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Q))% H8:G% >"(>% 380% /8% >8H(:/% D0)D#))719>% 8D% >"#$% ?80:$1@$% 1R61?>(>#89$% 70$>% 21% 380:% 8H9% 09)1$$%
?8))(28:(>#89%#$%1R6)#?#>)3%())8H1/%#9%H:#>#9B%23%>"1%?80:$1@$%#9$>:0?>8:&%%S8))(28:(>#89%#9%>"1%?876)1>#89%
8D%6:82)17%$1>$%#$%98>%61:7#>>1/%09)1$$%8>"1:H#$1%$>(>1/%23%$871%6:82)17%$1>@$%$61?#D#?(>#89&%
%
T#1H#9B%8:%?863#9B%(98>"1:%#9/#C#/0()@$%H8:G%O1C19%#D%)1D>%23%(%6:#9>1:A%$>8:1/%#9%(9%1R1?0>(2)1%/#:1?>8:3A%
8:%(??#/19>())3%$"(:1/%#9%>"1%?80:$1@$%C#:>0()%>1:7#9()%:887P%8:%)#D>#9B%7(>1:#()%D:87%(%288GA%H12$#>1A%8:%
8>"1:% $80:?1U1C19% #9% 6(:>U(9/%6:1$19>#9B% #>% ($% 380:% 8H9% ?89$>#>0>1$% (?(/17#?% /#$"891$>3A% ($% /81$%
$"8H#9B%8:%B#C#9B%380:%H8:GA%1C19% #9%6(:>A% >8%(98>"1:% $>0/19>&% % M#7#)(:)3% #$%/0()% $027#$$#89%(?(/17#?%
/#$"891$>35%380%7(3%98>%$027#>%>"1%$(71%8:%$#7#)(:%H8:G%>8%>"#$%?80:$1%>"(>%380%"(C1%$027#>>1/%8:%H#))%
$027#>%>8%(98>"1:&%%V8:%7(3%380%6:8C#/1%8:%7(G1%(C(#)(2)1%$8)0>#89$%>8%6:82)17%$1>$%>8%#9/#C#/0()$%H"8%
>(G1%8:%7(3%>(G1%>"#$%?80:$1% #9%>"1%D0>0:1&% %W8:18C1:A%$027#$$#89%8D%(93%H8:G%>"(>%380% #9>19/%>8%0$1%
80>$#/1%8D%>"1%?80:$1%O!"#"A%D8:%(%X82P%70$>%21%(66:8C1/%23%>"1%$>(DD&%%%
%
Y80%(:1%H1)?871%>8%/#$?0$$%>"1%?80:$1@$%7(>1:#()%H#>"%8>"1:$%#9%8:/1:%>8%21>>1:%09/1:$>(9/%#>&%%Y80%7(3%
1C19% /#$?0$$% 6:82)17% $1>$% H#>"% ?)($$7(>1$A% 20>% 380%7(3% 98>% $"(:1% ?8/1&% % I9% 8>"1:% H8:/$A% 380%7(3%
?87709#?(>1%H#>"%?)($$7(>1$%#9%J9B)#$"A%20>%380%7(3%98>%?87709#?(>1%#9A%$(3A%S&%%ID%#9%/802>%($%>8%>"1%
(66:86:#(>191$$%8D%$871%/#$?0$$#89A%?89>(?>%>"1%?80:$1@$%#9$>:0?>8:&%%%
%
Y80%7(3%>0:9%>8%>"1%E12%D8:%#9$>:0?>#89%21389/%>"1%?80:$1@$%)1?>0:1$%(9/%$1?>#89$A%D8:%:1D1:19?1$A%(9/%
D8:%$8)0>#89$%>8%>1?"9#?()%/#DD#?0)>#1$A%20>%98>%D8:%80>:#B">%$8)0>#89$%>8%6:82)17$%89%6:82)17%$1>$%8:%380:%
8H9%D#9()%6:8X1?>&%%K8H1C1:A%D(#)0:1%>8%?#>1%O($%H#>"%?87719>$P%>"1%8:#B#9%8D%(93%?8/1%8:%>1?"9#L01%>"(>%
380%/8%/#$?8C1:%80>$#/1%8D%>"1%?80:$1@$%)1?>0:1$%(9/%$1?>#89$%O1C19%H"#)1%:1$61?>#9B%>"1$1%?89$>:(#9>$P%
(9/%>"19%#9>1B:(>1%#9>8%380:%8H9%H8:G%7(3%21%?89$#/1:1/%(?(/17#?%/#$"891$>3&%
%
Q))% D8:7$% 8D% (?(/17#?% /#$"891$>3% (:1% /1()>% H#>"% "(:$")3&% % ID% >"1% ?80:$1% :1D1:$% $871% 7(>>1:% >8% >"1%
Q/7#9#$>:(>#C1%N8(:/%(9/%>"1%80>?871%D8:%$871%$>0/19>%#$%$%&'A%()*+',-.A%8:%/,-0,12,'%&345&+6%7,+'A%
>"1%?80:$1%:1$1:C1$%>"1%:#B">%>8%#768$1%)8?()%$(9?>#89$%89%>86%8D%>"(>%80>?871%D8:%>"(>%$>0/19>%>"(>%7(3%
#9?)0/1A%20>%98>%21%)#7#>1/%>8A%(%D(#)#9B%B:(/1%D8:%H8:G%$027#>>1/%8:%D8:%>"1%?80:$1%#>$1)D&%
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%
% ID%380%"(C19@>%6#?G1/%06%(%M19$8:%N8(:/%():1(/3A%6:#9>%80>%(9/%D#))%80>%>"1%D8:7%(>%>"#$%/8?0719>@$%

