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%%HHIIRRUUHH��::HH��%%HHJJLLQQ
/RJR0DWLRQ�LV�IRU�HYHU\RQH��NLGV�FDQ�GR�ZRQGHUV�ZLWK�LW��*URZQXSV�FDQ�GR�LPSUHVVLYH�WKLQJV�ZLWK
LW��WRR����<RX�ZLOO�HQMR\�/RJR0DWLRQ�LI�LW�LV�\RXU�ILUVW�SURJUDPPLQJ�ODQJXDJH��RU�LI�LW�LV�\RXU�WHQWK�

<XYDO�6KDYLW·V�GDG�GHYHORSHG�/RJR0DWLRQ�ZKHQ�<XYDO�ZDV�HLJKW�DQG�D�KDOI���2QH�GD\�<XYDO�FDPH�XS
WR�KLV�GDG�DQG�DVNHG�WR�SURJUDP�D�FRPSXWHU��MXVW�OLNH�PRP�DQG�GDG�GR���:KHQ�<XYDO·V�GDG�VWDUWHG
GHYHORSLQJ�/RJR0DWLRQ��<XYDO�FRXOG�GR�PDQ\�PRUH�WKLQJV�WKDQ�/RJR0DWLRQ�ZRXOG�DOORZ�KLP�WR�GR�
/RJR0DWLRQ�KDG�VLQFH�EHFRPH�VPDUWHU��DQG�VR�GLG�<XYDO�

7KLV�ERRN�LV�GLYLGHG�LQWR�WZR�SDUWV��D�WXWRULDO�IRU�WKH�EHJLQQHU�SURJUDPPHU��DQG�D�UHIHUHQFH�PDQXDO�
7KH�WXWRULDO�KDV���OHVVRQV��ODEHOHG�$�WR�*���7KH�ILUVW�OHVVRQ�VWDUWV�RQ�SDJH�����7KH�WXWRULDO�LV�IRU
HYHU\RQH��LW�LV�IRU�NLGV�ZKR�QHYHU�ZURWH�D�FRPSXWHU�SURJUDP�EHIRUH��DQG�IRU�JURZQXSV�ZKR�GLG�QRW
HYHQ�WKLQN�WKDW�WKH\�FDQ�ZULWH�SURJUDPV���,W�ZLOO�LQWURGXFH�\RX�WR�WKH�IXQGDPHQWDOV�RI�FRPSXWHU
SURJUDPPLQJ��DV�ZHOO�DV�WKH�IXQGDPHQWDOV�RI�/RJR0DWLRQ�

3HRSOH�DOVR�HQMR\�/RJR0DWLRQ�LI�WKH\�KDYH�SURJUDPPHG�FRPSXWHUV�EHIRUH��6HH��DQ\RQH�FDQ�XVH
/RJR0DWLRQ��HYHQ�VHDVRQHG�SURJUDPPHUV���([SHULHQFHG�SURJUDPPHUV�PLJKW�GHFLGH�WR�TXLFNO\�VNLP
WKURXJK�WKH�WXWRULDO��DQG�JR�GLUHFWO\�WR�WKH�UHIHUHQFH�PDQXDO���7KH�ILUVW�UHIHUHQFH�PDQXDO�FKDSWHU��$
4XLFN�7RXU��VWDUWV�RQ�SDJH����

6R�ZKDW�LV�/RJR0DWLRQ"
7KHUH�DUH�KXQGUHGV��SHUKDSV�WKRXVDQGV��RI�SURJUDPPLQJ�ODQJXDJHV�RXW�WKHUH���7KH\�DOO�VHHP�WR�KDYH
RQH�JRDO�LQ�FRPPRQ��WR�WHOO�D�FRPSXWHU�KRZ�WR�H[HFXWH�FHUWDLQ�RSHUDWLRQV���7\SLFDOO\��D�JLYHQ�WDVN
FDQ�EH�SURJUDPPHG�LQ�PDQ\�RI�WKHVH�ODQJXDJHV���7KH�FKRLFH�RI�ZKLFK�ODQJXDJH�WR�FKRVH�IRU�D�JLYHQ
WDVN�KDV�WR�GR�ZLWK�WKH�HDVH�RI�DSSO\LQJ�D�SDUWLFXODU�SURJUDPPLQJ�ODQJXDJH�IRU�WKH�WDVN�DW�KDQG��ZLWK
WKH�HIIHFWLYHQHVV�RI�WKH�ODQJXDJH�IRU�WKH�WDVN��DQG�DOVR�ZLWK�WKH�SURJUDPPHU·V�SHUVRQDO�SUHIHUHQFH�

/RJR0DWLRQ�LV�D�SURJUDPPLQJ�HQYLURQPHQW���8VLQJ�/RJR0DWLRQ��\RX�ZLOO�GLVFRYHU�WKDW
SURJUDPPLQJ�LV�IXQ��DQG�LV�QRW�DV�GLIILFXOW�DV�\RX�PD\�KDYH�WKRXJKW�LW�ZDV�

:LWK�/RJR0DWLRQ��\RX�ZULWH�SURJUDPV�WKDW�WHOO�WKH�FRPSXWHU�WR�GUDZ�WKLQJV���:KHQ�WKH�SURJUDP�LV
UHDG\��\RX�FOLFN�WKH�*R�EXWWRQ���7KHQ�ELQJR�²�\RX�FDQ�VHH�WKH�SLFWXUH�WKDW�\RX�ZHUH�GHVFULELQJ�WR�WKH
FRPSXWHU���7KH�SLFWXUH�FDQ�EH�VWDWLF��QRW�PRYLQJ���RU�DQLPDWHG��PRYLQJ����,W�FDQ�HYHQ�KDYH�VRXQG
HIIHFWV���,Q�VKRUW��\RXU�YHU\�RZQ�/RJR0DWLRQ�FUHDWLRQ�

6RXQGV�WRR�VLPSOH"��:HOO��LW·V�OLNH�VNLLQJ�RU�SOD\LQJ�WKH�SLDQR��LI�\RX�ORYH�LW��LW�LV�D�OLWWOH�KDUG�DW�ILUVW�
EXW�D�ORW�RI�IXQ�HYHQ�DV�\RX�VWDUW�OHDUQLQJ�LW���$QG�DV�\RX�OHDUQ�PRUH�DQG�PRUH��LW�LV�HYHQ�PRUH�IXQ�

/HDUQLQJ�/RJR0DWLRQ
/HDUQLQJ�D�QHZ�SURJUDPPLQJ�ODQJXDJH�LV�QRW�DOO�WKDW�GLIILFXOW�²�LI�\RX�DUH�DOUHDG\�IDPLOLDU�ZLWK
DQRWKHU�ODQJXDJH���/HDUQLQJ�/RJR0DWLRQ�LV�QRW�GLIILFXOW�HYHQ�LI�LW�LV�\RXU�ILUVW�SURJUDPPLQJ�ODQJXDJH�
,W�ZDV�GHVLJQHG�WKLV�ZD\�

<RX�PD\�DVN�DW�WKLV�SRLQW��ZLOO�,�QHHG�D�ORW�RI�PDWK�VNLOOV�WR�XVH�/RJR0DWLRQ"��7KH�DQVZHU�LV�\HV�DQG
QR���1R��²�\RX�ZLOO�QRW�QHHG�WR�EH�D�PDWK�ZL]�WR�GUDZ�UHDO�ORYHO\�SLFWXUHV��ZKLFK�ZLOO�JLYH�\RX�D
WUHPHQGRXV�DPRXQW�RI�SOHDVXUH�DQG�IXQ���$QG�\HV�²�\RX�ZLOO�QHHG�VRPH�PDWK�WR�GUDZ�VRPH�PRUH
FRPSOLFDWHG�WKLQJV���:KDWHYHU�PDWK�VNLOOV�\RX�KDYH��\RX�FDQ�XVH�/RJR0DWLRQ�DQG�KDYH�IXQ�

7KH�WXWRULDO�ZLOO�WHDFK�\RX�VRPH�RI�WKH�EDVLFV�RI�SURJUDPPLQJ�LQ�JHQHUDO��DQG�/RJR0DWLRQ
SURJUDPPLQJ�LQ�SDUWLFXODU���,W�LV�VWUXFWXUHG�VR�WKDW�\RX�FDQ�OHDUQ�WKHVH�EDVLFV�DOO�E\�\RXUVHOI�
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+RZHYHU��LI�/RJR0DWLRQ�LV�\RXU�ILUVW�SURJUDPPLQJ�ODQJXDJH��LW�PLJKW�KHOS�LI�\RX�FDQ�RFFDVLRQDOO\�JHW
KHOS�IURP�VRPHRQH�ZKR�LV�PRUH�H[SHULHQFHG�LQ�SURJUDPPLQJ�

8VH�WKH�WXWRULDO�DV�\RXU�LQWURGXFWLRQ�WR�/RJR0DWLRQ���)ROORZ�WKH�VWHS�E\�VWHS�LQVWUXFWLRQ��DQG�GRQ·W
GR�LW�DOO�DW�RQFH���,�DP�QRW�WHOOLQJ�\RX�KRZ�PDQ\�OHVVRQV�\RX�FDQ�WDNH�DW�RQH�WLPH��EXW�,�DGYLVH�\RX
QRW�WR�WDNH�WRR�PDQ\��RU�HOVH�LW�ZLOO�FRQIXVH�\RX�WRR�PXFK���,I�\RX�QHYHU�ZURWH�FRPSXWHU�SURJUDPV
EHIRUH��GR�QRW�WDNH�PRUH�WKDQ�RQH�OHVVRQ�D�GD\���,�DOVR�VXJJHVW�WKDW�\RX�UHDOO\�GR�WKH�H[HUFLVHV��HYHQ
WKRXJK�,�DP�VXUH�WKDW�\RX�KDWH�KRPHZRUN�MXVW�OLNH�HYHU\ERG\�HOVH���7KHVH�H[HUFLVHV�DUH�IXQ�WR�GR�
DQG�LW�LV�WKURXJK�WKHVH�H[HUFLVHV�WKDW�\RX·OO�OHDUQ�/RJR0DWLRQ���7KH�RQO\�ZD\�WR�UHDOO\�OHDUQ
SURJUDPPLQJ�LV�E\�DFWXDOO\�ZULWLQJ�SURJUDPV�

%\�WKH�ZD\��WKLV�ERRN�DVVXPHV�WKDW�\RX�NQRZ�KRZ�WR�XVH�\RXU�FRPSXWHU��H�J���GRXEOH�FOLFN�LFRQV�
VHOHFW�PHQX�FRPPDQGV��DQG�W\SH�DQG�HGLW�WH[W�

2QH�ODVW�WKLQJ�EHIRUH�ZH�VWDUW��\RX�PD\�KDYH�KHDUG�RI�WKH�/RJR�ODQJXDJH���0D\EH�\RX�KDYH�DFWXDOO\
SURJUDPPHG�LQ�WKDW�ODQJXDJH���/RJR0DWLRQ�ERUURZHG�IURP�WKH�RULJLQDO�/RJR�ODQJXDJH�WKH�LGHD�RI
´WXUWOH�JHRPHWU\µ��WKH�LGHD�WKDW�\RX�DUH�PRYLQJ�D�SHQ�DURXQG�DQG�WKXV�GUDZ�RQ�WKH�VFUHHQ���%XW�RWKHU
WKDQ�ERUURZLQJ�WKH�LGHD��/RJR0DWLRQ�LV�WRWDOO\�GLIIHUHQW�IURP�/RJR���6R�LI�\RX�DUH�IDPLOLDU�ZLWK
/RJR��,�VXJJHVW�WKDW�\RX�VWLOO�VSHQG�WKH�WLPH�WR�OHDUQ�/RJR0DWLRQ�DV�LI�\RX�KDYH�QHYHU�XVHG�/RJR�

/RJR0DWLRQ�LV�DYDLODEOH�RQ�WKH�IROORZLQJ�FRQILJXUDWLRQV�

q 3&V�UXQQLQJ�:LQGRZV����DQG�KLJKHU�

q 3&V�UXQQLQJ�:LQGRZV�17�����DQG�KLJKHU�

q 0DFLQWRVK�FRPSXWHUV�²�ERWK���.�EDVHG�DQG�3RZHU3&�EDVHG�²�UXQQLQJ�2�6�������RU
KLJKHU�

7KH�:LQGRZV�DQG�0DFLQWRVK�LPSOHPHQWDWLRQV�RI�/RJR0DWLRQ�DUH�YHU\�VLPLODU���:KHUH�DSSOLFDEOH�
GLIIHUHQFHV�DUH�KLJKOLJKWHG�LQ�D�ER[�OLNH�WKLV�RQH�

0RVW�RI�WKH�VFUHHQ�VKRWV�LQ�WKLV�PDQXDO�ZHUH�WDNHQ�RQ�D�:LQGRZ�LPSOHPHQWDWLRQ���7KH�0DF
LPSOHPHQWDWLRQ�LV�TXLWH�VLPLODU���7KH�VSHFLILF�LPSOHPHQWDWLRQ�RQ�0LFURVRIW�:LQGRZV�LV�GHVFULEHG�LQ
&KDSWHU�����5XQQLQJ�/RJR0DWLRQ�RQ�:LQGRZV��RQ�SDJH�������7KH�VSHFLILF�LPSOHPHQWDWLRQ�RQ�0DFLQWRVK
FRPSXWHUV�LV�GHVFULEHG�LQ�&KDSWHU�����5XQQLQJ�/RJR0DWLRQ�RQ�0DFLQWRVK��RQ�SDJH�����
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7DEOH�RI�&RQWHQWV

%()25(�:(�%(*,1 ���������������������������������������������������������������������������

/(6621�$�� /2*20$7,21�,6�$%287�029,1*���������������������������

/(6621�%�� /(7·6�029(�620(�025( ���������������������������������������

/(6621�&�� 7(;7��&2/25��$1'�),//�����������������������������������������

/(6621�'�� &,5&/(6 ������������������������������������������������������������������

/(6621�(�� 9$5,$%/(6�$1'�)81&7,216��3$57�, �������������������

/(6621�)�� 9$5,$%/(6�$1'�)81&7,216��3$57�,, ������������������

/(6621�*�� )81�:,7+�$1,0$7,21 �������������������������������������������

&21*5$78/$7,216� ����������������������������������������������������������������������

&+$37(5��� $�48,&.�7285��������������������������������������������������������

��� 7+(�/2*20$7,21�:,1'2:6 ��

��� +(//2�:25/'�²�7+(�),567�/2*20$7,21�352*5$0 ��

��� :<6,:<*�,1'(17$7,21 ��

��� 7+(�75$&(5 ��

��� 352*5$0�'(9(/230(17�$1'�'(%8**,1* ��

��� $1,0$7,21�$1'�6281' ��

��� :+$7·6�1(;7 ��

&+$37(5��� 6<17$;�������������������������������������������������������������������

��� $�/2*20$7,21�352*5$0 ��

��� &203281'�67$7(0(176 ��

��� &200(176 ��

&+$37(5��� '$7$�7<3(6��9$5,$%/(6�$1'�(;35(66,216������

��� )285�'$7$�7<3(6 ��

��� 180%(56 ��

��� 675,1*6 ��

��� 9$5,$%/(6 ��

��� /,676 ��

��� $662&,$7,9(�$55$<6 ��

��� &20%,1,1*�,1'(;,1*��08/7,',0(16,21$/�$55$<6 ��

��� 7+(�7<3(�2)�'$7$�6725('�,1�9$5,$%/(6 ��

��� (;35(66,216 ��

&+$37(5��� 7+(�*5$3+,&6�(19,5210(17 �����������������������������

��� 7+(�(',7�$1'�581�:,1'2:6 ��

��� 32,176�$1'�3(16 ��
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��� 029(0(17�02'(6 ��

��� '5$:,1*�72�7+(�6&5((1��96��35,17,1* ��

&+$37(5��� 67$7(0(176����������������������������������������������������������

��� 5(/$7,9(�3(1�029(0(17�67$7(0(176 ��

����� 7KH�)25:$5'�6WDWHPHQW ��
����� 7KH�%$&.:$5'�6WDWHPHQW ��
����� 7KH�5,*+7�6WDWHPHQW ��
����� 7KH�/()7�6WDWHPHQW ��
����� 7KH�675$,*+7�6WDWHPHQW ��
����� 7KH�&,5&/(�6WDWHPHQW ��

��� $%62/87(�029(0(17��UP�$1'�DOWN�67$7(0(176 ��

����� 7KH�*272�6WDWHPHQW ��
����� 7KH�'2:1�6WDWHPHQW ��
����� 7KH�83�6WDWHPHQW ��

��� 3(1�$1'�%$&.*5281'�3523(57,(6�67$7(0(176 ��

����� 7KH�&2/25�6WDWHPHQW ��
����� 7KH�:,'7+�6WDWHPHQW ��
����� 7KH�&/($5�6WDWHPHQW ��
����� 7KH�3$77(51�6WDWHPHQW ��

��� 35,17,1* ��

��� +$/7,1*�7+(�352*5$0·6�(;(&87,21 ��

��� 7(0325$5,/<�+$/7,1*�7+(�352*5$0·6�(;(&87,21 ��

��� 3$86,1*�$�352*5$0·6�(;(&87,21 ��

��� 3/$<,1*�$�6281' ��

��� /,%5$5<�),/(6 ��

���� /2*20$7,21�/2236 ��

������ 7KH�5(3($7�6WDWHPHQW ��
������ WKH�%5($.�6WDWHPHQW ��
������ 7KH�:+,/(�6WDWHPHQW ��

���� /2*20$7,21�&21',7,21$/6�²�7+(�IF…�$1'�IF…ELSE…�67$7(0(176 ��

���� 7+(�CURVE 67$7(0(17 ��

���� 7+(�FILL�67$7(0(17 ��

&+$37(5��� )81&7,216�������������������������������������������������������������

��� '(),1,1*�$�)81&7,21 ��

��� &$//,1*�$�)81&7,21 ��

��� 5(7851,1*�$�9$/8( ��

��� $5*80(17�%,1',1* ��

��� 6&23,1* ��

��� /2&$/�9$5,$%/(6 ��

��� %8,/7�,1�)81&7,216 ��

DEV ������������������������������������������������������������������������������������������������������������������������������������������������������
DFRV �����������������������������������������������������������������������������������������������������������������������������������������������������
DVFLL�����������������������������������������������������������������������������������������������������������������������������������������������������
DVLQ �����������������������������������������������������������������������������������������������������������������������������������������������������
DVN������������������������������������������������������������������������������������������������������������������������������������������������������
DWDQ ����������������������������������������������������������������������������������������������������������������������������������������������������
DWDQ� ��������������������������������������������������������������������������������������������������������������������������������������������������
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EJBUJE�������������������������������������������������������������������������������������������������������������������������������������������������
FKDU�����������������������������������������������������������������������������������������������������������������������������������������������������
FORVH)LOH�����������������������������������������������������������������������������������������������������������������������������������������������
FRV �������������������������������������������������������������������������������������������������������������������������������������������������������
GHILQHG�������������������������������������������������������������������������������������������������������������������������������������������������
GLU�������������������������������������������������������������������������������������������������������������������������������������������������������
GLU7R���������������������������������������������������������������������������������������������������������������������������������������������������
GLVWDQFH7R�������������������������������������������������������������������������������������������������������������������������������������������
H[HF �����������������������������������������������������������������������������������������������������������������������������������������������������
H[S������������������������������������������������������������������������������������������������������������������������������������������������������
IRUP ����������������������������������������������������������������������������������������������������������������������������������������������������
IRUPDW �������������������������������������������������������������������������������������������������������������������������������������������������
IUHHBVWDFN��������������������������������������������������������������������������������������������������������������������������������������������
JHWBFKDU ����������������������������������������������������������������������������������������������������������������������������������������������
JHW)LOH1DPH ���������������������������������������������������������������������������������������������������������������������������������������
KGF ������������������������������������������������������������������������������������������������������������������������������������������������������
KHLJKW ��������������������������������������������������������������������������������������������������������������������������������������������������
KL ��������������������������������������������������������������������������������������������������������������������������������������������������������
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//HHVVVVRRQQ��$$���� //RRJJRR00DDWWLLRRQQ��LLVV��$$EERRXXWW��00RRYYLLQQJJ
/RJR0DWLRQ�PRYHV�WKLQJV���:KHQ�\RXU�SURJUDP�VWDUWV��WKHUH�LV�D�SHQ�ZDLWLQJ�WR�EH�PRYHG�RQ�WKH
VFUHHQ�DQG�GUDZ�VWXII�IRU�\RX���<RX�FDQ�PRYH�WKH�SHQ�VWUDLJKW�DKHDG��LQ�D�VWUDLJKW�OLQH��WKHQ�\RX�FDQ
WHOO�WKH�SHQ�WR�WXUQ�OHIW�DQG�PRYH�LQ�D�GLIIHUHQW�GLUHFWLRQ���,W�LV�DOPRVW�OLNH�WKH�SHQ�LV�D�OLWWOH�FUHDWXUH
WKDW�\RX�FDQ�WHOO�WKLQJV�WR���<RX�WHOO�WKH�SHQ�WR�JR�IRUZDUG������DQG�LW�GRHV�MXVW�WKDW��PRYH�����SL[HOV
RQ�WKH�VFUHHQV���$�SL[HO�LV�D�OLWWOH�GRW�RQ�WKH�VFUHHQ���<RX�FDQ�WKLQN�RI�WKH�VFUHHQ�DV�EHLQJ�PDGH�RI�ORWV
DQG�ORWV�RI�GRWV��DQG�HDFK�FDQ�EH�LQ�D�GLIIHUHQW�FRORU���6R��ZKHQ�\RX�WHOO�WKH�SHQ�WR�PRYH�IRUZDUG����
SL[HOV��LW�GRHV�MXVW�WKDW��FRORULQJ�WKH�SL[HOV�DORQJ�WKH�ZD\�VR�WKDW�\RX�VHH�D�OLQH�

:H�ZLOO�ZULWH�RXU�ILUVW�/RJR0DWLRQ�SURJUDP�LQ�MXVW�D�PLQXWH���%XW�EHIRUH�ZH�GR��,·G�OLNH�WR�PHQWLRQ
WKDW�SHQV�LQ�/RJR0DWLRQ�KDYH�D�ORW�RI�SURSHUWLHV���<RX�FDQ�KDYH�SHQV�RI�GLIIHUHQW�FRORUV�DQG�ZLGWKV�
IRU�H[DPSOH���%XW�OHW·V�QRW�ZRUU\�DERXW�WKDW�IRU�QRZ���,I�\RX�GRQ·W�WHOO�WKH�FRPSXWHU�RWKHUZLVH��LW�ZLOO
DVVXPH�WKDW�\RX�ZDQW�WR�XVH�D�EODFN�SHQ�ZLWK�D�ZLGWK�RI�RQH�SL[HO��VR�ZKHQ�\RX�PRYH�LW�DURXQG
\RX·OO�JHW�EODFN�OLQHV�ZKRVH�ZLGWK�LV�RQH�SL[HO�

$QG�QRZ�WR�RXU�ILUVW�/RJR0DWLRQ SURJUDP���:H�ZLOO�GUDZ�D�OLWWOH�UHFWDQJOH�RQ�WKH�VFUHHQ���+RZ·V�WKDW
IRU�VWDUWHUV"��/HW�PH�ZDUQ�\RX��WKLV�LV�JRLQJ�WR�EH�DPRQJ�WKH�PRVW�GLIILFXOW�RI�DOO�WKH�/RJR0DWLRQ
OHVVRQV��EHFDXVH�ZH�KDYH�WR�OHDUQ�D�ORW�RI�QHZ�WKLQJV���2QFH�\RX�DUH�GRQH�ZLWK�WKLV�OHVVRQ��,�VXJJHVW
\RX�OHW�LW�VLQN�LQ��DW�OHDVW�D�GD\���$QG�,�VXJJHVW�WKDW�WKH�QH[W�GD\�\RX�TXLFNO\�UHYLHZ�WKLV�OHVVRQ�EHIRUH
JRLQJ�RQ�WR�WKH�QH[W�RQH���<RX·OO�EH�VXUSULVHG�KRZ�HDV\�WKLV�OHVVRQ�LV�JRLQJ�WR�EH�WKH�VHFRQG�WLPH
DURXQG�

1RZ��IROORZ�PH���,�VXJJHVW�WKDW�\RX�KROG�WKLV�ERRN�QH[W�WR�\RX�ZKHQ�\RX�ZULWH�\RXU�YHU\�ILUVW
/RJR0DWLRQ�SURJUDP���,W�ZLOO�KHOS�\RX�PDNH�VXUH�\RX�GR�HYHU\WKLQJ�DV�,�WHOO�\RX�

�� &UHDWH�D�GLUHFWRU\�LQ�ZKLFK�\RX·OO�VWRUH�\RXU�/RJR0DWLRQ�SURJUDPV���&DOO�LW�DQ\WKLQJ�\RX�OLNH�
)RU�H[DPSOH��LI�\RXU�QDPH�LV�&KDUOLH��\RX�PD\�ZDQW�WR�FDOO�LW�Charlie’s LogoMation �

�� 6WDUW�/RJR0DWLRQ���2I�FRXUVH��\RX�PLJKW�QHHG�WR�LQVWDOO�LW�ILUVW�LI�LW�LV�QRW�LQVWDOOHG�RQ�\RXU
FRPSXWHU�\HW���$QG�LI�\RX�DUH�XVLQJ�/RJR0DWLRQ�IRU�WKH�ILUVW�WLPH��\RX�ZLOO�KDYH�WR�ILOO�LQ�WKH
UHJLVWUDWLRQ�LQIRUPDWLRQ�

�� /RJR0DWLRQ�ZLOO�RSHQ�D�ZLQGRZ�LQ�ZKLFK�\RX�DUH�VXSSRVHG�WR�W\SH�\RXU�/RJR0DWLRQ�SURJUDP�
$W�WKLV�WLPH��WKH�WRS�OHIW�SDUW�RI�WKH�/RJR0DWLRQ�ZLQGRZ�ZLOO�ORRN�PRUH�RU�OHVV�OLNH�WKLV�

%HORZ�WKH�PHQX�OLQH��\RX�KDYH�\RXU�Untitled1 �ZLQGRZ��ZDLWLQJ�IRU�\RX�WR�W\SH�LQ
VRPHWKLQJ���6R��W\SH�VRPHWKLQJ��IRU�H[DPSOH��Hello, LogoMation!
%HIRUH�ZULWLQJ�\RXU�ILUVW�SURJUDP�LQ�WKLV�ZLQGRZ��LW�LV�D�JRRG�LGHD�WR�VDYH�LW�XQGHU�D�QDPH�WKDW
PDNHV�VHQVH�WR�\RX��VR�WKDW�QH[W�WLPH�\RX�ORRN�IRU�WKH�SURJUDP��\RX·OO�EH�DEOH�WR�ILQG�LW���+RZ
DERXW�FDOOLQJ�LW�Rectangle "�,Q�RUGHU�WR�JLYH�LW�D�QDPH��ZH�VDYH�LW��MXVW�OLNH�LQ�PRVW�RWKHU
DSSOLFDWLRQV�RQ�\RXU�FRPSXWHU���:H�FDQ�VDYH�LW�XVLQJ�WKH�6DYH�FRPPDQG�IURP�WKH�)LOH�PHQX��RU
E\�W\SLQJ�FRQWURO�6�²�LW�GRHV�QRW�PDWWHU���$Q\�ZD\�ZH�GR�LW��/RJR0DWLRQ�ZLOO�SRS�XS�LWV�VWDQGDUG
ILOH�GLDORJ�ZLQGRZ��DVNLQJ�\RX�WR�VHOHFW�ERWK�WKH�ILOH�QDPH�DQG�WKH�GLUHFWRU\�LW�ZLOO�EH�LQ���<RX
W\SH�Rectangle �DV�WKH�ILOH·V�QDPH��DQG�VHOHFW�WKH�GLUHFWRU\�\RX�MXVW�FUHDWHG�LQ�VWHS����LI�\RX�DUH
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QRW�IDPLOLDU�ZLWK�KRZ�WR�GR�WKLV��RU�GR�QRW�XQGHUVWDQG�ZKDW��GLUHFWRU\��LV��DVN�VRPHRQH�IRU
KHOS����1RZ�WKH�VFUHHQ�ORRNV�OLNH�WKLV�

6R�IDU��VR�JRRG���1RZ�WKDW�\RX�KDYH�VDLG�+HOOR�WR�/RJR0DWLRQ��OHW
V�HUDVH�WKLV�WH[W���:KDW�\RX
W\SHG�LV�QRW�D�/RJR0DWLRQ�SURJUDP���:H�DUH�QRZ�UHDG\�WR�W\SH�LQ�WKH�UHDO�SURJUDP�

�� :H�ZLOO�QRZ�WHOO�WKH�SHQ�WR�JR�VWUDLJKW�DKHDG�����SL[HOV���/RJR0DWLRQ�VWDUWV�GUDZLQJ�DW�WKH
FHQWHU�RI�WKH�JUDSKLFV�ZLQGRZ��\RX�GRQ·W�VHH�WKH�JUDSKLFV�ZLQGRZ�\HW��EXW�VRRQ�\RX�ZLOO����7KH
ZD\�/RJR0DWLRQ�VWDUWV�GUDZLQJ��WKH�SHQ·V�GLUHFWLRQ�LV�IURP�OHIW�WR�ULJKW��VR�LI�\RX�JR�VWUDLJKW����
SL[HOV��\RX�ZLOO�JR�IURP�WKH�JUDSKLFV�ZLQGRZ·V�FHQWHU�WR�D�SRLQW�ZKLFK�LV�����SL[HOV�WR�WKH�ULJKW
RI�WKH�VWDUWLQJ�SRLQW�
:H�WHOO�/RJR0DWLRQ�WR�JR�����SL[HOV�E\�W\SLQJ�Forward 100�DV�WKH�ILUVW�OLQH�RI�RXU�SURJUDP�

�� $IWHU�JRLQJ�IRUZDUG�����SL[HOV��ZH�QRZ�ZDQW�WR�JR�XS����SL[HOV���,Q�RUGHU�WR�FKDQJH�WKH�SHQ·V
GLUHFWLRQ��ZH�WHOO�/RJR0DWLRQ�WR�WXUQ�WKH�SHQ·V�GLUHFWLRQ�OHIW�E\����GHJUHHV���6R�WKH�VHFRQG�OLQH
RI�RXU�SURJUDP�ZLOO�EH�Left 90���1RWH�WKDW�ZKHQ�/RJR0DWLRQ�FKDQJHV�WKH�SHQ·V�GLUHFWLRQ�
QRWKLQJ�KDSSHQV�JUDSKLFDOO\���$OO�WKH�/HIW�FRPPDQG�PHDQV�LV�WKDW�WKH�QH[W�OLQH�ZLOO�EH�GUDZQ�LQ�D
GLIIHUHQW�GLUHFWLRQ�

�� <RX�PD\�KDYH�JXHVVHG�WKH�QH[W�VWDWHPHQW��D�VWDWHPHQW�LV�MXVW�D�OLQH�LQ�/RJR0DWLRQ�LQ�ZKLFK�ZH
WHOO�WKH�FRPSXWHU�WR�GR�VRPHWKLQJ���LW�LV�Forward 50���-XVW�EHIRUH�WKH�VWDWHPHQW�LV�H[HFXWHG�
ZH�DUH�DW�WKH�HQG�SRLQW�RI�WKH�SUHYLRXV�OLQH��DQG�WKH�GLUHFWLRQ�LV�IDFLQJ�XS���$W�WKH�HQG�RI�WKH
Forward 50 VWDWHPHQW�ZH�KDYH�PRYHG�XS���6R�WKH�SDUW�RI�WKH�SLFWXUH�ZKLFK�ZH�KDYH�VR�IDU
VKRXOG�EH�VRPHWKLQJ�OLNH�D�URWDWHG�/�VKDSH�

2I�FRXUVH��ZH�VWLOO�GR�QRW�KDYH�DQ\�JUDSKLFV�RQ�WKH�VFUHHQ���7KH�SLFWXUH�RI�WKH�URWDWHG�/�VKDSH�LV
LQ�RXU�PLQG�

�� ,I�ZH�QRZ�WXUQ����GHJUHHV�OHIW�DQG�JR�����SL[HOV�IRUZDUG��ZH�ZLOO�EH�GUDZLQJ�WKH�WKLUG�OLQH�LQ�RXU
UHFWDQJOH���6R�WKH�QH[W�WZR�/RJR0DWLRQ�VWDWHPHQWV�ZLOO�EH�Left 90�DQG�Forward 100��LI
\RX�DUH�QRW�VXUH�ZK\��\RX�VKRXOG�UHDG�EDFN�HQRXJK�WR�XQGHUVWDQG����%XW�ZDLW��'RQ·W�W\SH�MXVW
\HW���,�ZDQW�WR�WHOO�\RX�QRZ�DERXW�DEEUHYLDWLRQ���$EEUHYLDWLRQ�LQ�/RJR0DWLRQ�LV�ZKHQ�\RX�GR�QRW
W\SH�D�FRPPDQG�QDPH�LQ�IXOO���<RX�W\SH�MXVW�WKH�ILUVW�IHZ�OHWWHUV���)RU�H[DPSOH��WKH�IROORZLQJ�DUH
DOO�DEEUHYLDWLRQV�RI�WKH�)RUZDUG�FRPPDQG��fo��For��FORW��fOrWa���1RWH�WKDW�,�VRPHWLPHV
XVHG�XSSHU�FDVH�OHWWHUV��DQG�VRPHWLPH�ORZHU�FDVH���/RJR0DWLRQ�GRHV�QRW�FDUH�ZKLFK�RQHV�\RX
XVH�IRU�FRPPDQG�QDPHV���6R�LQVWHDG�RI�W\SLQJ�forward��\RX�FDQ�MXVW�W\SH�Fo�DQG�WKDW�ZRXOG
EH�MXVW�ILQH���/LNHZLVH��Left�FDQ�DOVR�EH�DEEUHYLDWHG��IRU�H[DPSOH��WR�Le����+RZHYHU��WRR�PXFK
DEEUHYLDWLRQ�FDQ�EH�FRQIXVLQJ�WR�/RJR0DWLRQ���)RU�H[DPSOH��D�/RJR0DWLRQ�VWDWHPHQW��ZKLFK�ZH
ZLOO�OHDUQ�ODWHU��LV�Function���1RZ��Function�DQG�Forward�ERWK�VWDUW�ZLWK�WKH�VDPH
OHWWHU��VR�LI�ZH�MXVW�ZULWH�F��/RJR0DWLRQ�ZLOO�QRW�EH�DEOH�WR�WHOO�LI�ZH�PHDQW�Function�RU
Forward���6R�LI�\RX�DEEUHYLDWH�WKH�Forward�FRPPDQG�WRR�PXFK��/RJR0DWLRQ�ZLOO�FRPSODLQ
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DERXW�LW�ZKHQ�LW�WULHV�WR�GR�ZKDW�\RX�DVNHG�LW�WR�GR���,W�ZLOO�KLJKOLJKW�WKH�OLQH�ZLWK�WKH�F
FRPPDQG�DQG�SRS�XS�D�ZLQGRZ�DVNLQJ�\RX�ZKDW�H[DFWO\�GLG�\RX�KDYH�LQ�PLQG�

:KHQ�WKDW�KDSSHQV��\RX�VLPSO\�QHHG�WR�W\SH�PRUH�OHWWHUV��$FWXDOO\��PRVW�/RJR0DWLRQ�VWDWHPHQWV
FDQ�EH�DEEUHYLDWHG�GRZQ�WR�WZR�OHWWHUV��WKHUH�DUH�H[FHSWLRQV�WR�WKLV��WKRXJK��

�� 7KH�ODVW�WZR�VWDWHPHQWV�VKRXOG�QRZ�EH�REYLRXV��WKH\�DUH�Left 90�DQG�Forward 50���7KLV
ZLOO�EULQJ�WKH�SHQ�EDFN�WR�LWV�LQLWLDO�ORFDWLRQ���<RXU�VFUHHQ�VKRXOG�QRZ�ORRN�OLNH�WKLV�

%\�WKH�ZD\��\RX�PXVW�KDYH�QRWLFHG�WKDW�/RJR0DWLRQ�FRORUV�WKH�FRPPDQGV���,W�XVHV�UHG�WR
KLJKOLJKW�WKH�FRPPDQG��DQG�EODFN�IRU�WKH�QXPEHUV���:H�ZLOO�VHH�PRUH�FRORUV�DV�ZH�JR�RQ�

�� 7KH�ELJ�PRPHQW�KDV�FRPH���:H�DUH�DERXW�WR�UXQ�WKH�SURJUDP���,Q�RUGHU�WR�GR�WKDW��VLPSO\�SUHVV
WKH�*2�EXWWRQ��RU�\RX�FDQ�MXVW�DV�ZHOO�VHOHFW�WKH�*R�FRPPDQG�IURP�WKH�5XQ�PHQX����:KDW
KDSSHQV�QH[W�LV�WKDW�/RJR0DWLRQ�FKHFNV�WKH�SURJUDP�IRU�HUURUV��DQG�LI�QRQH�DUH�IRXQG��QRQH
VKRXOG�EH�IRXQG�LI�\RX�IROORZHG�WKH�GLUHFWLRQV�DERYH���LW�RSHQV�WKH�5XQ�ZLQGRZ�DQG��IROORZLQJ
\RXU�FRPPDQGV��GUDZV�WKH�SLFWXUH�

7KDW�ZDV�D�UDWKHU�ORQJ�H[HUFLVH���1RZ�WKDW�\RX�KDYH�\RXU�ILUVW�SURJUDP�ZULWWHQ��\RX�FDQ�HQMR\�WKH
UHFWDQJOH��DQG�ZKHQ�\RX�DUH�GRQH��\RX�FDQ�JHW�ULG�RI�WKH�JUDSKLFV�ZLQGRZ��E\�FOLFNLQJ�RQ�LWV�FORVH
ER[�

1RZ�\RX�FDQ�WU\�D�IHZ�H[SHULPHQWV�RI�\RXU�RZQ�

v 7U\�WR�FKDQJH�RQH�RI�WKH�QXPEHUV�LQ�WKH�SURJUDP��FOLFN�*2�DQG�VHH�ZKDW�KDSSHQV���0DNH
VXUH�\RX�IXOO\�XQGHUVWDQG�ZK\�WKH�JUDSKLFV�DUH�WKH�ZD\�WKH\�DUH�

v 1RZ�WU\�UHSODFLQJ�RQH�RI�WKH�Left�VWDWHPHQWV�ZLWK�D�QHZ�VWDWHPHQW��Right���,W�ZLOO�EH
IDLUO\�HDV\�WR�XQGHUVWDQG�KRZ�WKDW�DIIHFWV�WKH�SLFWXUH�

v 7U\�WR�UHSODFH�D�Forward�VWDWHPHQW�ZLWK�D�Backward�DQG�VHH�ZKDW�KDSSHQV�

v 1H[W��WU\�WR�GUDZ�D�WULDQJOH�
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v /DVW��,·G�OLNH�\RX�WR�H[SHULPHQW�ZLWK�QHJDWLYH�QXPEHUV��ZKDW�KDSSHQV�LI�\RX�JR�IRUZDUG�D
QHJDWLYH�QXPEHU�RI�SL[HOV"��:KDW�KDSSHQV�LI�\RX�WXUQ�OHIW�D�QHJDWLYH�QXPEHU�RI�GHJUHHV"
7U\�LW��DQG�WU\�WR�XQGHUVWDQG�ZKDW�PDNHV�/RJR0DWLRQ�EHKDYH�WKH�ZD\�LW�GRHV�
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//HHVVVVRRQQ��%%���� //HHWW··VV��00RRYYHH��66RRPPHH��00RRUUHH
,Q�WKH�ILUVW�OHVVRQ�ZH�OHDUQHG�KRZ�WR�XVH�WKH�)RUZDUG�DQG�/HIW�VWDWHPHQWV��DQG�LI�\RX�GLG�\RXU
KRPHZRUN��\RX�DOVR�NQRZ�ZKDW�5LJKW�DQG�%DFNZDUG�GR���<RX�PD\�KDYH�DFWXDOO\�QRWLFHG�WKDW�LI�\RX
XVH�QHJDWLYH�QXPEHUV��\RX�FDQ�JHW�)RUZDUG�WR�EHKDYH�OLNH�%DFNZDUG��RU�/HIW�WR�EHKDYH�OLNH�5LJKW�
6R��IRU�H[DPSOH�

• )RUZDUG������LV�WKH�VDPH�DV�%DFNZDUG�����

• )RUZDUG�����LV�WKH�VDPH�DV�%DFNZDUG������

• /HIW����LV�WKH�VDPH�DV�5LJKW������DQG

• /HIW�����LV�WKH�VDPH�DV�5LJKW����

,Q�IDFW��/HIW�DQG�5LJKW�DUH�HYHQ�FORVHU�UHODWLYHV���6LQFH�WKHUH�DUH�����GHJUHHV�LQ�D�FLUFOH��LI�\RX�WXUQ
/HIW�����WKHQ�\RX�DUH�UHDOO\�IDFLQJ�WKH�VDPH�GLUHFWLRQ�DV�EHIRUH��VR�LW�LV�MXVW�OLNH�GRLQJ�/HIW����ZKLFK�LV
UHDOO\�GRLQJ�QRWKLQJ���1RZ��ZKDW�KDSSHQV�LI�\RX�WXUQ�/HIW����"��7KLV�LV�DOPRVW�OLNH�FRPSOHWLQJ�D����
GHJUHHV�FLUFOH��H[FHSW�WKDW�\RX�VWRS����GHJUHHV�VKRUW�RI�FRPSOHWLQJ�WKH�FLUFOH���7U\�WR�GR�LW�\RXUVHOI�
VWDQG�XS�IDFLQJ�D�FKDLU��WKHQ�WXUQ�OHIW�DOPRVW�D�IXOO�FLUFOH��EXW�QRW�TXLWH���:KHQ�\RX·UH�GRQH��\RX�DUH
QRZ�IDFLQJ�D�GLUHFWLRQ�WKDW�LV�ULJKW�RI�WKH�FKDLU���,Q�IDFW��LI�\RX�UHDOO\�WXUQHG�����GHJUHHV��ZKLFK�LV
KDUG�WR�PHDVXUH�ZKHQ�\RX�DUH�VSLQQLQJ��\RX�JHW�GL]]\���WKHQ�\RX�HQG�XS�DW�WKH�VDPH�GLUHFWLRQ�\RX
ZRXOG�IDFH�LI�\RX�WXUQHG����GHJUHHV�WR�WKH�ULJKW���/LNHZLVH��LI�\RX�ZDQW�WR�WXUQ����GHJUHHV�OHIW��\RX
FDQ�MXVW�DV�ZHOO�WXUQ�����GHJUHH�ULJKW���$QG�LQ�JHQHUDO��LI�\RX�ZDQW�WR�WXUQ�[�GHJUHHV�OHIW��\RX�FDQ�WXUQ
����[�GHJUHHV�ULJKW���$QG�YLFH�YHUVD���%XW��HQRXJK�RI�WKDW�

BBBBBBBBB

%HIRUH�ZH�FRQWLQXH��,�ZRXOG�OLNH�WR�LQWURGXFH�\RX�WR�WKH�WUDFHU�
1RWH��WKH�WUDFHU�LV�RQO\�DYDLODEOH�RQ�WKH�:LQGRZV�YHUVLRQ�RI�/RJR0DWLRQ���$�UHODWHG�IXQFWLRQDOLW\�LV
DYDLODEOH�RQ�WKH�0DF�XVLQJ�³WXUWOH�PRGH´��GHVFULEHG�LQ�6HFWLRQ�������7UDFHU�0RGH��RQ�SDJH�������,I�\RX�DUH
UXQQLQJ�RQ�D�0DF��\RX�FDQ�VNLS�WKH�GHVFULSWLRQ�RI�WKH�WUDFHU�EHORZ�

7KH�WUDFHU�KHOSV�\RX�YLVXDOL]H�WKH�PRYHPHQW�RI�WKH�SHQ���:KHQ�LW�LV�RII��GUDZLQJ�LV�GRQH�DW
PD[LPXP�VSHHG��ZKLFK�VRPHWLPHV�PLJKW�ORRN�LQVWDQWDQHRXV���)RU�H[DPSOH��LI�WKH�WUDFHU�ZDV�RII
ZKHQ�\RX�GUHZ�WKH�VTXDUH�LQ�WKH�SUHYLRXV�OHVVRQ��WKHQ�DV�VRRQ�DV�\RX�SUHVVHG�WKH�*2�EXWWRQ�\RX
VDZ�WKH�VTXDUH���7KHUH�ZDV�QR�VHQVH�RI�ZKLFK�OLQH�ZDV�GUDZQ�ILUVW��DQG�LQ�ZKDW�GLUHFWLRQ�WKH�SHQ�ZDV
PRYLQJ�DV�LW�GUHZ�WKH�VTXDUH���0DQ\�SHRSOH�DUH�KDSS\�WR�ZULWH�SURJUDPV�LQ�WKDW�ZD\��DQG�WKDW�LV�ILQH�
DV�ORQJ�DV�HYHU\WKLQJ�JRHV�DFFRUGLQJ�WR�SODQ���%XW�VRPHWLPHV�ZKDW�\RX�JHW�RQ�WKH�VFUHHQ�LV�QRW�TXLWH
ZKDW�\RX�KDG�LQWHQGHG��DQG�LW�PLJKW�QRW�EH�REYLRXV�ZKLFK�HUURQHRXV�Forward RU Right�LV�WR
EODPH����,Q�VXFK�FDVHV��\RX�PD\�ZDQW�WR�UXQ�WKLQJV�LQ�VORZ�PRWLRQ���7KDW�LV�SUHFLVHO\�ZKDW�WKH�WUDFHU
LV�IRU�

7KH�WUDFHU�LV�DFWLYDWHG�E\�VHOHFWLQJ�WKH�3HQ�7UDFHU�FRPPDQG�IURP�WKH�5XQ�PHQX�

<RX�ZLOO�QRWH�WKDW�WKHUH�LV�D�OLWWOH�FKHFN�VLJQ�WR�WKH�OHIW�RI�WKH�PHQX�FRPPDQG���7KLV�LQGLFDWHG�WKDW
WKH�WUDFHU�LV�RQ���,I�WKH�FKHFN�PDUN�LV�QRW�WKHUH��WKH�WUDFHU�LV�RII���(DFK�WLPH�\RX�VHOHFW�WKH�3HQ�7UDFHU
FRPPDQG��WKH�FKHFN�PDUN�LV�WRJJOHG��WKXV�VHWWLQJ�WKH�WUDFHU�RQ�RU�RII���/RJR0DWLRQ�UHPHPEHUV�WKH
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VHWWLQJ�RI�WKH�WUDFHU�PRGH�EHWZHHQ�/RJR0DWLRQ�VHVVLRQV���%\�WKH�ZD\��WKHUH�LV�DQRWKHU�ZD\�WR�WXUQ
WKH�WUDFHU�RQ�RU�RII�IURP�WKH�SURJUDP�LWVHOI��EXW�ZH�ZLOO�QRW�EH�WDONLQJ�DERXW�WKDW�IRU�QRZ�

:KHQ�WKH�WUDFHU�LV�RQ��\RX�ZLOO�VHH�D�OLWWOH�!�VLJQ�PRYLQJ�DORQJ�ZLWK�WKH�SHQ���7KH�GLUHFWLRQ�RI�WKH
VLJQ�VKRZV�WKH�GLUHFWLRQ�RI�WKH�SHQ�

3OD\�D�OLWWOH�ZLWK�WKH�WUDFHU���0\�DGYLFH�WR�\RX�LV�QRW�WR�HQDEOH�WKH�WUDFHU�XQOHVV�\RX�QHHG�LW��L�H���XQOHVV
VRPHWKLQJ�KDV�JRQH�ZURQJ�LQ�\RXU�SURJUDP�DQG�DIWHU�VFUDWFKLQJ�\RXU�KHDG��\RX�VWLOO�GRQ·W�NQRZ�ZKDW
LW�LV�

BBBBBBBBB

1RZ�,�ZRXOG�OLNH�WR�WHOO�\RX�DERXW�IRXU�QHZ�/RJR0DWLRQ�VWDWHPHQWV��7KH�ILUVW�LV�:LGWK���<RX�XVH
WKLV�VWDWHPHQW�WR�FRQWURO�WKH�ZLGWK�RI�WKH�OLQH�\RXU�SHQ�GUDZV���,I�\RX�GRQ·W�WHOO�/RJR0DWLRQ
RWKHUZLVH��LW�XVHV�D�SHQ�ZLWK�D�ZLGWK�RI���SL[HO���<RX�FDQ�FKDQJH�WKH�ZLGWK��IRU�H[DPSOH�E\
Width 10��ZKLFK�ZLOO�GUDZ�WKLFN�OLQHV�

7KH�QH[W�VWDWHPHQW�,·G�OLNH�WR�WHOO�\RX�DERXW�LV�Up���7KLV�LV�WKH�ILUVW�VWDWHPHQW�ZH�HQFRXQWHU�WKDW�GRHV
QRW�QHHG�DQ�DUJXPHQW���$Q�DUJXPHQW�LV�WKH�QXPEHU�WKDW�LV�SDUW�RI�D�VWDWHPHQW���)RU�H[DPSOH��LQ
Forward 50��WKH�50�LV�WKH�DUJXPHQW���6R�D�VWDWHPHQW�KDV�WZR�SDUWV��WKH�FRPPDQG��H�J�
Forward���DQG�WKH�DUJXPHQWV���7KHUH�FDQ�EH�]HUR�RU�PRUH�DUJXPHQWV�IROORZLQJ�WKH�FRPPDQG�
GHSHQGLQJ�RQ�WKH�W\SH�RI�VWDWHPHQW���$Q\ZD\��WKH�Up�VWDWHPHQW�VLPSO\�OLIWV�WKH�SHQ�XS��VR�LW�GRHV
QRW�GUDZ�ZKHQ�ZH�PRYH�LW���$IWHU�DOO��KRZ�PDQ\�LQWHUHVWLQJ�SLFWXUHV�FDQ�\RX�GUDZ�XVLQJ�D�SHQ�ZKLFK
LV�QRW�DOORZHG�WR�HYHU�EH�UDLVHG�RII�WKH�SDSHU"

&DQ�\RX�JXHVV�WKH�QH[W�VWDWHPHQW"��,W�LV�'RZQ��ZKLFK�LV�MXVW�WKH�RSSRVLWH�RI�Up���,I�\RXU�SHQ�ZDV
PRYLQJ�LQ�WKH�8S�SRVLWLRQ�WKHQ�Down�ZLOO�EULQJ�LW�GRZQ�VR�LW�FDQ�GUDZ�DJDLQ�

:KDW�LI�\RXU�SHQ�ZDV�DOUHDG\�XS�ZKHQ�\RX�XVHG�WKH�8S�VWDWHPHQW"��7KH�DQVZHU��QRWKLQJ�ZLOO�KDSSHQ�
DQG�WKH�SHQ�ZLOO�VWLOO�VWD\�XS���/LNHZLVH��LI�WKH�SHQ�ZDV�GRZQ�DQG�\RX�XVH�D�'RZQ�VWDWHPHQW��LW�ZLOO
VWD\�GRZQ�DQG�QR�KDUP�ZLOO�EH�GRQH�

8VLQJ�WKHVH�WKUHH�QHZ�VWDWHPHQWV��\RX�FDQ�GUDZ�TXLWH�D�ORW�RI�LQWHUHVWLQJ�WKLQJV���7KH�QH[W�VWDWHPHQW
WKDW�,·OO�WHOO�\RX�DERXW�ZLOO�VDYH�\RX�W\SLQJ���7KH�VWDWHPHQW�LV�5HSHDW��DQG�XVLQJ�LW�\RX�FDQ�WHOO
/RJR0DWLRQ�WR�H[HFXWH�D�EXQFK�RI�VWDWHPHQWV�VHYHUDO�WLPHV���/HW�PH�GHPRQVWUDWH�

6XSSRVH�\RX�ZDQWHG�WR�GUDZ�D�VTXDUH�ZLWK�HDFK�VLGH�EHLQJ�����SL[HOV�ORQJ��DQG�WKHQ�WR�OLIW�WKH�SHQ
XS����+HUH�LV�D�SURJUDP�WKDW�GRHV�LW�

Forward 100
Left 90
Forward 100
Left 90
Forward 100
Left 90
Forward 100
Left 90
Up

