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Introduction

/RJR� LV� WKH� QDPH� IRU� D� SKLORVRSK\� RI� HGXFDWLRQ� DQG� IRU� D� FRQWLQXDOO\� HYROYLQJ� IDPLO\� RI� FRPSXWHU
ODQJXDJHV�WKDW�DLG�LWV�UHDOL]DWLRQ��,WV�OHDUQLQJ�HQYLURQPHQWV�DUWLFXODWH�WKH�SULQFLSOH�WKDW�JLYLQJ�SHRSOH
SHUVRQDO�FRQWURO�RYHU�SRZHUIXO�FRPSXWDWLRQDO�UHVRXUFHV�FDQ�HQDEOH�WKHP�WR�HVWDEOLVK�LQWLPDWH�FRQWDFW
ZLWK�SURIRXQG�LGHDV�IURP�VFLHQFH��IURP�PDWKHPDWLFV��DQG�IURP�WKH�DUW�RI�LQWHOOHFWXDO�PRGHO�EXLOGLQJ��,WV
FRPSXWHU�ODQJXDJHV�DUH�GHVLJQHG�WR�WUDQVIRUP�FRPSXWHUV�LQWR�IOH[LEOH�WRROV�WR�DLG�LQ�OHDUQLQJ��LQ�SOD\LQJ�
DQG�LQ�H[SORULQJ�

/RJR
V�GHVLJQHUV�DUH�JXLGHG�E\�WKH�YLVLRQ�RI�DQ�HGXFDWLRQDO�WRRO�ZLWK�QR�WKUHVKROG�DQG�QR�FHLOLQJ��:H�WU\
WR�PDNH�LW�SRVVLEOH�IRU�\RXQJ�FKLOGUHQ�WR�FRQWURO�WKH�FRPSXWHU�LQ�VHOI�GLUHFWHG�ZD\V��HYHQ�DW�WKHLU�YHU\
ILUVW�H[SRVXUH�WR�/RJR��$W�WKH�VDPH�WLPH��ZH�EHOLHYH�WKDW�/RJR�VKRXOG�EH�D�JHQHUDO�SXUSRVH�SURJUDPPLQJ
V\VWHP� RI� FRQVLGHUDEOH� SRZHU� DQG� ZHDOWK� RI� H[SUHVVLRQ�� ,Q� IDFW�� ZH� UHJDUG� WKHVH� WZR� JRDOV� DV
FRPSOHPHQWDU\�UDWKHU�WKDQ�FRQIOLFWLQJ��VLQFH�LW�LV�WKH�YHU\�ODFN�RI�H[SUHVVLYH�SRZHU�RI�SULPLWLYH�ODQJXDJHV
VXFK�DV�%$6,&�WKDW�PDNHV�LW�GLIILFXOW�IRU�EHJLQQHUV�WR�ZULWH�VLPSOH�SURJUDPV�WKDW�GR�LQWHUHVWLQJ�WKLQJV�
0RUH�WKDQ����\HDUV�RI�H[SHULHQFH�DW�0,7�DQG�HOVHZKHUH�KDYH�GHPRQVWUDWHG�WKDW�SHRSOH�DFURVV�WKH�ZKROH
UDQJH�RI��PDWKHPDWLFDO�DSWLWXGH��HQMR\�XVLQJ�/RJR�WR�FUHDWH�RULJLQDO�DQG�VRSKLVWLFDWHG�SURJUDPV��/RJR
KDV�EHHQ�VXFFHVVIXOO\�DQG�SURGXFWLYHO\�XVHG�E\�SUHVFKRRO��HOHPHQWDU\�� MXQLRU�KLJK��KLJK�VFKRRO��DQG
FROOHJH�VWXGHQWV��DQG�E\�WKHLU�WHDFKHUV�

6RPH�RI�WKH�LPSRUWDQW�IHDWXUHV�RI�/RJR�DUH�

� /RJR�LV�D�SURFHGXUDO�ODQJXDJH��/RJR�SURJUDPV�DUH�FUHDWHG�E\�FRPELQLQJ�FRPPDQGV�LQWR�JURXSV
FDOOHG�SURFHGXUHV�DQG�E\�XVLQJ� WKHVH�SURFHGXUHV�DV� VWHSV� LQ�RWKHU�SURFHGXUHV��DQG�VR�RQ� WR
DUELWUDU\�OHYHOV�RI�FRPSOH[LW\��(DFK�LQGLYLGXDO�VWHS�RI�D�SURFHGXUH�PD\�EH�DQ\�SULPLWLYH�/RJR
FRPPDQG�RU�DQ\�XVHU�GHILQHG�SURFHGXUH��3URFHGXUHV�FDQ�FRPPXQLFDWH�DPRQJ�WKHPVHOYHV�YLD
LQSXWV�DQG�RXWSXWV�

� /RJR� LV� DQ� LQWHUDFWLYH� SURJUDPPLQJ� ODQJXDJH�� $Q\� /RJR� FRPPDQG�� ZKHWKHU� EXLOW� LQWR� WKH
ODQJXDJH� RU� GHILQHG� DV� D� SURFHGXUH�� FDQ�EH� H[HFXWHG�E\� VLPSO\� W\SLQJ� WKH� FRPPDQG�DW� WKH
NH\ERDUG��/RJR
V� LQWHJUDWHG�HGLWRU�PDNHV� LW� HDV\� WR�GHILQH�� H[HFXWH�� DQG�PRGLI\�SURFHGXUHV�
EHFDXVH�WKHUH�LV�QR�QHFHVVLW\�WR�GHDO�ZLWK�VHSDUDWH�FRPSLOHUV��ORDGHUV��PRQLWRUV��DQG�VR�IRUWK�
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     6HFWLRQ��������JLYHV�DQ�H[DPSOH�RI�VXFK�DQ�LQWHUIDFH��7KH�LPSOHPHQWDWLRQ�PDNHV�XVH�RI�WKH�IDFW1

WKDW�LW�LV�SRVVLEOH�WR�ZULWH�/RJR�SURFHGXUHV�WKDW�WKHPVHOYHV�GHILQH�SURFHGXUHV��7KH�ERRN�E\
*ROGHQEHUJ�>��@�GHVFULEHV�ZRUN�GXULQJ������DQG������XVLQJ�/RJR�ZLWK�SK\VLFDOO\�DQG�HPRWLRQDOO\
KDQGLFDSSHG�FKLOGUHQ��0RUH�UHFHQW�UHVHDUFK�LQ�WKLV�DUHD�LV�GLVFXVVHG�LQ�WKH�DUWLFOH�E\�:HLU�>��@�

      ,Q�KLV�ERRN�0LQGVWRUPV�>�@��3DSHUW�GLVFXVVHV�WKH�WXUWOH�DV�H[HPSODU\�RI�WKH�NLQG�RI
2

FRPSXWDWLRQDO��REMHFW�WR�WKLQN�ZLWK�
�WKURXJK�ZKLFK�WHFKQRORJ\�FDQ�OHDG�WR�IXQGDPHQWDO�HGXFDWLRQDO
FKDQJH��0LQGVWRUPV�DOVR�GLVFXVVHV�WKH�/RJR�SKLORVRSK\�RI�HGXFDWLRQ�DQG�WKH�UROH�RI�FRPSXWHU
WHFKQRORJ\�LQ�WUDQVIRUPLQJ�HGXFDWLRQ��7KH�ERRN�E\�$EHOVRQ�DQG�GL6HVVD�>�@�XVHV�WXUWOH�JHRPHWU\�DV
WKH�EDVLV�IRU�H[SORULQJ�LQ�PDWKHPDWLFV�DQG�SUHVHQWV�H[WHQGHG�WUHDWPHQWV�RI�PDWKHPDWLFDO�WRSLFV
UDQJLQJ�IURP�HOHPHQWDU\�JHRPHWU\�WKURXJK�*HQHUDO�5HODWLYLW\��$OWKRXJK�WXUWOH�JHRPHWU\�RULJLQDWHG
DV�D�SDUW�RI�WKH�/RJR�ODQJXDJH��LWV�XVH�LV�QRW�UHVWULFWHG�WR�/RJR��2WKHU�ODQJXDJHV�WKDW�KDYH
LQFRUSRUDWHG�WXUWOH�JUDSKLFV�DUH�6PDOOWDON��.D\�>��@�DQG�*ROGEHUJ�>�@��DQG�8&6'�3DVFDO��%RZOHV�>�@��

2

� /RJR
V�GDWD�REMHFWV��WKRVH�WKLQJV�WKDW�FDQ�EH�QDPHG�E\�LQGLYLGXDO�YDULDEOHV��SDVVHG�GLUHFWO\�DV
LQSXWV�WR�SURFHGXUHV��DQG�UHWXUQHG�DV�YDOXHV��LQFOXGH�QRW�RQO\�QXPEHUV�DQG�FKDUDFWHU�VWULQJV�
EXW�DOVR�FRPSRXQG�VWUXFWXUHV�FDOOHG�OLVWV��0DQ\�FRPSXWHU�ODQJXDJHV�IRUFH�WKH�SURJUDPPHU�WR
PDQLSXODWH�GDWD� VWUXFWXUHV� LQ� WHUPV�RI� VHTXHQFHV� RI� RSHUDWLRQV� RQ� LQGLYLGXDO�QXPEHUV� DQG
FKDUDFWHU�VWULQJV��,Q�FRQWUDVW��/RJR
V�OLVWV�DUH�IXQFWLRQDO�XQLWV�WKDW�FDQ�EH�WUDQVIRUPHG�LQ�VLQJOH
RSHUDWLRQV��PDNLQJ�/RJR�D�FRQYHQLHQW�DQG�SRZHUIXO�ODQJXDJH�IRU�DSSOLFDWLRQV�LQYROYLQJ�V\PERO
PDQLSXODWLRQ��0RUHRYHU�� WKH� IDFW� WKDW� /RJR� SURFHGXUHV� FDQ� WKHPVHOYHV� EH� UHSUHVHQWHG� DQG
PDQLSXODWHG� DV� OLVWV�PHDQV� WKDW� XVHUV� FDQ� DWWDLQ� FRQVLGHUDEOH� GLUHFW� FRQWURO� RYHU� WKH� ZD\
FRPPDQGV�DUH�LQWHUSUHWHG�³�IRU�H[DPSOH��WR�SURYLGH�VSHFLDO�LQWHUIDFHV�WR�/RJR�IRU�WKH�SK\VLFDOO\
KDQGLFDSSHG�RU�WKH�YHU\�\RXQJ��

$QRWKHU�LPSRUWDQW�DVSHFW�RI�/RJR�LV�LWV�LQFRUSRUDWLRQ�RI�D�SURJUDPPLQJ�DUHD�FDOOHG�WXUWOH�JHRPHWU\��$
WXUWOH�LV�D�FRPSXWHU�FRQWUROOHG��F\EHUQHWLF�DQLPDO��WKDW�OLYHV�RQ�WKH�GLVSOD\�VFUHHQ�DQG�UHVSRQGV�WR�/RJR
FRPPDQGV�WKDW�PDNH�LW�PRYH��)25:$5'�RU�%$&.��DQG�URWDWH��/()7�RU�5,*+7���$V�WKH�WXUWOH�PRYHV�
LW�OHDYHV�D�WUDFH�RI�LWV�SDWK�DQG�LQ�WKLV�ZD\�FDQ�EH�XVHG�WR�PDNH�GUDZLQJV�RQ�WKH�GLVSOD\�VFUHHQ��)RU
H[DPSOH��WKH�IROORZLQJ�/RJR�SURFHGXUH�WHOOV�/RJR�KRZ�WR�PDNH�WKH�WXUWOH�GUDZ�D�VTXDUH�E\�UHSHDWLQJ�IRXU
WLPHV�WKH�FRPPDQGV��JR�)25:$5'�����XQLWV��WXUQ�5,*+7����GHJUHHV��

TO SQUARE
REPEAT 4 [FORWARD 100 RIGHT 90]
END

7XUWOH�JUDSKLFV�LV�KLJKO\�VXFFHVVIXO��ERWK�DV�DQ�LQWURGXFWLRQ�WR�SURJUDPPLQJ�IRU�SHRSOH�RI�DOO�DJHV�DQG
DOVR�DV�D�IRXQGDWLRQ�IRU�D�FRPSXWHU�EDVHG�PDWKHPDWLFV�FXUULFXOXP��,Q�WKLV�ERRN��ZH�XVH�WXUWOH�JUDSKLFV
WR�LQWURGXFH�WKH�EDVLF�LGHDV�RI�/RJR�SURJUDPPLQJ��DOWKRXJK�ZH�DOVR�FRYHU�RWKHU�DVSHFWV�RI�WKH�ODQJXDJH��
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     /RJR�ZDV�LQLWLDOO\�GHYHORSHG�LQ������DV�SDUW�RI�D�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�VSRQVRUHG�UHVHDUFK3

SURMHFW�FRQGXFWHG�DW�%ROW��%HUDQHN�	�1HZPDQ��,QF���LQ�&DPEULGJH��0DVVDFKXVHWWV��)HXU]HLJ��HW��DO�
>�@���7KH�PDMRULW\�RI�/RJR�ZRUN�VLQFH�WKHQ�KDV�EHHQ�FRQGXFWHG�DW�0,7�LQ�WKH�$UWLILFLDO�,QWHOOLJHQFH
/DERUDWRU\�DQG�WKH�'LYLVLRQ�IRU�6WXG\�DQG�5HVHDUFK�LQ�(GXFDWLRQ��EXW�WKHUH�KDV�DOVR�EHHQ�VLJQLILFDQW
FRQWLQXLQJ�ZRUN�DW�%%1��)HXU]HLJ��HW��DO��>�@���DW�WKH�8QLYHUVLW\�RI�(GLQEXUJK��+RZH��HW��DO��>��@���DQG
DW�D�QXPEHU�RI�RWKHU�XQLYHUVLWLHV�WKURXJKRXW�WKH�ZRUOG�

     7KH�7,�/RJR�SURMHFW�LPSOHPHQWDWLRQ�SURMHFW�DW�0,7�ZDV�HDUQHG�RXW�XQGHU�WKH�VXSHUYLVLRQ�RI4

6H\PRXU�3DSHUW��3ULQFLSDO�FRQWULEXWRUV�WR�WKLV�HIIRUW�ZHUH�*DU\�'UHVFKHU��(GZDUG�+DUGHEHFN��0DUN
*URVV��/HLJK�.ORW]��-RKQ�%RUORZ��5DOSK�3D\QH��0D[LQH�%REFR��6LG�1ROWH��5LFKDUG�7DUUHQW��-RKQ�'
$QJHOR��$O�5LFFRPL��DQG�:\DWW�'RGG��
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6LQFH� LWV� FUHDWLRQ� LQ�������/RJR�KDV�EHHQ�XQGHU� FRQWLQXDO�GHYHORSPHQW� �$V�/RJR� LV�D� FRPSOH[�DQG�

VRSKLVWLFDWHG�ODQJXDJH��PRVW�/RJR�ZRUN�GXULQJ�WKH�����V�ZDV�FRQGXFWHG�XVLQJ�ODUJH�UHVHDUFK�FRPSXWHU
V\VWHPV��LW�LV�RQO\�UHFHQWO\�WKDW�FRPSXWHUV�FDSDEOH�RI�VXSSRUWLQJ�/RJR�KDYH�EHFRPH�LQH[SHQVLYH�HQRXJK
IRU�ZLGHVSUHDG�XVH�LQ�VFKRROV�DQG�KRPHV��,Q������WKH�0,7�/RJR�*URXS�DQG�7H[DV�,QVWUXPHQWV�EHJDQ�D
MRLQW�HIIRUW�WR�GHYHORS�DQ�LPSOHPHQWDWLRQ�RI�/RJR�IRU�WKH�7,�KRPH�FRPSXWHU� �7KH�UHVXOWLQJ�7,�/RJR�

V\VWHP��ZKLFK�UXQV�RQ�WKH�7,������DQG�����$�FRPSXWHUV�LV�D�SRZHUIXO�\HW�HDV\�WR�XVH�SURJUDPPLQJ
ODQJXDJH��ZKLFK�LQFRUSRUDWHV�DOO�WKH�DVSHFWV�RI�/RJR�PHQWLRQHG�DERYH��,Q�DGGLWLRQ��7,�/RJR�LQFOXGHV�WKH
IROORZLQJ�VSHFLDO�IHDWXUHV�

� 7,�/RJR�PDNHV� LW� HDV\� IRU�HYHQ�YHU\�\RXQJ�FKLOGUHQ� WR� FUHDWH� VSHFWDFXODU�DQLPDWLRQ�HIIHFWV
WKURXJK�WKH�XVH�RI�VSULWHV��6SULWHV��OLNH�WXUWOHV��DUH��FUHDWXUHV��WKDW�OLYH�RQ�WKH�GLVSOD\�VFUHHQ��%XW
XQOLNH�RUGLQDU\�/RJR�WXUWOHV��VSULWHV�FDQ�FKDQJH�WKHLU�FRORU�DQG�VKDSH��DQG�FDQ�PRYH�DFURVV�WKH
VFUHHQ� VPRRWKO\� DQG� FRQWLQXRXVO\�XQGHU� SURJUDP� FRQWURO��(YHQ�PRUH� WKDQ� WXUWOH� JUDSKLFV�
VSULWHV�DQG�DQLPDWLRQ�SURYLGH�DQ�H[FLWLQJ�DUHD�LQ�ZKLFK�EHJLQQHUV�FDQ�H[SHULPHQW�ZLWK�WKH�SRZHU
RI�FRPSXWDWLRQ�

� 7,�/RJR�,,�LQFOXGHV�FRPPDQGV�IRU�JHQHUDWLQJ�PXVLF�ZLWK�XS�WR�WKUHH�YRLFHV�SOXV�D��GUXP���:KHQ
FRPELQHG�ZLWK�WKH�SRZHU�RI�/RJR�SURFHGXUHV�DQG�OLVWV��WKLV�PDNHV�LW�HDV\�WR�ZULWH�SURJUDPV�WKDW
SOD\�WXQHV�DQG�KDUPRQLHV��0RUHRYHU��E\�V\QFKURQL]LQJ�PXVLF�DQG�VSULWH�JUDSKLFV��HYHQ�EHJLQQLQJ
SURJUDPPHUV�FDQ�FUHDWH�DQLPDWHG�PRYLHV�ZLWK�PXVLFDO�DFFRPSDQLPHQW�



7(;$6�,167580(176
+20(�&20387(5

     7KHUH�DUH�FXUUHQWO\�WZR�UHOHDVHV�RI�7,�/RJR��7KH�PDMRU�GLIIHUHQFH�EHWZHHQ�WKHP�LV�WKDW�7,�/RJR5

,,�LQFOXGHV�FRPPDQGV�IRU�JHQHUDWLQJ�PXVLF�ZKLOH�7,�/RJR�,�GRHV�QRW��7KLV�PDQXDO�FDQ�EH�XVHG�ZLWK
HLWKHU�YHUVLRQ��

4

A guide to this book

7KLV�ERRN�LV�DQ�LQWURGXFWLRQ�WR�WKH�/RJR�V\VWHP�DQG�WR�SURJUDPPLQJ�LQ�/RJR� �<RX�VKRXOG�WKLQN�DERXW�

OHDUQLQJ�/RJR�LQ�WKUHH�VWDJHV��7KH�ILUVW�VWDJH��FRYHUHG�LQ�&KDSWHUV���DQG����LQFOXGHV�WKH�EDVLFV�RI�GHILQLQJ
SURFHGXUHV� DQG�XVLQJ� WXUWOH� JUDSKLFV� WR� GUDZ�SLFWXUHV� RQ� WKH� GLVSOD\� VFUHHQ��&KDSWHU� �� FRQVLVWV� RI
VXJJHVWLRQV�IRU�SURJUDPPLQJ�SURMHFWV�EDVHG�RQ�WKLV�PDWHULDO��&KDSWHU���LQWURGXFHV�VSULWHV�DQG�DQLPDWLRQ�
DQG�VKRZV�KRZ�WR�ZULWH�VLPSOH�SURJUDPV� IRU�PDNLQJ�PRYLHV��&KDSWHU���GHVFULEHV� WKH�PHFKDQLFV�RI
NHHSLQJ�WUDFN�RI�SURFHGXUHV�DQG�VDYLQJ�WKHP�LQ�ILOHV��7KH�QH[W�VWDJH�LQ�OHDUQLQJ�/RJR�LQFOXGHV�ZULWLQJ
SURFHGXUHV�WKDW�XVH�GDWD�³�QXPEHUV��ZRUGV��DQG�OLVWV�DV�LQWURGXFHG�LQ�&KDSWHU���³�WR�FDUU\�RXW�SURMHFWV
VXFK�DV�WKH�RQHV�SUHVHQWHG�LQ�&KDSWHUV���DQG����DQG�DOVR�IRU�XVLQJ�WKH�/RJR�PXVLF�V\VWHP��ZKLFK�LV
GHVFULEHG�LQ�&KDSWHU����7KH�ODVW�VHFWLRQ�RI�&KDSWHU���DOVR�GLVFXVVHV�VRPH�ILQH�SRLQWV�RI�/RJR�V\QWD[�
ZKLFK�DUH�PRVWO\�LJQRUHG�LQ�WKH�ILUVW�ILYH�FKDSWHUV��&KDSWHUV����DQG����FRYHU�DGYDQFHG�WRSLFV�LQ�/RJR
SURJUDPPLQJ��LQFOXGLQJ�XVLQJ�UHFXUVLRQ�WR�GHDO�ZLWK�ZRUGV�DQG�OLVWV�DQG�XVLQJ�OLVWV�WR�UHSUHVHQW�FRPSOH[
GDWD�VWUXFWXUHV��&KDSWHU����LV�D�UHIHUHQFH�WKDW�GHVFULEHV�WKH�SULPLWLYH�FRPPDQGV�LQFOXGHG�LQ�WKH�7,�/RJR
V\VWHP�

Acknowled gments

7KH�H[DPSOHV�LQFOXGHG�LQ�WKLV�ERRN�GUDZ�XSRQ�UHVHDUFK�FRQGXFWHG�RYHU�WKH�SDVW����\HDUV�E\�PHPEHUV
RI�WKH�/RJR�*URXS�DW�WKH�0,7�'LYLVLRQ�IRU�6WXG\�DQG�5HVHDUFK�LQ�(GXFDWLRQ�DQG�WKH�0,7�$UWLILFLDO
,QWHOOLJHQFH�/DERUDWRU\��6HFWLRQ�����UHSULQWV�D������$O�/DE�0HPR�E\�6H\PRXU�3DSHUW�DQG�&\QWKLD
6RORPRQ��7KH�SURMHFWV�LQ�&KDSWHU���FRPH�IURP�PDWHULDO�SUHSDUHG�E\�'DQ�:DWW�DV�SDUW�RI�D�WHDFKLQJ
H[SHULPHQW�FRQGXFWHG�LQ�WKH�%URRNOLQH��0$��HOHPHQWDU\�VFKRRO�V\VWHP�ZKLFK�LV�GRFXPHQWHG�LQ�>�@��,
ZRXOG� OLNH� WR� WKDQN�*UHJ�*DUJDULDQ� IRU�KHOS� LQ�DVVHPEOLQJ� WKLV� FKDSWHU��7KH�'\QDWXUWOH�SURMHFW� LQ
&KDSWHU���LV�EDVHG�RQ�ZRUN�E\�$QG\�GL6HVVD�DQG�'DQ�:DWW��7KH�PXVLF�V\VWHP�GUDZV�RQ�QXPHURXV�LGHDV
DQG�H[SHULPHQWDO�V\VWHPV�GHYHORSHG�E\�-HDQQH�%DPEHUJHU��,�ZRXOG�DOVR�OLNH�WR�WKDQN�'DQ�:DWW��/HLJK
.ORW]��1ROD�6KHIIHU��DQG�5LFKDUG�&DUWHU�IRU�FRPPHQWV�RQ�SUHYLRXV�GUDIWV�RI�WKLV�ERRN�



TI LOGO

5

NOTICE: P-Code Card

,I�\RX�DUH�XVLQJ�WKH�3HULSKHUDO�([SDQVLRQ�%R[�ZLWK�WKH�3�&RGH�FDUG�LQVHUWHG��WXUQ�WKH�3�&RGH�2))�RU
UHPRYH� WKH�FDUG�� ,I�\RX�GR�D�6$9(��5(&$//��RU�35,17287�ZLWK�WKH�3�&RGH�FDUG� WXUQHG�RQ�� WKH
FRPSXWHU�JRHV�WKURXJK�WKH�FRQVROH�SRZHU�XS�FRGH�DQG�LQWR�WKH�8&6'�S�6\VWHP�


SPRITE Wrap-around

8QOLNH�WKH�ILUVW�YHUVLRQ�RI�7,�/2*2��ZKHUH�635,7(����ZRXOG�DXWRPDWLFDOO\�GHIDXOW�WR�635,7(����
/2*2�,,�DWWHQGV�RQO\�WR�VSULWHV�DGGUHVVHG�DV���WKURXJK�����6SULWHV�FDQ�EH�DGGUHVVHG�RQO\�DV�635,7(��
WKURXJK�635,7(����LQ�/2*2�,,��'R�QRW�FDOO�D�VSULWH�EH\RQG�WKH�QXPEHU����


8&6'�S�6\VWHP�LV�D�WUDGHPDUN�RI�WKH�5HJHQWV�RI�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�
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Figure 1.1: The TI-99/4A
keyboard with special keys
indicated.

CHAPTER 1. A First Look at Lo go

7KLV�FKDSWHU�LQWURGXFHV�WKH�EDVLF�PHFKDQLFV�RI�XVLQJ�/RJR��,W�GHVFULEHV�KRZ�WR�H[HFXWH�VLPSOH�FRPPDQGV
DQG�KRZ�WR�GHILQH�DQG�HGLW�SURFHGXUHV��7KH�H[DPSOHV�DUH�JLYHQ�LQ�WHUPV�RI�XVLQJ�WXUWOH�JUDSKLFV�WR�GUDZ
SLFWXUHV�RQ�WKH�VFUHHQ��(YHQ�WKRXJK�ZH�GR�QRW��DW�WKLV�SRLQW��LQWURGXFH�PRUH�WKDQ�D�IHZ�FRPPDQGV�RU
DWWHPSW�D�IXOO�H[SODQDWLRQ�RI�WKH�UXOHV�IRU�ZULWLQJ�SURJUDPV��WKH�PDWHULDO�LQ�WKLV�FKDSWHU�DQG�WKH�QH[W�LV
VXIILFLHQW�WR�DOORZ�\RX�WR�XVH�/RJR�IRU�D�ZLGH�YDULHW\�RI�LQWHUHVWLQJ�SURMHFWV�VXFK�DV�WKH�RQHV�GHVFULEHG
LQ�&KDSWHU����7U\� WR�ZRUN� WKURXJK�WKLV� FKDSWHU�DW� WKH�FRPSXWHU�NH\ERDUG��H[SHULPHQWLQJ�ZLWK� WKH
GLIIHUHQW�IHDWXUHV�DV�WKH\�DUH�LQWURGXFHG�

1.1. The Com puter Ke yboard

,I�\RX�KDYH�QHYHU�XVHG�D�FRPSXWHU�EHIRUH��\RX�ZLOO�QHHG�WR�EHFRPH�DFFXVWRPHG�WR�D�IHZ�LGLRV\QFUDVLHV
RI�FRPSXWHU�NH\ERDUGV�DV�FRPSDUHG�ZLWK�W\SHZULWHU�NH\ERDUGV��%H�FDUHIXO�QRW�WR�W\SH�WKH�QXPHUDO���LQ
SODFH�RI�WKH�OHWWHU�2��RU�WKH�QXPHUDO���LQ�SODFH�RI�WKH�OHWWHU�O��7KHVH�PD\�ORRN�DOLNH�WR�D�SHUVRQ��EXW�WKH
NH\V�JHQHUDWH�GLIIHUHQW�VLJQDOV�IRU�WKH�FRPSXWHU�WR�LQWHUSUHW��7,�/RJR�XVHV�XSSHUFDVH�OHWWHUV�RQO\��VR�GR
QRW�ZRUU\�DERXW�XVLQJ�WKH�SHIFT�NH\�IRU�W\SLQJ�OHWWHUV��7KHUH�DUH��KRZHYHU��D�IHZ�V\PEROV�WKDW�DUH�W\SHG
XVLQJ�WKH�SHIFT�NH\��)RU�H[DPSOH��WKH�DVWHULVN�V\PERO�
�DSSHDUV�DV�SHIFT-8��MXVW�DV�RQ�DQ�RUGLQDU\
W\SHZULWHU�NH\ERDUG��7R�W\SH�
��KROG�GRZQ�WKH�SHIFT�NH\�DQG�SUHVV�WKH�8�NH\��UDWKHU�WKDQ�WU\LQJ�WR�SUHVV
ERWK�SHIFT�DQG�8�VLPXOWDQHRXVO\��

&RPSXWHU�NH\ERDUGV�JHQHUDOO\�LQFOXGH�D�IHZ�NH\V�QRW�RUGLQDULO\�IRXQG�RQ�W\SHZULWHUV��7KH�NH\�PDUNHG

ENTER�LV�XVHG�LQ�/RJR�WR�VLJQDO�WKH�FRPSXWHU�WR�SURFHVV�D�FRPPDQG�OLQH�WKDW�KDV�EHHQ�W\SHG�

7KH�FCTN��IXQFWLRQ��NH\�RQ�WKH�����$�LV�XVHG�OLNH�DQ�DOWHUQDWH�VKLIW�NH\�WR�REWDLQ�WKH�V\PEROV�WKDW�DUH
PDUNHG�RQ�WKH�IURQW�RI�YDULRXV�NH\V��)RU�LQVWDQFH��WKH�RSHQ�EUDFNHW�FKDUDFWHU�>�DSSHDUV�RQ�WKH�IURQW�RI
WKH�R�NH\��VR�WR�W\SH�D�>�RQ�WKH�����$��KROG�GRZQ�WKH�FCTN�NH\�DQG�SUHVV�R��7KURXJKRXW�WKLV�ERRN��ZH
VSHFLI\�IXQFWLRQ�FKDUDFWHUV�E\�WKH�SUHIL[��FCTN���DV�LQ��FCTN-R���2WKHU�FCTN�V\PEROV�WKDW�DUH�XVHG�LQ
/RJR�SURJUDPPLQJ�DUH�FORVHG�EUDFNHW�@��GRXEOH�TXRWH����DQG�WKH�IRXU�DUURZ�NH\V������������
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     2QH�LPSRUWDQW�SRLQW�WR�NHHS�LQ�PLQG�ZKHQ�XVLQJ�/RJR�LV�WR�QHYHU�SUHVV�WKH�QUIT�NH\�XQOHVV�\RX1

DUH�GRQH�XVLQJ�/RJR��3UHVVLQJ�QUIT�UHVHWV�WKH�FRPSXWHU�DQG�HUDVHV�DOO�SURJUDPV�DQG�GDWD�IURP
PHPRU\��2Q�WKH�����$��EH�HVSHFLDOO\�FDUHIXO�ZKHQ�\RX�W\SH�WKH�V\PERO����SHIFT - =��WR�EH�VXUH�WKDW
\RX�GR�QRW�PLVWDNHQO\�W\SH�QUIT��FCTN - =��LQVWHDG��
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(a)

(b)
Figure 1.2: A TI-99/4A system
configured to run Logo.

/RJR�DOVR�PDNHV�XVH�RI�VSHFLDO�V\PEROV�FDOOHG�DEL��ERASE��CLEAR ��BEGIN��PROC'D��AID��BACK ��DQG
QUIT��2Q� WKH�7,�����$�� WKHVH�DUH� W\SHG�XVLQJ�FCTN�� WRJHWKHU�ZLWK� WKH�NH\V�RQ� WKH� WRS� URZ�RI� WKH
NH\ERDUG��7KH�VSHFLDO�V\PERO�QDPHV�DUH�PDUNHG�RQ�WKH�SODVWLF�VWULS�WKDW�LV�VXSSOLHG�ZLWK�WKH�7,�����$�
)LJXUH�����VKRZV�D�GLDJUDP�RI�WKH�NH\ERDUG�RQ�WKH�����$�ZLWK�LQGLFDWLRQV�RI�WKH�VSHFLDO�NH\V�XVHG�ZLWK
/RJR��

2Q�WKH�7,�������ZKLFK�KDV�QR�FCTN�NH\��WKH�DGGLWLRQDO�FCTN�V\PEROV�DUH�W\SHG�LQ�DOWHUQDWLYH�ZD\V�
XVLQJ�SHIFT��>$SSHQGL[�$�JLYHV�D�FRPSOHWH�OLVW�RI�WKH�VSHFLDO�V\PEROV�XVHG�E\�/RJR�DQG�WKH�NH\�VHTXHQFHV
UHTXLUHG�WR�W\SH�WKHP�RQ�ERWK�WKH������DQG�WKH�����$�@

1.2. Preparin g to Use Lo go
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     <RX�FDQ�LQVHUW�WKH�/RJR�FDUWULGJH�HLWKHU�EHIRUH�RU�DIWHU�SRZHULQJ�XS�WKH�V\VWHP��7KHUH�LV�DQ2

DXWRPDWLF�UHVHW�IHDWXUH�EXLOW�LQWR�WKH�FRPSXWHU�VR�WKDW�WKH�V\VWHP�ZLOO�UHWXUQ�WR�WKH�PDVWHU�WLWOH
GLVSOD\�ZKHQHYHU�D�FDUWULGJH�LV�LQVHUWHG�LQWR�WKH�FRQVROH��,I�\RX�ZDQW�WR�UHPRYH�WKH�FDUWULGJH�IURP�WKH
FRQVROH��LW�LV�EHVW�ILUVW�UHWXUQ�WKH�FRPSXWHU�WR�WKH�PDVWHU�WLWOH�VFUHHQ�E\�SUHVVLQJ�QUIT��

8

7KH�7,�/RJR�V\VWHP�RSHUDWHV�RQ�WKH�7,������DQG�7,�����$�KRPH�FRPSXWHUV��,Q�DGGLWLRQ�WR�WKH�FRPSXWHU
DQG�WKH�/RJR�FDUWULGJH��WKH�V\VWHP�UHTXLUHV�D�7,�0HPRU\�([SDQVLRQ�8QLW�RU�D�3HULSKHUDO�([SDQVLRQ�%R[
ZLWK�D���.�PHPRU\�H[SDQVLRQ�FDUG��,I�\RX�ZLVK�WR�VDYH�\RXU�ZRUN�RQ�D�GLVNHWWH��\RX�PXVW�DOVR�DWWDFK�D
7,�'LVN�0HPRU\�6\VWHP��$OWHUQDWLYHO\��\RX�FDQ�VDYH�\RXU�ZRUN�RQ�FDVVHWWH�WDSH�E\�DWWDFKLQJ�D�FDVVHWWH
UHFRUGHU��,I�\RXU�7,�FRPSXWHU�V\VWHP�KDV�DQ�DWWDFKHG�SULQWHU��\RX�FDQ�XVH�WKLV�WR�SURGXFH�SULQWHG�FRSLHV
RI� \RXU� ZRUN�� )LJXUH� ���� VKRZV� WZR� ����$� V\VWHPV� FRQILJXUHG� WR� UXQ� 7,� /RJR�� 7KH� ILUVW� VKRZV� D
3HULSKHUDO�([SDQVLRQ�%R[�ZLWK�D�GLVN�GULYH��7KH�VHFRQG�VKRZV�D�0HPRU\�([SDQVLRQ�8QLW�ZLWK�D�FDVVHWWH
UHFRUGHU�

Powerin g Up

,I�\RX�DUH�XVLQJ�WKH�'LVN�0HPRU\�6\VWHP��EH�VXUH�WR�IROORZ�WKHVH�VWHSV�LQ�SRZHULQJ�XS�WKH�V\VWHP�

�� )LUVW�WXUQ�RQ�WKH�GLVN�FRQWUROOHU�DQG�GLVN�GULYH�V��

�� 1H[W�WXUQ�RQ�WKH�3HULSKHUDO�([SDQVLRQ�%R[�RU�WKH�0HPRU\�([SDQVLRQ�XQLW�

�� 7KHQ�WXUQ�RQ�WKH�FRPSXWHU�FRQVROH�DQG�DQ\�RWKHU�GHYLFHV�

�� 7XUQ�RQ�WKH�FRPSXWHU�FRQVROH�DQG�79�PRQLWRU�ODVW�

<RX�PXVW�IROORZ�WKHVH�VWHSV�LQ�RUGHU��RU�WKH�FRPSXWHU�ZLOO�QRW�EH�DEOH�WR�DFFHVV�WKH�GLVN�V\VWHP��,Q�WKLV
FDVH��\RX�PXVW�WXUQ�WKH�SRZHU�RII�DQG�SRZHU�XS�WKH�GHYLFHV�LQ�WKH�FRUUHFW�RUGHU�

Startin g Logo

:LWK�WKH�V\VWHP�SRZHUHG�XS�DQG�WKH�/RJR�FDUWULGJH�LQVHUWHG�LQWR�WKH�VORW�RQ�WKH�FRPSXWHU�FRQVROH��\RX
ZLOO�VHH�WKH�PDVWHU�WLWOH�GLVSOD\�RQ�WKH�FRPSXWHU�VFUHHQ� �3UHVV�DQ\�NH\��DQG�\RX�ZLOO�REWDLQ�D�PHQX�RI�

DYDLODEOH�V\VWHP�FKRLFHV��3UHVV�WKH�QXPEHU�QH[W�WR�7,�/RJR�RU�7,�/RJR�,,��/RJR�ZLOO�VWDUW�DIWHU�D�SDXVH
RI�DERXW���VHFRQGV�

1.3. Usin g Logo Commands

)LJXUH�����LV�D�SKRWRJUDSK�RI�WKH�GLVSOD\�VFUHHQ�DV�LW�DSSHDUV�ZKHQ�/RJR�LV�ILUVW�VWDUWHG��7KH�V\VWHP
SULQWV�D�ZHOFRPH�PHVVDJH�IROORZHG�E\�D�OLQH�EHJLQQLQJ�ZLWK�D�TXHVWLRQ�PDUN��7KH�TXHVWLRQ�PDUN��FDOOHG
D�SURPSW��LQGLFDWHV�WKDW�/RJR�LV�ZDLWLQJ�IRU�\RX�WR�JLYH�LW�D�FRPPDQG��-XVW�WR�WKH�ULJKW�RI�WKH�SURPSW�LV
D�EODFN�IODVKLQJ�V\PERO�FDOOHG�D�FXUVRU��7KH�FXUVRU�LQGLFDWHV�WKH�SRVLWLRQ�DW�ZKLFK�WKH�FKDUDFWHUV�\RX�W\SH
ZLOO�DSSHDU�RQ�WKH�VFUHHQ�
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(a)

(b)

(c)
Figure 1.3: The display screen
as it appears when Logo is first
started.

7R�JLYH�/RJR�D�FRPPDQG��W\SH�WKH�FRPPDQG�DQG�SUHVV�WKH�ENTER�NH\��)RU�LQVWDQFH��WR�WHOO�/RJR�WR�SULQW
WKH�SURGXFW�RI����DQG�����\RX�W\SH�WKH�FRPPDQG�OLQH

PRINT 37 * 67
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     7KH�RSHQ�DQG�FORVHG�EUDFNHWV�DUH�W\SHG�RQ�WKH�����$�DV�FCTN-R�DQG�FCTN-T�UHVSHFWLYHO\��2Q�WKH3

������WKH\�DUH�W\SHG�DV�SHIFT-4�DQG�SHIFT-5�

     /RJR�KDV�VRPH�NQRZOHGJH�DERXW�ZKHUH�LW�LV�UHDVRQDEOH�WR�GLYLGH�OLQHV�LQWR�FRPSRQHQW�SDUWV��HYHQ4

ZKHQ�WKH\�DUH�QRW�VHSDUDWHG�E\�VSDFHV��)RU�H[DPSOH��LW�NQRZV�HQRXJK�WR�LQWHUSUHW�WKH�VWULQJ�RI��
FKDUDFWHUV�������DV�FRQWDLQLQJ�WKUHH�HOHPHQWV��WKH�QXPEHU�����WKH�V\PERO�#��DQG�WKH�QXPEHU����
+RZHYHU��LW�LV�D�JRRG�KDELW�WR�DOZD\V�XVH�VSDFHV�WR�VHSDUDWH�WKH�HOHPHQWV�RI�FRPPDQG�OLQHV��HYHQ
ZKHQ�WKLV�LV�QRW�VWULFWO\�QHFHVVDU\��7KH�UXOHV�WKDW�GHWHUPLQH�H[DFWO\�ZKHUH�VSDFHV�DUH�QHFHVVDU\�DUH
GLVFXVVHG�LQ�6HFWLRQ������

10

7KDW�LV��\RX�W\SH�WKH�NH\V�3��5��,��1��7��VSDFH��������VSDFH��
��VSDFH��������ENTER��7KH�FRPSXWHU�WKHQ
SULQWV�������IROORZHG�E\�D�QHZ�OLQH�ZLWK�D�TXHVWLRQ�PDUN�SURPSW��LQGLFDWLQJ�UHDGLQHVV�WR�DFFHSW�D�QHZ
FRPPDQG��%HDU�LQ�PLQG�WKDW�ZKHQ�\RX�W\SH�D�FRPPDQG�OLQH��LW�LV�QRW�H[HFXWHG�XQWLO�\RX�SUHVV�WKH�ENTER
NH\��7R�WHOO�/RJR�WR�SULQW�WKH�PHVVDJH��/RJR�LV�D�ODQJXDJH���\RX�W\SH�WKH�FRPPDQG�OLQH

PRINT [LOGO IS A LANGUAGE]

IROORZHG�E\�ENTER��7KLV�H[DPSOH�LOOXVWUDWHV�KRZ�VTXDUH�EUDFNHWV�DUH�XVHG�LQ�/RJR�WR�JURXS�ZRUGV�LQWR
OLVWV� �<RX�FDQ�XVH�OLVWV�LQ�WKLV�ZD\�WR�SULQW�PHVVDJHV�RQ�WKH�VFUHHQ��EXW�WKHUH�DUH�PDQ\�RWKHU�XVHV�IRU�OLVWV�

LQ�/RJR��DQG�ZH�ZLOO�VWXG\�WKHVH�LQ�GHWDLO�LQ�&KDSWHU���

7KH�VSDFHV�LQ�WKHVH�FRPPDQG�OLQHV�DUH�LPSRUWDQW��EHFDXVH�WKH\�LQGLFDWH�WR�/RJR�KRZ�WKH�OLQH�LV�WR�EH
EURNHQ�LQWR�LWV�FRPSRQHQW�SDUWV� �,I�\RX�W\SH�WKH�ILUVW�FRPPDQG�OLQH�RPLWWLQJ�WKH�VSDFH�EHWZHHQ�WKH�7�

DQG�WKH���DV�IROORZV�

PRINT37 * 67

WKHQ�/RJR�ZLOO�WKLQN�\RX�DUH�WHOOLQJ�LW�WR�H[HFXWH�D�FRPPDQG�QDPHG�35,17���DQG�FRPSODLQ�WKDW�LW�GRHV
QRW�NQRZ�KRZ�WR�GR�WKLV��E\�UHVSRQGLQJ�ZLWK�WKH�HUURU�PHVVDJH�

TELL ME HOW TO PRINT37
?PRINT 37 * 67
2479
?PRINT [LOGO IS A LANGUAGE]
LOGO IS A LANGUAGE
?PRINT37 * 67
TELL ME HOW TO PRINT37
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      ,Q�QRWXUWOH�PRGH�WKHUH�DUH����OLQHV�IRU�W\SLQJ��$�PRUH�FRPSOHWH�H[SODQDWLRQ�RI�WKH�GLIIHUHQW5

PRGHV�LQ�ZKLFK�WKH�/RJR�V\VWHP�RSHUDWHV�LV�JLYHQ�LQ�6HFWLRQ�����
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Figure 1.4: Three command
lines typed to Logo, and the
system's responses.

)LJXUH�����VKRZV�D�SKRWRJUDSK�RI�WKH�VFUHHQ�DV�LW�DSSHDUV�DIWHU�\RX�KDYH�JLYHQ�WKH�WKUHH�FRPPDQG�OLQHV
GHVFULEHG�DERYH��DORQJ�ZLWK�WKH�FRPSXWHU
V�UHVSRQVHV�WR�HDFK�OLQH��7KH�TXHVWLRQ�PDUN�VKRZQ�DW�WKH
EHJLQQLQJ�RI�HDFK�FRPPDQG�OLQH�LV�WKH�SURPSW�W\SHG�E\�/RJR��DQG�WKH�UHVW�RI�WKH�OLQH�LV�WKH�FRPPDQG
W\SHG�E\�WKH�XVHU��,Q�WKLV�ERRN��ZKHQ�ZH�ZDQW�WR�HPSKDVL]H�WKH�GLIIHUHQFH�EHWZHHQ�WKH�FKDUDFWHUV�WKDW
\RX�W\SH�DQG�WKH�FKDUDFWHUV�WKDW�/RJR�W\SHV��ZH�SULQW�WKH�ODWWHU�FKDUDFWHUV�LQ�LWDOLFV��)RU�H[DPSOH��WKH
ILUVW�FRPPDQG�LQWHUDFWLRQ�LQ�)LJXUH�����ZRXOG�EH�SULQWHG�DV

?PRINT 37 * 67
2479

,Q�ODWHU�FKDSWHUV��ZH�ZLOO�VHH�KRZ�WR�ZULWH�/RJR�SURJUDPV�WKDW�PDQLSXODWH�QXPEHUV�DQG�WH[W��%XW�ZH
EHJLQ�RXU�VWXG\�RI�/RJR�E\�LQYHVWLJDWLQJ�KRZ�WR�XVH�WKH�FRPSXWHU�WR�SURGXFH�GUDZLQJV�RQ�WKH�GLVSOD\
VFUHHQ�E\�LVVXLQJ�FRPPDQGV�WR�D��FUHDWXUH��NQRZQ�DV�D�WXUWOH��7R�VHW�XS�WKH�VFUHHQ�IRU�GUDZLQJ��W\SH

TELL TURTLE

DQG�SUHVV�ENTER��7KH�VFUHHQ�VKRXOG�QRZ�DSSHDU�DV�VKRZQ�LQ�)LJXUH������ZLWK�WKH�HQWLUH�VFUHHQ�EODQN�
H[FHSW�IRU�D�VPDOO�WULDQJOH�LQ�WKH�FHQWHU�DQG�D�TXHVWLRQ�PDUN�QHDU�WKH�ERWWRP��7KH�TXHVWLRQ�PDUN��DV
EHIRUH��LV�WKH�SURPSW�LQGLFDWLQJ�WKDW�/RJR�LV�UHDG\�WR�DFFHSW�D�FRPPDQG��:KHQ�GUDZLQJ��/RJR�UHVHUYHV
WKH�VL[�OLQHV�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�IRU�\RXU�W\SHG�FRPPDQGV�DQG�WKH�FRPSXWHU
V�W\SHG�UHVSRQVHV�
7KH�UHVW�RI�WKH�VFUHHQ�LV�IRU�GUDZLQJV��:KHQ�/RJR�LV�XVHG�LQ�WKLV�ZD\�WR�GUDZ�SLFWXUHV�RQ�WKH�VFUHHQ��WKH
V\VWHP�LV�VDLG�WR�EH�LQ�WXUWOH�PRGH��7KH�RULJLQDO�VFUHHQ�DUUDQJHPHQW�ZLWK�QR�VSDFH�UHVHUYHG�IRU�JUDSKLFV�
DV�VKRZQ�LQ�)LJXUHV�����DQG������LV�FDOOHG�QRWXUWOH�PRGH� �:KHQHYHU�/RJR�LV�LQ�WXUWOH�PRGH��\RX�FDQ�PDNH�

LW�UHWXUQ�WR�QRWXUWOH�PRGH�E\�JLYLQJ�WKH�FRPPDQG�127857/(�
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Figure 1.5:  Appearance of the
display screen when Logo
enters turtle mode.

Figure 1.6: Photograph of the
display screen showing a
simple sequence turtle
commands.

1.3.1. Basic Turtle Commands

7KH�WXUWOH�LV�WKH�WULDQJXODU�SRLQWHU�WKDW�DSSHDUV�DW�WKH�FHQWHU�RI�WKH�VFUHHQ�ZKHQ�/RJR�HQWHUV�WXUWOH
PRGH��<RX�PDNH�GUDZLQJV�E\�WHOOLQJ�WKH�WXUWOH�WR�PRYH�DQG�WR�OHDYH�D�WUDFH�RI�LWV�WUDLO��7KHUH�DUH�IRXU
EDVLF�FRPPDQGV�IRU�PRYLQJ�WKH�WXUWOH��7KH�FRPPDQGV�)25:$5'�DQG�%$&.�PDNH�WKH�WXUWOH�PRYH�DORQJ
WKH�GLUHFWLRQ�LW�LV�SRLQWLQJ��(DFK�WLPH�\RX�JLYH�D�)25:$5'�RU�%$&.�FRPPDQG��\RX�PXVW�DOVR�VSHFLI\
D�QXPEHU�WKDW�LQGLFDWHV�KRZ�IDU�WKH�WXUWOH�VKRXOG�PRYH��7KH�FRPPDQGV�5,*+7�DQG�/()7�FDXVH�WKH
WXUWOH�WR�URWDWH��5,*+7�DQG�/()7�HDFK�UHTXLUH�\RX�WR�VSHFLI\�WKH�DPRXQW�RI�URWDWLRQ�LQ�GHJUHHV��7U\
W\SLQJ�WKH�IROORZLQJ�VHTXHQFH�RI�/RJR�FRPPDQGV�

RIGHT 45
FORWARD 100
LEFT 135
FORWARD 150

7KLV� VKRXOG�SURGXFH� WKH�ZHGJH�VKDSHG�GUDZLQJ� VKRZQ� LQ�)LJXUH������5HPHPEHU� WR� WHUPLQDWH� HDFK
FRPPDQG�OLQH�ZLWK�ENTER�DQG�WR�LQFOXGH�D�VSDFH�EHWZHHQ�WKH�FRPPDQG�ZRUG�DQG�WKH�QXPEHU��,I�\RX
PLVW\SH�D�FKDUDFWHU��\RX�FDQ�GHOHWH�WKH�FKDUDFWHU�E\�SUHVVLQJ�(5$6(� �6HH�6HFWLRQ�������IRU�PRUH�GHWDLOV�

RQ�FRUUHFWLQJ�W\SLQJ�HUURUV�



TI LOGO

     &/($56&5((1�FDQ�DOVR�EH�XVHG�LQ�QRWXUWOH�PRGH�WR�FOHDU�WKH�VFUHHQ�DQG�UHWXUQ�WKH�FXUVRU�WR7

WKH�XSSHU�OHIW�KDQG�FRUQHU��
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Figure 1.7: Drawing with the
turtle.

7KH�QXPEHU�IROORZLQJ�WKH�FRPPDQG�LV�FDOOHG�DQ�LQSXW��)25:$5'��%$&.��/()7��DQG�5,*+7�HDFK�QHHG
RQH�LQSXW��/RJR�FRPPDQGV�PD\�RU�PD\�QRW�UHTXLUH�LQSXWV��GHSHQGLQJ�RQ�WKH�FRPPDQG��&/($56&5((1
LV�DQ�H[DPSOH�RI�D�FRPPDQG�WKDW�WDNHV�QR�LQSXW��/DWHU�RQ�ZH�ZLOO�VHH�H[DPSOHV�RI�FRPPDQGV�WKDW�UHTXLUH
PRUH�WKDQ�RQH�LQSXW�

,I� \RX� ZDQW� WR� PRYH� WKH� WXUWOH� ZLWKRXW� GUDZLQJ� D� OLQH�� JLYH� WKH� 3(183� FRPPDQG�� 6XEVHTXHQW
)25:$5'�DQG�%$&.�FRPPDQGV�ZLOO�QRZ�PDNH�WKH�WXUWOH�PRYH�ZLWKRXW�OHDYLQJ�D�WUDLO��7R�UHVXPH
GUDZLQJ�� JLYH� WKH� 3(1'2:1� FRPPDQG�� 1HLWKHU� 3(183� QRU� 3(1'2:1� WDNHV� DQ� LQSXW�� 7KH
+,'(7857/(�FRPPDQG�FDXVHV�WKH�WXUWOH�SRLQWHU�WR�GLVDSSHDU��DOWKRXJK�WKH�WXUWOH�LV�VWLOO��WKHUH��DQG
ZLOO�GUDZ�OLQHV�LI�WKH�SHQ�LV�GRZQ��6+2:7857/(�PDNHV�WKH�SRLQWHU�UHDSSHDU��)LJXUH�����LOOXVWUDWHV�WKH
XVH�RI�WKHVH�FRPPDQGV�WR�GUDZ�D�VLPSOH�SLFWXUH�

,I�\RX�ZDQW�WR�VWDUW�RYHU�DQG�GUDZ�D�QHZ�SLFWXUH��\RX�FDQ�XVH�WKH�&/($56&5((1�FRPPDQG��7KLV�HUDVHV
WKH�VFUHHQ�DQG�UHVWRUHV�WKH�WXUWOH�WR�LWV�LQLWLDO�ORFDWLRQ�DW�WKH�FHQWHU�RI�WKH�VFUHHQ��SRLQWLQJ�VWUDLJKW�XS� �
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1.3.2. Correctin g Typing Errors

$V�\RX�W\SH�/RJR�FRPPDQGV��\RX�ZLOO�XQGRXEWHGO\�PDNH�D�IHZ�W\SLQJ�HUURUV��&RPPRQ�HUURUV�LQFOXGH
RPLWWLQJ�FKDUDFWHUV��W\SLQJ�H[WUD�RU�ZURQJ�FKDUDFWHUV��DQG�WUDQVSRVLQJ�FKDUDFWHUV��7R�FRUUHFW�W\SLQJ
HUURUV��XVH�ERASE��(DFK�WLPH�\RX�SUHVV�ERASE��WKH�FKDUDFWHU�LPPHGLDWHO\�WR�WKH�OHIW�RI�WKH�FXUVRU�LV
HUDVHG��DQG�WKH�FXUVRU�PRYHV�RQH�VSDFH�WR�WKH�OHIW��)RU�H[DPSOH��LI�\RX�W\SHG

FORWXYD 100

ZKHQ�\RX�PHDQW�WR�W\SH

FORWARD 100

\RX�FDQ�FRUUHFW�WKH�HUURU�E\�SUHVVLQJ�(5$6(���WLPHV�WR�HUDVH�EDFN�WR�WKH�:�DQG�WKHQ�UHW\SLQJ�WKH�UHVW
RI�WKH�OLQH�

1.3.3. Error Messa ges

,I�/RJR�FDQQRW�H[HFXWH�WKH�LQSXW�OLQH��LW�UHSOLHV�ZLWK�DQ�HUURU�PHVVDJH��/RJR
V�HUURU�PHVVDJHV�DWWHPSW�WR
EH�KHOSIXO�LQ�GHVFULELQJ�ZKDW�ZHQW�ZURQJ��)RU�H[DPSOH��LI�\RX�WU\�WR�H[HFXWH�WKH�FRPPDQG�OLQH

PRINT 3 +

/RJR�ZLOO�UHSO\

TELL ME MORE

EHFDXVH�LW�H[SHFWV�WR�ILQG�VRPHWKLQJ�PRUH�RQ�WKH�OLQH�DIWHU�WKH���WR�EH�DGGHG�WR����$QRWKHU�FRPPRQ�HUURU
PHVVDJH�LV�WKH�UHVXOW�RI�DWWHPSWLQJ�WR�XVH�D�FRPPDQG�WKDW�KDV�QRW�EHHQ�GHILQHG��)RU�LQVWDQFH��LI�\RX�WU\
WR�H[HFXWH

TURN 100

/RJR�ZLOO�UHVSRQG

TELL ME HOW TO TURN

XQOHVV�\RX�KDYH�ILUVW�GHILQHG�D�SURFHGXUH�QDPHG�7851� �7KH�7(//�0(�+2:�72�HUURU�PHVVDJH�RIWHQ�

RFFXUV�DV�D�UHVXOW�RI�D�W\SLQJ�HUURU��)RU�H[DPSOH��LI�\RX�W\SH�DQ�LQSXW�OLQH�OLNH

FORWARD100

RPLWWLQJ�WKH�VSDFH�EHWZHHQ�WKH�'�DQG�WKH����/RJR�UHVSRQGV



TI LOGO

      7KH�OLPLWHG�GUDZLQJ�FDSDFLW\�LV�D�FRQVHTXHQFH�RI�WKH�ZD\�WKDW�WXUWOH�OLQHV�DUH�LPSOHPHQWHG�XVLQJ9

WLOH�JUDSKLFV��:H�ZLOO�GLVFXVV�WKLV�LQ�6HFWLRQ�������
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TELL ME HOW TO FORWARD100

EHFDXVH�/RJR�UHDGV�WKH�HQWLUH�OLQH�DV�D�VLQJOH�ZRUG��ZKLFK�LW�DVVXPHV�LV�VXSSRVHG�WR�EH�WKH�QDPH�RI�D
SURFHGXUH�

:KHQ�/RJR�UHVSRQGV�WR�\RXU�FRPPDQG�ZLWK�DQ�HUURU�PHVVDJH��\RX�VKRXOG�WU\�WR�GHWHUPLQH�WKH�UHDVRQ
IRU�WKH�HUURU��6RPHWLPHV�LW�LV�D�VLPSOH�W\SLQJ�HUURU��,I�VR��\RX�FDQ�UHW\SH�WKH�OLQH��$OWHUQDWLYHO\��WKH
UHDVRQ�IRU�WKH�HUURU�PD\�EH�KLGGHQ�GHHS�LQ�WKH�GHVLJQ�RI�RQH�RI�\RXU�SURJUDPV��7KH�DFWLYLW\�RI�URRWLQJ
RXW�DQG�UHSDLULQJ�HUURUV�LQ�SURJUDPV�LV�FDOOHG�GHEXJJLQJ��DQG�/RJR�SURYLGHV�GHEXJJLQJ�DLGV�WR�PDNH�WKLV
WDVN�HDVLHU��7KHVH�DUH�GHVFULEHG�LQ�6HFWLRQ�����

1.3.4. Practice With Commands

,I�WKLV�LV�\RXU�ILUVW�H[SRVXUH�WR�/RJR��LW�ZRXOG�EH�D�JRRG�LGHD�WR�UHYLHZ�WKH�PDWHULDO�FRYHUHG�VR�IDU�E\
GUDZLQJ�VRPH�ILJXUHV�XVLQJ�WKH�WXUWOH�FRPPDQGV��7U\�WR�XQGHUVWDQG�DQ\�HUURU�PHVVDJHV�WKDW�RFFXU�
)ROORZLQJ�DUH�VRPH�WKLQJV�WR�QRWH�LQ�\RXU�H[SORULQJ�

1.3.4.1. Wraparound

7KH�WXUWOH�VFUHHQ�LV������WXUWOH�VWHSV��ZLGH�E\�����VWHSV�KLJK��,I�\RX�JLYH�D�FRPPDQG�WKDW�PRYHV�WKH
WXUWOH�RXWVLGH�WKLV�UDQJH��WKH�WXUWOH�ZUDSV�DURXQG�WR�DSSHDU�DW�WKH�RSSRVLWH�HGJH�RI�WKH�VFUHHQ��7KDW�LV
WR�VD\��GULYLQJ�WKH�WXUWOH�RII�WKH�WRS�RI�WKH�VFUHHQ�PDNHV�LW�UHDSSHDU�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�DQG
FRQWLQXH�GUDZLQJ��'ULYLQJ�WKH�WXUWOH�RII�WKH�ULJKW�HGJH�RI�WKH�VFUHHQ�PDNHV�LW�UHDSSHDU�DW�WKH�OHIW�RI�WKH
VFUHHQ��DQG�VR�RQ�

1.3.4.2. Out of Ink

$IWHU�\RX�KDYH�GUDZQ�D�ODUJH�QXPEHU�RI�OLQHV�RQ�WKH�VFUHHQ��/RJR�PD\�VLJQDO�WKH�HUURU�PHVVDJH

OUT OF INK

7KLV�LQGLFDWHV�WKDW�WKH�WXUWOH
V�FDSDFLW\�IRU�GUDZLQJ�KDV�EHHQ�XVHG�XS��DQG�LW�FDQQRW�GUDZ�DQ\�DGGLWLRQDO
OLQHV��$W�WKLV�SRLQW��\RX�PXVW�FOHDU�WKH�VFUHHQ�LI�\RX�ZDQW�WR�FRQWLQXH�GUDZLQJ� �
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1.3.4.3. Abbreviations

6RPH�RI�WKH�FRPPRQO\�XVHG�/RJR�FRPPDQGV�KDYH�DEEUHYLDWLRQV�WR�KHOS�\RX�VDYH�W\SLQJ��$EEUHYLDWLRQV
IRU�VRPH�RI�WKH�FRPPDQGV�ZH�KDYH�VHHQ�VR�IDU�DUH

FORWARD FD
BACK BK
RIGHT RT

LEFT LT
PENUP PU
PENDOWN PD
HIDETURTLE HT
SHOWTURTLE ST
CLEARSCREEN CS

1.3.4.4. Multiple Commands on a Line

7KHUH�LV�QR�UHVWULFWLRQ�WKDW�HDFK�OLQH�EH�RQO\�D�VLQJOH�/RJR�FRPPDQG��,I�\RX�OLNH��\RX�FDQ�H[HFXWH�OLQHV
OLNH

FORWARD 10 PENUP FORWARD 10

/RJR�ZLOO�H[HFXWH�WKH�VHSDUDWH�FRPPDQGV�LQ�RUGHU��IURP�OHIW�WR�ULJKW��,I�VRPH�FRPPDQG�RQ�WKH�OLQH�FDXVHV
DQ�HUURU��/RJR�ZLOO�H[HFXWH�WKH�FRPPDQGV�XS�XQWLO�WKH�SRLQW�RI�WKH�HUURU�EHIRUH�W\SLQJ�DQ�HUURU�PHVVDJH�
+RZHYHU��VLQJOH�OLQHV�WKDW�FRQWDLQ�PDQ\�VHSDUDWH�FRPPDQGV�FDQ�EH�FRQIXVLQJ��DQG�LW�LV�JHQHUDOO\�EHWWHU
WR�XVH�RQO\�RQH�FRPPDQG�SHU�OLQH�

1.3.4.5. The REPEAT Command

2QH�XVHIXO�DGGLWLRQ�WR�\RXU�UHSHUWRLUH�RI�/RJR�FRPPDQGV�LV�5(3($7��5(3($7�WDNHV�WZR�LQSXWV�³�D
QXPEHU�DQG�D�OLVW�RI�FRPPDQGV�³�DQG�UHSHDWV�WKH�FRPPDQGV�LQ�WKH�OLVW�WKH�GHVLJQDWHG�QXPEHU�RI�WLPHV�
)RU�H[DPSOH�

REPEAT 4 [FORWARD 30 RIGHT 90]

PDNHV�WKH�WXUWOH�GUDZ�D�VTXDUH��1RWLFH�WKDW�WKH�OLVW�RI�FRPPDQGV�LV�HQFORVHG�LQ�VTXDUH�EUDFNHWV� �7KLV��

LV�D�YHU\�VLPSOH�H[DPSOH�RI�KRZ�OLVWV�DUH�XVHG�LQ�/RJR�WR�JURXS�WKLQJV��/LVWV�DUH�LQWURGXFHG�LQ�6HFWLRQ�����
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Figure 1.8: Using nested
REPEATs to produce a
complex drawing.

5(3($7V�FDQ�EH�QHVWHG��)RU�D�SUHWW\�HIIHFW��WU\

REPEAT 10 [REPEAT 4 [FORWARD 30 RIGHT 90] RIGHT 36]

ZKLFK�SURGXFHV�WKH�GUDZLQJ�VKRZQ�LQ�)LJXUH������3OD\LQJ�ZLWK�QHVWHG�5(3($7V�FDQ�EH�IXQ��EXW�LQ�WHUPV
RI�SURJUDP�FODULW\�DQG�SRZHU��LW�LV�PXFK�EHWWHU�WR�FRPELQH�FRPPDQGV�E\�GHILQLQJ�SURFHGXUHV��DV�ZH
GHVFULEH�LQ�6HFWLRQ�����

1.3.4.6. Lon g Command Lines

/LQHV�RQ�WKH�GLVSOD\�VFUHHQ�FDQ�EH�DW�PRVW����FKDUDFWHUV�ORQJ��)LJXUH�����LOOXVWUDWHV�KRZ�/RJR�WUHDWV
FRPPDQG�OLQHV�WKDW�DUH�ORQJHU�WKDQ����FKDUDFWHUV��:KHQ�\RX�W\SH�WKH���VW�FKDUDFWHU�RI�D�FRPPDQG�OLQH�
/RJR�ZLOO�PRYH�WKH�FXUVRU�WR�WKH�QH[W�VFUHHQ�OLQH��DW�ZKLFK�SRLQW�\RX�FDQ�FRQWLQXH�W\SLQJ��7R�H[HFXWH�D
ORQJ�OLQH��\RX�W\SH�ENTER�DV�XVXDO��(YHQ�ZLWK�WKLV�PXOWLSOH�OLQH�FDSDELOLW\��QR�LQSXW�OLQH�PD\�EH�ORQJHU
WKDQ�����FKDUDFWHUV��/RJR�ZLOO�UHIXVH�WR�LQVHUW�PRUH�WKDQ�WKLV�PDQ\�FKDUDFWHUV�LQ�D�FRPPDQG�OLQH�

,Q�WKLV�ERRN��ORQJ�FRPPDQG�OLQHV�DUH�QRW�VKRZQ�DV�WKH\�DSSHDU�RQ�WKH�VFUHHQ��,QVWHDG�WKH\

DUH�LQGHQWHG�WR�PDNH�WKHP�HDVLHU�WR�UHDG��:KHQ�\RX�W\SH�LQ�WKH�SURJUDP�H[DPSOHV�LQ�WKH

ERRN��FRQWLQXH�W\SLQJ�WKH�LQGHQWHG�SRUWLRQV�DV�SDUW�RI�RQH�ORQJ�OLQH��DV�VKRZQ�LQ�)LJXUH�����
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1.3.4.7. Stoppin g Execution With the BACK Ke y

:KHQ�/RJR�LV�H[HFXWLQJ�D�FRPPDQG��SUHVVLQJ�WKH�BACK �NH\��FCTN-9��FDXVHV�LW�WR�VWRS�ZKDWHYHU�LW�LV
GRLQJ�DQG�ZDLW�IRU�D�QHZ�FRPPDQG��/RJR�W\SHV

STOPPED

IROORZHG�E\�WKH�TXHVWLRQ�PDUN�SURPSW��)RU�H[DPSOH��LI�\RX�VKRXOG�VWDUW�/RJR�H[HFXWLQJ�VRPH�ORQJ�SURFHVV
OLNH

REPEAT 10000 [PRINT 1]

DQG�WKHQ�WKLQN�EHWWHU�RI�LW��\RX�FDQ�KDOW�LW�E\�SUHVVLQJ�BACK ��%H�VXUH�WR�XVH�BACK �UDWKHU�WKDQ�QUIT�WR
KDOW�D�/RJR�SURJUDP���

1.4. Introduction to Procedures

<RX� FDQ� UHJDUG� /RJR� FRPPDQGV� OLNH� )25:$5'�� 35,17�� DQG� VR� RQ�� DV� ZRUGV� WKDW� WKH� FRPSXWHU
XQGHUVWDQGV�ZKHQ�WKH�/RJR�V\VWHP�LV�VWDUWHG��7KHVH��EXLOW�LQ��ZRUGV�DUH�FDOOHG�SULPLWLYHV��2QH�RI�WKH
PRVW�LPSRUWDQW�WKLQJV�DERXW�WKH�/RJR�ODQJXDJH�LV�WKDW�LW�PDNHV�LW�HDV\�IRU�\RX�WR�WHDFK�WKH�FRPSXWHU�QHZ
ZRUGV��2QFH�\RX�GHILQH�D�QHZ�ZRUG��LW�EHFRPHV�SDUW�RI�WKH�FRPSXWHU
V�ZRUNLQJ�YRFDEXODU\�DQG�FDQ�EH
XVHG�MXVW�DV�LI�LW�ZHUH�D�SULPLWLYH��<RX�WHDFK�/RJR�QHZ�ZRUGV�E\�GHILQLQJ�WKHP�LQ�WHUPV�RI�ZRUGV�WKDW�DUH
DOUHDG\�NQRZQ��7KHVH�GHILQLWLRQV�DUH�FDOOHG�SURFHGXUHV��DQG�WKLV�VHFWLRQ�GHVFULEHV�WKH�VLPSOH�PHFKDQLFV
RI�KRZ�WR�GHILQH�DQG�HGLW�SURFHGXUHV��$V�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�H[DPSOHV�DUH�GUDZQ�IURP�WXUWOH
JUDSKLFV�SURJUDPV�



TI LOGO

19

(a)

1.4.1. Simple Procedures

7KH�IROORZLQJ�VHTXHQFH�RI�FRPPDQGV�PDNHV�WKH�WXUWOH�GUDZ�D�UHFWDQJXODU�ER[�DV�VKRZQ�LQ�)LJXUH�����

FORWARD 40
RIGHT 90
FORWARD 20
RIGHT 90
FORWARD 40
RIGHT 90
FORWARD 20
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(b)
Figure 1.9: Shapes drawn by the
BOX, BOXES, and PINWHEEL
procedures.

<RX�FDQ�WHDFK�WKH�FRPSXWHU�WR�H[HFXWH�WKLV�VHTXHQFH�RI�FRPPDQGV�ZKHQHYHU�\RX�JLYH�WKH�FRPPDQG�%2;
E\�GHILQLQJ�%2;�DV�D�SURFHGXUH�

TO BOX
FORWARD 40
RIGHT 90
FORWARD 20
RIGHT 90
FORWARD 40
RIGHT 90
FORWARD 20
END

%HIRUH�W\SLQJ�WKLV�GHILQLWLRQ�WR�/RJR��\RX�ZLOO�QHHG�WR�NQRZ�DERXW�WKH�/RJR�SURFHGXUH�HGLWRU�ZKLFK�LV
GHVFULEHG�EHORZ�LQ�6HFWLRQ��������1RWLFH�ILUVW�WKDW�WKH�IRUPDW�RI�WKH�SURFHGXUH�GHILQLWLRQ�LV

� $�WLWOH�OLQH��ZKLFK�FRQVLVWV�RI�WKH�ZRUG�72�IROORZHG�E\�WKH�QDPH�\RX�FKRRVH�IRU�WKH�SURFHGXUH�

� $�ERG\��ZKLFK�LV�WKH�VHTXHQFH�RI�FRPPDQG�OLQHV�WKDW�PDNH�XS�WKH�GHILQLWLRQ�

� 7KH�ZRUG�(1'�WR�LQGLFDWH�WKDW�WKLV�LV�WKH�HQG�RI�WKH�GHILQLWLRQ�
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2QFH�%2;�LV�GHILQHG��LW�FDQ�QRZ�EH�XVHG�LQ�IXUWKHU�GHILQLWLRQV��VXFK�DV

TO BOXES
BOX
PENUP
FORWARD 5
LEFT 90
FORWARD 15
RIGHT 90
PENDOWN
BOX
END

RU

TO PINWHEEL
REPEAT 4 [BOX]
END

ZKLFK�SURGXFH�WKH�GUDZLQJV�VKRZQ�LQ�)LJXUH������:KHQ�D�SURFHGXUH�LV�XVHG�DV�SDUW�RI�WKH�GHILQLWLRQ�RI
D�QHZ�SURFHGXUH��LW�LV�UHIHUUHG�WR�DV�D�VXESURFHGXUH�RI�WKH�QHZ�SURFHGXUH�

5HPHPEHU�WKDW�RQFH�D�SURFHGXUH�LV�GHILQHG��\RX�FDQ�FRQVLGHU�LW�WR�EH�MXVW�DQRWKHU�ZRUG�WKDW�WKH�FRPSXWHU
�NQRZV���<RX�WHOO�/RJR�WR�H[HFXWH�DQ\�RI�WKHVH�SURFHGXUHV�LQ�WKH�VDPH�ZD\�WKDW�\RX�WHOO�LW�WR�H[HFXWH�D
SULPLWLYH�FRPPDQG�³�E\�W\SLQJ�WKH�QDPH�RI�WKH�FRPPDQG�IROORZHG�E\�ENTER�

1.4.2. Definin g Procedures

3URFHGXUH�GHILQLWLRQV� OLNH� WKH� RQHV� LQ� WKH�SUHYLRXV� VHFWLRQ�DUH� W\SHG� LQWR� WKH�/RJR� V\VWHP�XVLQJ� D
SURFHGXUH�HGLWRU��7KH�IROORZLQJ�SDUDJUDSKV�GHVFULEH�KRZ�WR�GHILQH�SURFHGXUHV�VXFK�DV�WKH�%2;�SURFHGXUH
VKRZQ�DERYH��:KHQ�/RJR�JLYHV�LWV�TXHVWLRQ�PDUN�SURPSW��\RX�W\SH

TO BOX

DQG�SUHVV�ENTER��7KH�VFUHHQ�VKRXOG�QRZ�EH�FOHDU��H[FHSW�IRU�D�SURFHGXUH�WLWOH�OLQH�72�%2;��IROORZHG�E\
DQ�(1'��7KH�VFUHHQ�EDFNJURXQG�DOVR�FKDQJHV�FRORU�WR�D�OLJKW�JUHHQ�WR�LQGLFDWH�WKDW�\RX�DUH�QRZ�XVLQJ
WKH�SURFHGXUH�HGLWRU��RU��DUH�LQ�VR�FDOOHG�HGLW�PRGH��7KLV�FRQILJXUDWLRQ�LV�VKRZQ�LQ�)LJXUH������
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Figure 1.10: The display
screen as it appears when you
enter edit mode by typing TO
BOX.

1.4.2.1. The Procedure Editor

,Q�HGLW�PRGH��\RX�W\SH�LQ�WKH�SURFHGXUH�GHILQLWLRQ�OLQH�E\�OLQH��7KH�PDMRU�GLIIHUHQFH�EHWZHHQ�W\SLQJ�DW
WKH�SURFHGXUH�HGLWRU�DQG�W\SLQJ�UHJXODU�/RJR�FRPPDQGV�LV�WKDW�SUHVVLQJ�ENTER�PHUHO\�PRYHV�WKH�FXUVRU
WR�WKH�EHJLQQLQJ�RI�WKH�QH[W�OLQH��UDWKHU�WKDQ�WHOOLQJ�/RJR�WR�H[HFXWH�WKH�FXUUHQW�OLQH�DV�D�FRPPDQG��/RJR
LV�QRZ�VWRULQJ�\RXU�FRPPDQG�OLQHV�DV�SDUW�RI�WKH�SURFHGXUH��UDWKHU�WKDQ�H[HFXWLQJ�WKHP�

$IWHU�\RX�KDYH�W\SHG�LQ�WKH�SURFHGXUH�GHILQLWLRQ��\RX�SUHVV�BACK ��7KH�GHILQLWLRQ�ZLOO�EH�SURFHVVHG�DQG
/RJR�ZLOO�EH�UHDG\�WR�DFFHSW�D�QHZ�FRPPDQG�
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1.4.2.2. Editin g Commands

:KHQ�\RX�W\SH�\RXU�GHILQLWLRQV�LQWR�WKH�SURFHGXUH�HGLWRU��\RX�FDQ�W\SH�FKDUDFWHUV�DQG�XVH�(5$6(�WR
FRUUHFW�W\SLQJ�HUURUV�DV�XVXDO��7KHUH�DUH�DOVR�D�ODUJH�QXPEHU�RI�PRUH�SRZHUIXO�HGLWLQJ�FRPPDQGV�WR�DLG
\RX�LQ�W\SLQJ�DQG�FKDQJLQJ�SURFHGXUH�GHILQLWLRQV�

ERASE FCTN-3 3UHVVLQJ�WKH�ERASE�NH\��MXVW�DV�DW�/RJR�FRPPDQG�OHYHO��GHOHWHV
WKH�FKDUDFWHU�WR�WKH�OHIW�RI�WKH�FXUVRU�DQG�PRYHV�WKH�FXUVRU�RQH
VSDFH�WR�WKH�OHIW��,Q�DGGLWLRQ��LI�WKH�FXUVRU�LV�DW�WKH�EHJLQQLQJ�RI
WKH�OLQH��SUHVVLQJ�ERASE�FRPELQHV�WKDW�OLQH�ZLWK�WKH�SUHYLRXV
OLQH�

DEL FCTN-1 3UHVVLQJ�WKH�DEL�NH\�GHOHWHV�WKH�FKDUDFWHU�DW�WKH�FXUUHQW�FXUVRU
SRVLWLRQ��WKDW�LV��WKH�FKDUDFWHU�RYHU�ZKLFK�WKH�FXUVRU�LV�IODVKLQJ��,Q
DGGLWLRQ��LI�WKH�FXUVRU�LV�DW�WKH�ULJKW�HQG�RI�WKH�OLQH��SUHVVLQJ�DEL
FRPELQHV�WKDW�OLQH�ZLWK�WKH�QH[W�OLQH��

$UURZ�NH\V FCTN-E 3UHVVLQJ�DQ\�RI�WKH�DUURZ�NH\V��XS��GRZQ��ULJKW��RU�OHIW��PRYHV�WKH

FCTN-S
FCTN-D
FCTN-F

FXUVRU�RQH�VSDFH�LQ�WKH�GLUHFWLRQ�RI�WKH�DUURZ�ZLWKRXW�UXEELQJ�RXW
DQ\�FKDUDFWHU�

BEGIN FCTN-5 3UHVVLQJ�WKH�BEGIN�NH\�PRYHV�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH
OLQH�

PROC’D FCTN-6 3UHVVLQJ�WKH�PROC'D�NH\�PRYHV�WKH�FXUVRU�WR�WKH�ULJKW�HQG�RI�WKH
OLQH�

CLEAR FCTN-4 3UHVVLQJ�WKH�CLEAR �GHOHWHV�DOO�FKDUDFWHUV�RQ�WKH�OLQH�IURP�WKH
FXUVRU�ULJKWZDUGV�

)RU�H[DPSOH��WR�FKDQJH�WKH�OLQH

FORWXYD 100

WR

FORWARD 100

VWDUW�ZLWK�WKH�FXUVRU�MXVW�WR�WKH�ULJKW�RI�WKH�QXPEHU������7KHQ�\RX�FDQ�SRVLWLRQ�WKH�FXUVRU�XQGHU�WKH�;
E\�SUHVVLQJ�OHIW�DUURZ���WLPHV��WKHQ�GHOHWH�WKH�;�DQG�WKH�<�E\�SUHVVLQJ�DEL�WZLFH��DQG�WKHQ�W\SH�WKH
FKDUDFWHUV�$5��$QRWKHU�ZD\�WR�PDNH�WKH�VDPH�FKDQJH�LV�WR�SRVLWLRQ�WKH�FXUVRU�XQGHU�WKH�'�E\�SUHVVLQJ
WKH�OHIW�DUURZ�NH\���WLPHV��WKHQ�GHOHWH�WKH�;�DQG�WKH�<�E\�SUHVVLQJ�(5$6(�WZLFH��DQG�WKHQ�W\SH�$5�
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,I�\RX�XVH�DQ�HGLWLQJ�NH\�LQ�D�FRQWH[W�ZKHUH�LW�GRHVQ
W�PDNH�VHQVH��IRU�LQVWDQFH��WU\LQJ�WR�PRYH�WR�D
QRQH[LVWHQW�OLQH���/RJR�ZLOO�IODVK�WKH�VFUHHQ�EULHIO\�

1.4.2.3. Changing Procedure Definitions

6XSSRVH�\RX�ZDQW�WR�FKDQJH�WKH�GHILQLWLRQ�RI�D�SURFHGXUH��)RU�H[DPSOH��\RX�PD\�ZDQW�WR�FKDQJH�WKH
GHILQLWLRQ�RI�3,1:+((/�RQ�SDJH����IURP

TO PINWHEEL
REPEAT 4 [BOX]
END

WR

TO PINWHEEL
FORWARD 50
REPEAT 8 [RIGHT 45 BOX]
BACK 90
END

VR�WKDW�LW�QRZ�PDNHV�WKH�GUDZLQJ�VKRZQ�LQ�)LJXUH�������7R�DFFRPSOLVK�WKLV��\RX�JLYH�WKH�FRPPDQG

EDIT PINWHEEL

/RJR�QRZ�SODFHV�\RX�LQ�HGLW�PRGH�ZLWK�WKH�RULJLQDO�WH[W�RI�WKH�3,1:+((/�SURFHGXUH�VKRZQ�RQ�WKH
VFUHHQ��1RZ�HGLW�WKH�GHILQLWLRQ��LQVHUWLQJ�DQG�GHOHWLQJ�WH[W�XVLQJ�DQ\�RI�WKH�HGLWLQJ�FRPPDQGV�GHVFULEHG
DERYH��:KHQ�\RX�KDYH�ILQLVKHG�HGLWLQJ��SUHVV�BACK ��7KH�GHILQLWLRQ�LV�QRZ�FKDQJHG�DQG�/RJR�LV�UHDG\�IRU
D�QHZ�FRPPDQG�

:KHQ�\RX�FKDQJH�D�SURFHGXUH�GHILQLWLRQ��WKH�FRPSXWHU�WKHQ�XVHV�WKH�QHZ��QRW�WKH�ROG��GHILQLWLRQ�DQ\WLPH
WKH�SURFHGXUH�LV�H[HFXWHG�

&KDQJLQJ�WKH�SURFHGXUH
V�QDPH��E\�HGLWLQJ�WKH�WLWOH�OLQH��LV�HTXLYDOHQW�WR�GHILQLQJ�D�QHZ�SURFHGXUH�ZLWK
WKH�QHZ�WLWOH��)RU�H[DPSOH��LI�\RX�HGLW�WKH�3,1:+((/�GHILQLWLRQ�WR�UHDG

TO FAN
REPEAT 8 [RIGHT 45 BOX]
END

�ZKLFK�GUDZV�WKH�VKDSH�VKRZQ�LQ�)LJXUH��������/RJR�ZLOO�UHPHPEHU�ERWK�)$1�DQG�3,1:+((/�
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Figure 1.11: Shapes drawn by
the modified PINWHEEL and
FAN procedures.
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1.4.2.4. Printin g Procedures and Titles

,Q�RUGHU�WR�VHH�WKH�GHILQLWLRQ�RI�D�SURFHGXUH��\RX�FDQ�XVH�WKH�32��32�VWDQGV�IRU��SULQW�RXW���FRPPDQG
IROORZHG�E\�WKH�QDPH�RI�WKH�SURFHGXUH��+HUH�LV�DQ�H[DPSOH�

PO PINWHEEL
TO PINWHEEL
FORWARD 50
REPEAT 8 [RIGHT 45 BOX]
BACK 90
END

$QRWKHU�XVHIXO�/RJR�FRPPDQG�LV�33��33�VWDQGV�IRU��SULQW�SURFHGXUHV����ZKLFK�OLVWV�WKH�WLWOH�OLQHV�RI�DOO
SURFHGXUHV�WKDW�DUH�FXUUHQWO\�GHILQHG��IRU�H[DPSOH�

PP
TO PINWHEEL
TO FAN
TO BOXES
TO BOX

,I�WKH�SULQWRXW�LV�WRR�ORQJ�WR�ILW�RQ�D�VLQJOH�VFUHHQ��/RJR�ZLOO�SDXVH�ZKHQ�LW�ILOOV�WKH�VFUHHQ�DQG�W\SH�WKH
PHVVDJH

PRESS ENTER TO CONTINUE

3UHVVLQJ�ENTER�ZLOO�VKRZ�WKH�QH[W�VFUHHQIXO��6HH�6HFWLRQ�������IRU�PRUH�GHWDLOV�RQ�SULQWLQJ�SURFHGXUHV�

1.4.2.5. Definin g More Than One Procedure at a Time

,I�\RX�OLNH��\RX�FDQ�XVH�WKH�HGLWRU�WR�GHILQH�PRUH�WKDQ�RQH�SURFHGXUH�GHILQLWLRQ�DW�D�WLPH��<RX�VLPSO\�W\SH
LQ�WKH�GHILQLWLRQV�LQ�VHTXHQFH��%H�VXUH�WR�HQG�HDFK�VHSDUDWH�SURFHGXUH�GHILQLWLRQ�ZLWK�(1'�

$V�ZLWK�PXOWLSOH�FRPPDQGV�RQ�D�OLQH��GHILQLQJ�PRUH�WKDQ�RQH�SURFHGXUH�DW�RQFH�FDQ�FDXVH�FRQIXVLRQ�
EHFDXVH�LI�VRPH�SURFHGXUH�GHILQLWLRQ�LV�EDGO\�IRUPHG�DQG�FDXVHV�D�GHILQLWLRQ�HUURU��VHH�6HFWLRQ������
EHORZ���WKH�SURFHGXUH�GHILQLWLRQV�WKDW�IROORZ�LW�ZLOO�QRW�EH�SURFHVVHG��,W�LV�JHQHUDOO\�EHWWHU�WR�HQWHU�DQG
H[LW�HGLW�PRGH�IRU�HDFK�SURFHGXUH�VHSDUDWHO\�

1.4.2.6. More Than One Screenful

6RPHWLPHV��HLWKHU�EHFDXVH�\RX�KDYH�D�YHU\�ORQJ�SURFHGXUH�GHILQLWLRQ��RU��PRUH�FRPPRQO\��EHFDXVH�\RX
DUH�GHILQLQJ�PDQ\�SURFHGXUHV�DW�RQFH��\RX�PD\�ZDQW�WR�HGLW�PRUH�OLQHV�RI�WH[W�WKDQ�FDQ�ILW�RQ�WKH�VFUHHQ
DW�RQFH��/RJR�DOORZV�\RX�WR�GR�WKLV��,I�WKH�FXUVRU�LV�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�DQG�\RX�SUHVV�5(7851�
WKH�OLQHV�RI�WH[W�ZLOO�VFUROO�XSZDUGV�WR�SURGXFH�D�QHZ�EODQN�OLQH��,Q�JHQHUDO��WKH�VFUHHQ�FDQ�EH�WKRXJKW
RI�DV�D�ZLQGRZ�RQWR�D�PXFK�ORQJHU�SDJH�RI�WH[W�WKDW�VFUROOV�DV�\RX�PRYH�WKH�FXUVRU�IURP�OLQH�WR�OLQH�VR
WKDW�WKH�SDUW�\RX�DUH�HGLWLQJ�LV�DOZD\V�ZLWKLQ�WKH�ZLQGRZ�
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1.4.2.7. Lon g Lines in Procedures

$V� LV� WKH� FDVH�ZLWK� FRPPDQG� OLQHV�� OLQHV� LQ�/RJR�SURFHGXUHV� FDQ�EH�PRUH� WKDQ�RQH� VFUHHQ�OLQH� ���
FKDUDFWHUV�� ORQJ�� XS� WR� ���� FKDUDFWHUV��:KHQ� \RX� W\SH� WKH� ��VW� FKDUDFWHU� RI� D� ORQJ� OLQH� XVLQJ� WKH
SURFHGXUH�HGLWRU��WKH�FXUVRU�PRYHV�WR�WKH�OHIW�RI�WKH�QH[W�VFUHHQ�OLQH�ZKLOH�\RX�FRQWLQXH�W\SLQJ�

1.4.3. Errors in Procedures

,I�/RJR�HQFRXQWHUV�DQ�HUURU�ZKLOH�H[HFXWLQJ�D�SURFHGXUH�� LW�SULQWV�DQ�HUURU�PHVVDJH�DV�GHVFULEHG�LQ
6HFWLRQ�������WRJHWKHU�ZLWK�IRXU�SLHFHV�RI�LQIRUPDWLRQ�

� $�GHVFULSWLRQ�RI�WKH�HUURU�

� 7KH�OHYHO�QXPEHU�DW�ZKLFK�WKH�HUURU�RFFXUUHG�

� 7KH�QXPEHU�RI�WKH�OLQH�WKDW�FRQWDLQHG�WKH�HUURU�

� 7KH�QDPH�RI�WKH�SURFHGXUH�LQ�ZKLFK�WKH�HUURU�RFFXUUHG�

7KH�PHDQLQJ�RI��OHYHO�QXPEHU��IROORZV��$�SURFHGXUH�WKDW�LV�FDOOHG�GLUHFWO\�E\�D�W\SHG�FRPPDQG�OLQH�LV�VDLG
WR�EH�UXQQLQJ�DW�OHYHO����D�SURFHGXUH�FDOOHG�E\�D�OHYHO���SURFHGXUH�LV�VDLG�WR�EH�DW�OHYHO����DQG�VR�RQ��7KH
JUHDWHU�WKH�OHYHO��WKH�ORQJHU�WKH��FKDLQ�RI�SURFHGXUH�FDOOV��IURP�WKH�W\SHG�LQ�FRPPDQG�WR�WKH�SURFHGXUH
LQ�ZKLFK�WKH�HUURU�RFFXUUHG�

)RU�H[DPSOH��VXSSRVH�\RX�GHILQH�WKH�SURFHGXUH

TO BLOCK
ELL
RIGHT 90
ELL
END

DQG�WKH�GHILQLWLRQ�RI�WKH�VXESURFHGXUH�(//�FRQWDLQV�D�W\SLQJ�HUURU��LQ�WKH�WKLUG�OLQH�RI�WKH�SURFHGXUH��

TO ELL
FORWARD 50
RIGHT 90
FORWAXD 25
END
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      2QH�YHU\�JRRG�UHDVRQ�IRU�WKLV�LV�WKDW�LW�LV�DOZD\V�SRVVLEOH�WKDW�\RX�GLG�PHDQ�WR�W\SH�5,*;7��DQG12

\RX�ZLOO�EH�GHILQLQJ�D�SURFHGXUH�QDPHG�5,*;7�EHIRUH�XVLQJ�3,1:+((/��2QH�IDFLOLW\�WKDW�D
FRPSXWHU�ODQJXDJH�FDQ�SURYLGH�WR�HQFRXUDJH�VRXQG�SURJUDPPLQJ�SUDFWLFHV�LV�WRH�PDNH�LW�SRVVLEOH�WRH
ZULWH�GHILQLWLRQV�LQ�WHUPV�RI�SURFHGXUHV�WKDW�KDYH�QRW�\HW�EHHQ�GHILQHG�

      6HH�6HFWLRQ�����RQ�KRZ�WR�XVH�RXWSXWV��13

28

7KHQ�LI�\RX�JLYH�WKH�FRPPDQG�%/2&.��/RJR�ZLOO�UXQ�XQWLO�LW�WULHV�WR�H[HFXWH�WKH�WKLUG�OLQH�LQ�(//�IRU
WKH�ILUVW�WLPH�DW�ZKLFK�SRLQW�LW�ZLOO�W\SH

TELL ME HOW TO FORWAXD
  AT LEVEL 2 LINE 3 OF ELL

$W�WKLV�SRLQW�\RX�VKRXOG�HGLW�(//�DQG�FRUUHFW�WKH�PLVW\SHG�OLQH�

1.4.3.1. Errors in Procedure Definitions

:KHQ�/RJR�SURFHVVHV�D�SURFHGXUH�GHILQLWLRQ��LW�GRHV�QRW�ORRN�IRU�HUURUV�LQ�WKH�OLQHV�WKDW�PDNH�XS�WKH�ERG\
RI�WKH�GHILQLWLRQ��)RU�H[DPSOH��LI�\RX�PDNH�D�W\SLQJ�HUURU��DV�LQ�WKH�VHFRQG�OLQH�EHORZ�

TO PINWHEEL
REPEAT 8 [RIGXT 45 BOX]
END

WKH�IDFW�WKDW�5,*+7�KDV�EHHQ�PLVW\SHG�DV�5O*;7�ZLOO�FDXVH�DQ�HUURU�ZKHQ�/RJR�DWWHPSWV�WR�H[HFXWH
3,1:+((/��QRW�ZKHQ�\RX�GHILQH�WKH�SURFHGXUH� �2Q�WKH�RWKHU�KDQG��WKHUH�DUH�FHUWDLQ�WKLQJV�WKDW�FDQ��

FDXVH� HUURUV�ZKHQ�\RX�SUHVV� WKH�BACK � NH\�DQG� WKH�GHILQLWLRQ� LV�SURFHVVHG��)RU� H[DPSOH�� \RX�PD\
PLVWDNHQO\�XVH�WKH�HGLWLQJ�RSHUDWLRQV�WR�UHPRYH�WKH�ZRUG�72�IURP�WKH�WLWOH�OLQH�ZKLOH�\RX�DUH�HGLWLQJ�RU
FDXVH�WKH�GHILQLWLRQ�WR�EH�EDGO\�IRUPHG�LQ�VRPH�RWKHU�ZD\��/RJR�ZLOO�FRPSODLQ��IRU�H[DPSOH��LI�\RX�WU\�WR
GHILQH�D�SURFHGXUH�ZLWK�WKH�VDPH�QDPH�DV�VRPH�/RJR�SULPLWLYH��)RU�LQVWDQFH��LI�\RX�DWWHPSW�WR�GHILQH�D
SURFHGXUH�QDPHG�)25:$5'��/RJR�ZLOO�UHVSRQG�WR�\RXU�SUHVVLQJ�WKH�BACK �NH\�ZLWK�WKH�HUURU�PHVVDJH

TO DOESN'T LIKE FORWARD AS INPUT

1.5. Other Gra phics Commands

,Q�DGGLWLRQ�WR�WKH�WXUWOH�FRPPDQGV�)25:$5'��%$&.��/()7��DQG�5,*+7��/RJR�DOORZV�\RX�WR�PRYH�WKH
WXUWOH�E\�VSHFLI\LQJ�[�\�&DUWHVLDQ�FRRUGLQDWHV��7KH�6;<�FRPPDQG�WDNHV�WZR�QXPHULF�LQSXWV�DQG�PRYHV
WKH�WXUWOH�WR�WKH�FRUUHVSRQGLQJ�[�\�VFUHHQ�ORFDWLRQ��7KHUH�DUH�DOVR�FRPPDQGV�;&25�DQG�<&25�ZKLFK
RXWSXW� WKH� WXUWOH
V� SRVLWLRQ� �7KH� 6(7+($',1*� FRPPDQG� URWDWHV� WKH� WXUWOH� VR� WKDW� LW� IDFHV� LQ� D��

VSHFLILHG�GLUHFWLRQ��DQG�WKH�+($',1*�FRPPDQG�RXWSXWV�WKH�WXUWOH
V�KHDGLQJ��*LYLQJ�WKH�FRPPDQG
+20(�PRYHV�WKH�WXUWOH�EDFN�WR�LWV�LQLWLDO�SRVLWLRQ�DW�WKH�FHQWHU�RI�WKH�VFUHHQ�DQG�IDFLQJ�VWUDLJKW�XS�
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      7KH�XVH�RI�WKH�FRORQ�KHUH�LV�QRW�VSHFLILFDOO\�UHODWHG�WR�FRORUV�RU�WR�GUDZLQJ��5DWKHU��LW�UHIOHFWV�WKH14

JHQHUDO�ZD\�LQ�ZKLFK�WKLQJV�LQ�/RJR�FDQ�EH�QDPHG��:KHQ�/RJR�LV�VWDUWHG��WKH�V\PERO�:+,7(�LV
SUHGHILQHG�WR�EH�D�QDPH�IRU�WKH�QXPEHU�����DQG�WKH�RWKHU�FRORU�QDPHV�OLNHZLVH���)RU�LQVWDQFH��LI�\RX
W\SH

PRINT :WHITE

/RJR�ZLOO�SULQW�����7KH�FRORQ�V\QWD[��:+,7(�GLUHFWV�/RJR�WR�ILQG�WKH�YDOXH�DVVRFLDWHG�ZLWK�:+,7(�
:H�ZLOO�VHH�RWKHU�XVHV�RI��LQ�GHDOLQJ�ZLWK�LQSXWV�WR�SURFHGXUHV�LQ�6HFWLRQ�����DQG�ZLWK�WKH�0$.(
FRPPDQG�LQ�6HFWLRQ�����
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%HVLGHV�GUDZLQJ�ZLWK�3(183�DQG�3(1'2:1��\RX�FDQ�DOVR�PDNH�WKH�WXUWOH�HUDVH�DQ\�OLQHV�WKDW�LW�SDVVHV
RYHU��<RX�GR�WKLV�E\�XVLQJ�WKH�FRPPDQG�3(1(5$6(��DEEUHYLDWHG�3(���)RU�LQVWDQFH��LI�\RX�ZDQW�WR�HUDVH
VRPH�OLQHV�LQ�D�GUDZLQJ��\RX�FDQ�W\SH�3(1(5$6(�DQG�WKHQ�GULYH�WKH�WXUWOH�RYHU�WKRVH�OLQHV��7KHUH�LV�DOVR
D� FRPPDQG� 3(15(9(56(� �DEEUHYLDWHG� 35��� ZKLFK� LV� OLNH� D� FRPELQDWLRQ� RI� 3(1'2:1� DQG
3(1(5$6(��:KHQ�WKH�SHQ�LV�UHYHUVHG��WKH�WXUWOH�ZLOO��UHYHUVH��DQ\�SRLQWV�WKDW�LW�SDVVHV�RYHU��$Q\�GRW
WKDW�LV�RII�ZLOO�EH�WXUQHG�RQ��DQG�DQ\�GRW�WKDW�LV�RQ�ZLOO�EH�WXUQHG�RII�

6HFWLRQ������JLYHV�D�FRPSOHWH�OLVW�RI�WKH�JUDSKLFV�FRPPDQGV�WKDW�DUH�EXLOW�LQWR�/RJR�

1.5.1. Drawin g in Color

7KH�6(7&2/25�FRPPDQG��DEEUHYLDWHG�6&��FKDQJHV�WKH�FRORU�LQ�ZKLFK�WKH�WXUWOH�GUDZV��6(7&2/25
WDNHV�DV�LQSXW�D�QXPEHU��ZKLFK�VSHFLILHV�WKH�GHVLJQDWHG�FRORU��7KHUH�DUH����FRORUV�DYDLODEOH�LQ�7,�/RJR�

CLEAR 0 RUST 8
BLACK 1 ORANGE 9
GREEN 2 YELLOW 10
LIME 3 LEMON 11
BLUE 4 OLIVE 12
SKY 5 PURPLE 13
RED 6 GRAY 14
CYAN 7 WHITE 15

)RU�LQVWDQFH��WR�PDNH�WKH�WXUWOH�GUDZ�LQ�ZKLWH��\RX�FDQ�JLYH�WKH�FRPPDQG

SETCOLOR 15

$OWHUQDWLYHO\��\RX�FDQ�VSHFLI\�WKH�QDPH�RI�WKH�FRORU�UDWKHU�WKDQ�WKH�QXPEHU��<RX�GR�WKLV�E\�XVLQJ�WKH
QDPH�DV�LQSXW��SUHFHGHG�E\�D�FRORQ�����DV�LQ��

SETCOLOR :WHITE

7KH�&2/25�FRPPDQG�RXWSXWV��DV�D�QXPEHU��WKH�FXUUHQW�FRORU�LQ�ZKLFK�WKH�WXUWOH�LV�GUDZLQJ�

1.5.2. The Back ground
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<RX�FDQ�DOVR�FKDQJH�WKH�EDFNJURXQG�FRORU�RI�WKH�VFUHHQ�WR�EH�DQ\�RI�WKH�DERYH�FRORUV��7KHUH�DUH�WZR�ZD\V
WR�GR�WKLV��2QH�LV�WR�XVH�WKH�FRPPDQG�&2/25%$&.*5281'��DEEUHYLDWHG�&%���)RU�LQVWDQFH��WR�FKDQJH
WKH�EDFNJURXQG�FRORU�WR�\HOORZ��\RX�FDQ�W\SH�HLWKHU

COLORBACKGROUND 10

RU

COLORBACKGROUND :YELLOW

1.5.2.1. TELL and Graphical Ob jects

<RX�FDQ�DOVR�FKDQJH�WKH�EDFNJURXQG�FRORU�E\�W\SLQJ

TELL BACKGROUND

IROORZHG�E\�D�6(7&2/25�FRPPDQG��VXFK�DV

SETCOLOR :YELLOW

7KH�JHQHUDO�LGHD�KHUH�LV�WKDW�7(//�LV�D�FRPPDQG�WKDW��GLUHFWV�WKH�FRPSXWHU
V�DWWHQWLRQ��WR�YDULRXV�NLQGV
RI�JUDSKLFDO�REMHFWV��6R�IDU�ZH�KDYH�VHHQ�WZR�JUDSKLFDO�REMHFWV��WKH�7857/(�DQG�WKH�%$&.*5281'�
:KHQ�WKH�FRPSXWHU�LV��WDONLQJ�WR��DQ�REMHFW��YLD�7(//���DOO�WKH�JUDSKLFV�FRPPDQGV�UHIHU�WR�WKDW�REMHFW�
,I�\RX�W\SH

TELL BACKGROUND

DQG�WKHQ�JLYH�WKH�&2/25�FRPPDQG��WKH�QXPEHU�UHWXUQHG�ZLOO�EH�WKH�FRORU�RI�WKH�EDFNJURXQG��<RX�PXVW
DOVR�EH�VXUH�WKDW�WKH�FRPPDQG�LV�RQH�WKDW�PDNHV�VHQVH�IRU�WKH�REMHFW�\RX�DUH�7(//LQJ��)RU�LQVWDQFH��LI
\RX�W\SH

TELL BACKGROUND
FORWARD 50

/RJR�ZLOO�UHVSRQG�ZLWK�WKH�HUURU�PHVVDJH

BACKGROUND CAN'T FORWARD

,Q�WKLV�FDVH��\RX�SUREDEO\�PHDQW�IRU�WKH�WXUWOH�WR�JR�IRUZDUG��VR�\RX�VKRXOG�UHGLUHFW�WKH�FRPSXWHU
V
DWWHQWLRQ�WR�WKH�WXUWOH�E\�W\SLQJ

TELL TURTLE

$V�JUDSKLFDO�REMHFWV�JR��WKH�EDFNJURXQG�LV�D�UDWKHU�OLPLWHG�RQH��VLQFH�DOO�LW�FDQ�GR�LV�FKDQJH�FRORU��:H
OO
PHHW�PRUH�YHUVDWLOH�JUDSKLFDO�REMHFWV�LQ�&KDSWHU���

1.6. Modes of Usin g the Screen
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7KLV�FKDSWHU�KDV�SUHVHQWHG�WKH�EDVLFV�RI�H[HFXWLQJ�/RJR�FRPPDQGV�DQG�GHILQLQJ�VLPSOH�SURFHGXUHV��$V
D�VXPPDU\��ZH�QRWH�WKDW�/RJR�XVHV�WKH�GLVSOD\�VFUHHQ�LQ�WKUHH�GLIIHUHQW�ZD\V��RU�PRGHV�

1.6.1. Noturtle Mode

/RJR�VWDUWV�LQ�QRWXUWOH�PRGH��<RX�W\SH�LQ�FRPPDQG�OLQHV��WHUPLQDWHG�ZLWK�ENTER��/RJR�H[HFXWHV�WKH�OLQH
DQG�SULQWV�D�UHVSRQVH��LI�DSSURSULDWH�

1.6.2. Turtle Mode

7\SLQJ�7(//�7857/(�FDXVHV�/RJR�WR�HQWHU�WXUWOH�PRGH�DV�VKRZQ�LQ�)LJXUH������ZLWK�WKH�VFUHHQ�FOHDUHG
DQG� WKH� WXUWOH� DW� WKH� FHQWHU�� ,Q� WXUWOH� PRGH�� \RX� XVH� WKH� WXUWOH� IRU� GUDZLQJ� RQ� WKH� VFUHHQ�� 7KH
127857/(�FRPPDQG�H[LWV�WXUWOH�PRGH�DQG�HQWHUV�QRWXUWOH�PRGH�

1.6.3. Edit Mode

([HFXWLQJ�WKH�FRPPDQGV�72�RU�(',7�SODFHV�/RJR�LQ�HGLW�PRGH��ZKLFK�DOORZV�\RX�WR�XVH�WKH�SURFHGXUH
HGLWRU�DV�GHVFULEHG�LQ�6HFWLRQ��������3UHVVLQJ�WKH�BACK �NH\�H[LWV�HGLW�PRGH�DQG�SURFHVVHV�WKH�GHILQLWLRQV�
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CHAPTER 2. Pro grammin g with Procedures

,Q�WKH�,QWURGXFWLRQ�ZH�VWUHVVHG�WKDW�WKH�DELOLW\�WR�GHILQH�SURFHGXUHV�LV�RQH�RI�WKH�SRZHUIXO�IHDWXUHV�RI�WKH
/RJR�ODQJXDJH��,Q�WKLV�FKDSWHU�ZH�H[SODLQ�PRUH�DERXW�KRZ�SURFHGXUHV�FDQ�EH�XVHG�DQG��LQ�SDUWLFXODU��KRZ
WKH\�FDQ�EH�XVHG�WR�EXLOG�XS�FRPSOH[�SURJUDPV�LQ�VLPSOH�VWHSV��:LWK�WKH�PDWHULDO�FRYHUHG�LQ�WKLV�FKDSWHU�
\RX�VKRXOG�KDYH�HQRXJK�LQIRUPDWLRQ�DERXW�/RJR�WR�XQGHUWDNH�PDQ\�SURMHFWV�LQ�WXUWOH�JHRPHWU\��%H�VXUH
WR�W\SH�7(//�7857/(�EHIRUH�WU\LQJ�DQ\�RI�WKH�DFWLYLWLHV�LQ�WKLV�FKDSWHU�

2.1. Procedures with In puts

7KH�SURFHGXUHV�GLVFXVVHG�LQ�6HFWLRQ�����GR�H[DFWO\�WKH�VDPH�WKLQJ�HDFK�WLPH�WKH\�DUH�H[HFXWHG��(DFK
WXUWOH�SURFHGXUH�GUDZV�WKH�VDPH�GUDZLQJ�HDFK�WLPH��&RQWUDVW�WKLV�ZLWK�D�FRPPDQG�OLNH�)25:$5'�

FORWARD 50

GRHV�QRW�GUDZ�H[DFWO\�WKH�VDPH�WKLQJ�DV

FORWARD 25

7KH�IDFW�WKDW�WKH�)25:$5'�FRPPDQG�WDNHV�DQ�LQSXW�LV�ZKDW�HQDEOHV�\RX�WR�XVH�WKLV�RQH�FRPPDQG�WR
GUDZ�OLQHV�RI�DOO�GLIIHUHQW�OHQJWKV�

,Q�/RJR��\RX�FDQ�GHILQH�SURFHGXUHV�WKDW�WDNH�LQSXWV��&RQVLGHU��IRU�H[DPSOH��WKH�IROORZLQJ�SURFHGXUH�
ZKLFK�GUDZV�D�VTXDUH����XQLWV�LQ�D�VLGH�

TO SQUARE
REPEAT 4 [FORWARD 50 RIGHT 90]
END

:KHQHYHU�\RX�JLYH�WKH�FRPPDQG�648$5(��WKH�WXUWOH�GUDZV�D�VTXDUH�ZLWK�VLGH�����<RX�FDQ�FKDQJH�WKH
GHILQLWLRQ�RI�648$5(�VR�WKDW�LW�FDQ�EH�XVHG�WR�GUDZ�VTXDUHV�RI�DOO�GLIIHUHQW�VL]HV�

TO SQUARE :SIDE
REPEAT 4 [FORWARD :SIDE RIGHT 90]
END
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      $�FRPPRQ�EHJLQQHUV
�PLVWDNH�LV�WR�W\SH�648$5(������EDVHG�RQ�WKH��UHDVRQDEOH�1

PLVXQGHUVWDQGLQJ�WKDW�WKH�FRORQ�PHDQV�VRPHWKLQJ�OLNH��KHUH�LV�\RXU�LQSXW���,QVWHDG��DV�ZH�VKDOO�VHH
EHORZ��WKH�FRORQ�DV�XVHG�LQ��6,'(�PHDQV��WKH�YDOXH�DVVRFLDWHG�ZLWK�WKH�QDPH�6,'(���

      /RJR�WUDGLWLRQ�LV�WR�SURQRXQFH�WKH�FRORQ�DV��GRWV���7KDW�LV��6,'(�LV�SURQRXQFHG��GRWV�6,'(��2

      ,Q�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��\RX�VKRXOG�W\SH�RQO\�72�DQG�WKH�SURFHGXUH�WLWOH�DQG�DGG�WKH3

LQSXWV�ZLWK�WKH�HGLWLQJ�RSHUDWLRQV��,Q�7,�/RJR�,,��\RX�FDQ�XVH�HLWKHU�PHWKRG�DV�GHVFULEHG�DERYH��
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7KH�QHZ�648$5(�SURFHGXUH�WDNHV�DQ� LQSXW�WKDW�VSHFLILHV� WKH�VLGH�RI� WKH�VTXDUH�WR�EH�GUDZQ��7KH
SURFHGXUH�LV�H[HFXWHG�MXVW�OLNH�DQ\�/RJR�FRPPDQG�WKDW�WDNHV�DQ�LQSXW��7KDW�LV��WR�GUDZ�D�VTXDUH�RI�VLGH
����\RX�W\SH

SQUARE 50

7R�GUDZ�D�VTXDUH�RI�VLGH�����\RX�W\SH

SQUARE 25

DQG�VR�RQ ��

7KH�GHILQLWLRQ�RI�648$5(�LOOXVWUDWHV�WKH�JHQHUDO�UXOH�IRU�GHILQLQJ�SURFHGXUHV�WKDW�WDNH�LQSXWV��<RX
FKRRVH�D�QDPH�IRU�WKH�LQSXW�DQG�LQFOXGH�LW�LQ�WKH�SURFHGXUH�WLWOH�OLQH��SUHFHGHG�E\�D�FRORQ� �1RZ�\RX�XVH�

WKH�LQSXW�QDPH��ZLWK�WKH�FRORQ��ZKHUHYHU�\RX�ZRXOG�QRUPDOO\�XVH�WKH�YDOXH�RI�WKH�LQSXW�LQ�WKH�SURFHGXUH
ERG\�

7R�GHILQH�D�SURFHGXUH�ZLWK�LQSXWV��\RX�XVH�WKH�SURFHGXUH�HGLWRU�MXVW�DV�LQ�GHILQLQJ�DQ\�SURFHGXUH��7R
HQWHU�WKH�HGLWRU��W\SH�72�IROORZHG�E\�DV�PXFK�RI�WKH�WLWOH� OLQH�DV�\RX�OLNH�� IROORZHG�E\�ENTER��)RU
H[DPSOH��LI�\RX�W\SH�72�648$5(��6,'(��ENTER���\RX�ZLOO�HQWHU�WKH�HGLWRU��DQG�WKH�WLWOH�OLQH�RI�WKH
SURFHGXUH�ZLOO�EH�72�648$5(��6,'(��,I�\RX�W\SH�72�648$5(��ENTER���\RX�ZLOO�HQWHU�WKH�HGLWRU�ZLWK
WKH�WLWOH�OLQH�72�648$5(��DQG�WKH��6,'(�SDUW�RI�WKH�WLWOH�OLQH�FDQ�EH�DGGHG�XVLQJ�WKH�QRUPDO�HGLWLQJ
RSHUDWLRQV��
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Figure 2.1: Shape drawn by the
DIAG procedure.

+HUH
V�DQRWKHU�H[DPSOH��<RX�FDQ�PRGLI\�WKH�RULJLQDO��VLGH�����648$5(�SURFHGXUH�WR�GUDZ�D�GLDJRQDO�RI
WKH�VTXDUH�DQG�UHWXUQ�WKH�WXUWOH�WR�LWV�VWDUWLQJ�SRLQW��7KH�SURFHGXUH�XVHV�WKH�IDFW�WKDW�WKH�OHQJWK�RI�WKH
GLDJRQDO�LV�WKH�VTXDUH�URRW�RI����DERXW������RU������WLPHV�WKH�OHQJWK�RI�WKH�VLGH�

TO DIAG
REPEAT 4 [FORWARD 50 RIGHT 90]
RIGHT 45
FORWARD 70
BACK 70
RIGHT 45
FORWARD 50
LEFT 135
FORWARD 70
LEFT 45
END

)LJXUH�����VKRZV�WKH�VKDSH�GUDZQ�E\�WKLV�SURFHGXUH��7R�GUDZ�WKH�VKDSH�LQ�DOO�GLIIHUHQW�VL]HV��\RX�FDQ�XVH

TO DIAG :SIZE
REPEAT 4 [FORWARD :SIZE RIGHT 90]
RIGHT 45
FORWARD (:SIZE * 7)/5
BACK (:SIZE * 7)/5
LEFT 45
RIGHT 45
FORWARD :SIZE
LEFT 135
FORWARD (:SIZE * 7)/5
END
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(a)

(b)
Figure 2.2: Two rectangles
drawn by the RECTANGLE
procedure.

2.1.1. Multi ple Inputs

/RJR�SURFHGXUHV�PD\�EH�GHILQHG�WR�DFFHSW�PRUH�WKDQ�RQH�LQSXW��<RX�VLPSO\�FKRRVH�D�QDPH�IRU�HDFK�LQSXW
DQG�LQFOXGH�LW�LQ�WKH�WLWOH�OLQH��SUHFHGHG�E\�D�FRORQ��)RU�H[DPSOH��WKH�IROORZLQJ�WZR�LQSXW�SURFHGXUH�FDQ
EH�XVHG�WR�GUDZ�UHFWDQJOHV�RI�YDU\LQJ�VL]HV�DQG�VKDSHV�

TO RECTANGLE :HEIGHT :LENGTH
FORWARD :HEIGHT
RIGHT 90
FORWARD :LENGTH
RIGHT 90
FORWARD :HEIGHT
RIGHT 90
FORWARD :LENGTH
RIGHT 90
END

$V�VKRZQ�LQ�)LJXUH������H[HFXWLQJ�WKH�FRPPDQG

RECTANGLE 50 10

GUDZV�D�ORQJ��VNLQQ\�UHFWDQJOH��ZKHUHDV
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Figure 2.3: Private library set
up by executing RECTANGLE
10 50.

RECTANGLE 50 50

GUDZV�D�VTXDUH�

2.1.2. Inputs as Private Names

'HILQLQJ�D�/RJR�SURFHGXUH�LQYROYHV�JURXSLQJ�WRJHWKHU�D�VHULHV�RI�FRPPDQGV�XQGHU�D�QDPH�FKRVHQ�E\�WKH
SURJUDPPHU��8VLQJ�LQSXWV�DOVR�LQYROYHV�QDPLQJ��EXW�LQ�D�GLIIHUHQW�VHQVH��$OWKRXJK�D�QHZ�SURFHGXUH�LV
LQFRUSRUDWHG�DV�SDUW�RI�/RJR
V�ZRUNLQJ�YRFDEXODU\��WKH�QDPH�RI�DQ�LQSXW�LV�SULYDWH�WR�WKH�SURFHGXUH�WKDW
XVHV�WKH�LQSXW�

6LQFH�LQSXW�QDPHV�DUH�SULYDWH��GLIIHUHQW�SURFHGXUHV�PD\�XVH�WKH�VDPH�QDPHV�IRU�LQSXWV�ZLWKRXW�WKHVH
QDPHV�LQWHUIHULQJ�ZLWK�HDFK�RWKHU��2QH�ZD\�WR�WKLQN�DERXW�WKLV�LV�WR�LPDJLQH�WKDW�HDFK�WLPH�D�SURFHGXUH
LV�H[HFXWHG��LW�VHWV�XS�D��SULYDWH�OLEUDU\��WKDW�DVVRFLDWHV�ZLWK�LWV�LQSXW�QDPHV�WKH�DFWXDO�LQSXW�YDOXHV�ZLWK
ZKLFK� WKH� SURFHGXUH�ZDV� FDOOHG��:KHQ� WKH� SURFHGXUH� H[HFXWHV� D� OLQH� WKDW� FRQWDLQV� DQ� LQSXW� QDPH
�VLJQDOHG�E\����LW�ORRNV�XS�WKH�YDOXH�LQ�WKH�OLEUDU\�DQG�VXEVWLWXWHV�WKH�YDOXHV�IRU�WKH�QDPH��)RU�H[DPSOH�
WKH�SUHYLRXV�5(&7$1*/(�SURFHGXUH��FDOOHG�ZLWK

RECTANGLE 10 50

ZRXOG�VHW�XS�D�SULYDWH�OLEUDU\�DV�VKRZQ�LQ�)LJXUH�����

7KH�LQSXW�YDOXHV�DUH�DVVRFLDWHG�ZLWK�WKH�LQSXW�QDPHV�LQ�WKH�RUGHU�LQ�ZKLFK�WKH\�DSSHDU�LQ�WKH�WLWOH�OLQH�
,Q�WKLV�FDVH��WKH�ILUVW�LQSXW������LV�DVVRFLDWHG�ZLWK�WKH�ILUVW�LQSXW�QDPH��+(,*+7��DQG�WKH�VHFRQG�LQSXW�
����LV�DVVRFLDWHG�ZLWK�WKH�VHFRQG�QDPH��/(1*7+�

:H
YH�DOUHDG\�VHHQ�LQ�&KDSWHU���WKDW�WKH�LQGLYLGXDO�VWHSV�LQ�D�SURFHGXUH�FDQ�WKHPVHOYHV�EH�SURFHGXUHV�
6LQFH�HDFK�SURFHGXUH�PDLQWDLQV�LWV�RZQ�SULYDWH�OLEUDU\�RI�LQSXW�YDOXHV��WKHUH�LV�QR�FRQIOLFW�EHWZHHQ�WKH
LQSXW�QDPHV�XVHG�E\�WKH�GLIIHUHQW�SURFHGXUHV��)RU�H[DPSOH��KHUH�LV�5(&7$1*/(�XVHG�DV�SDUW�RI�D
SURFHGXUH�IRU�GUDZLQJ�D�IODJ��DV�VKRZQ�LQ�)LJXUH�����



TI LOGO

      6HFWLRQ�������GLVFXVVHV�WKH�UXOHV�IRU�XVLQJ�SDUHQWKHVHV�LQ�/RJR�4
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Figure 2.4: Figure drawn by
executing FLAG 50.

TO FLAG :HEIGHT
FORWARD :HEIGHT
RECTANGLE (:HEIGHT/2) :HEIGHT
BACK :HEIGHT
END

7KH�)/$*�SURFHGXUH�GUDZV�D��SROH��RI�D�VSHFLILHG�+(,*+7��WKHQ�GUDZV�RQ�WRS�RI�WKH�SROH�D�UHFWDQJOH�RI
GLPHQVLRQV�+(,*+7���E\�+(,*+7��WKHQ�PRYHV�WKH�WXUWOH�EDFN�WR�WKH�EDVH�RI�WKH�SROH��1RWH�WKH�XVH�RI
SDUHQWKHVHV�DURXQG���+(,*+7�������7KHVH�DUH�QRW�DFWXDOO\�QHFHVVDU\�IRU�/RJR�WR�XQGHUVWDQG�ZKDW�LV
PHDQW��EXW�WKH\�PDNH�WKH�SURJUDP�HDVLHU�WR�UHDG��

/HW
V�H[DPLQH�LQ�GHWDLO�ZKDW�KDSSHQV�ZKHQ�\RX�H[HFXWH�WKH�FRPPDQG

FLAG 50

7KLV�FUHDWHV�D�SULYDWH�OLEUDU\�IRU�)/$*�LQ�ZKLFK�+(,*+7�LV�DVVRFLDWHG�ZLWK����DQG�EHJLQV�H[HFXWLQJ�WKH
GHILQLWLRQ�RI�)/$*��VWDUWLQJ�ZLWK�WKH�ILUVW�OLQH

FORWARD :HEIGHT

/RRNLQJ�LQ�WKH�SULYDWH�OLEUDU\��/RJR�ILQGV�WKDW����LV�WKH�YDOXH�DVVRFLDWHG�ZLWK�+(,*+7��VR�LW�PDNHV�WKH
WXUWOH�JR�)25:$5'�����1H[W�LW�PXVW�H[HFXWH�WKH�OLQH

RECTANGLE (:HEIGHT/2) :HEIGHT

7R�GR�WKLV��/RJR�ILUVW�GHWHUPLQHV�WKH�YDOXHV�RI�WKH�WZR�LQSXWV�WKDW�PXVW�EH�JLYHQ�WR�5(&7$1*/(��7KH
ILUVW� LQSXW� LV�KDOI� WKH�YDOXH�RI�+(,*+7��RU�����DQG�WKH�VHFRQG� LQSXW� LV�+(,*+7�LWVHOI��RU�����1RZ
5(&7$1*/(�LV�FDOOHG�ZLWK�LQSXWV����DQG�����7KLV�VHWV�XS�D�SULYDWH�OLEUDU\�IRU�5(&7$1*/(�LQ�ZKLFK
WKH�QDPHV�RI�5(&7$1*/(
V�LQSXWV��+(,*+7�DQG�/(1*7+��DUH�DVVRFLDWHG�ZLWK����DQG�����UHVSHFWLYHO\�
7KH�HQWLUH�SLFWXUH�LV�DV�VKRZQ�LQ�)LJXUH������(YHQ�WKRXJK�WKH�QDPH�+(,*+7�LV�DVVRFLDWHG�ZLWK����LQ
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      7KH�SHULRG�XVHG�LQ�D�QDPH�OLNH�)/$*�$1'�029(�LV�LQWHUSUHWHG�DV�DQ�RUGLQDU\�FKDUDFWHU��/RJR5

GRHV�QRW�DOORZ�VSDFHV�WR�EH�SDUW�RI�SURFHGXUH�QDPHV��VR�WKH�SHULRG�LV�D�XVHIXO�ZD\�WR�PDNH�ORQJ�QDPHV
PRUH�UHDGDEOH�
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Figure 2.5: Private libraries set
up by executing FLAG 50.

)/$*
V� OLEUDU\� DQG�ZLWK� ��� LQ�5(&7$1*/(
V� OLEUDU\�� WKHUH� LV� QR� FRQIOLFW� EHWZHHQ� WKH� WZR�� (DFK
SURFHGXUH�ORRNV�XS�LWV�RZQ�YDOXHV�LQ�LWV�RZQ�OLEUDU\�

7KH�LPSRUWDQFH�RI�SULYDWH�LQSXW�QDPHV�LV�WKDW�\RX�FDQ�XVH�D�SURFHGXUH�ZLWKRXW�FRQFHUQ�IRU�WKH�GHWDLOV
RI�SUHFLVHO\�KRZ�LW�LV�FRGHG��EXW�UDWKHU�MXVW�FRQFHQWUDWLQJ�RQ�ZKDW�LW�GRHV��:KHQ�\RX�ZULWH�WKH�)/$*
SURFHGXUH��\RX�FDQ�UHJDUG�5(&7$1*/(�DV�D��EODFN�ER[��WKDW�GUDZV�D�UHFWDQJOH��ZLWKRXW�ZRUU\LQJ�DERXW
ZKDW�QDPHV�LW�XVHV�IRU�LWV�LQSXWV��,QGHHG��DV�IDU�DV�)/$*�LV�FRQFHUQHG��5(&7$1*/(�PLJKW�KDYH�EHHQ
D�SULPLWLYH�LQFOXGHG�LQ�WKH�/RJR�V\VWHP�

7KH�WHFKQLTXH�RI�UHJDUGLQJ�D�SURFHGXUH��HYHQ�D�FRPSOH[�SURFHGXUH��DV�D�EODFN�ER[�ZKRVH�GHWDLOV�\RX
QHHGQ
W�ZRUU\�DERXW�DW�WKH�PRPHQW�LV�D�FUXFLDO�LGHD�LQ�SURJUDPPLQJ�RU��LQGHHG��LQ�DQ\�NLQG�RI�GHVLJQ
HQWHUSULVH��(DFK�WLPH�\RX�GHILQH�D�QHZ�SURFHGXUH��\RX�FDQ�XVH�LW�DV�D�EXLOGLQJ�EORFN�LQ�PRUH�FRPSOH[
SURFHGXUHV��DQG�LQ�WKLV�ZD\�\RX�FDQ�EXLOG�XS�YHU\�FRPSOH[�SURFHVVHV�LQ�ZKDW�3DSHUW�>��@�UHIHUV�WR�DV
�PLQG�VL]H�ELWHV��

$V�D�VLPSOH�LOOXVWUDWLRQ��RQFH�\RX�KDYH�GHILQHG�)/$*�\RX�FDQ�XVH�LW�WR�HDVLO\�PDNH�D�SURFHGXUH�WKDW
GUDZV�D�IODJ�DQG�PRYHV�WKH�WXUWOH�RYHU�D�ELW��

TO FLAG.AND.MOVE :SIZE :SPACING
PENDOWN
FLAG :SIZE
PENUP
RIGHT 90
FORWARD :SPACING
LEFT 90
END



TI LOGO

      7KLV�LV�D�IXQGDPHQWDO�LGHD�LQ�WXUWOH�JHRPHWU\��EDVHG�RQ�WKH�IDFW�WKDW�D�FLUFOH�LV�D�FXUYH�RI6

FRQVWDQW�FXUYDWXUH��7KLV�REVHUYDWLRQ�LV�WKH�NH\�WR�PDQ\�WXUWOH�EDVHG�DSSURDFKHV�WR�PDWKHPDWLFV�DV
GHVFULEHG�LQ�WKH�ERRN�E\�$EHOVRQ�DQG�GL6HVVD�>�@�

      7KH�GLJLW���LQFOXGHG�DV�SDUW�RI�WKH�QDPH�&,5&/(7�LV�LQWHUSUHWHG�DV�DQ�RUGLQDU\�FKDUDFWHU��,W�LV7

VWDQGDUG�SUDFWLFH�WR�QDPH�PLQRU�YDULDQWV�RI�SURFHGXUHV�E\�DSSHQGLQJ�D�QXPEHU�WR�WKH�QDPH�
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Figure 2.6: Picture drawn by
ROW 20 30 4.

<RX�FDQ�XVH�WKLV�WR�GUDZ�D�URZ�RI�IODJV�DV�LQ�)LJXUH�����

TO ROW :SIZE :SPACING :HOW.MANY
REPEAT :HOW.MANY [FLAG.AND.MOVE :SIZE :SPACING]
END

2.1.3. An ARC Procedure

$V�DQRWKHU�H[DPSOH�RI�XVLQJ�SURFHGXUHV�ZLWK�LQSXWV��ZH
OO�FRQVLGHU�WKH�SUREOHP�RI�ZULWLQJ�D�SURFHGXUH
WR�GUDZ�FLUFXODU�DUFV��7KLV�LV�QRW�RQO\�D�JRRG�H[DPSOH�RI�XVLQJ�SURFHGXUHV��EXW�LV�DOVR�D�XVHIXO�EXLOGLQJ
EORFN�WR�KDYH�LQ�PDNLQJ�GUDZLQJV�

7KH�$5&�SURFHGXUH�LV�EDVHG�RQ�PDNLQJ�WKH�WXUWOH�JR�)25:$5'�D�VPDOO�IL[HG�GLVWDQFH��WXUQLQJ�D�VPDOO
IL[HG�DQJOH��DQG�UHSHDWLQJ�WKLV�RYHU�DQG�RYHU�³�WKLV�GUDZV�D�JRRG�DSSUR[LPDWLRQ�WR�D�FLUFXODU�DUF� �:KHQ�

WKH�WXUWOH�KDV�WXUQHG�WKURXJK�����GHJUHHV��D�FRPSOHWH�FLUFOH�ZLOO�KDYH�EHHQ�GUDZQ��7KLV�OHDGV�WR�WKH
IROORZLQJ�&,5&/(�SURFHGXUH��

TO CIRCLE1
REPEAT 360 [FORWARD 1 RIGHT 1]
END

7KLV�GUDZV�D�FLUFOH��EXW�LW�LV�YHU\�VORZ��HVSHFLDOO\�LI�\RX�XVH�LW�ZLWKRXW�KLGLQJ�WKH�WXUWOH��7KH�SUREOHP�LV
WKDW�WKHUH�DUH�VR�PDQ\�)25:$5'����/()7���PRYHV��$QG�WKHVH�DUH�PRVWO\�XQQHFHVVDU\��EHFDXVH��ZLWKLQ
WKH�DFFXUDF\�RI�WKH�GLVSOD\�VFUHHQ��D�UHJXODU�SRO\JRQ�ZLWK�PRUH�WKDQ����VLGHV�LV�LQGLVWLQJXLVKDEOH�IURP
D�FLUFOH��)RU�H[DPSOH��\RX�FDQ�UHSODFH�WKH�&,5&/(7�SURFHGXUH�DERYH�E\�WKH�IROORZLQJ�SURFHGXUH��ZKLFK
GUDZV�D�UHJXODU����VLGHG�SRO\JRQ�
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      ,Q�7,�/RJR��GLYLVLRQ�DOZD\V�SURGXFHV�DQ�LQWHJHU�TXRWLHQW��IRU�LQVWDQFH��������\LHOGV����2XU�DUF8

SURFHGXUH�ZLOO�JLYH�D�FRUUHFW�UHVXOW�RQO\�ZKHQ�WKH�'(*5((6�LQSXW�LV�D�PXOWLSOH�RI����
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Figure 2.7: Circles drawn by
the CIRCLE procedure.

TO CIRCLE2
REPEAT 36 [FORWARD 10 RIGHT 10]
END

�1RWLFH�WKDW�\RX�PXOWLSO\�WKH�)25:$5'�VWHS�E\����LQ�RUGHU�WR�NHHS�WKH�FLUFOH�WKH�VDPH�VL]H�DV�EHIRUH��
7KH�&,5&/(��SURFHGXUH�UXQV�DERXW����WLPHV�DV�IDVW�DV�&,5&/(7�DQG�ORRNV�DOPRVW�WKH�VDPH�RQ�WKH
GLVSOD\�VFUHHQ�

<RX�FDQ�PDNH�WKLV�SURFHGXUH�PRUH�XVHIXO�E\�JLYLQJ�LW�DQ�LQSXW�WKDW�YDULHV�WKH�VL]H�RI�WKH�FLUFOH�

TO CIRCLE :SIZE
REPEAT 36 [FORWARD :SIZE RIGHT 10]
END

1RWH�WKDW�WKH�WXUWOH�VWLOO�WXUQV����GHJUHHV�DW�HDFK�VWHS��VR�YDU\LQJ�WKH�VL]H�RI�WKH�)25:$5'�VWHS�YDULHV
WKH�VL]H�RI�WKH�FLUFOH��)LJXUH�����VKRZV�VRPH�FLUFOHV�GUDZQ�E\�WKH�&,5&/(�SURFHGXUH�

$Q�DUF�SURFHGXUH�FDQ�EH�LPSOHPHQWHG�LQ�WKH�VDPH�ZD\��H[FHSW�WKH�WXUWOH�VKRXOG�WXUQ�WKURXJK�DV�PDQ\
GHJUHHV�DV�WKHUH�DUH�GHJUHHV�LQ�WKH�DUF��7KH�IROORZLQJ�SURFHGXUH�GUDZV�FLUFXODU�DUFV�WXUQLQJ�WRZDUG�WKH
ULJKW�

TO ARCRIGHT :SIZE :DEGREES
REPEAT :DEGREES/10 [FORWARD :SIZE RIGHT 10]
END

1RWH�WKDW�ZH�GLYLGH�WKH�'(*5((6�LQSXW�E\����WR�REWDLQ�WKH�QXPEHU�RI����GHJUHH�VWHSV�WKH�WXUWOH�VKRXOG
SHUIRUP�WR�FRQVWUXFW�DQ�DUF�RI�WKDW�PDQ\�GHJUHHV� �$Q�$5&/()7�SURFHGXUH�FDQ�EH�GHVLJQHG�LQ�H[DFWO\�

WKH�VDPH�ZD\��)LJXUH�����VKRZV�VRPH�DUFV�JHQHUDWHG�E\�WKLV�SURFHGXUH�



TI LOGO

41

Figure 2.8: Circular arcs drawn
by the ARCRIGHT procedure.

Figure 2.9: Simple procedures
that use arcs.

2QFH�\RX�KDYH�GHILQHG�$5&5,*+7�DQG�$5&/()7��\RX�FDQ�XVH�WKHP�WR�GHYHORS�DOO�VRUWV�RI�LQWHUHVWLQJ
VKDSHV��)LJXUH�����VKRZV�WZR�H[DPSOHV�
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      &RPSDUH��,I�D�JHQLH�DSSHDUV�DQG�RIIHUV�\RX�WKUHH�ZLVKHV��\RX�VKRXOG�XVH�\RXU�WKLUG�ZLVK�WR�ZLVK9

IRU�WKUHH�PRUH�ZLVKHV�
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2.2. Repetition and Recursion

:H
YH�DOUHDG\�VHHQ�WKH�XVH�RI�WKH�/RJR�5(3($7�FRPPDQG��SDJH�����WR�UHSHDW�D�VHULHV�RI�VWHSV�D�IL[HG
QXPEHU�RI�WLPHV��$QRWKHU�ZD\�WR�PDNH�VRPHWKLQJ�UHSHDW�LV�WR�GHILQH�D�SURFHGXUH�WKDW�LQFOXGHV�D�FDOO�WR
LWVHOI�DV�WKH�ILQDO�OLQH��)RU�H[DPSOH�

TO SQUARE :SIZE
FORWARD :SIZE
RIGHT 90
SQUARE :SIZE
END

PDNHV�WKH�WXUWOH�PRYH�LQ�D�VTXDUH�SDWWHUQ�RYHU�DQG�RYHU�DJDLQ�XQWLO�\RX�VWRS�LW�E\�SUHVVLQJ�BACK ��<RX
FDQ�WKLQN�RI�WKH�ZD\�WKLV�SURFHGXUH�ZRUNV�DV�D�NLQG�RI�MRNH�³�WKH�VWHSV�RI�D�SURFHGXUH�FDQ�LQFOXGH�FDOOV
WR�DQ\�SURFHGXUH��VR�ZK\�QRW�FDOO�WKH�SURFHGXUH�LWVHOI"�,Q�WKLV�FDVH��WKH�GHILQLWLRQ�RI�648$5(�LV��JR
IRUZDUG��WXUQ�ULJKW��DQG�WKHQ�GR�648$5(�DJDLQ���$QG�WKLV�ODVW�VWHS�HQWDLOV�JRLQJ�IRUZDUG��WXUQLQJ�ULJKW�
DQG�WKHQ�GRLQJ�648$5(�DJDLQ��DQG�VR�RQ�IRUHYHU��

2QH�GLVDGYDQWDJH�RI�WKLV�648$5(��DV�RSSRVHG�WR�WKH�RQH�ZH�KDYH�EHHQ�SUHYLRXVO\�XVLQJ�

TO SQUARE :SIZE
REPEAT 4 [FORWARD :SIZE RIGHT 90]
END

LV�WKDW�LW�JRHV�RQ�LQGHILQLWHO\�DQG�VR�LV�QRW�D�JRRG�EXLOGLQJ�EORFN�WR�XVH�LQ�PDNLQJ�PRUH�FRPSOH[�GUDZLQJV�
2Q�WKH�RWKHU�KDQG��WKLV�NLQG�RI�LQGHILQLWH�UHSHWLWLRQ�FDQ�EH�XVHIXO�LQ�VLWXDWLRQV�LQ�ZKLFK�\RX�GR�QRW�NQRZ
�RU�FDQQRW�HDVLO\�ILJXUH�RXW��KRZ�PDQ\�WLPHV�WR�UHSHDW�VRPH�VHTXHQFH�RI�VWHSV��7KH�IROORZLQJ�SURJUDP
LV�DQ�H[FHOOHQW�H[DPSOH�

TO POLY :SIDE :ANGLE
FORWARD :SIDE
RIGHT :ANGLE
POLY :SIDE :ANGLE
END



TI LOGO

      7KLV�SKHQRPHQRQ�IRUPV�WKH�EDVLV�IRU�D�QXPEHU�RI�PDWKHPDWLFDO�LQYHVWLJDWLRQV�LQYROYLQJ10

V\PPHWU\�DQG�QXPEHU�WKHRU\��GHVFULEHG�LQ�$EHOVRQ�DQG�GL6HVVD�>�@�

      /DQJXDJHV�OLNH�)RUWUDQ�DQG��PRVW�YHUVLRQV�RI��%$6,&�GR�QRW�DOORZ�UHFXUVLRQ�EHFDXVH�WKH11

LPSOHPHQWDWLRQ�RI�D�FRPSXWHU�ODQJXDJH�LV�VLPSOLILHG�LI�RQH�FDQ�DVVXPH�WKDW�WKHUH�DUH�QR�UHFXUVLYH
IXQFWLRQV�
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Figure 2.10: Shapes drawn by
the POLY program.

)LJXUH������VKRZV�VRPH�RI�WKH�PDQ\�ILJXUHV�GUDZQ�E\�32/<�DV�WKH�DQJOH�YDULHV��7KH\�DUH�DOO�FORVHG
ILJXUHV��EXW�WKH�QXPEHU�RI�VLGHV�WKDW�PXVW�EH�GUDZQ�EHIRUH�WKH�ILJXUH�FORVHV�GHSHQGV�LQ�D�FRPSOLFDWHG
ZD\�XSRQ�WKH�$1*/(�LQSXW�WR�WKH�SURJUDP� �8VLQJ�WKH�LQGHILQLWH�UHSHDW�\RX�FDQ�GUDZ�WKHP�DOO�ZLWK�D��

VLQJOH��VLPSOH�SURFHGXUH�

5HFXUVLRQ�LV�WKH�SURJUDPPLQJ�ZRUG�IRU�WKH�DELOLW\�WR�XVH�WKH�WHUP�32/<�DV�SDUW�RI�WKH�GHILQLWLRQ�RI
32/<�RU��LQ�JHQHUDO��WR�ZULWH�SURFHGXUHV�WKDW�FDOO�WKHPVHOYHV� ��

2.2.1. Thinkin g About Recursion.

7KH�UHFXUVLYH�SURFHGXUHV�DERYH�KDYH�D�YHU\�VLPSOH�IRUP�³�WKH\�PHUHO\�UHSHDW�DQ�XQFKDQJHDEOH�F\FOH
RYHU�DQG�RYHU�DJDLQ��5HFXUVLRQ�LV�D�PXFK�PRUH�SRZHUIXO�LGHD�DQG�FDQ�EH�XVHG�WR�REWDLQ�PXFK�PRUH
FRPSOLFDWHG�HIIHFWV��:H�VKDOO�PHHW�PDQ\�H[DPSOHV��7R�WDNH�MXVW�D�VPDOO�VWHS�EH\RQG�WKH�SXUHO\�UHSHWLWLYH
NLQG�RI�UHFXUVLRQ��FRQVLGHU

TO COUNTDOWN :NUMBER
PRINT :NUMBER
COUNTDOWN: NUMBER - 1
END
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      8VLQJ�WKH�WHUPLQRORJ\�LQWURGXFHG�LQ�6HFWLRQ��������ZH�ZRXOG�VD\�WKDW�&2817'2:1�VHWV�XS�D12

SULYDWH�OLEUDU\�LQ�ZKLFK�WKH�QDPH�180%(5�LV�DVVRFLDWHG�ZLWK����
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/HW
V�H[DPLQH�ZKDW�KDSSHQV�LI�\RX�JLYH�WKH�FRPPDQG

COUNTDOWN 10

7R�XQGHUVWDQG�WKH�HIIHFW�RI�WKLV�FRPPDQG��ORRN�EDFN�DW�WKH�GHILQLWLRQ�RI�WKH�&2817'2:1�SURFHGXUH�
<RX�VHH�WKDW�LW�QHHGV�DQ�LQSXW�DQG�WKDW�LV�XVHV�WKH�QDPH�180%(5�IRU�WKLV�LQSXW��,Q�WKLV�FDVH��\RX�KDYH
JLYHQ����DV�WKH�LQSXW��VR�WKH�SURFHGXUH�WDNHV�180%(5�WR�EH���� �7KH�ILUVW�OLQH�VD\V��

PRINT :NUMBER

VR�LW�SULQWV����DQG�JRHV�RQ�WR�WKH�QH[W�OLQH��ZKLFK�LV

COUNTDOWN :NUMBER - 1

RU��LQ�WKLV�FDVH

COUNTDOWN 9

7KLV�RUGHU�FDXVHV�WKH�VDPH�HIIHFW�DV�LI�\RX�KDG�W\SHG�LQ�WKH�FRPPDQG

COUNTDOWN 9

ZKLFK�ZRXOG�EH�WR�SULQW���DQG�WKHQ�JLYH�WKH�RUGHU

COUNTDOWN 8

DQG�VR�RQ�������,Q�VXP��WKH�HIIHFW�RI

COUNTDOWN 10

LV�WR�SULQW���������������������������������������������������XQWLO�\RX�VWRS�WKH�SURFHVV�E\�SUHVVLQJ�BACK �

$QRWKHU�H[DPSOH�RI�WKH�VDPH�SURJUDPPLQJ�WHFKQLTXH�LV�WKH�IROORZLQJ�PRGLILFDWLRQ�RI�WKH�32/<�SURJUDP
RQ�SDJH����

TO POLYSPI :SIDE :ANGLE
FORWARD :SIDE
RIGHT :ANGLE
POLYSPI (:SIDE + 3) :ANGLE
END



TI LOGO

      2U��VTXLUDO���DV�LW�ZDV�GXEEHG�E\�D�ILIWK�JUDGH�/RJR�3URJUDPPHU�ZKR�GLVFRYHUHG�WKLV�ILJXUH�13
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*LYLQJ�WKH�FRPPDQG

POLYSPI 0 90

OHDGV�WR�WKH�VHTXHQFH�RI�WXUWOH�PRYHV

FORWARD 0
RIGHT 90
FORWARD 3
RIGHT 90
FORWARD 6
RIGHT 90
FORWARD 9
RIGHT 90
�
�
�

ZKLFK�SURGXFHV�D�VTXDUH�OLNH�VSLUDO� �%\�FKDQJLQJ�WKH�$1*/(�LQSXW��\RX�FDQ�GUDZ�DOO�VRUWV�RI�VSLUDO��

VKDSHV��DV�VKRZQ�LQ�)LJXUH�������3DUW�RI�WKH�SRZHU�RI�UHFXUVLRQ�LV�WKH�IDFW�WKDW�VXFK�VLPSOH�SURJUDPV�FDQ
OHDG�WR�VXFK�YDULHG��XQH[SHFWHG�UHVXOWV�
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Figure 2.11: Shapes drawn by
the POLYSPI program.

2.2.2. Conditional Commands and STOP

6XSSRVH�\RX�ZDQW�&2817'2:1�WR�VWRS�EHIRUH�SULQWLQJ����<RX�FDQ�GR�WKLV�DV�IROORZV�

TO COUNTDOWN :NUMBER
IF :NUMBER = 0 STOP
PRINT :NUMBER
COUNTDOWN :NUMBER - 1
END

7KH�,)�VWDWHPHQW�LV�XVHG�LQ�/RJR�WR�SHUIRUP�WHVWV��LQ�WKLV�FDVH�WR�WHVW�ZKHWKHU�WKH�YDOXH�RI�180%(5�LV
]HUR��,I�VR��WKH�&2817'2:1�SURFHGXUH�6723V��7KDW�LV��UDWKHU�WKDQ�FRQWLQXLQJ�ZLWK�WKH�QH[W�OLQH�LQ
WKH�SURFHGXUH��LW�UHWXUQV�FRQWURO�WR�ZKHUHYHU�WKH�SURFHGXUH�ZDV�RULJLQDOO\�FDOOHG�IURP��6R�LQ�UHVSRQVH�WR
WKH�FRPPDQG

COUNTDOWN 5

WKH�FRPSXWHU�SULQWV���������������DQG�SURPSWV�IRU�D�QHZ�FRPPDQG�



TI LOGO

      7KLV�VWRSSLQJ�EHKDYLRU�LV�MXVW�ZKDW�QRUPDOO\�KDSSHQV�DIWHU�D�SURFHGXUH�H[HFXWHV�LWV�ILQDO�OLQH��,I14

\RX�OLNH��\RX�FDQ�LPDJLQH�WKDW�HYHU\�SURFHGXUH�LQFOXGHV�D�6723�FRPPDQG�DW�LWV�HQG�

      $FWXDOO\�� ���FDQ�EH�XVHG�IRU�WHVWLQJ�HTXDOLW\�RI�DQ\�WZR�SLHFHV�RI�/RJR�GDWD��$�SUHFLVH15

GHVFULSWLRQ�RI�WKH�EHKDYLRU�RI� LV�JLYHQ�LQ�6HFWLRQ������
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.HHS�LQ�PLQG�WKDW�WKH�LGHD�RI�6723�LV�WKDW�ZKHQ�D�SURFHGXUH�VWRSV��WKH�QH[W�FRPPDQG�WKDW�JHWV�H[HFXWHG
LV�WKH�RQH�DIWHU�WKH�FRPPDQG�WKDW�FDOOHG�WKH�SURFHGXUH��)RU�H[DPSOH�

TO BLASTOFF
COUNTDOWN 10
FORWARD 100
END

FRXQWV�GRZQ�IURP����WR���DQG�WKHQ�PRYHV�WKH�WXUWOH���

7KH�,)�VWDWHPHQW�LV�FDOOHG�D�FRQGLWLRQDO�H[SUHVVLRQ��,W�KDV�WKH�IRUP

IF {some condition is true}{do some action}

,I�WKH�FRQGLWLRQ�LV�WUXH��WKHQ�WKH�UHVW�RI�WKH�OLQH�LV�H[HFXWHG��,I�QRW��H[HFXWLRQ�SURFHHGV�ZLWK�WKH�QH[W�OLQH�
,I�\RX�OLNH��\RX�FDQ�VHSDUDWH�WKH�FRQGLWLRQ�DQG�WKH�DFWLRQ�ZLWK�WKH�ZRUG�7+(1�DV�LQ

TO COUNTDOWN :NUMBER
IF :NUMBER = 0 THEN STOP
PRINT :NUMBER
COUNTDOWN :NUMBER - 1
END

(LWKHU�ZD\�LV�DFFHSWDEOH��7KH�7+(1�LV�FRPSOHWHO\�RSWLRQDO�

7KH�NLQGV�RI�FRQGLWLRQV�WKDW�FDQ�EH�WHVWHG�DUH�JHQHUDWHG�E\�/RJR�RSHUDWLRQV�FDOOHG�SUHGLFDWHV��3UHGLFDWHV
DUH�WKLQJV�ZKRVH�YDOXH�LV�HLWKHU�WUXH�RU�IDOVH��&2817'2:1�XVHV� ��ZKLFK�LV�WUXH�LI�WKH�WZR�WKLQJV�LW
LV�FRPSDULQJ�DUH�HTXDO��7ZR�RWKHU�SUHGLFDWHV�DUH�!��ZKLFK�WHVWV�ZKHWKHU�WKH�QXPEHU�RQ�LWV�OHIW�LV�JUHDWHU
WKDQ� WKH� QXPEHU� RQ� LWV� ULJKW�� DQG���� ZKLFK� WHVWV� IRU� OHVV� WKDQ�� 7KHVH� WKUHH� SUHGLFDWHV� GHDO� ZLWK
QXPEHUV� �/RJR�LQFOXGHV�RWKHU�SUHGLFDWHV�IRU�GHDOLQJ�ZLWK�RWKHU�NLQGV�RI�GDWD��,W�LV�DOVR�HDV\�WR�GHILQH��

\RXU�RZQ�VSHFLDO�SXUSRVH�SUHGLFDWHV��VHH�6HFWLRQ������

+HUH�LV�D�WXUWOH�SURJUDP�EDVHG�RQ�WKH�&2817'2:1�PRGHO��,W�GUDZV�D�WRZHU�RI�VTXDUHV�WKDW�JHW�VPDOOHU
DQG�VPDOOHU�DQG�VWRSV�ZKHQ�WKH�VTXDUHV�JHW�YHU\�WLQ\��DV�VKRZQ�LQ�)LJXUH������
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      7KH�VSHFLDO�FDVH�RI�UHFXUVLRQ�LQ�ZKLFK�WKH�UHFXUVLYH�FDOO�LV�WKH�ILQDO�VWHS�LV�VRPHWLPHV�FDOOHG�WDLO16

UHFXUVLRQ��/RJR�LQFOXGHV�WHFKQLTXHV�IRU�LPSOHPHQWLQJ�WDLO�UHFXUVLRQ�HIILFLHQWO\��VR�WKDW�D�WDLO�UHFXUVLYH
SURFHGXUH�FDQ�HIIHFWLYHO\�UXQ��IRUHYHU��ZLWKRXW�UXQQLQJ�RXW�RI�VWRUDJH�

48

Figure 2.12: Picture drawn by
TOWER 50.

TO TOWER :SIZE
IF SIZE < 1 THEN STOP
SQUARE :SIZE
FORWARD :SIZE
TOWER :SIZE/2
END

2.2.3. Thinkin g Harder About Recursion

7KH�UHFXUVLRQ�H[DPSOHV�ZH�KDYH�VHHQ�VR�IDU��LQ�ZKLFK�WKH�UHFXUVLYH�FDOO�LV�WKH�ILQDO�VWHS�LQ�WKH�SURFHGXUH�
FDQ�EH�UHDGLO\�YLHZHG�DV�D�NLQG�RI�JHQHUDOL]HG�UHSHWLWLRQ� �2WKHU�XVHV�RI�UHFXUVLRQ�FDQ�EH�PXFK�PRUH��

SRZHUIXO�EXW��XQIRUWXQDWHO\��PXFK�KDUGHU�WR�XQGHUVWDQG��/HW
V�FRPSDUH�WKH�&2817'2:1�SURFHGXUH
IURP�6HFWLRQ�������

TO COUNTDOWN :NUMBER
IF :NUMBER = 0 STOP
PRINT :NUMBER
COUNTDOWN :NUMBER - 1
END

ZLWK�WKH�IROORZLQJ�VLPLODU�ORRNLQJ�SURFHGXUH�



TI LOGO

      ,Q�RWKHU�ZRUGV��WKH�SULYDWH�OLEUDU\�LV�DVVRFLDWHG��QRW�ZLWK�D�SURFHGXUH��EXW�ZLWK�D�JLYHQ�FDOO�WR�D17

SURFHGXUH��RU�ZKDW�LV�WHFKQLFDOO\�FDOOHG�DQ�DFWLYDWLRQ�RI�D�SURFHGXUH��
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TO MYSTERY :NUMBER
IF :NUMBER = 0 STOP
MYSTERY :NUMBER - 1
PRINT :NUMBER
END

$V�ZH�VDZ�

COUNTDOWN 3

SULQWV����������,Q�FRQWUDVW

MYSTERY 3

SULQWV����������0RVW�SHRSOH�ILQG�WKLV�YHU\�KDUG�WR�XQGHUVWDQG�

/HW
V�WUDFH�WKURXJK�WKH�SURFHVV�FDUHIXOO\��<RX�ILUVW�FDOO�0<67(5<�ZLWK�WKH�LQSXW����VR��DV�H[SODLQHG�RQ
SDJH�����0<67(5<�VHWV�XS�D�SULYDWH�OLEUDU\�LQ�ZKLFK�180%(5�LV�DVVRFLDWHG�ZLWK����,W�FKHFNV�ZKHWKHU
WKH�YDOXH�RI�180%(5�LV����ZKLFK�LW�LV�QRW��VR�0<67(5<�SURFHHGV�WR�WKH�QH[W�OLQH�ZKLFK�SURGXFHV�WKH
FRPPDQG

MYSTERY 2

1RZ�OHW
V�VWRS�DQG�WKLQN��(YHQWXDOO\�WKLV�VHFRQG�0<67(5<�FDOO�ZLOO�VWRS��DQG�WKH�RULJLQDO

MYSTERY 3
SURFHGXUH�ZLOO�KDYH�WR�FRQWLQXH�ZLWK�WKH�QH[W�FRPPDQG�DIWHU�WKH�FDOO��%XW�WKLV�PHDQV�WKDW�WKHUH�ZLOO�KDYH
WR�EH��LQ�VRPH�VHQVH��WZR�0<67(5<�SURFHGXUHV�H[LVWLQJ�DW�RQFH�³�WKH�RQH�FDOOHG�E\�WKH�FRPPDQG

MYSTERY 2

DQG�WKH�RULJLQDO�RQH�FDOOHG�E\�WKH�FRPPDQG

MYSTERY 3

ZKLFK�LV�ZDLWLQJ�IRU�WKH�RWKHU�0<67(5<�WR�VWRS��VR�LW�FDQ�FRQWLQXH��0RUHRYHU��HDFK�0<67(5<�KDV�LWV
RZQ�YDOXH�IRU�180%(5�³�180%(5�LV���IRU�RQH�DQG���IRU�WKH�RWKHU��(DFK�0<67(5<�PXVW�PDLQWDLQ
D�VHSDUDWH�SULYDWH�OLEUDU\� �7KH�VLWXDWLRQ�LV�VKRZQ�LQ�)LJXUH��������
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Figure 2.13: Beginning
execution of MYSTERY 3.

Figure 2.14: Complete execution of MYSTERY 3.

/HW
V�JR�RQ��7KH�ILUVW�WKLQJ�WKDW�WKH

MYSTERY 2

SURFHGXUH� GRHV� LV� FKHFN�ZKHWKHU� WKH� YDOXH� IRU�180%(5� LV� HTXDO� WR� ��� 6LQFH� WKLV� LV� QRW� WKH� FDVH�
0<67(5<�JLYHV�WKH�FRPPDQG

MYSTERY 1

DQG�VR�QRZ�WKHUH�DUH�WKUHH�0<67(5<�SURFHGXUHV��$QG

MYSTERY 1

GRHV�D�WHVW�DQG�FDOOV�XS�\HW�DQRWKHU

MYSTERY 0

ZKLFK�PDNHV�IRXU�0<67(5<�FDOOV�DOO�H[LVWLQJ�DW�RQFH�DV�VKRZQ�LQ�)LJXUH�������1RWH�WKDW�VR�IDU�QRWKLQJ
KDV�EHHQ�SULQWHG��$OO�WKDW�KDV�KDSSHQHG�LV�WKDW�0<67(5<�SURFHGXUHV�KDYH�FDOOHG�XS�PRUH�0<67(5<
SURFHGXUHV�



TI LOGO

      0RUH�VSHFLILFDOO\��WKLQJV�KDSSHQ�LQ�WKH�UHYHUVH�RUGHU�IURP�WKH�ZD\�RQH�PLJKW�H[SHFW��7KLV�LV�D18

FRQVHTXHQFH�RI�WKH�IDFW�WKDW�WKH�ODVW�SURFHGXUH�FDOOHG�LV�WKH�ILUVW�RQH�WR�VWRS�

51

1RZ

MYSTERY 0

SHUIRUPV�LWV�WHVW�DQG�ILQGV�WKDW�WKH�YDOXH�RI�180%(5�LV�LQGHHG����6R�LW�6723V�DQG�WKH�SURFHVV�FRQWLQXHV
ZLWK�WKH�SURFHGXUH�WKDW�FDOOHG�LW��QDPHO\�

MYSTERY 1

7KLV�0<67(5<�QRZ�SURFHHGV�ZLWK�WKH�QH[W�OLQH�DIWHU�WKH�FDOO��ZKLFK�VD\V�WR�SULQW�WKH�YDOXH�RI�180%(5�
6LQFH�180%(5�LV����LQ�WKLV�0<67(5<
V�SULYDWH�OLEUDU\���LW�SULQWV����1RZ�LW�LV�GRQH�DQG�VR�UHWXUQV�WR�WKH
SURFHGXUH�WKDW�FDOOHG�LW��QDPHO\

MYSTERY 2

7KLV� 0<67(5<� QRZ� FRQWLQXHV� ZLWK� WKH� OLQH� DIWHU� WKH� FDOO�� ZKLFK� VD\V� WR� SULQW� 180%(5�� 6LQFH
180%(5�LV����LQ�WKLV�SULYDWH�OLEUDU\���LW�SULQWV���DQG�UHWXUQV�WR�LWV�FDOOHU��QDPHO\�

MYSTERY 3

ZKLFK�SULQWV���DQG�UHWXUQV�WR�LWV�FDOOHU��ZKLFK�LV�WKH�PDLQ�/RJR�FRPPDQG�OHYHO�

:KHZ��7U\�JRLQJ�WKURXJK�WKLV�H[DPSOH�DJDLQ�VWHS�E\�VWHS��UHIHUULQJ�WR�)LJXUH�������,Q�HVVHQFH��WKLV
FRPSOH[�SURFHVV�LV�GRLQJ�QRWKLQJ�PRUH�WKDQ�XQZLQGLQJ�WKH�IROORZLQJ�UXOH�

� :KHQ�D�SURFHGXUH�LV�FDOOHG��WKH�FDOOLQJ�SURFHGXUH�ZDLWV�XQWLO�WKH�VHFRQG�SURFHGXUH�VWRSV�DQG�WKHQ
FRQWLQXHV�ZLWK�WKH�QH[W�LQVWUXFWLRQ�DIWHU�WKH�FDOO�

5HFXUVLRQ�� KRZHYHU�� IRUFHV� XV� WR� DSSUHFLDWH� DOO� WKH� UDPLILFDWLRQV� RI� WKLV� VLPSOH� VRXQGLQJ� UXOH�� ,Q
SDUWLFXODU�

� 7KHUH�PD\�EH�VHYHUDO�LQVWDQFHV��RU��DFWLYDWLRQV���RI�WKH��VDPH��SURFHGXUH�DOO�FRH[LVWLQJ�DW�RQFH�

� (DFK�SURFHGXUH�DFWLYDWLRQ�KDV�D�VHSDUDWH�SULYDWH�OLEUDU\��VR�WKH��VDPH��QDPH�PD\�EH�DVVRFLDWHG
ZLWK�GLIIHUHQW�YDOXHV�LQ�GLIIHUHQW�SURFHGXUH�DFWLYDWLRQV�

� 7KH�RUGHU�LQ�ZKLFK�WKLQJV�KDSSHQ�FDQ�EH�YHU\�FRQIXVLQJ���
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Figure 2.15: A binary tree.

2.2.4. Drawin g Trees

$V�DQRWKHU�H[DPSOH�RI�FRPSOH[�XVH�RI�UHFXUVLRQ��OHW
V�ORRN�DW�D�SURJUDP�WKDW�GUDZV�D�ELQDU\�WUHH��DV�LQ
)LJXUH������

7KLQN�DERXW�KRZ�\RX�ZRXOG�GHVFULEH�WKLV�ILJXUH��2QH�ZD\�WR�GR�LW�ZRXOG�EH�WR�VD\�VRPHWKLQJ�OLNH��WKH�WUHH
LV�D�YHH�VKDSH�ZLWK�D�VPDOOHU�WUHH�DW�HDFK�WLS��$QG�HDFK�VPDOOHU�WUHH�LV�D�YHH�VKDSH�ZLWK�D�VWLOO�VPDOOHU�WUHH
DW�HDFK�RI�LWV�WLSV��DQG�VR�RQ���7KLV�LV�D�UHFXUVLYH�GHVFULSWLRQ�RI�WKH�WUHH��<RX�FDQ�WUDQVODWH�WKLV�GHVFULSWLRQ
LQWR�D�UHFXUVLYH�SURFHGXUH�WKDW�GUDZV�WKH�ILJXUH��<RX�VWDUW�ZLWK�WKH�IROORZLQJ�FRPPDQGV�WKDW�PDNH�WKH
WXUWOH�GUDZ�D�YHH�VKDSH�RI�D�FHUWDLQ�OHQJWK�DQG�UHWXUQ�WR�LWV�LQLWLDO�SRVLWLRQ�DQG�KHDGLQJ�

LEFT 45
FORWARD :LENGTH
BACK :LENGTH
RIGHT 90
FORWARD :LENGTH
BACK :LENGTH
LEFT 45

7KLV� LV� WKH�EDVLF�YHH�VKDSH�RI� WKH� WUHH��1RZ��DFFRUGLQJ� WR� WKH�UHFXUVLYH�GHVFULSWLRQ�� WKH�HQWLUH� WUHH
FRQVLVWV�RI�WKLV�YHH�ZLWK�VPDOOHU�YHHV��VD\��KDOI�DV�ELJ��GUDZQ�DW�HDFK�WLS��6R�WKH�75((�SURFHGXUH�VKRXOG
EH�VRPHWKLQJ�OLNH

TO TREE :LENGTH
LEFT 45
FORWARD :LENGTH
TREE :LENGTH/2
BACK :LENGTH
RIGHT 90
FORWARD :LENGTH
TREE :LENGTH/2
BACK :LENGTH
LEFT 45
END



TI LOGO

      7KDW�LV��XQWLO�/RJR�UXQV�RXW�RI�VWRUDJH�19
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%XW�WKLV�GRHVQ
W�TXLWH�ZRUN��&RQVLGHU�³�LI�\RX�FDOO�75((�ZLWK�DQ�LQSXW�RI�����WKLV�ZLOO�PDNH�WKH�WXUWOH
JR�/()7�����)25:$5'����DQG�FDOO

TREE 10

ZKLFK�ZLOO�PDNH�WKH�WXUWOH�JR�/()7�����)25:$5'����DQG�FDOO

TREE 5

DQG�VR�RQ�IRUHYHU� �7KLV�LV�VRPHWKLQJ�OLNH�WKH�IRUHYHU�UXQQLQJ�&2817'2:1�SURFHGXUH�RQ�SDJH�����RU��

HYHQ�PRUH�OLNH�WKH�FKDLQ�RI�0<67(5<�SURFHGXUHV�RQ�SDJH�����LQ�WKDW�QR�SURFHGXUH�ILQLVKHV�XQWLO�WKH�ODVW
RQH�WR�EH�FDOOHG�KDV�VWRSSHG��:KDW�\RX�QHHG�LV�D�VWRS�UXOH�WR�NHHS�WKH�SURFHVV�IURP�JRLQJ�RQ�IRUHYHU��<RX
FDQ�PDNH�WKH�SURFHVV�VWRS�E\�KDYLQJ�WKH�SURFHGXUH�MXVW�VWRS�ZLWKRXW�GUDZLQJ�DQ\WKLQJ�LI�/(1*7+�LV
YHU\�VPDOO�

TO TREE :LENGTH
IF :LENGTH < 2 THEN STOP
LEFT 45
FORWARD :LENGTH
TREE :LENGTH/2
BACK :LENGTH
RIGHT 90
FORWARD :LENGTH
TREE :LENGTH/2
BACK :LENGTH
LEFT 45
END

<RX�FDQ�PRGLI\�WKH�75((�SURFHGXUH�WR�SURGXFH�D�SURFHGXUH�75((���LQ�ZKLFK�WKH�VXEWUHH�EUDQFKHV�KDYH
WKH�VDPH�OHQJWK�DV�WKH�RULJLQDO�EUDQFKHV��UDWKHU�WKDQ�KDOI�WKH�OHQJWK��,I�\RX�GR�WKLV��KRZHYHU��WKHQ�WKH
EUDQFKHV�RI�VXFFHVVLYH�VXEWUHHV�ZLOO�QRW�JHW�VPDOOHU�DQG�VPDOOHU��ZKLFK�PHDQV�WKDW�\RX�FDQQRW�XVH�WKH
VDPH�VWRS�UXOH�DV�LQ�75((��$�GLIIHUHQW�VWUDWHJ\�IRU�SURYLGLQJ�D�VWRS�UXOH�LV�WR�LQFOXGH�IRU�75((��DQ�H[WUD
LQSXW��'(37+��ZKLFK�GHWHUPLQHV�WKH��GHSWK��WR�ZKLFK�WKH�WUHH�LV�GUDZQ��(DFK�WUHH�RI�D�JLYHQ�GHSWK
VSDZQV�WZR�VXEWUHHV�RI�GHSWK�RQH�OHVV��:KHQ�WKH�75((�SURFHGXUH�LV�FDOOHG�ZLWK�'(37+�HTXDO�WR����LW
MXVW�VWRSV�ZLWKRXW�GUDZLQJ�
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TO TREE1 :LENGTH :DEPTH
IF :DEPTH = 0 THEN STOP
LEFT 45
FORWARD :LENGTH
TREE1 :LENGTH :DEPTH - 1
BACK :LENGTH
RIGHT 90
FORWARD :LENGTH
TREE1 :LENGTH :DEPTH - 1
BACK :LENGTH
LEFT 45
END

7KLQNLQJ�LQ�WHUPV�RI�UHFXUVLYH�GHVFULSWLRQV�FDQ�WDNH�D�ORW�RI�JHWWLQJ�XVHG�WR��DQG�WKH�SURJUDPV�FDQ�EH
VXEWOH��2QH�HVSHFLDOO\�VXEWOH�SRLQW�DERXW�WKH�75((�SURJUDP�LV�WKH�ILQDO�%$&.�DQG�/()7�PRYHV��ZKLFK
DUH�QHHGHG�WR�UHVWRUH�WKH�WXUWOH�WR�LWV�LQLWLDO�KHDGLQJ�VR�WKDW�WKH�GLIIHUHQW�FDOOV�WR�75((�ZLOO�ILW�WRJHWKHU
FRUUHFWO\��2Q�WKH�RWKHU�KDQG��PDQ\�VHHPLQJO\�FRPSOH[�GHVLJQV�KDYH�VLPSOH�UHFXUVLYH�GHVFULSWLRQV�DQG
FDQ�EH�GUDZQ�E\�UHPDUNDEO\�EULHI�SURJUDPV��7KH�GHVLJQ�RI�UHFXUVLYH�WXUWOH�SURJUDPV�IRU�GUDZLQJ�FRPSOH[
SDWWHUQV�LV�GLVFXVVHG�H[WHQVLYHO\�LQ�$EHOVRQ�DQG�GL6HVVD�>�@�

7R�LOOXVWUDWH�WKH�IODYRU�RI�UHFXUVLYH�GHVLJQV��KHUH�LV�D�PRGLILFDWLRQ�WR�75((���LQ�ZKLFK�WKH�OHIW�EUDQFK
RI�HDFK�YHH�LV�WZLFH�DV�ORQJ�DV�WKH�ULJKW�EUDQFK��:H
OO�DOVR�DOORZ�WKH�DQJOH�RI�WKH�YHH�WR�EH�YDULHG�DV�DQ
LQSXW��)LJXUH������VKRZV�VRPH�RI�WKH�SDWWHUQV�WKDW�UHVXOW�
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Figure 2.16: Some figures
drawn by the NEW.TREE
procedure.

TO NEW.TREE :LENGTH :ANGLE :DEPTH
IF :DEPTH = 0 THEN STOP
LEFT :ANGLE
FORWARD 2 * :LENGTH
NEW.TREE :LENGTH :ANGLE :DEPTH - 1
BACK 2 * :LENGTH
RIGHT 2 * :ANGLE
FORWARD :LENGTH
NEW.TREE :LENGTH :ANGLE :DEPTH - 1
BACK :LENGTH
LEFT :ANGLE
END
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CHAPTER 3. Pro jects in Turtle Geometr y

+HUH�DUH�VRPH�SURMHFWV�WKDW�XVH�7XUWOH�*HRPHWU\��5HIHU�WR�RWKHU�SRUWLRQV�RI�WKLV�WH[W�IRU�KHOS�LQ�GHILQLQJ

RU�HGLWLQJ�SURJUDPV��)HHO�IUHH�WR�FKDQJH�SURJUDPV�WKDW�DUH�RIIHUHG�DQG�WR�GHVLJQ�QHZ�SURJUDPV��%H�VXUH

WR�W\SH�7(//�7857/(�EHIRUH�WU\LQJ�DQ\�RI�WKHVH�SURMHFWV�

+HUH�LV�D�VTXDUH�SURFHGXUH�

TO SQUARE
REPEAT 4 [FORWARD 60 RIGHT 90]
END

+HUH�DUH�WZR�VTXDUH�SURFHGXUHV�GHVLJQHG�WR�DOORZ�YDULDEOH�VL]H��7KH�WULDQJOHV�VKRZ�WKH�WXUWOH
V�LQLWLDO
SRVLWLRQ�
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TO LSQUARE :SIZE
FORWARD :SIZE
LEFT 90
FORWARD :SIZE
LEFT 90
FORWARD :SIZE
LEFT 90
FORWARD :SIZE
LEFT 90
END

RU

TO LSQUARE :SIZE
REPEAT 4 [FORWARD :SIZE LEFT 90]
END

TO RSQUARE :SIZE
FORWARD :SIZE
RIGHT 90
FORWARD :SIZE
RIGHT 90
FORWARD :SIZE
RIGHT 90
FORWARD :SIZE
RIGHT 90 END

RU

TO RSQUARE :SIZE
REPEAT 4 [FORWARD :SIZE RIGHT 90]
END
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6RPH�SURFHGXUHV�XVLQJ�5648$5(�DQG�UHFXUVLRQ�

TO MOVE :SIZE
FORWARD :SIZE
RIGHT 90
FORWARD :SIZE
LEFT 90
END

TO STAIRS :SIZE
RSQUARE :SIZE
MOVE :SIZE
STAIRS :SIZE
END
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6RPH�LGHDV�IRU�XVLQJ�VTXDUH�SURFHGXUHV�

TO BOXES
RSQUARE 30
MOVE 30
RSQUARE 20
MOVE 20
RSQUARE 10
MOVE 10
RSQUARE 5
RIGHT 180
PENUP
MOVE 60
RIGHT 180
PEN DOWN
END
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TO MANYBOXES
BOXES
FORWARD 30
RIGHT 90
MANYBOXES
END



TI LOGO

61
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TO SPINSQUARES :SIZE
RSQUARE :SIZE RIGHT
20 SPINSQUARES :SIZE
END

SPINSQUARES 40
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TO GROWSQUARES :SIZE
RSQUARE :SIZE RIGHT 20
GROWSQUARES :SIZE + 5
END

$�UHFWDQJOH�SURFHGXUH�GHVLJQHG�WR�DOORZ�YDULDEOH�VL]H�DQG�VRPH�H[DPSOHV�WKDW�XVH�LW�

TO RECTANGLE :LENGTH :WIDTH
FORWARD :LENGTH
RIGHT 90
FORWARD :WIDTH
RIGHT 90
FORWARD :LENGTH
RIGHT 90
FORWARD :WIDTH
RIGHT 90
END
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TO FLOWER
RECTANGLE 50 10
RIGHT 20
RECTANGLE 5 20
RIGHT 20
FLOWER
END

TO SPINRECS :SIZE
IF :SIZE < 10 STOP
RECTANGLE :SIZE 20
LEFT 30
SPINRECS :SIZE -5
END
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([DPSOHV�XVLQJ�5648$5(�DQG�5(&7$1*/(�

TO HOP :SIZE
FORWARD :SIZE
RIGHT 90
FORWARD 3
LEFT 90
END

TO TELESCOPE :SIZE
IF :SIZE < 6 STOP
RSQUARE :SIZE
HOP :SIZE
TELESCOPE :SIZE - 6
END
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TO ROCKTOP
LEFT 30
FORWARD 30
LEFT 120
FORWARD 30
END

TO ROCKET
RECTANGLE 80 30
LEFT 90
RECTANGLE 15 15
BACK 30
RIGHT 90
RECTANGLE 15 15
FORWARD 80
ROCKTOP
END
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+HUH�DUH�VRPH�H[DPSOHV�WKDW�XVH�D�WULDQJOH�SURFHGXUH�

TO TRI
REPEAT 3 [FORWARD 70 RIGHT 120]
END
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$�WULDQJOH�SURFHGXUH�GHVLJQHG�WR�DOORZ�YDULDEOH�VL]H�DQG�DQ�H[DPSOH�WKDW�XVHV�LW�

TO TRIANGLE :SIZE
FORWARD :SIZE
RIGHT 120
FORWARD :SIZE
RIGHT 120
FORWARD :SIZE
RIGHT 120
END
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7KLV�SURFHGXUH�LV�GLIIHUHQW�LQ�GHVLJQ�EXW�KDV�D�VLPLODU�UHVXOW�

TO FLUFF :SIZE
IF :SIZE < 10 STOP
TRIANGLE :SIZE
FLUFF :SIZE - 10

6RPH�PRUH�WULDQJOH�H[DPSOHV�

TO NEWTRIANGLE :SIZE
LEFT 30
TRIANGLE :SIZE
RIGHT 30
END



7(;$6�,167580(176
+20(�&20387(5

70

TO CREEP :SIZE
PENUP
FORWARD :SIZE
PENDOWN
END

TO LOOPS :SIZE
NEWTRIANGLE :SIZE
CREEP :SIZE
RIGHT 60
LOOPS :SIZE
END
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TO NEWLOOP :SIZE
IF :SIZE < 20 STOP
NEWTRIANGLE :SIZE
CREEP :SIZE/2
RIGHT 60
NEWLOOP :SIZE - 5
END

$QG�RQH�PRUH�

TO LEFTANT
LEFT 15
FORWARD 30
LEFT 120
FORWARD 15
BACK 15
RIGHT 120
BACK 30
RIGHT 15
END

TO RIGHTANT
RIGHT 15
FORWARD 30
RIGHT 120
FORWARD 15
BACK 15
LEFT 120
BACK 30
LEFT 15
END
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TO ANTS
RIGHTANT
LEFTANT
END

TO BUTTERFLY
RIGHT 60
WING
RIGHT 180
WING
RIGHT 120
ANTS
RIGHT 150
TRIANGLE 30
END

TO WING
TRIANGLE 80
TRIANGLE 60
TRIANGLE 40
TRIANGLE 20
END

5&3�DQG�/&3�DUH�DEEUHYLDWLRQV�IRU��5LJKW�&LUFOH�3LHFH��DQG��/HIW�&LUFOH�3LHFH���5$5&�DQG�/$5&�VWDQG

IRU��ULJKW�DUF���DQG��OHIW�DUF���$�FLUFOH�FDQ�EH�PDGH�IURP�SLHFHV�RI�HLWKHU�OHIW�RU�ULJKW�DUFV��OHDYLQJ�WKH�WXUWOH

DW�WKH�OHIW�PRVW�RU�ULJKW�PRVW�SRLQW�RI�WKH�FLUFOH�

TO RCP :R
RIGHT 15
FORWARD :R/2
RIGHT 15
END
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TO LCP :R
LEFT 15
FORWARD :R/2
LEFT 15
END

TO RARC :R
REPEAT 3 [RCP :R]
END

TO LARC :R
REPEAT 3 [LCP :R]
END

TO RCIRCLE :R
REPEAT 12 [RCP :R]
END

TO LCIRCLE :R
REPEAT 12 [LCP :R]
END

([DPSOHV�8VLQJ�&LUFOH�3URFHGXUHV�

TO SHRINKRCIRCLE :SIZE
IF :SIZE < 4 STOP
RCIRCLE :SIZE
SHRINKRCIRCLE :SIZE - 2
END
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TO RSLINKY :SIZE
RCIRCLE :SIZE
PU RT 90 FD 10 LT 90 PD
RSLINKY :SIZE
END

TO SPINSLINK :SIZE
RCIRCLE :SIZE
RIGHT 20
SPINSLINK :SIZE
END
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TO GROWCIRCLE :SIZE
REPEAT 4 [RCP :SIZE]
GROWCIRCLE :SIZE + 1
END

([DPSOHV�XVLQJ�5$5&�DQG�/$5&�

TO RAY :SIZE
RARC :SIZE
LARC :SIZE
RARC :SIZE
LARC :SIZE
END
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SIDE = 50   ANGLE = 160

TO SUN :SIZE
RAY :SIZE
RIGHT 160
SUN :SIZE
END

32/<�SURFHGXUHV�KDYH�YDULDEOH�VL]H�DQG�DQJOH��+HUH�DUH�VRPH�H[DPSOHV�

TO POLY :SIDE :ANGLE
FORWARD :SIDE
RIGHT :ANGLE
POLY :SIDE :ANGLE
END



TI LOGO
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SIDE = 60   ANGLE = 80

SIDE = 80   ANGLE = 144

SIDE = 20   ANGLE = 40
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SIDE =  100   ANGLE = 156

SIDE1 = 30   ANGLE1 = 60
SIDE2 = 60   ANGLE2 = 210

32/<67(3�LV�D�SLHFH�RI�D�32/<�SURFHGXUH��+HUH�DUH�VRPH�H[DPSOHV�XVLQJ�LW�

TO POLYSTEP :SIDE :ANGLE
FORWARD :SIDE
RIGHT :ANGLE
END

TO TWOPOLY :SIDE1 :ANGLE1 :SIDE2 :ANGLE2
POLYSTEP :SIDE1 :ANGLE1
POLYSTEP :SIDE2 :ANGLE2
TWOPOLY :SIDE1 :ANGLE1 :SIDE2 :ANGLE2
END
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SIDE1 = 30   ANGLE1 = 90
SIDE2 = 50   ANGLE2 = 135

SIDE1 = 25   ANGLE1 = 190
SIDE2 = 50   ANGLE2 = 200

TO POLYSTEP :SIDE :ANGLE
FORWARD :SIDE
RIGHT :ANGLE
END

TO POLYSPIRAL :SIDE :ANGLE :INC
POLYSTEP :SIDE :ANGLE
POLYSPIRAL (:SIDE + :INC) :ANGLE :INC
END
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SIDE = 1   ANGLE = 45
INCREMENT = 1

SIDE = 1   ANGLE = 45
INCREMENT = 3

SIDE = 5  ANGLE = 120
INCREMENT = 3

0RUH� SURJUDPV� XVLQJ� 32/<67(3�� <RX�PD\� QHHG� WR� FKDQJH� WKH� LQFUHPHQWLQJ� YDOXH� LQVLGH� RI� WKH
SURFHGXUH��WKDW�LV��WKH�YDOXH�EHLQJ�DGGHG�WR�WKH�VLGH�HDFK�WLPH�WKH�SURJUDP�UHFXUVHV�
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SIDE = 5   ANGLE = 144
INCREMENT = 3

+HUH
V�DQ�H[DPSOH�WKDW�EHJLQV�E\�GHILQLQJ�D�VKDSH�DQG�XVHV�LW�WR�PDNH�D�PRUH�LQWHUHVWLQJ�VKDSH�

TO DESIGN
FORWARD 20
RIGHT 90
FORWARD 20
RIGHT 90
FORWARD 10
RIGHT 90
FORWARD 10
RIGHT 90
FORWARD 20
RIGHT 90
FORWARD 5
RIGHT 90
FORWARD 5
RIGHT 90
FORWARD 10
END
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TO DESIGN4
DESIGN
DESIGN
DESIGN
DESIGN
END

RU

TO DESIGN4
REPEAT 4 [DESIGN]
END
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$QG�WZR�PRUH�VKDSHV�

TO CRYSTAL
DESIGN
LEFT 45
FORWARD 35
CRYSTAL
END

TO JENGU
DESIGN
DESIGN
LEFT 90
JENGU
END
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SIDE = 10   ANGLE = 1

SIDE = 10   ANGLE = 10

SIDE = 7   ANGLE = 3

+HUH�DUH�VRPH�SURJUDPV�XVLQJ�,163,��7U\�YDULRXV�LQSXWV�

TO INSPI :SIDE :ANGLE
POLYSTEP :SIDE :ANGLE
INSPI :SIDE (:ANGLE + 10)
END
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SIDE = 7   ANGLE = 5

+HUH�LV�D�VHTXHQFH�RI�SURFHGXUHV�WKDW�VWDUW�ZLWK�D�OHDI��9((��DQG�HQG�ZLWK�D�IRUHVW��75((6��

TO VEE
LEFT 45
FORWARD 10
BACK 10
RIGHT 90
FORWARD 10
BACK 10
LEFT 45
END
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TO BRANCH
FORWARD 15
VEE
FORWARD 15
VEE
FORWARD 10
BACK 40
END

TO BUSH
LEFT 60
REPEAT 6 [BRANCH RIGHT 20]
BRANCH
LEFT 60
END
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TO GREENTREE
FORWARD 50
BUSH
BACK 50
END
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TO MOVE
PENUP
RIGHT 90
FORWARD 80
LEFT 90
PENDOWN
END

TO TREES
REPEAT 3 [GREENTREE MOVE]

MOVE
GREENTREE
MOVE
GREENTREE
END
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+HUH�DUH�VRPH�SURMHFW�LGHDV�XVLQJ�WKH�SURFHGXUHV�\RX�KDYH�DOUHDG\�VHHQ��)HHO�IUHH�WR�PDNH�XS�\RXU�RZQ
SURMHFWV�
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      +20(�GRHV�QRW�UHVHW�D�VSULWH
V�KHDGLQJ�DV�LW�GRHV�ZLWK�WKH�WXUWOH�1
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CHAPTER 4. Animation

:H
YH�VHHQ�KRZ�WR�XVH�/RJR�WR�GUDZ�ZLWK�WKH�WXUWOH��,Q�WKLV�FKDSWHU��ZH�VKRZ�KRZ�WR�XVH�VSULWHV�WR�PDNH
SLFWXUHV�WKDW�PRYH��6SULWHV��OLNH�WXUWOHV��DUH�JUDSKLFDO�REMHFWV��/LNH�WXUWOHV��WKH\�UHVSRQG�WR�FRPPDQGV
)25:$5'�DQG�5,*+7��%XW�XQOLNH�WXUWOHV��VSULWHV�FDQ�FKDQJH�WKHLU�FRORU�DQG�WKHLU�VKDSH��DQG��PRVW
LPSRUWDQWO\��VSULWHV�FDQ�EH�VHW�LQ�PRWLRQ��:H�EHJLQ�E\�LQWURGXFLQJ�WKH�/RJR�FRPPDQGV�IRU�GHDOLQJ�ZLWK
VSULWHV��ERWK�RQH�DW�D�WLPH�DQG�LQ�JURXSV��DQG�JLYH�VRPH�VLPSOH�SURFHGXUHV�WKDW�FRQWURO�VSULWHV��,Q�6HFWLRQ
����ZH�VKRZ�KRZ�\RX�FDQ�GHILQH�\RXU�RZQ�VKDSHV�IRU�VSULWHV�WR�VXSSOHPHQW�WKH�VKDSHV�WKDW�DUH�EXLOW�LQWR
/RJR��6HFWLRQ�����LQWURGXFHV�WLOHV��7LOHV��OLNH�VSULWHV��FDQ�EH�JLYHQ�YDULRXV�VKDSHV�DQG�FRORUV��EXW�WKH\
FDQQRW�PRYH��7KH\�DUH�XVHIXO�IRU�PDNLQJ�HODERUDWH�EDFNJURXQGV�IRU�VFUHHQ�JUDSKLFV��,Q�6HFWLRQ�����ZH
FRPELQH�VSULWHV��WLOHV��DQG�/RJR�SURJUDPPLQJ�LQ�WKH�GHVLJQ�RI�D�VLPSOH�PRYLH�

4.1. Sprites

$�VSULWH��OLNH�D�WXUWOH��LV�DQ�REMHFW�WKDW�OLYHV�RQ�WKH�FRPSXWHU�GLVSOD\�VFUHHQ��/LNH�D�WXUWOH��D�VSULWH�KDV�D
SRVLWLRQ�DQG�D�KHDGLQJ��DQG�UHVSRQGV�WR�WKH�FRPPDQGV�)25:$5'��%$&.��5,*+7��DQG�/()7��8QOLNH
WXUWOHV�� VSULWHV�FDQ�EH�JLYHQ�YDULRXV�FRORUV�DQG�VKDSHV��<RX�FRQWURO�D�VSULWH
V�FRORU�E\�PHDQV�RI� WKH
6(7&2/25�FRPPDQG��DEEUHYLDWHG�6&���XVLQJ�DQ\�RI�WKH����FRORU�QDPHV��RU�FRORU�QXPEHUV��JLYHQ�LQ�WKH
FKDUW�RQ�SDJH�����<RX�FDQ�DOVR�WHOO�D�VSULWH�WR�&$55<�D�JLYHQ�VKDSH��/RJR�FRPHV�ZLWK�ILYH�SUHGHILQHG
VKDSHV�IRU�VSULWHV��JLYHQ�LQ�WKH�IROORZLQJ�FKDUW�EHORZ��<RX�FDQ�DOVR�GHILQH�\RXU�RZQ�VKDSHV�XVLQJ�WKH
0$.(6+$3(�FRPPDQG�DV�GHVFULEHG�LQ�6HFWLRQ�����

1 PLANE
2 TRUCK
4 ROCKET
4 BALL
5 BOX

4.1.1. Explorin g with S prites

7R�EHJLQ�H[SORULQJ�ZLWK�VSULWHV��W\SH

TELL SPRITE 1

�IROORZHG��DV�DUH�DOO�/RJR�FRPPDQG�OLQHV��E\�SUHVVLQJ�ENTER���7KLV�LQGLFDWHV�WR�/RJR�WKDW�VXEVHTXHQW
FRPPDQGV�ZLOO�EH�DGGUHVVHG�WR�VSULWH�QXPEHU����,I�\RX�KDYH�EHHQ�XVLQJ�WKH�WXUWOH��FOHDU�LW�IURP�WKH�VFUHHQ
XVLQJ�WKH�127857/(�FRPPDQG��1H[W�W\SH

HOME

$V�ZLWK�WKH�WXUWOH��+20(�SODFHV�D�VSULWH�DW�WKH�FHQWHU�RI�WKH�VFUHHQ� �$W�WKLV�SRLQW�\RX�ZRQ
W�VHH�DQ\WKLQJ�

RQ�WKH�VFUHHQ��EHFDXVH�\RX�KDYH�QRW�JLYHQ�WKH�VSULWH�D�FRORU�RU�D�VKDSH��7\SH
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     <RX�FDQ�DOVR�REWDLQ�WKH�VDPH�HIIHFW�XVLQJ�WKH�QXPEHUV�RI�WKH�FRORU�DQG�VKDSH�2

6(7&2/25��
&$55<��

$V�GHVFULEHG�LQ�WKH�QRWH�RQ�SDJH�����WKH�XVH�RI�WKH�QDPH�DQG�WKH�FRORQ�UHIOHFWV�WKH�JHQHUDO�ZD\�LQ
ZKLFK�QDPHV�DUH�XVHG�LQ�/RJR�

94

SETCOLOR :RED
CARRY :ROCKET

DQG�\RX�VKRXOG�VHH�D�UHG�URFNHW�DW�WKH�FHQWHU�RI�WKH�VFUHHQ��

7KH�URFNHW�UHVSRQGV�WR�)25:$5'�DQG�%$&.�FRPPDQGV��7\SLQJ

FORWARD 50

PDNHV�WKH�URFNHW�PRYH�XS��,I�\RX�W\SH

RIGHT 90

\RX�ZLOO�QRW�VHH�DQ\�FKDQJH�RQ�WKH�VFUHHQ��+RZHYHU��D�VXEVHTXHQW

FORWARD 50

ZLOO�PDNH�WKH�URFNHW�PRYH�VLGHZD\V��$V�ZLWK�WKH�WXUWOH��5,*+7�DQG�/()7�FKDQJH�WKH�GLUHFWLRQ�RI
PRWLRQ��%XW�XQOLNH�WXUWOHV��WKH�LPDJH�RI�WKH�VSULWH�RQ�WKH�VFUHHQ�GRHV�QRW�URWDWH��D�VSULWH�VKDSH�DOZD\V
DSSHDUV�LQ�WKH�VDPH�RULHQWDWLRQ�

$V�ZLWK�WKH�WXUWOH��\RX�FDQ�FKDQJH�D�VSULWH
V�KHDGLQJ�E\�XVLQJ�WKH�6(7+($',1*�FRPPDQG��)RU�H[DPSOH�
W\SLQJ

SETHEADING 90

ZLOO�VHW�WKH�VSULWH
V�KHDGLQJ�WRZDUGV�WKH�ULJKW��DQG�WKH�QH[W�PRYH�LW�PDNHV�ZLOO�EH�LQ�WKDW�GLUHFWLRQ��7,
/RJR�DOVR�LQFOXGHV�WKH�EXLOW�LQ�QDPHV�1257+��($67��6287+��DQG�:(67�WKDW�\RX�FDQ�XVH�WRJHWKHU
ZLWK�6(7+($',1*��)RU�LQVWDQFH�

SETHEADING :EAST

ZLOO�JLYH�WKH�VDPH�UHVXOW�DV�6(7+($',1*����

7KH�PRVW�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�VSULWHV�DQG�WXUWOHV�LV�WKDW�VSULWHV�FDQ�EH�VHW�LQ�PRWLRQ��7KLV�LV
GRQH�XVLQJ�WKH�FRPPDQG�6(763(('��DEEUHYLDWHG�66���7\SH
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      $�QXPEHU�RXWVLGH�WKLV�UDQJH�ZLOO�UHVXOW�LQ�WKH�HUURU�PHVVDJH3

6(763(('�'2(61
7�/,.(�^QXPEHU`�$6�,1387

95

SETSPEED 10

DQG�WKH�URFNHW�ZLOO�PRYH�VORZO\�DFURVV�WKH�VFUHHQ��*LYLQJ�WKH�FRPPDQG

SETSPEED 100

ZLOO�PDNH�WKH�URFNHW�JR�PXFK�IDVWHU��,Q�JHQHUDO��WKH�6(763(('�FRPPDQG�WDNHV�DV�LQSXW�D�QXPEHU
EHWZHHQ������DQG����� �3RVLWLYH�VSHHGV�PDNH�WKH�VSULWH�PRYH�LQ�WKH�GLUHFWLRQ�RI�LWV�KHDGLQJ��1HJDWLYH�

VSHHGV�PDNH�LW�PRYH�LQ�WKH�RSSRVLWH�GLUHFWLRQ�

1RZ�W\SH

LEFT 90

7KLV�PDNHV�WKH�URFNHW�PRYH�YHUWLFDOO\�DQG�LOOXVWUDWHV�WKDW�\RX�FDQ�FKDQJH�D�VSULWH
V�GLUHFWLRQ�ZKLOH�LW�LV
PRYLQJ��*LYLQJ�D�6(7&2/25�FRPPDQG�ZLOO�FKDQJH�WKH�URFNHW
V�FRORU�

4.1.1.1. More Sprites

1RZ�OHW
V�DGG�DQRWKHU�VSULWH�WR�WKH�SLFWXUH�

TELL SPRITE 2
HOME
SETCOLOR :GRAY
CARRY :TRUCK
RIGHT 90
SETSPEED 5

PDNHV�D�JUD\�WUXFN�PRYH�VORZO\�DFURVV�WKH�VFUHHQ��$GG�DQRWKHU�VSULWH�

TELL SPRITE 3
HOME
SETCOLOR :YELLOW
CARRY :BALL
RIGHT 45
SETSPEED 10

1RZ�\RX�KDYH�D�\HOORZ�EDOO�PRYLQJ�GLDJRQDOO\��<RX�FDQ�KDYH�PRUH�WKDQ�RQH�VSULWH�FDUU\�WKH�VDPH�VKDSH�
)RU�H[DPSOH��\RX�FDQ�DGG�DQRWKHU�WUXFN�
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TELL SPRITE 4
HOME
SETCOLOR :BLACK
CARRY :TRUCK
RIGHT 90
SETSPEED 8

4.1.2. Practice with S prites

$W�WKLV�SRLQW�\RX�VKRXOG�WDNH�VRPH�WLPH�WR�SOD\�ZLWK�VSULWHV��7KHUH�DUH����VSULWHV�LQ�DOO��QXPEHUHG�IURP
��WKURXJK�����8VH�7(//�WR�SLFN�D�VSULWH��IROORZHG�E\�&$55<��6(7&2/25��DQG�+20(�WR�JLYH�LW�D�VKDSH�
D�FRORU��DQG�DQ�LQLWLDO�SRVLWLRQ��7KHQ�PRYH�LW�XVLQJ�)25:$5'��%$&.��/()7��5,*+7��DQG�6(763(('�
$W�DQ\�SRLQW��WKH�VSULWH�WKDW�UHVSRQGV�WR�\RXU�FRPPDQG�LV�WKH�RQH�WKDW�\RX�GHVLJQDWHG�E\�WKH�SUHYLRXV
7(//�LQVWUXFWLRQ�

+HUH�DUH�VRPH�WKLQJV�WR�QRWH�LQ�\RXU�H[SORULQJ�

4.1.2.1. Overlappin g Sprites

:KHQ�WZR�VSULWHV�RYHUODS��WKH�RQH�ZLWK�WKH�VPDOOHU�QXPEHU�ZLOO�DSSHDU�WR�EH�RQ�WRS�

4.1.2.2. Four Sprites on a Line

:KHQ�\RX�KDYH�PDQ\�VSULWHV�RQ�WKH�VFUHHQ��\RX�ZLOO�QRWLFH�WKDW�VRPH�RI�WKHP�ZLOO� IOLFNHU�RU�SDUWO\
GLVDSSHDU��7KLV�UHIOHFWV�D�UHVWULFWLRQ�EXLOW�LQWR�7,�/RJR�WKDW�DW�PRVW���VSULWHV�PD\�DSSHDU�RQ�D�KRUL]RQWDO

VFUHHQ�OLQH��:KHQ�WKHUH�DUH�PRUH�WKDQ���VSULWHV�RQ�D�KRUL]RQWDO�OLQH��WKH�SRUWLRQV�RI�WKH�ILIWK��VL[WK���������
VSULWHV�RQ�WKH�VDPH�OLQHV�ZLOO�EH�PDVNHG�RXW���7KH�VSULWHV�WKDW�DUH�PDVNHG�DUH�WKH�KLJKHU�QXPEHUHG
VSULWHV��

4.1.2.3. FREEZE and THAW

$W�DQ\�SRLQW��\RX�FDQ�VWRS�DOO�PRWLRQ�E\�W\SLQJ�WKH�)5((=(�FRPPDQG��7KH�7+$:�FRPPDQG�UHVWRUHV
WKH�PRWLRQ�

4.1.2.4. Makin g Sprites Disappear

7KH�&/($56&5((1�ZLOO�HUDVH�WKH�WH[W�RQ�WKH�VFUHHQ��EXW�ZLOO�QRW�HUDVH�WKH�VSULWHV��7R�PDNH�D�VSULWH
YDQLVK��WHOO�LW�WR�6(7&2/25���

4.1.2.5. No Pen

8QOLNH�WKH�WXUWOH��VSULWHV�FDQQRW�FDUU\�D�SHQ�DQG�FDQQRW�OHDYH�D�WUDLO�RQ�WKH�VFUHHQ��3HQ�FRPPDQGV�VXFK
DV�3(183�DQG�3(1'2:1�DUH�DOZD\V�LJQRUHG�E\�VSULWHV�

4.1.2.6. BIG and SMALL
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Figure 4.1: The x,y coordinate
system for sprites.