19/&% % N:#9B% >"1% ?876)1>1/% D8:7% >8% 8DD#?1% "80:$A% (% $?"1/0)1% D8:% H"#?"% (661(:$% 89% >"1% ?80:$1@$%
H12$#>1A%(9/%"(9/%>"1%D8:7%>8%(%71721:%8D%>"1%$>(DD%#9%1R?"(9B1%D8:%(%M19$8:%N8(:/%O(G(%M?:(>?"%
N8(:/%8:%=#?8N8(:/P%6)0$%(??1$$8:#1$&*%%Q)>1:9(>#C1)3A%17(#)%help@cs50.net%>8%$1>%06A%#D%68$$#2)1A%
(9%()>1:9(>#C1%/(3%(9/%>#71%D8:%6#?G06&%

%
% E1%$0$61?>%/17(9/%D8:%M19$8:%N8(:/$%7(3%1R?11/%80:%$066)3A%$8%#D%380%G98H%$871891%H"8%()$8%

6)(9$% >8% >(?G)1% >"#$% K(?G1:% J/#>#89A% ())8H% 0$% >8% $0BB1$>% >"(>% 380% ?89$#/1:% $"(:#9B% (% 28(:/A%
28::8H#9B%#>%09/1:%X0$>%891%8D%380:%9(71$A%$8%>"(>%H1%"(C1%78:1%>8%B8%(:809/[%%\0$>%:1()#]1%>"(>%
380@))% 1(?"% 911/% >8% 20#)/% 380:% 8H9% 6:8X1?>$&% % ID% 380% /89@>% O31>P% G98H% (93891% #9% SM^+A% 17(#)%
help@cs50.netA%(9/%H1%?(9%#9>:8/0?1%380%>8%$871891%H"8%():1(/3%6#?G1/%06%(%28(:/&%

%
!% Z2>(#9% (9% 'QM% O'(?0)>3% 8D%Q:>$% (9/% M?#19?1$P% S8760>1:%Q??809>A% #D% 380%"(C19@>% 891% ():1(/3A% 23%

C#$#>#9B%>"1%_`a%21)8H%(9/%D8))8H#9B%>"1%89F$?:119%#9$>:0?>#89$&%
%
 https://idm.fas.harvard.edu/new 
%
% V8>%89)3%H#))%>"#$%(??809>%6:8C#/1%380%H#>"%(??1$$%>8%'QM@$%?8760>1:%D(?#)#>#1$A%#>%H#))%()$8%6:8C#/1%

380%H#>"%(9%17(#)%(//:1$$%8D%>"1%D8:7%username@fas.harvard.eduA%H"1:1%username%#$%380:%
'QM%0$1:9(71&b%%!(G1%?(:1%>8%:171721:%380:%0$1:9(71%(9/%6($$H8:/[c%

%
%
@2459>.*2+*/'+.'&1A*
%
!% M0:D%89%8C1:%>8%>"1%_`a%21)8H%(9/%$#B9%06%D8:%(9%(??809>%89%WI!@$%H12$#>1&%
%
 http://scratch.mit.edu/signup 
%
% Q93%0$1:9(71%O>"(>@$%(C(#)(2)1P%#$%D#91A%20>%>(G1%?(:1%>8%:171721:%#>%(9/%380:%?"8#?1%8D%6($$H8:/&%
%
!% !"19%"1(/%>8%>"1%_`a%21)8H%(9/%>(G1%98>1%8D%>"1%:1$80:?1$%(C(#)(2)1%>8%380%21D8:1%380%/#C1%#9>8%

