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Introduction
7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�FUHDWH�DQG�UXQ�SURJUDPV�RQ�WKH�+3 ��*��
7KH�+3���*�KDV�D�ULFK�SURJUDPPLQJ�HQYLURQPHQW��3URJUDPV�FDQ�UDQJH�LQ�
FRPSOH[LW\�IURP�D�VLPSOH�WDVN�VXFK�DV�SHUIRUPLQJ�D�VHTXHQFH�RI�
DULWKPHWLF�RSHUDWLRQV��WR�D�FRPSOH[�SURFHVV�WKDW�UHTXHVWV�LQSXW��SHUIRUPV�
H[WHQVLYH�SURFHVVLQJ��DQG�RXWSXWV�UHVXOWV�LQ�D�JUDSKLFDO�IRUPDW��

7KLV�FKDSWHU�IRFXVHV�RQ�FUHDWLQJ�DQG�UXQQLQJ�SURJUDPV�LQ�DOJHEUDLF�PRGH�
RQO\��6HH�WKH�$GYDQFHG�8VHUªV�*XLGH�IRU�LQIRUPDWLRQ�RQ�FUHDWLQJ�DQG�
XVLQJ�SURJUDPV�LQ�531�PRGH��6HH�WKH�3RFNHW�*XLGH�IRU�GHWDLOV�RI�WKH�
SURJUDPPLQJ�FRPPDQGV�WKDW�DUH�DYDLODEOH�

Getting started
7KLV�VHFWLRQ�FRQWDLQV�DQ�H[DPSOH�RI�KRZ�WR�FUHDWH�D�VLPSOH�SURJUDP�WR�
FDOFXODWH�WKH�K\SRWHQXVH�RI�D�ULJKW�DQJOH�WULDQJOH��XVLQJ�3\WKDJRUDVª�
WKHRUHP��:KHQ�\RX�VWDUW�WKH�SURJUDP��\RX�VXSSO\�WKH�NQRZQ�VLGH�OHQJWKV�
DV�DUJXPHQWV�

7KLV�SURJUDP�LV�DQ�H[DPSOH�RI�D�VLPSOH�DOJHEUDLF�FDOFXODWLRQ�XVLQJ�WKH�
DUJXPHQWV�WKDW�\RX�VSHFLI\��:LWKLQ�WKH�SURJUDP��WKH�FDOFXODWLRQ�LV�
HQFORVHG�LQ�VLQJOH�TXRWHV��>õ��WR�GHOLPLW�LW�DV�DQ�DOJHEUDLF�REMHFW��,I�\RX�
QHHG�WR�GR�H[WHQVLYH�SURFHVVLQJ�LQYROYLQJ�ORRSLQJ�DQG�EUDQFKLQJ��\RX�XVH�
D�QHVWHG�SURFHGXUH��>���WR�GHOLPLW�WKH�SURFHGXUH�IURP�WKH�DUJXPHQWV��

7KH�SURJUDP�GRHV�WKH�IROORZLQJ�

� ,W�FROOHFWV�WKH�NQRZQ�VLGH�OHQJWKV�DV�DUJXPHQWV�DQG�VWRUHV�WKHP�DV�
ORFDO�YDULDEOHV��WKDW�LV��YDULDEOHV�WKDW�H[LVW�RQO\�ZKLOH�WKH�SURJUDP�LV�
UXQQLQJ�

� ,W�XVHV�WKH�YDULDEOHV�WR�FDOFXODWH�WKH�OHQJWK�RI�WKH�K\SRWHQXVH��DQG�
UHWXUQV�WKH�UHVXOW�WR�WKH�KLVWRU\�

&UHDWH�WKH�SURJUDP�DV�IROORZV��

�� 3XW�WKH�SURJUDP�GHOLPLWHUV�RQ�WKH�FRPPDQG�OLQH�

>� « »

�� 'HILQH�WKH�WZR�ORFDO�YDULDEOHV�WR�DFFHSW�WKH�DUJXPHQWV�IRU�WKH�VLGH�
OHQJWK�

>)`$F`%F «�→ A B »
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�� 'HILQH�WKH�HTXDWLRQ�WR�FDOFXODWH�WKH�K\SRWHQXVH��

1RWH�WKDW�\RX�QHHG�WR�XVH�õ�WR�HQFORVH�WKH�HTXDWLRQ�DQG�VHSDUDWH�LW�
IURP�WKH�GHILQLWLRQ�RI�WKH�DUJXPHQWV��

>õr<_`$q�

=`%q� «�→�A B ' (A^2+B^2)' »

�� 0RYH�WKH�FXUVRU�RXW�RI�WKH�SURJUDP�DQG�VSHFLI\�WKDW�\RX�ZDQW�WR�VWRUH�
WKH�SURJUDP�DV�§3<7+¨�

>�k``3<7+ « →A B ' (A^2+B^2)' » �  PYTH

�� 3UHVV�\�WR�VWRUH�WKH�SURJUDP�

\

:KHQ�\RX�UXQ�WKH�SURJUDP��\RX�VSHFLI\�WKH�OHQJWKV�RI�WKH�VLGHV�DV�
DUJXPHQWV�WR�WKH�SURJUDP��)RU�H[DPSOH��WR�UXQ�WKH�SURJUDP�WR�FDOFXODWH�
WKH�K\SRWHQXVH�RI�D�ULJKW�DQJOH�WULDQJOH�ZLWK�VLGHV�RI���DQG���XQLWV�

�� 'LVSOD\�D�OLVW�RI�WKH�YDULDEOHV�LQ�WKH�GLUHFWRU\�

j

�� 3UHVV�WKH�IXQFWLRQ�NH\�WKDW�FRUUHVSRQGV�WR�\RXU�SURJUDP��7KH�SURJUDP�
QDPH�LV�LQVHUWHG�RQ�WKH�FRPPDQG�OLQH��3UHVV�<_�WR�LQVHUW�
SDUHQWKHVHV�DIWHU�WKH�SURJUDP�QDPH�

�� (QWHU�\RXU�DUJXPHQWV��VHSDUDWHG�E\�D�>I��EHWZHHQ�WKH�SDUHQWKHVHV�

�>I�

�� 3UHVV�\ WR�FDOFXODWH�WKH�K\SRWHQXVH�

\

7KH�UHVXOW�LV�UHWXUQHG�WR�KLVWRU\�

Creating, saving, and running a program
$�SURJUDP�LV�DQ�REMHFW�WKDW�\RX�FDQ�VWRUH�LQ�D�YDULDEOH��7KDW�LV��\RX�FUHDWH�
D�SURJUDP��DVVLJQ�LW�D�QDPH�DQG�VDYH�LW�LQ�D�GLUHFWRU\��

� 7R�FUHDWH�D�SURJUDP��SUHVV�>���7KH�SURJUDP�GHOLPLWHUV�DSSHDU�RQ�
WKH�FRPPDQG�OLQH�UHDG\�IRU�\RX�WR�HQWHU�FRGH��DQG�WKH�35*�
DQQXQFLDWRU�DSSHDUV�DW�WKH�WRS�RI�WKH�VFUHHQ�WR�LQGLFDWH�WKDW�\RX�DUH�LQ�
SURJUDP�PRGH��

8VH�WKH�NH\ERDUG�IXQFWLRQV�DQG�NH\V��DQG�VHOHFW�FRPPDQGV�IURP�WKH�
SURJUDPPLQJ�PHQX��WR�FUHDWH�\RXU�SURJUDP��$V�\RX�VHOHFW�IXQFWLRQ�
NH\V�DQG�RSHUDWRU�NH\V��WKH�IXQFWLRQV�DQG�RSHUDWLRQV�DSSHDU�LQ�\RXU�
SURJUDP��
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8VH���WR�VHSDUDWH�IXQFWLRQV�DQG�FDOFXODWLRQV�ZLWKLQ�D�QHVWHG�SURFHGXUH��
7R�HQWHU����SUHVV�DQG�KROG�GRZQ�>��DQG�SUHVV���

)RU�UHDGDELOLW\��\RX�FDQ�XVH�>J�WR�DGG�OLQH�EUHDNV�

)RU�GHWDLOV�RQ�HGLWLQJ�D�SURJUDP¦IRU�H[DPSOH�FXWWLQJ��FRS\LQJ��DQG�
SDVWLQJ�FRGH¦VHH�6HH�§(GLWLQJ�WKH�FRPPDQG�OLQH¨�RQ�SDJH �����

� 7R�VDYH�\RXU�SURJUDP�

D� 3UHVV�>� WR�PRYH�WKH�FXUVRU�SDVW�WKH�HQG�RI�WKH�SURJUDP�

E� 3UHVV�k�WR�LQVHUW�WKH�f�V\PERO�DIWHU�WKH�SURJUDP�

F� (QWHU�D�QDPH�IRU�WKH�SURJUDP��DQG�SUHVV�\�

� 7R�UXQ�D�SURJUDP�

D� �$FFHVV�WKH�GLUHFWRU\�ZKHUH�WKH�SURJUDP�UHVLGHV�DQG�HLWKHU�HQWHU�
WKH�SURJUDP�QDPH�RQ�WKH�FRPPDQG�OLQH��RU�SUHVV�j DQG�VHOHFW�LW�
IURP�WKH�IXQFWLRQ�NH\�PHQX�

7KH�SURJUDP�QDPH�VKRXOG�QRZ�EH�RQ�WKH�FRPPDQG�OLQH�

E� 3UHVV�<_�WR�LQVHUW�SDUHQWKHVHV�DIWHU�WKH�SURJUDP�QDPH�

F� (QWHU�WKH�DUJXPHQW�RU�DUJXPHQWV�VHSDUDWHG�E\�D�>I��DQG�SUHVV�
\�

The programming menu

7KH�SURJUDPPLQJ�PHQX�FRQWDLQV�WKH�FRPPDQGV�\RX�FDQ�XVH�LQ�D�
SURJUDP��6HOHFW�D�FDWHJRU\�WR�GLVSOD\�WKH�DYDLODEOH�FRPPDQGV�LQ�WKDW�
FDWHJRU\��)URP�WKH�PHQX��\RX�VHOHFW�FRPPDQGV�WR�LQFOXGH�LQ�\RXU�
SURJUDP��7KH�SURJUDPPLQJ�PHQX�LV�D�W\SLQJ�DLG�RQO\��<RX�QHHG�WR�NQRZ�
WKH�V\QWD[�RI�WKH�FRPPDQGV��DQG�KRZ�WR�XVH�WKHP�LQ�\RXU�SURJUDP��6HH�
WKH�SRFNHW�JXLGH�IRU�GHWDLOV�RI�SURJUDPPLQJ�FRPPDQGV�DQG�WKHLU�V\QWD[�

([DPLQLQJ�WKH�SURJUDPPLQJ�PHQX�LV�D�JRRG�ZD\�WR�JHW�DQ�LGHD�RI�WKH�
W\SHV�RI�SURJUDPPLQJ�RSHUDWLRQV�WKDW�DUH�DYDLODEOH�RQ�WKH�+3 ��*�

7R�GLVSOD\�WKH�SURJUDPPLQJ�PHQX��SUHVV��<N�
Page 10-4 Introduction to programming
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Algebraic and RPN modes
,Q�531�PRGH��WKH�+3���*�PDNHV�H[WHQVLYH�XVH�RI�WKH�VWDFN��:KHQ�
GHYHORSLQJ�SURJUDPV�LQ�531�PRGH��\RX�XVH�WKH�VWDFN�WR�

� SURYLGH�WKH�GDWD�WKDW�\RXU�SURJUDP�XVHV

� FRQVWUXFW�WKH�FRPPDQGV�WKDW�\RXU�SURJUDP�XVHV

� KROG�WKH�RXWSXW�WKDW�\RXU�SURJUDP�JHQHUDWHV�

,Q�DOJHEUDLF�PRGH��WKH�VWDFN�LV�QRW�DYDLODEOH��<RX�XVH�RWKHU�PHWKRGV�WR�
EXLOG�\RXU�SURJUDP�DQG�WR�SDVV�GDWD�WR�LW�

Using functions that require arguments

:KHQ�XVLQJ�D�IXQFWLRQ�WKDW�UHTXLUHV�DUJXPHQWV�

� ,Q�531�PRGH��\RX�SODFH�WKH�DUJXPHQWV�RQ�WKH�VWDFN�EHIRUH�FDOOLQJ�WKH�
IXQFWLRQ��

� ,Q�DOJHEUDLF�PRGH��\RX�VXSSO\�WKH�DUJXPHQWV��HQFORVHG�LQ�SDUHQWKHVHV��
DIWHU�WKH�IXQFWLRQ�FDOO�

)RU�H[DPSOH��\RX�FDQ�XVH�WKH�,1387�FRPPDQG�WR�SURPSW�IRU�GDWD��7KH�
IROORZLQJ�FRGH�VHJPHQWV�GHPRQVWUDWH�KRZ�WR�XVH�WKH�,1387�FRPPDQG�WR�
FROOHFW�GDWD�LQ�ERWK�531�DQG�DOJHEUDLF�PRGHV�

� ,Q�531�PRGH��WKH�IROORZLQJ�FRGH�VHJPHQW�SURPSWV�IRU�LQSXW��FROOHFWV�
WKH�GDWD�DV�D�VWULQJ�DQG�FRQYHUWV�LW�WR�D�QXPEHU��$W�WKH�HQG�RI�WKH�
SURFHVV��WKH�GDWD�LV�RQ�OHYHO���RI�WKH�VWDFN�

« "ENTER A NUMBER"

""

INPUT

OBJ→�»

� ,Q�$OJHEUDLF�PRGH��WKH�IROORZLQJ�FRGH�VHJPHQW�SHUIRUPV�WKH�VDPH�
RSHUDWLRQ��$W�WKH�HQG�RI�WKLV�SURFHVV��WKH�GDWD�LV�VWRUHG�LQ�D�JOREDO�
YDULDEOH��180���UHDG\�IRU�XVH�LQ�WKH�SURJUDP�

1RWH�WKDW��VLQFH�\RX�DUH�XVLQJ�D�JOREDO�UDWKHU�WKDQ�D�ORFDO�YDULDEOH��\RX�

FDQ�IROORZ�WKH�YDULDEOH�GHFODUDWLRQ�ZLWK�D�IXQFWLRQ�

« INPUT ("ENTER A NUMBER","")  NUM1;

OBJ→(NUM1) �NUM1 »
Introduction to programming Page 10-5
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Handling data
7KLV�VHFWLRQ�EULHIO\�GHVFULEHV�KRZ�\RX�FDQ�VXSSO\�GDWD�WR�\RXU�SURJUDPV��
DQG�KRZ�\RX�FDQ�RXWSXW�GDWD�WKDW�\RXU�SURJUDPV�SURGXFH�

Input data

<RX�FDQ�XVH�RQH�RI�WKH�IROORZLQJ�PHWKRGV�WR�VSHFLI\�WKH�GDWD�WKDW�\RX�
ZDQW�\RXU�SURJUDP�WR�XVH�

� DV�DUJXPHQWV�ZKHQ�\RX�UXQ�WKH�SURJUDP

� DV�YDULDEOHV�WKDW�\RX�FUHDWH�LQ�PHPRU\�EHIRUH�\RX�UXQ�WKH�SURJUDP

� E\�SURPSWLQJ�IRU�LQSXW�DV�WKH�SURJUDP�UXQV��

¥ 6HH�¨8VLQJ�IXQFWLRQV�WKDW�UHTXLUH�DUJXPHQWV¨�RQ�SDJH������IRU�DQ�
H[DPSOH�RI�XVLQJ�WKH�,1387�IXQFWLRQ�WR�SURPSW�IRU�GDWD��

¥ :KHQ�\RX�XVH�D�IXQFWLRQ�VXFK�DV�,1387�WR�FROOHFW�QXPHULF�GDWD�
ZKLOH�WKH�SURJUDP�UXQV��WKH�GDWD�LV�UHWXUQHG�DV�D�VWULQJ��<RX�QHHG�WR�
FRQYHUW�LW�WR�D�QXPEHU�XVLQJ�D�IXQFWLRQ�VXFK�DV�2%-→�

Output data

'DWD�WKDW�LV�RXWSXW�LQ�DOJHEUDLF�PRGH�LV�ZULWWHQ�WR�WKH�KLVWRU\��1RWH�WKH�
IROORZLQJ�SRLQWV�UHJDUGLQJ�RXWSXW�

� :KHQ�WKH�SURJUDP�FRPSOHWHV��WKH�KLVWRU\�GLVSOD\V�WKH�ODVW�RXWSXW�RQO\��
7KLV�LV�GLVSOD\HG�DW�OHYHO����7R�UHWDLQ�RXWSXWV�FUHDWHG�GXULQJ�
SURFHVVLQJ��\RX�FDQ�ZULWH�WKH�RXWSXW�WR�D�JOREDO�YDULDEOH�RU�YDULDEOHV�DV�
WKH�SURJUDP�SURJUHVVHV��7KLV�PHWKRG�JLYHV�\RX�WKH�IOH[LELOLW\�WR�IRUPDW�
WKH�RXWSXW��DQG�WR�DGG�FRPPHQWV�WR�LPSURYH�FODULW\�

� 6RPH�IXQFWLRQV�UHWXUQ�PXOWLSOH�YDOXHV��)RU�WKHVH�IXQFWLRQV��YDOXHV�DUH�
ZULWWHQ�WR�D�OLVW��8QOHVV�\RX�RXWSXW�WR�D�YDULDEOH��WKH�OLVW�DSSHDUV�RQ�WKH�
KLVWRU\�

How a program flows
+3���*�SURJUDPV�KDYH�RQH�HQWUDQFH�SRLQW¦DW�WKH�EHJLQQLQJ�RI�WKH�
SURJUDP¦DQG�RQH�H[LW�SRLQW¦DW�WKH�HQG�RI�WKH�SURJUDP��7KHUH�LV�QR�
FRPPDQG�VXFK�DV�*272�WKDW�\RX�FDQ�XVH�WR�MXPS�WR�D�SRLQW�ZLWKLQ�D�
SURJUDP��:LWKLQ�D�SURJUDP��\RX�XVH�ORRSLQJ�DQG�EUDQFKLQJ�VWUXFWXUHV�
VXFK�DV�IF THEN WR�FRQWURO�WKH�RUGHU�RI�RSHUDWLRQV��6HH�¨&RQGLWLRQDO�DQG�
ORRSLQJ�VWUXFWXUHV¨�RQ�SDJH�������IRU�GHWDLOV�
Page 10-6 Introduction to programming
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<RX�FDQ�UXQ�RWKHU�SURJUDPV�IURP�ZLWKLQ�\RXU�SURJUDPV��,Q�WKLV�PDQQHU��
\RX�FDQ�FUHDWH�PRGXODU�SURJUDPV��)RU�H[DPSOH��\RX�FRXOG�FUHDWH�WKUHH�
GLVFUHWH�FRPSRQHQW�SURJUDPV�QDPHG�,1387��352&(66,1*��DQG�
287387��<RX�FRXOG�WKHQ�FUHDWH�D�PDVWHU�SURJUDP�WKDW�UXQV�HDFK�RI�WKHVH�
FRPSRQHQWV�LQ�WXUQ��DV�IROORZV�

« INPUT PROCESSING OUTPUT »

Nested procedures

,I�\RX�XVH�ORFDO�YDULDEOHV�WR�FROOHFW�LQSXW�DUJXPHQWV��\RX�QHHG�WR�XVH�
QHVWHG�SURFHGXUHV�LI�\RX�ZDQW�WR�SHUIRUP�EUDQFKLQJ�DQG�ORRSLQJ��<RX�
FDQQRW�SHUIRUP�EUDQFKLQJ�DQG�ORRSLQJ�IURP�ZLWKLQ�DQ�DOJHEUDLF�REMHFW�

7R�LQVHUW�D�QHZ�QHVWHG�SURFHGXUH�LQ�\RXU�FRGH��SUHVV�>��WR�LQVHUW�WKH�
GHOLPLWHUV��(QWHU�WKH�SURFHGXUH�FRGH�EHWZHHQ�WKH�GHOLPLWHUV�

)RU�H[DPSOH��LQ�WKH�IROORZLQJ�SURJUDPPLQJ�VHJPHQW��WKH�LQSXW�DUJXPHQWV�
DUH�DVVLJQHG�WR�YDULDEOHV�$�DQG�%��7KH�DOJHEUDLF�REMHFW��D�FDOFXODWLRQ�WKDW�
DGGV�WKH�YDULDEOHV��QHHGV�WR�EH�HQFORVHG�LQ�VLQJOH�TXRWHV�DV�LW�LPPHGLDWHO\�
IROORZV�WKH�ORFDO�YDULDEOH�GHILQLWLRQ��7KLV�H[DPSOH�UHWXUQV�WKH�VXP�RI�$�
DQG�%�WR�WKH�KLVWRU\�

«�→�A B 'A+B' »

,Q�WKH�IROORZLQJ�SURJUDPPLQJ�VHJPHQW�\RX�XVH�D�QHVWHG�SURFHGXUH��DV�WKH�
SURFHVVLQJ�LQYROYHV�PRUH�WKDQ�D�VLPSOH�FDOFXODWLRQ��7KLV�H[DPSOH�
FRPSDUHV�$�DQG�%��DQG�FDUULHV�RXW�FDOFXODWLRQV�EDVHG�RQ�WKH�FRPSDULVRQ��
7KH�UHVXOWV�RI�WKH�FDOFXODWLRQV�DUH�VWRUHG�LQ�JOREDO�YDULDEOHV�&�DQG�'�

« → A B

« IF A>B

THEN A-B� �C; A^2-B^2 � �D

ELSE B-A �  C

END

»

»

1RWH�WKDW�ZLWKLQ�D�QHVWHG�SURFHGXUH��\RX�QHHG�WR�XVH���WR�
VHSDUDWH�FDOFXODWLRQV��7R�LQVHUW�D���FKDUDFWHU��SUHVV�DQG�KROG�>�
DQG�SUHVV�F�
Introduction to programming Page 10-7
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Working with variables
<RX�XVH�YDULDEOHV�WR�KROG�GDWD�ZLWKLQ�\RXU�SURJUDPV��7KHUH�DUH�WZR�W\SHV�
RI�YDULDEOHV�ZLWKLQ�WKH�+3���*�SURJUDPPLQJ�HQYLURQPHQW��

� <RX�FUHDWH�ORFDO�YDULDEOHV�ZLWKLQ�\RXU�SURJUDP��)RU�H[DPSOH��ORFDO�
YDULDEOHV�KROG�WKH�YDOXHV�VHW�E\�WKH�DUJXPHQWV�\RX�XVH�ZKHQ�\RX�FDOO�
WKH�SURJUDP��

$�SURJUDP�FDQ�RQO\�DFFHVV�D�ORFDO�YDULDEOH�LQVLGH�WKH�QHVWHG�SURFHGXUH�
ZKHUH�LW�ZDV�FUHDWHG��DQG�DQ\�QHVWHG�SURFHGXUHV�WKDW�LW�FRQWDLQV��

� <RX�FDQ�FUHDWH�JOREDO�YDULDEOHV�LQ�D�SURJUDP�RU�\RX�FDQ�XVH�H[LVWLQJ�
JOREDO�YDULDEOHV��6HH�FKDSWHU����§6WRULQJ�REMHFWV¨�IRU�GHWDLOV�RQ�KRZ�WR�
FUHDWH�JOREDO�YDULDEOHV��1RWH�WKH�IROORZLQJ�SRLQWV�

¥ *OREDO�YDULDEOHV�DUH�DYDLODEOH�DQ\ZKHUH�ZLWKLQ�D�SURJUDP��

¥ 7R�UHPRYH�D�JOREDO�YDULDEOH�XVLQJ�FRGH��XVH�WKH�385*(�FRPPDQG�

¥ ,I�\RX�XVH�JOREDO�YDULDEOHV�LQ�\RXU�SURJUDP��WKH\�PXVW�EH�ORFDWHG�LQ�
WKH�VDPH�GLUHFWRU\��RU�KLJKHU��DV�WKH�SURJUDP�

Using local variables

7KHUH�DUH�VRPH�FRQVWUDLQWV�ZLWK�ORFDO�YDULDEOHV�WKDW�\RX�QHHG�WR�EH�DZDUH�
RI��7KHVH�DUH�DV�IROORZV�

� ,PPHGLDWHO\�DIWHU�D�ORFDO�YDULDEOH�GHFODUDWLRQ��WKH�SURJUDP�FRGH�PXVW�
FRQWDLQ�HLWKHU�

¥ DQ�DOJHEUDLF�FDOFXODWLRQ�HQFORVHG�LQ�VLQJOH�TXRWHV

¥ D�QHVWHG�SURFHGXUH�HQFORVHG�E\�« » �

� $�ORFDO�YDULDEOH�LV�DYDLODEOH�LQ�WKH�QHVWHG�SURFHGXUH�ZKHUH�LW�ZDV�
FUHDWHG��DQG�DOO�QHVWHG�SURFHGXUHV�WKDW�LW�FRQWDLQV�

� <RX�FDQ�FUHDWH�D�ORFDO�YDULDEOH�ZLWK�WKH�VDPH�QDPH�DV�DQ�H[LVWLQJ�
JOREDO�YDULDEOH��WKDW�LV��D�YDULDEOH�LQ�WKH�VDPH�GLUHFWRU\�RU�KLJKHU�DV�WKH�
SURJUDP���&RPPDQGV�WKDW�XVH�WKH�YDULDEOH�QDPH�ZLOO�XVH�WKH�ORFDO�
YDULDEOH�YDOXH�UDWKHU�WKDQ�WKH�JOREDO�YDULDEOH�YDOXH�

Setting variables

<RX�JHQHUDOO\�VHW�YDULDEOHV�WR�LQSXWV�RU�WR�WKH�UHVXOWV�RI�SURFHVVHV�DQG�
FDOFXODWLRQV�WKDW�\RXU�SURJUDP�SHUIRUPV��<RX�FDQ�XVH�ORFDO�YDULDEOHV�WR�
VWRUH�LQWHUPHGLDWH�UHVXOWV�WKDW�\RX�ZDQW�WR�UH�XVH�LQ�VXEVHTXHQW�QHVWHG�
SURFHGXUHV�ZLWKLQ�\RXU�SURJUDP��8VH�JOREDO�YDULDEOHV�WR�VWRUH�GDWD�IRU�
ZLGHU�DFFHVV��
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Setting local variables to hold input arguments

�� 2Q�WKH�FRPPDQG�OLQH��SRVLWLRQ�WKH�FXUVRU�LPPHGLDWHO\�WR�WKH�ULJKW�RI�
WKH�RSHQLQJ�«�V\PERO�

�� 3UHVV�>L�WR�LQVHUW�WKH�→�V\PERO�

�� (QWHU�D�ORFDO�YDULDEOH�QDPH�IRU�HDFK�LQSXW�DUJXPHQW�\RXU�SURJUDP�
XVHV��VHSDUDWLQJ�HDFK�ZLWK�D�F��

)RU�H[DPSOH��LI�\RXU�SURJUDP�XVHV�WZR�DUJXPHQWV��DQG�\RX�ZDQW�WR�VHW�WKH�
YDOXH�RI�WKHVH�DUJXPHQWV�WR�ORFDO�YDULDEOHV�$�DQG�%��WKH�EHJLQQLQJ�RI�\RXU�
SURJUDP�ZRXOG�DSSHDU�DV�IROORZV�

>�>L`$F`%

«�→�A B

Setting a local variable to a value

$IWHU�WKH�YDOXH��SUHVV�>L�WR�LQVHUW�WKH���V\PERO��DQG�HQWHU�WKH�ORFDO�
YDULDEOH�QDPH�

)RU�H[DPSOH��WR�VHW�ORFDO�YDULDEOH�*�WR�KROG�������WKH�DFFHOHUDWLRQ�RI�
JUDYLW\��\RX�FUHDWH�WKH�YDULDEOH�DV�IROORZV�

>� ����>L`*

« 9.81 →�G »

7KH�IROORZLQJ�H[DPSOH�

� DFFHSWV�DQ�LQSXW�DUJXPHQW

� FUHDWHV�WKH�ORFDO�YDULDEOH�*

� PXOWLSOLHV�LW�E\�WKH�DUJXPHQW��DQG�SODFHV�WKH�UHVXOW�RQ�WKH�KLVWRU\��

«�→�A

�« 9.81 →�G

��« A*G »

�»

»

,Q�WKH�IROORZLQJ�H[DPSOH��WKH A*G �FDOFXODWLRQ�GRHV�QRW�UHFRJQL]H�WKH�
ORFDO�YDULDEOH�*�DV�������DV�LW�LV�RXWVLGH�WKH�QHVWHG�SURFHGXUH�ZKHUH�WKH�
YDULDEOH�ZDV�GHFODUHG��7KH�A+G�FDOFXODWLRQ�UHFRJQL]HV�*�DV�����

«�→�A

�« 9.81 �→�G 'A+G' »

A*G

»
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Setting a local variable to the result of a calculation

7KH�IROORZLQJ�SURJUDP�VHJPHQW�GHPRQVWUDWHV�KRZ�WR�VHW�D�ORFDO�YDULDEOH�
WR�WKH�UHVXOW�RI�D�FDOFXODWLRQ��DQG�WR�XVH�WKH�UHVXOW�LQ�D�VXEVHTXHQW�
FDOFXODWLRQ��7KH�SURJUDP�DFFHSWV�WZR�LQSXW�DUJXPHQWV�DQG�XVHV�WKHVH�LQ�
WKH�FDOFXODWLRQV�

�� 2Q�WKH�FRPPDQG�OLQH��LQVHUW�WKH�SURJUDP�GHOLPLWHUV�DQG�VSHFLI\�WKH�
ORFDO�YDULDEOHV�WR�KROG�WKH�LQSXW�DUJXPHQWV�

>�>L`$F`%F

«�→�A B

»

�� 6WDUW�D�QHZ�QHVWHG�SURFHGXUH�DQG�GHILQH�WKH�LQLWLDO�FDOFXODWLRQ��

>�`$=`%

«�→�A B

« A+B

»

»

�� 6WRUH�WKH�UHVXOWV�RI�WKH�FDOFXODWLRQ�WR�ORFDO�YDULDEOH�&��

>L`&

«�→�A B

« A+B → C

»

»

�� 2SHQ�D�QHZ�QHVWHG�SURFHGXUH�DQG�HQWHU�D�FDOFXODWLRQ�WKDW�XVHV�WKH�
UHVXOW�RI�WKH�LQLWLDO�FDOFXODWLRQ�

>�`&=r<_`$-`%

>L`&

«�→�A B

« A+B → C

« C+ (A-B)

»

»

»
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Using global variables

<RX�FDQ�XVH�H[LVWLQJ�JOREDO�YDULDEOHV�LQ�\RXU�SURJUDPV��*OREDO�YDULDEOHV�
DUH�GLIIHUHQW�WR�ORFDO�YDULDEOHV�LQ�WKH�IROORZLQJ�ZD\V�

� *OREDO�YDULDEOHV�DUH�DYDLODEOH�WR�WKH�HQWLUH�SURJUDP��LQGHSHQGHQW�RI�
QHVWHG�SURFHGXUHV�

� 8QOLNH�ORFDO�YDULDEOHV��\RX�FDQ�FUHDWH�PRUH�WKDQ�RQH�JOREDO�YDULDEOH�LQ�
D�QHVWHG�SURFHGXUH�

:LWKLQ�D�SURJUDP��\RX�XVH�WKH�k�NH\�WR�GHILQH�D�JOREDO�YDULDEOH��7KH�
k NH\�SURGXFHV�D� �V\PERO�RQ�WKH�FRPPDQG�OLQH��

Example

7KH�IROORZLQJ�SURJUDP�GHPRQVWUDWHV�WKH�XVH�RI�D�JOREDO�YDULDEOH�WR�KROG�
WKH�GDWD�D�SURJUDP�XVHV��DQG�WR�KROG�WKH�RXWSXW�LW�SURGXFHV��,W�SHUIRUPV�
WKH�IROORZLQJ�WDVNV�

� ,W�DFFHSWV�DQ�LQSXW�DUJXPHQW�DQG�FDOFXODWHV�LWV�SHUFHQWDJH�RI�D�YDOXH�LQ�
WKH�JOREDO�YDULDEOH�§727/¨��<RX�FUHDWH�727/�EHIRUH�\RX�UXQ�WKH�
SURJUDP�

� ,W�VWRUHV�WKH�UHVXOW�LQWR�DQRWKHU�JOREDO�YDULDEOH��§5(6/7�¨�

� ,W�FRQYHUWV�WKH�QXPHULF�UHVXOW�WR�D�VWULQJ�DQG�DGGV�§�¨�IRU�UHDGDELOLW\�

7R�FUHDWH�WKH�SURJUDP��SHUIRUP�WKH�IROORZLQJ�

�� ,QVHUW�WKH�SURJUDP�GHOLPLWHUV�RQWR�WKH�FRPPDQG�OLQH�DQG�GHILQH�WKH�
LQSXW�YDULDEOH�

>�>L`$

«�→�A 

»

�� &UHDWH�D�QHZ�QHVWHG�SURFHGXUH�

>�

«�→�A 

«

»

»
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�� (QWHU�WKH�SHUFHQWDJH�FDOFXODWLRQ�

<_`$z``727/`}����

«�→�A 

« (A/TOTL)*100

»

»

�� 6WRUH�WKH�UHVXOWV�LQWR�WKH�JOREDO�YDULDEOH�§5(6/7�¨��1RWH�WKDW�DIWHU�WKH�
FDOFXODWLRQ��\RX�QHHG�WR�LQVHUW�D���WR�GHOLPLW�WKH�DOJHEUDLF�FRPPDQGV�
�KROG�GRZQ�>�DQG�SUHVV�F��

k``5(6/7�`>F

«�→�A 

« (A/TOTL)*100 � �RESLT1;

»

»

�� $GG�§�¨�DQG�VDYH�WKH�UHVXOWLQJ�VWULQJ�EDFN�LQWR�5(6/7���1RWH�WKH�
IROORZLQJ�

� 7R�LQVHUW�WKH���V\PERO��XVH�WKH�&KDUDFWHUV�WRRO��>ô��RU�SUHVV�
`<��

� :KHQ�\RX�DGG�D�VWULQJ�WR�D�QXPEHU��WKH�UHVXOWLQJ�YDOXH�LV�D�VWULQJ��
<RX�GR�QRW�QHHG�WR�FRQYHUW�WKH�QXPEHU�

``5(6/7�`=KF>ô�\}k``

5(6/7�

«�→�A 

« (A/TOTL)*100 � �RESLT1 ; 