7\SLQJ�WKH�FRPPDQG�%,*�ZLOO�PDNH�DOO�VSULWHV�GRXEOH�LQ�VL]H��7KH�60$//�FRPPDQG�UHVWRUHV�VSULWHV�WR
WKHLU�RULJLQDO�VL]H���7KHVH�FRPPDQGV�DUH�QRW�LQFOXGHG�LQ�7,�/RJR�,��

4.1.2.7. Coordinates for Sprites

$V�ZLWK�WKH�WXUWOH��\RX�FDQ�SRVLWLRQ�D�VSULWH�RQ�WKH�VFUHHQ�ZLWK�[�\�FRRUGLQDWHV�XVLQJ�WKH�6;<�FRPPDQG�
�6HH�)LJXUH������<RX�FDQ�DOVR�REWDLQ�D�VSULWH
V�SRVLWLRQ�DQG�KHDGLQJ�XVLQJ�;&25��<&25��+($',1*�
6+$3(��DQG�&2/25�� ,Q�DGGLWLRQ��;9(/�DQG�<9(/�RXWSXW� WKH�[� DQG�\� FRPSRQHQWV�RI� WKH� VSULWH
V
YHORFLW\��7KH�FRPPDQG�69�WDNHV�WZR�QXPEHUV�DV�LQSXWV�DQG�FKDQJHV�WKH�VSULWH
V�YHORFLW\�E\�VHWWLQJ�WKH
[�DQG�\�FRPSRQHQWV�RI�WKH�YHORFLW\�WR�WKHVH�LQSXWV��,Q�DOO�FDVHV��WKH�FRRUGLQDWHV�LQ�TXHVWLRQ�DUH�WKRVH�RI
WKH�VSULWH�VSHFLILHG�E\�WKH�PRVW�UHFHQW�7(//�FRPPDQG�

4.1.2.8. Wraparound

:KHQ�VSULWHV�PRYH�EH\RQG�DQ�HGJH�RI�WKH�VFUHHQ��WKH\�ZUDS�DURXQG�WR�UHDSSHDU�DW�WKH�RSSRVLWH�HGJH��7KLV
ZUDSDURXQG�EHKDYLRU�H[WHQGV�WR�RWKHU�VSULWH�DWWULEXWHV�EHVLGHV�SRVLWLRQ��)RU�H[DPSOH��FRORU�QXPEHUV�IRU
VSULWHV��ZUDS�DURXQG��DIWHU�WKH�PD[LPXP�YDOXH�RI�����WKXV�6(7&2/25����LV�HTXLYDOHQW�WR�6(7&2/25
���6(7&2/25����WR�6(7&2/25����DQG�VR�RQ��6KDSH�QXPEHUV�DQG�VSULWH�QXPEHUV�EHKDYH�VLPLODUO\�

4.1.3. Talkin g to More Than One S prite at a Time

6R�IDU�ZH
YH�VHHQ�KRZ�WR�FRQWURO�VSULWHV�XVLQJ�7(//��EXW�RQO\�RQH�VSULWH�DW�D�WLPH��<RX�FDQ�DOVR�XVH�7(//
WR�WDON�WR�D�JURXS�RI�VSULWHV�DOO�DW�RQFH��7\SLQJ

TELL :ALL

GLUHFWV�VXEVHTXHQW�FRPPDQGV�WR�DOO����VSULWHV��)RU�LQVWDQFH��\RX�FDQ�XVH�WKH�IROORZLQJ�SURFHGXUH�WR�FOHDU
DOO�VSULWHV�IURP�WKH�VFUHHQ�E\�VHWWLQJ�WKHLU�FRORU�WR���



7(;$6�,167580(176
+20(�&20387(5

98

Figure 4.2: A squadron of four
planes flying in formation

TO CLEARSPRITES
TELL :ALL
SETCOLOR 0
END

<RX�FDQ�DOVR�JLYH�7(//�D�OLVW�RI�VSULWH�QXPEHUV��DQG�VXEVHTXHQW�FRPPDQGV�ZLOO�EH�GLUHFWHG�WR�WKRVH
VSULWHV��)RU�LQVWDQFH�

TELL [1 2 3]
CARRY :BALL
TELL [4 5 6]
CARRY :TRUCK

ZLOO�JLYH�D�EDOO�VKDSH�WR�VSULWHV�������DQG����DQG�D�WUXFN�VKDSH�WR�VSULWHV�������DQG����,Q�IDFW��7(//��$//
LV�D�VSHFLDO�FDVH�RI�WKLV��EHFDXVH�$//�LQ�7,�/RJR�LV�MXVW�D�QDPH�IRU�WKH�OLVW�RI�QXPEHUV���WKURXJK����

4.1.3.1. Namin g Groups of Sprites

,W�LV�RIWHQ�FRQYHQLHQW�WR�EH�DEOH�WR�UHIHU�WR�D�JURXS�RI�VSULWHV�E\�QDPH��UDWKHU�WKDQ�E\�W\SLQJ�WKH�OLVW�RI
QXPEHUV��)RU�H[DPSOH��OHW
V�PDNH�D�VTXDGURQ�RI�IRXU�SODQHV�IO\LQJ�LQ�IRUPDWLRQ��DV�VKRZQ�LQ�)LJXUH�����

:H
OO�XVH�VSULWHV����������DQG���WR�FDUU\�WKH�SODQHV��VR�ZH
OO�JLYH�WKH�QDPH�648$'521�WR�WKH�OLVW�>�����
�@�

MAKE "SQUADRON [1 2 3 4]

7KLV�LOOXVWUDWHV�WKH�JHQHUDO�ZD\�LQ�ZKLFK�WKH�/RJR�FRPPDQG�0$.(�LV�XVHG�WR�QDPH�WKLQJV��1RWLFH�WKDW
WKH�QDPH�648$'521�LV�SUHFHGHG�E\�D�TXRWDWLRQ�PDUN��2QFH�ZH
YH�JLYHQ�WKH�0$.(�FRPPDQG��ZH�FDQ
UHIHU�WR�WKH�OLVW�>�������@�DV��648$'521��:H
OO�GLVFXVV�WKH�XVH�RI�0$.(�PRUH�IXOO\�LQ�6HFWLRQ�����
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+HUH�LV�D�SURFHGXUH�WKDW�LQLWLDOL]HV�WKH�VTXDGURQ�RI�SODQHV��,W�ILUVW�VWRSV�DOO�IRXU�VSULWHV��LQ�FDVH�WKH\�KDG
EHHQ�PRYLQJ��DQG�VHWV�WKHP�DW�WKH�FHQWHU�RI�WKH�VFUHHQ��SRLQWLQJ�WR�WKH�ULJKW��KHDGLQJ������7KHQ�LW
VSUHDGV�VSULWHV���DQG���D�ELW�KRUL]RQWDOO\��VSULWHV���DQG���D�ELW�YHUWLFDOO\��DQG�SXWV�WKH�VTXDGURQ�LQ
PRWLRQ�

TO SQUAD
MAKE "SQUADRON [1 2 3 4]
TELL :SQUADRON
SETSPEED 0
HOME
SETHEADING 90
CARRY :PLANE
SETCOLOR :BLACK
TELL 1 FORWARD 20
TELL 2 BACK 20
TELL 3 LEFT 90 FORWARD 10 RIGHT 90
TELL 4 LEFT 90 BACK 10 RIGHT 90
TELL :SQUADRON SETSPEED 20
END

1RWLFH�KRZ�7(//�LV�XVHG�WR�GLUHFW�FRPPDQGV�HLWKHU�WR�WKH�LQGLYLGXDO�VSULWHV�RU�WR�WKH�HQWLUH�VTXDGURQ�
2QFH�\RX�KDYH�JLYHQ�WKH�648$'�FRPPDQG��\RX�FDQ�IO\�WKH�VTXDGURQ�DURXQG�XVLQJ�6(763(('��5,*+7�
DQG�/()7���:KHQ�648$'�WHUPLQDWHV��WKH�HIIHFW�RI�LWV�ILQDO�FRPPDQG��7(//��648$'521��ZLOO�FDXVH
VXEVHTXHQW�FRPPDQGV�WR�VWLOO�EH�GLUHFWHG�WR�WKH�HQWLUH�648$'521��

4.1.3.2. EACH and YOURNUMBER

,W�LV�RIWHQ�XVHIXO�WR�EH�DEOH�WR�WDON�WR�D�JURXS�RI�VSULWHV�DOO�DW�RQFH��EXW�WR�KDYH�HDFK�VSULWH�GR�D�VOLJKWO\
GLIIHUHQW� WKLQJ�� 7KH� /RJR� FRPPDQG�($&+� WDNHV� D� OLVW� RI� FRPPDQGV� DV� LQSXW� DQG� SURFHVVHV� WKHVH
FRPPDQGV�IRU�HDFK�RI�WKH�VSULWHV�\RX�DUH�FXUUHQWO\�WDONLQJ�WR��DV�VSHFLILHG�E\�WKH�SUHYLRXV�7(//���($&+
LV�PRVW�XVHIXO�LQ�FRQMXQFWLRQ�ZLWK�WKH�/RJR�FRPPDQG�<285180%(5��DEEUHYLDWHG�<1���ZKLFK�RXWSXWV
WKH�QXPEHU�RI�WKH�FXUUHQW�VSULWH�

)RU�H[DPSOH��VHW�\RXU�VTXDGURQ�IO\LQJ�DFURVV�WKH�VFUHHQ�DV�DERYH��DQG�W\SH

TELL :SQUADRON
EACH [SETSPEED 10 * YOURNUMBER]

7KH�SODQHV�ZLOO�EUHDN�IRUPDWLRQ��EHFDXVH�WKH\�DUH�QRZ�JRLQJ�DW�GLIIHUHQW�VSHHGV��VSULWH���DW�����VSULWH��
DW�����VSULWH���DW�����DQG�VSULWH���DW�����1RWLFH�WKDW�WKH�FRPPDQGV�IRU�($&+�DUH�HQFORVHG�LQ�EUDFNHWV�DV
D�OLVW��MXVW�DV�ZLWK�5(3($7��6HFWLRQ��������

EACH [SETCOLOR YOURNUMBER]

ZLOO�VHW�WKH�SODQHV�WR�GLIIHUHQW�FRORUV��VSULWH���WR�FRORU����EODFN���VSULWH���WR�FRORU����JUHHQ���VSULWH���WR�FRORU
���OLPH���DQG�VSULWH���WR�FRORU����EOXH��
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      7KLV�H[DPSOH�LV�FRXUWHV\�RI�$��GL6HVVD�4

      7KHUH
V�DQ�LQWHUHVWLQJ�SKHQRPHQRQ�OXUNLQJ�KHUH�DV�VRRQ�DV�WKH�VSULWHV�EHJLQ�WR�ZUDS�DURXQG�WKH5

ERUGHUV�RI�WKH�VFUHHQ��WKH�SDWWHUQ�VWDUWV�WR�ORRN�UDQGRP��%XW�LI�\RX�VD\�6(763(('�������FDXVLQJ�WKH
VSULWHV�WR�UHYHUVH�GLUHFWLRQ��WKH\�ZLOO�HYHQWXDOO\�DOO�FRQYHUJH�DW�WKH�FHQWHU�RI�WKH�VFUHHQ�

100

&RPELQLQJ�($&+�DQG�5(3($7�\LHOGV�D�FOHYHU�OLWWOH�SURFHGXUH�WR�KHOS�\RX�H[SORUH�ZLWK�VSULWHV� �

TO SPREAD :COMMANDS
EACH [REPEAT YOURNUMBER :COMMANDS]
END

7U\�WKH�IROORZLQJ

TELL :ALL
SETSPEED 0
HOME
SETHEADING 0
CARRY :BALL
SETCOLOR :RED
SPREAD [RIGHT 10]
SETSPEED 20

7KH�635($'�SRLQWV�WKH�VSULWHV�DW����GHJUHH�LQFUHPHQWV�DOO�DORQJ�D�FLUFOH��:KHQ�\RX�VWDUW�WKHP�DOO�JRLQJ�
WKH�HIIHFW�LV�WKDW�RI�D�FLUFOH�RI�VSULWHV�H[SORGLQJ�RXWZDUG�IURP�WKH�FHQWHU�RI�WKH�VFUHHQ� �1RWLFH�WKDW�WKH�

LQSXW�WR�635($'�LV�D�OLVW�RI�FRPPDQGV��7KH�XVH�RI�<285180%(5�DV�WKH�ILUVW�LQSXW�WR�5(3($7�LQ
635($'�PHDQV�WKDW�635,7(���ZLOO�UHSHDW�WKH�OLVW�RI�FRPPDQGV�]HUR�WLPHV��VSULWH���ZLOO�UHSHDW�LW�RQH
WLPH��VSULWH����WZR�WLPHV��HWF��5HPHPEHU�WR�W\SH�WKH�LQSXW�WR�635($'�DV�D�OLVW��DV�LQ

SPREAD [RIGHT 10].

+HUH
V�DQRWKHU�QLFH�WKLQJ�WR�GR�ZLWK�635($'�

TELL [1 2 3 4 5 6]
SETSPEED 0
SETHEADING 0
HOME
CARRY :BALL
SETCOLOR :RED
SPREAD [FORWARD 30 RIGHT 60]

7KLV�SRVLWLRQV�WKH���VSULWHV�DW�WKH�YHUWLFHV�RI�D�UHJXODU�KH[DJRQ��7R�VHH�ZK\��WKLQN�DERXW�WKH�UHODWLRQ
EHWZHHQ�WKLV�DQG�WKH�32/<�SURFHGXUH��SDJH������%\�FKRRVLQJ�GLIIHUHQW�QXPEHUV�RI�VSULWHV�DQG�GLIIHUHQW
DQJOHV��\RX�FDQ�PDNH�VLPLODU�SDWWHUQV�EDVHG�RQ�RWKHU�UHJXODU�SRO\JRQV�
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4.1.3.3. To WHO(m) Are You Talkin g?

:LWK�DOO�WKHVH�SRVVLELOLWLHV�IRU�7(//��LW�LV�XVHIXO�WR�EH�DEOH�WR�FKHFN�ZKLFK�VSULWH�RU�JURXS�RI�VSULWHV�\RX
DUH� FXUUHQWO\� WDONLQJ� WR�� 7KH� /RJR� FRPPDQG�:+2� LQGLFDWHV� WKH� VSULWH� RU� OLVW� RI� VSULWHV� WR� ZKLFK
FRPPDQGV�DUH�FXUUHQWO\�GLUHFWHG��)RU�H[DPSOH�

TELL SPRITE 1
FORWARD 100
PRINT WHO
SPRITE 1

TELL :SQUADRON
SETSPEED 20
PRINT WHO
1 2 3 4

,I�\RX�DUH�WDONLQJ�WR�WKH�WXUWOH�RU�WKH�EDFNJURXQG��WKHQ�:+2�ZLOO�RXWSXW�7857/(�RU�%$&.*5281'�

4.2. Definin g Shapes

7KH�VKDSH�FDUULHG�E\�D�VSULWH�FDQ�EH�DQ\�RI�WKH�ILYH�VKDSHV�EXLOW�LQWR�/RJR��7KH�/RJR�0$.(6+$3(
FRPPDQG��DEEUHYLDWHG�06��DOORZV�\RX�WR�FUHDWH�\RXU�RZQ�VKDSHV�RU�WR�PRGLI\�DQ\�RI�WKH�EXLOW�LQ�VKDSHV�

7R�GHILQH�D�QHZ�VKDSH��ILUVW�GHFLGH�ZKDW�QXPEHU�VKDSH�\RX�DUH�GHILQLQJ��7KH�EXLOW�LQ�VKDSHV�KDYH�WKH
QXPEHUV�JLYHQ�LQ�WKH�WDEOH�RQ�SDJH�����,Q�JHQHUDO��\RX�FDQ�KDYH����GLIIHUHQW�VKDSHV��QXPEHUHG���WKURXJK
���

6XSSRVH�\RX�ZDQW�WR�PRGLI\�WKH�3/$1(�VKDSH��VKDSH�����7\SH

MAKESHAPE 1

<RX�ZLOO�VHH�RQ�WKH�VFUHHQ�D����[����JULG�RI�VPDOO�VTXDUHV�ZLWK�WKH�SODQH�GHVLJQ�EODFNHG�LQ�RQ�WKH�JULG�
DV�VKRZQ�LQ�)LJXUH������7KH�EDFNJURXQG�RI�WKH�VFUHHQ�KDV�DOVR�FKDQJHG�FRORU�WR�LQGLFDWH�WKDW�\RX�DUH�QRZ
XVLQJ�WKH�VKDSH�HGLWRU�
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Figure 4.3: Appearance of the
screen in response to
MAKESHAPE 1.

Figure 4.4: A new PLANE
shape.

7R�FKDQJH�WKH�VKDSH��\RX�PRYH�WKH�FXUVRU�DURXQG�RQ�WKH�JULG��EODFNLQJ�LQ�QHZ�VTXDUHV�DQG�ZKLWLQJ�RXW
RWKHUV��7KH�NH\V�WKDW�PRYH�WKH�FXUVRU�DUH�WKH�NH\V�PDUNHG�ZLWK�DUURZV��6��'��(��DQG�;��3UHVVLQJ�DQ\�RI
WKHVH�NH\V�PRYHV�WKH�FXUVRU�LQ�WKH�GLUHFWLRQ�RI�WKH�FRUUHVSRQGLQJ�DUURZ���7KH�FXUVRU�ZUDSV�DURXQG�LI�\RX
PRYH�LW�SDVW�WKH�HGJH�RI�WKH�JULG���:KHQ�\RX�PRYH�WKH�FXUVRU�RXW�RI�D�VTXDUH��LW�OHDYHV�WKDW�VTXDUH�EODQN�
,I�\RX�KROG�GRZQ�WKH�FCTN�NH\�DQG�PRYH�WKH�FXUVRU��WKHQ�WKH�VTXDUH�WKDW�WKH�FXUVRU�OHDYHV�ZLOO�EH
EODFNHG�LQ� �7U\�FKDQJLQJ�WKH�VKDSH�RI�WKH�SODQH
V�ZLQJV��DV�VKRZQ�LQ�)LJXUH������

:KHQ�\RX�DUH�ILQLVKHG�FKDQJLQJ�WKH�VKDSH��SUHVV�WKH�BACK �NH\��/RJR�H[LWV�WKH�VKDSH�HGLWRU��DQG�WKH�QHZ
VKDSH�ZLOO�EH�LQVWDOOHG�DV�VKDSH�QXPEHU����3/$1(���$Q\�VSULWH�\RX�WHOO�WR�&$55<��3/$1(�RU�&$55<
��ZLOO�QRZ�KDYH�WKH�QHZ�DSSHDUDQFH�
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(a)

(b)
Figure 4.5: UPWING and
DOWNWING shapes for flying
birds.

4.2.1. Example: Birds Fl ying

$V�DQ�H[DPSOH�RI�GHILQLQJ�QHZ�VKDSHV��OHW
V�PDNH�VRPH�IO\LQJ�ELUGV��%HJLQ�E\�XVLQJ�WKH�VKDSH�HGLWRU�WR
GHILQH�WZR�VKDSHV�FRUUHVSRQGLQJ�WR�ELUGV�ZLWK�ZLQJV�XS�DQG�ZLQJV�GRZQ��)RU�WKHVH��XVH�WZR�QHZ�VKDSH
QXPEHUV���DQG����,W�LV�JRRG�SUDFWLFH�WR�DVVLJQ�PQHPRQLF�QDPHV�WR�WKH�VKDSHV�\RX�XVH�DQG�WR�ZRUN�ZLWK
WKH�QDPHV�UDWKHU�WKDQ�ZLWK�WKH�QXPEHUV�GLUHFWO\�

MAKE "UPWING 6
MAKE "DOWNWING 7

1RZ�XVH�WKH�VKDSH�HGLWRU�

MAKESHAPE :UPWING

DQG

MAKESHAPE :DOWNWING

WR�GHILQH�WKH�VKDSHV�VKRZQ�LQ�)LJXUH�����
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Figure 4.6: A line of birds
created by SETBIRDS.

1RZ�VHW�XS�D�JURXS�RI���VSULWHV��FDOOHG�%,5'6��WR�FDUU\�WKHVH�VKDSHV�

TO SETBIRDS
MAKE "BIRDS [1 2 3 4 5 6]
TELL :BIRDS
SETSPEED 0
HOME
SETCOLOR :WHITE
CARRY :UPWING
SETHEADING 45
SPREAD [FORWARD 20]
SETHEADING 90
END

7KH�635($'�SURFHGXUH��6HH�6HFWLRQ��������JLYHV�D�XVHIXO�ZD\�WR�VSUHDG�WKH�VSULWHV�RXW�DORQJ�D�GLDJRQDO�
1RZ�\RX�FDQ�VHW�WKH�ELUGV�LQ�PRWLRQ�

TELL :BIRDS
SETSPEED 20

7KH�UHVXOW��VKRZQ�LQ�)LJXUH������LV�D�OLQH�RI���ELUGV�GULIWLQJ�DFURVV�WKH�VFUHHQ��DOO�ZLWK�WKHLU�ZLQJV�XS�

7\SLQJ

CARRY :DOWNWING

PDNHV�WKH�ELUGV�SXW�WKHLU�ZLQJV�GRZQ��$OWHUQDWLQJ�WKLV�ZLWK

CARRY :UPWING

PDNHV�WKH�ZLQJV�IODS��<RX�FDQ�GHILQH�D�SURFHGXUH�WKDW�FRQWLQXHV�WKH�IODSSLQJ�
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TO FLAP
CARRY :UPWING
WAIT 30
CARRY :DOWNWING
WAIT 30
FLAP
END

7KH�/RJR�FRPPDQG�:$,7�PDNHV�WKH�FRPSXWHU�ZDLW�IRU�D�JLYHQ�QXPEHU�RI�VL[WLHWKV�RI�D�VHFRQG��,Q�WKLV
FDVH�WKH�SURFHGXUH�LV�ZDLWLQJ�����VHFRQG�EHWZHHQ�ZLQJ�EHDWV�

<RX�QRZ�KDYH�DOO�WKH�LQJUHGLHQWV�IRU�D�VLPSOH�PRYLH�

SEABIRD
SETSPEED 20
FLAP

7KH�ELUGV�ZLOO�FRQWLQXH�IODSSLQJ�XQWLO�\RX�VWRS�WKH�SURFHGXUH�E\�SUHVVLQJ�WKH�BACK �NH\�

4.2.2. Two Notes on the Sha pe Editor

:KHQ�\RX�HQWHU�WKH�VKDSH�HGLWRU�XVLQJ�0$.(6+$3(��WKH�VSULWHV�ZLOO�VWLOO�EH�YLVLEOH�RQ�WKH�VFUHHQ��<RX
FDQ�WDNH�DGYDQWDJH�RI�WKLV�IDFW��%HIRUH�W\SLQJ�0$.(6+$3(��WHOO�RQH�RU�PRUH�VSULWHV�WR�&$55<�WKH�VKDSH
\RX�DUH�GHILQLQJ��7KHQ��DV�\RX�PDUN�LQ�WKH�JULG�XVLQJ�WKH�VKDSH�HGLWRU��\RX�ZLOO�VHH�WKH�VKDSH�LQ�LWV�DFWXDO
VL]H�FDUULHG�E\�WKH�VSULWH�

:KHQ�WKH�VKDSH�HGLWRU�LV�LQ�XVH��WKH�RQO\�NH\V�WKDW�KDYH�DQ\�HIIHFW�DUH�WKH�DUURZ�NH\V��BACK ��WR�H[LW�WR
/RJR��DQG�CLEAR ��ZKLFK�FOHDUV�DOO�WKH�VTXDUHV�RQ�WKH�JULG�

4.3. Tiles

7KH�ILQDO�NLQG�RI�JUDSKLFDO�REMHFW�WKDW�\RX�FDQ�DGGUHVV�ZLWK�7(//�LQ�/RJR�LV�FDOOHG�D�WLOH��$�WLOH��OLNH�D
VSULWH��FDQ�KDYH�D�FRORU�DQG�D�VKDSH��8QOLNH�D�VSULWH��D�WLOH�FDQQRW�PRYH��7LOHV�DUH�XVHIXO�LQ�GHVLJQLQJ
EDFNJURXQGV�IRU�JUDSKLFV�

<RX�FDQ�KDYH�����GLIIHUHQW�WLOHV��QXPEHUHG���WKURXJK������,Q�PDNLQJ�VFUHHQ�EDFNJURXQGV��\RX�VKRXOG
QRUPDOO\� DYRLG� XVLQJ� WLOHV� �� WKURXJK� ��� DQG� ��� WKURXJK� ���� VLQFH� WKHVH� DUH� XVHG� WR� FUHDWH� VFUHHQ
FKDUDFWHUV�DV�GHVFULEHG�LQ�6HFWLRQ��������,Q�SDUWLFXODU��WLOHV���DQG���DUH�XVHG�IRU�WKH�UHJXODU�FXUVRU�DQG
WKH�VKDSHV�HGLWLQJ�FXUVRU��DQG�FDQQRW�EH�FKDQJHG�

7R� GHVLJQ� D� WLOH�� \RX� XVH� WKH� /RJR� FRPPDQG� 0$.(&+$5� �DEEUHYLDWHG� 0&��� 7KLV� ZRUNV� DOPRVW
LGHQWLFDOO\�WR�0$.(6+$3(��6HFWLRQ������H[FHSW�WKDW�WKH�JULG�IRU�D�WLOH�LV�RQO\���VTXDUHV�RQ�D�VLGH�³�RQH
TXDUWHU�WKH�VL]H�RI�WKH�JULG�IRU�D�VSULWH��)RU�H[DPSOH��\RX�FDQ�XVH�0$.(&+$5�WR�GHVLJQ�D�WLOH�WKDW�ORRNV
OLNH�D�VPDOO�VSLUDO��/HW�WKLV�EH��VD\��WLOH����

MAKECHAR 96
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Figure 4.7: Using MAKECHAR
to make a tile in the shape of a
spiral.

Figure 4.8: The display screen
as a grid of columns and rows.

<RX�QRZ�REWDLQ�D�JULG�RQ�ZKLFK�\RX�FDQ�GUDZ�WKH�VSLUDO��DV�VKRZQ�LQ�)LJXUH�����

2QFH�\RX�KDYH�GHILQHG�D�WLOH��\RX�FDQ�JLYH�LW�D�FRORU�XVLQJ�7(//�DQG�6(7&2/25�

TELLTILE 96
SETCOLOR :RED

4.3.1. Positionin g Tiles on the Screen

7R�SODFH�D�WLOH�RQ�WKH�VFUHHQ�\RX�XVH�WKH�3877,/(�FRPPDQG��DEEUHYLDWHG�37���7KLV�WDNHV�DV�LQSXW�WKH
QXPEHU�RI�WKH�WLOH�\RX�ZLVK�WR�SXW�RQ�WKH�VFUHHQ��IROORZHG�E\�WKH�VFUHHQ�SRVLWLRQ��VSHFLILHG�DV�D�FROXPQ
QXPEHU�DQG�D�URZ�QXPEHU��)LJXUH�����VKRZV�KRZ�WKH�VFUHHQ�FDQ�EH�YLHZHG�DV�D�JULG�QXPEHUHG�E\
FROXPQV�DQG�URZV��7KHUH�DUH����FROXPQV��QXPEHUHG���WKURXJK�����DQG����URZV��QXPEHUHG���WKURXJK����

7KH�FHQWHU�RI�WKH�VFUHHQ�LV�FROXPQ�����URZ�����+HQFH��ZLWK�WLOH����GHILQHG�DV�DERYH��\RX�FDQ�SODFH�D�VPDOO
UHG�VSLUDO�DW�WKH�FHQWHU�RI�WKH�VFUHHQ�ZLWK

PUTTILE 96 16 12

)LJXUH�����VKRZV�PRUH�VSLUDOV�SODFHG�RQ�WKH�VFUHHQ��YLD
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Figure 4.9: Using PUTTILE to
place spirals on the screen.

PUTTILE 96 16 12
PUTTILE 96 10 1 0
PUTTILE 96 20 20
PUTTILE 96 10 20
PUTTILE 96 5 5

4.3.1.1. Warnin g

2EVHUYH�WKDW�WKH�FROXPQ�DQG�URZ�QXPEHUV�XVHG�ZLWK�3877,/(�WR�SODFH�D�WLOH�RQ�WKH�VFUHHQ�DUH�QRW�WKH
VDPH�DV�WKH�[�\�FRRUGLQDWHV�XVHG�ZLWK�6;<�WR�SRVLWLRQ�VSULWHV�DQG�WXUWOHV�RQ�WKH�VFUHHQ��<RX�FDQQRW�XVH
6;<� �RU� )25:$5'�� /()7�� DQG� VR� RQ�� ZKHQ� WDONLQJ� WR� WLOHV�� 6HFWLRQ� ������ LQFOXGHV� VRPH� XVHIXO
SURFHGXUHV�WKDW�ZLOO�DLG�\RX�LQ�GHDOLQJ�ZLWK�WKLV�SUREOHP�

4.3.2. Foreground and Back ground Colors

:H�VDZ�MXVW�DERYH�WKDW�WLOHV�FDQ�EH�JLYHQ�D�FRORU�E\�XVLQJ�WKH�6(7&2/25�FRPPDQG��$FWXDOO\��HDFK�WLOH
KDV�WZR�FRORUV�DVVRFLDWHG�ZLWK�LW��D�IRUHJURXQG�FRORU�DQG�D�EDFNJURXQG�FRORU��:KHQ�\RX�VKRZ�D�WLOH��WKH
EODFNHG�LQ�VTXDUHV� �RQ�WKH�0$.(&+$5�JULG��ZLOO�EH�VKRZQ� LQ�WKH� IRUHJURXQG�FRORU��DQG�WKH�RWKHU
VTXDUHV�RQ�WKH�JULG�ZLOO�EH�VKRZQ�LQ�WKH�EDFNJURXQG�FRORU��,I�\RX�GR�QRW�VSHFLI\�D�EDFNJURXQG�FRORU��DV
LQ

SETCOLOR :RED

WKHQ�RQO\�WKH�IRUHJURXQG�FRORU�ZLOO�EH�FKDQJHG� �7R�VHW�D�EDFNJURXQG�FRORU��XVH�6(7&2/25�ZLWK�D�OLVW�

RI�WKH�WZR�FRORU�QXPEHUV��)RU�LQVWDQFH��WR�JLYH�WKH�VSLUDO�GHILQHG�DERYH��WLOH�����D�IRUHJURXQG�FRORU�RI
5('��FRORU����DQG�D�EDFNJURXQG�FRORU�RI�ZKLWH��FRORU������\RX�W\SH

TELLTILE 96
SETCOLOR [6 15]
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SETCOLOR SENTENCE :RED :WHITE

7KH�/RJR�FRPPDQG�6(17(1&(��DV�ZH�VKDOO�VHH�LQ�VHFWLRQ�����LV�XVHG�WR�FRQVWUXFW�OLVWV�

108

,I�\RX�JLYH�WKLV�FRPPDQG�ZLWK�WKH�VSLUDOV�RQ�WKH�VFUHHQ��DV�LQ�)LJXUH������HDFK�ZLOO�DSSHDU�DV�D�UHG�VSLUDO
ZLWKLQ�D�ZKLWH�VTXDUH��

4.3.2.1. Color Groups

2QH�UHVWULFWLRQ�RQ�WLOH�FRORUV�LV�WKDW�HYHU\�JURXS�RI���WLOHV�PXVW�KDYH�WKH�VDPH�FRORU��7KDW�LV��WLOHV��
WKURXJK���PXVW�KDYH�WKH�VDPH�FRORU��WLOHV���WKURXJK����PXVW�KDYH�WKH�VDPH�FRORU��DQG�VR�RQ��&KDQJLQJ
WKH�FRORU�RI�D�WLOH��HLWKHU�IRUHJURXQG�RU�EDFNJURXQG�FRORU��FKDQJHV�WKH�FRORU�RI�HYHU\�WLOH�LQ�WKH�JURXS�
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4.3.3. Characters as Tiles

7KH�FKDUDFWHUV�WKDW�/RJR�SULQWV�RQ�WKH�VFUHHQ�DUH��LQ�IDFW��GHILQHG�DV�WLOHV��XVLQJ�WLOH�QXPEHUV����WKURXJK
����7KH�IROORZLQJ�FKDUW�VKRZV�WKH�FRUUHVSRQGHQFH�EHWZHHQ�WLOH�QXPEHUV�DQG�FKDUDFWHUV��DQG�KRZ�WKHVH
WLOHV�DUH�DUUDQJHG�LQ�JURXSV�

Grou p 1 Grou p 2 Grou p 3 Grou p 4

&RGH &RGH &RGH &RGH

1XPEHU &KDUDFWHU 1XPEHU &KDUDFWHU 1XPEHU &KDUDFWHU 1XPEHU &KDUDFWHU

�� �VSDFH� �� � �� � �� �

�� � �� � �� � �� �

�� � �� 
 �� � �� �

�� � �� � �� � �� �

�� � �� � �� � �� �

�� � �� � �� � ��  

�� 	 �� � �� � �� !

�� C �� � �� � �� "

Group 5 Group 6 Group 7 Group 8

&RGH &RGH &RGH &RGH

1XPEHU &KDUDFWHU 1XPEHU &KDUDFWHU 1XPEHU &KDUDFWHU 1XPEHU &KDUDFWHU

�� # �� + �� 3 �� ;

�� $ �� , �� 4 �� <

�� % �� - �� 5 �� =

�� & �� . �� 6 �� >

�� ' �� / �� 7 �� ?

�� ( �� 0 �� 8 �� @

�� ) �� 1 �� 9 �� A

�� * �� 2 �� : �� B
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(a)

(b)
Figure 4.10: Using
MAKECHAR 52 to define a new
style for the numeral 4.

<RX�FDQ�WDNH�DGYDQWDJH�RI�WKLV�WR�PRGLI\�WKH�ZD\�LQ�ZKLFK�/RJR�SULQWV�FKDUDFWHUV��)RU�LQVWDQFH��W\SLQJ

MAKECHAR 52

DOORZV�\RX�WR�HGLW�WLOH�����ZKLFK�LV�WKH�QXPHUDO����,I�\RX�FKDQJH�LW�DV�VKRZQ�LQ�)LJXUH�������WKHQ�DOO�WKH
�V�SULQWHG�E\�/RJR�IURP�WKHQ�RQ�ZLOO�KDYH�WKLV�QHZ�VKDSH��7LOHV���WKURXJK����DUH� LQLWLDOO\�XVHG�IRU
PLVFHOODQHRXV�SRUWLRQV�RI�WKH�7,�PDVWHU�WLWOH�VFUHHQ��

$QRWKHU�WKLQJ�\RX�FDQ�GR�LV�XVH�6(7&2/25�WR�FKDQJH�WKH�FRORU�LQ�ZKLFK�FKDUDFWHUV�DUH�SULQWHG�RQ�WKH
VFUHHQ�

TELL TILE 48
SETCOLOR :WHITE
TELL TILE 56
SETCOLOR :WHITE
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ZLOO�FDXVH�DOO�WLOHV�LQ�WKH�VDPH�JURXS�DV����DQG�����WKDW�LV�WLOHV����WKURXJK����DQG����WKURXJK�����ZKLFK
LQFOXGHV�DOO�WKH�QXPHUDOV�DQG���������� ��!��"��WR�EH�SULQWHG�LQ�ZKLWH��ZKLOH�WKH�RWKHU�FKDUDFWHUV�ZLOO�EH
SULQWHG�LQ�EODFN�

4.3.3.1. Turtle Lines as Tiles

$QRWKHU�ZD\�WKDW�WLOHV�DUH�XVHG�LQ�/RJR�LV�WR�FUHDWH�WKH�OLQHV�GUDZQ�E\�WKH�WXUWOH��(DFK�WLPH�WKH�WXUWOH
GUDZV�LQVLGH�D�VPDOO�VFUHHQ�VTXDUH��D�WLOH�LV�FUHDWHG�ZKRVH��VKDSH��LV�WKH�WXUWOH�OLQH��$V�WKH�WXUWOH�GUDZV
LQ�PRUH�DQG�PRUH�VTXDUHV��LW�XVHV�PRUH�DQG�PRUH�WLOHV��XVLQJ�ILUVW�WLOHV���WKURXJK����DQG�WKHQ�WLOHV���
WKURXJK������)RU�WKLV�UHDVRQ��LI�\RX�KDYH�VRPH�WLOHV�GHILQHG�DQG�WKHQ�XVH�WKH�WXUWOH��WKH�WLOH�VKDSHV�PD\
EH�GHVWUR\HG��7KLV�DOVR�H[SODLQV�WKH�PHDQLQJ�RI�WKH�287�2)�,1.�HUURU�PHVVDJH��SDJH������7KH�WXUWOH�LV
�RXW�RI�LQN��ZKHQ�DOO�DYDLODEOH�WLOHV�KDYH�EHHQ�XVHG�

<RX�FDQ�DOVR�VHW�D�EDFNJURXQG�FRORU�ZKHQ�GUDZLQJ�ZLWK�WKH�WXUWOH�

7\SLQJ

TELL TURTLE
SETCOLOR [{color1}{color2}]

DQG�GUDZLQJ�ZLWK�WKH�SHQ�GRZQ�ZLOO�FDXVH�HDFK�VTXDUH�WKH�WXUWOH�SDVVHV�RYHU�WR�EH�ILOOHG�LQ�ZLWK�^FRORU�`�
ZLWK�D�WKLQ�OLQH�LQ�^FRORU�`�GUDZQ�WKURXJK�WKH�VTXDUH�

4.4. Pro ject: A Sim ple Movie

,Q�WKLV�VHFWLRQ��ZH
OO�FRPELQH�ZKDW�ZH
YH�OHDUQHG�DERXW�VSULWHV�DQG�WLOHV�WR�FUHDWH�D�VLPSOH�PRYLH��7KH
PRYLH��VKRZQ�LQ�&RORU�3ODWH����VKRZV�DQ�RFHDQ�ZLWK�ZDYHV�DQG�ZKLWHFDSV��$�ERDW�VDLOV�DORQJ�WKH�RFHDQ
DQG�ELUGV�IO\�RYHUKHDG��7KLV�SURMHFW�DOVR�LOOXVWUDWHV�KRZ�D�VXEVWDQWLDO�/RJR�SURJUDP�LV�GHVLJQHG�DQG
LPSOHPHQWHG�DV�D�FOXVWHU�RI�VLPSOH�SURFHGXUHV�

,I�\RX�ORRN�DW�3ODWH����\RX
OO�VHH�WKDW�WKHUH�DUH�ILYH�SDUWV�WR�WKH�SLFWXUH��WKH�VN\��WKH�RFHDQ��WKH�VXQ��WKH
ERDW��DQG�WKH�ELUGV�

7KH�VN\�LV�VLPSOH��:H
OO�VLPSO\�XVH�WKH�VFUHHQ�EDFNJURXQG�DIWHU�FKDQJLQJ�LWV�FRORU�WR�6.<��FRORU�����7KH
RFHDQ�DQG�WKH�VXQ�ZLOO�EH�DVVHPEOHG�IURP�WLOHV��DQG�WKH�ERDW�DQG�WKH�ELUGV�ZLOO�EH�VSULWHV�

4.4.0.1. The Ocean

/HW
V�EHJLQ�E\�GUDZLQJ�WKH�RFHDQ��7KHUH�DUH�WZR�SDUWV��WKH�WRS�URZ��FRQVLVWLQJ�RI�WKH�ZDYHV��DQG�WKH�UHVW
RI�WKH�ZDWHU��6WDUW�ZLWK�WKH�UHVW�RI�WKH�ZDWHU��XVLQJ�D�WLOH�WKDW�ZLOO�JLYH�D�VTXDUH�RI�EOXH�ZDWHU�ZLWK�D
VPDOO�ZKLWHFDS��&DOO�WKLV�WLOH�:$7(5�DQG�XVH�WLOH�����

MAKE "WATER 108
MAKECHAR :WATER

)LJXUH������VKRZV�WKH�ZDWHU�WLOH�WKDW�\RX�PDNH�ZLWK�WKH�0$.(&+$5�FRPPDQG��7KH�FRORU�VKRXOG�EH�D
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Figure 4.11: Shapes for water
and wave tiles

IRUHJURXQG�FRORU�RI�:+,7(�IRU�WKH�ZKLWHFDS��FRORU�����DQG�D�EDFNJURXQG�FRORU�RI�%/8(��FRORU����IRU�WKH
ZDWHU�

)RU�WKH�WRS�URZ�RI�ZDYHV��XVH�WKUHH�WLOHV��:$9(���:$9(���DQG�:$9(���ZKRVH�VKDSHV�DUH�DOVR�VKRZQ
LQ�)LJXUH�������7KH�FRORU�IRU�WKHVH�WLOHV�LV�IRUHJURXQG�%/8(��EDFNJURXQG�&/($5��6LQFH�WKH�FRORU�LV
GLIIHUHQW�IURP�WKH�FRORU�IRU�WKH�:$7(5�WLOH��\RX�PXVW�FUHDWH�WKH�ZDYHV�XVLQJ�WLOHV�LQ�D�GLIIHUHQW�FRORU
JURXS���6HH�6HFWLRQ���������<RX�FDQ�XVH�WLOHV�����������DQG�����IRU�WKH�ZDYHV�

MAKE "WAVE1 100
MAKE "WAVE2 101
MAKE "WAVE3 102

1RZ�ZH
OO�GUDZ�WKH�WRS�URZ�RI�ZDYHV�RQ�WKH�VFUHHQ��7KH�LGHD�LV�WR�VWDUW�DW�WKH�OHIWPRVW�FROXPQ�RI�WKH
VFUHHQ��SODFLQJ�D�VHTXHQFH�RI�WKUHH�WLOHV��:$9(���:$9(���:$9(���DQG�UHSHDW�WKLV�RYHU�DQG�RYHU�IRU�DV
PDQ\�FROXPQV�DV�WKHUH�LV�URRP��$�JRRG�SRVLWLRQ�IRU�WKH�WRS�URZ�RI�WKH�RFHDQ�LV�URZ�����ZKLFK�ZH
OO�FDOO
2&($1723�

MAKE "OCEANTOP 15
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7KH�IROORZLQJ�SURFHGXUH�GUDZV�WKH�WRS�URZ�RI�WKH�RFHDQ��,W�LV�FDOOHG�LQLWLDOO\�ZLWK�WKH�VWDUWLQJ�FROXPQ�DV
LQSXW�

TO WAVETOPS :COL
IF :COL > 31 STOP
PUTTILE :WAVE1 :COL :OCEANTOP
PUTTILE :WAVE2 :COL + 1 :OCEANTOP
PUTTILE :WAVE3 :COL + 2 :OCEANTOP
WAVETOPS :COL + 3
END

<RX�VKRXOG�FRPSDUH�WKLV�UHFXUVLYH��WHVW�DQG�VWRS��SURFHGXUH�IRUP�ZLWK�WKH�&2817'2:1�RU�72:(5
SURFHGXUHV�GLVFXVVHG�LQ�6HFWLRQ������7R�DFWXDOO\�GUDZ�WKH�ZDYHV��\RX�FDQ�QRZ�JLYH�WKH�FRPPDQG�

WAVETOPS 0

7KH�UHVW�RI�WKH�RFHDQ�LV�GUDZQ�E\�XVLQJ�3877,/(�ZLWK�WKH�:$7(5�WLOH��+HUH�DUH�WZR�XVHIXO�SURFHGXUHV
WKDW�ILOO�WKH�VFUHHQ�ZLWK�D�JLYHQ�WLOH��VWDUWLQJ�IURP�D�VSHFLILHG�WRS�URZ�

TO MAKEROWS :TILE :TOPROW
IF :TOPROW > 22 STOP
MAKEROW :TILE 0 :TOPROW
MAKEROWS :TILE :TOPROW + 1
END

TO MAKEROW :TILE :COL :ROW
IF :COL > 31 STOP
PUTTILE :TILE :COL :ROW
MAKEROW :TILE :COL + 1 :ROW
END

7KHVH�DOVR�XVH�D�UHFXUVLYH�VFKHPH�VLPLODU�WR�&2817'2:1��6HFWLRQ�������0$.(52:�ILOOV�LQ�D�VLQJOH
URZ�E\�SODFLQJ�WLOHV�LQ�VXFFHVVLYH�FROXPQV�XQWLO�LW�UHDFKHV�FROXPQ�����0$.(52:6�FDOOV�0$.(52:�RQ
VXFFHVVLYH�URZV�XQWLO�LW�UHDFKHV�WKH�ERWWRP�RI�WKH�VFUHHQ�DW�URZ�����:LWK�WKHVH�SURFHGXUHV��WKH�ERG\�RI
WKH�RFHDQ�FDQ�QRZ�EH�GUDZQ�DV

MAKEROWS :WATER :OCEANTOP + 1

�7KH�WRS�RFHDQ�URZ�LV�RQH�EHORZ�WKH�ZDYH�WRSV��

+HUH��WKHQ��LV�D�SURFHGXUH�WKDW�GUDZV�WKH�FRPSOHWH�RFHDQ���

TO MAKEOCEAN
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Figure 4.12: The sun
constructed from four tiles.

TELL TILE :WATER
SETCOLOR [15 4]
TELL TILE :WAVE1
SETCOLOR [4 0]
WAVETOPS 0
MAKEROWS :WATER :OCEANTOP + 1
END

4.4.0.2. The Sun

7KH�VXQ�LQ�WKH�SLFWXUH�LV�IRUPHG�IURP���WLOHV��HDFK�D�TXDUWHU�FLUFOH�

MAKE "SUN1 113
MAKE "SUN2 114
MAKE "SUN3 115
MAKE "SUN4 116

6LQFH�WKHVH�DUH�WR�EH�\HOORZ��\RX�PXVW�SLFN�WLOHV�LQ�D�GLIIHUHQW�FRORU�JURXS�WKDQ�HLWKHU�WKH�ZDYHV�RU�WKH
ZDWHU��)LJXUH������VKRZV�WKH�IRXU�VXQ�WLOHV�FRQVWUXFWHG�XVLQJ�0$.(&+$5�
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Figure 4.13: The BOATSHAPE
for the movie.

7KH�IROORZLQJ�SURFHGXUH�SRVLWLRQV�WKH�WLOHV�RQ�WKH�VFUHHQ�

TO MAKESUN
TELL TILE :SUN1
SETCOLOR :YELLOW
PUTTILE :SUN1 25 7
PUTTILE :SUN2 26 7
PUTTILE :SUN3 25 8
PUTTILE :SUN4 26 8
END

1RWLFH�WKDW�VHWWLQJ�WKH�FRORU�RI�681��VHWV�DOO���VXQ�WLOHV�VLQFH�WKH\�DUH�LQ�WKH�VDPH�FRORU�JURXS�

4.4.0.3. The Boat

7KH�ERDW�LV�D�VLQJOH�VSULWH�WKDW�PRYHV�KRUL]RQWDOO\�DFURVV�WKH�VFUHHQ��<RX�FDQ�GHILQH�D�%2$76+$3(�DV
VKDSH�QXPEHU���

MAKE "BOATSHAPE 9
MAKESHAPE :BOATSHAPE

DQG�FRQVWUXFW�WKH�VKDSH�VKRZQ�LQ�)LJXUH������

8VH�VSULWH���WR�FDUU\�WKH�ERDW�

MAKE "BOAT 0
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+HUH�LV�WKH�SURFHGXUH�WKDW�VHWV�XS�WKH�ERDW�

TO MAKEBOAT
TELL :BOAT
SETHEADING 90
SETCOLOR :BLACK
SXY (-50) (-50)
CARRY :BOATSHAPE
SETSPEED 5
END

4.4.0.4. The Birds

)LQDOO\��ZH
OO�DGG�ELUGV�IO\LQJ�DFURVV�WKH�VFUHHQ��<RX�GR�WKLV�E\�LQFRUSRUDWLQJ�WKH�ELUG�VKDSHV�DQG�WKH
6($%,5'�DQG�)/$3�SURFHGXUHV�IURP�6HFWLRQ��������ZLWK�D�IHZ�VPDOO�FKDQJHV�

$V�EHIRUH�ZH
OO�KDYH���ELUGV��XVLQJ�VSULWHV���WKURXJK���

MAKE "BIRDS [1 2 3 4 5 6]

7KH�ELUG�VKDSHV�ZLOO�EH�83:,1*�DQG�'2:1:,1*�DV�VKRZQ�LQ�)LJXUH�����

MAKE "UPWING 6
MAKE "DOWNWING 7

7KH�)/$3�SURFHGXUH�LV�WKH�VDPH�DV�EHIRUH�

TO FLAP
CARRY :UPWING
WAIT 30
CARRY :DOWNWING
WAIT 30
FLAP
END

6HWWLQJ�XS�WKH�ELUGV�ZLOO�EH�VLPLODU�WR�WKH�6(7%,5'6�SURFHGXUH�RQ�SDJH������ZLWK�D�IHZ�FKDQJHV�WR�PDNH
WKH�PRYLH�PRUH�LQWHUHVWLQJ��)LUVW�RI�DOO��\RX�FDQ�PDNH�WKH�ELUGV�EH�GLIIHUHQW�FRORUV��&RORUV���WKURXJK���
JLYH�D�JRRG�VHW�RI�FRORUV��VR�ZH�FDQ�VHW�HDFK�VSULWH���WKURXJK���WR�WKH�FRORU�����<285180%(5��<RX�FDQ
DOVR�KDYH�WKH�ELUGV�WUDYHO�DW�VOLJKWO\�GLIIHUHQW�VSHHGV�DQG�DW�VOLJKWO\�GLIIHUHQW�KHDGLQJV��7KLV�ODWWHU�LV
FRQYHQLHQWO\�GRQH�XVLQJ�WKH�635($'�SURFHGXUH��SDJH������
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TO MAKEBIRDS
TELL :BIRDS
CARRY :UPWING
EACH [SETCOLOR 7 + YOURNUMBER]
SETSPEED 0
HOME
SETHEADING 90
SPREAD [LEFT 1]
SPREAD [FORWARD 10]
EACH [SETSPEED 5 + YOURNUMBER]
END

4.4.0.5. Puttin g It All To gether

7KH�RQO\�WKLQJ�WKDW�UHPDLQV�LV�WR�ZULWH�D�SURFHGXUH�WKDW�SXWV�DOO�WKH�SDUWV�WRJHWKHU��7KLV�FOHDUV�WKH
VFUHHQ��VHWV�XS�WKH�VN\�E\�FKDQJLQJ�WKH�%$&.*5281'�FRORU�WR�6.<��FRORU�����GUDZV�DOO�WKH�SDUWV�RI�WKH
SLFWXUH��DQG�VHWV�WKH�ELUGV�IODSSLQJ�

TO MOVIE
CLEARSCREENANDSPRITES
MAKESKY
MAKEOCEAN
MAKESUN
MAKEBOAT
MAKEBIRDS
TELL :BIRDS FLAP
END

TO CLEARSCREENANDSPRITES
CLEARSCREEN
TELL :ALL CARRY 0
END

TO MAKESKY
TELL BACKGROUND
SETCOLOR :SKY
END

7KLV�FRPSOHWHV�WKH�PRYLH��DV�ZHOO�DV�D�VXEVWDQWLDO�/RJR�SURMHFW��1RWLFH�KRZ�ZH�ZHUH�DEOH�WR�LVRODWH�WKH
GLIIHUHQW�SDUWV�RI�WKH�SURMHFW�E\�XVLQJ�VHSDUDWH�SURFHGXUHV��(YHQ�WKRXJK�WKH�SURJUDP�DV�D�ZKROH�LV�ORQJ�
WKH�LQGLYLGXDO�SURFHGXUHV�DUH�UDWKHU�VKRUW�DQG�FRXOG�EH�GHVLJQHG�DQG�WHVWHG�VHSDUDWHO\��7KLV�LV�RQH�RI�WKH
LPSRUWDQW�DGYDQWDJHV�RI�/RJR
V�SURFHGXUDO�RUJDQL]DWLRQ�

7R�VDYH�WKHVH�SURFHGXUHV�DQG�VKDSHV�RQ�D�FDVVHWWH�WDSH�RU�IORSS\�GLVN��VHH�6HFWLRQ������ �6DYLQJ�DQG
5HWULHYLQJ�,QIRUPDWLRQ���7R�VDYH�ERWK�\RXU�SURFHGXUHV�DQG�\RXU�WLOH�DQG�VSULWH�VKDSHV��EH�VXUH�WR�FKRRVH
RSWLRQ���
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CHAPTER 5. Works pace, Filin g, and Debu gging

:KHQ�\RX�XVH� WKH�/RJR� V\VWHP�� \RX� FDQ� WKLQN�RI� WKH� FRPSXWHU� DV�KDYLQJ� WZR�PHPRULHV��7KH� ILUVW
PHPRU\��FDOOHG�ZRUNVSDFH��LV�ZKHUH�/RJR�NHHSV�WUDFN�RI�WKH�SURFHGXUHV�DQG�YDULDEOHV�\RX�KDYH�GHILQHG�
(DFK�WLPH�\RX�GHILQH�D�SURFHGXUH�RU�DVVLJQ�D�YDOXH�WR�D�QDPH��WKDW�LQIRUPDWLRQ�EHFRPHV�SDUW�RI�WKH
ZRUNVSDFH��:KHQ�\RX�OHDYH�/RJR�E\�SUHVVLQJ�QUIT�RU�E\�WXUQLQJ�RII�WKH�FRPSXWHU��WKH�LQIRUPDWLRQ�LQ�WKH
ZRUNVSDFH� LV�GHVWUR\HG��7KH�VHFRQG�DQG�PRUH�SHUPDQHQW�PHPRU\�FRQVLVWV�RI� ILOHV�WKDW�\RX�VDYH�RQ
GLVNHWWH�RU�RQ�FDVVHWWH�WDSH��(DFK�ILOH�FRQWDLQV�D�FRPSOHWH�ZRUNVSDFH� �7KH�QRUPDO�ZD\�WR�XVH�WKH�/RJR�

ILOH�V\VWHP�LV�WR�ZRUN�IRU�D�ZKLOH�RQ�D�SURMHFW�DQG�WKHQ��ZKHQ�\RX�DUH�ILQLVKHG�IRU�WKH�GD\��WR�VDYH�\RXU
ZRUNVSDFH�LQ�D�ILOH��7KH�QH[W�WLPH�\RX�XVH�/RJR��\RX�FDQ�UHDG�LQ�\RXU�VDYHG�ZRUNVSDFH�DQG�FRQWLQXH
ZKHUH�\RX� OHIW�RII��<RX�FDQ�DOVR�PDLQWDLQ�D�QXPEHU�RI�GLIIHUHQW� ILOHV�FRQWDLQLQJ�WKH�ZRUNVSDFHV� IRU
GLIIHUHQW�SURMHFWV�\RX�DUH�ZRUNLQJ�RQ�

5.1. Managing Works pace

7KH�/RJR�V\VWHP�LQFOXGHV�FRPPDQGV�IRU�H[DPLQLQJ�DQG�GHOHWLQJ�YDULRXV�SDUWV�RI�WKH�ZRUNVSDFH��7KHVH
DUH�XVHIXO�IRU�NHHSLQJ�WUDFN�RI�ZKDW�SURFHGXUHV�DUH�FXUUHQWO\�GHILQHG�DQG�IRU�JHWWLQJ�ULG�RI�XQZDQWHG
GHILQLWLRQV�

5.1.1. PO

7KH�EDVLF�FRPPDQG�IRU�H[DPLQLQJ�ZRUNVSDFH�LV�32��,I�\RX�W\SH�32�IROORZHG�E\�WKH�QDPH�RI�D�SURFHGXUH�
/RJR�SULQWV�WKH�GHILQLWLRQ�RI�WKH�SURFHGXUH��32�DOVR�KDV�D�IHZ�YDULDQWV�

PP 3ULQWV�RXW�WKH�WLWOHV�RI�DOO�SURFHGXUHV�LQ�ZRUNVSDFH�

PN 3ULQWV�RXW�WKH�QDPHV�DQG�DVVRFLDWHG�YDOXHV�LQ�WKH�JOREDO�OLEUDU\�

PA 3ULQWV�RXW�DOO�WKH�SURFHGXUHV�DQG�QDPHV�LQ�WKH�ZRUNVSDFH�

5.1.2. ERASE

7KH�(5$6(�FRPPDQG�LV�XVHG�WR�JHW�ULG�RI�SDUWV�RI�WKH�ZRUNVSDFH��(5$6(�IROORZHG�E\�D�SURFHGXUH�WLWOH
QDPH�UHPRYHV�WKH�GHILQLWLRQ�RI�WKH�SURFHGXUH��(5$6(�IROORZHG�E\�D�YDULDEOH�QDPH��DV�LQ

ERASE "X

ZLOO�HUDVH�D�YDULDEOH�QDPH�IURP�WKH�JOREDO�OLEUDU\���,Q�WKLV�H[DPSOH��WKH�YDULDEOH�QDPH�;��
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Figure 5.1: Screen display
menu offering SAVE options.

Figure 5.2: Screen display
menu offering SAVE device
options.

5.2. Savin g and Retrievin g Information

7KH�/RJR�V\VWHP�DOORZV�\RX�WR�VDYH�SURFHGXUH�GHILQLWLRQV�RQ�GLVNHWWH�RU�RQ�FDVVHWWH�WDSH��RU�WR�SULQW�WKHP
RQ�D�SULQWHU��7KH�/RJR�FRPPDQGV�6$9(�DQG�5(&$//�DUH�XVHG�IRU�VWRULQJ�DQG�UHWULHYLQJ�

:KHQ�\RX�JLYH�WKH�6$9(�FRPPDQG��/RJR�ILUVW�GLVSOD\V�D�PHQX��DV�VKRZQ�LQ�)LJXUH������DVNLQJ�\RX�WR
LQGLFDWH�ZKHWKHU�\RX�ZLVK�WR�VDYH�����RQO\�\RXU�SURFHGXUHV�DQG�QDPHV������RQO\�\RXU�VKDSHV��RU�����ERWK
RI�WKHVH��3UHVV�������RU���WR�LQGLFDWH�\RXU�FKRLFH���<RX�RUGLQDULO\�FKRRVH���ZKHQ�VDYLQJ�QHZ�VKDSHV�³
RWKHUZLVH�FKRRVH�����1H[W��/RJR�DVNV�\RX�WR�LQGLFDWH�WKH�GHYLFH�XVHG�WR�VDYH�LQIRUPDWLRQ��DV�VKRZQ�LQ
)LJXUH�����

5.2.1. Usin g Cassette Ta pe

3DJHV�����WKURXJK������RI�WKH�8VHU
V�5HIHUHQFH�*XLGH�WKDW�FRPHV�ZLWK�\RXU�7,������RU�����$�FRQWDLQ
GHWDLOHG�LQIRUPDWLRQ�DERXW�VHWWLQJ�XS�DQG�XVLQJ�D�FDVVHWWH�UHFRUGHU�WR�VDYH�DQG�UHFDOO�LQIRUPDWLRQ��,W�LV
SDUWLFXODUO\�LPSRUWDQW�WKDW�\RX�DGMXVW�WKH�YROXPH�DQG�WRQH�FRQWURO�VHWWLQJV�SURSHUO\�WKH�ILUVW�WLPH�\RX
VDYH�RU�UHFDOO�SURFHGXUHV��DQG�WKHQ�PDUN�WKRVH�VHWWLQJV�VR�WKDW�WKH\�FDQ�EH�XVHG�DJDLQ�WKH�QH[W�WLPH�\RX
ZDQW�WR�VDYH�RU�UHFDOO��,I�\RX�DUH�XVLQJ�\RXU�FDVVHWWH�UHFRUGHU�RQO\�IRU�VDYLQJ�DQG�UHFDOOLQJ�ZLWK�\RXU
FRPSXWHU��\RX�PLJKW�ZDQW�WR�WDSH�WKH�YROXPH�DQG�WRQH�DGMXVWPHQW�ZKHHOV�LQ�SRVLWLRQ�VR�WKDW�WKH\�GR�QRW
FKDQJH�DFFLGHQWDOO\�EHWZHHQ�XVHV�
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Figure 5.3: Screen display
asking for file name.

7R�VDYH�RU�UHFDOO�LQIRUPDWLRQ�XVLQJ�D�FDVVHWWH�UHFRUGHU��ILUVW�JLYH�WKH�6$9(�RU�5(&$//�FRPPDQG��7KHQ
FKRRVH�ZKHWKHU�WR�VDYH�RU�UHFDOO�����SURFHGXUHV�RQO\������VKDSHV�RQO\��RU�����ERWK�VKDSHV�DQG�SURFHGXUHV�
7KHQ�FKRRVH�����IURP�WKH�GHYLFH�PHQX��VHH�)LJXUH������WR�FKRRVH�WKH�FDVVHWWH�UHFRUGHU�DV�WKH�GHYLFH�IRU
VDYLQJ�RU�UHFDOOLQJ�

2QFH�\RX�FKRRVH�WR�XVH�D�FDVVHWWH��WKH�FRPSXWHU�ZLOO�JLYH�H[DFW�LQVWUXFWLRQV�IRU�XVLQJ�WKH�FDVVHWWH��WHOOLQJ
\RX�ZKLFK�FDVVHWWH�EXWWRQV�DQG�FRPSXWHU�NH\V�WR�SUHVV��DQG�ZKHQ��7KH�SURFHVV�LV�TXLWH�VWUDLJKWIRUZDUG�
<RX� XVH� WKH� FDVVHWWH� UHFRUGHU
V� SOD\EDFN� PRGH� WR� UHFDOO� LQIRUPDWLRQ�� DQG� LWV� UHFRUG� PRGH� WR� VDYH
LQIRUPDWLRQ��7KH�FRPSXWHU�ZLOO�WHOO�\RX�ZKHWKHU�DQ�HUURU�KDV�RFFXUUHG�LQ�VDYLQJ�RU�UHFDOOLQJ��,Q�FDVH�RI
HUURU��\RX�PD\�KDYH�WR�UHSHDW�WKH�HQWLUH�SURFHVV�RI�VDYLQJ�RU�UHFDOOLQJ��7KH�8VHU
V�5HIHUHQFH�*XLGH�WKDW
FRPHV�ZLWK�\RXU�FRPSXWHU�RIIHUV�VXJJHVWLRQV�DERXW�ZKDW�WR�FKHFN�LQ�FDVH�RI�HUURUV�LQ�VDYLQJ�RU�UHFDOOLQJ�

5.2.2. Usin g Diskette

,Q� FRQWUDVW� WR� FDVVHWWH� WDSH�� D� VLQJOH� GLVNHWWH� PD\� FRQWDLQ� PDQ\� GLIIHUHQW� ILOHV�� DQG� WKH� ILOHV� DUH
GLVWLQJXLVKHG�E\�WKH�IDFW�WKDW�WKH\�DUH�QDPHG��

:KHQ�\RX�W\SH�6$9(�DQG�LQGLFDWH������GLVNHWWH��LQ�UHVSRQVH�WR�/RJR
V�TXHU\��/RJR�ZLOO�QH[W�DVN�\RX�IRU
D�ILOH�QDPH�XQGHU�ZKLFK�WKH�LQIRUPDWLRQ�VKRXOG�EH�VWRUHG��7KLV�LV�VKRZQ�LQ�)LJXUH������<RX�PD\�XVH�ILOH
QDPHV�XS�WR���FKDUDFWHUV� ORQJ��,I�\RX�XVH�WKH�VDPH�QDPHV�DV�D� ILOH�WKDW� LV�DOUHDG\�RQ�WKH�GLVN�� WKH
LQIRUPDWLRQ�LQ�WKH�ROG�ILOH�ZLOO�EH�UHSODFHG�E\�WKH�QHZ�LQIRUPDWLRQ�EHLQJ�ZULWWHQ�
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      :KHQ�UHYLHZLQJ�ILOH�QDPHV�OLNH�WKLV��\RX�FDQQRW�W\SH�D�QHZ�ILOH�QDPH��7R�W\SH�D�QHZ�ILOH�QDPH�3

SUHVV�BACK �WR�UHWXUQ�WR�/RJR�DQG�EHJLQ�DJDLQ�ZLWK�6$9(�

      7KLV�VRPHWLPHV�FDXVHV�FRQIXVLRQ�ZLWK�EHJLQQHUV��)RU�H[DPSOH�LI�VRPHRQH�KDV�SURFHGXUHV�%2;4

DQG�+286(��WKH\�ZULWH�ERWK�ILOHV�%2;�DQG�+286(��WKLQNLQJ�WKDW�D�VHSDUDWH�ILOH�LV�QHHGHG�IRU�HDFK
SURFHGXUH��7KH�UHVXOW�LV�WKDW�WKH\�HQG�XS�ZLWK�WZR�ILOHV�HDFK�FRQWDLQLQJ�ERWK�SURFHGXUHV��,Q�JHQHUDO
\RX�VKRXOG�QDPH�\RXU�ILOHV�ZLWK�D�QDPH�WKDW�GHVFULEHV�WKH�JURXS�RI�SURFHGXUHV�EHLQJ�VDYHG�
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,I�\RX�SUHVV�WKH�VSDFH�EDU�LQ�UHVSRQVH�WR�/RJR
V�UHTXHVW�IRU�D�ILOH�QDPH��WKHQ�/RJR�ZLOO�UHYLHZ�WKH�ILOH
QDPHV�RQ�WKH�GLVN�LQ�DOSKDEHWLFDO�RUGHU��SULQWLQJ�DQRWKHU�QDPH�HDFK�WLPH�WKH�VSDFH�EDU�LV�SUHVVHG��7R
UHSODFH�D�ILOH��SUHVV�ENTER�ZKHQ�WKH�ILOH�QDPH�DSSHDUV�RQ�WKH�VFUHHQ��

.HHS�LQ�PLQG�WKDW�WKH�QDPH�\RX�JLYH�\RXU�ILOH�KDV�QR�UHODWLRQ�WR�WKH�QDPHV�RI�WKH�SURFHGXUHV�WKDW�ZLOO
EH�VDYHG�LQ�WKH�ILOH��(DFK�WLPH�\RX�VDYH�D�ILOH��DOO�SURFHGXUHV�LQ�WKH�ZRUNVSDFH�DUH�LQFOXGHG� �

:KHQ�ZRUNLQJ�RQ�ODUJH�SURMHFWV��LW�LV�D�JRRG�LGHD�WR�VDYH�\RXU�ZRUNVSDFH�SHULRGLFDOO\�LQ�D�ILOH��$OVR��DV�\RX
FRQWLQXH�WR�PDNH�PRGLILFDWLRQV��\RX�VKRXOG�NHHS�RQ�GLVN�WKH�ODVW�WZR�RU�WKUHH�YHUVLRQV�RI�\RXU�SURMHFW�
$�WHFKQLTXH�IRU�GRLQJ�WKLV�LV�WR�LQFOXGH�D�YHUVLRQ�QXPEHU�DV�SDUW�RI�WKH�ILOH�QDPH��)RU�H[DPSOH��LI�\RX�DUH
ZRUNLQJ�RQ�D�SURMHFW�FDOOHG�&,5&/(6��VDYH�WKH�LQIRUPDWLRQ�WKH�ILUVW�WLPH�DV�&,5&/(6���$IWHU�\RX�KDYH
PDGH�PRGLILFDWLRQV��VDYH�WKH�XSGDWHG�YHUVLRQ�DV�&,5&/(6���<RX�FDQ�XVH�WKH�XWLOLWLHV�SURYLGHG�ZLWK�WKH
'LVN�0DQDJHU�WR�JHW�ULG�RI�XQQHHGHG�YHUVLRQV��$V�\RX�ZRUN�RQ�WKH�SURMHFW��LW
V�D�JRRG�LGHD�WR�DOZD\V�NHHS
DURXQG�WKH�SUHYLRXV�WZR�RU�WKUHH�YHUVLRQV��MXVW�LQ�FDVH�\RX�PLVWDNHQO\�VDYH�D�EDG�YHUVLRQ�RQ�GLVN�

5.2.2.1. Recallin g Files From Diskette

,I�\RX�JLYH�WKH�5(&$//�FRPPDQG�DQG�VSHFLI\������GLVNHWWH���/RJR�ZLOO�DVN�\RX�IRU�WKH�QDPH�RI�WKH�ILOH
WR�UHFDOO��<RX�PD\�HLWKHU�W\SH�LQ�D�ILOH�QDPH��RU�SUHVV�WKH�VSDFH�EDU�WR�DVN�/RJR�WR�UHYLHZ�WKH�QDPHV�RI
WKH�ILOHV�FXUUHQWO\�RQ�WKH�GLVNHWWH��(DFK�WLPH�\RX�SUHVV�WKH�VSDFH�EDU��D�QHZ�ILOH�QDPH�DSSHDUV�

:KHQ�\RX�UHDFK�WKH�ILOH�\RX�ZDQW��SUHVV�ENTER��7KH�LQIRUPDWLRQ�ZLOO�EH�UHDG��DQG�/RJR�ZLOO�UHWXUQ�WR
FRPPDQG�OHYHO�

5.2.3. Savin g and Recallin g Usin g Other

7KH�WKLUG�RSWLRQ������RWKHU�RQ�WKH�GHYLFH�PHQX��DOORZV�\RX�WR�XVH�D�VHFRQG�RU�WKLUG�GLVN�GULYH� �,I�\RX�

FKRRVH�RSWLRQ������\RX�ZLOO�EH�SURPSWHG�IRU�GHYLFH�DQG�ILOH�QDPHV��)LJXUH������



7(;$6�,167580(176
+20(�&20387(5

122

Figure 5.4: After choosing
option (3), other on the device
menu, you will be prompted for
device and file name.

<RXU�UHVSRQVH�PXVW�LQFOXGH�WKH�OHWWHUV�'6.��PHDQLQJ��GLVN����D�QXPEHU����RU�����D�SHULRG������DQG�D�ILOH
QDPH��,W�PXVW�EH�W\SHG�RQ�RQH�OLQH�ZLWK�QR�VSDFHV��DV�VKRZQ�LQ�WKH�H[DPSOH��5HSHDW�WKH�VDPH�SURFHVV
ZKHQ�\RX�UHFDOO�LQIRUPDWLRQ�VDYHG�XVLQJ�RSWLRQ������<RX�FDQ�UHFDOO�LW�IURP�D�GLIIHUHQW�GLVN�GULYH�LI�\RX
ZLVK��)RU�H[DPSOH��\RX�FDQ�UHFDOO�D�ILOH�VDYHG�RQ�GLVN����IURP�GLVN����EXW�\RX�PXVW�UHFDOO�LW�XVLQJ�RSWLRQ
����

5.2.4. Other Uses of the File S ystem

$OWKRXJK�6$9(�DQG�5(&$//�DUH�DOPRVW�DOZD\V�XVHG�WR�VDYH�DQG�UHVWRUH�FRPSOHWH�ZRUNVSDFHV��LW�LV�DOVR
FRQYHQLHQW�WR�EH�DEOH�WR�PDQLSXODWH�ILOHV�LQ�RWKHU�ZD\V��)RU�H[DPSOH��VXSSRVH�\RX�ZDQW�WR�PHUJH�WKH
SURFHGXUH�GHILQLWLRQV�LQ�WZR�ILOHV�WR�FUHDWH�D�ODUJHU�ILOH��<RX�FDQ�GR�WKLV�DV�IROORZV�

�� 6WDUWLQJ�ZLWK�DQ�HPSW\�ZRUNVSDFH��5(&$//�WKH�ILUVW�ILOH�

�� 5(&$//�WKH�VHFRQG�ILOH��1RZ�\RXU�ZRUNVSDFH�FRQWDLQV�WKH�GHILQLWLRQV�LQ�ERWK�ILOHV�

�� 6$9(�\RXU�ZRUNVSDFH�DV�WKH�QHZ��FRPELQHG�ILOH�

$V�DQRWKHU�H[DPSOH��VXSSRVH�\RX�ZDQW�WR�GHOHWH�D�IHZ�SURFHGXUH�GHILQLWLRQV�IURP�D�ILOH��2QH�ZD\�WR�GR
WKLV�LV�WR�5(&$//�WKH�ILOH��(5$6(�WKH�XQZDQWHG�GHILQLWLRQV��DQG�6$9(�WKH�QHZ�ZRUNVSDFH�XVLQJ�WKH
VDPH�ILOH�QDPH�

5.2.5. Obtainin g Hard Co py: the PRINTOUT Command

7KH�35,17287�FRPPDQG�DOORZV�\RX�WR�SULQW�DOO�WKH�SURFHGXUHV�LQ�\RXU�ZRUNVSDFH�XVLQJ�D�7,�7KHUPDO
3ULQWHU�RU�DQ�56����SULQWHU��7R�XVH�DQ�56����SULQWHU�\RX�PXVW�KDYH�DQ�56����FDUG�LQ�\RXU�3HULSKHUDO
([SDQVLRQ�%R[�RU�DQ�56����([SDQVLRQ�XQLW�DWWDFKHG�WR�\RXU�FRPSXWHU��:KHQ�\RX�W\SH�35,17287��\RX
ZLOO�ILUVW�EH�SURPSWHG�IRU�WKH�QDPH�RI�WKH�GHYLFH�\RX�DUH�XVLQJ�

,I�\RX�DUH�XVLQJ�D�7,�7KHUPDO�3ULQWHU��MXVW�W\SH�73��DQG�WKH�SULQWHU�ZLOO�EHJLQ�SULQWLQJ�WKH�FRQWHQWV�RI
\RXU�ZRUNVSDFH��,I�\RX�KDYH�DQ�56����SULQWHU��WKH�GHYLFH�QDPH�PXVW�LQFOXGH�WKH�V\PEROV��56����%$ 
��DQG�D�EDXG�UDWH��DOO�W\SHG�ZLWKRXW�DQ\�VSDFHV��)RU�H[DPSOH�
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RS232.BA=9600

�����LV�WKH�EDXG�UDWH�LQ�WKLV�H[DPSOH�³�WKH�UDWH�DW�ZKLFK�LQIRUPDWLRQ�FDQ�EH�VHQW�WR�WKH�SULQWHU��7KLV
ZLOO�GHSHQG�RQ�WKH�FDSDELOLWLHV�RI�\RXU�SDUWLFXODU�SULQWHU��VR�\RX�ZLOO�KDYH�WR�FRQVXOW�\RXU�SULQWHU�PDQXDO
IRU�WKLV�LQIRUPDWLRQ�

1H[W��\RX�ZLOO�EH�DVNHG�IRU�D�OLQH�OHQJWK��ZKLFK�PXVW�EH�OHVV�WKDQ�WKH�ORQJHVW�OLQH�OHQJWK�\RXU�SULQWHU�FDQ
KDQGOH��$JDLQ��WKLV�ZLOO�YDU\�IURP�SULQWHU�WR�SULQWHU��$IWHU�\RX�VSHFLI\�WKH�GHYLFH�QDPH�DQG�OLQH�OHQJWK�
\RXU�SULQWHU�ZLOO�EHJLQ�SULQWLQJ�

5.3. Aids for Debu gging

2QH�RI�WKH�PDLQ�IHDWXUHV�RI�/RJR�DV�D�FRPSXWHU�ODQJXDJH�IRU�HGXFDWLRQ�LV�WKDW�VWXGHQWV�GHVLJQ�DQG�ZULWH
SURJUDPV�DV�ZHOO�DV�XVH�WKHP��'HEXJJLQJ�D�SURJUDP�LV�D�FUXFLDO�SDUW�RI�WKH�SURJUDPPLQJ�SURFHVV��7KLV
VHFWLRQ�GHVFULEHV�IHDWXUHV�LQFOXGHG�LQ�WKH�/RJR�V\VWHP�WR�DLG�LQ�GHEXJJLQJ�SURJUDPV�

5.3.1. Pausin g Execution with the AID Ke y

:KHQ�/RJR�LV�UXQQLQJ�D�SURFHGXUH��SUHVVLQJ�WKH�AID�NH\�ZRUNV�VRPHZKDW�OLNH�SUHVVLQJ�WKH�BACK �NH\
³�LW�VWRSV�SURFHGXUH�H[HFXWLRQ��7KH�GLIIHUHQFH�LV�WKDW�AID�VWRSV�WKH�SURFHGXUH��LQ�WKH�FRQWH[W�ZKHUH�LW
LV�H[HFXWLQJ��DQG�DOORZV�\RX�WR�H[DPLQH�WKH�YDOXHV�RI�ORFDO�QDPHV�

$V�D�VLPSOH�H[DPSOH��FRQVLGHU�WKH�)/$*�DQG�5(&7$1*/(�SURFHGXUHV�WKDW�ZH�LQWURGXFHG�LQ�6HFWLRQ���
�����6XSSRVH�WKDW�5(&7$1*/(�KDG�D�EXJ�³�DQ�H[WUD�ODVW�OLQH�WKDW�FDOOV�5(&7$1*/(�UHFXUVLYHO\��VR
WKDW�WKH�SURFHGXUH�NHHSV�UXQQLQJ�IRUHYHU�

TO RECTANGLE :HEIGHT :LENGTH
FORWARD :HEIGHT
RIGHT 90
FORWARD :LENGTH
RIGHT 90
FORWARD :HEIGHT
RIGHT 90
FORWARD :LENGTH
RIGHT 90
RECTANGLE :HEIGHT :LENGTH
END

1RZ�VXSSRVH�\RX�LQDGYHUWHQWO\�XVH�WKLV�SURFHGXUH�DV�SDUW�RI�)/$*�

TO FLAG :HEIGHT
FORWARD :HEIGHT
RECTANGLE (:HEIGHT/2) :HEIGHT
BACK :HEIGHT
END
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,I�\RX�UXQ�)/$*����\RX�ZLOO�VHH�WKH�WXUWOH�GUDZ�SDUW�RI�WKH�IODJ�DQG�WKHQ�JHW��VWXFN��WUDFLQJ�WKH�VDPH
UHFWDQJOH�RYHU�DQG�RYHU��,I�\RX�QRZ�SUHVV�AID��\RX�ZLOO�VHH�D�PHVVDJH�OLNH�WKLV�

PAUSE AT LEVEL 10 LINE 8 OF RECTANGLE
L10?

7KLV�PHVVDJH�WHOOV�\RX�WKDW�/RJR�ZDV�H[HFXWLQJ�WKH�5(&7$1*/(�SURFHGXUH��OLQH����ZKHQ�\RX�SUHVVHG

AID��7KH�PHDQLQJ�RI�OHYHO�KHUH�LV�WKH�VDPH�DV�WKDW�W\SHG�E\�HUURU�PHVVDJHV�DQG�GHVFULEHG�RQ�SDJH�����\RX
DUH� ��� OHYHOV� DZD\� IURP� WKH� W\SHG�LQ� FRPPDQG�³� \RXU� W\SHG� FRPPDQG� FDOOHG�)/$*�ZKLFK� FDOOHG
5(&7$1*/(��ZKLFK�FDOOHG�5(&7$1*/(�DJDLQ��ZKLFK�FDOOHG�5(&7$1*/(�DJDLQ��DQG�VR�RQ�

7KH�SURPSW�/��"�LQGLFDWHV�WKDW�\RX�DUH�QRZ�W\SLQJ�FRPPDQGV�ZLWKLQ�WKH�FRQWH[W�RI�5(&7$1*/(�DW
OHYHO�����<RX�DUH�IUHH�WR�W\SH�DQG�H[HFXWH�DQ\�/RJR�FRPPDQG�MXVW�DV�LI�\RX�ZHUH�DW�WRS�OHYHO��7KH�ELJ
GLIIHUHQFH� LV� WKDW�QRZ� WKH�YDULDEOH�QDPHV� \RX�XVH�ZLOO� UHIHU� WR�QDPHV� LQ� WKH�SULYDWH� OLEUDU\� RI� WKH
SURFHGXUH�LQ�ZKLFK�\RX�SDXVHG��,Q�WKH�FXUUHQW�H[DPSOH��WKH�SULYDWH�OLEUDULHV�IRU�)/$*�DQG�5(&7$1*/(
DUH�DV�VKRZQ�LQ�)LJXUH�����RQ�SDJH�����VR�WKDW�ZH�FRXOG�H[DPLQH�5(&7$1*/(
V�SULYDWH�YDULDEOHV�

L10? PRINT :HEIGHT
25
L10? PRINT :LENGTH
50

7KLV�DELOLW\�WR�H[DPLQH�ORFDO�YDULDEOHV�FDQ�EH�XVHIXO�ZKHQ�\RX�DUH�WU\LQJ�WR�WUDFN�GRZQ�EXJV�

3UHVVLQJ�BACK �IURP�ZLWKLQ�VXFK�D��SDXVH�EUHDN��FDXVHV�/RJR�WR�UHWXUQ�WR�WRS�OHYHO�DQG�ZDLW�IRU�D�QHZ
FRPPDQG��$OVR��H[HFXWLQJ�D�FRPPDQG�WKDW�FDXVHV�DQ�HUURU�ZLOO�UHWXUQ�/RJR�WR�WRS�OHYHO� �

5.3.2. TRACEBACK

:KHQ�\RX�DUH�ZLWKLQ�D�SDXVH��\RX�FDQ�XVH�WKH�75$&(%$&.�FRPPDQG�WR�ILQG�RXW��ZKHUH�\RX�DUH���)RU
LQVWDQFH��W\SLQJ�75$&(%$&.�LQ�WKH�H[DPSOH�DERYH�\LHOGV�

L10? TRACEBACK
WE'RE NOW INSIDE RECTANGLE, FLAG

,Q�JHQHUDO��75$&(%$&.�LQGLFDWHV�WKH�FKDLQ�RI�SURFHGXUHV�IURP�ZKHUH�\RX�DUH�FXUUHQWO\�EDFN�WR�WKH�WRS
OHYHO��,Q�WKLV�FDVH��WKH�SDXVH�KDSSHQV�LQVLGH�5(&7$1*/(��ZKLFK�ZDV�FDOOHG�E\�)/$*��ZKLFK�ZDV�FDOOHG
DW�FRPPDQG�OHYHO�
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5.3.3. The DEBUG Option

1RUPDOO\��ZKHQ�/RJR�HQFRXQWHUV�DQ�HUURU��LW�KDOWV�H[HFXWLRQ��W\SHV�DQ�HUURU�PHVVDJH��DQG�UHWXUQV�WR
FRPPDQG�OHYHO��$OWHUQDWLYHO\��\RX�FDQ�GLUHFW�/RJR�WR�HQWHU�D�SDXVH�ZKHQ�DQ�HUURU�LV�HQFRXQWHUHG��VR�WKDW
\RX�FDQ�H[DPLQH�WKH�YDOXHV�RI�ORFDO�YDULDEOHV��DV�ZLWK�AID��7KH�'(%8*�FRPPDQG�DFWV�DV�DQ��RQ�RII�
VZLWFK�WKDW�FRQWUROV�WKLV�RSWLRQ��7XUQ�RQ�WKH�RSWLRQ�E\�W\SLQJ�'(%8*�

DEBUG
ON

/RJR
V�UHVSRQVH�LQGLFDWHV�WKDW�WKH�GHEXJ�RSWLRQ�LV�QRZ�RQ�

:LWK�WKH�RSWLRQ�WXUQHG�RQ��VXSSRVH�WKH�5(&7$1*/(�KDG�DQRWKHU�EXJ�³�D�PLVVSHOOLQJ�LQ�WKH�VHFRQG
OLQH�

TO RECTANGLE :HEIGHT :LENGTH
FORWARD :HEIGHT
RIGXT 90
FORWARD :LENGTH
RIGHT 90
FORWARD :HEIGHT
RIGHT 90
FORWARD :LENGTH
RIGHT 90
RECTANGLE :HEIGHT :LENGTH
END

([HFXWLQJ�)/$*����QRZ�UHVXOWV�LQ�WKH�IROORZLQJ�HUURU�

TELL ME HOW TO RIGXT
  AT LEVEL 2 LINE 2 OF RECTANGLE
L2?