M?:(>?"%#>$1)D&%
%
 http://scratch.wik.is/Support 
%

                                                 
,%E1))A%8G(3A%>"1%91R>%$>16@$%98>%())%>"(>%#9>1:1$>#9B&%%N0>%>"1%:1$>%(:1[%
*%V8>1% >"(>%M19$8:%N8(:/$A%7(90D(?>0:1/%23%WI!A%(9/%=#?8N8(:/$A%7(90D(?>0:1/%23%=ISZA%(:1% D09?>#89())3% #/19>#?()%20>% )88G%
$)#B">)3%/#DD1:19>&%%I9%6(:>#?0)(:A%>"13%"(C1%/#DD1:19>%)8B8$A%(9/%=#?8N8(:/$%"(C1%)#>>)1%"(9/)1$%89%>"1#:%$)#/1:$&%%E1%280B">%$871%
8D%1(?"d%#>%/81$9@>%7(>>1:%H"#?"%891%380%28::8H[%
b%Y80%/89@>%(?>0())3%911/%>8%0$1%>"#$%17(#)%(//:1$$A%20>%#D%380%H80)/%)#G1%>8A%C#$#>%%
http://www.fas-it.fas.harvard.edu/services/catalog/browse/36/46%D8:%#9$>:0?>#89$&%
c%ID%380%1C1:%D8:B1>%380:%'QM%0$1:9(71%(9/<8:%6($$H8:/%8:%"(C1%>:802)1%H#>"%380:%'QM%(??809>A%380@))%H(9>%>8%?89>(?>%'QM%I!%23%
6"891%(>%e,4Fc;^F;+++A%#9%61:$89%#9%M?#19?1%S19>1:%NF,cA%8:%C#(%17(#)%(>%help@fas.harvard.edu&%
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% I9%6(:>#?0)(:A%380%7#B">%H(9>%>8%$G#7%>"1%6-229>.*"2&'2-)*6B9)-%(9/%>"1%"4'&245*C-:-'->4-*6B9)-&%%
Y80%7#B">%()$8%H(9>% >8% :1(/% >"1% >0>8:#()%21)8HA%H"#?"%6:1$19>$%M?:(>?"% #9% >1:7$%(% O$889F>8F21P%
6:8B:(771:%$"80)/%09/1:$>(9/&%

%
% http://www.cs.harvard.edu/malan/scratch/ 
%
!% ID%98>%():1(/3%#9$>())1/%89%>"1%?8760>1:%380@:1%0$#9BA%/8H9)8(/%M?:(>?"%#>$1)D%C#(%>"1%_`a%21)8H&^%%%
%
 http://scratch.mit.edu/download 
%
% !(G1%?(:1%>8%/8H9)8(/%C1:$#89%,&c&%%Z9?1%/8H9)8(/1/A%#9$>())%>"1%$8D>H(:1%23%/802)1F?)#?G#9B%#>$%

#?89%(9/<8:% D8))8H#9B%(93%89F$?:119%/#:1?>#89$&% % ID% 09$0:1%"8H% >8% #9$>())A% /89@>%"1$#>(>1% >8%/:86%
help@cs50.net%(%98>1[%

%
!% V1R>%#9$>())%(%/:#C1:%D8:%380:%M19$8:%N8(:/%($%61:%>"1%#9$>:0?>#89$%(>5%
%
 http://www.picocricket.com/picoboardsetupserial.html 
%
% ID% 380@:1% :099#9B%E#9/8H$% O6(:>#?0)(:)3% (% ecF2#>% C1:$#89% >"1:18DP% (9/% "(C1% >:802)1% B1>>#9B% 380:%

?8760>1:% >8% :1?8B9#]1% >"1% M19$8:% N8(:/A% 380% 7#B">% #9$>1(/% H(9>% >8% 0$1%
PL2303_Prolific_DriverInstaller_v130.zip%D:875%%

%
 http://www.prolific.com.tw/eng/downloads.asp?ID=31 
%
!% K1(/%>8%
%
 http://scratch.mit.edu/projects/cs50/267149 
%
% H"1:1% I?1W89G13A% 23% f(C#/%E0% @,,A% (H(#>$&% % Y80% $"80)/% D#9/% 380:$1)D% (>%WI!@$% H12$#>1%H#>"% (%

789G13%O$?:119$"8>%21)8HP%1721//1/%#9%380:%2:8H$1:&%
%

%

                                                 
^% M>0/19>$% :099#9B%(9%861:(>#9B% $3$>17%8>"1:% >"(9%(% $0668:>1/%C1:$#89%8D% a#90RA%W(?%ZMA%8:%E#9/8H$% $"80)/%6)1($1% D#9/%(%
?8760>1:%H#>"%(%$0668:>1/%861:(>#9B%$3$>17%>8%0$1%D8:%>"#$%6:82)17%$1>%O!"#"A%#9%>"1%M?#19?1%S19>1:A%(%"80$1@$%)(2A%8:%(%D:#19/@$%
:887P&%
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% ID% 380% /8% 98>% $11% f(C#/@$% 6:8X1?>A% 380% 7(3% 911/% >8% /8H9)8(/% (9/% #9$>())% (% g\(C(% `09>#71%
J9C#:89719>h% O(G(% g\(C(% T#:>0()% W(?"#91h% 8:% g\TWhP&% % !8% /8% $8A% D8))8H% >"1% )#9G% >8% D&(&% (>%
http://www.cs50.net/software/A% D8))8H% (93% 89F$?:119% #9$>:0?>#89$A% >"19% :1>0:9% >8% WI!@$%
H12$#>1&%