RESLT1+" %" � �RESLT1

»

»

%HIRUH�\RX�UXQ�WKLV�SURJUDP��FUHDWH�D�JOREDO�YDULDEOH�QDPHG�§727/¨�DQG�
DVVLJQ�D�QXPEHU�WR�LW�
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Looping and branching
7KLV�VHFWLRQ�LQWURGXFHV�WKH�XVH�RI�FRQGLWLRQDO�EUDQFKLQJ�DQG�ORRSLQJ�
ZLWKLQ�D�SURJUDP��&RQGLWLRQDO�VWUXFWXUHV�HYDOXDWH���DV�IDOVH��DQG�DQ\�RWKHU�
YDOXH�DV�WUXH��

Comparison functions

7KH�+3���*�SURYLGHV�FRPSDULVRQ�IXQFWLRQV�WKDW�\RX�FDQ�XVH�LQ�
FRQMXQFWLRQ�ZLWK�WKH�FRQGLWLRQDO�DQG�ORRSLQJ�VWUXFWXUHV��<RX�DFFHVV�WKHP�
IURP�WKH�3URJUDPPLQJ�7HVW�PHQX��)RU�H[DPSOH��WR�WHVW�$�LQ�UHODWLRQ�WR�%��
XVH�WKH�IROORZLQJ�

A==B 5HWXUQV�WUXH�LI�$�HTXDOV�%�

A≠B 5HWXUQV�WUXH�LI�$�GRHV�QRW�HTXDO�%�

A<B 5HWXUQV�WUXH�LI�$�LV�OHVV�WKDQ�%�

A>B 5HWXUQV�WUXH�LI�$�LV�JUHDWHU�WKDQ�%�

A≤B 5HWXUQV�WUXH�LI�$�LV�OHVV�WKDQ�RU�HTXDO�WR�%�

A≥B 5HWXUQV�WUXH�LI�$�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�%�

SAME(A,B) 5HWXUQV�WUXH�LI�$�LV�H[DFWO\�WKH�VDPH�REMHFW�DV�%�

Conditional and looping structures

7KH�IROORZLQJ�FRQGLWLRQDO�DQG�ORRSLQJ�FRPPDQGV�DUH�DYDLODEOH�

� ,)�FRPSDULVRQ�7+(1�FRGH�(1'

,I�FRPSDULVRQ�HYDOXDWHV�WR�WUXH��WKDW�LV�D�QRQ�]HUR�YDOXH��UXQV�FRGH��

� ,)�FRPSDULVRQ�7+(1�FRGH���(/6(�FRGH���(1'

,I�FRPSDULVRQ�HYDOXDWHV�WR�WUXH��UXQV�FRGH����,I�FRPSDULVRQ�HYDOXDWHV�
WR�IDOVH��FRGH���LV�UXQ��

� &$6(�H[SUHVVLRQ���7+(1�FRGH���(1'
H[SUHVVLRQ���7+(1�FRGH���(1'
�����
H[SUHVVLRQ�Q�7+(1�FRGH�Q�(1'
(1'

5XQV�WKH�FRGH�WKDW�FRUUHVSRQGV�WR�WKH�ILUVW�H[SUHVVLRQ�LQ�WKH�VWUXFWXUH�
WKDW�HYDOXDWHV�WR�WUXH��
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� 67$57��VWDUW��HQG��FRGH�1(;7

5XQV�FRGH��LQFUHPHQWV�VWDUW��5HSHDWV�XQWLO�VWDUW�!�HQG��7KH�FRGH�LV�
DOZD\V�UXQ�DW�OHDVW�RQFH�

� 67$57��VWDUW��HQG��FRGH�67(3��LQFU�

5XQV�FRGH��LQFUHPHQWV�VWDUW�E\�WKH�QXPEHU�VSHFLILHG�E\�LQFU���LQFU�FDQ�
EH�DQ�H[SUHVVLRQ���5HSHDWV�XQWLO�VWDUW�!�HQG��7KH�FRGH�LV�DOZD\V�UXQ�DW�
OHDVW�RQFH�

� )25��YDU��VWDUW��HQG��FRGH�1(;7

5XQV�FRGH��VHWV�YDU�WR�VWDUW��,QFUHPHQWV�YDU��DQG�UHSHDWV�XQWLO�YDU�!�
HQG��7KLV�LV�VLPLODU�WR�67$57��1(;7�H[FHSW�WKDW�\RX�FDQ�XVH�YDU�LQ�
\RXU�FRGH�

� )25��YDU��VWDUW��HQG��FRGH�67(3��LQFU�

5XQV�FRGH��LQFUHPHQWV�YDU�E\�WKH�QXPEHU�VSHFLILHG�E\�LQFU���LQFU�FDQ�
EH�DQ�H[SUHVVLRQ���5HSHDWV�XQWLO�VWDUW�!�HQG��7KLV�LV�VLPLODU�WR�67$57�
��67(3�H[FHSW�WKDW�\RX�FDQ�XVH�YDU�LQ�\RXU�FRGH�

� '2�FRGH�817,/�FRPSDULVRQ�(1'

5XQV�FRGH��WKHQ�WHVWV�WR�VHH�LI�FRPSDULVRQ�HYDOXDWHV�WR�WUXH��(QGV�LI�LW�
GRHV��5HSHDWV�FRGH�LI�LW�GRHV�QRW��7KH�FRGH�LV�DOZD\V�UXQ�DW�OHDVW�RQFH�

� :+,/(�FRPSDULVRQ�5(3($7�FRGH�(1'