$V�ZLWK�XVLQJ�AID��ZH�FDQ�QRZ�W\SH�FRPPDQGV�DW� OHYHO���� IRU�H[DPSOH�� WR�SULQW� WKH�YDOXHV�RI� ORFDO
YDULDEOHV��DOWKRXJK�H[DPLQLQJ�ORFDO�YDULDEOHV�LVQ
W�PXFK�KHOS�LQ�GHDOLQJ�ZLWK�WKLV�SDUWLFXODU�EXJ��

7\SLQJ�'(%8*�ZKHQ�WKH�GHEXJ�RSWLRQ�LV�RQ��WXUQV�WKH�RSWLRQ�RII�

DEBUG
OFF
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CHAPTER 6. Numbers , Words , and Lists

,Q�WKH�SUHYLRXV�FKDSWHUV��ZH�XVHG�WXUWOH�JHRPHWU\�WR�LQWURGXFH�WKH�EDVLF�WHFKQLTXHV�IRU�ZULWLQJ�/RJR
SURFHGXUHV��:H�QRZ�PRYH�DZD\�IURP�JUDSKLFV�WR�GLVFXVV�/RJR�SURJUDPV�WKDW�ZRUN�ZLWK��GDWD���/LNH�PRVW
FRPSXWHU�ODQJXDJHV��/RJR�SURYLGHV�RSHUDWLRQV�IRU�PDQLSXODWLQJ�QXPEHUV�DQG�FKDUDFWHU�VWULQJV��ZKLFK
LQ� /RJR� DUH� FDOOHG�ZRUGV�� 2QH� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� /RJR� DQG� RWKHU� VLPSOH� SURJUDPPLQJ
ODQJXDJHV�LV�WKDW�/RJR�DOVR�SURYLGHV�WKH�DELOLW\�WR�FRPELQH�GDWD�LQWR�VWUXFWXUHV�FDOOHG�OLVWV��7KLV�FKDSWHU
LQWURGXFHV� WKHVH� WKUHH� NLQGV� RI� GDWD� REMHFWV�³� QXPEHUV�� ZRUGV�� DQG� OLVWV�³� WRJHWKHU�ZLWK� VLPSOH
SURJUDPV�WKDW�PDQLSXODWH�WKHP��7KH�PRVW�LPSRUWDQW�FRQFHSW�LQ�ZRUNLQJ�ZLWK�/RJR�GDWD�LV�WKH�QRWLRQ
RI�D�SURFHGXUH�WKDW�RXWSXWV�D�YDOXH��7KLV�LV�LQWURGXFHG�LQ�6HFWLRQ�����EHORZ��:H�DOVR�GLVFXVV�WKH�XVH�RI
/RJR�YDULDEOHV�IRU�QDPLQJ�GDWD�DQG�JLYH�D�PRUH�FRPSOHWH�H[SODQDWLRQ�RI�WHVWLQJ�DQG�FRQGLWLRQDOV�WKDQ
WKH�RQH�SURYLGHG�LQ�6HFWLRQ��������7KH�PDWHULDO�SUHVHQWHG�KHUH�SURYLGHV�HQRXJK�EDFNJURXQG�WR�FRPSOHWH
PDQ\�SURJUDPPLQJ�SURMHFWV�VXFK�DV�WKH�RQHV�GHVFULEHG�LQ�&KDSWHU���

6.1. Numbers and Arithmetic

:H�KDYH�DOUHDG\�VHHQ�H[DPSOHV�RI�XVLQJ�QXPEHUV�LQ�WXUWOH�SURJUDPV��/RJR�SURYLGHV�WKH�EDVLF�DULWKPHWLF
RSHUDWLRQV�RI�DGGLWLRQ��VXEWUDFWLRQ��PXOWLSOLFDWLRQ��DQG�GLYLVLRQ��GHQRWHG�E\�������
��DQG����UHVSHFWLYHO\�
,Q�FRPELQHG�DULWKPHWLF�RSHUDWLRQV��PXOWLSOLFDWLRQV�DQG�GLYLVLRQV�DUH�SHUIRUPHG�EHIRUH�DGGLWLRQV�DQG
VXEWUDFWLRQV��XQOHVV�\RX�XVH�SDUHQWKHVHV�WR�PDNH�WKH�JURXSLQJ�H[SOLFLW�

PRINT 3 + 2 * 5
13

PRINT (3 + 2) * 5
25

7,�/RJR�GHDOV�ZLWK�LQWHJHUV�RQO\��7KH�GLYLVLRQ�RSHUDWLRQ���WUXQFDWHV�LWV�TXRWLHQW�WR�EH�DQ�LQWHJHU�

PRINT 5/2
2

6.1.0.1. Warnin g

7,�/RJR�FDQ�RQO\�KDQGOH�LQWHJHUV�LQ�WKH�UDQJH���������WKDW�LV��LQ�WKH�UDQJH�EHWZHHQ��� �DQG�� ��,I�\RX��� � ��

GR� D� FRPSXWDWLRQ� WKDW� H[FHHGV� WKLV� UDQJH� �H�J��� DGGLQJ� ������ SOXV� ���� WKH� DQVZHU� UHWXUQHG�ZLOO� EH
LQFRUUHFW�EXW�WKHUH�ZLOO�EH�QR�HUURU�PHVVDJH�

PRINT 32767 + 1
-32767
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6.2. Outputs

8VLQJ�WKH�DULWKPHWLF�RSHUDWLRQV�SUHVHQWHG�DERYH��\RX�FDQ�ZULWH�SURFHGXUHV�WKDW�PDQLSXODWH�QXPEHUV�
)RU�H[DPSOH�

TO PSQUARE :X
PRINT :X * :X
END

SULQWV�WKH�VTXDUH�RI�LWV�LQSXW��DQG

TO PAVERAGE :X :Y
PRINT (:X + :Y)/2
END

SULQWV�WKH�DYHUDJH�RI�LWV�WZR�LQSXWV�

PSQUARE 100
10000
PAVERAGE 1 3
2

7KHVH�SURFHGXUHV�PD\�EH�LQVWUXFWLYH��EXW�WKH\�DUH�QRW�YHU\�XVHIXO��3648$5(��IRU�H[DPSOH��MXVW�SULQWV
WKH�VTXDUH�RI�LWV�LQSXW��+DYLQJ�FRPSXWHG�WKH�VTXDUH��WKHUH�LV�QRWKLQJ�PRUH�\RX�FDQ�GR�ZLWK�LW��<HW�WKH
ZKROH�SRZHU�RI�WKH�SURFHGXUH�FRQFHSW�LV�WKDW�\RX�VKRXOG�EH�DEOH�WR�XVH�SURFHGXUHV�DV�EXLOGLQJ�EORFNV�LQ
GHILQLQJ�PRUH�FRPSOH[�SURFHGXUHV��<RX�FDQ�PDNH�FRPSOH[�WXUWOH�SURJUDPV�E\�FRPELQLQJ�WKH�GHVLJQV
GUDZQ�E\�VLPSOH�SURFHGXUHV��%XW�WKHUH�LV�QR�ZD\�WR�FRPELQH�3648$5(�DQG�3$9(5$*(�WR�REWDLQ��IRU
LQVWDQFH��WKH�VTXDUH�RI�WKH�DYHUDJH�RI�WZR�QXPEHUV�

:KDW�LV�QHHGHG�LV�VRPH�ZD\�IRU�D�SURFHGXUH�QRW�RQO\�WR�FRPSXWH�VRPH�UHVXOW��EXW�DOVR�WR�PDNH�WKDW�UHVXOW
DFFHVVLEOH�WR�RWKHU�SURFHGXUHV��,Q�/RJR��WKLV�LV�DFFRPSOLVKHG�E\�WKH�287387�FRPPDQG��7R�VHH�KRZ�LW
ZRUNV��FRPSDUH�WKH�3648$5(�SURFHGXUH�DERYH�ZLWK�WKH�IROORZLQJ�

TO SQUARE :X
OUTPUT :X * :X
END

:KHQ�648$5(�UXQV�� LW� UHWXUQV� LWV� UHVXOW� DV�DQ�RXWSXW� WKDW� LV� WR�EH�XVHG�DV�DQ� LQSXW� WR�ZKDWHYHU
FRPPDQG�FDOOHG�648$5(��)RU�H[DPSOH��\RX�FDQ�W\SH

PRINT SQUARE 3
9

LQ�ZKLFK�FDVH�WKH�RXWSXW�RI�648$5(�LV�SDVVHG�WR�35,17�WR�EH�SULQWHG��0RUH�VLJQLILFDQWO\��\RX�FRXOG�W\SH

PRINT (SQUARE 3) + (SQUARE 4)
25
+HUH�648$5(�LV�FDOOHG�WZLFH��DQG�WKH�UHVXOWV�DUH�FRPELQHG�E\���EHIRUH�EHLQJ�SDVVHG�WR�35,17��<RX�FDQ
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GR�WKH�VDPH�WKLQJ�ZLWK�FRPSXWLQJ�DYHUDJHV�E\�GHILQLQJ�D�SURFHGXUH�

TO AVERAGE :X :Y
OUTPUT (:X + :Y)/2
END

6.2.1. Combinin g Operations

7KH�287387�FRPPDQG�LV�MXVW�ZKDW�LV�QHHGHG�WR�FRPELQH�RSHUDWLRQV��)RU�LQVWDQFH��\RX�FDQ�ILQG�WKH
VTXDUH�RI�WKH�DYHUDJH�RI�WZR�QXPEHUV�

PRINT SQUARE (AVERAGE 4 6)
25

RU�WKH�DYHUDJH�RI�WKH�VTXDUHV�

PRINT AVERAGE (SQUARE 4) (SQUARE 6)
26

$OWHUQDWLYHO\��\RX�FDQ�GHILQH�D�SURFHGXUH�WR�UHWXUQ�WKLV�YDOXH�WR�EH�XVHG�LQ�IXUWKHU�SURFHVVLQJ�

TO AVERAGE.OF.SQUARES :X :Y
OUTPUT AVERAGE (SQUARE :X) (SQUARE :Y)
END

$V�ZLWK�DQ\�SURFHGXUH��RQFH�\RX�KDYH�GHILQHG�D�SURFHGXUH�WKDW�RXWSXWV�VRPH�UHVXOW��WKDW�SURFHGXUH
EHFRPHV�SDUW�RI�/RJR
V�ZRUNLQJ�YRFDEXODU\�DQG�FDQ�EH�XVHG�MXVW�DV�LI�LW�ZHUH�D�SULPLWLYH�FRPPDQG��)RU
LQVWDQFH��/RJR�KDV�QR�SULPLWLYH�DEVROXWH�YDOXH�IXQFWLRQ��%XW�LI�\RX�GHILQH�RQH�

TO ABS :X
IF :X < 0 THEN OUTPUT (-:X)
OUTPUT :X
END

WKHQ�\RX�FDQ�XVH�WKLV�$%6�RSHUDWLRQ�LQ�SHUIRUPLQJ�IXUWKHU�FRPSXWDWLRQV�

:KHQ�D�SURFHGXUH�H[HFXWHV�DQ�287387�LQVWUXFWLRQ��LW�UHWXUQV�WKH�LQGLFDWHG�RXWSXW�WR�WKH�SURFHGXUH
WKDW�FDOOHG�LW��DQG�QR�IXUWKHU�FRPPDQGV�ZLWKLQ�WKH�SURFHGXUH�DUH�H[HFXWHG��7KXV��IRU�H[DPSOH��RQO\�RQH
RI�WKH�WZR�287387�LQVWUXFWLRQV�LQ�$%6�ZLOO�EH�H[HFXWHG�HDFK�WLPH�$%6�LV�FDOOHG�
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Figure 6.1: Procedure calls in
executing PRINT SQUARE
(AVERAGE 4 6 ).

7R�KHOS�\RX�YLVXDOL]H�RXWSXWV��)LJXUH�����VKRZV�D�GLDJUDP��VLPLODU�WR�WKH�GLDJUDPV�LQ�6HFWLRQ��������IRU
WKH�SURFHGXUH�FDOOV�LQYROYHG�LQ�H[HFXWLQJ�WKH�FRPPDQG�OLQH

PRINT SQUARE (AVERAGE 4 6)

648$5(�DQG�$9(5$*(�HDFK�KDYH�D�SULYDWH�YDULDEOH�;��EXW�VLQFH�WKHVH�DUH�LQ�GLIIHUHQW�SULYDWH�OLEUDULHV�
WKHUH�LV�QR�FRQIOLFW�

$V� VKRZQ� LQ� WKH�GLDJUDP�� \RX� FDQ� UHJDUG� LQSXWV� DQG� RXWSXWV� DV� FRPPXQLFDWLRQ� FKDQQHOV� EHWZHHQ
SURFHGXUHV��,I�SURFHGXUH�$�FDOOV�SURFHGXUH�%�WKHQ�$�FDQ�XVH�LQSXWV�WR�FRPPXQLFDWH�YDOXHV�WR�%��%
V
RXWSXW�HQDEOHV�LW�WR�FRPPXQLFDWH�YDOXHV�EDFN�WR�$�

$�YHU\�FRPPRQ�HUURU�LQ�/RJR�SURJUDPPLQJ�LV�WR�DWWHPSW�WR�PDNH�D�SURFHGXUH�RXWSXW�ZLWKRXW�XVLQJ�WKH
287387�LQVWUXFWLRQ��)RU�H[DPSOH��\RX�PLJKW�DWWHPSW�WR�GHILQH�$9(5$*(�DV

TO AVERAGE :X :Y
(:X + :Y)/2
END

&DOOLQJ�WKLV�SURFHGXUH��VD\

AVERAGE 4 6

ZRXOG�UHVXOW�LQ�WKH�HUURU�PHVVDJH

TELL ME WHAT TO DO WITH 5
  AT LEVEL 1 LINE 1 OF AVERAGE

ZKHQ�WKH�SURFHGXUH�ZDV�H[HFXWHG��,Q�JHQHUDO��\RX�VKRXOG�VD\�ZKDW�/RJR�LV�VXSSRVHG�WR�GR�ZLWK�JHQHUDWHG
YDOXHV�³�SULQW�WKHP��RXWSXW�WKHP��RU�ZKDWHYHU�
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6.2.2. Example: Remainders and Random Numbers

2QH�XVHIXO�RSHUDWLRQ�\RX�FDQ�FUHDWH�ZLWK�287387�LV�D�5(0$,1'(5�SURFHGXUH��ZKLFK�RXWSXWV�WKH
UHPDLQGHU�RI�LWV�WZR�DUJXPHQWV�

TO REMAINDER :NUM :DIV
OUTPUT :NUM - (:NUM/:DIV)*:DIV
END

7KH�SURFHGXUH�ZRUNV�E\� WDNLQJ�DGYDQWDJH�RI� WKH� IDFW� WKDW�GLYLVLRQ� LQ�/RJR� WUXQFDWHV� WKH�TXRWLHQW�
7KHUHIRUH��ZKHQ�\RX�WDNH��180����',9�DQG�PXOWLSO\�WKH�UHVXOW�E\��',9��\RX�REWDLQ�WKH�ODUJHVW�PXOWLSOH
RI��',9�WKDW�LV�OHVV�WKDQ��180��6XEWUDFWLQJ�WKLV�IURP��180�\LHOGV�WKH�UHPDLQGHU�

<RX�FDQ�XVH�5(0$,1'(5�WR�LPSOHPHQW�DQRWKHU�XVHIXO�SURFHGXUH�FDOOHG�5$1'��ZKLFK�WDNHV�D�SRVLWLYH
QXPEHU�Q�DV�LQSXW�DQG�RXWSXWV�D�UDQGRP�QXPEHU�EHWZHHQ���DQG�Q������5$1'�XVHV�WKH�/RJR�EXLOW�LQ
RSHUDWLRQ�5$1'20��ZKLFK�UHWXUQV�D�VLQJOH�GLJLW�������VHOHFWHG�DW�UDQGRP�

PRINT RANDOM
5
PRINT RANDOM
2

7R�LPSOHPHQW�5$1'��\RX�FDQ�EHJLQ�E\�ZULWLQJ�D�SURFHGXUH�5$1'20���ZKLFK�RXWSXWV�D�IRXU�GLJLW
UDQGRP�QXPEHU���:H
OO�RQO\�ZRUU\�DERXW�XVLQJ�5$1'�ZLWK�LQSXWV�OHVV�WKDQ���������

TO RANDOM4
OUTPUT RANDOM + 10 * RANDOM + 100 * RANDOM + 1000 * RANDOM
END

1RZ��WR�REWDLQ�D�UDQGRP�QXPEHU�OHVV�WKDQ�VRPH�QXPEHU�Q��\RX�VLPSO\�QHHG�WR�WDNH�WKH�UHPDLQGHU�E\
Q�RI�WKH�QXPEHU�UHWXUQHG�E\�5$1'20��

TO RAND :N
OUTPUT REMAINDER RANDOM4 :N
END

6.3. Words

,Q� /RJR�� VWULQJV� RI� FKDUDFWHUV� DUH� FDOOHG� ZRUGV�� /RJR� SURYLGHV� RSHUDWLRQV� IRU�PDQLSXODWLQJ� ZRUGV�
FRPELQLQJ�ZRUGV�LQWR�ORQJHU�ZRUGV�DQG�EUHDNLQJ�ZRUGV�LQWR�SDUWV��$V�ZLWK�QXPEHUV��ZRUGV�PD\�EH
SDVVHG�DPRQJ�SURFHGXUHV�DV�LQSXWV�DQG�RXWSXWV�

7R�LQGLFDWH�D�ZRUG�LQ�/RJR��\RX�W\SH�WKH�FKDUDFWHU�VWULQJ�SUHIL[HG�E\�D�TXRWDWLRQ�PDUN��DV�LQ�

PRINT "WHOOPIE
WHOOPIE
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1RWLFH�WKDW��XQOLNH�WKH�UXOH�LQ�(QJOLVK��WKH�TXRWDWLRQ�PDUN�JRHV�RQO\�DW�WKH�EHJLQQLQJ�RI�WKH�ZRUG��7KH
ZRUG�LWVHOI�LV�WDNHQ�WR�EH�DOO�RI�WKH�FKDUDFWHUV�EHWZHHQ�WKH�TXRWDWLRQ�PDUN�DQG�WKH�IROORZLQJ�VSDFH�RU�WKH
HQG�RI�WKH�OLQH��%HZDUH�WKDW�LI�\RX�SXW�D�TXRWDWLRQ�PDUN�DW�WKH�HQG�RI�D�ZRUG��WKDW�TXRWDWLRQ�PDUN�ZLOO
EH�WDNHQ�WR�EH�SDUW�RI�WKH�ZRUG�

PRINT "A"
A"

/RJR�SURYLGHV�WKH�IROORZLQJ�RSHUDWLRQV�IRU�H[WUDFWLQJ�SDUWV�RI�ZRUGV�

),567 2XWSXWV�WKH�ILUVW�FKDUDFWHU�RI�LWV�ZRUG�LQSXW��$EEUHYLDWHG�)�

/$67 2XWSXWV�WKH�ODVW�FKDUDFWHU�

%87),567 2XWSXWV�D�ZRUG�FRQWDLQLQJ�DOO�EXW�WKH�ILUVW�FKDUDFWHU��$EEUHYLDWHG�%)�

%87/$67 2XWSXWV�D�ZRUG�FRQWDLQLQJ�DOO�EXW�WKH�ODVW�FKDUDFWHU��$EEUHYLDWHG�%/�

+HUH�DUH�VRPH�H[DPSOHV�

PRINT FIRST "ABCD
A
PRINT BUTFIRST "ABCD
BCD
PRINT LAST BUTLAST "ABCD
C

,Q�WKH�WKLUG�H[DPSOH��WKH�WKLQJ�WKDW�LV�SULQWHG�LV�WKH�/$67�RI�WKH�%87/$67�RI�$%&'�ZKLFK�LV�WKH�/$67
RI�$%&�ZKLFK�LV�&�

)RU�FRQVWUXFWLQJ�ODUJHU�ZRUGV�IURP�VPDOOHU�RQHV��/RJR�SURYLGHV�WKH�:25'�RSHUDWLRQ��7KLV�WDNHV�WZR
ZRUGV�DV�LQSXWV�DQG�FRPELQHV�WKHP�WR�IRUP�D�VLQJOH�ZRUG�

PRINT WORD "NOW "HERE
NOWHERE

6.3.0.1. Sample Procedures That Use Words

7KH�IROORZLQJ�UHFXUVLYH�SURFHGXUH�LV�D�ZRUG�DQDORJXH�RI�WKH�&2817'2:1�SURFHGXUH�RQ�SDJH����

TO TRIANGLE :WORD
PRINT :WORD
IF :WORD = FIRST :WORD THEN STOP
TRIANGLE BUTFIRST :WORD
END
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TRIANGLE "LOLLIPOP
LOLLIPOP
OLLIPOP
LLIPOP
LIPOP
lPOP
POP
OP
P

:KHUHDV� &2817'2:1� UHGXFHG� D� QXPEHU� WR� VPDOOHU� QXPEHUV� E\� VXFFHVVLYHO\� VXEWUDFWLQJ� ��
75,$1*/(�UHGXFHV�D�ZRUG�WR�VPDOOHU�ZRUGV�E\�VXFFHVVLYHO\�UHPRYLQJ�WKH�ILUVW�FKDUDFWHU��7KH�SURFHVV
VWRSV�ZKHQ�WKH�ZRUG�KDV�EHHQ�UHGXFHG�WR�D�VLQJOH�FKDUDFWHU��WKDW�LV��WR�D�ZRUG�WKDW�LV�HTXDO�WR�LWV�RZQ�ILUVW
FKDUDFWHU�

75,$1*/(�LOOXVWUDWHV�WKH�XVH�RI�ZRUGV�DV�LQSXWV�WR�SURFHGXUHV��$V�DQ�H[DPSOH�RI�ZRUGV�DV�RXWSXWV�
FRQVLGHU�WKH�VLPSOH�SURFHGXUH�'28%/(��ZKLFK�WDNHV�D�ZRUG�DV�LQSXW�DQG�RXWSXWV�WKH�ZRUG�FRQFDWHQDWHG
ZLWK�LWVHOI�

TO DOUBLE :X
OUTPUT WORD :X :X
END

PRINT DOUBLE "BOOM
BOOMBOOM

2EVHUYH�WKH�LPSRUWDQFH�RI�XVLQJ�287387��\RX�FDQ�RSHUDWH�RQ�D�ZRUG�XVLQJ�'28%/(�DQG�XVH�WKH�UHVXOW
DV�DQ�LQSXW�WR�RWKHU�RSHUDWLRQV�

PRINT DOUBLE DOUBLE "BOOM
BOOMBOOMBOOMBOOM

TRIANGLE DOUBLE "ABC
ABCABC
BCABC
CABC
ABC
BC
C



TI LOGO

      7R�DGG�WR�WKH�FRQIXVLRQ��WKH�EXLOW�LQ�RSHUDWLRQ�:25'"��ZKLFK�WHVWV�ZKHWKHU�LWV�LQSXW�LV�D�ZRUG�1

UHWXUQV�758(�IRU�QXPEHUV�

      /RJR�OLVWV�DUH�XVHG�QRW�RQO\�IRU�PDNLQJ�VHTXHQFHV�RI�ZRUGV��EXW�DOVR�IRU�FUHDWLQJ�GDWD�VWUXFWXUHV2

LQ�JHQHUDO��6HH�6HFWLRQ�������5HPHPEHU�WR�GHOLPLW�OLVWV�ZLWK�VTXDUH�EUDFNHWV�>@�DQG�QRW�SDUHQWKHVHV��
��
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6.3.0.2. Warnin g: Words and Numbers

,Q�7,�/RJR��\RX�FDQ�IRUP�ZRUGV�ZKRVH�FKDUDFWHUV�DUH�DOO�GLJLWV��%XW�WKHVH�DUH�QRW�WUHDWHG�DV�QXPEHUV�
HYHQ�WKRXJK�WKH\�ORRN�OLNH�QXPEHUV��)RU�H[DPSOH��WKH�DULWKPHWLF�RSHUDWLRQV�ZLOO�QRW�DFFHSW�VRPHWKLQJ
OLNH� ���� DV� DQ� LQSXW��&RQYHUVHO\�� WKH�ZRUG�PDQLSXODWLQJ� RSHUDWLRQV� GR�QRW�ZRUN� RQ�QXPEHUV��7KLV
GLVWLQFWLRQ�EHWZHHQ�ZRUGV�DQG�QXPEHUV�FDQ�EH�FRQIXVLQJ��EHFDXVH�HUURU�PHVVDJHV� WKDW� UHVXOW� IURP
LQDSSURSULDWH�LQSXWV�GR�QRW�GLVWLQJXLVK�EHWZHHQ�QXPEHUV�DQG�ZRUGV��

PRINT FIRST "25
2

PRINT FIRST 25
FIRST DOESN'T LIKE 25 AS INPUT

PRINT "25 + 5
+ DOESN'T LIKE 25 AS INPUT

PRINT 25 + 5
30

6.4. Lists

0DQ\�ODQJXDJHV�IRUFH�WKH�SURJUDPPHU�WR�ZRUN�ZLWK�WH[W�LQ�WHUPV�RI�FKDUDFWHU�VWULQJV��$�ORQJ�WH[W�PXVW
EH�YLHZHG�DV�D�ORQJ�FKDUDFWHU�VWULQJ�WKDW�LV�PDQLSXODWHG�RQ�D�FKDUDFWHU�E\�FKDUDFWHU�EDVLV��2QH�RI�WKH
DGYDQWDJHV�RI�/RJR�LV�WKDW�LW�DOORZV�\RX�WR�PDQLSXODWH�VHTXHQFHV�RI�ZRUGV�RQ�D�ZRUG�E\�ZRUG�EDVLV��,Q
/RJR��D�VHTXHQFH�RI�ZRUGV�LV�FDOOHG�D�OLVW��$�OLVW�PD\�EH�LQGLFDWHG�E\�VHSDUDWLQJ�WKH�ZRUGV�LQ�WKH�OLVW�E\
VSDFHV�DQG�HQFORVLQJ�WKHP�LQ�VTXDUH�EUDFNHWV��

PRINT [THIS IS A LIST]
THIS IS A LIST

1RWLFH�WKDW�WKH�ZRUGV�LQ�WKH�OLVW�DUH�QRW�TXRWHG�DQG�WKDW�WKH�VXUURXQGLQJ�EUDFNHWV�DUH�QRW�SULQWHG��7KH
VSDFHV�EHWZHHQ�WKH�ZRUGV�VHUYH�RQO\�WR�GHOLPLW�WKH�ZRUGV��([WUD�VSDFHV�DUH�LJQRUHG�

PRINT [EXTRA      SPACES]
EXTRA SPACES
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7KH�/RJR�RSHUDWLRQV�),567��/$67��%87),567��DQG�%87/$67�WKDW�ZH�LQWURGXFHG�IRU�XVH�ZLWK�ZRUGV
DOVR�RSHUDWH�RQ�OLVWV��:KHQ�XVHG�ZLWK�OLVWV��WKHVH�RSHUDWLRQV�SLFN�RXW�WKH�ILUVW�RU�ODVW�ZRUG�RI�WKH�OLVW�
UDWKHU�WKDQ�WKH�ILUVW�RU�ODVW�FKDUDFWHU��DV�WKH\�GR�ZLWK�ZRUGV�

PRINT FIRST [THIS IS A LIST]
THIS

PRINT FIRST BUTFIRST [THIS IS A LIST]
IS

PRINT BUTLAST [THIS IS STILL A LIST]
THIS IS STILL A

PRINT BUTFIRST [THIS]
�EODQN�OLQH�

1RWH�WKDW�LQ�WKH�ODVW�H[DPSOH��WDNLQJ�DOO�EXW�WKH�ILUVW�ZRUG�RI�D�OLVW�WKDW�KDV�RQO\�RQH�ZRUG�SURGXFHV�D�OLVW
FRQWDLQLQJ�QR�ZRUGV��FDOOHG�WKH�HPSW\�OLVW��,W�FDQ�EH�W\SHG�LQWR�/RJR�DV�>�@� �

,Q�/RJR��D�OLVW�LV�QHYHU�FRQVLGHUHG�WR�EH�HTXDO�WR�D�ZRUG��)RU�H[DPSOH��D�ZRUG�LV�QRW�FRQVLGHUHG�HTXDO�WR
D�OLVW�WKDW�FRQWDLQV�WKDW�VLQJOH�ZRUG��HYHQ�WKRXJK�/RJR�SULQWV�WKHVH�LQ�WKH�VDPH�ZD\�

PRINT "BUBBLE
BUBBLE

PRINT [BUBBLE]
BUBBLE

PRINT "BUBBLE=[BUBBLE]
FALSE

6(17(1&(�LV�WKH�RSHUDWLRQ�IRU�SXWWLQJ�OLVWV�WRJHWKHU��DQDORJRXV�WR�:25'�IRU�ZRUGV��6(17(1&(
�DEEUHYLDWHG�6(��WDNHV�ZRUGV�RU�OLVWV�DV�LQSXWV�DQG�DVVHPEOHV�WKHVH�LQWR�RQH�OLVW�

PRINT SENTENCE [THIS IS][HOW SENTENCE WORKS]
THIS IS HOW SENTENCE WORKS

PRINT SENTENCE "THIS [IS TOO]
THIS IS TOO

PRINT SENTENCE "THIS "ALSO
THIS ALSO
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6.4.0.1. Sample Procedures That Use Lists

+HUH�DUH�WKH�OLVW�SURFHGXUHV�DQDORJRXV�WR�WKH�ZRUG�SURFHGXUHV�75,$1*/(�DQG�'28%/(�RI�6HFWLRQ�����
1RWLFH�WKDW�ZH�KDYH�FKDQJHG�WKH�VWRS�UXOH�IRU�75,$1*/(�WR�WHVW�IRU�DQ�HPSW\�LQSXW�

TO TRIANGLE.LIST :X
IF :X=[] STOP
PRINT :X
TRIANGLE.LIST BUTFIRST :X
END

TO DOUBLE.LIST :X
OUTPUT SENTENCE :X :X
END

TRIANGLE.LIST [THIS IS A LIST]
THIS IS A LIST
IS A LIST
A LIST
LIST

PRINT DOUBLE.LIST [HUP 2 3 4]
HUP 2 3 4 HUP 2 3 4

TRIANGLE.LIST DOUBLE.LIST [DING DONG]
DING DONG DING DONG
DONG DING DONG
DING DONG
DONG

7KH�PDLQ�WKLQJ�WR�REVHUYH�LQ�WKHVH�H[DPSOHV�LV�WKDW�OLVWV��OLNH�QXPEHUV�DQG�ZRUGV��FDQ�EH�SDVVHG�EHWZHHQ
SURFHGXUHV�DV�LQSXWV�DQG�RXWSXWV�

7KH�IROORZLQJ�OLVW�SURFHGXUHV�PDNH�XVH�RI�WKH�/RJR�FRPPDQG�5($'/,1(��DEEUHYLDWHG�5/���ZKLFK�PDNHV
LW�HDV\�WR�ZULWH�LQWHUDFWLYH�SURJUDPV�XVLQJ�OLVWV��5($'/,1(�ZDLWV�IRU�\RX�WR�W\SH�LQ�D�OLQH��WHUPLQDWHG
E\�ENTER��DQG�RXWSXWV�WKH�W\SHG�LQ�OLQH�DV�D�OLVW�

TO BOAST
PRINT [WHO'S THE GREATEST?]
IF READLINE=[ME] THEN PRINT [OF COURSE!] STOP
PRINT [NO, TRY AGAIN]
BOAST
END
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BOAST
WHO'S THE GREATEST?
> MIGHTY MOUSE
NO, TRY AGAIN
WHO'S THE GREATEST?
> ME
OF COURSE!

1RWH�WKH�SURPSW�!�SULQWHG�LQ�WKH�H[DPSOH�DERYH��/RJR�SULQWV�WKLV�SURPSW�WR�UHPLQG�\RX�WKDW�LW�LV�ZDLWLQJ
IRU�\RX�WR�UHVSRQG�WR�D�5($'/,1(��%HDU�LQ�PLQG�WKDW�5($'/,1(�DOZD\V�RXWSXWV�D�OLVW��,I�\RX�W\SH�D
VLQJOH�ZRUG��WKH�RXWSXW�RI�5($'/,1(�ZLOO�EH�D�OLVW�FRQWDLQLQJ�WKDW�RQH�ZRUG�

+HUH
V�DQRWKHU�H[DPSOH�

TO CHAT
PRINT [WHAT'S YOUR NAME?]
PRINT SENTENCE [HELLO] READLINE
PRINT [TYPE SOMETHING YOU LIKE]
PRINT SENTENCE [I'M GLAD YOU LIKE] READLINE
END

1RWLFH�KRZ�WKH�VHFRQG�OLQH�RI�WKH�SURFHGXUH�LV�FRQVWUXFWHG��WKH�OLVW�EHLQJ�35,17HG�LV�D�6(17(1&(�RI
WZR�WKLQJV�³�WKH�OLVW�>+(//2@�DQG�WKH�OLVW�RXWSXW�E\�5($'/,1(�

CHAT
WHAT'S YOUR NAME?
> LUCY
HELLO LUCY
TYPE SOMETHING YOU LIKE
> PICKLE JELLO
l'M GLAD YOU LIKE PICKLE JELLO

6.5. Namin g

:H�KDYH� VHHQ� GLIIHUHQW� NLQGV� RI� QDPLQJ� LQ�/RJR� SURJUDPV�� WKH� XVH� RI� QDPHV� WR� UHIHU� WR� LQSXWV� WR
SURFHGXUHV�DQG�WKH�LGHD�RI�QDPLQJ�SURFHGXUHV�WKHPVHOYHV��,Q�&KDSWHU����ZH�DOVR�VDZ�WKDW�WKH�/RJR
FRPPDQG�0$.(�FDQ�EH�XVHG�WR�JLYH�QDPHV�WR�WKLQJV�

&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�

MAKE "NUMBER 5
PRINT :NUMBER
5
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,Q�WKH�ILUVW�OLQH�\RX�WHOO�/RJR�WKDW�\RX�DUH�JRLQJ�WR�FDOO�WKH�QXPEHU���E\�WKH�QDPH�180%(5��7KH�ILUVW
LQSXW�WR�0$.(�LV�WKH�QDPH�DQG�WKH�VHFRQG�LQSXW�LV�WKH�WKLQJ�\RX�DUH�QDPLQJ��7KH�HIIHFW�RI�WKH�FRPPDQG
LV�WR�HVWDEOLVK�D�UHODWLRQVKLS�EHWZHHQ�WKH�ZRUG�180%(5�DQG�WKH�QXPEHU����:H�H[SUHVV�WKLV�E\�VD\LQJ
WKDW����LV�WKH�WKLQJ�DVVRFLDWHG�ZLWK�180%(5���,Q�WKH�OLQH

PRINT :NUMBER

\RX�FDQ�VHH�KRZ��UHFRYHUV�WKH�WKLQJ�DVVRFLDWHG�ZLWK�WKH�QDPH��MXVW�DV�LW�UHFRYHUV�WKH�YDOXH�DVVRFLDWHG�ZLWK
DQ�LQSXW�WR�D�SURFHGXUH��+HUH�DUH�PRUH�H[DPSOHV�

MAKE "COLR "YELLOW
PRINT "COLR
COLR

PRINT :COLR
YELLOW

MAKE "SLOGAN [I LOVE BANANAS]
PRINT :SLOGAN
I LOVE BANANAS

PRINT SENTENCE (BUTLAST :SLOGAN) :COLR
I LOVE YELLOW

,Q�WKHVH�H[DPSOHV��DQG�LQ�PRVW�SURJUDPV��WKH�QDPH�LV�VSHFLILHG�DV�D�OLWHUDO��TXRWHG�ZRUG��7KLV�LV�QRW�WKH
RQO\�SRVVLELOLW\�

MAKE (WORD "PART "1)[DO MI SOL]
PRINT :PART1
DO MI SOL

+HUH�LV�D�WULFN\�H[DPSOH�

MAKE "FLOWER "ROSE
PRINT :FLOWER
ROSE

MAKE :FLOWER [IS A ROSE IS A ROSE]
PRINT :FLOWER
ROSE

PRINT :ROSE
IS A ROSE IS A ROSE
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,Q�WKH�WKLUG�FRPPDQG�OLQH��WKH�QDPH�DVVRFLDWHG�ZLWK�>,6�$�526(�,6�$�526(@�LV�QRW�WKH�OLWHUDO�ZRUG
)/2:(5��EXW�UDWKHU�WKH�WKLQJ�DVVRFLDWHG�ZLWK�)/2:(5��WKDW�LV��WKH�ZRUG�526(��7KHUHIRUH�

MAKE: FLOWER <something>

KDV�WKH�VDPH�HIIHFW�DV

MAKE "ROSE <something>

7KH�/RJR� IXQFWLRQ�7+,1*� UHWXUQV� WKH� WKLQJ� DVVRFLDWHG�ZLWK� LWV� LQSXW��7KH� XVH� RI� �� LV� DFWXDOO\� DQ
DEEUHYLDWLRQ�IRU�7+,1*�LQ�WKH�FDVH�ZKHUH�WKH�LQSXW�WR�7+,1*�LV�D�TXRWHG�OLWHUDO�ZRUG��%XW�7+,1*�FDQ
EH�XVHG�LQ�PRUH�JHQHUDO�FLUFXPVWDQFHV�

MAKE "NAME1 [JOHN Q. CITIZEN]
PRINT :NAME1
JOHN Q. CITIZEN

&KDQJLQJ�EDFNJURXQG�DQG�SHQ�FRORUV�FDQ�KDYH�D�GUDPDWLF�HIIHFW��3ODWH���VKRZV�32/<�GHVLJQ�GUDZQ�LQ
EODFN� RQ� D� VWDQGDUG� �F\DQ��EDFNJURXQG��3ODWH� �� VKRZV� WKH� VDPH�GHVLJQ�GUDZQ� LQ�ZKLWH� RQ�D�EODFN
EDFNJURXQG���&KDSWHU����

3ODWHV���DQG���VKRZ�WKH�HIIHFWV�RI�FKDQJLQJ�EDFNJURXQG�DQG�SHQ�FRORUV�IRU�D�32/<63,�GHVLJQ��7KH�ILJXUH
LQ�SODWH���ZDV�GUDZQ�LQ�EODFN�RQ�D�\HOORZ�EDFNJURXQG��7KH�ILJXUH�LQ�SODWH���ZDV�GUDZQ�LQ�ZKLWH�RQ
RUDQJH���&KDSWHU����

$�JURXS�RI�WUXFN�VKDSHG�VSULWHV��VSUHDG�LQ�D�FLUFOH�RQ�WKH�VFUHHQ���&KDSWHU����

$Q�H[SDQGHG�YLHZ�RI�WKH�VDLOERDW�VKDSHG�VSULWH�XVHG�LQ�WKH�029,(�SURMHFW�GHVFULEHG�LQ�&KDSWHU����DV�VHHQ
ZKLOH�XVLQJ�WKH�VSULWH�HGLWRU��7KH�QRUPDO�VL]H�RI�WKH�VSULWH�LV�VHHQ�DW�WKH�ULJKW�

7KH�FRPSOHWHG�029,(�SURMHFW�GHVFULEHG�LQ�&KDSWHU���VKRZV�D�ERDW�PRYLQJ�DFURVV�WKH�ZDWHU�ZKLOH�D
JURXS�RI�ELUGV�IODS�WKHLU�ZD\�DFURVV�WKH�VN\�

7KH�)/2:(5029,(�SURMHFW�GHVFULEHG�LQ�&KDSWHU���VKRZV�KRZ�WR�PDNH�D�JURXS�RI�IORZHUV�VSURXW�IURP
WKH�JURXQG�DV�EXOEV��JURZ�XS�WR�GLIIHUHQW�KHLJKWV��DQG�EXUVW�LQWR�IXOO�EORRP�
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Plate 1 Plate 2

Plate 3 Plate 4

Plate 5: A group of truck-shaped
sprites, spread in a circle on the
screen. (Chapter 4).

Changing background and pen colors can have a dramatic effect. Plate 1 shows POLY design drawn in
black on a standard (cyan) background. Plate 2 shows the same design drawn in white on a black
background (Chapter 2).

Plates 3 and 4 show the effects of changing background and pen colors for a POLYSPI design. The figure
in Plate 3 was drawn in black on a yellow background. The figure in Plate 4 was drawn in white on orange.
(Chapter 2).
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Plate 6: An expanded view of the
sailboat-shaped sprite used in the
MOVIE project described in Chapter
5, as seen while using the sprite
editor. The normal size of the sprite
is seen at the right.

Plate 7: The completed MOVIE project
described in Chapter 5 shows a boat
moving across the water while a group
of birds flap their way across the sky.

Plate 8: The FLOWERMOVIE project
described in Chapter 7 shows how to
make a group of flowers sprout from
the ground as bulbs, grow up to
different heights, and burst into full
bloom.

PRINT THING "NAME1
JOHN Q. CITIZEN

PRINT THING (WORD "NA"ME1)
JOHN Q. CITIZEN

PRINT THING (FIRST [NAME1 PLACE1])
JOHN Q. CITIZEN
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7KHUH�LV�DOVR�WKH�/RJR�SUHGLFDWH�7+,1*"��ZKLFK�WDNHV�D�ZRUG�DV�LQSXW�DQG�RXWSXWV�758(�LI�WKH�ZRUG
KDV�VRPHWKLQJ�DVVRFLDWHG�ZLWK�LW�

PRINT THING? "NAME1
TRUE

PRINT THING? "NAME2
FALSE

6.5.1. Local and Global Names

,Q�6HFWLRQ�������ZH�VDZ�WKDW�WKH�QDPHV�RI�LQSXWV�DUH�SULYDWH�WR�WKH�SURFHGXUHV�XVLQJ�WKHP��'LIIHUHQW
SURFHGXUHV�UHIHUHQFH�QDPHV�LQ�GLIIHUHQW�SULYDWH�OLEUDULHV��DQG�WZR�SURFHGXUHV�PD\�XVH�WKH�VDPH�QDPHV
IRU� GLIIHUHQW� SXUSRVHV�ZLWKRXW� DQ\� FRQIOLFW�� 7KH� VDPH� KROGV� WUXH� LI� WKH� SURFHGXUH� XVHV� WKH�0$.(
FRPPDQG�WR�FKDQJH�WKH�YDOXH�DVVRFLDWHG�ZLWK�VRPH�LQSXW�QDPH��7KLV� LV� LOOXVWUDWHG�LQ�WKH�IROORZLQJ
H[DPSOH�

TO DEMO :X
PRINT :X
CHANGE :X
PRINT :X
END

TO CHANGE :X
MAKE "X :X + 1
PRINT :X
END

DEMO 1
1 �SULQWHG�LQ�'(02�
2 �SULQWHG�LQ�&+$1*(�
1 �SULQWHG�LQ�'(02�

7KH�LPSRUWDQW�SRLQW�WR�QRWLFH�LV�WKDW�ZKHQ�WKH�YDOXH�RI�;�LV�SULQWHG�LQ�'(02�WKH�VHFRQG�WLPH��LW�LV�VWLOO
���HYHQ�WKRXJK�&+$1*(��FKDQJHG��;�WR����7KH�UHDVRQ�LV�WKDW�'(02�DQG�&+$1*(�HDFK�KDYH�WKHLU�RZQ
PHDQLQJ�IRU�;�LQ�GLIIHUHQW�SULYDWH�OLEUDULHV��DV�VKRZQ�LQ�)LJXUH������:KHQ�&+$1*(�XVHV�WKH�0$.(
VWDWHPHQW�LW�FKDQJHV�LWV�;��EXW�QRW�'(02
V�
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Figure 6.2: Private
libraries for DEMO and
CHANGE.

:KHQ�\RX�XVH�D�0$.(�VWDWHPHQW�DW�FRPPDQG�OHYHO��\RX�DUH�DOVR�DVVRFLDWLQJ�D�YDOXH�ZLWK�D�QDPH�LQ�VRPH
OLEUDU\��%XW�WKLV�LV�QRW�D�OLEUDU\�DVVRFLDWHG�ZLWK�DQ\�SURFHGXUH��5DWKHU�LW�LV�D�OLEUDU\�DVVRFLDWHG�ZLWK�WKH
FRPPDQG�OHYHO��'HILQLWLRQV�LQ�WKLV�OLEUDU\�DUH�VRPHWLPHV�FDOOHG�JOREDO�YDULDEOHV��-XVW�DV�WKH�SULYDWH
OLEUDULHV�RI�WZR�SURFHGXUHV�DUH�GLVWLQFW��QDPHV�LQ�SURFHGXUH�OLEUDULHV�ZLOO�QRW�FRQIOLFW�ZLWK�QDPHV�LQ�WKH
JOREDO�OLEUDU\��&RPSDUH�WKH�IROORZLQJ�H[DPSOH�WR�WKH�RQH�DERYH�

MAKE "X 1
CHANGE :X
2
PRINT :X
1

6.5.2. Free Variables

2QH�RI� WKH� UHDVRQV� WKDW�SURFHGXUHV�DUH� VR� LPSRUWDQW� LV� WKDW� WKH\�SURYLGH�D�ZD\� WR�GHVLJQ� FRPSOH[
SURJUDPV�LQ�VPDOO�SLHFHV��%XW�ZKHQHYHU�\RX�GHVLJQ�VRPHWKLQJ�E\�EUHDNLQJ�LW�LQWR�SLHFHV��\RX�HYHQWXDOO\
KDYH� WR�GHDO�ZLWK� WKH� LVVXH�RI�KRZ�WKHVH�SLHFHV� FDQ� LQWHUDFW��7KH� LPSRUWDQFH�RI� WKH�SULYDWH� OLEUDU\
PHFKDQLVP�LV�WKDW�LW�JXDUDQWHHV�WKDW�WKH�QDPHV�XVHG�E\�GLIIHUHQW�SURFHGXUHV�ZLOO�UHIHU�WR�GLIIHUHQW�WKLQJV
DQG�KHQFH�WKDW�WKH�RQO\�ZD\�SURFHGXUHV�FDQ�LQWHUDFW�LV�WKURXJK�LQSXWV�DQG�RXWSXWV��7KLV�JXDUDQWHH
SURYLGHV�D�JRRG�KDQGOH�RQ�FRQWUROOLQJ�WKH�FRPSOH[LW\�RI�WKH�HQWLUH�SURJUDP�

6RPHWLPHV��KRZHYHU��LW�LV�FRQYHQLHQW�IRU�SURFHGXUHV�WR�LQWHUDFW�RWKHU�WKDQ�WKURXJK�LQSXWV�DQG�RXWSXWV�
)RU�H[DPSOH��LI�WKH�FRPSXWDWLRQ�SHUIRUPHG�E\�D�SURFHGXUH�GHSHQGV�RQ�D�ODUJH�QXPEHU�RI�SDUDPHWHUV��LW
PD\�EH�FXPEHUVRPH�WR�VSHFLI\�WKHP�DOO�DV�LQSXWV�HDFK�WLPH�WKH�SURFHGXUH�LV�FDOOHG��$JDLQ��XVLQJ�RQO\
LQSXWV�DQG�RXWSXWV�WR�SDVV�LQIRUPDWLRQ�PD\�UHTXLUH�SDVVLQJ��VXSHUIOXRXV��LQSXWV�WKURXJK�PDQ\�OHYHOV
RI�QHVWHG�SURFHGXUHV�XQWLO�WKH\�UHDFK�WKH�SURFHGXUH�WKDW�DFWXDOO\�QHHGV�WKHP��)RU�WKHVH�UHDVRQV�LW�LV
XVHIXO�WR�EH�DEOH�WR�KDYH�WKH�FRPSXWDWLRQ�SHUIRUPHG�E\�D�SURFHGXUH�GHSHQG�QRW�RQO\�RQ�WKH�LQIRUPDWLRQ
SURYLGHG�H[SOLFLWO\�E\�WKH�LQSXWV��EXW�DOVR�RQ�LQIRUPDWLRQ�WKDW�LV�LPSOLFLW�LQ�WKH�FRQWH[W�LQ�ZKLFK�WKH
SURFHGXUH�LV�XVHG�
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&RQVLGHU�WKH�IROORZLQJ�SURFHGXUH�

TO NEW.PRICE :P
OUTPUT :P + :OVERHEAD
END

6XSSRVH�\RX�ZRXOG�OLNH�WR�EH�DEOH�WR�XVH�WKLV�SURFHGXUH�LQ�VXFK�D�ZD\�WKDW�WKH�SULFH�FRPSXWHG�GHSHQGV
RQ�VRPH�29(5+($'�WKDW�LV�REWDLQHG�IURP�WKH�FRQWH[W�LQ�ZKLFK�WKH�SURFHGXUH�LV�XVHG��)RU�H[DPSOH�

MAKE "OVERHEAD 50
PRINT NEW.PRICE 100
150
MAKE "OVERHEAD 25
PRINT NEW.PRICE 100
125

<RX�PLJKW�DOVR�ZDQW�WR�KDYH�WKH�FRQWH[W�GHWHUPLQHG�E\�D�SURFHGXUH��DV�LQ

TO TRY :OVERHEAD
PRINT NEW.PRICE 100
PRINT NEW.PRICE 200
END

TRY 100
200
300

TRY 50
150
250

7KH�QDPH�29(5+($'�LQ�WKH�1(:�35,&(�SURFHGXUH�LV�ZKDW�LV�WHFKQLFDOO\�NQRZQ�DV�D�IUHH�YDULDEOH��$
IUHH�YDULDEOH�LV�D�QDPH�WKDW�LV�XVHG�LQ�D�SURFHGXUH��EXW�QRW�DV�D�QDPH�IRU�DQ�LQSXW��$V�WKH�1(:�35,&(
H[DPSOH�VKRZV��/RJR�SURFHGXUHV�FDQ�KDYH�IUHH�YDULDEOHV��7KH�SUHVHQFH�RI�IUHH�YDULDEOHV�OHDGV�WR�WKH
IROORZLQJ�UXOH�IRU�ILQGLQJ�WKH�YDOXH�DVVRFLDWHG�ZLWK�D�QDPH�LQ�D�/RJR�SURFHGXUH�

� ,I�WKH�QDPH�LV�RQH�RI�WKH�QDPHV�RI�WKH�LQSXWV�WR�WKH�SURFHGXUH��WKH�YDOXH�FDQ�EH�IRXQG�LQ�WKH
SURFHGXUH
V�SULYDWH�OLEUDU\�

� 2WKHUZLVH��VHH�LI�WKH�QDPH�LV�LQ�WKH�OLEUDU\�RI�WKH�SURFHGXUH�WKDW�FDOOHG�WKH�FXUUHQW�SURFHGXUH�

� 2WKHUZLVH��VHH�LI�WKH�QDPH�LV�RQH�RI�WKH�QDPHV�LQ�WKH�SURFHGXUH�WKDW�FDOOHG�WKDW�SURFHGXUH��DQG
VR�RQ��DOO�WKH�ZD\�WKURXJK�WR�WKH�JOREDO�OLEUDU\�
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)UHH�YDULDEOHV�SURYLGH�D�SRZHUIXO�PHFKDQLVP�IRU�SDVVLQJ�LQIRUPDWLRQ�EHWZHHQ�SURFHGXUHV��%XW�WKHLU
LQGLVFULPLQDWH� XVH� OHDGV� WR� REVFXUH� SURJUDPV� DQG�PD\� UHVXOW� LQ� LQWUDFWDEOH� SURJUDP�EXJV�� 7KLV� LV
HVSHFLDOO\�WUXH�LI�\RX�XVH�0$.(�WR�FKDQJH�WKH�YDOXH�RI�D�IUHH�YDULDEOH��VLQFH�WKH�DFWXDO�YDULDEOH�DIIHFWHG
PD\�DSSHDU�DUELWUDULO\�IDU�EDFN�LQ�WKH�QHVW�RI�SURFHGXUH�FDOOV�

6.6. Conditional Ex pressions and Predicates

:H�VDZ�LQ�6HFWLRQ�������WKH�XVH�RI�FRQGLWLRQDO�H[SUHVVLRQV�,)������7+(1�������LQ�/RJR�SURJUDPV��7KLV�VHFWLRQ
SURYLGHV�PRUH�LQIRUPDWLRQ�DERXW�FRQGLWLRQDO�H[SUHVVLRQV�

,)�DQG�7+(1�FDQ�EH�DXJPHQWHG�E\�WKH�/RJR�SULPLWLYH�(/6(��)RU�H[DPSOH��WKH�IROORZLQJ�SURFHGXUH�WHOOV
ZKHWKHU�D�QXPEHU�LV�SRVLWLYH�RU�QHJDWLYH�

TO SIGN :N
IF :N < 0 THEN OUTPUT "NEGATIVE ELSE OUTPUT "POSITIVE
END

PRINT SIGN 57
POSITIVE
PRINT SIGN (10 - 20)
NEGATIVE

,)������7+(1�������(/6(�H[SUHVVLRQV�DUH�RIWHQ�FRQIXVLQJ�IRU�EHJLQQLQJ�SURJUDPPHUV��GXH�WR�WKH�QHHG�WR
ZRUN�ZLWK�D�VLQJOH�VWDWHPHQW�WKDW�VSHFLILHV�ERWK�D�WHVW�DQG�WKH�DFWLRQV�WR�EH�WDNHQ�GHSHQGLQJ�RQ�WKH
RXWFRPH�RI�WKH�WHVW��/RJR�WKHUHIRUH�LQFOXGHV�DQRWKHU�IRUP�RI�FRQGLWLRQDO�WKDW�VHSDUDWHV�WKH�WHVWLQJ�IURP
WKH�DFWLRQV��7KLV�IRUP�LV�7(67������,)7������,))��7KH�7(67�XVHG�LQ�D�SURFHGXUH�FKHFNV�VRPH�FRQGLWLRQ�
6XEVHTXHQW�SURFHGXUH�OLQHV�WKDW�EHJLQ�ZLWK�,)7�DQG�,))�DUH�H[HFXWHG�RU�QRW��GHSHQGLQJ�RQ�WKH�UHVXOW
RI�WKH�7(67��+HUH
V�DQRWKHU�ZD\�WR�ZULWH�WKH�6,*1�SURFHGXUH�XVLQJ�7(67�

TO SIGN :N
TEST :N < 0
IFT OUTPUT "NEGATIVE
IFF OUTPUT "POSITIVE
END

$�SURFHGXUH�FDQ�LQFOXGH�PRUH�WKDQ�RQH�7(67��DQG�DQ\�,)7�RU�,))�VWDWHPHQWV�DOZD\V�UHIHU�WR�WKH�PRVW
UHFHQW�7(67��$OVR��WKH�UHVXOW�RI�D�7(67�LV�NHSW�SULYDWH�ZLWKLQ�D�SURFHGXUH��VR�WKH�XVH�RI�,)7�DQG�,))
ZLWKLQ�D�SURFHGXUH�LV�QRW�DIIHFWHG�E\�DQ\�7(67V�SHUIRUPHG�LQ�D�VXESURFHGXUH�
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      ,W�LV�D�JRRG�SURJUDPPLQJ�KDELW�WR�QDPH�SUHGLFDWHV�ZLWK�QDPHV�WKDW�HQG�ZLWK�D�TXHVWLRQ�PDUN�4

$V�IDU�DV�WKH�/RJR�V\VWHP�LV�FRQFHUQHG��WKRXJK��WKH�TXHVWLRQ�PDUN�KDV�QR�VSHFLDO�VLJQLILFDQFH��,W�LV
WUHDWHG�DV�DQ�RUGLQDU\�FKDUDFWHU�

      /DWHU�RQ��ZKHQ�ZH�VHH�KRZ�WR�WDNH�DGYDQWDJH�RI�/RJR�OLVWV�DV�GDWD�VWUXFWXUHV��ZH�ZLOO�OHDUQ�PRUH5

IOH[LEOH�ZD\V�RI�FRPSXWLQJ�IXQFWLRQV�OLNH�%(*,16�:,7+�92:(/��&RPSDUH�WKH�DOWHUQDWLYH�YHUVLRQ�RI
WKH�$''�$�25�$1�SURFHGXUH�WKDW�LV�XVHG�LQ�WKH�$1,0$/�SURJUDP�RI�6HFWLRQ��������
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6.6.0.1. Predicates; TRUE and FALSE

7KH�FRQGLWLRQV�FKHFNHG�E\� ,)�DQG�7(67�DUH�NQRZQ�DV�SUHGLFDWHV��:H�DOUHDG\� LQWURGXFHG� WKH�/RJR
SUHGLFDWHV�!�����DQG� �IRU�ZRUNLQJ�ZLWK�QXPEHUV��6HFWLRQ������JLYHV�D�FRPSOHWH�OLVW�RI�WKH�SUHGLFDWHV
EXLOW�LQWR�/RJR��,W�LV�DOVR�HDV\�WR�GHILQH�QHZ�SUHGLFDWHV��EHFDXVH�D�SUHGLFDWH�LQ�/RJR�LV�QRWKLQJ�PRUH�WKDQ
D�SURFHGXUH�WKDW�RXWSXWV�HLWKHU�WKH�ZRUG�758(�RU�WKH�ZRUG�)$/6(��)RU�LQVWDQFH��\RX�FDQ�WUDQVIRUP�WKH
6,*1�SURFHGXUH�JLYHQ�DERYH�LQWR�D�SUHGLFDWH�WKDW�RXWSXWV�)$/6(�LI�WKH�LQSXW�LV�OHVV�WKDQ���DQG�758(
RWKHUZLVH��

TO POSITIVE? :X
IF :X < 0 OUTPUT "FALSE ELSE OUTPUT "TRUE
END

$V�DQRWKHU�H[DPSOH��WKH�IROORZLQJ�SUHGLFDWH�WDNHV�D�ZRUG�DV�LQSXW�DQG�WHVWV�ZKHWKHU�LW�EHJLQV�ZLWK�D
YRZHO�

TO BEGINS.WITH.VOWEL? :X
IF (FIRST :X) = "A OUTPUT "TRUE
IF (FIRST :X) = "E OUTPUT "TRUE
IF (FIRST :X) = "I OUTPUT "TRUE
IF (FIRST :X) = "O OUTPUT "TRUE
IF (FIRST :X) = "U OUTPUT "TRUE
OUTPUT "FALSE
END

2QFH�D�SUHGLFDWH�KDV�EHHQ�GHILQHG��LW�FDQ�EH�XVHG�ZLWK�,)�RU�7(67�MXVW�DV�LI�LW�ZHUH�RQH�RI�WKH�SUHGLFDWHV
EXLOW�LQWR�/RJR��+HUH�LV�D�SURFHGXUH�WKDW�DGGV��D��RU��DQ��WR�D�ZRUG��DV�DSSURSULDWH� �

TO ADD.A.OR.AN :X

TEST BEGINS.WITH.VOWEL? :X
IFT OUTPUT SENTENCE "AN :X
IFF OUTPUT SENTENCE "A :X
END
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      7,�/RJR�,,�LQFOXGHV�VSHFLDO�758(�DQG�)$/6(�ZKLFK�RXWSXW�WKH�ZRUGV�758(�DQG�)$/6(�6

UHVSHFWLYHO\��7KXV��LQ�7,�/RJR�,,�\RX�FDQ�XVH�758(�DQG�)$/6(�ZLWK�RU�ZLWKRXW�TXRWHV��DV�\RX
SUHIHU��IRU�H[DPSOH�

IF :X = 5 OUTPUT "TRUE

DQG

IF :X = 5 OUTPUT TRUE

DUH�ERWK�YDOLG��,Q�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��RQO\�WKH�ILUVW�IRUP�ZLOO�ZRUN�
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PRINT ADD.A.OR.AN "COMPUTER
A COMPUTER
PRINT ADD.A.OR.AN "ELEPHANT
AN ELEPHANT

<RX�FDQ�UHJDUG�,)�DQG�7(67�DV�RSHUDWLRQV�WKDW�WDNH�DQ�LQSXW�WKDW�PXVW�EH�HLWKHU�758(�RU�)$/6(��,Q
IDFW��WKH�SULPLWLYH�SUHGLFDWHV�EXLOW�LQWR�/RJR�DUH�WKHPVHOYHV�RSHUDWLRQV�WKDW�RXWSXW�758(�RU�)$/6(� �

PRINT 3 > 5
FALSE
PRINT "XYZ = "XYZ
TRUE

)RU�FRPELQLQJ�SUHGLFDWHV��/RJR�LQFOXGHV�WKH�RSHUDWLRQ�%27+��ZKLFK�WDNHV�WZR�LQSXWV�WKDW�PXVW�EH�HLWKHU
758(�RU�)$/6(�DQG�RXWSXWV�758(�LI�ERWK�LQSXWV�DUH�758(�DQG�)$/6(�RWKHUZLVH��7KHUH�LV�DOVR
(,7+(5��ZKLFK�RXWSXWV�758(�LI�DW�OHDVW�RQH�RI�LWV�LQSXWV�LV�758(��DQG�127��ZKLFK�RXWSXWV�758(�LI
LWV�LQSXW�LV�)$/6(��DQG�)$/6(�LI�LWV�LQSXW�LV�758(�

PRINT BOTH (1 < 2)(2 > 3)
FALSE
PRINT EITHER (1 < 2) (2 > 3)
TRUE
PRINT NOT (2 + 2 = 4)
FALSE

)RU�H[DPSOH��KHUH�DUH�WKUHH�HTXLYDOHQW�ZD\V�WR�ZULWH�D�SUHGLFDWH�%(7:((1"��ZKLFK�WHVWV�ZKHWKHU�D
VSHFLILHG�QXPEHU�LV�LQ�D�JLYHQ�UDQJH�

TO BETWEEN? :X :LOW :HIGH
IF :X < :LOW OUTPUT "FALSE
IF :X > :HIGH OUTPUT "FALSE
OUTPUT "TRUE
END
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TO BETWEEN? :X :LOW :HIGH
IF EITHER (:X < :LOW) (:X > :HIGH) OUTPUT "FALSE
OUTPUT "TRUE
END

TO BETWEEN? :X :LOW :HIGH
IF BOTH (NOT (:X < :LOW)) (NOT (:X > :HIGH)) OUTPUT "TRUE
OUTPUT "FALSE
END

%27+�DQG�(,7+(5�DUH�WKHPVHOYHV�SUHGLFDWHV�WKDW�RXWSXW�758(�RU�)$/6(��7KLV�PHDQV�WKDW�WKH�VHFRQG
WZR�YHUVLRQV�RI�%(7:((1"�FDQ�DOVR�EH�ZULWWHQ�LQ�DQRWKHU�ZD\��LQ�ZKLFK�WKH�758(�RU�)$/6(�RXWSXW
E\�%27+�DQG�(,7+(5�LV�RXWSXW�GLUHFWO\�WR�WKH�SURFHGXUH�WKDW�FDOOV�%(7:((1"�

TO BETWEEN? :X :LOW :HIGH
OUTPUT BOTH (NOT (:X < :LOW)) (NOT (:X > :HIGH))
END

TO BETWEEN? :X :LOW :HIGH
OUTPUT NOT EITHER (:X < :LOW) (:X > :HIGH)
END

6.7. Details on Lo go Syntax

7KLV�VHFWLRQ�FROOHFWV�VRPH�LQIRUPDWLRQ�DERXW�KRZ�/RJR�LQWHUSUHWV�WKH�FRPPDQG�OLQHV�WKDW�\RX�W\SH�WR�LW�
7KLV�LQFOXGHV�VXFK�LQIRUPDWLRQ�DV�ZKHUH�WR�LQFOXGH�VSDFHV�DQG�SDUHQWKHVHV�LQ�FRPPDQG�OLQHV�DQG�KRZ
/RJR�JURXSV�VHTXHQFHV�RI�FRPPDQGV�

6.7.1. How Lo go Separates Lines into Words

$Q\�/RJR�OLQH�LV�LQWHUSUHWHG�DV�D�VHTXHQFH�RI�ZRUGV��,Q�JHQHUDO��\RX�PXVW�VHSDUDWH�ZRUGV�E\�VSDFHV��)RU
H[DPSOH��LI�\RX�PHDQ�WR�W\SH

FORWARD 100

DQG�LQVWHDG�W\SH

FORWARD100

/RJR�ZLOO�UHVSRQG�ZLWK�WKH�HUURU�PHVVDJH

TELL ME HOW TO FORWARD100



7(;$6�,167580(176
+20(�&20387(5

      2I�FRXUVH�\RX�PD\�KDYH�DFWXDOO\�GHILQHG�D�SURFHGXUH�ZKRVH�QDPH�ZDV�)25:$5'�����LQ�ZKLFK7

FDVH�/RJR�ZRXOG�UXQ�WKDW�SURFHGXUH�
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EHFDXVH�LW�ZLOO�LQWHUSUHW�)25:$5'����DV�D�VLQJOH�ZRUG�DQG�ORRN�IRU�D�SURFHGXUH�ZLWK�WKDW�QDPH� �$V�

D�JHQHUDO�UXOH��LW�LV�D�JRRG�LGHD�WR�W\SH�HDFK�OLQH�ZLWK�VSDFHV�EHWZHHQ�WKH�GLIIHUHQW�HOHPHQWV��)RU�H[DPSOH�

PRINT (3 + 4) * 5
35

/RJR�GRHV��KRZHYHU��XQGHUVWDQG�WKDW�SDUHQWKHVHV�DQG�DULWKPHWLF�RSHUDWRUV�DUH�QRUPDOO\�PHDQW�WR�EUHDN
ZRUGV��VR

PRINT (3+4)*5
35

ZRUNV��WRR��,Q�IDFW��LI�\RX�GHILQH�D�SURFHGXUH�WKDW�LQFOXGHV�D�OLQH�VXFK�DV�WKH�SUHYLRXV�RQH��DQG�ODWHU�SULQW
RXW�WKH�SURFHGXUH��\RX�ZLOO�ILQG�WKDW�/RJR�KDV�LQVHUWHG�VSDFHV�LQWR�WKH�OLQH�

6.7.2. Usin g Parentheses

:H� KDYH� DOUHDG\� VHHQ� VRPH� FRPSOH[� /RJR� H[SUHVVLRQV�� IRU� H[DPSOH�� WKH� IROORZLQJ� OLQH� LV� IURP� WKH
$9(5$*(�2)�648$5(6�SURFHGXUH�LQ�6HFWLRQ��������

OUTPUT AVERAGE (SQUARE :X) (SQUARE :Y)

,Q�WKLV�OLQH��WKH�287387�FRPPDQG�WDNHV�RQH�LQSXW��ZKLFK�LV�WKH�UHVXOW�RI�$9(5$*(��$9(5$*(�LQ
WXUQ�WDNHV�WZR�LQSXWV�

(SQUARE :X)

DQG

(SQUARE :Y)

1RWLFH�WKDW�SDUHQWKHVHV�SHUIRUP�JURXSLQJ�E\�HQFORVLQJ�WKH�RSHUDWLRQ�WRJHWKHU�ZLWK�LWV�LQSXWV��7KDW�LV�
\RX�VKRXOG�ZULWH

(SQUARE :X)

and not

SQUARE (:X)
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      7KLV�UXOH�FDQ�EH�FRQIXVLQJ��VLQFH�WKH�ODWWHU�H[SUHVVLRQ�LV�PRUH�OLNH�648$5(��;���ZKLFK�LV�ZKDW�LV8

XVHG�LQ�PDWKHPDWLFV�RU�LQ�ODQJXDJHV�OLNH�%$6,&�RU�3DVFDO��.HHS�LQ�PLQG�WKDW�SDUHQWKHVHV�LQ�/RJR�DUH
XVHG�WR�LQGLFDWH�JURXSLQJ��QRW�DV�VSHFLDO�V\PEROV�IRU�GHOLPLWLQJ�WKH�OLVW�RI�LQSXWV�WR�IXQFWLRQV�
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WR�LQGLFDWH�WKDW��;�LV�WKH�LQSXW�WR�648$5(��

,Q�IDFW��WKLV�H[SUHVVLRQ�ZRXOG�ZRUN�SHUIHFWO\�ZHOO�LI�\RX�ZURWH�LW�ZLWKRXW�DQ\�SDUHQWKHVHV�DW�DOO�

OUTPUT AVERAGE SQUARE :X SQUARE :Y

EHFDXVH�ZKHQ�/RJR�LQWHUSUHWV�WKH�OLQH��LW�EUHDNV�WKLQJV�XS�DFFRUGLQJ�WR�WKH�IROORZLQJ�PHWKRG��7KH�ILUVW
ZRUG�LW�VHHV�LV�287387��DQG�WKLV�UHTXLUHV�RQH�LQSXW��6R�/RJR�VFDQV�WKH�OLQH�WU\LQJ�WR�ILQG�WKDW�LQSXW�
7KH�QH[W�WKLQJ�LW�UXQV�LQWR��WKRXJK��LV�$9(5$*(��ZKLFK�UHTXLUHV�WZR�LQSXWV�RI�LWV�RZQ��6R�/RJR�QRZ
VFDQV�WR�ILQG�WZR�LQSXWV�IRU�$9(5$*(�DQG�UXQV�LQWR�648$5(��ZKLFK�UHTXLUHV�RQH�LQSXW�ZKLFK�/RJR
ILQGV�DV��;��7KLV�FRPSOHWHV�WKH�LQSXW�WR�648$5(�DQG�DOVR�FRPSOHWHV�WKH�ILUVW�LQSXW�WR�$9(5$*(��/RJR
QRZ�ORRNV�IRU�WKH�VHFRQG�LQSXW�WR�$9(5$*(��DQG�WKH�QH[W�WKLQJ�LW�VHHV�LV�DQRWKHU�648$5(��ZKLFK
UHTXLUHV�RQH�LQSXW��/RJR�ILQGV�WKLV�DV��<��1RZ�648$5(�KDV�LWV�LQSXW��7KLV�FRPSOHWHV�ERWK�LQSXWV�WR
$9(5$*(��ZKLFK�FRPSOHWHV�WKH�HQWLUH�LQSXW�WR�287387�

*HQHUDOL]LQJ�WKLV�PHWKRG��\RX�FDQ�VHH�WKDW�DV�ORQJ�DV�/RJR�NQRZV�KRZ�PDQ\�LQSXWV�HDFK�SURFHGXUH
QHHGV��DQG�DV�ORQJ�DV�HDFK�SURFHGXUH�QDPH�LV�D�SUHIL[�RSHUDWRU��L�H���LW�LV�ZULWWHQ�WR�WKH�OHIW�RI�LWV�LQSXWV��
WKHQ�\RX�GRQ
W�QHHG�SDUHQWKHVHV�DW�DOO�LQ�ZULWLQJ�/RJR�FRPPDQGV��2Q�WKH�RWKHU�KDQG��SDUHQWKHVHV�KHOS
FRQVLGHUDEO\�LQ�HQDEOLQJ�WKH�KXPDQ�H\H�WR�VHH�WKH�SDWWHUQ��6R�XQOHVV�\RX�DUH�YHU\�SUDFWLFHG��\RX�VKRXOG
QRW�ZULWH�D�FRPSOH[�H[SUHVVLRQ�ZLWKRXW�SDUHQWKHVHV�IRU�IHDU�RI�QRW�EHLQJ�DEOH�WR�UHDG�LW�WKH�QH[W�GD\�

7KH�DERYH�UXOH�IRU�SDUVLQJ�H[SUHVVLRQV�LV�PRGLILHG�IRU�LQIL[�RSHUDWRUV��L�H���RSHUDWRUV�WKDW�DUH�ZULWWHQ
EHWZHHQ�WKHLU�LQSXWV��UDWKHU�WKDQ�WR�WKH�OHIW�RI�WKHP���,Q�D�OLQH�VXFK�DV

AVERAGE 3 + 2 7

WKH���LV�FRPELQHG�ZLWK�WKH���E\���EHIRUH�DQ\�XQLW�LV�DVVLJQHG�DV�DQ�LQSXW�WR�$9(5$*(��VR�WKH�OLQH�JHWV
EURNHQ�XS�DV�

AVERAGE (3 + 2) 7

ZKLFK�JLYHV����7KH�JHQHUDO�UXOH�LV�WKDW�WKH�LQIL[�DULWKPHWLF�RSHUDWRUV�������
��DQG���KDYH�KLJKHU�SULRULW\
WKDQ�SUHIL[�RSHUDWRUV�

7KH�LQIL[�SUHGLFDWHV�!�����DQG� �KDYH�ORZHU�SULRULW\�WKDQ�SUHIL[�RSHUDWRUV��6R

AVERAGE 3 5 > AVERAGE 2 4

PXVW�EH�FRPELQHG�DV

(AVERAGE 3 5) > (AVERAGE 2 4)
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RU�\RX�ZLOO�JHW�DQ�HUURU�PHVVDJH�

/RJR
V�UXOHV�IRU�SDUHQWKHVHV�DUH�GHVLJQHG�WR�HQDEOH�\RX�WR�ZULWH�VLPSOH�H[SUHVVLRQV�ZLWKRXW�ZRUU\LQJ
DERXW�SDUHQWKHVHV��)RU�FRPSOH[�H[SUHVVLRQV��LW�LV�EHWWHU�WR�XVH�SDUHQWKHVHV�WR�DYRLG�FRQIXVLRQ�

6.7.2.1. SENTENCE with a Variable Number of Inputs

$OWKRXJK�ZH�KDYHQ
W�PHQWLRQHG�LW�\HW��WKH�6(17(1&(�RSHUDWLRQ�FDQ�WDNH�D�YDULDEOH�QXPEHU�RI�LQSXWV�
DV�LQ�WKH�IROORZLQJ�H[DPSOH�

PRINT (SENTENCE [THE BIG][BAD][WOLF])
THE BIG BAD WOLF

ZKLFK�XVHV�RQH�6(17(1&(�RSHUDWLRQ�WR�FRPELQH�WKUHH�WKLQJV�LQWR�D�OLVW��7KH�IDFW�WKDW�6(17(1&(�LV
FRPELQLQJ�WKUHH�WKLQJV�UDWKHU�WKDQ�LWV�XVXDO�WZR�LV�LQGLFDWHG�E\�WKH�SDUHQWKHVHV�JURXSLQJ�6(17(1&(
WRJHWKHU�ZLWK�LWV�LQSXWV��,Q�WKLV�ZD\��6(17(1&(�FDQ�WDNH�DQ\�QXPEHU�RI�LQSXWV�

6.7.2.2. Examples

+HUH�DUH�D�IHZ�H[DPSOHV�LOOXVWUDWLQJ�WKH�UXOHV�GLVFXVVHG�DERYH��LQFOXGLQJ�VRPH�FRPPRQ�HUURUV�DQG�WKHLU
H[SODQDWLRQV�

PRINT SENTENCE "A "B "C
A B
TELL ME WHAT TO DO WITH C

7KH�GHIDXOW�QXPEHU�RI�LQSXWV�WR�6(17(1&(�LV����VR�6(17(1&(�FRPELQHV�$�DQG�%��DQG�WKH�UHVXOW�LV
SULQWHG�E\�35,17��1RZ�/RJR�LV�IDFHG�ZLWK�WKH�UHVW�RI�WKH�OLQH��DQG�LW�UXQV�DFURVV�WKH�V\PERO��&��6LQFH
WKHUH�DUH�QR�RXWVWDQGLQJ�RSHUDWLRQV�WKDW�QHHG�LQSXWV��/RJR�FRPSODLQV�WKDW�WKHUH�LV�QRWKLQJ�WR�GR�ZLWK
WKH��&�

PRINT (SENTENCE "A "B "C )
A B C

+HUH�SDUHQWKHVHV�DUH�FRUUHFWO\�XVHG�WR�JURXS�WKH�WKUHH�LQSXWV�WR�6(17(1&(�

PRINT (SENTENCE "A "B "C)
TELL ME MORE

7KH�SUREOHP�KHUH�LV�WKDW�WKHUH�LV�QR�VSDFH�VHSDUDWLQJ�WKH��&�IURP�WKH�FORVLQJ�SDUHQWKHVHV��/RJR�WKHUHIRUH
LQWHUSUHWV��&��DV�D�WZR�FKDUDFWHU�ZRUG�ZKLFK�LV�WKH�WKLUG�LQSXW�WR�6(17(1&(�DQG�JRHV�RQ�WR�VHDUFK�IRU
PRUH�LQSXWV��5HPHPEHU�WKDW�ZKHQ�\RX�LQGLFDWH�D�ZRUG�ZLWK�D�TXRWDWLRQ�PDUN��\RX�PXVW�XVH�D�VSDFH�WR
VHSDUDWH�LW�IURP�WKH�UHVW�RI�WKH�OLQH�
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PRINT SENTENCE ("A "B "C)
TELL ME WHAT TO DO WITH "E;

7KH�SUREOHP�KHUH�LV�WKDW�ZKHQ�\RX�XVH�SDUHQWKHVHV�WR�LQGLFDWH�JURXSLQJ��\RX�VKRXOG�JURXS�DQ�RSHUDWLRQ
WRJHWKHU�ZLWK�LWV�LQSXWV��7KH�SDUHQWKHVHV�DUH�EHLQJ�XVHG�LQ�WKLV�H[DPSOH�DV�WKH\�ZRXOG�EH�XVHG�LQ�%$6,&�
WR�VXUURXQG�WKH�LQSXWV�DORQH��%XW�/RJR�DOZD\V�WULHV�WR�LQWHUSUHW�D�SDUHQWKHVL]HG�H[SUHVVLRQ�DV�D�FRPSOHWH
XQLW��ZKLFK�GRHV�QRW�PDNH�VHQVH�LQ�WKLV�FDVH�

6.7.3. The Minus Si gn

,I�WKH�PLQXV�VLJQ�LV�SUHFHGHG�E\�D�VSDFH�DQG�IROORZHG�E\�D�QXPEHU��WKHQ�7,�/RJR�WULHV�WR�LQWHUSUHW�LW�DV
D�QHJDWLRQ�VLJQ��2WKHUZLVH��PLQXV�LV�LQWHUSUHWHG�DV�VXEWUDFWLRQ��LQ�WKH�FRQWH[W�ZKHUH�WKDW�PDNHV�VHQVH�
+HUH�DUH�VRPH�H[DPSOHV�

PRINT 1 - 2
-1 �LQIL[�VXEWUDFWLRQ�
PRINT 1 - 2
-1 �LQIL[�VXEWUDFWLRQ�
PRINT 1 - 2
1
TELL ME WHAT TO DO WITH - 2
�/RJR�LQWHUSUHWHG�WKH���DV�QHJDWLRQ��DQG�JRW�VWXFN��
PRINT -2
-2 �QHJDWLRQ�
PRINT - 2
-2 �QHJDWLRQ�

,Q�WKH�ODVW�H[DPSOH��HYHQ�WKRXJK�WKHUH�LV�D�VSDFH�DIWHU�WKH����QR�YDOXH�ZDV�SHQGLQJ�WKDW�FRXOG�EH�UHJDUGHG
DV�DQ�LQSXW�WR���RQ�WKH�OHIW��VR�/RJR�LQWHUSUHWHG�WKH���DV�QHJDWLRQ�
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      ,Q�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��WKH�PLQXV�VLJQ�LV�DOZD\V�LQWHUSUHWHG�DV�D�VHSDUDWH�ZRUG�LQ�D�OLVW9

7KLV�PDNHV�LW�LPSRVVLEOH�WR�GLUHFWO\�W\SH�LQ�OLVWV�FRQWDLQLQJ�QHJDWLYH�QXPEHUV��6XFK�OLVWV�PXVW�EH
FRQVWUXFWHG�XVLQJ�6(17(1&(�
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:KHQ�XVHG�LQ�OLVWV��WKH�PLQXV�VLJQ�ZULWWHQ�EHIRUH�D�QXPEHU�LV�UHJDUGHG�DV�VLJQDOLQJ�D�QHJDWLYH�QXPEHU�
2WKHUZLVH���LV�UHJDUGHG�DV�D�VHSDUDWH�ZRUG�LQ�WKH�OLVW��

PRINT FIRST [-2 3]
-2
PRINT FIRST [- 2 3]
-
PRINT FIRST [2-3]
2
PRINT FIRST [-X 3]
-

,Q�WKH�WKLUG�H[DPSOH��WKH�OLVW�KDV�WKUHH�ZRUGV��������DQG����,Q�WKH�IRXUWK�H[DPSOH��WKH�OLVW�DOVR�KDV�WKUHH
ZRUGV�����;��DQG���



TI LOGO

      $QG�GHVLJQLQJ�VXFK�D�SURJUDP�LV�SUREDEO\�D�EHWWHU�HGXFDWLRQDO�H[SHULHQFH�WKDQ�XVLQJ�VXFK�D1

SURJUDP��ZKLFK�LV�XQIRUWXQDWHO\�PXFK�PRUH�W\SLFDO�RI�KRZ�FRPSXWHUV�DUH�FXUUHQWO\�XVHG�LQ�VFKRROV�
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CHAPTER 7. More Lo go Pro jects

7KLV�FKDSWHU�SUHVHQWV�IRXU�RSHQ�HQGHG�SURMHFWV��VXLWDEOH�IRU�EHJLQQLQJ�VWXGHQWV��7KH�ILUVW�SURMHFW�LV�D
VLPSOH�DULWKPHWLF�TXL]�SURJUDP�VLPLODU�WR�WKH�GULOO�DQG�SUDFWLFH�FRPSXWHU�V\VWHPV�XVHG�LQ�VRPH�VFKRROV�
7KH�QH[W�SURMHFW�VKRZV�KRZ�WR�XVH�OLVWV�WR�ZULWH�SURJUDPV�WKDW�JHQHUDWH��UDQGRP��VHQWHQFHV��:H�WKHQ
UHSULQW�D�SDSHU�E\�3DSHUW�DQG�6RORPRQ�>��@�WKDW�GHVFULEHV�D�VLPSOH�JDPH�SOD\LQJ�SURJUDP�DQG�GLVFXVVHV
LGHDV�DERXW�KRZ�WR�LQYROYH�VWXGHQWV�LQ�SODQQLQJ�DQG�FDUU\LQJ�RXW�FRPSOH[�SURMHFWV��)LQDOO\��ZH�XVH�VSULWHV
DQG�WLOHV�WR�GHVLJQ�D�PRYLH�PRUH�HODERUDWH�WKDQ�WKH�RQH�GLVFXVVHG�LQ�6HFWLRQ�����

7.1. Arithmetic Quiz Pro gram

+HUH
V�D�VLPSOH�DULWKPHWLF�GULOO�DQG�SUDFWLFH�SURJUDP�

QUIZ
HOW MUCH IS 37 + 64
> 101
GOOD
HOW MUCH IS 29 + 46
> 87
THE ANSWER IS 75
HOW MUCH IS 21 + 11
> 32
GOOD
DQG�VR�RQ�

'HVLJQLQJ�D�TXL]�SURJUDP�WKDW�ZRUNV�OLNH�WKLV�LV�D�JRRG�SURJUDPPLQJ�SURMHFW�IRU�HOHPHQWDU\�VFKRRO
VWXGHQWV� �+HUH�LV�RQH�RI�PDQ\�SRVVLEOH�YHUVLRQV��,W�XVHV�WKH�5$1'�SURFHGXUH�GLVFXVVHG�RQ�SDJH������

TO QUIZ
MAKE "NUM1 RAND 100
MAKE "NUM2 RAND 100
MAKE "ANSWER :NUM 1 + :NUM2
PRINT (SENTENCE [HOW MUCH IS] :NUM1 [+] :NUM2)
MAKE "REPLY READNUMBER
TEST :REPLY = :ANSWER
IFT PRINT [GOOD]
IFF PRINT SENTENCE [THE ANSWER IS] :ANSWER
QUIZ
END
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      7KXV��LI�\RX�VHW�$16:(5�WR�EH�WKH�OLVW�UHWXUQHG�E\�5($'/,1(��$16:(5�ZRXOG�QHYHU�EH�HTXDO2

WR�WKH�VXP�RI�180��DQG�180���ZKLFK�LV�D�QXPEHU��)RU�H[DPSOH��LI�WKH�XVHU�W\SHV���IROORZHG�E\
ENTER��WKH�YDOXH�UHWXUQHG�E\�5($'/,1(�ZLOO�EH�WKH�OLVW�>�@�QRW�WKH�QXPEHU���
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TO READNUMBER
OUTPUT FIRST READLINE
END

<RX�XVH�5($'180%(5�UDWKHU�WKDQ�5($'/,1(�GLUHFWO\�EHFDXVH�5($'/,1(�RXWSXWV�D�OLVW��,I�WKH�XVHU
W\SHV�LQ�D�VLQJOH�QXPEHU��5($'/,1(�RXWSXWV�D�OLVW�FRQWDLQLQJ�WKDW�QXPEHU�DV�LWV�RQO\�LWHP� �7R�REWDLQ�

WKH�QXPEHU�LWVHOI��\RX�H[WUDFW�WKH�ILUVW�LWHP�IURP�WKH�OLVW�UHWXUQHG�E\�5($'/,1(�

<RX�FDQ�DOVR�PRGLI\�5($'180%(5�WR�FKHFN�WKDW�WKH�UHVSRQVH�LV�DFWXDOO\�D�QXPEHU�

TO READNUMBER
MAKE "IN FIRST READLINE
TEST NUMBER? :IN
IFT OUTPUT :IN
IFF PRINT [PLEASE ANSWER WITH A NUMBER]
IFF OUTPUT READNUMBER
END

7KH�EHKDYLRU�RI�48,=�LV�QRZ�

QUIZ
HOW MUCH IS 6 + 14
> B0
PLEASE ANSWER WITH A NUMBER
> 20
GOOD
HWF�

2EVHUYH�WKDW�WKH�UHFXUVLYH�FDOO�LQ�WKH�ILQDO�OLQH�RI�WKH�SURFHGXUH�PDNHV�WKH�SURFHGXUH�NHHS�DVNLQJ�XQWLO
WKH�XVHU�UHVSRQGV�ZLWK�D�QXPEHU�

48,=�LV�D�JRRG�SURJUDPPLQJ�SURMHFW�EHFDXVH�LW�KDV�D�VLPSOH�FRUH��\HW�WKHUH�DUH�VR�PDQ\�H[WHQVLRQV�DQG
YDULDWLRQV��6RPH�RI�WKHVH�DUH�DV�IROORZV�

� $OORZLQJ�WKH�XVHU�WR�NHHS�WU\LQJ�D�TXHVWLRQ�XQWLO�JHWWLQJ�WKH�FRUUHFW�DQVZHU

� .HHSLQJ�VFRUH

� 3URJUHVVLQJ�WR�KDUGHU�DQG�KDUGHU�SUREOHPV�ZKHQ�WKH�VFRUH�LV�JRRG

� *LYLQJ�DGYLFH
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      ,Q�WKH�ILUVW�UHOHDVH�RI�7O�/RJR��/(1*7+�PXVW�DOVR�EH�LPSOHPHQWHG�DV�D�SURFHGXUH�3

TO LENGTH :X
IF :X = [] OUTPUT 0
OUTPUT 1 + LENGTH BUTFIRST :X
END
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7.2. Random-Sentence Generators

<RX�FDQ�KDYH�ORWV�RI�IXQ�ZLWK�SURJUDPV�WKDW�SULQW�UDQGRP�VHQWHQFHV��,Q�GHVLJQLQJ�VXFK�SURJUDPV��LW�LV
YHU\�XVHIXO�WR�KDYH�DV�D�EXLOGLQJ�EORFN�D�SURFHGXUH�3,&.5$1'20�WKDW�WDNHV�D�OLVW�DV�LQSXW�DQG�RXWSXWV
DQ�LWHP�VHOHFWHG�DW�UDQGRP�IURP�D�OLVW��IRU�H[DPSOH�

PRINT PICKRANDOM [EENEY MEENEY MINEY MO]
MEENEY
PRINT PICKRANDOM [EENEY MEENEY MINEY MO]
MO

3,&.5$1'20� LV�QRW�EXLOW� LQWR�/RJR�DV�D�SULPLWLYH��EXW� LW� FDQ�EH� LPSOHPHQWHG�E\�XVLQJ� OLVWV�DQG
UHFXUVLRQ�� DQ� DVSHFW� RI� /RJR� SURJUDPPLQJ� WKDW� ZH� KDYH� QRW� \HW� GLVFXVVHG�� 3,&.5$1'20� LV
LPSOHPHQWHG�LQ�WHUPV�RI�D�SURFHGXUH�3,&.��ZKLFK�RXWSXWV�WKH�QWK�LWHP�LQ�D�JLYHQ�OLVW� �

TO PICKRANDOM :X
OUTPUT PICK (1 + RAND (LENGTH :X)) :X
END

3,&.�LV�GHILQHG�DV�IROORZV�

TO PICK :N :X
IF :N = 1 OUTPUT FIRST :X
OUTPUT PICK (:N - 1) (BUTFIRST :X)
END

:H�ZLOO�VWXG\�SURJUDPV�VXFK�DV�WKHVH�LQ�&KDSWHU�����DQG�ZH�ZLOO�H[SODLQ�KRZ�3,&.�DQG�3,&.5$1'20
ZRUN� LQ� 6HFWLRQ� �������� ,Q� WKH�PHDQWLPH� \RX� FDQ� UHJDUG�3,&.5$1'20� �DQG� JLYH� LW� WR� EHJLQQLQJ
VWXGHQWV��DV�D�EODFN�ER[�

2QFH�\RX�KDYH�3,&.5$1'20��LW�LV�HDV\�WR�JHQHUDWH�VLPSOH�UDQGRP�VHQWHQFHV�RI�WKH�IRUP�^QRXQ`^YHUE`
E\�SLFNLQJ�ZRUGV�DW�UDQGRP�IURP�OLVWV�RI�QRXQV�DQG�YHUEV�

TO CHATTER
MAKE "NOUNS [DOGS CATS CHILDREN TIGERS]
MAKE "VERBS [RUN BITE TALK LAUGH]
BABBLE
END

TO BABBLE
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PRINT SENTENCE (PICKRANDOM :NOUNS) (PICKRANDOM :VERBS)
BABBLE
END

CHATTER
CATS LAUGH
TIGERS TALK
CHILDREN BITE
TIGERS BITE
DOGS TALK
.
.
.