%
% V8>1A%>"80B"A%>"(>%380%?(9@>%(?>0())3%6)(3%f(C#/@$%6:8X1?>%H#>"#9%380:%2:8H$1:%21?(0$1%#>%:1L0#:1$%

(%M19$8:%N8(:/&%%i8%("1(/A%>"19A%(9/%/8H9)8(/%>"1%6:8X1?>@$%g$80:?1%?8/1h%O,"!"A%#>$%.sb%D#)1P&%%S)#?G%
>"1%)#9G%)(21)1/%)&(9)EB%#9%>"1%6(B1@$%>86F:#B">%?8:91:A%X0$>%21)8H%F+E>,+&)*2597*;'+G-42H%%ID%>8)/%
23%(%686F06%>8%)8B%#9A%?)#?G%>"1%)#9G%)(21)1/%I+.9>%>8H(:/%>"1%6(B1@$%>86F)1D>%?8:91:%(9/%)8B%#9%H#>"%
>"1%0$1:9(71%(9/%6($$H8:/%>"(>%380%?:1(>1/%1(:)#1:%D8:%WI!@$%H12$#>1A%>"19%?)#?G%)&(9)EB%(B(#9&%%
ID%6:876>1/%>8%8619%8:%$(C1%>"1%D#)1%O?())1/%/(C#/H0&$2PA%B8%("1(/%(9/%$(C1%#>%>8%380:%/1$G>86%$8%
>"(>%#>@$%1($3%>8%D#9/&%

%
% !"19% )(09?"% >"1% 989F2:8H$1:% C1:$#89% 8D% M?:(>?"% O,"!"A% >"1% 891% 380% /8H9)8(/1/% (9/% #9$>())1/%

1(:)#1:P% 23% ?)#?G#9B% #>$% 8H9% #?89% 89% 380:% /1$G>86A% #9% 380:% Q66)#?(>#89$% D8)/1:A% 8:% H"1:1C1:% 380%
#9$>())1/%#>&%%S)#?G%J9,-*K%L;->888%>8H(:/%M?:(>?"@$%>86F)1D>%?8:91:A%(9/%9(C#B(>1%380:%H(3%>8%f(C#/@$%
6:8X1?>A%H"1:1C1:%#>%19/1/%06%89%380:%"(:/%/:#C1&%

%
% Z9?1%f(C#/@$%6:8X1?>%"($%)8(/1/A%?)#?G%M?:(>?"@$%B:119%D)(B[%%W8C1%380:%M19$8:%N8(:/@$%$)#/1:%2(?G%

(9/%D8:>"%(9/%$11%#D%>"1%789G13%:1$689/$&%%ID%98>A%H(#>%(%D1H%$1?89/$%O()21#>%(>%>"1%:#$G%8D%21#9B%
$>0991/P% H"#)1% M?:(>?"% $?(9$% 380:% ?8760>1:% D8:% (% M19$8:% N8(:/&% % ID% >"1% 789G13% :17(#9$%
09:1$689$#C1%OH"19%98>%$>0991/P%8:%380%B1>%>#:1/%8D%H(#>#9BA%?)#?G%"->79>.%>8H(:/%M?:(>?"@$%>86F
)1D>%?8:91:A%>"19%:#B">F?)#?G%O89%(%=SP%8:%?>:)F?)#?G%O89%(%W(?P%>"1%2)8?G%)(21)1/%7->7+'*(&,B-%8:%>"1%
2)8?G%)(21)1/%7->7+'%>8H(:/%M?:(>?"@$%28>>87F)1D>%?8:91:A%>"19%$1)1?>%75+E*"4'&245M+&')*E&245-'*
#9% >"1% ?89>1R>0()% 7190% >"(>% (661(:$&% % Q% /#(B98$>#?% H#9/8H% $"80)/% (661(:% >"(>% 380% ?(9% /:(B%
(93H"1:1%89%M?:(>?"@$%$>(B1&%%ID%#>%:168:>$%>"(>%>"(>%380:%M19$8:%N8(:/%#$%L::%8:%#D%())%$19$8:%C()01$%
(661(:%>8%21%+A%:#B">F?)#?G%O89%(%=SP%8:%?>:)F?)#?G%O89%(%W(?P%(93H"1:1%89%>"1%H(>?"1:%(9/%$1)1?>%
7-,-42*7-'9&,NO"M*;+'2%#9%>"1%?89>1R>0()%7190%>"(>%(661(:$&%%Y80%$"80)/%>"19%$11%(%)#$>%8D%(C(#)(2)1%
SZW%68:>$%O89%(%=SP%8:%(C(#)(2)1%/1C#?1%D#)1$%O89%(%W(?P&% %Y80%?(9%1#>"1:%>:3%())%68$$#2)1%86>#89$A%
>1$>#9B%1(?"%891%>8%$11%#D%#>%H8:G$A%8:%)88G%D8:%?)01$%($%>8%H"#?"%891%#$%:#B">&%%%

%
% '8:%?)01$%89%(%=SA%:#B">F?)#?G%P?*!+1;B2-'% O8:%!+1;B2-'P% #9%380:%M>(:>%7190A%$1)1?>%/'+;-'29-7A%

>"19%)88G%D8:%380:%?8760>1:@$%F-(94-*P&>&.-'&%%JR6(9/%>"1%/+'27*Q!LP*&>)*I/RS%$02>:11A%#D%98>%
1R6(9/1/%():1(/3A%(9/%)88G%D8:%(%/'+,9:94*O"MT2+T"-'9&,*!+11*/+'2&%%I/1())3A%>"1%/1C#?1@$%SZW%68:>%
$"80)/%(661(:%#9%6(:19>"1$1$&% % ID%98>A%:#B">F?)#?G%>"1%19>:3A%$1)1?>%/'+;-'29-7%D:87%>"1%?89>1R>0()%
7190%>"(>%(661(:$%(9/%68G1%(:809/%>"1%>(2$%#9%>"1%H#9/8H%>"(>%>"19%(661(:$&%%%

%
% '8:%?)01$%89%(%W(?A%$1)1?>%=0+B2*R597*P&4%D:87%380:%Q66)1%7190%(9/%?)#?G%P+'-*@>:+888%>8%60))%06%

380:% ?8760>1:@$%"?72-1%/'+:9,-'&% % JR6(9/% >"1%%&')E&'-* $02>:11A% #D% 98>% 1R6(9/1/%():1(/3A% ?)#?G%
O"MA%(9/% )88G% D8:%(%O"MT"-'9&,*!+>2'+,,-'&% %!"(>%H89@>% :1C1()% >"1%9(71%8D% #>$%/1C#?1% D#)1A%20>% #>$%
6:1$19?1%8:%(2$19?1%$"80)/%?89D#:7%8:%/193%>"(>%380:%M19$8:%N8(:/%O8:A%(>% )1($>A%380:%$1:#()F>8F
_MN%?(2)1P%"($%2119%/1>1?>1/&%

%
% %
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ID% 9891% 8D% >"8$1% >#6$% B1>% 380% 89% 380:% H(3A% ()$8% ?"1?G% 80>% 6(B1$% .% (9/% ;% 8D% =ISZ@$% 8H9%
/8?0719>(>#89%(>%>"1%_`a%21)8H&%

%
% http://www.picocricket.com/pdfs/Getting_Started_With_PicoBoards.pdf 
%
% ID% 380@:1% $>#))% $>0?GA% B8% ("1(/%(9/%17(#)%help@cs50.net% /1$?:#2#9B% 380:%6:82)17% #9%/1>(#)&% % I9%

6(:>#?0)(:A%>1))%0$%H"(>%ZM%380@:1%0$#9B%(9/%H"(>%380@C1%>:#1/%():1(/3&%
%
% Z9?1% 380% /8% B1>% 380:% M19$8:% N8(:/% 06% (9/% :099#9BA% $11% "8H% 7(93% 2(9(9($% 380% ?(9% ?(>?"[%%

Q?>0())3A%?())%(%:8877(>1%8C1:%>8%380:%?8760>1:A%(9/%$11%"8H%7(93%"1%8:%$"1%?(9[%
%
!% ID%380%"(C19@>%():1(/3A%:1(/%06%89%H"(>%380%?(9%/8%H#>"%380:%M19$8:%N8(:/%23%$G#77#9B%=ISZ@$%

/8?0719>(>#89%(>%>"1%_`a%21)8H&%
%
 http://www.picocricket.com/pdfs/Getting_Started_With_PicoBoards.pdf 
%
% ID%380@/%)#G1%>8%$11%$871%(//#>#89()%6:8X1?>$%>"(>%0>#)#]1%M19$8:%N8(:/$A%?"1?G%80>%>"1%B())1:#1$%(>%

>"1%_`a$%21)8H&%
%
 http://scratch.mit.edu/galleries/view/21836 
 http://scratch.mit.edu/galleries/view/5630 
%
!% V8H% #>@$% >#71% >8% ?"88$1% 380:% 8H9% (/C19>0:1[% % Y80:%7#$$#89% #$A% L0#>1% $#76)3A% >8% "(C1% D09%H#>"%

M?:(>?"% (9/% #76)1719>% (%6:8X1?>%8D% 380:% ?"8#?1% O21% #>% (9% (9#7(>#89A% (% B(71A% #9>1:(?>#C1% (:>A% 8:%
(93>"#9B%1)$1PA%$02X1?>%89)3%>8%>"1%D8))8H#9B%:1L0#:1719>$&%

%
#&% Y80:% 6:8X1?>@$% D#)19(71%70$>% 21% username.sbA% H"1:1% username% #$% 380:% 'QM% O98>% WI!P%

0$1:9(71%#9%())%)8H1:?($1&%
##&% Y80:%6:8X1?>%70$>%"(C1%(>%)1($>%>H8%$6:#>1$A%(>%)1($>%891%8D%H"#?"%70$>%:1$172)1%$871>"#9B%