$FWXDOO\��ZKHQ�,�W\SHG�WKLV�SURJUDP��,�GLG�QRW�UHDOO\�W\SH�HYHU\�RQH�RI�WKH�QLQH�OLQHV���,QVWHDG��,�MXVW
W\SHG�WKH�ILUVW�WZR�OLQHV��DQG�XVLQJ�WKH�HGLWRU·V�FRS\�DQG�SDVWH�PHQX�FRPPDQGV��,�UHSOLFDWHG�WKHP
IRXU�WLPHV���7KHQ�,�DGGHG�WKH�ODVW�OLQH�
:KHQ�\RX�XVH�WKH�5HSHDW�VWDWHPHQW��/RJR0DWLRQ�GRHV�WKLV�DXWRPDWLFDOO\�IRU�\RX���+HUH�LV�D
/RJR0DWLRQ�SURJUDP�WKDW�GUDZV�WKH�VDPH�VTXDUH��EXW�KDV�RQO\�IRXU�OLQHV�
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Repeat 4
Forward 100
Left 90

Up

1RZ��OHW·V�VHH�KRZ�LW�ZRUN���:KHQ�/RJR0DWLRQ VHHV�WKH�Repeat 4�VWDWHPHQW��LW�NQRZV�WKDW�LW�KDV
WR�UHSHDW�WKH�VWDWHPHQWV�WKDW�IROORZ�IRXU�WLPHV���%XW�KRZ�GRHV�LW�NQRZ�KRZ�PDQ\�OLQHV�WR�UHSHDW"
6LPSO\�²�E\�QRWLQJ�WKDW�WKH�VWDWHPHQWV�WR�EH�UHSHDWHG��)RUZDUG�DQG�/HIW��DUH�LQGHQWHG��WKDW�LV��WKH\
GR�QRW�VWDUW�DW�WKH�EHJLQQLQJ�RI�WKH�OLQH���8S�WLOO�QRZ�,�GLG�QRW�WHOO�\RX�ZKHWKHU�\RX�FRXOG�XVH�VSDFHV
DW�WKH�EHJLQQLQJ�RI�WKH�OLQHV��EHIRUH�WKH�ILUVW�OHWWHU���1RZ�,�GR��\RX�FDQ���<RX�FDQ�VWDUW�D�VWDWHPHQW�LQ
WKH�PLGGOH�RI�WKH�OLQH��LI�\RX�OLNH��DQG�KDYH�DQ\�QXPEHU�RI�VSDFHV�EHWZHHQ�WKH�FRPPDQG�DQG�WKH
DUJXPHQW��DQG�LQ�EHWZHHQ�WKH�DUJXPHQWV���6SDFHV�GR�QRW�PDWWHU�PXFK�WR�/RJR0DWLRQ H[FHSW�ZKHQ�LW
KDV�WR�JURXS�VWDWHPHQWV�WRJHWKHU���$�JURXS�RI�VWDWHPHQWV�VKRXOG�EH�LQGHQWHG�UHODWLYH�WR�WKH�VWDWHPHQW
WKDW�VWDUWV�WKH�JURXS���,Q�RXU�H[DPSOH��WKH�5HSHDW�VWDWHPHQW�VWDUWV�DW�WKH�EHJLQQLQJ�RI�WKH�OLQH���$V
ORQJ�DV�WKH�VWDWHPHQWV�WKDW�IROORZ�WKH�5HSHDW�GR�QRW�VWDUW�DW�WKH�EHJLQQLQJ�RI�WKH�OLQH��/RJR0DWLRQ
NQRZV�WKDW�WKH\�DUH�UHODWHG�WR�WKH�5HSHDW���6R��/RJR0DWLRQ NQRZV�WKDW�Forward�LV�SDUW�RI�WKH
5HSHDW�JURXS��DV�ZHOO�DV�Left���%XW�ZKHQ�LW�UHDGV�WKH�QH[W�VWDWHPHQW��Up���LW�QRWLFH�WKDW�LW�LV�QRW
LQGHQWHG�UHODWLYH�WR�WKH�5HSHDW��VR�WKDW�PXVW�EH�WKH�HQG�RI�WKH�5HSHDW�JURXS�

$FWXDOO\��\RX�PD\�QRWLFH�WKDW�ZKHQ�\RX�W\SH�D�VSDFH�DW�WKH�EHJLQQLQJ�RI�WKH�OLQH��\RX�JHW�PRUH�WKDQ
RQH�VSDFH�²�\RX�JHW�IRXU���7KLV�LV�EHFDXVH�/RJR0DWLRQ ZDQWV�WR�KHOS�\RX�VHH�WKH�LQGHQWDWLRQ��DQG
VRPHWLPHV�D�VLQJOH�VSDFH�LV�MXVW�QRW�FOHDU�HQRXJK���$QG�MXVW�OLNH�D�VLQJOH�VSDFH�W\SHG�DW�WKH�EHJLQQLQJ
RI�WKH�OLQH�LQGHQWV�IRXU�VSDFH�WR�WKH�ULJKW��GHOHWLQJ�RQH�RI�WKH�VSDFHV�DW�WKH�EHJLQQLQJ�RI�D�OLQH�LQGHQWV
WKH�OLQH�IRXU�VSDFHV�WR�WKH�OHIW���,W�DOVR�MXPSV�WKH�FXUVRU�WR�WKH�ILUVW�OHWWHU�LQ�WKH�OLQH���$QG�ODVW��\RX
PD\�KDYH�QRWLFHG�WKDW�LI�WKH�OLQH�\RX
UH�DW�LV�LQGHQWHG��WKHQ�ZKHQ�\RX�W\SH�D�UHWXUQ��QHZ�OLQH��
/RJR0DWLRQ�LQGHQWV�WKH�QH[W�OLQH�WKH�VDPH�ZD\�WKH�SUHYLRXV�RQH�LV�LQGHQWHG���7KLV�LV�WR�KHOS�\RX
ZULWH�D�ORQJ�LQGHQWHG�SDUDJUDSK���:KHQ�\RX
UH�GRQH�LQGHQWLQJ��MXVW�GHOHWH�WKH�H[WUD�EODQNV�DW�WKH
EHJLQQLQJ�RI�WKH�QH[W�OLQH�

+HUH�LV�ZKDW�WKH�VFUHHQ�ORRNV�OLNH�DIWHU�\RX�W\SH�LQ�WKH�SURJUDP�

<RX�ZLOO�QRWH�WKDW�WKH�5HSHDW�FRPPDQG�LV�SXUSOH�DQG�QRW�UHG���/RJR0DWLRQ�XVHV�SXUSOH�WR�LQGLFDWH�D
FRPSRXQG�VWDWHPHQW��WKDW�LV��D�VWDWHPHQW�WKDW�PRGLILHV�WKH�EHKDYLRU�RI�RWKHU�VWDWHPHQWV�WKDW�IROORZ�LW
DQG�DUH�LQGHQWHG�UHODWLYH�WR�LW�

'R�\RX�WKLQN�ZH�FDQ�KDYH�D�5HSHDW�LQVLGH�DQRWKHU�5HSHDW"��7KH�DQVZHU�LV�\HV���,W�LV�DFWXDOO\�YHU\
XVHIXO���)RU�H[DPSOH��VXSSRVH�ZH�ZDQWHG�WR�GUDZ�ILYH�OLWWOH�ER[HV��VLGH�E\�VLGH���+HUH�LV�D�VFUHHQ�VKRW
RI�WKH�SURJUDP�WKDW�GRHV�LW��DQG�WKH�UHVXOWLQJ�5XQ�ZLQGRZ��7U\�WR�W\SH�WKLV�SURJUDP�LQ�DQG�VHH�LI�\RX
JHW�WKH�SLFWXUH�EHORZ�ZKHQ�\RX�UXQ�LW�
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%HIRUH�HQGLQJ�WKLV�OHVVRQ��,�ZRXOG�OLNH�WR�PHQWLRQ�FRPPHQWV���&RPPHQWV�DUH�UHPDUNV�ZULWWHQ�LQ
(QJOLVK��RU�DQ\�RWKHU�ODQJXDJH�WKDW�\RX�FDUH�WR�ZULWH�LQ����7KH\�DUH�WRWDOO\�LJQRUHG�E\�/RJR0DWLRQ�
DQG�WKHLU�VROH�SXUSRVH�LV�WR�OHW�\RX�GHVFULEH�ZKDW�WKH�SURJUDP�GRHV��LQ�FDVH�\RX�ZLOO�IRUJHW�WKH�QH[W
WLPH�\RX�UHDG�LW���,I�\RX�QHYHU�ZURWH�SURJUDPV�EHIRUH��WKLV�PD\�VHHP�OLNH�D�VLOO\�LGHD��ZK\�VKRXOG�\RX
VSHQG�WKH�WLPH�DQG�ZULWH�WKHVH�FRPPHQWV��LI�/RJR0DWLRQ�LJQRUHV�WKHP"�,VQ·W�LW�WUXH�WKDW�ZKDW�WKH
SURJUDP�GRHV�LV�REYLRXV�IURP�MXVW�UHDGLQJ�LW"��:HOO��WKH�DQVZHU�LV�WKDW�ZKDW�WKH�SURJUDP�GRHV�LV
XVXDOO\�REYLRXV�WR�\RX�ZKHQ�\RX�ZULWH�WKH�SURJUDP��EXW�WKH�QH[W�WLPH�\RX�UHDG�LW��ZKLFK�FRXOG�EH
RQO\�D�IHZ�KRXUV�ODWHU��\RX�PD\�QRW�UHPHPEHU�ZKHUH�H[DFWO\�GRHV�HYHU\WKLQJ�EHORQJ���7KLV�LV
HVSHFLDOO\�WUXH�IRU�ODUJHU�SURJUDPV��SURJUDPV�WKDW�WDNH�WHQV�DQG�HYHQ�KXQGUHGV�RI�OLQHV�
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$�FRPPHQW�LV�VRPHWKLQJ�WKDW�VWDUWV�ZLWK�WZR�VODVKHV��//�DQG�HQGV�DW�WKH�HQG�RI�WKH�OLQH���,I�\RX�VWDUW�D
OLQH�ZLWK�WZR�VODVKHV��WKH�UHVW�RI�WKH�OLQH�LV�D�FRPPHQW���1RWH�WKDW�LQ�RUGHU�IRU�/RJR0DWLRQ�WR�EH�DEOH
WR�WHOO�ZKHUH�D�FRPPHQW�VWDUWV��\RX�PXVW�QRW�SXW�DQ\�VSDFHV�LQ�EHWZHHQ�WKH�WZR�VODVKHV���$OVR��EODQN
OLQHV�FDQ�EH�SXW�DQ\ZKHUH��WR�LPSURYH�WKH�´ORRNVµ�RI�WKH�SURJUDP���/HW·V�HQG�WKLV�OHVVRQ�ZLWK�WKH
VDPH�SURJUDP�DV�EHIRUH��WKLV�WLPH�ZLWK�VRPH�FRPPHQWV���$V�\RX�FDQ�VHH��/RJR0DWLRQ�FRORUV
FRPPHQWV�LQ�JUHHQ���,W�GRHV�LW�VR�WKDW�WKH\�VWDQG�RXW��DQG�DOVR�VR�WKDW�WKH\�DUH�HDVLO\�GLVWLQJXLVKDEOH
IURP�WKH�´UHDOµ�SURJUDP�

'RHV�WKH�SURJUDP�ORRN�QLFHU�QRZ"��<RX�GRQ·W�KDYH�WR�DJUHH�ZLWK�PH��EXW�,�WKLQN�LW�GRHV���'R�\RX
IXOO\�XQGHUVWDQG�KRZ�WKH�SURJUDP�GUDZV�ILYH�VTXDUHV"��,I�QRW��UHDG�LW�DJDLQ�WLOO�\RX�GR�

1RZ�IRU�WKH�H[HUFLVHV�
½ 'UDZ�D�VWDLUFDVH��VRPHWKLQJ�OLNH�WKH�IROORZLQJ���%\�WKH�ZD\��P\�SURJUDP�KDG�ILYH�VWDWHPHQWV�

+RZ�PDQ\�GLG�\RXUV�KDYH"
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½ 'UDZ�D�EODFN�VTXDUH��KLQW��ILUVW�GUDZ�D�SLFWXUH�OLNH�WKH�RQH�RQ�WKH�OHIW��WKHQ�VHW�WKH�OLQH�ZLGWK
VXFK�WKDW�WKH�OLQHV�DFWXDOO\�FRYHU�WKH�HQWLUH�DUHD����,Q�WKH�QH[W�OHVVRQ�ZH�ZLOO�OHDUQ�HDVLHU�ZD\V�WR
ILOO�DUHDV�

����������� ������

½ 'UDZ�WKUHH�VWDUV�

,Q�RUGHU�WR�GUDZ�D�VWDU��\RX�ZLOO�KDYH�WR�JR�)RUZDUG��WXUQ�/HIW��DQG�DJDLQ�JR�IRUZDUG�DQG�OHIW�
ILYH�WLPHV�DOWRJHWKHU��,�KRSH�\RX�DUH�XVLQJ�Repeat�DQG�QRW�MXVW�FRS\LQJ�WKH�FRGH�ILYH�WLPHV��
+RZ�PXFK�OHIW�GR�\RX�KDYH�WR�WXUQ"��+HUH�LV�RQH�QLFH�IHDWXUH�RI�/RJR0DWLRQ��\RX�FDQ�HLWKHU
WKLQN�DERXW�LW��FRPH�XS�ZLWK�WKH�QXPEHU�DQG�KDYH�LW�ZRUN�WKH�ILUVW�WLPH��RU�VLPSO\�WU\�GLIIHUHQW
QXPEHUV�WLOO�\RX�JHW�WKH�ULJKW�RQH����,·OO�JLYH�\RX�WZR�KLQWV��RQH�IRU�ILQGLQJ�WKH�QXPEHU�RI�GHJUHHV
E\�WULDO�DQG�HUURU��WKH�RWKHU�IRU�ILQGLQJ�WKH�QXPEHU�E\�WKLQNLQJ�

v 7ULDO�DQG�HUURU��7KLQN�DERXW�WKH�DQJOH�EHWZHHQ�WZR�OLQHV���,W�LV�FOHDUO\�PRUH�WKHQ����GHJUHHV��DQG
LV�FOHDUO\�OHVV�WKHQ�����GHJUHHV���7U\�VRPHWKLQJ�LQ�WKH�PLGGOH��IRU�H[DPSOH��������:ULWH�WKH
SURJUDP�XVLQJ Left 160��DQG�UXQ�LW���'RHV�WKH�HQG�RI�WKH�ILIWK�OLQH�WRXFK�WKH�EHJLQQLQJ�RI
WKH�ILUVW"��'LG�\RX�WXUQ�OHIW�WRR�PXFK��RU�WRR�OLWWOH"��,I�WRR�PXFK��WU\�ORZHULQJ�WKH�QXPEHU��PD\EH
WR�������,V�LW�WRR�OLWWOH"��,I�LW�LV��LW�PXVW�EH�EHWZHHQ�����DQG�������&RQWLQXH�WU\LQJ�

v 7KLQNLQJ��LPDJLQH�\RXUVHOI�DW�WKH�SHQ��ZDONLQJ�DORQJ�WKH�OLQHV�WKDW�PDNH�WKH�VWDU���$V�\RX�JR�
NHHS�ORRNLQJ�DW�WKH�FHQWHU�RI�WKH�VWDU���+RZ�PDQ\�WLPHV�GLG�\RX�KDYH�WR�JR�DURXQG�LW"��(DFK
FRPSOHWH�FLUFOH�DURXQG�WKH�FHQWHU�LV�����GHJUHHV���,I�\RX�NQRZ�KRZ�PDQ\�GHJUHHV�\RX�KDG�WR�WXUQ�
DQG�VLQFH�\RX�NQRZ�KRZ�PDQ\�WLPHV�\RX�KDG�WR�WXUQ��WKH�UHVW�LV�D�VLPSOH�PDWK�H[HUFLVH�
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//HHVVVVRRQQ��&&���� 77HH[[WW����&&RROORRUU����DDQQGG��))LLOOOO
6RPHWLPHV�LW�LV�XVHIXO�WR�DGG�VRPH�WH[W�WR�D�SLFWXUH���:H�GR�LW�ZLWK�WKH�3ULQW�VWDWHPHQW��7KH�3ULQW
VWDWHPHQW�FDQ�SULQW�QXPEHUV�RU�VWULQJV��$�VWULQJ�LV�DQ\�VHTXHQFH�RI�FKDUDFWHUV�²�OHWWHUV��GLJLWV��VSDFHV�
DQG�DQ\�RWKHU�FKDUDFWHU���6WULQJV�KDYH�WR�EH�SXW�LQVLGH�TXRWHV���7KH�TXRWHV�DUH�QRW�SULQWHG��WKH\
VLPSO\�KHOS�/RJR0DWLRQ�WR�NQRZ�ZKHUH�LV�WKH�EHJLQQLQJ�DQG�ZKHUH�LV�WKH�HQG�RI�WKH�VWULQJ���7KH
IROORZLQJ�DUH�DOO�YDOLG�3ULQW�VWDWHPHQWV�

Print 3 // simply print the number three
Print "3" // the same thing
Print 3.14 // print just that: 3.14
Print "A B C" // prints the letters A, B and C with spaces in between.

-XVW�OLNH�LQ�PRVW�ZRUG�SURFHVVRUV��/RJR0DWLRQ�DOORZV�\RX�WR�FKDQJH�WKH�VKDSH��WKH�VL]H�DQG�HYHQ�WKH
DQJOH�RI�WKH�SULQWHG�WH[W��EXW�OHW·V�QRW�ZRUU\�DERXW�WKDW�IRU�QRZ���1HHGOHVV�WR�VD\��SULQWLQJ�LV�GRQH�DW
WKH�FXUUHQW�SHQ�SRVLWLRQ���3ULQWLQJ�LV�GRQH�HYHQ�LI�WKH�SHQ�LV�XS���6R�WKH�IROORZLQJ�FRGH�

Left 45
Print "Start"
Forward 25
Print "Mid"
Up
Forward 25
Print "End"

ZLOO�GLVSOD\�

0DNH�VXUH�WKDW�\RX�XQGHUVWDQG�ZK\�WKLV�OLWWOH�SURJUDP�ZRUNV�WKH�ZD\�LW�GRHV�

:KHQ�\RX�SULQW�D�VWULQJ��\RX�FDQ�SXW�DQ\�OHWWHU�\RX�ZDQW�LQVLGH�WKH�TXRWHV��H[FHSW�IRU�TXRWHV���,I�\RX
UHDOO\�KDYH�WR�SULQW�WKH�TXRWH�VLJQ��\RX�VKRXOG�SUHFHGH�LW�ZLWK�D�EDFN�VODVK��OLNH�WKDW�

Print "And then he said, \"Quiet!\""

ZKLFK�ZRXOG�SULQW
And then he said, "Quiet!"

$V�,�KDYH�VDLG��3ULQW�GLVSOD\V�WKH�WH[W�VWDUWLQJ�DW�WKH�FXUUHQW�SHQ�SRVLWLRQ���$V�WKH�H[DPSOH�DERYH
GHPRQVWUDWHV��WKH�SHQ
V�SRVLWLRQ�GRHV�QRW�FKDQJH�DIWHU�WKH�SULQWLQJ���6RPHWLPHV�LW�LV�QHFHVVDU\�WR
PRYH�WKH�SHQ�WR�WKH�HQG�RI�WKH�SULQWHG�VWULQJ���7KLV�LV�GRQH�E\�DGGLQJ�D�VHFRQG�DUJXPHQW�WR�WKH�3ULQW
VWDWHPHQW���7KH�DUJXPHQW�VKRXOG�EH�D�QXPEHU���,I�WKLV�QXPEHU�LV�]HUR��WKH�SHQ�GRHV�QRW�PRYH�DIWHU
SULQWLQJ���$Q\�RWKHU�QXPEHU��H�J������ZLOO�FDXVH�WKH�SHQ�WR�PRYH�WR�WKH�HQG�RI�WKH�SULQWHG�VWULQJ�
([DPSOH�RI�VXFK�D�VWDWHPHQW�

Print "two words", 1

6R��WKH�3ULQW�VWDWHPHQW�LV�WKH�ILUVW�VWDWHPHQW�WKDW�ZH�HQFRXQWHU�WKDW�FDQ�KDYH�PRUH�WKHQ�RQH
DUJXPHQW���,Q�IDFW��LW�LV�WKH�ILUVW�VWDWHPHQW�WKDW�ZH�HQFRXQWHU�ZKLFK�FDQ�KDYH�GLIIHUHQW�QXPEHU�RI
DUJXPHQWV�²�RQH�DQG�WZR���7KHUH�DUH�RWKHU�VWDWHPHQWV�LQ�/RJR0DWLRQ�ZKLFK�FDQ�KDYH�GLIIHUHQW
QXPEHU�RI�DUJXPHQWV��DQG�LQ�IDFW�HYHQ�WKH�IDPLOLDU�8S�DQG�'RZQ�VWDWHPHQWV�FDQ�KDYH�GLIIHUHQW
QXPEHU�RI�DUJXPHQWV�
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7R�DFWXDOO\�VHH�ZKDW�KDSSHQV�LI�ZH�DGG�WKH�DUJXPHQW�WR�WKH�3ULQW�VWDWHPHQWV��OHW·V�DGG�LW�WR�WKH�FRGH
IURP�WKH�SUHYLRXV�H[DPSOH�

Left 45
Print "Start", 1
Forward 25
Print "Mid", 1
Up
Forward 25
Print "End", 1

ZH�JHW�

1RWH�KRZ�WKH�OLQH�VWDUWV�ZKHUH��6WDUW��HQGV���'R�QRW�JR�RQ�UHDGLQJ�EHIRUH�\RX�IXOO\�XQGHUVWDQG�WKLV
H[DPSOH�

BBBBBBBBB

/HW
V�WXUQ�QRZ�WR�DQRWKHU�VXEMHFW��FRORUV���,I�\RX�KDYH�D�%	:��EODFN�DQG�ZKLWH��VFUHHQ��\RX�ZRXOG
SUREDEO\�QRW�EH�YHU\�LQWHUHVWHG��EXW�LI�\RX�KDYH�D�FRORU�GLVSOD\��\RX·UH�JRQQD�ORYH�LW���0RVW
FRPSXWHUV�QRZDGD\V�KDYH�FRORU�GLVSOD\V��DQG�,�FHUWDLQO\�KRSH�\RX�KDYH�RQH���,I�\RX�GR��DQG�\RX�ORRN
YHU\�FORVHO\�DW�WKH�VFUHHQ��\RX�ZLOO�EH�DEOH�WR�VHH�WKDW�HDFK�SL[HO�LV�PDGH�RI�D�WLQ\�UHG�GRW��D�WLQ\�JUHHQ
GRW��DQG�D�WLQ\�EOXH�GRW���,W�PLJKW�EH�KDUG�WR�VHH�RQ�D�FRPSXWHU�GLVSOD\��EXW�RQ�D�79�VFUHHQ�ZKHUH
HDFK�SL[HO�LV�PXFK�ELJJHU��\RX
OO�EH�DEOH�WR�VHH�WKHVH�GRWV�TXLWH�FOHDUO\����7KH�ZD\�\RXU�79��DV�ZHOO�DV
WKH�FRPSXWHU�PRQLWRU��GLVSOD\V�D�FRORU�LQ�D�SL[HO�LV�E\�LOOXPLQDWLQJ�HDFK�RI�WKH�WKUHH�FRORUV�VR�WKDW
IURP�D�GLVWDQFH�WKH\�ORRN�OLNH�RQH�GRW��ZLWK�WKH�UHTXLUHG�FRORU���)RU�H[DPSOH��LI�WKH�WLQ\�UHG�GRW�LV
EULJKW�ZKLOH�WKH�JUHHQ�DQG�EOXH�GRWV�DUH�GDUN��\RX
OO�VHH�D�UHG�FRORU���,I�ERWK�WKH�UHG�DQG�WKH�JUHHQ�DUH
RQ�DQG�WKH�EOXH�LV�RII��\RX
OO�JHW�D�\HOORZ���,I�DOO�WKUHH�FRORUV�DUH�RQ��\RX
OO�JHW�ZKLWH��DQG�LI�QRQH�LV�RQ
\RX
OO�JHW�EODFN��GRQ
W�JHW�FRQIXVHG�ZLWK�WKH�ZD\�´UHDOµ�FRORUV��OLNH�ZDWHU�FRORUV�RU�FUD\RQV��DUH
PL[HG���,I�\RX�PL[�D�´UHDOµ�UHG�FRORU�ZLWK�D�JUHHQ��\RX�ZLOO�QRW�JHW�D�\HOORZ���7KDW�LV�EHFDXVH�UHDO
FRORUV�ZRUN�E\�DEVRUELQJ�OLJKW�DQG�OHWWLQJ�RQO\�OLJKW�ZLWK�WKH�ULJKW�FRORU�WR�JR�WKURXJK��

&RPSXWHU�SHRSOH�FDOO�WKH�WKUHH�FRORUV�5*%��IRU�5HG��*UHHQ�DQG�%OXH���(DFK�RI�WKH�WKUHH�FRORUV�LV
VSHFLILHG�E\�LWV�LQWHQVLW\��ZKLFK�LV�D�PHDVXUH�RI�KRZ�EULJKW�LW�VKLQHV���,Q�/RJR0DWLRQ��D�QXPEHU�LQ�WKH
UDQJH���WR���VSHFLILHV�WKH�LQWHQVLW\��ZKHUH���LV�WKH�ORZHVW�LQWHQVLW\��FRORU�LV�RII���DQG���LV�WKH�EULJKWHVW
LW�FDQ�JHW���)RU�H[DPSOH������ZRXOG�EH�KDOI�LQWHQVLW\�
7KH�ZD\�ZH�WHOO�/RJR0DWLRQ�WR�FKDQJH�WKH�FRORU�RI�WKH�SHQ�LV�ZLWK�WKH�&RORU�VWDWHPHQW��ZKLFK
UHTXLUHV�WKUHH�DUJXPHQWV��UHG��JUHHQ�DQG�EOXH���+HUH�DUH�VRPH�H[DPSOHV�

Color 0,0,0 // black
Color 1,1,1 // white
Color 1, 0, 0 // bright red
Color 0, 0, 1 // bright blue
Color 0.3, 0, 0 // darkish red