<RX�FDQ�PDNH�WKH�VHQWHQFH�JHQHUDWRU�PRUH�LQWHUHVWLQJ�E\�RFFDVLRQDOO\�WHOOLQJ�WKH�FRPSXWHU�WR�DVN�IRU�D
QHZ�QRXQ�RU�YHUE�WR�EH�W\SHG�LQ�DQG�DGGHG�WR�WKH�FRUUHVSRQGLQJ�OLVW��)RU�QRXQV�WKLV�FDQ�EH�GRQH�ZLWK

TO LEARN.NOUN
PRINT [TEACH ME A NEW NOUN]
MAKE "NOUNS SENTENCE :NOUNS READLINE
END

2EVHUYH�WKDW�WKLV�XVHV�WKH�6(17(1&(�RSHUDWLRQ�WR�FRPELQH�WKH�W\SHG�LQ�ZRUG�ZLWK�WKH�OLVW�RI�FXUUHQW
QRXQV��7KHUH�LV�D�VLPLODU�/($51�9(5%�SURFHGXUH�IRU�YHUEV�

1RZ�\RX�FDQ�PRGLI\�%$%%/(�WR�DVN�IRU�D�QHZ�QRXQ�RU�YHUE�HYHU\�VR�RIWHQ����FKDQFH�LQ�����

TO BABBLE
IF (RAND 10) = 0 LEARN.NOUN
IF (RAND 10) = 0 LEARN.VERB
PRINT SENTENCE (PICKRANDOM :NOUNS) (PICKRANDOM :VERBS)
BABBLE
END

7KH�EHKDYLRU�RI�WKH�SURJUDP�LV�QRZ

CHATTER
CHILDREN TALK
TIGERS RUN
TEACH ME A NEW VERB
> WALK
DOGS RUN
CATS BITE
TEACH ME A NEW NOUN
> BANANAS
DOGS WALK
BANANAS BITE

7KHUH�DUH�PDQ\�H[WHQVLRQV�WR�WKLV�SURMHFW��LQFOXGLQJ�PDNLQJ�PRUH�FRPSOH[�VHQWHQFHV�E\�DGGLQJ�RWKHU
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SDUWV�RI�VSHHFK�VXFK�DV�DGMHFWLYHV�DQG�DGYHUEV��PDWFKLQJ�VLQJXODU�YHUEV�ZLWK�VLQJXODU�QRXQV�DQG�SOXUDO
ZLWK�SOXUDO��DQG�JHQHUDWLQJ�UDQGRP��SRHWU\���3DSHUW�>��@�GHVFULEHV�WKH�H[SHULHQFH�RI�RQH����\HDU�ROG
ZKLOH�HQJDJHG�LQ�VXFK�D�SURMHFW�

2QH�GD\�-HQQ\�FDPH�LQ�YHU\�H[FLWHG��6KH�KDG�PDGH�D�GLVFRYHU\���1RZ�,�NQRZ�ZK\�ZH�KDYH�QRXQV
DQG�YHUEV���VKH�VDLG��)RU�PDQ\�\HDUV�LQ�VFKRRO�-HQQ\�KDG�EHHQ�GULOOHG�LQ�JUDPPDWLFDO�FDWHJRULHV�
6KH�KDG�QHYHU�XQGHUVWRRG�WKH�GLIIHUHQFHV�EHWZHHQ�QRXQV�DQG�YHUEV�DQG�DGYHUEV��%XW�QRZ�LW�ZDV
DSSDUHQW� WKDW�KHU�GLIILFXOW\�ZLWK�JUDPPDU�ZDV�QRW�GXH� WR�DQ� LQDELOLW\� WR�ZRUN�ZLWK� ORJLFDO
FDWHJRULHV��,W�ZDV�VRPHWKLQJ�HOVH��6KH�KDG�QRW�EHHQ�DEOH�WR�PDNH�DQ\�VHQVH�RI�ZKDW�JUDPPDU�ZDV
DERXW� LQ� WKH�VHQVH�RI�ZKDW� LW�PLJKW�EH� IRU�� �� ��%XW�QRZ��DV�VKH� WULHG� WR�JHW� WKH�FRPSXWHU� WR
JHQHUDWH� SRHWU\�� VRPHWKLQJ� UHPDUNDEOH� KDSSHQHG�� 6KH� IRXQG� KHUVHOI� FODVVLI\LQJ�ZRUGV� LQWR
FDWHJRULHV��QRW�EHFDXVH�VKH�KDG�EHHQ�WROG�VKH�KDG�WR�EXW�EHFDXVH�VKH�QHHGHG�WR��,Q�RUGHU�WR
�WHDFK��KHU�FRPSXWHU�WR�PDNH�VWULQJV�RI�ZRUGV�WKDW�ZRXOG�ORRN�OLNH�(QJOLVK��VKH�KDG�WR��WHDFK�
LW�WR�FKRRVH�ZRUGV�RI�DQ�DSSURSULDWH�FODVV��:KDW�VKH�OHDUQHG�DERXW�JUDPPDU�IURP�WKLV�H[SHULHQFH
ZLWK�D�PDFKLQH�ZDV�DQ\WKLQJ�EXW�PHFKDQLFDO�RU�URXWLQH��+HU�OHDUQLQJ�ZDV�GHHS�DQG�PHDQLQJIXO�
-HQQ\�GLG�PRUH�WKDQ�OHDUQ�GHILQLWLRQV�IRU�SDUWLFXODU�JUDPPDWLFDO�FODVVHV��6KH�XQGHUVWRRG�WKH
JHQHUDO�LGHD�WKDW�ZRUGV��OLNH�WKLQJV��FDQ�EH�SODFHG�LQ�GLIIHUHQW�JURXSV�RU�VHWV��DQG�WKDW�GRLQJ�VR
FRXOG�ZRUN�IRU�KHU��6KH�QRW�RQO\��XQGHUVWRRG��JUDPPDU��VKH�FKDQJHG�KHU�UHODWLRQVKLS�WR�LW�

7.3. Nim: A Game-Pla ying Program

7KLV�VHFWLRQ�LV�D�VOLJKWO\�PRGLILHG�YHUVLRQ�RI�D�SDSHU�ZULWWHQ�E\�6H\PRXU�3DSHUW�DQG�&\QWKLD�6RORPRQ�
ZKLFK�ZDV�RULJLQDOO\�SXEOLVKHG�DV�DQ�0,7�$UWLILFLDO�,QWHOOLJHQFH�/DERUDWRU\�0HPR�>��@��,W�LOOXVWUDWHV�VRPH
LGHDV�DERXW�KRZ�WR�LQLWLDWH�EHJLQQLQJ�VWXGHQWV�LQWR�WKH�DUW�RI�SODQQLQJ�DQG�ZULWLQJ�D�SURJUDP�FRPSOH[
HQRXJK�WR�EH�FRQVLGHUHG�D�SURMHFW�UDWKHU�WKDQ�DQ�H[HUFLVH�RQ�XVLQJ�WKH�ODQJXDJH�RU�VLPSOH�SURJUDPPLQJ
LGHDV�

7KH�SURMHFW�LV�WR�ZULWH�D�SURJUDP�WR�SOD\�D�VLPSOH�JDPH���RQH�SLOH�1LP��RU�������DV�LQYLQFLEO\�DV�SRVVLEOH�
7KH�SURMHFW�ZDV�GHYHORSHG�E\�3DSHUW�DQG�6RORPRQ�IRU�D�FODVV�RI�VHYHQWK�JUDGH�VWXGHQWV�WDXJKW�GXULQJ
��������DW�WKH�0X]]H\�-XQLRU�+LJK�6FKRRO�LQ�/H[LQJWRQ��0DVV��7KLV�ZDV�WKH�ORQJHVW�SURJUDPPLQJ�SURMHFW
WKHVH�VWXGHQWV�KDG�HQFRXQWHUHG��DQG�WKH�LQWHQWLRQ�ZDV�WR�JLYH�WKHP�D�PRGHO�RI�KRZ�WR�JR�DERXW�ZRUNLQJ
XQGHU�WKHVH�FRQGLWLRQV��7R�DFKLHYH�WKLV��WKH�WHDFKHUV�ZRUNHG�YHU\�KDUG�WR�GHYHORS�D�FOHDU�RUJDQL]DWLRQ
RI�VXE�JRDOV��ZKLFK�WKH\�H[SODLQHG�WR�WKH�FODVV�DW�WKH�EHJLQQLQJ�RI�WKH�WKUHH�ZHHN�SHULRG�GHYRWHG�WR�WKLV
SDUWLFXODU�SURJUDP��<RX�ZRXOG�QRW�H[SHFW�EHJLQQHUV�WR�ILQG�DV�FOHDU�D�VXE�JRDO�VWUXFWXUH�DV�WKLV�RQH��EXW
RQFH�WKH\�KDYH�VHHQ�D�JRRG�H[DPSOH��WKH\�DUH�PRUH�OLNHO\�WR�ILQG�FOHDU�VXE�JRDOV�LQ�WKH�IXWXUH�IRU�RWKHU
SUREOHPV��7KXV�WKH�SULPDU\�WHDFKLQJ�SXUSRVH�ZDV�WR�GHYHORS�WKH�LGHD�RI�VSOLWWLQJ�D�WDVN�LQWR�VXE�JRDOV�
7KH�LQWHQW�ZDV�WR�SURYLGH�WKH�VWXGHQWV�ZLWK�JRRG�PRGHOV�RI�YDULRXV�ZD\V�LQ�ZKLFK�WKLV�FDQ�EH�GRQH�DQG
WR�KDYH�WKHP�H[SHULHQFH�WKH�KHXULVWLF�SRZHU�RI�WKLV�NLQG�RI�SODQQLQJ��DV�RSSRVHG�WR�MXPSLQJ�VWUDLJKW�LQWR
ZULWLQJ�SURJUDPV��
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$�VXE�JRDO�VWUXFWXUH�FDQ�EH�LPSRVHG�RQ�D�SUREOHP�LQ�VHYHUDO�ZD\V��2QH�ZD\�LV�E\��FKRSSLQJ���WKDW�LV��E\
UHFRJQL]LQJ� WKDW� WKH� ILQDO� SURJUDP� KDV� GLVWLQFW� IXQFWLRQV� WKDW� FDQ� EH� SHUIRUPHG� E\� VHSDUDWH
VXESURFHGXUHV��%XW�WKLV�LV�QRW�WKH�RQO\�ZD\��0DQ\�KHXULVWLF�SURJUDPV�FDQ�EH�VLPSOLILHG�UDWKHU�WKDQ
FKRSSHG��:H�LOOXVWUDWH�WKLV�E\�ILUVW�ZULWLQJ�D�SURFHGXUH�WR�SOD\�WKH�HQWLUH�JDPH�RI�1LP��EXW�LQ�D��GXPE
ZD\���2QFH�ZH�KDYH�GRQH�VR��ZH�FDQ�VWXG\�LWV�SHUIRUPDQFH��GHFLGH�ZK\�LW�SOD\V�EDGO\�DQG�VWUHQJWKHQ�LWV
SOD\��7KXV�WKH�VXFFHVVLYH�SDUWLDO�VROXWLRQV�WR�WKH�SUREOHP�DSSHDU�DV�PDNLQJ�D�SURFHGXUH�SURJUHVVLYHO\
�VPDUWHU��

'HVFULELQJ�WKH�HYROXWLRQ�RI�WKH�SURJUDP�LQ�WKLV�ZD\�KDV�WKH�DGGLWLRQDO�EHQHILW�RI�DOORZLQJ�RQH�WR�PDNH
DQ�DQDORJ\�YDOXDEOH�LQ�WZR�VHQVHV��E\�XVLQJ�WKHPVHOYHV�DV�PRGHOV��VWXGHQWV�DFTXLUH�D�IHUWLOH�VRXUFH�RI
LGHDV� DERXW� SURJUDPPLQJ�� RQ� WKH� RWKHU� KDQG�� WKH� H[SHULHQFH� RI� GHEXJJLQJ� SURJUDPV� FDQ� KDYH� D
WKHUDSHXWLF�HIIHFW�LQ�OHDGLQJ�WKHP�WR�VHH�WKHLU�RZQ�PLVWDNHV�DV�HPRWLRQDOO\�QHXWUDO�EXJV�UDWKHU�WKDQ�DV
HPRWLRQDOO\�FKDUJHG�HUURUV�

7.3.1. The Sub-Goal Plan

7KH�NH\�LGHD�IRU�VXEGLYLVLRQ�RI�WKH�SUREOHP�LV�WR�ZULWH�D�VHULHV�RI�SURJUDPV��HDFK�RI�ZKLFK�LV��VPDUWHU�
WKDQ�WKH�SUHYLRXV�RQH��7KH�ILUVW�SURJUDP�NQRZV�QRWKLQJ�DERXW�WKH�VWUDWHJ\�RI�SOD\��,W�GRHV�QRW�JHQHUDWH
PRYHV��EXW�DVNV�HDFK�RI�WZR�KXPDQ�SOD\HUV�LQ�WXUQ�ZKDW�PRYH�WR�PDNH��)RU�H[DPSOH��LW�PD\�DFW�DV�D
VFRUHNHHSHU��MXVW�NHHSLQJ�WUDFN�RI�WKH�QXPEHU�RI�VWLFNV�ZLWKRXW�ERWKHULQJ�DERXW�ZKHWKHU�WKH�PRYH�LV
OHJDO��)URP�VFRUHNHHSHU�WKH�PDFKLQH�FDQ�DGYDQFH�WR�UHIHUHH��7KLV�PHDQV�WKDW�LW�FKHFNV�WKH�PRYH�IRU
OHJDOLW\�DQG�HYHQWXDOO\�GHFODUHV�WKH�JDPH�RYHU�DQG�DQQRXQFHV�WKH�ZLQQHU��$IWHU�ZH�KDYH�D�ZRUNLQJ
PHFKDQLFDO�UHIHUHH��ZH�VWDUW�PDNLQJ�D�PHFKDQLFDO�SOD\HU��7KH�ILUVW�YHUVLRQ�RI�D�SOD\HU�FKRRVHV�OHJDO��EXW
QRW�QHFHVVDULO\�JRRG�PRYHV��,QGHHG��LW�JHQHUDWHV�D�PRYH�UDQGRPO\��XVHV�LWV�DELOLW\�DV�D�UHIHUHH�WR�GHFLGH
LI�LW�LV�OHJDO��DQG�WKHQ�HLWKHU�DFFHSWV�LW�RU�JHQHUDWHV�DQRWKHU�UDQGRP�PRYH�

:KHQ�WKLV�ZRUNV��WKH�FKLOG�PD\�PDNH�WKH�SURJUDP�VPDUWHU�DQG�VPDUWHU�E\�DGGLQJ�IHDWXUHV�RU�E\�ZULWLQJ
D�FRPSOHWHO\�QHZ�YHUVLRQ�XQWLO�ILQDOO\�³�LI�DOO�JRHV�ZHOO�³�D�SOD\HU�ZLWK�DQ�LQIDOOLEOH�VWUDWHJ\�LV�HYROYHG�

$�QDWXUDO�IRUP�IRU�SURJUDPV�RI�LQWHUPHGLDWH�VPDUWQHVV�LV�WKH�IROORZLQJ��WKH�SURJUDP�KDV�D�OLVW�RI�VLPSOH
VLWXDWLRQV�LQ�ZKLFK�LW�NQRZV�KRZ�WR�SOD\��LQ�RWKHU�VLWXDWLRQV�LW�SOD\V�UDQGRPO\��,Q�RWKHU�ZRUGV��LW�SOD\V
E\�WKH�IRUP�RI�VWUDWHJ\�XVHG�E\�PRVW�FKLOGUHQ�LQ�PRVW�VWUDWHJLF�JDPHV�

,Q�ZRUNLQJ�ZLWK�D�FODVV��D�JRRG�PRPHQW�VKRXOG�EH�VHL]HG�WR�SURG�WKH�VWXGHQWV�LQWR�QRWLQJ�DQG�GLVFXVVLQJ
WKH�DQDORJ\�EHWZHHQ�WKLV�YHU\�VLPSOH�KHXULVWLF�SURJUDP�DQG�WKHPVHOYHV�³�SDUWLFXODUO\��KRZ�WKH�SURJUDP
JHWV�WR�EH�VPDUWHU�WKURXJK�PRUH�RU�EHWWHU�NQRZOHGJH��6HHLQJ�WKH�SURJUDP�DV�D�FRJQLWLYH�PRGHO�LV�D
YDOXDEOH�DQG�H[FLWLQJ�H[SHULHQFH�IRU�WKH�VWXGHQWV��7KH\�FDQ�HDVLO\�EH�GUDZQ�LQWR�GLVFXVVLRQ�DERXW�KRZ
PHDQLQJIXO�VXFK�PRGHOV�DUH��7R�NHHS�WKH�GLVFXVVLRQ�DOLYH��WKH�WHDFKHU�VKRXOG�EH�HTXLSSHG�ZLWK�DUJXPHQWV
DQG�H[DPSOHV�WR�FRXQWHUDFW�H[WUHPLVW��DQG�VR�VWHULOH��SRVLWLRQV��)RU�H[DPSOH��LI�WKH�VWXGHQWV�IHHO�WKDW�WKH
SURJUDP�LV�WRR�VLPSOH�WR�EH�D�PRGHO�RI�KXPDQ�WKLQNLQJ��WKH�WHDFKHU�PLJKW�GLVFXVV�ZKHWKHU�D�WR\�DLUSODQH
LV�D�XVHIXO�PRGHO�RI�D�MHW�DLUSODQH��'RHV�LW�ZRUN�E\�WKH�VDPH�SULQFLSOHV"�&DQ�\RX�OHDUQ�DERXW�DLUOLQHUV�E\
VWXG\LQJ�WR\�PRGHOV"�2Q�WKH�RWKHU�KDQG��LI�D�FODVV�VZLQJV�RYHU�WR�WKH�SRVLWLRQ�WKDW�WKHUH�UHDOO\�LV�QR
GLIIHUHQFH��WKH�WHDFKHU�FDQ�DVN�TXHVWLRQV�DERXW�ZKHWKHU�WKH�SURJUDP�FRXOG�OHDUQ�E\�LWVHOI�ZLWKRXW�D
SURJUDPPHU��,I�WKLV�LV�WRR�HQWKXVLDVWLFDOO\�DFFHSWHG�LW�LV�ZHOO�IRU�WKH�WHDFKHU�WR�DVN���+RZ�PXFK�GR�\RX
OHDUQ�ZLWKRXW�EHLQJ�WROG"��,GHDOO\��WKH�WHDFKHU�VKRXOG�PHUHO\�JXLGH�WKH�GLVFXVVLRQ�ZLWKRXW�KDYLQJ�WR�VD\
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DQ\�RI�WKLV��%XW�DZDUHQHVV�RI�VXFK�DUJXPHQW�ZLOO�SHUPLW�PRUH�VHQVLWLYH�JXLGLQJ��$Q�LQWHUHVWLQJ�H[HUFLVH
DQG�EDVH�IRU�GLVFXVVLRQ�LV�WR�KDYH�WKH�VWXGHQWV�VWXG\�YDULRXV�SURJUDPV�RI�LQWHUPHGLDWH�VPDUWQHVV��FODVVLI\
WKHLU�EDG�PRYHV�E\�GHJUHHV�RI�VWXSLGLW\��DQG�JLYH�WKH�SURJUDP�JUDGHV��RU�VD\�ZK\�WKH\�WKLQN�GRLQJ�VR�LV
VLOO\���

7KH�VWUDWLILFDWLRQ�RI�WKH�SURMHFW�KDV�WKH�JRRG�IHDWXUH�RI�DOORZLQJ�VWXGHQWV�WR�ILQG�WKHLU�RZQ�OHYHOV��$
VORZHU�FKLOG�ZKR�JHWV�RQO\�DV� IDU�DV� WKH�UDQGRP�SOD\HU��QHYHUWKHOHVV�KDV� WKH� WDVWH�RI� VXFFHVV� LI�KLV
SURJUDP�GRHV�ZKDW� LW�GRHV�ZHOO��7HQGHQFLHV�WR� IHHO� LQIHULRU�VKRXOG�EH�FRXQWHUDFWHG�E\�WKH�WHDFKHU
V
DWWLWXGH�DQG�E\�WKH�WHDFKHU
V�HQFRXUDJLQJ�LQGLYLGXDO�YDULDWLRQV�VR�WKDW�QR�FKLOG
V�ILQDO�SURJUDP�LV�D�PHUH
VXEVHW�RI�D�PRUH�DGYDQFHG�RQH��7KH�WHDFKHU
V�FRPSXWHU�FXOWXUH�FDQ�EH�YHU\�UHOHYDQW�LQ�WKLV�GHOLFDWH�NLQG
RI�VLWXDWLRQ��$OWKRXJK�WKH�ULFKQHVV�RI�SURJUDPPLQJ�SHUPLWV�VWXGHQWV�WR�JHQHUDWH�PDQ\�IHUWLOH�LGHDV�
VHQVLWLYH�ILOWHULQJ�E\�WKH�WHDFKHU�FDQ�HQRUPRXVO\�LPSURYH�WKH�DFKLHYHPHQW�WR�IUXVWUDWLRQ�UDWLR�

7.3.1.1. First Steps with the Students

$�PRYH�LQ�1LP�FRQVLVWV�RI�WDNLQJ�RQH��WZR��RU�WKUHH�PDWFKVWLFNV�IURP�D�JLYHQ�SLOH��7ZR�SOD\HUV�PRYH
DOWHUQDWHO\��7KH�SOD\HU�ZKR�WDNHV�WKH�ODVW�VWLFN�ZLQV�

7KH�ILUVW�VWHS�LV�WR�VHH�WKDW�HYHU\RQH�NQRZV�WKH�UXOHV�DQG�XQGHUVWDQGV�ZKDW�WKH�ILUVW�SURJUDP�GRHV��IRU
H[DPSOH��E\�LPLWDWLQJ�LWV�IXQFWLRQ�RU�E\�ZULWLQJ�LPDJLQDU\�VFULSWV��,Q�WKH�FRXUVH�RI�GLVFXVVLQJ�WKLV�WKH
WHDFKHU�LQWURGXFHV�VRPH�QDPHV�VR�WKH�FODVV�FDQ�WDON�DERXW�ZKDW�WKH�SURJUDP�LV�GRLQJ�

+HUH�LV�DQ�H[DPSOH�RI�D�VFULSW�

THE NUMBER OF STICKS IS 8
JOAN TO PLAY. WHAT'S YOUR MOVE?
2
THE NUMBER OF STICKS IS 6
BILL TO PLAY. WHAT'S YOUR MOVE?
3
THE NUMBER OF STICKS IS 3
JOAN TO PLAY. WHAT'S YOUR MOVE?
3
JOAN IS THE WINNER!

/DWHU�LQ�WKH�SURMHFW�WKH�WHDFKHU�FDQ�LQVLVW�WKDW�WKH�VWXGHQWV�FRQVLGHU�ZKDW�KDSSHQV�ZKHQ�D�SOD\HU�UHSOLHV
WR�:+$7
6�<285�029("�E\���RU�&2:��,Q�WKH�EHJLQQLQJ�WKH�WHDFKHU�VKRXOG�GLVFRXUDJH�DOO�EXW�WKH�PRVW
FRPSHWHQW�VWXGHQWV� IURP�ZRUU\LQJ�DERXW� �IXQQ\��DQVZHUV�EHIRUH�JHWWLQJ� WKH�SURJUDP�WR�ZRUN�ZLWK
QRUPDO�DQVZHUV�
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([DPLQLQJ�WKH�VFULSW�\RX�VHH�WKDW�WKHUH�PXVW�EH�QDPHV�IRU�

� 7KH�FXUUHQW�QXPEHU�RI�VWLFNV�³�VD\�67,&.6

� 7KH�PRYH�³�VD\�029(

� 7KH�QH[W�SOD\HU�³�VD\�3/$<(5

� $QG��D�OLWWOH�PRUH�VXEWOH��WKH�RWKHU�SOD\HU�³�VD\�23321(17

7R�EH�VXUH�WKDW�HYHU\RQH�XQGHUVWDQGV��WKH\�DUH�DVNHG�WR�ILOO�LQ�WKHVH��/RJR�WKLQJV��IRU�VXFFHVVLYH�URXQGV�
IROORZLQJ�WKH�SUHYLRXV�VFULSW�

5RXQG�1R �67,&.6 �3/$<(5 �23321(17 �029(

� � -2$1 %,// �

� " " -2$1 �

� � " " "

7.3.2. A Sim ple Scorekee per

,I�WKLV�LV�WKH�ILUVW�JDPH�SOD\LQJ�SURJUDP��WKH�WHDFKHU�EXLOGV�XS�WR�LW�E\�DVNLQJ�VRPH�VWDQGDUG�TXHVWLRQV�

� :KDW�VKDOO�ZH�FDOO�WKH�SURFHGXUH"��/HW
V�VD\�1,03/$<�

� :KDW�PXVW�1,03/$<�GR"

� :KDW�PXVW�1,03/$<�NQRZ"

3RVVLEOH�DQVZHUV�DUH

� $QQRXQFH�WKH�UHPDLQLQJ�QXPEHU�RI�VWLFNV�

� $QQRXQFH�WKH�SOD\HU�WR�PRYH�

� *HW�WKH�PRYH�DQG�PDNH�DOO�WKH�PRGLILFDWLRQV�

� 5HFXUVH�

7R�GR�WKLV��1,03/$<�PXVW�UHPHPEHU��67,&.6���3/$<(56��DQG��23321(17�IURP�WKH�SUHYLRXV�URXQG
DQG�JHW��029(�E\�DVNLQJ�IRU�LW��7KH�ILUVW�WKUHH�WKLQJV�PXVW�EH�SDVVHG�IURP�RQH�FDOO�WR�1,03/$<�WR�WKH
QH[W��VR�WKH\�VKRXOG�EH�LQSXWV��2Q�WKH�RWKHU�KDQG���029(�FRPHV�IURP�WKH�KXPDQ�SOD\HU��VR�LW�GRHV�QRW
QHHG�WR�EH�DQ�LQSXW��,I�\RX�ORRN�DKHDG��\RX�PD\�QRWLFH�WKDW�ODWHU�RQ��029(�ZLOO�VRPHWLPHV�FRPH�IURP
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D�SURFHGXUH�³�WKDW�LV��ZKHQ�WKH�PDFKLQH�JHWV�WR�EH�VPDUW�HQRXJK�WR�PDNH�LWV�RZQ�PRYHV��6R�WR�NHHS�WKH
GRRU�RSHQ�IRU�FKDQJHV��WKH�SUREOHPV�RI�JHWWLQJ��029(�DQG�XVLQJ�LW�DUH�VHSDUDWHG��7KH�VWDQGDUG�ZD\�WR
GR�WKLV�LV�WR�SODQ�RQ�D�VXESURFHGXUH�³�VD\��FDOOHG�*(7029(�

1RZ�VWXGHQWV�FDQ�ZULWH�1,03/$<�

TO NIMPLAY :STICKS :PLAYER :OPPONENT
:KHQ�LQ�GRXEW��KDYH�ORWV�RI�LQSXWV�

PRINT SENTENCE [THE NUMBER OF STICKS IS] :STICKS
$QQRXQFH�WKH�QXPEHU�RI�VWLFNV�

PRINT SENTENCE :PLAYER [TO PLAY. WHAT'S YOUR MOVE?]
MAKE "NEWSTICKS :STICKS - GETMOVE

3UHWHQG�*(7029(�KDV�DOUHDG\�EHHQ�ZULWWHQ�
NIMPLAY :NEWSTICKS :OPPONENT :PLAYER

5HFXUVLRQ�OLQH��1RWLFH�KRZ��3/$<(5�DQG��23321(17�DUH�UHYHUVHG�
END

TO GETMOVE
MAKE "MOVE READNUMBER

6HH�5($'180%(5�SURFHGXUH�RQ�SDJH�����
OUTPUT :MOVE
END

7.3.2.1. From Scorekeeper to Referee

$V�UHIHUHH�WKH�SURJUDP�KDV�VRPH�QHZ�WDVNV�

� 7R�GHFLGH�ZKHWKHU�WKH�JDPH�LV�RYHU

� 7R�GHFODUH�WKH�ZLQQHU�LI�LW�LV�RYHU

� 7R�PDNH�VXUH�WKDW��3/$<(5�WDNHV�������RU���VWLFNV�HDFK�WLPH

7KH�ILUVW�WZR�WDVNV�DUH�DFKLHYHG�E\�DGGLQJ�D�WHVW�DQG�D�VWRS�OLQH�WR�1,03/$<��)RU�H[DPSOH�

TEST :NEWSTICKS = 0
IFT PRINT SENTENCE :PLAYER [IS THE WINNER!]
IFT STOP

7KH� WKLUG� WDVN�FDQ�EH�DFFRPSOLVKHG�E\�JLYLQJ�*(7029(�D� �WU\�DJDLQ�� IRUP��XVLQJ� WKH�0(0%(5"
SUHGLFDWH�ZKLFK�WDNHV�DQ�LWHP�DQG�D�OLVW�DV�LQSXWV�DQG�FKHFNV�ZKHWKHU�WKH�LWHP�LV�LQ�WKH�OLVW��0(0%(5"
FDQ�EH�JLYHQ�WR�VWXGHQWV�DV�D�EODFN�ER[��7KH�LPSOHPHQWDWLRQ�RI�0(0%(5"�LV�H[SODLQHG�RQ�SDJH�����
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      7KH�3,&.5$1'20�SURFHGXUH��SDJH������FDQ�EH�ZULWWHQ�E\�WKH�WHDFKHU�DQG�JLYHQ�WR�VWXGHQWV�DV4

D�SULPLWLYH�

      1RWLFH�WKLV�DQWKURSRPRUSKLVP�ZH�ILQG�LW�XVHIXO�WR�WDON�RI�SURFHGXUHV�DV�DJHQWV�RI�WKHLU��VWDWH�RI5

NQRZOHGJH���RU��WHOOLQJ�WKHP���RU�KDYLQJ�WKHP��WDON�WR��RQH�DQRWKHU��$QG�ZH�SUHVHQW�WKLV�WR�VWXGHQWV
DV�D�GHOLEHUDWH�PHWDSKRU�WKDW�WKH\�PD\�ILQG�XVHIXO�

162

TO GETMOVE
PRINT [YOU MAY TAKE 1, 2, OR 3 STICKS]
MAKE "MOVE READNUMBER
TEST MEMBER? :MOVE [1 2 3]
IFF OUTPUT GETMOVE ,I�WKH�7(67�LV�)$/6(��WU\�DJDLQ�
OUTPUT :MOVE
END

:LWK�WKHVH�FKDQJHV��1,03/$<�LV�FHUWDLQO\�D�UHIHUHH�³�EXW�VWLOO�KDV�VRPH�URXJK�HGJHV��)RU�H[DPSOH�
ZKHQ��67,&.6�LV����*(7029(�JLYHV�SHUPLVVLRQ�WR�WDNH�������RU���VWLFNV��$QG�LI��3/$<(5�WDNHV���VWLFNV�
�67,&.6�EHFRPHV�QHJDWLYH��DQG�WKH�JDPH�ZLOO�JR�RQ�IRUHYHU��EHFDXVH�RI�D��VOLS�E\��EXJ��+RZHYHU��ZH�VKDOO
OHDYH�LW�DV�DQ�H[HUFLVH�WR�UHPHG\�WKHVH�PLQRU�IDLOLQJV�

,Q�SUHVHQWLQJ�WKLV�VHFWLRQ�WR�VWXGHQWV��WKH�WHDFKHU�PD\�ZDQW�WR�ZRUN�WKURXJK�RQH�RI�WKH�WZR�PDMRU
PRGLILFDWLRQV�ZLWK�WKH�FODVV�DQG�OHW�WKH�VWXGHQWV�VWUXJJOH�ZLWK�WKH�RWKHU��7KH�VOLS�E\�EXJ�ZH�ZRXOG�OHDYH
WR�WKH�FODVV�WR�GLVFRYHU�DQG�FXUH��7KRVH�ZKR�PLVV�LW�DW�WKLV�VWDJH�ZLOO�ILQG�LWV�SUHVHQFH�PRUH�REWUXVLYH
ODWHU��,I�VR��D�SURILWDEOH�GLVFXVVLRQ�PD\�GHYHORS�RQ�WKH�TXHVWLRQ�RI�ZK\�WKH�EXJ�ZDV�QRW�IRXQG�³�SHUKDSV
EHFDXVH�WKH�KXPDQ�SOD\HU�DOZD\V�PDNHV�UHDVRQDEOH�PRYHV�VR�WKDW��67,&.6�QHYHU�EHFRPHV�QHJDWLYH�HYHQ
WKRXJK�WKH�PDFKLQH�DOORZV�LW��/DWHU�ZH�VKDOO�VHH�WKDW�ZKHQ�WKH�PDFKLQH�PDNHV�LWV�RZQ�PRYHV��LW�LV�QRW
WR�EH�VR�FRRSHUDWLYH�XQOHVV�LW�LV�WROG�WR�EH�

([DPSOHV�RI�LQGLYLGXDO�IULOOV�WR�D�UHIHUHH�SURJUDP�DUH��WLPLQJ�PRYHV��GHFODULQJ�WKH�ZLQQHU�D�PRYH�RU�WZR
DKHDG������DOORZLQJ�D�SOD\HU�WR�WDNH�D�PRYH�EDFN��SULQWLQJ�D�VFRUH�VKHHW��JLYLQJ�DGYLFH������HVWDEOLVKLQJ�DQG
LPSRVLQJ�KDQGLFDSV������DQG�FKDQJLQJ�WKH�UXOHV�

7.3.3. A Mechanical Pla yer

+RZ�FDQ�WKH�PDFKLQH�FKRRVH�D�PRYH"�7KH�VLPSOHVW�ZD\�LV�E\�XVLQJ�3,&.5$1'20� �)RU�H[DPSOH��\RX�

FRXOG�DOORZ�*(7029(�WR�PDNH�WKH�FKRLFH� �LI�D�SHUVRQ�LV�WR�SOD\��XVH�5($'180%(5��LI�WKH�PDFKLQH�

LV�WR�SOD\��XVH�3,&.5$1'20��%XW�LW�KDV�WR�EH�WROG�ZKHWKHU�WKH�SOD\HU�LV�KXPDQ�RU�WKH�FRPSXWHU��6R�LW
PXVW�KDYH�DQ�LQSXW�
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TO GETMOVE :PLAYER
TEST :PLAYER = [COMPUTER]
IFT MAKE "MOVE PICKRANDOM [1 2 3]
IFF PRINT [YOU MAY TAKE 1, 2, OR 3 STICKS]
IFF MAKE "MOVE READNUMBER
.
.
.

DV�EHIRUH

$W�WKLV�VWDJH�WKH�VOLS�E\�EXJ�PD\�EHFRPH�VHULRXV��2QH�ZD\�WR�NLOO�LW�LV�WR�WHOO�*(7029(�DERXW��67,&.6
DQG�KDYH�LW�WU\�DJDLQ�LI��029(�FRPHV�XS�JUHDWHU�WKDQ��67,&.6��7R�GR�WKLV�\RX�FKDQJH�WKH�WLWOH�OLQH�WR�

TO GETMOVE :PLAYER :STICKS

DQG�DGG�D�SDLU�RI�OLQHV�DIWHU�WKH�WZR�0$.(V�

TEST :MOVE > :STICKS
IFT OUTPUT GETMOVE :PLAYER :STICKS

7.3.3.1. Strate gic Pla y

7KH�SODQ�IRU�ZULWLQJ�WKH�1LP�SOD\LQJ�SURJUDP�LQ�PDQ\�VWUDWD�QRZ�FDOOV�IRU�LW�WR�UHFRJQL]H�D�IHZ�VSHFLDO
QXPEHUV�DQG�NQRZ�ZKDW�WR�GR�LQ�WKRVH�FDVHV��EXW�FRQWLQXH�WR�SOD\�VWXSLGO\�LQ�RWKHU�FDVHV��+RZHYHU��E\
WKLV�WLPH�LW�LV�OLNHO\�WKDW�WKH�FODVV�KDV�DOUHDG\�GLVFRYHUHG�WKH�IXOO�VWUDWHJ\��,W�PD\�VWLOO�EH�ZRUWKZKLOH�WR
HQFRXUDJH�DW�OHDVW�VRPH�PHPEHU�WR�IROORZ�WKH�RULJLQDO�SODQ�DV�DQ�LQVWUXFWLYH�MRNH��,Q�WKLV�VHFWLRQ�ZH
LOOXVWUDWH�D�JHQHUDO�TXHVWLRQ�DQVZHU�WHFKQLTXH�IRU�FODVVURRP�GLVFXVVLRQ�WR�HQFRXUDJH�KDELWV�RI�KHXULVWLF
QHDWQHVV�LQ�WKH�VWXGHQWV
�RZQ�WKLQNLQJ�

$�JRRG�H[HUFLVH�LV�WR�REVHUYH�1,03/$<�LQ�LWV�SUHVHQW�FRQGLWLRQ�DQG�WR�FROOHFW�DQG�FODVVLI\�LWV�PLVWDNHV�
$Q�H[DPSOH�RI�D�FODVVLILFDWLRQ�PDGH�E\�D�VWXGHQW�LV�

� '80%�0,67$.(6

L 7KHUH�ZHUH���VWLFNV�DQG�WKH�PDFKLQH�WRRN�����,I�WKH�PDFKLQH�KDG�DQ\�VHQVH��LW�ZRXOG
OHDYH�WKH�RSSRQHQW�ZLWK����

L 7KHUH�ZHUH���RU���VWLFNV�DQG�WKH�PDFKLQH�GLG�QRW�OHDYH���

� 683(5�'80%�0,67$.(6

L 7KHUH�ZHUH���RU���VWLFNV�DQG�WKH�PDFKLQH�GLG�QRW�WDNH�DOO�
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:H�VKDOO�ZULWH�D�SURFHGXUH�WR�DYRLG�ILUVW��VXSHU�GXPE�PLVWDNHV��DQG�WKHQ��GXPE�PLVWDNHV��

� 4XHVWLRQ��:KDW�SURJUDP�IRUP"
$QVZHU��7(67�

� 4XHVWLRQ��:KDW�GR�ZH�WHVW�IRU"
(QJOLVK�DQVZHU��:KHWKHU�WKHUH�DUH�������RU���VWLFNV�
/RJR�DQVZHU��7(67�0(0%(5"��67,&.6�>�����@�

� 4XHVWLRQ��:KDW�LV�WKH�DFWLRQ�LI�WKH�WHVW�LV�SDVVHG"
(QJOLVK�DQVZHU��7DNH�DOO�WKH�VWLFNV�
/RJR�DQVZHU��287387��67,&.6�

� 4XHVWLRQ��:KDW�LI�LW�LV�QRW�SDVVHG"
(QJOLVK�DQVZHU��0RYH�MXVW�OLNH�EHIRUH�
/RJR�DQVZHU��0$.(��029(�3,&.5$1'20�>�����@�

1RZ�SXW�WKLV�WRJHWKHU�WR�PDNH�D�SURFHGXUH�WR�PDNH�WKH�PRYH�

� 4XHVWLRQ��:KDW�PXVW�WKH�SURFHGXUH�NQRZ"
$QVZHU���67,&.6�³�VR�LW�QHHGV�DQ�LQSXW�

TO MAKEMOVE :STICKS
TEST MEMBER? :STICKS [1 2 3]
IFT OUTPUT :STICKS
IFF OUTPUT PICKRANDOM [1 2 3]
END

7KH�SURFHGXUH�LV�XVHG�LQ�SODFH�RI�3,&.5$1'20�LQ�*(7029(��6R�GRQ
W�IRUJHW�WR�FKDQJH�*(7029(�

1RZ�H[WUD�OLQHV�FDQ�EH�DGGHG��)RU�H[DPSOH�

TEST :STICKS = 5
IFT OUTPUT 1

7.3.3.2. The Smart Pla yer

%\�WKLV�WLPH�HYHU\RQH�VKRXOG�EH�YHU\�FORVH�WR�XQGHUVWDQGLQJ�WKH�VWUDWHJ\��IRU�H[DPSOH��LQ�WKH�IROORZLQJ
IRUP�

� 4XHVWLRQ��+RZ�GRHV�WKH�JDPH�HQG"
$QVZHU��:KHQ�D�SOD\HU�OHDYHV���VWLFNV�

6R�OHW
V�WU\�PDNLQJ�WKH�PDLQ�DFWRU�EH�WKH�QXPEHU�RI�VWLFNV�ZH�OHDYH��,I�ZH�FDQ�OHDYH���WKDW
V�JUHDW��%XW
LI�ZH�KDYH�PRUH�WKDQ���ZH�FDQ
W��6R�ZH�PXVW�WKLQN�DKHDG�
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� 4XHVWLRQ��:KDW�FDQ�ZH�OHDYH�WR�KHOS�XV�OHDYH���QH[W�WLPH"
$QVZHU�����%HFDXVH�WKH�RSSRQHQW�ZLOO�OHDYH�������RU���

� 4XHVWLRQ��:KDW�FDQ�ZH�OHDYH�VR�DV�WR�EH�DEOH�WR�OHDYH���QH[W�WLPH"
$QVZHU����

� 4XHVWLRQ��6R���������DUH�JRRG�QXPEHUV�WR�VKRRW�DW�IRU�OHDYLQJ��:KDW�RWKHUV"
$QVZHU���������������

� 4XHVWLRQ��+RZ�FRXOG�\RX�GHVFULEH�WKH�QXPEHUV�����������������������
$QVZHU��7KH\�DUH�DOO�GLYLVLEOH�E\����5(0$,1'(5��180%(5���LV���

� ����4XHVWLRQ��,I�,�JLYH�\RX��180%(5��KRZ�FDQ�\RX�XVH�LW�WR�ILQG�WKH�QH[W�QXPEHU�GRZQ�GLYLVLEOH
E\��"
$QVZHU��6XEWUDFW�5(0$,1'(5��180%(5���

6R�WKHUH�ZH�DUH��7KH�VPDUW�LQYLQFLEOH�1LP�SOD\HU�LV�PDGH�E\�UHSODFLQJ�0$.(029(�E\�60$57029(��

TO SMARTMOVE :STICKS
MAKE "REM REMAINDER :STICKS 4
IF :REM = 0 OUTPUT 1 ,W�UHDOO\�GRHVQ
W�PDWWHU�LQ�WKLV�FDVH�
OUTPUT :REM
END

7.3.4. Frills and Modifications

:ULWH�VXSHUSURFHGXUHV�RU�PDNH�DGGLWLRQV�WR�WKH�SUHVHQW�SURFHGXUH�WR�SURGXFH�WUDQVFULSWV�VXFK�DV�WKH�RQH
IROORZLQJ�

NIM
DO YOU KNOW HOW TO PLAY NIM?
NO
HERE ARE THE RULES: YOU WILL BE SHOWN A COLLECTION OF X'S.
YOU MAY REMOVE 1, 2, OR 3. THE PLAYER WHO TAKES THE LAST X
WINS. THIS IS PROBABLY TOO VAGUE FOR YOU TO UNDERSTAND, BUT
TRY PLAYING AND I'LL CORRECT YOUR MISTAKES.
ARE YOU READY?
I AM
PLEASE SAY "YES" OR "NO"
YES
OK. NOW TELL ME THE NAME OF THE FIRST PLAYER.
JOAN
NOW THE NAME OF THE OTHER PLAYER.
COMPUTER
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HOW MANY STICKS DO YOU WANT TO START WITH?
THIRTY-ONE
l'M A DUMB COMPUTER. TYPE A PROPER NUMERAL.
31
JOAN TO PLAY.
THERE ARE 31 STICKS.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
JOAN, TAKE 1, 2, OR 3.
3
COMPUTER TO PLAY.
THERE ARE 28 STICKS.
XXXXXXXXXXXXXXXXXXXXXXXXXXXX
I TAKE 1
JOAN TO PLAY.
THERE ARE 27 STICKS.
XXXXXXXXXXXXXXXXXXXXXXXXXXX
TAKE 1, 2, OR 3.
3
.
.
.

,Q�DGGLWLRQ�WR�VXFK�IULOOV��WKHUH�DUH�XQOLPLWHG�SRVVLELOLWLHV�WR�SOD\�ZLWK�WKH�LGHDV�LQ�WKH�SURFHGXUH�DIWHU
LW� KDV� EHHQ�PDGH� WR�ZRUN��+HUH� DUH� WKUHH� H[DPSOHV� WR� LOOXVWUDWH� WKH� LGHD� WKDW� WKH� SURMHFW� KDV� QRW
QHFHVVDULO\�UXQ�RXW�ZKHQ�WKH�SURFHGXUH�LV�GHEXJJHG�

� $Q�LQWHUHVWLQJ�VLPSOH�PRGLILFDWLRQ�WR�WKH�UXOH�RI�WKH�JDPH�LV�WR�FKDQJH�WKH�������UXOH�WR�D�����UXOH
RU�D�����������UXOH��:ULWH�D�SURFHGXUH�WKDW�DVNV�ZKDW�UXOH�LV�WR�EH�XVHG�DQG�WKHQ�SOD\V�E\�WKDW
UXOH�

� 2XU�VWRS�UXOH�ZDV��WKH�SOD\HU�ZKR�WDNHV�WKH�ODVW�VWLFN�ZLQV��&KDQJH�WKLV�WR��ZKRHYHU�WDNHV�WKH
ODVW�VWLFN�ORVHV���7KH�ODWWHU�LV�WKH�WUDGLWLRQDO�IRUP��

� 7KH�JDPH�FDQ�EH�HPEHGGHG�LQ�D�PRUH�FRPSOH[�RQH��VXFK�DV�PRYLQJ�FRXQWHUV�DORQJ�PDUNHG�SDWKV
RQ�D�ERDUG��,I�WKHUH�LV�MXVW�RQH�OLQHDU�SDWK��WKH�SUREOHP�LV�LGHQWLFDO��EXW�LI�EUDQFKHV�DUH�DOORZHG�
LQWHUHVWLQJ�FRPSOH[LWLHV�DULVH�

7.3.5. A Listin g of the NIMPLAY Procedures

+HUH�LV�D�OLVWLQJ�RI�WKH�ILQDO�IRUP�RI�WKH�1,03/$<�SURFHGXUHV��%HVLGHV�WKH�WKUHH�SURFHGXUHV�OLVWHG�EHORZ�
WKH�SURMHFW�DOVR�PDNHV�XVH�RI�WKH�5(0$,1'(5�SURFHGXUH�RQ�SDJH������WKH�5($'180%(5�SURFHGXUH
RQ�SDJH������DQG�WKH�0(0%(5"�SURFHGXUH�RQ�SDJH�����
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TO NIMPLAY :STICKS :PLAYER :OPPONENT
PRINT SENTENCE [THE NUMBER OF STICKS IS] :STICKS
PRINT SENTENCE PLAYER [TO PLAY. WHAT'S YOUR MOVE?]
MAKE "NEWSTICKS :STICKS - (GETMOVE :PLAYER :STICKS)
TEST :NEWSTICKS = 0
IFT PRINT SENTENCE :PLAYER [IS THE WINNER!]
IFT STOP
NIMPLAY :NEWSTICKS :OPPONENT :PLAYER
END

TO GETMOVE :PLAYER :STICKS
TEST :PLAYER = [COMPUTER]
IFT MAKE "MOVE SMARTMOVE
IFF PRINT [YOU MAY TAKE 1, 2, OR 3 STICKS]
IFF MAKE "MOVE READNUMBER
TEST MEMBER? :MOVE [1 2 3]
IFF OUTPUT GETMOVE :PLAYER :STICKS
TEST :MOVE > :STICKS
IFT OUTPUT GETMOVE :PLAYER :STICKS
OUTPUT :MOVE
END

TO SMARTMOVE
MAKE "REM REMAINDER :STICKS 4
IF :REM = 0 OUTPUT 1
OUTPUT :REM
END

7.4. Growin g Flowers

,Q�WKLV�VHFWLRQ�ZH
OO�GHVLJQ�D�PRYLH��VKRZQ�LQ�&RORU�3ODWH�,,��7KH�VFHQH�VWDUWV�DW�QLJKW��ZLWK�VRPH�EXOEV
SODQWHG�LQ�D�ODZQ��7KH�VXQ�ULVHV�DQG�WKH�VN\�JURZV�OLJKW��7KHQ�WKH�IORZHUV�EHJLQ�WR�JURZ��$V�WKH�IORZHUV
JURZ��WKH\�VSURXW�OHDYHV�DQG�EXGV��)LQDOO\�WKH\�EXUVW�LQWR�FRORU�DQG�EORRP�

7KLV�PRYLH�LV�PRUH�FRPSOH[�WKDQ�WKH�RQH�LQ�6HFWLRQ������EHFDXVH�LW�UHTXLUHV�WLJKWHU�FRRUGLQDWLRQ�EHWZHHQ
VSULWHV�DQG�WLOHV��7KH�JUDVV�LV�PDGH�XS�RI�WLOHV��DQG�WKH�VXQ�LV�D�VSULWH��7KH�IORZHUV�DUH�PDGH�XS�RI�ERWK
WLOHV�DQG�VSULWHV��ZKLFK�ZLOO�UHTXLUH�VRPH�VXEWOHW\�LQ�WKH�LPSOHPHQWDWLRQ�

7.4.1. Coordinates for S prites and Tiles

7KH�SUREOHP�ZLWK�PDNLQJ�VKDSHV�E\�FRPELQLQJ�WLOHV�DQG�VSULWHV�LV�WKDW�WKH�[��\�FRRUGLQDWHV�XVHG�WR
SRVLWLRQ�VSULWHV�RQ�WKH�VFUHHQ�DUH�QRW�WKH�VDPH�DV�WKH�URZ�DQG�FROXPQ�QXPEHUV�XVHG�WR�SRVLWLRQ�WLOHV��5RZ
DQG� FROXPQ� QXPEHUV� DUH� LQWHUSUHWHG� DV� FKDUDFWHU� SRVLWLRQV�� VKRZQ� LQ� )LJXUH� ���D�� &ROXPQV� DUH
QXPEHUHG�IURP�OHIW�WR�ULJKW����WKURXJK�����DQG�URZV�DUH�QXPEHUHG�IURP�WRS�WR�ERWWRP����WKURXJK�����2Q
WKH�RWKHU�KDQG��VSULWH�DQG�WXUWOH�FRRUGLQDWHV�DUH�VSHFLILHG�LQ�WHUPV�RI�DQ�[�FRRUGLQDWH�EHWZHHQ������DQG
�����DQG�D�\�FRRUGLQDWH�EHWZHHQ�����DQG�����DV�VKRZQ�LQ�)LJXUH����E�
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Figure 7.1:
Comparison of tile coordinates
(a) with sprite coordinates (b).

,W�ZLOO�EH�XVHIXO��WKHUHIRUH��WR�KDYH�VRPH�SURFHGXUHV�WKDW�FRQYHUW�IURP�RQH�FRRUGLQDWH�V\VWHP�WR�WKH�RWKHU�
+HUH�LV�D�SURFHGXUH�WKDW�UHWXUQV�WKH�[�FRRUGLQDWH�FRUUHVSRQGLQJ�WR�D�JLYHQ�FROXPQ�

TO COLX :COL
OUTPUT (8 * :COL) - 128
END

6LPLODUO\��ZH�FDQ�FRQYHUW�D�URZ�QXPEHU�WR�D�\�FRRUGLQDWH�

TO ROWY :ROW
OUTPUT (-8 * :ROW) - 96
END

8VLQJ�WKHVH�WZR�SURFHGXUHV��ZH�FDQ�ZULWH�D�SURFHGXUH�387635,7(��VLPLODU�WR�3877,/(��ZKLFK�SRVLWLRQV
D�VSULWH�DW�D�JLYHQ�FROXPQ�DQG�URZ�

TO PUTSPRITE :SPRITE :COLUMN :ROW
TELL :SPRITE
SXY (COLX :COLUMN) (ROWY :ROW)
END

&RQYHUWLQJ�FRRUGLQDWHV�WKH�RWKHU�ZD\��LW�LV�DOVR�XVHIXO�WR�EH�DEOH�WR�ILQG�WKH�URZ�DQG�FROXPQ�SRVLWLRQ�RI
D�VSULWH��7KH�IROORZLQJ�SURFHGXUHV�UHWXUQ�WKH�FROXPQ�QXPEHU�FRUUHVSRQGLQJ�WR�WKH�;&25�RI�WKH�FXUUHQW
REMHFW�DQG�WKH�URZ�QXPEHU�FRUUHVSRQGLQJ�WR�<&25�
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Figure 7.2: Shape for GRASS
tile.
LEFTSTEM
RIGHTSTEM
LEFTSTEM1
RIGHTSTEM1

TO XCOLUMN
OUTPUT (XCOR + 128)/8
END

TO YROW
OUTPUT (-YCOR + 96)/8
END

7.4.2. Definin g the Sha pes

7R�PDNH�WKH�PRYLH��\RX�ZLOO�QHHG�VRPH�VKDSHV��ERWK�IRU�WLOHV�DQG�VSULWHV�

7KH�JUDVV�ZLOO�EH�D�UHJXODU�SDWWHUQ��FRQVLVWLQJ�RI�D�EDFNJURXQG�ZLWK�D�VPDOO��EODGH��LQ�LW��DV�VKRZQ�LQ
)LJXUH������:H
OO�XVH�WLOH�QXPEHU���IRU�WKLV�SDWWHUQ

MAKE "GRASS 8

DQG�JLYH�LW�D�IRUHJURXQG�FRORU�2/,9(�DQG�D�EDFNJURXQG�FRORU�*5((1��ZKLFK�ZLOO�FRORU�WKH�EODGH�VOLJKWO\
GDUNHU�WKDQ�WKH�UHVW�

:H
OO�DOVR�XVH�WKH�WLOHV�IRU�WKH�VWHPV�DQG�OHDYHV�RI�WKH�IORZHUV��7KHUH�DUH�IRXU�GLIIHUHQW�WLOHV��RUGLQDU\�OHIW
DQG�ULJKW�KDOYHV�RI�D�VWHP��DQG�OHIW�DQG�ULJKW�KDOYHV�ZLWK�OHDYHV�RQ�WKHP�

MAKE "LEFTSTEM 100
MAKE "RIGHTSTEM 101
MAKE "LEFTSTEM1 98
MAKE "RIGHTSTEM1 99

7KHVH�ZLOO�DOO�EH�FRORUHG�2/,9(�ZLWK�D�&/($5�EDFNJURXQG�FRORU��VR�ZH�FDQ�SXW�WKHP�DOO�LQ�WKH�VDPH�FRORU
JURXS���6HH�SDJH�������)LJXUH�����VKRZV�WKH�VKDSHV�IRU�WKHVH�WLOHV�
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(a) (b)

(c) (d)
Figure 7.3: Tile shapes flower
stems.
BULB
BUD
BLOOM 

$V�WKH�IORZHUV�JURZ��WKH\�HYROYH�WKURXJK�WKUHH�GLIIHUHQW�VKDSHV�³�EXOEV��EXGV��DQG�EORRPV�

MAKE "BULB 6
MAKE "BUD 7
MAKE "BLOOM 8

8VH�0$.(6+$3(�WR�GHILQH�WKHVH�WKUHH�VKDSHV�DV�VKRZQ�LQ�)LJXUH�����
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(a) (b)

(c)
Figure 7.4: Sprite shapes for
the flowers.

)LQDOO\��\RX�QHHG�D�VKDSH�IRU�WKH�VXQ��7KH�VLPSOHVW�WKLQJ�WR�GR�KHUH�LV�WR�XVH�WKH�%$//�VKDSH�EXLOW�LQWR
/RJR�

7.4.3. The Grass

7R�PDNH�WKH�JUDVV��\RX�QHHG�WR�OD\�GRZQ�D�VROLG�EORFN�RI�WLOHV��VWDUWLQJ�IURP�VRPH�URZ�RQ�WKH�VFUHHQ�DQG
ZRUNLQJ�GRZQZDUGV��7KLV�LV�H[DFWO\�WKH�ZD\�WKDW�WKH�:$7(5�ZDV�KDQGOHG�LQ�WKH�PRYLH�LQ�6HFWLRQ�����
DQG�\RX�FDQ�XVH�WKH�VDPH�0$.(52:6�SURFHGXUH�WKDW�ZH�XVHG�WKHUH��)RU�0$.(52:6��\RX�PXVW
VSHFLI\�WKH�WLOH�QXPEHU�DQG�WKH�WRS�RI�WKH�EORFN��5RZ����LV�D�JRRG�SRVLWLRQ�DW�ZKLFK�WR�VWDUW�

MAKE "GRASSTOPROW 14

TO MAKEGRASS
TELL TILE :GRASS
SETCOLOR SENTENCE :OLIVE :GREEN
MAKEROWS :GRASS :GRASSTOPROW
END
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      7KLV�LV�EHFDXVH�D�VSULWH�LV���FKDUDFWHU�SRVLWLRQV�KLJK��DQG�WKH�LQSXWV�VXSSOLHG�WR�387635,7(7

VSHFLI\�WKH�SRVLWLRQ�RI�WKH�WRS�OHIW�FRUQHU�RI�WKH�VKDSH�
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7.4.4. Plantin g the Bulbs

3ODQWLQJ�D�EXOE�LV�VLPSO\�D�PDWWHU�RI�SRVLWLRQLQJ�D�VSULWH�WKDW�LV�FDUU\LQJ�WKH�%8/%�VKDSH��7KH�IROORZLQJ
SURFHGXUH�SRVLWLRQV�D�JLYHQ�VSULWH�DW�D�JLYHQ�FROXPQ�DQG�URZ��1RWLFH�KRZ�WKH�387635,7(�SURFHGXUH
�SDJH������FRPHV�LQ�KDQG\�

TO PLANTBULB :SPRITE :COLUMN :ROW
PUTSPRITE :SPRITE :COLUMN :ROW
TELL SPRITE :SPRITE
SETCOLOR :GREEN
CARRY :BULB
END

1RZ�\RX�FDQ�SODQW�DOO�WKH�EXOEV��8VH�VSULWHV���WKURXJK���WR�PDNH�VL[�IORZHUV��&KRRVH�FROXPQ�QXPEHUV
WR�VSUHDG�WKH�IORZHUV�RXW�RQ�WKH�VFUHHQ��DQG�SRVLWLRQ�WKH�EXOEV�WZR�URZV�DERYH�WKH�WRS�JUDVV�URZ� �

TO PLANTBULBS 
MAKE "BULBROW :GRASSTOPROW - 2
PLANTBULB 0 5 :BULBROW
PLANTBULB 1 8 :BULBROW
PLANTBULB 2 12 :BULBROW
PLANTBULB 3 20 :BULBROW
PLANTBULB 4 16 :BULBROW
PLANTBULB 5 24 :BULBROW
END

7.4.5. Sunrise

7R�PDNH�WKH�VXQULVH��\RX�QHHG�RQO\�KDYH�D�VSULWH�PRYH�XSZDUGV�FDUU\LQJ�WKH�%$//�VKDSH��ZKLOH�WKH�VN\
FKDQJHV�FRORU�� IURP�%/$&.�WR�%/8(�WR�6.<�WR�&<$1��<RX�FDQ�XVH�VSULWH�QXPEHU����IRU�WKH�VXQ�
VWDUWLQJ�LW�QHDU�WKH�WRS�URZ�RI�JUDVV�WRZDUGV�WKH�ULJKW�RI�WKH�VFUHHQ�

MAKE "SUN 10
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TO SUNRISE
COLORBACKGROUND :BLUE
TELL SPRITE :SUN
SXY 75 20
CARRY :BALL
SETCOLOR :YELLOW
REPEAT 30 [FORWARD 1 WAIT 10]
COLORBACKGROUND :SKY
REPEAT 30 [FORWARD 1 WAIT 10]
COLORBACKGROUND :CYAN
END

7.4.6. Growin g the Flowers

1RZ�\RX�PXVW�JURZ�WKH�EXOEV�LQWR�IORZHUV��7KH�ILUVW�VWHS�LV�WR�VHW�WKH�FRORU�RI�WKH�WLOHV�IRU�WKH�VWHP�

TO MAKESTEM
TELL TILE :LEFTSTEM
SETCOLOR (SENTENCE :OLIVE :CLEAR)
END

7KH�FRORU�RI�WKH�VWHPV�LV�2/,9(��VOLJKWO\�GDUNHU�WKDQ�WKH�*5((1�RI�WKH�JUDVV�DQG�WKH�EXOEV��1RWH�WKDW
VLQFH�DOO�WKH�VWHP�SLHFHV�DUH�LQ�WKH�VDPH�FRORU�JURXS��\RX�QHHG�RQO\�VHW�WKH�FRORU�RI�RQH�RI�WKH�SLHFHV���6HH
6HFWLRQ��������

7R�PDNH�WKH�IORZHU�JURZ��\RX�ZDQW�WR�PDNH�LW�DSSHDU�WKDW�D�VWHP�LV�JURZLQJ��SXVKLQJ�XS�WKH�IORZHU�VKDSH
FDUULHG�E\�D�VSULWH��,Q�RUGHU�WR�DFFRPSOLVK�WKLV��\RX�FDQ�XVH�D�WULFN��OD\�GRZQ�D�VHFWLRQ�RI�WKH�VWHP�LQ�WKH
VDPH�SRVLWLRQ�DV�WKH�VSULWH�VKDSH��6LQFH�VSULWHV�FRYHU�WLOHV��\RX�ZLOO�QRW�VHH�WKH�VWHP�DW�WKLV�SRLQW��1RZ
PRYH�WKH�VSULWH�VORZO\�XSZDUGV���XQLWV��WKH�KHLJKW�RI�D�WLOH���$V�WKH�VSULWH�PRYHV��PRUH�DQG�PRUH�RI�WKH
VWHP�ZLOO�EH�XQFRYHUHG��(YHU\�WLPH�WKH�67(0�SURFHGXUH�LV�UHSHDWHG��WKH�WLOHV�ZLOO�EH�SODFHG�LQ�D�KLJKHU
SRVLWLRQ� DQG� WKH� IORZHU�ZLOO� JURZ�E\� DQ� DPRXQW� HTXDO� WR� RQH� WLOH� XQLW��+HUH� LV� WKH� SURFHGXUH� WKDW
DFFRPSOLVKHV�WKLV�

TO STEM
PUTTILE: LEFTSTEM XCOLUMN YROW+1
PUTTILE :RIGHTSTEM XCOLUMN+1 YROW+1
REPEAT 8 [FORWARD 1]
END

7KH� SURFHGXUHV� IRU� ILQGLQJ� WKH� URZ� DQG� FROXPQ� RI� D� VSULWH� �6HFWLRQ� ������� FRPH� LQ� KDQG\� KHUH� LQ
SRVLWLRQLQJ�WKH�WLOHV��7KH�H[WUD�XQLW�DGGHG�WR�WKH�URZ�FRRUGLQDWH�LV�EHFDXVH�VSULWHV�DUH���WLOH�VSDFHV�KLJK�
DQG�\RX�VKRXOG�SODFH�WKH�WLOH�XQGHU�WKH�ORZHU�KDOI�RI�WKH�VSULWH��7KH�ULJKW�KDOI�RI�WKH�VWHP�DOVR�QHHGV�DQ
H[WUD�XQLW�DGGHG�WR�LWV�FROXPQ�FRRUGLQDWH�
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7R�PDNH�WKH�IORZHU�VSURXW�OHDYHV��\RX�VLPSO\�QHHG�WR�UHSODFH�DQ�RUGLQDU\�VWHP�VKDSH�E\�RQH�RI�WKH�VWHP
VKDSHV�ZLWK�OHDYHV�RQ�LW��3LFN�D�KHLJKW�RQ�WKH�VWHP�D�OLWWOH�EHORZ�WKH�WRS��+HUH�DUH�SURFHGXUHV�WKDW�VSURXW
D�OHDI�WR�WKH�OHIW�

TO LEFTLEAF
PUTTILE :LEFTSTEM1 XCOLUMN YROW+2
END

DQG�D�OHDI�WR�WKH�ULJKW�

TO RIGHTLEAF
PUTTILE :RIGHTSTEM1 XCOLUMN+1 YROW+3
END

7KH�����DQG�����DGGHG�WR�WKH�URZ�GHWHUPLQH�KRZ�IDU�EHORZ�WKH�FXUUHQW�VSULWH�SRVLWLRQ�WKH�OHDI�ZLOO
VSURXW�

1RZ�\RX�FDQ�JURZ�D�FRPSOHWH�IORZHU��6WDUW�ZLWK�D�VSULWH�VKDSHG�OLNH�D�%8/%��JURZ�VRPH�VWHP��FKDQJH
WKH�VSULWH�VKDSH�WR�D�%8'��VSURXW�D�OHDI��JURZ�PRUH�VWHP��VSURXW�DQRWKHU�OHDI��FKDQJH�WKH�EXG
V�FRORU��DQG
FKDQJH�WKH�VKDSH�WR�D�%/220��7KH�SURFHGXUH�WKDW�GRHV�WKLV�WDNHV�DV�LQSXWV�WKH�VSULWH�QXPEHU��WKH
QXPEHU�RI�VWHP�VHJPHQWV�WR�JURZ��DQG�WKH�IORZHU
V�FRORU�

TO GROW :S :LENGTH :COLOR
TELL SPRITE :S
REPEAT :LENGTH [STEM]
CARRY :BUD
LEFTLEAF
REPEAT :LENGTH [STEM]
RIGHTLEAF
WAIT 30
SETCOLOR :COLOR
WAIT 30
CARRY :BLOOM
END

%\�FDOOLQJ�WKLV�SURFHGXUH�UHSHDWHGO\��\RX�FDQ�JURZ�DOO�WKH�IORZHUV�

TO GROWFLOWERS
MAKESTEM
GROW 0 3 :WHITE
GROW 4 4 :YELLOW
GROW 5 3 :RUST
GROW 1 4 :RED
GROW 3 2 :ORANGE
GROW 2 3 :PURPLE
END
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(a) (b)

(c) (d)

7KH�DFWLRQ�RI�*52:)/2:(56�LV�LOOXVWUDWHG�LQ�)LJXUH�����

Figure 7.5: Illustrations of the GROWFLOWERS procedure. The "X" marks in each figure
show the coordinate locations of each sprite as the movie develops.

7.4.7. Combinin g All the Pieces

Now it only remains to put everything together. Begin by clearing the screen and setting up a BLACK
background.

TO FLOWERMOVIE
CLEARSCREENANDSPRITES
COLORBACKGROUND :BLACK
MAKEGRASS
PLANTBULBS
SUNRISE
WAIT 30
GROWFLOWERS

7KH�&/($56&5((1$1'635,7(6�SURFHGXUH��ZKLFK�FOHDUV�WKH�VFUHHQ�DQG�PDNHV�WKH�VSULWHV�LQYLVLEOH�
LV�JLYHQ�RQ�SDJH�����
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7.4.8. Elaborations

:LWK�WKLV�DV�D�EHJLQQLQJ��\RX�FDQ�H[WHQG�WKH�PRYLH�LQ�DOO�VRUWV�RI�ZD\V��0DNH�D�EHWWHU�VXQULVH��LQ�ZKLFK
WKH�VN\�FKDQJHV�WKURXJK�DOO�VRUWV�RI�EHDXWLIXO�FRORUV�DW�GDZQ��$GG�D�QLJKWIDOO��LQ�ZKLFK�WKH�VXQ�VHWV��WKH
VN\�GDUNHQV��DQG�WKH�IORZHUV�FORVH��$GG�VRPH�FORXGV�WKDW�GULIW�E\�RYHUKHDG�RU�D�EHH�WKDW�IOLWV�IURP�IORZHU
WR�IORZHU��0RYLHV�OLNH�WKLV�DUH�JRRG�SURMHFWV�EHFDXVH�\RX�FDQ�DGG�SDUWV�OLWWOH�E\�OLWWOH�XQWLO�\RX�HQG�XS�ZLWK
VRPHWKLQJ�TXLWH�HODERUDWH�
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CHAPTER 8. Writin g Interactive Pro grams

:H
YH�DOUHDG\�VHHQ�H[DPSOHV�RI�/RJR�SURJUDPV�WKDW�XVH�35,17�WR�SULQW�LQIRUPDWLRQ�RQ�WKH�GLVSOD\�VFUHHQ
DQG�SURJUDPV�WKDW�XVH�5($'/,1(�WR�LQSXW�LQIRUPDWLRQ�IURP�WKH�NH\ERDUG��7KLV�FKDSWHU�UHYLHZV�WKHVH
FRPPDQGV�DQG�GHVFULEHV�PRUH�HODERUDWH�ZD\V�RI�KDQGOLQJ�LQSXW�DQG�RXWSXW��$V�DQ�H[DPSOH��ZH�VKRZ�KRZ
WR�FUHDWH� �LQVWDQW�UHVSRQVH��/RJR�V\VWHPV� IRU�YHU\�\RXQJ�FKLOGUHQ��:H�DOVR�VKRZ�KRZ�D�/RJR�EDVHG
�G\QDWXUWOH��FDQ�EH�XVHG�WR�LQWURGXFH�HOHPHQWDU\�VFKRRO�FKLOGUHQ�WR�FRPSXWHU�SURMHFWV�LQYROYLQJ�PRWLRQ
DQG�VLPSOH�SK\VLFV�

8.1. Controllin g Screen Out put

7KH�/RJR�35,17� FRPPDQG�� DV�XVHG� WKURXJKRXW� WKH�SUHFHGLQJ� FKDSWHUV�� LV� WKH�PDLQ� FRPPDQG� IRU
VKRZLQJ�LQIRUPDWLRQ�RQ�WKH�GLVSOD\�VFUHHQ��35,17�WDNHV�D�ZRUG�RU�D�OLVW�DV�DQ�LQSXW��W\SHV�LW�RQ�WKH
VFUHHQ�� DQG�PRYHV� WKH� FXUVRU� WR� WKH� QH[W� OLQH�� 5HPHPEHU� WKDW� OLVWV� DUH� SULQWHG�ZLWKRXW� WKH� RXWHU
EUDFNHWV�

7KH�FRPPDQG�7<3(�LV�MXVW�OLNH�35,17��H[FHSW�WKDW�LW�GRHV�QRW�PRYH�WKH�FXUVRU�WR�D�QHZ�OLQH�DIWHU
SULQWLQJ��&RPSDUH

TO COUNT :X
PRINT :X
COUNT :X + 1
END

COUNT 1
1
2
3
.
.
.
TO COUNT1 :X
TYPE :X
TYPE ",
COUNT1 :X + 1
END

COUNT1 1
1, 2, 3, . . .

7KH�35,17&+$5��DEEUHYLDWHG�3&��WDNHV�D�QXPEHU���WKURXJK�����DV�LQSXW�DQG�SULQWV�WKH�FKDUDFWHU
FRUUHVSRQGLQJ� WR� WKDW�QXPEHU��5HFDOO� �IURP�6HFWLRQ�������� WKDW� WKHVH����� FKDUDFWHUV� LQFOXGH�/RJR
V
SULQWLQJ�FKDUDFWHUV�SOXV�DQ\�WLOHV�\RX�KDYH�GHILQHG��+HUH
V�D�ZD\�WR�XVH�35,17&+$5�WR�VHH�DOO�RI�WKH
FKDUDFWHUV�WKDW�DUH�FXUUHQWO\�GHILQHG�
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TO SHOWCHARS :N
IF :N > 255 STOP
PRINTCHAR :N
SHOWCHARS :N + 1
END

SHOWCHARS 0

8.2. Keyboard In put

7KH�5($'/,1(�FRPPDQG�LV�XVHG�WR�UHDG�LQSXW�IURP�WKH�NH\ERDUG��DV�VKRZQ�LQ�6HFWLRQ������5($'/,1(
FDXVHV�WKH�FRPSXWHU�WR�ZDLW�IRU�\RX�WR�W\SH�LQ�D�OLQH��WHUPLQDWHG�E\�ENTER��DQG�WKHQ�RXWSXWV�WKDW�OLQH
DV�D�OLVW��5HPHPEHU�WKDW�ZKDW�\RX�W\SH�LQ�ZLOO�DOZD\V�EH�LQWHUSUHWHG�DV�D�OLVW��)RU�H[DPSOH��LI�\RX�W\SH
LQ�D�VLQJOH�ZRUG��5($'/,1(�UHWXUQV�D�OLVW�FRQWDLQLQJ�WKDW�ZRUG�

MAKE "ANS READLINE
> 100
IF :ANS = 100 PRINT "YES ELSE PRINT "NO
NO
IF :ANS = [100] PRINT "YES ELSE PRINT "NO
YES

8VLQJ�5($'/,1(��\RX�FDQ�LPSOHPHQW�D�XVHIXO�SURFHGXUH�WKDW�UHWXUQV�D�ZRUG�W\SHG�DW�WKH�NH\ERDUG�
REWDLQHG�DV�WKH�ILUVW�HOHPHQW�RI�WKH�OLVW�UHWXUQHG�E\�5($'/,1(�

TO READWORD
OUTPUT FIRST READLINE
END

&RPSDUH�WKH�XVH�RI�5($'/,1(�LQ�WKH�5($'180%(5�SURFHGXUH�RQ�SDJH�����

,Q�DGGLWLRQ�WR�WKH��OLQH�DW�D�WLPH��LQSXW�IURP�5($'/,1(��/RJR�DOVR�SURYLGHV��FKDUDFWHU�DW�D�WLPH��LQSXW
WKURXJK�WKH�FRPPDQG�5($'&+$5��DEEUHYLDWHG�5&���5($'&+$5�FDXVHV�WKH�FRPSXWHU�WR�SDXVH�DQG
ZDLW�IRU�\RX�WR�W\SH�LQ�D�VLQJOH�FKDUDFWHU��ZLWKRXW�ENTER��DQG�WKHQ�RXWSXWV�WKH�FKDUDFWHU�WKDW�ZDV
W\SHG�

MAKE "ANS READCHAR
X
IF :ANS = "X PRINT "YES ELSE PRINT "NO
YES
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8.2.1. Example: Instant Res ponse for Ver y Youn g Children

7KH�IROORZLQJ�SURJUDP�XVHV�5($'&+$5�WR�SURYLGH��LQVWDQW�UHVSRQVH��FRQWURO�RI�WKH�WXUWOH�IRU�GUDZLQJ�

TO INSTANT
COMMAND
INSTANT
END

TO COMMAND
MAKE "COM READCHAR
IF :COM = "F FORWARD 10
IF :COM = "R RIGHT 30
IF :COM = "L LEFT 30
IF :COM = "C CLEARSCREEN
END

7KLV�SURJUDP�FDXVHV�WKH�WXUWOH�WR�PRYH�LQ�UHVSRQVH�WR�LQGLYLGXDO�NH\VWURNHV��)�IRU�JR�IRUZDUG��/�IRU�OHIW�
5�IRU�ULJKW��DQG�&�IRU�FOHDULQJ�WKH�VFUHHQ�DQG�VWDUWLQJ�RYHU��,W�FDQ�IRUP�D�JRRG�WRRO�IRU�XVLQJ�FRPSXWHU
JUDSKLFV�ZLWK�YHU\�\RXQJ�FKLOGUHQ��7KLV�VDPH�LQVWDQW�UHVSRQVH�PHFKDQLVP�LV�DOVR�XVHIXO�LQ�GHVLJQLQJ
ODQJXDJHV�IRU�XVH�E\�WKH�SK\VLFDOO\�KDQGLFDSSHG��IRU�ZKLFK�LW�LV�LPSRUWDQW�WR�PLQLPL]H�WKH�QXPEHU�RI
NH\VWURNHV�UHTXLUHG�

,W� LV� HDV\� WR� LQFUHDVH� WKH� UHSHUWRLUH� RI� WKLV� ,167$17� ODQJXDJH� E\� DGGLQJ� DGGLWLRQDO� OLQHV� WR� WKH
&200$1'�SURFHGXUH��)RU�H[DPSOH��LI�\RX�ZDQW�WKH�6�NH\�WR�PDNH�WKH�WXUWOH�GUDZ�D�VPDOO�VTXDUH��\RX
GHILQH�D�SURFHGXUH�FDOOHG�648$5(��VD\��WKDW�GUDZV�D�VTXDUH�RI�VLGH�����DQG�DGG�WR�&200$1'�WKH�OLQH

IF :COM = "S SQUARE

6HFWLRQ��������GLVFXVVHV�PRUH�HODERUDWH�H[WHQVLRQV�WR�,167$17�
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      0RUH�VSHFLILFDOO\��FKDUDFWHUV�W\SHG�DW�WKH�NH\ERDUG�DUH�VDYHG�LQ�D�,QSXW�EXIIHU�5($'&+$51

UHDGV�FKDUDFWHUV�IURP�WKH�EXIIHU�RQH�E\�RQH��5&"�RXWSXWV�758(�LI�WKH�EXIIHU�LV�QRW�HPSW\��,I�/RJR�LV
GRLQJ�D�ORW�RI�SURFHVVLQJ�LQ�EHWZHHQ�FKDUDFWHUV��DQG�LI�RQH�W\SHV�FKDUDFWHUV�YHU\�IDVW��D�VHTXHQFH�RI
FKDUDFWHUV�PD\�EXLOG�XS�LQ�WKH�EXIIHU��DQG�WKH�SURJUDP�PD\�VHHP�WR��IDOO�EHKLQG��LQ�LWV�UHVSRQVHV�WR
WKH�W\SHG�FKDUDFWHUV�
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8.2.2. Keyboard Control of an On goin g Process

1RWLFH�WKDW�5($'/,1(�DQG�5($'&+$5�ERWK�PDNH�WKH�FRPSXWHU�VWRS�DQG�ZDLW�IRU�VRPHWKLQJ�WR�EH
W\SHG��/RJR�DOVR�DOORZV�\RX�WR�ZULWH�SURJUDPV� LQ�ZKLFK�WKH�NH\ERDUG� LV�XVHG�WR�FRQWURO�DQ�RQJRLQJ
SURFHVV��7KDW�LV��LI�D�FKDUDFWHU�LV�W\SHG�DW�WKH�NH\ERDUG��WKH�SURJUDP�LV�DEOH�WR�UHVSRQG�WR�WKH�FKDUDFWHU�
EXW�LI�QRWKLQJ�LV�W\SHG��WKH�SURJUDP�LV�DEOH�WR�NHHS�UXQQLQJ�DQ\ZD\��6XFK�SURJUDPV�DUH�LPSOHPHQWHG�LQ
/RJR�XVLQJ�WKH�5&"�FRPPDQG��5&"�RXWSXWV�758(�RU�)$/6(�GHSHQGLQJ�RQ�ZKHWKHU�D�FKDUDFWHU�KDV�EHHQ
W\SHG�DW�WKH�NH\ERDUG��:KHQ�5&"�LV�758(��WKH�QH[W�5($'&+$5�FRPPDQG�UHWXUQV�WKH�FKDUDFWHU�WKDW
ZDV�W\SHG��RWKHUZLVH�5($'&+$5�KDV�WR�ZDLW�XQWLO�D�FKDUDFWHU�LV�W\SHG� �)RU�H[DPSOH��\RX�FDQ�PRGLI\�

WKH�,167$17�SURJUDP�VR�WKDW�LW�PDNHV�WKH�WXUWOH�PRYH�IRUZDUG�FRQWLQXDOO\��WXUQLQJ�ULJKW�RU�OHIW�LQ
UHVSRQVH�WR�WKH�OHWWHUV�5�DQG�/�W\SHG�DW�WKH�NH\ERDUG��:H
OO�FDOO�WKH�UHVXOWLQJ�SURJUDP�'5,9(�

TO DRIVE
FORWARD 1
COMMAND
DRIVE
END

TO COMMAND
MAKE "COM READKEY
IF :COM = "R RIGHT 30
IF :COM = "L LEFT 30
END

7KH�GLIIHUHQFH�EHWZHHQ�WKLV�SURJUDP�DQG�,167$17�LV�WKDW�WKH�WXUWOH�JRHV�IRUZDUG�HDFK�WLPH��UDWKHU
WKDQ�ZKHQ�DQ�)�LV�W\SHG��:KHUHDV�WKH�&200$1'�SURJUDP�XVHG�E\�,167$17�FDOOV�5($'&+$5��WKH
&200$1'�SURJUDP�XVHG�LQ�'5,9(�FDOOV�5($'.(<��5($'.(<�LV�D�SURFHGXUH�WKDW��LI�D�FKDUDFWHU�KDV
EHHQ�W\SHG��RXWSXWV�WKDW�FKDUDFWHU��DQG�RWKHUZLVH�RXWSXWV�WKH�HPSW\�OLVW��5($'.(<�LV�LPSOHPHQWHG
XVLQJ�5&"�

TO READKEY
IF RC? OUTPUT READCHAR
OUTPUT []
END

5($'.(<�LV�D�JRRG�H[DPSOH�RI�D�XVHIXO��SULPLWLYH��WKDW�FDQ�EH�VXSSOLHG�E\�WKH�WHDFKHU�WR�VWXGHQWV
ZRUNLQJ�RQ�LQWHUDFWLYH�SURJUDPPLQJ�SURMHFWV�
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8.2.3. Instant Res ponse with S prites

<RX�FDQ�PDNH�DOO�VRUWV�RI�FRPSXWHU�SURJUDPV�IRU�YHU\�\RXQJ�FKLOGUHQ�E\�LQVWDOOLQJ�DQ�,167$17�VW\OH
FRQWUROOHU�IRU�WKH�VSULWHV��7KH�SRVVLELOLWLHV�KHUH�DUH�YLUWXDOO\�XQOLPLWHG��2QH�VLPSOH�H[DPSOH�LV�WR�EHJLQ
ZLWK�D�FOXVWHU�RI�EDOOV�WKDW��H[SORGHV��IURP�WKH�FHQWHU�RI�WKH�VFUHHQ��7R�GR�WKLV��SXW�DOO�WKH�VSULWHV�DW�KRPH�
ZLWK�WKHLU�KHDGLQJV�VHW�DW����GHJUHH�LQWHUYDOV��DQG�VWDUW�WKHP�PRYLQJ�

TO BEGIN
TELL :ALL
SETSPEED 0
HOME
CARRY :BALL
SETCOLOR :RED
EACH [SETHEADING 10 * YOURNUMBER]
SETSPEED 10
END

1RZ�SXW�WKH�EDOOV�XQGHU�NH\ERDUG�FRQWURO��XVLQJ�FRPPDQGV�WKDW�PDNH�WKHP�PRYH�VORZO\�RU�TXLFNO\�
UHYHUVH�GLUHFWLRQ��FKDQJH�FRORU��RU�FKDQJH�VKDSH��7KH�IROORZLQJ�&200$1'�VHOHFWLRQ�LV�RQO\�D�VDPSOH�

TO ACTION
BEGIN
LOOP
END

TO LOOP
COMMAND
LOOP
END

TO COMMAND
MAKE "COM READCHAR
IF :COM = "S SETSPEED 5
IF :COM = "Q SETSPEED 100
IF :COM = "R SETSPEED -SPEED
IF :COM = "M EACH [SETCOLOR RANDOM]
IF :COM = "4 CARRY 4
IF :COM = "5 CARRY 5
IF :COM = "B BEGIN
END
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8.3. Example: The D ynaturtle Pro gram

'<1$7857/(�LV�DQ�H[WHQVLRQ�RI� WKH�/RJR�WXUWOH��GHYHORSHG�E\�$QG\�GL6HVVD�DV�D�FRPSXWHU�EDVHG
SK\VLFV�HQYLURQPHQW�IRU�HOHPHQWDU\�VFKRRO�VWXGHQWV��,W�KDV�DOVR�EHHQ�XVHG�DV�DQ�H[SHULPHQWDO�VHWWLQJ�IRU
LQYHVWLJDWLQJ�WKH�UROH�RI�LQWXLWLRQ�LQ�OHDUQLQJ�SK\VLFV��6HH�$��GL6HVVD�>�@�IRU�GHWDLOV��7KLV�VHFWLRQ��EDVHG
RQ�D�SDSHU�E\�'DQ�:DWW��LV�D�GHVFULSWLRQ�RI�'<1$7857/(�WKDW�FDQ�EH�XVHG�E\�VWXGHQWV�DQG�WHDFKHUV�

8.3.1. What is a D ynamic Turtle?

$�G\QDPLF�WXUWOH�RU�G\QDWXUWOH�EHKDYHV�DV�WKRXJK�LW�ZHUH�D�URFNHW�VKLS�LQ�RXWHU�VSDFH��7R�PDNH�LW�PRYH
\RX�KDYH�WR�JLYH�LW�D�NLFN�E\��ILULQJ�D�URFNHW���,W�WKHQ�NHHSV�PRYLQJ�LQ�WKH�VDPH�GLUHFWLRQ�XQWLO�\RX�JLYH
LW�DQRWKHU�NLFN��:KHQ�\RX�FKDQJH�LWV�GLUHFWLRQ��LW�GRHV�QRW�PRYH�LQ�WKH�QHZ�GLUHFWLRQ�XQWLO�\RX�JLYH�LW�D
QHZ�NLFN��,WV�QHZ�PRWLRQ�LV�D�FRPELQDWLRQ�RI�WKH�ROG�PRWLRQ�DQG�WKH�PRWLRQ�FDXVHG�E\�WKH�QHZ�NLFN��<RX
PD\�QHHG�WR�H[SHULPHQW�ZLWK�G\QDPLF�FRPPDQGV�IRU�D�ZKLOH�EHIRUH�\RX�XQGHUVWDQG�KRZ�WKH�G\QDWXUWOH
ZRUNV�

7R�XVH�WKH�G\QDWXUWOH��\RX�ZLOO�QHHG�WKH�SURFHGXUHV�LQ�WKLV�VHFWLRQ��+HUH�LV�WKH�PDLQ�SURFHGXUH�

TO DT
MOVETURTLE
COMMAND
DT
END

7KH�SURFHGXUH�'7�PRYHV�WKH�WXUWOH��LI�\RX�KDYH�JLYHQ�LW�D�NLFN���FKHFNV�WR�VHH�LI�\RX
YH�W\SHG�D�FRPPDQG�
DQG�WKHQ�VWDUWV�GRLQJ�'7�DOO�RYHU�DJDLQ��,W�NHHSV�UXQQLQJ�XQWLO�\RX�VWRS�WKH�SURFHGXUH�E\�SUHVVLQJ�BACK �

,Q�DGGLWLRQ�WR�WKH�6,1�DQG�&26�SURFHGXUHV�GLVFXVVHG�LQ�6HFWLRQ��������DQG�WKH�5($'.(<�SURFHGXUH�RQ
SDJH������KHUH�DUH�WKUHH�RWKHU�SURFHGXUHV�\RX�ZLOO�QHHG��

TO MOVETURTLE
SXY (XCOR + :VX) (YCOR + :VY)
END
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TO COMMAND
MAKE "COM READKEY
IF :COM = "R RIGHT 30
IF :COM = "L LEFT 30
IF :COM = "K KICK
END

TO KICK
MAKE "VX :VX + SIN HEADING
MAKE "VY :VY + COS HEADING
END

7R�VWDUW�WKH�G\QDWXUWOH��\RX�QHHG�D�SURFHGXUH�WR�LQLWLDOL]H�WKH�G\QDWXUWOH
V�SRVLWLRQ�DQG�YHORFLW\�

TO STARTUP
TELL TURTLE
CLEARSCREEN
MAKE "VX 0
MAKE "VY 0
END

8.3.2. Activities with a D ynaturtle

7R�WU\�RXW�WKH�G\QDWXUWOH��W\SH

STARTUP
DT

$W�ILUVW�WKH�WXUWOH�ZLOO�VWD\�DW�WKH�FHQWHU�RI�WKH�VFUHHQ��7KH�&200$1'�SURFHGXUH�DOORZV�WKUHH�GLIIHUHQW
FRPPDQGV�DW�SUHVHQW��/DWHU�\RX�FDQ�FKDQJH�WKHP�LQ�DQ\�ZD\�\RX�OLNH�

� ,I�\RX�W\SH�5�WKH�WXUWOH�ZLOO�WXUQ�ULJKW����GHJUHHV�

� ,I�\RX�W\SH�/�WKH�WXUWOH�ZLOO�WXUQ�OHIW����GHJUHHV�

� ,I�\RX�W\SH�.�\RX�ZLOO�JLYH�WKH�WXUWOH�D�NLFN�LQ�WKH�GLUHFWLRQ�LW�LV�KHDGLQJ�

7KH� WXUWOH�ZLOO� QRZ�NHHS�PRYLQJ� LQ� WKH� GLUHFWLRQ� LW� VWDUWHG�XQWLO� \RX� JLYH� LW� DQRWKHU� NLFN� LQ� VRPH
GLUHFWLRQ�

6WDUW�WKH�G\QDWXUWOH�PRYLQJ�E\�W\SLQJ

STARTUP
DT

DQG�WKHQ�W\SLQJ�WKH�.�NH\�IRU��NLFN��

� 0DNH�WKH�G\QDWXUWOH�PRYH�LQ�D�GLIIHUHQW�GLUHFWLRQ�E\�W\SLQJ�WKH�5�RU�/�NH\�
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� 0DNH�WKH�G\QDWXUWOH�PRYH�KRUL]RQWDOO\�DFURVV�WKH�VFUHHQ�

� 0DNH�WKH�G\QDWXUWOH�JR�IDVWHU�

� 0DNH�WKH�G\QDWXUWOH�JR�VORZHU�ZLWKRXW�FKDQJLQJ�GLUHFWLRQ�

� %HIRUH�\RX�VWDUW�WKH�G\QDWXUWOH��SODFH�D�PDUNHU�VRPHZKHUH�RQ�WKH�VFUHHQ���<RX�FDQ�XVH�D�WLOH�WR
IRUP�WKH�PDUNHU���7KHQ�VWDUW�WKH�G\QDWXUWOH�DQG�VHH�LI�\RX�FDQ�PRYH�WKH�WXUWOH�WR�WKH�PDUNHU�
,I�WKH�PDUNHU�LV�HDV\�IRU�WKH�G\QDWXUWOH�WR�JHW�WR��PRYH�LW�RYHU�D�OLWWOH�DQG�WU\�DJDLQ�

� 6WDUW�WKH�G\QDWXUWOH�IURP�WKH�FHQWHU�RI�WKH�VFUHHQ��&DQ�\RX�PDNH�LW�VWRS"

� 'UDZ�D�FLUFXODU��UDFHWUDFN��RQ�WKH�VFUHHQ�DQG�VHH�LI�\RX�FDQ��GULYH��WKH�G\QDWXUWOH�DURXQG�D�WUDFN�

� 0RYH�WKH�G\QDWXUWOH�WR�WKH�PDUNHU��DQG�PDNH�LW�VWRS�WKHUH�

:KHQ�\RX�WU\�WKHVH�DFWLYLWLHV�\RX�PD\�ILQG�WKDW�VRPH�RI�WKHP�DUH�KDUGHU�WKDQ�\RX�WKRXJKW��7KH�SUREOHPV
\RX�KDYH�PDNLQJ�WKH�G\QDWXUWOH�GR�ZKDW�\RX�ZDQW�LW�WR�GR�DUH�VLPLODU�WR�WKH�SUREOHPV�DVWURQDXWV�ZRXOG
KDYH�PRYLQJ�DURXQG�LQ�RXWHU�VSDFH�RU�PDQHXYHULQJ�D�URFNHW�WR�FRQQHFW�XS�ZLWK�D�VSDFH�SODWIRUP�RU�ODQG
RQ�WKH�PRRQ�

8.3.3. Changing the Dynaturtle's Behavior

$IWHU�VRPH�H[SHULPHQWDWLRQ�ZLWK�WKH�G\QDWXUWOH��\RX�PD\�ZDQW� WR�PDNH�FKDQJHV� LQ� WKH�G\QDWXUWOH
SURFHGXUHV��6LQFH�FKDQJHV�LQ�WKH�G\QDWXUWOH
V�EHKDYLRU�DUH�FRQWUROOHG�E\�WKH�&200$1'�SURFHGXUH��\RX
FDQ�VWDUW�E\�FKDQJLQJ�WKDW�SURFHGXUH�DV�IROORZV�

TO COMMAND
MAKE "COM READKEY
IF :COM = "R RIGHT 30
IF :COM = "L LEFT 30
IF :COM = "K KICK
END

,I�\RX�OLNH��\RX�FDQ�FKDQJH�WKH�DQJOH�WKH�G\QDWXUWOH�URWDWHV�ZKHQ�\RX�W\SH�5�RU�/�E\�FKDQJLQJ�WKH����LQ
&200$1'�WR�DQRWKHU�QXPEHU�

<RXU�&200$1'�SURFHGXUH�ZRXOG�QRZ�ORRN�OLNH�WKLV�
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TO COMMAND
MAKE "COM READKEY
IF :COM = "R RIGHT 30
IF :COM = "L LEFT 30
IF :COM = "K KICK
IF :COM = "U PENUP
IF :COM = "D PENDOWN
END