8>"1:%>"(9%(%?(>&%
###&% Y80:%6:8X1?>%70$>%"(C1%(>%)1($>%>":11%$?:#6>$%>8>()%O,"!"A%98>%91?1$$(:#)3%>":11%61:%$6:#>1P&%
#C&% Y80:%6:8X1?>%70$>%0$1%(>%)1($>%891%?89/#>#89A%891%)886A%(9/%891%C(:#(2)1&%
C&% Y80:%6:8X1?>%70$>%0$1%(>%)1($>%891%$809/&%
C#&% Y80:%6:8X1?>%$"80)/%21%78:1%?876)1R%>"(9%78$>%8D%>"8$1%/1789$>:(>1/%#9%)1?>0:1%O7(93%8D%

H"#?"A%>"80B"%#9$>:0?>#C1A%H1:1%L0#>1%$"8:>P&%%I9%D(?>A%#>%$"80)/%6:82(2)3%21%(280>%($%?876)1R%
($A%$(3A%I?1W89G13&%%

C##&% Y80:%6:8X1?>%70$>%0$1%(%M19$8:%N8(:/%D8:%$871%D8:7O$P%8D%#960>&%
%

% '11)%D:11%>8%61:0$1%(//#>#89()%6:8X1?>$%89)#91%8:%>"8$1%>"(>%?871%H#>"%M?:(>?"%D8:%#9$6#:(>#89A%20>%
380:%8H9%6:8X1?>%$"80)/%98>%21% >1::#2)3%$#7#)(:% >8%(93%8D% >"17&% %!:3% >8% >"#9G%8D%(9% #/1(%89%380:%
8H9A%(9/%>"19%$1>%80>%>8%#76)1719>%#>&%%N0>%/89@>%>:3%>8%#76)1719>%>"1%19>#:1>3%8D%380:%6:8X1?>%())%
(>%89?15%6)0?G%8DD%891%6#1?1%(>%(%>#71&%%f(C#/%E0A%D8:%#9$>(9?1A%6:82(2)3%#76)1719>1/%(%78C(2)1%
789G13%21D8:1%"1%6:8?11/1/%>8%#76)1719>%D())#9B%82X1?>$&%

%
IDA% ()89B% >"1%H(3A%380% D#9/% #>% >88%/#DD#?0)>% >8% #76)1719>% $871% D1(>0:1A% >:3%98>% >8% D:1>d%()>1:%380:%
/1$#B9%8:%H8:G%(:809/%>"1%6:82)17&% % ID%380%$1>%80>%>8% #76)1719>%(9% #/1(%>"(>%380%D#9/%D09A%380%
$"80)/%98>% D#9/% #>%"(:/% >8% $(>#$D3% >"#$%6:82)17%$1>@$% :1L0#:1719>$&% % ID% 380% $0$61?>% 380:%6:8B:(7%



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

e%-%.%

7#B">%D())%$"8:>%8D%80:%1R61?>(>#89$A%D11)%D:11%>8%($G%(%71721:%8D%>"1%$>(DD%D8:%(9%86#9#89%6:#8:%>8%
$027#>>#9B&%

%
% Q):#B">A%8DD%380%B8&% %W(G1%0$%6:80/[% % ID%380%"(C1%L01$>#89$%8:%H(9>%(%"(9/%7(G#9B%380:%6:8X1?>%

1C19% 21>>1:A% /8% >(G1% (/C(9>(B1% 8D% 8DD#?1% "80:$A% >"1% $?"1/0)1% D8:% H"#?"% ?(9% 21% D809/% (>%
http://www.cs50.net/ohs/&%%%Q)>1:9(>#C1)3A%/:86%0$%(%98>1%(>%help@cs50.net&%

%
!% Z9?1% D#9#$"1/% H#>"% 380:% 6:8X1?>A% 06)8(/% #>% >8% 380:% (??809>% 89% WI!@$% $1:C1:% 23% ?)#?G#9B%%

"5&'-*j%"5&'-*R597*/'+G-42*L>,9>-888%>8H(:/%>"1%>86%8D%M?:(>?"@$%H#9/8H&%=:8C#/1%gY80:%M?:(>?"%
H12$#>1% )8B#9% 9(71h% O,"!"A% 0$1:9(71P% (9/% 6($$H8:/% >"(>% 380% ?"8$1% 1(:)#1:A% $871% 6:8X1?>% 98>1$%
O!"#"A%$871%#9$>:0?>#89$%8:%(%/1$?:#6>#89PA%(9/%]1:8%8:%78:1%>(B$d%19$0:1%>"(>%380:%g=:8X1?>%9(71h%
#$%380:%'QM%0$1:9(71&% %N1$>% >8% )1(C1%!+1;'-77*7+B>)7*&>)* 91&.-7% ?"1?G1/&% %!"19%?)#?G% >"1%LU%
20>>89&%%Q$$07#9B%380@:1%#9D8:71/%>"(>%gY80:%6:8X1?>%#$%98H%89)#91%(>%$?:(>?"&7#>&1/0Ah%"1(/%89%
8C1:%>8%>"1%_`a%21)8H&e%

%
 http://scratch.mit.edu/login 
%
% a8B% #9% O#D% 380% (:19@>% $>#))% )8BB1/% #9P% H#>"% 380:% 0$1:9(71% (9/% 6($$H8:/&% % Z9?1% )8BB1/% #9A% ?)#?G%%

1?*72B::%>8H(:/%>"1%6(B1@$%>86F:#B">%?8:91:&%%Y80%$"80)/%$11%>"1%6:8X1?>%380%X0$>%06)8(/1/%(789B%
P?*/'+G-427&% %i8%("1(/%(9/%?)#?G%#>$%9(71%8:%#?89&% %Y80:%6:8X1?>%$"80)/%21%1721//1/%O(9/%$>(:>%
6)(3#9BP%#9%>"1%H#9/8H%>"(>%(661(:$&%%!(G1%98>1%8D%>"1%_`a%#9%380:%2:8H$1:@$%(//:1$$%2(:&%%!"(>@$%
380:%6:8X1?>@$%_`a%89%WI!@$%H12$#>1A%(9/%380@))%911/%>8%G98H%#>%)(>1:&%

 
% V8>1%>"(>%6:8X1?>$%>"(>%:1L0#:1%(%M19$8:%N8(:/%/8%98>%D09?>#89%6:861:)3%H"19%1721//1/%#9%WI!@$%

H12$#>1&%%V8>%>8%H8::3[%%E1@))%21%$0:1%>8%/8H9)8(/%380:%.sb%D#)1%(9/%8619%#>%#9%>"1%989F2:8H$1:%
C1:$#89%8D%M?:(>?"&%

 
!% E"19%/891%(/7#:#9B%380:%H8:GA%"1(/%89%8C1:%>8%>"1%_`a%21)8H&%
%
 http://www.cs50.net/galleries/2010/fall/scratch 
%
% W(G1% $0:1% >"(>% 380@:1% $>#))% )8BB1/% #9>8%WI!@$%H12$#>1&% % OID% 380% $11% gE1)?871h% D8))8H1/%23% 380:%

0$1:9(71%(>86%>"1%6(B1A%380%(:1&P%%ID%98>A%?)#?G%I+.9>%>8%)8B%#9%(B(#9&%
%
% !8H(:/%>"1%6(B1@$%:#B">F"(9/%$#/1A%?)#?G%&))*1?*;'+G-427%(9/%H(#>%D8:%(%H#9/8H%>8%(661(:&%%Z9?1%

>"(>%H#9/8H%(661(:$A%?)#?G%380:%8H9%6:8X1?>@$%9(71A%H(#>%D8:%(%?"1?G7(:G%>8%(661(:%>8%#9%>"1%28R%
>8% >"1% )1D>% 8D% #>A% >"19% ?)#?G%=44-;2&% % ID% 380% :1>0:9% >8% >"1% _`a% (28C1A% 380% $"80)/% D#9/% >"(>% 380:%
6:8X1?>%"($%2119%(//1/%>8%'())%*+,+@$%B())1:3%D8:%8>"1:$%>8%19X83&%%ID%98>A%>:3%89?1%78:1%8:%?89>(?>%
>"1%$>(DD%D8:%($$#$>(9?1&%

%
% ID%380%:1())3A%:1())3%/89@>%H(9>%380:%H8:G%#9?)0/1/%#9%>"1%?80:$1@$%B())1:3A%380%7(3%86>%80>%8D%>"#$%

6(:>#?0)(:% $>16&% % N0>% 380% 70$>% $>#))% 06)8(/% 380:% 6:8X1?>% >8% WI!@$% $1:C1:% O23% ?)#?G#9B%%
                                                 
e%ID%#9D8:71/%>"(>%380:%6:8X1?>%#$%>88%)(:B1%>8%21%06)8(/1/A%>:3%>8%/1?:1($1%#>$%$#]1%23%?)#?G#9B%V)92*K*!+1;'-77*"+B>)7888%(9/<8:%
V)92*K*!+1;'-77* @1&.-7888%(>86%M?:(>?"@$%H#9/8H&% %Y80%7(3%911/%>8%1R61:#719>%H#>"%/#DD1:19>% )1C1)$%8D%?876:1$$#89&% %Q)$8%
>(G1% ?(:1% >8% :178C1% D:87% 1(?"% 8D% 380:% $6:#>1$% (93% $809/$% >"(>% 380% #768:>1/% 20>% 19/1/% 06% 98>% 0$#9B&% % IDA% /1$6#>1% 7(93%
(>>176>$A%380%(:1%$>#))%09(2)1%>8%06)8(/%380:%6:8X1?>% >8%WI!@$%H12$#>1%21?(0$1%8D% #>$%$#]1A%21$>% >8%17(#)%help@cs50.net% D8:%
(/C#?1&%
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"5&'-*j%"5&'-*R597*/'+G-42*L>,9>-888PA%61:% >"1%6:1C#80$% $>16&% %Q9/%380%70$>% $>#))% g$027#>h% 380:%
6:8X1?>%>8%0$A%61:%>"#$%/8?0719>@$%19/&%