�����������������������������������������������������

� 1RWH��LQ�VRPH�6RQ\�GLVSOD\V�\RX�ZLOO�VHH�VWULSHV�RI�UHG��JUHHQ�DQG�EOXH��DV�RSSRVHG�WR�OLWWOH�GRWV�
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$W�WKLV�SRLQW�\RX�PD\�ZRQGHU��KRZ�DP�,�HYHU�JRLQJ�WR�WHOO�/RJR0DWLRQ�WR�GLVSOD\�WKH�FRORU�,�KDYH�LQ
PLQG"��)RU�H[DPSOH��ZKDW�LV�WKH�5*%�RI�OLJKW�EURZQ"��:KDW�LV�WKH�5*%�RI�1DY\�EOXH�RU�GDUN�SXUSOH
RU�OLJKW�SLQN"��/XFNLO\��/RJR0DWLRQ�SURYLGHV�D�FRORU�SLFNHU���$OO�\RX�KDYH�WR�GR�LV�WR�SRVLWLRQ�WKH
FXUVRU�ZKHUH�\RX�ZDQW�WKH�5*%�FRORUV�WR�EH�W\SHG��DQG�WKHQ�XVH�WKH�6HOHFW�D�&RORU�FRPPDQG�IURP
WKH�7RROV�PHQX���'RLQJ�VR�ZLOO�SRS�XS�WKH�FRORU�SLFNHU��DQG�\RX�ZLOO�EH�DEOH�WR�SLFN�WKH�FRORU�RI
\RXU�FKRLFH���:KHQ�\RX�SLFNHU�WKH�FRORU��FOLFN�2.��DQG�/RJR0DWLRQ�ZLOO�W\SH�WKH�5*%�QXPEHUV�IRU
\RX���,I�\RX�ZDQW�WR�FKDQJH�D�FRORU��VLPSO\�VHOHFW�WKH�5*%�QXPEHUV�LQ�WKH�HGLWRU�DQG�LQYRNH�WKH
FRORU�SLFNHU���1RWH�WKDW�\RX�VKRXOG�VHOHFW�RQO\�WKH�WKUHH�QXPEHUV�²�QRW�DQ\�RWKHU�SDUW�RI�WKH�&RORU
VWDWHPHQW���7KH�FRORU�SLFNHU�QRZ�ZRXOG�GLVSOD\�ERWK�WKH�ROG�FRORU�DQG�WKH�QHZ�RQH��DOORZLQJ�\RX�WR
FRPSDUH�WKH�WZR�

<RX�FDQ�VZLWFK�FRORUV�DQ\�WLPH�LQ�D�/RJR0DWLRQ�SURJUDP���(YHU\�OLQH�ZKLFK�WKH�SHQ�GUDZV�DIWHU�D
FRORU�FKDQJH�ZLOO�XVH�WKH�QHZ�FRORU�³�XQOHVV�\RX�FKDQJH�WKH�FRORU�DJDLQ�

BBBBBBBBB

:KLOH�ZH�DUH�XVLQJ�WKH�7RROV�PHQX��PD\EH�LW�LV�WLPH�WR�OHDUQ�DERXW�WKUHH�RWKHU�WLPH�VDYLQJ�WRROV�
ZKLFK�DUH�DYDLODEOH�LQ�WKH�VDPH�PHQX���7KHVH�DUH�%HDXWLI\��,QGHQW�/HIW�DQG�,QGHQW�5LJKW�

%HDXWLI\�UHDGV�\RXU�SURJUDP��DQG�FRQYHUWV�FRPPDQGV�WR�FDSLWDOL]HG�ZRUGV��IXOO\�VSHOOHG�RXW���6R�LI
\RX�KDG�DQ�LE�FRPPDQG��IRU�H[DPSOH��WKHQ�%HDXWLI\�ZLOO�FRQYHUW�LW�WR�Left���<RX�FDQ�DOVR�XVH�FWUO�
%�WR�DFKLHYH�WKH�VDPH�WKLQJ��QRWH��RQ�0DFLQWRVK�FRPSXWHUV��\RX�XVH�RSWLRQ�%�LQVWHDG�RI�FWUO�%���7KH
VDPH�LV�WUXH�IRU�RWKHU�FRQWURO�VHTXHQFHV����7KH�%HDXWLI\�PHQX�FRPPDQG�ZRUNV�RQ�WKH�VHOHFWHG�OLQHV
RU�RQ�WKH�FXUUHQW�OLQH�LI�QRWKLQJ�LV�VHOHFWHG���$�FRPPRQ�SUDFWLFH�LV�WR�VHOHFW�DOO�WKH�OLQHV�LQ�WKH�EXIIHU
EHIRUH�EHDXWLI\LQJ��VHOHFWLQJ�DOO�OLQHV�LV�GRQH�HLWKHU�E\�GUDJJLQJ�WKH�PRXVH�RYHU�WKHP��RU�EHWWHU��E\
XVLQJ�WKH�6HOHFW�$OO�PHQX�FRPPDQG��FWUO�$�IRU�VKRUW��

7KH�,QGHQW�/HIW�DQG�,QGHQW�5LJKW�PHQX�FRPPDQGV�KHOS�\RX�LQGHQW�D�HQWLUH�UHJLRQ�ULJKW�RU�OHIW���,I
QRWKLQJ�LV�VHOHFWHG��,QGHQW�5LJKW�LQGHQWV�WKH�FXUUHQW�OLQH��SOXV�VHOHFW�LW���<RX�FDQ�XVH�FWUO�@�DV�D
VKRUWFXW�IRU�,QGHQW�5LJKW���/LNHZLVH��,QGHQW�/HIW�UHPRYHV�EODQNV��LI�DQ\��DW�WKH�EHJLQQLQJ�RI�WKH
OLQH���<RX�FDQ�XVH�FWUO�>�DV�D�VKRUWFXW�IRU�,QGHQW�/HIW���,I�VHYHUDO�OLQHV�DUH�VHOHFWHG��WKH�LQGHQWDWLRQ
PHQX�FRPPDQGV�LQGHQW�WKH�HQWLUH�EORFN�RI�OLQHV�DQG�VHOHFW�LW���7KH�VHOHFWLQJ�RI�WKH�OLQHV�DIWHU�WKH
LQGHQWDWLRQ�KHOSV�LI�\RX�ZDQW�WR�LQGHQW�VRPH�PRUH���)RU�H[DPSOH��\RX�FDQ�W\SH�WZR�FWUO�@�DQG�LQGHQW
ULJKW�E\���EODQNV�

BBBBBBBBB

,I�\RX�GLG�\RXU�KRPHZRUN�IRU�/HVVRQ����\RX�NQRZ�WKDW�LW�LV�SRVVLEOH�WR�ILOO�D�VKDSH�E\�GUDZLQJ�LQVLGH
LW�XVLQJ�D�WKLFN�SHQ���%XW�IRU�DQ\WKLQJ�RWKHU�WKDQ�UHFWDQJOHV��WKLV�LV�UHDOO\�SUHWW\�KDUG���:H�DUH�QRZ
JRLQJ�WR�OHDUQ�DERXW�WKH�)LOO�VWDWHPHQW�

7KH�)LOO�VWDWHPHQW�WHOOV�/RJR0DWLRQ�WR�ILOO�WKH�VWXII�LQVLGH�D�FORVHG�SDWK�WKDW�WKH�SHQ�PDNHV���/LNH
5HSHDW��ZH�XVH�LQGHQWDWLRQ�LQ�RUGHU�WR�WHOO�/RJR0DWLRQ�ZKLFK�SHQ�PRYHPHQW�VWDWHPHQWV�DUH�LQFOXGHG
LQ�WKH�DUHD�ZKLFK�VKRXOG�EH�ILOOHG���+HUH�LV�DQ�H[DPSOH�

Down // just in case the pen was up
Fill // we start filling:

Repeat 6 // ready to plot a hexagon -
Forward 50 // by drawing 20 pixels lines
Right 60 // with 60 degrees between them

Up // done Repeat, done Fill

:KHQ�ZH�UXQ�WKH�SURJUDP��ZH�JHW
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7R�XQGHUVWDQG�ZK\�ZH�JRW�ZKDW�ZH�JRW��WU\�WR�FRPPHQW�RXW�WKH�)LOO�VWDWHPHQW��FRPPHQWLQJ�RXW
PHDQV�W\SLQJ����DW�WKH�EHJLQQLQJ�RI�WKH�OLQH��VR�WKDW�/RJR0DWLRQ�ZLOO�LJQRUH�WKH�HQWLUH�OLQH����:KDW
GLG�\RX�JHW"��:HOO��WKH�)LOO�VWDWHPHQW�VLPSO\�ILOOV�WKDW�VKDSH�

7KH�ILOOLQJ�WKDW�ZH�KDYH�MXVW�VHHQ�ZDV�VROLG�ILOO���/RJR0DWLRQ�DOVR�VXSSRUWV�ILOOLQJ�ZLWK�RWKHU�SDWWHUQV�
VXFK�DV�URXQG�GRWV�RU�FULVVFURVV�OLQHV��EXW�ZH�ZLOO�QRW�WDON�DERXW�LW�LQ�WKLV�WXWRULDO���7KH�5HIHUHQFH
0DQXDO�SDUW�RI�WKLV�ERRN�GHVFULEHV�ILOOLQJ�ZLWK�SDWWHUQV��VHFWLRQV�������DQG���������1RW�WKDW�LW·V
GLIILFXOW�WR�GR�²�EXW�,·G�OLNH�WR�GHIHU�WKH�WRSLF�RI�SDWWHUQV�VR�WKDW�ZH�FDQ�FRYHU�RWKHU�LPSRUWDQW
IHDWXUHV�

+RZ�DERXW�ILOOLQJ�ZLWK�FRORUV"��:HOO��VLQFH�ZH�NQRZ�KRZ�WR�FKDQJH�WKH�FRORU�RI�WKH�SHQ��ZH�FDQ
GUDZ�ILOOHG�VKDSHV�ZLWK�WKHVH�FRORUV���7KH�)LOO�VWDWHPHQW��ZKLFK�ZH�KDYH�MXVW�VHHQ��ILOOV�D�VKDSH�ZLWK
WKH�VDPH�FRORU�DV�WKH�SHQ
V���6R�LI�ZH�ZDQWHG�D�UHG�KH[DJRQ��IRU�H[DPSOH��DOO�ZH�KDG�WR�GR�ZDV
FKDQJH�WKH�FRORU�WR�UHG�EHIRUH�XVLQJ�WKH�)LOO�VWDWHPHQW�LQ�WKH�ODVW�H[DPSOH���%XW�/RJR0DWLRQ�FDQ�GR
HYHQ�EHWWHU���<RX�FDQ�WHOO�/RJR0DWLRQ�WR�GUDZ�WKH�RXWOLQH�LQ�RQH�FRORU��ZKLFK�LV�WKH�FRORU�RI�WKH
SHQ���DQG�GR�WKH�ILOOLQJ�LQ�DQRWKHU�FRORU���<RX�WHOO�/RJR0DWLRQ�DERXW�WKH�FRORU�RI�WKH�ILOOHG�DUHD�E\
DGGLQJ�WKUHH�DUJXPHQWV�WR�WKH�)LOO�VWDWHPHQW���7KH�WKUHH�DUJXPHQWV�DUH�RXU�ROG�IULHQGV�5*%
�UHPHPEHU��\RX�FDQ�XVH�WKH�FRORU�SLFNHU�WR�KHOS�\RX�W\SH�WKHP�LQ����:H�HQG�WKLV�FKDSWHU�ZLWK�\HW
DQRWKHU�KH[DJRQ���,W�LV�DOPRVW�WKH�VDPH�KH[DJRQ�DV�WKH�EHIRUH��EXW�WKHUH�DUH�WZR�GLIIHUHQFHV���2QH�LV
WKDW�ZH�KDYH�FRORUV���7KH�RWKHU�LV�WKDW�WKH�5HSHDW�FRXQW�LV�QRZ���DQG�QRW���

+RZ�FRPH�ZH�JRW�D�KH[DJRQ�HYHQ�WKRXJK�WKH�UHSHDW�FRXQW�ZDV�RQO\��"��5HPHPEHU��WKH�)LOO
VWDWHPHQW�ZRUNV�RQ�FORVHG�SDWKV���$�FORVHG�SDWK�LV�D�SDWK�WKDW�WKH�SHQ�PDNHV��ZKLFK�HQGV�DW�WKH
SRLQW�LQ�ZKLFK�LW�VWDUWHG���:KDW�LI�ZH�GR�QRW�FORVH�WKH�SDWK�LQVLGH�WKH�)LOO�VWDWHPHQW"��,Q�WKDW�FDVH�
/RJR0DWLRQ�ZLOO�FORVH�WKH�SDWK�MXVW�IRU�ILOOLQJ�SXUSRVHV��EXW�ZLOO�QRW�GUDZ�WKH�H[WUD�RXWOLQH���7KDW�LV
ZK\�ZH�JRW�D�ILOOHG�KH[DJRQ�HYHQ�WKRXJK�ZH�DFWXDOO\�GUHZ�RQO\���RI�WKH���HGJHV�
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BBBBBBBBB

%HIRUH�JLYLQJ�\RX�WKLV�OHVVRQ
V�KRPHZRUN��,
G�OLNH�PDNH�D�FRQIHVVLRQ���7KH�KLQW�WKDW�,�JDYH�\RX�LQ�WKH
KRPHZRUN�RI�WKH�ODVW�FODVV��RQ�KRZ�WR�GUDZ�D�EODFN�VTXDUH��ZDV�D�ELW�PLVOHDGLQJ���:KDW�,�ZDQWHG�\RX
WR�GR�ZDV�WR�H[HUFLVH�WKH�XVH�RI�WKH�:LGWK�DQG�WKH�5HSHDW�VWDWHPHQWV���%XW�LI�\RX�FKRVH�WR�LJQRUH�P\
KLQW��\RX�FRXOG�LQVWHDG�ZULWH�D�WZR�OLQH�SURJUDP��ZLWK�QR�5HSHDW��WKDW�GRHV�WKH�MRE���'LG�\RX�WKLQN�RI
LW�\RXUVHOI"��,�KRSH�VR���:KDW�OHVVRQ�GRHV�LW�WHDFK�\RX"��7KDW�\RX�VKRXOG�QRW�EHOLHYH�ERRNV�WRR�PXFK�
EHFDXVH�WKH\�FDQ�VRPHWLPHV�EH�ZURQJ��WRR�

1RZ�IRU�WKH�KRPHZRUN�

½ 'UDZ�WKUHH�WHQ�VLGHG�SRO\JRQV�VLGH�E\�VLGH��HDFK�ZLWK�D�JUHHQ�RXWOLQH�DQG�EOXH�ILOOHG�LQVLGH�

½ 0RGLI\�WKH�WKUHH�VWDUV�H[HUFLVH�IURP�WKH�ODVW�OHVVRQ��VR�WKDW�WKH�VWDUV�DUH�LQVLGH�D�)LOO�EORFN�
6R�IDU��HDV\�HQRXJK���1RZ�IRU�WKH�FKDOOHQJH��FDQ�\RX�ILJXUH�RXW�ZK\�\RX�JRW�WKH�SLFWXUH�WKDW
\RX�JRW"��<RX�SUREDEO\�JRW�VRPHWKLQJ�OLNH�

7KLV�H[HUFLVH�WHDFKHV�\RX�VRPHWKLQJ�DERXW�ILOOLQJ�D�VKDSH�PDGH�RI�OLQHV�WKDW�FURVV�RQH
DQRWKHU���7U\�VRPH�PRUH�VXFK�H[HUFLVHV��GUDZ�D�VKDSH�ZLWK�OLQHV�WKDW�FURVV�RQH�DQRWKHU��WKHQ
LQGHQW�WKH�SURJUDP��FWUO�@�PLJKW�EH�KDQG\��DQG�SXW�D�)LOO�VWDWHPHQW�LQ�IURQW�RI�LW���$IWHU�D
ZKLOH��\RX
OO�XQGHUVWDQG�ZK\�/RJR0DWLRQ�EHKDYHV�WKH�ZD\�LW�GRHV�

½ 'UDZ�D�6723�VLJQ���,W�VKRXOG�ORRN�OLNH�WKH�RQH�LQ�WKH�VWUHHW�DURXQG�WKH�FRUQHU��RU�PD\EH
WZR�EORFNV�GRZQ�WKH�URDG���8VH�FRORUV���/DWHU��ZKHQ�\RX�NQRZ�PRUH�DERXW�IRQWV��\RX
OO�EH
DEOH�WR�FKDQJH�WKH�VL]H�DQG�VKDSH�RI�WKH�6723�OHWWHUV���%\�WKH�ZD\��KDYH�\RX�ILJXUHG�RXW
KRZ�WR�FKDQJH�WKH�FRORU�RI�WKH�6723�WH[W"
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//HHVVVVRRQQ��''���� &&LLUUFFOOHHVV
7KLV�OHVVRQ�LV�JRLQJ�WR�EH�VKRUW���,�ZDQW�WR�JLYH�\RX�D�OLWWOH�EUHDN��DQG�,�ZDQW�\RX�WR�VSHQG�PRUH�WLPH
GRLQJ�WKH�H[HUFLVHV�DQG�LQYHQWLQJ�VRPH�RI�\RXU�RZQ�

:H�EHJLQ�WKLV�OHVVRQ�E\�OHDUQLQJ�KRZ�WR�GUDZ�FLUFOHV��RU�SDUW�RI�FLUFOHV��DUFV����:H�ZLOO�KDYH�WR�OHDUQ
WZR�QHZ�VWDWHPHQWV���7KH�ILUVW�VWDWHPHQW�LV�6WUDLJKW���<RX�XVH�WKLV�VWDWHPHQW�WR�WHOO�/RJR0DWLRQ�WKDW
DOO�WKH�)RUZDUG�DQG�%DFNZDUG�VWDWHPHQWV�WKDW�ZLOO�FRPH�QH[W�DUH�WR�EH�GRQH�LQ�VWUDLJKW�OLQHV���,Q�IDFW�
DOO�WKH�SURJUDPV�WKDW�ZH�ZURWH�WKXV�IDU�KDG�RQO\�XVHG�VWUDLJKW�OLQHV��VR�\RX�FRXOG�XVH�WKLV�VWDWHPHQW
DQ\ZKHUH�LQ�D�SURJUDP�ZLWKRXW�FKDQJLQJ�DQ\WKLQJ�LQ�WKH�ZD\�WKH�SURJUDP�ZRUNV���+HUH�DUH�WZR
SURJUDPV�WKDW�GR�H[DFWO\�WKH�VDPH�WKLQJ��GUDZ�D�VTXDUH���RQH�ZLWK�Straight�DQG�RQH�ZLWKRXW�

Straight Repeat 4
Repeat 4 Forward 30

Forward 30 Right 90
Right 90

:H�WHOO�/RJR0DWLRQ�WR�PRYH�LQ�DUFV�E\�XVLQJ�WKH�&LUFOH�VWDWHPHQW��ZLWK�WKH�FLUFOH
V�UDGLXV�EHLQJ�WKH
DUJXPHQW��,�ZLOO�WHOO�\RX�KRZ�WR�GR�LW�LQ�WKH�QH[W�SDUDJUDSK����:KHQ�ZH�GUDZ�D�FLUFOH�RU�SDUW�RI�D
FLUFOH��WKH�)RUZDUG�DQG�%DFNZDUG�VWDWHPHQWV�ZLOO�DFWXDOO\�PRYH�DORQJ�D�FLUFXODU�SDWK���:KHQ�ZH�DUH
GRQH�PRYLQJ�LQ�FLUFOHV��ZH�XVH�WKH�6WUDLJKW�VWDWHPHQW�WR�WHOO�/RJR0DWLRQ�WKDW�)RUZDUG�DQG�%DFNZDUG
ZLOO�QRZ�PHDQ�ZKDW�WKH\�XVHG�WR�PHDQ�ZKHQ�WKH�SURJUDP�VWDUWHG��QDPHO\��WKDW�ZH�ZDQW�WR�PRYH�LQ
VWUDLJKW�OLQHV�

$�FLUFOH�KDV�D�UDGLXV�²�\RX�SUREDEO\�NQRZ�WKLV�DOUHDG\��<RX�WHOO�/RJR0DWLRQ�WKDW�\RX�ZDQW�WR�PRYH
RQ�D�FLUFOH�ZLWK�D�UDGLXV�RI�VD\�������7KHQ�\RX�XVH�D�PRYHPHQW�FRPPDQG�VXFK�DV�D�)RUZDUG
VWDWHPHQW��/RJR0DWLRQ�ZLOO�VWDUW�JRLQJ�LQ�WKH�VDPH�GLUHFWLRQ�LW�XVHG�WR�JR��H[FHSW�WKDW�LW�ZLOO�FXUYH�
DQG�LI�ZH�JR�IDU�HQRXJK�ZH�ZLOO�JHW�EDFN�WR�ZKHUH�ZH�ZHUH�ZKHQ�ZH�VWDUWHG�WKH�FLUFOH���+HUH�LQ�DQ
H[DPSOH��ZKLFK�LQFOXGHV�WKH�FRGH�DQG�WKH�UHVXOWLQJ�JUDSKLFV�

Forward 40
Left 45
Forward 40
Circle 50
Forward 100

:KDW�KDYH�ZH�GRQH�KHUH"��:H�VWDUWHG�E\�GUDZLQJ�D�KRUL]RQWDO�OLQH�RI�OHQJWK�����WKHQ�ZH�WXUQHG�OHIW
���GHJUHHV�DQG�GUHZ�D�VHFRQG�OLQH���:H�WKHQ�WROG�/RJR0DWLRQ�WR�PRYH�LQ�D�FLUFOH�ZLWK�D����SL[HO
UDGLXV���7KH�ODVW�VWDWHPHQW�ZDV�WR�PRYH�IRUZDUGV�����SL[HOV���7KLV�ODVW�VWDWHPHQW�ZDV�H[HFXWHG�ZKHQ
/RJR0DWLRQ�ZDV�LQ�FLUFOH�PRGH���,W�VWDUWV�IURP�WKH�HQG�SRLQW�RI�WKH�SUHYLRXV�)RUZDUG��DQG�FXUOV
LQVWHDG�RI�JRLQJ�VWUDLJKW���+RZ�PXFK�GR�ZH�KDYH�WR�PRYH�IRUZDUG�LQ�RUGHU�WR�JHW�WR�ZKHUH�ZH
VWDUWHG"��7KH�DQVZHU�LV����WLPHV� �WLPHV�WKH�UDGLXV��ZKLFK�LQ�RXU�FDVH�LV������,I�\RX�GRQ
W�NQRZ�DERXW
WKLV�PDJLFDO�QXPEHU�� ��SURQRXQFHG�3L���DVN�VRPHRQH�
6R��WR�JHW�D�FRPSOHWH�FLUFOH��\RX�FDQ�XVH�D�FDOFXODWRU��ILJXUH�RXW�KRZ�PXFK�LV���WLPHV� �� ��LV
DSSUR[LPDWHO\����������WLPHV�����DQG�HQWHU�WKDW�QXPEHU�DV�WKH�DUJXPHQW�RI�WKH�)RUZDUG�VWDWHPHQW�
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$FWXDOO\��/RJR0DWLRQ�FDQ�KHOS�LQ�GRLQJ�WKH�PDWK���,Q�WKH�QH[W�FKDSWHU�ZH�ZLOO�WDON�D�ORW�PRUH�DERXW
KRZ�WR�GR�PDWK�LQ�/RJR0DWLRQ���)RU�QRZ��,�ZLOO�MXVW�PHQWLRQ�WKDW�LQVWHDG�RI�XVLQJ�D�FDOFXODWRU�DQG
FRS\LQJ�WKH�UHVXOW�RI�WKH�PXOWLSOLFDWLRQ��\RX�FDQ�VLPSO\�W\SH��������������$FWXDOO\��RQ�WKH
0DFLQWRVK�\RX�FDQ�GR�PXFK�EHWWHU�²�LQVWHDG�RI�W\SLQJ�WKH�YDOXH�RI� ��\RX�FDQ�VLPSO\�W\SH� �E\
KROGLQJ�GRZQ�WKH�RSWLRQ�NH\�DQG�SUHVVLQJ�ORZHU�FDVH�S���6R�WKH�)RUZDUG�VWDWHPHQW�ZRXOG�ORRN�OLNH
WKLV�

Forward 2*3.14159*50

Forward 2* ��

6R�OHW�XV�ZULWH�D�VLPSOH�SURJUDP�WKDW�GUDZV�D�VWUDLJKW�OLQH��WDQJHQW��WKLV�PHDQV��WRXFKLQJ�DW�RQH�SRLQW�
WR�D�FLUFOH���7KH�SURJUDP�

Forward 50
Circle 40
Forward 2*3.14159*40
Straight
Forward 50

$QG�KHUH�LV�ZKDW�LW�GRHV���1RWH�WKDW�WKH�VWUDLJKW�OLQH�DW�WKH�ERWWRP�LV�UHDOO\�PDGH�RI�WZR�OLQH
VHJPHQWV��HDFK����SL[HOV�ORQJ���<RX�VKRXOG�WKRURXJKO\�XQGHUVWDQG�WKH�SURJUDP�EHIRUH�\RX�JR�RQ�

2I�FRXUVH��FLUFOHV��RU�SDUW�RI�FLUFOHV��FDQ�EH�ILOOHG�WRR���+HUH�LV�D�VOLJKW�PRGLILFDWLRQ�WR�WKH�SURJUDP
DERYH�

Width 2
Forward 50
Fill 0.5,0.97,0.53
    Circle 40
    Forward 3.14159*40
Straight
Forward 50

$QG�KHUH�LV�ZKDW�LW�GRHV�

1RZ�IRU�WKH�KRPHZRUN�

½ 'UDZ�D�FDU��ZLWK�ZKHHOV��KRZ�HOVH�ZRXOG�LW�PRYH"����0DNH�LW�DV�UHDOLVWLF�DV�\RX�OLNH��EXW�ILOOLQJ
LW�ZLWK�OLYHO\�FRORUV���'R�QRW�IRUJHW�WR�VDYH�WKH�SLFWXUH�LQ�D�ILOH�

½ 'UDZ�WKH�ORJR�RI�WKH�2O\PSLF�*DPHV���%\�WKH�ZD\��GR�\RX�NQRZ�ZK\�WKLV�ORJR�LV�WKH�ZD\�LW
LV"��,�NQHZ�RQFH��EXW�QRZ�DV�,�ZULWH�WKLV�ERRN��,�IRUJHW�

½ 0DNH�XS�\RXU�RZQ�SLFWXUHV��ZLWK�FRORUV��OLQHV�RI�GLIIHUHQW�ZLGWK��ILOOHG�VKDSHV�DQG�FLUFOHV�
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//HHVVVVRRQQ��((���� 99DDUULLDDEEOOHHVV��DDQQGG��))XXQQFFWWLLRRQQVV����33DDUUWW��,,
:KDW�ZH�KDYH�OHDUQHG�WKXV�IDU�KDG�HQDEOHG�XV�WR�GR�VLPSOH�WKLQJV��OLNH�GUDZLQJ�VKDSHV�DQG�ILOOLQJ
WKHP�ZLWK�FRORUV���,Q�WKLV�FKDSWHU�ZH�ZLOO�OHDUQ�DERXW�YDULDEOHV�DQG�DERXW�IXQFWLRQV���9DULDEOHV�DQG
IXQFWLRQV�DUH�YHU\�SRZHUIXO��WKH\�DOORZ�XV�WR�ZULWH�SURJUDPV�WKDW�GR�FRPSOH[�WKLQJV��DQG�\HW�WKHVH
SURJUDPV�FDQ�EH�NHSW�VLPSOH��HDV\�WR�ZULWH�DQG�HDV\�WR�XQGHUVWDQG���,I�\RX�VDZ�D�GHPR�RI
/RJR0DWLRQ�LQ�ZKLFK�/RJR0DWLRQ�GUDZV�UHDO�QLFH�SLFWXUHV��\RX�FDQ�EHW�WKDW�WKHVH�SURJUDPV�XVHG
YDULDEOHV�DQG�IXQFWLRQV���%\�WKH�WLPH�\RX�ILQLVK�WKLV�OHVVRQ�DQG�WKH�QH[W�RQH��\RX�ZLOO�EH�DEOH�WR�GR
VRPH�RI�LW�\RXUVHOI���%XW�EH�ZDUQHG��LI�/RJR0DWLRQ�LV�\RXU�ILUVW�SURJUDPPLQJ�ODQJXDJH��OHDUQLQJ
DERXW�YDULDEOHV�DQG�IXQFWLRQV�PD\�QRW�EH�YHU\�HDV\���7DNH�\RXU�WLPH�DQG�VWXG\�WKHP�FDUHIXOO\�

3HRSOH�XVH�IXQFWLRQV��DOVR�FDOOHG��SURFHGXUHV��LQ�RWKHU�SURJUDPPLQJ�ODQJXDJHV��IRU�GLIIHUHQW
UHDVRQV��EXW�E\�IDU�WKH�PRVW�IUHTXHQW�XVH�RI�IXQFWLRQV�LV�ZKHQ�\RX�ZDQW�WR�GR�WKH�VDPH�WKLQJ�DJDLQ
DQG�DJDLQ�LQ�\RXU�SURJUDP���<RX�PD\�UHPHPEHU�WKDW�ZH�XVHG�5HSHDW�WR�DYRLG�UHSOLFDWLQJ�WKH�VDPH
OLQHV�PDQ\�WLPHV���:HOO��IXQFWLRQV�DUH�HYHQ�PRUH�SRZHUIXO�DQG�JHQHUDO���/HW
V�VWDUW�ZLWK�DQ�H[DPSOH�
:H�ZLOO�ZULWH�D�SURJUDP�IRU�GUDZLQJ�D�IHZ�VTXDUHV�RI�GLIIHUHQW�VL]HV�RQ�WKH�VFUHHQ���:H�ZLOO�ILUVW
ZULWH�LI�ZLWKRXW�XVLQJ�D�IXQFWLRQ�DQG�WKHQ�VHH�KRZ�XVLQJ�D�IXQFWLRQ�KHOSV�LQ�JHWWLQJ�WKH�SURJUDP
VKRUWHU�DQG�VLPSOHU���+HUH�LV�WKH�SURJUDP�

// Move a little, with the pen up
Up
Forward 30
Down
// Draw a 5 x 5 square
Repeat 4
    Forward 5
    Right 90

// Move a little, with the pen up
Up
Forward 30
Down
// Draw a 10 x 10 square
Repeat 4
    Forward 10
    Right 90

// Move a little, with the pen up
Up
Forward 30
Down
// Draw a 20 x 20 square
Repeat 4
    Forward 20
    Right 90

,W�LV�QRW�WRR�GLIILFXOW�WR�XQGHUVWDQG�ZKDW�WKLV�SURJUDP�GRHV��EXW�SOHDVH�WU\�WR�GR�LW�EHIRUH�\RX
FRQWLQXH�UHDGLQJ���*RW�LW"��,W�LV�UHDOO\�D�VLPSOH�SURJUDP��LW�PRYHV����SL[HOV�WR�WKH�ULJKW��WKHQ�GUDZV�D��
E\���SL[HO�VTXDUH��WKHQ�PRYHV����DJDLQ�DQG�GUDZV�D����[�����DQG�WKHQ�GRHV�WKLV�\HW�DQRWKHU�WLPH�DQG
GUDZV�D����[����VTXDUH���,�VXJJHVW�\RX�W\SH�LW�LQ�DQG�UXQ�LW��MXVW�WR�VHH�KRZ�LW�ZRUNV�

,I�\RX�UHDG�WKH�SURJUDP�D�VHFRQG�WLPH��FKDQFHV�DUH�WKDW�\RX�ZLOO�ILQG�LW�ERULQJ���$IWHU�DOO��LW�GRHV
DOPRVW�WKH�H[DFW�VDPH�WKLQJ�WKUHH�WLPHV���7KH�RQO\�WKLQJ�WKDW�LV�GLIIHUHQW�HDFK�WLPH�LV�WKH�VL]H�RI�WKH
VTXDUH�²�MXVW�RQH�QXPEHU���6XUHO\�WKHUH�LV�D�ZD\�WR�ZULWH�WKH�SURJUDP�ZLWKRXW�KDYLQJ�WR�UHSOLFDWH�WKH
FRGH�DQG�PRGLI\�LW�VOLJKWO\�LQ�HYHU\�FRS\�
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7KLV��E\�WKH�ZD\��LV�ZKDW�HYHU\�JRRG�SURJUDPPHU�LV�DOZD\V�WU\LQJ�WR�GR��ZULWH�SURJUDPV�WKDW�DUH
VPDOOHU�DQG�FOHDUHU���$�VPDOO�SURJUDP�LV�HDVLHU�WR�ZULWH��HDVLHU�WR�GHEXJ��WKDW�LV�²�WR�ILQG�WKH
SURJUDPPLQJ�HUURUV��DOVR�FDOOHG��EXJV����DQG�PDQ\�WLPHV�LW�LV�PRUH�HIILFLHQW��L�H���LW�UXQV�IDVWHU�

,I�\RX�UHDG�WKH�SURJUDP�DQG�WKLQN�DERXW�KRZ�WR�PDNH�LW�VKRUWHU��\RX�PD\�WKLQN�RI�XVLQJ�D�5HSHDW
VWDWHPHQW�WR�UHGXFH�LWV�VL]H���8QIRUWXQDWHO\��D�5HSHDW��DW�OHDVW�WKH�ZD\�ZH�OHDUQHG�DERXW�LW�LQ�/HVVRQ
%��FDQQRW�KHOS���7KLV�LV�EHFDXVH�D�5HSHDW�H[HFXWHV�WKH�VDPH�VWDWHPHQWV�DJDLQ�DQG�DJDLQ��HDFK�WLPH
H[DFWO\�WKH�ZD\�LW�GLG�EHIRUH���,W�LV�WKLV�H[DFWO\�WKDW�ZH�GRQ
W�OLNH�KHUH��EHFDXVH�HDFK�VTXDUH�LV�VOLJKWO\
GLIIHUHQW�LQ�VL]H���6R�LQVWHDG��ZH�ZLOO�XVH�D�)XQFWLRQ���+HUH�LV�WKH�SURJUDP��UH�ZULWWHQ�ZLWK�D�IXQFWLRQ�

// square – define a function to draw a square
Function square(size)
    Up
    Forward 30
    Down
    Repeat 4
        Forward size
        Right 90

// now draw three squares
square(5)  // draw a  5 x  5 square
square(10) // draw a 10 x 10 square
square(20) // draw a 20 x 20 square

2.��VR�ZKDW�KDYH�ZH�JRW�KHUH"��(YHU\WKLQJ�VHHPV�QHZ��DQG�\HW�VRPH�OLQHV�ORRN�IDPLOLDU���/HW
V�UHDG
LW�WRJHWKHU���7KH�ILUVW�OLQH�LV�D�FRPPHQW��ZKLFK�LV�DOZD\V�D�JRRG�LGHD���7KH�FRPPHQW�VD\V�WKDW�ZH�DUH
GHILQLQJ�D�IXQFWLRQ���$�IXQFWLRQ�LV�VRPHWKLQJ�WKDW�\RX�GHILQH��ZKLFK�LV�VRPHWKLQJ�WKDW�ZH�GLG�QRW�VHH
EHIRUH���:KHQ�ZH�GHILQH�D�IXQFWLRQ��ZH�MXVW�WHOO�/RJR0DWLRQ�WKDW�LI�ZH�HYHU�XVH�WKLV�IXQFWLRQ��WKLV�LV
ZKDW�LW�VKRXOG�GR���%XW�ZH�DUH�QRW�DVNLQJ�/RJR0DWLRQ�WR�GR�DQ\WKLQJ�\HW���3URJUDPPHUV�DOVR�FDOO�WKLV
�GHFODUDWLRQ���EHFDXVH�ZH�GHFODUH�VRPHWKLQJ�WR�EH�VXFK�DQG�VXFK�

7KH�VHFRQG�OLQH�LV�WKH�DFWXDO�EHJLQQLQJ�RI�WKH�IXQFWLRQ���$V�XVXDO�LQ�/RJR0DWLRQ��ZH�XVH�LQGHQWDWLRQ
WR�GHILQH�WKH�VFRSH�RI�WKH�IXQFWLRQ��L�H���ZKHUH�LW�EHJLQV�DQG�ZKHUH�LW�HQGV���6R��RXU�IXQFWLRQ�KDV
VHYHQ�OLQHV�DOWRJHWKHU�²�WKH�OLQH�WKDW�VWDUWV�ZLWK�Function��DQG�VL[�DGGLWLRQDO�OLQHV���7KH�OLQH�WKDW
VWDUWV�ZLWK�Function�KDV�WKH�QDPH�RI�WKH�IXQFWLRQ��square�LQ�WKLV�FDVH���7KH�IXQFWLRQ
V�QDPH�LV
HQWLUHO\�XS�WR�XV���,W�LV�EHWWHU�WR�XVH�D�PHDQLQJIXO�QDPH�WR�WHOO�VRPHWKLQJ�DERXW�ZKDW�WKH�IXQFWLRQ
GRHV��GUDZV�D�VTXDUH�LQ�RXU�FDVH���EXW�LW�LV�UHDOO\�XS�WR�XV��DQG�ZH�FDQ�SLFN�DQ\�QDPH�ZH�OLNH���7KH
RQO\�UHVWULFWLRQV�RQ�QDPHV�DUH�WKDW�WKH\�PXVW�EH�PDGH�RI�RQO\�OHWWHUV��QXPEHUV��DQG�XQGHUVFRUHV��´Bµ
FKDUDFWHU���DQG�PXVW�VWDUW�ZLWK�D�OHWWHU�

)ROORZLQJ�WKH�QDPH�square�ZH�ILQG�WKH�ZRUG�size�LQ�SDUHQWKHVHV���7KLV�WHOOV�/RJR0DWLRQ�WKDW
ZKHQHYHU�WKH�IXQFWLRQ�LV�FDOOHG���WKH�FDOO�VKRXOG�SURYLGH�DQ�DUJXPHQW���&DOOLQJ�D�IXQFWLRQ�LV�WKH�WHUP
SURJUDPPHUV�XVH�WR�GHVFULEH�WKH�DFW�RI�DFWXDOO\�XVLQJ�WKH�IXQFWLRQ�WR�GR�VRPHWKLQJ�����PRUH�RQ�WKDW
ODWHU���$JDLQ��WKH�QDPH�RI�WKH�DUJXPHQW�LV�XS�WR�XV���,�FKRVH�size�EHFDXVH�,�ZDQW�WKH�DUJXPHQW�WR
WHOO�/RJR0DWLRQ�WKH�VL]H�RI�WKH�VTXDUH���,QGHHG��LI�\RX�ORRN�DW�WKH�ODVW�WKUHH�OLQHV�RI�WKH�SURJUDP�
HDFK�RI�WKHP�LV�D�FDOO�WR�WKH�square�IXQFWLRQ��DQG�HDFK�KDV�D�VL]H�QXPEHU�LQ�SDUHQWKHVHV���%XW�OHW�XV
JR�EDFN�WR�WKH�IXQFWLRQ
V�GHFODUDWLRQ�
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(DFK�IXQFWLRQ�GHFODUDWLRQ�KDV�WZR�SDUWV��WKH�)XQFWLRQ�OLQH��DOVR�FDOOHG�WKH�IXQFWLRQ·V�KHDG��DQG�WKH
IXQFWLRQ
V�ERG\���7KH�IXQFWLRQ·V�KHDG�LV�ZKHUH�ZH�WHOO�/RJR0DWLRQ�KRZ�ZH�ZLOO�ODWHU�FDOO�WKH�IXQFWLRQ�
7KH�IXQFWLRQ
V�ERG\�LV�ZKHUH�ZH�WHOO�/RJR0DWLRQ�ZKDW�WKH�IXQFWLRQ�VKRXOG�GR�RQFH�ZH�FDOO�LW���5HDG
WKH�VTXDUH�IXQFWLRQ
V�ERG\���,W�KDV�VL[�OLQHV��DOO�RI�ZKLFK�\RX�KDYH�VHHQ�EHIRUH��DW�WKH�EHJLQQLQJ�RI
WKLV�FKDSWHU���7KHUH�LV�D�5HSHDW��DQG�D�)RUZDUG��DQG�RWKHU�VWDWHPHQWV���/RRN�FDUHIXOO\���'R�\RX�VHH
VRPHWKLQJ�QHZ"��5HDG�DJDLQ���7KH�QHZ�WKLQJ�LV�WKH�IROORZLQJ�OLQH�

        Forward size

:KHQ�/RJR0DWLRQ�VHHV�WKLV��LW�NQRZV�WKDW�ZH�ZDQW�LW�WR�JR�IRUZDUG���:KDW�LV�WKH�)RUZDUG
VWDWHPHQW
V�DUJXPHQW"��,W�LV�size����:H�FDOO�size�D�YDULDEOH���$�YDULDEOH�LV�VRPHWKLQJ�WKDW�KDV�D�QDPH
�size�LQ�WKLV�FDVH���DQG�DOVR�KDV�D�YDOXH���:KDW�LV�WKH�YDOXH�RI�size"����,Q�WKLV�FDVH��VLQFH�ZH�XVHG
size�LQ�WKH�IXQFWLRQ
V�GHFODUDWLRQ��ZH�DUH�DFWXDOO\�WHOOLQJ�/RJR0DWLRQ�WR�XVH�WKH�YDOXH�WKDW�ZLOO�EH
VXSSOLHG�LQ�WKH�IXQFWLRQ
V�FDOO�

&RQIXVHG"��,�GRQ
W�EODPH�\RX���7KLV�LV�DOO�QHZ�VWXII��DV�,�VDLG�EHIRUH���,W�LV�UHDOO\�VLPSOH��RQFH�\RX
GLJHVW�DOO�WKHVH�QHZ�ZRUGV���,W·V�RQH�RI�WKRVH�FDVHV�ZKHUH�WKH�H[SODQDWLRQ�LV�PRUH�GLIILFXOW�WKDQ�WKH
FRQFHSWV�LW�LV�WU\LQJ�WR�H[SODLQ���,�DP�QRZ�JRLQJ�WR�WHOO�\RX�ZKDW�UHDOO\�KDSSHQV�ZKHQ�\RX�FDOO�D
IXQFWLRQ��DQG�KRSHIXOO\�LW�ZLOO�DOO�EHFRPH�FOHDU�

7KH�ILUVW�IXQFWLRQ�FDOO�LQ�RXU�SURJUDP�LV�WKLV�
square(5)

7KLV�LV�FRPPRQ�WR�DOO�IXQFWLRQ�FDOOV���$OO�IXQFWLRQ�FDOOV�KDYH�D�ZRUG��ZKLFK�LV�WKH�IXQFWLRQ
V�QDPH�
IROORZHG�E\�]HUR�RU�PRUH�DUJXPHQWV��DOO�LQ�SDUHQWKHVHV���,Q�WKLV�FDVH�WKHUH�LV�RQH�DUJXPHQW��EXW�LI�LW
KDG�PRUH��ZH�ZRXOG�KDYH�WR�VHSDUDWH�WKH�DUJXPHQWV�ZLWK�FRPPDV���%\�WKH�ZD\��QR�VSDFHV�DUH
DOORZHG�EHWZHHQ�WKH�QDPH�DQG�WKH�OHIW�SDUHQWKHVHV���/LNHZLVH��QR�VSDFHV�DUH�DOORZHG�EHWZHHQ�WKH
QDPH�DQG�WKH�OHIW�SDUHQWKHVHV�LQ�WKH�IXQFWLRQ·V�KHDG���7KLV�LV�RQH�H[FHSWLRQ�WR�WKH�UXOH�WKDW�\RX�FDQ
DGG�VSDFHV�LQ�D�/RJR0DWLRQ�SURJUDP�DQ\ZKHUH�\RX�ZDQW��WR�FODULI\�WKH�SURJUDP�DQG�PDNH�LW�QLFHU�

+HUH�LV�DQ�H[DPSOH�RI�DQRWKHU�IXQFWLRQ�FDOO��QRW�LQ�RXU�SURJUDP��
rectangle(10, 6)

7KLV�FDOO�FDOOV�D�rectangle�IXQFWLRQ�DQG�SDVVHV�LW�WZR�DUJXPHQWV�����DQG�����1RWH�DJDLQ�WKDW�WKHUH
LV�QR�VSDFH�DIWHU�WKH�IXQFWLRQ·V�QDPH���%XW�WKHUH�LV�D�VSDFH�DIWHU�WKH�FRPPD���:K\"��%HFDXVH�,�WKLQN�LW
ORRNV�QLFHU���<RX�GRQ·W�QHHG�WKH�VSDFH�

:KDW�KDSSHQV�ZKHQ�/RJR0DWLRQ�UXQV�WKH�SURJUDP�DQG�JHWV�WR�WKH�square(5)�IXQFWLRQ�FDOO"��,W
GRHV�WKH�IROORZLQJ�

�� ,W�ORRNV�IRU�D�IXQFWLRQ�FDOOHG�square���,Q�WKLV�FDVH��ZH�MXVW�GHILQHG�LW�EHIRUH�WKH�FDOO��VR�LW�ILQGV
LW�ZLWKRXW�DQ\�SUREOHP���,I�ZH�KDG�QRW�GHILQHG�LW��/RJR0DWLRQ�ZRXOG�FRPSODLQ���%\�WKH�ZD\��\RX
FDQ�GHILQH�WKH�IXQFWLRQ�DQ\ZKHUH�LQ�WKH�SURJUDP��QRW�QHFHVVDULO\�DW�WKH�EHJLQQLQJ���<RX�FDQ�HYHQ
GHILQH�LW�DIWHU�WKH�ILUVW�FDOO��LI�\RX�ZDQW���/RJR0DWLRQ�UHDGV�WKH�HQWLUH�ILOH�EHIRUH�H[HFXWLQJ�WKH
ILUVW�VWDWHPHQW��VR�LW�GRHV�QRW�PDWWHU�WR�/RJR0DWLRQ�ZKHUH�\RX�SXW�WKH�IXQFWLRQ�GHILQLWLRQV�

�� )URP�WKH�IXQFWLRQ
V�GHILQLWLRQ��/RJR0DWLRQ�XQGHUVWDQGV�WKDW�WKHUH�LV�RQH�DUJXPHQW��size���,W
FKHFNV�LI�WKH�FDOO�DOVR�KDV�RQH�DUJXPHQW��ZKLFK�LW�GRHV���/RJR0DWLRQ�WKHQ�VHWV�D�YDULDEOH�FDOOHG
size�WR�WKH�YDOXH�VXSSOLHG�E\�WKH�FDOO��L�H��WR�����6R�IURP�QRZ�RQ��WLOO�WKH�HQG�RI�WKH�IXQFWLRQ�
HYHU\�WLPH�/RJR0DWLRQ�VHHV�WKH�ZRUG�size�LQ�WKH�IXQFWLRQ
V�ERG\��LW�UHSODFHV�LW�ZLWK���

�� /RJR0DWLRQ�VWDUWV�H[HFXWLQJ�WKH�IXQFWLRQ���7KLV�PHDQV�WKDW�LW�UHDGV�HDFK�VWDWHPHQW�LQ�WKH
IXQFWLRQ
V�ERG\�DQG�H[HFXWHV�LW���6R��LW�ZLOO�GR�8S��DQG�WKHQ�LW�ZLOO�GR�)RUZDUG�����DQG�VR�RQ�
:KHQ�LW�JHWV�WR�WKH�Forward�size�VWDWHPHQW��LW�ZLOO�GR�)RUZDUG����EHFDXVH�WKH�YDULDEOH�size
KDV�WKH�YDOXH�RI���

�� $IWHU�H[HFXWLQJ�WKH�IXQFWLRQ
V�ERG\��/RJR0DWLRQ�UHWXUQV�IURP�WKH�IXQFWLRQ���7KLV�PHDQV�WKDW�LW
JRHV�EDFN�WR�WKH�QH[W�VWDWHPHQW�IROORZLQJ�WKH�IXQFWLRQ
V�FDOO���,Q�WKLV�FDVH��LW�UHWXUQV�IURP�WKH
square(5)�FDOO��DQG�LV�UHDG\�WR�H[HFXWH�WKH�QH[W�VWDWHPHQW��ZKLFK�LQ�WKLV�FDVH�LV�DOVR�D
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IXQFWLRQ�FDOO���:KHQ�/RJR0DWLRQ�UHWXUQV�IURP�D�IXQFWLRQ��LW�´IRUJHWVµ�WKH�GHILQLWLRQ�RI�WKH
DUJXPHQWV��size�LQ�RXW�FDVH���WKH�GHILQLWLRQ�RI�IXQFWLRQ�DUJXPHQWV�KROGV�RQO\�GXULQJ�WKH
H[HFXWLRQ�RI�WKH�IXQFWLRQ�

,I�\RX�DUH�VWLOO�D�ELW�XQFHUWDLQ�ZKDW�LV�JRLQJ�RQ�KHUH��SOHDVH�UHDG�WKH�H[SODQDWLRQ�DJDLQ�XQWLO�\RX�IXOO\
XQGHUVWDQG���,W�LV�LPSRUWDQW�WKDW�\RX�IXOO\�XQGHUVWDQG�ZKDW�LW�PHDQV�WR�GHILQH�D�IXQFWLRQ��ZKDW�LV�WKH
IXQFWLRQ·V�KHDG�DQG�ERG\��ZKDW�LV�D�IXQFWLRQ�FDOO��DQG�ZKDW�LW�PHDQV�WR�UHWXUQ�IURP�D�IXQFWLRQ�

7KHUH�LV�PRUH�WR�EH�VDLG�DERXW�IXQFWLRQV�DQG�YDULDEOHV��EXW�ZH�ZLOO�EUHDN�QRZ�

1RZ�IRU�WKH�KRPHZRUN�

½ :ULWH�D�IXQFWLRQ�polygon(n, size)�ZKLFK�ZLOO�GUDZ�D�SRO\JRQ�ZLWK�n�VLGHV��ZLWK
HDFK�VLGH�OHQJWK�EHLQJ�size���8VH�WKH�IXQFWLRQ�WR�GUDZ�������������DQG���HGJHG�SRO\JRQV�

½ 8VLQJ�D�IXQFWLRQ�ZLWK�WZR�DUJXPHQWV��GUDZ���UHFWDQJOHV�VHSDUDWHG�IURP�RQH�DQRWKHU�E\���
SL[HOV���7KH�VL]HV�VKRXOG�EH��[����[�����[����DQG���[���

½ 0RGLI\�WKH�DERYH�SURJUDP�VR�WKDW�WKH���[���UHFWDQJOH�ZLOO�EH�ILOOHG�ZLWK�VROLG�EODFN��ZKLOH
WKH�UHVW�RI�WKH�UHFWDQJOHV�UHPDLQ�QRW�ILOOHG�

½ 0RGLI\�WKH�DERYH�IXQFWLRQ�\HW�DQRWKHU�WLPH��VR�WKDW�DOO�WKH�UHFWDQJOHV�ZLOO�EH�ILOOHG�ZLWK
VROLG�EODFN�

½ 7KH�QH[W�H[HUFLVH�LV�JRLQJ�WR�EH�WULFN\�²�EXW�,·G�OLNH�\RX�WR�WU\�WR�GR�LW�DQ\ZD\���6WDUW�ZLWK
WKH�SURJUDP�LQ�WKLV�OHVVRQ��WKH�RQH�ZLWK�WKH�WKUHH�VTXDUHV��,·G�OLNH�\RX�WR�PRGLI\�LW�E\�DGGLQJ
D�VHFRQG�DUJXPHQW�WR�WKH�IXQFWLRQ��ZKHQ�WKH�DUJXPHQW�LV����WKH�IXQFWLRQ�ZLOO�GUDZ�D�VTXDUH
MXVW�OLNH�LW�GLG�EHIRUH��WDNLQJ�WKH�HGJH�VL]H�IURP�WKH�ILUVW�DUJXPHQW���,I�LW�LV�QRQ�]HUR��LW�ZLOO
GUDZ�D�FLUFOH�ZLWK�D�UDGLXV�VSHFLILHG�LQ�WKH�ILUVW�DUJXPHQW���&DOO�WKH�IXQFWLRQ��DQG�GUDZ�WKUHH
VTXDUHV�DQG�WZR�FLUFOHV�
7R�ZULWH�WKLV��\RX�ZLOO�QHHG�WR�XVH�DQ�If VWDWHPHQW�²�VRPHWKLQJ�WKDW�ZH�KDYH�QRW�OHDUQ
DERXW�\HW���,·G�OLNH�\RX�WR�UHDG�DERXW�LW�LQ�WKH�5HIHUHQFH�0DQXDO�VHFWLRQ�RI�WKLV�ERRN��VHFWLRQ
������/RJR0DWLRQ�&RQGLWLRQDOV�²�WKH�IF…�DQG�IF…ELSE…�6WDWHPHQWV��RQ�SDJH������7KHUH�DUH
VRPH�QHZ�FRQFHSWV�PHQWLRQHG�WKHUH��EXW�\RX�GR�QRW�KDYH�WR�XQGHUVWDQG�DOO�RI�WKHP��IRU
QRZ«����-XVW�WU\�WR�XQGHUVWDQG�KRZ�WR�ZULWH�D�VLPSOH�,I�VWDWHPHQW�
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//HHVVVVRRQQ��))���� 99DDUULLDDEEOOHHVV��DDQQGG��))XXQQFFWWLLRRQQVV����33DDUUWW��,,,,
%HIRUH�ZH�JR�RQ��,·G�OLNH�WR�WDON�D�OLWWOH�DERXW�WKH�ODVW�H[HUFLVH�LQ�WKH�ODVW�FKDSWHU���,�KRSH�\RX
PDQDJHG�WR�GR�LW��RU�WKDW�DW�OHDVW�\RX�WULHG���7KH�UHDVRQ�WKDW�LW�LV�VR�LPSRUWDQW�LV�WKDW�VRRQHU�RU�ODWHU
\RX�ZLOO�KDYH�WR�VWDUW�XVLQJ�WKH�5HIHUHQFH�0DQXDO�SDUW�RI�WKLV�ERRN���7KH�UHIHUHQFH�PDQXDO�GHVFULEHV
HYHU\�IHDWXUH�DQG�FDSDELOLW\�RI�/RJR0DWLRQ��DQG�LV�\RXU�PDLQ�VRXUFH�RI�LQIRUPDWLRQ�DERXW�KRZ�WR
XVH�WKH�SURJUDPPLQJ�ODQJXDJH�DQG�WKH�GHYHORSPHQW�HQYLURQPHQW���7KH�SUREOHP�LV��WKDW�WKH�PDQXDO
LV�NLQG�RI�KDUG�WR�UHDG�EHFDXVH�LW�LV�VRPHZKDW�FRQFLVH��DQG�VRPHWLPHV�XVHV�D�WHFKQLFDO�ODQJXDJH�
ZKLFK�H[SHULHQFHG�SURJUDPPHUV�XQGHUVWDQG��EXW�VRPH�OHVV�H[SHULHQFHG�SURJUDPPHUV�PLJKW�ILQG
FRQIXVLQJ���)UDQNO\��LI�/RJR0DWLRQ�LV�\RXU�ILUVW�SURJUDPPLQJ�ODQJXDJH��WKHUH�LV�OLWWOH�KRSH�WKDW�\RX
ZLOO�XQGHUVWDQG�HYHU\WKLQJ�LQ�WKH�UHIHUHQFH�PDQXDO���<RX�ZLOO�KDYH�WR�JHW�VRPHRQH�WR�WHDFK�\RX
DGYDQFHG�SURJUDPPLQJ���%XW�ZKHQHYHU�\RX�OHDUQ�D�QHZ�FRQFHSW��RU�HYHQ�D�QHZ�VWDWHPHQW�W\SH��WU\�WR
UHDG�DERXW�LW�LQ�WKH�5HIHUHQFH�0DQXDO�SDUW�RI�WKLV�ERRN��DQG�WKXV�EHFRPH�PRUH�IDPLOLDU�ZLWK�WKH�ZD\
SURJUDPPLQJ�ODQJXDJHV�DUH�GHVFULEHG���7KLV�DELOLW\�ZLOO�EHFRPH�KDQG\�ZKHQ�\RX�OHDUQ�\RXU�QH[W
SURJUDPPLQJ�ODQJXDJH�

%DFN�WR�YDULDEOHV���,Q�WKH�SUHYLRXV�FKDSWHU�ZH�OHDUQHG�DERXW�YDULDEOHV���:H�OHDUQHG�WKDW�WKH\�FDQ�VWRUH
YDOXHV���:H�OHDUQHG�WKDW�WKH\�FDQ�VWRUH�GLIIHUHQW�YDOXHV�DW�GLIIHUHQW�WLPHV�²�IRU�H[DPSOH��WKH�size
YDULDEOH�LQ�WKH�H[DPSOH�IURP�WKH�ODVW�FKDSWHU�VWRUHG�D�GLIIHUHQW�YDOXH�HDFK�WLPH�WKH�IXQFWLRQ�ZDV
FDOOHG���:H�DOVR�OHDUQHG�D�ZD\�WR�DVVLJQ�D�YDOXH�WR�D�YDULDEOH��LW�ZDV�GRQH�E\�WKH�DFW�RI�FDOOLQJ�D
IXQFWLRQ���,Q�FDOOLQJ�D�IXQFWLRQ��/RJR0DWLRQ�DVVLJQV�WKH�YDOXH�RI�WKH�DUJXPHQW��RU�DUJXPHQWV��LI�WKHUH
DUH�PRUH�WKDQ�RQH��WR�WKH�YDULDEOH��RU�YDULDEOHV��LI�PRUH�WKDQ�RQH��LQ�WKH�)XQFWLRQ�GHFODUDWLRQ�

7KHUH�DUH�RWKHU�ZD\V�LQ�/RJR0DWLRQ�WR�DVVLJQ�D�YDOXH�WR�D�YDULDEOH���,Q�WKLV�FKDSWHU�ZH·OO�OHDUQ�WZR
QHZ�ZD\V���7KH�ILUVW�DQG�WKH�PRVW�LPSRUWDQW�LV�WKH�DVVLJQPHQW�VWDWHPHQW�

+HUH�LV�DQ�H[DPSOH�RI�DQ�DVVLJQPHQW�VWDWHPHQW�
G = 10

7KH�VWDWHPHQW�KDV�WKUHH�SDUWV�

�� 7KH�YDULDEOH·V�QDPH�²�LQ�RXU�H[DPSOH�LW�LV�G���%\�WKH�ZD\��,�KDYH�QRW�PHQWLRQHG�LW�\HW��EXW
YDULDEOHV·�QDPHV�DUH�FDVH�VHQVLWLYH���´&DVH�6HQVLWLYLW\µ�LV�D�ELJ�ZRUG�WKDW�VLPSO\�PHDQV�WKDW�LW
PDWWHUV�ZKHWKHU�\RX�XVH�ORZHU�FDVH�RU�XSSHU�FDVH���7KXV��IRU�H[DPSOH��WKH�YDULDEOHV�size
DQG�Size�DUH�WZR�HQWLUHO\�GLIIHUHQW�YDULDEOHV��HYHQ�WKRXJK�WKH�RQO\�GLIIHUHQFH�LQ�WKHLU�QDPHV
LV�WKDW�RQH�LV�FDSLWDOL]HG�DQG�RWKHU�LV�QRW���6R�EH�FDUHIXO�DQG�FRQVLVWHQW�ZLWK�KRZ�\RX�W\SH
YDULDEOHV���%\�WKH�ZD\��WKH�VDPH�LV�DOVR�WUXH�RI�IXQFWLRQ�QDPHV��VR�square�DQG�Square�DUH
HQWLUHO\�GLIIHUHQW�

�� 7KH�VHFRQG�SDUW�LV�WKH�HTXDOV�VLJQ��=����7KH�HTXDOV�VLJQ�WHOOV�/RJR0DWLRQ�WKDW�ZH�KDYH�DQ
DVVLJQPHQW�VWDWHPHQW�KHUH��7KH�DVVLJQPHQW�VWDWHPHQW�LV�NLQG�RI�XQLTXH��EHFDXVH�DOO�WKH�RWKHU
/RJR0DWLRQ�VWDWHPHQWV�EHJLQ�ZLWK�D�FRPPDQG�WKDW�WHOOV�/RJR0DWLRQ�ZKDW�WR�GR��IRU
H[DPSOH�)RUZDUG��DQG�WKH�FRPPDQG�LV�IROORZHG�E\�WKH�DUJXPHQWV���7KH�DVVLJQPHQW
VWDWHPHQW�EHJLQV�ZLWK�D�YDULDEOH·V�QDPH��DQG�RQO\�WKH�VHFRQG�SDUW�WHOOV�/RJR0DWLRQ�ZKDW�WR
GR���:K\"��%HFDXVH�LW�LV�D�FRPPRQ�SUDFWLFH�LQ�PDQ\�RWKHU�SURJUDPPLQJ�ODQJXDJHV���,W�KDV
EHFRPH�D�WUDGLWLRQ�

�� 7KH�WKLUG�SDUW�LV�WKH�YDOXH��WR�EH�DVVLJQHG�WR�WKH�YDULDEOH���,Q�RXU�FDVH��LW�LV�����DQG�WKXV�ZKHQ
\RX�XVH�WKH�YDULDEOH�*�DIWHU�WKH�DVVLJQPHQW�VWDWHPHQW��LW�LV�HQWLUHO\�HTXLYDOHQW�WR�XVLQJ�WKH
QXPEHU������7KH�YDULDEOH�ZLOO�KROG�LWV�YDOXH�XQWLO�\RX�UHSODFH�LW�ZLWK�D�GLIIHUHQW�YDOXH�
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+HUH�LV�D�TXLFN�H[DPSOH�
G = 10        // set variable “G” to 10
Forward G     // go forward 10 pixels
Right 90
G = G + 1     // increment G by one, to 11
Forward G     // go forward 11 pixels
Right 90
G = G + 1
Forward G     // go forward 12 pixels
Right 90
G = G + 1
Forward G     // go forward 13 pixels

7KH�ILUVW�DVVLJQPHQW�VWDWHPHQW�LV�FOHDU�HQRXJK��HVSHFLDOO\�VLQFH�ZH�GLVFXVVHG�LW�VR�PXFK�DOUHDG\��
7KH�VHFRQG�VWDWHPHQW�VKRXOG�DOVR�EH�FOHDU�HQRXJK��VLQFH�*�HTXDOV�����JRLQJ�IRUZDUG�´*µ�LV�WKH�VDPH
DV�JRLQJ�IRUZDUG������7KH�IRXUWK�VWDWHPHQW�LV�NLQG�RI�VWUDQJH��WKRXJK���/HW·V�VWRS�IRU�D�PLQXWH�DQG
WDON�DERXW�LW�

7KH�VWDWHPHQW�G = G + 1�LV�DQ�DVVLJQPHQW�VWDWHPHQW���(YHU\�DVVLJQPHQW�VWDWHPHQW�KDV�WKUHH�SDUWV
�KDYH�,�VDLG�LW�EHIRUH"���DQG�WKH�ILUVW�WZR�SDUWV�DUH�MXVW�ZKDW�ZH�KDG�EHIRUH��WKH�YDULDEOH·V�QDPH�DQG
WKH�HTXDOV�VLJQ���7KH�WKLUG�SDUW��WKH�YDOXH�SDUW��LV�G + 1���6LQFH�G�HTXDOV�����WKH�YDOXH�RI�G + 1�LV
����DQG�WKHUHIRUH�ZKDW�ZH�DFWXDOO\�GR�LV�DVVLJQ�G�WKH�YDOXH�RI������7KH�FRQIXVLQJ�SDUW�LV�WKDW�ZH�XVH�G
ERWK�DV�WKH�YDULDEOH�WR�EH�DVVLJQHG�D�YDOXH��DQG�DV�WKH�YDULDEOH�WR�SURYLGH�WKH�YDOXH��:KHQ
/RJR0DWLRQ�H[HFXWHV�DQ�DVVLJQPHQW�VWDWHPHQW��WZR�WKLQJV�KDSSHQ��LQ�WKDW�RUGHU�

�� /RJR0DWLRQ�FRPSXWHV�WKH�YDOXH�SDUW��WKH�WKLUG�SDUW�RI�WKH�VWDWHPHQW����,Q�VRPH�FDVHV�WKHUH
LV�QRW�PXFK�FRPSXWLQJ�WR�GR�EHFDXVH�WKH�YDOXH�LV�VLPSO\�D�QXPEHU��VXFK�DV������,Q�RWKHU
FDVHV��VRPH�FRPSXWDWLRQ�QHHGV�WR�EH�GRQH��EHFDXVH�WKH�YDOXH�KDV�RSHUDWRUV�VXFK�DV�+��SOXV��
-��PLQXV���*��PXOWLSO\���DQG�/��GLYLGH����,I�WKH�YDOXH�SDUW�KDV�YDULDEOHV��/RJR0DWLRQ
VXEVWLWXWHV�WKHLU�YDOXH�LQ�WKH�FRPSXWDWLRQ�

�� /RJR0DWLRQ�DVVLJQV�WKH�FDOFXODWHG�YDOXH�WR�WKH�YDULDEOH�ZKRVH�QDPH�DSSHDUV�LQ�WKH�ILUVW�SDUW�

6R��D�VWDWHPHQW�OLNH�G = G + 1�VKRXOG�QRW�EH�FRQIXVLQJ�DW�DOO�EHFDXVH�WKHUH�LV�D�FOHDU�RUGHU��ILUVW
FRPH�WKH�FRPSXWDWLRQ�DQG�WKHQ�FRPH�WKH�DVVLJQPHQW���'XULQJ�WKH�FRPSXWDWLRQ��G�KDV�QRW�EHHQ
DVVLJQHG�D�QHZ�YDOXH�\HW��DQG�LWV�YDOXH�LV�����VR�WKDW�LV�WKH�YDOXH�ZKLFK�LV�EHLQJ�XVHG�WR�FRPSXWH�WKH
QHZ�YDOXH�

3HUVRQDOO\��,�ZDV�D�ELW�FRQIXVHG�ZKHQ�,�OHDUQHG�P\�ILUVW�SURJUDPPLQJ�ODQJXDJH�DQG�,�ILUVW�VDZ�D
VWDWHPHQW�VXFK�DV�G = G + 1��EHFDXVH�VXFK�D�VWDWHPHQW�FDQ�QHYHU�EH�WUXH�PDWKHPDWLFDOO\���,Q
$OJHEUD��WKH�HTXDWLRQ�G = G + 1�KDV�QR�VROXWLRQV��WKHUH�LV�QR�QXPEHU�G�VXFK�WKDW�G = G + 1�
%XW�LQ�SURJUDPPLQJ��WKH�DVVLJQPHQW�VWDWHPHQW�MXVW�WHOOV�WKH�FRPSXWHU�ZKDW�WR�GR��DQG�GRHV�QRW
UHSUHVHQW�D�PDWKHPDWLFDO�HTXDWLRQ���<RX�VKRXOG�UHDG�LW�DV�IROORZV��G = G + 1�PHDQV�´DVVLJQ�D�QHZ
YDOXH�WR�G��WKH�YDOXH�EHLQJ�HTXDO�WR�WKH�FXUUHQW�YDOXH�RI�G�SOXV�RQHµ�

:K\�ZRXOG�DQ\RQH�ZDQW�WR�FKDQJH�WKH�YDOXH�RI�D�YDULDEOH"��$FWXDOO\��LW�LV�H[WUHPHO\�XVHIXO���7KH
IROORZLQJ�SURJUDP�ZLOO�GHPRQVWUDWH�

// A spiraling square
/////////////////////
side = 10
Repeat 150
    Repeat 4
        Forward side
        side = side + 1
        Right 90
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%HIRUH�\RX�FRQWLQXH�UHDGLQJ��VWRS�IRU�D�PLQXWH�DQG�WU\�WR�JXHVV�ZKDW�WKH�SURJUDP�GRHV���,W·V�QRW�DW
DOO�REYLRXV���:KHQ�\RX�KDYH�FOXH��RU�ZKHQ�\RX�JLYH�XS���FRQWLQXH�UHDGLQJ�

2.���/HW·V�UHDG�LW�WRJHWKHU���:H�ZLOO�VWDUW�ZLWK�WKH�LQQHU�ORRS���2RSV�²�,�KDYH�XVHG�DQRWKHU
SURJUDPPLQJ�MDUJRQ����:KHQ�D�SURJUDP�KDV�D�ORRS��L�H��D�5HSHDW�VWDWHPHQW��ZLWKLQ�DQRWKHU�ORRS��ZH
VD\�WKDW�ZH�KDYH�QHVWHG�ORRSV���$QG�ZKHQ�ZH�KDYH�QHVWHG�ORRSV��WKH�LQQHU�ORRS�LV�WKH�RQH�WKDW�LV
´GHHSHVWµ��WKH�RQH�WKDW�LV�H[HFXWHG�PRUH�WLPHV���6R�LQ�RXU�FDVH��WKH�LQQHU�ORRS�LV�WKH�RQH�ZLWK�WKH
Repeat 4�VWDWHPHQW�

:H�KDYH�VHHQ�ORRSV�OLNH�LW�EHIRUH��KDYH�ZH�QRW"��,I�ZH�WRRN�WKH�side = side + 1�DVVLJQPHQW
VWDWHPHQW�RXW�RI�WKH�ORRS��LW�LV�D�IDPLOLDU�ORRS�WKDW�GUDZV�D�VTXDUH���6R��OHDYLQJ�WKH�DVVLJQPHQW
VWDWHPHQW�RXW�IRU�RQH�PRUH�PLQXWH��ZH�KDYH�DQ�RXWHU�ORRS�WKDW�UXQV�����WLPHV��DQG�HDFK�WLPH�GUDZV
D�VTXDUH���$QG�DOO�WKH�VTXDUHV�DUH�WKH�VDPH��VR�LI�ZH�UDQ�WKH�SURJUDP�ZLWKRXW�WKH�DERYH�DVVLJQPHQW
VWDWHPHQW��ZH�ZRXOG�RQO\�VHH�RQH�VTXDUH��DOWKRXJK�/RJR0DWLRQ�UH�GUDZV�LW�����WLPHV�

6R�QRZ�OHW�XV�DGG�WKH�DVVLJQPHQW�VWDWHPHQW���:KDW�LV�WKH�VL]H�RI�WKH�VTXDUH�QRZ"��7KH�ILUVW�HGJH�LV���
SL[HOV���7KH�VHFRQG�LV�����WKH�WKLUG�LV����DQG�WKH�IRXUWK�LV������%XW�ZDLW���7KLV�FDQQRW�EH�D�VTXDUH�
EHFDXVH�WKH�VKDSH�LV�QRW�FORVHG���$QG�DV�ZH�FRQWLQXH�WKH�RXWHU�ORRS��ZH�GUDZ�DQRWKHU�´DOPRVW
VTXDUHµ��WKLV�WLPH�ZLWK�HGJH�VL]HV�RI������������DQG�������%\�QRZ�\RX�VKRXOG�KDYH�D�SLFWXUH�LQ�\RXU
PLQG�ZKDW�WKLV�SURJUDP�GRHV���5XQ�LW�DQG�HQMR\���%\�WKH�ZD\��\RX�PD\�QHHG�WR�DGMXVW�WKH�VL]H�RI�WKH
5XQ�ZLQGRZ�VR�WKDW�LW�GLVSOD\V�DOO�WKH�JUDSKLFV�

,�SURPLVHG�WZR�QHZ�ZD\V�RI�DVVLJQLQJ�D�YDOXH�WR�D�YDULDEOH���7KH�VHFRQG�ZD\�LV�ZLWK�D�QHZ�IRUP�RI
WKH�IDPLOLDU�5HSHDW�VWDWHPHQW���7KLV�QHZ�IRUP�ORRSV��MXVW�OLNH�D�QRUPDO�5HSHDW��EXW�HDFK�WLPH�WKURXJK
WKH�ORRS�LW�LQFUHPHQWV�D�YDULDEOH���:LWK�DOO�WKDW�ZH·YH�OHDUQHG�DERXW�YDULDEOHV��WKH�IROORZLQJ�SURJUDP
VKRXOG�EH�HDV\�HQRXJK�WR�XQGHUVWDQG�²�HVSHFLDOO\�LI�,�WHOO�\RX�WKDW�LW�GRHV�H[DFWO\�ZKDW�WKH�SUHYLRXV
RQH�GLG�

// Another spiraling square
Repeat size, 10, 610
    Forward size
    Right 90

7KH�5HSHDW�VWDWHPHQW�KDV�WKUHH�DUJXPHQWV�

�� 7KH�YDULDEOH·V�QDPH�³�LQ�RXU�H[DPSOH�LW�LV�size�

�� 7KH�LQLWLDO�YDOXH��WR�ZKLFK�WKH�YDULDEOH�LV�VHW�EHIRUH�WKH�ORRS�

�� 7KH�ODVW�YDOXH�²�WKH�5HSHDW�ORRS�LQFUHPHQWV�WKH�YDULDEOH�E\�RQH�HYHU\�ORRS��XQWLO�LWV�YDOXH
HTXDOV�WKH�ODVW�YDOXH���$IWHU�WKH�YDULDEOH�UHDFK�WKLV�ODVW�YDOXH��WKH�ORRS�HQGV�

$V�LV�WKH�FDVH�IRU�DOO�RI�WKH�VWDWHPHQWV�WKDW�ZH�KDYH�OHDUQHG�WKXV�IDU��WKHUH�LV�PRUH�WR�EH�VDLG�DERXW
WKH�5HSHDW�VWDWHPHQW���,W�LV�FRYHUHG�LQ�WKH�5HIHUHQFH�0DQXDO�VHFWLRQ�RI�WKLV�ERRN�

BBBBBBBBB

1RZ�WKDW�ZH�NQRZ�D�ORW�DERXW�YDULDEOHV��,·G�OLNH�WR�PHQWLRQ�DQRWKHU�SURJUDPPHUV·�MDUJRQ�ZRUG��DQ
H[SUHVVLRQ����$Q�H[SUHVVLRQ�LV�VLPSO\�VRPHWKLQJ�WKDW�KDV�D�YDOXH���)RU�H[DPSOH�����LV�DQ�H[SUHVVLRQ���,Q
/RJR0DWLRQ�ZH�XVH�H[SUHVVLRQV�WR�SURYLGH�YDOXHV�WR�DUJXPHQWV�RI�VWDWHPHQWV��DQG�WR�DUJXPHQWV�RI
IXQFWLRQV���)RU�H[DPSOH��WKH�)RUZDUG�VWDWHPHQW�KDV�RQH�DUJXPHQW��DQG�WKDW�DUJXPHQW�FDQ�EH�DQ\
H[SUHVVLRQ��LQFOXGLQJ�DQ\�PDWK�RSHUDWLRQV�WKDW�\RX�ZDQW��IRU�H[DPSOH

 Forward ((x1 + 8) * (x1-2)) / y
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$V�LQ�PDWK��SDUHQWKHVLV�FDQ�EH�XVHG�WR�WHOO�/RJR0DWLRQ�LQ�ZKDW�RUGHU�WR�HYDOXDWH�WKH�H[SUHVVLRQ�
:LWKRXW�SDUHQWKHVHV��/RJR0DWLRQ�FRPSXWHV�ILUVW�WKH�PXOWLSOLFDWLRQ�DQG�GLYLVLRQ��WKHQ�WKH�DGGLWLRQ
DQG�VXEWUDFWLRQV���6R��IRU�H[DPSOH��10+20*2�HTXDOV�����ZKLOH�(10+20)*2�HTXDOV����

7KHUH�DUH�IRXU�W\SHV�RI�´YDOXHVµ�LQ�/RJR0DWLRQ���,Q�WKHVH�OHVVRQV�ZH�ZLOO�RQO\�OHDUQ�DERXW�WZR�
QXPEHUV��DQG�VWULQJV���:H�KDYH�DOUHDG\�VHHQ�ERWK��/RJR0DWLRQ�DOORZV�\RX�WR�XVH�WKHP
LQWHUFKDQJHDEO\�²�IRU�H[DPSOH��WKH�VWULQJ�“10” �KDV�WKH�VDPH�HIIHFW�LQ�D�)RUZDUG�VWDWHPHQW�DV�WKH
QXPEHU�10 ��/RJR0DWLRQ�ZLOO�FRQYHUW�D�VWULQJ�WR�D�QXPEHU�RU�D�QXPEHU�WR�D�VWULQJ�DV�QHHGHG�E\�WKH
VWDWHPHQW���<RX�PD\�ZDQW�WR�UHDG�WKH�H[DPSOHV�DQG�DQ�LQ�GHSWK�H[SODQDWLRQ�LQ�WKH�UHIHUHQFH�PDQXDO�
&KDSWHU����'DWD�7\SHV��9DULDEOHV�DQG�([SUHVVLRQV��RQ�SDJH����

+RPHZRUN��KDYH�\RX�QRWLFHG��WKH\�EHFRPH�KDUGHU�DQG�KDUGHU«��

½ :ULWH�D�SURJUDP�WR�GUDZ�FRQFHQWULF�FLUFOHV�

½ 0RGLI\�WKH�DERYH�SURJUDP�VR�WKDW�WKH�FLUFOHV�KDYH�GLIIHUHQW�FRORUV���)RU�H[DPSOH��\RX�PD\
ZDQW�DOO�WKH�FLUFOHV�WR�KDYH�VKDGHV�RI�UHG��MXVW�FKDQJH�WKH�LQWHQVLW\�RI�WKH�UHG�ZKLOH�NHHSLQJ
WKH�JUHHQ�DQG�EOXH�LQWHQVLWLHV�DW�]HUR�

½ +HUH�LV�D�SUREOHP�WKDW�ZLOO�NHHS�\RX�WKLQNLQJ�IRU�D�ZKLOH��XQOHVV�\RX�KDYH�DOUHDG\�VHHQ�LWV
VROXWLRQ��FDQ�\RX�GUDZ�D�FLUFOH�ZLWKRXW�XVLQJ�WKH�&LUFOH�VWDWHPHQW��L�H���ZLWK�RQO\�VWUDLJKW
OLQHV"

½ 0RGLI\�WKH�SUHYLRXV�SURJUDP��WKH�RQH�WKDW�GUDZV�FLUFOHV�ZLWKRXW�D�&LUFOH�VWDWHPHQW��DQG
GUDZ�RQH�ELJ�VSLUDOLQJ�VKDSH�WKDW�ZRXOG�ILOO�XS�WKH�HQWLUH�VFUHHQ���,W�LV�HVVHQWLDOO\�D�URXQG
UHODWLYH�RI�WKH�6SLUDOLQJ�6TXDUH�SURJUDP��ZKLFK�ZH�KDYH�VHHQ�HDUOLHU�LQ�WKLV�OHVVRQ�

½ 5HDG�DQG�XQGHUVWDQG�WKH�Font Test �SURJUDP�LQ�WKH�examples �GLUHFWRU\���<RX�ZLOO
QHHG�WR�FRQVXOW�WKH�UHIHUHQFH�PDQXDO�

½ 5HDG�LQ�WKH�5HIHUHQFH�0DQXDO�DERXW�EXLOW�LQ�IXQFWLRQV��DQG�PRGLI\�WKH�VSLUDOLQJ�FLUFOH
SURJUDP�WR�GUDZ�WKH�VKDSH�XQWLO�LW�WRXFKHV�DQ�HGJH�RI�WKH�5XQ�ZLQGRZ���7KH�VKDSH�VKRXOG
VWDUW�DW�WKH�FHQWHU�RI�WKH�5XQ�ZLQGRZ��DQG�JURZ�RXWZDUGV���:KHQ�LW�WRXFKHV�WKH�HGJH�RI
WKH�ZLQGRZ��HLWKHU�WKH�WRS�RI�WKH�OHIW�HGJH��GHSHQGLQJ�RQ�WKH�VKDSH�RI�WKH�ZLQGRZ���WKH
SURJUDP�VKRXOG�VWRS���<RX�ZLOO�SUREDEO\�XVH�WKH�x() ��y() ��width() �DQG�height()
EXLOW�LQ�IXQFWLRQV��WKH�If �VWDWHPHQW��DQG�WKH�Break �VWDWHPHQW�
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//HHVVVVRRQQ��**���� ))XXQQ��ZZLLWWKK��$$QQLLPPDDWWLLRRQQ
<RX�QRZ�NQRZ�HQRXJK�WR�VWDUW�HQMR\LQJ�DQLPDWLRQ���$QLPDWLRQ�LQ�/RJR0DWLRQ�LV�GRQH�E\�DWWDFKLQJ
D�SLFWXUH�WR�WKH�SHQ��&RPSXWHU�SURIHVVLRQDOV�FDOO�D�SLFWXUH�D�ELWPDS��:KDW�LV�WKHUH�LQ�D�ELWPDS"
$FWXDOO\��\RX�GR�QRW�UHDOO\�QHHG�WR�NQRZ�WKLV�LQ�RUGHU�WR�GR�DQLPDWLRQ�LQ�/RJR0DWLRQ��EXW�,�ZLOO�WHOO
\RX�DQ\ZD\��MXVW�VR�\RX�GR�NQRZ���,I�\RX�ZLVK��\RX�FDQ�VNLS�WKLV�GHVFULSWLRQ�

$�ELWPDS�KDV�IRXU�FKDUDFWHULVWLFV�WKDW�GLVWLQJXLVK�LW�IURP�RWKHU�ELWPDSV�

�� 6L]H�²�D�ELWPDS�LV�UHFWDQJXODU���$Q�Q�[�P�ELWPDS�KDV�Q�URZV��HDFK�ZLWK�P�SL[HOV���$OWHUQDWLYHO\�\RX
FRXOG�VD\�WKDW�WKH�ELWPDS�KDV�P�FROXPQV�RI�Q�SL[HOV�HDFK��EXW�SURJUDPPHUV�SUHIHU�WR�WDON�DERXW
URZV�RI�SL[HOV���7KH�UHDVRQ�IRU�WKDW�KDV�WR�GR�ZLWK�WKH�ZD\�WKDW�WKH�ELWPDS�LV�VWRUHG�LQ�PHPRU\
RU�RQ�D�GLVN��LW�LV�VWRUHG�LQ�URZV��ILUVW�DOO�WKH�SL[HOV�RI�WKH�ILUVW�URZ��WKHQ�DOO�WKH�SL[HOV�RI�WKH
VHFRQG��DQG�VR�RQ�

�� 'HSWK�²�WKLV�LV�WKH�QXPEHU�RI�ELWV�ZKLFK�DUH�XVHG�WR�UHSUHVHQW�HDFK�SL[HO���)RU�H[DPSOH��LI�D
ELWPDS�KDV�D�GHSWK�RI����WKHQ�HDFK�SL[HO�LV�UHSUHVHQWHG�E\���ELWV�DQG�WKHUHIRUH�FDQ�UHSUHVHQW
�� ����GLIIHUHQW�FRORUV���6R�ZKDW�ZRXOG�WKH�GHSWK�RI�D�EODFN�DQG�ZKLWH�ELWPDS�EH"��<RX�JXHVVHG
LW����

�� &RORU�WDEOH��DOVR�FDOOHG�D�/RRNXS�7DEOH��/87���DOVR�FDOOHG�D�SDOHWWH�²�WKLV�LV�D�WDEOH��ZKLFK
WUDQVODWHV�WKH�YDOXH�RI�WKH�SL[HO��H[SUHVVHG�E\�GHSWK�ELWV���WR�D�FRORU�GLVSOD\HG�RQ�WKH�PRQLWRU���$V
\RX�DOUHDG\�NQRZ��D�FRORU�KDV�WKUHH�FRPSRQHQWV��5*%���DQG�W\SLFDOO\�HDFK�FRPSRQHQW�LV
UHSUHVHQWHG�LQ�WKH�FRPSXWHU�E\�DQ�LQWHJHU�LQ�WKH�UDQJH���WR������GR�QRW�FRQIXVH�WKLV�´ORZ�OHYHOµ
UHSUHVHQWDWLRQ�ZLWK�WKH�ZD\�/RJR0DWLRQ�UHSUHVHQWV�LQWHQVLWLHV�²�HDFK�LQ�WKH�UDQJH���WR������$
PRGHUQ�PRQLWRU�FDQ�WKXV�UHSUHVHQW�DERXW����PLOOLRQ�FRORUV������WR�EH�H[DFW����7KH�SDOHWWH�PDSV
WKH�YDOXH�RI�HDFK�SL[HO�WR�D�FRORU���7KH�PRVW�LPSRUWDQW�UHDVRQ�WKDW�SHRSOH�XVH�SDOHWWHV�LV�WR�VDYH
PHPRU\��EHFDXVH�HDFK�SL[HO�FDQ�KDYH�D�GHSWK�OHVV�WKDQ������7KHUH�DUH�RWKHU�UHDVRQV��WRR�

�� $QG�WKH�IRXUWK�LWHP"��<RX�JXHVVHG�LW�²�WKH�DFWXDO�YDOXH�RI�HDFK�RI�WKH�Q�[�P�SL[HOV�

:KHQ�,�WKLQN�DERXW�LW��,�GLVFRYHU�WKDW�,�DP�QRW�VXUH�ZK\�D�ELWPDS�LV�FDOOHG�D�ELWPDS�²�,�DP�QRW�VXUH
ZKDW�´ELWµ�KDV�WR�GR�ZLWK�LW��DQG�ZKDW�´PDSµ�KDV�WR�GR�ZLWK�LW���%XW�DQ\ZD\��WKDW·V�WKH�WHUP�WKDW
SURJUDPPHUV�XVH��VR�ZH�EHWWHU�VWLFN�WR�LW�

1RZ�WKDW�,�WROG�\RX�DERXW�ELWPDSV��MXVW�DUFKLYH�WKH�LQIRUPDWLRQ���:H�DUH�QRW�JRLQJ�WR�QHHG�LW�IRU
ZKDW�IROORZV�

,Q�/RJR0DWLRQ��D�SLFWXUH�LV�DQ�HQWLW\�WKDW�KDV�D�XQLTXH�QDPH���7KH�QDPH�RI�D�SLFWXUH�FDQ�FRQVLVW�RI
DQ\�FKDUDFWHU�H[FHSW�SDUHQWKHVHV��SDUHQWKHVHV�DUH�XVHG�IRU�PXOWL�IUDPH�DQLPDWLRQ��ZKLFK�LV�GHVFULEHG
LQ�VHFWLRQ������0XOWL�)UDPH�3LFWXUHV��RQ�SDJH��������)RU�H[DPSOH��“a picture” �LV�D�OHJDO�SLFWXUH
QDPH���3LFWXUHV�FRPH�LQWR�EHLQJ�LQ�WZR�ZD\V��HLWKHU�WKH\�DUH�LPSRUWHG�WR�/RJR0DWLRQ�IURP�RWKHU
JUDSKLFV�WRROV��XVLQJ�WKH�,PSRUW�D�3LFWXUH�PHQX�FRPPDQG���RU�WKH\�DUH�FUHDWHG�LQ�/RJR0DWLRQ�E\
VWDQGDUG�/RJR0DWLRQ�VWDWHPHQWV�

&DQ�\RX�JXHVV�KRZ�WR�FUHDWH�D�SLFWXUH�LQ�/RJR0DWLRQ"��$V�\RX�PLJKW�H[SHFW��LW�LV�FRQVLVWHQW�ZLWK
RWKHU�VWDWHPHQWV�OLNH�)LOO�RU�5HSHDW���<RX�XVH�D�3LFWXUH�VWDWHPHQW��IROORZHG�E\�PRYHPHQW�FRPPDQGV
ZKLFK�DUH�LQGHQWHG�UHODWLYH�WR�WKH�VWDWHPHQW���)RU�H[DPSOH��D�SLFWXUH�´VTXDUHµ�FDQ�EH�FUHDWHG�WKXV�

Picture “square”
Repeat 4

Forward 40
Right 90
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/RRNV�VLPSOH�HQRXJK���,�ZRXOG�OLNH�\RX�WR�QRWH��WKRXJK��WKDW�WKH�3LFWXUH�VWDWHPHQW�FUHDWHV�D�SLFWXUH�
DQG�GRHV�QRW�GHILQH�LW���,Q�RWKHU�ZRUGV��WKH�VWDWHPHQWV�LQ�WKH�3LFWXUH�VWDWHPHQW·V�ERG\�PXVW�EH
H[HFXWHG���&RQWUDVW�WKLV�WR�WKH�)XQFWLRQ�VWDWHPHQW��ZKLFK�LV�D�GHFODUDWLRQ���<RX�GR�QRW�H[HFXWH�D
IXQFWLRQ�GHILQLWLRQ�²�\RX�MXVW�SXW�LW�VRPHZKHUH�LQ�WKH�ILOH���%XW�D�SLFWXUH�QHHGV�WR�EH�FUHDWHG�

:KHQ�D�3LFWXUH�VWDWHPHQW�LV�H[HFXWHG��QRWKLQJ�KDSSHQV�RQ�WKH�VFUHHQ���$OO�WKH�JUDSKLFV�LV�VWRUHG�LQWR
D�²�DUH�\RX�UHDG\"�²�D�ELWPDS���7KH�ELWPDS�LV�VWRUHG�E\�/RJR0DWLRQ�DQG�LV�EURXJKW�LQWR�XVH�ZKHQ�LW
LV�DWWDFKHG�WR�D�SHQ���$WWDFKLQJ�D�SLFWXUH�WR�D�SHQ�LV�GRQH�YLD�D�3HQ�VWDWHPHQW��DV�LQ�WKH�IROORZLQJ
H[DPSOH�

Pen picture=”square”

7KH�3HQ�VWDWHPHQW�PRGLILHV�VHYHUDO�RI�WKH�SHQ·V�SDUDPHWHUV���$V�DOZD\V��\RX�FDQ�UHDG�DERXW�LW�LQ�WKH
5HIHUHQFH�0DQXDO�VHFWLRQ�RI�WKLV�ERRN���,Q�WKLV�OHVVRQ�,�ZLOO�RQO\�PHQWLRQ�DQRWKHU�SDUDPHWHU�RI�WKH
SHQ��VSHHG���:KHQ�LQ�DQLPDWLRQ�PRGH��WKH�VSHHG�FDQ�EH�FRQWUROOHG�E\�VHWWLQJ�LWV�YDOXH�LQ�WKH�3HQ
VWDWHPHQW���)RU�H[DPSOH�

Pen speed=100

7KLV�WHOOV�/RJR0DWLRQ�WR�PRYH�WKH�SLFWXUH�DW�D�VSHHG�RI�����SL[HOV�SHU�VHFRQG�

&RPELQLQJ�DOO�WKLV��KHUH�LV�RXU�ILUVW�DQLPDWLRQ��ZH�PRYH�D�VTXDUH�����SL[HOV�WR�WKH�ULJKW��DQG�WKLV
PRYHPHQW�WDNHV���H[DFWO\�VHFRQGV���1RWH�WKDW�,�DP�VHWWLQJ�ERWK�WKH�SLFWXUH·V�QDPH�DQG�LWV�VSHHG�LQ
RQH�3HQ�VWDWHPHQW���<RX�FDQ�SXW�DV�PDQ\�3HQ�SDUDPHWHUV�LQ�RQH�VWDWHPHQW��RU�VHSDUDWH�WKHP�LQWR
VHYHUDO�VWDWHPHQWV�

Picture “square”
Fill 0,0,0 // black

Repeat 4
Forward 40
Right 90

Pen picture=”square”, speed=100
Forward 200

3OHDVH�W\SH�WKLV�LQ�DQG�UXQ�LW�WR�VHH�KRZ�LW�ZRUNV�

1RZ�FKDQJH�WKH�VL]H�RI�WKH�VTXDUH�IURP����WR�����DQG�UH�UXQ���'LG�\RX�JHW�ZKDW�\RX�H[SHFWHG"��,
WKLQN�QRW���<RX�JRW�WKH�VDPH����[����VTXDUH�DV�EHIRUH���7KH�UHDVRQ�IRU�WKDW�LV�WKDW�/RJR0DWLRQ�FDFKHV
SLFWXUHV·�GHILQLWLRQV���&DFKLQJ�PHDQV�WKDW�WKH�ELWPDS�LV�VDYHG��DQG�ZKHQ�WKH�SURJUDP�UH�UXQV�
/RJR0DWLRQ�QRWLFHV�WKDW�WKH�SLFWXUH�ZDV�DOUHDG\�FUHDWHG�EHIRUH�DQG�VNLSV�LWV�UH�FUHDWLRQ���7KLV�LV
GRQH�WR�VDYH�WLPH��RI�FRXUVH��EXW�LQ�RXU�FDVH�LW�LV�D�PL[HG�EOHVVLQJ��EHFDXVH�/RJR0DWLRQ�VNLSV�WKH
QHZ�GHILQLWLRQ�RI�WKH�SLFWXUH�

'LVDEOLQJ�WKH�FDFKLQJ�LV�HDV\��\RX�VLPSO\�DGG�DQ�DUJXPHQW���WR�WKH�3LFWXUH�VWDWHPHQW���6R�WKH
PRGLILHG�SURJUDP�ZLWK�����[�����VTXDUH�LV�DV�IROORZV�

Picture “square”, 1
Fill 0,0,0 // black

Repeat 4
Forward 100
Right 90

Pen picture=”square”, speed=100
Forward 200

$QG�QRZ��WR�WKH�KRPHZRUN�

½ $QLPDWH�D�VHTXHQFH���'HILQH�VHYHUDO�SLFWXUHV�RI�WKH�VDPH�VKDSH��VD\��D�VTXDUH��ZKLFK
GLIIHU�LQ�WKHLU�QDPH��RI�FRXUVH��DQG�LQ�WKHLU�FRORU���7KHQ�PRYH�WKHP�DORQJ�D�VWUDLJKW�OLQH�
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DOWHUQDWLQJ�EHWZHHQ�WKHP�DV�\RX�JR���)RU�H[DPSOH��\RX�FRXOG�PRYH�WKH�UHG�VTXDUH�IRU���
SL[HOV��WKHQ�VZLWFK�WR�WKH�EOXH�DQG�PRYH�LW�IRU����SL[HOV��DQG�VR�RQ�

½ $QLPDWH�D�ERXQFLQJ�EDOO���7KH�EDOO�VWDUWV�DW�D�JLYHQ�DQJOH��DQG�ZKHQ�LW�KLWV�DQ�HGJH�RI�WKH
5XQ�ZLQGRZ��LW�ERXQFHV�EDFN�XVLQJ�WKH�RSSRVLWH�DQJOH���7R�DGG�WR�WKH�HIIHFW��XVH�VRXQG�
DQG�LQFUHDVH�WKH�VSHHG�RI�WKH�EDOO�LQ�HDFK�ORRS��ORRNV�OLNH�WKH�EDOO�UHFHLYHV�HQHUJ\�IURP
WKH�5XQ�ZLQGRZ·V�HGJHV��

½ 'R�QRW�GULQN�DQG�GULYH���7DNH�\RXU�FDU�GUDZLQJ�SURJUDP��IURP�/HVVRQ�'���FRPELQH�LW
ZLWK�WKH�6WRS�VLJQ�SURJUDP��IURP�/HVVRQ�&���DQG�FUHDWH�DQ�DQLPDWLRQ�RI�WKH�SRRU
GUXQNHQ�GULYHU�KLWWLQJ�WKH�6WRS�VLJQ���,�KDYH�EHHQ�WROG�WKDW�W\SLFDOO\�PDOH�VWXGHQW�OLNH
WKLV�H[HUFLVH�PXFK�PRUH�WKDQ�IHPDOH�VWXGHQW���,�ZRQGHU�ZK\���$Q\ZD\��LI�\RX�SUHIHU�
\RX�FRXOG�LQVWHDG�DQLPDWH�D�SHDFHIXO�VFHQH�LQ�ZKLFK�WKH�GULYHU�GULYHV�FDUHIXOO\�WR�WKH
6WRS�VLJQ�DQG�VWRSV�

½ $GG�VRXQG�HIIHFWV�WR�WKH�DERYH�DQLPDWLRQ���8VH�WKH�6RXQG�VWDWHPHQW��GHVFULEHG�LQ�WKH
5HIHUHQFH�0DQXDO���/RRN�IRU�FRRO�VRXQGV�RQ�\RXU�FRPSXWHU��DQG�LPSRUW�RQH�RU�WZR�RI
WKHP�WR�/RJR0DWLRQ�

½ $QLPDWH�D�VTXDUH�DQG�D�WULDQJOH�PRYLQJ�WRZDUGV�RQH�DQRWKHU���7KH�SLFWXUHV�VKRXOG�ORRN
OLNH�WKH\�DUH�PRYLQJ�FRQFXUUHQWO\��DOWKRXJK�LQ�UHDOLW\�\RX�ZLOO�DOWHUQDWH�EHWZHHQ�WKHP�
7KH�PRVW�HIILFLHQW�ZD\�WR�GR�WKLV�LV�WR�XVH�QDPHG�SHQV���5HDG�DERXW�LW�LQ�WKH�5HIHUHQFH
0DQXDO�VHFWLRQ������'HILQLQJ�DQG�6ZLWFKLQJ�3HQV��RQ�SDJH�����

½ $QLPDWH�DQ�H[SORVLRQ��D�URXQG�EDOO�PRYHV�RQ�WKH�VFUHHQ��DQG�WKHQ�H[SORGHV�LQWR����OLWWOH
EDOOV�WKDW�DUH�GLVSHUVHG�DOO�RYHU�
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&&RRQQJJUUDDWWXXOODDWWLLRRQQVV��
,I�\RX�KDYH�UHDG�DQG�XQGHUVWRRG�WKH�WXWRULDO�WKXV�IDU��DQG�LI�\RX�SUHSDUHG�\RXU�KRPHZRUN��\RX
VKRXOG�EH�LQ�D�JRRG�VKDSH���<RX�DUH�QRZ�D�FHUWLILHG�EHJLQQHU�SURJUDPPHU���3HUKDSV�QRW�TXLWH�UHDG\�\HW
WR�EH�WKH�9LFH�3UHVLGHQW�RI�(QJLQHHULQJ�DW�0LFURVRIW��EXW�FHUWDLQO\�UHDG\�WR�JR�LQWR�PRUH�FRPSOH[
DQG�FKDOOHQJLQJ�VWXII���$OO�EHJLQQLQJV�DUH�KDUG��DQG�LI�/RJR0DWLRQ�LV�\RXU�ILUVW�SURJUDPPLQJ
ODQJXDJH��WKHQ�\RX�KDYH�PDGH�D�PRVW�LPSRUWDQW�VWHS�WRZDUGV�PDVWHULQJ�WKLV�WUDGH�

&RQJUDWXODWLRQV�

:KHUH�VKRXOG�\RX�JR�IURP�KHUH"��7KHUH�DUH�WZR�ZD\V�WKDW�\RX�FDQ�PDNH�SURJUHVV�DQG�EHFRPH�D
EHWWHU�SURJUDPPHU�

7KH�ILUVW�LV�WR�VHHN�ZLVGRP���1R��QRW�QHFHVVDULO\�LQ�D�PRQDVWHU\�LQ�7LEHW��6LQFH�WKH�LQYHQWLRQ�RI�WKH
HOHFWURQLF�FRPSXWHU��D�ODUJH�QXPEHU�RI�VPDUW�SHRSOH�KDYH�XVHG�LW�DQG�GHYLVHG�LQQRYDWLYH�PHWKRGV�WR
KDYH�LW�GR�ZKDW�WKH\�ZDQWHG�LW�WR�GR��<RXU�ERRNVWRUH�PLJKW�KDYH�PRUH�/RJR0DWLRQ�ERRNV�²�FKHFN
WKHP�RXW���*R�WR�WKH�ERRNVWRUH�DQG�EX\�D�ERRN�WKDW�ZLOO�WHDFK�\RX�FRPSXWHU�DOJRULWKPV��<RX�ZRXOG
EH�VXUSULVHG��DQG�,�EHOLHYH�GHOLJKWHG��WR�ILQG�RXW�KRZ�PDQ\�ZD\V�WKHUH�DUH�WR�VRUW�LWHPV�RQ�WKH
FRPSXWHU��IRU�H[DPSOH��WR�VRUW�VWULQJV�DOSKDEHWLFDOO\���<RX�ZLOO�GLVFRYHU�UHFXUVLRQ��DQG�DIWHU�JHWWLQJ
WKH�KDQJ�RI�LW��\RX�ZRXOG�ORYH�WKH�FRQFHSW���%HIRUH�ORQJ��\RX�ZRXOG�GLVFRYHU�ZKDW�DUHDV�RI�FRPSXWHU
VFLHQFH�DWWUDFW�\RX��,W�PLJKW�EH�FRPSXWHU�JUDSKLFV���2U�LW�PLJKW�EH�FRPSXWDWLRQV��ILQG�RXW�KRZ�WR
FRPSXWH� �WR�WKH�����WK�GLJLW����,I�\RX�DUH�D�VHOI�OHDUQHU��WKHUH�LV�D�WUHPHQGRXV�DPRXQW�RI�LQIRUPDWLRQ
RXW�WKHUH�WKDW�\RX�PLJKW�ZDQW�WR�DFFHVV���$QG�LI�\RX�SUHIHU�D�PRUH�VWUXFWXUHG�VWXG\��\RX�ZRXOG�VXUHO\
ILQG�WKDW��WRR�

7KH�VHFRQG�FUXFLDO�LQJUHGLHQW�LQ�PDNLQJ�\RX�D�EHWWHU�SURJUDPPHU�LV�SUDFWLFH���7KH�PRUH�SURJUDPV
\RX�ZULWH��WKH�EHWWHU�\RX�ZLOO�EH�DW�ZULWLQJ�WKH�QH[W�RQH���6HHPV�UDWKHU�REYLRXV��,�NQRZ���3UDFWLFH�ZLOO
WHDFK�\RX�WKDW�SURJUDPPLQJ�LV�DQ�HQJLQHHULQJ�DFWLYLW\��UDWKHU�WKDQ�D�VFLHQWLILF�RU�DQ�DUWLVWLF�DFWLYLW\���7KH
PRUH�\RX�FRGH��WKH�PRUH�\RX�ZLOO�XQGHUVWDQG�WKH�HQJLQHHULQJ�WUDGHRIIV�WKDW�RQH�VKRXOG�FRQVWDQWO\
FRQVLGHU��VKRXOG�,�PDNH�WKLV�SURJUDP�PRUH�JHQHUDO�DQG�OHVV�HIILFLHQW��RU�PRUH�HIILFLHQW�DQG�OHVV
JHQHUDO"��6KRXOG�,�UHGXFH�WKH�QXPEHU�RI�IHDWXUHV�RQ�WKLV�SURJUDP�DQG�UHOHDVH�LW��RU�VKRXOG�,�VSHQG
PRUH�WLPH�PDNLQJ�LW�PRUH�SRZHUIXO"��+RZ�VKRXOG�,�JR�DERXW�GHVLJQLQJ�WKLV�SURMHFW"��+RZ�FDQ�,
PD[LPL]H�WKH�RGGV�WKDW�RWKHU�SHRSOH�ZRXOG�XVH�WKH�SURJUDP�DQG�HQMR\�LW�WRR"
$W�ILUVW��WKHVH�TXHVWLRQV�ZRXOG�QRW�ERWKHU�\RX�PXFK��EXW�DV�\RX�EHFRPH�PRUH�SURIHVVLRQDO��\RX�ZLOO
ILQG�\RXUVHOI�WKLQNLQJ�DERXW�WKHP�PRUH�DQG�PRUH���:KHQ�\RX�ILQG�\RXUVHOI�GRLQJ�LW��DQG�ZKHQ�\RX
ILQG�\RXUVHOI�LQYHQWLQJ�ZD\V�WR�REMHFWLYHO\�PHDVXUH�WKHVH�WUDGHRIIV��H�J��LQ�WLPH�RU�LQ�PRQH\��WKHQ�\RX
ZLOO�NQRZ�WKDW�\RX�KDYH�EHFRPH�DQ�H[SHULHQFHG�SURJUDPPHU�

3URJUDPPLQJ�FDQ�EH�GRQH�DORQH��DQG�FDQ�EH�GRQH�DV�SDUW�RI�D�WHDP���3URJUDPPLQJ�LV�DQ�H[WUHPHO\
UHZDUGLQJ�LQWHOOHFWXDO�DFWLYLW\���2K��DQG�OHW·V�QRW�IRUJHW�WKDW�LW�DOVR�KDV�LWV�ILQDQFLDO�UHZDUGV��D
SURJUDPPLQJ�SURMHFW�FDQ�ILQDQFH�\RXU�QH[W�YDFDWLRQ��DQG�LI�\RX�DUH�OXFN\�DQG�VNLOOHG��\RXU�QH[W
KRXVH�

<RX�DUH�RII�WR�D�JRRG�VWDUW���0DNH�\RXUVHOI�D�FXS�RI�WHD��DQG�VWDUW�UHDGLQJ�WKH�5HIHUHQFH�0DQXDO�SDUW
RI�WKLV�ERRN�
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&&KKDDSSWWHHUU������  $$��44XXLLFFNN��77RRXXUU
7KLV�LV�WKH�ILUVW�FKDSWHU�RI�WKH�5HIHUHQFH�0DQXDO�VHFWLRQ�RI�WKLV�ERRN���,I�\RX�DUH�UHDGLQJ�WKHVH�OLQHV�
WKHQ�HLWKHU�\RX�KDYH�MXVW�ILQLVKHG�WKH�WXWRULDO��RU�\RX�FKRVH�WR�VNLS�WKH�WXWRULDO�DQG�JR�GLUHFWO\�WR
5HIHUHQFH�0DQXDO�VHFWLRQ�RI�WKLV�ERRN����,I�\RX�KDYH�UHDG�WKH�WXWRULDO��WKLV�FKDSWHU�FRXOG�EH�WDNHQ�DV
D�UHIUHVKLQJ�UHYLHZ��DOWKRXJK�\RX�VXUHO\�ZLOO�OHDUQ�QHZ�WKLQJV�KHUH�

6WDUWLQJ�DW�WKH�QH[W�FKDSWHU��ZH�ZLOO�EH�JHWWLQJ�LQWR�WKH�JRU\�GHWDLOV���7KLV�FKDSWHU�ZLOO�JLYH�\RX�D
JOLPSVH�DW�VRPH�RI�WKH�IHDWXUHV�RI�/RJR0DWLRQ���7KH�WRXU�LV�GRQH�LQ�D�UDWKHU�LQWXLWLYH�PDQQHU���,I�\RX
GRQ·W�XQGHUVWDQG�VRPHWKLQJ��GR�QRW�ZRUU\�²�LW�ZLOO�EH�H[SODLQHG�PRUH�ULJRURXVO\�ODWHU�LQ�WKH�PDQXDO�

��� 7KH�/RJR0DWLRQ�:LQGRZV
<RX�HGLW�/RJR0DWLRQ�SURJUDPV�LQ�(GLW�ZLQGRZV��DQG�VHH�WKH�UHVXOWV�RI�UXQQLQJ�WKHP�LQ�5XQ
ZLQGRZV���$W�DQ\�PRPHQW��DQ\�QXPEHU�RI�(GLW�DQG�5XQ�ZLQGRZV�FDQ�EH�RSHQHG���7KH�QH[W�VFUHHQ
VKRW�VKRZV�D�/RJR0DWLRQ�DSSOLFDWLRQ�ZLWK�RQH�(GLW�ZLQGRZ��LQ�WKH�EDFN���DQG�D�5XQ�ZLQGRZ��IURQW�
FRQWDLQLQJ�WKH�UHVXOWV�RI�WKH�SURJUDP·V�H[HFXWLRQ�

��� +HOOR�:RUOG�²�7KH�)LUVW�/RJR0DWLRQ�3URJUDP
8VLQJ�/RJR0DWLRQ��LW�LV�YHU\�HDV\�WR�ZULWH�SURJUDPV�WKDW�GUDZ�WKLQJV�RQ�WKH�VFUHHQ���7KH�PRVW�EDVLF
GUDZLQJ�LV�GRQH�YLD�SHQ�PRYHPHQW���,PDJLQH�KROGLQJ�D�SHQ�DQG�WHOOLQJ�LW�WR�JR�SODFHV��VXFK�DV�JR
IRUZDUG�LQ�D�VWUDLJKW�OLQH�IRU�����SL[HOV��WKHQ�WXUQ�ULJKW���°��FRQWLQXH����SL[HOV�LQ�D�FLUFOH�RI�D�JLYHQ
UDGLXV��DQG�VR�RQ���$V�WKH�SHQ�PRYHV��LW�GUDZV�D�OLQH�RQ�WKH�VFUHHQ��DQG�\RX�FDQ�FRQWURO�WKH�OLQH·V
DWWULEXWHV��VXFK�DV�LWV�ZLGWK�DQG�FRORU�
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/HW�XV�GUDZ�DQ�DUURZ��DQG�DW�LWV�WLS�ZULWH�´+HOOR�:RUOGµ�LQ�UHG���7R�GR�VR��GRXEOH�FOLFN�WKH
/RJR0DWLRQ�LFRQ�WR�LQYRNH�WKH�DSSOLFDWLRQ���,W�FRPHV�XS�ZLWK�DQ�HPSW\�(GLW�ZLQGRZ��UHDG\�IRU
W\SLQJ�D�SURJUDP�LQ�LW��1RWH�WKDW�DV�\RX�W\SH��WKH�FRORU�RI�WKH�W\SHG�OHWWHUV�LQGLFDWHV�KRZ�/RJR0DWLRQ
XQGHUVWDQG�WKHP���$�/RJR0DWLRQ�SURJUDP�LV�PDGH�RI�D�VHULHV�RI�VWDWHPHQWV���/RJR0DWLRQ�VWDWHPHQWV
DUH�ZULWWHQ�LQ�VHSDUDWH�OLQHV��RU�FDQ�EH�JURXSHG�WRJHWKHU�LQ�RQH�OLQH�E\�VHSDUDWLQJ�WKHP�ZLWK�VHPL�
FRORQV���6WDWHPHQWV�VWDUW�ZLWK�D�FRPPDQG�QDPH��ZKLFK�/RJR0DWLRQ�FRORUV�UHG�RU�SXUSOH��VHH�EHORZ��
&RPPHQWV��ZKLFK�DUH�LJQRUHG�E\�/RJR0DWLRQ��VWDUW�ZLWK�WZR�VODVKHV��HQG�DW�WKH�HQG�RI�WKH�OLQH��DQG
DUH�FRORUHG�JUHHQ���+HUH�LV�RXU�ILUVW�VKRW�DW�W\SLQJ�WKH�SURJUDP��\RX�DUH�LQYLWHG�WR�W\SH�LW�LQ���%H�VXUH
WR�XVH�0��WKH�QXPEHU�]HUR��ZKHQ�W\SLQJ�D�QXPEHU��DQG�o��WKH�OHWWHU��LQ�WKH�FRPPDQGV�

7KLV�SURJUDP�LV�QRW�YHU\�OHJLEOH���,W�XVHV�FU\SWLF�VWDWHPHQWV�OLNH�FO 30��/RJR0DWLRQ�DOORZV�DQ
DEEUHYLDWLRQ�RI�FRPPDQG�QDPHV��DQG�ZH�KDYH�WDNHQ�DGYDQWDJH�RI�WKDW���7KH�FORWARD�FRPPDQG�
IRU�H[DPSOH��FDQ�EH�DEEUHYLDWHG�DQG�FDQ�EH�W\SHG�LQ�DQ\�FRPELQDWLRQ�RI�XSSHU�DQG�ORZHU�FDVH���7KXV
FO��for�HWF���DUH�DOO�OHJDO�DEEUHYLDWLRQV�RI�FORWARD���0RVW�XVHUV�ILQG�LW�HDVLHU�WR�W\SH�LQ�DQ
DEEUHYLDWHG�FRPPDQG��DQG�OHW�/RJR0DWLRQ�´EHDXWLI\µ�LW���7KLV�FDQ�EH�GRQH�E\�VHOHFWLQJ�WKH�OLQHV�WKDW
QHHG�WR�EH�´EHDXWLILHGµ��RU�W\SLFDOO\��W\SLQJ�FWUO�$�WR�VHOHFW�DOO�WKH�WH[W���DQG�WKHQ�VHOHFWLQJ�WKH
%HDXWLI\�FRPPDQG�IURP�WKH�7RROV�PHQX���'RLQJ�VR��ZH�JHW�WKH�IROORZLQJ��ZKLFK�LV�PXFK�PRUH
OHJLEOH�

,I�\RX�JHW�DQ\�HUURU�PHVVDJHV�ZKHQ�DSSO\LQJ�WKH�´EHDXWLI\µ�FRPPDQG��FOLFN�2.�LQ�WKH�HUURU�ER[��DQG
FRUUHFW�WKH�KLJKOLJKWHG�OLQH�²�\RX�PXVW�KDYH�W\SHG�LW�HUURQHRXVO\�

$W�WKH�EHJLQQLQJ�RI�WKH�SURJUDP��WKH�SHQ�LV�IDFLQJ�´HDVWµ��L�H���WR�WKH�ULJKW����7KH�ILUVW�VWDWHPHQW
PRYHV�LW�LQ�WKLV�GLUHFWLRQ�IRU����SL[HOV���7KH�VHFRQG�VWDWHPHQW�FKDQJHV�WKH�GLUHFWLRQ�E\����°
FORFNZLVH��L�H���LW�QRZ�IDFHV�VRXWKZHVW�

:H�DUH�QRZ�UHDG\�WR�FOLFN�WKH�*2�EXWWRQ��DOWHUQDWLYHO\��ZH�FRXOG�FOLFN�WKH�*R�EXWWRQ��RU�VHOHFW�WKH
*R�FRPPDQG�IURP�WKH�5XQ�PHQX��RU�VLPSO\�W\SH�FWUO�*����+HUH�LV�ZKDW�ZH�JHW��DIWHU�VRPH�UH�
DUUDQJLQJ�RI�WKH�ZLQGRZV�
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��� :<6,:<*�,QGHQWDWLRQ
/RJR0DWLRQ�KDV�WZR�W\SHV�RI�VWDWHPHQWV��VLPSOH�VWDWHPHQWV��DQG�FRPSRXQG�VWDWHPHQWV���7KH�SURJUDP
LQ�WKH�SUHYLRXV�VHFWLRQ�FRQWDLQHG�RQO\�VLPSOH�VWDWHPHQWV���&RPSRXQG�VWDWHPHQWV�WHOO�/RJR0DWLRQ
WKDW�VRPHWKLQJ�QHHGV�WR�EH�GRQH�WR�D�JURXS�RI�/RJR0DWLRQ�VWDWHPHQWV���)RU�H[DPSOH��WKH�JURXS�RI
VWDWHPHQWV�VKRXOG�EH�UHSHDWHG�VHYHUDO�WLPHV��RU�LW�VKRXOG�EH�H[HFXWHG�FRQGLWLRQDOO\���,Q�WKH�H[DPSOH
EHORZ��ZH�XVH�D�REPEAT�VWDWHPHQW�WR�FUHDWH�D�VTXDUH�

1RWH�WKDW�WKH�FRORU�RI�WKH�REPEAT�FRPPDQG�LV�SXUSOH��/RJR0DWLRQ�XVHV�WKLV�FRORU�WR�LQGLFDWH
FRPSRXQG�VWDWHPHQWV���7KH�REPEAT�VWDWHPHQW�FDXVH�WKH�WZR�OLQHV�WKDW�IROORZ�LW�WR�EH�UHSHDWHG�IRXU
WLPHV��WKXV�GUDZLQJ�D�VTXDUH���/RJR0DWLRQ�NQRZV�WKDW�RQO\�WZR�VWDWHPHQWV�QHHG�WR�EH�UHSHDWHG�
EHFDXVH�WKHVH�WZR�VWDWHPHQWV�DUH�LQGHQWHG�WR�WKH�ULJKW�UHODWLYH�WR�WKH�FRPSRXQG�VWDWHPHQW���7KH�ODVW
WKUHH�VWDWHPHQWV�LQ�WKH�SURJUDP�DUH�QRW�LQGHQWHG�UHODWLYH�WR�WKH�REPEAT�FRPPDQG��DQG�WKHUHIRUH
WKH\�DUH�QRW�SDUW�RI�WKH�REPEAT�VWDWHPHQW�

,QGHQWDWLRQ�LV�DLGHG�E\�/RJR0DWLRQ��EXW�LV�HVVHQWLDOO\�VRPHWKLQJ�WKDW�WKH�SURJUDPPHU�LV�UHVSRQVLEOH
IRU���:KHQ�\RX�XVH�WKH�´UHWXUQµ��RU�´HQWHUµ��NH\�DIWHU�W\SLQJ�WKH�REPEAT�VWDWHPHQW��/RJR0DWLRQ
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DXWRPDWLFDOO\�VWDUWV�D�QHZ�LQGHQWDWLRQ�OHYHO��L�H���SODFHV�WKH�FXUVRU�DW�RQH�LQGHQWDWLRQ�VWHS�UHODWLYH�WR
WKH�SUHYLRXV�VWDWHPHQW���:KHQ�\RX�W\SH�´UHWXUQµ��RU�´HQWHUµ��DW�WKH�HQG�RI�WKH�IROORZLQJ�FORWARD
VWDWHPHQW��/RJR0DWLRQ�VWLOO�PDLQWDLQV�WKH�VDPH�LQGHQWDWLRQ�OHYHO���7KH�VDPH�LV�WUXH�DIWHU�WKH�QH[W
´UHWXUQµ��RU�´HQWHUµ��DW�WKH�HQG�RI�WKH�RIGHT�VWDWHPHQW��H[FHSW�WKDW�QRZ�ZH�ZLVK�WR�HQG�WKH
LQGHQWDWLRQ�VR�ZH�KDYH�WR�HUDVH�RQH�OHYHO�RI�LQGHQWDWLRQ���:H�GR�VR�E\�XVLQJ�WKH�EDFNVSDFH�NH\���,Q
JHQHUDO��\RX�FDQ�DOZD\V�LQGHQW�RQH�OHYHO�WR�WKH�ULJKW�E\�W\SLQJ�D�VSDFH�DW�WKH�EHJLQQLQJ�RI�D�OLQH�
LQGHQW�RQH�OHYHO�WR�WKH�OHIW�E\�HUDVLQJ�D�VSDFH�FKDUDFWHU�DW�WKH�EHJLQQLQJ�RI�WKH�OLQH���<RX�FDQ�DOVR�XVH
WKH�,QGHQW�5LJKW�DQG�,QGHQW�/HIW�PHQX�FRPPDQGV�WR�LQGHQW�D�JURXS�RI�OLQHV�

<RX�PLJKW�ZRQGHU�ZKHWKHU�FRPSRXQG�VWDWHPHQWV�FRXOG�EH�QHVWHG���7KH�DQVZHU�LV�WKDW�WKH\�GR��DQG
LQ�IDFW�LW�LV�D�YHU\�FRPPRQ�SUDFWLFH�LQ�/RJR0DWLRQ���,Q�WKH�QH[W�H[DPSOH��ZH�ILOO�WKH�VTXDUH�ZLWK�EOXH�

7KH�FILL�VWDWHPHQW�LV�XVHG�WR�ILOO�D�VKDSH�ZLWK�D�JLYHQ�FRORU�DQG�SDWWHUQ���7KH�VKDSH�LV�GUDZQ�E\�WKH
JURXS�RI�VWDWHPHQWV��ZKLFK�IROORZ�WKH�FILL�VWDWHPHQW�DQG�DUH�LQGHQWHG�WR�WKH�ULJKW�UHODWLYH�WR�LW���,Q
WKH�H[DPSOH�DERYH��ZH�ILOO�WKH�VTXDUH�ZLWK�D�VROLG�EOXH��VHOHFWHG�E\�WKH�WKUHH�QXPEHUV�LQ�WKH�FILL
VWDWHPHQW���7KH�H[DFW�ZD\�RI�KRZ�WR�VHOHFW�D�FRORU�RI�D�SDWWHUQ�ZLOO�EH�H[SODLQHG�ODWHU�LQ�WKLV�PDQXDO�

��� 7KH�7UDFHU
/RJR0DWLRQ�LV�YHU\�IDVW��EXW�VRPHWLPHV�\RX�PD\�ZDQW�WR�VORZ�LW�GRZQ���)RU�H[DPSOH��\RX�FRXOG�EH
ZRUNLQJ�RQ�RQH�RI�WKHVH�IUDFWDOV�SURJUDPV�WKDW�FDQ�EH�H[SUHVVHG�LQ����OLQHV�RI�/RJR0DWLRQ�FRGH��EXW
PLJKW�WDNH�KRXUV�WR�JHW�ULJKW���(DFK�WLPH�\RX�FOLFN�WKH�*2�EXWWRQ��DQG�DOPRVW�LQVWDQWDQHRXVO\�\RX
JHW�D�VWUDQJH�SLFWXUH�ZKLFK�\RX�FHUWDLQO\�GLG�QRW�H[SHFW�

7KH�7UDFHU�LV�D�WRRO�IRU�VORZLQJ�GRZQ�WKH�GUDZLQJ�SURFHVV���,W�GUDZV�OLQHV�DW�WKH�UDWH�RI���
SL[HOV�VHFRQGV��VR�IRU�H[DPSOH�D�Forward 100�VWDWHPHQW�ZRXOG�WDNH���VHFRQGV�WR�FRPSOHWH�
7KDW�LV�HQRXJK�WLPH�WR�VHH�ZKLFK�OLQH�SUHFHGHG�WKH�FXUUHQW�OLQH��ZKLFK�GLUHFWLRQ�WKH�OLQH�LV�GUDZQ�
DQG�ZKDW�OLQH�IROORZV�LW���7KH�WUDFHU�FDQ�EH�WRJJOHG�RQ�DQG�RII�E\�VHOHFWLQJ�WKH�3HQ�7UDFHU�FRPPDQG
IURP�WKH�5XQ�PHQX���7KH�WUDFHU�FDQ�DOVR�EH�WXUQHG�RQ�RU�RII�IURP�WKH�SURJUDP�LWVHOI��DV�H[SODLQHG�LQ
VHFWLRQ������6HWWLQJ�D�3HQ�DV�D�7UDFHU��RQ�SDJH�����

7KH�WUDFHU�LV�RQO\�DYDLODEOH�RQ�:LQGRZV���2Q�WKH�0DF��\RX�FDQ�LQVWHDG�XVH�³WXUWOH�PRGH´��GHVFULEHG�LQ
VHFWLRQ�������$SSOLFDWLRQ�±�³7XUWOH�0RGH´�SDJH�����

��� 3URJUDP�'HYHORSPHQW�DQG�'HEXJJLQJ
/RJR0DWLRQ�XVHV�KXQGUHGV�RI�GLIIHUHQW�PHVVDJHV�WR�LQGLFDWH�WR�WKH�XVHU�ZKHQ�VRPHWKLQJ�LV�ZURQJ�
7KLV�LQFOXGHV�FRPSLODWLRQ�HUURUV��UXQ�WLPH�HUURUV��DQG�RWKHU�PHVVDJHV���$Q�H[DPSOH�RI�D�FRPSLODWLRQ
HUURU�LV�ZKHQ�D�JLYHQ�FRPPDQG�FDQQRW�EH�XQGHUVWRRG���$Q�H[DPSOH�RI�D�UXQ�WLPH�HUURU�LV�ZKHQ�DQ
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DUJXPHQW�RI�D�FRPPDQG�KDV�DQ�LOOHJDO�YDOXH���:KHQ�DQ�HUURU�RFFXUV��/RJR0DWLRQ�SRSV�XS�DQ�HUURU
PHVVDJH�ER[��DQG�KLJKOLJKWV�WKH�VWDWHPHQW�WKDW�FDXVHG�WKH�HUURU�

$IWHU�D�SURJUDP�VWDUWV�UXQQLQJ��LW�NHHSV�UXQQLQJ�XQWLO�RQH�RI�WKH�IROORZLQJ�

�� 1RUPDO�HQG�²�WKH�SURJUDP·V�ODVW�VWDWHPHQW�ZDV�H[HFXWHG�

�� $�HALT�VWDWHPHQW�ZDV�H[HFXWHG�

�� 3URJUDP�H[HFXWLRQ�ZDV�KDOWHG�E\�WKH�XVHU��RQ�:LQGRZV��E\�XVLQJ�WKH�6723�EXWWRQ��RU�WKH
6WRS�PHQX�FRPPDQG��RU�FWUO�%UHDN���2Q�WKH�0DF��YLD�FPG�SHULRG��

�� $�UXQ�WLPH�HUURU�KDG�RFFXUUHG���,Q�WKDW�FDVH��/RJR0DWLRQ�SRSV�XS�DQ�HUURU�PHVVDJH��DQG
JLYHV�WKH�SURJUDPPHU�WKH�FKRLFH�RI�FKHFNLQJ�WKH�HUURQHRXV�OLQH�

$IWHU�D�SURJUDP�H[HFXWLRQ�KDG�EHHQ�SDXVHG�RU�KDG�HQGHG��YDULDEOHV�DQG�H[SUHVVLRQV�FDQ�EH�H[DPLQHG
E\�FOLFNLQJ�WKH�(YDOXDWH�EXWWRQ��RU�VHOHFWLQJ�WKH�(YDOXDWH�FRPPDQG�IURP�WKH�5XQ�PHQX����7KH
VFUHHQ�VKRW�EHORZ�VKRZV�DQ�H[DPSOH�RI�HYDOXDWLQJ�DQ�H[SUHVVLRQ�E\�VHOHFWLQJ�LW�LQ�WKH�(GLW�ZLQGRZ
DQG�WKHQ�LQYRNLQJ�WKH�HYDOXDWRU���7KH�XVHU�KDG�VHOHFWHG�WKH�H[SUHVVLRQ�r4+r5*2���/RJR0DWLRQ
VKRZV�WKH�VHOHFWHG�H[SUHVVLRQ�LQ�WKH�ILUVW�ILHOG��WKH�ZD\�LW�XQGHUVWDQGV�LW��LQFOXGLQJ�WKH�RUGHU�RI
HYDOXDWLRQ��LQ�WKH�VHFRQG�ILHOG��DQG�WKH�UHVXOW�RI�HYDOXDWLQJ�WKH�H[SUHVVLRQ�LQ�WKH�WKLUG�

1RWH�WKDW�HYDOXDWLQJ�DQ�H[SUHVVLRQ�LQ�WKLV�ZD\�FDQ�RQO\�EH�GRQH�DIWHU�D�SURJUDP·V�H[HFXWLRQ�KDV
VWRSSHG�RU�ZDV�SDXVHG��DQG�WKH�5XQ�ZLQGRZ�LV�VWLOO�XS���<RX�FDQ�XVH�WKH�HYDOXDWRU�HYHQ�LI�WKH
SURJUDP�KDV�QHYHU�UXQ��EXW�LQ�WKDW�FDVH�\RX�ZLOO�REYLRXVO\�QRW�EH�DEOH�WR�VHH�WKH�YDOXHV�RI�YDULDEOHV�
8VLQJ�WKH�HYDOXDWRU�ZKHQ�WKH�SURJUDP�GLG�QRW�UXQ�\HW�LV�KDQG\�IRU�FKHFNLQJ�WKH�RUGHU�RI�H[SUHVVLRQ
HYDOXDWLRQ��VHHQ�LQ�WKH�/RJR0DWLRQ·V�,QWHUSUHWDWLRQ�ILHOG���DQG�DOVR�IRU�GRLQJ�FRPSXWDWLRQV�WKDW�GR�QRW
LQFOXGH�YDULDEOHV��IRU�H[DPSOH��2^15-1�
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��� $QLPDWLRQ�DQG�6RXQG
7KH�UHDO�IXQ�EHJLQV�ZKHQ�D�/RJR0DWLRQ�SURJUDP�LV�XVHG�WR�DQLPDWH�REMHFWV�RQ�WKH�VFUHHQ���,Q
HVVHQFH��DQLPDWLRQ�LV�GRQH�E\�DWWDFKLQJ�D�SLFWXUH�WR�D�SHQ��DQG�WKHQ�PRYLQJ�WKH�SLFWXUH�DURXQG��XVLQJ
SHQ�PRYHPHQW�VWDWHPHQWV���7KH�DQLPDWLRQ�FDQ�EH�FRQWUROOHG�LQ�VHYHUDO�ZD\V��VXFK�DV�VHWWLQJ�LWV
VSHHG��RU�FRQWUROOLQJ�ZKHWKHU�LW�LV�GRQH�XQGHU�RU�DERYH�WKH�EDFNJURXQG���6RXQG�FDQ�EH�SOD\HG�
V\QFKURQRXVO\��DV\QFKURQRXVO\��DQG�LQ�D�ORRS��LQ�FRQMXQFWLRQ�ZLWK�WKH�DQLPDWLRQ�

3LFWXUHV�FDQ�EH�FUHDWHG�LQ�YLD�WKH�PICTURE�FRPSRXQG�VWDWHPHQW��RU�WKH\�FDQ�EH�LPSRUWHG�IURP
SLFWXUH�ILOHV���6RXQGV�FDQ�EH�UHFRUGHG�LQ�/RJR0DWLRQ��0DF�YHUVLRQ�RQO\���RU�FDQ�EH�LPSRUWHG�IURP
VRXQG�ILOHV�

:H�HQG�WKLV�TXLFN�WRXU�E\�WDNLQJ�WKH�EOXH�VTXDUH�H[DPSOH�RQH�VPDOO�VWHS�IRUZDUG���)LUVW�ZH�FUHDWH�D
SLFWXUH�FDOOHG�´P\�EOXHµ��DQG�WKHQ�ZH�PRYH�LW�IURP�����������SL[HOV�WR�WKH�ULJKW���1RWH�WKDW�ZKHQ�WKH
PICTURE�VWDWHPHQW�LV�H[HFXWHG��QR�SLFWXUH�LV�GUDZQ�RQ�WKH�VFUHHQ���7KH�SLFWXUH�LV�GUDZQ�LQ�WKH
FRPSXWHU·V�PHPRU\�DQG�LV�ODEHOHG�´P\�EOXHµ���7KH�SLFWXUH�LV�WKHQ�DWWDFKHG�WR�WKH�SHQ�XVLQJ�WKH�PEN
VWDWHPHQW��DQG�LV�WKHQ�PRYHG�WR�WKH�ULJKW�XVLQJ�WKH�IDPLOLDU�FORWARD�VWDWHPHQW���,W·V�NLQG�RI�KDUG
WR�VKRZ�WKH�DQLPDWLRQ�LQ�D�VFUHHQ�VKRW��VR�ZH·G�VXJJHVW�WKDW�WKDW�\RX�W\SH�LQ�WKH�IROORZLQJ�SURJUDP
DQG�WU\�LW�RXW�\RXUVHOI�

��� :KDW·V�1H[W
%HIRUH�UHDGLQJ�RQ��\RX�PD\�OLNH�WR�SOD\�D�ELW�ZLWK�/RJR0DWLRQ���5XQ�VRPH�VDPSOH�SURJUDPV�DQG�VHH
LI�\RX�FDQ�JXHVV�ZKDW�FHUWDLQ�VWDWHPHQWV�GR���<RX�PLJKW�KDYH�IXQ�ZULWLQJ�\RXU�RZQ�SURJUDPV��HYHQ
EHIRUH�FRQWLQXH�UHDGLQJ�WKLV�PDQXDO��E\�FRS\LQJ�VWDWHPHQWV�IURP�VRPH�H[DPSOHV�DQG�PRGLI\LQJ
WKHP���2U�\RX�PD\�SUHIHU�WR�UHDG�RQ�EHIRUH�DWWHPSWLQJ�WR�ZULWH�\RXU�RZQ�FRGH���(LWKHU�ZD\��KDYH
IXQ�²�WKLV�LV�WKH�JRDO�RI�/RJR0DWLRQ�


