N%>Q"#"6 < '%(*M$:N%6 X =@#I%B&9&-%*E#>-%*=/#:/W6-81N(7M$789::%(HN'6EON"1FQ%& (Cluster-Supply Chain 

Network) (Albu. 1997) OPD6(0.*9K/Q7M$789:*+>&:<*%>,HRNBFL&7M$&I%5"6?:N8@-81N( ,&8/-K2@B#0>'-/&-/.Q0D.*9K/QE:E>:$% 
(TOYOTA) #I%B&9&-%*-/..*9K/Q7M$789:C9W&)N'&5"6 TOYOTA ,&F*@BQVR0DF1U& 

Routine 

Basic 

Intermediate 

Advanced 

+013+ 4*567*&'()* 87'()*+)*) ,52/) 29)'()* 87:;<2=)2*)> !?@/.A5B71)2C"7*)/%D<2 E"?3272/) FF/-$$(1G .0)1 H C"7"7(?
.#(3F1  (*,D1/) FF/-$$G9)IF1(1G %#<2:;<2=)2-I!J9).72-$$-K1(1G  (PCB) C"73F1 +013+ 4*567*&67F1J"IF1 (LAB) J&L5B752
/) (4G#?-I!:#M2)J&LC"7 #$/)  #$ F1*). =)2F?0)13>N2 !$$ 3B02 IEC 17025 -I! VDA 6.1 3>N2.72 

+013+ 4*567*&'()* 87'()*+)*) ,52/) FF/-$$KI4.O#PQA.72-$$-I!/) FF/-$$ PCB J&L*&'()*R#$R7F2*)/%D<2C"73F1 J#<12&<G!
 (*,D13' ;LF1*;F-I!E> -/ *J&L5B73:;LF/) J"+F$KI4.O#PQA"7(? E"?"7)23' ;LF1*;F-I!F@>/ PAJ&L5B7G!.7F1*&'()*I!3F&?"-I!
-*02?9)+81/(0) !"#$*). =)2 3B02 High Sampling Rate Scopes,  Network Analyzers   ,High Precision  Collaboration, Design 

Support System 3>N2.72 

+013+ 4*567*&/) ()1-K2/) (4G#?-I!:#M2) (R&D Planning) F?0)13>N2 !$$-I!+ 7)12(#./  *56*0H 567/#$KI4.O#PQA3:;LF567. 1
/#$'()*.7F1/) %F1I8/'7)J&L3>I&L?2->I1F?80.IF"3(I)-I!+F"'I7F1/#$/) ()1-K2/) (4G#?-I!:#M2)J&L()1C(7 E"?3' ;LF1*;F-I!
F@>/ PA.0)1 H J&L*&+0(2+2#$+2@2567/) J9)/) (4G#?:#M2)"9)3242C>C"7"7(?"&2#<2 G!.7F13>N2F@>/ PAJ&L+)*) ,FF/-$$C"7.)*
*). =)2 3B02 CE, UL -I! FCC 3>N2.72 3B02 EMI /EMC Design & Compliance Testing  Spectrum analyzer -I! High 

precision Volt Meter 3>N2.72

28>$%& 5 (a) -%*?8-BF80D>&"6 < '%(*M$*@H'N%6.*9K/QQ0D   
             (0*@#/. '%()%(%*+Q%6BQ E&E8>0BQN%BQ0>(-/& 

28>$%& 5 (b) -%*+N%>Q"#"6 < '%(*M$T#$E#>:*6*@H'N%6.*9K/QQ0D(0 
                 *@#/. '%()%(%*+Q%6BQ E&E8>0Q0DT(N?:-:N%6-/&(%- 
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 2) C#,2H%$%&'%()"'*+,+-"./0./% ()"'1"'"23$".4$(5#567%18.19 ,:;+&<"19 +-".,:#'",,)-" 1 2= :; B&!D"6=%-
.*9K/QQ0D(050# '%()%(%*+Q%6BQ E&E8>0:DI%-'N%&/W&=@(0 '%()%(%*+,&-%*#M#O/.BQ E&E8>0 (Technology Absorptive 

Capability) :DI%:%(TF#$'> #/6&/W&=P6T(N)%(%*+Q0D=@QI%-%**/.H*!"?8-BF80D>&BQ E&E8>0T#$E#>:*6-/..*9K/QQ0D(050#
 '%()%(%*+Q%6BQ E&E8>0Q0D)M6-'N% #/6&/W&-%*>-*@#/.50# '%()%(%*+Q%6BQ E&E8>0,H$)M65PW&=P6=I%BFL&Q0D=@:$"6QI%-%*
+N%>Q"#BQ E&E8>0 E#>"%V/>H&N'>6%&-8%6OPD6=/#:/W6E#>3% */YH*!"B"-C&QI%H&$%Q0D*'.*'(?8@+N%>Q"#"6 < '%(*M$TF
>/6.*9K/QQ0D(0*@#/.50# '%()%(%*+:DI%-'N%E#>B&$&Q0D-%* /#B8!"--8T-,&+N%>Q"#,H$BH(%@)(-/.?:N8@"6 <-*B4!D",H$-%*
4/A&%>-*@#/.50# '%()%(%*+Q%6BQ E&E8>0BFL&TF">N%6(0F*@)9QS93%4)M6)1# OPD6H&N'>6%&-8%6"%==@BFL&)+%./&>%&
>&:<*N'(-/.VM&><CI%&%RBZ4%@Q%6:N%6 X (Center of Excellence) BCN& )I%&/-6%&4/A&%'9Q>%V%):*<?8@BQ E&E8>0?HN6C%:9 
()'QC.) VM&><)N6B)*9("1:)%H-**(5"6-*@Q*'6"1:)%H-**( BFL&:$& 

 

 

 

 

 

 

 

 

28>$%& 6 -%*+N%>Q"#"6 < '%(*M$E#>(0H&N'>6%&-8%6B5$%(%CN'>*/.?8@+N%>Q"#"6 < '%(*M$)MN7M$*/.BQ E&E8>0Q0D(0*@#/.50# 

               '%()%(%*+Q%6BQ E&E8>0Q0D:DI%-'N%(%- 

 

5.3 *#)$".C#,"27,2= :;/% ()"'1"'"23$".4$(5#567% 1<"A2:;>2=4 ?#$%& 4.3 *#)$".,"2ME,L"4F@&'4+@'C#

,"2F:R#"4FO&07,2= :;/% ()"'1"'"23$".4$(5#567%/0.;2@L:$S8!S6@+J@P#1-)#0@46?,$20#@,1B7"#7#+B$%&'%1:IJ"+@

*+,+-".,:;;2@L:$S8!S6@+237#+B (OEMs) 78-%*VP-K%.*9K/Q7M$789:C9W&)N'&"9B8J-Q*"&9-)<>%&>&:<)/RC%:9R0DF1U&Q0D">MN,&
F*@BQVTQ>(0*@#/.50# '%()%(%*+#$%&,&-%*789:?8@#$%&-%*4/A&% '%(BC!D"(E>6)M6-'N%.*9K/Q)/RC%:9"!D&Q0D">MN,&
F*@BQVTQ> B&!D"6=%-.*9K/Q7M$789:*+>&:< (OEMs) )N'&,HRNQ0D">MN,&F*@BQVTQ>(0)/RC%:9B#0>'-/&-/..*9K/Q7M$789:
C9W&)N'&"9B8J-Q*"&9-)<>%&>&:<)/RC%:9R0DF1U&Q0D">MN,&F*@BQVTQ> =P6QI%,H$T#$*/. '%(*N'((!"BFL&">N%6#0,&-%*+N%>Q"#
BQ E&E8>0?8@"6 < '%(*M$:N%6 X (%--'N%.*9K/Q)/RC%:9"!D& Q/W6&0WB4*%@-%*+N%>Q"#"6 < '%(*M$Q%6BQ E&E8>0&/W&BFL&)9D6
)I% /R)M6)1#5"6?:N8@.*9K/Q=P6BFL&TFT#$>%-Q0D=@T#$*/. '%(*N'((!" B&!D"6=%-BQ E&E8>0BFL&)9D6)I% /RQ0DQI%,H$?:N8@.*9K/Q
(0 '%(T#$BF*0>.Q%6-%*?5N65/&  

=%-F[RH%#/6-8N%'=P6=I%BFL&:$"6VP-K%-%*)*$%6?*6=M6,= ?8@'9S0-%*:N%6 X Q0D)%(%*+QI%,H$.*9K/QQ0D(0*@#/.     50#
 '%()%(%*+Q%6BQ E&E8>0,&?:N8@#$%&Q0D)M6-'N% H*!".*9K/Q7M$789:*+>&:<)/RC%:9:N%6 X )&,=Q0D=@+N%>Q"#"6 < '%(*M$
?8@4/A&%BQ E&E8>0Q0D,C$,&-%*789:*N'(-/.-81N(7M$789:C9W&)N'&"9B8J-Q*"&9-)<>%&>&:<,&F*@BQVTQ> E#>T(N I%&P6+P6
)/RC%:95"6.*9K/Q7M$*/.BQ E&E8>0  
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E#>-%*4/A&%*@#/.50# '%()%(%*+Q%6BQ E&E8>0,H$)M65PW&&/W&"%=T(N=I%BFL&Q0D=@:$"6"%V/>-%*+N%>Q"#   "6 <
 '%(*M$=%-,&"1:)%H-**(B#0>'-/&B40>6">N%6B#0>' ?:N"%==@,C$'9S0-%*VP-K%-%*#I%B&9&6%&=%-"1:)%H-**(Q0D(08/-K2@
B#N&,&?:N8@#$%&Q0D?:-:N%6-/& 

 

VI. ;$129> 

=%--%*VP-K%*@#/.50# '%()%(%*+Q%6BQ E&E8>05"6"1:)%H-**("9B8J-Q*"&9-)<>%&>&:<*@.1T#$'N% F[==1./&
*@#/.50# '%()%(%*+Q%6#$%&-%*'9=/>?8@4/A&%789:3/2;< (R&D) (0*@#/.:DI%Q0D)1# OPD6:$"6T#$*/.4/A&%BFL&"/&#/.?*- 

 '%()%(%*+,&#$%&-%*QI%'9=/>?8@4/A&%789:3/2;<BFL&F[==/>H8/-Q0D)I% /R,&-%*4/A&%"1:)%H-**("9B8J-Q*"&9-)<      
>%&>&:<,H$(0V/->3%4)M65PW&:%(-%*BF80D>&?F86Q%6BQ E&E8>0Q0D4/A&%">N%6*'#B*J',&F[==1./& E#>B&$&-%*'%6?7&-%*
-%*4/A&%">N%6BFL&*@..?8@-%*4/A&%Q08@5/W&:"&=&)MN*@#/.)M6)1# E#>"%V/>-*".?&'-%*F*@B(9&*@#/.               50#
 '%()%(%*+Q0D)*$%65PW& BFL&:/'-I%H&#?&'Q%6,&-%*4/A&% 

,&-%*4/A&%B4!D">-*@#/.50# '%()%(%*+Q%6BQ E&E8>0Q/W6 11 #$%&5"6"1:)%H-**("9B8J-Q*"&9-)<>%&>&:<
&/W&=I%BFL&:$"64/A&%*N'(-/&Q/W6"1:)%-**( B4!D"-%*4/A&%">N%6(0F*@)9QS93%4 E#>"%V/>-8T-,&-%*+N%>Q"#"6 < '%(*M$ 
=%-.*9K/QQ0D(0*@#/.50# '%()%(%*+Q%6BQ E&E8>0,&?:N8@#$%&Q0D">MN,&*@#/.)M6BFL&7M$+N%>Q"#"6 < '%(*M$,H$-/..*9K/QQ0D(0
*@#/.50# '%()%(%*+Q%6BQ E&E8>0Q0D:DI%-'N% 

=%--%*VP-K%+P6-%*+N%>Q"#"6 < '%(*M$:N%6 X &/W&=I%BFL&:$"649=%*2%+P6*@#/.50# '%()%(%*+Q0D?:-:N%65"6
7M$,H$?8@7M$*/.BQ E&E8>0#$'> OPD6-8T--%*?8-BF80D>&?8@+N%>Q"#"6 < '%(*M$E#>:*6&/W&BH(%@)(-/..*9K/QQ0D(0*@#/.                 

50# '%()%(%*+Q%6BQ E&E8>05"67M$,H$?8@7M$*/.?:-:N%6-/&T(N(%- )I%H*/..*9K/QQ0D(0*@#/.50# '%()%(%*+Q%6
BQ E&E8>05"67M$,H$?8@7M$*/.Q0D(0 '%(?:-:N%6-/&(%- =I%BFL&:$"6"%V/>H&N'>6%&-8%6OPD6QI%H&$%Q0DBFL&VM&><-8%6-%*
*'.*'("6 < '%(*M$?8@+N%>Q"#"6 < '%(*M$:N"TF)MN.*9K/QQ0D(0 '%()%(%*+,&-%*#M#O/."6 < '%(*M$,&*@#/.:DI% B&!D"6=%-
.*9K/QQ0D(0*@#/.50# '%()%(%*+Q%6BQ E&E8>0:DI%-'N%=@T(N)%(%*+#M#O/.BQ E&E8>0=%-.*9K/QQ0D(050# '%()%(%*+)M6
-'N%T#$E#>:*6 =P6QI%,H$T(N)%(%*+#I%B&9&+N%>Q"#"6 < '%(*M$T#$">N%6(0F*@)9QS93%4 
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