2I�FRXUVH��\RX�FDQ�FKDQJH�WKH�NH\�QDPHV�IRU�FDUU\LQJ�RXW�WKH�FRPPDQGV�E\�FKDQJLQJ�WKH�OHWWHUV�RQ�WKH
NH\ERDUG��6RPH�SHRSOH�OLNH�WR�KDYH�WKH�ULJKW�DQG�OHIW�NH\V�QH[W�WR�HDFK�RWKHU�RQ�WKH�NH\ERDUG��,I�\RX
FKRRVH�6�IRU��OHIW��DQG�'�IRU��ULJKW���WKHQ�WKH�&200$1'�SURFHGXUH�EHFRPHV�

TO COMMAND
MAKE "COM READKEY
IF :COM = "D RIGHT 30
IF :COM = "S LEFT 30
IF :COM = "K KICK
IF :COM = "U PENUP
IF :COM = "D PENDOWN
END

$QRWKHU�SRVVLEOH�FKDQJH�LV�WR�PDNH�WKH�IRUFH�RI�WKH�NLFN�D�YDULDEOH��,I�\RX�GLG�WKLV��\RX�ZRXOG�KDYH�WR
FKDQJH�WKH�.,&.�SURFHGXUH�DQG�WKH�67$5783�SURFHGXUH�DV�ZHOO�DV�&200$1'�

TO KICK :FORCE
MAKE "VX :VX + :FORCE * ( SIN HEADING )
MAKE "VY :VY + :FORCE * ( COS HEADING )
END

<RX�ZRXOG�DOVR�KDYH�WR�DGG�D�OLQH�WR�67$5783�WR�VHW�WKH�VWDUWLQJ�YDOXH�IRU�WKH�IRUFH�

TO STARTUP
TELL TURTLE
CLEARSCREEN
MAKE "VX 0
MAKE "VY 0
MAKE "FORCE 1
END

<RX�FDQ�FKRRVH�DQ\�YDOXH�\RX�ZDQW�IRU�WKH�VWDUWLQJ�IRUFH�

<RX�ZRXOG�QRZ�KDYH�WR�FKDQJH�WKH�.,&.�OLQH�LQ�WKH�&200$1'�SURFHGXUH�WR�UHDG

IF :COM = "K KICK :FORCE

$OVR��\RX�FRXOG�DGG�WZR�PRUH�FRPPDQGV��VD\��+�DQG�6�IRU��KDUGHU��DQG��VRIWHU���WKDW�LQFUHDVHG�DQG
GHFUHDVHG�WKH�IRUFH��7KH�&200$1'�SURFHGXUH�ZRXOG�QRZ�EH
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186

TO COMMAND
MAKE "COM READKEY
IF :COM = "R RT 30
IF :COM = "L LT 30
IF :COM = "K KICK :FORCE
IF :COM = "U PENUP
IF :COM = "D PENDOWN
IF :COM = "H MAKE "FORCE :FORCE + 1
IF :COM = "S MAKE "FORCE :FORCE - 1
END

1RZ�WU\�RXW�WKH�G\QDWXUWOH�ZLWK�VRPH�RI�WKHVH�FKDQJHV��DQG�VHH�ZKDW�FDQ�KDSSHQ�

6RPH�RWKHU�SRVVLEOH�FKDQJHV�

� $GG�D��UHYHUVH�NLFN��FRPPDQG�WKDW�PDNHV�WKH�G\QDWXUWOH�PRYH�PRUH�VORZO\�

� $GG�FRPPDQGV�WKDW�PDNH�WKH�WXUWOH�SULQW�LWV�VSHHG��KHDGLQJ��DQG�NLFN�IRUFH�

8.3.4. Sines and Cosines

7KH�G\QDWXUWOH�SURJUDP�PDNHV�XVH�RI�SURFHGXUHV�6,1�DQG�&26�WKDW�RXWSXW�WKH�VLQH�DQG�FRVLQH�RI�D�JLYHQ
DQJOH�� 6LQFH� QXPEHUV� LQ� 7,� /RJR�PXVW� EH� LQWHJHUV�� VLQHV� DQG� FRVLQHV� FDQQRW� EH� FRPSXWHG� LQ� DQ\
VWUDLJKWIRUZDUG�ZD\�

7KH�6,1�DQG�&26�SURFHGXUHV�XVHG�E\�WKH�G\QDWXUWOH�SURJUDP�WDNH�DQ�DQJOH�DV�LQSXW�DQG�UHWXUQ�LQWHJHU
DSSUR[LPDWLRQV�WR���WLPHV�WKH�VLQH�RI�WKH�DQJOH�DQG���WLPHV�WKH�FRVLQH�RI�WKH�DQJOH��7KH�VFDOH�IDFWRU���ZDV
FKRVHQ�WR�DOORZ�IRU�HQRXJK�GLIIHUHQW�YDOXHV�IRU�NLFNV����������������������������DQG�DW�WKH�VDPH�WLPH�EH�D�JRRG
VFDOH�IRU�ZRUNLQJ�ZLWK�WKH�G\QDWXUWOH�

7KH�LPSOHPHQWDWLRQ�RI�WKHVH�SURFHGXUHV�LV�EDVHG�RQ�D�FOHYHU�WULFN� �&KRRVH�D�VSULWH��VD\��VSULWH����DQG�

PRYH�LW�LQYLVLEO\�RQ�WKH�VFUHHQ��,I�WKH�VSULWH�LV�PRYLQJ�ZLWK�VSHHG�6�DW�KHDGLQJ�+��WKHQ�WKH�[�FRPSRQHQW
RI�LWV�YHORFLW\�ZLOO�EH�6�WLPHV�WKH�VLQH�RI�+��DQG�WKH�\�FRPSRQHQW�RI�LWV�YHORFLW\�ZLOO�EH�6�WLPHV�WKH�FRVLQH
RI�+��6LQFH�/RJR�LQFOXGHV�EXLOW�LQ�RSHUDWLRQV�IRU�UHWULHYLQJ�WKH�[�DQG�\�FRPSRQHQWV�RI�D�VSULWH
V�YHORFLW\�
\RX�FDQ�XVH�WKLV��LQYLVLEOH�VSULWH��WHFKQLTXH�WR�FRPSXWH�VLQHV�DQG�FRVLQHV�
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TO SIN :H
MAKE "ACTIVE WHO
TELL SPRITE 0
SETSPEED 3
SETHEADING :H
MAKE "ANS XVEL
TELL :ACTIVE
OUTPUT :ANS
END

TO COS :H
MAKE "ACTIVE WHO
TELL SPRITE 0
SETSPEED 3
SETHEADING :H
MAKE "ANS YVEL
TELL :ACTIVE
OUTPUT :ANS
END

7KH�XVH�RI�$&7,9(�KHUH�LV�WR�DOORZ�WKH�SURFHGXUHV�WR�EH�XVHG�ZLWKRXW�IRXOLQJ�XS�DQ\�7(//V�WKDW�DUH
XVHG�RXWVLGH�WKH�SURFHGXUH��:H�XVH�:+2�WR�ILQG�WKH�FXUUHQW�DFWLYH�JUDSKLFV�REMHFW�DQG�WKHQ�UHVWRUH�WKLV
ZLWK�7(//�EHIRUH�OHDYLQJ�WKH�6,1�DQG�&26�SURFHGXUHV��7KLV�LV�UHDOO\�PRUH�JHQHUDO�WKDQ�\RX�QHHG�IRU
G\QDWXUWOH��EHFDXVH�$&7,9(�ZLOO�DOZD\V�EH�WKH�WXUWOH��,W�LV�DOVR�QRW�QHFHVVDU\�WR�VHW�VSULWH��
V�VSHHG�WR
�� HDFK� WLPH�� 7KH� SURFHGXUHV� DUH� VKRZQ� KHUH� LQ� JHQHUDO� IRUP� VR� WKDW� \RX� FDQ� XVH� WKHP� LQ� RWKHU
DSSOLFDWLRQV�DV�ZHOO�
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CHAPTER 9. Lo go Music

,Q�DGGLWLRQ�WR�ZRUNLQJ�ZLWK�QXPEHUV��ZRUGV��DQG�OLVWV�DQG�FUHDWLQJ�DQLPDWHG�JUDSKLFV��\RX�FDQ�XVH�7,
/RJR�,,�WR�JHQHUDWH�PXVLF�IURP�QRWHV�RYHU�D�UDQJH�RI�WKUHH�RFWDYHV��<RX�FDQ�SOD\�RQH��WZR��RU�WKUHH�YRLFHV
VLPXOWDQHRXVO\�DQG�DOVR�PDNH�VRXQG�HIIHFWV�ZLWK�D�QRLVH�JHQHUDWRU�DQG�D�GUXP��<RX�FDQ�H[HFXWH�RWKHU
/RJR�FRPPDQGV�ZKLOH�PXVLF�LV�SOD\LQJ��WKXV�SURYLGLQJ�PXVLFDO�DFFRPSDQLPHQW�IRU�SURJUDPV��<RX�FDQ
DOVR�V\QFKURQL]H�PXVLF�SOD\LQJ�ZLWK�RWKHU�/RJR�FRPPDQGV��

9.1. Playing Melodies

7KH�/RJR�PXVLF�V\VWHP�KDV�WKH�IROORZLQJ�EDVLF�RUJDQL]DWLRQ��\RX�ILUVW�VHW�XS�WKH�HQWLUH�SLHFH�WR�EH�SOD\HG�
XVLQJ� FRPPDQGV� WKDW� VWRUH� LQIRUPDWLRQ� LQ� DQ� DUHD� RI� FRPSXWHU� PHPRU\� FDOOHG� WKH�PXVLF� EXIIHU�
$IWHUZDUGV�� \RX� SOD\� WKH� PXVLF� WKDW� KDV� EHHQ� VWRUHG� LQ� WKH� EXIIHU�� 7KXV�� WKHUH� DUH� WZR� NLQGV� RI
FRPPDQGV�LQ�WKH�PXVLF�V\VWHP��FRPPDQGV�WKDW�HQWHU�PXVLF�LQIRUPDWLRQ�LQ�WKH�EXIIHU�DQG�FRPPDQGV
WKDW�SOD\�WKH�PXVLF��:KHQ�\RX�DUH�HQWHULQJ�PXVLF��XVLQJ�WKH�ILUVW�NLQG�RI�FRPPDQG��\RX�ZLOO�QRW�KHDU
DQ\�QRWHV�EHLQJ�SOD\HG�

7KH�086,&�FRPPDQG�LV�XVHG�WR�HQWHU�QRWHV�LQ�WKH�PXVLF�EXIIHU��086,&�WDNHV�DV�LQSXWV�WZR�OLVWV��D�OLVW
RI�SLWFKHV�DQG�D�OLVW�RI�GXUDWLRQV��7KH�SLWFKHV�DUH�QXPEHUHG�FKURPDWLFDOO\��ZLWK���DV�PLGGOH�&��)RU
H[DPSOH��LQ�WKH�FRPPDQG

MUSIC [0 2 4 0 ][4 4 4 4]

WKH�ILUVW�OLVW�RI�IRXU�QXPEHUV�HQWHUV�SLWFKHV�IRU�WKH�IRXU�QRWHV�&��'��(��&��7KH�VHFRQG�OLVWV�JLYHV�HDFK�QRWH
D�GXUDWLRQ�RI���WLPH�XQLWV��7KLV�LV�WKH�ILUVW�PHDVXUH�RI�WKH�WXQH�)UHUH�-DFTXHV�

7R�DFWXDOO\�KHDU�WKH�PXVLF�SOD\HG��JLYH�WKH�FRPPDQG�3/$<086,&��DEEUHYLDWHG�30���3/$<086,&�SOD\V
WKH�QRWHV�WKDW�KDYH�EHHQ�HQWHUHG�LQ�WKH�EXIIHU��(YHU\�WLPH�\RX�H[HFXWH�3/$<086,&��WKH�QRWHV�LQ�WKH
PXVLF�EXIIHU�ZLOO�EH�SOD\HG�DJDLQ�

(DFK�WLPH�\RX�XVH�WKH�086,&�FRPPDQG��DGGLWLRQDO�QRWHV�DUH�DSSHQGHG�WR�WKH�HQG�RI�WKH�EXIIHU��6R�LI�\RX
DJDLQ�H[HFXWH

MUSIC [0 2 4 0][4 4 4 4]

DQG�WKHQ�30��\RX�ZLOO�KHDU�WKH�VHW�RI�IRXU�QRWHV�SOD\HG�WZLFH�³�WKH�ILUVW�WZR�PHDVXUHV�RI�)UHUH�-DFTXHV�
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:KHQ�\RX�HQWHU�QRWHV�XVLQJ�WKH�086,&�FRPPDQG��WKH�QRWHV�DUH�GHVLJQDWHG�WR�EH�SOD\HG�LQ�RQH�RI�IRXU
YRLFHV��7KH�YRLFH�GHVLJQDWLRQ�LV�FRQWUROOHG�E\�WKH�6(792,&(�FRPPDQG��,I�\RX�GR�QRW�VSHFLI\�DQ\�YRLFH�
PXVLF�ZLOO�JR�WR�YRLFH����6(792,&(���FOHDUV�WKH�PXVLF�EXIIHU��6HFWLRQ�����EHORZ�VKRZV�KRZ�WR�XVH
6(792,&(�WR�SOD\�QRWHV�LQ�KDUPRQ\��<RX�PD\�DOVR�ZDQW�WR�PDNH�XVH�RI�WKH�IROORZLQJ�&0�SURFHGXUH
�DEEUHYLDWLRQ�IRU��FOHDUPXVLF���WKDW�FOHDUV�RXW�WKH�PXVLF�DQG�VHWV�WKH�YRLFH�WR�YRLFH���

TO CM
SETVOICE 0
SETVOICE 1
END

/RJR�KDV�D�UDQJH�RI�VOLJKWO\�RYHU���RFWDYHV��3LWFK���LV�PLGGOH�&��7KH�KLJKHVW�GHILQHG�SLWFK�LV�����&�WZR
RFWDYHV�DERYH�PLGGOH�&���7KH�ORZHVW�GHILQHG�SLWFK�LV������WKH�SLWFK�$�RQH�RFWDYH�SOXV�RQH�WKLUG�EHORZ
PLGGOH�&�� �)LJXUH�����VKRZV�WKH�FRUUHVSRQGHQFH�EHWZHHQ�/RJR�SLWFK�QXPEHUV�DQG�FRQYHQWLRQDO�PXVLF�

QRWDWLRQ�

$ $� % &

��� ��� ��� ���

&� ' '� ( ) )� * *� $ $� % &

��� ��� �� �� �� �� �� �� �� �� �� �

&� ' '� ( ) )� * *� $ $� % &

� � � � � � � � � �� �� ��

&� ' '� ( ) )� * *� $ $� % &

�� �� �� �� �� �� �� �� �� �� �� ��

Figure 9.1: Correspondence between Logo chromatic pitch numbers and conventional
music notation. Middle C is assigned to pitch number 0.
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Figure 9.2: The music for Frere
Jacques.

9.1.1. A Sim ple Tune

1RZ�\RX�FDQ�FRPSOHWH�)UHUH�-DFTXHV��ZULWLQJ�VHSDUDWH�SURFHGXUHV�IRU�WKH�GLIIHUHQW�SKUDVHV�

TO F1
MUSIC [0 2 4 0][4 4 4 4]
END

TO F2
MUSIC [4 5 7][4 4 8]
END

TO F3
MUSIC [7 9 7 5 4 0][3 1 2 2 4 4]
END

TO F4
MUSIC [0 -5 0][4 4 8]
END

2EVHUYH�KRZ�WKH�GXUDWLRQ�QXPEHUV�VSHFLI\�WLPH�XQLWV��VR�WKDW�LQ�WKLV�SLHFH�D�GXUDWLRQ�RI���FRUUHVSRQGV
WR�D�TXDUWHU�QRWH����WR�D�KDOI�QRWH����WR�DQ�HLJKWK�QRWH����WR�D�VL[WHHQWK�QRWH��DQG���WR�D�GRWWHG�HLJKWK�QRWH�

7KH�FRPSOHWH�WXQH�LV�IRUPHG�E\�SOD\LQJ�HDFK�SKUDVH�WZLFH�

TO FRERE
F1
F1
F2
F2
F3
F3
F4
F4
END
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7R�SOD\�WKH�SLHFH��\RX�XVH�WKH�&0�SURFHGXUH�DQG�W\SH�

CM
FRERE
PM

9.1.2. Tuneblocks

7KH� WHFKQLTXH� RI�ZULWLQJ� HDFK�SKUDVH� DV� D� VHSDUDWH� SURFHGXUH� OHDGV� WR� WXQHEORFNV�� D�PXVLFDO� JDPH
LQYHQWHG�DW�0,7�E\�-HDQQH�%DPEHUJHU�

2QH�ZD\�WR�SOD\�WXQHEORFNV�LV�WR�FUHDWH�QHZ�WXQHV�E\�UHDUUDQJLQJ�WKH�SDUWV�RI�D�JLYHQ�WXQH��+HUH�LV�D�QHZ
WXQH�DVVHPEOHG�IURP�WKH�VDPH�EORFNV�XVHG�LQ�)UHUH�-DFTXHV�

F1 F4 F1 F4 F3 F2 F3 F2 F4 F4

7R�H[SHULPHQW�ZLWK�IRUPLQJ�QHZ�WXQHV�IURP�D�JLYHQ�VHW�RI�EORFNV��\RX�FOHDU�WKH�EXIIHU�ZLWK�&0��H[HFXWH
WKH�VHTXHQFH�RI�SURFHGXUHV�IRU�WKH�EORFNV�\RX�ZDQW�WR�SOD\��WKHQ�IROORZ�ZLWK�30��6LQFH�HDFK�WXQHEORFN
LV�D�VHSDUDWH�/RJR�SURFHGXUH��\RX�FDQ�EUHDN�WKH�VHTXHQFH�RI�SURFHGXUHV�LQWR�DV�PDQ\�/RJR�FRPPDQG�OLQHV
DV�\RX�ZLVK��)RU�LQVWDQFH��WKH�FRPPDQGV

CM F1 F4 F1 F4 F3 F2 F3 F2 F4 F4 PM

DQG

CM
F1 F4 F1 F4
F3 F2 F3 F2
F4 F4
PM

ERWK�SOD\�WKH�VDPH�WXQH�

$QRWKHU�ZD\�WR�XVH�WXQHEORFNV�LV�DV�D�PXVLFDO�MLJVDZ�SX]]OH�³�\RX�VXSSO\�VRPHRQH�ZLWK�WKH�EORFNV�IRU
D�WXQH��SUHVHQWHG�LQ�VRPH�DUELWUDU\�RUGHU��DQG�DVN�KLP�WR�UHFRQVWUXFW�WKH�WXQH��+HUH��IRU�LQVWDQFH��LV�D
VHW�RI�EORFNV�

TO B1
MUSIC [2 7][4 4]
END

TO B2
MUSIC [2 4 5][2 2 4]
END



7(;$6�,167580(176
+20(�&20387(5

192

TO B3
MUSIC [7 9 7 5][3 1 2 2]
END

TO B4
MUSIC [4 5 7][2 2 4]
END

TO B5
MUSIC [4 0][2 6]
END

6HH�LI�\RX�FDQ�JXHVV��DQG�UHFRQVWUXFW��WKH�WXQH�IURP�ZKLFK�WKHVH�EORFNV�ZHUH�WDNHQ��5HPHPEHU�WKDW�D
JLYHQ�EORFN�PD\�EH�XVHG�LQ�WKH�WXQH�PRUH�WKDQ�RQFH�

+HUH�LV�D�VHW�RI�EORFNV�IRU�D�PXFK�PRUH�GLIILFXOW�WXQHEORFNV�SX]]OH��6HH�LI�\RX�FDQ�FRQVWUXFW�D�WXQH�XVLQJ
WKHVH�

TO C1
MUSIC [5 4 2][2 2 4]
END

TO C2
MUSIC [0 -2][4 4]
END

TO C3
MUSIC [-2 -3 -5][2 2 4]
END

TO C4
MUSIC [5 2][4 4]
END

TO C5
MUSIC [-2 0 2][2 2 4]
END

TO C6
MUSIC [-3 -2 0][2 2 4]
END

TO C7
MUSIC [2 5 3 2][2 2 2 2]
END
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TO C8
MUSIC [7 6 7 9][2 2 2 2]
END

$QVZHUV�WR�WKH�WZR�WXQHEORFNV�SX]]OHV�DSSHDU�DW�WKH�HQG�RI�WKLV�FKDSWHU�

,Q�KHU�ZRUN�DW�0,7��%DPEHUJHU�KDV�XVHG�WXQHEORFNV�DQG�RWKHU�/RJR�EDVHG�PXVLF�SURJUDPV�WR�WHDFK
PXVLF�DV�ZHOO�DV�WR�VWXG\�SHRSOH
V�LQWXLWLYH�QRWLRQV�DERXW�PXVLF�DQG�WRQDOLW\�DQG�WR�WUDFN�WKH�GHYHORSPHQW
RI�PXVLFDO�LQWHOOLJHQFH��6HH�KHU�SDSHUV�>�������@�IRU�GHWDLOV�

9.1.3. Specif ying Notes

7KH�086,&�FRPPDQG�DOORZV�\RX�WR�FUHDWH�VLPSOH�PHORGLHV�E\�VSHFLI\LQJ�OLVWV�RI�SLWFKHV�DQG�GXUDWLRQV�
<RX� FDQ� DOVR� FRQWURO� WKH� ORXGQHVV�� DUWLFXODWLRQ�� DQG� WHPSR� RI� WKH�QRWHV�ZLWK� DGGLWLRQDO� FRPPDQGV
LQFOXGHG�LQ�WKH�/RJR�V\VWHP�

9.1.3.1. REST

7KH�5(67�FRPPDQG�LV�XVHG�WR�LQVHUW�UHVWV��VLOHQFHV��LQWR�WKH�PXVLF��5(67�WDNHV�D�VLQJOH�QXPEHU�DV
LQSXW�DQG�LQVHUWV�D�UHVW�RI�WKDW�GXUDWLRQ�LQWR�WKH�PXVLF�EXIIHU�

9.1.3.2. STACCATO vs. LEGATO

67$&&$72�DQG�/(*$72�DUH�XVHG�WR�FRQWURO�WKH�DPRXQW�RI��GHDG�WLPH��WKDW�/RJR�LQVHUWV�EHWZHHQ
VXFFHVVLYH� QRWHV�� /RJR� QRUPDOO\� SOD\V� QRWHV� ZLWK� D� OHJDWR� DUWLFXODWLRQ�� WKDW� LV�� ZLWK� RQO\� D� VPDOO
VHSDUDWLRQ�EHWZHHQ�VXFFHVVLYH�QRWHV��7R�FKDQJH�WKLV��JLYH�WKH�67$&&$72�FRPPDQG��7KLV�ZLOO�FDXVH�DOO
VXEVHTXHQW�QRWHV�WR�EH�SOD\HG�GHWDFKHG��7KH�/(*$72�FRPPDQG�UHVWRUHV�WKH�VOXUUHG�DUWLFXODWLRQ� �

9.1.3.3. Controllin g Volume

7KH�6(792/80(�FRPPDQG�WDNHV�D�QXPHULF�LQSXW�WKDW�FRQWUROV�WKH�YROXPH�RI�VXEVHTXHQW�QRWHV�HQWHUHG
ZLWK� WKH�086,&� FRPPDQG��9ROXPH� �� LV� WKH� VRIWHVW� DQG� ��� LV� WKH� ORXGHVW��(DFK�XQLW� IURP��� WR� ��
UHSUHVHQWV�D���GHFLEHO�LQFUHDVH�LQ�YROXPH�

9.1.3.4. Controllin g Tempo

7KH�6(77(032�FRPPDQG�FRQWUROV�WKH�WHPSR�DW�ZKLFK�PXVLF�LV�SOD\HG��6(77(032�WDNHV�DV�LQSXW�D
QXPEHU�WKDW�GHWHUPLQHV�WKH�DFWXDO�GXUDWLRQV�RI�VXEVHTXHQW�QRWHV�DV�VSHFLILHG�LQ�WKH�086,&�FRPPDQG�
:KHQ�WKH�WHPSR�LV�VHW�WR�7��D�QRWH�RI�GXUDWLRQ�'�ZLOO�ODVW�IRU�������7��[�'�VHFRQGV��:KHQ�\RX�H[HFXWH�WKH
FRPPDQG
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SETTEMPO 100

HDFK�VXEVHTXHQW�GXUDWLRQ�ODVWV��������RU������VHFRQG�

SETTEMPO 300

UHGXFHV�WKH�GXUDWLRQ�WR��������RU������VHFRQG��:KHQ�/RJR�LV�VWDUWHG��WKH�GHIDXOW�WHPSR�VHWWLQJ�LV�����

+HUH�LV�DQ�H[DPSOH�RI�WHPSR�FKDQJH�XVLQJ�6(77(032�WR�SURGXFH�DQ�DFFHOHUDWLQJ�WULOO�

TO TRILL :TEMPO
IF :TEMPO > 3000 STOP
SETTEMPO :TEMPO
MUSIC [0 2][1 1]
TRILL :TEMPO + 20
END

CM
TRILL 10
PM

9.1.3.5. MAJOR vs. CHROMATIC

7KHVH�WZR�FRPPDQGV��ZKLFK�WDNH�QR�LQSXWV��FRQWURO�WKH�PHDQLQJ�RI�WKH�SLWFK�QXPEHUV�XVHG�ZLWK�WKH
086,&�FRPPDQG��:KHQ�\RX�VSHFLI\�&+520$7,&��SLWFK�QXPEHUV�GHVLJQDWH�KDOI�VWHSV���� LV�&���� LV
&�VKDUS����LV�'��DQG�VR�RQ��:LWK�0$-25��VXFFHVVLYH�QXPEHUV�GHVLJQDWH�QRWHV�RQ�WKH�&�PDMRU�VFDOH����LV
&����LV�'����LV�(��DQG�VR�RQ��)RU�H[DPSOH��KHUH�DUH�WKH�086,&�FRPPDQGV�IRU�WKH�ILUVW�SKUDVH�RI�)UHUH
-DFTXHV�XVLQJ�&+520$7,&�

MUSIC [0 2 4 0][4 4 4 4]

DQG�XVLQJ�0$-25�

MUSIC [0 1 2 0][4 4 4 4]

:LWK�&+520$7,&��WKH�UDQJH�RI�GHILQHG�SLWFK�QXPEHUV�LV�����WKURXJK�����:LWK�0$-25��WKH�UDQJH�LV���
WKURXJK�����:KHQ�/RJR�LV�VWDUWHG��&+520$7,&�LV�WKH�GHIDXOW��)LJXUH�����VKRZV�WKH�FRUUHVSRQGHQFH
EHWZHHQ�/RJR�SLWFK�QXPEHUV�DQG�FRQYHQWLRQDO�PXVLF�QRWDWLRQ�IRU�WKH�0$-25�PRGH�
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Figure 9.3:  Correspondence between Logo pitch numbers and conventional music notation
for the MAJOR mode. Middle C is again assigned to pitch number 0.

0$-25�LV�XVHIXO�IRU�SOD\LQJ�VLPSOH�WXQHV�LQ�WKH�NH\�RI�&�WKDW�UHTXLUH�QR�VKDUSV�RU�IODWV��&+520$7,&
LV�UHTXLUHG�IRU�PRUH�FRPSOLFDWHG�WXQHV�RU�IRU�WXQHV�LQ�RWKHU�NH\V�

9.1.3.6. The NOTE Command

<RX�FDQ�XVH�127(�DV�DQ�DOWHUQDWLYH�WR�086,&�WR�HQWHU�QRWHV�LQ�WKH�PXVLF�EXIIHU��127(�WDNHV�WKUHH
QXPEHUV�DV�LQSXWV��D�GXUDWLRQ��D�SLWFK��DQG�D�YROXPH��)RU�H[DPSOH�

NOTE 5 4 10

HQWHUV�LQWR�WKH�PXVLF�EXIIHU�D�QRWH�ZLWK�GXUDWLRQ����SLWFK����DQG�YROXPH�����8QOLNH�086,&��127(�LV
XVHG�WR�HQWHU�D�VLQJOH�QRWH�DW�D�WLPH�UDWKHU�WKDQ�D�OLVW�RI�QRWHV��$OVR��WKH�YROXPH�LV�VSHFLILHG�H[SOLFLWO\�IRU
HDFK�QRWH�UDWKHU�WKDQ�WDNHQ�IURP�WKH�GHIDXOW�YROXPH��DV�GHWHUPLQHG�E\�6(792/80(��

9.1.3.7. Comments on Specif ying Notes

7KH�FRPPDQGV�OLVWHG�LQ�WKLV�VHFWLRQ��VXFK�DV�6(77(032��6(792/80(��DQG�VR�RQ��KDYH�QR�HIIHFW�RQ
QRWHV�WKDW�DUH�DOUHDG\�LQ�WKH�PXVLF�EXIIHU��)RU�LQVWDQFH��VXSSRVH�\RX�FUHDWH�VRPH�QRWHV�XVLQJ�086,&�RU
127(��SOD\�WKH�PXVLF�ZLWK�30��WKHQ�FKDQJH�WKH�WHPSR�XVLQJ�6(77(032�DQG�GR�30�DJDLQ��7KH�VHFRQG
30�ZLOO�VRXQG�WKH�VDPH�DV�WKH�ILUVW��EHFDXVH�6(77(032�FKDQJHV�WKH�WHPSR�RQO\�IRU�QRWHV�WKDW�ZLOO�EH
DGGHG�WR�WKH�PXVLF�EXIIHU�DIWHU�WKH�6(77(032�FRPPDQG�

7KH�PXVLF�EXIIHU�FDQ�KROG�RQO\�D�IL[HG�QXPEHU�RI�QRWHV��,I�\RX�WU\�WR�DGG�QRWHV�ZKHQ�WKH�EXIIHU�LV�IXOO�
/RJR�VLJQDOV�WKH�HUURU

OUT OF NOTES

$IWHU�LVVXLQJ�WKH�30�FRPPDQG��\RX�FDQ�H[HFXWH�RWKHU�FRPPDQGV�ZKLOH�WKH�PXVLF�LV�SOD\LQJ��1RWH�WKDW
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SUHVVLQJ�WKH�BACK �NH\�GRHV�QRW�VWRS�WKH�PXVLF��7R�VWRS�PXVLF�ZKLOH�LW�LV�SOD\LQJ�\RX�FDQ�UHVHW�WKH�EXIIHU
ZLWK�6(792,&(���RU�XVH�WKH�&0��FOHDU�PXVLF��SURFHGXUH�RQ�SDJH������(QWHULQJ�WKH�HGLWRU�E\�GHILQLQJ
RU�HGLWLQJ�D�SURFHGXUH��RU�D�VKDSH�RU�WLOH��ZLOO�DOVR�VWRS�SOD\LQJ�DQG�FOHDU�WKH�PXVLF�EXIIHU�

9.2. Multi ple Voices

6R�IDU��ZH�KDYH�EHHQ�JHQHUDWLQJ�PXVLF�IRU�D�VLQJOH�YRLFH�RQO\��/RJR�DOORZV�\RX�WR�SOD\�PXVLF�XVLQJ�XS�WR
WKUHH� YRLFHV� SOXV� D� QRLVH� JHQHUDWRU�� 7R� GR� WKLV�� VLPSO\� XVH� 6(792,&(� WR� GHVLJQDWH� WKH� YRLFH� IRU
VXEVHTXHQW�QRWHV�VSHFLILHG�ZLWK�086,&�RU�127(�

)RU�H[DPSOH��\RX�FDQ�PDNH�D�WKUHH�SDUW�URXQG�RI�)UHUH�-DFTXHV�XVLQJ�WKH�EDVLF�SURFHGXUH�IURP�SDJH�����
$�JRRG�WHPSR�VHWWLQJ�IRU�WKLV�LV�����

TO FRERE
F1 F1
F2 F2
F3 F3
F4 F4
END

9RLFH���VKRXOG�GR�)5(5(�

SETTEMPO 400
SETVOICE 1
FRERE

9RLFH���VKRXOG�UHVW�IRU�WZR�UHSHDWV�RI�)���D�WRWDO�RI����GXUDWLRQ�XQLWV��DQG�WKHQ�GR�)5(5(�

SETVOICE 2
REST 32
FRERE

9RLFH���VKRXOG�UHVW�IRU����XQLWV�DQG�WKHQ�GR�)5(5(�

SETVOICE 3
REST 64
FRERE

1RZ�ZKHQ�\RX�W\SH�30�\RX�ZLOO�KHDU�DOO�WKUHH�YRLFHV�SOD\LQJ�WRJHWKHU�
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9.2.0.1. Rhythm Accompaniment

,Q�WKH�/RJR�PXVLF�V\VWHP��YRLFHV�������DQG���SOD\�WRQHV��9RLFH���LV�D�QRLVH�JHQHUDWRU�WKDW�FDQ�EH�XVHG�WR
VXSSO\�UK\WKP�DFFRPSDQLPHQW��2QH�HDV\�ZD\�WR�GR�WKLV�LV�ZLWK�WKH�'580�FRPPDQG��'580�WDNHV�D�OLVW
RI�GXUDWLRQV��VLPLODU�WR�086,&��DQG�SOD\V�D�FRUUHVSRQGLQJ��GUXPEHDW���)RU�H[DPSOH�

TO BOOMCHACHA
DRUM [4 2 2]
END

ZLOO�SOD\�D��TXDUWHU�HLJKWK�HLJKWK��GUXP�EHDW�

<RX�FDQ�DGG�WKLV�WR�WKH�)UHUH�-DFTXHV�URXQG�E\�XVLQJ�YRLFH���IRU�WKH�GUXP��7KHQ�WKH�HQWLUH�URXQG�LV

TO FRERE.JACQUES.ROUND
SETTEMPO 400
CM
SETVOICE 1
FRERE
SETVOICE 2
REST 32
FRERE
SETVOICE 3
REST 64
FRERE
SETVOICE 4
REPEAT 24 [BOOMCHACHA]
END

PM

<RX�QHHG�QRW�XVH�'580�RQO\�ZLWK�YRLFH����:KHQ�VHW�WR�RQH�RI�WKH�RWKHU�YRLFHV��'580�XVHV�D�VKRUW��ORZ
WRQH� WR� PDNH� WKH� EHDW�� &RQYHUVHO\�� \RX� FDQ� VSHFLI\� �SLWFKHV�� IRU� YRLFH� �� XVLQJ� 086,&� RU� 127(�
'HSHQGLQJ�RQ�ZKLFK��SLWFK��\RX�FKRRVH��YRLFH���ZLOO�JHQHUDWH�RQH�RI�IRXU�GLIIHUHQW�VRXQGV�

9.3. Musical Accom paniment to Lo go Procedures

:H�DOUHDG\�PHQWLRQHG�WKDW�\RX�FDQ�FRQWLQXH�WR�H[HFXWH�/RJR�FRPPDQGV�ZKLOH�PXVLF�LV�SOD\LQJ��,Q�WKLV
ZD\�\RX�FDQ�SURYLGH�PXVLFDO�DFFRPSDQLPHQW�WR�RWKHU�/RJR�SURFHGXUHV��6LPSO\�JHQHUDWH�VRPH�PXVLF�
VWDUW�LW�SOD\LQJ�ZLWK�30��DQG�WKHQ�VWDUW�XS�\RXU�RWKHU�SURFHGXUHV��<RX�FDQ�DOVR�XVH�WKH�/223086,&
FRPPDQG�LQ�SODFH�RI�30��/223086,&�LV�DOPRVW�OLNH�30�H[FHSW�WKDW�LW�SOD\V�WKH�PXVLF�LQ�WKH�PXVLF
EXIIHU�RYHU�DQG�RYHU��,I�\RX�VWDUW�PXVLF�SOD\LQJ�ZLWK�/223086,&��WKH�RQO\�ZD\�WR�VWRS�LW�LV�E\�UHVHWWLQJ
WKH�EXIIHU�ZLWK�6(792,&(���RU�E\�HQWHULQJ�HGLW�PRGH�
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9.3.0.1. Synchronizin g Music to Lo go Procedures

,Q�DGGLWLRQ�WR�SOD\LQJ�PXVLF�DQG�H[HFXWLQJ�SURFHGXUHV�DW�WKH�VDPH�WLPH��\RX�FDQ�DOVR�V\QFKURQL]H�PXVLF
WR�/RJR�SURFHGXUHV��IRU�H[DPSOH��\RX�FDQ�V\QFKURQL]H�PXVLF�WR�WKH�PRWLRQ�RI�VSULWHV�RQ�WKH�VFUHHQ��7KLV
LV�GRQH�XVLQJ�WKH�3/$<127(�FRPPDQG��:KHQ�\RX�LVVXH�D�3/$<127(�FRPPDQG��/RJR�ZLOO�SOD\�WKH
QH[W�QRWH�IURP�WKH�PXVLF�EXIIHU��DQG�WKHQ�ZDLW�IRU�WKH�GXUDWLRQ�RI�WKH�QRWH�

7R�LOOXVWUDWH�KRZ�WR�XVH�3/$<127(�IRU�V\QFKURQL]LQJ�PXVLF�DQG�JUDSKLFV��OHW
V�UHWXUQ�WR�WKH�ELUGV�PRYLH
GHYHORSHG�LQ�6HFWLRQ������5HFDOO�WKDW�WKLV�ZDV�D�PRYLH�LQ�ZKLFK�D�IORFN�RI�ELUGV�PRYHG�DFURVV�WKH�VFUHHQ�
IODSSLQJ� WKHLU� ZLQJV�� 7KH� IODSSLQJ� ZDV� DFFRPSOLVKHG� E\� FKDQJLQJ� WKH� VKDSHV� RI� WKH� VSULWHV� WKDW
UHSUHVHQWHG�WKH�ELUGV�

TO FLAP
CARRY :UPWING
WAIT 30
CARRY :DOWNWING
WAIT 30
FLAP
END

7R�V\QFKURQL]H�WKH�IODSSLQJ�WR�PXVLF��WKH�RQO\�FKDQJH�\RX�QHHG�PDNH�LV�WR�WKH�)/$3�SURFHGXUH��UHSODFLQJ
:$,7�E\�3/$<127(�

TO FLAP
CARRY :UPWING
PLAYNOTE
CARRY :DOWNWING
PLAYNOTE
FLAP
END

1RZ�HQWHU�VRPH�PXVLF�LQ�WKH�EXIIHU�DQG�UXQ�WKH�HQWLUH�PRYLH�DV�EHIRUH��7KH�UHVXOW�LV�WKDW�WKH�ELUGV�EHDW
WKHLU�ZLQJV�ZLWK�HDFK�QHZ�QRWH�

3/$<127(�ZRUNV�ZLWK�RQO\�RQH�YRLFH�DW�D�WLPH��,I�WKHUH�LV�PRUH�WKDQ�RQH�YRLFH�HQWHUHG�LQ�WKH�PXVLF
EXIIHU��3/$<127(�ZLOO�XVH�WKH�FXUUHQW�YRLFH�VSHFLILHG�E\�6(792,&(�
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9.3.0.2. Answers to the Tuneblocks Puzzles

7KH�ILUVW�VHW�RI�EORFNV�FDQ�EH�DVVHPEOHG�WR�IRUP�/RQGRQ�%ULGJH�LV�)DOOLQJ�'RZQ��7R�SOD\�WKH�WXQH��W\SH

CM
B3 B4 B2 B4
B3 B4 B1 B5
PM

7KH�VHFRQG�VHW�RI�EORFNV�LV�WDNHQ�IURP�D�SLHFH�E\�%HOD�%DUWRN��EDVHG�RQ�D�6ORYDNLDQ�IRON�WXQH��%DUWRN
V
)RU�&KLOGUHQ��6]������

CM
C3 C5 C8 C8
C3 C5 C8 C8
C2 C7 C6 C4
C2 C7 C6 C8
PM

7KLV�SX]]OH�LV�PRUH�GLIILFXOW�WKDQ�WKH�SUHFHGLQJ�RQH�QRW�RQO\�EHFDXVH�WKHUH�DUH�PRUH�EORFNV�DQG�WKH�WXQH
LV�OHVV�IDPLOLDU��EXW�DOVR�EHFDXVH�WKH�KDUPRQLF�VWUXFWXUH�LV�QRW�W\SLFDO�RI�WKH�PRGDOLWLHV�IRXQG�LQ�ZHVWHUQ
PXVLF��)RU�WKLV�UHDVRQ�LW�LV�FRUUHVSRQGLQJO\�PRUH�GLIILFXOW�IRU�SHRSOH�DFFXVWRPHG�WR�ZHVWHUQ�PXVLF�WR
DVVHPEOH�WKH�EORFNV�LQWR�SDWWHUQV�WKDW��PDNH�VHQVH���,Q�VROYLQJ�HLWKHU�SX]]OH��\RX�PD\�EH�DEOH�WR�FUHDWH
D�WXQH�WKDW�LV�DV�LQWHUHVWLQJ�WR�\RX�DV�WKH�RULJLQDO��(LWKHU�VROYLQJ�WKH�SX]]OH�RU�LQYHQWLQJ�\RXU�RZQ�WXQH
RSHQV�WKH�GRRU�WR�H[FLWLQJ�PXVLFDO�H[SORUDWLRQV�
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CHAPTER 10. Inputs , Outputs , and Recursion

2QH�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�/RJR�DQG�RWKHU�FRPPRQ�SURJUDPPLQJ�ODQJXDJHV�LV�WKDW��LQ�/RJR�
ZRUGV�DQG�OLVWV�FDQ�EH�XVHG�DV�LQSXWV�DQG�RXWSXWV�WR�SURFHGXUHV��7KHUHIRUH��ZKHQ�\RX�SURJUDP�LQ�/RJR�
\RX�FDQ�ZRUN�LQ�WHUPV�RI�RSHUDWLRQV�WKDW�DFW�RQ�HQWLUH�ZRUGV�DQG�OLVWV��UDWKHU�WKDQ�RQO\�RQ�LQGLYLGXDO
QXPEHUV�DQG�FKDUDFWHUV��&RQVLGHU�WKH�'28%/(�/,67�SURFHGXUH�WKDW�ZDV�LQWURGXFHG�RQ�SDJH�����

TO DOUBLE.LIST:X
OUTPUT SENTENCE :X :X
END

PRINT DOUBLE.LIST [DO RE MI]
DO BE MI DO HE MI

7KH�LPSRUWDQFH�RI�PDNLQJ�WKLV�SURFHGXUH�287387�LWV�UHVXOW�LV�QRW�PHUHO\�VR�WKDW�\RX�FDQ�35,17�WKH
UHVXOW��EXW�VR�WKDW�\RX�FDQ�XVH�WKH�UHVXOW�DV�DQ�LQSXW�WR�DQRWKHU�SURFHGXUH�WKDW�FDQ�SHUIRUP�IXUWKHU
RSHUDWLRQV��)RU�LQVWDQFH��LI�\RX�KDYH�DQ�RSHUDWLRQ�5(9(56(�WKDW�UHYHUVHV�D�OLVW��DV�ZH�VKDOO�GLVFXVV�LQ
6HFWLRQ������EHORZ���WKHQ�\RX�FDQ�SURGXFH�WKH�UHYHUVH�RI�WKH�GRXEOH�RI�D�OLVW�;�E\

REVERSE DOUBLE. LIST :X

0RUH�JHQHUDOO\��\RX�FDQ�FRQVWUXFW�FRPSOH[�RSHUDWLRQV�RQ�ZRUGV�DQG�OLVWV�DV�VXFFHVVLRQV�RI�SURFHGXUHV�
HDFK�RI�ZKLFK�SHUIRUPV�D�VLPSOH�RSHUDWLRQ�DQG�SDVVHV�WKH�UHVXOW�WR�WKH�QH[W�SURFHGXUH��7R�REWDLQ�DQ
RSHUDWLRQ�WKDW�UHPRYHV�WKH�ODVW�ZRUG�IURP�D�OLVW��UHYHUVHV�ZKDW�LV�OHIW��DQG�GRXEOHV�WKH�UHVXOW��\RX�FDQ
ZULWH�

DOUBLE.LIST (REVERSE (BUTLAST :X))

DV�LQ�WKH�FRPPDQG

PRINT DOUBLE.LIST (REVERSE (BUTLAST [A B C D]))
C B A C B A

ZKLFK� SURGXFHV� WKH� FKDLQ� RI� RSHUDWLRQV� VKRZQ� LQ� )LJXUH� ������ %XLOGLQJ� XS� FRPSOH[� RSHUDWLRQV� E\
FRPELQLQJ�VLPSOHU�RSHUDWLRQV�LV�FRPPRQ�SURJUDPPLQJ�SUDFWLFH�LQ�ZRUNLQJ�ZLWK�QXPEHUV��)RU�H[DPSOH�
LW�LV�QDWXUDO�WR�WKLQN�RI�FRPSXWLQJ��[����� �����LQ�WHUPV�RI�WKH�VLPSOHU�RSHUDWLRQV�RI�VXEWUDFWLQJ���IURP�

D�QXPEHU��VTXDULQJ�WKH�UHVXOW��DQG�DGGLQJ����/RJR�HQDEOHV�\RX�WR�XVH�WKH�VDPH�NLQG�RI�VWUDWHJ\�LQ�GHDOLQJ
ZLWK�ZRUGV�DQG�OLVWV�
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      )RU�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��XVH�RQH�RI�WKH�SURFHGXUHV��5(9/,67�RU�5(9:25'��JLYHQ�LQ1

6HFWLRQV��������DQG���������LQVWHDG�RI�5(9(56(�
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Figure 10.1: Chain of inputs
and outputs in a sequence of
list operations.

7KH�DELOLW\�WR�FRQVWUXFW�FRPSOH[�RSHUDWLRQV�DV�FRPELQDWLRQV�RI�VLPSOHU�RQHV�LV�SDUWLFXODUO\�SRZHUIXO�ZKHQ
FRPELQHG�ZLWK�DQRWKHU�SUREOHP�VROYLQJ�VWUDWHJ\��2QH�FDQ�RIWHQ�VROYH�D�SUREOHP�E\�ILUVW�VROYLQJ�D�VLPSOHU
SUREOHP�RI�WKH�VDPH�VRUW�DQG�WKHQ�PDNLQJ�D�VLPSOH�PRGLILFDWLRQ�WR�WKH�DQVZHU��)RU�H[DPSOH��VXSSRVH�\RX
ZDQW�WR�ZULWH�D�SURFHGXUH�WKDW�FRXQWV�WKH�QXPEHU�RI�ZRUGV�LQ�D�OLVW��,PDJLQH�WKDW�\RX�DOUHDG\�NQRZ�KRZ
PDQ\�ZRUGV�DUH�LQ�WKH�%87),567�RI�WKH�OLVW��7KHQ�\RX�FRXOG�VROYH�\RXU�RULJLQDO�SUREOHP�E\�VLPSO\
WDNLQJ�WKH�QXPEHU�RI�ZRUGV�LQ�WKH�%87),567�DQG�DGGLQJ���

5HFXUVLYH�SURFHGXUHV��LQ�JHQHUDO��DUH�WKH�FRPSXWDWLRQDO�DQDORJXHV�RI�VWUDWHJLHV�WKDW�DWWDFN�SUREOHPV�E\
UHGXFLQJ�WKHP�WR�VLPSOHU�SUREOHPV�RI�WKH�VDPH�VRUW��*LYHQ�WKH�DELOLW\�RI�/RJR�SURFHGXUHV�WR�PDQLSXODWH
ZRUGV� DQG� OLVWV�� WKLV� LPSOLHV� WKDW� PDQ\� XVHIXO� ZRUG� DQG� OLVW� RSHUDWLRQV� FDQ� EH� LPSOHPHQWHG� DV
VXUSULVLQJO\�VLPSOH�UHFXUVLYH�SURFHGXUHV��7KLV�FKDSWHU�H[DPLQHV�D� IHZ�RI� WKHP��:H�FRQVLGHU� ILUVW�D
QXPEHU�RI�SURFHGXUHV�LQYROYHG�ZLWK�UHYHUVLQJ�ZRUGV�DQG�OLVWV��7KHQ�ZH�GLVFXVV�RSHUDWLRQV�WKDW�VHOHFW
ZRUGV�IURP�OLVWV�DQG�WHVW�ZKHWKHU�D�ZRUG�LV�D�PHPEHU�RI�D�OLVW��)LQDOO\��ZH�VKRZ�KRZ�WKH�SUREOHP�RI
FRQYHUWLQJ�QXPEHUV�IURP�RQH�EDVH�WR�DQRWKHU�FDQ�EH�VROYHG�E\�D�VLPSOH�UHFXUVLYH�VWUDWHJ\�

10.1. REVERSE

7,�/RJR�,,�LQFOXGHV�D�EXLOW�LQ�RSHUDWLRQ�FDOOHG�5(9(56(�WKDW�UHYHUVHV�ZRUGV�RU�OLVWV� �,I�WKH�LQSXW�WR�

5(9(56(�LV�D�ZRUG��WKHQ�5(9(56(�UHWXUQV�WKH�ZRUG�ZLWK�WKH�FKDUDFWHUV�UHYHUVHG�

PRINT REVERSE "STRESSED
DESSERTS

PRINT REVERSE "RUMPELSTILTSKIN
NIKSTLITSLEPMUR

PRINT REVERSE REVERSE "RUMPELSTILTSKIN
RUMPELSTILTSKIN

,I�WKH�LQSXW�WR�5(9(56(�LV�D�OLVW��WKHQ�5(9(56(�UHWXUQV�D�OLVW�RI�WKH�HOHPHQWV�LQ�UHYHUVH�RUGHU�
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PRINT REVERSE [I AM WHAT I AM]
AM I WHAT AM I

PRINT REVERSE [HELLO]
HELLO

(YHQ�WKRXJK�5(9(56(�LV�LQFOXGHG�DV�D�SULPLWLYH�RSHUDWLRQ�LQ�7,�/RJR�,,��ZH
OO�VKRZ�KRZ�\RX�FDQ�ZULWH
VXFK�D�SURFHGXUH��VLQFH�UHYHUVLQJ�LV�D�JRRG�LOOXVWUDWLRQ�RI�UHFXUVLYH�SURJUDPPLQJ��,Q�RUGHU�QRW�WR�FRQIOLFW
ZLWK� WKH� EXLOW�LQ� 5(9(56(�� ZH
OO� ZULWH� VHSDUDWH� SURFHGXUHV� IRU� UHYHUVLQJ� ZRUGV� DQG� OLVWV�� FDOOHG
5(9:25'�DQG�5(9/,67�

10.1.1. Reversin g Words

&RQVLGHU�WKH�SUREOHP�RI�ZULWLQJ�D�SURFHGXUH�5(9:25'�WKDW�UHYHUVHV�D�ZRUG�

PRINT REVWORD "HELLO
OLLEH

/RJR
V�/$67�DQG�%87/$67�RSHUDWLRQV��ZKLFK�HQFRXUDJH�WKLQNLQJ�DERXW�D�ZRUG�LQ�WHUPV�RI�LWV�ODVW
FKDUDFWHU� DQG� WKH� UHVW� RI� WKH�ZRUG�� VXJJHVW� D� UHFXUVLYH� VWUDWHJ\� IRU� LPSOHPHQWLQJ� WKH�5(9:25'
SURFHGXUH��,W�LV�EDVHG�RQ�WKH�IROORZLQJ�LGHD��VXSSRVH�\RX�DUH�JLYHQ�D�ZRUG��VD\�%,5'��DQG�\RX�DUH�DVNHG
WR�UHYHUVH�LW��1RZ�LPDJLQH�WKDW�\RX�KDYH�VRPHKRZ�PDQDJHG�WR�JHQHUDWH�WKH�UHYHUVH�RI�DOO�EXW�WKH�ODVW
FKDUDFWHU�RI�WKH�ZRUG�³�5,%��7KHQ�DOO�\RX�KDYH�WR�GR�WR�UHYHUVH�WKH�RULJLQDO�ZRUG�LV�WR�WDNH�WKH�ODVW
FKDUDFWHU��'��DQG�SODFH�LW�DW�WKH�IURQW�RI�ZKDW�\RX�DOUHDG\�KDYH�³�'5,%��7KLV�UHGXFHV�WKH�SUREOHP�RI
UHYHUVLQJ�D�ZRUG�WR�WKH�SUREOHP�RI�UHYHUVLQJ�D�VKRUWHU�ZRUG��QDPHO\��WKH�%87/$67�RI�WKH�ZRUG��7KDW
SUREOHP�UHGXFHV�LQ�WXUQ�WR�UHYHUVLQJ�D�VWLOO�VKRUWHU�ZRUG��QDPHO\��WKH�%87/$67�RI�WKH�%87/$67��DQG
VR�RQ��ZLWK�VKRUWHU�DQG�VKRUWHU�ZRUGV��<RX�FDQ�GLDJUDP�WKLV�SURFHVV�DV�IROORZV

REVWORD "BIRD is D � RIB

RU�WKH�ODVW�FKDUDFWHU�RI�%,5'�DGGHG�LQ�IURQW�RI�5,%��%XW

RIB is REVWORD "BIR which is R � IB

RU�WKH�ODVW�FKDUDFWHU�RI�%,5�DGGHG�LQ�IURQW�RI�,%��%XW

IB is REVWORD "BI which is I � B

RU�WKH�ODVW�FKDUDFWHU�RI�%,�DGGHG�LQ�IURQW�RI�%��1RZ�SXW�DOO�WKHVH�WRJHWKHU�

REVWORD "BIRD = D � (REVWORD "BIR)
              = D � R � (REVWORD "BI)
              = D � R � I � (REVWORD "B)
              = D � R � I � B

7KLV�VWUDWHJ\��UHGXFLQJ�WKH�SUREOHP�RI�UHYHUVLQJ�D�ZRUG�WR�WKH�SUREOHP�RI�UHYHUVLQJ�%87/$67�RI�WKH
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ZRUG��OHDGV�WR�WKH�IROORZLQJ�UHFXUVLYH�SURFHGXUH�

TO REVWORD :X
OUTPUT WORD (LAST :X)(REVWORD BUTLAST :X)
END

+RZHYHU��LI�\RX�H[HFXWH�WKLV�SURFHGXUH��LW�ZLOO�QRW�ZRUN��,QVWHDG�/RJR�UXQV�RXW�RI�VSDFH��7KH�SUREOHP�LV
WKDW�WKHUH�LV�QR�VWRS�UXOH��1RWKLQJ�WHOOV�5(9:25'�WR�VWRS�WDNLQJ�/$67V�DQG�%87/$67V�RI�LWV�LQSXW�
DQG�WKH�SURFHGXUH�UXQV�XQWLO�/RJR�UXQV�RXW�RI�VWRUDJH��$W�VRPH�SRLQW��5(9:25'�VKRXOG�VLPSO\�RXWSXW
DQ�DQVZHU�GLUHFWO\�ZLWKRXW�UHGXFLQJ�WKH�SUREOHP�WR�RQH�RI�UHYHUVLQJ�D�VWLOO�VKRUWHU�ZRUG��)RU�H[DPSOH�
LI�WKH�ZRUG�WR�EH�UHYHUVHG�LV�D�VLQJOH�FKDUDFWHU��WKHQ�5(9:25'�RI�WKH�ZRUG�LV�WKH�ZRUG�LWVHOI��VR�\RX�FDQ
DGG�WR�5(9:25'�WKH�VWRS�UXOH�

IF FIRST :X = :X THEN OUTPUT :X

ZKHUH�),567��;�EHLQJ�HTXDO�WR��;�VLJQDOV�WKDW��;�FRQVLVWV�RI�D�VLQJOH�FKDUDFWHU��6R�KHUH�LV�WKH�FRPSOHWH
SURFHGXUH�

TO REVWORD :X
IF FIRST :X = :X OUTPUT :X
OUTPUT WORD (LAST :X) (REVWORD BUTLAST :X)
END

10.1.2. Reversin g Lists

6LPLODU�UHDVRQLQJ�FDQ�EH�DSSOLHG�WR�SURGXFH�D�SURFHGXUH�5(9/,67�WKDW�WDNHV�D�OLVW�DV�LQSXW�DQG�UHWXUQV
WKH�OLVW�RI�ZRUGV�LQ�UHYHUVH�RUGHU��DV�LQ

PRINT REVLIST [OH SAY CAN YOU SEE]
SEE YOU CAN SAY OH

$V�EHIRUH��WKH�SUREOHP�UHGXFHV�WR�FRPELQLQJ�WKH�/$67�RI�WKH�LQSXW�OLVW�ZLWK�5(9/,67�RI�WKH�%87/$67�
KRZHYHU��VLQFH�\RX�ZLOO�EH�FRPELQLQJ�OLVWV�UDWKHU�WKDQ�ZRUGV��\RX�VKRXOG�XVH�6(17(1&(�UDWKHU�WKDQ
:25'�WR�IRUP�WKH�FRPELQDWLRQ��7KH�VWRS�UXOH�FKHFNV�IRU�WKH�OLVW�EHLQJ�UHGXFHG�WR�WKH�HPSW\�OLVW��LQ
ZKLFK�FDVH�WKH�SURFHGXUH�UHWXUQV�WKH�HPSW\�OLVW�

TO REVLIST :X
IF :X = [] THEN OUTPUT []
OUTPUT SENTENCE (LAST :X)(REVLIST BUTLAST :X)
END

<RX�FDQ�FRPELQH�5(9:25'�DQG�5(9/,67�WR�REWDLQ�D�SURFHGXUH�5(9$//�WKDW�WDNHV�D�OLVW�DV�LQSXW�DQG
UHWXUQV�D�OLVW�RI�WKH�ZRUGV�LQ�UHYHUVH�RUGHU��ZLWK�HDFK�ZRUG�UHYHUVHG��DV�ZHOO�

PRINT REVALL [OH SAY CAN YOU SEE]
EES UOY NAC YAS HO
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      1RWLFH�WKDW�LQ�WKH�DFWXDO�SURFHGXUH��WKH�VWRS�UXOH�LV�ZULWWHQ�EHIRUH�WKH�UHGXFWLRQ�VWHS��%XW�ZKHQ2

\RX�IRUPXODWH�D�UHFXUVLYH�VROXWLRQ��\RX�PRVW�OLNHO\�GLVFRYHU�WKH�UHGXFWLRQ�VWHS�ILUVW�DQG�WKHQ�GHVLJQ
DQ�DSSURSULDWH�VWRS�UXOH�

204

$OO�\RX�QHHG�WR�GR�WR�LPSOHPHQW�5(9$//�LV�WR�PRGLI\�5(9/,67�VR�WKDW�LW�5(9:25'V�WKH�/$67�ZRUG
RI�LWV�LQSXW�EHIRUH�FRPELQLQJ�WKDW�ZLWK�WKH�UHVXOW�RI�UHYHUVLQJ�WKH�%87/$67�

TO REVALL :X
IF :X = [] THEN OUTPUT []
OUTPUT SENTENCE (REVWORD LAST :X)(REVALL BUTLAST :X)
END

10.1.3. Designin g Recursive Procedures

7KH�UHDVRQLQJ�WKDW�OHG�WR�WKHVH�SURFHGXUHV�LV�W\SLFDO�RI�PRVW�UHFXUVLYH�SURFHGXUHV�WKDW�LQYROYH�ZRUGV�DQG
OLVWV�

� 7KHUH�LV�D�UHGXFWLRQ�VWHS�WKDW�UHGXFHV�WKH�SUREOHP�WR�D�VLPLODU�SUREOHP�RQ�D�VKRUWHU�ZRUG�RU�OLVW
�XVXDOO\�WKH�%87),567�RU�%87/$67�RI�WKH�LQSXW��

� 7KHUH�LV�D�VWRS�UXOH�WKDW�FKHFNV�IRU�VRPH�VLPSOH�FDVH��XVXDOO\�WKH�LQSXW�EHLQJ�UHGXFHG�WR�D�VLQJOH
HOHPHQW��RU�WR�WKH�HPSW\�ZRUG�RU�WKH�HPSW\�OLVW���

1RWH�WKH�XVH�RI�UHFXUVLRQ�DQG�WKH�IDFW�WKDW�HDFK�SURFHGXUH�PXVW�H[SOLFLWO\�287387�LWV�UHVXOW�WR�WKH
SURFHGXUH�WKDW�FDOOV�LW��DV�QRWHG�RQ�SDJH������)LJXUH������VKRZV�WKH�SDWWHUQ�RI�LQSXWV�DQG�RXWSXWV�WKDW
UHVXOWV�IURP�H[HFXWLQJ

REVWORD "BIRD
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Figure 10.2: Procedure calls in executing REVWORD "BIRD.

10.2. Recursive Procedures that Mani pulate Lists

/RJR
V�OLVW�RSHUDWLRQV�),567��/$67��%87),567��DQG�%87/$67�DUH�WKH�EDVLF�ZD\V�WR�UHGXFH�OLVWV�WR
VLPSOHU�OLVWV��/LVW�RSHUDWLRQV�FDQ�RIWHQ�EH�LPSOHPHQWHG�E\�PHDQV�RI�UHFXUVLYH�VWUDWHJLHV�WKDW�UHGXFH�WKH
SUREOHP�RI�SHUIRUPLQJ�VRPH�RSHUDWLRQ�RQ�D�OLVW�WR�WKH�SUREOHP�RI�SHUIRUPLQJ�D�VLPLODU�RSHUDWLRQ�RQ�WKH
%87),567��RU�%87/$67��RI�WKH�OLVW��7KLV�VHFWLRQ�SUHVHQWV�WZR�RSHUDWLRQV�WKDW�FDQ�EH�LPSOHPHQWHG�LQ
WKLV�ZD\�

10.2.1. The PICK Procedure

2QH�RI�WKH�PRVW�XVHIXO�RSHUDWLRQV�WR�KDYH�LQ�ZRUNLQJ�ZLWK�OLVWV�LV�WKH�DELOLW\�WR�VHOHFW�DQ�LWHP�IURP�D�OLVW�
&RQVLGHU�WKH�SUREOHP�RI�ZULWLQJ�D�SURFHGXUH�3,&.�WKDW�WDNHV�D�QXPEHU�DQG�D�OLVW�DV�LQSXWV�DQG�RXWSXWV
WKH�GHVLJQDWHG�LWHP�IURP�WKH�OLVW��LI�WKH�QXPEHU�LV����3,&.�RXWSXWV�WKH�ILUVW�LWHP�LQ�WKH�OLVW��LI�WKH�QXPEHU
LV����3,&.�RXWSXWV�WKH�VHFRQG�LWHP�LQ�WKH�OLVW��DQG�VR�RQ�

7KHUH�LV�D�UHFXUVLYH�VWUDWHJ\�IRU�FRPSXWLQJ�3,&.�LQ�WHUPV�RI�WKH�RSHUDWLRQV�),567�DQG�%87),567��<RX
FDQ� UHGXFH� WKH�SUREOHP�RI� SLFNLQJ� DQ� LWHP� IURP�D� OLVW� WR� WKH�SUREOHP�RI� SLFNLQJ� DQ� LWHP� IURP� WKH
%87),567�RI�WKH�OLVW��WKH�QWK�LWHP�RI�D�OLVW�LV�WKH�VDPH�DW�WKH��Q�����VW�LWHP�RI�WKH�%87),567�RI�WKH�OLVW�
7KH�UHFXUVLYH�SODQ�LV�
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      ,I�\RX�FDOO�3,&.�ZLWK�1�ODUJHU�WKDQ�WKH�OHQJWK�RI�WKH�OLVW��WKHQ�WKH�SURFHGXUH�ZLOO�UHWXUQ�WKH3

HPSW\�OLVW��)RU�H[DPSOH��WU\LQJ�WR�SLFN�WKH��WK�LWHP�RI�>$�%�&�'@�UHGXFHV�WR�WKH��WK�LWHP�RI�>%�&�'@�
WKH��UG�LWHP�RI�>&�'@��WKH��QG�LWHP�RI�>'@��DQG�ILQDOO\�3,&.�LV�FDOOHG�ZLWK�1�HTXDO�WR�,�DQG�[�HTXDO�WR
WKH�HPSW\�OLVW�$W�WKLV�SRLQW�3,&.�WULHV�WR�FRPSXWH�),567�RI�[��,Q�WKH�ILUVW�UHOHDVH�RI�7O�/RJR�),567�RI
WKH�HPSW\�OLVW�UHWXUQV�WKH�HPSW\�OLVW�

206

� 5HGXFWLRQ�6WHS��WR�3,&.�WKH�QWK�LWHP�IURP�D�OLVW��3,&.�WKH��Q�����VW�LWHP�IURP�WKH�%87),567
RI�WKH�OLVW�

� 6WRS�5XOH��LI�Q� ����WKHQ�RXWSXW�WKH�),567�LWHP�LQ�WKH�OLVW�

7KLV�VWUDWHJ\�FDQ�EH�H[SUHVVHG�DV�WKH�IROORZLQJ�/RJR�SURFHGXUH�

TO PICK :N :X
IF :N = 1 OUTPUT FIRST :X
OUTPUT PICK(:N - 1)(BUTFIRST :X)
END

)LJXUH������VKRZV�WKH�FKDLQ�RI�SURFHGXUH�FDOOV�DQG�WKH�LQSXWV�DQG�RXWSXWV�LQ�H[HFXWLQJ�

PICK 3 [A B C D]

ZKHUH�SLFNLQJ�WKH��UG�LWHP�RI�>$�%�&�'@�UHGXFHV�WR�WKH�SLFNLQJ�WKH��QG�LWHP�RI�>%�&�'@�ZKLFK�UHGXFHV�WR
SLFNLQJ�WKH��VW�LWHP�RI�>&�'@��ZKLFK�LV�&��



TI LOGO

      /(1*7+�FDQ�DOVR�WDNH�D�ZRUG�DV�LQSXW��LQ�ZKLFK�FDVH�LW�UHWXUQV�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH4

ZRUG��/(1*7+�LV�QRW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7O�/RJR��EXW�LW�FDQ�EH�LPSOHPHQWHG�DV�D
UHFXUVLYH�/RJR�SURFHGXUH��VHH�QRWH�LQ�6HFWLRQ������
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Figure 10.3: Procedure calls in
executing PICK 3 [A B C D].

%\�FRPELQLQJ�3,&.�ZLWK�5$1'��SDJH������\RX�JHW�D�XVHIXO�RSHUDWLRQ�WKDW�VHOHFWV�DQ�LWHP�DW�UDQGRP
IURP�D�OLVW�RI�SRVVLELOLWLHV�

TO PICKRANDOM :X
OUTPUT PICK (1 + RAND (LENGTH :X)) :X
END

7KLV�SURFHGXUH�XVHV�WKH�/(1*7+�RSHUDWLRQ�WKDW�LV�LQFOXGHG�LQ�7,�/RJR�,,��/(1*7+�WDNHV�D�OLVW�DV�LQSXW
DQG�UHWXUQV�WKH�QXPEHU�RI�LWHPV�LQ�WKH�OLVW��

2EVHUYH�WKH�LQSXWV�WR�3,&.�DQG�5$1'��LI�WKH�OHQJWK�RI�WKH�OLVW�LV�Q��WKHQ�5$1'��/(1*7+��/��UHWXUQV
D�QXPEHU�VHOHFWHG�DW�UDQGRP�EHWZHHQ���DQG�Q������<RX�VKRXOG�DGG���WR�WKLV�WR�SURGXFH�D�UDQGRP�QXPEHU
EHWZHHQ���DQG�Q��ZKLFK�EHFRPHV�WKH�LQSXW�WR�3,&.�
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10.2.2. The MEMBER? Predicate

7KH�0(0%(5"�SUHGLFDWH�WDNHV�D�ZRUG�DQG�D�OLVW�DV�LQSXWV�DQG�FKHFNV�ZKHWKHU�WKH�ZRUG�LV�D�PHPEHU�RI
WKH�OLVW��RXWSXWWLQJ�758(�RU�)$/6(�DFFRUGLQJO\��7KH�UHFXUVLYH�VWUDWHJ\�KHUH�LV�WKDW�LW�LV�HDV\�WR�FKHFN
LI�WKH�GHVLUHG�ZRUG�LV�WKH�),567�LWHP�LQ�WKH�OLVW��,I�LW�LV��WKHQ�0(0%(5"�VKRXOG�RXWSXW�758(��,I�QRW��\RX
FKHFN�WR�VHH�LI�WKH�ZRUG�LV�LQ�WKH�%87),567�RI�WKH�OLVW��DQG�VR�RQ��,I�WKH�OLVW�HYHU�EHFRPHV�HPSW\��\RX
KDYH�UXQ�RXW�RI�HOHPHQWV�WR�FKHFN�WKH�ZRUG�DJDLQVW��VR�0(0%(5"�VKRXOG�RXWSXW�)$/6(��7KH�UHVXOWLQJ
SURFHGXUH�LV

TO MEMBER? :WORD :LIST
IF :LIST = [] OUTPUT "FALSE
IF :WORD = (FIRST :LIST) OUTPUT "TRUE
OUTPUT MEMBER? :WORD (BUTFIRST :LIST)
END

10.2.2.1. Convertin g to Pi g Latin

$V�DQ�H[DPSOH�RI�XVLQJ�0(0%(5"�DQG�UHFXUVLRQ��\RX�FDQ�ZULWH�D�SURJUDP�WKDW�FRQYHUWV�D�VHQWHQFH�WR
SLJ�/DWLQ��)RU�HDFK�ZRUG�LQ�WKH�VHQWHQFH��\RX�PXVW�PRYH�WKH�OHDGLQJ�FRQVRQDQWV�WR�WKH�HQG�RI�WKH�ZRUG
DQG�DGG��D\��DV�LQ

,VWKD\�HQWHQFHVD\�LVD\�LQD\�LJSD\�DWLQOD\�

6LQFH�\RX�QHHG�WR�VWULS�RII�FRQVRQDQWV��LW�LV�XVHIXO�WR�KDYH�D�SUHGLFDWH�WKDW�FKHFNV�ZKHWKHU�D�ZRUG�EHJLQV
ZLWK�D�YRZHO��7KDW
V�HDVLO\�GRQH�

TO BEGINS.WITH.VOWEL? :W
OUTPUT MEMBER? (FIRST :W)[A E I O U]
END

1RWLFH�WKDW�WKLV�RXWSXWV�758(�RU�)$/6(�EHFDXVH�0(0%(5"�RXWSXWV�758(�RU�)$/6(�

+HUH
V�D�SURJUDP�WKDW�FRQYHUWV�D�VLQJOH�ZRUG�WR�SLJ�ODWLQ�

TO PIG :W
TEST BEGINS.WITH.VOWEL? :W
IFT OUTPUT WORD :W "AY
IFF OUTPUT PIG WORD (BUTFIRST :W)(FIRST :W)
END

7KH�FOHYHUQHVV�LQ�3,*�LV�WKH�UHFXUVLYH�FDOO�WKDW�HQVXUHV�WKDW�3,*�ZLOO�NHHS�VWULSSLQJ�OHWWHUV�RII�WKH�IURQW
RI�WKH�ZRUG�XQWLO�LW�UHDFKHV�D�YRZHO��7R�EHWWHU�XQGHUVWDQG�WKLV�SRLQW��\RX�VKRXOG�GUDZ�D�GLDJUDP�WKDW
JLYHV�WKH�VHTXHQFH�RI�UHFXUVLYH�FDOOV�LQ�FRPSXWLQJ

PRINT PIG "STRING
INGSTRAY
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1RZ��LI�\RX�ZRUN�ZRUG�E\�ZRUG��\RX�FDQ�FRQYHUW�DQ�HQWLUH�VHQWHQFH��7KH�WULFN�LV�WR�WKLQN�UHFXUVLYHO\
DJDLQ�

TO PIGL :S
IF :S = [] OUTPUT []
OUTPUT SENTENCE (PIG FIRST :S)(PIGL BUTFIRST :S)
END

PRINT PIGL [THIS IS ANOTHER RECURSIVE PROCEDURE]
ISTHAY ISAY ANOTHERAY ECURSIVERAY OCEDUREPRAY

7KH�VWUDWHJ\�XVHG�LQ�3,*/�LV�D�VWDQGDUG�ZD\�WR��GR�VRPHWKLQJ�WR�HYHU\�LWHP�LQ�D�OLVW���7KH�LGHD�LV�WR
UHDVRQ�DV�IROORZV��6XSSRVH�\RX�KDYH�DOUHDG\�FRQYHUWHG�WKH�ZRUGV�LQ�WKH�%87),567�RI�WKH�OLVW��7KHQ�\RX
QHHG�RQO\�6(17(1&(�WKLV�ZLWK�WKH�UHVXOW�RI�FRQYHUWLQJ�WKH�ILUVW�ZRUG�LQ�WKH�OLVW��DQG�\RX�DUH�GRQH��,Q
WKLV�ZD\��WKH�SUREOHP�RI�FRQYHUWLQJ�WKH�HQWLUH�OLVW�UHGXFHV�WR�FRQYHUWLQJ�%87),567�RI�WKH�OLVW��ZKLFK
UHGXFHV� WR�%87),567�RI� WKDW� OLVW�� DQG� VR� RQ�� DQG� VR� RQ��)LQDOO\� WKH�SUREOHP� LV� UHGXFHG� WR� WKDW� RI
FRQYHUWLQJ�WKH�HPSW\�OLVW��IRU�ZKLFK�WKH�DQVZHU�LV�HPSW\�

10.3. Radix Conversion

$V�D�ILQDO�H[DPSOH�RI�D�SUREOHP�WKDW�VHHPV�GLIILFXOW�EXW�KDV�D�VLPSOH�UHFXUVLYH�VROXWLRQ��ZH�FRQVLGHU�WKH
SUREOHP�RI�FRQYHUWLQJ�DQ�LQWHJHU�ZULWWHQ�LQ�EDVH����QRWDWLRQ�WR�VRPH�RWKHU�EDVH��VD\��EDVH����)RU�LQVWDQFH�
ZH�ZRXOG�OLNH�WR�ILQG�WKDW����EDVH����LV�ZULWWHQ�DV�����LQ�EDVH��������EDVH����LV�����EDVH���������EDVH���
LV������EDVH����DQG�VR�RQ�

7KHUH�LV�D�FOHYHU�UHFXUVLYH�VWUDWHJ\�IRU�VROYLQJ�WKLV�SUREOHP��6XSSRVH�WKDW�Q�LV�VRPH�LQWHJHU�DQG�WKDW�\RX
ZDQW�WR�ILQG�WKH�VWULQJ�RI�GLJLWV�WKDW�UHSUHVHQWV�Q�LQ�EDVH����7KLQN�DERXW�ZKDW�VXFK�D�UHSUHVHQWDWLRQ
PHDQV��)RU�H[DPSOH��WR�VD\�WKDW�����EDVH����LV�ZULWWHQ�DV�����EDVH���PHDQV�WKDW

���� ���[���[�������[������� �����EDVH��

7KH�NH\�LQVLJKW�LV�WKDW�LW�LV�HDV\�WR�ILQG�WKH�ODVW�GLJLW�RI�WKH�VWULQJ�RI�GLJLWV�WKDW�UHSUHVHQWV�Q��WKLV�LV�MXVW
WKH�UHPDLQGHU�ZKHQ�Q�LV�GLYLGHG�E\���

REMAINDER 100 8 is 4

1RZ�VXSSRVH�\RX�WDNH�WKH�VWULQJ�RI�GLJLWV�WKDW�UHSUHVHQWV�Q�DQG�VWULS�RII�WKH�ODVW�GLJLW��,Q�WHUPV�RI�EDVH
��UHSUHVHQWDWLRQ��WKDW�FRUUHVSRQGV�WR�VKLIWLQJ�HYHU\WKLQJ�RQH�SODFH�WR�WKH�ULJKW�DQG�GURSSLQJ�WKH�ODVW
GLJLW��%XW�WKLV�FRUUHVSRQGV�SUHFLVHO\�WR�GLYLGLQJ�WKH�QXPEHU�E\���DQG�GURSSLQJ�WKH�UHPDLQGHU��7KDW�LV�WR
VD\��LI�\RX�WDNH�WKH�VWULQJ�RI�GLJLWV�WKDW�UHSUHVHQWV�Q�LQ�EDVH���DQG�OHDYH�RII�WKH�ODVW�GLJLW��ZKDW�\RX�DUH
OHIW�ZLWK�LV�WKH�VWULQJ�RI�GLJLWV�WKDW�UHSUHVHQWV�WKH�LQWHJHU�TXRWLHQW�RI�Q�E\����ZULWWHQ�LQ�EDVH���

QUOTIENT 100 8 is 12, and 12 represented in base 8 is 14

6R�QRZ�\RX�KDYH�D�VLPSOH�GHVFULSWLRQ�RI�WKH�VWULQJ�RI�GLJLWV�WKDW�UHSUHVHQWV�Q�LQ�EDVH��
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      5HPHPEHU�WKDW�LQ�7,�/RJR��\RX�PXVW�GLVWLQJXLVK�EHWZHHQ�D�QXPEHU��VD\����DQG�D�FKDUDFWHU��VD\5

����)RU�GRLQJ�DULWKPHWLF��\RX�XVH�QXPEHUV��DQG�IRU�GRLQJ�ZRUG�RSHUDWLRQV��\RX�XVH�FKDUDFWHUV��,Q�WKLV
FDVH�ZH�DUH�DVVHPEOLQJ�WKH�FRQYHUWHG�QXPEHU�XVLQJ�ZRUG�RSHUDWLRQV��VR�WKH�GLJLW�XVHG�PXVW�EH�WKH
FKDUDFWHU����UDWKHU�WKDQ�WKH�QXPEHU���

      7KLV�LV�WKH��KH[DGHFLPDO��QRWDWLRQ�FRPPRQO\�XVHG�IRU�VSHFLI\LQJ�FRPSXWHU�PHPRU\�DGGUHVVHV�6
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� 7KH�/$67�GLJLW�LV�WKH�UHPDLQGHU�RI�Q�E\���

� 7KH�%87/$67�RI�WKH�VWULQJ�LV�WKH�EDVH���UHSUHVHQWDWLRQ�RI�LQWHJHU�TXRWLHQW�RI�Q�E\���

6R�WKH�SUREOHP�RI�UHSUHVHQWLQJ�Q�LQ�EDVH���UHGXFHV�WR�UHSUHVHQWLQJ�WKH�TXRWLHQW�RI�Q�E\���LQ�EDVH����ZKLFK
UHGXFHV�IXUWKHU��DQG�VR�RQ��7KH�UHGXFWLRQV�VWRS�ZKHQ�\RX�UHDFK�D�TXRWLHQW�WKDW�LV�OHVV�WKDQ����ZKLFK�LV
UHSUHVHQWHG�LQ�EDVH���DV�D�VLQJOH�GLJLW�

+HUH�LV�KRZ�WR�JHQHUDWH�Q�LQ�EDVH���

� ,I�Q������WKH�UHVXOW�LV�WKH�GLJLW�IRU�Q��

� 2WKHUZLVH

L )LQG�WKH�GLJLWV�WKDW�UHSUHVHQW�WKH�TXRWLHQW�RI�Q�E\����DQG

L $SSHQG�WR�WKHVH�WKH�UHPDLQGHU�RI�Q�GLYLGHG�E\���

8VLQJ�WKH�/RJR�:25'�RSHUDWLRQ�WR�JOXH�QXPEHUV�WRJHWKHU��WKLV�VWUDWHJ\�WUDQVODWHV�LQWR�WKH�SURFHGXUH�

TO BASE8 :N
IF :N < 8 OUTPUT DIGIT :N
OUTPUT WORD BASE8 (:N/8) DIGIT REMAINDER :N 8
END

7KH�',*,7�SURFHGXUH�LV�XVHG�WR�WDNH�D�VLQJOH�GLJLW�QXPEHU�DQG�FRQYHUW�LW�WR�WKH�FRUUHVSRQGLQJ�FKDUDFWHU�
,I�\RX�VWDUW�ZLWK�D�OLVW�RI�WKHVH�FKDUDFWHUV��

MAKE "DIGITLIST (SE "0 "1 "2 "3 "4 "5 "6 "7 "8 "9)

WKHQ�\RX�FDQ�LPSOHPHQW�',*,7�DV�

TO DIGIT :N
OUTPUT PICK :N + 1 :DIGITLIST
END

�1RWH�WKH���DGGHG�WR�1��WKH�ILUVW�GLJLW�LQ�WKH�OLVW��IRU�H[DPSOH��LV�WKH�GLJLW����
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2I�FRXUVH��WKHUH�LV�QRWKLQJ�VSHFLDO�DERXW�EDVH����<RX�FDQ�FRQYHUW�WR�DQ\�EDVH�OHVV�WKDQ����LQ�WKH�VDPH
ZD\�

TO BASE :N :B
IF :N < :B OUTPUT DIGIT :N
OUTPUT WORD BASE (:N/:B) :B DIGIT REMAINDER :N :B
END

)RU�H[DPSOH

PRINT BASE 1000 2
1111101000

)RU�EDVHV�ODUJHU�WKDQ�����\RX�FDQ�XVH�WKH�VDPH�VWUDWHJ\��H[FHSW�WKDW�\RX�ZLOO�QHHG��GLJLWV��UHSUHVHQWLQJ
WKH�VLQJOH�GLJLW�QXPEHUV�ODUJHU�WKDQ�����)RU�LQVWDQFH��LQ�EDVH����\RX�FDQ�UHSUHVHQW����E\�WKH�OHWWHU�$�DQG
���E\�WKH�OHWWHU�%��DQG�VR�RQ��$OO�\RX�QHHG�WR�GR�LV�DGG�PRUH�LWHPV�WR�',*,7/,67�

MAKE "DIGITLIST (SE "0 "1 "2 "3 "4 "5 "6 "7 "8 "9 "A "B "C "D "E "F)
PRINT BASE 20000 16
4E20

PRINT BASE 20000 12
B6A8



7(;$6�,167580(176
+20(�&20387(5

212

CHAPTER 11. Advanced Use of Lists

:H
YH�VHHQ�KRZ�ZRUGV�FDQ�EH�JURXSHG�WRJHWKHU�LQWR�/RJR�OLVWV��%XW�OLVWV�LQ�/RJR�FDQ�EH�XVHG�IRU�PRUH�WKDQ
MXVW�FROOHFWLQJ�ZRUGV��)RU�H[DPSOH��WKH�UDQGRP�VHQWHQFH�JHQHUDWRU�RI�6HFWLRQ�����SLFNHG�LWV�QRXQV�IURP
D�OLVW�

MAKE "NOUNS [DOGS CATS CHILDREN TIGERS]

6XSSRVH��KRZHYHU��\RX�ZDQW�WR�PDNH�VHQWHQFHV�XVLQJ��QRXQV��WKDW�DUHQ
W�VLQJOH�ZRUGV��)RU�H[DPSOH��\RX
PD\�ZDQW�WR�PDNH�VHQWHQFHV�DERXW�GRJV��FDWV��FKLOGUHQ��WLJHUV��DQG�SDFN�UDWV��<RX�FDQ
W�GR�WKLV�E\�DGGLQJ
WKH�WZR�ZRUGV�3$&.�5$76�WR�WKH�DERYH�OLVWV�DV�LQ

MAKE "NOUNS [DOGS CATS CHILDREN TIGERS PACK RATS]

EHFDXVH�PDNLQJ�D�VHQWHQFH�ZKRVH�QRXQV�DUH�ZRUGV�SLFNHG�DW�UDQGRP�IURP�WKLV�OLVW�RI�VL[�LWHPV�ZRXOG�JLYH
UHVXOWV�LQFOXGLQJ�WKLQJV�OLNH

PACK LAUGH
RATS RUN
.
.
.

:KDW�\RX�QHHG�WR�GR�LV�WR�WDNH�WKH�WZR�ZRUGV�3$&.�5$76�DQG�JURXS�WKHVH�WRJHWKHU�DV�D�VLQJOH�LWHP
ZLWKLQ�WKH�OLVW�RI�QRXQV��<RX�FDQ�GR�WKLV�LQ�/RJR�E\

MAKE "NOUNS [DOGS CATS CHILDREN TIGERS [PACK RATS]]

:KDW�\RX�KDYH�QRZ� LV�D� OLVW�RI� ILYH� LWHPV��7KH�ILUVW� IRXU� LWHPV� LQ�WKH� OLVW�DUH�ZRUGV��'2*6��&$76�
&+,/'5(1��7,*(56��7KH�ILIWK�LWHP�LQ�WKH�OLVW�LV�LWVHOI�D�OLVW�>3$&.�5$76@�FRQVLVWLQJ�RI�WZR�ZRUGV�
3$&.�DQG�5$76��:KHQ�\RX�SLFN�LWHPV�IURP�WKH�OLVW�12816��\RX�PD\�JHW�D�VLQJOH�ZRUG�OLNH�'2*6��RU
\RX�PD\�JHW�WKH�WZR�ZRUG�OLVW�>3$&.�5$76@��7KLV�QHZ�YDOXH�RI�12816�JLYHV�WKH�GHVLUHG�UHVXOWV�LQ�WKH
VHQWHQFH�JHQHUDWLQJ�SURJUDP�RI�6HFWLRQ�����

DOGS BITE
PACK RATS LAUGH
.
.
.

7KH�JHQHUDO�SRLQW�KHUH�LV�WKDW�LQ�/RJR�WKH�LWHPV�LQ�D�OLVW�FDQ�EH��QRW�RQO\�ZRUGV��EXW�DOVR�RWKHU�OLVWV�



TI LOGO

      1RWH�KRZ�WKH�OLVW�LV�SULQWHG��OLQLQJ�XS�LWV�WKUHH�HOHPHQWV�LQ�RUGHU�WR�PDNH�LWV�VWUXFWXUH�PRUH1

UHDGDEOH�
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Figure 11.1: Hierarchical
organization of US
Government.

11.1. Hierarchical Structures

,I�\RX�WKLQN�RI�D�OLVW�RI�ZRUGV�DV�D�VLPSOH�OLVW��RU�RQH�OHYHO� OLVW���WKHQ�WKH�12816�OLVW�DERYH�FDQ�EH
FRQVLGHUHG�WR�EH�D�WZR�OHYHO�OLVW��WKDW�LV��D�OLVW�ZLWK�DQ�HOHPHQW�WKDW�LV�LWVHOI�D�OLVW��%XW�WKHUH�LV�QR�UHDVRQ
WR�VWRS�WKHUH��,Q�JHQHUDO��\RX�FDQ�KDYH�OLVWV�ZKRVH�LWHPV�DUH�WKHPVHOYHV�OLVWV�ZKRVH�LWHPV�DUH�OLVWV��DQG
VR�RQ��7KLV�JHQHUDO�QRWLRQ�RI�D�OLVW�LQ�/RJR�SURYLGHV�ORWV�RI�SRZHU�DQG�IOH[LELOLW\�LQ�GHDOLQJ�ZLWK�FRPSOH[
VWUXFWXUHV��)RU�H[DPSOH��)LJXUH������VKRZV�D�WUHH�VWUXFWXUH�WKDW�UHSUHVHQWV�SDUW�RI�WKH�RUJDQL]DWLRQ�RI
WKH�8�6��JRYHUQPHQW�

)URP�RXU�SRLQW�RI�YLHZ��WKH�LPSRUWDQW�WKLQJ�DERXW�WKLV�VWUXFWXUH�LV�WKDW�LW�LV�D�KLHUDUFK\��WKDW�LV��LW
FRQVLVWV�RI�SDUWV�WKDW�WKHPVHOYHV�FRQVLVW�RI�SDUWV��DQG�VR�RQ��<RX�FDQ�UHSUHVHQW�WKH�WUHH�VWUXFWXUH�LQ
)LJXUH������DV�WKH�/RJR�OLVW

[[EXECUTIVE [PRESIDENT VICE-PRESIDENT]]
 [LEGISLATIVE [SENATE HOUSE]]
 [JUDICIAL [COURT]]]

7KLV�LV�D�OLVW�RI�WKUHH�LWHPV� �7KH�ILUVW�LWHP��ZKLFK�LV�WKH�OLVW�

[EXECUTIVE [PRESIDENT VICE-PRESIDENT]]

LV�LWVHOI�D�OLVW�RI�WZR�LWHPV��RI�ZKLFK�WKH�ILUVW�LV�WKH�ZRUG�(;(&87,9(�DQG�WKH�VHFRQG�LV�D�OLVW�RI�WZR
ZRUGV��DQG�VR�RQ�
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/RJR
V�XVH�RI�OLVWV�LV�DGDSWHG�IURP�WKH�SURJUDPPLQJ�ODQJXDJH�/LVS��ZKLFK�ZDV�GHYHORSHG�IRU�UHVHDUFK�LQ
DUWLILFLDO� LQWHOOLJHQFH�� /LVWV� KDYH� SURYHG� WR� EH� LQGLVSHQVDEOH� LQ� SURJUDPV� WKDW� GHDO� ZLWK� V\PERO
PDQLSXODWLRQ�DQG�FRPSOH[�GDWD�VWUXFWXUHV��DQG�WKHLU�SUHVHQFH�LQ�/RJR�DQG�/LVS�LV�ODUJHO\�UHVSRQVLEOH�IRU
WKH�IDFW�WKDW�SURJUDPPLQJ�LQ�WKHVH�ODQJXDJHV�LV�YHU\�GLIIHUHQW�IURP�ZRUNLQJ�LQ�ODQJXDJHV�OLNH�%$6,&�DQG
)RUWUDQ��,Q�WKRVH�ODQJXDJHV��FRPSOH[�GDWD�VWUXFWXUHV�PXVW�EH�HQFRGHG�LQ�WHUPV�RI�QXPEHUV��FKDUDFWHU
VWULQJV��DQG�DUUD\V��/LVWV��KRZHYHU��DOORZ�PDQ\�NLQGV�RI�FRPSOH[�KLHUDUFKLFDO�VWUXFWXUHV�WR�EH�UHSUHVHQWHG
GLUHFWO\�� DQG� WKHUHIRUH� OLVWV� SOD\� D�PDMRU� UROH� LQ� FRPSXWHU� DSSOLFDWLRQV� GHDOLQJ� ZLWK� FRPSOH[� GDWD
VWUXFWXUHV�� ,Q� SDUWLFXODU�� WKH\� DUH� WKH�ZRUNKRUVH� RI�PRVW� SURJUDPV� WKDW� DUH� KHDYLO\� LQYROYHG�ZLWK
V\PEROLF�H[SUHVVLRQV��UDWKHU�WKDQ�MXVW�QXPHULFDO�GDWD��7KH�SURMHFWV�LQ�6HFWLRQ������LOOXVWUDWH�KRZ�OLVWV
DUH�XVHG� LQ�WKLV�ZD\��+RZHYHU�� WKLV�KDUGO\�VFUDWFKHV�WKH�VXUIDFH�RI�ZKDW�FDQ�EH�GRQH��7KH�ERRN�E\
:LQVWRQ�DQG�+RUQ�>��@�SURYLGHV�PDQ\�H[DPSOHV�RI�WKH�XVHV�RI�OLVWV�LQ�V\PERO�PDQLSXODWLRQ�LQ�WKH�FRQWH[W
RI�WKH�ODQJXDJH�/LVS�

11.1.1. List O perations

:H
YH� DOUHDG\� VHHQ� KRZ� WR� XVH� WKH� /RJR� RSHUDWLRQV� ),567�� /$67�� %87),567�� %87/$67�� DQG
6(17(1&(�IRU�ZRUNLQJ�ZLWK��VLPSOH��OLVWV�RI�ZRUGV��7KHVH�VDPH�RSHUDWLRQV�H[WHQG�WR�ZRUN�ZLWK�FRPSOH[
OLVWV��DV�ZHOO��)RU�H[DPSOH��VXSSRVH�\RX�FUHDWH�D�FRPSOLFDWHG�OLVW�

MAKE "TRY [[A B C] D [E F]]

75<�LV�D�OLVW�RI�WKUHH�LWHPV��WKH�OLVW�>$�%�&@��WKH�ZRUG�'��DQG�WKH�OLVW�>(�)@�

PRINT :TRY
[A B C] D [E F]

1RWH�KRZ�75<�LV�SULQWHG��/RJR�DOZD\V�SULQWV�OLVWV�ZLWKRXW�WKH�RXWHUPRVW�SDLU�RI�EUDFNHWV�

7KH�RSHUDWLRQV�),567�DQG�/$67�RXWSXW��DV�XVXDO��WKH�ILUVW�DQG�ODVW�LWHPV�LQ�D�OLVW��,Q�D�FRPSOH[�OLVW�WKHVH
LWHPV�PD\�WKHPVHOYHV�EH�OLVWV�

PRINT FIRST :TRY
A B C
PRINT LAST: TRY
E F

%87),567� RXWSXWV� WKH� OLVW� FRQVLVWLQJ� RI� DOO� HOHPHQWV� E\� WKH� ILUVW�� DQG�%87/$67�RXWSXWV� WKH� OLVW
FRQVLVWLQJ�RI�DOO�HOHPHQWV�EXW�WKH�ODVW�

PRINT BUTFIRST :TRY
D [E F]
PRINT BUTLAST :TRY
[A B C] D
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.HHS�LQ�PLQG�WKDW�WKH�RSHUDWLRQV�RXWSXW��LQ�JHQHUDO��QHZ�OLVWV��WR�ZKLFK�\RX�FDQ�DSSO\�IXUWKHU�RSHUDWLRQV�
)RU�H[DPSOH�

FIRST FIRST :TRY

LV�WKH�ILUVW�LWHP�RI�WKH�ILUVW�LWHP�RI�75<��ZKLFK�LV�WKH�ILUVW�LWHP�RI�>$�%�&@��ZKLFK�LV�$�

FIRST LAST :TRY

LV�WKH�ILUVW�LWHP�RI�WKH�ODVW�LWHP�RI�75<��ZKLFK�LV�WKH�ILUVW�LWHP�RI�>(�)@��ZKLFK�LV�(�

FIRST BUTFIRST :TRY

LV�WKH�ILUVW�LWHP�RI�WKH�%87),567�RI�75<��ZKLFK�LV�WKH�ILUVW�LWHP�RI�>'�>(�)@@��ZKLFK�LV�'���,Q�JHQHUDO�
),567�RI�%87),567�RI�DQ\�OLVW�LV�WKH�VHFRQG�LWHP�RI�WKH�OLVW��

FIRST BUTFIRST LAST :TRY

LV�WKH�),567�RI�WKH�%87),567�RI�WKH�/$67�RI�75<��ZKLFK�LV�WKH�),567�RI�WKH�%87),567�RI�>(�)@�
ZKLFK�LV�)�

7KH�IRXU�RSHUDWLRQV�),567��/$67��%87),567��DQG�%87/$67�DUH�XVHG�IRU�H[WUDFWLQJ�SLHFHV�RI�OLVWV��7R
FRPELQH�OLVWV�LQWR�PRUH�FRPSOH[�OLVWV��ZH�KDYH�WKH�/RJR�RSHUDWLRQ�)387��)387�WDNHV�WZR�LQSXWV��RI
ZKLFK�WKH�VHFRQG�PXVW�EH�D�OLVW��,W�SXWV�LWV�ILUVW�LQSXW�DW�WKH�EHJLQQLQJ�RI�LWV�VHFRQG�LQSXW��WKDW�LV��LW
RXWSXWV�D�OLVW�ZKRVH�),567�LV�WKH�ILUVW�LQSXW�DQG�ZKRVH�%87),567�LV�WKH�VHFRQG�LQSXW�

PRINT FPUT "A [D E F]
A D E F
PRINT FPUT [A][D E F]
[A] D E F
PRINT FPUT [A B C][D E F]
[A B C] D E F

/387�LV�VLPLODU�WR�)387��H[FHSW�WKDW�LW�LQVWDOOV�LWV�ILUVW�LQSXW�DV�WKH�ODVW�LWHP�LQ�WKH�OLVW�

PRINT LPUT "A [D E F]
D E F A
PRINT LPUT [A][D E F]
D E F [A]
PRINT LPUT [A B C][D E F]
D E F [A B C]
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      ,I�\RX�DUH�LQWHUHVWHG�RQO\�LQ�FRPELQLQJ�ZRUGV�LQWR�OLVWV�WR�EH�SULQWHG��DV�LQ�PRVW�HOHPHQWDU\�/RJR2

SURJUDPV���WKHQ�6(17(1&(�LV�WKH�RQO\�RSHUDWLRQ�\RX�QHHG�IRU�FRQVWUXFWLQJ�OLVWV��+RZHYHU��ZKHQ
\RX�DUH�LQWHUHVWHG�LQ�XVLQJ�OLVWV�DV�KLHUDUFKLFDO�GDWD�VWUXFWXUHV��\RX�QHHG�WKH�ILQHU�FRQWURO�SURYLGHG�E\
)387�DQG�/387�)RU�H[DPSOH��LW�LV�DOZD\V�WUXH�WKDW��;�LI�WKH�ILUVW�LWHP�RI�)387��;��<�%XW�WKLV�LV�QRW
WKH�FDVH�ZLWK�6(17(1&(��)RU�LQVWDQFH��LI��;�LV�>$�%�&@�DQG��<�LV�>'�(O��WKHQ�WKH�ILUVW�LWHP�RI
6(17(1&(��;��<�LV�WKH�ZRUG�$��
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7KH�/RJR�RSHUDWLRQ�6(17(1&(��ZKLFK�ZH�SUHYLRXVO\�XVHG�WR�FRPELQH�ZRUGV�LQWR�OLVWV��FDQ�DOVR�EH�XVHG
ZLWK�PRUH� FRPSOH[� OLVWV�� LI�6(17(1&(� LV�JLYHQ�D�QXPEHU�RI� OLVWV�DV� LQSXWV�� LW� FRPELQHV�DOO� RI� WKH
HOHPHQWV�RI�WKH�OLVWV�LQWR�D�VLQJOH�OLVW�

PRINT SENTENCE [A [B C]][D E F]
A [B C] D E F

7KLV�GHVFULSWLRQ�RI�6(17(1&(�PDNHV�VHQVH�RQO\�ZKHQ�DOO�RI�WKH�LQSXWV�WR�6(17(1&(�DUH�WKHPVHOYHV
OLVWV��,Q�RUGHU�WR�PDNH�WKLV�FRQVLVWHQW�ZLWK�RXU�SUHYLRXV�GHILQLWLRQ�RI�6(17(1&(�IRU�FRPELQLQJ�ZRUGV
LQWR�OLVWV�ZH�H[WHQG�WKH�GHILQLWLRQ�DV�IROORZV��LI�RQH�RI�WKH�LQSXWV�WR�6(17(1&(�LV�D�ZRUG��WKHQ�\RX
UHSODFH�WKDW�ZRUG�E\�WKH�RQH�LWHP�OLVW�FRQWDLQLQJ�WKDW�ZRUG��DQG�WKHQ�DSSO\�WKH�GHILQLWLRQ�RI�6(17(1&(
JLYHQ�DERYH��)RU�H[DPSOH�

(SENTENCE "A "B "C)

JLYHV�WKH�VDPH�UHVXOW�DV

(SENTENCE [A] [B] [C])

ZKLFK�LV�WKH�OLVW�>$�%�&@�

SENTENCE "A [B [C D]]

JLYHV�WKH�VDPH�UHVXOW�DV

SENTENCE [A] [B [C D]]

ZKLFK�LV�WKH�OLVW�>$�%�>&�'@@��,Q�JHQHUDO��6(17(1&(��;��<�JLYHV�WKH�VDPH�UHVXOW�DV�)387��;��<�LI��;�LV
D�ZRUG�DQG��<�LV�D�OLVW��
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8VLQJ�)387��\RX�FDQ�FRQVWUXFW�D�XVHIXO�RSHUDWLRQ�FDOOHG�/,67�WKDW�WDNHV�WZR�LQSXWV�DQG�FRPELQHV�WKHP
LQWR�D�OLVW�RI�WZR�LWHPV��/,67�ZRUNV�E\�ILUVW�FRPELQLQJ�LWV�VHFRQG�LQSXW�ZLWK�WKH�HPSW\�OLVW�XVLQJ�)387�
7KLV�FUHDWHV�D�RQH�HOHPHQW�OLVW�ZKRVH�RQO\�HOHPHQW�LV�WKH�RULJLQDO�VHFRQG�LQSXW��1H[W��WKH�ILUVW�LQSXW�RI
/,67�LV�FRPELQHG�ZLWK�WKLV�RQH�HOHPHQW�OLVW�WR�SURGXFH�D�WZR�HOHPHQW�OLVW�

TO LIST :A :B
OUTPUT FPUT :A (FPUT :B [])
END

PRINT LIST [A B][C D]
[A B][C D]

11.1.2. Example: Association Lists

2QH�SDUWLFXODUO\�VLPSOH�IRUP�RI�OLVW�LV�D�OLVW�RI�SDLUV��ZKLFK�FDQ�EH�XVHG�WR�UHSUHVHQW�VLPSOH�WDEOHV�LQ�ZKLFK
YDOXHV�DUH�DVVRFLDWHG�WR�WKLQJV�

MAKE "TABLET [[COLOR PURPLE][SIZE HUGE][WEIGHT [1 TON]]]

6XFK�D�OLVW�RI�SDLUV�LV�FDOOHG�DQ�DVVRFLDWLRQ�OLVW��7KH�ILUVW�LWHP�LQ�HDFK�SDLU�LV�UHIHUUHG�WR�DV�WKH�NH\��DQG
VHFRQG�LWHP�LV�WKH�FRUUHVSRQGLQJ�YDOXH��7KH�PRVW�LPSRUWDQW�IXQFWLRQ�IRU�RSHUDWLQJ�RQ�WDEOHV�UHSUHVHQWHG
DV�DVVRFLDWLRQ�OLVWV�LV�/22.83��ZKLFK�RXWSXWV�WKH�YDOXH�FRUUHVSRQGLQJ�WR�D�JLYHQ�NH\�

PRINT LOOKUP "SIZE :TABLE1
HUGE

/22.83�LV�LPSOHPHQWHG�E\�PHDQV�RI�DQ�DX[LOLDU\�IXQFWLRQ�FDOOHG�(175<��ZKLFK�RXWSXWV�WKH�SDLU�LQ
ZKLFK�WKH�NH\�RFFXUV��RU�RXWSXWV�WKH�HPSW\�OLVW�LI�WKHUH�LV�QR�VXFK�SDLU�LQ�WKH�WDEOH��/22.83�WKHQ
RXWSXWV� WKH� VHFRQG� LWHP� LQ� WKH� (175<�� RU� VLJQDOV� DQ� HUURU� LI� WKH� NH\� ZDV� QRW� IRXQG�� (175<� LV
LPSOHPHQWHG�E\�VFDQQLQJ�GRZQ�WKH�OLVW�LQ�WKH�XVXDO�IDVKLRQ��

TO ENTRY :KEY :TABLE
IF :TABLE = [] OUTPUT []
IF :KEY = (FIRST FIRST :TABLE) OUTPUT (FIRST :TABLE)
OUTPUT ENTRY :KEY (BUTFIRST :TABLE)
END

/22.83�LV�LPSOHPHQWHG�DV

TO LOOKUP :KEY :TABLE
MAKE "PAIR ENTRY :KEY :TABLE
IF :PAIR = [] PRINT [ERROR: KEY NOT IN TABLE]
OUTPUT LAST :PAIR
END
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$QRWKHU�XVH�IRU�DVVRFLDWLRQ�OLVWV�WKDW�DULVHV�LQ�V\PERO�PDQLSXODWLRQ�LV�IRU�VXEVWLWXWLQJ�YDOXHV�IURP�D
WDEOH��7KH�IROORZLQJ�68%67�SURFHGXUH�WDNHV�D�OLVW�DQG�D�WDEOH�DV�LQSXWV��)RU�HDFK�LWHP�LQ�WKH�OLVW�WKDW�LV
D�NH\�LQ�WKH�WDEOH��LW�UHSODFHV�WKH�NH\�E\�WKH�FRUUHVSRQGLQJ�YDOXH��)RU�H[DPSOH��ZLWK�7$%/(7�DV�DERYH�
\RX�ZRXOG�KDYH�

PRINT SUBST [HE IS COLOR AND WEIGHS WEIGHT] :TABLE1
HE IS PURPLE AND WEIGHS [1 TON]

7R�GHILQH�68%67��ZH
OO�EHJLQ�E\�ZULWLQJ�D�SURFHGXUH�68%67�,7(0�WKDW�WDNHV�DQ�LWHP�DQG�D�WDEOH�DV
LQSXW��,I�WKH�LWHP�LV�D�NH\�LQ�WKH�WDEOH��WKHQ�68%67�,7(0�RXWSXWV�WKH�DVVRFLDWHG�YDOXH��2WKHUZLVH�LW
RXWSXWV�WKH�RULJLQDO�LWHP��1RWLFH�WKDW�WKLV�LV�DOPRVW�WKH�VDPH�DV�/22.83�H[FHSW�WKDW�LW�UHWXUQV�WKH
RULJLQDO�LWHP�LQVWHDG�RI�VLJQDOLQJ�DQ�HUURU�LI�WKH�LWHP�LV�QRW�LQ�WKH�WDEOH�

TO SUBST.ITEM :ITEM :TABLE
MAKE "SUBST.PAIR (ENTRY :ITEM :TABLE)
IF :SUBST.PAIR = [] OUTPUT :ITEM
OUTPUT LAST :SUBST.PAIR
END

7KH�68%67�SURFHGXUH�LWVHOI�LV�LPSOHPHQWHG�E\�SHUIRUPLQJ�68%67�,7(0�RQ�HDFK�LWHP�LQ�WKH�OLVW��DQG
RXWSXWWLQJ�WKH�OLVW�RI�WKH�UHVXOWV�

TO SUBST :LIST :TABLE
IF :LIST = [] OUTPUT []
OUTPUT FPUT (SUBST.ITEM (FIRST :LIST) :TABLE)(SUBST (BUTFIRST :LIST) :TABLE)
END
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11.1.2.1. Properties

2QH�ZD\�WR�WKLQN�RI�DQ�DVVRFLDWLRQ�OLVW�LV�DV�D�FROOHFWLRQ�RI�WKH�DWWULEXWHV��RU��SURSHUWLHV���RI�VRPH�REMHFW�

MAKE "SUPERGRAPE [[COLOR PURPLE][SIZE HUGE][WEIGHT [1 TON]]]

7KHVH�DWWULEXWHV�FDQ�EH�UHFRYHUHG�E\�XVLQJ�WKH�/22.83�SURFHGXUH�JLYHQ�DERYH��0RUH�DEVWUDFWO\��ZH�FDQ
IRUJHW�DERXW�WKH�OLVW�RI�SDLUV��DQG�LPDJLQH�WKDW�ZH�KDYH�D�SURFHGXUH�3873523��ZKLFK�DVVRFLDWHV�D�JLYHQ
SURSHUW\�YDOXH�WR�D�JLYHQ�V\PERO��)RU�H[DPSOH�

PUTPROP "SUPER.GRAPE "COLOR "PURPLE

ZRXOG� DVVRFLDWH� WR� WKH� V\PERO� 683(5�*5$3(� D� &2/25� SURSHUW\� ZKRVH� YDOXH� LV� 3853/(�� $
FRUUHVSRQGLQJ�SURFHGXUH�*(73523�ZRXOG�EH�XVHG�WR�UHWULHYH�D�SURSHUW\�YDOXH��VR�WKDW��IRU�H[DPSOH�

GETPROP "SUPER.GRAPE "COLOR

ZRXOG�UHWXUQ�3853/(��$�W\SLFDO�SURJUDP�WKDW�XVHV�SURSHUWLHV�WR�PDQDJH�LQIRUPDWLRQ�PLJKW�FRQWDLQ�D
OLQH�VXFK�DV

PRINT (SENTENCE [THE COLOR OF]
                :ITEM
                [IS]
                (GETPROP :ITEM "COLOR ))
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3873523�DQG�*(73523�DUH�UHDGLO\�LPSOHPHQWHG�LQ�WHUPV�RI�DVVRFLDWLRQ�OLVWV��EXW�LQ�VRPH�DSSOLFDWLRQV�
LW�LV�EHWWHU�WR�XVH�RWKHU�PHWKRGV�IRU�UHSUHVHQWLQJ�SURSHUWLHV��,Q�SDUWLFXODU��LI�WKHUH�DUH�PDQ\�DWWULEXWHV
LQ�D�WDEOH��SHUIRUPLQJ�D�/22.83�ZLOO�EH�VORZ��GXH�WR�WKH�QHHG�WR�VFDQ�D�ORQJ�OLVW��$Q�DOWHUQDWLYH�ZD\�WR
LPSOHPHQW�SURSHUWLHV� LQ�/RJR��ZKLFK�DOORZV� IDVW�DFFHVV� WR� ODUJH� WDEOHV�� LV�DV� IROORZV��7R�DVVRFLDWH�D
SURSHUW\�WR�D�V\PERO��\RX�FRPELQH�WKH�V\PERO��WKH�SURSHUW\��DQG�D�VHSDUDWRU�FKDUDFWHU��H�J������WR�IRUP
D�QHZ�ZRUG��7KHQ�DVVLJQ� WR� WKLV�ZRUG� WKH�GHVLJQDWHG�SURSHUW\� YDOXH��)RU� H[DPSOH�� WR� SHUIRUP� WKH
DVVRFLDWLRQ

PUTPROP "SUPER.GRAPE "COLOR "PURPLE

\RX�H[HFXWH�WKH�0$.(�FRPPDQG�

MAKE "SUPER.GRAPE#COLOR "PURPLE

,Q�JHQHUDO��3873523�LV�LPSOHPHQWHG�XVLQJ�WKLV�VFKHPH�DV�

TO PUTPROP :SYMBOL :PROPERTY :VALUE
MAKE WORD :SYMBOL
          (WORD "# :PROPERTY)
    :VALUE
END

DQG�WKH�FRUUHVSRQGLQJ�*(73523�SURFHGXUH�LV�

TO GETPROP :SYMBOL :PROPERTY
OUTPUT THING WORD :SYMBOL
                   WORD "# :PROPERTY
END

1RWH�WKDW�WKHVH�SURFHGXUHV�UHO\�RQ�/RJR
V�DELOLW\�WR�DVVLJQ�D�YDOXH�WR�D�V\PERO�WKDW�LV�WKH�UHVXOW�RI�VRPH
FRPSXWDWLRQ��UDWKHU�WKDQ�W\SHG�LQ�OLWHUDOO\�DV�LV�DOPRVW�DOZD\V�WKH�FDVH�ZLWK�0$.(��&RPSDUH�WKH��WULFN\
XVH�RI�0$.(��VKRZQ�RQ�SDJH�����

11.2. Programs as Data

2QH�LPSRUWDQW�NLQG�RI�KLHUDUFKLFDO�VWUXFWXUH�WKDW�DULVHV�LQ�SURJUDPPLQJ�LV�WKH�VWUXFWXUH�RI�D�SURJUDP
LWVHOI��$�/RJR�SURFHGXUH�FDQ�EH�WKRXJKW�RI�DV�D�OLVW�RI�OLQHV�HDFK�RI�ZKLFK�LV�D�OLVW�RI�ZRUGV��8VLQJ�/RJR
OLVWV��\RX�FDQ�ZULWH�SURJUDPV�WKDW�PDQLSXODWH�RWKHU�SURJUDPV��7KH�EDVLF�/RJR�SULPLWLYHV�WKDW�HQDEOH�\RX
WR�GR�WKLV�DUH�581��ZKLFK�H[HFXWHV�D�OLVW�DV�D�/RJR�FRPPDQG�OLQH��'(),1(��ZKLFK�FRQVWUXFWV�D�SURFHGXUH
IURP�OLVW�GDWD��DQG�7(;7��ZKLFK�RXWSXWV�WKH�UHSUHVHQWDWLRQ�RI�D�SURFHGXUH��7KLV�VHFWLRQ�H[SODLQV�KRZ
WKHVH�RSHUDWLRQV�ZRUN�LQ�WKH�FRQWH[W�RI�DQ�H[WHQGHG�H[DPSOH�³�LQFUHDVLQJ�WKH�FDSDELOLWLHV�RI�WKH�VLPSOH
,167$17�SURJUDP�WKDW�ZDV�LQWURGXFHG�LQ�6HFWLRQ�������
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      7KHUH�DUH��RI�FRXUVH��PDQ\�RWKHU�ZD\V�WR�LPSOHPHQW�WKH�XQGR�RSHUDWLRQ�2QH�DGYDQWDJH�RI�WKH4

ZD\�FKRVHQ�KHUH�LV�WKDW�LW�H[WHQGV�QLFHO\�WR�DOORZLQJ�WKH�XVHU�RI�WKH�,167$17�V\VWHP�WR�GHILQH
SURJUDPV��DV�ZH�VKDOO�VHH�LQ�VHFWLRQ��������
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11.2.1. The RUN Command

7KH�/RJR�FRPPDQG�581�WDNHV�D�/RJR�OLVW�DV�LQSXW�DQG�H[HFXWHV�WKH�OLVW�DV�LI�WKH�OLVW�ZHUH�D�FRPPDQG
OLQH�W\SHG�DW�WKH�NH\ERDUG��)RU�H[DPSOH�

RUN [PRINT [HELLO THERE]
HELLO THERE
RUN LIST "PRINT [HELLO THERE]
HELLO THERE
MAKE "COMMAND "PRINT
MAKE "INPUT [HELLO THERE]
RUN LIST :COMMAND :INPUT
HELLO THERE

11.2.1.1. Example: Extendin g the INSTANT Pro gram

$QRWKHU� VLWXDWLRQ� LQ�ZKLFK�581� LV�XVHIXO� LV�ZKHUH�\RX�ZDQW� WR�EXLOG�XS�D� OLVW� RI� FRPPDQGV� WR�EH
H[HFXWHG�ODWHU��$V�DQ�H[DPSOH��FRQVLGHU�WKH�,167$17�SURJUDP�RI�6HFWLRQ��������

TO INSTANT
COMMAND
INSTANT
END

TO COMMAND
MAKE "COM READCHAR
IF :COM = "F FORWARD 10
IF :COM = "R RIGHT 30
IF :COM = "L LEFT 30
IF :COM = "C CLEARSCREEN
END

6XSSRVH�\RX�ZDQW�WR�DGG�DQ��XQGR��IHDWXUH�WR�WKH�V\VWHP��7KDW�LV��W\SLQJ�)��/��DQG�5�DW�WKH�NH\ERDUG�ZLOO
FDXVH�WKH�WXUWOH�WR�PRYH�IRUZDUG��OHIW��DQG�ULJKW�DV�EHIRUH��,Q�DGGLWLRQ��W\SLQJ�8�ZLOO�FDXVH�WKH�WXUWOH�WR
XQGR�LWV�SUHYLRXV�PRYH�

<RX�FDQ�LPSOHPHQW�WKH�XQGR�RSHUDWLRQ�DV�IROORZV��$V�WKH�XVHU�RI�WKH�,167$17�V\VWHP�JLYHV�FRPPDQGV�
WKH�,167$17�SURJUDP�ZLOO�QRW�RQO\�PRYH�WKH�WXUWOH��EXW�ZLOO�DOVR�UHPHPEHU�WKH�WXUWOH�PRWLRQV�WKDW�ZHUH
GRQH�E\�VDYLQJ�WKHP�LQ�D�OLVW��7KHQ��ZKHQ�WKH�XVHU�ZLVKHV�WR�XQGR�WKH�ODVW�FRPPDQG��,167$17�ZLOO�FOHDU
WKH�VFUHHQ��UHPRYH�WKH�ODVW�FRPPDQG�IURP�WKH�OLVW��DQG�UHSURFHVV�WKH�UHPDLQLQJ�FRPPDQGV� �
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7R�LPSOHPHQW�WKLV�VWUDWHJ\�OHW
V�DVVXPH�\RX�VWRUH�WKH�WXUWOH�FRPPDQGV�LQ�D�OLVW�FDOOHG�+,6725<��)RU
H[DPSOH��LI�WKH�XVHU�W\SHV�)�DQG�WKHQ�5��+,6725<�ZLOO�EH

[[FORWARD 10][RIGHT 30]]

1RWLFH�WKDW�+,6725<�LV�D�OLVW�RI�OLVWV��LQ�ZKLFK�HDFK�HQWU\�LV�WKH�/RJR�FRPPDQG�WKDW�VKRXOG�EH�UXQ�WR
FDXVH�WKH�DSSURSULDWH�WXUWOH�PRWLRQ�

7KH�PDLQ�RSHUDWLRQ�QHHGHG�QRZ�LV�WR�WDNH�D�WXUWOH�FRPPDQG�DQG�QRW�RQO\�GR�LW��EXW�DOVR�DGG�LW�WR�WKH
+,6725<�OLVW��7KLV�FDQ�EH�DFFRPSOLVKHG�E\

TO RUN.AND.RECORD :ACTION
RUN :ACTION
MAKE "HISTORY (LPUT :ACTION :HISTORY)
END

/387�LV�XVHG�WR�DGG�WKH�QHZ�FRPPDQG�DV�WKH�ODVW�LWHP�LQ�+,6725<�

1RZ�FKDQJH�WKH�&200$1'�SURFHGXUH�WR�581�$1'�5(&25'�WKH�DSSURSULDWH�UHVSRQVH�WR�HDFK�NH\�

TO COMMAND
MAKE "COM READCHAR
IF :COM = "F RUN.AND.RECORD [FORWARD 10]
IF :COM = "R RUN.AND.RECORD [RIGHT 30]
IF :COM = "L RUN.AND.RECORD [LEFT 30]
IF :COM = "C RUN.AND.RECORD [CLEARSCREEN]
END

1RZ��WR�XQGR�WKH�ODVW�FRPPDQG��\RX�UHPRYH�WKH�ODVW�LWHP�IURP�+,6725<��FOHDU�WKH�VFUHHQ��DQG�UXQ�WKH
UHVW�RI�WKH�FRPPDQGV�

TO UNDO
IF :HISTORY = [] STOP
MAKE "HISTORY BUTLAST :HISTORY
CLEARSCREEN
RUN.ALL :HISTORY
END

1RWH�WKH�ILUVW�OLQH�RI�81'2��ZKLFK�VD\V�WKDW�LI�WKH�+,6725<�OLVW�LV�HPSW\��WKHUH�LV�QRWKLQJ�WR�XQGR��$OVR
QRWH�WKDW�ZLWK�WKLV�LPSOHPHQWDWLRQ��UHSHDWHGO\�H[HFXWLQJ�81'2�NHHSV�UHPRYLQJ�PRUH�DQG�PRUH�LWHPV
IURP�+,6725<��VWDUWLQJ�ZLWK�WKH�ODVW�RQH��WKH�RQH�EHIRUH�WKDW��DQG�VR�RQ�

7KH�VXESURFHGXUH�581�$//�WDNHV�D�OLVW�RI�FRPPDQGV�DV�LQSXW�DQG�UXQV�DOO�WKH�FRPPDQGV�LQ�WKH�OLVW�LQ
VHTXHQFH���(DFK�FRPPDQG�LQ�WKH�OLVW�PXVW�LWVHOI�EH�D�OLVW���581�$//�XVHV�D�UHFXUVLYH�VWUDWHJ\��,W�581V
WKH�ILUVW�FRPPDQG�LQ�WKH�OLVW�DQG�WKHQ�SURFHVVHV�WKH�%87),567�RI�WKH�OLVW�
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TO RUN.ALL :COMMANDS
IF :COMMANDS = [] STOP
RUN FIRST :COMMANDS
RUN.ALL (BUTFIRST :COMMANDS)
END

1RZ�DOO�\RX�QHHG�WR�GR�LV�DGG�D�OLQH�WR�WKH�&200$1'�SURFHGXUH�VR�WKDW�SUHVVLQJ�8�FDXVHV�DQ�81'2
RSHUDWLRQ�

TO COMMAND
MAKE "COM READCHAR
IF :COM = "F RUN.AND.RECORD [FORWARD 10]
IF :COM = "R RUN.AND.RECORD [RIGHT 30]
IF :COM = "L RUN.AND.RECORD [LEFT 30
IF :COM = "C SETUP
IF :COM = "U UNDO
END

7KH�FRPSOHWH�,167$17�SURJUDP�QRZ�VLPSO\�FOHDUV�WKH�VFUHHQ�DQG�UHSHDWHGO\�FDOOV�&200$1'��<RX�DOVR
QHHG�WR�LQLWLDOL]H�+,6725<�WR�EH�HPSW\�

TO SETUP
MAKE "HISTORY []
TELL TURTLE
CLEARSCREEN
INSTANT
END

TO INSTANT
COMMAND
INSTANT
END

6(783�KDV�EHHQ�DGGHG�WR�&200$1'�LQ�SODFH�RI�581�$1'�5(&25'�>&/($56&5((1@��QRZ�ZKHQ
\RX�FOHDU�WKH�VFUHHQ�E\�W\SLQJ�&��+,6725<�LV�UHLQLWLDOL]HG�DV�ZHOO�

11.2.2. The DEFINE Command

,Q�DGGLWLRQ�WR�XVLQJ�/RJR�OLVW�RSHUDWLRQV�WR�JHQHUDWH�LQGLYLGXDO�FRPPDQG�OLQHV�WKDW�FDQ�EH�581��\RX�FDQ
DOVR�ZULWH�SURFHGXUHV�WKDW�GHILQH�RWKHU�SURFHGXUHV��7KLV�LV�GRQH�ZLWK�WKH�'(),1(�FRPPDQG��'(),1(
�VKRUW�IRUP�'(��WDNHV�WZR�LQSXWV��7KLV�ILUVW�LV�WKH�QDPH�RI�WKH�SURFHGXUH�WR�EH�GHILQHG��7KH�VHFRQG�LQSXW
LV�D�OLVW�RI�OLVWV�RUJDQL]HG�DV�IROORZV��7KH�ILUVW�VXEOLVW�JLYHV�WKH�LQSXWV�WR�WKH�QHZ�SURFHGXUH��DQG�WKHUH�LV
RQH�DGGLWLRQDO�VXEOLVW�IRU�HDFK�SURFHGXUH�OLQH��)RU�H[DPSOH�
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DEFINE "TRY [[:X :Y][PRINT :X][PRINT :Y]]
PO TRY
TO TRY :X :Y
PRINT :X
PRINT :Y
END

DEFINE "GREET [[][PRINT [HELLO]]]
PO GREET

TO GREET
PRINT [HELLO]
END

2EVHUYH�WKDW�LI�WKH�SURFHGXUH�LV�WR�KDYH�QR�LQSXWV��DV�LQ�*5((7�DERYH���WKH�'(),1(�OLVW�PXVW�LQFOXGH
DQ�LQLWLDO�HPSW\�OLVW�IRU�WKH�LQSXW�VSHFLILFDWLRQ��1RWH�DOVR�WKDW�WKHUH�LV�QR�(1'�LQFOXGHG�LQ�WKH�OLVW�RI
SURFHGXUH�OLQHV�

11.2.2.1. Example: Another Extension to INSTANT

0RVW�RI�WKH�WLPH��RI�FRXUVH��\RX�XVH�72�UDWKHU�WKDQ�'(),1(�WR�FUHDWH�/RJR�SURFHGXUHV��'(),1(�LV
UHVHUYHG�IRU�WKRVH�VLWXDWLRQV�LQ�ZKLFK�\RX�ZDQW�SURFHGXUH�GHILQLWLRQ�WR�KDSSHQ�ZLWKLQ�D�SURJUDP��$V�DQ
H[DPSOH�RI�WKLV��ZH
OO�FRQVLGHU�DQRWKHU�H[WHQVLRQ�WR�WKH�,167$17�V\VWHP�RI�6HFWLRQ���������7KLV�WLPH�
ZH
OO�DOORZ�WKH�XVHU�RI�,167$17�WR�QDPH�GUDZLQJV�DQG�WR�UHFDOO�WKHP�E\�QDPH��)RU�H[DPSOH��ZH�PD\�XVH
WKH�OHWWHU�6�IRU�VDYLQJ�GUDZLQJV��7\SLQJ�6��IRU��VDYH���ZLOO�FDXVH�WKH�SURJUDP�WR�DVN�WKH�XVHU�IRU�D�QDPH
IRU�WKH�GUDZLQJ��/DWHU�RQ��WKH�XVHU�FDQ�DVN�IRU�D�SUHYLRXV�GUDZLQJ�WR�EH�UHVKRZQ��VD\�E\�W\SLQJ�3�IRU
�SLFWXUH���0RUH�WKDQ�RQH�GUDZLQJ�FDQ�EH�VDYHG�DW�RQFH��HDFK�ZLWK�LWV�RZQ�QDPH�

<RX�FDQ�LPSOHPHQW�WKLV�E\�KDYLQJ�WKH�,167$17�V\VWHP�VDYH�D�GUDZLQJ�E\�GHILQLQJ�WKH�GUDZLQJ�DV�D
SURFHGXUH��XVLQJ�WKH�QDPH�FKRVHQ�E\�WKH�XVHU��7KH�OLVW�RI�OLQHV�LQ�WKH�SURFHGXUH�LV�SUHFLVHO\�WKH�+,6725<
OLVW� WKDW� \RX� KDYH� EHHQ� XVLQJ� WR� NHHS� WUDFN� RI� ZKDW� LV� RQ� WKH� VFUHHQ�� +HUH� LV� WKH� SURFHGXUH� WKDW
LPSOHPHQWV�WKLV��OHDUQLQJ��SURFHVV�

TO LEARN
PRINT [WHAT DO YOU WANT TO CALL]
PRINT [THIS PICTURE?]
MAKE "NAME (FIRST READLINE)
DEFINE :NAME (FPUT [] :HISTORY)
END

7KH�UHDVRQ�IRU�WDNLQJ�WKH�1$0(�RI�WKH�SURFHGXUH�WR�EH�),567�RI�5($'/,1(�LV�WKDW�5($'/,1(�DOZD\V
RXWSXWV�WKH�W\SHG�OLQH�DV�D�OLVW��DQG�'(),1(�QHHGV�WKH�SURFHGXUH�QDPH�WR�EH�VSHFLILHG�DV�D�ZRUG��$OVR�
QRWH�WKDW�WKH�VHFRQG�LQSXW�JLYHQ�WR�'(),1(�LV�)387�>�@��+,6725<��VLQFH�\RX�QHHG�WR�LQFOXGH�DQ�HPSW\
LQSXW�OLVW�IRU�WKH�SURFHGXUH�EHLQJ�GHILQHG��$OVR��\RX�VKRXOG�PDNH�/($51�FOHDU�WKH�VFUHHQ�DQG�UHLQLWLDOL]H
+,6725<�WR�SUHSDUH�IRU�D�QHZ�GUDZLQJ�
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7KH�EHKDYLRU�RI�/($51�LV�QRZ�

WHAT DO YOU WANT TO CALL
THIS PICTURE?
> BOX

7KHUH�LV�QRZ�D�SURFHGXUH�FDOOHG�%2;��ZKLFK��ZKHQ�UXQ��GUDZV�WKH�SLFWXUH�WKDW�FXUUHQWO\�DSSHDUV�RQ�WKH
VFUHHQ�

1RZ�\RX�PXVW�DGG�D�FRPPDQG�WKDW�DVNV�IRU�DQ�LQSXW�OLQH�DQG�UXQV�LW��7KLV�LV�DFFRPSOLVKHG�E\

TO ASK
PRINT [WHAT PICTURE DO YOU WANT]
PRINT [TO SHOW?]
RUN.AND.RECORD READLINE
END

1RWLFH�WKDW�WKH�LQSXW�5($'/,1(�OLQH�LV�ERWK�UXQ�DQG�UHFRUGHG��1RWH�DOVR�WKDW�DQ\�/RJR�FRPPDQG�FRXOG
EH�LQSXW�DQG�H[HFXWHG��QRW�MXVW�D�FDOO�WR�D�SURFHGXUH�FUHDWHG�E\�/($51�

)LQDOO\��\RX�QHHG�RQO\�DGG�WKH�DSSURSULDWH�OLQHV�WR�WKH�&200$1'�SURFHGXUH�VR�WKDW�LW�ZLOO�UHFRJQL]H
WKH�FKDUDFWHUV�6��IRU�VDYH��DQG�3��IRU�SLFWXUH��DQG�UXQ�WKH�DSSURSULDWH�SURFHGXUHV�

11.2.2.2. The Complete INSTANT S ystem

+HUH�LV�D�FRPSOHWH�OLVWLQJ�RI�WKH�,167$17�V\VWHP�GHYHORSHG�LQ�WKH�SUHFHGLQJ�VHFWLRQV�

TO SETUP
MAKE "HISTORY []
TELL TURTLE
CLEARSCREEN
INSTANT
END

TO INSTANT
COMMAND
INSTANT
END
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TO COMMAND
MAKE "COM READCHAR
IF :COM = "F RUN.AND.RECORD [FORWARD 10]
IF :COM = "R RUN.AND.RECORD [RIGHT 30]
IF :COM = "L RUN.AND.RECORD [LEFT 30]
IF :COM = "C SETUP
IF :COM = "U UNDO
IF :COM = "S LEARN
IF :COM = "P ASK
END

TO RUN.AND.RECORD :ACTION
RUN :ACTION
MAKE "HISTORY (LPUT :ACTION :HISTORY)
END

TO UNDO
IF :HISTORY = [] STOP
MAKE "HISTORY BUTLAST :HISTORY
CLEARSCREEN
RUN.ALL :HISTORY
END

TO RUN.ALL :COMMANDS
IF :COMMANDS = [] STOP
RUN FIRST :COMMANDS
RUN.ALL (BUTFIRST :COMMANDS)
END

TO LEARN
PRINT [WHAT DO YOU WANT TO CALL]
PRINT [THIS PICTURE?]
MAKE "NAME (FIRST READLINE)
DEFINE :NAME (FPUT [] :HISTORY)
SETUP
END

TO ASK
PRINT [WHAT PICTURE DO YOU WANT]
PRINT [TO SHOW?]
RUN.AND.RECORD READLINE
END

7KHUH� DUH� PDQ\� SRVVLEOH� PRGLILFDWLRQV� DQG� LPSURYHPHQWV� WR� WKLV� V\VWHP�� )RU� D� JRRG� H[HUFLVH� LQ
PDQLSXODWLQJ� OLVWV�� FRQVLGHU� WKH� IROORZLQJ�SUREOHP��$� W\SLFDO�+,6725<� OLVW� WR� EH� DVVHPEOHG� LQWR� D
SURFHGXUH�PLJKW�ORRN�OLNH�
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FORWARD 10
RIGHT 30
LEFT 30
FORWARD 10
RIGHT 30
RIGHT 30
RIGHT 30
FORWARD 10
FORWARD 10

,W�ZRXOG�EH�QLFH�LI��EHIRUH�WKH�+,6725<�OLVW�LV�PDGH�LQWR�D�SURFHGXUH��LW�FRXOG�EH��FRPSUHVVHG��VR�WKDW
WKH�SURFHGXUH�WKDW�LV�GHILQHG�ZRXOG�FRQVLVW�RI�WKH�FRPPDQG�VHTXHQFH

FORWARD 20
RIGHT 90
FORWARD 20

:ULWH�D�SURFHGXUH�&2035(66�WKDW�ZLOO�SHUIRUP�WKLV�NLQG�RI�WUDQVIRUPDWLRQ�RQ�D�OLVW�RI�WXUWOH�FRPPDQGV�
2QFH�\RX�KDYH�&2035(66��WKH�/($51�SURFHGXUH�FDQ�EH�UHZULWWHQ�DV�

TO LEARN
PRINT [WHAT DO YOU WANT TO CALL]
PRINT [THIS PICTURE?]
MAKE "NAME (FIRST READLINE)
DEFINE :NAME (FPUT [] (COMPRESS HISTORY))
SETUP
END

11.2.3. The TEXT Command

,Q�VRPH�LQVWDQFHV��LW�LV�XVHIXO�WR�KDYH�DQ��LQYHUVH�RSHUDWLRQ��WR�'(),1(��WKDW�LV��WR�EH�DEOH�WR�WDNH�D
SURFHGXUH�WKDW�LV�DOUHDG\�GHILQHG�DQG�WR�H[WUDFW�WKH�WH[W�RI�WKH�SURFHGXUH�VR�WKDW�LW�FDQ�EH�PDQLSXODWHG
DV�D�OLVW��7KLV�LV�GRQH�ZLWK�WKH�/RJR�FRPPDQG�7(;7��ZKLFK�WDNHV�D�SURFHGXUH�QDPH�DV�LQSXW�DQG�RXWSXWV
WKH�WH[W�RI�WKH�SURFHGXUH�LQ�WKH�VDPH�IRUPDW�DV�LV�XVHG�LQ�'(),1(�

)RU�H[DPSOH��DVVXPH�WKDW�&251(5�LV�GHILQHG�DV

TO CORNER :A :B
FORWARD :A
RIGHT :B
END

7KHQ�7(;7��&251(5�LV�WKH�OLVW

[[:A :B][FORWARD :A][RIGHT :B]]

8VLQJ�7(;7��\RX�FDQ�ZULWH�SURFHGXUHV�WKDW�H[DPLQH�DQG�PDQLSXODWH�RWKHU�SURFHGXUHV�
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11.2.4. Addin g New Pro grammin g Constructs

7KH�DELOLW\�WR�XVH�OLVW�RSHUDWLRQV�WR�FRQVWUXFW�OLVWV��DQG�WKHQ�WR�581�WKHVH�OLVWV�DV�FRPPDQGV��DOORZV�\RX
WR�DGG�QHZ�SURJUDPPLQJ�FRQVWUXFWV�WR�WKH�EDVLF�/RJR�ODQJXDJH��)RU�LQVWDQFH��VXSSRVH�\RX�ZRXOG�OLNH�WR
KDYH�D�:+,/(�FRPPDQG�WKDW�FDQ�EH�XVHG�WR�NHHS�UHSHDWLQJ�VRPHWKLQJ�RYHU�DQG�RYHU�DV�ORQJ�DV�VRPH
FRQGLWLRQ�LV�WUXH��DV�LQ�

WHILE [XCOR < 20][FORWARD 1]

/RJR�GRHV�QRW�LQFOXGH�:+,/(�DV�D�SULPLWLYH�FRPPDQG��%XW�\RX�FDQ�XVH�581�WR�GHILQH�\RXU�RZQ�:+,/(
FRPPDQG�DV�D�SURFHGXUH�WKDW�WDNHV�WZR�OLVWV�DV�LQSXWV��7KH�ILUVW�OLVW�VSHFLILHV�D�FRQGLWLRQ�WR�EH�WHVWHG��DQG
WKH�VHFRQG�OLVW�VSHFLILHV�DQ�DFWLRQ�WR�EH�UHSHDWHG�RYHU�DQG�RYHU�DV�ORQJ�DV�WKH�FRQGLWLRQ�UHPDLQV�WUXH��7KH
:+,/(�SURFHGXUH�ILUVW�WHVWV�LI�WKH�FRQGLWLRQ�LV�WUXH�E\�581QLQJ�WKH�FRQGLWLRQ�OLVW��,I�WKH�UHVXOW�LV�WUXH�
WKH�:+,/(�SURFHGXUH�581V�WKH�DFWLRQ�OLVW��7KLV�VHTXHQFH�LV�UHSHDWHG�RYHU�DQG�RYHU�

TO WHILE :CONDITION :ACTION
IF NOT (RUN :CONDITION) STOP
RUN :ACTION
WHILE :CONDITION :ACTION
END

$V�D�PRUH�FRPSOH[�H[DPSOH��\RX�FDQ�LPSOHPHQW�D�)25�SURFHGXUH�WKDW�ZRUNV�DV�IROORZV�

FOR [COUNT 1 5] [PRINT :COUNT * :COUNT]
1
4
9
16
25

7KH�)25�SURFHGXUH�WDNHV�WZR�OLVWV�DV�LQSXWV��7KH�ILUVW�OLVW�LV�D��)25�OLVW��WKDW�VSHFLILHV�D�ORRS�YDULDEOH
WRJHWKHU�ZLWK�LWV�LQLWLDO�DQG�ILQDO�YDOXHV��7KH�VHFRQG�LQSXW�VSHFLILHV�DQ�DFWLRQ�WKDW�VKRXOG�EH�H[HFXWHG�IRU
DOO�YDOXHV�RI�WKH�ORRS�YDULDEOH�EHWZHHQ�WKH�LQLWLDO�DQG�ILQDO�YDOXHV��7R�LPSOHPHQW�)25��\RX�H[WUDFW�IURP
WKH�)25�OLVW�WKH�QDPH�RI�WKH�YDULDEOH�DQG�WKH�LQLWLDO�DQG�ILQDO�YDOXHV��DQG�SDVV�WKHVH�RQ�WR�D�VXESURFHGXUH
)25�/223��ZKLFK�GRHV�WKH�DFWXDO�ZRUN�RI�ORRSLQJ��,W�LV�FRQYHQLHQW�WR�ZULWH�VHSDUDWH��VKRUW�SURFHGXUHV
WR�H[WUDFW�WKH�SDUWV�RI�WKH�)25�OLVW�

TO VAR :FLIST
OUTPUT FIRST :FLIST
END

TO INITIAL :FLIST
OUTPUT FIRST BUTFIRST :FLIST
END
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TO FINAL :FLIST
OUTPUT LAST :FLIST
END

7KHQ�WKH�)25�SURFHGXUH�LV�ZULWWHQ�DV�

TO FOR :FLIST :ACTION
FOR.LOOP (VAR :FLIST)
         (INITIAL :FLIST)
         (FINAL :FLIST)
         :ACTION
END

7KH�)25�/223�SURFHGXUH�WDNHV�DV�LQSXWV�WKH�YDULDEOH��WKH�LQLWLDO�DQG�ILQDO�YDOXHV��DQG�WKH�DFWLRQ�WR�EH
581��,W�XVHV�0$.(�WR�VHW�WKH�YDULDEOH�WR�WKH�LQLWLDO�YDOXH�DQG�581V�WKH�DFWLRQ��7KHQ�LW�UHSHDWV�WKH
VHTXHQFH��ZLWK�WKH�LQLWLDO�YDOXH�LQFUHPHQWHG�E\����$V�D�VWRS�UXOH��)25�/223�WHVWV�WR�VHH�ZKHWKHU�WKH
LQLWLDO�YDOXH�KDV�EHFRPH�JUHDWHU�WKDQ�WKH�ILQDO�YDOXH��+HUH�LV�WKH�SURFHGXUH�

TO FOR.LOOP :VAR :INITIAL :FINAL :ACTION
IF :INITIAL > :FINAL STOP
MAKE :VAR :INITIAL
RUN :ACTION
FOR.LOOP :VAR (:INITIAL + 1) :FINAL :ACTION
END

1RWH�WKDW�LQ�WKH�VHFRQG�OLQH�RI�)25�/223��\RX�VD\�0$.(��9$5��UDWKHU�WKDQ�0$.(��9$5��EHFDXVH�WKH
QDPH�RI�WKH�YDULDEOH�EHLQJ�VHW�LV�WKH�YDOXH�DVVRFLDWHG�ZLWK�9$5��UDWKHU�WKDQ�WKH�OLWHUDO�ZRUG�9$5��)RU
H[DPSOH��LQ�H[HFXWLQJ�WKH�FRPPDQG

FOR [COUNT 1 5][PRINT :COUNT * :COUNT]

WKH�YDOXH�RI�9$5�LV�WKH�ZRUG�&2817��DQG�&2817�LV�WKH�YDULDEOH�\RX�ZDQW�WR�VHW�XVLQJ�WKH�0$.(
FRPPDQG��&RPSDUH�WKH��WULFN\�XVH�RI�0$.(��VKRZQ�RQ�SDJH�����

11.3. More Pro jects Usin g Lists

7KLV�VHFWLRQ�SUHVHQWV�WZR�RSHQ�HQGHG�SURMHFWV�WKDW�PDNH�XVH�RI�/RJR
V�FDSDELOLW\�WR�PDQLSXODWH�OLVWV��7KH
ILUVW�SURMHFW�LV�D�KLJKO\�VLPSOLILHG�YHUVLRQ�RI�D�IDPRXV�SURJUDP�FDOOHG�'2&725�WKDW�ZDV�GHYHORSHG�LQ�WKH
HDUO\�����V�E\�-RVHSK�:HL]HQEDXP��7KH�/RJR�LPSOHPHQWDWLRQ�KHUH�XVHV�WKH�DVVRFLDWLRQ�OLVW�PHFKDQLVP
WKDW�ZDV�H[SODLQHG�LQ�6HFWLRQ���������7KH�VHFRQG�SURJUDP�LV�D�/RJR�YHUVLRQ�RI�D�ZHOO�NQRZQ�FRPSXWHU
�OHDUQLQJ��SURJUDP�FDOOHG�$1,0$/��ZKLFK�GHPRQVWUDWHV�KRZ�WR�XVH�KLHUDUFKLFDO�OLVW�VWUXFWXUHV�WR�NHHS
WUDFN�RI�LQIRUPDWLRQ�
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      ,Q�RUGHU�WR�VLPSOLI\�WKH�SURJUDP��DOO�SXQFWXDWLRQ�KDV�EHHQ�RPLWWHG��$V�XVXDO��WKH�FRPSXWHU
V5

W\SHRXW�KDV�EHHQ�LWDOLFL]HG�WR�GLVWLQJXLVK�LW�IURP�WKH�XVHU
V�UHVSRQVHV�
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11.3.1. Example: The DOCTOR Pro gram

7KH�'2&725� SURJUDP� HQJDJHV� LQ� D� �FRQYHUVDWLRQ��ZLWK� WKH� FRPSXWHU� XVHU�� LQ�ZKLFK� LW�PLPLFV� D
QRQGLUHFWLYH�VW\OH�RI�SV\FKRWKHUDS\��+HUH�LV�D�VDPSOH�FRQYHUVDWLRQ� �

DOCTOR
WHAT SEEMS TO BE THE PROBLEM

>EVERYONE HATES ME
YOU SAY EVERYONE HATES YOU

>WHEN I ENTER A ROOM NO ONE WILL LOOK ME IN THE EYE
MANY PEOPLE HAVE THE SAME SORTS OF FEELINGS

>THEY LAUGH AT ME BEHIND MY BACK
YOU SEEM TO THINK THEY LAUGH AT YOU BEHIND YOUR BACK

> EVEN MY MOTHER HATES ME
YOU FEEL THAT EVEN YOUR MOTHER HATES YOU

> EVEN WHEN I WAS A BABY SHE SAID I WAS ALWAYS BAD
PLEASE CONTINUE

11.3.1.1. How the DOCTOR Pro gram Works

$OWKRXJK�DW�ILUVW�JODQFH��WKH�'2&725�SURJUDP�VHHPV�WR�XQGHUVWDQG�DQG�UHSO\�WR�WKH�XVHU
V�UHPDUNV��LQ
UHDOLW\�LW�LV�GRLQJ�QRWKLQJ�RI�WKH�VRUW��,Q�IDFW��WKH�SURJUDP�KDV�WZR�VLPSOH�PHWKRGV�IRU�JHQHUDWLQJ�D
UHVSRQVH��7KH�ILUVW�PHWKRG�LV�WR�LJQRUH�ZKDW�WKH�XVHU�W\SHV�DQG�VLPSO\�UHVSRQG�ZLWK�VRPH�VRUW�RI�KHGJH
OLNH�3/($6(�&217,18(�RU�0$1<�3(23/(�+$9(�7+(�6$0(�62576�2)�)((/,1*6��7KH�VHFRQG
PHWKRG�LQYROYHV�WDNLQJ�WKH�XVHU
V�UHSO\��FKDQJLQJ�VRPH�FRPPRQ�ZRUGV�OLNH��,����PH���DQG��DP��WR�WKH
FRUUHVSRQGLQJ�VHFRQG�SHUVRQ�ZRUGV�DQG�DSSHQGLQJ�WKH�WUDQVIRUPHG�UHVSRQVH�WR�VRPH�TXDOLI\LQJ�SKUDVH
VXFK�DV�<28�6$<�RU�<28�6((0�72�7+,1.��7KH�SURJUDP�FKRRVHV�RQH�RI�WKHVH�PHWKRGV�DW�UDQGRP�IRU
HDFK�UHVSRQVH�

:H
OO�H[DPLQH�WKHVH�WZR�PHWKRGV�LQ�WXUQ��7KH�ILUVW�LV�YHU\�VLPSOH��:KDW�WKH�SURJUDP�SULQWV�LV�MXVW�D
SKUDVH�SLFNHG�DW�UDQGRP�IURP�D�VXLWDEOH�OLVW�RI�KHGJHV�VXFK�DV

MAKE "HEDGES
     [[PLEASE GO ON]
     [PLEASE CONTINUE]
     [MANY PEOPLE HAVE THE SAME SORTS OF FEELINGS]]
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      :H�XVH�KHUH�WKH�3,&.5$1'20�SURFHGXUH��SDJH�������1RWLFH�WKDW�DOWKRXJK�ZH�GHVLJQHG6

3,&.5$1'20�WR�SLFN�D�UDQGRP�ZRUG�IURP�D�OLVW�RI�ZRUGV��WKH�JHQHUDOLW\�RI�WKH�/RJR�OLVW�RSHUDWLRQV
),567�DQG�%87),567�HQVXUHV�WKDW�WKH�VDPH�SURFHGXUH�DOVR�ZRUNV�WR�SLFN�D�UDQGRP�HOHPHQW�IURP
DQ\�OLVW�

      8VH�WKH�5$1'�SURFHGXUH�IURP�6HFWLRQ�������7
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7KH�SDUW�RI�WKH�SURJUDP�WKDW�LPSOHPHQWV�WKH�ILUVW�PHWKRG�LV�MXVW�

TO HEDGE
PRINT PICKRANDOM :HEDGES
END

7KH�VHFRQG�PHWKRG�LV�PRUH�FRPSOLFDWHG��<RX�PXVW�WDNH�WKH�XVHU
V�W\SHG�LQ�UHVSRQVH��FKDQJH�WKH��,��ZRUGV
WR�WKH�FRUUHVSRQGLQJ��\RX��ZRUGV��DQG�DSSHQG�WKLV�WR�D�UDQGRPO\�VHOHFWHG�TXDOLILHU��7R�SHUIRUP�WKH��,�\RX�
FKDQJH��\RX�FDQ�XVH�WKH�68%67�SURFHGXUH�LQ�6HFWLRQ���������ZKHUH�WKH�VXEVWLWXWLRQ�7$%/(�RI�SDLUV�LV
PDGH�XS�RI�ILUVW�SHUVRQ�SURQRXQV�DQG�WKHLU�VHFRQG�SHUVRQ�FRXQWHUSDUWV�

MAKE "PRONOUNS [[I YOU] [ME YOU] [MY YOUR] [AM ARE]]

TO CHANGE.PERSON :PHRASE
OUTPUT SUBST :PHRASE :PRONOUNS
END

6R�LI�WKH�FROOHFWLRQ�RI�TXDOLILHUV�LV�JLYHQ�E\

MAKE "QUALIFY [[YOU SEEM TO THINK]
              [YOU FEEL THAT]
              [YOU SAY]]

WKHQ�WKH�VHFRQG�W\SH�RI�UHVSRQVH�WR�WKH�XVHU
V�LQSXW�LV�JHQHUDWHG�E\

TO RESPOND :USER.INPUT
PRINT SE (PICKRANDOM :QUALIFY)
         (CHANGE.PERSON :USER.INPUT)
END

1RZ�\RX�FDQ�SXW�ERWK�PHWKRGV�WRJHWKHU��<RX�FDQ�VHOHFW�EHWZHHQ�WKH�PHWKRGV�DW�UDQGRP��XVLQJ�WKH�WHVW
,)� �5$1'� ���  � �� WR� JHQHUDWH� 758(� RU� )$/6(�ZLWK� HTXDO� FKDQFHV� � <RX� FDQ� DOVR� WHUPLQDWH� WKH�

FRQYHUVDWLRQ�LI�WKH�XVHU�W\SHV�*22'%<(�
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TO DOCTOR.LOOP
MAKE "USER.INPUT READLINE
IF :USER.INPUT = [GOODBYE]
   PRINT [COME SEE ME AGAIN] STOP
IF (RAND 2) = 0 HEDGE ELSE RESPOND :USER.INPUT
DOCTOR.LOOP
END

$OO�WKDW�LV�PLVVLQJ�QRZ�LV�D�SURFHGXUH�'2&725�WR�VWDUW�WKLQJV�JRLQJ��7KLV�VKRXOG�LQLWLDOL]H�WKH�OLVWV
48$/,)<��+('*(6��DQG�35212816�XVHG�DERYH��SULQW�DQ�RSHQLQJ�UHPDUN��DQG�FDOO�'2&725�/223�

TO DOCTOR
MAKE "QUALIFY [[YOU SEEM TO THINK]
              [YOU FEEL THAT]
              [YOU SAY]]
MAKE "HEDGES [[PLEASE GO ON]
             [PLEASE CONTINUE]
             [MANY PEOPLE HAVE THE SAME SORTS OF
             FEELINGS]]
MAKE "PRONOUNS [[I YOU] [ME YOU] [MY YOUR] [AM ARE]]
PRINT [WHAT SEEMS TO BE THE PROBLEM]
DOCTOR.LOOP
END

11.3.1.2. Extendin g the Pro gram

7KH�SUHYLRXV�SURJUDP�LV�RQO\�D�VLPSOH�VNHWFK��2QH�LPPHGLDWH�H[WHQVLRQ�\RX
OO�ZDQW�WR�PDNH�LV�WR�LQFUHDVH
LWV�UHSHUWRLUH�RI�+('*(6�DQG�48$/,)<��VR�WKDW�WKH�UHVSRQVHV�DUH�PRUH�YDULHG��$QRWKHU�LGHD�LV�WR
XSJUDGH�WKH�5(6321'�SURFHGXUH�QRW�RQO\�WR�FKDQJH�ILUVW�SHUVRQ�ZRUGV�WR�VHFRQG�SHUVRQ��EXW�DOVR�VHFRQG
SHUVRQ�WR�ILUVW��)RU�LQVWDQFH��LI�WKH�XVHU�W\SHV

YOU ARE NOT BEING VERY HELPFUL TO ME

WKH�SURJUDP�VKRXOG�UHVSRQG�ZLWK�VRPHWKLQJ�OLNH

YOU FEEL THAT I AM NOT BEING VERY HELPFUL TO YOU

$QRWKHU�LGHD�LV�WKLV��(YHU\�VR�RIWHQ��WKH�SURJUDP�VKRXOG�VDYH�DZD\�WKH�XVHU
V�UHVSRQVH��7KHQ��D�IHZ
H[FKDQJHV�ODWHU��WKH�SURJUDP�FRXOG�VD\�VRPHWKLQJ�OLNH��(DUOLHU�\RX�VDLG�WKDW��������6WLOO�RWKHU�LGHDV�DUH�WR
KDYH�WKH�SURJUDP�VHOHFW�VSHFLDO�UHVSRQVHV��ZKHQ�WKH�XVHU�PHQWLRQV�FHUWDLQ�ZRUGV��OLNH��FRPSXWHU��

%\�LQFOXGLQJ�PRUH�DQG�PRUH�RI�WKHVH�IHDWXUHV��\RX�FDQ�PDNH�WKH�SURJUDP
V�FRQYHUVDWLRQV�TXLWH�HODERUDWH�
7KH�UHVSRQVHV�RI�:HL]HQEDXP
V�RULJLQDO�'2&725�SURJUDP�KDYH�EHHQ�RFFDVLRQDOO\�PLVWDNHQ�IRU�WKRVH
RI�D�UHDO�SHUVRQ��DQG�WKLV�KDV� OHG�VRPH�SHRSOH�WR�DGYRFDWH�XVLQJ�VXFK�SURJUDPV�LQ�WKH�WUHDWPHQW�RI
SV\FKLDWULF�SDWLHQWV��2WKHUV��LQFOXGLQJ�:HL]HQEDXP��PDLQWDLQ�WKDW�WKLV�ZRXOG�EH�H[WUHPHO\�XQHWKLFDO�
)RU�D�IXUWKHU�GLVFXVVLRQ�RI�WKHVH�SRLQWV�VHH�:HL]HQEDXP
V�ERRN�>��@�
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11.3.2. The ANIMAL Pro gram

$1,0$/�LV�D�ZHOO�NQRZQ�FRPSXWHU�SURJUDP�WKDW�DVNV�WKH�XVHU�WR�WKLQN�RI�DQ�DQLPDO�DQG�WKHQ�WULHV�WR
JXHVV�ZKDW�DQLPDO�LW�LV�E\�DVNLQJ�\HV�RU�QR�TXHVWLRQV��+HUH�LV�D�VDPSOH�VHVVLRQ�ZLWK�WKH�SURJUDP�

ANIMAL
THINK OF AN ANIMAL. I WILL
TRY TO GUESS IT.
DOES IT HAVE LEGS?
>YES

IS IT A CAT?
>YES

LOOK HOW SMART I AM!
LET'S TRY AGAIN. . .
THINK OF AN ANIMAL. I WILL
TRY TO GUESS IT.
DOES IT HAVE LEGS?
>NO

DOES IT CRAWL ?
> YES

IS IT A SNAKE?
>YES

LOOK HOW SMART I AM!
LET'S TRY AGAIN. . .
.
.
.

7KH�FOHYHUQHVV�RI�WKH�SURJUDP�LV�WKDW�LW�OHDUQV�IURP�LWV�PLVWDNHV��+HUH�LV�ZKDW�KDSSHQV�ZKHQ�LW�JXHVVHV
LQFRUUHFWO\�

DOES IT HAVE LEGS?
>NO

DOES IT CRAWL?
>YES

IS IT A SNAKE?
>NO

OH WELL, I WAS WRONG.
WHAT WAS IT?
>EARTHWORM
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Figure 11.2: Knowledge tree
for the ANIMAL program.

PLEASE TYPE IN A QUESTION
WHOSE ANSWER
IS YES FOR AN EARTHWORM AND
NO FOR A SNAKE
>DOES IT LIVE UNDERGROUND?
LET'S TRY AGAIN. . .
.
.
.

7KH�QH[W�WLPH�WKH�SURJUDP�UXQV�DFURVV�WKLV�VLWXDWLRQ�LW�ZLOO�EHKDYH�OLNH�WKLV�

DOES IT HAVE LEGS?
>NO

DOES IT CRAWL ?
>YES

DOES IT LIVE UNDERGROUND?
.
.
.

6R�WKH�SURJUDP�EHFRPHV�VPDUWHU�DQG�VPDUWHU�DV�LW�LV�XVHG�PRUH�DQG�PRUH�

11.3.2.1. How the ANIMAL Pro gram Works

7KH�NH\�WR�WKH�SURJUDP�LV�LWV�NQRZOHGJH�VWUXFWXUH��7KLV�FDQ�EH�WKRXJKW�RI�DV�D�WUHH��DV�VKRZQ�LQ�)LJXUH
������7KH�WUHH�LV�PDGH�XS�RI��QRGHV���ZKHUH�HDFK�QRGH�FRQVLVWV�RI�D�48(67,21�WR�DVN��D�<(6�%5$1&+
WR�IROORZ�LI�WKH�DQVZHU�WR�WKH�TXHVWLRQ�LV�\HV��DQG�D�12�%5$1&+�WR�IROORZ�LI�WKH�DQVZHU�LV�QR�
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7KH�EDVLF�RSHUDWLRQ�RI� WKH�SURJUDP�LV� WR�EHJLQ�DW� WKH� WRS�QRGH�RI� WKH� WUHH�DQG�ZRUN� LWV�ZD\�GRZQ�
IROORZLQJ�WKH�<(6�%5$1&+�RU�WKH�12�%5$1&+�DFFRUGLQJ�WR�WKH�DQVZHU�WR�WKH�48(67,21��,I�WKH
SURJUDP�UHDFKHV�D�QRGH�WKDW�FRQVLVWV�RI�RQO\�D�VLQJOH�LWHP��LW�JXHVVHV�WKDW�DV�WKH�DQLPDO�

:KHQ�WKH�SURJUDP�JXHVVHV�LQFRUUHFWO\��LW��JHWV�VPDUWHU��E\�H[SDQGLQJ�WKH�WUHH��,W�DVNV�WKH�XVHU�IRU�WKH
FRUUHFW�UHVSRQVH�DQG�D�TXHVWLRQ�WKDW�GLVWLQJXLVKHV�WKH�FRUUHFW�UHVSRQVH�IURP�WKH�LQFRUUHFW�UHVSRQVH��,W
WKHQ�UHSODFHV�WKH�ROG�VLQJOH�LWHP�QRGH�E\�D�QHZ�QRGH�PDGH�XS�RI�WKH�XVHU
V�TXHVWLRQ��WKH�FRUUHFW�UHVSRQVH
DV�WKH�<(6�%5$1&+�DQG�WKH�ROG�LQFRUUHFW�UHVSRQVH�DV�WKH�12�%5$1&+��)RU�H[DPSOH��WR�OHDUQ�WKH
GLIIHUHQFH�EHWZHHQ�D�VQDNH�DQG�DQ�HDUWKZRUP��WKH�SURJUDP�H[SDQGV�WKH�WUHH��UHSODFLQJ�WKH�61$.(�QRGH
E\� D� QRGH� ZKRVH� 48(67,21� LV� '2(6� ,7� /,9(� 81'(5*5281'"�� ZKRVH� <(6�%5$1&+� LV
($57+:250��DQG�ZKRVH�12�%5$1&+�LV�61$.(��

7KDW
V�DOO�WKHUH�LV�WR�LW�

11.3.2.2. Usin g Lists

7KH�$1,0$/�SURJUDP�FDQ�EH�FRQYHQLHQWO\�ZULWWHQ�LQ�/RJR��EHFDXVH�OLVWV�DUH� MXVW�WKH�ULJKW�WRRO�IRU
UHSUHVHQWLQJ�WKH�NQRZOHGJH�WUHH��<RX�FDQ�WKLQN�RI�WKH�WUHH�DV�D�OLVW�FDOOHG�.12:/('*(�WKDW�KDV�WKUHH
HOHPHQWV�� D� 48(67,21�� D� <(6�%5$1&+�� DQG� D� 12�%5$1&+�� 2I� FRXUVH� <(6�%5$1&+� DQG
12�%5$1&+�PD\� WKHPVHOYHV�EH� OLVWV� WKDW�KDYH� WKH� VDPH�VWUXFWXUH��$QG� VR�\RX�KDYH� VXEOLVWV�DQG
VXEOLVWV��XQWLO�\RX�ILQDOO\�UHDFK�EUDQFKHV�WKDW�DUH�ZRUGV��ZKLFK�JLYH�WKH�DFWXDO�DQLPDOV�WR�EH�JXHVVHG�

+HUH�LV�D�/RJR�OLVW�WKDW�UHSUHVHQWV�WKH�WUHH�VKRZQ�LQ�)LJXUH������

[[DOES IT HAVE LEGS?]
 CAT
[[DOES IT CRAWL?]
 SNAKE
 FISH]]

:KHQ�VQDNH�LV�GLVWLQJXLVKHG�IURP�HDUWKZRUP��WKH�OLVW�EHFRPHV

[[DOES IT HAVE LEGS?]
 CAT
 [[DOES IT CRAWL?]
  [[DOES IT LIVE UNDERGROUND?]
   EARTHWORM
   SNAKE]
  FISH]]

:LWK�WKH�SURJUDP
V�NQRZOHGJH�VWUXFWXUHG�LQ�WKLV�ZD\��\RX�FDQ�H[WUDFW�WKH�48(67,21��<(6�%5$1&+�
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DQG�12�%5$1&+�SDUWV�RI�D�JLYHQ�QRGH�E\�XVLQJ�WKH�IROORZLQJ�SURFHGXUHV�

TO QUESTION :NODE
OUTPUT FIRST :NODE
END

TO YES.BRANCH :NODE
OUTPUT FIRST (BUTFIRST :NODE)
END

TO NO.BRANCH :NODE
OUTPUT LAST :NODE
END

7R�FRQVWUXFW�D�QRGH�IURP�WKH�WKUHH�FRQVWLWXHQW�SDUWV��ZH�FDQ�XVH�WKH�/,67�SURFHGXUH�JLYHQ�LQ�VHFWLRQ
��������DV�IROORZV�

TO MAKE.NODE :QUESTION :YES.BRANCH :NO.BRANCH
OUTPUT FPUT :QUESTION (LIST :YES.BRANCH :NO.BRANCH)

11.3.2.3. The Main Procedure

+HUH�LV�WKH�SURFHGXUH�WKDW�VWDUWV�WKH�SURJUDP�

TO ANIMAL
PRINT [THINK OF AN ANIMAL. I WILL]
PRINT [TRY TO GUESS IT]
CHOOSE.BRANCH :KNOWLEDGE
PRINT [LET'S TRY AGAIN. . .]
ANIMAL
END

,W�SULQWV�WKH�LQVWUXFWLRQV��GRHV�WKH�JXHVVLQJ��DQG�FRQWLQXHV�WKLV�RYHU�DQG�RYHU��7KH�UHDO�ZRUN�LV�GRQH�E\
WKH�&+226(�%5$1&+�SURFHGXUH��ZKLFK�LV�PHDQW�WR�EH�FDOOHG�ZLWK�D�QRGH�DV�LQSXW��,W�LV�LQLWLDOO\�FDOOHG
ZLWK�WKH�QRGH�WKDW�LV�WKH�HQWLUH�.12:/('*(�OLVW�RI�WKH�SURJUDP�

TO CHOOSE.BRANCH :NODE
IF (WORD? :NODE) GUESS :NODE STOP
MAKE "RESPONSE ASK.YES.OR.NO (QUESTION :NODE)
IF :RESPONSE = [YES]
   CHOOSE.BRANCH (YES.BRANCH :NODE) STOP
CHOOSE.BRANCH (NO.BRANCH :NODE)
END
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&+226(�%5$1&+�LPSOHPHQWV�SUHFLVHO\�WKH�WHFKQLTXH�H[SODLQHG�DERYH��,W�DVNV�WKH�TXHVWLRQ�DVVRFLDWHG
ZLWK�WKH�QRGH�DQG�WKHQ�FRQWLQXHV�ZLWK�WKH�<(6�%5$1&+�RU�WKH�12�%5$1&+�DFFRUGLQJ�WR�WKH�UHVXOW
RI�WKH�TXHVWLRQ��:KHQ�LW�UHDFKHV�D�QRGH�WKDW�LV�D�VLQJOH�ZRUG��LW�XVHV�WKDW�DV�LWV�JXHVV���7KH�*8(66
SURFHGXUH��ZKLFK�DFWXDOO\�PDNHV�WKH�JXHVV��LV�GLVFXVVHG�EHORZ���1RWLFH�KRZ�WKH��FRQWLQXHV�ZLWK��������SDUW
RI�WKH�VWUDWHJ\�LV�LPSOHPHQWHG�E\�D�&+226(�%5$1&+�FDOOLQJ�LWVHOI�UHFXUVLYHO\�XVLQJ�WKH�DSSURSULDWH
EUDQFK�DV�WKH�QHZ�QRGH�

11.3.2.4. Askin g Questions

7KH�IROORZLQJ�SURFHGXUH�LV�XVHG�WR�DVN�D�\HV�RU�QR�TXHVWLRQ��,W�WDNHV�WKH�TXHVWLRQ�DV�LQSXW�DQG�UHWXUQV
HLWKHU�><(6@�RU�>12@�

TO ASK.YES.OR.NO :QUESTION
PRINT :QUESTION
MAKE "INPUT READLINE
IF :INPUT = [YES] OUTPUT [YES]
IF :INPUT = [NO] OUTPUT [NO]
PRINT [PLEASE TYPE "YES" OR "NO"]
OUTPUT ASK.YES.OR.NO :QUESTION
END

,I�WKH�XVHU�UHVSRQGV�ZLWK�VRPHWKLQJ�RWKHU�WKDQ�<(6�RU�12��WKH�SURFHGXUH�UHSHDWV�WKH�TXHVWLRQ��XVLQJ
WKH�VDPH��WU\�DJDLQ��PHWKRG�DV�ZLWK�WKH�5($'180%(5�SURFHGXUH�RQ�SDJH�����

11.3.2.5. "A" or "An"

2QH�QLFHW\�WKDW�WKH�SURJUDP�PXVW�KDQGOH�ZKHQ�PDNLQJ�JXHVVHV�LV�WR�GLVWLQJXLVK�EHWZHHQ�DQLPDO�QDPHV
WKDW�EHJLQ�ZLWK�YRZHOV�DQG�WKRVH�WKDW�GR�QRW��,I�WKH�JXHVV�LI��VQDNH���WKH�SURJUDP�VKRXOG�DVN��,V�LW�D
VQDNH"��ZKLOH��LI�WKH�JXHVV�LV��HDUWKZRUP���WKH�SURJUDP�VKRXOG�DVN��,V�LW�DQ�HDUWKZRUP"��7KH�IROORZLQJ
SURFHGXUH�KHOSV� WR�GR� WKLV�� ,W� WDNHV�D�ZRUG�DV� LQSXW�DQG�RXWSXWV�D� VHQWHQFH� FRQVLVWLQJ�RI� WKH�ZRUG
SUHFHGHG�E\��D��RU��DQ��DV�DSSURSULDWH�

TO ADD.A.OR.AN :WORD
TEST MEMBER? (FIRST :WORD) [A E I O U]
IFT OUTPUT SENTENCE "AN :WORD
IFF OUTPUT SENTENCE "A :WORD
END

7KH� SURJUDP� XVHV� WKH� 0(0%(5"� SURFHGXUH� GHVFULEHG� RQ� SDJH� ����� &RPSDUH� WKH
%(*,16�:,7+�92:(/"�SURFHGXUH�RQ�SDJH�����
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11.3.2.6. Makin g a Guess

:KHQ�&+226(�%5$1&+�UHDFKHV�D�QRGH�ZLWK�RQO\�D�VLQJOH�DQLPDO��LW�FDOOV�WKH�*8(66�SURFHGXUH�ZLWK
WKDW�DQLPDO�DV�LQSXW�

TO GUESS :ANIMAL
MAKE "FINAL.QUESTION
      (SE [IS IT] (ADD.A.OR.AN :ANIMAL) [?])
MAKE "RESPONSE ASK.YES.OR.NO :FINAL.QUESTION
IF :RESPONSE = [YES]
   PRINT [LOOK HOW SMART I AM!] STOP
GET.SMARTER :ANIMAL
END

*8(66�ILUVW�IRUPXODWHV�WKH�DSSURSULDWH��,V�LW��D�RU�DQ��������"��TXHVWLRQ�DQG�JHWV�WKH�UHVSRQVH��,I�WKH�JXHVV
LV�FRUUHFW��WKH�SURJUDP�EUDJV�DERXW�KRZ�VPDUW�LW�LV�DQG�VWRSV��UHWXUQLQJ�HYHQWXDOO\�WR�WKH�$1,0$/
SURFHGXUH��ZKLFK�VWDUWV�WKH�QH[W�URXQG��,I�WKH�JXHVV�LV�ZURQJ��WKH�SURJUDP�PXVW�JURZ�VPDUWHU�

11.3.2.7. Gettin g Smarter

*HWWLQJ�VPDUWHU�FRQVLVWV��ILUVW�RI�DOO��RI�DVNLQJ�WKH�XVHU�IRU�WKH�ULJKW�DQLPDO�DQG�IRU�D�TXHVWLRQ�WKDW
GLVWLQJXLVKHV� WKH� ULJKW� DQLPDO� IURP� WKH�ZURQJ� RQH��2EVHUYH�KRZ� WKH� �D� RU� DQ�� FKRLFH� LV� QHHGHG� WR
FRQVWUXFW�WKH�UHTXHVW�IRU�D�TXHVWLRQ�

TO GET.SMARTER :WRONG.ANSWER
PRINT [OH WELL, I WAS WRONG.]
PRINT [WHAT WAS IT?]
MAKE "RIGHT.ANSWER (LAST READLINE)
PRINT [PLEASE TYPE IN A QUESTION]
PRINT [WHOSE ANSWER]
PRINT (SENTENCE [IS YES FOR]
                (ADD.A.OR.AN : RIGHT.ANSWER) [AND])
PRINT (SENTENCE [NO FOR]
                (ADD.A.OR.AN :WRONG.ANSWER))
MAKE "QUESTION READLINE
EXTEND.KNOWLEDGE :QUESTION
                 :RIGHT.ANSWER
                 :WRONG.ANSWER
END

2QFH�WKH�QHZ�TXHVWLRQ�DQG�WKH�WZR�DQVZHUV�DUH�LQ�KDQG��WKH�SURJUDP�SURFHHGV�WR�H[WHQG�LWV�NQRZOHGJH�
7KH�.12:/('*(�OLVW�LV�H[WHQGHG�E\�UHSODFLQJ�WKH�ROG�QRGH�³�FRQVLVWLQJ�RI�MXVW�WKH�ROG�DQVZHU�³�E\
D�EUDQFKLQJ�QRGH�FRQVLVWLQJ�RI�D�QHZ�TXHVWLRQ�ZLWK�WKH�QHZ�DQLPDO�DV�WKH�<(6�%5$1&+�DQG�WKH�ROG
TXHVWLRQ�DV�WKH�12�%5$1&+�
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TO EXTEND.KNOWLEDGE :NEW.QUESTION :YES.ANSWER :NO.ANSWER
MAKE "KNOWLEDGE
     REPLACE :KNOWLEDGE
             :NO.ANSWER
             (MAKE.NODE :NEW.QUESTION
                        :YES.ANSWER
                        :NO.ANSWER)
END

)LQDOO\��WKHUH�LV�WKH�SURFHGXUH�WKDW�GRHV�WKH�DFWXDO�UHSODFHPHQW��7KLV�WDNHV�DV�LQSXWV�

� $�OLVW�WKDW�UHSUHVHQWV�D�WUHH�RI

48(67,21�³�<(6�%5$1&+�³�12�%5$1&+�QRGHV

� $�QRGH�WR�EH�UHSODFHG

� 7KH�WKLQJ�WR�UHSODFH�LW�ZLWK

7KH�RXWSXW�RI�5(3/$&(�LV�D�FRS\�RI�WKH�WUHH�ZLWK�WKH�ROG�QRGH�UHSODFHG�E\�WKH�GHVLJQDWHG�UHSODFHPHQW�

TO REPLACE :TREE :NODE :REPLACEMENT
IF :TREE = :NODE OUTPUT :REPLACEMENT
IF WORD? :TREE OUTPUT :TREE
OUTPUT (MAKE.NODE QUESTION :TREE
                  REPLACE (YES.BRANCH :TREE)
                          :NODE
                          :REPLACEMENT
                  REPLACE (NO.BRANCH :TREE)
                          :NODE
                          :REPLACEMENT)
END

5(3/$&(�LV�WKH�PRVW�GLIILFXOW�SURFHGXUH�LQ�WKH�$1,0$/�SURJUDP��,W�XVHV�D�UHFXUVLYH�VWUDWHJ\�VRPHZKDW
DV�LQ�WKH�68%67�SURFHGXUH��6HFWLRQ����������EXW�PRUH�FRPSOLFDWHG��7KH�LGHD�LV�WKDW�LI�WKH�WUHH�LWVHOI�LV
WKH�QRGH�WR�UHSODFH��\RX�RXWSXW�WKH�UHSODFHPHQW��2WKHUZLVH��WKH�QHZ�WUHH�VKRXOG�EH�IRUPHG�IURP�WKH
RULJLQDO�WUHH
V�48(67,21��WRJHWKHU�ZLWK�WKH�UHVXOW�RI�SHUIRUPLQJ�WKH�UHSODFHPHQW�UHFXUVLYHO\�LQ�WKH
<(6�%5$1&+�DQG�WKH�12�%5$1&+��7KLV�UHGXFHV�WKH�VXEVWLWXWLRQ�WR�RSHUDWLRQV�RQ�VPDOOHU�DQG�VPDOOHU
VXEWUHHV�RI�WKH�RULJLQDO��)LQDOO\��ZKHQ�\RX�UHGXFH�WR�QRGHV�WKDW�DUH�LQGLYLGXDO�ZRUGV��\RX�VKRXOG�RXWSXW
WKH�ZRUGV�WKHPVHOYHV�
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Figure 11.3: Structure of
procedure calls in the ANIMAL
program.