%
%
%+E*"2B::*W+'<78*
%
!% K1(/%>8%*
%

http://en.wikipedia.org/wiki/Hard_disk_drive 
%
(9/%:1(/%06%89%"8H%"(:/%/#$G%/:#C1$%O(G(%Kff$P%H8:G&% %Y80%7(3%()$8%H(9>%>8%:1FH(>?"%>"1%>H8%
C#/18$%H1%$(H%89%':#/(3%8D%E11G%+A%28>"%8D%H"#?"%(:1%)#9G1/%09/1:%E11G%+@$%F-1+7%(>5%
%
http://www.cs50.net/lectures/ 

%
% Z9?1%380%D11)%380@C1%H:(661/%380:%7#9/%(:809/%>"1%>1?"98)8B3A%>:3%1R6)(#9#9B%"8H%Kff$%H8:G%#9%

(%D1H%$19>19?1$%>8%(%:8877(>1%8:%D:#19/&%%`1())3A%/8%>:3[%%!"1:1%(:1%H(3%>88%7(93%6186)1%#9%>"#$%
H8:)/%H"8%G98H%8.%7%>"13@:1%>()G#9B%(280>%20>%/8%98>%G98H%"8H%>8%1R6)(#9%H"(>%>"13%G98H%>8%
989F>1?"9#?()% 6186)1&% % I>@$% B88/% 6:(?>#?1[% % =)0$A% H1%7(3% ($G% 380% >8% 1R6)(#9% >"17% >8% 0$% 21D8:1%%
)89B&%%dFP%

*
*
"B019229>.*X+B'*W+'<8*
*
!% E"19%380@:1%:1(/3%>8%g$027#>h%380:%6:8X1?>%>8%0$A%$0:D%89%8C1:%>8%>"1%_`a%21)8H%>8%(9$H1:%$871%

L01$>#89$&*
%
 http://www.cs50.net/psets/0/ 
%
% Y80@))% D#9/% >"(>%(% D1H%L01$>#89$%(H(#>&% %N1%1R>:(F$0:1% >"(>%380:%(9$H1:$%(:1%?8::1?>A%6(:>#?0)(:)3%

380:%17(#)% (//:1$$O1$P% (9/%380:%6:8X1?>@$%_`aA%1)$1%H1%7(3%8C1:)88G%380:% $027#$$#89[% %Q9/%21%
$0:1%>8%?)#?G%"B0192%89%6(B1%c%8D%c%8D%>"1%D8:7%#9%8:/1:%>8%$027#>%>"#$A%380:%D#:$>%SM^+%6:82)17%$1>[%

%
% Y80% $"80)/% :1?1#C1% (% :1?1#6>% C#(% 17(#)% (>% 380:% 6:1D1::1/% 17(#)% (//:1$$% D:87% bot@cs50.net%

?89D#:7#9B%$027#$$#89&%%f8%?"1?G%380:%$6(7%D8)/1:%#D%98>"#9B%(661(:$%#9%380:%#928R%H#>"#9%(9%"80:%
8:% $8&% % Q9/% ?89>(?>% help@cs50.net% O6:#8:% >8% >"#$% 6:82)17% $1>@$% /1(/)#91P% #D% 380% /89@>% $11% (%
:1?1#6>%>"1:1%1#>"1:&%

%
!% G>"R2(#[%
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!
•! <!7+13-&!=-#&/!>#?#!@%8-=-#&/!-&!78&#(8)!=-#&/A!
•! B!#00%2#(-&!80%53!
•! <!3+&%#0C(-CD7=!#/#5(+&!8#,0+!
!
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8-1/%(%-1!-$!()%3!)#&/.#&+G!
!
"! #2&++! (-! &+(6&1!#00!-$! ()+!#,-*+!)#&/.#&+! (-!4-'56(+&!78%+18+!9:!.%()%1!J!/#E3!-$!@&-,0+'!7+(!:K3!
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0#3(!1#'+I!'E!LC/%2%(!M#&*#&/!"N!16',+&I!#1/!'E!M#&*#&/!+'#%0!#//&+33G!!"$!"!$#%0!(-!&+(6&1!-1!(%'+!#00!-$!
()+!#,-*+!)#&/.#&+!#3!5&+38&%,+/!)+&+%1!%1!.-&?%12!8-1/%(%-1!-&!%$!#1E!-$!()+!)#&/.#&+!"!&+(6&1!#55+#&3!
(-!,+!/#'#2+/I!"!#2&++!(-!#00-.!7OP7!P88-61(%12!(-!#//!#!8)#&2+!-$!QR9G::!(-!'E!(+&'!,%00G!
!
"! 61/+&3(#1/! ()#(! 3%21%12! ()%3! 4-13+1(! (-! =-&&-.! %3! 1-(! #! &+S6%&+'+1(! $-&! 5#&(%8%5#(%12! %1! 4-'56(+&!
78%+18+!9:G!!"!#8?1-.0+/2+!()#(!"!)#*+!3%21+/!()%3!&+0+#3+!*-061(#&%0E!#3!#1!%13(&6'+1(!61/+&!3+#0!-1!
!
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