&KHFNV�LI�FRPSDULVRQ�HYDOXDWHV�WR�WUXH��5XQV�FRGH�LI�LW�GRHV��5HSHDWV�
XQWLO�WHVW�UHWXUQV�IDOVH��7KLV�LV�VLPLODU�WR�'2��817,/�H[FHSW�WKDW�FRGH�
LV�QRW�UXQ�LI�FRPSDULVRQ�HYDOXDWHV�WR�IDOVH�WKH�ILUVW�WLPH�

Example

7KH�IROORZLQJ�H[DPSOH�SURFHVVHV�D�OLVW�RI�QXPHULF�YDOXHV�WKDW�LV�VWRUHG�LQ�
D�YDULDEOH�QDPHG�0$5.6��,W�SHUIRUPV�WKH�IROORZLQJ�

� ,W�GHWHUPLQHV�WKH�QXPEHU�RI�HOHPHQWV�LQ�WKH�OLVW�

� )RU�HDFK�HOHPHQW�LQ�WKH�OLVW��WKH�SURJUDP�FRPSDUHV�WKH�HOHPHQW�WR�WKH�
SDVV�YDOXH�

D� ,I�WKH�HOHPHQW�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�SDVV�YDOXH��LQVHUWV�
§3DVV¨�DIWHU�WKH�YDOXH�

E� ,I�WKH�HOHPHQW�LV�OHVV�WKDQ�WKH�SDVV�PDUN��LQVHUWV�§)DLO¨�DIWHU�WKH�
YDOXH��1RWH�WKDW�WKLV�FRQYHUWV�WKH�YDOXH�WR�D�VWULQJ�

� ,W�UHSODFHV�WKH�RULJLQDO�YDOXH�ZLWK�WKH�VWULQJ�
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« @ Local variable S is used

@ to store the step number. 

@ Step from 1 to the size of the list.

FOR(S,1,SIZE(MARKS))

@ Extracts the element from the list

  GET(MARKS,S) →�E

@ Compares it to the pass mark, amends and

@ replaces with the new value.

« IF E ≥50 THEN

E+" Pass" � �E

ELSE

E+" Fail" � �E

END ;

REPL(MARKS,S,{E}) MARKS

» ;

NEXT 

»

Trapping errors
%\�GHIDXOW��D�SURJUDP�KDOWV�ZKHQ�LW�HQFRXQWHUV�DQ�HUURU��,I�\RX�ZDQW�
VHFWLRQV�RI�\RXU�SURJUDP�WR�GHDO�ZLWK�HUURUV�UDWKHU�WKDQ�KDOW�WKH�SURJUDP��
\RX�QHHG�WR�LQFOXGH�WKH�VHFWLRQV�LQVLGH�HUURU�WUDSSLQJ�VWUXFWXUHV��<RX�FDQ�
WKHQ�VSHFLI\�DFWLRQV�WR�WDNH�ZKHQ�\RXU�SURJUDP�HQFRXQWHUV�HUURUV��UDWKHU�
WKDQ�KDOWLQJ�WKH�SURJUDP��7KH�IROORZLQJ�HUURU�WUDSSLQJ�VWUXFWXUHV�DUH�
DYDLODEOH�

� ,)(55�FRGH�7+(1�HUURU�FRGH�(1'

,I�WKH�SURJUDP�HQFRXQWHUV�DQ�HUURU�ZKLOH�LW�LV�UXQQLQJ�FRGH��WKH�UHPDLQ�
LQJ�FRGH�LV�VNLSSHG�DQG�HUURU�FRGH�LV�UXQ��,I�QR�HUURUV�DUH�HQFRXQWHUHG�
LQ�FRGH��HUURU�FRGH�LV�QRW�UXQ�

� ,)(55�FRGH�7+(1�HUURU�FRGH�(/6(�QRHUURU�FRGH�(1'

,I�WKH�SURJUDP�HQFRXQWHUV�DQ�HUURU�ZKLOH�LW�LV�UXQQLQJ�FRGH��WKH�UHPDLQ�
LQJ�FRGH�LV�VNLSSHG�DQG�HUURU�FRGH�LV�UXQ��,I�QR�HUURUV�DUH�HQFRXQWHUHG�
LQ�FRGH��QRHUURU�FRGH�LV�UXQ�
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Example

7KH�IROORZLQJ�H[DPSOH�FUHDWHV�WKH�OLVW�RI�PDUNV�XVHG�LQ�WKH�SUHYLRXV�
H[DPSOH��,I�D�QRQ�QXPHULF�YDOXH�LV�HQWHUHG��WKH�SURJUDP�SURPSWV�ZLWK�DQ�
HUURU�PHVVDJH��7KH�SURJUDP�SHUIRUPV�WKH�IROORZLQJ�

� ,W�VHWV�XS�D�ORRS�WR�FROOHFW����YDOXHV�

� ,W�SURPSWV�IRU�DQ�LQSXW�YDOXH�

� ,W�WHVWV�WKH�LQSXW�WR�FKHFN�LI�LW�LV�D�QXPEHU��

� ,I�WKH�JHQHUDWHV�DQ�HUURU��WKH�HUURU�LV�WUDSSHG��DQG�DQ�HUURU�PHVVDJH�LV�
GLVSOD\HG�WR�SURPSW�IRU�D�QXPHULF�YDOXH�

« 

@ Set numeric mode so that error trap works

SF(-3) ;

@ Create an empty list

{} MARKS ;

@ Set up a loop for 20 entries.

WHILE SIZE(MARKS)<20 REPEAT

@ Start error-checking routine.

IFERR INPUT("Enter a number","") →�N

@ Attempt to convert the entry to a number.

@ This generates an error if non-numeric

« OBJ →(N)+1-1 �→�N

@ If no error, append the entry to the list.

« MARKS+N� �MARKS 

»

»

THEN 

@This appears if entry is non-numeric.

MSGBOX("INVALID ENTRY, TRY AGAIN")

END ;

END

»
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