11.3.2.8. Runnin g the Pro gram

)LJXUH������VKRZV�WKH�VWUXFWXUH�RI�SURFHGXUH�FDOOV�IRU�WKH�HQWLUH�$1,0$/�SURJUDP�

7R�UXQ�WKH�SURJUDP��\RX�LQLWLDOL]H�WKH�.12:/('*(�OLVW�WR�DQ\�DQLPDO�\RX�OLNH��DQG�UXQ�WKH�$1,0$/
SURFHGXUH��)RU�H[DPSOH�

MAKE "KNOWLEDGE "FISH
ANIMAL

:KHQ�\RX�DUH�GRQH�ZLWK�\RXU�VHVVLRQ��\RX�FDQ�VDYH�\RXU�ZRUNVSDFH��ZKLFK�ZLOO�LQFOXGH�WKH�ILQDO�YDOXH
RI�WKH�.12:/('*(�WUHH��7KXV�ZKHQ�\RX�UHDG�LQ�WKH�SURJUDP�WR�SOD\�ZLWK�LW�WKH�QH[W�WLPH��WKH�ZLVGRP
JDLQHG�GXULQJ�SUHYLRXV�VHVVLRQV�ZLOO�QRW�EH�ORVW�

11.3.2.9. Modifications

$1,0$/�LV�D�ORW�RI�IXQ�WR�XVH�DV�LW�LV��HVSHFLDOO\�DV�\RX�EHJLQ�WR�LQSXW�IXQQ\�DQLPDOV�DQG�RXWUDJHRXV
TXHVWLRQV��7KHUH�DUH�DOVR�PDQ\�JRRG�SURMHFWV�WKDW�DULVH�IURP�H[WHQGLQJ�WKH�SURJUDP
V�FDSDELOLWLHV��2QH
LGHD�LV�WR�YDU\�WKH�UHVSRQVHV�WKDW�WKH�SURJUDP�JLYHV��$QRWKHU�LV�WR�KDYH�WKH�SURJUDP�UHTXHVW�QRW�D�OLWHUDO
\HV�RU�QR�TXHVWLRQ��EXW�UDWKHU�D�IDFW�WKDW�GLVWLQJXLVKHV�EHWZHHQ�WKH�WZR�DQLPDOV��7KHQ�WKH�SURJUDP�FDQ
XVH� WKLV� IDFW� WR� JHQHUDWH� LWV� RZQ� TXHVWLRQ�� 7KLV� UHTXLUHV� WKDW� \RX� EXLOG� LQ� VRPH� NQRZOHGJH� DERXW
JUDPPDU�� VRPHZKDW� OLNH� WKH� FDSDELOLWLHV� LQ� WKH� '2&725� SURJUDP�� )LQDOO\� ³� DQG� WKLV� LV� UHDOO\
RSHQ�HQGHG�³�\RX�FDQ�WU\�WR�PDNH�WKH�SURJUDP�VPDUW�HQRXJK�WR�GLVWLQJXLVK�OHJLWLPDWH�UHVSRQVHV�IURP
ZLVHFUDFNV��+HUH�LV�D�VDPSOH�GLDORJXH�ZLWK�D�PRUH�VRSKLVWLFDWHG�DQLPDO�SURJUDP��
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DOES IT HAVE HORNS??
YES

IS IT A BUFFALO?
NO

WELL, I’M NOT TOO SHARP TODAY. I GIVE UP.
JUST WHAT KIND OF BEAST DID YOU HAVE IN MIND?
A GAZELLE

TELL ME SOMETHING ABOUT A GAZELLE THAT IS NOT TRUE ABOUT A
BUFFALO
A GAZELLE IS GRACEFUL

THAT WAS FUN. WANT TO TRY AGAIN?
MAYBE
HEY, CAN YOU GIVE ME A YES OR NO ANSWER
YES

DOES IT HAVE HORNS?
NO

IS IT A BUTTERFLY?
NO

WELL, I'M NOT TOO SHARP TODAY. I GIVE UP JUST WHAT KIND OF
BEAST DID YOU HAVE IN MIND?
A PIG

TELL ME SOMETHING ABOUT A PIG THAT IS NOT TRUE ABOUT A
BUTTERFLY
A PIG IS SLOVENLY

THAT WAS FUN. WANT TO TRY AGAIN?
YES

DOES IT HAVE HORNS?
NO

IS THIS ANIMAL SLOVENLY?
YES

IS IT A PIG?
YES

HEY, HEY, I SURE AM CLEVER, HUH?
THAT WAS FUN. WANT TO TRY AGAIN?
YES
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DOES IT HAVE HORNS
YES

IS THIS ANIMAL GRACEFUL?
YOU ARE NOT GRACEFUL
HEY CAN YOU GIVE ME A YES OR NO ANSWER?
NO

IS IT A BUFFALO?
NO

WELL, I'M NOT TOO SHARP TODAY. I GIVE UP
JUST WHAT KIND OF BEAST DID YOU HAVE IN MIND?
BULL

TELL ME SOMETHING ABOUT A BULL THAT IS NOT TRUE ABOUT A
BUFFALO
WHY DON'T YOU TELL ME SOMETHING, YOU ELECTRONIC MORON?
AW, BE SERIOUS. I ASKED YOU A REAL QUESTION
IT WOULD MARRY A COW
.
.
.
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CHAPTER 12. Glossar y of Lo go Primitive Commands

7KLV� FKDSWHU� OLVWV� WKH� SULPLWLYH� FRPPDQGV� LQFOXGHG� LQ� WKH� 7,� /RJR� V\VWHP� WRJHWKHU� ZLWK� WKHLU
DEEUHYLDWLRQV�DQG�H[DPSOHV�RI�KRZ�PDQ\�RI�WKHP�DUH�XVHG��$V�LQ�WKH�UHVW�RI�WKLV�ERRN��ZKHQ�ZH�ZLVK�WR
HPSKDVL]H�WKH�GLVWLQFWLRQ�EHWZHHQ�ZKDW�WKH�XVHU�W\SHV�DQG�ZKDW�WKH�FRPSXWHU�UHVSRQGV��ZH�KDYH�SULQWHG
WKH�ODWWHU�LQ�LWDOLFV�

12.1. Graphics Commands

7KHVH�DUH�/RJR
V�FRPPDQGV�IRU�FRQWUROOLQJ�WKH�JUDSKLFV�VFUHHQ�XVLQJ�WKH�WXUWOH��VSULWHV��DQG�WLOHV�

BACK �$EEUHYLDWHG�BK�

([DPSOH�

BACK 100
^WXUWOH�PRYHV�EDFNZDUG�����XQLWV`

7DNHV�RQH�QXPEHU�DV�LQSXW�DQG�PRYHV�WKH�DFWLYH�WXUWOH�RU�VSULWH�WKDW�PDQ\�XQLWV�LQ�WKH�RSSRVLWH
GLUHFWLRQ�IURP�ZKLFK�LW�LV�IDFLQJ�

BACKGROUND �$EEUHYLDWHG�BG�

([DPSOH�

TELL BACKGROUND
SETCOLOR :RED
^VFUHHQ�EDFNJURXQG�ZLOO�QRZ�EH�UHG`

8VHG�ZLWK�7(//�WR�GLUHFW�JUDSKLFV�FRPPDQGV�WR�WKH�EDFNJURXQG�

BIG

7DNHV�QR�LQSXW��&KDQJHV�DOO�VSULWH����[����XQLWV�RQ�D�VLGH��UDWKHU�WKDQ�WKHLU�XVXDO����[����VL]H�
6HH�60$//�DQG�6,=(���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��
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CARRY

([DPSOH�

CARRY :TRUCK
^DFWLYH�VSULWH�QRZ�KDV�WKH�758&.�VKDSH��QXPEHU���`

7DNHV�RQH�QXPHULF�LQSXW�LQ�WKH�UDQJH���WKURXJK������1XPEHUV�RXWVLGH�WKLV�UDQJH�ZLOO�EH�UHGXFHG
PRGXOR�����WKDW�LV��UHGXFHG�WR�WKH�UHPDLQGHU�DIWHU�GLYLGLQJ�E\������7HOOV�WKH�DFWLYH�VSULWH�WR
�FDUU\��WKH�FRUUHVSRQGLQJ�VKDSH�

CLEARSCREEN �$EEUHYLDWHG�CS�

7DNHV�QR�LQSXWV��&OHDUV�WKH�VFUHHQ�

COLOR

7DNHV�QR�LQSXWV��2XWSXWV�WKH�FRORU�QXPEHU�RI�WKH�DFWLYH�VSULWH�RU�WLOH��,I�WKH�WXUWOH�LV�DFWLYH�
RXWSXWV�WKH�WXUWOH
V�SHQ�FRORU�

COLORBACKGROUND �$EEUHYLDWHG�CB�

([DPSOH�

COLORBACKGROUND :BLUE

LV�HTXLYDOHQW�WR

TELL BACKGROUND SETCOLOR :BLUE

H[FHSW�WKDW�LW�GRHV�QRW�DOWHU�WKH�DFWLYH�VSULWH��DV�GRHV�XVLQJ�7(//��&2/25%$&.*5281'�WDNHV
RQH�QXPHULF�LQSXW�LQ�WKH�UDQJH���WKURXJK����

�1XPEHUV�RXWVLGH�WKLV�UDQJH�ZLOO�EH�UHGXFHG�PRGXOR�����WKDW�LV��UHGXFHG�WR�WKH�UHPDLQGHU�DIWHU
GLYLGLQJ�E\������,W�VHWV�WKH�VFUHHQ�EDFNJURXQG�WR�WKH�FRUUHVSRQGLQJ�FRORU�

DOT

([DPSOH�

DOT 30 30

7DNHV�WZR�QXPHULF�LQSXWV��[�DQG�\�FRRUGLQDWHV��DQG�SODFHV�D�GRW�DW�WKH�GHVLJQDWHG�SRLQW�RQ�WKH
WXUWOH�VFUHHQ�
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EACH

([DPSOH�

TELL :ALL
EACH [SETHEADING 10 * YOURNUMBER]

7DNHV� D� OLVW� RI� FRPPDQGV�DV� LQSXWV�� DQG� UXQV� WKH� OLVW� IRU� HDFK�DFWLYH� VSULWH��7KH�RSHUDWLRQ
<285180%(5�ZKHQ�XVHG�ZLWKLQ�WKH�OLVW�UHWXUQV�WKH�QXPEHU�RI�WKH�VSULWH�

FORWARD �$EEUHYLDWHG�FD�

([DPSOH�

FORWARD 50
^WXUWOH�RU�VSULWH�PRYHV�IRUZDUG����XQLWV`

7DNHV�RQH�QXPHULF�LQSXW��0RYHV�WKH�FXUUHQWO\�DFWLYH�WXUWOH�RU�VSULWH�WKH�GHVLJQDWHG�QXPEHU�RI
XQLWV�LQ�WKH�GLUHFWLRQ�LQ�ZKLFK�LW�LV�IDFLQJ��'UDZV�D�OLQH�LI�WKH�WXUWOH
V�SHQ�LV�GRZQ�

FREEZE

7DNHV�QR�LQSXWV��6WRSV�PRWLRQ�RI�DOO�VSULWHV�RQ�WKH�VFUHHQ��0RWLRQ�LV�UHVXPHG�ZLWK�7+$:�

HEADING

([DPSOH�

SETHEADING HEADING + 10
^URWDWHV�WKH�WXUWOH����GHJUHHV�FORFNZLVH`

7DNHV�QR�LQSXWV��2XWSXWV�KHDGLQJ�RI�WKH�FXUUHQWO\�DFWLYH�WXUWOH�RU�VSULWH�DV�D�QXPEHU�EHWZHHQ
��DQG�����

HIDETURTLE �$EEUHYLDWHG�HT�

7DNHV�QR�LQSXWV��0DNHV�WKH�WXUWOH�SRLQWHU�GLVDSSHDU�

HOME

7DNHV�QR�LQSXWV��0RYHV�WKH�WXUWOH�WR�WKH�FHQWHU�RI�WKH�VFUHHQ��SRLQWLQJ�VWUDLJKW�XS��0RYHV�WKH
DFWLYH�VSULWH�WR�WKH�FHQWHU�RI�WKH�VFUHHQ�ZLWKRXW�FKDQJLQJ�WKH�KHDGLQJ�
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LEFT �$EEUHYLDWHG�LT�

([DPSOH�

LEFT 90
^WXUWOH�URWDWHV����GHJUHHV�FRXQWHUFORFNZLVH`

7DNHV� RQH� QXPHULF� LQSXW�� 5RWDWHV� WKH� FXUUHQWO\� DFWLYH� WXUWOH� RU� VSULWH� WKDW� PDQ\� GHJUHHV
FRXQWHUFORFNZLVH�

LOOKLIKE

7DNHV�RQH�QXPHULF�LQSXW��6\QRQ\P�IRU�&$55<�

MAKECHAR �$EEUHYLDWHG�MC�

7DNHV� RQH�QXPHULF� LQSXW� LQ� WKH� UDQJH� �� WKURXJK������ �1XPEHUV� RXWVLGH� WKLV� UDQJH�ZLOO� EH
UHGXFHG�PRGXOR������WKDW�LV��UHGXFHG�WR�WKH�UHPDLQGHU�DIWHU�GLYLGLQJ�E\�������(QDEOHV�\RX�WR
GHILQH�RU�HGLW�WKH�FRUUHVSRQGLQJ�FKDUDFWHU�VKDSH��6HH�6HFWLRQ�����

MAKESHAPE �$EEUHYLDWHG�MS�

7DNHV�RQH�QXPHULF�LQSXW�LQ�WKH�UDQJH���WKURXJK������1XPEHUV�RXWVLGH�WKLV�UDQJH�ZLOO�EH�UHGXFHG
PRGXOR�����WKDW�LV��UHGXFHG�E\�WKH�UHPDLQGHU�DIWHU�GLYLGLQJ�E\������(QDEOHV�\RX�WR�GHILQH�RU�HGLW
WKH�FRUUHVSRQGLQJ�VSULWH�VKDSH��6HH�6HFWLRQ�����

NOTURTLE

7DNHV�QR�LQSXWV��([LWV�WXUWOH�PRGH�

NUMBEROF

([DPSOH�

PRINT NUMBEROF WHO

7DNHV�RQH�LQSXW��8VXDOO\�XVHG�LQ�FRQMXQFWLRQ�ZLWK�:+2�WR�UHWXUQ�WKH�QXPEHU�RI�WKH�DFWLYH
VSULWH�

PENDOWN �$EEUHYLDWHG�PD�

7DNHV�QR�LQSXWV��&DXVHV�WKH�WXUWOH�WR�OHDYH�D�WUDLO�ZKHQ�LW�PRYHV�
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PEN ERASE $EEUHYLDWHG�PE�

7DNHV�QR�LQSXWV��&DXVHV�WKH�WXUWOH�WR�HUDVH��WKDW�LV��FKDQJH�WR�WKH�EDFNJURXQG�FRORU��DQ\�SRLQWV
WKDW�LW�SDVVHV�RYHU�

PEN REVERSE �$EEUHYLDWHG�PR�

7DNHV�QR�LQSXWV��&DXVHV�WKH�WXUWOH�WR�UHYHUVH�DQ\�SRLQW�LW�SDVVHV�RYHU��7KH�HIIHFW�LV�WKDW�WKH�WXUWOH
ZLOO�GUDZ��XQOHVV�LW�LV�UHWUDFLQJ�D�OLQH��LQ�ZKLFK�FDVH�WKH�OLQH�ZLOO�EH�HUDVHG�

PENUP �$EEUHYLDWHG�PU�

7DNHV�QR�LQSXWV��&DXVHV�WKH�WXUWOH�WR�PRYH�ZLWKRXW�OHDYLQJ�D�WUDLO�

PUTTILE �$EEUHYLDWHG�PT�

([DPSOH�

PUTTILE 100 16 12
^WLOH�QXPEHU�����DSSHDUV�DW�WKH�FHQWHU�RI�WKH�VFUHHQ`

7DNHV�D�WLOH�QXPEHU�DQG�URZ�DQG�FROXPQ�QXPEHUV�DV�LQSXWV��3ODFHV�WKH�WLOH�DW�WKH�GHVLJQDWHG�URZ
DQG�FROXPQ�

RIGHT �$EEUHYLDWHG�RT�

([DPSOH�

RIGHT 45
^WXUWOH�URWDWHV����GHJUHHV�FORFNZLVH`

7DNHV�RQH�QXPHULF�LQSXW��5RWDWHV�WKH�DFWLYH�WXUWOH�RU�VSULWH�WKDW�PDQ\�GHJUHHV�FORFNZLVH�
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SETCOLOR �$EEUHYLDWHG�SC�

([DPSOH�

TELL SPRITE 5
SETCOLOR :RED
^VSULWH���LV�QRZ�UHG`
TELLTILE 100
SETCOLOR [6 15]
^WLOH�����QRZ�KDV�IRUHJURXQG�FRORU�UHG�DQG�EDFNJURXQG�FRORU�ZKLWH`

)RU�VSULWHV��WDNHV�DV�LQSXW�D�QXPEHU�LQ�WKH�UDQJH���WKURXJK������1XPEHUV�RXWVLGH�WKLV�UDQJH�ZLOO
EH�UHGXFHG�PRGXOR�����WKDW�LV��UHGXFHG�WR�WKH�UHPDLQGHU�DIWHU�GLYLGLQJ�E\������&KDQJHV�WKH�DFWLYH
VSULWH�WR�WKDW�FRORU��7KH�&2/25�RI�WKH�WXUWOH�LV�WKH�FRORU�LQ�ZKLFK�LW�GUDZV��:LWK�WLOHV�RU�WKH
WXUWOH� 6(7&2/25� FDQ� DOVR� WDNH� DV� LQSXW� D� OLVW� RI� WZR� FRORU� QXPEHUV�� ZKLFK� VSHFLI\� WKH
IRUHJURXQG�DQG�EDFNJURXQG�FRORUV�

SETHEADING �$EEUHYLDWHG�SH�

([DPSOH�

SETHEADING 180
^WXUWOH�QRZ�IDFHV�VWUDLJKW�GRZQ`

7DNHV�RQH�QXPHULF�LQSXW��5RWDWHV�WKH�DFWLYH�VSULWH�RU�WXUWOH�WR�SRLQW�LQ�WKH�GLUHFWLRQ�VSHFLILHG�
7KH�LQSXW�LV�LQWHUSUHWHG�DV�D�QXPEHU�LQ�GHJUHHV��=HUR�LV�VWUDLJKW�XS��ZLWK�KHDGLQJ�LQFUHDVLQJ
FORFNZLVH�

SETSPEED �$EEUHYLDWHG�SS�

([DPSOH�

TELL SPRITE 10
SETSPEED 100

7DNHV�DV�LQSXW�D�QXPEHU�LQ�WKH�UDQJH������WKURXJK������6HWV�WKH�VSHHG�RI�WKH�DFWLYH�VSULWH�

SHAPE

7DNHV�QR�LQSXW��5HWXUQV�WKH�VKDSH�QXPEHU�RI�WKH�DFWLYH�VSULWH�

SHOWTURTLE �$EEUHYLDWHG�ST�

7DNHV�QR�LQSXWV��0DNHV�WKH�WXUWOH�SRLQWHU�DSSHDU�
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SIZE

7DNHV�QR�LQSXWV��2XWSXWV����LI�VSULWHV�DUH�FXUUHQWO\�60$//�DQG����LI�WKH\�DUH�%,*���1RW�LQFOXGHG
LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��

SMALL

7DNHV�QR�LQSXWV��0DNHV�VSULWHV����[����XQLWV�LQ�VL]H��6HH�%,*���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH
RI�7,�/RJR��

SPEED

7DNHV�QR�LQSXWV��2XWSXWV�WKH�VSHHG�RI�WKH�FXUUHQWO\�DFWLYH�VSULWH�

SPRITE

([DPSOH�

TELL SPRITE 5
SETSPEED 100

7DNHV�RQH�QXPHULF�LQSXW�LQ�WKH�UDQJH���WKURXJK�����8VHG�ZLWK�7(//�LQ�RUGHU�WR�GLUHFW�JUDSKLFV
FRPPDQGV�WR�D�VSULWH�

SV

([DPSOH�

TELL SPRITE 5
SV 30 30

7DNHV�WZR�QXPHULF�LQSXWV��ZKLFK�DUH�XVHG�WR�VHW�WKH�[�DQG�\�YHORFLW\�FRPSRQHQWV�RI�WKH�DFWLYH
VSULWH�

SX

7DNHV�RQH�QXPHULF�LQSXW��0RYHV�WKH�FXUUHQWO\�DFWLYH�VSULWH�RU�WXUWOH�KRUL]RQWDOO\�WR�WKH�VSHFLILHG
FRRUGLQDWH�

SXV

7DNHV�RQH�QXPHULF�LQSXW��6HWV�WKH�[�YHORFLW\�FRPSRQHQW�RI�WKH�DFWLYH�VSULWH�
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SXY

([DPSOH�

SXY 80 50
^WXUWOH�PRYHV�WR�SRVLWLRQ��������`

7DNHV�WZR�QXPHULF�LQSXWV��0RYHV�WKH�FXUUHQWO\�DFWLYH�VSULWH�RU�WXUWOH�WR�WKH�VSHFLILHG�SRLQW�
ZKHUH�������LV�FHQWHU�RI�VFUHHQ�

SY

7DNHV�RQH�QXPHULF�LQSXW�DQG�PRYHV�WKH�FXUUHQWO\�DFWLYH�VSULWH�RU�WXUWOH�YHUWLFDOO\�WR�WKH�VSHFLILHG
FRRUGLQDWH�

SYV

7DNHV�RQH�QXPHULF�LQSXW��6HWV�WKH�\�YHORFLW\�FRPSRQHQW�RI�WKH�DFWLYH�VSULWH�

TELL

([DPSOHV�

TELL SPRITE 1
TELL TILE 50
TELL TURTLE
TELL BACKGROUND
TELL [1 5 8]
TELL 10

8VHG�WR�GLUHFW�VXEVHTXHQW�JUDSKLFV�FRPPDQGV�WR�DQ�REMHFW��ZKLFK�EHFRPHV�WKH��DFWLYH�REMHFW��
,I�XVHG�ZLWK�D�OLVW�RI�QXPEHUV��FRPPDQGV�DUH�GLUHFWHG�WR�DOO�VSULWHV�LQ�WKH�OLVW��7(//�XVHG�ZLWK
D�QXPEHU��DV�LQ�WKH�ILQDO�H[DPSOH�DERYH��GHVLJQDWHV�D�VSULWH�

THAW

7DNHV�QR�LQSXWV��5HVWRUHV�PRWLRQ�WKDW�ZDV�VWRSSHG�E\�)5((=(�

TILE

([DPSOH�

TELLTILE 100
SETCOLOR :RED

8VHG�ZLWK�7(//�LQ�RUGHU�WR�GHVLJQDWH�DQ�DFWLYH�WLOH�
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TURTLE

7DNHV�QR�LQSXWV��8VHG�ZLWK�WHOO�LQ�RUGHU�WR�VSHFLI\�WKH�WXUWOH�

WHERE

7DNHV�QR�LQSXWV��,I�WKH�WXUWOH�LV�WKH�FXUUHQWO\�DFWLYH�REMHFW��RXWSXWV�D�OLVW�RI�WKUHH�QXPEHUV��WKH
[�FRRUGLQDWH��\�FRRUGLQDWH��DQG�KHDGLQJ�

WHO

7DNHV�QR� LQSXWV��2XWSXWV� WKH� FXUUHQWO\� DFWLYH� JUDSKLFV� REMHFW� �DV� VSHFLILHG� E\� WKH� SUHYLRXV
7(//��

XCOR

([DPSOH�

SETXXCOR + 10
^PRYHV�WKH�WXUWOH����XQLWV�WR�WKH�ULJKW`

7DNHV�QR�LQSXWV��2XWSXWV�WKH�[�FRRUGLQDWH�RI�WKH�WXUWOH�RU�FXUUHQWO\�DFWLYH�VSULWH�

XVEL

7DNHV�QR�LQSXWV��2XWSXWV�WKH�[�YHORFLW\�FRPSRQHQW�RI�WKH�FXUUHQWO\�DFWLYH�VSULWH�

YCOR

7DNHV�QR�LQSXWV��2XWSXWV�WKH�\�FRRUGLQDWH�RI�WKH�WXUWOH�RU�FXUUHQWO\�DFWLYH�VSULWH�

YOURNUMBER �$EEUHYLDWHG�YN�

7DNHV�QR�LQSXWV��2XWSXWV�WKH�QXPEHU�RI�WKH�FXUUHQWO\�DFWLYH�VSULWH��1RUPDOO\�XVHG�LQVLGH�D
FRPPDQG�OLVW�ZLWK�($&+�

YVEL

7DNHV�QR�LQSXWV��2XWSXWV�WKH�\�YHORFLW\�FRPSRQHQW�RI�WKH�FXUUHQWO\�DFWLYH�VSULWH�
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12.2. Numeric O perations

7KHVH�DUH�/RJR
V�EXLOW�LQ�IDFLOLWLHV�IRU�SHUIRUPLQJ�RSHUDWLRQV�ZLWK�QXPEHUV��1XPEHUV�KDQGOHG�E\�/RJR
PXVW�EH�LQWHJHUV�LQ�WKH�UDQJH���������WKURXJK�������

+

([DPSOH�

PRINT 5 + 2
7

7DNHV�WZR�QXPEHUV�DV�LQSXWV��DQG�RXWSXWV�WKHLU�VXP�

-

([DPSOH�

PRINT 5 - 2
3
PRINT 1 + (- 2)
-1

:LWK�WZR�QXPHULF�LQSXWV��RXWSXWV�WKHLU�GLIIHUHQFH��:LWK�RQH�QXPHULF�LQSXW��RXWSXWV�LWV�QHJDWLYH�

*

([DPSOH�

PRINT 5 * 2
10

7DNHV�WZR�QXPHULF�LQSXWV��DQG�RXWSXWV�WKHLU�SURGXFW�

/

([DPSOH�

PRINT 5/2
2
PRINT 6/2
3

2XWSXWV�LWV�ILUVW�LQSXW�GLYLGHG�E\�LWV�VHFRQG��7UXQFDWHV�DQ\�IUDFWLRQDO�SDUW�
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DIFFERENCE

([DPSOH�

PRINT DIFFERENCE 10 6
4

7DNHV�WZR�QXPHULF�LQSXWV��$�SUHIL[�RSHUDWLRQ�HTXLYDOHQW�WR���

PRODUCT

7DNHV�WZR�LQSXWV��$�SUHIL[�RSHUDWLRQ�HTXLYDOHQW�WR�
�

QUOTIENT

7DNHV�WZR�LQSXWV��$�SUHIL[�RSHUDWLRQ�HTXLYDOHQW�WR���

RANDOM

7DNHV�QR�LQSXW��2XWSXWV�D�UDQGRP�QXPEHU�LQ�WKH�UDQJH���WKURXJK���

SUM

7DNHV�WZR�LQSXWV��$�SUHIL[�RSHUDWLRQ�HTXLYDOHQW�WR���

12.3. Word and List O perations

,Q�DGGLWLRQ�WR�QXPEHUV��/RJR�DOVR�LQFOXGHV�RSHUDWLRQV�IRU�GHDOLQJ�ZLWK�ZRUGV��VWULQJV�RI�FKDUDFWHUV��DQG
OLVWV��VWUXFWXUHG�FROOHFWLRQV�RI�GDWD��

BUTFIRST �$EEUHYLDWHG�BF�

([DPSOH�

PRINT BUTFIRST [THIS IS A LIST]
IS A LIST
PRINT BUTFIRST "ABRACADABRA
BRACADABRA

,I�LQSXW�LV�D�OLVW��RXWSXWV�D�OLVW�FRQWDLQLQJ�DOO�EXW�WKH�ILUVW�HOHPHQW��,I�LQSXW�LV�D�ZRUG��RXWSXWV�D
ZRUG�FRQWDLQLQJ�DOO�EXW�WKH�ILUVW�FKDUDFWHU��%87),567�RI�WKH�HPSW\�OLVW�UHWXUQV�WKH�HPSW\�OLVW�
%87),567�RI�D�VLQJOH�FKDUDFWHU�ZRUG�UHWXUQV�WKH�HPSW\�OLVW�
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BUTLAST �$EEUHYLDWHG�BL�

([DPSOH�

PRINT BUTLAST [THIS IS A LIST]
THIS IS A
PRINT BUTLAST "ABRACADABRA
ABRACADABR

,I�LQSXW�LV�D�OLVW��RXWSXWV�D�OLVW�FRQWDLQLQJ�DOO�EXW�WKH�ODVW�HOHPHQW��,I�LQSXW�LV�D�ZRUG��RXWSXWV�D
ZRUG�FRQWDLQLQJ�DOO�EXW�WKH�ODVW�FKDUDFWHU��%87/$67�RI�WKH�HPSW\�OLVW�UHWXUQV�WKH�HPSW\�OLVW�
%87),567�RI�D�VLQJOH�FKDUDFWHU�ZRUG�UHWXUQV�WKH�HPSW\�OLVW�

FIRST �$EEUHYLDWHG�F�

([DPSOH�

PRINT FIRST [THIS IS A LIST]
THIS
PRINT FIRST "ABRACADABRA
A

,I�LQSXW�LV�D�OLVW��RXWSXWV�WKH�ILUVW�HOHPHQW��,I�LQSXW�LV�D�ZRUG��RXWSXWV�WKH�ILUVW�FKDUDFWHU��),567
RI�WKH�HPSW\�OLVW�UHWXUQV�WKH�HPSW\�OLVW�

FPUT

([DPSOH�

PRINT FPUT [A B][C D]
[A B] C D

7KH�VHFRQG� LQSXW�PXVW�EH�D� OLVW��2XWSXWV�D� OLVW�FRQVLVWLQJ�RI� WKH� ILUVW� LQSXW� IROORZHG�E\�WKH
HOHPHQWV�RI�WKH�VHFRQG�LQSXW�

LAST

([DPSOH�

PRINT LAST [THIS IS A LIST]
LIST
PRINT LAST "ABRACADABRAX
X

,I�LQSXW�LV�D�OLVW��RXWSXWV�WKH�ODVW�HOHPHQW��,I�LQSXW�LV�D�ZRUG��RXWSXWV�WKH�ODVW�FKDUDFWHU��/$67
RI�WKH�HPSW\�OLVW�UHWXUQV�WKH�HPSW\�OLVW�
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LENGTH

([DPSOH�

PRINT LENGTH "ELEPHANT
8
PRINT LENGTH [ALPHA BETA GAMMA]
3
PRINT LENGTH [A [B C D] [E F]]
3

,I�LQSXW�LV�D�ZRUG��RXWSXWV�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�ZRUG��,I�LQSXW�LV�D�OLVW��RXWSXWV�WKH
QXPEHU�RI�LWHPV�LQ�WKH�OLVW���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��

LPUT

([DPSOH�

PRINT LPUT "Z [W X Y]
W X Y Z
PRINT LPUT [A B][C D]
C D [A B]

6HFRQG�LQSXW�PXVW�EH�D�OLVW��2XWSXWV�D�OLVW�FRQVLVWLQJ�RI�WKH�HOHPHQWV�RI�WKH�VHFRQG�LQSXW�IROORZHG
E\�WKH�ILUVW�LQSXW�

REVERSE

([DPSOH�

PRINT REVERSE "APPLESAUCE
ECUASELPPA
PRINT REVERSE [ALPHA BETA GAMMA]
GAMMA BETA ALPHA
PRINT REVERSE [A [B C] [D E]]
[D E][B C] A

,I�LQSXW�LV�D�ZRUG��RXWSXWV�WKH�FKDUDFWHUV�RI�WKH�ZRUG�LQ�UHYHUVH�RUGHU��,I�LQSXW�LV�D�OLVW��RXWSXWV
D�OLVW�RI�WKH�LWHPV�LQ�UHYHUVH�RUGHU���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��
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ROTATE

([DPSOH�

PRINT ROTATE "APPLESAUCE
PPLESAUCEA
PRINT ROTATE [ALPHA BETA GAMMA]
BETA GAMMA ALPHA
PRINT ROTATE [A [B C] [D E]]
[B C][D E] A

,I�LQSXW�LV�D�ZRUG��RXWSXWV�WKH�ZRUG�ZLWK�WKH�ILUVW�FKDUDFWHU�PRYHG�WR�WKH�HQG��WKDW�LV��RXWSXWV

WORD (BUTFIRST :X)(FIRST :X)

,I�LQSXW�LV�D�OLVW��RXWSXWV�WKH�OLVW�ZLWK�WKH�ILUVW�LWHP�PRYHG�WR�WKH�HQG��WKDW�LV��RXWSXWV

LPUT (FIRST :X)(BUTFIRST :X)

�1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��

SENTENCE �$EEUHYLDWHG�SE�

([DPSOH�

PRINT SENTENCE "HELLO "THERE
HELLO THERE
PRINT SENTENCE [THIS IS][A LIST]
THIS IS A LIST
PRINT (SENTENCE "THIS [IS] [A LIST])
THIS IS A LIST
PRINT SENTENCE [[HERE IS] A][NESTED LIST]
[HERE IS] A NESTED LIST

7DNHV�D�YDULDEOH�QXPEHU�RI�LQSXWV���7KH�GHIDXOW�LV�WZR���,I�LQSXWV�DUH�DOO�OLVWV��FRPELQHV�DOO�WKHLU
HOHPHQWV� LQWR� D� VLQJOH� OLVW�� ,I� DQ\� LQSXWV� DUH�ZRUGV�� WKH\� DUH� UHJDUGHG� DV� RQH�ZRUG� OLVWV� LQ
SHUIRUPLQJ�RSHUDWLRQ�

WORD

([DPSOH�

PRINT WORD "MISH "MASH
MISHMASH

7DNHV�WZR�LQSXWV��2XWSXWV�D�ZRUG�WKDW�LV�WKH�FRQFDWHQDWLRQ�RI�WKH�FKDUDFWHUV�RI�LWV�LQSXWV��ZKLFK
PXVW�EH�ZRUGV��
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12.4. Definin g and Editin g Procedures

72�DQG�(',7�DUH�WKH�PRVW�FRPPRQO\�XVHG�RSHUDWLRQV�IRU�FUHDWLQJ�DQG�FKDQJLQJ�SURFHGXUHV��%XW�/RJR
LQFOXGHV�VRPH�RWKHU�RSHUDWLRQV�WKDW�DOORZ�PRUH�DGYDQFHG�PDQLSXODWLRQ�RI�SURFHGXUH�GHILQLWLRQV�

DEFINE �$EEUHYLDWHG�DE�

([DPSOH�

DEFINE "PTSUM [[:X :Y][PRINT :X][PRINT :X + :Y]]

GHILQHV�WKH�SURFHGXUH

TO PTSUM :X :Y
PRINT :X
PRINT :X + :Y
END

7DNHV�WZR�LQSXWV��)LUVW�LV�D�QDPH��DQG�VHFRQG�LV�D�OLVW�ZKRVH�HOHPHQWV�DUH�D�OLVW�RI�LQSXWV�DQG�D
OLVW�IRU�HDFK�OLQH��DQG�GHILQHV�D�SURFHGXUH�DFFRUGLQJO\��1RWH�WKDW�\RX�QRUPDOO\�XVH�72�UDWKHU�WKDQ
'(),1(�LQ�RUGHU�WR�GHILQH�SURFHGXUHV��'(),1(�LV�XVHIXO�IRU�ZULWLQJ�SURFHGXUHV�WKDW�GHILQH�RWKHU
SURFHGXUHV��DV�LQ�WKH�H[WHQGHG�,167$17�V\VWHP�GHVFULEHG�LQ�6HFWLRQ��������

EDIT

([DPSOH�

EDIT SQUARE
^VHWV�XS�SURFHGXUH�648$5(�IRU�HGLWLQJ`

(QWHUV�WKH�SURFHGXUH�HGLWRU�ZLWK�D�JLYHQ�SURFHGXUH��,I�QR�LQSXW�LV�VSHFLILHG��HQWHUV�WKH�HGLWRU�ZLWK
D�EODQN�VFUHHQ�

END

7HUPLQDWHV�D�SURFHGXUH�GHILQLWLRQ�WKDW�LV�W\SHG�LQWR�WKH�HGLWRU��,W�LV�QRW�QHFHVVDU\�WR�W\SH�(1'
DW�WKH�HQG�RI�WKH�ILQDO�GHILQLWLRQ��EXW�LI�\RX�DUH�GHILQLQJ�PRUH�WKDQ�RQH�SURFHGXUH�DW�D�WLPH��WKH
VHSDUDWH�SURFHGXUH�GHILQLWLRQV�PXVW�EH�VHSDUDWHG�E\�(1'�VWDWHPHQWV�
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TEXT

([DPSOH�

TO PTSUM :X :Y
PRINT :X
PRINT :X + :Y
END
PRINTTEXT "PTSUM
[:X :Y][PRINT :X][PRINT :X + :Y]

7DNHV� D� SURFHGXUH� QDPH� DV� LQSXW� DQG� RXWSXWV� SURFHGXUH� WH[W� DV� D� OLVW��ZKRVH� IRUPDW� LV� DV
GHVFULEHG�XQGHU�'(),1(�

TO

%HJLQV�SURFHGXUH�GHILQLWLRQ��(QWHUV�HGLW�PRGH�

12.5. Conditional Ex pressions

/RJR�LQFOXGHV�WZR�EDVLF�IDFLOLWLHV�IRU�DOORZLQJ�WKH�XVHU�WR�ZULWH�SURJUDPV�WKDW�SHUIRUP�WHVWV�DQG�GR
GLIIHUHQW�WKLQJV�GHSHQGLQJ�RQ�WKH�RXWFRPHV��2QH�LV�WKH�,)������7+(1�������(/6(�FRQVWUXFW�WKDW�LV�FRPPRQ
WR�PDQ\�FRPSXWHU�ODQJXDJHV��7KH�RWKHU��7(67������,)7������,))��LV�OHVV�FRPPRQ�EXW�RIWHQ�VLPSOHU�WR�XVH�

BOTH

([DPSOH�

PRINT BOTH (1 + 1 = 2)(5 = 4)
FALSE

7DNHV�WZR�LQSXWV��(DFK�LQSXW�VKRXOG�EH�HLWKHU�758(�RU�)$/6(��2XWSXWV�758(�LI�ERWK�DUH
758(��RWKHUZLVH�RXWSXWV�)$/6(�

EITHER

([DPSOH�

PRINT EITHER (1 + 1 = 2) (5 = 4)
TRUE

7DNHV�WZR�LQSXWV�DQG�RXWSXWV�758(�LI�DW�OHDVW�RQH�LV�758(��RWKHUZLVH�RXWSXWV�)$/6(�

ELSE

8VHG�LQ�,)������7+(1�������(/6(�
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IF

([DPSOH�

IF :X=5 THEN STOP ELSE PRINT "HELLO

8VHG� LQ� WKH� EDVLF� FRQGLWLRQDO� IRUP� ,)� ^FRQGLWLRQ`� 7+(1� ^DFWLRQ�`� (/6(� ^DFWLRQ�`�� 7KH
^FRQGLWLRQ`�LV�WHVWHG��,I�LW�LV�WUXH��^DFWLRQ�`�LV�SHUIRUPHG��,I�LW�LV�IDOVH��^DFWLRQ�`�LV�SHUIRUPHG��7KH
ZRUG�7+(1�LV�RSWLRQDO��7KH�(/6(�^DFWLRQ�`�SDUW�QHHG�QRW�EH�SUHVHQW�

IFF

([HFXWHV�UHVW�RI�OLQH�RQO\�LI�UHVXOW�RI�SUHFHGLQJ�7(67�ZDV�IDOVH��6HH�7(67�

IFT

([HFXWHV�UHVW�RI�OLQH�RQO\�LI�UHVXOW�RI�SUHFHGLQJ�7(67�ZDV�WUXH��6HH�7(67�

NOT

([DPSOH�

IF NOT (1 = 2) PRINT "HELP
HELP

2XWSXWV�758(�LI�LWV�LQSXW�LV�)$/6(��)$/6(�LI�LWV�LQSXW�LV�758(�

TEST

([DPSOH�

TEST "AB=WORD "A "B
IFF PRINT "NO
IFT PRINT "YES
YES

7HVWV�D�FRQGLWLRQ�WR�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�,)7�DQG�,))�

THEN

8VHG�ZLWK�,)������7+(1�������(/6(������
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12.6. Predicates Used with Conditional Ex pressions

7KH�FRQGLWLRQDO�H[SUHVVLRQV�RI�WKH�SUHYLRXV�VHFWLRQ�PDNH�XVH�RI�SUHGLFDWHV��RU�RSHUDWLRQV�WKDW�RXWSXW
HLWKHU�758(�RU�)$/6(��$�SUHGLFDWH�FDQ�EH�DQ\�SURFHGXUH�WKDW�RXWSXWV�WKH�ZRUG�758(�RU�WKH�ZRUG
)$/6(��+HUH�DUH�WKH�SUHGLFDWHV�WKDW�DUH�EXLOW�LQWR�/RJR�

>

([DPSOH�

IF :X >:Y STOP

2XWSXWV�758(�LI�LWV�ILUVW�LQSXW�LV�JUHDWHU�WKDQ�LWV�VHFRQG��)$/6(�RWKHUZLVH�

<

2XWSXWV�758(�LI�LWV�ILUVW�LQSXW�LV�OHVV�WKDQ�LWV�VHFRQG��)$/6(�RWKHUZLVH�

=

([DPSOH�

PRINT 20 = 10 + 10
TRUE
PRINT "A = [A]
FALSE
PRINT [A B] = SENTENCE "A "B
TRUE

,I�ERWK�LQSXWV�DUH�QXPEHUV��FRPSDUHV�WKHP�WR�VHH�LI�WKH\�DUH�QXPHULFDOO\�HTXDO��,I�ERWK�LQSXWV
DUH�ZRUGV��FRPSDUHV�WKHP�WR�VHH�LI�WKH\�DUH�LGHQWLFDO�FKDUDFWHU�VWULQJV��,I�ERWK�LQSXWV�DUH�OLVWV�
FRPSDUHV� WKHP�WR� VHH� LI� WKHLU� FRUUHVSRQGLQJ�HOHPHQWV�DUH� HTXDO��2XWSXWV�758(�RU�)$/6(
DFFRUGLQJO\�

FALSE

2XWSXWV�WKH�ZRUG��)$/6(���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��

GREATER

3UHIL[�IRUP�RI�!�
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IS

([DPSOH�

IF IS 7 3 + 4 PRINT [YES]

7DNHV�WZR�LQSXWV��$�SUHIL[�RSHUDWLRQ�HTXLYDOHQW�WR� �

LESS

3UHIL[�IRUP�RI���

NUMBER?

2XWSXWV�758(�LI�LWV�LQSXW�LV�D�QXPEHU��)$/6(�RWKHUZLVH�

THING?

2XWSXWV�758(�LI�LWV�LQSXW�KDV�D�YDOXH�DVVRFLDWHG�ZLWK�LW�

TRUE

2XWSXWV�WKH�ZRUG��758(���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��

WORD?

2XWSXWV�758(�LI�LWV�LQSXW�LV�D�ZRUG��)$/6(�RWKHUZLVH�
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      *2�LV�RFFDVLRQDOO\�XVHIXO��EXW�LV�HDVLO\�DEXVHG�DQG�FDQ�OHDG�WR�REVFXUH�SURJUDPV��,Q�/RJR��\RX1

FDQ�DOPRVW�DOZD\V�DYRLG�WKH�QHHG�WR�XVH�*2�E\�WDNLQJ�DGYDQWDJH�RI�5(3($7�DQG�RU�SURFHGXUH�FDOOV�
,WHUDWLRQ�FRQVWUXFWV�:+,/(��)25��DQG�VR�RQ��FDQ�DOVR�EH�LPSOHPHQWHG�E\�XVLQJ�581��DV�LOOXVWUDWHG
LQ�6HFWLRQ���������$V�WKH�75,$1*/(�SURFHGXUH�DERYH�VKRZV��RQH�FDQ��LQ�IDFW��XVH�/RJR�WR�SURJUDP�LQ
D�VW\OH�WKDW�LV�W\SLFDO�RI�PRVW�%$6,&�SURJUDPV��7KDW�ZRXOG�EH�OLNH�SRXULQJ�NHWFKXS�RYHU�FDYLDU�
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12.7. Controllin g Procedure Execution

GO

([DPSOH�

TO TRIANGLE :STRING
IF FIRST :STRING=:STRING THEN STOP
LOOP: PRINT :STRING
MAKE "STRING BUTFIRST :STRING
GO "LOOP
END

&RPSDUH�WKLV�H[DPSOH�ZLWK�WKH�75,$1*/(�SURFHGXUH�RI�6HFWLRQ������*2�WDNHV�D�ZRUG�DV�LQSXW
DQG�WUDQVIHUV�WR�WKH�OLQH�ZLWK�WKDW�ODEHO��<RX�FDQ�RQO\��*2�WR�D�ODEHO�ZLWKLQ�WKH�VDPH�SURFHGXUH�
/DEHOV�DUH�GHILQHG�E\�W\SLQJ�WKHP�DW�WKH�EHJLQQLQJ�RI�WKH�LQGLFDWHG�OLQH�IROORZHG�E\�D�FRORQ��*2
LV�YHU\�UDUHO\�XVHG�LQ�/RJR�SURJUDPPLQJ��

OUTPUT �$EEUHYLDWHG�OP�

7DNHV�RQH� LQSXW��&DXVHV� WKH� FXUUHQW�SURFHGXUH� WR� VWRS�DQG�RXWSXW� WKH� UHVXOW� WR� WKH� FDOOLQJ
SURFHGXUH�

REPEAT

([DPSOH�

REPEAT 3 [PRINT "HELLO]
HELLO
HELLO
HELLO

7DNHV�D�QXPEHU�DQG�D�OLVW�DV�LQSXW��581V�WKH�OLVW�WKH�GHVLJQDWHG�QXPEHU�RI�WLPHV�
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RUN

([DPSOH�

MAKE "X [PRINT]
RUN SENTENCE :X 5
5

7DNHV�D�OLVW�DV�LQSXW��([HFXWHV�WKH�OLVW�DV�LI�LW�ZHUH�D�W\SHG�LQ�FRPPDQG�OLQH��7KH�QXPEHU�RI
FKDUDFWHUV�LQ�WKH�OLVW��L�H���WKH�QXPEHU�RI�FKDUDFWHUV�\RX�ZRXOG�JHW�LI�\RX�SULQWHG�LW��JLYHQ�WR�581
PXVW�QRW�H[FHHG�WKH�PD[LPXP�QXPEHU�RI�FKDUDFWHUV�DOORZHG�LQ�D�WRS�OHYHO�FRPPDQG�OLQH��ZKLFK
LV�����FKDUDFWHUV�LQ�WKH�FXUUHQW�LPSOHPHQWDWLRQ�

STOP

&DXVHV�WKH�FXUUHQW�SURFHGXUH�WR�VWRS�DQG�UHWXUQ�FRQWURO�WR�WKH�FDOOLQJ�SURFHGXUH�

12.8. Input and Out put

BEEP

7DNHV�QR�LQSXW��6WDUWV�WKH�FRPSXWHU�SOD\LQJ�D�WRQH���7XUQ�WKH�WRQH�RII�ZLWK�12%((3��

CHARNUM �$EEUHYLDWHG�CN�

7DNHV�D�FKDUDFWHU�DV�LQSXW�DQG�RXWSXWV�WKH�FRGH�QXPEHU�RI�WKDW�FKDUDFWHU��DV�GHILQHG�LQ�WKH�WDEOH
LQ�6HFWLRQ�������
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JOY

([DPSOH�

PRINT JOY 1
9

7DNHV�RQH�LQSXW�QXPEHU��VSHFLI\LQJ�MR\VWLFN���RU����2XWSXWV�D�QXPEHU�ZKLFK�GHSHQGV�RQ�WKH
MR\VWLFN�SRVLWLRQ�DV�VKRZQ�

,I�WKH�MR\VWLFN
V�EXWWRQ�LV�SUHVVHG�ZKHQ�WKH�FRPPDQG�-2<���RU�-2<���LV�H[HFXWHG��WKH�QXPEHU
RXWSXW�ZLOO�EH�WKH�LQGLFDWHG�QXPEHU�SOXV�����<RX�FDQ�XVH�WKLV�WR�FUHDWH�WKH�HIIHFW�RI�DQ�RQ�RII
EXWWRQ�ZLWK�WKH�MR\VWLFN��)RU�H[DPSOH�

IF (JOY 1 > 10) CLEARSCREEN

ZLOO�FOHDU�WKH�VFUHHQ�ZKHQHYHU�WKLV�FRPPDQG�LV�JLYHQ�ZLWK�MR\VWLFN�O
V�EXWWRQ�SUHVVHG�GRZQ���7KH
EXWWRQ�HIIHFW�LV�QRW�LQFOXGHG�LQ�WKH�RULJLQDO�7,�/RJR��

:DUQLQJ��-2<���DQG�-2<���ZLOO�RXWSXW�LQFRUUHFW�YDOXHV�LI�WKH�$/3+$�/2&.�NH\�LV�GRZQ�

NOBEEP

7DNHV�QR�LQSXWV��6WRSV�WKH�WRQH�VWDUWHG�E\�%((3�
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PRINT

([DPSOH�

PRINT "HI
HI
PRINT [HELLO OUT THERE]
HELLO OUT THERE

3ULQWV�LWV�LQSXW�DQG�PRYHV�FXUVRU�WR�WKH�QH[W�VFUHHQ�OLQH��:KHQ�35,17�SULQWV�OLVWV��WKH�RXWHUPRVW�SDLU
RI�EUDFNHWV�LV�QRW�SULQWHG�

PRINTCHAR �$EEUHYLDWHG�PC�

7DNHV�D�WLOH�QXPEHU�DV�LQSXW��DQG�SULQWV�WKH�FRUUHVSRQGLQJ�WLOH��FKDUDFWHU��DW�WKH�FXUUHQW�FXUVRU
SRVLWLRQ�

RC?

7DNHV�QR�LQSXWV��2XWSXWV�758(�LI�D�NH\ERDUG�FKDUDFWHU�LV�SHQGLQJ��L�H���WKH�FKDUDFWHU�LQSXW
EXIIHU�LV�QRW�HPSW\���RWKHUZLVH�RXWSXWV�)$/6(�

READCHAR �$EEUHYLDWHG�RC�

7DNHV�QR�LQSXWV��2XWSXWV�WKH�OHDVW�UHFHQW�FKDUDFWHU�LQ�WKH�FKDUDFWHU�EXIIHU��RU�LI�HPSW\��ZDLWV
IRU�DQ�LQSXW�FKDUDFWHU�

READLINE �$EEUHYLDWHG�RL�

7DNHV�QR�LQSXWV��:DLWV�IRU�DQ�LQSXW�OLQH�WR�EH�W\SHG��WHUPLQDWHG�ZLWK�ENTER��2XWSXWV�WKH�OLQH
�DV�D�OLVW��

TYPE

/LNH�35,17��EXW�GRHV�QRW�PRYH�FXUVRU�WR�WKH�QH[W�OLQH�DIWHU�SULQWLQJ�

WAIT

7DNHV�RQH�QXPHULF�LQSXW�DQG�SDXVHV�WKH�FRPSXWHU�IRU�WKDW�PDQ\�VL[WLHWKV�RI�D�VHFRQG�
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12.9. Namin g

CALL

([DPSOH�

CALL 7 "LUCKYNUMBER
CALL [ALPHA BETA GAMMA] "TESTWORDS

(TXLYDOHQW�WR�0$.(�ZLWK�WKH�RUGHU�RI�WKH�LQSXWV�UHYHUVHG�

MAKE

([DPSOH�

MAKE "APPLE 50
PRINT :APPLE
50

7DNHV�WZR�LQSXWV��WKH�ILUVW�RI�ZKLFK�PXVW�EH�D�ZRUG��$VVLJQV�WKH�VHFRQG�LQSXW�WR�EH�WKH�YDOXH
DVVRFLDWHG�ZLWK�WKH�ILUVW�LQSXW�

THING

([DPSOH�

MAKE "APPLE 50
PRINT THING "APPLE
50

2XWSXWV�WKH�YDOXH�RI�LWV�LQSXW��ZKLFK�PXVW�EH�D�ZRUG���7+,1*��;;;�FDQ�EH�DEEUHYLDWHG�DV��;;;�
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12.10. Filin g and Mana ging Works pace

:RUNVSDFH� FRQVLVWV� RI� DOO� FXUUHQWO\� GHILQHG� SURFHGXUHV� DQG� DOO� QDPHV� DQG� WKHLU� DVVRFLDWHG� YDOXHV�
:RUNVSDFHV�FDQ�EH�VWRUHG�LQ�ILOHV�RQ�GLVN�RU�RQ�FDVVHWWH�WDSH�

ERASE

([DPSOH�

ERASE SQUARE or ERASE "SQUARE
^JHWV�ULG�RI�WKH�SURFHGXUH�QDPHG�648$5(`
ERASE :X or ERASE ax
^JHWV�ULG�RI�WKH�YDULDEOH�QDPHG�;`

Warning ��(5$6(��;�HUDVHV�ERWK�D�YDULDEOH�DQG�D�SURFHGXUH�QDPHG�;�

PA

3ULQWV�DOO�SURFHGXUHV�DQG�QDPHV�

PN

3ULQWV�DOO�FXUUHQWO\�GHILQHG�QDPHV�

PO

([DPSOH�

PO SQUARE
TO SQUARE
REPEAT 4 [FORWARD 50 RIGHT 90]
END

7DNHV�D�SURFHGXUH�QDPH�DV�LQSXW�DQG�SULQWV�WKH�GHILQLWLRQ�RI�WKH�SURFHGXUH�

PP

3ULQWV�WKH�WLOH�OLQHV�RI�DOO�FXUUHQWO\�GHILQHG�SURFHGXUHV�

PRINTOUT

7DNHV�QR�LQSXWV��3ULQWV�DOO�\RXU�SURFHGXUHV�RQ�D�WKHUPDO�SULQWHU�RU�56����SULQWHU��6HH�6HFWLRQ
������1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��
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RECALL

7DNHV�QR�LQSXWV��5HDGV�LQIRUPDWLRQ�IURP�WKH�FDVVHWWH�WDSH�RU�WKH�GLVN��6HH�6HFWLRQ�����

SAVE

7DNHV�QR�LQSXWV��7UDQVPLWV�LQIRUPDWLRQ�WR�FDVVHWWH�WDSH�RU�GLVN��6HH�6HFWLRQ�����

12.11. Music Primitives

7,�/RJR�,,�LQFOXGHV�WKH�DELOLW\�WR�JHQHUDWH�PXVLF�LQ�XS�WR�WKUHH�YRLFH�KDUPRQ\��<RX�FRQVWUXFW�PXVLF�E\
XVLQJ�FRPPDQGV��VXFK�DV�127(��DQG�SODFH�WKH�QRWHV�LQ�D�PXVLF�EXIIHU��$IWHUZDUGV��\RX�XVH�WKH�FRPPDQG
3/$<086,&�WR�SOD\�WKH�QRWHV�WKDW�KDYH�EHHQ�SODFHG�LQ�WKH�EXIIHU�

CHROMATIC

&KDQJHV�PHDQLQJ�RI�SLWFK�GHVLJQDWLRQV��6HH�0$-25�

DRUM

([DPSOH�

DRUM [3468]

7DNHV�D�OLVW�RI�QXPEHUV�DV�LQSXW��DQG�VLJQDOV�D��GUXPEHDW��ZLWK�WKH�GHVLJQDWHG�GXUDWLRQV�EHWZHHQ
EHDWV���%HDWV��DUH�SODFHG�LQ�WKH�PXVLF�EXIIHU�WR�EH�SOD\HG�E\�3/$<086,&�

LEGATO

&RQWUROV��GHDG�WLPH��LQVHUWHG�EHWZHHQ�QRWHV��6HH�67$&&$72�

LOOPMUSIC

3OD\V�WKH�PXVLF�LQ�WKH�EXIIHU�UHSHDWHGO\��<RX�FDQ�FRQWLQXH�WR�H[HFXWH�/RJR�FRPPDQGV�ZKLOH
PXVLF�LV�SOD\LQJ��7R�VWRS�PXVLF��XVH�6(792,&(���

MAJOR

$V�RSSRVHG�WR�&+520$7,&��&KDQJHV�WKH�PHDQLQJV�RI�WKH�SLWFK�GHVLJQDWLRQV��,Q�0$-25�PRGH�
�� LV�PLGGOH�&�DQG�HDFK�XQLW� LV�D�QRWH�RQ�WKH�&�VFDOH�� ,Q�&+520$7,&�PRGH��HDFK�XQLW� LV� D
KDOI�VWHS��&+520$7,&�LV�WKH�GHIDXOW�
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MUSIC

([DPSOH�

MUSIC [0 3 5 7][4 2 2 8]
RU
MUSIC [0 3 5 7]4

7DNHV�DV�LQSXW�WZR�OLVWV��D�OLVW�RI�SLWFKHV�DQG�D�OLVW�RI�GXUDWLRQV��DQG�SODFHV�WKHVH�LQ�WKH�PXVLF
EXIIHU��,I�WKH�OLVWV�DUH�QRW�RI�WKH�VDPH�OHQJWK��WKH�ORQJHU�RQH�LV�WUXQFDWHG��,I�D�VLQJOH�QXPEHU�LV
VSHFLILHG�DV�WKH�GXUDWLRQ��WKDW�GXUDWLRQ�LV�XVHG�IRU�HDFK�RI�WKH�SLWFKHV��9ROXPH�LV�WDNHQ�DV�WKH
YDOXH�VSHFLILHG�E\�WKH�SUHYLRXV�6(792/80(�FRPPDQG�

NOTE

([DPSOH�

NOTE 3 8 7

7DNHV�WKUHH�QXPEHUV�DV�LQSXWV��VSHFLI\LQJ�WKH�GXUDWLRQ��SLWFK��DQG�YROXPH�IRU�D�QRWH��DQG�SODFHV
WKDW�QRWH�LQ�WKH�PXVLF�EXIIHU�

PLAYNOTE

7KLV�LV�HTXLYDOHQW�WR�SOD\LQJ�D�QRWH�IURP�WKH�PXVLF�EXIIHU��DQG�WKHQ�:$,7LQJ�IRU�WKH�GXUDWLRQ
RI�WKH�QRWH��&RQVHFXWLYH�3/$<127(�FRPPDQGV�ZLOO�SOD\�FRQVHFXWLYH�QRWHV��7KLV�FRPPDQG�FDQ
IXQFWLRQ�ZLWK�RQO\�RQH�YRLFH�DW�D�WLPH��,I�WKH�PXVLF�EXIIHU�FRQWDLQV�QRWHV�IRU�PRUH�WKDQ�RQH�YRLFH�
3/$<127(�ZLOO�XVH�WKH�QRWHV�IRU�WKH�FXUUHQW�YRLFH�DV�GHVLJQDWHG�E\�6(792,&(��3/$<127(
FDQ�EH�XVHG�WR�V\QFKURQL]H�PXVLF�SOD\LQJ�ZLWK�RWKHU�/RJR�FRPPDQGV��DV�LV�LOOXVWUDWHG�LQ�6HFWLRQ
����

PLAYMUSIC �$EEUHYLDWHG�PM�

3OD\V�WKH�PXVLF�LQ�WKH�EXIIHU��/RJR�PXVLF�SOD\V�VLPXOWDQHRXVO\�ZKLOH�FRPPDQGV�DUH�H[HFXWHG�
VR� WKDW� DIWHU� JLYLQJ� WKH� 3/$<086,&� FRPPDQG�� \RX� FDQ� SURFHHG� WR� H[HFXWH� RWKHU� /RJR
FRPPDQGV�ZKLOH�WKH�PXVLF�LV�SOD\LQJ�

REST

7DNHV�D�QXPEHU�DV�LQSXW�DQG�LQVHUWV�D�UHVW�RI�WKDW�GXUDWLRQ�LQ�WKH�PXVLF�EXIIHU�

SETTEMPO

7DNHV�D�QXPEHU�DV�LQSXW�DQG�VHWV�WKH�WHPSR�LQ�FRXQWV�SHU�PLQXWH��:LWK�D�WHPSR�RI�7��D�QRWH�RI
GXUDWLRQ�'�ZLOO�ODVW�����7��
'�VHFRQGV��7KH�GHIDXOW�YDOXH�RI�7�LV�����
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SETVOICE

7DNHV�D�QXPEHU���WKURXJK���DV�LQSXW��O�����RU���VHOHFW�RQH�RI�WKH�WKUHH�YRLFHV��6XEVHTXHQW�QRWH
FRPPDQGV�ZLOO�EH�GLUHFWHG�WR�WKDW�YRLFH��$Q�LQSXW�RI���VHOHFWV�WKH�QRLVH�JHQHUDWRU��$Q�LQSXW�RI
��FOHDUV�WKH�PXVLF�EXIIHU�

SETVOLUME

7DNHV�D�QXPEHU���WKURXJK����DV�LQSXW�DQG�VHWV�WKH�YROXPH�����WKH�GHIDXOW�YROXPH��LV�WKH�VRIWHVW�
���WKH�ORXGHVW�

STACCATO

,Q�FRQWUDVW�WR�/(*$72��WKH�GHIDXOW�FRQGLWLRQ��&RQWUROV��GHDG�WLPH��LQVHUWHG�EHWZHHQ�QRWHV��)RU
/(*$72��D�GHDG�WLPH�RI������VHFRQG�ZLOO�EH�XVHG��)RU�67$&&$72��WKH�QRWH�ZLOO�VRXQG�IRU�����
VHFRQG�DQG�WKH�UHPDLQGHU�ZLOO�EH�GHDG�WLPH��)RU�QRWHV�RI�GXUDWLRQ�OHVV�WKDQ������VHFRQG���Q��������
ZLOO�EH�XVHG�LQ�SODFH�RI������

12.12. Debugging Aids

CONTINUE

7DNHV�QR�LQSXWV��&DQ�VRPHWLPHV�EH�XVHG�WR�UHVXPH�H[HFXWLRQ�IURP�D�SDXVHG�VWDWH��HQWHUHG�YLD

AID�RU�'(%8*��

DEBUG

7DNHV�QR�LQSXWV��&RQWUROV�DQ�RSWLRQ�ZKHUHE\�HUURUV�ZLOO�HQWHU�D�SDXVH�VWDWH��UDWKHU�WKDQ�UHWXUQ
WR�WRS�FRPPDQG�OHYHO��6HH�6HFWLRQ�����

TRACEBACK

7DNHV�QR�LQSXWV��:KHQ�FDOOHG�ZLWKLQ�D�SURFHGXUH��SULQWV�WKH�FKDLQ�RI�SURFHGXUH�FDOOV�IURP�WKH
FXUUHQW�SURFHGXUH�EDFN�WR�WRS�OHYHO�
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12.13. Editin g Commands

7KLV�VHFWLRQ�GHVFULEHV�WKH�VSHFLDO�NH\V�WKDW�DUH�XVHG�ZLWK�WKH�SURFHGXUH�HGLWRU��(DFK�NH\�LV�XVHG�ZKLOH
VLPXOWDQHRXVO\�SUHVVLQJ�WKH�FCTN�NH\�

DUURZ�NH\V

0RYH�WKH�FXUVRU�RQH�VSDFH�XS��GRZQ��ULJKW��RU�OHIW�

BACK

([LWV�WKH�HGLWRU�DQG�SURFHVVHV�GHILQLWLRQV�

BEGIN

0RYHV�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH�FXUUHQW�OLQH�

CLEAR

'HOHWHV�DOO�FKDUDFWHUV�RQ�WKH�FXUUHQW�OLQH��IURP�WKH�FXUVRU�ULJKWZDUGV�

DEL

'HOHWHV�WKH�FKDUDFWHU�DW�WKH�FXUUHQW�FXUVRU�SRVLWLRQ�

ERASE

'HOHWHV�WKH�FKDUDFWHU�WR�WKH�OHIW�RI�WKH�FXUVRU��DQG�PRYHV�WKH�FXUVRU�RQH�VSDFH�WR�WKH�OHIW�

PROC'D

0RYHV�WKH�FXUVRU�WR�WKH�ULJKW�HQG�RI�WKH�FXUUHQW�OLQH�
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12.14. Other S pecial Ke ys

7KLV�VHFWLRQ�GHVFULEHV�VSHFLDO�NH\V�XVHG�LQ�/RJR�RWKHU�WKDQ�IRU�HGLWLQJ�

AID

6WRSV�SURFHGXUH�H[HFXWLRQ�DQG�HQWHUV�D�SDXVH�EUHDN��6HH�6HFWLRQ�����

BACK

6WRSV�H[HFXWLRQ�DQG�UHWXUQV�FRQWURO�WR�WRS�OHYHO��$OVR�XVHG�WR�H[LW�VKDSH�HGLWRUV�

QUIT

5HVHWV�WKH�FRPSXWHU��GHVWUR\LQJ�DOO�SURJUDPV�DQG�GDWD�LQ�PHPRU\��'RQ
W�SUHVV�QUIT�XQOHVV�\RX
DUH�ILQLVKHG�XVLQJ�/RJR�

ERASE

'HOHWHV�WKH�FKDUDFWHU�WR�WKH�OHIW�RI�WKH�FXUVRU�DQG�PRYHV�WKH�FXUVRU�RQH�VSDFH�WR�WKH�OHIW�
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12.15. Miscellaneous Commands

BYE

/HDYHV�7,�/RJR�

CONTENTS

2XWSXWV�D�OLVW�RI�DOO�ZRUGV�FXUUHQWO\�EHLQJ�XVHG�LQ�WKH�ZRUNVSDFH���1RW�LQFOXGHG�LQ�WKH�ILUVW
UHOHDVH�RI�7,�/RJR��

.HELP

3ULQWV�D�OLVW�RI�DOO�WKH�NH\ZRUGV�LQ�7,�/RJR���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��

.GC

)RUFHV�D�JDUEDJH�FROOHFWLRQ��UHFODLPLQJ�XQXVHG�VWRUDJH���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,
/RJR��

.NODES

2XWSXWV�WKH�QXPEHU�RI�FXUUHQWO\�IUHH�QRGHV��7KLV�LV�D�PHDVXUH�RI�KRZ�PXFK�VWRUDJH�LV�DYDLODEOH
LQ�ZRUNVSDFH���1RW�LQFOXGHG�LQ�WKH�ILUVW�UHOHDVH�RI�7,�/RJR��

;

&DXVHV�WKH�UHVW�RI�WKH�OLQH�QRW�WR�EH�HYDOXDWHG���&DQ�EH�XVHG�WR�LQFOXGH�FRPPHQWV�LQ�SURFHGXUHV��
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12.16. Error Messa ges

:KHQ�/RJR�HQFRXQWHUV�DQ�HUURU��LW�VLJQDOV�WKDW�IDFW�E\�KDOWLQJ�SURJUDP�H[HFXWLRQ�DQG�SULQWLQJ�D�PHVVDJH
RI�WKH�IRUP�

^PHVVDJH`
AT LEVEL ^OHYHO`�LINE ^OLQH`�OF ^SURFHGXUH`

)RU�H[DPSOH�

TELL ME HOW TO FORWAXD
AT LEVEL 1 LINE 2 OF BOX

,Q�JHQHUDO��^PHVVDJH`�LV�D�GHVFULSWLRQ�RI�WKH�HUURU��^OLQH`�LV�WKH�OLQH�QXPEHU�DW�ZKLFK�WKH�HUURU
RFFXUUHG��^SURFHGXUH`�LV�WKH�QDPH�RI�WKH�SURFHGXUH�FRQWDLQLQJ�WKDW�OLQH��DQG�^OHYHO`�WHOOV��KRZ
PDQ\�OHYHOV�DZD\�IURP�WRS�OHYHO��/RJR�ZDV�UXQQLQJ�ZKHQ�WKH�HUURU�RFFXUUHG��7KDW�LV�WR�VD\��OHYHO
��PHDQV�WKDW�/RJR�ZDV�H[HFXWLQJ�D�OLQH�GLUHFWO\�W\SHG�LQ��OHYHO���PHDQV�H[HFXWLQJ�D�OLQH�LQ�D
SURFHGXUH�WKDW�ZDV�FDOOHG�DW�OHYHO����OHYHO���PHDQV�H[HFXWLQJ�D�OLQH�LQ�D�SURFHGXUH�WKDW�ZDV�FDOOHG
DW�OHYHO����DQG�VR�RQ�

��TELL ME HOW TO ^VRPHWKLQJ`

7KLV�KDSSHQV�ZKHQ�/RJR�GRHV�QRW�UHFRJQL]H�WKH�QDPH�RI�WKH�SURFHGXUH�\RX�DUH�WU\LQJ�WR�UXQ�
&RPPRQ�FDXVHV�DUH�WKDW�\RX�IRUJRW�WR�GHILQH�WKH�SURFHGXUH�LQ�TXHVWLRQ��RU�WKDW�\RX�XVHG�WKH
ZURQJ�QDPH��7\SLQJ�HUURUV�DOVR�FRPPRQO\�FDXVH�WKLV��)RU�H[DPSOH��LI�\RX�W\SH�)25:$;'����
LQVWHDG�RI�)25:$5'������\RX�ZLOO�JHW�WKH�HUURU�7(//�0(�+2:�72�)25:$;'�

��^VRPHWKLQJ`�HAS NO VALUE

7KLV� KDSSHQV� ZKHQ� \RX� UHIHU� WR� WKH� YDOXH� RI� D� QDPH�� EXW� WKHUH� LV� QR� VXFK� QDPH� LQ� WKH
HQYLURQPHQW��7KH�FDXVHV�DUH�VLPLODU�WR�WKRVH�IRU�WKH��QR�SURFHGXUH��HUURU�PHVVDJH��$QRWKHU�FDXVH
LV�FRQIXVLRQ�EHWZHHQ�WKH�ORFDO�YDULDEOHV�LQ�D�SURFHGXUH�DQG�WKH�JOREDO�YDULDEOHV��)RU�H[DPSOH�
GHILQLQJ�DQG�UXQQLQJ�WKH�SURFHGXUH

TO INC :X
OUTPUT :X + 1
END

FUHDWHV�D�YDULDEOH�;�WKDW�LV�ORFDO�WR�,1&��EXW�WKLV�GRHV�QRW�PHDQ�WKDW�WKHUH�LV�D�JOREDO�YDULDEOH
QDPHG�;�
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��TELL ME MORE

$�SURFHGXUH�ZDV�FDOOHG�ZLWK�WRR�IHZ�LQSXWV�

��NOTHING BEFORE THE ̂ LQIL[�RSHUDWRU`

7KLV�KDSSHQV�ZKHQ�DQ�LQIL[�RSHUDWRU�LV�FDOOHG�ZLWK�QRWKLQJ�EHIRUH�LW��)RU�H[DPSOH�

PRINT * 3

ZLOO�JLYH�WKH�HUURU�127+,1*�%()25(�7+(�
�

��^SULPLWLYH`�DOESN'T LIKE ^GDWD`�AS INPUT

7KLV�KDSSHQV�ZKHQ�\RX�WU\�WR�XVH�DQ�RSHUDWLRQ�ZLWK�D�NLQG�RI�GDWD�WKDW�LW�FDQQRW�KDQGOH��)RU
H[DPSOH��

PRINT 1 + "X

UHVXOWV�LQ���'2(61
7�/,.(�;�$6�,1387�

��TELL ME WHAT TO DO WITH ^GDWD`

7KLV�RFFXUV�LQ�SURFHGXUHV�ZKHQ�\RX�JHQHUDWH�VRPH�GDWD�DQG�WKHQ�GRQ
W�VD\�ZKDW�WR�GR�ZLWK�LW�
�,Q�PRVW�FDVHV��\RX�SUREDEO\�PHDQW�WR�287387�LW���)RU�H[DPSOH�

TO SQUARE :X
:X * :X
END

SQUARE 5
TELL ME WHAT TO DO WITH 25
AT LEVEL 1 LINE 1 OF SQUARE

3HRSOH�RIWHQ�PDNH�WKLV�HUURU�LQ�ZULWLQJ�UHFXUVLYH�SURFHGXUHV�

TO FACTORIAL :N
IF :N = 0 OUTPUT 1
:N * (FACTORIAL :N - 1)
END
PRINT FACTORIAL 1
TELL ME WHAT TO DO WITH 1
AT LEVEL 2 LINE 1 OF FACTORIAL

7KH�SUREOHP�KHUH�LV�WKDW�)$&725,$/�VKRXOG�KDYH�DQ�287387�DW�WKH�EHJLQQLQJ�RI�LWV�VHFRQG
OLQH�
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��^SURFHGXUH`�DIDN'T OUTPUT

7KLV�KDSSHQV�ZKHQ�\RX�WU\�WR�XVH�WKH�YDOXH�UHWXUQHG�E\�D�SURFHGXUH��EXW�WKH�SURFHGXUH�GLGQ
W
RXWSXW�DQ\WKLQJ��)RU�H[DPSOH�

TO PRINT.SQUARE :X
PRINT :X * :X
END

FORWARD PRINT.SQUARE 4
16
PRINT.SQUARE DIDN'T OUTPUT

� OUT OF SPACE

7KLV�KDSSHQV�ZKHQ�\RX�KDYH�XVHG�XS�DOO�DYDLODEOH�VWRUDJH�

��YOU TRIED TO DIVIDE BY ZERO

7KLV�KDSSHQV�ZKHQ�WKH�4827,(17�RU���RSHUDWLRQ�LV�FDOOHG�ZLWK�]HUR�DV�WKH�GLYLVRU�

��^REMHFW`�CAN'T ^VRPHWKLQJ`

7KLV�KDSSHQV�ZKHQ�\RX�WU\�WR�SHUIRUP�D�JUDSKLF�RSHUDWLRQ�ZKHQ�WKH�FXUUHQW�REMHFW�LV�QRW�RI�WKH
W\SH�WKDW�FDQ�GR�WKDW�RSHUDWLRQ��)RU�H[DPSOH�

TELL TURTLE
SETSPEED 100
TURTLE CAN'T SETSPEED

� OUT OF INK

7KH�WXUWOH�KDV�XVHG�XS�DOO�DYDLODEOH�WLOHV�IRU�GUDZLQJ��7R�FRQWLQXH�GUDZLQJ��\RX�PXVW�ILUVW�FOHDU
WKH�VFUHHQ�

��STOPPED

2FFXUV�ZKHQ�\RX�KDYH�SUHVVHG�WKH�BACK �NH\�WR�VWRS�D�SURFHGXUH�

��PAUSED

2FFXUV�ZKHQ�\RX�KDYH�SUHVVHG�WKH�AID�NH\�WR�WHPSRUDULO\�KDOW�D�SURFHGXUH�
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� A LABEL IS OUT OF PLACE

� THEN IS OUT OF PLACE

� ELSE IS OUT OF PLACE

7KHVH�WKUHH�PHVVDJHV�DOO�PHDQ�WKDW�\RX�XVHG�WKH�LQGLFDWHG�SULPLWLYH�LQ�D�FRQWH[W�LQ�ZKLFK�LW
GRHVQ
W�PDNH�VHQVH���$�ODEHO�LV�VLJQDOHG�E\�WKH�����6RPH�OLQHV�WKDW�ZRXOG�JHQHUDWH�VXFK�PHVVDJHV
DUH

PRINT 5 + X:
FORWARD 100 THEN PRINT 5

��^VRPHWKLQJ` WAS GIVEN INSTEAD OF TRUE OR FALSE

$�FRPPDQG�ZKLFK�QHHGV�758(�RU�)$/6(�DV�LQSXW�ZDV�JLYHQ�DQRWKHU�YDOXH�LQVWHDG��7KLV�FDQ
RFFXU�LI�\RX�IRUJHW�WR�LQFOXGH�DQ� �LQ�WKH�LQSXW�WR�,)�RU�7(67�DV�LQ�WKLV�H[DPSOH�

IF HEADING 0 STOP

��^SULPLWLYH` MUST BE IN A PROCEDURE

7KLV�KDSSHQV��IRU�H[DPSOH��LI�\RX�XVH�WKH�287387��6723��RU�*2�FRPPDQGV�GLUHFWO\�DW�WRS�OHYHO
UDWKHU�WKDQ�LQ�D�SURFHGXUH�

� PROCEDURE NOT BEING DEFINED

7KLV�PHDQV�\RX�WULHG�WR�XVH�(1'�DV�D�FRPPDQG�LQ�D�SURFHGXUH�OLQH���<RX�PRVW�OLNHO\�PHDQW�WR
XVH�6723�LQVWHDG���$QRWKHU�ZD\�WR�JHW�WKLV�HUURU�LV�WR�H[SOLFLWO\�LQFOXGH�DQ�(1'�FRPPDQG�LQ�WKH
OLVW�RI�OLQHV�JLYHQ�WR�'(),1(�

� WHERE IS THE LABEL

7KLV�KDSSHQV�LI�\RX�WU\�WR�*2�WR�D�ODEHO�WKDW�ZDV�QRW�GHILQHG�LQ�WKH�SURFHGXUH�

� UNEXPECTED ")"

/RJR�KDV�UXQ�DFURVV�D�FORVH�SDUHQWKHVHV�IRU�ZKLFK�WKHUH�ZDV�QR�FRUUHVSRQGLQJ�RSHQ�SDUHQWKHVHV�

� MISMATCHED BRACKETS

/RJR�KDV�UXQ�DFURVV�D�FORVH�EUDFNHW�IRU�ZKLFK�WKHUH�ZDV�QR�FRUUHVSRQGLQJ�RSHQ�EUDFNHW�
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� TOO MANY SUBLISTS

<RX�WULHG�WR�W\SH�LQ�D�OLVW�WKDW�ZDV�WRR�GHHS��L�H���WRR�PDQ\�OHYHOV�RI�RSHQ�EUDFNHWV���,Q�WKH�FXUUHQW
LPSOHPHQWDWLRQ��WKH�PD[LPXP�LV����

� OUT OF NOTES

7KH�PXVLF�EXIIHU�LV�IXOO��<RX�PXVW�UHVHW�LW��XVLQJ�6(792,&(����EHIRUH�DGGLQJ�PRUH�QRWHV�

� SENTENCE IS TOO LONG

2FFXUV�ZKHQ�WKH�RXWSXW�RI�D�6(17(1&(�FRPPDQG�UHVXOWV�LQ�D�OLVW�WKDW�KDV�WRR�PDQ\�HOHPHQWV�
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13. References

�� $EHOVRQ�� +�� DQG� GL6HVVD�� $�� 7XUWOH� *HRPHWU\�� 7KH� &RPSXWHU� DV� D� 0HGLXP� IRU� H[SORULQJ

0DWKHPDWLFV��0,7�3UHVV��&DPEULGJH��0$�������

�� %DPEHUJHU��-���7KH�'HYHORSPHQW�RI�0XVLFDO�,QWHOOLJHQFH�,��6WUDWHJLHV�IRU�5HSUHVHQWLQJ�6LPSOH
5K\WKPV���0HPR������0,7�$UWLILFLDO�,QWHOOLJHQFH�/DERUDWRU\�������

�� %DPEHUJHU��-���7KH�'HYHORSPHQW�RI�0XVLFDO�,QWHOOLJHQFH�,,��&KLOGUHQ
V�5HSUHVHQWDWLRQ�RI�3LWFK
5HODWLRQV���0HPR������0,7�$UWLILFLDO�,QWHOOLJHQFH�/DERUDWRU\�������

�� %DPEHUJHU��-���/RJR�0XVLF�3URMHFWV��([SHULPHQWV�LQ�0XVLFDO�3HUFHSWLRQ�DQG�'HVLJQ���0HPR�����
0,7�$UWLILFLDO�,QWHOOLJHQFH�/DERUDWRU\�������

�� %RZOHV��.��3UREOHP�6ROYLQJ�8VLQJ�3DVFDO��6SULQJHU�9HUODJ��1HZ�<RUN�������

�� GL6HVVD��$���8QOHDUQLQJ�$ULVWRWHOLDQ�3K\VLFV��$�6WXG\�RI�.QRZOHGJH�%DVHG�/HDUQLQJ���&RJQLWLYH
6FLHQFH��LQ�SUHVV��

�� )HXU]HLJ��:���3DSHUW��6���%ORRP��0���*UDQW��5���DQG�6RORPRQ��&���3URJUDPPLQJ�/DQJXDJHV�DV�D
&RQFHSWXDO�)UDPHZRUN�IRU�7HDFKLQJ�0DWKHPDWLFV���5HSRUW�������%ROW��%HUDQHN�DQG�1HZPDQ�
,QF���1RYHPEHU�������

�� )HXU]HLJ��:���*ROGHQEHUJ��(��3���/XNDV��*���0DQLV��9���5XEHQVWHLQ��5���DQG�6WDFKHO��5�� �7KH
/RJR�6�/DQJXDJH�DQG�WKH�3RUWDEOH�/RJR�6\VWHP���%ROW��%HUDQHN�DQG�1HZPDQ��,QF��������

�� *ROGEHUJ�� $��� 5REVRQ�� '��� DQG� ,QJDOOV�� '�+�+�� 6PDOOWDON����� 7KH� /DQJXDJH� DQG� ,WV

LPSOHPHQWDWLRQ��$GGLVRQ�:HVOH\��5HDGLQJ��0$�������

��� *ROGHQEHUJ��3��6SHFLDO�7HFKQRORJ\�IRU�6SHFLDO�&KLOGUHQ��8QLYHUVLW\�3DUN�3UHVV��%DOWLPRUH�������

��� *UHHQEHUJ��%���1RWHV�RQ�WKH�3URJUDPPLQJ�/DQJXDJH�/LVS���0,7�6WXGHQW�,QIRUPDWLRQ�3URFHVVLQJ
%RDUG�������

��� +RZH��-�$�0���2
6KHD��7���DQG�/DQH��)���7HDFKLQJ�0DWKHPDWLFV�WKURXJK�/RJR�3URJUDPPLQJ��$Q
(YDOXDWLRQ�6WXG\���'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH��8QLYHUVLW\�RI�(GLQEXUJK�������

��� .D\��$���0LFURHOHFWURQLFV�DQG�WKH�3HUVRQDO�&RPSXWHU���6FLHQWLILF�$PHULFDQ��6HSWHPEHU�������

��� 3DSHUW�� 6�� DQG� &�� 6RORPRQ�� �1,0�� $� *DPH�3OD\LQJ� 3URJUDP��� 0HPR� ����� 0,7� $UWLILFLDO
,QWHOOLJHQFH�/DERUDWRU\�������

��� 3DSHUW��6��0LQGVWRUPV��&KLOGUHQ��&RPSXWHUV��DQG�3RZHUIXO�,GHDV��%DVLF�%RRNV��1HZ�<RUN�������

��� 3DSHUW��6���GL6HVVD��$���:DWW��'���DQG�:HLU��6���)LQDO�7HFKQLFDO�5HSRUW�WR�WKH�1DWLRQDO�6FLHQFH
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)RXQGDWLRQ��'RFXPHQWDWLRQ�DQG�$VVHVVPHQW�RI�D�&KLOGUHQ
V�&RPSXWHU�/DERUDWRU\���0HPRV����
����0,7�/RJR�3URMHFW�������

��� :HLU��6���/RJR�DQG�WKH�([FHSWLRQDO�&KLOG���.LOREDXG�0LFURFRPSXWLQJ�������6HSWHPEHU�������

��� :HL]HQEDXP��-��&RPSXWHU�3RZHU�DQG�+XPDQ�5HDVRQ��:��$��)UHHPDQ�	�&R���6DQ�)UDQFLVFR�
�����

��� :LQVWRQ��3��DQG�+RUQ��%��/LVS��$GGLVRQ�:HVOH\��5HDGLQJ��0$�������
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7KLV�6ROLG� 6WDWH� 6RIWZDUH��&RPPDQG�0RGXOH� LV� GHVLJQHG� WR� EH� XVHG�ZLWK� WKH�7H[DV� ,QVWUXPHQWV
FRPSXWHU��,WV�SUHSURJUDPPHG�VROLG�VWDWH�PHPRU\�H[SDQGV�WKH�SRZHU��YHUVDWLOLW\��DQG�FDSDELOLW\�RI�\RXU
FRPSXWHU�

Copyright © 1981 Texas Instruments Incorporated
Command Module program and data base contents copyright © 1981 Texas Instruments Incorporated.
See important warranty information in next section.

14. CARING FOR THE MODULE

7KHVH�PRGXOHV�DUH�GXUDEOH�GHYLFHV��EXW�WKH\�VKRXOG�EH�KDQGOHG�ZLWK�WKH�VDPH�FDUH�\RX�ZRXOG�JLYH�DQ\
RWKHU� SLHFH� RI� HOHFWURQLF� HTXLSPHQW��.HHS� WKH�PRGXOH� FOHDQ� DQG� GU\�� DQG� GRQ
W� WRXFK� WKH� UHFHVVHG
FRQWDFWV�

&$87,21�

7KH�FRQWHQWV�RI�D�&RPPDQG�0RGXOH�FDQ�EH�GDPDJHG�E\�VWDWLF�HOHFWULFLW\�GLVFKDUJHV�

6WDWLF�HOHFWULFLW\�EXLOG�XSV�DUH�PRUH�OLNHO\�WR�RFFXU�ZKHQ�WKH�QDWXUDO�KXPLGLW\�RI�WKH�DLU�LV�ORZ��GXULQJ
ZLQWHU�RU�LQ�DUHDV�ZLWK�GU\�FOLPDWHV���7R�DYRLG�GDPDJLQJ�WKH�PRGXOH��MXVW�WRXFK�DQ\�PHWDO�REMHFW��D
GRRUNQRE��D�GHVN�ODPS��HWF���EHIRUH�KDQGOLQJ�WKH�PRGXOH�

,I�VWDWLF�HOHFWULFLW\�LV�D�SUREOHP�ZKHUH�\RX�OLYH��\RX�PD\�ZDQW�WR�EX\�D�VSHFLDO�FDUSHW�WUHDWPHQW�WKDW
UHGXFHV�VWDWLF�EXLOG�XS��7KHVH�FRPPHUFLDO�SUHSDUDWLRQV�DUH�XVXDOO\�DYDLODEOH�IURP�ORFDO�KDUGZDUH�DQG
RIILFH�VXSSO\�VWRUHV�

15. IN CASE OF DIFFICULTY

,I�WKH�PRGXOH�DFWLYLWLHV�GR�QRW�DSSHDU�WR�EH�RSHUDWLQJ�SURSHUO\��UHWXUQ�WR�WKH�PDVWHU�WLWOH�VFUHHQ�E\
SUHVVLQJ�QUIT��:LWKGUDZ�WKH�PRGXOH��DOLJQ�LW�ZLWK�WKH�PRGXOH�RSHQLQJ��DQG�UHLQVHUW�LW�FDUHIXOO\��7KHQ
SUHVV�DQ\�NH\�WR�PDNH�WKH�PDVWHU�VHOHFWLRQ�OLVW�DSSHDU��5HSHDW�WKH�VHOHFWLRQ�SURFHVV���1RWH��,Q�VRPH
LQVWDQFHV��LW�PD\�EH�QHFHVVDU\�WR�WXUQ�WKH�FRPSXWHU�RII��ZDLW�VHYHUDO�VHFRQGV��DQG�WKHQ�WXUQ�LW�RQ�DJDLQ��

,I� WKH�PRGXOH� LV� DFFLGHQWDOO\� UHPRYHG� IURP� WKH� VORW�ZKLOH� WKH�PRGXOH� FRQWHQWV� DUH�EHLQJ�XVHG�� WKH
FRPSXWHU�PD\�EHKDYH�HUUDWLFDOO\��7R�UHVWRUH� WKH�FRPSXWHU� WR�QRUPDO�RSHUDWLRQ�� WXUQ� WKH�FRPSXWHU
FRQVROH�RII��DQG�ZDLW�D�IHZ�VHFRQGV��7KHQ��UHLQVHUW�WKH�PRGXOH��DQG�WXUQ�WKH�FRPSXWHU�RQ�DJDLQ�

,I�\RX�KDYH�DQ\�GLIILFXOW\�ZLWK�\RXU�FRPSXWHU�RU�WKH�7,�/2*2�,,�PRGXOH��SOHDVH�FRQWDFW�WKH�GHDOHU�IURP
ZKRP�\RX�SXUFKDVHG�WKH�XQLW�DQG�RU�PRGXOH�IRU�VHUYLFH�GLUHFWLRQV�

$GGLWLRQDO�LQIRUPDWLRQ�FRQFHUQLQJ�XVH�DQG�VHUYLFH�FDQ�EH�IRXQG�LQ�\RXU�8VHU
V�5HIHUHQFH�*XLGH�
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16. THREE-MONTH LIMITED WARRANTY
HOME COMPUTER SOFTWARE MODULE

7H[DV� ,QVWUXPHQWV� ,QFRUSRUDWHG� H[WHQGV� WKLV� FRQVXPHU� ZDUUDQW\� RQO\� WR� WKH� RULJLQDO� FRQVXPHU
SXUFKDVHU�

16.1. WARRANTY COVERAGE

7KLV�ZDUUDQW\�FRYHUV�WKH�HOHFWURQLF�DQG�FDVH�FRPSRQHQWV�RI�WKH�VRIWZDUH�PRGXOH�DQG�GLVNHWWH��7KHVH
FRPSRQHQWV�LQFOXGH�DOO�VHPLFRQGXFWRU�FKLSV�DQG�GHYLFHV��SODVWLFV��ERDUGV��ZLULQJ�DQG�DOO�RWKHU�KDUGZDUH
FRQWDLQHG�LQ�WKLV�PRGXOH�DQG�GLVNHWWH���WKH�+DUGZDUH����7KLV�OLPLWHG�ZDUUDQW\�GRHV�QRW�H[WHQG�WR�WKH
SURJUDPV�FRQWDLQHG�LQ�WKH�VRIWZDUH�PRGXOH��WKH�GLVNHWWH��DQG�WKH�DFFRPSDQ\LQJ�ERRN�PDWHULDOV���WKH
3URJUDPV���

7KH�+DUGZDUH� LV� ZDUUDQWHG� DJDLQVW�PDOIXQFWLRQ� GXH� WR� GHIHFWLYH�PDWHULDOV� RU� FRQVWUXFWLRQ�� 7+,6
:$55$17<� ,6� 92,'� ,)� 7+(� +$5':$5(� +$6� %((1� '$0$*('� %<� $&&,'(17�
815($621$%/(�86(��1(*/(&7��,03523(5�6(59,&(�25�27+(5�&$86(6�127�$5,6,1*�287
2)�'()(&76�,1�0$7(5,$/6�25�:25.0$16+,3�

16.2. WARRANTY DURATION

7KH�+DUGZDUH�LV�ZDUUDQWHG�IRU�D�SHULRG�RI�WKUHH�PRQWKV�IURP�WKH�GDWH�RI�WKH�RULJLQDO�SXUFKDVH�E\�WKH
FRQVXPHU�

16.3. WARRANTY DISCLAIMERS

$1<�,03/,('�:$55$17,(6�$5,6,1*�287�2)�7+,6�6$/(��,1&/8',1*�%87�127�/,0,7('�72
7+(� ,03/,('�:$55$17,(6� 2)� 0(5&+$17$%,/,7<� $1'� ),71(66� )25� $� 3$57,&8/$5
385326(�� $5(�/,0,7('� ,1�'85$7,21�72�7+(�$%29(�7+5((�0217+�3(5,2'�� 7(;$6
,167580(176�6+$//�127�%(�/,$%/(�)25�/266�2)�86(�2)�7+(�+$5':$5(�25�27+(5
,1&,'(17$/�25�&216(48(17,$/�&2676��(;3(16(6��25�'$0$*(6� ,1&855('�%<�7+(
&21680(5�25�$1<�27+(5�86(5�

6RPH�VWDWHV�GR�QRW�DOORZ�WKH�H[FOXVLRQ�RU�OLPLWDWLRQ�RI�LPSOLHG�ZDUUDQWLHV�RU�FRQVHTXHQWLDO�GDPDJHV��VR
WKH�DERYH�OLPLWDWLRQV�RU�H[FOXVLRQV�PD\�QRW�DSSO\�WR�\RX�LQ�WKRVH�VWDWHV�

16.4. LEGAL REMEDIES

7KLV�ZDUUDQW\�JLYHV�\RX�VSHFLILF�OHJDO�ULJKWV��DQG�\RX�PD\�DOVR�KDYH�RWKHU�ULJKWV�WKDW�YDU\�IURP�VWDWH�WR
VWDWH�
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16.5. PERFORMANCE BY TI UNDER WARRANTY

'XULQJ�WKH�DERYH�WKUHH�PRQWK�ZDUUDQW\�SHULRG��GHIHFWLYH�+DUGZDUH�ZLOO�EH�UHSODFHG�ZKHQ�LW�LV�UHWXUQHG
SRVWDJH�SUHSDLG�WR�D�7H[DV�,QVWUXPHQWV�6HUYLFH�)DFLOLW\�OLVWHG�EHORZ��7KH�UHSODFHPHQW�+DUGZDUH�ZLOO�EH
ZDUUDQWHG�IRU�WKUHH�PRQWKV�IURP�GDWH�RI�UHSODFHPHQW��2WKHU�WKDQ�WKH�SRVWDJH�UHTXLUHPHQW��QR�FKDUJH
ZLOO�EH�PDGH�IRU�UHSODFHPHQW�

7,�VWURQJO\�UHFRPPHQGV�WKDW�\RX�LQVXUH�WKH�+DUGZDUH�IRU�YDOXH�SULRU�WR�PDLOLQJ�

16.6. TEXAS INSTRUMENTS CONSUMER SERVICE FACILITIES

7H[DV�,QVWUXPHQWV�6HUYLFH�)DFLOLW\ *HRSK\VLFDO�6HUYLFHV�,QFRUSRUDWHG
3�2��%R[����� ���6KHOOH\�5RDG
/XEERFN��7H[DV������ 5LFKPRQG�+LOO��2QWDULR��&DQDGD

/�&��*�

&RQVXPHUV�LQ�&DOLIRUQLD�DQG�2UHJRQ�PD\�FRQWDFW�WKH�IROORZLQJ�7H[DV�,QVWUXPHQWV�RIILFHV�IRU�DGGLWLRQDO
DVVLVWDQFH�RU�LQIRUPDWLRQ�

7H[DV�,QVWUXPHQWV�&RQVXPHU�6HUYLFH 7H[DV�,QVWUXPHQWV�&RQVXPHU�6HUYLFH
����6RXWK�'RXJODV�6WUHHW �����6RXWKZHVW����WK
(O�6HJXQGR��&DOLIRUQLD������ .ULVWLQ�6TXDUH��6XLWH����
�������������� %HDYHUWRQ��2UHJRQ������

�������������

16.7. IMPORTANT NOTICE OF DISCLAIMER REGARDING THE PROGRAMS

7KH�IROORZLQJ�VKRXOG�EH�UHDG�DQG�XQGHUVWRRG�EHIRUH�SXUFKDVLQJ�DQG�RU�XVLQJ�WKH�VRIWZDUH�PRGXOH�DQG
GLVNHWWH�

7,�GRHV�QRW�ZDUUDQW�WKDW�WKH�3URJUDPV�ZLOO�EH�IUHH�IURP�HUURU�RU�ZLOO�PHHW�WKH�VSHFLILF�UHTXLUHPHQWV�RI
WKH�FRQVXPHU��7KH�FRQVXPHU�DVVXPHV�FRPSOHWH�UHVSRQVLELOLW\�IRU�DQ\�GHFLVLRQ�PDGH�RU�DFWLRQV�WDNHQ
EDVHG�RQ�LQIRUPDWLRQ�REWDLQHG�XVLQJ�WKH�3URJUDPV��$Q\�VWDWHPHQWV�PDGH�FRQFHUQLQJ�WKH�XWLOLW\�RI�WKH
3URJUDPV�DUH�QRW�WR�EH�FRQVWUXHG�DV�H[SUHVV�RU�LPSOLHG�ZDUUDQWLHV�

7(;$6� ,167580(176�0$.(6� 12�:$55$17<�� (,7+(5� (;35(66('� 25� ,03/,('�

,1&/8',1*�%87�127�/,0,7('�72�$1<�,03/,('�:$55$17,(6�2)�0(5&+$17$%,/,7<

$1'� ),71(66� )25� $� 3$57,&8/$5� 385326(�� 5(*$5',1*� 7+(� 352*5$06� $1'

0$.(6�$//�352*5$06�$9$,/$%/(�62/(/<�21�$1��$6�,6��%$6,6�
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,1�12�(9(17�6+$//�7(;$6�,167580(176�%(�/,$%/(�72�$1<21(�)25�63(&,$/�

&2//$7(5$/��,1&,'(17$/��25�&216(48(17,$/�'$0$*(6�,1�&211(&7,21�:,7+

25�$5,6,1*�287�2)�7+(�385&+$6(�25�86(�2)�7+(�352*5$06�$1'�7+(�62/(�$1'

(;&/86,9(�/,$%,/,7<�2)�7(;$6� ,167580(176��5(*$5'/(66�2)�7+(�)250�2)

$&7,21��6+$//�127�(;&(('�7+(�385&+$6(�35,&(�2)�7+(�62)7:$5(�02'8/(

$1'�',6.(77(��025(29(5��7(;$6�,167580(176�6+$//�127�%(�/,$%/(�)25�$1<

&/$,0�2)�$1<�.,1'�:+$762(9(5�%<�$1<�27+(5�3$57<�$*$,167�7+(�86(5�2)�7+(

352*5$06�

6RPH�VWDWHV�GR�QRW�DOORZ�WKH�H[FOXVLRQ�RU�OLPLWDWLRQ�RI�LPSOLHG�ZDUUDQWLHV�RU�FRQVHTXHQWLDO�GDPDJHV��VR
WKH�DERYH�OLPLWDWLRQV�RU�H[FOXVLRQV�PD\�QRW�DSSO\�WR�\RX�LQ�WKRVH�VWDWHV�
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17. KEYBOARD REFERENCE GUIDE

1RWH�WKDW�WKH�NH\�VHTXHQFHV�UHTXLUHG�WR�DFFHVV�VSHFLDO�IXQFWLRQV�GHSHQG�RQ�WKH�W\SH�RI�FRPSXWHU�FRQVROH
\RX�KDYH�

7,����� 7,�����$

AID AID &DXVHV�WKH�FRPSXWHU�WR�SDXVH�
(SHIFT A) (FCTN 7)

BACK BACK � /HDYHV�WKH�6DYH�DQG�5HFDOO�0RGHV�DQG�UHWXUQV�WKH�FRPSXWHU
(SHIFT Z) (FCTN 9) WR�WKH�PRGH�LW�ZDV�LQ�

� 6WRSV�D�SURFHGXUH�
� /HDYHV�WKH�(GLW�0RGH��0$.(6+$3(�DQG�0$.(&+$5�

BEGIN BEGIN 0RYHV�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH�OLQH�LQ�WKH�(GLW�0RGH�
(SHIFT W) (FCTN 5)

CLEAR CLEAR � &OHDUV�WKH�0$.(6+$3(�DQG�0$.(&+$5�JULGV�
(SHIFT C) (FCTN 4) � (UDVHV�ZKDW�LV�DERYH�DQG�WR�WKH�ULJKW�RI�WKH�FXUVRU�LQ�WKH

(GLW�0RGH�

DELETE DELETE � (UDVHV�ZKDW�LV�DERYH�WKH�FXUVRU�
(SHIFT F) (FCTN 1) � 0RYHV�D�OLQH�XS�RQH�OLQH�LI�WKH�FXUVRU�LV�DW�WKH�HQG�RI�WKH�OLQH

LQ�WKH�(GLW�0RGH�

ERASE ERASE � (UDVHV�ZKDW�LV�RQH�VSDFH�WR�WKH�OHIW�RI�WKH�FXUVRU�
(SHIFT T) (FCTN 3) � 0RYHV�D�OLQH�XS�RQH�OLQH�LI�WKH�FXUVRU�LV�XQGHU�WKH�ILUVW

FKDUDFWHU�RI�D�OLQH�LQ�WKH�(GLW�0RGH�

PROC’D PROC’D 0RYHV�WKH�FXUVRU�WR�WKH�HQG�RI�WKH�OLQH�LQ�WKH�(GLW�0RGH�
(SHIFT V) (FCTN 6)

� � � 0RYHV�WKH�FXUVRU�XS�RQH�OLQH�LQ�WKH�(GLW�0RGH�
(SHIFT E) (FCTN E) � %ODFNHQV�D�VTXDUH�RQ�WKH�0$.(6+$3(�DQG�0$.(&+$5

JULGV�DV�WKH�FXUVRU�PRYHV�XS�RQH�VTXDUH�

� � � 0RYHV�WKH�FXUVRU�OHIW�RQH�VSDFH�LQ�WKH�(GLW�0RGH�
(SHIFT S) (FCTN S) � %ODFNHQV�D�VTXDUH�RQ�WKH�0$.(6+$3(�DQG�0$.(&+$5

JULGV�DV�WKH�FXUVRU�PRYHV�OHIW�RQH�VTXDUH�

� � � 0RYHV�WKH�FXUVRU�ULJKW�RQH�VSDFH�LQ�WKH�(GLW�0RGH�
(SHIFT D) (FCTN D) � %ODFNHQV�D�VTXDUH�RQ�WKH�0$.(6+$3(�DQG�0$.(&+$5

JULGV�DV�WKH�FXUVRU�PRYHV�ULJKW�RQH�VTXDUH�
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� � � 0RYHV�WKH�FXUVRU�GRZQ�RQH�OLQH�LQ�WKH�(GLW�0RGH�
(SHIFT X) (FCTN X) � %ODFNHQV�D�VTXDUH�RQ�WKH�0$.(6+$3(�DQG�0$.(&+$5

JULGV�DV�WKH�FXUVRU�PRYHV�GRZQ�RQH�VTXDUH�

SPACE SPACE � /HDYHV�D�EODQN�VSDFH�LQ�WKH�W\SH�LQ�WKH�6SULWH�DQG�7XUWOH
0RGHV�

� 5HYLHZV�ILOH�QDPHV�LQ�WKH�6DYH�DQG�5HFDOO�0RGHV�

[ [ 7\SHV�D�OHIW�EUDFNHW�
(SHIFT 4) (FCTN R�RU

SHIFT 4)

] ] 7\SHV�D�ULJKW�EUDFNHW�
(SHIFT 5) (FCTN 7�RU

SHIFT S)

QUIT QUIT 6WRSV�7,�/2*2�DQG�UHWXUQV�WR�WKH�PDVWHU�WLWOH�VFUHHQ�
(SHIFT Q) (FCTN =)
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>EDFN�FRYHU@

Texas Instruments invented the integrated circuit,
the microprocessor, and the microcomputer.

Being first is our tradition.

7H[DV�,QVWUXPHQWV
,1&25325$7('

Printed in U.S.A. Dallas, Texas 1053595-1
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Statement of File Ori gin

7KLV�ILOH�ZDV�FUHDWHG�IRU�XVHUV�RI�3&����D�7,�����$�HPXODWRU�UXQQLQJ�RQ�DQ�,%0�3&�

5HSURGXFHG� ZLWK� SHUPLVVLRQ� RI� WKH� SXEOLVKHU� &RS\ULJKW� ������� 7H[DV� ,QVWUXPHQWV
,QFRUSRUDWHG��7KLV�ILOH�ZDV�FUHDWHG�E\�VFDQQLQJ�WKH�PDQXDO�RULJLQDOO\�VXSSOLHG�ZLWK�WKH
7H[DV� ,QVWUXPHQWV� SURGXFW� 3+0������ $OWKRXJK� 7H[DV� ,QVWUXPHQWV� KDV� JUDQWHG
SHUPLVVLRQ� IRU� WKLV�� 7,� LV� QR� ZD\� UHVSRQVLEOH� IRU� DQ\� HUURUV�� RPLVVLRQV� RU� FKDQJHV
LQWURGXFHG�E\�WKLV�SURFHVV��,Q�WKH�FDVH�RI�D�GLVSXWH��WKH�XVHU�RI�WKLV�ILOH�LV�UHIHUUHG�WR�WKH
RULJLQDO�PDQXDO�

:KLOH�HYHU\�HIIRUW�ZDV�PDGH�WR�HQVXUH�WKDW�WKH�WH[W�DQG�JUDSKLFV�FRQWHQW�RI�WKLV�ILOH�DUH�DQ�DFFXUDWH�FRS\
RI�WKH�RULJLQDO�7,�PDQXDO��&D''�(OHFWURQLFV�FDQ�DVVXPH�QR�UHVSRQVLELOLW\�IRU�DQ\�HUURUV�LQWURGXFHG
GXULQJ�VFDQQLQJ��HGLWLQJ��RU�FRQYHUVLRQ�

,I�\RX�ILQG�DQ�HUURU��ZH�ZLOO�DWWHPSW�WR�FRUUHFW�LW�DQG�SURYLGH�\RX�ZLWK�DQ�XSGDWHG�ILOH��<RX�FDQ�FRQWDFW
XV�DW�

CaDD Electronics
45 Centerville Drive

Salem, NH 03079-2674

9HUVLRQ�������


